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ADDENDUM No. 5– Fort Sam Transportation Projects

CITY OF SAN ANTONIO
Capital Improvements Management Services Department

[Type a quote from the document or the summary of an interesting point. You can position the
text box anywhere in the document. Use the Drawing Tools tab to change the formatting of the

pull quote text box.]

PROJECT NAME: Fort Sam Transportation Projects DATE:  August 23, 2011

This addendum shall be included in and be considered part of the plans and specifications for the above
named project. The contractor shall be required to sign an acknowledgement of the receipt of this
addendum at the time he receives it and returns the original signed form with the bid package.

CIMS Project No. 40-00015
_____________________________________________________________________________

COMMENTS AND QUESTIONS FROM CONTACTORS:

1. Is there a pay item for disposal of groundwater?
2. We don’t have a pay item for 3’’ bores  but the plan sheets call out for bores will you

add a pay item for 3’’ bores? And will you adjust the bid item 618-2022 to show the
correct amount to be installed?

3. . Bid item # 628-2148 ELEC SRV TY T 120/240 000 (NS)GS(N)SP(U) is called out
on bid form, but the plan sheets call out for ELEC SRV TYP D 120/240 060 (NS) SS
(E) SP (U) WHICH ONE IS CORRECT?

4. Can we get all storm structures labeled on the plans as they are labeled on the bid
form?

5. Can we get all storm structures labeled on the plans as they are labeled on the bid
form?

6.  Please take  a look at the Removing Concrete Headwall quantities, they seem a bit
high.

7. Can we get a removal of concrete drain bid item? Or is this subsidiary to Prep ROW?
8. Are the existing manhole ring and covers up to current spec size?  If not, do we need

to reconstruct the existing manholes to bring them up to current specs?  If this needs
to happen, can we get a bid item to reconstruct manholes?

9. Where are the locations for the sewer laterals and the cleanouts?  They are not called
out on the SAWS plans.

10. Please verify that the quantities for valve adjustment and steel casing are correct.
11. The bid item/plans call for (17) type 2 curb inlets (5’ width) however there are only

(3) inlets on the job that have 36” pipe in the side that would require the extra width.
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If the curb inlet has a pipe in the long wall (10’-7” wall) and nothing in the end wall
wouldn’t the type 1 inlet be sufficient?

12. On Jct box W/ Grate inlet DI-01 What size grate is required.
13.   The plans call our Drop inlets and it looks like they have a grate however the detail

provided in the plans on sheet 205 indicate a concrete top w/ 24” ring & cover. Do
they want it per the detail or do they want something with a grate. If so what size
grate?

14. No detail drawings or sizes for the junction boxes were provided. Is it up to the
contractor / precast to design a junction box to accommodate the proposed or existing
pipes?

15. At stations 17+72, 17+72, 17+89, & 21+25 there are call outs indicating top
elevations and flow lines however no call out for a manhole riser on top of box
culvert. Do they want a manhole or are the call outs for information purpose only to
indicate the location of each box culvert bend location?

16. There are 182 calendar days to complete the project, approximating 6 months.  The
pay item for monthly barricades and traffic control is 10 months.  Will additional
days be added to complete the project to coincide with barricade months?

17. Do you have an engineer’s estimate for the project?
18. The TCP narrative (sheet 37) discusses the need to construct storm sewer crossings

by means of directional boring in Phase 1.  Will pay items be added to provide for
these directional bores?

19. CPS Gas – Pay Items 9503 9011 thru 9014.  Are these items to be bored?
20. CPS Gas – Pay Item 9503 9018.  Should the unit of measure be in square yards for

the quantity shown?
21. Are any of the traffic signal conduit runs to be bored?

RESPONSES FROM CONSULTANT:
1. Add item (Item 9604 2001 FORCE ACOUNT 1 @ 5000 DOL) to remove

encountered contaminated groundwater by a qualified contractor
2. See Traffic Signal Summary for revisions.
3. See Traffic Signal Summary for revisions.
4. Please refer to Drainage Summary and Bid form.
5. See Questions and Reponses to Item 12 & 14.
6. Consultant has added Removing Concrete Headwall quantity to the Estimate and

Quantity Sheet.  This quantity was already included in the Summary of Removals and
Removal Detail.

7. Consultant has added Removing Concrete Drain item to the Estimate and Quantity
Sheet.  This item is already included in the Summary of Removals and Removal
Detail Sheets.

8. Existing rings and covers will be used in the adjustments; reconstruction is not
performed as a matter of course in order to upgrade openings. No bid item will be
generated to address potential reconstruction.

9. Sewer Laterals discharging to the sewer main in Harry Wurzbach are assumed to
exist and, if so, may conflict with the proposed storm drain.  The pre-construction
television inspection activity is intended to define the presence and location of any
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laterals in this area.  Assumed quantities have been included for bid purposes but will
be confirmed through review of the pre-construction videos.

10. Valve adjustment quantities are correct and correlate with known existing valves
which will remain on active lines.  Adjustment of valves associated with the recycled
water main and appurtenances are also paid under Valve Box Adjustment item and
are not included in the items associated with the recycled water item
reconstruction/relocation.  Please note that all valves on water mains abandoned as
part of this work, and any other valves found to be associated with previously
abandoned lines shall be abandoned prior to placement of new pavement (no separate
pay item exists for valve abandonment).

11. Refer to the bid descriptions and item numbers for the bid.
12. This should be noted and bid as a TXDOT W-3 drop inlet.
13. Please provide your bid as per the detail.
14. The Contractor may provide details for approval
15. It was provided to indicate each bend location.
16. The calendar schedule takes into account City Holidays, average of 1.5 rain days/mo.,

and working one weekend a month to meet the June 2012 drop dead date. If work
begins in Sept 11 and will complete in May 2012 then the barricades months is equal
to 9 months.  The barricades will be adjusted to 9 Months.

17. Consultant will not provide an engineer’s estimate to the Contractor.  The Engineer’s
estimate is $6.1 million.

18. There are no drainage items to be bored.  Sheet 37 has been revised.
19. Item 9503 9006 thru 9010 - Consultant added "(TRENCH)" at end of item description

to clarify.  Item 9503 9011 – Gas Main to be installed joint trench.  Consultant added
"(JOINT TRENCH)" at the end of item description to clarify.  Item 9503 9012-9014
– Gas mains to be installed by boring. Consultant added "(BORE)" at the end of the
item description to clarify.

20. Yes, the correct unit of measure is SY.  Consultant has revised Estimate and Quantity
Sheet.

21. Yes, please refer to the updated plans.

CONSULTANT REVIEW

1. Traffic Summary sheet has been revised to include Item# 8703 “Accessible
Pedestrian Signal Units”, of which eight (8) of these units were added to the
intersection of Rittiman Rd. and Harry Wurzbach Rd.  Also, Item# 8261 “Battery
Backup System for Traffic Signal” was replaced with Item #8317 “Battery Backup
System for Traffic Signal.

2. Item# 618-2023 “Condt (PVC) (Schd 40) (3”) (Bore)” was added and the quantities
for Item#618-2022 “Condt (PVC) (Schd 40) (3”)” were adjusted.  Also, Item# 628-
2148 was revised to read “Elec Srv TY D 120/240 060 (NS) SS € SP (U)”.

3. Consultant added new Bid item 260-2003 FURNISHING AND PLACING TOPSOIL
(4").

4. Consultant removed item 132-2001 SUBGRADE WIDENING (ORD COMP) since
item is paid under Item 110 and 132.
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5. Remove and replace the following special specifications to revise the specification item
number as shown in the table below.

Existing Item No. Revised Item No.
XXXX 6041—CoSA
5010 5010--CoSA
6525 6525--CoSA
6834 6834--CoSA
8245 8245--CoSA
8703 8703-CoSA
8643 8643--CoSA

01) Add Special Specification ITEM 6044—CoSA VIDEO IMAGING VEHICLE DETECTION
SYSTEM.

02) Add Special Specification ITEM 8260—CoSA LED COUNTDOWN PEDESTRIAN SIGNAL
MODULE.

03) Add Special Specification ITEM 8317—CoSA BATTERY BACK-UP SYSTEM FOR SIGNAL
CABINETS.

ATTACHMENTS:

SPECS:

1. COSA LOCAL AREA MANAGED PROJECT PROPOSAL TABLE OF CONTENTS
2. LIST OF GOVERNING SPECIFICATIONS
3. GENERAL NOTES
4. Special Specification 5010--CoSA TRANSPORTABLE CELLULAR TELEPHONES
5. Special Specification 6041--CoSA INTERNALLY LIGHTED STREET NAME SIGN

ASSEMBLIES
6. Special Specification 6044—CoSA VIDEO IMAGING VEHICLE DETECTION SYSTEM.
7. Special Specification 6525--CoSA EMERGENCY VEHICLE TRAFFIC SIGNAL

PRIORITY CONTROL SYSTEM
8. Special Specification 6834--CoSA PORTABLE CHANGEABLE MESSAGE SIGN
9. Special Specification 8245—CoSA  MODEL 2070 CONTROLLER UNIT
10. Special Specification 8260—CoSA LED COUNTDOWN PEDESTRIAN SIGNAL

MODULE
11. Special Specification 8317—CoSA BATTERY BACK-UP SYSTEM FOR SIGNAL

CABINETS
12. Special Specification 8643--CoSA TYPE 2070 CONTROLLER CABINET ASSEMBLIES
13. Special Specification 8703--CoSA ACCESSIBLE PEDESTRIAN SIGNAL UNITS

PLANS:
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14. Plan sheet 24-26A, ESTIMATE AND QUANTITY SHEET
15. Plan Sheet 28, GRADING SUMMARY
16. Plan sheet 30, TRAFFIC CONTROL & SW3P SUMMARY
17. Plan Sheet 36, TRAFFIC SIGNAL SUMMARY
18. Plan Sheets 67,70-81, and 83 TCP /SW3P LAYOUT
19. Plan Sheets 140-161,  PLAN AND PROFILE SHEET

END OF ADDENDUM No. 5
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ADDENDUM REVIEWED & APPROVED BY:

CIMS Project Manager Date

NOTICE TO PLANHOLDERS:

Please insert this Addendum into your copy of the Project Construction Documents.

CITY OF SAN ANTONIO
DEPARTMENT OF CAPITAL IMPROVEMENTS MANAGEMENT SERVICES

CONTRACT SERVICES DIVISION

RECEIPT OF ADDENDUM NUMBER(S)  5 IS HEREBY ACKNOWLEDGED FOR PLANS

AND SPECIFICATIONS FOR CONSTRUCTION OF: Fort Sam Transportation Projects

40-00015
FOR WHICH BIDS WILL BE OPENED ON  Tuesday, August 30,2011

THIS ACKNOWLEDGEMENT MUST BE SIGNED AND RETURNED WITH
THE BID PACKAGE.

Company Name:

Address:

City/State/Zip Code:

Date:

Signature

Print Name/Title
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COSA LOCAL AREA MANAGED PROJECT PROPOSAL TABLE OF CONTENTS

1. INVITATION TO BID
2. GENERAL REQUIREMENTS AND COVENANT 1 THRU 9
3. DBE GOAL SHEET
4. CONTRACTORS’ ASSURANCE
5. CHILD SUPPORT STATEMENT
6. STATEMENT OF CONVICT PRODUCED MATERIALS & CONVICT LABOR
7. LIST OF EXAMPLES
8. WORKING DAY CONTRACT (CALENDAR DAY SCHEDULE)- EXAMPLE
9. PERFORMANCE BOND- EXAMPLE
10. PAYMENT BOND- EXAMPLE
11. DBE FORMS- EXAMPLE
12. ENGINEERS SEAL PAGE
13. GENERAL NOTES
14. LIST OF GOVERNING SPECIFICATIONS

15. SPECIAL PROVISIONS: SPECIAL PROVISIONS WILL GOVERN
------------------------------ AND TAKE PRECEDENCE OVER THE

SPECIFICATIONS NUMERATED HEREON
WHEREVER IN CONFLICT THEREWITH .

REQUIRED CONTRACT PROVISIONS, FEDERAL AID CONSTRUCTION CONTRACTS
(FORM FHWA 1273, MARCH 1994)

WAGE RATES

 SPECIAL PROVISION “PARTNERING”  (000---002-COSA)
 SPECIAL PROVISION “NOTICE TO ALL BIDDERS” (000---003-COSA)
 SPECIAL PROVISION  “NOTICE OF REQUIREMENT FOR AFFIRMATIVE ACTION

TO ENSURE EQUAL EMPLOYMENT OPPORTUNITY”
(000---004-COSA)

 SPECIAL PROVISION  ”STANDARD FEDERAL EQUAL EMPLOYMENT
OPPORTUNITY CONSTRUCTION CONTRACT
 SPECIFICATIONS” (000---006-COSA)

 SPECIAL PROVISION “CERTIFICATION OF NONDISCRIMINATION IN
EMPLOYMENT” (000---009-COSA)

 SPECIAL PROVISION  “DEPARTMENT DIVISION MAILING AND PHYSICAL
ADDRESS”  (000--011,COSA)

 SPECIAL PROVISION “NOTICE OF CHANGES TO U.S. DEPARTMENT OF
LABOR REQUIRED PAYROLL INFORMATION”
(000---1483-COSA)
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 SPECIAL PROVISION “SCHEDULE OF LIQUIDATED DAMAGES”
(000-1493-COSA)

 SPECIAL PROVISION  “ON-THE-JOB TRAINING PROGRAM”
(000-1676-COSA)

SPECIAL PROVISION  “DISADVANTAGED BUSINESS ENTERPRISE IN
FEDERAL AID CONTRACTS”
(000-1966-COSA)

SPECIAL PROVISION  “DETOURS, BARRICADE, WARNING SIGNS, SEQUENCE
OF WORK, ETC.” (000-2001-COSA)

SPECIAL PROVISION  “IMPORTANT NOTICE TO CONTRACTORS” (000-2002-
COSA)

 SPECIAL PROVISION TO ITEM 1 (001---015-COSA)
 SPECIAL PROVISION TO ITEM 3 (003---033-COSA)
 SPECIAL PROVISION TO ITEM 4 (004---017-COSA)
      SPECIAL PROVISION TO ITEM 6 (006---COSA)
 SPECIAL PROVISION TO ITEM 6 (006---002-COSA)
 SPECIAL PROVISION TO ITEM 6 (006---003-COSA)
 SPECIAL PROVISION TO ITEM 6 (006---030-(1)-COSA)
 SPECIAL PROVISION TO ITEM 6 (006---030-(2)-COSA)
 SPECIAL PROVISION TO ITEM 7 (007---119-COSA)
 SPECIAL PROVISION TO ITEM 7 (007---708-COSA)
 SPECIAL PROVISION TO ITEM 7 (007---806-COSA)
 SPECIAL PROVISION TO ITEM 7 (007---1179-COSA)
 SPECIAL PROVISION TO ITEM 8 (008---999-COSA)
 SPECIAL PROVISION TO ITEM 9 (009---009-COSA)
 SPECIAL PROVISION TO ITEM 9 (009---015-COSA)
 SPECIAL PROVISION TO ITEM 100 (100---002-COSA)
 SPECIAL PROVISION TO ITEM 166 (166---001-COSA)
 SPECIAL PROVISION TO ITEM 260 (260---002-COSA)
 SPECIAL PROVISION TO ITEM 275 (275---002-COSA)
 SPECIAL PROVISION TO ITEM 300 (300---032-COSA)
 SPECIAL PROVISION TO ITEM 302 (302---010-COSA)
 SPECIAL PROVISION TO ITEM 316 (316---016-COSA)
 SPECIAL PROVISION TO ITEM 318 (318---010-COSA)
 SPECIAL PROVISION TO ITEM 330 (330---001-COSA)
 SPECIAL PROVISION TO ITEM 340 (340---003-COSA)
 SPECIAL PROVISION TO ITEM 341 (341---024-COSA)
 SPECIAL PROVISION TO ITEM 360 (360---003-COSA)
 SPECIAL PROVISION TO ITEM 360 (360---007-COSA)
 SPECIAL PROVISION TO ITEM 416 (416—001-CoSA)
 SPECIAL PROVISION TO ITEM 420 (420---002-COSA)
 SPECIAL PROVISION TO ITEM 421 (421---035-COSA)
 SPECIAL PROVISION TO ITEM 424 (424---002-COSA)
 SPECIAL PROVISION TO ITEM 440 (440---005-COSA)
 SPECIAL PROVISION TO ITEM 441 (441---006-COSA)
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 SPECIAL PROVISION TO ITEM 442 (442---016-COSA)
 SPECIAL PROVISION TO ITEM 448 (448---002-COSA)
 SPECIAL PROVISION TO ITEM 450 (450---001-COSA)
 SPECIAL PROVISION TO ITEM 462 (462---011-COSA)
 SPECIAL PROVISION TO ITEM 464 (464---003-COSA)
 SPECIAL PROVISION TO ITEM 465 (465---001-COSA)
 SPECIAL PROVISION TO ITEM 500 (500---005-COSA)
 SPECIAL PROVISION TO ITEM 502 (502---033-COSA)
 SPECIAL PROVISION TO ITEM 506 (506---013-COSA)
 SPECIAL PROVISION TO ITEM 512 (512---002-COSA)
 SPECIAL PROVISION TO ITEM 610 (610---010-COSA)
 SPECIAL PROVISION TO ITEM 620 (620---001-COSA)
 SPECIAL PROVISION TO ITEM 624 (624---014-COSA)
 SPECIAL PROVISION TO ITEM 628 (628---003-COSA)
 SPECIAL PROVISION TO ITEM 636 (636---014-COSA)
 SPECIAL PROVISION TO ITEM 643 (643---001-COSA)
 SPECIAL PROVISION TO ITEM 672 (672---034–COSA)
 SPECIAL PROVISION TO ITEM 682 (682---001–COSA)
 SPECIAL PROVISION TO ITEM 682 (682---002–COSA)
 SPECIAL PROVISION TO ITEM 685 (685---014–COSA)
 SPECIAL PROVISION TO ITEM 687 (687---004 –COSA)
 SPECIAL PROVISION TO ITEM 1134 (1134–COSA)
 SPECIAL PROVISION TO ITEM 1135 (1135–COSA)
 SPECIAL PROVISION TO ITEM 1136 (1136–COSA)
 SPECIAL PROVISION TO ITEM 6266 (6266---017–COSA)

16. SPECIAL SPECIFICATIONS
ITEM 1134—CoSA  IMPERMEABLE LINER
ITEM 1135--CoSA WATER TANK AND PUMP
ITEM 1136—CoSASTEEL OR POLYETHYLENE MOBILE WATER STORAGE TANK
ITEM 5010--CoSA TRANSPORTABLE CELLULAR TELEPHONES
ITEM 6041--CoSA INTERNALLY LIGHTED STREET NAME SIGN ASSEMBLIES
ITEM 6044—CoSA VIDEO IMAGING VEHICLE DETECTION SYSTEM.
ITEM 6525--CoSA EMERGENCY VEHICLE TRAFFIC SIGNAL PRIORITY CONTROL

SYSTEM
ITEM 6834--CoSA PORTABLE CHANGEABLE MESSAGE SIGN
ITEM 8245—CoSA  MODEL 2070 CONTROLLER UNIT
ITEM 8260—CoSA LED COUNTDOWN PEDESTRIAN SIGNAL MODULE.
ITEM 8317—CoSA BATTERY BACK-UP SYSTEM FOR SIGNAL CABINETS.
ITEM 8643--CoSA TYPE 2070 CONTROLLER CABINET ASSEMBLIES
ITEM 8703--CoSA ACCESSIBLE PEDESTRIAN SIGNAL UNITS
ITEM 9500--CoSA SAWS SANITARY SEWER
ITEM 9501--CoSA SAWS WATER
ITEM 9502_CoSA SAWS ADJUSTMENTS TO RECYCLED WATER FACILITIES
ITME 9503--CoSA SAWS HANDLING ASBESTOS CEMENT PIPE
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CPS ENERGY REQUIREMENTS AND SPECIFICATIONS FOR CONSTRUCTION OF
NATURAL GAS DISTRIBUTION FACILITES ON THE FORT SAM HOUSTON
TRANSPORTATION PROJECT

17. APPENDIX A: EXAMPLE OF ENVELOPE 1
18. PROPOSAL TO CITY OF SAN ANTONIO
19. 025 UNIT PRICING FORM
20. APPENDIX B: EXAMPLE OF ENVELOPE 2
21. BID BOND OR CASHIERS CHECK
22. ASSURANCE OF COMPLIANCE WITH EQUAL OPPORTUNITY STATEMENT
23. CERTIFICATION OF NON-SEGREGATED FACILITIES
24. STATEMENT OF PRESIDENT'S EXECUTIVE ORDERS
25. ADDENDUM ACKNOWLEDGMENT FORM
26. DISCLOSURE OF LOBBYING ACTIVITIES
27. CHILD SUPPORT STATEMENT FORM
28. CERTIFICATION OF NON- COLLUSION
29. CERTIFICATION OF INTEREST IN OTHER BID PROPOSALS FOR THIS WORK
30. LITIGATION DISCLOSURE FORM
31. CERTIFICATION OF ABSENCE OF SUSPENSION, DEBARMENT, VOLUNTARY

EXCLUSION, OR DETERMINATION OF INELIGIBILITY

32. BID ITEMS

ITEMS 1 TO 9 INCL., GENERAL REQUIREMENTS AND COVENANTS
ITEM 100 PREPARING RIGHT OF WAY (103)
ITEM 104 REMOVING CONCRETE
ITEM 105 REMOVING STABILIZED BASE AND ASPHALT PAVEMENT
ITEM 110 EXCAVATION (132)
ITEM 132 EMBANKMENT (100)(204)(210)(216)(400)
ITEM 160 TOP SOIL
ITEM 162 SODDING FOR EROSION CONTROL (166)(168)
ITEM 168 VEGETATIVE WATERING
ITEM 260 LIME TREATMENT (PLANT-MIXED) (105)(132)(204)(210)(216)(247)
(300)(310)(520)
ITEM 316 SURFACE TREATMENTS (210)(300)(302)(520)
ITEM 340 DENSE GRADED HOT MIX ASPHALT (METHOD) (210)(300)(301)
(320)(520)(585)
ITEM 354 PLANING AND TEXTURING PAVEMENT
ITEM 356 FABRIC UNDERSEAL (300)
ITEM 402 TRENCH EXCAVATION PROTECTION
ITEM 420 CONCRETE STRUCTURES (400), (421)(427)(438)(440)(448)
ITEM 432 RIPRAP (420)(421)(427)(440)
ITEM 462 CONCRETE BOX CULVERTS AND STORM DRAINS (400)(424)(464)(476)
ITEM 464 REINFORCED CONCRETE PIPE (400)(476)
ITEM 465 MANHOLES AND INLETS (400)(420)(421)(440)(471)
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ITEM 476 JACKING, BORING OR TUNNELING PIPE OR BOX (462)(464)
ITEM 496 REMOVING STRUCTURES
ITEM 500 MOBILIZATION
ITEM 502 BARRICADES, SIGNS, AND TRAFFIC HANDLING
ITEM 504 FIELD OFFICE AND LABORATORY
ITEM 506 TEMPORARY EROSION, SEDIMENTATION, AND ENVIRONMENTAL
CONTROLS
ITEM 508 CONSTRUCTING DETOURS
ITEM 512 PORTABLE CONCRETE TRAFFIC BARRIER (420)(421)(424)(440)(442)
ITEM 529 CONCRETE CURB, GUTTER, AND COMBINED CURB (360)(420)(421)(440)
ITEM 530 INTERSECTIONS, DRIVEWAYS, AND TURNOUTS (247)(260)(263)
(275)(276)(292)(316)(330)(334)(340)(360)(421)(440)
ITEM 531 SIDEWALKS (104)(360)(420)(421)(440)(530)
ITEM 536 CONCRETE MEDIANS AND DIRECTIONAL ISLANDS (420)(421)(427)(440)
(529)
ITEM 610 ROADWAY ILLUMINATION ASSEMBLIES (421)(441)(442)(445)(446)(449)
(616)(620)
ITEM 618 CONDUIT (400)(445)(476)(622)
ITEM 620 ELECTRICAL CONDUCTORS
ITEM 624 GROUND BOXES (421)(440)
ITEM 628 ELECTRICAL SERVICES (441)(445)(449)(618)(620)(627)(656)
ITEM 636 ALUMINUM SIGNS (643)
ITEM 644 SMALL ROADSIDE SIGN SUPPORTS AND ASSEMBLIES (421)(440)
(441)(442)(445)(634)(636)(643)(656)
ITEM 647 LARGE ROADSIDE SIGN SUPPORTS AND ASSEMBLIES
(421)(440)(441)(442)(445)(643)
ITEM 662 WORK ZONE PAVEMENT MARKINGS (666)(668)(672)(677)
ITEM 666 REFLECTORIZED PAVEMENT MARKINGS (316)(318)(662)(677)(678)
ITEM 672 RAISED PAVEMENT MARKERS (677)(678)
ITEM 677 ELIMINATING EXISTING PAVEMENT MARKINGS AND MARKERS (300)
(302)(316)
ITEM 680 INSTALLATION OF HIGHWAY TRAFFIC SIGNALS
(610)(625)(627)(634)(636)
(656)
ITEM 681 TEMPORARY TRAFFIC SIGNALS (628)(680)
ITEM 682 VEHICLE AND PEDESTRIAN SIGNAL HEADS
ITEM 684 TRAFFIC SIGNAL CABLES
ITEM 686 TRAFFIC SIGNAL POLE ASSEMBLIES (STEEL)
(416)(421)(441)(442)(445)(449)
ITEM 688 PEDESTRIAN DETECTORS AND VEHICLE LOOP DETECTORS (618)(624)
(682)(684)
ITEM 690 MAINTENANCE OF TRAFFIC SIGNALS (416)(421)(476)(610)(618)(620),
(622)(624)(625)(627)(628)(634)(636)(656)(680)(682)(684)(685)(686)(687)(688)
ITEM 6041 INTERNALLY LIGHTED STREET NAME SIGN ASSEMBLIES

CITY OF SAN ANTONIO
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FT. SAM HOUSTON – PROJECT NO. 40-00015
(COSA – ROADWAY IMPROVEMENTS)
HARRY WURZBACH FROM BURR ROAD TO RITTIMAN STREET

GOVERNING SPECIFICATIONS AND SPECIAL PROVISIONS

ALL SPECIFICATIONS AND SPECIAL PROVISIONS APPLICABLE TO THIS PROJECT ARE
IDENTIFIED AS FOLLOWS:

STANDARD SPECIFICATIONS: ADOPTED BY THE CITY OF SAN ANTONIO
-------------------------------------    JUNE 2008.  STANDARD SPECIFICATIONS

 ARE INCORPORATED INTO THE CONTRACT
 BY REFERENCE.
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CITY OF SAN ANTONIO
FT. SAM HOUSTON – PROJECT NO. 40-00015
(COSA – ROADWAY IMPROVEMENTS)
HARRY WURZBACH FROM BURR ROAD TO RITTIMAN STREET

GOVERNING SPECIFICATIONS AND SPECIAL PROVISIONS

ITEM NO. DESCRIPTION
ITEMS 1 TO 9 INCL., GENERAL REQUIREMENTS AND COVENANTS

ALL SPECIFICATIONS AND SPECIAL PROVISIONS APPLICABLE TO THIS PROJECT ARE IDENTIFIED AS
FOLLOWS:

STANDARD SPECIFICATIONS: ADOPTED BY THE CITY OF SAN ANTONIO
------------------------------------------ JUNE 2008.  STANDARD SPECIFICATIONS

ARE INCORPORATED INTO THE CONTRACT
BY REFERENCE.

ITEM NO. DESCRIPTION

ITEM 100 PREPARING RIGHT OF WAY (103)
ITEM 104 REMOVING CONCRETE
ITEM 105 REMOVING STABILIZED BASE AND ASPHALT PAVEMENT
ITEM 110 EXCAVATION (132)
ITEM 132 EMBANKMENT (100)(204)(210)(216)(400)
ITEM 160 TOP SOIL
ITEM 162 SODDING FOR EROSION CONTROL (166)(168)
ITEM 168 VEGETATIVE WATERING
ITEM 260 LIME TREATMENT (PLANT-MIXED) (105)(132)(204)(210)(216)

(247)(300)(310)(520)

ITEM 316 SURFACE TREATMENTS (210)(300)(302)(520)
ITEM 340 DENSE GRADED HOT MIX ASPHALT (METHOD) (210)(300)(301)

(320)(520)(585)
ITEM 354 PLANING AND TEXTURING PAVEMENT
ITEM 356 356 - FABRIC UNDERSEAL (300)
ITEM 402 TRENCH EXCAVATION PROTECTION
ITEM 420 CONCRETE STRUCTURES (400)(421)(427)(438)(440)(448)
ITEM 432 RIPRAP (420)(421)(427)(440)
ITEM 462 CONCRETE BOX CULVERTS AND STORM DRAINS

(400)(424)(464)(476)
ITEM 464 REINFORCED CONCRETE PIPE (400)(476)
ITEM 465 MANHOLES AND INLETS (400)(420)(421)(440)(471)
ITEM 476 JACKING, BORING OR TUNNELING PIPE OR BOX (462)(464)
ITEM 496 REMOVING STRUCTURES (430)
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ITEM 500 MOBILIZATION
ITEM 502 BARRICADES, SIGNS, AND TRAFFIC HANDLING
ITEM 504 FIELD OFFICE AND LABORATORY
ITEM 506 TEMPORARY EROSION, SEDIMENTATION, AND

ENVIRONMENTAL CONTROLS
ITEM 508 CONSTRUCTING DETOURS
ITEM 512 PORTABLE CONCRETE TRAFFIC BARRIER (420)(421)(424)

(440)(442)
ITEM 529 CONCRETE CURB, GUTTER, AND COMBINED CURB (360)(420)

(421)(440)
ITEM 530  INTERSECTIONS, DRIVEWAYS, AND TURNOUTS

(247)(260)(263) (275)(276)(292)(316)(330)(334)(340)(360)(421)(440)
ITEM 531 SIDEWALKS (104)(360)(420)(421)(440)(530)
ITEM 536 CONCRETE MEDIANS AND DIRECTIONAL ISLANDS (420)(421)

(427)(440)(529)
ITEM 610 ROADWAY ILLUMINATION ASSEMBLIES (421)(441)(442)(445)

(446)(449)(616)(620)
ITEM 618 CONDUIT (400)(445)(476)(622)
ITEM 620 ELECTRICAL CONDUCTORS
ITEM 624 GROUND BOXES (421)(440)
ITEM 628 ELECTRICAL SERVICES (441)(445)(449)(618)(620)(627)(656)
ITEM 636 ALUMINUM SIGNS (643)
ITEM 644 SMALL ROADSIDE SIGN SUPPORTS AND ASSEMBLIES

(421)(440)(441)(442)(445)(634)(636)(643)(656)
ITEM 647 LARGE ROADSIDE SIGN SUPPORTS AND ASSEMBLIES (421)

(440)(441)(442)(445)(643)
ITEM 662 WORK ZONE PAVEMENT MARKINGS (666)(668)(672)(677)
ITEM 666 REFLECTORIZED PAVEMENT MARKINGS (316)(318)(662)(677)

(678)
ITEM 672 RAISED PAVEMENT MARKERS (677)(678)
ITEM 677 ELIMINATING EXISTING PAVEMENT MARKINGS AND

MARKERS (300)(302)(316)
ITEM 680 INSTALLATION OF HIGHWAY TRAFFIC SIGNALS (610)(625)

(627)(634)(636)(656)
ITEM 681 TEMPORARY TRAFFIC SIGNALS (628)(680)
ITEM 682 VEHICLE AND PEDESTRIAN SIGNAL HEADS
ITEM 684 TRAFFIC SIGNAL CABLES
ITEM 686 TRAFFIC SIGNAL POLE ASSEMBLIES (STEEL) (416)(421)(441)

(442)(445)(449)
ITEM 688 PEDESTRIAN DETECTORS AND VEHICLE LOOP DETECTORS

(618)(624)(682)(684)
ITEM 690 MAINTENANCE OF TRAFFIC SIGNALS(416)(421)(476)(610)(618)

(620) (622)(624)(625)(627)(628)(634)(636)(656)(680)(682)(684)(685)
(686)(687)(688)
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SPECIAL PROVISIONS: SPECIAL PROVISIONS WILL GOVERN AND TAKE
------------------------------   PRECEDENCE OVER THE SPECIFICATIONS NUMERATED

   HEREON WHEREVER IN CONFLICT THEREWITH.

REQUIRED CONTRACT PROVISIONS, FEDERAL-AID CONSTRUCTION CONTRACTS
    (FORM FHWA 1273, MARCH, 1994)

WAGE RATES

SPECIAL PROVISION "PARTNERING" (000---002--COSA)
SPECIAL PROVISION "NOTICE TO ALL BIDDERS" (000---003--COSA)
SPECIAL PROVISION "NOTICE OF REQUIREMENT FOR AFFIRMATIVE ACTION

  TO ENSURE EQUAL EMPLOYMENT OPPORTUNITY" (000---
  004--COSA)

SPECIAL PROVISION "STANDARD FEDERAL EQUAL EMPLOYMENT OPPORTUNITY
CONSTRUCTION CONTRACT SPECIFICATIONS" (000---006--
COSA)

SPECIAL PROVISION "CERTIFICATION OF NONDISCRIMINATION IN
              EMPLOYMENT" (000---009--COSA)

SPECIAL PROVISION "NOTICE OF CHANGES TO U.S. DEPARTMENT OF LABOR
REQUIRED PAYROLL INFORMATION" (000--1483--COSA)

SPECIAL PROVISION "SCHEDULE OF LIQUIDATED DAMAGES" (000--1493--COSA)
SPECIAL PROVISION "ON-THE-JOB TRAINING PROGRAM" (000--1676--COSA)
SPECIAL PROVISION “DISADVANTAGED BUSINESS ENTERPRISE IN FEDERAL AID

CONTRACTS”  (000-1966--COSA)
SPECIAL PROVISION “DETOURS, BARRICADE, WARNING SIGNS, SEQUENCE OF

WORK, ETC.”  (000-2001--COSA)
SPECIAL PROVISION “IMPORTANT NOTICE TO CONTRACTORS” (000-2002--COSA)
SPECIAL PROVISIONS TO ITEM 1 (001---015--COSA)
SPECIAL PROVISION TO ITEM 3 (003---033--COSA)
SPECIAL PROVISION TO ITEM 4 (004---017--COSA)
SPECIAL PROVISIONS TO ITEM 6 (006---003--COSA)
SPECIAL PROVISION TO ITEM 6 (006---030--COSA)
SPECIAL PROVISION TO ITEM 7 (007---119--COSA)
SPECIAL PROVISIONS TO ITEM 7 (007---806--COSA)
SPECIAL PROVISIONS TO ITEM 8 (008---999--COSA)
SPECIAL PROVISIONS TO ITEM 9 (009---009--COSA)
SPECIAL PROVISIONS TO ITEM 9 (009---015--COSA)
SPECIAL PROVISION TO ITEM 100 (100---002--COSA)
SPECIAL PROVISION TO ITEM 166 (166---001--COSA)
SPECIAL PROVISION TO ITEM 260 (260---002--COSA)
SPECIAL PROVISION TO ITEM 275 (275---002--COSA)
SPECIAL PROVISION TO ITEM 300 (300---032--COSA)
SPECIAL PROVISION TO ITEM 302 (302---010--COSA)
SPECIAL PROVISION TO ITEM 316 (316---016--COSA)
SPECIAL PROVISION TO ITEM 318 (318---010--COSA)
SPECIAL PROVISION TO ITEM 330 (330---001--COSA)
SPECIAL PROVISION TO ITEM 340 (340---003--COSA)
SPECIAL PROVISION TO ITEM 360 (360---003--COSA)
SPECIAL PROVISION TO ITEM 360 (360---007--COSA)
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SPECIAL PROVISION TO ITEM 400 (400—004--COSA)
SPECIAL PROVISION TO ITEM 416 (416—001--COSA)
SPECIAL PROVISION TO ITEM 420 (420---002--COSA)
SPECIAL PROVISION TO ITEM 421 (421---035--COSA)
SPECIAL PROVISION TO ITEM 424 (424---002--COSA)
SPECIAL PROVISION TO ITEM 424 (424---014--COSA)
SPECIAL PROVISION TO ITEM 440 (440---005--COSA)
SPECIAL PROVISION TO ITEM 441 (441---006--COSA)
SPECIAL PROVISION TO ITEM 442 (442---016--COSA)
SPECIAL PROVISION TO ITEM 448 (448—002--COSA)
SPECIAL PROVISION TO ITEM 462 (462—011--COSA)
SPECIAL PROVISION TO ITEM 464 (464---003--COSA)
SPECIAL PROVISION TO ITEM 462 (462---011--COSA)
SPECIAL PROVISION TO ITEM 500 (500---005--COSA)
SPECIAL PROVISION TO ITEM 502 (502---033--COSA)
SPECIAL PROVISION TO ITEM 506 (506---013--COSA)
SPECIAL PROVISION TO ITEM 512 (512---002--COSA)
SPECIAL PROVISION TO ITEM 610 (610---010--COSA)
SPECIAL PROVISION TO ITEM 620 (620---001--COSA)
SPECIAL PROVISION TO ITEM 624 (624---014--COSA)
SPECIAL PROVISION TO ITEM 628 (628---003--COSA)
SPECIAL PROVISION TO ITEM 636 (636---014--COSA)
SPECIAL PROVISION TO ITEM 643 (643---001--COSA)
SPECIAL PROVISION TO ITEM 681 (681---002--COSA)
SPECIAL PROVISION TO ITEM 682 (682---001--COSA)
SPECIAL PROVISION TO ITEM 682 (682---001--COSA)
SPECIAL PROVISION TO ITEM 685 (685---014--COSA)
SPECIAL PROVISION TO ITEM 6266 (6266---017--COSA)

SPECIAL SPECIFICATIONS:
-----------------------------------------

ITEM 1134—CoSA IMPERMEABLE LINER
ITEM 1135--CoSA WATER TANK AND PUMP
ITEM 1136—CoSA STEEL OR POLYETHYLENE MOBILE WATER STORAGE TANK
ITEM 5010—CoSA TRANSPORTABLE CELLULAR TELEPHONES
ITEM 6041--CoSA INTERNALLY ILLUMINATED STREET NAME SIGNS
ITEM 6044—CoSA VIDEO IMAGING VEHICLE DETECTION SYSTEM.
ITEM 6525--CoSA EMERGENCY VEHICLE TRAFFIC SIGNAL PRIORITY CONTROL
SYSTEM
ITEM 6834--CoSA PORTABLE CHANGEABLE MESSAGE SIGN
ITEM 8245--CoSA MODEL 2070 CONTROLLER UNIT
ITEM 8260—CoSA LED COUNTDOWN PEDESTRIAN SIGNAL MODULE.
ITEM 8317--CoSA BATTERY BACK-UP SYSTEM FOR SIGNAL CABINETS
ITEM 8643--CoSA TYPE 2070 CONTROLLER CABINET ASSEMBLIES
ITEM 8703—CoSA ACCESSIBLE PEDESTRIAN SIGNAL UNITS
ITEM 9500--CoSA SAWS SANITARY SEWER
ITEM 9501--CoSA SAWS WATER
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ITEM 9502—CoSA SAWS ADJUSTMENTS TO RECYCLED WATER FACILITIES
ITEM 9503--CoSA SAWS HANDLING ASBESTOS CEMENT PIPE
CPS ENERGY REQUIREMENTS AND SPECIFICATIONS FOR CONSTRUCTION OF
NATURAL GAS DISTRIBUTION FACILITES ON THE FORT SAM HOUSTON
TRANSPORTATION PROJECT

GENERAL: THE ABOVE-LISTED SPECIFICATION ITEMS ARE THOSE UNDER WHICH
--------------  PAYMENT IS TO BE MADE. THESE, TOGETHER WITH SUCH OTHER

       PERTINENT ITEMS, IF ANY, AS MAY BE REFERRED TO IN THE ABOVE
       LISTED SPECIFICATION ITEMS, AND INCLUDING THE SPECIAL
       PROVISIONS LISTED ABOVE, CONSTITUTE THE  COMPLETE
       SPECIFICATIONS FOR THIS PROJECT.
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**********GENERAL NOTES**********
2004 Specification Book (Revised January 5, 2011)

========================= Basis of Estimate ==============================

- The Following Is For Information Only - Non Pay-

Item Description Rate/Area Quant-
Unit
204 Sprink (Emb) 60 Gal/CY Rate

213 Roll (Surf) 1 Hr/3000 SY/Crse Rate

===================== Asphalt Concrete Pavement ==========================

Type Location Depth Rate/Area Quant-Tons
HMAC TY B Main Rdwy 9 in. 1320 lbs/40447 sy 26695
PG 64-22
HMAC TY C  Main Rdwy 2 in 220 lbs/53,984 sy 5,938
PG 64-22
======================== Surface Treatment Data ==========================

Description 1st Course 2nd Course
Area 53,984 sy N/A

-----See Bid Item-----

Asphalt—Type AC-5 or 10, CRS/HFRS-2, RS/CRS-1P N/A
Asphalt—Rate (gal/sy) 0.3/1 = 16,195 gal N/A
Aggregate—Type /Gr PE Grade 4 N/A
Aggregate—Rate (cy/sy) 1/100 = 940 cy N/A

The following State, District, Local and/or Utility Standards have been modified: N/A

Steel Wrapped or Asbestos Utility Lines:

Existing steel wrapped natural gas and/or asbestos cement (AC) water lines that will no longer
be in service are usually abandoned in place (AIP).  However, if any of these lines have to be
removed for whatever reason (in the way of other construction, to make tie-ins, etc.) comply
with all federal, state and local laws, ordinances and regulations regarding the management of
these  materials.  At a minimum:

1.  Contact the Engineer.

2.  Remove the minimum amount of pipe needed to perform the proposed work.

3.  Cover and secure the ends of the pipe with a double layer of 6 mil plastic.  If the pipe is
damaged, cover the entire pipe.
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4.  Move the pipe to an approved temporary site within the project.

5.  The Engineer will determine the owner (utility company) of the pipe and will coordinate
removal from the project.  The contractor will load the pipe onto the removal vehicles but will
NOT be responsible for removing the pipe from the project.

6. Removal of the pipe from the trench is subsidiary to the work that created the need for the
removal (excavation for structures, roadway, a new line, tie-ins, etc.).  The work performed in
handling the pipe after it has been removed from the trench (covering with plastic, hauling to
the temporary site and later loading on to the disposal vehicles will be paid for through the
Force Account procedure.

Contact the Engineer or the City when construction operations are within 400 feet of a
signalized intersection to determine/verify the location of loop detectors, conduit, ground-boxes,
etc.  Repair or replace any signal equipment damaged by construction operations.  The method
of repair or replacement shall be pre-approved and inspected.  Depending on the type and
extent of the damage, the Engineer reserves the right to perform the repair or replacement work
and the Contractor will be billed for this work.

Remove existing raised pavement markings as the work progresses or as approved. This work
is subsidiary to the various bid items.  Properly dispose materials removed.

To better fit field conditions, the cross sections may be varied when approved.

If there are waste areas or material source areas, follow the Texas Aggregate Quarry and Pit
Safety Act requirements.

Any materials removed and not reused and determined to be salvageable shall be stored within
the project limits at an approved location or delivered undamaged to the storage yard as
directed.  Properly dispose unsalvageable materials in accordance with local, state, and federal
regulations.  Deface traffic signs so that they will not reappear in public as signs.

Any sign panels that are adjusted or removed and replaced, shall be done the same workday
unless otherwise approved.

Notify the Engineer at least two weeks prior to a proposed traffic pattern change(s) that will
require a revision to traffic signals.

Hurricane Evacuation

Hurricane Season is from June 1 thru November 30. As the closest metropolitan city inland
from the Texas Coast, the City of San Antonio is a major shelter destination during mandatory
hurricane evacuations. As such, planned work zone lane or road closures may be restricted
and/or suspended during mandatory hurricane evacuation operations. The District will
coordinate these restrictions at a minimum H-120 from any projected impact to the Texas
Coast.

No time charges will be made if the Engineer determines that work on the project was impacted
by the hurricane.
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The Engineer may order changes in the Traffic Control Plan to accommodate evacuation traffic,
and may suspend the work, all or in part, to ensure timely completion of this work. All work to
implement changes in the Traffic Control Plan will be paid through existing bid prices or through
Item 9.5, Force Account. However, the Department will not entertain any request for delay
damages, loss of efficiency that may be attributed to the restriction or suspension of road or
lane closures, or to changes in the Traffic Control Plan.

--Item 5--
Reference all existing striping and other pavement markings to allow these markings to be re-
established.  Ensure the markings (lane lines, edge lines, ramp gores, etc.) are in line with
signs, TMS arrows, etc. located on overhead sign supports.

Taper ACP placed at curb inlets, traffic inlets and slotted drains.

Prior to letting, bidders may obtain a free computer diskette or a computerized transfer of files
(from the Engineer's office) that contains the earthwork information.  If copies of the cross-
sections in addition to, or instead of, the CD are requested, they will be available at the
Engineer's office for borrowing by copying companies at the bidder's expense.

When working near aerial electrical lines or utility poles, comply with Federal, State and local
regulations.  For electrical lines and poles shown in the plans, if the lines need to be de-
energized or if poles need to be braced, contact the electrical company.  Work pertaining to de-
energizing lines, bracing poles and other protective measures will not be paid by City.

Considering location of existing overhead lines for construction and design purposes.  Sleeving
of overhead primary lines will be a cost to the contractor.  The shielding/sleeving of lines is for
reference, not for protection from electrical shock.

The General contractor accepts full responsibility to protect the integrity of CPS Energy poles,
Overhead Primary and all associated facilities of the CPS Energy electric system, when
working around CPS Energy Overhead facilities during the duration of the Civic Improvement
project.

Prevention of Migratory Bird Nesting

It is anticipated that migratory birds, a protected group of species, may try to nest on bridges,
culverts, vegetation, or gravel substrate, at any time of the year.  The preferred nesting season
for migratory birds is from February 15 through October 1.  When practicable, schedule
construction operations outside of the preferred nesting season.  Otherwise, nests containing
migratory birds must be avoided and no work will be performed in the nesting areas until the
young birds have fledged.

Structures

Bridge and culvert construction operations can not begin until swallow nesting prevention is
implemented, until after October 1 if it’s determined that swallow nesting is actively occurring, or
until it’s determined swallow nests have been abandoned.  If the State installed nesting
deterrent on the bridges and culverts, maintain the existing nesting deterrent to prevent swallow
nesting until October 1 or completion of the bridge and culvert work, whichever occurs earlier.



                 Project Number: Sheet:4
                 County: Bexar Control: 0915-12-470, etc
                 Highway: CS (Harry Wurzbach)

General Notes Sheet D
ADDENDUM NO.5

If new nests are built and occupied after the beginning of the work, do not perform work that
can interfere with or discourage swallows from returning to their nests.  Prevention of swallow
nesting can be performed by one of the following methods:

1.  By February 15 begin the removal of any existing mud nests and all other mud placed by
swallows for the construction of nests on any portion of the bridge and culverts.  The Engineer
will inspect the bridges and culverts for nest building activity.  If swallows begin nest building,
scrape or wash down all nest sites.  Perform these activities daily unless the Engineer
determines the need to do this work more frequently.  Remove nests and mud through October
1 or until bridge and culvert construction operations are completed.

2.  By February 15 place a nesting deterrent (which prevents access to the bridge and culvert
by swallows) on the entire bridge (except deck and railing) and culverts.

No extension of time or compensation payment will be granted for a delay or suspension of
work caused by nesting swallows.  This work is subsidiary to the various bid items.

Provide a non-intrusive back-up alarm system on all heavy equipment used in close proximity
to if residential areas.  This item is subsidiary to various bid items.

--Item 6--
Show the stockpile lot and/or sub lot numbers on all tickets for all materials.

--Item 7--
The project’s total disturbed area is 14.22 AC (68,865 SY).  The disturbed area in all project
locations and Contractor project specific locations (PSL’s), within 1/4 mile of the project limits,
will further establish the authorization requirements for storm water discharges.  The
department will obtain an authorization to discharge storm water from the Texas Commission
on Environmental Quality (TCEQ) for the construction activities shown on the plans.  Obtain
any required authorization from the TCEQ for any PSL’s on or off the ROW.  When the total
area disturbed on the project and PSL’s within 1/4 mile of the project exceeds 5 acres, provide
a copy of the Contractor NOI for PSL’s to the Engineer (to the appropriate MS4 operator when
the project is on an off-state system route).

Notify the Engineer of the disturbed acreage within one (1) mile of the project limits.  Obtain
authorization from the TCEQ for Contractor PSL’s for construction support activities on or off
ROW.

--Item 8--
Working days will be computed and charged in accordance with Article 8.3.A. Five (5)-Day work
week.  The Contractor will be allowed to work nights and weekends only after 48 hour notice
and approval by the City.

Locate and reference with station and offset all manholes and valves within the construction
area.  Each manhole and valve shall be identified by its owner (SAWS, CPS, etc.).  No
roadwork will begin until this list has been submitted. Gas valves have to be accessible at all
times, therefore; temp. CTB, material stock piles, etc. can not be placed over these valves.

Construct all manholes and valves to final pavement elevations prior to the final mat of ACP.  If,
between the final elevation adjustment and the final mat of ACP, the manholes and valves are
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going to be exposed to traffic, place temporary asphalt around the manhole and valve to
provide a +/- 50:1 taper.  The cost of elevation adjustment will be part of the manhole and valve
work, and asphalt tapers are part of the ACP work.

--Item 9--
When approved, provide uniformed, off-duty law enforcement officers with marked vehicles
during work that requires a lane closure.  The officer in marked vehicles shall be located as
approved to monitor or direct traffic during the closure.  The method used to direct traffic at
signalized intersections shall be as approved. Additional officers and vehicles may be provided
when approved or directed.

Complete the daily tracking form provided by the department and submit invoices that agree
with the tracking form for payment at the end of each month approved services were provided.

Minimums, scheduling fees, etc. will not be paid; City will consider paying cancellation fees on a
case by case basis.

--Item 100--
Begin clearing operations after trees and other areas of vegetation to be protected have been
identified and approved.  Install fencing around features to be protected as shown in the plans
or directed.  Coordinate all right of way clearing operations with the SW3P.

Trim and remove brush and trees as needed for construction operations.  Obtain approval for
proposed method of tree and brush trimming and removal.  Vertical flailing equipment is not
allowed.  Treat damaged or cut branches, roots and/or stumps of all oak trees with a
commercial tree wound dressing.  Disinfect all pruning tools with a solution of 70% alcohol
before moving from one tree to another.  Unless otherwise approved remove all resulting
vegetative debris from the ROW within 24 hours.  The Engineer can stop all construction
operations if the dressing, cut and removal requirements are not followed.

Remove and reset existing steel pipe railing at sta. 77+00.00 LT to complete proposed
construction.   This work is subsidiary

--Item 110--
Where excavation extends beyond a right of way fence, remove and replace the fence to a
comparable condition.

--Item 160--
Approximately 264 CY of existing topsoil may be windrowed or stockpiled (as approved) for
later use under this Item.  Place erosion control measures for the stockpile and/or windrow.

--Item 162--
Furnish and place Bermuda grass sod.

In drought conditions do not place sod as vegetation unless directed by the Engineer.

--Item 166--
Use a fertilizer with an analysis of 13-13-13 (50% of the total N must be sulfur coated urea) to
apply 60 lbs of actual N per acre. This requires 460 lbs of 13-13-13 per acre or .095 lbs per SY
of area.
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--Item 168--
Apply vegetative watering as needed to supplement natural rainfall during the vegetation
establishment period.  Plan quantity of irrigation water is based on the application of a total of
1.3 gal of water each week for each sq. yd. of area that is sodded or seeded.  Establishment
time is estimated to be 12 weeks for both sod and permanent seed mixes.  Temporary seeding
will require less time for establishment.   Provide a schedule and coordinate watering cycles
and rates per cycle with the Engineer.  Obtain approval if the quantity of water to be applied is
expected to exceed the plan quantity.  Adjust the amount of water applied with each cycle and
the number of cycles each wk. according to actual site conditions.  Drought or other conditions,
as determined by the Engineer, may require the application of supplemental irrigation during
hours other than normal working hours.

--Item 169--
Do not use soil retention blankets made from carpet backing material.

--Item 247--
There is no minimum PI requirement for this project.

--Item 260 & 263--
Lime trucks may be randomly selected to be re-weighed at public scales.  If the weight of the
trucks varies by more than 2%, payment will be as determined by the public scales.

--Item 300--

The asphalt binder used in the manufacture of all types of hot mix asphalt concrete, shall be
PG 64-22.

--Item 302--
Previously tested aggregates found to contain excessive quantities of dust (more than 0.5
percent passing the No. 40 sieve) during precoating, stockpiling or hauling operations, may be
rejected.  Use Test Method Tex-200-F, Part I for testing.

Precoated Aggregate Type PE shall consist of crushed slag, crushed stone or natural limestone
rock asphalt.

The Engineer will utilize the Ignition Oven Method (Tex 236-F) for aggregate gradation, with the
option of utilizing belt or vacuum extraction gradation in the event the ignition oven
malfunctions.

--Item 305--
All reclaimable asphalt pavement (RAP) material will be retained by the Contractor.

--Item 314--
Use emulsified asphalt in the final flexible base finishing process. The amount used shall be as
approved, but not less than 2 percent of the total mixture.

--Item 316--
When using latex asphalt, avoid drifting of asphalt onto traffic and adjacent properties.
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Asphalt season will be year around, but meet sections 316.4.D.1 through 3.
Ensure that the asphalt for precoating the aggregate and the asphalt used for the surface
treatment will not result in a reaction that may adversely affect the bonding of the aggregate
and asphalt during the surface treatment operation.

Do not add bag house fines in the production of precoated material.

Clean all concrete curbs, islands, medians, etc. that get coated with asphalt.

--Item 320--
Construct all longitudinal ACP joints adjacent to a travel lane with a joint maker device that will
create a 3:1 to 6:1 taper.  For placement of 2 inches or more, the device shall provide a
maximum ½
inch vertical edge.  Taper outside edges (next to the grass) or backfill (shoulder-up) the same
day.

Provide a material transfer device capable of providing a continuous flow of material to the
paver.  The material transfer device will consist of a windrow elevator or better.

--Item 330--
The asphalt plant shall have truck scales as defined in Item 520. Give three weight tickets
bearing the date, the truck number, and the gross, net & tare weights to the truck driver, for the
State inspector at the spreading and finishing operation.  Trucks may be required to weigh on
public scales or portable platform scales to verify the weight of the ticket.

Use trap rock or crushed slag as the special aggregate for LRA.

If LRA is stockpiled where it might get contaminated with foreign materials, the bottom of the
stockpile can not be used. A set of standard truck scales will be used to determine the quantity
of contaminated material that will be deducted.  Unless approved, do not stockpile LRA more
than 10 days prior to lay-down operations.

The fluxing material shall be either an emulsified combination of asphalt and softening agent
added individually (the softening agent may also be an emulsion), or a material meeting the
requirements of Item “Asphalt’s, Oils and Emulsions”.  The material(s) selected shall be
approved.

--Item 340, 341 Or 344--
Table 6, in Item 340, Table 8 in Item 341 and Table 8 in Item 344, Hamburg Wheel Test
Requirements tested in accordance with Tex-242-F are changed for PG 64-22 or lower and PG
70-22.  Minimum number of passes at 1/2” Rut Depth, Tested at 122 degrees F will be 5,000
and 10,000 respectively.

Design all mixture types using a target laboratory-molded density of 96.5%.

The asphalt plant shall have truck scales as defined in Item 520. Give three weight tickets
bearing the date, the truck number, the gross, net & tare weights to the truck driver for the State
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inspector at the spreading and finishing operation.  Trucks may be required to weigh on public
scales or portable platform scales to verify the weight of the ticket.

Submit a copy of the Tex 233-F production charts on a weekly basis.  At the end of the ACP
work, provide all originals.

Crushing of aggregate for hot mix and immediate use for production of the mix is not allowed.
Stockpile the aggregate until enough material is available for five days of production unless
prior approval is provided. Hold a pre-placement meeting one month prior to the placement of
the hot mix.

The main purpose of hot mix cores taken by the State are for payment calculations.  If (for
quality control purposes) the core information is needed sooner, take additional cores.

. Do not use diesel or solvents as asphalt release agents in production, transportation, or
construction.  A list of approved asphalt release agents is available from the District Laboratory.

No more than one hot mix lot will be open for any specific type of hot mix, unless authorized.
After a lot is open and the Contractor gets approval to change plants, the previous lot will be
closed and a new lot will be opened.  The numbering for the lots produced at the new plant will
start with No. 1.  If allowed to switch back to the original or previous plant, the next lot from that
plant will resume numbering sequentially from the last lot produced by that plant.

Schedule lay-down placement where uneven travel lanes are minimized and eliminated weekly.

If asphalt material is obtained from other than a commercial source presently inspected by City,
furnish a Type D structure for the asphalt mix control laboratory for the Engineer's use.  Provide
a minimum height of 8 feet and a minimum of 400 square feet of gross floor area for
permanently located asphalt plants or 200 square feet for a temporary plant.  The floor area will
be partitioned into a minimum of two rooms, with a minimum of two windows per room.  The
floor shall have an impervious cover and sufficient strength to support the testing equipment.
Portable structures shall be support blocked for stability and shall be tied down.

Minimum Roadway Placement Temperature
--Item 340, 342, 344, 346, 3127 & 3142--
Place mixture when the roadway surface temperature is equal to or higher than listed in Table 1
unless otherwise approved or shown on the plans.  Measure the roadway surface temperature
with a handheld infrared thermometer.  Placement may be allowed to begin prior to the
roadway surface reaching the required temperature if conditions are such that the roadway
surface will reach the required temperature within 2 hrs. of beginning placement operations.
Place mixtures only when weather and moisture conditions of the roadway surface are suitable
in the opinion of the Engineer.

Table 1
Minimum Pavement Surface Temperatures
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Minimum Pavement Surface
Temperatures

in Degrees Fahrenheit *

Specification
Item Number

High Temperature
Binder Grade

Subsurface
Layers or Night

Paving
Operations

Surface Layers
Placed in Daylight

Operations

Items 340 & 344
PG 64 45 50
PG 70 55 60
PG 76 60 60

Items 342 and 346
SS 3127 & SS 3142

PG 76 65 70
Asphalt Rubber (A-R) 65 70

* Except for PG 64, may pave at temperatures 10º F lower than the values shown in Table
1when utilizing a paving process or equipment that eliminates thermal segregation.  In these
cases, use either an infrared bar attached to the paver, or a hand held thermal camera, or a
hand held infrared hermometer operated in accordance with Text Method 244-F to demonstrate
that the uncompacted mat has no more than 10º F of thermal segregation.

--Item 354--

Retain planed material.

--Item 401--
A shrinkage compensator is not required for when used for backfilling pipes. Strength of the
Flowable Backfill will be verified by the District Laboratory.  Field testing is not required, unless
deemed necessary.

--Item 420--
Mass concrete will be measured in place.

--Item 421--

Poly-fiber reinforced concrete may be used as an option, with the approval by the Engineer, for
riprap, sidewalk, curb/gutter, and mow strip.  Use a City approved manufacturer or producer for
the poly-fiber.  The poly-fibers shall be combined with the concrete in proportions as
recommended by the manufacturer.  A concrete mix design must be approved by the Engineer.

--Item 432--
In all riprap slopes, provide 3 inch diameter weep holes at 10 foot maximum spacing and
backed with loose graded gravel or crushed stone and galvanized hardware cloth.

Match the slope of the Riprap (Mow Strip) to the slope of the adjacent roadway.

--Item 462--



                 Project Number: Sheet:10
                 County: Bexar Control: 0915-12-470, etc
                 Highway: CS (Harry Wurzbach)

General Notes Sheet J
ADDENDUM NO.5

Use concrete aggregate with two sacks of Portland cement per cubic yard for fill between pre-
cast boxes.

 The following structures shall be pre-cast:
All Structures are considered to be cast in place unless otherwise approved by engineer.

--Item 465--
Concrete Class B invert shaping is required at all inlets, manholes and junction boxes in order
to insure positive flow. The material and work performed for the placement of the inverts shall
be considered subsidiary to this item.

Provide for the safety and health of employees and abide by all OSHA Standards and
Regulations.  All costs incurred for proper management, shall be subsidiary to this Item.

--Item 500--
"Materials on Hand" payments will not be considered in determining percentages for
mobilization payments.

--Item 502--
Place standard markings no later than 14 days after surface treatment operations are
completed.

When advanced warning flashing arrow panels and/or changeable message sign is specified,
have one standby unit in good condition at the job site.

Treat the pavement drop-offs as shown in the TCP.

After written notification, the time frame to provide properly maintained signs and barricades
before considered in non-compliance is 48 hours from receipt of the notification.

There are traffic signals at the intersection of Burr Rd./Harry Wurzbach, Winans Dr./Harry
Wurzbach, and Rittiman Rd./Harry Wurzbach.   Keep the signals in operation except when
necessary for specific installation operations.

Moving an existing sign to a temporary location is subsidiary to this Item.  Installations with
permanent supports at permanent locations will be paid for under the applicable bid item (s).

Mount temporary mailboxes on plastic drum in accordance with Compliant Work Zone Traffic
Control Devices, Section K.  Mounting and moving the mailbox as needed for the various
construction phases is subsidiary to this Item.

Notify the Engineer 5 business days in advance of any temporary or permanent lane, ramp, etc.
closures/detours, restrictions to lane widths, alterations to vertical clearances, or modifications
to radii. Any other modifications to the roadway that may adversely affect the mobility of
oversized/overweight trucks also require 5 business days advance notice to the Engineer.
Unless shown in the TCP, no lane, ramp, etc. closures are allowed during special events.  At
least one lane has to remain open at all times.  For all lane closures, provide written closure
information by 1:00PM on the business day prior to the closure.  For closures on a Monday or
following a Holiday, furnish the information the workday prior to the closure.  Lane closures will
not be allowed if this reporting requirement is not met.
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For closures not listed in the TCP; the lane closures are limited to Weekend hours between 10
PM Friday through 5 AM Monday and at least one lane has to remain open at all times.

Avoid placing stockpiles within the roadway’s horizontal clear zone.  If a stockpile is placed
within the clear zone, address in accordance with the TMUTCD.

Do not place barricades, signs, or any other traffic control devices where they interfere with
sight distance at driveways or side streets.

In addition to providing a Contractor's Responsible Person and a phone number for emergency
contact, have an employee available to respond on the project for emergencies and for taking
corrective measures within 2 hours or within a reasonable time frame as specified by the
Engineer.

--Item 529--
Class "C" concrete is required for machine extruded curb.

Curb inlets and extensions are based on an exposed curb height of 7 inches. The roadway curb
height and shape will be transitioned to the inlet’s curb with a 40: 1 taper.

--Item 531--

The curb ramp locations shown in the plans have taken into account the geometric features of
the intersection, traffic signals, and the pavement markings.  If anything changes during
construction, the location of curb ramps must be adjusted to ensure they meet TAS
requirements.

The contractor shall stop all construction related activities to prevent noise from interfering with
funeral services at the fort Sam Houston cemetery as determined by the engineer.   Adequate
vehicular access to the cemetery facility especially during funeral processions will be provided
at all times.  Contractor shall coordinate with ft Sam Houston cemetery representatives
throughout the construction phasing.

--Item 585--
Ride quality requirements are waived.

--Item 618--
It might be necessary to cut concrete for placement of conduit.  Saw cut existing concrete,
remove the concrete from the steel reinforcement (bars or fabric) and bend the steel to install
the conduit.  After the conduit has been placed, bend the steel back to its original position and
back-fill the trench with an approved concrete.  This work is subsidiary to this Item.

The conduit depth for illumination under the City of San Antonio streets is 36 inches.

Do not use cast iron junction boxes in single slope traffic barriers.
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Use materials from Material Producers list as shown on the Construction Division’s (CST) web
site. Category is “Roadway Illumination and Electrical Supplies.”

The polymer concrete barrier box will not be paid for separately, but will be considered
subsidiary to ITEM 618, “CONDUIT”.

--Item 624--
Legibly imprint the ground box cover with the words "Danger High Voltage" as required by the
“Electrical Details” State Standard Sheet(s). In addition, imprint "Traffic Signal", "TMS",
"Illumination", or whatever other system will be housed in the ground box.  The ground box
locations shown on the plans are approximate and can be adjusted to better fit field conditions
when approved.

--Item 628--
Make all arrangements for electrical service, and compliance with local standards and practices
for proper installations.

--Item 644--
The wedge anchor system shown on State Standard Sheet SMD (TWT) are not allowed.

--Item 647--
Note: Contractor to provide engineering drawings and calculations for design of large sign and
foundation relocation.  Complete cost including labor, materials, equipment and professional
engineering drawings (signed and sealed by professional engineer) will be included in the cost
of this item.  Refer to Signing and Pavement Marking Sheet 215 for location of existing signs.
The Engineer shall provide the new location of the sign.

--Item 658--
CTB reflectors will not be paid for directly but will be considered subsidiary to the barrier.

--Item 666 & 8251--
 If TY II material is used (vs. an acrylic or epoxy) as the sealer for the TY I markings, place the
TY II a minimum of 14 calendar days (to provide adequate curing) before placing the TY I
markings.

--Item 672--
Place all adhesive material directly from the heated dispenser to the pavement.  Do not use
portable or non-heated containers.  Use adhesive of sufficient thickness so that when the
marker is pressed into the adhesive, 1/8" or more adhesive will remain under 100% of the
marker.  The adhesive should extend not less than 1/2" but not more than 1 1/2" beyond the
perimeter of the marker.

--Item 677--
Obtain approval before using the mechanical method for the elimination of existing
thermoplastic pavement markings.

--Item 680--
Furnish and install all required materials and equipment necessary for the complete and
operating traffic signal installation at the following intersections:
Burr Rd./Harry Wurzbach, Winans Dr./Harry Wurzbach, and Rittiman Rd./Harry Wurzbach.
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The locations shown on the plans for signal pole foundations, controller foundations, conduit
and other items may be adjusted to better fit field conditions as approved.

High pressure sodium lamps shall meet ANSI C78 requirements and shall be the type that
extinguishes at the end of usable lamp life and remains extinguished without cycling.  400 watt
lamps shall contain less that 4.0 MG of mercury.  250 watt lamps shall contain less than 3.0 MG
of mercury.  Lamps shall be lead free.  Lamps shall pass the Federal Toxic Characteristic
Leachate Producure (TCLP).  Lamp examples:  OSRAM-Sylvania LU400/ECO Plus.

Demonstrate that the field wiring is properly installed, install the controller assembly, connect
the wiring and turn on the controller.

--Item 682--
Provide all signal heads from the same manufacturer. Pedestrian signals may be by a different
manufacturer than the vehicle signal heads.

Cover all signal faces until placed in operation.

All pedestrian signal faces shall be single section LED Type.  Die cast polycarbonate is
acceptable in lieu of die cast aluminum.  All mounting attachments shall be constructed of steel
pipe and mounted as shown on the plans.

For all proposed mast arm pole assemblies, use mounting bracket assembly Option "C" as
shown on the State Standard Sheet(s) "Single Mast Arm Assemblies”.
--Item 684—
Provide all signal heads from the same manufacturer.  Pedestrian signals may be by a different
manufacturer than the vehicle signal heads.

Cover all signal faces until placed in operation.

All pedestrian signal faces shall be single section LED Type.  Die cast polycarbonate is
acceptable in lieu of die cast aluminum.  All mounting attachments shall be constructed of steel
pipe and mounted as shown on the plans.

For all proposed mast arm pole assemblies, use mounting bracket assemble Option “C” as
shown on the State Standard Sheet(s) “Single Mast Arm Assemblies”.

--Item 684--
Provide an extra 10’ for each cable terminating in the controller cabinet.  All cables shall be
continuous without splices from terminal point to terminal point.  All proposed signal cable shall
be #12 AWG stranded copper.

--Item 686 & 687—
Provide all signal poles from the same manufacturer.  Pedestrian poles may be from a different
manufacturer.

--Item 688—
The sealant used must be approved.



                 Project Number: Sheet:14
                 County: Bexar Control: 0915-12-470, etc
                 Highway: CS (Harry Wurzbach)

General Notes Sheet N
ADDENDUM NO.5

The pedestrian push button shall be raised or flush and a minimum of 2 inches in the smallest
dimension.  The force to activate the control shall be no greater than 5 lb/f.  the button
placement has to be coordinated with the concrete pad to access the button.  The concrete pad
(if required) shall be paid separately.

The pedestrian push button shall be wired with a 2/C#14 lop detector cable in lieu of a #12
A.W. G. XHHW wire.

--Item 730—
Spot mow and hand trim the right of way, including newly seeded or sodded areas, when
vegetation reaches a height of 16” or when directed.  Removal of brush sprouts growing within
guardrail, concrete barriers or at other locations where mowing or hand trimming is done within
the limits of construction is required and subsidiary to this item.  Moving may be required more
often in newly sodded or seeded areas than in other parts of the project because of the
supplemental irrigation these areas receive and the resulting weed growth.  Coordinate mowing
to avoid rutting or compaction of the soil when mowing where supplemental irrigation is being
used.  Use mowing equipment that will not adversely affect soil retention blankets or mulches
that have been applied.  Work performed under this item does not replace the mowing required
when placing permanent seeding in an area that has established temporary seeding as
described in Article 164-3, Construction.

--Item 6007—
All existing signal equipment with the exception of the signal controller and equipment become
the property of the Contractor and disposed of in accordance with the specifications.  Deliver
the controller and related equipment to the Signal Shop, located at 233 S. Cherry Street, San
Antonio, Texas or to the Area Office as directed.
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2004 Specifications

SPECIAL SPECIFICATION
5010--CoSA

Transportable Cellular Telephones

1. Description. Provide transportable cellular telephones (TCTs).

2. Equipment. Furnish TCTs after the receipt of the work order to begin work and before
beginning physical work on the project. Provide the number of TCTs specified on the plans.
Repair or replace non-operational TCTs within 48 hr. after notification by the Engineer.
Provide an operational manual for each TCT. Terminate TCT service upon completion of
the project.

Provide a detailed invoice upon request.

3. Measurement and Payment. The work performed, materials furnished, equipment, labor,
tools and incidentals will not be measured or paid directly, but will be subsidiary to pertinent
Items.
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2004 Specifications

SPECIAL SPECIFICATION
6041--CoSA

Internally Lighted Street Name Sign Assemblies

1. Description. Furnish and install internally lighted street name sign assemblies.

2. Materials. Provide new material that complies with the details shown on the plans, the
requirements of this Item, and the NEC. Provide 6 copies of material brochures, shop
drawing submittals, or both.

Provide internally lighted street sign panels that comply with DMS 8311, “Internally
Illuminated Street Sign Panels.” Provide single side message or double side message signs
as shown on the plans.

Use a clamp-on street name sign mast arms as shown on the plans. Form mast arm clamp
brackets and hanger bars with heat treated aluminum bar stock or galvanized steel.

Provide a mounting bracket as shown on the plans. Use a minimum 3/8 in. stainless steel
bar. Provide an adjustment bolt for each mounting bracket.

A. Housing. Construct sign fixture housing of extruded, cast, and fabricated aluminum
components. Construct top shell and bottom pan assembly with extruded aluminum
alloy 6063-T6 and join to end plates with continuous weld joints. Place a 0.050 in. thick
aluminum back side panel for single sided signs.

Provide drip rails on the top shell. Provide 4 screened weep holes at strategic points in
the bottom of the housing assembly. Design the housing for continuous gasketing
between housing and sign frame members. Use closed cell neoprene sponge rubber
gaskets.

Use stainless steel Type 302 or 305, brass, or aluminum fasteners and screws. Galvanize
steel nuts, bolts, and hardware in accordance with Item 445, “Galvanizing.”

Form reflectors using 0.040 in. thick aluminum. Finish the reflector surface with baked
white enamel or catalyzed polyurethane finish and a minimum reflectance value of
86%.

Provide a full length extruded aluminum hinge to mount the sign panel to the sign
housing. Provide at least 2 knurled knobs, thumb screws, or 1/4 turn wing-head
fasteners and at least two 1/4-20 captive nuts to secure the sign panel to the housing.

B. Fluorescent Lamps. Unless otherwise shown on the plans, furnish F36 T12 type lamps.
Operate each lamp from 1 lamp ballast. Use U.L. listed ballasts that conform to the
requirements of ANSI Standard C 82.1 and C 82.2. Provide instant start type ballast
capable of starting lamps at 0°F and above. Use high power factor type ballast that
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operates on 120 VAC, 60 Hz. Provide ballasts rated at 200 mA. for 6 ft. lamps and
425 mA. for 8 ft. lamps.

Use U.L. listed lamp holders. Provide spring compression type lamp holders with a
circular cross section of neoprene rubber. Removal of a lamp will de-energize the
primary system of the ballast.

Provide a miniature, slow blow type fuse in the primary circuit of the ballast. Provide
surface mounting type fuse holders with threaded bayonet knob.

Use U.L. listed conductors on loadside of power supply terminal block inside fixture.
Use 18 AWG stranded wire with 2/64 in. thermoplastic insulation rated at 1000 V.,
90°C. Terminate wiring on a 2 pole phenolic barrier type terminal block rated at 30 A.,
600 V.

3. Construction. Fabricate and install internally lighted street name signs as shown on the
plans. Sampling of fixtures for testing will be done in accordance with Tex-1110-T, except
the minimum sample size is 1. Install signs level and plumb brackets. Attach internally
lighted street name signs to traffic signal poles as shown on the plans.

Use established industry and utility safety practices when erecting sings near overhead or
underground utilities. Consult with appropriate utility companies prior to beginning work.

Power the internally lighted street name sign from the traffic signal service pole. Install a
20 A. circuit breaker and a photocell for the internally lighted street name sign.

Ground the sign to a grounding conductor connected between the fixture and the grounding
conductor in the base of the pole.

4. Measurement. This Item will be measured by each unit installed.

5. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under "Measurement", will be paid for at the unit bid price for
"Internally Lighted Street Name Signs" of the sizes and types specified. This price is full
compensation for furnishing and installing the signs; support arm clamp assembly; liquid
tight flexible metal conduit; circuit breakers and photocells; and equipment, labor, tools, and
incidentals.
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2004 Specifications

SPECIAL SPECIFICATION
6044--CoSA

Video Imaging Vehicle Detection System

1. Description. Install a Video Imaging Vehicle Detection System (VIVDS) that monitors
vehicles on a roadway via processing of video images and provides detector outputs to a
traffic controller or similar device.

A VIVDS configuration for a single intersection will consist of 4 variable focal length
cameras, two 2 -channel VIVDS card rack processor system, and all associated equipment
required to setup and operate in a field environment including a video monitor and/or laptop
(if required), connectors and camera mounting hardware.

The system is composed of these principal items: the camera(s), the field communications
link between the camera and the VIVDS processor unit, and the VIVDS processor unit along
with a PC, video monitor or associated equipment required to setup the VIVDS and central
control software to communicate to the VIVDS processor.

2. Definitions.

A. VIVDS Processor Unit.  The electronic unit that converts the video image provided by
the cameras, generates vehicle detections for defined zones and collects vehicular data
as specified.

B. VIVDS Processor System.  One or more VIVDS processor modular units required to
handle the number of camera inputs.

C. Central Control.  A remotely located control center, which communicates with the
VIVDS. The VIVDS operator at the central control has the ability to monitor the
operation and modify detector placement and configuration parameters. The equipment
that constitutes central control is comprised of a workstation microcomputer along with
the associated peripherals as described in this special specification.

D. Field Setup Computer.  A portable microcomputer used to set up and monitor the
operation of the VIVDS processor unit. If required to interface with the VIVDS
processor unit, the field setup computer with the associated peripherals described in this
special specification and a video monitor, also described in this special specification,
must be supplied as part of the VIVDS.

E. Field Communications Link.  The communications connection between the camera and
the VIVDS processor unit.  The primary communications link media may be coaxial
cable or fiber optic cable.

F. Remote Communications Link.  The communications connection between the VIVDS
processor unit and the central control.
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G. Camera Assembly.  The complete camera or optical device assembly used to collect the
visual image.  The camera assembly consists of a charged coupled device (CCD)
camera, environmental enclosure, sun shield, temperature control mechanism, and all
necessary mounting hardware.

H. Occlusion.  The phenomenon when a vehicle passes through the detection zone but the
view from the sensor is obstructed by another vehicle.  This type of occlusion results in
the vehicle not being detected by the sensor.

Or

When a vehicle in one lane passes through the detection zone of an adjacent lane. This
type of occlusion can result in the same vehicle being counted in more than one lane.

I. Detection Zone.  The detection zone is a line or area selected through the VIVDS
processor unit that when occupied by a vehicle, sends a vehicle detection to the traffic
controller or freeway management system.

J. Detection Accuracy.  The measure of the basic operation of a detection system (shows
detection when a vehicle is in the detection zone and shows no detection when there is
not a vehicle in the detection zone).

K. Live Video.  Video being viewed or processed at 30 frames per second.

L. Lux.  The measure of light intensity at which a camera may operate.

M. Video Monitor.  As a minimum must be a 9-in. black and white monitor with BNC
connectors for video in and out.

3. Functional Capabilities.

The system software must be able to detect either approaching or departing vehicles in
multiple traffic lanes.  A minimum of 4 detector outputs per video processor module card
and each output must have a minimum of 48 detection zones. Each zone and output must be
user definable through interactive graphics by placing lines and/or boxes in an image on a
video or VGA monitor. The user must be able to redefine previously defined detection
zones.

The VIVDS must provide real time vehicle detection (within 112 milliseconds (ms) of
vehicle arrival).

The VIVDS processor unit must be capable of simultaneously processing information from
various video sources, including CCTV video image sensors and video tape players.  The
video sources may be, but are not required to be, synchronized or line-locked. The video
must be processed at a rate of 30 times per second by the VIVDS processor unit.

The system must be able to detect the presence of vehicles in a minimum of 12 detection
zones within the combined field of view of all cameras (a minimum of 12 detection zones
per camera input to the VIVDS processor unit).

Detection zones must be provided that are sensitive to the direction of vehicle travel.  The
direction to be detected by each detection zone must be user programmable.
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The VIVDS processor unit must compensate for minor camera movement (up to 2% of the
field of view at 400 ft.) without falsely detecting vehicles.  The camera movement must be
measured on the unprocessed video input to the VIVDS processor unit.

The camera must operate while directly connected to VIVDS Processor Unit.

Once the detector configuration has been downloaded or saved into the VIVDS processor
unit, the video detection system must operate with the monitoring equipment (monitor
and/or laptop) disconnected or on-line.

When the monitoring equipment is directly connected to the VIVDS processor unit, it must
be possible to view vehicle detections in real time as they occur on the field setup
computer's color VGA display or the video monitor.

4. Vehicle Detection.

A. Detection Zone Placement.  The video detection system must provide flexible detection
zone placement anywhere within the combined field of view of the image sensors.
Preferred presence detector configurations must be lines or boxes placed across lanes of
traffic or lines placed in line with lanes of traffic.  A single detector must be able to
replace one or more conventional detector loops. Detection zones must be able to be
fully overlapped. In addition, detection zones must have the capability of implementing
“AND” and “OR” logical functions including presence, extension and delay timing.
These logical functions may be excluded if provisions are made to bring each detector
separately into the controller and the controller can provide these functions.

B. Detection Zone Programming.  Placement of detection zones must be by means of a
graphical interface using the video image of the roadway.  The monitor must show
images of the detection zones superimposed on the video image of traffic while the
VIVDS processor is running.

The detection zones must be created by using the mouse or keypad to draw detection
zones on the monitor. The detection zones must be capable of being sized, shaped and
overlapped to provide optimal road coverage and detection. It must be possible to save
the detector configurations on disk to download detector configurations to the VIVDS
processor unit and to retrieve the detector configuration that is currently running in the
VIVDS processor unit.

The mouse or keypad must be used to edit previously defined detector configurations so
as to fine tune the detection zone placement size and shape.  Once a detection
configuration has been created, the system must provide a graphic display of the new
configuration on its monitor. While this fine-tuning is being done, the detection must
continue to operate from the detector configuration that is currently called for.

When a vehicle occupies a detection zone, the detection zone on the live video must
indicate the presence of a vehicle, thereby verifying proper operation of the detection
system. With the absence of video, the card must have an LED that will indicate proper
operation of the detection zones.

Detection zones must be provided that is sensitive to the direction of vehicle travel.  The
direction to be detected by each detection zone must be user programmable.
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C. Design Field of View.  The video detection system must reliably detect vehicle presence
in the design field of view.  The design field of view must be defined as the sensor view
when the image sensor is mounted 24 ft. or higher above the roadway, when the camera
is adjacent (within 15 ft.) to the edge of the nearest vehicle travel lane, and when the
length of the detection area is not greater than 10 times the mounting height of the
image sensor.  Within this design field of view, the VIVDS processor unit must be
capable of setting up a single detection zone for point detection (equivalent to the
operation of a 6 ft. by 6 ft. inductive loop).  A single camera, placed at the proper
mounting height with the proper lens, must be able to monitor up to and including 5
traffic lanes simultaneously.

D. Detection Performance.  Detection accuracy of the video detection system must be
comparable to properly operating inductive loops.  Detection accuracy must include the
presence of any vehicle in the defined detection zone regardless of the lane, which the
vehicle is occupying.  Occlusion produced by vehicles in the same or adjacent lanes
must not be considered a failure of the VIVDS processor unit, but a limitation of the
camera placement.  Detection accuracy (a minimum of 95%) must be enforced for the
entire design field of view on a lane by lane and on a time period basis.

E. Equipment failure, either camera or VIVDS processor unit, must result in constant
vehicle detection on affected detection zones.

5. VIVDS Hardware.

A. VIVDS Processor Unit – Cabinet Mounting.  The VIVDS processor unit must be rack
mountable.  Single and multi channel card rack processors must be available as shown
on the plans.

B. VIVDS Processor Unit - Environmental Requirements. The VIVDS processor unit must
be designed to operate reliably in the adverse environment found in the typical roadside
traffic cabinet. It must meet the environmental requirements set forth by the latest
NEMA (National Electrical Manufacturers Association) TS1 and TS2 standards as well
as the environmental requirements for Type 170, Type 179 and 2070 controllers.
Operating temperature must be from -30°F to +165°F at 0% to 95% relative humidity,
non condensing.

C. VIVDS Processor Unit – Electrical.  The VIVDS must have a modular electrical design.

The VIVDS must be powered by 89 135 VAC, 60 Hz single phase.  Power to the
VIVDS must be from the transient protected side of the AC power distribution system
in the traffic control cabinet in which the VIVDS is installed.

Serial communications to the field setup computer must be through an RS 232 serial
port.  This port must be able to download the real time detection information needed to
show detector actuations.  A connector on the front of the VIVDS processor unit must
be used for serial communications.

The equipment must be provided with both TS1 and TS2 interfaces.

1. TS1 interface. The 2-channel VIVDS processor cards must be equipped with a
NEMA TS1 detector interface for a minimum of 4 detector outputs.  Logic output
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levels must be compatible with the NEMA TS1.  (If required for additional detector
outputs, a "D" subminiature connector on the front of the VIVDS processor card or
extension modules can be used for interfacing to these outputs).

2. TS2 interface.  The VIVDS processor unit must be equipped with a NEMA TS2
Type 1 detector interface, where detector information is transmitted serially via an
RS 485 data path. The two channel VIVDS processor card must plug into existing
TS2 detector racks for a minimum of 4 detector outputs. (If required for more
detector outputs, a "D" subminiature connector on the front of the VIVDS
processor card or extension modules can be used for interfacing to these outputs).

The VIVDS processor unit must be equipped with RS 170 (monochrome) composite
video inputs, so that signals from image sensors or other synchronous or asynchronous
video sources can be processed in real time. BNC connectors on the front of the VIVDS
processor unit or video patch panel must be used for all video inputs.

The VIVDS processor unit must be equipped with a single RS 170 composite video
output.  This output must be capable of being switched to correspond to any one of the
2-video inputs, as selected remotely via the field setup computer or front panel switch.
Multiple video outputs requiring external cable connections to create a combined single
video output must not be acceptable.  A BNC or RCA connector must be used for video
output on the front of the processor unit.

The VIVDS processor unit software and the supervisor software must include
diagnostic software to allow testing the VIVDS functions.  This must include the
capability to set and clear individual detector outputs and display the status of inputs to
enable setup and troubleshooting in the field.

6. Camera Assembly.

A. Camera.  The video detection system must use medium resolution, monochrome image
sensors as the video source for real time vehicle detection.  The cameras must be
approved for use with the VIVDS processor unit by the supplier of the VIVDS.  As a
minimum, each camera must provide the following capabilities:

1. Images must be produced with a Charge Coupled Device (CCD) sensing element
with horizontal resolution of at least 380 lines and vertical resolution of at least 350
lines.  Images must be output as a video signal conforming to RS170.

2. Useable video and resolvable features in the video image must be produced when
those features have luminance levels as low as 0.1 lux at night.

3. Useable video and resolvable features in the video image must be produced when
those features have luminance levels as high as 10,000 lux during the day.

4. The camera must include an electronic shutter or auto-iris control based upon
average scene luminance and must be equipped with an electronic shutter or auto-
iris lens with variable focal length and variable focus that can be adjusted without
opening up the camera housing to suit the site geometry.  The variable focal length
must be adjustable from 6 mm to 34 mm.
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B. Camera and Lens.  The camera and lens assembly must be housed in an environmental
enclosure that provides the following capabilities:

1. The enclosure must be waterproof and dust tight to the latest NEMA 4
specifications.

2. The enclosure must allow the camera to operate satisfactorily over an ambient
temperature range from -30°F to +165°F while exposed to precipitation as well as
direct sunlight.

3. The enclosure must allow the camera horizon to be rotated in the field during
installation.

4. The enclosure must include a provision at the rear of the enclosure for connection
of power and video signal cables fabricated at the factory.  Input power to the
environmental enclosure must be nominally 115 VAC 60 Hz.

5. A thermostatically controlled heater must be at the front of the enclosure to prevent
the formation of ice and condensation, as well as to assure proper operation of the
lens's iris mechanism.  The heater must not interfere with the operation of the
camera electronics, and it must not cause interference with the video signal.

6. The enclosure must be light colored or unfinished and must include a sun shield to
minimize solar heating.  The front edge of the sunshield must protrude beyond the
front edge of the environmental enclosure and must include provision to divert
water flow to the sides of the sunshield.  The amount of overhang of the sun shield
must be adjustable to block the view of the horizon to prevent direct sunlight from
entering the lens.  Any plastics used in the enclosure must include ultra violet
inhibitors.

7. The total weight of the image sensor in the environmental enclosure with sunshield
must be less than 10 lb.

8. When operating in the environmental enclosure with power and video signal cables
connected, the image sensor must meet FCC class B requirements for
electromagnetic interference emissions.

The video output of the cameras must be isolated from earth ground. All video connections
for the cameras to the video interface panel must also be isolated from earth ground.

Use waterproof, quick disconnect connectors to the image sensor for both video and power.

A camera interface panel capable of being mounted to sidewalls of a controller cabinet must
be provided for protection of the VIVDS processor unit, camera video and power
inputs/outputs.  The panel must consist of, as a minimum, 4 Edco CX06 coax protectors, a
Edco ACP-340 for the cameras and VIVDS processor unit power, a 10 amp breaker, a
convenience outlet protected the ACP-340 and a terminal strip with a minimum of sixteen 8
32 binder head screws.  The terminal strip must be protected by a piece of 1/8 in. Plexiglas.
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When the connection between the image sensor and the VIVDS processor unit is coaxial
cable, the coaxial cable used must be a low loss, 75 ohm, precision video cable suited for
outdoor installation, such as Belden 8281 or TxDOT approved equal.

Camera mounting hardware must allow for vertical or horizontal mounting to the camera
enclosure.  Pelco AS-0166-4-62 or equivalent is acceptable.

7. Field Communication Link.  The field communications link must be a one way
communications connection from the camera to the equipment cabinet.  The primary
communications link media may be coaxial cable or fiber optic cable accompanied by a 3
conductor minimum 18 AWG, 24 VDC or 115 VAC camera power cable, or appropriate
cable as approved.

The following requirements must govern for the various types of field communications link
media described on the plans:

A. Coaxial Cable.  In locations where the plans indicate coaxial cable is required as the
primary communications link, this cable must be of the RG 59 type with a nominal
impedance of 75 ohms.  All cable must have a polyethylene dielectric with copper braid
shield having a minimum of 98 percent shield coverage and not greater than 0.78 dB
attenuation per 100 ft. at 10 MHz with a minimum 18 AWG external 3 conductor power
cable or approved equivalent as directed by the Engineer.

B. Fiber Optic Cable.  If specified by the plans, furnish fiber optic cable in accordance
with the special specification for fiber optic cable.

C. Twisted Wire Pairs.  Must be Belden 9556 or equivalent 18 AWG TWP control cable.

All connection cables must be continuous from the equipment cabinet to the camera.  No
splices of any type will be permitted.

Install lightning and transient surge suppression devices on the processor side of the field
communications link to protect the peripheral devices.  The suppression devices must be all
solid state.  Lightning protection is not required for fiber optic communication lines.  The
devices must present high impedance to, and must not interfere with, the communications
lines during normal operation.  The suppression devices must not allow the peak voltage on
any line to exceed 300% of the normal operating peak voltage at any time.  The response
time of the devices must not exceed 5 nanoseconds.

8. VIVDS Set-Up System.  The minimum VIVDS set-up system, as needed for detector setup
and viewing of vehicle detections, must consist of a field setup computer and Windows
based interface software (if required) or a video monitor with interface software built-in to
the VIVDS processor unit.  Live video (30 frames per second) must be available on the field
setup computer to determine proper operation of detectors. The field set-up computer as a
minimum, must have an NTSC video input port or equivalent.

If a field setup computer is required for system set-up, it must be supplied by the supplier of
the VIVDS.
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The field setup computer must include all necessary cabling and a Windows based program
to interface with the VIVDS processor unit. This software must provide an easy to use
graphical user interface and support all models/versions of the supplied VIVDS.

Live video with the detection overlaid is required for field verification of the system.

9. Temporary Use and Retesting.

A. Temporary Use.  When shown on the plans, the VIVDS equipment must be used to
provide vehicle detection on a temporary basis.  When the permanent vehicle detection
system and related equipment are installed and made operational, the VIVDS equipment
must be carefully removed and delivered to the location shown on the plans.

B. State Retesting and Acceptance.  Prior to acceptance, all VIVDS equipment may be
retested by the State, even if the system was operating properly before removal.  Repair
or replace any equipment damaged during removal or transport and any equipment that
does not meet the various test requirements.

10. Operation from Central Control.  The central control must transmit and receive all
information needed for detector setup, monitor the vehicle detection, view the vehicle traffic
flow at a rate of 2 frames per second or greater for telephone, or 5 frames a second or greater
for ISDN lines (as specified by the plans), and interrogate all required stored data.  The
remote communications link between the VIVDS processor unit and central control may be
dial-up (telephone or ISDN lines) or dedicated twisted wire pair communications cable
which may be accompanied with coaxial cable or fiber-optic cable, as shown on the plans.
Communications with the central control must not interfere with the on-street detection of
the VIVDS processor.

11. Installation and Training.  The supplier of the video detection system must supervise the
installation and testing of the video and computer equipment.  A factory certified
representative from the supplier must be on site during installation.

In the event that the field setup computer is furnished by TxDOT, such installation and
testing must be done at the time that training is conducted.

Provide up to 2 days of training to personnel of TxDOT in the operation, setup and
maintenance of the video detection system. Provide instruction and materials for a maximum
of 20 persons and conduct at a location selected by TxDOT. TxDOT will be responsible for
any travel and room and board expenses for its own personnel.

Instruction personnel are required to be certified by the equipment manufacturer.  The User's
Guide is not an adequate substitute for practical, classroom training and formal certification
by an approved agency.

Formal levels of factory authorized training are required for installers, contractors and
system operators.  All training must be certified by the manufacturer.

12. Warranty, Maintenance and Support.  The video detection system must be warranted to
be free of defects in material and workmanship for a period of 5 years from date of shipment
from the supplier’s facility. During the warranty period, the supplier must repair with new or
refurbished materials, or replace at no charge, any product containing a warranty defect
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provided the product is returned FOB to the supplier’s factory or authorized repair site.
Return product repair or replaced under warranty by the supplier with transportation prepaid.
This warranty does not apply to products damaged by accident, improperly operated,
abused, serviced by unauthorized personnel or unauthorized modification.

During the warranty period, technical support must be available from the supplier via
telephone within 4 hours of the time a call is made by a user, and this support must be
available from factory certified personnel or factory certified installers.

Ongoing software support by the supplier must include updates of the VIVDS processor unit
and supervisor software (if a field setup computer is required for set up).  Provide these
updates free of charge during the warranty period.  The update of the VIVDS software to be
NTCIP compliant must be included.

The supplier must maintain a program for technical support and software updates following
expiration of the warranty period.  Make this program available to TxDOT in the form of a
separate agreement for continuing support.

The supplier must maintain an ongoing program of technical support for the wireless camera
system.  This technical support must be available via telephone or personnel sent to the
installation site.

The supplier must maintain an adequate inventory of parts to support maintenance and repair
of the wireless camera system.

13. Measurement.  The VIVDS will be measured as each major system component furnished,
installed, made fully operational, and tested in accordance with this special specification or
as directed by the Engineer.

The VIVDS communication cable will be measured by the linear foot of the appropriate
media type furnished, installed, made fully operational, and tested in accordance with this
specification, other referenced Special Specifications or as directed by the Engineer.

When the VIVDS is used on a temporary basis, the VIVDS must be measured as each
system furnished, installed, made fully operational, including reconfiguration and removal if
required by the plans, and tested in accordance with this special specification or as directed
by the Engineer.

This is a plans quantity measurement Item. The quantity to be paid is the quantity shown in
the proposal unless modified by Article 9.2, “Plans Quantity Measurement.” Additional
measurements or calculations will be made if adjustments of quantities are required.

14. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under "Measurement" will be paid for at the unit price bid for
"VIVDS Processor System", "VIVDS Camera Assembly", "VIVDS Central Control",
"VIVDS Set-up System", "VIVDS Temporary", "VIVDS Communication Cable (Coaxial),"
and "VIVDS Communication Cable (Fiber Optic)".  These prices must be full compensation
for furnishing, placing, and testing all materials and equipment, and for all tools, labor,
equipment, hardware, operational software package(s), supplies, support, personnel training,
shop drawings, documentation, and incidentals necessary to complete the work.  A 3
conductor power cable must be included with the communication cable.
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These prices also include any and all interfaces required for the field and remote
communications links along with any associated peripheral equipment, including cables; all
associated mounting hardware and associated field equipment; required for a complete and
fully functional visual image vehicle detection system component.
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2004 Specifications CSJ 0922-33-098

SPECIAL SPECIFICATION

6525--CoSA

Emergency Vehicle Traffic Signal Priority Control System

1. Description. This Item governs the furnishing and installation of emergency vehicle traffic signal
priority control system in field location(s) as shown on the plans and as detailed in the Special
Specifications. This system shall enable designated vehicles to remotely cause the traffic signal
controller to advance to and/or hold a desired traffic signal display by using existing controller
functions.

The system shall consist of the following components:

(1) Emergency Preemption Emitter: This shall be mounted on the emergency vehicle and shall
transmit optical energy signals only in the forward direction.

(2) Emergency Preemption Phase Selector: This shall cause the signal controller to advance to
and/or hold the desired traffic signal display for the emergency vehicle.

(3) Emergency Preemption Detector: This shall be mounted on or near a traffic signal and shall
receive the optical energy signals generated by the vehicle emitter.

(4) Emergency Preemption Detector cable: This is used for communication between Emergency
Preemption Detector and Emergency Preemption Phase Selector.

2. Materials.  Provide new, corrosion resistance materials for all items furnished, assembled,
fabricated or installed under this Item, in strict accordance with the details shown on the plans and
in the specifications.

3. Equipment.

(1) Emergency Preemption Emitter.

(a) Functional Requirements.
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Provide a compact, single source Emergency Preemption Emitter that shall consist of a
high priority emitter and is compatible with all other equipment used for this project.

The Emergency Preemption Emitter shall have isolated power supply and emitter for
positive or negative ground vehicle power system.

The Emergency Preemption Emitter shall have discrete, penetrating infrared
communication that is directional, consistent day and night transmission, and all
weather performance.

The Emergency Preemption Emitter shall also consist of power supply and an Emitter
Control Switch assembly. The Emitter assembly will be mounted on a vehicle and
shall produce a flashing optical signal with a controlled repetition rate and shall have
the capability for adjusting intensity.

The Emergency Preemption Emitter shall comprise of a flash-tube/reflector and housing
assembly with an integral power supply and the required cables.

The Emergency Preemption Emitter shall have the capability to be customized through its
interface software.

The Emergency Preemption Emitter shall be controlled by a single on/off switch that
requires no other adjustments by the operator. The on/off condition shall be
indicated by a light located adjacent to the switch.

The Emergency Preemption Emitter shall have a command (high) and advantage (low)
priority operation as well as probe frequency capability selected by model and switch
combination.

The Emergency Preemption Emitter shall have a remote range setting capability, meet
FCC part 15, subpart J, Class A regulations for electromagnetic interference, RS-485,
and J1708 serial interface.

The Emergency Preemption Emitter shall be automatically disabled or de-activated by one
or a combination of the following: seat switch, emergency brake switch, door switch,
and transmission safety switch, and is indicated by slow flashing of the emitter
switch indicator light.
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The Emergency Preemption Emitter shall separate timed pulses of high intensity light in
the infrared and visible wavelengths at the base flash rate of approximately 10, 12,
or 14 Hz. It shall also interleave programmed encoded pulses that carry the vehicle
class and ID number information.

The Emergency Preemption Emitter shall have a cumulative flash counts available through
the interface software

The Emergency Preemption Emitter shall be configured with a grating for precise
directionality control

The Emergency Preemption Emitter shall have an optional light-blocking filter

The Emergency Preemption Emitter shall produce optical energy in a cone of not more
than 90 degrees horizontal and not more than 30 degrees vertical. The detectors
and/or phase selector shall not sense a pre-emption signal from an emitter outside
this cone.

The Emergency Preemption Emitter shall have a transmission range up to 2,500 ft. with
clear lens and up to 1,800 ft. with visible light filter

Contractor shall supply switches as approved by the engineer and shall be subsidiary to
this pay item.

Contractor shall supply the interface software kit including but not limited to instructions
manual, cables, interface software, and storage container and shall be subsidiary to
this item.

Contractor shall install the software on the workstation at STRATIS. This work shall be
subsidiary to this item.

(b) Electrical Requirements.

The Emergency Preemption Emitter shall operate on ten to 15 volts DC input voltage, but
shall not be damaged by input voltage surges up to 25 volts DC.

The Emergency Preemption Emitter shall not generate voltage transients on the battery
input line which exceed battery voltage by more than four volts.
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The Emergency Preemption Emitter shall convert 12 Volt DC vehicle battery power to the
high voltage required for operation of the unit.

The Emergency Preemption Emitter shall draw less than 5 amps peak current

(c) Mechanical Requirements.

The Emergency Preemption Emitter shall be a compact, lightweight, weather resistant
encoded signal device intended for use on priority and probe vehicles.

The Emergency Preemption Emitter shall have the installation flexibility to mount directly
on vehicle or ability to be installed into most lightbars.

The Emergency Preemption Emitter shall operate over an ambient temperature range of
minus 30°F. to plus 140°F.

The Emergency Preemption Emitter shall operate in 0 to 95% humidity.

(2) Emergency Preemption Phase Selector.

(a) Functional Requirements.

Provide Emergency Preemption Phase Selector that shall be compatible with all other
equipment used for this project.

The Emergency Preemption Phase Selector shall be a plug-in two channel, dual priority,
encoded signal device. It shall have the capability to be installed directly into the
input file of Type 170 traffic controllers equipped with priority phase selection
software and in virtually any other traffic controller equipped with priority phase
selection inputs and related software.

The Emergency Preemption Phase Selector shall recognize and discriminate among three
distinct emitter frequency rates via Emergency Preemption Detectors: Command
priority, Advantage priority and probe vehicles. Within each of these three frequency
rates, the Emergency Preemption Phase Selector shall further discriminate among 10
classes of vehicle identification codes, with 1000 individual vehicle codes per class —
10,000 total per frequency rate.
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When Emergency Preemption Detector signals are recognized as a valid call, the
Emergency Preemption Phase Selector shall cause the signal controller to advance to
and/or hold the desired traffic signal display. This is accomplished by utilizing
Emergency Preemption Phase Selector circuitry in conjunction with normal internal
controller functions.

The Emergency Preemption Phase Selector shall be capable of assigning priority traffic
movement to one of two channels on a first-come, first-serve basis. Each channel
shall be connected to select a particular traffic movement from those normally
available within the controller.

Once a call is recognized, "commit to green" circuitry in the Emergency Preemption Phase
Selector shall function so that the desired green indication will be obtained even if
optical communication is lost. After serving a priority traffic demand, the Emergency
Preemption Phase Selector shall release the controller to follow normal sequence
operation.

The phase selector shall not change the timing of the following intervals for any normal
controller phase:

Minimum green

WALK

Pedestrian clearance

Yellow change

Red clearance

The Emergency Preemption Phase Selector shall also have the following features:

Two auxiliary detectors per channel

Compatible with encoded signal and non-encoded emitters

Computer-based interface
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RS232 communications front port, and rear backplane

User-selected communications baud rate 1200 to 9600 bits per second

Customizable ID code validation

Erasable write-on pads for phase or movement labeling

Unit can be operated without computer configuration

Crystal controlled circuitry

Accurate optical signal recognition circuitry

Precise output pulse

Definitive call verification

Optically isolated outputs

Front panel switches and diagnostic indicators for testing

Multi-function test switch

High and low test calls

Reset to default parameters

Range setting

Diagnostic test

Internally record each activation of the system. Each entry shall contain the:

Intersection name

Date and time of the activity

Vehicle class code of the activating vehicle

Activating vehicle’s ID number
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Channel called

Priority of the activity

Final green signal indications displayed at the end of the call

Time spent in the final greens

Duration of the activation

Near intersection location information

(b) Electrical Requirements.

The Emergency Preemption Phase Selector shall be powered from AC mains and shall
provide 24-volt DC output for its associated Emergency Preemption Detectors.

The Emergency Preemption Phase Selector shall utilize solid state and relay circuitry to
interface between the Emergency Preemption Detector and the traffic signal
controller.

The Emergency Preemption Phase Selector shall supply power to and receive electrical
signals from the Emergency Preemption Detector.

The Emergency Preemption Phase Selector shall be tested to NEMA electrical test
specifications

The Emergency Preemption Phase Selector shall operate at a voltage range of 89 to 135
VAC +10% and 60Hz + 3Hz

Provide equipment that is not affected by the transient voltages, surges and sags
normally experienced on commercial power lines. It is the Contractor's responsibility
to check the local power service to determine if any special design is needed for the
equipment. Any extra cost, if required, is subsidiary to this Item.

Install appropriate surge protectors in the cabinet for the Emergency Preemption Phase
Selector and Emergency Preemption Detector.

Provide equipment that meets the requirements of Sec. 2.1.6, “Transients, Power
Service” of the NEMA Standard TS2-1992, and/or the latest revision.
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Provide all wiring to the requirements of the National Electric Code. Cut all wires to
proper length. Provide cable slacks to facilitate removal and replacement of
assemblies, panels, and modules. Do not double back any wires to take up slack.
Neatly lace wires into cable with nylon lacing or plastic straps. Secure cables with
clamps.

Provide diodes or other protective devices across the coils of all DC relays, solenoids, and
holding coils for transient suppression.

Furnish equipment with readily accessible, manually re-settable or replaceable circuit
protection devices (such as circuit breakers or fuses) for equipment and power
source protection.

Design the equipment such that the failures of the equipment shall not cause the failure
of any other unit of equipment.

(c) Mechanical Requirements.

Furnish equipment that is modular in design to allow major portions to be readily
replaced in the field.

The Emergency Preemption Phase Selector shall have mechanically key modules of unlike
functions to prevent insertion into the wrong socket or connector.

Clearly identify all modules and assemblies with name, model number, serial number, and
any other pertinent information required to facilitate equipment maintenance.

Make all external connections by means of connectors. Key the connectors to preclude
improper hookups. Color code and/or appropriately mark all wires to and from the
connectors.

Pleat every conductive contact surface or pin with no less than 20 microns of gold.

Provide equipment that meets all its specified requirements during and after being
subjected to any combination of the following requirements:

Ambient temperature range of -35°F to +165°F.
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Relative humidity from 0% to 95%.

A card rack shall be supplied with every Emergency Preemption Phase Selector.

The card rack shall be a metallic enclosure with a dedicated card slot for one phase
selector with either two or four channel units.

The front panel of the card rack shall include a terminal strip for connecting the detectors,
as well as a 9-pin circular connector and harness to connect the phase selector’s
inputs and outputs.

The card rack shall be subsidiary to the Emergency Preemption Phase Selector.

(3) Emergency Preemption Detector.

(a) Functional Requirements.

Provide Emergency Preemption Detector that is compatible with all other equipment
used for this project. Furnish Emergency Preemption Detector that shall seamlessly
operate with the vehicle emitters used in the project area.

The Emergency Preemption Detector shall transform the optical energy detected from an
approaching, vehicle mounted emitter to an electrical signal. The electrical signal
shall be transmitted along an Emergency Preemption Detector Cable to the
Emergency Preemption Phase Selector for processing.

The Emergency Preemption Detectors shall permit a direct, unobstructed line-of-sight to
vehicle approaches.  The Emergency Preemption Detector shall be designed for two
direction - the single channel configuration.

The Emergency Preemption Detector shall have a cone of detection of not more than 13
degrees. The Emergency Preemption Detector and/or Emergency Preemption Phase
Selector shall not sense a pre-emption signal from an emitter outside this cone.

The Emergency Preemption Detector shall also have the following features:

Solid state circuitry
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Advanced electrical transient immunity

The Emergency Preemption Detector shall have a reception range of 200 ft. and is
adjustable up to 2500 ft.

(b) Electrical Requirements. The Emergency Preemption Detector shall operate at an
electrical voltage of 24 to 28 VDC, 50 MA minimum

(c) Mechanical Requirements.

The Emergency Preemption Detector shall operate at a temperature range of -30ºF to
165ºF.

The Emergency Preemption Detector shall include mounting hardware, as specified, for
mast arm mounting, span wire mounting, pole-side mounting, mounting on top of a
signal head, or mounting on top of a pipe or pedestal.

The Emergency Preemption Detector shall have an adjustable turret configuration to
accommodate skewed approaches.

The Emergency Preemption Detector housing shall be of light weight, durable, high-
impact polycarbonate material having stainless steel and brass fittings.

The Emergency Preemption Detector shall operate at a humidity of 5% to 95% relative.

(4) Emergency Preemption Detector Cable.

(a) Functional Requirements.

Provide Emergency Preemption Detector Cable that shall be compatible with all other
equipment used for this project.

The Emergency Preemption Detector Cable shall be individually tinned copper strand
three-conductor cable with yellow, orange, and blue conductor wires. It shall also
have a bare shield drain wire.

(b) Electrical Requirements.
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The Emergency Preemption Detector Cable shall be AWG #20 (7x28), stranded with
conductor insulation of 600 volt, 75°C (167°F).

The Emergency Preemption Detector Cable shall have a DC resistance not to exceed 11.0
ohms per 1000 ft.

The capacitance from one conductor to other 2 conductors and shield shall not exceed 48
pf./ft..

(c) Mechanical Requirements. The Emergency Preemption Detector Cable shall also have the
following features:

 Jacket: 600 volts, 80°C (176°F), minimum average wall thickness - 0.045 in.

 Finished O.D.:  0.3 in. max.

4. Construction.

(1) General.

(a) Utilize the latest available techniques with a minimum number of parts, subassemblies,
circuits, cards, and modules to maximize standardization and commonality for equipment
construction.

(b) Design the equipment for ease of maintenance, with all component parts readily
accessible for inspection and maintenance. Provide test points for checking essential
voltages and waveforms.

(2) Electronic Components.  Furnish all electronic components in compliance with Special
Specification, “Electronic Components”.
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(3) Mechanical Components.

(a) Use stainless steel for all external screws, nuts, and locking washers; do not use any self-
tapping screws unless approved by the Engineer.

(b) Fabricate all parts of corrosion resistant material, such as plastic, stainless steel, anodized
aluminum, or brass.

(c) Protect all materials used in construction from fungus growth and moisture deterioration.

(d) Separate all dissimilar metals with an inert dielectric material.

(e) All equipment shall be installed and wired in a neat and orderly manner in conformance
with the manufacturers’ instructions.

(f) Emergency Preemption Detector Cables shall be installed continuous with no splices
between the Emergency Preemption Detector and the cabinet.

(g) Emergency Preemption Detector locations shown on the plan are for illustration purposes
only. Exact location shall be determined by the manufacturer or the designated
representative or the site engineer for the best possible line of sight.

(h) All connections from the Emergency Preemption Phase Selector to the cabinet wiring
shall be made at the termination panel. The termination panel shall have AC+ Lights, AC-,
and a switched logic ground. The switched logic ground feeds all the pre-empt inputs to
the Emergency Preemption Phase Selector. When switched off by the pre-emption
disconnect switch, the traffic controller shall not be affected by pre-empt calls from the
optical pre-emption system. A minimum of two test buttons shall be provided. If there are
more than two pre-empt runs, a button for each shall be installed. A chart or print out,
indicating the program steps and settings shall be provided along with the revised cabinet
wiring diagrams.

(4) Testing

(a) Conduct testing in accordance with the Special Specification, “Testing, Training,
Documentation, Final Acceptance and Warranty”, Sections 2. - 2.(F).
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(b) Contractor shall notify and provide copies of test plans to the state 2 weeks prior to the
scheduled test date.

(c) If a malfunction is found or the system needs adjustment (such as range, emitter
intensity, or detector location), schedule a follow-up test.

(d) All adjustments such as Emergency Preemption Phase Selector range, sensitivity, detector
placement, shall be made at the intersection, by the contractor so that the optical pre-
emption operates correctly with other major manufacturers' equipment currently owned
by the agencies in the project area.
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(5) Training.

(a) Provide training in accordance with Special Specification, “Testing, Training,
Documentation, Final Acceptance and Warranty”, Article 3.

(b) Contractor shall provide one eight-hour emergency preemption software training session
for 10 people at the state specified facility. The contractor shall pay for all expenses
incurred during the training. This work shall be subsidiary to various bid items under this
special specification.

(6) Documentation Requirements.  Provide documentation in accordance with the Special
Specification, “Testing, Training, Documentation, Final Acceptance and Warranty”, Article 4.

(7) Warranty.  Provide a warranty accordance with the Special Specification, “Testing, Training,
Documentation, Final Acceptance and Warranty”, Article 6.

5. Measurement.  This Item will be measured as follows:

(1) “Emergency Preemption Emitter” shall be measured as each unit furnished in accordance with
these Special Specifications or as directed by the Engineer.

(2) “Emergency Preemption Phase Selector” shall be measured as each unit furnished, installed,
made fully operational and tested in accordance with these Special Specifications or as
directed by the Engineer.

(3) “Emergency Preemption Detector” shall be measured as each unit furnished, installed, made
fully operational and tested in accordance with these Special Specifications or as directed by
the Engineer.

(4) “Emergency Preemption Detector Cable” shall be measured in foot of cable furnished,
installed, made fully operational and tested in accordance with these Special Specifications or
as directed by the Engineer.

6. Payment. The work performed and materials furnished in accordance with this Item and measured
as provided under “Measurement” will be paid for at the unit price bid for “Emergency Preemption
Emitter”, “Emergency Preemption Phase Selector”, “Emergency Preemption Detector”, and
“Emergency Preemption Detector Cable”. This price will include all equipment described under this
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Item with all cables and connectors, all documentation and testing; and includes the cost of
furnishing all labor, materials, training, warranty, equipment, and incidentals.
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2004 Specifications

SPECIAL SPECIFICATION
6834--CoSA

Portable Changeable Message Sign

1. Description.  Furnish, operate, and maintain portable trailer mounted changeable message
sign (PCMS) units.

2. Materials. Furnish new or used material in accordance with the requirements of this Item
and the details shown on the plans. Provide a self-contained PCMS unit with the following:

Sign controller
Changeable Message Sign
Trailer
Power source

Paint the exterior surfaces of the power supply housing, supports, trailer, and sign with
Federal Orange No. 22246 or Federal Yellow No. 13538 of Federal Standard 595b, except
paint the sign face assembly flat black.

A. Minimum Luminance Requirements. All PCMS units shall meet the following
luminance requirements measured at the character level in candela as is published in
Report 4940-2, “Photometric Requirements for Portable Changeable Message Signs,”
conducted by the Texas Transportation Institute. Luminance will be tested in
accordance with Tex-880.

Minimum Daytime Character Luminance of 4000cd/m2 with a contrast ratio of 5.
Minimum Nighttime Character Luminance of 30/cd/m2.

B. Sign Controller. Provide a controller with permanent storage of a minimum of 75 pre-
programmed messages. Provide an external input device for random programming and
storage of a minimum of 75 additional messages. Provide a controller capable of
displaying up to 3 messages sequentially. Provide a controller with adjustable display
rates. Enclose sign controller equipment in a lockable enclosure.

C. Changeable Message Sign. Provide a sign capable of being elevated to at least 7 ft.
above the roadway surface from the bottom of the sign. Provide a sign capable of being
rotated 360° and secured against movement in any position.

Provide a sign with 3 separate lines of text and 8 characters per line minimum. Provide
a minimum 78 in. high x 126 in. wide sign housing. Provide a minimum 18 in. character
height. Provide a 5 x 7 character pixel matrix. Provide a message visibility distance of
750 ft. Provide for manual and automatic dimming light sources.

The following are descriptions for 3 screen types of PCMS:
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Character Modular Matrix. This screen type comprises of character blocks.
Continuous Line Matrix. This screen type uses proportionally spaced fonts for
each line of text.
Full Matrix. This screen type uses proportionally spaced fonts, varies the height of
characters, and displays simple graphics on the entire sign.

D. Trailer. Provide a 2 wheel trailer with square top fenders, 4 leveling jacks, and trailer
lights. Do not exceed an overall trailer width of 96 in. Shock mount the electronics and
sign assembly.

E. Power Source. Provide a diesel generator, solar powered power source, or both.
Provide a backup power source as necessary.

F. Cellular Telephone. When shown on the plans, provide a cellular telephone connection
to communicate with the PCMS unit remotely.

3. Construction. Place or relocate PCMS units as shown on the plans or as directed. The plans
will show the number of PCMS units needed, for how many days, and for which
construction phases.

Maintain the PCMS units in good working condition. Repair damaged or malfunctioning
PCMS units as soon as possible. PCMS units will remain the property of the Contractor.

4. Measurement. This Item will be measured by each PCMS or by the day used. All PCMS
units shall be set up on a work area and operational before a calendar day can be considered
measurable.  When measurement by the day is specified, a day shall be measured for each
PCMS set up and operational on the worksite.

5. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under “Measurement” will be paid for at the unit price bid for
“Portable Changeable Message Sign.” This price is full compensation for PCMS units; set
up; relocating; removing; replacement parts; batteries (when required); fuel, oil, and oil
filters (when required); cellular telephone charges (when required); software; and
equipment, materials, tools, labor, and incidentals.



1-108 8245--CoSA
ADDENDUM NO.5 02-09

2004 Specifications CSJ 0915-12-470,etc.

SPECIAL SPECIFICATION
8245--CoSA

Model 2070 Controller Unit

1. Description.  Furnish Type 2070 Advanced Transportation Controller (ATC) unit. The
Advanced Transportation Controller (ATC) is a general purpose programmable controller
that is intended for continuous unattended operation in harsh environments.

This specification defines specific, interchangeable modules that are combined to form a
Type 2070 ATC that is capable of running control software that might be provided from a
variety of providers.  This specification defines several module options that can be arranged
in a variety of composition configurations to meet the needs of the user.

This specification lays out compositions for Full, NEMA, Lite, and ITS configurations. The
Type 2070 version of the ATC is designed such that all components are fully standardized
and are therefore interchangeable.

2. Definitions.

A. Controller Housing. The Type 2070 controller defines a controller housing that is
intended to fit an EIA 19 in. rack mounted form commonly found in the Type 332 and
ITS family of cabinets.  A NEMA base module is defined for those NEMA TS1 and
TS2 shelf mounted applications.

B. CPU Module. The CPU module consists of the main CPU, memory, software and
interfaces to the remainder of the controller.  There are three CPU module
configurations identified in this standard.  The Type 2070-1A is a two-board
configuration that has a VME-based CPU board and a Transition Board.  The Type
2070-1B configuration consists of a single board module.  The Type 2070-1C
configuration is intended to interface with the “engine board” specified by the ATC
v5.0 standard.

C. Field I/O Module. The Field I/O Module provides a mechanism for input and output
interfaces.  There are three options for the Field I/O Module.  The Type 2070-2A
Modules is intended to provide a parallel I/O interface with the Type 332 family of
cabinets using the C1S connector.  The Type 2070-2B Module is intended to provide a
serial I/O interface to the ITS cabinet family and the NEMA interface to TS1 cabinets.
The Type 2070-2N is for the NEMA TS2 Type 1 cabinets.

D. Front Panel Module. A controller Front Panel usually contains a keyboard and display
that comprise the user field interface.  The Front Panel on the Type 2070 controller is
optional.
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E. This standard identifies three front panel options: the Type 2070-3A Front Panel
includes a large character (4 lines of 40 characters) Liquid Crystal Display (LCD), the
Type 2070-3B Front Panel includes a small character (8 lines of 40 characters) LCD,
and the Type 2070-3C contains only a serial connection for interfacing with a notebook
computer or some other handheld computing device.

F. Power Supply Module. A power supply module is used to convert 120 volt power to
voltages required to operate the electronics inside the Type 2070 controller unit.  This
power supply must meet certain minimum electrical characteristics defined herein for
its intended use.  This standard identifies four options for the Power Supply: The Type
2070-4A identifies a 10 ampere power supply that is needed for those cases there is a
need to support the VME cage assembly, and the Type 2070-4B identifies a 3.5 ampere
power supply that is typically used in the “Lite” controller configurations.  The Type
2070-4N (A and B) identifies the corresponding power supplies needed to support the
NEMA TS1 and TS2 standards. This, however, does not preclude a Manufacturer or an
DEPARTMENT from requiring a specific power supply form factor so that it is
consistent across a wide range of packages that may be employed by that
DEPARTMENT.

G. VME Cage Assembly. The VME Cage Assembly is an optional expansion module for
the Type 2070 ATC.  The Type 2070-5 consists of a five-slot 3U VME card rack.  The
use of the VME Cage Assembly requires the use of the Type 2070-4A 10-ampere power
supply.

H. Communications Modules. This standard includes a variety of serial and modem
communications modules.  The 2070-6 series of modules are for internal modems and
the Type 2070-7 series of modules are for serial communications.

I. NEMA Interface. This standard includes requirements for an optional module to
interface with the NEMA TS1 and NEMA TS2 Type 2 cabinets.  The Type 2070-8
NEMA Field I/O Module is an external module that attaches to the bottom of the 2070
and provides for the typical “A,” “B,” and “C” NEMA connectors.

3. General Requirements.

A. General. All furnished equipment must be new and unused.  Vacuum or gaseous tubes
and electro-mechanical devices (unless specifically called out) must not be used.

B. Interchangeability. Assemblies and their associated devices must be electrically and
mechanically interchangeable at both the assembly and device levels:

ASSEMBLIES    ASSOCIATED DEVICES

Type 2070-V Controller Unit -  Type 2070-1  CPU Module
(V=unit with VME Cage) -  Type 2070-2A or 2B  Field I/O Module

      -  Type 2070-3  Front Panel Assembly
      -  Type 2070-4A  Power Supply
      -  Type 2070-5  VME Cage Assembly
      -  Type 2070-6  Serial Comm Module
      -  Type 2070-7  Serial Comm Module
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Type 2070-L Controller Unit -  Type 2070-1B  CPU Module
 (L=unit with 1B CPU) -  Type 2070-2A or 2B  Field I/O Module

      -  Type 2070-3  Front Panel Assembly
      -  Type 2070-4B  Power Supply
      -  Type 2070-6  Serial Comm Module
      -  Type 2070-7  Serial Comm Module

Type 2070-N1 Controller Unit -  Type 2070-1  CPU Module
      -  Type 2070-2B Field I/O Module

-  Type 2070-3  Front Panel Assembly
-  Type 2070-4AN Power Supply Module – this
power supply has power-up and power-down
adjusted to meet NEMA specifications.
-  Type 2070-5  VME Cage Assembly
-  Type 2070-6  Serial Comm Module
-  Type 2070-7  Serial Comm Module

      -  Type 2070-8 NEMA Module

Type 2070-N2 Controller Unit -  Type 2070-1B CPU Module
-  Type 2070-2N Field I/O Module – this
module contains 120VAC outlet
(accommodates 2070-4 line cord) and has a
built-in CPU and memory emulating the 2070-
8 NEMA base.

      -  Type 2070-3 Front Panel Assembly
-  Type 2070-4BN Power Supply Module – this
power supply has power-up and power-down
adjusted to meet NEMA specifications.
-  Type 2070-6  Serial Comm Module
-  Type 2070-7  Serial Comm Module

C. Documentation

1. Manuals. Two copies of Manual Documentation must be supplied for each item
purchased up to 200 manuals per order.  The manual must be bound in durable
covers made of either 65-pound stock paper or clear plastic.  The manual must be
printed on 8-1/2 in. by 11 in. paper, with the exception that schematics, layouts,
parts lists and plan details may be on 11 in. by 17 in. sheets, with each sheet neatly
folded to 8-1/2 in. by 11 in. size.  A minimum of Times New Roman or Arial 10
point font must be used for all manual text, excluding drawings and schematics.
Drawing text may use a smaller font size.

2. Manual Contents. Each manual must include the following sections in the order
listed:

a. Table of Contents

b. Glossary
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c. Manufacturer Contact Information
Address
Telephone Number
Fax Number
General Email Address

d. General Description

e. General Characteristics

f. Installation

g. Adjustments

h. Theory of Operation
Systems Description (include block diagram).
Detailed Description of Circuit Operation.

i. Maintenance
Preventive Maintenance.
Trouble Analysis.
Trouble Shooting Sequence Chart.
Wave Forms.
Voltage Measurements.
Alignment Procedures.

j. Parts List (include circuit and board designation, part type and class, power
rating, component manufacturer, mechanical part manufacturer, data
specification sheets for special design components and original manufacturer's
part number).

k. Electrical Interconnection Details & Drawings.

l. Schematic and Logic Diagram

m. Assembly Drawings and a pictorial diagram showing physical locations and
identification of each component or part.

n. The date, serial numbers, model numbers and revision numbers of equipment
covered by the manuals must be printed on the front cover of the manuals.

3. Draft Manual. A preliminary draft of the manual must be submitted, when required,
to the DEPARTMENT for approval prior to final printing.

D. Packaging. Each item delivered must be individually packed in its own shipping
container.  When loose Styrofoam is used for packing the item, the item must be sealed
in a plastic bag to prevent direct contact with the Styrofoam.

E. Delivery. Each item delivered for testing must be complete, including manuals, and
ready for testing.
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F. Metals. All sharp edges and corners must be rounded and free of any burrs.

1. Aluminum. Sheet must be 63 gauge American Standard (0.060-in.) minimum thick
Type 3003-H14 or Type 5052-H32 ASTM Designation B209 aluminum alloy.
Rod, Bar and Extruded must be Type 6061-T6, or equal.

2. Stainless Steel. Sheet must be annealed or one-quarter-hard complying with the
ASTM Designation: A666 for Type 304, Grades A or B, stainless steel sheet.

3. Cold Rolled Steel. Sheet, Rod, Bar and Extruded must be Type 1018/1020.

a. Plating. All cold roll steel must be plated.  All plating must be either cadmium
plating meeting the requirements of Federal Specification QQ-P-416C, Type 2
Class l or zinc plating meeting the requirements of ASTM B633-85 Type II
SC4.

G. Mechanical Hardware. All bolts, nuts, washers, screws, hinges and hinge pins must be
stainless steel unless otherwise specified.

H. Electrical Isolation. Within the circuit of any device, module, or Printed Circuit Board
(PCB), electrical isolation must be provided between DC logic ground, equipment
ground and the AC- conductor. They must be electrically isolated from each other by
500 megohms, minimum, when tested at the input terminals with 500 VDC.

I. Daughter Boards. Keyboards and LCD/LED Displays are considered daughter boards.
Daughter boards must be mechanically secured with a minimum of four spacers/metal
screws.  Connectors must be either Flat Cable or PCB Headers.  Components are to be
mounted under the daughter board.

4. Components. All components must be second sourced and must be of such design,
fabrication, nomenclature or other identification as to be purchased from a wholesale
distributor or from the component manufacturer. When a component is of such special
design that it precludes the purchase of identical components from any wholesale distributor
or component manufacturer, one spare duplicate component must be furnished with each 20,
or fraction thereof, components used. The electronic circuit design must be such that all
components of the same generic type, regardless of manufacturer, must function equally in
accordance with the specifications.

A. Electronic Components.

1. No device to be socket mounted unless specifically called out.

2. No component to be operated above 80% of its maximum rated voltage, current or
power ratings.  Digital components must not be operated above 3% over their
nominal voltage, current or power ratings.

3. No component to be provided where the manufactured date is three years older than
the contract award date.  The design life of all components, operating for twenty-
four hours a day and operating in their circuit application, must be ten years or
longer.
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4. Components must be arranged so they are easily accessible, replaceable and
identifiable for testing and maintenance. Where damage by shock or vibration
exists, a clamp, fastener, retainer, or hold-down bracket must support the
component mechanically.

5. The Manufacturer must submit detailed engineering technical data on all
components at the request of the Department.  The Manufacturer must certify that
the component application meets the requirements of this standard.

B. Capacitors. The DC and AC voltage ratings as well as the dissipation factor of a
capacitor must exceed the worst-case design parameters of the circuitry by 150%.
Capacitor encasements must be resistant to cracking, peeling and discoloration. All
capacitors must be insulated and must be marked with their capacitance values and
working voltages. Electrolytic capacitors must not be used for capacitance values of less
than 1.0 microfarad and must be marked with polarity.

C. Potentiometers. Potentiometers with ratings from 1 to 2 watts must meet Military Type
RV4 requirements.  Under 1 Watt potentiometers must be used only for trimmer type
function. The potentiometer power rating must be at least 100% greater than the
maximum power requirements of the circuit.

D. Resistors. Fixed carbon film, deposited carbon, or composition-insulated resistors must
conform to the performance requirements of Military Specifications MIL-R-11F or
MIL-R-22684.  All resistors must be insulated and be marked with their resistance
values.  Resistance values must be indicated by the EIA color codes, or stamped value.
The value of the resistors must not vary by more than 5% between -37 degrees C and 74
degrees C.

1. Special ventilation or heat sinking must be provided for all 2- watt or greater
resistors.  They must be insulated from the PCB.

E. Semiconductor Devices.

1. All transistors, integrated circuits, and diodes must be a standard type listed by EIA
and clearly identifiable.

2. All metal oxide semiconductor components must contain circuitry to protect their
inputs and outputs against damage due to high static voltages or electrical fields.

3. Device pin "1" locations must be properly marked on the PCB adjacent to the pin.

F. Transformers and Inductors. All power transformers and inductors must have the
manufacturer's name or logo and part number clearly and legibly printed on the case or
lamination.  All transformers and inductors must have their windings insulated, be
protected to exclude moisture, and their leads color coded with an approved EIA color
code or identified in a manner to facilitate proper installation.

G. Triacs. Each triac with a designed circuit load of greater than 0.5 Amperes at 120 VAC
must be mounted to a heat sink with thermal conductive compound or material, in
addition to being mechanically secured.
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H. Circuit Breakers. Circuit breakers must be listed by UL or ETL.  The trip and frame
sizes must be plainly marked (marked on the breaker by the manufacturer), and the
ampere rating visible from the front of the breaker.  Contacts must be silver alloy and
enclosed in an arc-quenching chamber.  An ambient air temperature range of from -18
degrees C to 50 degrees C must not influence overload tripping.  The minimum
Interrupting Capacity must be 5,000 amperes, RMS when the breaker is secondary to a
UL approved fuse or primary circuit breaker and both breakers in concert provide the
rated capacity.  For circuit breakers 80 amperes and above, the minimum interrupting
capacity must be 10,000 amperes, RMS.  Circuit breakers must be the trip-free type
with medium trip delay characteristic (Carlingswitch Time Delay Curve #24 or equal).

1. Load Circuit Breaker Auxiliary Internal Switches. The Load Circuit Breakers used
to power Switch Packs must have auxiliary switches.  The auxiliary switches must
“open” when the load breaker has tripped and the system will transfer the power
from the Main Contactor to the Flash or Blank condition.

I. Fuses. All Fuses that are resident in a bayonet style fuse holder must have the fuse size
rating labeled on the holder or on the panel adjacent to the holder.  Fuses must be easily
accessible and removable without use of tools.

J. Switches.

1. Dip. Dual-inline-package, quick snap switches must be rated for a minimum of
30,000 operations per position at 50 milliamperes, 30 VDC.  The switch contact
resistance must be 100 milliohms maximum at 2 milliamperes, 30 VDC.  The
contacts must be gold over brass.

2. Logic. The switch contacts must be rated for a minimum of 1-ampere resistive load
at 120 VAC and must be silver over brass (or equal).  The switch must be rated for
a minimum of 40,000 operations.

3. Control. The switch contacts must be rated for a minimum of 5 amperes resistive
load at 120 VAC or 28 VDC and be silver over brass (or equal).  The switch must
be rated for a minimum of 40,000 operations.

4. Power. Ratings must be the same as CONTROL, except the contact rating must be
a minimum of 10 amperes at 125 VAC.

K. Terminal Blocks. The terminal blocks must be barrier type, rated at 20 amperes and 600
VAC RMS minimum.  The terminal screws must be 0.3125 in. minimum length nickel-
plated brass binder head type with screw inserts of the same material.  Screw size is
called out under the associated file, panel or assembly.

L. Screw Lug and Cam Driven Connectors. Provided the connectors mate, screw lug cam
driven devices or crimp pin connectors must be allowable if the interface is part of a
harness.  For field termination, screw lug and cam driven assemblies are
interchangeable for field wiring termination, provided they both accommodate 22-gauge
wire on the inputs and 22-gauge wire on the outputs.
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M. Wiring, Cabling and Harnesses.

1. Harnesses must be neat, firm and properly bundled with external protection. They
must be tie-wrapped and routed to minimize crosstalk and electrical interference.
Each harness must be of adequate length to allow any conductor to be connected
properly to its associated connector or termination point.  Conductors within an
encased harness have no color requirements.  Printed circuit motherboards are to be
used where possible to eliminate or reduce cabinet wiring.

2. Wiring containing AC must be bundled separately or shielded separately from all
DC logic voltage control circuits.

3. Wiring must be routed to prevent conductors from being in contact with metal
edges.  Wiring must be arranged so that any removable assembly may be removed
without disturbing conductors not associated with that assembly.

4. All conductors, except those that can be readily traced, must be labeled.  Labels
attached to each end of the conductor must identify the destination of the other end
of the conductor.

5. All conductors must conform to MIL-W-16878E/1 or better and have a minimum
of 19 strands of copper. The insulation must be polyvinyl chloride with a minimum
thickness of 10 mils or greater.  Where insulation thickness is 15 mils or less, the
conductor must conform to MIL-W-16878/17.

6. Conductor color identification must be as follows:

AC- circuits – white

Equip. Ground - solid green or continuous green color with 1 or more yellow
stripes

DC logic ground - continuous white with a red stripe

AC+ circuits - continuous black or black with colored stripe

DC logic ungrounded or signal - any color not specified

N. Indicators and Character Displays.

1. All indicators and character displays must be readily visible at a radius of up to 4
feet within the cone of visibility when the indicator is subjected to 97,000 lux
(9,000 foot-candles) of white light with the light source at 45 degrees (+/-2
degrees) to the front panel.

2. All indicators and character displays must have a minimum 90 degrees cone of
visibility with its axis perpendicular to the panel on which the indicator is mounted.
All indicators must be self-luminous.  All indicators must have a rated life of
100,000 hours minimum. Each LED indicator must be white or clear when off.
Indicators supplied on equipment requiring handles must be mounted such that a
horizontal clearance is provided.
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3. Liquid Crystal Displays (LCD) must be readable at temperatures of -20°C to +70
°C.   All controller unit functions are required to operate at temperatures of –37°C
to +74°C.

O. Connectors. Connectors must be keyed to prevent improper insertion of the wrong
connector where equipment damage or operator injury may result. The mating
connectors must be designated as the connector number and male/female relationship,
such as C1P (plug or PCB edge connector) and C1S (socket).

1. Type T. Type T connector must be a single row, 10 position, feed through terminal
block.  The terminal block must be a barrier type with 6-32, 0.25 in. or longer,
nickel plated brass binder head screws.  Each terminal must be permanently
identified as to its function.

2. Plastic Circular and Type M. Pin and socket contacts for connectors must be
beryllium copper construction subplated with 1.27 microns nickel and plated with
0.76 microns gold.  Pin diameter must be 0.0618 in.  All pin and socket connectors
must use the AMP #601105-1 or #91002-1 contact insertion tool and the AMP
#305183 contact extraction tool or equal.

3. Card Edge and Two Piece PCB.

a. Edge connectors must have bifurcated gold-plated contacts. The PCB
receptacle connector must meet or exceed the following:

Operating Voltage:  600 VAC (RMS)

Current Rating:   5.0 Amperes

Insulation Material:  Diallyl Phthalate or Thermoplastic

Insulation Resistance:  5,000 Megohms

Contact Material:   Copper alloy plated with 0.00005 in.

of nickel and 0.000015 in. of gold

Contact Resistance:  0.006 Ohm maximum

b. The two-piece PCB connector must meet or exceed the DIN 41612.

c. The PCB 22/44 Connector must have 22 independent contacts per side; dual
sided with 0.156 in. contact centers.

4. Wire Terminal. Each wire terminal must be solderless with PVC insulation and a
heavy-duty short -locking spade type connector. Crimp terminal connectors using a
Controlled-Cycle type crimping tool.

5. Flat Cable. Each flat cable connector must be designed for use with 26 AWG cable;
have dual cantilevered phosphor bronze contacts plated with 0.00015 in. of gold
over 0.00005 in. of nickel; and have a current rating of 1 Ampere minimum and an
insulation resistance of 5 Megohms minimum.
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6. PCB Header Post. Each PCB header post must be 0.025 in. square by 0.3425 in.
high from the plane of the PCB to the end of the pin; be mounted on 0.10 in.
centers; and be tempered hard brass plated with 0.00015 in. of gold over 0.00005
in. of nickel.

7. PCB Header Socket. Each PCB header socket block must be nylon or diallyl
phthalate. Each PCB header socket contact must be removable, but crimp-
connected to its conductor. List the part number of the extraction tool
recommended by its manufacturer. Each PCB header socket contact must be brass
or phosphor bronze plated with 0.0015 in. of gold over 0.00005 in. of nickel.

P. Surge Protection Device. The surge suppression device must comply with ANSI/IEEE
C62.41 (100 Kilohertz Ring Wave, the 1.2/50 microseconds – 8/20 Combination Wave
and the EFT Burst) at voltages and currents specified at “Location Category B2” and at
“Test Severity” level III (i.e. up to 4.0 Kilovolts, open-circuit).

5. Mechanical Requirements.

A. Assemblies. All assemblies must be modular, easily replaceable and incorporate plug-in
capability for their associated devices or PCBs. Assemblies must be provided with two
guides for each plug-in PCB or associated device (except relays).  The guides must
extend to within 0.75 in. from the face of either the socket or connector and front edge
of the assembly.  If Nylon guides are used, attach the guides securely to the file or
assembly chassis.

B. Locking Devices. All screw type fasteners must utilize locking devices or locking
compounds except finger screws, which are captive.

C. PCB Design and Connectors. No components, traces, brackets or obstructions are to be
within 0.125 in. of the board edge (guide edges). The manufacturer's name or logo,
model number, serial number, and circuit issue or revision number must appear and be
readily visible on all PCBs.

D. Model and Serial Numbers.

1. The manufacturer's model number, and circuit issue or revision number must
appear on the rear panel of all equipment supplied (where such panel exists).  In
addition to any assignment of model numbers by the manufacturer, the TYPE
number must be displayed on the front panel in bold type, at least 0.25 in. high.

2. A permanent label must be affixed to the inside near and center floor of the Type
2070 unit chassis when viewed from the front. The label must display the unit's
serial number and be permanent and easy to read.

E. Workmanship. Workmanship must conform to the requirements of this specification
and be in accordance with the highest industry standards.
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F. Tolerances. The following tolerances must apply, except as specifically shown on the
plans or in these specifications:

TYPE   DIMENSIONAL TOLERANCE

Sheet Metal  +/-0.0525 in.

PCB   +0 in., - 0.010 in.

Edge Guides  +/-0.015 in.
  *Note: These dimensional tolerances do not apply to material gauge or thickness.

6. Engineering.

A. Human Engineering. The equipment must be engineered for simplicity, ease of
operation and maintenance.

1. Knobs must be a minimum of 0.5 in. in diameter and a minimum separation of 0.5
in. edge to edge.

2. PCBs must slide smoothly in their guides while being inserted into or removed
from the frame and fit snugly into the plug-in PCB connectors.  PCBs must require
a force no less than 5 pounds-force or greater than 50 pounds-force for insertion or
removal.

B. Design Engineering. The design must be inherently temperature compensated to prevent
abnormal operation.  The circuit design must include such compensation as is necessary
to overcome adverse effects due to temperature in the specified environmental range.
The design must take into consideration the protection of personnel from all dangerous
voltages.

C. Generated Noise. No item, component or subassembly is to emit an audible noise level
exceeding the peak level of 55 dBa when measured at a distance of one meter away
from its surface, except as otherwise noted. No item, component or subassembly is to
emit a noise level sufficient to interfere with processing and communication functions
of the controller circuits.

7. Printed Circuit Boards.

A. Design, Fabrication and Mounting.

1. All contacts on PCBs must be plated with a minimum thickness of 0.00003 in. gold
over a minimum thickness of 0.000075 in. nickel.

2. PCB design must be such that when a component is removed and replaced, no
damage is done to the board, other components, conductive traces or tracks.

3. Fabrication of PCBs must be in compliance with Military Specification MIL-P-
13949, except as follows:

a. NEMA FR-4 glass cloth base epoxy resin copper clad laminates 0.0625 in.
minimum thickness must be used.
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Inter-component wiring must be by laminated copper clad track having a
minimum weight of 0.2 ounces per square foot with adequate cross section for
current to be carried.  All copper tracks must be plated or soldered to provide
complete coverage of all exposed copper tracks.  Jumper wires to external
PCB components must be from plated-through padded holes and as short as
possible.

b. All PCBs must conform to Section 3.3 of Military Specification MIL-P-
13949G Grade of Pits and Dents and be of Grade B quality (3.5.1.3) or better.
The class of permissible bow or twist must be Class C (Table V) or better.  The
class of permissible warp or twist must be Class A (Table II) or better.

c. Omit Sections 4.2 through 6.6 of Military Specification MIL-P-13949G
(inclusive) except as referenced in previous sections of this specification.

d. The mounting of parts and assemblies on the PCB must conform to Military
Specification MIL-STD-275E, except as follows:

(1) Semiconductor devices that dissipate more than 250 milliwatts or cause a
temperature rise of 10°C or more must be mounted with spacers,
transipads or heat sinks to prevent contact with the PCB.

(2) When completed, remove all residual flux from the PCB.

(3) The resistance between any two isolated, independent conductor paths
must be at least 100 Megohms when a 500 VDC potential is applied.

(4) All PCBs must be coated with a moisture resistant coating.

(5) Where less than 0.25 in. lateral separation is provided between the PCB
(or the components of a PCB) and any metal surface, a 0.0625 in. (+/-
0.0005 in.) Thick Mylar (polyester) plastic cover must be provided on the
metal to protect the PCB.

e. Each PCB connector edge must be chamfered at 30 degrees from board side
planes.  The key slots must also be chamfered so that the connector keys are
not extracted upon removal of board or jammed upon insertion.  The key slots
must be 0.045 in. (+/-0.005 in.) for 0.1 in. spacing and 0.055 in. (+/-0.005 in.)
for 0.156 in. spacing.

B. Soldering.

1. Hand soldering must comply with Military Specification MIL-STD-2000.

2. Automatic flow soldering must be a constant speed conveyor system with the
conveyor speed set at optimum to minimize solder peaks or points. Temperature
must be controlled to within +/- 8°C of the optimum temperature. The soldering
process must result in the complete coverage of all copper runs, joints and
terminals with solder except that which is covered by an electroplating process.
Wherever clinching is not used, provide a method of holding the components in the
proper position for the flow process.
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3. If exposure to the temperature bath is of such a time-temperature duration, as to
come within 80% of any component's maximum specified time-temperature
exposure, that component must be hand soldered to the PCB after the flow process
has been completed.

C. Definitions. Definitions for the purpose of this section on PCBs must be taken from
MIL-P-55110D Section 3.3 and any current addendum.

D. Jumpers. Jumpers are not allowed unless called out in the specifications or approved by
the Department.

8. Quality Control.

A. Components. All components must be lot sampled to assure a consistent high
conformance standard to the design specification of the equipment.

B. Subassembly, Unit or Module. Complete electrical, environmental and timing
compliance testing must be performed on each module, unit, printed circuit or
subassembly.  Components will be tested as a complete controller assembly.  Housing,
chassis, and connection terminals must be inspected for mechanical sturdiness, and
harnessing to sockets to be electrically tested for proper wiring sequence.  The
equipment must be visually and physically inspected to assure proper placement,
mounting, and compatibility of subassemblies.

C. Pre-delivery Repair.

1. Any defects or deficiencies found by the inspection system involving mechanical
structure or wiring must be returned through the manufacturing process or special
repair process for correction.

2. PCB flow soldering is allowed a second time if copper runs and joints are not
satisfactorily coated on the first run. Do not flow solder a PCB more than twice.

3. Hand soldering is allowed for printed circuit repair.

9. Electrical, Environmental and Testing Requirements. The framework of this section,
along with the specific test requirements contained herein, is excerpted with modifications
from NEMA TS2-2003 - Section 2 by permission of NEMA.  Excerpt © 2002 AASHTO /
ITE / NEMA.

A. General. This section establishes the limits of the environmental and operational
conditions in which the Controller Assembly will perform.  This section defines the
minimum test procedures that may be used to demonstrate conformance of a device
type with the provisions of the standard.  These test procedures do not verify equipment
performance under every possible combination of environmental requirements covered
by this standard.  Nothing in this testing profile must be construed as to relieve the
requirement that the equipment provided must fully comply with these
standards/specifications under all environmental conditions stated herein.

The Department may wish to extend the testing profile or introduce additional tests to
verify compliance.  (Authorized Engineering Information).
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B. Inspection. A visual and physical inspection must include mechanical, dimensional and
assembly conformance to all parts of this standard.

C. Testing Certification.

1. A complete quality control / final test report must be supplied with each item.
Quality control procedures must be submitted to the Department prior to
production.  The test report must indicate the name of the tester and be signed by a
responsible manager.

2. The quality control procedure and test report format must be supplied to the
Department for approval upon request.  The quality control procedure must include
the following, in the order shown:

(a) Design Acceptance testing of all supplied components.

(b) Physical and functional testing of all modules and items.

(c) Environmental testing reports for all equipment.

(d) Physical and functional testing of all items.

3. Separate certifications must be provided for Design and Production.  Design
Acceptance testing must be performed with a fully loaded and functional Cabinet
Assembly.  Production testing must be performed as part of the Department’s
procurement delivery procedures and that testing should be performed at the Major
Unit level.  (Authorized Engineering Information).

4. Certain portions of the test procedures contained in this standard my cause damage
to the unit (e.g. protection devices may be aged) and are not recommended for
routine Production testing.  (Authorized Engineering Information)

D. Definitions of Major Units of the Cabinet Assembly. For the purpose of this section,
"Major units of the Cabinet Assembly” must include the Controller Unit, Application
Software for implementing the desired functionality, Cabinet Monitor Unit (CMU),
Auxiliary Monitor Unit (AMU), Serial Interface Units (SIUs), Power Distribution Unit
(PDA), Switch Packs, Flasher(s), and Detector(s).

E. Environmental and Operating Requirements. The requirements (voltage, temperature,
etc.) of this section must apply in any combination.

1. Voltage and Frequency.

a. Operating Voltage. The nominal voltage must be 120 VAC, unless otherwise
noted.

b. Operating Frequency. The operating frequency range must be 60 hertz (+/-3.0
hertz), unless otherwise noted.

2. Transients, Power Service. The Test Unit must maintain all defined functions when
the independent test pulse levels specified below occur on the alternating-current
power service.
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a. High Repetition Noise Transients.

(1) The test pulses must not exceed the following conditions:

(a) Amplitude: 300 Volts, both positive and negative polarity.

(b) Peak Power: 2500 watts.

(c) Repetition: 1 pulse approximately every other cycle moving
uniformly over the full wave in order to sweep across 360 degrees of
the line cycle once every 3 seconds.

(d) Pulse Rise Time: 1 microsecond.

(e) Pulse Width: 10 microseconds.

(f) This test is performed without protection in place or operational.

This test is considered to be a minimum test requirement for the Test
Unit complying with ANSI/IEEE C62.41.  Regional conditions may
warrant additional testing as described in ANSI/IEEE C62.41.
(Authorized Engineering Information)

b. Low Repetition High Energy Transients.

(1) The test pulses must not exceed the following conditions:

(a) Amplitude: 600 Volts (+/-5%), both positive and negative polarity.

(b) Energy Source: Capacitor, oil filled, 10 microfarads (+/-10%),
internal surge impedance less than 1 ohm.

(c) Repetition: 1 discharge every 10 seconds.

(d) Pulse Position: Random across 360 degrees of the line cycle.

(e) This test is performed with protection in place and operational.

This test is considered to be a minimum test requirement for the Test
Unit complying with ANSI/IEEE C62.41.  Regional conditions may
warrant additional testing as described in ANSI/IEEE C62.41.
(Authorized Engineering Information)

c. Nondestructive Transient Immunity.

(1) The Test Unit (with protection in place and operational) must be capable
of withstanding a high energy transient having the following
characteristics repeatedly applied to the alternating current input terminals
(no other power connected to terminals) without failure of the test
specimen:

(a) Amplitude: 1000 Volts (+/-5%), both positive and negative polarity.

(b) Energy Source: Capacitor, oil filled, 15 microfarads (+/-10%),
internal surge impedance less than 1 ohm.
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(c) Repetition: Applied to the Test Unit once every 2 seconds for a
maximum of three applications for each polarity.

(d) After the foregoing, the Test Unit must perform all defined functions
upon the application of nominal alternating current power.

This test is considered to be a minimum test requirement for the Test
Unit complying with ANSI/IEEE C62.41 (100 Kilohertz Ring Wave,
the 1.2/50 microseconds – 8/20 Combination Wave and the EFT
Burst) at voltages and currents specified at “Location Category B2”
and at “Test Severity” level III (i.e. up to 4.0 Kilovolts, open-circuit).
Regional conditions may warrant additional testing as described in
ANSI/IEEE C62.41.  (Authorized Engineering Information)

d. Transients, Input-Output Terminals.

(1) The Test Unit (without protection in place or operational) must maintain
all defined functions, when the test pulse occurs on the input-output
terminals.

(a) Amplitude: 300 Volts, both positive and negative polarity.

(b) Pulse Source: 1000 ohms nominal impedance.

(c) Repetition: 1 pulse per second, for a minimum of 5 pulses per selected
terminal.

(d) Pulse rise time: 1 microsecond.

(e) Pulse width: 10 microseconds.

This test is considered to be a minimum test requirement for the Test
Unit complying with ANSI/IEEE C62.41.  Regional conditions may
warrant additional testing as described in ANSI/IEEE C62.41.
(Authorized Engineering Information)

e. Temperature and Humidity. The Test Unit must maintain all programmed
functions when the temperature and humidity ambients are within the specified
limits defined herein.

(1) Ambient Temperature.

(a) The operating ambient temperature range must be from -37°C to +74
°C.  The storage temperature range must be from -45°C to +85 °C.

(b) The rate of change in ambient temperature must not exceed 18
degrees C per hour, during which the relative humidity must not
exceed 95%.

(2) Humidity.

(a) The relative humidity must not exceed 95% non-condensing over the
temperature range of -37°C to +74°C.
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(b) Above +46°C, constant absolute humidity must be maintained. This
will result in the relative humidity shown in Exhibit 3-1 for dynamic
testing.

Table 1
AMBIENT TEMPERATURE VERSUS RELATIVE HUMIDITY

AT BAROMETRIC PRESSURES (29.92 In. Hg.) (NON-CONDENSING)

Ambient Temperature/
Dry Bulb (in°C)

Relative Humidity
(in percent)

Ambient Temperature/
Wet Bulb (in degrees C)

-37.0 to 1.1 10 -17.2 to 42.7
1.1 to 46.0 95 42.7

48.8 70 42.7
54.4 50 42.7
60.0 38 42.7
65.4 28 42.7
71.2 21 42.7
74.0 18 42.7

F. Test Facilities. All instrumentation required in the test procedures, such as voltmeters,
ammeters, thermocouples, pulse timers, etc. must be selected in accordance with good
engineering practice.  In all cases where time limit tests are required, the allowance for
any instrumentation errors must be included in the limit test.

1. Variable Voltage Source: A variable source capable of supplying 20 amperes from
100 VAC to 135 VAC.

2. Environmental Chamber: An environmental chamber capable of attaining
temperatures of -37°C to +74°C and relative humidity given in Table 1.

3. Transient Generators: Transient generators capable of supplying the transients
outlined above.

G. Test Procedure: Transients, Temperature, Voltage, and Humidity

1. Test A: Placement in Environmental Chamber and Check-Out of Hook-Up

a. Place the test unit in the environmental chamber. Connect the test unit AC
input circuit to a variable voltage power transformer, voltmeter, and transient
generator.  The transient generator must be connected to the AC input circuit at
a point at least 25 ft. from the AC power source and not over 10 ft. from the
input to the test unit.

b. Connect test switches to the appropriate terminals to simulate the various
features incorporated into the test unit.  Place these switches in the proper
position for desired operation.
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c. Verify the test hook-up.  Adjust the variable-voltage power transformer to 120
VAC and apply power to the test unit.  Verify that the test unit goes through its
prescribed startup sequence and cycles properly in accordance with the
operation determined by the positioning of test switches in item b.

Upon the satisfactory completion and verification of the test hook-up, proceed
with Test B.

2. Test B: Transient Tests (Power Service)

a. Program the test unit to dwell.  Verify the input voltage is 120 VAC.

b. Set the transient generator to provide high-repetition noise transients as
follows:

(1) Amplitude: 300 Volts (+/-5%), both positive and negative polarity.

(2) Peak Power: 2500 watts.

(3) Repetition Rate: One pulse every other cycle moving uniformly over the
full wave in order to sweep once every 3 seconds across 360 degrees of
line cycle.

(4) Pulse Rise Time: 1 microsecond.

(5) Pulse Width: 10 microseconds.

c. Apply the transient generator output to the AC voltage input for at least 5
minutes.  Repeat this test for at least two conditions of dwell for the test unit.
The test unit must continue to dwell without malfunction.

d. Program the test unit to cycle through normal operations.  Turn on the transient
generator (output in accordance with item 2) for 10 minutes, during which time
the test unit must continue to cycle without malfunction.

e. Set a transient generator to provide high-repetition noise transients as follows:

(1) Amplitude: 300 Volts (+/-5%), both positive and negative polarity.

(2) Source Impedance: Not less than 1000 ohms nominal impedance.

(3) Repetition: One pulse per second for a minimum of five pulses per
selected terminal.

(4) Pulse Rise Time: 1 microsecond.

(5) Pulse Width: 10 microseconds.

Program the test unit to dwell.  Verify the input voltage is 120 VAC.

f. Apply the transient generator (output in accordance with item 5) between logic
ground and the connecting cable termination of selected Field I/O input/output
terminals of the test unit.
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A representative sampling of selected input/output terminations must be tested.
The test unit must continue to dwell without malfunction.

g. Program the test unit to cycle.  Turn on the transient generator (output in
accordance with item 5) and apply its output to the selected Field I/O
input/output terminations.  The test unit must continue to cycle without
malfunction.

h. Reinstall protection and set a transient generator to provide low-repetition
high-energy transients as follows:

(1) Amplitude: 600 Volts (+/-5%), both positive and negative polarity.

(2) Energy Discharge Source: Capacitor, oil-filled, 10 microfarads.

(3) Repetition Rate: One discharge each 10 seconds.

(4) Pulse Position: Random across 360 degrees of line cycle.

i. Program the test unit to dwell.  Verify the input voltage is 120 VAC.

j. Discharge the oil-filled 10-microfarad capacitor ten times for each polarity
across the AC voltage input.  Repeat this test for at least two conditions of
dwell.  The test unit must continue to dwell without malfunction.

k. Program the test unit to cycle through normal operations.  Discharge the
capacitor ten times for each polarity while the test unit is cycling, during which
time the test unit must continue to cycle without malfunction.

l. During the preceding transient tests, the test unit must continue its
programmed functions.

The test unit must not skip normal program intervals/steps or portions thereof
when in normal operation; place false inputs or produce false outputs while in
dwell; disrupt normal sequences in any manner; or change parameters.

m. Nondestructive Transient Immunity:

(1) Turn off the AC power input to the test unit from the variable-voltage
power source.

(2) Apply the following high-energy transient to the AC voltage input
terminals of the test unit (no other power connected to terminals):

(a) Amplitude: 1000 V, both positive and negative polarity.

(b) Peak Power Discharge: Capacitor, oil-filled, 15 microfarads.

(c) Maximum Repetition Rate: Applied to the Cabinet Assembly once
every 2 seconds for a maximum of three applications for each
polarity.



20-108 8245--CoSA
ADDENDUM NO.5 02-09

(3) Upon completion of the foregoing, apply 120 VAC to the test unit and
verify that the test unit goes through its prescribed startup sequence and
cycles properly in accordance with the programmed functions. The first
operation of the over-current protective device during this test is not
considered a failure of the test unit.

NOTE—Test C through G follow the profile indicated in Figure 1 to demonstrate the ability of
the test unit to function reliably under stated conditions of temperature, voltage, and humidity.

Figure 1
Test Profile

NOTES:
The rate of change in temperature must not exceed 18°C per hour
Humidity controls must be set in conformance with the humidity given in Table 1
during the temperature change between Test D and Test E.
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If a change in both voltage and temperature are required for the next test, the voltage
must be selected prior to the temperature change.

3. Test C—Low-Temperature Low-Voltage Tests

a. Definition of Test Conditions

(1) Environmental Chamber Door: Closed.

(2) Temperature: -37°C.

(3) Low Voltage: 100 VAC.

(4) Humidity Control: Off.

b. Test Procedure: While at room temperature, adjust the input voltage to 100
VAC and verify that the test unit is still operable.

(1) With the test unit cycling through normal operations, lower the test
chamber to -37°C at a rate not exceeding 18°C per hour.  Allow the test
unit to cycle for a minimum of 5 hours at -37°C with the humidity controls
in the off position.  Then operate the test switches as necessary to
determine that all functions are operable.

(2) Remove power from the test unit for a minimum period of 5 hours.  Upon
restoration of power, the test unit must go through its prescribed startup
sequence and then resume cycling.

(3) With the test unit at -37°C and the input voltage at 100 VAC, evaluate the
following items against the respective standards:

(a) Power Interruption Tests

On satisfactory completion of this test, proceed with Test D.

4. Test D—Low-Temperature High-Voltage Tests

a. Definition of Test Conditions

(1) Environmental Chamber Door: closed.

(2) Low Temperature: -37°C.

(3) High Voltage: 135 VAC.

(4) Humidity Controls: Off.

b. Test Procedure: While at -37°C and with humidity controls off, adjust the input
voltage to 135 VAC and allow the test unit to cycle for 1 hour.  Then operate
the test switches as necessary to determine that all functions are operable.

c. With the test unit at -37°C and the input voltage at 135 VAC (humidity
controls off), evaluate the following items against the respective standards:

(a) Power Interruption Tests



22-108 8245--CoSA
ADDENDUM NO.5 02-09

On satisfactory completion of this test, proceed to Test E.

5. Test E—High-Temperature High-Voltage Tests

a. Definition of Test Conditions

(1) Environmental Chamber Door: Closed.

(2) High Temperature: +74°C.

(3) High Voltage: 135 VAC.

(4) Humidity Controls: In accordance with the humidity given in Table 1.

b. Test Procedure—With the test unit cycling, raise the test chamber to +74°C at
a rate not to exceed 18 degrees C per hour.  Verify the input voltage is 135
VAC.

c. Set the humidity controls to not exceed 95% relative humidity over the
temperature range of +1.1°C to +46°C.  When the temperature reaches +46°C,
read just the humidity control to maintain constant absolute humidity; +42.7°C
wet bulb that results in the relative humidity shown in Table 1. Verify that the
test unit continues to cycle satisfactory during the period of temperature
increase and at established levels of relative humidity.

(1) Allow the test unit to cycle for a minimum of 15 hours at +74°C and 18 %
relative humidity. Then operate the test switches as necessary to determine
that all functions are operable.

(2) With the test unit at +74°C and 18 % relative humidity and the input
voltage at 135 VAC, evaluate the following items against the respective
standards:

(a) Power Interruption Tests

On satisfactory completion of this test, proceed to Test F.

6. Test F—High-Temperature Low-Voltage Tests

a. Definition of Test Conditions

(1) Environmental Chamber Door: Closed.

(2) High Temperature: +74°C.

(3) Low Voltage: 100 VAC.

(4) Humidity Controls: 18 percent relative humidity and +42.7°C wet bulb.

b. Test Procedure: Adjust the input voltage to 100 VAC and proceed to operate
the test switches to determine that all functions are operable.  With the test unit
at +74°C and 18 % relative humidity, +42.7°C wet bulb, and the input voltage
at 100 VAC, evaluate the following items against the respective standards:

(a) Power Interruption Tests
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On satisfactory completion of this test, proceed to Test G.

7. Test G—Test Termination

a. Program the test unit to cycle.

b. Adjust the input voltage to 120 VAC.

c. Set the controls on the environmental chamber to return to room temperature,
+20°C (+/-5°C), with the humidity controls in the off position.  The rate of
temperature change must not exceed 18°C per hour.

d. Verify the test unit continues to cycle through normal operations properly.

e. Allow the test unit to stabilize at room temperature for 1 hour.  Proceed to
operate the test switches to determine that all functions are operable.

8. Test H—Appraisal of Equipment under Test

a. A failure is defined as any occurrence that results in other than normal
operation of the equipment. (See sub-section item b. below for details.)  If a
failure occurs, the test unit must be repaired or components replaced, and the
test during which failure occurred must be restarted from its beginning.

b. The test unit is considered to have failed if any of the following occur:

(1) If the test unit skips normal program intervals/steps or portions thereof
when in normal operation, places false inputs, presents false outputs,
exhibits disruption of normal sequence of operations, or produces changes
in parameters beyond specified tolerances, or

(2) If the test unit fails to satisfy the requirements of Tests A to G, inclusive.

c. An analysis of the failure must be performed and corrective action taken before
the test unit is retested in accordance with this standard.  The analysis must
outline what action was taken to preclude additional failures during the tests.

d. When the number of failures exceeds two, it must be considered that the test
unit fails to meet these standards.  The test unit may be completely retested
after analysis of the failure and necessary repairs have been made in
accordance with item c.

e. Upon completion of the tests, visually inspect the test unit.  If material changes
are observed which will adversely affect the life of the test unit, the cause and
conditions must be corrected before making further tests.

f. Upon satisfactory completion of all of the tests described, test the unit in
accordance with Vibration Test.

H. Vibration Test.

1. Purpose of Test. This test is intended to duplicate vibrations encountered by the test
unit (individual major components) when installed at its field location.
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Fasten the test unit securely to the vibration test table prior to the start of the test.

2. Test Equipment Requirements.

a. Vibration table with adequate table surface area to permit placement of the test
unit.

b. Vibration test consists of:

(1) Vibration in each of three mutually perpendicular planes.

(2) Adjustment of frequency of vibration over the range from 5 hertz to 30
hertz.

(3) Adjustment of test table excursion (double amplitude displacement) to
maintain a ‘g’ value, measured at the test table, of 0.5g; as determined by
the following formula:

g = 0.0511df2

Where:

d = excursion in inches

f = frequency in hertz

3. Resonant Search

a. With the test unit securely fastened to the test table, set the test table for a
double amplitude displacement of 0.015 in.

b. Cycle the test table over a search range from 5 hertz to 30 hertz and back
within a period of 12.5 minutes.

c. Conduct the resonant frequency search in each of the three mutually
perpendicular planes.

d. Note and record the resonant frequency determined from each plane.

(1) In the event of more than on resonant frequency in a given plane, record
the most severe resonance.

(2) If resonant frequencies appear equally severe, record each resonant
frequency.

(3) If no resonant frequency occurs for a given plane within the prescribed
range, 30 hertz must be recorded.

4. Endurance Test

a. Vibrate the test unit in each plane at its resonant frequency for a period of 1
hour at amplitude resulting in 0.5g acceleration.

b. When more than one resonant frequency has been recorded, the test period of 1
hour must be divided equally between the resonant frequencies.
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c. The total time of the endurance test must be limited to 3 hours, 1 hour in each
of three mutually perpendicular planes.

5. Disposition of Equipment under Test

a. Examine the test unit to determine that no physical damage has resulted from
the vibration tests.

b. Check the test unit to determine that it is functionally operable in all modes of
its prescribed operation.

c. The test unit may be removed from the test table.  Upon satisfactory
completion of the vibration test, proceed with the shock (impact) test.

I. Shock (Impact) Test.

1. Purpose of Test. The purpose of this test is to determine that the test unit is capable
of withstanding the shock (impact) to which it may reasonably be subjected during
handling and transportation in the process of installation, repair, and replacement.
It is to be noted that the test unit is not, at this time, in its shipping carton.

Fasten the test unit firmly to the specimen table.  In each of its three planes the test,
drop the unit from a calibrated height to result in a shock force of 10g.

2. Test Equipment Requirements.

a. Shock (impact) test fixture equivalent to that suggested by the simplified
sketch shown in Figure 2.

b. The test table must have a surface area sufficient to accommodate the test unit.

c. Calibrate the test table and the items tested as indicated.  This shock test
defines the test shock to be 10g (+/-1g).

(1) Measure calibration of the test equipment for these shock tests by three
accelerometers having fixed shock settings of 9g, 10g, and 11g. They must
be Inertia Switch Incorporated ST-355, or the equivalent.  Attach these
devices rigidly to the test table.

(2) Calibration of the fixture for each item to be tested is as follows:

(a) Place a dummy load weighing within 10 % of the test unit on the
table.

(b) Reset the three accelerometers and drop the test table from a
measured height.

(c) Observe that the accelerometers indicate the following:
Activate the 9g accelerometer.
The 10g unit may or may not be actuated.
The 11g unit must not be actuated.
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Figure 2
Shock Test Fixture

(3) Repeat calibration test (a) and (b) adjusting the height of the drop until, on
ten successive drops, the following occurs:

(a) The 9g unit is actuated ten times.

(b) The 10g unit is actuated between four to eight times.

(c) The 11g unit is not actuated on any of the ten drops.

3. Test Procedure.

a. The calibration height of the drop for the particular item under test as
determined in Test Equipment Requirements must be used in this procedure.
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b. Secure the test unit to the test table surface so that the test unit rests on one of
its three mutually perpendicular planes.

c. Raise the test table to the calibrated height.

d. Release the test table from the calibrated height, allowing a free fall into the
box of energy absorbing material below.

e. Repeat the drop test for each of the remaining two mutually perpendicular
planes, using the same calibrated height for each drop test of the same test unit.

f. The observations of the accelerometer for the three tests of the test item are:

(1) The 9g unit is actuated for all three tests. (Repeat the calibration if the unit
is not actuated.)

(2) The 10g unit may or may not be actuated in these tests.

(3) The 11g unit is not actuated on any drop. (If the unit is actuated, repeat the
calibration only if the test unit has suffered damage.)

4. Disposition of Test Unit.

a. Check the test unit for any physical damage resulting from the drop tests.

b. Check the test unit to determine that it is functionally operable in all modes of
its prescribed operation.

c. Satisfactory completion of all environmental tests, including the shock
(impact) is required.

J. Power Interruption Test Procedures. Conduct the following power interruption tests at
low input voltage (100 VAC) and high input voltage (135 VAC) at -37°C, and +74°C.

1. Short Power Interruption. While the Test Unit is cycling through normal
operations, remove the input voltage for a period of 475 milliseconds. Upon
restoration of the input voltage, check to insure that the Test Unit continues normal
operation as though no power interruption has occurred. Repeat this test three
times.

2. Voltage Variation. All circuits of the Test Unit must be subjected to slowly varying
line voltage during which the Test Unit must be subjected to line voltage that is
slowly lowered from a nominal 120 VAC line voltage to 0 VAC at a rate of not
greater than 2 Volts per second.  The line voltage must then be slowly raised to 100
VAC at which point the Test Unit must resume normal operation without operator
intervention.  Perform this test at both -37°C and +74°C, at a nominal 120 VAC
line voltage.  Repeat this test three times.

3. Rapid Power Interruption. Subject the Test Unit to rapid power interruption testing
of the form that the power is off for 350 milliseconds and on for 650 milliseconds
for a period of 2 minutes.  Perform power interruption through electromechanical
contacts of an appropriate size for the load.
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During this testing, the controller must function normally and continue normal
sequencing (operation) at the conclusion of the test.  This test must be performed at
both -37°C and +74°C, at a nominal 120 VAC line voltage.  Repeat this test three
times.

10. Type 2070 Controller Unit.

A. General.

1. Module Descriptions. The Controller Unit is composed of the Type 2070 Unit
CHASSIS, along with other modules and assemblies.  The following is a list of
Type 2070 versions, their interface rolls and composition:

Unit Version   Description

Type 2070V Unit Provides directly driven VME and mates to 170 & ITS
cabinets. It consists of:

Unit CHASSIS, 2070-1A TWO BOARD CPU, 2070-2A (2B
if ITS CABINET) FI/O, 2070-3A FRONT PANEL, 2070-4A
POWER SUPPLY, and 2070-5 VME CAGE ASSEMBLY.

Type 2070L Unit LITE Unit mates to the 170 & ITS cabinets. It consists
of:

UNIT CHASSIS, 2070-1B CPU, 2070-2A (2B if ITS
CABINET), FI/O, 2070-3B FRONT PANEL and 2070- 4A
or B POWER SUPPLY.

Type 2070LC Unit LITE unit mates to ITS cabinets only. It consists of:

UNIT CHASSIS, 2070-1B CPU, 2070-2B FI/O, 2070-3C
FRONT PANEL and 2070-4 A or B POWER SUPPLY.

2. Unit Configuration. The Type 2070 Controller Unit Version defines the module
composition to be delivered as follows:

No. Item Description
Composition

2070V
Unit

2070L
Unit

2070LC
Unit

1 --- UNIT CHASSIS Y Y Y

2 TYPE 2070-1A CPU MODULE, MULTIPLE
BOARD-VME Y --- ---

3 TYPE 2070-1B CPU MODULE, SINGLE
BOARD- SERIAL HUB --- Y Y
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No. Item Description
Composition

2070V
Unit

2070L
Unit

2070LC
Unit

4 TYPE 2070-2A FIELD I/O MODULE (FI/O
for 170 Cabinet) Y Y

user
selection

Y

---

5 TYPE 2070-2B FIELD I/O MODULE (ITS
& NEMA Cabinets) --- Y

6 TYPE 2070-3A FRONT PANEL MODULE
(FP), DISPLAY A Y --- ---

7 TYPE 2070-3B FRONT PANEL MODULE
(FP), DISPLAY B --- Y ---

8 TYPE 2070-3C FRONT PANEL MODULE
(FP), BLANK --- --- Y

9 TYPE 2070-4A POWER SUPPLY
MODULE, 10 AMP Y Y

user
selection

Y

Y
user

selection
Y10 TYPE 2070-4B POWER SUPPLY

MODULE, 3.5 AMP ---

11 TYPE 2070-5A VME CAGE ASSEMBLY Y --- ---

2070V UNIT 1+2+4+6+9+11 Provides directly driven VME and
mates to 170 and ITS cabinets

2070L UNIT 1+3+(4 or 5)+7+(9 or 10) LITE Unit mated to 170 and ITS
cabinets

2070LC UNIT 1+3+5+8+(9 or 10) LITE unit mates to ITS cabinets
only

a. The communications and option modules/assemblies must be called out
separately from the unit version. The composition weight must not exceed 25
pounds.

3. Metalwork. The CHASSIS Top and Bottom, Internal Structure Supports, Back
Plane Mounting Surface, Module Plates, Power Supply Enclosure, and Front Panel
must be made of 63-gauge minimum aluminum sheet.  The CHASSIS Side panels
must be 80-gauge minimum sheet.

4. Power Fail and Power Restoration Operation. It is noted that the Power Failure
Power Restoration operations of this unit are specific to the requirements of the
user. All associated modules are to comply to said operations.

5. Power Limitations. 2070 UNIT module / assembly power limitations are as
follows:
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Types +5VDC +12VDC ISO +12VDC ser -12 VDC ser

MCB 750
milliamperes ----- ----- -----

TRANS BD 750
milliamperes ----- ----- -----

2070-1B CPU 1.0 amperes 250mA

2070-2A FI/O 250
milliamperes

750
milliamperes ----- -----

2070-2B FI/O 250
milliamperes

500
milliamperes ----- -----

2070-3A&B FPA 500
milliamperes ----- 50

milliamperes
50

milliamperes

2070-3C FPA 100
milliamperes ----- 50

milliamperes
50

milliamperes

2070-5 VME Cage 5.0 amperes ----- 200
milliamperes

200
milliamperes

2070-6 All Comm 500
milliamperes ----- 100

milliamperes
100

milliamperes

2070-7 All Comm 250
milliamperes ----- 50

milliamperes
50

milliamperes

6. EIA-485 Communications Circuitry. All circuitry associated with the EIA-485
Communications links must be capable of reliably passing a minimum of 1.0
megabits per second.  Isolation circuitry must be by opto- or capacitive-coupled
isolation technologies.

7. EIA-485 Line Drivers/Receivers. Through hole EIA-485 Line Drivers/Receivers,
when used, must be socket mounted.  Surface mounted drivers/receiver must be
acceptable.  EIA-485 Line Drivers/Receivers must not draw more than 35
milliamperes in active state and 20 milliamperes in inactive state per channel.  A
100-Ohm Termination Resistor must be provided across each Differential Line
Receiver Input.  The Motherboard’s control signals (e.g., SP1-RTS) must be active,
or asserted, when the positive terminal (e.g., SP1-RTS+) is a lower voltage than its
corresponding negative terminal (e.g., SP1-RTS-).  A control signal is inactive
when its positive terminal voltage is higher than its negative terminal.  Receive and
transmit data signals must be read as a "1" when the positive terminal's (e.g., SP1-
TXD+) voltage is higher than its corresponding negative terminal (e.g., SP1-TXD-
).  A data value is "0" when its positive terminal's (e.g., SP1-TXD+) voltage is
lower than its negative terminal (e.g., SP1-TXD-).

8. Sockets. Sockets for devices (called out to be socket mounted) must be "xx" pin
AUGAT 500/800 series AG10DPC or equal.

9. SDLC. SP5and SP3 SDLC frame address assignments (Command/Response) are as
follows:

SP5 SP3

CPU 2070-1   = “19”  “19”
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FI/O 2070-2A & 8 = “20”  “Not Applicable”

CPU Broadcast to all = “255”  “255”

All other addresses are reserved by this standard.  The SDLC response frame
address must be the same address as the Command frame it receives.

B. Type 2070-1 CPU Module.

1. Type 2070-1A Configuration. The TYPE 2070-1A CPU consists of the Main
Controller Board, Transition Board, Board Interface Harness, and CPU Module
Software.

2. Type 2070-1B Configuration. The TYPE 2070-1B CPU must be a single board
module meeting the 2X WIDE board requirements. The module must be furnished
normally resident in MOTHERBOARD Slot A5. The module must meet all the
requirements listed under this section and Details except for the following:

a. The VME software and hardware bus requirement does not apply nor do the
MCB and Board Interface Harness physical requirements.

b. A Dual SCC Device (asynch/synch) and associated circuitry must be furnished
to provide two additional system serial ports. The Dual SCC1 must be assigned
to the System Serial Port SP1 meeting all requirements called out for SP1.  The
Dual SCC2 must be assigned as System Serial Port SP8.  The SP8 and
associated circuitry must interface with the MC68360 address and data
structure and serially be connected to the external world via the DB 25 Pin
C13S Connector located on the module front panel. The SP8 must meet all SP2
Port requirements including EIA 485 Drivers / receivers and synchronous data
rate of 614.4 kilobits per second.

c. The 68360 SCC1 must be reassigned to ETHERNET (ENET) Network
meeting ETHERNET 10 MBPS IEEE 802.3 (TP) 10 BASE T Standard
Requirements, both hardware and software.  The four network lines must be
used to route ETHERNET across the MOTHERBOARD to the “A”
Connectors. DC Grounding plane around the network connectors and lines to
be provided. Network Lines must be assigned as: Network 1 = ENET TX+,
Network 2 = ENET TX-, Network 3= ENET RX+, and Network 4 = ENET
RX-.  In addition, the conditioned ETHERNET must be brought out on RJ 45
C14S Connector mounted on the CPU-1B Front Panel. Four LEDs labeled
“TX, RX, TX Collision and TX Status” must be mounted on the front panel
signifying ETHERNET operational conditions.

d. The 2070-1B CPU must not draw more than 1.00 Amperes of +5VDC and 250
milliamperes of ISO+12 VDC.

3. Type 2070 – 1C Configuration. The TYPE 2070-1C CPU must be a single board
module meeting the 2X WIDE board requirements. The module must be furnished
normally resident in MOTHERBOARD Slot A5. The module must meet all the
requirements listed under the 2070-1B section of this standard, with the following
additions:
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a. Engine Board. The TYPE 2070-1C CPU must use an Engine Board compliant
to the AASHTO/ITE Next Generation ATC Standard. The Engine Board must
be used for execution of the application software.  No other microprocessor or
memory of the 2070-1C CPU to be used for execution of the application
software.

b. Ethernet Ports. The second ETHERNET port of the Engine Board must be
brought out on an RJ 45 C15S Connector mounted on the 2070-1C front panel.
The front panel LED indicators for the two Ethernet ports must conform to the
AASHTO/ITE Next Generation ATC Standard.

c. Universal Serial Bus (USB). The TYPE 2070-1C CPU must include a USB
port compliant to the AASHTO/ITE Next Generation ATC Standard, and
brought out from the Engine Board to a USB C16S Connector mounted on the
2070-1C front panel.

d. Host Module Identification. The TYPE 2070-1C CPU must implement the host
module identification using the Engine Board SPI serial port, compliant to the
AASHTO/ITE Next Generation ATC Standard.

4. Main Controller Board (MCB).

a. General. The MCB must be a 3U VME bus compliant board and contain a
system controller, an A24-D16 interface, a Master & Slave bus interface, a
Multilevel VMEbus Arbiter, a FAIR VMEbus Requester, a system clock
driver, and BTO (64).

b. Controller. The CONTROLLER Device must be a Motorola MC68360 or
equal, clocked at 24.576 MHz minimum. The Fast IRQ Service System is
reserved for DEPARTMENT use only.  The Interrupts must be configured as
follows:

Level 7 -  VMEbus IRQ7

Level 6 -  VMEbus IRQ6  ACFAIL

Level 5 - VMEbus IRQ5  CPU Module Counters / Timers, LINESYNC
(auto vectored), Serial Interface Interrupts

Level 4 -  VMEbus IRQ4

Level 3 -  VMEbus IRQ3

Level 2 -  VMEbus IRQ2

Level 1 -  VMEbus IRQ1

c. Memory Address Organization.

8000 0000 - 80FF FFFF STANDARD

9000 0000 - 9000 FFFF SHORT
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(1) 16 megabytes of contiguous address space for each specified memory
(DRAM, SRAM and FLASH) allocated on an even boundary.  The SRAM
and FLASH memories must be accessed through the OS-9 Operating
System's File Manager, or approved equivalent.  The address of each
memory block must be specified by the manufacturer and provided with
the documentation.

(2) When the incoming +5 VDC falls below its operating level, the SRAM
must drop to its standby state; and the SRAM and TOD Clock shift to the
+5 VDC Standby Power.  An on-board circuit will sense the +5 VDC
Standby Power and shift to an On-board CPU Power Source.  When the
incoming +5 VDC rises to within its operating level, the appropriate MCB
Circuitry will shift from standby power to incoming +5 VDC.

d. RAM Memory. Provide a minimum of 8 megabytes of DRAM Memory,
organized in 32-bit words.  A minimum of 1 megabyte of SRAM is required,
of which 512 KiloBytes minimum must be available for Department use as a
RAM drive (R0).  The time from the presentation of valid RAM address, select
lines, and data lines to the RAM device to the acceptance of data by the RAM
device must not exceed 80 nanoseconds and be less as required to fulfill zero
wait state RAM device write access under all operational conditions.

e. FLASH Memory. Provide a minimum of 8 MB of FLASH memory, organized
in 16- or 32- bit words.  The MCB must be equipped with all necessary
circuitry for writing to the FLASH memory under program control. No more
than 2 MB of FLASH Memory to be used for the Boot Image (List) and a
minimum of 6 MB be available for DEPARTMENT use.  The 2 MB of
FLASH Memory must be reserved for the Boot Image only.  Flash memory
must have a minimum rated capacity of 100,000 read/write cycles and be
industrial grade or better.

f. Time-of-Day Clock. Provide a software settable hardware Time-of-Day (TOD)
clock.  It must maintain an accuracy of +/-1 minute per 30 days at 25°C (77°F)
under on-board standby power.  The clock must be aligned to a minimum
fractional second resolution of 10 milliseconds and track seconds, minutes,
hours, day of month, month, and year.

g. CPU Reset. Provide a software-driven CPU RESET signal (Active LOW) to
reset other controller systems.  The signal output must be driver capable of
sinking 30 milliamperes at 30 VDC.  Execution of the program module
“CPURESET” in the boot image must assert the CPU RESET signal once.

h. CPU Activity Indicator. Provide an open-collector output, capable of sinking
30 milliamperes at 30 VDC, to drive the Front Panel Assembly CPU Activity
LED INDICATOR.

i. Tick Timer. The OS-9 Operating System TICK Timer must be derived from
each transition of LINESYNC with a tick rate of 120 ticks per second.
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j. SRAM and TOD Holdup. The SRAM and TOD Clock Circuitry, under
Standby mode, must draw no more than 8 microamperes at 2.5 VDC and 35
degrees C.  Supply an On-board Capacitor to hold up SRAM and TOD or a
minimum of 7 days.

5. Transition Board. Provide a TRANSITION Board (TB) to transfer serial
communication and control signals between the MCB and the Interface Master-
board.  Said signal and communication lines must be driven/received off and on the
module compliant to EIA- 485.  The Transition Board must provide a 1 KiloOhm
pull-up resistor for the A2 & A3 installed lines.  If the DC Ground is not present
(slot not occupied) at the CPU EIA-485 line drivers/receivers, the drivers/receivers
must be disabled (inactive).

6. Shielded Interface Harness. Provide a SHIELDED INTERFACE HARNESS that
includes MCB and Transition Board connectors with strain relief, lock latch,
mating connectors, and harness conductors.  A minimum of 25 mm of slack must
be provided.  No power to be routed through the harness.  The harness must be
100% covered by an aluminum mylar foil and an extruded black 0.8 mm PVC
jacket or equal.

7. DataKey. Provide a DATAKEY Keyceptacle  (KC4210, KC4210PCB or equal)
mounted on the CPU module front panel (or the Transition Board of Type 1A).
Power must not be applied to the receptacle if the key is not present.

The Manufacturer must supply a 2-megabyte Memory Size Datakey (SFK2Mb or
equal) with each MODEL 1A TB (Transition Board) or 1B CPU module unless
specified otherwise. The Datakey must be temperature rated for –40 to +80 degrees
C operation, be black in color, and be initialized to the format and default values
defined below.

When programmed, the memory on the key of header version 1 must be organized
as follows:

Bytes Description Default Values

1-2

16 bit Frame Check Sequence (FCS)
calculated as defined in clause 4.6.2 of
ISO/IEC 3309. This FCS is calculated
across bytes 3-64

3 Key Type See table below
4 Header Version 1
5-8 Latitude 0.0
9-12 Longitude 0.0
13-14 Controller ID 0xFFFF
15-16 Communication drop number 0xFFFF
17-20 IP Address 10.20.70.51
21-24 Subnet Mask 255.255.255.0
25-28 Default Gateway 10.20.70.254
29 Startup Override 0xFF
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Bytes Description Default Values

30-64 Reserved for Department use All bytes set to 0xFF
65 to End User Data All bytes set to 0xFF

When programmed, Byte 3 of the header must contain the Key Type value as
defined in the following table:

Key Type Model No. Memory Size Sector Size
1 DK1000 1 KiloByte 1 Byte
2 LCK16000 16 KiloBytes 1 Byte
3 SFK2Mb 2 megabytes 64 KiloBytes
4 TBD 4 megabytes 64 KiloBytes
5 TBD 8 megabytes 64 KiloBytes

The data format in the CPU Datakey header for the Latitude and Longitude fields
must comply with IEEE/ANSI 754-1985 STD. All the other fields follow a Big
Endian Format as implemented by Motorola CPUs.

The Startup Override byte may be used to override the default controller startup
procedure.

8. CPU Module Software. The following must be supplied:
Operating System
Drivers and Descriptors
Application Kernel
Deliverables
Error Handler

a. Operating System. The CPU Module must be supplied with
Radisys/Microware OS-9 Version 3.2, or later, with kernel edition #372 or
later.  The following modules must be included:

Embedded OS-9 Real Time Kernel
Sequential Character File Manager (SCF)
Stacked Protocol File Manager (SPF)
Pipe File Manager (PIPEMAN)
Random Block File Manager (RBF)
C Shared Library (CSL)
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Boot Image must include the following utility modules:

Break Date Deiniz Devs Free Copy
Dir Tmode Edt List Load Deldir
Dump Del Ident Iniz Irqs Events
Echo Format Dcheck Login Link Kermit
Tsmon Mdir Mfree Pd Makdir Save
Attr Rename Procs Unlink Sleep Xmode
Shell Build Setime Merge grep

b. Drivers and Descriptors.

(1) Supplied modules must be re-entrant, address independent, and not
contain self-modifying code.

Device drivers which require extensions to the standard OS-9 libraries
must use the _os_getstat() and _os_setstat() functions.

#define SS_2070  0x2070

error_code _os_getstat(path_id path, SS_2070, PB2070 *pb);

error_code _os_setstat(path_id path, SS_2070, PB2070 *pb);

typedef struct

{

u_int32 code;

u_int32 param1;

union

{

u_int32 param;

void    *pointer;

} param2;

} PB2070, *pb;

The following subcodes for use with PB2070.code are also defined:
#define GS2070_Status  0x1C
#define SS2070_SSig   0x1A
#define SS2070_IFC    0x22
#define SS2070_OFC   0x23
#define SS2070_Timer_Sig   0x1000
#define SS2070_Timer_Cyc   0x1001
#define SS2070_Timer_Start   0x1002
#define SS2070_Timer_Stop   0x1003
#define SS2070_Timer_Reset 0x1004
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Note: When PB2070.param2.pointer is used, PB2070.param1 to be loaded
with the size of what PB2070.param2.pointer is referencing. When calling
_os_getstat() or _os_setstat(), all reserved or unused parameters and fields
in PB2070 to be loaded with 0 (zero).

(2) Drivers must be provided to access the FLASH, SRAM, and DRAM
memories. The following descriptors must apply:

/f0 FLASH drive  non-volatile, writeable
/dd FLASH drive OS-9 default device for /f0
/f0wp    FLASH Drive as /f0 but, write protection

/f0fmt   FLASH Drive as /f0 except format enabled
 /r0 SRAM Drive non-volatile ramdisk
 /r0fmt   SRAM Drive as /r0 but format enabled

 /r2 DRAM Drive volatile 1 MB ramdisk, not automatically
initialized

(3) A driver to handle each of the four internal timers under the OS-9 Kernel
must be provided. Provide access to the MC68360 internal timers through
the following device descriptors:

(a) Descriptor names for each timer:

timer1  = access to MC68360's internal timer #1
timer2   = access to MC68360's internal timer #2
timer3   = access to MC68360's internal timer #3
timer4   = access to MC68360's internal timer #4
timer12  = access to MC68360's internal timer #1 & #2 (cascaded)
timer34  = access to MC68360's internal timer #3 & #4 (cascaded)

(b) Timer Standard OS-9 Function Calls:

error_code _os_open (char *timer_desc_name, path_id *path);

error_code _os_read (path_id path, void *timer_value, u_int32 *size);
Note:  Prior to calling _os_read(), size must be loaded with the value 4 and
timer value must be pointed to a u_int32. _os_read() must read the current
timer value and load it into timer_value as S x 100.

error_code _os_close (path_id path);

(c) Timer Extension to Standard OS-9 Function Calls:

error_code _os_setstat(path_id path, SS_2070, PB2070 *pb);

The timer drivers must support the following modes using the
SS_2070 _os_setstat() option code and a custom parameter block
structure:
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Send signal after specified time interval. Sets timer to zero and
schedules individual one-shot signal.

pb code = SS2070_Timer_Sig (0x1000); /* request for one-
shot signal */

pb.param1 = signal; /* signal code to send (0 = do not send a
signal and cancel any pending signals) */”

pb param2.param = period;   /* timer period in
microseconds x 100 */
Send recurring periodic signal. Sets timer to zero and schedules
repeating periodic signal.

pb code = SS2070_Timer_Cyc (0x1001); /* request for
periodic signal */

pb.param1 = signal; /* signal code to send (0 = do not send a
signal and cancel any      pending signals) */”

pb param2.param = period;  /* timer period in
microseconds x 100 */
Start timer. Start the timer if stopped. Timer will free run in a
periodic mode, starting at the current timer value as its initial
value and timer’s maximum allowable time as its timer period
(6.5535 seconds for timers 1-4 and 429496.7295 seconds for
timers 12 and 34). Timer will not send a signal and any pending
signals will be cancelled. Timer mode will be
SS2070_Timer_Start. pb.code = SS2070_Timer_Start (0x1002);
/* start timer if stopped */”
Stop timer. Leaves current value in timer. Cancels any pending
signals.

 pb code = SS2070_Timer_Stop (0x1003); /* stop timer if
running */
Reset timer. Stops timer if running, resets timer value to zero, and
cancels any pending signals.

 pb code = SS2070_Timer_Reset (0x1004); /* reset timer (stop
and zero) */

(d) Timer Extension to Standard OS-9 Function Calls:

       error_code _os_getstat(path_id path, SS_2070, PB2070 *pb);
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The timer driver will support the following function using the
SS_2070  _os_getstat() option code and custom parameter block
structure:

Retrieve current timer configuration.
        typedef  struct
        {
         u_int32  value;
         u_int32  mode;
         u_int32  signal;
         u_int32  period;
        }  Timer_status;

pb code = GS2070_Status  (0x1C)  /* Request timer status
data */

        pb param1 = sizeof(Timer_status)
        pb param2.pointer = Timer_status*

Status data must be returned in the structure pointed to by
pb param2.pointer as follows:

pb param2.pointer value /* current timer value in S x 100 */

pb param2.pointer mode /* SS2070_Timer_Sig if one-shot signal pending,
SS2070_Timer_Cyc if periodic signal pending,
SS2070_Timer_Start if free running,
SS2070_Timer_Stop if not active */

pb param2.pointer signal  /* signal code pending if
SS2070_Timer_Sig or
SS2070_Timer_Cyc, 0 otherwise */

pb param2.pointer period  /* timer period in microseconds x 100 if
SS2070_Timer_Sig or
SS2070_Timer_Cyc, 0 otherwise */

(e) All timer periods are specified in units of hundreds of microseconds,
i.e. a timer period of 7 = 700 microseconds. The minimum allowed
timer period must be 500 microseconds. The maximum timer period
for timers 1-4 must be 6.5535 seconds (0xFFFF). The maximum timer
period for timer12 and timer34 must be 429496.7295 seconds
(0xFFFFFFFF). The driver must return error E$Param from
_os_setstat() if the requested timer period is outside the allowable
range.

(4) Access and control to the CPU Datakey must be provided through the
following descriptor name and OS-9 functions:
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Descriptor Name
datakey = access to the CPU Datakey

Function Calls

error_code _os_open (char *datakey_desc_name, path_id *path);

error_code _os_close (path_id path);

error_code _os_read (path_id path, void *data_buffer, u_int32
*data_size);

error_code _os_write (path_id path, void *control, u_int32 *data_size);

error_code _os_seek(path_id path,u_int32 position);  sets read / write
offset

error_code = _os_ss_erase(path_id path, u_int32 num_sec_erase); /*erases
sector(s) if pointer is on a block boundary, returns E$PARAM error if not
on a boundary */”

error_code = _os_gs_pos(path_id path,u_int32 *position); /* gets current
file pointer position */

error_code = _os_gs_size(path_id path, u_int32 *size); /* gets current
datakey size */”

Error Codes Returned by Function Calls

E$NotRdy if datakey is not inserted
E$Seek if Offset plus *data_size is beyond end of CPU Datakey.
E$EOF if upon read or write, the last byte of CPU Datakey has
previously been processed.”

Note: Use of SCF to implement the Datakey driver is not allowed.

(5) The asynchronous serial communications device drivers must support the
six flow control modes (FCM#) described below:

FCM# Description
(0) No Flow Control Mode: The driver transmits data regardless of

the state of CTS. Upon a write command, the driver asserts RTS,
and de-asserts RTS when data transmission is completed. This is
the default mode. When user programs issue the first RTS related
command, the driver switches to Manual Flow Control Mode
(FCM# 1).
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(1)  Manual Flow Control Mode: The driver transmits data regardless
of the state of CTS. The user program has absolute control of the
RTS state. The driver doesn’t automatically assert or de-assert
RTS.

(2)  Auto-CTS Flow Control Mode: The driver transmits data only
when CTS is externally asserted. The user program has absolute
control of the RTS state. The driver doesn’t automatically assert
or de-assert RTS.

(3)  Auto-RTS Flow Control Mode: The driver transmits data
regardless of the state of CTS. Upon a write command, the driver
asserts RTS, and de-asserts RTS when data transmission is
completed and any configured RTS extension is elapsed. If the
user program asserts RTS, then RTS remains on until the user
program de-asserts RTS. If the user program de-asserts RTS
before the transmission buffer is empty, the driver holds RTS on
until the transmission buffer is empty and any configured RTS
extension is elapsed.

(4)  Fully Automatic Flow Control Mode: The driver transmits data
only when CTS is externally asserted. Upon a write command, the
driver asserts RTS and waits for CTS, starts data transmission
when CTS is asserted, and de-asserts RTS when data transmission
is completed and any configured RTS extension is elapsed. If user
program asserts RTS, then RTS remains on until the user program
de-asserts RTS. If the user program de-asserts RTS before the
transmission buffer is empty, the driver holds RTS on until the
transmission buffer is empty and any configured RTS extension is
elapsed.

(5)  Dynamic Flow Control Mode: The driver transmits data only
when CTS is externally asserted. The driver controls RTS based
on the status of its receiving buffer. The driver asserts RTS
continuously as long as its receiving buffer has sufficient capacity
to store incoming data. If the receiving buffer approaches full, the
driver de-asserts RTS until enough data has been read from the
buffer to create sufficient receive capacity.

(a) The serial device driver must be able to set user options via
_os_setstat() and return status via _os_getstat(). To support legacy
application programs, the device driver must also be able to set user
options via _os_ss_size() and to return status via _os_gs_size():

    error_code_os_setstat(path_id path, SS_2070, void *pb);

     error_code_os_getstat(path_id path, SS_2070, void *pb);

     error_code_os_ss_size(path_id path, u_int32 size);
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error_code_os_gs_size(path_id path, u_int32 *size);

Note: The preferred method of accessing serial device drivers is
through _os_setstat() and _os_getstat(). The _os_ss_size() and
_os_gs_size() interface may not be required by future versions of this
specification and is therefore not recommended for new development.

The option subcodes to be passed in pb code and the data to be
contained in pb param1 are defined as follows. pb param2 is
unused here and should be set to 0 (zero). For _os_ss_size() and
_os_gs_size(), the size argument is the same format as pb param1.

(b) The supported _os_setstat() / _os_ss_size() options must be as
follows.

Subcode passed in pb code is SS2070_OFC (0x23).
Data passed in pb param1 is defined as follows:

Bits Description

31-24 Auto RTS turn-off extension in number of characters
(range:0-255, 0=default).

23-14 Reserved for future use.

13
Inhibit return of error E$Write from _os_write() when
transmit buffer full in FCM# 2, 4, 5 (default=0, 0=error,
1=block)

12 Inhibit variable SCC MRBLR (default =0; 0=NO;
1=inhibit).

11 Inhibit SCC TODR (default=0; 0=NO; 1=inhibit).

10-8 Flow Control Mode Number (FCM#) (range:0-5).

7-0 Subcode SS2070_OFC (0x23).

Variable MRBLR (68360 SCC)
To reduce the IRQ handler overhead, the 68360 SCC driver must use
variable MRBLR as follows. If SS2070_OFC bit 12 is set to 1, the
MRBLR must be fixed at 16 for all baud rates. Variable MRBLR is
not required for SP1 or SP8 on the 2070-1B CPU Module.

    Baud  Rate     MRBLR  Setting

1200 1

2400 2
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4800 4

9600 8

19200 & Higher      16

TODR (68360 SCC only)

TODR requests processing a new TX buffer immediately. To reduce
impact on other serial channel operations, SS2070_OFC bit 11 may be
set to 1 to prevent assertion of TODR. TODR is not required for SP1
or SP8 on the 2070-1B CPU Module.

Subcode passed in pb code is SS2070_IFC (0x22).
Data passed in pb param1 is defined as follows:

Bits Description

31-11 Reserved for Future Use.

10 DCD must be asserted to receive data (default=0; 0=NO; 1=YES).

9-8 Reserved for Future Use.

7-0 Subcode  = SS2070_IFC (0x22).

Subcode passed in pb code is SS2070_SSig (0x1A).
1. If CTS is currently negated and bits 16 – 31 are not all 0:

Setting the SS2070_SSig parameter block bit 11 (send when
CTS is asserted) will cause the controller to send a one-shot
signal as soon as CTS is asserted.
Setting the SS2070_SSig parameter block bit 12 (send when
CTS is negated) will cause the controller to send a one-shot
signal immediately.

2. If CTS is currently asserted and bits 16 – 31 are not all 0:
Setting the SS2070_SSig parameter block bit 11 (send when
CTS is asserted) will cause the controller to send a one-shot
signal immediately.
Setting the SS2070_SSig parameter block bit 12 (send when
CTS is negated) will cause the controller to send a signal
one-shot as soon as CTS is negated.

3. If both bits 11 and 12 of the SS2070_SSig parameter block
are set, and bits 16 – 31 are not all 0:

The controller will send a one-shot signal upon the next
change of CTS state.

 Data passed in pb param1 is defined as follows:
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Bits Description

31-16 A signal number to be sent to calling process when the state
of an input changes.

15-13 Reserved for Future Use.

12 Send signal when CTS is de-asserted.

11 Send signal when CTS is asserted.

10-8 Reserved for Future Use.

7-0 Subcode  = SS2070_SSig (0x1A).

(c) The supported _os_getstat()_ /  _os_gs_size() options must be as
follows.

Subcode passed in pb code is GS2070_Status (0x1C).
Data returned in pb param1 is defined as follows:

Bits Description

31-
16

Current unfilled transmit buffer character count of the serial device
driver.

15-
11 Reserved for Future Use.

10-8 Current Flow Control Mode Number (FCM#).

7 Reserved for Future Use.

6 Overrun error  –0=no error; 1=error has occur since last
GS2070_Status call.

5 Frame error      –0=no error; 1=error has occur since last
GS2070_Status call.

4 Parity error     –0=no error; 1=error has occur since last
GS2070_Status call.

3-2  Reserved for Future Use.

1 DCD state         –0=de-asserted; 1=asserted.

0 CTS state    –0=de-asserted; 1=asserted.

(6) Device drivers compliant with the OS-9 SCFMAN must be provided for
CPU Activity LED Indicator and Day Light Savings time correction
features. The descriptor names must be as follows:

led  =  access to CPU Activity LED Indicator
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dstclock =  access to Daylight Savings Time Clock correction
The  standard  OS-9  SCFMAN  library  calls  and  their  functions  are  as
follows:

error_code  _os_open (char *desc_name, path_id *path); //open
descriptor for command

error_code  _os_close (path_id path);   //close descriptor

error_code  _os_write (path_id path, void *value, u_int32 *data_size);
//set value of     function

*value = 1, turn on LED or enable  DST correction (default)
      *value = 0, turn off LED or disable DST correction

set u_int32*data_size to 1

error_code  _os_read (path_id path, void *value, u_int32 *data_size );
 //get current state

set u_int32*data_size to 1

(7) The Manufacturer must provide the following features to support the TOD
operation and synchronization.

(a) Leap Year and Daylight Savings Time (DST) Adjustments - The OS-
9 System clock / calendar must automatically be adjusted to account
for DST and leap years.

(b) Setting Hardware Clock from OS-9 System Clock – Provide a device
driver compatible with the OS-9 SCFMAN to allow the hardware
TOD clock/calendar to be updated from the OS-9 system clock under
application control. The descriptor name must be “ClockUpdate.”
Opening the descriptor will cause the driver to synchronize the clock
to a minimum of 10 milliseconds resolution. The driver must
compensate for any time elapsed during the process of updating the
hardware clock.

(c) Setting OS-9 System Clock from Hardware Clock - At system power
up, the OS-9 system TOD clock/calendar must automatically be
updated from the hardware TOD clock. The clocks must be
synchronized to a minimum of 10 milliseconds resolution.

(8) The FLASH drive must be protected from corruption. It must be protected
using the Write Protect (WP) bit of the Base Register. This bit must be set
except when explicitly writing to flash. When writing to the FLASH drive
the current sector of FLASH being written must first be backed up in
SRAM. The backup sector copy must be invalidated when FLASH write
operation is completed.
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In case of power failure, the FLASH driver must detect the presence of the
valid backup sector copy in SRAM and read sector data from the valid
backup sector copy. A user write operation must restore the valid backup
sector copy first. Execution of the program module, “FLRESTORE,” in
the Boot Image must also restore the valid backup sector copy to FLASH
drive after a specified delay. “FLRESTORE” must accept a delay
parameter in seconds ranging from 0 to 600 seconds. The default delay
factor is 30 seconds. No more that 150 KB of SRAM to be dedicated to
this purpose.

Warning: Power loss or other interruption while writing to the FLASH
drive may cause FLASH drive file and/or disk corruption. It is therefore
strongly recommended that the FLASH drive be used to hold controller
applications only.

(9) MODEL 2070-1A and 2070-1B CPU modules shall include the following
set of standard OS-9 networking modules in the operating system boot
image, sufficient to support network configuration, startup, and ftp and
telnet servers:

spip, ip0, sptcp, tcp0 spudp, udp0, spraw, raw0, spenet, enet, netdb (dns
version), ipstart, ifconfig, route, ndbmod, ftpd, ftpdc, telnetd, telnetdc,
pkman, pkdrvr, pk, pks, ping, dhcp.

The boot image shall include a default inetdb module with a module
revision of zero. It shall contain the following entries only.
Hosts

localhost     127.0.0.1    me

Protocols
ip                  0   IP
icmp             1   ICMP
igmp             2   IGMP
tcp                6   TCP
udp               17   UDP

Services
ndp                13312/tcp          ndpd
npp                13568/tcp          nppd
echo               7/tcp
echo               7/udp
ftp-data          20/tcp
ftp-data          20/udp
ftp                  21/tcp
ftp                  21/udp
telnet             23/tcp
telnet             23/udp
nameserver    42/tcp
nameserver    42/udp
tftp                 69/tcp
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tftp                 69/udp
The boot image shall include a default inetdb2 module with a module
revision of zero. It shall contain the following entry only:
Interfaces

enet0  binding /spqe0/enet  (no address, netmask, or broadcast)

On the MODEL 2070-1B CPU module, an OS-9 SPF Ethernet hardware
driver and descriptor for the 68360 (SCC1) must be provided in the
operating system Boot Image. The descriptor must be named spqe0.

The following OS-9 modules to be included in the /f0/CMDS/BOOTOBJS
flash disk directory to allow for standard TCP/IP network communications
using Ethernet Protocol over Ethernet hardware and/or Serial Line Internet
Protocol (SLIP) or Point-to-Point Protocol over serial links:

(a) Drivers and Descriptors for PPP.

(b) Drivers and Descriptors for SLIP.

(c) LAN Comm Pak modules: spenet, enet, spip, ip0, sptcp, tcp0, spudp,
udp0, spraw, raw0, sproute, route0, spipcp, ipcp0, splcp, lcp0, sphdlc,
hdlc0, spslip, sps10

(d) Network modules: pkman, pkdvr, pk, pks

(e) Network Trap Handler: netdb_local, netdb_dns

(f) NFS Modules: nfs, nfsnul and nfs_devices.

The following Network utilities must be included and must reside in the
/f0/CMDS directory as identified in this specification:

arp, dhcp,ftp, ftpd, ftpdc, idbdump, idbgen, rpcdbgen, ifconfig, inetd,
ipstart, ndbmod, netstat, ping, route, routed, telnet, telnetdc,
hostname, nfsc, mount, rpcdump, nfsstat, exportfs, portmap, pppd,
chat, pppauth, nfsd, mountd, and showmount.

Multi-user functionality:

The boot image init module must be configured with a “default directory
name” as /f0wp. This will allow login and tsmon to provide the user with
login prompt from the terminal port or from the network via a telnet
session.
The following OS-9 modules to be included in the operating system boot
image for the implementation of multi-user mode.

login, tsmon
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Network Configuration at boot up:
The modules inetdb, inetdb2 and rpcdb must be generated by the make
utility via the use of a makefile and the network configuration files
residing the /f0/ETC directory.  The generated inetdb, inetdb2 and rpcdb
modules to be re-located to the /f0/CMDS/BOOTOBJS directory where
they will be pick-up by the network configuration shell scripts located at
/f0/SYS. Configure the modules with the network default values as
defined in Section 10.B.6. (Data Key) via the interfaces.conf shell script.
Provide a Utility Program named netcfg that reads the CPU Datakey for an
IP Address, Subnet Mask and Default Gateway. If the Datakey is present
and valid, netcfg will set the IP Address, Subnet Mask and Default
Gateway of the Model 2070 Controller when executed by a user at the
command line. The netcfg utility will create a new inetdb, inetdb2 and
rpcdb database module based on the Datakey network parameters. The
new inetdb, inetdb2 and rpcdb modules should be re-located to the
/f0/CMDS/BOOTOBJS directory where they will be pick-up by the
network configuration shell scripts located at /f0/SYS. The netcfg must
also allow the user to read, write and display network parameters to and
from the Datakey via the command line prompt.
If the Datakey is not present or invalid, netcfg must display an error and
exit without altering the network configuration. The netcfg utility must
reside in /f0/CMDS.

Standard Microware File System Configuration:
A user name “super” with password as “user” must be defined in the
password file.

The PPP and SLIP descriptors must have baud rates and ports set as
follows and be stored in the /f0/CMDS/BOOTOBJS directory,

hdlc0 and spsl0 configured to use /sp1 and 38400 bps
hdlc1 and spsl1 configured to use /sp2 and 115200 bps
hdlc2 and spsl2 configured to use /sp3 and 115200 bps
hdlc3 and spsl3 configured to use /sp4 and 38400 bps

Provide a set of example configuration files consistent with the above
networking modules in the /f0/ETC directory.  This directory must contain
the following text files.

hosts, hosts.equiv, networks, protocols, services, inetd.conf,
resolv.conf, hosts.conf, rpc, interfaces.conf, routes.conf.

(10) Standard Microware File System Configuration.

(a) The 2070 must follow Standard Microware File System
Configuration. A /f0/CMDS, /f0/CMDS/BOOTOBJS, /f0/ETC and
/f0/SYS directories implemented. Execute permission must be
included in the attributes of files in the /f0/CMDS directory. Sysgo
will set its execution directory to /f0wp/CMDS prior to spawning
opexec or other processes. The /f0/CMDS/BOOTOBJS must contain
the modules as identified above and other customizable descriptors
and modules.
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The /f0/SYS must also contain the following four standard OS-9
network configuration shell script files: startspf, startnfs, loadspf and
loadnfs.

(b) The /f0/SYS must contain a "password" file. The password file will
follow Microware's password file format for the addition and
configuration of multiuser functionality and password protection. A
user name “super” with password as “user” must be defined in the
password file.

(c) The utilities tar, make, vi, fixmod and mshell must be included in the
/f0/CMDS directory.

c. Application Kernel.

(1) The provided software must boot OS-9 from SYSRESET. The entire
program must be resident in FLASH Memory. Configure the serial port
descriptors with the following defaults:

SP1 & 2  1.2 Kbps, 8-bit word, 1 stop, no parity, no pause, no
echo

SP 3S  614.4 Kbps
SP4  9.6 Kbps, 8-bit word, 1 stop, no parity,

no pause, x on and x off BOTH OFF
SP 5S 614.4 Kbps

SP 6 38.4 Kbps, 8-bit word, 1 stop and no
parity

(2) Hardware initialization, preliminary self-test, OS-9 initialization (except
Extended Memory Test), and forking OPEXEC must be completed in less
than 4 seconds. This startup time will be measured from the release of
SYSRESET to the turn on of the CPU LED using a user level program
named ONLED. The ONLED program must be the last module loaded
into RAM and executed using opexec or a startup file.

(3) Initialization. Configure the boot image init module with the default
directory name as /f0wp and sysgo as the first executable module.

Sysgo must operate as follows:

(a) Sysgo must set the execution directory to /f0wp/CMDS

(b) Sysgo must check if the backspace key (0x08) is being received on
/sp4 (c50s). If received, Sysgo must:

Fork a shell on /sp4 using the current directory.
Remain an active process and monitor the shell for termination. If
the shell does terminate, Sysgo must fork another shell on /sp4.
Unless Sysgo dies, a shell will always be provided on /sp4.
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(c) If the backspace key was not received, Sysgo must check for the
presence of a Datakey. If present and valid, Sysgo will check the
Startup Override byte in the Datakey header.

If Startup Override is 0x01, Sysgo must:
Fork a shell that executes a shell script stored on the Datakey in
the following format.  Immediately following the key header
must be a 2-byte value indicating the length of the script. The
script must immediately follow the length value, and be stored as
ASCII text.
If there is any error reading or starting the script or if the shell
terminates with an error, Sysgo must display an error message on
/sp4 and fork another shell as described in step b. If there are no
errors executing the script, Sysgo must exit without forking
another shell.

If Startup Override is 0x02, Sysgo must:
Fork an executable module stored on the Datakey immediately
following the header.
If there is any error loading or forking the module, Sysgo must
display an error message on /sp4 and fork a shell as described in
step b.  If there are no errors forking the module, Sysgo must then
exit without forking a shell.

(d) If the backspace key was not received and Startup Override was not
performed:

Sysgo must fork the module named /f0wp/OPEXEC if present at
/f0wp.
If there is any error loading or forking OPEXEC, Sysgo must
display an error message on /sp4 and fork a shell as described in
step b. If there are no errors forking OPEXEC, Sysgo must then
exit without forking a shell.

(e) If the backspace key was not received, Startup Override was not
performed, and there is no OPEXEC file:

Sysgo must fork a shell that executes a shell script named
/f0wp/startup if present at /f0wp.
If there is any error reading or starting the script or if the shell
terminates with an error, Sysgo must display an error message on
/sp4 and fork another shell as described in step b. If there are no
errors executing the script, Sysgo must exit without forking
another shell.

(f) If the backspace key was not received, Startup Override was not
performed, and there is no OPEXEC and no startup file:

Sysgo must fork a shell as described in step b.
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(4) A Short Out is defined as the period of time between ACFAIL/POWER
DOWN transition to LOW and back to HIGH without a SYSRESET
transition to LOW. ACFAIL/POWER DOWN transitions must generate
an interrupt. The interrupt updates an OS-9 event named "ACFAIL". The
"ACFAIL" event sets a value 1 indicating an ACFAIL condition occurred
for the DOWN transition and set 0 indicating non-ACFAIL condition for
the HIGH transition. The IRQ7 and auto-vector 31(7) must not be used to
update the "ACFAIL" event.

In addition, the ACFAIL condition must generate the OS-9 auto-vector
30(6) interrupt service. Each interrupt service installed must exit with the
"Carry Bit" set allow OS9 to propagate the ACFAIL interrupt. The
Manufacturer must supply an interrupt handler at priority 255 that
acknowledges and clears the interrupt.

Reserve Priority 1 for the OS-9 system.

(5) A Long Out is defined as ACFAIL transition to LOW follow by a
SYSRESET going LOW. The SYSRESET going HIGH must be followed
by an operating system reboot.

d. Error Handler.

(1) A Manufacturer may include an error handling routine to save
troubleshooting data regarding initialization, power-up test abnormalities
and other error conditions. If used, the error report must be stored in the
file /r0/ErrorReport and not exceed 11 kilobytes in size.

e. Diagnostic Acceptance Test (DAT).

(1) A DAT Program must be provided resident in the 2070 Unit as the
application program.

f. Re-Flash Utility. Provide a Utility Program that would allow the user to
upgrade (re-flash) the Boot Image. This utility must provide the capabilities for
upgrading the Operating System and drivers when available by the
manufacturer. The Utility Program must provide the capability for the user to
dynamically upgrade the Boot Image via the command prompt. The
Manufacturer must also provide a copy in CD Memory of all files originally
stored in the flash drive /f0 so that they can be reloaded as needed.

g. Deliverables.

(1) The following items will be provided to the purchasing DEPARTMENT
on a CD disk readable by a PC compatible computer.

(a) Specific hardware memory addresses, including FLASH, SRAM, and
DRAM starting addresses, must be specified and provided. Written
documentation of addresses must be in PDF form and will have the
file name of “Memory Map.pdf”

(b) Copy of all provided written manuals in PDF form.
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(c) Copies of the vendor kernel, platform drivers and OS-9 utility
executable modules

(d) RE-FLASH Utility and the procedures for its use in PDF form. The
PDF documentation of the procedures must have the file name of
“Reflash Utility Procedures.pdf”.

(2) Fully commented source code of Contractor developed drivers and utilities
must be provided.

(3) OS-9 compliant header files must be provided with all driver modules.

C. Type 2070-2 Field I/O Module (FI/O).

1. Type 2070-2A Module. The TYPE 2070-2A MODULE consists of the Field
Controller Unit; Parallel Input/Output Ports; other Module Circuit Functions
(includes muzzle switch); Serial Communication Circuitry; Module Connectors
C1S, C11S, and C12S mounted on the module front plate; VDC Power Supply
(+12VDC to +5VDC); and required resident software.

2. Type 2070-2B Module. The TYPE 2070-2B MODULE consists of the Serial
Communication Circuitry, VDC Power Supply, and Module Connector C12S
mounted on the module front plate only.

3. Field Controller Unit (FCU). The FCU includes a programmable
microprocessor/controller unit together with all required clocking and support
circuitry.  Provide operational software necessary to meet housekeeping and
functional requirements resident in socketed firmware.

4. Parallel I/O Ports.

a. The I/O Ports must provide 64 bits of input using ground-true logic.  Each
input must be read logic "1" when the input voltage at its field connector input
is less than 3.5 VDC, and be read logic "0" when either the input current is less
than 100 microamperes or the input voltage exceeds 8.5 VDC.  Each input
must have an internal pull-up to the Isolated +12 VDC and not deliver greater
than 20 milliamperes to a short circuit to ground.

b. The I/O Ports must provide 64 bits of output.

(1) Inputs must have the following characteristics:

(a) A voltage between 0 and 4 volts will be considered the Low
(True/Operate) state.

(b) A voltage greater than 8 volts will be considered the High (False)
state.

(c) The transition from the Low state to High state (and vice versa)
occurs between 4 and 8 volts.

(2) Outputs must have the following characteristics:
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(a) The Low (True/Operate) voltage will be between 0 and 3 volts.

(b) Current sinking capability in the Low state will be at least 100
milliamperes.

(c) With an external impedance of 100 kiloOhms or greater, the transition
from 4 to 16 volts (and vice versa) and be accomplished within 0.1
millisecond.

(d) The High state impedance must exceed 1 Megohms to 12 volts DC.

c. Each output must latch the data written and remain stable until either new data
is written or the active-low reset signal.  Upon an active-low reset signal, each
output must latch a logic "0" and retain that state until a new writing.  The state
of all output circuits at the time of Power Up or in Power Down state must be
open (logic 0).  It must be possible to simultaneously assert all outputs within
100 microseconds of each other.  An output circuit state not changed during a
new writing will not glitch when other output circuits are updated.

5. Other Module Circuit Functions.

a. A maximum capacitive load of 100 picofarads must be presented to the
LINESYNC input signal.  The EIA-485 compliant differential LINESYNC
signals must be derived from the LINESYNC signal.

b. Provide an External WDT “Muzzle” Jumper on the board. With the jumper in
and NRESET transitions HIGH (FCU active), the FCU must output a state
change on Output Port 5, bit 8 (Connector C1, pin 103 – Monitor Watchdog
Timer Input) every 100 milliseconds for 10 seconds or due to CPU Command.
When the jumper is missing (open), the feature will not apply. This feature is
required to operate with the Type 210 Monitor Unit only.

c. Provide a WATCHDOG Circuit.  The FIELD I/O software at Power Up with a
value of 100 milliseconds must enable it.  Its enabled state must be machine
readable and reported in the FI/O status byte.  Once enabled, the watchdog
timer must not be disabled without resetting the FI/O.  Failure of the FI/O to
reset the watchdog timer within the prescribed timeout will result in a
hardware reset.

d. One KHz Reference. Provide a synchronizable 1 kilohertz time reference.  It
must maintain a frequency accuracy of +/-0.01% (+/-0.1 counts per second).

e. Provide a 32-bit MILLISECOND COUNTER (MC) for “timestamping.”  Each
1 KHz reference interrupt must increment the MC.

f. Provide a LOGIC Switch resident on the module board. The switch must
function to disconnect Serial Port 3 (SP3) from the external world, Connector
C12S. Its purpose is to prevent multiple use of SP3. Provide an LED on the
module front panel labeled “SP3 ON”. If LED light ON, SP3 is active and
available at C12S.

6. Serial Communications/Logic Circuitry.
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a. System Serial Port 5 (SP5) EIA-485 signal lines must enter the I/O Module
and be split into two multi-drop isolated ports.  Route one to the FCU and the
other converted to EIA-485, then routed to Connector C12S.

b. System Serial Port 3 (SP3) EIA-485 signal lines must enter the I/O module and
be isolated, converted back to EIA-485 and then routed to connector C12S.

c. LINE SYNC and POWER DOWN lines must be split and isolated, one routed
to the FCU for shut down functions and the other changed to EIA-485; then
routed to connector C12S for external module use.

d. CPU RESET and POWER UP (SYSRESET) lines must be isolated and
“OR’d” to form NRESET.  NRESET must be used to reset FCU and other
module devices.  NRESET must also be converted to EIA-485 then routed to
connector C12S.

e. If the Type 2070 module is a –2B, routing to FCU does not apply.

f. Isolation is between internal +5 VDC / Ground #1 and +12 VDC ISO / VDC
Ground #2.  +12 VDC ISO is for board power and external logic.

7. Buffers. Provide a Transition Buffer capable of holding a minimum of 1024
recorded entries.  The Transition Buffer must default to empty.  There must be two
entry types: Transition and Rollover.  The inputs must be monitored for state
transition.  At each transition (If the input has been configured to report transition),
a transition entry must be added to the Transition Buffer.  The MC must be
monitored for rollover.  At each rollover transition ($xxxx FFFF - $xxxx 0000), a
rollover entry must be added to the Transition Buffer.  For rollover entries, all bits
of byte 1 are set to indicate that this is a rollover entry.  Transition Buffer blocks
are sent to the CPU module upon command.  Upon confirmation of their reception,
the blocks must be removed from the Transition Buffer.  The entry types are
depicted as follows:

Input Transition Entry

Description msb       lsb Byte Number

Transition Entry Identifier S  Input Number 1
MC Timestamp NLSB x  x x x x x x x 2
MC Timestamp LSB x  x x x x x x x 3

Millisecond Counter Rollover Entry
Description msb       lsb Byte Number

Rollover Entry Identifier 1  1 1 1 1 1 1 1 1
MC Timestamp MSB x  x x x x x x x 2
MC Timestamp NMSB x  x x x x x x x 3

8. I/O Functions. Each parallel Input/Output function contains all of the functions
listed below of both the Input Function and Output Function.

a. Inputs. Input scanning must begin at I0 (bit 0) and proceed to the highest
numbered input, ascending from LSB to MSB.
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Each complete input scan must finish within 100 microseconds.  Once
sampled, the logic state of an input must be held until the next input scan.
Each input must be sampled 1,000 times per second.  The time interval
between samples must be 1 millisecond (+/-100 microseconds).  If configured
to report, each input that has transitioned since its last sampling must be
identified by input number, transition state, and timestamp (at the time the
input scan began) and be added as an entry to the Transition Buffer.  If
multiple inputs change state during one input sample, these transitions must be
entered into the Input Transition Buffer by increasing input number. The
Millisecond Counter must be sampled within 10 microseconds of the
completion of the input scan.

b. Data Filtering. If configured, the inputs must be filtered by the FCU to remove
signal bounce.  The filtered input signals must then be monitored for changes
as noted. The filtering parameters for each input must consist of Ignore Input
Flag and the ON and OFF filter samples.  If the Ignore Input flag is set, no
input transitions will be recorded.  The ON and OFF filter samples must
determine the number of consecutive samples an input must be ON and OFF,
respectively, before a change of state is recognized.  If the change of state is
shorter than the specified value, the change of state must be ignored.  The ON
and OFF filter values must be in the range of 0 to 255.  A filter value of 0, for
either or both values, must result in no filtering for this input.  The default
values for input signals after reset must be as follows:

Input Signals       Default Value
Filtering          Enabled

    On and off filter values must be set to   5
Transition monitoring Disabled (Timestamps are not

logged)

c. Outputs. Simultaneous assertion of all outputs must occur within 100
microseconds.  Each output must be capable of being individually configured
in state to ON, OFF, or a state synchronized with either phase of LINESYNC.
The condition of the outputs must only be "ON" if the FI/O continues to
receive active communications from the CPU Module.  If there is no valid
communications with the CPU Module for 2.0 seconds, all outputs must revert
to the OFF condition, and the FI/O status byte must be updated to reflect the
loss of communication from the CPU Module.  The data and control bits in the
CPU Module-FI/O frame protocol must control each output as follows:

Output Bit Translation

Case

Output
Data
Bit

Output
Control

Bit Function

A 0 0 Output in the OFF state

B 1 1
Output is a square wave, synchronized to the LINESYNC signal.
When LINESYNC is ON (1), the output is OFF, and when
LINESYNC is OFF (0), the output is ON.
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Case

Output
Data
Bit

Output
Control

Bit Function

C 0 1
Output is a square wave, synchronized to the LINESYNC signal.
When LINESYNC is ON (1), the output is ON, and when
LINESYNC is OFF (0), the output is OFF

D 1 0 Output is in the ON state.

In Case A above, the corresponding output must be turned OFF if previously
ON and if previously OFF remain OFF until otherwise configured.  For half-
cycle switching (cases B and C), all outputs to be changed must be changed
within 50 microseconds after the corresponding LINESYNC transition and
must remain in the same state during the entire half cycle.  In Case D above,
the corresponding output must be turned ON if previously OFF and if
previously ON remain ON until otherwise configured.  All outputs never
change state unless configured to do so.

d. Interrupts. All interrupts must be capable of asynchronous operation with
respect to all processing and all other interrupts.  MILLISECOND Interrupt
must be activated by the 1 kilohertz reference once per milliseconds.  An MC
timestamp rollover flag set by MC rollover must be cleared only on command.
LINESYNC Interrupt - This interrupt must be generated by both the 0-1 and 1-
0 transitions of the LINESYNC signal.  The LINESYNC interrupt must
monitor the MC interrupt and set the MC error flag if there has not been an
interrupt from the 1 kilohertz source for 0.5 seconds (>/=60 consecutive
LINESYNC interrupts).  The LINESYNC interrupt must synchronize the 1
kilohertz time reference with the 0-1 transition of the LINESYNC signal once
a second.  A LINESYNC error flag must be set if the LINESYNC interrupt has
not successfully executed for 0.5 seconds or longer (>/=500 consecutive
millisecond interrupts).

e. Communication Service Routine. A low-level communication service routine
must be provided to handle reception, transmission, and EIA-485
communication faults.  The communication server must automatically:

For Transmission
Generate the opening and closing flags
Generate the CRC value
Generate the abort sequence (minimum of 8 consecutive '1' bits) when
commanded by the FCU
Provide zero bit insertion

For Receiving
Detect the opening and closing flags
Provide address comparison, generating an interrupt for messages
addressed to the I/O Module, and ignoring messages not addressed to the
I/O Module
Strip out inserted zeros
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Calculate the CRC value, compare it to the received value, and generate an
interrupt on an error
Generate an interrupt if an abort sequence is received

f. Communication Processing. The task must be to process the command
messages received from the CPU Module, prepare, and start response
transmission.  The response message transmission must begin within 4
milliseconds of the receipt of the received message.  The time from the receipt
of message to the completion of the commanded task must not exceed 70
milliseconds.

g. Input Processing. This task must process the raw input data scanned in by the 1
ms interrupt routine, perform all filtering, and maintain the transition queue
entries.

9. Data Communications Protocols.

a. Protocols - All communication with the CPU Module must be SDLC-
compatible command-response protocol, support 0 bit stuffing, and operate at a
data rate of 614.4 kilobits per second.  The CPU Module must always initiate
the communication and should the command frame be incomplete or in error,
no FI/O response will be transmitted.  The amount of bytes of a command or
response is dependent upon the I/O Module identification.

(1) The frame type must be determined by the value of the first byte of the
message.  The command frames type values 112-127 and associated
response frame type values 240-255 are allocated to the manufacturer
diagnostics.  All other frame types not called out are reserved.  The
command-response Frame Type values and message times must be as
follows:

Frame Types

Module
Command

I/0
Module

Response
Description Minimum

Message Time
Maximum

Message Time

0-43 128-171 Reserved for NEMA TS-2
49 177 Request Module Status 250 microseconds 275 microseconds

50 178 MILLISECOND CTR.
Mgmt. 222.5 microseconds 237.5 microseconds

51 179 Configure Inputs 344.5 microseconds 6.8750 milliseconds
52 180 Poll Raw Input Data 317.5 microseconds 320 microseconds
53 181 Poll Filtered Input Data 317.5 microseconds 320 microseconds
54 182 Poll Input Transition Buffer 300 microseconds 10.25 microseconds
55 183 Command Outputs 405 microseconds 410 microseconds
56 184 Reserved 340 microseconds 10.25 milliseconds
57 185 Reserved 340 microseconds 6.875 milliseconds
58 186 Configure Watchdog 222.5 microseconds 222.5 microseconds
59 187 Controller Identification 222.5 microseconds 222.5 microseconds
60 188 I/O Module Identification 222.5 microseconds 222.5 microseconds
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Module
Command

I/0
Module

Response
Description Minimum

Message Time
Maximum

Message Time

61-62 189-190 Reserved  (note below) --- ---

63 191 Poll variable length raw
input 317.5 microseconds 320 microseconds

64 192 Variable length command
outputs 405 microseconds 410 microseconds

65 193 Reserved  (note below)
---

---

67 195 Reserved  (note below)
---

---

(2) Messages 61 / 189, 62 / 190, 65 / 193, and 67 / 195 are reserved for ITS
Cabinet Frame Types.  Message 63 / Message 191 must be the same as
Message 52 / 180 except Byte 2 of Message 180 response must denote the
following number of input data bytes. Message 64 / 192 must be the same
as Message 55 / 183 except Byte 2 of the Message 55 Command must
denote the number of output data bytes, plus the following output control
bytes.

b. Request Module Status. The Command must be used to request FI/O status
information response.  Command/response frames are as follows:

Request Module Status Command
Description msb       lsb Byte Number

(Type Number = 49) 0  0 1 1 0 0 0 1 Byte 1
Reset Status Bits P  E K R T M L W Byte 2

Request Module Status Response
Description msb       lsb Byte Number

(Type Number = 177) 1  0 1 1 0 0 0 1 Byte 1
System Status P  E K R T M L W Byte 2
SCC Receive Error Count Receive Error Count Byte 3
SCC Transmit Error Count Transmit Error Count Byte 4
MC Timestamp MSB MC Timestamp MSB Byte 5
MC Timestamp NMSB MC Timestamp NMSB Byte 6
MC Timestamp NLSB MC Timestamp NLSB Byte 7
MC Timestamp LSB MC Timestamp LSB Byte 8

(1) The response status bits are defined as follows:

P  Indicates FI/O hardware reset
      E  Indicates a communications loss of greater than 2 seconds
      K  Indicates the Datakey has failed or is not present

R  Indicates that the EIA-485 receive error count byte has rolled
over
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T  Indicates that the EIA-485 transmit error count byte has
rolled over

      M   Indicates  an  error  with  the  MC  interrupt
      L   Indicates  an  error  in  the  LINESYNC
      W  Indicates that the FI/O has been reset by the Watchdog

(2) The FI/O status byte must be updated (set to '1') to reflect the faults noted
in clause 12. Data Communications Protocols – a.(1).  Each status bit must
only be reset (set to '0') when the corresponding bit of the Request Module
Status Command is a '1'. The Request Module Status Response must
report the current status (subsequent to reset and sampling).

(3) The FI/O must count the number of errored frames the FI/O
Communications Processor reports. Separate counts must be maintained
for transmit and received frames. When an individual count rolls over
(255-0), the corresponding roll-over flag must be set.

(4) FI/O modules with Datakey: On NRESET transition to High or
immediately prior to any interrogation of the Datakey, the FI/O must test
the presence of the Key. If absent, Status Bit “K” must be set to '1' and no
interrogation take place. If an error occurs during the interrogation, Status
Bit “K” must be set to '1'.  FI/O modules without Datakey: Status Bit "K"
must always be set to '1'

(5) The MC timestamp value must be sampled just prior to the Request
Module Status Response.

c. MC Management. MC MANAGEMENT frame must be used to set the value
of the MC.  The 'S' bit must return status '0' on completion.  The 32-bit value
must be loaded into the MC at the next 0-1 transition of the LINESYNC
signal.  The frames are as follows:

Millisecond Counter Management Command
Description msb       lsb Byte Number

(Type Number = 50) 0  0 1 1 0 0 1 0 Byte 1
New MC Timestamp MSB x  x x x x x x x Byte 2
New MC Timestamp NMSB x  x x x x x x x Byte 3
New MC Timestamp NLSB x  x x x x x x x Byte 4
New MC Timestamp LSB x  x x x x x x x Byte 5

Millisecond Counter Management Response
Description msb       lsb Byte Number

(Type Number = 178) 1  0 1 1 0 0 1 0 Byte 1
Status 0  0 0 0 0 0 0 S Byte 2

d. Configure Inputs. The Configure Inputs command frame must be used to
change input configurations.  The command-response frames are as follows:
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Configure Inputs Command

Description msb       lsb Byte Number
(Type Number = 51) 0  0 1 1 0 0 1 1 Byte 1
Number of Items (n) n  n n n n n n n Byte 2
Item # - Byte 1 E Input Number Byte 3(I-1)+3
Item # - Byte 2 Leading edge filter (e) Byte 3(I-1)+4
Item # - Byte 3 Trailing edge filter (r) Byte 3(I-1)+5

Configure Inputs Response
Description msb       lsb Byte Number

(Type Number = 179) 1  0 1 1 0 0 1 1 Byte 1
Status 0  0 0 0 0 0 0 S Byte 2

Block field definitions must be as follows:

E  Ignore Input Flag.   "1" = do not report transitions for this
input, "0" = report transitions for this input

e  A one-byte leading edge filter specifying the number of
consecutive input samples which must be "0" before the input
is considered to have entered to "0" state from "1" state
(range 1 to 255, 0 = disabled)

r  A one-byte trailing edge filter specifying the number of
consecutive input samples which must be "1" before the input
is considered to have entered to "1" state from "0" state
(range 1 to 255, 0 = disabled)

S return status S = '0' on completion or '1' on input error out of
range

e. Poll Raw Input Data. The Poll Raw Input Data frame must be used to poll the
FI/O for the current unfiltered status of all inputs.  The response frame must
contain 8 bytes (2A) or 15 bytes (2B) of information indicating the current
input status.  The frames are as follows:

Poll Raw Input Data Command

Description msb       lsb Byte Number

(Type Number = 52) 0  0 1 1 0 1 0 0 Byte 1

Poll Raw Input Data Response (2070-2A)

Description msb       lsb Byte Number

(Type Number = 180) 1  0 1 1 0 1 0 0 Byte 1
Inputs I0 (lsb) to I7 (msb) x  x x x x x x x Byte 2
Inputs I8 to I63 x  x x x x x x x Bytes 3 to 9
MC Timestamp MSB x  x x x x x x x Byte 10
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Description msb       lsb Byte Number

MC Timestamp NMSB x  x x x x x x x Byte 11
MC Timestamp NLSB x  x x x x x x x Byte 12
MC Timestamp LSB x  x x x x x x x Byte 13

Poll Raw Input Data Response (2070-8)

Description msb       lsb Byte Number

(Type Number = 180) 1  0 1 1 0 1 0 0 Byte 1
Inputs I0 (lsb) to I7 (msb) x  x x x x x x x Byte 2
Inputs I8 to I119 x  x x x x x x x Bytes 3 to 16
MC Timestamp MSB x  x x x x x x x Byte 17
MC Timestamp NMSB x  x x x x x x x Byte 18
MC Timestamp NLSB x  x x x x x x x Byte 19
MC Timestamp LSB x  x x x x x x x Byte 20

f. Poll Filtered Input Data. The Poll Filtered Input Data frame must be used to
poll the FI/O for the current filtered status of all inputs.  The response frame
must contain 8 bytes (2A) or 15 bytes (2B) of information indicating the
current filtered status of the inputs.  Raw input data must be provided in the
response for inputs that are not configured for filtering.  The frames are as
follows:

Poll Filter Input Data Command
Description msb       lsb Byte Number

(Type Number = 53) 0  0 1 1 0 1 0 1 Byte 1

Poll Filter Input Data Response (2070-2A)

Description msb       lsb Byte Number

(Type Number = 180) 1  0 1 1 0 1 0 0 Byte 1
Inputs I0 (lsb) to I7 (msb) x  x x x x x x x Byte 2
Inputs I8 to I63 x  x x x x x x x Bytes 3 to 9
MC Timestamp MSB x  x x x x x x x Byte 10
MC Timestamp NMSB x  x x x x x x x Byte 11
MC Timestamp NLSB x  x x x x x x x Byte 12
MC Timestamp LSB x  x x x x x x x Byte 13

Poll Filter Input Data Response (2070-8)
Description msb       lsb Byte Number

(Type Number = 181) 1  0 1 1 0 1 0 1 Byte 1
Inputs I0 (lsb) to I7 (msb) x  x x x x x x x Byte 2
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Description msb       lsb Byte Number
Inputs I8 to I119 x  x x x x x x x Bytes 3 to 16
MC Timestamp MSB x  x x x x x x x Byte 17
MC Timestamp NMSB x  x x x x x x x Byte 18
MC Timestamp NLSB x  x x x x x x x Byte 19
MC Timestamp LSB x  x x x x x x x Byte 20

g. Poll Input Transition Buffer. The Poll Input Transition Buffer frame must poll
the FI/O for the contents of the input transition buffer.  The response frame
must include a three-byte information field for each of the input changes that
have occurred since the last interrogation.  The frames are as follows:

Poll Input Transition Buffer Command
Description msb       lsb Byte Number

(Type Number = 54) 0  0 1 1 0 1 1 0 Byte 1
Block Number x  x x x x x x x Byte 2

Poll Input Transition Buffer Response

Description msb       lsb Byte Number

(Type Number = 182) 1  0 1 1 0 1 1 0 Byte 1
Block Number x  x x x x x x x Byte 2
Number of Entries x  x x x x x x x Byte 3
Item # S Input Number Byte 3(I-1)+4
Item # MC Timestamp NLSB x  x x x x  x x x Byte 3(I-1)+5
Item # MC Timestamp LSB x  x x x x  x x x Byte  3(I-1)+6
Status 0  0 0 0 C F E G Byte 3(I-1)+7
MC Timestamp MSB x  x x x x  x x x Byte 3(I-1)+8
MC Timestamp NMSB x  x x x x  x x x Byte 3(I-1)+9
MC Timestamp NLSB x  x x x x  x x x Byte 3(I-1)+10
MC Timestamp LSB x  x x x x  x x x Byte 3(I-1)+11

(1) Each detected state transition for each active input (see configuration data)
is placed in the queue as it occurs.  The FI/O must set the 'F' bit to '1' when
attempting to record a transition and the Transition Buffer is full.  While
the Transition Buffer is full, all subsequent entries must be discarded.  Bit
definitions are as follows:

 S   Indicates the state of the input after the transition
 C   Indicates the 255 transition entries limit has been exceeded
 F   Indicates the transition buffer limit has been exceeded

G  Indicates the requested block number is out of monotonic
increment sequence

E  Same block number requested, E is set in response

(2) The Block Number byte is a monotonically increasing number
incremented after each command issued by the CPU Module.
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When the FI/O Module receives this command, it must compare the
associated Block Number with the Block Number of the previously
received command.  If it is the same, the previous buffer must be re-sent to
the CPU Module and the 'E' flag set in the status response frame.  If it is
not equal to the previous Block Number, the old buffer must be purged
and the next block of data sent.  If the block number is not incremented by
one, the status G bit must be set. The block number received becomes the
current number (even if out of sequence).  The Block Number byte sent in
the response block must be the same as that received in the command
block.  Counter rollover must be considered as a normal increment.

(3) The Timestamp must equal the MC value at the time the Poll Input
Transition Buffer Response is generated.

h. Set Outputs. The Set Outputs frame must be used to command the FI/O to set
the Outputs according to the data in the frame.  If there is any error configuring
the outputs, the 'E' flag in the response frame must be set to '1'.  If the
LINESYNC reference has been lost, the 'L' bit in the response frame must be
set.  Loss of LINESYNC reference must also be indicated in system status
information. The output bytes depend upon field I/O module.  These command
and response frames are as follows:

Set Outputs Command
Description msb       lsb  Byte  Number

(Type Number = 55) 0 0 1 1 0 1 1 1 Byte 1
Outputs O0 (lsb) to O7 (msb) Data x x x x x x x x Byte 2
Outputs O8 to O103 Data x x x x x x x x Bytes 3 to 14
Outputs O0 (lsb) to O7 (msb) Control x x x x x x x x Byte 15
Outputs O8 to O103 Control x x x x x x x x Bytes 16 to 27

Set Outputs Response
Description msb       lsb Byte Number

(Type Number = 183) 1  0 1 1 0 1 1 1 Byte 1
Status 0  0 0 0 0 0 L E Byte 2

i. Configure Watchdog. The Configure Watchdog frames must be used to change
the software watchdog timeout value.  The Command and response frames are
as follows:

Configure Watchdog Command
Description msb       lsb Byte Number

(Type Number = 58) 0  0 1 1 1 0 1 0 Byte 1
Timeout Value x  x x x x x x x Byte 2
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Configure Watchdog Response
Description msb       lsb Byte Number

(Type Number = 186) 1  0 1 1 1 0 1 0 Byte 1
Status 0  0 0 0 0 0 0 Y Byte 2

(1) The timeout value must be in the range between 10 to 100 milliseconds.  If
the value is lower than 10, 10 must be assumed.  If the value is greater
than 100, 100 must be assumed.

(2) On receipt of this frame, the watchdog timeout value must be changed to
the value in the message and the “Y” bit set.  The response frame bit (Y)
must indicate a '1' if the watchdog has been previously set and a '0' if not.

j. Controller Identification. This is a legacy message command / response for
FI/O modules with Datakey resident.  Upon command, a response frame
containing the 128 bytes of the Datakey  See previous sections on Request
Module Status for FI/O Status Bit ‘K’ definition.  If “K” bit set, only the first
two bytes must be returned. The Command and Response frames are as
follows:

Controller Identification Command
Description msb       lsb Byte Number

(Type Number= 59) 0  0 1 1 1 0 1 1 Byte 1

Controller Identification Response
Description msb       lsb Byte Number

(Type Number = 187) 1  0 1 1 1 0 1 1 Byte 1
Status 0  0 0 0 0 0 0 K Byte 2
Datakey x  x x x x x x x Bytes 3 to 130

k. Module Identification. The I/O Module Identification Command frame must be
used to request the FI/O Identification value. A response of "1" must be
returned by 2070-2A, "2" by 2070-8, "3" is reserved for NEMA TS 2 Type 1
FI/O and "32 to 40" are reserved for ITS Cabinets. The command and response
frames are shown as follows:

I/O Module Identification Command
Description msb       lsb Byte Number

(Type Number = 60) 0  0 1 1 1 1 0 0 Byte 1

I/O Module Identification Response
Description msb       lsb Byte Number

(Type Number = 188) 1  0 1 1 1 1 0 0 Byte 1
FI/O I D byte x  x x x x x x x Byte 2
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D. Type 2070-3 Front Panel Assembly.

1. General. The Type 2070-3 Front Panel Assembly (FPA) must be delivered with one
of the three options as defined in this clause.  All options must consist of a panel
with Latch assembly and two TSD #1 hinge attaching devices, assembly PCB,
external serial port connector(s), CPU active LED indicator, and FP Harness
Interface.  The options must include the additional features, as follows:

Option 3A FPA controller, two keyboards, AUX switch, alarm bell
and Display A

Option 3B  FPA controller, two keyboards, AUX switch, alarm bell
and Display B - required for NEMA compliance (TS-1
& TS-2 type1) 8 x 40 display with 2 keypads

Option 3C  System Serial Port 6 Lines, isolated and vectored to
Connector C60S.

2. Keyboards. Provide two KEYBOARDS , one with sixteen keys for hexadecimal
alphanumeric entry and the other with twelve keys to be used for cursor control and
action symbol entry.  Engrave or emboss each key with its function character.  Each
key must have an actuation force between 50 and 100 grams and provide a positive
tactile indication of contact closure.  Key contacts must be hermetically sealed,
have a design life of over one million operations, be rated for the current and
voltage levels used, and stabilize within 5 milliseconds following contact closure.

3. CPU Active Indicator. The cathode of the CPU ACTIVE LED INDICATOR must
be electrically connected to the CPU Activity LED signal and be pulled up to +5
VDC.

4. Display. The DISPLAY must consist of a Liquid Crystal Display (LCD), a
backlight, and a contrast potentiometer control.  Display A must have 4 lines of 40
characters each with a minimum character dimensions of 0.20 in. wide by 0.41 in.
high and an electro -luminescent (EL) backlight.  Display B must have 8 lines of 40
characters each with minimum dimensions of 0.10 in. wide by 0.17 high and either
LED or EL backlight.

a. Each character must be composed of a 5 x 7 dot matrix with an underline row
or a 5 x 8 dot matrix.  The viewing angle of the LCD must be optimized for
direct (90 degrees) viewing, +/-35 degrees vertical, +/-45 degrees horizontal.
The LCD must have variable contrast with a minimum ratio of 4:1.  The LCD
must be capable of displaying, at any position on the Display, any of the
standard ASCII characters as well as user-defined characters.

b. The backlight must be turned on and off by the Controller Circuitry.  The
backlight and associated circuitry must consume no power when in off state.
A potentiometer must control the LCD contrast with clockwise rotation
increasing contrast.  The contrast must depend on the angular position of the
potentiometer, which must provide the entire contrast range of the LCD.
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c. Cursor display must be turned ON and OFF by command.  When ON, the
cursor must be displayed at the current cursor position.  When OFF, no cursor
is to be displayed.  All other cursor functions (positioning, etc.) must remain in
effect.

5. FPA Controller. The FPA CONTROLLER must function as the Front Panel Device
controller interfacing with the CPU Module.

a. Provide a FPA RESET Switch on the Assembly PCB.  The momentary
CONTROL switch must be logic OR'd with the CPU RESET Line, producing
a FPA RESET Output.  Upon FPA RESET being active or receipt of a valid
Soft Reset display command, the following must occur:

(1) Auto-repeat, blinking, auto-wrap, and auto-scroll must be set to OFF.

(2) Each special character must be set to ASCII SPC (space).

(3) The tab stops must be set to columns 9, 17, 25, and 33.

(4) The backlight timeout value must be set to 6 (60 seconds).

(5) The backlight must be extinguished.

(6) The display must be cleared (all ASCII SPC).

(7) The FPA module must transmit a power up string through /sp6 to the CPU
once power is applied to the FPA, or the FPA  hardware RESET
BUTTON IS PUSHED.  The string is “ESC [PU”, hex value “1B 5B 50
55”.

b. When a keypress is detected, the appropriate key code must be transmitted to
SP6-RxD.  If two or more keys are depressed simultaneously, no code is to be
sent.  If a key is depressed while another key is depressed, no additional code
is to be sent.

c. Auto-repeat must be turned ON and OFF by command.  When ON, the key
code must be repeated at a rate of 5 times per second starting when the key has
been depressed continuously for 0.5 second, and must terminate when the key
is released or another key is pressed.

d. When the AUX Switch is toggled, the appropriate AUX Switch code must be
transmitted to the CPU.

e. The controller circuitry must be capable of composing and storing eight special
graphical characters on command, and displaying any number of these
characters in combination with the standard ASCII characters.  Undefined
characters must be ignored.  User-composed characters must be represented in
the communication protocol on Page 9-7-12.  P1 represents the special
character number (1-8).  Pn's represent columns of pixels from left to right.
The most significant bit of each Pn represents the top pixel in a column and the
least significant bit must represent the bottom pixel.  A logic ‘1’ must turn the
pixel ON.  There must be a minimum of 5 Pn's for 5 columns of pixels in a
command code sequence terminated by an "f."
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If the number of Pn's are more than the number of columns available on the
LCD, the extra Pn's must be ignored.  P1 and all Pn's must be in ASCII coded
decimal characters without leading zero.

f. Character overwrite mode must be the only display mode supported.  A
displayable character received must always overwrite the current cursor
position on the Display.  The cursor must automatically move right one
character position on the Display after each character write operation.  When
the rightmost character on a line (position 40) has been overwritten, the cursor
position must be determined based on the current settings of the auto-wrap
mode.

g. Auto-wrap must be turned ON & OFF by command.  When ON, a new line
operation must be performed after writing to position 40.  When OFF, upon
reaching position 40, input characters must continue to overwrite position 40.

h. Cursor positioning must be non-destructive.  Cursor movement must not affect
the current display, other than blinking the cursor momentarily and
periodically hiding the character at that cursor position.

i. Blinking characters must be supported, and be turned ON and OFF by
command.  When ON, all subsequently received displayable characters must
blink at the rate of 1 Hertz with a 60% ON / 40% OFF duty cycle.  It must be
possible to display both blinking and non-blinking characters simultaneously.

j. Tab stops must be configurable at all columns.  A tab stop must be set at the
current cursor position when a SetTabStop command is received.  Tab Stop(s)
must be cleared on receipt of a ClearTabStop command.  On receipt of the HT
(tab) code, the cursor must move to the next tab stop to the right of the cursor
position.  If no tab stop is set to the right of the current cursor position, the
cursor must not move.

k. Auto-scroll must be turned ON and OFF by command.  When ON, a Line Feed
or new line operation from the bottom line must result in the display moving
up one line.  When OFF, a Line Feed or new line from the bottom line must
result in the top line clearing, and the cursor being positioned on the top line.

l. The display must have a buffer.  The screen must be refreshed from the buffer
at a rate of no less than 20 times per second.

m. The Display back light must illuminate when any key is pressed and illuminate
or extinguish by command.  The backlight must extinguish when no key is
pressed for a specified time.  This time must be program selected by command,
by a number in the range 0 to 63 corresponding to that number of 10-second
intervals.  A value of 1 must correspond to a timeout interval of 10 seconds.  A
value of 0 must indicate no timeout.

n. The Command Codes must use the following conventions:

(1) Parameters and Options: Parameters are depicted in both the ASCII and
hexadecimal representations as the letter 'P' followed by a lower-case
character or number.  These are interpreted as follows:
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Pn: Value parameter, to be replaced by a value, using one ASCII
character per digit without leading zeros.

P1: Ordered and numbered parameter.  One of a listed known
parameters with a specified order and number  (Continues with P2,
P3, etc.)

Px: Display column number (1-40), using one ASCII character per digit
without leading zero.

Py: Display line (1-4) one ASCII character
...: Continue the list in the same fashion

Values of 'h' (0x68) and 'l' (0x6C) are used to indicate binary operations.
'h' represents ON (high), 'l' represents OFF (low).

(2) ASCII Representation: Individual characters are separated by spaces; these
are not to be interpreted as the space character, which is depicted by SPC.

(3) Hexadecimal Representation: Characters are shown as their hexadecimal
values and will be in the range 0x00 to 0x7F (7 bits).

o. The Controller Circuit must communicate via a SP6 asynchronous serial
interface.  The interface must be configured for 38.4 kilobits per second, 8 data
bits, 1 stop bit, and no parity.

p. C50 ENABLE function when grounded by pins 1 and 5, must be brought to
Connectors A1, pin B21 for the purpose of disabling the module channel 2,
(SP4).

6. Electronic Bell. The Front Panel must include an electronic bell to signal receipt of
(0x07).  The bell must sound at 2,000 Hertz, with a minimum output rating of 85
dB upon receipt of (0x07).  Receipt of all other characters and ESC codes must
continue during the time the bell sounds.

D. Type 2070-4 Power Supply Module.

1. General. The Type 2070-4A Power Supply Module must be independent, self
contained Module, vented, and cooled by convection only.  The Module must slide
into the unit’s power supply compartment from the back of the Chassis and be
attached to the Backplane Mounting Surface by its four TSD #3 Devices.

a. The Type 2070-4B Module must meet the same requirements as the 2070-4A,
except for 3.5 amperes of +5 VDC.

2. Module Front. An "On/Off" POWER Switch, four LED DC Power Indicators, PS
Receptacle POWER Connectors, and the Incoming AC Fuse protection must be
provided on the Module Front.  The LED DC POWER Indicators must indicate all
required DC voltages meet the following conditions: the +5 VDC is within 5% and
the 12 VDC is within 8% of their nominal levels.



69-108 8245--CoSA
ADDENDUM NO.5 02-09

3. Input Protection. Provide two 0.5-Ohm, 10-watt wire-wound power resistors with a
0.2 micro Henries inductance (one on the AC+ Line & on the AC- Line). Provide
three 20 Joule surge arrestors between AC+ to AC-, AC+ to EG, and AC- to EG.  A
0.68 µF capacitor must be placed between AC+ & AC- (between the resistor &
arrestors).

4. +5VDC Standby Power. Provide +5 VDC STANDBY POWER to hold up
specified circuitry during the power down period.  It must consist of the monitor
circuitry, hold up capacitors, and charging circuitry. Provide a charging circuit that
under normal operation, fully charges and float the capacitors consistent with the
manufacturers’ recommendations. The Hold Up power requirements must be a
minimum constant drain of 600 microamperes at a range of +5 VDC to +2 VDC for
over 600 minutes.

5. Monitor Circuitry. Provide MONITOR CIRCUITRY to monitor incoming AC
Power for Power Failure and Restoration and LINESYNC generation.

a. The ACFAIL/POWER DOWN Output Lines must go LOW (ground true)
immediately upon Power Failure.  The Lines must transition to HIGH at Power
Restoration.  The Lines must be driven separately. The
SYSRESET/POWERUP Output Lines must transition to LOW 525 +/-25
milliseconds after ACFAIL/POWER DOWN transition to LOW.  The Lines
must transition to HIGH 225 +/-25 milliseconds after Power Restoration and
the supply is fully recovered.  The Lines must be driven separately.

b. The monitor circuitry must switch the +5 VDC Standby ON immediately upon
Power Failure and isolate (OFF) the line at Power Up.

c. The 60 Hz Square Wave LINESYNC signal must be generated by a crystal
oscillator, which must be synchronized to the 60-Hertz  VAC incoming power
line at 120 and 300 degrees.  A continuous square wave signal must be +5
VDC amplitude, 8.333 milliseconds half-cycle pulse duration, and 50 +/-1%
duty cycle.  The output must have drive sink capability of 16 milliamperes.  A
2 K-Ohm pull-up resistor must be connected between the output and +5 VDC.
The monitor circuit must compensate for missing pulses and line noise during
normal operation.

d. The LINESYNC must continue until SYSRESET transitions LOW and begin
when SYSRESET transitions HIGH.

6. Power Supply Requirements.

Voltage Tolerances I Minimum I Maximum

+5 VDC +4.875 to +5.125
VDC 1.0 ampere 10.0 ampere- MODULE 2070-4A

3.5 ampere– MODULE 2070-4B
+12 VDC Serial +11. 4 to +12. 6 VDC 0.1 ampere 0.5 ampere
-12 VDC Serial -11. 4 to –12. 6 VDC 0.1 ampere 0.5 ampere

+12 VDC +11. 4 to +12. 6 VDC 0.1 AMP 1.0 AMP
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a. Line/Load Regulation. Line / Load Regulation must meet the table tolerance
values for voltage range of 90 to 135 VAC, the maximum and minimum loads
called out in the table and including ripple noise.

b. Efficiency. 70% minimum.

c. Ripple and Noise. Less than 0.2% RMS, 1% peak to peak or 50 millivolts,
whichever is greater.

d. Voltage Overshoot. No greater than 5%, all outputs.

e. Overvoltage Protection. 130% V out for all outputs.

f. Circuit Protection. Automatic recovery upon removal of fault.

g. Inrush Current. Cold Start Inrush must be less than 25 amperes at 115VAC.

h. Transient Response. Output voltage back to within 1% in less than 500
microseconds on a 50% Load change.  Peak transient not to exceed 5%.

i. Holdup Time. The power supply must supply 30 watts minimum for 550
milliseconds after ACFAIL going LOW.  The supply must be capable of
holding up the Unit for two 500 milliseconds Power Loss periods occurring in
a 1.5-second period.

j. Remote Sense. +5 VDC compensates 250 millivolts total line drop.  Open
sense load protection required.

E. Unit Chassis and Type 2070-5 VME Cage Assembly.

1. General.

a. The Chassis consists of the metal housing, Serial Motherboard, Back-plane
Mounting Surface, Power Supply Module Supports, slot card guides, Wiring
Harnesses, and Cover Plate(s).

b. All external screws must be countersunk and be Phillips flat head stainless
steel type.

c. The housing must be treated with clear chromate and the slot designation
labeled on the back-plane mounting surface above the upper slot card guide.

d. The Chassis must be cooled by convection only.  The top and bottom pieces of
the housing must be slotted for vertical ventilation.

2. Serial Motherboard. Serial Motherboard must function as support for its
connectors, A1 to A5 and FP, and as the interface between the CPU and the
dedicated modules/Front Panel carrying both serial communications, logic, and
power circuits.  The PCB must be multi-layered, with one layer plane assigned to
DC Ground.

a. A wiring harness PS2 must be provided between the Type 2070-4 Power
Supply and the Motherboard PCB (provide strain relief).  Test points must be
provided on the FPA side of the Motherboard for PS2 lines.
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b. A wiring harness FP must be provided, linking the Motherboard with the FPA.

3. Type 2070-5 VME Cage Assembly. Type 2070-5 VME Cage Assembly must
consist of 3U five slot/connector VME Cage, Front Mounting Plate, and PS1
Harness.  The VME Cage must conform to VME Standard IEEE P1014/D12 for 3U
Cage.  All slot/connectors must be A24:D16 Interface.

4. Type 2070-1A CPU Main Controller Board. The Type 2070 – 1A CPU Main
Controller Board must either be affixed to the Transition Board via at least four
stand-off devices or mounted in a one slot VME board assembly (removable). A
PS1L Harness must be supplied with one end mating to the PS1 power supply
connector and the other end mated to the MCB DIN Connector. A 100-Ohm
resistor per line must terminate the VME bus lines.

F. Details.
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Figure 3
Chassis Front View
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Figure 4
Chassis Rear View
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Figure 5
Chassis Top View
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Figure 6
Chassis Motherboard
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Figure 7
Motherboard A Connector Pin Assignment
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Figure 8
System PCB Modules General
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Figure 9
2070-1A, 2070-1B and 2070-1C CPU Modules
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Figure 10
Field I/O Modules
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Figure 11
Field I/O Module, C1 & C11 Connectors
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Figure 12
Front Panel Assembly
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Figure 13
Front Panel Assembly Key Codes
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Figure 14
Front Panel Assembly Key Codes
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Figure 15
Power Supply Module
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Figure 16
VME Cage Assembly
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11. Type 2070 Peripheral Equipment.

A. General Notes.

1. The 2070-6x and 2070-7x modules must provide circuitry to disable its Channel 2
and EIA-232 control lines (TX, RX, RTS, CTS, and DCD) when a ground true
state is present at Connector A1, Pin B21 (C50 Enable).  The disable lines must be
pulled up on this module.

2. Line drivers/receivers must be socket mounted or surface mounted.

3. Isolation circuitry must be opto- or capacitive-coupled isolation technologies.  Each
module’s circuit must be capable of reliably passing a minimum of 1.0 megabits
per second.

4. The Comm modules must be “Hot” swappable without damage to circuitry or
operations.

B. Type 2070-6 A & B Async/ Modem Serial Comm Modules

1. Power Requirements. A fused isolated +5 VDC with a minimum of 100
milliamperes power supply must be provided for external use.

Option – Bourns MF – MSMD020 PTC (Positive Temperature Coefficient)
Resettable Fuse, or approved equal, allowed.

2. Logic Switches. Two LOGIC switches per circuit must be provided (faceplate
mounted).

a. One logic switch must be used to vertically switch between Half-Duplex
(Down) and Full-Duplex (Up).  In Half-Duplex mode, the Transmit
connections must be used for both Receive and Transmit.

b. A MODEM Enable switch must be provided such that when in the UP Position
must enable MODEM and disable MODEM in the DOWN Position.

3. Circuitry. Two circuits, designated CIRCUIT #1 and CIRCUIT #2, must be
provided. Both circuit functions must be identical, except for their Serial
Communications Port and external connector (CIRCUIT #1 to SP1 [or SP3] and
C2S Connector and CIRCUIT #2 to SP2 [or SP4] and C20S Connector).  The
Circuits must convert the 2070 UNIT Motherboard SP EIA-485 signals to/from
board TTL level signals, isolate and drive the converted EIA-232 Signals
interfacing with their associated MODEM and external connector.

a. Modem Requirements. Each CIRCUIT must have a MODEM with the
following requirements:

(1) Data Rate: Baud modulation of 300 to 1200 for Module 2070-6A and 0 to
9600 for Module 2070-6B.

(2) Modulation: Phase coherent frequency shift keying (FSK).

(3) Data Format: Asynchronous, serial by bit.
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(4) Line & Signal Requirements: Type 3002 voice-grade, unconditioned Tone
Carrier Frequencies (Transmit and Receive):2070-6A - 1.2 KHz MARK
and 2.2 KHz SPACE, +/-1% tolerance.  2070-6B - 11.2 KHz MARK and
17.6 KHz SPACE, +/-1% tolerance. The operating band must be (half
power, -3 dB) between 1.0 KHz & 2.4 KHz for 2070-6A and 9.9 KHz &
18.9 KHz for 2070-6B.

(5) Transmitting Output Signal Level: 0, -2, -4, -6, and -8 dB (at 1.7 KHz for
2070-6A & 14.7 KHz for 2070-6B) continuous or switch selectable.

(6) Receiver Input Sensitivity: 0 to -40 dB.

(7) Receiver Bandpass Filter: Must meet the error rate requirement specified
below and provide 20 dB/octave, minimum active attenuation for all
frequencies outside the operating band.

(8) Clear-to-Send (CTS) Delay: 11 +/-3 milliseconds.

(9) Receive Line Signal Detect Time: 8 +/-2 milliseconds mark frequency.

(10) Receive Line Squelch: 6.5 (+/-1) milliseconds, 0 milliseconds (OUT).

(11) Soft Carrier Turn Off Time: 10 +/-2 milliseconds (0.9 kilohertz for 2070-
6A and 7.8 kilohertz for 2070-6B). When the RTS is unasserted, the
carrier must turn off or go to soft carrier frequency.

(12) Modem Recovery Time: Capable of receiving data within 22 milliseconds
after completion of transmission.

(13) Error Rate: Must not exceed 1 bit in 100 kilobits, with a signal-to-noise
ratio of 16 dB measured with flat-weight over a 300 to 3,000 Hertz band.

(14) Transmit Noise: Less than -50 dB across 600-ohms resistive load within
the frequency spectrum of 300 to 3,000 Hertz at maximum output.

(15) Modem interface: EIA-232 Standards.

4. Control Switch. A CONTROL switch must be provided on the module front panel
to turn ON (Up) / OFF (Down) all module power.

C. Type 2070-7A & 7B Async Serial Comm Module

1. Circuitry. Two circuits, designated CIRCUIT #1 and CIRCUIT #2, must be
provided. Their functions are identical, except for the CPU Serial Communications
Port and external connector (CIRCUIT #1 to SP1 [or SP3] and Connector C21S
and CIRCUIT #2 to SP2 [or SP4] and Connector C22S).

2. 2070-7A. Each circuit must convert its EIA-485 signal lines (RX, TX, RTS, CTS
and DCD) to / from board TTL Level Signals; isolate both signal and ground; and
drive / receive external EIA-232 devices via C21 / C22 Connectors. Connectors
must be DB-9S type.
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3. 2070-7B. Each circuit EIA -485 signal lines, (RX, TX, TXC (I), TXC (O) and
RXC) and associated signal ground must be board terminated to matching
drivers/receivers; isolated both signal and ground, and drive/receiver external EIA-
485 devices via C21/C22 Connectors. Connectors must be DB-15S type.

4. Indicators. Each circuit signal TX and RX line must have an LED Indicator
mounted on the front plate and labeled to function.

D. Details.

Table of Contents
Type 2070-6 - Async/Modem Serial Comm Module Figure17
Type 2070-7 - Serial Comm Module Figure18
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Figure 17
Async/Modem Serial Comm Module
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Figure 18
Serial Comm Module
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12. NEMA Module.

A. Type 2070N Controller Unit.
General. This section covers two versions of Type 2070 / NEMA Standard
Controller Units.  The versions associate with NEMA TS1 and NEMA TS2
Type 1 Standards as described in 3. General Requirements B.

1. Serial Port 5 Frame Address. The Serial Port 5 Frame Address for 2070-2N and
2070-8 must be “20”.

B. 2070-2N Field I/O Module.

1. Interfaces. The 2070-2N Field I/O Module provides a TS2-1 compatible SDLC
interface via  2070 Serial Port 3, AC Power to the 2070 Unit and Fault Monitor
Logic Output via 2070 Serial Port 5 and  Output  Frame Byte 9 Bit 6 to the NEMA
TS2  Cabinet Monitor Unit (CMU).

2. Type 2070-2N Module Requirements. The Module must meet the 2070–2A
Module Requirements with the following exceptions:

No C1, C11 and C12 Connectors on the front panel of the module
No 64 inputs / 64 outputs requirements
Serial Port 5 routed to the FCU MPU Device only
Serial Port 3 must not have a disabling switch

3. Physical. The module must be a 4X type board / front panel with three connectors.
The connectors are 10 Pin Connector A, a NEMA 5-15 Receptacle and a 15 Pin DB
15S C14 Connector.

4. Power. Incoming 2070 AC Power is derived from Connector A Pin C (AC+), Pin A
(AC-), and Pin H (Equipment Ground). The power is directly routed to the NEMA
5-15 Receptacle. Connector A must intermate with a NEMA TS2 Type 1
(MS3106O-18-1S) cable.

5. Serial Port 3 Isolation. The module must isolate 2070 Serial Port 3 from the A3
Connector and reconvert the lines to external EIA 485 drivers/receivers that must
be terminated at C14 Connector. The Port must be clocked at 153.6 kilobits per
second.

6. FCU Output. An FCU output must drive an open collector transistor whose output
must be routed to Connector A Pin F for use as a FAULT MONITOR Output.  The
transistor must be capable of sinking 200 milliamperes at 30 VDC.

7. Connector Pin Assignments. Connectors A and C14 pin out and functions are as
follows:
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Connector A

Pin Function Pin Function Pin Function

A AC Neutral E NA I NA

B NA F Fault Monitor J NA

C AC Line G DC#2 Ground

D NA H Equip Ground

Connector C14S

Pin Function Pin Function Pin Function

1 TX Data+ 6 DC Ground 11 TX Clock -

2 DC Ground 7 RX Clock + 12 Equip Ground

3 TX Clock+ 8 DC Ground 13 RX Data -

4 DC Ground 9 TX Data - 14 NA

5 RX Data+ 10 NA 15 RX Clock –

8. TS2 BIU Control. Serial Port 3 must control the TS2 BIU Units using SDLC
Protocol that meets the NEMA TS2 Type 1 Frame Command / Response
Standards.

C. 2070-4N (A or B) POWER SUPPLY MODULE.

1. Requirements. The 2070-4N Power Supply Module supports the NEMA TS1 and
TS2 Standards.  The module is identical to the 2070-4N (A and B) Power Supply
Requirements except for the following:

a. The power cord must have a 15 in. +/- 1 in. length as measured from the panel
to the plug tips.

b. The AC Power Fail voltage must be 85VAC +/-2VAC.

c. The AC Power Restore voltage must be 90VAC +/-2VAC.

d.  The 2070-4N (A or B) power supply must have proper marking Example
“2070 4N (A or B)”.  A permanent sticker is an acceptable marking method.

D. Type 2070- 8 Field I/O Module.

1. Type 2070-8 Field I/O Module. The Module consists of the Module Chassis,
Module Power Supply, FCU Controller, Parallel Input/Output Ports, Serial
Communications Circuits and Module Connectors.  The Module CHASSIS must be
made of 0.06-inch minimum aluminum sheet and treated with clear chromate.
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All external screws, except where called out, to be countersunk and be Phillips flat
head stainless steel.  The matching nuts must be permanently captive on the mating
surfaces.

2. Module Front Panel. The MODULE FRONT PANEL must be furnished with the
following:

a. ON/OFF POWER Switch mounted vertically with ON in the UP position.

b. 2. LED DC Power Indicator. The indicator must indicate that the required
+ 5 VDC is within 5% and the +24 VDC is within 8%.

c. Incoming VAC fuse protection.

d. Two DB-25S COMM connectors labeled "EX1" & "EX2."

e. Four NEMA Connectors A, B, C, & D.

3. Label. A permanent LABEL must be affixed to the Front Panel. The label must
display the unit's serial number. The number must be permanent and easy to read.

4. Module Power Supply. A MODULE POWER SUPPLY must be provided and
located on the right side of the module as viewed from the front. The supply must
provide the necessary module internal circuitry DC power plus 2.0 Amperes
minimum of +24 VDC for external logic, detector inputs, and output load control.
The supply must meet the following requirements:

a. Input Protection (See 10.E.3.).

b. Power Supply Requirements (See 10.E.6.).

c. DC Voltage Tolerances. DC Voltage tolerances must be +/-3%.

5. Incoming AC Power. The supplied INCOMING AC POWER must be derived from
Connector A Pins "p" (AC+) and "U" (AC Neutral). External +24 VDC must be at
Connector A, Pin "B" and Connector D Pin "NN."  AC Power for the 2070
receptacle must be tapped off from the secondary side of the ON Switch / Fuse
configuration.

6. Module PC Boards. A MODULE PC Boards must be mounted vertically.

7. Power Down, NRESET, and LINESYNC. Power Down, NRESET, and
LINESYNC must be routed to the module via C12 Connector. The state of the
module output ports at the time of Power Down transition to LOW State and until
NRESET goes HIGH must be an open circuit.

8. Compliance with Type 2070-2 Field I/O Requirements. The Module must meet all
requirements under 10.C. with the following exceptions:

a. Parallel Ports. Parallel Ports, consisting of 118 Bits of Input and 102 bits of
Output, must be provided. Specification for inputs applies except the voltage is
+24 in lieu of +12 and Ground False, "0," exceeds 16.0 VDC.  LINESYNC
signal is incoming in differential logic.
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b. Serial Communication Circuitry. The module must interface with the 2070-2B
Field I/O module via HAR 1 Harness meeting EIA-485 Requirements.  All
signal lines must be isolated.  HAR 1 Harness must be 17 lines minimum with
a C12P Connector on one end and soldered with strain relief on the other. In
addition to the Controller interface, the EIA-485 Signal lines must be routed to
EX1 Connector. All necessary driver/receiver and isolation circuitry must be
provided.

9. EIA-232 Serial Port. An EIA-232 Serial Port must be provided with rate selection
by jumper of 0.3, 1.2, 2.4, 4.8, 9.6, 19.2, & 38.4 kilobits per second asynchronous
and be connected at EX1 Connector.

10. HAR 2 Harness. A 22-line minimum HAR 2 Harness must be provided between
EX2 Connector and Model 2070-6 Serial COMM Module in the Type 2070 UNIT.
This provides two Modems or EIA-232 Interfaces with the 2070 UNIT and the
outside world.

11. Fault and Voltage Monitor. FAULT and VOLTAGE MONITOR circuitry – NEMA
TS1 Controller FAULT and VOLTAGE MONITOR functions (outputs to cabinet
monitor) must be provided.

a. Two 3-input OR gates must be provided. The gate 1 output must be connected
to Connector A, Pin A (FAULT MONITOR) and gate 2 output must be
connected to Connector A, Pin C. Any FALSE state input must cause a gate
output FALSE (+24VDC) state.

b. The FCU Port 10, Bit 7 output must normally change its state every 100
milliseconds.  A MODULE Watchdog (WDT) circuit must monitor the output.
No state change for 2 +/-0.1 seconds must cause the circuit output to generate a
FALSE (+24 VDC) output (input to gates 1 and 2). Should the FCU begin
changing state, the WDT output must return to TRUE (0 VDC) state.

c. The module must have a +5 VDC monitoring circuit that monitors the
module’s +5 VDC (+/-0.25). If the voltage exceeds the limits, the circuit
output must generate a FALSE output (input to gates 1 and 2). Normal
operation must return the output state to TRUE state.

d. The FCU microprocessor output must be assigned to FAULT Monitor (input to
gate 1) and another output must be assigned to VOLTAGE Monitor (input to
gate 2).

e. CPU Port 5 SET OUTPUT COMMAND Message OUTPUTs O78 and O79
must be assigned to FAULT (O78) and VOLTAGE (O79). The bit logic state
“1” must be FCU output FALSE.

f. CPU / FCU operation at POWER UP must be as follows:

(1) FCU Comm Loss Flag set. FAULT and VOLTAGE MONITOR outputs
set to FALSE state.
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(2) CPU REQUEST MODULE STATUS COMMAND Message with “E” bit
set is sent to FCU to clear Comm Loss Flag and responds to CPU with “E”
bit reset.

(3) Before the Comm Loss timer expires, the SET OUTPUT COMMAND
data must be sent.  In that data, the 078 and 079 logically set to “0” will
cause the FCU microprocessor port pins assigned for FM and VM outputs
to go to their TRUE state. At this point, the signal outputs defined in the
message will be permitted at the output connectors. Any number of other
messages may be sent between the MODULE STATUS COMMAND and
SET OUTPUTS COMMAND.

(4) If the above message sequence is not followed, Comm Loss Flag must be
set (or remain) and VM & FM must retain the FALSE output state.

(5) Performs items 2 & 3 above User Software.

g. A CPU / FCU Communications Loss during normal operation must cause all
outputs to go blank (FALSE state) and must set the Comm Loss Flag.  FM and
VM outputs must be in FALSE state.

E. Details.
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Figure 19
Front View
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Figure 20
Side View
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Figure 21
Isometric View
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Figure 22
2070-8 Field I/O Module, Connectors A & B
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Figure 23
2070-8 Field I/O Module, Connectors C & D
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Figure 24
2070-8 Field I/O Module, EX1 & EX2 Connectors
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13. Glossary.

A. Terms and Abbreviations. Wherever the following terms or abbreviations are used, the
intent and meaning is interpreted as follows:

A    Ampere

AC    Alternating Current

AC+  120 Volts AC, 60 hertz ungrounded power source

AC-   120 Volts AC, 60 hertz grounded return to the power source

DEPARTMENT The DEPARTMENT director, acting either directly or
through properly authorized agents, such agents acting within the scope of the
particular duties delegated to them.

ANSI  American National Standard Institute

ASCII  American Standard Code for Information Interchange

Assembly A complete machine, structure or unit of a machine that was
manufactured by fitting together parts and/or modules

ASTM  American Society for Testing and Materials

AWG  American Wire Gage

C    Celsius

C Language The ANSI C Programming Language

Cabinet  An outdoor enclosure generally housing the controller unit and
associated equipment

Certificate of Compliance  A certificate signed by the manufacturer of the
material or the manufacturer of assembled materials stating that the materials
involved comply in all respects with the requirements of the specifications

Channel  An information path from a discrete input to a discrete output.
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Component  Any electrical or electronic device

Contractor   The person or persons, Manufacturer, firm, partnership,
corporation, vendor or combination thereof, who have entered into a contract
with the DEPARTMENT, as party of the second part or legal representative

Controller Unit  That portion of the controller assembly devoted to the
operational control of the logic decisions programmed into the assembly

CPU  Central Processing Unit

CTS  Clear To Send

DAT Program The DEPARTMENT’s Diagnostic and Acceptance Test
Program

dB   Decibel

dBa   Decibels above reference noise, adjusted

DC   Direct Current

DCD  Data Carrier Detect (Receive Line Signal Detector)

DIN   Deutsche Industrie Norm

DRAM  Dynamic random access memory.  Random access means that the
processor can access any part of the memory or data storage space directly
rather than having to proceed sequentially from some starting place. DRAM is
dynamic in that it needs to have its storage cells refreshed or given a new
electronic charge every few milliseconds.

EG   Equipment Ground

EIA   Electronic Industries Association

EMI  Electro Magnetic Interference

EPROM  Ultraviolet Erasable, Programmable, Read Only Memory  Device

EEPROM Electrically Erasable, Programmable, Read Only Memory Device
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Equal  Connectors: comply with physical dimensions, contact material,
plating and method of connection.  Devices: comply to function, pin out,
electrical and operating parameter requirements, access times and interface
parameters of the specified device

ETL  Electrical Testing Laboratories, Inc.

Firmware A computer program or software stored permanently in PROM,
EPROM, ROM or semi-permanently in EEPROM

FLASH  A +5 VDC powered IC Memory Device with nonvolatile,
electrically erasable, programmable, 100K read/write minimum cycles and fast
access time features

FPA  Front Panel Assembly

HEX  Hexadecimal

Hz   Hertz

IC   Integrated Circuit

I.D.   Identification

IEEE  Institute of Electrical and Electronics Engineers

ISO   Isolated

Jumper  A means of connecting/disconnecting two or more conductive by
soldering/desoldering a conductive wire or by PCB post jumper

KB    Kilobytes

Keyed  Means by which like connectors can be physically altered to
prevent improper insertion.

Laboratory  The established laboratory of the DEPARTMENT or other
laboratories authorized by the DEPARTMENT to test materials involved in the
contract

LCD  Liquid Crystal Display

LED  Light Emitting Diode
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LOGIC   Negative Logic Convention (Ground True) State

LSB   Least Significant Byte

lsb    Least Significant Bit

MB   megabyte

MSB   Most Significant Byte

msb   Most Significant Bit

m   Milli

MCU/MPU/ IMP  Micro Controller Unit, Microprocessor Unit, or
Integrated Multiprotocol Processor

MIL  Military Specifications

MODEM Modulation/Demodulation Unit

Module  A functional unit that plugs into an assembly

Motherboard  A printed circuit connector interface board with no active or
passive components

MOS  Metal-Oxide Semiconductor

MOV  Metal-Oxide Varistor

MS   Military Standards

N   Newton: SI unit of force

N.C.  Normally closed contact

N.O.  Normally open contact

NA   Presently Not Assigned.  Cannot be used by the Manufacturer for
other purposes



106-108 8245--CoSA
ADDENDUM NO.5 02-09

NEMA  National Electrical Manufacturer's Association

NETA  National Electrical Testing Association, Inc.

n   nano

NLSB   Next Least Significant Byte

nlsb   Next Least Significant Bit

NMSB   Next Most Significant Byte

nmsb  Next Most Significant Bit

PCB  Printed Circuit Board

PDA  Power Distribution Assembly

PLA/PAL Programmable Array Logic Device

Power Failure  A Power Failure is said to have occurred when the
incoming line voltage falls below 92 +/- 2 VAC for 50 milliseconds. See
Power Conditions.

Power Restoration Power is said to be restored when the incoming line
voltage equals or exceeds 97 +/- 2 VAC for 50 milliseconds.  See Power
Conditions.

Power Conditions 16.7 ms (one 60 Hertz cycle) reaction period is allowed
to be included in the 50 milliseconds timing or added to (67 milliseconds
duration).  The hysteresis between power failure and power restoration voltage
settings must be a min. of 5 VAC with a threshold drift of no more than 0.2
VAC.

ppm   Parts per million

PWM  Pulse Width Modulation

RAM  Random Access Memory

RF   Radio Frequency

RMS  Root-Mean-Square
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ROM  Read Only Memory Device

RTS  Request to Send

R/W  Controller Unit Read/Write Control Line

RxD  Received Data

SCI   Serial Communications Interface

SDLC  Synchronous Data Link Control

S   Logic State

s   second

Second Sourced  Produced by more than one Manufacturer

SRAM  Static Random Access Memory Device

SW   Switch

TB   Terminal Block

TOD  Time Of Day Clock

Triac  Silicon-Controlled Rectifier which controls power bilaterally in
an AC switching circuit

TTL  Transistor-Transistor Logic

Thumb Screw Device  (TSD ) A retractable screw fastener with projecting
stainless steel screw, spring and natural aluminum knob finish.  (TSD No.2
must be flat black.)

TSD No.1 - 8-32 SOUTHCO #47-62-301-20 or equal.
TSD No.2 - 8-32 SOUTHCO #47-62-301-60 or equal.
TSD No.3 - M3 SOUTHCO #47-82-101-10 or equal.

TxD  Transmitted Data

u    Micro
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UL   Underwriter's Laboratories, Inc.

VAC  Voltage Alternating Current (root mean square)

VDC  Voltage Direct Current

VME  Versa Module Eurocard, VMEbus Standard IEEE P1014/D1.2

x    Number  Value

XX   Manufacturer's Option

WDT  Watchdog Timer: A monitoring circuit, external to the device
watched, which senses an Output Line from the device and reacts

14. Measurement and Payment. The work performed, materials furnished, equipment, labor,
tools, and incidentals will not be measured or paid for directly, but will be subsidiary to
pertinent Items.
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2004 Specifications Austin, Beaumont, Bryan, Corpus Christi,
El Paso, Ft. Worth, Houston, San Antonio, Tyler,

Waco, & Yoakum Districts

SPECIAL SPECIFICATION
8260--CoSA

LED Countdown Pedestrian Signal Module

1. Description. Furnish and install LED “Walking Person” and “Hand” icon pedestrian signal
modules with a countdown feature (referred to in this specification as module or modules).

2. Materials. Ensure electrical materials and construction methods conform to the current
National Electric Code (NEC) and additional local utility requirements.

Furnish new materials. Ensure materials and construction methods conform that to the
requirements of this Item and the following pertinent requirements:

Item 682, “Vehicle and Pedestrian Signal Heads”
DMS-11130, “Pedestrian Signal Heads”
DMS-11170, Fully Actuated, Solid-State Traffic Signal Controller Assembly
Texas Manual on Uniform Traffic Control Devices (TMUTCD), lasted edition
“Pedestrian Traffic Control Signal Indications - Part 2: Light Emitting Diode (LED)
Pedestrian Traffic Signal Modules” a Performance Specification of the Institute of
Transportation Engineers (referred to in this document as “PTCSI”)
National Electric Code (NEC)
American Society for Testing and Materials (ASTM)

Ensure materials used for the lens and LED module construction conform to ASTM
specifications where applicable. Construct enclosures containing the power supply and
electronic components of the LED module using UL94VO flame retardant materials. The
lens of the LED module is excluded from this requirement.

3. Construction.

A. General. Furnish a single, self-contained module, not requiring on-site assembly for
installation or retrofit into existing pedestrian signal housings as defined in DMS-
11130, Pedestrian Signal Heads. Ensure that installation does not require special tools.

Provide LED’s rated for 100,000 hours of continuous operation over a temperature
range of -40°C to +74°C. Provide modules rated for a minimum life of 60 months and
that meet the parameters of this specification throughout this 60-month period. Ensure
the installation of a retrofit replacement module into an existing pedestrian signal housing
only requires the removal of the existing optical unit components, i.e., lens, lamp module,
and reflector; is weather tight and fits securely in the housing; and connects directly to
existing electrical wiring.
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Use LEDs manufactured using aluminum-indium-gallium-phosphide (AlInGaP)
technology or other LEDs with lower susceptibility to temperature degradation than
aluminum-gallium-arsenic (AlGaAs) technology. AlGaAs LEDs are not allowed.

B. The Module. Provide a retrofit module capable of replacing the existing optical unit.
The module lens may be a replaceable part without the need to replace the complete
module. Provide solid (not outlines) “Walking Person” and “Hand” icons (16 in. x 18
in. size only). Ensure the countdown digits are made up LEDs a minimum of two rows
thick, with each digit a minimum of 7 in. in height.

For each nominal message bearing surface (module) size, use the corresponding H
(height) and W (width):

Bearing
Surface Module Size Icon

Height
Icon
Width

Countdown
Height

Countdown
Width

H (16 x 18 in.) Min 7 in. 7 in. Min 9 in. 6.5 in.

The units are not permitted to have any attachments or options that will allow the mode
to be changed from counting the clearance cycle, to the full walk/don’t walk cycle.

Ensure the power supply is designed to fit and mount inside the pedestrian signal
module. Ensure the assembly and manufacturing process for the module is designed to
assure all internal LED and electronic components are adequately supported to
withstand mechanical shock and vibration from high winds and other sources.

C. Environmental Requirements. Provide  a  module  that  is  rated  for  use  in  the  ambient
operating temperature range, measured at the exposed rear of the module, of –40°C to
+74°C (–40°F to +165°F). Provide a pedestrian module designed to meet the NEMA
250  Hosedown  Test.  The  test  is  to  be  conducted  on  a  stand-alone  unit  without  a
protective housing. Provide a UV-stabilized module lens.

Ensure that the module is dust- and moisture-proof to protect the internal LED and
electrical components by providing a enclosure that is a sealed watertight enclosure that
prevents dirt contamination and allows for safe handling in all weather conditions.
Perform moisture-resistance testing on modules in accordance with the requirements in
the latest NEMA Standard 250 for Type 4 enclosures. Evidence of internal moisture
after testing will be cause for rejection.

D. Signal LENS. Ensure the lens of the module is polycarbonate, UV-stabilized, and a
minimum of 1/4 in. thick.

Ensure the exterior of the lens of the module is smooth and frosted to prevent sun
phantom.

E. Module Identification. Permanently identify each module on the backside with the
manufacturer’s name, model numbers, manufactured date (minimum week and year),
and serial number. Identify the following operating characteristics: nominal voltage,
power consumption, wattage, and Volt-Ampere.



3-7 8260—CoSA
ADDENDUM NO.5 06-11

F. Photometric Requirements.

1. Luminance, Uniformity & Distribution. Ensure  that  for  a  minimum  period  of
60 months, the maintained minimum luminance values for the modules under
normal operating conditions are not less than 2200 cd/m2 for the “Walking Person”
icon and 1400 cd/m2 for the “Hand” and countdown digits icons when measured
perpendicular to the surface of the module at 9 separate points on the icon and at 9
points of the number twenty-eight (28). These values may decrease up to 50% for
values beyond 15° from the perpendicular in either to the left or right on a
horizontal plane. Ensure that the luminance of the module does not exceed three
times the maintained minimum luminance of the modules.

Ensure that the uniformity of the countdown digits, “Hand” and “Walking Person”
icons’ illumination meet a ratio of not more than 1 to 5 between the minimum and
maximum luminance measurements (in Cd/m2).

2. Chromaticity. Provide the standard colors for the LED Pedestrian Signal Module of
White for the “Walking Person” icon and Portland Orange for the “Hand” icon and
countdown digits on a black opaque background.

Furnish an optical unit that remains in accordance with the chromaticity (color)
requirements in the latest PTCSI for a minimum of 60 months over an operating
temperature range of 40°F to 165°F.

G. Electrical.

1. General. Furnish modules that are operationally compatible with traffic signal
controllers, cabinets, and accessories manufactured to DMS-11170, Fully Actuated,
Solid-State Traffic Signal Controller Assembly.

Provide wiring and terminal blocks that meet the requirements of Section 5
Electrical  of the PTCSI Standard. Provide three secured, color coded, 914 mm (36
in.) long 600 V, 16 AWG minimum, jacketed wires, conforming to the National
Electrical Code, rated for service at +105°C, for electrical connection.

Furnish modules that are designed so there is no light output when connected to
rated voltage through an impedance of 15 Kohm (either resistive or capacitive).
Furnish modules that are designed so that, under normal operation, an AC voltage
of no greater than 10 volts RMS develops across the unit when it is connected in
series with any value of impedance greater than 15 Kohms and for any applied AC
voltage between 95 and 135 volts RMS that is connected across this series
combination. In addition, provide a signal module designed so that the voltage
across the module will reduce in value to less than 10 volts RMS within 100 msec
when the module is switched off by any solid state switch or switch pack having an
impedance of 15 Kohms or greater.

Incorporate a regulated power supply engineered to electrically protect the LEDs
and maintain safe and reliable operation in each module.
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Use a power supply that provides capacitor-filtered direct current (DC) regulated
current to the LEDs per the LED manufacturer’s specification. Designs that operate
at currents greater than the LED manufacturer's recommended drive current will
not be allowed. Design the power supply so that the failure of an individual
component or any combination of components cannot cause the signal to be
illuminated after alternating current (AC) power is removed. Provide a module
equipped so that each indication (i.e. walk symbol, hand, and countdown display) is
provided with a separate power supply.

2. Voltage Range. Provide LED modules that operate from a 60 ± 3 Hertz AC line
power over a voltage range from 80 to 135 VAC RMS. The current draw must be
sufficient to ensure compatibility with, and proper triggering and operation of load
current switches and conflict monitors. The nominal operating voltage for
measurements is 120 ± 3 Volts RMS. Ensure that fluctuations in line voltage over
the range of 80VAC to 135VAC do not affect luminous intensity by more than±
10%. Ensure the LED circuitry prevents flickering at less than 100 Hz over the
voltage range stated above. Provide modules that are designed and constructed so
that the failure of a single LED will not result in the loss of additional LEDs.

Ensure no illumination of the module when the applied voltage is less than 35 VAC
RMS. To test for this condition, first fully illuminate each icon at the nominal
operating voltage. Then reduce the applied voltage to the point where there is no
illumination. This point must be greater than 35 VAC RMS.

Turn-On and Turn-Off Time: Ensure each icon of the module reaches 90% of their
full illumination (turn-on) within 75 msec of the application of the nominal operating
voltage. Ensure the modules are not illuminated (turn-off) after 75 msec of removing
the nominal operating voltage.

For abnormal conditions when nominal voltage is applied to the unit across the
two-phase wires (rather than being applied to the phase wire and the neutral wire),
ensure the pedestrian signal defaults to the “Hand” symbol without countdown
digits.

3. Transient Voltage Protection. Provide the module’s on-board circuitry with voltage
surge protection to withstand high-repetition noise transients and low-repetition high-
energy transients as stated in Section 2.1.6, NEMA Standard TS-2, 2003, or the latest
version.

4. Electronic Noise. Provide modules and associated on-board circuitry that meet
Federal  Communications  Commission  (FCC)  Title  47,  Sub  Part  B,  Section  15
regulations concerning the emission of electronic noise.

5. Power Factor (PF) and AC Harmonics. Ensure the modules provide a power
factor of 0.90 or greater when operated at nominal operating voltage and 25ºC
(77ºF). The maximum allowed total harmonic distortion induced into an AC power
line by the module, operated at nominal operating voltage, at 25ºC (77ºF) is 20%.
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H. Module Functions.

1. Cycle. Module will operate in one mode:  Clearance Cycle Countdown Mode
Only.  The  display  of  the  number  of  remaining  seconds  is  to  begin  only  at  the
beginning of the pedestrian change interval. Ensure that after the countdown
displays zero, the display remains dark until the beginning of the next countdown.
Ensure the module does not have user accessible switches or controls for
modifying the cycle. Ensure the countdown pedestrian signal displays the number
of seconds remaining until the termination of the pedestrian change interval.
Countdown displays must not be used during the walk interval or during the yellow
change interval of a concurrent vehicular phase.

2. Learning Cycle. Ensure  that  at  power  on,  the  module  enters  a  single  automatic
learning cycle. During the automatic learning cycle, the countdown display is to
remain dark.

3. Cycle Modification. Ensure the unit re-programs itself if it detects any increase or
decrease of pedestrian timing from the controller’s traffic cycles. The counting unit
will go blank once a change is detected and then take one complete pedestrian
cycle (with no counter during this cycle) to adjust its buffer timer.

4. Recycling. Ensure the module allows for consecutive cycles without displaying the
steady “Hand” icon (“Don’t Walk”) or the countdown display.

5. Preemption. Provide a module that recognizes preemption events and temporarily
modifies  the  crossing  cycle  accordingly.  If  the  controller  preempts  during  the
“Walking  Person,”  the  countdown will  follow the  controller's  directions  and  will
adjust from “Walking Person” to flashing “Hand.” It will start to count down
during the flashing “Hand.” If the pedestrian change interval is interrupted or
shortened as a part of a transition into a preemption sequence, the countdown
pedestrian signal display is to be discontinued and go dark immediately upon
activation of the preemption transition. Ensure that the next cycle, following the
preemption event, uses the correct, initially programmed values for countdown
display.

6. “Don’t Walk” Steady. If the controller output displays a steady “Hand” (“Don’t
Walk”) condition and the unit has not arrived to zero, or if both the “Hand” and
“Person”  are  dark  for  some  reason,  ensure  the  unit  suspends  any  timing  and  the
digits  go dark. A steady “Hand” (symbolizing Don’t Walk) signal indication must
be displayed during the yellow change interval and any red clearance interval
(before a conflicting green being displayed) in accordance with TMUTCD
guidelines.

7. Power Failures. The module must maintain a consistent countdown during short
power failures (less than 1 second). A longer failure or an absence of signal greater
than one (1) second must turn off countdown display and trigger a restart system
remembering the last sequence, as is with NEMA traffic controllers.
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I. Quality Assurance.

1. General.  Unless  otherwise  specified,  conduct  the  entire  test  at  an  ambient
temperature of 25°C and at the nominal operating voltage of 120 VAC RMS.

Perform the following production quality assurance tests on each new module
before shipment. Before any measurements are made, energize the unit at the rated
voltage for a 30-minute burn-in period at an ambient temperature of +25oC (+77oF).
Following the burn-in period, measure the initial luminous intensity. A single point
measurement with a correlation to the intensity requirement of Section 4.1.1 of
PTCSI may be used. Also determine the current flow and power factor. Units found
to have parameters outside the ranges allowed by this specification will be rejected.

Provide modules manufactured in accordance with a vendor Quality Assurance (QA)
program. Ensure the QA program includes two types of quality assurance: (1) design
quality assurance and (2) production quality assurance. Ensure the QA process and
test result documentation is kept on file for a minimum period of 7 years.

2. Conformance. Ensure that module designs not satisfying design qualification
testing and the production quality assurance testing performance requirements, are
not be labeled, advertised, or sold as conforming to this specification.

3. Design Qualification Assurance. Perform Design Qualification testing must be
performed on new module designs, and when a major design change has been
implemented on an existing design. Unless otherwise specified, conduct the tests
on the same set of randomly selected modules, called the sample set, at an ambient
temperature of 25°C and at the nominal operating voltage of 120 VAC RMS.
Perform testing once every 5 years or when the module design or LED technology
changes. Ensure test data by the module manufacturers is maintained for a
minimum period of 7 years and for a period of at least 5 years beyond the last date
of manufacture of that model type.

4. Production Quality Assurance. Conduct Production Quality Assurance testing on
new models  before  shipment.  Failure  of  any  module  to  meet  requirements  of  the
QA  tests  will  be  cause  for  rejection.  Maintain  QA  test  results  for  a  period  of  4
years. Ensure the Production Quality Assurance includes statistically controlled
routine tests to ensure minimum performance levels of modules built to meet this
specification. Before packaging for shipment, visually inspect each module for any
exterior physical damage or assembly anomalies. Give careful attention to the
surface of the lens to ensure there are no scratches (abrasions), cracks, chips,
discoloration, or other defects.

5. Delivery and Acceptance. Test  the  compatibility  with  TXDOT  controller  units,
conflict monitors, and load switches by connecting the module under test to the
output of a standard load switch connected to a variable AC voltage supply with
the output of the load switch in the off state. The maximum allowable AC voltage
developed across each module so connected is 10 VRMS as the input to the
module is varied from 95 VRMS to 135 VRMS.



7-7 8260—CoSA
ADDENDUM NO.5 06-11

4. Warranty. Provide  to  the  Department,  a  manufacturer’s  warranty  that  provides  for  the
replacement or repair of modules that fail to function as intended due to workmanship or
material defects within the first 60 months from date of installation. Contractor will
permanently attach a non-degradable tag on the module displaying the date of installation.
Contractor will be responsible for the module until final inspection.

The modules must be warranted against any failure due to design, workmanship, material
defects, or intensity within the first 60 months of field operation. Modules must meet or
exceed minimum requirements of this specification for at least 60 months of field operation.
Repair or full replacement will be required if a module fails to operate as specified under
normal operating conditions. Provide repaired or replaced modules at no cost to the
Department. The replaced or repaired modules inherit the remainder of the failed unit’s
warranty.

Repair or replace modules within 5 business days after receipt of failed modules, at no cost
to the Department, except the cost of shipping the failed modules to the responsible vendor.
The cost of shipping the modules back to the Department will be borne by the vendor or
manufacturer.

5. Measurement. This Item will be measured by each installed LED Countdown Pedestrian
Module furnished, installed, and tested.

6. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under "Measurement" will be paid for at the unit price bid for "LED
Countdown Pedestrian Module." This price is full compensation for furnishing, installing,
and testing the completed installation and equipment, labor, tools, and incidentals. If
Pedestrian Signal Housing is required, the housing shall be paid for under Item 682 “Vehicle
and Pedestrian Signal Heads.”
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2004 Specifications Bryan, Dallas & Houston Districts

SPECIAL SPECIFICATION
8317--CoSA

Battery Back-Up System for Signal Cabinets

1. Description: Install  a  Battery  Back-Up System (BBU System)  for  traffic  signals  that  will
provide reliable emergency power in the event of utility power failure or interruption.  The
system will also function as a power conditioner and/or voltage regulation device.

A BBU System consists of inverter/charger, manual bypass switch, power transfer switch or
automatic bypass switch, batteries, battery monitoring device, wiring, external cabinet or
stand-alone cabinet, concrete pad, all necessary hardware and software, and all associated
equipment required to operate in a field environment.

The BBU System shall be capable of operating an “LED only” signalized intersection (700W
load) for 4 hours of full runtime when utility power is disabled and under ambient
temperatures of 25oC.  The BBU System shall switch the intersection to flash mode of
operation when approximately 40% of battery charge is remaining, via relay contact
connection points on the front panel of the unit.  The BBU system shall operate the
intersection in the flash mode of operation (300W load) for an additional 2 hours.  BBU
system components shall be rated for a minimum 1400W load capacity.

The BBU shall be designed for outdoor applications in accordance with NEMA TS2-2003,
Section 2.  All components of the BBU system shall be rated to operate under temperature
extremes of -34oC to +74oC.

2. Definitions.

A. Automatic Bypass Switch.  A unit connected between the utility power supply and the
inverter/charger which can automatically switch power to the controller cabinet service
panel from inverter output power to utility line power.

B. Battery Back-Up System (BBU System).  The battery back-up system includes but is
not limited to a manual bypass switch, automatic bypass switch or power transfer switch,
inverter/charger, batteries, battery monitoring device, wiring, external cabinet and all
necessary hardware for system operation.

C. Battery Back-Up System Software (BBU System software).  All  software  associated
with operation, programming and functional requirements of the BBU system.

D. Battery Monitoring Device.  The  device  which  monitors  battery  temperatures  and
charge rate of the batteries used in the BBU system.

E. Batteries.  Standard 12V batteries wired in series to create a 48VDC to 96VDC voltage
storage.
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F. Boost.  When enabled, the BBU inverter/charger shall automatically switch into this
mode to raise the utility line voltage when it drops below a preset limit.  The limit may be
user defined or use manufacturer default settings (typically 100V AC).

G. Buck.  When enabled, the unit shall automatically switch into this mode to reduce the
utility line voltage when it rises above a preset limit.  The limit may be user defined or
use manufacturer default settings (typically 135V AC).

H. External or Stand-Alone Cabinet.  The structure which houses the system components
and/or batteries for the BBU System.

I. Inverter/Charger.  The unit which converts the DC voltage input into 120 VAC output
for the traffic signal cabinet to operate.  As a minimum the inverter/charger shall be rated
for 1400 watts.

J. Inverter Line Voltage.  The power supplied from the BBU system to the traffic signal
cabinet from the BBU System inverter.

K. Manual Bypass.  Manual switch that allows user to bypass BBU power to service system
equipment.  Manual bypass switch switches utility line power directly to cabinet.

L. Power Transfer Switch.  A unit connected between the utility power supply and the
inverter/charger which can automatically switch from utility line power to inverter output
power.  The power transfer relay may be a separate unit or combined with the manual
bypass  switch.   In  the  event  of  battery  voltage  loss,  the  power  transfer  switch  will
automatically return to utility line power.

M. Signal Operation Mode.  A signalized intersection generating a 700W load when
running in normal operation.

N. Signal Flash Mode.  A signalized intersection generating a 300W load when running in
the flash mode of operation.

O. Utility Line Voltage.  The 120V AC power supplied to the BBU system.

3. Equipment.  Ensure electrical materials and construction methods conform to the current
NEC and additional local utility requirements.  Furnish new materials.  Ensure all materials
and construction methods conform to the details shown on the plans, the requirements of this
Item, and the pertinent requirements of the following Items:

• Item 420, “Concrete Structures”

• Item 620, “Electrical Conductors”

Provide and install a BBU system that is able to fulfill the following requirements:

A. Method of Operation.  The  BBU  system  shall  operate  using  one  or  more  of  the
following methods:

1. Buck and Boost Method. When the buck and boost functions are enabled they shall
set the upper and lower control limit allowable for the utility line voltage.
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If the utility line voltage fluctuates above or below the buck and boost values, the
BBU system shall raise or lower the voltage by approximately 10-15% of the utility
line voltage in an attempt to bring the voltage back into the upper and lower control
limits.  Buck and boost shall have preset manufacturer defaults.

If the utility line voltage falls above or below the functional capabilities of buck and
boost,  then  the  BBU  system  will  transfer  power  from  the  utility  line  voltage  to  the
inverter line voltage.

2. Stand-by Method. The stand-by method shall set upper and lower control limits for
the utility line power.  If the utility line voltage falls above or below the upper or
lower  control  limits,  then  the  BBU  system  will  transfer  power  from  the  utility  line
voltage to the inverter line voltage.

3. Continuous Operating Mode, Double Conversion Method. The continuous
method supplies the cabinet with inverter line voltage at all times.  This method
requires the disabling of buck and boost functions.

B. System Capabilities. The BBU system shall be capable of providing 1400W peak load,
with a minimum of 80% inverter efficiency, for at least 10 seconds.

The BBU system shall be capable of providing 700W signal operation load for a
minimum of 4 hours, and then switching to and providing 300W signal flash load for an
additional 2 hours minimum, when batteries are fully charged.

When the BBU system is running on battery power, the inverter/charger shall be capable
of allowing the voltage at which the transition from normal operating load to flash mode
occurs (usually 47.5V) to be selected by a user, via relay contacts and connection points
on the front panel of the inverter/charger.

The transfer time allowed, from disruption of normal utility line voltage to stabilized
inverter line voltage from batteries, shall be less than 65 milliseconds.  The same
allowable transfer time shall also apply when switching from inverter line voltage to
utility line voltage.

The BBU system shall bypass utility line voltage whenever the utility line voltage is
outside of the manufacturer’s default, or a user-programmed voltage range, ±2VAC.

When the utility line power has been restored to a normal operating voltage for more than
a user defined setting (default 30 seconds), the BBU system shall transfer from inverter
line voltage to utility line voltage.  The BBU system shall be equipped to prevent a
malfunction feedback to the cabinet or from feeding back to the utility service.

The BBU system shall be compatible with TS1, TS2 and Model 170/2070 controllers and
cabinet components for full run-time operation.

The BBU system shall be shelf-mounted in TS1 and TS2 cabinets, and rack-mounted for
Model 170/2070 332 cabinets.  The manual bypass switch shall be able to be mounted on
the shelf or side of cabinets.  The interconnect cables shall be no less than 10 feet in
length.
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Relay contact wiring for each set of NO/NC relay contact closure terminals shall be no
less than 6 feet long and #18 AWG wire.  Use manufacturer recommendations for size of
wire for any cables lengths greater than 10 feet.

The BBU system shall have lightning surge protection compliant with IEEE/ANSI
C.62.41 latest edition and meeting all current UL1449 standards.  Lightning surge
protection shall be provided to the utility line voltage coming into the inverter/charger.
The surge protection device shall be easily accessible and mounted externally from the
inverter/charger.

The BBU system, including batteries and hardware, shall be easily replaceable and shall
not require any special tools for installation.

The BBU system shall  operate in automatic “fail-safe” mode.  Should a breaker trip on
the inverter/charger and/or the power transfer switch, the system will automatically
operate from utility line power and bypass the BBU system.

As stated above, in addition to the inverter/charger, the BBU shall be provided with both
an external manual bypass switch and either an external automatic transfer switch or
external automatic bypass switch.

The  BBU system shall  be  capable  of  logging  up  to  100  events.   Events  shall  date-  and
time-stamp faults with utility line voltage and battery voltages.  At the minimum, the
BBU system shall log an event when:

the utility line voltage falls above or below the upper or lower control limits,

the BBU system automatically switches to battery power, and

when self-monitoring BBU system components fail.

C. Displays, Controls, Diagnostics and Maintenance. The  BBU  system  shall  include  a
front panel display.  All applicable programmable functions of the operational methods
described in this specification shall be viewable from the front panel display.

All events described in Section 3.B shall be viewable from the front panel display.

The BBU system software shall be programmable from the front panel of the
inverter/charger by means of a keyboard or momentary buttons allowing user to step
through menu driven software.

A 10/100 Ethernet port shall be provided on the front panel of the inverter/charger.

A RS232 port shall be provided on the front panel of the inverter/charger.

The BBU system software shall be provided for the operational needs of the BBU
system.  The user/operator shall be able to access all system software via the Ethernet and
RS232  ports  on  the  front  panel  of  the  inverter/charger.   The  user  shall  be  able  to  read
logged events and change programmable parameters from the keyboard, laptop or local
area network via the Ethernet port.
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System software shall be upgradeable via the RS232 port on the front panel of the
inverter/charger.

D. Inverter/Charger. The inverter/charger is the unit that provides the voltage regulation;
power conditioning of utility line power; convert the DC voltage input into 120 VAC
output for the traffic signal cabinet to operate; provides emergency backup power upon
loss of utility power and provides for temperature compensated battery charging. As a
minimum the inverter/charger shall be rated for 1400 watts. Provide a minimum of 6 sets
of normally open (NO) and normally closed (NC) single-pole double-throw dry contact
relay closures on the front face of the inverter/charger and labeled so as to identify each
contact.   The  relay  closures  shall  consist  a  set  of  NO/NC contact  closures  that  shall  be
energized whenever the unit switches to battery power (contact shall be labeled or
marked as “On Battery” or equivalent) and a second set of NO/NC contact closures shall
be energized whenever the battery approaches 40% remaining capacity (contact shall be
labeled or marked as “Low battery” or equivalent”), which will determine when the unit
will switch from normal operation to flash.  A third set of NO/NC contact closures shall
be energized after a user settable time after the unit switches to battery power. The
contact may be labeled “Timer.  The remaining relays shall be user definable.

Operating temperature range for both the inverter/charger and power transfer relay shall
be -34°C to +74°C. When battery power is used, the BBU system output voltage shall be
between 110VAC and 125VAC, pure sine wave output,  3% THD, 60Hz ± 3Hz.

E. Manual Bypass Switch. The manual bypass switch shall be provided as a separate unit
external to the inverter/charger unit.  The manual bypass switch shall consist of housing,
two position switch, terminal blocks, internal wiring, service outlet, circuit breakers and
mounting hardware. All components shall be rated at a minimum of 240VAC / 30 amp.
Provide the manual bypass switch with # 8 terminal blocks. The manual bypass switch
shall be 2 position and allow the user to switch utility line power directly to the cabinet
service panel.  The switch positions will provide the following functions. In the “Bypass”
position the inverter is bypassed, utility power is removed from the BBU and passed
directly to the signal power panel. In the “UPS” position the inverter / switch is powered
and the signal circuits are supplied by the output of the inverter. When the manual bypass
switch is in the “Bypass” position the user may replace the automatic bypass switch (or
transfer switch) and the inverter/charger without interrupting power to the intersection.
Provide the manual bypass switch with over current protection (20 Amp circuit breaker).

F. Power Transfer Switch. These  requirements  are  for  BBU  systems  provided  with  a
power transfer switch. The power transfer switch will operate such that the
inverter/charger input and cabinet power panel are supplied with power from the utility
line, in the event that the utility line power is lost or requires conditioning (buck or boost)
the power transfer switch will automatically connect the inverter/charger output to the
cabinet power panel such that the inverter/charger output provides the power. In the event
of inverter/charger failure, battery failure, or complete battery discharge, the power
transfer shall revert to the NC (de-energized) state, where utility line power is connected
to the cabinet service panel.
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All wire to the power transfer switch from the manual bypass switch, to and from the
inverter/ charger and from the manual bypass switch to utility power service shall be
sized accordingly with system requirements.

G. Automatic Bypass Switch These  requirements  are  for  BBU  systems  provided  with  an
automatic bypass switch. The automatic bypass switch will operate such that the
inverter/charger input is supplied with power from the utility line and the cabinet power
panel is supplied with power from the output of the inverter/charger. In the event of
inverter/charger failure, battery failure, or complete battery discharge, or other loss of
power from the output of the inverter/charger, the automatic bypass switch shall revert to
the NC (de-energized) state, where utility line power is connected to the cabinet service
panel.

H. Batteries. Provide batteries from the same manufacturer/vendor of the BBU system.

Individual batteries shall be 12V type, and shall be easily replaceable and commonly
available for purchase by common off-the-shelf equivalent.

Batteries shall be sized and rated to operate a 700W load for 4 hours (normal operation)
followed by a 300W load for 2 hours (flash operation) for a total of 6 hours.

Battery configuration shall consist of 12V batteries arranged for total voltages of 48V,
60V, 72V, 84V or 96V.

Batteries shall be deep-discharge, sealed prismatic lead-calcium based, valve-regulated
maintenance-free batteries.

Batteries shall operate over a temperature range of -34°C to +74°C.

Batteries shall indicate maximum recharge data and recharging cycles, and manufacturer
defaults on the inverter/charger shall not allow the recharging process to exceed the
batteries maximum values.

Battery interconnect wiring shall connect to the inverter unit via modular harness with
red and black cabling that terminates into a typical power pole style connector.  Harness
shall be equipped with mating power flag style connectors for batteries and a single
insulated plug-in style connection to inverter/charger unit.  Harness shall allow batteries
to be quickly and easily connected in any order and shall be keyed to ensure proper
polarity and circuit configuration.  A fusible link or device sized accordingly with system
requirements and to protect against currents exceeding each battery current rating shall be
provided within 3 inches of the negative and positive leads of each battery.  Fusible links
shall be insulated stranded wire.

Insulated covers shall be provided at the connection points (post) as to prevent accidental
shorting.

Battery  cables  provided  to  connect  battery  to  battery  harness  main  cable  shall  be  a
minimum of 18 in. or long enough to accommodate the battery covers provided with the
battery ground box, whichever is longer.  Battery harness shall be sized accordingly with
system requirements.
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I. Battery Monitoring System. The BBU system shall use a temperature-compensated
battery charging system.  The charging system shall compensate over a range of 2.5 – 4.0
mV/°C per cell.

The temperature sensor shall be used to monitor the temperature and regulate the charge
rate of the batteries.  Unless required otherwise by the plans the temperature sensor wire
shall be as follows:

8 feet long if external side-mounted cabinet is attached to existing controller cabinet.

8 feet long if batteries are housed in traffic signal base used for cabinet foundation
and batteries are stored on shelf within base.

8 feet long if stand-alone cabinet is used.

Should the temperature sensor fail,  the inverter/charger shall  not allow the BBU system
to overcharge the batteries.  The BBU system shall provide an alarm should the
temperature sensor fail.

Recharge time for the batteries to obtain 80% or more of full battery charge capacity shall
not exceed 20 hours at 21°C (70°F).

Batteries shall not be charged when battery temperature exceeds 50°C ±3°C.

The BBU system shall monitor battery strings within a system and set a fault indicator if
battery voltage falls below normal operating voltage.

J. Battery Housing.

1. External Battery Cabinet. The  external  cabinet  shall  be  NEMA  type  3R  all-
aluminum with stainless-steel hardware, or approved equivalent.  The external cabinet
shall be designed to attach on the side of a TS2 size 6 base-mount cabinet.  The
batteries, inverter, transfer switches, manual bypass and all associated hardware shall
be housed in the external cabinet.

The  external  cabinet  shall  be  equipped  with  proper  ventilation,  electric  fan,  and  air
filter in accordance with TS2 standards.

External cabinets will be equipped with a door opening to the entire cabinet. The door
shall be attached to the cabinet with a full length stainless steel piano hinge or four,
two-bolts per leaf, hinges. The door shall be provided with the same latch and lock
mechanism as required for standard traffic signal cabinet.  In addition, a padlock
clasp will be provided.

When using battery ground boxes, an external cabinet is required for the non-battery
components.

2. Stand-alone BBU/Battery Cabinet.  When  required  for  installation  by  the  plans  a
stand-alone cabinet in accordance with the following shall be provided.
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The stand-alone cabinet shall conform to all the specifications of the External
BBU/Battery Cabinet, except that it will not mount to the controller cabinet.  The
stand-alone cabinet shall be designed to attach to a concrete pad.

K. Concrete Pad.  Provide a class B concrete pad as a foundation for stand-alone cabinets
of the size shown in the plans.  For external cabinets, extend the controller foundation to
provide a class B concrete pad under the external cabinet of the size shown in the plans.

L. Documentation.  Operation and maintenance manuals shall be provided.  The operation
manual shall include a block diagram schematic of all system hardware components.  The
manual shall include instructions for programming and viewing software features.  The
manual shall include all uploading/downloading (communications protocol) requirements
via RS232 or Ethernet port.

Board level schematics shall be provided when requested.

Battery documentation and replacement information shall be provided.

M. Testing. The  Department  reserves  the  right  to  do  testing  on  BBU  systems  to  ensure
Quality Assurance on unit before installation and random sampling of units being
provided to the State.  BBU systems that fail will be taken off the Qualified Products List
(QPL).

Department  QPL  testing  procedures  will  check  compliance  with  all  the  criteria  of  this
specification including the following:

Event logging for fault/alarm conditions

Demonstrated use of one or more of the operating methods described in section 3.A

Testing  of  ability  to  power  a  700W  load  for  4  hours,  transfer  to  flash  mode  and
power a 300W load for 2 additional hours, at an ambient temperature of +25°C.

Testing of all components in environmental chamber (temperature ranges from -
30°C to +74°C) following NEMA TS2 2003 standards, section 2.

N. Warranty, Maintenance and Support. The Contractor shall provide a manufacturer’s 5
year  full  replacement  warranty  on  all  components  of  the  BBU  system  except  batteries.
The warranty period starts on the date of final acceptance.

Batteries shall be warranted for full replacement for 5 years.  Batteries shall be defined as
bad if they are not able to deliver 80% of battery rating.

4. Measurement.  This Item will be measured by each BBU system installed.

5. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under "Measurement" will be paid for at the unit price bid for "BBU
System" of the type (type of BBU cabinet) specified.  This price is full compensation for
furnishing, installing, and testing the completed installation, BBU system and associated
equipment, mounting hardware, class B concrete pad, software, conduit, conductors; and
equipment, labor, tools; and incidentals.



1-26 8643

ADDENDUM NO.5                                                                   08-10

2004 Specifications CSJ 2452-01-050

SPECIAL SPECIFICATION

8643—CoSA

Type 2070 Controller Cabinet Assemblies

1. Description. This Item will govern for the furnishing of traffic signal controller cabinet assemblies
as shown on the plans in accordance with these specifications and as directed.  Type 2070
Controllers are specified under a separate special specification.

2. Materials.  Ensure electrical materials and construction methods conform to the current National
Electric Code (NEC) and additional local utility requirements.

Furnish new materials. Ensure all materials and construction methods conform to the requirements
of this Item and the following pertinent requirements:

Item 680, “Installation of Highway Traffic Signals”

Federal Highway Administration Publication FHWA-IP-78-16, December 1978, and "Traffic
Signal Control Equipment Specifications" published by the State of California, Business,
Transportation & Housing Agency; Department of Transportation (CALTRANS), dated January,
1989, and all current addenda and Revisions.  In case of conflict, TxDOT specifications will
govern over the CALTRANS specifications which will govern over the FHWA specifications.

National Electric Code (NEC); the American Society for Testing and Materials (ASTM)

American National Standards Institute (ANSI)

Provide cabinet assemblies from one single manufacturer listed on the most current CALTRANS
"QUALIFIED PRODUCTS LIST" (QPL).

Provide a CALTRANS certification stating that the equipment is included on the most current
CALTRANS QPL.  TxDOT specific equipment not defined in the CALTRANS Specification is exempt
from the QPL requirement.
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Provide Cabinet Verification Test Program and Controller Diagnostic Test Program upon request to
include:

Two complete sets of card extenders for all printed circuit boards which attach to the controller by
means of an edge connector, including CPU boards, I/O boards, Model 400 modem, program
module, power supply boards, etc., for the controller unit, and all plug-in cards in the cabinet
including detectors, isolators, and conflict monitor;

One program module shall be supplied with diagnostic software to test controller, cabinet and
conflict monitor.  Diagnostic software shall be capable of interfacing with a serial terminal or
microcomputer running an ANSI-standard terminal emulation software; and,

All necessary wrap-around cables, interface cables, and jumpers to perform diagnostic testing of
controller and all internal boards, including serial connection from controller to external serial
device.

3. Construction.

A. Isolators.

1. DC Isolators shall be Model 242 and shall meet FHWA-IP-78-16 specifications chapter 7.
See Section VI L for quantities to be supplied with particular cabinets.

2. AC Isolators shall be Model 252, supplied as specified in Section VI L, and placed in input
file slot I11, with marker strip labeled "DOOR ALARM" in each Type 332 and 336 cabinet.

B. Load Switches.

All load switches shall be solid-state switches and shall turn on and off within ± 5 degrees of
the zero voltage point of the AC sinusoidal line. Load switch can be Type 200 in accordance
with the specification of FHWA-IP-78-l6.

C. Controller Cabinets  (General).

1. This specification defines the cabinets to be used with the Model 2070 controller units.
This specification replaces Chapter 11 of Federal Highway Administration Publication
FHWA-IP-78-16, Type 170 Traffic Signal Controller System, hereafter referred to as TSCES.

2. Details of alternative designs must be submitted to the Traffic Signal Engineer for
approval prior to fabrication.
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3. General Cabinet Construction

4. All cabinets shall be rainproof. The cabinet top shall be "crowned" or slanted to prevent
standing water.

a. The cabinet and doors shall be fabricated of 0.125-in. minimum thickness aluminum.
All exterior seams for cabinet and doors shall be continuously welded. All exterior
welds shall be smooth. All edges shall be filed to a radius of 0.03125 in. minimum.

b. Cabinets shall conform to the requirements of ASTM Designation: B 209 for 5052-H32
aluminum sheet.

c. Welding shall be done by the gas metal arc (Mig) or gas tungsten arc (Tig) process
using bare aluminum welding electrodes. Electrodes shall conform to the
requirements of the American Welding Society (AWS) A5.10 for ER5356 aluminum
alloy bare welding electrodes.

d. Procedures, welders and welding operators for welding on aluminum shall be
qualified in accordance with the requirements of AWS B3.0, "Welding Procedure and
Performance Qualification," and to the practices recommended in AWS C5.6.

e. The surfaces of each aluminum cabinet shall be the original cast-like finish or
fabricated finish. Any variations of finish shall be preapproved in writing by the
Engineer.  Each cabinet shall be equipped with an electric fan with ball or roller
bearings and a capacity of at least 100 cu. ft. of free air delivery per minute.

f. The fan shall be mounted within the cabinet and vented out between the top of the
cabinet and the front door.  The fan shall be thermostatically controlled and shall be
manually adjustable to turn on between 33 C and 65 C with a differential of not
more than 6 C between automatic turn on and turn off. The cabinet fan circuit shall
be protected at 125% of the ampacity of the fan motor.

g. Intake (including filter) and exhaust areas shall pass a minimum of 60 cu. ft. of air per
minute.

h. Each cabinet shall be provided with louvered vents in the front door with a removable
pleated disposable air filter. The filter shall cover the vents and shall be held firmly in
place with bottom and side brackets and a spring-loaded upper clamp.
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i. The bottom filter bracket shall be formed into a waterproof sump with drain holes to
the outside. The louvered vents shall be designed and constructed such that a stream
of water from a pressure head, such as a Rainbird sprinkler or other type sprinkler,
will not enter the cabinet.

j. All cabinets shall have a police panel. The police door shall provide access to the
"Auto-Flash" and "Signals Off" switches. Police Access shall be limited to these two
switches. The police panel door shall be equipped with a lock keyed for a master
police key. One key shall be furnished with each cabinet for the police lock. Each
police key shall have a shaft at least 1.75 in. in length.

k. Type 332 and 336 cabinets shall have single front and rear doors, each equipped with
a lock. When each door is closed and latched, the door shall be locked. The latching
handles shall have provision for padlocking in the closed position. The operating
handle shall be stainless steel with a 7.5-in. handle and a minimum 0.50 in. stainless
steel shank. The cabinet door frame shall be double flanged out on all four sides and
shall be provided with strikers to hold tension on and form a firm seal between door
gasketing and cabinet door frame.

l. The flange width shall be a minimum of one inch, measured from front edge to flange
to cabinet outside surface.

m. Each cabinet will be supplied with locks keyed alike to the standard Corbin #2 core
combination. Two keys shall be supplied with each cabinet.

n. The locks shall have rectangular, spring-loaded bolts. The bolts shall have a 0.281-in.
throw and shall be 0.75 in. wide by 0.375 in. thick (dimension tolerance is +0.035 in.).
The locks shall be left hand on the front door and right hand on the rear door. Keys
shall be removable in the locked position only. Locks shall be rigidly mounted with
two stainless steel machine screws. In the locked position, the throw shall extend a
minimum of 0.25 (+ 0.03) in.. The front portion of the lock shall neither be recessed
nor shall it extend more than 0.1875 in. from the face of the door. The locks shall be
mounted on the door in such a position that the tumblers are in the upper quadrant.

o. The latching mechanism shall be a three-point draw roller type. The center catch and
pushrods shall be plated. Pushrods shall be turned edgewise at the outward supports
and cross section shall be 0.25 in. by 0.75 in., minimum.
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p. Supports shall be 0.105 in. steel, minimum. Rollers shall have a minimum diameter of
0.875 in. and shall be equipped with ball bearings and nylon wheels. The center catch
shall be fabricated of 0.1875-in. plated steel, minimum.

q. Each door shall be equipped with two bolt hinges, minimum 3.5 in. long.  Each hinge
shall have a fixed pin. All doors shall be provided with catches to hold the door open
at both 90 degrees and 180 degrees, ± 10 degrees. The catches shall be 0.375 in.
diameter minimum, plated steel rods. Door latches, in latched position, shall not
come in contact with cabinet surface or flange lip. The catches shall be capable of
holding the door open at 90 degrees in a 60 MPH wind at an angle perpendicular to
the plane of the door.

r. On all cabinets, door hinge pins and bolts shall be made of stainless steel. Door hinges
shall be made of aluminum. The hinges shall be bolted to the cabinet and may be
welded to the door. The hinge pins and bolts shall be covered by the door edge and
shall not be accessible when door is closed. Hinge pins will be welded at each end to
form a cap and welds filed or ground smooth.

s. Type 332 cabinets shall be provided with two lifting eyes to be used when placing the
cabinet on the foundation. Each eye attached to the cabinet shall have a minimum
diameter of 0.75 in. and shall be capable of supporting the cabinet.

t. Gasketing shall be provided on all door openings and shall be dust-tight. Gaskets shall
be 0.25 in. minimum thickness closed cell neoprene and shall be permanently
bonded to the metal. The mating surface of the gasketing shall be covered with a
silicone lubricant to prevent  sticking to the mating surface.

5. Power Supply.

a. A power supply shall be provided in the cabinet for all equipment installed in the
cabinet except the 170 Controller unit, the Model 210 Monitor and the Models 242
Isolators.

b. All Power Distribution Assemblies (PDA) for 8-phase cabinets shall meet CALTRANS’
Traffic Signal Control Equipment Specifications for PDA #2, dated January 1989 or
latest revision.

c. The power supply shall be ferro-resonant design having no active components and
shall conform to the following requirements:
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(1) Line Regulation: Two percent from 95 to 135 VAC at 60 Hz, plus an additional
1.6% for each additional one percent frequency change.

(2) Load Regulation: Five percent from one ampere to five amperes with a
maximum temperature rise of 30 C above ambient.

(3) Design Voltage: +24 (+0.5) VDC at full load and 30 C with 115 VAC input line
after 0.5 hour warm-up.

(4) Full Load Current: Five amperes, minimum.

(5) Ripple Noise: Two volts peak-to-peak and 500 millivolts rms at full load.

(6) Line Voltage: 95 to 135 VAC.

(7) Efficiency: 60%, minimum.

(8) Minimum Voltage: 22.8 VDC.

d. The power supply front panel shall include:

(1) All fuses or circuit breakers.

(2) Pilot lamp.

(3) Test points or meter for monitoring output voltage.

(4) The power supply, including terminals, shall be protected to prevent accidental
contact with energized parts.

(5) Wiring for 120 VAC power input to power supply shall be terminated on terminal
strips. AC plugs will not be acceptable.

(6) The power supply cage and transformer shall be securely braced with nylon
strapping to minimize damage in transit.

6. Flash Transfer Relay.
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a. The Flash Relays shall conform to the requirements of these specifications.

b. A leakage resistor, which will permit 3 to 8 volts to be applied to the relay coil, shall
be installed across the terminals of each relay socket to overcome the residual
magnetism.

c. The flash transfer relay shall transfer field outputs from switchpack output to flash
control. Transfer of the flash transfer relay circuit to flash control shall not interrupt
the operation of the controller unit.

d. The coils of the flash transfer relays shall be energized only when the signals are in
flashing operation and the police panel "ON/OFF" switch is in the "ON" position.

7. Equipment Removal.

a. The following equipment shall be completely removable from the cabinet without
removing any other equipment and using only a screwdriver:

(1) Power Supply

(2) Power Distribution Assembly

(3) Input File

(4) Output File

8. Miscellaneous

a. All fuses, circuit breakers, switches, (except police panel switches and fan fuse) and
indicators shall be readily visible and accessible when the front door is open.

b. All equipment in the cabinet shall be clearly and permanently labeled. The marker
strips shall be made of a material that can be easily and legibly written on using a
pencil or ball-point pen. Marker strips shall be located immediately below the item
they are to identify and must be clearly visible with the items installed. Glossy
marker strips are not acceptable because ink tends to bubble and smear.
Resistor/Capacitor transient suppression shall be provided at the relay socket (across
relay coils) and in the fan circuit.
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8. Cabinet Wiring Diagram.

a. One set of nonfading (comparable to Xerox 2080) readable cabinet wiring diagrams
shall be supplied with each cabinet. The diagram shall be nonproprietary. They shall
identify all circuits in such a manner as to be readily interpreted. The cabinet drawing
shall show the component layout in an elevation view as viewed from the rear of the
cabinet with the left and right cabinet walls shown in their relative positions. The
diagrams shall be placed in a heavy duty side opening clear plastic pouch and
attached to the front cabinet door. The pouch shall be of such design and material
that it provides adequate storage and access to the wiring diagram, and shall be
constructed of a material which will not react with or stick to xerographic plastic
toners used in copy machines.

b. Detailed equipment layout scale drawings and wiring diagrams of all equipment
installed in the cabinet shall be submitted to the Traffic Signal Engineer for approval
prior to production. This review does not lessen the contractor's responsibility to
meet the specifications.

9. Cabinet Light.

a. Each cabinet shall be equipped with a fluorescent lighting fixture mounted inside the
top front of the cabinet. The fixture shall have an 8 watt lamp AT5-CW, operated
from a normal power factor, U.L. listed ballast. The lamp shall be shaded to diffuse
the light. A door switch shall be installed to turn the cabinet light on when the front
door is opened. The door switch shall be on a separate circuit by itself, and used only
to turn on the light and operate the door alarm.

b. On the Type 332 and 336 cabinets, additional wiring shall be provided from the load
(normally open) side of the light switch to Input File location I11D, run AC- to Input
File location I11E, and C1-80 shall be wired to IUF for the door alarm circuit.

10. Conductors.

a. Conductors used in cabinet wiring shall terminate with properly sized spring-spade
type terminals or shall be soldered to a through-panel solder lug on the rear side of
the terminal block. All crimp-style connectors shall be applied with a power tool
which prevents opening of the handles until the crimp is completed. Conductors in
the controller cabinet between the service terminals and the signal bus breakers
including the chassis ground conductor to Power Distribution Assembly shall be No. 8,
or larger.
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b. All conductors used in controller cabinet wiring shall be No. 22, or larger, with a
minimum of 19 copper strands. Conductors shall conform to Military Specification:
MIL-W-16878D, Type B or better. The insulation shall have a minimum thickness of
10 mils and shall be nylon jacketed polyvinyl chloride except that Conductors No. 14
and larger may have Type THHN insulation, and shall be stranded with a minimum of
seven copper strands.

c. All conductors, except those which can be readily traced, shall be labeled. Labels
attached to each of the conductors shall  identify the destination of the other end of
the conductor.

d. All conductors used in controller cabinet wiring shall conform to the following color-
code requirements:

(1) The grounded conductors of AC circuits shall be identified by a continuous white
or gray color.

(2) The equipment grounding conductors shall be identified by a solid green color
or by a continuous green color with one or more yellow stripes.

(3) The DC logic ground conductors shall be identified by a solid white color with a
colored (except green) stripe.

(4) The ungrounded conductors shall be identified by any color not specified above.

e. All cabinet wiring harnesses shall be neat, firm and routed to minimize crosstalk and
electrical interference. Printed circuit motherboards may be used to eliminate or
reduce cabinet wiring on the input files, only.

(1) Wiring containing AC shall be routed and bundled separately or shielded
separately from all logic voltage control circuits.

(2) Cabling shall be routed to prevent conductors from being in contact with metal
edges.

f. All conductors, terminals or parts, which could be hazardous to maintenance
personnel, shall be protected with suitable insulating material.
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g. Within the cabinet wiring, the DC logic ground and equipment ground shall be
electrically isolated from the AC grounded conductor and each other by 500
megohms when tested at 250 VDC, with the power line surge protector
disconnected.

h. Conductors from Connector C to the input file shall be of sufficient length to allow
any conductor to be connected to any detector output terminal (Positions S, F, W).
The AC- copper terminal bus shall not be grounded to the cabinet or connected to
the logic ground and shall provide a minimum of 10 terminals for connection to field
conductors. Nylon screws with a minimum diameter of 0.25 in. shall be used for
securing the bus to the service panel.

i. An equipment grounding (earth ground) bus shall be provided in each cabinet. The
bus shall be copper and grounded to the cabinet.

j. The output common of the cabinet power supply shall be connected to the DC logic
ground bus using a No. 14, or larger, stranded copper wire.

k. The DC ground bus shall be located on the input panel.

l. A No. 8, or larger, copper conductor shall be connected between equipment ground
bus and rack rails.

m. Terminals for the signal wires shall be fitted with 90 degree lugs for #14 AWG wire.
Lugs shall be the type that the end of the field wire slips into and is held in place with
a compression screw on the wire. (Blackburn #L35 or equivalent)

n. Each loop detector lead-in, from the field terminals in the cabinet to the sensor unit
rack connector shall be a cable UL Type 2092 or better. The stranded tinned copper
drain wire shall be connected to a terminal on the input file terminal block. This input
terminal shall be connected to the equipment grounding bus through a single
conductor.

o. Each cabinet shall be provided with one harness, terminated at one end with
standard C-2 connector plugs, at the other end to a terminal strip, and four feet in
length. The harness for the C-2 connector shall contain conductors for the AUDIO IN
and AUDIO OUT pairs. Harness shall be terminated at a terminal strip placed near the
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bottom of the cabinet, and each AUDIO IN and AUDIO OUT position on the terminal
strip shall be protected with an EDCO Model SRA-642C (18 VAC) or approved equal.
Harness conductors shall be clearly labeled at the terminal strip.

11. Surge Protection.

a. All cabinets shall be provided with an EDCO Model # SHA-1210 or approved equal.
Cabinet shall be wired so filtered AC+ shall be supplied to the 170 unit receptacles (2)
and conflict monitor only.

b. Surge protection shall be provided for all cabinet power.

c. All signal output lines shall be protected by a MOV installed at the field wiring
terminal block inside the swing down back panel so as to not interfere with the field
wiring, between the terminal and earth ground. The MOV shall be Type V150LA20.

12. Conflict Monitor.

a. All cabinets shall be supplied with one or more signal conflict monitors, EDI 2018
KCLiP or equal, conflict monitors that meet or exceed specification FHWA-IP-78-16
Chapter 3. The monitor shall conform to the TEES specification for the Model 2070L
controller unit.

b. The monitor shall include the following features:

(1) An A.C. power indicator light mounted on the front panel.

(2) A 24 VDC failure indicator shall be provided. Indicator shall latch in the lit mode
upon occurrence of a 24 VDC failure. Once tripped, the 24 VDC monitoring
circuits and indicator shall only be resettable by manual reset.

(3) The monitor shall not use the 24VDC power supply being sensed to run any of
it's internal circuitry.

(4) Monitoring of red indications, otherwise known as red monitoring, shall be
provided with the conflict monitor.  Cabling necessary to utilize this feature shall
be furnished.
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13. Heavy Duty Relays.

a. This specification defines the Model 430 heavy duty relays to be used with the Model
2070 controller unit.

b. This specification replaces chapter 17 of Federal Highway Administration Publication
FHWA-IP-78-16, Type 170 Traffic Signal Controller System as follows:

(1) Heavy duty relays shall be the electromechanical type and shall be designed for
continuous duty at 95 to 135 VAC.

(2) Each relay shall mate with the eight-pin Jones-type socket as shown on the
plans and shall be enclosed in a removable, clear plastic cover.

(3) The manufacturer's name and part number, and electrical rating, shall be
provided on the cover. They shall be permanent, durable and readily visible
when the relay is mounted in its socket.

(4) Each relay shall be provided with double-pole, double-throw contacts. Contact
points shall be of fine silver, silver alloy or superior alternative material. Contact
points and contact arms shall be capable of switching at 20 amperes tungsten
load per contact, and 120 VAC once every two seconds with a 50% duty cycle,
for at least 250,000 operations, without contact welding or excessive burning,
pitting or cavitation.

(5) The relay coil shall have a power consumption of 10 volt-amperes or less.

(6) Each relay shall withstand a potential of 1,500 volts at 60 hertz between
insulated parts, and between current carrying parts and non-current carrying
parts.

(7) Each relay shall have a one-cycle surge rating of 175 amperes RMS.

14. Supply Quantity.

All cabinets shall be supplied with all necessary equipment for proper operation,
including the plug-in items listed in the following table, in all cases, regardless of the
intended operation.
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CABINET TYPE

303 332 336

Load Switches 6 12 12

DC Isolators 2 3 3

Detectors 4 16 8

Conflict Monitors 1 2 2

AC Isolators 1 1 1

15. Output Files.

a. There shall be eight capacitive dummy loads mounted to a terminal block on the rear
of the swing-down back panel. One side of each dummy load shall be tied to AC-. Four
of the dummy loads shall be connected at the factory to the center (yellow) output of
the load switches assigned to ped signals for Phases 2, 4, 6, and 8.

b. The P20 connector and cable assembly for monitoring the red outputs of all load
switches shall be provided and mounted to the swing-down back panel, for future use.

c. Auxiliary output files shall be provided in each Type 332 cabinet. Auxiliary output files
shall be supplied in Type 336 cabinets if specified (adequate rack length shall be
provided in all 336 cabinets for an aux file in case it is retrofitted at a later date). The file
shall accommodate six load switches and two flash relays. The file shall be connected
via a cable to the C6 connector on the rear of the standard 12-position output file. Four
dummy capacitive loads shall be provided on a terminal block for selective jumping to
the outputs of the load switches. The red and yellow signal circuits of switch packs 13,
14, 16, and 17 shall be available at a Molex type 1375 receptacle which shall intermate
with a Molex type 1375 plug to allow flash programming. A plug connector, with
programming jumpers, shall be furnished for each circuit to allow red or yellow flash
programming. Plugs shall be readily accessible without the removal of any other
equipment. Plug pins shall be crimped and soldered.

E. Type 332 Cabinet.

1. Rack Assembly.

a. A standard EIA 19-in. rack cage shall be installed inside the cabinet for mounting the
controller unit, input file power supply, output file and power distribution assembly.
The EIA rack portion of the cage shall consist of two pairs of 53-in. minimum usable,
continuous, adjustable equipment mounting angles of 0.1345 in. nominal thickness
plated steel tapped with 10-32 threads with EIA universal spacing. The angles shall
comply with Standard EIA RS-310-B and shall be supported top and bottom by welded
support angles to form a cage. Clearance between rails for mounting assemblies must be
17.75 in.
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b. Two plated supporting angles extending from the front to the back rails shall be
supplied to support the controller unit. The angles shall be designed to support a
minimum of 50 lb. each. The horizontal side of each angle shall be mounted 17.5 in.
from the top of the rack and shall be adjustable vertically.

c. The cabinet shall have supporting angles (railing) on either side level with the bottom
edge of the door opening to provide horizontal support for the cage. The cage shall be
vertically attached to each side of the cabinet at four points, two at the top and two at the
bottom of the rails.

d. A minimum of 10.5 in. of EIA rack height and 20 in. of depth (18 in. behind and two
in. in front of the mounting ears) shall be provided for the Model 2070 controller unit.

e. A 2-in. tall drawer shall be rack-mounted in each Type 332 cabinet. The drawer shall be
provided with a hinged top cover and shall be capable of supporting 50 lb. in the
extended position.

2. Input File.

a. The input file shall utilize 5.25 in. of rack height. The input file shall intermate with and
support 14 two-channel inputs.

b. The input file shall provide card guides (top and bottom) and a 22-pin single-readout,
edge connector centered vertically for each detector. The input file shall allow air
circulation through the top and bottom.

c. Pins D, E, F, J, K, L, and W on each edge connector slot shall be terminated on their
associated terminal block mounted on the rear of their input file. Pins F and W for
each slot shall terminate on the terminal blocks mounted on the rear of the input file
and will connect to the proper controller unit inputs in the Connector C1S wiring
harness. Common grounding of output emitters will be permitted and common
grounding conductor brought out to TB15, Terminal 4 (CTR DC GND).

d. The edge connectors shall be double-sided connectors with the numbered side of each
pin shorted to its respective lettered side internally.

e. The card guide shall begin 1.0 (+0.5) in. back from the front face of the file.

f.  The input file shall be provided with marker strips to identify isolators and detectors in
the file as described in Section VI E.

3. Power Distribution Assembly.

a. The power distribution assembly shall be furnished and mounted on the EIA 19-in.
rack utilizing no more than seven inches of rack height. All equipment shall be readily
accessible for ease of replacement. The depth of the assembly shall not exceed 10 in.
from the front cabinet rails including terminal blocks.

b. The following equipment shall be provided with the power distribution assembly:

(1) 2 - Equipment duplex receptacles (one on the front panel, and another on the
back panel readily accessible from back door)

(2) 1 - Controller unit duplex receptacle
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(3) 1 - Main circuit breaker

(4) 1 - Six-pole single bus circuit breaker

(5) 1 - Two-pole flash bus circuit breaker

(6) 1 - Equipment circuit breaker

(7) 1 – Non-Mercury Contactor

(8) 1 - Auto/Flash Switch

(9) 1 - Flash Relay and socket

(10) 2 - Flasher Unit sockets

(11) 2 - Model 204 Flasher Units

(12) 1 - Flash Indicator light

(13) Terminal Blocks

c. The main circuit breaker shall be rated for 50 amperes at 120 VAC. The circuit
breakers for the equipment receptacles and signal bus shall be rated for 15 amperes at
120 VAC. The flash bus circuit shall be rated for 20 amperes at 120 VAC. Rating of
breakers shall be shown on face of breaker or handle. Breaker function shall be labeled
below breakers on front panel.

d. Equipment Receptacles shall be NEMA 5-15R duplex type. The Equipment
Receptacles shall have ground-fault circuit interruption as defined in the National
Electrical Code. Circuit interruption shall occur on 6 milliamperes of ground-fault
current and shall not occur on less than four milliamperes of ground-fault current.

e. An "Auto/Flash" switch shall be provided which, when placed in "Flash" position (down),
shall energize the Non-Mercury Contactor . When the switch is placed in the "Auto"
position (up) the switch packs shall control the signal indications. The switch shall be a
single-pole single-throw toggle switch rated for 15 amperes at 120 VAC.

f.  A lamp labeled "Flash Operation" shall be provided on the front panel of the assembly.
The lamp shall be driven by the Flasher Unit Output through Transfer Relay Circuit
No. 1.

g. The Controller Unit Receptacle shall be a hospital grade NEMA 5-15R mounted on
the back panel of the assembly. AC+ to the 170 unit receptacle shall be from the filtered
outputs of the SHA-1210 surge protector.

h. Terminal Blocks shall be provided and mounted on the back panel of the assembly.
The blocks shall be of type specified for signal field wire terminal blocks. All
conductors from the power distribution assembly routed to the cabinet wiring shall be
connected to the terminal block on the common side, except for the AC power
conductor between the service terminal block and main circuit breaker.

i.  All internal conductors terminating at the blocks shall be connected to the other side of
the blocks. Terminal position assignments shall be as shown on Plan Sheet No. SA170-
4, Model 332 T1 and T2 Terminal Block Assignment Detail, modified as follows:
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Add two No. 14 conductors between the back equipment duplex receptacle and the
PDA Terminal Blocks (AC+ to T1, Terminal 10; AC- to T2 Terminal 1.)

j.  The Flash Relays shall conform to the provisions for "Heavy Duty Relays, Model 430."

k. A leakage resistor, which will permit 3 to 8 volts to be applied to the relay coil, shall be
installed across the terminals of each relay socket to overcome the residual magnetism.

4. Output File

a. Card guides shall be provided to support the switch packs and the monitor unit.

b. The output file shall utilize 10.5 in. of rack height and shall be supplied with 12 Model
200 Switch Packs. Four Model 430 Flash Transfer Relays and one Model 210 Monitor
Unit shall be furnished with each output file. The depth of the assembly including
terminal blocks and relays shall not exceed 14.5 in. from the front cabinet rails.

c. The output file shall be provided with marker strips to identify switch packs when
mounted in the file, as specified in Section VI.

d. Switch pack connectors, monitor unit connectors, flash transfer relay sockets and flash
programming connectors shall be accessible from the back of the output file without the
use of tools.

e. Three field wire terminal blocks shall be mounted vertically on the back of the
assembly. The terminal blocks shall be the 12-terminal type.

f.  The controller unit outputs to the output file shall be connected through Connector C4.

g. The red and yellow signal circuits of all switch packs assigned to vehicle signals for
phases 1 through 8 shall be available at a Molex Type 1375 Receptacle which shall
intermate with a Molex Type 1375 plug to allow flash programming. A plug connector,
with programming jumpers, shall be furnished for each circuit to allow red or yellow
flash programming. Connectors shall be readily accessible without the removal of any
other equipment. Plug pins shall be crimped and soldered.

h. The monitor connector shall be rigidly supported printed circuit board edge connector,
having two rows of 28/56 independent double readout bifurcated contacts on 0.156 in.
centers. The connector shall terminate with the Conflict Monitor Unit.

i.  It shall be possible to remove the monitoring device without causing the intersection to
go into flashing operation. The cabinet shall be wired so that with front cabinet door
closed and with the monitor unit removed, the intersection shall go into flashing
operation. The cabinet shall contain a conspicuous warning against operation with the
monitor unit removed.

j.  The monitor unit connector shall be wired in accordance with the pin assignment
shown on the plans.

5. Side Panels.

a. Two panels shall be provided and mounted on the EIA rack parallel to the cabinet
sides.
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b. In viewing from the back door, the left side panel shall be designated as the "Input
Panel" and the right side panel shall be designated as the "Service Panel".

c. All input field terminal blocks for detector field cables and other input conductors,
except service conductors, shall be mounted on the "input panel". The "input panel"
shall be wired per CALTRANS's August 1983 specification.

6. Terminal Blocks.

a. Terminal blocks shall be provided for terminating field conductors. They shall be
readily accessible through the cabinet rear door and shall be rated for 20 amperes at
600 volts RMS, minimum.

b. The terminal blocks for detector field conductors, auxiliary field wires and control wires
shall be the barrier type and shall be provided with 8-32 by 5/16 in. minimum nickel
plated brass binder head screws and nickel plated brass inserts.

c. The terminal blocks for field wires to the signal indications, power distribution assembly
and the required unused position shall be the barrier type and shall be provided with
10-32 by 5/16 in. nickel plated brass binder head screws and nickel plated brass inserts.

d. The terminal blocks for the input file and power supply shall be the barrier type and
shall be provided with 8-32 by 5/16 in. nickel plated brass binder head screws and
nickel plated brass inserts.

e. The terminals of the power line service terminal block shall be labeled "L1" and "AC-",
and shall be covered with a clear insulating material to prevent inadvertent contact.
Terminating lugs large enough to accommodate No. 2 conductors shall be furnished for
the service terminal block. The terminal block shall be rated for 50 amperes at 600
volts, minimum.

7. Connectors.

a. Connector C1P shall contain 104 pin contacts and shall intermate with connector C1S
mounted on the controller unit chassis. Corner guide pins for connector C1P shall be
stainless steel and shall be 0.097 in. in length. Corner guide socket assemblies shall be
stainless steel and shall be 0.625 in. in length.

b. Connector C4 shall contain 37 contacts and shall be the circular plastic type with quick
connect/disconnect capability and thread assist, positive detent coupling. The Plug
Connector C4P shall be mounted on the output file.

c. Connector C5 shall contain 24 contacts and shall be the circular plastic type with
quick connect/disconnect capability and thread assist, positive detent coupling. The
Plug Connector C5P shall be mounted on the input file.

d. Connector blocks for Connector C1 pin and socket connectors shall be constructed of
diallylphathalate or better. Contacts shall be secured in the blocks with springs of
stainless steel.

F. Type 303 Cabinet.
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1. This specification defines the minimum detailed requirements applicable to cabinets and
harnesses. The intent of this specification is to set forth the minimum acceptable electrical
and mechanical design and requirements within which all equipment must operate
satisfactorily and reliably, and the means by which the equipment shall be tested to
determine whether it shall so operate.

2. All equipment shall be housed within a rain-proof pole, or post-top mounted cabinet. The
cabinet shall be clean-cut in design and appearance and have nominal interior dimensions as
follows:

DEPTH:  17 in.

WIDTH:  20 in.

HEIGHT: 36 in.

3. There shall be minimum clearance of 1 1/2 in. between the inside surface of the front door
and the front panel of the Model 2070 controller as well as the front panel of modules
plugged into the input rack.

4. The housing shall have a door, opening 33 in.  high x 20 in. wide with a 2.5 in. space
between bottom of opening and bottom of cabinet.

5. All Type 303 cabinets shall be supplied for both pole and pedestal mountings.

6. Cabinets shall have bolt holes drilled in the back for mating with pole mounting hardware,
and shall be supplied with all necessary mounting hardware. Mounts to wood poles shall be
accomplished by means of stainless steel straps. Stainless steel plugs for the mounting holes
shall be provided.

7. Cabinets shall be adequately reinforced in the bottom of the fully-equipped cabinet to
withstand a 100 mph wind, and shall have less than 2 in. of deflection at the top when a 100
lb. force is applied horizontally at the top of the cabinet on any of the four planes of cabinet
faces. Cabinets shall be drilled for a standard 4 in. slipfitter. The slipfitter and any hardware
necessary for pedestal or post top mounting shall be provided.

8. Cabinets shall be supplied with an aluminum electrical box, 8 in. long by 8 in. wide by 6 in.
deep drilled to match slipfitter mounting holes in cabinet floor.  The box shall be equipped
with access cover facing downward.  The access cover shall be designed so that when
opened, the bottom and one side of the box is accessible, and the cover should hang in the
open position.  The access cover shall be attached with a full-length piano hinge on one edge
and secured with two stainless steel #10 round-head machine screws, with matching threaded
holes in the box. The box shall be constructed of 0.125-in. thick aluminum. All corners shall
be continuously welded or press-broken, and the door shall be gasketed against dust. A
0.125 in. drain hole shall be provided at the appropriate location.

9. Rack Assembly.

a. The cabinet shall be constructed with metal mounting rails running the depth of the
cabinet along the lower left and right hand bottom of the cabinet. These rails shall be
constructed at a height such that the cabinet rack shall rest on the rail when in its
normal position, and shall slide along the rail when being installed or removed.
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b. A rack with standard EIA spacing shall be inside the cabinet for mounting the processor
unit and the rack assembly which will contain the rack, switch pack rack, power
supply/power distribution panel. The rack shall consist of two pair of full length, 0.1875
in. nominal thickness aluminum angles tapped with 10-32 threads where required a
shown in the cabinet drawing, at the end of this specification. Chassis supporting angles
extending behind the front rails shall be part of the rack and support the weight of the
processor unit. Each chassis supporting angle shall be 10 in. deep and 3 in. deep.

c. The rack assembly shall be easily removable from the cabinet without use of special
tools. By unplugging connector P1, removing the screws securing the rack assembly to
the rails, and disconnecting the field wiring, it shall be possible to remove the rack
assembly from the cabinet.

10. Input File.

a. Each detector rack shall utilize 5.25 in. of rack-mounting height.

b. The detector rack shall provide card guides (top and bottom) and a 22-pin edge-
connector on 0.156 in. centers, mounted vertically for each detector. The detector rack
shall allow air circulation through the top and bottom.

c. Four pins (D,E,J,K) on each detector module edge-connector shall be wired to four
field terminals to provide for two loop detector channels.

d. Loop 1 and 2 output collectors and emitters (pin F,H,W and X) for each slot shall
connect to the proper processor unit inputs in the connector C1S wiring harness.

e. Wiring between the rack and field terminals shall be twisted pair not tightly bundled.

f.  The edge connectors shall be double sided connectors with the numbered side of each
pin shorted to its respective lettered side internally.

g. Output circuit emitters shall have a common junction and be grounded only by
connection to C1P, pin 104, DC Input Ground.

h. A Flasher Assembly Panel shall be located in the left end of the Detector Rack and
shall contain the flasher relay.

11. Flasher Relay.

a. A Type 204 solid state flasher relay to be used for alternate opening and closing
connections between the applied power and the lamps required for flashing operation.

b. The following Table shall determine the inter-connection between the Solid State
Flasher and the switchpacks. Each switchpack shall be assigned to the two Solid State
Flasher load circuits as follows:

LOAD CIRCUIT #1 LOAD CIRCUIT #2

S.P. 1 S.P. 4

S.P. 2 S.P. 5

S.P. 3 S.P. 6
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12. Maintenance Assembly.

a. A "Flash" switch, so labeled, shall be provided. This switch when placed in the "On"
position shall energize the non-mercury contactor. When this switch is placed in the
"Off" position the processor unit shall resume control via the switch pack outputs to the
field. The Flash switch shall be accessible from the Police Panel Door opening.

b. A "Signal" switch, so labeled shall be provided. This switch, when placed in the "Off"
position, shall energize the non-mercury contactor and prevent the flash relay from
energizing the flash transfer relays, thereby disconnecting AC to the field terminals. The
"Signals" switch shall be accessible from the Police Panel Door opening.

c. Two 24VDC test points for the cabinet power supply shall be provided.

d. The EDI Model 2018 KCLiP, or approved equivalent conflict monitor shall be readily
serviceable without special tools.

e. Card guides shall be provided to guide and support the printed circuit board of the
monitor module.

f.  A rigidly supported printed circuit board edge connector, having two rows of 28/56
interdependent bifurcated contacts on 0.156 in. centers, shall be provided. The
connector shall intermate with the 210 conflict monitor unit.

g. A 24VDC relay shall be provided to reverse the relay logic of the monitor module. The
output of this relay shall be wired in series with a door switch. The relay shall be
mounted in the PDA and be readily serviceable. Servicing shall not require any special
tools other than a screwdriver. The relay shall be normally open. Monitor pin 25 shall
be wired to DC ground and pin 24 shall be wired to one side of this relay with the other
side of the relay going to the ferro-resonant supply.

h. A 110 VAC relay shall be supplied for the activation of the flash relays in the event of
loss of AC+ to the load switches.
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i.  A spring-loaded door switch, shall be wired in series with the output of the relay
described in section and in parallel with the CMU interlock.

j.  Closing of the front cabinet door with the monitor unit removed shall cause the
intersection to go into flashing operation. The cabinet shall contain a conspicuous
warning against operation with the monitor unit removed.

k. The stop timing output of the monitor shall go to C1-82 of the processor.

13. Output File.

 The load rack shall intermate with Type 200 solid state switch packs. The rack shall be
capable of containing 6 solid state switch packs.

14. Relay Panel.

a. Relays used for this purpose shall have a clear plastic cover.

b. All contact points which make, break and carry current to the signal lamps shall be of
silver-cadmium, coin silver or superior alternative material. Contacts shall be capable of
making, breaking, and carrying a current of 20 amperes 120 volts, without undue
pitting. 120 volt AC relay coils shall be used and shall have a power consumption of 10
volt amperes or less and shall be designed for continuous duty.

c. The transfer relay shall withstand potential of 1500 volts at 60 hertz between insulated
parts and between current carrying parts and grounded and non-current carrying parts.

d. Each flash transfer relay shall have a one cycle surge rating of 175 amperes RMS (247.5
amperes peak).

e. Each transfer relay shall be unaffected by electrical noise, having a rise time of up to 200
volts per microsecond. Each relay shall be unaffected by the 500 volt power noise
transient test when the dv/dt herein specified is not exceeded.



22-26 8643

ADDENDUM NO.5                                                                   08-10

f.  The flash transfer relays shall transfer field signal light circuits (for switch packs 1 thru
6), from the processor unit to flasher and shall permit flashing lights as programmed on
the main street or highway and on the cross street or streets. Operation of the flash
transfer relay circuit shall not prohibit the operation of the processor, but shall prohibit
operation of the field signal light circuits by the processor. The line to the coils of the
FTR's shall have a RC suppression device.

g. The flash transfer relay shall be Midtex, 187-02701A or equal, and shall be provided
with a connector (Cinch Jones, type #P-408-53 or equal) and intermate with Cinch
Jones, type #S-408-53 or equal, using the following pin definitions:

PIN
NUMBER CIRCUIT

1 Coil

2 Coil

3 NC Ckt #2

4 NC Ckt #2

5 Common Ckt #1

6 Common Ckt #2

h. A minimum of 4 program block positions shall be provided for flashing operation. The
programming plugs shall be provided to alter whether flashing yellow, flashing red, or
absence of flash (white) appears on the output field terminals to the signal heads.

i.  Flasher programming shall be provided by the use of a Molex type 1375 receptacle and
intermate with a Molex type 1375 plug. Two red, 1 yellow, and 2 white programming
plugs shall be provided. Flash programming shall be in compliance with the following:

(a) Red programming plugs shall contain three red jumper wires connecting
pins 9 and 15, and 3, 7 and 13.

(b) Yellow programming plugs shall contain three yellow jumper wires
connecting pins 1 and 7, 3 and 9, 13 and 15.

(c) White programming plugs shall contain two white jumper wires connecting
pins 1, and 3, 13 and 15.
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9. Power Distribution Assembly.

a. The main circuit breaker, labeled (Main C.B.) shall be a magnetic breaker, single pole,
automatic trip, and trip indicating, rated at 40 amperes at 125VAC.

b. The auxiliary circuit breaker, labeled (AUX EQ C.B.) shall be a magnetic breaker, signal
pole, automatic trip, and trip indicating, rated at 15 amperes at 125 VAC.

c. The flasher circuit breaker, labeled (FL C.B.), shall be a magnetic breaker, single pole,
automatic trip, and trip indicating, rated at 15 amperes at 125 VAC.

d. The load switch circuit breaker, leveled (LS C.B.), shall be a magnetic breaker, single
pole, automatic trip, and trip indicating, rated at 30 amperes at 125 VAC.

e. A 3 ampere fuse, labeled (24 VDC), shall fuse the 24 VDC output of the ferro-resonant
power supply.

f. A 1 ampere fuse, labeled (24VPS 110VAC), shall fuse the AC input of the ferroresonant
power supply.

g. Four Molex type 1375 receptacles shall be provided and must intermate with a Molex
type 1375 plug. The receptacles shall be color coded.

h. Aux. 1 shall contain all wiring to the maintenance panel switches.

i. P1 shall contain all wiring that is external to the rack assembly. By removal of the
connector the rack assembly may be removed without disconnecting the wiring from
terminals with the exception of the field terminals.

j. P2 shall contain all DC power connections to the rack assembly.

k. P3 shall contain all AC and power control wiring to the rack assembly components.

l. A non-mercury contactor shall be provided and shall be capable of switching a
minimum of 30 amperes at 120VAC.
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m. A phone jack, which shall mate with a Switchcraft Model 190 plug, shall be provided
for automatic cabinet diagnostic testing. When the plug is inserted, a reset signal will
be supplied to the conflict monitor. The source of the reset signal shall be C1-97.

n. A ground fault interrupter shall be installed and shall be a NEMA 5-15R duplex type.
Circuit interruption shall occur between 4 and 6 milliamperes of ground fault current.
The ground fault receptacle shall be of the feed-through type.

o. Terminal blocks shall be so arranged that they shall not upset the entrance and
connections of incoming field conductors. There shall be 5 blocks, each having 12
positions with 10-32 screws. Magnum Electric Corp. 481312-04 or equal.

p. The AC+ service connection shall be made directly to the main C.B. in the PDA from
the power line service terminal. The terminals of the power line service terminal
block shall be labeled "L1" and "AC-", and shall be covered with a clear insulating
material to prevent inadvertent contact. Terminating lugs large enough to
accommodate No. 2 conductors shall be furnished for the service terminal block. The
terminal block shall be rated for 50 amperes at 1000 volts, minimum.

G. Type 336 Cabinet.

1. This section defines the detailed requirements for an 8-phase controller cabinet to be
mounted on a post-top or foundation mount.

2. The cabinet shall be designed for either post-top or foundation mount. The design must
be flexible enough to allow choosing the mounting type at time of installation, and to
allow changing the mounting type at any time in the future.  For foundation mounting,
the cabinet shall be designed with a square opening in the floor of the cabinet as large as
possible and still allow easy access to anchor bolts and a good seal with the foundation.
For post-top mounting, an adapter shall be used which mates with the anchor bolt holes,
in such a way as to provide a dust-proof attachment. The adapter shall mate with a
standard 4 in. slipfitter, and shall be strong enough to meet the stiffness requirements
defined below. All cabinets shall be supplied with an adapter and a 4 in. slipfitter,
regardless of the stated application of the cabinet.

3. All Type 336 cabinets shall be capable of housing an auxiliary output file ("stretch"
version), and one shall be supplied and installed when specified.
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4. All Model 336 cabinets shall have both a front and a rear door, keyed with a Corbin #2
lock as described previously in the general cabinet specifications.

5. Cabinets assembled for post-top mounting shall be adequately reinforced in the bottom
of the fully-equipped cabinet to withstand a 100 mph wind, and shall have less than 2 in.
of deflection at the top when a 100 lb. force is applied horizontally at the top of the
cabinet on any of the four planes of cabinet faces.

6. The input file shall have 14 slots, and an input panel used, as previously described for the
Type 332 cabinet.

7.  The output file shall have 12 output slots.

8. The red and yellow signal circuits of all switch packs assigned to vehicle signals for phases
1 through 8 shall be available at a Molex Type 1375 Receptacle which shall intermate with
a Molex Type 1375 plug to allow flash programming. A plug connector, with programming
jumpers, shall be furnished for each circuit to  allow red or yellow flash programming.
Connectors shall be readily accessible without the removal of any other equipment. Plug
pins shall be crimped and soldered.

9. The cabinet shall also include 4 flash relays, and 2 flashers.

H. Warranties and Service.

1. The following minimum warranty shall apply:

a. All other equipment shall be warranted for a period of 24 months from date of
installation.

2. The warranty shall cover all units, defects, parts, labor, and shipping costs.

I. Documentation.

Each controller cabinet assembly shall be supplied with operation and maintenance
manuals. A minimum of 1 set shall be supplied with each cabinet. Each cabinet shall be
supplied with a cabinet drawing and a complete cabinet wiring diagram.

J. Testing and Certification.
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1. All controllers and cabinets supplied shall be tested by the manufacturers as complete
units as outlined in Chapter 1, Section 8 in FHWA-IP-78-16 and certification provided to
the City of San Antonio that such tests were provided.

2. The manufacturer shall provide certification that the units supplied under these
specifications are not units rejected by some other municipality or state.

4. Measurement and Payment.  The work performed, materials furnished, equipment, labor, tools
and incidentals will not be measured or paid for directly, but shall be considered subsidiary to Item
680, "Installation of Highway Traffic Signals".
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2004 Specifications Abilene, Amarillo, Beaumont, Brownwood, Bryan,
Corpus Christi, Dallas, El Paso, Fort Worth,

Houston, Lubbock, Lufkin, Paris, Pharr,
San Antonio, Waco & Yoakum Districts

SPECIAL SPECIFICATION
8703--CoSA

Accessible Pedestrian Signal Units

1. Description. Furnish and install accessible pedestrian signal (APS) units.

2. Materials. Furnish and construct materials in accordance with the following:

Item 618, “Conduit”

Item 624, “Ground Boxes”

Item 682, “Vehicle and Pedestrian Signal Heads”

Item 684, “Traffic Signal Cables.”

Item 688, “Pedestrian Detectors and Vehicle Loop Detectors.”

Furnish all new materials.

Ensure the APS complies with materials Section 688.2.A, “Pedestrian Detectors.”

Ensure  APS  complies  with  US  Access  Board’s  “Draft  Guidelines  for  Accessible  Public
Rights of Way (PROWAG) Section R306.

Supply an APS that includes a pedestrian sign, a pushbutton, and an audible speaker
contained in one unit and with the following features:

Vibrating tactile arrow with high visual contrast.

Pushbutton locator tone with a duration of 0.15 seconds or less, repeating at 1-second
intervals. The push button locator tones must deactivate when the traffic control signal
is operating in a flashing mode. The locator tones must be intensity responsive to
ambient sound and be audible (a maximum of 5 dBA louder than ambient sound) up to
6 to12 feet from the pushbutton or to the building line whichever is less.

Speech walk message for the WALKING PERSON (symbolizing WALK) indication.

Speech pushbutton information message.
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Audible tone walk indications – consisting of ticks repeating at 8 to 10 times per second
at multiple frequencies with a dominant component at 880 Hz ± 20%. It must provide
an audible walk indication during the walk interval only. The audible walk indication
must be from the beginning of the associated crosswalk and must have the same
duration as the pedestrian walk signal except it must be possible to limit the accessible
walk indication to the first 7 seconds of the walk interval when the pedestrian signal
rests in walk.  When the accessible walk indication is limited during rest in walk a
button press during the walk interval must recall the walk interval provided the crossing
time remaining is greater than the pedestrian change interval.

Automatic volume adjustment in response to ambient traffic sound level provided up to
a maximum volume of 100 dBA. Tone or voice volume measured at 3 ft from the push
button shall be 2 dB minimum and 5 dB maximum above ambient noise level and shall
be responsive to ambient noise level changes.

The pushbutton must be ADA compliant and activate both the walk interval and
accessible pedestrian signal.

Actuation indicator-tone and light.

Extended button press which can be used to request a louder WALK signal and locator
tone for subsequent clearance interval.

Weather-proof speaker protected by a vandal proof screen.

Pole unit and the central control unit shall be rated for the following temperature range:
-30°F to +165°F.

Accessible pedestrian signal units shall be operationally compatible with TS1, TS2, 170
and 2070 controllers, currently used by the Texas Department of Transportation and
any other Texas government entities. In the case of conflicts between specifications, the
latest TxDOT specifications will control.

Supply a central control unit (CCU) for the pushbutton detector unit that resides in the
Traffic Signal Controller Cabinet capable of controlling a minimum of 8 units. Ensure
the CCU is capable of controlling up to 4 phases. Ensure that all inputs and outputs on
the CCU have Transient Voltage Protection.

3. Construction. Wire the APS to the nearest splicing point or terminal strip using stranded No.
12 AWG XHHW wire with 600-volt insulation. Do not use terminal connections or splice
wire leads except in the hand holes located in the signal pole shaft, in the signal pole base, or
at locations approved by the Engineer. All allowed splices must be watertight. Attach wires to
terminal posts with solderless terminals. Attach terminals to the wires with a ratchet-type
compression crimping tool properly sized to the wire.
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4. Documentation Requirements.  Each APS shall be provided with the following
documentation:

A. Complete and accurate installation wiring guide.
B. Contact name, address, and telephone number for the representative, manufacturer, or

distributor for warranty repair.
C. If requested by the purchaser, the bidders shall supply schematics for all electronics. One

schematic diagram shall be provided for each unit, along with any necessary installation
instructions.

5. Warranty The Accessible Pedestrian Signal unit shall be warranted against any failure due to
workmanship, material defects or intensity within the first 60 months of field operation.
Accessible  Pedestrian  Signal  unit  shall  operate  as  required  above  after  60  months  of
continuous use over the temperature range of -30°F to +165°F in a traffic signal operation.
The contractor shall provide a written warranty against defects in materials and workmanship
for Accessible Pedestrian Signal unit for a period of 60 months after installation. Replacement
of Accessible Pedestrian Signal units shall be provided within 5 days after receipt of failed at
no cost to the State, except the cost of shipping the failed modules.

6. Measurement. This Item will be measured by each APS installed per intersection.

7. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under “Measurement” will be paid for at the unit price bid for
“Accessible Pedestrian Signal Units” of the type specified. This price is full compensation for
furnishing, installing, and testing the detectors.
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FND (30" DRIL 
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SHFT)
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SIGNS (TY A)

INSTAL HWY TRF 
SIG (SYSTEM)

BACK PLATE        
(12 IN) (3 SEC)

LF LF LF LF LF LF LF LF LF LF EA EA SF EA EA

0 27 44 111 20 650 8 16 753 668 4 1 10 1 15

12 27 0 95 158 208 12 24 449 472 3 1 10 1 7

0 40 0 47 9 538 11 10 297 500 4 1 10 1 5

 PROJECT TOTAL 12 94 44 253 187 1396 31 50 1499 1640 11 3 30 3 27
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EST@ 20 LF
PORT CTB (MOVE)(LOW PROF)(TY 1)

EST@ 360 LF

NOTE: MOVE LPCTB TY1 & TY2

TO CONTRACTOR’S STOCKPILE

OR STAGING AREA LOCATION.
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BURR RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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A
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A
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2
2
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0
0

HARRY WURZBACH |

M
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T
C

H
L
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E
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T

A
. 
2
6
+

0
0

B
U

R
R
 R

D T
E

R
R

E
L

L
 R

D

N

PROP SAWS

12 " WL

PROP SAWS

12 " WL

N

HARRY WURZBACH HWY

HARRY WURZBACH HWY

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 685 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @ 200 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 656 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 800 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  130 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 800 LF

CHANNELIZING DEVICES

@ 90’ C-C

CHANNELIZING DEVICES

@ 90’ C-C

R1-1

0 20 40 60

1" = 40’

105

H

DETOUR ALIGN

STA 27+96.06

OFF 18.00 LT

DETOUR ALIGN

STA 27+96.06

OFF 22.00 RT

RPR JDH RE

EXIST ROW EXIST ROW

EXIST ESMT

EXIST ESMT EXIST ESMT

EXIST ROW EXIST ROW

72

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @ 200 LF
WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @ 60 LF
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BURR RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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BURR RD | 

H
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R
R

Y
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Z
B

A
C

H
 |

CHANNELIZING DEVICES

PROP SAWS

12 " WL

H
A

R
R

Y
 W

U
R

ZB
A

C
H

 H
W

Y

BURR RD

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 520 LF

WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @ 10 LF

0 20 40 60

1" = 40’

105

H

DETOUR ALIGN

STA 14+49.91

OFF 14.23 RT

DETOUR ALIGN

STA 14+50.07

OFF 10.07 LT

DETOUR ALIGN

BEGIN CURVE

STA 16+38.85

OFF 4.00 LT

DETOUR ALIGN

STA 16+38.85

OFF 24.00 RT

DETOUR ALIGN

STA 16+94.43

OFF 24.00 RT

DETOUR ALIGN

END CURVE

STA 16+04.86

OFF 4.00 LT

RPR JDH RE

EXIST ROW

EXIST ROW

E
X

IS
T

 R
O

W

E
X

IS
T

 R
O

W

73
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N
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  10’ L
A

N
E

  10’ L
A

N
E

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 546 LF
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WINANS RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205
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2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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A
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0
0

HARRY WURZBACH B

M
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T
C

H
L

IN
E

 S
T

A
. 
5
7
+

0
0

M
A

T
C

H
L

IN
E

 S
T

A
. 
5
3
+

0
0

L

HARRY WURZBACH B L

CHANNELIZING DEVICES

CHANNELIZING DEVICES

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @  20 LF

WK ZN PAV MRK NON-REMOV (W)  8" (LNDP)

EST @ 18 LF

WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @ 15 LF

WK ZN PAV MRK NON-REMOV (W) 8" (LNDP)

EST @ 10 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 160 LF
PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 100 LF 

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

HARRY WURZBACH HWY

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 760 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  80 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 849 LF

L
Y

M
A

N
 R

D

HARRY WURZBACH HWY

R1-1

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 600 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  210 LF

WK ZN PAV MRK NON-REMOV (W) 8" (SLD)

EST @  106 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 779 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 20 LF

BEGIN LPCTB

STA 52+60.00

14.24’ RT

END LPCTB

STA 54+80.00

16.50’ RT BEGIN LPCTB

STA 55+80.00

16.50’ RT

0 20 40 60

1" = 40’

105

H

DETOUR ALIGN

STA 51+74.41

OFF 23.50 LT

DETOUR ALIGN

STA 50+03.86

OFF 23.81 RT

DETOUR ALIGN

STA 52+75.00

OFF 12.25 RT

DETOUR ALIGN

STA 54+11.98

OFF 33.63 LT

DETOUR ALIGN

STA 54+68.55

OFF 33.50 LT

DETOUR ALIGN

STA 54+85.09

OFF 14.50 RT

DETOUR ALIGN

STA 53+51.40

OFF 19.00 RT

RPR JDH RE

EXIST ROW EXIST ROW

EXIST ROW

EXIST ROW EXIST ROW

EXIST ESMT

74

W
IN

A
N

S
 R

D

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE
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SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1
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2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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HARRY WURZBACH B L

HARRY WURZBACH HWY
HARRY WURZBACH B L

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 140 LF

PROP SAWS

12 " WL

PROP SAWS

12 " WL

HARRY WURZBACH HWY

IV
Y

 L
A

N
E

C
A

N
T

E
R

B
U

R
Y

 H
IL

L

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 700 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  270 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 680 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 715 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  270 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 670 LF

R1-1

END LPCTB

STA 62+60.00

16.50’ RT

R1-1

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 400 LF

0 20 40 60

1" = 40’

105

H

BEGIN LPCTB

STA 64+85.00

OFF 16.50’ RT

RPR JDH RE

EXIST ROW

EXIST ROW

EXIST ESMT

EXIST ESMT

EXIST ROW EXIST ROW

EXIST ROW

EXIST ESMT EXIST ESMT
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  10’ LANE

  10’ LANE
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DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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+
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0
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WINANS RD B L

CONSTRUCTING DETOURS

EST @ 93 SY
WK ZN PAV MRK NON-REMOV (W)  4" (SLD)

EST @ 552 LF

WK ZN PAV MRK NON-REMOV (Y)  4" (SLD)

EST @ 552 LF

CONSTRUCTING DETOURS

EST @ 411 SY

WK ZN PAV MRK NON-REMOV (Y)  4" (SLD)

EST @ 1242 LF

WK ZN PAV MRK NON-REMOV (W)  4" (SLD)

EST @ 1242 LF

CHANNELIZING DEVICES

CHANNELIZING DEVICES

H
A

R
R

Y
 W

U
R

Z
B

A
C

H
 H

W
Y

WINANS RD

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 302 LF

BEGIN TEMP PAV

STA 10+39.97

OFF 12.51’ RT

END TEMP PAV

STA 10+96.56

OFF 1.37’ RT

BEGIN TEMP PAV

STA 11+87.59

OFF 13.00’ RT

END TEMP PAV

STA 15+97.75

OFF 13.00’ RT

END TEMP PAV

STA 15+97.75

OFF 10.91’ LT

BEGIN TEMP PAV

STA 13+00.00

OFF 33.00’ LT

CONSTRUCTING DETOURS

EST @ 37 SY

CONSTRUCTING DETOURS

EST @ 89 SY

WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @  13 LF

0 20 40 60

1" = 40’

105

H

R=25’

R=25’

STA 10+15.74

OFF 27.76 LT

DETOUR ALIGN

STA 10+40.72

OFF 3.33 LT

RPR JDH RE 76
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NOTE: REFER TO CPS GAS UTILITY PHASE PLANS
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WINANS RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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E
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T
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E
 D

R
.

N
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M
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T
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H
L
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E

 S
T

A
. 

6
9

+
0

0

LHARRY WURZBACH B

M
A

T
C

H
L

IN
E

 S
T

A
. 

6
9

+
0

0

M
A

T
C

H
L

IN
E

 S
T

A
. 

7
3

+
0

0

LHARRY WURZBACH B

M
A

T
C

H
L

IN
E

 S
T

A
. 

6
5

+
0

0

DRUM WITH

CHEVRON (CW1-8)

@ 55’ C-C

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF
PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 80 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 400 LF

CHANNELIZING DEVICES

N

HARRY WURZBACH HWY

HARRY WURZBACH HWY

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 700 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  220 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 760 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 800 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  180 LF

PROP SAWS

12" WL

PROP SAWS

12" WL

W
IL

T
S

H
IR

E
 A

V
E

R1-1

R1-1
WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 800 LF

E
V

E
N

T
ID

E
 D

R

WK ZN PAV MRK NON-REMOV (W) 8" (LNDP)

EST @ 68 LF

0 20 40 60

1" = 40’

105

H

BEGIN LPCTB

STA 70+40.00

OFF 6.50 RT

END LPCTB

STA 69+40.00

OFF 6.50 RT END LPCTB

STA 71+60.00

OFF 6.50 RT

DETOUR ALIGN

STA 65+89.01

OFF 14.50 RT

DETOUR ALIGN

STA 67+95.48

OFF 4.75 RT

RPR JDH RE

EXIST ROW

EXIST ESMT

EXIST ROW

EXIST ESMT

EXIST ROW

EXIST ROW

EXIST ESMT

EXIST ESMT

EXIST ROW

EXIST ROW

EXIST ROW

77

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE
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RITTIMAN RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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LHARRY WURZBACH B

M
O

R
N

IN
G

S
ID

E
 D

R

HARRY WURZBACH HWY HARRY WURZBACH B L

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 260 LF

N

HARRY WURZBACH HWY

PROP SAWS

12" WL

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 738 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  180 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 755 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  100 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 645 LF

R1-1

WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @ 83 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 400 LF

WK ZN PAV MRK NON-REMOV (W) 24" (SLD)

EST @ 25 LF

0 20 40 60

1" = 40’

105

H

DETOUR ALIGN

BEGIN CURVE

STA 74+78.75

OFF 35.50 LT

DETOUR ALIGN

STA 76+99.42

OFF 32.49 LT

R= 2132’

DETOUR ALIGN

STA 79+95.73

OFF 45.89 LT

DETOUR ALIGN

END CURVE

STA 79+21.99

OFF 34.08 LT

RPR JDH RE

EXIST ROW
EXIST ROW

EXIST ESMT

EXIST ROW
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  10’ LANE

  10’ LANE
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  10’ LANE

  10’ LANE
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WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 755 LF

NOTE: REFER TO CPS GAS UTILITY PHASE PLANS

1 OF 6

3 ADDENDUM NO.5
3



W

W

SD

WW

82+00
83+00

84+00

CAPITAL IMPROVEMENTS MANAGEMENT SERVICES DEPARTMENT

CITY OF SAN ANTONIO

FORT SAM HOUSTON TRANSPORTATION PROJECTS

CHKD. BY:

PROJECT NO.: DATE:

DRWN. BY: DSGN. BY:

p
:
\
2

5
7

7
4

\
1

3
1

-
2

5
7

7
4

-
0

9
0

5
2

\
c
a
d

\
s
h

e
e
t
f
i
l
e
s
\
0

1
5

-
0

9
 
t
c
p

 
p

h
2

 
p

l
n

2
5

.
d

g
n

 
 
 
8

/
2

3
/
2

0
1

1
 
1

:
0

9
:
1

9
 
A

M

RITTIMAN RD. & HARRY WURZBACH INTERSECTION

8/23/2011

SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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J
B

-
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4

SN-24

C
I
-
1
0

SN-23

D
I
-
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5

S
N

-
2
5

HARRY WURZBACH HWY
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T
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H
L
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E
 S
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. 
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0
0
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L

I
N

E
 S
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. 
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0
0

HARRY WURZBACH BL

C
O

R
IN

N
E

 D
R

M
A

T
C

H
L

I
N

E
 S

T
A

. 
8
5
+

0
0

HARRY WURZBACH BL

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 360 LF

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @  180 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 742 LF

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 650 LF

HARRY WURZBACH HWY

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @ 760 LF

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 760 LF

M
A

T
C

H
L

I
N

E
 S

T
A

. 
8
9
+

0
0

CHANNELIZING DEVICES

@ 90’ C-C

CHANNELIZING DEVICES

@ 90’ C-C

PROP SAWS

12" WL

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 140 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 1)

EST @ 70 LF

PORT CTB (FUR & INST)(LOW PROF)(TY 2)

EST @ 20 LF

PROP SAWS

12" WL

0 20 40 60

1" = 40’

105

H

END LPCTB

STA 83+30.00

OFF 1.70 RT

BEGIN LPCTB

STA 84+10.00

OFF 0.00 RT

DETOUR ALIGN

END HORZ CURVE

STA 84.31.41

OFF 53.39 LT

DETOUR ALIGN

STA 84.31.41

OFF 53.39 LT

R= 2121’

END LPCTB

STA 88+79.75

OFF 6.62 LT

DETOUR ALIGN

BEGIN HORZ CURVE

STA 85+33.17

OFF 44.80 LT

DETOUR ALIGN

END HORZ CURVE

STA 88+03.35

OFF 52.33 LT

DETOUR ALIGN

STA 86+68.47

OFF 48.37 LT

R= 2132’

RPR JDH RE

EXIST ROW

EXIST ROW

EXIST ROW

EXIST ROW

EXIST ROW EXIST ROW

EXIST ROW
EXIST ROW

79

  10’ LANE
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  10’ LANE

WK ZN PAV MRK NON-REMOV (W) 4" (BRK)

EST @ 180 LF

WK ZN PAV MRK NON-REMOV (W) 8" (SLD)

EST @ 326 LF
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SHEET NO.:

FINAL SUBMITTAL 915-12-470,etc

LEGEND

SCF

NOTE: SEE TCP NARRATIVE & GENERAL NOTES FOR 

ADDITIONAL INFORMATION

TCP/SW3P LAYOUT

PHASE 2 STAGE 1
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TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             
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DETOUR

EXIST PAV MARK TO BE REMOVED

EXIST PAV MARK TO REMAIN

WK ZN PAV MRK REMOV/NON-REMOV

DIRECTION OF TRAVEL

CHANNELLIZING DEVICES

(VP’S, BARRELS, CONES, ETC.)

SIGN

BARRICADES (TYPE III)

PORTABLE TRAFFIC BARRIER

LIMITS OF EARTHWORK

WEEKEND CONSTRUCTION

TEMPORARY SEDMNT CONT FENCE

SANDBAGS

CONSTRUCTION EXIT

CONSTRUCTION PERIMETER FENCE

TEMPORARY PAVEMENT

8/23/2011
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+

0
0

HARRY WURZBACH BL

WK ZN PAV MRK NON-REMOV (Y) 4" (SLD)

EST @ 690 LF

CHANNELIZING DEVICES

@ 45’ C-C

WK ZN PAV MRK NON-REMOV (W) 4" (SLD)

EST @  75 LF

0 20 40 60

1" = 40’

105

H

DETOUR ALIGN

BEGIN HORIZ CRUVE

STA 90+00.49

OFF 37.82 LT
DETOUR ALIGN

STA 90+68.30

OFF 35.87 LT

R= 900’

DETOUR ALIGN

BEGIN HORIZ CRUVE

STA 90+06.77

OFF 2.80 RT

DETOUR ALIGN

STA 91+03.71

OFF 14.40 RT

R= 2675’

WK ZN PAV MRK NON-REMOV

(W) 4" (SLD)

EST @  690 LF
DETOUR ALIGN

END HORIZ CURVE

BEGIN HORIZ CURVE

STA 92+00.09

OFF 26.55 RT

DETOUR ALIGN

STA 92+50.41

OFF 31.05 RT

R= 500’

DETOUR ALIGN

END HORIZ CURVE

STA 93+00.88

OFF 31.42 RT

DETOUR ALIGN

END HORIZ CURVE

STA 92+34.01

OFF 38.50 LT

RPR JDH RE

EXIST ROW

EXIST ROW

80

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE

  10’ LANE
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  10’ LANE

  10’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

  12’ LANE

WK ZN PAV MRK NON-REMOV (W)  4" (BRK)

EST @  180 LF
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EXISTING MHW

TOP EL=711.43

(NE) INV 8" =700.41
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(SW2) INV 8"=706.47

PROP. DRAINAGE EASEMENT
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2" OVERLAY AT |

DRIVEWAYS (CONC)

EST @ 273 SY STREET RETURN (ASPH)

EST @ 235 SY
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INFORMATION

REFER TO SAWS
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PAV JT UNDERSEAL
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CONC CURB (TY I)

EST @ 400 LF
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CL C CONC (BUS STOP)

EST @ 39.91 CY

PAV JT UNDERSEAL
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CONC CURB (TY I)
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DRIVEWAYS (CONC)

EST @ 45 SY
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OFF 61.12’ RT
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LEVEL-UP & OVERLAY
STA 28+00.00
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MATCH EXISTING

HARRY WURZBACH |

VIA BUS PAD

EXIST ESMTEXIST ESMT

EXIST ROW
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2" OVERLAY AT |

STA 27+00.00

OFF 31.00’ RT
STA 28+00.00

OFF 43.00’ RT

HARRY WURZBACH HWY

STA 28+00.00

OFF 28.00’ LT

END PROJECT

CSJ: 0915-12-471

END WIDENING & 

LEVEL-UP & OVERLAY

STA 28+00.00

2
2

’ 2
8

’

2
3

’

4
3

’

FOR WATERLINE INFORMATION

REFER TO SAWS PLAN SHEETS

CONC CURB (TY I)

EST @ 200 LF

CONC CURB (TY I)

EST @ 200 LF

CL C (BUS STOP)

EST @ 39.91 CY

PAV JT UNDERSEAL

EST @ 200 LF

PAV JT UNDERSEAL

EST @ 200 LF

0 20 40 60

1" = 40’

105

0 5 10 15

1" = 10’

V

H

2 ADDENDUM NO.4

3 ADDENDUM NO.5

REMOVED ITEM 112-2001

SUBGRADE WIDENING

2



WV

W

WV

WV

6
6

6

6

CAPITAL IMPROVEMENTS MANAGEMENT SERVICES DEPARTMENT

CITY OF SAN ANTONIO

FORT SAM HOUSTON TRANSPORTATION PROJECTS

CHKD. BY:

PROJECT NO.: DATE:

DRWN. BY: DSGN. BY:

p
:
\
2

5
7

7
4

\
1

3
1

-
2

5
7

7
4

-
0

9
0

5
2

\
c
a
d

\
s
h

e
e
t
f
i
l
e
s
\
0

1
5

-
0

5
 
p

p
0

1
-
0

5
.
d

g
n

 
 
 
8

/
2

3
/
2

0
1

1
 
1

1
:
2

5
:
1

8
 
A

M

PLAN AND PROFILE

WINANS RD. & HARRY WURZBACH INTERSECTION

0 20 40 60

1" = 40’

105

0 5 10 15

1" = 10’

V

H

8/23/2011

#

PLAN VIEW LEGEND

PROFILE VIEW LEGEND

SHEET NO.:

PROPOSED GRADE

EXISTING GROUND @ |

GUTTER ] LEFT

GUTTER ] RIGHT

FINAL SUBMITTAL 915-12-470,etc

PROPOSED CURB

FULL DEPTH RECONSTRUCTION

LEVEL-UP & OVERLAY

SAWCUT LINE

EXISTING EDGE ROADWAY

EXISTING RIGHT OF WAY

EXISTING FENCE

DRIVE NUMBER

ENVIRONMENTAL

AREA OF CONCERN

C

R

TETRA TECH
TBPE F-3924

700 N. ST. MARY’S STREET SAN ANTONIO, TX 78205

 TELEPHONE #: (210) 226-2922       FAX #: (210) 226-8497   WEBSITE:     WWW.TETRATECH.COM             

2011

49+00 50+00 51+00 52+00 53+00

7
1

5
.3

7

7
1
6
.6

8

7
1
8
.0

0

7
1

9
.0

6

7
2

0
.0

9

7
2

0
.0

9

]
 
R

T
 
=

 
7

1
4

.
1

9

]
 
R

T
 
=

 
7
1
5
.
4
0

]
 R

T
 =

 7
1

6
.6

1

]
 
R

T
 
=

 
7
1
7
.
9
4

]
 R

T
 =

 7
1

9
.2

1

G
U

T
T

E
R

]
 
L

T
 
=

 
7
1
4
.
1
6

G
U

T
T

E
R

]
 
L

T
 
=

 
7
1
6
.
0
6

G
U

T
T

E
R

]
 
L

T
 
=

 
7
1
7
.
4
6

G
U

T
T

E
R

]
 
L

T
 
=

 
7

1
8

.
1

5

G
U

T
T

E
R

]
 
L

T
 
=

 
7

1
9

.
5

2

8/23/2011

XET
A

R
E

I
GS

E

IS
LAON

NE

I

R
P

LF
O

T

S

ESNCE
D E

N

S

A
E

FO T

90128

ROLANDO ESCAMILLA

50+00 51+00 52+00

RPR JDH RE

710

700

720

730 730

720

710

700

EXIST ROW

S
E

F
O

R
D

 R
D

N 25%%d 29’ 2.96" E

EXIST ROW

EXIST. ROW M
A

T
C

H
L

IN
E

 S
T

A
. 
5
3
+

0
0

MATCH EXIST GRADE

1 OF 5

BEGIN WIDENING &

LEVEL-UP & OVERLAY

STA 52+75.00

M
A

T
C

H
  
  
E

X
IS

T

EXIST GROUND AT |

HARRY WURZBACH |
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STREET RETURN (ASPH)

EST @ 158 SY

2" OVERLAY AT |
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EST @ 61 SY

DRIVEWAYS (CONC)

EST @ 61 SY
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R 25’
R 15’

2
%

2
%

2
%

2
%

CL C CONC (BUS STOP)
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STA  88+33.00
END FULL DEPTH

PROP. GRADE

STA 86+59.07

OFF 0.00 LT

EXISTING MHW

TOP EL=728.76

(NE) INV 12"=711.95

(SW) INV 12"=711.93
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OFF 9.94 RT
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EST @ 64 SY
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OFF 37.91’ RT

STA 88+33.00

OFF 52.27’ LT
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= 51%%d 25’ 07.17" (LT)

DEGREE OF CURVE = 2%%d 30’ 00.00"
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= 2,056.75

= 2,291.83
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END PROJECT

CSJ: 0915-12-480
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LEVEL-UP & OVERLAY

STA 14+50.00
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EXIST ROW
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(NW) INV 8"=699.96
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STA 16+82.34
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2" OVERLAY AT |

BEGIN PROJECT

CSJ: 0915-12-471
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STA 14+50.00

STA 15+62.55
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34

DRIVEWAYS CONC

EST 56 SY
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CSJ: 0915-12-471

END WIDENING & 

LEVEL-UP & OVERLAY

STA 17+09.11
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LEVEL-UP & OVERLAY
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ROCK WALLSTA 10+58.77

OFF 11.00 RT

BEGIN PROJECT

CSJ: 0915-12-470

BEGIN FULL DEPTH

CONSTRUCTION

STA 10+38.12

STA 10+70.22

OFF 33.00’ LT

STA 11+58.96

OFF 33.00’ LT
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OFF 33.00’ LT
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END PROJECT
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