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PURPOSE

This document contains the procedures for system integration and test check out (???) of the LAT EM Single Bay.

1. SCOPE

This document covers the integration of a single TKR tower, single CAL module, single TEM module, single TEM-PS module, associated EM cables, and associated fastener hardware and connection to EGSE.  Note that no flight certified fastener hardware will be used for the EM build.  Fasteners of reasonable fidelity, but with no pedigree, will be used because the test article will not be exposed to any harsh, structurally demanding environments (i.e., 1 g with very slow inversion operations.  All MGSE used for the EM integration has been successfully proof tested to at least twice the maximum expected load.
2. ACRONYMS and Definitions

AIDS

Assembly and Inspection Data Sheet

CAL

Calorimeter

EGSE

Electrical Ground Support Equipment

GLAST 
Gamma-ray Large Area Space Telescope

I&T 

Integration and Test

LAT 

Large Area Telescope

MGSE 
Mechanical Ground Support Equipment

SAS

Science Analysis Software

TBD 

To Be Determined

TEM

Tower Electronics Module

TEM-PS
TEM Power Supply

TKR 

Tracker

3. APPLICABLE DOCUMENTS

Documents relevant to the single bay integration procedure:

· LAT-MD-404

GLAST LAT Contamination Control Plan

· LAT-PS-1164

Single Bay Electrical Performance Test Procedures

· LAT-MD-676

LAT Assembly Sequence
· LAT-MD-1624
Assembly and Inspection Data Sheet Preparation Instructions
· LAT-DS-2149

CAL Rotation Stand and Single Bay
· LAT-TD-1805

Van de Graaff Accelerator Safety/Operations Handbook     
4. overview

The system integration of the EM Single Bay is summarized in the following chart:
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Required components

This section describes the required components and provision responsibility for integration of the EM Single Bay :

4.1. Required Tools for em hardware
Torque Wrench, 0 to TBD in oz, Model No_____________, Calibration Due Date_____________

Torque Wrench, 0 to TBD in lbs, Model No_____________, Calibration Due Date_____________
Crane Load Cell, Chatillon Centurion, 0-20,000 lbs, Model No DWT 20000, Calibration Due Date ______________

0.050" Allan Driver with adapter for torque wrench    (Cal to TEM connector screws at Cal)

3/32" Allan Driver with adapter for torque wrench.     (Cal to TEM connector screws at TEM)

5/64" Allan Driver with adapter for torque wrench     (TKR to TEM connector screws at TEM)
5/8" Hex Socket with adapter for torque wrench    (TEM to Cal Base Plate Stand Offs at Base Plate)

6mm Allan Drive with adapter for torque wrench
(TEM to Cal Base Plate Stand Offs at TEM)

¼" Allan Drive with adapter for torque wrench
(TKR to Grid Structural Attach Fasteners)

Not Applicable to EM




(TKR to Grid Thermal Strap Attach Fasteners)

7/64" Allan Drive with adapter for torque wrench
(Cal to Grid #6 fasteners)
9/64" Allan Drive with adapter for torque wrench
(Cal to Grid #8 fasteners)

Calorimeter Alignment Tool, LAT-DS-TBD
Calorimeter Alignment Rods, 2 each, LAT-DS-TBD
(with 5/16-18 UNC studs)

Calorimeter Lift Fixture, LAT-DS-01087, Proof Test Due Date Nov. 01, 2005
TKR Cable Lay Down Visualization Tool

(New, Acrylic LAT-DS-TBD ???)
Level, precision of 0.001" / ft, Model No. _____________, Calibration Due Date ______________
Note:  All tool driver ends shall be reviewed by engineering and QA prior to each day of use.  All tools that appear worn or inappropriately rounded shall be identified on the Tool Review List.  Engineering and mechanical technicians will define repair, or disposal, dispositions as required (does QA need to be involved ???). 
4.2. Required mgse, and  tools FOR MGSE Use
3/8" Allan Driver




(Fine tune Level Adjust about X Axis)

¾" Open End Wrench, two each


(Fine Tune Level Adjust about Y Axis)

TBD Allan Drive




(Removal of Cal Purge Cover from ship 







container)

MGSE Cal Shear Plate LAT-DS-TBD
EM-Cal Rotation / Support Stand, LAT-DS-02149-01, Proof Test Due Date Aug. 01, 2005
Digital Camera

Tri-Pod for Camera

Vacuum Cleaner
4.3. Consumables

Flight Certified Kapton Tape, Part Number : _______________, Use Prior to Date:____________

Lint Free Wipes, Brand _____________

Ethanol, purity of ______________

ESD Protective Gloves

Plastic Zip Lock bags




(for Cal ship cont screws)

Labels






(to mark bags)

Sharpie Fine Point Marker



(to write on bags / labels)
4.4. Tracker Subsystem Contribution

The Tracker Subsystem will provide the EM TKR Tower, proof-tested TKR lift fixture, TKR shipping container, TKR handling fixture, TKR to EM Single Bay attach fastener hardware and I&T approved TKR Tower electrical performance test scripts.

4.5. Calorimeter Subsystem Contribution

The Calorimeter Subsystem will provide the EM CAL Module, proof-tested +Z Up CAL lift sling, shipping container, Calorimeter Handling Fixture, and I&T approved CAL module electrical performance test scripts.

4.6. Mechanical systems Contribution

Mechanical systems will provide Grid, all necessary TKR-to-Grid fasteners, and all necessary CAL-to-Grid fasteners.

None

4.7. Electronics Systems Contribution

Electronics systems will provide single bay test equipment including test cables, pre-tested EM TEM, EM TEM-PS, and TEM-to-CAL fastener hardware.

4.8. I&T Subsystem Contribution

The I&T Subsystem will provide a Calorimeter Inversion System, +Z Down Calorimeter Lift Fixture, Calorimeter insertion alignment tooling, EM Single Bay, integration support stand, general use hand tools, as defined above, and electrical performance test software framework/integration.

4.9. SAS Subsystem Contribution

The SAS Subsystem will provide reconstructed data from all test data including Cosmic Ray Data and Van De Graaff Data.

TKR Tower Integration

The TKR integration procedure is given provided in this section.

4.10. TKR Tower Post-Ship Tests

4.10.1. TKR Tower Post-Ship Tests Procedure

Step 1: Check-out TKR Tower, within its shipping container, from LAT Project Bonded Stores
Step 1: Move TKR Tower in shipping container into Rm. 101

Step 1: Clean exterior surfaces of TKR shipping container to visibly clean condition using vacuum cleaner, lint free wipes and ethanol.
Step 1: Allow ethanol laden wipes to evaporate, within fume hood and away from ignition sources, prior to disposal.

Step 1: Affix ESD control wrist straps after their verification check out.
Step 1: Remove exterior packaging, visually inspect EM TKR for cleanliness and/or damage.
Step 1: Record EM Mini-TKR Part Number _______________, Revision Number ______and Serial Number ____________ in blanks and in TBD.
Step 1: Place TKR Tower onto ESD Protection Cart, connect ground wire from TKR TBD to cart and transfer to Rm. 103 TKR test station.
Step 1: Record EM TEM Part Number _______________, Revision Number ______and Serial Number ____________ in blanks and in TBD.
Step 1: Record EM TEM PS Part Number _______________, Revision Number ______and Serial Number ____________ in blanks and in TBD.
Step 1: Fasten EM TEM/TEM-PS assembly onto test fixture per TBD.
Step 1: Connect ESD protection ground wire to test stand.
Step 1: Move EGSE crate and cables into place per TBD. 
Step 1: Record EGSE Crate identification _____________ and revision ____________ and in TBD.
Step 1: Connect EGSE power supply cable connector designated as "TBD" to EM TEM-PS connector designated as "J1" as shown in Electrical Connect Schematic TBD.
Step 1: Update Mate De-Mate Log.
Step 1: Connect EGSE TEM cable to EM TEM connector designated "JS1" as shown in Electrical Connect Schematic TBD.
Step 1: Update Mate De-Mate Log.
Step 1: Temporarily strain relief test cables with Kapton tape to protect TEM and TEM-PS connectors to ensure connectors support no more than an eight inch long section of each respective cable.
Step 1: Perform TEM stand-alone functional tests per LAT-PS-01164 Section 7.
Step 1: Carefully remove Kapton tape and connector end protectors from the TKR connectors.(???)
Step 1: After inspection, carefully connect TKR connector TBD (PT0 ?) to TEM connector designated as "JT0".
Step 1: Use 3/32" Allan driver to torque JT0 connector hold down screws to TBD in oz and record on Figure TBD-A.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT1 ?) to TEM connector designated as "JT1".
Step 1: Use 3/32" Allan driver to torque JT1 connector hold down screws to TBD in oz and record on Figure TBD-A.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT2 ?) to TEM connector designated as "JT2".
Step 1: Use 3/32" Allan driver to torque JT2 connector hold down screws to TBD in oz and record on Figure TBD-B.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT3 ?) to TEM connector designated as "JT3".
Step 1: Use 3/32" Allan driver to torque JT3 connector hold down screws to TBD in oz and record on Figure TBD-B.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT4 ?) to TEM connector designated as "JT4".
Step 1: Use 3/32" Allan driver to torque JT4 connector hold down screws to TBD in oz and record on Figure TBD-C.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT5 ?) to TEM connector designated as "JT5".
Step 1: Use 3/32" Allan driver to torque JT5 connector hold down screws to TBD in oz and record on Figure TBD-C.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT6 ?) to TEM connector designated as "JT6".
Step 1: Use 3/32" Allan driver to torque JT6 connector hold down screws to TBD in oz and record on Figure TBD-D.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT7 ?) to TEM connector designated as "JT7".
Step 1: Use 3/32" Allan driver to torque JT7 connector hold down screws to TBD in oz and record on Figure TBD-D.
Step 1: Update Mate De-Mate Log.
Step 1: Insert Figures A, B, C & D ( each figure shows respective connectors and provides blanks for writing down torques, date and technicians initials).
Step 1: Functional test of TKR tower per LAT-PS-01164 Section 8.
Step 1: Calibration tests of TKR tower per TBD.
Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way.
Step 1: Update Mate De-Mate Log.
Step 1: Disconnect all 8 TKR flex cables from respective TEM connectors and temporarily secure to TKR Tower stand with Kapton tape.  While using personnel wrist straps, for ESD protection, replace connector ESD protection caps onto TKR connectors as each connector is removed.
Step 1: Update Mate De-Mate Log.  (i.e., De-Mate for all eight connectors).
4.11. TKR Tower installation

4.11.1. TKR Tower Installation Procedure

Step 1: Ensure EM Single Bay is configured per LAT-DS-02149-01.
Step 1: Rotate EM Single Bay to +Z Up orientation, with its X-Y plane level to within ± 0.5º of horizontal. Note: Rotate about X axis using 3/8" Allan Driver at free end of drive motor (Hazard Caution: Always leave rotation drive motor un-powered while rotating by hand.  Serious injury to wrist can result if rotation drive motor is powered up during fine tune level adjust operations); Rotate about the Y-axis by adjusting the EM-Cal Rotation Stand's swivel mount foot height adjusters.  Use TBD wrench for swivel foot height adjustment.
Step 1: Transfer TKR Tower from Rm.103 to Rm.104 using ESD Protection Cart.
Step 1: Exercise ESD Protection Protocol when preparing to contact EM hardware and during hardware moves.
Step 1: Carefully group the TKR cables together below TKR Tower and loosely tie / bind them together with kapton tape (Note: At tape end, fold a ¼" to ½" long section of the tape's adhesive side over and upon itself to leave a "removal helper" for later use).
Step 1: Not Applicable to EM Mini-TKR  Fasten TKR lift fixture to top tray of TKR Tower per TBD
Step 1: Not Applicable to EM Mini-TKR Lift TKR Tower with 5-ton overhead crane, move into position over grid bay, and lower TKR Tower bottom tray onto bay top flange per TBD

Step 1: With ESD wrist strap attached to facility ground, remove EM TKR from ESD Protection Cart and place into EM Single Bay at TKR interface zone.
Step 1: With ESD wrist strap attached have second technician insert TBD to adjust height of Mini-TKR with respect to EM Single Bay interface so that structural attach fastener receptacles are in alignment.
Note : Any washers / Shims with TKR attach fasteners???

Step 1: With ESD wrist strap attached have second technician positioned under EM Single Bay while starting a corner flexure attach 10-24  by 5/8" long Shoulder Bolt (P/N TBD) into it's receptacle. (Note: Technician supporting the Mini-TKR may need to adjust the Mini-TKR's position to assist alignment of fasteners).
Step 1: With ESD wrist strap attached have second technician positioned under EM Single Bay while starting a corner flexure attach 10-24 by 5/8" long Shoulder Bolt (P/N TBD) into it's receptacle at the opposite corner from the step above.
Step 1: With ESD wrist strap attached have second technician positioned under EM Single Bay while starting a side flexure attach 10-24 by 1/2" long Shoulder Bolt (P/N TBD) into it's receptacle at a side flexure attach point.
Step 1: Stop and take a five minute rest.  After rest period, evaluate alignment of remaining fastener receptacles.  It is acceptable to apply a light force to move EM Mini-TKR into position.  Do not apply more than 5 lbs force side to side or more than 15 lbs force in Z.  Note any mis-alignments.  Photograph mis-alignments as required.
Step 1: With ESD wrist strap attached have second technician positioned under EM Single Bay while starting the two remaining corner flexure attach 10-24 by 5/8" long Shoulder Bolts (P/N TBD) into their receptacles.
Step 1: With ESD wrist strap attached have second technician positioned under EM Single Bay while starting the seven remaining side flexure attach 10-24 by 1/2" long Shoulder Bolts (P/N TBD) into their receptacles.  
Step 1: Hand tighten 12 fasteners from TKR Module flexures to bay top flange per LAT-PS-00856 Section 7.2.2
Step 1: Use ¼" drive to torque 8 fasteners from TKR Tower flexures to bay top flange to TBD ± TBD in lbs.  Torque fasteners in a criss-cross fashion beginning at a side flexure (i.e., torque one side flexure bolt, then go to side directly opposite and torque another, then go to side 90º away, then go directly opposite, then go back to starting side and repeat for remaining side flexure bolts.

Step 1:  Record actual torque values for each fastener on Figure TBD.   
Step 1: Insert Figure TBD-E ( figure shows respective connectors and provides blanks for writing down torques, date and technicians initials). 
Step 1: Use ¼" drive to torque remaining 4 corner fasteners from TKR Tower flexures to bay top flange to TBD ± TBD in lbs.  Torque fasteners in a criss-cross fashion beginning at a corner flexure (i.e., torque one corner flexure bolt, then go to side diagonally opposite and torque another, then go to directly opposite corner, then go to last corner).
Step 1: Insert Figure TBD-F ( figure shows respective connectors and provides blanks for writing down torques, date and technicians initials).
Step 1: Photograph each torqued flexure and affix copy to "As Performed" procedure.
Step 1: Carefully remove Kapton tape from TKR Cables to un-bind them.  (Note: This operation should be witnessed by QA.  A second technician may be needed to support cables while the first technician removes the tape).

Step 1: Photograph TKR cables.
Step 1: Starting at the -Y side wall of the calorimeter bay section, carefully lie the left most TKR cable into it's chase way.  While pressing cable into the tracker bay to calorimeter bay transition zone, use ½" wide by  about 4" long flight certified Kapton Tape to affix cable to the bay side wall as close to transition zone as possible. (Note:  A ¼" diameter "Tee" Tool may be required to help hold cable in position.  Take pictures as required to clarify any cable lay down problems. When complete, each cable should have three strips of ½" wide by  about 4" long Kapton tape holding them into each cable's chase way.
Step 1: Repeat above step for remaining TKR cables until all eight cables are in position.
Step 1: Photograph TKR cables in correct position.  QA witness required.
Step 1: Verification of acceptable and correct TKR cable positioning:
Step 1: Lie "TKR Cable Lay Down Visualization Tool", LAT-DS-TBD onto the +X surface of the Calorimeter bay section of the EM Single Bay and slide in the +Z direction until tooling buttons contact -Z surface of TKR to Cal bay transition zone.  Carefully scrutinize the TKR cables where they enter and profile through the transition zone.  Make notes as required.
Step 1: Lie "TKR Cable Lay Down Visualization Tool", LAT-DS-TBD onto the -Y surface of the Calorimeter bay section of the EM Single Bay and slide in the +Z direction until tooling buttons contact -Z surface of TKR to Cal bay transition zone.  Carefully scrutinize the TKR cables where they enter and profile through the transition zone.  Make notes as required. 
Step 1: Lie "TKR Cable Lay Down Visualization Tool", LAT-DS-TBD onto the -X surface of the Calorimeter bay section of the EM Single Bay and slide in the +Z direction until tooling buttons contact -Z surface of TKR to Cal bay transition zone.  Carefully scrutinize the TKR cables where they enter and profile through the transition zone.  Make notes as required.
Step 1: Lie "TKR Cable Lay Down Visualization Tool", LAT-DS-TBD onto the +Y surface of the Calorimeter bay section of the EM Single Bay and slide in the +Z direction until tooling buttons contact -Z surface of TKR to Cal bay transition zone.  Carefully scrutinize the TKR cables where they enter and profile through the transition zone.  Make notes as required.  
Step 1: TKR Cables ready for Calorimeter insertion.  QA witness required. 
OR
Step 1: Starting at the -Y side wall of the calorimeter bay section, carefully lie the left most TKR cable into it's chase way.  Attach cable hold down spring clip, part number TBD using TBD fasteners to affix cable at transition zone.
Step 1: Continue attaching TKR cable hold down spring clips in a clock wise fashion until the respective bays clips are all hand snug.
Step 1: Torque TKR spring clips to TBD in oz.  Photograph spring clips after completion of torque operations.  QA witness required.
Step 1: At -Z axis surface of Grid, use ½" wide by  about 6" long flight certified Kapton Tape to hold each TKR to TEM cable / connector perpendicular to the EM Single Bay side walls and away from the calorimeter bay opening. QA witness required.
Step 1: Take photographs to show that all TKR cables are in their chase ways and that they are radially out bound of the calorimeter bay surfaces (i.e., that the Calorimeter can be installed without contacting any of the TKR to TEM cables / connectors.  QA witness required.
Step 1: Not Applicable for EM Operation:  Ready for Calorimeter installation operations.
4.11.2. TKR Tower Installation Drawings



4.12. TKR Tower Functional Test

4.12.1. TKR Tower Functional Test Procedure 
Step 1: Rotate TKR Tower into inverted (-Z side up) configuration and fasten MGSE Cal Shear Plate onto –Z side of bay using four 8-32 socket head screws per side (i.e., sixteen total).  Hand tighten (snug, no need to torque) only. QA witness required.
Step 1: Fasten TEM/TEM-PS assembly onto MGSE  Cal Shear Plate using TBD.  QA witness required.
Step 1: Carefully remove Kapton tape and connector end protectors from the TKR connectors.(???)
Step 1: After inspection, carefully connect TKR connector TBD (PT0 ?) to TEM connector designated as "JT0".
Step 1: Use 3/32" Allan driver to torque JT0 connector hold down screws to TBD in oz and record on Figure TBD-E.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT1 ?) to TEM connector designated as "JT1".
Step 1: Use 3/32" Allan driver to torque JT1 connector hold down screws to TBD in oz and record on Figure TBD-E.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT2 ?) to TEM connector designated as "JT2".
Step 1: Use 3/32" Allan driver to torque JT2 connector hold down screws to TBD in oz and record on Figure TBD-F.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT3 ?) to TEM connector designated as "JT3".
Step 1: Use 3/32" Allan driver to torque JT3 connector hold down screws to TBD in oz and record on Figure TBD-F.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT4 ?) to TEM connector designated as "JT4".
Step 1: Use 3/32" Allan driver to torque JT4 connector hold down screws to TBD in oz and record on Figure TBD-G.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT5 ?) to TEM connector designated as "JT5".
Step 1: Use 3/32" Allan driver to torque JT5 connector hold down screws to TBD in oz and record on Figure TBD-G.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT6 ?) to TEM connector designated as "JT6".
Step 1: Use 3/32" Allan driver to torque JT6 connector hold down screws to TBD in oz and record on Figure TBD-H.
Step 1: Update Mate De-Mate Log.
Step 1: After inspection, carefully connect TKR connector TBD (PT7 ?) to TEM connector designated as "JT7".
Step 1: Use 3/32" Allan driver to torque JT7 connector hold down screws to TBD in oz and record on Figure TBD-H.
Step 1: Update Mate De-Mate Log.
Step 1: Insert Figures E, F, G & H ( each figure shows respective connectors and provides blanks for writing down torques, date and technicians initials).
Step 1: Place EGSE crate on ESD Protection Cart and roll into position near EM Single Bay.  If practical, position cart such that it is out of contact range (of the EM Single Bay-TKR-TEM-TEM PS) in case of inadvertent rotation of Single Bay.  Take photos.
Step 1: Attach EGSE Crate data cable to TEM connector designated as "GASU".  Temporarily strain relief test cable with Kapton tape to protect TEM connector to ensure connector supports no more than an eight inch long section of the cable.

Step 1: Attach EGSE Crate Power Supply cable to TEM PS connector designated as "PDU".  Temporarily strain relief test cable with Kapton tape to protect TEM connector to ensure connector supports no more than an eight inch long section of the cable.
Step 1: TEM stand-alone functional tests per LAT-PS-01164 Section 7

Step 1: Functional test of TKR tower per LAT-PS-01164 Section 8

Step 1: Calibration tests of TKR tower per TBD  Or can you do a limited performance test just to verify no TKR cable damage ???
Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way

Step 1: Update Mate De-Mate Log.
Step 1: Disconnect all 8 TKR flex cables from respective TEM connectors and temporarily secure out of the way with Kapton tape.  While using personnel wrist straps, for ESD protection, replace connector ESD protection caps onto TKR connectors as each connector is removed.
Step 1: Update Mate De-Mate Log.  (i.e., De-Mate for all eight connectors).
Step 1: Unfasten and remove EM TEM/TEM-PS assembly from MGSE Cal Shear Plate

Step 1: Unfasten and remove MGSE Cal Shear Plate from bay

5. CAL Module INtegration

5.1. CAL Module Post-Ship tests

5.1.1. CAL Module Post-Ship Tests Procedure

Step 1: Check-out CAL module within shipping container from LAT Project Bonded Stores.
Step 1: Move CAL module in shipping container into Rm. 101, visually inspect exterior for cleanliness and/or damage.

Step 1: Visibly clean shipping container using vacuum cleaner, lint free wipes and ethanol, if necessary, and transfer to Rm. 103 CAL test station

Step 1: Remove the top cover from the CAL module shipping container cover and bag.
Step 1: Verify N2 purge and associated fittings are available as back up humidity control use in event of HVAC problem.

Step 1: Connect ESD Protection ground wire to Cal ship container bottom plate (i.e., Gold alodined aluminum surface inside bottom of ship container)

Step 1: Use TBD Allan Drive to remove Cal shipping container's blanket purge cover screws.  Place screws in plastic bag and identify as "Cal Ship Cont Purge Cover Screws,  TBD Qty".  Place bag of screws inside Cal ship container.

Step 1: While wearing ESD protection wrist straps, two technicians carefully lift the Cal Blanket Purge Cover up and away from EM Calorimeter. Place cover on clean surface.
Step 1: Move EGSE crate and cables into place per TBD, connect EGSE power supply cable to EM TEM-PS connector, and connect EGSE TEM cable to EM TEM connector.
Step 1: Temporarily strain relief test cables with Kapton tape to protect TEM and TEM-PS connectors

Step 1: TEM stand-alone functional tests per LAT-PS-01164 Section 7

Step 1: Functional test of CAL module per LAT-PS-01164 Section 9

Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way

Step 1: Relocate Cal within the bottom half of its shipping container from Rm 103 to Rm 104.  Observe ESD protection precautions (i.e., connect to facility ground after positioning in Rm 104.
Step 1: EM Calorimeter ready for integration into EM Single Bay.
Step 1: Re-bag CAL module and backfill with nitrogen

Step 1: Replace CAL module shipping container cover

Step 1: Secure CAL module shipping container to TBD

5.2. TEM/TEM-PS Fastening

5.2.1. TEM/TEM-PS Fastening Procedure

The EM Calorimeter has been verified as functionally ready for integration into the EM Single Bay per procedure TBD.  QA witness required.
5.3. CAL Module Inversion

5.3.1. CAL Module Inversion Procedure

Step 1: Verify that the EM Mini-TKR is attached securely and fasteners torqued to EM Single Bay.  QA Witness required.

Step 1: Verify TKR cables are safely tapped in place.  QA witness required.

Step 1: Rotate EM Single Bay such that its -Z axis points opposite the gravity vector and level the SLAC provided Cal inversion interface to within 0.2º of a plane that is perpendicular to the gravity vector using the EM-Cal Rotation Stand's drive motor or the 3/8" Hex drive fine adjust interface.
Step 1: Rotate Cal inversion capture handles outbound to prepare to receive the EM Cal Module. 

Step 1: Locate the NRL provided Cal Lift Sling and associated hardware into B-33 gowning room and prepare / clean for entry.  This includes the following.

a)
Four corner lift eyebolt brackets, shown in Figure TBD.


b)
Twenty-four 4 mm x 1.25 threads/mm by 20 mm long attach fasteners (i.e., six 


fasteners per bracket)


c)
Lift Spreader with two flexible web slings and lift eyes / D-Rings per Figure TBD.
Step 1: Verify that the NRL provided Lift Sling is within its proof test certification period.  QA witness required.

Step 1: Attach the NRL corner lift brackets to the upper facing corners at the +Z axis surface of the Calorimeter using six 4 mm dia fasteners per bracket.

Step 1: Use 7 mm Hex head driver to torque 4 mm x 1.25 lift sling corner eyebolt bracket fasteners to the Cal as shown in Figure TBD (Photo of Cal bracket on Cal, with 6 fasteners per eyebolt bracket).
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Figure TBD




        Figure TBD


EM Calorimeter with Four Corner



Calorimeter Lift Sling

                  Eyebolt Brackets Attached
Step 1: Torque corner brackets to the Cal to 15 to 18 in lbs.  Record torque values, date and technician initials on torque diagram below (Photos of each of the four corner brackets with fasteners installed).  QA witness required.
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Figure TBD
EM Cal +Z Up Lift Bracket Torque Record
Step 1: Verify correct operation of crane by progressing through its check list.  After operation verification, proceed to next steps.
Step 1: Attach NRL sling to Crane Hook per Figure 5 (Photo of sling attached to hook). 

Step 1: Locate lower half of shipping container, that contains the Calorimeter on its Handling Fixture with corner lift brackets torqued into position, underneath the NRL lift sling that is attached to the crane hook.
Step 1: Lower crane hook to allow attachment of NRL lift sling to the Cal lift sling corner bracket eyelets (i.e., one eyelet per corner bracket)

Step 1: Attach NRL lift sling load spreader D-Rings to Cal corner bracket eyelets and snug tighten by hand.

Step 1: Verify all sling attach fasteners are properly tightened.
QA witness required.
Step 1: Hazardous Operations Follow:  This is a Crane Lift Operation.

Step 1: Lift crane hook until there is about 0.5" of slack in the lift sling cables.

Step 1: Remove the four 3/8 Socket Head bolts, that hold the Cal-Cal Handling Fixture Assembly to the shipping container base plate, using 5/16" Allan Driver.

Step 1: Lift Cal-Cal Handling Fixture Assembly away from the Cal Shipping Container and relocate it onto three lead bricks positioned such that their 8" dimension is along the gravity vector.  Let bricks and crane share the load.
Step 1: Use  6 mm Allen Wrench to remove the four Handling Fixture Plate to Handling Fixture Support Post attach fasteners ( 8 mm by 1.25 pitch fasteners).

Step 1: Lift the EM Cal away from the NRL provided Handling Fixture Plate.

Step 1: Remove the NRL provided Handling Fixture Plate, place it in the NRL ship container and replace it with the SLAC provided Cal Handling Fixture Plate.

Step 1: Lower the EM Cal onto the SLAC provided Handling Fixture Plate, LAT-DS-01085-01. 

Step 1: Attach the SLAC provided Handling Fixture Plate to the EM Cal Handling Fixture Support Posts using the  8 mm by 1.25 pitch fasteners from above step. Using 6 mm drive, torque fasteners to 45 in lbs. QA witness required.
Step 1: Level the SLAC provided Cal inversion interface to within 0.2º of a plane that is perpendicular to the gravity vector using the EM-Cal Rotation Stand's drive motor or the 3/8" Hex drive fine adjust interface.
Step 1: Remove the End Plate from the Cal inversion interface using a ½" wrench and rotate the Cal engagement handles so that they point outward (i.e., ready for receipt of Cal).

Step 1: Carefully crane op the Cal Lift Sling / Calorimeter-Handling Fixture Assembly into position such that the Handling Fixture Plate is in position and in contact with the Cal inversion interface.

Step 1: Carefully lower crane to ensure slight pre-load of Cal Handing Plate against Cal inversion interface.  Watch load cell to realize the load on crane as changes from ~ 230 lbs to ~ 130 to 180 lbs.
Step 1: Rotate Cal inversion engagement handles inward to firmly fix the Cal-Cal Handling Fixture to the Cal inversion interface per Figure TBD ( Photo of it attached correctly).
Step 1: Verify that the Cal Handling Fixture is captured by the Cal inversion interface camlocks (i.e., engagement handles point inward) per Figure TBD.  QA witness required.
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Figure TBD
Inversion Engagement Handles Point Inbound

- Engaged and Captured Position -
Step 1: Slowly lower crane until Cal-Cal Handling Fixture load is supported by the Cal inversion interface / EM-Cal Rotation / Support Stand (i.e., crane load cell shows 0 lb load).
Step 1: Remove NRL provided lift sling and place out of the way.
Step 1: Remove each of the four corner lift sling eyebolt brackets from the EM Cal and place them with attach fasteners in plastic bags out of the way (i.e., twenty four 7 mm Hex Head Fasteners).

Step 1: After ensuring everyone is clear of the assembly, turn on EM-Cal Rotation drive and rotate 180º.

Step 1: Use 3/8" Allen Drive to fine tune adjust level within 0.2º.

Step 1: Attach the three SLAC provided 5/16" lift Eyebolts to the EM Cal's Handling Fixture Plate.

Step 1: Attach the SLAC provided Cal Lift Fixture to the eyebolts that were installed at Step above.

Step 1: Carefully use crane to apply slight preload in the upward direction against the Cal inversion interface plate.  ( Note: Remove large lower hook from SLAC Load Cell and use the Load Cell's clevice as the lift attach point). 

Step 1: Rotate Cal engagement latches such that the handles point away from the Cal inversion interface (i.e., disengage EM Cal from Cal inversion interface).

Step 1: Use ½" wrench to remove the End Plate from the Cal inversion interface. 

Step 1: Use crane to lower EM Cal away from Cal inversion interface.

Step 1: Attach SLAC provided Cal Alignment Tool to the EM Cal's Handling Fixture Support Posts.  Rotate Alignment Tool handle to engage Handling Posts.

Step 1: Level top surface of EM Cal Handling Fixture Plate to within 0.2º by adjusting Cal Lift Fixture turn buckles as required.

Step 1: Insert Alignment Tool's line of sight alignment feedback features through alignment rod openings.

Step 1: Carefully crane op EM Cal over the Alignment Rods that are attached to the EM Single Bay. 

Step 1: Carefully adjust EM Cal position with respect to the Alignment Rods using crane.
Step 1: Make sure TKR cables are safely out of the way.

Step 1: After the EM Cal has been aligned to the Alignment rods, carefully lower the EM Cal into position just above the plane of the EM Single Bay opening.
Step 1: Disconnect the EM-Cal Rotation / Support Stand's power cable from wall outlet (Note: this is isolate the system from ground).

Step 1: Connect continuity alarm to the Cal Handling Fixture Plate and to the EM Single Bay bottom plate.
Step 1: Extra slowly lower EM Cal into the EM Single Bay opening.  Stop every so often to ensure clearance between the Cal's Crystal bay exterior surfaces and the EM Single Bay's interior surfaces.  Lower until there is flange contact.

Step 1: Install the EM Cal to EM Single Bay attach fasteners, No. 8-32 and No 6-32 to finger tight condition.  Note any that are binding and make diagram to clarify as required.   
Step 1: Rotate CAL Module to inverted configuration in CAL rotation stand per LAT-PS-00856 Section X

5.3.2. CAL Module Inversion Drawings

5.4. CAL Module Insertion

5.4.1. CAL Module Insertion Procedure

Step 1: Attach CAL alignment rods to EM Single Bay per LAT-PS-00856 Section X and torque alignment rods to 10 ft lbs

Step 1: Attach CAL alignment tool to two CAL handling fixture support posts per LAT-PS-00856 Section X

Step 1: Attach CAL Lift Fixture to CAL handling fixture plate per LAT-PS-00856 Section X

Step 1: Lift the CAL assembly using the 5-ton overhead crane; while suspended under load, adjust lift fixture turnbuckles until the CAL / Alignment Tool assembly is level to TBD degrees.

Step 1: Move CAL module into position over bay and ensure that the alignment tool holes are directly above the alignment rods

Step 1: Lower the CAL module until the Alignment Tool engages the Alignment Rods

Step 1: Ensure that TKR flex cables are temporarily taped away from the Calorimeter to bay entry point

Step 1: Slowly lower the CAL module using the Alignment Rods as guides until the CAL base plate is seated on the bay and keyed onto 2 pins located in the bay walls 

5.5. CAL Module Fastening 

5.5.1. CAL Module Fastening Procedure

Step 1: Install all CAL base plate to bay fasteners per Figure TBD to finger tight condition (< 5 in lbs)

Step 1: Torque TBD number of CAL fasteners to TBD per Figure TBD

Step 1: Disconnect the Calorimeter Handling Fixture Plate (10-15 ft lbs of torque) from the CAL handling fixture support rods and remove with the 5-ton overhead crane

Step 1: Disengage CAL Alignment Tool and remove by hand

Step 1: Unscrew and remove Calorimeter Alignment Rods by hand

Step 1: Unscrew and remove Calorimeter Handling Fixture Support Rods by hand

Step 1: Untie TKR flex cables and check approximate fit to TEM connectors

Step 1: Remove TKR flex cable connector-savers and connect TKR flex cables to respective TEM connectors

Step 1: Torque all CAL mounting fasteners per Figure TBD for fastener torque pattern and description.

Step 1: Bag Single Bay Integrated System and backfill with nitrogen; start slow nitrogen bleed

5.5.2. CAL Module Fasteners Drawings



5.5.3. CAL Module Fastener and Pin Drawing (Close-up)


5.6. Single Bay Electrical Performance Test

5.6.1. Single Bay Electrical Performance Test Procedure
Step 1: Unbag Single Bay Integrated System and stow/turn-off nitrogen supply line

Step 1: Move EGSE crate and cables into place per TBD, connect EGSE power supply cable to TEM-PS connector, and connect EGSE TEM cable to TEM connector

Step 1: Temporarily strain relief test cables with Kapton tape to protect TEM and TEM-PS connectors 

Step 1: TEM stand-alone functional tests per LAT-PS-01164 Section 7

Step 1: Functional test of TKR tower per LAT-PS-01164 Section 8

Step 1: Functional test of CAL module per LAT-PS-01164 Section 9

Step 1: Single Bay Integrated System Tests per LAT-PS-01164 Section 10

Step 1: Single Bay Calibration Tests per TBD

Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way

Step 1: Bag Single Bay Integrated System and backfill with nitrogen; start slow nitrogen bleed

6. Single Bay De-Integration

TBD

EM Single Bay Integration

6.1. TKR Mini-Tower Installation

6.1.1. TKR Mini-Tower Installation Procedure

Step 1: Rotate EM Single Bay to upright configuration in integration stand

Step 1: Transfer Tower from Rm.103 to Rm.104 by cart

Step 1: Bunch cables together below Tower and temporarily bind together with kapton tape

Step 1: Place shims into place on EM Single Bay per TBD

Step 1: Place Tower by hand into EM Single Bay per LAT-PS-00856 10.1.2
Step 1: Hand tighten 12 fasteners from TKR Module flexures to Grid top flange per LAT-PS-00856 Section 7.2.2
Step 1: Torque 12 fasteners from TKR Module flexures to Grid top flange per TBD

Step 1: Unbind TKR cables and check fit in all Grid bay grooves and slots

Step 1: Use spring tool to allow correct placement of the TKR ribbon cables where they jog around the + Z end of the grid into their respective chase ways per TBD

Step 1: Tape TKR flex cables into their respective cable chase ways using flight kapton tape

Step 1: Temporarily fasten TEM connector ends with Kapton tape

6.1.2. TKR Mini-Tower Installation Drawings



EM CAL Module Inversion

6.1.3. EM CAL Module Inversion Procedure

Step 1: Rotate EM Single Bay to upright configuration in integration stand

Step 1: Transfer CAL Module from Rm.103 to Rm.104 in shipping container, remove shipping container cover and bag, visually inspect

Step 1: Fasten CAL supplied lift sling to top of CAL Module per TBD

Step 1: Lift CAL Module with 5-ton overhead crane and place CAL handling fixture plate into CAL rotation stand receptacle per LAT-PS-00856 Section 10.2.2
Step 1: Fasten CAL handling fixture per LAT-PS-00856 Section 10.2.2 and remove CAL supplied lift sling

Step 1: Rotate CAL Module to inverted configuration in CAL rotation stand per LAT-PS-00856 Section 10.2.2
6.1.4. EM CAL Module Inversion Drawings





EM CAL Module Insertion

6.1.5. EM CAL Module Insertion Procedure

Step 1: Attach CAL alignment rods support plate to EM Single bay per LAT-PS-00856 Section 10.3.2
Step 1: Attach CAL alignment rods to EM Single Bay per LAT-PS-00856 Section 10.3.2 and torque alignment rods to 10 ft lbs

Step 1: Attach CAL alignment tool to two CAL handling fixture support posts per LAT-PS-00856 Section 10.3.2 and LAT-PS-00856 Section 10.3.3
Step 1: Attach CAL Lift Fixture to CAL handling fixture plate per LAT-PS-00856 Section 

Step 1: Attach the 5-ton overhead crane hook with strain gauge to the CAL handling fixture per LAT-PS-00856 Section 10.3.4
Step 1: Apply lifting force to the CAL assembly using the 5-ton overhead crane; while suspended under load, adjust lift fixture turnbuckles until the CAL / Alignment Tool assembly is level to TBD degrees.

Step 1: Carefully move CAL module in the sequence per LAT-PS-00856 Section 10.3.4 until the CAL Module is in position over the bay and ensure that the alignment tool holes are directly above the alignment rods

Step 1: Lower the CAL module until the Alignment Tool engages the Alignment Rods

Step 1: Ensure that TKR flex cables are temporarily taped away from the Calorimeter to bay entry point

Step 1: Slowly lower the CAL module using the Alignment Rods as guides until the CAL base plate is seated on the bay and keyed onto 2 pins located in the bay walls

EM CAL Module Insertion Drawings (Preparation)





6.1.6. EM CAL Module Insertion Drawings (Close-Up of Alignment Tool)


EM CAL Module Insertion Drawings (Crane Operation)








Single Bay Cosmic Ray Test

6.1.7. Single Bay Cosmic Ray Test Procedure

Step 1: Unbag Single Bay Integrated System and stow/turn-off nitrogen supply line

Step 1: Rotate Single Bay Integrated System into upright configuration 

Step 1: Setup scintillator panels and associated electronics per 7

Step 1: Move EGSE crate and cables into place per TBD, connect EGSE power supply cable to TEM-PS connector, and connect EGSE TEM cable to TEM connector

Step 1: Temporarily strain relief test cables with Kapton tape to protect TEM and TEM-PS connectors

Step 1: TEM stand-alone functional tests per LAT-PS-01164 Section TBD

Step 1: Take Cosmic Ray data per TBD

Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way

Step 1: Remove scintillator panels and associated electronics

Step 1: Bag Single Bay Integrated System and backfill with nitrogen; start slow nitrogen bleed

6.2. Single Bay Van Der Graaff Test

6.2.1. Single Bay Van Der Graaff Test Procedure

Step 1: Unbag Single Bay Integrated System and stow/turn-off nitrogen supply line

Step 1: Move Single Bay Integrated System into position on Van der Graaff snout per LAT-PS-00856 Section 10.5.2
Step 1: Move EGSE crate and cables into place per TBD, connect EGSE power supply cable to TEM-PS connector, and connect EGSE TEM cable to TEM connector

Step 1: Temporarily strain relief test cables with Kapton tape to protect TEM and TEM-PS connectors

Step 1: TEM stand-alone functional tests per LAT-PS-01164 Section 7

Step 1: Turn on Van der Graaff accelerator per LAT-TD-01805

Step 1: Take Van der Graaff data per TBD

Step 1: Turn off Van der Graaf accelerator per LAT-TD-01805

Step 1: TEM power-off, remove test cable strain relief, disconnect EGSE TEM cable and TEM-PS power cable, and move EGSE out of the way

Step 1: Move Single Bay Integrated System away from Van der Graaff snout

Step 1: Bag Single Bay Integrated System and backfill with nitrogen; start slow nitrogen bleed

6.2.2. Single Bay Van Der Graaff Test Drawings
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