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1. Scope

The scope of this document is to summarize the steps associated with handling the in-vacuum cables at Caltech for use in Advanced LIGO. The overall workflow covers all of the required in house steps associated with the “material handling” of these cables. It does not cover the clean and bake steps, please refer to LIGO-E960022. Please note the receiving area (formerly Downs 2nd floor conference room) is used for incoming inspection and also preparation for shipping to the sites. It should be noted that sample names are shown for each stage. 
2. Incoming Inspection
Until further notice - all of the steps in the following section should be carried out on 100% of the cables.
1) Upon receipt from Ticor, move cables to the receiving area (formerly Downs 2nd floor conference room), and immediately inform Kate.
2) Verify packing list matches the contents of the box.
3) Physically check that the cables have the proper connectors and back-shells by comparing the received connectors to the D number drawing in the DCC. Use care not to get the cable dirty by putting it on the floor. Examples of connector issues are shown on the subsequent page.
If a cable has the wrong backshell, too many or too few ears, and / or metalized backshell instead of PEEK then it must be returned to the vendor for re-work.
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4) Check length as per the DCC drawing call-out e.g. clip to clip. The length is important. Cables should be within +/- 1% or +/- 0.5” (whichever is larger) from the nominal. Any cable measuring shorter than this should be put on hold and highlighted to the originating designer/engineer. 
If a cable does not fall within the length range noted, then the first port of call should be to consider whether it is worth re-classifying the length (consult Kate.) Only after this first step is rejected should the cables be sent back for re-work.
5) Compare size of connectors against drawing using caliper, key dimension is interfacing dimension for mating part.
Reject if out of tolerance.
6) Verify the clamping bands wrap around the cable twice. Single band-its are more likely to come loose. Gently twist and pull on the clamping bands to ensure they will not come off easily.
New cables with single band-its should be rejected. Older cables with loose band-its, whether single or double, should be rejected. Older cables with tight single band-its are acceptable.
[image: image9.jpg]


[image: image10.png]PLAIN PEEK

CONNECTOR
n

PEEK
NOT TO SCALE

ELECTRO-LESS NICKEL
SELECTIVELY METALIZED

CONNECTOR
J2




7) Look for copper braid protruding past the clamping bands at the connector snouts.
Trim excess copper braid with snips. If dealing with clean cables, investigate the availability of a cleanroom vacuum. Take care not to drop cut bits of copper onto clean cables.
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8) Inspect for copper protruding through the PEEK overbraid. 
Cut protruding copper with snips. If dealing with clean cables, investigate the availability of cleanroom vacuum cleaner.
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9) Use a gage to inspect threaded holes meant for helicoils on male connectors. Nickel and gold plating may partially cover the hole.

If the gage will not go in, the hole must be re-tapped. The process is messy, so take care for clean cables. Place clean wipes or foil over the entire cable except for the connector being worked on. After re-tapping, hold the connector so the pins face downward and away from the rest of the cable. Shake as much PEEK and plating off as possible. Then, use a CO2 gun to blow debris out of the hole from both directions.
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10) Make sure connectors have all required screws, and the screws are positioned correctly. 
Notes

i. All cables – missing fillister head screws should be replaced with spares. Backwards captive screws should be repositioned.
ii. New cables – cables missing captive screws should be rejected.
iii. Old cables – missing captive screws should be replaced with spares.
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11) Review any testing documentation, scan it and put it in the DCC as a C document. Please add PO as a related document in the DCC.
12) Reserve a batch of serial numbers using the e-traveler tool.
13) Test the wiring of each cable. At a minimum, this should be pin 1 to pin 1 on a 15-15 pin or 25-25 pin cable (or similar), and at least one tentacle leg in a quadrapuss. An Ohmmeter and the drawing should be used for this step. If a cable testing box is available even better.
Notes

i. It is wrong to use the vent hole in identifying the orientation of the cable as it could be located on either side of the part.
ii. If a quadrapuss is mis-wired such that the legs are DCBA instead of ABCD (i.e. it is transposed) when checked with respect to the drawing, its use should be considered against schedule prior to rejecting (consult Kate). Otherwise, it should be rejected and returned to vendor.
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Mark each connector (at both ends of cable assembly) as described below. Arrows on pictures indicate where connectors should be labeled if they have not already been scribed. Length is scribed only if a D number has multiple lengths. Position (V for vertical, H for horizontal) is scribed only if connectors are set at different angles to each other.
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Quadrapuss legs are identified as A, B, C, and D as noted on the drawing. If needed, an Ohmmeter can be used along with the drawing to aid in identifying the individual tentacles. If help is needed, see Rich / Calum.

Note – If the cables are already marked, but no incoming inspection report is on the ICS system; then we have to assume these parts have not been inspected and scribed using both the drawing and Ohmmeter. In this case, they need to be checked again.
15) Place loosely coiled cables (to avoid tangling) in a plastic box, separated by cable type. Boxes should be in the 2nd floor conference room.

16) Enter information into ICS using legacy (import) sheet.
17) Create an inspection report in ICS titled “Incoming Inspection.” Be sure to note the following in the report:

a. Length

b. Single or double clamping bands

c. Anomalies

Add links to the report for the following:  

a. Associated drawings in the DCC
b. Vendor packing list
c. Vendor testing document in the DCC, see item #4 above. 

18) Add ICS inspection report number to the plastic boxes, and ensure a copy of the packing list is placed inside with the cables. 

19) Send summary info to Kate for prioritizing via e-mail, including link to ICS inspection report.
3. Prioritizing
1) Add priority list to boxes of cables. Ex: write total quantity 10 for a drawing number, 3/10 are high priority, and list those 3 serial numbers. (Kate)

2) Arrange for boxes to be taken to 40M. (Kate)
3) Send Clean & Bake Request Prior to bringing to the bake lab, this will be included in the ICS Load report as a pdf. (Kate / Daphen)

4. Clean and Bake
1) Cables go through the clean and bake process based on priority. If there are not enough to fill a load, lesser priority cables will be added. Let Kate know when a load of cables begins and finishes bake.  
2) Please note clean and bake steps are covered separately in LIGO-E960022-v19. (Daphen & Bob) However, it is worth pointing out the following: 
a. All cables should be loosely wrapped for both clean and bake (add photo)
b. For 25-25 pin cable or equivalent, batches must be grouped together (up to 10), and a cable tie (copper or steel wire) must be added at each end.

c. For multipusses, tie the legs together with a cable tie (copper or steel wire) at each end. Then group batches (up to 10), and add a cable tie to each end. (add photo)
d. It goes without saying that gloves should be changed regularly during these handling steps
Note – As of October 18th 2011, in order to investigate “dust” reported on clean cables, we would like to sample wipe down the cables both before and after baking. (Sample 1 or 2 cables in a few locations firstly with a dry cleanroom wipe and then with a wet (IPA) cleanroom wipe).
5. Electrical Testing

1) Once clean and bake is complete, arrange for help with electrical testing from Rich's list of helpers:

Chubb

Sam

other names?
Create a test record in ICS titled “Electrical Test”. Let Kate know if any cables failed (if so, a defect record is created and the cables are taken to Rich). (Daphen/Kate/Calum)
Note – Cables with crimp pins cannot be scribed like other multipusses. For these cables, a piece of copper wire is wrapped around the base of the J3 pin after electrical testing.
6. Post-Bake Inspection
1) At this point, it should be checked whether or not there is an incoming inspection record in the ICS. If there is not, all of the steps in Section 2 should be carried out by an inspector. (Inspector with Chubb and Daphen)
2) Even if there is an incoming inspection record, a visual inspection is required. Pay particular attention to the following:
a. Copper wire protruding from PEEK overbraid.

Cut protruding copper with snips. (add photo)
b. Screws are securely in place, and facing in the right direction.
Replace, reposition, and tighten screws as needed.
c. Male connectors have helicoils

Re-tap hole if necessary, and add missing helicoils.
d. Discolored cables.

As long as cable passes electrical testing and associated scan passes RGA, the cable passes.

e. Ragged finish.

As long as cable passes electrical testing and associated scan passes RGA, the cable passes.

Note – if dealing with clean cables for inspection, testing, scribing or cutting copper; it is imperative that all tools used are cleaned to class B. Refer to local clean and bake staff for support.
7. Wrap, Bag, and Tag
1) Arrange for help with wrap, bag, and tag from Logistics, Art, Nicki. (Daphen/Kate/Calum). Again, refer to LIGO-E960022-v19. (Daphen & Bob).

However, it is worth pointing out the following: -

a. All cables should be loosely wrapped (add photo)

b. For quadrapusses, loosely wrap each leg separately and hold in place with a piece of aluminum foil. 
c. All cables should be double wrapped in foil. Care should be taken to ensure no part of the cable is protruding from the foil. This makes testing and installation easier.

d. It goes without saying that gloves should be changed regularly during these handling steps

e. All cables are then double bagged in Meristat bags and a label is attached to the outside bag
2) Double check the bags are closed securely before proceeding.
8. Material Handling
Use clear bags (cleanroom type) and plastic containers to pack cables for next stages

1) Take bagged cables to the 2nd floor conference room, and sort by drawing number. (Daphen/Kate/Calum or Rich’s list of helpers)
2) Request shipping boxes and packing material from Logistics. Double layered cardboard boxes (~ 3ft x ~ 3ft) with foam liners. (Daphen/Kate/Calum to Logistics)

3) Create a sorting list and a packing list. The sorting lists the subsystem, drawing number, and location to ship each specific serial number to (or “hold” at Caltech). The packing lists are site specific, and show recipients for each subsystem. (Kate)

Table 1. Sample sorting list

	Subsystem
	Drawing Number
	S/N
	Ship

	SEI
	D1000227
	001
	LLO

	
	
	002
	LLO

	SUS
	D1000234 – 78”
	001
	LHO

	
	
	002
	LHO

	
	
	003
	LLO

	
	
	004
	Hold

	SUS
	D1000234 – 88”
	001
	LLO

	
	
	002
	LLO

	SEI
	D1100152
	001
	LHO

	
	
	002
	LHO

	
	
	003
	LLO


Table 2. Packing list for LLO



	Subsystem/ Recipient
	Drawing Number
	S/N

	SEI

(Celine)
	D1000227
	001

	
	
	002

	
	D1100152
	003

	SUS 

(Matt)
	D1000234 – 78”
	003

	
	D1000234 – 88”
	001

	
	
	002


4) Nicki and Art pack boxes according to sorting list. If there are any problems 

a. like missing cables
b. or like cables not on list

mark the missing ones on the sorting list or quarantine the questionable cables and talk to

(Calum/Kate). 
5) A shipment cannot be made (as defined/listed in ICS) with missing cables, and questionable cables should never be shipped. Once questions regarding sorting list versus box contents has been discussed with Calum / Kate update packing list (Nicki and Art)
6) Print 2 copies of modified packing list. Tape one to outside of box, and include one inside. (Nick and Art)

7) Add testing report in ICS, if required from updated packing list (Kate or Nicki)

8) Add shipment load in ICS, again if required from updated packing list. (Nick and Art)

9) Ask Logistics to ship cables (or ship them yourselves). Logistics should let us know when this has been done and send tracking numbers IMMEDIATELY (not after the shipment arrives at the sites). (Nick and Art)
10) Send out emails about incoming shipments. List provided by systems. Ask if don't have it. (Kate or Nicki)
8.1. Receiving at sites (LHO and LLO) or CIT if returned
The following steps apply to general receiving at the sites.

11) All parts should be received in ICS and stored. (person(s) part of site install team)
12) An inventory check should be done at this point, cross checking the packing list to the shipping list on ICS with respect to the contents of the boxes. (person(s) part of site install team)
13) ICS entries in terms of inspection reports and testing reports should be checked at the 10% level. (person(s) part of site install team)
8.2. Inspection at sites (LHO and LLO) or CIT if returned
The following steps should only apply to cables received prior to October 18th 2011. In addition the following steps, in this section, are only to be performed if instructed by systems or if a missing report is identified by the local installation teams. The steps are required on all cables that have not gone through proper incoming inspection, section 2.1 and or electrical testing, section 2.4.
Assuming the above applies then perform steps 39) and 40). If it does not apply then move forward to section 2.10.

14) At this point it should be checked whether or not there is an incoming inspection in the ICS. If there is no incoming inspection record in the ICS then all of the steps in section 2.1 should be carried (LHO / LLO staff with support from CIT staff)
15) In addition at this point a check on whether an electrical test has been recorded in ICS should be done (LHO / LLO staff with support from CIT staff), refer to item 20).
Note - Scribing required, refer to number 9). Also if dealing with clean cables for inspection, testing, scribing or cutting copper it is imperative that all tools used are cleaned to class B. Refer to local clean and bake staff for support.

8.3. Prior to use
16) At this point it should be checked whether or not there is an incoming inspection in the ICS. If there is no incoming inspection record in the ICS then all of the steps in section 2.1 should be carried out by an inspector (person(s) part of site install team).

17) In addition at this point a check on whether an electrical test has been recorded in ICS should be done. (person(s) part of site install team) , refer to item 20)
Note - Scribing required, refer to number 9). Also if dealing with clean cables for inspection, testing, scribing or cutting copper it is imperative that all tools used are cleaned to class B. Refer to local clean and bake staff for support.
8.4. Contact

Any questions on the content of the above document either prior to using or during use should be raised with 
Rich Abbott abbott@ligo.caltech.edu.
Calum Torrie ctorrie@ligo.caltech.edu 

Electronics Engineer 



Systems Engineer

Tel. 626-395-3449 



Tel. 626-395-4629

Cell. 626-394-8116

Skype. calumiaintorrie
Plain PEEK





Figure � SEQ Figure \* ARABIC �1�. D1101658 J1 connector drawing





Should not be metalized 





Figure � SEQ Figure \* ARABIC �2�. D1101658 metalized J1 connector (left) and plain PEEK J1 connector (right)





Figure � SEQ Figure \* ARABIC �4�. D1101657 cable missing metalization on J2 connector





Missing metalization





Figure � SEQ Figure \* ARABIC �3�. D1101657 drawing





Figure � SEQ Figure \* ARABIC �5�. Double loop clamping band





Figure � SEQ Figure \* ARABIC �6�. Single loop clamping band





Figure � SEQ Figure \* ARABIC �8�. Shaggy D1000234 cable





Figure � SEQ Figure \* ARABIC �7�. Very shaggy D1000228





Figure � SEQ Figure \* ARABIC �9�. Copper sticking out of black PEEK overbraid





Figure � SEQ Figure \* ARABIC �10�. PEEK pieces generated from re-tapping one hole





Figure � SEQ Figure \* ARABIC �11�. D1000234 9 pin connector with all its screws (bottom) and connector missing 1 fillister and 2 captive screws (top)





Figure � SEQ Figure \* ARABIC �12�. D1000234 cable with captive screws in correct position (right) and facing backwards (left)





Figure � SEQ Figure \* ARABIC �13�. microD25


D# – version – length* – s/n





length*:	D1002522








Figure � SEQ Figure \* ARABIC �14�. DB25


D# – version – length* – s/n





length*:	D1000225


	D1000234


	D1002522





Figure � SEQ Figure \* ARABIC �15�. microD9


Leg (A, B, C, D) – first 3 digits of s/n





Figure � SEQ Figure \* ARABIC �16�. DB9


D# – version – position* – s/n





position*: D1000227	





Figure � SEQ Figure \* ARABIC �17�. Mighty Mouse


Leg (A, B, C, D)





Figure � SEQ Figure \* ARABIC �18�. D3


D – version – s/n





Figure � SEQ Figure \* ARABIC �19�. Tightly knotted cable (example of what NOT to do)





Figure � SEQ Figure \* ARABIC �20�. Quadrapuss with individually wrapped legs shown during testing
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