Panel D19


MUID Panel QA Booklet

Assembly Table #:  ______

Fill in assembly table # (1,2,3,4).
When this page is signed, a MUID panel is ready to be entombed behind the shield wall. Please check that the QA index, (the following page) has been completely filled out and signed. Indicate compliance with your signature and date on this page.

Reference Sheet #


Signoff Item
Date
Initials

1A
Signature for O.K. to install

N/S  Gap__  Position__



1B
Verify completion of QA index (Final OK)





1A: MUID Large Panel QA Index

Each signoff item has an associated page in the booklet with details of the required QA procedures. The purpose of this page is to ensure that someone has checked that all of the necessary QA has been performed and documented. Please check that the associated page has been completely filled out and signed and indicate compliance with your signature and date on this page.

Note: This page is different for large and small panels.

Reference Sheet #


Signoff Item
Date
Initials

2A
Frame-BNL (Horizontal)





3


Rulers (Horizontal)



4
Bindi certification( Horizontal)





5
Tubes (Horizontal)





6
Gas Circuits (Horizontal)





7
Amplifier Chains (H1)





7
Amplifier Chains (H2)





7
Amplifier Chains (H3)





8
Far-Side Bindi's (Horizontal)





6
Gas Circuits (Horizontal – redo after preamp installation)





9
Copper Sheet, Foam Tape  & Insulating Sheet (Horizontal)





10
Installed Electronics (Horizontal)





11
Operational Test (Horizontal)





12
Close up panel (Horizontal)





Place fiberglass tape on cover plates seams(Horizontal)



11
Operational Test (Horizontal)





2B
Frame-BNL (Vertical)





3


Rulers (Vertical)



4
Bindi certification (Vertical)





5
Tubes (Vertical)





6
Gas Circuits (Vertical)





7
Amplifier Chains (V1)





7
Amplifier Chains (V2)





7
Amplifier Chains (V3)





8
Far-Side Bindi's (Vertical)





6
Gas Circuits (Vertical – redo after preamp installation)





9
Copper Sheet, Foam Tape  & Insulating Sheet (Vertical)





10
Installed Electronics (Vertical)





11
Operational Test (Vertical)





12
Close up panel (Vertical)






Place fiberglass tape on cover plates seams(Vertical)



11
Operational Test (Vertical)





1B: MUID Final Operational Test in PEH 
Final operational test is done in PEH to confirm the functionality of the panels in final location.

Reference Sheet #


Signoff Item
Date
Initials

13 
Operational Test (PEH)





2A: Frame-BNL (Horizontal)

Reference Sheet #


Signoff Item
Date
Initials


Verify proper extrusion selection.






Verify proper extrusion placement on assembly table.






Verify frame's squareness and absolute dimensions by measuring diagonals.

Enter dimensions:

___ top-left/bottom-right

___ top-right/bottom-left






Verify proper location of survey notches.

Enter dimensions:

___ top-left/left notch

___ top-right/right notch






Verify no broken pop rivets.






Inspect corner welds.






Verify  no sharp edges on midplane welds.






Verify no shavings on midplane.






Verify 30/1000" maximum midplane weld height.






Verify N2 outlet hole plates have been welded in place.






Verify Al eyelet plates are welded on the bottom of the panels.




Verify cam followers are tightened and lock washers are used.




Verify two N2 inlet connectors installed; service side N2 outlet connector(two) installed; and non-service-side N2 outlet plugged. 




Verify that connector hole inlets have been covered with Al plates with grommets to block entry of aluminum shavings.






Verify that all correct labels have been inscribed into service side rail.






Verify that panel serial # has been inscribed into service side rail.






Verify installation of 8 u-channel supports and they are riveted properly.






Verify gas tube restraint (cable tie + rivet) installed.




Verify chamfers are made at two top corners of T extrusion piece of the panel frame.



3: Rulers

Side (check one):   ___Horizontal 
 

Reference Sheet #


Signoff Item
Date
Initials


Verify masking tape installation over the mid-plane seams.




Verify proper ruler locations. (See table and diagram below.)






Verify 8.4 cm separation marks.






Verify installation of mylar tape over the tape measures.





Segment ID
Measured Distance
Design values
Delta(M-D)

I-II

428.6 cm


I-A

30.4 cm


I-B

497.3 cm


I-C

514.8 cm


I-D

715.1 cm


II-A

453.0 cm


II-B

70.9 cm


II-C

685.0 cm


II-D

518.7 cm


A-B

521.0 cm


B-D

495.6 cm


D-C

521.0 cm


C-A

495.6 cm


A-Top rail

18.6 cm


B-Top rail

18.6 cm


Note 1: Measurement to the top rail is made to the very top edge of the top extrusion piece (y = 0.0 line). 
NOTE2: Ruler starts from “9000”at the survey marks.   When you paste the ruler, the ruler inner edge should be right on the mark.

Ruler Installation Conventions, Units and Coordinates

The description here imagines you are looking at the panel as it will eventually hang; ie the T rail with the wheels and the survey notches is "up" at the "top." See the top panel in the figure below.
All lengths are in centimeters.
The coordinate system we will use is defined with the top of the T rail as the X axis, and the origin always at the location of the left survey notch in the rail. Positive X is to the right, and positive Y is down into the panel. So the left-hand notch is at (0,0) and this point is called Ref. I; the right-hand notch is at (428.6,0.0) which we will call Ref. II.
The four corners of the rectangle that will be marked are called: "A" in the upper left, "B" in the upper right, "C" in the lower left and "D" in the lower right. The X,Y coordinates of the four corners in each of the four situations are listed below.
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Proper installation positions:

Panel: AC, tubes horizontal

Coordinates:

- ----------------------------------------------

Left-hand notch       0.0      0.0

Right-hand notch    428.6      0.0

Ruler corner A      -23.8     32.7

Ruler corner B      497.2     32.7

Ruler corner C      -23.8    528.3

Ruler corner D      497.2    528.3

 Distances:

- -------------------------------

I --- A      40.4 cm

II -- A     453.6 cm

I --- B     498.3 cm

II -- B      76.0 cm

I --- C     528.8 cm

II -- C     695.5 cm

I --- D     725.5 cm

II -- D     532.7 cm

================================================

Panel: DF, tubes horizontal

Coordinates:

- ----------------------------------------------

Left-hand notch       0.0      0.0

Right-hand notch    428.6      0.0

Ruler corner A      -24.0     18.6

Ruler corner B      497.0     18.6

Ruler corner C      -24.0    514.2

Ruler corner D      497.0    514.2

 Distances:

- -------------------------------

I --- A      30.4 cm

II -- A     453.0 cm

I --- B     497.3 cm

II -- B      70.9 cm

I --- C     514.8 cm

II -- C     685.0 cm

I --- D     715.1 cm

II -- D     518.7 cm

4 : Certification of Bindi Connectors

Side (check one):   ___Horizontal   
___Vertical 

Mark all certified Bindi Connectors with "OK" in permanent marker and place in boxes indicating "near-side", "far-side" or "HV Splice".

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect solder joints.






Verify capacitance across connector pins ("far-side" connectors only).






Visually inspect RTV.






Verify all Bindi connectors are numbered with permanent marker. (ex.28B etc..)





WARNING!  Swap R and L in the table below for D panels
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NOTE: Ruler starts from “9000”at the survey marks.   When you paste the ruler, the ruler inner edge should be right on the mark.

5: Tubes

Side:   Horizontal  

Reference Sheet #


Signoff Item
Date
Initials

4
Verify all near end Bindi’s are matched with appropriate tubes.  Count from 0 on the bottom and up. 

Golden Rule: even # = L, odd # = R




Verify mylar tape over the ends of double side sticky tape.( cover the excess of sticky part)




Verify certified tubes loaded into panel and serial #'s recorded.





2-Pack #
Tube # (Top/Bottom)

58L
/

57R
/

56L
/

55R
/

54L
/

53R
/

52L
/

51R
/

50L
/

49R
/

48L
/

47R
/

46L
/

45R
/

44L
/

43R
/

42L
/

41R
/

40L
/

39R
/

38L
/

37R
/

36L
/

35R
/

34L
/

33R
/

32L
/

31R
/

30L
/

29R
/

28L
/

27R
/

26L
/

25R
/

24L
/

23R
/

22L
/

21R
/

20L
/

19R
/

18L
/

17R
/

16L
/

15R
/

14L
/

13R
/

12L
/

11R
/

10L
/

9R
/

8L
/

7R
/

6L
/

5R
/

4L
/

3R
/

2L
/

1R
/

0L
/

6: Gas Circuits 

Side (check one):   ___Horizontal  
___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials


Verify that bulkhead gas fitting nuts are all tightened.




Verify that gas lines are tied down by cable ties and tie mounts. 




Verify that all circuits pass gas leak test.






Verify that all circuits pass flow test (i.e., bubblers bubbling):

__1 __2 __3 __4 __5 __6





Notes:

1. Perform test with gas tubes in final place relative to bulkhead fittings.

2. Don’t exceed 180 mm gauge oil at the manometer.

3. Don’t exceed overpressure (marked location) on the input safety bubbler.

4. Measure P1-P6 in units of single-sided gauge oil.

5. Passing criteria: Sum of pressure drops for all six circuits is less than 20 mm in 30 minutes.

Time
Temp (C)
Patm 

(mbar)
Relative Humidity (%)
P1
P2
P3
P4
P5
P6










































































Go to flow  > 500cc/m after the completion of this leak test for operational test.
7H1: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7H1.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7H1.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards. (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary
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 LOWER
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NUMBER

EDGE

NUMBER

EDGE

58

9089

R

28

11609

R

57

9173

L

27

11693

L

56

9257

R

26

11777

R

55

9341

L

25

11861

L

54

9425

R

24

11945

R

53

9509

L

23

12029

L

52

9593

R

22

12113

R

51

9677

L

21

12197

L

50

9761

R

20

12281

R

49

9845

L

19

12365

L

48

9929

R

18

12449

R

47

10013

L

17

12533

L

46

10097

R

16

12617

R

45

10181

L

15

12701

L

44

10265

R

14

12785

R

43

10349

L

13

12869

L

42

10433

R

12

12953

R

41

10517

L

11

13037

L

40

10601

R

10

13121

R

39

10685

L

9

13205

L

38

10769

R

8

13289

R

37

10853

L

7

13373

L

36

10937

R

6

13457

R

35

11021

L

5

13541

L

34

11105

R

4

13625

R

33

11189

L

3

13709

L

32

11273

R

2

13793

R

31

11357

L

1

13877

L

30

11441

R

0

13961

R

29

11525

L

Note: 9000 + 5 + 59x84 = 13961.



7H2: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7H2.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7H2.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary





7H3: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7H3.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7H3.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary





8: Far-Side Bindi's

Side (check one):   ___Horizontal   ___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials

4
Verify that only certified, "far-side" connectors have been used.






Electrically inspect solder connection to Cu sheet.





6: Gas Circuits (Redo after preamps installed)

Side (check one):   ___Horizontal  
___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials


Verify that all circuits pass gas leak test.






Verify that all circuits pass flow test (i.e., bubblers bubbling):

__1 __2 __3 __4 __5 __6





Notes:

1. Perform test with gas tubes in final place relative to bulkhead fittings.

2. Don’t exceed 180 mm gauge oil at the manometer.

3. Don’t exceed overpressure (marked location) on the input safety bubbler.

4. Measure P1-P6 in units of single-sided gauge oil.
5. Passing criteria: Sum of pressure drops for all six circuits is less than 20 mm in 30 minutes.
Time
Temp (C)
Patm 

(mbar)
Relative Humidity (%)
P1
P2
P3
P4
P5
P6










































































Go to flow  > 500cc/m after the completion of this leak test for operational test.
9: Copper Sheet, Foam Tape & Insulating Sheet

Side (check one):   ___Horizontal  
___Vertical

Reference Sheet #


Signoff Item4
Date
Initials


Verify Cu sheet installed parallel to tubes.






Verify tape insulation of solder joints and connection of Cu sheet ends to Iarocci tubes.






Verify that insulating sheet completely covers Cu sheet.






Verify no contact between Cu sheet and table.




Verify foam installed vertically.






Verify foam tape covers and protects the green wire solder joints to Cu sheet.



10: Installed Electronics

Side (check one):   ___Horizontal  
___Vertical

Reference Sheet #


Signoff Item
Date
Initials

10.1
Enter certified HV cable number: HV____





10.2
Enter certified signal cable kit number: SL____.





10.3
Enter certified power cable kit number: PR____.





10.4
Enter certified ground braid number: GB____.





10.5
Enter certified pulser cable kit number: PS____.






Vacuum the RTV side of the boards before installation.




Verify chains pushed as far to proper side as possible:

(H): Away from gas service entrance

(V): Away from elec. service entrance




Verify preamp stand-offs are pasted.






Tie down HV chains.






Verify correct connections between multipin HV connector and LSTs with battery test.






Verify that open circuit between neighboring bus lines. (See table below.)






Verify bus connections from connectors to far end of the chain. (See table below.)






Verify unique connectivity of signal cables from connector to board with battery test.






Visually inspect all solder joints.






Verify open circuit between signal ground (e.g., Cu sheet) and frame.






Verify connection between HV ground pin and Cu sheet..






Vacuum around electronics before power up (LV and HV) to avoid short due to metal chips and so on.




Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

10.1: Certification of HV Cables

HV Cable Kit Serial #: HV_____

Fill in a letter for panel size (S or L) plus a 3 digit number (e.g., 001).

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect RTV on main connector and Bindi splices.






Verify correct mapping between HV pins and Bindi splices.





10.2: Certification of Signal Cable Kits

Signal Cable Kit Serial #: SL_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 3 digit number (e.g., 001).

Fill in checkmarks for each cable in the kit and signoff when all cables are OK.

Reference Sheet #


Signoff Item
Date
Initials


Verify open circuit between connector neighbors for all cables in the kit.

___A  ___B  ___C  ___D






Verify non-daisy chain male flat cable connectors(34 pins) are used.  i.e. No exposed cable ends should be seen. 

___A  ___B  ___C  ___D






Verify correct length and order of the twisted pairs for the specified cable ID indicated on the cable label.

___A  ___B  ___C  ___D





Note: If you do not know non-daisy chain connector, ask Fred, Kazu or Vince.
10.3: Certification of Power (Vref) Cable Kits

Power Cable Kit Serial #: PR_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 3 digit number (e.g., 001).

Fill in checkmarks for each cable in the kit and signoff when all cables are OK.

Reference Sheet  #


Signoff Item
Date
Initials


Verify connectivity between pins and properly color coded cable for all cables in the kit.

___1  ___2  ___3 ___Vref





Verify correct length for the specified cable ID indicated on the cable label.

___1  ___2  ___3 ___Vref





Color Table:

Pin
Color
Power Meaning
Vref Meaning

1
Red
+12V
Gnd

2
Black
Gnd
Vref

3
Green
Gnd
Gnd

4
White
-12V
Gnd

10.4: Certification of Ground Braid

Ground Braid Serial #: GB_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Verify that only insulation protrudes from slit in corrugated material.






Verify correct length and position of jumpers for the specified braid ID indicated on the cable label.





10.5: Certification of Pulser Cable Kit

Pulser Cable Kit Serial #: PS_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect splitter board.






Verify splitter resistor values.






Verify correct length for the specified cable ID indicated on the cable label.

___1  ___2  ___3 





11: Operational Test

Check One: ___Horizontal  
___Vertical 
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

12. Close up Panel

Check One: ___Horizontal  
___Vertical 

Reference Sheet #


Signoff Item
Date
Initials


Before closing panel, verify removal of all shavings and leftover solder with a last-minute vacuuming.






Verify installation of Fiberglass tape above preamp chains on coverplates.






After closing panel, verify open circuit between signal ground and frame.





11: Operational Test (redo after coverplates in place)

Check One: ___Horizontal  
___Vertical 
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

2B: Frame-BNL (Vertical)

Reference Sheet #


Signoff Item
Date
Initials


Inspect corner welds.






Verify  no sharp edges on midplane welds.






Verify no shavings on midplane.






Verify 30/1000" maximum midplane weld height.






Verify that connector hole inlets have been covered with Al plates with grommets to block entry of aluminum shavings.




Verify pop-river protector is installed.(short tygon tubing)




Verify that all correct labels have been inscribed into service side rail.





3: Rulers

Side (check one):  
___Vertical

Reference Sheet #


Signoff Item
Date
Initials


Verify proper ruler locations. (See table and diagram below.)






Verify 8.4 cm separation marks.






Verify installation of mylar tape over the tape measures.





Segment ID
Measured Distance
Design values
Delta(M-D)

I-A

72.9 cm


I-B

467.0 cm


I-C

523.7 cm


I-D

697.9 cm


II-A

499.8 cm


II-B

41.7 cm


II-C

720.2 cm


II-D

520.3 cm


A-B

537.6 cm


B-D

502.0 cm


D-C

537.6 cm


C-A

502.0 cm


A-Top rail

16.9 cm


B-Top rail

16.9 cm


Note 1: Measurement to the top rail is made to the very top edge of the top extrusion piece (y = 0.0 line). 
NOTE: Ruler starts from “1000”at the survey marks.   When you paste the ruler, the ruler inner edge should be right on the mark.

Ruler Installation Conventions, Units and Coordinates

The description here imagines you are looking at the panel as it will eventually hang; ie the T rail with the wheels and the survey notches is "up" at the "top." See the top panel in the figure below.

All lengths are in centimeters.

The coordinate system we will use is defined with the top of the T rail as the X axis, and the origin always at the location of the left survey notch in the rail. Positive X is to the right, and positive Y is down into the panel. So the left-hand notch is at (0,0) and this point is called Ref. I; the right-hand notch is at (428.6,0.0) which we will call Ref. II.

The four corners of the rectangle that will be marked are called: "A" in the upper left, "B" in the upper right, "C" in the lower left and "D" in the lower right. The X,Y coordinates of the four corners in each of the four situations are listed below.
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Proper installation positions:

Panel: AC, tubes vertical

Coordinates:

- ----------------------------------------------

Left-hand notch       0.0      0.0

Right-hand notch    428.6      0.0

Ruler corner A      -70.9     26.8

Ruler corner B      466.7     26.8

Ruler corner C      -70.9    528.9

Ruler corner D      466.7    528.9

 Distances:

- -------------------------------

I --- A      75.8 cm

II -- A     500.2 cm

I --- B     467.4 cm

II -- B      46.6 cm

I --- C     533.6 cm

II -- C     727.5 cm

I --- D     705.4 cm

II -- D     530.3 cm

================================================

Panel: DF, tubes vertical

Coordinates:

- ----------------------------------------------

Left-hand notch       0.0      0.0

Right-hand notch    428.6      0.0

Ruler corner A      -70.9     16.9

Ruler corner B      466.7     16.9

Ruler corner C      -70.9    518.9

Ruler corner D      466.7    518.9

 Distances:

- -------------------------------

I --- A      72.9 cm

II -- A     499.8 cm

I --- B     467.0 cm

II -- B      41.7 cm

I --- C     523.7 cm

II -- C     720.2 cm

I --- D     697.9 cm

II -- D     520.3 cm

4 : Certification of Bindi Connectors

Side (check one):   ___Horizontal
___Vertical 

Mark all certified Bindi Connectors with "OK" in permanent marker and place in boxes indicating "near-side", "far-side" or "HV Splice".

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect solder joints.






Verify capacitance across connector pins ("far-side" connectors only).






Visually inspect RTV.






Verify all Bindi connectors are numbered with permanent marker. (ex.28B etc..)





[image: image4.wmf]"RIGHT EDGE" MEANS THE EDGE ON YOUR RIGHT WHEN STANDING NEAR THE BOTTOM OF A TOP

PANEL AND LOOKING TOWARDS THE TOP FROM ABOVE.

BOTTOM OF 2-PACK IS 5 mm TO THE RIGHT.

2-PACK

RIGHT

R/L

2-PACK

RIGHT

R/L

NUMBER

EDGE

NUMBER

EDGE

63

1089

L

31

3777

L

62

1173

R

30

3861

R

61

1257

L

29

3945

L

60

1341

R

28

4029

R

59

1425

L

27

4113

L

58

1509

R

26

4197

R

57

1593

L

25

4281

L

56

1677

R

24

4365

R

55

1761

L

23

4449

L

54

1845

R

22

4533

R

53

1929

L

21

4617

L

52

2013

R

20

4701

R

51

2097

L

19

4785

L

50

2181

R

18

4869

R

49

2265

L

17

4953

L

48

2349

R

16

5037

R

47

2433

L

15

5121

L

46

2517

R

14

5205

R

45

2601

L

13

5289

L

44

2685

R

12

5373

R

43

2769

L

11

5457

L

42

2853

R

10

5541

R

41

2937

L

9

5625

L

40

3021

R

8

5709

R

39

3105

L

7

5793

L

38

3189

R

6

5877

R

37

3273

L

5

5961

L

36

3357

R

4

6045

R

35

3441

L

3

6129

L

34

3525

R

2

6213

R

33

3609

L

1

6297

L

32

3693

R

0

6381

R

Note: 1000 + 5 + 64x84 = 6381.

WARNING!  Swap R and L in the table below for D panels 

NOTE:Ruler starts from “1000”at the survey marks.   When you paste the ruler, the ruler inner edge should be right on the mark.
5: Tubes

Side:   Vertical  

Reference Sheet #


Signoff Item
Date
Initials

4
Verify all near end Bindi’s are matched with appropriate tubes.  Count from 0 on the bottom and up. 

Golden Rule: even # = L, odd # = R




Verify mylar tape over the ends of double side sticky tape.( cover the excess of sticky part)




Verify certified tubes loaded into panel and serial #'s recorded.





2-Pack #
Tube # (Top/Bottom)

63R
/

62L
/

61R
/

60L
/

59R
/

58L
/

57R
/

56L
/

55R
/

54L
/

53R
/

52L
/

51R
/

50L
/

49R
/

48L
/

47R
/

46L
/

45R
/

44L
/

43R
/

42L
/

41R
/

40L
/

39R
/

38L
/

37R
/

36L
/

35R
/

34L
/

33R
/

32L
/

31R
/

30L
/

29R
/

28L
/

27R
/

26L
/

25R
/

24L
/

23R
/

22L
/

21R
/

20L
/

19R
/

18L
/

17R
/

16L
/

15R
/

14L
/

13R
/

12L
/

11R
/

10L
/

9R
/

8L
/

7R
/

6L
/

5R
/

4L
/

3R
/

2L
/

1R
/

0L
/

6: Gas Circuits 

Side (check one):   ___Horizontal
___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials


Verify that bulkhead gas fitting nuts are all tightened.




Verify that gas lines are tied down by cable ties and tie mounts.




Verify that all circuits pass gas leak test.






Verify that all circuits pass flow test (i.e., bubblers bubbling):

__1 __2 __3 __4 __5 __6





Notes:

1. Perform test with gas tubes in final place relative to bulkhead fittings.

2. Don’t exceed 180 mm gauge oil at the manometer.

3. Don’t exceed overpressure (marked location) on the input safety bubbler.

4. Measure P1-P6 in units of single-sided gauge oil.

5. Passing criteria: Sum of pressure drops for all six circuits is less than 20 mm in 30 minutes.

Time
Temp (C)
Patm 

(mbar)
Relative Humidity (%)
P1
P2
P3
P4
P5
P6










































































Go to flow  > 500cc/m after the completion of this leak test for operational test.
7V1: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7V1.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7V1.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary





[image: image5.wmf]BOTTOM OF 2-PACK GOES AT LOWER ALTITUDE.

2-PACK

LOWER

R/L

2-PACK

 LOWER

R/L

NUMBER

EDGE

NUMBER

EDGE

58

9089

R

28

11609

R

57

9173

L

27

11693

L

56

9257

R

26

11777

R

55

9341

L

25

11861

L

54

9425

R

24

11945

R

53

9509

L

23

12029

L

52

9593

R

22

12113

R

51

9677

L

21

12197

L

50

9761

R

20

12281

R

49

9845

L

19

12365

L

48

9929

R

18

12449

R

47

10013

L

17

12533

L

46

10097

R

16

12617

R

45

10181

L

15

12701

L

44

10265

R

14

12785

R

43

10349

L

13

12869

L

42

10433

R

12

12953

R

41

10517

L

11

13037

L

40

10601

R

10

13121

R

39

10685

L

9

13205

L

38

10769

R

8

13289

R

37

10853

L

7

13373

L

36

10937

R

6

13457

R

35

11021

L

5

13541

L

34

11105

R

4

13625

R

33

11189

L

3

13709

L

32

11273

R

2

13793

R

31

11357

L

1

13877

L

30

11441

R

0

13961

R

29

11525

L

Note: 9000 + 5 + 59x84 = 13961.


7V2: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7V2.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7V2.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards. (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary





7V3: Amplifier Chains

Reference Sheet #


Signoff Item
Date
Initials

7V3.1
Enter certified amp kit number:

AK______






Verify bus connectivity across full length of chain.






Verify open circuit (many M) between neighbor buses.






Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

7V3.1: Certification of Amp Kits

Kit Serial #: AK_____

Fill in a letter for panel size (L or S), a letter for plane orientation (H or V), a 1-digit # corresponding to the chain ID and a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Enter amplifier serial numbers (list in increasing order and list channel numbers):

1.

2.

3.

4.






Verify diodes on all boards (see diagram below).






Verify correct length on the HV splice cable and Bindi connector.





4
Verify that the HV splice Bindi connector is certified.





4
Verify that only certified, "near-side" Bindi connectors have been used to connect to the LSTs.






Verify that boards are clean prior to RTV operation.






Visually inspect RTV.






Verify insulator strips on board boundary





8: Far-Side Bindi's

Side (check one):   ___Horizontal
___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials

4
Verify that only certified, "far-side" connectors have been used.






Electrically inspect solder connection to Cu sheet.





6: Gas Circuits (Redo after preamps installed)

Side (check one):   ___Horizontal   
___Vertical

Reference Sheet 

#


Signoff Item
Date
Initials


Verify that all circuits pass gas leak test.






Verify that all circuits pass flow test (i.e., bubblers bubbling):

__1 __2 __3 __4 __5 __6





Notes:

1. Perform test with gas tubes in final place relative to bulkhead fittings.

2. Don’t exceed 180 mm gauge oil at the manometer.

3. Don’t exceed overpressure (marked location) on the input safety bubbler.

4. Measure P1-P6 in units of single-sided gauge oil.

5. Passing criteria: Sum of pressure drops for all six circuits is less than 20 mm in 30 minutes.

Time
Temp (C)
Patm 

(mbar)
Relative Humidity (%)
P1
P2
P3
P4
P5
P6










































































Go to flow  > 500cc/m after the completion of this leak test for operational test.
9: Copper Sheet, Foam Tape & Insulating Sheet

Side (check one):   ___Horizontal   
___Vertical

Reference Sheet #


Signoff Item4
Date
Initials


Verify Cu sheet installed parallel to tubes.






Verify tape insulation of solder joints and connection of Cu sheet ends to Iarocci tubes.






Verify that insulating sheet completely covers Cu sheet.






Verify no contact between Cu sheet and table.




Verify foam installed vertically.






Verify foam tape covers and protects the green wire solder joints to Cu sheet.



10: Installed Electronics

Side (check one):   ___Horizontal   
___Vertical

Reference Sheet #


Signoff Item
Date
Initials

10.1
Enter certified HV cable number: HV____





10.2
Enter certified signal cable kit number: SL____.





10.3
Enter certified power cable kit number: PR____.





10.4
Enter certified ground braid number: GB____.





10.5
Enter certified pulser cable kit number: PS____.






Vacuum the RTV side of the boards before installation.




Verify chains pushed as far to proper side as possible:

(H): Away from gas service entrance

(V): Away from elec. service entrance




Verify preamp stand-offs are pasted.






Tie down HV chains.






Verify correct connections between multipin HV connector and LSTs with battery test.






Verify that open circuit between neighboring bus lines. (See table below.)






Verify bus connections from connectors to far end of the chain. (See table below.)






Verify unique connectivity of signal cables from connector to board with battery test.






Visually inspect all solder joints.






Verify open circuit between signal ground (e.g., Cu sheet) and frame.






Verify connection between HV ground pin and Cu sheet..






Vacuum around electronics before power up (LV and HV) to avoid short due to metal chips and so on.




Gnd
-12V
+12V
Vref
Pulser

Gnd
___ 0





-12V
___ OL
___ 0




+12V

___ OL
___ 0



Vref


___ OL
___ 0


Pulser
___ 40 


___ OL
___ 0

10.1: Certification of HV Cables

HV Cable Kit Serial #: HV_____

Fill in a letter for panel size (S or L) plus a 3 digit number (e.g., 001).

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect RTV on main connector and Bindi splices.






Verify correct mapping between HV pins and Bindi splices.





10.2: Certification of Signal Cable Kits

Signal Cable Kit Serial #: SL_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 3 digit number (e.g., 001).

Fill in checkmarks for each cable in the kit and signoff when all cables are OK.

Reference Sheet #


Signoff Item
Date
Initials


Verify open circuit between connector neighbors for all cables in the kit.

___A  ___B  ___C  ___D






Verify non-daisy chain male flat cable connectors(34 pins) are used.  i.e. No exposed cable ends should be seen. 

___A  ___B  ___C  ___D






Verify correct length and order of the twisted pairs for the specified cable ID indicated on the cable label.

___A  ___B  ___C  ___D





Note: If you do not know non-daisy chain connector, ask Fred, Kazu or Vince.
10.3: Certification of Power (Vref) Cable Kits

Power Cable Kit Serial #: PR_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 3 digit number (e.g., 001).

Fill in checkmarks for each cable in the kit and signoff when all cables are OK.

Reference Sheet  #


Signoff Item
Date
Initials


Verify connectivity between pins and properly color coded cable for all cables in the kit.

___1  ___2  ___3 ___Vref





Verify correct length for the specified cable ID indicated on the cable label.

___1  ___2  ___3 ___Vref





Color Table:

Pin
Color
Power Meaning
Vref Meaning

1
Red
+12V
Gnd

2
Black
Gnd
Vref

3
Green
Gnd
Gnd

4
White
-12V
Gnd

10.4: Certification of Ground Braid

Ground Braid Serial #: GB_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Verify that only insulation protrudes from slit in corrugated material.






Verify correct length and position of jumpers for the specified braid ID indicated on the cable label.





10.5: Certification of Pulser Cable Kit

Pulser Cable Kit Serial #: PS_____

Fill in a letter for panel size (S or L) , a letter indicating the panel orientation (H or V), plus a 2 digit number (e.g., 01).

Reference Sheet #


Signoff Item
Date
Initials


Visually inspect splitter board.






Verify splitter resistor values.






Verify correct length for the specified cable ID indicated on the cable label.

___1  ___2  ___3 





11: Operational Test

Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:



Date: ______________
Initials: ____________
12. Close up Panel

Check One: ___Horizontal  
___Vertical 

Reference Sheet #


Signoff Item
Date
Initials


Before closing panel, verify removal of all shavings and leftover solder with a last-minute vacuuming.






Verify installation of Fiberglass tape above preamp chains on coverplates.






Verify two nylon gas fittings for N2 inlet are installed. (two holes on the other side of the service holes near the top)

Note: 1/8” thread




Verify  Y gas connector is installed at the N2 outlet on the service rail side of the bottom rail end. (square Al end cap with a 1/4” thread hole is welded)






Verify the other end of the N2 outlet hole is plugged.






After closing panel, verify open circuit between signal ground and frame.





11: Operational Test (redo after coverplates in place)

Check One: ___Horizontal 
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

13: Operational Test (redo in PEH)

Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________
13: Operational Test (redo in PEH)

Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

Supplementary Operational Test

Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

Supplementary Operational Test
Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

Supplementary Operational Test
Check One: ___Horizontal  
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

Supplementary Operational Test

Check One: ___Horizontal 
___Vertical
1. Flow CO2 at 200cc/min for >1h to flush panel.   ____Yes


All circuits bubbling?   __1  __2  __3 __4  __5  __6

2. Hookup test stand electronics, post HV signs.

3. Check all channels in cable with pulser  __A  __B  __C  __D

4. Set HV = 4300V ( slowly bring it up watching the current ~ 26.4 A)



Current  = _____ A

5. Set threshold (200 mV for cosmic test, 600 mV for pulser test).

5. Check rate for each channel (~100 per tube pair)

Channel
Cable A
Cable B
Cable C
Cable D

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





6, Hook Green ground wire to frame, verify same count rate for 1 cable. ___OK

7, Comments:




Date: ______________
Initials: ____________

Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
Troubleshooting History
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[image: image6.wmf]"RIGHT EDGE" MEANS THE EDGE ON YOUR RIGHT WHEN STANDING NEAR THE BOTTOM OF A TOP

PANEL AND LOOKING TOWARDS THE TOP FROM ABOVE.

BOTTOM OF 2-PACK IS 5 mm TO THE RIGHT.

2-PACK

RIGHT

R/L

2-PACK

RIGHT

R/L

NUMBER

EDGE

NUMBER

EDGE

63

1089

L

31

3777

L

62

1173

R

30

3861

R

61

1257

L

29

3945

L

60

1341

R

28

4029

R

59

1425

L

27

4113

L

58

1509

R

26

4197

R

57

1593

L

25

4281

L

56

1677

R

24

4365

R

55

1761

L

23

4449

L

54

1845

R

22

4533

R

53

1929

L

21

4617

L

52

2013

R

20

4701

R

51

2097

L

19

4785

L

50

2181

R

18

4869

R

49

2265

L

17

4953

L

48

2349

R

16

5037

R

47

2433

L

15

5121

L

46

2517

R

14

5205

R

45

2601

L

13

5289

L

44

2685

R

12

5373

R

43

2769

L

11

5457

L

42

2853

R

10

5541

R

41

2937

L

9

5625

L

40

3021

R

8

5709

R

39

3105

L

7

5793

L

38

3189

R

6

5877

R

37

3273

L

5

5961

L

36

3357

R

4

6045

R

35

3441

L

3

6129

L

34

3525

R

2

6213

R

33

3609

L

1

6297

L

32

3693

R

0

6381

R

Note: 1000 + 5 + 64x84 = 6381.

_954949655.xls
Horizontal Tube Locations

		BOTTOM OF 2-PACK GOES AT LOWER ALTITUDE.

		2-PACK		LOWER		R/L				2-PACK		LOWER		R/L

		NUMBER		EDGE						NUMBER		EDGE

		58		9089		R				28		11609		R

		57		9173		L				27		11693		L

		56		9257		R				26		11777		R

		55		9341		L				25		11861		L

		54		9425		R				24		11945		R

		53		9509		L				23		12029		L

		52		9593		R				22		12113		R

		51		9677		L				21		12197		L

		50		9761		R				20		12281		R

		49		9845		L				19		12365		L

		48		9929		R				18		12449		R

		47		10013		L				17		12533		L

		46		10097		R				16		12617		R

		45		10181		L				15		12701		L

		44		10265		R				14		12785		R

		43		10349		L				13		12869		L

		42		10433		R				12		12953		R

		41		10517		L				11		13037		L

		40		10601		R				10		13121		R

		39		10685		L				9		13205		L

		38		10769		R				8		13289		R

		37		10853		L				7		13373		L

		36		10937		R				6		13457		R

		35		11021		L				5		13541		L

		34		11105		R				4		13625		R

		33		11189		L				3		13709		L

		32		11273		R				2		13793		R

		31		11357		L				1		13877		L

		30		11441		R				0		13961		R

		29		11525		L

		Note: 9000 + 5 + 59x84 = 13961.



&A



Vertical Tube Locations

		"RIGHT EDGE" MEANS THE EDGE ON YOUR RIGHT WHEN STANDING NEAR THE BOTTOM OF A TOP

		PANEL AND LOOKING TOWARDS THE TOP FROM ABOVE.

		BOTTOM OF 2-PACK IS 5 mm TO THE RIGHT.

		2-PACK		RIGHT		R/L				2-PACK		RIGHT		R/L

		NUMBER		EDGE						NUMBER		EDGE

		63		1089		L				31		3777		L

		62		1173		R				30		3861		R

		61		1257		L				29		3945		L

		60		1341		R				28		4029		R

		59		1425		L				27		4113		L

		58		1509		R				26		4197		R

		57		1593		L				25		4281		L

		56		1677		R				24		4365		R

		55		1761		L				23		4449		L

		54		1845		R				22		4533		R

		53		1929		L				21		4617		L

		52		2013		R				20		4701		R

		51		2097		L				19		4785		L

		50		2181		R				18		4869		R

		49		2265		L				17		4953		L

		48		2349		R				16		5037		R

		47		2433		L				15		5121		L

		46		2517		R				14		5205		R

		45		2601		L				13		5289		L

		44		2685		R				12		5373		R

		43		2769		L				11		5457		L

		42		2853		R				10		5541		R

		41		2937		L				9		5625		L

		40		3021		R				8		5709		R

		39		3105		L				7		5793		L

		38		3189		R				6		5877		R

		37		3273		L				5		5961		L

		36		3357		R				4		6045		R

		35		3441		L				3		6129		L

		34		3525		R				2		6213		R

		33		3609		L				1		6297		L

		32		3693		R				0		6381		R

		Note: 1000 + 5 + 64x84 = 6381.
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_954949896.xls
Horizontal Tube Locations

		BOTTOM OF 2-PACK GOES AT LOWER ALTITUDE.

		2-PACK		LOWER		R/L				2-PACK		LOWER		R/L

		NUMBER		EDGE						NUMBER		EDGE

		58		9089		R				28		11609		R

		57		9173		L				27		11693		L

		56		9257		R				26		11777		R

		55		9341		L				25		11861		L

		54		9425		R				24		11945		R

		53		9509		L				23		12029		L

		52		9593		R				22		12113		R

		51		9677		L				21		12197		L

		50		9761		R				20		12281		R

		49		9845		L				19		12365		L

		48		9929		R				18		12449		R

		47		10013		L				17		12533		L

		46		10097		R				16		12617		R

		45		10181		L				15		12701		L

		44		10265		R				14		12785		R

		43		10349		L				13		12869		L

		42		10433		R				12		12953		R

		41		10517		L				11		13037		L

		40		10601		R				10		13121		R

		39		10685		L				9		13205		L

		38		10769		R				8		13289		R

		37		10853		L				7		13373		L

		36		10937		R				6		13457		R

		35		11021		L				5		13541		L

		34		11105		R				4		13625		R

		33		11189		L				3		13709		L

		32		11273		R				2		13793		R

		31		11357		L				1		13877		L

		30		11441		R				0		13961		R

		29		11525		L

		Note: 9000 + 5 + 59x84 = 13961.



&A



Vertical Tube Locations

		"RIGHT EDGE" MEANS THE EDGE ON YOUR RIGHT WHEN STANDING NEAR THE BOTTOM OF A TOP

		PANEL AND LOOKING TOWARDS THE TOP FROM ABOVE.

		BOTTOM OF 2-PACK IS 5 mm TO THE RIGHT.

		2-PACK		RIGHT		R/L				2-PACK		RIGHT		R/L

		NUMBER		EDGE						NUMBER		EDGE

		63		1089		L				31		3777		L

		62		1173		R				30		3861		R

		61		1257		L				29		3945		L

		60		1341		R				28		4029		R

		59		1425		L				27		4113		L

		58		1509		R				26		4197		R

		57		1593		L				25		4281		L

		56		1677		R				24		4365		R

		55		1761		L				23		4449		L

		54		1845		R				22		4533		R

		53		1929		L				21		4617		L

		52		2013		R				20		4701		R

		51		2097		L				19		4785		L

		50		2181		R				18		4869		R

		49		2265		L				17		4953		L

		48		2349		R				16		5037		R

		47		2433		L				15		5121		L

		46		2517		R				14		5205		R

		45		2601		L				13		5289		L

		44		2685		R				12		5373		R

		43		2769		L				11		5457		L

		42		2853		R				10		5541		R

		41		2937		L				9		5625		L

		40		3021		R				8		5709		R

		39		3105		L				7		5793		L

		38		3189		R				6		5877		R

		37		3273		L				5		5961		L

		36		3357		R				4		6045		R

		35		3441		L				3		6129		L

		34		3525		R				2		6213		R

		33		3609		L				1		6297		L

		32		3693		R				0		6381		R

		Note: 1000 + 5 + 64x84 = 6381.
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