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GEM Muon Group Meeting - SSCL

July 12-13, 1993

Abstract;

Agenda, attendees, and presentations of the GEM Muon Group
Meeting held at the SSC Laboratory on July 12-13, 1993.
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1. Chamber performance, prototype results and plans

Discussion ( 30 min) including:

Large prototype status - Johnson, Golutvin

Small prototypes plans - Mitselmakher, Prokofiev
Electronics for prototypes - Polychronakos, Whitaker, Marlow
BNL prototype results Balagura, Polychronakos, ( 30 min)

2. Chamber design
Johnson - 15 min
Golutvin - 15 min
Polychronakos - 15 min
Lau - 15 min
Horvath - 15 min
Discussion - 30 min.
3. Pannel,strip beoards and frames prototyping and production prospects
Johnson - 15 min.

Pratuch - 10 min.
Discussion - 20 min.

1. Guidelines for GEM R&D program: goals, §, schedule
G. Sanders

2. Progress on alignment: axial vs projective vs coverage
J. Paradiso, A. Korytov, Yu. Gerstein

3. Pros and cons: mcnolith vs sector - physics considerations
M. Marx - convenor

4. ATS plans

C. Wuest

5. Plans for FNAL test beam program

- gscope and schedule
C. Bromberg, et al.

- proposal writing discussion/task assignments
Group

6. Slow control system
V. Glebov

7. Discussion and plans for next meeting
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CSC PROTOTYPES PRODUCTION
FACILITY
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Wall

CLEAN ROOM

Fans and filters

Table for assembling CSC

Reference points

T =20 C
HUMIDITY = 607%
AIR RATE CLEAN =10 000 dust part./cu.ft
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CSC PROTOTYPE MILESTONES

* 1. Panels preprocessing June 1993
* 2. Materials from SSCL received June 1993

3. Panels processing,
precise gauges mounting,

stripped boards gluing 2 August 1993
4, Getting bars ready fTor gluing 13 August 1893
5. Glue bars to paneis 15 August 1993
6. Drill holes 16 August 1993

* 7. Test assembly of the panels 17 August 1993
8. Assemble spacers and gas outlets 24 August 1993
9. Cover strips with resistive mater. 25 August 1993
16. Install anode wires 1 September 1993

11. Mount Capacitors, resistors,
connectors 2 September 1993

*12. Assembled planes acceptance check 3 September 1993
13. Get planes ready to assemble,

clean 4 September 1993
*14. Assemble chamber 5 September 1993
15. Mount exterior parts 8 September 1993
*16. Final test 9-13 September 1993
*17. Packing , 14 September 1993

Steps 4-6, 8-9, 190-13 go in parallel for all planes.
Key operations are shown in bold.
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WHAT 1S STILL NEEDED ToO
COMPLETE THE TASK ?

® PARTS SHIPMENT EXPENSES
S¢C —» dDUBVA

® PROTOTVPE SHIPMENT EXPENES
DUANA — SSC___

¢ TRAVEL EBRPENSES (cnuctat.)

+ ELECTRONICS !
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From se. jinr.dubna.su POP3 server
Return-Path: <viz>
Received: by SE. jinr.dubna.su (4.1/SMi-=4.1)

id AA18506; Tue, 15 Jun 93 17:42:55 MSK
Date: Tue, 15 Jun 93 17:42:55 MSK
From: viz (Victor Zhiltsov)
Message-l1d: <9306151342.AA18506@SE. | inr.dubna. su>
To: golutvinase
Subject: reply to M.Harris from Yu.Kiryshin
Status: RO

Dear Dr Harris,
In reply to your request of Dubna Muon Chamber Prototype Specifications:

»>> 1. Facilities description
1. Building #1
- Panels preprocessing area:
100 sq.m - equipped with two metal tables 4.5 x 2.4 sq.m (9.1mm);
50 sq.m - equipped with crane, 0.5 tonns;
wire arrays winding area:
54 sq.m - equipped with two winding machines, and two tables;
- Clean room: 5.4 x §.1 = 27.54 sq.m
- chamber testing area:
54 sq.m - testing equipment for tests with cosmic rays;
* no temperature control;
** no humidity control;

1l. Building #2
- Giuing area (two rooms):
120 sq.m
47 sq.m - the two room s are equlpped with three metal tabies
3.4 x 1.7 sq.m (0.3mm), and six wooden service tables;
* no temperature control;
** no humidity control;
In the new CSC fsctory building both temperature and humidity controls
will be available.

>> 2. Materials specifications
List of Materials for Full-Scale SSCL-Dubna CSC Prototype:

1. honeycomb pane! 7 pc (at Dubna)
2. strip cathodes 6 pc
3. cathode 3m x 1.2m 8 pc
4. G190 frames 48 pc
5. Conductive epoxy for strip cathode 0.5 kg
6. conductive epoxy for wires 2 kg
7. epoxy glue AW106 + AV953 15 kg
8. 5 minutes set epoxy glue (two 9.5 oz tubes) 19 pc
9. 5 hours set epoxy glue (two 2 oz tubes) 18 pc
10. capacitors CERA-MITE 0.001 ufF/6 KV 250 pc
11. capacitors CERA-MITE @6.061 uF/6 kV 50 pc
12. resistors Allen-Bradiey 1mOhm/0.5 W 250 pc

13. goid plated tungstein wire 30 mkm with Rhe 15 km
14. air-powered dispenser 1000D with accesories 2 pc

15. rubber seal 100 m
16. flat cable 3M (part # 3517 serias/34} 56 m
17. flat cablie connector 3M (part # 3514 50 pc

18. printed board connector (part # 3594) 50 pc

19. HV connector BNC -~ S5kV (male+female) $@ pc
20. LEMO connector (male+Temale) 20 pc
21. HV cable RG-59 108 m
22. set of shrinking tubes (1m long) 10 pc
23. wire for spacers, 0.8 mm diameter 5 m

i4



24. red X corona dope (20 0z) 2 pc

>> 3. Fabrication Specifications and Sequience
Fabrication specifTication:

spacers

gas system prts

gauges

parts to mount ampiifiers, HY supply, power supply
chamber assembiy and TiXx parts

seal elements

screens

tranportation container

spacers installation tools

10. panels and bars gluing tools

11. drilling toois

12. gauges installation toois

13. tools for chamber assebly using gauges

o~ N

Fabrication sequence
1. printed cirquit boards
2. preparation of the panels
3. mechanical parts assembly

>> 4. Assembly procedures

glue stripped electrodes onto the planes

assemble precise positionning monitors onto the planes

glue chamber frames to the panels

glue pc-boards to the chamber planes

drill holes in the planes

assemble spacers onto the planes

assemble resistors onto the stripped electrodes

clean cathodes and the chamber frames

wind wire areas on the on transfer frames

(wire transition control, cleaning wires)

190. transfer wires from transfer frames to the chamber frames
(wire tensioncontrol, cleaning the electrodes)

11. electrodes acceptance test

12. final cleaning of the electrodes

13. assembie and close the chamber

14. assemble exterrior mechanical parts

15. assemblie ground conductors, signal and HVY connectors, etc.

16. Tiush chamber with gas

17. chamber HVY training

18. complete test with cosmic rays

19. crate chambers

20. shipping to SSCL

oo AWN=

>> Testing procedures
A. test of single chambers of the module
1. production quality test of each chamber

cuttln? of anode wires
soldering of HY parts (R,C)
check of interstrip shortcirquits
readout strips soldering, including cables and connectors
wire tension check
check of anode boards junction (Mechanical, HV, gas)
seal surfaces quality check
anode-cathode gap check
10 spacers instailation
2. HV leaks check

{(fi111 chamber with N, apply HV=5kY, leakage current < 1 uA)
3. clean assembly check

(no noise (discharges) in chamber with Ar/CH4, HV=2.6kV.

(ﬂﬂ‘lﬂlﬂlh”-ﬁ

1.
1.
1
1
1
1
1
1
1

» » a » [ ] [ ] *

io



chamber training, including disassembly and cleaning if needed)

B. Module check

gas l|eakage check of the module after assembly

strips misal ignment measurement (with respect to outer gauge)
measurement of working voltage of the module -
{(Ar/CFn/C02 (30:20:50), measure space and time accuracy)

accumuiation of statistics in working point (16e6 events)

B WN-

C. Passport (diskette)
1. gas leakage
2. strips misal ignment

3. working voltage/current -
4, 2-dimensional map of uniform cosmic rays exposition/noise
5. readout electronics calibration data (pedestal, l|inearity, noise, e

>> Schedule and personell
Schedule
1. Fabrication of technological equipment and CSC parts at workshop - 1 r
2. chamber assembly - 1.5 months
3. chamber testing - 0.5 months
4. shipping to SSUCL - 0.5 months

Personnel
V.Rashevskli
Yu. Victorov -
A.YIishevski
V.Perelygin
S.Movchan
V.Karjavin
A. lvanov
S.Selunin
V.Khabarov -
A.Chvyrov
+ 12 techniclians

With the best regards,
Yu. Kiryushin

16
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iMeasurements for Readout Sheet

3
i

Trial 1 |

6/30/93

i
:

Note: Sheet was held fiat horizontally, with an Aluminum bar perpendlcuiar to the strips.
Measurements are in mches :

E

Measurement A B C
Value Dev Value Dev Value Dev
Position ]
Nominal 1.8000 38.0600 1.8000
1, 1.7997: -0.0003! 38.0638 0.0038 1.8001 0.0001
2 1.7996! -0.0004! 38.0637 0.0037 1.7999; -0.0001
3 1.79971 -0.0003: 38.0632 0.0032 1.79941 -0.0006
4 1.79951 -0.0005; 38.0633 0.0033 1.8002 0.0002
5 1.7997! -0.0003: 38.0632 0.0032 1.7983[ -0.0007
6 1.7995( -0.0005! 38.0631 0.0031 1.79981 -0.0002
7 1.7995: -0.0005¢ 38.0633 0.0033 1.7997: -0.0003
8 1.7998] -0.00031 38.0630 0.0030 1.7998: -0.0002
9 1.79921 -0.0008] 38.0623 0.0023 1.79941 -0.0006
10 1.7995{ -0.0005; 38.0611 0.0011 1.8000 0.0000
11 1.79941 -0.0006}; 38.0625 0.0025 1.3001 0.0001
Trial 2 7/1/93

Note: This data is from measurements bej

of the straightness of the traces.

made with two reference wires, as a check

|

The sheet was heid fat by two steel bars running

parailel to the traces, in the spaces

between the contrast fine and the first trace.

Measurement A B C
Value Deviation !Value Deviation :Value Deviation
Position
Nominal 1.8000 38.0600 1.8000
1 1.8000 0.0000f{ 38.0626 0.0026 1.7995) -0.00Q5
2 1.7996i -0.0004! 38.0628 0.0028 1.79961 -0.0004
3 1.7998] -0.0002;7 38.0625 0.0025 1.79931 -0.0007) .
4 1.79991 -0,0001; 38.0626 0.0026 1.7993] -0.0007}
5 1.7996! -0.0004! 38.0623 £.0023 1.7991 -0.0009
6 1.7995; -0.0005! 38.0629 0.0029 1.7995) -0.0005} - -
7 1.7995; -0.0005} 38.0632 (0.0032 1.7994 -0.0006}
8 1.7893! -0.0007; 38.0618 0.0018 1.7995; -0.0005
9 1.79821 -0.0008] 38.0590i -0.0010 1.7896! -0.0004
10 1.7997! -0.00031 38.0544! -0.0056 1.7996] -0.0004
11 - 1.7995] -0.0005f 38.04951 -0.0105% 1.7993] -0.0007

Notes. In the second trial, the sheet had an approx. Tcm buige in the joint side. This would

cause an apparent shortening in measurement B with minimum magnitude of

7 thousandths. Furthermore, a 500 mil lift of the edge of the sheet from the

table outside of the hold down bars is needed to cause the discrepancy between trials

of measurement C. It is likely that there was such a lift. There is confidence in the

measurements of Trat 1, while sources of error have been found for Trial 2.




Measurements for Terminating Sheet

Trial 1 6/30/93
Note: Sheet was held flat horizontally, with an Aluminum bar perpendicular to the strios.
Measurements are in inches.
Measurement A B C
Value Deviation :Value Deviation iValue Deviation
Position
Nominal 1.8000 38.0600 1.8000
1 1.7992% -0.0008: 38.0642 0.0042 1.8027 0.0027
2 1.7993! -0.0007! 38.00632 0.0032 1.8028 (0.0028
3 1.7991] -0.0009! 38.0633 0.0033 1.8029 0.0029
4 1.79801 -0.0010¢ 38.0635 0.0035 1.8025 0.0025
5 1.7994} -0.0006; 38.06335 0.0035 1.8024 0.0024
6 1.79921 -0.0008: 38.0644 0.0044 1.8025 0.0025
7 1.7989} -0.0011: 38.0653 0.0053 1.8024 0.0024
8 1.7991F -0.0009: 38.0649 0.0049 1.8019 0.0019}.
9 1.79891 -0.0011! 38.0643 0.0043 1.8018 0.0018
10 1.7980{ -0.0010! 38,0644 0.0044 1.8015 0.0015
11 1.79871 -0.0013: 38.0666 0.0066 1.8018 0.0018

Notes: These measurements were made with the procedure of the Trial 1 measurements of

the Readout sheet, and the same confidence in our measurements apply.
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Status of CSC Readout Work

at Princeton

GEM Muon Meeting at the SSCL
July 12, 1993

Daniel R. Marlow
Princeton University



Muon CSC Electronics

Work aimed toward production readout

Pursuing SCA option, but work is directly rele-
vant to T/H option.

IC design by Bob Wixted
Test fixture development by Stan Chidzik

2x 2 mm? IC prototype fabricated using ORBIT
1.2 pm double-poly, double-metal CMOS

First prototype
— 3-channel x 24-sample 10 MHz SCA

— CMOS comparator (building block for low-
cost CF discriminator)

39



Test Setup

12-bit ADC
AD HAS1201

12-bit DAC
AD DACS87v

SCA

Write Addr  Read Addr !

HP Pattern Generator/

. Logic Analyzer [ 7
12 12
SCA Test Fixture T
: - 486 PC

e Current tests use pattern generator to sequen-
tially address the capacitors in the array. Read-
out follows same sequence and is not (yet) sim-
ulataneous with write.

e DAC settling time is 3 us, so only “quasi-dynamic”
tests are possible.

36
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AADC (counts)
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SCA Residuals by Cell = 3—Params/Cell
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SCA Residuals by Cell — Single S—Param. Set
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Conclusions & Future Work on SCA Evaluation

e Ten-bit operation appears to be readily achiev-
able.

e Random noise and cell-gain variations are al-
ready at the 10-11 bit level.

e Cell pedestals are uniform to only ~ 8 bits.

e Future Work

— Use FPGA-based logic to measure noise un-
der simultaneous read/write operation.

— Work to understand cell pedestal variations.

— An improved test setup, using a 16-bit ADC,
a faster DAC, and incorporating a number
of “conveniences,” is being developed.

— SCA’s from other labs (ORNL, LBL) will
be tested.

— Quantitative measurements of capacitor de-
cay time will be made.

— Layout of the first “production” device for
FNAL test electronics will commence late
summer.



Constant Fraction Discriminator Tests

o Goal is to develop low-cost fully integrated CF
discriminator to correct for pulse-height walk.

e Design is based on Turko and Smith concept

£ Threshold Comparator

= 30 ng=

R

N

Vin :)c )

Y

B A\—D

A

from .
A
Fast
Shaper
I CF Comparator

Delay

e Key building block is CMOS comparator.

e Current version requires external R’s and C'’s

but these can be integrated.

’



Constant Fraction Discriminator Test Setup

e Test setup is very simple.

Attenuator Scope

- =bdod CF Disc ———= Ch 1
Pulser _I PO |_> Trig Q

e Use simple RC differentiator to simulate pulse.
(More realistic circuit needs to be developed. )

Pins 15,35 +5V +5V
16,36 GND

e Measure delay of trailing edge with respect to
trigger as a function of Vj,.
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Relative Output Delay (ns)

/marlow/gem/sca/cftest2. kumac

CMOS CFDISC — C,=10 pF

« C,=20 pF
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Relative Output Delay (ns)

/marlow /gem /sca/cftest.kumac

CMOS CFDISC — C,=20 pF

;_ O C2=2O pF_ o m ®m 0

-+ C,=50 pF o .

"F“- O | ]

-

- S V=160 mV

: { ] I 1 ||ll’ | | || Illll ] 1 |
10 102 i 10° 10°

Input Voltage (mV)
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- Conclusions from Discriminator Tests

e The CMOS constant-fraction discriminator func-
tions well and should easily meet GEM'’s re-
quirements.

e Further tests with more realistic pulse shapes
and with actual chamber pulses are needed.

e In the current design, there is a slight tendency
to fire early on smaller pulses. This could be
problematic and should be corrected.
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GEMUON Coleman Johnson 7-12-93

CHAMBER DESIGN

- Edge spacer frame update
« Summer workshop questions
+ Intra chamber alignment transfer test prototype

PANEL PRODUCTION
« Cost summary

CVJIll 12:10 PM July 13, 1993 1
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CHAMBER EDGE SPACER FRAME Y

FUNCTIONS:

» Cathode-cathode spacing
Cathode-anode spacing

Wire support "

Gas seal

Location for resistors, capacitors

ONLY 2 REQUIRE ACCURATE DIMENSIONS:
« Cathode-cathode spacing
« Cathode-anode spacing

DESIRED PROPERTIES:
« Minimum material
« Minimize fabrication costs
« Minimize assembly costs
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SUMMER WORKSHOP QUESTIONS [

CHAMBER DETAILS TO BE STUDIED, TESTED, RESOLVED:

« HONEYCOMB PANEL

EDGE FRAME

BOLTS

MID PLANE SPACERS
ALIGNMENT DETAILS

ON CHAMBER ELECTRONICS
COOLING FOR ELECTRONICS

CVJII 2:21PM July9, 1993 1



. \\’\.\\\\
PN
NS ::&\_

\‘\‘

5 '&&;‘1&
‘\\‘

\\\“ S




-
O



3=
\

iy :-‘- B \
; \Y A\

P QT
A\
SN\ T

SRR e
T\ e

VA
NSV

S

LA




EMUON SUMMER WO HOP TION

1) HONEYCOMB PANEL; DRAFT
a) unetched cathode side with anode readout connector, g

b) precision strip cathode side with cathode readout connector; ‘

c) honeycomb plate with edgefill and details;

d) gas inlet/outlet features

questions o be studied, tested, and resolved:

a) how to provide edge close outs, connector details, reinforcing for sealing,
boiting, etc.

b) how to minimize density and total mass of close-out features

¢) how to join layers of chambers together, bolts vrs adhesive bonding, effects on
shear stiffness of final chamber, sag, etc., reinforcing for bolts, spacer tension
wires, etc.

d) how to provide holes for support spacer wires, location, reinforcing, etc.

e) edge machining, raw honeycomb vrs edge filled, with or without face sheets
bonded, etc.

f} cleaning, all holes, gas passages, etc.

g) soidering connectors to panel, reinforcing to withstand attachment forces,
handling, etc.

2) EDGE FRAME:

a) provide wire position {both wire to wire and anode to cathode spacing) and
fixation details;

b) provide wire anode circuit connections, distribution to connectors, etc.
c)provide location, isolation for resistors and capacitors

d) provide cathode to cathode dimension control

e) provide gas sealing details

questions to be studied, tested, and resclved:

a) detail component design to meet all functions and minimize mass and density
of total system (compare three design concepts presented and others, evaluate,
choose)

b) how should the frame elements be attached to the honeycomb panels?
adhesive bond with controiled bond thickness, adhesive bond with line to line
contact to control dimensions, casting in place, etc.

c} how should the anode wire connection copper pads be configured to aliow
staggering of wire groups from iayer to layer in a given chamber? details of the
required stagger? etc.

d) how should anode wires be fixed, electrically connected to frames? what kind
of structural epoxy, how much; soider vrs conductive epoxy, etc.

e) what should the procedure, sequence be for attachment of resistors and
capacitors? before wire attachment or after? above board or inside
honeycomb/edgefill volume?

f} how to protect the high voitage distribution track, corona, surface leakage (dark
current?) proximity to grounded bolts, etc. under gas seal?

g) how should we specify the cleaning processes and quality assurance testing,
etc.

CVIIO 3:24 PM Juiy 9. 1993 ]



3) BOLTS | DRAFT

a) join honeycomb panels together to form chamber

b) ensure that elastic gas seal is intact

c) provide shear strength to chambers for sag

d) keep cathode planes in intimate contact with part of edge frame that
determines cathode to cathode spacing.

e) possibly provide attachment to chamber mounting hardware

f} possibly provide attachment to chamber mounted electronics like mother
boards

) resist gas pressure

questions to be studied, tested, and resoived:

a) shouid bolts be inside of or outside of sealing location?

b)if bolts are inside of sealing location, how should the end be sealed, not
compromise shear strength considerations, etc.

¢) how should we define the bolting procedure, sequence, torques, etc.?

4) MID PLANE SPACERS

a) provide additional cathode to cathode spacing control, in compression
b) provide location for tensile element to ensure contact and resist gas pressure

questions to be studied, tested, and resolved:

a)study original Dubna design, new SSCL design, others, evaluate, choose

b) minimize lost readout area, volume

¢) simplify fabrication

d) determine installation procedure constraints on design, when and how bonded
into place, how to locate with respect to wires, etc.

e) how to prevent surface current leakage (dark current?) from high voltage
anode wires to ground potential tensile element

f) how many do we need? how much performance degradation? etc.

2) ALIGNMENT DETAILS

a) provide means to transfer knowledge of precision strip locations outside of the
given plane for layer to layer alignment in a specific chamber and transfer to
straightness monitor systems

questions to be studied, tested, and resolved:

a) study various ideas for transferring etched pattern to a mechanical (washer/)
external feature, registration, phi and theta directions?, attachment schemes, stc.
b) study possible external etched pattern concepts such as for the stretched wire
concept (AK) identify limitations of photolithography process like minimum gaps
achievable with accuracy, etc.

¢) study details of straightness monitor hardware attachment to the chambers,
machined grooves to indent lines of sight into chamber volume, etc.

[ I¥)

CVIII 3:24 PM  July 9. 1993



6) ON CHAMBER ELECTRONICS DRAFT

a) provide pre amplifiers to get signals from cathode strips to mother board for
processing

b) marry information with adjacent pre amp boards for triggering information
c) provide pre amplifiers to get signals from anode wire sets to the mother board
for processing

d) provide mother board to accept signals from both cathodes and anodes,
process data, and send data and triggering information to control center

e) provide regulated low voltage to electronics

f) calibration functions

g) possibly provide high voltage system fault detection, circuit interruption

h) possibly provide calculations for straightness monitors

[) possibly provide input to and receive output from functional transducers like
pressure, temperature, flow, etc.

questions to be studied, tested, and resolved:

a) study implications of the various locations for the first electronics, effects of
cable lengths on signal to noise ratios, effects of access specific design features
on the theta coverage, mounting, etc.

b) determine best shielding concept, compare woven with solid shields, feed
thrus, straightness monitors, access for maintenance or replacement problems,
support problems, grounding isolation concerns, etc.

c) study high voltage feed thru concerns

d) study effect of captured gas, dead air space, etc.

e) study overall temperature impact of closed shieiding (see cooling, below)

7 ING F 1

a) remove heat generated by the electronics
b) prevent any heat from distorting the chamber elements

questions to be studied, tested, and resoived:

a) study ways to attach the electronics to the cooling system, make good thermal
contact, ete.

b) ensure that attachment is consistent with maintenance access

c) study combinations of conductive and radiative cooling shields

d) consider the impact of the EM shieiding on static air around heated electronics
e) study reliability impact of design features like soldered joints, feedthrus, etc.

f} study impact of pressure and flow controls on overall system design

CVIJII 3:24 PM  Julv 9. 1993
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INTRA CHAMBER ALIGNMENT TRANSFER

TEST PROTOTYPE

« SSCL design concept
» Design coordinated with/transferred to LLNL
« Model to be constructed, tested at LLNL

Cvdiil 12:10 PM July 13, 1993 2
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COMMENTS 0OWM
CHMAMBER CLAYOUT
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Questions and Recommendations

1.

Access to the muon system is claimed to require 3-4 months. The subpanel vicws
this as undesirable and encourage the proponents to explore short-turm-around
emergency access, perhaps through a small section of the muon end cap.

. The 48-fold azimuthal segmentation may be unnecessarily fine. The subpanc!

requests that the proponents perform a cost-benefit analysis of the degree of
segmentation. Reduced segmentation could lead to a lower overall cost and less
material to produce multiple scautering and backgrounds.

The measurement and monitoring of the magnetic field requires more detailed
study.

. The proponents are encouraged to consider methods to improve the geometrical

efficiency of the system within the angular region covered.

The proponents should proceed expeditiously towards a full-scale pre-production
chamber. - -



4., WIDTH OF THE CHAMBFRS |IN
THE MIDDLE SuPERLAYE RL

2. MATERIAL v THE CSC
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BAS\C FORMULA:
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DOMINVATING REFQUIREMENTS'

— MINIMUM NUMBRER OF CHAMBERS IV THE
MIDDLE SUPERLAVER

— MipIMUM NUMRER OF RAD. LENGTH
IV TRE CHAMBEBR AMD IN THE FRAMES

DRIVING CONSTRAIMNG
= MAXIMUM POSSIBLE LEMETH OF ANODE WIRFES (Lu)

= ANCULAR RANGG IN THE MIDODLE ChAMBER @\’)
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CONCLUSIONS !

A, THERE 1S NO CRUCIAL EFFGECT OF
MULTIPLE SCATTERING IMN CSC
FRAMES AMD EDGES ON Muo N
MOMENTUM RESOLUTION
CHAMBE RS OVERLAPPING DoES NOT

MAKE A VITAL DETERIORATION

2. TUERE IS NO NEED TO MiwmMIZE

T, INCREASING THE WIRE LENVGTH IV
THE MIDDLE SUPERLAVER To THE
MAXIMUM POsSIBLE (120 cm) wiee

DECREASE THE NUMBGR OF FARAMES
o
N> Ed66s BY 25 Y
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CSC Readout and Calibration Block Diagram
(Cathode Strips)

INPUTS
CAMAC 16 chdnnels
Bus per chip
Channeis
CAMAC NIM pulsed
: 4n+1 B
Wide 4n+2
Router——-— Band 4n+3 96 Channels per -
Control| Router An+4 board
=0,1,2,3....
T o
Amplitude ¢
control Precision o
DAC ™ Pulser

US>z
One of 96 \?

. Channeis
Output | Trigger
Register

10 — bit Multiplexed Data Out (512 or 1024 Channels)
FADC [

Stort
Conversion
TRACK/HOLD

Readout | 4 CLOCK
Control -
Module RESET

!

External
Trigger
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Gravity Sag of Sandwich Panel Assemblies

As Applied To
Precision Cathode Strip Chamber Structural Design

John Horvath
July 12, 1993
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How To CALCOLATE THE <STIFFNESS oF A STACKL OF SABS

STIFFRESS of onNE Souid SLAB
W ITH RECTANGULAR. cgRosS-=ECTIoN

th /_‘_
Is'—-A-E; = -|_z: 4

—

+h I L — l RNEUTRAL BEMDIVE PLANE

NOTE %
o K
I, g VT THE "AREA MOMEWT OF IWERTIR of THE CKOST - §EcTion
“
CALCUOLATED WhTH RESFPECT To THE CENTROID of THE SEaTHM.
Twe DEFINITION of I !5,
2z
I = 8 Y- &A WHERZ ua_ = DICTARNCE &RoM THE
cA NEUTRAL FPLANE a’
ARES ELEMENT KA
The "IveeTiA' OF A RECTAWGULAL b x h  cRosf~SECTION 5,

THE. VERTICAL Co-sRIINATE

’A
DI /%W//;f o I TR

i L'd

| b
1= S 'LMM | '_"__-2—_8 S '9,7’&3; 0\7(
© Rees )
% b 5 h b
- ~ - 2> [*
I=1 [S v dy '}:l = L[L y ] 'x‘&
N ° S
Th b
1=7 G0
| bh’
= —— | - = MoMeNT oF INERTIA
Igur“" “LE- 1 oz'— op&o RECTAVJAULAK  SLAB
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W V)
LUPPOSE. THERE ARE  Two LABRS  6&LUED TOGETHER
(Assume. BoTH ARE MADE oF THE DAME MATERIAL.)

77 won SLA&“P:' NEUTRAL PLANE.

‘Jr 7
h — SLA’& A // - =
) \/\/\z\_/\/‘ < - ASsEMBLY NEUTRAL PLAME
h —%\ LAE’: "e "~ - - SUAR g NEUTRAL PLANE
I T S T T \\\
] % L ——

ITERTIA OF COMPONENTS |

h? "on
1-_..An = 191_, (ABouT olAB A LEUTRAL PLANE)
- ) _ b;\ [l -
Tw v = =— LA—‘BQUT SWAR B NEUTRAL PU\"")

B~ 12

IERTIA oF ASSEMBLY .

SINCE THE Two SuABS ARE RIGIDLY GrLUED TOGETHER
THE PARALLEL AXIS THEOREM MAY BE APPLIED,

DI+ Ay

ASSEMBLY
WHEZE L 1o THE INERTIA OF A ComMPNEM
ABOUT |TS NEUTKEAL PLANE
A o THE AREA 0F A compnENT
AND 9~, P IS THE. DISTAACE FKoMm THE
ASSEMBLY NEUTRAL FPLAME To THE
COM PONENT NEUTKAL PLANE,
THEREFORE "
— — ___.. h
.IAS.‘f'V\E(r? - 12 ';— e B + L) bl'l -+ L )bl'\
- Fhh’ _
IASS’CHEL‘{ - —'—""l . MOMENT oF 1NERTIA oF ﬂgg_p ASFEMBLY

Ff SLABS OF ohMe MATERIALY

CRECK: FeR THE Asrsmsw AS oNE  corPNENT,
T _ k(W g Lhd
A-STEMBLY L V
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FoR  <bMPARIS ON , }/n

SUYPFPOSE THE Two SLARS ALE NOT  GLUED,

T - 21

A SSEMBLY
oh bh’

_— e - —_—
3

W

:C ASSEMPLY -

c I\
b ol

IP:SSEMSLY = —_—

SUMMARY .

Foal. Two SuARS OF wibpTH lo A-ND HewedT  h
STACKED To&ETHER 3

1P Aowed To <skif ;L2 sKeat s M“WE’D)

L2
I - =

ASSEMBLY 12

\F NOT ALLOWED T suiP (le. “:coa&(."..et-:ﬁo—?}% 4LUE,3
< Lh?
I

ASSEMBLY 1T
CSC _OBRSERVATIONG i e L

AS APPLIED To CATHDE STRIP HAMBERS ) A “stas’
IS ANALOGouUs TO A SAMNDWIcH PAVEL,

TTHE "olog” BeuD THAT 1S NECESSARY TO  PREVENT
BLIDING BETWEEN SULABS IS THE "4AP FRAME'.
IT. BOMDS TOGETHER THE SANDwICH PANELS.

TH-E STRUCTURAL. FPURPOSE oF THE GAFP FKAME
IS T T8 . PREVENT SLIDINE BETWEEN SAMDWICH
PAMEJ.S

'rp,a AP FEAME MATELAL AND ™ GEOMETRIC DESIKN
CMUST  RESIST SHEAR DEFORMATIN. ,

10§
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ForR A STMK. OF IDEMTICA~ SLABS OF THE .SAME
MATERIAL THAT ARE FADSTENED To PREVENT SUDIE,

STIFFMESS O6F A STARK o0F SLABS

App———

3
Iﬁm — I‘.’:”-AB

= AE
L HERE Ism STACK. STIFFNESS
Lot © SLALE STIFFRESS

N = pUHﬁﬁ( O0F <LARS

ol SLARS FREE Toh SLIDE oN EACH o‘l‘H-Eﬁj

Lo = m I5LA—6

Tee RATIO oF T S m*:
SELARATE .
When a bending load is applied, the stack will deform as
indicated in Fig. 10-13(b). Since the slabs were free to slide on one another,
the ends do not remain even but become staggered. Each of the slabs be-
haves as an’ independent beam, and the total resistance to bending of n

1 - SLABS FASTENED To
' ELT SLIDIN
n 5*&5 { FREY q’
D sThA
M‘ io)
cREEP AV :
oceuk AT )
BoNd hIMES =LABS FLEE 7D
10 _SHEM SLIDE on EAck OTHEK

5)
FiG. 10-13

slabs is approximaiely # times the resistance of one slab alone. If the ex-
periment is repeated after the slabs have been fastened together so as to
prevent their sliding on one another, the entire assembly would behave as
a single beam having a thickness equal 1o » times the thickness of one slab.
In the case of elastic action, the bending resistance of the assembly would
be approximately n* times the bending resistance of one slab. From this
simple experiment you can see the importance of a beam being able to
resist longitudinal shear forces so that this “slipping™ will not occur.
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NAFIDNAS,

5)
STIFELESS OF A sANDWICH PANEC A’

THE CORE- oF A =ANDWICH PANEL BEWAVES LIKE THE
“WES oF AN I-BEAM , PREVEMNTING  SLIDIVG

BETWEEN TaP AND BoTToM.  FLANKES,

=L il

FLALGE ' '
WED 2w ' l FAE
FLAMGE '
I-&EAM = AODWICH PANEL
The facings of a sandwich panel used as a increases the stitiness of the structure by

beam act similarly to the flanges of an I-beam  spreading the facings apart, but unlike the
by taking the bending loads — one facing in I-beam's web, gives continuous support to the

compression and the other in tension. flanges or facings. The core-to-skin adhesive
Expanding this comparison further, the rigidly joins the sandwich components and
honeycomb core corresponds to the web of allows them to act as one unit with a high

the I-beam. This core resists the shear loads,  torsional and bending rigidity.

Figure 1

Sandwich Construction Face Sheet

Honeycomb

Adhesive

ThE suEgrs

ChRRY W-PLAVE

TENSION O¢
COMPRESS DN

¥ AUD SLWAT pJRMAL LOAD o PREVENST SKIN BUKLIVG I
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|

5
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NATIONMAL

v § X o FiE %
Topower T4 VL] 1| CoRE MFTERAC] | )1 1|

fw “ 2 pAcE
f‘.allll.) - L’ >

SNeE THE  cofE MATELIAL |5 'SoFT" coMAARED To THE FACE
MP«T'EKIAL) IT 15 16P0RED IV THE  INERTIA cALCvLAT 0N,

————F— - Tof FRE NEUTRAL  DURFACE
. , —
? | : [
_'._ UrpAL  SuRFAE
i: ’ |4 42‘ ‘ — — SARDWICH NE
' —- = BoTToM FACE NEUTEAL SURFAE

PEFINE h AS THE CENTRUD DISTANCE BETWEEA THE
FACES (DISTANE bzwe&u N EUTEAL ‘DU&F-ALES)

I = Z.Io "“‘-Zprvaf

~ sANDwWICH ) 5

bty lo X em

- I'L—m + mf—’ ¥ Ql)"' mL)
2
- bRl et
\ 4

bi—smu N ,0 * "\1-

Lopmmacy = + sk

SIiRcE THE- X0V THKMESS (t«_m\ 1S LSVALLY =mMALL

THE FIRST TERM LDMT‘F-IEUTE..S VERY LATTLWE TO T!?E
PANEL <STIFFWVESS,

l[ e "

THEREFORE. IMc.KEASlA)q- 'i;m J
EFFECT ON ST!FF?‘OES‘J‘) -

AWD _ INCREASING M Spheutd HAVE A LARGER
EFFECT,

SHOLWD WAVE A oSMALL

Al.so CARE. MATERIAL  SHEAK STIFANESS IS NEEDED TD
LINE SKINS, gur. TS WKE UEIG-H-T '3 DEAD LoAD. .

i3
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AATICNAL

n 11 ‘7/
TINEETIA OF AN ASSEMBLY ‘

‘/ )
| =
- ,,/ ,i‘:::
SANDWICH / A e
THIKNESS e - / 2
* - // .’::/" "" "’
i}’l T LAY W . W S T Y 5 ‘/"f" ""! r] =
1 | R i [ S L A ‘ /‘:"‘ ’/
. / - . ‘4” /‘ "f
- l_l}l T Ly 1 ! i L | “:/' /”""
t/ e - ' "‘ “/ /"
I — - ,
e - sk (ror)
-f _If [ WO L Y A . o 0 L PO A W T ‘-OKE—
GAF SKIN (@ornn)

Assume, 7 EQuALLy SPACED SANDwICH Pﬁk{EL-S @Iﬂﬁwlow AS .S#w”)

umﬁmur” PREVENTED FRom SLIPFING BY PEKFECT
MASSLESS &LVE,

TREAT EACH <kip (7 sswdwicHes % 2 ““Zgﬂw& =14 skwe) As

A- COMPONENT, g o
Ikssansu - E‘I,, t ?__\ A,]‘o;
: 3
‘ - \Oi-s"m
wiere L. = —5—

A:' - 'O tKN

la_ > DeTRMNE FROM .K)EUT@Q SURFACE
Y OF ASSEMBLY "TO MEUTRAL- SURFAKE
OF Tde A-th . SKw -

‘A SPREADSHEET. MOIDEL, , e

LA I USING THE -
+HE SPREADSHEET CALCULATES Spscempey > T
'Pi&&u.:.c. AX\S THEOREM, THE SAME "AS A‘boy_!‘-;; o oot

TWE  SPREADSHEET MovEL PROVIDES RAPID .-
CALCULATION & OF ASSEMBLY. STIEFNVESS -

AS A FUNCTION OF VARIOuUsS PAEAMETER
VALVES, :

(Y
e &
"o
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ALAT,

?AK&METK:(_ AVALY S S %

- SThu ofF [ sANdwich PANELS

-~ sSAoDWICH  PARNEL THIGKNESS = 20 man CcaNJTT'IIUT)_
PARAMEYERS ¢ '

~ SARNIN PANEL SKIN THHCKNEST (O, Fam & X% /Open)

— GAY PETWEEN zA~DWIGt PARELS (0,0 £ GAY £ 20mm)

- 3P of nNo-sclf (4LVED) BETWEEN PANELS

TRE RESULTS oF THE ABovE AMALYSES ARE PLTTED
ON THE FolLtowiInNgG PAGE.

(cére.w PaiwT On THE §LAPH REFRESENTS ONE  SPREANMNEET
FRACYS L RN )

CONCLUSIONS PRAWN FROM &GKAPH:

THERE 1= A FALTR. of BT INCREASE 10 ASSEMBLY STIFENESS
BETWEEN A "SLIP” AND A "NO-SLIP" STAKK oF 7 PANELS
WITH 10 . GAPS BETWEEN PAWELS (i.md= Y8 gy

" " : - "L
THE. RUE oF-THUME GRAPH OF -Ino-sv..\f = Lg\.\'.?-%uuzb
15 SEEN TO FALL ALOSS 4RAPHS FoR VARIOUS GAP HIRES
OF MNOo-SLIP ASSEMBLIES, THEL “gvLe ofF THump' 1S
FOR. A 20010 PANEL., SAMNDWICH PAMELS BERAVE.
DIFFERENTLY, -

THE <SPEQIAL CASE oF A STAW oF [/ Zomw-THICK
SANDICH PANELS wiTH 10mm SKINS AND GAP=00

REFRoPUCES THE T =mt L VALUE. EXACTLY,
T po-sLp -~ M I-.L\P.'m.uugp

LTW 10 mAvn, SKINS ON A 0 M SAnDcH 1S A
SoLiD PANEL. AP =0,0 IS A SoLID ADSSEMBLY.)

IN GENERAL, THELE 15 A DECREASING PAYOFF Fok. INCREASING
SKID THIGKNESS Fog A FIXED SAMDWICH THICKNESS,
(NOTE: STIEFNESS AXIS 1S LOoSARITHMIC,)




normalized moment of inertia

Normalized Moment of Inerlia
Vs. Skin Thickness, Gap Thickness, & Gap "Slip"
Seven 20.0mm-thick Sandwich Panels

("ideal" zero-shear glue assumed)

0.1
tactor of 39 INCREASE IN MOMENT OF
| INERTIA going from slip-allowed o no-slip
/ stack of seven 20mm-thick sandwiches
0.01 A— with 0.5mm skins and 10mm gaps A
- / — o 4
0.001 4—
|~ skin thickness = 0.5mm (baseline)
A//
0.0001"'-|-ﬂﬁ Ty rrr - rrrrrrerTrrTT L TT T I rITrTTIIrrreY
o 1 2 3 4 5 6 7 8 9 10
skin thickness (mm) solid
slab

"n-squared” Rule-of-Thumb
is exact for a "solid slab”

] / {skin=10mm, sandwich=20mm, gap=0mm)

iy
—-
-
et
ik
—~

gap = 20.0mm ("IDEAL" glue)
gap = 15.0mm ("IDEAL" Qlue)
gap = 10.0mm ("IDEAL" glue)
gap = 5.0mm ("IDEAL" glue)
gap = 0.0mm ("IDEAL" glue)
"n-squared” Rule-of-Thumb

ANY gap size (SLIP ALLOWED)

file: skinvgap.moi
jah 7/12/93
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GYANTY SAG oF AN ASSEMBLY OoF SAMDWICH PANELS X

THE CALLULATION OF STIFFNESS AS A FUNCT IoA)
OF =KIN THICKNESS 1S NoT DIRECTLY APPLICABLE
T0o CHAMBER DESIGM. -

STIFFNESS WoukD PE DIRELTLY APPRICABLE 1F CHAMBER
WEIGHT WwWAS AN INSIGMIFICANT  FRACT AN OF THE
TeTAL LOAD OA THE CHAMBER,

FoRk. cATHRoDE =TRIP C‘H—A-HBL'—KS THE. WEAGHT oF THE
STRUCTURAL.  cdMPOPENTS 15 Acbou-r 90Y, oF THE
TOTAL LoAD. (Nom~ ~STRAUCTURAL E,,L-F_LTKM'U uTILI TIES
AND  ALIGNMENT HARDWARE COMPRISE THE REST)

SINCE  INCREASING  PANEL- sKW THICKULESS NoT oaLy
INCREASES ASSEMBLY STIFFMESS, BUT AU0 JAREASES
CHAMBER ma;c.#"r, THE 1MPoKTANT JNDICATOR
Fo. CHAMPER STRWWTURAL. DESI4N For STIFFMESS
I &RAVITY SAL.

THE folLowwg PACE CONTRINS BE4AM DEFCECTION
EXPRESSIONS Forl  VARIGUS  SUPPORT LocATioNs,

THE MbST  <anSERVATIVE (MEEST &LAMITY SAD) owukS  FoR
SIMPLE. SVPPORTS KT THE. EXTREME EMND POINTS.

(ThE OFTIMUM LocATINS FoK. SOPRTING A UMIFOR M
REAM ARE. AT POINTS  ©0.225 L e THE ENN.
THIS 1S cASE 4 on THE cHART)

THE. GRAVITY SAE (OF AN ASSEMBLY OF SANDWICH .
PAMNELS SUPPORTED AT THE EXTREME EADS (Mosr
ConNSERVATIVE cASE) HAS BEEM CALCOLATED
VSING A SPREADSHEET,

NEW FTARMMETERS ARE NOW  WTRADYCED.

THE. cKasC-sSecTinN  TNERTIA  WAS A FuaJeTioN of -
CROSS-DBESTION PIMEASIEOS ONLY,

THE BEAN GRAVITY SAG 1= A FuNO RN oF THE
CRO%a-SECTION MOMEMT o0F INERTIA (FREVIOUSLY
C‘-ALL\NJ\-TEJ))’ MATERIAL MODULUS  MATERIAL DE)QS‘T’Y
BEAM LEVGTH, APROD SUPPORTS.
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BEAN COHLCULATIONG

= SPECIAL CASES OF SYMETRICAL OVEEMANSING _ BEAMS
wiTH LiFORM LOAD aJ = yuir LoaD  (ea. Ibs/1n
DISTiicE Sazh | MomEuT av ST e#] DeFLecTioN PEFLECTION
s Il e M IR B
151 POINT (S by ’ il
SPECIAL & ASE . L (.:;,:;),, zreo| = ﬁ_e_'g) ,,W__g sz%r(sca(az:)-.l.‘) 38451(51 14}
' ‘ o - ’ 2 flus = Downs plvo = Do
CASE-* 17 _2 —— g, - = éq:' e * MAR. MoMEsT Minus = UP miLus & VP
EQUAL MomEnTE AT @ { _ . . L4 N
SUPPORTS - 4, CENTER ' 207 L D4 wbl | o214 wLT |-.000L1 '."_é__ 000bLIS u::-L
S8 L —m] 20T e
2ERD SLOPE AT ENDS ‘-—-\D__?—jc {9 L. 0192 wt* },0223 wi* |~co0078 w‘é"‘:-l:‘. .000512- ""E—Lf*
77l 21t Ll
® | N
NO EnD  DEFLECTION ‘—Fﬂe‘l— A83 L 0177 wi | 0230 wi™ (o] .ooo44$""-é:—£--
STt L 2141
g 4 centsR (@)
DU FLECTIONS EQUAL . . JetL lLos w0248 W™ |ooo268 :e_L-_ 00026822 5_’
MINIMUM OVERALL DEFLECTION . 584l 2731}l
® N . .
ZERD SLOPE - AT SUPPORTS 7—[j==j-<L JdS59 L. o126wl™ |, p252wL" |oo0219 yj_L.EI 000237 WL
S5LL 2241
NO CENTER DEFLECTION /L_ Job L |.oos7wl™ {0284l |.000759 w’i’% o
s23 L .2z.aL
IFLECTION POMT AT CENTE ]
. ' TER
MAY . PEFLECTION AT ‘E” o o .0312 wL™ |.ooua u_J_'_-f -.aaom.wi-‘-"
: = I
ZERD MOMENT" AT (ENTER /L- .scol. h‘. = =
4
| ¢ 4 ¢ 4 { q |



Normalized Gravity Sag
Vs. Skin Thickness, Gap Thickness, & Gap "Slip"
Seven 20.0mm-thick Sandwich Panels

("IDEAL" massless zero-shear gap frame and glue assumed)

15
Factor of 49 increase in gravity sag
(n-squared Rule-of-Thumb is exact) for
\ stack of 7 solid slabs with gap = 0.0mm
\ Factor of 39 increass in gravity sag for a
@ 0.1- 4/ stack of 7 sandwich panets with 0.5mm
] * " " —_
2 ] / skins and 10mm gaps (with "IDEAL" glue) _e— ANY gapsize (SLIP ALLOWED)
: 1
§ E
o —6~ gap = 0.0mm ("IDEAL" glue)
®
S e p———— J>
£ . A—h—h A1 || - gep=50mm (IDEAL" glue)
g 0.01—' -‘ A% PJ {‘. T 32 > <11
] N I e e et | —&— gap = 10.0mm ("IDEAL" glue)
tH—t—f——H—)
A\ ~e- gap = 15.0mm ("IDEAL" glue)
\
™ skin thickness = 0.5mm (baseline)
—5— gap = 20.0mm ("IDEAL" glue)
0-001 L) Tty LELEL I | LA B ) rrev LENLES B | TV ey YTy LENL BB | TP r
0 1 2 3 4 5 6 7 8 9 10 fite: skinvgap.nogt

skin thickness (mm) solid jah 7/12/93
slab
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THE EFFELT OF GAP FRAMES ON  DEFCECTION b/n

D THE PREVIOUS ANALYSIS THE BTAGK oF SAMDWICH PANELS
(WITH SAPS BRTWEEA PANELS) WAS ASSUMED BONDED
ACROSS THE GAFPS LWITH "IDEAL" MASSLESS GLUE,

IN MECHAMCS, TS BENDING AMNALTSIS ASSUMPTION
15 STATED AS “CRosS-SEcTIons REMAIN FLAT DURNG BEADING

FOR PLANE BENDING,

Al B |C' ID
T ﬁl STALWLL oF
: " 3 5LABS
Al /A ! le
> (B "‘\ '15 STACK. OF
~. %L SLABS
I—— :é ey
.

<~

A L J

ALL cRosS-SECTION PLANES (A'A, 5—5’ )
REMAL FLAT DURING BEMDIG

To AHIEVE THIS LIMKING BETWEEN <SLABS THE 4AFPS
MULIT BE SPANMNED AT SUFFICIENT LOCATIOMNS AMND 1IN
A MANMNER TBAT RESISTS THE 3+EAR LOAD_ NDUCED
BETWEEN SLARS, oot

SHEAR BETWEEN SLARS <ALSES THE AbLOVE SECTION PLANES
To WARP TWis RESULTS I AN - Abbn-rnouhg COMPONENT
OF SAG ChLLED “59.5&'{ DEFLECTION &

THE SANDWICH PANELS ARE LIWKED TOGCETHER
INTY A YSAWDWICH OF SANDWIGHES” oy THE -
GAP FEKAME, JIDEALY THE AP FRAME <Hould
PREVENT NEAK. DEFOKMATION (SLIPPINgG) .

AP FRAME

shown W
CRQSS~ sf,C\'lOP

THE EFFECT oF AP FRAME wWIDTHS <AND MATERIALS o
AeSEmBLY GRAVITY Al 15 <CACCULATED yuSIVvg
ADOTHEE SPREADSREET AS FoLlowS?

116
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THE EFFECT OF &A¥ FRANED (cOuT:quD) .

. B I .

THE MoDuLuls OF ELASTICITY oF THE 4#AF PERAME
MATEEIAC 15 A MATERIAS PROPEKTY,

THE "MOMENT oF [NERTIA  OF THE &AFP FRAME
1S A FPumcTilon OF THE AmMyunuT AnND THE
Lo ATION oF THE AP FEFME (620METRIC
Df!TZtﬁUT'IDH),

THE. WE KT/ umiT LENCTH BF THE 6AF FEAME
MATERIAC 1§ A Funcrior) ofF Bor# THE
MATERIAL AND THE &GEOMETEIC  DiSTRIBUT/DN,

_ _ -~ —
THE. GAFP FRAME witLe "LoAD THE oAvdwiIcH
PANELS 1P THE &AP FRAME EFrECTIVE STiFrveEd
1S LOwEK THAN THE =A~DWICH FRNEL E, S.

THE <hP FREME wite " hrRy" pART oF THE
SANDWIC H PANEC WEKHT [(F THE AP FERME £ 5.
15 HHGHER THAW THE A0 WICH PAVEL E. S,

i
HowEVER, HE ASSUMPTION THAT CRASS-SECURAS
TREMAIN FLAT" PILL NST BE TRUE 1P THE
GAP FIRAME HAtlows SKHEAR DEFOKMATION Yo occuk,

THE ABOVE ANALYSS  ASTUMES THAT EVEA THE MsIT
MARRoOW AND SOFT GAF FRAME wilte MOT 2NEAR.

Foll SANDWCH ASSEMBUES, THE EFFECT ofF SUERR DEFoRMATIm)
IV THE HoNEYSOMB CoRE MUST PE  <onNSIDEFED,

Pf wBLe AS THE sEO0METRY AnD PROPERTIES oF THE
sM FEANES,




Normalized Gravity Sag
Vs. Gap Frame Width & Gap Frame Material
Seven 20.0mm-thick Sandwich Panels, No Core Edge Filler,
Skin Thickness = 0.5mm, Gap Height = 10mm, NO SLIP ALLOWED

1 -
] I ! | | I | I F
Malerials "less sliif* than the sandwich | //l
0.95-} panels are partially “carried” by the panels. <=1
3 A
0.9 2
; -
: -
0.85 . »
on ] o
WY 3 g : L
[ Z 08
o E ]
(o]
O 0.75 ;
X ] ' Materials "stiffer* than the sandwich
g 0'7 ] wels "carry” part of the panel weight. ™|
o ]
“ 0.65- .
0.6 \E‘\M\A
0.55
0-5-IIII LEL BB LI A B LB B} Ty L B IR LI I N L. LEL I I ) Vryy
0 5 10 15 20 25 30 35 40 45 50
gap frame width (mm)
¢ { q ¢ 1 4

The "IDEAL" gap frame material

adds no weight to the assembly and
ALLOWS NO SLIP (no shear deflection)
between panels.

S . epoxy‘gap frame
-y~ "Vinny's" gap frame
G10 gap frame

"IDEAL" glue gap frame

S

aluminum gap frame

file: gfvmat.base
jah 7712193




Normalized Gravity Sag
Vs. Skin Thickness & Gap Frame Material
Seven 20mm Sandwich Panels, 10mm Gaps, 25mm Gap Frame, No HC Core Edge Filler,
("IDEAL" zero-shear glue assumed)

1 -
] P\
0.95- AN
) \ Although its modulus of elasticity is
0.9l , 25 ti;nes |ha:’ of epoxy;liathim:Jm ~E— 25mm-wide epoxy
- gap frame reduces gravity sag by A
o ] onty 30%. ~\f  25mm wide Ymnys
[T 20-85,_ —G6—~ 25mm wide G10
p) : .
&«- E 1 —A— 25mm-wide aluminum
5 0.8 SERANSR
[11]
N
[} ]
E 0.75 /
o
S B
0.7}~  —
0.65 w\~\
] skin thickness = 0.5mm (baseline)
0.6 ++—t+—rf—+—r——r—+r—r—r—trrrr - —
0 1 2 3 4 5 6 7 8 9 10

skin thickness {mm) file: skinvmat.gt25mm
jah 7/12/93
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CORE EDGE FILER |S SmpPLy A SUBSTITUTE
FOR. THE SANDWICH CORE MATERIALC,

LTS GCFFELT oN DERELTHN s PROPORTIONAL
T° ITs RENATIVE “meFecrive oTIFFNESS' (AS DISCus/ED
IN RELATION YO GAP FRAME CPFECT!),

THE owL?Y MINOR DIFFERENLE |8 THAT <osRE
EDCE- FILLERL DISPLACES HowEY ™B FATELIAL, DINGL
Hon EYComMB HAS 2/—X0 mMbopuLeT W THE_ PLAWE oOF
THE PANELS LICHT  AND  STIFF EBXE Fluelél sucl A
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Normalized Gravity Sag
Vs. Sandwich Core Edge Filler Width & Core Edge Filler Materlal
Seven 20.0mm-thick Sandwich Panels, 25mm-wide Epoxy Gap Frame,
Skin Thickness = 0.5mm, Gap Height = 10mm, NO SLIP ALLOWED

1 ’ : r The "IDEAL" core edge filler material
Materials "less stiff” than the / adds no weight to the assembly but

] sandwich panels "load” the panels. L removes core mass (replaces it with
" ’ I . ‘VI massless zero-shear glue).
0.9

- §= 0,3__ ~f— epoxy core frame
o L
;. N .g 1 o
:?“,, ] h -\~ "Vinny's" core frame
9 0.7
o Materials “stiffer” than the sandwich "IDEAL" gl fram
g panels "carry” part of the panel weight. ' glue core frame
206 !
—G— G10 core frame
0.5 q ‘\A_\ ~A— aluminum core frame
i A .
]
0-4 v r v L) L ¥ T Ll LS

0 5 10 15 20 25 fite: cfvmat.base
core edge filler width {mm) jah 7/12/03
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MAGN I TUDE OF CHAMBER SAG 1S HI§HLY
DEPENDENT ON:

* CHAMBER SUPPORT LOCATION

* DES\GN OF §nAP FrRAME

GPP FRAME DESIGN wilL DETERMINE HOW

CLOSE WE COME N OBTAINING THE “PERFECT”
SHEAR BOND BETWEEN SANDWIcH PRNELS,
THUS NINIMZING CHAMBER SA§

¢ GTOMETRY ('rmczpess,wanH,EneNf AROVND
PERIMETER OF PANEL)

MATERIAL ™MECHANICAL PROPERTIES

* PRANEL-To- PANEL ATTACHMENT TECHAMI QuE
( BoLTs, APMESIVE, ETC. )

|
GEM Muon Meeting, 12 July 1993  F.C. Belser Lu:‘l
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T Ars CHz(7:3)
: Va = 2375 V
g 201 Proportional mode
a
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o
O 110pum
0
612 e Bi2
Channel
Fig. 2. Typical position spectrum obtained in the proportional

mode. - -

.- the figure, the position resolution of the proportional
. mode reaches a value which is determined by the instru-
. mental limitation due to the beam collimation and the
. electron noise. On the other hand, the position resolu-
& tion of the SQS mode begins with a value higher than
§ . the instrumental limitation and goes to a serious value
2. of about 1 mm. As for the avalanche size, the transition
% (displayed in fig. 3 as an arrow) from the proportional
. to the SQS mode as a function of high voltage can be
. observed in the position resolution data. The position
- resolution of the SQS mode is worse than that of the
* proportional mode. The fluctuation of the localization
of the 5QS discharge, however, can be considered to be
" less than 1 mm. Since the width of the SQS avalanche is
considered to be less than 1 mm [2,5], the large fluciua-
- tion of the localization of the SQS discharge cannot
- depend on the avalanche width. Then, the fluctuation
' mmy be due mainly to that of the path of the SQS
. wvalanche,

. In addition to the standard quenching gas, so called
. scond quenching gas, for example cthanol, methylal
r. and 50 on, is considered to stabilize the SQS operation
“- [89]. We measured the position resolution of the SQS

'é' tg—rTrTmm T T T T
E E SOSw 3
€ - S
o - Proportional ) -
5 - .-... .-, Y. ..- -
E 041 ek S~ HEEN WIH
& e =
- = Ar.CH4(7:3) 3
[ = 3
o — -
= - SIN limit i
0 - .
a 0.0 RN EII IR [ B BT
o1 1 10 100
Avalanche Size (pC)
Fi

% 3. Results of the measurement of the position resolution as
a function of avalanche size.

EY
)
G

H, Ohgaki et al. / Position sensing in rhz.S‘ QS transition region 523

| ELBLGLALE LA T l!TT'l

(a) thanol -
a Ew.ano . 1

T TTTTT

Positian Resolution{mm)

0.3 Lopisesmt b rbuub

1 10 100
Avalanche Size(pC)

Fig. 4. Rsul.ls of the measurement of the position resolution in

_the 5Q5 mode. The counter gas was Ar+CH, (7:3) adding
-ethanol vapour of (a) 0%, (b) 2.6% and. (c) 83%. Arrows in the

figures show the 50% transition points.

mode in different concentrations of ethanol. In this
measurement, the beam collimation was nearly 0.25
mm. Fig. 4 shows the results of the position resolution
of the SQS mode. Arrows in fig. 4 show the 50%
transition points. In this figure, the position resclution
improves with higher concentrations of ethanol. From
this result, the sccond quenching gas, ethanol, can be
considered to suppress the fluctuation of the localiza-
tion of the SQS discharge, In the practical use of the
SQS discharge (or position sensing, Lhe second quench-
ing gas promises stable counter operation and good
resolution in an Ar+ CH, gas mixture. Furthermore,
ethanol can absorb the UV photons which play an
important role in the transition mechanism of the SQS.

In our previous data [6], the double SQS mode was
observed ciearly and the position sensing was tried with
this mode. In the present work, we could coilect no
meaningful events that arose from this mode. This may
be due to the dillerent cathode surface conditions in the
two experiments. The double SQS mode is considered
to be sensitive to the material and the condition. of the
cathode [5].

4., Conclusion

Position sensing has been investigated around the
transition region [rom thc proportional mode to the
$QS mode. The position resolution of the proportional
mode reaches to about 0.13 mm (FWHM) which is
limited by the beam collimation. On the other hand, the
position resolution of the SQS mode is worse than that
of the proportional mode. The fluctuation of the locali-
zation of the SQS discharge, however, is less than | mm.

1. GASEQUS DETECTORS



Charge Distribution of Gas 3 100% . PQL 2
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~ Rate Curve of Gas CF4 87%, |-B 13% .
Threshold ~30mV, Source Fe55, Interval 100 s
SQS mode significant at 2.6 kV
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HONEYCOMB PANELS

G-10

« GE: 60 x 144 in; 0.021 in; 0.5 oz Cu; $184.40
« min order 150

Bare honeycomb

e 48 x 96 x 0.75in; $230
« 60 x 144 x 0.75 in; $678

Fabricate panels, including honeycomb material
« Hexcell 48 x 138 x 0.8 in ATF quality $1419.66

. 48 x 108 x 0.8 in Flat $2100
- Both plus tooling, setup charges

CVJIIT 1:04 PM July 12, 1993 1



QUOTATION

./ Page. !
HEXCEL . HEXCEL CORPORATION Ste Nbr: A3C0406
() 201 E. ABRAM STE 300 uote Date: @5/21/93
ARLINGTON TX 76010 /CSR_Nbr; 105/1R4
Cust. ph: (214) Jo&-11s8
felephone: (800) 284-3923 Fax: 214} 708-6288
rax: 817} 274-1121
WOTED TO: 82280-01
SUPER COLLTDER LABORATORY TERMS NET 30
ATTN: COLEMAN JOHNSON FOB: Casa Grande
9950 AUTOBAHN DR _BLDG 2 REQ: FAR FROM NORRTS DATED 4/22
DALLAS TX 75237-3946 GOU’T CONTRACT:
I
T MATERTAL UNIT OF
: DESCRIPTION MEASURE QTY UNIT PRICE TOTAL
Piece 10 §1,419.66  $14,196.60

o1 |HRH-10-1/8-8.1
" |sHIPMENT:
SPECIFICATIONS:

D/S 4000
QUANTITY TOLERANCE: + @%

T™O: 1

1@ Weeks After Receipt Of Order

g
Ol i as—

5“\,@,\3

@2 |HRH-10-1/8-8.1

SHIPMENT:

SPECIFICATIONS:
D/S 4200Q

QUANTITY TOLERANCE: + 0%
TQ: 1

Plece

1@ Weeks After Receipt Of Order

10 $1,397.82 $13,978.20

| 03|HRH-10-1/8-8.1
| O3 | F0LIRG POR THEM o1

 |suTPMENT:
'i SPECTFICATIONS:
D/5 4000

QUANTITY TOLERANCE: + 0%

T™Q: 1

Lot

1¢ Weeks After Receipt Of Qrder

1 $2,446.23 $2,446.23

04 |HRH-10-1/8-8.1
TOOLING FOR ITEM 2

SHIPMENT :
SPECIFICATIONS:
D/S 4002

QUANTITY TOLERANCE: + 9%
™: 1

Lot

10 Weeks After Receipt Of Order

1 $2,446.23 $2,446.23

iotes & Conditions:

1 THEATRI D TR O '-‘J'I;I'-'
PO o R R = i

iy i Ar e o =
A TOLERANCE CF “;u.'ggzp@

QUOTE TCOTAL $33,067.26




& QUOTATION
4-.. guzgg. Nbr: A3C0406-

uote Date: @5/21/93
/CSR Nbr: 105/1R4
Cust. Ph: 2214; 708-1188
Fax: 214) T28-608E
Notes & Conditiong: (Continued)
-~ 1 8 L +/-.125 X 138 W +/-.125 X 80 T +/-.045

4

DIMENSIONS RND TOLERANCE OF ITEM

28 L +/-.125 138 _+/-.125 x 80 T +/- ,045
SKINS: Fig5- 7781 2 PLYS

ADHESIVE: MA 562 §

POTTING COMPD: EPOLITE 2402

THE PARTS ARE QUOTED PER REQUEST WITH THE FOLLOWING
EXCEPTIONS:

1) THE L AND W DIMENSIONS ARE REVERSE OF THE RF DIMENSIONS.
2 RATHER THAN EPOXY FILLING THE OUTSIDE PERIMETER
EL, HEXCEL WILL USE A GLASS REINFORCED POLYESTER TUBE

THANK YOU FOR THE OPPORTUNITY TC QUOTE.

05/21/93 9127 '\ (D¢ rﬂ,ﬁf‘\

DATE TIME Marla Dowdle
A Customer Service Rep.

NOTE: This quote is valid for 6@ days. Pleasz
read NOTES & CONDITIONS on reverse side.

‘-i-"

141



0CT-25-1532  16:S8 FROM  HEXCEL CUSTOMER SE=VICE TG 12147885228 P.2l

o QUOTATION page. .
. HEXCEL CORPORATION Quote Nbx: A2C0622

. 201 E, ABRAM STE 570 Quote Date. 10/29/92
ARLINGTOR TX 76210 1R8

heieDhone: (80%) 284-3922
Fax: 817y 274~1121

QUOTED TO: 82280-31

UPER COLLIDER LABORATORY TERMS NET 30
g'rm ggmm? BT £03, : Casa Grande, AZ
n

UTOBAHN DR BLDG 2 REQ+
DALTAS TX 75237-3 *T CONTRACT: UNKNOWN

frﬂLQ AJ_CJ(i/ il-ﬁ/\f\ 0/} g«i{

Nbr: 195/
Cust. Ph: (214) 708-1188

—_—

COPPER

BORDING CAPABILITIES
QUANTITY TOLERANCE: + €% - 2%

TQ: 3
This iten has beean grepued a ROUGH ORDER OF MAGNITUDE. HEXCEL reserves the

SPECIFICATIONS:
HEXCEL

I T —

T MATER" UNIT OF ~~=T

g DESCRIPTION MEASURE QTY UNIT PRICE TOTAL

@1 {BONDED FANEL Panel 2,100 $2,616.37 $5,494,377.00
HRH-10-1/8-1.8 WITH .5 OZ./SF

oslon s §lzs  asewn §las s dTwe i $de 2o

.-

SPECIELCATIONS:

HEXCEL BONDING CAPARILITIES
QUANTITY TOLERANCE: + 0% -~ 2%
™: 3

This item has been poepared as a ROUGH ORDER OF MAGNITUDE. HEXCEL reserves the
Tight to submit a firm quotation before placement sf an order.

right submit a firm quotation before placement of an order,

22 |RONDED PANEL anel 2,000 ,751.89 §7,503,180.
HRH~18-1/8-1.8 WITH 1 0Z./SF Pane 53 57,503,1€9-92
COPPER

L {+ (- L] *) {- T + -
128.000 6.}.25 0.]}.25 48.92¢ é.zzs @.iZS 1.0200 é.&S@ é&%

BONDED PANEL
HFT-3/16-2.@ WITH .5 02./SF
COPPER

l08-000 61125 6.125 48000 o l2s o i2s 1000 odie .43

SPBCIFICATIONS:
HEZCEL BONDING CAPABILITIES

QUANTITY TOLIZRANCE: + 2% =~ 0%
TG 3

This item has Leen prepared as a JGH CRDER OF MAGNITULE. . HEXCEL reserves the
right o sutmit a tgm quotation gogorc placement of an oder,

o3 Panel 2,10 $4,394.26 §9,228,156.00

N

[
o



Wl TZITLZdE LT e TR EALE. DI ER DEN e L o 1214788588 P.Ea
® QUOTATION - 2
HBECELZED ote Nor: 329622
. ote Date: 10/29/52
/CSR Nhr: 1957188
Cusgt. Ph: (214) 198-1188
I
MATERIAL UNIT OF
é DESCRIPTION MEASURE QTY UNIT PRICE TOTAL
@4 |BORDED PANEL Panel 2,000 $4,9%54.70 $9,909,402.09

-3/16-2.Q¢ WITH 1 0Z./SF
Soerak

108000 6 125

SPECI?ICATIDNS

EL BONDING CAPABILTTIES
QUANTITY TOLERANCE: + 0% - O%

™Q: 3

This item has been

right to submit a

fprepared a5 a ROUGH ORDER OF MAGNITUDE. HEXCEL remerves the

§7dos  aseee $Mlas  &7las 1000 b3 6030

M quotation before placement of an order.

@5

NON-RECURRING ENGINEERING Lot 1 $5190,000.02 S$100,002.00

SPECIFICATIONS.
N/a

QUANTITY TOLERANCE: + @3 =~ 0%

™M: 3

'.t'm.s item has been

right to submit a

érepared as a ROUGH ORDER OF MAGNITUDE. HEZCEL regerves the
Im quotation before placement of an order.

Hotes & Conditjons:
1 VOTE IS _BASED
LUSRE WITH THE
NON-RECURRING E
ERCEED SRICE Qu
2  PREIGHT COLLECT

0
B
N
0

QUOTE TOTAL |$32,235,113.0¢

N THE ASSUMPTION THAT PULTRUSIONS WILL B
DGE OF THE SKIN. X B
gggEBRING SUBJECT TO FINAL DESIGN. NOT TO - 7

THANK YOU FOR THE OFPORTUNITY TO QUOTE.

10/29792 15:39 &Q_ Eusr /g,gsa

DATE TIME Barbara Rust
Customer Service Rep.

NOTE: This te is valid for 6@ days., Please
read & CONDITIONS on reverse side.

i 4 3 TITe_ =.0z
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5-Mar-983

chamber type
width {mm)
tenglh {mm)
panel area (m*2)
paps/chamber
chambera/sector
seclorsa/barrel hall
lolal chambers
folal area (M*2)
wire (m/gap)
wire (MVGEM}
unit costs:
whkes

clicuit boards
cathodes, plain
cathodas, sirips

manulactured panels

Tolal Costs:
whes

circull boards

J 1IN R spacers
cathodes, plaln
cathodes, strips
manufaclured panels

MATERIALS

3/5/93

Barrel CSCs

Inner-1
854
3248
2.123

[
4
12
08

1223

Cazso )

50{655

$/m 0.29

$/m*2 of panel 20

$/m*2 -

$/m*2 280

0.12725
450.M
869.42

872

Yot
$171,841

$/panel
number req'd,

348,911
$24,458
30,114
$315,478

$504,251¢

$1,151,081

Inner-2
654
47
2.270
[]

4
12
1]
1308

081.9
0834938

0.29
20
5
258
0.12725
450.71
896.44
672
N
$184,131
$52,302
$26,151
$0,538
$337,345

$003,755

$1,210,221

Malerials Cost Estimate

Middle-t Middie-2 Outer-1
938 938 1200
2387 2567 2907

2.220 2.408 3.858
¢ 8 8
8 8 8
12 12 12
to2 192 192
2558 2774 4558
850.6 925.0 15348
1224822 1332680 2200788
0.29 0.2¢ 0.29
20 20 20
5 -] 5
258 258 258
0.12725 0.12725 0.12725
450.71 450.71 450.71
808.62 925.83 1231.08
1344 1344 1344

o2 2% 4D 3(],19

$355,202 $388,530 $640,832

$102,300  $110,054 $182,311
$51,154 $55,477 $91,155
$12,709 $12,069 $22,789
$659,803  §715.650 $1,175005
$1,194,312 $1,244,042 $1,854.543
$2,375,858 $2,520,530 $3,787,538

page 1
L] ¢

Totais
Outer-2
1200
3500
4.200
8
8
12
192 960
4838 t7258
1632.0
2350080 8345080
0.29
20
5
258
0.,12725
450.71
1278. 11
1344 P 8720
0459
$001,52) - $2,420,067
$193,5%6 $690,322
$96,768 $345,161
$24,192 388,200
$1,248,307  $4,452,578
$1,719,118 $7,000,022
$3,963,445 314,994 441
L (

' BASELINE

2.5 mm pitch, full chamber width
{25% waslaps)
I B
g

Quote kom Luma
End cap estimate
End cap quole
172 Actual Buckbee Mears cost
M. C. GHI *b" lactor
M. C. GHI “a" lactor
M. C. Gl (Cosi-a+b*area(in**2))
5/ M2
140.23
40.00
eslimated as same as ¢ir brds 20.00
5.00
258.00

2/ M perimersy

151.76 405.81

868.04

RE. Gustavson



nel Fabrication CS

Panel Definition: A 19 mm (nominal) honeycomb
NOMEX core (1.8 ib/ cu. ft.; 0.25 in. cell) sandwiched
between two .5 mm fibergiass (G-10 or FR-4; NEMA
specs.) face sheets. The fiberglass face sheets are
copper claded (17 um thick; 1/2 oz. per sq. ft.) on the
outward facing sides. The copper on one of the face
sheets is etched to provide a precision cathode plane.

Specifications (priotitized)

1.
2.
3.

Flatness
100 um over 1.2 m

Parallelism
100umoverl.2m

Net thickness (incl. face sheets)
20 mm 250 um

Squareness
Diagonal measurements + 250 um of each other

Length and width dimensions
Noft set at this time.

NOMEX Core
Gap Spacer
Fiber Glass Face Sheet
{Copper Clad)
\ Cathode Ship
ol 1.2 meters




Prototype Manufactured Precison

Panel Flatness Parallelism Thickness Cost
ot Manufacturer (over 1.2 m) (over 1.2 m) (Nom. 20mm) (2 panels)
o LLNL/M.C. Gl 100 um* 100 um £250 um 150 KS

Composite Optics 75 um Gside 75 um (side 1) 4250 pm 25 K$
10pm@ide)  1S0umeides

* Current Physics requirement: Anode to cathode spacing within £ 100 um.



Fiber Glass Face Sheets Step 1. Fiber glass face sheet sucked down flat onto granite table
¢ 10% or 20 mil £ 2 mil and NOMEX core bonded to it via a room temperature
NOMEX Core curing epoxy.
¢ 19 mm (748 mil) + 10 mil Step 2: NOMEX core machined down ( using Toshiba cutting tool)

to a flatness of 2 mil over 1.2 m.
Step 3: Top fiber glass sheet bonded to NOMEX core.

R fing Precisi

Flatness (coarse Cathode) 6 milover 1.2 m Improve Fiber glass thickness tolerance

and Parallelism and/or machine tolerance
Thickness 20 mm £ 14 mil Improve NOMEX thickness tolerance
19.65 mm -= Overall Thickness - 19.8 mm
bt 773.5mil (20 mm - 13.8 mll; out of spec.) (20 mm - 8mil; within spec.) 779.5 mil (A= 6 mip
pu-‘*ﬁ- 7555 mil — | Dimmaimn — 780.5mil
bt A= 25 mil
Machine down 24 £ 1 mil
—756.5+ 1 mi
— 757.5 mil (high)

17.5mil d— 22.5mil

-0.5 mil Granite Table +0.5 mil
(Flat to 1 mil over 2 meters)

Low Point High Point



06t

Concern:

Solutions:

A seven-panel (6-gap) chamber sags 67 um under its own

weight leaving only 33 um of manufacturing tolerance for the
panel and gap frame assemblies.

1. Review the physics requirement
(and possibly loosen-up tolerances).
2. Stiffen-up the individual panels
e Rib stiffeners across the panel width
o Alternative face sheet materials which
increase stiffness relative to mass.



Ths. Step boord, Sample  wadt by
IPEAL , Beijing.

Intei'strip Capacitance for PRC board
40

rms 34.4 pF
c=0.66 pF

30
20

10

Number of strip pairs

ANENNANEENSENNEESE Y

30 32 34 36 38 40

(SRS
o |
Cw



PRC board (Bottom)
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M.IT.
June 29, 1993

Most Recent Results
on Axial Alignment
(Stretched Wire + mini-Strip Readout).
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PROJECTIVE + AXIAL
ALIGNMENT

Reminder:
as was shown by J.Paradiso and A.Ostapchuk in detail,

the axial alignment with a detector accuracy ~10 m
is adequate to the GEM alignment goals.



/stretched wire

mini-strips

G10 board

calibration pad

A pulse is fed to a stretched wire, as large as wanted.
Induced charges are picked up from mini-strips.

The induced charge shape is determined by pure
electrostatics, peak of the distribution indicating the
"horizontal" wire position and its width giving "vertical"
displacement.

Narrow strips (~1 mm) allow to get

a high accuracy (<10 pm) over large range (~10 mm)
without special concerns about calibration, which is the
main issue of a high accuracy + large range alignment.

Monte Carlo simulation showed that the scheme should
work and not effected by many systematic errors, such as
electronics calibration, wire tilts in both directions, cross-
talks and so on (stochastic noise is not a concern at all).
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Experimental Set-Up:

A G10 board with 11 strips equipped with electronics.
Pitch = 1.016 mm (40 mil).

Etching was made at a standard firm

(standard electronic board tolerances, nothing special).
100 pum stretched wire (1 m long) over the board.

The board was fixed on a stage which could be moved by
precise micrometers (2 pm min division).

Signal from ~2 Vup to ~13 V was used for the wire.

Maximum pick-up charge on a strip was around 700 {C.
Electronics noise was ~ 5 fC (30,000 e, really lousy!)

Calibration was done by feeding a test pulse onto the
underneath pad (trivial).
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RMS ~ 1.5 pun (includes measturemerit errots)
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Fig.4. Pitch accuracy of strips etched on G10 board
as measured with an optical microscope.
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Induced Charge on a Strip,

Line - theoretical distribution
Dots - experimental data
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Induced Charge, arb.units

wire position

June 24, 1993

H=1.0mm
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Induced Charge, arb.units
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Induced Charge, arb.units

wire position

June 24, 1993

H=7.0mm
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Straight Line Fit | June 24, 1993
with a Slope Constrained to be 1.0000

H ~ 2.0 mm
\ 11 Strips
11000
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&
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]
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=
D
§ 3000 r
2 |____i”_ 4 mm Range Used for Analysis .__
b= . -~
1000

1000 3000 5000 7000 9000 11000

Wire Displacement as Measured by Micrometer, um
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June 24, 1993

Note: slope is constrained to be 1.00000
H = 1.0 mm
20 . :
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Straight Line Fit (Xmeas=Xreal+b)
Residuals,

Note: slope is constrained to be 1.00000 June 24, 1993

H=3.0 mm
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Xreal+b)

Straight Line Fit (Xmeas

pm

Residuals,

Note: slope is constrained to be 1.00000 June 24, 1993

H = 6.0 mm

5 t n = ‘.;.' s

0 : vty vite . r *

10 | RMS = 2.5 pm (z4mm)
15 ]

o s 14 aa0

'201234567891011

Wire Displacement as Measured by Micrometer, mm
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RMS (transverse coordinate), um

+4 mm Range

fam—ry
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RESULTS OBTAINED WITH 11 (1 mm wide) STRIPS
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Height as Given by Fit, um

M.V. = 999.7 pm
RMS = 2.7 um
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Height as Given by Fit, um

3015 um June 24, 1993
3.7 pm
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Systematic Shift (AY), pum

(note: only 11 strips!)

June 24, 1993

Error Bars indicate RMS errors
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SUMMARY:

Regular Etching gives ~1 pm (or better) pitch accuracy.
Strip width has ~ 1 im uniformity (over 3 cm range).

Using just 11 strips allowed to achieve 1-3 um resolution
over ¥4 mm range (goal is ~10 um).

Vertical accuracy is worse (~50 pm and should improve
considerably with increasing the number of strips), but
much better than 200-400 um requirement.

PLANS:

1. Multiplex Readout.
Say, using an AMPLEX would allow to readout 16 strips
with essentially one chip (cost estimations!).

2. Try asilicon carbide wire (it will sag by 300 pm only at
15 m length; 1-2% tension control is simple* and will allow
to correct a sagita with a few um accuracy).

3. Make a full scale prototype (15 m long wire and all
accessories).

* As proposed by J.Paradiso, one of the possible options could use the same
mini-strips: the wire can be vibrated with a peso-element at varying
frequency while the resonance is detected by the mini-strips. However, even
a simple weight may turn out to be adequate enough.
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Different terms are different linear combinations of FS; (measured values of faise
sagitta) and thereifore they depend on different movements. So,

Qoo is determined by shiit along the x.axis;

@g; is determined by rotation around the y-axs;
@19 is determined by rotation around the x-axis;
@39 i1s determined by rotation around the z-axis;

We can apply the same interpolation procedure to the function NS(x,z) and get similar
polynomials:

NSG)(z,z) = bt(,:) + bg‘;)z + bg:)z + bg;)zz
NS®)(z,z) =568 + 68z + 68z + 602z + 822 + 5222
The coefficents of these polynomials depend on shifis and rotations of mmon moc-
ules in different ways, but the shifts and rotations are the same in both cases! So, there

must be correlations between coefficients z;; ard &;;:

byg is fully correlated with aq; (se= Fig.18),

bo; is slightly correlated with a,; (se= Fig.19);
and most interesting, if thers ar= no torgue deformations of muon modules,
by, is fully correlated with axp (Fig.20, but see Fig. 21).

The last correlation means we are able to correct rotation around z-axis using only
four straightness monitors. This is the second application of monitor measurements of
non-bending deflections.

. Alignment requirements

We would like to stress the sharp distinction betwesn placement and measureme=nt

accuracy requirements. The only requirement for momtor measurement accuracy is tha:

it must be better than 25um.
Thers are two types of placement or proper position requirements: 1) relazive go-
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~ Test actual hardware designs:for -

Alignment System R&D Program  gei )

Aligﬂment Test St__an_d(ATS) Objectives

* Provide a “Test Bed” for proposed
projective alignment hardware,

* Provide variable temperature cond-
itions as would be seen in GEM,

« Measure the effects of air distur-
bances on the actual structure,

chamber/structure interface.

* Develop alignment procedures, test-
ing and certification.

* Demonstrate the physical constraints
of the various alignment schemes.

» Test positioning actuators and kin-
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ematic mounting schemes. Prefctn Spmeithm St
« Test bed for usmg X rays for global
alignment.
GEM PAC Review, May 26, 1 §93 | | | C. R. Wuest &L,
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Alignment System R&D Program gei }

ATS Experimental Plan

Measure stability of alignment hardware for 3-point projective
alignment scheme. |

Measure sensitivity of alignment hardwate to temperature and
atmospheric variations.

Study procedures for installation of CSC mock chambers and
chamber/structure interface hardware concepts.

Study quadratic interpolation method by intentionally distorting
chambers in controlled ways.

Evaluation of remote actuator system, operation of remote posifion
actuators and gncoders, and development of alignment procedures.

Vibration sensitivity measurement.
Hardware optimization, including chamber interface hardware.

Repeat tests for all straightness monitor technologies.

GEM PAC Review, May 26, 1993

C. R. Wuest
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Cathode-Strip Chamber Tests
GEM Muon_Detector
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Six Operational Chambers
Shown Shaded
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/ Los Alamos

Channel Access
Operator Interface Alarm Management Archive ‘
Cllent Client Cllent |

Channel Access

l Cllent / Server |

Client:
Provides read/write connections 1o any subsystam
on the netwark with 8 channel access sarver.

Server:

Provides read/write connections to information in
this node from anywhera on the network through
the channe! access client calls.

Platforms:

VxWorks - “C” interface

VMS - "C" ang FORTRAN Intartace
UNIX - “C" and FORTRAN intertace

Client ‘
__tlser Workstation |

Services Provided:

Oynarmic Channel Location

Get (Comreiated. Asyncnronous)
Put

Monitor {Corresiatad.Asynchronous)
Connection Monitening

Automatic Reconnect

Data Conversions lo Client Types
Metwork Transparancy

Qperatng System independence

/ Lcz Alamos
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r Input/Output  Controller ﬁ

Hargware Ccmoonents:
68020 Processor 8oara
Zinernet Conrecton 3o0arg
‘nput Cutgut “ccuwes
nput'Cutcut Controt +O Zommumcanon Mccules

caurreg Scftware:
‘xWorks Coeraung Sysiem

imeracuve Datapase Zannguraucn Tcegl
Datapase Access

Qatapase S5can Tasks

oy Qutput Drivers

” Developea Scftware:

| Signa Coanaioming
L

Record Tyoes Supported:

Anaiog Input - Outbut

Waveforms. Data Comoression

Discrete Input / Qutout

Motors

Timing

Calcuiations. PID. Signal Selecl. Subroutine

/0O Bus Suppont

VME

VXI

Allen-Bradiey Serial Bus

GPIB

Bit-Bus

CAMAC S

\ | | f Los Alamos
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Operator Interface

Operator Interface

Hardware Components:
SPARC Processor Boarg
Ethernet Connection Board
Graonic Generator Boara
19" High Resoluton Montor
Keyboara

Mousa

Acauired Software:
UNIX Operaung System
X Server

X Client

X Window manager

Developed Software:

intaractive Display Edilor
Run-Time Dispiay Generator
Channal Access

Graphical Elements;

Line, Arc. Qval, Reclangia

Monitors: Text. Indicator. Meter, Bar
Controllars: Text. Buiton. Slider

Plots: Striochant. Value vs. Value. Waveiorm
Relateg Display Callup

/
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Haraware Comoponents:
Sparc Processor Boarg
£thernet Cannecuon Board
SCSt Disk Intertace

Hign Speeq/rugh Density Disk

Acauired Software:

UNIX Qperatng Systam
SCS1 Driver
Networx File Syslem

Developea Scitware:

Arcnive Contguraton Tool
Archwve User intertace
Aun-Tune Data Archiver

Data Collection

On Changs

On Demana

Pariodic

Timed

Triggered by Event
Pre-deisrmunad Disk Allocation
No Per Channel Quoatas

Data Analvsis:

Data Corrstanon

Viewang Histonc Data through Time

Plots (Time.yy) {x,yy) : {line){mark}(point}
Fast Data Access

Spread Shagt Report Format
Encapsulateq Postscnpt Plot Format

Archiver

Archwver

_J

/[ Los Alamos

Alarm Manager
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Fast Dala Access
Spread Sheet Report Format
Encapswulatad Postscnpt Plot Format

/ ' Los Alamos

Alarm Manager

Hardware Components:
Sparc

Etharmeat Connection Board
SCSI Disk Interfacs

High Speed/High Density Disk

Acquired Software:

UNIX Coarating Systemn
SCSI Driver

Alarm Manager Developed Software:

Atarm Configuration Tool
Alarm Access Raoutines
Run-Time Alarm Manager

Alarm Monitoring

Faull Tres Dalintion

Fault Tree Descent

Fault Trea Status

Alamm Annunciation

Alarm Acknowisdgement

Alarm Log File

Alarm Logger (Scroll Window)
Disable Sub-treas

Actions Configuratla by Sub-lree

9 f Los Alamos
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