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Abstract: 

Agenda, attendees, and transparencies of the GEM Muon 
Engineering Status Meeting held at Draper Laboratories on July 23, 1992. 
Agenda items are: Overview of Activities; Comments; Overview 
Sector/Wheel; Criteria Doc(Wheel/Sector); Structure/Design/ Analysis; 
Assembly/Installation; Alignment Update; CSC Update; LSDT Update; and 
Discussion/ Action Items. 
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Response to AcUon Item 

Marx to Muon Team 



- Printed By: Howard Baker 
From: Mall Dellvery Subsystem (7/24192) 

To: Howard Baker 
CC: 

BCC: 
Priority: Normal 

Mail*Llnk® SMTP I Returned Mail 

-------------- Special condition follows 
Mail rejected by host: ccfvx3.draper.com 
Partial protocol transaction follows: 

553 Mailbox syntax is incorrect. 

-------------- Message follows -------------
Date: 24 Jul 1992 08:45:20 -0500 
From: "Howard Baker• <Howard Baker@qmlink.draper.com> 
Subject: Action Item from 7/23 
To: "mike marx• <sscvxl: :marx>, 

"mike marx" <marx@sscvxl.ssc.gov>, 
Frank Nimblett@qmlink.draper.can, 
"Frank Taylor" <fet@mitlns.mit.edu> 

OFFICE MEMO 
Mike-

Subject: 
Action Item from 7/23 

Re: Muon Support Structure/Barrel Region/Big Wheel Approach 

Page: 1 

Date sent: 7/24/92 

Time:8:36 AM 
Date:7/24/92 

After you left, the projection screen was raised and we all literally went to the chalk 
board and worked out the facility requirements (overall working/clear area) for assembling 
the subject structure in an appropriate building. It was literally, 'design' by 
committee. 
Regardless of the orientation of the wheel assembly, horizontal (as it would be positioned 
in the experimental hall), or vertically (and then rotated to a horizontal position), the 
required building facility space dimensions would be identical, within a meter or so (the 
aspect ratio is roughly=!). The approaches (horiz or vert) were worked out independently, 
but the working space appears to be the same. 
The space requirement is highly driven by the loading of chambers. 
The loading of chambers is not a trivial effort, but it is workable. 
Therefore the GEM Muon System Support Structure Subcommitee for Wheel Assembly Building 
Space, GMSSSSWABS, requests a building with the following space: 

HeightE 25 meters 
Width= 36 meters 

This is something we could 'live• with, to specifically answer your action item. We spent 
about an hour developing the requirements. Could we live with something less? I'm 
certain we could (not too much, though), but I think that would require significantly more 
creativity and much more conceptual design time. Our approach is soft, but conservative. 
PS: It was also suggested that a third option (does not effect the building space 
requirement) be considered, and has to do with the loading of chambers. The idea is to 
load only (this is for the initially vertical wheel) the middle layer of chambers and then 
rotate the the wheel to the horizontal position, consistent with the final orientation in 
the hall, and complete the loading of the other two layers. This perhaps make it easier 
to rotate the wheel, less sensitive to potentially 'shifting' loads, and less demanding of 
realignment (tweaking) of chambers. 
For the GMSSSSWABS, 
howie baker. 

. 
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Decide which Technologies: 

Schedule 

Present Time 

8/15/92 

8/20/92 to 9/ 15/92 

8/92 to 10/92 

9/ 15/92 to I 0/7 /92 

10/8/92 

10/8/92 to l 2/ 15/92 

Choices 

Baseline - 1: 

Baseline - 2: 

Baseline - 3 

Engineering Deslgn 

Support Structure 
Alignment 

Slmulatlons 

Short Term Game Plan 

- Construct run-scale prototype 

- Delivery or chambers to TTR 

- Test chambers w1th cosmlcs 
- Determine spacial resolution 
- operational stability compatlb111ty 

- Test CSC at RDS beam at CERN 

- Evaluate tests 

- Presents results at SSCL and make 
recommendat Ions 

- Develop choice and write TDR 

- Choice LSDT or PDT for barrel 
- Accept RPC ror barrel trigger 
- Accept CSC ror endcap 

- CSC everywhere 

- Drift option everywhere 

- Decision• 9/ 1 /92 

21 

FET 7/11192 



I 

;j 

},.f emorandum 

To: Frank Taylor 

From: Mike Harris 

Subject: Muon Facilities 

Date: July 8, 1992 

Superconducting Super Collider Laboratory 
2550 Beckleymeade A\'enue, Mail Stop 2005 

Dallas TX 75237-3946 
(214) 708~325 

Fax: (214) 708-6088 

~ 

Physics Research Division 
GEM Project Office 

I wish to confirm the agreement reached in last Friday's muon meeting where the muon 
facilities requirements must be fully defined before September, 1992. This may be a 
difficult task because the chamber technology may not be chosen at that time but, Title 1 of 
the remaining surface facilities must stan the beginning of September. 

There arc, at the moment, two structure options for supporting the chambers; mOdular or 
monolithic. The latter option may be assembled in the magnet assembly building starting 
April, 1996. The modular option may require additional facilities because of an earlier 
assembly starting late in 1995. This option also requires a large amount of storage space. 

I request that you give these points some consideration and strive to obtain consensus 
during the next seven weeks which option is preferred by the muon group. 

MH/lhb 

cc: Howard Baker 
BanyBarish 
Michael Marx 
Frank Nimblen 
JocPohlen 
Tom Prosapio 
Guy Sanders 
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H. BAKER 7(23/92 

GEM MUON SUPPORT STRUCTURE 

OVERVIEW OF SECTOR (MODULE) APPROACH 

General 
•Muon System--> Largest volume detector element 
•Stability requirement or 25u within a muon module 
• Barrel region is arranged into 16 nominally identical modules/half barrel 

• Total=32 barrel modules 
• Endcap region is arranged into 16 modules or two types (virtually identical)/end 

• Total=32 endcap modules 

Barrel Be2ion 
•Layered assembly or truss joints; can be disassembled/assembled w/accuracy 
•Truss elements-->3" dia Al tubing, 0.025" wall thickness 
{range from 0.125-0.750") 
• Interface to magnet is by means or independent interface plate between magnet 
endplates and muon support structure module. 
• Installation 

•Module-> rails->instal fix->head house->UG->rotary portion/adjust fix 
->top staging->pull into magnet on rails-attached to magnet 
endplate/interrace plate 

Endcap Be2jon 
• Basic construction techniques same as barrel region 

•Modules must be joined into assembly 
• Additional attachment points to permit joining of trusses 
to be provided 

•Installation 
• Modulcs->head house->UG->lifted above FFS->rotary fixture on 
FFS->16 modules joined together on 2 interface rings 

25 
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OF 

THE MUON SUPPORT STRUCTURE 

OPTIONS 
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Criteria For Evaluation 
or 

The Muon Support Structure Options 

Options Under Consideration for the Barrel Region: 
• Independently supponed muon modules (16 per end, 32 total) 
• Monolithic Structure 

Frank !'l/imblett 
7/16/92 

Options Under Consideration for the Endcap Region: 
• Independently installed muon modules (16 per end, 32 total) but tied together to 

fonn a monolith. 
• Monolithic Structure 

Categories where evaluation criteria should be applied: 
• Structure Design (Barrel Region) 

•• Long term Stability (Creep Characteristics to be less than (1 ?'?) micro inches 
per inch per year. For 606l-T6 aluminum, this implies a maximum stress of 
( 14 ksi) which 50% of the micro yield stress (28ksi). This specification would 
be for all elements to permit the possibility of long tenn operation without 
physical adjustments exclusive of other disturbances. 

•• Design structures to handle a minimum of (2.0 '??)g's in any planned 
orientation without exceeding the micro yield limits for the selected structure 
materials in order. This to maximize the possibility of maintaining alignment 
during handling operations. 

•• Structure to be designed to accommodate the proposed Baseline 1.1 option 
which utilizes 2,3,3 PDT chambers per layer in the barrel in a manner that the 
lost space at the chamber ends is projective with respect to the IP. 

•• Structure design should maximize both Phi and Theta angular coverage 
•• Accessibility of chamber position adjustments with an emphasis on the middle 

chamber access. 
• Assembly of structure (procedures (off-site vs on-site), fixtures, schedule (total 

time), and manpower) 
• Fabrication and storage of chambers. 
• Assembly of chambers into structure(procedures, fixtures, risk to chambers, 

schedule, manpower and effects on chamber design if applicable). 
• Attachment of mechanical services (DC Power, HV, cables, gas lines and any 

other controls ) 
• Alignment of the three layers of chambers within the structure 
• Testing of three layer modules on the surface (cosmic ray testing) 
• Handling and storage of Modules or the Monolith 
• Installation of muon system into the barrel (procedures, fixtures, risks, schedule 

(total time and coordination with other subsystems), manpower) 
• Alignment following installation ?? . 
• Attachment and verification of cables and gas services. 
• Options for replacement of chambers; do they exist and what are they ? 

47 



Frank Nimblcu 
Draper Laboratory 

09 July 1992 

Muon MODULE vs The BIG WHEEL Concept 

• Module Good Points 
• Concept of build, align, store and install proven at CERN (L3) 
• General concepts of compensation and easily applicable to Module 
• Physical Size is ONLY the size of a mobile home! 
• Access of personnel to portions of the module via simple staging, or 

suitable lifting devices appears best with a module concept. 
• Opportunity for consistent assembly process with compenstion for 

structural defomiations exists. 
• Verification of alignment is accomlishcd by rotating module to the 

final orientation relative to gravity. 
• Potential for learning curve improvements for production seems high. 
• Actual mounting hardware can be used to maximize confidence in the 

validity of the alignment process. Fixturing appears relatively simple. 
• Use of cosmic rays for verification of operation and aligrunent also 

exists if straight-line monitors have adequate range or if adjustments 
can be easily made to bring them temporarily into range.(horizontal or 
near horizontal placement of the chambers is a benlit for this 
operation). 

• Cabling and Plumbing operations seem relatively easy for the module. 
• Option of removing an individual module exists for either barrel or 

endcap. 

• Module Bad Points 
• This concept needs a special building "Muon Assy Building" plus 

storage space equivalent to the Magnet Assy Bldg. and the Magnet 
Coil Assy. Bldg. 

• Assembly schedule is currently setup to be finish as the last module is 
needed for installation to limit the storage capacity needs. Additional 
off-site storage could solve that problem. 

• InstaJlation time appears very tight for both the barrel and endcap 
assemblies! 

• Endcap Installation still requires the joining of I 6 modules per end 
into a "space-frame" structure. Unkown procedure to assure endcap 
aligrunent, but accessibility to endcap is quite good in comparison to 
the barrel region. 

• Chamber storage prior to installation is a problem for this system and 
the BIG WHEEL. 
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• BIG \VlIEEL Good Points 

• The ability to build one monolythic support structure for either the 
barrel or the endcap should maximize coverage of the selected region 
by minimizing material (no double dipping!) 

• The BIG WHEEL does only need the "Modified Magnet Assy. 
Building for assembly. 

• Installation time should be shorter than for the module. 
• Coordnation of installation with other subsystems should be easier due 

to the shorter time required. 
• Simple support system, duplicated prior to installation is a good 

feature, but doesn't appear better tl1an tl1an that offered by the 
individual module concept. 

• BIG WlfEEL Bad Points 

• The size of this ratl1er de! icate asssembly is that of the magnet half for 
tlie barrel region. 

• Assembly sequence of vertical installation of chambers following by 
the rotation of the entire assembly to axis horizontal places additional 
demands on chamber interface axial restraints. 

• This rotation from vertical to horizontal appears risky and will 
certainly require some substantial fixturing and places additional 
demands ont the support structure. 

• The physical act of aligning these chambers in this structure appears 
very difficult at best. We are talking about something the size of a 
five story office building. 

• Accessibility to the chambers will be difficult! Remote actuation may 
be required (actually not a bad idea for 

• Compensation for structural defonnations will have no benefit of an 
assembly learning curve. 

• Verification of alignment using cosmic rays does not appear to be 
good option for the side mounted chambers. 

• Point Loading characteristics for the BIG WHEEL could be nearly an 
order of magnitude higher than for an individual module. 

• The risk to alignment or damage while moving and then lowering this 
large and delicate structure into the underground hall and placing onto 
the temporary support tube appears higher than for tlie module.It is 
done only once however! 

• Option of removing an individual module does not exist. 
• What are the real cost savings for not having Muon Assy Bldg. but 

having to make substantial alterations of the Magnet Assy Bldg? 
.. 
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~ STRUCTURAL ANAL VSIS 
~ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~ 23 Ju ly 19 9 2 

'1 
'1 

SSC END CAP AND BARREL REGION 
STRUCTURAL ANALYSIS RESULTS 

M. Furey and R. Sapienza 

--~----~--------~--------QlllllJB 

) 



) ) ) ) ) ) ) ) ) 

~ ANALYSIS ASSUMPTIONS 
~~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~23JULY1992 

• Linear material properties 

•Small displacement theory (consistent with linear assumption) 

•Material: 6061-T6 Al 

•Properties taken from MIL-HDBK-5C 

• Element cross-section properties taken from Structural Aluminum Design, 
Reynolds Co., 1966 

• Support structures modeled as space frames 

~. • Joints capable of resisting bending moments 

•Truss tubes checked for buckling: 

• Design safety factor chosen as 5 

•Member end conditions assumed to be pinned-pinned (conservative) 

• Assembly first mode natural frequencies estimated as greater than: 

• fn = (1/2n)(G/omax)J\0.5 

• Member natural frequencies calculated assuming pinned-pinned end 
conditions 

---------------------11!88 
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• 

END CAP FFS MOUNT 
[ G.E.M. ) 23 July 1992 

• Results Summary 

• maximum deflection 1.5 mm 
• minimum stress safety factor of 

12.5 relative to yield 

• maximum force = 1.17E4 N 

• buckling safety factor design 

~ criterion minimum of 5 
• members not meeting criterion 

to be reinforced 

•global fn > 13 Hz 

• lowest member fn = 8 Hz 
ATTACHED TO 
RING ON ID 
(X,Y CONSTRAINED) 

m. Gibr<JI ......._ ATTACHED TO 
"'--RING ON ID 

(X,Y,Z CONSTRAINED) 

h 

----------------------1,AJ!HD 
• • • ' • • • • • ' 
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[ G.E.M.) 
BARREL REGION 

23 
July 1992 

NODF. #2 ~~~/A\:?~........ :::;;.,. NODF. #3 

NODF. Ul X,Y,Z CONSTRAINED 
NODE #2 Y,Z CONSTRAINED 
NODE #3 X,Y CONSTRAINED 
NODE #4 Y CONSTRAINED 

00 ..... ~ 
• Results Summary 

• maximum deflection 5.0 mm 
• minimum stress safety factor of 13.5 relative to yield 
• maximum force = 2.48E4 N 
• buckling safety factor design criterion minimum of 5 

• global fn > 7 Hz 
• lowest member fn = 12 Hz 

-----------------------Q-~ 

) 
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BARREL REGION 
~ PROJECTIVE GAP OPTION 
~ ~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~ 23 J u I y 19 9 2 

NODE 12 

o:i 
N 

• 

~ 
• Results Summary 

• 2,3,3 chambers/layer 

NODE #1 X,Y,Z CONSTRAINED 
NODE #2 Y,Z CONSTRAINED 

NODE #3 NODE #3 X,Y CONSTRAINED 
NODE #4 Y CONSTRAINED 

• structure has 22 joints vs. 40 for present baseline 

design and is 55°/o lighter 

• maximum deflection 4.2 mm 

•minimum stress safety factor of 15.5 relative to yield 

• maximum force == 1.99E4 N 

•buckling safety factor design criterion minimum of 5 

• global fn > 7 .6 Hz 

•lowest member fn == 7 Hz ORAPER'i' 
LABORAl'OAY ~~ 

• • • • • • • • • 
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BARREL REGION: BIG WHEEL 
~ CONCEPT QUICK LOOK 
~--------------23July 1992 

• Assembled as complete unit then positioned and attached to 
magnet ring · 

• Four attachement points 

• Two at each end on horizontal through center line 

• Maximum deflection in operational orientation 12.6 mm 

• Axial forces In members high in operational orientation, compared 
with other barrel region approaches considered 

• Forces nearly an order of magnitude greater than in the 
projective gap option 

• Big wheel maximum force = 1.54E5 N 

• Buckling safety factor design criterion of 5 not met in 227 
members 

• Note: This was a quick look assessment. Concept is doable with 
further refinement. 

, 



c 

BIG WHEEL QUICK 
LOOK STRUCTURE 

[ G.E.M. ) 23 July 1992 

°' .i:a 

16 SECTION BIG WHEEL BARREL REGION 

L 
SINGLE BIG WHEEL BARREL SECTION 

---------------------RlllIIJB • • 4 • • • • • • • 
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BIG WHEEL QUICK LOOK 

[G.E.M. j -----~~FORMATION SECTION CUTS 
...... .... 

00 
en 

,. ' 
/ ' 

/ ' 
/ ' I :.I 

) ) 

23July1992 

OUTER END RING CUT INNER END RING CUT 

\,,...... ...-"" .......... __ _,,,. 
I I 

/ 
/ 

/J.-j 
/. 

MAXIMUM Dt:FORMATION CUT 

--------------------Rl!!IJB 
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) ) ) 

Baseline Analysis 
l\H• _] ___ 7 

• I I 
\ I I \ I t 

L I t l 

l
, . ., .. ,...,,.,,,..,..., . ., . .,.,.,H•••H•H"""""'mm""'fi-m•••"'"""""'""""""if"""'""""",.."""""'~ .. 

I 
..... ··········· 

, ................................ J+ ............................... 11~ .... -.... -..... -.... -..... -.... -.z:i-···· .. 
I ••. t .......... • 
f ...... .. 
;, ................................ J+ ............................... J···· 

• MATLAB program nearly complete to verify alignment scheme. 

• Assume four projective 3-point lines (cl> = +11.25°, 9 = 90°, 30°), 
multipoint line along z (pick up each chamber edge relative to 
endpoints, where projective lines run). 

00 • Three hierarchies of transformations implemented: 
c.c - Rotate each chamber about its center in 3 axes, and translate. 

- Rotate each layer in 3 axes, and translate. 

- Rotate entire hexant relative to IP and translate. 

•Straight lines from IP (infinite momentum muons) detected in displaced 
chambers. 

•Alignment measurements taken (multipoint SWAT and nested SM 
assumed for z-axis). 

• Sagitta corrected through linear interpolation of alignment data. 

-+ Check concept validity, "torque" mysteries, etc. 
Extend to higher-order bending modes? 

) 

10 
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c.o 
0 

t 
y 

Nested SM's 

2 Sets of nested straightness monitors for opposite corners 

(y,z)4 (y,z)2 .. .. ,..------------------ ........ 
···········-··----- _II'_ i • ';. ··--

(y 
z)~ '"'~······· \ "'3 ..... ··· \ "'4 ················ 

1 
1 "I' "••. 1'f' •• • \T .... - -- ';. ...... ';. 

.... 1 -·-.... t .-.... _ ... -··· 
(y,z)s 

Measurements for one SM string 

(Positioning errors add in quadrature; worst case= ../3 ??) 
( . . . . . . . 11 

• • 



) I ) I ) I I I I I ) 

Induced Sagitta Errors 
Raw Sagitta Raw Sa!!itta 

.... i!·: 
1-----

10 20 30 40 

Theta Theta I Beam-axis rotation of 
~ ~ , middlelayer (0.1 radian) 
~Q ......................................... , ....... ~20 

'i ':o' of ;~ -~ ~ I ~ 
!~ ~ -20 -
~ ~ 
'"-40 '"-40 .• ' 
~ 20 40 60 80 100 ~ -20 -10 0 10 20 

Theta (deg.) Phi (deg.) 

CD 
~ I Raw Sagitta 

!Ok: '•. 

:a ~ ) ·, . \ 1.' .. - J ,, 
p. 5 lL_LLJUJllfilJ 

10 20 30 40 Each Chamber randomly 
Theta Theta rotated and/or translated 

~ 200~ \. • • j I 200 
~ ~-----· ~ 100 
~ 0 ,.-··"··· 'oo I --
~ _,... ~ 0 

~ 
.. -100 

40 60 80 100 ~ -20 -10 0 10 20 

Theta (deg.) Phi (deg.) 
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Centroiding Receivers w. Wider Range 

~ 
N 

alll!IUUMMAl,IH'.,.,ll>-l'rA11• t.'flll1.fnS. Yl•.3'.tttl IZ, lH:L1iM1a!ll 1 .. 1 

An Object Position and Orientation IC wjth 
Embedded Imager 

Dnld L StandlOJ, "'""""·IEE£ 

~-A DIOS VU1 clllp ... ....._. .......... .. _,_ .... --··---k ....... 'lk dllp.,..-. la• CDlllln-•dlle ......... . ........................................... 
........ ....................... .................. rrlf 
_...;,. Wt 1 ..... 6'ftl~. _. 1111 _.,... II 11 111 el ela't 

' ·-·-1 ,( ...... ·--:If_···-· ...... 
CWftllll ,,_whim 1'• ........ •• ..-UM .. tit ..... .,....._II*'-'•" .. wllhl1 t:Z" • lilller ftr......,. ....,.._. _. ..mrt.llJ .............. Dlf .. ...._., flrl, I ......... tiW.aculnlid-'ulld ..... IMnl1o 

.,.,,.,..JC ........ 

A rECHNOEXAN 

~ ..__J"' 

( 

K, K1, l<o- altct.-S 
1 - common bus 
2 ~ pote-lc resistor 

• 

2 

( • • 

.... 
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imaging array that extracts 
moments & feature data 
(29x29 pixels, 190 µm; active 
area= 7.9 x 9.2 mm). 

·Others; Cal Tech, Sel-Spot, etc. 

• Line array that autocentriods 
(Soviet venture located by 
BNL group) 
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GEM Muon Subsystem 
• 

Design Issues Manufacturing Issues 

. 

~ 

!. 

22 July 1992 P.RllQB 



• 

Muon Subsystem Support Structure 

Manufacturing issues 

Need design time estimate for all systems. 

Need fabrication procedure (or quote) for all 
components (chamber parts, structural members, 

~ joints, etc.) 
0 

Need assembly procedure (with time and tooling 
costs) for each chamber type. 

Need assembly procedure (with time and tooling 
costs) for each structure type. · 

22July 1992 P.R4,LQB 
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Muon Subsystem Support Structure 

Manufacturing issues 

Need installation (in hall) procedure for each 
structural alternative. 

~ Global and local alignment to be included in the 
~ assembly I installation procedures. 

) 

What are the storage requirements for chambers ? 

How easily can chambers be replaced ? 

22July 1992 P.14,LQB 
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REF~REUCE 

DRAPER LABORATORY Pro-active Method 
for Concurrent Design 

The techniques outlined below have been applied to the assembly of a 
wide variety of electro-mechanical products (both commercial and 
military). Starting with easily derived data about a "product", this PC
based method helps the user create a sequence, develop a process plan, 
establish a task/resource matrix, and design an assembly system. 

A. Product data regulrements 

For each module/sub-assembly (concept I development I final 
design): 

1. Components: bounding box dimensions (X, Y and Z), weight, 
code and description. 

2. Physical mates: components involved, generic characteristic 
(type of mate), number of such mates involved (e.g. multiple 
bolts), general direction of mate (X, Y or Z) 

8. Assembly Sequence <S> 

1. Component bounding boxes for the major assembly directions 
can be shown in an exploded view. User can rearrange the order and 
may realize assembly difficulties which were not apparent earlier. 

2. Program determines the nominal assembly sequence. User can 
readily alter the order to compensate for unusual or unexpected (by 
the program) conditions. 

C. Assembly process Plan <Pl 

1. User specifies sequence location of in-process test(s). 

2. Program establishes details of the assembly process plan. 

3. User has the option of deleting non-component steps in the plan. 

115 
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4. An assembly •score• is determined based upon the ratio of total 
tasks to the number of components plus one and upon the overall 
assembly difficulty. This "score• provides an indication of the 
"goodness• of the particular assembly sequence. 

D. Task/Resource Matrix <M) 

-

1. Program establishes applicability of the three generic resource -
types (manual, fixed automation, or programmable automation). 

2. Time and cost requirements are estimated heuristically 
(calculations are based on data from a wide variety of products). 

3. Program suggests appropriate programmable devices. User can 
alter the fundamental cost data and any specific performance data 
for each resource type. 

4. Matrix exhibits the cost and performance characteristics 
of all applicable resources for each task. 

E Assembly System Design (ASDP> 

Utilizes company economic criteria/data as well as the task/resource 
matrix. 

1. General Solution: a. Table showing system devices and costs as 
well as a weighted combination of these parameters called a 
"rating•. The minimum number of pallets is also determined; b. 
Graph of unit costs expected; c. Graph of stations required; d. 
Graph of required investment; e. Graph of "Rating• 

2. Specific Solution: a. Complete print-out of cost and time 
allocations; b. System schematic (used by engineers); c. Cost vs. 
batch size vs. utilization graph (used by accountants). 

3. Word description of system. (optional): For each workstation: a. 
Station number and type; b. Description of task(s} to be performed; 
c. Effective capacity (jobs per hour); d. Capital equipment and 
tooling costs. 
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Production Improvement Behavior 

Applies to yield improvement (expressed as 1 I yield). 

Applies to cycle time improvement (directly). 

Based upon change from initial state (at unit 1) to a 
.~ final state (beginning at a prescribed unit). 

An IMPROVEMENT FACTOR is specified (similar to 
learning curve %, it has prescribed bounds). 

22.July 1992 P.RA,lQB 
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Production Improvement Behavior 

Yield improves from an initial condition to a "steady

state" value which commences when a prescribed 

number of "good" units (Q) has been produced. 

The behavior expected is prescribed using a "Yield 

Improvement Factor" (YIF). 

19June1992 DRA,[Q~ 
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Production Improvement Estimation Program 07-21-1992 13:38:29 

l. 
0 
0 

/ 

!o' 
1 
e 
1 
d 

100/ 
/yield -

50.00% yield for first unit 

90.00% final value @ 34.00 cumulative units 

4.0 

3.0 

2.0 

l.. 0 

0.0 

0 

2.427 

YIF 82.5 

77.92 ···----:::.::--.:.::-_-----
85~.~6~4~==----~--e-~-

10 20 30 40 

CuMulative units 

-1.316 * sqr[ 1 - [(units - 34.000)/ 

46.14 total units required 
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Production Improvement Behavior 

Cycle time improves from an initial condition to a 

"steady-state" value that begins when the cumulative 

units necessary to produce (Q) usable units has 

~ been reached. 

The expected behavior is prescribed using a "Time 

Improvement Factor" (TIF). 

19June 1992 P.Ra,tQB 
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Production Improvement Estimation Program 07-21-1992 1.3:39:54 -
224 Working days per year, 1 shifts per day 

200.00 H cycle time for first unit 

150.00 H final value @ 46.14 cumulative units .. 

-
400 

TIF 92.5 c 
y .. 
c 300 
1 
e 

200 89.43 
T ·----
i -
M 93.37 
e 1.00 

CH> 
0 -

0 20 40 60 80 

CuMulative units 
... 

cycle 
time - 258.164 -108.164 * sqr[ 1 - [(units - 46.139)/ 

-
.. 
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Production Improvement Behavior 

The VIF and TIF factors are combined into a 

"Capability Improvement Factor" (CIF) . 

CIF = JYIF*TIF 

19June1992 RRARLQB 
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Production Improvement Estimation Program 07-21-1992 13:41:24 

224 Working days per year, 1 shifts per day 

200.00 H cycle time for first unit 

150.00 H final value @ 46.14 cumulative units 

8000 
CIF 87.36 

- T 
0 6000 
t 
a 
1 

4000 
T 
i 
M 
e 2000 

CH) l. 2 3 4 
0 

0 10 20 30 40 

Units output 

units nominal time final cycle time yearly total 
year processed (H) unit (H) output output 

1 9.49 188.89 9.49 180.26 5.19 5.19 
2 10.53 170.13 20.02 163.77 6.98 12.17 - 3 11.34 158.04 31.36 154.41 8.85 21.02 
4 11.82 151.56 43.18 150.19 10.32 31.34 
5 11.94 150.03 55.13 150.00 10.75 42.09 
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Production Improvement Estimation Program 07-21-1992 13:42:23 

50.00% yield for first unit 

90.00% final value @ 34.00 total good units 

224 Working days per year, 1 shifts per day 

200.00 H cycle time for first unit 

150.00 H final value @ 46.14 cumulative units 

l.6. 9 
mRewo:rk 

•output 
CIF 87.36 

u 
n 
i 

l.2.9 

t 8.9 
s 

4.9 

9.0 

l. 2 3 4 5 

yea:r 
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Production Improvement Estimation Program 07-21-1992 13:46:19 

224 Working days per year, 2 shifts per day 

200.00 H cycle time for first unit 

150.00 H final value @ 46.14 cumulative units 

8000 
CIF 87.36 

6000 

4000 

2000 

CH> l. 2 
0 

0 1.0 20 30 40 

Units output 

units nominal time final cycle time yearly total 
year processed (H) unit (H) output output 

1 20.02 179.02 20.02 163.77 12.17 12.17 
2 23.16 154.73 43.18 150.19 19.17 31.34 
3 23.89 150.01 67.07 150.00 21.50 52.84 
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Production Improvement Estimation Program 07-21-1992 13:47:51 

50.00% yield for first unit 

90.00% final value @ 34.00 total good units 

224 Working days per year, 2 shifts per day 

200.00 H cycle time for first unit 

150.00 H final value @ 46.14 cumulative units 

49.9 
•Rewo:rk 

CIF 87.36 
•Output 

39.9 
u 
n 
i 
t 29.9 
s 

l.9.0 -
9.9 

l. 2 3 
year-
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Muon Subsystem Cost Ratios PDT Version 

45.00 

40.00 

35.00 

30.00 
~· 
~ 
c.n 25.00 

20.00 

15.00 

10.00 

5.00 

0.00 

R&D% EDIA% Contingency % 



-
.. 

';fl 

li' -c 
G> 
Cl c 
:: 
c 
0 

0 
c 
0 
'ii ... 
CD 
> .... 
Q 
(/) 
..J .. 
., 
0 

i ';fl 
a: ~ .. 
;; w 
0 
(.) 

E 
CD -~ .. ., 
.a 
::I 
(/) 

c 
0 
::I 

:::& .. 
';fl 
c 
i2 -

-
0 0 0 0 0 0 0 0 0 
«=! «=! 0 «=! «=! 0 «=! «=! 0 
Q ID 0 ID 0 .,; 0 .,, 0 
~ C') C') N N .... .... 

136 -



) ) ) ) ) ) ) ) ) ) ) 

Muon 8uboytlom Coll au....., . Rev. ta (•lo..._.........,., 718192 

Wll8Nt. lttm Enlfl/l)fflgn M&9 lnop/Admln Materlal1 AIHmbly lnotallatlon Equipment Sub-total Contlnoency Total 

C·l.1 I Total1 • PDT 10.117 3.Dll 10.415 11.121 11.121 2.411 7.172 72.171 20.111 12.531 

1·1.2) r ... 11 • LSDT 10.215 1.042 10.474 21.421 11.111 2.411 7.151 I0.111 22.112 103.H3 

03.1.1 Centnl Region • POT 4.433 0.982 3.1 11.157 14.481 1.431 4.317 41.558 12.133 53.689 
03.1.1.1 · IMtallltlon O.Ht 0.075 0.221 0.58 0 1.439 2.31 5.498 1.322 8.818 
03.1.1.2 SeaorA111mbtf 1.888 0.408 2.7ff 8.717 12.H 0 1.127 28.488 8.315 38.81' 

03.1.1.2.3 PDT c:lwnblo1 0.332 0.088 0.882 5.ff 8.414 0 0.15 15.854 4.714 20.568 
011.1.1.2.4 RPC- 0.332 0.089 0.934 1.491 2.7 0 0.348 5.892 1.734 7.828 
03.1.1.2.5 Struc:tul9 0.555 0.072 0.422 0.212 0.908 0 0.858 3.103 1.043 4.148 
03.1.1.2.8 Algnmlnt 0.153 0.112 0.407 0.884 0.284 0 0 1.62 0.345 1.185 

03.1.1.3 Eloc:l""'lcl 0.153 0.075 0.154 0.2 0.11 0 0 0.772 0.178 0.95 
03.1.1.4 ous,.._ 1.257 0.334 0.57 2.08 0.838 0 0.18 5.039 1.818 8.857 
03.1.1.5 ~Sylten 0.484 0,07 0.158 0.4 0.68 0 0 1.75 0.7 2.45 

03.2.1 Centnl Region • LSDT 4.511 0.981 3.889 21.251 13.158 1.431 5.078 50.371 14.74 85.111 
03.2.1.1 I-Ion 0.811 0.075 0.221 0.58 0 1.431 2.31 5.498 1.322 8.818 
03.2.1.2 Sedor ,.. •• 1.818 0.415 2.788 18.019 11.87 0 2.808 37.314 10.122 48.238 

03.2.1.2.3 LSDT- 0.48 0.095 0.882 15.085 7.17 0 0.829 24.541 7.304 31.845 

.... 03.2.1.2.4 RPC- 0.332 0.089 0.934 1.491 2.7 0 0.346 5.892 1.734 7.628 
03.2.1.2.5 -... 0.555 0.089 0.422 0.292 0.906 0 0.856 3.12 1.043 4.163 c;.., 03.2.1.2.8 Algnmlnt 0.153 0.112 0.407 0.684 0.284 0 0 1.62 0.345 1.965 

"'1 03.2.1.3 Elect""'lcl 0.153 0.075 0.154 0.2 0.19 0 0 0.772 0.178 0.95 
03.2.1.4 GuSylt- 1.257 0.334 0.57 2.08 0.638 0 0.16 5.039 1.618 6.657 
03.2.1.5 ~Sylten 0.484 0.07 0.158 0.4 0.88 0 0 1.75 0.7 2.45 

03.1.2 End Cap Region 2.501 0.584 3.289 7.168 5.38 0.177 2.775 22.852 7.002 29.654 
03.1.2.1 ...... Ion 0.217 0.038 0.182 0.311 0 0.177 1.5 3.303 0.795 4.098 
03.1.2.2 Sec:lor Anombly 1.341 0.332 2.28 4.734 4.477 0 1.145 14.281 4.577 18.866 

03.1.2.2.3 csc- 0.332 0.088 0.864 3.353 3.317 0 0.042 1.074 2.906 10.98 
03.1.2.2.4 -... 0.555 0.14 0.768 0.084 0.487 0 0.453 2.487 0.772 3.259 
03.1.2.2.5 Allgnment 0.157 0.074 0.473 1.1t2 0.22 0 0 2.038 0.481 2.525 

03.1.2.3 Eloc:l""'lcl 0.155 0.017 0.142 0.831 0.111 0 0 1.064 0.245 1.309 
03.1.2.4 ousrm- 0.828 0.187 0.285 1.04 0.311 0 0.08 2.52 0.809 3.329 
03.1.2.5 ~s111 ... 0.071 0.032 0.42 0.45 0.445 0 0.05 1.478 0.578 2.052 

03.1.3 Projoct Mgmt. 0 0.435 3.298 0 0 0 3.731 0.373 4.104 

13 AID 1.791 0.754 0 0 0 0 2.545 0.509 3.054 

23 Cancopt Doolgn 1.392 0.3 0 0 0 0 1.692 0.338 2.03 



GEM Muon Subsystem Cost Matrix 

changes made for Revision 12·1 

PDT LSDT 

Rey. 11 Rey. 12 Rey. 11 Rev.12 

EDIA 1.32 M$ 1.30 M$ 1.30 M$ 1.46 M$ 

Materials 8.08 M$ 5.99 M$ 3.66 M$ 15.09 M$ 

Assembly Labor 6.88M$ 8.41 M$ 6.25 M$ 7.17 M$ 

~ 
Equipment 0.36 M$ 0.15 M$ 0.36 M$ 0.83 M$ 

c,., 
Chmbr. Sub-Total 16.64 M$ 15.85 M$ 11.57 M$ 24.54 M$ 00 

Contingency 4.95 M$ 4.71 M$ 3.43 M$ 7.30 M$ 

Chamber Total 21.59 MS 20.57 M$ 14.99 M$ 31.85 M$ 

Net change • 1.02 M$ + 16.85 M$ 

&July 1992 QRJRlQt> 
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GEM Muon Subsystem Cost Matrix 

LSPT Chamber materials changes made for Revision 12 

Bey.11 Rey.12 

aluminum for enclosures 0.55 M$ 7.28 M$ 

bridges 1.50M$ 1.45 M$ 

cathode planes 0.09 M$ 4.30 M$ 

Hexcell 0.55 M$ 1.52 M$ 

Chamber Sub-Total 3.66 M$ 15.09 M$ 

Net change + 11.43 M$ 

) 

&July 1992 P.H8,tQ9 

) ) 
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Muon Subsystem PDT Barrel Sector Assembly Costs 

6.82% 

5.34% 

11.26% ·-·----------------------------------
~ PDT chambers 

.... - I D RPC chambers ~ .... • :'111.. ......... , ........ ,, .... ,,,,,, .... ,, ............ ,, ........ ,, ........ , .... ,,~ •• Structure 

55.87% 1• Alignment 

11111 Misc. 

\ ~ 
20.71% 
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Muon Subsystem LSDT Barrel Sector Assembly Costs 

5.47% 

4.07% 

8.63% 

~ LSDT chambers 

...... I ~ I D RPC chambers .i:i. 
c,., 

~----------------------------------- •• Structure 
15.81% I ~ 1. Alignment 

II Misc. 
I 

66.02% 
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Muon Subsystem End Cap Sector Assembly Costs 
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Muon Subsystem End Cap Sector Assembly Costs 

11.14o/o 

13.38% 

,_.. - I ~ CSC chambers 
.s::i. 

~ I D Structure c:J1 

• Alignment 

58.20% . , • Misc. 

\ ~ 
17.27% 
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GEM Muon Subsystem Cost Matrix 

Revision Status 

Sub-system Date of Latest Change 

PDT Chambers &July 1992 

LSDT Chambers 29June 1992 

RPCs 16June 1992 

CS Cs 16June1992 

Structures 16June 1992 

Alignment 3May1992 

Gas Systems 3June 1992 

Cooling Systems 31 January 1992 

• • • • • 
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