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Abstract: 

Rev. A 

Transparencies of the presentations at the April 22, 1992 Liquid 
Argon Calorimeter Cost Review Meeting. Agenda items were: Resolution 
vs. Angle, Thickness; Status of Engineering; Cost Estimate; R&D Issues; 
Foreign Contribution Models; Preradiator; and Separate EM, 
EM+Forward. 
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Liquid Argon Cost Review 

Table of Parameters 

Resolution vs. angle, thickness 

Status of Engineering - Lyle Mason 

Cost Estimate - Jodi Coulon 

R&D Issues -

EM energy resolution 

EC EM Construction - flat?, cracks 

Length of barrel 

Modules near TJ = 3 

hadronic modules 

Foreign contribution models 

EM - modules China 

Hadronic modules - Russia 

Cryostat - Korea 

Preradiator 

Problems being studied --- Leltchouk's solution best 
for accordion 
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Revision 1.0; March 25, 1992 

1. 0 Liguid Ar2on Calorimeter Baseline Option 

1.1.0 Primary Physics Goals 

1.1.1 Lead/Liquid Argon EM Calorimeter (EM) 

•Precision energy measurement of isolated photons or 
electrons. 

•Precision impact coordinate measurement at the front 
surface of the calorimeter for isolated photons and 
electrons; momentum vector determination, using two 
longitudinal segments of the EM calorimeter. 

•e/rt separation using longitudinal and transverse 
segmentation. 

•Search for narrow resonances by reconstructing the 
invariant mass of multi-photons or electrons. 

1.1.2 Liquid Argon/Copper Hadron Calorimeter 
(HAD) 

•Electron and photon identification (hadron veto). 

•Muon identification, isolation, and pattern recognition. 

•Muon energy loss measurement. 

•Jet energy measurement. 

•Missing energy measurement (using also EM and Forward 
calorimeters). 



1.1.3 Forward Liquid Argon{fungsten Calorimeter 
(FWD) 

•Missing energy measurement (using also EM and HAD 
calorimeters). 

•Jet tagging. 

1.2.0 Secondary Physics Capabilities 

•Provide a fast trigger for tagging the beam crossing. 

•Rejection of backgrounds with isolation cuts at the trigger 
level. 
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1.3 .0 Unique Physics Capabilities 

•Higgs searches: H 0 --7yy 
n H0 /WH 0 --7yy 
H0 --7e+e-e+e- (including ZZ*). 

•Toponium searches: 1lt--7YY 

I I 

•Z0 searches: Z0 -?e+e-. 

•Search for unknown narrow resonances which decay to 
multi-photons and/or electrons. 

•Jet energy measurements up to the highest energies. 

•Missing energy at the 100 GeV level. 

1.4.0 Physics Performance 

Time resolution 

EEM > 20 Ge V, ~t < 1 ns 
Ejet > 50 GeV, ~t < 3 ns 

Speed shaping time 

EM 
HAD 
FWD 

40 ns 
50-200 ns 
16 ns 



.. 

Noise (thermal/pileup) ... 

EM 20/32 MeV/channel 
HAD 130/118 

Me V /channel ... 

Hermeticity (Et Measured) 0< Tl <5.5 

7.5% /..YEEB0.5% -EM energy resolution 

EM position resolution 4.4mm !-YE 

-EM dynamic range 105(upto lOTe V/tower) 

Hadron energy resolution (Jets) 60 o/o !'1EEB2 % 
... 

Hadron dynamic range 105 - 50 MeV to 5 TeV 

... 

... 

... 

... 

... 
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Number of absorption lengths 
at 11=0 

at 11=3.0 

Barrel Dimensions 
inner radius 
outer radius 

Lateral segmentation() 
EM 
HAD 

Longitudinal segmentation 

11.4 

-14.0 

0.75m 
3.60m 

0.032 x 0.032 
0.08 x 0.08 

2 EM, 4 HAD 

1.5 .0 Physical Parameters 

1.5 .1 Lead Liquid Argon/EM Calorimeter 

Absorber material 

Readout Board 

Sense Material 

Lateral segmentation (11, <j>) 
Longitudinal segmentation 

0.2mm SS/0. lmm 
prepreg/l .3mmPb/ 

0.1 mm prepreg/0.2mm SS 

0.4mm(kapton/Cu/kapton) 

2 x 2 mm argon 

0.032 x 0.032 
2(8 XO, 17 XO) 

Inner Radius (cryostat/accordion) 
Outer Radius (accordion) 

750/925 mm 
1396 mm 



... 

Radiation Length 25 XO 
Absorption Length 1.3 A. .. 
Number of Channels-Total 62,000 

Readout Device JFET preamplifier 
(75 mW I channel) .. 
Weight of Assembly 135 MT 

Weight of Barrel 62.8 MT 
Weight of Each End Cap 36.1 MT .. 

.. 

.. 

.. 

.. 

.. 

.. 
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1.5.2 Liquid Argon/Copper Hadron Calorimeter 

Lateral segmentation (11, <!>) 
Longitudinal segmentation 

Dimensions 
Inner Radius (active) 
Outer Radius (active) 
Length (excluding forward) 

Copper Absorber Thickness 
Sense Material: Argon 
G 10 Thickness 

Readout 
Channels - total hadron 

Weights 
Copper (barrel) 

(end cap - each) 
Structural Components - Aluminum 

Cryostat Plus Structure (barrel) 
(end cap - each) 

Assemblies (including EM and vessel) 
Barrel Weight 
End Cap Weight (each) 
Forward (each) 
Total 

Liquid Volume 
Barrel 
End cap (each) 
Total 

Total number of channels 

0.08 x 0.08 
4 

1,469 mm 
3,250 mm 
11,000 mm 
9 mm/16 mm 
2mm 
2 x 0.5 mm 

22,000 

646MT 
425 MT 

63 MT 
50MT 

3 Each 
775 MT 
505 MT 
16 MT 
1,785 MT 

39,560 liters 
26,410 liters 
9~,380 liters 

84,000 
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Cells CERN RDJ 2mm lmm 
3 x 3 2.82 2.35 2.11 
5 x 5 2.65 2.07 1.96 
Total 2.52 l.85 1.89 

Table 2: Electron ener 
gy resolution at 10 G V 

e ' GEANT simulati on. 

Cell size( mm) um( mm) rmsv (111111) O';°'"'"( 10111) a:hevran ( mtn) 

27 1.02 3.38 1.15 1.07 

35 4.73 1.45 1.04 

Ta.lJle 3: Position resolution of accordion calorimeter, 10 GeV electrons, GEANT sim­
ula.Lions. 
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Agenda 

• Requirements and Parameters Overview 

• Interface Constraints 

• Module Structure 
- EM 
- Hadronic 

• Electronics Cooling 

• Vessel Structure 

• Vacuum and Cryogenic Systems 

• Supports 

• Assembly Scenario 

• • • • • • • • -
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GEM LAC Engineering Parameters 

• LAC Dimensions 
Barrel Inner Radius 
Barrel Outer Radius 
Endcap Outer Radius 
Endcap 
Forward 

• LAC Extent (Beam Axis) 
Barrel Half-Length 
Endcap Start 
Endcap End 
Forward Start 
Forward End 

• Barrel/Endcap Gap 

• Masses 
Barrel 

- Endcap/Forward (ea.) 

750mm 
3600 mm 
3600 mm 
0.7 <T)<3.4 

2.9<11<6.0 

2380 mm 
2410 mm 
5500 mm 
5090 mm 
6570 mm 

20mm 

783 MT 
520 MT 

) , 
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GEM LAC Design Requirements 

• EM Cell Structure 
0.2mm SS 

. 1 mm Prepreg. 

2.0mmArgon 

• Hadronic Cell Structure 

Tower EdQa 
Proprog 

\Y 

+ 

+ 
+ 

o. 07mm Cu 
Signal 

0.2mm 
Kapton 

0.035mm Cu 
High Voltage 

+ Stack Height 
-A 

+ ReslstJve Coat 

!" Cu Plato Thickness - 9mm lot Hadron Cal., A - 95.0mm 

~ + 
W~cu Plato~ - Cu ;vp., 

Cu Plato Thickness - 16mm for Veto Hadron Cal., A- 151.0mm 

• • • • • • • • • 
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GEM LAC Performance Requirements 

• EM Resolution 

• Hadronic Resolution 

• Position Resolution 

• Time Resolution 

7.5°/o/"E EB 0.5°/o 

60°/o/" E EB 2°/o 

5 mm/"E 

< 1 Bunch Crossing 

, 



GEM LAC Design Requirements 

• Total LAC Depth 
- TJ=O 1 O Absorption Lengths 
- Y]=3 12 Absorption Lengths 

• Pseudorapidity Coverage -6.0 <ri < 6.0 
- Barrel/Endcap -3.0 <ri < 3.0 

• Azimuthal Coverage 0 < ~ < 27t 

• Segmentation Transverse Depth 
- EM LiY]XLi~=.032x.032 2 
- Hadronic LiT]XLi~=.08x.08 3 (Barrel) 

2 (Endcap) 

• Absorber 
- EM Lead 
- Hadronic Copper 

• EM Depth 25 Radiation Lengths 

• • • • • • • • • • • 
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GEM Liquid Argon Calorimeter 

---------

3600 

I 
750 i TRACKER 
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Area For Attachment of the Tracker/Barrel Neutrton Absorber I LLMason GEMLAC.Tracker 4/16/92 
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GEM Liquid Argon Calorimeter 
Electronics Box 1/4 Section "Off Vertical" 

Copper Hadron Absorber 

1141 r:>1 21sa ___ _,~ 
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Cell Plate Orientation for Hadronic Modules Only 

Z Plates are Parallel to the "Z" Axis, Vertical Plates are Perpendicular to the "Z" Axis 

GEM LAC.Cell Orlentation4/16/92 
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GEM Liquid Argon Cells/Tower Configurations 
(Not All Cells Shown as Blocks) 

Hadronic Segmentation= 0.08 x 0.08 
EM Segmentation = 0.032 x 0.032 

f f • f f f 

--
-

LLMason GEMLAC.RAY 4/16/92 
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Copper-Channel Count 

Segmentation phi Eta Start Eta End Delta eta towers Towers Depth Channels Channels Channels 

In eta '"""m. Modules for cal. Haci/Bri 

Barr&I EM .032 by .032 200 0.00 1.28 1.28 40.00 8000 2 16000 32000 

Brl/EdcD Trans 200 1.28 1.44 0.16 5.00 1000 2 2000 4000 
Total EM Barrel = 36000 

Endceo EM .032 bv .032 200 1.38 2.24 0.86 27.00 5400 2 10800 10800 
Mod 6 .064 by .064 100 2.20 3.00 0.80 12.50 1250 2 2500 2500 

Total EM/Endcap = 13300 

Total EM= 62600 

Fine Hadron .08 bv .oa 80 0.00 1.20 1.20 15.00 1200 1 1200 2400 
Barrel 2 

Fine Hadron .08 by .08 80 0.00 0.88 0.88 11.00 880 1 880 1760 
Barrel 3 

Fine Hadron .08 by .08 80 0.00 0.80 0.80 10.00 800 1 8001 1600 
Barrel 4 

Coarse Hadron .08 by .08 80 0.00 0.72 0.72 9.00 720 1 720 1440 
Barrel 5 Total Barrel Had= 7200 -
Fine Hadron .00 by .os 80 0.80 1.12 0.32 4.00 320 1 320 640 
Coars. Had 80 0.72 0.88 0.16 2.00 160 1 160 320 
Endcaa 12 

Fine Hadron .08 by .08 80 0.88 1.36 0.48 6.00 480 1 4801 960 
Endcap 13 

Coarse Had .08 by .08 80 1.12 1.44 0.32 4.00 320 1 320 640 
Endcap 14 

Fine Hadron .08 by .08 80 0.96 1.60 0.64 8.00 640 1 640 1280 
Endcap 11 

Fine Hadron .08 by .08 80 1.36 1.84 0.48 6.00 480 1 480 960 
Coarse Had .08 by .08 80 1.52 1.84 0.32 4.00 320 1 3201 640 
Endcap 10 

Fine Hadron .08 by .08 80 1.44 3.20 1.76 22.00 1760 1 1760 3520 
Endcao 7 

Fine Hadron .08 by .08 80 1.68 3.60 1.92 24.00 1920 1 1920 3840 
Endcap 8 

Fine Hadron .08 bv .08 80 1.76 3.60 1.84 23.00 1840 1 1840 3680 
EndcaD BA 

Coarse .08 by .08 80 1.84 3.28 1.44 18.00 1440 1 1440 2880 
Endcap 9 Total Had/endcap = 9680 Both EiC 19360 

Barrel Each Endcap Total Had Both Endcaps 19360 
EM Channels 36000 13300 
Hadron 7200 9680 TOTAL CHANNELS= I 89160 

Total 43200 Total I 229801 

I I I I LLMason 414/92 
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Barrel Accordion Electromagnetic Module 

~""'"' ""''" 

Preamplifier 
and calibration 
electronics 

Preamplifier 
............--- and calibration 

electronics 

40 modules, 9 degrees per module 
1.16 MT per module "dry" 
1.49 MT per module "wet" 
20 absorber plates per tower, 1.905 mm 
20 sensing plates per tower, 0.40 mm 
40 argon gaps, 2.0 mm 
5 towers In cp per module 

90 towers In '1 per module ( -1.44 < '1 < 1.44) 
0.032 x 0.0314 segmentation 
2 depth segments split at 7 radiation lengths 

900 channels per module Lx 

, 
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Closeup of the Barrel Accordion showing Electronics, Stripline, and Plates 
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Layers of the Accordion Absorber plate 

Pb Absorber 

Stainless Stee 

GlO Insert----------r--
Stainless Steel y 

z-lx 

• • • f f • • f f f f 
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Barrel Accordion After Bending 

519.53 

2156.00 Half Length 1----363.31 

652.14-~.EI 
596. 38 - _e>,,. 541.26--y- - - -
486.73--+ I I I -

4 

j! I 

32. 72 - - ' ' ' - --

379. 15 - -"- -
3 2 5 . 9 1 _ ---V - :--t--1-W_J 

272. 82 __ _h_ 
219. 67 ____ Ii"' -.-t+W-L 
1 66. 06 - -+ ~-HM-.W 
1 1 1 . 3 6 - -- - .-t--1--1--1-J_ 

54 . 08 - -i::H :a I I I I : : 1-1 l I I I I I 

25 
Barrel Accordion Before Bending 

Typical but obsolete 

I 

! 
182.39 
_j_ 

25 

217.99 

200 absorber and 200 sensing plates 
with ,04 X .04 Segmentation 

J 



EM Template 3/4/92 

Material Densltv nte ractlon Le not ladlatlon Leno! dE/dx 
lo/cm3) la/cm2) lo/cm2) MeVcm2/gm 

c 2.265 86.3 42.7 1.78 
Cu 8.96 134.9 12.86 1.44 
Fe 7.87 131.9 13.84 1.48 

G10 1.7 90.2 33 1.87 
Kapton 1.11 76.74 36.09 1.85 

LAr 1.4 117.2 19.55 1.51 
Mvlar 1.39 85.7 39.95 1.86 

Pb 11.35 1 94 6.37 1.13 
PolvScln 1.032 82 43.8 1.95 

SS 7.92 131.9 13.84 1.48 
Ta 16.6 182.0719569 6.82 1.16 
u 18.95 199 6 1.09 
w 19.3 185 6.76 1.16 

Material Sensor Cell Repeat depth mm depth o/cm2 Interaction lenqth Radiation Lenqth E denasition 
SS 2 0.2 0.317 2.4018E-03 2.29E-02 0.4689 
Pb 1 1.6 1.816 9.3608E-03 2.85E-01 2.0521 

G10 1 0.125 0.021 2.3559E-04 6.44E-04 0.0397 
LAr s 2 2 0.560 4.7782E-03 2.86E-02 0.8456 
c 2 0.025 0.011 1 .3123E-04 2.65E-04 0.0202 

Mvlar 2 0.063 0.018 2.0436E-04 4.38E-04 0.0326 

l!!:tl'!~:l@l&ilU11!!HH!liHi'.Mi'll\Il!l!l!Mifil~ 
Totals 6.301 2.742889 1.7112E-02 3.3797E-01 3.4590 

-··---·--- -· ------- - . ·- --- -------- -

Deoth Density Effective Effective 
(cm) la/cm3) cm/Interaction Jenath cm/Radiation length Samplina Fraction 

0.6301 4.353 36.82 1.86 24.45% 

Page 1 
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Study of Accordion/Sensing Plate Layout 
4 Cells/Geometric Tower 

3 Cells per 
Geometric Tower 

4 Cells per 
Geometric Tower 

5 Cells per 
Geometric Tower 

BEasombc_ 4.CCAD 
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COMPOSITE SHELL MODULE CONCEPT (Module #2) 

9 degree Included Angle 
2106 mm Length 
570 mm Depth 
2.38 MT 
80 required 

Keyway for Alignment 
and Positioning 
Load Path for Non 
Vertical Placement 

• • 

Al. Strongback 
Completes Upper 
Flange of Box Beam 

• • 

Mother Boards c ~ / 

• 

0 

Holes for Argon 
Communication(Typ) 

Shell Structure Pretensioned 
to Prevent Buckling 

Transfer Molded Fiberglass 
Shell Structure 

• • • • 4 
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Copper Find Hadron 3/20/92 

Material Density nteraction Lengt ladiation Lengt dE/dx 
la/cm3l la/cm2l la/cm2l MeVcm2/am 

c 2.265 86.3 42.7 1.78 
Cu 8.96 134.9 12.86 1.44 
Fe 7.87 131.9 13.84 1.48 

G10 1.7 90.2 33 1.87 
Kapton 1.11 76.74 36.09 1.85 

LAr 1.4 117.2 19.55 1.51 
Mylar 1.39 85.7 39.95 1.86 

Pb 11.35 194 6.37 1.13 
PolyScin 1.032 82 43.8 1.95 

SS 7.92 131.9 13.84 1.48 
Ta 16.6 182.0719569 6.82 1.16 
u 18.95 199 6 1.09 
w 19.3 185 6.76 1.16 

!:fflttf: Jtt@MWftH!@tlf.f:?i~ltrfittWf@illM:Uru&it:1¥.t~t~£t:~~*~~rttilltlt::?.tt1%ttJ~W~t11:?.tttlMtil~~!~t@mtfilt%t.W:mt1HlH*Wt:t~f:~1~1tf.1@tlft*®:?.1HHMHl~1ttfl¥.:tl;±m~@ ~@tt#*@ ~;'.::;~tmt :;t l:.:~ft.~+~ :~:iwvr :: }\:::::::,:j/::): 
Material I Sensor Cell Repeat depth mm depth a/cm2 

c 14 0.003 0.010 
Cu 8 9 64.512 

G10 14 0.5 1.190 
LAr I S 8 2 2.240 

_Tot!ll~I 95.042 I 67.951513 

Depth 
(cm) 

9.5042 

Density 
tg/cm3) 
7.150 

Effective 
cm/Interaction length 

18.61 

Page 1 

Interaction length Radiation Length E depositio~ 
1.1023E-04 2.23E-04 0.0169 
4.7822E-01 5.02E+OO 92.8973 
1.3193E-02 3.61 E-02 2.2253 
1.9113E-02 1.15E-01 3.3824 

5.1064E-01 I 5.1673E+OO~L_!_l8,5219 

Effective 
cm/Radiation length J Sa1T1(llirlg Fr_a_ct_io_n--+---~ 

1.84 ~ 3.43% 

, 



Hadronic Configuration 1;vith Electro.static Trs.nsfcrmer --
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MODULE STACKUP CROSSECTION (Module #2) 

1'. I I 

I ' I 
I 

. ' ' 
• ' • • 
• ' . ' ' • ' 

' ' 
' . 
' 

' 
' 
' . 

' • 

. 
• ' . ' ' • ' • . .. . 

I I ' .. 
' ' . . 

- ' 

Botton ~ 

I /l 
/ I 

I 

' 

• 

' 

' -

' 

' 
• 

' 

' 

, ~ 

~Cell E 

Grc 

Ab~ 

Thr 
Ser 

Exit Ground Plate 

r Gap (2mm) 

d Plate (Shared by Two Cells) 

ber Plates ( Six per Cell , Three Above and 
Below Sensing Plate) 
g Plate (One per Cell) 

Ground Plate 

, 
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GROUND PLATE (Module #2) 

• 

Cutout for Keyway 

' 

9 mm Thick Copper Plate 
(Entrance and Exit Plates 
May be Thinner) 

4 ' ' 4 

5 Plates 
1 Entrance Plate 
1 Exit Plate 

locations for button 
(predrilled) 

High Voltage Supply 
(Not Attached) 

Typical Copper Ground Plate 

4 f 

Sensing Wire Stripline 
Recessed in Groove 
Following Eta Lines 
(Ground Line Attached) 

f • 
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ABSORBER PLATE (Module #2) 

+ Voltag 

Ground 

Copper High Voltage/Ground Strip 
Follows the Perimeter of the Plate 
(Both Sides) 

Cutout for Keyway 

Acetal (DELRIN) Spacer Button 
5.5 mm dia. w/2 mm Pin 

~=======b;i-r;=b=::;;:o<--Prepreg Filler 4.5mm Wide 

A ---9mm Cu Plate l 
. 5mm Prepreg Layer 

Resistive Coating To Sensing 
Plate 

6 Cell Depths 
36 Resistive Coating Templates 
36 Plates 

High Voltage/Ground Pad 
Resistive Coating 
(Both Sides) 

) 

Sensing Stripline 
Supplies Ground to 
One Side of Plate 

High Voltage Supply 
(Attached to Copper Strip 
Redundant Supply on Opposite 
Corner, One Side Only) 

Typical Tiled Absorber Plate 

) 



• 

SENSING PLATE (Module #2) 

Copper High Voltage Strip, 
Follows the Perimeter of the 
Plate (Both Sides} 

Cutout for Keyway 

+Voltage Acetal (DELRIN} Spacer Button 
5.5 mm dia. w/2 mm Pin 

I I~ ~Prepreg Filler 4.5mm Wide 

<: Sensing Wires Attached to 5tripline 9mm Cu Plate 

~
~ '--:Smm Pr~preg Layer 

Resistive Coating 

+Voltage 

• • f • f 

6 Cell Depths 
6 Resistive Coating Templates 
6 Plates 

,,,., High Voltage Pad 
Resistive Coating 

/ ,,.,,,· 
/ 

·' ~ ... ~ 
.;.:-'- ·" 

4'./' 
.&P'>~ , . 
. -~High Voltage Supply 

(Attached to Copper Strip, 

Stripline Attached 
to Copper Sensing 
Plates 

f 

Redundant Supply on Opposite 
Corner, Attached to Both 
Sides of Plate} 

Typical Tiled Sensing Plate 

f f f • 
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Hadron Module # 2 Strip Lines and Connectors 

,WI I Fasteners for 
Tensioning Shell Six Cells Depth Handling Fixture Interface 

Segmentation tn1 x L'1<p = 0.08 x 0.08 

: ~:f;,3f&AJJ__ Mother Boards 

Al. Strongback 

80 Modules Required 
Wt. = 2.38 MT each 
Each Module Contains 
the Following: 

1 - Top Ground Plate ~~~~~i~~~!~i~~ Strip Lines, 1 - Bottom Gnd Plate , Set in Recess 
5 - Included Gnd Plates ~~==iv ?C:=:~ 
36 - Tile Plates , 

Containing 948 Tile V. ............ 11=~~.-< 6 - Sensing Plates l 
Containing 258 Tile I 

1 - Strongback \ 
1 - Structural Shell \ 
2 - End Plates \ 
28 - Towers with Strip · 
Lines and Electronics 
X - Mother Boards 

Fiberglass End Plate 

Groove for Radial Insertion 
and Support of the Module 

~ 

r::.. 
'·· 

.. 

Fiberglass 
Structural Shell 

Projective Path for 
Strip Lines Between 
Adjacent Towers 

Top and Bottom Ground 
Plates are Thin 

Seven Stack Tile Panels, 
Micldle Panel Sensing, 
Absorber material is Copper 

Eight panels in Continuous 
Copper Ground 

LLMason GEMLAC.HadModDelail 4/18/92 

, 
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ASSEMBLY POSITION (Module #2) 

Entrance Ground Plate 

End Plates or Fixture 
In Place for Assembly 
Typ (Not Shown) 

Strongback 
(Supported Fully) 

~ Strip Lines In Grooves 

' ' ' ' ' ' ' 

Plates are shown in 
fixtured position 

• f f 
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Copper Veto 3/20/92 

Material Density nteraction Lenat ~adiation Lenat dE/dx 
/n/cm31 /n/cm21 ln/cm21 MeVcm2/om 

c 2.265 86.3 42.7 1.78 
Cu 8.96 134.9 12.86 1.44 
Fe 7.87 131.9 13.84 1.48 

G10 1.7 90.2 33 1.87 

~on 1.11 76.74 36.09 1.85 
LAr 1.4 117.2 19.55 1.51 

Mvlar 1.39 85.7 39.95 1.86 
Pb 11.35 194 6.37 1.13 

PolyScin 1.032 82 43.8 1.95 
SS 7.92 131.9 13.84 1.48 
Ta 16.6 182.0719569 6.82 1.16 
u 18.95 199 6 1.09 
w 19.3 185 6.76 1.16 

Material Sensor Cell Repeat depth mm depth a/cm2 Interaction lenath Radiation Lenalh E d~position 
c 14 0.003 0.010 1.1 023E-04 2.23E-04 0.0169 
Cu 8 16 114.688 8.5017E-01 8.92E+OO 165.1507 

G10 1 4 0.5 1.190 1 .3193E-02 3.61 E-02 2.2253 
~· 

LAr s 8 2 2.240 1.9113E-02 1.15E-01 3.3824 

I 1: ; ' 11;! ii'i'1t1;·m· 1 111::1111111111~11st1rn mi 
.. 

······ 
Totals 151.042 118.127513 8.8259E-01 9.0691E+OO 170.7754 

--- - --·-·--· ---- -~-- -------------- -------------- -~-- ----- ---- -- --~ ---- - ---- -··· -

··------

Depth Density Effective Effective 
(cm) (g/cm3) cm/Interaction length cm/Radiation lenath Samplina Fraction 

15.104 7.821 17 .11 1.67 1.98% 

Page 1 



''-' Forw'lml calo 

Material Sensor Percent deoth a/cm2 Interaction lenath Radiation Lenoth E decosition Mat Index 
SS 12.64% 0.100 7.5898E-04 7.23E-03 0.1482 1 1 
LAr s 3.16% 0.004 3.7748E-05 2.26E-04 0.0067 6 
w 76.91% 1.484 8.0239E-03 2.20E-01 1. 7219 1 5 

Void 3.24% 0.000 3.2385E-57 3.24E-57 0.0000 1 4 
Ni 2.83% 0.025 1.8909E-04 1.89E-03 0.0368 8 
Qj 1.21% 0.011 8.0661 E-05 8.46E-04 0.0157 2 

' ' ' , • , . :<:~,}:-» ,..,·~::::-.' : .. -,,,-:::: ::::-:,, :::::::::::: » »>V"': ·:?::"<,.;-i-:«iw.@'ilff&MllJ*:.-:a -:.::::itili'~-·»: ~ · -~·} :q' """~~1%:>:J;::~WJid "']::: ~ f>:<~»},;i;~ »>-' ""' ' '•,,ti~},.,, , 
• , , ';;,' , ..,_} -.' zc-: ';A' i~--.:· ,K:(1$.;~ ~·40:..~'{'<l{~.z::.::."<·!0.::: '?.-;N ''-~'' '· :~'$;::>: '~;::);;.;i:::?:':.'*#' ., :,;.;,-,;' , .;.,;;~f.,-.'>.,-. >'(l.1,:t.Z/vH>';,-;1~';f{J...,, :::-W.\~::f,i.,::_:i;:~ W1:, ~ :v~~-1:,,•,.,.., ;.,'"'..' 1?f;~0";,~-- ,'~ l,,,,,.;,,,~,, ' <~~~' '°'{.> '~, ' 
"''~"'~-<':-~ .,,'~-:.~''-::.:~'...'.ii:r;;,.:i<fu,. ,.,..:....._~'.t,.'-$ ?:>.~,,"!'l,, .. , ' '"'};'*'-:t''·« w '""" ,:::-::.:''"""' ,,.. . . "'h'<;;,,),.-,,~;w>.:-.»'.-,, ... , :o,;:"-:;;:;<'' .. .-,,>=•:;:;; ,~,,, ,,,~::;-;.- ,;;.,,,, , ~ 

Totals! I I 1 I 1.625066647 I 9.0904E-03 I 2.2979E-01 I 1.9293 

Tube oflsel 7.50 Tube inner diameter 5 
Hexaaon area 14 6. 14 Outer sleeve thickness 0.2 

Rod diameter 4.8 
inner sleeve thickness 0.2 

Hexaoon area HeavyMet Area Argon area Stainless area 
146.1417869 84.20% 3.16% 12.64% 

HeavyMet Densil HevvM et Comoosillon oarts bv volume Percentaoe deoth g/cm2 
(g/cm31 w 95.00 91.35% 18.335 

18.058625 Void 4.00 3.85% 0.000 
Ni 3.50 3.37% 0.312 
Qj 1.50 1.44% 0.134 -

Density Effective Effective Minimum 
tg/cm31 cm/Interaction length cm/Radiation length SamplinQ Fraction Samplina Fraction 
16. 251 11.00 0.44 0.35% 0.33% 

Page 1 
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"-

Malerlal 
SS 
LAr 
w 

Void 
Ni 
c.u 

) 

Sensor Percent 
11.86% 

s 8.89% 
72.39% 
3.05% 
2.67% 
1.14% 

1 ~l 1 i<1dron'r'orward calo 

·-~· Mat Index deoth o/cm2 Interaction lenath Radiation Lenoth E dAOosilion 
0.094 7.1199E-04 6.79E-03 0.1390 11 
0.012 1.0623E-04 6.37E-04 0.0188 6 -
1.397 7.5522E-03 2.07E-01 1.6207 1 5 
0.000 3.0480E-57 3.0SE-57 0.0000 14 
0.024 1. 7798E-04 1. 78E-03 0.0347 8 
0.010 7.5919E-05 7.96E-04 0.0147 2 

iG~ffiilf:~~~f~~r®.J~flU~t~~ .. · . .. '•• " .... ·:~:::.,,~i.: ,;::-;,~*- ;:.:,;::--::. ,.,,,WUIJliffJl!\!llUMMmr@1H®L\,,0; ........ · ,. . .· ' .... ' ·.··· /%;~,,;,,,,t;JMAbfa'f~B-N!1%HN\f;) ' 
Totals 1 1.537495227 8.6243E-03 2.1668E-01 1.8279 

Tube ollset 7.90 Tube inner diameter 5.4 
Hexannn area 162.15 Outer sleeve thickness 0.2 

Rod diameler 4.8 
inner 'sleeve lhickness 0.2 

Hexannn area HeavvMet Area Aroon area Stainless area 
162.1459364 79.25% 8.89% 11.86% 

. 

-
HeavyMet Densil• HevyMet Composition parts by volume Percentaoe depth otcm2 

I CJ/cm3 l w 95.00 91.35% 18.335 
18.058625 Void 4.00 3.85% 0.000 

Ni 3.50 3.37% 0.312 
Qi 1.50 1.44% 0.134 

Densilv Effective Efleclive Minimum 
(CJ/cm3) cm/Interaction lenQth cm/Radialion lenCJth SamolinCJ Fraclion SamplinCJ Fraction 
15.375 11.60 0.46 1.03% 0.33% 

Page 1 
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-· 2nd Hadro1\.r1orward calo 

Material Sensor Percent deoth a/cm2 Interaction lenath Radiation Lencth E deoosition Mat Index 
SS 10.26% 0.081 6.1595E-04 5.87E-03 0.1202 1 1 
LAr s 7.69% 0.011. 9.1903E-05 5.51 E-04 0.0163 6 
w 74.95% 1.446 7 .8189E-03 2.14E-01 1.6779 1 5 

Void 3.16% 0.000 3.1557E-57 3.16E-57 0.0000 1 4 
Ni 2.76% 0.025 1.8426E-04 1.84 E-03 0.0359 8 
Cu 1.111% 0.011 7.8600E-05 8.25E-04 0.0153 2 

... ···· · Y:F!W!i ·fff'li\l@l1W!l}i!·llJ'J\llE¥1!1WW::fl!f:Wi.Wh;;t~-i;;;~.~\t/l't%'1t0tW1i%l\iWtW~tli!BW%llf!iWW'ffi'®Rti11fili1!WttflW&WWJWW¥&C:• • ·•· 
io1~isl·-· • T - .. - .. - I 1 I 1.573695562 I 8.7896E-o3 · I 2.2301E-01 I 1.8656 

Tube ollsL 10.30 Tube inner diameter I 7.8 
Hexagon area 275.63 Outer sleeve thickness 0.2 

Rod diameter 7.2 
inner sleeve ·thickness 0.2 

Hexannn area HeavvMet Area Araon area Stainless area 
275.6299053 82.05% 7.69% 10.26% 

HeavyMet Densit• HevvMet Comoosition ·. carts by volume Percentage depth g/cm2 
lo/cm3\ w 95.00 91.35% 18.335 

18.05A625 Void 4.00 3.85% 0.000 
Ni 3.50 3.37% 0.312 
Cu 1.50 1.44% 0.134 

Density Effective Effective Minimum 
(g/cm3) cm/Interaction length cm/Radiation length Sampling Fraction Sampling Fraction 
15. 737 11.38 0.45 0.87% 0.33% 

Page 1 
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Internal Siphon for Cooling Pre-Amplifiers in the 
Argon Annulus Within the Barrel Calorimeter 

- \_ -
Baffles at Annulus Top to Collect Flow 

: ·' ,--t-.--U._ Annulus Around but Side 
:(// II 'I. \--of EM Calorimeter 

... '\ 

: !\ ·' 
;.:,1·~ •: ' /:/- -~--. ". :j : 

II ;----

/ 

f,.r 
" 
f ! \ 

/ 
/ 

\\~,, 
\ \ r-:7--,,---..:\------Jwt 

I 

Desired Flow Path, Up tho Back Side of the Modules, 
Channeled to the Head, Then Down and Around the 
Head to the Bottom of the Annulus 

Barrel Liquid Argon Calorimeter 

; : 

,. 

~l,~#/~".":'."'.'M'~#-"""~"'"'ff"""~ 

Balfles to Force Warmed 
Argon Against the Head Wall 
and to Keep the Electronic 
Strip Lines Out of the Flow 
Channel 

Baffle at Top of Annulus to Collect Flow 
and Direct to Argon Vessel Head 

Pre-Amp Location Relative to 
Modules (Heat Soares) 

I 
1 Argon Vessel External Cooling Tubes 
I to Remove Heat via the Vessel Wall 

I 

I 

I 

I 

Addition Balfles to Collect Flow at the Top of the Cooling Area 
and Contain it Until it Reaches the Bottom of the Cooling Zone 

~ - - - - - - - - - - - - - - -- - - - - - -U.Moi..,Oa.L\CP<tAmpCo'*ng41Uii2 

, 



Barrel calorimeter 

inner radius 
Pre-Radiator 
Cryostat Vessels 

Vacuum wall 
Vacuum Space 
Arnon Wall 

Pre-Radiator 
EM Module 

inner EM electronics 
EM cm/radiation length 
No. of radiation lengths 
accordion EM depth 
outer EM electronics 
outer EM coolina 

Stav 
1 ST Hadron Module 

degrees/module, a 
cm/cell 
number of cells 
inner radlus(flat) 
radius to inner corner 
Hadron depth 
Hadron SIB 
outer radius (to corner) 

STAY 
Second Hadron Module 

degrees/module, a 
offset angle, b 
cm/cell 
number of cells 
inner radius(flal) 
radius to inner corner 
Hadron depth 
Hadron SIB 
outer radius rto corner\ 

STAY 
Third Hadronic Module 

degrees/module, a 
offset angle, b 
cm/cell 
number of cells 
inner radius(Hat) 
radius to inner corner 
Hadron depth 
Hadron SIB 
outer radius Ito cornerl 

STAY 
Fourth Hadronic Module 

degrees/module, a 
offset angle, b 
cm/cell 
number of cells 
Inner radius(flat) 
radius to inn er corner 
Hadron depth 
Hadron SIB 
outer radius (to corner) 

Extra Soace for Utility Access 
Cryostat Vessels 

argon Vessel 
vacuum space 
vacuum Vessel 

Barrel Cal. stackup v2.0 

Type of slay 

additional Depth, Circular Flat Act.IP ass. 
info 

39.4 

39.4 

? 
1.883 

25 
36.35 

? 
? 

39.4 

9 
9.5042 

6 

18.61 
? 

39.4 

9 
2.25 

9.5042 
4 

18.61 
? 

39.4 

9 
2.25 

9.5042 
3 

18.61 
? 

39.4 

9 
2.25 

15.104 
2 

17. 11 
? 

39.4 

39.4 

mm radius. mm radius. mn Int. Lenath 
750 750.0 750.0 

0 750.0 750.0 

9 759.0 759.0 p 0.023 
50 809.0 809.0 
16 825.0 825.0 p 0.041 
50 875.0 875.0 

50 925.0 925.0 

470.8 1395.8 1395.8 A 1.295 
50 1445.8 1445.8 
1 0 1455.8 1455.8 
1 3 1468.8 1468.8 p 0.033 

1468.8 1468.8 
1473.4 

570.3 A 3.064 
60 2099.1 ? 

2105.6 2105.6 
13 2118.6 2118.6 p 0.033 

2118.6 2117.0 
2125.1 

380.2 A 2.043 
60 2558.7 ? 

2566.6 2565.0 
1 3 2579.6 2578.1 p 0.033 

n/a 

2579.6 2576. 1 
2587.6 

285.1 A 1.532 
60 2924.8 ? 

2933.8 2930.2 
1 3 2946.8 2943.3 p 0.033 

n/a 

2946.8 2941.0 
2955.9 

302.1 A 1.766 
55 3303.9 ? 

3314.1 3308.3 
0 3314.1 3308.3 

50 3364.1 3358.3 p 0.127 
172.5 3536.6 3530.8 
63.5 3600.1 3594.3 P0.161 

3600.1 3594.3 
Total Active Absorbtion lengths • 

Total Passive Absorbtion lengths • 
9.70 

0.484 
10.1833 Total Absorbtion lengths -

-
Comments 

.. 

.. 

-
Ro-Rf/c-os(a/2) -
Ai· (A f + Rsb )/cos( a/2) •cos( a/2-b) -
Ro.-At/cosfa/2l 

-
Ai• (Rf +Rsb )/cos( a/2) 'cos( a/2-b) 

. 
Ro-Rf/costa/2\ -
Ai• (A f + Rsb )/cos ( a/2) 'cos( a/2-b) .. 
Ro-Rf/cos(a/2) 

.. 

Prinled "'21192 11:50 AM -



Endcap calorimeter 

Front Face Position 
Cryostat Vessels 

Vacuum wall 
Vacuum Space 
Arcon Wall 

EM Module 
Pre-Radiator 
inner EM electronics 
EM cm/radiation length 
No. of radiation lengths 
accordion EM depth 
outer EM electronics 
outer EM coolino 

Washer 
1 ST Hadron Modula (inner) 

degrees/module, a 
cm/call 
number of cells 
Hadron depth 
Hadron SIB 

Washer 
Second Hadron Module (inner) 

degrees/module, a 
cm/cell 
number of cells 
Hadron depth 
Hadron SIB 

Washer 
Third Hadronic Module (inner) 

degrees/module, a 
cm/cell 
number of cells 
Hadron depth 
Hadron SIB - Washer 

Fourth Hadronic Module (inner) 
degrees/module, a 
cm/cell 
number of calls 
Hadron depth 
Hadron S/8 

Extra Soace for Utilitv Access 
Cryostat Vessels 

argon Vassel 
vacuum space 
vacuum Vessel 

Endcap Cal. stackup vi .0 

additional Depth, Z-oosition Act.IP ass. 
info mm mm Int. Lencth 

2723.0 

73 13 2736.0 p 

50 2786.0 
39.4 50 2836.0 p 

o 2636.0 
? 50 2886.0 

1.883 
25 

36.35 520 3406.0 A 
? 50 3456.0 
? 13 3469.0 

39.4 0 3469.0 p 

360 
9.5042 

6 
16.61 570.3 4039.3 A 

? 76 4115.3 ? 
39.4 35 4150.3 p 

360 
9.5042 

4 
18.61 380.2 4530.4 A 

? 76 4606.4 ? 
39.4 0 4606.4 p 

360 
15.104 

2 
17. 11 302.1 4908.5 A 

? 76 4984.5 ? 
39.4 13 4997.5 p 

360 
15.104 

3 
17.11 453.1 5450.6 A 

? 76 5526.6 ? 
0 5526.6 

39.4 50 5576.6 p 
50 5626.6 

39.4 37 5663.6 p 

5663.6 
Total Active Absorbtion length• 
Total Passive Absorbtion Ieng!• 
Total Absorbtion lengths • 

0.016 

0.127 

1.430 

0.000 

3.064 

0.089 

2.043 

0.000 

1.766 

0.033 

2.648 

0.127 

0.094 

10.95 
0.487 

11.4386 

Com men 

. 

printed 4121192 12:34 



Calorimeter Module Weights 

• • • • 4 • 

CENTRAL BARREL CALORIMETER WEIGHT =783 MT 
ENDCAP CALORIMETER WEIGHT= 520 MT each 
TOTAL CALORIMETER WEIGHT= 1823 MT 
Weights have zero Margin 

e---------~--- --- ~:II 

• • 

Wt. Support = 1.36MT 

• 

Wt.= 7.25MT 

Wt. = 11.89MT 

Wt.= 1.44MT 

llMason GEMLAG.Wt 4/16/92 
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13 

13 
3600 

51 

9 16 

I 

'> 

GEM Calorimeter Wall Thicknesses and Vessel Weights 
(Thickness in Millimeters, Weights in Metric Tonnes) 

Barrel Vacuum Vessel Wt= 39.84MT 
- Barrel Argon Vessel Wt.= 25.2MT 

73 

51 

------------~--------

" 

13 

Endcap Vacuum 
Vessel Wt. = 22.3MT 

Endcap Argon 
Vessel WI. = 28.24MT 

13 
' 34 

-
24 

?n ' 

21 

~50 

W-19 
13 

35 .. ~ .. 

50 
4 

~13 

.. a .. 13 
10701 

19 37 I 
890 

750 

-i-L * _ _ -= ==- _ J J~ _ _ _ _ ~_J_ _ _r:·t~11_ 
5

~ ~& ! 
i.----1500 -..J 
14-----------2350 .. , 

14------ 2723 ---------1~ 

14-----------------5500------------------""1 

LLMason GEMLAC. Thicknesses 4/16/92 
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GEM CALORIMETER LIQUID ARGON VOLUMES 

Total Argon Calorimeter Vessel Volume = 94,000lt 

Three Head Vessels Total Volume= 3,600lt 

Reserve in Holding Vessel= 60001t 

Total Argon on Sight= 103,60011 

• f • f 

Volumes in Liters 

·- -- --- - -- --~\-- - - ----

Two 60,000lt Holding Vessels 
are Required in the Hall 

LLMason GEMLAC.WI & Vol 4/16/92 
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c f 

Blow-Up of Central Endcap and 
Forward Calorimeter 

.\J••.•••••••HTH ~1070-----11 1 
702 

885 

~~ 

187 

3120 --------.i 

KLKillian Central Calorimeter Walls 4/20/92 
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View with1 Ox Expansion in Vertical Direction 

LAr 

LAr 
~ 

Vacuum 

Central Wall Forward Calorimeters 

/

Tube Guide . z Direction 
Vacuum Restraint and Guide 
~I I 
Bellows rgon Seal Bellowsj~hJAB. 

\ Ill 1111111111111111111111111111111 I ffl\V 
3 mm Vacuum Wall 

Two Stage Lip Seal 

'-­
t:::,!_,~~!!~~!11!,,,,,,,,,,,,,_,~ ==rtlllllllll.!ll\UWIJ]J.Ulllllmg __ 5 .... 

- Beam Line - /r-- - - ---.--,-eeam Tube- _ 

1 mm / 
Argon Wall 

Two Stage Lip Seal 
with N2 Purge and 
Vacuum Pump-out 

KLKillian Central Calorimeter Walls 4/20/92 

) 



f 

Feedthroughs 

LAr 
Vessel 

Feedthrou 

GAr Conditioning 
Line For The 
LArVessel 

, .........................•....•.... ~----.-.··· •·······•····•··•••·••····••·•·•·•··••···••· 

LAr LN2 
Jacket 

LAr 

•MU External To The Calorimeter And Feedthrough 
** Data Lines Can Be Stripline (continuous flat cable 

from inside the calorimeter to external electronics) 
or the standard wire bundles. 

f f f 

Saturated Argon 
Line 

Vacuum 

Data 
Lines 

f f 

GAr Vent 
/To Condenser 

Connector And Shield 
- High Voltage Line Continuously Shielded 
- Pin Connector On Low Voltage Lines 

Vacuum 
Vessel 

Thermal Performance 

Barrel - 80 Feedthroughs 137 W 
Endcaps - 92 Feedthroughs 1 52 W 

Total of 289 W 

f f f f f 
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' 

--·· ... . .: . . 

~a~~ts 
.·-. . : ._ . 
. ·. - -

'·;.'. 

STRIP LINE CABLE 

OUTER JACKET !+--- 6mm 
COPPER SHIELD 

t 6mm 
--- '·-------~ 

_,.)2:2:z:z:z:z:z:z:z:z::z:z:zz:zz:Z:zzzzzzzzzzzzzzz2L, 

KAPTON DIELECTRIC SIGNAL TRACES 

KAPTON DIELECTRIC 

OUTER JACKET • 

3048 mm 

SPECIFICATIONS 

SIGNAL TRACE (width): 0.254 mm. 

SIGNAL TRACE (pitch): 2.54mm · ~. 
, . 

-

-
-
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GEM Liquid Argon Calorimeter 
1/4 Section "Vertical" 
Copper Hadron Absorber 

4 Inch High Point Argon Line for Barrel 

Vacuum Jacket 

Argon Vessel 

Shows General Configuration with High Point Argon Piping 

4 Inch High Point Argon Wet Line for Endcap 

Vacuum Jacket 

Argon Vessel 

Bellows 
Typical 

Al/Stainless Steel 
Transition Joints 
Typical 

Barrel Calorimeter Endcap Calorimeter 

Tracker 

Forward Calorimeter 

LLMason GEMLAC.E &Piping 4/17/92 

, 



Inner Muon Chambers 

Inner mid-point Radius of 3800mm 

Barrel Argon Wet Line 

Endcap Argon Wet 
Lines Near Side, 

:;,,, I . _ _ _ _ _ ! ;~(&far Side 

~----i~ __; s- - --
v~ q Inch Endcap .----.·· 

Vacuum Line ..,--
II 

Partial Side View 

• 

Cryogenic Back Stream 
Protection Device 

Diffusion Pump 

Endcap Calorimeter End View Showing Vacuum System 
and Argon Wet Line to Head Vessel 

-----+i~-<e>---B---e·- o o o--e------e------o o o--e---e-------B--o----<>--o----e---e--
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spacing for Electronic Feed Throughs Penetrating the Barrel Vacuum Vessel, 
40 Shown, 80 Required 

LL.Muon GEML.ACE & Piping tt\ 7192 

• • • • • • • • • • 
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Vacuum System - LAr Chambers 

Endcap Barrel Endcap 

LAr LAr LAr 
Chamber Chamber Chamber 

'HJ ' [-n ' HJ . , 
' ' . 

IFiltar I m;-1 !Filter I 

Roughing 
' HJ 
' ·~ ., 

Pumps - t--
~ -

Cooling Fie et 

Cooling Flo urn 
Am 



Vacuum System - Vacuum Vessels 

D 
Control Control 

D Endcap /Tank Barrel Tank 

" 
Endcap 

LAr LAr 
LAr 

Chamber Chamber Chamber 

I 
_J_ J_ 

~: ro a-: 7 

'' 
f-0 

<) ' ) ') ) 

0- ' -0 ir; , 
., > 'k ., --

' t-ii ' t-ii ' 

.~ 
·~ .. 

oughlng 
umps 

I-- r--

- ~ -

Ambient 

• • • • • • • 

D 

~- : >'I 
() ) 

0- ·~ 

~ 

Cooling 

• • 

ontrol 
ank 

Flow Inlet 

Cooling Flow Return 

• • 
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Study of Cryogenic Systems for GEM Surface and Hall Facilities 
(Very Preliminary) 

Argon Vent. 
LN2 Vent 

Ground Plan 

~~========t==i==---

Calorimeter Head Control Vessels 

__ Be~Li~~--------t----
0 

Hall Floor Line 

Above Ground Truck Docks and Storage 
Vessels for the Delivery of Argon and Liquid 
Nitrogen 

s 
' ! 

Liquid Nitrogen Condtioning Syst~m 
; 
; 
' ' ' 

.. ~ .. !iiJ·~---· 
~tvlow Pressure Vessels for 

Argon Supply and Storage Vessels (Typical) 

Isolation of Hall and Surface 
Pressures and Off-Loading, 
Shown Out of Position 

LL Mason GfMLAC.Crro_ Srs•om 4119/92 

, 
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GEM Liquid Argon Calorimeter 
1/4 Section "Vertical Section" 

I Barrel Argon Vessel and Calorimetry Wt.= 743 MT 
f ~ Endcap Argon Vessel and Calorimetry Wt. = 497 MT ea. 

~-. 

1070-1 

UPI ~i211 IClllJ,.i~ll~~,"' --=-1 
~.'!~~~r~ .. 9.~.~-r m. 

1 

--- ----------- _t_ 

I 

I 
i Tracker 750 

~----- 2350 3120 ------1--.i 

~------~5090-----------------..J...,__j_ 

..--------------~5500------------------

llMason GEMLAC.Supports4/17/92 
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1 
i 

Protrusion on Argon Vessel for 
Beaming Load to Washers and 
Heads 1 

I 
I 

1 Steel Interface Plate -

Thermal Support 

End View Barrel Calorimeter 

) 

Vacuum Vessels 

.. ~::::: .. ·::: .. :::::j~i.~;~;;~j~~[;!lo;f .. \ 

!II Endcap Cal~;rimeter .1 ~, 

1-herp1al l~t,ercep I t Upp~r \ i . . · 
End 9f SuP,port : ;; ; ·-=-·'-' ! .:.~:::~: .. ~:::~::.: .. ~:::~::::.~:::~:,;,,,,,1.L .... ,,,,,,,,+,,.; .. ;;;;r 

·--------------------------· I 

Thermal Support ......_____ 

Argon Vessels 

End View Endcap Calorimeter 



• 

Supports 

f 

LAr Vessel 

Support land 

Flexible Support 

Support Land 

Vacuum Vessel Contoured To 
The Muon Chambers Locally. 

• f • 

Structural Characteristics 

o Deflection of+/- 0.3" Towards 
Interaction Point 

o Design Load Of The Barrel 
Support of 3 3 7 MT 

o Design Load Of The Endcap 
Support Is TBO 

o Heat Intercept 

- Stainless Steel Or Aluminum 
- Cooffng Tubes Integral 
- LN2 Cooling Is Baseline 
- 0.S" Cooling Tubes Leaves 

Greater Than The Necessary 
60 ln2 To Carry load 

LN2 Heat 
Intercept 

GlO 
Insulation 

lnconnel 718 
Flex Plates 
12"x.42t 
Brazed In Place 

Thermal Characteristics 

Barrel- 4 x lSS • 620 W 
Endcaps - Bx 1 SS a 1240 W 

Total a 1860 W 

Spherical Interface 
10" Radius ' 

....... ---:::::s;: C" 

18" 

----
8" 

f • f f f f 



) ) ) 

Summary 

• Requirements and Engineering Parameters Definitized 

• Interface Constraints Identified and Accepted 

• Module Structures Developed 
- Endcap EM Being Finalized 

• Electronics Heat Removal 

) 

- Baseline: Thermal Siphon Using Internal Argon Cooling 

• Vessels Defined and Sized 

• Feedthroughs, Vacuum and Cryogenic Systems Defined 

• Support System and Assembly Scenario Defined 

) ) 
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GEM Liquid Argon Calorimeter 
(LAC) Cost Presentation 

April 22, 1992 

GEM Cost Review Meetinq 

) 

J. Coulon 

MARTIN MAR(ETT..q 

Science Systems 
• 

, 
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Agenda 

• Configuration 
• Parameters 
• Cost Model 
• Ground Rules and Assumptions 
• LAC Cost Summary 
• WBS Summary 

- Dollars 
- Hours 

• Engineering Summary 
- Methodology 
- Example 

• Modules Summary 
- Hadronic 

Procurement Example 
Assembly Methodology and Example 

- EM 

f 

Procurement Example 
Assembly Example 

f • • f 

4/21/92 
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Agenda (Continued) 

• Cryostat Summary 
- Procurement Example 
- Assembly Methodology and Example 

• Calorimeter Assembly Summary 
- Example 

• Tooling/Fixtures Summary 
- Procurement 

• Test Equipment Summary 
• Transportation Summary 
• Cryogenic System Summary 
• Facilities Summary 
• Test Beam Program Summary 
• Installation/Test Summary 

- Example 
• Subsystem Management & Integration 
• Schedule 
• LAC Cost Table 
• LAC Contingency Table 

• 

) 
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Configuration 
GEM Liquid Argon Calorimeter 

Electronics Box 1/4 Section "Off Vertical" 
Copper Hadron Absorber 

~ 21~ ~ 
Electronics Box 

mi ~n~~~t·~:it~terjl~-\( :~If· 11 ~I~ 
--944 -

TRACKER 750 

~= ... --r 
--.::1-w" ", , . , [ l~I BL90 k·. Forward Cal. 

. . 111111!!1!!!11111!!11 ~ 

.... · .. ·.··-··.··.•·.-.•;••.····'.~, .... • 

PRE-RADIATOR ~ II \_NEUTRON ABSORBER 
50mm Thick 

~------- 2350 .. .. 3120 

----------- 5090 ... 1.. I 1100 

i. 5500 ....i 

LLMason GEMLAC.4/10/92 
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Parameters (Overall) 

EM 

Absorber Pb/SS 

Absorber plate 1.3/.4 mm 
thickness (mm) 

Cell thickness (mm) 6.18 mm 

Segmentation A11xAq> 

.032x.032 

No. of channels 60,600 

Weight (MT) 

• 

Fine 
Hadronic 

Cu 

9mm 

95.04 mm 

A11xAq> 

.08x.08 

20,640 

Barrel 

783 

) ) 

Veto 
Hadronic Total 

Cu 

16mm 

151.04 mm 

A11xAq> 

.OBx.08 

5,920 87,160 

End caps Total 

520(Each) 1823 
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Parameters ~Modules} 
#Layers/ 

Module Type Plates Quantity Weight Module 

1 Barrel EM Accordion z 40 1.57 MT 20 

2 Barrel Fine Hadronic z 80 2.38 MT 48 

3 Barrel Fine Hadronic z 80 2.09 MT 32 

4 Barrel Fine Hadronic z 80 1.84 MT 24 

5 Barrel Coarse Hadronic z 80 1.74 MT 16 

6 End EM Accordion Projective 2 14.4 MT 210 

7 End Fine Hadronic Vertical 20 3.61 MT 56 

8 End Fine Hadronic Vertical 20 3.72 MT 48 

9 End Coarse Hadronic Vertical 20 2.71 MT 32 

10 End Fine/Coarse Had. Vertical 40 2.64 MT 82 

11 End Fine Hadronic Vertical 40 3.22 MT 124 

12 End Fine/Coarse Had. z 80 1.76 MT 77 

13 End Fine/Coarse Had. z 40 4.46 MT 60 
14 End Coarse Hadronic Vertical 40 2.40 MT 34 
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Cost Model 

LAC 
INPUTS 

• Module Design Specifications 
• Module Cell Structure 
• Module Stackup Part Counts 
• Cryostat Dimensions/Channels 
• Module Unit Costs 
• Cryostat Unit Costs 

Nots: Boxss rsprssent 
l/nksd sprsadshsst fllss 

• 

) 

Module 
Estimates 

• Standard Hours for 
Module Assembly 

Cryostat 
Estimates 

) 

~ ·Material Requlremen~ 
• Stock Sizes 
• Weld Requirements/Standards 
·Tooling Standard Hours 

~ 
•Test Standard Hours 
• Machining Standard Hours 

I Assembly 
Estimates 

• Assembly Welding 
• Mechanical Assembly 
• Test Manpower 

Engineering 
Estimates 

• Drawing Sheet Count 
• Design and Analysis Hours 
• Engineering Support Hours 

(le. Systems Engr., Logistics, 
Labs, Q.E., Safety) 

LAC 
WBS 

Other Direct 
WBS Inputs 

• Test Beam Program 
• Cryogenic System 
• Facllllles 
• Detector Installation/Test 
·Integration/Management 
• Contingency 
•Schedule 
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.. Ground Rules and Assumptions 

1. All costs are reported in 1991 thousands of dollars 

2. Estimates include engineering, materials and supplies, design, 
inspection, administration, procurement, fabrication, assembly, and 
installation of the GEM Liquid Argon Calorimeter. 

3. The following methods were used to develop the cost estimates: 

• bottoms-up utilizing industrial engineering and manufacturing analyses 

• parametrics and factors 

• historical detector costs 

• vendor estimates 

• engineering judgement 

4. To facilitate the cost estimating process, cost spreadsheets were 
developed for the modules, cryostat, engineering and assembly, then 
linked to the LAC WBS. For elements of the LAC which result in the 
largest percentage of the total cost, bottoms-up cost estimates were 
derived to the lowest level dictated by the maturity of the design. 

5. Contingency analysis follows the GEM approach outlined in the GEM Cost 
Estimating Plan Revision C. Contingencies have been applied to each 
WBS element based on the maturity of the design, technology 
considerations, estimating technique, schedule criticality, and material 
and labor cost implications. 

4/21/92 
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Ground Rules and Assump~iQf1S (Continued) 
6. Using the WBS, the subsystems were broken down into individual 

components. Information from the engineering designs; such as weights, 
materials, specifications, tolerances, dimensions, quantities, were used 
for developing engineering and material requirements. This information 
was also used for obtaining material estimates from vendors. Other 
information generated included manufacturing processes and 
labor/machine requirements for designing and building the LAC. 

7. Computer aided engineering was assumed to be used extensively, 
resulting in a cost savings over past engineering practices. These 
savings were factored into the estimate by reducing the hours per 
drawing required. An example of these savings can be seen in the design 
of the modules. A module consists of many layers of absorber plates and 
sensing boards. A drawing could be developed for just one layer and a 
computer program written to generate drawings for additional projective 
modules. 

8. The cost estimates are based on the baseline design configuration 
presented by the MMC engineering team. 

9. The Installation column of the WBS includes all the activity that will occur 
below ground. 

10.Research and Development of the LAC was estimated as 11o/o of the 
construction costs. 

11. Conceptual/Preliminary Design was a bottoms-up estimate provided by 
the engineering group. 

4/21/92 
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. Ground Rules and Assumptions (Continued) 
12.The Engineering/Design and Inspection/Administration estimates were 

developed using a combination of bottoms-up estimates, Cost Estimating 
Relationships (CER's), and factors. The CER's were developed from 
historical data for DOD/DOE programs with similar requirements and 
engineering tasks. (The CER estimating approach minimizes the use of 
"engineering judgement" which is often used during a conceptual stage 
of a program). 

13. The following engineering functions are included in the 
Engineering/Design category: 

Design Engineering - includes mechanical and electrical design effort for 
the design documentation, drawing development, and design 
maintenance and support effort. Hours are developed from the number of 
drawings required to accompolish the task (drawing counts). 

Design Analysis - includes hours to perform stress, dymanics, thermal, 
and mechanical analyses. Analysis is a direct function of the design 
engineering performed. 

Engineering Support - includes effort for materials engineering, computer 
aided engineering, and checking and release. 

Test Engineering - includes the effort associated with test requirements, 
development of detailed test plans/procedures, test conduct, and test 
operations. 
Systems Engineering - includes reliability, radiation hardness, 
requirements, systems integration, and configuration control. 

4 4 f • f f • • 
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Ground Rules and Assumptio_Q~_(CoQ!illl.l_~d) 

Logistics - includes logistics engineering, integration and support, 
spares, maintainability, and transportation planning. 

Engineering Administration - effort involved in developing and 
maintaining engineering plans at the job unit level that integrate with 
manufacturing and project schedules. 

Engineering Labs - includes mechanical, power, thermal, and test 
operations for engineering prototypes and development labs, electronics 
labs, and parts evaluation labs to support engineering. 

Quality Engineering - includes engineering effort for fabrication, 
packaging and shipping. 

Sustaining Engineering - effort required during the production phase of 
the program to process change orders and provide technical expertise 
during manufacturing and assembly. 

14. Inspection/ Administration is the inspection "touch" effort. It includes 
receiving inspection, touch inspection, factory quality control labs, 
factory quality control support, procurement inspection, and quality 
control pack and ship. Quality inspection is typically 25°/o of the touch 
effort for programs of this size and complexity. 

15. The labor estimates were developed largely from detailed manufacturing 
estimates using industrial fabrication processes for the cryostat and 
laboratory processes for the modules (applying laboratory labor rates to 

4/21/92 

, 



• 

Ground Rules and Assumption~_(Cq_l'ltinued) 

the cryostat is not realistic without increasing the labor hour estimates 
due to the large industrial automation assumed for fabrication). 

16. Manufacturing plans were used for outlining the tasks for fabrication and 
assembly of the cryostat and modules. Industrial engineers developed 
the machine and labor hours required for each task. 

17. The manufacturing estimates also include manufacturing support {factory 
and test effort which is non-touch labor) such as manufacturing/industrial 
engineering, material control, factory supervision, tool control, and pack 
and ship. Manfacturing support is factored from the touch fabrication and 
test effort. The factor used is based on similar historical programs which 
use high production runs ( as for module construction) and for one-time 
assemblies (as for the cryostat and final calorimeter assembly). These 
factors are typically 75°/o of the touch labor for large production runs and 
130°/o of touch labor for one-time large builds (75°/o was used). 

18. Aluminum sheets for the manufacturing of the cryostat were assumed to 
be obtained in optimum stock sizes to minimize cutting, machining, and 
welding. 

19. Labor estimates were developed using industry, university, and national 
laboratory labor rates as outlined in the GEM Cost Estimating Plan 
Revision C. National lab rates were used for all module effort, industrial 
(national average) labor rates were used for all off-site assembly, and 
SSCL labor rates were used for on-site assembly. The rates were 
computed as follows: 

4/21 /92 
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Ground Rules and Assum~tions (Continued) 
~!Manyear 

Skill MIX uty Rate 1ota1 Rate ~ompos1te Skill Mix uty Rate Total Rate ~omposite 
($kl ($kl Rate ($kl ($kl ($kl Rate ($kl 

National Laboratory: National Average: 
Engr/Deslgn: 119.14 Engr/Design: 112.21 

Designer 3 93 279 Designer 3 97 290 
Engr/Phy 3 154 462 Engr/Phy 3 133 399 
Coordin 1 93 93 Coordln 1 97 97 

lnspec/Admln: 86.83 lnspec/Admin: 90.54 

Secretary 1 62 62 Secretary 1 64 64 
Senior Technician 1 103 103 Senior Technician 1 107 107 
Junior Technician 1 77 77 Junior Technician 1 82 82 
Coordln/Admln 3 93 279 Coordln/Admin 3 97 290 

lnstal/Assy: 88.33 lnstal/Assy: 92.77 
Junior Technician 3 77 231 Junior Technician 3 82 246 
Senior Technician 2 103 206 Senior Technician 2 107 214 
Coordln/Admln 1 93 93 Coordin/Admin 1 97 97 

:::.:::.~Lab: 
Engr/Deslgn: 64.85 

' 
Designer 3 57 170 
Engr/Phy 3 78 234 
Coordln 1 50 50 

lnspec/Admln: 44.33 

Secretary 1 29 29 
Senior Technician 1 50 50 
Junior Technician 1 37 37 
Coordln/Admln 3 50 150 

lnstal/Assy: 43.50 
Junior Technician 3 37 111 
Senior Technician 2 50 ·100 
Coordln/ Adm In 1 50 50 

4/21/92 
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Ground Rules and Assumption_~_(Continued) 

20. Materials and Supplies {M&S) was calculated as 4°/o of the total labor 
estimate. 

4/21/92 
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LAC Cost Summary 

.... 

Engr/Design 

M&S 

lnspec/Admln 

Proc/Fab 

Assy 

lnstl 

P1DCIF•b 

$K 

12,357 

2,614 

5,074 

511011 41i.14r 

29,777 

852 

Cont. tu,o:,f1 96,847 

WBS Total* /3/,/)11127,668" 

*Includes R&D and Concepl/Prelim Design 

•. 

) 

Prallmlnary/Concapt. Design 

Research & Development 

Construction 

$K 

Construction ·113,665- IJJ.,o:U 

Research & Development -12,525 13,+22 

Preliminary/Concept. Design 1,276 

WBS Total -=m;666 / '3(,, ~ 71 °I 
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j"' 
)> ... LAC Subsystem Cost ($M) 

I~ ..-. ... ... .... U1 <» ..... 
C> C> C> C> C> C> C> C> 

Q) 
"""l 

Modules CD ... ..... 

J 
__.. 0 

Tool Ing/Fixtures )> 
:::J 
Q) ... '"" "" -. Cryostat 

II 

~ . 
.er= Subsys. Mgt. & -... ..l.J lntegr . 

h I~ :3 
Calorimeter 

Assy. ..... - b 
"""l 

Cryogenic c: 
System (") ..... -· 0 

Test Beam :::J - Program 

0 
:::J 

Equipment -
- . 

Installation/Test 

. 

... Transportation 

. 
Test Equipment 

.!:> - r\3 
~ 

. -<D 
I\) 

... 



) 

ID'ifCaloilineter: 
Research & Devel. 
ConcepJPrelim. Design 
Construction 

Modules 
Barrel EM 
Barrel Hadronlc 
Endcap EM 
Endcap Hadronlc 

Cryostat 
Barrel Argon Vessel 
Barrel Vacuum Vessel 
Endcap Argon Vessel 
Endcap Vacuum Vessel 
Supports 
Feedthrus 

Calorimeter Assy. 
T oollng/Flxtu res 

Stacking Fixtures 
Cryostat Assy Fixtures 
Lifting Fixtures 
Shipping Crates 
Module Installation Fixture 
Hadronlc Fixture 
Cooling Tube Layout Tool 
EM Accordion Fixture 

Test Equipment 
Transportation 
Cryogenic System 
Equipment (above ground} 
Test Beam Program 
Installation/Test 
Subsys. Mgt. & lntegr. 
Electronics 

Engr/ 
Design 

($k) 
12,357 
1,127 

982 
10,248 

2,985 
203 
850 
203 

1,729 
1,642 

464 
119 
399 
167 

32 
462 

1,564 
1,403 

203 
543 
155 

51 
91 
71 
72 

217 
31 
85 

286 
89 
0 

269 
1,894 

M&S 
($k) 

2,614 
255 

39 
2,320 

914 
92 

278 
42 

501 
179 

40 
23 
42 
36 

2 
36 

242 
66 
8 

22 
6 
2 
4 
3 
3 

19 
2 
3 

29 
4 
0 

39 
843 

lnspec/ 
Admln 

($k) 
5,074 

503 
0 

4,571 
2,446 

259 
752 
106 

1,329 
346 

64 
56 
80 
89 
3 

53 
608 

30 
0 
0 
0" 
0 

0 
0 

0 
30 

4 
0 

89 
0 

0 

47 
1,002 

Proc/ 
Fab 
($k) 
54,019 

5,353 
0 

48,665 
17,668 
3,954 
4,857 
2,879 
5,978 
3,468 

534 
222 
436 
216 
241 

1,818 
138 

3,687 
840 

1,100 
400 
497 
200 
150 
100 
400 
450 
402 

4,122 
1,283 
3,829 

67 
0 

13,552 

Assy 
($k} 

29,777 
2,951 

0 
26,826 
17,417 

1,847 
5,352 

752 
9,467 
2,484 

461 
401 
573 
641 

25 
382 

3,868 
216 

0 

0 

0 
0 

0 

0 
0 

216 
15 

0 
348 

0 
0 

0 
2,478 

tnstl 
($k) 

852 
84 

0 
767 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
653 
115 

Cont. 
($k) 
32,027 

3,149 
255 

28,623 
15,431 
3,106 
4,033 
1,980 
6,312 
1,906 

344 
181 
336 
253 

67 
725 

1,429 
1,280 

231 
471 
123 
121 

65 
40 
35 

194 
131 

78 
1,657 

908 
996 
279 

1,140 
3,388 

WB:S 
Total 
($k) 
136,719 

13,422 
1,276 

122,021 
56,860 

9,461 
16,122 
5,961 

25,316 
10,024 
1,907 
1,002 
1,866 
1,402 

371 
3,476 
7,850 
6,682 
1,282 
2,136 

684 
670 
359 
264 
210 

1,076 
633 
568 

6,531 
2,283 
4,825 
1,353 
7,471 

16,940 

, 



WBSSummar y (Continued) 

)/I I I ~ . . Ft&D0Ai = R&D 

Construction 

Null 
EDIA0/o = EDIA 

Construction 

Contingency0/o = Contingency 

Construction + EDIA 

Construction = Construction 

&D + Concep./ Const. + R Prelim. 

Design 
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LAC Eng111eering_~ummary 

Manyears $K 
Modules 25.1 2,985 
Cryostat 14.3 1,642 
Calorimeter Assy. 13.1 1,564 
Tooling/Fixtures 11.8 1,403 
Test Equipment 0.3 31 
Transportation 0.7 85 
Cryogenic System 2.4 286 
Equipment (above ground) 0.7 89 
Installation/Test 2.3 269 
Subsys. Mgt. & lntegr. 15.9 1,894 

Total 86.6 10.248 
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Engin~e~ing Methodology 
--··· - - - ·- - -

Other lL_·· Engr 
Hours 

Design Hours 

EDI/QA Drawing PDs I CDs Test Spec Cntrl Schematics 
Sheets Specs Drawwings 

Calorimeter 
Central Barrel 
Vessel ~ 

Mod··'--

• Program Elements and Subsystems Identified 

• Drawing Sheet Count Developed 

•Engineering Design Hours Estimated From Drawing Sheet Count 

• Complete Engineering Estimate Generated Using Parametrlcs 

• Estimated Costs Allocated to the Appropriate WBS Element 

Design Design Engr Test Systems Logistics Engr 
Engr Analysis Supt Engr En gr Engr Admin 

Calorimeter 

Engr Quality/ OTS Cmptr: Travel 
Labs Safely 

~/ Central Barrel 
Vessel Lo--~ 
Modules 
Central Inner '-. 
Central Ou''" 

I wsS iwBS I P· I I I I 

~ 
··~~ .. ~~ , .ogram EDI/QA M&S Total 

# Level Element , 

5.2.1.2 4 Calorimetry -
5.2.1.2.1 5 Central Calorimeter 
5.2.1.2.2 

~ 
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.. _Example of Engineering Estimate (Hadronic Modul~ 3) 

140 -

120 -
Total Engr. Labor: 471 Mandays (1.8 Manyears) 

...... 100 -
Ill 
>. 
111 
'O 
c 
111 
:E 80 -
~ .. 
0 
.0 
j 
DI 60 . 
c 
..:: • 
GI 
GI 
.f: 
Cl 40 . 
c 
Iii 

20 . 

0 • • • • • • • • • • 

Design Analysis Sustaining Test Engr QE & Engr labs Systems Engr logistics Engr 
Engr Salely Engr SUpport Engr Adm In 
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,,[xample of Hadronic Procurement Unit Costs (Module 2) 

Unit Unit Total 
Measure Quantity Cost($) Cost($) 

Absorber (Cu) MT 181 5506.54 995,376 
G 10 Boards m"2 1,140 ... (-0.5:t /l.,~l 

Strongback Support Plates kg 2,694 6.04 16,276 
Spacers each 67,554 0.39 26,346 
Structural Shell each 1 3995.16 3,995 
Inner Support Gulde each 190 158.90 30,148 
Inside Bar Gulde each 

' 
100 158.90 15,941 

Module End Plates kg 543 5.80 3,148 
Compensating Spring/Fasteners module 1,920 11.25 21,600 
Radial Supports meters 759 158.90 120,591 
Strlpllne Cables each 1,200 15.00 18,000 
Total 11i.~-=ra~7. 

4/21/92 

• • • • • • f • f • f 



"'M_tldule Assembly Flow Chart 

Ide 
w, 
D 

1tify Module Identify Module Determine # Mini 
eights and ~ > Modules and # Cell Structure 
mens ions Layers 

Apply Labor Determine Module 
< Detail and -

Standards -
Assembly Flows 

' 

' , 

Generate Total Apply Manufacturing 
Detail and --)It- Support Factor (.75) 

Assembly Times 

• 

) , 

Identify Detail 
~ Parts and 

Requirements 

' . 

Calculate Absorber 
Weight and Sensing 

Board Area 

Total Module > Labor Hours 
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Exam~l~_of_J:iadronic Assembl~ Co_~Js (M_odule 2) 

Support Guides 

Strong Back Support 
Plates 

Support Guides/Plate 
Weld 

• 

End Caps 

Cu Absorber 
Preparation 

Bond Cu/G 10 

Structural Shell 

Module Assembly 

Test/Checkout 

• 

0 

(.4 MY) 

(.3 MY) 

(.4 MY) 

(.6 MY) 

(1.2 MY) 

(.6 MY) 

100 

• • 

(3.7 MY) 

(5.6 MY) 

200 300 400 500 600 

Module 2 Assembly Costs ($K) 

• • • f 

(8.4 MY) 

700 800 
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Example of Hadronic Assembly Step Estimates 
~- -----·-··---- -- . --- - - ---- -- - - -- . -

Time 

Assembly Steps (Mini Module) Quantity (Hours) 

Support Guides 1 4.6 

Strong Back Support Plates 2 4.2 

Support Guides/Plate Weld 1 5.7 

End Caps 2 7.1 

Cu Absorber Preparation 48 46.8 

Bond Cu/Sensing Board 48 106.2 

Structural Shell 1 14.7 

Module Assembly 1 70.8 

Test/Checkout 1 7.8 
I 

Total oer(Mini Module* 267.7 

* Manufacturing Support and Tooling Maintenance Not Included 

4/21/92 
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ExamQle of EM Procurement l)_nit Costs (f\nodule 1) 

Unit Unit Total 
Measure Quantity Cost($) Cost($) 

Absorber (Pb/SS/G 10) MT 43 1848.00 78,756 
G 10 Boards mA2 2298 1636.00 3,759,135 
Inner Strongback kg 474 36.38 17,232 
Outer Strongback kg 1634 18.41 30,080 
Tie Rods each 1760 5.65 9,948 
End Support each 80 183.70 14,696 
Standoffs/Fasteners each ' 6400 0.18 1,152 
Steel Pins each 1760 13.31 23,426 
Spacer Buttons each 35200 0.18 6,336 
Inner Supports meters 83 158.90 13, 172 
Total 3,953,932 

4/21/92 
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Example o_f_EM_Assel!lbly Costs_ (Mo9ule 1) 

Structural Details 

Pb Plate, Pb/Poly 
Compos. 

Pb/SS Plate 

In/Outside Spacer 

Spacer Buttons 

Module Assembly 

Test/Checkout 

. 

. 

. 

. 

. 

. ... 
(.2 MY) 

I-

I 

0 100 

' 

(3.3 MY) 

(2.9 MY) 

(1.6 MY) 

(1.6 MY) 

' 

I (3.5 MY) 

I ' ' ' ' 

200 300 400 500 600 

Module 1 Assembly Costs ($K) 

(8.1 MY) 

• ' 
700 800 
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Example of EM Assembly Step Estimates (Module 1) 

Time 

Assembly Steps (Mini Module) Quantity (Hours) 

Structural Details 6 81.0 

Pb Plate, Pb/Poly Compos. 15 201.2 

Pb/SS Plate 15 72.5 

In/Outside Spacer 60 38.8 

Spacer Buttons ' 600 40.4 

Module Assembly 1 86.0 
Test/Checkout 1 5.1 

Total per Mini Module* 525.0 

• Manufacturing Support and Tooling Maintenance Not Included 

4/21/92 
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_<!ryostat Costs 

4 

i 3 
fh 
~ 

Ill .. 
Ill 
0 
0 ~ .. -
.!! 
Ill 
0 
~ 
0 
ii "I ... 
() 
t-· 

0 

Feedlhrus Endcap 
Argon 
Vessel 

I Engr/Deslgn tll M&S 

• 

Barrel 
Argon 
Vessel 

End cap 
Vacuum 
Vessel 

II lnspec/Admln D Proc/fab 

Aoay 

BAssy 

Barrel 
Vacuum 
Vessel 

Ocont. 

) ) 

ll&S 

ln1pec:1Admln 

Supports 
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Example of Cry-ostat Procurement Unit Costs 

Endcap Argon Vessel - Procurement Costs Unit Total 
Unit Quantity Cost($) Cost($) 

Outer Shell 
Stays/Washers kg 2491 4.54 11,308 
Cylinder kg 10960 4.54 49,756 

Inner Shell 
Front Stays kg 423 4.54 1,922 
Cylinder kg 1534 4.54 6,966 
Rear Stays kg 149 4.54 678 

Main Washer (center) kg 11956 4.54 54,280 
Center Shell kg 6987 4.54 31,720 
Inner Shell Assy system 1 77,665 
Feedthru Interface Plate each 49 1764.00 87,233 
Cooling Coils 

Outer Shell 
Supply meters 8 18.30 145 
Vent meters • 8 6.41 51 
Ribs meters 69 14.26 979 

Ends 
Supply meters 13 18.30 240 
Vent meters 13 6.41 84 
Ribs meters 114 14.26 1,632 

Double Bellows each 16 970.00 15,520 
Expansion Loops each 80 274.00 21,920 
Hoses each 32 310.00 9,920 

Ports each 66 500.00 33,000 
Seal Weld Strips kg 691 39.69 27,414 
LN2 Cooling Circuits meters 33 94.54 3,145 
Argon Vessel Assembly weld-m 274 133.85 36,661 

4/21/92 
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Cryostat Assembly Flow Chart 
~--- . ~----·- ~--- ---· ··-

Develop Cryostat Generate Stock Determine Determine 
Parts List and Material ~ and Detail Size .... Stock Weights ~ Trim Lengths - - -

Requirements Requirements and Quantities and Weld Preps 

I I 

Apply PF&D Generate Total Input Welding Generate Weld 
Factor to Total j Welding and j and Cutting j Lengths and Cut - - -

Times (0.2) Cutting Times Standards Stock Volumes 

' 

' . 
Welding Hours Input Roll/Mill/Turn, Total Cryostat .... Rigging, Tool Set-up/Maint. ~ 

Assembly Labor Cutting Hours -
and Test Hours Hours 
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Calorimeter Assembly 

lnspec/Admln Proc/Fab 

Engr/Deslgn 
Assy 

Con I. 

$M 
Proc/Fab 138 
Assy 3,868 
Cont. 1,429 
Engr/Design 1,564 
M&S 242 
lnspec/Admin 608 
WBS Total 7,850 

4/21/92 
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Barrel Calorimeter Assembly_Exam~le 

WBS Description Assembly Welding Mechanical Assembly Test Total 
No. Men Days No. Men Days Mandays Mandays 

Barrel Calorimeter Assemblyff est 2 256 1 25 161 698 
Vessel Rail Supports (composite) 2 5 3 13 
Feedthrus 5 42 6 90 225 975 

Feedthrus (connecting, sealing) 1 30 2 60 45 195 
EM Section 

EM Spool 2 7 1 11 8 34 
EM Module Placement 2 2 1 3 2 9 

Hadronlc Section 
Hadronlc Spool 2 47 1 25 36 155 
Hadronlc Module Placement 

Hadronlc 2 1 9 1 2 3 15 
Hadronlc3 1 12 1 3 4 19 
Hadronic 4 1 219 1 17 71 307 
Hadronic 5 1 255 1 13 80 348 

WBS Allocation 
Barrel Calorimeter AssemblyfTest* 2767 
'Does Not Include Manufacturing Support 

4/21/92 
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Tooling/Fixtures 

Engr/Deslgn 

Assy 

f • 

M&S lnspec/Admln 

--­~~~~~~~~-

•. 

• • f 

Proc/Fab 

$K 

Proc/Fab 3,687 
Assy 216 
Cont. 1,280 
Engr/Design 1,403 
M&S 66 
lnspec/Admin 30 
WBS Total 6,682 

4/21/92 
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Tooling Procurement Costs 

Unit Total 
Unit Quantity Cost($) Cost($) 

Stacking Fixtures Each 28 30,000 840,000 
Assembly Fixtures Each 22 50,000 1,100,000 
Lifting Fixtures Each 16 25,000 400,000 
Shipping Crates Each 662 750 496,500 
Module Installation Fixture Each 1 200,000 200,000 
Hadronic Tool Each 1 150,000 150,000 
Cooling Tube Layout Tool Each 2 50,000 100,000 

' EM Accordion Tool Each 2 200,000 400,000 

Total 3,686,500 

4/21/92 
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Test Equipment 

• Total Cost = $633 K 

- Procurement Cost = $450K 

Unit Total 
Unit Quantity Cost(~) Cost(~) 

Leak Detectors Each 4 15,000 60,000 
Computer System System 1 290,000 290,000 
Misc. (Voltmeters, Scopes, etc.) 100,000 

Total 450,000 

4/21/92 
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Transportation 

·Total Cost= $568 K 

Basis: 
- Truck transportation at $2100 per truckload with a total of 191 

loads (109 for the endcaps and 82 for the barrel). 

•. 

) 
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Cryogenic System 

• Total Cost= $6.5 M 

• includes storage dewars above ground and all piping and valves required 
leading up to vessels 

- Procurement Cost = $4.1 M 

Total 

Cryogenic Service Component Cost ($K) 

Exper. Hall Argon Storage LN2 Systems 1,110 

LN2 Source System at Surface I 266 

LN2 Conditioning Systems 98 ~ Comoonenl Soecs Qty 

Argon Dewar Fiil and Distribution System 114 LN Source Syslem al Surface 

Argon Dewar to Argon Conditioner System 104 

Argon Conditioner System 116 

Dewars 60,000 lilers 
Filling Slatlon 
Valves 2" 4 

Module Cooling System 163 Transfer Lines 2" 100' 

Argon Boller 125 Redundanl Valves 2" 3 
Tola! 

LN2 Boller 124 

Argon Supply Storage Dewars 250 

Vacuum System 307 

Argon Pump and Purge System 1,061 

Installation 296 

Total 4,122 
4/21/92 
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Cos I 

$200,000 
$30,000 
$14,000 
$11,000 
$10,500 

$265,500 

• 



) ) ) 

Equi~m~Qt(~~ove gro_ll_l}f:I_} 

• Total cost= $2.28 M 

• Procurement estimate: 

Equipment Cost ($K) 

Boom Crane, 50 MT - 20 mo. @ 5k 100 

Transport Carts - 25 @ $4k 100 

Mechanical Fab Equipment 750 

Dewars - 5 @ $20k 100 

LN2 Inventory 52 

Ar Inventory 53 

Vacuum System ' 13 

Tempory Vessel Prep Structure 40 

Work Benches, Storage, Desks 25 

Personal Computers 30 

Standard Rigging Equipment 20 

Total 1,283 

4/21/92 
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Test Beam Program 

• Total Cost = $4.BM 

• Calibration in the test beam includes the labor and material required for 
module calibration from initial test beam availability through beam 
operational. The following ground rules and assumptions have been 
used to determine the cost estimate: 

1. Test effort on-going for 2 years (1997-1998) 

2. 3.5 meter diameter cryostat 

3. 2 technicians full time 

4. Physicists salaries not included 

5. Includes cost for 50-ton capacity 3-axis table at $200k plus other 
fixtures for a total of $440k 

6. Controls, computers, and data acquistion provided by the SSCL 

7. 20 LAr modules built for testing at an average cost of $94k based 
on production module costs 

8. Average of 127 channels per LAr module based on production units 

412119?. 
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Installation/Test 

• Total Cost= $1.35 M 

• Installation and test of the LAC was based on 6 months and a crew of 15 
people, plus manufacturing support and EDIA. 

4/21/92 
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Subsystem Management & Integration 

• Total Cost= $7.47 M 

• 7°/o of Total Estimate 

• Estimate Based on MMC Historical Data Base for Large Integration 
Projects 

Percentage of Labor 

Engr/ lnsp/ lnstl/ 

Design Ad min Assy 

Project Mgmt. and Admin. 8.0o/o a.0°10 5.0°10 

Resource Management 3.0°/o 3.0% 1.5°/o 

ES&H 1.5°/o 1.5°/o 5.0°10 

Quality Assurance 2.5% 2.5°/o 5.0% 

System Integration 7.5% 7.5°/o 7.5% 

Basis of Travel Estimate: 
1 Engr Manyear = 6 trips 
Average cost of each trip= $1200 
Total Travel Cost = $623 K 

•. 

• • • • • • • • 
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Schedule 

Liquid Argon Calorimeter sow -1~993 I 1994 I 1995 I 1996 I 1997 I 1!98 I 1!!_9!!_ ____ 

4 2T3 I 4 I 1 I 2 I 3 I 4 I 1 I 2 I 3 I 4 I 1 I 2 I 3 I 4 I 1 I 2T 3 I 4 I 1 I 2 I 3 I •I 1 I 2-[ 3f 4 

Above Ground 
.t.. Test Beam Program Miiestones Facility A. Hall BOD Li Detector .t.. 

Available Available Opurallonal .t.. Membrane For 
Calorimeter Required 

LAr Calorimeter Construction 02.1 
Barrel Calorimeter 02.1:1 Production Engineering 

Prototype• 

Procuramer-1 

Modula Fabrication 

Flnal Aaaambly 
Cold Tast1Checkou1 

Endcap Calorimeter 02.1.2 
Production Engineering 

Pl'ototypes 
Procurement 

Modula Fabrication 

Final Assembly 
Cold Teal/Checkout 

Test Equipment 02.1.3 Engineering 
Procuremanl/Fabrlcatlon 

Cryogenic System 02.1.4 Engineering -
ProcuramentJFabrlcallon 

lnatallatlor\/Chackout Above Ground 
lnatallallonJChackout Balow Ground 

Facilities 02.1.s = Above Ground Interfaces 
c:::==:J Elactrlcal Interfaces 

---
Test Beam Progran1 02.1.6 

A&D 

CallbraUon Of Spara Modula9'Syatam Checkout 

lnstallallon & Test 02.1.7 = Barrel 
c::==:J Barrel Te•I 

c::=::J Endcapa 
Endcap• Test/Shimming & Fitting = 

System Checkout/Test 

Subsystem Integration & 02.1.8 
Management 

Preliminary 
4/21/92 

• 



Funding Profile 

16.0 

14.0 

12.0 

~ 10.0 
:E 
(fl 
~ -VI 8.0 
0 
0 
<11 - 6.0 0 
I-

4.0 

2.0 

0.0 

1992 1993 1994 

• • • f • 

1995 1996 1997 1998 
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D Cont. 

El lnsp/Admln 

.M&S 
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D Proc/Fab 
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1999 
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Blow-Up of Central Endcap and 
Forward Calorimeter 

\)$:)..1 9 6 g ~ 

~~~ 2ZZYLili0 

•,.:., 239 I , ... _ .... 
" 

r 7021-
005 

266 
~1 c"""=-dl I J ...w.\J 111!1111111111111111111111111111111111111111 l-:;. J L 107 

!. 3120 

Kl.Killian Cenlral Calorimeler Walls 4/13/92 

• • f f f • f f • f 



View with1 Ox Expansion in Vertical Direction 
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Tube Guide 
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GEM W /LAr Forward Cal. - Pion Showers 
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.. 
GEM Parameters 

Liguid Argon Forward Calorimeter -
NAME EM Hadronic Tail Catcher units 

Distance from IP to near face 5090 5385 6005 mm 

Depth inZ 250 570 300 mm 

Distance from IP to Module Mid-Plane 5215 5670 6155 mm 

Inner Radius 20 21.69 23.47 mm -
Outer Radius 330 566 614 mm 

Unit Cell 

Center to Center 7.5 8.1545 8.8525 mm 

Tube Diameter ID 5 5.4364 5.9017 mm 

I 
Tube Wall Thickness 0.2 0.2 0.2 mm -I 
Liquid Argon Gap I 0.1 I 0.3 0.3 I mm 

Drift Time 20 60 60 nsec -
Sampling Fraction (by Volume) 3.16 8.41 7.78 % 

Tube Capacitance 521 415 238 pF -Tube Inductance 2.04 13.33 6.43 nH 

Tube Impedance 1.98 5.67 5.20 Ohms 

Weight 1.46 12.49 7.65 Metric Tons ... 
Number of Tubes . 6871 17261 17263 tubes 

Rutherfoord I Chae, 4/16/92 
page 1 ... 

.. 



-

-

8 e ~ ""1 'r u.J,Q.. ' 

'Di~ 41.ru. Fe.al 
Vdc.u.LO'I'\ ;"' 4e.;i....,. ~ 

- (-
s. l.A.<"V' 'ti . 

cl e.a,.-a.....c.JL. 4 f"U. r:ca.1. 
M~~rw.e..o..t ,u,J slJ:l:Jy J1 ;J,liJ~"'"e..J 
Mc.J.~·.c.J &kru CM. h~ +v..foe. 

··-



LIQUID ARGON OPTION 

.. 



-

INDEX 

FOR\VARD CALORil\IETER 
LIQUID ARGON OPTION 

1.0 COST ESTIMATES 

1.1 LAr FCAL COST ESTIMATE 
1.2 MATERIAL COST 
1.3 MANUFACTURING PROCESS FLOW DIAGRAM 
1.4 MANUFACTURING EQUIPMENT COST 
1.5 MANUFACTURING MANPOWER COST 
1.6 INSTALLATION COST 

2.0 LIQUID ARGON DRAWINGS 

2.1 PARAMETER TABLE 
2.2 GENERAL ARRANGEMENT & DETAIL DRAWINGS 

3.0 CALCULATIONS 

3.1 WEIGHT & VOLUME CALCULATIONS 
3.2 ACTIVE THICKNESS CALCULATION 

4.0 VENDOR'S PRICE QUOTE 
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1.1 LAr FCAL COST ESTIMATE 



CONSTRUCTION 

R&D 

ENGINEERING 

SUBTOTAL 

) ) 

LAR COST~ _,v1MARY 

LIQUID ARGON OPTION FORWARD CALORIMETER 
COST ESTIMATE SUMMARY 

ENGR/DESIGN 

M&S and PROC/FAB LABOR LABOR 

INSPECTION MATERIAL ASSEMBLY INSTALLATION SUBTOTAL 

$2,332K $7,103K $883K $20K $10,338K 

$708K $165K $37K $OK $910K 

$282K $OK $OK $OK $282K 

$3,323K $7,268K $920K $20K $11,530K 

COST PERCENTAGE 

R&D $910K 11.37o/o 

EDIA $2,614K 32.66°/o 

CONSTRUCTION $8,006K 

CONTINGENCY $3,756K 35.37°/o 

TOTAL $15,286K 

•. Page 1 
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1.2 MATERIAL COST 



LAr forward Calorimeter :\lilterial Cost 
(Cor two For"'·ard Calorimeters) 

Cost of Module Barrels 
Material Quantity Units 

Barrel Meterlal 1,587 Lbs 
TonlRottom Plates 1.852 Lbs 
Inner Tube Snacers 165,582 Each 

Total 

Cost or SS Tubes & Ouartz Fiber 
Material Ouantltv Units 

5.0 mm SS Tublno 11 liO Ft 

5.4 & 5.44 mm SS Tubln2 75.869 Ft 
5.84& 5.9 mm SS Tubln.. 98,612 Ft 

6.3 mm SS Tu bin<> 34.022 Ft 
Tube Coatln2 Material 219,783 Ft 

Ouartz Fiber 329,675 Ft 
Total 

C'not n~ "'-----rt Strn~tnPA fl, • 

Material nuantltv Units 

Crvostat 27,117 Lbs 
Module Sunnort 5,952 Lbs 

Total 

TOTAL: 

Cost/Unit 
$5.50 

$12.00 

$1.00 

Cost/Unit 
$2.00 

$2.05 
$2.10 

$2.18 
$1.00 

$1.00 

Cost/Unit 
$0.00 

$6.60 

* this will be paid by central calorimeter. 
Cost of Absorber 

Material Ouantltv Units Cost/Unit 
W Rods & Absorber 66,182 Lbs $60.41 

Tun2sten balls 14,771 Lbs $0.00 

Eutectic 7,275 Lbs $0.00 

Total 
•• this will be paid by Muon Group. 

Cost of Electrical coml!i!nent~ 
Material Ouantltv Units Cost/Unit 
Preamm; 1,736 Channels $45.00 

G-10 Plates 72 Plates $100.00 
G-10 Plates 72 Plates $50.00 

Striollne Cables 2,337 FT $5.50 

Total 

S. M. Chae/ORNL14-10-92 

$5,344,4581 

~730 

$22,222 
$165,582 

$196-535 

$22-559 
$155.532 
$207-086 

$74,169 
$219.783 

$329,675 
$1,008,804 

$0 * 
$39.286 
$39,286 

$3,998,060 

$0 •• 
$0 * * 

$3.998,060 

$78,120 
$7,200 
$3,600 

$12.853 
$101,773 



1.3 MANUFACTURING PROCESS FLOW DIAGRAM 

.. 



Liquid Areon Forward Calorimeter Manufacturine Process 

1011111 Iun11l£a Bml1 In lons:c Iu~1 Tub£ A1smhllu 
Get Inner tubes & tungsten rods Get Inner & outer tubes 
Swage inner tuba on one end Cut quartz fiber to •peclllcd length 
Insert tungsten rods Wnip quarb fiber around Inner tubes 
Swage the other end or Inner tubes Insert Inner tuba Into outer tubes 
Coat Inner tube surface Inspect for proper alignment 
I.able & olorc Secure tube a .. emhly 

Tungsten Plates Lable & Store tube a .. embly 

& nludule barrels 
are fabricated by 
vendors & delivered 

Inner & Outer Tubes t 
Mtt cut to specified - Module Assembly 
lcn~th by the Yendor Get tungsten plates 

(~et nwdule barrel 
Clean & inpect barrel 
Install spacers in holes in hottom plate 
Install W plates into barrels 
(Install eutectic ror lladronic & Tail catcher modules) 

lnslull Module Assemblies lpto Supoort Structures 

(;ct n1odule assemblies & support structure 
Set up Support Slructure in 1 fb.lure 
Install EM module Into the support structure 
Connect Striplin< Cahleo to G-10 plate 
Inspect subassembly 

Align holes & insl.11.Jl tnp Plate (5pol weld) 
Install tube as~mhlies in modules 
Secure outer tubes to top platc{solder) 
Install (;-10 plates & electrically connet."l 

inner tubes to G-10 plates 
Perform nuxlule assernhly runctional check 
Repeat above steps ror 1tll module asemblies 
I.able & Store 

'[est Assembly 
ln5tall test harness 
Perform runctional check 

Rt~at above steps ror Hadronic & Tail Catcher m1xlules 
I.able & store 

' 

Cn:ostal Installalion Co:Uil1l ID~l111la 
Install •·orward 
Calorimeter Cri 
As A Part OC Cc 
Calorimeter Cr) 

I 

Assembly Fh Up 

·ostat 
·ntral 
05h1t 

Move assembly to fit up stand 
Install electronics 
FUI Uquid argon 
Perform operational tests 

) 

S. 1\1. ('luu· 
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1.4 MANUFACTURING EQUIPMENT COST 

.. 



Manufacturing Equipment for LAr Forward Calorimeter 

Equipment Quantity Unit Cost Total Cost 

STATION ONE 

1.01 Inner Tube Aaaembly Stand 1 $15K $15K 

1.02 Tube Coatlna Stand 1 $15K $15K 

STATION TWO 

2.01 Tube Assembly Stand 1 $15K $15K 

STATIONlHREE 

3.01 Module Assembly Stand 3 $15K $45K 

3.02 Lifting Fixture 1 $15K $15K 

3.03 Personnel Platform 2 $2K $4K 

STATION FOUR 

4.01 Module/Support Assembly Stand 1 $25K $25K 

4.02 Lifting Fixture 1 $25K $25K 

4.03 Personnel Platform 2 $3K $6K 

STATION FIVE 

5.01 Subassembly Test Stand 1 $25K $25K 

5.02 Temporary Bracing 1 $15K $1 SK 

S.03 Personnel Platform 2 $3K $6K 

STATION SIX 

6.01 Assembly Flt-up Stand 1 $SOK $SOK 

6.02 Personnel Platform 2 $4K $8K 

SPECIAL PURPOSE EQUIPMENT 

7.01 Miiiing Machine 1 $30K $30K 

7.02 Tube Swaging Machine 1 $40K $40K 

7.03 Dimensional Inspection Fixture 1 $30K $30K 

7.04 Portable Readout Test Stand 1 $20K $20K 
. 

7.05 Temporary Wiring Harnesses 1 $10K $10K 

7.06 OD Test Sources/Counters 1 $SK $SK 

GENERAL EQUIPMENT 

8.01 Clothing 1 $10K $10K 

8.02 Cleaning Supplies 1 $SK $SK 

8.03 Work Tables 3 $3K $9K 

8.04 Tools 1 $10K $10K 

8.0S Temporary Use Items 1 $20K $20K 

8.06 Handllnct Carts 110 to SO TI 2 $SK $10K 

Total $468K 



1.5 MANUFACTURING LABOR COST 

.. 



Liquid Ar~on For,vard Calorimeter 
(Manufacturing Manpower) 

STATION ONE 

1.00 Inner Tube & Tungsten Rod Assembly 

Teak Number Taak O.acrlptlon Hour• Peraonload Unit Tot PHRS Qu1ndty Tot PHRS 

1.01 Get Inner Tube• 1.00 1 1.00 3 3 

1.02 SW•a• OM •nd of Inner Tube• 0.03 1 0.03 12800 2750 

1.03 Get Tun1111ten Roda 1.00 1 1.00 3 3 

1.~ lnNr1 Tunaaten Roda Into Inn« Tube• 0.01 1 0.01 12800 690 

1.01 swa.- orh« •nd or Inn« Tube• 0.03 1 o.03 12800 2750 

1.111 CO«it Inner Tube1 0.03 1 0.03 12800 2070 

1.07 lnaoect Inner Tubea O.G03 1 0.00 12800 230 

1.oa Mov• lnnM Tube• to Storaaa/Sratfon 2 0.50 1 0.50 3 1.5 

1.09 Get Outer Tubes 1.00 1 1.00 3 3 

1.10 lna....,..t Out., Tube• 0.001 1 o.oo 82800 115 

1.11 Coat Out•r Tubes 0.03 1 0.03 12800 2070 

1.12 ln•~t Outer Tubtla 0.003 1 0.00 82800 230 

1.13 Move Outer Tut>.a to Storaae/Statlon 2 0.50 1 0.50 3 1.5 

Total• for Station On• 4.13 4.13 10937 

Personnel Erftclencv 1.25 

Esdmated Personhoura 13'71 

Person YearsO 1710 Hr/Yr 7.72 

STATION TWO 

2.00 Tube Assembly 

Task Numb« Task O.acripdon Hour• personload Unit Tot PHRS Quantity Tat PHRS 

2.01 Aetrl•ve Inner Tube• & Quartz Fiber 1.00 1 1.00 3 3 
2.02 Wrao Quartz Fiber Around Inner Tubes 0.02 1 0.02 82800 1380 

2.03 Retrieve Outer Tube• 0.50 1 0.50 3 1.5 

2.~ lna•rt Inner T~t>.• Into Outer Tube• 0.03 1 0.03 82800 2070 
2.05 Secur• Tub• A•eml:llV 0.004 1 0.00 82800 345 
2.111 ln1-t Tube A11embtv 0.003 1 o.oo 82800 230 
2.07 Move aubal1Mmbfv to Storaae/StaUon 3 0.50 , 0.50 3 1.5 

Tot.al• ror Station Two 2.05 2.01 4031 

Personnel Efftclencv 1.25 

Estimated Personhours 5039 

Person Yearso1no Hr/Yr 2.85 

s. M. Chae,ORNl./4·10-92 
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STATION THREE 

3.00 Module Assembly 

Task Number Ta•k O.scrlptfon Hour• Personk>ad UnttTotPHRS Ouandty ToL PHRS .. 
3.01 R•trl•v• Tunaaten Plat•• from Storaa• 1.00 2 2.00 I 12 
3.02 Retrieve Module Barr•I & Too Plate O.IO 2 1.00 I I 
3.03 Clean I In-ct Battel & ToD Plate 0.50 1 0.50 I 3 
3.04 lnalllll Ceramic :!lnacara In Bottom Plate H~•• 0.001 1 0.00 12800 115 
3.05 lnatall Tunaaten Platea In Barrel 0.50 3 1.IO 220 331 
3.0I Allan Holea & lnatall Too Plata 1.00 3 3.00 I 11 
3.07 Install Tube AllMmbllaa In Modula AaHmblv 0.02 1 0.02 12800 1380 -
3.08 Secure Tube AMembUaa to Modula Asaembtv 0.02 1 0.02 12800 13IO 
3.09 Install G-10 Platea & Electrfcallv Connect to Tubes 0.02 1 0.02 12800 13IO 
3.10 Perform Modula Aaaemblv Funcllonal Check 0.004 2 0.01 82800 1110 

3.11 Mova Barrel AsHmblv to Stoaraa/Statfon 4 1.00 2 2.00 I 12 

Totals for Stltlon ThrN 4.58 10.08 5325.7086151 

Personnel Erftclencv 1.25 -
Estimated Personhoura 111158 

Parson Yearao1no Hr/Yr 3.7e 

.. 
STATION FOUR 

4.00 Assemble Module/Support Structure 

Taak Number Task O.scrfptton Hours Parson load Unit Tot PHRS Quantity Tot PHRS -4.01 Adlust Module/Su ... ...,.,,rt Assemblv Stand 0.50 ·1 0.50 2 1 
4.02 lna..._.t Module/Su ... -rt Assemblv Sland 0.50 1 0.50 2 1 
4.03 Get Module Assemblies 1.00 2 2.00 a 12 
4.04 Get Suri."'ort Structure 1.00 2 2.00 2 4 
4.05 Install/Flt Modules 4.00 3 12.00 I 72 . 
4.01 Connect Strlnllne Cables & Lable 1.00 1 1.00 72 72 
4.07 lnaneet SUbaa .. mbly 1.00 1 1.00 I I 

... 
4.01 Label and Store Subassemblv 2.00 3 e.oo 2 12 

Total for Station Four 11.00 25.00 180 

Pereonnel Efftclencv 1.25 

Esdm11ted Per1onhour1 225 

Peraon Year101770 Hr/Yr 0. 13 .. 
LAr FCAL Subassembtv Manufacturlnq Person-hours Subtotal 25Si3 

Person Yeara01770 Hr/Yr 14.46 

-
S M Chae 10RNL14·10-92 .. 
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STATION FIVE 

5.00 Test Subassemblles @ Texas 

T••k Number Taak Descrlodon Haun Personload Unit Tot PHRS Ouandtv Tot PHRS 

1.01 Move SUblla .. mblv to Te1t Statton 2.00 3 e.oo 2 12 
1.02 lnatall Teat Harn••M• 2.00 2 4.00 72 288 
1.03 Start..Yn Teat A"'"'•ratt.11 2.00 2 4.00 2 • 
S.04 Perform Funetlonal T•eta 40.00 2 I0.00 2 180 

5.0S Uov. AsMmblY to StoraQe/Stl S 1.00 2 2.00 2 4 

Total for Station Five 47.00 IMl.00 472 

Personn.I Ertlcl•- 1.25 

E•tlmat.d Peraonhour1 5llO 

Person Yearao1no Hr/Yr 0.33 

STATION SIX 

6.00 Assembly Flt-up @ Texas 

Task Number Task O.scrloUon Hour a Personload Unit Tot PHRS Ouantl ... • ToL PHRS 
e.01 Move Suba1semblla1 to Flt-up Stand 2.00 2 4.00 2 8 
e.02 Connect Electronic• 2.00 2 4.00 72 288 

' 8.03 FUI with Llauld Araon IDart of Central lnstalladon) o.oo 0 0.00 2 0 

I 8.04 Ooeratlonal Test 80.00 2 180.00 2 320 

Total for Station Six 14.00 188.00 111 

Personnel Erftclen..v 1.25 

Estimated Parsonhours no 
Person Yaars01770 Hr/Yr 0.44 

Modula A•Mmblv Subtotal 10 Texas) 1380 

Person Years01770 Hr/Yr 0.77 -· 

Total Fabrication Personhours 26953 

Person Years@1770 Hr/Yr 15.23 

s M Chae'CRNU4-1 :.:.2 



1.6 INSTALLATION COST 

(Equipment & Labor) 

. 



Liquid Argon Forward Calorimeter Installation 

r Total: I $129,757] 

Installation Egulpme1 

Equipment Quantity Welaht Units Unit Cost Cost 
Transport Cart 1 1 Unit $40,000.00 $40,000 
Temporary Rall 1 10000 Lbs $2.00 $20.000 

Temporary Bracing 1 12500 Lbs $2.00 $25,000 
Crane 1 1 Unit $25.000.00 $25.000 
Total $110.000 

Installation Manpower 

No. Duration Service Time Total Hours Hourly Rate Cost 
······························ ....................................... 

Personnel Months MH/Month 
Electrician 3 1 170 510 $29.86 $15,229 

Crane Operator 1 1 170 170 $26.64 $4,529 

Total 4 680 $56.50 $19. 757 
Person Years 0.33 

Yearly Rate $59.27K 

'· S. M. Chae/ORNl/4-10-92 



2.1 PARAMETER TABLE 

-· 



GEM Parameters 
Liguid Argon Forward Calorimeter 

NAME EM Hadronic Tail Catcher units 

- Distance from IP to near face 5090 5385 6005 mm 

Depth in Z 250 570 300 mm 

Distance from IP to Module Mid-Plane 5215 5670 6155 mm 

Inner Radius 20 21.69 23.47 mm 

Outer Radius 330 566 614 mm 

Unit Cell 

Center to Center 7.5 8.1545 8.8525 mm 

Tube Diameter ID . 
5 5.4364 5.9017 mm 

Tube Wall Thickness 0.2 0.2 0.2 mm 

Liquid Argon Gap 0.1 0.3 0.3 mm 

Drift Time 20 60 60 nsec 

Sampling Fraction (by Volume) 3.16 8.41 7.78 % -· 
Tube Capacitance 521 415 238 pf 

Tube Inductance 2.04 13.33 6.43 nH 

Tube Impedance 1.98 5.67 5.20 Ohms 

Weight 1.46 12.49 7.65 Metric Tons 
Number of Tubes 6871 17261 17263 tubes 

Rutherfoord I Chae, 4/16/92 
page 1 



1, 

LAr Parameter Caclulation 

GE:\1 Parameters 
Liquid Argon Forward Calorimeter 

One Side i Both Sides I 

Modules 3 6 I units 

Channels 868 1,736 units 

Module Barrel (Metal) Volume 0.08 0.17 M"J 
SS Tube Volume 0.1 0.2 M"J 

Tunesten Rod & Absorber (95% W) Volume 0.8 1.6 M"J 
Absorber Volume (50% Tungsten) 0.3 0.7 M"J 

Tungsten powder Volume 0.2 0.3 M"J 
Eutectic Volume 0.2 0.3 M"J 

Volume of Module Suooort Structure 0.2 0.3 I M"3 
Volume of Cryostat 0.8 1.5 I M"3 

TOTAL VOLUME 2.3 

Weight of 3 Barrels (Mate!) 0.7 1.3 Metric Tons 

Weight of SS Tubes 0.9 1.8 Metric Tons 

Weieht of W Rods & Absorber (95 % W) I 15.0 30.0 Metric Tons 

Weieht of 50% Tunesten Eutectic 5.0 10.1 Metric Tons 
Tungsten Powder 3.4 6.7 Metric Tons 

Eutectic 1.7 3.3 Metric Tons 

\Veight of Module Support Structure I 1.4 2.7 Metric Tons 

\Veight of Cryostat ! 6.1 12.3 Metric Tons 

TOT AL \VEIGHT 29.1 58.2 Metric Tons 

Active Absorption Lenehth I 10.00 Lambda 

No of Tube Positions In EM Module 6,872 13,744 Units 

No of Tube Positions In HADRON MODULE #1 17,260 34,s20 I Units 

No of Tube Positions In HADRON MODULE #2 17,259 34,518 I Units 

Leneth of Tubes for EM Module 1,718 3,435 I Meters 

Leneth of Tubes for Hadronic Module 9,833 19,667 Meters 
Leneth of Tubes for Tail Catcher 5,179 10,359 I Meters 

Inner Radius 20 mm 

Outer Radius 890 mm 

Active Length*** I 1,120 ! mm 

*** This value include the active length of absorbers only • gap between modules or 
the cryostat dimension is not included. 

Page 2 
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2.2 GENERAL ARRANGEMENT 
& 

DETAIL DRAWINGS 
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Notes: 

([])([])([])([])([])([))([])([])([])([])([])([])([])([])([])([])([])([])([))([))([)) 1. Module Dimension 

. t · ([])([])([])([))([))([])([])([))([])([])([))([))([])([])([])([])([])([])([))([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([)) 
f I.' '1'1 mmHl.20 {[)) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) {[)) {[)) {[)) {[)) {[)) {[)) {[)) {[)) {[)) 

II t . -<ID <ID ([]) ([]) <ID ([]) <ID ([]) <ID <ID <ID <ID <ID <ID <ID ([]) <ID <ID ([]) <ID ([]) 
' ([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([]) 

(see FCLAR-MD<Xll) 

ID = 40 mm. OD = ti/~) mm 

Thickness = 250 nun 

2. Hole No= - 6870 hob 

I ® ® ® ® ([]) ® ([]) ([]) ([]) ® ® ® ([]) ([]) ([]) ([]) ® ® ® ([]) <ID , 
I ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) <ID <ID ([]) 

I 
([])([])([])([])([])([])([])([]) ([])([])([])([])([])([])([])([]) 

I ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) 

([]) ([]) ([]) ([]) ([]) ([]) ([]) 040.0 mmHl.5 ([]) ([]) {[)) ([]) {[)) ([]) ([]) 51.96 mmt0.20 

([])([])([])([])([])([])([]) ([])([])([])([])([])([])([])([]) 
([])([])([])([))([])([])([])([]) ([])([])([])([])([])([])([))([]) 

([])([])([])([])([])([])([])([]) ([])([])([])([])([])([])([])([])([]) 
([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])@r---~ 

([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([]) 
([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([]) t 

([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) (ill 5.400 mm ~-JJJ 
([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([]) t• 

([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([])([]) 
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~ ~ 
PROJECT:!isc GEl\tti~~n:crott 
FORWARD C\LOKll\oti:TEH 

1.. 60.00 mmt0.20 -·· -...J - - TDD UQutDARGONomoN 
BOn'OM PLATE HOLE AICRANGi:t.11-:NT 
EM MODULE· CENTER 

ra1NT No: FCLAR-s•'!>~J_ I ut:vo-
ou WN IY1 S. M. CHAE .UI0/92 

7.50 mm±0.20. •I 

-------- ------•. ----- .. -- ------- ·---- . ·------------· -L-C!!!C~~~!! ~- ~~1:1nvt:n ll\'1 



5340 mm from JP 

50911 mm from JP 

_t ___ _ 

660.0mm 

I 

250.0mm 

f f 

See I>etail "A" 

1rs-~Jl=3--

~570.0mm-~ 
l~ifll~f:(~i~i:J 

1215.0 mm ---

• ~3·,~~: 

i 
Strlpllne 
Cables 

Tungsten or Eutectic 

01422.00mm 

See 
FCLAR-TPAOOI, 002, & OOJ 

\t::: .. 

G-10 plates 
~,'.'-:! 

for detail 

M.&.llm-4 liUIUll'n'A llMJEllG'I Q)'j'[".1,-.:l 

PROJECT: SSC GEM u~;rEl."l~ll! -----l 

t'ORWARD CALORUttE1l:K 
LIQUID ARGON OP'llON 

MODULE AltltANGE~tENT 

PRINT NO: FCl.AR-M!!Qlll 
ORA WN BY1 S. ~t. <;~!Al': .t/ll'>l 

__ 2._ __ _ 

-, .1-.-.:v ~--=--

OllC!!'.!> A APP~~~\·ru R\'1 _ lll<,"f~ll. "A" -G-!O_~({RANGEMENT 

f • • • • • • • f 



MODULES (units In mm) 
-··-

EM llADRONIC Tail Catcher 
-

A 7.50 8.155 8.85) 

II 5.00 5.436 5.902 
c .. --·~,!10 4.8)6 S.l02 
II 0.10 0.lO O.lO 

J)cfinilions; 
"A" = Center lO Center Distance 
·n· =ID of Outer Tubes 
"C" =OD oflnncr Tubes 
"ll" = Liquid Argon Gap 

Outer Tube 

- lnncrTube 

Swaged Ends 

"D" -

"C" 

' 

Tungsien Rod 

©©© 
I 

@7©©© 
©I©©© 

GENERAL TUBE ARRANGEMENT 

Outer Tube 

Tungsien Absorber 
between Outer Tubes 

Liquid Argon Gap 

M.H'llllll ILUlll1Ta ID'IUG11' lfl:l1!".ll>J:J 

PROJECT: SSC GEM 1n::nTTl!U I 
t'OllWARD CALORIMETI::K 
LIQUID ARGON OPTION 

Inner Tube (or melalic coating) 
TUBE ARllANGElttErfl'S IN f\.U>IHll.t-:."i 

DETAIL ARRANGEMENT OF A POSITION PRINT NO: FCLAU-~!!lliOZ -·-I u~::v. 3___:_ 
DRAWN BY1 S. ~t.CHAE -----· .Ul~l 
CHECKED A APPROVED BY1 --- ---·-· 

) 



• • 

7 .5 llllll ..j i.­
C>---0 >(0----0 

C>----0 ~ 0----0 

C>---0 0----0 ..,---, 

__________. ___ -

• • 

_..J 

--

• • 

L.. -5.0 mm 
(not drawn lo scale) 

70.0 mm ----J r-

Stripline Cahlc 
(-70 mm x -0.5 mm) 

MA.11'1111 M.lUITl'A lllfmllG1r O:t:rll'.11.a:J 
----------- -

PROJECT: SSC GEM D~::TECTOR 

FORWARD CAWRIMt:TEK 
LIQUID ARGON OPllON 

C.10 READOUTPl..A.TE OF.SIGN - •:M 

PRINT NO: FCl..A}l-l{!'!!!Hll I "~:v o 
ORA WN BY1 S. P.t. CllA~--- _ ..,.,.., 

- ·-- . ___ . ___ -----\ __ Q_l~(~KED A AWROVt'.O llY1 

• • • • f 



3.1 WEIGHT & VOLUME CALCULATIONS 

. 



LAr Parameter Caclulation 

AREA & VOLUME CALCULATIONS: 101 5.0000 
1-------1 

(UNITS IN mm. mm"2. & mm"3 unless otherwise shown) ID2 5.4364 
1-------1 

ID3 5.9017 

AREA RATIO'S: 

BAARS.. TRIANGLE CIRCLE IN TRI CIRCLE RATIO SS TUBE RATIO 
1 24.36 11.45 0.47 7.51 0. 15 
2 28.79 13.38 0.46 6.45 0.11 
3 33.93 15.59 0.46 7.04 0.10 

BAARS.. WACO RATIO LAr RATIO c toe 
1 13.85 0.28 1.54 0.03 7.50 
2 15.46 0.27 4.84 0.08 8.1545 
3 18.87 0.28 5.28 0.08 8.8525 

AREA, VOLUME & WEIGHT: (UNITS IN MM"2, MM"3 & METRIC TON) 

RADIUS AREA LENGTH VOLUME TUBE NO 
BARREL1 340 334725 250 83741071 6871 
BARREL2 566 994040 570 566845004 17261 
BARREL3 614 1171591 300 351905969 17263 

AREA BARREL 1 BARREL2 BARREL3 TOTAL 
TUNGSTEN RODS 95197 266827 325759 687783 
TUNGSTEN ABSORBEF 177359 532235 633174 1342767 

SS TUBES 51592 111416 121519 284527 

LAr 10577 83562 91139 185278 

VOLUME BARREL 1 BARREL2 BARREL3 TOTAL 

TUNGSTEN RODS 23816274 152156424 97846989 273819687 

TUNGSTEN ABSORBEF 44371312 303503691 190183836 538058839 . 
SS TUBES 12907232 63534222 36500082 112941537 

LAr 2646253 47650667 27375062 77671981 
EUTECTIC (50"/o W) 4578789 220156407 124728666 349463861 
MODULE BARREL 3144323 39420355 24120978 66685657 

WEIGHT BARREL 1 BARREL2 BAAREL3 TOTAL 

TUNGSTEN RODS 0.44 2.81 1.81 5.06 

TUNGSTEN ABSORBEF 0.82 5.61 3.52 9.95 
SS TUBES 0. 10 0.51 0.29 0.91 
LAr 0.004 0.067 0.038 0.11 
EUTECTIC (50% W) 0.07 3. 17 1.80 5.03 

MODULE BARREL 0.03 0.32 0.19 0.53 
TOTAL WEIGKT 1.46 12.49 7.65 21.60 



LAr Parameter Caclulation -

-
Structural Components Weight & Volume 

Module Support Volume & Weight: -
VOLUME WEIGHT" 

M"3 Metre Ton 

BARRaSUPPORT 0.14 1. 11 

BARRaSTOPS 0.03 0.24 
TOTAL 0.17 1.35 -

Vacuum Vessel Volume & Weight: 
VOLUME WEIGHT" -M"3 Metre Ton 

TOP COVER 0.23 1.83 
MIDDLE SECTION 0.16 1.24 

BOTTOM SECTION 0.00 0.04 
TOTAL 0.39 3.12 -

Liquid Argon Vessel Volume & Weight: 

VOLUME WElGHT 
M"3 Metre Ton -

TOP COVER 0.10 0.84 
MIDDLE SECTION 0.26 2.09 

BOTTOM SECTION 0.01 0.08 . 
TOTAL 0.38 3.01 -

TOTAL WEIGHT & VOLUME: 
VOLUME WElGHT 

M"3 Metre Ton -TOTAL 0.93 7.48 

-
-



3.2 ACTIVE THICKNESS CALCULATION 



LAr Parameter Caclulation 

-
Active Thickness of Absorbers (MODULE 1) 

Absorber: Tungsten Heavymet 

Material Density Int Length Percent Metal IL Actual IL 
g/cm"3 g/cm"2 % Vol cm/L cm/L 

Al.!s2cl.!ic !:<2m122sltl9n 81.43% 
Copper 8.96 134.9 1.22'Yo 15.06 1232.67 
Nickle 1.21 96.6 2.85% 80.03 2808.25 

Tungsten 19.30 185.0 77.36% 9.59 12.39 

SS Tube 8.02 131.9 15.41 % 16.45 106. 70 

SiDlii Mi!t!iclol 
LAr 1.4000 117 .2 3.16% 83. 71 2649.1 5 

10.91 
Totals 13.55 100% 10.91 
Inverts 0.0738 0.0916 

Hodeoa Make·u12: 
(By volume) 

Material Eutect. Absorber Total 

Copper 30.0% 1.50% 
Nickle 70.0% 3.50% 

0.00% 
0.00% 

Mixing Material 100.0% 5.00% 
Tungsten 95.00% 
Absorber 100.00% 81.43% 
SS Tube 15.41'Yo 
Lar 3.16% 

100.00% 

Page 2 



LAr Parameter Caclulation -

-Actjve Thickness of Absorbers <MODULE 2) 

Absorber: Tungsten Heavymet 

Material Density Int Length Percent Metal IL Actual IL -
g/cm"3 g/cm"2 'l'o Vol cm/L cm/L 

Ab112rbitr C2m122111tlsm 80.39% 
Copper 8.96 134.9 1.21 'l'o 15.06 1248.64 
Nickle 1.21 96.6 2.81% -80.03 2844.63 

Tungsten 19.30 185.0 76.37% 9.59 12.55 

-SS Tube 8.02 131.9 11.21 % 16.45 146. 73 

SitD!ll! Melitrlal 
LAr 1.4000 117 .2 8.41% 83. 71 995.85 

11.28 -Totals 12.98 100% 11.28 
Inverts 0.0771 0.0886 

-
Hadrga Makit-u12: 
(By volume) 

Material Eutect. Absorber Total . 
Copper 30.0% 1.50% -Nickle 70.0% 3.50% 

O.OO'l'o 
O.OO'l'o 

Mixing Material 100.0% 5.00% 

Tungsten 95.00% -Absorber 100.00% 80.39% 

SS Tube 11.21 % 

LAr 8.41% 
100.00% -

Page 3 ... 



LAr Parameter Caclulation 

Active Thickness of Absorbers (MODULE 3) 

Absorber: Tungsten Heavymet 

Material Density Int Length Percent Metal IL Actual IL 
g/cm"3 g/cm"2 ,-. Vol cm/L cm/L 

Ab!iQCb!i!C !;;gmi;igi;ftlpn 81.85% 
Copper 8.96 134.9 1.23% 15.06 1226.31 
Nickle 1.21 96.6 2.86% 80.03 2793.76 

Tungsten 19.30 185.0 77.76% 9.59 12.33 

SS Tube 8.02 131 .9 10.37,-. 16.45 158.56 

S!i!D!i!i! Mateclal 
LAr 1.4000 117.2 7.78% 83.71 1076.15 

11 .35 
Totals 13.34 1 00% 11.3 5 
Inverts 0.0750 0.0881 

Hadcoo Make-up: 
(By volume) 

Material Eutect. Absorber Total . 
Copper 30.0o/o 1.50% 
Nickle 70.0"lo 3.50% 

0.00% 
0. 00% 

Mixing Material 100.0,-. 5.00o/o 
Tungsten 95.00% 
Absorber 100.00"lo 81.85% 
SS Tube 10.37,.. 
LAr 1.18,-. 

1 00.00,-. 

Page 4 



4.0 VENDOR'S PRICE QUOTE 

-· 
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•-.~ :,;:: .... , ............. · .:i ...,,,. ....... -- . 
I -- ~-: .. ' ·:.•:. 

TO: 

t.OCATIOH: 

GTEPRODUCI'SCORPORATION 
CHEMICAL AND METALLURGICAL DMBION 

TOWANDA, PA 18848 

FAX tC717) 265-1460 
VN 8-7fJS.1~0 

Public Telephone (717) 26&-2121, m". 2660 

TET,ECOM' COVER SH P:ST 

PAX NUMBU: 

NUMB!R OP PAG!S INCLUDING COVER SHEET: "2-

.577£J£. . 
(..,./£:T ,-,£,. K,NON Ir Yo Cr 1Vi5fC.LJ 

FROM: 

CATI: 

1"0Jl•l0. I 
09/29/18 

14,vy,; nd/f!: 

' ) 
VOIC!-NET: 



FAX 

April 13, 1992 

Mr. Steve Chae 
Oak Ridge National Labs 
Oak Ridge, TN 

Dear Steve: 

... -.. 

SYLVANIA 
i •11 §i 

SUBJECT: Oak Ridge SSC GEM DETECTOR FABRICATION 

--·- ·--·- .. 

ChemlcalsJMet.!lla 

:..j3·1.e: :::~·~.;: 

7o·.,v~"',:3, ?A '.S3.!8. 
111 2c.s-~i2i 
--:wx 5i0 671-4561 

We will press and sinter quarter-circle slabs just over two inches thick. The com­
position will be 95W, 4.5 Ni, 0.5 Fe or 95W, 4 Ni, 1 Cu. We would prefer the Ni-Fe 
alloy but will consider the Ni-Cu alloy. Four quarter-circle slabs will be brazed 
together to form the full circular slab. A tongue and groove joint will be used. 
The brazing will be done in two steps. Matching tongues and grooves will be 
machined into quarter-circle pairs and they will be brazed together to form a 
hemi-circle. The hemi·circle can then be machined with matching tongues and 
grooves and brazed together. A lower temperature braze will be used for the sec· 
ond brazing operation. In both brazing operations gravity will be used to insure a 
tight joint with no gaps. A special furnace will be built for the brazing operation. 
After brazing the disc will be turned to finish diameter and turned and ground to 
t.h;cknesg_ That OJ>4r!lt:ion will b<> dono oa'-aita. Th.a holoR Mll t.hn" hn rl...illnrl 
using a vertical machining center. For each disc of each module locating pins 
will be used to insure an accurate alignment of the holes when the discs are 
assembled to form one module. The toleranca of the holes is estimated at ±0.005 
inch largely due to drill wear during drilling. If a lower tolerance is required, the 
boles could then be reamed but that would add about $3SO,OOO to the ri . Total 
fabrication time for a unit is largely dependent on the drilling operation an is 
estimated aa 24 months and 36 months if reaming is required. 

Sincerely, 

z· A, Mullmdore 

lw 

-

-

... 

-
... 

... 

-
... 

-
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G~ n ........ D .... -- ... .--n~oRATIO....,. 
.. ,... .1; ..n.V u '-' ... ..::i \...V~ l •., 

CHEMICALANDMETALLURGICAL DIVISION 
TOWANDA. PA 18848 

DMSION ENGINEERING 

FAX #(717)265-1450 
VN 8·765-1450 

PUBLIC TELEPHONE (717) 2615·2121, EXT. 2660 

TELECOPY COVER SHEET 

TO: :5rirvt£ Ur'?£ 

LOCATION: OAK. Rz D6 15:. FAXMThmER: ~!5/s7'J, 7186 
NUMBER OF PAGES INCLUDING COVER SHEET:'---_..:...) ________ _ 

FROM: Vfl/J //)(.) CL€.Al.iX:JfS£ 

DATE: 4/9/9 2- VOICE-NET: 7) 7 /z (, -S:: -f17S-
' 
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SCINTILLATING LIQUID OPTION 



INDEX 

FORWARD CALORIMETER 
SCINTILLATING LIQUID OPTION 

1.0 COST ESTIMATES 

1.1 SCINT LIQUID FCAL COST ESTIMATE TABLE 
1.2 MATERIAL COST 
1.3 MANUFACTURING PROCESS FLOW DIAGRAM 
1.4 COST OF MANUFACTURING EQUIPMENT 
1.5 COST OF MANUFACTURING MANPOWER 
1.6 INSTALLATION COST 

2.0 SCINTILLATING LIQUID FCAL DRAWINGS 

2.1 PARAMETER TABLE 
2.2 GENERAL ARRANGEMENT & DETAIL DRAWINGS 

3.0 CALCULATIONS 

3.1 TOWER SIZE CALCULATION 
3.2 WEIGHT & VOLUME CALCULATIONS 
3.3 ACTIVE THICKNESS OF EUTECTIC 

4.0 VENDOR'S PRICE QUOTE 



1.1 SCINTILLATING LIQUID FCAL 
COST ESTIMATE TABLE 



) 

CONSTRUCTION 

R&D 

ENGINEERING 

SUBTOTAL 

SPAGHETTI CO~. 3UMMARY 

SCINTILLATING LIQUID OPTION FORWARD CALORIMETER 
COST ESTIMATE SUMMARY 

ENGR/DESIGN 

M&S and PROC/FAB LABOR LABOR 

INSPECTION MATERIAL ASSEMBLY INSTALLATION SUBTOTAL 

$2,481 K $6,726K $1,179K $252K $10,638K 

$484K $582K $294K $OK $1,360K 

$271K $OK $OK $OK $271K 

$3,236K $7,307K $1,474K $252K $12,269K 

COST PERCENTAGE 

R&D $1,360K 16.76°/o 

EDIA $2, 753K 30.59°/o 

CONSTRUCTION $8,111K 

CONTINGENCY $4, 139K 38.11 o/o 

TOTAL $16,362K 

Page 1 
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1.2 MATERIAL COST 



Cost of Materials - Tungsten Eutectic 

Spaghetti Forward Calorimeter Materials 
(for two FCAL = 240 supertowers) 

Cost of Sheaths 
Material Quantitv Units 

Sheetmetal 11,464 Lbs 

Fasteners 3,840 Each 

Total 

Cost of 3 mm SS Tubes (1/8" OD w/ 0 006 " w t) ' z z 

Material Ouantitv Units 

SS Tubing 633.284 FT 
Tube Coatin!! 633,284 FT 

Total 

Cost of Su1wort Structure & outer ring 
Material Ouantltv Units 

Outer Rini! 16,314 Lbs 
Sunnort Structure 25,573 Lbs 

Fasteners 128 Each 
Total 

Cost of Toj;! Plates & Oil SUj;!j;!IV S)'.stem 
Material nuantitv Units 

4 Plates/S. Tower 2.346 Lbs 
Spacer Plates 647 Lbs 

Oil Sunnlv Pioinl! 1,360 Lbs 
Oil Pump 2 Each 

Total 

Cost of Absorber 
Material Ouantitv Units 

Tunl!sten 116.182 Lbs 
Wood's Metal 57,099 Lbs 

Total 

Cost of Readout Assemblies 
Material nuantitv Units 

Readout Fiber 105.403 Ft 
PMT l,664 Each 

Wood's Metal 4,619 Lbs 
Lieht Mixers 1,664 Each 

Fastener 7,680 Each 
Total 

TOTAL: 

Cost/Unit 
$5.50 

$5.00 

Cost/Unit 

$0.85 
$1.00 

Cost/Unit 

$6.60 

$6.60 

$10.00 

Unit Cost 

$12.00 

$4.00 
$5.50 

$20,000.00 

Cost/Unit 

$13.00 
$2.54 

Cost/Unit 
$0.53 

$600.00 
$2.54 

$25.00 

$1.00 

S. M. Chae/ORNU4-14-92 

$4,379,971 

$63.052 

$19,200 

$82.252 

$538.292 
$633,284 

Sl,171,576 

$107,673 

$168,784 

$1.280 
$277.737 

Cost 

$28.154 
$2.586 

$7,481 

$40.000 

$78.221 

$1,510,371 

$144,824 

$1,655.196 

$55.579 

$998AOO 

$11.731 

$41.600 
$7,680 

$1,114.991 



1.3 MANUFACTURING PROCESS FLOW DIAGRAM 



Scintillatini: Forward Calorimeter Manufacturing Process 

I11Wi Spa,cc Accax Bcaduu& .Eibrc Snam Acax 
Cut tubes to right length Cut readout fibers to length 

Staljon #I I.Inc up plates & sp•cers Statjoo #2 Setup Spacer Plates 
Insert Tubes Into spacer plates Insert fibers & Expand Spacer Plates 
Expand spacer plates Secure fibers 

. . · .. ···..• . ... •·.· .·· ' .• ..... ·· ........ 
C15:lln1 Ia11tc A:1scmbb:: C1slinc Bcod!!ul A5:smhlx 
Assemble mold & frame Assemble mold 

SlaliQo tfl Install Spacer Array in Mold Install Spacer Array In Mold 
Cast Tower Assembly w/ Tungsten Eutectic Casi Readout Assembly w/ Wood's Metal only 
Clean & lnpect Tower Clean & lnpect Tower 

· .. . ·.· 

Tum:c t\5:5:Cmblx rccp 

Statjon #4 
Clean up Tube Openings 
Unplug Tube Ends 
Inspect Cor Debris In Tubes 

I 
r t 

loslull Sbcalh& 
SliilliQD tt~ Install Sheaths Install sheaths 

Install Top & Bottom Plates Secure Fiber 
Install Sheaths Finish Fiber Termination End 
Inspect Assembly Inspect Assembly 

·. • 
• 

A:a:u:u1hh: Tutt:cc Compao1:ol1 A:t:u:mhlc M!.Hh1[c Tell Assconhlx 
Get Tower & Headout Sections Install Outer Structural Ring Install PMT's & Wiring llarnesses 

Test Fit Components Gel tower & Install Towers Install Oil Supply I.Ines 

Allach Con1poncnts Inspect Module Asscmhly Perform Operational Tests 

Lahle & Store 

Staljoo #7 SlilliQa ttB 
S!a!jon #6 



1.4 MANUFACTURING EQUIPMENT COST 



Manufacturing Eguipment for Spaghetti Forward Calorimeter 

Equipment Quantity Unit Cost Total Cost 

STATION ONE 
1.01 3 mm Tube Cutting Machine 1 $20K $20K 
1.02 Spacer Alignment Fixture 1 $5K $5K 
1.03 Soacer Exoanslon Fixture 1 $5K $5K 

STATION TWO 
2.01 Readout Fiber Cutting Machine 1 $25K $25K 
2.02 Soacer Allanment Fixture 1 $1K $1K 

STATION TliREE 
3.01 Large Casting System 1 $125K $125K 
3.02 Tower Molds 6 $8K $48K 
3.03 Readout Section Molds 6 $3K $18K 
3.04 Setup Stand 1 $15K $15K 
3.05 Personnel Platforms 2 S4K $8K 

STATION FOUR 
4.01 Setup Stand 1 $10K $10K 
4.02 Personel Platform 1 $4K $4K 

STATION FIVE 
5.01 Sheath Assembly Stand (Tower) 1 $10K $10K 
5.02 Sheath Assembly Stand (Readout) 1 $3K $3K 
5.02 Personnel Platform 2 S2K $4K 

STATION SIX 
6.01 Tower Fixture 1 $10K $10K 
6.02 Tower Assembly Stand 1 $15K $15K 
6.03 Personnel Platform 2 $4K $8K 

STATION SEVEN 
7.01 Module Assembly Stand 1 $35K $35K 
7.02 Module Llftlnq Fixture 1 $45K $45K 

STATION EIGHT 
8.01 Assembly Test Stand 1 $25K $25K 
8.02 Temporary Bracing 1 $15K $15K 
8.03 Temporary Wiring Harnesses 1 $10K $10K 
8.J4 Op Test Sources I Counters 1 $5K S5K 
8.JS Personnel Platform 2 S4K SSK 

GENERAL EQUIPMENT 
10.01 Clothing 1 $10K $10K 
10.02 Cleaning Supplies 1 $5K $SK 
10.03 Work Tables 4 $3K $12K 
10.04 Tools 1 $10K $10K 
10.05 Temporary Use Items 1 $20K $20K 
10.06 Handling Carts (1 O to 50 T) 2 $5K $10K 

Total $544K 

S. M. Chae/ORNLJ4·14·92 



1.5 MANUFACTURING LABOR COST 



Spa\!hetti Forward Calorimeter 
(Tungsten Eutectic) 

Tuba & Readout Fiber Size· 3 mm 

STATION ONE 

1.00 TUbe Spacer Arrays 
Taak Number Teak OeacrtpL Hours Peraonload Unit Tot PHRS Quantity Tot. PHRS 

1.01 Retrieve Saacer Dlat•• 0.25 1 0.25 240 80 

1.03 Clean Saacer Platea 0.25 1 0.25 240 80 

1.04 AaHmbla Saacar Plata Stack & lna~t 0.17 1 0.17 240 40 

1.08 Install Rack In TutM Install. Station 0.17 1 O.t7 240 40 

1.07 GatTubea 0.50 1 0.50 240 120 
1.oa CutandlnJUtactTubea 0.01 1 0.01 128508 1808 

1.09 lnablll Tub•• In Rack & Close Tube Enda 0.02 1 0.02 128508 2142 
1.10 Exn•nd Saacar Atrav 0.25 2 o.so 240 120 

1.11 Install Snacar Bari 0.25 2 0.50 240 120 

1.12 lnsnect Comnlated Auamblv 0.25 1 0.25 240 80 

1.13 Move aaaamblv to StoraaelSTA 3 0.25 2 0.50 240 120 
Totals for Station One 2.38 3.11 4488 
Pareonnal Efftclan.-u 1.25 

Esdmated .,_,sonhoura 5810 
Parson Yeara01710 Hr/Yr 3.17 

STATION TWO 
2.00 Readout Section Spacer Arrav 

Task Number Task Oescript. Hours Parsonload Unit Tot PHRS Quantity Tot. PHRS 

2.01 Gal Readout Fibers 0.25 1 0.25 240 60 

2.02 Get Spacer Platea & Assemble Stack 0.25 1 0.25 240 80 

2.03 Cut and lnsaect Fibers 2.00 1 2.00 240 480 

2.04 lnHrt Fibers In Soacer Plates 0.01 1 0.01 128508 714 

2.05 Exoand So•cer Plates & Insert Spacer Bars 0.17 1 0.17 240 40 

2.08 Secure Flb9r• 0.25 1 0.25 240 80 

2.11 ln1-cr Comoleted Assemblv 0.08 1 0.08 240 20 
2.12 Move A1semblv to Station 3/Storane 0.25 1 0.25 240 80 

Totllll for Station Two 3.28 3.21 1404 
Personnel Efftciencv 1.25 

Estimated Personhours 1867 
Person Yeers01770 Hr/Yr 1.08 

s. M. Chae/ORNU4·15-92 



-

-STATION THREE 
3.00 Cast Tower & Readout Assemblies 

Task Number Task OescriDt. Hours Personload Unit Tot PHRS Cuantltv Tot PHRS 
3.01 Get Soacel' Arrav from Storaoe f 1 owar\ 0.25 2 o.so 240 120 
3.02 lns~ct Spacer Array (Tower) 0.08 1 0.08 240 20 

3.03 AaMmbl• Mold and Frame (Tower) 4.00 2 8.00 e 48 ... 
3.04 Install Soacer Arrav In Mold (Tower) 0.17 2 0.33 240 80 
3.05 Install Motd In Castlnca Statlcn(Towerl 1.00 2 2.00 240 480 
3.08 Heal Moldlna Bath (Tower\ 2.00 0.1 0.20 240 48 
3.07 Place Metal In CruciblelTower\ 0.25 1 0.25 240 eo 
3.08 Perlorm PreCastlnq lnsoectlonstTower\ 0.17 1 0.17 240 40 
3.09 Cast Tower Assemblies iTowerl 1.00 2 2.00 240 480 
3.10 Remove Mold From CastlnQ Statlon(Towerl 0.50 2 1.00 240 240 -
3.11 Suaarviaa Mold Cool-Down CvclelTower\ e.oo 0.05 0,40 240 98 
3.12 Onan MoldlTowar\ 1.00 2 2.00 240 480 
3.13 Clean Tower AssamblvfTower\ 0.50 1 0.50 240 120 
3.14 Inspect Tower Assembly 0.17 1 0.17 240 40 
3.15 Mova Tower assembly to Station 4 0.25 2 0.50 240 120 
3.16 Get Soacer Arrav from Storaaa(Readout) 0.17 1 0.17 240 40 
3.17 lns--ct Soacer ArravlReadcut\ 0.02 1 0.02 240 4 -
3.18 Assemble Readout Meld lReadcutl 1.00 1 1.00 e a 
3.19 Install Snacer Arrav In Mold tReadcutl 0.08 1 0.08 240 20 
3.20 Install Meld In Castlna StatlcnlReadcuO 0.17 1 0.17 240 40 

3.21 H••t Mcldlna Bath /Readout) 0.50 0.1 0.05 240 12 
3.22 Place Metal In Crucible/Readout\ 0.08 1 0.08 240 20 

3.23 Perform Pr.Cast!na lns ..... ctlons(ReadouU 0.08 1 0.08 240 20 
3.24 Cast Readout Assemblies 0.50 1 0.50 240 120 

... 
3.25 Remove Readout Mold From Castlna Station 0.25 1 0.25 240 60 
3.26 Suoervtse Readout Mold Ccol·Oown ~ela 3.00 0.05 0.15 240 36 
3.27 Oaen Readout Mold 0.25 1 0.25 240 50 
3.28 Clean Readout Assemblv 0.25 1 0.25 240 eo 
3.29 Inspect Readout Assemblv 0.04 1 0.04 240 10 
3.30 Move Readout Assemblv to Station 5 0.08 1 0.08 240 20 

Totals for Station Three 25.81 21.28 3000 
Personnel Erfleienev 1.25 

Estimated Perscnhcurs 3750 
Person YearsC ino Hr/Yr 2.12 

STATION FOUR 
4.00 Tower Assembly Prep 

Task Number Task Oescript. Hours Peraonload Unit Tot PHRS Ouantitv Tot. PHRS 

4.01 Rab'i•ve & lnsoect Tower Assemblv 0.25 2 0.50 240 120 

4.02 Clean Tower Assemblv 0 Tube Ends 2.00 1 2.00 240 480 

4.03 Pull Out All Pluos From Tube Ends 0.01 1 0.01 128508 714 -4.04 lnsneet Tubas tOpeninos & Inside} 0.00 1 0.00 128508 357 
4.05 Move subassembly to Storaqe/Sta S 0.50 2 1.00 240 240 

Totals for Station Four 2.76 3.51 1911 
Personnel Etfleienev 1.25 

Estimated Personhours 2389 
Person Yearso1no Hr/Yr 1.JS -

S. M. Chae/ORNU4·15·92 -



STATION FIVE 
s.oo Assemble Sheaths 

Task Number Task Descrtnt. Hours Person load Unit Tot PHRS Ouantltv Tot. PHRS 

5.01 Retrieve Tower Sheath• 0.33 1 0.33 240 80 

5.02 Clean&. Inspect Sheath• 0.25 1 0.25 240 10 

5.03 Get Tower A ... mbly & Inspect 0.50 2 1.00 240 240 
5.04 lnatall (Braze) Sheaths on Tower Anamblv 57.74 1 57.74 240 13858 
5.08 ln•n.ct Tower Subaseamblv 0.25 1 0.25 240 10 
5.09 Move SUba1aemblv to Storaae/Sta e 0.50 1 0.50 240 120 
5.09 Retrieve Readout Sheaths & Clean 0.17 1 0.17 240 40 
5.09 Get Readout Aasamblv & lnsoect 0.17 1 0.17 240 40 
5.09 Install lBraza) Sheaths on Readout Assemblv 4.72 1 4.72 240 1134 
5.09 lns,,.ct Readout Subassembly 0.25 1 0.25 240 80 
5.09 Mova Subassamblv to Storaae/Sta e 0.17 1 0.17 240 40 

Totals for Station Five 85.05 15.55 15732 
Personnel Efflclancv 1.25 

Estimated Parsonhoura 19865 
Parson Yaarao1no Hr/Yr 11.11 

STATION SIX 
6.00 Assemble Tower Components 

Task Number Task Oeacrh:n. Hours Parson load Unit Tot PHRS Ouantitv Tot. PHRS 

1.01 Adfust Tower Auembly Stand 0.50 1 0.50 I 3 

L02 Inspect Tower AaMmbly Stand 0.08 1 0.08 I 1 

L03 Transport Tower As .. mbly 0.50 2 1.00 240 240 

L04 Transaort Readout Section 0.08 1 0.08 240 20 
LOS Test Fit comoonents 0.50 1 0.50 240 120 
LOS Attach Components (Some Brazinci) 5.00 1 5.oo 240 1200 
1.07 Inspect Tower Subassembly 0.25 1 0.25 240 60 

1.08 Label and Stora Subasaemblv 0.50 2 1.00 240 240 
Total for $talion Six 7.42 8.42 1884 
Personnel Efficiency 1.25 

Estimated Personhours 2354 
Person Yearao1no Hr/Yr 1.33 

Tower Fabrlcadon P•rsonhoura Subtotal I I I I I 35636 

Person Yearso1no HrfYr 20.13 
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STATION SEVEN ... 
7.00 Assemble Modules 

Task Number Task OescrloL Hour a Peraonload Unit Tot PHRS Quantltv Tot. PHRS 

7.01 AaHm~• Conical F1xture & Inspect 4.00 2 8.00 1 I 

7.02 Locai., Transport and lnsp.ct Rina 1.00 2 2.00 2 4 

7.03 Install Outer Structural Ring 2.00 2 4.00 3 12 
7.04 Locate and TransDort Tower Asemblles 0.50 2 1.00 240 240 ... 
7.05 Install Tower Assemblies 1.00 2 2.00 240 480 
7.01 tnsoect Module Aasemblv 0.50 2 1.00 2 2 
7.07 L.atMI and Store Rina 2.00 3 8.00 2 12 

Total for Station S.Ven 11.00 24.00 758 
Personnel Efflclenev 1.25 

Estimated Parsonhoura 948 
Person Yearao1no Hr/Yr 0.54 ... 

STATION EIGHT 
8.00 Test Assemblies @ Texas 

Task Number Task Oescript. Hours Personload Unit Tot PHRS Quantitv ToL PHRS 

8.01 Move Module Assemblv to Test Station 2.00 3 1.00 2 12 ... 
8.02 Install PMra 1.00 1 1.00 240 240 

8.03 Install Oil Supply System 40.00 3 120.00 2 240 

8.04 Install Teat Harnesses 0.50 2 1.00 240 240 

8.05 Start UD Teat Annaratus 2.00 2 4.00 2 8 
8.08 Perform Ooaradonal Tests 80.00 2 180.00 2 320 
8.07 R•tum AsHmbllas to Storaae/Sta 9 2.00 3 8.00 2 12 -Total for Stadon Elaht 1'27.50 298.00 1072 

Personnel Efffclencv 1.25 
Estimated Personhours 1340 

Person Y•ara01770 Hr/Yr 0.76 

-
Module Assemblv Subsubtotal CO Texas) 2268 

Person Years01770 Hr/Yr 1.29 

Total Fabrication Personhours 37923 

Person Years01770 Hr/Yr 21.43 

.. 

5. M. Chae/ORNU4·15-92 ... 



1.6 INSTALLATION COST 
(LABOR & EQUIPMENT) 



Spaghetti Forward Calorimeter Installation 

I Total: I . $181,825 I 
lnstallatlon Equipment-Spaghetti Forward Calorimeter 

Equipment Quantity Weight Units Unit Cost Cost 
Transport Cart 1 1 Unit $40,000.00 $40.000 

Temporary Bracing 1 20000 Lbs $2.00 $40,000 
Temporarv Rall 1 15000 Lbs $2.00 $30,000 

Crane 1 1 Unit $25,000.00 $25,000 
Total $135,000 

Installation Manpower-Spaghetti Forward Calorimeter 

No. Duration Service Time Total Hours Hourly Rate Cost 
······························ ....................................... 

Personnel Months MH/Month 
Electrician 3 2 170 1020 $29.86 $30,457 

Crane Ooerator 1 2 170 340 $26.64 $9,058 
Pine Fitter 2 1 170 340 $21.50 $7 ,310 

Total 6 1700 $78.00 $46,825 
Person Years 0.83 

Yearly Rate $56.19K 

S. M. Chae/ORNl/4·14-92 



2.1 PARAMETER TABLE 



MECH TOWER - W Eutectic 

GEM Parameters 

Sgaghi:tti F2rwar!:l Cnl2rimi:ti:r 
Tungsten I Eutectic (50.0%) 

One Side Both Sides 
Mechanical Towers 120 240 units 

Channels 832 1,664 units 

Sheeth Volume 0.3 0.7 MAJ 

Tube Volume 0.1 0.3 MAJ 

Oil Volume 0.6 1.1 MAJ 

Absorber Volume 2.7 5.5 MAJ 

Tungsten Volume 1.4 2.7 MAJ 

Eutectic Volume 1.4 2.7 MAJ 

Volume of End (spacer) Plates 0.1 0.1 MAJ 

011 Supply System Volume (oil Included 0.1 0.1 MAJ 

TOTAL VOLUME 3.9 7.8 MAJ 

Total Weight of 6 Modules 44.0 88.0 Metric Tons 

Tunsten 26.3 52.7 Metric Tons 

Eutectic 13.0 25.9 Metric Tons 

Sheaths 2.6 5.2 Metric Tons 

Tube Weight 1.1 2.1 Metric Tons 

Structural Components 4.9 9.8 Metric Tons 

Outer Ring 3.7 7.4 Metric Tons 

Oil Supply System (weight of oil included) 0.3 0.6 Metric Tons 

TOTAL WEIGHT (per side) 52.9 105.8 Metric Tons 

Active Absorption Lenghth 12.0 Lamhda 

Eta Coverage 3<TJ<5 Lambda 

Lenf;?ht of 3mm Tubes 96,512 193,025 Meters 

Number of 3 mm Tubes 64,254 128,508 uni ls 

Inner Radius 25 mm 

Outer Radius 945 mm 

Active Length 1,821 mm 

Total Length -2200 mm 

o_ .... ,... c:. 



2.2 GENERAL ARRANGEMENT 
& 

DETAIL DRAWINGS 
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eta=3.0 
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i.... 4620 mm 1.--2200 mm -.I 

•"CAI. l.OCATION 

JOO mm ...j i.-

GEM Detector 
Forward Calorimeter 
General Arrangement llcnnich/Chae 
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_ - - -~ eta = 2.0 

- - 950 mm from Beam CL 

Polyethylene 

___ _ { _e~a_=_2~5- __ 

------·r. ==-=r r eta=3.0 =r-=i ___ I _, __ 

~ ~HI- _ ~ 117~0~0~---
1345.0mm -

PMT 

It d f __ _J_ 
~,;; , ~-- __ 200.0mm - ,. ---T 

-- ---
END CAP 

Support Tube 

eta= 2.0 1-

4720 mm from IP • I - - ~ - ________ _ 
5750 mm from IP __.., -

- 6920 mm from IP '" I 

NOTE: 
I. OIL PIPING SYSTEM IS NOT SllOWN. 

• • • • • • • • 

oil out for bottom half 

oil in for top half 

Top & Bottom Liquid 
Distribution Manifolds 

VIEW "A-A" 

Wllml YAlllllTfA 11Rl!llG'I! ll'lllmlMll 

PROJECT: SSC GEM DETECTOR 

FORWARD CAl.ORU.tETER 
l.IQUID SCJNTll.l.A TING omoN 

SPAGIJ._,,, FCAI. L\ YOUTCONCEl"T 

PRINT NO: D-FCLS-MllOOI l!f,V 3_ 
DRAWN BYi S.t.t.CllAE l/JINJ __ 

CJIF.CKEO & APPROV=Eo::D..:B:;Y"-' --------

• • • 
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FIL TERA TION 

Oil l'urifit.:~ioo Sys1i:111 

LIQUIDOlff 

LQUID IN TO FCAL 

MONITOR CHEMICAL 
SPECTROMETER TOP OFF 

u 
--

~ 

LIQUID STORAGE & MONITOR 

GEM 
Spaghetti Forward Calorimeter 
Oil Purification System Diagram 

;: 
\:__..1 

PUMP 

Chae 



f- n ---! _J 
INNER FACE 

Db-
OUTER FACE 

@ 4720 mm FROM JP ~t @ 6582 mm FROM JP 

@ 4 720 mm from IP @ 6582 mm from IP @ 4720 mm from IP @ 6582 mm from IP 

Module Eta Radius Eta Radius n h b n h I b 
Nurnhcr mm mm _J]}ffi__ -- _JJ}Jil_ -- ~ 

6 6.378 25.00 6.378 25.00 77.85 69.07 19.13 108.57 105.42 19.13 MA.ll'111fl MAlllDIYTA 1!111l!IGY 9'ltS'll'llMS 
5 4.550 99.77 4.550 139.13 70.95 80.45 38.93 98.93 112.17 54.28 
4 3.950 181.83 3.950 253.55 100.72 74.75 70.95 140.47 104.19 98.93 PROJECT: SSC GEM DETECTOR 

3 3.600 258.13 3.600 360.02 130.01 71.96 100.72 181.32 100.27 140.47 FORWARD CALOR~IETEN 
2 3.350 331.60 3.350 462.32 92.36 138.38 65.01 128.80 192.75 90.66 LIQUID SCINTILl..ATING OPTION 

I 3.000 471.16 3.000 657.03 131.57 199.01 92.36 168.01 199.01 128.80 
SPAGtu:rn TO\VER A MOUlll.E DESIGN 

0() 2.649 671.16 2.740 857.03 PRINT NO: D-FCl.S·TAMDOOI + HEY.6_ 
ORA WN B\'1 S. ht. CHAE J/J 1192 

C11ECKED A APPROVED BYi 

f f • f f 4, f f f f f 



1872.4 mm 

~ I f - - -
8=5.7 

-· - - - 8=4.019 

8=3.130 
8= 5.100• 

8=2.206 

8 =1.211 

t I- I~ _ _ _ _ : _ I 1720.0mm 
E II II I 

1345.0 mm 

- - - -

4720 mm from IP -2200.0 mm ---------------.1 

Noles: 
I. PMis shown arc not drawn to scale. 

lila'lllll MAUITTA llUtllllG'\f l!IYll'll'llMS 

PROJECT: SSC GEM DETECTOR 
FORWARD CALORll\IETER 
UQIJJD SCINTILLATING OPTION 

SPAGllETil TOWER A MODUU DESIGN 
SUPER TOWER ARRANGEMENT 

PRINT NO: D-FCLS-TAMD002 
ORA WN BY, S, ~I. CHAE 
OJECKED A APPROVED BY: 

·---------------------------------------------~--



1861.37 mm "6" L---- "7" 

"8" 

"3" 

"I" •4• "c" 

_L~_J_~~~~~~-

4720 mm from IP 

see D-FCLS-TAMD004 for detail 

- 2 3 4 5 6 7 8 

RA 181.90 182.09 182.67 183.06 253.17 253-55 253-59 253.98 
RO 258.03 258.30 259.12 259.67 359.IJ 359.67 359.73 360.28 

••Length A 4725.28 ~730.28 4745.28 4755-28 6576.65 6586.65 6587.65 6597.651 
••t..,ngth 8 4725.28 4730.28 4745.28 4755-28 6576.65 6586.65 6587.65 6597.65 

Length C 74.75 74.83 75.07 75.22 104.04 104.19 104.21 104.371 

**The lenglhs in Lhe table indicate the distance fro1n the interaction point. 

YAE'11'11H t•Allllln'TA llm!llG'll' CY6'!1'1INl:J 

PROJECT: SSC GEM DETECTOR 
FORWARD CAI.ORIJ\.IETER 
IJQllJO SCINTll.l.A TING OPTION 

SPAGllET11 TO\'VER A J\.IOOlll.E DESIGN 
SUPt:R TOWER OF ?.fOOlll.E ''-~---­

PRINT NO: D-FCLS-TA~!D003JHEY_l __ 
ORA WN BY: S. Jl,t. CllAE l/2"9l 

-------------------------------------------------'---~Cl"'IECKED&APPROVEDBYi I 

f • f f f f f • f • f 
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vmw "A·A" 

No1e: I. See DFCLSTAMD001 for dimensions B, b, and h. 
vmw "B·B" 
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j 0000 
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:00nunw;ili006"w1 

-~~- 3363mm 

TUllE AlmANGEMENT DETAii. 

14.\illl'JIH MIAJamn-rA RflhG'I' Slfll111WJ3 

PROJECT: SSC GEM DE"mCTOR 
FORWARD CALOKl!llETER 
UQUIDSCtNTILLATING Ol'TION 

SUPER TOWER INNER ENl> FACE DETAii. 

PRINT NO: D-FCLS-TAMDO!M_J_nf;YJ_ 
DRAWN BYi S. r.t. CHAE 

~ 
CllF.CKED &: APPROVED BY.:.•:__ _______ , 
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see detail 
on DFCLS-TAMD007 
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.VIEW "C·C" 

LIGllT MIXER 

PMT R-2490-5 

llVCABUJ 

SIGNAL CABLE 

M.\ittDN M£UrllTA IElfiKltGT 6li!l'D11NJ:1 

PROJECT: SSC GEM DETECTOR 

FORWARD CALORIAIETER 
IJQUIDSCINTIU.•TING omoN 

SUPER TOWER 011fER END FACE DETAii~ Note: I. See DFCLSTAMDOO! for dimensions B, b, and h. 

f I DRAwN:ev, s. M.CIJAE L.!'!.!l!L_ 
I Cl!ECKED .. APPROV~D ev. f f f 

PRINT NO: D-FCl.S-TA~!DOOS I Rlil'.1_ 
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3.1 TOWER SIZE CALCULATION 



MECH TOWER - W Eutectic 

M!;~!:IANl~A!.. TQWE;R §1/;;E CALC!.!LA TIONS 

MECHANICAL TOWER SIZE CALCULATION. INNER FACE 

P1 

-,~ 
Distance 
From IP Eta Theta Radius 

mm degree mm P2 
4720 2.64 8.144 675.46 P3 

-

Delta Eta= 2.4966 

Lengths -·---·-·······-- -····-·-··· .. -·. ___ .. _______ 
Module No ot Eta Theta Radius Clrcumfer. P1 P2 P3 

Number Towers degree mm mm mm mm mm 
6 8 5.934 0.303 25.00 157.05 77.85 69.07 19.1312 

5.10 0.699 57.56 361.63 
5 16 4.55 1.211 99.77 626.85 70.95 80.45 38.9266 

4.20 1.718 141 .59 889.64 

4 1 6 3.95 2.206 181.83 1142.48 100.72 74.75 70.94 72 
3.75 2.694 222.13 1395.69 

3 16 3.60 3.130 258.13 1621.87 130.01 71.96 100.717 
3.45 3.637 299.98 1884.84 

2 32 3.35 4.019 331.60 2083.53 92.36 138.38 65.0058 

3.20 4.668 385.44 2421.76 

1 32 3.00 5.700 4 71.16 2960.37 131 .57 199.01 92.3631 
3.00 5.700 471.16 2960.37 ._.,,, 671 .16 4217.00 :·,·t:•oAlO•····· . \,;666.27 131.57 

!!l .2 22 .... - ~ 22 
... .tEbo/W 0 

&£·········::• ... .··· \} 0 .·.·. 

~ - 1 



I 

I 

I 

Distance 

MECH TOWER - W Eutectic 

MECHANICAL TOWER SIZE CALCULATION. OUTER FACE 
(PARAMETERS SHOWN ARE AT THE OIL GAP) 

From IP Eta Theta Radius The super tower length is based on 
mm degree mm 

6581.21 2.73 7.444 859.9 

Module No of Eta Theta 
Number Towers degree 

6 8 6.266 0.218 
5.10 0.699 

5 16 4.55 1.211 

4.20 1. 718 

4 16 3.95 2.206 
3.75 2.694 

3 16 3.60 3.130 

3.45 3.637 

2 32 3.35 4.019 
3.20 4.668 

1 32 3.00 5.700 

12 lamda (15.18 cm/ lamda) of absorption depth 
for the 50% tungsten eutactic absorber material. 

_,,_,,_,, ............. l::.! . .!!.9!.!!.~ ...................... .. 
Radius Clrcumfer. P1 P2 P3 

mm mm mm mm mm 

25.00 157 .05 108.57 105.42 19.1312 
80.25 504.23 
139. 13 874.15 98.93 112.17 54.2843 

197.42 1240.44 

253.55 1593.13 140.4 7 104 .19 98.9318 
309.72 1946.04 
360.02 2262.09 181.32 100.27 140.474 

418.27 2628.07 

462.47 2905. 77 128. 80 192. 75 90. 6596 
537.42 3376.72 
657.03 4128.24 168.01 199.01 128.801 

3.00 5.700 657.03 4128.24 

l~'.•.·.· .. ·.··.•.· .. •.•.:o .. ·~····.:o •.... :o .... ~.O'.o0•············ ... •.•.·.• 00 
.. •.· .• • .. ·.• .•...•. · .. • .•. ·.•.·.·.·.•.· .. 005·: .• _·····o.o·.:o. ·.'.········.········•.• .. ·.~... 5~3~8~4~~8~~8~··•·····~:~!:~::~··.·····~}~····~~~0~·~~:~;:~:~·· ·~·1168~-~00~1 ,__ ~u··•·· ••/#REFF' ·#REf'f•· •·······••..- u 

Page 2 

-

-

-

-
-

-

-

-

-



MECH TOWER - W Eutectic 

DIMENSIONS OF THE SUPER TOWERS 
t 1 oil reservoir t2 absorber t3 oil aao t4 

5 1 5 10 1821.37 10 1 1 0 (units in mm) 

1 2 3 4 5 6 7 8 

modulE RA 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 
1--~~+-~~~-+-~~~+-~~-+~~~+-~~~t--~~-+~~~-+-~~-;1 

6 FB 99.76 99.86 100.18 100.39 138.88 139.09 139.11 139.32 
length A 4720.56 4725.56 4740.56 4750.56 6571.93 6581.93 6582.93 6592.93 
length B 4720.56 4725.56 4740.56 4750.56 6571.93 6581.93 6582.93 6592.93 
length C 69.07 69.17 69.46 69.66 105.22 105.42 105.44 105.63 

moduh_~ ___ RA....._-1-~9_9_.7~9~+--9_9_.9~0-:-+~10_0_.~2~1-+-_10~0~·~4~3-+-_1_3_8_.9~1:-+_1_3_9_._1_3-+~1_3_9_.1_5-+_1_3~9.~3_6~1 
5 FB 181.78 181.98 182.55 182.94 253.05 253.44 253.48 253.86 

length A 4722.28 4727.28 4742.28 4752.28 6573.65 6583.65 6584.65 6594.65 
length B 4722.28 4727.28 4742.28 4752.28 6573.65 6583.65 6584.65 6594.65 
length C 80.45 80.54 80.79 80.96 112.00 112.17 112.18 112.35 

modulE RA 181.90 182.09 182.67 183.06 253.17 253.55 253.59 253.98 
1-~~-1--~~~-+~~~-+-~~--;~~~-t-~~~-t--~~~1--~~-t-~~---;1 

4 FB 258.03 258.30 259.12 259.67 359.13 359.67 359.73 360.28 
length A 4725.28 4730.28 4745.28 4755.28 6576.65 6586.65 6587.65 6597.65 
length B 4725.28 4730.28 4745.28 4755.28 6576.65 6586.65 6587.65 6597.65 
length C 74.75 74.83 75.07 75.22 104.04 104.19 104.21 104.37 

modUIE RA 258.38 258.65 259.47 260.02 359.48 360.02 360.08 360.62 
~~~-+-~~~--+~~~-1--~~~1--~~-+-~~~-+-~~~+-~~-t-~~---11 

3 FB 331.60 331.95 333.01 333.71 461.35 462.05 462.12 462.82 
length A 4 731 .63 4736.63 4751.63 4761.63 6583.00 6593.00 6594.00 6604.00 
length B 4 731 .63 4736.63 4751.63 4761.63 6583.01 6593.01 6594.01 6604.01 
length C 71.96 72.03 72.26 72.41 100.11 100.27 100.28 100.43 

modulE RA 332.02 332.37 333.42 334.12 461.77 462.4 7 462.54 463.24 
1---=~+-~~~-+~~~+-~~--t~~--+-~~~t----~--t-:---~+---~--il 

2 FB 470.57 471.07 472.56 473.55 654.46 655.46 655.56 656.55 

length A 4737.55 4742.55 4757.55 4767.55 6588.92 6598.92 6599.92 6609.92 
length B 4737.55 4742.55 4757.55 4767.55 6588.92 6598.92 6599.92 6609.92 
length C 138.38 138.53 138.97 139.26 192.46 192.75 192.78 193.07 

modulel--_RA=---+~4~7_2_.1_4~t-4~7_2_.6_4-+_4~7_4_.1_3:-+_4~7~5_.1_2--+_6_5_6_._o_4-+--6~5~7_.0~3:-t-6~5~7~._13--+_6~5~8_._12_, 1 
1 F8 672.14 672.64 674.13 675.12 856.04 857.03 857.13 858.12 

~5 

length A 4753.39 4758.39 4773.39 4783.39 6604.76 6614.76 6615.76 6625.76 

length B 4767.48 4772.47 4787.46 4797.45 6617.69 6627.68 6628.68 6638.68\ 
length C 199.01 199.01 199.01 199.01 199.01 199.01 199.01 199.01 

f:;$i);82 j 6$1*\~3/ 6]0:~4 672ib5\ f 928846/. 92.9)$6> Ill3o.oo 93tA1 

lill'ii'm \J.!!@Pil:!Piii Wi9i9.9iH .J.Qfootii •' qt()o; i ;o;;.o;9o% '!Motoo t< +m.o;o.o;t ·•w\9:00·•.· 

t&6~~6'A !tt43Hfo •·•· 474tl'!so 4763iad 4773tao 6595.11 6605!11 66os:11 66"16:11 
l~ri§tli.lB .!.it7!13i6ST ~Ft48!6B 4.763C6a 4773268 6595!P5 t0aos;os. s000:05 0a1a:os 
JEiriljthC ;q;sa;2zt As6s:s1 c;5as:o0 Y"670A8 H92s:29\ ;927go ~927:84 ~.929'.24 

ii<• •.\RA( f0.00 ... < >)0 .. 00 . / . . 0.00 .. ·· '0.00 i(0.00 · .•... t();oo 0.00 0.00 
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3.2 WEIGHT & VOLUME CALCULATIONS 

II 



3.3 ACTIVE THICKNESS OF EUTECTIC 



MECH TOWER • W Eutectic 

Active Thickness of Absorbers 
Design: Tungsten Eutectic/Liquid 
Absorber: Tungsten Eutectic 

Material Density 
g/cmA3 

A!lll!U!l~r !:;gmggliiliQ!l 
Lead 11.35 
Tin 7 .31 
Cadmium 8.65 

Bismuth 9.80 
Tungsten 19.30 

SS Tube 8.02 

S~nli~ Mi!t~rii! I 
Liquid 0.854 

Totals 9.57 
Inverts 0.1045 

Hi!drQn Mi!ke-uo: 
{By volume) 

Material Eutect. 
Lead 22.3% 
Tin 17.3% 

Cadmium 11 .0% 
Bismuth 48.5% 

Eutectic 99.1% 
Tungsten 

Absorber 
SS Tube 
Liquid 

Int Length 
g/cmA2 

194.0 
163.0 
161.0 

194.5 
185.0 

131.9 

83.6 

Absorber 
11 .17% 
8.64% 

5.49% 
24.23% 

50.00% 
50.00% 

100.00% 

Page 7 

Percent Metal IL Actual IL 
% Vol cm/L cm/L 

79.57% 
8.89% 17.09 192.24 
6.88% 22.30 324.26 
4.37% 18.61 425.97 

19.28% 19.85 102.92 
39.79% 9.59 24.09 

3.84% 16.45 428.29 

16.59% 97.89 590.07 
15.18 

1 00% 15.18 
0.0659 

Total 

79.57% 
3.84% 

16.59% 

100.00% 



4.0 VENDOR'S PRICE QUOTE 



I &::.I-&::. U I I 'I L::. 

POWDER ALLOYS 
Manufacturers ot Precision 
High Density Tungsten Alloy 
Products & iyiachinable Blanks 

350 J\LLWOOO ROAO 

CLIFTON, NEW JERSEY 07012 USA 

PHONE: (201) 773-4850 

FAX: (201) 773-4421 

·FACSIMILE COVER SllE:ET 

:21..i-cei::J8E F .. J:. 

OENSllU.Cms.~'PEA 111!HSALLOT 170 180 10!/HIGH outTIUTY DEHSAl.t.o·· 

~~======================================== 
DATE: 1../- .1... / - 'j )._ F/\X : 

- COMPll.NY: _ _;;S:;;;...;;;;.S~(.c..--'L""'-"8.~b=-----------
TO: 

'MBER OF PAGES INCLUUlNG COVER SUEE'J.'; 

- ~o·rEs: 

IF 'l'HERE ME J\N'! Pl~OIJLEMS Wl'l'll 
- l'LEJ\SE CON'.CJ\C'r 'l.'ELEO'f NE l'UWl.ilm 

NUMBER. 

'l'lll~ 'l'IU\NSMISSlUN 01" 'l'llJ.S l'liX, 
liLLU'fS l\'l' 'l'JIE /\UOVt:: 'l'EJ,El'IJUNJ·: 

SEt-l'J.' U )( : 



H=·P-1::.-195'2 0:<:0:3 !=';:;]~" .... ::'.1-r'.:t;-·,=: ;=:!1:::_.: __ :· ·= 
" IC' CJ 'll~E:. r''-'••vcn ~1~ 

8IJ Al.L't'ICCO flOAD 

RUO'!ATION NO: 
?AGE: 
DATE: 

In reference to your RFQ da'!ed 4/07/92, 
we are pleased to ~uote as follows: 

.... , ... ~ ·" -: -. . . ··~·· •... •, -· 
. . 'DESCRIPTION 

..:; . -.~· ·~ . ,,..., 

·p-7?i": GRADE CTP _ 
99% IUHGSTEN HIN,-60 MESH FLOWABLE 

Delivery per CUSTOMER SCHEDULE 20 weeks ARO lead tiae 
'OIT DiHSIIY 9 G/CC MIN 

.. ICES ARE PER POUND 

2 
P /11: GRADE STP 
99% TUJl'GSTEN FLOWAl!LE 

Delivery per CUSTOHER SCHEDULE 20 wee~s ARO lead ti~e 
SCOT! DENSITY 9 G/CC MIN 
PRICES ARE PER POUND. 

11.6600 

11858 
l 

4/Zl/9Z 

w-: ...... ,.. ....... 
''PR'I CE EA. · .. 

•·· .: ; 1~ .'-Oo 

12.00 

-
-

I 

r 
I 
T"' 

r 
r 

--------------------- ---- ---------------------
-.:T~:.. F .. ~~ 
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TO: 

ATTN: 
1-

1 REF: 

MESSAGE: 

,?.;..2:..:·;o;.2 1:~~~ 

l\.Ul..11 C I u1 .. u;:, I i:.1,. wvnrvn ... • '"'n 
180 E. Union Avenue, Esat Rulherford, NJ 07073 U.S.A. 

201/438·9000 FAX: 201/438-0891 

SIIpER CONQIICTOp I.P.B TX I FAX NO. 214-

'. 

! DATE: 

I MSG NO: 

I SENT/DATE· 

9 31~------
PAGE OF 

Dear Steve, 

Kulite quotes the following price and delivery: 

SPHERIDIZED TUNGSTEN +100 MESH 

$2S,OO TO $50.00 PER KG. 

As soon as samples of this material becomes available, I will 
call you to get shipping information. 

Best regards, 

~ 
Bob Wilson 

-··:'.-IL···· 

TIME: 

-

... 

• 

-
-

-

-

-



I)~ 13·9~ u: 1)5 PHILJPS_EU!ET ~IJOl· 003 

4"'\ ~s 
~ PHILIPS ELMET 
.. - -- ; _, 

FAX TO: J~«-_,_ _ _:i_.,.- -.£PH-e-'}_ __ ( t1:..f.:_~----------- - ·-----·--- -·---·········-· -- . - - ... ----- ---·· 

_ ~!::. r::~~!!.._6_t:r_r'::.~_11'-_"!.!_* _f A/_\#'a.'--1 S Y..s. _rt:----..... i,_P tt /c-_@~k:_..,;. , .I~-~-~ : .. . 
_Covr.=1JO-M1 l./C-- ()"'fl- PH o~IZ .E_•.s"~'=.S~!.•.:"."'._ .. !'.f.' .... f-~-~-~~--_E"~----· 

LOCATION: 

MESSAGE: 

)_!.._o_y_ ~ :.-°-.~ . .!:'.'. . ... _f_~ ~--q_· .. . °!:':•::1£. r,. Lr1::::~-- t::..'::1..~'J::'.~-~J ___ P ~~~_I?._~~~--~'~ T.:"".'.~"'~ __ . __ 

'/O 'j S°" ?~ b li[-t.JS I 7 ':/ .. j' 3 "'1 ·!E'~I <- ·..,-.:iAJJ, J: F- pp., D'·'"'0<'1:> . FP-<>M J.:" >CIS r-;:vC 
------··----------·---- ---r·---------------········•" -·- ·- ·· -··· ·-- "····· • -.......... -·- ----·--··---·······-············• ........ . 

/£Q"<!l_".' ~~-'}. ...... 'f:.JJ..~_o o J!~;_~_(_f__'=.\-~_,;; -~-~-~-~"':~.!.'L-~~--r]-~~~t<:"T _::_2-:_:'_'2._\._-=- --
_L~-~k/!_} ,-~- .. J¥L<P._':!.!!?.~ff._':'_":C._~,':::..:5 -.:. ___ t!_g_lr.~l.' __ @ ___ _Tf'.. t:. ~~--§" H -~ f' Pl~_':'::, _____ ........... -

}) ~ Pd> l- J "'~ ~ (2.. I t- ,::; "-<!> "" ".t> t? S" ;:. ,.,.-i...~ TV :i I "2-0 .a oJ I k c,.. _ 

__ _ __________ _l _ _e.~~_,voi,.v~~,...,~~'-"5 _...Qf __ J_::lt'.~~-'.".I..'::'. __ f".'!'::"~ ... _ ------

_1'.16:._ ___ _f' ID?_){. __ _ .. r..".J?..~::;t.__., __ p L-~-~-~----= ff1- ~-_Lf ___ 'r:'~.J±~!( ~ ___ t;.~L _______ _ 

---~~_fil..., ...!.~------··-----··----- -----·----·----·-· ··-···• 

Q &..""0---~.b :s ------------ -- ...... . ... . ....... .. . •.. ,. ····----· .. . ·----·- ------ ··-· ----·-· _ ... _ .... -- .. - -·- --· - . ---- .. -- -· ........ , ·--··-··. - . 

·--·-· ····------------------------- ·--· -· ·- o.+~ v~ ~ --· -- ---- . 

FRO!:!: DATE SENT: t.t.f 1'5"/'", 1.. 
/ - I 

? r-o l). t..t C..\ ..s ,Ir L..,. '~ t4"1 ""'-'""" .+ Goo &n-
NUMBER OF PAGES SERT INCLUDING COVER SHKKT: ·--·---··--·-·- ""······-····----···--·-··--· -·-·-

PLKASK NOTIFY US IF NOT RECEIVED PROPERLY - (207)784-3591 KXT. 112 
PHILIPS HMET 

1560 LISSON RD.· LEWISTON. MAINE 042~0 • (207j784·3531 ·TWX (710)223-0675 ·FAX (2071786-6924 



Phi~~ps lighting 
Philips Elmet 

Tungsten and Molybdenum Pressed and Sintered Powder Metal Parts 

Among the characteristics which make tungsten and 
molybdenum useful metals are their high melting points 
along with high tensile properties and hardness. These 
same properties also make 11 difficult for simple and 
economic production of powder metallurgy parts. Over 
the last several years. Philips Elmet has successfully 
developed the powder metallurgy process for the commercial 
production of moly and tungsten diode studs. They are 
now being supplied to customers around the world in 
quantities in excess of a billion parts per year. 

Ten years ago. all refractory metal diode studs were 
supplied as wrought metal parts. That is. they were cut 
from the worked metal rod feed stock. Today. virtually 
all mo/y diode studs. except for the largest sizes. are pressed 
and sintered directly from powder. And at this time. 
tungsten diode stud users are in the process of converting 
to the powder metal studs. 

This technology also lends itself to the production of 
other parts. Listed below are some of the parameters to 
be considered in evaluating such products for practical 
commercial production. 

Materials: rl-1;-,.,YY ~ 1 

Molybdenum and tungsten only. Philips Elmet has 
unique capabilities for these ~ materials. There is 
also the possibility of mixing moly and tungsten. and/or 
making multi-layer parts. 1.e .. moly/tungsten/moly. 

Shapes: 
Because of the requirement to get parts out of the 

die cav1t1es quickly and easily. shapes must necessarily 
not be complex. Such simple shapes are: cylinders. 
discs, cubes, rectangles, stepped discs. washers. spheres. 
In general. symmetrical shapes are most easily produced. 

Size Considerations: 
Maximum Overall Envelope .250"x.250"x.250" 

PHILIPS 

e 

Optimum Length to Width (Diameter/Thickness) 
Greatest Length to Width 
For Discs or Squares 

1 : 1 
1.5: 1 

Maximum Diameter/Width .250" 
Minimum Thickness 10% of Diameter or Width 
Minimum Diameter/Width .030" 
Minimum Thickness 10% of Diameter or Width 

Tolerances: 
Diode Studs: +/- .002" on length+/- .001" on diameter 
Other Parts: Similar to diode studs 

Density: 
Moly and Tungsten: 95% Min. 98% Typical 

Economics: 
Powder metallurgy parts are more economical than 

equivalent wrought parts because of the elimination of 
scrap or kerf along with reduced labor input. Cost savings 
in the range of 10 to 30% are possible. These savings 
are offset somewhat. however. by high tooling costs if 
production runs are not large enough. 

In general. for diode stud shapes. production runs of 
several hundred thousand to less than a million pieces 
can be done econom1cally. For other shapes. such as a 
stepped disc or cylinder. a run of a million or more 
pieces may be required. 

Applications: 
Diode Studs 
Rectifier Discs 
Magnetron Parts (End Hats. Washers) 
Military Penetrators !Cubes. Spheres) 
Balance Weights 

PHILIPS 
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