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Abstract:
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OVERVIEW

This section describes the present baseline parameters that govern the engincering for the
liquid argon calorimeter system, We are also investigating the use of krypton as the
sampling medium to improve the resolution further. Krypton option parameters are
provided in the attached figures.

The calorimeter is divided into three cylindrical sections: a barrel and two endcap
sections including the forward calorimeters. The total weight of the barrel section is 891
Mg and each endcap is 626 Mg, including 19 Mg for each of the forward calorimeters.

El < Calori

Strict adherence to physics goals leads to an EM section design with 25 Xq in the barrel
and 28 X, in the endcap since the mean energy is higher there. The absorber plates are a
composite of lead, prepreg and stainless steel skins. The EM calorimeter covers the

region -3 <n <3.

Electrode Structure: The EM calorimeter will utilize the accordion design with signals
collected on clectrodes which are transmission lines. These electrodes also sum the signal
longitudinally. In the GEM design there are 4 cells per tower and the granularity in the 1],
¢ directions is 0.032 x 0.032. Each tower will bc segmented into two sections

longitudinally: 8 and 17 X at 1 = 0. The transverse and longitudinal segmentation
allows one to get excellent position resolution at the face of the calorimeter and to be able
to point back to the vertex with an angular resolution of ~6 mrad at 120 GeV. There will
be ~60,000 EM channels.

Readout: The readout chain for the calorimeter will consist of a JFET pre-amp that will
be placed inside the LAr calorimeter and able to survive more than 200 Mrad. The
shaping amplifiers will be located in standard crates on the central membrane outside the
magnet coil.

Twenty-five towers (5 x 5) are added together for an EM trigger tower (0.16 x 0.16).
Hadropic Calori

The requirements on the hadronic calorimeter are less stringent than the clectromagnetic
calorimeter but it is still a formidable challenge 10 achieve them. The total number of A at
Nn=0is 12 rising to 14 at1 = 3.

EST electrode structure: In order to match the director capacitance to that of the pre-
amp, we are planning to use the "electrostatic transformer” configuration in the hadronic

section, by adding layers in series. The absorber material will be copper tiles. The
transformer ratio is 4.

Segmeniation: The hadronic segmentation is determined by the size of the hadronic
shower and the need to match up with the EM granularity. We have thus selected a

granularity of 0.08 x 0.08 in 1, and ¢ . There are three longitudinal modules with the
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following number of absorption lengths: A1=3.2, A2=3.2, A3=3.7. The middle module is
divided into two readout sections to reduce the noise.

Readout: The readout for the hadronic section follows the EM very closely. There will
be ~27,000 channels in the hadronic section.

Cryostat: The cryostat will be an aluminum alloy with a thickness 0.3 X, at the entrance
at i = 0. For the endcap, the total enhance window thickness will be 0.7 Xo. The

interface between the barrel and the endcap, from 1.42 £ M < 1.64, will have degraded
EM resolution but will have good hadronic resolution.

Installation and Assembly: The hadronic granularity leads naturally to hadronic modules.
In the EM section, we envision building mini-modules consisting of about 5 towers or 9°
in ¢ . The full barrel will have 200 towers in ¢ . There will be 20 modules in ¢ for the
hadronic modules, while the EM in the endcap would be a monolith, The 40 EM mini-
modules and hadronic modules will be installed inside the cryostat on site at the SSC
Lab. The cryostat itself will then be welded shut. The calorimeter will be fully
assembled above ground and tested before being installed in the experimental hall.

Liguid A Calorimeter Phvsical P I
Number of absorption lengths
aan=0 12
atn=30 14
Barrel Dimensions
inner radius 0.76 m
outer radius 3.60m
Lateral segmentation
EM 0.032 x 0.032
HAD 0.08 x 0.08
Longitudinal scgmentation 2EM, 4 HAD
Lead Liguid Argon/EM Calorimerer
Absorber material 1.9 mm (0.2mm SS/0.1mm prepreg/
1.3mm PbA).1mm prepreg/0.2mm SS)
Readout Board 0.4mm (Cu/kapton/Cu/kapton/Cu)
Sense Material 2 x 2 mm Argon
Lateral segmentation (0, ¢ ) 0.032 x 0.032
Longitudinal segmentation 2(8 Xo, 17 Xo)
Inner Radius (cryostat/accordion) 760/890 mm
Outer Radius (accordion) 1412 mm
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Radiation Length 25Xpatn =0; 28 Xpatn =3.

Absorption Length 132

Number of Channels-Total 60,000

Readout Device JFET preamplifier (75 mW / channel)
Weight of Barrel 59 Mg

Weight of Each End Cap 19 Mg

Liquid Argon/Copper Hadron Calorimeter

Lateral segmentation (N, ¢ ) 0.08 x 0.08

Longimdinal segmentation 4

Dimensions

Inner Radius (active) 1,489 mm
Outer Radius (active) 3,445 mm
Length (excluding forward) 11,000 mm

Copper Absorber Thickness (fine/coarse) 9/16 mm

Sense material: Argon 2 mm

G10 Thickness 2x05 mm

Readout Channels - total hadron 27,000

Assemblies (including EM and vessel) 3 each
barrel Weight 891 Mg
End Cap Weight (cach) 626 Mg
Forward (each) 19 Mg
Total 2,142 Mg

Liquid Volume .

_ Barrel 40,000 liters
End cap (each) 27,000 liters
Reserve in head vessel 3,600 liters
Reserve 6,000 liters
Total 104,000 liters

Total number of channels 87,000
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LIQUID ARGON CALORIMETER - 12X 14 LAMBDA, FLAT ENDCAP HEAD
JIl{  Barrel Cal Endcap Cal.
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in general the noble liquid calorimeter consists of cryogenic noble liquid vessels, multiple lsyer Insulation, vacuum
vessels, supports, EM modules, fine hadronic modules, coarse hadronic modules, a thermal control system, a fill and
drain system with pressurs control, electronics and instrumentation cabling.

The baseline configuration Is the 12 x 14 lambda version with a flat endcap head. This Is a liquid argon calorimeter
with a barrel diameter of 7.2 meters. The barrel length Is approximately 4.5 meters and weighs about 891 Mg. The
endcap also uses Hquid argon and s 7.2 meters in dlameter. Each endcap Is approximately 4.3 meters long and weighs
about 626 Mg (Includes the forward calorimeter weight of 19 Mg).

LLMASON 920620 BASELINE LAC



Hadron Module # 2
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This shows the composition of a typical hadronic module. The detalled tolerance stack-up of these hadronic modutes
within the liquid argon calorimeter Is addressed In a later section of this report (Reference Figures 2-1 thru 2-1).

LLMason GEMLAC.HadModDetall 4/18/92



300

Barre]l EM Moduje

i

v/

40 Modules, 9 deg each
4312 alllimeters long

The barrel EM consists of forty 9° modules. Each module consists of a series of absorbers and sensing plates
and the barrel EM modules and their support system are discussed in detail later.

10 sensing plates/modula, 0.4
20 absorber plates/modulse, 1.9

5 towers ia phi per module
Depth segment at 7 radiation 1

J__.X
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The endcap EM module is described in detail in Figures 1-17 through 1-21 later in this report and its
components, assembly and support technique will also be covered. The accordion EM is supported by
stiffeners and is surrounded by an aluminum flange and then the ends are closed off by perforated G10 face
plates to allow communication of the cryogenic fluid.
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Twao other options sre being eveluated along with the baseline (Iquid srgon ceiorimetar design. These options ere the liguid ergon pfug/ iiquid krypton

barrel configuration and the EM enly contiguration.
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The Hauid ergen piug 7 liquid krypten barrel configuretion consists of a barrel contsining EM end fine hadronic modules enclosed in @ vacuum vessel that

Is sppreximetaly 4 meters (n dlameter end spproximetely 3.8 meters long. The endcap plug contalns EM, 1!ne and cosrss hedronic moeduies that lle In e

envelops of spproxtmately 4 maters In diameter and spproximately 4.5 meters fength. The plug Is liquid ergon IIke the baselins but the barre! usss liquid

krypton to improve the reselution.

Even though the tollowing discussion refars to the baseiine cenfiguration, many aspects are simifur and still would apply to the liquid ergen plug /

11quid krypton barrel configuration,

KRBamstable EMHad BarelPiug




EM BARREL / EM ENDCAP LKr CALORIMETER

A third option consists of only EM modules both In the barrel and in the endcap. This version uses liquid krypton

in both the barrel and the endcap to enhance the overall resolution. The barrel E

long with a diameter of approximately 3.3 meters. The endcap Is sli
meters and Is only 1.2 meters long. This option also benefits from t
although the main focus Is on the baseline configuration.

h
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htly greater in diameter at approximately 4
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Calorimeter Engineering Question

1. Liguid Krypton EM Calorimeter Support

Request: Provide proof-of-principle structural designs for the barrel and endcap accordion EM calorimeters.
Specific Concerns:

The load path from the barrel accordion plates to the G-10 ribs to the vessel walls is not understood.

Answer:

See Antached Data.

Specific Concerns:

The structure of the individual barrel EM modules prior to assembly is not understood. The module structure will have to be
capable of not only supporting the module during handling and shipping, but, it will be required to provide for the transfer of
the load to the final assembly structure.

Answer:

Data:

See Attached Data.

Barrel EM Calorimeter Modules:

* The barrel concept for the EM accordion consists of 40 modules, each module extending the full length of the barrel
calorimeter. Each 9 degree module stack starts with an absorber plate and ends with a sensing plate with spacer bars at the
inner and outer radii. The plate stack is pinned together at the inner and outer radii through the plates and spacer bars and
held with fasteners to form a module (reference Figure 1-1).

The ends and middle of the absorber plates have corm:osite filler strips approximately one cm long in the z direction with the
thickness matching the krypton gap extending from the inner plate radius to the outer plate radius (reference Figure 1-2) Each
absorber plate consists of lead plates bonded to stainless steel skins with prepreg (reference Figure 1-2a). These filler strips
form a continuous washer at Z= 0 and at Z=1+2045.5mm when all the modules are assembled. The filler strips also provide
the structural integrity for a single module as shown in Figure 1-2b. Hexcel is placed between the flat surfaces of the absorber
and sensor plates,tg‘pmvide a minimum high voltage gap between the plates (not a structural element).

the

At the ID and OD

module some of the inner and outer spacer strips are projected beyond the rest of the spacer bars

to form flanges (reference Figures 1-3, 3a, and 3b). These flanges support the modules during shipping and handling and
also tie adjacent modules together and provide support for the calorimeter assembly.
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Barrel EM Calorimeter:

» Clevis fittings are installed over adjacent module flanges with fasteners inserted through them to act as stays while holding
the modules together (reference Figure 1-4). The outer fittings are used to support the modules in the radial and hoop
direction. The inner fittings are guided radially. The fittings, filler strips, plates rings, inner and outer spacer bar and
absorber plates form the structure of the module.
Figures 1-5 through 1-7a show a module assembly and a portion of two calorimeter halves prior to forming a completed assembly.
Also depicted are the proposed cable bundle layouts and the electronics. The barrel EM calorimeter is supported in the radial and
hoop directions at its outer clevises. At the inner clevises the barrel EM calorimeter is guided in the radial direction.
The composite material for the outer spacer bars will be selected such that the outer surface contracts with the calorimeter vessel.
Thc:)::i%nposlite material for the inner spacer bars will be selected such that the inner surface contracts with the inner edge of the
accordion plates.

Figure 1-1.

Figure 1-2.

Figure 1-2a.

Figure 1.2b,

Figure 1-2¢

Barrel EM Module Assembly '

The Barrel EM concists of 40 identical modules, 9 degrees each. Each Module contains 20 sensor plates, 20
absorber plates, spacers and fasteners such that each module is self-supported. Adjacent modules are fastened
together with clevises and tie rods on both the inner and outer radii. The inner and outer clevises also attach the
Barrel EM to the cryostat.

Barrel EM Module Absorber Plate

Each Absorber Plate includes spacers at each end and also at the center. The spacers are 1-2 cm wide and nominally
2 mm thick. Absorber plates near the 9 deg boundries will also have Flange Tabs. The Clevises are attached to the
flange tabs. ‘

Barrel EM Module Absorber Plate Laminate

This close-up of the absorber plate shows Stainless Steel (0.2mm) bonded with prepreg (0.1mm) to both sides of the
Lead plate (1.3mm). TBD mm of Lead is removed from the inner edge and replaced with a G10 insert to perform as
a “massless gap”.

EM Module Structural Elements
This is similar to Figure 1-2 except that all sensor plates and all but one absorber plates are removed to better
illustrate the int structure of the module.

EM Module equivalent internal structure
The principle behind the internal support system of the Barrel EM is the spacers in the completed system form 3
continuous “washers” internal to the accordion EM. The inner and outer spacer bars form continuous “cylinders” on

the inner and outer radii.
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Figure 1-3.

Figure 1-3a.

Figure 1-3b.

Figure 1-4,
Figure 1-4a
Figure 1-5.
Figure 1-6.

Figure 1-7,

Figure 1.7a,

Module Flange
Close-up of the composite filler strip and flange.

Typical Mpdule Lay-up in Section
Cross-section of & Barrel EM Module at Z=0 showing the attachments of plates to clevises to cryostat walls. The
outer clevises slide within extruded channels in the outer wall,

Fasteners Within a Module |

Inner and outer module fasteners are curved tubes that are flared on one end, inserted into the module and flared on
the other end which holds the module together without protruding beyond a module's 9 degree envelope. Alignment
pins are used to prevent the curved fasteners from becoming straight as they are tensioned.

Flange, Clevis and Tie Rods at the outer radius
Close-up of the out er support system showing tie rod and clevis assembly.

Flange, Clevis and Tie Rods at the inner radius
Close-up of the inner support system showing tie rod, clevis and alignment pin assemblies.

Assembled Module Showing Cabling Bundies
Electronics are shown on the inner and outer surfaces of the EM, Wire bundles are also shown.

Close View of Module

Partial View of Modules Assembled in Halves
The modules are assembled into halves vertically. The two halves can then be attached together into a complete
barrel EM.

Assembly of the EM into the Barrel Calorimeter

The barrel EM is rotated from vertical to horizontal and inserted into the Barrel Calorimeter. The inner cryostat is
inserted into the Barrel EM. Each alignment pin and plug (not shown) is inserted through a hole in the cryostat
cylinder and into the inner clevis. The alignment plug is then welded to the cryostat cylinder.
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Barrel EM Module Absorber Plate

Figure 1-2
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Layers of the Accordion Absorber plate

¥

Pb Absorber
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Figure 1-2a Barrel EM Module Absorber Plate Laminate
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Figure 1-2b EM Module Structural Elements
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Figure 1-3a, Typical Module Lay-up in Section 019
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Figure 1-3b

Structural and Massive Components of Module




ABSORBER AND SENSING PLATE STACK
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Figure 1-4.
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CABLING BUNDLE

ELECTRONICS BOARD

MODULE

40 Modules, 9% deg each

20 sensing plates/module, 0.4 mm

20 absorber plates/module, 1.905 mm
5 towars {n phi per module

Depth segment at 7 radiation lengths

Y

1

Figure 1-5.

Assembled Module Showing Cabling Bundles
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Closeup of the Barrel Accordion showing Electronics, Stripline, and Plates
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Figure 1-6. Close View of Module
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ALF BARREL CALORIMETER

PARTIAL ASSEMBLED BARREL CALORIMETER HALF

Partial View of Modules assembled in Halves
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Calorimeter Engineering Question (Continued)
1. Liguid Krypton EM Calorimeter Support

Specific Concerns:
* Differences in the axial thermal coefficients of expansion of the accordion plates (stainlessilead) and the cryostats (aluminum)
require mechanical compensation.

Answer:
*+  Since effective axial coefficient of expansion of the accordion plate is almost identical to that of the cryostats (see Data) no
mechanical compensation is required,

Specific Concerns:
* The radial (across the folds) thermal contraction of the accordion plates is known to be greater than the simple contraction of
the material, thus increasing the difficulty of providing support at the inner and outer edges of the accordion plates.

Answer:
« Since the radial thermal contraction of the accordion plates is 27% more than that of the cryostats, it will require radial
support and we have included radial support in our design.

Data:

* An analysis was performed to determine the effective axial thermal coefficient of expansion of the absorber accordion plate for
thermal cooldown from 296°K to 77°K. For the baseline lay-up (0.4mm stainless, 0.2mm G10 and 1.3 mm lead) the effective
per cent change in length (%AL/L) in the axial direction is 0.35% as compared with that of aluminum of 0.37%. Therefore, the
accordion plates should contract like the aluminum cryostat in the axial direction during thermal cooldown.

* Analysis has shown that the baseline accordion plate radial thermal contraction due to thermal cooldown to 77°K is 40%
greater than the simple contraction of the material, based on plane stress assumptions. This is due to the difference in the length
of the steel layer on the outside relative to the inside(reference Figure 1-8, 1-8a). For the baseline lay-up (0.4mm stainless,
0.2mm G10 and 1.3 mm lead) the effective per cent change in length (%AL/L) in the radial direction is 0.47%. Since this is
much greater than that of aluminum, the accordion plates will be subject to tension if they are attached radially to the cryostat.
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Figure 1-8. Baseline Absorber Accordion Radial Thermal Contraction

The picture on the right side of Figure 8-1 represents the contraction in the y direction considering the aggregate
thermal coefficients of expansion for stainless steel, G10. and lead at one overall length (simple material contraction).
The picture on the left side of Figure 8-1 represents the contraction in the y direction while considering each individual

material (stainless steel, G10 and lead) at its own individual length. This contracts 40% more than the simple material
contraction configuration. '

Figure 1-8a. Bascline Absorber Accordion Segment Radial Thermal Contraction
To further understand the difference in thermal contraction, Figure 8-1a shows how an isolated segment of the absorber
accordion not only contracts due to the effect of cryogenic temperatures on the length of material but also due to the
rotation caused by the different lengths of the layered materials.

Notes: The plates will not be attached axiaily to the cryostat.
The thermal stresses due to radial support are currently under investigation.
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Calorimeter Engineering Question (Continued)
1. Liquid Krypton EM Calorimeter Support

Specific Concerns:
* Deflection of the barrel accordion plates after assembly is not understood. The plates are basically large springs which allow

the inner diameter of the barrel to sag due to the mass of the assembly. In particular, the vertically oriented plates on top and
bottom appear to support all the load. '

Answer:
« Inour design, the vertically oriented plates on the top and bottom do not support a significant amount of the load.
To better understand the deflections, we performed analysis on several support conditions and then chose the optimum
D support condition (reference Figures 1-13 through 1- 16).
ata:
*The maximum accordion plate deflection occurs in the horizontal position.
*The baseline is assumed to be the absorber accordion plate lay-up 1 (reference Figure 1-9).
Support case 8 was chosen because it results in less dead space and for a 1g load the maximum horizontal
deflection of the absorber accordion plate is 0.973 mm in krypton (reference Figure 1-14).
+The maximum deflections and strains of the absorber plate in air and krypton are presented for several
lay-ups (reference Figure 1-14),
«Interaction equations are developed to provide the ca;mbility of changing the absorber plate lay-up and
determining the maximum horizontal deflections (reference Figure 1-15).

Figure1-9. Accordion Lay-Up

Figure 1-9 shows the five plate lay-up configurations considered in alalyzing the EM accordion plate deflections.
Figure 1-10, Accordion Properties

Figure 1-10 lists the properties of each of the accordion EM components.
Figure 1-11. Ac_oordion Geometry

Figure 1-11 shows the accordion EM dimensions.

Figure 1-12. SupportCases 1 -8
Figure 1-12 describes the eight support cases considered for the barrel accordion EM plates.
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Figure 1-13. Absorber/Sensor Accordion Analysis Results in Air for Support Cases 1-8
Figure 1-13 lists the deflections in the absorber and sensor plates that occur in each of the eight support cases.
Figure 1.14. Absorber Accordion Analysis Results(Air & Krypton) for Several Lay-Ups (Support Case 8)

Figure 1-14 shows the nominal deflections and strain as well as the deflections and strain in liquid kiypton for various plate
lay-ups under support case 8 constraints.

Figure 1-15. Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8)

Figure 1-15 shows the equations derived due to the finite element analysis performed. A comparison of weight to stiffness
ratios and deflections in air and krypton is also tabulated. ’

Figure 1-16. Accordion Equations for Stiffness & Weight
Figure 1-16 refers to additional equations used for weight and stiffness calculations.
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ABSORBER PLATE LAMINA SENSOR PLATE LAMINA
STEEL (1) COPPER (0.042 mm)

W//////A G10 ( t2 ) ////////A KAPTON (0.218 mm)

[ ] LEAD (13) [ ] COPPER(0.036 mm)

— PLATE i 13 t
LAY-UP_| (mm) (mm) (mm) (mm)

1 020 0.10 130 19

2 0.20 0.20 —0.90 1.7

3 0.20 0.10 0.90 15

4 0.15 0.23 0.94 1.7

5 0.20 0.30 0.90 13

Figure 1-9 Accordion Lay-up
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Figure 1-10 Accordion Properties

Material (P [(3) (v)
Density | Modulus | pgiggon's %AL/L
em3) |(1081bsnd)|  Ratio | (296 to 77 °K)
—_ Steel 8.00_ 30.0 0.272 0.281
T G10 1.70 4.40 0.187__| 0.638/0.212
Lead 11.3 2.60 0.400 0.577
" Copper 9.10 17.0 0.345 0.304
Kapton 1.42 0.51 0.340 0.330
* resin/fiber directions _
(Wa) W) (Ein) (Ely) (Efz)
CAAE | Wiineir | Wtinkrypton | Stiffness | Stiffness | Stiffness
_{kg) (kg) (106 1bs-in?) | (103 1bs-in?) | (106 Ibs-in2)
1 27.00 20.20 0.17 1.7 0.4266
2 | 20.80 14.73 0.168 0.913 0422 |
3 2030 | 1494 0.159 0.67 0400
4 20.44 14.36 0.140 0.7695 | 0.3535 |
| 5 2131 1852|0477 _ 1.20 _0.4455
(Note that mixed units are used to provide ease of use by Physicists and Engineers)
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S S SR S
I SS(x,2) SS(x,
X - . SH2L . S$S(x,2)

CASE 1 CASE 2 CASES ' CASE S
)4 85(x,2)
T N L. UG AU
%, X, E
P“I 8S(x,y) J v !_ SS{x,y) /l y) H* SS(n,y) SS(x,y) SS{x,y) X2z SS(x,y)
LT F oL ' 512 L
' SS(x,2) ' SSixz)
CASES CASE4 CASET CASE 8

SS(x,y) = pinned supporisinx &y dlre_ctlons
SS(x,z) = pinned supports in x & z directions
SS(x,y,2) = pinned supports In x, y &z directions
P1, P2 = locations for deflection measurements

L = half the length of the absorber plate

Figure 1-12 Support Cases 1-8
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Absorber Analysis Results In Air

5x

Support 5 £z
Case Max Deflection Deflection at P2 | % Max Strain
X direction x direction 2 direction
(mm) (mm) (102)

1 80.5 6.65

2 3.08 B 2.00

3 0.96_ 0.64 0.89

4 1.108 0.78

5 0.67

6 49 — 075 |

7 0.47 0.1 0.61

8 1.3 1.24

Sensor Analysis Results in Air
Sx | ox €z
Support | pefiection at P1 | Deflection at P2 | % Max Strain
Case x direction x direction 2z direction
(mm) (mm) (10-2)

3 2.2 0.52 0.80
7 0.35 0.33 0.43
Absorber/Sensor Relative Maximum Deflections (mm) in Air

CASE 8x 8n
x direction normal to
_ fiat of plates
7 0.22 0.185

Figure 1-13 Absorber/Sensor Accordion Analysis Results in Air for Support Cases 1-8
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notes:

PLATE O Bx €z €z
LAY-yp | Max Deflection In | Max Deflection in Max Strain in % Max Strain In
Alr Krypton Air Krypton
x direction x direction z direction z direction
(mm) (mm) (10~4mnvmm) 10-2
[ 1 1.30 0.973 1.24 0.528
2 1.08 0.764 1,01 0.714
3 1.17 0.861 0.999 0.735
4 1.26 0.885 1.18 0.829
5 0.99 0.674 944 0.643

density of krypton = 2.415 g/cm3
deflection In krypton = deflection In alr*( WKIWA)

stress for each layer can be computed by multiplying the strain, ¢z , by the Modulus, E

Figure 1-14 Absorber Accordion Analysis Results(Air & Krypton) for Several Lay-Ups
(Support Case 8)
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(Valld Only for This Geometry and Case 8 Support Conditions)
In air: o R1 + BR2 =0y

In krypton: « R{ + BR2 =8x*( WiyWa)

where
a =6208.3351
B =13.734216
Sx = max vertical deflection (mm)
R1=Wu/Elp (kgllbs-lnz) - weight to stiffness ratio for the "n" axis (reference Figure 1-10)
R2= Wy/Ely (kg/ibs-In2) - welght to stiffness ratio for the "y" axis (reference Figure 1-10)
PLATE R1 R2 8 Sx
LAY-UP | (kg/ibs-in2)) | (kg/bs-in2) | max Deflection In | Max Deflection in
Alr Krypton
x direction x direction
! (mm) (mm)
1 0.0001591 0.023000 1.30 0.973
2 | 0.0001239 | 0.022774 1.08 0.764
3 0.0001280 | 0.030311 117 0.861
4 0.0001455 | 0.026571 1.26 o.ﬁ_s
5 0.0001203 0.017749 0.99 0.674

(Note that mixed units are used to provide ease of use by Physicists and Engineers)

Figure 1-15 Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8)
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Stiffness Equetions:
1
Ely = Ew“[zEﬁ, +2E31 + Egta]
(1,3 t 1Y
Ely = 2w{— - .41
y w 1zE1t1+E1t1(2 2)] +

ke

2Wj-1§ Ezlg + Egtz(—;- - t4- %)2] +

-.-l-“i wE; tg
Ely = 3 (Ely + E1) + 1 (Bl - EL;) cos(20)

where
Iz, ly, In = area moment of inertia about the 2, y & n axes, respectively (Ref. Figure 1-10)
E = effective modulus of elasticity of accordion plate

Accordion Weight Equations In Alr & Krypton;
Wa =St + 2pat2 + paty)
W = S[@p1t + 2p2t2 + paty) —px 1]
where
Wa, Wik = weight of half the absorber accordion plate In air & krypton, respectively
P1, P2 P3 = density of steel, G10 & lead, respectively

px = density of krypton
t1, 12,13 = thickness of steel, G10 & lead layers, respectively
t = total thickness of absorber accordion plate
S§ = surface area of half the absorber accordion pilate

Figure 1-16 Accordion Equations for Stiffness & Weight
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Calorimeter Engineering Question
1. Liguid Krypton EM Calorimeter Support
Request: Provide a proof-of-principle structural designs for the barrel and endcap accordion EM calorimeters.

Specific Concerns:
s The load path from the endcap accordion plates to the endcap cryosiat barrel is not understood.

Answer;
¢+ The load path (reference Figure 1-19) is from the plases through fasteners that hold the plates together, through stiffeners,

b through the face plates, through the aluminum shell and into a flange on the Endcap Calorimeter stay (not shown).

ata;

The Endcap accordion EM is constructed of 330 sensor and 331 absorber plates grouped into 110 physical "towers" (reference
Figure 1-17). The first and last bend of each plate tpro;ect to interaction point (reference Figure 1-18). G10 spacers are placed
between the plates to provide the proper spacing of the plates. The plates are held together with fasteners. Hexcel strips are
placed between the flat faces of the accordion region to provide a minimum high voltage gap between the sensor plate and the
absorber plate. At appropriate locations the accordion is shifted one cycle to compensate for the curvature of the accordion
structure. Each of these shifts contains a G10 stiffener as the structural element that supports the weight of many plates and
provides a stiff support to control the effects of thermal shrinkage. The stiffeners are attached to a perforated G10 face plate.
Two halves of a conical aluminum shell are joined and the face plates and stiffeners are attached to flanges on the outer edges of
the aluminum shell (reference Figures 1-19, 1-20, 1-21), The flange on the rear outer edge of the aluminum shell is also used to
attach the EM assembly to Endcap Calorimeter stay. ,

Figure 1-17 Endcap Accordion EM Without Support System
Endcap EM showing only the physical towers. Each Physical tower consists of 3 absorber plates, 3 sensing plates and 6
Argon gaps

Figure 118 Endcap Accordion EM
Plan view of the Endcap Accordion showing the support system. Individual absorber and sensor plates are shown only in

the detailed view.
Figure 1-19 Endcap EM Support System

Exploded view showing the support system of the Endcap EM. Composite Stiffeners attach the accordion plates to
composite Faceplates. The Faceplates and Stiffeners are attached to the two halves of the aluminum shell

Figure 1-20 Endcap EM Assembly )
Exploded view showing the support system of the Endcap EM and physical towers.

Figure 1-21 Asembled Endcap EM
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Calorimeter Engineering Question

2.

Data:

Integrated Liquid Argon Calorimeter Diameter
Request: Provide a more detailed tabulation of the diametrical stack-up of the integrated liquid argon calorimeter.

Specific Concern:
* The stack-up should specify fabrication and assembly tolerances.

Answer:
* A preliminary tolerance study indicates that standard manufacturing tolerances are acceptable for both manufactured parts
and procured hardware. See Figures 2-2 through 2-6.

Specific Concern:
* An end section at eta=0 is needed for a complete understanding of the clearances and layout of the vessel and modules.

Answer:

o Figure 2-1 and 1a shows the ambient and cryogenic nominal diametrical dimensions for the barrel calorimeter and the
minimum hadronic module spaces for both temperatures. Also a summary of the hadronic module maximum diametrical
dimensions at ambient and cryogenic temperatures are listed. The EM barrel modules will be shimmed 1o fit the vessel at the
outer radius clevises. The outer radius of the module will have thermal expansion rates equal to the aluminum vessel while
the inner radius will follow the radial thermal expansion rates of the accordion absorber plates.

The actual design of the modules has not been completed in this conceptual phase but a study was performed based on the cell
stacks and vessel configurations. Plate tolerances for the 9 and 15mm copper were £ 0.007 and 0.008 inches respectively.
Tooling for the absorbet/sensor sandwiches are to hold a tolerance of £ 0.004 inches. The spacer button tolerance was 1 0.0015

inches.
The vessel radial tolerances of the shells is controlled by neutral axis hoop length, with a tolerance as specified in the table, and
weld shrinkage also specified in the table. Weld shrinkage can be evaluated and compensated for in the actual design, but was

not done so here.
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Figure 2-1 Vessel Dimensions Ambient and Cold

Figures 2-1 and 2-1a show the nominal dimensions at ambient (300°K) and cryogenic (86°K) temperatures for the EM and
Hadronic modules within the liquid argon vessel. These envelopes include considerations for manufacturing and material
stock tolerances as well as considerations for the thermal effects relative to the coefficient of thermal expansion for the
aluminum cryostat,

Figure 2-1a EM Vessel and EM Module Dimensions

Figure 2-2 First Fine Hadronic Module Stack Height and Element Tolerances.

Figures 2-2, 2-3 and 2-4 show the nominal and maximum stackup height for the fine and coarse hadronic modules along
with the tolerances used for individual plates contained within the modules.

Figure 2-3, First Fine Hadronic Module Stack Height and Element Tolerances.

Figure 2-4, Coarse Hadronic Module Stack Height and Element Tolerances.

Figure 2-8. Radial Dimension - Thermal Effects on Hadronic Modules
Figure 2-5 shows the maximum ambient and cold height of the fine and coarse hadronic modules. A comparison of these
values to Figure 2-1 verifies that the modules will always have clearance within the allowable radial space between the stays
and vessel walls.

Figure 2-6. Work sheet for the vessel and module elements
Figure 2-6 is the worksheet used to develop the module and module envelope tolerance stackups..

Figure 2-7. EM Module Diametrical Stack-up

Figure 2-7 shows the calculation used to develop the % AL/L for G10 in order to minimize the change in radius due to
thermal effects. :
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TYPICAL ARGON VESSEL TOLERANCE STACKUP

L T R
Vessels are 5083 Aluminum All Dimensions in mm

Lransion A i
uie Amblent

EM Module Cold

1st Fine Hadron Module Amblent
18t Fine Hadron Module Cold
2nd Fine Hadron Module Amblent
2nd Fine Hadron Module Cold
Coarsa Hadron Moduls Amblent
Coarss Hadron Modula Cold

! Ambient Nominal Radial Dimensions (300K)

Vacuum Vessel Wall
3450

May Be

a Polygon Argon Vessel Quter Wall

2761

13 .13

2113

nner Vacuum Vessel Wall

1466

Inner Argon
Vessel Wall

Ambilent/Cold Mintmum
Radial Spaces [n mm
Considering Material,
Manufacturing Tolerances
and Thermal

(Deita L/1.=0.0036)

2105

Cold Nominal Radial Dimensions (86K) 2751
]

!

KRBarnstable Module Endview

Figure 2-1. Vessel Dimensions Ambient and Cold



TYPICAL ARGON VESSEL TOLERANCE STACKUP

Vessels are 5083 Aluminum All Dimensions In mm
S98max EM Module Ambient
%9S.3max &M Module Cold
624.7mex  |st Fine Hadron Modute Amblent FINE HADRON
622.5max 15t Fine Hadron Module Cold
620.4max  2nd Fine Hadron Module Amblent
626.2max  2nd Fine Hagrén Module Cold
654, imax  Coarse Hadgron Module Amblent
651.8max Coarse Hadron Module Cold 1466 13+.13
: Space Avagilable
AmbientiNominal Radial Dimensions (300K) 1421 @ for Modules
’- \ Amblent/Cold Minlmum
! ' Radlial Spaces In mm
3 Considering Materlal,

0G0

877 Inner Argon
X ‘ Vessel Wall
835
' 819
, ———
= 760
832
t
874
f | 598/5953

Inner Vacuum Vessel wall

lCold Nominal Radial Dimensions (86K)

Manufacturing Tolerances
and Thermal
(Delta L/L=0.0036)

Max. Module Size Ambient and Cold

Figure 2-1a. EM Vessel and EM Module Dimensions - Ambient and Cold

EM Mod. E/V Fig. 2-1a
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MODULE TOLERANCE STACKUP

Al! Dimensions In mm

Mother Boards
I

1st Fine Hadronic Module:

' iw.?o +0.2 [ I |
w
rongback (Al) It . }
n | H
1§ T
1 : 1
- } i p
Nominal 610.5 ! Exit Ground Plate
Max. 618.2 } !
Typical Cell - 6X
- ! :
ke n Ar Gap, 2.00 + 0.038
Ground Plates (Shared by Two Celis), 9.00 + 0.18
= }
Absorber Plates (Six per Cell, Three Above and Three
- - n Below Sensing Platel}, 10.00 : 0.1
’ T
' 4 y Sensing Plate (One per Cell), 10.00 £ 0,1
— " ~ Entrance Ground Plate
(Minimize Thickness)

GIO&SS, 95001

Figure 2-2. First Fine Hadron Module Showing Stack Helght and Element Tolerances

KRBarnstable Module Tol F.H.*Fig2-2
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MODULE TOLERANCE STACKUP

Al Dimensions In mm

Nom!
Max.

' ¢32.40 + 0.2

Mother Boards

2nd Eine Hadronic Module:

zﬁngbaa {AL)

nal 612.2
619.9

Exit Ground Plate

Typtcal Ceil - 6X

Ar Gap, 2.00 £ 0.038

Ground Plates (Shared by Two Cells), 9.00 : 0.18

Absorber Plates (Six per Cell, Three Above and Three
Below Sensing Plate), 10.00 ¢ 0.1

Sensing Plate (One per Cell), 10.00 + 0.1

~ Entrance Ground Plate

{Minimize Thickness)

G10 &S5, 950+ 0

Figure 2-3. Second Fine Hadron Module Showing Stack Height and Element Tolerances

KRBarnstable Module Tol FH.#Fig2-3



MODULE TOLERANCE STACKUP

All Dimensions In mm

Coarse Hadronic Module:

Mother Boards

? 331.7010.2 | ! I

Exit Ground Plate

Nominal 639.1

Max. . 643.5 . g
4 H | Typical Cell - 4X

Ar Gap, 2.00 £ 0.038

Sensing Plate (One per Cell), 16.70 £ 0.1

€S0

Absorber Plates (Six per Cell, Three Above and Three
Below Sensing Plate), 16.65 £ 0.1

! Ground Plates (Shared by Two Cells), 15.00 £ 0.2

Entrance Ground Plate
(Minimize Thickness)

G10&S.S,, 9.50+0.1

Figure 2-4. Coarse Hadron Module Showing Stack Height and Element Tolerances
KRBamnstable Module Tol C.H.#Fig2-4
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LIQUID ARGON CALORIMETER - HADRONIC MODULES

Radial dimensfion for confirming compatiablity with the vessel are shown.
Maximum stack heights were used to compare with minimal vessel radii in Figure 2-1.
Ambient Is 300K, Cold is B6K.

624.7 Max | | 622.5 Max 628.4Max 651.8 Max

Ambient

Eirst Hadron Module Second Hadron Module Coarse Hadron Module

| - |
Cold Ambient { Cold Ambient ; Cold

Figure 2-5. Radial Dimension - Thermal effects on Hadron Modules
All dimenstons are in mm

KRBamstable FHad#1AT Tol Fig 2.5
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Ideal G10 thermal Properties

Outer “ring” R« 1421
Cell
Thickness, mm Delta_L/L
G10 spacer 8.818 0.0034
Kapton 0.4 0.0033
Lead 1.3 0.00577
Stainless Ste¢ 0.4 0.00281
Prepreg 0.2 0.0063
11.115
Aggregate delta_L/L =
Aluminum 0.00372
inner “ring" R« 877
Cell :
Thickness, mm Deita_L/L
G10 spacer 4.634 0.0021
Kapton 0.4 0.0033
G10 insert 1.3 0.0083
Stainless Stee 0.4 0.00281
Prepreg 0.2 0.0083
8.934

Aggregate delta L/L =

Aluminum 0.00372

0.0300
0.0013
0.0075
0.0011
0.0013
0.0412
0.0037

Relative Delta R= -0.02

0.0097
0.0013
0.0082
0.0011
0.0013
0.0218
0.0031

Relative Delta R= -0.53

Delta R= 5.26

Delta R= 5.29

Delta R= 2.74

Deita R= 3.26

Typical G10 Properties: 0.0021 normal to thickness to 0.0063 In thickness

mm

mm

Figure 2-7. EM Module Dlametrical Stack-up
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Calorimeter Engineering Question (Continued)

2.

Data:

Integrated Liquid Argon Calorimeter Diameter

Specific Concern:

* A concept of the barrel feedthroughs, including dimensions is needed to determine the additional diameter required as well
as the interface requirements with the muon system. .

Answer:

* Commercial pin connectors with bimetallic couplings and mounting plates can be utilized in an ASME port without
impacting the radii of either the barrel or endcap calorimeter.

The barrel feedthroughs consist of 17 sets of flange assemblies at each end of the vessel with 13 connectors in each flange,
providing for 43,200 channels. The barrel feedthrough cabling requires a 50 mm clearance envelope outside the vacuum
vessel from the feedthrough to the support pedestal.

Each endcap will have 2 rings of feedthroughs providing for 18 feedthroughs with 13 connectors each to accommodate 22,980
channels. The endcap feed gh cabling requires a 40 mm clearance envelope outside of the vacuum vessel wall to the

pedestal.
Figure 2-8. Connector Assembly

Figure 2-8 shows the electronic connector installation detail.
Figure 2-9, Argon and Vacuum Vessel Feedthrough Flanges

Figure 2-9 shows the typical warm and cold feedthrough flanges. Notice that the cold feedthrough is purposely
designed smaller than the warm feedthrough so it can be extracted through the warm feedthrough fo servicing.

Figure 2-10. Feedthrough Plate and Pipe Extension Prior to Assembly into Vessel and Assembled

Figure 2-10 depicts how the feedthrough welded into a tube extension can eliminate excessive stress on the fragile
connectors.

Figure 2-11. Section View Showing Location of Feedthroughs
Figure 2-12. End Section View Showing Feedthrough Orientation, Cable Routing Space and Support Envelope

Figure 2-12 shows the 50 mm envelope necessary for cable routing outside of thje barrel vacuum vessel.
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Figure 2-13. Endcap Feedthrough Locations
Figure 2-13 defines the two locations for the feedthrough flanges in the endcap.

Figure 2-14. Feedthrough Locations at Section A-A and the Envelope Required for Cabling.
Figure 2-15, Feedthrough Locations at Section B-B and the Envelope Required for Cabling
Figure 2-16. End View of Endcap Showing Superimposed Sections A-A and B-B.
Figure 2-16 shows the overall congestion resulting from the feedthroughs and cabling in the endcap.
Figure 2-17. Cable Management Method to Avoid Multiple Cable Thicknesses.

Figure 2-17 represents one method of minimizing the cable space envelope required by assuring the minumum number
of cable overlaps.

Figure 2-18, Barrel Electronic Feedthroughs Section Showing Space Required for Cabling
Figure 2-18 shows the multiple layer insulation and cabling orientation in the barrel section.
Figure 2-19. Endcap Calorimeter Feedthrough Showing Cable Clearance

Figure 2-19 shows the multiple layer insulation and cabling orientation in the endcap section.



LIQUID ARGON CALORIMETER

6S0

Electronic Feedthrough Detall Pimetali Fiing

. el

Cold Signal Pin Connector
(Modified HSC-X960504-22B-55P-2)

Circuit Board

Figure 2-8. Connector Assembly
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LIQUID ARGON CALORIMETER FEEDTHROUGHS

Note: The cold feedthrough is designed at a smaller diameter than the
warm feedthrough and positioned concentric to it so that the cold
feedthrough may be accessed by removal of the warm feedthrough.

30

13X
128 Pin Connector

15X 100 Signals Used

128 Pin Connector 200 Wires

100 Signals Used 4 Cable Bundies ® 50
200 Wires Wires (25 Channels)
4 Cable Bundies @ 50

Wires (25 Channe!)

Figure 2-9. Argon and Vacuum Vessel Feedthrough Flanges
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LIQUID ARGON CALORIMETER
Feedthrough Flange Instaliation _ Feedthrough Fiange

Pipe -

Argon or Vacuum Vessel Wall

Bimetallic Fitting

130

Warm / Cold Feedthrough Flange

Figure 2-10. Feedthrough Plate and Pipe Extension Prior to
Assembly into Vessel and Assemblied
KRBamstable FT Details2-10
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LIQUID ARGON BARREL CALORIMETER

Barrel Feedthroughs

le—

In Mlnq?f:-’um
3
3526

3600

-

' Tracker 760

] { ¥

All Dimensions in mm

Figure 2-11. Section View Showing Location of Feedthroughs and radial dimensions

KRBarnstableBL) Barrel FT's
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LIQUID ARGON BARREL CALORIMETER Al Dimensions in mm

Typical Warm Feedthrough
17X Each End of Barrel

50 mm Radial Envelope
for Cabling

Support Envelope
| !
I |
50 mm Radial \ \) ?l, Typical Cold Feedthrough
Cabling Envelope % " 17X Each End of Barre!

Figure 2-12. End Section View Showing Feedthrough Orientation and
Cable Routing Space to Support Pedestal

KRBarnstableBL! Barrel FT's
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LIQUID ARGON ENDCAP CALORIMETER
Barrel & Endcap Feedthroughs

All Dimensions th mm

|— : 3906 »le644
S50 mm A B
i 40 mm
l 50 mm Cable Envelope
! ] 1 L S || c—
: SS Ty
i
1
I
|
1
1
[}
|
Fine Hadro /
ji Fine Hadro
zF ine Hadro
"/ A A M"‘
msn Y, J\;=’\J‘v“= Wavp ey F' H d
NN NSNS NS Y, / aEﬂ ne Hadro
! Tracker
AL

Figure 2-13. Endcap Feedthrough Locations
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LIQUID ARGON ENDCAP CALORIMETER - Endview of Endcap
F -A
All Dimensions in mm

Feedthrough Flanges With
Provisions For 13 Connectors
9X

Envelope Reserv
Typlcal Cable For Supports
Envelope |
30O mm
wlide x 40
mm high
(extends to
barrel and
endcap
separation |
line.)

o
=p]
o

Typical Cold Feedthrough

Typical Warm Feedthrough

Figure 2-14 Feedthrough Locations at Section A-A and the

uired for Cablin
Envelope Req g KRBarnstable BL1 E/C FT's 2-13>16



LIQUID ARGON ENDCAP CALORIMETER - endview of Endcap

Endcap Feedthroughs
section B-B:

Feedthrough Flanges With
Provisions For 13 Connectors
9X

Typical Cabl

Envelope
300 mm Envelope Reserved

wide x 40 For Supports
mm high '
(extends to
barrel and
endcap
separation
1ine.)

Typical Cold Feedthrough

Typical Warm Feedthrough

Figure 2-15 Feedthrough Locations at Section B-B and the
Envelope Required for Cabling KRBarnstable BL1 E/C FT's 2-13>16
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LIQUID ARGON ENDCAP ENDCAP CALORIMETER
Endcap Feedthroughs - (Half Section End View)

All Dimenstons In mm

Section B-B

Envelope Reserved
For Supports

Section B-B

Figure 2-16. End View of Endcap Showing Super imposed Sections A-A and B-B

KRBarnstable BL1 E/C FT's 2-13>16



LIQUID ARGON CALORIMETER - FEEDTHROUGHS
Feedthrough Twisted Pair Ribbon Cable and ML ( multilayer insulation) Detail

Note: With proper cable orientation, there will be cable bundles
from only 2 connectors overlapping at any one location.

Overlap Aress sre Shaded

Typlcal Warm Feedthrough
Flange 350 mm O.D.

890

Overlap Areas

Typical Cold Feedthrough
Flange 300 mm 0.D.

Figure 2-17. Cable Management Method to Avold Muitiple Cable Thicknesses

Pt PT Psges V3L
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LIQUID ARGON CALORIMETER

Electronic Feedthrough Cross Section - Barrel Section

Note: With proper cable orientation there will be cable

bundles from only 2 conneclors overlapping at any one
location.

Typical Connector
100 Signals - 200 Wires

Typical Warm (432 Connectors Needed)
Feedthrough Flange
Vacuum Vesse! Walt
85 mm Available Nominal 13 mm (1/27)
75 mm Needed at Amblent Multiple Layer Insulation

Al

/ ‘l iy I(‘ YRR
v.\-‘ Ay
I \f\"
I\M 77777777777777777777777777777777

4 —"~—g.5mm (3/8")
~<9,5 mm (3/8") th o ( oy Muttiple Layer Insulation
Muttipie Layer Insulation i "Tuu A "T’-'_lg |
Between 2 Loops ke T
Cable Bundle
of Cable Bundles 4 Cables Per Connector
Each @ 2mm Thick
Typical Coid Total Thickness = 8 mm
Argon Vessel Wall Feedthrough Flange

Figure 2-18. Barrel Electronic Feedthrough Section Showing Space Required for Cabling

KRBamstable FT Details
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LIQUID ARGON CALORIMETER
Electronic Feedthrough Cross Section - Endcap

Notle: With proper cable orientation thers will be cable
bundies from only 2 connectors overlapping at any one
locatlon.

Typlcal Connector
100 Signals - 200 Wires
Vacuum Vessel Wall  yypica) warm (230 Connectors Needed Per Endcap)
Feedthrough Flange
:mT__w_u_p 1|n'r|m$m|‘ llr Ti‘r'\ii! JHk lewm ‘
IH" ! 1! ™ PR NN AN 1\| ‘ “ b ! AN W
QR Wﬁ&.\‘ |\‘ i H‘\‘I M% Adv% ' l H|\i H\\ ‘Q‘Z\w
Cable Bundle
- 4 Cables Per Connector
R AN A AT TSI Each @ 2mm Thick
Total Thickness = 8 mm
AT "_"’_ "-"‘WA“} WNMWVVW\&WNM \ . 1 m&‘b\ PATASATAY
ALk, B ik ik @ il e
Wvg-—r¢ ¥ q_H‘TJ[—' B H“T]“\l ”‘ “:—-T-\H_"f-] r
Tvoical Cold 13mm (1/2")
Argon Vessel Wall Fz:dl;ro:gh Flange Multiple Layer [nsulation
Figure 2-19. Endcap Calorimeter Feedthrough Showing Cable Clearance
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Calorimeter Engineering Question {Continued)

2,

T40

Integrated Liquid Argon Calorimeter Diameter

Request: Provide a more detailed tabulation of the diametrical stack-up of the integrated liquid argon calorimeter.

Specific Concern: :

* The computation of the absorption length of the hadron layers does not appear to account for the 3-4% of absorber consumed
by the tile partitions. If true, this will add approximately 5 cm to the overall radius of the assembly.

Answer:

s First, the goal of 12 A is not expected to be satisfied to the 1% level. Second, the 3-4% loss of A is only at the inner radius. At

the outer radius, since the An, A segmentation is still 0.08 (nominally) and so the loss is only ~1%. At this stage in the
design we do not know the details to this few % level. For example, we are considering the use of krypton in the barrel which

would more than compensate for the loss. Another design detail is that the hadronic modules are rotated in ¢ as they go out

brzdially to eliminate going through cracks. This rotation could also be arranged so that the gaps between the tiles would not
projective.



Calorimeter Engineering Question
kR Integrated Liquid Argon Calorimeter Support

Request: Provide a scaled end section view of the liquid argon vessel cold mass supports.

Specific Concern:

'lr}uy_ﬁciem space is available for the cold mass support without reducing the active absorber in the hadron
calorimeter.

Answer:

*Sufficient space has already been allocated for the cold mass supports, as shown in Figures 3-1 & 3-2, and
further reduction is not required in the active absorber.

Data:

+Plan and end views of the liquid argon vessel showing the locations of the stanchions (cold mass supports) are given
in Figures 3-1 & 3-2, respectively.

*The Barrel Argon Vessel and Calorimeter weighs 900 MT. This weight is equally shared by four stanchions. In addition,
each stanchion is subject to a lateral deflection of 15.57 mm (0.004AL/L * 3892 mm) due to a thermal contraction from
296 to 86°K (reference Figures 3-1 & 3-2),

*Each Endcap Argon Vessel and Calorimeter weighs 636 MT. The front two stanchions each carry 276 MT and are

subject to a lateral deflection of 14.48 mm (0.004AL/L * 3619 mm) due to a thermal contraction from 296 to 86°K
(reference Figures 3-1 & 3-2). The aft two stanchions each carry 42 MT and are subject to a lateral deflection of

o 16.60 mm (0.004AL/L * 4150 mm) due to a thermal contraction from 296 to 86°K (reference Figures 3-1 & 3-2).
=~J  +The stanchions consist of plates made of Inconel (reference Figure 3-3, 3-3a), are sized based on beam column analysis
DO and are subject to the guidelines of the AISC (reference Figure 3-4).

Figure 3-1.  Plan View of Liquid Argon Calorimeter Showing Stanchion Locations

This plan view shows the critical dimensions for considering the thermal effects on the stanchions. The calorimeter is
supported by a pedestal structure centered at the interaction point. The pedestal cradle is 500 mm wide at the
cnrorimeter interface and cradle loads are spread to the outer calorimeter vessel wall by a 500 mm wide stiffener
ring around the outside of the calorimeter. The calorimeter consists of three assemblies, two endcaps and a barrel
assembly. The barrel assembly is supported on the stanchion pedestal and the two endcaps are supported on the ends of
the barrel assembly. The forward calorimeter shares the same liquid that is in the endcap and is supported by the endcap
but has alignment capability so it can be centered on the beam line. Upon removal of an endcap additional support will
be required to counteract the resultant unbalanced load.
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Figure 3-2.  End Views of Liquid Argon Calorimeter Showing Stanchion Locations

This defines the end view location and the proximity to the argon and vacuum vessels for both the barrel calorimeter and
the endcap calorimeter. :

Figure 3.3,  Barrel Stanchion Basic Dimensions
The detailed dimensions of the barrel supports are shown. The plates are brazed at the top and bottom and the gaps

between the plates and the plate orientation allows flexibility to accomodate the thermal effects. The radial orientation
of the stanchion plates help to ensure that the cold vessels centerline has little or no movement due to the changes from

ambient temperatures to cryogenic temperatures.

Figure 3-3a. Barrel Stanchion Assembly
Figure 3-3a shows the overall stanchion assembly. The u spherical bearing helps to evenly distrubute the load to the
vertical plates. The thermal intercept portion of the stanchion assembly will be used to dissipate the majority of the heat
so minimal heat penetrates the argon vessel wall.

Figure 3-4. Loads & Analysis Results for Barrel & Endcap Stanchions

Figure 3-4 lists the analysis involved in the stanchion support design.
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Figure 3-1 Plan View of Liquid Argon Calorimeter Showing Stanchion Locations
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i Note: All Dimensions in mm Vacuum Vessels
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Note: All Dimensions in mm

Sum of Plate Lengths > 1251 ?—é&

?_- — Flexible Portion of Assembly

130.8mm Thick Stainless Steelj

L3

)
137
j ~d | ___L
Top and Bottom Support Plate
One Shown, One Opposite
13.7
5
— I 14.7
685.2 ——y

609

| 1

Flexible Plate Brazed Together at Top
and Bottom, 34 plates per support
(Mat'L : Inconel)

\ 38.1 Brazed Portion
i

Typical Brazed end of Plates

Figure 3-3 Barrel Stanchion Basic Dimensions
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Endcap Calorimeter Supports

Front support loads is 275SMT
Input Name Qutput Uni¢ . Comment
24 L in Length of beam(input)
b 492.86668 in length of plate(input)
52 t in thickness of plate(input)
r 15011107 in radius of gyration
A 256.29067 in*2 arca of plate
29E7 E psi Young's Modulus(input)
I 5775 in™Md Area moment of inertia
z 26 in Neutral axis to stress point
c 26 max distance to neutral axis(t/2)
FOR FIXED/GUIDED BEAM AISC ASD p.5-135
1.2 K effective length factor(input)
140000 Fy psi yield stress(input)
bt 492.86668 in Total stantion length
605000 Pt - in Total stantion load
At 256.29067 in*2 Total stantion area(input)
LOAD ON STANCHION
0 a in Lateral Load distance from left end
w -32790.1 Db ‘Lateral Load
605000 P Ib Axial Compressive Load(input)
CRITICAL BUCKLING LOAD ON STANCHION
Pcr 2869680.2 Ib CRITICAL Compressive Load(EULER})
emr _ Caution Message
CRITICAL Compressive Load(AISC)
Perl 1039739.2 Pcrl<Pcr
Fa 4056.8749 1b CRITICAL Compressive Load(AISC) Fa<Pcr
AT SECTION:
0 X in Distance from left end
v 0 Ib Transverse shear
M -479693.7 in-lb Bending moment
theta 0 rad Slope
y 285 in Deflection
Stress:(Axial Load Comp NOT Included)
st _ psi Fiber stress at stress point z
sty _ psi Max Fiber stress at extremity y
AT LEFT END:
RA 0 Ib Vertical reaction
MA -479693.7 in-1b Reaction Bending moment
thetaA 0 rad Slope
285 YA in Deflection (input)

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions



Endcap Calorimeter Supports (continued)

Front stanchion load is 275MT
Input Name __ OQutput  Unijt Comiment

AT RIGHT END:
RB -32790.1 Ib Vertical reaction
MB 479693.72 in-lb Reaction Bending moment
theraB 0 rad Slope
yB 0 in Deflection

MARGIN OF SAFETY BASED ON AISC
Fb 105000 Psi allowable bending stress
Fv 56000 psi allowable axial stress
fb 21596.289 psi applicd bending stress
fa 2360.6009 psi applied axial stress
Cm 85 AISC restraint constant
fcratio 58187669 ratio of fa/Fa

if fa/Fa> (.15

1 comb margin of safety(<=1.0)

combl 23378134 margin of safety(<=1.0)

if fa/Fa<=0.15
comb2 .78755563 margin of safety(<=1.0)

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions (continued)
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Endcap Calorimeter Supports (continued)
Front stanchion load is 275MT

TK Solver was used to size the stanchions using criteria outlined by the
AISC. The Roark & Young beam column equations together with the
structural equations given by the AISC are presented below for your
information:

‘!1#‘#‘1!**0‘1"*

* % %

* * % »

% * % % %

call erit(P,ELL;Pcr K, err)

call get_tab(matl#,matlLE)

call case(W,ELLak,P;RA,MA thetaA,yA,RB,MB,thetaB,yB,case)
caltl/ lzoad(E.I.La,RA.MA.themA,yA,&k,P.W,0.0.0:V.M.theta,y)
Zm

z=given('z,z,"_)

if given('z) then st=M*2/] else st="_

if known('axis,1,0)=0 then 196c='_

if 96c<'_ then sty=M/I%c else sty='_

call clear()

if plot="y then call genplot(E,],a,RA,MA, thetaA,yA,L19c,k,P,W,0,0,0)
if table="y then call gentable{W,0,0,0)

bi=Pt/P*b :

At=bt*t

I= 1/12*b*tA3

r=t/sqrt(12)

A=b*t

"AISC ASD 9th edition p.5-42"
Fa=12*pi(}*2*E/(23*(K*L/r)A2)

Pcri=Fa*A

fa=P/A

"AISC ASD 9th edition p.5-48"

Fb=.75*Fy

Fv=.40*Fy

fb=MB*c/1

C=t/2

"AISC ASD 9th edition p.5-54"

Cm=.85

if fcratio>=1 then comb=fa/Fa+fb/Fb

if fcratio<1 then comb=fa/Fa+(Cm/(1-fa/Fa))*fb/Fo
fcratio=fa/Fa

combl=(fa/(0.6*Fy))+abs(fb/Fb)
comb2=(fa/Fa)+(fb/Fb)

Figure 3-4. Loads & Analysis Results for Barrel & Endcap
Stanchions (continued)
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Barrel and Endcap Thermal Expansion and Loads
Dimensions mm Loads Ibs MT MT ea.
Total
~ Endcap | L1 3689 | Load] 1214082 | 552 275.93
L2 4853 | Load2 185118 84| 42.072
Cg_ 3843 | Weight 1399200 636 318 | check
Barrel Four Equally Loaded Stanchions 900 225
] |
Moments=oad1*L1+Load2*.2-Weight*Cg _
Load1+Load2=Weight
Load1*L1+(Weight-L1)*Load2=Weight*Cg
| |
Load 1=(Welght*Cg-Weight*.2)/(L1-L2)
A — S I e —
Thermal Expansion for AL 5083 (296 to 86°K)
Dimensions | Integrated Deita L Deita L from
mm thermal total deflection { undeflected position
Length Expansion mm inches inches
L Delta L/L —
3892 0.004 15.57 0.61 + 0.305
3619 0.004 14.48 0.57 + 0.285
4150 0.004 16.60 0.65 1 0.325

Figure 3-4 Loads & Analysis Results for Barrel & Endcap Stanchion (continued)




¢80

Calorimeter Engineering Question

4.

Integrated Liquid Argon Calorimeter Fabrication

Reﬁ]l:)o::a Qutline the general procedure for the manufacture of the Integrated Liquid Argon Calorimeter by an international
collaborator.

Specific Concern: '
* The large aluminum vessels will require relatively sophisticated and difficult procedures which may not be possible for most
international collaborating institutions. :

Due to the size of the assembly and the method of fabrication the cost estimate specifies that approximately 40% (est., 183
PY) of all fabrication/test/instaliation labor will be performed at the SSCL.

It will be difficult 1o enforce quality control standards if module work is performed off-shore and final testing is completed
when the cryostats are closed at the SSCL. Of particular concern are the potential problems with dirt, shipping, and
mishandling between the module fabrication source and the SSCL.

Answer:

» The cryostat costs are about 5% of the entire calorimeter budget. So even in the worst case, it could be made entirely in the
US. However, we are open to contributions that potential GEM collaborators can make. The assembly of the cryostat
involves many smaller pieces which could be fabricated off-shore and put together on site. The cryostat is aluminum and
so cleaning, shipping and handling should be able to be easily accomplished. The quality control question applies to
ANYTHING made ANYWHERE. There needs to be involvement by the physicists in the collaboration both in the U.S.. and
off-shore to insure that any piece made is inspected and tested at the site where it is fabricated.

We are now talking serlously with our Chinese collaborators in GEM about the fabrication in China. There is genuine
interest on the part of the Chinese. However, we are not at the stage in the discussion where we know whether just module
components would be fabricated in China or assembled modules. Much of the labor is in the preparation of the parts both
Jor the EM modules and especially for the hadronic modules. In the hadron calorimeter, tiles of copper need to be
arranged and then laminated. This is a labor intensive activity.

Specific Concern:
« Facilities at the SSCL will require special atmospheric conditioning and will thus add significant cost to the overall project.

Answer:

» The requirement is that the relative humidity be less than 40% and that a modest clean room environment be established.
The goals for the clean room are that debris of the size of a fraction of a mm be excluded. This is not the kind of clean room
that is difficult or expensive to establish. We are 1alking about the order of a very few hundred thousands of dollars. A
model would be the clean room built at Fermilab for the D0 detector.
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Calorimeter Engineering Question
5. Integrated Liquid Argon Calorimeter Assembly Procedure

Request: Provide sketches explaining the test and installation sequence of the barrel EM calorimeter in the integrated liquid
argon calorimeter.

Specific Concerns: '
* The proposed EM installation operation does not appear to provide for the routing of cables and services from the EM to the
barrel feedthrus.

Answer:
« EM lnsral]lan'on operation does provide for the routing of cables and services as shown in
Figure 5-1.

Data:

* 30 mm of radial space is allocated between the cryostat wall and both the inner radius and ends of the EM
section. It is estimated that 20 mm of space is required for these areas. The space between the EM and
huhtl):‘ﬂc mosdllﬂes will carry twice as many cables and so 50 mm of space has been allocated in these areas
(see Figure 5-1). ,

Figure 5-1. EM Channel Cable Management

Approximately 20 mm of space is required for EM cable routing around the majority of the EM module. If all the
cabling for the front and back EM segmentation were stacked in one location, then 40 mm of space is required.
However, 40 mm to 50 mm of space is available and proper management can minimize the cable stack height and
therefore optimize the cable clearances.
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Data ( Per 9° Seament):
Typical For Front and Back Segmentation

Add 10% for extra wires (clock channels, calibration
channels, etc.)

Towers in Eta =43

Towers in Phi=5

1i50mm 43 towers x 5 towers x 1.1 = 236 pairs of wires
x 2 wires / channel

-y

Fine Hadron
Fine Hadron
U'm A A A
: S
+41 mm | Tracker

A = 472 wires / 50 wires/cable
158 mm | = 10 cables
30 mm Xx_12 mm / cable
20 mm Cable Space

if Front & Back Segmentation cabling is Stacked,
the Cable Space = 40 mm. If off-set the cabling height
remains 20mm.

Figure 5-1 EM Channel Cable Management

KRBarnstableBL1 Batrel Channel Ct.
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Calorimeter Engineering Question

S.

Integrated Liquid Argon Calorimeter Assembly Procedure

Rmst: Provide sketches explaining the test and installation sequence of the barrel EM calorimeter in the integrated liquid argon
calorimeter. |

Specific Concern: ‘
o The fully assembled barrel (62 Mt} and endcap (13.2 Mt) accordion calorimeters must be functionally tested prior to the
installation in the integrated assembly.

Answer:

» The test of any noble liquid calorimeter involves, the measurement of the capacitance of each channel to check the
connections, the measurement of the leakage current at high voltage to eliminate shorts, and the full test of the preamps and
calibration circuits. These tests will be done at every major stage in the assembly and installation. If these tests are
successful we will be confident that the calorimeter will function correctly. We do not require the beam testing of all
modules of the calorimeter.
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Calorimeter Engineering Question (continued)
5. Integrated Liquid Argon Calorimeter Assembly Procedure

Request: Provide sketches explaining the test and installation sequence of the barrel EM calorimeter in the integrated liquid

argon calorimeter.

Specific Concerns:

* Sealing the liquid argon vessel after the installation of the EM assembly appears to involve significant risk due to proximity of

the welds to the cables.

Answers:

*  Approach shown in Figures 5-4 & 5-5 has been taken to mitigate the risk, However, test coupons should be studied to

evaluate the extent of this concern.
Data:

» There is considerable risk to the EM cabling due to the proximity of the welds to the cables. This is
especially true if the stays are solid plates (reference Figure 5-2), Since we must mitigate the heat,
careful cable management, limited heat input during welding and some more shielding (insulating)
will be necessary. A solid plate stay concept can utilize cooling tubes during the welding operation to
prevent heat damage to cabling. These cooling tubes can be removed after the module stay welding
operation is completed. Additional valuable space. will be used to incorporate a backing bar in the
design as required by ASME code.

» Instead of using solid plates as stays better options exist. One such option would be to replace the
solid plate stay with two tubes (reference Figure 5-3). The tubes would serve a dual role by acting as
a stay and providing an active cooling tube for cooling the preamps during operational usage. The
welding and overall assembly is easier and less heat input is required for the necessary partial
netration weld. This concept also eliminates the need for a backing bar since a full penetration weld
is no longer required. The final weld is made on the outside and the overall heat input and cable
shielding concemns are less.

» Sealing the liquid argon vessel after the installation of the EM assembly involves significant risk due
to proximity of the welds to the cables. However, by using shields in the vicinity of the weld joints
and by using bolted connections this risk can be minimized (reference Figures 5-4 & 5-5).
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Figure 5-2, Solid Plate Hadron Module Stay Concept
The solid plate stay requires a full penetration weld so a backing bar must be incorporated into the design to meet
ASME regquirements. Cooling tubes can be used during the welding operation in order to dissipate the heat and thus
protect the cables. The cooling tubes can be removed after welding operations are completed. The incorporation of a
backing bar into the solid plate concept uses up valuable space.

Figure 5.3, Cooling Tube Hadron Module Stay Concept
The cooling tube stay concept uses two tubes in place of the solid plate configuration in Figure 5-2. This concept may
also use cooling tubes during the welding operation but less heat will be encountered since only partial penetration
welds are required. No backing bar is necessary so less space is required. Also the modules are more accessible and
the two tubes provide a means of actively cooling the preamps during operation of the calorimeter.

Figure 5-4, Weld Joints Shielded & Purged During Assembly of Barrel EM Calorimeter
This shows a variety of assembly scenarios and includes weld joints that have backing bars incorporated into the
design as well as flanges that are bolted and then seal welded. Shields can be tack welded inside of the joints and used
to direct the cold gas behind the weld areas.

Figure 5-5. Weld Joints(Baseline) Shielded & Purged During Assembly of Barrel EM Calorimeter

In this scenario alldoiuts are welded instead of welded and bolted as in Figure 5-4. As with the bolted concept this
requires purge shields to cool the areas behind the welds but now full penetration welds are used and require backing
bars.

Figure 5-6. Reference Calorimeter Configuration
This configuration defines the weld locations within the barrel calorimeter as were described in Figures 5-4 and 5-5.



Note: See Figure 5-6 for Weld Zone
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Note: See Figure 5-6 for Weld Zone
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Note: See Figure 5-6 for Weld Zone

Locations on Calorimeter
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Figure 5-4 Weld Joints Shielded & Purged During Assembly of Barrel EM Calorimeter

KRBamstable Module Supt Endview




Note: See Figure 5-6 for Weld Zone
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Figure 5-5 Weld Joints(Baseline) Shielded & Purged During Assembly of Barrel EM Calorimeter

KRBamstable Module Supt Endview



Notes: AHl Dimensions in mm
See Figures 5-4 & 5-5 for Detall of Weld Zones
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Figure 5-6. Reference Calorimeter Configuration
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Calorimeter Engineering Question

Integrated Liquid Argon Installation/Testing

Request: Provide an outline of the testing of the liquid argon calorimeter prior to and after installation in the experimental hall.
Specific Concerns:

» Surface testing of the three completed cryostat assemblies will require substantial time, material and manpower.

o Surface testing will have to be repeated in the experimental hall due to the transport and handling required between the
assembly areas and the final positioning of the detector.

o If final testing is only performed in the experimental hall the cost and schedule risk will be unacceptable.

Answer:

« First we plan to test representasive modules in the test beam at the SSCL. Some of these modules, such as an endcap EM
monolith, will be the actual module that will be used in the experiment. This testing will give us the experience to cope with
the installation in the experimental hail.

We outlined above the electrical tests envisaged at every step of the assembly and installation. In addition we plan to do a
cold test of the completed calorimeter upstairs in the assembly hall. This would involve vacuum and liquid nitrogen
services. We would probably not need to fill with argon, but might plan for this as well. The cost of providing these
services to the assembly hall are also not very large.
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Calorimeter Engineering Question

7‘

Calorimeter Cost and Schedules

geqbgt: Provide the following information for the three calorimeter options (Integrated Liquid Argon, Scintillator and
ybrid):

» Engineering Cost and Duration,

+ Fabrication Cost and Duration,

» Assembly Cost and Duration,

+ Installation Cost and Duration,

*» Ovenall Cost Estimates,

+ Total Schedules,

« Tabulations of Labor Loading at SSCL,
+ Physics Parameters.




G60

LAC Cost Comparisons

Summary - Integrated Liquld Argon (Construction Only)

Duration
Cost($K) | From | To |
ngineering 10,490[3thQG 92 [3rd Q96 |
Fabrication 36,981|3rd Q93 [4thQ'95

2nd Q'94  (12nd Q97
Instatiation 806{3rd @'97 |2nd Q'99
Overall Cost* 89,511}4th Q'92 2nd Q'99

2nd Q '95
2nd Q97

20[3rd Q97  [2nd Q'S8
36,790j4th Q'92 2nd Q '99

* Includes Engr/Design, M&S, Inspec/Admin, Proc/Fab, Assy, Instl, and Contingency
Please see following pages for additional detall

This shows a summary and cost comparison of the Integrated Liquid Argon and the EM only calorimeters.
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Labor Hours

180,000

160,000

140,000

120,000

100,000

80,000

60,000

40,000

20,000

GEM LAC MANPOWER REQUIREMENTS

Installation Labor Hours

M Assembly Labor Hours
&1 Fabrication - Module Assembly

(3 Fabrication - Module ard Cryostat
Detalls and Subassemblles

W Englneering Hours

1

I . TR

L]

1994 1995 1996 1997 1998 1999

1992 1993

This defines the manpower necessary for all the disciplines required during the length of the program.



Labor Hours Labor Hours Material ($K} Labor Hours

Labor Hours

Labor Hours

60,000
40,000
20,000

wh -

B W .

Engineering Hours

Dl—ll:'lr':l
1992 | 1993 | 1994 | 1995 I 1996 1 1997 | 198 11999

Fabrication - Material ($K)

] —

1992 1 1983 1 1984 1| 1995 | 1996 1| 1997 T 1998 (1999

Fabrication - Module and Cryostat Details and
Subassemblies

—i —
1992 | 1993 | 1984 | 1985 ) 1996 | 1987 | 1998 1999
Fabrication - Module Assembly
] ]
1992 ' 1993 | 1994 | 1995 I 1996 I 1997 1 1998 {1999

Assembly Labor Hours

|

1992 1 1903 I 1994 I 1985 I 1996 T 1997 ' 1988 - 11999

Installation Labor Hours

— 1t 1o

1992 | 1993 I 1904 T 1985 I 1996 Vo te97 1998 11999

This defines the total labor and material costs by year. 09 8
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Fabrication
Engineering Fabrication Module & Cryo. Fabrication Assembly Instaliation
Hours material $K Subassemblies | Module Assy Hours Hours

2nd Half 1992 3,161
1st Half 1993 36,881
2nd Hailf 1993 52,686 $10,589
1st Half 1994 . 52,686] $14,824 5,112 9,166 14,710
2nd Half 1994 25,289] - $10,165 18,257 32,734 24,517
1st Half 1995 16,860] $4,235 25,560 45,828 73,550
2nd Half 1895 8,430 $2,541 18,987 34,044 88,261
1st Halt 1996 8,430 : 5112 9,166 122,584
2nd Half 1996 6,322 117,681
1st Half 1997 49‘034 1,874
2nd Half 1997 8,997
1st Half 1998 13,121
2nd Half 1998 9,747
1st Half 1999 3,749

210,746 $42,354 73,028 130,937] 490,336 37,489]

This shows the labor hours and material dollar amounts shown in the previous bar chart.
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Liquid Argon Calorimeter SOW 199 1994 1995 1996 1997 1998 1899
et Lt 12 3 [0 L T2 To Ta s ToTaTaf s To o a 0 2 [a a3 ]2 s a1 ]2]a]a
Above Ground
Program Milestones Fachity A HallBOD A A Test Beam Detector A
Avaliable Avallable Operational
A Membrane For
Catorimeter Required
LAr Calorimeter Construction 02.1
Barrel Calorimeter o211 —1 Production Engineering
/=) Prototypes
k- 1 Procurement
st 1 Modute Fabrication
C——————"1 Final Asssmbly
=== Cold Test/Checkout
Endcap Calorimeter 0212 [——————"=1 Production Enginsering
[C—————33 Prototypes
[ 3 Procurement
L 1 Module Fabrication
t ) Final Assembly
] Cold Test/Checkoul 11—
Test Equipment 0213 | c=———— Engineering
C————— Procurement/Fabrication
enic System 02.1.4 C———a neertng
Cryocn Sy C:Eﬁ'g::*j Procurement/Fabrication
L ] instsliation/Checkout Above Ground
C——1 instaliation/Checkout Below Ground
Facilities 0215 /2 Above Ground Interiaces
=71 Electrical Interfaces
Test Beam Program 0218 r 1 R&D
Callbration Of Spare Modules/System Chackout ]
instatiation & Test 02.1.7 1 Barrol
] Barrel Test
—3 Eendcaps
Endcaps Test'Shimming & Fitting —=
System Chechout/Test —
Subsystem integration & 0218 .
Management
Preliminarv

This shows the preliminary schedule for the Liquid Argon Calorimeter
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GEM LAC EM ONLY

Engr/ inspec/ | Proc/
Design | WMaS Admin Fab Instl Cont.
($k) ($k) (k) ($k) {$k) {$k)

LAr Calorimeter: 6,362 666[ 1,111 18,183 266{ 10,840
Research & Davel, B48| 81 110{ 1,802 26 1,057,
Concep./Prelim. Design 1.0511 53| ol 0 17
Construction 4,765 552 1,001) 18,381 240 9,612
Modules 433 2 413 71885 of 5178
Barrel EM 1 3220 3,784 of 2743

Barrel Hadronle g 0 0
Endcap EM 1 151 4,062 of 2434
Endcap Hadronle 0 0 0 0 0
Cryostat 39 1,510 990
Barrel Krypton Vesssl L 78 0 Eal
Barrel Vacuum Vessel 5 25 0 30|
Endecap Kryplon Veasel 8 106 g
Endcap Vacuum Vessel GP n 0 44|
Supports 1 89 0 a
Feedthrus 14 1,141 0 743
Calorimeter Assy. 43 a7 0 340
Tooling/Fixtures 61 1,066 0, 836
Stacking Fixtures L)) 470 o 180}
Cryostat Assy Fixiures 19 261 m
Lifting Fixtures 8 118 0 75
Shipping Crates 3 490 0 141
Module instahation Fixture 105 ) 58
Hadronle Fixture 0 | 0 0
Cooling Tube Layout Tool 4 105 L 45
EM Accordion Fixture 12 418 0 265
Test Equipment 387 0 106
Transportation 3 41 0 18
Cryogenic System 15 2,499 of 1,20
Equipment {sbove ground) 013 209
Test Beam Program 1,149 0 299
installation/Test 7 u 214 108
Subsys, Mgt. & Integr. 253 0 309

Add $9.42 M for Krypton (21,550 lters @ $437/liter)

This cost summary reflects the EM only configuration costs. The elements for costing are the same as those previously
shown for the baseline configuration.
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GEM LAC EM ONLY

SUMMARY WBS
| Engineering/desion || MaS [ tioAdmin { Proc/Fab | Assembly
| Labor | Rete | Totst }| Math {{ Ledor| Amte | Totsl || Materiat |{ Labor | Rmts | Subtotat] Mat. | Tow
WOS no. wy | komy | &8 | myl hemy | w8 | w3 M my | newmy ] 1] LI b
2.1.2.4 End Calorimater Agsembly/TesvCheckoul 3.9 1274 A%l 18, 04] 4701 19} of{ 18] 47.18] 74 74
02.1.25 Transporiation 04 1274 a5y 2] 00 6684 3’: 2l 00| a718] 0 0
02.1.3 Test Equipment 03] 12749 x| 0.1] 86.84] g 387f] o3| e227] 1§ 16]
o2.1.4 JCryogenic Sysiem i 241 1274 308} 15 20] 4781 : awst] 8ol 4798 a77| an):
loz.14. Local Argon Storsge LN Systems [ § : :| g@i o o]
02.1.4.2 LN Source Systern of Surface i : 136} o] o] :
02,143 (LN Conditioning Systerns ; ﬂi: E‘ of o’
2.1.44 Argon Dewar Fi and Disributon Sysiem | : o}; : o o
02.1.4.5 Argon Dewar to Argon Conditioner System [ E of mSﬂs 0 of
02.1.48 Argon Condisioner System : of o}/ 190} o 0
02.1.4.7 Modute Cool stam ol 163} 0 o
02.1.4.8 Argon Boiler [} ok 125 o)
02.1.49 LN Boiler o] o} 178} 0 o}
02.1.4,10 Dewars 0| of: 112} 0 o
02.1.4.11 Vacuum Sysm : ol 206} 0 0
jo2.1.4.92 Argon Pump and Purge System ol a50}; 0 ol
{02.1.4.12 Installstion of. : o} 62| 0 0
02.1.5 Faciities 03] 1274 El 2f 0.0 41 00 0 0
02156 Tost Beam Programn ol ] 0 0
2.1.6.1 {Cryostal ¢ of 0 0
02.16.2 Moduies o} o} o 0
02.16.3 Elactronics of Of 0 0
‘oz.: 8.4 Fixiures 8 of o 0
lo2.165 Test Labor o} of. 0 0
02.1.7 installation & Test 1.1 144f 7F 0.4 4701 ,
2218 Eleckonics § :
02.19 Subsystem Mansgement & integration 7.7 ] 9s3) 23 | 565 565
foz.19.4 Project Nigmt. and Admin. 28] 1274 18F 0.8l 11891 29] 11891 343 343}
02.1.9.2 [Rescurce Management 10] 1274 £ 7} 03] 1185 09] 11891 103 103
02.1.93 lesan | 05| 127.49] : ; 02| 1189 03] 11891 34 4] .
2.1.04 ly Assurance i 0.9 127.49 03[ 118.91 03] 11891 34 34
02.1.9.5 Sysiem Inlegration : 28] 12749 o8] 118.9 o4 11891 51 511
2.198 Travel i 0 o}
12.1 Argon Calosmater Research and Devel; 4 1. 7 o 444 444]*
221 Liquid Argon Cal, ConcepiualPrelim, Design | L) 0.
22.1.1 Trade Studies 80| 127.49
2212 Design and Analysia approach 0.0f 127.49
2213 |calorimeter Specifications 0.1] 127.49f
2244 [Material and Mass Definkions 0.2} 127.49f
2215 |Major Assembly Tooling 0.2] 127.49
2218 Faclity Requirements Definiion ‘ 0.1 12749
22.4.7 bly Scenarios On-site ﬂ 0.5) 127.49
2218 JCalorimeter Cost and Schedules H 14 12749

These costs are based on the individual WBS elements for the GEM LAC EM only configuration.



GEM LAC EM ONLY

£0T

SUMMARY WBS A
instaitstion Tolsl :

| Labor )} Aste | Sublotal] Math. | Total || Lebor | Material | Subtolal | Conting. [ Total |

WBS no. my 7] 8 [T M s s k3 s |
02124 End Calorimeter As TesUChechoul - 45 1 488 17] 605
02.4.2.8 Transportation : 4 23 L] 79
02.1.3 Tost n : ss} 388/ 444 106 550}/
02.1.4 Sysiem : 778] 2514 3,293 1,120 4.413]
02.1.4.1 Local Storage LN Systems ; a a6 A7 103, 570}
02.1.4.2 LN Source Sysiem at : 136 126 20 166);
02.14.3 LN Condi toms _ / o] MI 81 13 74
02.1.4.4 Dewas Fil and Diskribution System : ﬂ 55 58| 12] 67
02.1.45 Argon Dewar, 1o Condilionet System ; 104 104 n 127
02.1.4.8 Conditoner System o] t90] 190 2 a2
XY oI 1sj‘ _teal »% 199

3 125 _125] 28 153]

: ol 178 178 3 217}

£ o] 112) 112] 250 137)

! o 296 296 65 as1]!

: o 3%0 350 77 427

: o 262| 262 58] 320

aal msl et 209 1,157]

: 1,149 1,149} 299] 1447

; o 210] 210 55 265

0 s18] 619 161 179

1 of 123] 123 32 158!

il of 132| 132 34 166]

of ] 17 83}

s3] a0t zui 214} 3| T%‘I[ a1g]_ 108] 524!_

: 0

0.4] 28] 1.csg| as3] 2206 :Tog 2,515

0. 9.83 1% 16 s07] Tgk az}[ 115 940

0] 59.03 276] 7 282 40 az22|

00 5983 2 120] E| 12 17 141}

00| 503 2] 176 | 182 207]

0o Sosa| 2 474 1 491 5501

304 304 43 346

1 o 19277 29%0] 1,057 4,047]

0.0) of 1,051 s 1109 1 1,274}

o| 770 a8 sca| 125 933}

o] o0 o o o of

of 14 1 18] 2 17

o| 29 1 30 as}

29| 1 0, E]:

19] ¥ 20} ‘

o o of ) 1 1o}

o) 123 9] 192] 20| 222

M - 17 PR
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GEM LAC EM ONLY

SUMMARY wBS
i
w | _unh Estimata Risk facters 3 Risk percentiages | Cont.

84 ne. MNo. Unis]  Cost Type 3| Technical | Cost | Schedute || Technical | Cost Schedule } * :

102.1.24 End Calorimeler Assembly/Test/Chackout : aul: o af 2%, 2% 1%]: 24%
—— B

02.1.28 Transportation [ Truckload] 2100.00}; SAl | ﬂ al 2% 1% 1%) 16%
0213 Test Equipment system 1] 450000.00} | 6] al 2%] 1%] 24%
02.1.4 |Cryogenic System syst 1 uzzooo.ool; I I : J4%
02.1.4.1 Local Argon Storage LN Systems 1 SA o 3l 2l % 7% %l 22%
02.1.4.2 LN Source System at Surface sAl 3 a 2l 2% 2% %4 2%
02.4.4.3 LN Conditioning Syatems § SAl 6] al 5‘% ™% 2% 1%)- 22%
02.1.4.4 Argon Dewar Fik and Distribution System § SA 6l 4 2|: 2% 2% 1%]. 22%
02.1.4.8 Argon Dewar % Argon Conditioner System : SA} [ ] z[g 2% 2%/ 1%] 22%
02108 Argon Condiionar System sal 6 | 2 % % 1%E 22%
02.1.4.7 {Module Cooling Sysiem SA} 6} 4] 2k 2%) 2% L]} 22%
02.1.4.8 JArgon Bofler SA| 6| A 2| 2% 2% | 22%
02.1.4.9 JLN Boiler SA 6 | 2| 2% 2% 1% 22%
02.1.4.10 Argon Supply Storage Dewars SA 6 4 2l 2% 2%) 1%]: 22%
02.0.4.31 Vacuum System SA | | é‘} 2% 2% 1%)] 22%
02.1.4.12 Argon Pump and Purge System SA 8] 4 2] 2% 2% 1%} 22%
02.1.4.13 [Wnstaftation g SA| 6] 4] 2l 2% 2% 1%] 22%
02.1.5 |Facilites syslem) 1§ 1263000.00f Bu}’ [ 4 2] 2% 2% 1% 22%
02.1.6 [Test Beam Program _ | 26%
02.1.8.1 |Cryostat system| il 210.00} SA|| 8| 6 E B 2% 2% 1% 26%
02.1.6.2 Modules sysiem i 618.00f SA | 6l 2] 2% 2% 1% 26%
02.1.6.3 Elackonics sysiem 1 122.70} SA i 6} 3'1 2% 2% 1% 26%
02.1 6.4 |Fixtures sysiem ) 132,00§ SAL -6} 6 2 2%| 2% % 6%
02.16.5 | Test Labor system 1 66.00}: SA}: 3] 8 2f 2%] 2% 1%} 6%
02.1.7 Snstallation & Test ‘ : EOf 6| 8 2| 2% 2%| 1%]. 26%
22.1.8 Electronics : 6 6 2} 2% 2% 1% 25%
02.1.9 Subsystem Management & Iriegration | | 14%
02.1.9.1 IProject Mgmt. and Admin. PS} 4 4 2| % 1% 1% 14%
02.1.9.2 ‘Rescurce Managemant PS|. 4 4 2 2% 1%, 1%]: 14%
02.1.9.3 lessn psf 4 4 2} 2% 1% ] 14%
02.1.9.4 |ouality Assurance PS| 4 4 2 2% 1% 1%} 1a%
02195 System Integration PS{ 4 4 2} 2%) 1% 1% 14%
02.1.9.6 Travel ps| 4 4 2f 2% 1% 1% 4%
12.0 Liquid Argon Calorimeter Research and Devel system 1| 1801.08f [ :
22.1 JLiquid Argon Cal. ConcephusirPrekm. Design : : :
22.1.0 Trade Studies BY 4 8] 2f) % 1%, 1%} 16%
22.1.2 |Design and Analysis approach 8u} 4 6] 2} % 1% %] 16%
2213 Calordmater Specifications Buf; 4 [ 2] 2% 1% 3 16%
22.1.4 Materiat and Mass Definlions H auH{ 4 L] P & 2% % 1% 16%
22.1.5 [Major Asssmbly Tooling [ . C| 2} % % 1% 16%
22.1.8 | Facity Requiraments Definition : BU: 4 8 2| ™ ™ T 6%
22.1.7 Assembly Scenarios On-site ; [0 4 6| 2} 2% 1% %] 16%
221.8 [catorimeter Cast and Scheduies £ Buf 4 ] K 2% 1% 1x]: 16%

8/12/92 - 4:17 PM

\3 -




T oREN BLAW TAT

age. E?E;EE:' GEM Liquid Argan Calorimeter Martin
Teme: H S Marietts
pd 31 M i
ACTIVITY o1 o1 01 o1 o1 o1
JAN JAN JAN JAN JAN JAN
23 24 a8 1] Y4 g8
;ijenow
2.1 Program Milestiones
o2 1 LAr Calorimelter Constructilon
2.1 A Start Final Design BEM LAC
2.1 A 8/ Ar CHlorimater Condtruction
2.1 C/LAr Calorinmeter Construction O
2.1.14 Pam*a.‘l Calorimeter
o2. 1.1 Barrel Calorjimeter
2.1.1 A a/Berre) Calorimeter
2.1.4 C/Barral Cajorimdter A
2.1.1.1 Lﬂodujas
o2 1.1.1 Modules
2.9.4.1 A S/Muuu11-
2.1.1.14 A c/Modulles
02 1.1.1 1 Accorasion EM Saction
ot
2.1.4.4.1 o~y A 8/Accordion EM Ssctip
R R R T W Al c/Accerdien EU Section
o2 1.1.1 1.1 Mocwule 1 (AOf
1.1.1.8.8. A S/Moduld ¢ (40)
t.1.1.1.4.1.1 RIZITVIZZ7ZF2 Absorber Enhinesring
r.1.1.1.1.1.2 PN IIAYA (310 Boards n@ineering
', 4.4.1.1.1.3 LTI LIZRd Qther Modulp Structure Enpinesring
'.1.4.1.1.1.4 Mbodule Assembly/Test Engiheering
Y1 .1.1.4.1. VPP TITIFIIIIIFTL FPEETIIIS Absortder Proc/Fab
*’.1.1.1.1.41.2 TTIAT TSI VT ETTFI TN ETISSL G’.O Bqar‘ﬂs Préc / Fab
1,1.4.1.1.4.3 PRl 777772772274 Other Module|Structure Probk/Fab
1.1.4.1.1.1.4 LT T ALl 7P Zr 7 | Module Aamembly/Taat
r.1.4.4.1.1 Alc/Mmooule 1 (aD}
o2 1.1.1.2 Hadronic Secition
v.1.4.1.2 A s/Hedrordiec Baction
>.1.8.4.2 A C/Hadranie Sectipn
Legend Signeturos
Wll~in pProprase
ZJ=-pilanned Prep:
TI=-Criticel

Aprowv:




OREn RLaN  {A)

temaryt  wuDNBan GEM LJQUJd APQOH Calorimeter Martin

"Ttme Now: O3 JANBD

Ieve: SoULBE Marietta

fama: A0 2&: 08

M T TH 2

ACTIVITY o1 o1 o1 01 01 o1

JAN JAN JAN JAN JAN JAN
23 na 25 as a7 28
& Timenow .

o2 1.1.1.2.1 Module 2 (80)

2.1.1.1.2.1 A S/ManuxJ 2 (80)

2.1.1.1.2.1.1 ERARXXZZXXXZRY Absorber Enpinsering

2.1.1.1.2.1.2 IXRARXXIXXEDN G100 Boarde nginaering

2 1.1.1.2.4.3 RERXXRRXRTAXES Other Moduwlp Structure Enhineering

2.1.4.1.2.1.4 QL2777 FA Module Asaainbly/Teat Engiheering

2.1.1.1.2.1.14 Absorber ProctYFab

2.1.1.1.2.1.2 KRR H E G10 Boarda Propc/Fab

2.1.4.3.2.1.23 * Module Structure Proc/Fab

2.1.1.4.2.1.4 Module ssambly/Test

2.1.9.1.2.1 A c/Modulle 2 (BO)

o2 1.1.4.2.2 Mocdule 3 (84D

2.1.1.1.2.2 A B/Mudulu 3 (Bo)

2.1.1.1.2.2.14 XX Absorber Enfiinesring

?2.4.1.4.2.2.2 : XXX @310 Beards Enginesring

2.1.1.1.2.2.3 EXXIXIXIXZIXILE] Other Modulp Structure Enfineering

2.1.14.3.2.2.4 Q27777777 7F N Mauu:ls Aame bly/Tast Engiheering

2.14.1.1.2.2.1 3 5 z ] | Abeorber ProctYFab

2.1.1.1.2.2.2 610 Roards Pr¢c/Fab

2.1.4.1.2.2.3 Module Structure Proc/Fab

2.1.1.1.2.2.4 XXX N Module Assembly/Test

2.1.1.1.2.2 E; A c/Moduille 3 (ao0)

oz 1t 1.1 23 QN Module 4 (80D

»1.14.14.2.3 A 8/Module 4 (BO)

21.1.1.2.3.1 EXXRXXXAXIXEEY] Absorber Enhinsaring

,1.1.,1.2.3.2 EXEXIXXRIXXXEY] (410 Boards ngineering

2.4.4.1.2.3.3 EXRERIRTIIREN Other Modulp Structure Enbinesaring

2.1.¢4.1.2.3.4 heering

2 1.4.1.2.3.1 Abmsprber ProcysyFab

2. 1.4.1.2.2.2 G10 Boardas Prgoc/Fad

> $.4.1.2.2.3 Module Structure Proc/Fab

> 1.1.1.2.3.4 Module asembly/Test

¥, 1.1.1.2.3 A c/Mmodulle a4 (BO)

o
n
-
-
-
n
-9

WO
ot Nt e
bl bl el Rl

v

Mooule 5 (80)

A s/Moduld B

Legant
W-1n progreas
Zl=Plannag
=Criticel

(B0O)

Abmorber En
G1i0 Bpards

Bineering
ngineering

Signatures

Prep:

Aprw:




DPE M BLAM (R) _—
CH I v T GEM Liquid Argon Calorimeter Martin
mrer T misuLmE Marlietta
YT 1 19: 34 08
T T H —
ACTIVITY o1 D1 Y D1 o1 01
JAN JAN JAN SAN JAN JAN
LE] o4 oan 1) Y4 a8
& Timenow
2.4.3.1.2.4.4 YA Module Amssehbly/Teat Engiheering
2.1.4.4.2.4. 1 RX R XXX IR RAXARATIXAARXXIZIRXRZER { Abaorber ProctFab
2.1.4.1.2.4.2 23 G10 Boards Préc/Fab
2,1.1.1.2.4.3 : X Module Structure Froc/Fab
2.1.1.1.2.4,4 EEETRRAR IR ERREATAATIAZITARTIRIRD Module saembly/ Tanmt
2.1.4.1.2.4 O C/Moaulle 5 (BDO)
2.1.1.2 Cryostat Barr-eJJ Calorimeter
02 1.1.2 Cryostat Barfrel Calorimstsr
2. 1.1.2 A s/Cryoatat Barral caldrimeter
*.1.4.2 C/Cryoatat Harrsl Calcramﬂtnr fa
ce.1.1.2.1 Argon ve=sgel
o 1.1.2.4 A s/argon |[vassel
* 1.4.2.4.04 %m Outer Shell| Enginearing
14 t.2.1.02 ]l Center Shell (2) Engineerfing
1.1.1.2.1.02 Q777 ]l Center Washpr Engineering
’.1.1.2.4.04 RZZOZ272¥A Inner Shell]l Engineering
'.1.1.2.4.08 Q277 222¥A Inner Shelll Assembly Engipeering
',4.1.2.1.06 Femdthru Interface Plate Engineering
r.1.1.2.1.07 CQrZZIZT2VA Cocling Coilis Enginsering
r.1.1.2.1.08 %m Twa~Phase NP Preamp Conlipg Circuits Enb
'.4.8.2.1.09 F111 Parte |(2) Engineesrinb
'.3.1.2.14.40 CZrZIZIZZ727FA DOrain Port Engineering
101.2.1.11 ped CZZZ2Z772ZZZY2 Seal Weld Skripe Ena:ne!rtnn
1.1.2.1.12 = CZZIII7777Y7) Argon Veasafl Asmembly Engineering
1.1.2.1.01 7 Outmef Shall Proc .
".9.1.2.1.02 Center Shell (2) |Proec/Fab
", 41.4.2.1.03 Canter Washar Prpoe/Fab
".1.1.2.1.04 nner Shell Pré¢e/Fab
.1.1.2.1.08 CLLLR ALl Inner Shell aspmtyly Pr'n::/i’ab
.1.1.2.1.08 L L LL L LML AL AR IS LAY Fapditru Interface Alate Proc/Fab
.4.1.2.1.07 VAL Lt 2Ll P 0l Cooling Coild Proc/Fab
.1.1.2.1.08 L L7 T AT P I 7772727722 | Two~Phase N2 Preamp Cooling|[Circui
1.1.2.1.08 Fi111 [Ports (2) Prod/Fab
.4.1.2.1.10 Drain Aort Proc/Fab
.1.1.2.1. 11 CSeal |Weld Strips Proc/Fab
4.1.2.1.2 Al Argon veesel hasembiy
yt.m Alc/Aargon vessel)
n2 { 1.2.2 varuum vessell
v QHHJ vesse
‘l‘lLa‘::%.no A Slva 1. Signatyrasn
Wleln progress Prep:
fd=tisnned -] —— e
=fritical




DPREN PLat (W]

T GEM Liquid Argon Calorimeter Martin
.re: o Qidovea Marietta
sma 101 38 O
T T H &
ACTIVITY 01 Y o1 o1 04 o1
JAN JAN JAN AN AN AN
o3 a4 (1] as [} Ba
& Timenow —
2.4.4.2.2.¢ Q227772727707 Duter Shell| Engineering
2. 4.1.2.2.2 QITIZLYA Inner Shall|l Engineering
2.1.1.2.2.3 CIZZ72727270772¥7 Hesd (2) Enbinsering
. 1.4.2.2.4 PIZ2Z22227222¥A Supports Enhinsering
2.1.1.2.2.5 22772777V Sasl Weld Skrips Engineasarfng
?.1.1.2.2.8 EZZZ7777277777 vacuum vVesskl Asmembly Enhineecring
2.1.1.2.2.1 uter Shell Préc
2.1.1.2.2.2 Shell Proc
1.1.,1.2.2.3 Heao {2) Prog¢/Fab
2.1.1.2.2.24 Supporits Proe/Fab
1.1.¢.2.2.8 Seal [Wald Stripa Prloc/Fab
1. 1.4.2.2.8 vacuu vessel Assambly
'.01.4.2.2 c/vacyum vanasl
02.1.1.2.3 LAr vessel Jog Mass Support Posts (4)
r.1.1.2.3 azzzzzzzzjzz LAr vens] r:oild Mass Supt Phests (4) Eng
v 1.1.2.3 CZZZZZIIZ2Z22f 7 7I77772 LA Vemae)l Cold Massl Support Paats (4)
02.1.1.2.4 Barrel Rail [Support
' 1.1.2.4 - CZZI27777727¥7) Barre)l Raill Support Enginpkering
L1.1.2.4 QI 22777202 8 Barrel Rail Bupport Prac/Fbb
02 1.1.2.5 Feedthrus
1.1.2.8 A S/FesdtHrus
1.1.2.5. 1 b CZZZZzzZZZZZ¥A Cold Feadthpu Assembly Enhbineering
1.1.2.9.2 'O QZZ2Z727L77PA Conduction Heat Intercept] (CHI) Engineael
1.1.2.8.3 Q70 77FA Asaembly Enhbinesering
1.1.2.95.1 P rr s rr s s s s T sTns Cole Feedthru Assemblly Proc/Fab
1.1.2.%9.2 PP I7 7772777777274 Conduction Hepst Intercept |[(CHI) Proc/Fab
1.1.2.8.3 I VIS TTTTTITITIITITS. Feedthru| Assembly
1.4.2.9 A c/Feedthirus
1.1.3 Tocling/Fixturies
02 1.1 3 Tooling/Fixtiures
.1.1.3.8 A Automatsld Welding Prog/Fab
. 1.1.23 A B/Tooling/Fixturesn
.1.1.3.14 2l Stacking Fiktures Engineelhing
.1.1.3.2 2227778 Cryoatst Aspembly Fixtursph Enginesring
.1.1.3.3 CZZZZI777772FN Lifting Fixfkures Engineerpng
.1.1.3.4 2277277272 Shipping Crptes Enginesriho
4.4.3.% P2l idZZiEd) Modul o) (a) e Enpineering
- Lepang Signatures
W-1n progresas
Zl=Planned Prep:

AdeCritical

Aprv:




B2 1A%

N AN L]

MUDNBAMN L

rojeet: otMLAc GEM Ll qUJ d Apgon CaJOPJ me ter‘ Martin
tme MNMow OfJANDD .
g A IULBER . Mariettsa
L T3] 101 38: OB
‘AARL J -]
ACTIVITY 01 o1 o1 01 o1 o1
JAN JAM o AN AN SAMN JAN
03 . 04 [ 1-] o8 27 e
_zl Timernow
2.1.1.3.8 A Autnmatgd Weilding Enginemsring
2.1.1.3.7 Plumbing Lajout Tool Engiheering
2.4.1.3.% Ll b LRI TIATIY Stacking Fixfurea Proe/Fab :
2.1.1.3.2 CLLl b dd bl i lldlddd Crypstat Asepmbly Fixturssa|Proc/Fab
2.1.4.32.3 RQRITITIIIRTIIIIIVN Litting Fixtures Prode/Fab
2.4.1.3. 4 Q2727722 shipgding Crates Prde/Fab L
2.14.1.3.8 W Moadule Inatalllation FiAxturg Proc/Fab
3.4.1.3.7 Plymbing Layout ecl Proc/Fab
2.1.1.3 A C/Tooding/Fintures
'.1.1.4 Eanrn: caJor:A-tar Assambly/ATest/Checkout
02 1.1 4 Barrel) Caloriimatar Assemblﬁy/f.st/t:hecko t
1.4.4.4 IN LINE [FEST
' t.1.4 s/Barirel cn!:mam.t*r- Amsmembly/Tedt/cOo A
1.1.4.4 A S/CENTHAL BARAEL ASSY
*.1.4.4 SET uP MANDRELE&ELDAD SPT |TWUBE B
1.1.1.4 ‘ A WASHERE/WALLS AVAILABLE
r.4.1.4 R INSTAYL CAL MODULES
t.4.4.4 L INSTALL CABLE SUPPORIT TOOL
r.1.1.4 EER AQUFE CABLES
*.1.4.,4 @ INBTALL Ar OUTER| SHELL
1.1, 4 tf MOVE TO CRADLE
'.1.1.4 : @ PRE-ALIGNMENT
.1.1.4 INGTALL IN QUTER IVAC SHELL &
.1.1.4 CYL?NDRICAL SPT BEAME PLACED X
' 1.1.4 Loy INSTALL PINNED HADIAL LINKS B
".1.14.4 o . ALIGNMENT
v 1.1.4 (d o) WELD INNER VAC SHELL |®
. 1.1.4 WELD ENDCAP VAC SHELL
.14 INSTALL FEEDTHROUGHS EXR®
.1.1.4 @ FInaAL 'AEST
L 1.1.4 AVAIL FOR TRANSPORAT TO |HALL A
'.1.1.4 TRANSPOAT TO [HALL @
F1.1.4 INSTALYATION EXXXXR
1.4, 4 EYSETEM CHECKDOUT X3
1.1.4 . C/Barre)l Calorimeter] Amsembly/Tesd/co A
.1.1.8 Transportation
o2 1.1 5 Tr-anspar-tatj}on
.1.4.58 CXTZIZZZ777P Traneportatfion Engineering
s Transportatidn
A 1
Legand Signatursas
wll-1n proprass
Zl=P)anneo Prep:

XieCriticel

Ape g




T e
OPEN ALAN (M)

LT.T 11T
‘rejegd

MUONB AR
GEMLAC

GEM Liquid Argon Calorimeter

tme Now OIuANED Martin

e A, Mariette

5T 2

ACTIVITY o1 [-¥] o1 ot o1 o1

AN AN JAN JAN JAN JAN
23 Q4 o8 an a7 LL:]
& Timenow

2.1.2 #_’ndcap Colorimeter

o2 1.2 Endcep Calorimeter (2)

2.1.2 A sS/Endcad calorimeter (2)

1.2 C/§ndcep Calorimdter (2) A

r1.2.1 Mocouw les

o2 1.2 1 Modules

2.4.2.4 A 8/Modulaa

-1.2.1 A c/Moou)en

02 1. 2.1.1 Accorcton EM Section

r.1.2.1.8 H S/Aceordion EM Section

1.1.2.1.1 A csAaccoddion EM Sectign

D2 1.2.1.1.1 Mocdule & (2)

*.1.2.4.1.4 A sS/Module B8 (2)

*.1.2.4.4.1.14 ZZZZZZZZZZZEE Absorber Enhinsering

».1.2.9.1.1.2 Q277227777 510 Boards Enginesring

'.1.2.4.1.1.3 QI 7277 Other Madulp Structure Emhsneering

L1.2.4.1.1.4 Module Asashbly/Test Engipheering

1.1 .2.1.1.1.1¢ Pl b ok L L LN L L L LT ELLELLEL LT Absorber ProcJtYFab

r.1.2.4.1.1.2 H Ml ld b L b d £ L b LR TTTIITIIIIIIFIIIZNXZZ777 B10 Boaprde Proc/Fab

.1.2.4.1.1.3 P+ Y IIZIITITIIIIIIIY Other Module] Structure Prof/Fab

L4.2.0.1.8.4a O ZZZMZZEZZZEZZEZZZZE Module |Assembly /Test

1. 2.8.8.1 A c/module 8 (2)

o2 1.2.1.2 Hagronic Secltion

1.2.1.2 A s/Hadrorie Section

L1.2.1.2 Al Hadronic sect)on

02 1.2.1.2.1 Module 7 (2d)

L1.2.1.2.1 A s/Moduld 7 (20)

'.1.2.1.2.1.1 QLRIXL2XVI22! Absorber Enlineering

L1.2.4.2.1.2 QL7 (310 Boards Erginearing

*.1.2.4,2.4.3 Iy Other Modulbh Structure Emhinearing

‘L1 2.1.2.1.4 TIZZr2727777¢A Modula Assshbly/Test Engiheering

L 1.2.t.2.4.1 VIS T TTI O TITTTELTIITIIIY, Absortger Proc/Fab

2. oo ool Ll L L LAl L L] o B rpgs Pr Fab
Legend Signstures
Wl=-1n progress
Z-Plannsd Prap:

Wl=Criticsel

Apry:




= s .
oRgN FL AN

AL LT AN

(L]
MUDSHB ARL

GEM Liquid Argon Calorimeter

reywen: g:ul‘.:s’ Martin

sare: O Si30Uea Marietta

time: 10: ’I:’DO

‘eae:

ACTIVITY .Y 01 01 o1 o1 o1

JAN AN JAN JAN AN JAN
23 a4 a8 o8 -1d a8
€ Timenow

2.1.2.1.2.1.3 Other Module]| Structure Pro¢/Fab

2.1.2,.1.2.1.4 Module Asmemb ty/-reat

2.1.2.1.2.14 Alc/moduile 7 (200

o2 1 2.1.2.2 Mooule 8 (20)

2.1.2.1.2.2 A S/Mnduldme (20)

2.1.2.1.2.2.1 S rarssrrsi Absorber Enhineering

2.1.2.1.2.2.2 g B10 Bosrds Engineering

2.1.2.1.2.2.3 other Modul Btructures Enbinsering

2.4.2.4.2.2.4 CrZZe 7277V Modulas Asaghbly/Test Engihsering

2.4 2.4.2.2.% e 2T LI IZ I 27722V IITIZIZA Apsorter Praoc/Fab

2.1.2.1.2.2.2 P 22227 DI PR TAT I P77 772727 A | 310 Boards Prédc/Fab

2. 1.2.t1.2.2.3 PIIP2777T778IA Other Moduls|Structure Prog/Fab

2.1.2.1.2.2.4 Ll bl A L TP T T A { Module Ansembly/ Test

2 1.2.1.2.2 AlcsModguie B8 (2h)

02 1.2.¢ 2 3 Mooule 9 (200

2.1.2.1.2.3 A s/Moduld 9 (20)

2.1.2.1.2.3.1 L L LLLLLI LY Absorber Enbinesering

1.,1.,2.4.2.2.2 G810 Boaroa ngineering

'.1.2.1.2.3.2 TIETTFTTIIIA. Other Modulp Structure Enbinsering

. 1.2.1.2.3.4 QLZX727I77F Module Asashbly/Taat Engiheering

Y. 4.2.14.2.3.¢ YT TS EFTTEIIETI TR TIEFFI,: Abmorgger Ppgc/Fab

.1, 2. g. 2.3.2 TP TS T ITIITS TOTFITIITETITFEILT 6810 8B8aoarda Pragac / (=3 ab

'4.2.4.2.3.3 ok PPl 7277072272728 Other Module| Structure Pro¢/Fasb

v.1.2.4.2.2.4 H LTI AT TN { Module Agaaemb ty/Tgt

1 1.2.1.2.3 ok Alc/meoute 9 (20)

02.1 21 2.4 Module 10 (]OJ

v1.2.1.2.4 A S/Madule 10 (40)

. 1.2.1.2.4.14 7l Abmorber Enfinesring

. 1.2.1.2.4.2 310 Boardcs Engineering

.1.2.1.2.4.3 '’ Other Modulp Structure Enhinesring

'L1.8.1.2.4.4 Moduwle Assehbly/Test Engiheering

1.2.1.2. 4.1 . LLLLZ VLTI V2L P ol i) AbasortNer Proc/Fab

.1.2.1.2.4.2 Pl L el LTIl Pt b Ol et Tl L7l | 310 Boarda Préc/Fab

.1.2.1.2.4.3 PITI277 7272774 Othar Madule| Structure

1. 2.1.2.4.4 2722777 Mpgaule Assoembly/Teat

1.2.1.2.4 C/Mocule 10 (O)

o2 1.2.1.2.5 Mooule 11 (40)

. 1.2 M 131 {40

A.2. '_.u.'_,?; ) Signatures

Wll-1n progreas ,

ZJ-Pisnney Prep:

TieCritical

Aprvw:




- DPEN RLAM

spery: MUDNB AR

GEM Liquid Argon Calorimeter

A New: D3danes Martin

rave: T msauLsa Marjietta

"AmE: 10: 38 08

[ T-T H [ ]

ACTIVITY 01 01 o1 o1 o1 o1

JAK JAN AN JAN JAN JAN
23 94 )-] s 27 28
® Timenow

2.1.2.1.2.5%.1 CIZZZLZZV Absorber Enbineering

2.1.2.1.2.5.2 Q777777 G410 Boards ngineering _

2.1.2.1.2.5.3 QL2227 ¥A Othar MnaulE Structure Enbineering

2.1.2.4.2.8.4 Module Assembly/Test Engihesring

2.1.2.1.2.5.4 P22 77777782727 Absorter Proc/Fab

2.1.2.1.2.5.2 77T T2 77T 810 Boarda Prgc/Fabd

2.14.2.1.2.8.3 Q2ZI7XXTITA Other Module| Structure Prog/Fab

2.1.2.1.2.5.4 2T II777T 77727 I Module Amsembly/Tenat

2.1.2.1.2.5 Ajc/Mogule 11 {hO)

02 1t 2.1 2 B Mocdule 12 (jO)

2.1.2.1.2.6 A 8/Moduld t2 (BO)

2.1.2.1.2.8.1 CrZZ7777777F ) Abecrber Enfinearing

2.1.2.1.2.8.2 7Y G810 Boards Engineering

2.1.2.1.2.8.3 QL7277 Other Modulp Structure Enpineering

2.1.2.1.2.6.4 277777 Mpdule Assamhbly/Test Engiheering

2.1.2.1.2.6.1 [T 222222 el edled) Absorter Proc/Fab

2.1. 2 1.2 6_2 T TETTI TSSO VT TS TIr, 810 Boards PPr [l / Fab

2.1.2.1.2.8.3 P77 07777777A Dther Module] Structure Prog/Fab

2.1.2.1.2.6.4 Module Assembly/Tesat

2.1.2.1.2.8 : Al c/Meduie 12 (RO)

o2 1.2t 27 Mocule 13 (40)

2.4.2.1.2.7 A 8/Moduld 13 (40}

2.1.2.1.2.7. P2 Abmorber Enbinesring

2,1.,2.1.2.7.2 QI ZIZZZFY Gi0 Boards Enginsering

2.4.2.1.2.7.3 Other Modulp Structurs Enpinesring

2.4.2.4.2.7.4 E Q227727777 Module Asasshbly/Test Engiheering

g ) ! . a . ’ . 2 . 7 . ’ P TFITTFTTITTITTITFFTFFTFTIE, Ab.ﬂr‘b.f‘ P (=] =} /Fab

2_ l .a. ’ .a_?_z T TFTTTTITIFIOSVEFTFTTTTITITETTTFIIN ajo B° ards Pr C/FBD

2.1.2.1.2.2.3 TITITTISIITTIIFS Othar Module| Structure Prog/Fab

2. 41.2.1.2.7.4 (P27l 7777777777777 | Module Ammembly/Test

1.1.2.1.2.7 Al c/Moduie 13 (hoO)

p2.1 2.1.2.8 Mogdule 14 (40)

2.1.2.1.2.8 A 8/Mbdule 14 {(4D)

2.1.2.¢.2.8.4 YA Absorber Enhineering

2.1.2.1.2.8.2 ErrrrXZ7277% 610 Boards Engineering

2.4.2.1.2.8.3 CXXZXr2X772YA Other Modulp Structure Enpineering

2.1.2.1.,2.8.4 CrrPTZ77Z¥AA Module Assehbly/Test Engiheering

2.1.2.1.2.8.1 27727770728l Ll Absorter Proc/Fab

2.1.2.1.2.8.2 PP 7772 07l 2l AP I 277777222774 | 610 Boards Proc/Fabd

2.4.2.1.2.8.3 p 772  Strugture Prot/Fa

tLegand Signatures
aln o reas
B iutnes

TadeCritica)

Apry:




GREN BLAN TR}

Taparey: MUDMNB AR Y

GEM Liquid Argon Calorimeter

Tima NAw BIosNea Martiain

Iete: 2sULES Marietta

tTame: 101 38: o8

jd 31 »

ACTIVITY 01 01 o1 01 Y 01

JAN JAN SAN JAN AN JAN
Lk 24 28 as 27 o8
® Timagnow -

2.1.,2.1.2.8.4 PTG TITI? T IIA | Mpdule Asmembly/Test

2.1.2.1.2.8 AlC/Module 14 (MO}

2.1.2.2 Cryocostat Erldcda Calarimeter

o2 .1 2 2 Cryostat Enccap Calorimetelr~

2.1.2.2 A s/cryostiat Endceap Caldrimater

2.1.2.2 C/Cryaatat qndcnp Calorimgter A

o2 1.2.2.1 Argon vessel

2.1.2.2.1.0a Ifnar Shell Precf

2.1.2.2.4 A 8/argon vessel

2.1.2.2.1.01% Outar Shell| Enginsering

1.4.2.2.4.02 Center Shelfl (2) Engineechng

2.4.2.2.4.03 Center Washpr Engineasring

1.14.2.2.4.04 QIIIITIZIINA Inner Shell| Engineering

1.4.2.2.4.0% P77 TZF Inner Shnell] Assembly Engiheering

1.4 2.2.4.08 Feesdthru Inkarface Plate Engineering

1.1.2.2.4.07 Cooling Coijla Engineering

1.4.2.2.1.08 Two~-Phased N2 Prsamp Coeoljng Cirec Eng

1.4.2.2.4.09 Fil11 Ports [(2) Engineerin

2.14.2.2.14.10 QI IZX22¢7 Drain Port Enpineaering

1.4.2.2.4.14 [ % Sea) Wald Skripes Enginserhng

r.o4.2,.2.14.142 Argon Vesae]l Aassembly Erghnmesring

1.1.2.2.1.01 b PZIILLI2 LTI Duter Shel) roec/Fab

r1.2.2.1.02 W CeAter Shell (2) |Proc/Fab

r.4.2.2.1.02 Cantegr Wesher Proc/Fab

1.1.2.2.1.0% PIECLeLLLT 20l lA Inner Shel) asembly Prac/#ab

».1.2.2.1.08 PIRL LI Ll 27tk Fmeadthru Intprface Plate Proc /Fab

11.2.2.1.07 VLl Lokl £ Lol b okl Cooling Coil Proc/Fab

r.1.2.2.1.08 Ll L i Tl 2L Al bbb LS Pk LU L LIL LN | TwO-Phaned N2|Preamp Cooling Circ

'.1.2.2.1.09 Q27222 Fill (Ports (2) Prod/Fab

.1.2.2.¢.40 Q27273 Drairl Port Proc/Fal

ro1.2.2.1.44 RZZr2277277 Sesl WNeld Strips [Proc/Fab

1.1.2.2,1.42 : : Al Argon vesael hssambly

1.1.8.2.1 Alc/argon vasse

v2.1.2.2.2 vacuum vess:l.!

».1.2.2.2 A s/vecuun vease1

.1.2.2.2.1 QIZIIZX2TITHAD Outer Shell] Engineering

Lt1.2.2.2.2 22720 inner Shelll Engineering

L1.2.2.2.9 CRZZ YA Heao (2 Enhinmering

| 4 P ATITIIFIFEL ) r n snp L

Lepend Signaturen
wll=ln propress
Zl=Plannen Prep:

Tialriticel
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OPEN PLAN

(L)

sesers:  wuoueans GEM Liquid Argon Calorimeter Martin
Timp MNow: DIJANED
Setet PiouLes Mariettsa
Time: 10 38: OB
cens: ¥ ]
ACTIVITY o1 o1 o4 o1 01 o1
JAN JAN JAN AN JAN JAN
23 24 s 1] 27 o8
Timaenow
2.1.2.2.2.% QL7 7777Y7) Seml Welg Skrip Engineerihg
2.1.2.2.2.8 CZ2Z7727727¢F A Vacuum Vesshl Ammsembly Enhineering
2.1.2.2.2.1¢ Cuterf Shell Proc
2.1.2.2.2.2 Innerl Shell Proc
2.1.2,2.2.3 Head (2) Proc/fFab
2.1.2.2.2.4 | 2 7T ST I TR ITFIIF 7, LSuppnrta ProctFab
2.1.2.2.2.8 Q22777 Sedl wWeld Strip Broc
2.1.2.2.2.8 Al vacuum vessell aAssembly
2.1.2.2.2 Alc/svacuum vessegl
o2 1. 2.2.3 LAr VvVessel Cp.ld Mass Supp t Posts (d)
2.1.2.2.3 RIZZZT7TIZI¥A LAr vesl cIu Mams Supt Phats (4) Engin
2.1.2.2.3 LAr Veimal Cold Maas #pt Poats (4} Proc/F
0D2.3 2 2.4 Endcap Rail upport
2.1.2.2.4 ZZZEZZZZZ;J_ZZ Endcap RAail] Support Enginpkering
2.5.2.2.4 QRIZZRD7I77TIICITI?A Endeap 11 Support Prpbc/Fab
02.4.2 2.5 Feedthrus
2.1.2.2.8 A s/FeedtHrus :
2.1.2.2.81 721 Cold Fesdthtu Assembly Enhineasring
2.3 2.2.8.2 o PR27TZTYD Conductipn Heat Intercept] (CHI) Engineel
2.1.2.2.%.3 Assambly Enhinesering
2.1.2.2.5.1 et ke ekt Ll LT AT ITIIFS CoO 1 Flaedthru Assemblly Proc/Fab
2.1.2.2.5.2 e 3 PR7I7I77277778 Conduction Heat Intercmpt [(CMI) Proc/Fab
2.4.2.2.%.13 2oL PP AT PP P77 0TV I 7 Femdthru Assembly
2.1.2.2.5% A cC/Feagthjrus
11 2.3 Too:.ina/F‘ixturTes
02 1.2 3 Tooling/Fixtiures
2.1.2.3 A S/Toolifp/Fixtures
2.1.2.3.1 Stacking Fikture Engineserhihg
2 4.2.3.2 CR2Tr 7772287 Cryostat Aapembly Fixture| Engimeering
2.1.2.3.3 CITZ22770722F Litting Fisxfurs Engineerifp
2.1.2.3.4 zmzzazzzg Shipping Crhtes Enginearihg
2.1.2.3.8 EM Accordgio Tool Engineefing
2,1.2.3.8 Q277 Z7277¥A Plumbing Lajout Tool! Engiheering
2.1.2.3. ¢ LTI ZZ 7777077708 Stacking Fixture Proc/Fab
2.94.2.3.2 L7707 77 077yl Cryoatat] Assembly Fixthre Proc /Fab
3.1.2.3.3 @ Fixture Procl/Fab
> p b .
3__1;_&-13'-;:-;; Sighaturens

Wll-in prograss
Zl=Plisnned
XlaCritical
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Jet e

GEM Liquid Argon Calorimeter

Martin
Marijietta

Tame: 10: 39: 08
HITH 13,
ACTIVITY 01 [ X ot o3 C1 01

wJAN JAN JAN JAN JAN JAN
23 04 L1- 3 1) 87 28
€ Timenow

2.1.2.3.8 CZZ 2 T T T 7777277772777 | EM Accordion JTool Proc/Fab

2.1.2.3.8 C22777777727777773 Plumbing taybut Tool Proc/Fab

2.1.2.3 A C/Jooling/Faxtucen

2.1.2.4 Eng Calorimet Assemb]y/re%t/Checkaut

02 1.2 4 Eng Calorimeter Assembly/Tlest/Checkout

2.3.2.4 S/End Chlorimeter Asapmbly/Test/Chefkout A

2.1.2.4 C/Eng Calorimetasr Assambly/Test/Checkout A

op t 2 4w North Encdcap Assembly

2.1.2.4 RZZZZZZTZTIIZZII77A IN LINE TEST

2.1.2.4 A S/FIRST ENDCAP ASSY

2.1.2.4 I SET UP| MANDREL

2.1.2.4 2 BUILD| Ar VESSEL SUBASSY

2.1.2.4 L B WELD |WASHER

2.1.2.4 WELD FRWD HALF MID-CYLINDER B0

2.1.2.4 WELD FLAT PROTION Ar HEADWALL @

2.1.2.4 . : B WELP INNER CYLINDER

2.1.2.4 B WEUD REAR Ar HEADWALL

2.1.2.4 CALOAIMETER MONOLITH ASSY Q

2.1.2.4 INNER HADRONIC MODULES (2) 3

2.1.2.4 FRWD| MONOLITHIC EM| RINGS (20

2.1.2.4 POSITFION CABLE SUPPDRT TooL |

2.1.2.4 f—d INSTAL| MONOLITH VESSEL SUBASSY @

2.1.2.4 ek WELD MID~CYLINDHER SEBMENTS @

2.1.2.4 cn MOUNT OUTER HADRONIC MODULES A

2. 1.2.4 WELD Ar VESSEY OUTER SHELL 3

2,1.2.4 WELD EULIPTICAL HEAD| A

2.1.2.4 21 SUPPORT ENDCAP

2.1.2.4 @ REMOVE MANDREL

2.1.2.4 MOUNT ON ROTA[TION INSEAT TOPL

2.1.2.4 POSITION INNER VAC ASE-.Y B

2.1.2.4 POSITION REAR HEADWALL AESY B

2.1.2.4 WELD OUTER JAC SHELL/ELLIA HO [

2.1.2.4 WELID TO REAR MEAOQWALL 2

2.1.2.4 WELD STANCHION VAC JACKETS @

2.4.2.4 FINAL TEST @

2.1.2.4 TRANSPORT |TO HALL @

2.4.2.4 AVAIL |[FOR TRANSPORT |TO HALL A

3. 1.2.4 INSTALLATION EZZZ7Z3
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OPEN RLAN (A}

tasporg:
rrpojeet:

HMUONS AR
SEMLAG

GEM Liquid Argon Calorimeter

Time WNow: O3JANSD Martin

Imbe: T RloyLe® Marietta

Tyame: 10: 2AM: DA

bd 7 1 H 1

ACTIVITY 01 o1 o1 01 D1 o1

JAN JAN JAN JAN JANM JAN
a3 24 [-1-] -1-3 a7 a8
€ Timenow

02 {1 .2.48 South Endcap Assembly

2.1.2.4 | SET uUP| MANDREL

2.1.2.4 IN LINE| TEST RZZZ7Z272772

2.1.2.4 A s/SECOND ENDCAP ASSY

2.1.2.4 2 BUILD| Ar VESSEL SUBPASSY

2.1.2.4 B WELD |WASHER

2.1.2.4 WELD FRWD MALF MID-CYLINDER O

2.1.2.4 WELD FLAT] PORTION ON ar HEAOWL A

2.1.2.4 B weL INNER CYLINDER

2.1.2.4 B WELD REAR Ar HEADWALL

2.1.2.4 CALORIMETER MONOtITH Assy 3

2.1.2.4 INNER HADAONIC MPDOULES (2) OO

2.1.2.4 FRWD]| MONDLITHIC EM]|RINGS (2) O

2.1.2.4 POSITION CABLE SuUPPORT Toou |

2,.1.2.4 INSTALL MONOTITH ON IISL suaasy B

2.1.2.4 WEHLD MID-CYLINDHR SEGMENTS @&

2.1.2.4 MOUNT OUTER HADRONIC MODULES A

2.1.2.4 WELD Ar VESESEt OUTER SHELL B

2,1.2.4 WELD EYLIPTICAL HEAD

2.14.2.4 A SUPPORT ENDCAP

2.1.2.4 f REMDVE MANDREL

2.1.2.4 MDUNT ON ROTATION INSERT TOpPL |

2,1.2.4 POSITIOQN INNER VAC ASSY B

2.1.2.4 POSITION REAR HEADWALL A{SY f

2.1.2.4 WELD OUTER VAC/ELLIP HD HALFAS O

2.1.2.4 WEUD TO REAR HEACOWALL @A

2,1.2.4 WELD STANCHION VAC J4CKETS 4

1.1.2.4 FINAL TEST 2

1.1 2.4 o AVAIL |FOR TRANSPORT[TO HALL A

v.1.2. 4 ‘ TRANSPORT |TO HALL 2

1.1.2.4 INSTALLATION QQFE&

*1.2.5 Tr*anspor-tat:lorJ

g2 1.2 % Transportatijon

1.1.2.% A2V Tf-ah-portatllon Enpinesrinp

r1.2.8 ML O L el Ll Ll L Irnnsporta n

1.3 Test Equipment

02 1.3 Test EqQuipment

1.3 . Wsrerssssssvis i ne En rin
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GEM Liquid Argon Calorimeter

Martin

ime Now: DIJANDS

R Mariette

HTTH 13

ACTIVITY o1 o1 o1 LY o1

JAN JAN JAN JAN JAN JAN
83 Sa [-]-] o6 97 a8
® Timenow o

3.1.3 2 P 777777777777 | Temt Equipment Proc/Fab

2 1.4 ICryogenic Systlem

02 1.4 Cryogenic 5)£:t19m

2.1.4 A sS/Cryogenic Symstem

2.1.4,01 2l Locml Argon| Storage LN Syptem Engineerih

2.1.4.02 PRZXZZZ777F LN Source Systam At Surftake Engineering

2.1.4,03 @Q22IZZ7ZZI¥A LN Conditiohing Systems Ehginesring

2.1.4.04 RZZZ777777IVA Argon Dewar| Fi11 and Diat| Systwm Eng

2.1.4.08 EZ2277T2 778 Argon Dewar| to Argon Condht Systam Eng

2.1.4.08 PZZZ27222727FA Argon Condifkionar Syatem Engan.-rinq

2.1.4,07 RIZ7777777¢ Module Coolhing System Enghneering

3.1.4.08 CZ22r7T77727¥A Argon Boile Enginesring

2.1.4.09 727777277292 LN Boiler Ehginesring

2.1.4.10 CZITLZZZ7777¥A Argon Suppl Storaga DewalMras Engineering

2.1.4.11 QLI2ZZ2777772¢A vacuum Syatpm Engineering

1.1.4,12 QI 7777728 Argon Pump pnd Purpe Systhm Engineering

3.1.4.13 EZ277772777F % Inatallatioh Engineesring

2.1.4,01 CLLLld bl lrdd Local Argon torage LN System Proc/Fab

2.1.4.02 YLl Ll Ll lied LN Source Syptem At Surfac Proc/Fab

2.1.4.03 VLLLL Lol LN Condition)ing Systems Prpc/Fabd

2.1.4,04 WLl I TP i 7770777 Argon |[Dewar Fil1ll an Dist Syms Procg/Fab

1.1.4.08 H CLLITTI T Argon Dawar o Argon Condgl Syatem Proc

’.1.4,08 | g PZIZTI7777277272d Argon Condit)loner Syatem Ploc/Fab

2.1.4,.07 LN | CLLLL ULl d Module Corlihog Sysmtem ProcyFab

1.1.4.08 Q2222777 TITIRITIVIITIA Argon |[Boiler Proc/Fsab

2.1.4,080 LN Boijler Proc/Fab

2.1.4.10 CELLLLL PPl Arpon Supply]| Storage ODewar Proe/Fab

> 1.4.11 | QIXXIrrZZ27773 Vacuum Systefh Proc/Fab

Y. 41.4,12 VEZLLZZ 2277777704 Argorn Pumd ahd Purge Sysate Proc/Fab

1.1.4,13 Cryo [System Installation

1.1.4 C gnic Sysitem A

1 1.5 Foci1lities

02 1.5 Facilities

7.4.98 Q22277727772 Facilities Enpineering

1.5 Iyl Facililties

Legend Sighatures
wWll-1n progress
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GEM Liquid Argon Calorimeter

‘apari? MUDNBAR S
A L LLY SRMLAC Martin
‘“tme Now: OYJANDD
e SiouLeE Mariletta
"hme: 180: 38: &8
‘SO, 18
ACTIVITY o o1 o1 o1 D1 o1
JAN JAMN JAN JAN JAN JAN
23 24 a8 gs 0y 28
@ Timenow
2.1.8 Test Beam Program
02.1.8 Test Beam Priogram
2.1.8 A S/Test Heam Program
2.1.8.1¢ 2 Cryostat Enbineering
2.1.6.2 Q22Z777T7T?FA Modules Enghnesring
2,.1.6.3 %zz Electronics]| Enginearing
2.1.6.4 g Fixtures Enpbinessring
2.1.8.8 Test Labor Nnoimneering
2.1.8.1 : A cryostat Prphe/Fan
2.1.8.2 A Modules Profk/Fab
2.1.8.3 (P I T I TIE I IT NS TOGTIIETTIT IS TIITS FTTRTIIT.) E]Qctqanjca Proc/Fab
2.1.6.4 Fixtursa Prot/Fab
2.1.6.8 Test [Labor
2.1.8 A C/Tentl Baam Program
2.1.7 Installastion & Test
a2 1.7 Installation E Test
2.1.7 QZTXXTII7ZVA Imetallatioh & Temt Enginpering
3,4.7 n Tesn Pr Fhb
b
2.1.8 - [F1ectronics
L # o)
a2 1.8 Electromnics
2.1.8 CZZZ7777277¥7 Electronice| Engineering
r.1.8  Electronics Proc/Fab
1.9 Subsystam Man
02.41.9 Subsystem Management & Intlegration
2.1.9 A B/Subaysitam Management & Integration
¥,1.8.1 3 Y IIZ 22T T I TZ TP 7 R 77207 Project| Management anjd Admi
3, ’.9-2 P T ITET TS TIIEFTIS T TFTFITTFIFIITTIFVEITIFFr,) ﬂ!gnurc M.nagement T
2, 1 . 9 . 3 | PO TTTITTTITTIN TFITTFTITIETISTOFTFFTIONTITTITTEITTFTITSS yrrresy) ESSH
1. 1.9.4 A TTTTT I OTLTITII TSSO T TN IS TS O CTIVT VI TENSN,) Ouaslity| Amaurance
y.4.9.8 LLLZTIZ TP TT 2 L N IT il PP Pl AT Il System |[Integration
. 1.9.6 (P P TG ITOTITN IOT IO TG TTTEI TSI TSI TTEITEIETIE S Travel
2.1.9 tem_ Man mant & Integration A
Legend Si1gnatures
W-In progreas
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Calorimeter Engineering Question

611

Integrated Calorimeter Assembly Fixturing

Request: Provide a listing of fabrication, assembly and installation fixturing, including sketches, required for the
construction of the liquid argon integrated calorimeter. Designate fixturing which will be required for the EM only as well.

Specific Concern:
* The fixturing is not explicitly referenced in the cost estimate.

Answer: :

* All of the special and standard tools are considered in the cost input although at a relatively high level. Definition of the
required fixturing is an integral part of the thought process while developing the assembly flows for the calorimeter. At
each step in the assembly the equipment, fixtures, and tools are conceptualized. Operations are envisioned to be performed
with standard tools and equipment whenever possible and special tool concepts are invented only when no existing tools are
known to be available. During the manufacturing flow development phase the tool concepts are carried only to the level of
Junction and basic construction (see attached sketches).
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1. Remove endplates from EM strongback
handfing fixture.

2. Insert EM module and strongback into
clamshell structure.

3. Strongback locates and pins to the
EM clamshell tool for alignment.

4. EM module Is shimmed as required
and are tied to each other using clevis and
tie rod ends.

EM Clamshell
Assembly Tool

(() 3RIRIFIIIIBRRBINIRIIBRIIBIIBIRIDEIRIRIBDDIDIDIRY

N

B

~———

\

A e R ———————r—

Strongback

EM Module
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EM MODULE - EM ASSEMBLY AND BREAKQVER FIXTURE

EM Module Assembly
in Clamshel Assy Fixture

0.0 Support Ring &
(3x)

&

]

%

Splice Plate (2x)

RS

—a
R

S
g

|
K

W

Coivveczzzzzziod

EM Clamshell Assy

EM Breakover Assy Splice Plate

Rotation Spindle Frame (2x)

0.D. Support Ring

Breakover Fixture
Support Stand




EM MODULE ASSEMBLY - INSERTION FIXTURE

EM Assembly

/1 /-—EM Spreader

o Rotation Spindle Frame (2 Req'd)

Rotation Spindle Frame

€21

1. Mate EM asselmbly and tool to
Hadronic assembly. )

2. Align ralls,

3. Position outboard supports
and release hoist. Outboard Support Stand

4. "Roll transfer” EM assembly
from tool to calorimeter.
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Shipping Cradle (3x)

EM Spool Tube

This structure Is used to support the
tube during general fabrication, welding
operations and during transport.

92T

Spyder and Mandrel Assy

Shipping Configuration
Handling Beam
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Install mandrel with spool horizontal
and the shipping tool in place - used for
handling.

0.D. Ring (4x)

Rings Spyder (4x)

2 each ring/spyder in each end of spool,
connected by a split support shaft.

Split Support (1x) Shaft
with connect thru center
washer
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GEM BASELINE ENDCAP - MODULE INSERTION TOOLS

Two Configurations Required
One for "Qutside Modules™
and One for "Inside Modules™.

Used for Module
Insertion From
Ends

LET

Attaches to inboard
and outboard tubes

of spool

3 Configurations Required
(Basic Design with 3 Sizes)

Use With "C" Frame

Holst Spreader Ball Screw Jacks
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