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Absorber and Signal Electrode Plate Layups
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EM Barrel Calorkneter Production Plan

Prototype 18° Mini-module. Full Length:

Flat Layup Bending Molding Assembly

BNL/Nevis BNL/Grumman Nevis BNL/Nevis

Full Scale Production:

Flat Layup Bending Molding Assembly

Shanghai iUrcraft Shanghai Aircraft Shanghai Aircraft BNL/Nevis
China China China



Calorimeter Production Plan cont.

Bending Machine/Press:

* Common Bending Machine Design:

- Grumman Aerospace Press Prototype
- Shanghai Aircraft Full Scale Prod.

- Dies for both Machines from Shanghai Aircraft

- Same Machine for Barrel & End Cap

Mold/Mold Press: . .

* Common Mold and Mold Press Design:

- Same Press for Barrel & End Cap Prototypes

- Same Mold Design for U.S. & China Production



EM Accordion Plate Production Dimensional Tolerances

Absorber Plate Raw Materials:
Lead +1- .025 mm
G10 +/-.025mm

Stainless +1- .025 mm

Absorber Plate Accordion Geometry:
Location of Centers of Radii: +1- .10 mm

Angular Dimensions: +1- 0.5

Bending Machine Dies
Location of Centers of Radii: +1- .05 mm

Angular Dimensions: +1- 0.35 0

Bending Machine Structure
Maximum Deflection: +1- .025 mm

Mold
Location of Centers of Radii: +1- .025 mm

Angular Dimensions: +1- 0.250

Mold Structure .
Maximum Deflection: +1- .025 mm



EM Barrel Absorber Plate
Massless Gap Requires Flat Lay-up

To Be B-staged Prior to Bending
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BNL/GRUMMAN BENDING MACHINE/PRESS



BENDING MACHINE DIE CONFIGURATION
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DIE ROLLER ASSEMBLY



BENDING MAtHINE END CLAMPING ASSEMBLY
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InsulatedBendingMachineDies

Lead

/ do

Stainlesssteel

Insulating Rod
Gil, Ceramic, etc.

SteelDie

NOT TO SCALE



PART AS SPECIFiED
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TYPICAL BENDING MACHINE DIE
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Absorber Molding Pressure & Temperature

160-
Pressure = 150 psi.
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Absorber Plate & Signal Electrode Molds

7075-T6 Aluminum
Teflon Impregnated
Anodize Hz;’dvoat

Channels for Heating
and Cooling



- EM UPPER MOLD DETAIL
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MOLD THERMAL MANAGEMENT SYSTEM

SUPPLY

HEATING

or f120
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Barrel ElectromagneticModule

OuterSpacers

CenterSupport/ Axial Restraint

OuterElectronics

OuterTension
Bands

Striplines

Inner Spacers

InnerTensionBands

InnerElectronics

xj

Striplines

End Electronics

OuterSupporterBlocks EndsOnly

Each9° Moduleconsistsof:
24 AbsorberPlates
24 SignalElectrodes
84 Towersin 1 -1.1 1.1
6 Towersin cp
3 DepthSegnents



0.20 Stainless Steel
0.08 Prepreg
1.00 Lead
0.08 Pregreg
0.20 Stanless S!eeI
1.56 Total Thickness

I.4S875’

1 .56

P3.56 REF

fl2.78 REF

P2.00

Dimensions are in mm and represent the Absorberplate at LkrterTperature.
Delta Eta = Delta Phi = 2’ P1/240

42.58

245.6

Vacuum Vessel Wail

Barnsrable: EM_Delall s :930204



SignalElectrode
Flat and Ambient Temperatures
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ConceptualDrawing
EM Barrel
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OuterBarrel
Signal andHigh VoltageConnections

Signal Connections

GroundConnections

High VoltageBus

Last Bend

High VoltageResistors

Middle Strip Coiinection
2nd Longitudinal Division

Outer Strip
3rd Longitudinal Division

DS M
5/14/93

High Voltage
Connection

.C.

I I I

0.50
0.50

- Bend

Tower
2.50 minimum



SpacingBetweenHigh Voltage
andSignalElectrodes

Signal Electrode

Kapton Dielectric

High VoltageElectrode

PSM
5/! 7/93
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4.5. ProductionScenarios

4.6.1. We have gained a greatdeal of experienceover theyearswith
the production of oversizeprintedcircuit boards.We have learned
many lessons. The first is quite obvious. Their areno simple
solutions to complex problems. Second, money andoutside experts
cannotsolve all problems. And finally, that the job must be matched
to the manufactures equipment and capabilities. Modifying standard
production methcds or using production equipment in a method in
which it was not intended to be used, usually resufts in an inferior -
product arid always resUlts in increased costs and delays. We intend
to solicit bids from manufactures that have proven experience in the
manufacture of large flexible circuits and have the appropriate
equipment The manufacture will deliver a completed signal
electrode ready for bending into the accordion shape and requiring
only postcuring of the adhesives and inks. Electrical connections,
e.g. signal and high voltage connectors, are installed after the
electrodes are bent and thernio molded into there required shape.



4. Flexible PrintedCircuits

4.1. A Primer

4.1.1. Understand first, that the equipment used in this industry is
- completely different from the equipment used in standard printed
drcuit technology. Standard equipment cannot simply be modified, it
must be replaced with equipment designed to process materials on
rolls hundreds of meters Ui length. -

4:1.2. The first procedure is to attach the conductive material to the
kaptori. Two methods are utilized. The first technique uses an
adhesive as the bonding agent and roller lamination methods to
attach copper foil. The adhesive must be robust and resistant to the
radiation damage expected in the GEM environment. A discussion of
adhesives precedes this section. The second technique for bonding
the conductor to the dielectric material, is to vacuum deposition a few
arigstroms of a conductive material directly onto the dielectric
material. Additional material is plated up to the required thickness
using traditional plating techniques. This method requires rio
adhesive and provides a much more robust adhesion to the
dielectric material used.

4.1.3. Once the conductive material has been bonded to its dielectric
base lets assume that we have bonded copper to a kapton
dielectric the roll is run through an indexing machine. This machine
punches precisely positioned indexing hojes along the length of the
kapton roD. The index holes usually run along the sides and are
positioned approximately one meter apart. The exact pitch is
determined by the processing equipment which follows. We now
have a method to perform precise registration between layers or to
return to a particular section over and over again to perform multiple
tasks.

4.1.4. The next step is to lay down a film mask which is an image of the
circuitry required. This is usually silked screen onto the copper with
an automated silk screening machine. The panel size of most large
automated machines is about a meter on a side. This means that for
our four meter long board we will need four masks for each layer.
Running the kapton roll through the automatic screening equipment
will require four passes. The first pass will screen panels one, five
etc. The second pass after a change of masks will screen panels
two, six, etc. The registration is determined precisely by the indexing

6



holes. All of the chemistry used in normal printed circuit technology is
applicable at this time. The panels are etched, drifled and sent to a
roller laminator. Here again we rely on the indexing holes to register
the individual layers to be laminated. The adhesive can be in sheet
form or applied as a liquid. Again, the adhesive used must be able to
suriive the expected radiation environment anticipated at the SSC,
and not contain impurities that would poison the krypton / argon
ionizing liquid.

4.1.5. Finally, through plating techniques using exposed via’s are used
to inter-connect the various layers, and the outer layers are
processed using standard chemistry and methods.



SignalElectrodeProduction
960 Panels774 x 3655

Polyimicle Dielectric
* Allied Apical 40 - 60 inch width
* Dupont 60 inch widths
* RogersCorp. 24 inch -?

CopperCladding
*Sheldahl Corp. Vacuumdeposotion0.2 microncopper,60 inch width

Plate-upElectro Deposition
*SheldahlCorp. sub-contractor15 - 17 micron 1/2 oz copper

Image
* ShelldahlCorp.I000 X 5000panelsize

Etch Line
* SheldahiCorp. parallel lines 18 inch and24 inch

Adhesive
* DupontCorp.
* SheldahiCorp. 3P

Lamination
* SheldahiCorp. roll to roll

Silk Screen
* SheldahiCorp. registration

InternalConnections
* SheldahiCorp. printedthroughhole

Connectors
AMP Crimp-onconnectors


