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Objectives

* Cut the cost of the machined end
parts by utilizing mass production
processes such as injection molding or
die-casting.

* Maintain or improve the performance
criteria of the machined G-1O end
parts.



End Parts- PresentActivities

* Molding of organic materials

a. Resin transfer molding RTM

b. Compound transfer molding CTM

c. Injectionmold

d. Compressionmold

* Coating of castedpart

a. Chemical vapor deposition CVD

b. Dip coating

c. Hard coating/anodyzing



RTM and CTM DevelopmentProgram - Part I
Completed July 1990

O!4ec$ives:

To evaluateandstudy the feasibility of using
RTM and CTM processesfor producing end
parts.

ResinSystemUsed:

Dow TactIx 123 - epoxyresin with Tactix
curing agents.

lteinforcement

RUM - Continuous fiber E-glass- identical in
content and weaveto that usedin 0-10Ct +

webbedadhesive.

CTM - Choppedglass -1116" milled E-giass
fiber. 40% by weiflt

Both RTM and CTM proved to be capableof
producing end partsusing theTactix resin.
Yet there is much room for irnprovemert in
quality. Parts were testedsuccessfullyin a
shortmagnet.



RTM and CTM DevelopmentProgram- Part H
Completed August 1991

9jçytiyes:

To evaluateand study the effectsof replacing
Tactix resinsystemwith two resin systems
CTD-101 and CTD-102. Developedfor
working at low temperatures and high levels
or radiation.

llcsin SystemsUsed:

JTD-101 - Anhydride cured epoxy DOEBA
based400 cp; 60 hi’s pot life 0 40°c
processingtemp

CTD-102 - Anhydride curedepoxy NOVOLAC
based450 cp; 50 hrs pot life 0 40°c
processIngtemp

ReinforcemenU

RTM - Continuous fiber E-glass - identical in
content and weaveto that usedin 0-10 CR +

adhesive.

CTM - Chopped glass - 1/16" milled E-glass
flbr

Jtçsults
Visually - the partslook betterwith lessvoids.
No production difficulties were reported.



Future Activities for RTM & CTM

RIM

* Inquire about 3D wovenpreforms
using S glass

* inquire about improving the quality and
reliability of the processtowards
preproduction run.

* TestpartsIn teit coilsandshort magnets

* Inquire aboutusing variousfillers to
improve strength

* Test partsin testcoilsandshortmagnets



Injection Molding

Matcd 41s;

* Amoco Torlon 5030 - 30% glass fiber. Poly
amide-imide - thermoplastic

* Green Tweed - Arlon 1160 - 30% glass
fiber - Polyetheretherketone - PEEK
- Thermoplastic

Summary of Properties

Tam

__________________________

5030 1160
flexural modulus23°C 73°F 17.Ox105psI 14.95x 1O psi

Flexuralmodulus250°C480°F 14.3 x 10 psi 3.33x 105psi

Flexural modulus321°F 20A x i05 psi

Compressivestrength23°C 73°F 38.3x io psi 31.2x 103 psi

Coefficientof thermalexpansion 9.0x 10-8iM.n/F 12 x 10-6 in$n!F°

Heatdistortiontemperature264psi 539F° 600F°

Glassfransitiontemperatures 527F° 289 F°



FutureActivities for Injection Molding

* Test Torlon andPEEK parts, machined out
of injection molded tubes in a short test
magnet.

* Mold a setof return endpartsof Torlon and
PEEK.

* Usemoldedpartsin testcoils then section
andanalize

* Usepartsin short testmagnet.
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Coating of Metal Casting End Parts

M$a! Cg4ipcs:
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Comparison:
Injection

Machining versusRTM, CTM,
Molding and Metal Coating
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Material DevelopmentLab Tests

* flextural strength

* Cóeffleelent of thermal expansioa

* breakdow*



Test Result
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Cost Comparison - Machined versusOther Processe

Machined RIM MM CTh b4ecth bt
cMaterlal CTD-101 Qyoflad C’lD-lOl Mold Mold
&Lab*r Tenon PFX

*1w $51.0 $205.0 $31.0 - sii.r $37.01

Toollng $54,000 $45,000 $22,000’ $12,000’

* Thesepricesarefor 40mmendpartsandareabout 1 yearold.



Fiscal 1992FNAL SuggestedEnd Parts
Matérial and ProcessDevelonmentPlan
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Fiscal 1992FNAL SugitestedEnd Parts
DeveloDmentPlan

* Produce2 parts via RTM proces&by a
selectedvendor other than Spaulcling

* Preproduction of returnendsusingRTM
processtooling and parts for several
magnets

* Injection mold temporary tooling for return
end parts using Torlon and PEEK

* Compressionmold of 3 differenit parté
usingseveralmaterials?

* Dip coat and testhipotaluminumand
stainlesssteelkeysmachinedand casted

* Researchfor CVD coating on stainlesssteel
or bronze

* Continue using CTD Composite -
TechnologyDevelopmetnconsulting
services

-

* Attempt stressanalysisof end parts
assembly?

* Continue managingthe program in
coordination with SSCL and General
Dynamics



Future PIan

* After the magnets and coils specified are finished and analyzed
a smaller number of the materials will be chosen to test
for radiation.

* Some of the preferred materials could be placed in the final 50mm
long magnets after the General Dynamics magnets are complete.

* A material could be chosen to make complete sets of magnet parts.
These parts could be used in short magnets during the next fiscal year.


