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ABSTRACTS 

INVESTMENT CASTING TO ENHANCE P:R,ODUCIBILITY--A ~ASE STUDY 

Effectively applying the ancient art of investment casting to AEC production 
can open the door to improved product integrity and potential cost savings. 
This report describes a case in fact, where the investmen.t c;:asting pr·ocess 
was successfUlly applied as a production method, replacing a formed sheet
metal welded assembly. The casting approach not only sharply improved 
the probability of insuring conformance w.ith requ~red design limitations, 
but also re.sulte1d in substantial program cost savings. When the geometry 
of a required metal product 'indicates potential fabrication problems or ex,
cessive machining cost, the investment casting approach may be the means 
to a successful pi;'oduQt. · 

DEEP DRAWN STAINLESS STEEL CONTAINER 

Development of a process to produce ·a deep-drawn stainless steel container 
to tolerances approaching those required of machined parts has enhanced. 
metal forming capabilities at Bendix. Determination of the final process 
depended upon elimination of as-drawn wrinkles. A special material study 
resulted in an acceptable annealingcycle, a requirement for maximum grain 
size in the raw stock, and a new material specification. A new metal forming 
concept and a special shaped hydroforming diaphragm resulted from the metal 
form~ng investigations. 

LONGITUDINAL AND SPIRAL MILLING ON A GISHOLT CENTER DRIVE 
LATHE 

A design requirement for interna~ longitudinal and spiral milling of cable 
grooves in a long aluminum case· could not be met with available milling 
equipment. While internal milling with a right angle h~ad is a common 
practice in most machine shops, the length of this part and low production 
lead time required development of the unusual, low cost process described 
in this report. 

DESIGN EVALUATION OF INSULATOR PIN 

The ability of a metal and plastic switching pin to withstand an operational 
shock in excess of one million g' s was significantly improved through con
figuration change and change of the insulating material from nylon to 
polycarbonate. An extensive test program was required to determine the 
magnitude of shock imparted to the pin by an explosive motor, followed by 
evaluation of a number of material/ configuration combinations to select the 
most suitable option. 
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SUMMARY 

In the early component development phase ~fa program, a product 
design was released which defined a structural component made 
from 0. 032 stainless steel sheet metal, formed into a cylindrical shell, 
with three pierced rectangular holes, and three mounting pads weldeq in 
position. This assembly required secondary machining operations to 

·produce the functional tolerances required.. During initial development 
i~ became apparent that the requ'ired precision machining of this sheet
metal weldment would present a producibility problem resulting in 
excessive end product .cost. · 

The design requirements were reviewed by Bendix Mechanical Product 
Engineering, and it was decided to consider this product for a Casting Feasi
bility Study. 

Four major questions required careful consideration. 

e Could a casting reliably offer the functional strength required? 

• Could a 17-4 PH corrosion-resistel:Ilt steel casting be produced which would 
remain stable during and after considerable removal of material? 

• Would the density of cast 17-4.PH steel be sufficient to retain the required 
pressure for sustained periods? 

o Would the end product weight be increased by. the use of ~ casting? 

The feasibility study results indicated a potential program savings of approxi
mately $800, 000 with effective appli~ation of the investment casting approach. 

After a casting design was completed, a development order was released for 
procurement of a small lot of castings for testing and evaluation. 

The first .castings received were subjected to a thorough dimensional and 
metallurgical examination and then finish-machined to the final product 
design requirements. The finished units were again dimensionally inspected 
to verify the predicted dimensional stability. after removal of approximately 
60 percent of the original casting mass. Results ind.icated slight tolerance 
variation, ascribed mostly to residual stresses induced during the casting 
straightening process. Machined sample castings were also subjected to con
tolled laboratory pressure and strength tests, and found to be acceptable. 

At this time all the testing and evaluation results were reviewed and ·it was 
concluded the investment casting approach would .indeed be the most advan
tageous approo.ch to mo.ss production of this specific product. An all out 
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effort, directed at further refinement of the casting process. was authorized and 
producti~n quantities were ordered to support current production requirements. 

To date, f0-Qre than 1000 investment castings bave been procured. which are · 
be,ing· .. ~mccessfully machined and electron-beam welded into the next assembly . . :· . . 

The.:.basic reasonfor this. successful result was the manner in which ihe casting 
concept was guid8d through a precise controlled development phase. Close 
coordination .between the. Design. Agency, Bendix, and the Investment Casting 
Industry was ext'remely essential to such success. 

'. ··.· 
•' 

.. : ~ ·.. : 
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DISCUSSION 

INTRODUC'I)ON 

The primary purpose in applying curre~t casting technology, in this case, was 
to achieve the most advantageous design consistent with the stringent system 
requirements. 

The benefits possible from application of castings ·as· a means for arriving at 
a functional end product had not been fully explored, It was felt t.hat the sub
ject component. (Case Section, Rear) would be a prime candidate to show the 
potential of the investment casting approach as related to the AEC Weapons 
Program. 

PRIOR WORK 

Bendix first became heavily involved in the use of irivestment castings with t.he 
I 

advent of the progr~m. Because of inexperience with. the benefits and limi-
ta.tions .of the process, it was necessary to procure development and production 
castings simultaneously. Experience gained by Bendix in this program has .led 
to a much improved sequence of developing investment casting as a method of· 
product fabrication. 

... : J. .. 

Up to this time, activit.);. involving castings at Bendix had for the most part 
been limited to the other fields of casting, such as sand, permanent mold, or 
die casting. All of these ha_ve their specific place in supporting metal product 
needs, but the investment casting process appears to offer broader advantages 
with respect to certain precision product design requirements. 

ACCOMPLISHMENTS 

During the development phase of the rear, case section, techniques were 
established that may be of considerable use in est;ablishing future cast products. 

The original casting design w~s based on strict functional product require
ments, with only minimal consideration given to the casting producer. This 
design was then subjected to a very detailed review between Bendix and the 
potential casting foundries. Every feature was discussed from standpoints of: 

e Castability with respect to finish tolerance required; 

e ~ Repeatability of casting; and 
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., Type of casting tooling requir.ed based on probable total castings to tn: 
produced. 

From answers obtained and action taken as a result of these discussion~ 
. ' 

many potential problems which in the past had not been discovered until 
well into production of the castings were avoided. 

In the early casting fabrication process development, it .was discovered tha~ 
precise controls applied at the fo\lowing operations sharply improved dimr:n· 
sional consistency: 

e Wax pattern injection. Secondary fixtur~ng for controlled post curing of 
the wax patterns (restraining fixtures). 

e Hot straightening steel casting. Controlled development of: Casting 
temperature and soak time required, time cycle from oven to straighteni::,r 
fixture, and pressure (tonnage) applied to move metal to desired position 
in relati~n to time cycle within straightening fixture. 

. . 

An investment casting which replaced a form:ed sheet metal welded assembl;: · 
\Vas designed, developed, procured, and finish-machined. This casting 
achieved the end product design requirements with improved producibility 
and sharply reduced end product cost. 

ACTIVITY 

.The sheet metal welded assembly design was the starting point from which 
the investment casting concept evolved. Early development attempts indicatt·~ 
several problems would need to be solved before Bendix production commit
ments could be ·satisfied. 

o The sheet metal drawing and piercing operations w.~re yielding units with 
elongated connector holes and excessive variation in the close tolerances· 
required (Figure 1). 

e Th·e welding of the three mounting pads in position cavsed excessive dimen· 
sional variations in the 0. 030 thick sheet metal structure {Figure 2). 

o It WAR extremelY difficult to locate and control the sheet metal structure 
during required- secondary precision machining operations becau.se of it<~ 
flexibility. 

Successful solutions to these problems inevitably involve the investm.cnt of 
a great deal of machine time and probable high scrap rates, which in tm·n 
would lead to high end product cul:il. 



Figure 1. Formed Sheet Metal Aft Section 

.. 
Figure 2. F ormed Sheet Metal Welded Assembly 
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In the analysis of the pending problems and possible solutions, it became 
apparent that an investment casting (Appendix A-1 and A-2) would perhaps 
provide the answer, not only as a means of improving the producibility, but 
doing so at less end product cost. An investment casting design was pre
pared by Bendix (Appendix B-1) and several suppliers were contacted 
concerning castability and cost. This casting would be produced using 17-4 
PH corrosion resistant steel, which was felt to be machinable into the final 
product configuration. The design concept was aimed at yielding a finished 
component with a constant 0. 030 inch minimum wall thickness, needed for 
optimum electron-beam welding characteristics, without compromising the 
strength required. The casting concept was then subjected to the Casting 
Feasibility Study (Appendix D) for comparison in cost between the casting and 
fabrication from raw stock (sheet metal. bar stock). ThP. rPport rPRlJlting 
from this study, plus the casting design, was submitted to the Design Agency 
(Sandia Corporation, Albuquerque) for consideration. 

There was some question as to whether or not a casting would completely 
satisfy four major functional requirements: 

• End product strength, 

• Dimensional stability after machining, 

• Ability to retain pressure for sustained periods, and 

• Limited end product weight. 

These questions could only be answered by subjecting actual castings to 
controlled testing and evaluation. The Design Agency agreed that the pro
posal warranted further investigation, and authorized Bendix to procure 
several development castings. 

A development order was placed with United Casting Company, Van Nuys, 
California, and tooling was started. The material (17 -4 PH corrosion
resistant steel) was selected for the following specific reasons: 

• The strength and corrosion resistance features possible with simple heat 
treo.tment. 

• Its ability to remain relatively stable during and after secondary machining, 
and 

• Its high-fluidity rating which was necessary to fill thin sections and insure 
casting soundness. 



Because of the complex external configuration of the finished product, it was 
necessary that any secondary machining (to size) be limited to the internal 
surfaces of the rectangular ports, flat surfaces, and the major ID. Only by 
this approach could there be any hope for success in maintaining stability 
and minimizing labor and tooling costs for machining, 

All of the first castings produced to the original design (Figure 3) were sub
jected to dimensional and metallurgical examination (layout inspection, tensile 
testing, and X ray). The castings were then completed and subjected to the 
following: 

• The machined castings were weighed. The representative weight was 202 
grams. The comparable finished sheet metal welded assembly weighed 
197 grams . . 

• Two machined castings were subjected to a controlled leak rate test. All 
ports and openings were sealed, a vacuum of approximately 1. 6 x 10- 5 

mm Hg applied to the inside, and 75 psi differential(+ 10 percent - 15 per
cent) pressure applied to the outside. The results indicated less than 
21. 5 x 1 o- 8 cc I sec leakage. This was considered to be well within the 
design requirements. 

• Units were subjected to electron beam welding, which yielded acceptable 
results. 

• Two units were welded into finished assemblies (MC2429) and shipped to 
Sandia Corporation for environmental testing, including shock vibration 
and containment. 

The castings passed all testing successfully. The containment test indicated 
that the cast features were struc;t1,1rally balanced. 

Based on the favorable results in development, it was decided to incorporate 
the c asting into the production definition. 

The basic problem in the casting development was to achieve the "as cast 11 

dimensional consistency required to insure repeatability of the finish-mach ined 
product. In order to solve the problem, a concentrated effort was directed 
at refining the two basic areas in the casting process which directly effect 
dimensional stability; Wax pattern mold and hot straightening of the semi
finished castings. 

• The wax pattern mold was reworked to yield patterns with less dimension al 
variation. 

• FixturPs wP.rP. produced for use in controlling the degree of wax pattern 
shrinkage during the curing cycle. 

13 
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• The hot-straightening fixture was reworked and a precise straightening 
process was developed to ensure dimensional repeatability. 

During the casting eyolution process, unexpected problems concerning com
ponent assembly and welding operations on the (inal assembly became apparent 
which required four major design changes (Figure 4): 

. ' ' ~ ' .·-
1. Flange Configuration Change. The original machined casting configuration 

proyided a lip on the major diameter of the flange portion of the unit that 
fitted into the container at final assembly. The container edge was then 
lap welded to the flange around the circumference of the interface. This 

. f.t;:"~rward turned lip resulted in welding atljacent to internal components. 
The possibility of resulting hP~t rhnnage was eliminated by turning the 
lip lu the opposite direction. .· . 

The angle of th,e flange was also changed from a tapered configuration to 
a perpendicular, configuration to reduce the overall .length of the final 
assembly. The connector window locations were also changed at this time 
to bring them closer to the flange to further reduce the overall length. 

2. Mounting Pad Configuration Change. Environmental tests on the final 
assembly indicated a need for additional strength within the machined 
casting in the areas of the three mounting pads. Additional material was 
added to the pad surface. The diametrical locator features of the final 
assembly were extended to increase contact area by extending the boss on 
the casting. The moupting pad area was also , stiffened by increasing the 
fillet radii :within. the space under the mounting pads. 

3. Connector Size Change. WhPn thP rll?sired connectoro for the finished 
assembly became available, . the casting was changed to accept their larger 
~l:t-e. These connectors were larger than the substitutes used on the early 
development units. The casting was r.h~ngl?d to add more material on the 
outside surfaces of the connector areas to assure that a minimum wall 
remained around each connector after finish machining of the casting. 

4. Major Diameter Change. The printed wire harnesses used within the final 
assembly were replaced with conventional wire of greater cross section. 
The major diameter of the flange on the ca::>ting was increased to provide 
more space internally to accept the larger wire. Simultaneously, one of 
the connector bosses in the flange was relocated to provide additional 
clearance within the assembly. 

These changes significantly complicated the casting fabrication to the extent 
it was necessary to scrap the original wax pattern mold and fabricate a much 
more complex mold. This new mold (Figure 5) consisted of 26 separate parts, 
whereas the original mold (Figure 6) consisted of 10 parts. 



Figure 3. Original Aft Se_ction Casting 

.. 
Figure 4. Final Design Aft Section Casting 
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Figure J. To!/ ax Pattern Mold for Final Des ~gn Casting 

-



Figure 6. Wax Pattern Mold for Original Design Casting 
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The new pattern mold was constructed and sample castings produced. The 
foundry was able to apply some of the knowledge gained in producing the 
original mold to fabrication of the new mold, thereby eliminating some past 
problem areas. However, it was still necessary to go through a prove-in 
and refining cycle in o_rder to assure the ... needed ,dimensional repeatability. 

When confidence was achieved in the ability of the foundry to produce castings 
to the current design definition, (Appendix B-2, B- 3, and C) procurement of 
six Foundry Control Samples was authorized. These are units produced by 
a specific foundry for the purpose of formally verifying that foundry's capa
bility of consistently mass producing castings to the current design definition. 
When the foundry had been granted Foundry Control Approval, the Bendix 
Burchasing Department was released to proceed with procurement of quality 
castings as required. 

To date, more than 1000 casti:qgs have been received at BKC, and have been, 
or are being, successfully machined (Figure 7) and incorporated into final 
assemblies. 

The evolution from sheet metal we]ped assembly to finished machined casting 
is illustrated by Figure 8. 



Fig·~re 7. Casting After Final Machining 



F' igu::-e t•. Evolution of Cc.. !:: e frorr_ For-:ned S:"'leEt :.vlEtal to Machined CaEting 
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APPENDIX A 

INVESTMENT CASTING FLOW CHARTS 

A-1. Investment Casting Production Techniques 

A-2. Casting Flow Time 
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• basic production techniques for investment casting 

WAX 0~ PLASTIC IS INJECTlO 
INTO DE TO MAKE A PATTERN 

, ® 
A METAL FLASK ~S 
PLACED AROUND TIE 
PATTERN CLUSTEI 

r.;-.2 PATTUNS ARE GATED 
\V TO A CENTRAL SPRUE 

® 
PATTERN CLUSTERS ARE 
DIPPED IN CERA.IC 
SLURRY 

f.\ FLASK IS FILLED Willi lit-· 
\:!,/ VESTMENT MOLD SLUUY 

INVESTMENT FLASK CASTING 

IEFIACTOIY eRA Ill IS 
SIFTED ONTO COATED 
PATTEIIIIS, STEPS 3 
AND 4 ARE REPEATED 
SEYE1W. TIMES TO oe
TAIN DESIRED SHELL 
liiiCKNESS 

AmR MOLD MATEIIIAL 
17\. HAS SET AND DRIED 
\V PATTEIIIS ARE MRTED 

OUT OF MOLD 

lNVESTMENT SHELL CASTING 

l 
HOT MOlDS ARE FILLED 

r.'\ Willi METAL IY GaAV
\V ITY, PRESSURE VACUUM~ 

OR CENTIIIFUGAI. FOIC~ 

HOT MOLDS ARE FILLED 
ta\ Willi METAL BY WY
\!_r ITY. PRESSURE. VACUUM 

=£OR CENTIIIFIMIA&. 

MOLD MATERIAL IS 
IROK£N AWAY FROM 
GASTINI:S 

® CASTINGS liRE REMOVED FROM SPRUE, 
AND GATE STUBS GROUND OFF 

G) 
MOLD MATERIAL II 
IIOKEN AWAY FROM 
CASTIWQS 

t 



CASTING FLOW TIME 
•• ~ .• 1'1• ... 

. : . ~ l· .;., . ·: .·, . . : ' .• : 

AVERAGE FLCI fl~ F«R CASTING INC~P.-· . ..-L ·',.·· · · ,· •.• ~- " • '< 
, .. ;_: 

PHASE flKTI(J4 
I - [ESIQ4 ~Ya(AENT 

•':. 

F& wKsfl .,._ ~.. -.~. 

; ... 

. II - FABRICAT]()4 [EVEl(AENT ~~;- 8 WKS --.1 
i ,t":·: 

. .., ;. '.:..._ .. ,, .. 

. · -~ 

III - FABRICATIIJ4 FWilRY CttHROL UNITS .F. a.u?J 
. ~. 

IV - JR PROC~9ENT E-e os3 
-... ·· .. 

'------- 27 'NEEKS ______ ..;...._,~ 

lVERAGE·FLOW TIME FOR CASTING INCORP--- ACCELERATED 
~~~=----------

PHASE F~CTI~ 

I - DESIG.~ DE'IELOPMEtH 

II - FABRICATION DEVELOPMENT 

III - FABRICAHON FOUNDRY CONTROL UNITS 

IV - WR PROCUREMENT 

13 WKSI . 

Es wKs•l 

E5 WKS•I 

I " WlfS I 

.......___ ___ 17 WEHS ---""'""'"' 

\~ :-- . 
"':if 
·~ -c· ,; 

., ,, 

. ;-·.;_ : . 
'. 







D 

c 

s.c.JJ 

EJ • I I 

L! 

._ __ 

·· ? 2~ ' ·~"" 

S£:- )-0 

A 

--··- • 
1\j 

co 

J.l"" 

..... 

--j ~i ~G~" ' S / 
);I'L(). 

., 

B-1 

--·~ , ...... _//2 
-.tHO '"f 

1J'III ,()O 

SE CT A.·A 

- . IUS,OIOI .... 

• • 

T-i 

• • 

• • 
li01H C.lal•f1 •U D&t•-..:~"' 1•--·•1. 

1. .-u. •tw '-' • 14110111)_. . • • •• -u:u , .._...., w utc.o. 

l u FU!oll ' " ""' UIOIIUSIOa Utot r .. • tf&oU l'f.t PJIJHI•O 
.. ""' '"- .... Of ...... .... "'' .. ,,. • • ,...o . 

t. IUI'6(f .... tt.l>GtJ . ..... e . tf""I.ITh• (ott • ' f iT 

.,.._. -. ~..., u.r ... "'''•~ o~u ""''10. 
S a111 ... : Ust DU1U ..... cr Mtr • . A•41 ••MS tH4: 

tot .l• . , •• ..,, c••lokfHJ ~u •<~• r•• o "'• 
( II"- liW .W. (liU C·l· .. "'I ffl••· I.MIIt ...... 
It, ....... 

6UIIIt.tc.• l•1t1U' ' \Y tu ovu . 

7 lfl. ~-... ... II Ol .. H ti• IIIH , UC.lii .. (U ' i -dlllUAr
SU ,...,"."*· 

• 

.. -JoiG/6<tlcl .... ] 

G 8$ C "' 

• 

-- -

• 

. ..... ..... , 
""' .... 1 

• 

c 

r• ll:a,,,0 ..... ../ • 

~) II 
..... 

A 
CAS TIN~, -- AFT SECTION 

<:;. T· Z' VT•ll 

• 
• 



/ 
I ,-I 

::c~~ - / 
. ...s~ 
&I'U:S 

~~10 -

·~r:xA -

~-.-.. -------- ............. .. ···---.-.:r::.= ... ·- ., .... 
~ _, ..... ,.,.. ... ...;,. 
~~~ ...... 
-~-=-.:::~~:~·· '· • ._,.&.-........ 11 .. 

.. -·---11> --·-· 
. - ::" : ~-"-

I> \ ... , .. ... w:.=:--
. - :~.:.:~ 

~-- .. ..::::.~·" ............. ...-.a ......... 

·~·.u·~IO ·
.9"::8!% -

-- · . 130A,.~ 

- . tSOR . .. P\.C.'it 

.su. 
AIOI 

,,(,,.ION &A 

FULL A, 

A 

. s· 

.oeo•.oza A 
~L AAOUNO, 3 P\LS 

.O!IOA ~ 

. 500!: . 010 

.500 

.100 



B-3 (Sheet 1} ., __ . ·-
---

:/~ 
' /-6):0.-\.~" 

-4---#-1--- + ....:' ~) --~.~: Ill> 

~· 

I 

/ // 
# L515 

' 

Jt• 
'-- .ftSi.()O( 
pt:II.0051! 

l 
I 

.. ". 
(t:> fM nit-· JUt ClAUifiC.&It .. ,_, ............... ,., ... 
(1::> ........... , .... -· "''Noll 

_..,... ....... , • . u.auaa. ''" ... - ........... " ............ , . .. _ 
C> = r:-:::.:"ctfttl MM' • 
(t> :.::.~ii ,~:.::.•, -:·.·:,:-!'~-: :!"'" .................................. " ....... , ...•..•. ,' 
11:> ::::::: ~=~.': 11&1 .. " '' .. "" , •• 

a:>·-............ .. 
®I:> ::..-:c~: :::.:.·:.: ·: ....... . 

CLAII f + &. lit IKI C.MMCftlt 'ICAU 
AHIN . UI .. I 

!:> ::::r··· u• '"11&1 ... , ........ '" 

D> :::.::: ::.:-.-:.:-:.::-:.:.:::.~~ 
I!J>aac•t• IIIP ftMIIIIIll • PUCU 

n:>~-:.~':':.::::.·::.·: .· =·.~ . ., .. .,, • .,, ..,,. a , ..... cr ., .. ..., ... 
••· •" eun au ,..,., .. "'......, "'"' au••••• "'•,. Mn ,..., •• , '' 

1- lilt ···-fMUC AIMit.C 

, 

i - ... t P\..C. .. 

Itt t T t Oft,lt l. D¥4 '611#4':. 
Sl'fl l j.' Gf ... ~A l t •Alt~· 

(;RAPH I( , 

CASE ~n TIO" . 
~( A ft 



Ell3 

i 

I 
__ ,...,_J 

J 

I 
Ofs-

~-

X-X ""' 



.. 

APPENDIX C 

MATERIAL REQUIREMENTS AND TEST RESULTS 

282279 Case Section, Rear 

Material Requirements (Per 7372174) - (17-4 PH) 

Mechanical Properties 

Ultimate Tensile Strength, psi 

Yield Strength, psi, at 0. 2% offset 

Elongation, Percent in 4 D 

Hardness 

Chemical Composition 

Carbon 

Manganese 

Silicon 

Phosphorus 

Sulphur 

Chromium 

Nickel 

Copper 

Columbium plus Tantalum 

Nitrogen 

Radiography per 9921013 -- Grade B 

130, 000 Min. 

120, 000 Min. 

6. 0 Min. 

Rockwell C33 Min. 

Percent b~ Weight 

Min. Max. 

0.06 

0.70 

0.50 1. 00 

0.04 

0.03 

15.50 16.70 

3.60 4.60 

2.80 3.50 

0. 15 0.40 

0.05 

AveraeP. TP.st Res;ults (Mech. Prop.) obtained frum 19 consecutive lots of 
WR Production Castings. 

Ultimate Tensile Strength, psi 

Yield Strength, psi, at 0. 2% offset 

Elongation, Percent in 1 D 

Hardness, Rockwell C 

151,600 

147,100 

13.4 
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BENDIX 
(Kansas City. Div. ) 

CASTING FEASIBILITY STUDY PLAN 
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35 





.. 

CASTING FEASIBILITY STUDY 

WHAT IS IT? 

A formal Bendix (Kansas City) analysis of the potential 

value in applying the casting process as a means of 

producing a finished or semi-finished metal product. 

WHY USE IT? 

1. To establish formal data which may be used to 

determine the potential advantages or disadvantages 

of casting specific products. 

2. To present a formal analysis, comparing estimated. 

cost of raw stock fabricating vs. casting. 

WHEN SHOULD IT BE REQUESTED? 

When it appears that fabricating the required product from 

raw stock would --

a. be extremely time consuming. 

b. require elaborate or expensive tooling. 

c. necessitate secondary assy. operations (welding, 

brazing, etc. ). 

d. be difficult or impossible due to geometric shape . 
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HOW IS IT INITIA T EP? 

The Product Engineer submits a memo, plus two product 

drawings to Dept. 831-1 requesting the study be performed. 

Dept. 831-1 will pel'fvrru th~ l:jtudy in accordance with the 

Casting F'easibility Study plan. and pubiish a formal rP.pn't"t 

to the requesting Product Engineer. 

~: : 

t_ 
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: 

July, 1967 
Rev. 2 October 23, 1969 
Rev. 3 .November 24, 1969 

CASTING FEASIBILITY STUDY PLAN 

OBJECTIVES OF STUDY 

A. To determine if metal products, initially or currently, defined 
in the product design system as completely fabricated from raw 
stock, can be produced as a casting_, and finished machined 
(or used as cast) to arrive at the final design definition. 

B. To analyze the cost that might be incurred by both methods .of 
manufacturing (fabricated from raw stock or produced from a 
casting). 

C. To analyze the effect on the function and reliability by the use of 
a casting approach. 

D. ·To formulate a potential program cost savings that could be 
realized by redesign of the part under study using the casting 
approach. 

E. To help insure the availability of the finished part definition in 
the shortest time period after scheduled release. 

F. To submit recommendations, based on the study findings, to the 
responsible Product Engineer for evaluation, and his 
decision (negative or positive) as to the feasibility of using a 
casting approach. 

METHODS FOR PEhFOhMING STUDY 

A. Obtain copies of the finished part drawing, and/or sketched 
definitions of the part, to be studied. 

B. Discuss casting feasibility with responsible finished part 
Product . Engineer and Purchasing. 

C. Submit request to Process Engineering for estimated cost of 
tooling needed to produce: 

( 1) a finished part completely fabricated, from raw stock, 
to current design definition. 
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(2) a finished part produced from a c~sting, needing only 
·secondary or finish machining (per marked machine 
drawing or casting sketch). 

D. Submit request to Methods. Engineering for an estimate of 
total rnanufactu:i-ing time (in standard hours) required to: 

(1) completely machine a part from raw stock to current 
design definition. . 

. (~) perform secondary or finish machining on a casting · 
(per rna rked machined drawing or casting sketch) 
to arrive at the finished part design definition. 

__ E. When estimates are returned from Methods and Process 
Engineering: 

(1) Compute the total estimated .cost to produce part in. 
question by machining completely from raw stock. 

NOTES: A. Base computations on current labor and 
ma.terial cost factors as furnished by 
Accounting and/or Purchasing. 

B. Reflect --

Estimated raw material cost (per unit and 
program) 

Estimated tooling co~t (per unit and program) 

Estimated labor. time converted into dollars 
(pP.r nnit anr1'prngram). 

(2) ComputP. total estimated cost to produce part in question, 
from a casting that requires secondary machining (or no 
machining), to conform to the finished part definition. · 

NOTES: A. Base computations on current labor and material 
cost factors as furnished by Accounting and/or 
Purchasing. 

B. Reflect --



.. 

Estimated casting cost (per. unit and 
program) 

Estimated finished machine tooling cost, 
if any, (per unit and program) 

Estimated labor time, if any, converted 
into dollars (per unit and program). 

(3) From figures arrived at in E. 1 and E. 2 above: 

a. Compute potenti<~.l cost savings (per unit and 
prograrn) if the casting approach is acceptable. 

F. When study is completed, publish a detailed report of 
findings addressed to the responsible Product Engineer 
and request that he review and advise (by memo) of his 
opinion and/or decision on this subject. 

Copies of this report will be distributed to: 

Responsible Product Engineer 

Responsible Product Group Supervisor 

· Production Management Administration 
Attention: V. H. Clabaugh, Jr., D/200 

R. C. Ufford, D/831 

F. J~ Boyle, D /831 

C. W. Gallup, D/640 

File 

Copies 
2 

1 

1 

1 

' . 1 

1 

1 

G. If Product Engineer's response is negative, clo se• the D /831 
"Casting Feasibility Study" file, and mark "casting use not 
feasible'' . 
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H.· .If Produ~t .. Engineer's .response is positive, proceed with: 

(1) Initiating request to Drafting for detailed casting 
drawing identified a·s a "preliminary" design, or 

· .. r.eproduce Product · Engineer's design sketch • 

. (2.) Obtain·copies of preliminary casting drawings or 
d~sign sketch (supply three copies to Purchasing, 
and one copy to Product Engineer). 
. . . ; \ · . ... 

(3) Arrange to visit potential casting suppliers for the 
:Pti:rpose of: 
.. · .. 

a. Determining their ability to fabricate the proposed 
castings _in a manner that. will insure the least 

amount of difficulty when; WR procurement is initiated. 
~ .·· '. .. . . •. 

b. ·· -Discus·sing their ability to economically produce the 
subject casting to the proposed preliminary design. 

. ... ~ 

c. Negotiate any exceptions th~y might have to 
specified design requirements that could affect 
their .ability' to consistently produc·e (discuss 
pt·oposed casting deBigns in detail). 

d. Discussing areas where consideration of design 
chang eo coul~ reduce the-.cost. 'Of .-.ca.Atj.ngs and/or 
luuli-ng without o.ffceti:ng intonded function <'.nrl/ o,. 
reliability of the end product. 

: ... 

(4) Coordinate design requirements with responsible Product 
Engineel" '(after 'obtaining. comments and sugg'estiotlS from 

. suppliers). . 

(5) Initiate request to Drafting tor a firm casting design 
(as will be proposed to the Design Agency). 

(6) Supply three copies of the final casting ·design 
proposal to the responsible p,.oduct Engineer. Request 
that D/831-1 be notified when a final decision on the 
casting concept is reached. (Will BKC start development 
and/or WR fabrication with the casting,or fabricating 
concept?) 



(7) When notified that the casting approach will be used 
for WR ·:t:abrication, initiate KCD-1907, "Cost 
Improvement Action" sheet. 

(8) When notified that the casting approach will not be 
used, clbse out study file. 

See attached sample: 
Casting Feasibility Study "work sheets" 
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REQUEST FOR MFGR. TIME ESTIMATE 

TO: ___________ DEPT.----DATE .RWUEST ED------iilt• 
PART NO. ________ PART NAME _______________ _ 

. ·' ~. 
~ • • I • 

EST. TOT.Al, PROD._,_._ .. _,-----· EST., NEEDED BY----------
.. 

Request for Est. Tooling Cost to--------- (Processing) on--------

Please review the attached drawi~gs and supply. the .u~det"signed with your 
estimate of the total time (in std. hours.) that wout'd be .. required to; (a) 
completely machined from raw stock, (b) finish machine from a casting (per 
marked drawing). Enter the information be~ow an,d,r;etul'll;this fo,.m to 
W. E. Cromwell, D/8~1~ . ~his inforii:lation,will .. be 1,1sed.for the purpose of 
design evc:~.luatiun. For additional information ploase contact the nnfiP.1'Aigned. 
Your cooperation in this request will be greatly appreCiated. 

Thank you. 

W. E. Cromwell, .D/831 
Ext. 3221 

Estimated std. hours per unit for comp. machining from raw stock = ------

Estimated std. hours per unit for finish machining from a casting =--------
By Date Comp. ___ .....;... ___ _.._ __ 



.... ~ . \ 

REQUEST FOR MFGR. ·TOOLING ESTIMATE 

TO: __ _._ ______ _ DEPT. _____ _ DATE REQUESTED------

PART NO. _______ ·PART.NAME 

EST. TOTAL PROD. ______ ...._ __ _ EST. NEEDED BY...;... _______ _ 

REQUEST FOk EST. MFGR. TIME TO------- (Methods) ON-------

Please review the attached drawings and supply the undersigned with your estimate of 
the total cost for tooling required 'to produce this part to the drawing; (a) from raw 
stock, (b) from a casting (per·marked drawing). Enter the information below and return 
this .form to W. E. Cromwell, D /831. This information is required for p~rpose of 
design evaluation. For additional information please contact the undersigned. Your 
cooperation in this request will be greatly appreciated. 

Thank you. 

W. E. Cromwell, D/831 
Ext. 3221 

Estimated .. tooling cost for. comp. machining from raw stock= $ --------

Estimated tooling cost for finish machining from a casting = · $ 

By--------------------- Date Comp. ·-------
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·;CASTING FEASIBILITY STUDY - ESTIMATE 

Start Date Finished Part No. .. . 

Comp. Date------ Part NamP. 

Est. Program Qty. _____ _ 
Product 
Engineer __________ Dept.~ Ext. 

. Function 

I A I Fabricated Approach I c~~~~ C' 

e:~~i'" 
Estimated Raw Male rial· Cost 

' . . ~ .. ..•. 
·, 

·' .. 

·' 
Estimated ·Toouna Cost . . .. : 

' 
! . ; 

.t.snmatea .Laoor: I..OSt 

(A) Totals 

... 
' 

, . . 
I B I Casting Approach I _unn 

Cost 
rrmram 

oat 

Estimated Raw Castins Cost . 
.. ... 

.t.sumatea .l'·lntsn Macn. .l oonna \...OSt . 

Estimated Finish ManufacturinG Cost 

.... ... " 

(B) Totals 

POTENTIAL COST SAVINGS Per Unit/Program (A ·- B) . 

Remarks: 

J .· 



.. 

'········ ·' .. ·.··· 

DEEP DRAWN STAINLESS STEEL CONTAINER 

Project Leader 

H. J. Seese, Jr . 
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SUMMARY 

The fabrication of a one piece deep-drawn, stainless steel container with the 
contour and wall thickness dimensions in the range approaching machined 
component requirements, necessitated application of tooling and manl,lfacturing 
operations not normally experienced in sheet metal forming. 

'Jhe Hydroform process was selected instead of conventional steel draw dies 
because of the inherent work hardening factors in stainless sfeel and the 
depth of draw require<;i from_ flat blank -stock.· 

The container was successfully produced by the Hydroform process after· 
development of a blank diameter to compensate for the sixty percent blank 
size reduction factor, the development of a pressure cycle that eliminated 
wrinkles and controlled· wall thickness thin-out, a special material· study 
conduct~d for optimum drawing qualities wi'th minimum intergranular stretch 
('rorange peel") and the development of a special cup--shaped Hydroform dia-
phragm unique to the metal forming process. · 

. . . 
The shaped diaphragm, with its potential for cost savings and increasing the 
capability of the Hydroform process, has not, until this ti.me been use? in . 

. the industry. 

The process as finally developed yields approximately 90 percent acceptable 
parts. 
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.. DISCUSSION 

SCOPE AND PURPOSE 

The fabrication of a one piece deep drawn stainless steel container with a 
conical section blending into a larger diameter cylindrical section presented 
difficulties not normally encountered in sheet metal foriY1ing. The maximum 
possible wall thickness consistent with design.requirements, held to a close 
tolerance had to be obtained throughout the container, including the area of 
transition between the conical and cylindrical sections (Figure 1). 

Because of the depth of draw required from flat blank stock and the work 
hardening factors in stainless steel, the Hydroform process was selected 
instead. of conventional steel draw dies. 

The transition from proeess c,oncept to a proven reliable production process 
required: . · 

o Extensive d·evelopment of multiple drawing ~perations, 

o The development of a new concept of Hydroform machine diaphragm con
figuration to improve the yield of parts, . 

COlT OUR 
0.006 

0.030it MIN 
WALL . 

/. 
.! 

il . : 

2. 735 R 

0.029 NIW, WALL 

j 

, .. 

Figure 1. Dimenl:)ional Sketch of Container 
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o Optimizing of the time and temperature for the annealing operation required 
between each draw operation, and ' 

o The creation of a new material standard for the raw material. 

ACTIVITY 

· · . · < . :"r (·i : .. :.f ~- i I': · -'' ~ · .- · · .. · . . · . . : · ,. :. : · · 

Immediately f,oJl()~g._is· ~ .. d~~a,ile~ description of tp~ complex process as it 
finally evolved.· This ~s., fpllowed. by_ a description of sp~cjfic development 
activities that wer·E(hecessary before the final process could be specified • 

. -~· ~ •. r" 1.~ . : ... _ ... . ; -~ r.; ., ~ •' . 

An 18 by 18i~~h, b_l~ . .i~ 13qua.r,e _shea:red from sheet stock then c,ircle sheared 
to 14-1 I 2 irtcli diam.ete'r ... The :circle sheared· edge is deburr'ed and the. blank 
is vapor degreas~d to remove foreign material accumulated during shearing 
and deburring. Cimflow JO .. lubricant is. evenly applied to both surfaces of the 
blank in preparation fo·~ Hyd~oforming_. · · · · ·. · · · : · 

.... : . . : . .,.. .... 
'!:, ..... _._t', . ' 

First Draw Tooling and Preform Shape 

~. . . 
··.· -: ~ . 

The first draw tooling consists of a punch with the shape identical to the coni
cal end of the final for.med part. This conical shape is used on all of the draw 
dies for this part to establish a preform shape compatible to the final part 
shape and to enhance the metal flow in the neXt two draw operations. The punch 
contains an air valve to permit stripping of the pa:rt from the punch without dis
tortion. The draw ring is a standard ring with ·an i.pside diameter sized to fit 
the form punch (Figure 2). The flat blank is positioned, using a centering ring. 
on top of the draw ring (Figure 3). 

-··. 

The forming cycle con~ists of lowering the top ram of the press, applying hy
draulic pressure to the diaphragm to clamp the ,blank in position and raising 
the form punch to a preset..,height. The displacement of the punch into the 
rubber diaphragm increases the hydraulic pressure. but not enough to prevent 
wrinkles from forming in the finished part. Wrinkles are prevented by ener
gizing the pumps to provide additional pressure to a predetermined level 
arrived at during the development of the formirlg cycle process. At the com
pletion of the punch travel the hydraulic pressure is released and the ram 
raised. The punch is.lowered and the part is removed from the press (Figure 4). 

Second Draw Tooling and Intermediate F?rmed Shape 
,. 

. ~ i 

The second draw tooling is an extension ?f the first draw to provide sufficient 
material in the interm~diate form for th~ redraw operation. The punch has 
the conical shape· :and· .spherical radius o~ the final forme~ shape. The punch 



.. 

.. 

length is increased to provide a skirt with sufficient material to extend the 
cylindrical area to the finished size (Figure 5). The flange is removed in a 
lathe operation in preparation for final redraw operation (Figure 6). 

Figure 2. First Draw Tooling 

Figure 3. Blank Positioned for First Draw 
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Figure 4. Part After First Draw . ' 

Figure 5. Part After Second Draw Figure 6. Flange Removed 
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Third Draw Tooling and Final Formed Sh ape 

The tooling for the third and final draw operation departs from conventional 
Hydroform procedure in design and operation. The normal drawing operation 
requires a flanged area for the application of hold down or drawing pressure. 
The redraw operation as finally developed acquires the holddown pressure 
from a portion of the exposed interme diat e formed shape which extends above 
the draw r ing. The balance of the intermediat e form extends below the draw 
ring surface and is pulled through the draw ring as the cylindrical center 
punch moves up. The hydraulic drawin g pressure is automatically adjusted 
by a c am as the formed shape increases in length to force the material to 
c onform to th e punch (Figure 7). 

Figure 7. Part After Third Draw 

Sizing Operations 

A final sizing operation is r equired to reduce one of the corner radii in the 
transition area and to round the part. This operat ion is performed using 
matched steel dies in a 300-ton hydraulic press. Sinc e the as-drawn part 
wall thic kness varies approximately 0. 008 inch in a predictable manner, 
the punch and dle cavity were designed and fabricated to compensat e for this 
variation. 
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This operation is necessary because the inside corner radius in the transition 
area cannot be Hydroformed to the finish part specification. Pressure on the 
Hydroform machine diaphragm of a sufficient magnitude to force the part 
material to conform to_ the 's_mall inside rad~us would be too great to permit 
the' ·necessary· inovem~nt of material required to form the small cylindrical 
section of the part~' ~uring. the third draw. · 

' I 

Development of Pressure Cycle for Final Formed Shape, 
.. ., . . . , ~ ..,. . . ~·. 

Since the. th."ickest arid most uniform wall possible was necessary to assure 
part function in use,· the 'first parts through the fir{al form operation ~ere 
reviewen. This review revealed a variation in wall thickness that was not 
acceptable in the c·ompleten p;:~rt. The wo.ll thickness iu lhe conical section 
and the transition section between the ~nnical and cylindrical secliuu was 
under acceptable limits: The final Hydroform draw operation was investigated 
to determine the intent and nature of this problem. Twelve units that had been 
completed through th¢ secor'fq draw and wer~ ready for final draw were meas
ured in the critical ai-eas and measurements recorded for comparison after 
the final draw. The pressure cycle was then varied from the minimum pres
sure that produced a wrinkled part, to the maximum pressure that thinned 
the cylindrical section to tpe breaking point. Working between these maximum 
and minimum pressure levels an optimum pressure -was reached that consis
tently produced wrinkle free parts with the thic~est wall. 

Development of Special Shape Diaphragm ·., 

While developing the third form operation it became obvious that the flat type 
diaphragm, which is the standard for Hydroforming, would not economically 
perform its function. The stressPs that developed in the dia!Jhragrn during the 
extremely deep third draw cycle stressed the rut>.ber beyond its elastic limits, 
leading to rupture after approximately six parts. After analysis of the position 
of the tooling and the shape of the preformE>d part prior to this ope1·alion, it 
was determined that additional rubber was required in the center of the dia
phragm to compensate for the displacement caused by the tooling and preformed 
shape. A diaphragm was designed and made with a cup-shaped center to fit 
over the preformed shap·e before any hydraulic forming pressure was applied 
to the diaphragm. Use of this special cup-shaped diaphragm, unique to the 
fnr.ming industry, hRs increaseu Lhc yield per diaphragm from; o parts to 160 
parts (Figures 8 and 9) •. 

An additional benefit derived from this development was the enhancement of 
the degree of control of wall thickness that could be achieved. This was 
possible because less pressure was required to force the diaphragm to con
form to the shape of the part as determined by the shape of the punch. This 
reduction of required pressure provided a wider range of available force 
for controlling the amount of metal slip which occurs while the punch is 
moving into the diaphragm. 



.. 

Figure 8. Special Diaphragm, Top 

.. 
Figure 9. Special Diaphragm, Bottom 
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Special Material Study 

The severity of the third forming operation initially produced a rough surface 
condition in the cylindrical area. This condition is commonly referred to as 
"orange peel" and is the result of intergrannular stretching of the material. 
Parts formed with this condition were below the minimum part wall thickness 
specification after polishing to meet the 16 AA external surface finish requi-red 
in the next assembly configuration. 

A material study was initiated to eliminate the orange peel condition. Metal
lurgical evaluation of rough parts indicated that the causes were associated 
with the annealing operations, which were performed between each forming 
operation, and with grain size in the raw sheet stock. 

Six parts of known blank thickness were processed through the first draw and 
in-process anneal operation. Two of the six parts, B-10 and A-1, were 
sectioned and the wall thickness measured. See Table A-1 in Appendix A . 
The balance of four parts were processed through the second draw and in 
process anneal. One part, A-3, was sectioned and the wall thickness meas
ured. See Table A-2 in Appendix A. 

The final three parts, A-6, A-9 and B-3, were formed to the third and final 
shape and annealed with three different he.at treat cycles to. study the effect 
on the wall thickness and grain size. The wall thickness variation was not 
significant, see Figure A-1 and A-3 (Appendix A) but the surface condition 
or orange peel effect, showed marked differences. A decided improvement 
in surface condition was indicated on part B-3 which received the lower tem
perature, shorter time heat treat cycle. Parts are presently being produced 
using the 1600°F - 20 minutes cycle, for the first and second draws and a 
final heat treat after the third draw of 1850°F - 10 minutes to remove all form
ing stresses. :::>urface condition and wall thicknet:;t:; it:; acceJ:JlaLle with this 
process. 

As a part of this investigation the blank material was also evaluated metal
lurgically. It was determined the blank material consisting of ASTM grain 
size 7 or less was also necessary to eliminate "orange peel." 

The original specification called for 304L stainless ~tP.P.l, of a Rtandard mill 
run thickness and tolerance of • 037 ± • 003 inch, with no grain size specified. 
As a result of the material study and the development of the drawing process 
a new material standard was· established and specified. This new standard 
specified the thickness to be . 037 ± . 001 inch, to assure thicker parts, and 
specified the gram size to be ASTM No. 7 or less. 



.. ACCOMPLISHMENTS 

The successful development of the process for this part has enhanced Bendix 
capability in the field of Hydroforming die drawn, thin walled containers. 
Techniques and background knowledge required to achieve tight tolerances 
on this type of product have also been obtained. Experience ~n multiple draw
ing operations was acquired. 

Of particular significance is the development of the shaped Hydroform dia
phragm. This achievement provides a true advance in metal forming, from 
not only a cost saving standpoint, but also in extending the capability ·of the 
Hydroform process in that it permits the utilization of this process for qeeper 
draws and for parts of more complex geometry. 
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APPENDIX A 

THICKNESS PROFILE TABLES 
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.. Table I. Thickness Profile, First Stage of Three-Stage Praw 

B-10 (25 Minutes, 1850°F) A-1 (25 Minutes, 1850°F) 

Pole 0. 0334 Pole o. 0330 

.. 
1 0.0310 2 0.0312 1" 0.0326 2 0.0319 
3 0.0303 4 0~0306 3 0.0301 4 0.02.94 
5 0.0287 6 0.0298 5 0.0291 6 0.0300 - -
7 0.0297 8 0.0304 7 0.0302 8 0.0309 
9 0.0306 10 0.0315 9 0.0309 10 0.0313 

11 0.0300 12 0.0315 11 0.0307 12 0.0306 - -
13 0.0293 14 0.0302 13 0.0299 14 0.0299 
15 0.0295 16·. 0.0309 15 0.0307 16 0.0310 
17 0.0298 18 0~03:i2 17 o. 0311 18. 0.0306 -· .-
19 0.0296 20 o. 0312 . 19 . 0~ 0311 20 0.0307 
21 0.0319 22 . 0.0318 21 0.0312 22 0.0310 
23 0.0325 24 0.0340 23 0.0336 24 0.0331 
25 0.0343 26 0.0343 25 0.0343 26 0.0340 - -
27 0.0343 28 0.0345 27 0.0348 28 0.0349 
29 0. 0.348 30 0.0362 29 0.0353 30 0.0362 
31 0.0353 32 0.0363 31 0.0363 32 0.0372 

i33 0.0360 34 0.0368 33 0.0365 34 0.0374 
35 0.0363 36 0.0373 35 0.0369 36 0.0381 
37 0.0362 38 0.0380 37 0.0373 38 0.0382 
39 0.0368 40 0.0381 39 0.0374 40 0.0394 
41 0.0372 41 0.0380 - -

-
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Table 2. Thickne_ss Profile. Second .St .. ge of Th~~e~tage Draw ···.·~ 
A-3 (25 Minutes .• 1850°F) 

Pole O • .D341 '. .. 

1 0.0335 2 0.0320 23 0.0342 24 0.0320 
3 0.0308 4 0.0303 25 . 0;·0349 26 o. 0'331 
5 0.0300 66 0.0307 27 0.'0349 28 0.0341 
7 0.0321 8 o. 035'2 29 o. 0359' 30 0.0348 
9 0.0360 . 10 0.0352 31: 0.0364 32 0.0351 

11 0.0329 12 0.0316 33 0.0368 34 0.0354 
13 0.0338 14 0.0329 35 0.0371 36 o~. 0352 

I ' 
ib ll.ll342 16 0.0330 37 0.0376 38 o. 035'7 
17 0.0344 18 0.0336 39" 0.0384 40 0~0358 

19 o. 03'44 20 0.0333 41: 0;, 0424: 42 0.0366 
21 . o. 0342 2'2 0.0334 ... 

I l 

.~ : 

. . i 

\.• 

'·' 

' 

21 

II 2' 
25 21 

21' 21 
28 10 

31 az 
83 8" 
85 36 

37 38 

160. 

" ~2 
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Table 3. Thickness Profile. Third Stage of Three-Stage Draw 

A-6 (25 Minutes. 1850°F) 

Pole 0. 0314 

1 0.0308 I 2 0.0309 
3 0 •. ~0291 4 0.0288 
5 o. 0288 ... < - : .. 6·· 0.0291 
7 0.0300 8 0.0305 -·,. 
9 0.0316 10 0.0323 

11 0.0321 12 0.0325 
'· 
13 . 0.0309 14 0.0310 

·-. .. ~ . 

15 0.0299 16 O.O:iOO 
17 o. 03'05 18 0.0308 
19 .0. 0304' '· ., 20 0.0305 
21 0.0307 ""!. 22 0.0307 

p 

23 0.0304 ; 24 0.0304 
25 0.0306 

. 
26 0.0312 

27 0.0307 28 . o. 0309 
29 0.0315 30 0.0320 
31 0.0325 32 . o. 0327 
33 0.0329 34 :o .. 0335 10 

•· 

35 0.0340 36 0.0344 12 
37 0.0344 38 '0.0349 i~. 

39 0.0345 40 0.0352 IIJ 

41 o. 0349. 42 0.0356 
43 0,0346 44 o. 0'36:1 
4fi 0,0356 46 0.0365 

1.6; 
;. ,. 

47 0.0358 48 0.0368 -; 
20 

; ' 21 
. •:, 

32 

36 

37 38 

31 IJO 

IH IJ2 

u "" "5 116 

ll7 Ill 
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.. Table 3 Continued. Thickness Profile, Third Stage of Three-Stage Draw 

A-9 (3 Minutes, 1850°F} B-3 (20 Minutes, 1600°F} 

Pole 0. 0316 Pole 0. 0331 

1 0.0307 2 0.0297 1 0.0314 2 0.0315 
3 0.0293 4 0.0287 3 0.0291 4 0.0288 
5 0.0289 6 0. 0290 5 0.0281 6 0.0279 
7 0.0314 8 0. 0311 7 0. 0311 8 0.0310 
9 0.0322 10 0.0319 9 0.0328 10 0.0325 

11 0.0315 12 0.0313 11 0.0324 12 0.0320 
13 o. 0311 14 0.0309 13 0.0308 14 0.0308 
15 o. 0296 16 0.0293 15 0.0297 16 0.0297 
17 0.0298 18 0.0296 17 0.0301 18 0.0300 
19 0.0297 20 0.0296 19 0.0302 20 0.0298 
21 0.0294 22 0.0294 21 0.0299 22 0.0299 
23 0.0294 24 0.0291 23 0.0301 24 0.0299 
25 o. 02 99 26 0.0300 25 0.0298 26 0.0300 
27 0.0299 28 0.0300 27 0.0312 28 0.0308 
29 0.0319 30 0.0320 29 0,0318 30 0.0318 
31 0.0328 32 0.0327 31 0.0332 32 0.0328 
33 0.0328 34 0.0328 33 0.0334 34 0.0328 
35 0.0337 36 0.0339 35 0.0346 36 0.0340 
37 0.0342 38 0.0341 37 0.0350 38 0.0344 
39 0.0344 40 0.0343 39 0.0354 40 0.0347 
41 0.0347 42 0.0344 41 0.0355 42 0.0348 
43 0.0349 44 0.0345 43 0.0355 44 0.0350 
45 0.0359 46 0.0356 45 0.0363 46 0.0358 
47 0.0363 48 0.0361 47 0.0369 48 0.0361 
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SUMMARY 

A method was required to machine three internal cable grooves through a. 
36-inch-long section of reduced diameter; centered in the inside of a l5,..inch
diameter by 79-inch-long tubula.r aluminl,lm case. Two grooves were straight 
and the third groove required 18 degrees rotation to obtain the required c.aqle · 
entrance and exit positions. The need for spiral groove milling was deter..: 
mined 60 days before the required delivery of first production parts. Short 
production lead time for the spiral groove and the low quantity of cases needec;i 
necessitated the use of available equipment and low-cost tooling which coulo 

. be obtained in time to meet production schedules. 

A Gisholt center drive lathe could be modified in time ·to support production .. 
for a total cost of $4500. The modification, which is a new application for . 
this machine, consisted of adding an independent carriage feed, a spiral 
generating attachment, and a spindle index system. A special rigp.t angle 
milling head with counter weight and drive motor mounting was fabricated to 
mount on the right hand end lathe turret. This head provided the capability 
for milling grooves through the reduced section to a 58-inch maximum depth 
from the end of the case. This modification proved successful and parts 
were produced in time to meet schedules. 
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DISCUSSION 

SCOPE AND PURPOSE 

Three milled grooves for housing cables were required through a 36 inch 
section in the middle of a 79-inch-long cylinder. Two of the grooves were 
straight while the third had to spiral and exit from the 36 inch section 18 
degrees from its entrance point. The need for the spiral groove was deter
mined and specified 60 days before the scheduled delivery of first production 
parts. 

A view of the internal cable grooves required for this case is shown in 
F igure 1. 

Requirements for machining the 1 I 2-, 1-1 I 4-, and 1-1 I 2 -inch-wide grooves 
through the 36-inch-long center section of this 79-inch-long aluminum case 
exceeded the capacity of available milling equipment. 

The 18-degree rotation of the 1-1 I 4-inch-wide groove to obtain defined 
entrance and exit positions required development of spiral milling capa,bility . 

Figure 1. Inside Vi ew of Case Showi n g Cabl e Ur oov PR 
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The small quantity of cases required and the short lead time from receipt 
of the spiral groove requirement to delivery of parts necessitated the use of 
available equipment with modifications and tooling which could be completed 
in time to meet production schedules. 

PRIOR WORK 

Early development .al)-d ~est parts required three longitudinal grooves. Since 
existing equipment at Bendix was not of sufficient size to accomplish this 
milling, a modification of a Gisholt center drive lathe was conceived and im
plemented at a cost of ~bout $1000; A possible -alter-native ·to this approach 
would be to design and fabricate a spiral fixture. This was considered briefly, 
but discarded because of excessive cost. estimated to he ~!10, 000, and long 
lead time--::-approximately .6 months. 

The original Gisholt.. modification, while satisfactory for development hard
ware, would have been inefficient from the standpoint of equipment utilization 
in production. and also had a slight potential for damaging the machine. 
Impro~ements were then conceived, and parts were ordered to alter the 
original modification for production; however. shortly after implementation 
was started, the requirement for the spiral groove was received. Further 
modification to accomplish the spiral milling was then planned, and the en
tire machine modification for production longitudinal and spiral groove milling 
was made as described in,. the following section . 

. ,• 

ACTIVITY 

A Gisholt center drive lathe and special right angle milling head were modi-
•. ~l· ... 

fied as illustrated -in Figure 2 to mill the i~~ernal cable grooves in'\the case. 

An independent longitudinal carriage feed system for milling was added to the 
Gisholt center drive lathe. · This modification was required to obtain carriage 
feed for milling without rqtating the spindle. 

,;r-
This was accomplished by · additions to the lathe rapid traverse system. A 
gear reduction unit and a 1-1/2 hp electric motor were coupled through an 
electric clutch to the unused end of the worm ge~r shart in the lathe's rapid 
traverse gear box. 

The added feed unit is shown in Figure 3. 

An available Varidyne unit was added to control speed of the 1-1/2 hp feed 
motor and to provide feed rates of from 1 to 5 inches per minute • 

. 
The electrical system was revised so that either feed or rapid traverse could 
be obtained from the control switch. The electric clutch was used to automati
cally disconnect the feed unit when the rapid traverse motor was started. 



t r 

F::..gure 2. Gisholt Lathe With Special Right-Angle MilLng Head 



Figure 3. Addition3 to the Lathe Rapid T::-aver=.e System 
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The attachment to synchronize the spindle rotation with the carriage longi
tudinal travel for milling the spiral groove was mounted on the back side of 
the lathe as shown in Figure 4. 

A split sleeve with two opposed cam followers was mounted in a bracket on 
the right hand lathe carriage. Manual clamping of the split sleeve engages 
the drive for rotating the cylindrical cam to synchronize spindle rotation 
with the carriage position for milling the spiral groove. 

A 2-inch-diameter cam shaft was fabricated in three sections to facilitate 
milling the dual cam grooves. The spindle drive shaft was removed from the 
lathe and the cam shaft was coupled to the spindle drive input with a chain and 
sprockets. 

For milling the spiral groove an air cylinder (Figure 5) .was coupled to the left 
hand chuck, to supply power for rotating the spindle the required 18 degrees. 
This air cylinder also reduced torsion load on the cam shaft, and eliminated 
backlash in the spindle drive gears. 

It was necessary to modify slightly the design of the spiral groove to aid in 
controlling the entry and exit positions for exact alignment with mating parts 
of the case assembly. The groove is parallel to the center line of the case 
for 3 inches from entry into the thick center section, rotates 18 degrees in 
30 inches, and exits parallel to the center line for the remaining 3 inches. 

A pin and index bushings in the right hand end chuck provide location for 
radial position of the two straight grooves and locate the entry position for 
the spiral groove. 

The special milling head shown in Figure 2 was fabricated from an available 
boring bar by adding a drive shaft and a Bridgeport 90° milling attachment. 
A counterweight and motor mount for a 1 hp motor were mounted on the .lathe 
turret to complete the milling head. In use, although three full width cuts 
were necessary to mill each of the grooves to the required depths, the 
0. 030 inch width tolerance was held and there were no steps in the side walls 
of the grooves . 
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Figt: r-e 4. 3;yn chr-onizing Attachment for Milling th e Spiral Groove 



Figure b. Power Attachment to Rotate the Spindle During Spiral Milling 
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ACCOMPLISHMENTS 

Although existing equipment could not perform the required m.illing, ~ sue
cessful, low cost, machine modification was conceived and implemented. 
This modification was a new application for the center drive lathe. 

The total cost of the modification was $4500 for both longitudinal and spiral 
milling. This fig1.1re includes the original $1000 for the early development 
hardware groove milling. · 

A major portion of this modification, to add the spiral milling capability, 
was accomplished with an extremely short lead time. 

' 
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SUMMARY 

High g-level shock tests were performed to determine the optimum materials 
and design of a small metal and plastic switching pin, which is subjected to 
high-g shock in operation. Parts representing ten combinations of materials 
and shapes were subjected to shocks ranging between 2 and 6 million g's. 

The switching pin is u"sed in a battery actuator which fires a percussion cap. 
There is a safety device, the latch, which prevents premature firing. A 
monitoring circuit, activated by the switching pin which is part of the latch, 
indicates whether the latch is secured. This switching pin, named "insulator" 
because of its design, suffered numerous failures during early testing. The 
part consists of a steel pin which is over-molded at one end with plastic. 

An explosive motor unlatches the device. The effect of the combined impact 
of the explosive motor plunger on the latch and the impact on the latch as 
it strikes its housing wall has caused two problems. In one case the nylon 
breaks apart and in the other case the pin slides partially out of the mounting 
hole. 

High-speed films, taken at Bendix and Sandia, of the latch and insulator 
during the unlatching sequence captured actual shock failures and provided 
a means to determine latch velocity. Based on information from these films, 
a velocity of 300 feet per second·provided a starting point for evaluation 
tests. 

A method of testing was devised which used an air gun to propel the insulator 
bearing projectiles into a steel plug which served as a shock pad. All experi
mental dcoigns were evalualt!Ll lhll::l way. 

The shock pad, or "target" as it was named for this experiment, was the key 
to shock level variation. A hole was provided through the center of the target 
to allow passage of the insulator. The area around the hole formed the brak
ing surface. The shock level could be decreased by decreasing the impact 
area, thus allowing greater depth of penetration or stopping, distance. The 
type of steel used for the target was also varied to provide an adjustment of 
shock levels. 

The approach to the experiment required reproduction of the failure as a 
first step. This was necessary since exact shock levels were not known. 
After failure had been reproduced in the test set up, experimental designs 
were tested using the failed level as a base line. Approximate g-levels were 
calculated. 

Each of ten designs was tested in a sequence in which the shock level was 
gradually incre;:~sed until failure occurred. Polycarbonalt! plastic was proven 
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the most shock resistant of the two plastics tested. The design of the pin 
was an important factor in the shock resistance of both polycarbonate and 
nylon insulators. Generally,· greater resistance to shock loads was ~chieved 
by maximizing the volume of c·apsulated metal. 

The effect of thermal shock on the nylon was considered by a special arrange
ment in this experiment. Although mechanical shock was the ultimate cause 
of failure, the effect of prior environments could not be overlooked. It was 
possible, in fact, that failures had only occurred on the:r;-mal shocked units, 
or conversely. 

\' :~ . 

, ' . ,• 



DISCUSSION 

INTRODUCTION 

The switching pin is a plastic and metal part about 0. 160-inch-long and 
0. 075 inch in diameter. Approximately one half the length of the steel pin 
is covered by a molded plastic. The part derived its n~me "insulator" 
from the covering; functionally the plastic serves as an insulator during 
the switching action. 

The design shown in Figure 1 is the original configuration in which failures 
occurred. One mode of failure involved cracking the A-2 adhesive which 
bonded the insulator into the latch. Failure of the bond allowed the insulator 
to slip forward in the mounting hole. The primary mode of failure, however, 
was cracking and separation of the molded plastic covering (Figure 2). 

TYPE I 

Figure 1. Original Insulator Design 

Figure 2. Insulator After Impact 
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The insulator is subjected to severe shock forces during preparatory unit 
functions. When the unit is latched, the insulator moves as part of the latch 
and closes the monitoring circuit switch~ Then, as the unit is unlatched to 
perform its primary function, an explosive motor is fired which thrusts a 
plunger against the latch on the surface behind the insulator. The latch 
swivels on a journal (Figure 3) when struck by the explosive motor plunger 
and is 'stopped by a steel wall which is part of the foundational structure (base) 
of the unit. · These two actions in sequence shock the latch (and the insulator) 
at extremely high··g-levels. The shock·takes place first in one direction as 
the motor's plunger strikes the latch and then in the opposite direction as the 
latch strikes the wall of the base. High _speed films m~de at Bendix and 
Sandia; showed the uil.latching operation and the resulting insulator failures. 
The film verified the manner of failure and provided a means to approximate . . ' ~ " ( 

latch-insulator speect, which was 300 feet per sec·ond. · Knowing the velocity 
and estimating the stopping distance permitted ·estimation of shock g-levels. 
In this case: · · · ·· ' 

Kinetic E,nergy = ·Work • 
,, 

' 2 
KE = 1/2 mv · 

.. , ... ~ .. 

Work= F d . a 

where m = mas.s of latch and insulator . .. ... 

Insulator 

LATCH PIVOTS 
ON THIS PAWL 

~- ' . . 
I ~ 

Figure 3. . Insulator Shown MoUnted in Timer 



v = velocity of latch 

F = average force on braking surface (target) 
a 

d = stopping distance; or plastic deflection of impact material (target) in the 
tests. 

Fd=1/2mv2 a 

Fa v2 
= 

m 2d 

Fa 
And-- = a m a 

where aa = average deceleration 

Assuming Triangular shock pulse: 

where F m = maximum force, and am = maximum deceleration 

Fa = maa and Fm = mam 

then, maat = 1/2 mamt 

a C") 

m v ... 
- --

?. 2d 

v2 
a = m d 

Anci G = 

then, G = 

a where G = Number of g' s 
g 

v2 
dg 

I 2 in 
(300 ft sec) (12 ft) 

if d = 0. 030: G = ---------
(0. 030 in) (32. 2 ft{ sec2) 

if d = 0. 010: G = 3, 360,000 g 

= 1,120, 000 g 

99 



100 

~ 

This analysis first assumed an average force, F a• was acting throughout 
the stopping distance. This assumption was not correct but was neces
sary to provide a way to estimate the maximum force, which is more nearly 
correct. 

ACTIVITY 

Test Method 

After the vicinity of shock g-level was determined, a test method was devised. 
Basically, the test equipment consisted of an air gun, target, photocells, and 
electronic read-out equipment. Block diagrams are included showing the 
pneumatic system (Figure 4) and the instrumentation system (Figure 5). The 
insulator was mounted on the flat end of a metal cylinder of 0. 280-inch
diameter and 0. 463-inch-length (Figure 6). The cylinder (projectile) was 
placed in the barrel of the air gun, restrained by the trigger, and an air 
reservoir was installed behind it. Toward the front end of the air gun two 
photocells were installed on the side of the barrel, and, then, in the end of 
the barrel, the target was held in place by a back up plate. In addition, an 
accelerometer was mounted in the back end of the back up plate. Figures 7 
and 8 show the equipment ready to fire. Provision was made to allow the 
projectile to be mounted and shocked in either the forward or backward 
direction~ The backward attitude would simulate the motor firing, while the 
forward attitude would simulate the latch striking the base wall. After the 
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Figure 4. Pneumatic System for Testing Design 
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Figure 5. Instrumentation for Testing Design 

test specimen was mounted in the test equipment, the procedure below was 
f 11 d f... '" o owe . . .. ,r. ,~. 

~~ l~l·~~ • .1.1, ,. 

1. The electronic equipment was checked to verify readiness of the sensing 
and recording :instruments. 

2. The air (nitrogen gas) piessure was: fixed at 200 or 220 psig (depending on 
the direction of test) in the air reservoir and the supply valve was closed • 

.. 
3. The magnetiC recordirW tape was started. 

4. The air-actuated trigger was operated\vhich allowed the projectile to 
accelerate throug~ the barrel. 

5. The tape was stopped. 

6. The back up plate was removed and the target ejected. 

Following this procedure, the tape information was transferred to an oscillo
graph chart and read, and the depth of projectile penetration into the target 
was measured. The condition of the. insulator along with identification, 
velocity, and g-levels were recorded on the data sheet. 
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Figure 6. . Insulator Mounted on Stainless Steel Projectile 

Photocells 

Figure 7. Launch· Tube Setup for Measuring Impact Velocity 
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Figure 8. Impact End of Launch Tube 

The key to g-level variation was the target, since the velocity of impact was 
known and it was desir~ble to maintain as close to 300 feet per second as practi
cal. Three materials: copper, mild steel (hot rolled, low carbon), and 303 
stainless steel were selected to achieve g-level changes. Further g-level ad
justments were achieved by drilling three different s~zes of holes, 5/32, 3/16, 
and 'I I ~4 mch, in the target according to indications as the experiment pro
gressed. The target was e,lso left without a center hole to attain higher g-levels, 
hut this could be done only when a backward direction of test was performed. 

A basis of evaluation was needed which would relate the experimental results 
to the actual failure. The definition commonly used in shock testing is given 
in number of g's. But, because of the high level of g's in this situation, it 
was not possible to use conventional instrumentation to measure g' s in the 
unit. The approach taken was to use the test system to locate the vicinity of 
failure for the existing design and to test and evaluate results of new designs 
in the same manner. Figure 9 diagrams the photocells, projectile, and 
target portion of the test system. Also included are the equations which were 
used to determine velocity on each test and eventually the g-level by use of 
equation G = v 2f dg. Figure 10 provides a sample calculation of an actual 
shock test and a reproduction of the corresponding o~cillograph chart. All 
calculations were performed by computer and those tables are included in 
Appendix A. Location of the vicinity of failure was accomplished by testing 
19 insulators of the original design. Five sample insulators were shocked 
in the forward direction on copper targets, and four samples in the backward 
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PHOTOCELL 2 

PHOTOCELL I 

V 1 . ty·. ( v ) 1. 000 f 
e ocl 1 : 12 (t -t ) :po 

2 1 J't 

Velocity (V 2 ) ~ = ~2 \~0 -t ) fps 
3 2 

1. 030 
Velocity (V 2 )B = 12(t -t )fps 

3 2 

PROJECTILE 

1.000 
II. 

tl 

0.100 II. 

TARGET 

'' 

ACCECIROMETER ' .. 

1.030 
Ill>· 

t2 ~ t3 
; 

(V2)F denotes forward direction of projectile travel (shown above). 

(V2)B denotes backward direction of projectile travel. 

Figure 9. Velocity Equations 

direction on 303 stainless steel targets. Ten sample insulators (Model A) 
were shocked in the backward direction on mild steel targets with 5/32 -inch
diameter centerholes. Of these ten, one sample did not crack, four samples 
cracked slightly, and five samples cracked severely (Figure 11 ). The latter 
group of ten test results was accepted as the basis of evaluation, or the 
vicinity of failure. 

A method of fastening the insulator to prevent slippage from the latch and 
from the projectile was investigated. It was expected that a threaded shaft 
would be necessary to solve the problem. As a temporary measure, how
ever, insulatora were pinned to the projectile to expedite testing. Previous 
tests were performed on specimens not utilizing the pinned feature, as it was 
necessary to maintain consistency with production models and failures to 
establish the basis. But, it was also necessary to determine the strength of 
a new design when rigidly mounted, since the forthcoming design would in
corporate such a feature. Pinned and threaded shafts, however, were 
both under consideration for the mounting task. 

The placement of the molding gate was a possible contributing factor in the 
failure of the insulator. A new mold had been ordered to reposition the gate, 
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Figure 10. Typical Recorded Data and Velocity Calculations 

but for an entirely different reason at the time it was ordered. The arrival 
of the new mold was very timely for the purpose of this experiment. The 
gate had been m.oved fro1n Lhe ::;ic..le wall lu the end of the insulator. The 
irregular surface on the side of the insulator characteristic of the original. 
side gated, mold could have been an area of stress concentration. In con
sideration of the original reason for changing the mold and for the reason 
just stated, all further test specimens were manufactured by the end-gated 
mold. The notations "Side Gatedrr and rrEnd Gated" in the data refer to this 
variable. 

Nine additional design variables were tested by this experiment. Three 
pin designs (Drawings of all pin designs are included in Appendix B.), two 
materials (nylon and polycarbonate), and the extent of a dimensional control 
were all considered. A tabulation of the ten designs tested is included in 
Table 1 which identifies and defines the samples tested. The pin designs are 
included in Figure 12. The position of the pin within the encapsulation of 
plastic was the dimensional characteristic under consideration. This feature 
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Figure 11. Original-Design Pin After One Mechanical Shock 

is noted by the term eccentric~ty. Three zones of control were tested: up 
to 0. 014-inch eccentricity; up to 0. 0035-inch eccentricity; and up to 0. 0025-
inch eccentricity. 

A test sequence was followed throughout the experiment and was modified as 
experience was gained. Consistent throughout the experiment, however, was 
the alteration of the direction of shock. All samples except in special tests 
as noted, were shocked first in the backward attitude and then in the forward 
attitude. The sequence was repeated until severe cracking of the plastic 
occurred. Beginning with sample models E through H. a tmiform seqmm~P. 
of targets was also implemented into the test. This sequence is included in 
Table 2. A majority of the tests performed on sample models A through D 
used mild steel targets having a 5/32-inch center hole. In order to provide 
a common basis of comparison the first four shocks on each sample (Table 2) 
were performed using mild steel targets with a 5/32-inch center hole. Since 
most samples of models A through D failed by the second shock, this approach 
would indicate whether a new design could sustain more shocks of the same 
level. The remaining eight shocks provided by the uniform sequence of targets 
were designed to gradually increase the shock level. 



.. Attention was directed to the possibility of material degradation during envi
ronmental exposure. It was considered valuable to investigate the effect 
of temperature shock on the nylon parts of the original configuration. Five 
projectiles were specially manufactured for this test. Four mounting holes 
were provided on the back end of each projectile. Two insulators from stock 
and two insulators which had been subjected to temperature shock tests were 
installed on each projectile. This multiple mounting provision provided a 

Table 1. Description of Test Samples 

Sample. Samples Pin Insulator Design 
Model Tested Design Material Details 

A 10 Type 1 Nylon Insulator side gated 
Eccentricity to 0. 014 inch 

A' 5 Type 1 Nylon Insulator end gated 
Eccentricity to 0. 014 inch 

B 7 Type 2 Nylon Insulator end gated 
Eccentricity to 0. 014 inch 

B' 11 T:y,pe 2 Nylon Insulator end gated 
Eccentricity to 0. 002 5 inch 

c 3 Type 1 Nylon Insulator end gated 
Eccentricity to 0. 0035 inch 

D 9 Type 2 Polycarbonate Insulator end gated 
Eccentricity to 0. 0035 inch 

E 5 Type 3 Nylon Insulator end gated 
Eccentricity to 0. 0035 inch 

F 5 Type 4 Nylon Insulator end gated 
Eccentricity to 0. 0035 inch 

G 5 Type 3 Poly carbonate ·Insulator end gated 
Eccentricity to 0. 0035 inch 

H 5 Type 4 Poly carbonate Insulator end gated 
Eccentricity to 0. 0035 inch 

I 10 Type 1 Nylon Insulator end gated 
Eccentricity to 0. 0035 inch 
(from stock supply) 

I I 10 Type 1 Nylon Insulator end gated 
Eccentricity to 0. 0035 inch 
(temperature shocked prior 
to testing) 
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means of direct comparison and elimina. the question of shock level dif
ferences, as would occur in single insulator tests. Each set of four insulators 
would undergo the same ~hock wave. Table 3 indicates the test sequence 
followed for these tests. · 

TYPE I 

TYPE 2 

TYPE ~ . 

-.-~-~--
1 ~~ 

I I 
I I 
I) 

___ _v 

-1' .• 
L--...t--tf ~ 

. I 
I I 

t------i----11 
::J,) 

r, 
I I 

. _I;;) 
' .• j --_ __...., 

' ~ ' ' ! 
Figure 12. The Four Insulator Pin Designs 
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Table 2. Test Sequence I 

Shot Direction Target 'Hole Size 
Number of Travel Material (in. ) 

1 Backward Hot-rolled steel 5/32 

2 Forward Hot-rolled steel 5/32 

3 Backward Hot- rolled steel 5/32 

4 Forward Hot- rolled steel 5/32 

5 Backward Hot-rolled steel Solid 

6 Forward Hot- rolled steel 5/32 

7 Backward. 303 ss 3/16 

8 Forward 303 ss 3/16 

9 Backward 303 ss 5/32 
' 

10 Forward 303 ss 5/32 ·, . 

. . 
11 Backward 303 ss Solid 

·12 Forward 303 ss 5/32 

·.:·.··· • .,1' , •••• 
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Table 3. Test Sequence II 
.. . ' ... .... .. 

Shot Direction Target Hole Size 
Number ·of Travel Material .. . (in.) 

.... . ... .> ... ... .. . .. .. .... . - ... 
: 

1 Backward Hot-rolled steel .. 5/32 

2 ; Backward· Hot-rolled steel 
., 

5/32 ., . 

: ' 
3 ·Backward· Hot- rolled steel Solid 

.· : ·Backward · Hot-rolled steel ' Solid 4 .. 

5 ·Backward 303 ss 3/16 

6 ·Backward· }·. 

303 ss . ; 

3/16 

7 :Backward 303 ss 5/32. 

8 Backward 303 ss 5/32 

.. 
9 :Backward 303 ss Solid 

·' 

10 ·Backward 303. ss ,, Solid 
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.. Test Results 

The data of all tests discussed are reported in graphic form for simplification. 
The four graphs· included as Figures 13, 14, 15, and 16 present test results 
for insulators having common characteristics and test conditions as listed 
below 

Figure 13. (Models A, A', B. B'. C and D) 

1. Unthreaded pin 

2. First shock only 

3. Backward attitude only 

4. . All targe_ts were mild steel (hot rolled) 

Figure14. (ModelsA, A', B', CandD) 

1. Unthreaded pin 

2. First shock only 

3. Backward attitude only 

4 .. · AU targets were 303 stainless steel 

Figure 15. (Models E, F, G, and H) 

1. Threaded pins 

2. Uniform test sequence (Table 2) 

Figure 16. (Models I and I') 

1. Original design 

2. All shocked backward 

Results are discussed briefly on a comparative basis in the following 
tabulation. 
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Compare 
Sample 

A 
to 
A' 

B' 
to 
c 

A 
to 
B(A') 

A' 
to 
c 
and 
B 
to 
B' 

B' 
to 
D 

Primary 
Difference 

.. 
Side Gate·. 
to ··:, 

End Gate 

Pin type 2 
to 
AY277540 

Side Gate 
to 
End Gate 
and 
AY277540. 
to 
Pin type 2 

.! . 

Eccentricity up to 
0. 014 inch 
Eccentricity up to 
0. 0035 for C 
Eccentricity up to 
0. 0025 for B' 
Pin types are con
sistent from A 1 to 
C and from B to B' 

Nylon 
to 
Polyc arbonat e 

Conclusion 

li'igure ·13 gives- slight indication of 
·· . improvement ;·using ... end gated mold. 

Figure 14, which reports higher shock 
levels, does not show an improved 

· condition.: Improvement was not proved 
and there was failure in the critical 
range. 

There is very little data for C but A and 
A' both used the same AY277540 pin 
and did not ·demonstrate adequate· 
strength. Performance was inadequate 
with both B' and C.· No improvement 
is credited to pin type 2. (Figures 13 
and- 14). · · · 

Figure 13 shows a good sample of Model B. 
Results for B were similar to A' (of the 
first comparison) with no failures at 
lower g-levels. Note that the only dif
ference between A' and B is the pin 
type. Considering A in contrast with 
A' and ]),, :there is. evide1rce thal eilher 
the end gate or type 2 pin improves 
shock ."resistance at -levels below 2 
million gis. 

The combined data of Figure~ 13 ang 14 
do not ·indicate improvement as a result 
of better concentricity of plastic over . 
metal. 

Figure 13 shows no failures for Model D 
of_ eight shocks recorded, while seven 
failures out of ten shocks are shown 
fo~ Model B'. Additionally the shock 
~eyels were higher in several tests for 
Model D than for Model A. Figure 14 
shows one shock each for Models B' 
a_n;d D, and both are fail~res. . The 



Compare 
Sample 

E 
to 
F 

E 
to 
G 
and 
F 
to 
H 

G 
to 
H_ 

I 
to 
I' 

Primary 
Difference 

Pin type 3 
to 
Pin type 4 

Nylon 
to 
Polyc·arbonate 

Pin type 3 
to 
Pin type 4 

. : ~ .... ·. . 

All insulators were 
of the original design. 
I' had been subjected 
to thermal shock tests 
which. 'involved l:)hiui
lizatiori at and rapid 
change from tempera
tures of - 30°F to 
150°F. 

Conclusion 

nylon failed at about 2. 6 million g's, 
while the polycarbonate failed at 4. 5 
million g's. There was a significant 
improvement in shock resistance 
demonstrated by this comparison 
changing from nylon to polycarbonate. 

Figure 15 shows all three nylon samples 
had failed by the third shock for both 
pin models. No superiority can be 
attributed to either pin design. 

Figure 15 shows that the polycarbonate 
insulators survived through the third 
shock with only one insulator having 
a large crack. By the third shock, 
all nylon insulators had come apart. 
Polycarbonate was clearly demonstrated 
to be more shock resistant. 

Figure 15 shows 5 samples of Model G 
survived 12 shocks eac_h with only 1 _ 
insulator developing a large crack. ··The 
large crack occurred on the eighth shock 
and survived four additional shocks without 
coming apart. Two pin type 4 insulators 
had come apart by the sixth shock and a 
third by the 8th shock. The remaining 
two insulators of pin type 4 had developed 

-·-large cracks by the ·ninth· and tenth shocks, 
but did not fail. Pin type 3 design is 
clearly superior to pin type 4 design. 

All samples failed except one. The one 
which survived ten shocks had been 
thermal shocked. No effect could be 
attributed to the thermal-shock environ
rnental test. 
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In the interest of clarity. the conclusions reached by the evaluation of data 
of the experim~nt are itemized below.. · 

1. Either the end-gated mold or pin type 2 as opposed to side gated mold 
and pin AY277540 effected improved shock resistance at shock levels 
below 2 million g's. 

2. Concentricity of the plastic over the metal pin does not effect shock 
resistance in the tolerance range from 0~ 0025 inch to o·. 014 inch. 

3. Polycarbonate plastic is significantly more shock resistant than nylon. 

4. Pin type 3 is significantly superior to pin type;4 ~as verified by tests of 
polycarbonate insulators. (The pin with ,the larger internal metal 
volumn was superior. ) 

5. The Thermal Shock environment did not effect the shock resistance of 
nylon either to improve it or:to degrade it~···, 

: .. 

. .•. 
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APPENDIX A 

TABLE OF COMPUTER CALCULATIONS 
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.. Table A-1. Velocity and Deceleration: Definitions 

Totals: 

AverageS:-

Time B: 

Velocity B: 

Spec. G (M): 

Time_F: 

Velocity F: 

Total AVG. 
s s 

0.010 0.0025 
0. 011 0.0028 
0.012 0.0030 
0.013 0.0032 
0.014 0.0035 
0.015 0.0037 
0.016 0.0040 
0.017 0.0042 
0.018 0;0015 
0.019 0.0047 
0.020 0.0050 
0.021 0.0052 
0.022 0.0055 
0.023 0.0057 
0.024 0.0060 
0.025 0.0062 
0.026 0.0065 
0.027 0.'0067 
0.028 0.0070 
0.029 0.0072 .. 0.030 0.0075 
0.031 0.0077 

Total of -four displacement measurements taken 
on target. 

Average of the four measurements. 

Time between photocell rise and accelerometer 
rise during a backward test (in microseconds). 

Velocity of projectile during a backward test as 
determined by time B. 

G level in millions as determined from Average 
s. 

Same as Time B. except for a forward test. 

Same as Velocity B. except for a forward test. 

Time Vel. AVG. Spec G Time Vel. 
B B s (M) F F 

240.00 358.33 0.0025 13.4400 260.00 360.58 
241. 00 356.85 0.0028 12.2182 261. 00 359.20 
242.00 355.37 0.0030 11.2000 .262. 00 357.82 
243.00 353.91 0.0032 10.3385 :263. 00 356.46 
244.·00 352.46 0.0035 9.6000 264.00 355. 11 
~45.UU ;j5l.U~ 0.0037 8.9600 265.00 3G3.77 
246.00 349.59 0.0040 8.4000 .266. 00 352.44 
247.00 348.18 0.0042 7.9059 267.00 351. 12 
248.00 346.77 0.004~ 7.4667 268.00 349.81 
249.00 345.38 0.0047 7.0737 269.00 348.51 
250.00 344.00 0.0050 6.7200 270.00 347.22 
251. 00 342.63 0 •. 0052 6.4000 271. 00 345.94 
252.00 341. 27 0.0055 6. 1091 272.00 344.67 
253.00 339.92 0.0057 5.8435 273.00 343.41 
254.00 3~R.58 0.0060 5.6000 274.00 342.15 
255.00 337.25 0.0062 5.3760 ~275. 00 340.91 
256.00 335.94 0.0065 5.1692 276.00 339.67 
257.00 334.63 0.0067 4.9778 277.00 338.45 
258.00 333.33 0.0070 4.8000 278.00 337.23 
259.00 332.05 0.0072 4.6345 279.00 336.02 
260.00 330.77 0.0075 4.4800 .280. 00 334.82 
261.00 329.50 0.0077 4.3355 :28l. 00 333.63 

... . ........... ~ .. -· --···· 
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Table A-1. Continued. Velocity and;.Deceleration 

Total AVG. Time Vel. AVG. Spec G Time Vel. 
s s B B S' (M) F F 

0.032 0.0080 262.00 328.24 0.0080 4.2000 282.00 332.45 
0.033 0.0082 263.00 327.00 0.0082 4.0727 283.00 331.27 -0.034 0.0085 264.00 325.76 0.0085 3.9529 284.00 330.11 
0.035 0.0087 265.00 324.53 0.0087 3.8400 285.00 328.95 
0.036 0.0090 .266 .• 00 323.31 0.0090 3.7333 286.00 327.80 
0.037 0.0092 267.00 322.10 0.0092 3.6324 287.00 326.66 
0.038 0.0095 268 .. 00 320. 9.0 0.0095 3.5368 288.00 325.52 
0.039 0.0097 269.00 319.70 0.0097 3.4462 289.00 324.39 
0.040 0.0100 270.00 318,52 0.0100 3.3600 290.00 323.28 
0.041 0.0102 271.00 31 "1. ~4 0.0102 3.2780 291.00 322.16 
0.042 0.0105 272.00 316.18 0.0105 3.2000 292.00 321.06 
0.043 0.0107 273.00 315.02 0.0107 3.1256 293.00 319.97 
0.044 o. 0110 274.00 313.87 0.0110 3.0545 294.00 318.88 
0.045 o. 0112 275.00 312.73 0.'()112 2.9867 295. oo· 317.80 
0.046 0.0115 276.00 311. 59 0.0115 2.9217 296.00 316.72 
0.047 0.0117 277.00 310.47 o. 0117 2.8596 297.00 315.66 
0.048 0.0120 278.00 309.35 0.0120 2.8000 298.00 314.60 
0.049 0.0122 279.00 308.24 0.0122 2.7429 299.00 313.55 
o. 050· 0.0125 280.00 307.14 0.0125 2."6880 300.00 312.50 
0.051 0.0127 281 •. 00 306.05 0.0127 2.6353 301. 00 .311. 46 
0.052 0.0130 282.00 304.96 0.0130 2.5846 302'. 00 310.43 
0.053 0.0132 283.00 303.89 0.0132 2.5358 303.00 309.41 
0.054 0.0135 284.00 302.82 0.0135 2.4889 304.00 308.39 
0.055 0.0137 285. oo· 301. 75 . 0.0137 2.4436 305.00 307.38 
0.056 0~ 0140 286.00 300.70 0.0140 2."4000 306.00 306.37 
o. 057 0.0142 287.00 299.65 0.0142 2.3579 307.00 305.37 
0.058 0.0145 288.00 298.61 0.0145 2.3172 308.00 304 .. 38 
0.059 0.0147 289.00 297.58 0.0147 2.2780 309.00 303.40 
0.060 0.0150 290.00 296.55 0.0150 2.2400 310.00 302.42 
0.061 0.0152 291.00 295.53 0.0152 .2. 203~ 311.00 301.45 
0.062 0.0155 292.00 294.52 0.0155 2.1677 312.00 300. 48' 
0.063 0.0157 293.00 293,52 0.0157 2. 1333 313.00 299.52 
0.064 0.0160 294.00 292.52 0.0160 2. 1000 314.00 20R.57 
0.065 0.0162 ::HIS. 00 291. 53 0.0162 2.0677 315.00 297.62 
0.066 o. 0165 296.00 290. 54 0.0165 .. 2. 0364 316.00 296.68 
0.067 0.0167 297.00 289.56 0.0167 2.0060 317.00 295.74 
0.068 0.0170 298.00 288.59 0.0170 1. 9765 318.00 294.81 
0.069 0.0172 299.00 287.63 0.0172 1. 9478 319.00 293.89 
0.070 0.0175 300.00 286. 67 0.0175 1.9200 ::S20.00 292.97 
0.071 0.0177 301.00 285.71 0.01r77 1. 8930 321. 00 292.06 
o. 0'72 0.0180 302.00 284.77 0.0180 1.8667 322.00 291. 15 
0.073 0.0182 303.00 283.83 0.0182 1. 8411 323.00 290.25 

i 
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.. Table A -1. Continued. Velocity and Deceleration ··-. 
........... 

Total AVG. Time Vel. AVG. Spec a·· Time Vel. 
s s B B s (M) F F 

0.074 0.0185 304.00 282.89 0.0185 1. 8162" 324.00 289.35 
0.075 0.0187 305.00 281'. 97 0.0187 1.7920 325.00 288.46 
0.076 0.0190 306~00 281.05 0.0190 1. 7684 326.00 287.58 

. o. 077 0.0192 307.00 280.13 0.0192 1. 7455" 327.00 286.70 
·0.078 0.0195 308.00 279.22 0.0195 1. 72 3 i 328.00 285.82 
0.'079 0 .. 0197 309.00 278.32 0.0197"· 1. 7013 329.00 284.95 

. 0. 080 0.0200 310.00 277.42 0.0200 1.6800 330.00 284.09 
.o. 08.1 0.0202 311. 00 276. 53· 0.0202 1. 6593 . 331.00 283.23 
0.082 0.0205 312.00 275.64 0.0205 l. 6390 332.00 282.38 
0.083 0.0207 313.00 274.76 0.0207 1.6193 333.00 281. 53 
0.084 0.0210 314.00 273.89 0.0210 1. 6000 334.00 280.69 
0.085 0.0212 315.00 273.02 0.0212 1. 5812 335.00 279.-85 
0.086 0.0215 316.00 272.15 0.0215 1. 5628 336.00 279.02 
0.087 0.0217 317.00 271. 29 0.0217 1.5448 337.00 278.19 
0.088 0.0220 318.00 270.44 0.0220 1. 5273 338.00 277.37 
0.089 0.0222 319.00 269.59 0.0222 1. 5101 339.00 276.55 
0.090 0.0225 320.00 268.75 0.0225 1.4933 340.00 275.74 
0.091 0.0227 321. 00 267._91 0.0227 1.4769 341.00 274.93 

I 

0. 092 0.0230 322.00 267.08 0.0230 1. 4609 342.00 274.12 
0.093 0.0232 323.00 266.25 0.0232 1. 4452 343.00 273.32 
0.094 0.0235 324.00 265.43 0.0235 1. 4298 344.00 272.53 
0.095 0.0237 325.00 264.62 0.0237 1. 4147 345.00 271.74 
0.096 0.0240 326.00 263.80 0.0240 1.4000 346.00 270.95 
0.097 0.0242 327.00 263.00 0.0242 1. 3856 347.00 270.17 
0.098 0.0245 328.00 262.20 0.0245 1. 3714 348.00 269.40 
0.099 0.0247 329.00 261. 40 0.0247 1. 3576 . 349.00 268.62 
0.100 0.0250 330.00 260.61 0.0250 1. 3440 350.00 267.86 
0. 101 0.0252 331. 00 259.02 0.0252 1.3307 351. 00 267.09 
0,102 0.0255 332.00 259.04 0.0255 1. 3176 352.00 266.34 
0. 103 0.0257 333.00 258.26 0.0257 1. 3049 353.00 265.58 
o. 104 0.0260 334.00 257.49 0.0260 1. 2923 354.00 264.83 
0.105 0.0262 335.00 256.72 0.0262 1. 2800 355.00 264.08 
0. 106 0.0265 336.00 255.95 0.0265 1.2679 356.00 263.34 
0.107 0.0267 337.00 255.19 0.0267 1. 2561 357.00 262.61 
0.108 0.0270 338.00 254 •. 44 0.0270 1. 2444 358.00 261. 87 
o. 109 o. 02'12 339. 00. 253,.,69 0.0272 1.2330 350.00 261. 14 
0. 110 0.0275 340.00 252.94 0. 0275 . 1. 2218 360.00 260.42 
0. 111 0.0277 341. 00 252.20 0.0277 1. 2108 361. 00 259.70 
0. 112 0.0280 342.00 251.46 0.0280 1. 2000 362.00 258.98 
0. 113 0.0282 343.00 250.73 .0. 0282 1. 1894 363.00 258.26 
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Table A.-1. Continued. Velocity and; Deceleration 

Total AVG. Time Vel. AVG. Spec G Time Vel. 
s s B B s· (M) F F 

0.114 0,0285 344.00 250.00 0.:0285 1. 1789 364.00 257.55 
0. 115 0.0287. 345.00 249.28 0.0287 1. 1687 365.00 -256.85 
o. 116 0.0290 "346.00 248.55 0.0290 1. 1586 366.00 256.15 
0.117 0.0292 347.00 247.84 o. 0292 1. 1487 367.00 255.45 
0. 118 0.0295 348.00 247.13 0.0295 1. 1390 368.00 254.76 
0.119 0.0297 349.00 246.42 0.0297 1. 1294 369.00 254.07 
0.120 0.0300 350.00 245.71 0.0300 

... ! .. 

·.:.: . \ 
~ . . ' 
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APPENDIX B 

PIN DESIGN DRAWINGS 
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0.011!0.003 

0.008 
0.013 

T 

0.005 MAX 
CORNER BREAK 
2 PLACES 

Figure B-1. 

o. 025 

Pin Type 1 

2. 

o. 125,!(1. 002 

I 0.071,!(1.001 

l I 
0.025 OIA 0.0:;9 DIA 

0. 038 2 PLACES 

~ 0.0625 MAX DIA __l-. -I 

0.023!0.003 _ _..,_ ..... 

0. 053,!(1. 002 D lA 

BREAK SHARP CORNERS 

V liRA TORY DEBURR 

IOTE: · 
I, FIIISH TO IE 12\/'ALL OVER 

~--- 0.015,!(1.003 

0.030 DIA 
0.025 

~DIA 
0.038 

Figure B-2. Pin Type 2 
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'o.070tO.oot-..... _ o.071_!0.ooz 
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' 

0.075_!0.003 OIA 
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0.053_!0.001 

DIA • 

ill A ®lo.oo4 -

[J:::=- IREAI SHARP COIIEIS 

2. VIBRATORY DEBURR · 

3. MAJOR DIA TOL LIMITED TO 0.0563/0.0573 

Figure B-3. Pin Type 3 

0.075_!:0.003 DIA 

0.023_!0.003 --to---.4 

O.Oi2S_!0.003 --1"'1~ 

0.026~.002 

~ BREAK SH&RP COR.ERS 

2. VIBRATORY DEBURR 

[]::> MAJOR DIA TOL LIMITED TO 0.0563/0.0573 

Figure B-4. Pin Type 4 
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