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I. OBJECTIVE

To produce experimental flight weight solid propellant

rocket cases of the Pershing configuration, by the

cryogenic stretch forming process.
II. SUMMARY

The present program is an outgrowth of ARDE-PORTIAND's
previous work under Contract No. DA-30-069-ORD-3099, Task A,
"Development of Ultra High Strength Rocket Motor Cases by
Cryogenic Stretch Forming". The feasibility of producing high
strength cases by this process was demonstrated under that con-
tract. The present objective is to develop the process to the
point where a predetermined, complex configuration can be pro-
duced while retaining the high strength achieved in the earlier
prototype cases. Figure 9 is a sketch showing the configuration-
al features being investigated. These features consist of:

A, 1.66:1 elliptical forward head

B. Conical aft end closure with nozzle attachment ring

C. Skirts, fore and aft

D. Eccentric ports in the forward head
During this first three-month period, an overall program plan
was evolved, and procurement-fabrication effort was initiated.
This effort has thus far touched on the "elliptical head",
"skirt attachment", and "aft closure" features of the motor case.
At the end of the first month, the contract was modified to in-
clude the task of developing the Pershing motor case configura-
tion. As initially written, the contract called for a series of
small cases to be built for test firing. In the interim since
the first monthly report, considerable thought has been given to
the features which must be developed for the Pershing case. It
is now clear that certain of these features must receive more

attention than originally anticipated. A revised program plan
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reflecting current thinking on number of vessels required and

the schedule for these vessels is therefore included with this

report.

III.

PERIOD ACTIVITY

A.

PROGRAM PLAN

A revised program plan is included in the appendix.

This plan shifts the emphasis to those features presenting

the most formidable problems. Although the plan differs

slightly from the plan submitted in Monthly Report No. 1,

the end date remains the same. The principal changes from

the original program plan are outlined below:

1. The number of preform configurations required to
develop the forward elliptical head has been increased
from four to six, and these have been accelerated in
the schedule,

2. Work on multiple ports and the aft head will be
held back somewhat to take advantage of the data from
the elliptical head work. The number of configurations
on both multiple ports and aft head has been increased
from two to three.

3. Material procurement for the full-scale cases has
been moved back to permit thorough metallurgical evalu-
ation of the heats being considered for procurement.
Fabrication of the first simple, full-scale vessel has
also moved back for this reason.

4. Two items were added to the ‘schedule under "Full-
Scale Development Cases". These were "Fabrication of

the Forming Tank" and "Fabrication of the Forming Die".

AFT HEAD

Design of the first aft head configuration was completed

and released for fabrication. This design employs the "dog-

bone" principle (see discussion of "Elliptical Forward Head"),

wedified to prodics a stretched shape approaching the 45° cone
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head being used. Note that a section of cylinder is at-
tached to the upper cone. This is intended to be a
"booster" to help the large port opening of the cone to
grow at the same time that the internal pressure is tend=-
ing to cause the cone to bulge. It is hoped that the net
effect will be to have the cone remain straight while pull-
ing up to the desired 45° angle. The next configuration
will be adjusted in geometry and material, depending on the
results achieved with this initial attempt. For instance,
if the cone remains too shallow, the remedy could be a more
ductile material in the cylinder, to help pull the inside
diameter up and out, and/or a steeper cone angle in the pre-
form. In addition, data on the general plastéc behavior of
cones from the elliptical head investigation will be utilized
in the designs. The first configuration is scheduled to be
stretched early in October.
C. SKIRT ATTACHMENT:

The initial approach to the skirt attachment problem will

be to weld the skirt in place after the basic vessel is
stretched. As a result of work initiated by ARDE-PORTLAND
prior to the present contract, it will be possible to evalu-
ate the feasibility of this approach quite rapidly. A ves-
sel has been built with a thickened ring in the cone of an
early-type composite head. This thickened ring has a lip to
which a skirt may be welded after stretching. This vessel
(Serial #419) was successfully stretched, but the desifed head
shape was not achieved. During the past month, it was de-
cided to weld a skirt onto this vessel. Although the posi-
tion of the skirt lip was such that the skirt could not be
perfectly flush to the cylinder, this test will evaluate wheth-
er the weld can be strengthened. A hydrotest was performed

prior to welding the skirt so that the nominal yield strength
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would be known for comparison. The skirt was welded to

the vessel during this period and will be subjected to a
restretch in the near future to strengthen the weld.

Fig. 2 is a photograph of Vessel #419 with the skirt

welded on. The nex: monthly report will contain the re- @
sults of this test along with hydrotest results to evalu~

ate whether full strength has been restored.

D. ELLIPTICAL FORWARD HEAD:

Fabrication of four configurations for developmeq§
of the elliptical forward head is in progress. ARDE-
PORTLAND's approach to this problem has been to make the
"preform" vessel with a welded composite head comprised of
simple cones and discs which can be readily fabricated.
Prior to receipt of the current contract, ARDE-PORTIAND
did considerable development work on heads made by this
technique. Figure 3 shows the types of composite head
which were investigated. A summary of the test results

with these designs is tabulated below:

Confiquration Results

Basic Composife Head Cylinder was incorporated into
Curvature of head. General shape
approached hemispherical.

Spool Piece Slight improvement, The spool-
like transition section of more
ductile 302 stainless steel
stretched more readily at the cone
juncture but did not go flush,

Dog-~Bone Outer diameter of cone was in-
creased almost to cylinder final
diameter in preform. A second
cone was used for a transition
section into the preform cylinder
diameter which was smaller, giving
a "dog-bone" appearance. This
change resulted in an essentially
flush cylinder but the head con-
tour was only slightly flatter than

hemispherical.,
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This data indicates that the "dog-bone" design was the

most promising shape. The behavior of the "dog-bone" pre-
form during stretching may be seen in the series of sequence
photographs (from the preform to the final pressure), includ-
ed in the appendix. The head falls short of achieving the
flat 1.66:1 ellipse required for ‘the Pershing configuration,
but the results indicate the flattening effect of the "dog-

bone" approach.

E. FORMING TANK:

In preparation for cryogenic stretching of full-scale
cases, a forming tank was designed and released for fabri-
cation., This is a simple, stainless steel insulated con-
tainer to hold the liquid nitrogen bath in which the vessel
and the stretch die will be immersed. The Pershing case is
larger in diameter than any that has been stretched thus far,
and for this reason the new forming tank will be required.
Since fabrication has already been initiated, the forming
tank will be ready well in advance of the first full-scale
stretch scheduled for early in December.

F. MATERIALS:

Sufficient quantities of suitable 301 and 302 stainless
steel are now on hand at the South Portland, Maine, plant to
conduct the sub-scale development phase of the program. Pro-

curement of the large quantity of material required for the

full-scale work has been delayed to permit as thorough an eval-

uation as possible of the material to be procured. Heat No.
E72370 from Eastern Stainless Steel Corporation was evaluated
and was shown to have a desirable combination of properties.
Cryogenic stréss—strain‘characteristics, cryogenic ultimate
strength, and room temperature response to cryogenic working
were all considered in the evaluation. Unfortunately, the

quantity of Heat No. E72370 presently available is not suffi-
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cient for the needs of fhe program., Eastern Stainless

has agreed to pour a new melt of similar chemistry. Pro-
curement of material from this new heat is being initiated
at this writing, Figure 8 shows a pldt of the uniaxial cryo-
genic stress-strain curve for Heat No, E72370. A room tem-
perature response curve is superimposed'on the stress-strain
curve, For this plot, the strain scale represents the cryo-
genic prestrain applied to the tensile coupon while the
stress scale represents the resulting room temperature
strength., The delay in procuring material will push back
the first full-scale stretch date by about three weeks but
should not materially affect the remainder of the program.
WORK PROJECTED FOR THE NEXT QUARTER

During the forthcoming quarterly period, it is anticipated
the following effort will take place:

A. All six scheduled forward head configurations will be
completed and stretched.

B. Two multiple port designs will be fabricated and stretched.

C. The skirt attachment vessel described in this report will
be re-stretched and a hydrotest performed to evaluate the
strength level. An additional configuration will also
be completed in the next quarter.

D. The first aft head configuration will be completed and
stretched. A second configuration will also be completed
and stretched.

E. The first configuration for development of the nozzle at-
tachment ring will be fabricated and stretched.

F. The forming tank for stretching of full-scale cases will
be fabricated.

G. Material procurement for the full-scale phase of the pro-
gram will be completed.

H. The first simple, full-scale case will be fabricated and
stretched.
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APPENDIX

Sketch of the Composite Aft Head Design

Photograph of Vessel 419 with Skirt
Welded On

Sketches Showing Evolution of Composite
Head

Photograph of "Dog-bone" Composite Head
Preform

Photo of "Dog-bhone" Composite Head -
After 1000 psi

Photo of "Dog-bone" Composite Head -~
After 1750 psi

Photo of "Dog-bone" Composite Head -
After 2000 psi

Cryogenic Stress-Strain Characteristic
of Heat No. E72370.

Sketch of the Pershing Motor Case
Configuration

Revised Overall Program Plan
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Figure 2 - Vessel No. 419 With Skirt Welded
to Composite Head
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Figure 4 - Vessel #417 Preform



Figure 5 - Vessel #417 Stretched at 1000 psi.
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Figure 6 - Vessel #417 Stretched at 1750 psi.



Figure No. 7 - Vessel #417 Stretched
at 2000 psi



Sy 300

250

:ousands of psi)

i

(tl

200

STRESS

TRUE

100

150

CRYOGENIC STRESS-GTRAIN CHARMCTERISTICS

SrAk W
Lu:’,\ X

No. £72370

Cryogenic Stress-5t:

Curve

Rooy Temp .~ .
Ultinate '

True stress

Room Temp.
Ultimate
Nominal Stress— /

/i

sy

A

/
’

PN

/7

-
o
.
ye
S
v
y
. i
\»&-‘-n
o
i
P
///i:;
Pl
L <./ -

—Room Temp. Yield Strength

(53]




PAGE. e
JOB NO.. e

Y
DATK

ARDE-PORTLAND, INC.

dSYD YOLOW ONIHSHAJ THYL JD0 HOLIIS

Sutuedo %SS
YT 8INSOTD
33® TeOoTUOCD

peoeds Ayrenba s3xod
OTIBUTWISY] IJISNIFY 223IYI

FIGURE 9

Butx
JusuoellT STTToUu

.aqTubt Iﬂw.-._ s

peoay pIemIO]
TeoT3dTIT® T ©3 99°1

-SpuU® Yy3joq s3IITYsS

REPORY NO
FREPARKD BY

Sl s ,




L
P
s.\

-~1962

JANUARY FEBRUARY MARCH ABRIL MAY JUME i il
B 10 15 20 25 B 10 15 20 25 5 10 15 20 25 5 1018 20 28 4 10 18 20 28 = 1018 202k 1018 25 28 5 10 18
e e T (R e TEET LR HRESU i -

T A T

F

of | Program —

LB
.
A

L] Btart

i i i
|"'"""'_""""'?"':"""._"_ - i

T SR I N

il 'Em?téi:'e,-'s;nh-heaié Pekshihg casd for Delivedy —l—q ' 1 A R B I
0 ) 5 ; N
o T el ] bRk
% LR * _I ..... it ._!_ T:_ ! .’ _: | i | 1| : I_ {
L P A | E 1—-—-——-] R R R
3 0 O ] A s L
_____ R 1 A O 1624 K O 6 o ) A G B D Bl
1 ) I 1 P o
I A 2 L'ili?iit
e _.: I| T : e ol
V3 R A ERABER i _*m44mL; R 6 L 6 O
| Head Prcmrmnt i . ; A0 1T ot A - X3 A il
L AE e {51 i T A 5 T N SR S R R
5 ic?l,Lmir- c:J|1 ‘*.'duqel --'air:piﬂ-héads AN ! I =] 7] Bt ' EIVHA 2 e oo L
eI R e it ] SR Y 0 i< S T Lo
R E] LR LA 1B b | f S L U SVES SRR S L SO ] RS N BB 122 A L LSRR 13,
o 'Ejfl,hnqirlcﬂ ‘ﬂaaLl + ctnmplete farmrﬂ head:____” i I | S I R !
I 11 _{ HaH .5 5 _:!r i o st ot cort IOUIN BN .I i_ |
erl.m':ir'i Jl “fﬁ_d\ﬂl c*omplete aft I:D'EBLE | ‘ s o é | | L
! ] e i 1

gl { | | |

1 ¥ | I 1 1 ! *

— S B SR [ R S i R B o A e e i o tthe et St R SO P ) 6 VIS BE=E1 X

P e R HER AT H] | 4511} | | | { to. in Viesge

5 10 13 20 25 5 10 15 20 28 5 10 15 20 25 % 1018 20 23 § 10 13 20 23 % 10 1% 20 2% 8 10 % 7O 2% 5 10 18
JANUARY FEBRUARY MARCH # P AT JUNE JuLy AUGU




AUGUST

3 10 15 20 28

SEPTEMBER
3 10 15 20 28

OCTOBER
8 10 13 20 25
1

NOVEMBE

R

3 10 13 20 25

1962-~

DECEMBER
5 10 15 20 28

»=1963

JANUARY

S 10 1% 20 25

FEBRUARY
5 10 1% 20 25

MARCH
5 10 15 20

i MR M i il il
5 | jﬁi...;: o8] Bl |
T 7 N PR
ZATITAIIVTITES | f2) |

(@)
1T

g |
|

.._;. H L .::_. 4 ._i.._l ik i_ | B _'_... . (E} 3 ; . 1 !
il ! { { | { L] I,p 'E : L i VRS H -
o [R5 RS IR REN LBl ik v | ! I R 3
. [T E i S I R B ’ i
.......... ik 71433001 O GMEACH) 8 e o1 O RS M M R 8 SR 1 50 _
Lo R l BEH SRR - R ; S ! i
\] T B i 6 i il 3 R ol (3 e
e T R | T B TR b S TP Y (et st CHEM = AN FEREpIE]  SCH S R et | 2 i Bl 10E Elred)itys
I 5 S . S R A = T e !
O L a1 R R 1 Y RT3 0 i3 O O S A QA e
S B i [SVZZT7IIT] w;'mm‘.i Bl 4 | A L I L] T
8 | | |
.__inl'"?'fu 4 g il S {. b F ?ui_'i__"v_“-' ok
T AR R R ) Ll P O i A A il | ik |
- | .|.. ..; .,l.. -i.. ..1: ...,.I.. B .I. - i .| | Pk | _.n i Rl e SR B IE ......... ;. : 1I. |_ i ........... ) 1
1] I SRS NN w0 77477/ 1/ F V0271V N 31) R i ] 5 | |
S I A O e 4 S 0 T 3 1l | | i
i A R R VI EEK mamc st e O 1 A RN
: ' ? i ! AL i L - |
-+ : '[ iR 1 G A AR [‘” HCCHE IR L l | | |___‘___=_ ........ 4 }_ Bl (i
| 5 : ; 4 5 b r}n D | 45 8110
: e B , JZEﬁﬂ%!Il?E{Iiiﬁﬁﬁffffﬁﬁ5 T TITE, || ds ] ] i
i1 SR AR O GO YTV S o0 858 1651 PR IGO0 s s . v SO RSO g OO 01 K - 1 113 13
e T i i i TR e 1 O O i it 5 [TV :
! TS AR A1 il | : R i | | iR B8
ﬁ_h; st _t"_. .? 5 i Jil it r.w";i. ] ! okt I-i“ o
it e | | 3 N s e D O
=t _: ! =t _. i_ : ;. ! . i : | ..... 1 i- _ - | | ! I_:_ x peam et l[
5 0 5 T O T SR S U R B
| Lo 1 . Bl ] 1 L 3 il
Bi ] S TR TR R R AR G iy T el T
_,_______1:_ 1821 R _‘_ Hi . _t_l ABH] |EH SAR11 :_ |, b g . gt !_ 4 I SR EE 1
i} | i | P i-; i 1 [ I _I[ | i | j ; |
0 e 0 A O 0 | il
1“ ..... !_4 e ot T I. r_l_ [ | : - ot i!| I _\.i : AEE1 14 .i
T e LA T A A L ] 00 i L] i 4
| I A POl N O G 158 s O o eSS b s kR O L2 S o L 4| ] A
2 -8 R I|I i '!' L f' |
A 4000 e A 0 1 M P G M i S i L I D T s e e ) ) i3 i
. L ;ls!'}-i 2 T il
] Py | [ ] | | | ] |
Veseels in Barentheges . i) | ] fiitd [ s it ; I |

3 10

15 20 25

AUGUST

% 10 15 20 2%
SEFTEAZLR

10 15 20 25
OCTOBER

5
NOVEMBE

S 10 15 20 2%

R

5 10 15 20 2%
DECEMBER

5 10 18 20 23
JANUARY

| | |
5 10 15 20 25
FEBRUARY

5 10 15 20
MARCH



10

AUGUST SEPTEMBER
10 1% 20 28 3 10 15 20 28 8

5

JULY
S 10 15 20 28

JUNE
10 18 20 25

8

MAY
10 1% 20 2%

]

APRIL
10 15 20 28

-]

MARCH
10 13 20 28

]

ARY
20 25

| 1o il BUDRT|
A0 T A
.L__I_l:_t
rigioes N
) 586 R
'i !
1 ""‘+"'
.‘l 1

i :
" m e = | i
B . . |
S e Fi 2
A e s e e i 3 2 ) B
... = : 1 |.Im-| =1 y Yo n:lu. T e — " .-I._.
51 il 84 e el 3 B i SR e o 5] R S SR F, M
i E ! ! i 3 “
: _. : ” ..... .. = e (R ETA Pt AT T a B .mllll o L .
g prafe =t 5 s ] Sl YU Soder] Pt pephe ruel [Sad [pits CN | 8
m : ! | ] | _ : i
R e S B | i B S 8 et otk ey Fl e ey poae oo o 6
GBS Eakad Eihss S e T it i Tt ofe e B3 ZAEs e cee 2o 1
==t b 1 4 M 3 CEiE BT AL £ ey = Padil B et t i rind siEes Seaet pured Lreri
i _ o _ m ; i —— : : :
h T = _ Srel ey ||”|.|.|.| : ~ T o o T ] L |* a o it il _| it | 1 ml-l.lll e ||.|
; S o T FEo St e e o [ o s i 5 B gt 1= i =1 = 13 o
== BeorE e EL P ERESE NI
S e S e e o o o T o |M|4M.. Fafen | e [T g = ] g R a4 o e e e 1 —==1=
: _ ! _ e —— i mﬁ,. I S nia o AR sty S R I e it s i e St i _ I - e
= i | IE iz | _ . _ ; |
1 T T 1 T ' T
i i [ 1 | i b | | ! { } i
“ .. o : e e T | o I S e = - m - e A ——=t
_ 2 EE R T | 1 [0 il ) o e B i MBS EEEE SRS
”. N | _ m | m ! i Bl i ]
i _M.-I 242 Bay: =  hak M i B = B S ks fEE pRT S 5
1 + -5 — LI F R b e . o e — P e rn b |_..|. - s AR i) 2l 2 =
_ A | | | = . | s
g ey — 3 Yo | R NN T e S R SRR e N gy I o =] | 3 ] PN | Ry
i _ M 4 .m { 1 _ m H “m I
! “ m “ “ | _ {
¥ i | } i | [
e 55 e s e S LI DO S s g e e G W L 5 e e s i i) o sy s
! — |- u_ . - - B e el = Sl SRS : _ s o
- : 5 : — 1 e e I A .~ E o - e
2 3 I P ._. i p _. ! } _, csai = i ]
THTLE ._ i b u . “....I ||..|l|.”I|Im..| E ERER P 1 s _ 5 il H ...._ 44 4 3 sy B ]
=1 = | ! I _ | | i 1 =1 i S5 ..”T =t e
| { m | =
7

 E-Lod SRS B SR SEET ety keead BE L

INFENi|
|
|
Frin

|

-

t

{

T

L]

H

il |

I

!

g
—

-]

10 15 20 25

SEPTEM3LR

5

10 1% 20 25

AUGUST

s

10 15 20 253
JuLy

5
JUNE

10 15 20 ‘23

s

10 1% 20 25
MAY

5
APRIL

10 15 20 25

5

10 18 20 25
MARCH

-

Y

20 235
R



1963~~

DECEMBER

AUGUST SEPTEMBER OCTOBER NOVEMBER

10

JULY
10 18 20 28

JUNE
10 13 20 28

10 15 20 23

10 15 20 253

L} 5 10 13 20 28 -]

5

10 1% 20 2

10 18 20 28

185 20 28

10 15 20 23

AUGUST

i

_ ..._ | - ””._.
R ED == 5 ==
SEETITY Lo O Ee A g
= 5
._ | b H : : 1
|H.:. _ _ H”” 1.*””1 3| |. tH
1 4. L 12 ey = 1 BN S
| i .. e T .. ﬂ I B "
Frejsets i Ul Fain Feai s NS TOEEL " 521 | L1 s daedd Liolll . LA |
! t I By ¥ s Sii Gumy ‘e
S T IS o b .-_II_- —t ;.hﬂ . : e : | == —t
_, _ ! & B~ B L s Fn 1. |
x L1 Ee iy 1 | R 1 XEn =t + T3 e s :
°} ._ | | | el 1=+ H B |H| Iml 1
i i B _ = GREE __ i _
e R e e s o
e S o s o S A
I o £t Lo S S s i N U i el Resl 158 55
Ee = Ea SR
e e i
i .*1. ..F. ) B8 i s 1 o e
1

10 18 20 2%

10 15 20 25 -4
NOVEMBER DECEMBER

(]

10 15 20 25 -

SEPTEM3LR

5

10 15 20 ‘253 8 10 13 20 2% s

5

25

oCTonin

JuLy

JUNE




UNCLASSIFIE

UNCLASSIFIE




