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; SUMMARY
~
The effect of simulated aerodynamic heating on the strength of three high
strength steels used in rocket motor cases was investigated. Low alloy steel
RS 131 (1% Cr-Mo) and 187 Ni maraging steels DID 5212 and RPE 1090 (G 125) were

tested at temperatures up to 7009C attained in 5 seconds.
Ac ey

The results show that the reduction in short term strength of these metals
at elevated temperatures is not so great as to preclude their use in Mach 3

missiles and in some types of Mach 4 missiles.
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Further copies of this report can be obtained from the Defence Research
Information Centre, Station Square House, St. Mary Cray, Orpington, Kent BR5 3RE.
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? 1 INTRODUCTION

Missiles in flight are subjected to aerodynamic heating which causes a rise
in skin temperature and consequent loss of strength in the motor case material.
To evaluate this effect a research programme was carried out at the RPE in which
metallic specimens were subjected to simulated aerodynamic heating at tempera-
tures and for durations consistent with missile requirements. In the first
stage several high strength aluminium alloys of possible use on Mach 2 to 3
missiles were investigatedl’z. This report describes further work on three
high strength steels, RS 131, DID 5212 and RPE 1090 (G 125), relevant to Mach 3

to 4 missiles.

2 AERODYNAMLIC HEATING EFFECT

The magnitude and duration of the aerodynamic heating effect depend on the
flight envelope of the missile. 7o estimate typical temperatures and durations
for the purpose of formulating the laboratory simulation experiments, the
effects of Mach nuwber, altitude, and position along the length of the motor

s < . : $ . 1
body were examined using the iterative procedure described previously .

From these data it was decided that the test programme should cover the
temperature range from 300°C to 700°C. The required surface temperature was to
be attained in 5 seconds and tests were to be carried out, a) immeuiately arter
the temperature was reached, b) after 30 seconds at that temperature. These
| times represented the two main flight conditions: a) the initial boost phase
| when the motor case is highly stressed, b) the sustain and free flight phase

when the stresses in the case are generally less, (depending on the amount of

lateral acceleration imposed by manoeuvring) .

3 EXPERIMENTAL PROCEDURE

3.1 Test programme

The variables investigated were:
i) 3 materials;
ii) 3 temperatures: 3000C, 500°C and 700°C;
t1t) times of O sec and 30 sec at the test temperature before testing;
iv) crientation of the specimen in the billet - longitudinal specimens
of all 3 materials, and transverse specimens of 1 material were

tested.

At the end of the programme a limited number of tests was carried out to

examine the effect of strain rate on the stress/strain curve.

} PRECEDING PAGE BLANK-NOT FILMED
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3.2 Test specimens

Small cylindrical test specimens of the dimensions given in Fig. 1 were

used.
3.3 Materials

3.3.1 RS 131 is a weldable 1 per cent chromium-molybdenum high strength (75 ton)
steel, widely used in UK rocket motor cases. Its specified chemical composition
and mechanical properties are given in Table 2a. The specimens were rough
machined from a hot rolled slab in both longitudinal and transverse directions,

oil quenched from 900°cC, tempered at 480°C for 1 hour, and finally machined.

3.3.2 DTD 5212 is a 115 ton maraging steel which has been used for rocket motor
cases. Its specified chemical composition and mechanical properties are given
in Table 2b. The specimens were machined in the longitudinal direction from

solution treated bar and maraged at 480°C for 3 hours.

3.3.3 RPE 1090 (G 125) is a 130 ton maraging steel under assessment for rocket

motor cases. Its specified chemical composition and mechanical properties are
given in Table 2c. The specimens were machined in the longitudinal direction

from solution treated bar and maraged at 485°C for 6 hours.

3.4 Testing technique

3.4.1 Heating method

The temperatures required were several hundred degrees above the capabili-
ties of the radiation furnace used for tests of aluminium1 and as steels are
well suited to heating by induction this method was chosen. A Stanelco Hyforce
6 kW generator was used, with a single-turn coil consisting of a sheet of copper
encircling the gauge length of the specimen, (see Fig. 3). This type of
construction, although presenting electrical matching difficulties, gave the
most uniform heating along the length of the specimen. It was also sufficiently
rigid and robust to operate in the vertical position and to avoid damage by
handling during insertion of the specimen. The tubes seen soldered to the sheet

in Fig. 3 are coolant water tubes and are not part of the inductive circuit.

3.4.2 Temperature measurement and control

Temperature was measured by an Ircon model 300C infrared pyrometer
(accuracy 27%) sighted through a small hole drilled in the copper sheet, and
recorded on a Bryans 20180/S XY/T plotter (accuracy 2%). The pyrometer also

controlled the induction power supply through a feed-back loop.




The temperature ranges recorded during the tests were 300-30800, 500-510°C
and 700-710°C.

3.4.3 Test procedure

Tensile loading was by a standard Instron 10000 kg testing machine, model

1115-A3, following the procedure established during tests on aluminiuml’z.

The desired temperature was reached in 5 seconds and testing was commenced
either at once, for the immediate tests, or after a further 30 seconds for the
delayed tests. The strain rate was 4.2 x 10—3 sec“1 up to the 0.5 per cent
proof stress, and then 4.2 x 10-2 sec_1 to fracture to complete the test rapidly
and minimise the effect of any temperature drift. A typical Instron record of
load against crosshead movement is shown in Fig. 4. The tensile properties
were derived directly from these records, i.e. no extensometer was used. It
has been shown3 that the errors in proof stress values obtained by this direct
conversion of crosshead movement into strain are less than 2 per cent on a

"hard" testing machine such as the Instron. Elongation values were derived from

measurements made on the specimens before and after testing.
4 RESULTS

The complete results for the materials: RS 131 longitudinal, RS 131 trans-
verse, DTD 5212, and RPE 1090 are given in Tables 3a, 3b, 3c and 3d respectively.

The principal results are shown in graphical form in Figs 5 to 8.

4.1 Effect of strain rate

As explained in Section 3.4.3, to complete the test rapidly the strain rate
was increased by a factor of ten during the test, giving the record shown in
Fig. 4. The value of UTS from this record is given in column 8 of Tables 3a to
3d. Since a strain rate of 4.2 x 10-2 sec_1 may be rather fast for general
application an attempt was made by geometrical construction on the records to
estimate the UTS value corresponding to the lower initial rate. The estimated
values are given in column 7 of Tables 3a to 3d. A few comparative tests showed
that these tend to be lower than the values from a low strain rate test, but

they have nevertheless been preferred for use in the graphs of Figs 5 to 8.

For the maraging steels the difference in UTS due to strain rate is
negligible at room temperature, 300°C and 500°C, and small at 700°C. For RS 131
the difference is small at rou.m temperature, 300°C and 500°C, but considerable

at 700°C.




4.2 Effect of temperature

Tensile properties decrease considerably with increasing test temperature,
as shown in Tables 3a to 3d and in Figs 5 to 8. The UTS is about 65 per cent
of the room temperature strength at 500°C for all the materials, and thereafter
falls rapidly to a very low figure at 700°C. At 300°C, however, RS 131 main-
tains a higher proportion of its room temperature strength (about 94 per cent)

than do DID 52.2 (about 81 per cent) and RPE 1090 (about 84 per cent).
4.3 Proof stress

In RS 131 the gap between UTS and 0.2 proof stress is maintained at 300°¢C
and then steadily diminishes up to 500°C (see Figs 5 and 6) during which ductile
fracture occurs. With the two maraging steels the gap is small at all tempera-

tures.

4.4 Effect of time

The results for tests carried out immediately after the test temperature
was reached (5 seconds) and those after a stay of 30 seconds at the temperature
(5 + 30 seconds) are shown in Tables 3a to 3d. In all cases the difference in

strength is negligible.

4.5 Effect of orientation

The results for RS 131 in the longitudinal direction are given in Table 3a
and Fig. 5; and in the transverse direction in Table 3b and Fig. 6. The
difference in values is very small. As expected, strength and ductility in the

transverse direction are lower.
5 CONCLUSTONS

Of the variables investigated only temperature has any significant effect.
The effects of time at temperature, and of orientation are negligible, as is

that of strain rate within the practicable temperature range.

The results indicate that the low alloy steel RS 131 and the maraging
steels DID 5212 and RFE 1090 (G 125) can be considered for all Mach 3 missiles,

and in certain flight envelopes for Mach 4 missiles.
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TABLE la

Calculated skin temperatures in K, (OC) for a
steel case 3.3 mm (0.13 inch) thick, at a point

1.8 m (6 ft) behind the stagnation point, at Mach 3

Altitude 1n metres (feet)

Time e S G ke

in 0 610 1525 3050 6100 9150 | 15250
SeeTIi b 6o (2000)I (5000) | (10000) | (20000) | (30000) | (50000)

0 288 284 | 278 268 248 229 217
(1] (| (| (-5 | 25 | a0 | 51

1 637 620 | 594 551 168 390 302
(364) | (347) | (321) | (278) (195) (117) ( 29)

2 720 705 683 643 560 475 362
(447) | (432) | (410) | (370) (287) (202) ( 89)

3 744 732 712 679 605 523 407
(671) | (459) | (439) | (406) (332) (250) (134)

4 752 740 723 693 627 552 441
(479) | (467) | €450) | (420) (354) (279) (168)

5 754 743 | 727 699 639 570 467
ws) | w10y | ase) | ca26) (366) (297) (194)

- 755 744 i 29 701 645 581 488

(482) | (471) | (456) | (428) (372) (308) 215

8 755 745 729 703~ 649 592 516
(482) (472) (456) (430) (376) (319) (243)

10 755 745 729 703 65 596 535
(482) | (472) | (456) | (430) (378) (323) (262)

10
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TABLE 1b

Skin temperature for the same case at Mach 4

Altitude in metres (feet)

Time

seignds 0 610 1525 3050 6100 9150 15250
(0) (2000) | (5000) | (10000) | (20000) | (30000) | (50000)

0 288 284 278 268 248 229 217
G 15) (1) () (=5 (=25) (-44) (=517)

1 921 894 854 787 655 532 380
(648) (621) (581) (514) (382) (259) (107)

2 1060 1037 1002 942 813 678 490
(787) (764) (729) (669) (540) (405) (217)

3 1100 1081 1052 1001 887 760 569
(827) (808) (779) (728) (614) {487) (296)

4 1112 1096 1070 1025 924 809 628

(839) (823) (797) (752) (651) (536) 355

5 1116 1100 1076 1034 943 838 673
(843) (827) (803) (761) (700) (565) (400)

6 113 & 1102 1078 1038 953 857 707
(844) (829) (805) (765) (680) (584) (434)

8 1118 1103 1080 1041 961 875 756
(845) (830) (807) (768) (688) (602) (483)

10 1118 1103 1080 1041 964 883 786
(845) (830) (807) (768) (691) (610) (513)

11
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TABLE 2

Specified composition and properties

(a) RS 131

Composition: min 7 max 7%
Carbon 0.30 053
Manganese 0.40 0.60
Silicon 0.10 0.35
Sulphur = 0.010
Phosphorus = 0.015
Nickel = 030
Chromium 0.80 L0
Molybdenum 0.15 0.25
mg_r_ti_ﬁ: (room temperature)

UTS (min) 1158 MNm2 (75 tonf/inz)

0.1% proof stress (min)
Elongation (min)

1004 MNm~ (65 tonf/in")

87

(b) DTD 5212

Composition: min 7 max 7
Carbon = 0.015
Silicon = OO
Manganese = 0.10
Phosphorus = 0.010
Sulphur = 0.010
Aluminium 0.05 QL5
Chromium - 0.25
Cobalt 150 8.5
Nickel 170 19.0
Molybdenum 4.6 el
Titanium 0.30 0.60

Properties:

UTS (min)

UTS (max)

0.2% proof stress (min)
Elongation (min)

(room temperature)

1800 MNm® (116 tonf/in2)

2000 MNm- (130 tonf/in))

1700 MNm~ (110 tonf/in")
87

12



Comgosition:

Carbon
Manganese
Silicon
Phosphorus
Sulphur
Chromium
Aluminium
Cobalt
Molybdenum
Nickel
Titanium

ProEerties:

(c) RPE 1090 (G 125)

min

ONP O
O o O

(room temperature)

2000 Mm% (130 tonf/in
2240 MNm, (145 tonf/in)
1930 MNm~ (125 tonf/in")

UTS (min) 2
UTS (max) )
0.2% proof stress (min)
Elongation (min 1%
13
S — - ¢

max

0.0107%
0.10

2
2)




6" %1 (A4 181 8L1 %791 GGI AV

il )¢ 0zt 081 8L1 S91 961 911 "

£ 71 €2¢¢ 181 LLT €91 %51 SIT | 0OF + 0oL
L7 ZEe €81 LLT 791 (0191 AV

%G1 "eT 981 081 L91 0G1 Y11 "

0" %1 0€C 6L1 Ll 191 0¢1 EL1 S

%6 L08 96L 96L 18¢L %9L AV

7°6 008 S6L S6L 8LL 6SL Tra "

9°'6 €18 96L 96L w8L 69L OTT | Of + 00S
06 18 108 108 68L LLL AV

7°6 118 96L 96. £€8L 89L 61 “

L°8 1€8 G08 S08 ©6L el 81 S

Tl %611 0L11 GZ11 0801 €601 AV

@ LT 61T L911 8711 %801 7901 L "

T Tl w611 ELTT i 9L0T1 7901 91 | Of + 00€
T LI 8811 LYTL 0Z11 £901 0€0T AV

S0l L8T11 9%l %201 2901 ®2701 %1 "

9L 8811 LY11 9111 €901 9€01 bl 9

8°01 (4 KA L&oil €071 8911 8Y11 AV

%" T 19¢t 9Tzl 2071 8911 6911 4 | i |
A1 €971 6221 7071 8911 LYIT 3

L _WUNK 7-UNK :
coAuumco mumm uteilg 93181 utellsg Npezz NlEZ? NIEZZ *ON o9s o)
e L (. 23s z%0°0) | (. 93s z%00°'0) $8313s s$s313s ssa13s ardueg awt] .
= = : aanjeaxadua]
Isey SIn MOTS SIN Jooad yG-0 | 3ooad yzz°0 | 3ooad Z1°0
Teutpnitduo 1¢1 SY  (®)

sat3aadoad ay1sua]

€ d19vL

14




0°¢l 91¢ 081 9L1 €91 €61 AV
1€l S1¢ 781 6L1 L9t 951 L1L m
6°C1 91¢ LLT €L 861 6%1 911 |Oft + S 00L
A LET 6L1 SLT €91 €61 AV
0°21 8€¢C 081 €LT 861 AR 1L “
(AR A 9€¢ 8L1 9.1 .91 6S1 €1l S
£°8 008 G8L S8L SLL voL AV
¢ 8 €08 S6L S6L 18L Yol [Ans "
%°8 L6L SLL SLL 69L €9¢ I1L JOE + S 00¢
Gl 0g8 018 018 L6L 184 AV
B L [4%:] S08 S08 16L SLL 81 "
SISk LT8 %18 718 £08 98L L1 S
0°¢ 6411 { 2911 6111 8L01 9%01 AV )
19 0811 | £911 8CI11 7601 L901 871 "
6L 811 ! LSTIT 0111 2901 %201 ¢l 10t + %G 00§
0°8 G811 SSIT IC11 %L01 0S0T AV
i 0811 8ETI AL | 9L01 €601 71 "
il 6811 TLIT 6111 i C¢L01 L%01 €L S
8°8 el 1eet 1611 6ST1 6€11 AV
06 m ELAA 6121 €611 £911 m 18241 ! Z1 “
'8 “ FAAA ¢cal 8811 CCT11 | €Tl i 1L | ! ”
e T T 5 T .
i > _UNW > _WNIW 7 o a5 i ! i
g M 3181 UTBIIS 23l uUTRIIg Nnazr uuezr { mvtzz M *ON 098 “ 3
uot3e3uoTyd | (. 2°s Z%0°0) { (,_°°s Z%00°0) $S911S { $8913S { $S311S Wsﬁasmm BWIL Muus sindani
| *Tasey sin W\,ison sin jooad %c+ o Nwoona 220 | Jooxad g1°0 | i w R R m
i i i i |

9saaasuel] 1€1 S¥ (q)
(p3uod) ¢ FI9VL




s GGH GSY 1Y Z6€ 9LE AV

6°€T 9% 9% 914 16€ 1L€ 6ZSK "

VARA LYY LYY 11% 76€ 9L€ LZSK |og + 0oL
191 8ch ozY 10% 1L€ 413 AV

6°€1 09% VIA/] 00% 89¢ 0S¢ 9ZSK i

AR A 95y STy zZoy €L€ £6¢ SZSKH S

L'8 %611 1611 vET1T 6111 AV

€°01 8111 €111 9601 £801 LESK i

oy 0611 0611 LT 9S11 6ISK |o0E + 005
0°'8 0ST1 8ETT LETT 0zZT1 8011 AV
€L €GT1 it A2 9Z11 LTT1 8TISH i

98 CLAR €€ AN €111 8601 91SK <

£ 9541 9641 9641 ovl A% A AV

&1 871 2T91 8ZIY1 rALA %041 9ESH "

6°L %841 VLA %8491 8941 0991 €ESH | Of + 00k
9°L 09%1 8SH1 86%1 0S%1 9eH1 AV
0°8 €671 €641 6841 G8Y1 6941 SESH 5

1°L LTY1 IFAA LTyl SIY1 €0%1 ZESK S
0°6 1181 1081 66L1 SLLT IATA AV
8°8 8081 96L1 96L1 9LL1 LSLT LSK *1°¥
'6 €181 G081 1081 wLLT 9YLT 9SK
_WONKW _ONIW
G wuwm ureils wumw uteils NIEz: Nlazz NISzz *ON Jo9s uo
uotye3uolgy Aalumm Z%0°0) Aaluwm Z%00°0) §S313s $8913S §S9313s a1dueg auT] sinjeradmay
Ised SIn MOTS 31N Jooad %60 | 3ooad %z*0 | 3ooad %10
212S axa ()

12935 Buideaen

(P3u0d)

£ F19vVl

16




VARA Vi 7ty LoY 68¢€ 7LE AV
7°C1 5% £y L0OY 68€ VZAY 0ESK "
A e VA LOY 68¢ £LE 6ISW | 0€ + S 0oL
£ k1 9sY A 0o1% 98¢ L9€ AV
L°E1 6GY 1Ty LOY €8¢ G9¢ 87SKH "
g €S% A (A8} 68¢ 69€ LISKH 5
79 88¢T 8LET 98¢€1 9LET AV
9°9 SLET E9ET TLEL 09¢€1 9TSK "
() 00%T T6€T 00%1 T6E1 GZSK |0 + G 00¢
(A 2oL 01%I 7Thl 0Tyl AV
%9 9T L 7091 919 Ly HTSKH "
09 | ! eV L 9Ly eI 8Tv1 ETSK S
MR RRA SESSEIRERE T N
w 89 79L1 09L1 0941 5Ll AV
6°9 | ILLT LILT L9L 6GL1 TESKH "
L9 8GL T ESLT 541 SYLT GISW |0t + S 00§
9°9 69L1 E9LIL S9L1 T9L1 AV
g5 S9LL 19LL S9LL 5901 TESH u
99 eLLT S9LT S9L1 LS ISK S
Rl 8017 9607 2607 2807 SL0T AV
T i 8012 9602 6807 LL0T G907 BISKH A
b A r LO1T S60T §60¢ £L807 7807 LISKH
- _ONI 5 _WUNK
m y | 27e% ureass s781 ure13g g e g A oN 238 Dy
uotrle3duoly mq,..umm Zh0°0) Aﬁlum.n Z%00'0) s$saa3s i Ss$a213s §83138 a1dmeg [WTL arniezadway
| = 3s%2 s mOTS SIN jooad %50 ﬁuOOka 4270 | 300ad Z1°0

(621 9) 0601 ALY

®)

(p3u0d)

€ I19VL

17




20:Omm
PARALLEL 1 40 mm

—

45O mm

FIG.1 CYLINDRICAL TEST PIECE

T S g 4 as + T8 TS
;

P - -

TR.4S
FIG1




TR &5
FIG 2&13

7100 dIWLS NENL-3NO
NI NOILISOd NI N3WIJ3dS €914 A1BW3SSY 1S31 ¢9Id

&

av3HSSOY)

N3WII3dS

Ey. 8T —
: TTTT——m

» - 7 S310H
8 ONILHOIS

i l/
v

SH3L3WOYAd ¥l

P
%

SQo0¥ 171nd

o




TR 45

FIG 4

WYIOVIQ NOISNILXI/AVO1 TVIN3IWI¥IAX3 7°Ol4

INIWIAON QV3HSSO¥D

A} RASAARRES | By A T ‘.\q\\

C:0O 3.ivy N'VyIS-8
00 3.vd NIVEIS- ¥

" w  Sol-D

Gvod ﬂo R " " %020
L S 341S

SS341S 500484 ©/65-0
37iSNIL Alvn




[ —

JYNLIVYIdWTL ONINIVLLY Y314V 23S 0€
31vY NIVYLS | 03S0LxZY LV Q31S3L SN3IWIDIJS
TVNIGNLIONOT 0ELSH " 3dNLVY3IdWIL HLIM SS3MLS

4008d %20 ANV S1N 40 NOILVI¥VA (9)S 914

(Do) 3YNLVYIAWIL
004 009 00S 007 00€ 00Z 00L 020

e e e e e .[lllrllvlﬁ

-00L

r00Z

F009
-00L
-008
-006

+ 000t

4004d %20 _
= ,‘Too:
_

45
FIiG 5

oozt
Loszl
(ZWNW) SS3MLS

FANIVE3dN3L ONINIVLLIV NOdN A13LVIA3WNI .
‘JIvY NIVYLS ,J3S0*Z7 LV (Q31S3L SN3WIJIJS
TYNIGNLIONOT 0ELSH "39NLVHIdWIL HLIM SS3YLS
4008d %<0 ANV SLN 40 NOILVIMVA (P)S™DId

(Do) 3UNLVHIIWIL
8&. omw 00S 007 00€ 00Z 00 0o

£ S R —_—r iy

r00L

00Z

- 00€ »

s ¥,

+00S

-y .

g ———— g

ﬁoow

e &

2

- 008

~006

_3004d %20 Lonot

+OOLL

_.SN—
L0sZL
12 NIv) SS3M1S




TR 45

FIG 6

3YNLVE3dNIL ONINIVLLY Y¥3Ld4V O3S Of
3LvE NIVYLS 935S 01xz7 v 031S3L SN3IWIOIJS
ISYIASNVYL 0ELSY “3UNLYHIAWIL HLIM SSTULS
4008d %Z:0 ANV SLN 40 NOILVIYVA (9)9 Ol

(Do) IUNLIVYIdW3L
00L 009 00S 007 00€ 00¢ 0oL 020
[ — - - “ —_— i 4 - IR W— —_— Ilr|+

|

|

00t

+ 00z

// -00E

”/ - 008

// ‘.ua_m
// 000
37 00 LY 400¥8d %Z-0 ey

= Q0LL

+ 0021

QseL

ZUNW) SS3ULS

FHNIVEIAWIL ONINIVLLY NOdN  AT3LVIA3WWI
1Y NIVHLS [ 03S (0IxZY 1V Q31S3L SN3WID3LS
ISHIASNVYHL 0ELSH FHNLIVHIdW3L HLIM SS3YILS
4008d %Z0 ONV SL1N 40 NOILVI¥VA (P)9 9I4

(Do) YNIVEIIWIL
00 007 00€ 00¢ 00t 0ZO

| SO W T S— ¥ i "t

00l

-00Z

Sdfi= _—3008d %Z-0

L0sz
(ZWNW)SS3HILS




FIG?

FYNLIVHIdWIL ONINIVLLY ¥314V

J3S 0€ 3ivd NIVYLS 23S 0ixZ-7 Lv Q31S3L
SNIWIO3JS 212S Ald "FUNLVYIdAWIL HLIM SS34ILS
4008d %20 OGNV S1N 40 NOILVIYVA (9)L 914

(Do) I¥NLVHIAWIL

JUNLVHIAWIL ONINIVLLY NOdN
AT3LVIA3IWWI 31vd NIVYLS [ 03S (OIxZ-7 1V
Q31S31 ZIkS ALd "3¥NIvH3IdWIL HLIM SS3d1S
40048d %Z0 ONV S1N 40 NOILVIYVA (D)L 914

(Do) 3HMIVHIMWIL

00L 009 00S 007 00€ 002 00 070 00L 009 005 007 00€ 002 0L 020
L 00l L 001
r00S -00S
|
m
“
} 0001 L 0001
sin— /30084 %20
400¥d %2:0
: L 0051 ﬁocm.
|
»
t 000z - 0002
|
|
|
”
|
0052 L 00sz

(W NW)SSTHLS

(Z9NW) SS38LS




TR 45

FIG 8

JENIVEIdW3L ONINIVLLY Y314V
03S 0€ 31vYH NIVYLS ,D3S0xe-7 Lv Q3L1S3L
SN3IWIO3dS SZL9 "3UNLVYIAWIL HLIM SSIHLS
4008d %Z:0 ONV S1N 40 NOILYIYVA (9)89Id

(Do) JYNLVHIAWIL
00 009 00S 007 00€ 00¢ 0oL 020
- Gl e T e J—
+00lL

~00S

~0001L

- 00stL

Slif<Z 3008d %20
0002

0052
(29 NW) SS3 1S

FANLIVE3IIW3IL ONINIVLLY NOdN
AN3LVIA3IWWI 31vd NIVHLS 0IxZ-7 LV Q31S3L
SNIWIO3dS SZI9 "IYNLIVYIIWIL HLIM SS3IHLS
3008d %<0 ONV SLN 40 NOILVIYVA (P)8 914

(Do) 3UNLVH3IWIL
00L 009 00S 007 00€ 00 001 0o

| BSOS

T BTN SRR - ==="es [N B i " P

+00S

3004d %20

|
w_ooow

(2w NW) SS381S




DOCUMENT CONTROL. SHEET

(Notes on completion over e at)

v, bt sevarsly elasselroat ton o shept . STt an e we s i S R fi A T BN E Ry e e
(As tar as poasible this sheet should contarn only unclassitied antormacion. It 1s 1s necessary Lo ent«
classitied information, the box concerned must be marked to sndicate the classification eg (R),(C) or (S))

(if known) . -
Rocket Propulsion Establishment,

Westcott, Aylesbury, Bucks.

Sa.Sponsoring Agency's 6a.Sponsoring Agency (Contract Authority) Name and Location .
Code (if known)

I. DRIC Reference (i1f known)| 2. Originator's Reference| 3. Agency Reference 4. Report Security
Classification
Technical Report 45 Unlimited
5. Originator's Code 6. Originator (Corporate Author) Name and Location
-

1

7. Title
The effect of simulated aerodynamic heating on
the strength of three rocket motor case steels <
rm— S —— i
7a.Title in Foreign Language (in the case of translations)
7b.Presented at (for conference papers).Title, place and date of conference
8. Author ],Surname, initials [9a Author 2 9b Authors 3, 4... 10. Date pp rel
Ramsden, G.R. Herrick, D.A.R. 6. 1976 24 3
11. Contract Number 12. Period 13. Project 14. Other References

15. Distribution statement

15. Descriptors (or keywords)

Alloy steels; Rocket motor cases; Mechanical properties; Aerodynamic heating;

Proof stress; Ultimate tensile strength.

continue on separate piece ol paper if necessarv

Abstract

The report investigates the effect of simulated aerodynamic heating on three
high strength steels [RS 131, DID 5212 and RPE 1090 (G125)] at temperatures up

to 700°C, attained in 5 seconds.




