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Simulation on the Effect of Thermal Shock Experiment on the Structure of
Nozzle Closure in Solid Rocket Motor (SRM )
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Abstract Thermal shock experiment could test the effect of extreme temperature environment on the structure
of SRM. By using thermal-structure interaction method of three—dimension finite element software, change of
temperature, stress and strain of a nozzle closure of SRM subjected to thermal shock experiment was obtained. The
results show that there exists temperature difference up to 46 °C during the temperature shock experiment; there
exists differential temperature stress, too; and the stress reaches the largest of 18. 13 MPa at the interface of Al alloy
support element/EP sealing element at low temperature of =50 °C, where is the site the nozzle closure breaks first. EP
sealing element is the weakest part, and the internal stress in EP with adhesion structure of nozzle closure is 11. 6
MPa, while that with separation structure of nozzle closure is 9.1 MPa. The influence factors of the structural
integrity of the nozzle closure subjected to temperature load are obtained, which show that the selection of sealing
material with low modulus and moderate coefficient of linear expansion, the choice of molding technology at room—
temperature, and the separation of the interface of support element/sealing element reduces the internal stress at the
interface of support element/sealing element effectively cause by thermal shock experiment. The results from thermal
shock experiment for SRM with GFM/EP/AI alloy nozzle meet that of predicted.

Key words Solid rocket motor, Nozzle closure, Temperature shock experiment, Structure, Simulation
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Fig. 1  Finite element model of expansion segment in nozzle closure
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Tab.1 The parameters of materials

Parts plkg-m™ /107K E/GPa v AW(m-K)™! c/1-(kg-K)™! o /MPa o, /MPa &,/%
GFM 1670 1.85 10.5 0.40 0.418 1111 60 66 -
Al alloy 2770 23 71 0.33 186 875 280 310 -
EP 1200 6 3 0.38 0.22 550 - 70 5
EP1 1200 6 0.7 0.38 0.22 550 - 17.7 2.3
EP2 1200 6 0.6 0.38 0.22 550 - 9.7 1.4
PP 910 2.8 1.32 0.41 0.24 1900 - 28.9 450
PC 1200 3.6 2.32 0.38 0.24 1170 - 60 75
PE 950 23 1.1 0.42 0.28 2300 - 33 330
NBR 1240 16 0.0061 0.49 0.26 1720 13 14 450
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Fig. 5 Change of stress and strain of EP nozzle closure in SRM during thermal shock experiment
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Fig. 6 The contour of stress and elastic strain of the nozzle closure in SRM at thermal shock time 248 400 s(69 h)
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Fig. 7 The effect of modulus E,, of EP on the stress and elastic strain of nozzle closure
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Fig. 10  The effect of molding materials of sealing element on the stress and elastic strain of nozzle closure
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Fig. 11 The contour of equivalent stress and equivalent elastic strain of nozzle closure contains bonded interface between

sealing element/support item at the time of 248 400 s(69 h) compared with that contains separated interface
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Tab.2 Simulation results of nozzle closure with or without adhesion between sealing element and support item

Interface of sealing

Parameter o, /MPa e, 1% o /MPa e 1% 7 /MPa vy 1% X
. . element/Support item
op 11.6 1.16 ~5.59-15.8 1.13 6.71 1.85 Bonded
9.1 0.91 -3.17~12.0 0.084 5.20 1.44 Separated
ALl 18.1 0.0256 -3.71~15.8 0.0216 10.45 0.039 Bonded
Aoy 8.47 0.0147 -3.17~12.0 0.0157 4.66 0.018 Separated
-~ 58.1 0.553 ~13.6~86.0 0.535 33.5 0.893 Bonded
58.1 0.553 ~13.6~86.0 0.535 33.5 0.893 Separated
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Fig. 12 Nozzle closure pictures before and after thermal shock test of SRM and pressure—time curve of opening up test of nozzle

closure in SRM at high, normal and low temperature

3 #ig
DU O FOHER A0 T — A & b
I 2 I v U Y 2 A e R P L A5
(1) b B0 TR 1 o A5 1 6 A T B <oy 2o A v A7
TER/INA— R 22 o Horb, D7 iR +70°C TR G 3% 2 41K
— 70 —

H-50 CHMAIKIR 50 CiR T 2 2 +70 CH AN
TR 225K, 155 46 °C;

(2) KBS S AEH IR+20 CHF, W N AR /)N,
+70 CJE 7, IR —50 “CHY A4 7 N A B R, (A8
T YRR OSBRI O, T TR 55 A2 I vhl
B A e R I 5 TR v, AT i e K

FHAE T2 hip://www.yhelgy.com  20214F 45 581



IS RN - EP< Al alloy < GFM, ¢ KW 28 K /)N
JF-J2 : Al alloy<GFM < EP. $5c KR /7 18. 1 MPa Filf
RISEAE 1. 13% Y KA B SHEFEP BB FIRAR
FRIHIAL | &M 3 5 2052 T B b ik 2 J 1 B B
{838 55 WSS B L EP B B

(3) 5% Wi Yk 2 oo o vp W4 0 25 52 1 RS DL R 1Y
WFFE W - 0 EP 55 B Y S A R R Ul
WA 3 5 ) EP BRI BR 5 4 SR B4 g X 3
T G0 EP %5 B R A 2R i 2R, 38 5 o 1 EP 2%
PERNGER 5 S AR RIS T e8I, I I Wt B8 18
TF8 B SCPE AR IR BOE 28 S, W] RS2 ST ) N
I 3 EP BT 11,6 MPa %4 9. 16 MPa; %
PRI RAE AT, W B0 50 <6 SRR R 0 B 1
J1K/INIBUF S : NBR<PC<EP<PP<PE, 13t 1% il NBR .
PCHIEPAE Jy3# 52 8 B AT RS 5

(4)2R H GFM/EP1/AR 45 WA 1 B9 R B HL 22
bR EE bl IR A e R TR R A TFRAE LG, Rk
RARIIE W, 10 R F GFM/EP2/AR A 4 W4 1) B 5
RANHLLE I il R bl 5 R SR I X SE 5 A Y
LEREVIE )

B %3k

(1) ik LR W AT PL-2 RSB
I A L) ] DA IR, 1983(3) :6-8.

WANG D C. Proposal of changing from adhesion to weld—
suggestion on the solving of the problem of PL-2 motor nozzle
closure[J] . Aero Weaponry, 1983(3):6-8.

(2] WHEE , SO/, B35, 55 BB I 3 T 2R 300
(). FRURRNT.22,2014,44(3) : 101-103.

XIE G J, ZHI X M, WANG Y, et al. Failure analysis of
end lid on spray pipe [J]. Aerospace Materials & Technology,
2014,44(3):101-103.

(3] 5k, B 7 XUSRIM, 45 . —FhSGak ) [ A4 s i
KAl et ()], BUABEHEIA ,2008,36(2) :25-29.

ZHANG Q, SHAN R Z, LIU L Q, et al. Design of an
advanced port cover for solid rocket ramjet engine [J]. Modern
Defense Technology, 2008, 36(2):25-29.

(4] Rath, BIER. GBI Gitcl.
[l 25 27 22 8l 1 03 22 KO K Bl e ik 2 51 2% 2009 4 25 1038
A ,2009: 166-170.

SONG J S, MAO Z S. Design of nozzle closure based on
structural failure pattern [C]. 2009 Symposium of Rocket Motor
Specialized Committee, Power Branch of Aviation Society, 2009 :
166-170.

[STRB/NE B GR, E/NE . T 6 A W 4 i 12t B
WEFELT ] PR K EE A, 2004,27(1) - 81-83.

TU X C, WANG Z L, WANG X J. Test and research of
nozzle closure made of hard foamed plastics [J]. Journal of Solid
Rocket Technology, 2004,27(1):81-83.

(6] XFEis , P B, AR, 55 . A A s U As 4 o

FHIMEIT.Z  hitp://www.yhelgy.com 20214 4554

Z R HT BRI [ C L. AR AR AT 2 R B 2 [ 4
HEEBAR BT SV 20 2017 SE2 AR 22 WV LN , 2017

DENG K Q,PANG A M, ZHU W ], et al. Simulation and
experimental study on the nozzle closure of solid rocket motor
subject to chamber pressure load [C]. The 2017 Symposium of
Solid Rocket Technology and Initiating Explosive Device Group,
Science and Technology Committee of Aerospace Science and
Technology Group Company, Huzhou, Zhejiang, 2017,6.

(70 S, A e, B 5 . 2 R e i e 1 1 4 s AL A
Mt S oA L) ). AR 1998, 19(4) : 74-77.

SHI H B, HOU X ,ZHONG W F. Non-Linear analysis of srm
nozzle closure with initial cohere imperfections under distributed load
[J]. Journal of Propulsion Technology, 1998,19(4) :74-77.

[8] HASS N E, SMART M K, PAULL A. Flight data
analysis of hyshot 2 [R]. ATAA 2005-3354.

[9] HUEBNER LD, ROCK K E, RUF E G, et al. Hyper—
X flight engine ground testing for X—43 flight risk reduction[ R].
ATAA 2001-1809.

[10] B3 28 BRE A5, 25 nr il . b R st il 3 o i
Bzl g )], AP, 2015,32(5) :28-32.

HE Y P, CHEN Y C, LI L H. Numerical simulation of the
movement of inlet port cover’s fragments in ramjet[ J]. Computer
Simulation, 2015,32(5):28-32

[11] WANG J C. Experimental study of some ignition
problems of small solid propellant rockets [C]. AIAA/SAE 13"
Propulsion Conference, 1977:1-6.

[12] SRR BBAE , SRBTER, 55 . K ShpLE T Xt o)
s T OSE ALY ). FfIE 2440, 2015,27(3) : 76-78.

GUOJY,ZHAO HZ,WU X Y, et al. Research on effect of
the rising rate of rocket motor’ s pressure on friable lid opening
process[ﬂ. Journal of Ballistics, 2015,27(3) :76-78.

(13 ] AR , S8, /N, 2 . B = OBUbk b 1 14 % 5
BLrb 4 J 5 R R RO B [0 ). T Ak #2020, 43
(2):192-198.

DENG K Q,GUO X, YU X B, et al. Analysis on the dynamic
failure of metal diaphragm on pulse separation device in pulse
solid rocket motor[ J |. Journal of Solid Rocket Technology, 2020,
43(2):192-198.

[14] Yse  RRRET , A/, 55 . ik & gh L s I R =X
PARGIT I R TE LT ). T 55 1] 524402, 2020(4) : 65-68.

TANG L, DENG K Q, YU X B, et al. Study on the opening
progress of pulse seperation device in pulse solid rocket motor[ ] ].
Journal of Projectiles, Missiles and Guidance, 2020(4) : 65-68.

(15 ] Pk, X Al iy e 00 o K i R sl et [ .
T A, 1993.

MIN B, LIU G X. Design of solid rocket motor used in air—
defense missile [D]. China Aeronautics and Astronautics Press,
1993.

L16] PhEAR . LA TARAREF I M. JE5C B Tl
Jiikt:,2014.

SUN Y F. Handbook of practical engineering materials
[(M]. Beijing: China Machine Press,2014.



