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Abstract: In order to study the complicated ablation performance of EPDM insulation in the combustion
chamber of a double—pulse solid rocket motor, an engine experiment scheme with working time of 15s and two ig-
nition of 7.5s+7.5s was proposed. The surface morphology of the ablation specimen, the surface and section mor-
phology of the carbonized layer and the three—dimensional configuration of the carbonized layer were obtained by
SEM scanning and micron CT testing.The ablation rate of the specimen was calculated by the measurement results
of the thickness gauge.The results show that the ablation rate of the EPDM insulation is higher than that of the con-
ventional engine under the same total working time.Compared with the specimens in the traditional engine after a
single thermal shock, the thickness of carbonization layer decreases by 50% and the overall porosity increases by

13% because of the double pulse engine after a second thermal shock.The density of the dense layer on the abla-
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tion surface also decreases.The ablation performance of EPDM insulation varies greatly under the secondary ther-

mal shock when the double—pulse engine is in operation, which should be paid more attention to in the design

process of the insulation in the combustion chamber.

Key words: Dual pulse motor; Solid rocket motor; Combustor; Heat insulation layer; Ablation; Exper-

imental study
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Fig.1 Ablation experimental system
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Table 1 Two groups of experiments each specimen

carbonization ablation rate(mm/s)

Test Specimen 1 Specimen 2 Specimen 3 Specimen 4 Average
1 0.212 0.196 0.206 0.194 0.202
2 0.232 0.223 0.208 0.213 0.219
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Fig. 6 Photograph of specimen surface after ablation
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Fig. 7 SEM photos of specimens after ablation (1)
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Fig. 8 SEM photos of specimens after ablation (II)
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Fig.9 SEM photos of carbonized layer cross section (1)
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Fig. 10 SEM photos of carbonized layer cross section (II)
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Fig. 11 3D reconstruction results of specimen 2-1
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Fig. 12 Section diagram of carbonized layer reconstructed
in 3D

) EPDM 4 $4J2 e £k 2 3 RE 1 = 44 B IR R 6], 3
PRTE AR AN FE 1 7 07 1 K 5 8 4 R B T vy, 2
Mo P 12 DU AL LD T B AR A 0 0 T R
AW Wb (4 Sl 0 W e, T I L T A
ORI AR R, ey 1 AR i B2
3.6.2 YRR WA B

AR B A B ok CT IR Oy vk, =i st
H) & R VG Studio #44 2F 47 41 3 5 10 9 #k 59, 4Rk
33% 07 1) b BT R, DU TR 4 i o . 4
BIXFRAE 1-1 53R 2-1 #E47 T = 4t B 44 .

K13 250 — S0 me i g5 o8 -1 PRl s
B 2R Ak 2 306 R B &,y 2 = AN AR T 1) b ) T AR
KL B R B A S g a0 = 2 Al R 1] D56 T Ak

L G RS TR VA = = N SOy T 1 oA 1 B By [ B e
T O 35 55 B B 0 &%, 1F 1) 48 1] RF i vl — A . 2
J7 1) Ay 2t P2 B il 1, RISk e ikt 3 T %) 3 ) T[]
R e ik T AR A RS Ry e ik R 2 A B — Ay T
] 3 SF A7 T W LA« F 2 Tl i — 20 i, i O RE
Ly S BVE- 38

FIREHL, B 14 25t T 28 Al LB e 5 ok 2-1
(R A 8 Il I 1) A 2 30 1 A Y ey 2 = AR T
] b A ) AR, e ] 12 v R TR S 14 Y woz
FR A AE y 7 1) L 3 BORY A B R R T AE A 25 5, 5 1813
oI oz FTHD AH B A ORHBGE Bl S FL AR AR K, FL B R AR
.

WL E 13,14 % e DIAE -

(D) xoy V-1 L« BB b o T 314 1) S8 AR L B 3L
¥y R AR R R R LB R, B 4 A T
ANBIE A R IR LBAE T BB B kAR 2
FEAS ARV, T2 0 B R 438, ok Ak )2 I VR
3 AH B T R I T DX B ) 8 ekt B R 0, R L B 3
AR,

(2)xoz V-1 b - U551 Iy ), P 2H il R i fL A2 18
T3 Ty N = R < R L Tl A WL P o TR S R
DI 0T (5 1 Dl 4 B0 L FLBRAR D) e Ak 2
FL IR 53 A5 AN 34 AE BUBRAE T T AL AR R AL B 232 3 K Y

xoy

yoz

Fig. 13 Section view of carbonized layer after ablation of specimen 1-1
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Fig. 14 Section view of carbonized layer after ablation of specimen 2-1
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Table 2 Results of stratified image analysis in ablation direction of carbonized layer (specimen 1-1)

Layered information of ablation direction

Material volume/mm®

Defect volume/mm? Bulk volume/mm® Defect volume ratio

Al 0.14
3 :
Total 0.76

0.02 0.16 11.55
0.08 0.16 49.41
0.07 0.16 42.20
0.06 0.16 37.21
0.08 0.16 48.76
0.07 0.16 44.85
0.09 0.15 58.67
0.12 0.16 74.98
0.11 0.16 68.92
0.12 0.15 79.70
0.81 1.57 51.63
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Table 3 Results of stratified image analysis in ablation direction of carbonized layer (specimen 2-1)

Layered information of ablation direction Material volume/mm

Defect volume/mm? Bulk volume/mm® Defect volume ratio

Total 0.39

0.06 0.14 42.64
0.10 0.15 63.31
0.08 0.16 48.36
0.08 0.16 52.05
0.10 0.15 65.16
0.12 0.16 75.34
0.54 0.93 58.14
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Fig. 15 Relationship between porosity and thickness
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