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Research on the Failure of Peak Pressure Time Difference of the Starter Used in A Liquid Rocket Engine
WU Hao', TANG Jing-shuang', WANG Tian-bao’, WANG Kun'
(1. Shaanxi Applied Physics and Chemistry Research Institute, Xi’an, 710061; 2. The First Military Representative Office
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Abstract: Aimed at the failure of peak pressure time difference of the starter used in a liquid rocket engine, the cause
analysis was carried out, the improvement measures were proposed and their effectiveness was tested and verified. The results
show that the reason for the failure of peak pressure time difference of the starter is that the welding strength between the
diaphragm and the end cover of the starter is insufficient. Under the impact of the high temperature gas, the diaphragm falls off
and ablates prematurely, leading to premature release of the pressure. The improvement measures were put forward, which include
improving the welding process from 1 circle to 2 circles, improving spot welding to continuous welding, adding air tightness and
pressure-bearing performance testing after welding, and strengthening the detection of weakening slot depth. The verification test
results indiate the above improvement measures are effective to avoid the appearance of peak pressure time difference of the
starter.
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Fig.1 Structure diagram of the starter
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Fig.2 Schematic diagram of the test device
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Fig.3 Comparison of fault curve and normal curve
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Fig.4 Ignition delay fault tree
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Fig.5 Photos of disassembled diaphragm of fault product
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Fig.6 Diaphragm status of normal products
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Fig.7 Verification test typical pressure curve
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Tab.1 Verification test data

F5  puma/MPa  fya/s tims | 9 pma/™MPa fomls  t/ms
1 3.66 2.13 313 46 3.56 241 325
2 3.70 2.19 324 47 3.55 245 332
3 3.74 2.16 314 48 349 244 320
4 3.76 2.17 320 49 3.59 2.52 315
5 3.75 2.16 320 50 3.59 249 329
6 3.72 2.17 314 51 352 245 314
7 3.76 2.15 334 52 3.51 2.51 315
8 3.70 2.16 323 53 3.54 2.53 315
9 3.71 2.19 333 54 3.54 249 315
10 3.72 2.18 314 55 3.58 247 324
11 3.72 2.18 317 56 3.53 242 332
12 3.76 2.14 334 57 352 242 337
13 3.69 2.14 320 58 3.55 241 330
14 3.76 2.16 323 59 3.53 242 331
15 3.75 2.19 333 60 3.54 245 331
16 3.72 2.15 335 61 4.16 2.08 319
17 3.77 2.15 333 62 4.15 2.07 332
18 3.74 2.15 324 63 413 2.05 322
19 3.72 2.12 325 64 422 2.10 317

20 3.74 2.16 329 65 426 2.06 321
21 3.29 2.74 326 66 423 2.05 321
22 3.29 2.69 335 67 4.06 2.10 315
23 324 2.74 331 68 421 2.08 328
24 3.29 2.71 329 69 422 2.07 334
25 323 2.65 330 70 423 2.09 334
26 321 2.66 323 71 4.13 2.07 324
27 3.26 2.59 337 72 4.12 2.04 328
28 3.25 2.69 326 73 4.12 2.05 329
29 321 2.71 332 74 4.12 2.05 313
30 323 2.71 335 75 4.06 2.10 319
31 3.19 2.69 331 76 2.99 2.71 322
32 323 2.70 334 77 2.97 2.75 317
33 324 2.69 327 78 2.96 2.75 316
34 3.18 2.75 331 79 2.89 2.71 333
35 321 2.77 334 80 2.95 2.72 316
36 323 2.78 332 81 293 2.69 322
37 322 2.78 332 82 297 2.74 316
38 322 2.74 333 83 291 2.69 325
39 3.26 2.77 335 84 297 2.68 339
40 3.26 2.77 333 85 297 2.73 323
41 3.55 249 332 86 2.89 2.76 327
42 3.51 2.46 328 87 2.86 2.77 336
43 3.49 245 329 88 2.94 2.71 323
44 349 245 326 89 2.96 2.78 330
45 3.53 248 328 90 2.98 2.74 330
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Fig.8 Peak pressure and peak pressure time data statistical
curves
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