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Singularity analysis of axisymmetric vectoring exhaust nozzle

WAN G Yuxin

(College of Mechanical Engineering and Energy ,
Zhejiang University , Hangzhou 310027/, China)

Abstract :~Setting up the configuration bifurcation equation of the axisymmetric vecto-
ring exhaust nozzle (AV EN)\ and utilizing the hemotopy tracing approach , the configuration
bif urcation behaviors of \the AV EN-driving parallel mechanism and the driving kinematic
chains of the divergent flaps were analyzed. It isfound that whether deflecting or not , the
turning points will exist corresponding to the bif urcation parameter of the area exhaust noz-
zle, and the turningpoints will disappear corresponding to the bif urcation parameters of the
deflecting angle: While the AV EN isin non-vector status, the driving kinematic chain of di-
vergent flapsis at its multi-sngular postion. Both the turning points and multi-sngular po-
sitions will lead the motion of the AV EN uncertain. This kind of motion uncertainty is harm-

ful to the safety of aircrafts equipped with the AV EN.
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Tablel Asembly configurations in the real domain of the AVEN
X1 X2 X3 X4 Xs X6 X7
1 108. 530 131.360 - 91.452 80.993 195.716 - 76.375 197.062
2 60. 240 155. 103 - 137.668 127.481 174.564 - 103.372 187.280
3 64.826 211.379 - 131.096 125.198 175.949 - 102.127 187.829
4 - 66.128 243.535 133.030 - 84.931 176. 108 80. 983 178. 402
5 141.778 122.433 - 55.573 109. 384 184. 486 - 121.630 178.034
6 138. 452 248.176 - 57.610 108.932 184.705 - 120775 178.519
7 - 130. 796 139. 052 66.591 - 75.182 181.563 90. 681 172.553
8 - 64.183 109. 246 134.384 - 84.960 176, 092 80. 986 178.400
9 100. 130 - 130.061 - 99.870 78.237 - 196553 - 78.298 - 196.535
10 55.574 - 157.418 - 141.123 122.648 =7177.450 - 110264 - 184.058
11 58.010 - 208.876 - 138.057 121,019 - 178.382 -1109. 380 - 184.489
12 - 74.523 - 241. 455 125.161 - 89.768 - 173.136 74.509 - 181.915
13 138.595 - 128.696 - 60.262 101.541 -, 188. 085 --125. 323 - 175.875
14 131. 968 - 251107 -.64.034 101. 180 £188:241 - 124.637 - 176.284
15 - 134.986 - 133.506 63. 547 - 81.184 -178.288 85. 362 - 175.851
16 -.68.940 5 106. 457 128. 627 - 89:299 - 173.431 74.489 - 181.925
X8 X9 Xio X11 X12 X13
1 7.668 77. 865 196-452 36.953 57.555 128.739
2 - 45.270 46.768 185. 662 - 0.656 56. 332 126.257
3 - 42.426 47. 462 186. 151 - 0.949 56.223 251.554
4 28.236 59. 249 177.697 - 8.640 52.723 225.211
5 50. 462 46.697 183. 426 -1.094 56. 769 154.872
6 49.438 46. 952 183.659 -1.191 56.132 208. 690
7 - 22.931 59. 258 179.119 - 8.319 52.896 106.829
8 28.302 59.238 177.692 - 8.637 52.724 133.132
9 0.088 78.278 - 196.544 37.057 - 57.524 - 129.937
10 - 50.911 46. 352 - 183.546 - 0.868 - 56.254 - 121.227
11 - 49.009 46.836 - 183.969 - 1.057 - 56.183 - 248.346
12 22.104 59. 758 - 178.657 - 8.635 - 52.725 - 230.231
13 44,111 47.519 - 185.429 -1.134 - 56.154 - 150. 047
14 43.230 47.731 - 185.582 -1.221 - 56.121 - 211.317
15 - 28.858 59. 047 - 177.776 - 8.537 - 52.779 - 109. 337
16 20.920 59. 927 - 178.701 - 8.696 - 52.692 - 137.550
2.2 3 b.(k=1,2, ,8)
2.2.1 AVEN 8 + Py , I J
AV EN AVEN ) 5 000 mm°* 8 500
mm , 3 6 ,
z 3
P:.
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