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Relationship of failure of fuel nozzle seal spring and

engine smoking failure
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Abstract: The ultimate cause of the long-existing smoking failure of an engine type was
explored by an explorative study of comparison analysis of flow tests, fuel nozzle structure a-
nalysis and spring failure mechanism analysis. The proof analyses of fuel nozzle and manifold
flow tests on a smoking engine and a non-smoking engine show that the ultimate cause of en-
gine smoking failure is the un-uniformity of manifold flow at the idle condition resulting from
back pressure decrease on some fuel nozzles. The proof analysis of the structure of 14 nozzles
of a smoking engine shows that the ultimate cause of the drifts of nozzle and manifold flow
characteristics are the loss of the pressing mechanism of the seal spring, and the ultimate
cause of that is the excessive un-evenness of the spring end leading to un-uniformity of pres-
sure on the uneven end during nut screwing, which leads to abnormal fall-down and plastic

deformation of the spring.
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Table 1 Statistics of outfield smoking failure over a period of a year
0013 435h53 min 5
0006 142 h32 min 2,5
0020 402h s s 14
0008 1 ,199 h16 min s 14
0044 109 h54 min ’ 2,7,13
0045 97 h57 min 7
0012 239h 14
2 0013
Table 2 Workshop retest results of fuel nozzle flow in 0013 engine
/(L/h) /MPa /()
748~772 209.4~216.6 0.407~0.417 70~80 83~93
1 738. 04 200. 3 0.376 74 89
2 757.38 213.06 0.407 72 85
3 748.79 207.95 0.39 73 84
4 757.38 207.95 0. 385 74 88
5 731.59 195.2 0.35 74 87
6 755.23 210.5 0.397 74 88
7 744.49 207.1 0.373 74 86
8 750. 94 207.1 0.383 76 89
9 744.49 208. 8 0.387 73 85
10 735.89 202 0.373 78 88
11 720. 84 196.9 0.355 75 88
12 740.19 211. 35 0.417 75 87
13 735.89 209. 65 0. 395 77 88
14 744.49 216.47 0.415 77 88
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Table 3 Workshop retest results of fuel manifold flow in 0013 engine

/(L/h) /(L/h) /(L/h) /(L/h)
, . ( ) ( )
(555) (41s) 2.942MPa (150%) 0. 981 MPa(265s)
1 613 719 201 112
2 625 736 194 110
3 628 738 196 113
4 627 736 199 115
5 608. 5 718 233 130
6 630. 5 742 195 113
7 621 731 214 121
8 624 735 198 114
9 615 728 197 115
10 616 724 205 115
11 611 716 199 112
12 614 726 193 110
13 617 726 195 114
14 619 724 194 110
8669 10199 2813 1604
619 728.5 201 115
1.80 1.80 16 13.20
/% —1.70 —1.70 —3.98 —4.35
/% +1.5 +1.5 +5 +8
/% +0.8/—0.8 +1/—0.9 +3.6/—2.2 +3.3/—2.3
3 )
3.1 (
C . ’ D
100~ . ’ ( )
400 h . ’
A 2) : 1,
. 13 6 11
D) : 1, . 6
) ) 6 10 R
, 6 50N+ m , )
, 10 ( 0013
; , 10 )
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Table 4 Plastic deformation,wear and retest values of static elasticity of 0013 engine seal springs
/N
1 S S 101. 93
9 , 96. 91
3 100. 26
A S 100. 82
5 102. 29
6 98. 48
7 100. 61
8 100. 11
9 S 105. 68
10 S S 104. 52
11 100. 00
12 S S 97.36
13 104. 27
14 104. 47
4 2~ 3,2 17
\ 435 h53 min . s 2
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Fig. 2 Wear of the cadmium layer at both ends

of No. 2 spring
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Fig. 3 Wear of the cadmium layer at both ends
of No. 5 spring
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