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of diesel timing gear
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Tab.1 Natural frequencies verification of timing gear

shafting of diesel engine
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Tab.2 Main parameters of fuel injection pump drive gear

pair
AN % 9 /mm i # (%A
B &N A /NG A 32.5 54 3
T 7Hh 2 0K B0 U 48 20.0 54 3

400

Ore=349.39 MPa 5=1.35 mm

I

1

J

I

1

LA X
b
1

I

I

I

< 300 F ' 9

S| :

3250 F ¥ &

2 J 9

b“ 1l .llo
19 -y

200 7o R R
FY 1 99
ﬁ,gaz KT

P14 W SR AR Sl ik e 1A AR il I g A
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gear tooth root
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Mechanism of timing gear tooth breaking fault under the dynamic effect

of multi-branch shafting of diesel engine

SUN Wen', SHI Xiu-jz'ang1 , CHEN Ya hui*, LI Ren-=ze', LIU Rung'
(1.College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China;
2.Wuxi Branch of China State Shipbuilding Corporation Ltd. 703 Research Institute, Wuxi 214151, China)

Abstract: In this paper, the timing transmission gear of a certain type of domestic marine 20V diesel engine is taken as the research
object. Aiming at solving the problem of frequent broken teeth fault, considering the influence of various types of internal and exter-
nal comprehensive excitation, the lumped parametric bending-torsion coupling dynamic model of multi-branch gear transmission
shaft system of diesel engine is established. Based on Newmark step-by-step integration method, the forced vibration response is
predicted, and the accuracy of the model is verified by the actual test data. Considering the influence of dynamic load, the tradition-
al tooth root bending stress load spectrum is modified, and the strength fatigue check of the faulty gear is carried out. The results
show that the peak value of the response energy at the driven timing gear of the fuel supply cam end of the diesel engine is 5.2 times
that of the peak value of the response energy at the flywheel end, which indicates that the speed fluctuation at the driven gear of the
timing gear is too large and the torsional vibration characteristics are poor. At this time, the bending fatigue safety factor of the
tooth root is only 1.35, which is in the general reliability range and is prone to tooth breakage. Based on the engineering practice ex-

perience, the vibration optimization design scheme of the fault gear transmission system is proposed to improve the bending fatigue
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safety factor of the fault gear by 1.61 to ensure the safe and stable operation of the shafting. The research results reveal the mecha-
nism of timing gear tooth breaking fault from the perspective of dynamics, provide some theoretical guidance for accurate prediction
of tooth root bending stress and performance optimization, and provide theoretical support for vibration response analysis and vibra-

tion and noise reduction of diesel engine timing gear shaft system.
Key words: fault diagnosis; gear tooth breaking fault; marine diesel engine; tooth root bending stress
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Tab. A1 Simplified table of torsional lumped parameters for all shafting of diesel engine
#3aE G s | Y B Ggm® (M )
1 Ul R 75 S 1.042 100 35 A G M B: 8 0.0021 0.2
2 TR A A 1F 0.492 100 36 AFN B 7 0.0021 0.2
3 iy 4l 245 %8 0.181 10.42 37 A G R HIBL 6 0.0021 0.2
4 ST 10 1.706 8.35 38 AFMEHIBL 5 0.0021 0.2
5 KBTI 1.507 8.35 39 AFN MR B 4 0.0021 0.2
6 AT 8 0.927 8.35 40 A G MRl B 3 0.0021 0.2
7 L7 1.507 8.35 41 A G N B 2 0.0021 0.2
8 ST 6 1.507 8.35 42 A BB 1 0.0021 2.64
9 KBTS 1.507 8.35 43 RIK UK 8 Vi 6 0.0065 2.4
10 ST 4 1.507 8.35 44 T K FE IR 8 Vi 5 0.00648 1.74
11 ST 3 0.927 8.35 45 % 01 2 4K Bt 4 0.01138 0.29
12 A2 1.507 8.35 46 Al ™ F BB 8 0.0002 1.1
13 X! 1.706 12.66 47 M A B 7 0.0002 1.1
14 e 11.94 25 48 P e B 6 0.0002 1.1
15 HRAhES 32 3w 8.622 0.96 49 Hhah 4B B 5 0.0002 1.1
16 Mkl & 3o 17.1 25 50 Al 5 B B 4 0.0002 1.1
17 L HL 75 3.31 51 Ayl ™ F B 3 0.0002 1.1
18 PN R 0.01914 1000 52 Aeat e B 2 0.0002 1.1
19 INE R 0.00483 2.18 53 Hba i Fe B 1 0.00037 0.15
20 B 51 9K 5y 1 & 0.03876 1000 54 Al Fe B 1 0.00037 1.1
21 B /N dE 0.01544 0.18 55 Aol ™ FS BB 2 0.0002 1.1
22 BAIMERENE 10 0.005 0.2 56 Ayl ™ 5 Bl B 3 0.0002 1.1
23 BIIMARHIBO 0.0021 0.2 57 I 5 Tl B 4 0.0002 1.1
24 BHIMEETIE S 0.0021 0.2 58 Al 4 B 5 0.0002 1.1
25  BIIMERHIE 7 0.0021 0.2 59 Hbyh 5 B 6 0.0002 1.1
26 BIIMERGIE 6 0.0021 0.2 60 Ayl ™ B B 7 0.0002 1.1
27 BIIMERHIE S 0.0021 0.2 61 Aradh e B 8 0.0002 1.1
28  BAIMEHIEL 4 0.0021 0.2 62 Ak 4 B 9 0.0002 1.1
29 BAIMEETHIE 3 0.0021 0.2 63 Ayl 5 B 10 0.0002 1.1
30 BFIMERAHIE 2 0.0021 0.2 64 Ayl Fe B 11 0.0002 1.1




5511 4 3T, AR SIALZ 4y SR 2R Bl T 2RO R IE I A A R LB 5 1979
e i NIl / o P/ Wil E /
e w1 (kg'm %) (MN-merad ') P # (kg'm %) (MN-m-rad™")
31 BHIMEEHE 1 0.0021 3.23 65 ey e B 12 0.00034 3.6
32 A BN IR S 1 48 0.02945 0.18 66 546 0.04523 2.6
33 AFIMEREIE: 10 0.005 0.2 67 Rl R S 0.00483
34 AFINEERELO 0.0021 0.2
MiX B
XBl EMERREMBEELSH
Tab. B1 All gear parameters of timing gear train
H TR % 5& /mm W (%4 e /() 5 kg
T 14 40 59 3 18 4.2608
B it 30 68 3 18 6.8510
R TH BRI 29 40 3 18 2.0185
Kigs ik 32 59 3 18 3.3467
VN RIS 76.6 33 3 18 2.5686
I 360 2 0K B0 15 58 20 54 3 0 2.7469
B 1 ™ 8 i 145 46 39 66 3 18 6.0784
B &I Fe N FE 32.5 54 3 0 3.8131
IRIKFE 5 32 41 3 18 2.4102
A BN 5 32 66 3 18 4.5783
TR KR 5 5 32 41 3 18 2.4033




