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Fig.2  Schematic diagram of radial misalignment

SME TS NG EM A h SR IRTENEE
g A Bl D DT T, BN TS 2 il
JiERe o JE U ANKE i R Ik A5 e A Ly P 1 1Y
TR R 3 R RN RS 2 B L
FrHEE W B E e, o IR 3 TR B e R R
DA A AbFRIE R 3n + 1 B0 S AR5 X 42 3647 43

B3 xR R
Fig.3 Schematic diagram of angular misalignment
B, 3n +1 il (58
H, ., = -R,, . sin acos i (2)
K Hy,,  WZW R GLAS Ry, IZ WA 53
gy P = Ao i 518
X (2) SR A5 B2 4 i ) B A 2K
Vi, .1 =R;,, wsin asin wt (3)
H X (3) AT LA 3|
V... =0, wre(0~m) +2km, £=0,1,2,3--
Vi =<0, wt e (7 ~2m) +2km, £=0,1,2,3---
(4)
H X (4) AT I 3 s A 7 B i 3 B
AR« FE AL S, Wk B AL E A AL E
BB R xR RS Bl AR AR HAl G
3n +1 Wiz s A . PRIHAT B 20 N R EE o B
25, A B AL B IS O B 28 14 4 i T A2 A T
Wy, Ze 2Bt )« Bl 6 13z Bl A R 1A 1) «
HE Iz g, A 4 PR,

Ay

2n+1

w

2n+2

K4 fetzshirm

Fig.4 Movement directions of the teeth



74 JEHAL TR E2 M ( AARHERR) 2019 4F
RV TE N VTS AT 1 Bl 23 6] DA 1A 47 A A ) 22 A EEE
BT, OEEHEE T 2 AR 1A MG G 07 5 O R R A T Tabel 2 Tooth axial force
BT B ) BE AR SR, BVAS B A G A7 WS RiEEEET/N | RS RN
BN [ AME TTIF Rl 1 BEHEE T F g 1 330 11 -342
dn d n dn 2 331 12 -341
Fs= jg,:ﬂ. Fifi+ ; o/ jzzm o/ jg,:ﬂ. 3 332 13 340
{ T(L, - ecos @,)Kf, } N 4 333 14 ~339
cos ng,[(Lo —ecos @)K, (R, + L, —ecos ¢,) | > 334 15 -338
/=t 6 336 16 336
zn: { - T(Ly - ecos ¢;)K, } - 7 338 17 334
/=t cosﬂjz [(Ly = ecos @)K, (R, + L, —ecos ¢,) ] 8 -339 18 332
j=1
3n { I(L, - ccos ¢,)KJ, } 9 -341 19 331
Y " — 10 -342 20 330
7= cos B; Z [ (L, - ecos @)K, (R, + L, = ecos goj)]
i=l 344
(5) 342+ * % x
R (5) L f R I R R, R DA 1R v B E Z 30l S,
i, MaR(S) sl LA B F, A7 26 SRR, H B . ]
IE PR A e U7 BEAEE AN EOAE At AR s X % 336F * *
HAEAE , HSE PR i g8 DT AN 2 AR A | 45 U *‘Ef 334 * *
S, ASTTREAR ], DRI M I 570 0 308 3 P 48 3 R T RE A e . .
G, B0 R AR, X (5 ) o S 5 R AT e T
{8, & 1 PR, Kot
B PRI S R | K5 %ﬁ@}%ﬁ%ﬁﬁﬁﬁtt. |
Tabel 1 Parameter setting of the F, numerical model Fig. 5 Absolute comparison of the friction
force of each tooth
- Ly/ e/ K/ B/ R/ T/ ],_ 0
mm o mm (Nemm) (°)  mm (Nem) s
5 20 0.35 150000 36 300 8000  O0.15 100
-150
I A5 1k P 4 25 7 R il P ) S
2 7w % 2% A B T MR A XL, 24 i R AR 1 AR 4k 250
AL anE s s, S5 AR 4 STl A AN 300
A% 7 1) BEAEE 150N | it B A 8% J ) R4 7 K -350; o n 1_‘5

LR £ AR R Sl BEAEE 0 FAT G, T
F AL 23 1A A G, RV AH G5 /Y 15 ik &
18 B B S B 02 7 A X N 2 A7 1)l R
27, PRIt AR 2 e e — JR AT R 20 32 5
REEM, S Py 22—, YK e B Fo (4%}
i) S, iE 6 fis,

BSEPRh & £ AFTEZE S, WBRSE £, 22 R
XFFg B, 255 e =0. 35 mm, {0KF £, RIWILR Y
0. 15 275 0. 35 .0. 55 .0. 85, 4r HHE 4 FPiEH T
il eSS — R AP, AN T TR | B AR A B e 156 il

e/mm
Bl6 5tk f AR ISl EE 45 15 )
BEAZ [ AN Y24k
Fig. 6 Variation of axial friction forces with different degrees

of radial misalignment with the same value of f;
a4 PR AL B I IR i f e, IR L
BEH BEA £, HEK, Fo B BRRHE A8 R 7 ) AR Ak
0 AR R e BE R 0, HLf, BOR Py R R,

il £, =0.35, %% e HIFILAAY 0. 35 mm 2722 Ky
0.75.1.15.2. 00 mm, 535315 4 FES T Fo, 0



5 4 ]

TR S 2T 3 122 0 ER S B LA 2R A P B RAR 5T 75 -

8 i, AILAERIMEE e WK, Fy thZ AR T
30 ,e=2.0 mm B, Fo JA RN A
M

2.0
* [=0.15

1-5“‘*""“T 0 £=035 T"“"‘*"“"
1oL, ., A £=0.55

osh x f=085 [
=z ‘?99999
SR e, WEPEESEINETENE S——
R

-05+ o4

ol basassass

-15F J ‘

-2.0

050 100 150 200 250 300 350 400
JERE FHEE/C)
K7 RN Fo BB 314k

Fig.7 Fg versus shaft rotation for different values of f|

0.5
*:t_t—*_* % ¢=0.35 mm 'H‘**—)k—)kp 0-0-6-6-6
PN 0 ¢=0.75 mm prAe-AAp—A
Ae=1.15 mm
O _
3 H—x—*"i X e=2.00 mm ""‘*’H—x—x
< L
<
-0.5r e
19 100 200 300 400
TS F ()
(&1 8 ANl A ) AN Xt vh T i ) BE 482 0 & T B
B8 5 AR 1k

Fig.8 Variation of axial friction force with shaft rotation for
different degrees of radial misalignment
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Analysis of the misalignment faults in a diesel engine shaft system
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Abstract ; Diesel engines have a wide variety of applications, including in ships, electric power generation, and oil

fields. However diesel engines suffer from frequent faults due to their complex structure and poor working condi-

tions. Severe shaft faults are very common. In an attempt to understand the misalignment of gear coupling in a

diesel engine shaft system, a mathematical model of the axial friction forces of gear coupling was first established,

and the characteristics of the axial friction forces produced by misalignment were then analyzed. A dynamic model

of the shaft system including gear coupling was established, the dynamic behavior of a crankshaft with misalignment

faults was observed, and the contact forces of crankshaft thrust bearings and timing gear teeth were analyzed. It was

shown that the outer gear element of a misaligned gear coupling exerts an axial friction force on the inner gear

sleeve, and that this force affects the axial movement of the crankshaft, which causes the contact forces of the

crankshaft thrust bearings and timing gear teeth to change. The results have been verified by studying actual fault

cases. Our model provides a basis for the diagnosis and treatment of diesel engine shaft system faults.
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