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Fig. 1 The torsional vibration model of gear pair
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Table 1  Details of gear pair
Parameter Drive gear Driven gear
Modulus 2.117 2.117
Number of teeth 60 24
Pressure angle( °) 14.5 14.5
Addendum coefficient 1 1
Tooth thickness( mm) 19.05 19.05
Gap coefficient 0.188 0.188
Diameter of axle( mm) 25.4 25.4
Input speed (r/min) 1000
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Fig. 2 The stiffness curve of single gear
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Fig. 3 The stiffness curves of the mesh gears

x 10°

n
N

)

N\ N
[Nk N

/. \i/. AN

N

@

d
.
S

a0

- N

Stiffness/(Nm/rad)

=]
@

=}
[2)

=]
'S

05 1 1.5 2 25
Time/s x 10

o
N

[ 4 ke P w5 W0 2 i 22

Fig. 4 The torisional stiffness curves of the mesh gears
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Table 2 Torsional vibration parameters of shaft equivalent model

Inertia Stiffness  Speed

No. Ne f i ias
o ame of inertias (kgmz) (Nm/rad)  ratio

Motor roto and drive part 3 28F — 03 650 I

of coupling

2 Driven part of coupling 0.0003078 2926.342 1
3 Drive gear 4.07E -03 28371.42 1
4 Shaft section 1.87E-05 1.86E+06 1
5 Shaft section 1.87E-05 28323.1 2.5
6 Driven gear 1.67E -04 2926.857 2.5
7 Drive part of coupling 0.0005478 3.68E +04 2.5
Driven part of coupling
8 and drive part of 0.0005061 4.58E +03 2.5
torque sensor
driven part of torque sensor
9 and Drive part of 0.0005062 2.88E +04 2.5
coupling
10 Driven part of coupling 0. 00065 0 )5

and generator rotor
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Fig. 11 The torsional equivalent model of the shaft system
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Table 3 Natural frequency of torsional vibration

Order No. Natural frequencies( Hz)
1 68. 69
2 292.28
3 507.86
4 563.40
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Fig. 12 The torsional equivalent model of the shaft system

4 HMFHERIREIRINTNITE

4.1 SR ANERERNER T B R AR A 5 4
H Newmark A BV i FF 4 R AT IR
S A A HT e TR AR AN A 13 BT
W ARRIB IR TR
[J1{e}+[Cl{0}+[K] {0} =[P] (11)
HE VR h 5 Sh AU i R ME— R 1,3
SaRIa RS Ny K] 14 IR T B R R A R B
) 71 T 328 e 1, St . g LA A B A A
AL 2 15 Fros , B v BT 0 4 (49 3 Oy
M5 A48 (492. THz ) KWk G332 1) —F5 991 (985. 4Hz) |
PUfi5 A5 (1970. 8Hz) 5. Ui B 14 48 Wk & s AR BRI 5 |
T A B L AR S okl R AL AR 3D
AH—E IR AE



458 g 1 ¥ 5 & 6l ¥ W 2016 4F5F 14 %

180
160

Input 140
parameters

Give the
speed

Amptitude/(rad/s2)

Form matrixes of [J] [K] [C]

!

Form force matrix of [P]

20

0 1000 2000 3000 4000 5000 6000 7000 8000
- —— Frequency/Hz
Give the initial
conditions . ‘
1 15 WREE SR VE I 15t 7 Jon st B2 e 7 Adsk th 2k
Give payram%ters of Fig. 15 The frequency domain curve of the 7th-inertia

angular acceleration under the gear mesh torque

Calculate the -

time step
; o A
Pick up the force values at / \ / \
th t
S Touen The time increases s
Calculate responses one step EQ / \ / \
matrixes {6} {6} {6}of at @ 006k \ / \
the moment £ / \ / \
T
oH i} / \
/ L/ \
2 3 5 6 7

No. of shaft sections

result curves

K16 (% 3h Sl T B I 1E
Fig. 16 The stress curve of each shaft section

F 13 Newmark SRR A under the gear mesh torque
g. 13 The flow chart of Newmark Method for 4.2 SMINAFIERATHRERARMMITES ST
torsional vibration calculation Z[K jC ﬁﬁ % XUL?'K E/‘J ﬂ\ jJ[] ﬁzl ﬁ?ﬂ%ﬁ %ﬁ o 7,€ % .

w B LG i1 26 2 v BLAE L 10 b %2 v B3l
- T SKW , H4E 746 A% 10001/ min. ST B (171

- SEAT N =9550 x -, SRR BUEIE Uk 10
(N | MG AP 17 B¢, %4 1000Hz K3 3) 1 2%

:;z i I UUUU U UULL j’ﬂ%ﬁ%éﬂ%

-1800 '

Fi

oo ML B -8B -1

-800

Angular acceleration/(rad/s2)

-1400 ‘
il

-1

500 i
795 7955 796 7.965 7.97 7.975 7.98 7.985 799 7995 8

Time/s -10
£

B 14 VSRR E R A 7 A o g o dsk 2 .
Fig. 14 The time domain curve of the 7th- inertia angular geo
F 2

acceleration under the gear mesh torque

8O- e T R

35

1 U 2 27 0T 1 P F 45 0B 6 1 T O 0 St e o o o
[ 16 2%, 4B 22 50 78 1 £

) FUVABE 6 WAl 5 50 5 40 400 BE)
Bk

17 HMES S B £k

Fig. 17 The torque curve of the external loading



%5 1] TURTEST 5 VB A HE IR 15 TR0 ) 147 46 % sl AT R 20 B 459
4.2.1 AHIERFWE 5 S Wl HOR. I SERR TR, B X — AR, bR
AFIEW MGG SRR SN AR E T 2R R PR iR B R R AL B

Ohy il 2R FHL AR Sl L P E— PR LA, T3 Al A 4
FePR sl B, I 18 (19 Fir R, ShER G # R
1000Hz i, 158 7 i JE g 1oy g 38, 30 Juk ity £
W V] T A 1A 8 W S A A AR B AL i
BR3P 20 o, A5 9R S i B 2 R B 6 Ak
71 H BE W] 0.

6000

4000, -4

2000 .-

2000

-4000|

-s000 fEHINE---1--

Angular acceleration/ (rad/é)

-B000H-

-10000
78 782 78B4 786 788 79 7R 79 79 79 8

Time/s

18 SUEHARAE F R R 7 A o 2 B2 v 37 ot £
Fig. 18 The time domain curve of the 7th-inertia angular acceleration

under the external loading

3000

Amptitude/(rad/s?)

0 500 1000 1500 2000 2500

Frequency/Hz

P19 GBI UL 7 o JEE ) B A0y £
Fig. 19 The frequency domain curve of the 7th-inertia angular

acceleration under the external loading

{57 ARAH AR A3 A 7 60 ~ 1000Hz 35 il 4 A2 1,
AT SHz, 53 51| 3155 4% 50 32 1N 1 L 4 41 5l wig iz
FREN B 2 B 6 1 7 i B I8 20 5 28O e A8 4k
TNTE] 2122 . ) WA 3 Ay 1 2 4 2l [T A 43
# (70Hz .290Hz 510Hz 565Hz) , & T 71 2 4H %E
AR5 ZR G [ A A SIS A R B4, v
JEIZ. BRI Z A A8 170Hz fhIE A — W] RIg(E , 224y
Br, 170Hz 2R 5 — B [ A AR 2.5 4%, 6 48
RS L 2.5, IR FE AL S i 4% 2. 5 18R

S — 1 [ A A AR B PR TR A .

g. 12

Stress/M

=}
)

/
/
/
/
/
/

=}
s

\
\
\
\ [:\
\
\
\

/

o
N

2 3 5 6 7
No. of shaft sections

P20 SRR AR A T Al BER ) 1
Fig. 20 The stress curve of each shaft section

under the external loading

30

25

20
3
S
Qo
?’:J 10

l [
i
M A
Frequency/Hz

121 SRR VR R B 2 1o 7 Bl o 205 Rl 4%

Fig. 21 The stress curve of the second shaft section with the change

of frequencies of external loading

n
S

Stress/Mpa

=)

L/

0 100 200 300 400 500 600 700 800 900 1000
Frequency/Hz

0

€22 SO AR 4B 6 1o ) B 5 R s fl 2k
Fig. 22 The stress curve of the 6th shaft section with

the change of frequencies of external loading

4.2.2 ZBINRNE S
b 2 L 0 7 14 i 1 R [ 25 AR AR 2



460 B %5

EC I 2016 455 14 &5

MBI e 1 il 5 il AT LA B A A v
PGB b A 5 B R, TR AR LR B ]
23 24 iy WA AR A G [ R L AR S 0 R
1000Hz B 150 7 1 i i 52 o J7 P 3ok oy 2k S 40
Hh£e. SBO g th 2P 25 B 7R, ARk il 42 e A
B WG IR R e HA S

0

IIlI Illl ANHENEN N

3
8

2000

8
8

]
8

RS G BT R, DA AR R AL AL Y
7960 ~ 1000Hz , Z8 A6 (X SHz, 73 3] 5 HL AR i
IO AR EN R B 2 b B 6 1 {8 Rl I8 3l 1 20 R
ARAL HH 2 N TE] 26 27 PR,

30

5

N
=3

0

Stress/Mpa

3

n

4

Y.

Angular acceleration/(rad/s2)

g
8

-6000
795 7955 796 7965 797 7975 798 7.985 799 7995 8
Time/s

K23 ke dhsEn S B EE T
BUEE 7 F T W) e
Fig. 23 The time domain curve of the 7th-inertia angular

acceleration under the gear mesh torque and external loading

2000

1800

1600

B
8

)
8

3
8

@
8

Amptitude/(rad/s?)

)
8

IS
8

N
8

0 1000 2000 3000 4000 5000 6000 7000 8000

Frequency/Hz

0

24 R A AR S AR S R TR
BUEE 7 03 FRE W) 1 AR £

Fig. 24  The frequency domain curve of the 7th-inertia angular

acceleration under the gear mesh torque and external loading

0.18

0.16

0.14

|
ol ]\
|

Stress/Mpa

\ £
/ \

2 3 5 6
No. of shaft sections

B25 A e 3 A e S BT AR R R T Sl B
Fig. 25 The stress curve of each shaft section under

the gear mesh torque and external loading

0 100 200 300 400 500 600 700 800 900 1000
Frequency/Hz

26t He S A e S B R A R
il 2 137 Jy e 2 07 A A A A h &
Fig. 26  The stress curve of the second shaft section

with the change of frequencies of external loading

30

25

3

Stress/Mpa

s

n

Y,

c01002003004005008.)07008009001000
Frequency/Hz

27 RS A S BRI R
il B 6 N B Sl B A A Al £
Fig. 27 The stress curve of the 6th shaft section with

the change of frequencies of external loading

5 #hig

TEARTE S AU R L IR ST 3] 1L e
AT A VA7 58 T G 5 246 A o B — 1 i 0 O N2 T IA
S SIS EUROT R A IR S AR . AE A ALK
Bl A T B A AR AL Sl 2R AR fE A i AL
BT SRR FT Z2 0, e b R AT A AR R Y
PRBNMERE X TEJE B TR WG 5 s SRR 0V 45
R ARIET Newmark B4 FU 01k, 15 8| 241 &R
FHEE IR Sl 38 P Sl i 25 51 Bl T U ARk 3h A
VARl 2l 2R AT 2 IR Bl 1) — A S 3l Y A )
M.

T A AR A G Sh AU AR 9V, b R LA



%5 1]

TR K AR 4 £ B R HLIRAF RSB 4ol

RS 5 AT R (L P 147 8 Mk il 0 3R S
FETAR DUAE A EL Al BER ) e R A i B
£ BT 5 b AR LA I A 3 12 i B
R 147 % W 5 0 285 0850l v i R L 2 B sl A 1) 1
PRIRAVE . 27 2200 1 58 Wk il , 1L i 3 3 55 25
SRIASBESE B SR A R IR SRR, P e Wi 5 3h 253
il i 2 AL U Bl ) B AN RE 220 s

AR AL SR T HOR 1 %l 2R HL L 4R 3 26 — B 14
AT BRI — AL, AR BUESF T e R
AP T AR PR ), 13X — B (AT 1

Z % X W

U R EATSE, A A S A, Jbat: NRASE
HRRHE, (CCS, Rules and regulations for the construction
and classification of sea-going steel ships. Beijing: China
Communications Press (in Chinese) )

2 Cai Y. Simulation on the rotational vibration of helical
gears in consideration of the tooth separation phenomenon
(A new stiffness function of helical involutes tooth pair).
Journal of Mechanical Design, 1995 :460 ~469.

3 MRBBIE, AT RAHIAE. R FE 1A TR A G I
FERE AT ML T 2501 ,2000,10:30 ~31 (Ling T J, Li
R F, Zhou C Z, et al. Numerical analysis of meshing stiff-
ness and tooth surface load of helical gear. Machinery Man-
ufacturing Engineer, 2000,10:30 ~31 (in Chinese) )

4 ZENETT RIE R, PO A RS AR TR Ik 3l e LAY 1
il UK 5055 ,2003,19(2) :27 ~29 (Li R F, Lin
T J, Tao Z G. The response prediction of gear system cou-
pled vibration. Machine Design and Research, 2003, 19
(2):27 ~29 (in Chinese) )

5 AT, O, MR B AR, 1A AW P S R
L. MLf% 3 ,2001,25(2) ;1 ~3 (Li R F, Tao Z G,
Lin T J. Numerical simulation for inner dynamic excitation
of gearing. Mechanical Transmission, 2001,25(2):1 ~3
(in Chinese) )

6 Jedl, BB WEemi S 0 BRI S Bk B g, 3
W E,2002,19(6) :1 ~3 (Long K, Cheng Y. The re-
search of parameters by the simulation of exciting force in
gears. Computer Simulation, 2002,19(6):1 ~3 (in Chi-
nese) )

7T REMBRERE MR Wi s mg G b i B 7>
. FLBEL 22 5 R, 2003,22(1):55 ~57 (Wu B L,
Yang S J, Yao J H. Theoretical analysis on meshing impact

11

12

14

15

of involute gears.
2003,22(1) :55 ~57 (in Chinese) )

Bz, BEAR R s Tk sl AT . HLBRBE
11,2005,22(7) :41 ~43 (Sheng Y, Wu B L. Calculation

Mechanical Science and Technology,

analysis on meshing impact in gear transmission. Journal of
Machine Design, 2005,22(7) :41 ~43 (in Chinese) )
Wiz, PRI 05, 2 10 5 25 3 A 3 25 9 T ok B 23
#r. EPR K244, 2002,25(2) ;15 ~18 (Yang C Y, Lin
TJ, Li R F, et al. Response analysis of speed increase
gearbox system in dynamic excitation. Journal of Chongqing
University ( Natural Science Edition) , 2002,25(2) .15 ~ 18
(in Chinese) )
ARSI, e ARk 25F. DA 8 A 2l 285m0 1 B ol 1
BUE . PR35 nhil; ,2007,26(12) :14 ~17 (Lin T J,
Jiang R K, et al. Numerical simulation of dynamic re-
sponse and shock resistance of marine gearbox. Journal of
Vibration and Shock, 2007,26 (12) .14 ~ 17 (in Chi-
nese) )
RO, OV A, E S, SRR SR T XA LA AL B R
GEH B 170 B JeE Sl AR, 2015,13(4) 2293
~299 (Li H X, Lv X M, Wang D, et al. Analysis of
mounting on drive train structural dynamical specialty of a
wind turbine. Journal of Dynamic and Control, 2015 ,13
(4):293 ~299 (in Chinese) )
T A XIFRIY SCAH R S RS RIS [ 1
LRI ] L IR IR R AR R ,2010 ((Yuan X
J. Investigation of reverse vibration characteristics of shaft
with symmetrical embranchment [ PhD Thesis |. Harbin:
Harbin Engineering University, 2010 (in Chinese) )
XISC. 58 R GEAS M I P B 23 W 7 o A 5 K T 5
(g ). HR: B R¥,2010 (Liu W. Nu-
merical analysis and experiment study on structural-borne
noise and air-borne noise of gear system [ PhD Thesis ].
Chongging: Chongqing University,2010 (in Chinese))
WRZ 5. J R A ok b 2R 4R 8. b9 - b 9 52 R M AL,
1987:7 ~33,60 ~ 120 (Chen Z Y. Ship propulsion shaft-
ing vibration. Shanghai: Shanghai Jiaotong University,
1987:7 ~33,60 ~ 120 (in Chinese) )
FHE N R R ). 10T R W
41,1991 :48 ~53 (Wang Q. The torsional vibration of the
internal combustion engine. Liaoning: Dalian University of
Technology Press, 1991:48 ~53 (in Chinese) )
s, SR E AR S BETE R MR R WA R LA
K2zt it , 1994 .77 ~ 81 (Zhang Z H. Numerical cal-

culation of vibration of power unit. Harbin: Harbin Engi-



462 g 1 ¥ 5 & 6l ¥ W 2016 4F5F 14 %

neering University Press, 1994.77 ~81 (in Chinese) )

ANALYSIS OF GEAR SHAFTING TORSIONAL VIBRATION
CHARACTERISTICS CONSIDERING THE MESHING
GEARS INCENTIVES”

Yu Shuwen Wang Donghua Liu Zhigang Li Wanyou'
(Harbin Engineering University, Heilongjiang, Harbin 150001, China)

Abstract Taking a gear-driving shaft system as the object in this paper, an equivalent model of the target sys-
tem with shafting torsional vibration is developed. At first, the free vibration analysis is studied to obtain the nat-
ural frequencies of the torsional vibration. Then, the gear variable stiffness and the gear dynamic excitation are
simulated by the software Matlab. Moreover, the Newmark Step Integration Method is applied to calculate the
forced vibration response of the shaft torsional vibration under gear dynamic excitation or extra-applied load torque
or both. It is concluded from the comparison of the results that gear dynamic excitation cannot be neglected in the

shafting torsional vibration.

Key words shafting torsional vibration, gear variable stiffness, gear dynamic excitation, forced vibration

response, extra-applied load torque
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