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Fig.3 Algorithm flow chart of the dynamic meshing stiffness with considering centrifugal effect

3 BOMERTESME R ERIUER 5

T Bk i B A Sk TR B AR T B
ASWE G I EE AR M 5 Ansys IR HEAT T . TE

Ansys APDL (ANSYS Parametric Design Language,
APDL) 1B F5 5¢ T , ELIA 48 A A el 6 O — dE B
e Dy 1 R K Bl T T O AN i M R
(5% ), K 31K 3 1 B 8 5 4 6,=0. 01 r/min, FEfEFHAS



5 47 B4 6 1Y)

SRANAR A 25 RO AR LA LA

A8 B2 A WL T3 B 8 ik 31

ZMF B % BT A B A B B S R EE (Single
Tooth Dynamic Stiffness, STDS ) 15 Ansys 115 i & K|
JESEAT R E o[RBT JR N T 25 B B 0 A B 38T T Y A
6 =300 r/min i 35515 8] () STDS 5 Ansys H5- 19 5. 0k
SNANIERIXT . A5, STDS J2&7E Fortran #85 F
AT TR 5 Ansys 15 2] 19 25 5 2 7 APDL 5% X}
Euler P HLITHEATOT BL S FELA . B AR R S50
F 1R
£1 HERISH

Tab.1 Parameters of the spur gear pair

2 Parameters /NS Pinion/Gear

% Number of teeth 27/41
it Mass/kg 0.22/0.34
F A Elasticity modulus E/GPa 207
JAA EE Poisson ratio 0.3
FE Modulus/mm 2.5
P98 Width of tooth/mm 10
JE 7111 Pressure angle/(") 20

MR B PRI T O i, B0 8%0% % STDS 1%
S, I STDS BYMEHK &I T A S RIS .
FE4n[LIE H,6,=0. 01 t/min i} () STDS I Ansys 15
10 B0 S W L7 58 e — 3. H4 RS 6 =
300 r/min i}, STDS il Ansys {15545 2] (1) 3l A5 W5 A K
HABRIRZE, EEFFIE Ansys NI 2.0 1%
BNASME A W EE 1 520, FLUOR KA 6T Buler B2 FRLITHE
178 125, Ansys 8 B A FROTILE th A3 A
SN0 A — R B, s B0 SIS A —
TE TR 2E o LT Bl A NI EE — L R 2% SR 0 A S R
W By, 3R UK Bl R T 7 A ) s AR Rl R AR R B0
RN 2R B A B . L, STDS &5 Ansys 75 6,=
300 r/min 5 09 515 Sl AR I EE AR LG B K i
BEE

30~  ~-"STDS,0.01rmin ——STDS, 300 /min

--=STDS, 0.01 r/min —— STDS, 300 r/min
----- Ansys, 0.01 r/min ~ —— Ansys, 300 r/min

’g ----- Ansys, 0.01 r/min ~ —— Ansys, 300 r/min

> 23

g

>

51

£

7]

209}

=

0.2 . . L .
0 4.46 8.92 13.38 17.84 22.30
FFE Angle/(°)

B4 HRBIEE

Fig. 4 Result verification chart

N T PR IEIZ S A W BT S R RO 18D 5
X 2SR G W RE AR S WG M BEREAT TR
Hh I B I ] (a/1,) S X — A WG 45 J 3 0 2647 0 — 1k
LBLI

5.6 -
— N S
E R Ei=y
> — XA
g 42t Double tooth
< — B
2 Single tooth
g 28 ingle toof
£ >< ><
7}
214
=
0 0.5 1.0 1.5
40— ] Dimensionless time #/f,
(a) FmA NI
(a) Static mesh stiffness
5.6 -
£
Z L — Wik
é 42 Double tooth
< — ik
2 28 Single tooth
s
h=
7}
214}
=
0 0.5 1.0 15

24X —H[A] Dimensionless time #/z,
(b) BhAsmEE Rz
(b) Dynamic mesh stiffness
B5 HELkE
Fig. 5 Numerical comparison
N1 ARG I Bl B K R B T R 1 O
RO % W W EE 52, ] 6 ()~ 6(d) 43 30l {8 s 1
AN TR BE R /A e 5 A R ) A S S NI EE o AT L
A BEAE 3G I, B B 25 W RS A I8 Bl 3%
AR b 2 A N B A R e Bl o HE D PR B I
S R AR I, VR P AEAR ARG G s b B 3l 20 i
[ TRD R U/ o AT, R SR A T — > Wk A P 58 B L
ARSI ] S7 RIS, 2 BUR — W5 208 7 A8
AIBERE o XM B AT R AR T R e 7 A T X —
MG, WA, W06 WG Y W D Bl e HE A W 5 A
R 3X 2 T I IS /N U A 114 ) B R R I 3k 3 e KM
Wit 5 o R Y 4 2 IR B 3 R B R A, A B A
DI 82 3 S A o, 3 A L A O B SR S
JEE A I B AR 5 A5 2 2 B W Y i s R
WRHE . 3K P A B A 9K Sl RE G, 2 4w B S
W] RIS /N, R R R S 818
SRy Y T A T b S AR X G G I E Y S



32 IR SR S 3 2025 4F
3r )& Dynamic 6 ——2)Z Dynamic
. — BN S _ —— RN A Static with centrifugal effect
£ Static with centrifugal effect E — - —i#A Static
z - = - {4 Static [ z 4l
> ! A =1 aé M m
b ° > >
g g 47 Wi e
é I )& Double tooth Double tooth
= = 3l
0 4.46 892 1338 1784 2230 0 446 892 1338 1784 2230
FHPE Angle/(*) FHFE Angle/(°)
(a) 300 r/min (a) 300 r/min
7.07 — Z)14 Dynamic 70 s .
S AR —ZJ%> Dynamic
z %E%IP‘%&HE’?%XS —_ —— HIE BN FFRAS Static with centrifugal effect
£ Static with centrifugal effect g #2S Stati
Z - - - 4 Stati > 6 b T THRs tatic
250 ax Static Z
2 Kikife Gear = BV%AVAVAVAVAVQV(
Z /N Pinion =
5] 2 S5 === _
& 25t VU VIR, Pt - Z A
e Tt~ = 4T Double tooth Double tooth
= =
3r [JE 1
0 y y * . . 1 1 1 1 I
446 8.92 13.38 17.84 22.30 0 4.46 8.92 13.38 17.84 22.30
11 Angle/(°) FAE Angle/(°)
(b) 3000 r/min (b) 3 000 r/min
141 —— #)25 Dynamic 8.5 ——2% Dynamic
z — FEE LN S _ —HE B0 N FIERES Static with centrifugal effect
Z Static with centrifugal effect E - - - ¥4 Static
= 10 | - - - static Z 70p
Z Kikife Gear %
£ /N #E Pinion 3
= £ 50
7] 5t 2 VLo
2 } i Rk i
________________ B Double tooth X Double tooth
: . ke . . 3.0¢ [ I
0 446 892 1338 1784 2230 0 446 892 1338 1784 2230
F1FE Angle/(°) FPE Angle/(°)
(¢) 5000 r/min (¢) 5000 r/min
_ 25 —— %14 Dynamic 8.5 p—— &4 Dynamic
E — HEE O . —— FE B ORI FRAS Static with centrifugal effect
Z 18 Static with centrifugal effect £ - - - F# 4 Static
s - - - i3 Static Z
1 2
£ /N Pinion N Pi4E Gear g
& 091 k=
i e < > >
= il Atk M Mtk
_____ _ T J = Double tooth | X Double tooth
; - il 30F U |
0 4.46 8.92 13.38 17.84 22.30 . . . L ,
0 4.46 8.92 13.38 17.84 22.30

St Angle/(%)
(d) 9000 r/min
E6 AREIRENEETHBEENE
Fig. 6 Single tooth stiffness at different speeds

P 7 T 78 S AN [V B0 3 25T w2 i 5 DO 8 R s 2
AR LB T —BOR UL, B B0 T 237 A
SEZ A AN SRR DIk 2 T 05 ¥ 1 G P AT 2
WS 7 K 30 3 S 1% T i o AR, A2 A
B S 2 1 9 Bl 250G 5 W B2 3 2 48 i AR Rt

Bl X5 A G MR S RS Ll S 2 A
i DR R 0 SN R IR 5 R o G M R ) 52
Wi, XA A4 48 R G P ) PR S RE B T g, TR i 1 3l
ASE M EE AR D 2l o FErb SIS0 8 X XA G
DX Sl P 5 T 2 52 MR A, 0 B0k 5 I ) 552 i

FAIE Angle/(°)

(d) 9000 r/min
E7 AEIRZEE TR SR E
Fig.7 Mesh stiffness at different speeds



5 47 B4 6 1Y)

TRANAR A 25 B B ORI B A A DA Sl A G T B TR B vk 33

INo SRR S A7 8 2R GE AR UUAT I 4 DX S AT SR
PRBNAE R , WU A7 Y 50 T X R G B R0 B8 KT B
o SRR BT AT A0 S A WG W it A 4K )
S BE BTN X B E T — 2

4 AEMEHERINE SN ER BB RES

T 2 JIt 78 O AT B S I Rk 5 A RO Y [ A 0
R MERAXIRZETE 5% VAN o IR, B 75K i
CIRERE Sy TP ] 1 e 3 o 1R A
ol AN T o i R 2 T g B X SR P 7 A 11 A 0
BRI - DA 5% S AR 57 i R B 5 ) [] 2% 1

B A o A AR Bl B S R

F2 WREFME
Tab.2 Natural frequency of gears

K H Gear

~
Pz

/N %8 Pinion
i BT R
Moda New  HEDE 2 New  HRUE ik
algorithm/ FEM/Hz Error/% algorithms/ FEM/Hz Error/%
Hz Hz

1 35850 36 158 1.80 23091 23515 0.85
2 44731 43 880 4.12 28 719 27582 1.93

3 120 102 126 220 1.22 77 068 76 137 1.93

4 132534 134160  2.36 85754 87 830 1.21

5 138663 146614  2.58 140950 137400  4.05

] 8 Sy S 15 B V- S B P S A A 2] A4 A ] 9K 8
BN R RN R A DLUR I o [ 8 b Bl %
AT, B0 RN I AN T8 45N A 5 R GE B — B
A A NER SR 1R o, 5 3 B iR o, Al
55 5 B AR o BEAE K Sl RIS R AR A AL . R IA §E

FRER 2 B R o, ISR 5 B iR o s B S 13 A9 22 4L
ﬁﬁ%ﬁﬁ EM@%ES%H@%%%ﬁ?mﬁM
Wl ARy O E NG o R R B A f
*@%“HP%?%H?%%i%“MI RN X
R (1A AR R B2 MR /D

21¢

[& 4 4% Natural frequency/(10* Hz)

0 0.8 1.6 2.4 32
IR & Driving speed/(10* r/min)

(a) /NAEE

(a) Pinion

211

o,

& 45 47128 Natural frequency/(10* Hz)

0 0..8 1..6 2‘.4 3‘.2
BRZNHEE Driving speed/(10* r/min)
(b) K%t
(b) Gear

E 8 AEHEIHREREEEERRERIEAMKIURE
Fig. 8 Campbell diagram of vibration modes in gear systems without

rotation inertia mass matrix

P19 Sy [ o) 15 1 sl A o R o B B sy 1 I

S B A 3 09 A [R) B0 30 BT /N 0 8 R R 14 AR Y B
DURE . AT LLR B, i S5 5T R X O e R e ]
AR 52 R AT 240, 9 HLAE 250800 iR A TP R

B M Z AR AR . B9 L 7E 12 790 t/min B

AT DOUEE R 1 B iR i m i 42 X R e R4
Al BEAF 7R B e L A R s R o [R) B 3 e B A

¥ R GLAE TG B B 5P T B AR AS [R) 3K B R T

@@%ﬁf#i%%%%%moﬁﬁwiﬁ%mﬁ

TR RN B S5 18 e — B0, E— 2 0 T B0 Al b

X 17 2R G [ AT A 23R 1 52 ]

i AR B4 R o %f%mgﬁ R Al S
A S BRI , B R 25 S 0 sl A I EE Y
e A EEE L, BA A B PR AR 4
Je AR A R R A AR, RS E L3R 3,

110 g AS[R]BA 6 B4 I B2 3 S i sl %8 . AT LA
F il Sh A IS I BE Y 15 S8R 2 % i 2 BK 2l i
B | NTTE S 2 i 2 B o ey B L | 2
T R R 3 R AR A | RS )
SN RS i L R AR A R B 4T 4 JE T 1 S A A
L AHEATRIS K iR SR H B 22 5. IR
%%i%ﬁﬂ%%%%%ﬁﬁ?%ﬁﬁ@ﬁ%%ﬁ,

Al BE S B Eh A WA W BE Ik i BE T R, LA, %5
%%?mﬁk%% TG a4 50 TR A RHA f
ZIa] o X —WEE R, MR B X B A G MILEE 1Y 5
M%E¢?Hﬂ%@ﬁim%m F T 2 Jo R 1
(] P R B, Bk £ 248 2 e 1T LATE /o A 7 Bl s A A5 b 7k 27
iy W AR B o X U IAE S R S TR ik
214 JE e MR SR AR AL TR IR R A T s AR
EE



34 Lo B o 2025 4F:
g 90 [ —— 5%k Cast iron
E) — @' Ceramics
< 14 § #4544 Hard aluminum alloy
2 s — W44 JE . Carbon fiber nylon
g = 60Ff
= =
g Z
£ g
£ 7 oA
= - Wo30F
# ' =
3 o T TTTTTTTTmm e
E—\( 1
0 0.8 1.6 24 32 1000 4000 7000 10 000
AL Driving speed/(10° r/min) BR5HHEE Driving speed/(r/min)
(@) /it (a) Hifek
(a) Pinion (a) Growth rate
T 21 r — %4k Cast iron
= o — P& %t Ceramics
s 14 / i: — 45 & 4 Hard aluminum alloy
2 B k4T 4k Je 2. Carbon fiber nylon
g > 14}
g ; =
= &
= °
R o; >
z 7L
f‘_ @, R
E ———————————————————— 7
T o . . ,
=0 08 Lo 24 2 ’ 11600 4000 000 10000
7
IK#))3% £ Driving speed/(10° r/min) o
BRBHHEE Driving speed/(r/min)
(b) Kikie
(b) WshR
(b) Gear

B9 afmnfitREERERRERINEXHRU/RE
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Tab.3 Material parameters

. SRR - LA
Bk Rl I i
Material Elastic modulus/ Density/(ke/m?®) Specific
GPa yAKE modulus/m
WG4
Hard aluminum 70 2.7 25.92
alloy
- o
%f.i 207 7.89 26.24
Cast iron
et 4ije e
Carbon fiber nylon 230 1.76 130.68
b 2
“1% 410 3.15 130.16
Ceramics
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Fig. 10 Comparison of growth rate and volatility rate of different
materials
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Tab. 4 Influence of mass matrix on the growth rate of different

materials %
E=N Mol
E‘IH!‘%EKZE, H*Jf 2000 r/min 6 000 r/min 10 000 r/min
Mass matrix Material
M, MR 4 14.31 50.24 70.10
Hard aluminum
M, + M, alloy 15.71 53.85 86.50
M, ek 12.78 46.77 65.57
M, + M, Cast iron 13.45 49.93 69.02
M, Wits 3.39 21.73 38.26
M+ M, Ceramics 3.83 24.60 47.10
M, WRer 4 e e 3.30 20.34 36.56
Carbon fiber
M, + M, nylon 3.30 21.74 37.71
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A new method for the dynamic mesh stiffness calculation of spur gear
under centrifugal effect

ZHANG Xiaocui' MO Guoyin’ LIU Fuhao® ZHANG Jianqiang’ JIANG Hanjun’ ZHANG Jielu*
(1. Intelligent Manufacturing College, Xinxiang Vocational and Technical College, Xinxiang 453001, China)
(2. School of Mechanical & Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)
(3. State Key Laboratory of Intelligent Manufacturing for Special Vehicles and Transmission System, Baotou 014032, China)
(4. Jiangsu Tailong Decelerator Machinery Co., Ltd., Taizhou 225400, China)

Abstract: During the gear meshing process, the driving speed plays a crucial role in evaluating mesh stiffness, a factor
that many scholars often overlook along with the accompanying centrifugal effects. Based on Euler beam theory,a original
computational algorithm was proposed to calculate the dynamic mesh stiffness of spur gears considering driven-speed effects
by introducing centrifugal effects into the velocity field. Using the driving speed as a control parameter, the dynamic mesh
stiffness in relation to driving speed was investigated, and the nonlinear relation between centrifugal effects and dynamic mesh
stiffness was demonstrated. The results indicate that, under the influence of a centrifugal field, both the natural frequency and
the dynamic mesh stiffness of the gears increase with rising driving speed. Additionally, materials with a high elastic modulus
tend to suppress the impact of driving speed on dynamic mesh stiffness, while higher density has the opposite effect. The
research results provide reference for further analysis of gear vibration and noise under centrifugal effects.
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