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Non-Linear Bifurcation Characteristics of Star Herringbone
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Abstract: To investigate the bifurcation dynamic characteristics of the star herringbone gear transmission system, a pure
torsional nonlinear dynamic model of the star herringbone gear system was established by lumped mass method, and the
nonlinear vibration equation of the system was solved by Runge-Kutta method. The effects of meshing damping ratio on
the vibration response and bifurcation characteristics of the system at different rotational speeds were analyzed by phase
diagram, Poincaré section method and bifurcation characteristics. The results show that the system exhibits abundant
nonlinear dynamic behavior at different rotational speeds. With the increase of meshing damping ratio, the system goes
from chaotic state to period-doubling state and then from period-doubling state to single-cycle state through inverted
bifurcation. Therefore, on the premise of ensuring the transmission efficiency of the system, properly increasing the
meshing damping ratio of the system can obviously weaken the chaotic motion of the system, reduce its vibration
response, improve the stability of the system, and help to reduce the noise of the system and prolong its service life.
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Figure 1 End face model of star herringbone

gear transmission system
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Figure 2 Dynamic model of star herringbone

gear transmission system
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Partial dynamic parameters of star

herringbone gear train
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Figure 3  Bifurcation process of system at 7 000 r/min
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Figure 4  Chaotic state of system with

damping ratio at 0.06

02
0.10 -
w01 i 0.08 -
i) i
%; %% 0.06 |-
0.0 -
L W 04|
0.1 F 0.02

0.98 1.00 1.02 1.04
BN
(b) FEINZEE M

1.0 1.1 1.2
B
(a) FEALE
AS rEA0.15ALE_ARKE
Figure 5 Two-cycle state of system with

damping ratio at 0. 15



(iR - R - #75E]

Bt 5. 2BAF

EREDRAFEIED BT - 83

0.05 0.10 0.1‘5 0.20
Gt
A6 #ik 10 000 r/min B 242l A2
Figure 6  Bifurcation process of

system at 10 000 r/min

0.1+ e 00%:,:"
00. \0
0.0 ,*%hoe ""“.f'»:
B 01l ot
; vir
%-0.2 S Test o
Illllﬂﬂ 030 ﬁ"‘. 30 *e
=U. *
0.4+ :“.i? ot
e “‘00’.
04 06 08 1.0 1.2 1.4 06 08 1.0 12
= ive 4 = ive 4
(2) A& (b) FEINEE

B7 i 0.06 6 2% KA
Figure 7 Chaotic state of system with

damping ratio at 0. 06

-0.180
0.2
0.1 -0.181F
it i
H 00 ® o2} .
= 5
o o1 il
-0.183
0.2
0.9 1‘.0 1.‘1 1.‘2 0.9‘78 0.9‘80 0.9é2 0.9I84
BHN—f# BN
(a) A (b) BN

B8 [LRIA0.18 i ALEEBKRS
Figure 8 One-cycle state of system with

damping ratio at 0. 18

0.05 0.I10 0.‘15 0.I20
ZHEBH
B9 #3413 000 r/min B A %o w42
Figure 9  Bifurcation process of system

at 13 000 r/min

0.‘6 0.I8 1‘.0 1.‘2 1.‘4 03 0.‘6 0.I8 1‘.0 1.‘2
EH—-M® B4 -
(a) AL (b) BEANSEAT
B 10 LR 0.06 B R Ltk A
Figure 11  Chaotic state of system with
damping ratio at 0.06
0.0 e ¢
0.2
i 0.1
= & -021
), L
-03 1
0.4, ! " ; ¥ . * ; .
06 08 10 12 0.85 090 095 1.00
BN BR—fH
(a) AAALIE QYA EZ=AT]
A1l FLEIAO0.10 24w B HK &
Figure 11  Four-cycle state of system with

damping ratio at 0. 10



.84 . B THI# Light Industry Machinery

2023 FFEE 1 B

HIAS R AT R Gk & e He i o 2 i e
B ILAEATARZS T BIAR A B H Poincare i & Al LUK
B AR A TBLARAE T RGERENG A BHIE LRI R, Bk
SR BTRMEAR 252 WA Dy T A E B L 85 gl R
Ao NIRRT 58 R GUAE 2 00 25K p T e
38 IRV HE R Gk LS L T LA R0k R
B IPARZS Bl MRS R I, $2 5 2R G AEUE 1, Bk AR
AR MR 18 AL
3 HiE

DR T R RN R AL sh R e a5 3h /)
SRR WAL T 1 I WA CLRS e 44— 1k, I A1 ]
Runge-Kutta 30 HfEAT 1R Af 5 10 28 GEAE A [R5
FAF TR A EE R e BRI TRE R S
OX L RFIER R, 38 2o AH 07 ] A1 Poincare B 15173
B 7 RGEAEM S PR TR SIS BB AT o 4iRE
W AEARFE oL P 2N TR R sh 12217
PIRERELIE L i35 R S Tt B TR TR 2502 s T4
TE o PHIE 23R R Gk BELIE L n] DUA SO E T
1B B B BRI AR o
S 30k

(1] Z2ZE,2H7. ERAKHIAFHELERI]. PENKIRE,
1998,9(12) ;55 - 58.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

B, NE S, EET, . AR ERERIFARERI]. FE
M T2 ,1999,10(7) :807 - 809.

EZ N R S a7 € i e DR e B v S
)] Al T4 ,2021,38(2) :239 - 244,

M, EZR. SR T EE AL R Goh R E[T] iz 2
#1%4%,2015,30(1) ;219 -227.

B, 2R AR - FE Lo Raikit S )] M
% it 5 %1 ,2013(8) ;28 -31.

KAHRARMAN A. Planetary gear train dynamics [ J]. Journal of

Mechanical Design,1994,116(3) ;713 —720.

RN GBS ERE AINTEEREDREN N FHRE
W [J]. LA TH2 2 4% ,2014,50(11) :23 - 36.
AEL,EZR,EEM. WA &R EHM TAFETEERE
iR AF L], T Tk k% % 4%,2016,34(5) 893 —899.
ERAN, R, A, E ATESR A B L FRRRIELS
B o B AT R [T]. AL T2 2 3%,2011,47(21) :76 - 83.
WEI J,ZHANG A Q,QIN D T,et al. A coupling dynamics analysis
method for a multistage planetary gear system[ J]. Mechanism and
Machine Theory,2017,110:27 —49.

MO S,ZHANG T, JIN G G, et al. Influence mechanism of multi-

coupling error on the load sharing characteristics of herringbone gear

planetary transmission system[ J]. Proceedings of the Institution of
Mechanical Engineers: Part K Journal of Multi-Body Dynamics,

2019,233(4) :792 - 816.

(Lb4% 78 W)

[17] WANG X W,XIONG Z P,LIU Z,et al. Exfoliation at the liquid/air
interface to assemble reduced graphene oxide ultrathin films for a
flexible noncontact sensing device[ J]. Advanced Materials,2015,27
(8):1370 - 1375.

[18] GUOZY,XUJW,CHENY Q,et al. High-sensitive and stretchable

resistive strain gauges: parametric design and DIW fabrication[ J].

Composite Structures,2019,223:110955.

[19] GUOZY,YU P S,LIU Y,et al. High-precision resistance strain

sensors of multilayer composite structure via direct ink writing:

optimized layer flatness and interfacial strength [ J]. Composites

Science and Technology,2021,201 ;108530.

B, X, xR, % 5 B H/ ARAREAKXRZ oM HEEHE

B m )] ERAFFRCELRFIR),2021,44

(10) :39.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

A AL ETEERN R EREERBEMNELI] AR,
2021(2) :88.

GOMEZ-NAVARRO C, WEITZ R T, BITTNER A M, et al.

Electronic transport properties of individual chemically reduced
graphene oxide sheets[ J]. Nano Letters,2009,9(5) :2206 —2206.

KAISER A B, GOMRZ-NAVARRO C, SUNDARAM R S, et al.

Electrical conduction mechanism in chemically derived graphene
monolayers[ J]. Nano Letters,2009,9(5) ;1787 - 1792.

BIH C,YIN K B, XIE X, et al. Ultrahigh humidity sensitivity of
graphene oxide[ J]. Scientific Reports,2013,3(1) :2714.

YAO Y,CHEN X D,ZHU J F et al. The effect of ambient humidity
on the electrical properties of graphene oxide films[ J]. Nanoscale
research letters,2012,7(1) :363.

FARF AEBEERENAEEERERTALID]. kA ®
F A A F,2019:24 -27.



