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Influence of meshing characteristics of star-gear
reducer by deformation of the hub

XIA Jian-fang' , LIU Dong-yang' , HE Qi-cheng', GAO Fang-jun’
(1. School of Mechanical and Electrical Engineering, Central South University, Changsha, 410012, China;
2. Hunan Academy of Mechanical Science Co. , Ltd. , Changsha, 410007, China)

Abstract: Aiming at the problem of bilateral contact between the teeth of the star reducer caused by the deformation of the hub, the effect of
the size of the hole on the hub of the planet gear of the star-gear reducer on the meshing characteristics was studied. The finite element simu-
lation method of the star gear reducer under the condition of complicated assembly relationship and high nonlinearity was studied. The model
was simplified under the premise of meeting the engineering accuracy, and the finite element model of the star-gear reducer was established
by the software Abaqus. Under the premise of not changing the diameter of the shaft and the hole distribution on the wheel hub, the diameters
of the bearing holes of the transmission crankshaft and the holes of the direct-connecting shaft on the hub of the planetary gear were reduced
by 10% respectively, and the contact situations of the gear tooth were analyzed. The results indicate that reducing the diameter of the hole in
the hub can improve the rigidity of the hub and improve the phenomenon of bilateral contact between the teeth. Reducing the size of the hole
of the direct-connecting shaft has a better effect on improving the bilateral contact of the gear teeth. Reducing both holes by 10% can com-
pletely eliminate the bilateral contact of gear teeth.

Key words: star-gear reducer; deformation of hub; finite element simulation; meshing characteristics

FHHCIAB DV 22 SPFSh (3 R 5T, U0 = 3Rk 457 25,

0 5 5 RIS A REUN FiE L8 ok JRERAE T K
E%fg@%#ﬁ/}\ﬁm% . WqujJ E‘Jf?ﬁj%?ﬁjo %’fjtlﬁ ,ﬁ,ﬁ\iﬁﬁﬁﬂ:f&ﬁiﬁiﬂ, Jﬁb’—(ﬂz?ﬁ{ﬂ% \E}L”—l N

%5 H #3:2020 -01 - 09
HEWB: HE A RPEIE A% B H (51575533)
TEHEE A H#IF(1965 - ), B Wr &, Bz, A= S0, 328 N FHU T S PSS T5 T (A5 o E-mail : xia-jianfang@ 163. com



510 1]

ST, 45 BT X A A g WG I A S R A

- 1211 -

B ST R A3 T 2 R

T, B NS B A A ik — Dtk 2445 5
RGIA T —ERIRIIE, SRS RS T 45tk X
AT UM R X 14 22 B2 A UG A IR AT T R
12 Beah J12 s XBa i 0 R T 2 AT,
U AT RV EE AR T N ) TRk T TR
A FROCHE R FF AT T8 IE ; 1 e 7 2 A H] Solid-
Works Simulation, T8 T /15 2247 B 15 48 19 14 AR 25 i
N ST, LRI, E— 20 oE T H e 1 s R A
WS BFTE T = R e 1 S P Ak U X A YT AR
SELOT S At AT BN S VB AR HEAT T Sh A £ L
G3HT AR BT AR G I B 4 S A R (H AR
B R IR B I LI BESE T A0tk 2515 B 4%
fik ) A BB T i, ST T RS AR R K AT PR A
R AN, B AN A — s 0 i [ RE XS 4 R
WAL B RGBT TSR .

HLA LW R 8 T /D 245 8 i i e 1 4
HIXEWR e 8 o K2 R AERI AR A Y o 1
TESEPRI) AR E RS T 17 R I fe S0 i AL o i %
IR, BPFLIAIAAAE R D, ZE WP EAS B LT,
U ey e S | A e QN SR LR B 9 N =Sl L8

TE SolidWorks H1, 2535 X B 46 1% 2h R G i A1 — 4
TR SR AR, 7R BL Al F iz H] ABAQUS, &ty B §&
e R 2 HARA G T E A RITBIRL, X i 17
[EMIESHIEY TN

1 A7 B 5 0 2 48 45 1T 9
X TAT SR 1R SR W S, 7 HLB AT 1
AT R R BE S A A T3, X L

i ARG 2l
BRI A LA o] P AN 1Al 1 TR

F 1 ERmeEasIa
I—4r N v dh;2—A XA H;3— A& 44— 4 L3
35— A B ;6— S dh ;T —HR ;8—& 2

KL A kg ARl LSS shint, 72 25 S K
A R4S 8 AR ah s[RI, NS5 A 42 8 %k BR ]
ZEH SIS B A 5%, A 2 sl 6 52 2
i S iR O IRZ Uil W (Suli R 2= NI
A Bl SRR 4 R i Al AT R s 7R X —ad R
SN il R N W IR GEA S P SRS LD i

11 AR X oz SRR (L S A S s i 5
B IR s Bl , S5 RAE AT AR e S 3T 1 e e e, T
TERHZR AR AT LAAS B R 3 5 EAT R R i e
AR, X AT AR A 1A B 2 [h] B4 A 12 SR e A R RS
Wi WA RRE H AT B BIe T A5k, K22
BT A ROCH BB BT

ASERY B AR vk 45 O i), et At it 2 8n 3k 1
IR

®1 ERIZTSH

EC TR R
%A 180 184
FEEL/ mm 5
R/ (%) 20
LREEY 0.7
I 0.55
B VEX 4 0.093 1
i 55/mm 88 184

SR T, KR Tk A, %3 B 2
BT ESR,

2 frEBR

TR N R RS R T RN BE A
6 A 1) B340 1A% Sl h b FL S 6 A ] 1) 3447 1Y) 3%
AL A S ALY 20 A B AR A @660 mm, BLERL 1Y 53
HEAEN ¢720 mm, FEAHRAE 0660 mm @720 mm 5}
AT EARRITEOC T, %A% 3y ith il FL 55 B Al L B R 3k
ATiE L4 /N o

feglth i EAR 0 @110 mm, 7246317 56
PRI TS5 23222CC/ W33 FIRLCR Tl il R
HMEH @200 mm,

TEABUEAL Syl ST B B0, AT Bl Al
SN2 R,

*2 fRHHMATIEMARS

HRAYS  HURNAE/mm BURSME/mm R 58/ mm
23220CC/W33 110 200 69.8
24122CC/W33 110 180 69
24022CC/W33 110 170 45

HiHp,24022CC/ W33 AUk 7R G -5 R UG 7 2 3R
Ze5tid K ,24122CC/ W33 BRI 7R Y 5 B8 °HL



- 1212 - N i5)

T & 37 &

I R U S A E T 78R 7. 585 x 107 N+ mm,
el % 4 157. 72 o/ min, 4% 2 il £L 69 53 1
B2 R 660 mm.

DU AN B 7R R 2 T A

T/6

=D/ (1)

Ko F— SR 1Y 800 5 T— 80 17 8% D— 1% 30l
HhFL A A T EAZ

(1) T 5 R4S F o= 38 308. 1 N,

1% 5y i e 7 AR 52 A58 ) 28R AT, B ) 28 7 22305
O AR EZR N TG E T RS, = 1.8,
W, 2 o B e

P =f,(XF, +YF,) (2)
A P— BBl E s f,— T.00 R BG X— 4210 Sh 3 i
FREGF,— R 0 A% 1) 2 5 Y— Bl ) B 80 &R AL
F,— TR iyl 1) 2807

skt (2) WiE,P = 68 954.4 N,

AU T T W) 7T45,24122CC/ W33 B 3.0
VR FHR A FEAEE shak il 4. 58 x 10° N, v 4k
& = 1073 A FEAE & F5 oA -

10°/C\°
10 — 60”(?) (3)

Ao Lyg— BRI BUE 754 n— 55385 C,— R i 2
ARG E BB 3 P— BRI Y i B 3T s e— TRt A

KA (3) nf:L,, = 58206 h,

2 ROSF K A il R A5 w00 20 R R AT A
24122CC/ W33 RUJHLVRE Rl ik 2 2K I, 76 fL
B g B UL S AL R 180 mm , A5 5 i
4 10% .

LR RAL VR R R A0 7 4 A A S 0% T T
AT RS, EA ST R, TR A KR PIHR
R @140 mm, FEFLAR Jr e, BB Sl FL R F iz
45/ 10%

gE LR, A N EE LA FLAR T 4k 3 R,

®3 GNEEWHILERNILERS

e LR L AR/ mm ARSI %o
X GVES 140 0
LES! 126 10

AN G /IME Bl AR R FL IR 7 R N3 4 B,
4 EMEDHBBAILFROILERS

el 1% 5 il i fL B2/ mm AR BRI/ %
LRV S 200 0
UEY 180 10

2.1 #H=BEW
SEBREOLT AT AR5 i T AR e AR A Bl A R

Fz TR SNER NS/ N, BESEIEN T2
WG, 6 RAZ S 517 R Fe e, f A 5 Cihdh)
WA T RFERRL, XL OC R 5 25 H il 80h
FFAWCN IR 2%, 8 T B ARt I

A HL P R LA S LA L G ZR 8 A PROTAR
A S SEOTERBLE R, MBIk T, Bl B
AR MK R BOT A R XE LIRS

PRI, 7636 2 TR B 2R AT 4R N, 283 X A A
AT IR faifk .

() A7 B 485 A B AL s R WIAAT 21548
SERIAAIR] , 1538 I AR A5, HLS MLEE B0 i P 45 48 2
A RGHINIEE . NI, B H d A — X5
Mk A 70 B ORI T B —F

(2) B A gl il A WA, 20 AL sh it il 517 2
R Z (VARSI 4 SR 4540 5 4% 3l il g o o — A JL
far A, N7 AT WIAASE A

(3) 2% Wi 45 14 X5 ) 145 THT R 482 7

(4) ¥4 % A % {64 Beam-Hinge % H4 , LIS
PLE RN 5

g5 LR AN R R NG R A P AT Rk
W OERE) AL (BT RIA) i A it (% 3
i) PSR (RS ) o
2.2 BRTER

FR s FLS 254 Je b R TR ] Ak 7 i, 78 = 4R g
B SolidWorks Hr, 285 ey NI AR 15 B AT B 545014
Bl AT 2R RS g R T A
ABAQUS 15 78 ABAQUS w154 57 1% 5y i Sl fie 47 1
PRBAL (2R ), FFAE ABAQUS Hi 3k S8 S 42
AERM KR T LA,

AR R 53 7S AR S5 R AL A, AT B 1558 S
WHE MGG X 40 DSAe T Mg R AL ab 3, DIAT A2
Ve B S V583 91, 2300 53 PO A B i 2t 1153 A Flefs
AT T 48 i DX 3SR 14 R 251 b DX %) PO A 247 T 2 Ak L
I XIS RST SR 1 mm SEESE TR 2. 12, 080K
g s AR 40 415 H ] 43 328 000 M HLIT, £
BB RS 2D AL S AR 45 SR 5 I I s A 7R 2 R
FHZETE 3% LA, RLL , % S w] LA 2 1 H 50K B )
EASrRan=NiN T

i3t e AN N BT L e g ] 1 9 N
3 mm, BRI AR S E R e s i 2 R (5
RLIGEHCh 968 756 1) o

Wk FE AT B 1R 58 0 A RE 38 R 42CrMo, fE
ABAQUS 17 B4R i oh 206 000 MPa, A1 #4 H
0.29,



HHT7 4 SR BUETE X B A G A R A 5

AL © 1213 -

(a) Bk A% (b) JaFh a7

B2 BRI R AR

WAL VE #8320 o BN AR AE RS T R4
fih , 2) 653 2B ) J LT AR Lt . TERIIG o A
Hh oS4 Sy A i, 70 AT WISt S 1D 5 48 a8l
FLIIAT: TR 22 8], 5 R T - T2 i

Wi FRIEK sh 47 A 48 LA L % Beam-Hinge 4H 65 1%
Fean ke S, Horr, Beam ¥ 42 2% (10 i A i 057 Ty At
b2 b Hinge JE 4245 — Ui 5 Beam fij ) i AH %
Ji—um ST RO G SUME . £tk s 5
PERLO5E X725, H: Beam 3% 422 2% 10 5 A S ir T
WP i it i) o0 28 1 Hinge 3 #8807 T4% 3l ith il iy
Mg b He—0m 5 Beam i th A% , 7 — ¥ 5
SCHEAE Y (815 rhoCs 0 CRIVIE Jn 28007 09 2 7% 450 # 7
Beam JEHEAS

SrFTid RESIE S DAL (SRE ) R
SR G  HE ik e A% Sl b S T A LB Rl (o8 4 B 3D
0.001 rad) FHUINAIEA AT 107 N+ mm it i 1 5% 4 2%
i 7.58 510" N « mm B TEME 1 rad,

3 fiHE4R

3.1 ERREHEER

A FRITIH 2R

Uk AN dmb5sh A R 0. 64 rad ~0.78 rad X BT,
G DR X S BROUII 2 fih B 52 5 HL O — DX B 5 5 14 A
WEA BB A 4t . OB E B S N 0.7 rad
S AR KA e e A Ml 37 5T, A S W i A L) il
R SRR S

R fLRHE T, ?‘J/J?EI’J%@E OLanE 3 iR

CPRESS

371.49
340.54
309.58
278.62
247.66
216.70
185.75
154.79
123.83
92.87

61.92

30.96

K3 JstiRfLARZE & A e A HE Al i 0 (MPa)

AR/ LA BT, B T A 12 i A7 20 4 P
4 R

CPRESS
347.06 u'
318.14
289.21
260.29
231.37
202.45
173.53
144.61
115.69
86.76
57.84
28.92

B4 AL/ B R FLAY TS DL R S8 14 $2 1 &0 (MPa)

UG5/ Sl Al Al R FLAG I DL, 58 047 A9 2 i A5
LA s Frs o

CPRESS
353.62
324.15
294.68
265.22
235.75
206.28 |
176.81
147.34
117.87
88.41

Fls A/ 2l & FL IG5 B0 58 147 B il 5 1 (MPa)

DERACTEE

(1) 5 05 RUMI 2 A 145 %ot B B A 7 2 147
JINTIT T B 5

) ERG T EWILELAE T, A 2 Xua 5t
HEE T L A KU o PR

(3) 43 5 45 /IN% By il Bl LA 5 3% Sl L RCSE 10%
S o U2 fis 145 X BT B 2 1 4

XTI 4 55 s ARl

FEPIFLIIAR /N 10% (A1 LT, 46 /0N B fl L 0
RO, R, 72 PR UEAL 2 il i 5 oo 2 2 0
AT LT, DA e B 4 /N B AL o

3.2 REAFRRER

i DA 25 5T

FEIE AR/ ML BIE DL, B B — AL R
SEYEAE S, AN RE ST A T BR 6 U S0 il oAS R B4 1 7
Ao BHEAERLITE T, B BUEL Zih LR SF R
@180 mm | FZEHFL Ty 126 mm X —fLAR4H & it
it

BAT ZABAE TR
J7R

A 6 RT AT X —FLAR 4 A T LA 58 4 3 B BUA 42
fil AN BB 077

hem AL

2 fi 155 B0 T 151 6



- 1214 - IR}

P 37 %

CPRESS
315.42 |
289.14
202:85
236.57
21028 \
184.00
157.71 \
19513 , "X/ V! V!
] i »
78786 !
52.57 g
26.29
0

F6  FZIr R LG b

4 ZERE

EH N T RO A A ROTEE Y T T 2
P FLARLL G T B IA Ml 155 00 , JF % AT T # J°7
B H

BIFTELE A - B2 A ol 8 0 98 14 A8 T2 ) e 147 il
ERRPEAS RSO 2 B W DA PR 4 7 A e fk; 8 4
e gy s P LR L B LR ST B2 R A8 B I O
JEGi/INFLAR R LAAEAT XU fk 047 o 07 80 b 38 5
L RO X 0 AT IG5 R A ) 52 ) B RS, WA X i R 5
EE R A AR A T RS B AL BT I, R R L
LIRS

DALt , 23 eI Sl Al 7R FL RSSO 180 mm
FLEMILNT O 9126 mm, X —fLA2H G J5 5 1T LATH
R RN ik AN R G )7 o

2% 3Lk ( References) :

(1] sk 2,56 L, . A1 2 B 40 AUl 2 1 b 5

A5 AR

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

T S RS ()] Rsh 5 bty , 2015,34 (12)
174-180.
sk R EIEE AREE R AR D U 22 AR AR 10 L
w1 ] A0l TR0 ,2013,29(24) :57-63.
XM D 1A 2247 B 0 0 1A AL S i N 0 T T BRI
L)) MLb it S5 ,2015 (1) ;238-240,244.
THIGET LB Wi LR A6 22 4T BRI AR AL S AU RE 1 Y
AT )] BB ,2016,37(2) :76-T8.
KA, B T A DR AT B AL B SR i
VRO 2 43 BE A F 2 [T ). b [ HL B T2, 2002, 13
(18).5,62-65.
WL, BT w20, 55 T 4014 2247 B 147 40 Dt
RS b Uy Fo A [T ] BUARRI 5 BF 5%, 2012, 28
(5) :4549.
SHUTING L. Contact problem and numeric method of a
planetary drive with small teeth number difference. [ J].
Mechanism and Machine Theory, 2008,43 (9) . 1065-
1086.
LIN W,SHIH Y,LEE J. Design of a two-stage cycloidal gear
reducer with tooth modifications[ J]. Mechanism and Ma-
chine Theory, 2014(79) .184-197.
Xiao-ning Feng. Research on stress characteristics of plane-
tary gear drive with small tooth number difference[ C]. Pro-
ceedings of 2015 3rd International Conference on Mechanical
Engineering and Intelligent Systems,2015.
RO b A )N, A RS R CHT & A6 25 4T
BAESRIEESHT[T]. BUACH & HOAR 53 45,2016 (6)
93-95.

[ 4w - 15 BRRE |

BETF KR R, 45 R I X B AR T d e A R S R WFSE [ 1] ML TR, 2020,37(10) 1210 - 1214,

XIA Jian-fang, LIU Dong-yang, HE Qi-cheng, et al. Influence of meshing characteristics of star-gear reducer by deformation of the hub[ J]. Journal of Mechani-

cal & Electrical Engineering, 2020,37(10) ;1210 —1214.

(ML TR ) 2435 : http : //www. meem. com. cn





