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Coupling Compensation of Transmission Error for Planetary Gear
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Abstract ; Eccentric error of planetary gear was transformed into equivalent mesh error on meshing line by
geometry method. Then coupling error of every equivalent mesh error was calculated and deduced when
angular frequency was 0, same and different. The best compensational effect was obtained with the first
two cases. The value range of the difference among initial phase errors were concluded when the coupling
error could be effectively compensated and the relationship of initial phase with the best compensation.
Furthermore, assembling method by allocating initial phase error was proposed, which could improve

transmission accuracy of planetary gear. The transmission errors of planetary gear were calculated with

allocating assembly, random assembly and machining precision improvement, respectively. The

comparison and analysis proved that the proposed method was effective and economical through.
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Tab.1 Parameters of planetary gear
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Tab.2 Eccentric error and equivalent mesh error

Lo 2 Wi 2R Y G iR 25
(E,.B,) ey = —Esin((0, —0, )1+ +o, -m;)
eorpi = ~Eysin((w, —0, )1+, +a,)
(E,;.B,)
m e = Eysin((0, ~w, )t +B, -a,)
(E..B.)
(E;.Br) ep; =Esin((0, ~0, )t +8, —a, -1;)
(Agyv) ey = —Asin( o t+y, +a, -n;)
Cutpi =A,8in(y, +a,)
(A0 oo
€api =A])i sin( Vpi ~ % )
epni =Asin( —w t+y, +a, -m;)
(A7) ,
e =Asin( —w t+y, —a, -7;)
(A, )
K1 KER2

E B—— T A Lo 22 S HAN IR AL
A y—R P L iR 22 S HA IR AR L
W5 2 G R I S IR 22

e



290 & ok MO ¥ 20134
o—5G BN F v =B+ T 0 _p 4
Y R4 A 1] I
n—5 i MTERFCAXT A | M7 A OLE e, flle, ﬁ}@j%[ﬁjj\jﬂw.‘ WML 0, -0, = %Tf’

Thr s pived w.on 3 FRRIZEE T RER S

TR AT RN Sk s A G S

A AR IR ZETESN W& 2 b A ) Y

RBGEIR2E 50
e, =€y et te, . te,,, (7)

€, =€y te,p T enApL + € aci ( 8 )

SR BIE, BURO IR ZEN ORI R G E D)
TRZE N (A rad)
0, 1 i

130 = 0 - = e — * e =
sc c M h w h n
i, 1000r,i, 1 000r,1,,

(7
[13sm (?w-‘t +B, +5 ) +

S S
48 000cos (g )

3

16bln(é—iwt -B, +89—’T) +1251n(%w&t—'ys+8§) N

. 10 (1 m
8sin ('yp +T ) +15sin (?w.\»t Ry ) +
T

(1 1) . (ll 7)
2151n(8w‘(t B,+9 +16sin 24a)t -B, +9 +

8sin(yp+8§) +155in(%a)t y, +—)] 9)

b o—Hefi Ae—FEfiRae

3 EHIREESRETESX LS

3.1 ZEGHFEREHIRERNITE
X (9) IS AR e, F) ey, HiH ce,
Ml e SR 0, BE W AIRE B IR 2E N e, =

16sm(yp+'rr)cosf,7 Y, =0 , D)X P A 43y R

9
MfLahiRzznh o,

ﬁﬁ%ﬁﬁ%@}@%gﬁ%m

ey .e5.es Ml e,

HI2% @, ~ oo = 20 BT B IR 2 o, =

28. 19sin (%wst -7, )O
AYE 1.2 5% 65,95 AN ﬁﬁf*%%,ﬁ%ﬁ]*ﬁ%
14 g o, 69 4 A5 B e IR U B

(wy/8) min =

Y AA |} =121 412228191 =4 8100
i=1

min {

MERE €8 = 1.26sin (%a)st -B, + g ), jlifing

. . (11 )
ARz € (11020 =10. 94sin (ﬁwt -B,+5 5 )

e 1.3 41i‘f’eza,x NNV S Al €(11wy,24) AR5 1R
9
2= (Bp Ze) (3R IR B, ~ 13 + 1.26 + 10.94 =

28.75 JLI:HTB KB, L7, AIARAT B A 1L gk
2= A0, ~131.5",
FIRERZE S BRI IBUE AR 3 R,
R3I REVEABEXR
Tab.3 Relationship of initial phase

ZH B SR Hife
B, (G Y, By +7m/9
B, A=Y Ye B +87/9
B; EFEN Yp 0

BIIIAS B, (— M2 T ief 4 JH: 5 4 A i B o
AL 008, =0), FiLL B, AIEUEXT K FHEE ATRELE AT
FE AT IR ZE WA R BE L, (5 = 25 A 2 1 O L 5%
ZWIAS B, 2R 3 hEEC R, LR B R G
1 SR R A AL shiR 2%
3.2 AREERESHMAEIT LS

17 VR A5 K R B ATLBE LA, 45 OO0 158 22 40 i
IRIFR R BEHLAY R 2ZE(E R R 1, R 54 R B
A6 AT 5 T RBUHER  Geit 4 RNl 2 o,

8000)
6000
2 4000

2000

0 100 200 300 400 500
Afse /()

B2 BN SRS
Fig.2 Statistics of transmission error with random assembly

K2 AG Fi/IME R 1117 e KB K 456", 5%
RN 297" ARifEX R 707, AT WLBEALSE AL R 41
RBRZEA YK T S, WAL iR 22 #3 Hod/h
A, AR KRR B b3 v T AT R AR AL SRS 45 v 3
56% ,

3 3 4R 1R AR A TR B AR A% D L iR 2
AR ZZ AR RN 1 F By 172, FIAHBENL, B 5245
R PXE A0, AT 5 TR, Giitah R anE 3
Ji7s



F8 EWd 5. TR IR ShIRE RS HMERTSE 291
8000 120001
10000
6000
8000
5 S
§§ 4000 = 6000
4000
2000 2000

0 50 100 150 200 250
Db /()

K3 172 AERERLE RLL SR 240
Fig.3 Statistics of transmission error of 1/2

tolerance with random assembly

&3 v AG, f/IME N 507, e KAB Ky 228" Ko
WIEEN 1407 AR 22k 347, AT ULER R OF i TOkS
ERR ARG shiR 2 ARG shiR 2 K 8" A f,
BN TARZEFEAR 12 BT EHE 2 M EEYH,
L PR AT B E A AN an R e i v

A O IR 2ZE AT I IR EAE R 1 TR
2530 PR PN D o 12 22 T RN %) B R 43 A1 BEBIL 7
e B AEHR R 3 AT G, B 52 R 2 vkt
AG HEFT 5 TR e it 25 R E 4 PR

8000

6000

W

< 4000

45

2000

0 5 100 150 2 250
Abs /()

K4 BEPLE2E PR AL shik2E5e it
Fig.4 Statistics of transmission error with random

error and allocating assembly

Kl 4 Ao fie/IME R 107, Fe KAE R 216", 2
WIEEH 90, ARifE2E R 307,

AR IR ZE (A 22 I3R 1 PR ) KIAHEY
F245 F IR A1 43 A5 BE ML= 2, R 52 5% R % vk 0t
A6, AT 5 T RBUHE Gt 4 RNl 5 o,

&5 v AG_Fie/IME K 257, B K AE N 4147 B0
HHEE R 178" brifE2E " 547,

XFECIE 4 A S AR S RS LT, W A%
BliR 2 IR ZEWIAHBE L R G A% s 22 50F I E N
88", RV B A 1% 2 152 22 B Ik 88", 1% ol A B 4 vy it

5

1 Blanche ] G, Yang D Ch. Cycloid drives with machining tolerances[J].

Automation in Design, 1989, 111(9) ; 337 ~344.

2 Yang D Ch, Blanche J G. Design and application guidelines for cycloid drives with machining tolerances[ J].

Theory, 1990, 25(5) : 487 ~501.

0 100 200 300 400 500
Af /()

K5 BlALER 2= FIBEHLR AL SR 2 48 1T
Fig.5 Statistics of transmission error with

random error and random assembly

50% ; F RAEARXT /N 1987, B3l 7' AR ZE 47 P9, Rif%
SR 2 AT RE X AR T3 37,
4 %t

(1) 38 3 IR P v B PRl o 1 A B Hh AT
PRARTEAS It O 1% 22 B AR &AM B 1 R e A Bl i
22, HAB 20T BEAIL 2 e A (0 Fe /ML, 3261 2K — H &Y
TR AL SR 2220 0 131, 5" %45 R R A1
PRVE A 250 B K 22 6 AT 1T 3800, T S0 152 254
Pt KA 22/ 36 AR D7 A9 B 0 R Gefl sh i 284
/o

(2) TEA R 22 (H I, 9 22 i L Bl ML 3% e 477

AT DAARAS TR S 1 R G SIS L S0 by 4% i
ZHEA IR S /N 88", Ho vl RE X 8] F A% T 3E
3", AT LR B KR = T AT R R R R AL B
i S T E T

() AT FE IR B 2R 22 L R Ge 45 W 1 4
1R 2 A0 TTRG BE SR G ) AL Bl iR 22 38 BN, S v
/NG 8", BT H AU, 5 58,

(AT R GFE R R BP0 FIAHTR]
A AT IR e 2 rT A5 B e AR A A M 25 R B
IR R GG S 2=, AR AR T, W5 it
A AT Ak b A2 00 1R 22 W0 M 2= 0 BOE X TE)

(arccos ( _2‘472 ) ,27T — arccos ( —2[472 ) ),%ﬂ*ﬁ%ﬁ

+m MR R AE,

(5) 38 BRI 0 FIAR R A 1R 22 73 Y
ANFEMEXTVRBCAL B iR 22 82 WA K, AT LA AR
TN X e A 5 36 24 /N He A A REAT R 7 M
AR 22 53 i Y 28 22 W) ] LAk — 20 3 iy R Ge A% Sk
.,

% X W

AEME Journal of Mechanisms, Transmissions, and

Mech. Mach.



292 P 1 R A= 4 20134

3

11

12

13

14

15

HE %, B2, AHR. (30 54 704 FEE 2 72K-H-V B 5 i B B A RIRE 1T 2058 (56 1
e, M) [C1 /) AAHE A 218 3CEE . C 44,1994 ,60(570) 1645 ~ 653,
Hidaka T, Wang Hongyou, Ishida T, et al. Rotational transmission error of K-H-V planetary gears with cycloid gear( 1st report,
analytical method of the rotational transmission error) [ C] // Japanese Mechanical Academic Society Collection: C, 1994,
60(570) ; 645 ~653. (in Japanese)
AR, BRI, SRR 130 %A 7 oA FeasE 2 72K-H-V B R b5 53 B oo B LR IR 22 12§ 2858 (56 2
e, AR TARZE LHSLARIE D AL IR IR 212 (23 8M) [ C] // HASHEBR 2298 308 < C %, 1994 ,60 (578 ) 1278 ~285.
Hidaka T, Wang Hongyou, Ishida T, et al. Rotational transmission error of K-H-V planetary gears with cycloid gear(2st report,
effect of manufacturing and assembly errors on transmission error) [ C] // Japanese Mechanical Academic Society Collection; C,
1994, 60(578) : 278 ~285. (in Japanese)
AL, TR AOSC, EE A A 2K - V RUE SR B S S SR BEEE AT ST L) ] MU TR 241, 2007,43(6) :81 ~86.
Han Linshan, Shen Yunwen, Dong Haijun, et al. Theoretical research on dynamic transmission accuracy for 2K — V-type drive
[J]. Chinese Journal of Mechanical Engineering, 2007 ,43(6) :81 ~86. (in Chinese)
FW 7 R AR A 5 IR R 22 AR U v U T U AR RS W B A 3 A [ T ] A AL iR, 2012, 43(9) 213 ~
218.
Wang Feng, Fang Zongde, Li Shengjin, et al. Tooth contact analysis of epicycloid hypoid gear considering assembly misalignment
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(9) :213 ~218. (in Chinese)
FR, T Ik A NF IR BRI B ST [T ] P T AR ,2010,28(2) 1224 ~227.
Wang Cheng, Fang Zongde, Guo Linlin, et al. A different and better optimization of tooth profile of double helical gears[J].
Journal of Northwestern Polytechnical University, 2010, 28(2) ; 224 ~227. (in Chinese)
Jr ol AR, Dk R A BT AT ER A A S0 A R S 22O [ T ] AR ML A1, 2011,42(7) :223 ~ 228,
234.
Fang Zongde, Guo Linlin, Su Jinzhan, et al. Optimal design of tolerance for spiral bevel gears by controlling contact path[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(7) ;223 ~228,234. (in Chinese)
Litvin F L, Gonzalezperez 1, Fuentes A, et al. Topology of modified surfaces of involute helical gears with line contact developed
for improvement of bearing contact, reduction of transmission errors, and stress analysis [ J]. Mathematical and Computer
Modelling, 2005, 42(9 ~10) : 1063 ~1 078.
Litvin F L, Lu J. Computerized design and generation of double circular-arc helical gears with low transmission errors|[ ] ].
Computer Methods in Applied Mechanics and Engineering,1995,127(1 ~4) . 57 ~76.
RSO A W T, A B P 5 T L b e A AR S SR IR [ )], ARl HLR A=, 2009,40 (11) 1219 ~
222.
Deng Xiaozhong, Xu Kai, Pan Shicheng, et al. Transmission error and noise experiment on meshing of the straight profiled
internal gear with the involute external gear[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(11) .
219 ~222. (iin Chinese)
JEHETC, ERE AR, 4. MUK AR SR 28 X/ NS 147 T 22 S MR AL R A B B9 [ 1 ] HLBRC T #2412, 2010,46 (17) : 179 ~
185.
Tang Jinyuan, Cao Kang, Li Guoshun, et al. Research on the effect law between machine setting parameter errors and hypoid
gears surface errors[ J]. Journal of Mechanical Engineering, 2010, 46(17); 179 ~185. (in Chinese)
SRETAL AL AKAE A, R TE R A HLE R 22 R iy L [ 0] b 1 5008 R 241, 2008 ,42(7) :1 055 ~
1 059.
Guo Qianjian, Yang Jianguo, Li Yongxiang, et al. Application of clustering regression analysis to thermal error modeling of gear
hobbing machine[ J]. Journal of Shanghai Jiaotong University,2008 ,42(7) : 1 055 ~1 059. (in Chinese)
Li S T. Effects of machining errors, assembly errors and tooth modifications on loading capacity, load-sharing ratio and
transmission error of a pair of spur gears[ J]. Mechanism and Machine Theory, 2007, 42(6) : 698 ~726.
H e RS WA AT, A1 FR. A7 2 0 0 8 8 LA Th i A A i 22 R A3 BC R G R [ € /7 HASHLBRE 2218 3026 . C 4,
1986,52(480) :2 200 ~2 206.
Hidaka T, Sugimoto N, Ishida T. Effects of errors of elements on load distribution in planetary gears with various load equalizing
machanisms[ C] // Japanese Mechanical Academic Society Collection:C, 1986, 52(480) : 2200 ~2206. (in Japanese)



