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Design Method of Eccentric — High Order Elliptical Bevel Gear Pair
and Analysis of Its Transmission Characteristics

Lin Chao' Gong Hai' Hou Yujie'” Nie Ling' Zeng Qinglong'
(1. State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044 , China
2. 86 Detachment 96263 PLA Troops, PLA, Luoyang 471500, China)

Abstract

Base on the space engagement theory, a design method of eccentric —high order elliptical bevel gear
pair was presented, the mathematical model of eccentric — high order elliptical bevel gear drive was
established, pitch cone and spherical pitch curve of the eccentric elliptical bevel gear and the high order
elliptical bevel gear were derived; the position of the cutter in the space during tooth profile of eccentric —
high order elliptical bevel gear was generated analyzed. Secondary development based on Solidworks
(API) and VB, which made the pseudo-entity and assembly model of eccentric — high order elliptical
bevel gear pair was obtained; and then the transmission characteristics of eccentric — high order elliptical
bevel gear pair was analyzed,the change laws of eccentric — high order elliptical bevel gear pair, angular
velocity and angular acceleration of driven wheel during the transmission were acquired.
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Fig.3 Pitch cone and pitch curve
(a) fio—2 BB FE () fh0—3 B i IR HE 5 4

2 wo-EHHEEERE SSEER

2.1 ERRE
Hh A7 8 245 18] G 5 i B AT SR 24 i o — g I A T



LR

AR S o i ARG (B O A R BT S AL SRR o A 217

W6 I A% Sl I i O A9 (B 47 % R v o A DB A 14
P18~ T AR 10 VR Bl 5 4 v g o A A T A
KR40 T (hR o 0 153 145 48 ), i R 3 1 A% Bl
IR Ay Dt o 6 TR0 45 6 11 4 4 T 5 TR0 A e 0 LI Y
HETAEA I AR o AE Wk & v, 77 2 0y 145 R %
s 5 H ELE R TR B 7 T R O, BP AT 3R
A5 O o 18 1620 A 47 6 A 1402

MR 1R 3, 45 65 30 12 T 2 150 i O
06 L A O Y B R v, A5 38 B S B TR G R DA
T A o 0 1580 A 7 6 045 0 26 B R o A ST Y S T
AR AR, WL 4, SR RIR AR R OXYZ J5 5 O
S Z R ) b Y KT A R O 6 TR
R T 5 S A O T i o0 6 50 46 0 8 1 [l 5% rpos
5 Z A I H W A B DR 00, BRI IR
(A= AR NN SRR RNy K sy O el S
FAYITF 5 M, 0OM 5 Z B iEJ5 10 92 /3 py s T B A5 il
R AT T O 106 (B8] 0 6 1 0l ROF AR SR 3, &
EEFE] ¢, JJ B8 Z Bk i £ B R 6, B & 4
N, G T 5L il k55 O o0 9 5 40 145 %8 A 1 il 22 A
YIF & M, J) Bl do Bl 00, ,0M' 5 Z
EJT AN po

P4 S I Al A 2R
Fig.4 Coordinate system of gear generating
Lo AR 680 6 7 48 TLART HhoC Al 2. O A T B 47 5 it 2
3. [T R 2

B g, R A0 IR A0 1 45 4 A, o R ST (]
UJE TR HE A, o, R T H 58 R 2R e i 11 f R
B w, Sy JJBLGE Z Bl e i f B L6 S IR T B
9 HE AR o

wIRGEH & B ME A B EEN o,
[ B 8 Z Sl e % 1 AR SR 0 o, o U0 TT AR 4 145 5
BRI SR E Y i, I H ATEMAOE B =w,t, 5
T ER A

I = Rw, tsind (14)

BT ) B 5 TR AR SR gl 0 T4 5 i % [

FERIIK o JCHERE I A 6, 5o

! = RJ? Jsinty, () +y'i(0)de  (15)

L $i(0) =dy, (9)/dg
JIE58 Z Bhie 5% i # o BE y

wzzT (16)

o

HIET 4 1, py =g, +8,p,
MMEE o N
_Po =P :l/fm ¥ :‘;bl(o) -¢.(6,)

T ¢ !

=g +8, JJ H.L58 Y e %

(17)

B2 (16) L (17) BIVA] af 2 fi O A [ 4 145 %8 5 )
HAG s s iz 3h 2 A 56 & o FIAH R 9 S AT LA
T3 3090 )82 B B A6 (B A A O R, T RS
iz h B R .
2.2 ELEER

MR 1 3 i O A8 152 4 D47 %8 30 1 T e 3L, A
Solidworks H+ 1| Fi I = 4k 35 784 T fig L K i F R ) 4%
F(APL) 254 S B2 5000 VB, JF & At -0 1 (B 4 145 %6
P B TRy, WE S,
tEgSREIOR &

MIBR | iZhm17 |
WA

FHREW 31 | FEERE [ ]

RUE o5 SRER i
£t T ST B T S T
miwxf Eagm P

Bt

wwit | EwEs | ®0A |

Baeml | —wteom |

wmiEs |

K5 AW

Fig.5 Program interface

1 Solidworks H | & 37 ff /0o AFf [ 4 15 6 B £ 5
JIE S SRR R B el R T E, FI VB
s il 4000 L5 40 R A A B FE R
W M 40T 55 05 56 B SR AE A K8 B, O BN T AR
VLB 6, 4 e 4G 5 1 A i AR B R] A5 30 B 5 T 1 o0
A TR e 7 S AR R DL I 7 T TR R 1 ) 9k T A
) 72 A A [ 0 s 10 S PR AR

B 6 T i

Fig. 6  Simulation process



218 1 R | = SR

2011 4

S 7 e AR 60 A AT I 1 R 0 S A R e TG A
T AE T B .

()
Bl 7 R LS A e AR Y
Fig.7 Pseudo-entity and assembly model
(a) fi0—2 GBI 5E  (b) G- 3 B 5 4

3 EsheEFEST

i O — i A B30 247 % 1) B G5 8l A i o
V52 1A 4 -5 v I A I oA 6 ) R TR A 2R Bl
Wb, RT3 1A e 1 8 4 5 s A R AT 20 BT A E O
W I 8 s R LR AR SE R

Wi Lo M [0 5 5 00 4R S A A O @, K
0 = wo, t FRAFCL) AT 45 3 i — i B I3  145 5 )
19 1% 3y EE BE I 1] 42 fb 1 e %

K+ (1K) 4k .

(R
[1+ A/ni(l —k?) +k?]klcos(w01t)
k-1 (18)
2

3.1 &M
311 Bt S50k R

pr 2 (18) 1, i O — 1= B AV [0 48 145 %6 1) 7E 1% 3h
U i S L RE RS | RN 21K S 1o [ DT S S SO
> Qo W9 20 4 14 0 B A 00 W IR A R B R BT A
[ 40t V5 5 B 2 ny — € B (B @, = 1rad/s (n, =2),
&gl bt 503 b, AR NIE 8 Fros, Hi &l 8 7]
SR A Lot I ARG T2 0 A7 %6 R 144 % 30 1L O i AR Ak 1Y)
TE 5% T2 5 Bl i o 40 (B 0 47 4 Dm0 538 &y AR 38
i — i A TR 47 5 A A% 2 L i B K 78 K, 1%
3y L B S5 /MBS 08/, T DA A% 3 Lo 9 AR Ak 3 TR 2 78
KA AR E] ¢ = (27 + 1/2) w/w,, (7 2 B A&
QL IREE S PN

i K+ /(1 =k) +ky .

1 -4

[1+«/n2(1_l§1>+k|Jk1 (19)

1 -k

BB L AERTR] ¢ = (27 + 1) w/wy, (7 0 ASRED)
i, 75 3] e/ ME

i k4 (1 k) +k?_

1 -k
(1 + /01 —k) +k; 1k,
7 (20)
-
5 —k1=0.5
4,
23
xR
1

0 2 0 12 14

6ﬂ‘J‘l’lﬂts/s
18 L3Rk, X% 3 L I 5
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Fig. 15 Impact of the order of high order elliptical bevel gear

n, to angular-acceleration of the high order elliptical bevel gear
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of the driven high order elliptical bevel gear
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Tab.1 Basic parameters of five-axis CNC milling machine

ZH I fiE
0. 008/0. 006,/0. 006

X,/Y,/Z, 38 8 5E (K E /mm

X,/Y,/Z, 85 ALK BE/mm 0. 005/0. 005/0. 005

Y, WG/ (°) 0.0333

Y, S E ALV (°) 0.027 8

Y, BRI (°) -90 ~120

Z, W RIS/ () 0.058 3

Z, S E A () 0.0556

Z, Wi () 360
By /v + min ™! 2 000 ~28 000( ®100)
5 75 U ) B 2 7 /m - min 7! 6
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Fig. 17  Processing and gear parts
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Fig. 18 Rolling experiment
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