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ABSTRACT

As the development of numerical controlled machine tools, the casts
of non-circular gears’ manufactory is becoming less and less. Today,
non-circular gears are wildly used in machine tools, auto machines,
presswork machines and spin machines. These gears were help to auto
control machines and to provide functioned movement. As these
machine’s work condition is steadily become high-speeded and heavy
loaded, the dynamic characteristic of the non-circular gears in these
machines is becoming more and more important. It determines the
performance of the entire machine system. In this case, the study of
dynamic characteristics of non-circular gears has become a essential
problem in design and maintenance of these machines.

As now, we got mature conclusions in the research area of dynamic
characteristics of circular gears. We have established an entire system,
which was compounded by several subfields, to solve the problems of
this kind. And in addition, we have also got progress in researching bevel
wheels. But, the study of dynamic characteristics of non-circular gears is
still a blank. In most case, non-circular gears have eccentricity, it makes
much more vibration compare to circular gear pairs. Forces inspirited
non-circular gears are completely different from the forces inspirited
circular gears. The main force inspirited non-circular gears are
eccentricity force bring up by the eccentricity of the gear itself. This
makes the non-circular gears’ vibration inherent and natural.

This paper setup a method of modeling non-circular gears based on
the Lagrange Bond-graph theory. And established a dynamic mode of a
pair of non-circular gears. The simulation part of this paper is done by
Simulink/Matlab software. Experiments and tests are also done to
validate the conclusions of the simulations part.

Key Words: ellipse gears dynamic model  bond graph
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+c,(§,+ R0, -9,+RE,-&)] 2.59)
+Af(RygB+ H)k,(y,+R,0,-y,+ R0, —¢€)
+Cu(Y, + Rpép —Jgt Rséx _é)]_Tx
ERGERER, WAERERA:
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I
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Hrp
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R =Af(RygB+H)
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BiEY, BHRENAX—FEHTEN B ERETE. 5—TTH, HE
BAFERBEAN. BRAM_MUIFE, EFZHEATRELTHRR—MNHS
FE. R EEARAEERTEN RART R LR EAEN.

#EREERBETHRENEN N ET AL, BT R 2
g AR, BT RR Lk, FENERRRAFE.

.1 B HREER N

LI R HEASENSEN

W& AR ES RS LA TRFRH RS R EEENHRRR, TTHE
VU R T SCAB BRI B0 8 (BRI SUERE) 19 1 SRR NEEH &M
f i AE B I IR 5 e 3R AL

—NRGR ARRR R EREHIR A REIEHN ML AL bR, - AR
EHARFHERAHEMER. o X8 g, a EEMFHCHIT X
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Se
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1 Vs

L

MTF

L

C 4— 1 £ MTFL— 1 —MTF}

\1;\|

N

b,

1 Vr

L

R
A& 3-1

B2 B R RS BB RATENEL

a $EWH XA B Eq TR n &# X LbRg; RRWT:

gc = f(qG)
S HFEGA-1)KF—KE:
. ar(g;) .
9c 44,) 9
HESREMET. B9% Y.
gc=Tedg

WAL, (axm)ERREEMET, X:

(D)
€ dige)

G-1)

€ ;2)

(3-3)

BEMBMZT XA B R g, 51 X g, KRR K

q, =¢(4s)
HRE4RT— KB

_das)
a; 4(g,) ds
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HEREERET HEX
qu =T,4s
AHL (BxnyRERERET &:

Tvl = d¢(qG )
d(qs)

REREHREET, AT HEX, VyHl g, LRV Mg, ZHFRFATUERK

(-6)

Ve =Tedg (3-N
Vs =T5qs (3-8)
X, T HT, 55 8(mxn )M (nx m)BEERE.
WE's E'v E)RIES SR RAE o LHMAB R BUUKLEES. 145
Mt E, WA RSB TR
E'+E.'=EJ-E} 3-9
AGC-NFME' E' s EHE, LA &R A BIEFEHMAS W E E, UL
EENG., RUHAEESNBREE. . E ME KRS,

B ZkE DR TERELT, KBEAEERTEREENEER
. X TFHEE, ERphpRTNHERE, WH:

E,'=TE, =T'p (3-10)
B p &g B
p=¢,(4q,) (3-11)
FEMAEMHEA TG IDAERK
p=1(q,) (3-12)

A, 1 H(Bx BYENIBHERRE. FMERMFHERERCHRE—ANR
B, WIRMAEE. BAG-1)HEARG-10%R, 718:

(it d . )
Er=T, <18, T,d0)] (3-13)
B
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B+t 3 g=8% FRERHNEFREETIE

E;'= T}'I(T}Eio +T145) (3-14)
ll«t! X‘T:j:gﬁ%! ﬁ:
E. =TC’EC (3-15)
E.Rq MR K.
Ec=¢¢(qc) (3-16)
FERUMESHT, RG-16)7TEK
E.=Kq, 3-17

AH, K H(axa)EHRittig. SxttnPriaatecS2—anaEs, u
K a3 B, BRE-DBAR-16)ER0-17EBFARN-15)]18:

E'=T;'¢¢[f(45)] (3-18)
17
E =T Kf (g5) (3-19)
TS,
E,'=T, E, (3-20)
ME, £V, FIEH
Ep=6:(Vy) (3-21)
EEMRERT, RQ3D)TLEXR:
E, = RTy4g (3-22)
FAG-DAAG-21)HRG-22)H A K (3-20)15:
Ey'=T, ¢ (Trdc) (3-23)
1%
E =T, RT 4, (3-24)

R, R A(mxm)ROEEER, SEEGTHFIAELTHER-EORET, W
R A% .
X F s LSy P

Ey'=T Eg (3-25)

¥ HFEGE-10). (3-18). (3-2)M(3-25) K HFFE(3-14). (3-19), (3-24)F1(3-25)
WAHFE(3-9)E15:
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B F AR X BER TRAGRAIHNERARETE

1 21, 04N+ T b 00

= Ts'Es - TR'¢R(TRqG)

(3-26)

51
T;'I(T,iia + quc) + Tc’Kf(‘Ic) = Ts,Es -TRIRTRQ"G (3-27)

FEG1ORFEE 2R ENHRERSHRABRESE. RRRAH
n M ZHH A R B RE .

3.2 Pk HBE KRR

BBl b 4 SO P R4 B0 B 4 2 T AT R0 AR R R B
RRGMBALER, KLY LB RO, T LS NREY
R34 AR BAOKER, BT A — R AT — M 004
B, REAS3.1AAF, (hREERIH%E) G SR R B AR R
— R RGERT SAH g«

321 S HRARBNT R

AR b BB 5 B 5 R A HT, (R f ) B S M A 2, % T
ARG, —RE, I ER IR RO R L.

BLE 3-2 R FRARIPR L B o ZEMAE 2 MIIE 50, BRIAEEEL C ANE
B C,, b RRIKXTREAIREC,, KRN I, A%
FCANRNBIMIAC,, SEHEMENAEN 0, 0,, 0, MH,, H . H,.




Rt =% FAKRHNFRABRAE

Hw
Q. =[o, o, o] (3-28)
Ho={H, H, HJI (3-29)
y
H, =19, (3-30)
TR Ax F C RS
te=[r, 7, 7.} =H; (3-31)

EREEEEE—FRLREB,,, b, LHERE LB ARG LHER—A,
i B AMZEEN AT ERETTRAROHLERE. RAGXRTHELER
B, BIMYEHRENI,, RIAAERELIERB,,, NELEHENTEN 0,
o, o' BIEEETLCHTLIERB,,, HAGR (a. by o). MELCHR
B MTET TR, BBREERC,,,, TRERIGXTRIFRC,,, HIIHHERE

IEF-IC R
b+c¢? -ab  -ac
—ab +a® b (3-32)

—-ac —-bc at+h?

Io=I,-M

A, MARHSHIER. R
Q. =Q,=lo, o' o7 (3-33)
[E LA ki £ 5 BRI H BT A L AETH R
I MBI RERES B RIRR OXYZ. RRIGAERLTLIRR OXYZ &
BEMSER: o, 0 o, RIEETREFR OXYZ BIVERRR T, H#ik:

to=[ty 7y 7,1 (3-34)
Q,=[w, o o) (3-35)
H,=[H, H, H,[ (3-36)
JUE=R
I,=C. el C, (-37)

Q,=C. *Q, (3-38)
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R VA S F=8 FRANRIHNZERFRETE

H,=1I'eQ, (3-39)
T, =H, (3-40)
LR &R, C RHLRAC,, XM TLIER OXYZ 77 M & LA KK IEE
Wl CRC. R BER.
BT, B g FIQ MAKERHRENS, W.
Qc =T, *ds (3-41)

WaE LR ST LR B RER TR 18, &R,

MTF

l.r.

C L 414 MTFLq 1 —MTF — 11

LA

MTF 4

1 vr g\]

/j}

T b
N3

B 33

WIS L, hAEEG-34)-G-4DT Lk B E g, LB E T %

Tys'Is(Tidg + TisG6)+ T CeCo' I Thads + Tc' Kf (46)
=T Es ~ Ty RToq,
AF, T, Wil T, M T, ARG ESRER | T BT M BHRME: I
REHIRM I ARSI S EERE, RBY S84 LFE 3.1.
160 07 R B U Se 00 JERE,  Jo 75 Bk 4001 — A 1o 2 0 °F 1R B O ARG«

(3-42)

26



i 2= TRERPHEREEBESE

—AREH M M TFEEESR (OB 34 55, XFPEALERB, B
PERERE
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0 0 I,

EERSE, F, AR fEFIF, 75 XY TEASEdE0E R,
BT B LS TR AR R B, MABK Y (ab,0),
T, X R— MR R MBS A RS, Sk AR

=[x ¥ of (3-44)
W, A R T, %

7}s=[—} (3-45)
Hp.
1 0 —(asinp+bcosg)
I,=10 1 acosp-bsing (3-46)
00

0
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001
BtEn S H0RE I A:
=" ! 3-48
s=lo 1. (3-48)
Hep:
M 0 0
I=[0 M 0 (3-49)
0 0 0
L, I, 0 B -ab 0
I.=\I, I, O|-M{-ab & 0 (3-50)
0 0 I, 0 0 a+¥
JEHHEEC, A
cosp sing 0
C.={-sing cosp 0 (3-51)
0 0 1
MANBERE URRERERT 4.
K,
Eg=|F, (3-52)
tﬂ’
100
T,={0 1 0 (3-53)
001

HEMK=0,T.=0: R=0, T,=0.
I KR, BRRRAER R EEE, REERE. ABRNELRES

BB ATE 3—42) RBRAHEWT:

MX - M(asing+bcosg)p—~M(acosg—bsing)g® = F,
MY + M (acosp—bsin p)j— M(asinp+bcos p)i* = E,
M(a¥ -bX)cosp-M(af +b)sing+1 6 =1,

(3-54)
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33 BRI GRAREN N EER N — ROk

BASE Z 5 xt T B 8 RGUsh 112 B e 4 26, RAY RIE M3
BIR BRI RGR RIS R R AT, NGTEASTTUES,
Bl % 603k sh EE i L RUBH SRR, ERXHFMFE, EFFERER
EHAFERMSHIE, MHESESAESREERE2RBUAN T KER
®o Bilt, ZEBLFESRIFNFEEN, RERKONWERIENEH,
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TEER.
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0 X1
K35
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N

—RREKR, BFMRER—HEAE TN B UERS, Bkl X4
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WEH. MBIERABN M, M,, s, WAL EHBE
X HEMERRIER K, Y FRLOLHRIERK, . FE, TR,
MR RN K, MK, o 3, MM B S 0N g Mg, MTFREL
WM ARIE, RN FENK,, EYFENK,, HARME. REHRE XN



B Fo® FERRINERFRESE

mEEBHC,, EYHEEREENRC, ASREX FRMERNC,, £Y
HEREBAC,, EEHTML, EHRERRC, KK C,.
RENREE 0, NEBEN4: NIREE 0, FLESHNY, X
SR HRA R = P(4), NEERITHARHTZAR, = P(4,). THRKA
BB OB IEE Y a YARIRIEE L by AERKRBELI e
s LR EE B b o A REE B A d
BiFxE s, KTUGALENEORSBEFEN REHITER.
HARE RS FE AR RIERE T, 2

T = [{—] (3-56)

iw

He
[1 0 —(asing,+bcos@y) 0 0 0 i
0 1 acosg-bsing 0 0 0
r-|00 0 00 0 3-57)
1o 0 0 1 0 —(csing,+dcosg,)
00 0 0 1 ccosgp,—dsing,
0 0 0 00 0 |
0 0 0 0 0 O]
00000O0
T=000100 G-58)
10 0 0 0 00
000000
0000 0 1]
Bt B BERE I R:
I 0
IS=[0 Ic] (3-59)
Hrp:
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;|0 ¢ 00 00 (360)
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Heppx

g-8 TRARIHFRLEENE

lexl ]xlyl 0 0 0 0
Lyw 1,, 0 O 0 0
0 o 1, 0 0 0
I =
0 0 0 lexz 112y2 0
0 0 0 I,, I,, 0
0 0o 0 o0 0 I,
- B - (3-61)
B -ab 0 0 0 0
-ab & 0 0 o0 0
2 2
“Me 0 0 a+b° 0 0 0
0o o 0 d* —cd 0
0 0 0 ~-d ¢ 0
¢ 0 0 0 0 o +d*]
HESEHFEC, A
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R, BEDNERMIEIANET Mg, 205, EUEREDHRLEN NN
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B Xl 9
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_Y;"'P(fﬁ;)&z_f’z*'})wz)&z_
m“[:t] q-c = TC 'qc ﬂﬂm&&ﬁﬁ TC %J:
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r 001000
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0 000010
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F,=wecom “4.2)
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REXTHRENNEDY, RER, BANMRKR—ANEEMED, XT3
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RE, REEXFEIK,, EYFENK, . SUEREHHRSEER, 6 iR
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0 0 0 0 0 0
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o 0o 0 0 o0 I, 0 0 0 0 0 (]
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5% [ Rdg 1 [ Rdg, . WTUAE, EEAK, Y HRREH R

Y+ [ Rdp - Y+ [ Rdg, .
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B — TR, BRERROT.

WRERGREFEGW 3 PHR:

MFi=Moecesing op—Mecocosg eg, +Ky o X, +Kyo X,~KyeX,=0

M'l'.'|+M0cocosqo;),—M-cosin¢,-(;J,I+K,,,-YI+K,0(Y,+f&d¢1-1’2+fR,d&z):O

~Mocesing o Xt Mococosgs it I o+ R o Ky o8+ [ Rdgy =1, + [ Rdpy)=v,

(4.25)
BT LA 7 3

- .2
e Mecesing ep+ Mecocospep -K, o X -K X +K oX,
1=

M

v .2
5 —Moc-cow,-¢1+M0c-sin¢o,oq7,-K,,,OYI—K,,-(I'HfR,dﬂ—Yz+fR2d¢2)
1=

M

(4.26)

¥ K (4.26) A3 (4.25) 01
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.2

+M ec? esing ecosp, e, —cecosp oK, oY, 4.27n
—cecosp e K, o(} + rRld(a, -L+ f‘degpl)

tlegit Ro K o+ [ Rdg -1+ [ Rdp) =1,
B

(I—Mocz)o;;, =1, —cesing oK, o X,—cosing eK o X
+cesing, oK, ¢ X, +cecosg, OCy,o}.’1+cocos¢, oK, o}
+eecosg oKy o(t+ ['Rdp -, + [ Ridp) (4.28)

~RieKyo(h+ rRld(Dl —h+ rde‘?’z)

FIERERERE TN 3 M HE:

3 » e 2
MX:-Mecesing,sp,—Mecocosp, 0@, —K, 0 X, +K,,0X,+K, ¢ X,=0
. 2

MYt Mocecosg,ep,~Mecesing, op, +Ky 0%~ Ky o (5 + [ Rdg 1, + [ ™ Rdp,) =0
~Mecesing,» X+ Mececosp, o Vst Iy gy~ R0 Ky o (5 + [ Rdgy ¥, + [ Rdg)=1,,

(4.29)
A AR E):

-e L) 2
¥ ~Mecesing, e, —Mecocosp, 20, ~K, o X +K,, 0 X, +K, 0 X,
2=
-M

2

o MececospepitMecesing, e, ~Kpy o4 Ky o4+ [ Rdor 1+ [ Rdo)
1 M
(4.30)

¥R (4.30) AR @.29 T F-
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Al

(I-Mec')ep, =1, ~K,,ecosing,e X, - K, ocesing, ¢ X,
+Kyecesing, ¢ X, + K, ececosp, oY,

-K,ececosg, '(Yl"'led% -L+ flkzd%)
sRye K, ot + [ Rdp -, + [ Rdp,)

4.32)
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AFL. SXHERE T MBS EHNEET RS, TS SHRMR LY
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t—Ed, @A RERHELRS S RAEET ML BITR
GRBEET, A THEMINERE, ELRAANTENZB LS —B, &
Tkt T 20 RIS AERA 2 1.

KT F B EAERE T B4, ERGANBT TERBETEE, ERRE
BUBIREUEN. 2L BERRRHREZR, ACRAT Simulink KA4HE
AAHIR, BETRENHEKR.

5.1 #T Simulink K4 HHMARLEHER—BR T

MATLAB fE4 B a7+ 437 B R i i # o, HHF Simulink —
AEhAR. WK HERY, EAFEETE, FRIARRA, B ST
L. BEERA DA, a7 LUREHEIINRR S S &8 K RE R
&R SRR, AT AZRBE A BAT A ERHEAEET
H.

FRMIMAZREH—IMRERE. MHRERABRELARMHNER
g, HEWhEHFBETUERATRE M HiE:

mi + f(%,x,) = P(,x,f) ER))

Hp RGEMMAEEHER N PG, x, ) RS f(&,x, )RR XME. EE
FE fa) B — R ECR R, LSRR LR 5 b 818 17 £ 09 & R A M fE R A
ERERTERBE D MR, WRFPRRIB IR, BUERE . B8 ME(a) % 2
FIRMNEREE, REBHHMELERFEE Simulink FHIAEIHAELHE
SSMBINMAE, TUEERAPER.

BUE FE x, FURLE x, M E M BR SRR, ATLMERG.DHEE A LT H—
By T A

1=x2
= ﬁ[P(xZ,xl,t) - f(x2,x1,0)] G2

KA 2 MRS BOKERGEH, 7 Simulink FIRABAMIIRESETSER
BEREgEHE, BI0ESs-1 REERMERLHEA.
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A 5-1

HTLGHRR RAEL LA IEMLE, TBIRRENREENY, Kk
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mi + ki + cx = P(f) 5.3)

# Simulink 8%,
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Gaind

<

i 5-2

5 HTEEHERDRAS B bEL W EENRERS, RER%KE
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B

{ mi +au % +a,x, + 0%, +a,x, = b2
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WREX—F ik, BAK Simulink HEMTF:
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