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Abstract:. Dynamic differential equations of needle roller bearing was established, and
solved by using gear stiff (GSTIFF) variable-step integration algorithm. The slip rate and vibra-
tion characteristics of cage between rotation and planetary rotation were compared, and the ef-

fects of vibration characteristics and slip rate of cage on the structural parameters and operating
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conditions under planetary rotation were further analyzed. The results showed that: one ampli-

tude corresponded to each multiple band of the frame vibration acceleration spectrum under rota-

tion conditions, two amplitudes corresponded to the multiple band of the frame vibration acceler-

ation under planetary rotation conditions; the value increased with the increase of radial force and

the velocity of orbital, decreased with the increase of the velocity of the rotation, there was an

optimal gap ratio, which was about 1 to make the cage vibration amplitude minimum; the trend

of slip rate of cage was similar to that without planetary rotation, but the level of reduction was

higher. In summary, the radial vibration characteristic of cage was increased and the peripheral vi-

bration characteristic was reduced under planetary rotation.

Key words: vibration characteristics of cage; planetary rotation; dynamics;

amplitude frequency transformation; slip rate
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Fig.4 Diagram of needle roller force analysis

Bl 4 EdRico.cor il & NIRE AMRIE 7
FRARCT A 3 Ny, N 23l o N TRIE S isE S5 &
W 22 B2 4 ik 0y 5 T, T 43 9 IR AR
18 5 R B W Z 18]I B 805 Mo, Mo, 235
Je WIRIE A RGE 5 i B il 00 7 A 1 )
My, M 53 5l IR IE AN IE 5 VR £ il I 46 2l
TP B IR N F R R 1 SO0 LR R B
P 22 (] Bk A fid 7 R0 D EE 4 T s M AR
Bt 55 DR A5 R O FL B SR 1 fik ) 7 PR T F R

D, ..D. . D,
7 Ty AN

Juwe =Tj

D, A ELAR s, 8 A R 1Y O
5y E R A RA AR R S % AR R R R O B
B B 5 0, T, R VB AE T A B % AR R R
(Ons Xos Yo ZF1E 34 D7 1 E IR 56,
o VR AE T 5% KR R (0,5 X, Yo Z)
T 35 I

BRI 23 e B0 T B R TR B AN e s 0 IR IR
Bl B0 8 FLOR IR AN A B0 TR B
Dla] b A i s Ny, , Ny, & NIRIE MR IE S5 5 m
AR 2 Z 6] W ik g5 T, T, 02 WIRIE Ak
RS 5 om A YR P Z 8 B3 80 T 5 N, F,
I PR B IR AR B 5 5 m A U) R PR 2 I8 Yk o] 42
il 3 ROI 1 EE T o N IR D7 R N IR AT I AR 2k
B 1Ay T AR A

m, 5 =(NJ— N})cos ¢, (T, — T))sing,+ NScos¢,— Fsing, — Flfsing,— Fi, sin¢, + FJ cos ¢,
m.Z;=(Ny— Ny)sing, + (T~ T;)cos$;— NS sing, — Fcos ¢, + Ff cos p; — F|, cos ¢; — Fsin ¢,

Ju@, =M,;sing, + M sing,— M,;sin¢p, — M, sin ¢, + M, cos ¢,
Je@.=—M,, cosd,— My, cos¢p,+ M, cos¢,+ My, cos¢,— M,,sin ¢,

(7)
1.4 RERFELEINERSFTESA
1R R A ORI AE TARRET B R
REREE ) 5 S EEAE ) i R P R
2R BHL 3 FBH 0 R LA R AR AR 2R G AT R I &% v
W Bl A B A0 T B0 3 A R DR AR B g A e
7 EEE A B N PR PEAT 52 1, e
E A 5 TR



%10

FRYEAF A AR B TR B R IR R AR IR S 2105

SN | 1 TS E R

F5  GREF2EZ T 50T

Fig.5 Diagram of cage force analysis

sz

i—1
N,
J("\vd)cy - 2( 7MC]' oS ¢/)
i—1
N,

Je@e= > (M, sin¢))

ji=1

At m R RS FUR ; GO R R AL ) 5 F

SERFR T 2 AN AR B0 J1 s N B R AL
Ve Z AR FFRAES B R{03 X, Y., Z)
S0 I B 5T T T 50 R R 4 2R AR T i 5%

AR B AO, 3K, Yo, Zo) FINEE BN IR i 00 v 00

PR IRTE T B 5 AR RO, X, Vi, Z) T Y
FIE
L5 ShEF&MENZERSTIEA
m,y, =
E(NJOCOS¢_,+ T sing,+ Ff,cosg;)— F

m,%,= > (—N/sin¢,+ T, cos ¢, + F{, sin ¢,)

ji=1

(9)

N,
mj.= > (Qgsing,+ F,cos ¢, —
=1
N,
mZ. = >(Qqcos ¢, — Fysin g, + F,
=1

]c.rwcz' - 2 Fi 7 Mc.r - Tl o TZ

] 5 H e 2 R 7 2 00 A X Bl R O R RS
A AT AR R B AE y 2 AN J7 I B
e:m;ermélﬁﬁxﬂr%%%VEMﬁﬁ
S MR JR Z B W AR A5 FL R F L 4 )2 A AR
BN T, 515 2 B X O 4 2R F g e AR 45 42
A AR T BN A i MR T AR Bl R B S AR
R QAR TG 22 T] 1% JBE 488 0 5 T, S DR e 22 (B A i
5510 W e ) BELYS 7 5 T, 2 R 457 22 00 ThT 55 90 3 v
R R 1 . TR R R R R AR AR Lt Bl ) 2
oy R

Ficos¢;) + Fl cosd.+ Fl.sinf.— G.

sing;) + F/, sin0. — Fl.cos 0.

(8)
3 om, A T F LR AR A 5 B S T
’S?&l‘/\%%"lbﬁ;y E o RSN E S A bR &R
(0,5 X0, Yo, Z) B B B0 e JE 5 T, Ty Joe 20 51
feﬁbl%lff'%%;ﬁ%{om;x Y, Z.) F B 5% 518
i, @ ST AIESMETE S % bR R (O, X,
Ym,Zm}T Eﬁﬁahn .

2 ITERRITHARFRRIEMHE

LKL 5 AT B R VR A Al R O Ay A e 4 R
GSTIFF 28 25 & BUAr 06 X 28 - A 5 47 AL 40 VR & b
AR L Bl 2 Oy BT SR R A 5 R T
SRR N G R B AR 1) B | [ 5 AR ) G
SRR LR B L) X AT B 48 TR Bl AR PR 2R
SRR, RESHNE LR,

AR SCAIF G ) PR R 2R I oh R P AL 5« PR R4
mﬁ%,%ﬁ%Ym(émﬁ?ﬁﬁmﬁw&dmuﬁérg
F4) st S AT A st R A A R A LT
E/ﬁ%tﬁ AR 1) 1] 1] BF 5 O 457 2 1 R B

Mo Forp DRIFHIT I R SO

UV~ Us

S= X 100% (10)

Uy



2106 it =

VAR S

%5 36 &

R1 RHMAETESH

Table 1 Main parameters of needle roller bearing
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