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Vibration analysis of roller linear guide’s contact interface

CHENG Jian—ping, YANG Jia—jun, CHENG Yuan—xiong, ZHAO Mei-ling
(School of Mechanical Design and Theory, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to realize the accurate calculation of the linear rolling guide’s overall dynamics performance,the dynamic model of the
linear rolling guide involving the contact interface was established. Based on roller linear guide as the research object, spring element was
used. The Palmgren’s experience formula was applied to calculate the stiffness in equivalent method. After the relationship between the
displacement of the spring and the general coordinates of the system was built, the system’s vibration differential equation was established
by using Lagrange equation. Finally, with the dynamics simulation software ADAMS, the dynamic model was created and the natural
frequency of the system and its corresponding vibration mode were calculated. The results indicate that the system has a high frequency
which is consistent with the high stiffness of roller linear guide,and the dynamic model can be used in some other dynamic analysis.

Key words: roller linear guide; contact interface; Palmgren empirical formula; ADAMS

0 7 = R HZCTH, T oe g, B TS W
VE BB AL & A E . HAT, MR 3h 2T 5L

FE RN, 0 T B Ik VU BB IR , 808 F IR S LU | N L Bl 7 2= ek R i 5
SRR IR IUR — 24 ks BE 2RI A, WD . fE HATEIOTSE b BIF 2 i HIRE e
AR EORAE A 14 I A R IE B TARMR X OTRB S ORI S iy 4%l , Hiroyuki Ohta FHIBH
FE M LR R G HATI S 200, W EL T e IURIRESR , @y TR B T3 ) 2
]z N T BAE R — RS B L A, B s A BROT T S 3 TR RLR A, O Hol i
J& T H A R OGRS LR B S R A OGS U R AR A [RI B  R G 3h ) 2 R RE R R
H A5, 30 B HE2 e B HUACRE #8 R B el A2 TRER K 2 , BHJE 5 3% BT B 82, X

RENHL PN FE MBI B GRNEL LH i EPEOR e m . WA AR HE RS, @
LB e A S 2E R, TR B AR AT DU IR BR B R A X iR O R A = AR TR A A

KR EHA: 2012-10-30

PEH I BT (1988-), 3, WIALE T A, 2 A HURAR D REM: AR (R )y T AYFSE. E-mail : thinkself@yahoo.cn

BEBRREAN: BEA, D, 802, W LA S, E-mail : yjjlar@sina.com



http://www.a-pdf.com/?product-split-demo

5330

BT, 5  RAE HA A S RS AT - 297 -

WICHRF — AN ST 1 2705 i B IR BUVR 3l L 4k
LA, AT DA D il i A 2k In) R, I3 B
134518 HLBH e S BT RS B 2 R (R X R OT AR &
A S B e s R AT F e R 2% . FMEES RIS S
g B, R RS S5 G 1, 7E S B0 SR
BB Z (AU A B ) S R R SRR 25 G 1T Y I
JE I8 AT S A 5 R AB IE SRR R I S

JEALUREH LB AR A 22 b o FH 2145 R4t X6 1
SR AT, AR 28 AT X —DI6E, W ANSYS
LT Modal . Dynamic S5 D) REAR B, ADAMS #2431 T ¥z
i, AT R ADAMS SR AL R Bt T 50 1
SERAR AT, ADAMS(RINUBR RSN J12% B 3434
&3 [E MSC A Fl I & B EBUEENL AT 4, B 2ol i
FAATEO Y FEZEHE BRI, Sl TR R
Y. ADAMS (AR ffde R 2 WIS Jr2E b B H
iR AN RGN )2 E R AT A T 2 s
BEERIEN 12T, I H B B R AL FEThBE

ABFER I AR S EIE R 8 A dE T R
G PR ST I R A — Mol i 2%, R AD-
AMS (TN REEE ST VR HE B TR oh (5 AR A, 7 5%
BT Z BRI b ik AR Dy B e MBS . ASBE
SELNRHE B SN S, T B SR A
LR PN B BRI Bh ) R SO R R A VR A
A, I LR FH 3 35 Tl 2R s A, s —
M ZRIRIIRE RS
1 HRBh A

ARG SRR B TR TR AL, (T8
AP, I L 30 PR T e 1 B R
B, RPN YCR BOE NI B S Hh T [
X RGEA S A R G ISE y SR
W HZE 8, i Geh o v 2 B9EE S HEHAE &
JrlaE A Missh, AREFEIRS R L, — K
IR Bh R GERYIX 5 Fz SR I SR e AT IE S u
LS MBS @ AFINE S 0 DL AR E B
¢ o XFERFGE A T LA 8 A4~ HAT BHJE I s B s R A
X5 FHESEIE , B — A Z MR RSBAY , B e i
ERATTIEN S AN 1 R He Aty ),
e BN — A SO 1 2R SRIG R e L
HEH3.4,5.6.7. .84,

2 SRR FAIC Y NI

TR RSB X R GRS, T2
P05 EARAY B HEEA TR A, SR b SR 2 G
—2 o IZRGI T 20 E I SRR e s 2

LS

R
O a
-4

O
40 O
7 7

c

B BHJE 3 BT 3l ) i

FATTHINIEE o A EE IS AR ISR AL AR, 28
A TRAE AR T ORI Tae 248

RTS8 R Palmeren 2850 23 2% 151 1551
TRAL A M B2, DT3B ASEH080 3 4 S R M B2 552
Y G

HRAE Palmgren B 2255 23X, [BIAE Hprs 5 1 (8] 74
HEX AT A

52381 x[ 2Ll (1)

oy N
Ao 6 —I[BIAE 0 5 V- T ) AE X G B, mm;
w—HPEHETARA s E —HPRHAZ AR, MPa; Q —
(5] A 45 S 1 A 1 P g, N 1 — (R A 5 0 T Y 3 Al
JE‘ , MM o

BRI S PUE AR PLEY LGR RYNRHE
HZ S LCRASEA  IZ L TR RIHE 75 251
TR 2z il , 767K 32 5 T IO L0 S Yy s AR
W HE S PR DB4S 415 RERZ b F &2 A1
 SF T . AHCSEN R 1 s .

F1 FHHEZSH LGRISEA HEHSH

T W T

Ak . i ik L

g R e R e o
p/(kg-m™)

E /GPa [ /mm L/mm A

206 0.3 7 7.8%10° 105 221

b G AW/ W
5=8.096x10°Q"

ISR ) 2R P AN ] 2 i al a2 b A T2k
PERLA AR BN TRAE AEE NI £ =3.33 x 10° N/mm,

2 RERR AT 0 5 YR S IA AR R BT
DB AR A 4L 5 Y W Bl K, = 1/4x 21 k=1.75x
10° N/mm , H s G 7 i H B 7 1) 1/4 #1374 42k

1B S BRI RSN BOE —
A, B AR R vt 2 s T — S &R e
ANFSZ T s , 2 5 R BN —HE 8 TH
BRI A I\ 3 a7 X 2] 28 far DX 0 AR fb e R v (A My, 3
RSAEEA—FER T2 B R N A —



- 298 - L1 R D - %5304
0.05 x;=-ucosa =1+ 2. 7. §) (4)
0.04 e ao0lS x=ucosa (i=3. 4. 5. 6) (5)

E 003 v Xf x B TTHR :
© 002 x;=—-vsina (=1, 2. 3. 4) (6)
0.01 x;=vsina =5+ 6. 7. §) (7)

0 T T 1 ¢Xd‘xl E@ﬁ@k:
0 000 0000 000 .
0 o e Mi=1,2
B2 AR A i i 2 RN A 005(45+180—q‘)_ar0tang) (8)
' 180 2 c

T HEA BT 2 REARER B S B0 5

ARSI SO RO LI PRI TS ST, ST
S ET R C T Y e b S
ISR, AT/ INUREHERELIE | 220 R 4000 SR 1
SR B X 3560 1 AR Y L% 200
RELHHLIE.
3 ARGk o iR

e DIEALES CE8 P Sl At
S A L BELJR A , £ LT 9 R 5
RN QLT RS 9 P T kA S R4
RN T

AFSER FRC B FL 7B o 0 12 A
R T S B 1, TR B 6 R
P B4 AT 6T OB B o e T
AT

A LI ST L A I A A AR S
(K 3 A 25 A R I 5149 E 07 1, e 1B
o RBRRELATES v LT ES) o MBED
B MHIEDh 6 LI RLIE D@ TR GET LA R
AR S RO 4 2 BT

ABFICHR IR — BT S F 1 052
Gt B ST RO RERIS L, 7 5/
PRI

®2 FEEEASHRESY

wYusE FeshiiE i LEmiling
M /kg J. /(kg-m®) J, /(kg-m*) J./(kg-m?)
2.9 4.47x107 2.29x107° 6.40x107°
RGeS
Lo laro 1y g2, g, 15 20
T= M’ + 5 M + 2]xd> +507+51¢° (2)
RGUIHRE
1k
U=7K 2 (3)

At v BT, ., v, . 6. ¢
R AR B 25 S (PR 1 BR) | S5 3 7T R
BENZEYXR.

w Xt x, Bk

M0 =340, x WG Ry A r A s 8
=56

_ [, 2. m 180-@ a
x,=~a +c 130 cos(45 + > arctanc) (9)

i =7,8 W, x, WG A F AR B AH R L
0 Xt x, fR TRk «
=130}

e 180-0 L
x,=— |b +(2) 130 cos(45 + > arctanzb) (10)

M0 =240, x WG Ry A r A s 8
=570

N U A 180-6 _ L
x,=— |a +(2) 130 cos(45 + > arctanza) (11)

240 =6,80F, x, Wby Ay A A AH s 5
@ X x, B TTHK -
M =1,4,6,7HF:

e Ly, 180-¢ L
x,=— |c +(2) 130 cos(45 + 5 arctanzc) (12)

1 =2,3,5,8 5, x, WG A b fE mAH s 8.

A B H pRECH:
L=T-U (13)
B ZWERLE W52 m X 5 AT AR bR 43 il v FH
Pk I H e
dl oL | oL _

BeA LA B4 CnT IS 2] R G R sh s R, A
AR R T IR RSN EREZEMER, T
@A ADAMS 7R i

4 ADAMS fj5 E AR A 7 5K fig

A G HE ST B IR SR R WA Bl 71 24 R Ge i
ADAMS TERIA SN 12 5 A7 EAR Z2 0 35, 424 Tk
R WS R AR R B shRl O Ee R s
Rl DA S 5 S e ko 7 AN IR 4R T Ak
MrBiE ADAMS/Linear, 7] LA P8 RS0 A



5330

BT, 55 AR HA A S RS AT - 299 -

Rk, WA AR PRAIAE

A ST A ADAMS By MBI R AT 1 4k 3 70
B 4530 1 RGERY A AR R e AL AR gt
PR : ] SolidWorks 37 = AERLAL, e 452 )i Para-
solid (x_D#% X, F A FI ADAMS 1, @7 i HL R T4
Z [N 8 AR BT, I ANIEESE S8, 1 5 8
T R A Y I, FE AR I A R LA
ANBIHE BRI 3 TR . @BEAT B, Sl
A%, 1% $E Simulate/Transient £ Eigen Solution Calcula-
tion, 1% & End time Fl1 Steps , fix J5 £ 45 Scripted Controls
ST HEFT 5 B . @FE Linear modes controls P H
RN B 3 6 BB DL B B A A ik
PR, SRR K4 FTR,

#3 IRBUR T RASIE

1876 1 2 3 4 5 6

R (L3I 1 5§ ol SO £
Ji¥/Mz 0 4387 4716 6424 7843 9036

El3  ADAMS 3l J 2445 B A

'

(b) EF

(c) M

(e) fFFm
K4 A HA SRR

5 ZEuE

TEVRAE BB S 122 i, s — R %
T BRI 200 BT R i ) ) DG TR B
TUI NI BE S S HOGE RMERTTE . AWTIERH] T 84 5
FERTT, AU, T R AL U LR IR Sh PR BY, R H]
PR H 5 R SE T RGERIIRSN I T i . B I
it Palmgren Y2895 /02, THE T BN RAE 1422 Ak 1)
JE G 2R SRR B T R OT Y NI B S S
2.

TEFEN, RGEMIIR S AR v, A WFIE ST 1 5
FE AT B FIE LT AR PR EOC AR, T EE ST
TR H R IR REERIR SN OT TR

AT 5T 38 53 1 2 FR G AR S o) J7 R i R 4
N T RS BRI IT % SRR 8 5 B g e e B
ADAMS JEAT05 B, A58 TRE5H . I ADAMS {5 &
BERTE IR H P IR Sl Re 1 b A R L8R
X IR L HEA S I AR R — S .

2% 3Lk (References) :

[1] OHTA H, HAYASHI E. Vibration of linear guideway type
recirculating linear ball bearings [J]. Journal of Sound
and Vibration,2000,235(5) :847-861.

[2] WU JS,CHANG J C,HUNG J P. The effect of contact in-
terface on dynamic characteristics of composite structures
[J]. Mathematics and Computers in Simulation, 2007,
74(6) :454-467.

[3] CUI Zhi—qin, JING Yin—ping. Application of virtual materi-
al in joint surface of complex assembled structures [J].
Journal of Central South University of Technology,
2008, 15(s2):421-424.

(4] #F % W IR EHL PRI ShEE R
BELD ] DL AP R I ENURL 5 TR B, 2007.

(5] b 6,8 Wl HERN YR M kv
[J]. HEH ARSI, 2011(3) :48-52.

(6] FIRE. MLMIRSN SMEA (M. JUat . & 55 80F At
2011:1-77.

(7] XSG, PMER]. AL HL SPRIR 2= PERE (D ). 5K
DL AP R E LR 5 TR B, 2011,

(8] Zefi%. HARSNI SIS MBI RHERPIFEID ] W
ARAERAHU TR S A 3B , 2008.

(9] BT, MEMEHLEAR 5 ADAMS i S22 (M. db
A AUH A AR R A7 ik, 2008.

[10] #Piz, BB, R ZFLRIM L PSS E 3 SN
BEREPELT ] MLBCT AR~ 4H, 2010, 46(1) :92-98.

[11] S22, o A, 3ET ADAMS [ 531 R 4080 )1 244y
HrlT]. HUA I, 2011,49(2) :20-22.

[l W]



