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Fig. 2 Pressure distribution in joint surface
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Fig. 3 Micro-schematic of joint

2.1 fIEZAEIT K Matrix27 BT

H1F Matrix27 W EE (BHLJE B IC I 55 8% 43 47
F B RgsArE %t bR 4 A g s AT i X
JEAE 45 4 3 Sr Matrix27 Wi BE L BH 2 5 G /14 Jif
P 1 ASCTC T 4 A D U Ay < A A1 50X (1 4 ()
KA S 7 e i S ME B B TR e

S5 G T R 5RO Y ELAR AR O g A il 4
o R R T A (ORT RSN S NC R Rt IEE R IR Py
ArdR) s HR L 7E Matlab o 45 5 803k L 43 5131540 1
S5O b R SRR S — a5 A T T
TR R0 A R R/ W

L=y@@, —a)"+ =y "+ & — =20’
(3
Hoxl oyl 2 an s yns 2y 90 T 45 G 10 g
K kST RS LSS P g N A%
M 2,y 2 AERE.

T B o O P Y A g 5 O I L s TR B L
ST /INTF e AL A5 o D0 A T SRS D T
P . HF Ansys i APDLIESHWE R IF %
PRI, 6 B g 1) A5 4~ 745 25068 1) 43 591 4 57 — 4> Ma-
trix27 WIBE H. 0 5 Matrix27 [ .90, &ad Bk
AR 854 T E] 0 T AT Matrix27 NI EE B JE #poC 2
N 58 R

vl & B A BS54 A T 3k G X
676 XiF 7 s X o BT A A5 0 b, s A ok
2.1 mm., f BE LR AT — 5 50 i Y S A 2 ()
PIIEF- W) A s 2 T R X B R . 45 A E P Ma-
trix27 Wi BE | B JE B oc s B oy 676 4. B4 Ma-
trix27 NI B B B TRl T SO AR I ) L YD Y
W 135 S B A

e MR FH &R F Matrix27 Wi BE | BH J2 B8 C 7R 45

BESP RS BB . e BT AR R K 4
T4 A7 43 He AP 4 B R 34 1 K A R
W AT AKX
on=N,/S, 4
Hr N, Rg5hn 19+ DX S A2 S,
R % X TR 5 0, DAy DX IR 1 506 55 B
WA (5D (6) T1 It 25 & 1 Jir A3 DX 884 %t
% B ) B B AR T XA A i 22
E— ﬁjp,,/w (5)
8, =l p. — E| (6)
Hi o BTFEI %S N T KIS EGE A
A5 X B B A (M 50, ICER S N 0 BT X I
OG5 0 A AR T (R 0 I 25

1f-
e o £
2 5[
§4E'
)
a O
K T7E
12 3 4567891011
AT Y S

B4 gE TR
Fig.4 Block of joint surface

e 7 28 O d5e /N RIS BT X8 B HY) e 308 3 T 53 K
e=3 mm ., 2§~ DX I 18 Y 50 R i 22 0 A 1Al 5
Pz WP E O o R (T (TR R

S 7 X I R i 22

Fig. 5 Density deviation of sub-area

6 Sy JIT A TEC XS YT R T 4 A T 4 0L O3 A
Forb Szt mE O 00 R T B AR AS 5 T R
A+ 153 Pl S 45 0 Hh e TR A A Y S A



5501 AR A5 TR AN E ) S A 25 T Bl ) 2 23

0.101

0.08

/m

0.06

7

0.04

0.021

G5 & Ty ALK

.02 ! L L ! L ! ! |

-0.16 -0.14 -0.12-0.10 -0.08 -0.06-0.04 -0.02 0
455 Hix [ A44R / m

6 255 T oA A

Fig. 6 Node distribution map of joint surface
2.2 ZEHETYS

S5 W TS 12 R A R TR R Y
JC5 2545 T E G I RO IR oK iR 45 A R
JE FNBELJE 43 A 1) G B . %k &5 A T i A7 T oo R 4y 2
TEE A I A BR 0 WA L Al E L 45 A A% 43 A A
BT s BRI R Qn R < 40 i 48 B b T Befk g
AT T T S A A AR IR LR A T Uk
RLACH ALA L AR ES ALA R TR —
OCHTT S AT AR LA B, Fon., H
Han BEGWITF S B, NH 5 R n B 45 A E
JC.B, A AR THRIOC S G mES W
B A3 5B bR e iR g5 G T A T OC R AR B
16 Matlab 2 3, W& 7Ca) . 7Co) Iron . Hy T %2
BC AR 3 17 A B T A% 4k 43 B R B Y 2 Solidyg, B
JC. F S A E TR S = A . W
Ansys 7E45 4 AL 1A BRIT A% (Bl 7(b), 7(d))
KB Matlab Z: 1 () M 4% 5 Ansys B & 58 2 W) 4,
AT, b3 O T 45 45 T8 1T R R A = TR A Y

2.3 HAENESHEERS®ITE

WAL E 255 W0 T A Matrix27 Wi B2 85T )
W R EOTE R T .

58 A R BRSNS T T
W SR R SR BERIB S fo s fro M fo s Forpon JyTHI
JCHIG S5 1,2,3 3 TR LW P 5. 1 8
NEEE PR =MILH T, BA255 H T
(9 s 1 3303 A

P,(xsy)=Py,+ Py, x+ P,y D)

Horbreoe, y 43900 T IT AR T RSN AL AR5 P, (s
¥) AT T AT B — s R T {E

0101 o ZiaTm I al; — G TR B
g 0.08
= 0.06
z
= 0.04r
B
&
0 0.02
®
H ol
= .02 1 1 1 1 1 1 1 1
-0.16-0.14-0.12-0.10-0.08-0.06-0.04-0.02 0
EEETEx AR / m
(a) A&
(a) The mesh of upper joint surface
(b) AnsystER! A 1254 THI A%
(b) The mesh of upper joint surface in Ansys model
0101 o G5 AT B TT Y R — 45 A THI B TR0 B 4%
S S
» s S s S
£ 006  BEERRERIR OO
= N O RO
E S O
S 004 EEEESNONNCH BRERen
& R s
T g0t %é@%‘%i#’dagz#ﬂ###ﬁaﬁr%
! S O T e Ny e s eres
& SR T
= ALY PRI
OF  BE RIS

02 1 1 1 1 1 L 1 )
-0.16-0.14-0.12-0.10-0.08-0.06 -0.04-0.02 0
TEATxAARR / m

(c) F&ETHME

(c) The mesh of lower joint surface

(d) AnsysHEEIH T G551 A%
(d) The mesh of lower joint surface in Ansys model

7 25 T R o A R

Fig.7 Mesh grid distribution map of joint surface



24 & oW K 5 2 W

5540 %

U BEICT YR 45 4 1l A BT Y R I 1 T
T HE T B TG B0 AR b K i e R 75 2 X
) FHIBEL Poos s Pory K P
BeJii s A6 Matlab wp 2z il i 25 & 0L & 1 5y
fii AN 9 FR .
Juyi=axth,

51
AAFR(x,, 3))

Jfaymaxth, 4

-~

TEHT3
AAFR3(xs, )

ﬁB:y3=HBX+b3
S e e ORI Sed i
PRl oAt wmime

5 o// T ARG )

7

SEGTHIy ALK

S5 THx [ AL AR
K8 #itm=fMILHEIT

Fig. 8 Triangle face element in joint surface

<
=W
S 8 ot
T 6
£ 4
R 2
R0
R
Eo.lo — )
ig égéﬁ'im 007 og1y 008 SLl
LV [a] Alg 4~ —0.02-0. : =
X LHF / m i oy VAR /m

K9 gha e IR oA

Fig. 9 Pressure distribution of joint surface

T AN S5 I 1 G Y1 2 1
P, .=

g —b. yq by

J‘ 1 Jy;ﬂz P,(x,y) dedy + r‘% Ji P,(x,y) dxdy
Y2 Tay Y Ta

Srl

(8

3 by 3 by

So= || rdedy 4 |7 1dedy 9

3
y
a, 1

Hrp: P AT B 2 AT IT Y - X7 T
P, ey ) AU IRAT O 255 T P 95 4 n T8 T Y TR
J155 53 AT R AL S, S G TH T R TH AR

Yoshimura ™ JA 1T 7 [ 5 45 £ 3 76 AH 7] 2 18
RELRE B KT s 25 4 T 5 B 7 10 AR A 1 32 5 B JE &R 2
HATE] o B 5 AR 45 4 T T e X R B4 ) A
AN TG DX PN A B TR 1] | U0 1 P RE AR K R
37 T BRI 1] U1 o) Y 88 2% $505fe LA 2% T e T AR - 75 39 T
TR R 1 U 1) P E

FLUC o T G Y W ¥ g B TR 3 A
s BT R =AY s S A oo AR Kt
S A R B W

N
Ky = EkM—n (10)
n=1

Horb Ky 4 0 MO 508 W1 BE s n O THT G 4
s N O HA IR A MR T
BT SCHRLLS ] ARAG AW 0 R &5 5 i s 1 5
BT BRI 1) L DD 1) B ) ER(ELOC R A
K, =806 256(P,) "¢ QD)
K, =168 472(P,) " (12)
Forb o P, Sy 255 T fil v s 5 K, Ay 56 T R 925 1) 1
JE s K, g 57 1w AR DD ) W BE 5 45 TORLAS B R, =
1.6 pm,
IS TG M E 23 A [ AT A s B4 L O
AT P O JREARDRS JFG R L P L A G 2 ol T R MR AR T
BRI R LA B R 0 4 b DR e R 2 A A

FEZE K,
a2 (13) ~ A6) R AT S HE .
Q:% (13)
qz%— (14)
C —CS (15)
C =C'S (16)

Horbce,we, 0 530 O 45 6 T A TS X3 ) Y 95
1] BELJ& 5 D 1l BELJE 2 K5 €, Cr 43531 hy 25 4 T 1 32
T U 1e) S BELJEAEL s N g 45 5 T ) JE X g 3 e X
K5 S A T T AR CL CT 4 ) O B — T
A T Bk 1 B e B {E . 2 SCER 15 ]
RE

R G  H TR Y B B JE A A B 2 A X
B Matrix27 WIEE | BH e 550 H . 2 1 3R S0 [E] 2 45
A FROT AR Y A T A 4

2.4 HESHXEEENESH R

48 4 THI T TR 45 A sh A R A Y
N T s b A Tk 1k D) 1 R A Y R i R
L ETRAD AR T % B4 4 5
OIAT AR 5T G A Bt B A T 1 D) 1) R 4 A
e 10~13 Frs . AT LAE 1. 245 4 i s 345
ORI S 4 BB 1) U 1) W G A 5 45 T T RS
2] 53 A Bl 45 2 (i 255 W0 s 1w U0 1) W 43 A AEAE



551 ZEA R L A SR T RN B 54 A I 4 A R B ) T Y 25
o AN 2200 1) it 22+ E O U0 BH 2 SR 5 B T AN X 5 )
R B Ty S e e e A Xk TE B 2 57 25 5 B S BB A ] 2B LR
S 25| A TR 2 4 Ak A

& 20F

Z 15 3 RBVISIE

= 1.0}

e T T—

£ W R SULE] 2 45 A IR OC R SRR
UL 300600 700 g 4 LG4 £ A LR A A R ST 35
§ AT A

Ansys 5553 H A Jks FC AT AL A5 J3 i 42 0T I
10 2% J8TH T A 7 5] 43 A Xk 245 65 T 9 1) W 2 90 A 7Y B 25 A0 R B s SRR 1 TR,
Al

. . . . . 1 EE\ #S\ 558 ,jsx X t
Fig. 10 Considering the effect of uneven distribution of ® RREESHEREE
. Tab. 1  Comparison between theoretical modal and experi-
surface pressure on the distribution of normal
. .. mental modal
stiffness of the joint surface

BB 2 BB S B B4 B

q 15
8 g TR e /ML WE/He R/ Hs
z 7 _—%Eﬁﬁﬁﬁ5$ﬁm g E‘Jﬁ%ﬁé‘l}ﬁﬁﬁ?ﬁrﬂﬂﬂﬁﬁ?ﬁ

< 6 ISR S Rl S i R IR e WM 2 506.9 3044.5 3 746.5 3991, 1
oSy

4§: 4+ HWHME 23274 2 913.2 3779.5 3963.3

o 3 L b

s 2} it R/ % 7.2 4.3 0.9 0.7

Z 7L M”MW I Mw”‘l‘www B/ % : : : :
i WYL

25& 0 00 400 ' 500 ' 600 700

R GO A B 14 Ol kg R B 15 OBl kA

) 55 W R S A T . R R R R A £ AL PCB
N 086C03 B 74 K 356 A16 T =[] i 8 i A%
2, LMS 2 A] By SCM202 16 5 38 % 3 %

2 BT TR AN 355 43 A b 45 B T YD 1) W EE 43 A B
bl

Fig. 11  Considering the effect of uneven surface pres-

=

sure distribution on the tangential stiffness dis- %ﬁ( o

tribution of the joint surface

12 &4 Tk ) W0 R ) A

Fig. 12 Normal stiffness distribution of joint surface B 14 b g R
= Fig. 14 Modal test
Fos
Z 6
4:::’ ; B 1A DLAE . R TR 1 s
@ of% Ib Ay 7. 2% HLAR I HE 500 LA . K3 AR % i Y
B 0060 I B3 A5 25 R 8 5 K IR 25 R TR S AT EL L A 16
E 'ﬂmﬁy@é@f T =000 012 UYL — . . A g . .
R T/ m IS L Je 7 AT LR B 5 i DU i B e A A IR 85 i P B i

B IRBUARBL H —— X R . 15 B 22 3 4 ) A SR

Bl 13 25 v 1 W EE o3 Al o g P
I R &5 5 ¥ 2l g 2 AR T IR e BT AT

Fig. 13 Tangential stiffness distribution of joint surface



26 I W 540 %

105

90

75
& 60
& 45
o
< 30

15

0 512 1024 1536 2048 2560 3072 3584 4096 4608 5120 5632 6144 6656 7168 7680 8192
f/Hz
P15 40 0 R 50 {1
Fig. 15 The graph of frequency response function amplitud
- & p
LA PR 2 AR T 3P IEAIRE AT R R EY
Bl 16 ISR AR 5 3 50 B AR PR T X L
Fig. 16 Comparison between theoretical modal and experimental modal
the local deformations in machine joints[J]. Journal of
N Mechanical Engineering Science, 1979, 21(1): 25-32.
4 & it

1) 42T —Fh b g R [ 45 A Bl ) 2 A
RGBT J7 i o 8 AE 25 4 T T AR A ST Matrix27
W J3£ BT 1 BELJE SR TT R 4l i 45 & 50 0 B S R
B3 NI EE L BELJE B2 T v 1 W3 2R 8L BELJE &R Bk 2
REARAS , OF 5 8T 25 A T I R Y 43 A kNI EE 2K
(B R ), B 45 4 1T R A 3% AL Y WD R (i ek
[N

2) X AHE T Y B e AR R AT T RS I L
b6 B A R Y 1 B e AR S R e A A B, B
VOGS 11 I Y 41 2R 5 6 A S 1 i 1 B i 2R A A
H—— X R o i PO B B [ A AR il 5 A R
ZIA IR ZETE 0. 7% ~7. 2% 5 Bl N, AT IE B T A<
HER 5 1k B A R

3) AHERL Jy vk i T AR A R v R T G A
T 50 R AR AT AH OC EASE I T S 40 DR LA AR IR L
A4 6 R R P 1 G 1 R

2 % X ik

[1] BURDEKIN M., BACK N, COWLEY A. Analysis of

(2]

[3]

(4]

[5]

[6]

7]

BEARDS C F. Damping in structural joints[ J]. Shock
and Vibration Digest, 1992, 38(2); 3-7.

ZHANG G P, HUANG Y M, SHI W H. et al. Pre-
dicting dynamic behaviours of a whole machine tool
structure based on computer-aided engineering[ J]. In-
ternational Journal of Machine Tools and Manufacture,
2003, 43(7): 699-706.

GREENWOOD J A, WILLIAMSON ] B P. Contact
of nominally flat surfaces [ C] // Proceedings of the
Royal Society of London A: Mathematical, Physical
and Engineering Sciences. London: The Royal Socie-
ty, 1966 300-319.

YOSHIMURA M. Computer-aided design improve-
ment of machine tool structure incorporating joint dy-
namics data[ J]. Annals of the CIRP, 1979, 28(1):
241-246.

TAYLOR S, TOBIAS S A. Lumped-constants meth-
od for the prediction of the vibration characteristics of
machine tool structures[ C]//Proceedings of 5th Inter-
national Machine Tool Design and Research Confer-
ence. Oxford: Pergmon Press, 1964 :183-189.

XU C, ZHANG ], WU Z, et al. Dynamic modeling

and parameters identification of a spindle-holder taper



B

P S BT RN S A Y

R RSP S c3 T 27

[8]

[9]

(10]

[11]

[12]

[13]

[14]

joint[ J]. The International Journal of Advanced Man-
ufacturing Technology, 2013, 67(5/8); 1517-1525.
AHMADIAN H, JALALI H. Identification of bolted
lap joints parameters in assembled structures [J]. Me-
chanical Systems and Signal Processing, 2007, 21(2) .
1041-1050.

B, SEGVL, SR, S M Bk AT Bl A 4
WOk B TR A4, 2013, 49(7): 168-175.
LI Ling, CAI Anjiang, CAI Ligang, et al. New meth-
od to identify dynamic characteristics of bolted joints
[J]. Journal of Mechanical Engineering, 2013, 49(7):
168-175. (in Chinese)

SRAS . BAEET. HUK [ E 456 8 ) 2 de s R L .
WEsh5epid, 1994, 13(3): 15-22.

ZHANG Jie, TONG Zhongfang. Dynamic modeling of
machine tool fixed joint surface[ J]. Journal of Vibra-
tion and Shock, 1994, 13(3): 15-22. (in Chinese)
TIAN H, LI B, LIU H, et al. A new method of vir-
tual material hypothesis-based dynamic modeling on
fixed joint interface in machine tools[ J]. International
Journal of Machine Tools and Manufacture, 2011, 51
(3): 239-249.

MAO K, LI B, WU J. et al. Stiffness influential fac-
tors-based dynamic modeling and its parameter identi-
fication method of fixed joints in machine tools[J]. In-
ternational Journal of Machine Tools and Manufacture,
2010, 50(2): 156-164.

SALIH N M, PATIL M J. Hybrid (bonded/bolted)
composite single-lap joints and its load transfer analy-
sis[J]. International Journal of Advanced Engineering
Technology. 2012, 3(1): 213-216.

WEE, ATV, ga ks SRS R
ML TRE 4. 1993, 29(3): 74-78.

HUANG Yumei, FU Weiping. Study on dynamic pa-
rameters of joint surface[J]. Journal of Mechanical

Engineering, 1993, 29(3): 74-78. (in Chinese)

[15]

[16]

[17]

(18]

gk R WSS & s AR R M dest . h E
Bl2F 4 AR R AL . 2002:55-99.
Mtk BEEE . Mk, % mdd SRSt S

B R A TR L[], HARKRESEM (T2
M), 2011, 41(1): 100-105.
YANG Zuowei, YIN Guofu, SHANG Xin, et al.

Coupling analysis model of thermal and dynamic char-
acteristics for high-speed motorized spindle[ J]. Jour-
nal of Jilin University(Engineering and Technology E-
dition), 2011, 41(1): 100-105. (in Chinese)

BLR GG, MU B 11 T W CML db s Al 2 0l s il
2004 :60-62.

WA, B R, AL B TRE A A ALK B AL Bl
m%ﬁ%%ﬁ%ﬂlﬂﬁh%ﬁ%%%,mw,%

(6): 1083-1089.

DENG Congying, YIN Guofu, XIAO Hong. Dynamic
characteristics optimization of machine tool based on
energy distribution[ J]. Journal of Vibration, Meas-
1083-1089. (in

urement & Diagnosis, 2015, 35(6) .
Chinese)

E—EE/ AU, B 1990 4 7 ]
L RS K g e X
TR 3 2R 55 e B3 ) 2 FE R L4 4 i 3
S35 H R K b R e KL T ) R %
K 5 5 A 2 4 H Eié«ﬁ
|45 4 WG A 0 K o 28 e XU 9 g %
BRI ) (CHEHERL R )2018 *rr%1
VEDESTS
E-mail:1sc13622162338@163. com

BEEEEN . SEH. 5,197 4 12
A iz W 06, EEAFR
S 80 T 2 e RS R R ML — 1Ak

E-mail ; hongli_gao(@home. swjtu. cn



& .0 KX 5 2 W 5540 %




