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Study on dynamic parameters of hydrodynamic
suspension polishing for metal mould

HOU Hai-peng, HONG-Tao, JI Shi-ming, WANG Chao-rong

(The MOE Key Laboratory of Special Purpose Equipment and Advanced Processing,
Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: In order to solve the problem of automatic polishing for complex cavity and abnormity bores of mould, the system of hydrodynamic
suspension polishing for metal mould was established. In order to control the position and speed, a suitable monitoring software of fluid pres-
sure was built. And then the relationship of fluid speed and pressure distributions was established, the material removal model was researched
based on hydrodynamic theory. In addition, the influence of polishing tool rotate speed and clearance on fluid pressure was obtained. The
polishing effect experiment with rotate speed 6 000 r/min and polishing clearance 60 wm was done. The results indicate that a better polis-
hing effect using the parameters, and the surface of Ra30 nm can be obtained for work piece.

Key words: mould; hydrodynamic suspension; polishing; precision machining

N P2 R R b o T 2T 105 TP T 72 i
0 5l = PHEFER, M BRI R T, IR VAR AR
RO MRS E S A T ’ H — M THAR, XFAILER K SR ARG BT /)N , HAf
PO A RO AR P T it fgy  RBORTURAIE] TSRS ORI T
BUANT ok HLARL A . 3 3 L 5 P € 2 AL ABTETNERA B S FIERE, B
TR T R AR A e DT SIS SRGIAT TR, BLERLE TR T
TR AR A AR A TR T AL i T () B R R B0 R T R BRAE Ar J SEBRE SR o A o B
BT e SO s N T A S e e PORRREREU, 25 S 8 R BE , IRA G T
R R R S TAT S 0 OB L Ay YO ORI TR R RO S R B
e T T2 SR HRRCR . AR R R
VR P  — FR R B R i R s EPEABRI TR TR
S - S P 0 T 0%, AR B

Wi HER:2010 -10 - 11

EETE WA RHET I H (2008C21113)

YEET A UENE (1983 =) 5B WTREHT £ A, FZ MO 850 T S ML M55 B E-mail ; haipenghou@ 163. com
EISBERA IS, 3 302, WA S0, E-mail: jishiming@ zjut. edu. cn.


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

<412 - #L 25

%28 &

1 AR MOE RS

BEHBOR S I R G T2 3 B E L R
G IS RAE RS LR BT T TR RGN,
e LR 3 DERE R R GER 2 D e R REZIPLIY
AEBRARGE I TR ) (X ) #5230 5R TG S
BLIRBHZZAT | Jedie K S 45 256 4040 185045 B 4 0 s LYK
Zhas, N T B el BE LR I8 F) 17 0.2 m, B =17
SENLRGL T _EAZHL CNC A Mach3 £ rp ], 7 i ot
frigyepu Akl o

(b) BLR GBI RS0 R 1
BT BRI R IOL RS

WSSk A A 06 A9 I e B 9f
TG A 5 [R] 4 A R R AR R T, R 5 R AR
FSE I AL 22 7] NI-USB6211 SR 4L, If ] Lab-
VIEW JF % 1 Wil e, anfsl 2 s

Hydrodynamic Suspension Ultra—smooth Machining for Metal Mould
Sample Rate - :
l 1000

Samples

'1000

2 MRERER M

R P SR ' T 3R By e B YR U A
R D e e A () 5 T HLay sh e, X T2 i
HEFT AN ML o o6 AN 8 K S PO VE AN o et
TR K L i B TR m i vh i gE ok A T
Ve BERL B G T A, T A T B Tk —F
BEz Ao

FRAE Preston $& H A1 RE L R B B, 42 fh X 5t — o
WAL BRI LR RN

W(x,y) =K+ P(x,y) + V(x,y) (1)

o K—F0in T 250 A 5 0 22 850, A0 36 6 WOk B2
B (B 8 S ) RN T A R IR 1 1 R ), P—
DA T 5, V4 6 T LA T [ R X T

% TR B IR TE SEBR I G  5 T A R A EER A JE
L YR A S S0 9 R T I 2, ARl A A i i B
FEIN T BRI, 0 B 100 -5 42 fih V038 J2 %) BB R A
VMG T AR TN A IR T rpoC (3 ok AL s
WUJ4R 2 T A AL B R

- oy
M =K mp(x,y) azd;vcdy+c (2)

o o, —WRTE & J7 1) (9 3 B, p— U AR TR ' B
IR B T o

H b 2RI, I R R B s g B sk 22 B 1)
TR R XS R B A A . i TP
A RF22 BRIA 5 G ) 46 BT A G, Wi 2R H
FORMRER TR EEE TR R

ABAE D' DI N T Ry 2 S AN A 4 A 5
A, BN IR Ty /) (Z ) ) Fe 3485 , A 2% TR FR AL
N, AR¥E Navier-Stokes 582, W X J7[n] 0] LATR 46 H -

Lo w ) nt (3)

TR S TR EE

X (3) B WG R 02 =0 W, =052 =h
Hﬂ‘,/vbf_ U,JF!IJ:

up = 2178717(2 h) +*z (4)
Kb U—PtC THAHEE , h—HDt TR 5 TR
[ A BE RS, Bl T B4R R, /AT (2 =0 4b)
K hy A h(x) =hy +2°/(2R) .
i Reynolds J5 & A 40 R B R RS 4

d(;30p 3 dp 6h
—| h h — 5
6x( Bx) ay( ay) U (5)

R S R AT S B KJJFJJ(&I#FVT“??



54

RS , 45 LR

LSS H 5T <413 -

[ (Y fi) JoAsfe, ).
h-h

al_ m al: . —
L = 6ul = (ax 0 I, h hm) (6)

AR AR (6) n] RIS BN Sh iy X 5 1] 1
A7 40 3 frs

B3 W' X 8h s A

3 I g R o

PERTEL YR A VR MG o B v, T4 1 AN W Az 3
A AL Y e, (A O SR TR RS AR 25 B, R
MO TR EFRANRRE R . APRHE S BR AR Y
TRTEFR AT, S G s TR e, i T
Vi) 5 40 51 T LA S D)2 52 M Y 0k 50 s 0 B s R
MBI R . AW — & N TR, 38 1 45 1
Tl T R (BT, %k 3l R T B e il 3 T MRS B2 AT T il
ST, AARAS AR N T T 2 S BRI

RIS PR B IS N T T Bk B R AR il
3k, LA 40 mm ;B REIKAE R 0 R, O ROR A
EAE 300 nm [ o — AL O, B3R, Biit 73800 3% , 3 m
A 3 R RE I R 5 5 T4 10 mm x 10 mm x
15 mm Cr, MoV #5 54 , Hy% [CRE B 60HRC,
3.1 EEmMEERT &R e E SRR

WL Z Sl ATERAS AN [ A In TE] BR Ay, I
Fe Il R, ARATA [ ) B S 2 T ) I 30 R L, O
M AL A Zh IR EE , A R 4 s

KB AT DA 0 ) Bt — i B Y3 3 s T B
B G R AE B S TS i R A— A
BB, PRI O B TR R A R, % R R
P BE TR AN LS Y o AN [R] i T ) B
T REIR B 0 KR ST WA IS A A, B BRAE 40 um DL
I EEACHS Y B AE 8 000 r/min A2 45 T >4 [H] B K T
60 i}, 3G R TV 92, H e K 7 i 1 5% AR
W BEAE AP A R A8 /N, Y 5% i — g i, R T i [A]
RS K98/, IF 4% 3T 3 000 +/min 5, & )
A2, YIRIBRTE 40 wm 5 60 pwm Z [A]E, A 55
IR AL R AN 1 2 S TR R A G

230 e dis=10
—e— dis=20
o dis=40
—*— dis=60
—— dis=80
—>— dis=100
L5
2
<
1 -
0.5
0 . . . . . . . )
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
n/(r - min™)
(a) WO BN R SHO% T RELHERI R R
251
—x— speed=1 500
4 —o— speed=3 000
2 —+— speed =4 500
—x— speed =6 000
s —— speed=7500
Z - 4
<
1 -
q
0.5F

0 A A L
10 20 30 40 50 60 70 80 90 100
h/um
(b) MR B 1 53R & R

F4 g

3.2 BARREEMAKE
A — AL AR S, BT 0B
S K AR BT 3 0306745 4 P07 38
PSR A I S R
100
90
80
70

60

h/pm

50
40
30
20

1000 2000 3000 4000 5000 6000 7000 8000 9000
n/(r + min™)

KIS o sh 545 m s 14

M A] U 25 3 AIKF 3 000 x/min 5[] B R T

80 pm B}, B S EEA/NT 0.5 N, 28 i /e A
W1, T 2455375 6 000 r/min EL[EIER/N T30 pm i,
WIS E S KT 1.5 N B2 s HL sl e e sl , — Jr i
V2 oy /N T 6 T e 25 B8 43 B, fef Im) R AR 445 o) —
75 T H AL i s, P T 0 T AR A e e T HL %
(T#% 435 1)



54

JE2AHT A5 - SLS00/ HZ AR % - 1 1B PR 1A sl A 25 3 A - 435 -

LS i AR R I EE , 3 REAS B SR TS T, 53 /Mg
HEAR R | ACRS MERA V E  AT LAAR B TR B U T, A
T8 TN 235 5 T P42 kI 32 5 46 S A P DA 1 < 7
TR X7 S A A, BEAT 28R v S AT AL iy P 2
RIS g D8 5 00 B s Sk JER AR A R, 34 R Sk A2
) A S IR T R B RIS, AT LA 5B S Sk L s 2
R G {000 T 5 T 5 M B B oo AR B 114 Jmg ¥R M 2545, X 8
AR REA ROt BEEHLR B LI SIS TERE

4  ZERIE

AWFFE I I X) SL500/HZ A% %5 - T8 8 R ik 17 1t
AT A58 T HURAAS Brss S5, db ik b T
BLARZERE (55 8T, B2 el 28, 4R S HLIR 1 3
AVERESRAE T 454 Bl AR . T AR S
SIRTE AR SR 30 25 R 0 1 2 T B, a1 8
RS AT 0] LA BIHL A 25 440 I RS 20, DT X MUK
(A SRR — A LU 2T 1 T 1 o

2% 3Lk ( References) :

(1] ZE3tf, WL RS2 0 T ALt e [ )] ML T
#%,2003,39(8) ;7 - 12.

[2] MOTTERSHEAD J E, FRISWELL M I. Model updating in
structural dynamics: a survey[ J]. Journal of Sound and
Vibration, 1993,167(2) :347-375.
(3] B 46,895, 5 B, 5. MGK7350 %42 5 K B2 hib 4l
(5] 5 Y- T B IR A e B S 43 A [T ] LK 5 W, 2009
(1):12-13.
[4] EWINS D J. Recent Advances in Modal Testing[ C]. 6th
International Conference on Recent Advance in Structural
Dynamics. London: [s.n. ],1997.
[5] REEER, BR 06, Bk, 5. MU R 58 5 3 48 40 i
[M]. dbat: Rh2 it ,2004.
(6] 507 R R. BAHENE SN M]. 1. Ri#gEsg
T R S A ,2000.
[7] SCHMITZ T L. Predicting high-speed machining dynamics
by substructure analysis[ J]. Annals of the CIRP,2000,49
(1):303-308.
(8] ARAEEA. JRBNBEZS S B B M. w5t AR K
SR, 1994.
[9] TLWERR. BHENUR HLIRS 2B R R [D]. L
M HT T R 2 AU T A 27 B ,2000.
[10] Spectral Dynamics, Inc. The STAR Reference Manual
[M]. Spectral Dynamics, Inc. ,2007.

[11] Spectral Dynamics, Inc. STAR System Users Guide[ M ].
Spectral Dynamics, Inc. ,2007.

[12] B, FH R, . S E) )2 B TR H
[ M. b5t MU Tl 3 bt ,2004.

[ 45 : A A ]

(3% 413 1)

55 T HIRH R AR, Wi R T H 3R .
ZEA T, B S 6 000 r/min A[E] B 60 wm,

W TIAE 1.3 N 2247 o 2 X3 5 R S B M i

RIZh 3 A B TR e M. SRR S HO0 T 443k

e 2.5 h g5 5K 6 Fros . e i e, 3k

) Lens:X 500;
25.00 pm X
§ 3500 pm

x5
Wil T AF# 1 (Ra:80 nm) (b) L5 T A+ 1Hi (Ra:30 nm)
Bl 6 BRI B RR

4 ZhERE

AHTFEES G WO B MO IR B, Sy TR HROR
B RS, A E ST 5 MBS S BRI R 485 9
ARIGATREL BRALE AT A T BB BB, F i
FE T AT RO Bl s Ty B 5 45 A R sh TR BE , 2
B TR 2T B AN TR T 3 A L

AHTFEE IR AT ST T MO TR | T rE]
X Bl R B 2R, 38 5 WO Bl e S S Aon B TR

G317 et ORI B I B R M ZR B AR . A5 A SEBR
I, L T 6 000 r/min 538 F1 60 pm [0 T [H] B,
XA TAFREAT T HOERCR AY1X5%:, 2815 T Ra30 nm
PRI BT L, 1 T BRI BRI ik A Rk
52 3Lk ( References) :

(U] ahmgng, GWIE 5k 58, 4. W TRCE B ol i Ao 2
SPEICH AT ] HU T R4, 2007 ,43(8) :2-6.

(2] BRI e MR HN T8 2 i BUR B R a5 [T ). HLAR
W55 M ,2010,3(3) . 7-8.

(3] HUBELZ i, pFH k. BUUELA TV & R IE[T].
HAi A ,2006,3(3) :23-24.

(4] abmmg sk ), WA, A RIDOEEAR ZHBURT].
HLEE T#2,2010,27(5) . 1-12.

[5] MORI Y. Creation of perfect surfaces [ J]. Journal of
Crystal Growth,2005,275(1) :39-50.

(6] ZERi AR, SO0, A iz s Bk i B T Ak 30 & )
SCBRE RS T HOR [T]. MLBk eIt 5 i , 2005, 12
(12) :105-107.

(7] TR, b, BaERI, A5 BOEH RN THR B K
KN FLT]. MUR S ,2007,35(6) :217-220.

(8] B, TR, Ak & 151 HAY i 52 1 A2 5 RS e
TZEAT]. HLH T8 ,2007 ,24(2) :35-37.

[9] LEE S K. Effects of minimizing hydrodynamic pressure in ul-
tra-precision mirror grinding[ J]. International Journal of
Machine Tools & Manufacture 2004 ,44(10) ;1031-1036.

[10] ZHANG Bo, NAKAJIMA A. Hydrodynamic fluid pressure

in grinding zone during grinding with metal-bonded diamond

wheels[ J ]. Journal of Tribology, 2000, 122 (3) ; 603-
608. [ 48« A A ]



