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Spin Angle Controlled Polishing of Steel Ball Using Vesicant Polyurethane Pad with Grain Size Degradation
Toshiji KUROBE and Tomoyuki MORITA

Spin angle controlled ball lapping method developed recently, is to have an excellent performance to lap the ball, in which
V-groove lapping plates are separated into two parts and three plates are able to rotate independently. Present paper focuses
on polishing characteristics of a steel ball using vesicant polyurethane pad. Experiments are conducted using an aluminum
oxide grain ranging from 5.5 to 0.3 # m in size. It is found that the surface roughness of steel ball polished by vesicant
polyurethane pad is smaller than that of the cast iron lap. Experiments show that the grain size degradation is very effective
for decreasing the surface roughness of ball. It describes that spin angle & influence on both of the surface roughness and stock

removal of the ball.
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Fig.1 Kinematics of a ball in developed method
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Fig.2 Schematic view of Polishing machine
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Fig.3 Surface and cross section view of virgin pad
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Table 1 Visco-elastic properties of pad

Dry Wet
Soaking time min 0 | 20| 4 | 60
Instantaneous displacement U zm 445 | 983 | 923 | 991

Retardational displacement V zm 358 | 451 | 497 | 490

Visco-clastic displacement o pm/min(| 021 | 021 | 023 | 024

Retardation time sec 268 | 213 | 201 | 195

Table 2 Polishing condition

Pad Vesicant polyurethane pad
Grain AlhO3

Grain size 55,1.0,03um
Concentration 20wt%

Solvent City water
V-groove angle 90deg
Revolution radius | 35mm

Spin rate wy, 1600rpm
Polishing load 5N

Polishing time 0~120min
Spin angle 6 0~80°
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Fig.4 Schematic view of Polishing machine
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Fig.5  Effect of polishing time on surface roughness
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Fig.6 (a) Effect of polishing time on surface roughness
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Fig.6 (b) Effect of polishing time on surface roughness
(Spin angle controlled)
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Fig.7 (a) Relation between stock removal and polishing time
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Fig.7 (b) Relation between stock removal and polishing time

(Spin angle controlled)

WT305r LA LR L 7 S E ORI & & ROHRERIIZY) 0 B X THE
BLEEORMAI DEINI V. —F, K6 (b) DEIERA E >
HIEEOHE I, BRI D B2 DR TR S ITKE 7L
ENREOHL5NS.

BT, ZEREHEZIT >/ L DM &R & HHER R OBRZ
R BT (a) I3FERE (0 =68) THEL&ERZ, 1D
E A L (0 =6008) ORRERT. K105, Wih
OBEEDBE BEAZ YD F A /2% THMTRIIR2ITHMNT
LTENONS. LML, BMOESY (EROBEE) 3TERKE
LD BERA ECHEEOHNKEN. T205, BERA E
Wik WTHEL 2 A0 TRAE < BREREERNKE <) 7%
BZLET—HIIRLTNS.

BA8IZ, ZEXBERTEE L /- & & DR — )V RE DN FHMBT A%
Y. K8 (a) IZHEERTDAR— )L &, K8 (b) iXE#R A Y 2 Hil ik
(6 =60F) T—KHBELLEEDEAZ, K8(c), K8(d) XM
A Y Rk T R, A EIT > L EDEAREZRD
T.oF/, K8, mstR I TRIEL AT DT 4 -V B
HLTVS. [0S, ZEREMEICL > TRIHIAEL <K
WY DT BONS.

92, BROKEE—E (EBREHIEE) (ZLT605 (hifE
1.0 ), 904> CRIFR0.3 o m) BREEZTT o 1B 8 DI F BB
BEHETOT 4 —)VERT. KSR B BRI (R —bF Ry
) ONFHEMBEALENRD &, EERTE (K9) OB
KEDOHERBZHED LIBNI EADONS.

28 - KRB | OB HIFEZEC K DHIRDBRASHIE

................

........

@ o 0.5 1.0
|0.]mm| (mm)

(a) As-received : 238 nm

|0.1mm| 0

(b) First step (Grain size 5.5 1 m) : 39.2 nm
(i m)
2

0.1mm

(c) Second step (Grain size 1.0 /£ m) : 32.8 nm
(4 m)
2

[-

T A D
: .

R B T D (A | EREE
! |

2

0 0.5 1.0
IO.lmmI (mm)

(d) Third step (Grain size 0.3 /£ m) : 29.7 nm

Fig.8 Optical micrographs and profiles of surface

o
——

0 1.0
0.1mm (mm)

(a) Non-step (Grain size 1.0 £ m) : 30.4 nm

(e m)
2

N
1 + . ‘5 1 "‘1 |
0 ’ | S
I YRR Rl

-1 4 — t T A |

o AR t !

-2 1 | l

0 0.5 1.0
(mm)

(b) Non-step (Grain size 0.3 /£ m): 30.9 nm

Fig.9 Optical micrographs and profiles of surface
4. ¥ XK
AHETIE, Sy TRICEERIDIL Y 2Ny REJRFLE
Ny BTy TERAWTHEBZIT>TWADT, k7 v /1L 5
WHED S G & IIEEREI S 50 TIRBWNEEZ SN,
skT w TIIHMETH D, — 4Ny BTy TIIRREARTH S

BBIZRE V0. 68 .No. 12,2002 1573



FE - HE | OB AL HIEEC S SEROBRISTHIE

2

Spring element model

=

]
i
£y w7

(b) Pad lap

Four element model

Fig.10 Schematic view

DT, R—ARATEZITE L EDT v TOEMERIREL, 8
B7oTENRY RTI T TRRRDEEZ LGNS,

WE, FET v 7 EIR = (CBER) BB TERE TR
LIEPHAMINHER2E X 5 (H10). X10(a) i3k v
TE, 00 Iy F7 v 7OBEEE2RT. R—/VIZHENA
FEND L, 857 v 7TH 2y FT v HR—L & OfER S T
MEREREIT. BT » TOBRE, TOEHR (THertz DEE
ER P HROOND. TOEIRATRENS.

2
d, =123} 4 3)
E’R

—%, Ry ¥7 v 7OERRL, KX TRENS .

PP E
dy=—+— l—exp(--—ztj} 4)
! E, Ez{ m

Xy FONERME CEERMERHE) 1T, Voigt EF L & Maxwell &
TFTNEBEIEESLHABEREFTA(EI00b)) CTRILEIND LHE
LTWw5. K@, U=P/E, V=P/E, - (1~exp(-E,t/ 1)), «
Pt/ n, t=n,/E, LEEREND. ti3, BEERT. XY
BOBERIEEBEZ RV TRIAY LY 2y PO E
ERELER FOHHBHIIAERETVOREN LY 2T
EERLTWA.

HertzdRX (3) o3RO LN A ENL Bd, 1T, WEPOMS 2. IN
ETHUL, 90.28ume 2B, —, BRI LE LRy FOBR
Bd, 13, BRI L S<EMBUDHE (1) TRahbe
RETHIENA5 unTHD. Ny FORBERMEL, 5 <8k
(K 3. 2mm) TIF>TWBEDT, HHEROKE X LR
4.8mm) L IZEDOKRE IBEHSRLD. LI, A—F—Bich
TREFRBVWEEZIOND. THODRENS, Ry KT 97D
BN RITEFER T v ZOFNUITH L THBEBICKE WSV D. 20
78, R—RMEX AR L THFEL-EETYL, T v 7OMEI
Lo TR-ADHFE S ST AERENRRA2D 2 L0 5. i
EENBKEL LD Z L1, F— AR 221 5 ERSH L
BT EEEBEKRT D BT, BRI L B8 o B X R L EEER
IZE>TITONDOT, HEfil LTV 5 BATERY 0 (CfEET A
BB —FETHD & s, ERERN SV FHAFERENE < 2
BLEZOND. Ny RSy FOBEE 855 v A L TEE
HE ORERED/ NI 2072 DII IO ENFER LTS L8R

1574 BEBIZRE Vol. 68.No. 12,2002

ns.
L LERE, Ry BF 9 PO (EH) BEA UK, V
RallbESEMLDY, £, 5y FOMBENRR D LB
KL ED DO T, BB Y OBRENETHIIT LV o)
LTBLLERSH D KENVERES 2y FEER LSS,
WEATICHES TRV Ly FOBBMERISEAT 5. BAE
BOBKE, R— A OEEBICHT RN T2 L 2 E%RL, 1B
B Lo THR—ADREEGE L 25, ER, LY 3L vz D
Bttt b GEEFE) RO TVWARED Sy FER—1
OFFEBIER U TR, BT A bh— X |2EEg Lo Te,
R—NVDERELEL ool 208, R— A OB 1T EE
DRNEE AT By FeERTILERDH D EEIONSD.
SR R0k & FiE R L SlHE CiT - =88, TR
DEMEIEIFEETRR S (7, [8) & & Abh ot ZHidK
DEHIZEDZ LD EEZILND . R—/OFEIL, BREZNMLT
T o P L R—ABERAE T R 2B T IC Lo T
b3, BEEAE 0 DEMAKTIC SN THEET Y By
MF B HEET Y BN KX 2B & MTESHT = L 25ER
B BB S AN ERTE Y, 20 L AEE LTERE & |
B2 LB TR () IEVRAE L2 b0 L L E X bR
5. R 0 B2 SR L EE R B F S ERICER L
LOLEZLNE.

5. & El

ElEER © L HliEE#A U TR O SRR 21T - /=, B8
L, RBERY D LE Ry KTy 7TRICIET LI ORI E 21
B SHRICIERE 2 TiTo 7. EROER, ROEREZBT-.
(DBEEOREH S ORBMNEL, %7 v 7L v b0 K
T TDHF IS,

DRy R v T 2AWTEBRRFELZT-o 7156, FEHAX
PRI B AR L 0 b EET 5.

() BB LT o 70358, EREIZHAATEERR B UH#
PREO I BREHE S DIEBESVBREL, oM TIT 'O
HMEE R E V.

E ] L33

BHRA B RE 1L, S#IRKERHNITX B ¥ —CRlE
ENHLDOTHYELTHELRT.

2 B X MW

1) HFF, P I=7F 27 E8@%, AT TEFME, (1961)147.
BIAIR, AEAL, PMFEAR: A AENENR—LFE (8
—8#) —REEROERMN—, BB TEEE, 62, 12(1996)1773.
3) BEFNR, AEAt, NEFER: ACCAEHRMR—-AHFE (B
8 —ZF{es A RROFE—, BEITFEREE, 63, 5(1997)726.
BERIK, BUBE, BB R Y v OREEMEEE), HE, 38,
434 (1989) 1346.
BHERIKR, FILET B U BB X 5 MR OB E — %
5y Ly FOFEBEELB—, 2002 FEHE LYLRERIBK
BRICE, (2002)310.
6) S.Timoshenk, J.N. Goodier:Theory of elasticity, McGraw-Hill
&kogakusya, (1951)372.

n
~

4

=

5

~



