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Development of curved surface finishing method combined burnishing and cutting
process using NC machine tool

Masato, Okada
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This study develops curved surface finishing method which can generate smooth
metal surface with superior abrasion resistance and fatigue strength in a simple and high efficiency.
This method achieved by combining burnishing process, which slides hard material tool on target surface,
and cutting under fine depth of cut. The finishing curved surface having superior roughness can be
obtained even in omitting the cuttin% process by using smooth diamond tip as burnishing tool and five
degree of freedom machine tool with force control function.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

& B OFRAFIC X0 M EERENE, 9% 57
Zh LS50, R OEERE &k S
o, JEMEREIC N 2535 2 ERBRNT
Ho, BFAHEEE LT, FEEOMEE K
PWETHYay heE—= 7, LA
ERbD. £, RmICHEERE AT 5
FELE L TRELB L ERSHD. L, 2
AU S O T TAER TR & ARk L 7= 1%
W2, BT LCHAREZET 720, 4L
PRI, A FOBAT, X ohRNRGIE
NRDHIND.
BRI TIED—> & LT, [T A8
KT B & R SRE T Lo, xt8E k
OBUNUMIZ SRR 2 535 2 & T
fere RIS A A+ 5N L LE %Ak 5
RV U ITMERHD. ZO/RFEDORA Y
ME, LE#EE ETUETEZAZETHY,
H BEEL AN ATRE 7 NC LAEREMR 2 2 ) L 7= 8]
RIZBW T2 THS. Lo, Bl
LR L TWANR= 7L, —EIcE
AN RIZLTWDIEEIEH DL DD, K%
HBOhE OBERET, TAERR S X v Al
T AN TEMONANE 2 5t5% e LT
LOTHY, HEthEZAT D HFEERO
TEMIZRT A R= 7N TIEERE S 1
TWeW., ZO7oHE~D N =2 7L
OEHANER EZ 2 7.

2. WHEOHEM

AWF9EClE, TEEMIEEREREZET S
R 7 THEZRAW, ima A+ 55%m
WZ b S FTRE 22 N = o NN TR A B
THZLEEZEMNE L., ZnEToOREICE
W, &EBoYHikE %2 A7 SEiE T %
AW & 55 & U BB ERE A I &
HAR= TN, w&m B EmTRN
NDELHZENRESINTWVDS., D7,
WEBAERDOTE-ODNAN= T E D
S EORHERNDRD LD EEE, &
— LT RINEHWCHEEESLLTFO
M DO YA X B4 BT OIEI 2179 2
& T, BAFRREMER & B e OB S REE O
ME AT 54 EFmASE oM TiED
MNfE BRI E LT,

3. WOk

T H % &G ¥ LA TERE D &2 1+ 5
TEHENR= U INTIE, 5T 5865,
fE EFmrERic K& < B E KITFT. —F,
R = ZOIN TR A 7 1) oo o7 3 A & T
E LTRSS CIThin b Z E 3% <, R
T O HERIR OB ENTH LiAAEDOEL
ICERE L, MLHESEOREZEN, TEOMW
#H, TAIEBEW A~ ART & o IS 72
ND. TDh, 2L OBE, "=y /T
BiZAT Vo 7N LY, WSS 2%
F5HZET, ZORMBEIZHIG L TWDEAN
2V, 2O XD YA, LHEBPR LM
WX LERE SN= 0, TEOMENEM L

572, BHiE~Om A X L. iz Tl
BRI ETHGE, LE Lt B mRk A
MR HIIE, IS L T ESRA ovk
PRy 2 —ECHET 2 ERNH S, £
ZCARBFZETIE, ML F o THE— T/EMmMIZ
YERT 2300 1%E 7 40— KXy 7 alieElR )]
HIERERE 2 T A M S HHE T LV AT
= A NEMIREE LTHWE.

AWFFED LW OFHE TIL, N=v 7ML
CBW TRt EFmH S8 G510
B, RSN WEBEE S LT OUhARIC
X2t EFOIEI 24T ) 2 LT, Bt BT
HHSZEE TS L LTV, Ll
NE, N= o TIMTORT, B4t BT
EH S bES T L, TROEM LI THE
ERy, XOFEERMIEERD. 22T,
T LR DX A v FF v 7 % AH
ZlTenN=v v TTEREERWT, N=v 7T
FEC R4 BT EH S OBAE N FTEENIC
DWTHF LTz,

N= 2 TN O FEAR ) 72 N T RVE & F
AT oo, AR EICH L, e o
ML= I MIEm L, FOML
Gt BEFm E, 4 B mERE oM s
METHEERF LT,

FAYXYEY RLEZHECHEHEISES Z
& THAL DB X T HEERE, (LB m
PRA~D B ERFT D720, N=v 2 7m
THICHEIT 2 L ERERNE 2R AT

%Iz, #immzAa 32 ME RO TEY
Wkt L, ABFFE TR Lo TikZzwA L,
Z o EFmEMERN S, A TEOA REE
Btz

4. WFFERE

(1) JiitaEgeE 2 A 522 5 A R E A
TY oy RRF U A =X LTINT
%

X 1@ TA% & U CHW =22/ 5 H B
INAT Y RAXT UL AT = X LB T #%
OB Z T RINTHIE, Z HFmrdE &
2 HHEOF 3IABELH T L O Z
LIV AT =R E XY HaiidE 2 BREZA
T5 FHOFHRENT —7 VL VRS
TkV, A5 HHELZETLHE L HITAN
EAFEHR LTS, EEBART LA D=
XL OEREFET VAKX LIRS, EER
FTLAAN=ALE 3 >0 (i=1,2,3) %
FHL, FHEET, N—2nbEEE1 HHERM
iy (ALE : Pu), EBE)1 HHAERE Ju, [E
fix 3 H HEEBIET Joi (WL : Pai) DNEIZHERR S
M, iz ADBEE &5, 18I O E RS
IXIEE 3 B, [AlHR 3 HHE TRBLTE 5.
[l#s 3 H L, AEXTEER Yo D Z Hl)E Y
I XIEEIN G G [BHE L 7= 7 R VJE Y O[a]i5
Z 6, OBIHE L7 FEARSR D Z gi)E Y Dlaliin g
6L LTRIT D, I Iulc L0 BhfER
WEZT D720, MEEE6 ARED D BT
BllEZ20N50F3EBHETHY, K10
RS CIx, Z FInlitE & 63 X 06 s % 45



Servo motor
Base

(@) (b)
Fig. 1 Machine tool of a hybrid type parallel
mechanism, (a) Overall view of the machine tool,
(b) Kinematic model of a 3 degree-of-freedom
parallel mechanism

~ Tip holder Diamond t

@\k\=J

Fig. 2 Details of diamond tipped tool
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Fig. 3 Schematic illustration of burnishing
process for plane surface

Table 1 Experimental conditions

Workpiece | Stainless steel AlSI 316

Burnishing tool | Spherical diamond tip R = 1.5 [mm]

Feedrate | f, =12.7 [mm/sec]
Cross feed | CF =40~ 100 [um]
Thrust force | F, =20~ 100 [N]
Lubrication | UP-21KN, Unitech Co. Ltd.
f, =12.7 mm/sec
CF =60 um
10— F,=50N
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Fig. 4 Output waveform from force sensor
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Burnished region

Fig. 5 Overview of finished surface using
diamond tipped burnishing tool
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Fig. 6 Relationship between thrust force and
surface roughness
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Fig. 7 Relationship between cross feed and
surface roughness
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Fig. 8 Schematic illustration of burnishing
process with inclined rotating tool
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Fig. 9 Influence of sliding speed on hardness on
burnished surface layer
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Fig. 10 Temperature measurement of diamond
tipped tool during burnishing processing
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Fig. 11 Appearance of burnished curved surface
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