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Technological parameter optimization
of micro-structured surfaces by diamond fly-cutting

ZHAO Qing-liang' , GUO Bing', YANG Hui*, WANG Yi-long'

(1. Center for Precision Engineering , Harbin Institute of Technology, Harbin 150001,China;
2. China Precision Engineering Institute For Aircra ft Industry, Beijing 100076 ,China)

Abstract: In order to obtain micro-structured surfaces with nano-surface finish, a three-dimensional diamond
fly-cutting system was established based on a ‘Nanosys-300’ ultra-precision machining system. The effects of
the spindle speed, feed rate, as well as the cut depth on the roughness were investigated, respectively. The
analytical result of Theoretic Surface Roughness (TSR) shows that the TSR is a constant along the normal di-
rection, while TSR is a periodic variety along the feed direction. The TSR is reduced with the decreases of
feed rate and nose angle of a tool or the increase of cutting radius. The experimental results reveal that rough-
ness R, is reduced with the decreases of feed rate and cut depth on Polycarbonate(PC), while it is increased
with the decrease cut depth or the increase of feed rate on aluminium(LY12). However, the spindle speed
have not a significant impact on R, for both materials. The roughness of 38 nm on LLY12 and 43 nm on PC are
achieved. Finally,a micro pyramid array and a V-groove array are processed with the pointed V-shaped single

crystal diamond tool on aluminum alloy 1.Y12 successfully.
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Fig. 1 Arithmetic peak-to-valley height of micro-

structures by fly-cutting
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Hg. 3 SEM photos of diamond fly-cutting tool ( X500)
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Tab.1 Experimental conditions

0z 7] 4t (pm) 5, 10 ,20, 40
PC B 45 B (mm/min) 5, 10, 20, 40

F2 5l % 7 (r/min) 400, 600 ,800, 1 000

0z 7] 4t (pm) 2,5, 10
LY12  # 4 (mm/min) 5, 10, 20

F2 %l % 7 (r/min) 800,1 000,1 200

3.4 REKNER

5 T 3 5 6 e T 41 4 Fl - Sl R T R 45
F W AT B o A, OF B3 [ Taylor Hob-
son /y A) i) Form Talysurf PGI 1240 & 1 HL K% B



%10

BRI 5 55 WA RN s A R i S S E ik 2515

A R ASONS IN T J5 ) f at A 2 TR B2 AL AT JE AR
FEAFREI , Form Talysurf PGI 1240 2 [ FH kE B
8 R ASC S 5 S DN S, Dy BE SR O I RS B
SrHEARH 0.8 nm,

4 EBLRASHE

4.1 BRzIEXHERREEEENZIG

0z I a, X UEEH 2 E RS BE R, Y500
M 4 fra. V1Y PC sz JI &k 5 pm 284k
F) 40 pm B, FETOHURE FE A R, 0 3G &R B
10 nm, X 5 BOHLRS FBEAR L AS K. B FE n 1. PC
F AT LABE F 40 pm 195 102 0 5 DAAR & i TR0CR
mYIEl LY12 B, #5021 5l 2 pm 2846 5] 10 pm
IF, 2% ML BE B2 fH R, B 259. 5 nm FE AR F
41.1 nm, X 0] RESE KA RN A sz )
AR L /N T W2 T B 5 5k ) A R v )
FLIT 1T 21 00 A R 3 K S R HI AR R SR AR I 1
A 78 TT BT 104k 777 A AR R KA 5% 1 R 8 A
F AR L3R i #2 rp 2 R BE B TE 2 i
PEASIE . T LY12 A4 i A RHR P 5
T C 2% T Y ek B v i 98 M AR T R 35 57 DT 5
ER RS A T R, B 5 19 SEM B J rpr s
ATLLR B, W2 J1 58 10 e BN T S0 25 4 3=

140

PC
1201
0 /=10 mm/min

100 n=1 000 r/min
80+

601 "
40t
20+

R, /nm

0 1 I 1 I I I 1 1 1
0 5 10 15 20 2530 35 40 45
ap/pm

3001

250} LY12
I /=10 mm/min
200 #=1 000 r/min
150}
100} \
50|

0 L L 1 L L I 1 L 1 )
1 23456 7 8 91011
a,/um

R, /nm

P4 0z J) o 2 T oHLURE B2 9 5 1

Fig. 4 Effect of cut depth on surface roughness
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Fig.5 SEM photographs of micro-structure by dif-
ferent cut depths (LY12)
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SEM photographs of micro-structure by dif-

ferent feed rates (LLY12)
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Fig. 8 Effect of spindle speed on surface roughness
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Fig. 9 SEM photographs of micro-structure by dif-
ferent spindle speeds (1.Y12)
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Tab. 2 Optimum experimental conditions

Hiz ] (pm) 40
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32 4l % % (r/min) 1000
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Fig. 10 SEM photographs of micro-structures by di-
amond {ly-cutting (LY12)
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Fig. 11 Two-dimensional measurement results of V-

groove array (LY12)
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