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In v e stig a tio n o n the fa n 一
sha Pe di str ib u tio n o f su rfa c e r o u g hn e ss

o n d ia m o n d
一

tu r n e d sin g le e ry sta l g e rm a n iu m *

S H I G u o q u a n (史国权 )
,

C A I Y o n g x ia n g (蔡永祥 )
,

Y U Ju叮i (于骏一 )
,

(块Pa rtme
n t o f M e cha n j以1 E n gl ne e r ,

ng
,

Jilin U n lve rs ity o f T e ch n o lo gy
,

Cha n

gch
u n 13仪)2 5

,

China )

M A W e ns he n g (马文生 )
,

H A N R o n周iu (韩荣久 )
a
nd H U A N G W

e i (黄 巍 )

(S t a te Ke y L a
bo

ra to ry o f A PPlled O Pt l“
,

C ha n g c llu n 13的2 2
,

C h ln a )

R e优 Ive d Ju n e 19
,

199 5

A b str a c t T he eu ttln g fo 「优 d ls tr , b u tlo n

mo d els o f d l

amo
n d

一

tur n ed s i

ngi
e cr 终tal ge f

ma
n l

um
a r e

e sta b l一s he d
.

T he fo r

ma tlo n

me
e ha n is昭

o f the fa n 一sha
pe d ls t r ib u tio n o f su r fa优 ro ug h n e ss o n d za

mo
nd

一 tur n ed

s ur thCe o f sl

nsl
e cr 邪 ta l ge r

rnarn um
a r e in ve stlga te d

.

T he ho mo ge n e o us s

mo
o th s u r fa ce o f r o u glllless

撇lue 尺
;

= 0 0 7 一 0」试刃 卜m 15 o b ta in ed by fly cu ttin g o f the sin gl
e cr ”t a l 罗 r

ma
n ium

w h ,ch w as Pe rfo r

脱d , n

the mo
s t fa vo ur ab le e utting d 一re ct lo n

.

K eyw o r d s : sin g le c rysta l g e

rm
a n iu m

,

d ia m o n d tu r n in g
, s u r fa ee r o u g h n ess ,

fa n
一
s ha pe d istr ib u ti o n

·

In ul t r a Pr ee is io n c u ttin g
,

sin c e the d eP th o f e u t 15 us u a lly less tha n the a ve r a g e g ra in

siz e o f Po lyc rys ta llin e m a te r ia l
,

the eu ttin g 15 Pe rfo r

me d a c tu a lly w ithin a g r a in
, 5 0 m a n y

r e se a r e her s Pa y clo se a tte n tio n t o the re sea re h o n th e in flue n ee o f m ater ia l a n iso tro Py o n the

e u ttin g p ro c ess a n d the m a e hin ed su rfa ee q u a lity l’ 一 6 ]
,

T he fa n 一sh a p e d istrib u tio n c ha r a e -

ter istics o f s u rfa e e r o u g h n ess 15 o
ne

o f the Pr
oj

e c ts to be fn ve stig a ted
.

5 ing le erys tal g e r

ma
n iu m 15 o n e o f the fu n c tio n a l m ate ria ls us e d in in fr a re d o Ptics a n d

re fle c tive o Pties
.

It als o fo u n d wi d e a PPlie a tio ns in e le c tr o n ic a l a n d as tr o n a v ig atio n a l in d us
-

try
.

Th
e s jn g le e rys ta l g e rm a n iu m 15 a n a ni s o t ro Pic a l m a te r ia l

,

Po sse ssin g c rys ta l str u c tu r e

the sa

me
a s n atu r a l d iamo

n d [ l]
.

Th
e fa n 一 sha Pe d istr ibu tio n o f su rfa ee ro

雌hn es s a Pp e a rs

wh
en the c u tting d ir e c tio n va r ies s u c e essive ly re la tive to the tu r n ed erysta l in fa e e tu r n ing

(s
ee fi g

.

l)
.

Fig
.

1
.

15 the e x te rn a l p ho to g r a ph o f the tu r n e d su rfa e e o f sin g le e r”ta l

ge rm a nj u m
,

Wh
e r e the b la c k re g io ns a r e “ cle a r r eg io n s

”

(fi g
.

l(a ))
, a n d the w h ite o n es a re

the
“ elo u dy r eg io ns

”

(fi g
.

l(b ))
.

T he su rfa ee r o u g hne ss
va lu e s o f so m e fa n 一

sh a Pe re g io ns

are sm a ll ; the sur fa c e Pres
en ts elea r a PPea r a n ee

.

T lle s ur fa ee r o u g hn ess va lu es o f so m e

o ther fa n
一s ha Pe r eg io ns a re big ; the su rfa ce Pr e sen ts a elo u dy a PPea r a n ce

.

Th
e Pits an d c r a e k s

re m a in o n the In ae hine d s u rfa c e be e a us e o f m ier o fra
etu r es fo r m e d in e u ttin g Pro e es s

.

Th
e

fo rm a tio n m a c ha n ism o f the fa n 一sha Pe d ist r ib ut io n o f su rfa e e r o u g hn ess o n d ia m o n d
一

tu r n in g

Sin sle
c r” ta l g e r

ma
n iu m n ee d s fu r the r in ve s tig a tio n , a n d a ne w eu ttin g me

tho d fo r m a e hi亩n g

*
Pr oj ee t s uPp o r te d by the Sa e n tifi e R e sea rch F o

un d a t lo n o f S ta te K e y L a 以〕ra to ry o f A p p lled O p ti铭
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1 Fo rm a ti o n m e ch a n ism o f the fa n 一sha pe 山stribu ti o n of su rfa ee r o
ug hn e ss

tUr
n in g sin g le er ystal g erm

a n ium

山a m on d
-

Th
e c lea稚g e a n d s liP Pla n e s o f s in g le erys ta l g erm a n ium

a r e o n

Th
e a n g le b etwe

e n the re su lta n t eu ttin g fo rce a n d e le ava ge Pla ne va
r ies

the (川 ) Pla ne s
.

l’]

su c c e s sive ly d u r in g

d iam o n d fa c e

the ta n ge n tia l

r em o va l m o d e

tu rn ing sin g le c rys ta l g e r

ma
n iu m

.

e u ttin g fo re e e o m Po n e n t 0 n (11 1)

15 d e te r

mi ne d by the o rie n ta tio n

Fig
.

2
.

S tr u ct ur e se he ma tie o f 5 1叼
e cr ” t目 ge r

ma
n l

uxn
o f o Ct ahed l o n st r uct lll℃

.

Th
e n o

rm
a l e ut tin g fo r ee eo m Po n ent a n d

Pla n e a ls o
va

ry suc
c ess ive ly

.

5 0 the e hiP

o f th e 奥a e h ine d Pla ne
re la tive to the c u t

-

tin g fo ree d ir ect io n
.

To
re eo g n iz e the fo r -

m a tio n

me
cha nj sm o f th e fa n 一sha Pe ch a r a e -

ter istie o f s u rfa c e r o u g lu less d u r ing
c u ttin g

5 in g le c rys ta lge r

ma
n iu m

,

the n o r

ma le u ttin g

fo r c e e o m Po ne n t a n d ta ng en tia l e u tting

fo r ee c o m Po n e n t o n th e
(1 1 1) Pla n e sho ul d

be a n a lyz e d fi r st
.

F ig
.

2 s ho 姚 the sc he
-

m a tie o f o c ta h ed r o n s tr u c tu re o f sing le e ry
-

sta l g erm
a n iu m

,

w he re th e a n g le 仪 betwe e n

Pla n e
(100 ) (口 AB C D ) a n d Plan e (1 11)

(△ B C均 15 54
.

7 4
“

; the a n g le 刀 be twe en

p la n e (1 10) (口 H FI E) a
nd Pla ne (1 1 1)

(△ CD E) 15 3 5
.

2 6
“

; the a n g le 下 be twe
en

Pla n e (川)
a n d Pla n e

(川 ) (th
e o u te r su r -

fa ce o f the o c ta h ed r o n
) 15 10 9

.

4 8
0 .

Th
e

va
ryin g r eg ul a rity o f th e n o rm al a n d

ta n g ent ia l e u ttin g fo r ee e o m Po n e n ts d u ring

tu rni ng d iffe
r e n t e rys ta l Pla n e s a r e to b e
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d is cus se d a s fo llo 、、5
.

]
.

1 T u rn ing
erys ta l Pla n e

(10 0)

D u ring tu r n in g Pla n e (l0() )
,

the Po sitio n a l r e la tio ns h iP be twe
en eu tting fo ree a n d Pla n e

(川) 15 s hown in fi g
.

3
.

S u PPo se th a t the b a se e rysta l o r ie n ta tio n 15 (0 1 1> : the eu ttin g

d ir ee tio n o f p o in t M 15 <u U w > ; th e a n g le b etwe
e n <u U w > and <0 1 1> 15 口

,

wh ieh 15 p o s -

itive in c o u n ter clo c k wi se d ir e c tio n
·

双 15 th e p r in c ip a l c u tti雌 fo r c e ; 兀 the thr us t fo r c e

a n d 只 15 th e fe e d fo ree
·

尺
,

rx’
a n d Fz’ a r e the r esul ta n t c u ttin g fo ree s o f th e c o m p o n e n ts

Fx
,

瓦
a n d 双 wh ich a c t o n c r”ta l p la n e (10 0)

·

月
,

叮
a
nd Fz’

a r e r es p e c tive ly in <0 1 1 )
,

< 10 0> a n d (0 1 1 ) a s fo llo 哪 :

厂 = 双5 in s + Fx e o so <0 1 1 >
,

rx’ = 凡 < 10 0 >
,

厂 = 丑 e o s o 一丑 sin 口 (0 1 1)
.

此t 月
,

Fv’
a n d F=’ be r eso

lve d in t o cle a
va g e pla ne (11 1)体BCE ) in c rystal o r ie n tatio ns

< 2 1 1 )
,

<川 ) an d (0 1 1)
.

Th
e n we have

双
“

= 刀
c o s , + 叮 eo s

(9 0
。

一 ,
) = (只sin 口+ Fx

eo so)e
o s , + 凡

sin :

巩
“

一Fv’ sin (9 0
。

一 :
) 一Fx’ sin , 一兀

c o s : 一 (只
s in 口+ 只c o s口)sin

“

<2 1 1 >
,

< 1 11 )
,

F’’ = 双c o s口一式 sin s <0 1 1>
.

D efi n e

fo rce

K a s the ra tio o f the

(
r es ul ta n t

n o rm a l e u ttin g fo rc e e o m p o n e n t 凡
“

to the ta n ge n tial e u t
-

ting

It 15

c o m Po
ne n t e u tti飞 fo r ee o f 厂

‘ a n d 犁)

K =

d e rive d fi n a lly

凡
c o s“ 一 (双

s in 口+ 凡
c o s口)

s in “

{(双
c o s口一Fx s in 口)

’+ [(双
sin o + 凡由5 0)co

s , + 式
sin ,

]
’

}
’/ 2

tha t

K 一

{
诬

一
丽痣韶策而丽丽丽丽

一

号
’/2

(l)

1
.

2 Tu
rni n g c r” ta l Pla ne (1 10)

D ur in g tur 正ng Pla n e
(1 10)

,

the Po sitio na l r ela tio ns h iP be twe
e n eu tting fo ree a

nd Pla ne

(川 ) (△ B e习 15 sh o
wn in fi g 4

,

By m a k i雌 the sa

me
a n a l”15 a s a bo ve

,

the e ut tin g

fo r e e eo m Po n en ts a e tin g o n the erys ta l Pla ne (1 10)
a r e as fo llo 。 :

厂 = 双
s in o + Fx c o s口 <001 >

,

巩
‘

= 瓦 < 1 10>
,

厂 = 双
c o s s 一万及sin 口 < 1 10 >

.
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O刹

认

0 1 1 \

打
一

⋯
‘、、、\ \ \

毛 飞飞O )

( 0 0 飞)

气
、 、

\长I飞O >

鱿
、

片
杀

、

/

工F

、\、

/

/

/ 示咬
(飞1 0 ) 、

认 虎
二夕厂 叹、 ‘

.

夕
M

‘ ,

进 U
勺

、 夕 /

/Fu “厂;
挤戒

心
/

二外

/

/
z( \飞\)

F lg
.

3
.

PO
sitio n a l r elat 一o ns hi p be twe

e n

cut ti叱 fo r戊 a nd

d ea翎 ge Pla n e (川) d u r in g tur 币n g cr 娜ta l Pla n e (l(X) )
.

(syn lbo ls

in fi罗
.

3一 5 a re the sa

叱 as tho se in fi g
.

2 )

Flg
.

4
.

Po
s 一t、o n a l re lat io ns hi P be twe

e n e u ttin g fo rce a
nd

cl e a va ge P lan
e
(川) dur in g t盯币n g cr 够 tal Plane (110 )

.

Th
e c ut ting fo ree c o m Po n en ts a c tin g o n the c rys ta l Pla n e (川)

c an be wr itte n a s

彩 = (双sin s+ 双c o s口)c
o s刀+ 兀

sin 刀 < 1 1 2>
,

只
“

一 (F=
c o S口+ 凡c o s口)sin 刀一只eo s刀 <川 >

,

F’
‘

= 双eo ss 一式 sin 口 < 1 10 >
.

As
a r esu lt

,

we h ave

K 一

乏_
=

一
下一一一一一李军宾其一一一

一
一

一 ,

王
’厂2

七(户
一

Ic o s口J一户
x

}s , n 口j少
‘

+ z(户
二

Js , n 口j+ 户
x

}c o s口I)丫j + Z创2 户,

(少
:

js‘n 口J+ 户
x

]c o s口j)/ j + 户* ‘

/ 3
一

)

(2)

1
.

3 T u rn in g e rys ta l Pla n e
(川 )

Th
e Po s itio n a l r e la tio ns h iP

By ma kin g the S a

me
Pla ne (1 1 1) (△ AB日

an a lys es as

be twe
e n c u tting fo ree a n d Pla n e

(川 ) 15 sho wn in fl g
.

5
.

a b o ve
,

the e u ttin g fo rc e c o m Po ne n ts a etin g o n the erys ta l

a r e o b ta in e d :

Fx’ = 双
sin o +

Fxc
o ss

Fv’ = 兀 < 1 1 1>
,

F=’ = F=
e o s白+ 凡sin s

< 2 1 1 >
,

<0 1 1>
.
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Fsg
.

5
.

Po sitio n习 r e la tio ns hl p 次tw ee n e u tt l飞 fo ro a n d C lc a va 罗 p la n e (一 ) d u r , n g tLir n l
飞

c r” ta l p la ne (T 一)

be

l/ 2

飞
z、J

nlca一Th
e e u ttin g fo r c e co m Po n e n ts a c tin g o n the c lea va g e Pla ne (川 ) (△ BCE )

W l ltte n a s

厂
‘

=

衅=

兀c o s
(, 一

兀
/ 2)一 (双

Sin s + 双
c o s口)si

n (? 一 :
/ 2)

(F= Sin 6 + 只
sin o)

c o s
(下一

“
/ 2) + 式

s in (下一 “
/ 2)

<2 1 1>
,

< 1 1 1>
,

F’’ = 双c o s o 一只 sin o <01 1>
.

a r esul t
,

we
o b ta in

乏

_
二一一二一一一一班军卑军一一

二

一
下

一
, 一一~(户

:

1c o s口1一户
x

l“’n U I)
‘

+ Z(户
二

l”, n 口l+ 户
二

Ic o s口I) / , + 4 V 2 户,
(户

一

l“’n 口1+ 户
*

Ic o s口1)/ , + 吕户犷/ ,

s一一KA

(3)

E q u a tio ns (l)一(3) sho w th at the ra tio K 15 a ft m c tio n o f a n g le s
,

Wh ie h me
a ns tha t

d ur in g the
eut tin g Pr o ce ss ,

the
eut tin g d ire etio n v ar ie s su e ce ss ive ly r e la tive to the cl ea va g e

Pla ne
, 5 0 the r a tio K a h o

va
r ies su cc e ssiv ely

.

In o rd e r t o r ee o g n iz e the v a r ia tio n o f r a tio

凡 a thr ee
一

d im e ns jo n a l se m ic o n d u et o r lo a d ga ug
e

wa
s us e d to m ea s ur e the th r ee c u ttin g

fo r c e

u re d

c o m P0 n en tS Fx
,

兀 and F
·

Th
e c u ttin g c o n d itio ns a r e listed in ta b le 1

.

Tl le

me
a s

-

℃frr别)]a氏几内匡r es u lts a s fo llo 、崛 :

tu m ln g

tu r n in g

e rys tal Pla n e
(1 10): 双 = O

.

7 5N
,

只 = 1
.

7 7N
,

丑 = l
.

5 5N ;

c r” ta l p la ne (川 )
:
凡= o

·

0 3 6N
,

凡= l
·

5 9N
,

双 = l
·

2 2N
·

Th
e ra tio K e a n be ea ic ul a te d a ec o r d in g to e qs

o f the e a lc ul a te d r a tio K

It e an b e se en fr o m fi g
.

Th
e la r g e r the r a tio 长

.

(2)
thC

a
nd (3)

.

F ig
.

6 sho 粥 the va
r ia tio n

g r e a te r the b rittic fr a e tu r e te n d en ey
.

6 tha t d u rin g cut tin g e rys ta l Pla n e
(1 10)

,

wh
e n the eu ttin g d ir e e tio n

eo in eid es wi th the o rien ta tio ns < 1 10 >
,

< 11 0 >
,

<0 0 1 >
, a

nd <0 0 1>
,

the te n d en e y ea us in g
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T ab le 1 E x Pe r l

me
n t a l 田nd it lo n s

Sa n lp le
sln gl e cr 够飞al ge r IT la lll

urn
tur ne d p lane

s (110)
,

(川)

C u tt zn g to o l

5 in gl e Po ln t d iamo
n d to o l

r a ke a n
gl

e 为一 一 2 5
“

re lle f a n gl e 为 = 5
0

n o se r
ad ius R = 0

.

s n 卫11

C ut t一ng Pa r a

me te r

sP ill〔l】e s Pe e d n 一 1 〕洲〕r /mi
n

fe ed r a te f = 10 召m/
r

d ep th o f cu t a , = 20 召111

b r ittle fr a etu r e 15 m o st s er io us
, a

nd tha t d u rin g e u tting
c rys ta l Pla n e

(11 1)
,

w he n the e u t
-

tin g d ir ee tio n c o in c id es wi th the e r”ta l o r ien ta tio ns < 12 1>
,

< 1 12 > a n d <2 1 1 >
,

the ten d en ey

c a us in g b r ittle fr a c tu r e 15 m o st se r io us
.

W lle n the e u ttin g Pr o e ess 15 fu r the r ed n ea r by the

a b o ve o r ien ta tio n ,

the su rfa c e ro u g h n ess
va lue s in e re a se ,

the Pits a n d c ra e ks re

ma in o n

tu rn ed su rfa c e , a n d e o ns e q u en tly fo rm so m e fa n
一
s ha Pe r eg io ns Wh ieh Pr ese n t e lo ud y a PP

-

ea r a n c e
.

O n th e o the r ha n d
,

w he n the c ut tin g Pr o eess 15 in Pr o g r e ss a

wa y fr o m the a b o ve

o r ien ta tio n ,

th e s ur fa e e r o u g h n e ss va lue s d e c r e ase a n d the r e fo rm s o

me fa n
一s ha Pe r eg io ns

wh
le h have ele a r a PPea r a n e e

.

d a rk clo u d y r e g io ns a n d two
a re thr ee elo u d y r e g io ns a n d

It ea n be seen fr o m the a b o ve a
na lys e s tha t ther e a re

lig h t clo u dy r eg io ns o n tu r
ne d c rys ta l Pla n e

(110)
, a n d

th r e e c le a r re g io ns o n tu r n ed p la n e
(川)

.

}
。

;「

tw 〔)

the fe

()
.

6

()80666

、

1 1 0 、

lJ(1
狱 狱

肋
吸1 2 1夕月今斗白伙()

0 0 1
曰()2

9 ()

撰
2了(〕

当
36 0 9O

才几
2 7 0

F 19
.

6
一

V a r la tlo n o f ra t :0 K ve rs us a

ngl
e 0 In d la

mo nd tur ru ng
o f s l

ngl
e cr 邪 tal 罗 r

ma rn tun
.

(a ) C r娜 tal

Plane (110 ): tur n 一n g c r那 tal Pla n e (川 )
.

2 E x pe r im en ta l ver ifi ea ti o n

In o r d e r t o ve r ify th e
va

ry ing
r e g u la r ity o f s u rfa c e r o

ug hn ess in d iamo
n d

一

tu r n ing
sing le

erys ta l ge r

ma
n iu m

, e x Pe r ime
n ts we

r e Pe rfo rme
d o n a n M SG

一

3 2 5 d o u ble
一a x is n u m e ric a lly

-

eo n tro lle d d ia m o
nd la the Pr o d u c e d b y R ank Pn e u n l o C o

.

L td
.

Th
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