#5029 B T M
Volume 29 Number 7

rERERERFR

The Chinese Journal of Nonferrous Metals

2019 4 7 H
July 2019

DOI: 10.19476/j.ysxb.1004.0609.2019.07.14

R K R Y ST 5

T, X %,

¥y K, 2 7T

(R TR Pl TSR, R 650500)

T8 B SRR R IR B R AT 2R AT 90K KR S 96 R e AT AR RIIR SE 58, 43T A [R] R R 33 R AN [
AR SR DI I S s SRR BB R SR T AT I, T R S AR A R DD N
TR MR . BTSSR RIREEE 5y 104 20 A1 50 pm/s B, B LA (100) 5 T I BB HE AR I S 470 )
J155 5009 10.2, 12.1 1 9.8 mN, IS KGR RUEE; B B4R (110) T G XRFE ARG F- U1 H1 7150 5N 9.5+ 7.7
6.9 mN, 5 I RIJRH B (03 T 0k /D BRI s SRR R (1L T R SR LRI S0 7 43 0k 8.3 8.5 I 8.9
mN,  RIJEE JE I OB F DI A B ARG S s M3k 4> B0 104 30 F1 50 mN B, BLEE4(110) &)
B33 3028 0.3 4.5 A1 12.5 mN. Bl QIR IEE 36K, 5 AN 8] o T D) R 1 R I A1 I S 09 45 1) SRk s B
AT, B ERAE VI AR RGO, YT 700 036 Bl AR AR K . AN A0 N 20 T B AR A TR R R Sk

DI SR AL B R TR AN B SCHF -

KHEIR: FLARAE: PUGUORRE; AR KRR SR
hESES: TG113.26; TH142.3

NEHS: 1004-0609(2019)-07-1457-09

fEE AT AR R SL 86 DIHIASE; DIEIT)

kRS A

B RS 5 SRR TN TR R A, [P
FH EYBEY . HUEHUR S YU IE & 4K R
S E AT, R ORI N LR M0 R B ik
BIGCOR . GOREGL, T ELAST 7] J - GOk 1B i .
R R T UL R R E AR, B L B AN
EHERE, M TESR. B RASMTEY. £
N B SRR VE AT RHES, D TR BEDETE D6
R, L AUEDTEIIN A AR B R R g oK
FOEH), TR K RUEE DT n T 3 5 A
FIVIHN TZRRK, T RN RN, 50
DN T D) I HUER AN IE F g ok & 2 D) Hm
T Bk, AR B A RE RN U R
DB EREAT WIS 7T, E TN THR PR LAl
ANHHE STHF o

FRT, [ A0 B0t 5 i i S e VA R D)
I TS HEREAT T KR BT TT . LAL 257 4372
a2 N DY AN A7 IO Il E
VEREAT TAIUBETT, 79 T S B AR LR RO DI
AR B R ) B B R A LR M 2 e dE

FIFA 53150 77 AL S A B 11 B S 4 NI D I R
WEIC T S ARAR AN K R B VIR, 730 T B DI Al
JEEERIBE N, A2 B ik F A0 2 (E 3536 0 i)
Zhit. CHEN PRI 2 F 3 770 T 5 S AR I
YRR REEVIHIEAR, B VIEI 1A, RKIE
FRIRII DA ERES, YIHI a3 7] B A 38 Kk
/o BAENOR 4 F 30 7 2 7 AL S G 9K
RS, R ILAE S Sh A Al T (110 S T ) 3
WS & AT e, DR, 7652 30307 I 12 4 T )
T AR Hofh g . 1R 2 U B S R
Fa PRI B P T XS0 SR SR S ae it AT, (3
XoF L e B D) MRV SEI BE STAR N D, Bt A A
XoF B A B TR AN K R DT AR P AT SR B0 B 7

ST F G K s SR AR B - 7 S AU o) A
(100)~ (110)~ (111) &R THEEAT 1A R R B A8 2
PR KIIRSRES, SR B A B (110) SR THIREAT T AN [F)1E
SE BT R A8 T BEGNOK RIIR S5, A58 R SR A AE AN TR
IR FE AN [ AT T TR TR, DB B S
BRUTE N L5 o S Hr .

HEEWME: EFRARRFHESEIIHE(51765027); EBFE T K25 Bl i 5 £ %1 Bh 5 H (2018M20162203001)

s EHA: 2018-05-30; f&iTHHEA: 2018-12-20

BIEEE: VBN, #d%, fi+; Hif: 13668718025; E-mail: xjyang@vip.sina.com



1458 hEA O RYR

201947 A

1 HRRIIRSCI YRR

L1 BHITHARLIRSIEIEEY

TR R EEVIAI T, DI ) REAR B S A k)
RIVIEIREE, UMD 3 e AR B AR R 12 1)
R AR 0, AR R R R R & A bl )
o AOKRIRSCIERE S, VIR AN 2 IR 7 &
HHZH BEMPKIIREIAE — KR HlRe
B TR G P A4 BHLE AN [ T & B2 060 R 25 B AR AL 1
Bty CLRTEI MRS L. B3R 4K IR S g
AU 1 R

Pressure load
Diamond indenter

Specimen surface

Scratching direction

Elastic region
Plastic region
Brittle region

Scratching depth

S0 W o e S Oy

Fig.1 Experimental model of nano scratch with variable load
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Fig. 2 Experimental model of nano scratch with constant load
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Table 1 Scratch test parameters with variable load

Scratching parameter Parameter value

Scratched crystal surface (100), (110), (111)

Scratching distance/um 420
Scratching speed/(um-s ') 10, 20, 50
Load change rate/(mN-pm ") 0.33
Range of load variation/mN 0-100

®2 RIS S

Table 2 Scratch test parameters with constant load

Scratching parameter Parameter value

Scratched crystal surface (110)
Scratching distance/pum 280
Scratching speed/(um-s ') 10

Permanent load/mN 10, 30, 50
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Fig. 6 Cutting force and scratching length curve of Ge(100)
crystal plane at different scratching speeds: (a) 10 um/s; (b) 20
pm/s; (c) 50 um/s
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Fig. 7 Surface topography of Ge(100) crystal plane at

different scratching speeds
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Fig. 8 Cutting force and scratching length curves of Ge(110)
crystal plane at different scratching speeds: (a) 10 um/s; (b) 20
um/s; (c) 50 um/s



529 BT H

Blbent, 5. FEEREAOR RUEZ DI EIFSE SL I mt 1461

50 pm/s

Stun

B9 AN [F Kk P A 5 (110) T 22 T 351 P
Fig. 9

10 pm/s 20 um/s

Surface topography of Ge(110) crystal plane at

different scratching speeds
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Fig. 10 Cutting force and scratching length curves of Ge(111)
crystal plane at different scratching speeds: (a) 10 um/s; (b) 20
um/s; (c) 50 um/s
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Fig. 12 Cutting force and scratching length curves of Ge(110)
crystal plane under different loads: (a) 10 pm/s; (b) 20 pm/s; (c)
50 pm/s
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Fig. 13 Surface topography of Ge(110) crystal plane under
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Experimental study on micro-nano scale cutting characteristics of
single crystal germanium

YANG Xiao-jing, LIU Hao, LUO Liang, LIU Ning

(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,

Kunming 650500, China)

Abstract: The variable load and constant load nano-scratch experiments of single crystal germanium were carried out by
using nano-indentation apparatus. The effects of different scratch speeds and different loads on the cutting characteristics
of single crystal germanium were analyzed. The surface of the sample was scanned by atomic force microscopy and the
material removal mechanism of micro-nano-scale cutting of single crystal germanium was investigated. The results show
that when the scratch speeds are 10, 20 and 50 pm/s, the critical cutting forces of the brittle-ductility transition of Ge(100)
surface are 10.2, 12.1 and 9.8 mN respectively, showing a pattern of increasing first and then decreasing. The critical
cutting forces of Ge(110) crystal surface are 9.5, 7.7 and 6.9 mN, presenting a regularity that the critical cutting force
decreases as the scratch speed increases. The critical cutting forces of Ge(111) are 8.3, 8.5 and 8.9 mN, showing that the
alteration of the scratch speed has no effect on the change of the cutting force. Moreover, when the loads are 10, 30 and
50 mN, the cutting forces of Ge(110) are 0.3, 4.5 and 12.5 mN, respectively. Therefore, with the increase of scratching
speed, the cutting behavior of single crystal germanium shows obvious anisotropy. As the load increases, the cutting force
of the single crystal germanium augments accordingly, and the fluctuation range of the cutting force becomes larger and
larger, which provides data support for the analysis of the micro-nano-scale plastic domain cutting of single crystal
germanium.

Key words: single crystal germanium; micro-nano-scale; variable load nano-scratch test; constant load nano-scratch test;

cutting characteristics; cutting force
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