CRTECIE S PP R Vol. 24 No.2
2016 4F 2 A Optics and Precision Engineering Feb. 2016

XEHS 1004-924X(2016)02-0398-08
KDP @k =z s Em M 12179 K hn T4 ge

B X FIR T AR 3R
(REBIAS HESHADIHTHE ALB T TF A% 116020)

FE O TR /RBEER A B0 (KDP) &I =A% 550 & 171 G800 3L 28 1 07 2447 S SO TR RE R T 90K IR DE9E . &7 T KDP
s A AR ATt TR 45 ) S5 ) A AR B T R TR T LA Bl ) 2% (SPHD 7 8 6 90K FER HE AT T 80E 05 L 58 i T 98 K R
RIS, SLge g R R W] 000 5 07 B U - e A TR EE R TR A R B 0. 996 328, W& BER & ik 1 7 244
TR E AR 75 KDP f A =345 5 10 A9 IR SR B2 S 240 MPa, U057 45 5 R « B TR R4 ] S0, T 3 1% 4
SN HIN] 5 BICAR 53413 5 3 K/ N5 S5 3800 ) 5 AR 8 B 0T AL 2 3 184 O R 5 A ) 3 T A 00 M P 7 72 4 A1 TR IR 5 e Sk 4% T
JUAI AR AR - A7 AE B AR . M3 /DT 2 mN I 4 3k 9 FR A W 1 R 22 PR /N ONTF 0. 2 pm) 5 Bl 25 280707 48 7
R XA 22 TR K. A5 B0 25 5 i S8 KDP 4 = A5 530 T 14 5 SR 4 n T4 4t T 36 304 .

X 8B W AR_AATRK SRRSO ARERABRETARD N FHMEG AL

hES2ES:0733.1;0786 X EkFRIEED : A doi: 10. 3788/OPE. 20162402. 0398

Micro-mechanical behavior and machining

property for tripler plane of KDP crystal
GUO Xiao-guang, LIU Zi-yuan”, ZHENG Gui-lin, GUO Dong-ming

(Key Laboratory for Precision & Non-traditional Machining of the Ministry of
Education, Dalian University of Technology, Dalian 116021, China)
% Corresponding author, E-mail ; [zy5307827 @126. com

Abstract; To reveal the micro elastic-plastic mechanic behavior and the machining property of tripler
plane of a potassium dihydrogen phosphate (KDP) crystal, the nano-indentation process was re-
searched. An anisotropic mechanical model for the tripler plane of KDP crystal was established. Then
the nano-indentation numerical simulation based on Smoothed Particle Hydrodynamics (SPH) method
was performed and the nano-indentation experiments were accomplished. The results indicate that the
correlation coefficient between the experimental load-indentation depth curve and the simulation one is
0.996328, showing a higher goodness of fit and verifying the correctness of the mechanical model.
Moreover, the yield strength of tripler plane of the KDP crystal is 240 MPa. Because of the anisotropy
property of the material, the stress inside the workpiece is irregular arc shape distribution, and the re-
lationship between the magnitude of load and the influence depth of equivalent stress is an approximate

linear increasing. The distribution shape of equivalent plastic strain on the material surface is similar
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to the geometrical shape of the indenter projective plane, which verifies that the reflection effect ex-

ists. When the load is lower than 2 mN, the differences of the residual stress’s depths among the in-

denters are less than 0.2 pm. As the load increases gradually, the differences are widening. The re-

search results provide theoretical supports for machining the tripler planes of KDP crystals in high ef-

ficiency and low damage.

Key words: potassium dihydrogen phosphate ( KDP) crystal; tripler plane; nano-indentation;

Smoothed Particle Hydrodynamics(SPH) ; numerical simulation
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Dy 6.21
Dss 12.48




FWIGE G 45 KDP dh 4K =A% 550 & 1w G500 1 2747 2 Ko T fE 401

¢lz)
Elastic axis A
of symmetry
’
4
s
e e O
1
! Isotropic plane
1 //
1 - bU.]
/-/-E’/
afx) |a==tr T -

3 KDP R SME
Fig. 3 Ideal configuration of KDP crystal

% J& ) KDP & i =45 530 & 1804 5w a) 8,
TERE OB RE T 1] I 75 6 S = 48 B A AR b R AT
M BRAE S B . RS Y oxyz ZE N oxy y = (AN
K4 fias) .

59.5°

X

N
A

B4 A pn s R B A

Fig. 4 Sketch of coordinate transformation

W 5SS T Sk SR 2 3 0 28 L I BR i) H
B R ET7 10 - B Z AN BT A 5 BRI KDP
TR N IS TS = R A = S s
PESCHE I L

3 RS EARERER

KL G UIE W Aot T2 1 R T
REE R 2. 413 nm (RMS) ) 10 mm X 10 mm X 5
mm [ KDP fb A A o 99 K TR R 52 50 R
A TI1900 Tribolndenter (Hysitron Inc. )4 H 3l
PRI MR G . % RGBT FL 0~
12.6 mN, 24 J1 70 BN 3 nN; £ 5% 98 75 ¥ il
H0.2~6 pm, i FE 5 HEFE K 0.000 4 pm, Ik

Ji 3 20 3 TG 46 WA T 3k Je R38Rl 8 000
p N T B 1 B 100 pN/s. A B IR BRI
JEE X 0 3t A ) 5 oA 0 o R A R A
] CF- G v ) 58

4 %R5

4.1 ZHEMEENE

H T KDP fi i =A% 5 i 1 1) 28 M 1 e = 4k
JCE I8 i S0 T Be J AR A SR ] ST
FEAUM R I8 1 2 B R W0 GG A O 78 IRl
AT AWHEIE LA 0 B fr- IR AR E & S
SEBGHRER W) A R CUNIEL 5 BT ), e 2RI 3R
FEBA Y S8 P M R R AR S 8. b Ak, A 5 A
OriginPro 8.0 Xf i Z& W) & B A7 3 Ukt i+ 5, &
TR 2H K4 i AH O Z R 0,996 328, W5 B
XiE— 2 BHIE T KDP i AR b BE A 48 56 R FRAE 1Y
ERTE

8 Experiment —

Simulation —s=

Force/mN
I

-
.l.'.

0 100 200 300 400 500
Indentation depth/nm
K5 ot AR EE 4k

Fig. 5 Load-indentation depth curves
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