FwHAR a3 Foll
.08 . SURFACE TECHNOLOGY 2014 4F 12 A

BEBEMEREE NS PREB TR EERR

KB4, EXE

(AN KRZ M TI2=kE, ST WN 215021)

# E. BYW MAHEMHIRE D SRR TR N, Ak Sasat 24 R T sk
AR B AT § Rk BRI, 0T 3 A R RERE RR BIRA G R E el R A
BRIALR, ER EHWEE RAEEBERLY S T fofl TR E 7 @, b5k Aes K T 44 = T A AT,
TR TR EAMAL, R R T b M A R R A 48 % SR, R 5 R SR A A
RENLMMEHAR AR EFER, B ERIH, Git KB EMA IS S § bk
THAIEE N 58 SRR R EMAT R kAt R £ |

KEIR . KRN S habiE, BT, BHEMH

FESES . TG174.44 XERFRIRAD: A XEHES: 1001-3660(2014)06-0028-05

Research of Resistance to Plastic Deformation of Iron-Nickel Gradient Materials

under the Low and Repeated Impact Stress
ZHANG Qian-ru, FU Ge-yan

(Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, China)

ABSTRACT : Objective To study the resistance to plastic deformation of iron-nickel gradient materials under the low and repeated
impact stress. Methods Repeated impact tests were conducted on pure iron material, iron-nickel mutation material and iron-nickel
gradient material. The cumulative deformation, strain and deformation hardening degree with different depths, and the surface mi-
crostructure were analyzed and compared. Results The total deformation, strain and deformation hardening degree with different
depths of the pure iron material were a little larger than those of the iron-nickel mutation material, and much larger than those of the
iron-nickel gradient material. The surface of the pure iron material and the iron-nickel mutation material was single-phase polycrys-
talline structure and the density of interface was small. The surface of the iron-nickel gradient material was multiphase polycrystal-
line structure, the density of interface was larger, and the plastic deformation was more suppressed. Conclusion For the resistance
ability to plastic deformation under the low and repeated impact stress, the iron-nickel gradient material was the strongest, followed
by the iron-nickel mutation material, and the pure iron material specimen was the worst.
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Fig. 1 Schematic of the cam-driven repeated impact test machine
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Fig. 2 Composition distribution of the three kinds of material
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Fig. 3 SEM micrographs of the specimen transition zone
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Fig. 4 Morphology of the specimen grid
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Fig. 5 Relationship between the cumulative deformation and the

number of collisions for each specimen
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Fig. 6 Relationship between strain and layer depth for each spec-

imen
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depth from the surface layer for each specimen



Fa3E FHol

S A i 25 - BRERBE FE AR N ) 22 eh i S AT RERT 7S .31 -

AA BRI .

3 FbABHAL 0 e R AR BT rh i R 2 bl
BRAT VB ER 2 28 b Ak 1) T £ A e R A #5497 B v
AR 1 mm &b, Bk RZ AL, T 2 kb il
F 51l 1 2% 1 AT BRI T bk R R A, R 2 A ik
Bt X S B 2 R b R B U/ 5 TR 3R
JEAAFAEIX SE R G, DR AR B2 TR 3 5K

PRERSAEAP RN AE AL ST 5 mm J5 , BRER
JERRE RS i P AL 2,4,6 mm J5, fE AR A
AR, 3B DI ) i RS 8 ) b A S e o 90 5 T s ) 2
— JETRAL TR 58 R Y R AL AR B R AR K, Bk
BBL AR AR B RAR BN . X T 1) BiAh R
(A9 JEEAF XS A2 /0N SOE 722 BA7 BT 3G I s A0 R BE A
B, HBGEAR ;2) BOEHE Al 8 S A A AL A AL
REAEAREEAT Frsis s, B LAATRE R BUAR A | 5 R R
HBAEB R B3R 2 TR AR IR ER)Z 3 ) AR R AL R
TEZS G AL BIRT RS 2810 FE R A RE R, i 3
A LR ER AR BE AT R R, H 7SR i I X A7 AR
BRI (ANTE] 3 Frzs ) | i BE AR 42U 03
T LARRER S AL b1 i A i AR AR Lo Ak A6 2 6 e
PN

KB R B BN A b 8 5STHY
BRERGBAIRL ATHV AR EEATRL 31HV, WA ik
PHE AR ACTR BE B/ IMR IR - A0 ) R 58
SRPRE BRERBE R R, Al bR i T8 A2 A 2%
1HZRLA N 8.5 mm  BRERRASARHA A AL A AL 2%
1EZRL N 8 mm , BRERES AR A A i AL 24 11
JEERA°5 7.5 mm,

2.4 TMARGH

8 kil i V2 WA BT (OLYMPAUS GX51) M4
PR B R Ni 2 bl RERE AT S A9 4 A
TR, ks Rl i AR R R H 20 it 2 0K b
AR S ok 0 T I S R AL, SRR Y A
B TR MRS RS AR T AL B 3 3 AR AR
A HERR 257 A i g B, 20 3K B —E FUE
AR bR

&9 SRR A BHA A RIZ M Z M 2 2,
BREGAR B b 2 J2 B 7 TR A AL T (A R RAH
T B TR M ERAERZ,

2 dh AR I TE AR T v I 5 T P BELAS:, o IR A T g
S TETRE FH PG 5 43 2 . — 0 4 2 AN [ AR 2 ) B[] 2%
SSRGS A R ARG AR IR T R 1 I 2k RR S

8 BB BPRHAMF b R AT JS 222 (100% Ni) HAL
WLH 2R
Fig. 8 The microstructure of the collision surface (100% Ni) of

the iron-nickel mutation material specimen before and af-

ter the impact

a W REERTE00 x , EAKJE )

P9 BRERE LI ool i 48 T 4% (209% Ni 55 80% Fe)
RO 2H 21
Fig. 9 The microstructure of the collision surface (20% Ni and

b il IS (400 x , EKE )

80% Fe) of the iron-nickel gradient material specimen

before and after the impact

— o3 Fh S IR R B A DB 7 A ) A R RE
PR fh AR B S T BE LA DAL TR DT ) S DL S A Y
AR RETAZRE , T 22 AH R 1A ) 5 T RG4S 1~ RE AR
Waf A2 BE P 748 0, DR 1k 22 A A% ) 5 THT RE 7 T B AH
T, S RE MG AR AR, BB 285 5 fIRk A9 RE 4
i AR, AR AR AR A — s A R
Fo BRERBREEMRL R R A 5 10 % B 22 T BB R AL+
BERZ 3R EZ

PRl AR B 2 AR A AR L ) 22 i S PR IE AR
FEERER S AT R I Bl AR X2/

3 &g

M I X TR B AR AEER AR B A
BHAPER) B AL B AN [R]JZ= TR AL 1) 1V A8 e B AR JEE |
AR K S AR REA LA EJZ R S0 A 2R B, X T AR v
Z MRS SAVEAZ T Y E T, SRR L A4 i 5k, BRAR
RAAMBRIRZ SRR 22



+ 32 E TR N 2014 4 12 A
PAp— Macroscopic Plastic Behavior of Coated Part under Repeated
= Impact Contact Load [ J]. Chinese Journal of Mechanical
(1] 2t oy BB T FAMEUR U2 19 B8 0 AT A 4 B Fngineering,2005,41(4) :137—142.

(3], HR Tl k24,1997 (2) :25—30. [9] M3, GittZ, /DR, BBk ZEE M £ whRb s R s
LI Xue-min. Analysis of Plastic Deformation Behavior of OS] WO ,2005,26 (4) :79—81.
Thermal Spray Coatings under Impact Load [ J]. Journal of FU Ge-yan, SHI Shi-hong, TANG Wei-dong. Repeated Im-
Gansu University of Technology,1997(2) :25—30. pact Deformation Effect and Analysis of Laser Coating[J].
(2] MR, R RPN, %5, B2 T 4 b il o i Laser Journal 2005,26(4) :79—81.
SOGFAE L], BORRRY 5 TR 41, 2004,22 (2),  [10] SR SREAAT T 45 HI09 55 J2IBPEN R K HLI I3 A
216—219. [D]. JM TR 2011,
FU Ge-yan, SHI Shi-hong, OUYANG Ba-sheng, et al. Re- LU Hua-qiang. The Layered Plastic Response and Mecha-
peated Impact Test and Failure Characteristic of Mechanical nism for Multi-touch Load of 45 steel[ D |. Suzhou: Soochow
Components with Cladding Layer[ J . Journal of Materials University,2011.
Science and Engineering,2004,22(2) :216—219. [11] Dl E 2 PRI M. JEat. fese Tolk Hi Rk, 1994.
(3] XZE. AER 2000 %2 W9 AR 6 BE BF 55 5 @[ D ). SHI Chang-xu. Materials Dictionary[ M ]. Beijing: Chemical
TR TR K7 ,2010. Industry Press,1994.
LIU Lei. Study on Repeated Impact Test and Low Stress [12] FUZY,LIUJ P,ZHANG ] Y, et al. Fabrication of (TiB,-
Macroscopic Plastic Deformation and Modeling [ D ]. Fe)/Fe Functional Gradient Material by SHS/QP[ J]. Key
Suzhou : Soochow University,2010. Engineering Materials,2003,249 ;:105—108.
(4] FEM BH 2. 40 4 R EOEEE Fe-Al 5 [13] SHEN Q,ZHANG L M,TAN H,et al. Preparation of Mg-Ti
BRI X LR 2 45 0 B AR /N BE B 22 v B R 84T System Alloy and FGM with Density Gradient by Spark
[1]. 4B RS T8 1999 ,28(5) :289. Plasma Sintering Technique[ J]. Journal of Wuhan Universi-
WANG Ai-hua, XIE Chang-sheng, LI Shu-dong. Organiza- ty of Technology ( Materials Science Edition ), 2004, 19
tional Structure and Behavior under Small Energy Multi-im- (1) :58—60.
pact of Laser Cladding Fe-Al Bronze Transition Zone on [14] TAKAGI K,LI J F,YOKOYAMA S, et al. Fabrication and
Aluminum Alloy Surface[ J]. Rare Metal Materials and En- Evaluation of PZT/Pt Piezoelectric Composites and Func-
gineering, 1999 ,28(5) :289. tionally Graded Actuators[ J . Journal of the European Ce-
[5] ZENKER R,SACHER G,BUCHWALDER A ,et al. Hybrid ramic Society,2003,23(10) :1577—1583.
Technology Hard Coating—FElectron Beam Surface Harden- (15 ] TRERE, AR A SRIK L. DI AREARIE AR A IR ] 45 F 5T
ing [ J]. Surface and Coatings Technology, 2008,2 (4) . PURBJEER[T]. ARIEHA ,2000,29(2) :1—5.
804—808. XU Zhi-mou, ZHENG Jia-shen, ZHANG Lian-meng. Re-
[6] BANTLE R, MATTHEWS A. Investigation into the Impact search Status and Prospect of Functionally Gradient Materi-
Wear Behavior of Ceramic Coatings [ J]. Surface and Coa- als and Fabrication Techniques under Low Temperature
tings Technology,1995 74 (2) :857—868. [J]. Surface Technology,2000,29(2) :1—5
(7] Z=B, WK, BB, % M EN WC-EmEsksB 2 [16] FROCHS. DURERS A ERA Z M s HoRDFTE k[ 1], &
il MBS APEREL ). RITHER 2005 ,34(4) 3234, HIBEAR,2004,33(4) :7—9.
LI Zhen, CHEN Yue, SHANGGUAN Bao, et al. Impact LIN Wen-song. Development of Preparation Technology of
Wear Resistance of Tungsten-hi-Cr Cast Iron Compound Functionally Gradient Materials [ J]. Surface Technology,
Layer on the Cast Steel[ J]. Surface Technology, 2005 ,34 2004,33(4) :7—9.
(4).32—34. [17] il R S8 B R B T 25 1 AR 1 SR B R
(8] Ailthg: WS KB AL 22 AT IR A JHLIJ. AR5 12,2008, 11(3) 1327331

BESI B EBEAT Jg [ T]. HLBK TR % 4l , 2005, 41 (4) -
137—142.
SHI Shi-hong, FU Ge-yan, OUYANG Ba-sheng. Low Stress

FENG Hai-bo,ZHOU Yu, JIA De-chang. Principle and Ap-
plication of Spark Plasma Sintering Technology|[ J |. Materi-
als Science and Technology,2003,11(3) :327—331.



