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Effect of Different Surface Treatment on Tappet
Microstructure and Wear Resistance
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ABSTRACT: The work aims to improve wear resistance. The tappet was treated by three kinds of surface treatment including
nitriding, inducting hardening and compound technology. The microstructure and hardness of three tappets were analyzed by
microhardness tester and metalloscope. The friction coefficient of tappets under three lubrication conditions, including dry fric-
tion, sufficient lubrication and insufficient lubrication was studied by SRV friction wear testing machine. Wear morphology and
depth were analyzed by stereoscopic microscope and surface profile measuring instrument. Reliability of different tappets was
studied by 1000 hours load cycle endurance test at engine bench. Nitriding tappet surface microstructure consisted of 0.006 mm
thick compound layer and 0.2 mm thick diffusion layer. Its hardness layer was thin and the transition was not smooth. There

were a lot of porosity defects in white layer. Inducting hardening tappet surface microstructure consisted of 2 mm thick general
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martensite layer. Its hardness layer was deep and the transition was smooth. Compound technology tappet surface microstructure

consisted of 0.04 mm thick nitric martensite layer and 2 mm thick general martensite layer. Its hardness layer was deep and the

transition was smooth. The friction coefficient of nitriding and compound technology tappets were constant under dry friction

and sufficient lubrication. The friction coefficient was 0.54 and 0.56 under dry friction. The friction coefficient were 0.174 under

sufficient lubrication. Both tappets had excellent adhesive and abrasive wear resistance performance. The friction coefficient of

inducting hardening tappet sharply increased under dry friction and was up to 0.95. By the time, the test was terminated due to

adhesion clamping. Its friction coefficient was constant at 0.164 under sufficient lubricatio. This indicated that inducting hard-

ening tappet had better abrasive wear resistance performance, but it had poor, adhesive wear performance. In addition, the reli-
g tapp p ) poor, p )

ability of compound technology tappet was higher than that of nitriding tappet. The surface of compound technology tppet was

free from abnormal wear and peeling, while the surface of nitriding tappet had worse peeling. Compound technology can effec-

tively improve the reliability of tappet.

KEY WORDS: compound heat treatment; soft nitriding; induction hardening; wear resistance; tappet; microstructure

I A - A R 4 R R sh WL LT Y — R R R R
—, R SR SakRh, SR, HBEE & shil
ERE == G (R N =T Y AN =D E TSy A 2
&, HEAE S RS T AR S O, SR I Y R IE
JEE 2 J 31 M 101405 5 (m) AL HI 25 28 3 o A% 0 Y B — R T o
FEEAR, il | BN R K S AN BB R A R EE
Tiif JE () B2 2R o AR5 vl L BRAR Ak A 2 T iR Ak AR S
PR TF B — . B R R R A
AT R AT Y BE AR T I, /N R A, I
DR, KRR E XTI T TGS . AHN S, G %D
R TIPS RN, 55 M3 t, AR
FEAR T 40%, S thee T, MEDHPLFEMT
4%~5%F BE 45 25 . KODAI A 2B 5Y T DLC.CrN .
TiN )2 HEA:, #5700 =ik 2 24 RE A 854 o S A
PR E I, Hh DLC BB B R 5/, AHN J U
A5Gk SiL Ti Ml Cr i DLC @2 E R 4T T 0F5%,
GEREH, & Si i DLC IRZH & Ti A1 Cr () DLC
WEEA BB, H Si & ETE 5%~9%0 i
. W ECBISE T DLC RIZHEAE, FEEIE R AR
67%, HLAESZFR T30 EE S0 R FRAIR 6% 0 X1 5 il 25
W5 T WC. NiCr-Cr;C, IR 2, NiCr-Cr;C, IR
JZHERE A RN, WM R . 2SI g
WA, Si i DLC IR 2 REI/INE A 20% 0 B i 2k
L A A 3 e 4 1 U 2 R B D) B AE T IR EE 15
B, WUNEER, RS, (HxX R
AWAR, HEAREAERR, ARG TR
FHR 254, L ARUSES | o} A R 55 V5 7 T A A o

AR SCTEAL G A ACHERE B SE At L, $2 0 TRAHAEE
Je PR VL VAR KB 52 s A B AR il s B A R A o XA
B A AR S . BRI, TR AT SRR K.
ZEA AR AT IR R AL B, AT IR
KALEL, K BACE A A Y (e-Fe2-3N) Tk
fit, FRIRFY BEE BRI, fs2%, R
R AR A R AR ZH 4 (Fe-C-N &) 1 % Fh
B A PR 8 VA R T ECAR AT L, ZHER AN, 7

B, BERE, SRALOR IO R S AR
o, BRH I T AR IR E, HEABAMARZILA,
I sE R T AR SELEAR L, g . WETE RS b
AR T R B SR AT TR /), 3 42 i T A A
53 SR JEE RV B 1215 A SRS LU 9 T UMK | SRR T
K A SRAL = PR AR AL 4 SR P 1R A 52
Wi, g TR F A R HERE P IRy SR 00 T — Rl S

1 e

1.1 REs#

AR R Cri2w, HAb2ER > (DUS R 045
i) K: C2.15%, Si0.22%, Mn 0.56%, P 0.01%,
S0.01%, Cr12.32%, W 0.72%, Fe 43ik, A8
IS MRS, Bl T AR RNk . B A
AR CRA ARG P77 IR P K A 3 ) = i ¢ i Ab 2R
PTG RSN E 1, PR T 2. e s
1000~1040 °C, 4R %K 20~40 min, FEHEE KW,
J#E 550~650 C, f#iH 30~100 min, ¥, AR
BHEFER., FABT 2. Wik 350~420 C, #
IR 40~120 min, 545~575 CEAEAL, BALKE] 60~
150 min, CNO JF 44 32%~36%. VK T 75
TR R KRB EE ( 60~400 kHz ), TR ZE 850~970 °C,
PRIR 0~6's, VEAANTRRHIZEE, FH7E 180~240 C
IR K, P 2~4h, SR EER,

12 ARMER IR

SR ZE F) 4 H0 0 B SR A B 2 21, I
T S AR B S R B R . SR SRV R 8B 45 §ad
ML IR = R AR AE T BRI . B, B0l ([UE
B — 2 T AT AR ) B AR B L DURE A AN AR AR
24 mmx7.9 mm BB, DB ST 52 AR T R 45 S 40
WHL, WS E: WECO E AR 10 mm 9 GCrl5 48R,
T B5 47 (60+2)HRC, #&f 200 N, {# 1 mm, i
20 Hz, MK E] 8 ho FH 3 8 A PR W S8 fl 5 o e A



ER e R

TEFEZEAE S [) 3R THT-H A o AL 2 2 B T B 41 14 52 ) 121 -

T BB IR A T LA TR BRI A, O FH 28 5 B AN
BRI .

1 EREREA AR A
Fig.1 Metallographic structure of tappet
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Fig.2 Cross-sectional microstructure of nitriding tappet
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Fig.3 Cross-sectional microstructure of
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Fig.4 Cross-sectional microstructure of compound technology tappet
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Fig.5 Microhardness gradient curve
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Fig.6 Wear appearance under dry friction: a) nitridation;
b) induction hardening; c) composite technology
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PERUROR, Y AR A . Horb, B SE G BONERE R . SO TR SRR, A

PR T TE 1A AL 5 2 0 5 R TG A 5 TG R Y 3
18 h [ A SO EE F AN TR, AN SR A 5 TR YA K
T A58 S AR SR BRIV ZH U], Sk
2.3.2 EilEZERIARE

P 8 S i EE BRI Jn i RUE AL h B AT
W, =FERERIE SO AN/ N BRI AR

sk 720: X20C

g3k 220: X20C |

a FibabE

b BNk

(R R HE AT o OR JERE , E— B TR am
137N o VT 72 S S TN g A oo A e o -
TR ( 9a> AL, T A B A R 4 AR
HoantaoE , HEU/N, RS E A mIL NS R
FHIE ﬂjjy 0 1745 JER I K RE B JEE 488 R B/

4 0.164, MWEEFRFERE (& 9b) KA, BN A kil EE

i3k 720: X15C

K8 h MBS
Fig.8 Wear appearance under sufficient lubrication: a) nitridation; b) induction hardening; c) composite technology
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Fig.9 Test result under sufficient lubrication: a) friction coefficient curve; b) wear amount
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Fig.11 Picture of disassembled and inspected tappet after 1000 hours bench endurance test
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