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ABSTRACT: The objective of this paper is to study the effect of heating-cooling cycles of different temperatures on the friction
and wear properties of gun steel and its wear mechanism. Heating-cooling cycles were performed on the PCrNi3MoVA gun
steel at 400 'C and 800 C, respectively. A universal tribometer was used to test the friction and wear properties of the gun steel
pin paired with H96 brass plate at different sliding speeds. The friction coefficient was recorded and the wear of the gun steel
pin and brass plate was quantified. The worn surface morphology and chemical composition of the gun steel pin was observed
and analyzed using scanning electron microscope and energy dispersive spectrometer, and the wear mechanism was analyzed.
The results showed the heating-cooling cycles had little effect on the friction coefficient of the gun steel pin at the sliding speed
of 100 r/min. With the increase of heating temperature in the heating-cooling cycles, the wear loss of the gun steel pin increased,
while the wear loss of the brass disk was little affected by the heating-cooling cycles of the gun steel pin. The worn surface of
the gun steel pin after heating-cooling cycles showed obvious pits and grooves caused by material plastic deformation induced
spalling. When the sliding speed increased, the friction coefficient of the gun steel pin decreased, and the wear loss reached the
maximum at 400 r/min, but decreased to almost 0 at 800 r/min. The worn surface analysis showed that, at 800 r/min, the friction
and wear properties of the gun steel pin were affected by the mixing of brass and gun steel wear debris. It is concluded that the
heating-cooling cycles have little effect on the friction coefficient of the gun steel-brass friction pair, but with the increase of
heating temperature in the heating-cooling cycles, the wear resistance of the gun steel pin decreases. The sliding speed has great
influence on friction coefficient and wear loss of the gun steel pin. At high sliding speed, the mixing of brass and gun steel wear
debris exists and attaches to the worn surface of the gun steel pin, which can change the wear mechanism of the gun steel pin.
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Tab.1 Chemical composition of PCrNi3MoVA steel (mass fraction, %)
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g AL RS 8 R A ORI T R SR ¢ 0.24. 0.97. 1.93 m/s. IXEMELII A 10N, FEEERRT
4.8 mmx12.7 mm MY, B4-5 85l 0y — g (4 il R 2 B2 10 min, [AZLREEE 3K, ik R MER2E .
el 475 mm, B—ImAWABELITE R 25004, PR R FHRE 28 K7 (RS 0.1 mg ) X B4 iy
I TR ST A 54 mmx10 mm, 735 55 4% fi Ja W ES T I , BOE(E . RS R BRI R RO T
B — 322 2% FT 8 25 15004, 4315 FH PR i RS S 6o 40 BAXN:

AR FNAR A TR AR VS TR, 45 10 min, SR JE 37 B X #ZL (1)
AT, EARR A, P-R . ;
" " L. T MEERNME, Nom; P RIS HLENLE
1.2 MMHR-TEARLE BHARE | IR S, N; R WEERCEAS, IG5
YL A B PR TR IR AL B Tk Sy, B AN A BT Befih S B AR, R=46.155/2 mm,
L BHAP AR TR AN 6 min 5, BURAES S P, — % 5, K JH Phenom Pro F1 FEI Quanta 250F 1

JEAE 6 min YT LIS HI B 2600, iRt B R A EIR 10 T 0005 (SEM) WRECHLA 4 9B R TR 5
W BB R AR TR . KGR, BTN I A0 EDS RERMUA T I T 1L
T S MIBRSE R RIR), B e R PR SIIR A AT, SIS AT Y AL

BT, — A5k 800 C A A 12420, ik, ARu

1 B 06 ELIR B TR IR 400800 C 2 RifE L E, 2 HEREITTE

[ AR JHE AT Y4 0 B A L £ 60 04 S o ik

W (AT RAIEFR ARG LA EER-zm 2.1 AERER-SERLCEFNENEE
&3 o 100 r/mln ,ﬁsz B E T EEER MR
1.3 BEEERIKIE 211 EERNMERE

JBE 452 B L IO 7E MM-W 1B 7857 20 7 fiig JB8 482 % it A[E) R TG TS, MO AN A 5 B4 A

ST HL F AT, SRR TEE R, 22 IE 100 r/min ¥ S BT R RO AN 1 Fos i
TESE RGN, JORRET B, WOLZERE s SIRERJE . 3 R BB IR R BRI TR 0.4 A2
FREUE (HLBDERAE S AT R > MBI s ) Ao IR, BERAUA TR, RIGRETE 035
i 0 THE R Bk R, FIRAR I P EE 100, 400, Kidio J34h, 800 “C—2 R AIE P Ab B A% H6L 40 £ 1) JEE 452
800 r/min & 3 MEHAE AN, XF N L H B 4350 B WA Lo) 451E 0.4 — B, A G918 T

0.6 0.6 0.6
=% 04 l«w (0 | " & 04 & 04 ?y',‘gf"hmuA\ﬁ"’ﬂ"jl-‘«f,ﬁlxl .
, \1 " ’ v o e S o
§ * M M M W» W r ‘Jﬂ' M g A ~1 ,\\ \Nr “ “VMv “‘M g LJ‘J AUM ﬂfm Jll,\'livw‘l
# ol B ) —,f ! B ool
O 1 1 ‘ 0 1 1 0 1 1
0 200 400 600 0 200 400 600 0 200 400 600
At fel /s i e /s it [E/s
a RPFTHRTER b 400 ‘C-ZE EIEFF ¢ 800 ‘C—={RIEFR

P Sl 100 o/min B A [F]3l BE BA—Ve IR PR AL 2 IS A6 409 ) P 452 2 Hth 46
Fig.1 Friction coefficient curves of gun steel after different temperatures of heating-cooling cycles at the sliding speed of
100 r/min: a) no heating-cooling cycle; b) 400 “C-room temperature cycling; ¢) 800 ‘C-room temperature cycling
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Tab.2 Friction coefficient and wear loss of gun steel pin and
brass disk after different temperatures of heating-cooling
cycles at sliding speed of 100 r/min
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Fig.2 Worn surface morphologies of gun steel pin after different temperatures of heating-cooling cycles at sliding speed of 100
r/min: a) no heating-cooling cycle; b) 400 °C-room temperature cycling; ¢) 800 °C-room temperature cycling
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Fig.3 Friction coefficient curves at different sliding speeds after 800 ‘C -room temperature cycles
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Table 3 Friction coefficient and wear loss of gun steel pin and
brass plate at different sliding speeds after 800 °C-room
temperature cycles

. . JEE 1 T T S
¥ /(r-min") " . o

EYe BEii/mg  Hid/mg

100 0.34+0.01 0.85+0.05 2.75+0.25

400 0.26+0.01 2.05+0.45 9.15+0.05

800 0.28+0.02 0.20+0.10 20.65+0.35
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Fig.4 SEM images of worn surface of gun steel pin at different sliding speeds after 800 C-room temperature cycles
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speed after 800 C-room temperature cycles
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