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A Study on Wear Property of SACM645 Steel
with Oil Hydraulic Pump Piston Material

Nam—Seok Kim

Department of UR Interdisciplinary Program of Mechanical Engineering
Graduate School
Pukyong National University

Abstract

The oil hydraulic piston pump and motor generally have been using
at an oil pressure system because these instruments can generate high
oil pressure and torque with simple structure and small size.

The wear occurred at a narrow gap between piston and /cylinder
has a great influence on the performance and durability of the piston
pump and motor. Characteristics-of wear at a gap directly affect wear
properties at a gap of the swash-plate and the slipper pad and a gap
of the cylinder block and the wvalve plate. According to high
pressurizing trends of oil hydraulic machines, the importance of
surface treatment technology has been increasing as well as a gap of
relative motion part and a surface roughness.

In case of the oil hydraulic piston that makes highest pressure,

outstanding surface hardness of main parts by using the surface
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treatment technology is essential to improve wear resistance, fatigue
resistance and corrosion resistance. Otherwise, the damaged surface by
wear results in the fracture of pump. Therefore, it is necessary to
study more about the surface treatment technology.

In this study, the characteristic of wear had been investigated on
dry, lubrication and high temperature lubrication atmosphere after the
various heat treatment of SACMG645 steel for piston material. The

results are given as follows.

(1) The maximum tensile strength of QT treated specimen, QT
treated and shot peened specimen and QT treated and nitrided
specimen have the similar value of all about 800 MPa, but the strains
indicated big difference:

(2) The hardness of QT treated and nitrided specimen was. very high
with 800 Hv but the ductility: was very low.

(3) The tensile strength of QT treated and high frequency induction
hardened specimen showed very high as 1,700 MPa because this
specimen was hardened completely on all section to the inside.

(4) The hardness of most of-the specimen was similar to the
hardness of base metal (210~230Hv). However, the high frequency
induction hardened specimen_showed about 550~600 Hv of hardness
because of its complete hardening. And the surface hardness of the
nitrided specimen was 800 Hv, while the hardness of inside has shown
similar to hardness of base metal.

(5) As a result of wear test at dried condition in room temperature,
the wear characteristic of the nitrided specimen, the QT treated and

nitrided specimen and the high frequency induction hardened specimen
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was very excellent. the QT treated specimen, the QT treated and shot
peened specimen and the bulk specimen showed similar wear
characteristic.

(6) The wear loss in the wear test at the lubricated condition in
room temperature was generally large. From this result, the wear
resistance was high at the nitrided specimen and the high frequency
induction hardened specimen same as the dried condition at room
temperature.

(7) At the lubricated condition in high temperature, the wear loss of
the nitrided pin and the high frequency induction hardened pin was
larger than that of base metal and QT treated pin.

(8) In case of the dried condition without oil, the nitrided specimen
and the high frequency - induction hardened specimen have shown good
wear resistance that did not generate any wear. Also, it indicated the
similar tendency in the result-of low temperature. However, the wear
resistance in the high temperature lubricated condition is thought to
be related to ductility as well as surface hardness.

(9) The wear surface of the base metal, the QT treated specimen
and the QT treated and shot peened specimen after wear test at the
dried condition in roem “temperature ‘indicated cohesion wear and
grinding wear, respectively:~-Howewer, the nitrided specimen, the high
frequency induction hardened specimen, the QT treated and nitrided
specimen and the QT treated and high frequency induction hardened
specimen showed slide wear and oxidation wear from small wear loss
of pin. However, in low and high temperature lubrication test, only
grinding wear was observed because of using a silicon—carbide grinding

paper as the relative material.
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Fig. 2.1 The composition factors of friction, lubrication and wear
system
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Table 2.1 The aspect of wear and friction

w2 whE o
7w o] ¥
IRER
LA /71 A 71 A% vl &) 7] 5 A |
(fluid erosion)
Ej R
FE24
LA /B A HdA7 F7171, B, &
(cavitation erosion)
_ 2 s oy, 7128k |
1A /31 A v} 2 o
(wear) A &2 A]
Table 2.2 The sliding friction coefficient
= 3 H = & /&%
I B 2~50 *.10—1 5 X W
RELIES 2 23X 10=* 5x10°°
HESSZH 2 x107° 5x107°
o 8% 1~20 < 1077 5x107°




Surface topography(3-dim)
(a) height distribution

(b) bearing-area curve
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mean line : area of solid = area of void

Fig. 2.2 The cross section and surface of materials
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Fig. 2.9 The friction quantity with grinding material hardness



L 1 100/m

Fig. 2.10 The surface of adhesion wear

g7l

ST =

]
o

Van der Waals

(1) /// \\ A2
é \ B ARl Axtzrel Azl

o e
g (T
+ | .
Hz 2=s7e]
/ (tunner distance)
7
ERp
% A N
79N
/y% \ ol SEx ARz
L0 QSS
77

\t))\\),§
| |{|OI
k
(;%-
=
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Fig. 2.12 The surface of tribo—chemical wear
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Table 2.3 The characteristics by lubrication conditions
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S ggste] AbgEt gl e, disk AAEE GCD500S AFE-3F3 T Table 1
of AbE &9 &g Es YEH Y. Diske obFd 22 glo] ¥4
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Atk Table 29 Pind Zt= g =4S UrEM It A EHE
KSB 08017FZ ol 9tA A 23] INSTRON 8516 ‘?}%xHJL/\]?gﬂ—‘Z: A&
3l cross hear speed lmm/ming £E2 AR oH, Ax+E= nlo]=
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Table 3.1 Chemical composition of used materials

C Si Mn Ni Cr Mo Cu Al Fe
SACM645 | 0.43 | 0.32 ] 0.34 | 0.08 | 1.48 | 0.19 | 0.17 | 1.11 | Bal.
GC500 2.70 | 2.65 ] 0.30 - - - - - Bal.
Table 3.2 Each treatment conditions of SACM645
Treatment condition
QT 900C 0Oil—Quenched; 650 C 1hr Tempered
Nitriding 520 C 60 hr, furnace cooling
Induction . ) i
, 850 C 1 secyair cooling
Hardening
i steel ball 50 m, shot press 0.4 MPa
Shot Peening | | A
shot distance 150.mm, shot time 2 min
Table 3.3 The surface roughness of each specimen
. QT QT
T
Matrix | Nitriding igfgecslin QT Q ; +Induction | +Shot
& *+Nitriding hardening | peening
0.38um 0.72um 0.73um 0.26um | 0.64m 0.31xm 2.18um

(FCD 500 : 0.69/m)




Fig: 3.1 Pin specimen

Fig. 3.2 Disk specimen



Fig. 3.3 Schematic drawing of pin on disk type test

Fig. 3.4 Ware tester
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(a) SACM645 after nitriding treatment

(b) GCD500



(c) Cross section of piston with nitriding treatment

Fig. 4.1 Micro structure of the used materials
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Fig. 4.2 Micro Vickers hardness of SACM645 with various treatment
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Fig. 4.4 Relationship between wear quantity of pin and wear distance
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(¢) Nitriding (d) Induction hardening
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(f) QT+Stot peening

Fig. 4.10 Optical microstructure observation after wear test
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Fig. 4.11 Pin wearing quantity versus wearing distance using SiC

paper under room temperature oil condition
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Fig. 4.13 Pin wearing quantity versus wearing distance using SiC paper

under 100C oil condition
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Fig. 4.14 Optical microstructure observation after wear test under
100°C oil condition
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