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Study on the Mechanical Properties of Piston Material SACM645 for Hydraulic
Pump according to the Surface Treatment

Nam Seok Kim

Department of UR Interdisciplinary Program of Mechanical Engineering

Graduate School
Pukyong National University

Abstract

When iron is smelted from its ore by commercial processes, it contains more carbon
than is desirable. To become steel, it must be melted and-reprocessed to reduce the
carbon to the correct amount, at which point other elements can be added. This liquid
is then continuously cast into long slabs or cast into ingots. Approximately 96% of steel
is continuously cast, while only 4% is produced as cast steel ingots., The ingots are then
heated in a soaking pit and hot rolled into slabs, blooms, or billets. Slabs are hot or
cold rolled into sheet metal or plates. Billets are hot or cold rolled into bars, rods, and
wire. Blooms are hot' or cold rolled into structural steel, such as [-beams and rails. In
modern foundries these:processes often occur in one assembly line, with-ore coming in
and finished steel coming out. Sometimes after a steel’s final rolling it is heat treated
for strength, however this is relatively: rare.

This study was investigated the tensile properties and fatigue crack propagation
characteristics with heat treatment and surface treatment using the material, SACM645,
for hydraulic piston pumps. Fatigue limit was examined by using base metal, QT
specimen, QT nitriding specimen and QT inductive hardening specimen. Wear
characteristics was investigated in the atmosphere of dry, lubrication and
high-temperature lubrication after performing the heat treatment in a variety of ways.

The mechanical properties of DLC-coated SACM645 were investigated. The results

- v -



obtained were as follows:

The depth of QT nitriding specimen depth were approximately 300 um from the
surface, some parts were affected by the heat. The inner parts were observed a
tempered martensite structure by the QT treatment. In a tensile test of four kinds of
test specimens, the maximum stress of QT specimen and QT nitriding specimen is
similar to about 820 MPa and the strain showed a large difference. The surface
hardness of QT nitriding specimen appears higher than the 800 Hv, while the base
metal and QT specimen at a depth of 300 pm from surface were almost the same
hardness. The base metal showed the longest fatigue life and fatigue crack growth rate
was the most late. Hardness of QT nitriding specimen is highest and the crack initiation
at the surface is slow. Thus, it is judged that QT nitriding treatment is an ideal surface
treatment methods because inner has a ductile even if-cracks occur. Fatigue limit is QT
specimen of 492 MPa, base metal of 533 MPa, QT inductive hardening specimen of 615
MPa and QT nitriding speCimen of 656 MPa, respectively. Fatigue limit of QT nitriding
specimen was about 80% of tensile strength. Fatigue-limit of QT specimen was 60% of
tensile strength although it has the lowest fatigue limit. In the room temperature dry
wear properties, Nitriding specimen, QT nitriding specimen and QT inductive hardening
specimen were highly represented and QT specimen, QT shot peening specimen and
base metal were similar. Overall, the room temperature lubrication wear was a lot of
wear. Such as the room temperature dry wear, nitriding  specimen and inductive
hardening specimen showed the ‘best wear resistance. High temperature lubrication wear
was lots of wear of the nitriding specimen and'inductive hardening specimen. Base
metal and QT specimen showed the lowest wear rate. QT nitriding DLC coating
specimen does not nearly exist graphite from the Raman analysis of DLC coating layer
and peak appears at 1560 cm™. It can be confirmed that mostly made of DLC
structure. But, nano-indentation measurements appear to 2,158 Hv, it was satisfied with
the values of DLC coating layer. The surface roughness of QT nitriding DLC coating
layer was Ra = 0.02 um. The friction coefficient of DLC coating is less than 0.9 up to 1

km, since then, it was approximately 0.9 like the QT nitriding specimen.
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Table 1.1 Comparison if major of DLC films with those of reference materials

ta-C a-C Diamond Graphite
Structure
>80% 30~60% 100% 0%
sp3 fraction
Bond angle 110° 120° 109.5° 120°
. Cubic
Crystallinity Amorphous Amorphous Diamond Hexagonal
symmertic broad
Very b
line at 1550 zfnetr?acliin 1580 cm” sharp
s r
em”,No 1330 | ™7 2702 line(G-line).
reas
cm’?! Creastis 1 4330 cm? . 11350 'cm” sharp
Raman ; from 1550 to ] L
Broad line 5 sharp line line for
411000 ecm™, No .
below 1330 ecm™,| . . ; nano-crystalline
... | distinguished .
No D graphitic graphite(D-line)
line D peak
hardness 120. GPa 2-5 120 GPa -
Thermal
>700 C >200 C >700.C >700 C
stability

- 17 -



1.2.3 v} =

1) Ul2 /8

npEAES RS Yrtx a3 ZAoltt. Fig 1.6 wEe}t

Hd " FARETE ofgA olFoA A=A MHFHH R el ZozA

T4 DIN50320°] WA= = Zolth. Lol Ba Ag, &84, 874
E

BgAoR Agst Ae & F Ak

ox
o
)
NI
N
ol
ol
rlr
n)

off i
e

o

]

2}o] B 2 A (tribology) = £3] X

ir)

BEa} g7 AT S0l 1 Fa4ol AR AT Bopolth. 9ok 2L ol F e
AAGY ode FF teUAMAE /b EE3L O Roprh shmAel o

& Aolth. v ntEAGY] T80l HA AR wet o] A= AdE
HE dojok st ool S AAA HME - ols xFEE AE THY

w3 AA" BA|ol7E stk

=

2) Tribology

=Y7F4(DIN 50320)¢] @EH “HlE (wear)= =A|S] FHANA ZAH] &5
ol o5l EA7F HAHow Raeld Wol4 uhe A4S BT Hol
o, AAH $Eo2E S, A, 1A S P2 o AEo] Yoty
Stk aEu o5l 4y @HAA nlETo TAxoz gt A9
gom TR vp(friction)Z & (lubrication)®]. Wk (wear)9} o] 2t

G B S G gk webA vhE, niE, 39 3
dTets Aol BastH, ojge H3A e 7A AA e
T5 9 4 &80 & IFs v AARE AGANAE A4tEeE F oy
A9 30%7F mhE A 2dE flojd FEE Ay BT dATE 9l
of oA Aol 2=l 7147t 7

- 18 -



Fig. 1.6 The composition factors-of friction, lubrication
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Fig. 1.7 The surface fatigue and friction surface.
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Fig. 1.8 The abrasive wear shape.
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Fig. 1.9 The friction track by grinding friction.

Table 1.2 The friction process according to friction mechanism.

o= % A
e 2 @huay Pl % 5}
= 2 o 2 ks T2, T4 (pits)

A Ek: 5] 29 AZ A2 B2 A=

23 # . 9% 2 ok(cone), OFE Z ZH(flakes). 22 (pits)
(Transfer fracture)

B 89 e A A E(GHE B K]
(Adsorption fracture)
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Fig. 1.11 The surface of adhesion wear.
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Table 2.1 Chemical compositions of SACM645

Si

Mn

Ni Cr Mo Cu Al Fe

0.43

0.32

0.34

0.08 1.48 0.19 0.17 1.11 Bal.

Table 2.2 Each treatment conditions of SACM645

Type Treatment condition
Base metal As rolling
QT 900 C oil-quenched, 650 C 1h tempered

QT nitriding

900 C oil-quenched, 650 T 1h tempered and
920 € 60 h, furnace cooling

QT inductive hardening

900 C oil-quenched, 650 C 1h tempered and

850 C 1 sec, air cooling
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Fig. 2.2 Micro structure of the SACM645 with QT nitriding treatment.

Fig. 2.3 Micro structure of commercial pistion made of SACM645 for

hydraulic pump.
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Fig. 2.4 Stress-Strain curve of SACM645 with various heat treatment.

& Base metal
> QT specimen
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Fig. 2.5 Microhardness of SACM645 with various heat treatments
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(c) QTN specimen (d) QTI specimen

Fig. 2.6 a-N curves of four types of specimen.
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(a) Base metal (bY-"QT specimen

(c) QTN specimen (d) QTI specimen

Fig. 2.7 Fatigue crack growth rate versus stress intensity factor range of four

types of specimen.
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Fig. 2.9 Fractographys of SACM645 materials after fatigue crack propagation

experiment.
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Fig. 3.3 SEM image after fatigue test of QT nitriding specimen.
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Fig. 3.4 S-N curve of SACM645 specimen with various heat treatments.

Table 3.1 Fatigue limits of SACM645 specimen with various heat treatments.

Heat treatment condition Fatigue limit
Base metal 533 MPa
QT 492 MPa
QT nitriding 656 MPa
QT inductive hardening 615 MPa
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() QT nitriding Specimen

Fig. 3.5 Fractography of three types of specimen after fatigue test
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Table 4.1 Chemical composition of used materials

C Si Mn Ni Cr Mo Cu Al Fe
SACM645 | 043 | 032 | 034 | 0.08 | 148 | 019 | 0.17 | 1.11 | Bal.
GCD500 | 2.70 | 265 | 0.30 - - - - - Bal.

Table 4.2 Fach treatment conditions of SACM645

Treatment condition

QT

900 C oil-quenched, 650 C 1h tempered

Nitriding

520 °C 60 h; furnace cooling

Inductive hardening

850 C 1 sec, air cooling

steel ball 50 ym, shot press 0.4 MPa

Shot peening ; ] :
shot distance 150 mm, shot time 2 min
Table 4.3 The surface roughness of each specimen
: T QT
Base T Q

Nitriding | Rdude] ot QU ZWofve | +shot

metal hardening +nitriding : :

hardening | peening

0.38m 0.724m 0.731m 0.26m 0.64m 0.31ym 2.18um

(GCD500 : 0.69m)
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Fig. 4.1 Shape and dimension of pin specimen.

Fig. 4.2-Shape of disk.
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Fig. 44 Ware tester
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(@) SACM645 after nitriding treatment

(b) GCD500 for disk
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(c) Cross section of piston with nitriding treatment

Fig. 4.5 Micro structure of the used materials
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(g) QT inductive hardening specimen

Fig. 414 Optical microstructure of wear surface after wear test
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(b) QT specimen

(c) Nitriding specimen

[

(g) QT inductive hardening specimen

Fig. 416 Optical microstructure of wear surface after wear test under room

temperature oil condition
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(d) Inductive hardening specimen

(g) QT inductive hardening specimen

Fig. 418 Optical microstructure of wear surface after wear test under 100C

0il condition
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5.2 Ay

52,1 A5 2 AdH

B oA ARES A mE 221004 AR A 22 SACM645°] T} 2

AAFHLS KS B 0801 120 &JAstd AZstHom, AdHL 4 =
Fig. 21(a)¢} #Zth DLC ZEFO A, A= =4, ¥96 AW, 73

2}
R 8 nhE ARel A8 28 A Fb)e APHS Fig 516 et

|

(a) Before coating, (b) After coating

Fig: 5.1 Specimen of DLC coating (®50 x t 20)
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Fig. 5.2 DLC Coating 'System
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(a) Imported piston material (b) Specimen

Fig. 5.3 Microstructure of QT nitriding specimen.
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Fig. 54 Results of tension test by each heat treatment.

Fig. 5.5 Hardness of QT nitriding specimen.
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T T T T
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L = Specimen 2
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Fig. 5.6 Micro-Raman analysis of DLC coating layer.
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5.34 DLC Z83F9 A=
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Fig. 5.7 Result of nano-Indentation of QT nitriding DLC coating specimen.
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Fig. 5.10 Relationship between wear quantity and wear distance of various

specimen.
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QT nitriding specimen
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(a) Friction coefficient of QT nitriding specimen
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(b) Friction coefficient of QT nitriding DLC coating specimen

Fig. 5.11 Comparison of friction coefficient of before-and-after DLC Coating,.
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(d) QT nitriding specimen
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(e) QT nitriding DLC coating specimen

Fig. 5.12 Friction coefficient to wear distance of 500 m
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