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A Study on the Mechanical Properties of Connecting Rod
Manufactured by Direct Quenching

Munil Choi and Seongsu Kang
Abstract

In order to study the manufacturing possibility of connecting rod by direct quenching method, the
difference between connecting rod by direct quenching and that by general heat treatment were inves-
tigated by observing microstructure, by measuring mechanical properties, by conducting fatigue test-
ing, and by measuring the amount of tool wear in actual cutting. Connecting rod manufactured by
direct quenching had better fatigue life than that by general heat treatment, which was due to homo-
geneous microstructure, and higher strength. The amount of cutting tool wear of connecting rod by
direct quenching was higher than that by general heat treatment, which was due to low machinability
and high toughness of tempered martensite microstructure. Therefore it will be added the study of
heat treatment and cutting condition for manufacturing by direct quenching.
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Table 1 Classification on thermo-mechanical treatment of steel

Classification Common remarks
a. Quenching after
processing in the stable
austenite range . .
. . ' Direct quenching method
b. Martensite transformation .
I. Treatment before . - Ausforming
. after processing in the .
transformation . - Hot—cold-working
meta-stable austenite range R
. - Ausrollitempering
c. Austempering after
processing in the meta-
stable range
. a. Plastic working during
O. Treatment during . € - Subzeroll
transf i transformation Iso—formi
ansformation - Iso—forming
(martensite: pearlite)
a. Martensite treatment
M. Treatment after . .

. b. Tempererd martensite » Marforming
transformation .
(especially, raisi treatment » Warm working

pec , raising . .. . .
Y o ¢. Pearlite or bainite + Patenting and drawing
temperature)
treatment
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Fig.1 Test process of direct quenching

Table 2 Analysis of chemical composition

Element
Item C Si Mn P S Pb
Specification(S48C) [0.45-0.51 [0.15-0.35 [0.60-0.90 | 0.03below| 0.035 below 0.04-0.10
Test Material 0.468 0.263 0.891 0.0178 0.0246 0.0968
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item Quenching Tempering Remarks
Heat treat tf 1 Continuous furnace electric furnace
eat treatment furnace type (atmosphere furnace)
880C 580°C
2 3
quenching aircooling
Heat treatment 20' 60’
- L
60’ 100
> +—>
Distribution of heat treatment hardness(HRc) 41-44 24-28
Heating temperature 1250 +507C
Micro structure formation Micro-proeutectoid ferrite+pearlite
Fg.2 General heat treatment conditions
ltem Quenching Tempering Remarks
Heat treatment furnace type | 200Ton oil tank, continuous furnace electric furnace
1250 °C(starting temperature 665T
of treatment)
2 3 air-cooling
oil-cooling ’ Tempetature
Heat treatment , 120 of oiquring
< 60 > <+ > oil-cooling after
1 quenching:47C
deposition time
4.5min
’
PR 180°
——>
/
Distribution of heat treatment hardness(HRc) 24 - 27
Heating temperature 1250 i25“C
Micro structure formation Tempered martensite

Fig.3 Heat treatment conditions of direct quenching method
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Fig.4 Microstructure measuring points of connecting rod
material

Fig.5 Internal structure of B part
(case of general heat treatment)

Fig.6 Internal structure of A& C parts
(case of general heat treament)

Fig.7 Internal structure of all parts
(case of direct quenching)
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Fig.8 Grain flow of general heat treatment material
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Fig.9 Grain flow of direct quenching material

Table 3 Tensile strength test result

Material for general heat treatment

Material for direct quenching

Remarks
NO. tens(llsg?)trength dis p(lr:i‘crir)'nent NO. tens(l}l(eg?)trength dlsp(lgqcrora];nent
1 7,630 6.3 1 7,908 73
maximum tensile load
2 8,036 80 2 7,908 76 fracture displacement ( 8)
3 7,908 73 3 7,908 75
420 kgf &2 % JepigdT u) ek A2 Table 631 2o o 7k Aol gt 3

Fig.129] 274 sl de) 2§, 23t ez
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Fig.10 Comparison graph of tensile strength test result Fig.12 Comparison graph of bending strength test result
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Fig.11 Comparison graph of compression strength Fig.13 Comparison graph of torsional strength test result
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Table 4 Compression strength test result

Material for general heat treatment Material for direct quenching
Remarks
Compression | gigpl Compression i
NO. strength dsP:ﬁ;Tem NO. strength dlspl(z:T(]:r?‘r)nent
(Kgf) (Kgf)

1 7,276 15 1 7,908 22 -Maximum
compression
load(P)
-Displacement
during maximum

2 7531 1.8 2 7,653 2.3 compression
load( &)

3 7,653 18 3 8,163 2.3

Table 5 Bending strength test resuit
Material for general heat treatment Material for direct quenching
Remarks
NO Bending displacement | NO Bending displacement
: strength (mm) : strength (mm)
(Kgf) (Kgt)

1 1,148 20 1 1,327 13
-Bending strength (P)
-Displacement

2 1,071 1.8 2 1,250 1.8 during bending load ( & )

3 1,046 2.0 3 1,224 21

Fig. 149 o] & W74 AdS AAsdesl 7hash
2o ozt ol ¢=A7 T.D.C 2 BD.Colx e #44
o Xy JAE 13 $EeFA AUy zert e A
014} @ Q& 271 6500 rpmellAl &% 1,398 kef, 2l
A 990 kef (mean load = -204 kgfE ¥%)2 Aits
dom PFalEe IR fA st a5 WEE St
ANA BEo] 55 ARAAS T3 Ak Fig. 156%
por o ZolA dolHE £yt vud Ade
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Table 6 Torsional strength test result

Material for general heat treatment Material for direct quenching
Remarks
Torsional Torsional Torsional Torsional
NO. strength angle NO. strength angle
(Kgf-m) (ANGEL) {Kgf-m) (ANGEL)
1 6.8 78 1 6.6 55
- Torsional load (T)
- angle during
torsioanl load
(ANGEL)
2
3
x Diract Guanching
® Ganeral Heat-treatmant
0k Hole Part
10 - 2000Kg¢)
Connecting Red | Section Part
{0 - 4
0 - STH4Kgt)
Small End Part
H i 1
1 ¥ i
»e b e
MEAN LOADINg?
Fig.14 Schematic view of fatigue durability test Fig.15 Comparison graph of fatigue test Result
Hoh od Wa 1o 79 ZEE 5 A9 o 3o} dxz] 219 AN old) et nej7t Bas
T S48 A JeRIth S2gT Agdste A o 2elm gaEdq Ao §FRE Y 2RA 5
3% FolA dx2aq 29 J2REs) Yuta e S Aoz FFREY YA FTRE »
et 5 FEolgn A YR Tjgro] o7 (chamfering) & #oa 92 40| Zrlgo] &
HEHE @) et o) 28 IER wrag e S 4BENE Jdets s nye
afje] sitto] HEHASS Lolnz Q4] RZa R T Ut
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Table 7 Fatigue durability test result

. . . Material for general
Material for direct quenching heat treatment
Condition of load Frequency] Remarks
fracture method| fracture region | fracture method | fracture region
-1398Kgf-990Kgf | >1,000,000 >1,000,000 O9Hz
-2398Kgf-1990Kgf 794,814 oil hole 915,310 small edge part "
189,791 oil hole 195,596 1% "
-2890K gf-2490Kgf | 193,260 oil hole 259,705 oil hole "
284,260 oil hole "
-3390Kgf-2990Kgf 82,418 oil hole 66,539 small edge part "
-0Kgf-5714Kgf 8,940 oil hole 9,789 small edge part " ref
-0Kgf-4081Kgf 14,100 oil hole 12,101 small edge part " ref
-0Kgf-2040Kgf 20,348 oil hole 14,140 oil hole " ref
Aol o) 27] kst ofzre] A WA ATl 3
4.8 B o] 7A€ A AshE AT
(4) dzidyor Axde AYREEY FEE
B 2o e s ye ol 48 g s ¢ A 7)7) delME BxaY BFANe Fgxel 22
s dolund AdYEEg wRagies AZ WAL B3 vlAzHe Wiy W9 vtz E 2
a1 o9 A B4 AE 4 NS AT AAE & A aAe] Az e F7 A7 Besh das
gaidct, upeby o] A7 Ayt AugeEe AR & Aol 33 548 Selde dF A AT AR

A8 A g ohu gt o B TR
71z dolel2 E&HoA 5
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Ao sEAe) HAEeE FA 87 fetd A A 7
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5‘%’4% 52 SFAANF7) fete] vlA Belo|E 2H O
2 BAA Ak Atz e Mg 23 Alos da

Z sigloh.

(2) Aurd e gHEch s Fo] deate] YAt
A 4o g vxaYd (direct quenching
method)ol| &)+ AvdElz=0] A% Ad A7 AAHL
2 74 "9 sl2elo|E 239 A7t doift

(3) AwrdAe AAe} gEsY oo A= 9 A2
Y v AR 4% g2ay Az dedAe] aqE
o vl mA $5Ele] 7)A1A BAY SddAE Rt e

3 fzo AR AL F oy Ik, F AN

Al el 1
9718 7iah v &

Bz
e

444 / BBANTIEES R)/A6E ASZ, 19974

of diek BAE gl Fol 247 g Jeds, BE D
el 270 e doleiel g1 g Hg, Beiz A 7
a0 48 92 5 A

(1) nA4EBSE, 1988, "&449 e 3 1 %
&', pp.313~406.

(2) J. W. Christian, 1985, “The Theory of Transfor-
mation in Metals”, Pergamon, Oxford,pp.247~252.

(3) ey %, WA, 1991, g N LEARRRE oF MR



wragyoz Aza d9gzee A4 4o B a7

1t", BB ML, pp.111~ 159.

(4) BOFEX, 1990, "MTHER Hikod o 3 HEK
# 3 I, R e pp. 113~ 116.

(5) #AREEEK, 1986, "BR%E DT . MIHT2-10,
pp.1488 ~ 1497.

(6) HUESZ, 1986, "SI T #MIR O 4B 4" 5845 & iy
L. 25-284, pp.772~779.

(T) /IWRES, 1985, "IN, 4% Skl $MRK & & DR, 18
HEmL”, pp.45~53.

(8) BIOFER, 1986, "HHZMOMT", 27-300, H A%
¥ L, ppd5~53.

(9) BGEIHEA, 1993, "B #uk B L
it pp.396 ~403.

(10) D. L. MacDanels, 1985, “Metal Trans”, 16 A-
1105, pp.110~119.

(1) K. Kreider and M. Marciano, 1989, “Metallurgi-
cal society of AIME". Vol. 245 pp.1279 ~ 1286.

(12) A. Kelly and G. J. Davies, 1985, “Metallurgical
reviews”, Vol.10, pp.37~77.

(13) d5d, A%, 1987, "MEHE", £,
pp. 144~ 145,

(14) Kb, SHRAE, 1989, "Moo s 51, 0 AR
B ILEe, Vol 55, No.7 pp. 1283 ~1288.

(15) HEBR. 1985, “S@OMMT, %%, pp.7~ 1.

(16) R, 1984, "WO@EHEMT", BT T LEHit,
pp-11~23,

BFRANIIBEK|/A6H A58, 1997 /445



