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Development of a High Fatigue Strength Free Machining Microalloyed Steel for Connecting Rods
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ABSTRACT

A high fatigue strength free machining microalloyed steel
for connecting rods of automotive engines was developed.
As a result:

(1) A new grade, medium carbon microalloyed high fatigue
strength steel was developed which contains
precipitation hardening and matrix strengthening
elements 0.33C-0.45Si-1.05Mn-0.5Cr-0.12V.

(2) It has a fatigue strength 20% higher than the
conventional medium carbon microalloyed steels.

(3)  The connecting rods made of the new microalloyed
steel offer a 15% weight savings as compared with the
one made of conventional steels.
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Table 1 Chemical composition of current
micro alloyed steel (Wt%)
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Fig. 1 Relation between rotating bending
fatigue strength and hardness
of conventional micro alloyed steels

Table 2 Chemical composition ranges
of the steels used (Wt%)

c Si W | P | s |

Wﬁ}smoﬁfmf@ﬂ E@?§dmﬂ
1 i \ !
0.50 | 0.48 | 1.13 | 0.022| 0.022

" Cu Ni o | v [ N ]
0.03 0.10 | 0.10 | 0 |

§ 0. 05 $ ' 5
0. 06 0.51 | 0.30 | 0.015]

3. N—RDEFEE M L DIRET &
N — X HH K ETE
Fig. 11289 & 512, BRI U H i & 20% 2L
L B xR B i3, K (% )75~ D Pb. S
G OB D 25 O HHER) TR — 2O @mE N L
K2 0ENH DI Eenrd, FMLTFEIZLSE - ZAWD
WEITIREE I EORMET 21T - 72,

3.1, BtEAMOMER & A&

Bt U 22 ekt o (L2 3 #iDH % Table. 2 127§ 1k
SRR g LA SR E LT, il il + S
it (ViR & 2 rE{ ottt + C, Si, Cr &
D izEAl) . riasit (Vo) . EERL (Ni
WEIR) #HAIZC, Si, Cr, V, N % Table. 20
FPHIZA L & 27,

AP, S50kg HAZHEUAT, LA ¥ Ty b 25k,
A YTy b 473K IIIER. 40mm FAMIZH#GE. 7 D%
1373K ITHIFA L . B 20 mm ORFRIZHE, 248 L. FiE
OB I U FERICE U 7=, 5738 1, P ek i
Fr & FO 2o/ el 952 97 AR & AT O fERE L 72,

32. HEBHER

HREEAMA OB | Ol F 9 57 500 A R L 7o SR 4
BILREGAROREE UTEIML 72,

Fig. 2 13fR& & LT C, Cr & & [t 39 #g ¥
KU ORISR E RS,

BRAFOEEL L TE, C, Cr, VIZEHEEOBEINC
Plevo B - B R O 07 SR IS B fE A A RS A%
Si, NIBARICKBZHEN DV, ZOXTHERELE
DB L WA EA Y 72 0 OIS - BIE O R 2L
THCHE % L ESiE & L C Fig. 3. 4 DR %155,



HONDA R &D Technical Review

Vol.4 (1992)

Fig. 3. 4 O RA2C v 7 — Z2WE (HV) 1 KA ¥
M AR 280 R A LR TR 5 & Table. 3D
X351t x5,

Iho ORI, VIR & b RE(H &ML &1
LT 2580, VEARORINC X0 JEI R LA
L anmlx o LR AkEL 55, Hibi{t A7 Cr
WIE, B LA A ORI A LR X SRR
KEWVW,CERUIENT A B, Si lIHHE - JE g
DB 7% < . GH ORI PO FE TR i 278
T, ZDOZE &, WEAEB A TEITBREONLEX

38t E1TS LICiZ.V, C, Cr DN T vV 2 %
W EENTH S,

Table 3 Variations of the fatigue endurance
limit per 1 point vickers hardness (N/mm?)
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Table 4 Specific chemical composition of based steels developed (Wt%)

I —
| Current steel 0.39 |

| c | si |

0.5 | 1.05 | 0.09 | 0.1 | 0.02 |

| Developed steel 0.33 0.45

cr | v s | ceq
0.698 |
0.50 | 0.12 | 0.02 | 0.694

Table 5 Free machining elements and chemical composition ranges (Wt%)

Free machining elements j Cc Si Mn S Cr \ Pb Bi | Se . Ca
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Suitable Pb, S § § § | — | — | Proper
0.4110.46 | 1.08 0.112 | 0.50 | 0.18 | 0.21 | 5 '
Oxide inclusion shape 0.3910.43  1.07 0.004 | 0.49 0.1 I |
§ | $ § 0.18| § — | — | Proper |
controled 0.41[0.47]1.13| 0.021 | 0.029 | 0.50 0.21 !
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Fig. 6 Relation between the drill corner
wear and S content in the drilling tests

Table 6 The approximate hardness and melting
point of some inclusions

;Hardness Melting point |

Inclusion
| (N/mm?) (K)
Al20, | 32130 2323
Si0, | 18730 | 1993
"Calciun-Aluminates | 11030 1593-2003
Gehlenites | 14130 | 15831863 |
(Anorthites | 11280 | 1423-1825 |

FOOLIT A, B X o BFE & IC{E T 2 Hm %
NT A Bi, Se WML Z=PREIE D v AT H O T
PERANIZ B 0 | Kl 2 I SGERD R ISR B hs .,

b)  UIHIPEICxS 5 Ph, S mOE

Fig. 6. 712 S, Pb & FU L a—F —BEOMEKRE
M. SEARIE F VLM THIZNT 2 5L
GHEBERDOWMDBEETH S,

Pb wid, BHHMD 0.2% &4 L~ UK 2200w %
M5 ZE3MIHEDET 24T 2 Z &0 6K Pb 1bidH/N
BRI 2 6825 5.

¢) Si0,-Ca0-AlLO; RAFEMIEREE F VLI T D

Btk

—f%1Z Si0,-Ca0-Al,0; R THRL X N 5 BILYIR T ED
DRI & b EINIPER L UL KRR (KRE S O B AL
MR AEYIEREA OIHIME I O ERIC & D . Anorthite
DERSER EEbhTnE, @

Table. 6 1= & EELMILIEDTE X 15 & ORI 453, @

O:Cr05
O: Cr<0.15

R

= \; Current steals

0.6 C&..g

0.8

0.4 Machining condition
[ Tool Carbide drill
Feed 0.05mmirev
0.2 p—— "
Speed 32mimin

Depth of hole  15mm through hole

Cutting fluid  ‘Water soluble fluid
L N 1 L 1 1

o a1 o2 03 04

Drill corner wear at 200 pcs machining (mm)
T

Pb contant (%)

Fig. 7 Relation between the drill corner wear
and Pb content in the drilling tests



A7 7« > 70y NASEBREREIFFERERDORSRE

BFHIZ. B AL LT ALO, % i Lt o i Table 7 Composition of oxide inclusions (Wt%)
& Gehlenite TH VD, Zh 64 E&®HT Table. 5127731l P reitieion |
BT, Calcium-Aluminate, Gehlenite Anorthite {t.%&3H > No | 510, | Al.04 Ca0 | MnO | Hardness

type

I

| |

THALHITAE & GIMINE D BIR % J <72, ' i
I

|

I

|

Al 10 | 54 | 33 | 2 | Genlenites| HB312
Table. 7 13, BT OBRALMHIK I HTHER (EPMA THH 8 50.21518-1]-Mm%Mﬁ”H%%
&) & BBALYIERE B K O UTHIGRERM ORI L XL 2R T, C 0 T -86- T 9 4 i Corundum I HB_3:41—
Calcium-Aluminate t.%JH - 7= {30 1%, A RIC K g : 5 ra]r — ‘.lll_mlmlf‘ 4l Iﬂlllg—-
0 Corundum 1278 > TV 5 2%, I ArE D EELYIR T
NGO T 5, Anorthite RiFZ. WELZ FVAMILAHFSA T3S,
Fig. 8 1. /iR % Ca0-Al,0,-Si0, IREERNIZ A E D BRSO BRI EE L Gehlenite Td % 23, i
LR L N ETR LR TS 5, EPMERNIZE 22D 5T, Anorthite ROEHE L <L
Fig. 912, Zh 6 fE M MY LI TR R E R T, O ITLE FYUMIHERRLVRLTHZ, 2DELD
Corundum RiZ, HERNEHNZ & & H S5 F VLML IZITEIC R UTid, Anorthite BR{IEMIEED Vo —
134 %, Gehlenite RETUMLE AL BB L F VYIS ARBNWZ EDBbrb, 2ZOZeh o, HHMIINT S
FRELARWICHEML, FYLINIHEARETH 5, I EPESER & LT Anorthite L34 2 W H U 72,

Si0z

4.3. REITREBEOEEGMITEFTEENDHE

B P JE R S8 oo [l izt 9% 97 5808 1. %) Hv260 L
NP A AR M AR S, 2 ORI HRE L TR
KBNHEDOHBELEZOND Z 256, PIHIMEOWRE
& & HEPRHIITHE O BIEETNIE 750 N OB % A L.
U= U g 20% LI_Eorf b4 X 3 7= Ol
TR DM IE = OBET & 1T - 72,

Fig. 10 12, 4 JuPHIg{t %X > 7z Bi, Se D&HE &0
HRH PR )7 8 OBIR AR L. Fig. 1112, &z L)L
k% Pb, S & & ORI TE YT RE OBIRE R T,

[Iii"’“”’]l?:é';‘”f’ (o] ZOMPED . Bi, Se VI & B TR M~
Fig. 8 The composotion and melting point DENIA 20, Ph, S &3, Fig. 11 1Z/R L7228k
in the CaO-Al,O,-SiO, system 12k BN RIS ANDEEN A XL Pb=0.2% LI ETE
T ER T, Pb=0.2% ML EOWEHHEDOICTFIE, S &
1.0 {©Corundom HB-341 } 500— T
? }h@ Gohlenite HB=312 ak=1.0
—0.8} / o
E 5 A
= & = 450 /"
206 =l
2 (® Anarthite HB-306 €= O
g gL |3 ®
80.4 Cunmt.alouls 2 ] f
: {Gwhlenite HB=236) o =
'.—g Machining condition £ g 400— S‘e
& Tod : Carside orl g9
0.2 Feed : 0.05mmirev o o
Speed : 32m/min
Depth of hole : 15mm through hole
o Cutting Huif! - Water soluble fluid asgl y 2 g
0 50 100 150 200 250 300 0 0.02 0.04 0.06
Number of drilling hole CONTENT (%)
Fig. 9 Influence of each oxide inclusions types on Fig. 10 Relation between the rotating bending fatigue
the drilling corner wear in the drilling tests strength and Bi as well as Se contents



HONDA R &D Technical Review

Vol.4 (1992)

Table 8 Specific values of the free machining elements (Wt%)

i Current steel Developed steel Reference
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Fig. 11 Influence of Pb, S contents and hardness
of developed steels on fatigue strength in
rotating bending fatigue tests

Table 9  Specific chemical composition of
developed steel (Wt%)
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Table 10 Comparison of various propertis between current steels and developed steels

No ; Current steel | Deve loped stael | Advanced ratlo |
1| Tensile strength (N/mm?) | =780 | 2 840 8 |
| 2 0.2% proof strength (N/mm?) =500 ; =570 +14% |
|3 Elongation (%) = 17 = 18 + 6% j
| I | I i B __.__.___.__.__1|[
. 4 Reduction of area (%2 = 33 = 42 +27% |
| 5 Charpy impact value (J/cme)j = 20 = 35 + 75%
+—(U-notch) |
. 6 Rofating bending fatigue strength(N/mm*) =360 =430 + 20%
7 | Specific hardness | HRC 20-30 HRC 22-30 —
°

4 1100 - -

i —®— Developed stesls - L

"E ~—0— Gurren! steels ° T ° — @ — Dovelcpod stesls
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Hardness (HRC)—————3

Fig. 12 Relation between ultimate tensile strength
and hardness of developed steels

(compared with current steels’ ones)
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Fig. 13 Relation between elongation and
hardness of developed steels
(compared with current steels’ ones)
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Fig. 14 Relation between impact value and
hardness of developed steels
(compared with current steels’ ones)
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Table 11 Chemical composition of

charpy impact test specimen (Wt%)

Table 12 Comparison of impact strength between
current steels and developed steels

el e [V THaness| | Current. [ Developed.
Current steel |0.41]0.710.10/0.10 21.1 | | steel steel
"Developed steel| 0.41| 0.7 0.50| 0.10] 235 | | Crack initiation encrgy () | 15.8 | 18.3
' S | Grack propagation energy(d) | 26.4 | 30.9 |
B, FhFig 1R ES Icayvmy Fage L | Tex imact foad (N | 20800 | 21900
THLR &R AR, IR, oo el Ol [ 928 | 615

5 PR Sk C DTS - VE T I8 & & KR 2 A
SN, BIETETH B VIREC O Rk 2 FEA
12 Cr BRI & 2 ik o ff & hE{LcR T
®% Pb, S mOWIELIZ X 2 JE57 ML F EANDORHRL Y
kit ofz, EHIT, REUGEOMPAE N K 2 0%
MRE L OGNS & 0 Wz i 57 58 O i bk 3
D20% 7 v THEKTE =,

6. AEHEOSEFEEICATIEER
FEFE MG DN HF g &1 L &5 FEE LT Cr
BNBEHTHBZ 2R LA, CrifEEH§Z &
IZ& D ERRORRIE ORI 2o S BT DT RIS YK
I LE§ 5 2L MR L 2, 2 ORI EL 0y
28 b bR RE SRS LT, Criihiic &
DR A B L. Z OBk EAE ST RIS O A ¢ 7
ELTWBRZENELIOND, ZO/REMNAIEIZTZ720,
i 2Rk - BAUER T X L FITX % Cr IO
B EONENBIUBIRICN T 5 Cr RO E LA L. %
FrRE A L OHEE & 17 > 72,
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Table. 11 IZfiE{H O & 1 X 278§, Cr FH RO
BAEFANRD 7202, Cr &RIFBIHMN— 2D 0.1% & FHFEHM
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kAR, EEFEF A O TEEL =4 v Ty M &
40 AFRICHE L. Z D% 1373K I L 22m L 7z,

ALY v oL B — AR, LEEHEM A JIS 3 51
HRBRFICIT U 338y v oL ¥ — BB C i
B & AN DOBR A R 72,

W7 B AMERRIRER L. ASTM #ks Ozl L 72 ICT 2
BiH (BE 6.3mm) & VS SIHE 0.5, Kmax =500 N/mm ™
12T 2~4mm & & DI B % W B T 5 2 72,

AR X OWEIIMIRA ML, P ERESRNT

FMEIZ LD 1/100 mm OFEEE THEALD i DB E
SEWEL 72,

DB LB NI MoOBEEX (Ci) b & U RAEREEY
((da7dN)i) 1. TREIZ& D R® 72,

Ci=(a, +a;)/2

a;y, a,: MiZ&mOBZEE X OFEME
(da/dN)i = (a;-a;,)/(N;- N ;)

% 2SR (AK) 13 ASTM, E647 iI2& b, kX%
T L7,
AP@2+a)
BVW(QA-a)*?
F(a)=10.886+ 4.64 « —13.32a” + 14.72¢° — 56"
a=a/W

‘F(a)
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B e
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B IER TR,
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6.3. EFBIEFMHORIER

Fig. 16 (ZBH s & ORI Fe8 D3 57 B EUERRRFE T B
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Fig. 16 Comparison of fatigue crack propagation
of both developed steel and current steel
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Fig. 18 Micro structure of actual connecting rod developed
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Fig. 19 Comparison of tension and compression
fatigue strength between developed steel
connecting rods and current steel
connecting rods.
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Fig. 21 Comparison between developed steel connecting rod’s weight
and current steel connecting rod’s weight
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