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SURZEE) IPCC 2013 GWP 100a 1500 2800 | kg-CO5eq
[iv{e2ld 6.1 8.0 | kg-S0,eq
BEREl 0.13 0.15 |kg-PO,>eq
¥1: O, QBXUVHIEHEDEST X2 QLQ@D&RT
PIER B Bi{yy OEQAH | ORE#MpImE| Q%E MERE
SURZEE) IPCC 2013 GWP 100a | kg-CO,eq | 2.8E+03 || 7.1E4+02 | 2.1E+03 -1.3E+03
FY > fER R kg-CFC-11eq| -4.2E-07 || 2.5E-07 | -6.7E-07 -2.3E-07
[ E2(4 kg-SO.eq | 8.0E+00 || 7.9E-01 | 7.2E+00 -1.9E+00
FEFEAFIS S S kg-C,H,eq| 1.5E-02 | 8.1E-03 | 7.2E-03 -2.7E-01
BEXREL kg-PO,> eq| 1.5E-01 | 6.6E-03 | 1.4E-01 -2.3E-02
@ = © Ny ) EE
1] Hify 1] Hify
IEBATIEEEIR 9.4E+02 kg & [Fe] 295.0 %
IEBERRETRILF— 3.0E+04 MJ] RZ&[C] =1.10 %
HERGEER 1.2E+03 kg 4 3&[Mn] <3.00 %
BEARETRILF— 6.4E+02 MJ <>H> [P] <3.00 %
RIKDIEER 1.6E+01 m3 U [P] <0.050 %
Wi [S] <0.050 %
@ BEE VB ETEEE
1] Hify
BEREZEY) - kg
WEREY 1.4E+01 kg
—HEBEEY) 1B 0.0E+00 kg
EEREREY) 187 1.4E+01 kg
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Micro-alloyed High Strength Steel for Hot Forging

BEREDAUYE Advantage for Customer

BEANL - FEEUEBEICLD, e
CO, HEHEZHIRE . Conventional
Reduce CO,; emissions by
eliminating quenching &
tempering.

A (%)
5588 Characteristic = s i = 7 Coa.

(L5, CLE(Ceq.). INSHBAIHIAIT, FREORESILZIER, 835CV | 0.35 0.15 | 0.65 = 0.04 0.60 Crankshaft Gonnecting rod
i o ~855CV | ~0.55| ~0.50| ~1.20| 0.50 |~0.20|~1.20

Achieve appropriate strength performance by controlling chemistries, = — =
Carbon equivalent (Ceq). and cooling condition after forging. Ceq.(Carbon Equivalent) = CxSy10+M/5-58/7+5Cr/22+1.65V | BIEARHE Related Standard

E) RIS BAN-BREL AN &P
Material| “|Hot Forging| “|Quench & Temper| “|Machining| “|Component

&1 Application Example

BAFE = 2RSS ZUNIBLEE
Developed ( Hot Forging| Non Heat-treatment

ISO 11692: 19MnVS6, 38MnVS6,
38 etc. (Ferritic-pearlitic engineering

JFSOLANVWTHESEEICED, AN MR T, SHETER.

At steels for precipitation hardening
Achieve high strength by Vanadium (V) precipitation hardening, a0 el QW [ 1000 & from hot-working temperatures)
without quenching & tempering. 10002038 |90 DIN 10267: Corresponds to the
F above.

(1100°C Heating, 50°C/min. Cooling) 2 5000 mm? (g80) |
&

Comerted T S (Nimm

Pre itation

z 20 hardepning 15 k00 ZE#k Reference

v T e . Tokusyukou, 11 (1982), 31

[ 200 10 CAMP-ISIJ, Vol. 11 (1998), 551

07 08 09 10 11 . Tanzou Gihou, Vol. 83 (2000)
Ceq.= C+SiM0+Mn/5-5S/T+5Cr22+1 65V
D6 o) 2
TEM observation of Vanadium e S48C+ $48C Controlling factors in Micro-alloyed steel

0.1%V

precipitate in Ferrite structure
Precipitation hardening

=R R =R 17 FA s
High Strength Steel for Carburizing Gear

BEEODAUYE Advantage for Customer sk [ =1 e = )
Material|  |Forging| |Carburizing| ~|Component

SREvem wagimmgueis oS

5L RIEU T, CO,BHBEE A

issi i Bz | S=iA b mERL FiZfA1 Application Example
Reduce CO, emissions by improved Developed |Material Forglng Camunzmg Component™ Improved fuel |~ T, .

fuel efficiency through smaller/lighter Higher strength _ efficiency ENsHESSION:geal

component made of high strength steel.

O XG5 (ow=3150MPa)
| O SCr420(ow=2600MPa)

-
o

588 Characteristic

XG5:MH ESE<E
Anti Tooth Surface Fatigue

WALIEFUIBA TER(SI, Cr)lcdn.
TEATROBBE a3,

XG5OO—SEYF>
E Ve
- Results of Rolling BHiER1E Related Standard
Contact Fatigue
test (Roller Pitting *  JIS G 4502, G 4503
- test) of XG5 . JASOM106

©

Hertzian stress GPa

©
°

Increasing of Si and Cr content i S & .
redirons i sofianing of tooth CM201: T} i 7T RS IFIE pr o o 0 T EOSEILDa i stoel
surface by friction heating. Anti Tooth Bending Fatigue Number of cycies «  SAE J404, J1268 4
O CM201 (ow=870MPa)
HIFRERLTER (SRR T, REBZHEHAEMINE O1_SCM420(0w=T70MPa)

Decreasing of Si content reduces the intergranular
oxidation depth in gas carburizing atmosphere.

\;O\\OO\Q ZE TR Reference
y3 CM2010ElERERT - Nippon Steel Technical Report
< SHERE

Typical chemical composition of developed steel (%)

Bending stress MPa

Steel graae G | St | Mg | Gr | Mo = FREREEE No. 412 (2019) 103
XG5 0.20 | 0.50 | 0.35 | 1.45 | 0.35 o
Developed 800 ™ Results of i
CM201 0.20 | 0.10 | 0.75 | 1.00 | 0.40 Rotation- Bending
. JIS-SCR420| 0.20 | 0.20 | 0.80 | 1.10 - Fatigue test of
Conventional 780
JIS-SCM420 | 0.20 | 0.20 | 0.80 | 1.10 | 0.20 108 108

Number of eycies
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MAB41 Bz + 17 FRdlE: NSACE®
Anti-coarse-grain Steel for Carburizing Gear: NSACE™

NSACE™®: Nippon Steel Anti-Coarse Extra-fine grain Steel =Eom

y=ik, High-temp. carburizing

USSR OIES Hot forging application e Normalizing

SEEkTEREEeE {£3E Conventional FEi&fI Application Example

L. COHEH= AR ‘ = | L] meSmE
Reduce CO, issions Material Hot Forging
by shorter carburizing =M RIS
time applying high- Material Hot Forging
temperature.

Gear, Shaft component

=

- S REE#RIE Related Standard
Ve=Jox| AN |-
JIS G 4502, G 4503

% Carburizing - JASO M106

ISO 683-3,11 Case hardening steels
P . EN 10084 Case hardening steels
BERICLDIRRHE +  SAE J404, J1268

Course grain

£X
¥

I}

SRR High-temp carburizing

BA%E Developed
Al, N treated

S <

Controlled AIN as Pinning particle ——

Rl
(P> 1Eshl F U T AINZESI480) possible to make carburizing temperature higher. =

=]

SHSEAZDES Cold forging application 5% Normalizing
*
>

S RBEE DT A .
0. Co it Eam, o Conventional

v 5 occurred by

Reduce CO, emissions ‘ foa, H Cc’,ﬁiﬁﬁg carburizing
by eliminating ZE 3k Reference
normalizing after cold ‘ E7) H ARamE | BEAERBR JB% Carburizing Nippon Steel Technical Report
forging. Material Cold Forging \ Non-Normalizing E No. 378 (2003) 72

% Developed

ALN treated, Nb added ; N g

Controlled AIN & Nb(CN) as Pinning particle —| Fisibang paticle

(B 18 & U TAIN N 7% S

XA R HEU Z—)C—3 1) R
Mild Steel and Super Mild Steel

SEREOAUYE Advantage for Customer

TREEEBRIC & 5. BHEIA MERL CO HEH SR,

Less production cost

and less CO, emissions R | FERE-7RER | tmid H FeRAE B H Bi
by eliminating annealing. Conventional Rolling and cooling nealing| ~ [Cold Forging| ~|Heat Treatment| ™ |[Component

RiEfI Application Example
Shaft, CVJ

XALE g%ﬂ%ﬂ-ﬁﬂj%ﬂﬁiﬁﬂll&ﬂﬁ{f{ rEIEL Steel grade Typical chemical composition{%) Rolling and

T % i F g Y
$581 Characteristic Developed Heat Treatment| ~ |Component]

Mild Steel : Softening by suppressing bainite by _ c Si_ | Mn | Cr | BT cooling
contrelled rolling and cooling. Conventional | SCrd20 0.20 | 0.25 | 0.75 | 1.00 - Normal =
R e A S e [V SCr420-MA | 020 | 025 | 0.75 | 100 | — | Controled | | PHZHE Related Standard
) = ) Uﬁ[zﬂ:ﬁ‘lt e Super Mild SCrd420-SM | 0:20 | 005 | 0.40 | 0.95 | added | Controlled «  JIS G 4051,4052,4053
Super Mild Steel : Further softening by reduging of S45C-SM__ | 045 | 005 | 030 | 0.10 | added | Controlied - JASOM106
solid solution strengthening ) . ‘;&‘ﬁ%—; -4532'122-233-”
elements(Si and Mn) — 800 o]
= 700 ] —o—5Cra20 +  EN 1008310084
5§ £ Xi7o00 —a—SCr420-5M

5 ® g 600 2

2 E g § so00

8 S & £ s00

] T B 500 | - | =

2 =% B ® k] = T 400 ZE 7t Reference

B = T |8 & 300 | + Nippon Steel Technical Report

= S 2 2 0.0 05 1.0 15 20 25 3.0 No. 370 (1899) 11

Air cooling  Slovy cooling . Nippon Steel Technical Report
SCr420 | SCr420-5M | Distance of surface (mm) No. 343 (1992) 63
Time(s] 10" 102 10° 10 AR B HOREETT
BEIEAE  BIRLRED Deformation resistance in cold forging Hardness profile of carburizing layer
Mechanism of controlled rolling and cooling # SA: Spheroidizing annealing

=R E ZE{LF v A
High Strength Steel for Nitriding Gear

BEROAUYE Advantage for Customer

EREE(CCEE, $7t. BREBSHORE AR
EHBETITEICLD, COFHEETHIR Conventional

_ , Fi&ffl Application Example
Reduce CO, emissions by applying BS% ZNAEEE IR =M | t-emTass i) = RE P
gmg:(rjl:;?miﬁg:iilegs?l:)rrlrnﬁzlaigir?gf (;?tr:ruf?:tmg’ Developed |Material|~ |Hot Forging[ Non-Normalizing * [Nitriding| Non-Finishing | Component W

E=v) FRAHRIS T p=iod Tk BB
Material| ~|Hot Forging[ ~ |Normalizing| ™ |Carburizing [~ |Finishing| ~ | Component

forging. g o ? .
= = Typical chemical composition of developed steel (%) Uy
FRAMEEESSOF T4 BT ABEICEDENEIR MR C Si Mn Cr v Ring Gear
Reduce prt ing cost by ct ing heat nt (the Developed Nitriding Lower | 0.2 | Adjusted | Higher | added
above) and eliminating gear face finishing. Conventional | JIS-SSCR420| 0.2 | 0.2 0.8 1.0 =
Reference JIS-$35C 0.35 0.2 0.8 - -
R Characteristic " : ,
= - e EPE SR B LU YT ISR LB TSCRA20E L RIS AR EE R . BEAAE Related Standard
BLMECEH ST AT The same performance as carburized SCR420H was achieved in bending = JIS G 4053 (SACM645)

Appropriate chemistry design for nitriding strength. and pitting fatigue strength.

°
@

+100 =)
« é 3.0 E e
£ +s0 @ m
=4 i 945
E = 2
£ g 20 s
| g L5 g 1o ZE 7k Reference
H =50 c 2 1.0 ; 08 Nippon Steel Technical Report
2 o5 & No. 406 (2016)
100 ] =
] 1.00 200 3.00 0.0 0.6
Inerement of alloying element (mass36) Developed 5Cr420H 535C Developed 5Cr420H 535C
(B L B S A S DS (Niriding) ~ (Carburizing) ~ (Niriding) (Niriding)  (Carburizing)  (Niriding)
ZE1: ZE{LERIC R ) Z o o , i
= = - hEFREOERdESERER O—35EyF > 5EEER Result of roller pitting fatigue test
Effect of alloying element amounts to the nitride

surface hardness Results of One-type bending fatigue test
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High Strength Steel for Fracture Splitting Connecting Rod

BEEOAUYE Advantage for Customer

ﬁl{l'ﬁﬁbn bt;%fﬁﬁ 93w¢>d!¥ﬁﬁ[€&0. (Sstep process) (3 step process) R
nEsn. COZ#FH:I‘EE HilliG o aﬁﬂﬂ@?ﬁbtﬁl Hot forging and machining in two (1) Hot forging and machining Fi&fBl Application Example
Reduce CO, emissions by BEAIEICHE, Sophrae Placo . Won e
D )
achieving high strength Eliminate many _’ ‘ ~—d
without quench & temper. processes for hot ¥ s
forging and joint face @ Dowel pin

J¥8% Characteristic

by fracture splitting
application.

JUFIIANV R HRTRROFTHESRIE T BRI Ty + > a1,

Compatibility of both high strength and fracture splitting ability by
precipitation hardening control of Vanadium (V) and special

element.

R BT IIbRL. B RtIEn e S.
High machinability obtained by applying free machining steel

Conventional connecting rod

@ uacnming j ;

’
5 Bolting =

(~{8):No. of process

Face

Newly-developed fracture
splitting connecting rod

(2 Fracture splitting
34‘ o
- —u (after spiitting)

Fracture splitting connecting rod

. BHiE R4S Related Standard

1SO 11692: 19MnVS6, 38MnVSB,
etc. (Ferritic-pearlitic engineering
steels for precipitation hardening
from hot-working temperatures)
DIN 10267: Corresponds to the

metallurgy. above.
Chemical composition of developed steel (%) .
fo; Mn P S v |Special ﬂ% ik Reference
iy element 2000 JSAE Congress No. 86-00
2005 JSEA Congress No. 111-05
Developed 0.2 0.2 0.03 added 0.1 added 2006 JSAE Congress No. 20-06
steel ~0.5 | ~1.3 | ~0.06 ~0.3 S - - Netsusyori 47, 6 (2007)
Conventional N Suzuki Technical review vol.38 (2012)
C70S6 070 | 0.5 | 0.01 | 0.06 | 0.03 - e LOBEER (£ BERETFIEME & ST hIo-7)
Observation example of precipitation hardening (Left: TEM, Right: 3D-AP)
@ FES/NE s 9 D IB¥
AN
IHE CAS No. BENE
S R~ M L i A /BT =
XA 7439-96-5 FEREEEEM TS

QERUEZRT—IDERS
IDEA Vv2.1.3%#RALE. &, RUSYITREM (RUSvT LCD) BREMERES @ IP-AJ-00012HER LI,

Ol £
2024F1 B RO A RDEDI/WVEIEITE UTe,

0 —FEFEDSEIE. PCREKLUVETE - ESMREESRLTIIZE0,
O LLE(CDWTIE. BE - EEMRREICRESINERMZRIZ UTIBEICUNRHESNE R A
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