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SURZE) IPCC 2013 GWP 100a 1500 2800 | kg-CO,eq
A= 30H—R> Ty hTUS OEEICEAULTIE
e 6.1 8.0 | kg-5020 |1 0 | 2 ootpomummmEn) uTsEns ..
EXREL 0.13 0.15 |kg-PO,>eq
PaER B| HfiI QLA oEMHREE Q%= RiEE
SUEZEE) IPCC 2013 GWP 100a | kg-CO,eq | 2.8E+03 || 7.1E+02 | 2.1E+03 -1.3E+03
Y > fEIE kg-CFC-11eq| -4.2E-07 | 2.5E-07 | -6.7E-07 -2.3E-07
F AL, kg-SO.eq | 8.0E+00 | 7.9E-01 | 7.2E+00 -1.9E+00
HAEFEAFSH > S kg-C,Hseq| 1.5E-02 || 8.1E-03 | 7.2E-03 -2.7E-01
ExREL kg-PO,>eq| 1.5E-01 | 6.6E-03 | 1.4E-01 -2.3E-02
€) ESpE T QMBI RO E (CEIT DIBRLE
I5H =iy 158 =T
IEBATIEEER 9.4E+02 kg # [Fe] 295.0 %
JEBAERRE T RILF— 3.0E+04 MJ %3&[C] <1.10 %
BAENREER 1.2E+03 kg 1 3%&[Mn] <3.00 %
BAEAgE T RILF— 6.4E+02 MJ XA [P] =3.00 %
SRIKODE B 1.6E+01 m3 U [P] <0.050 %
WigE [S] <0.050 %
@ BEEYI B ETESR
I5H =iy
BEREEY - kg
BEREY 1.4E+01 kg
—HEFEZY) 1B 0.0E+00 kg
EEXFERY) 1BV 1.4E+01 kg

XS+ THA DB BERNEETLTOET,

GCHEMRICET SIEMRER

1)HEFZE S UT, JIS Q 20915 (CEDEMMBDOUB 1 O)LRZFHI L. AES LOS 1 Y1 U)LEZEFHliER
AMERFDRHERZES | (CEDEZEEH UC. BEZED (I LEDRO~QDEFHEICIEENS,
STEICERULIEUYAD)LERE93.0% BTEFIISQ20915(CH V). 2018FEEDERNT—4 (L | HASKImESE
AF=)ILEUBAOILHR) Z=ER)

2)#nX=F U AIPCRICHED Tz,

3)MRIRUYIE (CEAT DAL (CDWLNT. #KUSME. R ETRDIMARIEDE LRBED S
BEMNISWUTICRDZ EFRL., MDEDDENAEETND.,

4H—RFT—H (. 2018FEDEEBEZ LA LUIc. BAREAL(E [EH, —WEKBHEE10tLTI, 2014FE | ZFEAL
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AT HG
- BRICHERRZIE (ORI 22 ETHMMOFEZS I ZEH U, BEROIIEZEET 2R M
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FEHRE R SRE I E
Micro-alloyed High Strength Steel for Hot Forging

BEROAUVYEN Advantage for Customer

BEAN - BERUEBRIC LD, = ZARSIE BEAN-BERL || BN T EE)

c°2”5m§2ﬂ1ﬁ° Conventional  |Material| “|Hot Forging| “|Quench & Temper| “|Machining| “|Component| | fgi&f)| Application Example
Reduce CO, emissions by = , - P ER
eliminating quenching & 5 IF’ﬁ;E 3 AElHE . VALY TETIE
tempering. evelops) = omponent

e (%) —ﬂ‘vi }
454 Characteristic c Si Mn Cr V | Ceq. | I

A5 CLB(Ceq ). SHEHBHTIHT, FIEORESIEIEE, | SSOCV | 035 | 015 | 065 | = | 004 | 060 Crankshaft  Connecting rod
~855CV| ~0.55|~0.50 | ~1.20| 0.50 [~0.20|~1.20

Ceq.(Carbon Equivalent) = C+Si/10+Mn/5-58/7+5Cr/22+1.65V | BS:E#R4E Related Standard

Achieve appropriate strength performance by controlling chemistries,
Carbon equivalent (Ceq). and cooling condition after forging.

1SO 11692: 19MnVS6, 38MnVS6,
35 etc. (Ferritic-pearlitic engineering

JFFILNVITESRILICED, BEAN - BERUBL T, SRETEN.

steels for precipitation hardening
Achieve high strength by Vanadium (V) precipitation hardening, 30 1000 from hot-working temperatures)
without quenching & tempering. ggg £ +  DIN 10267: Corresponds to the
25 850 o above.
300} (1100°C Heating, 50°C/min. Cooling) & -
T20 <
> 250 Precipitation 750 E sz
T hardening 15 700 ZE3#A Reference
v T O . Tokusyukou, 11 (1982), 31
& 200 i + CAMP-ISIJ, Vol. 11 (1998), 551
07 08 0.9 10 1.1 . Tanzou Gihou, Vol. 83 (2000)
Ceq.= C+Si/10+Mn/5-5S/7+5Cr/22+1.65V
e e 150
TEM observation of Vanadium S48C+ $48C Controlling factors in Micro-alloyed steel
precipitate in Ferrite structure 0.1%V

Precipitation hardening
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High Strength Steel for Carburizing Gear
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BEEOAUYDN Advantage for Customer T Ee)
SREHERT. BSRO/NEER{ICES Convemmnal Material Forglng Carbunzmg Component|
PAE R EZBUT, COBHEEZHIR

i L pase [ =4 i
Reduce CO, emissions by improved Developed |Material Forglng Carbunzmg Component|
fuel efficiency through smaller/lighter Higher strength

component made of high strength steel.

J58% Characteristic

XG5:MH ES S <E#

Anti Tooth Surface Fatigue
BACIEHUBKRTIR(SI, Cr)lcLD,
FEATROEME T ZH0H.
Increasing of Si and Cr content

reduces the softening of tooth
surface by friction heating.

CM201: T 5ol =S5
Anti Tooth Bending Fatigue

O x5 (ow=3150MPa)
| O SCr420(ow=2600MPa)

°

Hertzian stress GPa

Number of cycles

Improved fuel

XG500—SEYF>
JHERER
— Results of Rolling
Contact Fatigue
test (Roller Pitting |«
. test) of XG5 5

i FAi&MBI Application Example

2 Transmission gear
efficiency &

5

RJ®394E Related Standard

JIS G 4502, G 4503

JASO M106

ISO 683-3,11 Case hardening steels
EN 10084 Case hardening steels
SAE J404, J1268

RIRER(E eI (SRR T, RIEESRMAERMRZIE

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

O CM201(aw=870MPa)

O SCM420(ow=770MPa)

Typical chemical composition of developed steel (%)
Steel grade C Si Mn Cr
XG5 0.20 | 0.50 [ 0.35 | 1.45
CM201 0.20 | 0.10 [ 0.75 | 1.00
JIS-SCR420| 0.20 | 0.20 | 0.80 | 1.10
JIS-SCM420 | 0.20 | 0.20 | 0.80 | 1.10

AR AL E

Mo
0.35
0.40

0.20

Developed

Conventional

Bending stress MPa
a
2
8

Resul

®
8
8

~
a
g

g

Number of cycles

SRy V7 FAH: NSACE®

.
o \O\Qp) CM2010DElzH#S
R RBRER

ZE R Reference

Nippon Steel Technical Report
No. 412 (2019) 103

its of

Rotation- Bending

\D\ﬂ; CM201
107

Fatigue test of

Anti-coarse-grain Steel for Carburizing Gear: NSACE™

NSACE™ @: Nippon Steel Anti-Coarse Extra-fine grain Steel

FAMBEAEODIES Hot forging application

i3 Conventional

BEAE Normalizing
*
-

=IRIZ K, High-temp. carburizing

&Gl Application Example

Gear, Shaft compenent

SESRTEREREE \
FBU. CO,HELH T I, ‘ =7 FARHIE
Reduce CO, ions Material Hot Forging —>
time appiying high- o i SEEE High- temP carburi: |n9
time applying high- Material Hot Forging —>
ERRESIEES A% Developed

Al, N treated

Controlled AIN as Pinning particle ——

(E > 187 E L TAINE HIFH)

mHEBERAZEMDIES Cold forging application

-~

REiE4345 Related Standard

A
possible to make carburizing temperature higher. E:225

EREH b ElEE.

e

ik Carburizing

23 Normalizing
’

ERICEDIERE
Course grain
occurred by
carburizing

JIS G 4502, G 4503

JASO M106

IS0 683-3,11 Case hardening steels
EN 10084 Case hardening steels
SAE J404, J1268

ZE 7k Reference

BEEREE

$R& Carburizing

RS DB AE(C i

&0, CO,BritiE & il ‘Eig’“e""“”immﬁ
L = RIS

Reduce CO, emissions ‘ Material H Cold Forging

by eliminating

normalizing after cold E=v) REEE |

forging. Material Cold Forging |

% Developed

Non-Normalizing

Nippon Steel Technical Report
No. 378 (2003) 72

ALN treated, Nb added ; p
Controlled AIN & Nb(CN) as Pinning particle — 1 Pinning baride
» N N o »
NAI R BEU X—)C—Y 1)L Rl
Mild Steel and Super Mild Steel
BEHEDOAUYE Advantage for Customer
BESEABE(C LD, BHEIA MEFE CO,HEH S #liR.
Less production cost s T
iy CO, emissions GER I 72D L RGNS R ) A% Application Example
by ) g i Rolling and cooling nealing| ~|Cold Forging| ~|Heat Treatment| ~|Component| | ghag cvy
BA%E BT - BIESED $FILEBE BBEE AP )
$5#% Characteristic Developed Controlled rolling and cooling| Non A,.amg ~ (Cold Forging| ~|Heat Treatment| ~|Component
YALKE : gg}&t -BEBENCEDAAF A PRIDEIL Steel grade Typical chemical composition(%6) Rolling and M E v
Mild Steel : Softening by suppressing bainite by = TS 0(;0 052'5 (;"'7“5 1%’0 B.Ti ":°°"“9‘
i i onventional T z R = lormal
it }Lc:;:'?lg:;ﬁg_a;?::géuMnm Mild SCra20-MA | 020 | 0.25 | 0.75 | 1.00 | — | Controlied | | PHEAUE Related Standard
? (:ﬁ)i(:?ﬁ(‘;‘ﬁﬂ: . SuperMild | SCr420-SM | 0.20 | 0.05 | 0.40 | 0.95 | added | Controlied . JIS G 4051,4052,4053
Super Mild Steel : Further softening by reducing of S45C-SM 0.45 | 0.05 | 0.30 | 0.10 | added | Controlled *  JASO M106
solid solution strengthening : ?&?ﬁ%g -2343“121;2883‘”
elements(Si and Mn) =3 800 S50l
= 700 > —o—5Cré20 +  EN10083,10084
Normal rolling gg} § £ Ii700 ——SCrd20-SM
£1000 3 g 60 g 600
£ soof S8 00 H £ s00
] ] | I ol | 2
g 6001 cc:g:;:l;ea S g B x| 3 2 400 ZE 70k Reference
£ 4001 xR e = K i ° v 300 +  Nippon Steel Technical Report
= 200f 2 2 00 05 1.0 15 20 25 3.0 No. 370 (1999) 11
Air cooling  Slow cooling . Nippon Steel Technical Report
SCra20 SCr420-sM Distance of surface (mm) No. 343 (1992) 63
Time[s] 10' 10% 10° 10* ABEZERAER BEUSOWEE DT

FISDERE - BIA0SED
Mechanism of controlled rolling and cooling

Deformation resistance in cold forging
3 SA: Spheroidizing annealing

Hardness profile of carburizing layer
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BERDOAUYDN Advantage for Customer

BRZE(CCEE, T, REBSHRORE
ZABIHILCED, COFFHEZHIR

Conventlonal Matenal

HRSRE
Hot Forging

%3
Normalizing Camunzmg Flmshmg

BB
Component

Reduce CO, emissions by applying

BA%E RS
Developed |Material i

Hot Forging| Non-Normalizing

e AR

ZE{b | {trmI&ss

Fi&f Application Example

INitriding| Non-Finishing

E)
Component

ar € liminating normalizing after hot
fo:glng. .= e Typical chemical composition of developed steel (%) UVZESY
ERAMBEES LT P LI THBICEDENEIR MK I3} Si Mn Cr v Ring Gear
d processing cost by heat tr (the Developed Nitriding | Lower | 0.2 | Adjusted | Higher | added
above) and el gear face ] Conventional | JIS-SCR420[ 0.2 | 0.2 0.8 1.0 -
A Reference JIS-S35C 035 | 0.2 0.8 - -
18 Characteristic = n —
—= — e PR RS LUCYF RS RE (CHU CSCRA20BIRE RIS AL ER . RIiE/RHE Related Standard
BREICHSTAHPRI R The same performance as carburized SCR420H was achieved in bending JIS G 4053 (SACM645)
Appropriate chemistry design for nitriding strength and pitting fatigue strength.

Hardness change (HV) i
S & = & 3
(2]
8
»
8
Q
Bending stress ratio [$35C=1.0]
o r R NN W W
oo b i

3.00 0.0
Increment of alloying element (mass%)

1.6

1.0)

Lo
a

Hertz stress ratio [S35C:
I
o

[]

0.6

Developed SCr420H S35C
”{b@@iﬁ‘ié@{bs(’&(ﬁﬂ:‘“‘ﬁ%ﬁwg’g (Niriding) (Carburizing) (Niriding)
= = e SR NSRS R

Effect of alloying element amounts to the nitride
surface hardness

Results of One-type bending fatigue test

=aREZy+>J 1> 0y R
High Strength Steel for Fracture Splitting Connecting Rod

Developed
(Niriding)

SCr420H
(Carburizing)

O-3SEyF>JEREEER Result of roller pitting fatigue test

ZE7HR Reference

Nippon Steel Technical Report
No. 406 (2016)

S35C
(Niriding)

BEEOAUYEN Advantage for Customer

BAN-BRRUVBULCTERE  J3Y+ > J8AICED,
E5N. COBHHEZ IR, RMBEPabEELT
ETAIEICHESE,

Reduce CO, emissions by
achieving high strength
without quench & temper.

J¥# Characteristic

Eliminate many
processes for hot
forging and joint face
by fracture splitting
application.

JNFIUA(VAFTHRTTROFTESRIE T, BRI IY+ T ME™IL.
Compatibility of both high strength and fracture splitting ability by

precipitation hardening control of Vanadium (V) and special
element.

REIS AT NICRL, REFREIEIN TS,

High machinability obtained by applying free machining steel
metallurgy.

Chemical composition of developed steel (%)
c Mn P s v Special
element
Developed 0.2 0.2 0.03 0.1
steel ~0.5 | ~1.3 | ~0.06|3998d| g 5 | 3dded
Conventional
C70S6 0.70 [ 0.5 | 0.01 | 0.06 | 0.03 -

Conventional connectmg rod
(5 step process)

Hot forging and machining in two
separate pieces

oy i §e)
T, .
v

3) Machinil 4 Dowel pin
i
-

v m
=

Face

5

5 Bolting

1~®):No. of process

Newly-developed fracture

spli conne:

ing rod

(3 step process)

in one piece

ot forging and machining

—
T &

v
@ Fracture splitting
S ¢ o

FHZB) Application Example

' = N Fracture splitting connecting rod
® Botting K 'E?: BHERAE Related Standard
o S@ACLLD)

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

HHEMEOBRSBH) (£ BBRBTEME. A 35T/ T0-T)
Observation example of precipitation hardening (Left: TEM, Right: 3D-AP)

steels for precipitation hardening
from hot-working temperatures)
DIN 10267: Corresponds to the
above.

’R% SZfk Reference
2000 JSAE Congress No. 86-00
2005 JSEA Congress No. 111-05
2006 JSAE Congress No. 20-06

7)
Suzuki Technical review vol.38 (2012)
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