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OS54 ITV1 V) EFliER

SIEZ58) IPCC 2013 GWP 100a 1500 2800 | kg-CO.eq
EE AL 6.1 8.0 | kg-S0,eq
EXRE 0.13 0.15 |kg-PO,%>eq

#1:@. OBLURHEREOSST 2 : OEQOEET

AR B HiI O&LEH ORMpEmE QQ%E mEE
S{RZ#) IPCC 2013 GWP 100a | kg-CO,eq | 2.8E+03 | 7.1E+02 | 2.1E+03 -1.3E+03
AV EEE kg-CFC-11eq| -4.2E-07 | 2.5E-07 | -6.7E-07 -2.3E-07
BT kg-SO,eq | 8.0E+00 | 7.9E-01 | 7.2E+00 -1.9E+00
RAGFZAFI > b kg-C,H.eq| 1.5E-02 | 8.1E-03 | 7.2E-03 -2.7E-01
BHRENL kg-PO,"eq| 1.5E-01 | 6.6E-03 | 1.4E-01 -2.3E-02

@ r BSE 53R BB RVIEICRIT 1B

=] Y 1HH B

FFBEEEER 9.4E+02 kg #% [Fe] 295.0 %

BRI I T — 3.0E+04 MJ ®Z&([C] =1.10 %

BAogEER 1.2E+03 kg T4Z%[Mn] =3.00 %

Bange L)L F— 6.4E+02 MJ ~N>H> [P] =3.00 %

K DHEE 1.6E+01 m3 D> [P] =0.050 %

Wiz [S] <0.050 %

@ BEEYI B ETSER

IBH -t
BEEEY - kg
EEEZEY 1.4E+01 kg
—EEEY 1B 0.0E+00 kg
EXEERY 18UM 1.4E+01 kg
$TA TTATUCB T E2REIRERLTVET,
GOHEMRICET SIEMRER
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( RIS =R E IERE
Micro-alloyed High Strength Steel for Hot Forging

BEROAUYDN Advantage for Customer

BEAN - BEERUABE(C KD, ek
CO HEHEZ HliRi. Conventional

Reduce CO, emissions by
eliminating quenching &
tempering.

= (%)
588 Characteristic C Si Mn Cr \ Ceq.

0.65 = 0.04 0.60 Crankshaft Connecting rod

=M ZARSIBIE BEAN-BERL RN T EBGR
Material| “|Hot Forging| ' |Quench & Temper| “|Machining| “|Component

FAEMI Application Example

BaZE
Developed

{EFRM5Y. CHB(Ceq. ), MSHBAHGT, FREDREFIEeEE, | SOCV | 0.35 | 0.15

Achi S th erf b troli hemistri ~855CV | ~0.55|~0.50{~1.20| 0.50 |~0.20|~1.20

e s e o o115 Gon Caton i = G5y 0N 557+50122+ 6. | BHEH Relatod Standard

1SO 11692: 19MnVS6, 38MnVS6,

JCFIILVWTEIRIEICED, BEAN - BERULALT, S3aREmEm. * etc. (Ferritic-pearitic engineering
R £ . " . Air cooling steels for prec_lpﬁatmn hardening

Achieve high strength by Vanadium (V) precipitation hardening, 100mmterny 1000 € from hot-working temperatures)

without quenching & tempering. 1000mm2(e36) :ggg EII)EVLOZBT Corresponds to the

¥

(1100°C Heating, 50°C/min. Cooling) 5000mm?a0) |-

Precipitation

=
=
8

Comwerted T.S.(Vmm

% 20 hardening 15 700 ZE 37k Reference

v N Tokusyukou, 11 (1982), 31

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

07 08 0.9 10 11 . Tanzou Gihou, Vol. 83 (2000)
Ceq.= C+SI10+Mn/5-55/7+5Cr/22+1.65V
150

TEM observation of Vanadium S48C+ $48C Controlling factors in Micro-alloyed steel
precipitate in Ferrite structure 0.1%V

Precipitation hardening

ngh Strength Steel for Carburizing Gear

BEROAUYEN Advantage for Customer e ‘

TR | =M
SRESEET. BRO/NRES(CLS Conventional |MatenalHForgmcharbunzmg Component

PAEIE _E 28U T, CO MR EZ AR
£ iG] MAmE L FH&MBI Application Example
Matenal Forglng Carbunzmg Component Improved fuel Transmission gear

Reduce CO, emissions by improved Developed
fuel efficiency through smaller/lighter 5 ffici
component made of high strength steel. Higher:strength; “STCloncy

58 Characteristic

O XG5 (ow=3150MPa)
| O SCr420(0w=2600MPa)

4
&
XG5 S IE<HE £ XGEQO—5EYF>
Anti Tooth Surface Fatigue 3 JHEREER —
7T i 2 £ > i &
&fgﬁﬁisj(mgﬁ(su Cr)(c&bh, Fhl ggﬁumjtcst %faﬁgulgg BS:EH4E Related Standard
TEATH OISR T2 H0H %es%)(Rfo)léeGrsPimng « JIS G 4502, G 4503
i i - test) o D JASO M106
,l-re]zr,_,ecaessmt%;fscs,fll::idngcrofc?;;;m CM201: T &&7ol(FESS I 250 105 10° 107 + IS0 683-3,11 Case hardening steels
surface by friction heating. Anti Tooth Bending Fatigue . Number of cycles ggg[jggjvc‘]ﬁzga’de“'ng steels
CM201 (ow=870MPa)
RIFRBERME T3 (SRR T RIEEBHEMAERZINEH . O SCM420(aw=770MPa)

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

\O\ 4 ZE Xk Reference

y3 CM201DEEERERS +  Nippon Steel Technical Report

Typical chemical composition of developed steel (%)

Bending stress MPa
o

Steel grade c Si [ Mn | Cr | Mo ESHBRER No. 412 (2019) 103
XG5 | 0.20 | 0.50 | 0.35 | 1.45 | 0.35 %\
Results of
Developed ™ 51201 | 0.20 | 0.10 | 0.75 | 1.00 | 0.40 e \D‘BZ Rotation- Bending
JIS-SCR420[ 0.20 [ 0.20 [0.80 [ 110 [ - Fatigue test of
i 750
Conventional [, SCM420] 0.20 | 0.20 | 0.80 | 1.10 | 0.20 0 o G201

Number of cycles
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xF 1A NSACE®

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

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

BMHBERAZEDIES Hot forging application

£k Conventional

J2X, High-temp. carburizing

5% Normalizing
N

SR TRREEE _
U, cozﬁrmgtﬂmo ‘ Mﬁu | H%N’fi?b_e 5
Reduce CO, ions aterial ot Forging
by shorter carburizing =t RIS Je Normalizing 5 =a High- temp carburizing
time applying high- Material Hot Forging 1
temperature. RIS Developed ~
Al, N treated | > N
Controlled AIN as Pinning particle E—ak'

(E1EBRIFEUTAINE SI4H)

SHEBERAEDIBS Cold forging application

possible to make carburizing temperature higher. B2/ {Eh 0I4E,

=y

7 Carburizing

BE%E Normalizing
LI SRIRICEDARRIE
Course grain
occurred by
carburizing

BEEARR 3B Carburizing

BRSO B R (C 1 Conventional

0, Co i Eatlm. o R
. E2) RIS

Reduce CO, emissions | vaterial Cold Forging

by eliminating

normalizing after cold E=Y) R |

forging. Material Cold Forging |

BA%E Developed
ALN treated, Nb added

Controlled AlN & Nb(CN) as Pinning pamcle/

Non-Normalizing

¥

L

No(CH) G
Pinning particle

XAV R XU 7\—/\"—74)1/ ]|
Mild Steel and Super Mild Steel

&M Application Example

Gear, Shaft component

-

BHiERRAE Related Standard

JIS G 4502, G 4503

JASO M106

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

ZE 7k Reference

Nippon Steel Technical Report
No. 378 (2003) 72

BERDOAUYH Advantage for Customer

TESEABR(C & D, BHEIA MERIECO, HEH E AR

Less production cost

Ai%fI Application Example

Shaft, CVJ

" s
o &

BIE#4E Related Standard
JIS G 4051,4052,4053

and less CO, emissions ek FESE-BED B BRBEE 2P )
by elimi i li Rolling and cooling nealing| ~|Cold Forging| ~ |Heat Ti C |
BB BIGIEE - BEhHE SELEEE 7RIS R B
$5#% Characteristic Developed  |Controlled rolling and cooling | Non A peumg - |Cold Forging|~ [Heat Treatment| ~|Component
T AIBISE- EN< .
ALK g]%ﬂ%ﬁ HENBECEDORAF A PEIDFIL Steel grade | Typical %) | Rolling and
Mild Steel : Softening by suppressing bainite by c Si_ | Mn | Cr | BTi cooling
controlled rolling and cooling. Conventional | SCr420 020 | 025 | 0.75 | 1.00 = Normal
LT S o 2 Ao I SCra20-MA | 0.20 | 025 | 0.75 | 1.00 | — | Controlled
A=A : [E;l,e%%{(%g%&&:é&&(fhap Super Mild SCr420-SM | 0.20 | 0.05 | 0.40 | 0.95 | added | Controlled
Super Mild Steel : Further softening by reducing of S45C-SM__| 045 | 0.05 | 0.30 | 0.10 | added | Controlied
solid solution strengthening :
elements(Si and Mn) = %6 800 |,
c & 2 | —o—S5Cr420
Normal rolling 58} S = Ei700 —4—SCrd20-SM
£1000 g E 600 geoo
£ soof NY S8 00 I—I 5 s00
] ] - o= - s
g 6oor S g 3 x| B3 x £ 400
5 400 = s & s b |
200 2 2 00 05 1.0 15 20 25 3.0
Air cooling  Slow cooling
PR SCra20 SCr4a20-sM Distance of surface (mm)
Timefs] 10' 102 10* 10¢ REZERAER BEBOEEHTH

BIEERE - BANRED
Mechanism of controlled rolling and cooling

=R EZE L7 AR

Deformation resistance in cold forging

# SA: Spheroidizing annealing

High Strength Steel for Nitriding Gear

Hardness profile of carburizing layer

JASO M106

1SO 683-1,683-2,683-11
SAE J403,404,1268

EN 10083,10084

ZE ik Reference

+  Nippon Steel Technical Report
No. 370 (1999) 11

. Nippon Steel Technical Report
No. 343 (1992) 63

BEROAUYE Advantage for Customer

EREE(EICEE, T, BEBERORE RN il =R AL AbiR
ZEBETBTEICED. CO BB EEIR Conventional |Material[~|Hot Forging[ ™ |Normalizing| " |Carburizing [~ |Finishing[~ | Component
AR leis oo o of ARG T P g e corrment]
= g i Non-N ] itriding|[ Non-Finishi
_eliminating normalizing after hot Developed (M Hot Forging| Non-Normalizing ~|Nitriding| Non-Finishing ~|Component
forging. Typical chemical composition of developed steel (%)
L%QMEEEHS&U:?V&J:MI% BEICKDEHEIR MEIER c Si ™n Cr v
) heat tr (the Developed Nitriding | Lower | 0.2 [ Adjusted | Higher | added
above) and ellmlnatmg Qeaf face finishing. Conventional | JIS-SCR420| 0.2 | 0.2 0.8 1.0 -
Refi ce JIS-S35C 0.35 0.2 0.8 - -
58 Characteristic Lo

E=1 b?ﬁif""(l%‘%‘r@%{ b?ﬁ%ﬁ?&% o

(Carburizing)

- 40 1.6
+100 S g
e W -
e ﬁ 3.0 Q e
£ +s0] a a
2 E 2.5 ~‘;—" 1.2
g o g 2.0 £
E 815 g 1o
g 0 - RE 7
2 £ y o8
2 os 5
100 ‘% T
o 1.00 2.00 3.00 0.0 0.6
Increment of alloying element (mass%6) Developed SCr420H S35C Developed SCr420H
T —— (Niriding) ~ (Carburizing) ~ (Niriding) (Niriding)
1=ty DS i .
NFROERe RS HERER

Effect of alloying element amounts to the nitride
surface hardness

Results of One-type bending fatigue test

HPESSRESLUCYF > TR T3 (CBTSCRA20:BIRE R FHEREDEM .

The same performance as carburized SCR420H was achieved in bending
and pitting fatigue strength.

s35C

(Niriding)
O-3SEyF > 58455 Result of roller pitting fatigue test

FAi&f Application Example

US ¥y
Ring Gear

BSEARAE Related Standard

+  JIS G 4053 (SACM645)

ZE R Reference

. Nippon Steel Technical Report
No. 406 (2016)
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High Strength Steel for Fracture Splitting Connecting Rod

BEEOAUYR Advantage for Customer

Newly-developed fracture
splitting connecting rod

Conventional connecting rod

ﬁlﬂ-ﬁﬁbnbt;%’i_ﬁﬁ IFVEIVEAICED, (>'stop process) (3 step process)

NE5N. COHHLEZAIM. HRBEPSDEET Hot fering and machining n two (i Hot forging and machining FAi2fI Application Example
P EZKIEICHEE, separate piece: in one piece

Reduce CO, emissions by ’ e

achieving high strength Eliminate many o—¥y

without quench & temper. processes for hot “ o e

forging and joint face

@ @ Dowel pi 5 ik
by fracture splitting y m‘"’ ; ; S8 | et
58 Characteristic application. P /)

. % Fracture splitting connecting rod
SNV TROITHERE T, RISy I T, v z: .4 E{ :
Compatibility of both high strength and fracture splitting ability by ) Bolting & i Q‘M Face PI:EAR#E Related Standard
precipitation hardening control of Vanadium (V) and special - «d e « SO 11692 19MnVS6. 38MNnVS6
element. D~®:No. of process etc. (Ferritic-pearlitic e'ngineer_ing'
REIEET AN, BRSNS, o
High machinability obtained by applying free machining steel : v * DIN10267: Corresponds to the
metallurgy. above.
Chemical composition of developed steel (%)
(o) Mn P s v | Special ’?4*; 2k Reference
e element 2000 JSAE Congress No. 86-00
2005 JSEA Ci No. 111-05
Developed | 0.2 | 0.2 | 0.03 | .. 4| 01 | 44 2006 JSAE cgﬁgﬁii No 2006
steel ~0.5| ~1.3|~0.06 ~0.3 - Netsusyori 47, 6 (2007)
Cohventional == - Suzuki Technical review vol.38 (2012)
cross | %70 | 05 | 0.01 | 0.06 | 0.03 | - HIHRRIEOMREH] (r: SBRBT IS, 4: 3Ty haT0—T)

Observation example of precipitation hardening (Left: TEM, Right: 3D-AP)

©-2.5=YEICET 31546
IHH CAS No. EDE
XA 7439-96-5 BETREEEMITS
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