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Mechanism of Attaining High Strength Sintered and Surface-rolled Gear
and Merits of Its Application in Automotive Field
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Abstract

With the aim of expanding the application to automobiles, a study was conducted to determine the applicability
of sintered parts to transmission gears that require high fatigue strength. Recent studies have reported that
sintered and surface-rolled gears based on pre-alloyed steel powder can achieve fatigue strength equal to or
higher than that of conventional wrought steel gears, but the mechanism that enables the former to achieve a
fatigue strength higher than that of the latter has not been fully clarified. Hence, Kobe Steel has investigated
the factors that may bring higher fatigue strength to sintered and surface-rolled gears in comparison with
wrought steel and found that it is attributable to their highly compressive residual stress. Also studied were
the advantages of applying sintered and surface-rolled gears. By optimizing the surface-rolling conditions so as
to improve the tooth profile accuracy, the same contact-pressure fatigue strength as that of the ground product
can be obtained without any grinding, suggesting the possibility of eliminating the grinding process.
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Table 1 Dimensions of test gear (helical gear)

Drive Driven
Material Evaluation material | SCM420 carburized
Module 3
Pressure angle (deg.) 20
Helix angle (deg.) 20
Number of teeth 16 24
Face width (mm) 6 25
Stan_dard pitch circle 511 76.6
diameter (mm)
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Fig.1 Results of fatigue test for gear surface pressure
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Table 2 Surface hardness and amount of retained austenite phase

Rolled sintered gear | SCr420 gear
Surface hardness before testing 708 717
(HV) after tempering 573K 656 667
Amount of retained austenite phase (%) 14.1 16.0
o
4 Pitch circle
g Pitch poin

Rolled sintered gear

SCr420 gear
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Fig.2 Porosities and inclusions near pitch point
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Table 3 Pore size and distribution of surface-rolled and sintered

gear
Surface Inside
Mean diameter (pm) 2.8 5.3
Maximum diameter (jum) 13.4 21.6
<Spm 89.7 60.7
Ratio of pores (%)| 5~10um 9.8 27.5
>10um 0.6 11.8
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Fig.3 Residual stress distribution near surface
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Rolled sintered gear Wrought steel gear
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Fig.4 Comparison of production process between rolled sintered
gear and wrought steel gear
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Table 4 Dimensions of test gear (spur gear)

Drive Driven
Material Evaluation material | SCM420 carburized
Module 3
Pressure angle (deg.) 20
Number of teeth 13 26
Face width (mm) 6 10
Standard pitch circle
diameter (mm) 320 8.0
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Fig.7 Results of fatigue test for gear surface pressure

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 70 No. 2 (Dec. 2020)



T L7B g, ket & il U Tl aa v K
IR L 720 LU, sffFsE & S5 L~V I TIZIEE
Lol Tz, Y URIROWERRZR 6 12517
B9 URE I3RS S B L ORI O A IRIC X 5741303 &
AERDLNT, WEhd B RET UMEZ R L7,
1 H I 7 RS R 2 R 7 IR RS Clis
ELWE (a) (BRI ORE) 2K E <, B
DOFEFAFIEDTEE U CTHERIZEZFHITE 2o 72 v
olF), RS CliE U 72 ok gid @i U oo 1
<, AT & RSO IR ITRE TH - 720 RS
T L 722 B R AT 0/ & S TR E D
BTEBEL Dol bDEEZ LD, IESRMFOHE
2D, SR ATD AR < &b B 24 o B T R A
MEONDE I LAIRENT,

TV =BiE R C OV TRREILA A=A 8B X

O X )y oEEITY, LT ORRZ 72,

OBERHR BB HL IS IS L o THRMIRE L ) K&
WIERRFRRIN IS U B 720, WG R EEN
%o

Q)M i 3% PR B 1R 3 AR C 0 PR T L T 3 ]
T, S X0 B O s LR 2 AN L T
b A & RS QIR ST IREA R 5 b

IR, ARG & 72 0 S Bl 35 & OV o B aFAl Bl
WKL TERE I % Wiz 720 72 3G SO BRR 4%,
BIUREY:, =y t—OBMREMIEHFOEZ KT

2 Z X ®

1) Teruie Takemasu et al. JSMME. 2011, Vol.5, No.12, p.825-837.

2)  WEH I BAB X OB KB4 2014, Vol6l, No6, p.318-323.

AIEREAIZ 2. R&DAT E0HH. 2006, Vol.56, No.3, p.53-53.

ZWHEZ A, CAMP-ISI]. 1993, 6, p.796.

FRsETE), EAE, 2010, Vol81, No.2, P.99-108.

TIFIERL. H AR 22 25 CHECHl. 2001, Vol.67, No.660, p.2651-

2658.

7)  PARTEORER. H ARBERR A SRR U, 1966, Vol.32, No.238, p.1001-
1006.

8) Hiroshi Sasaki et al. Procedia Engineering. 2014, Vol.81, p.316-
321.

O]
SRS
EHIZ o b BT

EQZ e Sil!
By = b

R=D fftj7 84fil 2 /Vol. 70 No. 2 (Dec. 2020) 21



