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Effect of Manufacturing Process on Properties of Forge-quenched
Bevel Gear after Caburizing

Shinji Fusimi, Tkuo TANI, Hideo YOSHIOKA and Masatoshi KoBAYASHI

Synopsis :

The effects of varying manufacturing process parameters on the properties of a forge quenched bevel
gear after carburizing were examined.

The microstructure, height(L) to diameter (D) ratio of preform, holding time at quenching temperature
and corner radius of tooth root were studied.

The following results were obtained (1) Matrix structure of tooth root of gear forged at 850 and 950°C
was dual phase structure of martensite and ferrite. The fatigue properties have been correlated to this
dual phase structure. (2) Suitable L/D ratio of preform was 1.0. (3) Recrystallization of austenite af-
ter forging began at 10 sec and finished at 30sec. (4) The bending fatigue limit of the corner radius of
tooth root was increased 20% by changing from 0.5mm to 1.0 mm and was 60% higher than the conven-
tionally processed gear.

The results of these tests have led to the development of super fatigue strength bevel gears.

Key words : carburizing; forge-quenched ; bevel gear; microstructure ; recrystallization of austenite ; fatigue

properties.
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Fig. 1. Dimension of bevel gear. Fig. 3. Forging and heat treatment temperature
conditions.
Table 1. Chemical composition of test materials. (%)
wi
C Si Mn P . S Ni Cr Mo Al (0] N
SCM418H 0.17 0.30 0.63 0.015 0.018 0.09 1.02 0.16 0.019 0.0012 0.0155
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a ; Pitch circle b ; Corner R of tooth root ¢ ; Tooth bottom
Fig. 4. Cross sectional name of tooth.

B y o bE dulIcBgE L 7.

BEXLELE P75 FCRERREL, &K
b, sE 2 REEIC LT, BN TEXHY, ¥ v
7 MRONE & WERE D A % Bl I L 7.

I/ oS LUH yROBER, REWE L T 2
Y — 4T 1000 FE CHHEL, N7 CEmEICH R

B yRNOBRBIIE 7 ) B 4g 3EEE0.5ml, S
EHA (FFIAMRCEByANF BEF P 29 L) 4
g, /K 100ml @ 60°C RAW, I 7 oMkt 3% +17%
NEHW,

FIRAE L - hEWEoOLH % Fig. 4 (R,

BTG HH T 5 BRI, BKAET) 100 kN O iE 4 — K
RV, RBEEAOEITHITEY O S-N iRz RKo
7o, HKEEHY AL s N2 15Hz TH 5.

B A 7 VIEFRBR L, ZREL=y bOKEE#Y
EE L, ZREICEEFRENSHS LD IS LT,
7.7kN'm OHB V2 % 30s i—RBIOH A 72 VT
A, BHETHETCOBRYELELHEL .

3. KBERLEER

3-1 BERGEIH rHELUF M 2VREHEE

BN LS & BE L - EHE S % Photo. 1 12, T 72,
1050°C T#E L 850°C T 30s fRIFEBEAN L 7206
T A& REWE DA y#L% Photo. 2 IR T, Zhid, &R
2O E CORERERT, RELHESH 0.2mm
FTI, ERERBLTYSDS, 0.2 25 0.8mm ¥ T,
MECHBER LI I0bDL, B L HANRE
LTwa, #hPE B33 cidmeick -, HA{b
L7zRASET, —EhFaE LoRASREL TV 5.
PEMR T, BHHRER CHllE L - REIRE X
700°C T, RELBIERIC L 5T, 4 TRAUTS
HEhTwi, Thz 850°C DBEANREEI, ML
THREANL TS, REERIZERKREOFMBALEA
MYCHYL L, BRERLT BokH yRICR-72b D
LEZONA, 2B, RE»5H 0.2mm F T, A
FEANTICERH SN, BMEEANShzbD LHEE
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a ; Preform
Outview of preform and as forged gears.
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Photo. 2. Optical micrograph of
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from surface (mm).
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Photo. 3. Relation between forging temperature and optical micrograph of au-
stenite grains and nital etched structure at a corner R of tooth root.
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Photo. 4. Relation between forging temperature and optical micrograph of au-
stenite grains and nital etched structure at a pitch circle.
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a; L/D=1.0 b; L/D=1.5
Photo. 5. Macrostructures of cross section.
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Fig. 5. Distribution of hardness at cross section
of various locations.

Table 2. Reduction ratio of various locations.

Various locations of gear Reduction ratio (%)
Sphere 11
Pitch circle 55.5
Corner R of tooth root 77
Tooth bottom 17
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Fig. 6. Relation between bending fatigue strength
and a corner R of tooth root.
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Fig. 7. Effect of a corner R of tooth root on low
cycle fatigue strength.
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