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Development of New Process for High Performance Differential Gears
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Synopsis

This paper describes the development of a new process for high performance differential gears. In this new process,

induction hardening is performed after carburizing, enabling carbon content and austenite grain size in the case to be

controlled independently.

As a result, in applications of this new process to differential gear production, the impact strength is increased by 30%

compared with the conventional process.
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Table 1 Chemical composition of test steel (mass%)

T

A |02 ] 0.1 0.72 | 0.022 | 0.024 | 0.98 | 0.39 | 0.026 | 0.028
B 0.20 | 0.08 | 0.75 | 0.016 | 0.026 | 1.02 | 0.42 | Tr | 0.024
C 0.19 | 0.09 | 0.68 | 0.021 | 0.027 | 1.02 | 0.38 | 0.042 | 0.029
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Table 2 Specifications of test gears

... 1 Plion

Type Straight bevel ‘ Straight bevel
Module 4.003 4.003
Pressure angle (rad) 0.393 0.393
Cone distance (mm) 37.770 37.770
Outside diameter (mm) 47.447 67.024
Number of teeth 10 16

B3R RUEBERHG
Table 3 Conditions of heat treatment

L T o
5 T. £ E
= 2 =} -
o t1 ta = & Ts
b R g g
g« Carburizing " Diffusing g g
§ Ch, CP g £
= v ~
=
Time " - Time -
: CP, CP, . . .
Experiment | Mark | T,(X) | t, (ks) (mass‘%) to(ks) (ma ssf‘/o) T:(K) | Cooling | Mark | Ts(K) | t5(s) | ti(s) [T K) | ts(s) Cooling [ Ts(K) | ts(ks) | Cooling
a 1273 1.5 — 5.8 — 1273 | slow cooling 1 1073 | 25.0 1.0 | 1353 | 1.5 | OQ(353K) | 453 7.2 Air cooling
I b 1273 3.0 — 4.3 — 1273 | slow cooling 2 1073 | 25.0 | 12.0 | 1297 | 2.5 | OQ(353K) | 453 7.2 Air cooling
c 1273 5.3 - 2.0 - 1273 | slow cooling 3 1073 | 25.0 | 12.0 | 1407 | 4.0 | OQ(353K) | 453 7.2 Air cooling
4 1123 | 32.0 | 8.0 { 1313 | 5.0 | OQ(353K) | 453 7.2 | Air cooling
d 1213 | 14.4 0.9 10.8 0.7 1173 | OQ(393K)
; 5 1123 | 32.0 | 12.0 | 1423 | 9.0 | OQ(353K) | 453 7.2 Air cooling
I
6 1173 | 14.0 0| 1173 0 { OQ(353K) | 453 7.2 Air cooling
e 1193 | 10.0 1.1 8.3 0.9 1123 | OQ(393K)
7 1173 | 14.0 8.0 | 1423 | 5.0 | OQ(353K) | 453 7.2 Air cooling
f 1213 | 14.4 0.9 10.8 0.7 1123 | OQ(393K)
il 8 1123 9.0 0| 1173 | 8.0 [ OQ(393K) | 453 7.2 Air cooling
g 1213 | 14.4 1.2 10.8 1.0 1123 | OQ(393K)

CP : Carbon potential of gas - carburizing atmosphere
— : Carbon potential was not measured since the plasma-carburing furnace was employed.
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Fig.2  Schematic drawing showing (a) the gear bending test method and
(b) the typical torque - displacement diagram
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Photo 2 Case (a) and core (b) microstructures of the plasma - carburized and induction hardened steel (Mark b3)
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Photo 3 Appearance of (a) fractured pinion and (b) fracture origin
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Photo 4 Scanning electron micrographs of the plasma-carburized and induction hardened case
(Nonagueous electrolyte potentiostatic
electrolysis method)
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Photo 5§ Extraction replicas from the gas-carburized and induction hardened case
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Table 4 Case and core properties of the gas-carburized and induction hardened steels

(a) Mark d (b) Mark 4 (el Mark d6

(0.63mass % C, As carburized) (0.64mass % C, 1 313K X 5s) (0.65mass % C, 1 173K X 14s)
{d) Mark e (e) Mark e4 ' (f1 Mark e6

(0.95mass % C, As carburized) (0.91mass % C, 1 313K X 5s) (0.95mass % C, 1 173K X 14s)

Surface | Surface Depth of Depth of
- retained | residual | subsurface | non-martensitic
~austenite stress. oxides microstructure
) (%) (MPa) (um) (gem)

0.63 ol 10.5 — 365 12 22
d4 730 1.02 0.64 9.8 11.5 =270 6 6
ds 692 1.06 0.64 6.5 9.1 —267 = =
dé 720 1.00 0.65 11.5 13.6 —204 6 6
d7 695 0.97 0.71 7.9 10.1 —286 8 -
e 772 0.90° 0.95 7 24.9 — 305 8 14
ed 752 0.94 0.91 6 28.4 —238 8 8
eb 733 0.94 0.91 5 26.4 —232 6 =
eb 766 1.02 0.95 10.6 30.4 —270 10 10
e7 760 0.96 441 0.98 7.2 26.2 —204 10 —

ECD : The distance from the surface to the point at which a hardness of 550HV is measured.
AGSN : Austenite grain size number
— ! not measured
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Fig.7  Relation between austenite grain size number and
fracture load of the bending test specimens which
are gas-carburized and induction hardened
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Photo 6 Scanning electron micrographs of fracture origin in the gas-carburized and induction hardened case
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of the pinions which are gas-carburized and induction
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(a) SEM image

(b) Auger spectrum from intergranular
fracture surface (Point 1)

{¢] Auger spectrum from transgranular
fracture surface (Point 2).
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Fig.9  Auger spectra from case fracture surface of the gas-carburized
and induction hardened steel (Mark d4 : 0.64mass%C, 1313K X 5s)
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