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Development of High Strength Transmission Gear Steels
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To meet the demand for small-module and
compact gears for the transmission of passenger
cars, high-strength transmissions gear steels were
developed. It is new case-hardening steel designed
to lessen the formation (depth) of a non-martensitic
layer, a low-rigidity area, from 20um for the
conventional materials to 6um. Coupled with
redesigning of alloying elements that contribute
to reinforcement of the steel and yet can be
manufactured in the existing production facilities
and procedures, it has made the gear teeth fatigue
strength 20%, and impact strength 2 times, higher
than the conventional case-hardening steels, as well
as offering better pitching resistance. The module
of the gear could thus be reduced from 2.0 to 1.5,
and gear teeth width by 20%.
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Table 1 Chemical Composition
of The Conventional Steels
[wt %)
|
Grade C_|—Si Mo P | s | N | G| Mo [Hardenabiity
J13mm
SCR420 | 020 | 0.20 | 0.80 [0.010] 0,010 | — |1.00| — |HACIog
SCMaz20 0.20 | 0.20 | 0.80 | 0.010 | 0.010 — | 1.00 | 020 30
SNCM420 | 0.20 | 0.20 | D.55 6.-01 0] 0,010 | 1.80 [ 0.50 | 0.20 28
A 020 | 0.10 | 0.70 | 0.006 | 0.012 | — | 1.00 | 0.40 29
B 0.20 | 0.10 | 0.80 | C.010 | 0.010 | 1,00 | 0.80 | 0.30 30
c 020 [ 0.0 | 0.30 | Q.007 | Q.01 | 2,00 | 0.30 ;.?5 27
D 0.7 | 0,07 | 0.30 | 0.005 | 0.015 | 3.00 | 0.30 | 0.45 23
E 0.20 | 0.10 | 030 | 0.010 | 0.005 | 2,00 | 0.30 | 0.75 29
F 0.24 | 010 | .70 | 0.010 | 0.010 | 0.50 | 1.00 | 0.30 34
G |020| 006|080 o.ocs'lo.mz 100 100|030 | 32
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Table 2 Chemical Composition of
Carburizing Test Specimens

(WL %)

Si [Mn [ cr | Ni [Mo] 10Si+Mn+cr
Alo.06 070 [1.10] - |[o0.80 2.40
B|0.05|0.40 |0.60 [0.20 |1.00 1.50
c|o.03|060 |1.00 090 |0.30 1.80
D|o0.08 |0.70 | 1.00 [ 0.08 | 0.40 2.50
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Table 3 Specific Chemical Composition
of Developed Steel

(wi%)
c(:;.?::::{;n Current steel Developed steel
e c 0.17 - 023 (0.20) |0.17 - 023 (0.20)
Si 0.15 - 035 (0.25) [0.08 max. (0.05)
Mn 0.55 - O.QO (0.80) |0.30 - 0.50 (0.40)
0.030 max. (0.020)0.010 max. (0.008)
s 0.010 - 0.030 (0.017)|0.008 - 0.015(0.012)
Mi - 0.40 - 0.60 (0.50)
Cr 085 -1.25 (1.20) |0.50 - 0.70 (0.60)
Mo - 0.10- 0.25)(0.15) |0.70 - 0.90 (0.80)
AL/N - Addition
Nb =  Addition (0.02)
10 Si+ Mn + Cr 4.50 1.80 max.
Nm-nl'l;r::nsmc 20~25um 6um max.
Hardenability |  Jiemn=""27 (30) Jemed0
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Table 4  Specification of spur gear

Pressure angle 20° Teeth width 10mm
Module 15 Shift factor ]
Number of teeth 50 Center distance 75mm
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Table 5 Basic Specification of Helical Gear

Center distance | 750
Gear ratio 1.0

Fa;a_ width 10.0
Tool type SPC
DIN quality class 8E

Pressure angle 17.5
ADD/DDN [1.65/1.10 ]

Table 6 Specification of Each Module Gears

o | ot (0000 S | e 1
Transversdl Face Total
1 2.0 <l 0,378 36 1.753 | 0935 | 2688
2 1 30 | +0.218 1 1528 t 2464
3 15 41 0324 1 1.7ar 1247 | 2984
4 t 40 | +0.289 1 1,686 T 2833
5 225 27 | -o020 1 1552 | opaz | 2383
e 1 26 | +0.664 t | s t | 2349
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Table 7 Test Condition for Roller Pitting Test

Hertz contact stress 1600~2200MPa
Test specimen Ne

(Small roller) 1560'?”‘
Sliding speed 0.8m/sec
Qil MTF
Oil temp 75C

5.3. EFHEEFMH

HAABEE D S-N A & Y RKd 72 107 57 v 2
WE L EY 2 — VOMER% Fig. 16 I2R" 3. F 72 Fig. 17
[ZAEY 2 — VIZBI 2T B % R 3, Mo
T A ., AREEE D O ko IR, +0.3, 0,
-03, HEDOHAT 1 > Th b,

RERLIVEZDLIEIE BV 2= D20 LT O
TR TERAT - BISEM & BT 2= WAVNE L B B IC
DONTRT 3 2 @IS D o FFEM IR I LT
20% LA BRI EL T2, F kB o2 L LT
13, BEY 2= WIZBWT + ENO AR 1L <
B EY 2= WAVNE {7 BICONTEERAR O E L
INEL BV 2=V 15 TIEIT & A CEVREOREEE
W WZBABSH O F Y 2 — )b 1.5 OFE575R T I3k
MOED 2= 2.0 OIFFHREIAN T 5o TIUIHER
MTEZ 2=V 20D DEHEMTEY 22— 15~
ZEHURETH DL LR LTV b,

F 24 MEY 2 — )b 225 T, JEI7HIEAEA > 72 FUA
LTI, BRI L CEY 2= WK E &

3 2
c
o
8 Supposed line of
5 (0.3 shift factor
)
3
£ 20% improved
5 strength line
S 2W0F------ i £
— Supposed Irneof
s (0.3 shiftline
2
©
B =
3= |
&% | Y |
E = 1.5 2.0 25
Module
Fig. 17 Relation between Improved Ratio of

fatigue Endurance Limit Compared with
Current Steel Gears and Each Module

Table 8 Carburizing Quality
of Roller Pitting Test Specimens

Developed Current
s”;%?ﬂ:‘g;‘;’::fs HWV760-766 | HwV633-664
Carparizing layer 0.53mm 0.49mm
Internal hardnass HuV301 HMV285

Non-Martensitic layer 6.0pm 20.0pm
Surface roughness 2.8~5.0pm 5.0~9.0pm
Amount of residual austenite 7.5% 4.3%
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Fig. 18 Hardness after Carburizing of Roller
Pitting Test Specimens
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Table 9 Fine module compact gear specification

Mass product | Fine module
specification | specification
Module 2.0 1.5
Number of teeth 26/32 35/44
Ratio 1,230 1.257
Helix angle 36° 36°
Face width 16.0/15.0 12.9/11.9
Shift factor @0.360/©0.331|©0.005/©0.151
ADD / DDN 1.865/1.10 1.80/1.15
Transverse 1.515 1.704
Contact F
ratio ace 1.403 1.484
Total 2.918 3.188
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