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Characteristic on the Heating Deformation of Sleeve by Heating Method
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Abstract : Nowadays, out of other transmission parts, the sleeve is getting more and more important part for exact
and smooth shifting from gear ratio change whenever drivers are needed.

To exact and smooth shifting when drivers are needed, all the parts connected with gear shifting should be machined
exactly and having dimensions designers are intended. Especially, in case of the sleeve that the most important func-
tional part to shift from gear ratio change that drivers are intended, it needs high precision grade and quality in both
sides runout and outer dia runout as well as inner spline small dia & large dia. Because it's assembled with the synchro
hub spline and shifted directly with the mating cone. So, it should be applied the hear treatment(hereinafter referred
to H-T.M.T) to prevent the friction and percussion loss from shifting with mating cone. At this time, the deformation
problems are raised from almost H.T.M.T. process and it makes the inferior part.

Key Words : carburizing method, setting point, gear and spline, surface hardness
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Fig. 1. Shape of PDO004 sleeve for automobile.
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Fig. 2. Shape of PD0O013 slesve for automobile.

Table 1. Chemical composition of SCR420 [wt %]

C|Si{Mn|{ P S Cu Ni Cr

0.18(0.15(0.60
Range ~

~ | ~ | 003]<003| <03|=<025|09~12
0.23[0.35(0.85

Measured [0.21{0.28[0.73 0.026 | 0.019 | 0.12 | 0.20 0.96
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Fig. 3. Schematic diagrams of single part heating.
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Fig. 4. Schematic diagrams of induction hardening heating.
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Fig. 5. Schematic diagrams of piug quenching.
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Table 2. Over pin diameter of PD0004 [mm]

Induction Single part
ltem hardening heating Plug quen.
DIM. average 50.219 50.241 50.252
DIM. deviation 0.120 0.050 0.025
0.13
0.12 DIM. deviation
E 0.10
E
< 0.08
2
‘w 0.06
3
~ 0.04
0.02
0.00
Induction Single part Plug
hardening heating quenching

The method of heat treatment
Fig. 6. Over pin diameter of PDO004.

7|,

y. Nl
oS,

ool

Table 3. Minor diameter of PDO004 [mml}

Induction Single part
ttem hardening heating Plug quen.
DIM. average 54.012 54.069 54.104
DIM. deviation 0.047 0.011 0.008
0.050
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0.040 DIM. deviation
— 0.035
=
E 0.030
=
,g 0.025
'; 0.020
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S p.o15
0.010
0.005
0.000
Induction Single part Plug
nal‘ i h ti hi k]
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Fig. 7. Minor diameter of PDO004.
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Table 4. Major diameter of PDO004 [mm]

Table 6. Over pin diameter of PD0013 [mm]

Induction Single part Induction Single part
fiem hardening heating Plug. quen. fiem hardening heating Plug. quen.
DIM. average 54976 58.044 58.049 DIM. average 44.272 44.287 44295
DIM. deviation 0.040 0.010 0.006 DIM. deviation 0.060 0.025 0.015
0.05 0.07
. deviati P
0.04 } DIM. deviation 0.06 DIM. deviation
— - I
: o D.05
~ 0.03 E
< - 0.04
- =]
o =
s 0.02 | T 0.03
@ >
a @
2 p.o2
0.01
I_‘—‘ 0.0t
0 ' ‘ 0
Induction Single part Plug : .
hardening heating quenching induction  Single part Plug
hardening heating quenching

The method of heat treatment
Fig. 8. Major diameter of PDO004.

Table 5. Runout of PDO004 [mm)

Induction Single part
liem hardening heating Plug quen.
Runout O.D 0.116 0.057 0.061
Runout side 0.058 0.029 0.024
0.14
0.12 —e— Runout 0.D
—i— Runout side
~ 0.10
=
é 0.08
=
L
® 0.06
E —
Q 0.04 \\
—
0.02
0.00
Induction Single part Pilug
hardening heating quenching

The method of heat treatment
Fig. 9. Runout of PDO004.
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Fig. 10. Over pin diameter of PDO013.
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3.2.2. PD0013 minor diameter
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3.2.3. PD0013 major diameter
PD00132] Major diametere] A X 52.0

+%15mm°]‘1}- Major diameter®] £ 7-E Table 8

Table 7. Minor diameter of PDO013 [mm]

Induction Single part
fiem hardening heating Plug quen.
DIM. average 48.072 48.077 48.093
DIM. deviation 0.040 0.010 0.007




0.045
0.040 | DIM, deviation
0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

Deviation (mm)

Induction Single part Plug
hardening heating quenching

The method of heat treatment
Fig. 11. Minor Diameter of PD0013.

Table 8. Major diameter of PD0013 [mm]

Induction Single part
fiem hardening heating Plug. quen.
DIM. average 52.064 52.049 52.152
DIM. deviation 0.040 0.012 0.010
0.045
0.040 DIM. deviation
0.035
€ 0.030
&
= 0.025
2
@ 0.020
>
& 0.015
0.010
0.005
0.000
induction Single part Plug
hardening heating quenching

The method of heat treatment
Fig. 12. Major diameter of PD0O013.
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Table 9. Runout of PD0013 [mm]

Induction Single part
liem hardening heating Plug quen.
Runout O.D 0.144 0.064 0.052
Runout side 0.030 0.029 0.022
0.16
0.14 | —s— Runout 0.D
—a— Runout side
0.12
&
e 0.10
=
e 0.08
8
= 0.06
a
0.04
0.02
0.00 -
Induction Single part Plug
hardening heating quenching

The method of heat treatment
Fig. 13. Runout of PDO013.

4 UX2| WY N AW P D
4.1, PDOO0AS] xiz| W8 B Azl B

13 EAEE, B €X29, Plug quench-
ing® 02 )3t PD00042] G2 ¥ Ay} 2
A2 Table 103} 7}

Table 100]]4] & = 1] PD0004e] -5 HAY
Aot Qe SEIA Y ErHE plug quenching
EAHE HLE8 B9 HA 85%NA Hd] 50%
AL 3tE F29 AFE AT F Ug Je=
F4E Ak

E3] dA GF Aol gt e At
F7¢ EFEE A5 HE HEAE HEEdx
aA0) 2781 Y £ spec.g FHI] THE A
24 4 Q7| WFol] FibH B B2 slHe] s A
o2 JodAch

a8y Boh e F29 AlFS A Hs
AMe Ag Mg BEAE dAe EETEES A}
£3l= AHT AR BERE A7 @54.125mm, o
7 @58.110mm, O.P.D 50.270mm= A A|5}o] AL
k= Ao wpgEz & zo=z gzt

42 PD00132] Hxe| HE Al Anet nE
|

==
PD0013] g2 ¥y A3 242 Table 113}
2o

Journal of the KOSQS, Vol. 21, No. 3, 2006



LXe|SHoll e Sleeve| EX2| MY £4

Table 10. Deformation reducing effect from plug quenching in

PDO004 [%]
Item Induction hardening Single part heating
OPD 792 50.0
Minor diameter 83.0 273
Major diameter 85.0 40.0
Runout O.D 474 8.5
Runout side 58.6 172

Table 11. Deformation reducing effect from Plug quenching in

PDO013 [%}
Item Induction hardening | Single part heating
0PD 75.0 40.0
Minor diameter 82.5 30.0
Major diameter 75.0 16.7
Runout O.D 63.9 18.8
Runout side 26.7 24.1
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