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Mass Reduction of Transmission Gears for Commercial Vehicles
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Transmission is one of the important pars to transmit power from engine to wheels. Mass
reduction gears can make the engine power requirement reduce, and can make dynamic
performance and fuel efficiency of vehicle improve. Transmission gears are modified for mass
reduction without changing their tooth shapes, face widths, and modules by using shape
optimization and re-check process. Also structural stability is verified by FEA.
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M-com : common gear on main shaft Agste T838 7|AF-FolaL o] FFe As)
C-com : common gear on counter shaft 7 o AKXy FE8 EY F dan,
M-crawler : Crawler gear on main shaft olZ 3 Ao FAALT FHHY AW FEE
C-crawler : Crawler gear on counter shaft =gk ¢ Qlty & olgd YEo HAIFS EYo
M-1%: 1* gear on main shaft 24 AFe] AL 47 A3 59 4 9 v A
C-1°": 1™ gear on counter shaft ey avE 48 F AUtk
M-2"": 2™ gear on main shaft HAst FA= A 3 AR EFE 5 A
C-2": 2" gear on counter shaft | 4= (size) 2 A3}, A Ad(shape) A3}, 28] A
M-4": 4™ gear on main shaft (topology) H#37} vk A4 HH 3= AR
C-4": 4™ gear on counter shaft ol e FehA AdA Wl duA, F4
Rev-idle : reverse idle gear of T/, AFYAAHRWE FT& o]&3sle] ol59
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Fig. 1 Transmission gears

Table 1 Mass and load conditions of gears

Gear 1\(/{;5)5 Load(;?' Irls)ltlons Material
M-com - - SCM 822H
C-com 6.10 1844.0 SCM 822H

M-Crawler | 11.50 5244.3 SCM 822H
C-Crawler - - SCM 822H

M-1* 5.63 3714.7 SCM 822H

c-1* 2.55 2185.1 SCM 822H
M-2™ 4.23 2521.6 SCM 822H

c-2M 452 2185.1 SCM 822H

M-4" - - SCM 822H

C-4" 8.96 2185.1 SCM 822H

Rev-idle 3.15 2827.6 SCM 822H
total 46.64 - -

Fixed support

B

M- 1% gear C-2 gear

Fig. 2 Load distribution of gears

Table 2 Material properties of SCM822H

Young's modulus 205 GPa
Yield strength 1,030 MPa
Poisson's ratio 0.3

Density 7950 kg/m*
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Fig. 3 Equivalent stress of M-1*

Table 3 Analysis result of the standard gears

Gear Equivalent Stress| Total Deformation

(MPa) (mm)

M-com - -
C-com 17.2 0.0028
M-Crawler 217.2 0.018

C-Crawler - -
M-1* 256.7 0.007
Cc-1* 30.9 0.0025
M-2m 285.5 0.0042
c-2m 28.7 0.0028

M-4" - -
c-4" 14.1 0.0013
Rev-idle 442 0.0024

Fig. 4 Shape optimization of M-1*
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Fig. 4 © M-1* 7]ojof djgk & =
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ol ol weln FeEs A4e AAG
ReHE RAE ANEY AT Be Aow
EAHES ek

o) el obel R 53 sgi el
AR e 92 e Bag 5 oo,

33 2E3 MAE 7Y

Fig. 5 & 3.2 A9 FAHA3g a4 3 5 A
A AFoll A8 7ted AE Fstr] ko] 2D
W 9 3D RAES APES Y] A=A X2
AgFs AHRESE FA4S vepdle 1ot
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2 Mg

| impossible area |

Fig. 5 Re-check process after shape optimization

Table 4 Result of re-check process

Gear Possibility
M-com NO
C-com OK

M-Crawler OK
C-Crawler NO
M-1* OK
Cc-1* OK
M-2" OK
c-2m OK
M4 NO
C-4™ OK
Rev-idle NO

olgigt HE HA4E& Tk & AF o WS
7] 71e] Alz=Elol A PAHHsE T dFAT
o] 7}Fg 7|09} E7bEd 7]ojell Ulsle] Table 4
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4. 2 F 3 0| Cfet Feteady
4.1 HZE3 49 Y
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71 2 FExAe 27 mdol g Fojg
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sgs B9l A%S AAS e WA RE A W

¥
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il

S

S a9ttt AaEbol=2E = W (Fig. 6(b)e] ¢
Sehe +4E 4 fgrer), 1 Y. 60
o] e &% a8 B2 dFE AAHUL

(a) Result of the shape optimization

o0

(b) Modified model
Fig. 6 The modified M-1st gear
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e 0.69 kg 22 °F 12.3 %ol slF ek v
A 57HE 9 Tk 9F 1.9 MPa & oF 0.7%9]
AFgEt A7le AR FEFHE 2HstA &
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=k MEF FRdAE 71E 2l niste] A
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Table 5 = & W&7] 7]o] A|&ol|A] A
Fol 7hedt 7 Fo) 71ofel diste], ¥ AgAzt
Ae A8 494E Ve 2dd H4skd mus
Hlaste] A, S7beE MY Waks A
Folth 71¥9 F T 4349 kg ol HA
sh wmelo] & AT 37.86 kg 02 HFIFAAFE

Table 5 Analysis result of the modified gears

Equivalent Total
Mass .
Gear (ke) Stress Deformation
& 1 (MPa) (mm)
Standard | 6.10 172 | 0.003
C-com -
Modified | 5.57 166 | 0.003
M- | Standard | 11.50 | 2172 |  0.018
Crawler| Modified | 9.22 | 2239 |  0.020
ypo | Standard | 5.63 | 2567 | 0.007
Modified| 4.94 | 2586 | 0.010
c.po | Standard | 255 309 | 0.003
Modified | 2.39 348 | 0.003
\ond | Standard | 4.23 2855 | 0.004
Modified | 4.11 | 2813 |  0.004
e | Standard | 4.52 287 | 0.003
Modified | 4.10 288 | 0.003
+ | Standard | 8.96 141 | 0.001
C-4
Modified | 7.53 135 | 0.002
Standard | 43.49 - ‘ -
Total -
Modified | 37.86 - -
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