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Strength Design Evaluation of the Multi-range Transmission
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Abstract : Gears are useful for power transmission due to excellent power transmission performance, low cost, and
compactness. In addition, gears have constant speed ratio, compact structure, and excellent efficiency. In order to
transmit higher power, the new multi-range transmission requires gears which have greater strength than the existing
transmission. This study evaluates stability and durability through gear analysis of the multi-range transmission in
commercial vehicles using ROMAX-DESIGNER program. Also, strength design evaluation is carried out by the
analysis results which are compared with gear strength theory of AGMA standard. Bending stress and contact stress
on gears are lower than their allowable stresses. Therefore, we can evaluate the safety of the gear strength design in
multi-range transmission.
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Fig. 1 Multi-range transmission
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Fig. 2 CATIA modeling of a multi-range

transmission

2. 7101 ZxolE

2.1 AGMA2001 =3&lztzo|=2?

Wn
r-3
\ =
*Wr A Wi
W a |
o -
(},&c.\*’D P\
S A e DB

Fig. 391419} 2ol 7]ofo) &
Ae wole sw, W W
LSRR CERER LA
dgnz HgsE ATl

(e 2
ol
oot
o
tl
a2
4
-

-

=
{m

& WA o 17 Fig. 394 B%ol 7)ol
o 744 Aok BEe ol®elel B CHE St W

H 2o og shéo
2 Uehie ohest gt

S K,
< ik 1)

N
I
—
&
>

FFm J

2 (DAY 55 A8 B4 I47 Bdd
58 7318d, 4 @AY S oA A
e w¥eY, 5, A5Y & v3¥8H, A,
#8EE AT FUAS, K2 5388 E AT
LA, Ky 5988E s A= AL, W,
A Agd ke #358L 9% FH8
FFE ANE pe BE K2 F959E 93 2
NAF, K2 71899 FAAT, K, & 5868<
A FSEEASF, K, 585HE A3 5354

22 AGMA2001 ™ gtztzol=?

ARAEE F MY 717 HEE 9 7ol &
ol FHAIZE ol AQ & e se AA ]
A Folth weA HYAEE 7oy AR =
=, A4l FRek dAY B S0 A8 AT F

REKEENI L E IR
Hol A5 W WA AESEL AN A
2 2(Hert) 58 AMAE 71BoR Btk o7
2] 744 44 A%E B7HE Aol AGMA B
= Aolth Floje] AEWe] Ao HESHo| ¥
ek, o $o] AR S4% F4 ol Ba™
H8 45 ART LAY Fojok Bk, o] F BE3
A 23R Flole AEWelA szo| T ol

T oS 4o venlE g o



5;<—5:‘5%0H 3)
TR

S =C WG G GG (4)

e\ ¢ dF T

A7IA 24 (39 S= AR 543 43 44
g 88 JE3Holn, 4 (DY s.= 71019 HEH
of BAsE A&, 5.5 AR HEHFH,
w,e AATE AEY, de 799 AF, Fe AE,
C e AF8YE % #9AF, o Xé%%f;ﬂ%
AT AT, O AFEHE AT AH4AF,
Cye AEFSYE AT AnvAST, ¢ v 288F
A, C,E 35S AT A8AF, O = S5
g5 A A, ¢, & HESYE % R
AT, O AEFSYE A% zHRIASF, O,
HE8EE AT SaksAr, 1= A589S A%
HEA Folth

3.1 ol A =&

4 tdd 9% MV =Y, 24993 22
FHe 7IdolMe oln AEE Fgatel A
gol AHgHI AR, dA T IdAAE Tee
HshAl el A ol e Aot ROMAX
Designer L2102 AE34E FP317] 28
2B RS AYH, U + 9E A 4
Mo BUYe FYRPOn, Fig 4 £ A7
443 9% Wrle) A maPS Yehia

Romax Designer TZ13 2] ALLEZ L 7]ofg]
A% 4L 7] Aol

Fig. 4 ROMAX Designer modeling of a multi-stage
transmission

£ ATl e W&o F2 vl o
o 7lole FUSHS FELHL 2T 7o
AEAAY R4S AR

B B

cUETd B2 A SEFY

S7HA717] st A¥3) A
, AZES 7197 aFH doh 9 AgS
2 AT g gd HE719 AsE
A 7A Fx2E& FEAeE 4y SCMI2H
AAEAT. SCM82H T4 5% 714
34, WA, detdAd o, 2294 7144 4
A4 Ast A, G5d AP, dHS 44
4, A A71E A AR AR YA
2 7} AAS /A1 9lor, SCMR2HS 717
AL Table 13 2t}

[0 Bd oft Ik of
f 2 (o
A\
S = ool

)
v

d

o:

v

o o
L A

Table 1 Material Properties

Tensile | Yield Heat Surface
strength | strength treatment haedness
(MPa) | (MPa) (Hv)
scMszzr| 1030 | 1030 | Amnealing g,
Carburizing
Od Wl&7)d 85 A3 292 H &9

309 kW(420 PS)/1900 RPM, 7}& 2 do] wA3}
= AYEIE 1844 Nm(188 kef * m) /1200 RPM 9
Ass MY, 71 2 go] HAstE AY uof

QA Suslojopl Wkl FEUAE WFY
F Qomg A7ty he WElel istel 3
22904 45 A3 by 2 Pol Ade A
E3 geolAe Y% =B 4Y 2ROE ol
s4e Susdn. B9 ow ¥ss) gye Bz
LEE 0°CE YD SBHE W7l du
o2 AHgEE SAESOW Tw9 «ZF=E AAS)

o a4 d¥ =L Table 29 2
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Table 2 Boundary and Load conditions

Precondition Test load case
Temperature(C) 70
Speed (RPM) 1200
Torque (Nm) 1844
Lubricant SAE 80W
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Fig. 5 Simulation of Crawler gear condition
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Planet Gearbox 1
Bending Stress for 3rd Main Gear

Load Case
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Planet Gearbox 1:
Bending Stress for 3rd Counter Gear

Load Case
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Fig. 6 Bending stress analysis of 3rd gear

Planet Gearbox 1:
Contact Stress for 3rd Main Gear

Load Case
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Planet Gearbox 1:
Contact Stress for 3rd Counter Gear
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Fig. 7 Contact stress analysis of 3rd gear

Planet Gearbox 1:
Bending Stress for Craw Main Gear
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Fig. 8 Bending stress analysis of Crawler gear



Planet Gearbox 1:
Contact Stress for Craw Main Gear
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Planet Gearbox 1:
Contact Stress for Crawl counter Gear
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