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4-Speed Manual Transaxle
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Reverse
Idler Gear

Final Drive
Pinion
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s -2 Synchro 3-4 Synchro Rev.
\ Final Drive . Input Shaft
g Ring Gear [[] output Shaft

|:| Final Drive

9TG0I3-044

1. Bearing inner race (W 7. H-L hub sleeve

Disassembly Note....>=7......... page J3-19 8. Bearing inner race (Rear)

Inspect for damage and rough rotation Disassembly Note..................... page J3-19
2. Thrust washer Inspect for damage and rough rotation
3. Steel ball 9. Thrust washer
4. Low gear 10. High gear

Inspect for damage and wear Inspect for damage and wear
5. Needle bearing 11. Needle bearing

Inspect for damage and rough rotation Inspect for damage and rough rotation
6. Spacer 12. Output shaft
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¥ Warning

A nl Free Tetrahedral 2 Face is (or has a narrow region that is) much
. smaller than the specified minimum element size.
A Warning 1

A\ Warning 2 - WETE

Face is (or has a narrow region that is) much

smaller than the specified minimum element size.
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Complete mesh consists of 14054 domain elements,

5759 boundary elements, and 1473 edge elements.



__Surface: von Mises stress (N/

Used linear geometry shape in 19 mesh elements to avoid inverted curved elements.
Number of degrees of freedom solved for: 121813.
Solution time (Study 1): 18 s.



Finer Extra Fine

A
Surface: von Mises stress (N/

a
o
-

Surface: von Mises stress (N/m?

-~

Used linear geometry shape in 28 mesh elements to avoid inverted curved elements. Complete mesh consists of 160668 domain elements, 27206 boundary elements, and 3134 edge elements.
Number of degrees of freedom solved for: 298105. Number of degrees of freedom solved for: 724318.
Solution time (Study 1): 57 s. Solution time (Study 1): 544 s. (9 minutes, 4 seconds)|

57%9| A|Zt0| Z2ILC}. 98 4X09| A|Zt0| ZEIC}.






COMSOL(Mesh)
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-0.04

0.4

Element Size

Calibrate for:

<+
=
o

| General physics

0.04
-0.04

@ Predefined | Normal

4 &Mesh1

O Custom

o .
é[ Size

4 &)\ Free Tetrahedral 1

L=

-0.04

0.4

Element Size

All size 1

4 {#)| Free Tetrahedral 2

All size 1

Calibrate for:

. General physics

@

Extra fine

' Predefined




Normal->Extra fine
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Z|Cf 2= =H9l(Max torque)

r o Surface: von Mises streg
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4 % Derived Values

A Volume Maximum

Volume Maximum L R R R N P G T S L el DN U B TR % | 2
= Bvaluate 1= o =]
Label: Volume Maximum 1 2
¥ Data
Selection .
von Mises stress (N/m#2)
Selection: I Manual vl
CI o 2.8915E8
2 B -
Active 3 I_‘EI ‘&
4 & .
5 Y
[
n
Settings Graphics
Volume Maximum Qa@aeH vz HEBEOCOR BEEY <xEBE
= Evaluate ™ a Fo =
Label: Volume Maximum 1 =
¥ Data
von Mises stress (N/m#2)
Selection
Selection: [ Manual VI 2_8915E8
[n@)| | 7 -
Fy -
Active I_|\:| '}3:
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0.4 -0.04 -

) von Mises stress (N/m#2)

2.8912E8
Normal+extra fine

370

von Mises stress (N/m#2)

2.8915E8
Normal+extra fine
1 domaln von Mises stress (N/m#2)

2.8910E8
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o I FE Figure 1
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Domain elements versus Stress
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AISI 1050 Steel, water quenched from 830°C

Physical Properties Metric
Density 7.87 glce
Mechanical Properties Metric
Hardness, Brinell 235
Hardness, Knoop 259
Hardness, Rockwell B 97
Hardness, Rockwell C 21

Hardness, Vickers
Tensile Strength. Ultimate
Tensile Strength. Yield
Elongation at Break
Reduction of Area
Medulus of Elasticity

Bulk Medulus

Poissons Ratio

Shear Modulus

Ized Impact

Electrical Properties Metric
Electrical Resistivity L] U;DDDD1B3 chm-cm
{@Temperature 0.000 °C

0.0000224 ohm-cm

{@Temperature 100 °C

0.0000300 ohm -<m

@Temperature 200 °C
Thermal Properties Metric
CTE. linear (L] 11.6 pm/m-
@Temperature 20.0 =(
12.2 ym/
ature 0.000 - 300 °C
13. 9 pmam ‘C
@ Temperature 0.000 - 500 °C

Specific Heat Capacity 0 -1-86 .J Ig- ‘C

Thermal Conductivity 51 QWam K
Component Elements Properties Metric
Carbon, C 0.47 - 0.55 %
Iron, Fe 98.46 - 98.92 %
Manganese, Mn 0.60 - 0.90 %
Phospheorous, P <= 0.040 %
Sulfur, 8 <= 0.050 %

=X - http://www.matweb.com/search/DataSheet.aspx?MatGUID=e59e1475a6984fe7bd04dae894be755¢

English Comments
0.284 Ibfin® Typical for steels.
English Comments
235
259 Converted from Brinell hardness.
97 Converted from Brinell hardness.
21 Converted from Brinell hardness.
247 Converted from Brinell hardness.
117000 psi
78800 psi
23 % in 50 mm
61 %
29000 ksi Typical for steel

23200 ksi Typical for steels.

0.29 Typical For Steel
11600 ksi Typical for steels.
13.3 ft-lb annealed at 790°C (1450°F)
19.9 ft-lb normalized at 900°C (1650°F)
225 ftlb as rolled
English Comments

0.0000163 ohm-cm
@Temperature 32.0 °F

0.0000224 ohm-cm

annealed specimen

annealed specimen

[@Temperature 212 °F
D 0000300 ohm -m annealed specimen
@ erature 392 °F
English Comments
6.39 pinfin-"F Typical steel

F

@Temperatur

6.78 u|m °F Typical for steel
@ Temperature 32.0 “F
T ?2 umnn F Typical for steel
{@Temperature 32.0 - 932
0.116 BTU/Ib-" F annealed
@ ature ==212
38[!' BTU -in/hr-ft-F Typical steel
English Comments
0.47 - 0.55 %
98.46 - 98.92 % As remainder
0.60 - 0.90 %
<= 0.040 %
<= 0.050 %

Specify:
Young's modulus and Poisson's ratic -

C=C(EV)

Young's modulus:

E User defined -
20:0e9 Fa

Poisson's ratio:

v User defined -
0.29 1

Density:

2 User defined -
7870 kg/m?



Von Mises Stress
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Fatigue strength S, kpsi

n
(=]

103~10%cycle (High cycle) & [

2 l Sut
o fSw b= 1o (f )

S

€

<« Low cycle i High cycle —

|
- Finite life | | Infinite

A
D
¥ Time o

Stress
Q
S

10° 10! 10° 10° 10* 10° 10° 107 10°
Number of stress cycles, N 7%{ 9| S_N _I'I_IA_-|
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Define D as the accumulated damage,
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When D = ¢ = 1, failure ensures



Amesim & A

run i n
stats
ahanhl ! Parallel hybrid vehicle
rnigsson prafhle
: ambient data
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. e [ S Z=0f Shaftol| 7}l X|<= oL 7| 2|5
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-=
M4y | W@ @
DEKF1 1.6 G0 3.EET

2217

1.3

o

0.920

A oiH|

5t

0.956

o 0fo]2 Y

=
HE(mm) 4470
= (mm) 1820
3 (mm) 1450
=7tz 2700
2 ?lo} 1.6 GDi
== 32kw(F TR )
HH E1 2] (kowh) 156
(2lE0l2 Eeol0)
H£7| 6°tDCT
2E MAHM dEEg3
Eankag=riu it 53%
0| Of 144 77
PH 27| ECO-DAS
BAE 2 (kg) 1380kg(1591 A1)
6Tt =H ZZrLH|
0,767 | 5531 1A TeE

5-E-R : 3.045

"

"

# vehicle linear veloci-- 0 m/s

# vehicle linear digpla-- 0

vehicle index 1

vehicle configuration road

longitudinal slip config--- without slip

| total vehicla mass 1.38 tanne|

rass distribution (RO%--- S

wheel inetia 0,7% kgrn=+2

fire width 185 mm

fire height 60 3

|whee| rirm diarmnetar 15 in

expression for wheel d--- Hwr

£3 aerodynamic and -

£3 brake characteristics

£ transmission gear -
transmission gear r-- 3.667 null
transmission gear r-- 2.217 null
transmission gear r-- 1.381 null
transmission gear r-- 0.93 null
transmission gear r-- 0.956 null
transmission gear r-- 0.767 null

£ transmission gear -
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NEDC+= New European Driving Cycle 0| E &2
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SO ABots

ECE15()\|7|-I| OH)I_'f EUDC (D5 %‘)OE T K|

O-I AAI=|L||:|-

MZHR| =3 R 01 ECE15E 43 BHS
FE A2 1013 x4=4052km

A@AZH 195x4=T780 sec

HAEE: 18.7km/h

F &5 Bokmsh

= el DECI EUDC(Extra Urban Driving Cyclel= 1
Fall H 2] 9EEX 1=6955km

A AZH 40021 =400 sec
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Mode L}+7]

AMEPlot - 2
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# Time [s]

Show the ® cursar coordinates (23]
i AmzPlot - 1 lo@| = ]
File  Edit  ¥iew Tools Help @

HRA@ ¢ +6 08 o DAY B

[Mrn] |— drv_MGEwithClutch2_1 - torque transmitted by the primary shaft [Nm] @

400 — @ o

300 @

200 —i@

100 ]

g )

-100 ]

-200 ]

-300 ] T T T T T T T T |><]03

0.a 0.2 0.4 nR (18] 1] 1.2
x: Time [5]

Show the replay cursor coordinates @
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1) Tmax
2) Tmax

=1

-

Hoho

65NmM Tmin = ONm
3NmM Tmin = -14Nm
O|ZA 27429 T St52 #=Lt

ik
#: Time [5]
A B c D G H 1 J L M N o] B Q R s T u v W
mode 1
Tmax 65 3
Tmin 0 -14
mode 2
Tmax 45 150 55 120 70 -130 10
Tmin 0 0 a 105 -40 100 -75
mode 3
Trmax 50 70 35 150 40 65 245 50 110 45 10 a
Tmin -70 0 1] -20 -40 10 10 -10 -195 -75 -35 120
mode 4
Tmax 45 150 20 60 245 60 360 30 70 50 20 20 75 20 30 65 100 50 65 50 70 0
Tmin 0 0 -120 1] -75 -30 25 -290 -20 25 -50 -290 -70 -290 -70 -290 -25 -25 10 30 50 -80
o |:||'|:HOE mode @@
EL- O -d—— I 1 I}
E - XA|-'6|.O:| Ol M _I-OIE ~ El
T - 1= = o



Torque & Von Mises stress?2]

@' HEZ| - CHUsersAdministratorftDeskiopfUntitled.m
| Untitedm | + |

(10,20, 40,100, 200, 300, 360, 400] ;
[8.030, 1.606+10, 3.212+10, 8.031+10 ...

torque

stress

torque_input = [0:5:400] ;

stress_output = interpl(toraque,stress,torque_input);
plot{torque_input,stress_output);

wlabel( Torquelhn) ' );

ylabel( StressiHPa) b;

titlel Torque wversus Stress’ J;

0
M 40
Matlab< 0| &350 0
Torque2} Von Mises stressZ}
Mol of & ojrt .
M 100
0

1. BOE+10°2, 2.409+10°2, 2.892+10°2, 3.212+10°2];

-z

e

N'-m 3.,

N-m 8

E Figure 1 |ﬂr
oEE EEE E7M 20 =0 H23FDQD B#W =SEH ¥
NDEHS | AL UDEL- 2|08 | nD
Torque versus Stress
350 T T T
300
250
™
o
=
7]
e
@ 450 |
100
s0
0
1] 50 100 150 200 250 350 400
Torque(Nm)

(N/m#2)

s (N/m~2)

5 (N/m#A2)

55 (N/mA2)
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9-
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1

12 -
13 -
14 —
15 -
16 —

18 -
19 -
20 —
2l —
2 -
23 —
24 —
25 —
26 —
27 —
20

29 —
a0

st

A (Matlab 0| &)

function v = cvcle{Tmax, Tmin, mode)
Sut = B808; n = 200000/11; f = 0.82;
type = Ground' ; d = 0.03:

(0,10, 20, 40,100, 200, 300, 360, 400] ;
[0,8.030, 1.606+10, 3.212+10, 8.031+10 ...
1.606+10°2, 2.409+10"2, 2.892+10°2, 3.212+10°2];

torque
stress

siga = interpl{torque,stress,abs(Tmax-Tmin)/2) MY EZ 0|83
sict

giom = interpl{torgue,stress,abs(Tnax+Tnin)/2)
if Sut<1400
Sef = 0,5+5ut Su: 7t 1400 CH 2O M
else s Se" =05 x 8,0l
Se2 = 700; 1, Sy 7t 14002 Cf 3 5
end S, = 700MPa
switch type
case Ground ' :
a = 1.88; b = -0.085;
case Machined , HHMHE '‘Ground'Z X 2|35}
a=4.5; b = -0,265; of #H 74I$ kot

case "Hot rolled’:
a =517 b=-0.M8;
case “hs forged’;
a = 272; b = -0.995;
end

Ka = a+Sut”b % HEH Ml

al -
a2 -
33 -
L
35 -
36
-
B
3
40 -
4
42 —
43 -
44
45 —
46
47
48 —
43 -
B0 —
51
52 —
B3 -
b4 —
85(=
b6 —

if (1000+d>2.79) & (1000+d<51) Hole E.2.0| shafto] £ 2
Kb = 1.24+(1000+e)"(-0.107)  — " 55 2= naysict
elseif (1000+d51) && (1000+d<254]
Kb = 1.51+(1000«d)"(-0.187); % 27| Al

end

o8 = KaxkKh+ie?

Sf = sigal1 - siam/Sut)

(1+50t)"2/5
-1/3+ogi f+5ut /5e)

oo
1l

life = (Sf/0°01/0)

if (mode == 1) || (mode == 2) || (mode == 3)

n = 4d+n; @1@ @ mode A|7|'X|)E
" 4w wrert

end

: llfe_ <f].D E_ — High cycle? 42
v = nflifes D = n/N

elseif life = 1076
y = 0; , Infinite lifeQl &2

end D=0



Damage factor 415} 7|

A B C D E F G H I J K L M N o P Q R S T u v w
1 mode 1
2 | Tmax 65 3
3 (Tmin 0 14
4 |mode 2
5 Tmax 15 150 55 120 770 130 710 O X—I Il.A—l -c')-l_ I:I:'E -('5 =~
¢ ;n;.;e [3) 0 0 105 40 100 75 | ! O'” — o ! Lo |'8
& |Tmax 50 70 35 150 20 65 245 50 110 45 10 0
o Tmin 70 0 0 -20 20 10 10 0 -195 75 35 -120
ﬁ ?r::f 4: 150 20 60 245 60 360 30 70 50 20 20 75 20 80 65 100 50 65 50 70 0
12 Tmin 0 0 120 0 75 -30 5 -29 20 IS 50 -200 70 -200 70 -200 25 25 10 30 50 -80
| Untitledgm | + |
1 - Tmax = [B5 3 45 160 B5 120 70 -130 10 &0 70O 35 160 40 ...
2 B5 245 50 110 45 10 0 45 150 20 60 245 60 360 30 70 ...
K] BO 20 20 75 20 80 65 100 50 65 50 70 0] ;
—_ i = - - - - - - L |
4 Tmin [0-14000105 =40 100 -75 =70 0 0 -20 -40 10 10 Compute Ninor =
5 -10 -195 -75 -35 -120 00 <120 0 =75 -30 25 -290 -20 25 ... |
] -B0 -290 -70 -290 -70 -290 -25 -25 10 30 B0 -80]; >
7- mode=1[112222222333333333333... 0.9556
] 44444444444444444444434];
9 - minor = 0;
:? _ o r:1i:ul:lE;?EEETTazicIe(Tmax(i]l Tmin(id, modefill): ILI-J__Il Ol OEIO-I L|‘X|E ?gxl Dl_l-
- - * . ’ — o] O|&
12 — minor D = 10“ 7-|Q| 7|-77|-'I'=I Tl?:-ll
13 - end

ot g



Fillet 0.7mm Fillet 1.0mm Fillet 1.4mm

von Mises stress (N/m#2) von Mises stress (N/m#2) ) von Mises stress (N/m#2)

2.8915E8 2.8521E8 2.7597E8 |




QAL HO| fillet2 2| FYZ U Damage factor

Fillet 0.7mm Fillet 1.0mm Fillet 1.4mm
0.9556 0.8712 0.6953
bt 5
—
D = 10| AH2| 7MIt= D7t 0.7ECt ZOFE
A2 fillet S #S0 & QFSH HEL
OIZSHA Helol= A2 € = UL}
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