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CAD 2%
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License H|ot -> FIE[Ot= T2t 2D dxf IFY import

e Spec Inches Metric
Diameter 26.5° 672 mm oAl ALHEF DN8 wheel AH E917f0{| M MIE| 20 67.1mm TA|
26.5 width 8.1" 205 mm
Wheel 16" 406.4 mm

Sidewall

133 mm

5 2_ Circum 2110.1 mm
8.1 762 Revs/Mile Revolutions 474 per km



o

CAD &%

|l

Fathi(2024) =2X} E}0|0] FE B&! 9"9' ﬁ/“é!E/ﬂ,"%Efm '|:77'||:: E!E iﬂz 37H_6|'X| ?-6'-'O|-
= . Chot AfEID} 98194 R =22 HE

Egj|= HIZ of2{e HE +FIFHA 102 7| X| F=7H[7} CHEE
E2| =2} H|=otHLE =2 FZAI(CH2F 8-15 mm) &2l 37t
are
Lo
N (B2t =Xtz == 0C CEED, M| ZAF H|S7He He| =20 =
o2 HF0A SSHECE E(B+AET) HY2 4 0l2)
AA
um~==t ym =&l ZL7t Bof 2L Z4d2] 95%
O|AtS EJ0|0, e HO| ZH|E Bl 5| ZA Z0oj| A= HaXOZE BE+IIHL S FH 10~15mm =3
oldz2lo|H= ES/XIEE HH 0.2~0. AFO|OJ| A M 0|1
S S F LK SFEEf T Z2 L= [BENY 1/AI=E 0.2~0.25mm A}0]|0f |3
SE2XE9| HE HR|E 0.5~1.2mmE M|A|ZHA O|LH2}0| L=
0.5~Tmm=H

DR +HE +0|H210[| F7H= g4t 18.5~25mmE =




COMSOL

Fp | User defined v

-
>

F

ME Fz=4415N, &2 Fz=2943N
Xt 1500kgO|2f 7PE35td
ot= =2HHo| w2t 23X

Mesh Mode shpe Stress

S7|5 AeofX| XL}, Bekd2 24

, S o

Tcase (K) Displacement field, Y component (m), Point: 14

313.00 |-1.7616E-6
333.00 |-2.6672E-6
353.00 |-3.9348E-6
373.00 |-5.8362E-6
393.00 |-7.7375E-6

20XX'd 00




COMSOL-Enhanced 2D model

9

=010 20 El 52X} EFO[0 =& (2F 180-220 N/mm) Tcase (K) Displacement field, Y compenent (m), Point: 14
-7|& 25 (40°C)0| A sHA Zote| MA HZEOo| LX[SHe= 313.00 -4.3505E-4

Young's modulusE AA|¥E 333.00 |-6.7639E-4
353.00 -0.0010143

-S71 12 E_eff(T)E M9 373.00 |-0.0015211
HMOYMOI 22 /HQ EXHCI= 25 =710 [ k(T)2} 393.00 |-0.0020279

TRFISS Hst A3 2

0

LA
Property Name Value

v Young's modulus E | alphaE*EofT(Tcase)

=2z Materials
5= Rubber tIRE (mat7)
-2n AL Wheel (mat2)

t-> 38 2 FgE2 74

ol

a2 ->HY




COMSOL-2D axi symmetric

o(T) = |ur(T) 2S¢ TojlA EfO|O] HPZ E2f|7} WO = olZoz 2| of
k(T) = 2 — F = 3| 7hAd X{O
(T) = 3 g~ 5T M3 A0 AZ 2N Hol

T_tread (K) T_inner (K) Fz/abs(u) (N/m) Displacement field, R component (m)

33300 33300 |76579 0.12433
33300 35300 75567 0.12367
33300 [37300 [74316 0.12291
333.00 (393.00 |73041 0.12216
353.00 (31300 |52249 0.18865
35300 |333.00 51707 0.18764
353.00 [353.00 |51052 0.18650

=

x_




COMSOL-2D axi symmetric

2D Axisymmetric model

m— if(t<200, v1*(t/200), 0~200 s AF0] 060 km/h,
| if(t<408, vi + (v2-vi)*(t-200)/200, 200~400 s AfO] 60>120 km/h,
2D v2)) 710|= 120 km/h £X|

Axisymmetric

0~600x52 SVt B71ot= RE= 0|0l X<

A
B | -1 L
Me, F7RE, 1272 OfE 1S BSX| 7|2 Hots oM BX F3




COMSOL-2D axi symmetric

Label: EofT

+ Definition

Data source: Local table -

Function name: EofT

: . "t )
253 1.5e7
273 1.2e7
293 1.0e7
313 7.0e6
333 45¢6
353 3.0e6
373 2.0e6
393 1.5e6
a .

" property Name  Value Unit  Property group
v Young's modulus E EOfT(T) Pa Basic

Geometry v Poisson's ratio :nu :0_45. 1 Basic
v | Density rho 1100[kg/... kg/m? |Basic
v/ Thermal conductivity k -U.Z[WX(rn...-Wf(mK} Basic
v | Heat capacity at constant pressure | Cp 15000)/(k... J/(kg-K) | Basic




COMSOL-2D axi symmetric

I |
[ .
Tread_115 Side wall_115 Inner_115
Property Name Value Unit Property group

v/ Young's modulus z 6.9e10[Pa]  Pa Basic

¥ Poisson's ratio nu 033 1 Basic

v :Density :rhn :2700[kgz’.,. kg/m? :Easic

v/ Thermal conductivity k 180[W/(... |W/(m-K) |Basic

v Heat capacity at constant pressure Cp jg{}{}[y(kg___ J/(kg-K) Basic

2 (2=0]5)




COMSOL-2D axi symmetric

S|AHIZIAA £4(rolling resistance) 2. El|E_L-H OO 11247 3. H|0|30|A Hoj= &
EJ0l0{7} TE 1, TR} Al /B elsRA - ALIIA/RIS Al SR0| YN T FHER/EE BB A B SA Eolol= B
HHX|E S = HiE
- FEXS A== 0| B

C _ FT'I"

T N

T0 283[K] 283 K — Crr = 0.01~0.02 = 52X} E[0|{0f|M 25| M= HR|2F A HZRLEX| &3
Cr g-g‘z 3-212 - L_contacte= HE5| F6tH ZX[Tt CH2F 0.1~0.15 m =&F0[0{A] 0.12 mE ZAt
mu ' : _ L AAl = AIC} HE = Lt} JIA
o 50rkm/h1 16.667 m/s eta_heat= &4 H|LX]| & A £&0| E}0|0{0f| = EH=C} 7HH
V2 120[km/h] 33.333 m/s Hetst Zf2 As gloH =282 0.92 £RULCE
L contact 0.12[m] 0.12m
A_contact | W_tire*L_contact 0.0252 m?

eta_heat 09 : if(t<2e0, vi*(t/200), 0~200 s AF0| 060 km/h
if(t<400, vl + (v2-vl)*(t-200)/200, 200~400 s AFO| 60>120 km/h

1374X] ROIZ & N
< v2)) 7 0|= 120 km/h SX]




COMSOL-2D axi symmetric

Rolling resistance2%E{ Volumetric heat source q"

TEXE A4 Tt

P.(t) = C, F.u(t)

Of A7} EfO]] HEIZIOAM = LI=

EE 2K 02 20|02t LE=CHa 424

nheat CrerU (t)
Vioss

q"(t) =

Settings

Heat Source
Label: Heat Source 1

Domain Selection

Selection: | Manual

5

Active

Override and Contribution
+ Equation

Show equation assuming:
| Study 1, Stationary

Q=0
+ Frame Selection

Frame type:
| Material

+ Heat Source

(@) General source

Qo | User defined

eta heat*Crr*Fz*v fun(t)/V loss

W/m?>

Graphics Convergence Plot 1

Q Q Q& L~
Elo @ =

=B

0.2

0.157

0.17

0.05

-0.057

0,17

0.15

-0.2

-0.257




COMSOL-2D axi symmetric

LHZF Al _ Convection + conduction

v Heat Flux

() General inward heat flux
‘@ Convective heat flux

Go=h(Tex-T)

Heat transfer coefficient:

h 10[W/(m~2*K)] + (SO[W/(m*2*K)]) * (v_fun(t)/(30[m/s])) w;{mz-mi
External temperature:
Text 293.15[K] K
) Overall heat transfer rate

Po
=4

- XtSAt = Al 2[7] o F A=+
L=

CH2F 20~100 W/m2K HEH| S0{7I= A2
TARSIZIO|X|BH"EK| A|ECE D&)A BN

r
| -
7

- S0f diet g SIt2 o




COMSOL-2D axi symmetric

2| Boundary condition

20| s71/280|12 Bo= E= ot |= X=X

2 'O
Label: rim temperature =] B} | | |
- 0.2
Boundary Selection
Selection: | Manual =
| = 0.157]
o s
2 -
Active 3 iEI .E} 0‘1_’ l
..
0.05™
- Override and Contribution
.~ Equation 0
v Temperature
-0.05
Temperature:
To 283 K
-0 1_ l—-

F/E7|/2= Sol HX[1 > THFR= WL} —_rLZSE £

EIQ
O

- 0| EF 0|l
=

S -> =
- EG|E/AO|=E/EE =eloiM 258 AHliE BEH £ 371 > EdE A2

I




COMSOL-2D axi symmetric

5.0000 [283.07
10.000 |283.03
15.000283.02
20.000 |283.02
25.000 [283.02
30.000 [283.02

35.000 283.02
40.000283.01
45.000 [283.01
50.000 |283.01
55.000 [283.01
60.000 |283.01
65.000 |283.01
70.000 283.01

5.0000(291.07
10.000 291.84
15.000|292.36
20.000 292.62
25.000 |292.77
30.000|292.93

35.000 292.93
40.000 292.84
45.000 292.76
50.000 292.68
55.000 292.59
60.000 [292.51
65.000 [292.39

75 000 1283 01

=
=

70.000 | 292.25

_T'_I:I

= o

1R

Time (5) Temperature (K)

0.0000 293.15
5.0000 293.16

10.000 293.18
15.000 293.21
20.000 293.27
25.000 293.33
30.000 |293.40
35.000 293.49
40.000 293.61
45.000/293.72
50.000 293.84

55.000 293.95
60.000 294.07
65.000 20422
70.000 294.40
75.000 294.59

Hf

Temperature (K)

Line Graph: Temperature (K) Line Graph: Temperature (K) Line Graph: Temperature (K)

318
316
314
312
310
308
306
304
302
300
298
296
294
292
290
288
286

284

E OID‘I

! .

g |

SDD




COMSOL-2D axi symmetric

gscale 10.02 10.02
Point Graph: Temperature (K) Point Graph: Temperature (K)

o g t_end ' 3600(s] 13600 s

318
316
314+

312 | T

310 F L
308 | —

306 -

304 + -

302 | P

300+ e

298} -

296 | e

294 | _—
292 |
290
288 |
286
284 1
232 | | | | |

0 100 200 300 400

O 2 of Chot B = LIEHH 2T

- O

=3olX| &= 0l -> OEEE g/t HE Ml 28
A

EtO|017F Al D[ D2 X|HA E&[0]|2 = &1l U= o

E0| WXL H= =7} MeHH

(SLIP RATIO 114 X) -> &

@ General inward heat flux

Qo qscale*eta_heat*Crr*F
— o 1] " 4 |

3540.0/294.30

3545.0 294 31
3550.0 20431
3555.0294.31

3560.0 294.31
3565.0 29431
3570.0 294.31

3575.0 29431
3580.0 29431
3585.0 294.31

3590.0 294.31
3595.0 294 31
3600.0 294.31

Sk A
= T

P a iR
==®y 5 * = ] 1—. i | SFEalTacs T
ril ¥ L L i - '

60.000|293.17
65.000 293.17

70.000|293.17

75.000/293.18
80.000|293.18
85.000/293.18
90.000/293.19
95.000 293.19
100.00|293.20
105.00/293.20
110.00/293.21
115.00|293.21
120.00 293.21

ole, NAHN 7| LR 75, AL FA[ -> SLIP RATIO &7+ A[ZH0] &7}



COMSOL-2D axi symmetric




COMSOL-2D axi symmetric

dT’ P 160
— A~ —— A ~ 0.005 K/s prge LH=
lime (s) aveop2(T) (K) aveop3(T) (K)
100.00 [295.51 291.36
300.00 [304.51 286.76
St O E AASHH CHENC! 2SS A8USM -> 1020 SBK B LS 600.00 317.28 28412
2|7} 7pEBt ALIELS| 3 SHAS DAMSTY -> AKX EIO|0JR2E HItE IMOZ WBX|%S
2CEM QI ELO|0] 2 H5t7F AO{Lt2{™H F1 HE 300KM/S o] SEtst= 1480 Z FhA|ZE Time (s) aveop2(T) (K) Time (s) aveop3(T) (K)
20|AS A3st= ZHOZ M Z4S HIABHOF TIA| KOl 2 AtST A4S B 84 QIS 100.00 294.73 100.00 291.36
300.00 [300.72 300.00 |286.76
600.00 309.23 600.00 284 12

ofX|Zh 22|= 2&L0| IHE 29 Helks H|Woti] 40

1002 meF 3002 Il, 600X EfO|0| EHS| BH2EE 7|EC2 &2 Rear Rear(Inner)




COMSOL-2D axi symmetric

22

T_tread_1 | 295.51(K]
T_tread 2 | 304.51[K]
T tread 3 | 317.28[K]
Tinner 1 | 291.28(K]
T.inner 2 | 286.76[K]
T inner_3 284 12[K]

t f(t)
253 1.5e7
273 1.2e7
293 1.0e7
313 7.0eb
-EE 4.5eb
3 3.0eb
373 2.0eb
393 1.5e6

=0 IHE EdL
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COMSOL-2D axi symmetric Solid Mechanics

Solid Mechanics2 A|2I617| ™ Parameter M9

Name Expression
R_rim 203[mm]
R_out '337[mm]
W_tire  |210[mm]
R_hub 34[mm]
Tcase 313[K]
Fz 4415[N]
T tread | if(caselD==1, T_tread_1, if(caselD==2, T_tread_2, T_tread_3))
T inner if(caselD==1, T_inner_1, if(caselD==2, T inner 2, T inner_3))
t_rubber  15[mm]
R_air out R_out - t_rubber
W_air ' 0.9*W _tire
z_air0 -W_air/2
z tireD | -W._tire/2
t cav 8[mm]
T0 283[K]
Crr 0.012
mu 0.8
v 60[km/h]
V2 | 120[km/h]

L_contact |0.12[m]

A _contact | W _tire*L_contact
eta_heat |09

R_mean (R_out+R_rim)/2
t_tread 10.015[m]

A_loss t_tread * W_tire
V loss 2*pi*R_mean*A_loss
t s - 100(s]

ts2 | 300([s)

ts3 600[s]

caselD 1

Ttread 1 29551([K]
T_tread 2 |304.51[K]
T_tread 3 |317.28[K]
T_inner_1 1 291.28[K]
T_inner_ 2 | 286.76[K]

T inner 3 28412[K]




COMSOL-2D axi symmetric Solid Mechanics

solid mechanics

Graphics Graphics
QaQAaAed L Pe@BoN BSEEE ~EE Q@A Ly PeeBoNn @E@EE xEE
O | @ - 2 @ =
| 1 1 ] | | | | | | | |
0.127] o 0.127 oL
0.17] [ : 0.1 I |
0.08] - 0.08 _
0.067] = 0.067 B
0.047] - 0,047 _
0.027 1 0.02"] |
0] ‘ x ﬂ;-
| | 0.02 1
0.02
. 1 0.047 -
0.04
— B 0.06 B
.0.06
- | 0.087 -
-0.08
0.1 | ! | 0.1
0.12 I
1 B =
012 : : . = : : 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0.1 0.15 0.2 0.25 0.3 0.35 0.4

Fixed constraing 22 HY A2l g{Ct 77| =0 17F otE 2| el Fz/(2*pi*R_out*W_tire) = Fz 2fH[F(2| 32 (4415N)




COMSOL-2D axi symmetric Heat Transfer In Solid

Settings
lemperature
Label: Temperature 1

Boundary Selection

Selection: | Manual

21 L_E| —
Active h K
I Owernde and Contribution
I Egquation
» Temperature
Temperature;

Tu T_tI'EE'Ij 4
Settings
Temperature
Label: Temperature 1

Boundary Selection
Selection: | Manual -
onm| | 20 ‘s

21 Ho-
Ll B ¥

B

Cwerride and Contribution
Equation

« Temperature

Temperature
Ty T tread

Lo w raeBcohm @SE@ERN «~EE

0.127
0.17
0.08
0.087
0.04

0.027

-0.027
-0.047
-0.087]

-0.08B

0.1

-0.12

u_

Graphics
Q @ &
O | 3.

0.15 0.2 ICII.IE 0.3 0.35 0.4

Ly "aeBon ®@@EE ~BE

0.12
0.17]

orM

nlle

0

HA&0A S2

<
of




COMSOL-2D axi symmetric

2|2 heat flux multiphysics setting
Settings Graphics N
Heat Flux Q Q M & Lo ‘"a@dBEconm SR E = _ S ,
o @& = Compute C Update Solution
Label: Heat Flux outer | 1 1 | 1
Label: Stationa
Boundary Selection 0.12 W
Selection: | Manual = 0.1 v Study Settings
[""m ‘ | N 0.08 L] Include geometric nonlinearity
. = 0,06
e 2 IT:' S 0.04 v Physics and Variables Selection
5 &
: _
g ) 0.02 L1 Modify physics tree and variables for study step
D— "
Override and Contribution " Physics interface Solve for Discretization
0,027
Equation Solid Mechanics (solid) [ 1| Physics settings -
. 0,047
Frame Selection i Heat Transfer in Solids (ht) [V || Physics settings M
+* Heat Flux 0.08
) General inward heat flux -0.08" - Values of Dependent Variables
i f -0.17 1
e Convective heat flux 0.1 > Mesh Selection
Go=h (Tex-T) 0127
Heat transfer coefficient: .E:.l 1S 2 25 0 35 . Study Extensions

h 20 wimZK)
External temperature: Table @ Progress Log

Tee 293.15[K] K e 5 Mo VNI ENRGEH - i , _
&S 3 . W 7|41 Heat Transfer in Solids (ht) 2t =€ 3}

V- (kVT) =0




COMSOL-2D axi symmetric

=8 T(r,z)& HXN follZ= A

= Cnmp:lte (' Update Solution [ , , , g
047|4 Solid Mechanics (solid) 2t 283}

Label: Stationary 2
v Study Settings V-o(u,T) =0

Include geometric nenlinearity

Results While Solving

v Physics and Variables Selection =8 20| SHE o S0{US
Modify physics tree and variables for study step
, o=C: (e(u) — a(T)(T — Trer)I)
Physics interface Solve for Discretization
- - - ? s = - N
| Solid Mechanics (solid) | Physics settings ' Step 10{lM L8t TS »0|0| Y1 U= TE"R THMCET} &

Heat Transfer in Solids (ht) - Physics settings v




COMSOL-2D axi symmetric

Surface: Displacement field, R component (m)

caselD(l)=1 Surface: Temperature (K) 3 0.12 . . . . Surface: Displacement field, R component (m)
Surface: Displacement field, R component (m) 0.12 . ! ! |
0,12 T T | T 0.1F -
012 304 0.1k 4
o | 304 0.08 7 0
0.1 302 0.08 i 0.14
U.08 i 0.06 | - 0.1 302
302 0.06 | -
0.06 - 0.04 L - 300 0.12 300
0.08 0.04 } _
0.04 - 300 L 10,08
0.02 } - L | 208 0.02 L 4 101 L | 208
0.02 | . 0.06 - 4 298
| or 1 f {006 | {296 ot 4 tdoos |06
or . L ] 206 005
T B . 0.02 —
0,02 F . 1 0.04 - 4 2094 4 0.06 L 4 204
0.04 | 0.04 - . 0.04 0.04 } i
' 292 0.04 292
292 -0.06 } - 0.06 | -
0.06 |- - 0.02 0.02
0.08 L i 290 -0.08 - - 290 0.08 | - 0.02 290
-0.1F ~ 0 288 0.1} - 0 288 0.1 n 0 288
-0.12 : 1 1 L 0.12 0.12

0.2 0.25 0.3 0.35




COMSOL-2D axi symmetric

caselD Displacement field, R component (m)

1.0000/0.057678 ZtM T8ty

2 0000/0.066874

3.0000/0.084938 F
kmodel. g

Ur i

line average £ 0| &%t Ha}

- caselD 1 (X2): 76,546 N/m = 76.5 N/mm
- caselD 2 (871): 66,020 N/m ~ 66.0 N/mm
- caselD 3 (112): 51,979 N/m = 52.0 N/mm

caselD Fz/(aveop1(u)) (N/m)

1.0000|76546 | AI%(180~200N/mm) =+ 2~3 Cf 80| 2] Al
2.000066020 , SO 204 AAPRICH 2~ 360 “B IR LES
3.0000 51979




COMSOL-2D axi symmetric

LHE 2725220 kPa)E At etz o 20t F 7| I 20| A7|= X}0|

X} EfO[0 = ':'I[|7f E0|=E g=H0| =2f7= A[AH

3717 2SO0 = S7t =238 2 UE
ACHEFPFIA 50| £ B ZH0| iR E PV — const
COMSOL 22 =0iA 12 TOQl + ZHSH T=E E(T) 7,
I 2 /2[0|0]/3 Y, HES(AE-EC|0AH) S
E(z=tl~ GPa)7} S0{7IUX| &=
p A’
kair i 7
- O|F ol 2AT A=5HE KT S D= SHHIE| SO0l + oA OH2 Z0iM
212f9| A xfof| et 20 HE EE & &= S7HLE comsol 0| A X|&HSHX] _I\;; - 7| OFL|E} LHE tHof| & IM zzogkp ol T otadnt = 7| 2o
86|'-O|' _T'_—'?—E EA'Q‘!E" P—V OS= & T S o at! s g5} i

o
E0[017} 3= V 4 > p B7F ZI7HBHAO| 912 Kair 30| 2| o]
of &

~> 2NEC SV =2 B F= 200 HA S0714, TA| S712d k7FEH 2

A o
LIS & A




COMSOL-2D axi symmetric

F.
HEE0 p ol A & A &
2'f"r-Rururut Wtire

360° TM| =20 ZMA EOH =2 U= Z
2N= 2 10-15% B =82 =Ho| T, LIHX|= S30| M AT BE/FEL 7| E 2lE dE

EFO|O] TA|7F O 21 % =2|= 225 Rdl 2F 0UX|7t 22K I HAP| 40|10 HA|ELH RES R
ATENE B

Rcav o Ra.ir_uut - tc;v I/[] ~ 2?1'Rm : (er . t[-_rﬂv) AiIlIlEI' ~ 2WR{!HVWHiI'
R cav R air out -t cav/2 0318 m CAVITY B BHX £

V0O cav 2*pi*R_cav*W _air... | 0.0030211 m? FHI:IIEI 24 (=7 VO)
A_inner 2*pi*R_cav*W_air | 0.37763 m? LH = 5= BE Ainner
p0O 220[kP3a] 2.2E5 Pa 7|E 525




COMSOL-2D axi symmetric

Settings

\Variables

Label: WVariables 1

Geometric Entity Selection

Geometric entity level: | Entire model v

[on O]

Active
+ Variables

kh

Name Expression Unit Description
deltaV | -A_inner*ave_cav_u(u)
V_cav |VO_cav + deltaV
p_int | pO*VO_cav/V_cay
Sy 2]
-A_inner*delta_r
- ' o0p < 0= AV <0 - 7O &2
.I’ - *
LjE tHo| M HEA HHO| § Name pression Unit |
— deltaVv -0.1*A_inner*ave_cav_u(u) m?
T SOTEReE SOVIE ST B Vraw  |VO_cav + deltaV m:

p_int pO*VO_cav/V_cav P3
V_cav 'min(1.3*V0_cav, max(0.7... m?




COMSOL-2D axi symmetric

caselD Fz/(aveop1(u)) (N/m)
O e s 1.0000|1.5462E5
Bren ° 2.0000|1.4392E5

o Initial Values 1

S Foed Consrat 1 3.0000(1.2704E5

£ Boundary Load 1
£ Air pressure

1: 0.93:
0.82

O|X| p_intZ} solid.ur(H%])0l| 2|&3517| 20| H|MA 2™ Alo| =
[H20i| SOLVER HZASIH s| A

3 Error X ktotal(T) krubber(T) -+ kdll'
|® Error in sweep. The following feature has encountered a problem: ktotal (Tcold) kmbber (Tcold) -+ kau.

Failed to find a solution.

Maximum number of Newton iterations reached.

Returned solution is not converged.

- Feature: Stationary Solver 2 (sol1/s2) O:l 7 |k| k_airjl. O()l O|.|__| E _I$I_E/_I$l_xl.0.”

I —_ —_
oK ) N
s 22 o7t OO H|=0] 10| O 717k &
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COMSOL-2D axi symmetric

eigenfrequency+5}7|
4 ~dd Study 2
133 .
=23 parametﬂc. > P caselD(3)=3 Eigenfrequency=8.4805 3
IL". Step 1: Eigenfrequency Surface: Displacement field, R component (m)
"= Solver Configurations 01 ! ) i . .
2, Job Configurations |
0.08 |- -
Settings 0.06 |- i 0.1
Parametric Sweep
= Compute C* Update Solution 0.04 - u
Label: Parametric Sweep 0.02 L _ L 1 0.05
« Study Settings
0F -
Sweep type: | Specified combinations -
" | 0.02 | - {10
Parameter name Parameter value list Parameter unit
caselD 123 0.0a -
E'gew‘re-quenc_. ( 0.06 F | -0.05
= Compute O Update Sclution
Label: Eigenfrequency 0.08 -
v Study Seftings 0.1k '—-——— i -0.1
Eigenfrequency search method: Manual -
Desired number of eigenfrequencies: 5 0.12 } | | | | | —
Search for eigenfrequencies around: ] 0 Hz 0.15 0.2 0.95 0.3 0.35
Eigenfrequency search method arcund shift: | Closest in absolute value -

[] Include geometric nonlinearity




COMSOL-2D axi symmetric

caselD(3)=3 Eigenfrequency=76.114 2 caselD1{3}=3 Eigenﬂ"equency=ga.38? o
Surface: Displacement field, R component (m) Surface: Displacement field, R component (m)
0.1} | ' ' ' ' - 0.1f | ' | | T
0.08 | i} < 0.08 | )
0.06 |- - 0.06 |- - 2
0.04L ) 1.5 0.04 | _
0.02 | _ 0.02 41 41
ok ~ {11 0F -
0.02 - 1 o
-0.02 | _
-0.04 —
-0.04 + _ 4 0.5
0.06 | - 1
-0.06 |- _
-0,08 _
-0.08 | - 0 2
0.1} _
-0.1F _
-0.12 _
-0.12 - -0.5 | | ! | |
. : I : ' 0.15 0.2 0.25 0.3 0.35

0.15 0.2 0.25 0.3 0.35




COMSOL-2D axi symmetric

68.135= &3

- caselD(3)=3 Eigenfrequency=68.135 o
caselD(3)=3 Eigenfrequency=48.656 L Surface: Displacement field, R component (m)
Surface: Displacement field, R component (m) 01 | | | ] T
| ! | | | B B
0.1F -
0.08 |- -
0.08 B
3 0.06 | - 1.5
0.06 e
0.04 |- - 1
0.04 - 2.5
0.02 | _
0.02 - ~ 1 0.5
2 0}k )
0k -
-0.02 F 4 110
0.02 F - 11.5
-0.04 -
-0.04 - -0.5
1 -0.06 -
-0.06 | - 1
-0.08 -
0.08 - 0.5
0.1k - -1.5
-0.1F -
0 -0.12 -
012k _ | I ] 1 |
. | : . : 0.15 0.2 0.25 0.3 0.35

0.15 0.2 0.25 0.3 0.35




COMSOL-2D axi symmetric
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Global Evaluation
= Evaluate A

iLabel mode3
‘v Data

Data set: Study 2/Parametric Solutions 1 (s013) -

Parameter selection (caselD): | All

Eigenfrequency selection: Manual
Eigenfrequency (1-5): 3

Table columns: Data only

- Expression
Expression:

- solid.freq

Unit:

;HI ~.«

caselD lambda Frequency (Hz)

1.0000/68.135 68.135
2.000068.135 (68.135
3.000068.135 68.135
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COMSOL-2D axi symmetric

- .. -

4 ~db Study 2

=== Parametric Sweep
Step 1: Stationary
Step 2: Eigenfrequency

s

0

l

2| Aels 8%

OTLL '::|-“_‘:a

Stationary
= Compute  Update Solution

Label: Stationary
+ Study Settings
¥l Include geometric nonlinearity

Results While Solving

+ Physics and Variables Selection

[] Modify physics tree and variables for study step

Physics interface Solve for Discretization
Solid Mechanics (solid) v Physics settings -
Heat Transfer in Solids (ht) ™~ Physics settings -

+ Values of Dependent Variables

Initial values of variables solved for

Settings: | Physics controlled .
Values of variables not solved for

Settings: | Physics controlled -
Store fields in output

Settings: | All .

step 1 setting

(8

step 1 21t

I

Settings
Eigenfrequency
= Compute * Update Solution

Label: Eigenfrequency

w Study Settings

Eigenfrequency search method: Manual
Desired number of eigenfrequencies: i ]
Search for eigenfrequencies around: [ ] 0

Figenfrequency search method around shift | Closest in absolute value

[] Include geometric nenlinearity
+ Physics and Variables Selechon

[ Modify physics tree and variables for study step

Physics interface Solve for Discretization
Solid Mechanics (solid) [+ Physics settings
Heat Transfer in Solids (ht) L] Physics settings

» Values of Dependent Variables

Initial values of variables solved for

Settings. | User controlled
Method: | Solution

Study: | Study 2, Stationary
Solution: | Current

Use: | Current

Figenfrequency: | Automatic

alues of variables not solved for

Settings: | User controlled

Method: | Solution

Study: | Study 2, Stationary

Solution: | Current

Use: | Current

Eigenfrequency: | Automatic

caselD lambda Frequency (Hz)

1.00001.0000 67.603
2.00001.0000 |65.258
3.0000/1.0000 61.106

R4(T;) = 67.603/67.603 = 1.000
R¢(T») ~ 65.258/67.603 ~ 0.965
R¢(T3) ~ 61.106/67.603 ~ 0.904




Tenist  Sannit (Fy= 09 Ag Cov™)
(Cretm)

M=1000 kg 0= [2ky Aw’ ,Ae=2.2m , C4=0.28 ,Cr=0-0l2

Fz=4415 N (quarter car 7|&) CiH| Fx=

TEET Rae = 0-32
% 2~3% =500l XIX| Ss=Ct

b=0 BT

V=09, (20 Ckm/k) /:r

T=29(. 0 X033 ~ 96.2N

bokmsy : Fe= 0Sxlzxzzx o028 x -1 ¢ (o3

(20bm /M * FJ, = 0T XLLxZ-ZK .28 X 2%.3" Y 4(3N \
7 1= bol-Zx0 1% (98,4




Label: Boundary Load X

Boundary Selection FX :73[N] 73N
: tau_x Fx/A_contact 2896.8 N/m?
- Selection: | Manual _,| .
[Gem] | 20 %
21 B -
- Active h N =D n=-Ne)
; & |

' caselD Fz/(aveopi(u)) (N/m) Fz/(aveop1(u)) (N/m)
| 1.00001.5462E5 1.5472E5
Override and Contribution 2.0000/1.4392E5 1.4401E5
Equation 3.0000/1.2704E5 1.2708E5

~ Coordinate System Selection

Coordinate system:

| Global coordinate system - GOKM/H 7|_7||_c_9§ .72401%‘!7 [[H_E_O_” CASEZ OEI [[H% En.j
~ Force SIt £X2N #st= 1% 0|9t
§|L°a“‘ oype: |§ L7 B =E FX= 3716HKTF 5 S7F 2 240
.| Load defined as force per unit area v
i i 0| XK|= AHSFe Qo= Xt
- Fa | User defined v| Xl= L2 0l A5
: ':I 1
u l*-l,-"r'n2

-tau x r i




SIMULINK 27| 22t H

2K E BEIS simulink®2 738t 74
=2 X HY, OX| 2 & AREE 7KK = 28R 22

M ATHIE 2

1 theta :
1/2903.62 theta2dot
" thetadot —
THETA THETAdot1 -

1/(Bodylnertia)1

F;r=2K;(L0 — (2 +h)) +2Cs(Ls0 — 2)

MAHMO| 2|3 T/ x| ZHIE

M; — —LF;

F. = —2K,(L8+ (z+h)) — 2C, (L. + )

M. = L,F,

ey B X 5 (5 7| 2%%))

mpz — Fg+ F, — myg

K- z_Zdot

1/{BodyMass)1 7 Zdot1

1,0 —=M;+ M, + M,

Half car model




SIMULINK 27| 22t H

L.;l

SIHtR| sprungmass, unsprungmass’t EeHel A EA|AE

Half car model

A3 'I_ h-_l theta
theta2dot
dot

pitch

THETA THETAdot1

Z Zdot1

pitch_rate
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SIMULINK

SAMOR IS 2

ol
z_sf = z + Lf*theta

- Z_Sr = z - Lr*theta
X_f = zuf - z_sf
X_I = zUr - Z_sr
."Cl y_f = zuf - hf
y_r =zur - hr
x_f_dot = zuf_dot - (z_dot + Lf*theta_dot)

> (] F_t=k_t*y_t
z_ddot = (F_sf + F_sr - Mb*g) / Mb

— h
Road Height1

front wheal disnlacement theta_ddot = (-Lf*F_sf + Lr*F_sr + My) / lyy
— zuf_ddot = (-F_sf + F_tf - muf*q) / muf
o N
- h zur_ddot = (-F_sr + F_tr - mur*g) / mur

Road Height2 rear wheel displacement
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SIMULINK-ZHH| 22 HIEHO 2 XH8H A

X1 F1
x2 F2

front tre stiffness

-

front tire mass front spring damper,

F1 v
f&

—1_,

x1 FI—I »

E.

B.

F1 v vi F1
—Px2 F2 —F2 W2 Pv2 F2
rear tire stiffness1 rear tire mass1 | reaq spring damperi

T2

T1

; wi

thetat




SIMULINK-2}X| 2= HIEFO = Xl{oHAd

¥ ¥ Cursor Measurements

1

neg

=t — th — 2.197 — 1.251 =~ 0.946 s

* ¥ Cursor Measurements

e Sethings

I}H_._ﬂ —_ f;;} - f;_,l — 26(}8 — ]..T:{-i ~ {]g3~1 o

Tneg + Tpos __ 0.946 + 0.934
2 2

T =~ ~ 0.94 s

1
— R 1.06 Hz

E ¥ Cyrsy Measanrements




SIMULINK-Z}H| 2 HIEFO 2 RH3{A

Frequency (Hz) 1.0742

Power (dBm): -44 9084

XI3X2 yH0| dBme W yZ2| 2t XHH|7H f ZOFX|H, & T
STE fﬁ S0l == A
dBmE o|0| It A7V |E 22 HI=S )
dBm = 10log,, ( )
Frequency (Hz): 1.0742

Power (dBm): -45.0909




Reference

engineercalculator.com

https://www.youtube.com/watch?v=XscMa/f4yZY&t=45s

https://www.youtube.com/results?search_query=2D+axisymmetric+model++comsol+ti
re

https://www.makeitfrom.com/material-properties/A356.0-F-Cast-
Aluminum#:~:text=Elastic

https://jkspe.kspe.or.kr/xml/22954/22954 pdf#:~:text=QIC}
o|=ot7| #

2T 24 Efolofo] LR AS

I

https://razmer-koles.ru/spravochnik/hyundai/hyundai-sonata/hyundai-sonata-2020

LA 23 EF https://www.notion.so/2b83b4fb9d35801392cee914be62f366
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