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G FRICS : Front and Rear Interconnected Suspension
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Mass Damper

MATLABS &85}

Natural Frequency 7+

CERS

Damped Natural Frequencies (rad/s):
365.4438
248.1517
95.6587
62.8427
13.9791
13.9791
22.4966
22.4966

[ Natural_Frequency.m | + |
[ 1 clciclear;close all; - Q
2 ms = 798; Is = 819; mul = 12; mu2 = 12;
3 11 = 1.6; 12 = 1.5;
4 csl = 4000; cs2 = 5000;
5 ksl = 110000; ks2 = 12eeee; kul = 20e000; ku2 = 200000;
6 % Define the matrices
7 % [M] matrix
8 M _matrix = [ms @ @ @;
9 9 Is 0 0;
1@ 2 0 mul @
11 98 0 mu2];
12 % [C] matrix
13 C = [csl+4cs2 -11%cs1+12%cs2 -csl -cs2;
14 -11%cs1+12%cs2 11722%cs1+1272%cs2 11%cs1 -12%cs2;
15 -cs1 11*cs1 cs1 @;
16 -cs2 -12%cs2 @ cs2];
17 % [K] matrix
18 K = [ksi+ks2 -11%ks1+12%ks2 -ks1 -ks2;
19 -11%ks1+12%ks2 1172%ks1+1272%ks2 11%ks1 -12%ks2;
20 -ks1 11*ks1 ksi+kul @;
21 -ks2 -12%ks2 @ ks2+ku2];
22
23 % State-space formulation
24 A = [zeros(size(M_matrix)), eye(size(M matrix));
25 -M_matrix\K, -M matrix\cC];
26 eigenvalues = eig(A); % Complex eigenvalues
27
28 % Extract damped natural frequencies and damping ratios
29 damped_natural_frequencies = abs(eigenvalues); % Magnitude of eigenvalues
E15) v
31 % Display results
32 disp( 'Damped Natural Frequencies (rad/s):');
33 disp(damped_natural frequencies);




e Mass Damper

Block Parameters: Sine Wave X

NUTIVET U DIHREL 2allIWISS = CHass » 0ainipigs pel peivd | ety t | I. ] t:-l

theta md

Use the sample—based sine type if numerical problems due to
running for large times (e.g. overflow in absolute time) occur.

Parameters

Sine type: Time based

Time (t): Use simulation time N
Amplitude:

[0.05 E

(

Frequency (rad/sec):
Phase (rad)
B 13.9797 i
Sample time
o f

Interpret vector parameters as 1-D

< >

OK Cancel Help

S FO » =13.9797 rad/sect| Al mass damper0| 2|5l X/EF0/ ZI2 8= = = ULt
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Surface: Velocity magnitude (m/s)
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e Aero Dynamics—Comsol Settings

Home Definitions Geometry Materials Physics Mesh Study Results

. , Select Study
Select Space Dimension

S . 4 " Preset Studies

| | | = >
. f:'ii?f'i !_ ]_‘f S.tatlonary
. I ‘ I £ Time Dependent
2D 1D .
=)
el Axisymmetric 22 Axisymmetric i 0D Custom Studies

"5 Empty Study

Select Physics

Iz Stationary
iml Added physics interfaces:
=L T IUIU T SOOI LTS I Tac uunn (s ‘— “= Laminar Flow (spf)
= Solid Mechanics (solid)
&1L Beam (beam)
* AC/DC
b ) Acoustics

b ¥2! Chemical Species Transport
4 == Fluid Flow

4 == Single-Phase Flow <StUdy>
- Laminar Flow (spf) 2D - Laminar Flow - Stationary

~L Fluid-Structure Interaction, Fixed Geometry
Z1_ Fluid-Structure Interaction (fsi)
[ L 1 S
" ) Heat Transfer (Turbulant Flow= License |2t
I &= Structural Mechanics

[ &u Mathematics
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Mode| Bui|del‘ ¥ & Graphics Convergence Plot 1
= s-EIRE~- eeaqféeH v HaeeaN
oralalnewes ~ —y ik
! Materials i E? = 1 | | 1 ]
a9 Component 1 fcomp1) 20007 N

I = Definitions 18007 i

a Geometry 1 16007 i
7 Bézier Polygon 1 (b7) 1400: :
~/ Bézier Polygon 2 (b2) 1200_ -
Bézier Polygon 3 (b3) lggg— I
[/ Bézier Polygon 4 (b4) 6007 s
7/ Bézier Polygon 5 (b5) 4007 i
& Convert to Solid 1 (csol1) 2007 i
77 Fillet 1 (A1) 0 i
ol -200%
e Fillet 2 (il2) 40071 n
| Fillet 3 (#i3) -600 = T T T T T T i
71 Fillet 4 (fild) 0 1000 2000 3000 4000 5000
" Fillet 5 (/%)
71 Fillet 6 (£i) Messages Progress Log Table 1 v 1 X
Fillet 7 ¢fi/7) sa 85 80 on W [ Im = B~

71 Fillet 8 (#i18)
1 Fillet 9 ¢fil9)
71 Fillet 10 #il10)
" Bézier Polygon 6 (bs)

<Geometry>

CatiaZ® 12| dxfot

> 40| 2 x|

2> COMSOL #0A AR S

import

o b Graphics  Convergence Plot 1 ~A
L Fillet 11 (#i17) S Lo N
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e Aero Dynamics-Comsol Settings

Settings

Material

Label:  Air

Geometric Entity Selection

Geometric entity level: [ Domain

Selection: [ Manual vl
. .+
2 a -
Active | 5 ] \\!
..
> Override
> Material Properties
¥ Material Contents
»
Property Name  Value Unit
™ Dynamic viscosity mu eta(T[1/... | Pa's o
™ Density rho rho(pA[...  kg/m?3
Relative permeability mur 1 1
Relative permittivity epsilonr | 1 1
Ratio of specific heats gamma | 1.4 1

<Material>

A

Graphics Convergence Plot 1

Qaa@Q@aH v “a@osN @SEEF ~xEE
Elo @m

2000
1800
1600
1400
1200
1000
800
600
400
200

0
-200
-400

-600" T T = T T T
0 1000 2000 3000 4000 5000

Messages Progress Log Table 1
H oM Nes \OI=HEgs®-

COMSOL L{ 9| built-in material &
Air A1
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Graphics  Convergence Plot 1 - B 1 w |nlt|a| VﬂlUES
Ly | 2e@osm | & ~EEE> a=
R Velocity field:

4 - Laminar Flow (sp#) 100

& Initial Values 1

Pressure;

&= Inlet 1 P 1[atm]

= Wall 2

& Qutlet 1

= Wall 3 v

Boundary Condition

Boundary condition:

No sli .
_ Nosslip <Laminar Flow>

100m/s £ EEICt 7Y
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3
¥ Boundary Condition *10

Velocity -

¥  Velocity

4 ~ = Laminar Flow (spf)
o Fluid Properties 1
& Initial Values 1
2= Wall 1

@ Normal inflow velocity
() Velocity field

Up 100 ms @ X

¥ Boundary Condition

Boundary condition:

Slip

¥ Pressure Conditions

Pressure:

Po 1[atm]

[] MNormal flow

4 Suppress backflow

¥ Boundary Condition

Boundary condition:

bosing v ” <Laminar Flow>
Velocity of moving wall:
L o 100m/s 2 22Tt 7

0
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<Mesh>

4 Mesh 1
Al Size

4 7+ Free Quad 1
_=,__! Size 1

4 || Free Quad 2
All size 1

==t

R
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<Mesh>

Graphi

Q Q

cs  Convergence Plot 1

REH L ‘rasloeN ®@@nY <xEEEL &=
1 1 1 1 1 1

1

1

11007
10007
9007
8007}
7007
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5007
4007
3007
2007

100

AN\ [ [ /777 T T I NNZ. L\

1 1 1 ] ] 1 1 1 ] ] ]

0

3000 3500 4000

Messages Progress Log Table 1

\

Mesh consists of 1715 domain elements and 432 boundary elements.
Number of degrees of freedom solved for: 5694.

Solution time (Study 1): 2 s.
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<Mesh> <Mesh>

Graphics  Convergence Plot 1
QQREH v *“a@ooN S@EN ~EEES @& O 2tot

' downforcel| A At
2 2I5Hl rear wing

HE9| meshs
finerotA A A
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Messages Progress Log Table 1

——eeee] Mesh conisists of 1873 domain elements and 442 boundary elements.
e Number of degrees of freedom solved for: 6198.
Solution time (Study 1): 2 s.
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e Aero Dynamics - Analysis

V =50m/s

Graphics Convergence Plot 1
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V =100m/s

Graphics Convergence Plot 1
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Pitch 6: -0.3° ~0.3°

Graphics  Convergence Plot 1 vy

Surface: Velocity magnitude (m/s)
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e Aero Dynamics - Analysis

4 3% Derived Values
| X-direction drag force_total
| X-direction drag force_body
| X-direction drag force_wing
/' Y-direction drag force_total
| Y-direction drag force_body
/' Y-direction drag force_wing

<Total>

<Body>

<Wing>




Vehicle Speed (m/s)

Pitch Angle(degree)

o.r°
-0.1°
0.2°
-0.2°
0.3°

-0.3°

Total Stress,
x component(N/m)

50

-835.49

-852.4

-836.33

-873.27

-844.76

-890.11

-844.93

100

-3341.8

-3409.3

-3378.8

-3492.4

-3378.8

-3560.2

-3379.6

Aero Dynamics - Analysis

Body Stress,

50

-690.79

-691.52

-690.63

-705.61

-692.03

-732.89

-697.25

100

-2763

-2765.8

-2767.9

-2821.1

-2767.9

-2931.3

-2788.9

Wing Stress,

50

-144.7

-160.88

-145.7

-167.66

-152.73

-157.23

-147.68

100

-578.84

-643.51

-610.94

-671.29

-610.94

-628.87

-590.71

Total Stress,

50

-4339.3

-5665.4

-7288.2

-6464.5

-8018.4

-4229.2

-8292

100

-17355

-22661

-32072

-25864

-32072

-16915

-33167

Body Stress,

50

-4570.3

-5922.2

-7521.8

-6729.5

-8263.6

-4476.4

-8531

100

-18279

-23688

-33053

-26925

-33053

-17904

-34123

50

230.97

256.79

233.63

265

245.16

247.23

239.07

Wing Stress,
x component (N/m) x component (N/m) y component (N/m) y component (N/m) y component (N/m)

100

923.98

1027.1

980.69

1061.2

980.69

988.88

956.28



Down force

Vehicle Speed (m/s)

Pitch Angle(degree)

o

-0.1°

0.2°

-0.2°

0.3°

-0.3°

230.97

256.79

233.63

265

245.16

247.23

239.07

Wing Stress,
y component (N/m)

100

92398

1027.1

980.69

1061.2

980.69

ogs.88

956.28

0.2° XIO| = 12.94 % X} 0|

Aero Dynamics - Analysis

DownforceS 2t

CL 23]
—— o=

1061.2-923.98 =
137.22 N/m

Drag force

Vehicle Speed (m/s)

Pitch Angle(degree)

or
-0.1°
0.2
-0.2°
0.3°

-0.3°

0.3° X}0| = 6.13 % X}O|

Total Stress,
x component(N/m)

-835.49

-852.4

-836.33

-873.27

-844.76

-890.1

-844.93

100 Dragforces
Be = g2
-3341.8

34093 890.11-
3388 835.49 =
_Z492.4 54.62 N/m

-3378.8
-3560.2

-3379.6
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e AeroDynamics  Scale Modeling???

-spf.T_stressx (M/m)
3402.0

1/10 size 2 scale modeling :
1

-spf.T_stressx (N/m)
33482

1
dynamic viscousity : (=)= —H . ) i
y v: ( 0) 31.62 H 0 200 400

1 1

. ; S ZAltcde 5Y
-spf.T_stressx (M/m) '
306.32

Scal =
cale : 75

1 1 1 1
600 800 1000 1200 14

I I I 1
600 800 1000 1200 14

15
Dynamic Viscosity-( Limodet > = <i> 1 0 200 400
prototype 10 31.62

1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Murmnber of degrees of freedom sclved for: 6066.

- Original Model 1/10 Model

DOF = 6066 DOF = 5991
100 m/s F, = 3402.0 N/s Fp = 334.82N/s
30m/s F, =30632N/s Fp =30.132N/s

Mumber of degrees of freedom solved for: 5991,

F;= Cy - psz O|E =, F/length = 1/10H|7} £[0{0f &, > =2 HEE EY

2iLt Mesh—rﬂ LtA|Ztol 2 Hetot S0 AFE ™ 0|7 & EO0l3X X
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25

Downforce correlation
25

Rear

medium.com/@myroslavtsyupka

teemrasannann: Floor + Diffusser ------------

Vehicle Speed {m/s)

Pitch Angle(degree)

0
0.1°
-0.1°
0.2°
-0.2°
0.3°
-0.3°

oy Y Somponent (M
2
50 100 ﬁ X4
-835.49 -3341.8 0.97 923.98
-852.4 -3409.3 256.79 1027.1
-836.33 -3378.8 233.63 980.69
-873.27 -3492.4 265 10612
-844.76 -3378.8 24516 980.69
-890.11 35602 247.23 988.88
-844.93 .3379.6 239.07 956.28

1
— _A
downforce = 2 C@
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S Full-body Model (14 dof vehicle model)
CAE TEAM PROJECT w ] A g!. L I EI.

F1 BANNED TECHNOLOGY FRICS(Front to Rear Interconnected Suspension)

I Prof. Seungjae Min
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[3) FRICS(Front to Rear Interconnected Suspension)

Aerodynamics

3 Aerodynamics

CAE : Computer Aided Engineering

Oj A SHIH(Tuned mass damper)

() 0j 2 ¥I(Tuned mass damper)
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