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Introduction of Vehicle HEP .o
FORMULA SAE TEAM
HIT CR-24 KOOKMIN RACING KF-24 KOOKMIN RACING F-25

FORMULA

\\
///‘\\ . 2NN

Al{/ \ |

Power Source: Kawasaki KX450J Power Source: Daelim VJF 250 Motor & Inverter : EMRAX 228 MV & CASCADIA PM100DX
Mission: Stock Mission: Stock + Dynojet Quickshifter Accumulator Pack: Molicel P45B 70S 6P

ECU : FC Design ECU : Daelim Stock ECU + Dynojet Power commander V HV Max / Nominal Voltage: 294V / 252V

Fuel : High Octane Fuel : High Octane (Ron 100+) HV Max Constant Discharge Current: 272A
Length*Width*Height : 2548mm*1270mm*1214mm Length*Width*Height : 2743mm*1310mm*1133mm Length*Width*Height: 2,800mm*1,390mm*1155mm
Wheel Base : 1563mm Wheel Base : 1505mm Wheel Base: 1586mm

Wheel Tread: 1080mm - 1063mm Wheel Tread: 1200mm - 1170mm Wheel Tread: 1180mm - 1160mm

Weight (With out driver) : 191kg Weight (With out driver) : 163kg Final Drive Ratio: 4.09:1

Weight Distribution (With Driver): 49.1:50.9 Weight Distribution (With Driver): 51:49 Vehicle Weight (W/O) : 230kg

Body Structure: Space Frame Body Structure: CFRP Monocoque + Rear Frame Weight Distribution (W/): 49.8:50.2

Body Torsional Stiffness: 1,400Nm/deg Body Torsional Stiffness: 3,200Nm/deg Body Structure: CFRP Monocoque

Body Torsional Stiffness: 5,600Nm/deg



PBL Theme (Published in Last Week PBL)

FORMULA SAE TEAM

AConsider the body rigidity required for a FSAE vehicle to exhibit enough competitive
dynamic performance.
ADiscussion should be guantitative.

AEspecially, consider the weight, cost, performance of the tires used, and course layout.

AANd consider them in relation to the vehicle dynamics

HIT Formula Project Space Frame KOOKMIN RACING Monocoque

The body design Is different, but the goal Is the same.

[8GQa FAYR O2YY2y 3INRdzyR | ONRPAA RAFFSENBY
and technologies, and implement a system applicable to both teams!
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Main Subject Selection HFP. e
FORMULA SAE TEAM

Requirements for Body Design and Manufacturing

Concept Selection Design Simulation Manufacturing Testing

A Configuration of target A Material selection A Bodyonly analysis A Selection of manufacturing A Body-only test
specifications A Detailed geometry A Full vehicle analysis  method A Full vehicle test

A Rough packaging layout A Detailed packaging A Specimen analysis A Process design A Specimen test

A Target stiffness design A Modeling and verification  (specimen, crash)
A Selection of design concept

Practical Constraints
A The design of the 2025 vehicle is already completed or in the manufacturing stage, so the changes can be applied fnaghitilésrenward.

A Since the currently available technologies differ significantly, the focus should be on verification rather than reseetaiiedydesign aspects.

A Applying a unified design format is the most important objective.

Main Subject: Body Stiffness Design Guide
1. Vehicle Dynamics Simulation
2. Targeting Body Torsional Stiffness
3. Body Torsional Stiffness Simulation
4. Body Torsional Stiffness Test
5. Data Logging Analysis



Body Design Process of Each Team HFP i
FORMULA SAE TEAM

2025 Venhicle HIP Formula Project Body Design Process

1. The body requirements are received from the suspension team.

2. The focus is on packaging and creating a simple and lightweight vehicle.

3. Body analysis involves bending analysis, but torsional analysis is not conducted.

Boverall vehicle analysis is not performed.

5. The vehicle is built while verifying SES.

6. Body stiffness is not measured separately.

.During the actual test phase, measurements are taken to check the impact on some members of the space frame.

2025 KOOKMIN RACING Body Design Process

1. The target body stiffness is handed over from the suspension team (however, the current method for selecting targetfbesly istihot optimal).

2. Although a target body stiffness exists, it is very difficult to design considering body stiffness due to packagiggjaimhse

3. In the case of the-B5 vehicle, design could not proceed while performing the analysis.

4. In the overall vehicle analysis, the target body stiffness value was used for the analysis (therefore, actual stifeseseraunknown, leading to potential errors).
5. When manufacturing the vehicle (due to SES documentation), it was more important to build the lightest car that mésttennegather than modifying the design
to meet the target stiffness.

6. The first analysis of body stiffness was performed after the vehicle was completed, before the torsional test (untilethedytktiffness was still unknown).
.During the actual test phase, body stiffness was not considered (as the vehicle typically had a body stiffness valtieagr8ae0).

BVehicle Dynamics Simulation
_ _ 2. Targeting Body Torsional Stiffness
->The selection of 5 topics for the development of both teams. 3lBody Torsional Stiffness Simulatior
4. Body Torsional Stiffness Test
.Data Logging Analysis



1. Vehicle Dynamics Simulation

Expected Effects of Vehicle Dynamics Simulation

1.Verification of experiments and simulations conducted at Hiroshima University
1.ldentifying the cause of vehicle spin when body rigidity was weak
2.Implementing improvements in the next vehicle

2.0ptimizing body rigidity for each vehicle
1.Analyzing vehicle behavior based on body rigidity (Step Steer, DLC)
2.Simulating poor road conditions In a standardized competition environment and assessing vehicle balance

maintenance (Drainage Channel)

3.ldentifying the reason for optimal body rigidity and selecting rigidity without MuBody Dynamics analysis
1.Allocating more time to other areas for further improvement



1. Vehicle Dynamics Simulation - Last Week HFP.o e
FORMULA SAE TEAM

Full Vehicle Dynamics Simulation Model Setup Competition Characteristic

Including a directional translational

spring and a dlirectional torsional spring.
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1. Vehicle Dynamics Simulation - Last Week HFP.oee
FORMULA SAE TEAM

Normal State of Road Surface (KOOKMIN RACHY&) F

Step Steer

Analysis Conditions:
KOOKMIN RACINZE

DLC(Double Lane Chang

Analysis Conditions:
KOOKMIN RACINZF

Lateral 1.6G, 0.2s of Increasing Steering A

Settling Time (s) DLC Max Side Slip Angle (deg)
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1. Vehicle Dynamics Simulation - Last Week HFP.oee
FORMULA SAE TEAM

Uniqgue State of Road Surface (KOOKMIN RACHY& F

DRAINAGE
CHANNEL

Analysis Conditions:
KOOKMIN RACINGS B8

Sine Wave Amplitude: 5mm Ramp

Analysis Conditions:
KOOKMIN RACINZF
BankAngle: 3~5 degree

Analysis Conditions:

avelength: 1m
KOOKMIN RACINZ¥

ADAMS CAR ASSEMBLY (2022 4.0-CL904865)
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Analysis for importance of Body Stiffness in Dynamics HFP. e
FORMULA SAE TEAM

Comparison

CR24

VS

Total Weight: 300kg

Hard suspension (Roll angle: 1deg)

The twoCghare similar between the front
and rear. (because of heavy battery)

Total Weight: 253kg
Soft suspension (Roll angle: 3deq)
Rearcghis higher than rear

Develop a generalized body stiffness design process for
Formula Student by comparing these two extreme vehicles.



Analysis for importance of Body Stiffness in Dynamics HFP. e
FORMULA SAE TEAM

CR2 2

ADAMS CAR ASSEMBLY (2022.4.0-CL904865) ADAMS CAR ASSEMBLY (2022.4.0-CL904865)
0.0 — 0.0 T——
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the front and rear is large,
If the difference between K1 and K3 is big, the

effect of K2 increases (roll angle). ~— 1
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FORMULA SAE TEAM

Max Side Slip Angle

Blue: CR4
Orange: 25

4.8

4.6

4.4

4.2

4
0 500 1000 1500 2000 2500 3000 3500 4000 4500

The car with higher roll stiffness-#) has bigger changes in side slip angle.
@
If the suspension roll stiffness is high, the body stiffness also needs to be high.



Analysis for importance of Body Stiffness in Dynamics HFP. e
FORMULA SAE TEAM

DRAINAGE CHANNEL

Settling Time Blue: CR24
Analysis Conditions: - Orange: R25
KOOKMIN RACIN@F
Lateral 1.4G ’ 1
2
1.9
1.8
1.7
Since the basic suspension of QR s soft, it
settles quickly even with low body stiffness. 1.6 \
@
If the suspension roll stiffness is high, the body 1.5
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stiffness also needs to be high.



Analysis for importance of Body Stiffness in Dynamics
SUMMARY

FORMULA SAE TEAM

STEP STEER:

Af body stiffness is low, it causes errors in the target load transfer.

M {dzaLISyarzy olFflyOS GKIG LINBGSYlia SNNZNRE

M YSSLIAY3I SNNZNE SAUGKAY Fy |FOOSLIWIFofS NJFy3S

DLC, Drainage Channel:
Arhe difference in movement between rigid and flexible bodies increases when roll stiffness is high.
M { St SO0 02Ré aA0AFFySaa olFlaSR 2y &adzalLlISyairzy NP

Numerical sheet application:
ASaves time in the next design phase (No need to run Adams simulation!)



2. Targeting Body Torsional Stiffness )

For HIT Formula Project

A Select a more precise target body stiffness.

A The process of selecting the target body stiffness will be systematized for use in the
development of future vehicles.

For KOOKMIN RACING

A Select a more accurate target stiffness.

A The goal is to find the target stiffness value that minimizes the impact on vehicle
performance while creating the lightest vehicle possible.

A Based on this, we will improve the existing selection method



2. Targeting Body Torsional Stiffness - Last Week HFP s
FORMULA SAE TEAM

Selecting the target body stiffness through suspension,

body spring equivalent models. Target: 3,200Nm/deg

Real: 3,200Nm/deg
Sufficient: 2.500Nm/deg

3 3

(a) (b) T F

L T _ FLcos ()
| g tan™! (Lco(i(ﬂ))
d Target: 3,900Nm/deg
Small angle : cos () =1 & tan ()= Leos (0) ~ 0 Real5,350|\|m/deg
L F Sufficient: 3,500Nm/deg
m g =k

4
1 1 1 1 1 1 1
— =t —F—F—=) — = :
Ky ki1 ko k3 k4 ; ki ; k1 ’”f
Target: 1,400Nm/deg
Real:No Test Before

Sufficient: 2,000Nm/dec




Numerical Sheet for Simplified Body Stiffness Selection HFP. e
FORMULA SAE TEAM

Body Stiffness By Suspension Roll Stiffness

Body Stiffness (Nm/deg) / Suspension Contribution (%)

0 0.00 1500 78.43 3000 87.94 4500 91.63 6000 93.58 7500 54,80

50 10.84 1550 79.03 3050 858.12 4550 91.71 6050 93.63 7550 84,83

"E el —E 6_1 100 19.56 1600 79,93 3100 B8 .29 4600 91.74 6100 93 .68 7600 94.87

[ é é 150 26.72 1650 80.05 3150 88.45 4650 91.87 6150 93.73 7650 54,90
: 1 5] 200 32.72 1700 80.52 3200 85 .61 4700 91.95 6200 83.78 7700 84.93
R { | 250 37.80 1750 80.97 3250 Be. 77 4750 92.03 6250 93.83 7750 94,96

300 42 17 1800 81.40 3300 88.92 4800 92.11 6300 93.87 7800 54,93

350 45.97 1850 81.81 3350 83.08 4850 82.18 6350 83.92 7850 85.02

400 43,30 1900 §2.20 3400 83 .21 4900 92.26 6400 93.96 7900 95.05

450 52.25 1950 82,38 3450 8Y.35 4950 92.33 6450 34.01 7950 95.08

500 54 .87 2000 82.94 3500 89.48 5000 92.40 6500 94,05 8000 95.11

550 57.21 2050 83.29 3550 89 .62 5050 92,47 6550 84.09 8050 95.14
52.54 6600 94.13 8100 9517

600 59.33 2100 83.62 3600 a4, 75 5100
Serles TO|"S|0na| S rln InC|Ud|n BOd St|ffneSS 650 61.24 2150 g3.94 3650 a3 .87 5150 92 .60 6650 9417 8150 95,20
p g g y 700 E2.99 2200 g84.25 3700 90,00 5200 82 .67 6700 g4.22 8200 85,22
------------------------------------------------------------ 750 g4.58 2250 g4.54 3750 a0 .12 5250 92 .73 6750 94.26 §250 95.25
. . . . . 800 B6.04 2300 g4.83 3800 30,23 5300 92 .80 6800 94,30 8300 95.28
Serles TOfSlonaI Sprlng EXCIUdIng BOdy Stlffness 850 B7.39 2350 g85.10 3850 90,35 5350 87 .86 6850 §4.34 8350 85.31

900 b5 .63 2400 85.37 3900 30,48 5400 92.92 63900 94.37 8400 95.33
950 £9.79 2450 85.62 3950 90.57 5450 52.93 6350 84,41 8450 895.36

1000 70.86 2500 85.87 4000 90 .68 5500 893.04 7000 84.45 8500 85.38
Target Body Torsional Stiffness 1050 71.85 2550 86.11 4050 90.78 5550 83.10 7050 84,49 8550 85.41
1100 2.8 2600 B6.34 4100 90.88 5600 93.16 7100 94.52 8600 895.44
1 1150 73.66 2650 86 .56 4150 90.98 5650 893.21 7150 94.56 8650 95. 45
1200 7447 2700 B6.78 4200 91.08 5700 893.27 7200 84.60 8700 85.49
0.9 1250 75.24 2750 86.99 4250 31.18 5750 43.32 7250 44.63 8750 45.51
1300 75.96 2800 87.19 4300 q1.27 5800 93.38 7300 94.67 8800 95.53
0.8 1350 76.65 2850 87.39 4350 91.36 5850 893.43 7350 84.70 8850 85.56
0.7 1400 77.24 2900 87.50 4400 31.45 5900 43.48 7400 44.73 8900 45.58
1450 77.90 2950 87 .76 4450 91 .54 5950 93.53 7450 94.77 8950 95.61
0.6
0.5
0 Select body stiffness where the suspension contribution is originally around 9
0.3
0.2 L[] [ ] L] L[] L[] L[]
=> Adjust to select body stiffness where the suspension contribution is 88%.
0

0 1000 2000 3000 4000 5000 6000 7000 8000



Numerical Sheet for Simplified Body Stiffness Selection

Body Stiffness By Lateral Load Transfer Error

a—

o

4

L e,

2

™

Front roll, Rear roll applied

H F p HIT FORMULA PROJECT
FORMULA SAE TEAM

With BS With out BS error rate
Lat.Acc (G) Lateral.Acc (mfs*2|delta F delta R plus delta calculated |frontin frontout rearin rear out delta F delta R Front Rear
0 0 0 0 0 0 731 731 740 740 0 0 0 0
0.1 0.9806] 41.627174 45.3752752| 174.004898 81.8696681 689 773 694 785 41.7231119 45.2768557| 0.22994048 -0.217372615
0.2 1.9612| 83.254347 90.7505504| 348.008795 163.739336 648 814 649 831| 83.4462239 90.5537114| 0.22894048 -0.217372615
0.3 2.9418] 124.88152 136.125826| 522.014603 245.609004 606 856 604 876| 125.169336 135.830567| 0.22894048 -0.217372615
0.4 3.9224] 166.50869 181.501101| 696.01959 327.478672 565 898 558 921| 166.692448 181.107423| 0.22894048 -0.217372615
0.5 4.903| 208.13587 226.876376| 870.024488 409.34834 523 939 513 967| 208.61556 226.384278| 0.22894048 -0.217372615
0.6 5.8836] 249.76304 272.251651| 1044.0293% 491.218009 481 981 468 1012 | 250.338672 271.661134] 0.22994048 -0.217372615
0.7 6.8642| 291.39022 317.626926| 1218.03428 573.087677 440 1022 422 1057| 292.061784 316.93799| 0.22994048 -0.217372615
0.8 7.8448] 333.01739 363.002201| 1392.03918 654.957345 398 1064 377 1103 | 333.784895 362.214846| 0.22994048 -0.217372615
0.9 8.8254] 374.64456 A408.377477| 1566.04408 736.827013 356 1106 331 1148| 375.508007 407.491701] 0.22994048 -0.217372615
1 9.806] 416.27174 453.752752| 1740.04898 818.606681 315 1147 286 1194 | 417.231119 452.768557| 0.22994048 -0.217372615
1.1 10.7866| 457.89891 499.128027] 1914.05387 900.566349 273 1189 241 1239| 458.954231 498.045413| 0.22994048 -0.217372615
1.2 11.7672| 499.52608 544.503302] 2088.05877 982.436017 232 1231 195 1284 | 500.677343 543.322268| 0.22994048 -0.217372615
1.3 12.7478| 541.15326 589.878577] 2262.06367 1064.30569 190 1272 150 1330| 542.400455 588.599124] 0.22994048 -0.217372615
14 13.7284| 582.78043 635.253852| 2436.06857 1146.17535 148 1314 105 1375| 584.123567 633.87598| 0.22994048 -0.217372615
15 14,7091 624.4076 680.629128| 2610.07346 1228.04502 107 1355 59 1420| 625.846679 679.152835] 0.22994048 -0.217372615
16 15.6896| 666.03478 726.004403] 2784.07836 1309.91469 65 1357 14 1466 | 667.569791 724.429691| 0.22994048 -0.217372615
1.7 16.6702| 707.66195 771.379678] 2958.08326 1391.78436 23 1439 -32 1511| 708.292803 769.706547| 0.22994048 -0.217372615
1.8 17.6508| 749.28912 B816.754953| 3132.08816 1473.65403 -18 1480 -77 1557| 751.016015 814.983402| 0.22994048 -0.217372615
1.9 18.6314 790.9163 B862.130228] 3306.09305 1555.52369 -60 1522 -122 1602 | 792.739127 B860.260258] 0.22994048 -0.217372615
2 19.612] 832.54347 907.505504| 3480.09795 1637.39336 -102 1564 -168 1647 | 834.462239 905.537114] 0.22994048 -0.217372615
2.1 20.5926| 874.17065 952.880779| 3654.10285 1719.26303 -143 1605 -213 1693 | 876.185351 0950.813965| 0.22994048 -0.217372615
2.2 21.5732| 915.79782 0598.256054] 3828.10775 1801.1327 -185 1647 -258 1738| 917.808463 996.090825| 0.22994048 -0.217372615
2.3 22.5538| 957.42499 1043.63133] 4002.11264 1883.00237 -226 1688 -304 1783 | 959.631574 1041.36768| 0.22994048 -0.217372615
2.4 23.5344| 999.05217 1089.0066| 4176.11754 1964.87203 -268 1730 -349 1829| 1001.35469 1086.64454| 0.22994048 -0.217372615
25 24.515] 1040.6793 1134.38188| 4350.12244 2046.7417 -310 1772 -385 1874 1043.0778 1131.92135| 0.22994048 -0.217372615

Pass If the error is within about 0.5%.

If high body stiffness is not possible, choose a combination of roll center and roll stiffness

where the error rate does not change even if body stiffness changes.




3. Body Torsional Stiffness Simulation

For HIT Formula Project

A The HIT vehicle stiffness is evaluated by applying more advanced analysis conditions compared 1
previous torsional analysis.

A Simulations are conducted using ALTAIR's simulation tools, a key partner of Formula Student, an:
results are compared.

A This activity provides experience in performing both the new analysis condition simulations and tr
actual measurement process simultaneously

For KOOKMIN RACING

A By using both SolidWorks and CATIA, two leading 3D CAD tools, the advantages of each are ma:

A Bending stiffness, which is highly valued at HIT, is considered, and analysis conditions are studie:
on assumed real driving scenarios.



3. Body Torsional Stiffness

ALTAIRHyperworksModeling

Solidworks3D Modeling

Simulation Result

1. Torsional Stiffness

Contour Plot

Element Stresses (1D)(CBAR/CBEAM Axial Stress)
17476401
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Contour Plot
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Redrawing at CATIA V5

=1
subcase 1 (loadstep?) : Static Analysis : Frame 2

Max Torsional Stiffness

:1000Nx0.540m/0.313deg

=1,725Nm/deg

Point Extraction

Simulation - Last Wee

H F p HIT FORMULA PROJECT
FORMULA SAE TEAM

gy

Hame materiall

B

Sim Model Drawing  Inserting Material, Spec

2. Bending Stiffness

Contour Plot

Element Stresses (1DYCBAR/CBEAM Axial Stress)

1.676€+01
I 1.303e+01
9.308£+00
5.584E+00
& 1.860E400
£ .1864E+00
5.5876+00
93116400
-1.304E+01
1.676€+01
No Result
Max = 1.676€+01
1D 7129
Min = -1.676€+01
1D 6962

e 30.78% Low Stiffness =

Max Torsional Stiffness

:1000Nx0.540m/0.452deg

= 1,194Nm/deg

Contour Plot

Element Stresses {1D)CBAR/CBEAM Axial Stress)

1.029E+01
| R
5.714E+00
— 34286400
o 1I41E+00
= 11466400

34336400
-5.720E+00
B.007E+00

-1.0296+01
No Result
Max = 1.029E+01

1D 10910
Min = -1.0296+01
1D 11038

Angle = 6040

©
4030
Globat,
Angle = 0:152
.
4028
Global
Mag = 2.164
e
XL
4028
Global
Mag = 8271

1
Subcase 1 (loadstep1) : Static Analysis : Frame 4

RelativeAngle:0.040 deg
Maximum Displacement: 2.164 mm

73.68% More Torsion
73.84% More Displacement

RelativeAngle:0.152 deg
Maximum Displacement: 8.271 mm



3. Body Torsional Stiffness Simulation - This Week

Lateral Bending caused by centrifugal force

 Centrifugal Force Example |
Driving

Centrifugal
Velocity force

Trying various boundary
conditions to find the best
representative model

1
1
1
‘4
7
/
/
/
/
A4 Road I

%R Sciencefacts v

Global LateralStifnessis hard to beconsiderd
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330N/mm



3. Body Torsional Stiffness Simulation - This Week HFP .o
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Vertical Bending

Bending strength

nominal value
F= 6680 N
no permanent deformation

Bending stiffness

nominal value
restraints at suspension attachments K= 7000 N/mm

Figure 4.14 Typical bending requirements: Midsize vehicle. <

Normally high torsional stiffness also shows
much higher vertical bending stiffness

8607
Global

Mag =0.123
Y =-0.120

v Result

—@‘f’x



3. Body Torsional Stiffness Simulation - This Week HFP .o
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Torsionalstiffenssof 25

CAD FEM Model FEM Model

5dz2S 02 a42YS YFOGSNAIf LINELISNIe@& gl a YAaaAiry3ad FNRY
manufacturer, | designed my own property for biaxial CFRP
by multiscaiingmethod



