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# #5370649521 : MAJOR MECHANICAL ENGINEERING

KEYWORDS : STUDENT FORMULA/ HARDWARE-IN-THE-LOOP / SUSPENSION / STEERING
PONGSAKORN BOONCHATA : DEVELOPMENT OF TIRE-SUSPENSION-STEERING
HARDWARE IN THE LOOP SIMULATOR FOR STUDENT FORMULA CAR HANDLING
TESTING. ADVISOR : NUKSIT NOOMWONGS, Ph.D., CO-ADVISOR : ASST. PROF.
SANHAPOJ CHANTRANUWATHANA , Ph.D., 153 pp.

Formula SAE event is the competition between students team in each university with their
student formula car. The car handling is an important factor that they have to consider to be the fastest
car in a race. There are three major parts that affect to car handling, tire steering and suspension. This
thesis presents a Tire-Suspension-Steering Hardware-In-the-Loop Simulator (HILs) system for using in
a development of a student formula car suspension. The HILs system was modified from a small
automobile Tire-Suspension-Steering Hardware-In-the-Loop Simulator developed in Smart Mobility
Research center Chulalongkorn University. The system can be used to reduce the development time and
cost when comparing to testing a real prototype car on a test track. Firstly, we designed and built the
adjustable support for the student formula car suspension on the HILs such that wheel parameters such
as camber and toe can be adjusted. In addition, the HILs system is used to simulate and test vehicle
dynamics by replacing the front wheel of a bicycle model with a real student formula wheel and
suspension. The wheel is running on a rotating drum whose speed and orientation can be controlled to
simulate the car speed and the tire side slip angle. Tire lateral force due to slip angle between the wheel
and the drum can be measured. Skidpad testing was conducted to compared the real car testing with
HILs results to validate that HILs can predict the handling of the student formula car. HILs result for
vehicle dynamic testing shows the cornering stiffness of this wheel system which is about 242.157
N/degree. Moreover, the skidpad testing result from HILs shows the student formula car has an
understeer behavior when installed with these suspensions. The result of real car skidpad testing also
shows that the car behavior is understeer too. And when compared both results from skidpad testing,

steering angles had almost a same value when the lateral acceleration is under 0.6 g.
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Tag M, fio 5A51dUNNTZ0AIA98 01T
_ b
Tag M_flo 6a31d8UNNTZ10MAI01AT
— M. A
M, = M- (¢/1) (5.3)
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Skidpad testing@ 15 m/s
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Skidpad testing @ 25 m/s
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M50 A-1 AUANLTAVOIAITANNUITILALANUMUIDHD KISTLER Ju K-BEAM 8393B10

Technical Data

Type Units 8393B2 8393B10
Acceleration Range g + 2 + 10
ensitivity +5% mi/g 1000 200
Zero g Output £30mY W 0 0
Resolution (Threshold) typ. Lg 540 2830
Moise typ. (0 ... 100Hz2) HErms 380 2000
Noise Density typ. (0 ... 100Hz) HErms/THz 38 200
Resonant Frequency nom. kHz 1.4 27
Fhase Shift max. @ 0 Hz degree 0 0
@ 10 Hz degree 2 2
@ 100 Hz degree 20 20
Frequency Response +5% Hz ... 250 0... 180
Amplitude Non-linearity %F50 + 0,8 +08
Transverse Sensitivity byp. (max. 3%) % 1 1
sensitive Axis Misalignment typ. (max. < 30 mrad =10 =10
Enviranmental:
Random Vibration 20 ... 2000Hz s 20 20
Sheck half sine, 700 ps Zok 6000 G000
Temperature Coefficient of Sensitivity typ. (max, 0,032) | %/°C 0,02 0,02
Temperature Coefficient of Bias Shift typ. {max.) mgs°C 02 (1) 1(5)
Temperature Range Operating 5 40 ... B5 =40 ... B5
Termperature Range Storage 5 -55 ... 120 =55 ... 120
Output:
Impedance max. Q 350 350
Capacitive Load max. uF 05 05
Operating Load Resistance min. ko 30 30
Supply:
Voltage WD 38..32 38.. 32
Current nom. mi 4
Construction:
Sensing Element by pee capacitive capacitive
Housing material Al. Hard Anodized Al. Hard Anodized
Sealing-Housing Connector type cpoxy epoxy
Connectar bype S-pin micra D S-pin micro D
Ground Isolation min. 0 =10% >10%
Weight grams &0 &0

1 g = 980665 mv's’, 1 inch = 254 mm, 1 gram = 0,03527 oz, 1 Ibf-in = 0,1129 Nm
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LUseful electrical stroke (C.E.U.)

Resolution
Protection

Independent linsarity
(within C_E.LL}

Displacement speed

Displacement force
Life

WVibrations

Shock

Tolerance on resistance
Recommendad cursor
current

Maximum cursor current
Max. applicable voitage
Electrical isolation

Dielectric strength

Dissipation at 40°C

(OW at 120°C)

Actual Temperature Coefficient
of the output voltage

Working temperature
Storage temperature
Case matenal

Control roed material
Fixing

25/50/751001 251 50175200/
2507300

infinite
IPGD
see table

= =10 m's

< =0.5M

=25x10*m strokes,or

1001 0°F operations, whichever
is less (within C.E.U.)

5. 2000Hz, Amax =075 mm
amax. =204g

50 g, 11ms.
+ 207
<01 pA

10mA

see table

=100M0 at 500V=, 1bar, 25
<100 pA at 500V-, 50Hz, 23, 1bar
see table

<1,5ppmfC

-0 +100°C
S0 +H120°C
Anodised aluminium MNylon 66 G 25

Stainless steel AISI303
Brackets, selfaligning

hall-jni nae
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.3 Naed ECU ( Electric Control Unit )

d' Y 1 [ d' =1 = a dy
8110 MoTec 31 m400 ﬂ\‘lgﬂ‘ﬂ f-3 LAZNTYAZIDYANTUNAUAAIU

Outputs

' Aq Y 3 9 4 o a o
N3y ECU ‘Vlﬁlslfaluﬂ’]ﬁlﬂlﬂéllf)ll“a%’]ﬂ@‘ﬂﬂﬁﬂ!fﬂﬁ'}ﬂﬂ']ﬂﬁf]%3\11uﬂ13ﬂﬂﬁﬂﬂulﬂuﬂlﬂq

[

x Injector outputs—high or low ohm

® 4 x Ignition outputs
® 8 x Auxiliary outputs—for functions such as camshaft control, drive by wire throttle,
boost control, nitrous injection, idle speed stepper motor and many more
Inputs
® x Analogue voltage inputs—fully configurable including custom calibrations
® 6 x Analogue temperature inputs—fully configurable including custom calibrations
® | x Wideband Lambda input—for Lambda measurement and control
® 4 x Digital/speed inputs—for wheel speeds and function activation
Communications
® x CAN
® [ xRS232
Physical
® (ase size 147 x 105 x 40 mm
®  Weight 500 gram
® ] x 34 pin and 1 x 26 pin waterproof connector with gold plated contacts
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2. 1170 Adjust > Sensor setup > Input setup > Other Fnivevzuani¥oginsaimsiaaelunil
lFiannugaieaeaUnUAD AUITINIIAIUD1 (Lateral G Force) LAz AMITIAINAILL)
Y v Y
#17 (Longitudinal G Force) Inaraenauvuumudiiuaziaen change Taslunilazians

ax = J Y 9 v =
ﬁmiﬁaumﬂummmvmmmnwmgﬂw 31-1

Engine ] EGT ] DBW'.-’SEWU] Uszer ] Lambda Cy\s] Speed  Other ]

Channel Mame |mput Calibration Default |Diag Lo |DiagHi [Filter |%fam Lo [ am Hi
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= R f=y -2

ZME‘G =0
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180 + 83V, — 182 — 91Y, + 92V, — 93Y, = 0
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N
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1

records from the most recent set. To see more records,

expand this array vertically, or set the major index.
Fz Fx Fy Tz T Ty

# 5 Dependencies
L% Buid Specifications

©)

PN

A 4

127.78

-8.08 [143.26

.56

%J [2533.[6.18
F2532./7.32

126.62

F7.92 |143.37

.72

-2533.]6.36

1127.76

F8.12 (143.32

F0.61

-2534.(7.37

|[129.83

F7.83 [143.40

F0.72

-2533.(5.44

|126.14

-8.15

143.33

-0.51

-2533.8.17

|[126.61

-8.07

1143.52

-0.74

Blas

-

Unbias

-

Sl

append to. \A?hlethevnsrunnhg, fip ~
switch over to "Coliect Data" to appen
force and torque data to the fie.

"

Data =2, Stop Colecting D:
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MANUIN V.
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MARNUIN V.

Y v k4 d' k4 k4 tﬁl
ﬂ'Ji’)ﬂ1Qﬂlﬂﬁgaﬂ11ﬂ§]1ﬂﬂ1§ﬂﬂﬁi’)ﬂﬂilﬂ!ﬂﬁi’)\‘l HILs

¥.1 MINAaoUA1 Tire model

31/

A
N

steer angle

0.869 rev/s

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

real steer|Fz

-15
-13.5
-12
-10.5
-9
-7.5
-6
-4.5
-3
SIS
0
1.5
3
4.5
6
7.5
9
10.5
12
13.5
15

Fx Fy
-853.7817581| 60.58472695| -459.209
-874.5206388| 107.7092012| -1131.78
-893.8947771| 116.6067896| -1135.55
-881.7310075| 114.6704514| -1114.36
-889.505911|  104.4890404| -1108.85
-873.3532239|  90.34199022| -1113.66
-874.0500102| 88.78825868| -1129.51
-866.7444537| 67.60528035| -1051.83
-881.0139421| 57.19666374| -855.733
-900.3822082| 46.93943636| -373.489
-966.3739863|  40.28028528| 1.301932
-966.3554354|  37.7582401| 482.8192
-961.5561218| 35.00527212| 1022.394
-975.2431774 42.61764512| 1370.436
-1003.915761| 54.37651383| 1570.706
-1010.741161| 65.81675896| 1570.775
-1001.015341| 66.11587424| 1542.295
-1012.726102| 61.85868782| 1583.901
-998.370576| 106.9312397| 1523.659
-951.8201611| 81.47576256| 1400.03
-960.1675581| 102.8901298| 1452.824

%-1 A20819003aN 1A91NNsNATDY Tire model UM 1151051 Microsoft Excel
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HIL
Umodel m/s U HIL revis Steering deg| Lateral velocity Angular velocity rad/s| Lateral Acc. m/s”2
15 2 1.47 no use 0.138147368 2.072210526
15 2 2.946 no use 0.3155 4.7325
15 2 4.431 no use 0.470906863 7.063602941
15 2 5.952 no use 0.541421456 8.121321839
15 2 7.464 no use 0.58342268 8.751340206
15 2 8.967 no use 0.596388158 8.945822368
15 2 10.473 no use 0.605247525 9.078712871
15 2 11.976 no use 0.610128889 9.151933333

Model U and Steering is the same to HIL

Steering Model deg Angular Velocity rad/s ifLateral Acc. m/s”2
1.419 0.079 1.185
2.931 0.158 2.37
4.434 0.237 3.555
5.934 0.316 4.74
7.428 0.394 5.91
8.928 0.473 7.095
10.434 0.552 8.28
11.934 0.632 9.48
Ay v 2 g
‘n"l@mﬂmsmﬁammumimﬂmaﬂauuuTﬂnmm Microsoft Excel

517 ¥-2 dedredoya
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MARUIN %.

Y] 1 Y d' Y d ' o A
ﬂ?ﬂﬂ"l\‘lelli’)ﬁéﬁﬂulﬂ‘inﬂﬂ1iﬂﬂﬁﬂﬂ§ﬂwﬂﬁﬁa1uﬂliﬂu

v v a g
magaﬂ"!ﬂmnmsmﬁammumnm]manau

Eggg— Engine RPM [rpm] 3578 Ho 7915 3281 B2 R
o Channels M|
6000 Data
4000 = Cursor
znng “F Time: 0:00.000
100 ThrottePos (%] 0.0 0.0 5 0.4 #+0ting Time 0:00.000
80 > Distance: 0.00
60 #F:Outing Distance 0.00
» = Time/Distance Graph
€ M Engine RFM fipm] 3578
4,04 Lembda 1[LA] 1.082 0.0 124 1,252, W Throttle Pes [%] 00
35 W Lambda 1[L4] 1.082
5 B GForce L2 5] 2013
20 G Force Long [G] 0025
}é " " ‘ " otk n IZF[’,,]ds e
S Fomloticl e = o~ = - > — — round Speex
L03 G Force Long [ M L = Logged
05 B Engne RPM fpr] 3578
0, e . o i o .ﬁ_ﬁ/\, . ol | Tovett Pos 7 "0
,‘i‘é, »vf" \\4 \"\.4 Engine Temp [C] 800
. G P, 11 SN W Lambda 1[L4] 1082
1003 5p [3%] 214 EC-EUNN . FFY 244 B G Force Lat [G] 2012
0 F\M 1 ﬂ G Force Long [G] 0.025
W sz 214
50 Wmu Ground Speed Left 0.0
100 ’ P, S S b BN 4 . Bat Volts ECLI [V] 1349
30 y Load Paint 0.0
ié: A Effcy Paint 00
rE Fuel I} Duty [%] 63
10 1 Fuel Acgs! fms] 0.000

{ 1 A g a
3U7 @-1 doya Idnnmanagoviuilurenandlosnazauulilsunsy MoTec i2 Standard 1.0

Y

pyah lannmsnadousnvsanuaauy 11)5unsy MoTec i2 Standard 1.0 $1931/9

2.

e

9 v
a-1 duansouaslvadoyalienunsouansuu Microsoft Excel 1anagiit a2

A B c D E F G H I J K L M N o P Q R s T
1 |Format .MDTECCSVFiIE Workbook

25 212 14 80 5.211 0.048 0.063 18.2

2 Venue Worksheet

3 Vehicle Vehicle Desc

4 Driver Engine ID

5 Device M800

6 Comment skidpad cs1 Session

7 logDate 9/4/2556 Qrigin Tir 0s

8 LlogTime 17:10:13 Start Time 0s

9 sampleR: 20 Hz End Time 131 s

10 Duration 131s Start Distance

11 Range  entire outing End Distance

12

13

14 Engine RP Throttle P Engine Te Lambda 1 G Force LaG Force LcSP Ground Sg Bat Volts { Load Poin Effcy Poin Fuel Inj Di Fuel Accel Aux 1 Dutr M800 Err ¢ M300 Err C MB00 Err ¢ MB00 Err ¢ M30Q Err ¢ MB00 Err ¢

15 rpm % C LA G G % \ % ms %

16

17

18 201 6.3 80 5.211 0.061 0.08 18.7 0 8.57 6.3 6.3 0.5 o 99 8 0 208 0 0 0

19 201 7.1 80 5.211 0.043 0.07 179 0 8.62 6.3 6.3 0.5 o 99 8 0 208 0 0 0

20 201 7.8 80 5.211 0.06 0.081 17.3 0 8.66 7.8 7.8 0.5 0 99 8 0 208 0 0 0

21 211 9.2 80 5.211 0.049 0.062 18.9 0 8.66 7.8 7.8 0.6 0 99 8 0 208 0 0 0

22 220 10.5 80 5.211 0.062 0.075 18.3 0 8.67 10.5 10.5 0.6 0 99 8 0 208 0 0 0

23 218 11.6 80 5.211 0.05 0.066 18.1 0 8.64 10.5 10.5 0.7 0 99 8 0 208 0 0 0

24 215 12.7 80 5.211 0.058 0.07 19.3 0 8.61 12.7 12.7 0.7 0 99 8 0 208 0 0 0
0 0 8 0 0 0 0

8.62 12.7 12.7 0.7 208

'
a

I a .
"lﬂﬁ]mmiﬂﬂﬁa‘muﬂuNﬂauﬁjﬁﬂim}iwuiﬂiuﬂiu Microsoft Excel
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¥ = Y3 A o
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{594 DEVELOPMENT OF TIRE-SUSPENSION-STEERING HARDWARE IN THE LOOP
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