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CHARACTERISTICS INFLUENCED BY ROLL MOTION. ADVISOR : NUKSIT
NOOMWONGS, Ph.D., CO-ADVISOR : ASST. PROF. SUNHAPOS
CHANTRANUWATHANA, Ph.D., 156 pp.

The objective of this thesis is to investigate the steering behavior of drivers by using the
driving simulator, which provides a convenient framework for detecting various driver response
parameters under controlled situation. However, in order to use this driving simulator, some
components, such as cockpit are needed to be redesigned and adjusted for more flexibility. Firstly,
the old design of cockpit is very heavy, so we have to make a design requirement and a new
conceptual design to consider a suitable one. Then, we have developed the new cockpit frame
which decreasing from 65 kg to 30 kg. Next, we have design a new joint position to be able to have a
workspace requirement. In the experiment, we have done the data collecting experiment with 33 test
drivers, consisting of 15 female and 18 male. Under the experiment conditions, a 10-degree roll
angle is applied to the driving simulator as a unit step function and the experiment is conducted with
two mode of testing, i.e., by holding the steering wheel in one hand and two hands. The steering
wheel angle and vehicle roll angle, which is originally represented in time domain, are measured to
be converted to frequency domain for further study. The result shows that, for a two-hand holding
experiment setup, all of the driver frequency responses (33 test subjects), can be represented as a
third order transfer functions and 20 cases of that may be considered as mostly fit, while the other as
approximately fit. In the case of one-hand holding experiment setup, one case cannot be
represented as the third order transfer function, while the numbers of mostly fit and approximate fit
case are 21 and 11, respectively. Moreover, we have also done the experiment with three-wheel

vehicle (Tuk-Tuk) to study the driver’'s behavior.
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Logarithmic gain = 20log,,|G(jw)| (84)
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+Yis] x(-Mg)K —M, sing =0

(y2L _yl)(FZLz)_(ZZL _Zl)(FZLy)+(y2R _yl)(FZRZ)_(ZZR _Zl)(FZRy)_ mgyé@ - Mo Sin¢ =0

(Y2|_ _0)(F2L|i23L|)_(ZZL _H)<F2|_ |yAZ3L|)+(y2R _O)(FZR |223R|)_(22R _H)(FZR |yAZSR|)_mgyéG
—M, sing=0

F2L [yZL |223L| —Zy |y»23L| +H |y»23L|:| + FzR [yZR |223R| — 2R |3723R| +H |yAzsR |:| - mQYéG - Mo Sin¢ =0

F, K +F,nd =N —M_ sing =0 (n1)

WargnunTaseadremisuszuy X-Z asuaaslunind n5 - Ausnuannaed iy
dl o Y 1 A A = 2 1 4 v v dl d! 09; °
LN Y Ieunisdasiamtiedsusizedesa 1 Mnlildannisy n2 dsdunaunisaiuans

uaAaAIdNN17Ea LT

(%o =%, )i % (Fyp, )K +(2y —zl)I2><(F2LX)iA+(x2R —xl)fx(FZRZ)IZ+(22R —zl)I2><(F2RX)i
+ Xl x(-mg)Kk =0

_(le_ _Xl)(F2L2)+(ZZL _Zl)(FZLx)_(XZR _Xl)(F2R1)+(22R _Zl)(FZRx)+mgX(,:G =0
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_(XZL _0)(F2|_ |223L|) + (ZZL - H)(FZL |)223|_|) - (XZR _0)(F2R |223R|) + (ZZR (FZR |X23R )+ mgX(I:G =0
F2L I:_le_ |223|_| +Z, |)223|_| -H |)223|_|:| + FZR ':_XZR |223R | +Zx |)223R| - H Xo3R |:| + mgxcc—; 0

F,G+F.E+1=0 (n2)

Narsunlassainemisluszuny XY Auansluninwi n6 AurnanaatesTumus
Ao Gy 4 o A 9 o aunw = £ & °
Lwaunu Z Aenunisdiasiamiladswevidedasia 1 inlildauntsi n3 Geiumeunisaiuan

LAAIAIANNTFalLY

2L F F 2R
2Ly 2Ry
* 1
F"L\'
F2R\'
v
X

N9 N6 Free Body Diagram 2124iAsaasneniisluszuny X-Y

ZMZ. =0
Ux(Foy )T+ (Yar = Ya) 5 % (P )T+ (Xor =X )T % (Fay ) T+ (Yar = Y1) § X (Fame )T +M, COS$ =0
Xl)(FZLy) (Yo = 2Lx)+(XzR_X1)( 2Ry) (Y2r =¥1)(Forc) +M, cOs$ =0
(X, =0) (F2L|y23L|) (Yo -0 (F2L|X23L|) (Xar =0)(For [Vasr]) = (Var —0)(For [Roer]) + M, cosg =0
Fou [ Xou Vs |+ Yau [ Koo | ]+ For [ Xor [ 23m] = Yar [Xear| ]+ M, cOS$ =0

F, P +F,O+M, cos¢g=0 (n3)

Angiannisn n2 ludazlfiannnsi n4
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B —(mgx +GF,, )

Fir = £ (n4)
wnuannisn n4 asluanniai n1 wiadngdudazlfauntsi ns Insldunandall
mgx;s +GF, )J
FZLK_( 2 CGE ZL) _mQYéG_MoSin¢=O
FZLK _M_%_mgyée _|\/|0 Sin¢ =0
E E
GJ N
FZL (K —Ej = N +M0 S|n¢+E
N+ M, sin¢+g
F =
=
E
E(N +M, sin¢+|é]
B/ (n5)

KE -GJ

WUANANNNIN N4 uaz N5 avluannian n 3 udadngiludazlfianntsy ne taeidunau

=
JU

PE(N+MOsin¢+Ej GE[N+Mosin¢+|‘]j

==k

+M,cos¢=0
KE -GJ E KE -GJ

PE[N +M, sin¢+|é) o OG(N +M, sin¢+|‘]j

= +M,cos¢g=0
KE -GJ E KE -GJ

(PE —OG)(N +M, sin¢+léj

——+M_cos¢p=0
E o, COS¢

KE -GJ
PE -OG)sin -
MO u+cos¢ :E_ w N+E
KE -GJ E KE -GJ E

M, (Rsing+cosg) =S —RQ

~ S-RQ
Rsing + cos¢

[o]
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AauaNAATaaLsTuLuIuNY X M LlHaNN15N N7 TeiumouNIIAIUILARIAS

auntgsaliil

Fy = _(FZLx + Fsz) (ﬂ7)

AuaNaaTaauss ity Y inlildiauntsi ng TeiumeunisAIu nLanang

annnssiallil
>'F, =0
Foy +Foy +Fy, =0
Fy ==(Fyy +Fiy) (n8)

AuaNaATaaLssTuLuIuNY Z T A HANN15T N9 TeiumaunIIAIUIILARIAS

aunssielili
S
F,, +Fx, +F, —-mg=0
F, =m'g —(F,, +F,) (n9)

WATUNRNITUINIENUIUNNILAT 3 FIUTNANWTLEA InezinsnAuans
= @ 1 =< ¥ o Ao | & o
DNINA N7 ALHIUINHUIIRINUIUNNIELAY 2 TIUNUAE Fo NENAUMUS 2 Tneiusaiintlug
WaFawaiues AN T IULWININFUuIBANNILAT 2 AeTAnAue 2 Tl 3 |
Twusuazusenszimaiusdiasa 4 ussainglnsaldiuinaeu@adunseinnaIumle 5

LAZLIIIBIANNNIANWNTZNNAUMUS 7



WATUUUNNELAT 3 TUIZWIL X-Z AIUAASTUNNT N8 AMWILANAATEY

Z
A
4 F 4Ry <
J F4R\'
£ M\ ¢
L FJ—R: P;R
J:"‘YIJ-R:
X« g
6

-

AW N7 Free Body Diagram 284uauviangiat 3

m'g
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TuNuA LWL Y Aeuntsdasia 4 1R IAZNN19N N10 TITUABLNITATUI DLAAIAY

aunnasiallil

X =

=

mg

NN N8 Free Body Diagram 184uaunangad 3 Tuszunu X-Z

D Mg, =0

(Xar —Xug )i x(—

F

2Rz

VK +(Zsr —Zar )k (-

T

2Rx

)i+ (Xer = Xam )i % (

3Rz

)k

Z, —z4R)I2x(F3RX)i +(X;r = Xgg ) x(—m’g)IZ =0
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)_(XSR —X4r )(F3Rz ) +(25R ~ )(F3Rx)+ (X7R —X4r )(m g) =0
265R |) + (ZSR ~Z4R )(FBR |)265R |)

FZRX
+(X,r =X,5 )(M'g)=0

(X3R _XAR)(FZRZ)_(ZSR —ZR )(
(XsR —X4r )(FZR |223|_|) - (Z3R —Zr )(FZR |)223R |) - (XSR X4r )(FaR

FZR |:(X3R _X4R)|223L|_(Z3R _Z4R)|)223R|]+F3R [_(XSR — X4R )|265R|+(ZSR _Z4R)|)265R|]
+(X,r =X,z )(M'g) =0

_FZR |:(X3R —X4r )|223R | - (Z3R —Z4R )|XA23R |:| - (X7R — X4r )m,g
_(XSR — X4 )|265R | + (ZSR —Z4r )|)265R|

Fr =
F3|_ _ mlg (X7|_ - X4‘|: ) + FZL |223L|(X3L _A XaL ) - FZL |)223L|(Z3L - Z4L) (ﬂ‘] 0)
|265L|(X4L — X5 ) - |X65L|(Z4L —Zy )
'EBR = FBR (issR + yABSR + 265R)
AN Yer = Yer 9 |yAGSR| =

'f3R =Fa (XGSR + 265R )

AduaNAaTadusTutwILny X Mlildanntsi n 11 AduneunisAuImLAA

o

[~ dﬁl
WIUANNTAE

> F =0

—Forx + Farx T Fare =0
(n11)

F4Rx = F2R |)223R| - F3R |)265R|

o

AUduaNAaTadussTulwILNy Y Mnlildanntsi n 12 AduneunisAurnLans

\uaunissail

>F, =0

_FZRy + F4Ry + F3Ry =0

FZR |yAzsR| - F3R |yAesR|

F4Ry =

Yer = Ysr

|yAGSR| =0
=Fx |yAz3R| (n12)

F4 Ry
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AnaNARTRILs ULy Z Ml ldannis n 13 HdunaunisAIuIuuang

v

dlugnnnseail
> F, =0
—For, +Fir, +Fr, —m'g =0
Fare = For |Z2sr| = For |Zoesz| + M0 (N13)

Ransauauminglay 3 lussuny Y-Z Auaadluning 19 AIUIANAATEY

Ui luluanny X Aauntsdasa 4 M1AFaNN197 N 14 B9TUAAUNIIAIUI LLAANAS

ann1ssallil
Fl?
> Z
FZRI\ - 1
LM,
4 F—IRJ'
F 4R-
s |4
‘F-SR: T
T 7
m'g
Y «

NN N9 Free Body Diagram 184uaunangiad 3 luszuny Y-Z

ZM4RX:O
(Var —Yar ) I % (- ZRz)k+( ~ 2, JK X (~Foy ) T+ (Yo — Var )| % (Fare )K
+ - kX(F3Ry)J+y7R y4R)]X(_mlg)k+M4Rx:0

(ySR y4R)( 2Rz)+(zaR _Z4R)(F2Ry)+(y5R y4R)( 3Rz) (ZSR _Z4R)(F3Ry)
+(Y7R —Yuir )(_m’g)"' M4Rx =0
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(y3R —Yar )(_FZR |223R |) + (ZBR —Z4r )(FZR |923R |) + (ysR —Yar )(F3R |265R |)
(ZSR - Z4R )(FsR |yA(55R |) + (y7R - y4R )(_m’g ) + M4Rx =0

M4Rx = (y3R ~Yar )(FZR ‘223R ‘) - (Z3R —Z4r )(FZR ‘yAzzR ‘) _(ySR “Yar )(F3R ‘iesR D + (ZSR —Zr )(F3R ‘yesR D + (ym ~Yar )(m’g)

ann Yar =Yar = Ysr ANLU |yAGSR|:O

M4Rx = _(Z3R —Z4R )(FZR ‘3723»? ‘) (ﬂ14)

N1INANTUNRNIZUIINTENUIUNNNELAT 3 5’]%%’1‘51@qmqiﬂﬁqiﬁﬁuﬁﬁl%ﬁ/ﬂﬂ'}ﬁ‘

NANTUNRNIZUIINTEAIATULI ﬁ\iﬁﬂ@"]’)ﬁ\lq‘ﬁ’]\i[ﬁu TAEANNITUINNTENUAUNNLLAT 3

o

% A dl v dgj
AudineFiNgUuuuAan

I}

_F2|_ [(X3L 7 X4L)|223L| _(ZSL _Z4L)|)223L|:| _(X7|_ - X4L)m g

E ~(Xor = Xat )|Zest | +(Zor = Zar )| Rest |
F - m'g (X, — Xa )+ Fo |Zaa | (Xat . Xor ) = Fo Koo | (2o, —241) (15)
|265L|(X4L =%t ) \\ |X65L|(Z4L —Zy )
Fao = Fa (Rest + Zes ) (n16)
Fae = o [Roat | = Fa [Xesr | (n17)
Fary = Fou [Yaor (n18)
Faz = Fou | 2o | = Fai | Zes |+ M9 (n19)

M, = _(ZSL —Zy )(FZL |3723L|) (ﬂ20)
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A.1 sgaziagAlninudlaiinas

T laiinefiaadunldlun1meaaana GEFRAN PZ34-S-200 T4NANHLE A

uans Ui A1 TenuantRaUanlun9eh A1

. |

v

Af-x
-5 —d
| }
\ ™

’ ’

A9 A1 Tmnudlamasidadi GEFRAN PZ34-S-200

13199 A1 AuANTRIaswmud ladines

Technical Data

Useful electrical stroke 200
Resolution Infinite
Protection IP60
Displacement speed <=10m/s
Displacement force <=05N

Life > 25 x 10° m stroke, or 100 x 10°
operations, whichever is less

Vibration 5...2000 Hz, Amax= 0.75 mm, amax= 20 g

Shock 50 g, 11 ms

Tolerance on resistance + 20%

Recommended cursor current

<0.1 MA
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;13197 A1 AuantRresinmutledines

Technical Data

Maximum cursor current

10 mA

Electrical isolation

> 100 M€ at 500 V=, 1 bar, 2s

Dielectric strength

<100 YA at 500 V~, 50 Hz, 2 s, 1 bar

Actual Temperature Coefficient of the < 1.5 ppm/ °c
output voltage

Working temperature -30...+100 °C
Storage temperature -50...+120 °C

Case material

Anodised aluminum Nylon 66 G 25

Fixing

Brackets, selfaligning ball-joints or flange

Tunrsmannisulasenusssuliliudyunistaaslinismnaauduiugann

foyarrusadulilnnaumisnisiaaerine Ineindianum 10 seuuazIAefeNLie

asaflupnudniufidadu  annisnldudasausssulnildudyunistaasliunugiae

ANNNTTNEUAALAAIIUANNITN AT

Y =—8.7188X + 35.368 (1m)

= 4
A.2 Tnaazidanlaulaninas

wulnnnesn i lun1maassAa HOHNER Automaticos S.L. Breda. Espana Series

21 Aguans LN g A2 F9iAnaNTRAILARTUAN 97 A2
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3 threaded holes
M3 x 5 at 120°
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275 _max12_ @40

AN A2 HOHNER Series 21

;13199 A2 wARIARIENURTEUEUIANIADS HOHNER Series 21

Mechanical Specification

Housing Aluminium
Shaft Stainless Steel
Bearings Ballraces
Bearings lifetime 1x10" rev.
Maximum number of revolutions permitted | 5000 rpm
mechanically

Protection against dust and splashes P41
according to DIN 40050

Rotor inertia moment 10 gcm2
Starting torque at 20°C Max. /0.4 Ncm
Maximum load permitted on axial shaft 5N

Maximum load permitted on radial shaft 5N

Weight aprox. 0.2 Kg

Operating temperature range

-20°C to +60°C

Vibration

100 m/s” (10...2000 Hz)

Shock

1000 m/s” (6 ms)

Maximum pulses per turn

500

Axial connection

Cable 1 meter
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NI CompactRIO wluginsnidszunanadalnaragluuuwiiamnatinaesnisldu

a o

Tnel NI CompactRIO 7 luan1ddil flu NI CompactRIO 1szinm Value 31 NI cRIO9074

Tauanalunini A3 GeilnmuantiRauanslun9ei A3

29 A3 NI CompactRIO U3znn Value :ju NI cRIO9074

F11379% A3 AWANLTRAT8S NI CompactRIO §u NI cRIO9074

General
Product Name cRIO-9074
Form Factor CompactRIO

Product Type Controller (Computing Device)
Part Number 779999-01
Operating System/Target Real-Time
LabVIEW RT Support Yes

CE Compliance Yes
Reconfigurable FPGA

FPGA Spartan-3
Gates 2000000
Chassis

Number of Slots 8

Input Voltage Range 19V,30V
Recommended Power Supply: Power 48 W
Recommended Power Supply: Voltage 24V
Power Consumption 20 W




A15199 A3 Qmmﬂﬁmm NI CompactRIO ';ju NI cRIO9074
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Physical Specifications

Length 28.97 cm
Width 8.73 cm
Height 5.89 cm
Weight 929 gram
Minimum Operating Temperature -20 °C
Maximum Operating Temperature 55°C
Maximum Altitude 2000 m

doulugatelfimensaasdyn i ldlsznaudan NI 9411 Asn i A4 uaz NI

o = = = = o i~
9025 AININT A5 TNNTLALLDUAAILARS LRI A4 LA A5 AT

v
o A

4 ™

Q

\

Di0a
DHa
DI2a
Supply (+5 Vout)

Supply (+5 Vout)
DI3a

Dida
Disa

DIOb
Dl1b
DI2b
COM
DI3b
Dl4b
DIsb

Vsup
COoM

Qe

N a4 Tuaa NI 9411
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;13797 A4 AnANLRTaeINaAgE NI 9411

NI 9411

Specification

The following specifications are typical for the range -40 to 70 °C unless otherwise

noted. All voltages are relative to COM unless otherwise noted.

Input Characteristics

Number of channels

Input type
Digital logic levels
Differential (Dla-Dlb)
Input high range
Input low range
Common-mode voltage1
Single-ended
Input high range
Input low range

Input current

Input impedance
I/0O protection
Input voltage

(channel-to-COM)

6 digital input channels

Differential or single-ended

300 mVto24V

-300 mV to -24 V

-1to12V

2t024V

0to 0.8V

+1 mA per channel

+4 mA per channel

8.4 k()

30 V max

+4 mA, internally limited
500 ns max

800, 319 hours at 25 °C;
Bellcore Issue 2, Method 1,
Case 3, Limited Part Stress
Method
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;13797 A4 AnANLRTaeINaAgE NI 9411

NI 9411

Power Requirement
Power consumption from chassis

Active mode 340 mW max

Sleep mode 1.1 mW max

Thermal dissipation (at 70 °C)

Active mode 1.4 W max

Sleep mode 1.1 W max

External Power Supply

Input voltage range (V 5 to 30 VDC max

sup) ---------------------------------------------------------

5V regulated output

Voltage tolerance 5V +3%,V, =6V

Current 200 mA

Short-circuit protection 400 mA

Physical Characteristics
If you need to clean the module, wipe it with a dry towel.

Screw-terminal wiring 12 to 24 AWG copper

conductor wire with 10 mm

(0.39 in.) of insulation

stripped from the end

Torque for screw terminals 0.5t0 06N -m
(44t05.31bin.)

Ferrules 0.25 mm’to 0.5 mm2

136 g (4.8 02)
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;13797 A4 AnANLRTaeINaAgE NI 9411

NI 9411

Safety Voltages

Connect only voltages that are within the following limits.
Channel-to-COM

or V,,-to-COM 30 V max, Measurement

Category Isolation

Channel-to-channel None

Channel-to-earth ground

Continuous 30 Vrms, 42.4 Vpk, 60 VDC

Withstand 400 Vrms, verified by a5 s

dielectric withstand test

/“'Q M
woob| (| |20
Ald Eilgy Al2
e 22| Al3
Al 23 Al4
- 245 Al5
oonc 22171 Al
Alld 2671 AI7
AlE 57
127} D00
prio| | | [281] ey
COM| | | 12977 AllE
Al 50 A7
L2 Eile All8
SlLl 527 AlH9
Al27 333 il
\ e KRl irs| Al21
AI20 g A
D a7HE Al2d
37}7g] AISENSE
o
.y

N A5 Tupa NI 9025
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F19797 A5 AnaNLRveTNaaTY NI 9025

NI 9205

Specifications

The following specifications are typical for the range —40 to 70 °C unless otherwise

noted. All voltages are relative to COM unless otherwise noted.

Analog Input Characteristics

Number of channels

ADC resolution

Conversion time
R Series Expansion chassis

All other chassis

Input coupling
Nominal input ranges
Minimum overrange

(for 10 V range)

32 single-ended or

16 differential analog input
channels, 1 digital input
channel, and 1 digital
output channel

16 bits

No missing codes

Refer to the Al Absolute
Accuracy Tables and
Formulas

775,832 hours at 25 °C;
Bellcore Issue 6, Method 1,
Case 3, Limited Part Stress

Method

4.50 ps (222 kS/s)

4.00 ps (250 kS/s)

DC

10V, £5V, £1V, x0.2V

4%
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F19797 A5 AnaNLRveTNaaTY NI 9025

NI 9205

Analog Input Characteristics
Maximum working voltage for

(signal + common mode)

analog inputs

Input impedance (Al-to-COM)

Powered on

Powered off/overload
Input bias current
Crosstalk (at 100 kHz)

Adjacent channels

Non-adjacent channels
Analog bandwidth
Overvoltage protection

Al channel (0 to 31)

Each channel must remain

within £10.4 VV of common

10 GQin parallel
with 100 pF

4.7 k€2 min

+100 pA

—65 dB
—70dB

370 kHz

+30 V (one channel only)

AISENSE +30V
CMRR (DCto 60 Hz) 100 dB
Typical Al+ to Al- CMRR graph

Al <0...31> CMRR

140

120 -
g 100 ™~ N
o i'\.\

N

% 8 T~

60 [T

40

80 100 1k 10K 100 k
Frequency (Hz)
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F19797 A5 AnaNLRveTNaaTY NI 9025

NI 9205

Settling time for multichannel measurements, accuracy, all ranges

1120 ppm of full-scale step

Analog triggers
Number of triggers

Resolution

Bandwidth (-3 dB)

Accuracy

4 ps convert interval

8 us convert interval

1

10 bits, 1in 1,024
370 kHz

+1% of full scale

Scaling coefficients

Nominal Range (V)

Typical Scaling Coefficient (uV/LSB)

+10 328
52 164.2
+1 32.8
0.2 6.57

A.4 s18azLa8n Accelus

Accelus Wluginsniaenadoymyins (Amplifier) @914 lunnsacuruaiinend

awannsatindsiner TelAuanuRAuansluA1999 6 dausasnieluiardeaniaiionse

anadtyoynduanslun i A6 uas A7
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dl a
F19NN A6 ANANLAUBY Accelus

Control Modes Gearing, Position, Velocity, Torque

Command Interface Stepper commands
+10 V velocity/torque command
PWM velocity/torque command

Master encoder [Gearing]

Communication RS232

Feedback Digital Quad A/B encoder

Digital Halls

I/O — Digital 6 Inputs, 2 Outputs

Dimesions: mm [in] 168 x 99 x 31 [6.6 x3.9x 1.2]
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1. The funciion of signals on 12-5%, and 13-3,

4, 6 11, 17,18 ane progammabile.
Defaull funciions are shown.

4. Thie function of [INZ] on 12-5 5
always Amplifier Erable and s not
programmabie. The active kevel of [TN2]
s programmable, and ampitfier Reset
with enable is programmable.
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F1N979% 92 AMNNIALABFTBNENARDLLHBA LN AR e Haaandinaien

%

ﬁﬁrﬂ‘uﬁl DC Gain zero freq. pole freq. ®n g
1 0.4 10 100 50 0.3
2 0.15 4 100 50 0.15
3 0.3 10 100 50 0.3
4 0.3 15 100 70 0.2
5 1 10 100 40 0.2
6 0.6 6 200 40 0.2
7 0.5 8 80 40 0.2
8 0.4 15 100 50 0.2
9 0.6 5 100 30 0.2
10 0.7 15 100 40 0.2
11 0.9 15 100 40 0.2
12 1 10 100 30 0.15
13 0.2 6 100 60 0.2
14 1 10 100 40 0.2
15 0.3 4 80 50 0.4
16 0.5 20 100 60 0.1
17 0.5 20 100 60 0.1
18 0.4 10 100 40 0.2
19 0.7 10 100 40 0.2
20 0.4 10 100 40 0.2
21 0.15 3 100 40 0.2
22 - - - - -
23 0.3 7 100 40 0.2
24 0.8 30 200 50 0.1
25 0.4 10 100 50 0.2
26 1 30 100 50 0.2
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F1N979% 92 AMNNIALABFTBNENARDLLHBA LN AR e Haaandinaien

%

ﬁﬁrﬂ‘uﬁl DC Gain zero freq. pole freq. ®n g
27 0.4 15 100 60 0.2
28 0.2 5 100 40 0.2
29 5 10 2 40 0.1
30 1 20 100 40 0.2
31 0.6 5 100 30 0.2
32 0.7 20 200 50 0.2
33 0.6 15 100 50 0.2

5119797 93 ANRLAe fradEnaseLNaALNHNA AE Rt 2 F1g

[ %

AALU

7

DC Gain zero freq. pole freq. ®n E_'
1 0.2 10 100 50 0.3
2 0.3 S 50 50 0.3
3 0.25 20 100 50 0.15
4 0.2 25 100 60 0.2
5 0.5 10 100 40 0.15
6 0.4 5 300 30 0.3
7 0.3 5 300 30 0.3
8 0.3 10 100 40 0.2
9 0.4 10 200 30 0.1
10 0.8 8 6 50 0.2
11 0.8 20 100 30 0.2
12 0.3 4 50 30 0.2
13 0.3 20 100 50 0.2
14 0.2 8 50 50 0.1
15 0.2 10 50 60 0.2
16 0.2 8 50 50 0.2
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F119797 93 AMNI9RAeTIeEmAseLINa LN AE Nt 2 419

%

ﬁﬁrﬂ‘uﬁl DC Gain zero freq. pole freq. ®n g
17 0.5 6 50 30 0.2
18 0.6 20 100 40 0.2
19 0.3 20 100 40 0.2
20 0.3 20 100 40 0.2
21 0.6 15 100 40 0.2
22 1.5 30 100 40 0.2
23 0.3 30 100 50 0.2
24 1 20 100 40 0.2
25 0.3 25 100 50 0.1
26 0.5 20 100 40 0.2
27 0.5 30 100 50 0.2
28 1.5 6 2 60 0.2
29 0.5 30 100 40 0.2
30 0.8 30 100 40 0.2
31 0.2 4 50 40 0.2
32 0.4 20 100 50 0.2
33 0.15 4 100 40 0.2
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F19797 94 918009 NARDLA1ABIN1TTARIIBITDANNERTIINNA 30 ALY

%

Wuun

A16TuA T UINEANA LWl #Uga
27 111461 AnsAaLiu St 56 174
28 |37 Bosguiumn St 56 173
29 | algand Uayeehee 78 50 172
30 NOUNS ngaslesu St 57 175

AINNNINARBINLIFNATNNIIHLABTUDIENARDLUAAE ALEBAUNIWNHIAEUIAINAA

UHU 15 LURANATAEUANFANAUAINNLAAUANTINN 6 WaziladLNNNAEYI9aINa A

N 30 LIURLNATUAATAUATATNITaSILANANAUAILAAI WA B

P399 95 ATNNIIALATUDIEMNARDULNBAUNINNIREUNAINANYY 15 LTURLNAS

[ %

a1 ‘Llﬁ. DC Gain zero freq. pole freq. ®n E_'
1 12 4 0.1 35 0.05
2 3 15 0.5 35 0.02
3 0.6 8 1 40 0.03
4 500 4 0.001 40 0.02
5 0.8 - - 40 0.1
6 0.6 30 100 40 0.1
7 0.1 8 100 50 0.1
8 1 8 1 40 0.03
9 0.8 - - 40 0.08
10 1 4 2 70 0.08
11 2 8 2 40 0.05
12 0.7 4 2 50 0.1
13 1 4 1 40 0.03
14 1 4 1 40 0.08




F19797 95 AMNIINLARTUBIEMAABLILNBALNHIFEUNANFANNY 15 LIUFLNAS

%

ﬁﬁrﬂ‘uﬁl DC Gain zero freq. pole freq. ®n g
15 1 4 1 40 0.04
16 5 15 0.5 35 0.03
17 0.9 5 1 42 0.02
18 0.5 - - 42 0.01
19 1.3 2 0.3 40 0.02
20 6 10 0.1 32 0.05
21 1 8 1 40 0.04
22 1 5 1 40 0.02
23 0.2 12 100 40 0.1
24 0.5 12 100 41 0.1
25 0.6 30 100 47 0.07
26 0.9 30 100 60 0.2
27 0.7 30 800 50 0.2
28 8 2 0.1 45 0.03
29 0.4 10 4 35 0.04
30 0.4 10 100 47 0.1

P399 96 ATNNIIALATUDIEMAFDLLHBALNINNIRENINAINYANYY 30 LIURLNAS

o g d‘
NIAUN

DC Gain zero freq. pole freq. ®n ﬁ
1 0.7 7 4 50 0.1
2 0.7 4 1 40 0.05
3 0.6 5 1 40 0.04
4 0.2 20 100 40 0.1
5 3 4 1 40 0.1
6 0.8 25 100 40 0.1
7 0.3 30 100 60 0.1
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F197971 96 AR TUBIEMAABLILNBAUNWHIFEUNANFANNY 30 LIUFLNAS

%

ﬁﬁrﬂ‘uﬁl DC Gain zero freq. pole freq. ®n g
8 0.2 20 100 40 0.1
9 3 4 1 40 0.1
10 0.8 2 1 40 0.02
11 1 6 4 40 0.1
12 10 3 0.1 38 0.02
13 1 5 1 38 0.03
14 0.8 5 2 35 0.03
15 6 4 0.1 35 0.02
16 0.7 2 40 0.02
17 0.2 8 100 45 0.05
18 0.5 - - 40 0.1
19 5 10 1 40 0.1
20 0.1 422 100 38 0.1
21 0.5 10 2 35 0.05
22 2 6 0.5 40 0.02
23 0.1 8 100 41 0.1
24 1.5 4 1 43 0.05
25 0.8 30 100 50 0.2
26 1 30 90 45 0.15
27 0.5 40 110 50 0.3
28 0.5 50 100 50 0.1
29 0.1 20 130 50 0.08
30 0.5 30 100 50 0.2
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NMANUIN

s1eaziagnAns Liidsunsy MATLAB lunisuszananataya

Tueddeiinig L llsunss MATLAB dealunnsdssunanadeyasinung visldie

wilasdieyaneguulnuuaeanan liiudeyauulawmmannd  uwarldlunisdseanniaridu

a

falauaesssuufae

a.1 NSMANEA fit TUNISUIRANITARLAUDILTIANND

1
a 1 %

nsulasdieyanetuulnwnaasnanliifuieyauulnuupnunfonisulamzie

u

1 |
o

wuuda 1% Ada it Tulisunsy MATLAB Tadns@auiilu m-file ivaazaanlungldausa

'
Y o

ans NI a1 anldsunsusananniiladsliivansdoyauulnmuauneanuii

dld [~1 dl 1 [~ :: [ dl v 1
AN uNuLaulua Nty Hz uazinueiluaunan Buas

$Number of points
N=2500;

$fft the . lst set of data
X=abs (fft (X1,N));
Y=abs (fft (Y1,N));
amp=X./Y;

F1=[0:N - 1]1*1000/N;
figure,loglog (Fl,amp, '-xb'")
$fft the 2nd set of data
X=abs (fft (X2,N));
Y=abs (fft (Y2,N));
amp=X./Y;

F1=[0:N - 1]1*1000/N;
hold on

loglog (Fl,amp, '-xxr'")
$fft the 3rd set of data
X=abs (fft (X3,N));
Y=abs (fft (Y3,N));
amp=X./Y;

F1=[0:N - 1]1*1000/N;
loglog (F1l,amp, "-xg")

xlabel ('Frequency (Hz)'");
ylabel ("Amplitude'");

AN A1 N1F1EANAS it U m-file 1841190098 MATLAB
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2.2 N5 MAEY spa TUNITURNANITAALAURULTIAMND

' '
= 1 =

Tunsudasdioyanetuulnumaesnanlifudeyauulnmunnnunsioenanis

a

' |
o

Awnmeialnain WM Ands spa luldsunss MATLAB THRns@asile m-file iagzmanly

A9 1 9UALAA NN A2

$Sampling time and number of points
Ts=0.001;
F=[0:2500];

%spa the 1st set of data
datal=iddata (X1,Y1l,Ts);
Gl=spa (datal,2500,F);
figure,bode(G1l, 'b');

figl = figure(l);

figlsubl = subplot(2,1,1);
hl = get(gca, 'children');
x1 = get(hl, 'Xdata');

yl get (hl, 'Ydata'") ;

$spa the 2nd set of data
data2=iddata (X2,Y2,Ts) ;
G2=spa (data2,2500,F) ;
figure,bode (G2, 'r');

fig2 = figure(2);

fig2subl = subplot(2,1,1);
h2 = get(gca, 'children');
x2 = get(h2, 'Xdata');

y2 = get (h2,'Ydata');

%spa the 3rd set of data
data3=iddata (X3,Y3,Ts) ;
G3=spa (data3, 2500, F);
figure,bode (G3, 'g");

fig3 = figure(3);

fig3subl = subplot(2,1,1);
h3 = get(gca, 'children');
x3 = get (h3, 'Xdata');

v3 get (h3, 'Ydata');

xx=(x1+x2+x3)/3;

mag = (yl+y2+y3)/3;
figure,loglog(xl,yl, 'b")
hold on

loglog (x2,y2,'r")

loglog (x3,y3,'g")

loglog (xx,mag, "k")

xlabel ('Frequency (rad/s)")
ylabel ('Amplitude’)

P

A a2 N5 AES spa uu m-file 284lUsunsN MATLAB
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AUl rad/s wazunuALluaunan utas
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Tuddetiagliinds  spa  lunsulasdiayailundn AsiuasiiniImmas ey

ldsunsuruszuuasttsinannauieiduntaTaunuiuey Tagld MATLAB Simulink Adatzng

4 o '

Tunni a3 duFudnaesdryayrasdndneuesinge Sedsznaudion White noise, Unit step
wazPulse generator wavinendryaunnudn (U) wazdryayieuaen (Y) dusnldidudeyauu

77 [

TniumaagnaIunudeyasss
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]ﬂﬂ«f4>{1 - w v
1/10s+1

Band-Limited Gain Transzfer Fon To Werkspace
White Noise1

N

b
I ——— u Scope

Stepi

To Workspace

e S | .
Fulse Scope
Generator

AN A3 WULRNAR91 MATLAB Simulink

Tunnsanaastiaziiudiagann 0.001 3w (Sampling Time) waztiuilunaianun 2.5

v 1
o o O P
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Bode Diagram
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