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1. Introduction

One of the methods of force generation in actuators is the
use of magnetic force obtained from two fixed and
moving coils, which is the basis of the operation of
electromagnetic actuators. One of the most famous types
of these actuators is VCM, which is also called an
electromagnetic motor. The difference between these
actuators and others is their very high output acceleration,
which creates a high response speed and implements the
input command signal with good accuracy. To control the
output force of the magnetic actuator, it is necessary to
first perform an identification test on the dynamic system,
in which the chirp variable frequency signal is used as an
input or reference signal to evaluate the behavior of the
actuator at different frequency values. In the process of
generating  the identification signal by the
STM32F746ZG card to increase the data rate of the
digital-to-analog converter, the direct memory access unit
related to the card is set up, which causes the data to be
transferred in real-time from the memory to the digital-
to-analog converter. The review of the previous
researches in the field of actuators indicates the diversity
of experiments for achieving more precise control of the
output force of the actuator, but in most of these cases,
the problem of identifying the dynamic parameters of the
actuator and the way of generating the desired reference
signal with control cards has not been specifically
explained.

2. Test setup

As in Figure 1, in the test platform designed to identify
the dynamic parameters of the actuator, a dynamometer
manufactured by the Swiss company KISTLER was used
to measure dynamic forces, which has the ability to
measure force in three axes. Due to the low output voltage
level of the dynamometer, it is necessary to use a signal
amplifier related to the mentioned sensor. The actuator
tested in this research was an electromagnetic type with a
force capacity of 100 newtons and a wide frequency
bandwidth of 4 kHz. The STM32 card in this research
setup plays the role of generating the signal needed for

identification. The programming done on the mentioned
card provides the ability to generate signals such as sine,
triangle, square, and chirp signal with the help of the
card's digital to analog converter.

The purpose of the identification test in this research is to
identify the dynamic model of the VCM actuator along
with the weight attached to it. By placing weights of 146,
354, 425 grams on the actuator and performing an
identification test for each weight, a suitable conversion
function is obtained.
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Figure 1. Test setup for actuator identification

3. Identification test

A chirp signal is used to stimulate the electromagnetic
actuator. These signals linearly sweep the range 60 to 160
Hz with a frequency step of 1 Hz in a period of 3 seconds.
In order to generate the excitation signal, the STM32 card
digital-to-analog converter was used along with the direct
memory access (DMA) unit. The data acquisition process
was also done by a Hantek digital oscilloscope with a
sampling rate of 200 kHz. Based on the voltage range of
the signals and the settings made on the dynamometer
amplifier, the voltage received from the output signal is
converted into a power unit with a factor of 10 newtons
per volt.

4. Transfer function calculation

Due to the existence of an actuator and a weight installed
on it in the test setup, the order of the dynamic system is
considered two for all the weights. If an inappropriate
output is reached, the order of the dynamic system must
be increased, but otherwise, the lowest order that has a
suitable estimation percentage is selected. The basic
assumptions considered to calculate the simulation model
include the invariance of the system with respect to time
and its linearity. The method used for the identification
process is the output-error model. Output error models are
a special configuration of polynomial models. By using
data in the frequency range and continuous-time
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equations, it is possible to estimate the transformation
function based on the output error model. In these
calculations, the amount of delay of the input signal data
compared to the output signal data is considered.

5. Identification test result

Using the identification tool available in MATLAB
software, the results were obtained. The identification
process is repeated for the weights of 146, 354 and 425
grams, and the coefficients of the transformation
functions obtained for each one are changed according to
the value of the loaded weight. In order to evaluate the
accuracy of the estimation of the conversion function,
first the experimental data of the input signal (time
domain) are multiplied by the conversion function to
obtain the modeled output. Then, the experimental data
of the output signal in the time domain is compared with
the modeled output. This comparison is based on the
mean square of the normal error. The highest amount of
similarity corresponds to the test of 354 grams, which is
80.58%, and the lowest is 80.20%, corresponding to the
weight of 425 grams. Figure 2 shows the fitting diagram
of the simulated output along with the experimental
output signal for a weight of 354 grams.

Simulated model output (Fit rate: 80.58%)

| ————— Measured output
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Fig.2. Simulated and real output signal for 354 gr

6. Conclusion

The identification test was performed on the actuator in a
state where different weights were attached to it. By
implementation this test in the frequency range of 60 to
160 Hz, the noise frequency can be removed without
damaging the information of the received signal. The
highest rate of similarity between the experimental signal
and the signal obtained from the simulation was 80.58%
(at the time of connecting the weight of 354 grams) and
the lowest rate of similarity was 80.2% (at the time of
connecting the weight of 425 grams).




1E0) o lod ipler 5 oo Lo A4

https://mechanic-ferdowsi.um.ac.ir/

(/‘V—‘M) &‘Ké DL L}JL«/IPDA_} 6.3/.{)5,{}1.@ 4:/“:_;
DOI: 10.22067/jacsm.2022.74559.1084

*ARM 535”9 30 31 00li! by oy (5958 MI95 sgbtindy quablizeg il Jas 59590 (U jinlsly o bolid

&

RI5

O sl iSonn el

O)CJU 63)') Lé‘;:l}.).:w <\)Q‘f‘}>~ szdaa Q\J.é,c

K23 oty Lo Koo (65,00 S )5 24 o pom Cilinin wilis o i Sl i I gy g pol 45 pags i s (Sladica I SO OS>
Jjﬁa@ﬁjjw/,;.yuﬂwuuJ/’v&val:f:gjyu‘;[mj:a/}‘@ ) ol jlo Sl 3 Slas o pigo b bt 5 e ol @ OBy Gl (5] S Sl
Sty el (gl e S A7 A5 et ol 53 45 Colords il 5 b iloj] i o pbliin s, ) Slae sla oyl ol
SOle 5 diols (puilS 5 LSS Ex o s OISl S ihe <) ARM-COrtex M7 _Ju57s Koo ok po p Lo/ STMB2FTABZG )5 Lo s Kot

PE /jjﬁ«.aﬂ:.éj U;M/a.uJ:.]f”g;/ﬁj:ibuﬁjgjjugyjlé(J[;-inw&Mwb[ﬁ&&f@bj/’ﬁw/l).CM/:J;['.AOJ'/J/..E;Jjjd
Sl b ol 5 55,5 o (6,250 j119255B s Kistler o solss .Ldji'jﬁ&j/fjjalwﬁ/‘_;jﬂ'jxia wlod ooy ciliie S5 slao L

2 n 03] et Codigo b lofT s (5l nlio Kol Jho iptees il

L el (s 03,125 sl 5l e (5,5 slra oS sl
5 ot b helse O3m Dl ssd e sl jadew 0458
Ui Ul b Shes ol 51 esbinad Oloy b ize sla el
[B]S oo 555,

DlBl 4 s Lol 58 4 s Shee 51 s i
5l s b Khee ol s e Sl ol
SO i e S
W ol S5 sl Shas oo o e S 8
cins abady Jlie 5o bl ol e gl ds s Slrals 3
55 g0 (HySteresis) . iues sl 4 by o b Sas
oo |y LOT bl J 28 oS ol SO S50 3150 s
[A] LS o Slsds 0 di g 1SS

G b el ds Shae 53 5,5 5 sla i, 51 S
j}ﬁmpwﬁﬁjqb@mﬁj\ybﬂw
@ ol Ol bl ol bl y SII gla Slas IS
SAgre o) gl mablitas S s Slas o (oot
L G mws o5 sasdome 5 Ll b Shas S e
4 08 S Gl g5 e Ol S e Sl

ROl S5

s i

53 1 0l Ysame o ol s b g0 b Shes
Cople ok b s S o 353 (S S0 IS S LB
al g5t bl 15 (63531 31 6,503 Glac s s 0T Ol s
Bl 1) SN s 5l ey cib ot Shas #assl 5 S
el (Sl s G o Shas o5 gl sl 51238 0
23 S mle bl publinn s o1 (65,0 Sl ealial b oS
s Mg s elad o oS [Lsys] e gy 4 1) bkl S
GG Sl Nsd e shuarb i glaatas o
gl @ U5 0OSLS mlo o edlital 355 (sbe Slas
S b Shas nl3ses o)l (Spoden ot gla Shas
g ek ol (SSlulsda LS Gk Sl a5 s
JRS Aby AiS e oulb Sdde 050 St gt
b bde sy St b Shs s ade Sl
53 el b Slae ol [2Juil o oy S5 S50 55,0
g R R I PP RTF S A L
b gl Shee Sl )03 3 08 58 Yo 5l S (oS
sl bl e St o gls Slee alie (Sl gy

Al VEVANV OF oy b 5 VeV ) 0Wlie iy ™

Ol e (g s p o8l (SOl wikige o)) sl )8 (g gmeils (V)

Email: imani@um.ac.ir

Ol g g w3 b o013 (SIS witige bl o s (Sokinns 55 (Y)


https://mechanic-ferdowsi.um.ac.ir/
https://dx.doi.org/10.22067/jacsm.2022.74559.1084
mailto:imani@um.ac.ir

i) Sl A sty b lidn s S B isn sl el ol Ll

Ssd e lel &S Cledd (g3llely OIS 4 by e adasl>
ST Tl Jbe 4y adaslo 51 5,300 &y slaesls
bl b s s i S ol S Ly Jlas
S eslanal sy DO (658 e RSl Al il Jlee
Gl S8 sl a8 M 1O o ge 4 &S 5,8 e
Lo asn ol 0 asde GRS S sl
03,8 Salon 5 (g5ledla 5 shaess o plonil (s ooy 5iasl
LIS 55 o A5 OIS STMB2 1S Cilie sla i
Sl ol a8 Ceslodd gl 3 5l 5y 5e (S 2 se JSS
St s Shos diilon [Soaliss (sla s I8 5 it
Dy gp @3y Ao 5 el

el 53 4B S O g ety Sl a5 s g andlae
g 3l Sl Ol 4 by e glalid gla b, 5 b Shee
I Sa S RS w almes gl el 03
Gl eyl plulis divs w Lol 1 55 bl cslesyy Shas
boslle e JS W5 o 5 Sles Sl
o atls sy ol sbay S sl S

o Shes 53 Sl eslinal b piags s b Olsew
Solsw Gl 53 5 e M5 Slils )l als 0 VCM
oJ.:...fQ:;;\:&:gujﬂww\éﬁfjgg.wlam«:}bﬁ
e S 035 o 3 3 e Gl 3 S B s
Lo e gla ialosl 3 (6515 pdlgas ilS 5 ls Slsl s 08
Lol G cpl 53 ol 5 S Ve s o onl &
SM 5 G5 Olpr bl 5 s 0 G 4 VEM JLas]
ol 3 s e (Sl O b S8 5 e 5 Ses
4SSl 0850 Ve Ol 4 5 ul (GL18 (S wls 2
b 28 OseVsde 5 3l 5 o g S S s
@ olspesls LS5 0s YU el s W g (PWM)
wals J 28 pde S o SLLE SWS 28 Al 5 0 S m e
SAS e Gl 5 QU5 a8 sl Ses (g5
Oird SISl 3 sl ceal S8 e sy pl b sl e
Vore o3 55 Hgee S8 51 ol Sl ) W3l 5 o 950 95
[6]as Jials asys be JIYO |y aads 54

RS pse JSS Sl eslanal L 01, a s McMahan
b U5y S e O 4 4S) g o B S e S 55
ol 02 W Gl 3 Lol Al sl (o5 e iS50

WS on eblies S 5 e ol & aS 55 o il VEM
LS i s Sl ol Bl 4 b Shes cpl 55 0
4 ol @315 eboliin syl G OT S5 Jis ok
S ey A8 e W5 el eblae Ol S
L bl Olin (55 48 Ll e S e ot e
Blemleis Glas 3
St b lin s xS (sla Shes 3,008 &als o35 54l
Al VL 3 b Sl s Sgosba Clail 528
25 Seeles gl dadlsa sl Ul slasluol o
OB eslanal 5550 iy 50 YL (G 8 G835 as laal 3
bl 53 s Wp LUls b Ses 5 awes pl XS
b s Gop ol D a5 W) 1) o gite sl S 8
Sl 4 e bl e WOT J s g 83100
5 e s 5 G5 O ae bl Sl gl Shes
GG bl s bt s Ses 0l G50ml @IS
led gr plee ol 51 L Res 655 o) 45 ranl -
oV il S oS Sl 0T s VL Sl Sl
S 53 5 a5 Ol JiKw 5 655 sl
sl A6 Sas 50 JAS 05 pae ol S 1S
S bt Slas s 2 650 I8 5 skten 35108 e
G oo sy ik bl b cou Sles Sl lal ol
Aol el bl 6 Slee Salus sl zll
IS S e ((Slys it G gl el ol
J b e 5 2550 Jlesl e @ e b 63505
3B 350 gla sl e (53555 O 4l (s 3 5
e § 5 4 aiely 63555 I pd e 035 (e
s 2ol (5l U o 585 e 3l il o O sline
ol 534S 3 5ed LSl e s Ak g ety S 4 Ol e
U ol sslital oo juite S5 IS 51 Shass
OB bl ssse Sslite S5 laosl s Shes L,
Sas (Kool sl by plolid WS A5 62,5
S s iSAS 55 w0 Ol pioas STM32F7462G &S
ST w0 Jzms s shte cpls 45 Cslodd 435 o0
O & cilsee dUSow sl 53 2L LUls 5 Se o)ls
EF ORI Sl S b s JEKw W 5 ] b s Ak e
4 s g w3 Aoy (S LT & s Jde (551080303

’f" 4})§JL«_J‘/;J%}‘;~JL~

S o ‘}jll.wl;uj&)/y&/»j[p & i



4\

J‘L«j/p&w(atﬁ—éjb'g;j/; (5, de oo = o s (5 o2l Ol igo

b Sas w8 51 K Gl
i s i) ol JaS o eablies S
ol S e b oS G s . Cales g sl s
6)}5Lw\ebﬁgga§-§?atib‘)u‘) 6‘)‘J6VCMJ§L¢$
Uw\ev\,&f‘)bj{wfjfdjﬁ dej';sjjjawd.:
Al SR eble e 3 sl sl 0T S o
Quw)\dﬂﬂjukjcla.ﬂ%;%@ﬁ;ﬂ@wjaﬁ
Sl s welLls Sl Jbe a slaws gl 558 o 55
03031 G puablinn s 1Sl Shas 4y jgmee ol e 515 1515
Glosss IS (aalosT ol 53 a8 clas § &y g0 plulis
d‘j J”ﬁ \Yor U5 O wasfe ;)L DL t;w)».:.w A_J})l}
9] clazs S 513 eslinal 5550 iolosl i O oo

0585 e

bl shien st b (bl zan 53 (1) S diles
S ol ey Sl Shee (Salus sla bl
°o u'i.?‘l"i‘; LSL“}J:" éjzfo)\.b‘ é‘j’ KISTLER L}""“;j)'“’
‘)‘.) b Bl Adw 2 )J.‘." Jl}r.\.w &L\j: 45 C,««‘a.)u.: w;
Rk S 025 S e e salis 025 o
3B agelys s 2 S e 05 b W3 358 e O
oS K 4 by e I saSeuus 3G el
Cf B S T I u,':.:L»ﬂ 30 Jﬂo.:« gl eslana
BboGlg s P Vs Sb L edblae X
J'«'.M.q. Lﬁ-‘ L STM32 Q)ls .C,.w‘o.iﬁ J.ojh)lﬁsi ‘;w.'lsjﬁ
Wl 1y plolid gl 5L 5 50 I 0SS 5 i lisdios
C»:LG UJS.L« CJ)LS S92 oM(abul L;""‘)"ML’J" "LSLSA
o JE 5 e e (s S IS 5

S o al 3 IS ST & Jlms Jie SaS w1,

5 s (Sleaee JWs 4 Shask opl Al e oS
Ely ol S e el 31w ) > Shes 3 o
53 ol 3y 5e slge 4 (o305 (Ko S e opl (Sl
By Gl Glad e D3 o 8 sl WOT Gl
S s a2l Sk sl e (93505 IS
gn ) gl i s Sl ) 45 3 sl s
3 SsShe b SalY r a l s ees 4 S e
e 1238 eslital o sle sl 25 L (Neoprene) a5, 55
Geba 3 kst (sl sl el O 53 VU e S oo
O 5 ekl Bl mlr 5ol Ol () OBty 5355 o0 S s
Ol b IS s Gl dine s IS slapny S
(DAQ) laesls wﬂcv S 5l bl x5 Sl
w8 B0 FakS Ve gl paisel 5L e skl
SN Gl esls il auls ol B W eslo
NEC Sl el sl paS Jl- s edas e <=L>.=3l c.wquh.;
L WOl wdies U5 b Kb L) sisle Lug
e g D st B bl il oS (5 Sesll
e bl Sl e SST 5l sy ul g Lsd
cbolid ShlesT alnil g ool oslizal e 53l
s e ol Sloss I 0k L Shes
Lo sa3l 55 S LS 8 o g 51 S S 35 00
SloSa S0 s I Al e bt 4 gl
ogoa Yo B Ve 5l b ¥ Jsb s o el g3l
[ 5 aal sl o, o) pon
03 5 e )y skieds O gllae 5 Shae Jlis 4 glaadlls s
sl Slas 51 Glee slaosle 3 sloly wlils)l
Sl EMD) eblins S sl Sl e 5 pbline s S
Gida U andlas ol 3 Cnlodd eslinad o3la 53 sl e sl
bt e JS5 5l aejle s and =l Slale ) ials
G5 o blins S S S Ulien gmpe
IS K alobis Ogas elil (sl Ll 55 oo
&8 55 Jleel L2l i & s )l oy
Solwand Sl s 2 o 8 bl S oy Wb
Ao Shes 5l g5 nl Lo gs oS (55,00 M55 s 5 omlis 02
Gl G 5 WOl LIS 0p hxs e

[8]254

;@'Lﬁj)‘j”p/;uj‘jgﬂjﬁfjlc & i

’f" ‘j).{j/.“.;;plg-jwﬂ.w



i) Gt 7 ey bl s S o e sl ol bl

qy

Name
STM32 board
Isolator

VCA Amplifier
VCM

Weight

Dynamometer

Sensor Amplifier

Terminal

V|0 I N|O |V |_|WIN|RL|®

Oscilloscope

=
o

Power Supply

Slas plobtis g eslizal 5550 piolel s ) K2

£ 3 e oS JKED sl GdtEen S5
e S bl (s 35 o0 0315 e aslal 3 ((om e
lodd 0303 13 ey 3550 (V) Jsd 3 5 Lol el
ol OF Gla bl Sl (5 5 o semS oy se SIS
J6 O 35 35 5e glajmell 51 =0 5 () (V) Laly,

J10] ol i ya5

[10] < o JL&s slaaasein ) Jsdr

Ay el Aol

<Is A wals

<y A oSl

okl 9o sl 56

P Fs Aol ils 3

FA Fe sl S

45t Te o083

s t s i

©0 5 a el F5

She(®) = Acosuf(t)t + @y) + Ay )
f(t)=Fs+gt ()
a= (Fr—Fy)/T ™)

(£) ahasly 5l alta jsba oo e o JUS—o
Wl 3kl Cdle b sgN O 53 48 33 5 o dlons

slold rass onl 53 bl 0sa5T plil 51 G

ol Ol 4 e 435 0l en 4 VEM Sles Salus Jobe
NS Khee 555 5 il glaaisy 2iliS L osas] o)
S P N VP PR T J ORI &
Liles 5 ols bl szro XYoL N slie js laaiys oyl
Slas S o latots ooz S e Shee w0 (V) 2
Ve Bl i ik Lo K ablianey S
s ,S iy bl glags b 23S S eslil 3 55
e 0351 il Jold (S3land Jde ailons (51 0

Sagls 4 01 Jlail 5 Shee 55y 5 baiss el ¥ S5

’f" 4J.Ja‘)[«_i4/;)[ﬁ-jdwd[w

;@'L(ajsy”@l;uj‘;)l,y&’»jlp & i



ay

J‘@/g&w(atﬁ—éjb'g;j/; (5, de oo = o s (5 o2l Ol igo

S & alods esls OLES (V) B (8) (sla I s
V lS foLf L e B 5L adB Y Ol e s
5o plulid S 5 sliten S o gl 55
e e Al LS 53 STMB2 )ls S LT & Jlios Jkee
Sl penls Al g Coslodds exlizal (DMA) alabl> 4 okt
Sl iz 5 L Hantek Jhas o Seshal w5
DB, S b peled 3l s pe 5 aAS T
I ke ol DL lejllil by = I
bl 358 o edalin ho & Sus P s 2 Gl e A
s S5y g oekdebnl Sledis 5 LIS (g3W wsls
o b s 2 I 5l eds 3l 55 W e gelys siS
37 Sl b bS5 Al 4 s OSes )
S5 a8 3k Kk (V) B (0) sla JSTh 55 ok o3l 0L
22l ol e pS ey sl ly ol Sas b

s 0 0550 YO e 4 5 S o iy

Ssc(t) = Asgn(cos2mf(t)t + ¢y)) + Ay )

oyt g e e S ] (s

25 0Ly (0) bl
Sec(t) = — %cos‘l(cos(an(t)t + @) + (A+ Ay

(0)

Il ol sl F(t) ot ie S 5 olie
o SR s sl 0 5d ot by Lo g
s Jd o5 L0 51 cslodd s3ls OLis (7) I3 5o
o Sl 5o s e sl L 15 s SIUT
S L IS ol wl G ¥F S1as STM oS
R T R TRVA U PRV AR PRTA I
Sl b s g 0 JiSms Gla ol 5 S e | = 1
S o

O s s ey 5 55 2 Sl Jlasl S s S

35 3.5 3.5
3 ﬂ ” 3 3
2.5 2.5 2.5
= 2 = 2 = 2
o o o
sA1s «” 15 @\ 1S
1 1 1
0.5 u U 0.5 0.5
0 0 0
0 0.02 0.04 006 0.08 0.1 0 0.02 0.04 006 0.08 0.1 0 0.02 0.04 006 0.08 0.1
Time [s] Time [s] Time [s]
Input setup signal
4 T T
—_ 3
=
» 2
&
S 1
>
[0}
1 1 L . | . |
.) 1.5 2 2.5 3 3.5 4 |\-
4 4
3
3
— = 3
= =2 =
P o > 2
g1 £ &
S S £y
= 20 s
0
’ 1
1.36 1.38 14 142 2.8 29 2.95 42 422 424 426 428 43
Time (s) Time (s) Time (s)

Ly slod 5l o555 S s LS b IS

;@'Lﬁj)‘j”p/;uj‘jgﬁjﬁfjlc & i

’f" ‘j).{j/.“.;;plksijLy



s St A ety b liins S o2t sise slo il bl

a¢

o
[%)
o)
s
2 20 E
1 10
B z
o z
go o8
s 8
2 L L L L i
2 25 3 35 45
1 -10 .
Time (s)
2 -20
17 172 174 176 178 18 182
Time (s)
é .. . Z Y. LN
JAJS \i-\ 4;)}6\;3 g;;'},)" JL.{.:«)U}))):; w\:
2 T T T T
=
o
o
£
2 2 2
1 10
= 2
o €
g0 o 8
s g
2 L L . L
15 2 25 3 35
1 o Time (s)
2 20
145 15 155 16
Time (s)
z .. . N BT T B
‘;a‘)svof. A.))} 6\‘).: f})" JL.{.:M)U})_}):J M‘J-\ Jg“"
2 T T T T
z
@
o
£
2 2 E
1 10
g 2
$o o 8
s g
P . L L .
, b 05 1 15 2 25
) Time (s)
20

2
04 042 044 046 048 05 052 054 056 058 06
Time (s)

w;ivo b)}&\ff}fd@jwj))ﬁ M‘JVL}QZ

20

-20

Force (N)

Force (N)

Force (N)

2 20

1 10
2 z
s Y
K &

2 20
45 451 452 453 454 455 456 457 458 459 46

Time (s)
2 20
1 10
s z
g 3
§o o8
2 e
1 10
2 20
42 421 422 423 424 425 426 427 428 429 43
Time ()
2 20
1 10
B z
> Z
2, 0 3
g 5
2 e
1 10
2 2
32 321 322 oz a2 325 325 oz o2 329 33

Time (s)

’f" 4_;)5JM;,&J[R-_;JWJL~

L@'LQJJL}_/"P/;;AJL;JXJK’»JJ& P



L}J‘Z«g/p&&ﬁféuﬁ—éjud{}/} Lo, de dowr = o 52 (5 pilao O o

40
4
510 ; ;
Input signal FFT
4.5 Output signal FFT |
4+
3.5
o 31
°
2
5 25
£
< Ll
15
1+
0.5

f . . \ \ . \ !
0 20 40 60 80 100 120 140 160 180 20C
Frequency (Hz)

Ul Oley 53 s> 5 $3505 LIS (83 b Vv IS

dajfi\'o LT

Jous &L 4l
St 53 O S ok el 35 5 S S B @
s s gy peled slp (Soelus it 45 50 ¢ ol
45 b cliols (2 4 Oy oy 53 35 o 48 S
RIS S0 (nl g 53 (5 S g (LI (Sealys e
238 oo bl wal anily b e Lo s oS (Slad e
o Je 0355 o oslizad OF 31 plulis Aol b gl p oS s,
a7 sl sladde .ol (Output-error model) 5 =
S ol oS daens ldber o slade 1 ol gl S

ol SV JI Q) Jals, s Waol

B(s)
y() = @Mt) +e(t) Q)

nb: B(s) = bpps™ ™ + byp s 44+ by (v)

nf: F(s) = s + fos™D 4 4 f) )
Oloy Wslas 5 S5 o5 3 Laesls (6,508 0 L
Woler Jods b S ol (o 2 e (e gy
e Sl o nf 5 nb slie s dal (1) da,
Jol sl B(f) prores das Jods w0 2 e 5 D50
23l oS s A b Sl Jde oy 2 )
Ao (63555 S laasls b Ol 5 Sllone o

Dyh e O o s LK glaesls

B(s)  byps™ ™ +bpy_;s™7) 4. 4+ by
F(s) sPf 4 fpes(M=1D oo f)

G(s) =
CY)

o3 & ok Sile s s A $250s SIS
o 203 e BOT el 35,5 bl e JlEs 1S 5
FFT) mr a5 o 5100 I sla 0o 5,5 513
ool ek S Klodal s w0 Oleg 0y (glaesls
oS sl Gl s 5 Ol s s F IS
e 53 b, onl i S aslsl s 5 ool i
L g5 0l 51 a8 gd 3 ol 5 50 aai g alod (s &
JB S I S5 3L 53 arb WSS e
AL el sdalia

x10%

o

T T
Input signal FFT
Output signal FFT| 7

>
o

Amplitude
= N o
(6] N (4] w [9)] =

05

0 20 40 60 80 100 120 140 160 180 200
Frequency (Hz)

4\.'»)') JL&‘QU})J@}#}&J})} L;LadewwlS;u?b /\Jg.i

S

x10%

Input signal FFT
Output signal FFT | 7

Amplitude
w

N
T

0 20 40 60 80 100 120 140 160 180 200
Frequency (Hz)

G35 il 0l 5o s 5 $30s LIS W55 b 4 S
PRAL}H

;@'Lﬁj)y”p/;uj‘j)jy&fjlc & i

’f" ‘j);ju‘lﬁj%-ijLv



i) S M5 oty pnbolida g ST o2t gise (sla oyl Ll

41

Poles (x) and Zeros (o)

Imaginary Part

L L L i L
-20000 -15000 -10000 -5000 0 5000
Real Part

Gl sdelsn bids ml bl e ds 5 ol VY S

&‘)f\"of, I SY)

Poles (x) and Zeros (o)

Imaginary Part
o
b
X
ES

. . . . . . . i .
4 35 3 25 -2 15 -1 05 0 0.5 1
Real Part %10°

Sl sdelsa fas ml ol lacds 5 o (Sl VY S

L;cﬁi\'o vy

Mol e bds mb s S35 Ol bl sk
BRI ISR GUS IS PO NCETST I 0 slaesls
e 335 ol ks ladie (s 2 B e 2
Ly Obs espm 55 (o JiSKm o5 laesls b
aslie 5l OF) Bl 55 58 anslio odd 3ladde ms
eslods Bl b glast Sla e oSl Slrs bl
L die s, oS Cadl gme cpds gdoyn Vor 551
h(s) aaly ol 5o oyl Cillas ol (5, Se3lll 5>

L] 2530 5 025 W s (omie Ol gy

Ih(s) — G(s)ll,

B ||h(s) — mean(h(s))”2 >

ns = 100 (1 Qp)

o b eddgileand 22 RSl slasls e
Sl 4 OV I 08 sla K8 s e B e

Yot Wiy Lialesl by wlis Ol p xia .Cosledsl s

s 09050
G e gl 5s smse plold Sl eslind
I glaesls clotel st iy ol o3 eddoly
3 58 e S 5 Sy s s 5 3 e Sl 2as
slaaizs gl sluld agl 3ol 500 Aoty 53 5 5,0 e
sdelimsts fdd ml s b e 1SS S £Y0 510 81
OY) IO ) glaakaly o o 5 as baaiy ol 51 o 6l
boomlae fas mls 51 So o ele sl Ll OL:

b d 0 (L w5 Ik

—1.181e04 x s — 6.604e05
s2 + 1751 X s + 1.266e05

G146gr(s) = ()

—6375 X s — 8.689e07

c _ ay)
354gr(S) s2 + 9591 X s + 1.26e07

—475.4 x s — 1.552e08
s? + 1.668e04 x s + 2.284e07

G425gr(5) = v

Llss oles Jods s glackad 5 o O aslsl o

0o lacdss alad .caslods 03,51 (OF) JI(OVY) sla IS5 s
Solly skasilis &S Wols I3 i Hme o S
035 oI L Sl Laaiss poled (sl 0l (3lud e pns
N S a5 L Fo55 o500 e S ahad (s IS L
e il e IS el Cs e 15
A 035 Sl RS 5 ik e 030 (e (o8 985
Sl e 53 D e Bl s okl S

D dal
10 Poles (x) and Zeros (o)
sl
6l
4k
e 2[
a
,,,,,,,,,, OO OSSO OU U TUOS OSSO SUOTUOSURTU S NUSSUOOOOTUOTON SO
> 0
2
£ 2f
©
E 41
6F
-8 F
-10 -
. . . . i .
-2000 -1500 -1000 -500 0 500
Real Part

Gl sdalawsas bds b el s 5 jas (Bl V) IS

‘_;‘)g\ﬂ 4.})')

’f" 4})§JZ~J‘/;J[§:>}‘;~JL~

S o ‘}J”L,.Ml;;»j‘;)ﬁJK/»jlp & i



qv ol iSixe pligy = Sl (52l S le b = s (5 k0 O e

Jﬁ&&;iw‘o djjq.bﬁjﬁ} M)J/\'/Y' )l.l},a QI&f&S}M)JA'/OAﬁ‘ﬁSJaﬁ

Simulated model output (Fit rate: 80.23% )
-— Measured output

15 F LE—
4
10 A { ‘\ \\
z 1
£ 2 7
il l i
10 i i i Y i
-1570‘81 o8z 083 064 o!as 086 067 088 09 08 061
Time (s)
_200 0.5 1 1.5 2 2.5
Time (s)
f;\i’-\ LSy 6‘;: L;éb fﬁj’ dLicm}cMé)Lﬂw JL{TW V¢ Ji.i
20 T
Simulated model output (Fit rate: 80.58%)
————— Measured output l
15
15 . .
o fl W At
*}Me’\,‘.%!‘uﬂ”\wﬁf
= s!\!‘tn'i:\‘t;iu,\‘zh,
= ”H'HE‘\HH”, |
5 g ot LT T T
8 . i |
& s \aleH’l’a’L[- |
A
RN R RIRE
-? "n“j ¥ .5\1&“
0 ¥ v ;ﬁ ’% ,1?
1.88 1;39 1l9 1l91 1I92 1;33 1:34 1:35 1‘96 1::47 1.98
I 1 . . ] Time (s)
_200 0.5 1 1.5 2 2.5
Time (s)
pr"oi M)jd‘j@.;l)fjfd@ja.l&‘j)wahiﬁ \OJK.:/
20 T T

Simulated model output (Fit rate: 80.2%)

————— Measured output

T

AR
) §,5.1’HE | H H HLEI/]'\” r}f
m}‘f\!\”j‘}Hf}u\af\%\wﬂ;\g\*\

i o 1 Tim;i?S) 2 25 & S Tme

pS Y0 L35 gl p Rls s I 5 el (3l JUSw V1 SCE

SIS o lwloms 5 (63,005 p5le &2 18] o0 Slad qoilezr o o Lo



i) (S AT 5T oty peebliso g ST b 4ige (sla o)l Ll aA

10.
11.

Chirp < e SXoper
Identification bl S A Ses G, » wlelbd 053] il s
She S sasla oy IS ol bl L s o et OF 4 gilinie (sl
Ssc s i 25 A OlE e 5NN B il 5 b s 00
St e o S 55 G s IS Sledbl 0t ol Ok
Nb sy 4 S ol I 5 o IS o ol £ o
N e e Y08 &35 Jlasl Ol 43) deoys AY/OA Sluds 4 (g5l
e(t) s Gy Jlasl Oley 53) Ao ys Ar/Y @u:;'ogw,:qs,(@;
5(s) Lk el Cows 4 (S EY0

Ns JL‘J'\J'.’ Fr MUejb
Actuator oS
&y

Alegria, F., "Sensors and Actuators ", IST Press, (2021).

Ghoreshi, H., Moetakef Imani, B., Ghandaharion, A.M., "Design and implementation of digital control unit of fatigue
test machine", ICME10, Babol, Iran, (2010), (In Persian).

Chavoshian, S.M., Taghizadeh, M., "Adaptive control for position control of a pneumatic actuator under variable
loads", Modares Mechanical Engineering, VVol.16, No.6, Pp.181-188, (2016), (In Persian).

Rupitsch, S.J., "Piezoelectric Sensors and Actuators", Springer Verlag, (2019).

Safehian J, Akbari A A, Hosseini Sani S K. "The Novel Control Method for Voice Coil Actuator Fatigue Testing
Machine". Modares Mechanical Engineering.Vol.17, No.7, Pp.79-90, (2017), (In Persian).

Kim, S.H., Park, U.H., Kim, J.H., "Voice Coil Actuated (VCA) Engine Mount for Vibration Reduction in
Automobile"”, International Journal of Automotive Technology, Vol. 21, No. 3, Pp. 771-777, (2020).

McMahan, W., Kuchenbecker, K.J. "Dynamic Modeling and Control of Voice-Coil Actuators for High-Fidelity
Display of Haptic Vibrations", IEEE Haptics Symposium, Houston, TX, USA. ,(2014).

Ao, W.K., Reynolds, P., "Evaluation of Optimal Analysis, Design, and Testing of Electromagnetic Shunt Damper
for Vibration Control of a Civil Structure", Structural Control and Health Monitoring, Vol. 27, No.3, (2019).
Fallah, M., Moetakef Imani, B., "Dynamic model identification of an active damped boring bar",". Modares
Mechanical Engineering, VVol.19, No.8, Pp.1917-1928, (2019), (In Persian).

Fallah, M., Mozaffari, M., Davodi, A., "STM32 DAC TUTORIAL.: with application to system identification", (2021).
Ljung L., "Experiments with Identification of Continuous Time Models", Linkopings university, 15" IFAC

Symposium on System Identification, Saint-Malo, France, (2009).

)f')‘jgijw‘p%jwdu ug'm,;u;"pl,uj‘;)ﬁJK”La@fz



	EA(34-2)-6-motakefimani-Revised.pdf
	6--motakefimani(1)(1)

