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Abstract

The aim ofthis bachelor thesis is to compile and control the actuator modelyhich
approximates the behavior of a real actuator under load. The work describes
individual types of actuators and their properties. The mathematical model of the
actuator is also described. This model consists of a motor and a load. The
mathematical modd is applied in the Simulink environment where a control
structure was designed and added. The wéralso describes the construction of the
real actuator and its subsequent testing in the ControlDeskThe results of the
individual test are in the form of sep responses.
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' Zcof ot f fovf7¢4d.. T EL tief ENMEQ.I& ~“Zfo—-o
ratti a@Ae sAZ' —aff "2 S%f-A4d (Ee'— ">afemA...S Zi-ftZ%..
CaAeteA cactrZ& A Ty YT o3 mida c8F EF > — A— « -
“s_@A...S Zi-fttZ " e—f «Z«odfhfA ATHr2gfA@—-Z2B "y ‘T V&
“3_@A..S Zi-frat Eff—ateff«ey” %% “>— A~ fAfikace
Efte'—Z<y...S —>'6 fe—idtyvidbulEe4f3] «S”

Tabulkald ">— <—A fe——7-""0

Typ fe——72- "<*72”«A ‘Tcoete—27Z] e—Zfe'"%
BAeteA Spoilery o—f,<Z<oez| klapky a
letounu sloty

EHA X X

EMA X X

fZaeA o 7 ">5— «—A

EHA:
— <« Te—Zfesrl @ P Z"ALAT L VP YR ' T o e T L4 0037 Tt
kormidlo.

EMA:

“7317eA "o DoefiTt— " SfaeteA 't 2764 “te—'"<ef..t -5
podvozku, reverzace tahu, 6 Z Z+ A ceZzee— Tt 1aA NA&38'I>2——EA ...

kormidlo. [3]

24.3RSLV MHGQRWOLY&FK VRXpiVWt (0$

Vef'«—ZF t ,—1TF “eZe of —fef—c. S tHY T+t Et
L8 = e < f “eaklSA féh A Z JEMAa to BLDC motor,
o —Zc«s'"y aaineehanickouredukcia ZZ3f—'eZe of —tef—c...0y ¢'T3Z
'~ 4 e—F"y Ef ie—AaFteA «Ze—A Zf-F..ey..Safe-—7-""8¢
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2.4.1. BLDC motor

Jako BLD(Brushless DirectCurrent) motory &« — o f «'~ZonickyZ t o —
ste— —Tfet Beas A c—""fEife i-—-magnetynarotoru A «jejich
"Zfe—ste—Fe Efe EF Tretei fwceste—& TZ'—82 (Tioete—d Tretey
TO,7Y Tre3T Tyete— e TfZcefe—c CEi —Fe—t o —ZEHEIAAPAAT T —
of TBA tFE—"of TZZ...'Tx f oot Tk f 't ZF —eAe—3eA
“Te3E @A f “to-asKREEA "'-'" o2 S A 1Tt -1 Zfleflzé>eee A +t—
e A ek e3 o7 W Sf%ptt ZZfIFVZEf—A T Tec—BeA —eAe_3A
rotoru. [7]
—f—'" Ef ecelZ¥ft7e7Ete ca2‘'Z'"fey..S '2%..5064
<-——Aa O ¥ <8+ 172 ofeca o, ,y- ,,ioe "z i-é "Z
oA cAZ— f —e' O—ET eefedec— "'@e3"> o =" — tAe> t te—
f%o Focoox et YofFamffe " £4E7E 08 Yo %o < « Yy pWYD— T O
StV efeA —fe'Z>e—Zyatepr U fRe MR f«et “Zfe—ete—ca
ce——A of °¢CE«f-—3CE< ‘kdeekiShu EE"A@E "2 088 72 Z f ToA o o'e_x
ef Et A" EIStZeAs 1T S~ 3oe)1‘['>']
Rotor obsahujetypic > T~ f f ‘'ddefefe—e s *fHhoet-04 — =37y .S
c—AATZ oF G eAAf"KX L of TeA '—f <Z<—> 'A< H>aea®eA...S ‘—7«+z..S

— e A EA AL "B @A...S ‘—Z«eZ...S of "fe @"fe«A «« CEi of
do rotoru. [7] . . . 3
"efefe—eA of%st— ATfEA fZe<...'a " - f f%o —-> et

®ieced TEZITEERATLcrot CE,°f~—GeT:b"(f—€EA >-‘°‘— ot < T——
cf"@ece fEA ©—"72—> "TAde et VFEA>eFZcot7" oA tHefU%oot—ccef«
E+‘— <7..Geniagmetizacia f% e f—> "oty .o f EA T EZFf ®A *f %o
viastnosti, fZf &t —at,f t,2— of ETE<...S efSce3ZfAi""f e A -1’
povrchu proti korozi. [7]

. ZFA "'eZ' fey ot — . Z 04 8LDC motor
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Rovnice Clarkovy transformace: [6]

BLE [A] (1)
[A]
EL— E— 2
3/4.1% ?/AJ% @
BBt 1 f “zec fa,
E&=proudv 5 >e'—afte<...A...S
¢ TfZ$A _oofTo3oA ﬂm;é&"of_(ﬁ’”—&(_ ng..z“-t'.:‘y_""f_’
< oA fTe™f _Ufes tTef f _i AT 1T e %oeZZ t° «f
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e>e_+eo of o‘_‘«_ﬁo«-A‘_.'”:toé I Nys‘T*i‘éZ‘f”')f )Zf ’—ZZi ZA%’t °
f “ oz‘ of o:t wN)’&_‘é":FZ‘,‘_o”ﬁo__ Nyo‘o_ o‘_‘ '—a

Rovnice Parkovy transformace: [6]

ELE.."& EEec«3; [A] (3)
ELFE.. "9 EEe*ce3; [A] (4)

E&=proudv 5 >+ —afte<..A...S
Edg=proudvtéa “ «'—aftec...A...S
ai 'I'éiz 7‘(_‘((¢.A ”(_("_

17



<oe2Z "e——'—EA. AVTV Ette'—Z2<y..S +—aAtf«d ET "‘—% %ot
© Y077 eiaAce—‘— SZ'e—A et o—f"te r f sA

2.4.2..X O L p NaRNEX E

fZ@Zf TwAwze— A  —Tke"y @h‘te—prvek a¢~2TA—f«°A
pohyb na AAefya A"t of —ee——F«eA f "ot Zfet— z’-A ’ai
—Z<«‘&y 7 = ’”‘"oZQA o 3 oyo( oZ_(Eoyo Tle 7 oyo( "' — > y
s A Taceeto— f oo g ATy ate Mohla by nastat situacekdy se
°—ZV<«-‘~)'/ zadrhae, f ''—+ ¥F 272" o—fof ':'FMZfoV—iZ')'/'é.
Z-'S" t07't— &+ -af,.f ‘fflEef—«—.. 1 ettt 'e—ffZambf«ce-"—>
"fTCTEZed ofOEf-EI NI — T —eek®@2F @ft—3 "f— of—<..< Ete
V[ 8<Z2ZeAe o037 3

LV7eted o' tFZ e—Zcxe'"£S!

243.0HFKDQLFNi UHGXNFH

" et o(z efc o' —""FTe f Q_Z(«o‘Nyo &"‘_”:to of TH— Aﬂ
eedAe3dt—" ""HTZK " >— <—gni@gee3’te 2, —1t> T o<« ®A...S ‘—Z«tea
ai T y te37” n@zm(oz‘o_( of —> ' — ’z#,:’),,;ZZAr‘—‘f'¢"

el atome s ST e A [ e P B BBEte fE L AFT T AA
S e f 520 fer e a 53 et B ed R ex Tt catlp et
TIS'— f 'fTete-Ad

18


https://cs.wikipedia.org/wiki/Rotace
https://cs.wikipedia.org/wiki/Rotace
https://cs.wikipedia.org/wiki/P%C5%99%C3%ADmo%C4%8Dar%C3%BD_pohyb
https://cs.wikipedia.org/wiki/%C5%A0roub
https://cs.wikipedia.org/wiki/To%C4%8Div%C3%BD_moment

3. MATEMATICK zMODEL EMA

R

‘et EZt'@A TyeZite> 'ac ”;t%o—Z,fCE.flk 95 ‘Srpifes Zf

-——= “—‘—]i~>\°f—¢'f—<...°> °<-—2v‘jf—a ‘“t1Z 7373 [’ Sce—CE]
f- aef >R cezZsA 'Te—flotef ot ZA <« iZE@'_'f- - ZS" 724
67 e Ee'— edectorx 32 i[> EAtE 2T EF o f<kebdy
chybaml ¢Z<-if (—> ¢'S'— y— ——" —Z7%e. .. F "e—_atTAEA Re3ef
Z' <se>d 17577 fet —3 <3 o Tastrms’tlfélq‘l<(1§<:<°y.°+8 o' —«ze—Fe4
T..Sfec..ot ot falkoje' "84T a1t " tF...S f «o'S* TfZeeA..Sa Zf <A
rattete—A :<°V—2f...°¥'v€Eii°-‘~7“— ®ede> ffetef B AN Tote
modelu. —'aAeZ A% LFZ2Zete —fe—""7eA O2odef pfIfafl0Ge ot —0 ...
>...S'e e—efZ¢ MATBG. -S> LA sy d—fELf" cefoexe3 f «f"~3 AR

ModelBLDCmotoru'éiT"-ZZ<TthZZ"/§K’ioe"’”®,,3§ s f'3—A of “co——A;
7721t of 'aft e 7te——-A Ef ‘T of, 1 "‘ecAe m-lf‘--f FE -y iStZ
e—fEey ‘tf%ofef—c...ox “Zf f—“i‘f—zaf JoeeSef —1'7Z'—> “<e——A 'ac

©—T— 8 e"Zfo' T e TZE .. S—& of o> Lt e £ B> ot E? o1
AT eZpHEe =" oA TF TeIEmAe of %ok e BB, Fe

‘e'ZeAec ‘" Notor bude simulovze ,tce —-Z—<A. . A ckesIy-RE —,
L— Tt eze ZcofzeAe AAETIT foce s ZmRlONOmAtES 02 F <o 2 o< o f

‘_%e%..84 atefec..f ,—T— "eie> "e—fSte " 'BUdE 'Afee— o

®‘'SZtte3era f721% TfZEﬂG)ASONU?]‘3GE"éETA45é' >cwetZeetfre—> Ex

87 fte3e> of 3 P 237028 foo—F_ ‘" 17ladk fAkble +

odpor vzduchu, vztlak, tur, —Z f o ... ia T*eéeirﬁ fey —Zfe of T2 TAc" Tef—

K..S'"ZeA ' —A«enfs — fricdel , s— <= Wp—Peofi—c.. 0y o TFZ

bude ,”"Z-""—foe ef afee‘e—<a -—i”i ,> *'SZ> AT EWsmIK ...« Teece

—8feAe «¥ fkeye ofete—te " Tfey o SfeFA-AEH <ot f"c—> Eo'—

cefefT,Bt>a ) s ) i
V7"iz2Zeto f°——2"->—£+-—AE':Lf« "Z S> TAflFe 2T B A —

vazbu V—+—* 2% >Z 'att’ ' eZ7t7e -oeAfISd;"fZi" O trr se&

‘S— t7 zT*ZICE ny o-iT-zoefZ "5S¢ Lte3 «< "toeefS—

CFTfer l3TeA ZUSf ef-c % ot St B taed 1t bet

3.0DWHPDWLFBL®®RGHO

“mex of Tt feA 8 TFeA o " Ef eheBsi,"i- ‘8711 s
e TfepnfE0 -7 of 872 Z:té t tZcaed TAc TreteZ"FeA of
komutace, TzZi a< «f ) |.¢._ etfec¢ t73e ¢ fot Taf fefeca

Tt e e f— A-‘—‘ —ati ekt TP geL YA ook oy

-‘-i-— f T)ﬂZSﬂBG‘StI Z— S — "t f... xS —<4-—TZ(m=.=i f-
LLSUTRAY— A Efte—Z<B).. S —f7F.

19



Cec. ' ®FTe—Z<7Z of '3-A ¢fi1HeA..S —f-""—

@0
& L 4o E— @P

QL 4B E %"P 87 (5)
@ o

QL 4o E— @P
QaApAYt o f '3-AZzaEh,cC

doddpddpt «<ceooy ‘T7'7Zeghh,C

dsde= proud na "z @b, c

00+ *'af Y *f oot -<Z@Y c-"°

Tecf CAf WhSE—c.. oY.oF SFBA . SEaf - —

0oL .0BE.od&E .odE 0 £62;
0oL .6BE.od0E.odE 0 £6a; [95] (6)
OoL .olE .o E .o&%E dered;

0p0p8nt *'af Y of %ot —Z@@g,c"

papd o= <o T —e«nae>Zah,c

Ridgdet '"'—1 «f bpee« fa L
Oes®es®ers e Af % of%oet—c...ox —'o> " efete_eA DS of%of-0
OROROBOBOBROGE <o T—e«e'e— cFcec bz he dd ch

ax ISTZ "'—'«te AT "<""—~... «c Sposunem 120!
““ec...F Tec—AcAS' FZte—"ef%oet L[AHS etefe——2a
@E/E @e £ @e £¢ [01] (7)
| gL OE': g
%) E) @a @3

| g% izit'—"f%o'i—(...'y e‘efoe_

Bidpt '"'—tT of "Zoe< fa ,a .. o
Oead@ea®ema * Af ot of%oef—cot —'e> "t efefe oA S of%oet-
ax 1837 "o t«ieA T—"— i”pobunemA20L-. ..t o

20



@, 0l 8
/Qi :I:v:t’—“f%o‘:t—(___oy e‘etoe—
/Ai xez-3 ‘Ny o‘o:l:o_

Ox ¢Z°i~y olefoe— v-:l:—"'“f«-‘-—(
Xy £ o ... Sfec.. sZxydtgast”

Rovnice e 7z~ <eZ $oZke—"¢...*+ ’ia.e 6ZsFmeehanick rychlos ti: [11]
AL Lx, [N=@7 (9)
fizeZte—"¢...o7

. iS
Li ,I((i_lez ’i”a
xy £ of . Sfec.. o3

Z‘Ny n).“th._

iSZ'"y ">...S

N«

Z "yt "efexS’ "t t..03 'Zf—exS' 2.8 "I AR 2L FfZeA
“Zfe—ste—<A ZeZFIT—EA.. KEGZ0S" "IoxA o' i of «fe'The [oefe
T™3ef ote——f fhecoetee”+_o3 efec 1SZFe of —‘«HoBOLkde”— ‘T 1
"ZfRAFB, BLT Qol QF Q@a att ‘edgtE «ceetofyf"Zoe' ™+
<of—ewe‘o—¢ f NCE?GEiOOfE«O‘#—*@“TOi(f w— T Az «QRoeoft« T o>
odpory, .« 20"t <ot —a«gt R ZE Tt <ot —e«e'e—<a

Rovnice pro ¢ &f teef %oet—c...ex —‘o> "I fiS¥A1T]
OpL (. xF .3 ' BEOJe£6a; L . B E 0¢g g6,

OpL :.x.F .3y  BEOg£6a L F.BE 0g £63; [95] (10)
do L O £ éa;

Bo@Do@e= + Af *f eoff%ec...oy —‘s “Fce< f4 A4 ..
8..3,'3 i Ai(ﬁ"“i— (QT_O«O‘Q_(é ~(E2CEiooi (o'l'_o((o‘o_(

Bt 7' —1T of “2oe< fa L4 .. o
O @ea@eact *Af ot of%oef—c..ox —‘o> "F ofoteeA. S of%oot—
at iStZ "—'«ieA "i—'"— i’ pobunemA20-. ... % o

21



e f 7 e fIZA of “Fceboro §SEFF L)

@E/Eq: @exso [§ (11)
@ a

Qol QF QL t4BEL. —@lg

QoL t4BEL. —,;QJOEQJO L8 (12)

aEﬁE@EﬁEO— 4 af o+ ‘f%O‘i—(...'i — ‘o> ’:t"°f':l:°—°A...S 'f%o‘i—() f ’
ax iStz - «ﬂ; A "i—cm— 17 pgobunemA20i—e .. F o
QaPAY s+t *f'3—A of "7oe< fa ,4 *f'3—A efoec "ZaA f,
QJ@QJ@H-T—-‘”f-i °f’ 3z+aixb-f "z

idpdpt '"'—1 of "Zoe« fa .
At tZfe—"¢...e2 1SZ'"y ...SZ"—
cLeF gt <ot —oexete—

4ot «cooy fF of "Zcoec«

““ec . f Tec—8eAS fZte—"‘ef%oodto xS §'SUH7Z K¥:[11]

@¢ w @k £6 [01] (13)
| 5Lt — L FtE———
R T “ea
/Qi iz:to_‘of%oo:t_(_“oy o‘voio_
Bt ""'—1 tTorefec...ey .>eZ<.. o7 0ee3ef of AZO&(\]‘ \V,, \ ...
Oep@epat *'Af % of%oef—c..ox —‘e> "frefete_eA S of%ef-0 [
a=1STZ ""'—'«teA "' —""— ’I"«(pbsunem 1201tex. 1 o
e F ZTceZte—< FZFe—"c...ox V> LB ZKuHK1] iStZ r
| @a [ N= @9 (14)
@P
it tZfe—"<...e72 ISZ'"y ">...SZ" e~
a+x iStZ "'—t«FeA "t =" —fuKck'spobunem 420t x

Tec. ot <ot —e Tfex St of 3 A T BRI r

 @es £ (15)
QLN @a

jS (.T—.‘Nf.i of’3_A

At $Zfe—"¢...o2 1SZ'"y ">...SZ"

Se s A o4 o fYaeto oot —er TErefete oA S ofYoet_d

ax iSTZ ""—t«FeA " —t"— i’ pobunemA20i-x... f o

22



et HEFTA—CGA.LA T —1t 7 fPZFINEVSE2 ek e f L. <

S t4 16
+L,; LSE—LQZ kK7aaL; F 7yl E 7géL;0 [# (16)
+= proud
4ot «codY''7 of "7 00¢

QEUEDE <o FT—e ' "fex of ' 3-A of "7oec f&d , & +f'3-A of "2cec f,
QZL 4331 :tZi‘—”‘°f%o':t—(,_,°2 ((fO‘NZ o‘oo_fo_f ._”‘E:I':

—FE ey @0, Fe Efeye ,>2Z> ‘17 eifSd 2 e xleé otvodit

rovnice '”* TSHXrt f uxrta >—' "ee—fS> Ee'— of'eze> FUSZLT3 T
Zet 't tc— .S TZeA o =" JelAd of « DBtAzPolohu rotoru,
polarity proudu f “ye——'eA of '3 _[Al]e3ec«T i

Tabulka2d ‘T~ 'cefes " "o EAUA .S UHA o - —
—f

IStz = 1 +#7? " 1Stz =1 @F "7 "e-fSH v | b]| b
riF xrt :>ZEI,’;:7@@F TudTué + | F+|r
XriF str? :>ZE|’/;:7OOF7U@E7U@5 + | r | F4

StrtF szrt ;ZE./; TodF Tuds Tub r + | F+
SZriF tvr? :>2Ei/;:75©': TudTué F+| + | r

tvriF urr? :i?; Tod™ Tod= T F+|r | +
urrifF uxr? :>1E|/; Tod Tud Tud ro| F+| +

3.2.Vztahy pro N X O L p &IRRYX E
““ec..f —'"esA <AZ>3

L 012
teR (17)

6+ — oA SAZf

(£ cAZf 6o A A Zcod37et of Foconf s Zcas' "2

Hoo—' — 7K " «—— o —Zc«e'"£S" @' — —

Rt Tacoe'o— o —7Zc«e'"+S" "' — — “3_@ce'— razw” f ra{w”

23



~

““ec. .t oAZ> o—Z<c«e'"xS" @' — —A4

téeR¢ X ?

- 18
( v (18)
(* °‘Zf’6°‘,,A...A Zcot77e3 of of —c.. ¢ o—Zc«e'"£S 7' coof
6 —"eeA +AZf ] )
He—'—"2¢A ®Z7¢(—— ¢—Zc«e'"£S" &""'—,—
Rt Tceoe'o—e—7Z¢c«e'"£S" a8"'—,— "3—@<e'— razw”™ f ra {w"
e, F ZT<eZ'e—¢ ‘—Z«Fe @' —,— of "<, of—c..F e—ZcxetT
HL TJ [m] (19)

H posun matice }
T+ o‘oo_fo_f et «<S— "' — K —
Jx "f«i- ‘—Z«fe

3.3.Vztahy pro mechanickou redukci
et At t xSt {8 —4&

Ns Js 6 N []
L—L—L—L— 20
6 Jo < N (20)
I £ 'af" 't 7y "tes”
g gt 1SZ%2..872e— "*S7e3e+ SAATEZT ‘ce—,te+S o Zf
Js,\]_”«i— ‘—2«:[:.
N Nt "“Z%e3” ‘oe— texS* o Zf
S Wt «i- @—,0 'Zf
Yo, f e —— A AS‘ e‘ete__ 3
2
/ L(‘?_t@ X1 7 (21)
[ £ "' ——A A otefe—
(¢ *AZf ‘e—, *£S" ' Zf “Za«kok ‘o—

24



3.4.Model 1iW DHNW XiWRU X

““ec.. .t " Tet"7S> eteimetoru a @Z-8 1

@ i - 01 6G° 2

L & FURF GG, (22)
i, «f—""fmoement (Ai+ —SZrythlost motoru, ,+ e‘ete— o — 03 «o
motoru)

6, = moment motoru
UNt “coexe A — Qe A" <. .<Fe-N£8d+RN2""7Z ">...SZ e— o' —""—

Boget *'cFe— @ZAFE fwcooe— ’éi%g@é~'3CE%A ®z-3 f1" ' ftrefec...

sil)

Rovnice polohy ‘e —e— of —<...f e —Zc«at £S™ @¥% <ol 'e—3 of ®RZ-—
@U 6 _U@UR( 3 2
S22 23
@7 T ebT (23)

- hodnota posunu
6, = moment motoru
Be'f c...<cte— —8t-A

£ ATy eFee e o f LA et f e—e— ef ot
Bt T«ceo'o— "34F7'10
(+ AZO“,,A A f y°——"A —> K

t oefete— o T fefe—_¢ ot _tTV

25



i

4, A A A A 2
r A A

Regula 1SZ— of —‘«Felbtoudf v "aL " Z1TA of "% —Zf...< '*2'S>
of "' —, & Feft “a@fe affEc— o' LA TZATAGALY cer« . T ««<
"F%ho—Z " f— TAAe ek A Zfee3me " foet, AS AAa@it-A ‘Z7'S>
> fT—EF TA.t —efTatey...S ceor«ted F-AAYf ARI<ZE " —Fken

e —t"—& 272% % -af,fAAdke A fISEE T —t EF ot ox "ATEA-
kregulaci polohy. "* atafeA —'S'—" """ Zte— of ¢t EZL'T —"Zf-*A -,
,,‘m~3—~i.i ._”_.__") .i"’Il@]i...Sf.(.._é
l vy (t) va(t)
w(t) e(t) x(t) y(t)
> L} > R ‘-ig: > § X}
Obr7e138 eZfec...o2 o—"—e——"f '3H0] foet,:
]
€ | Regulitor |“w | Heguldtor by Reguldtor Vijkonovy - g
7 polohy y e otdéek w _}Q_P proudu i ] zestlovad > M
[ i
LZRE2E o Stef "t 3-"tet o — e [L0Jet" et S fecoe—

41 VFEKpPD UR]Y WY HQmwméeehahistduV XU\ VHU

‘@3 _"tet o Stef of " et  Sfeckosnirty Ket® aA@icA

| H+

ALt =0 fZfe—"te —"BA ‘= o...Stef EF —"rAfe’ —Atec —of”
cercefoch Ft> eZet <« —AKBBELLIWNS 27" EF "F%—272-"" "7
AT EF eo—f"te "t%—TF—'" ‘—F«ted o—1"y AATAOUIG.EA T e
aATA. . A "TZcacof X —"«—ET $seftfof 1 hsloZfasA " T oF o
Te78e —— o kdpjet> e tfAZ—27A "t%h— 7 Uffe B ThZex H>" "o

«< ZAges 'S~ oF T7 efEZt'f T 'eZ2Se —— "te—mleye ofe_fT "]

Ette =2y 45 "F "fho%o—F 2ot @A T "o AL 16 —a

26



Cefe—fTfeA "t — 1 7St "t % —27—"'"— aploximidBe« f e —3E <« ' —
Afe'e— T“coedecAteed Fe—* 'Afe'e EFf 'fo [10]°AS’ éi’r—a

% —Z27-'" "'—% «p7t fakeukoliv metodou (Stas T f"T+A...§ —"f"
“vFe teweA..S .Sf fe—F"ce—<od 1g-ler~Z<Z /Kséz--ia ‘BAtd” +S
hodografu f—14 &8 TE«fe—-3CaeA t"""—«fey —"f" "t1%—272-""— """

C "F%—Z22-"" of fTHATTRBRIAZTE A @ —of Y[ 2 S ek %220
eZ'f etefEce—A Tiof feA "atect "VifRffer AT THE—T1

cfe fTReA frfet—"8 " ASfo "«e3 FeR"<fof 7 Udf ook ——ooce%o
nastawije *" ‘' ... <'e2ZeA 7' of &4 TeAZteA 'UbSahevAlz —"— > 37"
CfT T er St B @7y e3Z ' 5 Yecaye "tecete sfec ">, .SZ'e—A
©2,3S— cacTafefc—8e AF..S T 77 L SfUfe—F"co—cof > — "F% —Z:

01032fv,,’ﬁ-AZ<ae °(Z<—f§2 T ' Fv AR EREE cfe—f <=« ‘°—f—°A
"t %o —Z272-"'""> ,te a:l:*’f« z-aépodtioe-AS fi(Zﬁn--)Z Af°—i

fEce—A "atee — ft° Ef f— SeGeaf—soc.. " tZ2'— & T "%
A<tz eoc—fTy L ef " T ezSegvifaTfer S TV-‘—>a o

"Cefe—fTteA "t%—27—""— "> 18 E%—EAY et (2 A— <
regul Z — ‘& ”i%o—2-2<—..‘.’¢,,GefCE<-—<Z ">..87ZtE®eA t',— "t%—7Zf..
76,35 % .8t TE LSf et [ZF @ GRME > - eFeA;
"t % —Z27—"" > >Z[1«o;; S‘teya

i%o—ZZ— " tZ2'Ss> Eartf R§LIfiy f-—f—<--—- T4 ere—toe—
eec es@bilitu, f "= efeA "Sttex ' — A_«< "i%tE%/BATbY "

~ ~

§8> p L a8 ez fTeA "2 o

T«

“aefe o et ’”‘S‘T<— "t %e— 27" )
'"5,38 "f% @oF f .. ta

fo—f "feA "f fet—"06 "t%o—2Z22—"— " ASfZ' ‘t MM E+c A
s—A+t 'at..St 7z ... Sf"fevpltnatakegby,bylsfe’ Aset —Z—efe? ««
SececezZoAe 'atee>Zfa T> ofe—f"tef ‘tAc ®@AS' ®F-AZI-A
k >eeahAfef "=t HZf ofe—f "1 "ZeR G o X% Y-ZiB—"" 0
shrnutov «2+Z 1 t-AEAS -at.. $104f,—7Z2+72..S4a

Ra La

Rovnice f'"‘Scef ... T "B} -A

A
YAl £ > ?
LEe

@b (24)
- = konstanta motoru

iéi :l:zzt’—”(...'Z «f"NZ 0'oo—fo_f

L ('T—O«o‘o_

4= odpor

27



4.2 UR]Y \WsHukiQr a aplikovan i v Simulinku

LSxef T e—Zcooe— EF TH>-"rAte TZE T'RTI-"Fex e —o.
of” et . Sfecee—a Efe o —Ae ""etAZted I ' "t%ho—Zf ... " —
"t% — 727187 foe— fraClarkovy —"fee " "ef .. FT& fe' AATA.. A "fZc«co
E f 1+ — skl BLDC motor je zde nahrazen PMSM motoretn e — 1"y ¢z "1 ot
vlastnosti. ¥ ¢—"—e——at EF —fe—% '&ctZef of-——"f...F "' —Ft— f
o[ <Zc=> ere—te— "Ac HrBAASI R« TESDH— - a —1"=x
efEceé—EA ,Zfsest & faabtguo

uhlova rychlost
poloha ]
0 T mmmy Y] > rychiost '
zatez motorufreni dipEl 1 n1 Outt » 1
; o1 P F [N] ydd [m/s2] zrychleni O
+ s otacky/sec
= ;_; mechanika Ll:l otacky/secl
-sloz PI D-proud otacky/360
In1
"@_’ Pls) > _/- 4’@“’ Pi(s) > _/- ’@" Pl(s) Outt [ Mo unelf> L]
jednatkovy skok | P poloha Saturace Tychiosi | Pl rychlost Sattrace proudu PI Q-proud > —|_pu o il
ABC 'R rad to degree
transformace =| u » ]
N — iAB.G_l P x_ab poloha rotoru
’ g id‘iq> *o proud dg
zitez motoruireni A 3to1 img
PMSM_dg1 v o[ ]
|
VZRUPA o Skef TRTI-"hed o e s o} et Sfecoe— frZco " fox "
Z‘«PMSM.‘_‘”_ .2 T~f ~.l~_._A)a.__7 E:t .f’B_A [T Ei.‘..t_;
“70ed 4 a ”_S_y.._"':to E L of o'e—_ .(.—d.fASi ZaxA 2z7z-3 ta
phie
o »( [phi
Gaind  Integrator w e
w.m . e 1
x_ab ud Me » 3 ) w_m
Uabc *_dg id Me
@ hi ML =
H02 | i 3
- PSid > idig
i alrdq Ug Psig [»
1 x dq
- Subsystem s by “
w e
:2 _ [phi] phi @ labc
ML w_e2 dg-ab 2to3
CFEIGA  TEZ 7 feet tef A of e eretefe ot t”

28



o W fE__Et S—Piouedgida > T —t—4 ISZ T — "y ST
polohu rotoru a moment motoru. Proud je“e——'¢A “"fZ<c«<e'— Tspolu—ez—*"—4a
S’ fttTfer— Sttet—t— it — ok _TPAA Te——eA T . S5Ze— "
proudua’”’ “ eZ' e—&a oZ' of EF AAcefef of e—Zjedd ISZ'"7 ">...S
o — o7 fot T fet— S'te S Z¥s f -t "FU%—27-"— ">...SZ"

‘" (E 1 modelubdvwazéhaodties t+8 2 e Z<a@feAe srtv

‘Z'Sf -
'—Z2@0 of ‘—Z«e—& ti Z'Sf Te-SZFEA EAYAIA TELocce —
f 't——1 t° "% — Z Mehient malorGvsiupuje d’ ,Z «e— of ... Sfecef
oo —7 o EFEAKATYy "' —, f 'at” 14
<ol
<& "
D
Cain? PSld

PSIf
Constant
b

*
Product1
4

— >

———(D
Product3 o
Gainb Integrator1 -
PHI@ ‘
Ug ¢ Psig b|-
Gain10 Integrator2
viscous friction
Gain9 <}4 'q
Gainb
. Z ce7¢ model motoru
fZEA. N.__’:t. "Z‘((.— Oi___SfO(of Ei 13 _ N(..X(E.A —ai.
"eetZZi~®E> AT «t— '—Z«Fe of Z'S—A fZeA T7f Tye——"> E

e e f "o AS* .. SEriffaceipblehy, tedy rychlost a derivace rychlostj
—tt> e”>...8S7Z1<Aa

‘

yd [m/s]
1 1
Sl L H 1
m
11 Integrator  Integrator1 yiml
ydd [m/s2]
,Zel®modtZ ez-3 t

29



4.3. , A 4a A )

y-ZiT-fp-v...prié‘ "f% —Z f«eAS* ' nfatice. E ¢ ”fp%o—va.v..fp
atr..S' 172 ..Sf"fe—F"co—<of E&F "Ffe.F of VN fTTfe'— 25—
"ft<zed' 'T''TATZ 'acgdunuerhaticeo26cm. —FEe3 —fe <« TfZa@A %"’

ce',"foetez Tf—f Ee'— "$fe. A of EFterat ySit arr "ftcz-64
LSfUfe—trco—cof @Y st tde—tef 12077 1 f 08% —Zf .1
"—face>da f eTrae—EA...A % cszredulAcefmeldatprodt—, > o fi—4 ",

prechodova charakteristika polohy matice
0.25 [ /

0.2F /

poloha [m]
=}
o

=
o

0.05

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
t[s]
Grafil'at .8t "2 .Sf fe—tf"comcof *2'S>

30



[f8coZZoA Tt of o7 ">...SZ'e— of—<.. . fZ'10TA+Z ofivs"*feat
LTCASHAZZTfey =T f" 1,2t —e—4&

rychlost matice v ¢ase

0.4 N

0.35F |

rychlost [m/s]

o o
N T
o ] (8] w

=
L

0.05 | \
\

0.5 1 13 2 203

31



zrychleni [mlsz]

e’ :AV f-<.. ¥ &% Azt <°““”°f—<73@ﬁ‘ .Sffe
AS' ®@">...SZtA | xfotf'rfrefetfe—3¢A "t %o—Zf..14a
zrychleni matice v éase
6r |II'5||
\'n
4t "~‘
2-
0 — "
/.
.l'lf
ol /
0.8 1 12 14 1.6 1.8 2 i

t[s]

Graf3 ®@”>...SZ1teA of—c..t "~ «fef

32



8t ..S't'7Z .S fe—tf"co—cof "Z'S> "=t — —+e33 A —(E

S femtrcomce— V28— of-c. 1A '3 Zeet "<t3-4 I T, f "%
T—Face> f =" ,toe 'atesw-Catakes T' sdxw "-1acepSkeZSA " !
hodnoty saturace rychlosti proto je charakteristikav —‘e—‘ Tete— Z<cef7"«Ad

prechodova charakteristika polohy rotoru
400 - o

350 | / |

(F+]
(=]
(=]
T
L

el
(4] ]
o
T
I

150 | / §

100 e 4

poloha rotoru [rad]
[a%]
[e=]
(==
.

50

1 1.2 14 16 18 2
t[s]

Grafid 'at .8 172 .Sf fe—t"comcof "> 87 e—c 7=t

33



1ISZ'"2 "> ... 82— '3— —+e33 + A" —(EZF ">...SZ'eF of—c...t4
Vafed ‘T sar{ "—tace> T*' séax ~—HelcefSoZZ¥ DS Te' —> of ——"f .1
200 rad/s.

uhlova rychlost v ¢as
200 [ T T K T | T ]

180 | | 4

— —
$a [=)]
o (=]

T T
| I

e
[
(=]
T
I

100 | ]

80 | \ 1

uhlova rychlost [rad/s]

60 | | \ |

N
o
T
1

20 f | \ 1

34



Z' o> " —taf it ez2SZs Sitet—s of ——"f . F v caRelefel" of
"t U%o—Z272—""Fe "> SZ'e—< f T oZ' ok fEHL EAHf foff cSHS—E FTAce
Ee'— S'te'ms “ o2 B>"S dB ™ T — &' F7et o277 ' ofSce2ZA .S
‘—Z«ted f tref FeA Sttetn ofSZiVf.of of 3_A o7 o5 —e_f7 —
Ste'—3 shfz' ' —t +2%e74

d q slozky v case
3.5 [ T T T :..;‘. T T T T T I_
d slozka

g sloZka

N
(4]
T
1

M
1

proud [A]
o

-
T
1

©
(4]
T
1

06 08 1 12 14 16 18 2 22
ts]

Graf:6 S‘te'—> T“ oZ' feo ~ «feot

35



” ‘~3é:l:oA "_oo«JaoP(o‘-‘—T(iZ— ‘:l:‘—fN:t@igz(“— E:I: —a:l:”f

Ste—f"<— "t72Zey fe——Z7—"" «< o' —e—f"— & e—1"7 'A<, Z¢ o3 f'" Fce-
e0 tef 'Acoe—'—ske—oel _Fo—Fe oFf o—f" 3 EF —Af,f e tIZTf- ">
it ,— fe——Za'tLA "7ZeA Eete >— <Z of—..S  trtr a ' ezeZ
D20 —at, f wtkhiBevny FredoTool RoundCornersa STL’ " —esfte3eA

' TEZ TZFA ete— 18— o tEZ— TP U —ceeZ”es

LV ZRIPE >@c..of o T17 ete—" EfexS

Sre—te of eoototuetece' T+ "Fed «FZf o' =*"—& "> ‘"£S* Afete]
Afefec.. 0dBA% 11,3 %o—e>a ZcotZz"eA 7' coof tSAFSLZLeRY" <oof
" A o fRALASHlMe TE Ty f o E F A sfot7c2ZE Tfe
DL> —coee— > of U —cee7"e3 " __ofUch [Ec<oZZeA —coeve—_t77 7
tre—f—F«es "t Led fe_"77eA «Ze—<ad 7' —at,f ——-" «Ze+— "toeZ

+edztf«e—04

u”z(:EZOé .‘Tiz y —(ooeo — __ + _“i._ﬂz

36



,"Z22E efe—f ey exe—Z—EA..A .S "7}

51. t]JHQt |D SRPRFt &RQIRATEO'HVNX D

“38feA “Zfe—o'e—AvSIMUNKf Zf o TFZ— 'teer—e—_+o 4 fte—:
o't1Z 7 ‘17", e3EaxA f ‘”.fé‘”fz p (Ef”‘~°i~f...A K3 f2<%o
—"«<—'— S'te'—— takfabyzlmpl AotorSzaroveze SZ0e A A4 C @f"' TeisA »Z
fee't+"— "Act3Ztef o—7'"72 ""oec..t f 57" o o+ «A-f—-'—Zce>4a

" 2 @22« model VUT aligment

37



L Ze2FE o t1Z "t % —Zf«eA

o...Szx.f

T <e—Zcoe— 7' —at,f e fofobtamu CbmtiblDesk.
ControlDesk E3 "y~ E "+ %o"f <...e% ""te_AtTA 'V ete_"7__ f e77"§ 2
At THMae Ao 2 ATE —t JiBese T em? 7 fee EF o' foc, <A o
(o Tcoste [T I EE ftefoc.. oE B EET I PRT b et S
"te—attA t' tTTAGESE T °,

f "7 %" fe> '"f . GSEMNNKf ,Zo0ec<
Yotet” —ET o =M " fodcHow 22145 F" o<W0 27107 Z ot F ot Te3ec—
z2'" e—AtTA fe—"'ZifteoeEH o ok o3ec— e _AACZfT— "fUfoef-"> of—
' F c.cte—> "F%—Z7—MdGU’ [ (Eecdlesss o sfe—c @ZefS— "AA’
T8 f"cote—2ZeAe "T33 770 A “Zfoeak i AZbefrent —thlediSker A o
«fe'"k 7" «eto—c oo A AG fe—x ETL T TZe" %o f ..ok Tt " foe
'"f..'"ZeA Tf— Efe' EF e3ateA «fe'"y...S TePeFhcyf5Se77A...S
S'te'— f tfZeAad * o+ €t 8 '"- tf- ceContrblDegk—2f,— «< $3...%
spolupraceje sSf "t ™ f"' " — Efte'—e'— t 'f.. 14 e—3"72Z @1 ">Tcoe—-7
—te—*"7eA AATA. . WAK fftZ<efxt-A""72...1 &7
sprocesores ‘™ 1

;a(

PEFTe T
f oft — "£"C"+"<A of Eftet t1e..%a
—eAe—<«— TAAed fte'—ef ssruofEceéd' " fZf t72%-
motorem.

y ey>e _+ o
- T:too

”l.( o' of ¢

38



LV IeZAE TYTIE T e ARtA te-"iZ fes

39



52.DataQDP HQi QD UHIiOQpP PRGHOX DNWXi\

7eZtt—EA..A % f" ef..S>...—Et 'at...S 't " — .Sffe-:
Vafetd ‘17— Ef oeefoPofd 72Ty ™BLGA3"— @73 t f
«t”"tet— "f ee3" — ®@7-3 f —Ft> 0z-3 ‘0287z —">..SZ¢«= "1%—Z
"t %o —Zf...F 7,38 A37F .S t' u "—taced "'—+e— SAtwd<3te ofe—fZ
SXW "ft1czeda ‘o—1 ,> >Zf Z-3 ‘te—f'fafdf "W S'PBO—A ,> »
PFTCZVOR 2 T ef A TfT<2e8 EF "f%o—Zf .. F o< ee3— ®ZI-3 %

T_tacoRd «Z—e— "It ZS THfAcef [ —xe3a ' tief TeA ' ft

raxw
o> Z<et7"eAbsattrace.. S "ZeA oo f’

én.l..;_) CE:t .zna._ 1;Z;é> ,"f._(---
rychlosti rotoru. 22O A "t%o—Z27—'" 57 ofe—f"Fe —fe f.> >Zf A

S frfe—trco—cof At —7—eteza

Graf7 'at. S 172 . Sf fe—t"co—cof 7S5 "

40



T%o—Z272—""> >Z> ofe—f"Fe> ' "smeaeA "'wefS>a et Ef ’at
W Sfrfe—fTco—cof "Zse—774 8¢ '— <—AQ EPLAS" " Re«ffE— Zoetf "

E e ZF—'" e e A TUTefo ZS Mt T s efs of tle—fef —x
7:8>8 fe—

+0...S'T0 Zoef ‘fTe—"fec— ofe—f"FeAe ocZ3ExAS"' &
fZ$A o' o'‘e_

2 fe 2 T — A— [%e" e e3E M afe—f"teA o7
rychlosti. ,3 —>—' ‘"f—at+A > "soffefiikZx=3 of “>eeaAe ""eefS—a
‘“toe—"fe3eA ofe_f «Zc—> > =% 7' —Af,f €f £e— e @A of-——"Ff
> fZt ®efZ<Z' 'Aat.. Sty t3EA

Grafi8 'at .5 1 "2 .S fiZ4Sxeesf— of ofZxe "to2efS—

41



(/a(

at.. 81" . Sfrfe—f"co—co> HZ SV ak. o5 4f V.G A
LS frfe—fT"co—ce 7S5 of B« ceef«ed ZcaA "@SZttte of 037 —
"t%o —Zf ..F "% ee3"— 0073 % efe—7"7 ‘eofe «—y 'Afeec—4 o> Ef -
‘—Z«teA f -t EFA%f-ZZtT A o7"Fe——a [ IBAAZ ‘T eco—
“et3— CAteec— A Tiof ToA'SfIBTfLfa et Eab—e—tHf e " —¢ 003" —

73 fefEf e ‘—iwo'— @2-3 “smaA f - @t "t%—2F—‘" ot

hodnoty -trr "ft o f o—'—Zedd {E ™" Zfﬂf&i ft x "—face jSou—e—277F+A

«—722% "<t3— eZf, x ®@ZefS> "t%o—Z7—"— ot> ¢7 ®7z-3 —tette. . <
Graf9 "$27e7 "> .. §Z'e— "ot 7 «fet

42



et> E% "ft%o—Z27-'" ">...SZ'e—<c ofe—fTFe "
T 83 Z1 @A 7 pSsaeA T 05 LA

“ T eaeA "reefS
Tt
Ceedv_ @r-3 4

‘—<« ®7z-3 « Gako"FZ«...

Graf:10 "1 727 ">...SZ'e— "of'f 7t i fS—

43



o7 ofa@detef t* e—2Z> f “ 7' of EY A% P "y —'te o
"5..82 e~ ~Z——7 “ 07" of ¢'7— of @tZte'— T ¢Z' o'— "Be' A
‘ef«z—e— T3ET "FU%o—Zf .. F Tt ofSv-EALIf f - fdeAZ S ST
"t%o —Zf..F EF ‘o3 felytZEe BAt e f T T % —Z272A7TH . [SS—~EEAL. o>
"—tacera

Graf:11 S te‘—> T eZ* fo ~ «fo%

44



6 a 4

1) AZte —4—* "3 % 57% ete—f <= o117 tZte—"‘etabScpec..ot3"
CEE3"e3Ec of T, WA EFTEES feo—F_'"_a&

2) >Zf " Tttief "teefretad o—1"7 '<e—ET @ZeZfteA —>'> fo
eSTe——" T — (- A E1te'—Z Y. S EDBIG. ST« FB A TS T

et YyS tAte—"ef . Sfec. oYEffr2eFa‘" EFte'—=Z< ych,Rdeje—«Ze—97
o:I:GE~3_%A o "e e — ~3o‘~20f ,,:tceof”_i((‘~yo 0_¢E.‘..3”.y0 o' _'"0

~

U "2..% ‘LofS—ET s ad »YefS  Scof..c .8 7eA foeef -7«

LotV F " et ete— f7e' T+ ece—7if zdk ufeden-eflief—c.. .oy
‘117 007-3 14 o='t"Ee'— f’Z20¢FaSilink E fe 6 kta
‘VZesx [ ',"Zee— sza

V 7 —ee—_f«e3eA ecoe—7f . A >7ZSimalinkf depravezu gat $7 ~

et A "t %o —Zf «o AT L Ewete " g2 "3 "1 o ervoméchanismul — o

77"S e’ — e Ette'—Z2¢"y...S "®RUbT<oZ? "B ["SNSEL
At St TY..S L Sf fe—f"co—<ed §'f"cote—727e3 7' eEcam-3+'4
“®t...S "t%—727-""8 "'—t—4 "> . EZILE L 6P cef Dol g— —
216" tvraea@AS' ""«—— fe—f—<eedd ‘— «—A 7' fe TZ7fZ' — of-
"tZf—<"e3 Stoeetr "BZffte> «fe— [ 'Afeec—— 'at...St "+ .Sff

‘etwez T'Z,f Efte—Zcy ... Bl Pro teoudZ Rlprd dyclifosta P pro

Z'S—A YeZite> ece—Zf . F "t%o—Zf..F Ee'—f—TFFtEA T %" f -
et cfemd EEtemZTy. 8 e te vt %o ZF "y 57 TTftfel
celkovou dobou regulace, rozsahem pohybu matice, &7 ‘e —A 7 ,3S— &< > f
"afeec—te 28831 7y ... S ... S fieE £ &'Eprderzgulad polohy je 0.8

"—fac<e>a

W  Aft efe—""EteAeflo'—a—F—d% "5 t17' " f— EFS* "Hoec...o'— "*t°
optimalizac< Z¢Z f184& T¢ " —nOfteU— & o'e — o' —«Zo—TFo f'ofao'_ o
vizualizace projektu. >ceec<...ey «'t+tZ E®3F of ‘,"2ee— s{ f 1S’ "FfZ<xe|
Te—f tey fo——7—"" Hjgdnéice'MBssrua «—1"72 cef Ecaeé' "fZf t72%-
kontrolu. Komunikace SE f te‘—e'— *"* RSEARTA """ %" foe— ‘eo—"'7Z feed
As o'e' foc, «Zc=3 """ %" fo— ‘e—-"'7 toffoecotTxYatetf" " f—

t1Z e <oe—Zcoeoe— T e ATTA " % fCantrotDeskibyio ¢

ek TE3Tete «PedmeEETe mZ< k frfef—"s ot gHeMx FE 7ot
“38 "7 A 7 fjednetivy .. S « 1 .. te—0 dehepfsinmackbylo

eEce—-3¢'ad f ''— «-A Z'TO E+ RISANSEde 2——4a



e7eZftex —cofZcorf..< "t%—Z27—""0 57" T'ef fe' T—eexeie_x
FZte—"'eF . Sfec...oxS" fe—2F2 ' ZA —fe—""7e ("Mepz-3 %
%o—o' "k T — (o>h 1B ZTSDFf FE  Trefec. e E2O@FALA of oZf e—
Zt—'—e— 3StpeZttage_‘"Folbshrutyv %’ f — y f %ot fooil-ssi
®@7Z-3 1% «3Zf "a1..S'1'772 ..Sf'fe—%1"co—cof "Z'SpH affe"3 ">...SZ%
T2 TR %o —Zf . f Zf "fe—<.. o> e—FEcia@ O3 " e—c 003" —
“—tace ‘'t t«Zi—e— "t%—Zf..%4

46



LITERATURA

[1]
[2]

[3]
[4]

[5]
[6]

[7]
[8]

[9]
[10]

[11]

ef,2'f ' f 7t oeteforfline}f Bimai FEKT VUT, 2017 [cit.
2017-03-rx & ‘e——'ex ced Bfeec\dutbZcg/sdblona/

SIZING OF ACTUATORS FOR FLIGHT CONTROL SYSTEMS AND FLAPS
INTEGRATION IN RAPID [online]. https://www.divaportal.org/, [2015] [cit.

2020-01-rv &4 ‘e——'ex @8 S——"ed ™MIMIMZET F
portal.org/smash/get/diva2:847029/FULLTEXTO1.pdf
J a 7..2f"a 2 a4, a trsva a a

2 , A 2 45 Tt — . A "Z..f % & A i
PAVEL, ‘~Ze<4& 2 8 27"S AATA .. AS fZ% ' "c<—e— """
Zf-ftZfa , a trsua a 2 , 2A 48
Tt — . A "7, f ‘.. 8 <+%&a <aA "IE-f Sa a

ROSKAM, Jan. Airplane flight dynamics and automatic flight controls.
DARcorporation, 1998.
‘“t1Z277.A otV ‘eZc¢et A , B e%oda A— Zco'Teeya .. A&
2020-01-rv & ‘e——z'et
https://moodle.fel.cvut.cz/pluginfile.php/67401/mod_resource/content/1/1
2%20_ %20BLDC%20motor%20simulace%20
%20matematick%C3%BD%20model. pif

A4 <TatE&a aA A a "e'a trsva

a 2 , A 2 4a

ntititled - " f ... % f— e<"F7ec—> 7 fe— ‘Stecf ‘eZcet & , A fo—
f'Zco " fey...S "3Ft Z'ft'«ieetr —ec i 02c¢—> V1-B4eeca trsy .. <
‘fe——'et+ &
https://dspace5.zcu.cz/bitstream/11025/27248/1/Bakalarska_prace_Tomas_
Blohmann_2017.pdf
BAcefaBAc'te " "ol LA ec—— "t—<e'a "fSfa trsya

8 ,feex "reter —«FeA —1 ... Sec...ex " ""foeti

4 t-"84 aAetAA. f1"8F—2Zft> "t%o—Zf .. 3ZE x4 A ... S
atcee”t—eAd 7e'a trsz A-FEKT-f 4

a Ivo. A z z
r-a eo="f"fa& trrtd "< —fa ZeeeZ —ec "I "¢—f

a7



