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Comparison between Pl and PID for Speed Control to Brushless DC Motor
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ABSTRACT

This thesis has studied about characteristics of Pl and PID controller to control
the brushless DC motors. The Pl and PID are used in industrial plants. It's easy to adjust
the parameter in MATLAB and prototypes circuit. It was found when we adjusting

appropriate value to control the system below. PID controlter respond faster than Pl
controller when it drives the brushless DC motor.
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Fsuwesgnilegluiamnes fusweslfuussdfuiivansmauddiuunazgnnuly
JEUUNBLRes 3 wa u@Lm@‘%%ﬁﬂﬁﬂﬂixﬁW%ﬂﬁwﬁ@ﬁLLaB%agﬂﬂﬂiﬁquﬁuﬁﬂﬁﬂiﬂuLLﬂqu"lﬁﬁ
Tunsmuwazivsglovinninglumsaurunssualudilsines



TumansatinAansvosnanasbsndseau

TnevanuatuuamasnszuansuulsiUsaoutuwnuldiinnuuanaisag lsnusn
UOLRBSNSLUARNTY UBLBsnIzuansILuuliuUsIa Ul AN S U UV L HAL TN TI9E d

nansynulaenss dewansenuisnnuimunmulazaUlevein1sInE e UL INTEIAN TS

LUUTELUSI0NU WU NS5 EIRINUBENANNINTUDITEUU 3 La

[ [
L Angular rate
R L
R KE:‘.—L B '
/lez\%'?\ 3 VA,
{'f "1% Viscous friction

5UN 2.5 TapzunsuLHURIvaILaInaINseLEnTrlia liuUseanu

2 i
6 s

F1uSunnanarmansuuianaAiElo InE g UUENNNRS)

o S OV P,
e KeKi  KeKp
Tunmslnihdaranash)
. 15
i Cp Nty

fatulaNTInE sTauInstastussuvana Tumnariansuiay liwhazglain
NINaeans(iaman)

N E
M ™ KKy
Tumalwsi(anei)
5=
€7 3R
A a
IaNATUINANTENUNILWE
3Rg)
T

L (Ke(L-1)/V3)K¢

naumaiiodnazazled
3R¢J
T ek,

Tned K, ferareusuadoumsliin
K. = Ke(L—L)/\/§

(2.31)

(2.32)

(2.33)

(2.34)

(Z:35)

(2.36)

(2.37)
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puduuSszuing K, fu K, Ineldindmnalindwine flauasliindmnafiuaniile faaunns

(V3)EM) = 4=(Z) )T (2.38)
= Te (2.39)
K, = Ktei—”ﬁ (2.40)
K, = K.(0.0605) (2.41)
ol
K, = [=—-] nosnnaluiil

N—m I ¢ P
K; = [T] ATNDINAIN
Pi99u dunnsdnsudewmesnsziansauulduusmuanunsasuldannaunisientuaneleu
Al
1

" Ke
Ges) = TmTeS2+Tms+1 (2.42)
2.4 wawasluinszuansinuuliudsednu
fewnsasdnsnalwinssuanseliiusston way peuiiawas lagazldyn
muaudyaalunsyimviinu Genladntautiedd Permanent Magnet Synchronous

Back EMF

[’“‘ 1ase Curpent

PhySleet——==section
- } A

Brushless DC Motor Control

- 1
v+ i e Motor
1 ( Winding
= e k= : ‘__\ ......
1 5. 3 " sl —{ 3 2
Power PWM t
ot e | (NS > > Cmatus>>
——>3] Control c
= MolorBody.l
i )
B
Position /:
4 E@ E(% Sensor(s)
|
Inverter T Lechust ™ | HEEER
30 60 90 120 150180 210 260270300 330380
1T4T STZT 3T6T Rotor Electrical Angle (Degrees)
Position/ Speed Rotor Position Feed_lggg_&

Control Triggers

JUN 2.6 NM13ATUANNBIAD T LTLUSIAUNTELERATS

Tnoagldudimananasludiuaes Rotor Fadl Hall sensor auzUnmazegly
d7uv04 Position sensor Anaguu Stator ADERSIATUNSLARauFvBLimanasTudy
984 rotor wazdwndsludignauandyyia Fasesld Microcontroller Fsagludiuves
control triggers Tun1sUszuranalun1smuAuAILLEIv89 Motor ATUANNTIVININUYEY
MOSEET (metal—oxide—semiconductor field-effect transiston §371 1-6 3viaudumiug
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U PWM (Pulse Width Modulation) Tun1sa319&ey1auuy Bipolar driver 911
Microcontroller Zafinavinlsdaaaliihnszuansaddsudunseuaadu uazsiinnisade
aumlvdnsuiiunann 3 phase Tuils stator eiafusglugUuuuges Y-connection waw
Synchronize @unLualnEnsend19una1nd stator AUWLMANATI5A Rotor LARNISYUT
Rotor mugﬂﬁ 2.6

2.4.1 6 FumpunIIIIUvRBIARINTERARTILELUTIA
Tunau 1
= v o 1 a0 & ! =3 g
Wia Hall sensors 1 Uae 3 A5993UAUMULYRY Rotor AllduaTausimanld
16 azdsdyyaludinsasnivaudsld MOSFET @il 3 uag 2 veu id B 93angus ey
ASTUARSIVIN ANLUALN85E Inverter Luunadn Phase B WS9918UT9AUNTELARTIAUTIN
wusmpasidng inverter Tuwaaln Phase C

CW Rotation Elec. Deg. ————>
0 180 360
Hall 1 I I l

Hall 2 |

Hall 3 !
Hi ‘

ZA Off -
Lo | ]
Hi

7B off ! ‘
Lo |

1 i
Hi §

3 B e S
Lo ;

<
+

oA

H2

mon

4H Decader Circuit

L]
Step Through B
q q it Servo Magnetics Inc.
4-Pole Brushless DC Motor
——K_ Resume } Commutation, drve, and winding limings
L Anifation Drawing & Animation: Brad Pera

JUN 2.7 nWiuvasualapinssuansalsuUsasuTunun 1



UMDY 2

\la Hall sensor 1 a1afuduvtsvas Rotor Aillsrunataulwanldle azds
Fyarauludgsasaruaudald MOSFET a1 3 Uaw 4 11911 W B 98918 T9AUnTouanss
UIN PNUUAADIILNG Inverter TuunadIn Phase B WS8UTWUNTLLARTIAUIINUUALABT

L"ﬁl']gg' inverter lurnaln Phase A

CW Rotation Elec. Deg. ————{>
180 360

0

Hant I 1 L |
Hatz [ L
Haa [ L [

|
I

W
gaor — 1
Lo

Hi :
@B off ?
Lo

<
&

m|; [

'c% —Y S oa
H2 g Xl

Q
H3 a

X

Sall

<

Step Through
Animation

Resume
Animation

4

Servo Magnetics Inc.
4-Pole Brushless DC Motor
‘Commutaton, drive, and winding limings
Drawing & Anmaton: BFal Pera

UM 2.8 AiuYaslemasnsenansiliulseanudunaun 2
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Tumau 3

ile Hall sensors 1 way 2 As19sUsuiswes Rotor Afidunatusiumdnld
1§ 2zdsdyraludinsasniuaudsli MOSFET fil 5 wag 4 vie wila C az9eusadu
NSLUARTIVUIN mmmmmaé@"@j Inverter Tuunaia Phase C L59918LSIAUNTELARTIAUNN
LLumma%L‘ﬁ"lgj inverter Tuanaln Phase A

CW Rotation Elec. Deg. ——>
0 180 360
Hall 1 !

Hall 2 | 1
Has [ | [

<
+

Zall ¢B fdc

‘ Siep Through ]
Animation Servo Magnetics Inc.

{ 4-Pole Brushless DC Motor
——I:_ Resume ’ Commutation, drive, and winding limings

Animation Drawing & Animaton: Brad Pera

H3

H Decoder Circuit
1

JUN 2.9 nvineuvesNemasnIsuanssliuUssduTunoun 3
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JUnDY 4
P s o ] A=|d o 3 1 [ v 1
La Hall sensor 2 A5299UALLWUNYBS Rotor wumummuumaﬂlﬁlm QAR
o) s OIJ %4 o d o 1 u
fuumuwmlﬂawammuamﬂw MOSFET 6179%1 5 Lag 6 91197U Wd C 228 UTIRUNTELENTI
uin ﬂ’lﬂLLUG\LG]EJ%L%J)WEj Inverter Tuwaan Phase C LL‘N'-i]"]EJLL‘NﬁJ‘lJﬂ‘SSLLﬂGli\ﬂﬁUﬁl']ﬂLL‘UG]L?\E]%

L°‘?J'”|E=j inverter luvmanm Phase B

CW Rotation Elec. Deg. ————>
0 180 360

Hatt [ |
Hall 2 T L
Hall 3 |_[______|_

Hi |
pmor—
Lo

<<
+

PA

Step Through o
{— Animarion } Servo Magnetics Inc.
4-Pole Brushless DC Motor
_—~_| Resame Commutation, drive, and winding timings

Animation Drawing & Anmation: Brad Pera

H3

JH Decoder Circuit

sU#l 2.10 N1MN9UYBNBLAD SN SEARSI LS uUTIE N TURDUN 4
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Funau 5

o Hall sensors 2 wae 3 ATIadUF UMD Rotor Adsnunatausindnld
18 2zdsdyaaluinsasaiuaudslt MOSFET #fl 1 uag 6 vihatu a A avdneusediy
NIYULARTIUIN mmmmmﬁﬁi’lgﬁ Inverter luvaaIn Phase A W49 ULTIAUATELARNTIAURN
LLUGILG]B‘%L‘ET’}Q' inverter luwaain Phase B

CW Rotation Elec. Deg. ————>
0 180 360

a1 [ L. |
Hall 2 [ I L

|
i

Hall 3 i | l

i t
| 75
S A S 1

Hi
7B off i
Lo ¥

Hi |
e F_L

o ]
B
7]
©
8 M ‘ Step Through B
3 —r:‘ Aniniation Servo Magnetics Inc.
a 4-Pole Brushless DC Motor
———-K_ Resume Commutaton, drive; and Winding timings
__L_ _=L_ Animation Drawing & Animation Brad Pera

FUT 2.11 pieuvesuamainTslansal Ui uTunaui 5
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JUADU 6
- @ o ' Ada o lv} f 2 v
1519 Hall sensors 1 A 3 #5795UALMLIYaY Rotor MNB1UNATILLMANTS
i %ﬁ’aﬁ’ﬁymﬂmmé'fnnmmuauﬁﬂﬁ MOSFET #29 1 hag 4 11974 Wa A 9297815904
e‘ i 73 1 1 Qs
NIZUANTIVIN VINUWUALABSLUG Inverter Turnans Phase A LS9978L599UNSLLERTIAUINN
LLUGleagt‘ﬁ"lé inverter luunaln Phase C

CW Rotation Elec. Deg. ————>
0 180 5 360

Hat [ L |
Hall 2 __r'"'_[_
Hall 3 ]—'\___]_

Hi

BA Off !

Lo
Hi |

#B off '_|_|__|—J
Lo

Hi .
goon AL
Lo b

Vs |
I
H1 = :E
3 v
S L
H2 5 )
e,
o ] Step Through ]
B AT D Bl 4 Servo Magnetics Inc.
a s 4-Pole Brushless DC Motor
—K_ Resume > Commutaton. dnive, and winding timings
B e Animation Drawing & Animation: Brad Pera

5UR 2.12 mMyinuvetamesnszuanssliuussdutunaui 6

2.4.2 Yafvesusimainzhanselinusednu
- laifluuseauuay commutator ﬂiaaamﬁﬁé’qqmﬁﬂuéauﬁ
- mmsaﬁﬂamlﬁaﬂﬂaLaﬁaiﬁsaumiﬁqu&
- ldszuuBidnnseiindmiuay Lisiestnzesnwives
- gnsanuanaSIlade
2.4.3 dainnnvesuanasnszuansebinusenu
- fidunuAlddieiugunsaldidnnselindas
2.4.4 JauANA19921INe DC wag Brush less DC
- Brush DC Muusasinunag Commutator us Brush less DC Tdasasdidnvsadind
- Brush less DC anus13nnIuANLssfuiiiudneléfind Brush DC
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2.5 Hall Effect sensors
AogunsaifignAndulng E.H Hall lud a.a. 1878 fwthinTaduawiuusivin

784 Rotor ilouandumniiswes Rotor wardsdyanailSanaiuaudyaudetia MOSFET
Fadu Solid State wWasuanszuulvianszuanse Wulninszuaadu vide viefi3andn
gunsnd invertor Thues uardsdaygalsl Microcontroller liteUszanaumaLazAUALANLIE
geuaInInaludih

2.5.1 wdnmsvauwes Hall effect sensors oidnaussiuliiinnszuanss
futagensfisialiin wuuuiusguu iAens3eaiinuees electron uag hole vl
Aapnuansdng Vi Bt Hall Voltage Wowsindnaswde Rotor fimsiadeuditnu Hall
sensors Migninessusadiuluiinszuanss swieauuwivdnan Rotor difiAmne Flux
TUﬂ?uqﬂﬂ‘iiﬁﬁﬁﬁ&ﬁ’sﬁﬂﬁﬂﬁﬂ‘izLLﬂLﬁﬂﬂ’\‘ﬁLUgEJULLUaQ us95u Hall Voltage 1asuuyag v
9% input w83 Microcontroller tAan1swasuulas viilsf Microcontroller 371 Rotor o
fuvtlsesls anunsaustananamuaiild wezaansedada-Ia MOSFET Tudianii
wingasluusaznssudygial 970 Hall sensors Talagaasadiuanusaiy Vyldainaunis
71232

VLB, (2.32)

V,, #9 Hall voltage (V)
B fo Flux density  (T)
I fa nszudlndn - (A)

Ry f® Hall constant (m3.c7%)

Maagnet
r’;-\ /:
E Y = N
Lines of , / ]
Force ! W
H |1} Directional
by : Il Magnetic
| t‘ | ! ! Field (H)
VA
Constant
Hall
Current Flow + | Voltage

P-type

Semiconductg;a”
Hall Element

+ IF‘ A [
DC Supply
gﬂﬁ 2.13 A9914Y Hall effect sensor
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2.6 Bulradnes 3 e
Aogunsalilasudnuasvesdygralvinssuansalulvilinssuaadu

@

as [ ] as

(DC to AC Convertor) Tasldaunsaiarsnadidrdniun1svinauwuuaduniviieu
(switching mode) aaugluduniIsArvANEnvusvaIdygIar (PWM : Pulse Width
Modulation) aaiesdyaralniinssuaadunlinamdsgadaluasiniigs weenis
AvANdy LUy PWM fdudieli dnvuzessdyaraliirdanudilndadugdled
(Sinusoidal Wavefrom) wazannavas Harmonics duillasnannszuaniagllvainaiugy
Tasnd
Invertor gaat3191ldlun19viraeailiy Invertor 3 Phase Fesiaagiuluan
BLDC Motor 3 Phase lagunainfl stator gNABWUY Y-connection logdl MOSFET Lua3
IRF540 6 ¢ \Jugunsalansissiadadmsunisadunisviaau (On-Off) gnaruauaagesdu
@ LY s
wuulniidlng dvivlas
2.6.1 Inswainnisludunesines feg 3 ad9fe
1.9nnuLsnes (Converter Circuit) vimihfuladlwinszuagduannunasdne
Wulwinszase
a ¢ & 4 i o v o v
2. ynBuIesimes (nverter Circuit) vimthiwladlwihnssuanselviduluih
NILUEATAY
dl s dl 2/
wazau1TaUAEuLUALTIAULEYAITLA LA
3. YA9TIATUAN (Control Circuit) VUt AuANNISYIUYBIgRABULI BN TILaY
YABULDINRS
3 Inverter inlgifunamesiiileinseuauauvemoinasivih
nszuaaaulpglinsmuauanudvesssiulnihnssiaadu wadainsliusede (Torque)
) 2 = 4
Aslunn 9 Annusiasuulaq

€1 o § o
. 3
" 8l i B £ 2 ES
R
Lol B
Y
B
o4 6
T4 _l 3 J 1 J
B4 v B E6 B 2
——




UNN 3
A1599NLUUL9IS LASN1ISENLUUNISNAAB

3.1 AMwsdiimasvesnamasiniinsznansanuuliuuseau

NAALTIAU 48 [v]
mdslwihsedies () 200 [w]
Armsfiusadn (k) 125.0 [mNm/A]
Fiﬂmmummﬁ@amwgu ) 430 [gcm”]
dhuiuewas (m) 1440 [g]
MANUATUNIUsDLE (R) 0.32 Q)]
Ammietsema (L) 0.69 [mH]

3.2 N159ANUUUINTT LAZAISAIULIATNITIIABIA199
32.2.1 NM599NLUUNLUTIaaINAtiafansuasuawmasiiialsuUasau

R=0.320

L = 0.69 mH
Ke= 125 mNm/A
J =430 gcm’

PIAIAIILIIAUEBUNAUIN

k, = k;x0.0605
=125 x 1073x0.0605
k, = 7.563 x 1073

d = 2L
MAsedamalninean T =

. 2(0.69%x107°)

3%0.32
T, = 0.718 mNm

WTFhLL?Q‘GﬂVI’Nﬂ@"ﬂ']ﬂ
__ 3R]
M keke
3(0.32)(430%x107%)
T (125%10—3)(7.563x10~3)
Ty = 7.563 ¥ 102Nm

mﬂaun'rmiauﬂmmmama%
i

ke

&)= (T;Te52) + (Tys) +1

1
e 7.563x103
(7.563x1073x0.718x52)+(7.563x10735)+1
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132

G(S) = 3130 % 10752 + 04365 + 1

Muue igun1s9seulaves PID

kgs?+kys+k
G{s) =2 TR

s

=k,

Tneil kpfle Andndausnnuade
kg4 @ Adndiueuius
ky, fo Adndiuiiug
v Ky, iviilfaunirsseudavesmeineswidafesnm
Ll 1+G(s)k, =0

—)— 132
() =3 34 % 10752 $ 04365 + 1

132
3.134 X 107*s%2 + 0.436s5 + 1

1+ Yy =0

3.134 x 107"s% + 0.4365 + 132.03k, +1 =10

wen Ky, miliszuumuguiiadesan
PNV WHVHINEIIN

2" 3.134% 107* 132.03k, + 1
0.436
s® 132,03k, +1

132.03k, + 1 >0

o
132.03
ke, =7.574 x 1073

dlouny k, adusunis
3.134 x 107*s2 + 0.436s + 132.03(7.574 x 1073 +1=0
WIA1 W N s = jw

3.134 X 107*(jw)? + 0.436(jw) + 132.03(7.574 x 1073)+1 =0
w = 79.685rad/s
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Tu = E
_ 2r
"~ 79.685
T, =0.078 s
ATl 3.1 qud Ziegler-Nichols
Types of
Controller K, T; T3
P 0.5K, oo 0
Pl 0.45K, N N 0
=2 7
PID 0.6K, 5P/ Q-250)

RNANTNT 3.1 AUAA k, =k, 1ag T, =Ty
ANWUUTIEBINNANAFIENSUBITTUUAIUAN Pl

G(s) =ky(1+ -;;)

FTUUNGTATURLLUY Pl @509 P uag | laaan

NS
= 0.45k,
= 0.6(7.574 x 107%)
k, = 3.408 x 1073

I= i
k
—
12
_ 7.574x1073
ki - 0.078
12
k; = 0.047

INBUUTIRDIM NANAAIAATUBITZUUAIUAY PID

G(s) = k(1 +—+To)



ILUUNTIAIUAULUY PID @1u130v1 Pl was D 19910

P=k,
= 0.6k,
= 0.6(7.574 x 1073)
ky, = 4.544 X 1073
I: ki
- kp
"~ 0.5T,
_ 7.574x1073
L™ 70.5(0.078)
k; = 0.104
D = kd_
k; = k,(0.125T;,)
= (4.544 x 1072)(0.125)(0.075)
ky /4941 x107°

ki

3.2.2 n1IAnhuiiavasduaswaddmsulasiusingind
WHORSIAURINLUARES = 48 V = Vy

V3 4V
Vip = = X=X —=

2 A
VLL:098Vd

Vi, = 47.04V =V,

dsrres Vout _ 47.04
TR LT TGL
Vip = 33.26V

Ananszualiiivieentasduiesaes P = 200 W
PLL B @VLLILLCOSQ)

Prp,
AN T
/3 V. COS@
e 200
PRl UBRR.26% 0.3
ILL = 434 A
WafmuaUsEansnInvasuanas 80%
1:)out
= % 100
n P,
P
P, = ‘;]“t x 100
B = 200 W
n =08
P, =250 W

maslwihagdeluduneiines
Pioss = Pin = Pout
Pocc = 250 W - 200 W
Poss = 50W
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AANTELAAUENYDIBUIDIADS

Pd = IdXVd
Py
Id = -
Vg
[, = 250W
47 T40v
I[4 = 6.25A

dyURinnvasduesines

wsalAaAu (Vg) 48 v
nszualnimIug (Ig) 4.34 A
Maalndraugn (Py) 250 W

usssulniinenn (Vo)  33.26V
nszualnineen ()~ 6.543 A
Madlniraseviann (Pow) 200 W
maslwihgadeludunesines (Pesy) 50 W
Useansnw 80%
Fusgnaumaslni 0.8

3.2 301509NKUUNITTBINTIAUANNRINAIN I Lan Tt iU Uastu /e
TUsunsu Matlab Simulink
gunIninInAges
1.TUsun3s MATLAB Wagilani€u Simulink
fupounsmaaes
1 Delusunsy MATLAB Tnennsnadiloneu 'u X
TUsunsuazuanmtnsenigy 3.1 \

UM desktop dlanauda
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e f_«'_@‘ ""‘ﬂ"::':_. f\‘*ﬁ‘
AN R O AT B o

Saat aFin s s desrl

g

sU 3.1 wiheinalusunsa MATLAB



whaAnF1eRIIY 3.2

e

U 3.2 udinseiladdu Simulink

=l i &/ 1 m A . e
3.donaunsallagnandy ®8 gzuanmitiieng Simulink library browser fagu 3.3

g, | Enter searc ‘:—”Jvt“t-l' :’3;,' =EE@

Ee e E

B\ o & N

Discrete H Commoniy Continuous  Dscontnubes  Discrete LS,?;:‘;T
,ﬁ

Logic and Bt Operations Used Blocks
Lookup Tables

i = a4 .
Math Operations : z
e, = &
Model-\Vide Uthtes = [
Porcts & Subsystems 2 =N
Signal Attrbutes Lookup Math Model Wide

Sgnal Routing Tables Operations
Srvs }

Verifica on)
G S =
fined
Signal Sinks: Sources
Routing

Model-W Ports &
Utiites _ Subsystems

Aerospace Blockset | —
Communications System Tookox Signal

Communications 5ystem Toobax HOL Support | Atrdutes
Computer Vision System Toolbax

Control System Tookax

DSP System Toolbox i—'ﬁ
DSP System Toolbox HOL Support —
Embedded Coder

Furzy Logic Toobox Additional Math
HOL Coder &Disrete

< User-Defned
Functions

| OPCToobox

| » Phased Amay System Toobox
| Report Generator

| Rabotics System Toobox

| Robust Control Toobax

g‘ﬂ‘ﬁ 3.2 %1619 Simulink library browser
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4. yhmsiugunsaladluntiieng Simulink wagaAiuUsineqmumsei 3.2
MTNA 3.2 Anile lepau uazAaLUIs99 (parameters)

Electronics/Universal Bridge

siumu(location) wtm(icon) parameter
Simulink/Commonly Used :
1
Blocks/Constant g Value : 500-600
Constant
Simulink/Continuous/PID Source: Internal
Controller o Proportional (P): 4.544e-3
2 PID(s)
Integral (I): 0.194
PH) Controies Derivative (D): 7.384e-5
Filter coefficient (N): 100
Simulink/Continuous/PID Integral : 0.047
Controller {4} Fi Proportional : 3.4083e-3
Speed Minimum and maximum outputs:
raguiator
[-500,500]
Simscape/Power Number of bridge arms:
el
Systems/Specialized ' F Snubber resistance Rs (Ohms): 5000
Technology/Fundamental ole 1 Snubber capacitance Cs (F): le-6
Blocks/Power 1 Power Electronic device : MOSFET/Diodes
Universal Bridge

Ron (Ohms): 1e-3

Simscape/Power
Systems/Specialized
Technology/Fundamental

Blocks/Machines/Permanent

Stator phase resistance Rs (ohm): 0.32
Stator phase inductance Ls (H): 0.69e-3

Torque constant: 125e-3

Magret Syeh AN R K e Maghing Back EMF flat area (degrees): 120
Simulink/Commonly Used _ Stator current is_a (A)
Blocks/Bus Selector % Stator back EMF e _a (V)
Rotor speed wm (rad/s)
Sfe“éw Electromagnetic torque Te (N*m)

Simscape/Power
Systems/Specialized
Technology/Fundamental
Blocks/Electrical
Source/Controlled Voltage
Source

Q

Controlled Voltage Source:

Initial amplitude (V): 500
Initial phase (deg): 0
Initial frequency (Hz): 0

Simulink/Sources/Step

Step

Step time: 0.1
Initial value: 0

Final value: 3
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Sample time: 0

Simulink/Commonly Used

Blocks/Gain )D) Gain: 30/pi

Multiplication: Element-wise(K.*u)

Simscape/Power

Systems/Specialized als

Technology/Fundamental -
Blocks/Measurements/Voltag | Voltage Measurement

e measurement

Simulink/Commonly Used
Blocks/Scope -

Simulink/Commonly Used i LS

Blocks/Subsystem e

Simscape/Power

Systems/Specialized powergui

Technology/Fundamental [ -

Blocks/powergui

5 hnsiiivgunsaladluntiaig Simutink muguil 3.4 Wunisuananiseugueng Pl

Gates Decoder

‘Gales emi_abc [ emf_sbc Hal

..
isaea
Vde
2 Step T <Stator current is_a (A
.
3 1 A . W <sitorback EMF e s (VR i N (rpm)
B B
i - “ 7 <Rofor speed wm (radisp
c rad2rpm

Pemanent Magnet .
<Eledrom agnetic forque Te (H*m)-
Synchronous Machine I E
L ’ Tedm)
Speed

regulator Vab

Reference
speed RPM)

5Ufl 3.4 n1saauguuBma’iae Pl uulusinsy MATLAB

u
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6.yhnsimgUnsaladluntsng Simulink mugud 3.5 1unsuaninIsAIuAsRE PID

GatesT Decoder!

Gates _emf_abc g emf_abc Hall

is_ae_al
!‘_’ = <Stator curent is_a (A)>
A <Stator back EMF e_a [V)> N (o)1
B o oy
<Rotor speed wm (rad/s)> L ©
G rad2mpm1

Permanent Magnet Ty bi
PID(s) ,J oo A T <Blactromagnetic forque Ta (N°m)

e
FID Speiatier
regulator Vab1
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3.2.4 NseRnuuuIsiusiasindmelysunsy Circuit Wizard
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JUR 3.6 LuUr9RTBUIBIIMETULLUsUATY Circuit Wizard
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2.5 29950 UND5MDS

gunsainlglunvinesduiesines

1
2

.
q
5
6
7
5
6
T
8
9

1
1
1

. MOSFET IRF 540 6 ¢
. R 10k ohm 3 #n
. R 100 ohm 3 61
_Cidhs0v22uF  56h
. C i 10uF 3 8
. C 4 220uF 2§
.C §i¥h a7uF 2§
. IC LM7812 161
. 1IC LM7824 16
ICIR2113 3 @7
. @nd 14
. Diode 1N4148 3 67
0. Terminal 5 ¢
1. Arduino UNO R3 1 9
2. Fuse 10 A 1 /7

13, faumudsuaila 1 ¢

JUN 3.7 2asdunefineindsainnistani
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3.2.6 NAAOUAQYYIUNVINNYOFUDINDEN

JUT 3.8 nAaveing

RIGOL STOP ranan R rrrrred £ D 9.00
’ FITTSTOkRM

1pcan 13‘.3'4_“7 et =
(Ubas®=184m" (B rdw s, 240ms Tib0 5
ampe 4'%;: =t F:s:ﬁﬁ%:g:a- 13&??7

i
| EIES 200y Time 2,000ms @40.0000s

5UM 3.9 dyyrauvuniigadvaduaainn Annud 0.5 kHz

3.3 mdslunislddunameslZudsednu
byte motor_speed, bldc_step, pwm _pin =
void setup() {

DDRD |= OxFC;
PCICR = 1;
PCMSKO = 7,
TCCRZA = §;
TCCRZB = 2,
TCNTZ =0;

ADMUX = 0x60;
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ADCSRA = 0x84,
bldc_step = PINB & 7;
bldc_move();

}

ISR (PCINTO_vect)(
bldc_step = PINB & 7;
bldc_move();

}

void blde_move(){
switch(bldc_step){

case 1:

PORTD = 0x48;
pwm_pin = 2;
break;

case 2:
PORTD = 0x24,
pwm_pin = 4;
break;

case 3:
PORTD = 0x60;
pwm_pin =4,
break;

case 4:
PORTD = 0x90;
pwm_pin = 6;
break;

case 5:
PORTD = 0x18;
pwm_pin = 2;
break;

case 6:
PORTD = 0x84;
pwm_pin = 6;
break;

default:
PORTD = 0;
break;
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}
void loop() {
ADCSRA |= 1 << ADSG;
while(ADCSRA & 0x40);
motor_speed = ADCH;
iflmotor_speed < 1000){
while(TCNT2 < motor_speed) ;
digitalWrite(pwm_pin, LOW);
}
iftmotor_speed > 0){
while(TCNT2 >= motor_speed) ;
digitalWrite(pwm_pin, HIGH);
}

3.4 N1IANUUUNITNARDS

3.4.1 15RHMITIABIRIRIUALLY Pl iag PID Taelidantszniana sluaiiviin
yeewalned uazisasUSeuifiaudnIuANLuY Pl Was PID fifnau: 500 rpm i 600 rpm
%amaz@wammL‘%’Jmaqmsmauauaq, settling time wag Steady state error YOINOLADT 1N
fmusuUL Pluas PID dstumnnifasidisde sndurhmsmaassmadussineinszuanse
1Hudsan wdnhuSeunauiu

3.4.2 15198¥11N1331003FAIUALLUY Pl uas PID Tnadinsevainasg? 10 dasuy
fivesnagd 0.4 Taduuns wasmasFouiieusinuanLUy Pluag PID nusa 500
rpm 11U 600 rpm ?z'iqmwgNamwm%'maamﬁmuaum, settling time e Steady state
error U8suBlABS TWAAIVAILLY Pl uaz PID Avfusnntesidisde sintihnismeassns
Funawainssuansaliuusiniu wanhuisuiguiu

3.4.3 1519211N159180962AUALLUY Pl Uag PID Tngdin1sgnienasgi 20 T
= 3 = A w = = ) = 2
finesaeg®l 2 thauwns wazisazsuiisudaiuauuwuu Pluag PID 1A13152 500 rpm
fiu 600 rpm %qmf\]s@waﬂ’muﬁ'sﬁummsmauauad, settling time WLae Steady state error
YBABLABS TIFIAIVANLUY Pl uag PID avfusntaaiiedla ntduvinnismaaasnisdu
uawosnIsuanIIlTuUTau wdnhuIeuiguiu



uni 4

HaN13MM a4

4.1 nan1531a0962AUANKUY Pl uag PID 13n15gniena

m1519% 4.1 N153189982A2UANLUY Pl 13n152m9na

Speed Set-Point Settling time Steady state error nafussdansd

(rpm) (s) (rpm) (s)

500 1.83 5 1.9

600 1.85 6.5 2.0

A15797 4.2 N133182967AUANUUY PID 15715291908

Speed Set-Point Settling time Steady state error nafiusadaasd

(rpm) (s) (rpm) (s)

500 0.9 0 0.43

600 0.6 0 0.4

P ¢ = i) & o & =
szuuiiloraulnsalaas N utineines 500 rpm AzdnaAuns1WIInIg
o ' v o o A a - = o ° o
WasuLUaRaUT 9t AaANEIAIENIAT 1.83 Ui Ao Swasauauaanis vinlkenan
setting time diAunaNlusag

Rotor speed (rpm)

JUT 4.1 neaudwamesvasszuuaIuaNiile innasa 500 rpm wiguiua (s)
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L= &= 2 I3 o o w1 =
‘i%‘U‘U’W‘laﬂﬂauIWiaLﬁ@iﬂﬂ'ﬂm'ﬂi@LG}@‘S 500 rpm Li’]’i]%ﬁ@LﬂG\L‘MUlW’J’Wﬂ‘E’WWﬂJﬂﬁ

2

WasuuwUausrtuninilofeniusineiifiial 0.9 Juni fe dnanauauasnATuLIn

Rotor speed (rpm)

JUR 4.2 nswlanusauaineivesszuuaruauiilof fiannamsa 500 rpm euiuna (s)

seuuitlemaulnsaaes Nnusuewes 600 rpm. axdunniunINEnTg
WaguwlasreutnediRennuiipsiniiigt 1.85 3ui e fuansvauedfial Fsaznouauss
fndanunga 500 rpm welduansneiunn iildeniaan setting time SiAnsinyign

) éctdr speed {rpms V_

SUT 4.3 nevlananiinainesasszuualuguiile AT 600 rpm ilsuiuia (s)
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= ¢ < ¢ v ] =
5%UUW18@I?’]QUIW5§L5EJ§ NAMULTIUDLEDT 600 rpm TFWNALAUNT N 1

o 2 & 1AM A < w al a P R pRpp 4 2
ﬂ'ﬁLUﬁFJ‘LILL“LjaﬂLﬁ?mUﬂ’ﬂW\l@ﬂaﬂ?ﬁmLﬁ']ﬂﬂﬂ?ﬂnﬁ"l 0.6 MUY A UNARDUAUDINATUUIN 137

171 500 rpm ualilann vilsdaiaan setting time fA1dagas ndn1auaNssUUMIY Wle
Aoulnsafiniuis? 500 rom w1 wadAwnndinisaavauaEIefileAniag 4

N1 500 rpm LAntes

Rotor speed (rpm)

U7 4.4 nswlanudnanaivessruvaruauiiled 19137 600 rpm Liguiuian (s)

4.2 Han1591a84AIAIUANLUY Pl Way PID A1szn1ena 10 daku
A15799 4.3 N15318096AUANKUL Pl Wniin 10 U9

Speed Set-Point Settling time Steady state error VaILTIDAAT
(rpm) (s) (rpm) (s)
500 2.08 10 | &
600 @3 10 L. 15
A15197 4.4 N1531999A2AVANLU PID dwidn 10 s
Speed Set-Point Settling time Steady state efror hanfiusOapad
(rpm) (s) (rpm) (s)
500 0.75 0 (.64
600 0.65 0 0.5
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= ¢ o = s o as =
szuvilenaulvsaass 1AN5WBWE3 500 rpm @msuniseniena 10 2
Y o < = a ' v 2 A 3/ v o1 < o o = =
fiu azdunarunIninisdsuulasAsutetinetlnaAIn13L5IAEIN 2.08 JUd
o = o o 8 v . . ' o Y v oa |
inanauausIndn vinluAIa setting time dasinaiulusie Tunduianisunisuey
daaadluneusussuudaddirmmnilissuugadsnalnnnisunivedssuy

Rotor speed (rpm)

JUT 4.5 nsaarnisanemasuesssuumualile Ana1us9 500 rpm Wieuiunan (s)

u

syuUiilafinaulnsaans NA27L52 500 rpm dmsuniseniana 10 s
[ @ = = g X e} = = o A = = A
zdunaitunsmdnisiasundasiiriunianlefsainuianedaniagn 0.75 U A

'
=

nanouauasnfvuLIn MaluaAian setting time 4A1108a9 5IU798UAANITLAIIVD

o

doynadlunauisusyvudadadlmifoe aninlissuugLALa1INN1TUAMVBTEUL

)

~Rotor speed (rpm).

JUT 4.6 nTAusnawaivasszuuAIUANHled fna1usq 500 rpm wWisuduian (s)
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szuufiloneulnsaaes fanudwanes 600 rpm dmduaiseviena 10 99
Fu asdunafunsinfiniswdsuwlasdeudredrfearnudiaedafing 2.32 Jund fe
finanavauesian Fwwnavavesdindianuds 500 rpm Ao wldunnsiafuunn vilse
nan setting time feunauludae swrduinnsuniwesduyialuneuduszuuddin
ffopasninfinriiiaseusemes 500 pm silszuugadsnanainmsunisesszuutionas

Rotor speed (rpm)

i < = o < =y ar
UM 4.7 n51AU521018520953UUAUANN LD M1A21352 600 rpm WiBuAULan (s)
Ay A s = & & o o
szuuRlefnsulnsalans NAIMTIeLRes 600 rpm d1M5UNTTENI9NE
A a i = s o A ¢ ar 2 =
10 fdu szvuiiledreulnsalass NAUEIOIRS 600 rpm IZFUAALAUATIND NS
= = = 1o = < o A = a = -:idg (7%
Wasuwlaaiitunifilefanuiiiawaing) 0.65 U9 Ao JNANDUAUIBATUNNN WAT
AI1N13AIVANAINISINEIREINLY HlefAaulyIalaoshina13sa 500 rpm waliain vinlvien
a1 setting time fientiagaandinisalugNIzuLely Wloaoulnsaiial1uwsa 500 rpm un
wadld1unndtnsauaLAuEInEAlefeN 500 rom Wdntiee sauvieduinns
wnisvesdyaulupeuussuudidailindesauinnitiisruugaydanalainnisunds e
Weuiuileroulnsalagsvos inamisa 500 rpm

_Rotor speed (fpm)

JUT 4.8 n91MAUITINBNDIVDIIZUUAIUANT DR 7IA13LTI 600 rpm Wiufiuwaan (s)
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4.3 Han13531a09RIAUANLUY Pl uag PID A15znena 20 0IAUY
15799 4.5 m‘sa‘l’ﬂaaaﬁamuqmuu Pl AN9EM149Na UINLA 20 TIAY

Speed Set-Point Settling time Steady state error nafusena
(rpm) (s) (rpm) (s)
500 2.63 9 0.6
600 2o 10 2

3797l 4.6 N1391RBRIAIUANLUY PID twitin 20 Ty

Speed Set-Point Settling time Steady state error naTsidinA
(rpm) (s) (rpm) (s)
500 JP 0.5 0.66
600 1.25 0.5 0.75

szuufiloreulnsaiass firnudimawas 500 rpm agdunaifiunsmings
Wasuulasmeutederlndaianngaeiad 2.63 Juifl fio fnaseuauesiien vivlvian
A setting time Sansnnanuludae samidiinnisenisuesdmaluneuEu sy uudeddl
AnnyhlvisE U EeIaIRINA1TUAINUBITEUL

Rotor speed (rpm)

=D

U#l 4.9 n519AU TR YBTTUUAIUANKLE T1A7131L57 500 rpm WiBUAULIRI(s)

€all
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szuufilefneulnsalass Anu5q 500 rpm syuuitledmoulnsalass
= < ¢ o < = = 2 & oAy e Y
fANUswemes 500 rpm szdanaiunsmiinsasunlani@unitiilefionnuiiaei
fian 1.2 il Ae dAnaneuausiaduuin ilwA1al setting time fdA1t08a3 59U79E
Aanisundswesdyaadunsususeuusdliaisyawinlvissuugydenalnnmunieues
YU

Rotor speed (rpm)

U7 4.10 nsalanuiSausinesusissuuAlUANTTlER AA3TUIS3 500 rpm WisuiuLaa
(s)
= s o & ¢ o 7] =

sruviilemsulnsatasd NA11UTmMas 500 rpm azdunaiunsIniingg
WaruuwlasdeutethAeniEiawNing 2.7 Jund fe nansuduosfian Jsagaouausd
Fand1auisa 500 rpm- #e 2:63 wabikansieiuann Wiliennan setting time dAnu1nAIw
TUde sauniduinnisundsvesdyaadunsusussuvddatiesaininfiannusiseu
wemas 500 rpm WiliszuugmidonaainnIsuAlesTsullesa

Rotor speed (rpm)

4.11 aswlanudrusmesvasszuunluauiile 9iA1337 600 rpm Weuiurai(s)
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¢ o

= = & o a & P =
‘53UUW1E]$]F’]E]UIW§'@L§E]§ NALESIUBLRDS 600 rem 53UUW1@@ﬂEJUI1ﬂ5aLaE]§ i

s

o ¢ o = - = o X VoM <
ANULIIUBLABT 600 rm "ﬂgﬁ\ﬂsﬂﬁLWUﬂ'ﬁquﬂqiLﬂaﬂuLLanLi’g"UUﬂ?qW‘laﬂaﬂijLi'ﬂﬂ\jﬁ')'ﬂ

b

a1 1.25 3wt e Snamevaussiidtuin usdindiniseruauaiemedde flod
aoulnsalaesNA1u31500 rpm waliuan ¥iildeAaan setting time flanfasas nirnng
AuANsEUUAe filersulvsafiniiuidy 500 rpm win uAfidmAAIINITANLANAILEY
sheileAniauEa 500 rom Wéniios i’)mflx‘lENLﬂﬂﬂ']‘iLLﬂ’J\‘1EUENHEUEU’IELJI‘LJWE]ULﬁJinU“NENM
Adfosasnnyilfszuugaidsnaiannisunis dedvuiufilonsulnsatasives finnasa
500 rpm

Rotor speed (rpm)

U7 4.12 aslanaiinewasuasssuualvauiilaf 1A216153 600 rpm iguiulam
(s)

4.4 Nﬁﬂ']‘i‘VlﬂﬁE]Uﬂ']‘i‘U‘USJ@LﬁlﬂiLL‘U‘U‘LﬁﬂT’a nNa
G]"I'i’\\‘l'ﬂ 4.7 Naﬂ"liVIﬂﬁaUﬂﬂi?}UNGLﬁaiLLUlﬂﬁﬂq‘J“’iﬂ?ﬂﬂ‘s’i ‘b’ILL'NGm 30V

Speed Vanseraa | lviesniade Pyrgeniads Settling'time” | Steady state
(rpm) V) (A) (w) (s) error
(rpm)
500 19.74 0.072 2.46 2.64 e
600 23.26 0.092 2 il 2.66 7.5

Pnuansaaesasiiuiilaiduteweslagliinsennavesemes finnusa
59U 500 rpm Wag 600 rpm Lagyin1TInAIMITIEAD3619¢ WU settling time steady state
error wuindlanSsudfisusunmssiaedlunaufinnes msmevausweawmeslunisineu
(settling time) azdniidesann Amidgadalududen uasmsmyuvawewnos
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A1571971 4.8 NANISNAEBUNITTULDLADTLUULNITENI9NE 10 N NILs90U 35 V

Speed Varganads lyreaniade Parsonade Settling time Steady state
(rpm) V) (A) (w) (s) error
(rpm)
500 20.93 0.536 19.43 2.31 12
600 24.73 0.536 22.96 2.53 12

PMAnanIsvsassaziuindedunawmesiagldnsymenavessawmesiduianin
1 Alandy fiauidaseu 500 rpm war 600 rpm warsn1sinAmiTlnesaiaqumy settling
time steady state error wuindialieuifisuiunisdraedunsuiinnes n1snavauoss
walpaslun1s191Usettling time) azt1nauazfetininnistunawmesinalidniszniena
fosnn Afdsgudeluduien wasnisuyureseines usnanidildidalrinfinnndi
noudidslildnsynnna Wesmnuawesdesnisnszualuluadraussiumilaniluvaane
1RefINTu

4.6 NANISNAGEBUNITTULBRASLUVINISENI9NE 20 N
A197997 4.9 NaNISNAEaUNITTULAasLUUTNITENINE 20 N s 40 V

Speed Vasannde lyronriade Pangeniade Settling time Steady state
(rpm) (v) (A) (w) (s) error
(rpm)
500 21.96 0.834 23 AR 3.82 12
600 25.86 0.831 37.21 4.51 13

ANANITVAERNAIALIdaIsuLaImaslaaldnTznanavesawmasidulianiin

2 Alanfu firu§i58v 500 rpm wag 600 rpm wagiin1stad s dmesaieg Wu
: . | A = ~ ) o = ¢

settling time steady state error nuIndalUssuisuiunisinasslunouiiaimes n1s
navaAUBIvBslBaslunN1TYU(settling time) azdninuazdstiniinisdunsiwmeslaglad
magninakazmauldniszviana 1 Alandu e Armdgadslududen uagnimyu
YasuaLnas uananddsldnidalwifuinninnaundsdaildniseniena waziiieldniseniana
1 Alanfuilssanuawassasnisnssualuluasrsnsesumilenthlurnaine1uaasuindu
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4.7 NM5UTIUIIUNANTIVIADY HAZHANIINAFIUIIY
= =1 . . o % = al
4.7.1 nMstdsgumey Settling time LUy PID (31884) NU KANSNNADUINY NS
500 rpm

nsivudminisidsaurnay SETTLING TIME wuu PID

(d1aa4) 01U HANISNAAAUATS fIA918152 500 RPM

3.82

o
o e i
o ;; I
YO

NO LOAD 20 N

4.7.2 M3wSeuieu Settling time wuu PID (31a9s) AU Han1IMndauass Nenus
600 rpm

nsrvtanadnadse e SETTEING TIME auu PID

(draas) AU RN ISNAAaUATY MAD1:159 600 RPM

| B i Rl )

4.57

2466

NO LOAD 10 N 20 N
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4.7.3 MswSouiisu Steady state error WUU PID (§1ae9) (U Han1sVAdaUase 7
A773057 500 rpm

nsnuanenisidSeuiiiey STEADY STATE ERROR uwuu

PID (d1aes) Ay aanisnaaauas fAn21a3e 500 RPM

W uanasnans W usnsrRdoy

12
12

u

N@ LOAD 10N 20 N

[} (m:

= P ° Y a =
4.7.4 MsUseUMeU Steady state error LUy PID (371889) AU NANISNAGDUIN N
A7731L57 600 rpm

mennandnisidEau vy STEADY STATE ERROR wuw

P1D (draas) du_dan1sHaaniaia fn6u34 600 RPM

W an9a99a BRI AABAL

|
o ,
= =)
10 N

NO LOAD 20 N
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Comparison between PI and PID for Speed Control to Brushless DC Motor
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ABSTRACT

This thesis has studied about characteristics of PI
and PID controller to control the brushless DC motors. The PI
and PID are used in industrial plants. It's easy to adjust the
parameter in MATLAB and prototypes circuit. It was found
when we adjusting appropriate value to control the system
below. PID controller respond faster than PI controller when it

drives the brushless DC motor.
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IRF540, SiHF540

Vishay Siliconix
Power MOSFET
FEATURES
PRODUCT SUMMARY )
Voe ) 0 + Dynamic dV/dt Rating
— + Repetitive Avalanche Ratad here
Rosion) () Vgg=10V 0.077 RoHS*
. * 175 °C Operating Temperatura 0
Q, Max.) (nC) 72 S COMPLIANT
+ Fast Switching
Lot H Ease of Parallel
.
Qog (1C) ) Fase 0 gr eling
Configuration Single * Simple Drive Requirements
* Compliant to RoHS Directive 2002/95/EC
D
DESCRIPTION
Third genaration Power MOSFETS from Vishay provide the
designer with the best combination of fast switching,
a l ruggedized device design, low onwresistance and
cost-effectiveness.
The TO-220AB package is universally prefered for all
commercial-industral applications at power dissipation
5 levels to approximately 50 W. The low thermal resistance
N-Chanriel MOSFET and low package cost of the TO-220AB contribute to its
wide acceptanca throughout the industry.
. L ——— TO-220A8 20§ |
IRF540PbF
Lead (Pb)-free SHFSI0ES
SrPb IRF540
SiHF540
PARAMETER SYMBOL LiMIT UNIT
Drain-Source Voltage Ves 100 v
Gate-Source Voltage Ves 220
Continuous Drain Cu Vegat 10V |- C | ’
ontinuous Drain Current G5 Te=100C D 20 A
Pulsed Drain Current® low 110
Linear Derating Factor 10 WrG
Single Pulse Avalanche Energy® = 230 mdJ
Repetitive Avalanche Currant® lag 28 A
Repetitive Avalanche Energy? Ens 15 md
Maximum Power Dissipation | Te=25°C Pp 150 w
Peak Diode Recovery dV/dt® dvidt 55 Vins
Operating Junction and Storags Temperature Range Ty Tag - 5510+ 175 <
Soldering Recommendations (Peak Temperature) for10s 300°
Mounting Torque 6-32 or M3 screw e o
1.1 N-m
Notes

a. Repetitive rating; pulze width imited by maximum junction temperature (sea fig. 11).
b. Vpg =25V, starting T;=25°C, L=440 yH, R, =25, |55 = 28 A (see fig. 12).

c. lgn <28 A, dl/dt < 170 Alps, Vgp < Vps. Ty < 175 °C.

d. 1.6 mm from case.

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number: 91021 wwvivishay.com
S11-0510-Rev. B, 21-Mar-11 1
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P
VISHAY.

Vishay Siliconix
THERMAL RESISTANCE RATINGS
PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Rania - 82
Case-to-Sink, Flat, Greased Surface Rihcs 0.50 - *CW
Meinnan Jursliver-lu-Cesses (Draing Rauc - 1.0

SPECIFICATIONS (T; = 25 °C, unless otherwise noted)

PARAMETER symeoL | TEST CONDITIONS [ mn. | Tve. | max. [ unir
Drain-Source Breakdown Voltage Vs Vgs=0V,Ip=250 pA 100 - - v
Vos Temperature Coefficient AVps/Ty Reference 10 25 °C, lo = 1 mA - 0.13 - \aw
Gate-Source Threshold Voltage Vs Vos =Vas, lo= 250 pA 20 - 4.0 v
Gate-Source Leakage lass Ves=+20V - " +«100 | nA
: Vg =100V, Vag = 0OV - g 25
Zero Gate Voltage Drain Cument Ipas pA
Vs =80V, Vg =0V, T;=150°C - - 250
Drain-Source On-State Resistance R oy Ves =10V I = 1T AP - - 0077 | O
Forward Transconductance [+ Vps =50V, Ip =17 AR 87 - - g
Dynamic | | in T Al
Input Capacitance Cis Vs =0V, o 1700 P
Output Caparitance o Vge =25V, { 560 B pF
Reversa Transfer Capacitance C f=1.0 MHz, gee fig. & - 120 -
Total Gate Charge Q, - - 72
- lo=17A Vge =80V,
Gate-Source Charge Qpe Vee =10V - - 11 nC
see fig. 6and 13°
Gate-Drain Charge Qgd - - 32
Tum-On Delay Time ton - 11 .
Risa Time 72 Voo = 50V, kg =17 A - 44 - -
Tum-Off Delay Time tagalt Ry=0.10, Ry =290, seefig. 10° s 53 -
Fall Time t - 43 -
Internal Drain Inductance Lo Eassh Nl ; £ as | -
6 mm (0.25") from H
package and center of "
Internal Source Inductance Ls dialcantact y - 75
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current I gowing t;yembnl . 28
integral reverse : A
Pulzed Diode Forward Current® la p - n junction diode _ = - 110
Body Diods Voltage Van T,;=25°C.15=28A, Ves =0 V" - - 25 v
Body Diode Reverse Recovery Time - 180 360 n
i . T,=25°C, I = 17 A, dVdt = 100 Afgssb =
Body Diode Reverse Recovery Charge Qy - 13 28 ile
Forward Tum-On Time tn Intrinsic tum-on time is negligible (tum-on is dominated by Lg and Lg)
Notes

a Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Pulsa width < 300 ps; duty cycle < 2 %.

www.vishay.com
2

This datashest is subject to change without notice.
THE PRODUCT DESGRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FOATH AT www vishay com/don?01000
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§11-0510-Rev. B, 21-Mar-11



iy
VISHAY,

29

IRF540, SiHF540

Vishay Siliconix
TYPICAL CHARACTERISTICS (25 °C, unless otherwise noted)
. I v B
107 (Tep 15V : -
10V - 25 "l
- BOV —
< 70V I "’-'I’:I
= B0V e 175°C
5 55V T I
£ 50V ]
F =
3 ‘ Bottom it.sv ne 3
§ v 45V A
(=] - o A
8 | g 7
£ (& {
20 pe Pulse Width T 20 s Pulse Width
T,=25°C Vg = 50V
107 100 10' ¢ _6 \6 7 ®BLO 10
P Vps, Drain-to-Source Voltage (V) P Ve Gate-to-Source Voltage (V)
Fig. 1 - Typical Output Characteristics, T = 25°C Fig. 3 - Typical Transfer Characteristics
a
102 Vi SN AR S
Top " 15V HH & Vg 10V
10V ® 25
g \\ = i .
> 2]
g eov 8= 20
£ 55V [ 8 Z
3 50y 45V 2% 15
g 10" |Badom 45 — 3 4 -
- 55 Y4
o [ E £ 4o -
& ]
T
20 s Pulsa Width 5
T =176 °C 1
: ) ~—g-o £ o —
107 10° 10 +60-40-20.0° 20740 60 B0 100 120140 160180
911 02 Vps. Drain-to-Source Voliage (V) 10 o4 T4, Junction Temperaturs (°C)
Fig. 2 - Typical Output Characteristics, Tg =175 °C Fig. 4 - Normalized On-Resistance vs. Temperature
Document Number: 91021 www.vishay.com
511-0510-Rev. B, 21-Mar-11 3
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VISHAY.

Vishay Siliconix

3000
Vge=0V,1=1MHz i
Gy = C, + C . Cy, Shorled — 160 °C
i G- Sl < A
™y e o= O * O E 100 E/fi °
e 26 5
S 1m0 e - Cua 3 7.
£ £ 7
s 5 7
i P [ | [
"y 100 + -
i Pl C, : 5 e
w0 IS ] & i :
— [ - R’ [
—
Vpe =0V
: -1/ as
100 107 04 DB 12 18
P o Vi Drain-to-Source Voltage (V) next_or V¢p. Source-to-Drain Voltage (V)
Fig. 5 - Typical Capacitance vs. Drain-to-Source Voltage Fig. 7 - Typical Source-Drain Diode Forward Voltage
’ 10°
n Ia=17 Al ] ] l on In this area limited
g 5
= Vg w80V ] b sy
o 16 | b s
¥ Vos = 50V, =
5 = - 10 s
> Vipg = 20V, & =
12 = ] H
¢ v ] 100 = [l—H
u s
g Z Ay & i il
; a &
3 T =
-} % £
(5_ 4 / 5 A e 25 '.’: 10 ms
:,23 lest dircull ¥ T, =175 °C
i seafigure 13 . Single Pulsa
O 10 20 g 4 50 “en 70 of® 27" w? ettt G
w1031 o0 Qp, Total Gate Charge (nC) v o Vps, Drain-to-Source Voltage (V)
Fig. 6 - Typical Gate Charge vs. Gate-to-Source Voltage Fig. 8 - Maximum Safe Operating Area
www.vishay.com Document Number: 81021

4

511-0510-Rev. B, 21-Mar-11

This datasheet is m&dm%gmm@.
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO C DISCLAIMERS, SET FORTH AT www.vishay.com/doc?31000




57

IRF540, SiHF540

I, Drain Current (A)
Vi
4

0 = -
25 50 75 100 125 160 | 175

ne_m T¢.. Case Temperature (*C)

Fig. 9 - Maximum Drain Current vs. Case Temperature

Vishay Siliconix

Pulss width < 1 ps
Duty faptor £0.1 %

Fig. 10a - Switching Time Test Circuit
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=

Fig. 10b - Switching Time Waveforms
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Thermal Response (Zy, )
(-]
1
[=]
o

02 ~

0.1 poad = ” ety |
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Fig. 11 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig. 12a - Unclamped Inductive Test Circuit
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Fig. 13b - Gate Charge Test Circuit

www.vighay.com
8

Docurnant Number: 81021
§11-0610-Rev. B, 21-Mar-11

) mmaﬂﬁm%mm
THE PRODUCT DESCRIBED HEREIN AND THIS DRTASHEET ARE SU TO IFIC DISCLAIMERS; SET FORTH AT e yishay comydoc?91000



58

R :
Vishay Siliconix

Peak Diode Recovery dV/dt Test Circuit

BALT st Circuit layout considerations
L + Low stray Inductance
m_]:) @ » Ground plane
» Low lealeage inductance
current transformer

.

I)
= Vit controliad by Ry
» Drivor same typa as D.U.T.
+ Iz, controfled by duty factor <D
» DALY, - device undler test

A

94

a Vg = 5V for logic level devices

Fig. 14 - For N-Channel

Vishay Si¥conix maitains workiwide manufactuning capabiity. Producis may be manufactured at one of saveral guatfied locadions. Ralabdty data for Sioon
Tochnology and Package Relabilty mpresent a composite of af qualifed locations. For miated documents such as package/fape dawings, part marking, and
relizhitty data, see bifp/iwww vishay comippg P9 1007,
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VISHAY. Package Information
v VO daliey;00m Vishay Siliconix
TO-220-1
; W i MILLIMETERS INCHES
" - MIN. MAX. MIN. MAX.
ﬂ A 424 465 D167 0.183
' ! |~ aP B b 0.68 102 0.027 0.040
b3 3_ Bit) 114 178 0.045 0.070
¥ ¢ 0.38 0.61 0.014 0.024
l D 1433 1585 0.564 0.624
=P .05 1052 0.3a2 0,414
o [ 24 267 0.085 0.105
el1) 488 528 0182 0.208
F 114 1.40 0.045 0.055
i) 610 671 0.240 0.264
T . a0} 241 2% 0.085 0.115
I ! ] L 13.38 14.40 0526 0.567
1l Lt 333 404 0,131 0.159
=M i ap 353 304 RET] 0.155
il h ,l‘_ | a 254 300 0.100 0.118
b oh ECNCX15-0364-Rev, C, 14-Dec-15
DWG: 5021
Hote
# M = 0.052 inches 10 0064 inches [dimension including
] protrusion], heatsink hois for HVM
il =1
e i-—b P |_-
e
—a N1} p
P 1)
Package Picture
ASE Xi'an

“wiew

-

Revison: 14-Dec-15
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VISHAI-Y, Legal Disclaimer Notice
v www.vishay.com Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on fts or their behalf (collectively,
*Vfishay"), disclaim any and all liability for any emors, inaccuracies or incompleteness contained in any datashest or in any other
disclosure relating to any product.

Vishay makes no wamanty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent parmitted by applicable law, Vishay disclaims () any and all
lighility arising cut of the application or use of any product, (i) any and il liabifity, including without limitation special,
consequential or incidental damages, and (i) any and all implied wamanties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishays knowledge of
typical requirements that are often placed on Vishay prodicts in generic applications.  Such siatements are not binding
statements about the suitability of products for a particular application. 1t is the customer's responsibility to validate that a
particular product with the properties described in the product specification is suitable for use in a particular application.
Parameters provided in datasheets and / or specifications may vary in different applications and performance may vary aver
time. All operating pararmeters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product spacifications do not expand or atherwise modify Vishay's terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in wrting, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for uss in such applications do so at their own risk.
Please contact authorized Vishay personnel to obtfain written terms and condiions regarding products designed for
such applications.

No license, express or implied, by estoppel or otherwise, to any inteflectual property rights is granted by this document
or by any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

& 2017 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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Data Sheet No. PDG0147 revil)

International
TSR Rectifier  IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER
Features Product Summary
# Floating channel designed for bootstrap operation e d s .
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dVidt immune '
& Gate drive supply range from 10 to 20V loH- - 2A[2A
& Undervoltage fockout for both channels .
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V 1o 20V :
Logic and power ground 5V offset tonvoft (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down ; : A 4 "
& Cycle by cyele edge-triggered shutdown logic %an Matc?mg {2%21?2 ;% ns .max‘
® Matched propagation delay for both channels ( ) ns max.
& Qulpuls in phase with Inputs Packa ges

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
rels. Proprietary HVIC and lateh immune CMOS technologies enable
ruggedized monolithle construction. Legie inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer slage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channe! power MOSFET or IGBT inthe high side configuration which
operates up 10 500 or 600 volts.

¢

16-Lead SOIC

&

144ead PDIP  |R21108/R21138
IR2110AR2113

Typical Connection p 1o 500V or 600V
I»—AL
— HO L E) —
Vmﬁ'--—:!:_' VED VE 'j- A %
T
: L s
HiNo HiN V, & ° 10
SD o sD — | JOAD
LIN® LIN Voo i
L 7y
Vo Ve COM |3 tﬁ)
Vee o——-‘ R Lo A _
-
{Refer to Laad Assignments for corrsct pin configuration]. This/These disgram{s) show lecirical
ponnections only. Plaasa refar to cur Application Notes and DesignTips for preper circult board layout.

www.irf.com i
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF ShiRaT

Absolute Maximum Ratings

Absolute maximu ratings indicate sustained limits bayond which damage to the deviee may oceur. Al voliage param-
atars are ahsolule voltages referenced to COM. The tharmal resislance and power dissipation ratings are measured
undar board mountad and still air conditions. Addifional Information is shown In Figures 28 through 35.

[ Symbol ___Definiion [ min_ | Max | Unis
Vg | High side floating supply voliage (IR2110) 03 525
(IR2113) 03 625
Vs | Highside floating supply offeet voltags Vg-25 | Vp+03
Vuo High side floating output vollaga Vg =03 Vg+03
Veo Low side fixed supply voltage \ 03 25
Vio Low side outpul voltage £3 Vo 0.3 o
Vop Loglc supply voltage 4.3 Vo 25
Vgg Logle supply ofiset voltage Voe-25 | Veo+93
Vi Logle Input voltage (HIN, LIN & 8D} Vgg-03 Vop + 0.3
dviidt Allowable offsat supply voltage transient (figure 2) - 50 Vins
Pp Package power dissipation @ TA<+25°C (14 leadDIP) | = 16 N
{16 lead S0IC) = 125
Rruja | Themal resislance, junclion to amblent {14 lead DIP) = 75 |
{16 lead 30IC) - 100 o
T3 Junction tamperatire 5 ) o 150
Ts Slorage temperature 55 158 g
i Laad temparature (soldering, 10 sacands) Jin AN A 300

Recommended Operating Conditions
The Input/output logic fiming diagram is shown i figure 1. For proper operation the device should be used within the
racommanded conditions. Tha VS and VS offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other blas conditions are shown in figures 36 and 37.

| Symbol ___ Definition _ Min. Max. | Units
Vg High side floating supply absoluts voltage Vs+10 | Vg+20 '
Vg High side floating supply offset valtage  (IR2110) Note 1 500
{IR2113) hota 1 800
VHo High side floating oulput veltage Vg Vg
Vee Low side fixed supply voltage 10 20 v
| Vio | lowsideoutputvoltage 00000000000 | O vee
Voo Logle supply valtags Vgg+3 Vag+ 20
Vss | Logicsupply offset voltage S )
Vin Logle input voltage (HIN, LIN & 8D) Vsg Voo
Ta Ambiert {emperaturs 40 125 ‘c

Nate 1: Logic opatational for Vs of -4 to +500V. Logle state held for Vg of -4Y to Vg, (Pleasa refer to the Daslgn Tip
DTY7-3 for more details).
Note 2: When Vpp = 5V, the minimum Vgg offset is limited to Vop,

2 www itf.com
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TSR Rectifier

Dynamic Electrical Characteristics
Vaias (Veo, Ves, Von) = 15V, C = 1000 pF, T = 25°C and Vag = COM uniess otharwise specified. The dynamic
slectrical characteristics are maasured using the test circult shown in Figure 3.

65

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol| Definition __|Figure | Min. | Typ. [Max. | Units [Test Conditions
ton Tuen-on propagation delay 7 -~ | 120 | 150 Vg =0V
tof Tum-off propagation delay 8 - 84 | 125 Vg = 500VIB00V
tad Shutdown propagation dalay 9 s, | 440, ] 140 ns Vo = 500600V
& Tum-on risa time 10 — 25 | 35
¥ Tuen-off falf time 1 e 17 | 25
MT | Delay matching HS & L& _{IR2110) e g e |8
turm-on/off {IR2113) - — ] o~ | 20

Static Electrical Characteristics

Veias Voo, Ves, Vpp) = 15V, Ta = 25°C and Vs = COM unlass otharvise spacified. The Vi, Yy and |y parametars
ara referencad to Vg and are applicable to all three logic Input lnads: HIN, LIN and SD. Tha Vg and Ig paramelers are
raferoncad to COM and are applicable to the respective output leads: HO or LO.

bol Definition ___|Figure | Min. | Typ. Max.| Units [Test Conditions
Vi Lagie *1" input voltags 12 A4S 11 == M4
Vi Logle “0"input voltags 13 - “ |80
Vou | Highlevel outputvoltage, Vaias - Vo 1§ Kar] 4N V lo=0A
Voo | Wowlewtoatut witags, Voo 0y - 5 J= ~ |0 o=
LK Offsat supply leakage current 16 — - 50 Vp=Vg = S00V/600V
logs | QuiescentVpgsuppiycument | 17 | — | 125 | 230 | Vin =0V or Vpp
lace Quiescent Vi supply curent 18 — | 180 | 340 Gy Vin=0VorVpp
lopp | QuiescantVppsupplycument =~ | 19 | — | 15 ] %0 Vi =V er Yoo
line Logie “1" Input bias eurrant 20 — 20 1 40 ViN=Vop
v | Logic 0" input bias curent L e el B Vin =0V
Vesuy+ | Vas supply undervoltage positive going 22 75 | 86 | 97
thrashold 3
Vesuv- | Vis supply undervoltage negative going 23 70 | 82 | 94
threshold '
Voouvs | Vioo supply undarvoltage positive going 24 74 | B5 | 96
Vecuy- | Vee supply undervollage negative golng 25 70 | B2 | 94
threshold
lor | Output high short clreult pulsed currant % 25 - | Vo=V, Vin=Von
PW<10ps
lo- Output low short circull pulsed cumrent 21 20 ) 25 | = A Vo=15 Vi =0V
PW<10ps
wiwiwirf.com 3



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Functional Block Diagram
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TSR Rectifier

[t

SHIFY | ™ putge 1

VealVor
» b
SHIFT

T W . S A - 5 - W S o . S S S A SR S W, S S S SN A S e o, " o o 2

Lead Definitions
Symbol| Description_ ,_ 4
Vpp Logic supply
HIN | Logic input for high side gate driver output (HO), in phase
&R T T g~ V 2 bl 2 L 4
LIN Logic input for low side gate driver output (LO), in phase
Veg | logicground g
Vg | High side floating supply
N R R R R
Vg | Highside floating supply return
= e S
Lo Low side gate drive output -
i o e ol S
4 www.irf.com
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Infernational

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF ToR Recifier

LEADFREE PART MARKING INFORMATION

Partnumber— | RYOOOOKX
e YWW?  JEAR | es

weie | PO

RN

Lot Code

7 | MARKNGGODE {Prod mode -4 digit SPN code}
Lead Free Released
Non-Lead Free
Released

« Assembly site coda

ORDER INFORMATION
Part only available Lead Free

14-Lead PDIP IR2110 order IR2110PoF

14:Lead PDIPIR2110-1 order IR2110-1PbF
14-Lead PDIP IR2110-2 order IR2110-2PbF
14-Lead PDIP IR2113 order IR2113PbF

f4-Lead PDIP IR2113-1 order IR2113-1P6F
14-Lead PDIP IR2113-2 order IR2113-2PbF
16-Lead SOIC IR2110S order IR2110SPbF
16-Lead SOIC IR2113S order IR2113SPbF

Infernational

TORRectifier

IR WORLD HEADQUARTERS: 233 Kansas St El Sequndo, California 90245 Tal: {310) 262-7105
This product has been qualified per industrial level

Data and specifications subjact io change without notice 3/23/2005

www.irf.com
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