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Abstract

This thesis focuses on the mathematical modeling of 3 phase brushless DC motor.
The integration components of motor and electrical drives must be understood and
represented by a series of differential equation. Matlab/Simulink is adopted to build

block-wise model of motor behavior and run to simulate the associated dynamical
response.
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Transfer Fen
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Gain|
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Transfer Fcn3
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PUN R ERS ZE AT AERISimulinklE] - ST TS ZESE > &

\

RH AR [A] Ry 1570 o 4RLHFfA] 5 1008 -

Ra=2 % 20hms

La=0.0005 % Henrys

Kt=10 % torque constant
Jm=2 % 0.0001 kg -m"2
Kb=0.1 % back emf constant
Bm=0.5 % 0.5N/rad/s

TL = 3.3; % 3.3N

vV = 20; sV

RFERLE simulink FYEDR G EE » SRS EIAANS ~ AR « MEEH)
s T o BTG RIRVEERAT T RES RS2 LA T Ryl Ry g

HRFE - {EHFE] 15 PO - SE{SHE R

4.3: EURFSEE Simulink fREHSHY A EE
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4.2 ZHERERIEE Simulink Y2 BECEEER

A = Al F 2 A A 2 HERSE R I EEARGER » mi A e e 2
{EARERIH S BA AR o i =ARERS Z A AR - =
MR A Bl [F— (S 2R 2850 (ECRR T A IS i B 3s - A

DI5-#1HY Brushless DC Motor HY Simulink [E41F
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M
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4.5: Brushless DC Motor HY Simulink f5#¢
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FE AR B 22 204K > Invertor #RAY ZAEEIAT T -

—»

a »
laa ™

—™
Q1-a6 Qdifference
. B
HE az -
hall Sensers Output Scope af w
bq—m Product2
thetdall ABC [J N x
MOSFET Switch Status w
Hall Sensor B304 Product!
1 S .
Constant ua
3 > aa2 Product
thetar Scopes .
-, 7
PWM X
- "l
v
Product3

4.6: Brushless DC Motor HY Invertor f&i#¢
It 245 A FHAY Simulink FRHY Model Configuration Parameters Y
solve option 1 » solve 7% 5E £y ode23 (Bogacki-Shampine) » 7 JERF[HE%
5 0.8 F) » Eskiisy \FFFEJAEZE 0.4 ) > [ JERRENER Ry IET20R7  IHE Fyix
56 B -

T 28 AERSy > 5 MATLAB By mifile » BT ¢

" Editor - C\Users\user\Desktop\ ST Z#A\SEMELDC_Motor_parameters..  — ] X I

EDITOR PUBLISH RIE L B RS e QO

BLDC_Motor_parameters... % | xm ®

30 % From paper: & H

k| % Gencer and Gedikpinar, Modeling and Slmulation of BLDUM Using

32 f MATLAB/ RIMULINK, Journal of dpplied Sciences 6(3): 688-691, 2006

33 - P=f; % No. of pole pairs

34— Ra = 11.05; % 11, 050hms

35 — L = 0.0215; % 0.0215Henri

36— M o= 0.002; % Henri

3 - La = L-N; % Henrys

38 - psim = 0.11; % 0.11Weber

9 - Kt = -psin*P/2; % torque Constant

40 — ke = -psim; % back emf constant

41 - Bm = 0.001; % 0.001N0frad/s

42 — Tm o= 0.0001; % 0.0001 kg nt2

43 — TL = 0.1; %010

44 — v o= 20/pi; %V v
script Ln 32 Caol &7

4.7: Brushless DC Motor FYZ84F m.file fE#2
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LU B/ 4E simulink A 58 FH SR TR

Add Block :

L, Add

Liyge - Al DA BEAYERER TR - tAELE List of signs #LE e 2 (I EHARHY

DI > Foop | "HYRF SRR L & -

Sura

Add or subtract inputs. Specify one of the following:

a) string containing + or - for each input port, | for spacer between ports (.2, ++HH+)

| b) scalar, »= 1, specifies the number of input ports to be surnrmed.

When there is only one input port, add or subtract eleraents over all dimensions or one specified
dimension

Main  Signal Attributes

Ioon shape: | rectangular v
List of signs:
-+ |

| Sarnple time (-1 for inherited):

[ |
9 ] [T [h|

a.3: Matlab/Simulink Add Block
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Mux Block

1 Mux

LhRE © FAGKIENTREREREE & > [EEETATE R © BEAE Number of inputs
HREE S ERNTRRV RS -

Fal : Seiis
Mux

l Multiplex scalar or vector signals.

9 Cancel Help

&pply

a.4: Matlab/Simulink Mux Block
Gain Block :

)D) Gain

LhRE © i AGHIRAE SR Y Gain TSR FRUN S04/ N AR
F -

r
Ciain
Elemnent-wise gain (v = K. %) or matrix gain (7 = K% o y = 0*E).
Main  Signal Attribaes
Cialn

| [Re2p

Farareetey Attrboes

Muliiplication: | Element-wise(K. *u)

Sample fire (-] for inkerted)
[1

Q@ [ owad || Hp || Aub

a.5: Matlab/Simulink Gain Block
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Product Block

X b Product

LhRE * Rl (FARVAE R » BE{E Number of inputs S7E 2 {l =R 5THYZR

Function Block Parameters: Product8 X
Product

Multiply or divide inputs. Choose eleraent-wise or raatrix product and specify
one of the following:

a) * or / for each input port, For example, **# pedoms the operation

nl *u2h3 g,

b) scalar specifies the nuraber of input ports to be rvltiplied.

If there is only one input port and the Multiplication pararaeter is set t0 Element-
wise(.¥), a single * or f collapses the input signal vsing the specified operation,
However, if the Multiplication parameter is set to Matei (™), a single * cavses the
block to output the matex unchanged, and a single / cavses the block to ontput the
roatri} inverse,

Main  Signal Attibutes
Nuraker of inputs:
12

Multiplication: | Element-wise(.*) v
Saraple tiroe (-1 for inherited):
B

) Cocdl | [ e | [y

a.6: Matlab/Simulink Product Block
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Trigonometric Function Block :

Trigonometric

1= p Function

THAE © WHERORIE = A EEIBEE AT BIE Function fHB(E(T =
T -

Function Block Parameters: Trigonometric Function6 X
Trigonometic Function
Trigonometic and hyperbolic functions, When the function has more than one

argumnent, the first argument coresponds 10 the top (or left) input port, For sin, oos,
$Incos, 008 + sin, atan? functions, CORDIC approxirmation can also ke vsed to

corapute the output,

Pararneters

Function: ' Sin ¥
Approximation method: | None v
Output signal type: |1l -
Saraple tire (-1 for inherited):

-1

Cancel Help Apply

a.7: Matlab/Simulink Trigonometric Function Block
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Scope Block :

>D Scope

] o o

. B scopes . m} X

20 aei BNKREaS .

a.8: Matlab/Simulink Scope Block

1£ Number of axes #A] DIPZ SRR » SENUEERHIR N EE -

1. 'Scope8' parameters = X ‘

: General Historyl Sty;el

Axes

\ Number of axes: 1 Floating Scope ‘

L]
[] Legends

|
Time range: %au’(o })
Tick labels: | bottom axis only |

Sampling

‘ Decimation ‘l ‘1 ‘

o | [caen | [vew |

a.9: Matlab/Simulink Scope Block of Number of axes
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1F History # » T DLLE Limit data points to last ZE3E T 2 8E TP iR 1ZHY
#F L] > NEEb)%E save datato workspace U EEFTE &R & -

u ‘Scope8' parameters — X

[ ‘General HiStOFY‘ Style

[] Limit data points to last: |5000

Save data to workspace

Variable name: ScopeData7?

Format: Structure with time v

OK Cancel Help Apply

a.10: Matlab/Simulink Scope Block of History
£ Scope #{Y Style Hf » HJLLF] Axes colors AR S Ll &L ] T HY R € -
Bl Line H m] LACACEE G ey HHHYBH S ©

u '‘Scope8' parameters — X

Generall Historyl Style '

Figure color: & v Axes colors: | & ~ ﬁ v
Properties for line: |1 v
Line: v ||0.5 v _j -

Marker: \none v

OK Cancel Help Apply

a.11: Matlab/Simulink Scope Block of Style
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Pulse Generator Block :

I | I | > Fulse Generator

n

LHRE * Rkt PWM SREFARSERCHIE » o oha] DUAEI ~ 35 ~ RTAEAE

Source Block Parameters: Pulse Generator1 X
Pulse Generator

Output pulses:

if (t »= PhaseDelay) && Pulse is on
Y (1) = Amplitde

else
Yt =0

end.

Pulse type detemnines the computational technique vsed.

Time-based is eooramended for vse with a variable step solver, while Saraple-based is recommended for
vse with a fixed step solver or within a discrete portion of a odel vsing a varable step solver,

Pararasters
Pulse type; | Time based v
Tirae (t):  Use simulation time =
Arplitode:
|206i |

' Peried (secs):

© 11000 |
Pulse Width (% of period):

- [1003 |
Phase delay (secs):

. [15000 |
[ Interpret vector pararaetess as 1-D

Cancel Help Apply

a.12: Matlab/Simulink Scope Block of Pulse Generator Block
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Sin Wave Block

Sine Wave
\V

)

LhgE © AIDAFHEESZORAIE(E ~ AR ~ A - JRiE

Source Block Parameters: Sine Wave X

Sine Wave

Output a sing wave:
O(t) = Arap*Sin(Freq*t+Phase) + Bias
Sine type determings the computational technique vsed. The pararasters in the two types are related through:
Sarnples per period = 2*pi / (Frequency * Sample time)
Nuraker of offset samples = Phase * Samaples per period / (2%p0)

Use the sample-based sine type if numerical probleras due to running for large times (8.2, overflow in absolute time) oocur,
Pararneters

Sine type: | Time based -
Tirae (t); | Use simulation time =

Amplitude:

Interpret vector parameters as 1-D

o | [t | [

a.14: Matlab/Simulink Sin Wave Block
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Step Block

D Step

THRE * W LASHBERMaAIE ~ BRI A ~ WRBHYE -

Source Block Parameters: TL
StEp
Output a step.

Interpret vector paramaeters as 1-D
Enable 2zr0-crossing detection

OK || Comeel || Help | Amly

a.15: Matlab/Simulink Step Block
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Transfer Fcn Block

y — p Transfer Fen

THEE © BT A Ry S — (A2 (el -
B4 © S

x3+4+5x—1
SFEAE Numerator coefficients Eiiify A S—IEAAEUE > 3% &[102]
A fF Denominator coefficients Htifigy A —TEAYGEUE f5[105-1] -

[ Function Block Parameters: T

Transfex Fen

| The numerator coefficient can be a vector Or matrix expression, The denorinator
ooefficient raust be a vector, The output width equals the nuraber of rows in the nurerator
ooefficient, You should specify the coefficients in descending order of powers of s,

: Pararaeters
Nuraerator coefficients:
] |
Denorminator ooefficients:
|[LaRa] |

Alsolute toleance:
f l auto |

State Narae: (e.g., 'position’)

i |

@ Ok [ Cual || Hp || gl

a.16: Matlab/Simulink Transfer Fcn Block
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Combinatorial Logic Block :

o [. .] L f.:gn}l:inatmial

Thse © R EIRREEERGT - AR -

CroblLogic

Lok up the eleraents of the inpot vertor (reated a5 boolean valoes) in the tooth bl and owtpat the oomesponding vovwe of the
Truth table' pararneter, The input side of the tooth takle is roplicit,

Pararneters
Truth table:

|[000000,{1001 101000051 00100011000010010001001;111111]

Sample time (-1 for inherited):
-1

Cancel Help Aprly
a.17: Matlab/Simulink Combinatorial Logic Block

Interval Test Block :

A I Interval Test

Lhge © FlEMEUE A E ESTT FEURRSE -

Function Block Parameters: HC »
Interval Test (mask) (link)
If the inprut is in the interval between the lower limit and the upper limit, then the outpat is TRUE, otherwise itis FALSE,
Parameters
Interval closed on right
! Upper lirnit;
[360
. Interval closed on left
Lower limit:
180

Crutpt data type; | boolean

Concel | [ Hep | | by

a.18: Matlab/Simulink Interval Test Block
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Logical Operator Block :

Logical

3
AND
E P Operator

ThRE * el -

i Function Block Parameters: HA bt
Ligira] Operator

Liozirs] cperstors, For g single inpot, operstocs ave applied soross the npot veckor, For momltiple
. Inpus, opertocs e applied across the inpots,

Main  Data Type
Operator: | OR -

Murahker of inprat pots:
2

Ioon shape; | distinctive =

Sarnple fire (-1 for inherited):
[-1

2 Cood || Hib || s

a.19: Matlab/Simulink Logical Operator Block

Math Function Block :

of &' b Math Funclion

LRt + BERHY SEAEH -

Math
Mathernatical functions incloding losarithrnic, exponential, power, and moedulus fonctions,

When the function has more than one argurnent, the first argoment comesponds o the top (or
left) input port,

Main  Signal Attibutes
Function: |100d hd
Chytput signal type:; | a0to -

Saragle tire (-] for inherited):
[-1

Cancel Help Al
a.20: Matlab/Simulink Math Function Block
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