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ABSTRACT

This project is studied and developed an Independent of Cripples project, an electric
wheelchair. The project is a 4 quadranis DC. motor control by pulse width modulation servo
amplifier witch is designed o be a low loss amplifier. A development is changing a gear ratio to
increase a speed, using a higher power DC. motor to take more load, build in battery charger,
smaller structure and easily control with one knob.

The result of this project is the electric wheelchair that can take maximum load at 140

kilograms and highest speed at 5 kilometer/hour at maximum load
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MINN 4.1 waasdyruiad  ineninmsulSoumsuduanugdaumaoy

fmsanu Tlasa
usasdlnsa (v) “q;c;,nmgﬂermm?;un(v.) Duty Cyecle (%)
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2.99 5.90 20
537 5.90 40
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8.11 5.90 80
9.40 ' 5.90 100




Stopped L 2003/04720 15:23:22

CHISEOOV ;  CAZ=6.00V : © 500ug/div
DCE1 . DG 1 i (500ué/div)
v e T b : NORMiZMS /s

=Tracel= P-p  392.5uV |

: ¥ : Y v : : :
=Trace2= P-p 7.608Y Max 9,389V Rms 5.899v
: Frigq 500.8Hz Prpd 1.670ms : Duly 48;5%

: : : : : : o
Measure {Item Detay Time Range ALL Scan Cursor
OFF setup | Setup TZ BEc | ~S0kv
=Filter= =Offsel= =Record Length= =Triggera
Smoolhing : OFF CH1 | D.00v Main @ 10K Made ; AUTO
BW : FULL CH2 ; ooy Zoom @ 2K Type . EDGE CH2 4
, Delay : 0.0ns
Hold Off | MINIMUM
Slopped 2003/04/20 17732.35
: CHZ=600V : 1 600us /div
Dc 11 H : : ! [500us/div)
Bt Y oIS NN/ S A |\ ; NORMEANG /o)
Y
Z+ o

38Z.5m% | Mak -5 835V HMin I8l Ziev
6.000Y : Avh -6.00% |  Freéq -i-

=Filler= =0Ffsei= =Record Lenglh= =Trigger=
Smoolthing : OFF CH1 : 0.0000V Main : 10K Maode @ RUTO
BYY [ FULL cliz ; o.oov Zopm 400 Type . EDGE CH2 4
Delay : D.0ns

Hold OFF :  MINIMUM

s

3N 4.1 namuamemsnSvufoudyanuglammasuins i lwase

Lt

ar £

waznsMuanaraiiiudaenuiadi Duy Cycle 0%
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Stopped q 2003/04/20 15:41:05
CHI=6.00V : CH2=6.00V : i 500us/div
DC 111 PG 11 ¢ (500us/div)

| NORMPMS /s

3.200v Min  2.777v
...................................................... 2,993y :  Freg  50:00kHz
: 50 0% : :
STrace2= g.127v - Hms 5.902v
......... ... Freq BOZ.4Hz i Prad 1.660ms ©  Duly 48i2%
=Filler= =0Ffsel= =Record Lenglh= =Trigger=
Smoolhing : OFF CH1 0.00v Main @ 10K Mode : AUTO
BW : FULL CH2 ; 0.00V Zoom @ 2K Type . EDOE CH2 4§
Delay : 0.0ns
Hold OFF ;  MINIMUM
Stopped 3 2003/04 /20 17:50:09
: CH2=5.00V : H b 500us div
DG 11 : (500us/div)
- IR A\ S | NORM:PMS/5
n :
L +—+ r + 1 =i
=Trace?= p-p’ 12 _ Hin -6 ET1V
: Pms 6.043v Avg =-3.558Y Frikq 598.8Hz
............... Prod 1.870ms : .. .Dwdy 19:ie% '
=Filler= =0Fffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0000v Maln @ 10K Mode : AUTO
BY © FULL CH2 : o.00v Zoom : 400 Type : EDGE CH2 &
Delay : 0.0ns
Hold OFF : MINIMUM

U 42 nvuamsmisuaufoudygnagd e dosiuus i IWase

uazns uaamaiiudyanuiadi Duty Cycle 20 %



Stopped L

2003/04/20 1B;18:58

CHI=6.00¥ : CHZ=6.00V :
oG 1 I pgwl i

500u% /div
! (500u$/div)
Nonwmsts

5. 585‘4’ Hih 5, 192\'
5.367V Frizq 50 00kHz
y S0.0% i b
9.177v Min 1. FBIV
6.419v Frgq soz 4Kz
....... Y. 48:8% .
: : 1 : cH
CH Position To Pasition
-Adiv_|_-1div_|[ Odiv | +1div | +3div 0.00div
=Filler= =0ffsol= =Record Lenglh= aTrigger=
Smoolhing . OFF CH1 : 0.00V Main : 10K Moade : AUTO
BW : FULL CH2 : n.00v Zoom ! 400  Type : EDGE CH2 &
Delay : 0.0ns
Hold OFF @ MINIMUM
Stopped q 2003704 /20 17:51:20
H CHZ=6.00V : : 500us /div
(LR : L (S00us fdiv)
: NORM?MSIS

ha 6. lIODV

Oy 40;7%

Avy —gsa 2y

u:n -6. I:ll:lav
Frgq 599 BHz

=Filler= =0Ffsel= =Record Length=
Smoolhing : OFF CHI . 00000V Maln : 10K
W FULL CH2 0.00v Zoom ;400

=Trigger=
Mode ; AVTO
Type : EDGE CH2 &
Delay : 0.0ns
Hold OfF :  MINIMUM

3 43 nsuaasmsnisufoudyanugdaumtoniuas i Tias

7

waznsuaaawaiiudyaraiadi Duty Cycle 40 %
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Stopped 2003/04/20 15:44:10
CHISG.00V :  CH2=6.00V | 1 : : 1 S00us/div
oC Bl I DC Rt [ : :  (500u5/div)

NORM:2MS /s

=Filter= =0ffsel= =Record Lenglh= =Trigger=
Smoolhing : OFF CHI @ .00V Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom I 2K Typo | EDGE Cif2 £
Delay : D.0ns

Hold OFF :  MINTMUM

Stopped y 2003704720 17:5%11
2 T CHZ=GOOV : : : L B0DUs/div
DC 11 : ¢ (500us/Rv)
% i NORMZMS
n
i
ivacess g P T[T S SO PR i T
6.066Y Friq 599.8Hz
.............. 1.870ms - Dup : 5
=Filter= =0Fffsel= =Record Lenglh= =Trigger=
Smoolhing : OFF CH1 : 00000V Maln © 10K Mode : AUTO
BYY © FULL chz . 0.00v Zoom : 400 Type ; EDGE CH2 &

Delay : 0.0ns
Hold OFF :  MINTMUM

o

317 4.4 namuamsmsnRsufoudygnugdanumbonduuswin das

waznsuasmaiiudaganuiadi Duty Cycle 60 %
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Slopped

FC

CHISBUOV : CHZ=6.00V :
DC 1 DC 1

2003/04/20 154557
j S500us fdlv
T (s00u$/div)
NORM‘EMSIE

=Tracel= P-P  603.6nV

I Prod 20, 00us
=Trace2= p-p

Mih  7.780v
Freq 50: IJI:IkHz

7.608Y Rms 5. 393\'
.......... F'E_f.l....‘:‘?‘.?._!’.*.'.Z_........?.'.".‘.'....‘...?.7'.3."'5.. ...'?.‘.'.‘.Y...:!B_.*?ﬁ.....
=Filter= =0Ffsel= =Record Length= =Trigger=
Smoolhing : OFF CH1 : o000y Maln 1 TOK Mode : NUTO
BW : FULL CH2 : n.oay Zoom @ 2K Type : EDOE CHZ 4
Delay ! 0.0ns
Hold OFF :  MINIMUM
Stoepped 2003/04/20 175500
: T CHZ=B.OOV : T B00ug/div
: : G 11 1 (800us/div)
1 : 0 YOO L. 0 S A Y P Y | '.‘!‘?BM?.'.".?{?..
™ i :
s MM i e
Siracess” '|'>'—'i>' """ 1274077 kT 6 "iiii)'\'r """""" |'.iiii R ‘b'lii;'\'r' "
Rms 6.]118Y 3.955Y Friq 598.0Hz
................ Prod 1.670ms Y BOEZR i
=Filler= =0ffsel= =Record Lenglh= =Trigger=
Smoothing : OFF CHY1 @ 00000V Main : 10K Wode I AUTO
BYY @ FULL cnz 0.00v Zoom [ 400 Type . EDGE CH2 &

[

11 4.5 nauaaanisalSoufion

[~ I
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[

ar

Delay 0.0ns
Hold OFF @  MINIMUM

dayanagiemmasyiunsaiuTrlas

uRagh Duty Cycle 80 %
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Stopped

A=

2003/04/20 18:23:47

CHI=E.00V :

DC 111 DC 11

CHZ=G.00V

S(aus /div
(Sﬂﬂusldnv)
NORM ZMS/s

=TraceJ- P- P 422 Smy
: RI'IIS 9. 397\'

Rm:i; 5.086Y

Min 9. ‘I?W
Freq 51] 00XHz

Win i ITEY
Friq 599.eHz

=Filter= =0Ffsel=

Smoolhing ; OFF CH1 : o.00v

Main ;| 10K

Record Lenhglh=

=Trigger=
Mode | AUTO

BW ! FULL CH2 . n.oov Zoom ;400 Type : EDGE CH2 &
Delay : 0.0ns
Hold OFF : MINIMUM
Stepped 3 2003/04/20 17:56:11
: CHZ=6.00V : T Bl0us/div
Dc 11 5 (500us /div)
d NORM ?.MSIs

&

=Tr ace“z- P—P 422 BmY

Rms 6.191¥

.Prod_Si.ous i ou

Mln 5,977V
Freq I.Q_!BTKHZ

=Filler= =0Ffset=
Smooihing : OFF CH1 . 00000V
BW : FULL CH2 : 0.00v

i 4.6 asmusaamsnSouiouday

ar

=Record Length=
Main | 10K
Zoom ; 400

ar

=Trigger=
Mode : AUTO
Type . EDQE CH2 4
Delay : 0.0ns
Hold OFF |  MINIMUM

ugannmiontuus siulings

ueznsuaasmadiudyanuiad Duty Cycle 100 %
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4.2 ANUFUNHESTN IR NMITIY Duty Cycle

43

v [ 1
nmsnadeviidfumsinanussouvesdesanufins IWii Duty Cycle fishaq i

1 N
Taomsnaaeuiidumsnageuvnz 'l Tuan TAHamsnAaeIRIR13 199 4.2

! & o 3 2
519N 4.2 MINUAAINIINENINFTZNI9ANUE T Duty Cycle

Duty Cycle (%) AN I8 (50UANT)
10 0
20 38
20 30
40 108
50 124
60 133
70 140
80 145
90 149
100 158




e er : e s Y o
4.3 ANNTUAUEITHNGNHINTY Duty Cyele M4 lumsosnda

49

v . v
mineaeuiiiluniimaasy mssondivealnssrusonuiims i lasfiimin

1 ot A 1 e oy .0” ar J
UITNNANY DU (HevTnAdRUNINITeRNdved Inssusanudms Iidh  fdnnindieg

wld Duty Cycle mils

[ v
mMsef 43 uaasmnuduiusssunahmin fu

Duty Cycle 114 Tun1seenda

vimtin (nn.) Duty Cycle (%)
0 17
52 20
60 22
65 23
75 25
127 35
140 50
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4.4 anuSvessanuims v
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Internationa -
IR Rectifier IRFZ44N
HEXFET® Power MOSFET
» Advanced Procass Technology D
» Ultra Low On-Reslstance Vpgg = 655V
¢ Dynamic dv/dt Rating
¢ 175°C Operaling Temperature Roson) = 17.5mQ
¢ Fast Swilching
» Fully Avalanche Rated lp = 49A
s
Description

Advanced HEXFET® Power MOSFETSs from Inlemational
Rectilierulilize advanced processing techniques o achiave
axtremely [owon-resislance per silicon area. This benefit,
combined wilh the fas! swilching speed and ruggedized
device design thal HEXFET power MOSFETs are wall
known for, provides the designerwith an extremely efficient
andreliable devics for usein a wide variety of applicalions.

The TO-220 package is universaliy prefered for all
commercial-indusirial applicalions al power dissipalion
levels o approximalely 60 walls. The fow themmal

regialance and low patkaga cost of the TO-220 coniribula TO-220A8
to its wide acceplance throughoul the induslry.
Absolute Maximum Ratings
Paramelor Max. Units
lp@To=26°C | Condinuous Draln Cument, Vge @ 10V 49
lp@ To=100°C| Continuous Draln Cuirent, Ves @ 10V 35 A
loat Puised Dvain Curtant 160
Pn@i¢=25°C Power Dissipation 94 W
Linear Detaling Faclor 063 wirc
Vs Gale-lo-Sourea Vollago 120 v
lan Avalanche Current® 25 A
Exn Repatilive Avalanche Energy® 9.4 mJ
dfdt Peak Dicde Recovery dv/dl @ 5.0 Vins
Ty Operating Junction and -55 lo+ 170
Tein Slorage Tempetalute Range C
Soldering Temperalue, for 10 seconds 00 {1.6mini from ¢asa )
Mounting torcue, 6-32 of M3 srew 10 Bbin (1. 1Hm)
Thermal Resistance
Paramater Typ. Max, Units
Rax Jincion-o-Case -_— 1.5
Racs Case-lo-Sink, Flal, Greasad Suiface 0.50 — “CrHN
Ras, Junclion-to-Ambient -— a2

vivairf.com
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IRFZ44N International

IR Reclifier
Electrical Characteristics @ TJ & 26°C (unless otherwise speciflod)
Parameler Min.y Typ. | Max, |Unlts Conditlane
Varpes | Drain-lo-Souice Breakdown VoRage | 96 | —| — | V | Vas =0V, Ip = 250pA
AVprosfiTy| Breakdovm Vellage Temp. Poamclenl — |0058] — | ¥*C{ Relerenca to 25°C, Ip = 1mA
Rpgion) Slalle Draino-Sotrce On-Raelslance | — | — [ 17.5 | mQ | Vas =10V, Ip=25A @
Vosan Gale Thieshokl Voage 20 | —| 40 | V | Vos=Ves, lo=2500A
e Fofviaid Transconduciance 19 [—| — | S | ¥ps=25V, Ip= 2500
— | —1] 25 Yoz = 58V, Vas =0V
s Draido-Souroa Leakage Curcent — 250 | ™ [Vos <4V, Vos = OV, 1) = 150°C
loss Gate-10-Galired Forward Leakage — | —| 100 A Yas = 20V
Gale-lo-Source Raverca Leakage — | —]-100 Ves = -20V
Qq Total Gala Charpa — | — 63 p=26A
O Gale-lo-Source Charge — | —1 14 | oG | Vs =44V
Qgd Gala-1o-Draln {"Milier™ Charge — | —] = Ves = 10V, Sen Fig. 8 and 13
Lifon) Tutn-On Dalay Tl — | 12| — Veo = 28V
I Rize Time — | 80 | — - lp=25A
Lijety Tuir-Olf Dalay Time — | | — Ra=121
i Fall Tima — | 45| — Ves =10V, Seo Fig. 10®
. Bobvaan lead,
lp lrkeral Drain Induciance — | 45| — N 6t (0,250
lrom package
Le nel e foudanos == and center of die contagt !
Ciss Input Capacitance — 1m0} — Vos =0V
[ Cozs Oulput Capatitanca — J 20| — Vos = 25V
Ciss Raversa Translar Capaclance — | 88| — | pF | f=10MHz BeaFlg. b
&s Single Pulsé Avakincha Endigy@ — [G20DMHE0D | md I,é =26A L =047mH
Source-Draln Ratings and Characteristics
Parametar Min.| Typ,| Max, | units Conditiona
Is Conlinuous Sowtce Current 11 4 MOSFET eymbol v
(Body Dicda) 4 | shoving the
fau Puiséed Soures Cutient 21 W0 g Inlegeal ravaise &
(Body Dicde)® pHi juidion diods. s
Yo Dioda Forward Vollage — | — | 13| V |T4=25%, s =257 Ves =0VE
[ Reversa Ractvary Time — [ 83| 95 | ns | Ta=25°C, Ip=25A
Qy Revérsd Retovery Chage — | 170 260 | fC | dikdl= 100ANs @
lon Fomvard Tuim-On Tima Indrinsie ir-on Ema ks neglizitls (fum-co ks dominaled by Lytlp)
Noles:
O Repeliive raling; pkss widih imded by @ Ly < 25A, difdl < 230A455, Vo< Viprioss,
max. junclion lempetalura. {Saa fig. 11) Tys 175°C
@ Staling Ty=25°C, L = 0.48mH @ Putse vidih < 400)s, duty cycle < 2%.
Rg= 250, I55= 25A (Séa Figure 12) (O This Is a typleal valua at davica destiuclion and represents

operation culside rated limils.
@ This Is a calculated value limited lo Ty = 175°C.

2 www.irf.com
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Vpg , Draln-lo-Sourca Voltago (V)

Flg 1. Typlcal Oulput Characterlslics
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Flg 3. Typical Transfer Characteristics

www.irf.com

IRFZ44N
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Flg 2. Typleal Quipul Characteristics
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00 VoS =0V, f= Mz
Ciea =Cga * Cga, Cda BHORTED
108 =Cyd
2000 p= | Cons = Cds + Cod
o~ “‘*I;._L H
E -.II
S o \\ Ciony |
g N
& oo P
Qo
14}
GDSI
m - 'l '
et | I e
Cres —
0 i
t 10 160

Vg, Draln-lo-Source Veltage (V)

Flg 6. Typlcal Capacilance Vs.
Drain-lo-Source Vollage
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Vg, Source-lo-Draln Vollago (V)

Flg 7. Typlcal Source-Drain Dlede
Forward Voltage
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Flg 6. Typical GGate Charge Vs.
Gate-to-Source Vollage
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Flg 8. Maximum Safe Operaling Area
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T¢, Case Tompemsture  {°C)

Flg 2. Maximum Drain Cument Vs.
Case Temperalie

IRFZ44N

Pulse Widh 1 pa
Doty Facksr €61 %

+H

Fig 10a, Swilching Time Test Circuit
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Flg 10b. Swilching Time Wavelorms
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= SINGLE PILSE
?U.Ul! (THERLIAL RESPONSE)

e

Thermal Response (Zy,)c)
k’

liotesr

1. Dutyfacii Do 1y IE2
2Peak T 8P rpux Zyys + T

®3 cosot 0L0H 0001 oal a1
1§, Reclangular Pulse Duration (sec)
Flg 1. Maximum Effeclive Transien! Thermal impedance, Junclion-to-Case
vwwwif.com 5
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Flg 12a. Unclamped Indt;cllve Test Circult
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Fig 12b. Unclamped Induclive Wavelorms
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Fig 13a. Basic Gate Charge Waveform
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Flg 12c. Maximum Avalanche Energy
Vs. Draln Current
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Fig 13b. Gate Charge Tesl Clrcuil
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TR Rectifier

Peak Diode Recovery dvidt Test Clrcuit

. _— Cheuil Layout Considerallona
DuT 9 » Low Slray Induttarce
L,
1]

+ Giound Plana
+ Low Leakage Induclanca
Cutren! Translermar

—.

;
0 r{ .
o =

Ra m_ + dvidl contralled by Ry, 1+

¢ lsp controlied by Duty Facler "D ' Voo
« D.UT. - Device Under Test

Ves

* Raverso Polarity of D.U.T fof P-Chaninel

D deiver aste Diive o

{1
dikft

@ [DU-T. Vog Wevelom

Dizde Recovery -
AN dvidt o \’,
= T v
Bodymod;, Ferward Diop
@ |ichuctor Gurent
S mwess el

r

Vs = 5.0V fof Logle Lovel and 3V Drive Devices

Flg 14. For N-channe! HEXFET® povaer MOSFETs
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International
IR Reclilier

Package Outline
TO-220AB
Dimansions are shown in milimelers (inches)
10,54 (At ol -
i'éﬂé?} - "'m!m! ﬁ:ﬂ::m LELI L]
LBy et
-l | B8] ha "‘:n:ug
Y (A g5 l_
i 17, 1 oerian
[EFLRY ]
M Aly !
- 113 ¢oig LEAD 4SSN EXTS
: UF V-aATE
LI B ] 102
I 1-S0UNCE
| T
100 {443 !
nmm; 10441963
13441409
sErLA8 T o84
1AB [454) M aai {0 % a1 :Ig:
Wris e L) RETNTIINN O L g
- "
H
oz,

| DRENEOHEG & TOIRAANC D PER AMAI Y1430, 1B8).

2 LCHTROLIBIA B EUbidN L HEN

Part Marking Information

TO-220AB

EXAMPLE : THIS IS AN IRF1010

WITH ASSEMBLY
LCT CODE 9BIM

3 oUTIMECOUFORMS T4 EREC oUTLINE 1o 3bah

4 HEAVRK b LEAD WIABURLWENTA B WAT REIU DL bulRE.

INTERNATIONAL
RECTIFIER
LOGO \\

/

ASSEMBLY
LOT CODE

PART HUMBER

DATE CODE
{YYWAY)

YY = YEAR

WW e« WEEK

Dala and specificalions subjecl to change wilhoul nolice.

This producl has been designed and qualified for the Aulomolive [Q101) market.
Qualificalion Standards can ba found on IR's Web site.

Infernational
IGR Reclifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310} 252-7105

TAC Fax: (310) 252-7903

Visil us al wwav.irf.com for sales conlacl information.01/01

www Irf.com
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