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Abstract

The objective of this project is to design and make the electric wheelchair which is able
to control the velocity. The DC motor 24 V has been used to be a mechanical power to drive
wheelchair. We use Micro-controller to control and make square wave which can charge duty
cycle to feed into the IGBT to be a switching DC Chopper. The maximum speed is 6 km/hour. If
the value of duty cycle decreases, the DC motor current and motor speed also decrease. On
the other hand, the value of duty cycle increases, the DC motor current and motor speed also
increases. 5o, the wheelchair has lift system to standup and sit down will be simple. In addition,
the electric wheelchair can help the older people in movement. The maximurn user’s weight is

70kg.
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Fadamisinesfishumdennsiviiu 6a1nnsmaaesuy No-Load Seaeviils
vawmesldmaslniritosninisldnuiled Load wielldminuesnudnutifeides us
wualdnveaaelniln, ausisey, ussiulnin wianseua 9zduualduadendatunis
MABILUY No-Load nIauuiltumufiutiuies

Aeufitgimavaaeinisldnuaiewes DC Chopper islafinsvnaeultesrouiioy
ﬁwlﬂi%’a]‘%aimam‘a’a’mmnixLLaLLazLLsaﬁuIWﬁnﬁi’mmmmﬁvgmamaﬁ DC Chopper 11311
WisuiflsuAumans mitldannans Simulation Feguit 4.4-4.15
Nan1IMAasdfiind Output 2847395 DC Chopper 1§a7n Oscilloscope @n1w No-load

( MSimulate nTUsunsuRsuAUNITYIRGes )
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31]17‘1 4.4 n31vnszie Output Y893935 DC Chopper 1nlUswnsu(Duty0.4)

Time 20.86us > 1.054;,

g'uﬁ 4.5 N3N Output U843395 DC Chopper #i¥ma1n Scope(Duty0.4)

JUN 4.6 N ML Output 821995 DC Chopper 3NTUSWATU(DULY0.4)
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gﬁﬁ' 4.7 N1 Output U89935 DC Chopper ﬁﬁ’mamecope(DutyO.a)

JU# 4.8 n91winsela Output ¥893995 DC Chopper anTUswnTu(Duty0.5)

Time 20.88us O 1.064ms

gﬂﬁ 4.9 n31inszd Output 1893935 DC Chopper ‘ﬁﬁ’mmﬂScope(DutyO.S)
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fali® e bhcdtE

JUT 4.10 N91MW590U Output 8392935 DC Chopper 1nlUsinsa(Duty0.5)

5UM 4.11 n919us98u Output 9893995 DC Chopper q'vzw&"’a“ﬁwamScope(DutyO.5)

3UM 4.12 n51minseud Output ¥892995 DC Chopper nTUSWASH(DULY0.6)
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Time 208.80us O=:-330.4us

g‘uﬁ 4.13 N3 nseld Output V893935 DC Chopper 'ﬁ"ﬁmmﬂScope(Dutyo.é)

JUN 4.14 N5IUSIU Output V899995 DC Chopper 91nlUsinsu(Duty0.6)

T

Time 3.6uUs

gﬂﬁ 4.15 n519U599U Output U892935 DC Chopper ﬁﬁ’mmﬂScope(DutyO.é)
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Hovhmsidauagiu3ouiisuiewinnsewitmaaesaieiuns Simulation ve9
DC Chopper 33lavinisvageunslgausauiu DC Motor 1aetsvin1sinAusaiy nszud
fuummed, uawned uazinmmuiivewemeiassiundufindamised 4.2-4.13
Weguualtiasiadinihflesnunanuummeiuasiasluiiiduazoonainisas be
Chopper Tagisvimsnaaeusaidulniilaenisld DC Chopper Tunsduidouti silé
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= 1 - = 2/ & o nl
A9197 4.2 Aniwesildnnmaveaeniuninvesemesiai 1 was 2 (50kg)

- - € o/ d ’U’ ot = L
N9 WUnt veuamesiin 1 Ineillvanuiniin 50 Alansy

AIGY | use | nsua | useu | nswua | Aids | Aden | UsgAvisam
Alawns/ | wusmed | wuawmes | h W1 | g | een (%)
1l.) (lhad) | (wownd) | wewes | wewes | (Ind) | (Tmd)
(haa) | (o)
3 23.2 3.74 6.01 1155 | 86.76 69.41 80.00
4 23.Z 4.06 6.49 11.62 | 94.19 | 75.4138 80.06
5 2351 4.32 6.95 11.64 | 100.52 | 80.898 80.47
6 23.29 4.84 7.62 262 (SN TZ7A1795.4024 84.63
i i veswaweidaf 2 Tnodlnanimn 50 Alansu
ANISY | USePu | nsEnd | wsau | nezue | fde | Aidan | Uszdvsaw
(Alawns/ | wuawmes | wusees | @1 Wn | vwd | een (%)
%l.) (had) | (wond) |wewnes | wewes | (Tnd) | (Tne)
(had) | (wou)
3 23.19 G il 6.22 11,67 [\ 82| 72.5871 83.02
4 28,18 4.05 6.39 W8 _|#93.87 |~15.2742, 80.18
5 2383 4.27 6.74 12.04 | 99.19 | 81.1496 81.81
6 23.24 4,78 7.61 12.88 | 111.08 | 98.0168 88.23
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= i a ealy v a ¢ o
A15197 4.3 Awdwenlaninnisaassiunthvesamasiif 1 wag 2 (60ke)

= =3 v & nl -n" a = ]
A9 AUV 28900masA9 1 Insillnaniivin 60 Alansy

AUSY | usedu | nseua | wsedu | nswua | A& | Mde | UseAvsnaw
Alawns/ | uumaod | wumeed | h W1 | W | 9een (%)
%31.) (hed) | (wowl) |wawmes | wewes | (3nd) | (3nd)
(had) | (won)
3 23.29 3.94 6.62 iy 91.76 | 77.45 84.40
4 2328 4.54 7.03 12.8 105.73+| 89.98 85.10
5 28,3 5 7.7 154 116.5- [ 1038 88.56
6 235 571 8.12 139~ 491.33.04 [ 113.43 85.26
fieavna i vesmawasiai 2 Taeillnantimiin 60 Alanda
pnady | wsewiu | nosud | wseeu | nsvua | mide | s | dseavisamw
(Alawns/ | wusmes | wuawed | h W1 | wwdn | v1een (%)
%3.) (had) | (wewd) |uewes |wewes | (Onf) | (Tnd)
(had) | (wewd)
5 23.249 3 /T 6.58 112540 8 61— 73.89 84.33
4 2325 4.43 7 12,54 | 102.9 | 87.78 85.22
5 235 4.88 7.66 15 113.46 | 99.58 87.76
6 23.26 5.34 8.01 1346 | 124.20 | 107.81 86.80
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A 1 = =y v ot d
A15°97 4.4 Ansidiwesildnnmeassiuntivewemeisaf 1 way 2 (70kg)

AN WU veauewasaan 1 nedlraniivin 70 Alansy

AIUSY | useu | nszud | wseu | nseua | Ade | Ads | UseAvdaw
(Alawns/ | wuawmed | wumees | W1 | ewdn | 91een (%)
4l.) (ad) | (wowd) | weiwes | wewes | (Ind) | (In)
(Lhad) | (woud)
3 23.05 4.06 6.06 12.88 | 93,58%| 78.05 83.40
al 23.08 4.96 6.99 B2 | A14.47 Q783 80.66
5 2517 oo 7.87 15.81— k13253 | 108.68 82.00
6 2314 6.22 8.56 14.08 | 144.24 | 120.52 83.55
firn iunth vasuewnesiad 2 lneillwastdwnin 70 Alansy
ANMEY | USeU | nseud | useu | nszua | Avde | Ade | UszAnSaow
(Alamns/ | wummed | wumees | uh W1 | v | ween (96)
%1.) (ad) | (wonl) | wawes | uewes | (Inf) | (I06)
(lhad) | (woud)
3 B2 A3 6.01 11.92 | 86.23 | 71.63 83.07
4 28,11, 4.82 6.91 L2 Bnt”1 11.53¢\)B5.98 79.73
5 23%5 5.34 full 13.02 [ 12362 | 100.38 81.20
6 2374 5.98 8.44 13.68 | 138.37 | 115.45 83.43
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a | = v v W ¢ o
A13199 4.5 ATNSIREINLAIINNTNARBINBENAIVRINBIABIMIN 1 LAY 2 (50kg)

AN 09 voslawaIaf 1 lnedlvanuwmdn 50 Alansy

ALY | uSeu | nseud | wsadu | nssua | mde | Aide | UseAvsaw
Alawns/ | wuswes | wumees | h Wn | g | (%)
31.) (had) | (wowl) | wowmed | uswes | (Tnd) | oon
(laad) | (W) (Ye)
3 2527 254 6.04 11.23 | 82.19 | 67.82 82.51
4 @3F3 3.94 6.3\ .85~ 91-52 | P& & 79.49
3 2320 4.36 7.02 11.75 | 101.45 | 82.48 81.30
6 2827 4.88 7.69 12,74 (|<1.13.55 | 9797 86.27
e aeemds vesewmiini 2 lasilvantmin 50 Alandy
AMIED | USSU | Aszud | wsadu | nszua | e | fds | UseEvsaw
Alawns/ | wumeas | wusiees | Wh W1 | vw | (%)
%) (had) | wowld) | nwowes | uewes | (Ins) | oon
(lad) | waud) (Tn#)
3 2313 3.84 6.12 11.62 | 88.81 | 71.11 80.06
4 %3.12 4.1 6.44 11.84 | 94.79 | 76.24 80.43
5 236 4.3 6.81 12.11 | 99.58 | 82.46 82.81
6 23.2 4.81 7.57 12.94 _,|#1"1 169 | 97.95 87.78

=



P> ] a s el v o o o
M131499 4.6 ﬂ']W'ﬁ']i.lLﬁﬂimlﬂﬂ"lﬂﬂq‘iwﬂﬁ@ﬂﬂﬂﬂ“ﬁﬁ‘ﬂaﬁuﬂm@%ﬂ?‘w 1uaz 2 (60k§)

= o & d g o = s
AN neenay vasuewmesig 1 lnellvanuimin 60 Alansy

ANIEY | useu | nseua | useu | nszua | mds | Ads | UseAnsaw
Alawns/ | wunmed | wuawmes | uh W | vwdn | 91een (%)
11.) (had) | (wewd) | wewes | wawes | (Ind) | (Tnd)
Lad) | (wewd)
3 23.28 3,93 6.64 11.72 | 9149 | 77.82 85.05
4 23.29 4.56 7.05 1283 | 106.20 | 90.45 85.16
5 2329 502 7.68 13.28 | 116.91 | 101.99 87.23
6 233 5.54 8.13 13.64 | 129.08 | 110.89 85.90
firms neends vewamasiai 2 Tnelnamimin 60 Alansu
ANMLEY | WSau | AsEud | usedu | nswua | Mde | Aids | UseEnsnm
Alawns/ | wuames | wuames | W1 | vwdn | @neen (%)
%1 (had) | (wowd) | wewes | wawes | (Ind) | (Ine)
(aad) | (woud)
5] 79,25 3R 648 1145 87.66 1) 74.75 85.27
4 2505 4.47 6.95 12829 | 183.98 | 87004 83,72
5 23.24 4.91 7.44 13.04 | 114.10 | 97.01 85.02
6 23.28 538 8.03 13.45 | 124,97 | 108.00 86.41
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o | a M v @ £ o
#15°99 4.7 Ansdimesaliannsmaaesnesvapmawmaiii 1 uag 2 (70kg)

= o € as :: !UI L af o
AN naenas vesNalnesiin 1 lasillvandvdn 70 Alansy

AMIs | useeu nseld | wseRu | nswa | A1ae | mas | Useansaw
@Alawns/ | wummes | wuswes | 14h VN W41 | W1een (9)
3l.) (haa) | (weud) | uowes | uawas | (wd) | (Tne)
(aa) | (wowd)
3 23.04 4.07 6.08 12.84 93, T Tyl 78.06 83.25
4 2371 4.98 7.12 A7 |L15.03 [NGN4 81.14
5 .15 5.69 7.92 13.87 (31772 | 109.46 83.09
6 2509 6.12 8.34 146~ pPra1=484 12301 86.97
frvne naewds vesawesiaf 2 Tnsiluantmin 70 Alandy
5 = WSy | nIzua — ='c
ANUEY | WS | nszua £ ) mas | Mas L
- d W W1 = Usganann
(Alawns/ | wuseas | wuanes / | vwa | wneen
‘ .| UBwmes | NawmeT | ., (%)
Wal.) (lhas) | (wau) . | Gee) | Gag)
(had) | (wowd)
3 23.08 3.61 6.03 11.36 83.31 68.50 82.21
4 23.09 4.86 6.94 12605141221 | 8843 78.85
5 25 1€ 5.42 LD 13.01 | 125.41 | 100.82 80.39
6 258 6.07 8.22 14.2 140.45 | 116.72 83.10
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o 1 a oy v 4w ¢ o
M1519N 4.8 ﬂﬂW'}‘iﬂuLﬁlaimﬂmﬂﬂﬁVlﬂamLﬁEJ’HHE:‘UENﬂJE]LGlE]iG\?V] 1uag 2 (50kg)

a o ¢ o ° W a @
AN 182918 Yosuawasig 1 laeillunantimin 50 Alansy

ALY | WSIRY | nTEuA | wsesu | nseua | mida | Ads | UseBnSaw
Alawns/ | wumees | wunwes LN 1N YU | 98N (%)
U.) (had) | weowl) |uewes |uewes | (Tnd) | (Tne)
(had) | (weoul)
3 230 4.26 6.58 12.02 | 98.44 | 79.09 80.33
4 23.13 4.84 FNS Y Y2 85 (11794 | 91.8% 82.06
5 23.13 Spet. 8.02 13.28 | 127.67 | 106.50 83.41
6 2313 6.74 8.67 14.87 | 155.89 | 128.92 82.69
s Beade vememediad 2 Tnaflluantmtin 50 Alansy
A1LL57 WIIIY | nIsuE | wIewiu | nssud | Aas | Ay | UssAniaw
(Alawns/ | wuswed | wuawmes | WA || (%)
%1,) (lhad) | (wowl) | wewes | welwos | (nd) | oon
(lad) | (wou) ()
3 23 1.38 5,20 7884 | 31.90n[05.29 79.28
4 %303 1.39 3.58 7.28A 32108476806 81.06
5 23.13 1.42 3.99 6.41 32.84 | 25.57 77.86
6 2513 1.56 v 6.72 | 36.08 | 28.96 80.26

a0



d U = & qy 2/ € ar -=J
AN57 4.9 Ansfwesildnnmsnasendsdisveweneidai 1 uas 2 (60kg)

NAN19 1@ee1e vasuanasiif 1 lnedlvanuwidn 60 Alansy

ANIGT | useRu | nTswa | wseu | nseua | M@ | Ade | UsAnsawm
Fawns/ | wumned | wuseed | 14 W1 | vwdh | 910en (%)
1.) (had) | wowd) | wowmes | wawes | (Tad) | (Tad)
(lhad) | (wowd)
3 23.1J 4.61 6.44 137 106.53 | 88.22 82.81
4 2 361 5.48 7.16 14.5 126.58 | 103.82 82.01
5 251 6.57 7.88 152 I51°76~"T19.77 78.92
6 23.09 Tl 8.23 15.81 | 164.40 | 130.11 79.14
famna Bendne vewewmeing 2 Tneilnanthvin 60 Alansuy
ANMETY | usefu | nTswa | wseu | nsua | didwn | Ads | Useansaom
(Flawns/ | wunmed | wusmes | 1 19 L1 Tk (9%)
1l.) (had) | (uowd) | wawes | wewes | (Iad) | oon
(lhad) | (woud) (Tnd)
2 281 1.86 3.21 10.55 | 42.966 | 33.86 78.81
4 23.09 2.1 364 11.22 | 48.489 | 39.71 81.91
5 23.09 25 3.84 11.44 | 53.107 | 43.92 a2.01
6 23.08 2.36 4,02 11.23 | 54.4688 | 45.14 82.88

a1



= I = L 4 e‘i’ £ fo o
A19199 4.10 AvnsifiwesAldainnisvaaeuiuinsreaeneisag 1 uay 2 (70kg)

- ; v & Qs 4=| g s = s
7iFn14 @829 veNawmesiin 1 tnedlvanumin 70 Alansy

ANMIEY | US| nssua | wsedu | nsmwa | Mds | mds | UsgAnsam
awns/ | wumno’ | wumesd | 1 W1 | w1 | vwen (%)
%1l (had) | (wond) | wewes | wawes | (Ind) | (Tan)
(ad) | weud)
3 #3.05 4.56 6.38 13.54 | 105.10 | 86.38 82.18
4 23.08 4.96 AYATS 13.66 | 114.47 | 97.94 85.55
5 23.06 6.72 7.82 16.6 154.96 | 129.61 83.76
6 2301 7 8.03 8.59 17.41 | 184.77 | 149.55 80.93
fime deadhe veweweiid 2 Ineilnantinwidn 70 Alansy
ANIISY | WSIAU | nseud | useu | nseua | Mde | dde | UsedvBaamw
(Alawns/ | wumnos | wumnes | @ W [ | (%)
W1l (laa) | (wowd) |wewes | wewes | (inR) | @en
(laad) | (woud) (10
3 23.06 2.03 342 10.66 | 46.81 | 33.25 71.04
4 2 3.0 2.14 3.66 1122 |49.36 | 41.06 83.17
5 28,0y 2.08 3.95 10.12 | 47.98 | 39.97 83,30
6 23.02 2.04 4.22 9.05 |46.96 | 38.19 81.32

4z



=] l a = o o
a5197 4.11 Awnniwesildinnnimaaesisrivesemessii 1 uaz 2 (50ke)
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AFNI9 188797 vasuawmasif 1 nsiilnanuuin 50 Alansy

AT | useu | nsBud | wseu | nseua | Aiden | dden | Usedvsaw
A lawns/ | wumwed | wumeed | h L 191 29N (%)
%al.) (Wad) | (wond) | wewes | wewes | (Ind) | (ns)
(Lag) | (wowd)
3 23.14 1.35 S 7.78 31.239 | 25.2072 | 80.69144339
4 2313 1.41 35% 7.36 | 32,6133 | 26.2752 | 80.56590409
5 23.13 1.4 3.914 6.72 32382 | 26.4768 | 81.76394293
6 2812 1.61 4.44q 6.76 | 37.2232 | 30.0144 | 80.63358336
fAvn 1aeaun vewamadiad 2 Taeilluasiwedn 50 Alany
ALY | USSP | newud | usedu | nszua | Mden | didsn | Usedvsaw
(awns/ | uuniaes | wumeed | 1 W1 | wn(ine) | eon(ing) (%)
%431.) (lad) | (wend)) |uewed | vowmed |
(laad) | (wowd)
3 23.14 4.31 6.52 1219 | 99.7334 | 79.4788 | 79.691256
al %0.18 4.74 7.32 12.33 | 109.5888 | 90.2556 | 82.358416
5 28, 1R 5.48 8. 1% 13.02 | 126.6976 | 105.5922 | 83.341910
6 2317 6.67 8.71 14.66 | 1542104 | 127.6886 | 82.801549
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d ! - ) 2/ -1 & o AJ
A15799 4.12 ATNSIEWRSTLAINN1SVAaDIEEIYBINBIADIMIT 1 Way 2 (60ke)

v 13e11 veweimesiad 1 Tnofllvantuiin 60 Aland
ALY | uSOU | nTsua | wsedu | nssua | Aden | Mdwn | UseAnsawm
Alawns/ | wunnes | wumess | 14N 1 29N (ine) (%)
%1.) (had) | wewl) | wewnes | wewes | (Tnd)
(ad) | (weul)
3 25::1 1.81 32.28 10.32 | 41.8291 33.8496 | 80.92356756
i} 23.09 2.19 3.59 11.28 | 50.5671 | 40.4952 | 80.08210872
5 23.09 2.24 3.89 11.01 | 51.7216 | 42.8289 | 82.80660304
6 23.08 2134 4.11 10.64 | 533148 | 43,7304 | 82.02300299
fiemna Beawm vowewadiad 2 Tnsdlvaniividn 60 Alandy
AUGY | WSS | nswua | useeu | nssua | didwn | mdwn | UssAvdaaw
(Alawwns/ | wunned | wummes | 1@ W1 | wn(ine) | ean(inn) (%)
W1l.) (had) | (weut) | welmes | uewas
(lad) | (wond)
3 23, 1 4.66 6.92 13.64 | 107.6926 | 88.9328 82.580233
4 28 N .02 L2, 14.22 | 127.5672 | 102.9528 | 80.70475796
5 2317 6.51 7.78 15.18 | 150.4461 | 118.1004 | 78.50014058
6 23.08 Tl 8.14 1592 | 167.7916 | 129.5888 | 77.23199493
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cl 1 - & n’r o/ =J
AN5797 4.13 Awsfiwesiildannnsvaasnietvesowesiiil 1 uaz 2 (70kg)

fielvns Benvn vewewadii 1 lnedlnamimiin 70 Alandy
AMIEY | WSIU | nSEMA | usedu | nsvud | Adwn | Mdsn | UseAnsaw
Flawns/ | wumees | uwummed | g 121 p0n(In) (%)
1. (aa) | (wowtd) | wawes | wewes | (Ine)
(hag) | (woud)
3 2305 229 3.87 10.84 | 527845 | 41.9508 | 79.47560363
4 23.04 2.28 3.66 V132 /1 52,5312 | 818312 | 78.86970029
5 23.02 20 3801 10.12 | 48,5722 | 39.5692 | 81.46470615
6 23.02 i 4.23 10.01 | 50.8742 | 423423 | 83.22941688
fiene 1HE1991 veaawmasiaf 2 Taeillnandiviin 70 Alans
AMEY | WSeAu | nseud | useeu | nssua | mdswn | mdsnn | UsgdvSaow
(Alawums/ | wumaes | wunmes | W1 | Whiee) | sen(ing) (%)
31.) (aa) | (wewd) | wawes | welnes
(had) | (wowd)
3 23.04 4,37 6.24 | 13,04 | 99.3024 | 81.3696 |81.94122196
a4 23.06 4.88 AT 13,21 “1112.5328 | 93.9231 /| 83.46286594
5 23.04 6.66 7.81 16.51 | 153.4464 | 128.9431 | 84.03136209
6 23.02 8.15 8.77 17.48 187.613 | 153.2996 | 81.71054245
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N iamuatuiinnamsifinesannisneaousadulwih Fadunt neevds
Aede-va Lﬁaﬁwmwwmﬁl,ma%smqmﬂm'smmaaumwaam@uﬂﬁwmmﬁmﬁ’uﬁﬁmﬂ FNLISUT
4.16-4.31 el herednsedinsinauessaiulningad

NMERIA AL LS A9 FldanamnsTines

Power input VS A1%157

120

Power input (W)
g o B2 oo
o g o 8 o o ‘6

- —tritin 50

7 I
- == mun 60
—s—tmin 70

4 5 6 7
A8 (km/hr)

(5]
w

JUT 4.16 nswipnuduiusseinaddalwindiiuauswewemes 1 (Wunlh)

Power input vs AL

—a—timnin 50

~@—umin 60

Power input (W)
5]
T
|

—d—dywin 70

ANS (kmy/hr)

5U% 4.17 nmanuduiusseninemdslwiudntuanusvesenes 2 (Hunt)

Power input VS A1%L57

130
130 ¢

-
]
o

Power Input (W)
[
s
o

1M1 50
—@-imiin 60
100 R
=R 70
90 4
80
2 3 4 5 [ 7

A (km/he)

JUR 4.18 nymanuduiussevshdlindnAuaudvewenes 1 (neend)



Power input A7

130

| &
| 'i 120 )
'S 110 =100 50
§ s +1f““m 60
~fr=umin 70
S0
80
2 3 4 5 & 7
auga (km/hr)

JUT 4.19 neanuduiusseninahdslwilidrfumuiwewenes 2 (neends)

Power input VS AL

60
554
> |
Z sp
16 .
& 857 ——imiin 50
-
%01 LS ~@—inmin 60
£ |

g rnin 70

&
T¥

AMIEY (km/hr)

JUT 4.20 nywianuduiudseuhahdsinind fuauniiveswewes 1 (Aeadhe)

Power input VS A1I57

=il 50
—m—iin 60

Power input (W)

=N 70

AEY (km/hr)

JUN 4.21 nvanudunussenneamasliddnduanusvesuewmes 2 (Gendhe)

u

a7



a8

Power input VS A13152

185

-
~
o

155
e tinin 50

—@—1iwin 60 i
= innin 70 '

Power input (W)
e
o

AME (km/hr) ‘

JUP 4.22 nymimnuduiusseminsfddlaihiniuanudivessemes 1 (Hewn)

Power input VS A1AI57

&0 |
55 i
g 50 |
|
;E as [ ~t=timin 50
; % i 1 ~@—dwiln 60
v } =ge=1min 70
20 L
2 3 4 5 6 7
A5 (km/hr)

JUW 4.23 nsmanuduiussemnsmaalwildaiuaudvewemes 2 (Geawn)

NIMLARIAIINFINUSVBIUsEAVBA B UAUAIS TN

Efficiency VS A7

—t=timin 50
== 1imnin 60

=i 70

A1 (km/hr)

P LY. ! a L2 & i = £
JUT 4.24 Aswinnuduiusseninusgdninwisiuamuiivewemasiil (Rumti)



Efficiency VS A213L57

A5 (km/hr)

49

et N 50
—@—-iwin 60

=1 min 70

JUT 4.25 nevimaduiusseninassdvinwinsiuanudvemeinesig2 (fumi)

Efficiency VS A3ii57

A1ws (km/hr)

~—imin 50
~=1imin 60
e A 70

JU# 4.26 nwimuduiusseninasedninmiasivanuiiveweimasiil (negnds)

Efficiency VS Asi57

AuE) (km/hr)

gt 50
——inmin 60

i 70

JUT 4.27 nsmanudiiusseninesUse@vinminsiuanuiiivesamesin2 (neemd)



50

Efficiency VS AI57

"~

a4
a1é) (km/hr)

3

——1unnin 50
—am—immin 60

—t—Umnin 70

o R e i A e — e M o
UM 4.28 nsmanudunussemeUse@nsnnieasiuanusivesuawasingl (Guigie)
u
Efficiency VS Au157
\ a0 ;
| |
35 . |
E 80 —ptivmin 50 |
——unnin 60 ‘
75 1
g tmin 70 |
70
2 3 4 s 6 7
g (km/hr)
JUN 4.29 NTINANUENRUSTEI 19U sEANS N M9 AUAM LS I veILaIne ST 2 (Bendne)
u
Efficiency VS A3157
87 ! 5 =
E“ } —grimmin 50
o B ¢ ~@-1iwin 60
- e ¢ ) gt 70
2 3 4 5 6 7 |
a1 (km/hr) J
JUN 4.30 nymiaudiusseninedssavsnminsiuanudivesewmediil (Geawan)

Efficiency VS ALE)

o |
§ 83 T B 2 —p=tmin 50
79 = —@—mmin 60
=N 70
75 — ———e - W— S
2 3 4 5 6 7
A (kmyhr]

UM 4.31 nsmanuduiusseninasydninmasiuanuifiveweme sz (Feaw)



= ' o L4
M990 4.14 AWITIULADIIINNTNASDIVITEUVLN

N15MAAR9IaN W No Load

AsMeABIASaR BN unNad
w3asu (V) NIz (A) EXTR(Y) nszua (A)
1 11.82 1.56 1178 1.46
2 11.80 1.49 11.81 1.49
3 11.78 1.52 11.80 1.50
MINAFIANIN Load 50 kg
MsnaaeIAse onTu BNaa
W3R (V) nszLa (A) w33 (V) nIzia (A)
1 11.82 1/59 11.78 1.44
2 11.80 1.56 11.81 1.49
3 11.78 152 11.80 1.43
N1VIAARIANIN Load 60 kg
MINAaDIAST ontu unNas
WS99 (V) nIzwa (A) w398y (V) nazua (A)
1 11.8 1.68 11:5% 1.4
Z 11.80 1.65 11.81 1.49
3 11.78 1.58 11.80 1.50
N1IVNAaRIENIN Load 70 kg
nsaaeInsd oniu hGN
W39 (V) nszua (A) W399 (V) nszia (A)
1 11.7 1.78 11.82 1.32
2 11.78 1.68 11.81 1.43
3 11.81 1.73 11.84 1,39
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Digital Oscilloscope (Rigol)

U DS1052F

2 Analog channels + external trigger
1 Million point deep memory

1 GSa/sec max sample rate

5.77 TFT QVGA (320X240) with 64K
color LCD backlit display

Trigger modes : edge, pulse width,
slope, video, pattern, continuous

time, and alternate

CLAMP METER §u CM-9942G
JIeazidem I ACV, ACA, DCV, ohms,
HZ, Capacitance, Diode
duInendu Auto Range

Hefdu “A” dmsutn ACA

Handu “v” dwmiuia ACv, DOV
WAdu “Q” duiudn Resistance,

Diode, Capacitor
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Digital Multi Meter (Hewlett Packard)
T4 973A

T18a¥LdA Vac or Vdc : 1000/1000
Volts

lac or Idc : 0 to 10 Amps




o9

=

Amlassulaesaup $9uIde

tedate

35

Ti Ll

_

f

o
(8
i




60




61

ARG i g —,

- —

F




-
-
-
-
.
.
.
.
.
.
.
-

>
.
.
-

.
.
»
.




Valve Reqgulated Rechargeable Baltter

CAUTION
* Don't short-circuit battery terminals

Don't charge under airtight conditions
HGL8-0'1 2 e Sealed lead battery must be recycled or
12V8.0Ah/20HR disposed of property
HIGH RATE e Keep out the reach of children
( MP7.5A-12V)

4
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Arduino Uno
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Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU_mode.

Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

¢ Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V



Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
- DC Current per I/0O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf
Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an

' ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical

on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,

' the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the

voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.
The power pins are as follows:

¢ VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

» 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 maA.

¢ GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachlInterrupt() function for
details.

» PWM: 3, 5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.




» SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication

| using the SPI library.
‘ e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the

LED is on, when the pin is LOW, it's off.

' The Uno has 6 analog inputs, labeled AO through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

» AREF. Reference voltage for the analog inputs. Used with analogReference().

e Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to

shields which block the one on the board.

' See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
' 168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
| communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a_.inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the 12C bus; see the documentation for details. For SPI communication,
use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

e On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)

and then resetting the 8U2.
* On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset



Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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50A, 600V Hyperfast Diode

The RHRG5060 is a hyperfast diode with soft recovery
characteristics (t,r < 45ns). It has half the recovery time of
ultrafast diodes and is of silicon nitride passivated
ion-implanted epitaxial planar construction.

This device is intended for use as a freewheeling/clamping
diode and rectifier in a variety of switching power supplies
and other power switching applications. Its low stored charge
and hyperfast soft recovery minimize ringing and electrical
noise in many power switching circuits, thus reducing power
loss in the switching transistors.

Formerly developmental type TA49065.

Ordering Information

RHRG5060

January 2002

Features

* Hyperfast with Soft Recovery. . ................ <45ns
e Operating Temperature . ..................... 175°C
* ReverseVoltage...........ccooiiiiiiinon.. 600V

= Avalanche Energy Rated

* Planar Construction

Applications
= Switching Power Supplies
* Power Switching Circuits

* General Purpose

PART NUMBER PACKAGE BRAND Packagmg
JEDEC STYLE TO-247
RHRG5060 TO-247 RHRG5060
NOTE: When ordering, use the entire part number. ANODE
CATHODE CATHODE
Symbol (BOTTOM
SIDE METAL)
K
A
Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified
RHRG5060 UNITS

Peak Repetitive Reverse Voltagh, W « - K o <+ < oo 0 NSAMNNA S . . LN VRRM 600 v
Working Peak Reverse Voltage .. Ny M o oW o vs ve e snvvmanns inavone s Hu N Y s o VRWM 600 \
DC Blocking Voltage . «.ccu v v oo ve e Wne = o Q0 BN @ 1 op i o 0N B .o Vg 600 v
Average Rectifiod Forward Current.. . ... .. Wggs - ague: < <5 «n o0 e s o v vvsicaag@r, g, o IF(AV) 50 A

(Te =93°C)
Repetitive Peal:SUrge GUIENE w oy swamon ve 5 o5 vt svms on i T e oy o s Waih sasumarn o IFRM 100 A

(Square Wave, 20kHz)
Nonrepetitive Peak Surge CUIMTENT. . . ...ttt e lESM 500 A

(Halfwave, 1 Phase, 60Hz)
Maxdmurm:Power DISSipation . s s s v swsmeas o v e o 2 s mm i 5w O S9R000 I 5 B SROTEE § Pp 150 W
Avdlanche:Energy (See FigUras 0BG 171) vemans ss cn s i s v 56 95 VaeEs oa @ 08 ST EavL 40 mJ
Operating and Storage TEMPEIAIUIE . . ... ...\ttt ettt e et e e e Tsta: Ty -65 10 175 °c

©2002 Fairchild Semiconductor Corporation

RHRG5060 Rev. B



RHRG5060

Electrical Specifications T =25°C, Unless Otherwise Specified

SYMBOL TEST CONDITION MIN TYP MAX UNITS
VE IF = 50A - - 2.1 v
Ig = 50A, T = 150°C - - 17 \
IR VR = 600V - - 250 HA
VR =600V, T = 150°C - - 1.5 mA
ter Ig = 1A, dig/dt = 100A/us - - 45 ns
Ig = 50A, dlg/dt = 100A/us - - 50 ns
ta Ig = 50A, dIg/dt = 100A/us - 25 - ns
th Ig = 50A, dig/dt = 100A/us - 20 - ns
QrR Ig = 50A, dlg/dt = 100A/us A 65 - nC
Cy Vg =10V, I = 0A - 140 - pF
Rouc - z 1.0 o°c/w
DEFINITIONS

VE = Instantaneous forward voltage (pw = 300us, D = 2%).
IR = Instantaneous reverse current.
tyr = Reverse recovery time (See Figure 9), summation of t5 + tp,.
ta =Time to reach peak reverse current (See Figure 9).
tp = Time from peak IRy to projected zero crossing of Igy based on a straight line from peak Igy through 25% of Igy (See Figure 9).
Qpgr = Reverse recovery charge.
C, = Junction Capacitance.
Reuc = Thermal resistance junction to case.
pw = pulse width.
D = Duty cycle.

Typical Performance Curves
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VE, FORWARD VOLTAGE (V) VR, REVERSE VOLTAGE (V)
FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE
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Typical Performance Curves (Continued)
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RHRG5060

Test Circuits and Waveforms
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FIGURE 8. t,, TEST CIRCUIT
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST © OPTOLOGIC™ SMARTSTART™  \V/CX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMANT™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E?CMOS™ LitleFET™ QS™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET®

STAR*POWER is used under license
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (¢) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Formative or
In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Advance Information

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

No Identification Needed Full Production

Obsolete This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Not In Production
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FAIRCHILD HGTG20N60B3D

B L R |
SEMICONDUCTOR®

Data Sheet December 2001

40A, 600V, UFS Series N-Channel IGBT Features
with Anti-Parallel Hyperfast Diode . 40A, BOOV at T = 25°C

The RBTRZUNOUERD 8 MOS gated high vollags « Typical Fall Time. . .................. 140ns at 150°C
switching device combining the best features of MOSFETs

and bipolar transistors. The device has the high input * Short Circuit Rated

impedance of a MOSFET and the low on-state conduction « Low Conduction Loss

loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
diode used in anti-parallel with the IGBT is the RHRP3060.

« Hyperfast Anti-Parallel Diode

Packaging

The IGBT is ideal for many high voltage switching JEDEC STYLE TO-247
applications operating at moderate frequencies where low

conduction losses are essential. c

Formerly developmental type TA49016.

Ordering Information

PART NUMBER PACKAGE BRAND

HGTG20N60B3D TO-247 G20N60B3D

COLLECTOR
(BOTTOM SIDE METAL)

NOTE: When ordering, use the entire part number.

Symbol

©2001 Fairchild Semiconductor Corporation HGTG20N60B3D Rev. B



HGTG20N60B3D

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

HGTG20N60B3D UNITS
Eollector/fo Emitter VORGaGE: womamms s s sommmessn we no s s e w0 o we o BVces 600 \
Collsctorte’ Gata Voltage REE S MMQ: v v wrvsm snian o s om v s ws o s o 3 BVcGr 600 \
Collector Curreiit Continlous  oiwsms o4 55 s vaneRERENRET 0 LE Mg dEas 4% o lc2s 40 A
BETe® T107C s o e consa i o &6 5 05 IS Tl S0 76 5 Sineons dls 54 48 o8 4 Ic110 20 A
Average Diode Forward Currentat 1109C. .. ... ..o lAvG) 20 A
Collector Current Pulsed (Note 1) .. ... ... e e lem 160 A
Gate to Emitter Voltage ContiWolS: cowms we s wv s o s s o s s ssvemmas s © 5 VGES +20 \
Gateto Emitter Voltaga RUlsed: o cvmvnmminn a5 v e o vawmwswes 53 1 souisemomens VeEM +30 \
Switching Safe Operating Area at To=150%C . ..ottt SSOA 30A at 600V
Power Dissipation Total at To =25%C .. ... ...ttt Pp 165 w
Power Dissipation Derating Tg > 25%C .. ... vttt e 1.32 Wile
Operating and Storage Junction Temperature Range . ....................... Ty TsTG -40 to 150 °c
Maximum Lead Temperature for Soldering .. . .o ... i i e TL 260 °
Short Circuit Withstand Time (Note 2) atVge =15V. ... ... oo oo, tsc 4 us
Short Circuit Withstand Time (Note 2) atVge =10V... . ... .o oan tsg 10 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Vg =360V, Tg = 125°C, Rg = 25Q.

Electrical Specifications Tg = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS ' MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVcEs lc = 250pA, Vg = 0V 600 5 = \4
Collector to Emitter Leakage Current Ices VcEe = BVges Te.= 25%C - - 250 nA
Tg = 150°C - - 2.0 mA
Collector to Emitter Saturation Voltage VCE(SAT) Ic = Ic110, Tc = 25°C - 1.8 2.0 v
Veg = 15V Tc = 150°C S 2.1 25 vV
Gate to Emitter Threshold Voltage VoeH) | lc = 250uA, Ve = Vg 3.0 5.0 6.0 vV
Gate to Emitter Leakage Current lges VGE = £20V - z +100 nA
Switching SOA SS0A Te = 150°C Ve = 480V 100 - - A
Vge = 18V, VeE = 600V 30 . - A
Rg = 109,
L = 45uH
Gate to Emitter Plateau Voltage Veep Ilc =lc110. VcE = 0.5 BVcES - 8.0 - \'
On-State Gate Charge QG(ON) Ic =110 Vge = 15V - 80 105 nC
Vce =0.5BVgEs | vgg = 20V - 105 135 nC
Current Turn-On Delay Time taonl Te = 150°C, - 25 - ns
Current Rise Time ty lce=lc110 - 20 - ns
Current Turn-Off Delay Time t3(OFF)! gCE - ?-:VBVCES. - 220 275 ns
Current Fall Time tf) R2E= 100, - 140 175 ns
Turn-On Energy Eon L = 100uH - 475 " uJ
Turn-Off Energy (Note 3) EoFF - 1060 - ud
Diode Forward Voltage VEe lec = 20A - 1.5 1.9 \
Diode Reverse Recovery Time trr lec = 20A, dlgg/dt = 100A/us - - 55 ns
lec = 1A, digg/dt = 100A/s . . 45 ns
Thermal Resistance ReJc IGBT - - 0.76 °C/wW
Diode - - 1.2 oc/w

NOTE:

3. Turn-Off Energy Loss (Eqgp) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Igg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. Turn-On losses include
diode losses.

©2001 Fairchild Semiconductor Corporation HGTG20NG0B3D Rev. B



HGTG20N60B3D

Typical Performance Curves
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HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Test Circuit and Waveform

L = 100uH

RHRP3060

E VDD =480V

FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to
gate-insulation damage by the electrostatic discharge of
energy through the devices. When handling these devices,
care should be exercised to assure that the static charge built
in the handler's body capacitance is not discharged through
the device. With proper handling and discharge procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no damage
problems due to electrostatic discharge. IGBTs can be
handled safely if the following basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as "ECCOSORBD™ LD26" or equivalent.

2. When devices are removed by hand from their carriers, the
hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vgenm. Exceeding the rated Vgg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can resultin turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate
protection is required an external zener is recommended.

— 90%
\ __10%

VGe Lo -

—>»| EoFF |EoN |-

0%

10%

IcE A r—
td(oFF)I—> <-r— > ety

ty -
| |- td{ON)l

FIGURE 19. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fjyax1 or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmax1 is defined by fiax1 = 0.05/(tq(oFF) ta(on)1)-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on- state time for a 50% duty factor. Other definitions
are possible. tq(oFF) and tgony are defined in Figure 19.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than T . t4oFF))
is important when controlling output ripple under a lightly
loaded condition.

fmaxz is defined by faxz = (Pp - Pc)(Eorr + Eon). The
allowable dissipation (Pp) is defined by Pp = (Tym - Tc)/Reuc-
The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (P¢) are approximated by

Pc = (Vg x Icg)/2.

Egn and Egpf are defined in the switching waveforms
shown in Figure 19. Egy is the integral of the instantaneous
power loss (Icg x Vcg) during turn-on and Eggf is the
integral of the instantaneous power loss during turn-off. All
tail losses are included in the calculation for Eqpg ; i.e. the
collector current equals zero (Igg = 0).

©2001 Fairchild Semiconductor Corporation
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247 ™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench ® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics ™ TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Formative or
In Design

Advance Information This datasheet contains the design specifications for
product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: IF=5mA (max.)

e Supply current (IcC): 11mA(max.)

e Supply voltage (Vc©): 10-35V

e Output current (I0): £1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ps(max.)

e Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mmf(min.)

Schmatic
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VE ::
3- Vo
GND

A 0.1uF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) Alp / ATa -0.36 mA /°C
Ej Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 \
Junction temperature Ti 125 'C
“H"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) loPH -1.5
“L"peak output current (Py < 2.5ps,f < 15kHz) (Note 2) lopL +1.5
(Ta<70°C) 35
Output voltage Vo \
5 (Ta=85°C) 24
H (Ta<70°C) 35
2 Supply voltage Vee A
(Ta=285°C) 24
Output voltage derating (Ta = 70°C) AV [ ATa -0.73 Vic°C
Supply voltage derating (Ta = 70°C) AVgo / ATa -0.73 vi/i°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °E
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVsg 2500 Vrms

Note 1:  Pulse width Py = 1pus, 300pps
Note 2:  Exporenential wavefom
Note 3:
Note 4:  Itis 2 mm or more from a lead root.
Note 5:

together.
Note 6:

Recommended Operating Conditions

Exporenential wavefom, lopH £ —1.0A( = 2.5ps), lopL s +1.0A( = 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 \
Supply voltage Vee 15 —_ 30 20 \)
Peak output current lopH/lopL — — +0.5 A
Operating temperature Topr -20 25 70 85 e

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage Vg — Ir=10mA , Ta=25°C 1.6 1.8 \
Temperature coefficient of _ &
forward voltage AVE/ATa| — |lp=10mA — -2.0 — |mvi°C
Input reverse current IR - Vr=5V, Ta=25°C —_ 10 A
Input capacitance Cr —— V=0,f=1MHz A Ta=25°C — 45 250 pF
*H' level I 3 ’\7:61:0 i 05 | -15 _
Output current ?‘I%: =3V = A
wn Ip=0
L" level lopL 2 Ve_s = 2.5V 0.5 2 —
ap Vet = +18V, VEg = -15V .
il Yo 4 |Rr=2000, I = 5mA L 128
Output voltage A
W v Veceq = +15V, VEgq = =15V - y ¥
L" level VoL 5 [r°%'%000 Vi =0.8v 14.2 12.5
Vee = 30V, Ip = 10mA _ 5 _
"H level leci [ = Ta=25°C
Ve = 30V, If = 10mA — — 11
Supply current &5 2 s mA
Ve =30V, I = 0mA L 75 .
‘L level lccL - /[Ta=25°C '
Vee = 30V, I = OmA - — 11
Threshold input “Output ) I el Voot = +15V, VEg1 = -15V . 12 5 -
current L-H" RL =200Q, Vg > 0V
Threshold input “Output . ~ ' Vet = +15V, VEg1 = -15V 08 rd _ v
voltage H-L RL =200Q, Vg < 0V
Supply voltage Vee o 10 — 35 Y,
Capacitance c Vs=0,f=1MHz
S = - . 2
(input—output) Ta=25°C 2 el pF
. | o 11 Vg =500V, Ta=25°C 12 14 -
Resistance(input-output) Rsg R H.< 60% 1x10 10 Q
* All typical values are at Ta =25°C  (*1): Duration of g time < 50pus
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = —-20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 0.5
QelRy HosL toHL IF = 8BmA (Note 7) — | 045 | os
6 Voot = +15V, VEgq = 15V ys
Output rise time tr RL=200Q — = —
Output fall time t - = pe,
Common mode transient
; : - Vem = 600V, IF = 8mA
immunity at high level CmH 7 Vg = 30V, Ta = 25°C -5000 —_ — V /s
output
Common mode transient
: ; Vem = 600V, Ig = 0mA
:;E?;ﬂ?lty at low level CmL il Voe = 30V, Ta=25°C 5000 —_ — V /s

* All typical values are at Ta =25°C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Test Circuit 1:

Test Circuit 3 : IOPH

i

£

4[]

Test Circuit 5: VoL

d!

w I
Lt

4[]

. "4

]_0 loPH

T

:| l 0.1uF lvcm
RL

T VEE1

Test Circuit 2 : IOPL

il
i
1
4[]

Test Circuit 4 : VOH

1]

V
i cc
—
lopL
Ve.5
/l 77

Veed
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- TOSHIBA

TLP250
Test Circuit 6: tpH, tpHL, tr tf
I: mk
L
= I: ] T Vo 80%
[ o
S Ju s 80%

100Q

—
IT,L_I

VEE1
Test Circuit 7: CpH, CmL
8
1] T
I :
SW —F;‘ ].0 1uF
? - ‘[ :l T 1 Vec
Ao'o B T
I [ ]_ © Vg
1 X
V
MM &
;= b
= 600V
| 90%
Vem  qo% t
tr f
s - — B3
SW :A(IF=8mA)
\V4 i
Vo /\— 3V — 26V
CHL
SW :B(Ig=0)

Cudd 480 (V)
r (Ws)

Camd E{M
f (us)

CML(CmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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IF (mA)

Forward current

Allowable forward current

Allowable peak output current
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I
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lg—VE
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PW = 25ps, =< 15KHz

-

0

20 40 60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient AVF/ ATa (mV/°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

e The information contained herein is subject to change without notice.

« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

¢« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer's own risk.

¢ The products described in this document are subject to the foreign exchange and foreign trade laws.

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

¢ GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.

8 2004-06-25



SN L) t\

R
131719 )

b, %
IO L O T
) 1
iz

&2 = Y o w v ::4' = " ' ¥ o o ¢y Y
nanstiluwenansianuly dwsumsldnuinenisnwwingy Weygalihlulduselesiaunisen

ladnsdila 9 viadu Bnvaihudilidnulasiiont wagdesandadsivesenasynasaninistluly



90

mssonuuutasdiznousadu i

DESIGN AND ASSEMBLY OF ELECTRIC WHEELCHAIR
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Abstract
The objective of this project is to design and make the
electric wheelchair which is able 1o control the velocity.
The DC motor 24 V has been used to be a mechanical
power to drive wheelchair. We use Micro-controller to
control and make square wave which can charge duty cycle
to feed into the IGBT to be a switching DC Chopper. The
maximum speed is 6 km/hour. If the value of duty cycle
decreases. the DC motor current and motor speed also
decrease. On the other hand. the value of duty cycle
increases, the DC motor current and motor speed also
increases. So, the wheelchair has lift system to standup and
sit down will be simple. In addition. the electric wheelchair
can help the older people in movement. The maximum
user’s weight is 70kg.
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