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ABSTRACT

This thesis presents the design and construction of the drive of the induction motor.
It is made up of AC/DC converter, DC/AC inverter, and microcontroller. For the AC/DC
converter, we use single-phase full- bridge rectifier, and capacitor filter to rectify output
voltage. For the inverter, we use IC FSBSSCH60 because it is easier and more convenient
to use because it contains IGBT and the drive circuit for IGBT. In this IC, it has Bootstrap
and Protection circuit. The inverter has the dead time for short circuit protection and over-
current protection. For drive induction motor, it uses two techniques 6-step and SVM
(Space Vector Modulation) techniques. For the microcontroller, we use M16C/62A to

control the gate signal of the inverter to drive the electric motor.
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Rotating field
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Voltage and
current are
induced in rotor

circuit

y

Torque is
developed in
rotor winding

A

Motor rotates
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2.3.3 Three-Phase Induction Motor

Voltage Equations ﬁa%mawqﬁﬂi 5U¥®4 Induction motor A1D

v r O0]i, |
[ abcx]__:[: 5 ][.abcs}_{_p{ a‘buji (1)
vabcr O rr labcr )"abcr

Taufi p=—ci
dt

(v, 0 0]

r,={0 r, O

0 0 r]

(7. 0 0]

=0 r. O

[0 0 7]

Flux Linkage Equations Ao

)"abc‘s Ls Lsr iabcs
= T . 4)
}‘abcr (Lsr ) Lr labcr

Taeii
LI + Lmv —l Lms ——1- Lms
2 2
L = —l L L. +L —l L (5)
5 2 'ms Is ms 2 'ms
—%Lm: 1 ‘me LI.\‘ + Lms
Llr + Lmr - _1_ ‘Lmr _l Lmr
2 2
L =| - ! L L +L ——I—L (6)
r 2 ‘mr Ir 'mr 2 ‘mr
_1_ ‘Lmr _l ‘Lmr Llr + Lmr
L 2 2 )




cos(6,)

2r
cos(f, ——
os(6, 3)

2r
(6 +—
cos(6, 3)

-

cos(d, + 232) cos(6, —-277!)

cos(6,) cos(8, + 277!)

cos(6, —%ﬂ—) cos(8,)

INAUMSA (1) Transform AI1L136799 910 Rotor 1184 Stator

NAUMTN (11)

cos(6,)

L,=L

sr ms

2
cos(8, ——
0s(6, 3)

cos(6, + —2—375—)

cos(6, +—2—;—T-) cos(6, ——231)

cos(6,) cos(6, + 2%)

cos(6, ——231) cos(6,)
— N —2
Lmr = - L”IS
L NS -
— N -2
L =|—=|L,
L N" =

11

(7

®)

)

(10)

(11)

(12)

(13)

(14)
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wnua 6) 1 (14) Asviu

i 7]
L/ + Lms —1- Lms —_l— Lms
2 2
1 - 1
Lr = —= Lmr Llr + me -3 Lms (15)
2 2
_l Lms l Lms L'Ir + Lms
L 2 2 _
Taoii
N 2
Llr z[ﬁf:| Llr (16)

Flux Linkage Equations Weoulnaladu
)"a cs L L ia cs
.b - ) s , :rr . b (17)
;"abcr (Lsr ) Lr labcr
NN (1)
v r 0)i A
li 'abcsilzli N ':|[.'abcsi|+p[ 'abc.r} (18)
v abcr 0 l"r 1 aber A aber

2
ﬂ:[ij] T, (19)

91InauMs (17), (18) Transform fdsa1eq 1 eglunsoudrevslen (Arbitrary

reference frame) TavlFauns 20), (21)

fqa'Os = K.rfabc: (20)
f(;'dOr = Krf;bcr (21)
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cos(6) cos(H—E;—T-) cos(f +%71)

K =—§— sin(f) sin(@ - 2%) sin(@ + —23£)

1 1
2 2

N | —

cos(f3) cos(ﬁ—-%ﬁ) cos(f +‘231)

K ==|sin(B) sin(B ——2-32) sin(f8 +Z3£)

N[ =

1 1
2 2

mﬂaumﬁ‘fi 18)
[(KJ "qum]:[n O}FKS)"iqdo.,}W{(K.,)‘le,dm}
K) Voo, | L0 1| K)o, | ) R
mﬂaumsﬁ (24)
KV 00 = 1K) Mg, + 2L K™ Jhguo, + (K P,
K, Voo, =1 (K ) Mg, + p[ ()™ A, + ) Pl

NNAUNIA (25), (26)

quOs = Ksrs (Ks )—| iqus + Ksp [(Ks)_] ] ;\'qus + Ks(Ks)_l px’thOs

v'qa’Or = Krrr‘ (Ks)_liqur + Krp[(Ks)—]];\"qJOr +Kr(Ks)-] p;\"qa’Or

13

(22)

(23)

24

(25)

(26)

27

(28)
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NNANMSIN (27), (28)

V05 = Yolyaoq + @M gy + PA o, 29
quOr = rrir]ziOr + (CO - CD, ))"dqr + p)"qur (30)
A A g a Y o
tye [ 1210) ﬂ’nlﬂﬁ’Jl%\‘]iéiﬂlﬂﬂﬂﬂﬂﬂ']\?@\?iﬂ“’]
A ) o
©, A0 ANNG ATV ITIN0T

M) =[As =2, 0]

) =[ A =4, 0]

1 9
NAUNTISN (18) A0 Transform TFanus1adlaquanssslddesde Tl

(K:)_‘ )‘qus = [ Ls I"’sr} (K:)—] iqus (31)
(l(r)--I ;\"qur (L’_w-)T I‘;r (KS)—I i‘qd()r
NNeUMI (31)
(Ks )—1 )\'quS = Ls (Ks )‘1 iqus + Lsr (Ks )_] i'qur (32)
(Kr )‘1 }"qur = (Lsr)T (Ks )—l iqus + I"'r (Ks )—] ivq-dOr (33)

NAUNIIN (32), (33)

s 8

}'quS = KsLx (Ks)—)iqus +K I"' (Ks )-]i‘qur (34)

)"lqa'Or = Kr (Lsr )T (Ks )*1 iqus + Krl"r (Ks )—] i'qur (35)
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L,+1L, 0 0

Is

KL(K,)" = 0 L.+L, O

KL (K)'= 0 L +L, O
0 O ir
L, 0
Kr(Lsr)T(Ks)_l '__l(r:L'r(I(s)-1 = 0 LM
0 0
3
L, ==L
M 2 'ms

2NAUMSTN (29), (30), (34), (35) uaag ldasaunisae bl

Vo =iy + @Ay + Ay

stgs
Vds = rszds - wz‘qs + pl‘ds

va = rsZOs + p;‘ﬂs

vqr = rrlqr + (CL) - COr )A‘a’r + pa’qr

Var = rridr - (CL) - C,‘)r)z‘qr + pa’dr

vOr Tt rrZOr + plﬂr

15

(36)

(37

(38)

(39)

(40)

(41

(42)

(43)

(44)

(45)
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Ay =L, + L (i, +i, (46)
Dgy = Lty + Ly (i +14) (47)
Aoy = Ly, (48)
Ay =L, + L, G, + (49)
g = Ly + Ly (g +1,) (50)
ho, =Ly, (51)

AuMTUsITaUand 1AGIaNNITN (52) DIAUNTN (54)

T=(%)[-§)L (i =iy ) (52)
Qe e

2

|~

j(/lds I, — A lds) (54)
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2.4 Space Vector Modulation (SVM)
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gﬂﬁ 2.7 A9y sine wave

Tunsaugunsadaivesds sVM duilussuudtaen Fandnldh svM iy
mailamsuegmanuuasaen Tasfidhmuelumsadrausedulngh pwm Winvan Taof
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2.5 mauilasifSgi
RoranileiFumann 3 Refduitquanadlynwaunts
U9+ ()19 = 0 (55)
msefenamesmindnrunsauansluligireifdeitnesmoutuuseduliih
3 e o1 nawes [u, 0 0]Tweguuunu X NAWe[0 u, O] fiasiedu 120

4 v LY o d

s uaziaames [0 0 u.]7 a1 240 e minnamesAn dwanslugili 2.8
d ° a 9 Y
nawes sV lugthiuvesiuauddeunaas idawauns
. 2.
u(t) = g[ua + ube’(iz)" + uce—j(i)”] (56)
{ ] Jd 0 a

Tnvfi 2/3 Wluscaling factor AuM3(56) Asalioulieglugilesisznsuvesiiniusiaine

1 4
Sruntuanwlulamu x-y 1@aedl

u(t) = uy +ju, 57)

o

1 4

RITATUMS (56) 4T (57) 1518115 oLUaIReANN a-b-c Tl x-y fadl
il
Uyl 3 0

-1
? a
-3 Fb] (58)
2 1Y%
2 a
gaeansadowily

Uy = g'[va — 0.5(vp + v)] (59)
0= (v + ) (60)

J
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0 jim
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3 [ob]
u(t)

wt ) zu.
 Re 3|;

vd

c
1‘1]“71 2.9 Voltage space vector and its components in d,q

msuasonuny x-y Tiduunu a-g 18 Tasvimsvayuunu x - y Aana1dae ot Taoh o

WuanuS uFayy
<] |cos(wt) cos (-Z- + wt)| ru,q reos (wt) —sin (wt)] [Ux
[;:B]:[sin @) sin (-g+wt)][ e @n cos oy | by (61
NTUNIT (56) annsoutaanduididiv
u,= Re () (62)

ST
u,,=Re(uejm} )




T
u, = Re(ué /eIy

Tusso 3 wla uuvauga ussdu Wi u w0 aunsodion1diiu
u, =V sin(w?) (63)
=V sin(wt-27/3)

m

u, =V sin(wt+4n/3)
Tad v, Sanduveausedu i
o a ¥
1INENNS (56) AABS SV amnsaitien lditiu

u()="V,elf =V, vt (64)

Y a = Sl ¥ g -
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o @ﬁ?@ﬂ—@

ss
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2.5.1 nawmesligh (sV)
a o a o 1
amamsainguesdunesined annsonanslugluuuvesnuavguass g, q,, g, .,
o d‘ a day A a Jda
g, 102 g, 1auN g,=1 Weadngla19as uag ¢,= 0 WoaInmlaes
i 1 o Ty o @ o’:
Lﬁﬂﬂ q,49,,9; 9,402 g, q, L‘]Ju@‘l’l ﬂWlN"I’J’nJﬂu MUY g,=1-q,,9,=1-g, HOC
g,=1- ¢, Tavaamveanisda/da a3aduanaluzalé 2.10
a [< < a a [
Avsanmsudasnn 3 maldidudu 2 e awaunish (58) iaziasaus i Tni
1Y 1 a o 4 £ g 3 o
Tuene (V3 usadua) iWusidres i lfesddsenevuet a- . Fudunamesusaiu i

o
1YY rms (root mean square) mmsmmmTugﬂxtuuﬂﬂﬂ‘numea q,.95, 95

-1 -1
V — —i[%
La 2 q (65)
VLﬁ 2V vi —v3|| 13
2 2 qsc

A‘ 1 Ll o
e V.= urasdiousaau Iias

A V2 M lunmsudasausdu iy ms dusussiugege dmSumgagaves

ussAuaela 27 V3 Tuvasimgagavesssdumaiian v, =13

4 - 'Y a a J o o
dieRnsanliussduma v, Wuusedudrade nawesuseiulume v, szsimidua

¢ ) o { 4 o
nANBSBY 7/6 LzMgIgAvesIRumoignuesuna lad awsaudas ldauaunis

e 2 e (2222) o (2522

{ = o o
Taen n=0,1,2,6 Wuvmvyvenanosusnuluae

a Ay g o o -~ d' o ¢ o q¥
'Wi]']‘im']ﬂ']L'Jﬂlﬂ’t)‘ﬁ’l"lﬂ‘l"]ﬂ?ﬂmﬂiﬂuﬂ VI N Va oy Vo Iae V7 ﬂlﬂulﬁﬂlﬂﬂiﬂuﬂ 'VI'IGI‘H

3 o ¢ o a a @
IF1IMUNTONMAUALIANDT L‘f]uﬂanmunawmmmumﬂw Ve duaainiuaunig
U=[V,dt+ U, (67)

- ¢ - P
MnaumMsi(e7) moamaessilandu U uaasldiduginsusnndiannmouiisinonls

4 [y 9 [ o [ @ o 4
nnvaLazmuavenanesus i i dwsiu Iddueiynidudygie ledywsess

Aﬁ' 4 Y] o’: a (‘:1 9
Neuysoiuy dadusimansannsanilandy o lalugluon
= Mel® = Melot (68)

P ~ o Y (% o
T M duassyiimsuegan O<M<1) dwmSunsarunuunaves i ey
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monmeesilendy U uaadldifusdnsusnndinrnanduaaslugidizgg - e

9 HAaw A o [~ Y a
iUz aenauhiiad M = 1 uazgninsatunnneseess v,
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~ o 9 4
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“quasi-circular”

o

NANNITA(SS) uae (59),(60) nﬂm05"11mﬁmmmua@,mmmﬁumﬂ 3 e

° = 3 T
[v, ] o= [Vravrpvre] AN s 00 TROIIAAD S S 1UMITAdOU U =V=[v,]ap=[vravrp] 100

@

v
1Aeanl

Vra = ':T[v-ra —0.5(vrp + vr ()] (69)

V3
Urg =35 (Wrb — Vrc) (70)

Y o @ a @ 4 aa
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Vimay = V27, = V2(220) =311.12 V
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useau' Wi 220380 v
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_ Poyt(1-2fnetton)

n - anetVdc(max)zAV

Taoii Poye = % X 746 =373 W + 50% = 559.5 W
free = 50 Hz
ton = 2.5 msec
AV = ripple at 3%

559.5(1—2(50)( 0.0025))
c, = = 1445 pF
2(50)(311.12)2(0.03)
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Pin Pin
Number | Name Pin Description
1 VCC(L) | Low-side Common Bias Voltage for IC and IGBTs Driving
2 COM Common Supply Ground
3 IN(UL) Signal Input for Low-side U Phase
4 IN(VL) | Signal Input for Low-side V Phase
5 IN(WL) | Signal Input for Low-side W Phase
6 VFO Fault Qutput
7 CFOD Capacitor for Fault Output Duration Time Selection
8 CsC Capacitor (Low-pass Filter) for Short-Current Detection Input
9 IN(UH) | Signal Input for High-side U Phase
10 VCC(UH) | High-side Bias Voltage for U Phase IC
11 VB(U) High-side Bias Voltage for U Phase IGBT Driving
12 VS(U) High-side Bias Voltage Ground for U Phase IGBT Driving
13 IN(VH) | Signal Input for High-side V Phase
14 VCC(VH) | High-side Bias Voltage for V Phase IC
15 VB(V) High-side Bias Voltage for V Phase IGBT Driving
16 VS(V) High-side Bias Voltage Ground for V Phase IGBT Driving
17 IN(WH) | Signal Input for High-side W Phase
18 VCC(WH) | High-side Bias Voltage for W Phase IC
19 VB(W) High-side Bias Voltage for W Phase IGBT Driving
20 VS(W) High-side Bias Voltage Ground for W Phase IGBT Driving
21 NU Negative DC-Link Input for U Phase
22 NV Negative DC-Link Input for V Phase
23 NW Negative DC—Link Input for W Phase
24 U Output for U Phase
25 \ Output for V Phase
26 W Output for W Phase
27 P Positive DC-Link Input

A15197 3.1 uaReswazdenved loFues FSBSSCH6
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3.2.4.1 Impedance cell R,
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3.2.4.2 Function and Protection Circuit
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3.2.4.3 Under voltage Protection LVIC
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gﬂ‘n 3.6 Timing Chart of Low-side Under —voltage Protection Function
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3.2.4.4 Shot-Circuit Protection
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3.2.4.5 Selecting Current Sensing Shunt Resistor
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3.2.4.6 Bootstrap Circuit
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3.4 MIATNAYEYID 6 step
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3.5 Space Vector Modulation (SVM)

ManMIves SVM
> o s S a P deal o o A P ) e A
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a b c V., Y, V. Vs Vie Ve
0 0 0 0 0 0 0 0 0
1 0 0 2/3 -173 -1/3 1 0 -1
1 1 0 173 1/3 -2/3 0 1 -1
0 1 0 -1/3 2/3 -1/3 -1 1 0
0 1 1 -2/3 173 173 -1 0 1
0 0 1 -173 -1/3 2/3 0 -1 1
1 0 1 1/3 -2/3 173 1 -1 0
1 1 1 0 0 0 0 0 0
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352 MY luuAas sector (T0,T1,T2)
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3 14 a aAa 4 s
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= @ s A A o q V¥
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1 (@+DTpwm
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3.5.3 MININULY sector

A=sig(ref,-ref,)
B=sig(ref,—ref,)

C=sig(ref,-ref,)
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Sig(x)=1 x>0
Undef x=0
-1 x<0

N =|A4+2B + 4C|
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Sector 1 5 0 3 2 4
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4.1.2 #amsnAaeen1da1n395152391981 (Dead Time)

]

[ CHISBY  : CH2=5V . : . 2us/div
pc 111 DC 11 : :
: : : NORM:100MS/s

B B T e IRy I I I O ok L I o ST P Y S B B RS B

aTt 2.00us
1447 ... 500.000kHz ... E b

31U 4.1.1 M315239087% 2 us VOIFRYIUTUIAN FIIVOVVIAY

T)
A
CHIs5V  CH2s5v 3 : ¢ 2us/div
pDC 11 DC 111 ¢ : :
e B .. .NORM:100MS /s
B B r—1-l--l-+~>—;—+—l~r~ L e ~r—:;~r~~|—| B kRO P I R R B :H e B i——|~-|--|- e

4T 2.00us

v 14
3N 412 MslszianaIi 2 us vosdgygruTunmENve VI
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[ d d' o o v [ q"
DINNADOIVUNOIAD 3 LKL MR oAt

US9RUT 1A31INI995 Converter (V) = 305 V

AszuavDdInan 7)= 1.2 A

o
ﬂ’J']lng’Ji’ﬂ‘lJ‘lJ’E]\?M’EJLGI’EJS = 1500 rpm

R L AR B B

gij‘ﬁ 422 V,,V, V_(line to line voltage ) ﬁ"lﬁ'ﬂmﬁnujrgm 6-step

LYY o a'/ Jd
U TUBUANTUNDINDS



= 4 ... v d' 1 o
JUN 4.2.3 nszuamadueniva (i, i, i, ) Tuuaazmla Hldnnmsdedyaio 6-step

v & o @ 4
elumi‘um)uﬂﬂﬂmnamei

N 424 ussaulih v, feudunszua’lif i lumsdedayana 6-step

v a8 o W L4
Gl‘LIﬂ'IS‘U‘UE)‘Nﬂﬂ‘iI‘NN@Lﬂ@iﬂ'lﬁlwﬁ
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Y

LY

19 4.2.5 usedu' Wil v ifeudunszua’ i i, Tumsdedyana 6-step

v a [ n'; J
lumsiudusnFUNoINDT

1N 4.2.6

usaan i v eununszualii i lunsdedryans 6-step

@ o [ & I'4
TuUNITTUOUANTUNOINDT
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o

g1 4.2.7 useudh v ifeusunszua i, i, i Tumsdedryais 6-step

L)

v oA o -4
lumsTUIUANTFUNBINDS

o g a 3 o
4.3 wamsiamansluiinveanszuah lnainmsilendyanamuy 6-Step

""" Current Harmonic Emissions
Test: IEC 61000-3-2
Equip: Class D: Power=150W
"""""""" Line Freq: S0Hz
Har | Meas | Limit | Margin
# |1dBuA | dbuA] dB
......................... 1:1130: — 7 =
2. 66.1: - . =
3: 62.7:114.2: 51.4
4: 60.2: - : -—
5:101.4:109.1: 7.7
6: 53.2: - : -
7: 95.9:103.5: 7.7
8: 61.5: - : -
9: 62.4: 97.5: 35.1
10: 60.3: - : -
11: 91.4: 94.4: 3.0
12: 57.2: - -
13: B8.1: 93.0: 4.8
.................... 14 : 55_3; - : —_
15: 45.3: 91.7:. 46.4
16: 56.0: - -
.............. 17: 90.1: 90.6: 0.5
- . 18: 43.5: - -
) . ) : ; 19: 86.3: 89.7: 3.4
OGPl 1.00A  10.0n 20: 47.6: - : -—

5143 uannisiamens luinvesnszua IWdhi 18 nmsiloudyanamiuy 6-Step
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4.4 mInaaeazNan1InaneslnoInmAlin Space Vector Modulation

pnmamuIniaslsunsy Excel

4.41 alvesdagnamssduivhildnnisuuy 6-Step

Vq, Vd(six-step)

4
¥

-5 Vd

-_

®
&

-
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4.5

(%4
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MINABBIATHANINADBIN 1AININAHA Space Vector Modulation 108013

o’ Q'J d

BUANT HNDINDS

Fl 45 v Vie, Vca( line to line voltage ) 1‘7‘3'1(31’ 370 Space Vector Modulation

ab’

v a o o
TuMsTUIUANFUNOIADS

- Jd 11 -
gﬂw 4.5.1 nszuﬁmw’hummvgm ( i, 1,1, ) Tunaaza w"lﬁ'mn Space Vector Modulation

w a [ n'/ I'd
lumsduduensuvowmes
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LN A S B St S e S S S S R S S B AP S SR SIS S S S S 0

[ [Eu W
. ........... . ‘ ‘1‘

31U 452 usseulWdh v, ifoununsgua Wi i, 711891033 Space Vector Modulation

v a o o o
luMsTUdUANFUNDINBST

............
i T

T e e
SRR EEER I AR 1|

519 4.5.3 usedulddh v, Meovdunszualndh i, 711891033 Space Vector Modulation

w a v o o
TumsTuBUANTULDINDS
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.........

51 4.5.4 usesulldh v, Weudunszualii i 118310338 Space Vector Modulation

v a o @ o
‘1Uﬂ15ﬁlﬂﬂuﬂﬂ‘b’uﬂﬂlﬂﬂ§

zﬂﬁ 4.5.5 usanu Wi V. Hovdunszualih i, I 1, CYEH Space Vector Modulation

o a Y o I'4
lumsvuduanTUNBIADT



4.6 wamsiasaslauiinveanszuai 1nonIs Space Vector Modulation (SVM)

Current Harmonic Emissions
Test: IEC 61000—-3—-2
: : o : Equip: Class D: Power=150W
T oo 01 Line Freq: S0Hz
X : . X Har | Meas | Limit | Margin
# | dBuA | dbuA | dB
"""" 1:112.0: - : -
2: 69.2: - : ~—
3. 58.1:114.2: 56.0
4: 7271.5: - : -~
5: 71.5:109.1: 37.6
6: 41.7: - . -
7. 68.7:103.5: 34.9
8: 65.1: - ~
9: 43.7: 97.5: 53.8
10: 62.3: - ~
11: 36.5: 94.4: 57.9
12: 52.6: - : -
13: 54.3: 93.0: 38.6
----------- 14: 66.0: - -~
15; 48.3: 91.7: 43.4
16: 66.9: - = ~—
............. 17: 59.9: 90.6: 30.8
18: 56.2: - . ~—
. ) . . ) 19: 62.6:. 89.7: 27.1
(¥l @ S00mA. 10.0n 20: g1.3: - : -

a o I A A aa
g‘lh’\ 4.6 waaIMIinnie1s luilnvesnseuan laeinis Space Vector Modulation (SVM)
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aguazinrsal

T 1 é
Anseenuuua3s Inverter Tnolsznounio 2 894 Ao @Iuv8IConverter F39z 1%
) o A a 9/ @ @ v g/
TS senszumaundunupyses laleandouninsowuseiu  uazluduvesmverter 214
14 1 »
loFwes FSBS5CH601UAMUDIConvertertitis lABDnULLSINOAS 10U 9AU V. 1WBID
Y ] o 1 3q 9/ 4 o ]
TR Inverter NUTIAU 310 V. ludMu09 Inverter 1019 loBiwos FSBS5CH60 Hlvde
t A& 9 a . 4
wazazanlumsaeldanu Fusrdesdouldsunsuadinnsesdseianar (Dead Time) o
Qs Qs v a’ LY ar T A ~ s d‘ ' = 9y 9
Hosdumsaneessendng IGBT duunuaanlunuaeinuiegneluled uazldads
[ v
doyana 9 IGBT Taodgyanunadiaiufedya o 6 step
. < a AqQ Yo ] ' an A &
Space Vector Modulation (SVM) Wlumailaf ldfiusgiaunsnareninisviluilosnin
IMwanudnvazia uazidygyanlndifssdygraSine 11NN 9175 6-Step TaslHeennud
o A o oo . c e e . .
vegiadunde delinnuadrenfeiu3T PWM w1 third-harmonic injection taz 11 Harmonics
o Ve a o qyw Y J v o - '
AINIIBUUY 6-Step DNNIIRLTIAUDMNATINIITUVY  6-Step lavszana 15% 39l
fududosonfivrassniusedu U51A91NHAN TAANDUVDIT Y IMUTIAUTENINTIOMS
o 1 o o ' ) a a 1A
Uszgna ldaudouas Wdyarawequasulianuudusund  uaziidss@ninmganiis
o 19 Y a a J 1o q <
WU 6-Step unsntleaiuliliifamsadnd Taglusuduld waznnwamnaassezmiuld
Y v a o d a, o o,
Ndyamvenszualumsiuduansuvemesasuld 1aed5 6-step AUIT Space Vector
Modulation (SVM) ¢33 Space Vector Modulation (SVM) a1 daanmuneeninindifes

deya9u sine 11NN I3 6-step
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Integrated Power Functions
o EO0V-10A IGBT inverter for three-phase DC/AC power conversion (Pisass refer to Figure 3)

Integrated Drive, Protection and System Control Functions

+ For inverter high-side IGBTs: Gate drive ciroult, High voitage isclated high-spaed leve: shifiing
Control cireuit under-volage (UY) protsction
Notel avaiinble bootetrap circult example ia given in Figutes 12end 13.

+ For inverter icwv-side IGHTe: Gata drive circuit, Short cireuit protection (SC)
Contro! supply circult under-valtage (UV) protection

+ Fault slgnaling: Corresponding to U (Low-side supp'y) and SC fauls
+ Input interface: 3.315% CMOSALSTTL compstible, Schmilt irigger inpat

Pin Configuration

Top View
< 133
, J,! B‘Em.m‘. B
o ol ey
o @2)Ny
19.1 (2 Ny
X LA ! “Yeau Case Temperature (T}
) [.;J’-»J — Detecting Pomt
B
(15) Ve =]
(16) Ve ==, 1w
(17) INpayy -
{18) Veon
{49) Vam) . o et
1 U s O
avin ] ¥ L [T "

FSBF10CHEOET Rev.C

erer fairchildsemd com

OINPO JoMO 4 PelWs 1809HO01L48S4
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Pin Descriptions

Pin Number | Pin Name Pin Description
1 Veer; | Lowside Commen Bias Votage for IC and 1GETs Driving
2 Ccom Cormon Supply Ground
3 MNany, | Signal input for Lov-side U Phase
4 Moy, Signal Input for Low-side ¥/ Phase
5 Ngyy | Signal Inputfor Low-sids W Phase
g Yro Fauft Cutgut
i Crop Capacitor for Fault Output Duration Time Selsction
8 Cse Capacitor (Low-pass Fiter) for Shart-Current Detection input
g Nuw; | Signal Input for High-side U Phase
10 Veea | High-side Common Bias Viotage for IC and 1GBTa Driving
1 Vegy High-side Bias Yolage for U Phase IGBT Driving
12 Ve High-side Bins \Voitage Ground for U Phase {GBT Driving
13 oy | Sionalinput for High-side \ Phase
] Veen; | High-side Common Bias Vokage for IC and IGBTe Driving
15 Vaew, High-side Bras \oltage for * Phase IGBT Driving
18 Ve, Hgh-side Bias \citage Ground for ¥ Phase IGBT Driving
17 Blaysy | Signal Input for High-side W Phase
18 Ve | High-side Commion Bias Voltage for IC and IGBTs Driving
13 Vaws, | Hagh-side Bias Volage for W Phase IGBT Driving
20 Vews | High-side Bias Voltage Ground for W Phase IGBT Drhving
21 Ny Negative DC-Link Input for U Phase
7] My Negative DC-Link tnput for V Phase
] Ny Negative DC-Link Input for W Phass
24 u Qutput for U Phese
23 v Qutput for ¥ Phase
28 W Output for W Phase
fa P Positive DC-Link Inpt

FSBF10CHEOET Rev. C

vrawtarchiidseml cem
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Internal Eguivalent Circuit and Input/Output Pins

. P
{"h YV, '"""_E > 0
§ 9%, __}m -
i ouT—d
mo -
e 1 E0 @ b5
¥V T
.
("1 B l"““"""""‘i,lB  —
XE L. t Ve our )
sam, oo ‘L
- N W v::_.J
vy, }
(R
1BV,
B
8 g, R e
A -ciac) QUTTAL)
e,
(il - oron, Ny O,
By v “?
el
By 0T ?
R =
™ ML) Y

(oem | A

MV :w.; o )—ﬁ
| Vo - N, Lt
Mota:

1. inseter Da-HEe 5 conpazed of Des IGET: freeatuelng dEks o 2 B5T entarecotd € Itnas gasadrvse 2nd prledin Amctions.
zmmﬁmumawmmmmmmmm'mmm
. trive e ghglesiiel Jur Gt (G2, Nl el g Uoued iU Bnes Wi 1S5 0 2ot KEIT,

r Figuie 3.
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Absolute Maximum Ratings ;- 25¢, unices Otherwisc Sposifica)

FSBF10CHBLBT Rev. €

Inverter Part
Symbol Paramater Conditions Rating | Units
Vs | Suppty vortage Appliod batwoon D= My, Ny, by 450 v
Voysirge | SUPRLY oftage (Surger Applied between P- Ny, Ny, My 500 v
Veps | Cellectoremitter Yoltage e v
tlp  |&achiBT Collecor Lren 1 =25°C 10 A
& Each IGBT Callectar Current (Peak) Tp =25°C. Urdler 1ms Fulse Width it} A
Fe Cellector Disefpaton Te -25°C per One Chip 20 w
T.powerehips | Orrating Junction Temperature {Not 1) 40 ~ 50 *C
NoB
1. 112 I PN IYPIELIRIEHY] 3 11 Pve’ SUPE ITBQRated WITN 13 59 S s Ughicd 125701
Contrcl Part
Symhol Paramater Conditions Rating | lhnits
Vee | ControiSupply votags Appiied batween Voo, Vec 1)~ COM 2 v
Ves High-side Centrol Bias Applied batwesn Ve - Ve, Yaiv - Vo, 20 v
Valiage \’sm', - Vsiw)
Vi Ingut Signal voitnge Appled sehemen INupy, Mgy Nywes| 037 v
Ny Ny p, Ny - COM
Vre Fault Gutput Supply Voltage Applied batwesn Vey - COM 0.3Vee+0.3 A
I Fauk Catput Cumrent Sink Current &t V., Pin 5 mA
Voo | CumentSensing nput voitage Appled bshween Cyg - COM DI Ve03| v
Tipnweic) | OFemting inedion Temperatirs 40~ 50 o
Bootstrap Diode Part
Symbol Pwamster Couditivns Rating | Units
Vamy | Mebarum Repstitve Reverse Viiage €30 v
Ie Torward Curent Te -25°C 05 A
lez Foward Curent (Pesk) T =25°C, Under 1ms Fulse Wichh 2 A
T, Ogperating Junction Tompersture 40 ~ 50 c
Total System
Symbol Paramater Conditions Rating | Units
Venpsomy | SET Protection Suppy Voirage Limit Voo = ¥gs = 138 ~ 6.5V, T = 190°C, 400 v
) (Short Cireur Proection Casabityy Non-epettve, tess than 2jis
Te Medule Cane Operatior Tempereture | 40°CS T, 2 150°C, See Figue 2 40~*25 °C
Ters Etorage Tomporalurs 40~ 50 °C
Viss lapiation Vollage 80Hz, Sirusoidal, AC 1 minue, Connextion 2508 Vems
Pinsto heat sink plate
Thermal Reslistance
Symbol Paramater Conditions fin. | Typ. |Max. | Units
Regesg | Junction to Cass Thermal Inveter IGBT part {ser 16 module) | - - 62 | CW
I Invater PAT part fnor W madkiel | - | - | 65 | ‘oW
ticts
2. % the nzssuRmen: polit o cIzeEmparaLre(l). Fadse pler @ FIpR2,
5 vavw farchiidsemi com

65
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Electrical Characteristics (1, = 25:¢, Unless Otherwise Spedfied

nvariar Part
Symbol Parameter Conditions Min. | Typ. (Max. | Units
Vegmy  |ColechrEmiter Ssturaton |Vog s V=15V [lg= 108, T)=25C - - | 22 ¥
Vallge vy =5V
Ve HAL Fonasrd Votage Yy =V =108, = 2s - - | 2e ¥
HS | 1 |Swichng Timss Wiy = 20V, Ve = Vg = 15V - Jom | - ™
oo o0 1, et Loag B L
terr (Note 3) - | 058 . us
toorr - | 018 5
i - 0.18 . us
S| Vo o 300V, Voe = Ypp = 16V YY) 15
oo, :7: e 5, nducthe Lood R b
torr (ot 3) - | oS8 1
fcoen - n1s - na
t - | D18 s
begs Colectr-Emittr Ve = Vegs - - 1 mA
Leakage Current

NOIT
3. Lon; Y oo MOURNS FOESINE five o the Rleral drve IC. I Yppm 3% 2 Eudichng B2 0 IEST S3el war Be fen cale ahing cardtnr imeraly,
gmnﬁmmmmzmﬂe 4, e 8 grergie vy *

FSBF10CHE0BT Rev. €

Control Part
Symbol Patameter Conditions Min. | lyp. | Max. | Units
locsy | ulescentVep SUppY Vg = 159 Vo - COM . - B[ om
| Current Nt w w0V
lecen Voo = 15 Vooim - COM . R B
Wk, v, wary =
|m Quissuul \‘ﬂ Supply VSS = 15 Vﬁ{ J) " \"s{u), Ys"w -Va vy . - &0 pA
Current Nr vt o = 0 Vi - Voo
Vegw | Fauk Output Votage Vg = I, Vg Circult 4.7kQ1o 5V Pulup 45 . . Y
Vg Ve = IV, Vg Clrouit 4.7KD to 5 Pullup . RS-
Yscren | Short Cirout Trp Level Vzp = 15V (Nofe 4) 045 gX | 055 Y
TSD [Ove-tmmpuisiue pulee- | Tagerslue o LVIC - 168 - c
$on
ATSD  |Overtemperaitre  protec- | Terperature & LVIC - 5 - °C
0N NyENES
UWeep | Supply Clrouit Under- Detostion Lovel 107 1.9 13.0 Y
WNgn | ORege Protecton Resat | el 12 | 128 | 14|
Waoo | Detection Level PHERERE
Wesp Reset Leval 105 15 | 125 Y
topy | Foub-out Puse Width Crop = 33F tNoke & 18 |1£] - | m
¥miony | ON Thresheld Yottage Applied betveen WMoy, Negwaye Nmﬂ;' M| 28 - - v
gorry | OFF ThesluiVolage | ores Mooy - COM . - e [ v
Mol
4, Shat-tios? comend protaion ' farovarng oy & e 0a-iZes
5, Tha faril-0d Pulie IR Yop CEPSTIS 01 M CIPIIREE VA o Cpnp 2003RIRG B e RN AppREiTate SN © (ry-= 182X 109 LhenplF)
(] vrom farchisemt com

8{NPO J8MOd Vews | §0SHODLIESS
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Figure 5. Switching Lose Characteristice

o™ W,
tf
Yoo I Iy N Veg
N—
YV v.w
—
tum tG!F
t.:.:m. t«::eeq
Vinom W, 0% . 2% Vg Viore 1EK Yoy 168 4,
{a) turn-on {b} turn off
Figire 4. Switching Time Dafinition
Switching Loss (Typical)
- SMTCHINGLOSSON) VS, COLLECTOR CURRENT - SWITCHING LOSS{OF®) V8. COLLECTIR CURRENT
-r v 7
T =
2 8ry = W
o V. r =|=pidn =
} - bn e 171 —T; -
- 4 1 ! )
? = 7 g = b= =
) & /1.- ] 4/ #/
= Q = L B
§ o £ & L] " ol
3 ] o “w 21 7a
0 - E d S i
% = L7 L = g i =
E:1 e
4 14
[4 1 2 3 ¢ ] B ? & § e 1 c 1 23 3 4 § 8 4 ¢ 1t
COALECTCR CURRENT, | AMPERES) COLECTIR CURRENT, |, AMPERES)
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Bootstrap Diode Fart
Symbol Puramneter Conditions Min. | Typ. { Max. | Units
[ Fansard Voltaga lr=812 Tp =250 78 . v
te Ravese Recowry Tme le=8.14 To=25°C 8L - ns
Built in Bootstrap Diade Vi, Characteristic
1T
an
. /
7 v
o ]
P
T <
4 L
2 v
/'
u:, /
Ll ]
b1 g
¢ 3 ¢ 8 E 7T t 9 DI WD U
v, 14
Notz:
6. Bulir E0leva) dote fcléas araad 142 reskiance crarsderislic
Figure 6. Built in Bootstrap Diode Characteristics
Recommended Operating Conditions
. Valus .
Symbol Perameter Conditions Units
Min | Typ. | Max
Y | Supply Volage Apphed between P - Ny, Ny, thy - 0 | 400 ¥
Voo | Cantral Supply Votage Appiied between Voo, Vory r COM 135 15 | 185 | v
Vgg | Hgh-sce Hms voltage Applien between ‘lm - 'Js{u-’ Yo - ‘sz), 130 k) i -] v
Ve - Vo
pgid. | Cantre supply variaton A - 1| Vhe
& afot
\wad | Elanking Tme & Preverdng | For Each nput Signal 15 - . ks
Am-ehort
(ny | PV bt Siggrag? 40°C 2 Tp £125°C, 407C 57, 5 13D°C . - 20 | wHe
Vogn | Voltage for Currert Sensirg | Apphed between Ny, My Ny - COM 4 4 v
{Including surge volage)
8 vy Larchiidsemi.com

FEEF10CHBOBT Rev. €
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Mechanical Cheracteriatics and Ratings

FSBF1CHEDBT Rer. C

Lirits .
Parameater Conditions - Units
Min. | Typ. | Max
Mouriiry Torgue Muunling Suva. - M3 Rewnpueindist 0826an 0.3 0.22 1.00 N
Uvice Heness Nete Figure ¢ g . | w
Weight - 124 - 8
(+)
oLy yuy
Figure 7. ~latness Measurement Position
Package Marking and Ordering Information
Device Marking Device Package Reel Size Tape Width Quantity
FSB-10CHEOBT | FSBFIOCHEIET SPMZF-JA - - 10
q

v finvhidzerd ram

ONPON JOMOg UeWS LHOIHDO0 488



Detailed Package Outline Drawings
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Lower arms j o f) L
controf input o
v
Protection 5
circuit state SET | RESET

intemal IGBT % \M
Gate-Emitter Voftage _ | o3 «
n L4

o1 {
Output Current J/L Il g% | f\_

Sensing Voitage
of the shunt
resistance

Fault Output Signal of | constant sy

{wiith the extemal shunt resistance and CR comection)

¢1: Norma! operation; IGBT ON and camying curent.
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Tdsunsu SVM

/* FILE :InductionMotor.c */

/* DATE :Wed, Feb 06, 2008 */

/* DESCRIPTION :main program file. */
/* CPUGROUP :62A(ROM128K) */
* */

/* This file is generated by Renesas Project Generator (Ver.4.5). */

/* */

R R o koo ok ook kK Kk kK ok ok ok sk ook ko ko K ok kKKK K K
#include "InductionMotor.h"

void initial(void);

void tb2_int(void);

#pragma INTERRUPT/B tb2_int

#pragma rom tb[400][3]

const int tb[400][3]=

7 , 108 , 692
1 , 100 , 686
1 , 96 ) 678
1 , 88 , 674
1 , 84 , 666
1 , 76 , 660
1 ) 72 ) 652

1 , 64 , 636
1 ) 56 , 630
1 ) 52 , 622
1 , 48 , 614
1 , 44 , 606

{
{
{
{
{
{
{
{
{
{
{
{
{
{
{ 1 , 40 , 598
{

}
}
}
}
}
}
}
1 , 68 , 644 } ,
}
}
}
}
}
}
}

1 , 36 , 588
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580

32

572

28

560

28

552

24

544

20

536

16

524

16

516

12

506

12

496

486

474

464

454

442

432

422

410

400

388

378

368

356

346

334

324

314

302

292

278

12

268

12

256

16



80

244

20

232

20

220

24

208

28

194

32

182

36

172

36

160

40

148

44

134

52

122

56

108

60

96

64

84

68

72

76

58

80

48

84

34

92

22

96

104

104

16

100

30

92

42

88

56

80

68

76

80

72

94

64

106

60

118

56

130

52

142

48
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154

44

166

40

178

36

190

32

204

28

216

24

228

24

240

20

252

16

264

16

274

12

288

298

310

320

332

342

354

364

374

386

396

406

418

428

438

450

460

472

482

494

504
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634

60

642
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648
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656

76
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80

670
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678

92

684

100

690

104

688
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682

96

674

92

668

84

662

80

652

76

648

68

640

64

632

60
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44

600

40

592

36

582

36

574

32

564

28

556

24

548

20

536

20

528

16

520

12

510

12

500

490

478

468

458

446

436

424

414

404

392

382

370

360

350

338

328

318
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306

296

282

12

272

12

260

16

248

16

236

20

224

24

212

28

200

28

188

32

176

36

162

40

150

44

138

48

126

52

114

56

100

64

88

68

76

72

64

76

50

84

38

88

26

96

14

1060

692

108

14

100

26

96

38

88

50

84

64

76

76
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{ 6
5
int1;
void main(void)
{
initial();
}
void initial(void)

{

pd7
pd8
inveQ
invcl
dtt
ictb2
idb0
idbl
talmr
ta2mr
tadmr
trgsr
asm("
tb2ic
tb2mr

asm("

tb2
tad
tal

ta2

100

0x00;

, 686

0x83;
0xe0;

carrier_2;
tb[0][1];
0;

0;

/* Set p71 - p76 input ports */
/* Set p80, p81 input ports */
/* Triangular */
/* Triangular */
/* Dead time 2 us*/
/* Interrupt occurence frequency */

/* Pettern */

/* One-shot timer mode, count source f1 */
/* One-shot timer mode, count source f1 */

/* One-shot timer mode, count source f1 */

/* Timer mode, count source f1 */

/* fsw =20 kHz */
/* U phase */
/* V phase */

/* W phase */
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tabsr = 0x96;

void tb2_int(void)

{

idb0 = 0x2a;
idbl = 0x15;
i++;
if(i >= 400)
{
i =
}
if(tb[i)[0] == 1)
{
ta4
tal
ta2
}

else if(tb[i][0] == 2)
{

tad

tal

ta2
}
else if(tb[i][0] == 3)
{

tad

tal

ta2
}
else if(tb[i][0] == 4)
{

/* Count start flag */

/* Pettern */

= tb[i][1];
= tb[i][1] + tb[i][2];
= 0;

= tb[i][1] + tb[i][2];
= tb[i][1];
= 0;

= 0;
= tb[i][1];
= tb[i][1] + tb[i][2];
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ta4
tal
ta2
}
else if(tb{i][0] == 5)
{
tad4
tal
ta2
}
else if(tb[i][0] == 6)
{
tad
tal
ta2
}
else if(tb[i][0] == 7)
{
ta4
tal
ta2
}
else
{
tad
tal
ta2

0;
tb[i][1] + tb[i)[2);
tb[i][1];

tb[i}[1] + tb[il[2];
0;
tbfi][1];

tbfi][1];
0;
tb[i][1] + tb[i1[2];

tb[i][1];
0;
0;

0;
tb[i][1];
tb[il[1];
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