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Abstract

This thesis describes the design and testing of a convertor based
on a PWM rectifier, which uses six bidirectional switches to control the
power supplied to a DC motor from a 3-phase source. Each bidirectional
switch comprises a power transistor and a rectifier bridge. Snubber
networks are employed to reduce both turn-on and turn-off device stresses
to ensure that the transistors’ dynamic load lines never enter into the
regions of forward bias or reversed bias second breakdown. It has' been
found that a minimum on-time and a minimum off-time for the transistors
nust be maintained. The convertor accepts regenerative power and , for this
reason, it is suitable for use in 4-quadrant speed control of a DC motor
having feedback of armature current and speed. This 4-quadrant drive does
not require any additional circuit to detect the zero crossing point of the
load current or the different quadrants of its operation. The convertor
works at 2 kHz and does not need a large storage element . The response of
this system was thus very fast. The performance of the convertor is
experimentally investigated.to control the speed of a 0.37 kW, 180 V and
2.4 A separately excited DC motor. The system, having an armature current,
limit of 2.4 A, requires a time of up to 0.5 s to change speed from - ipOO
rpm ﬁo + 1000 rpm while coupling with a generator at no load. When load is
applied to the motor from 0% to 67% of rating at speed + 1000 rpm, the speed

of the motor can be returned to its former speed within 0.4 s.
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3.3.1 d'mulm?mqn (Input transform section)

3.3.2  dwmiwmndi1eda PWM (PWM control circuit)

3.3.3 zi‘:wma\umﬁ'u‘m (Output. transform section)

%quaﬂq1ﬁﬁq1uzﬂﬁ 3.3

3.3.1 dauuﬂaqﬁuyn

e il z, §e 2, i les By anawmasinglu U WIUINITLRY

Liulia biudsaunaan T Fei e fusunas lida

Z = T u . (3.1)
Tazn
T
Z= 12,2,2,2, 72, Z,] (3.2)
u= [u, u, ul (3.3)
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— _
1 0o -1
0 1 -1

T = -1 1 0 (3.4)
-1 0 1
0 -1 1
L_ 1 -1 0

3.3.2  dwmAduauaT e PWM
< o~ 4 { o o~ o
e Bt dannadiad v, S W, TidwnsagFuaanunimasinf 1l nrei 1y

[ ] 2
Tamirdanwaowan v, waan faviuiannadandsn | TasnaSaule Bine

t 1

i ou o, wW o x=1 wasy =W (3.5)
vl u <y, wld x=0 uasw =W (3.6)
Tosht W = xW +xW (3.7)
W o= R W (3.8)
W= LW, W, W W, W W " (3.9)
W= o W W W W W T (3.10)
AN " A A" A e (3.11)
- 'rb 00100

000010
R = 000001 (3.12)
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dwiaTifanioe u, fuu, wdesdeni 3.5 Tasmmih x, wmdaanwilles

] [} v
87a PLL fin93ams 10 uaz2eamns 4 Walilienwd 2 kiz  anniiudellaudonna §n

20378 (Integrator circuit) lidyyadsnvaen v, siw e faoiuioun

1

u,,  TeglresmuFaun ey faell x awdaewnas
aTiae 1 WD W, un auiasiliiidiivinannawvaeing e
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sdi W S W, W oA u, B o, Tesareflilas bifawimanas T wdestiou

[ v
137 YT B Navms Tana191 Sau 1o 156

i ou, >, Wox = 1 (3.13)
L E Y '

hou,>u, Wox, = 1 (3.14)
i ouy >, Wox, = 1 (3.15)

: o do i o : -1
?qiﬁwaawﬁquuﬁ 3.6 () Tﬂﬂ1ﬂqoqsxﬂ?ﬂULﬁaumqguﬁ 3.6 (1) wananm

o - - ¥ o 46y o
uwi x,,x, waz x,  Heduiudamiearaniaa mquuﬂﬂunsnLiﬂuuaawnTnQQTugﬁnaoﬂun11

-

vo X
NNATIN Lo

W = X, X, X, (3.16)

P _ —_ -—

W, = Xxx, (3.17)

P _ = L

W, = X X, X, (3.18) ‘
P — -

W, = XXX, (3.19) ,
P -

We = XXX, (3.20) |
W o= XXX (3.21)
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X1 1 0 0 0 1 1 1 0 0 0 1 1
X9 1 1 1 0 0 0 1 1 1 0 0 0
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(n)
U
Uy o—
<
U3 8
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3.3.3 dquuUaQLaﬂnqn
N [y 4 ’ o e 4
dvuﬁazqwﬁmmﬂmmSQLaﬂnqn Y 13 It Bainraind Tazseiinading
dndagadaviu Jaulnnasif 3.2 dunTa i Biag luguniautasann W Tiéiil

Y

Q W (3.22)
Tash

. T
Y = Y, Y, Y Y, Y, Y] (3.23)

Q = 000110 (3.24)

3.4  ATABNLLYINATATIN
IMANNIT (3.22) B WiRwTnaanuuuaTaTin s 9 Ha
UM W RMANATT (3.7) A9 MANNNT (3.22)
Y = QIXW+XW3 (3.25)

W NFUNIT (3.8) aqquaunﬂ1 (3.25)

Y = QIXW +XRW3J (3.26)

UMIA Q IMANATT (3.24) UASIIUAT R AFNANT (3.12) a9 luduniT (3.26)
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M . e
Y, 100001 W
P
Y, 011000 W,
P
Y,| =x 000110 W,
P
Y, 001100 Vo,
P
Y, .. 000011 W
P
001100 W,
P
000011 W
2
+ X 110000 W (3.28)
P |
100001 W,
P
011000 W
000110 W
L. 1 L 6._]

NNTAAARLLANNFNAIT (3.28) #1170 1 Last Seuaun19aT9nna Y, (i=1,2..6) ufas

ar ar 1 [v] ar x
faaanun anddadteity dwdu Y dwaaa BaulEdal

’ P P - P P
Y, = X(W  +W ) +XW  +W ) (3.29)
umen W, W, W, W, Andum1T (3.16),(3.21),(3.18) uay (3.19) avhilu
dqun1T (3.28)
Y, = XXX, X, + X, X,X)) + X(X XX, + XX, X)) (3.30)

“I#arduansml (Karnaug map) amzﬂWﬁLﬁu

Y1 = X xjca + X X X, (3.31)

x@®x) . X, @ Xy) (3.32)
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3.6 wan1snnﬁﬁdanﬁ1nﬁaqﬁmmﬂm
5ﬁ501nqﬂztﬁuiﬂﬂaut1a§1ma%uuuﬁﬁwqﬂuTﬂaﬂ1ﬁﬁqqnw?3aﬁq1mTam (Free

wheeling diode) ﬁqﬁun1151ﬂnﬁ1ﬁ1n1zuﬁTnaﬂnaodauﬁLﬁuqﬁn1ﬁﬁ3nﬁﬁaqﬁLﬁﬂﬁﬂﬂﬁ1ﬂﬁﬁ
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L
—4

3Uﬁ 3.13 udavIvITuiaY o 1 i @ 3

sw, iy sw, ifudinddaeny  uasaauaafiaadinendinsuaTuaadariiag
ﬂ?ﬁﬁéﬂﬂﬁﬂlﬁﬂﬁutﬁu1ﬁﬂﬂaa sw, v sw, Hasiihmauwdiamnd (Complementary)fiu  Hn
tAaTataduay Overlap)futu  dinfhsdasinrn 3o 1 winsin1iaraTndanumgeing
1o Fmniddndidacinaietu Gap) fazifia RBSB Buiilaeunannwiesniiasaludue
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3.7 nvidasiun17iia RBSB
ar o0 o O ar
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-28~

4 Ias y ar n‘: o [V
ﬁﬂiuagnununmnao c, uav n1suﬂﬁ1natﬁﬂU1zj ot Thellavdaawiveuna c, 8an
e e Binan Whadan C, gqtﬁuﬁﬁaﬂaq C, LANUAETASNT ML AATHIE  GviiAraa

' . . '0 /
R, mm i liiladinen lbhaday c, ‘indninvaemimuaian ¥ amrrmeaav 1y c, mim
2604F 400 V wasriwua Widnen biladan ¢ bitfu 250 v uas R 1§ 800 0 120 w &
- o ar 4 < ] ar
WINITAILANNITIN MLAAINTIR 3. 15 Tasst R, uas R, gasuviséing Ll U~ wbi

3 d a [ o 1 [v) 1]
niuntlaut 1179371 1T e aveina 1 Wi Sulsenaudae T, uae T, mewdwiy 2D, W

o I o~ o 5 I's
T, Fewulsdnmeaiaiewdion Lb,  wiasivlin T, T 39 T,  ussniwiddiaad

AaRe T, asinTsudiile A ﬁdngtﬁaqwawuaqq1tﬂ?ﬂutﬁauﬁnmﬂiuﬁﬂLuﬁauﬁnﬂuzuﬁoﬁﬂ

W T, dnseua

-
:/
'/
”— )
i *>- i re
* D <
o0
o——1—4 CHS7
[,
I <
$ g .
| al [}
™~ =]
/
'/
'/

i ] [ ' d
Eﬂ?l 3.14 uﬂ’ﬂ\jﬂq‘iﬂBQQQTllﬂaﬂﬂﬁﬂﬂ']‘l‘lm']‘lu')\iqTFlﬂul e 1Y00k]



29~

CB?.—,PGCRGZWEFF?P?@NWGG~mp\_.:cmﬁ.—.ﬁrv?mz_wr@.mhrczwﬁﬁawwvhvﬁms ST-¢ W?M

AD o




-30~

3.8 N7AAATWEYL e R ing

Ftnarm i uaditne bl s Budswaasaanasina bl ualy
$ifadnTn 7L RmuaenaenTeuavtaine il ?qﬁuﬁﬁquaqﬁﬂaﬂugmtﬁanﬂqﬁﬂuﬁwﬁquu
n1ﬂu%dtma§§qﬁaé Fea1aifin FBSB wia RBSB iy ﬁq&uﬁwmﬁuﬁaqmﬁu10ﬂ1§uwﬁq
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L 74
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u, = 1 i (t)dh (3.33)

=
i}
.
-
a
o

(3.34)

cs L

\dan C_  1a liinan Wihadaudiadndidniiie U, Tiwmn b =t

MNURUAITL QdN Cs 0Nl
c_ > It (3.35)

o Y d o o o 6) t
uagﬁﬁnuuanQﬁuﬁiLmasaqnaﬂisjna6ﬂﬂn t, TR 1 %tnen lwihadan e
¢ < X P ' v ‘wl -
?tma1twuiuquniznngnﬂﬂﬁnﬂ11uﬁﬁnaqunaqqqa1u U S faswnanniauda aad tuaea s
&, D 1 as v
udTunqannauuwtnﬁnuﬁnm11wﬁﬁnaquuaqwﬂa

P ‘ d
RSN luanT L aadaa

. E., = 2 c U (3.36)

-

v d o o .Y [V ' He [
\anTmidiaafgnin Binsuddnete  wiseminaingngudanatu R, i f

d O d ° o :
(uarwd lunaieumamsnddiaad AEsewigaanalu R #a

P,., = 2 c_ U f (3.37)
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#1130 C_ Lty nﬂaqoﬂuﬁgmtﬁﬂTun1ﬂuidtma1aﬂaq umﬂdﬂuggxﬁﬂquﬂdﬂu
) < X .
AN R ALY

o <i< 4 < o v 6 w <o o

nunnn1ﬂuiﬁnma1t1quau1n1zud AWAWNY R, mrTmiinnaniianTsudans

H ] . P ' < I's
U153uﬂnqmﬁ1nawﬂun1ﬂuﬁﬁtma%qﬁﬁnﬂﬁaaﬂnﬂ RN I, tﬁuﬂqﬂ1suﬁuqﬂ§ann1ﬂu?dtma1

a s '0 1 [ 3 .° [(v3
aan i w e war 1 (hunssudTuaaTusarinhnaeud  wasdum@an R_ tiniuninfienteudang

d - ¥ ]
ﬂ153na0ﬂﬂUﬂ?Lma1 AN R 1oda

R > U (3.38)

3 -1 ’ ' .
?qﬁunw1auﬁ1ﬁudunﬂ1ﬁqﬁnﬂﬂwﬁazQWnae R,
) 8 v o t v
guawIndanay R uumw1m1ﬂn13azt1aﬂuﬂnizuﬂuaadﬂ T 1ANNT DA
q [ q ON(m1in)

s " 1 ] - ('l 1 ] o '
(AT Lﬁa1nﬁﬂﬂ15uaﬂumuﬁﬁmaagn1uag aanuuuqﬁﬂﬂt1a1u1n1suaﬁaaqﬂaﬂwqﬁaatﬁudﬂu

3 ' 4 4
tﬂqﬁﬂﬁﬂq1ﬂuﬂﬂuﬁ“ﬂun RaCs

T oo tns > 3RC, (3.39)
L) v <y
(Hawlidngaa
R, < Touemens (3.40)
3c,

% ’ <3 v d'oflv [ o ¥ o4
NVHNEAIINI1 Rs AT TUDHWANN “ﬂﬂTﬂﬂﬂﬁTviﬂﬂﬂ Cs LT3 ANUULANATIN

N7 (3.38) uar (3.40) L Hdasiiuss 18

U < R < T (3.41)

P s ONC(min)

I,-1 3cC,

d@ﬂﬁﬂt1ﬂ1§ﬁunﬂ1 (3.41) uar (3.35) R WTuaunmIan R, ua¥ C, uaw
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qn1T (3.37)  dwTunrsewaiiiendeay Ranas R

3.9.2 AT MBUENT WAL AaT L SnianTeud
(Q‘O o O o o 41'
BUENTWBAL DT L TUUINTEUR L, qztﬁum7ﬂwnmam1ﬁnﬂ1tﬂaauuﬂaqnaqn1zua
{ [v3 & o ) [ uv Y] U '«u
Nl i msuBaiead A mamian L, ‘liwdnnnedaifeli L, faman a1 van 1
NTEUR L AuATINT B L aafaan 1 Inad wiie 1839 a I, lagnisuaiiiaanls (Rise time)
o 3 : o P's ¢
R ?aLﬁutqaﬂﬁﬁnaﬂ1uﬂﬂmnn%aumqn1wuﬁdtma1LﬁuQua

(v

4
ANUU

L b Ut (3.42)
P

wariiianimdd aafugeionaaud wisendlaanly 1 ondaans uarwdouls R,
uae D_,  fliiRednen lihanadau R Fedrdinan bdwasnaa Bidna ihadanasa
tantaafnaminddiaafiiudnan e s sing ﬁﬁ&ulﬁﬂqﬁﬁﬂﬂﬁ1uﬁﬁﬁlﬁﬂ%ﬂiﬂﬁﬂaéﬁ
U,, fMwdwngaeanuuy R T6da

Rs

R = U (3.43)

sL Rs

e ' & [V - I 0 3
umﬂﬂ1nuﬂauaumun- L_/R_, ATERDRAR DINURUNITEINR 1R

3L < T (3.44)

off(min)

nMauianeRmAEeEas R, i lian

2
P = /2 L_1° f (3.45)
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3.9.3 NNIWMMMET C_,R_;L_,R__
tiivaniinen haawmednauad fn e ihasaums il aafuiaan
uiae ﬁﬂ&u301¥dﬂQQQQﬁtﬁulﬂTﬁuﬂﬁ1u1m nanAe i U TA1 250 v nazud IwaiuTvaa
L

I, #1754 Uy, #6150 Vuar t, (3manamuan @) 81 1 us MANANT  (3.35)

dmTna el c liaa '

2 U

CcD

> (BA) (1us)

(2) (50V)
> 0.05 uF

1] H 1] v 1 1] o s o
a1 aadim e lufiavaaia Jeidanlidn C_ tM1ifu 0.047 4F 630 V 3MINAN

unA R Tas1Han I, 81 15 A (@N1AMAIN A.) uazqzasuqaﬂﬂﬁnszuﬂﬁaﬂqﬂ
<4 1 [V ' o 1) v
Toncmin, HA1GIHRENTY 10 45 FWNTRAWIIMNAN R, lH3nayns (3.41)
250V < R, < 10us
(15-5)A (3) (0.0474F)
25.7a < R < 70.9 0

. . ] L A o [Y) o
\avanaminasion A vasnna 2 kHz  Geii £ = 2 kHz 1 liewnTaan

uﬁuWﬂﬁ1ﬁﬂﬁ§@Ha1ﬂ1u R, 18 s7nauns (3.37)

P (1/2) (0.0474F) (250V) % (2kHz)

Ra

2.93 W
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AR 9 liRan R, il 45 o 10 W uasuTe t_ (3nAA
<~ 1 4 p 7 o 1 v
MU AL TR 1 oas M BETE N TIR oM L, Tananns (3.42)

L > (250V) (1us)

(2) (154)
> 8.3 uH

1% L_ @1 10 uH

Laan U, ‘miu15 Vv Agm1T08 WM R, 183 naunis (3.43)

R, = 15V

5A

= 3 n

dwTeAmRRianEemae R, B3 ndunT (3.45)

P (1/2) (10u4H) (5A) % (2kHz)

Ral

0.25 W

¥ <~ ) ar q . ar
GeIeiRanld R, MU 305 W uaziianII3daudn R, fiudunns

g < ' es

(3.44) Tﬂﬂ TON(min) 2 (MM TOFF(min) SHANLNNY 10 4s 8ULNIN

T > (3) (15uH)

OFF(min)

3n

> 10 us

3 J 4 4 0o t V] o ar )
TIUHAIIA R‘ ﬂﬂﬁﬂﬂ?ﬂﬂﬂuﬂﬂmﬂqg1ﬂ AMUN1TITRAN TON(min) “%ﬂ
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T = T (1.1.1)
n‘:’ma‘udi]‘%ﬂxiﬁﬂuna\igmﬂﬂ (Open-loop transfer function) fa

F (s) = K, K (1.1.2)

niﬂuatuaéﬁqﬁﬂunaqgﬂﬂﬂ (Closed-loop transfer function) ®a
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F_(s) = K K (9.1.3)

/
2 2 2

F‘(w) = K K (2.1.4)

Lﬁaqﬁﬁﬁqﬂuﬁﬁqﬂ F_(w)

Wt -2 K, K, T, o) +w T o

R1 S1 ni

0 (8.1.5)

2 2

™ -2K KT o +wT,_ o = 0 (1.1.6)

nl R1 'S1 ™' n1 1 1

- u’. & 1V [ U4 U4 . .
A wFuTzuutuadaw leaia lnE2sitan Inleaudumsyimiena  (Mechanical time

' s e . . ' o ¥
constant) uwazan Indrausuawinie il (Electrical time constant)@aufinen @i

' ' i o & o & o X 2
e Bl hdanwiigena siapwaifeniuan  daiudansinay w T oo,  asnl
< »
fiae 18
2K K.,o, = T (2.1.7)
Wa T . = T, W
ni 1
K., = T, (1.1.8)
2K o
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YA T,=T, 3 K,, = T, /@K, o) AN luaun1s (1.1.3)

Fpo(S) = 1 (1.1.9)
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WNTWNTEUMANT  (Process) wafi 4.3 () an Indeausuonfimunalm T,
‘J 3 ar 4 ' 1 ! ¢ 4 P
mnglunssumns  BvlussuuiiuafawiaanmaasnTetseanu fuen Indeausuauina a3

v 8 ¢ £ o i
i T, mquunsquaLua1ﬁqnﬁunaqnizuqunﬂvﬁgnnauquﬁa

F (s) K (#.2.1)
P

sS2

sT (1 +s¢)
(=] n

Tan P

o, + 20, (1.2.2)
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Fg(s) = KRz Ksz (1+s Tnz) (3.2.4)
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A Thununaia ‘
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Lz 2 T
K R2 K sz ’ KRZKSZ
uar a, = T __,- 2T, T, (1.2.9)
KRZKSZ
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RO 1 + ROZ
T. = R,C, | (1.3.4)
R, = R, +R, (1.3.5)
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wax R, > R (1.3.7)

a

IMEUNNT (2.3.5) Uaz (1.3.6) Hali R, =R wl¥

-U(s) = | U(s) - U(s) K, . 1+sT_ (3.3.8)

n

st 14st_ sT

Tazh K, = RJ/CR, (1.3.9)



_85_

AANUIN @

do o
7ﬁﬂa8Laﬂﬂﬂﬂﬂﬂiquaﬁlﬂﬂ7ﬂﬁaﬂ BUX 48A



MULTIEPITAXIAL MESANPN |

-86-

Yoy s P B
e

£ Ui i Buv4s BuvaBA
Y -7 % BUX4B BUX4BA

A
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T

wnE e v

HIGH VOLTAGE POWER SWITCH

The BUX48, BUX48A, BUV4S and BUV48A are muitiepitaxial mesa NPN in TO-3 and SOT-93
{TO-218) case, particularly intended for switching applications directly from mains.

ABSOLUTE MAXIMUM RATINGS

BUX48 IBUX48A| BUV4S lBUV48A

Vces
Vcen
Vceo
Veso
lc
lem
Iep
Ig
lam
Ploﬂ
Tsg
Tj

Collector-emitier voltage (Vpg=0)
Collector-emitter voltage (Rgg = 10Q)
Collector-emitter voltage (lg =0}
Emitter-base voltage (I¢c =0}
Collector current

Collector peak current (t, <5ms)
Collector peak current non rep. (1,<20us)
Base current

Base peak current (t, <5ms)

Total power dissipation at Tcae <26°C
Storage temperature

Junction temperature

v

850V ! 1V I 850V

850V
400V

I TV
450V

850V
400V

1000V
1000V
450V

A"
15A
30A
65A
4A
20A
150W
-65 to 175°C
175°C

175W
-65 to 200°C
200°C

INTERNAL SCHEMATIC DIAGRAM

MECHANICAL DATA

Collector connected to case

. Ju—._‘l—-] ‘%-rlu
B
g
!

]

cwn

545

Dimensians in mm

Collector connected tab.

i

-~

(sim. t0.T0O-218) SOT-83

2/84
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% BUVAB BUVABA
BUX48 BUX4BA

»

THERMAL DATA

Rth j-case

Thermal resistance

junction-case

max 1

OC/W

ELECTRICAL CHARACTERISTICS (T,.c =25°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max. {Unit
Ices Collector cutoff Ve =rated Vees 200} A
current {(Vgg=0) same, Tcaee =125°C 2(mA
lcen Collector cutoff Ve =rated Veer 500 nA
current (Rgg =100 same, Tcase= 125°C 4| mA
leso Emitter cutoff Veg =5V 1{mA
current (Ic =0)
Vceosus)  Collector-emitter Ilc=200mA  L=25mH
sustaining voltage for BUX48, BUV48 400 Vv
{lg=0) for BUX48A, BUV4BA 450 \Y%
Veso Emitter-base Ig =50mA 7 30} Vv
voltage (lc=0)
Veeisay®  Collector-emitter for BUX48, BUV48
saturation voltage Ilc=10A lg=2A 15| V
Ic=15A Is=4A 35|V
Ic=15A fg=3A 5( V
for BUX48A, BUV4SA
lc= 8A lg=1.6A 1.5| v
|c= 12A |g=2.4A 5| V
Veeway  Base-emitter for BUX48, BUV48
*  saturation voltage lc=10A Ig =2A 16| v
for BUX48A,BUV4BA )
lc= 8A fe=1.6A 16{ V

* Pulsed: pulse duration =

300xs, duty cycle £2%

546
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BUV4B BUV4BA
BUX48 BUX48A

ELECTRICAL CHARACTERISTICS (Continued)

Parameter

Test conditions

Min. Typ. Max.

Unit

RESISTIVE SWITCHING TIMES (See fig. 2}

ton

Turn-on time

for BUX48, BUV48
Vee =150 lc=10A
lg1=2A

for BUX48A, BUV4BA
Vee=150V  Ic=8A
lg; = 1.6A

Storage time

for BUX48, BUV48
Vee=150V  lc=10A
Ig1=-lg2=2A

for BUX48A, BUV4SA
Vee = 150V Ic=8A
Igy=-lg2=1.6A

i

fall time

for BUX48, BUV4S
Vee=150V  Ic=10A
lg1=-lp2=2A

for BUX48A, BUV4SA
Vee=150V  Ic=8A
lgy =-lg2=1.6A

0.8] us

0.8( us

INDUCTIVE SWITCHING TIMES (See fig. 1)

ts

Storage time

for BUX48, BUV48
Vee=300V, le=10A, Lg=3uH
Vge=-5V, lg1=2A

same T¢gge = 100°C

for BUX48A, BUV48BA
Vec=300V, lc=8A, Lg=3uH
VBE= -5V, lB1 =1.6A

same, T¢age=100°C

2.7 HuS

i

Fall time

for BUX48, BUV4S8
Vee=300V, Ic=10A, Lg=3uH
Vge=-5V, Ig1 =2A

same, Tcpee = 100°C

for BUX48A, BUV4SA
Vce=300V, Ic=8A, Lg=3kH
Vge=-5V, lg) = 1.6A

same, Tcase = 100°C

0.16 us
0.4] us

0.13 us
0.4] us

547
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(a)

15

12

10

Safe operating arsss I —7 . — G crsm2
C = % PULSE DURATION
(A ) [Ic MAX PULS. 3 ;
- i T™~ 1 [ 1 10PS i
: | 1cMAX CONT. \\T N 100 psit
. RN ~ ims
0, B N T ALY ' 10ms Hi
=. o l' + l‘ res 6
- - Ay T
“foc opeagnorq—’-\. : —\: o
i1l ;
TN
LI : S 5
& 3 2 1 1 T
T v T 1Y .
- IEEN| Ty a5
2 . vl ! \ I
FOR SINGLE NON¥* I \ i
16 LREPETITIVE PULSE i N
e = : e — ;
: 4= == N
— i . 1 AW |
. - —— i
] , (1BUV4B /BUX 48 >
BUVLEA /1BUX 48AL—
102 Ll f1
? . €8 M « t t 2 2 « 68 3 H « 68 ,
1 10 10 10 Vee (V)
Clamped reverse nzs safe operating Forward biased accidental overload
areas arez (See fig. 3)
l T G-2:30 6-52)17
1 I T ] T [T117
] ; (2) ' [ tpS20 ps | |
: . ; % Teagen125°C
1
T 7 | 7 = eo i } 1 2087 1=
. ' BUVLe 70 — ™ 1'2_,,—
T T Buxie ’ I
L ¥ : 60 7 ] / L
* T | 50 /7 t LA
[ ! : At = g
1 ! i TR o UL e L]
: j BUVGBAT | I y/ =TT
T | \ BUXLSA 1o W21 v 1]
R T \N__| i 3 /0D OO IIIIN Vi
[ Tcases 175°C AN ; 20 WAL XY XA YA
 Ygg oSV ! ~ ! L LLAL A X
; N 1 1o VoL AN LY A
! i S LN A
1 | [ P L L e
100 200 00 400 5T 630 700 VCE(clamp) (V) 0 2100 200 200 400 Vcgtv)
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BUV4B BUV4BA
BUX48 BUX4BA

DC current gain

. 6-%218
hfe
Tcase s 25°C
\ VeE 5 9V
30 \
\\ 14
20
10
\>
0
05 2 15 S5 &5 8 85 Ic(A)
Collector-emitter saturation voltage
6~ %2260
Vee(san
v)
) \\ \
sA \m 154
RINAVENN
N
1
P ——
[
[} 2 3 4 5 €6 1g(a)

Saturation voltages

6-5278
(v)
n 4
hege b Ll
'2 | P [
. I P 1/
VBE(sat) e
. "
AR 7oy 03 ¥ /!
' | [, asec 4 §°C
7
4 N /
0.6 e ~
7, 7
0.4 A=
-— VCE(sat) -
02 ' 4:/
e - n
- |
0 2 ¢ 6 8 w0 9w It

Collector current spread vs. base
emitter voltage

6~5228

1
(a)

Vce

'CI‘Q

s 15V
2 25°C
Contidence Levels

95%

0.7

0.8

0.9

1.2 Vaelv)
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BUV4B BUV4BA
BUX48 BUX48A

Switching times vs. collector current

with lg constant

6-$2)4
1
{ps)
S ~
‘\'\ ts
2 i .
Vo= 200V
Igys-lgza3a
' 1p 2 20us
L 50 uM
os -~ Yol
~
\‘\ -l
\\ 1
0.2
0 2 & 6

10 12 ¢ (a)

Switching times with and withour
antisaturation network (See fig. 1)

G- 81368

T3

—JINDUCTIVE LOAD —
— 1g
=
\~.~\
%5 T witn annsaTURZTION
NETWORK a0 — o
WITHOUT ANTISATURATION
02 | NETWORK [N
L L L L
:.._..‘—‘ gl g T
005 —r—pF =g Vec « 300V
RO SRS Yggs- 9V
7 s N | N i e =5
007, 1
[ ty
0 ? . [

2 icia)

*6)

260

220

140

100

Switching times percentage
vs. case temperature

Switching times percentage variation
Vs, case temperature

5-%132

L

Ve x 200V
181 1-1g7+34

ic «10A

tps20us

Teasel*C)

(%)

180

160

NE

WITH ANTISATURATION
NET WORK o o o o
" WITHOUT ANTISATURATION
T WORK

N

140

-

\

\

5

. AR

Teasel"C)
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| .. . -BUVAB BUV4BA
0+ BUX48 BUX4BA

Switching dimes vs. coliector current
(See fig. 2

G=-520
! o
(ps) L 11
. Vee » 150V ]
$ — ; lgr 2=l T
\ hepe B
! N!s
H \\
1 ™
N
1
25 Iz — =
| , o ty
?L...—
0.2
o RESISTIVE L0AD

] 2 - 6 e 10 12 1 (a)

Switching times percentage variation
vs. case tsmperature

6-52))
%) l l
RILSTIVE  LOAD
180 . s
2 /
160 i r/
i o)
1420 Y / / vV
R //1/
120 / L] 2
Y
|
100 -—a/ *
5 ©Q 75 100 Tease 0C)

Fall time vs. voltage slope (See fig. 2)

G- 9229
o~

ty T
(ps) 1 dviar

0.2 T —

\‘ Ic =104

0.t

[} 1000 2000 3000 david (Y1)

Dynamic coliector-emitter saturation
voltage {See fig. 4)

L4 G-5227
VeE(sat)
) \ l\
s \ 1c+10A lg« 24
1 ~ |WITHOUT SPEED UP
v ‘\ L7 “Jcaracitor
& \ R €2 100F]
b WITH 10ni
\ \\\ \\ © WITH (:SOnF
\p N ]
& AN \ {
< Teaset¥00 °C
} v, \\ S ~—
//\n "i a ﬁl
2 I i Tease =252
WITH SPEED e
UP CAPACITOR Te~y donF ==
Tcase* 25°C l SOnF ]
i J L
0 1 2 3 & tonAps)
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SﬁEED CONTROL OF SEPARATELY EXCITED DC MOTOR BY STATIC CONVERTOR

-~ 2

uuwinu Qninvs AR TIN
o -

21Fnk Sasfinm 2. U,

d L3 - — —— ¢ - -
il'lQ'l1Ul]1=Q’lﬂ"ﬂ’)ﬁ'\’)ﬂ'aﬂ111.l1:uu.‘t’auﬂu RUSAFAINIIVFANGTN Fadu Lﬂﬁ‘l'ﬂ‘lnuﬂ‘l:QOu than

KU URES TSR UL LT I - Y

[
unfauo

unAdwadulpdunefiv niepaniuy naaasa UBSNIINADOVUDSITUUAIUALUAIL -
\irsauue el nszuanseuiinnszquuen ( Separately Excited DC Motor) lmelene-
osSiinmsadinannds (Power Electronic Circuit) waminile- nhdvlwuaines  szuuaau
quﬁlinﬂusﬁuunauquuﬁnnﬁaLnn (Cascade Control System) laufiszuumiununizualvia

A9 Ina L1712 995815 0 LIRS (Armature Circuit) Ldugﬂnauqunﬁulu ( Subordinary
Control Loop) uaziizzuumivAuariuiidsoutdugWnivAuaieueninduniis  gousvesnluny
(Controller Circuit) 151vq1ﬂ1uquau1nanﬂﬁa PI(Proportional plus Integral
Analog Controller Circuit) sansannsnasevszuufiasiviulaslvue teesuyuitaanuida
* ° ot g - * o . e e S -
30U 1,000 saumaunfi  undiiinlanlvdvuatnesludufinule (Step-load) sanlufilaalud
.

o« pu | - X - - L4 - . < - - -
lentduivavueings  szuvviawasona lvue tnasvaundugaaw t3aseuidnlanely 2 Suail

ABSTRACT

This paper decribes the design, development and experimental
analysis of the speed control of a separately excited DC motor, using a

power electronic circuit which controls the power of the motor.

This control system is a cascade control system having direct
current of armature circuit as the subordinate control loop and speed
control as the external control loop. The controller unit uses propor-
tional plus integral analog control.

The result of tests on the built system show that if the motor
rotates at a speed of 1,000 revolutions per minute, and an increased load
is immediately applied to the motor, its status changirg form unloaded to
fully loaded condipion, the system causes the motor *: return to its
former speed within 2 seconds.
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