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Abstraet

This thesis presents the design, construction and experiment of a
. PWM converter, using thyristors as solid-éﬁate power switching devices
in order to obtain ac line input current of the converter in a sinu-
soidal PWM pattern. This is achieved by using a forced-commutation
converter which is developed from a conventional phase-controlled
converter w;th some addition of commutating circuit (L,C and diode)
used for circuit commutation purpose. The main purpose for the reseach
of this type of convera%r is to improve the input power factor of the
converter, and to reduce the harmonic content of the ac line input
current ;especially for the lower-order harmonics. The principle of
operation of the main circuit of the 1-phase PYM converter, the commu-
tation process of the thyristors in the main circuit and the principle
of PWM pattern design and construction are first described. Then, the
PWM patterns of the ac line input current are designed, using both si-
nusoidal and dc voltage waveforms as modulating signals and a triagular
wvaveform of high frequency as a carrier signal. By comparing the

carrier waveform with the modulating signal, the firing and extinction



angles can be determined which is again used to specify ‘and analyze
the harmonic content of the PWM ac line input current. Besides, the
harmonic contents of the PWM ac line input current obtained from the
proposed PWM pattern and those obtained from the conventional phase
- controlled converter are also compared and discussed so as to inves-
tigate the improvement of performance of the proposed PWM converter.
In order to verify that the circuit operation and the principle of
circuit commutatign of the single-phase converter described above
can be extended to the 3-phase version, the 3-phase PWM converter of
the same branch circuit are also constructed and experimented and va-
rious characteristics are obtained in the same aspect as in the case
of 1-phase version. Besides, the gnput characteristics of the 3-phase
PWM converter are also compared with those'obtained from the cdnven-
tional S-Dhase phase-controlled converter as in the case of 1-phase
version.

In Appendix (1), the PWM converter is applied as a notor speed
controller in a dc drive system in which a dc motor is used as a load
of the converter. Then, various characteristics of the converter are

obtained experimentally and the drive system can operate successfully.
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ad
nsan 1 Fundamental Power Factor = Total Power factor

4 <
e v, luRanug e

t

I, iiudamougasd

1

4 ¥ L
nsan 2 Fundamental Power factor fuinany Total Power factor

4 ¢
wa v, luannugnerd

i

4 ] ¢ < a . .
wia I, Ctuodufugougasy tgad’annine Harmonic Reactive Power

4 3 L v
uNTAN 1 HU3Isu1IA1 Total Power factor (N ‘laiaf

Cos « = Real Power(watt) / Phase

-

I

vhase ° phase

] 4 1 E 74
FUIUNTAN 2 3uMIAY Total Power factor O\ 1aaan

by = Real Power = P, ... (2.15)
Apparent Power . P
Taa#
P 7L TTT) \L> +n§112 .. (Apparent Power) .. (2.16)
P, = P (Fund)+P (Har) ..(Effective or Real Power)(2.17)
sy B =Y P¥ cgs “1-
P = V,I sin «, ..(Fundamental Reactive Power)..(2.18)
P, = V1j1:£:212 .. (Harmonic Reactive Power) ...(2.19)

31 Apparent current = Fundamental current + Harmonic current

fiufa I, = I, (Fund) + I, (Har)

i

d wy
FMNFUNITN 2.15 ¢'A
P, (Har) = 1/ V _.I, _(Har) dwt. =0

27

4 < dad - »
LUa93IN V. uas I, NAWANRNGY  3zia

O e ' g
P, (Fund) = 1 [V, .I, (Fund) dwt Tiinafiu 0 uwasdaniudin Real Power

in 1
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P (Fund)

27
1/ (JE'Vlsinut)(fg I,sin(wt+a) ) dut
o]

PA S
ol

1.z2v,1, f (cosa,sin wt+sina sinwtcoswt) dwt
. o

2n
27
= V,I, Ccosx, J (1-cos2wt) dwt + J sina sin2wt dwi
0
2 ' 2
4 4 3 4 “ o
(davanWenty sin = 0 N wt z 0 uaz 27 Avily
2
21

P (Fund) = V I [cos«,(wt) - cosx, [ cos2wtl dwt

— o [s]

] 2
4 ¢ o 8\ b -
(a3t cos Lﬁuﬁenﬁug_ =0 Aviiy
P (Fund) = V I cos « . 2T

T 2

4 ‘ a ' o
= V,I,co8 @, N3 «, = « ABNNTEWIW I (Fund) My V,
q i n

Aol 3z1@ P (Fund) = P, = V,I, cos«x, ... (2.20)

URALAINFUANT (2.14),(2.15),(2.16),(2.17) 1a¥

P = P; + P (Fund) + Py ...(2.21)
UNUATIL TR
2 2_2 . 2 2 L W AP
P = VY Iy (sin «  + coOs a1)+V1“§zI
2 2 2.2
= ¥ [+ I I
2 =< 2
= v, I+ g, ... (2.22)

»

4 d '
IMANNTITN (2.13) HaUNUAILTA

Ny = V,I, cosa,

1

AeliuIL1A11 Power factor 1o () = g cosa, ... (2.23)
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o
Tagn
# = distortiocn factor = Fundametal currentirms) = I
Total current(rms) I ..
L = I1
2 o 2
+
Iy nEzI“
nav
cos «, = Displacement factor
- a
UUAD
Power factor = Displacement factor x Distortion factor ...(2.24)

A ¢ ¢ o 9 { a ¥
1un71nqauqn LWIL2aTUWALRATAEY LaT/AT ﬁauz1aftuaiﬁuaﬂvuanWﬁuuﬁﬁuw
v o -3 IV R TS 4 { 4 o
FantaangunIn (2.23) aztuu1auwaﬁauqn LWat1aJuwALaas (P.F.) TUagNUAI
of as CYI | 3 ’
4 URY cosa, TRENANHUZAIABTUL
‘il- d - }y’ i o
1. P.F. axuﬂﬁaaavLﬂﬂﬂiuqutﬂanisua (x) HINAU (R COS « IVUATAARY)
4 4 ¢ i g )| “ ¥
a. LuaqawnzuﬂaunaqnizuﬁtaﬁYauasTuLﬂasuuﬂaquu1WQsU1uqu ()  AIULAN
LI 4
M IEHARINLANA

d f 4
IMANNIIN (2.5) Uay (2.10) UNUATIASTUANATITR (2.23) Reld

P.F. = u X8, ...(2.25)
100
= K 8y cee.(2.26)
4 ' d
wia K, = a4/ 100 = RIAYN

“ o [ ' £ w8 { ¢
LTIFUITAUAANAINANWRT TENIINALWIL2ATUWALRRT (P.F.) nuadtUaTLduR

D e - veo J X
uiuauﬁﬁnﬁaan (e,) 1aaquﬁa¢1ugﬂn 2.5(a) WAr 2.5(b) Taganfadun1dn (2.26)

v

v og
AT 1 WE IR K, = 0.0090 uAEnTd 3 LWF as1H K, = 0.00955 @9ii

o

[ ' ' é { 'S 4 o
35iﬂu1517 ANWILI2TUHALADTDDY la%/a% ﬁaul737lﬁﬂ’ﬁﬁﬁﬂ?ﬂﬂuluﬁ?zuﬂ7uu97Q

-~ - 4 X - W v ' '3 4
nuA1 e TﬁﬂtuaﬁﬁgﬂlnﬁﬂTSHﬁ {x) NINAU (ed HATUAERY) ANLWILIATUWALRATIAN

¢ ¢ ' 4 '
ABULIATIABTIZNATAAAY (LUAY3IIN COS o HATARAY)
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LI, + RI, = J2V___ sintut+e) ce (4.1)

381811

Rt /Ld

I = e rdZv o, T e sin(wt+e)dt+Kl ... (4.2)

TaannTaunitnTniiudiun (by parts) azts

~Re/Ld

I.(t) = Ke + E, ERsin(Vt+t)—decos(wt+n)] e (4.3)
R* L ”
= Ke T E, sin(wt+e-9) L. (408
JRE+uLp*
4
(a8 ¢ = arctan (WL, /R)

AMUATHATL THAL (Initial Value) = I. 3v1a

I,(6) = (J2V__)/Z [sin(wt+e-¢)=sinCe-eie " + 1 e """ ... (4.5
o 2 2
Taan Z = /R + (uL))
ald of ¢
unsain L, HAWID 9
I, = E_(average)/R = constant ...(4.8)

4 a L] -~ o £ { ]
LAl Tan L AN L AR uNTARa YL 2T/ AT aautvastnaTﬁﬁaa1uﬁuLWﬂ TTATLE

e, = (Jav___)/TR L{cosa,-cosx,)+(COSa, ~COSa, ) +...+(COSx__, ~COSx_)]

oo (4.7)
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AMNFURTT (4.6), (4.7), (4.8) 3z1a97
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= (22.21V__)/TR . ¥ e (4.10)
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3”" 4.5 uﬂaqnﬁnﬁvnw11nanaqnfsuﬂnqnuﬂ1u1nua (1)

£1
4
M Th2
DL1 VN
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- F
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TUN 4.6 UARIMANVINITINAAINTEUR I, 7@ TANNATUTHEG (D)
A
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LI, +1/C [ I dt + V(<00 + LI (-0) = 0 ...(4.12)

L1

7

I+ (1/LOI, = 0 vl (4.13)

L1

31Nd4n15 characteristic

2
A+ 1/LC = 0 e (4.14)
A=+ [-1LC oo (4.15)
fetiuasta
I,, = Acost//L,C + Bsint//L C ... (4.18)

i . v N =
Liai muatineIal t = 0 A3 L1antTninanaTRaNdtAn Th uaz I (0) = 0

4
ALY A = 0

UNUAT A = 0 AvINANANT (4.16) 3vla

. 4
I, = Bsint//L.C a © <tC b, ... (4.17)
4 < T (o Y
(la t,, Aa LoAdMATEUE I, deaidudul § iy
9
t,, = mw/LC , ... (4.18)
4 v
IMANATT (4.12) Nt =0 3LlA

’ /
LI ,€0) + (1/C) [ I, (004t + V_(~0) + L, I, ,(-0) =0 ...(4.19)

i
Wasam I, (0 = I,.(-0) =0 uaz V_(-0) =V

L1 c1
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LI, (0 +V_ = 0 ... (4.20)
, .
I,0 = _(V_ /L) ...(8.21)
ANFUNTT (4.16) 3zla
/
I_,(t) = B/JL.Ccos t//L.C ... (4.22)
VMANANT (4.21) LAz (4.22) wlR B = -V__[C/L.  ...(4.23)
uUnuA? B avluduanT (4.17)
I,,() = -V . [d/L sin t//T,C 2 0 ¢ 6C &, ...(4.20

- s » o
dmTuluduzasnTeudtatlutlag <D 1auﬁRQ1caiﬁuga1uzﬂn 4.7 uaslﬁau

funiTmas I 1At

s/

i

Tuﬁ 4.7  udgaenAni9naTinanasnTsud I naqvqavﬁuga?uTuua ()
%

4 / r .
(L,+L )T + RI+ 1/Cf Idt + V_(~0) + LI+ L I(-0) + E, = 0 ...(4.25)

4
(a3 L, 2> L
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LI+ RI + (1/0)) Tdb + V,(=0) + LT, + LI(=0) + E, = 0 ...(4.26)
LI +RI + (/OT . = 0 ... (4.27)
I”+ (R/LI + (1/L,C) = 0 ...(4—.2.8)

A0 (4.28) IL1AXNNT charesteristic i1

N+ (R/L) + (1/L,0) = 0 ... (4.29)

N = r-r/L, + J/L)® - (4/L,0)1 / 2 ...(4.30)

wntd (R/L)% (¢ (/L0 1913wtRen L iuimoul R eday

Amuatn p = -R/2L, e (4,31
q= 1/LC .. (4.32)
w1
ICt) = e”“(A cos qt + B sin qt-) ... (4.33)
4 Y -
naar ot =0 I(0) = I, wwTwasliy A = I
IMAUNT (4.28)
'
I (0) = C[(E-V ,-RI) /L -1, . (4.34)

IMNANN1T (4.33)
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1¢0) = e”®’c-Aq sinq(0)+Bq cosq(0)l+pe  [Acosq(0)+Bsing(0)1.(4.35)

B = (E,-V_,-RI-LI-pA) / L, oo (4.36)

1
UNUAT q UAE p avlu (4.36)
B= [(E-V_) -LI -RI,J/JL/C e (4.37)

UNYAT B UAL A avlu (4.33)

It) =e [I,cos(t/fL C) + (E,-V_)-(R+L I, sin(t//L,C).(4.38)

(~R&/2Ld)
UG

4 ¢ a -1 L ] o
luBQﬁﬂﬂﬂﬁdﬂTﬁHL%ﬂunﬂﬂdﬂﬁ?ﬁﬂu"?lﬁﬂ?ﬂTMuﬂulﬁﬂnﬂTuﬂ?Ql?ﬁﬁﬁﬂ 9 uuﬁa t

v v o v o
t111na 0 uaw L, HANID AUy

lim e """*" uaw lim sin¢t/JL.C) ~ 0

t -0 t =0
v B . ¥ ..I
ﬂﬂuu1uﬂ1§l“qn17mul71ﬂ81ﬁ
I(t) = I, : 0C & <, ve.(4.39)

o

} 7
AMMNTEUTNIRAIRIWTUTUNT (4.24) UAT (4.39) LTIEWATANUTIAuIUWIATaY

- & H ve Y
ArnuiTes C Tug IR I

V(b = (/0 - Ipdt oo (4.40)
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= (/O fT-V_ JIC/L Dsin(1//L Cr+ I,1dt ... (4.4D)
= V_,cos 1/J(LC) + (1/C)IL = 0C & <t ...(4.42)

Taguan I, > I, =14

o

V_(t) = V_,cos t//L,C: 0C t <t, oo (4.43)

\lavann b, nia T v ﬁatvaw#ufqﬁu1wﬁwﬁiaﬁ C Lﬂugué
t_, wia t, .= JIL.C).cos "0 co(4.48)
= (/2. [T C L 4.45)

dmTueseautuiaagnnaan (e ) TeumiusaTouasutedutviirzacunasingt

' U
tad AuuTIAWIWWIRTaN C Gliu

1

e,(t) = E_+ Vcicos(t/jLic 1L S ... (4.48)

p 24 ]
uaziIadudagayTuun (1) Aataan ¢, Ferrmataaan

E, + V_,cos t /JTC _ 0 e (4.4T)
t, = JLCcos™  (-E/V_) cee (4.48)

4.2.3 Tame (R) (v t ¢t <t

§ 2 J
MasMmian b, v aztiuﬁﬂﬂgqnuﬂuuﬂnn11 E, Tundasezty 11w D, tTu

. o < 4 o ¢
UM TEURRIUFR \2'[142’1]71 4.8 uazzuaauu7~aauuasnwua‘lw{h1uhmﬂuti’aunna\mw

b3
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4 4 : a ' . r b4 8
RauNILANUAAIUTUN 4.16 THuR (R) L Favanua 191 ug 1901 T 9 U aUMUIN

L a
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! e 2 g o v [ 4
tnny (1/2)I, L 38318399 L4 ¢ nnlw .
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. YN T
L
L1
Thi THh2
DL1 c ML2Z2
Y { g R

[ I
I=1 - a2

ot \ 2R Y
TThS A TH4

1Uﬁ‘4.9 UFRINANIINITINATAINTEUA naq1qa1auga1uiuua (A)
9

< v
ﬂﬁﬂZUﬂ 4.8 lgﬂuﬁﬂﬂﬁT I 1u3ﬂ19

LI+1/1dt+V (t) +E =0 o (449)

c



I+ 1 J1dt = -E-V (t)
L.C L.
I+ (LOI = 0
fun17 characteristic
R+ 1L, = 0
o=t fFanLo
I(t) = Acos t//JL C + B sin t/JL_C

(o]
(3}

.. (4.50)

.. (4.51)

oo (4.52)

... (4.53)

...(4.54)

. v 4 v ; 4o ‘
nnuen t, ﬁatuaﬁtiuaunae§ﬂ1uﬁunﬁ1 (4.49) FuiiirasniFuimariads c

: J b x
Faiiuwanaaan L Tash T¢b) = T, Hedi
I, = Acost /JLC+Bsint /JLC
A = (I,-Bsin t //L_C)svost,/JLC

o 4 v Y
NIRNIUAR L =4 u V(L)) =

(L2930 17 I db+ V_ (L)
C
IMFAUNNT (4.39) 3z1AIN
Itt,) = 0

IINFUNIT (4.54) Uaz (4.57)

1

LC

AR

asin t_//LC = B cos t /JL_C

E,war 1 [ I(t) dt =0

... (4.55)

... (4.56)

... (3.57)

... {4.58)
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B = Atant //LC .o (4.59)

unuan B avlu (4.58)

A = [I,-Atant /L C sin t}jf:Ed / cos t /JL C .. (4.80)
A (1+tan® t /JLC) = I /Jcos t,/JL_C ~...(4.s1)
A = I,cost //LC oo (4.82)
B % I, sin ¢t ,//LC ... (4.83)

UNUAT A WAr B AvIU (4.54)
I(t) = I, cos tI/JLEC cos t/}L‘C + I, sin tI/jL_C sin t/jL5C c..(4.688)

I,cos [(t-tD//E €1z t <t <t ... (4.65)

AMNFUATT (4.48) TR (1) UNNAT t AvTu (4.65)
I(t) = I,cos [t - JL Ccos ' (E,/V_)1/ JT.C
4 ) o : y
LTWWTANILIAM D, neanTEuddEn (b, ?qtﬁu&vawﬁuqanaqinua ()

I, cos (t -t )//T_C e (4.8T)

"
O

It
Q
o
t
(o]

(t -t /Jic I ver(4.68)
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t, = (JLCcos 0 +t) . ... (4.89)
4 ' v -

\HaunuAY t, TR b, = L/ JLC + JL.C cos (-E_/V_) ...(4.70)
<4 o4 < ' d o Y < v
LHB¥3IN L, HAMWON ATSUANTMANINTHAR (1) JzAen Aviuaingin 4.10 Ya

- v ¢
udaINANIINITINARBINTEN I, uardIuTantatily

e

-
i

I, - I e (4.7

= I, =T, cosL{t-t)/JL.CI &<t <t e (4.72)

AN
O A )

Thz 2

142 g R

Th4 T q€c<

o a
TUN 4,10 udaenAnIenITIvasaInNTIul I, 189N TANNRTUTUING (R)

. (Y] 1 z J -~ ) ) v Las ‘
nmTeawtddiatan ¢ fu LieeatnuReenuann L, 1§aquwutnw§aatnuU1s

. { -~ g ' f 4 [ -
3uazn1nw1ﬁw11ﬂ133 C u7¢au1wawa1au C azﬁﬁﬂgqiunvﬂtau (TuTuua 12.)

v_(t)

g}/c) S Idt ... (4.73)

(1/¢) [ I, cos C(t-t )//TC1 dt e (4,71

-(JLCy/C I, sin L(t-t /JL C1 + K e (4.75)
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= -(JL_70) I, sin C(t-t /T CI + K e (4.76)

: {
e (1) V_(t ) = -E, ?qtﬂuuauwaqﬂn17§11aﬂfsaﬁaq C TuaunTvud

4 ' ey [ [ t t o 5 o Ll

I, ‘RATEIMNIBAUNARIINNAN R TIIRINfuna 8t felluniaan ¢, J¢1a
-E, = -(JL_/0) I, sin C(t,-t)//T.CI + X e (4.7
K = -E ... (4.78)

4 ' »
Lgaunuan K avludunag (4.76) 3¢la

V ety = -C(JL 70 I, sin (t-t)/JL C1 + E, ceo (4.79)
4 4 . - -~ 3
LUBNIIANL IR .t'z <) (N/Z)JLBC + f.l Hay D1 wnqamnwua’a’un AUl
V_(max) = -C(L/C) I, + E] ... (4.80)

b4
Tudruzasntead I, dmiuTwie (A) fu szdsamiuiy 2 nad fa
) . s v - | ﬁ {
1. At ¢ty dEmTsadduiie L duduaniaTuTme ()
Y3 v -1 ﬂ s -
2. 00t bt wAinTzuddmuIsLluduEA U TG ()

. g g i as 1 4 3 bTs
Aetiwaziilunad 1 ufa 2 ILTUBENUAY V_, WAz E, npawiy uasizlantsud I

1

o Y]
uTnue (R) (nTaM 2) 38l duduni1Tie

I, = -V (JOL)sin ¢/JTC 5 £,¢t <t ...(4.8D

L1
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4.2.4 TaaR () (v b, <t <)

o~ bt f I H]
HavINLIR b, 1U1qa1aztnw§ﬁanstﬁn31 (Steady state) anaTvTaantsud

] {o o < o
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1
L1
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Tns 2 e
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q

4.2.5 Taue 3 (et ¢t €t)
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MASMIMRNITATNIUN 4,11 7avTwiR () wiBLTMINATRTA th, Tn
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hnteudiioan b, Vo azFuoeddluwed Th, M0 Th, TunsainTsud
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AnuRTvpazul Vo HRLNINY -V (LAT3IMNIZAULARIIY mTeawiuunasingtuiad)

v
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LINATBUTEILUN 2 119 ANTUN 4012 uRsTURAM e, V_, I, I I, Tufaenton
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¢ a < 2 v
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Ly Ig
Y . ond
1
} N
L1 L
Thi 4 Th
DL1 Top L2

I, "~ DLZ

4 a
TUN 4,13 UHAINANNIMITINATBANTEUR 1 289993 TANNA TN (3)
¢ o

2

of [V
nTUn 4.13 TAudasailnpentoud I, L1 W TR L FAuRuN Tra AR
el

/ /
LI+ (/O T, dt + V(b)) + LI (t) = 0 ...(4.82)
1
LI, + (1/OI,, = 0 .. (4.83)
3
I, + (/L,OI . = 0 e (4.84)

LfuLAiunTEud I, uInue (1 171318
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I = A cos t/yL,C + B sin t/JLZC 3 b, b, .. (4.85)

Lz 3

4 44 A
MaaT b, AR LIRMLTNLAANITABNNILAN Th, uas I, (t) = 0...(4.86)

i
Acos t /fL.C+Bsint /JLC = 0 .o . (4.87)
A = -Btant /L C ... (4.88)
VMANNIT (4.82) 1T3TRIY I, (L) =0 uas V(b)) = -V__
- ’
Aviiy I P40l X1/, ... (4.89)

IMNAUAIT (4.89) URY (4.886)

cefly = = A 2JLCsin t //E,C + B /T C cos t,/JL.C ...(4.90)

-«

S

[
1}

[a=)
H]

Atan t /JL,C + [J(C/L) V_, / cos (t /L C)1...(4.91)

UNUAT B R4ILANNTT (4.88)

(-JCC/L) V_, sin t /JLO) 7 cos™ (t /[T 0]

... (4.92)

=3
]

(-f(C/L v_, sin t /JL 0 vee (4.93)

UNMAT A ANTUANNTT (4.88) 3sdla



B = {J(C/L,) V_, ¢os t /L D) e (4.94)

UNUAT A UARE B AYIURNNNT (4.85)

I.(t) = (JC/LZ)Vca Ecos(tS/JLzC)sin(t/JLZC) - sintS/(JLzC)cos(t/jLzC)J

... (4.95)
Io(t) = (JC/L)V_, sintt=t)) / JLC ; t <t Ct, ...(4.96)

v 4 o Lo . 2
ﬁﬁﬂTUﬂ?suﬁnlnﬁﬂﬁﬂnﬁiﬂﬂaﬂizinHQ c 5n§uuu§v1nau1u1uaa uar D, uu udaay

v <
QUnaenwsuﬁ1a1uZUn 4.14

La Iq
YT
¥ : )
Ll‘ _J ——[— Lz Y
4 Thi A Th2
: 1
DL1 Le BL2
i 0
+il = g R
et VS A
I Iy D1 4 D2
’ 3 €4
EZT é Ta2=14
— |~
It'rha TTM

4
TUN 4.14 uARINANI9N 1Y TE IR TEUA I 204293 7d00RTUTHNR (3)

Yes 3
Liauﬂummaqgﬂnwuﬁ Idz Taavy

N

~~
’ N /
LI, + (1/0) Jwgﬂz dt + RI_, + V_(t,) + L I, = 0...(4.97)

.

“~

7"

’
I, + (1/L,0) I, + (R/LDI,, = 0O .. (4.98)
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IWLMWTRINAUNIT (4.98) (vNAuRUTUNTARNAIT (4.28) Miatnqnﬂ1m1uiuua (3

I,, = I, 5 t,¢tct, ve.(4.99)

d2 d 3

IINFAUAVTAY 2 FINTUTNATT (4.95) UAr (4.99) LT1ssmiuTeauiudratan C

y
TuTnneulINFUATT

It

V_(t) (1/C) J(I,, + I,,dt .o (4.100)

d2

I

de d

)
Luad’n I
V_(t) = (1/0) JOV_, JCIL,) sintt-t )/ LC + I_,1dt. ...(4.101)

& 1 v o 4 1Y)
?8lnu1ﬁﬁaﬁﬂﬂUﬂ7aTMﬂﬁ (1) uRvida I >> I, 3R

Le o

VR (ol A HEE \En ELIIRLE 4, ... (4.102)

3

-

dwmfunreiutudingesen e, Feldriiaiy v uaAlfdnieksedan Aeiiu
e, (8) = V_, cos (t-t D/JI,C = -V.(t) 5 b, (b ¢t ...(4.103)

b1 P ' 1w
anwﬁuﬂw1§uqﬁnadTuuau (t,) tutaand v_ RAumiiy (-E) Ay

2

-V_, cos (t,~t )/ JTC = -E, e (4.104)
cos (t -t )/JL,C = -E, / -V_, ... (4.105)

-1
t, = cos  (E/V_ ) JL,C+ t,
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4.2.6 Tuna a (e t, ¢t Ct)

MAIMLIRT b, D aztTniinTsudiniunasinaiiiatiTvinanteud (D uav
- ﬁ { H o ¢ o
[, 3LTuRARVIULLILAUARINUL D, 3zARTLIATH TUUAR AvuFavIuTl 4.15 uasnim
4 - < -
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| W { 4 P v : n ﬁ ‘v d '
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g ¢ - 4‘: 4& . } 3 o4 Q’ } 4 {
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avtiudvi9a10AnToud (turn off time) 2as Th, 3RAAVLAENIT t win dutiu

INV2

o . 2 4 9 - + - 4
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- v < % W L)/, o ﬁ { o
NENI9ATIINN Tudounay I aviingusninify I, Tusmsn I, 3s8Aa9L udua 19 D,
. A . oW o {] ' < s o <4
IENRAUINTZUFUNNIIN e, nauNAqtly +E, 2819798472 du C Ru3Iz0naRtTEIN
s vy o o4 ﬁ {4 ; y
L, arawavewmuinaallunssnentesud I dadl uguan t_ = 2t_, Femasd v_ az

o t - Y X { <
A1 wdeinafiy v wazdugadaeitamaauidaunsasniinaniiatan

i

La 14
-h/vvv\:_"
L o[ R
A Lpg
Thli AcTh
r
. DL1 Lp pL2
A
I =
P | s 3 R
I W 11 & € XKy
e S VLV N ca

}:zf @ la2=T4-1
—

o2

»

4 s Y
Jun 4.15 WARIAANIIAITIHADAIN S gRanuaTuTNA (2)
B ' ] ) IV
3MTUNn 4.15 aﬁuﬁwntﬁaugﬂﬁun1775u1wquuaoawa1w, Vo V. 11

LI+ (170 [ (-1, 04t + V. (t,) +E, = 0 .. (4.106)



45

4
\wavam I = I, -1,
- ’
RO L_CI, - I,,) + (1/0) [ (-I,0dt + V_(t ) + E, = 0...(4.107)

JA of (Y3 3 v
LﬂﬂﬁﬂldﬂtTutﬁaatnaunu11awnd 2 11

!

-L, I, + 1/C(-I )

s de

...(4.108)

1l
o

...(4,109)

H
o

I,, + (1/LO1,,

de

€ -~ & . ' !
WLMUINFNNIT  (4.109) NANBAZIABINUANATT (4.51) AITRISIULATATL TuAL

v o 4 —F H ad o e v
rARENY Al I, (b ) =1 AviluaRaiuRALIG L REINUIL A

de a o
I.(t) = I, coslt-tD/JTT 5 &, ¢t Ct ., ...(4.110)
< - ’
Taan t, = (cos™ -E,/V__ ) [T C+t,

: < . a . v
LTIF@INTANL9A0 to‘.ﬁqtﬂut1a1n D, wBAUIRTEUFAUN (I, = 0)TRINANATT
I, cos(t,, - t)//LC = 0 ... (411

-1
by ~tI/JLC = cos 0

-1 .
to4 = L_C cos 0 f t, ... (4.112)
to, = W2 JLC+t, ee(4.113)

4 1 (] 4 s {:’ ]
1293 L, HA1NIN ATEUATMAHINTMRRIEAAN  Aalinl TIaenaR I Ten il

Ladlutata du
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I = I,-1 oo (4.110)
= I, -1I,cos (-t )/JLC 5 t, ¢t Ct,,  ...(4.115)

4

4 a g ] o £ q.
LNV TudaviianzasTunal V_ azAaag aﬂaoau1unqalﬂuguauast1u

ndufanioan t_, wia bt ei79emasn t_, wia t ., TA#81939310dNRTT
(4.102) iiufa

-V, cos (t_, -t )//L,C = 0 ... (4.116)

& BB NILE =l eds [0 co. (4.117)

bee # WIJLCH+ b .. (4.118)

| ¥y < C 4 .
gmiu e, TuTnwuaniugavidaniiuuen e, = -V_ udida D, nERiInTELE e,

o oA [ 3 1 P v
NAUNATILNINUUNAINBTUNUN UUAB IINAUNTT (4.103) 3z'a

e, = V_,cos [(t-tD/JL,CI 5 &, ¢t Ct_, ... (4.119)
uar e, = E, N SO O A ... {4.120)

4 X T —
noandugazasinuet As b, = 2(0/2JIC + ¢, .o (4.121)

-V_, cos [2(w/2)JL,C +t 1 -t oo (4.122)

2
ic

4 y
LaRuARTHNAL Y

= =V_, cos C(n.JL;C + t)//L_CI ..o (4.123)
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AUNRIMANUANNYT (4.128) iy V)

Agily V__ = -V_, cos (1 + t /JL,O) ... (4.124)
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Three Phase SPWM
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J=Phase SPWM at Moduiction index = 0.8
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3—Phase EPWM at Modulction index = 0.3
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Power Factor—Torque Curve
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1, 1qasugqguuun§u5qq1m (Inverting Amplifier)

Ri
Vino— AAA =

V = -[R /R JV
-] 2 1 t

2. 29339878uy TinAUAIAA (Non Tnverting Amplifier)
Virm

K1

v -] wv ‘
3. NI INUNToUNLNDT (Voltege Follower)

‘Jiho—————-—\
——Vo

ﬂ

V =-RAV/R +V /R + V /R
et Ty 2 Tz 2" Vs
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5. 293711%8uiflgy (Comparator)

+V
Vi o——m——-
pul

v2o———m—+

Vv >V 1+ Vv =4+V

t 2 o

v ¢V ¢+ V =-%V

t a o

6. 1997V818ANNUANANY (differential amplifier)

R1i
R2
Vo
va2o AN +
ém

<3
H
}
-~
2o
-
~
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N
~—
<3

, Ar—*—4€—-*
Vimo AN s 2
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o (aa ( . .
8. 1ITINNDTTIAADUMILTINDT (hysteresis comparator)

Vin
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IS R/ A~ 3
wt t wae
R + R
t 2
v - R (-V )
1e L ant
PSR \\
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VinOo— AAA—— >
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- SPECIFICATIONS

WM EEXAyF YA X4 FAST TURN-OFF THYRISTORS
0 2%y F& -RLD> Y —X STUD TYPE - RLD-SERIES ltq=10usl

VRAM | VDSM | VRsM [IT(rms)| lo Irsm | 1t loM | VTm [dv/dt| di/dt | laT |VoT| tq | Tiw Rth [ Weight | Torque | Out-| Heat
TYPE VbRM 1AM , *Tstg .(]-c) ling ]
v v \Y A A A Als mA | V \V/is|A/us| mA | Vv |us| C C/W er Kg-cm | No. Sink
88RILLD 10 100] 200{ 200] 125 80 1,500 11,200 15 1871 100§ 100] 150 ]| 3 |10 40 | 0.3 105 170 38 | RM-71
20} 200{ 300| 300 i | : ! (135) (secP.45)

30| 300] 400| 400 :250A) =110

40[ 400| 500| 500 :

178RLD 101 100 200| 200} 270 | 175 | 3.500| 61200 20 | 1.90 | 100 | 100 | 150 | 3 1 10| -40 | 0.15 | 200 340 | 39 |RM-151
20| 200{ 300| 300 (1t 3 (270) (sceP.45)
30] 300{ 400| 400 : :550A) + 110
40! 400| s00| 500

258RLD 10 100 200| 200 390 250 | 6.000|180.000) 40 | 188 100 | 100 { 200 | 3 |10

~40 | 0.10 455 430 40 | RM-301

20| 200} 300] 300 (tim (350) (soeP.45)
30| 300| 400| 400 B :785A) - 10
40f 400| 500 500
¥ Tstg=—40~+125°C
@) 25 FB - RLEZ Y —X STUD TYPE - RLE-SERIES [ig=15xs)
VARM | VDSM | VasMm {IT(RMS)| To ITsm 1%t IoM | VM [dv/dt| difdt | leT (VeTitg | Tyw Rth | Weight { Torque | Out- | Heat
TYPE VDAM IRM Tstg | (j-c) line
Y v \ A A A A?S mA V |Vius|A/usp mA | V lus| 'C | C/W er Kg-cm | No. Sink
88RLE 10| 100| 200| 200] 125 80 | 1.500{ 11.200| 15 | 1872} 100 {100 150 3 [15' an| 03 105 170 | 38 | RM-71
20| 200| 300{ 300 (1w - (135) (s0eP.45)
30} 300| 400) 400 2250A) 125
40| 400| 500| 500 WAL |
60] 600| 700{ 700 . ot 7R I i
80| 800| 900| 900 250A) %
10BRLE 10/ 100| 200 200| 160 | 100 | 2.000] 20000] t5 [ 168 100 | 100 1 150 | 3 115" 40 1 03 105 170 | 38 | RM-71
20] 200{ 300] 300 (i) (135) (seeP 45)
30| 300] 400| 400 :3144) - 125

40{ 400| 500| 500
178RLE 10} 100| 200| 200| 270 175 | 3500 61.200| 20 | 190|200 100 | 150 | 3 |15 a0

0.15 200 340 39 | RM-1561

30] 300| 400| 400 6304} ' 2F
40| 400| 500¢{ 500 v

308RLE 10| 100} 200] 200 470 300 | 6.0001180.000}{ 40 | 144 100 | t00 | 200] 3 |15 40 1 D10 | 455 430 40 | RM-301

20| 200( 300| 300 (tru v (270) (seeP 45)

30| 300| 400! 400 ' -5504) I ~125

40| 400! 500| 500 . | Sy > :

60| 600 700! 700 (‘2"‘2” 200 ;

—> 80| 800| 900| 900 :550A) ;
20BALE 10f 100f 200| 200| 310 | 200 | 4.000] 80.000| 20 | 1.66] 100 | 100 | 150 | 3 |15 a0l 05| 200 | 340 | 39 |AM-157
20| 200{ 300! 300 (i | (270) (s00P.45)

}

|

1

i

20| 200| 300| 300 (m : (350) (sceP.45)

30| 300| 400| 400 :940A) - - 125

40{ 400{ 500 500 — - ;

60| 600| 700| 700 it 200 :

80| soo| soo! 900 :040A) ﬁ
358RLE 101 1001 200| 200| 550 | 350 | 7.000{245000{ 40 | 1.70 | 100 | 100 | 200 | 3 | 16| —4a0 | 0.1 485 | 430 | 40 [RM-301
20| 200{ 300f 300 (ttm= [ (350) (seeP.45)

30! 300! 400 400 1,1004) - 125

407 400| 500 500 ) |

B 2% F& -RLF< Y —X STUD TYPE - RLF-SERIES ‘tq=20usl
VRRM VI;SM VRsSM [IT(RMS)| 1o ITsm 1 low | VTM [dv/dtf di/dt} leT |Vet|tq | Tjw Rth “} Weight | Torque { Out-] Heat
TYPE {VorM Inm Tstg | (J-c) | - lino

v \% \ A A A AlS mA |V |V/us|A/us] mA |V las] ‘C | °C/W gr. | Kg-cm | No. Sink
88RLF 60| 600{ 700( 700| 125 80 { 1500 112001 15 | 1.87 [ 100 | 200 | 150 | 3 |20| —40 | 03 105 170 | 38 | RM-71
80| s00| ¢oo| 900 (ttn ! . (135) (seeP.45)

. . =250A) +125
178RLF.001 600f 700| 700| 270 | 175 | 3500 61.200| 20 | 1.90 | 100 | 200 | 150 | 3 | 20 —40 | 0.15 | 200 | 340 | 39 |RM-151
) lao 800| 900} 900 (tra | (270) (seeP.45)

L e | =550A) +125
308RLF, 601 600 700| 700| 470 | 300 | 6.000]180,000| 40 | .94 ] 100 | 200 200 | 3 {20 —40 ] 0.10 |- 455 | 430 | 40 |RM-301
43 50 800| o900| 900 " i AT {350) (seeP.45)

f ~HH =040A) +125
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B —BY 41 X% THYRISTORS FOR GENERAL USE
4 25w FB-RSL Y —X(¢MN2) STUD TYPE + RS-SERIES(PART-2)

) VRAM | Vosm | Vasm | Itamsy]  to | Irsm 12t loM | VTM dv/dt difdt { laT [ VeT| Tjw Rth | Weight | Torque | Out- { Heat
TYPE  |VoRM| - IRM o] Tstg | (o) line
vi]v vV 1 A A A | A% mA | V [V/usTA/us mA | V| "G |'C/W | gr |Kgem|No | Sink
128RS 100] 1,000 | 1200 | 1200 185 | 120 | 2500 312001 45 (1761200200 15 | 3 | —40] 020 | 200 | 340 | 39 [ RM-151
120] 1,200 { 1,400 | 1.400 (i ! (270) (seeP.45)
140} 1,400 | 1.600 | 1,600 -380A) 125
160|"1,600 | 1,750 | 1.800
178RS 100[1.000|1.200|1200| 275 | 175 | 3500 | 61200 [ 45 [ 165|200 200 150 | 3 | -40| 0.5 | 200 | 340 | 39 | RM-151
120} 1.200 | 1.400 | 1.400 (i { (270) (sceP.45)
140} 1.400 | 1.600 | 1,600 -5504) 1 125
. 160] 1,600 1,750 | 1.800
278RS 100f 1,000 {1200 (1200 420 | 270 | 5500 | 150000 60 | 195 200 | 200 | 200 | 3 40| 012 | 455 | 430 [ 40 | RM-301
120} 1.200 | 1.400{ 1,400 : (i ) (350) (sceP.45)
140 1,400 | 1.600 | 1.600 ' -850A 1125
1601 1,600 | 1,750 | 1.800
358RS 100| 100011200 1200| 550 | 350 | 7000 |245000| 60 [180]200] 200 200 | 3 | 40| 0.10 | 455 | 430 | 40 | RM-301
120| 1200 | 1.400 | 1.400 (tw \ (350) (seeP 45)
1401} 1.400 { 1600 | 1.600 ¢ 1100A 1125
160( 1,600 1,750 | 1,800
B FH -pAPABL Y —X FLAT PACKAGE TYPE - PAPAB-SERIES
VRRM | VosM | VRsM | IT(RMS) fo 1TsM 12t Iom | VM [dv/dl| difdt| laT | VaT| Tiw Rth | Weight | Mounting | Out- | Heat
TYPE VoRM IrRm Tstg | {0 Force | line
v \Y \ A A A A5 mA V |V/us|A/us| mA \' ‘C | C/w gr kg | No. Sink
103PA 100 1.000)1.150 | 1.150| 157 { 100 | 2000| 20000| 30 |20 | 500 | 150 ] 150 | 3 | -40 | o018 52 800 | 46 | HA
120( 1,200 | 1.350 | 1.350 : In ! {300) (seeP.44)
140} 1.400 | 1,550 | 15501 -3144) 1125
160] 1,600 1.750 | 1.750
253PA 100)|1,000{1.150{ 1,150 390 | 250 | 4000] 80000 45 [ 225|500 | 150 | 150 | 3 | -40 ] 0.0 80 | 1200 | 46 HB
120112001 1.350 | 1.350 (I ! (600) (seeP.44)
140( 1.400 | 1,550 | 1,550 : -7804) 1125
160] 1,600 | 1.750 | 1,750
403PAB180|1.800|2000}12000( 630 | 400 | 7000]245000] 60 | 2122001 200| 200 | 3 401005 | 250 | 1500 | 47 -
200{ 2,000 | 2200 | 2.200 (I . ' (1.200)
250| 2500 | 2500 | 2.750 1.260A) 1125
503PA 100]1.000] 1,150 1.150] 785 | 5087[10.000{500000| 60 | 196 | 500 | 160 | 150 | 3 40 | 006 135 | 1500 | 46 | HC
120] 1,200} 1.350 | 1,350 (v ! {1,000) (sceP.44)
140] 1.400 | 1,550 | 1,550 1500A) 1125
16011600 | 1,750 | 1.750 , i
6H3PA 60| 600f 800| 800| 860 | 550 |10.000[500000| 60 | 188200 150 | 200 | 3 40 | 0.06 135 | 1500 | 46 | HC
120} 1200 1.400 | 1.400 (i | {1.200) (seeP.44)
1.700A) 4125
803PA 20| 200| 300| 300| 1250 | 800 |12000[720000| 60 | 165 ] 200 | 200 | 200 | 3 40 | 0045 | 135 | 1800 | 46 | HC
30| 300} 400| 400 (i § (1.200) (seeP.44)
40] 400{ 500| 500 2.500A) 1125
60| 500( 600| 600
60| 600| 700{ 700
80| 800| 900{ 900
100} 1.000 { 1200 { 1.200
120{ 1200 1.300 | 1.400
1003PA 100} 1,000 1,200 | 1207 | 1,570 | 1,000 | 17,000 J1.44x10°| 80 | 1.70 | 200 | 200 | 200 | 3 | —40 | 0025 | 360 | 3500 | 48 -
120} 1200 | 1.400 | 1.400 {inu § (3.000)
140 1,400 | 1.600 | 1.600 3.200A) +125
. 180]1.600|1.750 | 1.800
1003PAB 180 1,800 | 2000 | 2,000 1570 | 1000 | 16000 [128x 10| 120 | 215|200 | 200 | 200 | 3 | --40 | 0025 | 460 | 3500 | 48 -
200| 2,000 | 2200 | 2200 {tows ! (3.000)
. 250)2500 2500|2750 32004 +125
1503PA  40] 400| 500]| 500] 2350 | 1,500 | 25000 |3.125 100 117 2001200 200 | 3 | ~40 ] 0025 | 460 | 3500 | 48 -
;. BO| 800| 600| 600 x 10¢ {Ima- | (3.000)
h» 80| soo| 700| 700 . 4.7000) +125
4" 89| aoo| go0| 900
1 150] 1000 | 1200 | 1200
j;;ﬁgf?f;_'&"b 1200 { 1300 | 1400 :
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@ MOTOROLA . MC14046B

- PHASE LOCKED LOOP
The MC14046B phase locked loop contains two phase compara- L SUFFIX
tors, a voltage-comroll_ed oscillator (VCO), source follovver, and CERAMIC
zener diode. The comparators have two common signal inputs, CASE 620
PCAjn and PCBiq. Input PCA;,, can be used directly coupled to large Iy

voltage signals, or indirectly coupled (with a series capacitor) to '
small voltage signals. The self-bias circuit adjusts smal voltage signals
in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides 2 digital error signal PCloyp, and maintains
90° phase shift at the center frequency between PCAjy and PCB;,
signals {both at 50% duty cycle). Phase comparator 2 {with leading
edge sensing logic) provides digital ecroi signals, PC2yt and LD,

and maintains a 0° phase shift between PCA;n and PCB;, signals P SUFFIX
{duty cycle is immaterial), The linear VCO produces an output signal PLASTIC
CASE 648

VCOgqyy whose frequency is determined by the voltage of input
VCOijn and the capacitor and resistors connected to pins Cia, Clg,
R1, and R2, The source-follower output SF out with an external re-
sistor is used where the VCO;, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize stahdby power consumption. The zener
diode can be used to assist in power supply regulation,

Applications include FM and FSK modulation and demodulation, OW SUFFIX
5 @

-

frequency synthesis and multiplication, frequency discrimination, SOIC
tone decoding, data synchronization and conditioning, voltage-to- CASE 751G
frequency conversion and motor speed control,

® Bulfered Outputs Compatible with MHTL and Low Power TTL
® Diode Protection on All Inputs
.
.

Supply Voltage Range = 3.0 10 18 V ORDERING INFORMATION
Pin-for-Pin Replacement for CPdOdSB MC14XXXBCP  Plastic

® Phase Comparator 1 is an Exclusive Or Gate and 15 Outy Cycle MC14XXXBCL Ceramic
Limited MC14XXX8DW SOIC

@ Phase Cdmparator 2 switches on Rising Edges and 1s not Duty Ta 55 10 125 C lor all packages
Cycle Limited

PIN ASSIGNMENT

BLOCK DIAGRAM Ltog
{- ———————————————— . . PClout g
Sell Bras I——*tl Phase
PCAn "o_ri Circurt . Comparetor 1 }“:_07 PClous PCB,n 1]
{
| { Phase 13 PC2o,r VCOou1 ] 4
PCB;, IO : Comparator 2 ! Y LD inh
1 IH—-oa veco
VCOin 9 1 Voitage LG ny out Ciaqg
| Rl F g crat
Vpo * Pin 18 i ~06 C1,
Vss = Fin 0 | ‘veor +or cvg Vss
! —::’ I
Inh 5&'L Source Fotiower 010 5F gy,
vgs O——P} 1015 zenes
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MAXIMUM RATINGS" (Voltages referenced to Vgg)
Rating Symbot Value ~ Unit
DC Supply Voltage Vpo -051t +18 Vde
Input Voliage, Al Inputs Vin ~0510Vpp+0.5 | Vdc
DC Input Current, per Pin ™ +10 mAdc
Power Dissipation, per Packaget X Pp 500 mw
Operating Temperature Range TA ~55t0 1125 °C
Slorage Temperature Range Tsig -6510 + 150 “C
“Maximum Ralings are those values beyond wivch damage 1o the device may occur
t Deraling. Alt Packag 70 mWC from 65°C 10 125°C
ELECTRICAL CHARACTERISTICS (Vollages Referenced to Vgs)
Voo ~55°C 25°C 125°C
Characteristic Symbeol | yge Unit
1 Min Max Min Typ Max Min Max
Output Voltage 0" Level 5.0 -~ 005 - () 005 — 0.05
Vin = Vpp or 0 Vou 10 — 005 — 0 0.05 - 0.05 Vdc
X 15 — 0.05 — [} 0.05 -—_ 0.05
17 Level 5.0 495 — 495 5.0 — 4.95 -
Via = 00r Vpp VoK 10 995 - 9.95 10 - 9.95 —_ vde
15 14,95 - 14.95 15 — 14.95 —
Input Voltage # “0" Level
(VO = 4.5 0r 0.5 Vdc) v 5.0 = 1.5 [ = 225 1.5 - 1.5 vde
(VO = 9.0 or 1.0 Vdc) 'L 10 A 30 .5 450 3.0 — 30
(Vo = 13.50r 1 5 Vdc) 15 - 40 s 6.75 4.0 L o 4.0
‘1" Level
(VO = 0.50r 4.5 Vdc) ) 5.0 35 - 3.5 275 - 35 —_ Vi
(VO = 1.0.0r 9.0 Vdc) Mot ho | Fo | = | 70 | sso | = |70 | — | Ve
(VO = 1.50r 13.5 Vdc) 15 " — 1" 8.25 - 11 -
Output Drive Current
(VOH = 2.5 Vdc) Source 5.0 12 - 1.0 1.7 — -0.7 -
(VOH = 4.6 Vdc) 101 50 025 - 02 -0.36 - <014 — | mAde
{(VOH = 9.5 Vda 10 -062 - -05 ~-0.9 —_ -035) —
{(VOH = 13.5 Vdc) 15 18 - 1.5 ~3.5 - - 1.1 —
(Vo = 0.4 vdc) Sink 50 064 - 0.51 0.88 — 0.36 -
(VoL = 0.5 vdc) ot 10 L6 - 1.3 225 —_— 08 — | mAdc
(VoL = 1.5 vdc) ¢ 15 4.2 — 3.4 8.8 - 24 —_—
Input Current ) lia 15 - =0.1 — 12000001 =01 | — 21.0 | nAde
Input Capacitance Cin — — - - 5.0 7.5 - - oF
Quiescent Current oo .| 50 -— S50 - 0.005 50 - 150 | pAdc
(Per Package) Inh = PCAjq = V. 10 - 10 b 0.010 |- 10 - 300
Zener = VCOjn = 0V. PCB,,, Vpp 15 - 20 - 0.015 20 —_ 600
or0V, loyt = 0 A
Total Supply Currentt 7 50 T = (1.46 uAkHZ) [ + Ipp nAdc
(inh = “0". {5 = 10kHz, C_ = SO pF. 10 T = (291 uAKHZ) T + Ipp
R1 = 1.OMI), R2 = =, Rgg = =, and| 15 IT = (4.37 pAkHZ) 1 + IDp
50% Outy Cycle)

#Noise immunity specified lor worsi-case input combination,
Nolse Margin for both “1” and "0 tevel = 10 Vdc min @ Vpp = 50 Vdc
20°Vdec minw Vpp 10 Vdc
25 Vdc min i Vpp = 15 Vdc

tTo Calculate Total Curient in General

'T""?’Voo(

i
Rt R2 RgF
100% Duty Cycle of PCA,

100

3

1%10° ‘v00<(

VCOy,_165 Vpp \as):u . 1M(vco,‘ _155)34

R1 A2, Rgr i ML), C on VCOgy

v 1x10°3(C_ « 91vpp!-

)10 where: It in wA, C_ in pF. VCOI, Vo n Vee. fin kHz. and
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MC14046B

ELECTRICAL CHARACTERISTICS® {Cy = 50pF, Ty - 25°C)

Minimum Maximum
Voo AL CL/CP | Typical AL cL/ce
Charscisristic Symbot Vdc Device | Device | All Types | Davice | Device Units
Qutpul Rise Time tTLH ng
TLH = (30 ns/oF) C * 30 ns 5.0 180 350 400
TTLH = (LS mnf) C ¢ 15 ns 10 90 150 200
ITLH = (1.1 ns/pFE C * 10 s 15 GS o 160
Output Fall Time . T ny
MTHL U1 SnsfpFi Cp » 25 ns 50 100 175 200
ITHL = 10 7S nsjpfFt €+ 12.5 ng 10 50 75 100
TTHL 7 (055 ns/pF1 C + 95 ny 15 3? 55 80
PHASE COMPARATORS 1 and 2
tanut Resistance  PCA |, A 50 10 10 20 My
10 0.2 n2 04
15 [*R] [*R] 02
PCB,, N 15 150 15 1500 M52
Minimum Input Sensitrvity Vin 50 200 300 400 mV o
AC Coupled - PCA;, 10 400 600 800
C series = 1000 pF, 1« 50 kH2 15 100 1050 1400
OC Coupleat  PCA,, PCB,, * 510 15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO} i
Mavumum Freguency fnax 50 050 0135 0.70 MH,
V€O, = Vpp. C1 * 50 pf 10 10 07 14
A1 =5 kil and R2 + -} 15 14 19 19
Femperature  Frequency Statnhiy 50 012 " 0C
1R -] 10 004
15 0015
Linearsty {R? = =) “
IVCO,, 250V 030V R1 10k 50 1
WVCO,, 500V 250 Vv, #1400 w12t 10 1
tVCO,, 750V 500V RI 1000 ki 15 |
Outint Duty Cycle St 15 50 .
1rput Restance VCO,, R 15 150 50 1500 My
SOURCE FOLLOWER -
Qftset Voliage 50 165 22 25 \%
1VCDO,, mavus SFg, Rgp - 50041 0 165 22 2%
15 165 22 25
Conmarigy
‘WCO,, 250V 0 J0V Age S0 x5 50 Lo
vCO,, 500V 250V Rgr 50wy L] 06
tVCO,, 750V S00 V. Hyge 5041 15 og
ZENER DIODE
Zenar Voltage 1, 50 wA) vz 617 63 10 73 77 v
Dynamic Resstance (1, + 1 ma} Rz 100 g

S Ine tormuta grven is tor the tvieal Charactenstcs onty
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FIGURE 1 —~ PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1

input State

x x

\rcs,,

PCA;,

PClgyy

PHASE COMPARATOR 2

Inout State

v x X
PCA;, PCBp
3Stare
[2
C25 4t 0 Output Disconnected !
LD
{Lock Detect) 9 ! ¢

Reler 1o Waveforms in

FIGURE 2 —~ DESIGN INFORMATION

Figure 3.

o

Charscteristic

Using Phase Comparstor 1

Using Phate Comparator 2

No signet on input PCA;,,

VCO in PLL system edjusts to center frequency
tfg).

VCO i PLL system adjusts 10 minimum fre.
quency [pia).

Phase angls between PCA . snd PCB;,.

90° ot center frequency {fg), spprosching o°®
and 180° et ends of lock range {20, ).,

Atways 0° in lock {positive rising edges},

Locks on hermonict of center trequency,

Yeos

No

Signet input noise rejection.

High

Low

Lock frequency rengs (21 ).

The frequency renge of the input signal on which the 100p will stey locked i 1t wes
initisity in tock. 20y = full VCO frequency range = T gy "= frin.

Capture frequency range {21).

The frequency range of the inpul signat on which the [0op will lock of it was initially

out of lock,

Depends on tow-pass filter charactaristics
{ree Figure 3. fc < f

fc=fL

P

Canter frequency (fg).

The frequency of VCOqq, when VCOj, = 1/2 Voo

K

.

VCO output fraquency (1}

Note These equalias are miended 1o be
a design gquide Since calculated component
values may be in error by as much as a lactor
of 4. laboratory srpermentalion may be
1equired for fixed desryns Pail 10 part ho-
quency vanation with kdanhcal passwve com.
ponents is typically less than - 20%

fmin o o {Veo input » Vgg)
RolCy+ 32 pF) co ss

fmex o _._‘___. fmin {Veo input = Vo)
Ayicy +32pF) ' co oo

Where: 10K < Rq < 1M

10K < Rg < JM
100nF <Cy < 01 pF
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FIGURE ) GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFOAMS

SF
1 Source 10 out
Foltower
vEOo;n R
eca,, 14 ; =
® Freauency . Phase 20013 f;::'::“ 2 vco a o VCO.,
3 Comparator | pey ® Mrequency NI - ¢
out Filter 11 12 6 7
fCH,, o - ;
PC 2000 cla |Cle
(28] A2
Cr
™ Fuavernst —1[4 = =
—{ ~ }
L _Counter
Typical Low-Pass Filters
Typleaity
(s} A3 to) n3 on N
fnout O——’VW—I—O Cutput tnpul 9 Outp s A4 Ca> __ —
galla v MY Al bl e 120';2:
= e,V A3e; (R3$3.0000) Cy - == RgCy
I c2? man
= 80" Imax  fmin

Note Sometimes RJ 15 spht into two seres enstars each R) 2 A capacitor Cg 15 then placed from the midpoint 1 ground The vatue for
C¢ should be such thai the corner frequency of this network does not signilicantly affect wy,. In Figure B, the ratic of 1] 10 A4 sets
the damping, R4 2 {0 11IRJ) tor optimum results

LOW.PASS FILTER

Delinitions N = Total givision ratio sn leadback loop Frltar A Filter B
K¢ = Vpp/# lor Phase Comparator 1 -
Kvco KoK
Ko * Vppr4 7 for Phase Comparator 2 £ ' oRVC A , ¢~ VCO
274 yeo r VNR3E; 0 TYNC(Ry+R,)
KVeo " V5p-7v HNun N
&l po e | 405 WalR3Cy 1 )
for a typical design w, ) tat phase detector input) 2KgXKyCOo KaKvco
t 20707 Fls) = = 1 3 R3CoS+1
R4Ca54) S{R3Cy+R4CoI1
Waveforms
Phate Comparator 1 Phase Comparator 2

Voo Voo

PCA I I ‘ I PCA,n ] ] l I
Vss f vss
[}
e YOH 1
Ll
.

rCB,, l _L l l PCB,n
Votu
VO 3 Yo
S I O I O A w ] i
Re]
Vou ———— VOr

v 1 N v
— YOK c oM
veCo,, \/\/\/\/\ PC20um IL_—_—‘L;____
— Vou —— VO
— Vomu
vco,,
— VouL

Note lor turther nlormation, see
(1 F Gardner, “"Phase L ock Techmques , John Wiley and Son New Yok, 1966
121G S Moschytz, "Minatyre RC Filters Using Phase-Locked Loop™ BSTJ, May. 1965
{31 Garth Nash, “Phase Lock Loop Design fundamentals™, AN 535, Motorola Inc.
41 A B Przedpelski. “Phase t ocked Loop Design Aricies” AR254, reprinted by Motorola inc
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ABSTEACT

This papek proposas a 3-phase thyristorized ac-to-dc
coaverter, using PWM-Controlled tachnique . lmprovemen; of input
power factor and reduction of line current harmonics are the main
purpcses fTor this type of converter. The PWM operation of the
wain powar circuit, divided into 27 modas, is €irst describé&
using  EPWM and SPWM patterns. Then, the deszign snd constructi
of PWM converter are considered.

From Lhe analysis and test rasults, it is found that the
input power factor is ¢reatly increased but the harmonic content

of ac linsz is not uch  redue

(=3

‘as comparad with tha

phased-conbrolled convarbter. Much more reduction of G harmonic

b}

conbent can b2 obtained from selection of PWM pattern of another

*  undnsEagnin
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3 /r] /éV (rms) [-cos wt]zm:I

= {3 /7] /“v (rms) [{-cos th %2 Al =lslaln -
. ooUwTg
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ic IminEaEnl
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Line Current Harmonic Analysis of 3 Fhase FWM Converter
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