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Power suppliers:

- rectifiers,

- filters,

- voltage multipliers

Transformer parameters

» Power (single phase up to 3kW)
« Nominal voltage 230V +10% -10%
» Frequency 50Hz
« Transformer parameters:
- Turn ratio (secondary voltage and current)
- ldle current
- Isolation breakdown voltage
- Dimensions, weight
- temperature

= | Rodzaje transformatoréw sieciowych

» Rdzenie typu El, zwijane, toroidalne

» Materiat rdzenia
- Blachy goraco walcowane
- Blachy zimnowalcowane




Transformers
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Transformers - power vs. type

S[cmZ]@P[W] core Brmax[T]
Hot rolled steel sheet 1T
S=1,250/P, ’
: El core
S=1,10 /Pl Cold rolled steel sheet 1.1T
El core
~ | Cold rolled steel sheet 1.5T
$ Pl wound core
Cold rolled steel sheet 1.6T

§=0.80/R

Toroid
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=1 ,experimental data for designers”

\
\

UoutAV/ URMS nominal

PoutDC/ Ptrafo.nominal

30 |

idel/ Iprimary-nominal

, transformer power
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Loss vs. power of a transformer
??» axperimental data”””
Loss
factor
power of a
1 | transformer [W]
8

= Transformer electronic model

Resistivity of primary
winding Perfect
transformer
Real
transformer  Leakage
inductance of p.w. Leakage inductance

of s.w.

\

/ L“—] / Capacitance of
N secondary
apoctneetol f Resistivity of winding

primary winding secondary winding

V4

. Main inductance
Hysteresis

losses Coupling capacitance




Perfect
transformer Leakage inductance Resistivity of primary
of p.w + s.w. & secondary winding

Main inductance
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' More simplified model

R - R, iary +R

series 2 secondary

URMS

U, :230v{+10% U= 2 sin(ax)

power rectifiers
F:@ :Dml i
n:1
n:l
‘ half-wave
1 bridge
T T center-tap
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Rectifier - resistive load

i:]ni :0 [ DC current is present!!!

Current and voltage l

across resistive load

En JAAA L
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Voltage and current for half-wave

rectifier

Uoueay Ro

4 in rectifier with
capacitive filter the
diode current has
shape of pulse train

> T=20ms=1/f=1/50Hz
;AT
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Basic relations

Maximum idle voltage:

U = ‘/EERM -Up= ‘/EERMS

max

ripples:

U ~g_(Um)1_Um <Ly
c L& Jc me fc

Haw to figure out this relationship!
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Rs M
/ IT ®
ERM
Cc+C
Ry
Q=Q
as loyr=const
<>
;AT T=20ms=1/50Hz

= Basic relations

Maximum idle voltage:

U = \/EERMS -U, bridge:

U = ﬁERMS —2U,
ripples:

T
U. :Q:IAv/zzlAV
e c C 2fC

Haw to figure out this relationship!




»surge current”

m
z
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¥

Ibmaxmax

T=20ms=1/50Hz
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half-wave rectifier

for Uppp/Uoueay<10%

No-load voltage
On-load voltage (C==)
Peak revers voltage
Mean diode current

Repetitive diode current

Ripple voltage (peak to
peak)

Minimum output voltage

Pp!

Uit =N 2Eys =Ur

=22E,

=1

U,

U

Dmax.

I

Dmean ~ % owAV

T =V RsR,

U,

=U . -=
ountin = Y ouav m
3
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bridge rectifier

for Uy pp/Ugueav<10%

No-load voltage
On-load voltage (C==)
Peak revers voltage
Mean diode current

Repetitive diode current

Pipple voltage (peak to
peak)

Minimum output voltage

P!

Uvston =V2E s =2U
U =V2E,
1
I Dmean — E I outAV

T =V 2R,

24




10.06.2018

center-tap rectifier

for U, ,,/Uoueav<10%

rpp

No-load voltage U patr =N 2E s = U
On-load voltage (C==) *\/%]
Peak revers voltage U = 2V2E,,
Mean diode current Lpyean :%1 oA
Repetitive diode current Tpnas =Upuar/2RR,
Pipple voltage (peak to

peak)

Minimum output voltage U uistin = Uiy ‘%U,,,,y
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Gtéwne parametry

Assumed:
ERMS=URMS/n(turn ratio
- Rs- series resistivity
- Ug - foreward diode voltage
calculated

Uoutrmss Uoutavs Uoutmaxs Yourmins Urip
Ioav.; lorws.; Tomax.s loutav

- ©;AT - flow angle; conducting time

= k¢ = Uy pp/Uourav- ripples coefficient
- Ny = Ugyrav/ Erus - Voltage efficiency

Schade graphs
[J. Baranowski, G. Czajkowski; Uktady elektroniczne. Cz. WNT 2004]
[T. Zagajewski; Uktady elektroniki przemystowej, WKL 1978]

Usippp~
U Bz Ui [y
b2 P Uy M
£ =100 Erms
s L ——— %

=50

UAV

'ERMS

R to00
Ex Urippp |5~
- =2/
o % Uy =3/
WRE
7 Q 7 b0
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Crest & Wave Form factors

1 Crest Factor -
= " MAX
CF = I For sin = 1,41= /2
RMS

FF = I RMS waveForm Factor -
‘[‘ For sin = 1,11=n1/2/2
AV

Form Factor

Iprus R°;5000
S Ipay %
=1000

=200
3 // =700 |
p =50.
e ——m——-Y .
2 — 10
/ nwCR,
[ 1 10 100 1000

n - numbers of phases(1,2,3,6)

lomax/Ipay=CF*FF

100
.IDMAX
| Ipav
59:517@0
| =700
0 =1000
=500
/‘ =200
ol _ - =105
T
5
____//
2
. Ry
20 N
! ! " 0 “ n - liczba faz

(1,2,3,6)
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= Flow ange © & start flow angle ¢

00
SR\ I
"
o 0
.
o 2
@ o N
4 N A —a D
201 =
o o R
0 e =t
’ ; e
» S e~ S S S
—_—- R:
: Z il
0° nn:l PN S T Ry
5 n 2 100 200 500 1000

Zaleznosci dla

wR,C>>1 i  Ry>>R

When C increas

«Ripples fall down~1/nfCR, !!!!

*Flow angle decrease

epeak current increase

«RMS diode & transformer currents
increase (heating up)

RMS of pulse

1A‘ Ix’rzlA 17.2
I, = ?J'z (tdt =1A
0
. fmi CF=1; FF=1I
2A T |7
i I U RS SRR — |2 (2 -
1A I, = T{z (t)dt =+2A
A A: CF=«/E; FF=«/E;
I. =1A 1.
N N sr g, = ;jﬂ(z)dz =24
0
— T " CF=2 FF=2
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v Power dessipated in diode

T

L Lr.
Poreal =; _([un(t)’u ()dt +?J‘llz) (DR ries A1 =

0

— 2
- UI)IDAV * IDRMS.R

D.serfes

PDreaI =0.7Ve-1A+ (3A)2 «0.1Q =
= 07W + 09w

- 0
Iprus &‘500
5 Ipav - R5;2000/
I =1000
4 /m’._:
=200
- —=f00___|
? =
=720
——— =
2 2 =10
/ I nwCR,
of 0 T 700 1000
|

n - liczba faz (1,2,3,6)

Poréwnanie zasilaczy

Half-wave | Center-tap Bridge
. (h: C:U(M’Tmaxi 1/2( ) 1/2( )
o reach proper .. .
hprop Uy T,
e ety high meadium | meadium
Diode revers voltage ZEmax 1 (, . ) 1/2(. . )
Current Harmonics All odd odd
Including DC 2?22
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Wspotczynnik szczytu i ksztattu

1 Crest Factor - wspotczynnik szczytu
= " MAX
CF = Dla sinusa = 1,41= /2
RMS

FF = 1 RA% waveForm Factor - wspotczynnik ksztattu
e

Dla sinusa = 1,11=m/2/2
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A

2E,

T s V2500

A

T=20ms=1/50Hz

= regulation EN61000-3-2 (IEC555)

Uyy

Ja\

T=20ms=1/50Hz
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Supply current distortion - IEC555
EN 61000-3-2

«harmonics ( up to 40 harmonic)

«current fluctuations of load

esurge current ?7?

Input Characteristics of a Typical Switched-Mode Power

Supply without PFC

Top: Input Voltage Bottom: Input Current

T T T T [T T T T T T T T T T T T T T T T T T T T [T T

Cre b ”]””J\q”"’l“‘ e

2> F

By ci: ;2do§1'5‘.§ris“é* e
RICHZ: i2ABmMSi F et

RMS vs. DC

T

L(.a _
o s = ;jz (t)dt =1A

CF=1; FF=1

bA T I =1A

T
IS B R SOk St EEELEEEREY A ijﬁ(r)d::ﬁA
TO
Al — _ CF=+2; FF=42;
I =1A T
Y 8 S I S ljiz(t)dzzzA
T(]
T CF=2; FF=2;
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Input Harmonics of Three PC Power Supplies Relative

to EN61000-3-2 Limits

10.000 T
NG |
1000 PN
X 0
\\ I\ — ENG1000-3-2 Limit
N AN
., T = = = = UnitA, Without PFC
0.100 e =
hnll 3N R = = = UnitB, Passive PFC
A
N1 LAY Unit G, Active PFC
0.010
0.001 ‘
3 13 23 33

Harmonic Number

Power Factor

/V‘I\Preat /;\ rms Load
230V(£10%) N N

50Hz

Y RMS

n= % <1 E
U,ool, . VA P - real power [w]
RS = RS Q - reactive power [Var]
S - apparent power [VA]

Power triangle
(no current harmonics case)

P = Vrws lrms Cos @

S=Vg

wis IR Q= Viys lrus Sin @
total apparent power

reactive or quadrature power

DI5IN224A
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17, 1 N For this current n=1
Los =7 { Pt = [ (5AY (2+2ms) =224

T
P :%jumi(:)m =320V + 54+ 24(;”“ =320W
0 ms
e P OW o [W
Ups * Los 230V 0224 VA
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Power triangle
(no current harmonics case)

Q= Reactive Power

= Vius " lirus Sin ¢1

quadrature

D = Distortion Power

=Vaus V’E‘”n:z Pormis
DosNz2A

Total P.F.=n = cos ¢, cos 6

¢, is the "conventional" displacement angle (phase lag) between the in-
phase fundamental | and V
0 is the distortion angle linked to the harmonic content of the current.

Both of reactive (Q) and distortion (D) powers produce extra RMS currents,
giving extra losses so that then the mains supply network efficiency is
decreased.

Improving P.F. means to improve both of factorsi.e.:

¢@,->0 cos ¢,-> 1 = reduce phase lag between | and
6 ->0 cos 8 -> 1 = reduce harmonic content of |

16



THD vs. P.F. (cos ¢,=1)

1
THD(%) = 100 |—=—1

|xd?
VAd
1

i+ (wﬂll%%%)):)

Kd =

PF = ‘;—
- (R
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THD vs. P.F.

P.F.— cos(g,)

(M)’

= cos(0) - cos(¢;)

Harmonic Content of the Current Waveform

100% — —
80% —

60% —

40% —H—

20%

0% —
1 3 5 7 9 11 13 15 17 19 21

Harmonic Number
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Input Characteristics of a Power Supply with Near-

Perfect PFC

100%

80%

4)CH1: 1100V 6ms 0% .
2)CH2:  2ASms 1 1.8 5 7 9

113 15 17 19 21
Harmonic Number

Why PF should be 1

Skutki: Lo A‘} Dla L>L,, kat przeptywu

Polepszenie filtracji - zmniejszenie tetnien pradu jest petny

Znaczne Zmniejszenie zawartosci
harmonicznych

Wigkszy koszt

Dtawik musi by¢ duzy ze wzgledu na jego
nasycanie
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Input Characteristics of PC Power Supplies with Different

PFC Types (None, Passive, and Active)

Waveforms: 1. Input current with no PFC
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2. Input current with passive PFC
3. Input current with active PFC
4. Input voltage

CH4i, 200 Valt25.ms. ., . f

Inrush Current 0.0047 0.01
Limiter PFC Inductor T
ermistor £ L
m ) o Y _L x +
- | Tooe2 470
. o 325 Vdc to
° ;7 . 0.22 Forward
1MT m T 115 Vac Converter
Differential ~ Common * 'y T" 022|470
Mode Mode

Inductor  Inductor
(L2) (3) /J;

) | oupw
Vo =
200
Current foos
Ca
Refererce Surent = T
faum
Mutiper Roce
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Rt
Pz
OuGnd
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CRM Waveforms

Vret

linductor

lavg

CRM Current Envelope

Vi (t
Ly =k =V, () 1‘,_.(=AI="T()"CM
ke Vi
linductor
Vin(8)
ke, () =22 e, t = Rl

Critical Conduction Mode (CRM)
PFC with Variable Output Voltage

85.265V F2 P2 D2

50760 Hr EMIfilter for PFC Boost 200-400 V | Step-down Isolated 12V,10A

ACInput — ‘varfrea. | [ Front-endusing DCout | DC-OCConverter | DCout
fipple MC33260 (200 kHz)
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Continuos Conduction Mode PFC with Fixed Output

Voltage

85-265V —
50/60 Hz
AC Input —]

F3
EMI fitter for
fixed freq
tipple

P3
PFC Boost
Front-end using
NCP1650 (100 kHz)

400V
DC out

D3

Step-down Isolated

DC-DC Converter
(200 kHz)

12V, 10A
DC out
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References

Advertisement materials and application notes of
,,ON Semiconductor”

Voltage dubler
(Delon)
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7!!

Transformer with high leakage
inductance (additional choke) that Voltage dubler
stabilize current

Voltage doubler!!!
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Transformer with high leakage
inductance (additional choke) that Voltage dubler
stabilize current
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- ®

L77 /\
Transformer with high leakage
inductance (additional choke) that Voltage dubler
stabilize current

Microwave oven !!!

B
LT

Voltage multipliers

> 2n(n+2)
1R,

C

Ui = "ﬁE.\k -U,

summary

« Transformer (parameters, types, equivalent
schematic diagram)

« Types of rectifiers

» Resistive load rectifier (voltage, current
waveforms)

» Rectifier with capacitive filter (voltage, current
waveforms)

« Power Factor (definition, way of correction)
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Pytania kontrolne

» Schematy oraz zasada dziatania prostownika
jedno-/dwupotowkowym/Gretza z filtrem
pojemnosciowym.

« Przebiegi napiec i pradow w prostownikach
jw.

« Co to jest wspotczynnik mocy ?

« Co to jest napiecie tetnien i od czego zalezy ?

» Uproszczony schemat zastepczy
transformatora.
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