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Power System Analysis Using PSpice

Magnetic Core Modeling

@ The parameters in the model library(magnetics.lib) were derived from the data sheets
for each core.

The Jiles-Atherton magnetics model is described in: @
Theory of Ferromagnetic Hysteresis, by D C Jiles and D L Atherton,
Journal of Magnetism and Magnetic Materials, vol 61 (1986) pp 48-60

@ Model parameters for ferrite material (Philips 3C8) were obtained by trial simulations,
using the B-H curves from the manufacturer's catalog.

Then, the library was compiled from the data sheets for each core geometry.

Notice that only the geometric values change once a material is characterized.
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Power System Analysis Using PSpice

Magnetic Core Modeling

+ Notes:

1) Using a K device (formerly only for mutual coupling) with a model
reference changes the meaning of the L device: the inductance value
becomes the number of turns for the winding.

2) K devices can "get away" with specifying only one inductor, as in the

example above, to simulate power inductors.

+ Demonstration of power inductor B-H curve To view results with Probe (B-H
curve):

1) Add Trace for B(K1)
2) set X-axis variable to H(K1)
Probe x-axis unit is Oersted

Probe y-axis unit is Gauss
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Magnetic Core Modeling

* 3C81_LSW CORE model

* updated using Model Editor release 9.2.2 on 11/15/01 at 11:16
* The Model Editor is a PSpice product.
.MODEL 3C81_LSW CORE

+ GAP=0

+ MS=384.61E3

+ A=27.747

+ C=.2418

+ K=18.396

+ AREA=2.7900

+ PATH=14.400

*$

@ Ferroxcube 3C81 Core: www.Ferroxcube.com
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Magnetic Core Modeling
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Magnetic Core Modeling
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Magnetic Core Modeling

5. 0K
////BE/#
B-H Curve L
1.3C81_LSW /
2. EC70_3C81 : 7
7
«T\;» _ 3CT[LSW 7
0.1 SEL>>
R RS FIG. 4 e -2.0 -1.0 -0.0 1.0 2.0 3.0
0.1 0.1 o B(K2)
H(K2)
1 5. 0K
e sos () 1 ; =
FREQ = 10k TE
TD = 1usec L1 L2
100 100
/
2 2 7
: / ,
=0 [K] K1 [K] K2
SBhor Tihor z
COUPLING “c70/3c81 L
FIG. 3
FIG.5 -5
-3.0 -2.0 -1.0 -0.0 1.0 2.0 3.0
o B(K1)
H(K1)

Power System Division / ONYX Technologies, Inc. ‘ lechnaloges




Power System Analysis Using PSpice

Magnetic Core Modeling

B-H Curve
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Modeling of Transformer

Equivalent Circuit : ABM
1. K _Linear

2. PSpice Template Properties

Power System Division / ONYX Technologies, Inc. ‘ Tecl :




Power System Analysis Using PSpice

What's ABM(Analog Benavioral Modeling)?

Behavioral Modeling is the process of developing a model for a
device or system component from the viewpoint of externally
observed behavior rather than from a microscopic description

Two of Behavioral Modeling in the domain
of analog simulation are : modeling new device types : and
block-box modeling of complex systems.

Applications = :
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Transformer Equivalent Circuit

=

: ABM

AN Y Y . ° A%
2.51 0.0269124 0.269m 0.0311
V1
L R R1
@ 65:':78 7:;?( § 10
R5
6 —AN\—s FIG. 8
l 1Meg l
= 1 6 =
F1
48 a O5
3 | E—
FNOM
Ideal Transformer 4_ E1
3
O H
4 O NOO 06 FIG 9

Power System Division / ONYX Technologies, Inc. ‘ TBchmdiogee:




VOFF =0
VAMPL = 1
FREQ = 1k

Power System Division / ONYX Technologies, Inc.

V1

S

1
o) L
2

[K] K1
3C81_K_LINEAR_LSW
COUPLINGE

PARAMETERS:
Ro =1

FIG. 10

1
1 o2
1 1
R2 2
—A\N\——=
1meg

R3
{Ro}

Power System Analysis Using PSpice

5. 0K
T
)
c /ﬂ
z
-5. 0K T
-10 0 5 10
o B(K1)
HK1)
FIG. 11




Power System Analysis Using PSpice

AFRM_LINEAR or XFRM_NONLINEAR Editing
= Transformer Template Properties
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Waveforms with Nonlinear Transformer
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XFRM _Nonlinear
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Switching Mode Power Supply W

@ Isolation Type

Flyback
Forward
Half Bridge
Full Bridge
Push Pull
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@ Non-Isolation Type

Buck (Step Down)
Boost (Step Up)

Buck-Boost
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Switching Mode Power Supply W
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FIG. 22

On time: 4.551ms-4.54ms=4.1us
Off time : 10us-4.1us=5.9us

Ai, : 556.3mA-359.2mA=197.1mA
(Vi-Vo) : 7.26

(-Vo) : 4.99

Inductor Voltage(1)
Inductor Current(2)

FIG. 23

Inductor Current(1)
Capacitor Current(2)
Capacitor Voltage(3)

o



_ L1 R1 . D1
In—f-Y-Y-Y-\ switch _ out
AN ™
50uH 0.1 MBR10
R2
V1 0.01
48Vde——
T R4 M1
—W—] 5 L.,
10 T
IRF54 470
V1=0 V2 R5 u
v4=10
O = 1n 100k
TR =1n
TH=1n
PW=3u  ~ -
PERO=1OU
FIG. 24

Power System Division / ONYX Technologies, Inc.

R3
10

Power System Analysis Using PSpice

fi
10044
\
f{ S UpETTVorTays
f‘l Aptet-aF--Cuf-r-en
s :
Cwam oy T tor
FIG. 25
11. 65 v
R TR
B AW A A
FAVAVATAVRVAVAYAVAYA
RVRVRVAVRIAIRAURIA
[ARRERRER
FIG. 26 |

6.99
8.854ms 8. 880ms
o V(aun) o I(L1)

8.920ns

Tinme

8. 9598

o



Power System Analysis Using PSpice
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>> Power Factor
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PF/ THD I

— What Is It and Why Must It Be Corrected?
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PF/ THD I

_ Average Power  avg[v(t)*i(t)]

PF = =
Apparent Power  Vrms* [rms

If v(t) has form of sine wave, power factor can be expressed as following.

* *
:Vrms Irms(1) cosé?: Irms(1) cosd - Kd* Ko
Vrms* Irms lIrms

THD = /MSPIST) 4 4
Irms(2)

PF

2 12
THDz‘/I rms— | “rms(1) %100
lrms(1)

Where, Irms(DIST) = /1 2rms— 1 2rms(1)

Power System Division / ONYX Technologies, Inc. ‘ Tech ;



PF/ THD I

THD=\/( IS 42 1%100

lrms(2)
1
THD = ,|—5——1*100
K2d
Kd = L
\/1+ (THD)2
100
pr = M) o - Kd* Ko =
Irms
- PF = iHD
\/1+ (——)°
100

Power System Division / ONYX Technologies, Inc.
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Relationship Between PF and THD

Kd<1, K8 <1 Kd<1, K8 =1

Kd=1, K6 <1 Kd=1, K8 =1

FIG. 59
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Equipment Classification I

Balanced
three-phase

Yes

Y

equipment?
Portable Yes Class
tool? - B |
t €— T1/3 —P€— T1/3 —>€— TU/3 —P|
L :
i
1
i
Lighting Yes Class Y I
equipment? L C i M
0.35 i
i
1
1
1
ipmen 0 T[/2 Tt
hevine e Motor Class wt
Spechial , driven? D
ave shape . mgn
Class D Wave Shape Definition
Yes
> A
FIG. 60
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IEC 555-2 Absolute Limits I

CLASS B
5 [
) ] CLASS A
= > I
Z 3 /
g T
D
0.2 \
0.1 <
CLASS C
0.02
0.01
1 2 3 5 10 20 30 50 100

Harmonic Number (n)

FIG. 62
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IEC 555-2 Class D Specification I

Maximum Permissible

Harmonic Order mA/W _
Harmonic Current
3 3.4 2.30
5 1.9 1.14
7 1.0 0.77
9 0.5 0.40
11 0.35 0.33
13 and on Linear Extrapolation See Limits for Class
3.85/n A Equipment

Notes:

1. Class-D specifications apply to equipment operating from a single-phase 220V ac line

with a waveshape such as that exhibited by the input current to a rectifier with a

apacitive input filter.

2. Current IEC documentation suggests that the above Class D limits will be applicable
from 1st January 1995 to all equipment having an input power from 75W to 600W.

Power System Division / ONYX Technologies, Inc.

VX



Power System Analysis Using PSpice

PFC Specification Information I

I Summary

Harmomics+icker required under 89/336

Commission has re-listed both
EN61000-3-2 and [-3-3] effectively delaying
implementation until 1/1/2001

4 year transition for the limits for low power
[75W=50W] of class D equipment, Start
date not defined.

Do Ineedtotest ?

hiip /A emisoficouk
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Comparison I

I
1107220 —

I
+ =
VOLTS IN DC
C
LARGE  gurpuT I CaMALL
FROM WALL VOLTAGE oy
SOCKET
TO POWER CONTROL | |
SUPPLY :

+
I':LAFIGE

S N

POWER
NOT USED

WVOLTAGE
VOLTAGE

'

CURRENT
|
|
|
|
3
CURRENT
[
| ]
[
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Single-Phase
PFC

Power System Analysis Using PSpice

Single Phase PFC Topologies I

Two Cascade

Single-Stage 2

Parallel Power

Power System Division / ONYX Technologies, Inc.

Stages Single-Stage 1 Processing
Boost PFC Flyback PFC Resonant VPEC
PFC Circuits
Buck+Boost Isolated Boost SWM Bh
PFC PFC ase
Shift PFC
Shower PFC
Dither PFC
BIFRED PFC
BIBRED PFC

S vx
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Basic Topology & Control Method I

»l

W g W mesie W m 1V mE e
x| | H 5
3.Turn-ON |/ _i
T |77 VY N
I : 2.Turn-OFF I W it -H INSEREEEN E_ [ I:
1.Boundary | |_|<|_ Vref 4.Feed-back Wout BEREEEE ‘l ’—[_
FIG. 65 FIG. 66
. P P Vs I

€ Power Factor : |:>_|:_:g :V I =V1’fmsl 2™ 0osl, = Lms cos,

rms’ rms Lrms" T,rms T,rms

€ Target : Ballast, High Efficiency SMPS
¢ Switch turns on when IL reduces to zero
& Switch turns off when the switch current exceeds K*IVil*VVc

Power System Division / ONYX Technologies, Inc. ‘ Tsch
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Experimental Results

V & | V & |
250 prm T e | 250 Fmmmmm e |
200 1 200 i
150 i 150 i
100 i 100 }
50 1 50 !
0 : ! 0 ‘
6 ¢ 300 400 00 300 400 500
- input current | =0T input current 1
“1or 0.5A/div ‘ oo T 1A/div |
-150 |- | -150 + < . |
00 | <—input voltage : 00 | input voltage |
50V/div | 50V /div |
L 10

Output Power = 60W Output Power = 125W
FIG. 67 FIG. 68
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Experimental Results

l 7777777777777777777777777777777777777777777777 |
V& | |
250 ; 0.99 |
200 | 0.98 F treeea. i
150 L i
‘ 0.97 ‘
100 ! o |
50 i 2 0.6 T T - i
| © |
0 % 0.95 |
400 500 § |
0 input current | S 0.94 l
Lo 2A/div ‘ 0.63
T ‘«—input voltage l Ro=1.5k| !
-200 + - ! 0.2 Ro=1k |
50V/div ! § ;
250 Lo 0.91 | —--— Ro=500 |
0-9 L L L L L L L ‘
80 100 120 140 160 180 200 220 240
Output Power = 250W Input Voltage
FIG. 69
Power Factor Versus the Input Voltage Variation
FIG. 70
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Two Stage Topology ‘

FIG. 71

Power System Division / ONYX Technologies, Inc.

PWM IC

Power System Analysis Using PSpice

* Buck + Royer Inverter

* Low System Efficiency

» Self Oscillation

» High Cost
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imulation Circuit of Buck + Royer Topology

K1
1 _Linear
COUPLING = 1
°
L3
8uH
" 2
rFug010 L1
1~~~y 2
TAl A 1
[
v § R3 R5 L2
. Vi=7 V1 suH
15Vde— 4 ca V2=15 N D1 021k 0-2k 8u
T - TD=0 - Dbreak
1u TR=1n C3 2
TF=1n 11 1
PW = 10u Iy c2 22p R2
PER = 20u Q2N6473 Q2NB473 120k
Q2 \ Q1
-0 -0 -0 -0 + —
[ [ =0
=0
| 4
0.88uH
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Simulation Result |

40V 400V
A b ] fl n s
AR A
, A *I\ 1l
30V 1
,.\ f ]ﬂ _ r ] | 200V !) { 3
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N | ]V“J
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M I
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10\/\ I ¢ {
| i
o | - 200v
oV SUNNI do N NN SINN ” J \ ,&, T
RTHIRTAYARTARRRI
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FIG. 73 FIG. 74
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- Single Stage Topology

T1 o
C) — """ I
C1 — N1 C N2
Jﬁ Q2 C3T ﬁ
R1 " | R2 T ccrL
® _T_ VWA ®

CONTROL IC

Vi

FIG. 75

 Half Bridge Converter
* High System Efficiency
« PWM / PFM Control Method

* Low Cost
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Vin 8 -

20vdc
s1 ,:T
3 L1 ca T
S2 | AC 1V C5 T §

Feedback O

v PROB

* Pulse Frequency Modulation
» High Side Gate Drive

» Charge Pump Technique
(NMQOS)

* High System Efficiency

2kv

R 77/, G Dimming Max
| Yo * Class D Type CCFL Inverter
U N » Low Cost
H imming Min
;f.min frrx1ax
' FIG. 76
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Power Stage AC Simulation

Power System Analysis Using PSpice
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AC Simulation Result

250

200

150 r

Voltage

100
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Power System Division / ONYX Technologies, Inc.

100000
Frequency

FIG. 78

150000

200000 250000

Qv



Power System Analysis Using PSpice

AC Simulation that Consider Actual Parameters

Power System Division / ONYX Technologies, Inc. ‘ lect
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Simulation Results(ldeal / Actual Case) ‘
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ower ostage vesign Guilaeline

Parameter Description Typical Value | Units
P f D H d | VLrms Nominal Lam Lating Vol full brightn 4201V,
ro g ra.m O eS I g n g u I e I n e ILrms Nominal Lamp Operating Current at full brightness 5|mA
fo Minimum Operating Locked Frequency 53 |kHz
Lm Primary side Magnetizing Inductance 143y H
Cout Output Ballasting Capacitor 100 |pF
Vin Power circuit DC voltage 7V
Cs lnput_DC Decoupling Capacitor 08lu H
0' 3UF N ITurns ratio of Transformer 74 |none
j Q1  34.5uH Rout=| 84.0 kO
1:74 , Vims=| 315 |v
Vi c2 L1 1 The input impedance Rs=1 473 |0
en 1 }_/VV\ The impedance of the converted secondary capacitance Xcop = 485 10
—) T i Rop = 174 10
i X = 10. 0
o N1JIS N2 el l0
Q2 C i The impedance of the primary side magnetizing inductance XLm= 47.6 10
R1 [ " . ftive | Xcp=] 106 |0
CCFL 10, The parallel capacitor value Cp= 284 __|nF
J__ 234I7F 11, The series inductance value Ls = 345 luH
Control IC FIG 81
Frequency response of output voltage
1600
140.0
1200
120.0 E-
()
- S 800
.'g 100.0 =
Y N
(%] -~
g 80.0 a 400
S -~
= 60.0 8
z ST FIG. 82 0
00 e 1E+3 10E+3 100E+3 1E+6
1.00 1.20 1.40 1.60 1.80 2.00
Q frequency f [Hz]
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Mixed Dimming Control Method

C5
I
E/A Feedback
PWM -
Comparator— + —is
Burst Dimming
OSC(COMP2) 1.5V
Burst
Ct
s/s 9.1v
150Hz R22
3k

[ ]

DIM(vdim:0-5V)
Vdim:1.5V—Idim:66.7uA(Vref:1.31V)

Vdim:5.0V—ldim:2.4mA(Vref:3.65V) Idim¢
q
. I; Q22
Q23 Q24
R18
0.3k

$Iref

Vref:1.25-3.65V

R23
1k

Q27

Functional Block Diagram of Mixed Dimming Method

FIG. 84
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Burst Dimming Mode

Analog Dimming Mode

Timing Waveforms of the Control Circuit

Vdim

Analog Dimming Areg
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5.0V

1.5V
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g Areax
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1.4V
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Experimental Results

B Soft Start
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FIG. 87 FIG. 88
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Experimental Results

B Burst Dimming Function
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Experimental Results

B Open Lamp Regulation
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