Exercise 2 solution

Problem 1

a, =0.5cm a, =1cm a, =2 cm

ur, 1= 50 ur, = 100 ury 1= 200

Ipk, =04 A Ipk, =4 A

L, ‘=4 mH L2:=600 uH

f . =100k =4 A =03 =0

sw = Hz J:= .5—2 Bt =03T K:=0.5
mm

hy =4 72 i=1.3 mT:=107 T

m

The magnetic core parameters are:

r:. +1
1 C=2 T e=2 ﬂ;vm—out
2
ai-|—2~ai
lg =21 lo =47.124emm I o = 94.248°mm
i 2 1 2
=2 \2
A (a) A, =25mm’ A = 100emm’
1 2
Ay =nla)? A, =78.54emm’ A, =314.159emm’
Wi' \i> wl_ : Wz_ :
" 34 4 4
AP =A A, AP = 1.96-10°emm AP, = 3.142:10*emm
i ; ; 1 2
Vol i=Ae e Vol = 1.1810%mm’  Vol, = 9.425-10°emm’

For small AI (0.2 Ipk) Irms approx. equals to laverage.

Skin depth is:
._ 76
Si=——_-mmaHz S = 0.24°emm
/\/fsw

I, = 188.496emm
3

A = 400emm’
3

3 2
Ay, = 1.25710"emm

AP, = 5.027-10°emm”

Vol, = 7.54-10%mm’



1.1

Area Product needed for the first inductor (taking B ., :=0.25 T):
Ll'/lpkl\2 3 4
N U 1138107 omm => the smallest core a = 0.5cm
J KB max

Check the maximum number of turns in the window of chosen toroid:

AL
Irms =lav=Ipk, - —=0.9-Ipk,
2

Irms = 0.9~ka1

Irms1 =036 A
Needed winding area for inductor RMS current :
Irms1

A A ¢ = 0.08emm’

A
strands := ceil/ cu

2 strands = 1
n-S

No need for a litz wire.

4-A
o cu
dcu "

n-strands dy = 0.319°mm

Winding: one strand of copper wire d , = 0.319°mm

Maximum number of turns:

n = K
max 5 N ax = 490.874

n,; =245 ny =173
12 13

m

B pax = 0.261 T B ipax, = 037 T



B jax =B max, is acceptable and ur = 50, number of turns n =212

The following core is choosen: a, = 0.5°cm pr, =50

AL
AB=B jax —=B max 02
Ipk
AB =028 max AB = 37emT
1.2
Area Product needed for the second inductor (taking B .. :=0.25 T):
Mk V2
L, (Ipk,) 4 4 _ _
=1.707-10 emm => the smallest core a = a, = lecm
JKB hax

Check the maximum number of turns in the window of chosen toroid:

AL
Irms =Iav=Ipk, - 7=0.9 Ipk,

[rms, := 0.9‘ka2

Irms2 =36A
Needed winding area for inductor RMS current :
_ Ilrms2
Ay = A = 2
Al cu™ 0.8°emm
A
strands :=ceil cu
\ 2 strands = 5
n-S
Litz wire needed !
.o 4A
cu n-strands d gy = 0.451emm
Winding: ten strands of copper wire d cy = 0.5 mm
Maximum number of turns:
A W,
n :=—2 K
max 5 no =160

cu
- —— | -strands

| 2

Choose prsuchthatn<n_ and B <025T:



Il2 =95 Il2 =67 Il2 =47

i A m, B max = 0253 T B imax = 0358 T B max, = 0511 T

The flux density is too big, the core with a = a_ = 1ecm is not suitable. Next try - core witha = a, =2°c

2

Maximum number of turns:

n = K
max > N oy = 640

n, =67 n, =47 n, =34
2 2 23
B max, 0.09 T B max, = 0.128 T B max, = 0.176 T
B =B is acceptable and ur = 150 number of turns n 5 :=39

max rnax3

The following core is choosen: ay = 2°cm pr; = 200 (this core is too big, but the only possible

Al
AB=B | ax—=B 11ax 02
Ipk
AB:=0.2'B 105

AB = 35.3°mT



Problem 2

2.1

2.2

o o ,_ o o A
Vipgi=12V V=48V T =T A f =50 kHz Ji=4s —
mm
B ax =02 T K:=0.5
\4 \&
e L D= 075
Vin 1-D Vout
. Iout o B B
[Lavi=— AL:=0.11p , I[av=4A Al=04A
L=4510"H
Ix=42A
Irms =4 A
$:= "% mmalHz S=3399-10" m
fSW
First find area product to choose the core
Ap I_L~ka~I rms o 4
. AP =1.68-10"
J KB max [

The core that satisfies the needed area product is E41/17/12.

2 4

A =149 mm’ Ay =114 mm

4
w A Ay, = 1.699:10*mm

Number of turns:

L1y

B — N = 63.423
Ae'B max

N:

Rounding turns number to N :=64

_Irms

Acu=— A ¢y = 0.889emm’

cu

A
strands :=ceil

. _Sz strands = 3



4A
d = cu

cu n-strands d gy = 0.614emm

Winding: Three strands of copper wire d ., :=0.5 mm

Window area occupied by the winding:

2
[d
) __Teul N
Window :=17 ) strands < Window = 75.398 emm?
Air gap:
2
nyN“A
| s 1. = 1.704emm
g L &

1

Airgap 1 g= 1.704°mm in the middle leg of E core, or two gaps —& - 0.852emm in the side legs.
2

2
A gy'N = 56.891emm

2
| ,_HO'N A
g L 1 ,=1.704emm



3791 NNV PINS

: DN
fi=50kHz; P=200W; Vi,=x50V; Vou =£150V;
AB=0.15T; k=0.6; J=4x10° A/m?;
Ap DNON2 DN

Viston J-2- Il (RMS)

Ap=Ae Ay = AB-J-k
: DM0NN OIIVNION HNX AVN)
P 200
Il RMS :—:—:1333A,
RMS) =y, 7150

Ts =20 ps; ton = 10 ps; {Vy,ton} =10p-150 = 1.5m

1.5m-2-1.333
Ap = =11.11n [m*]

0.15-4x10°.0.6

: 0”190 by ETD34 oonnnn qun

A. [mm?] I, [mm] Ay [mm?] | V.[mm’] Ap [m*]

ETD 34 97.1 78.6 123 7640 11.94n

:ETD34 91n 5v 1NN A~ 977y DIXNDN 19010 NX 2AWNI NN

Vi, t Sm[V-

n1:{1 on}: L.5m [V Sef]6 5= ~103 [Turns]
AB-Ae  0.15[T]-97.1x107° [m*~]
Yout 1

ny, =—%2n; =—n; =35 [Turns

2 V; ! 3 ! [ :

: 0IND M2 DX YIAPI PYWOY)
Lirvs) = 1.333A;  Lrms) =3 - 1.333 =4A;

1.333 [A 4TA
Acy, :—[2]:0.33 [mm?]; Acu, :[—]2:1[mm2];
4 [A/mm~] 4 [A/mm~]
: Skin effect-n Nyona awnnnd Nowy N
72 72

O[mm]~ =0.322 [mm]

JE[Hz] /50K
:9NY VIN DY 291 DY IIP) TON NLY

S, —mr? =152 %0326 [mm?];  d,. =2 | WX _ 0 644[mm];
T

_Acyp 033

m _ACu2 1
PSS 0326

1; m, = = ~
2 S 0.326

b

VIP2 N 28 mil W SWG-22 2010110 VIN NN dpax-? 9012 21PN IVIP Dy VINA YHNY)I
.D>TTI2N DXVIN NVIZWYN 2D7NNIN NXD VIN NYN) N> VIN TIVXI MMWRIL.0.711 mm Sv



Problem 4

1) Buck transfer function, duty cycle is a parameter:
1.0

0]
ov 0.5V 1.0v
o V(Load)/V(in)

V. V2

1) Boost transfer function, duty cycle is a parameter:
20 A?

\
\

10

ov 0.5v 1.0v
o V(Load)/V(in)
V_V2



2) Buck

a) Input voltage change of 20%:

[X
!
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» ? I
J l
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\
OS Veouty 2ms 4ms - 6ms 8ms 10ms
b) Duty Cycle change of 0.2:
12 A W
[
| \
i \
" ! l
l \
l A
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o .
\/
OS VD) 2ms 4ms o 6éms 8ms 10ms
c) Load change of 15%:
K
|
b
8.4 l
I
b
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I
|
os V(Loady 2ms 4ms - 6ms ams 10ms



2) Boost

a) Input voltage change of 20%:

b) Duty Cycle change of 0.2:

¢) Load change of 15%:

20V =
/]
{ \
18V f \
/ ™
-E——I
16V
Os 5ms 10ms 15ms 20ms
o V(Load)
Time
24V
3
20V
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