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Inductor Design Example

Welcome back to the course on Design of Power Electronic Converters. We were discussing
magnetics design and we saw how we can design inductors.

Design an inductor with following specifications:

*  Inductance, L=100 uH

*  Average inductor current, /= 8 A Lll W © i

+  Current ripple, 4i;=0.625 A lf

*  Output power, P, =100 W - t'ﬂ N +

*  Switching Frequency, f,= 100 kHz Va UVAN - Yo
° c C Ry -

+  Current Density, J,= 3.0 X 105 A/m?

*+  Operating flux density, B,,=0.25T

*  Core Material: Ferrite (Ferroxcube core-3C91)
*  Window utilization factor, K, =0.4
+ Temperature rise, AT=15°C

Now, let us take an example of inductor design. So, we need to design an inductor for a buck
converter. Let us say that we have to design the inductance for /00 uH. The average inductor
current for that particular converter is 8§ 4 and the ripple allowed is 0.625 A. Output power that
means, the total output power here is /00 W and the switching frequency chosen is /00 kHz.

Then for design of the inductor the current density is chosen as 3*/0° 4/m’ and the operating
flux density is chosen as 0.25 T and for the design we choose ferrite core and that is reasonable
because for this frequency range ferrite is very suitable.

So, that material is chosen and window utilization factor of 0.4 is taken and further the
specification is chosen such that the temperature rises up to /5°C. So, whatever we design, it
should be such that the temperature rise is below /5°C. So, here

L=100 uH, I,= 8 A, 4i;=0.625 A, P, = 100 W, f;= 100 kHz, J»= 3.0 X 10° A/m’, B,y =0.25 T,
K, =0.4,4T = 15° C.



Area Product

Calculate

*  Peak current

4i; 0625
Ika = IL +T =8 T
= 831254

+  Energy

1 1
Wy = Euf,k = %100 x 107 x (83125)’
=345 % 107°W

*  Area product

W,  2x345x107

KBy 04%0.25%3x 108
= 23032.55 mm*

A=

So, what do we do? We first calculate the area product and for that what we have to do? We
have to first calculate the peak current. So, you know the equation to calculate the peak current.

So, you substitute here and you obtain that this is the value of the peak current.
Aig 0.625

=8.31254

Then we calculate the energy. So, energy will be

Wy, = ZLIZ,; ==X 100X 107° X (8.3125)?

=3.45x 107*W

Then, now, we have everything for the area product. So, we know this energy and we know K,

B and Ji. So, this is the area product that we are going to obtain.
2Woy 2%3.45%1072

P Ky Bmlm  0.4%0.25x3x10°

= 23032.55 mm*
Now, after obtaining the area product, you can google. You can find out the various cores that
are available. What are the area products of them? You have to choose a core which has an area
product with somewhat greater than the calculation.



Core Selection

43—

Ferrite (Ferroxcube core: 3C91) 29.5 —
L'J-!.Z e
- E42x21x15 ! } T
I 148
* Area Product, 4, = 31700 mm* i * g
|

152

Winding Minimum Average
Area Winding Length of L +
(mm?) Width

Turn

(o) (mm)

178 255 93 31700

* Source: http:/fferroxcube home pliprod/assets/e422 | 15.pdf

So, we have done that and we came up with this £ 42 core. Core selection and the dimensions
of that core are shown here.

E42x21x15

So, you can see here these dimensions. This is the width of the central limb. So, all these
various dimensions are shown here. What is the winding area in mm?, minimum winding width,
average length of the turn and area product? All are given here for this chosen core.

Ap = 31700 mm*

Core Selection (cont..)

*  Core number: F42/21/15

*  Magnetic path length, MPL: 97 mm

+  Core weight, Wy, =44 g X2
Mean length turn, MLT =93 mm
Cross-section area of core, A,=178 mm?

* Window area, W, =178 mm?

+ Area Product, A,=31700 mm*

+  Surface area, A, =4891.36 mm*

*  Permeability of material, 1, =2300
Core dimensions: 42 X 21 X 15

* Source: Colonel Wm. T. McLyman, Transformer and Inductor Design Handbook. CRC Press, 2017.

Further, all the other parameters related to the core are noted down. Those are the magnetic path
length, the core weight and, then mean length turn, further the cross-sectional area of the core,
the window area, area product, the surface area (4;), and the permeability of the material and
also the core dimensions.



Wire Selection

Calculate 2

+  RMScurrent

ir
Ai? 0.625)?
Trms = r§+—1£= 82+( 12) ~84

+  Bare wire cross-sectional area

_ !ers _ 8

— e ——— 2
W T IR 2.67 am

Select wire from wire table

AWG Diameter Area Resistance | Max Current| Max Frequency
[mm] [mm?] [Wkm] [A] for 100% skin depth
1 12 3200 Hz
12 93

230378 417 4.1328
205232 331 520864 4150 Hz
13 1.8288 262 6.56984 74 5300 Hz
* Source: http laris-sh I can%20Wire3s20Gauge%20Conductor%20Size 20 Table pdf

Then next step is to do calculations for the wire selection. So, for that you have to calculate the
RMS of the current. So, that has been done here using this equation and approximately § 4 is
again obtained. So, if the ripple is small, RMS current is going to be close to the average

current.
I — |12 Aif g2 (0.625)2 84
Lrms — .t 47 + 12 ~

So, then we divide that RMS current with the current density.
_fprms B 2
A, = T ax1os 2.67 mm
So, you obtain the gauge of the wire, the cross-sectional area of the wire and from there you
obtain that /2 AWG is going to be suitable because that has a cross-sectional area which is
slightly greater than this 2.67 mm? that we are obtaining from the calculations.

Number of Turns

KW,
Ay
_04x178x 1078
T 331x10%

N=



Further, you calculate the number of turns. So, the equation is here. We substitute everything
and we see that

K, W, 0.4x178x10"°
N=—"212= e 22

Ay 3.31x107°

Now, this may be coming in fraction which you may be getting. You have to approximate it.

! _F‘a‘AL‘N2 Ic

& L Pae

_ X107 X 18X 106 X222 97102

- 100 x 108 300

Then for the air gap again you have the equation for calculating this, you substitute all the
values there in the air gap and you obtain that.

] = Lo doNZ le  4mx10”7x178x107°x22® 97x107®

— ~ 1 mm
g L e 100x10°° 2300

Magnetic Flux Density

di
g o & dnx 1077 x 22X 03125

w I, 97 % 1073
-3
ig + e 1073 + 7300
=828x1073T

di
) ol (1, +52) _4rx 107 x22x 83125

97x 107
7300 (a) Hysteresis and the operating trajectory and
(b) magnetic flux density waveform B() *

()

B, =
" L 1073 +
9 e

=022T < 02_;)'-[

* Source: M. K. Kazimierczuk, High-Frequency Magnetic Components. John Wiley & Sons, 2013

Now, let us do some checking whatever we have designed. We obtain the air gap length, we
obtained the number of turns, the gauge of the wire, and also we selected the core. So, we
calculate the B,. So, what is B,? You know that B, is this much of the flux density. So, you
have the equation for that and you substitute again all the values. That will be



(AL, -
Paf‘*{—) _ 4mx1077x22x0.3125

_ 2 _ —3
B,, = —% " —828Xx 10T
fg+— 10 3+—
Hre 2300

Now, this is the B, that affects the core loss and so, that is required for calculating the core loss.
We also need to know the (Byx) maximum flux density. We want to ensure that this is less than
the material’s flux maximum flux capability. So,
Ai
B, — PaN(fa +TL) _ 4mx1077x22x8.3125
pk — I - g 9THLO®
g+.ﬁrc 1075+ 2200

=0.22T

It. is less than 0.25 T, that we have chosen or the specification was given to begin with. So, our
design is okay in that respect.

Losses

Calculate

For Ferroxcube 3C91(F)
+ Coreloss

k=5983 x 10~
B, = kBLf™
= 5983 % 107 x (100000)16 x (828556 x 1075258 m =166
= 0.0315 W /m® n=268

V. = tisdoali) © m*
P.=PV.=545%x107W

*  Copper loss

P y 5208
RL=MLT><N><;”T=93X10 3x22xm

= 0010
By = [EmsRy = 82 X 0.01 = 0.704

Py = B+ B, = 07044

Then you calculate these core losses. So, for core loss, this is the equation. You have to find out
this k, m and n values for the ferrite core that is chosen and then you substitute in this.

k=5983x 10>
m = 1.66

n=2.68

We obtain as the core loss density, we multiply it with the volume of the core. So, you have the
dimensions of the core. You can find out the volume of the core. So, the total core loss is
obtained. So, we see that the core loss is very small.

P, = kB"f™ = 5983 x 105 x (100000)¢¢ X (8.28556 X 10~3)%68 =
0.0315W/m3
V.= 17.3 X 1076 m?

P.=PV.=545x 107 W



Then you calculate the copper loss, we have the mean length turn, the number of turns and then
the resistance per unit length. So, we substitute all that for the copper wire that we have chosen
and this is the total resistance that we obtain

R, = MLT x N x2¥2€ _ 93x 1073 x 22 x 2222 0.0102

Ly 1000

P, =12, _R,=82X0.01=0704W

Now, the core loss is very small as compared to the copper loss. So, the total loss will be
almost equal to copper loss. So, that is the loss which is going to happen in the inductor that we
have designed.

P, =P +P, =0704W

Temperature Rise

A, = 4891 cm?
_for D70 2
Y= m -4&91-0.0144 W/em
AT = 45090526 = 450 x (0.0144)"9%
=1355°C < |5°
Now, this is
A, = 4891 cm?
Py 0.704
Y ="t= =0.0144 W/em?
Az 48.91

AT = 4509¥°-22¢ = 450 x (0.0144)%%?¢ = 13.55°C

This is less than /5°C. That was the specification to begin with. So, our design here is well

suited for the specifications that were chosen initially. So, now, one of my students will give
you a demo of how to practically design this inductor.

Student- Hello everyone this is Nupur, and I will show you a design procedure to make a
handmade inductor of value /00 uH. The inductor is designed for a buck converter, with
average inductor current of 8§ 4. The peak inductor current is 8.3/25 A and the switching
frequency is 100 kHz.



As per the area product calculation, the selected core is EE ferrite core which is made by Ferrox
cube. The dimension of this core is

E42x21x15

The selected copper wire is /2 AWG and this is the / mm thick paper. It will be used to give the
air gap between these two cores and this is the bobbin where windings will be done and this is a
tape that will be required to fix these two cores.













Now, I will start winding this enameled copper wire on this bobbin. So, this is the first turn,
then this is the second turn and in this way, we will continue with the 22 turns. Now, you can
see that the enameled copper wire has been wound on this bobbin with the required number of
turn and that is 22. The enameled copper wire is secured using the tape now. I will assemble the
inductor. So, one E core is placed here and now, this paper is placed here to provide the air gap.

Now, I will place the second E core and now I will use the tape to secure these two cores. Now,
this is the completed inductor. Now, I will measure this inductor using this LCR meter. We can
see the inductor value that we are getting, and it is around 99 uH.



