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Why do we Need Proximity Loss Analysis?

Switch Current (A)

Primary Winding 0.097 Ohm
51 Turns

3 Layers of 17 Turns 20 awg wire —
0.9 mm diameter Transformer Dissipation

Loss = 1.985" x 0.097 =| 0.38 W RMS Calculation 0.38 W
Proximity Fundamental 5.54 W

5 Turns o LTspice Simulation 8.46 W
S Layersof 1 il 026 069 | w
6.02 W
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Proximity Loss - the Hard Way

Step 1
Define the Winding Structure

R R R R R R R R R
E R SR A SR AR S R AR AR AR AR R A e 2
R R R R R R R
LR SR AR S AR 2 + o0

Find n, Rdc and L

Step 2
Simulate Waveforms

Step 4
Dowell’s Egs for AC Resistance

Inductor AC Resistance vs Frequency

DC Resistance =

Ripple Frequency Resistance =

Step 3
Extract Harmonic Content — solve I?R,. for each

Il | .« .
DC

100 kHz 300 kHz 500 kHz 700 kHz



Proximity Loss - the Modern Way

Step 1 Step 2
Define the Winding Structure Sweep Dowell’s Eqgs for AC Resistance

Inductor AC Resistance vs Frequency 2

POWER 4-5-6
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R R R R R R RS
LR S AR 2 AR 2 AR e 2 E AR A R R A

DC Resistance =

(Can also measure with AP300)

Find n’ Rdc and L Rippla Fraquency Resistance=  0.8399712 E———

Step 3 Step 4

Circuit Model to Match Predictions Simulate Waveforms - all Proximity Loss is Time Domain
Racs
Proximity model active? 1 1=yes
Racl 1.32 mQ
Rac2 234.43 mQ
R Rac3 2938.35 mQ
acd
Rac4 6590.55 mQ
Rac5 21402.18 mQ
Raca Lacl 4139685 uH
Lac2 41.0829 uH
R Lac3 29.89081 uH
acd Lac4 8.84732 uH
Lac5 2.55406 uH




Magnetics Winding Loss

Design Example



Proximity Loss Example

L
k 100 kHz

Y Y\

12V 30A

NI ° °
300 - |
P ¥ ° °
425V 1
—— A ——
A — o
i Ad

Primary 51 turns 20 awg 3 layers

Secondary 5 turns 10 mil foil
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Primary Proximity Loss

- 1 2 ,
P,= bé l m}f [(1+7)6, — 4G, |

The H field is calculated from
*V.-'I.-'

R R R S R R R R R R R R R R
R R R S R R R R R R R R R RN
DR SR AR AR AR R SR AR AR AR AR AR AR A
R R R N R R R R R R R AR R R

H =

b, = winding width

W

Complex functions are needed to calculate the losses :
sinh 2A, +sin 24,

G = A, : :

: cosh 2A, —cos2A,

G. _p SimhA;cosA, +cosh A, sinA, Transformer Primary AC Resistance vs Frequency "

cosh2A; —cos2A,

POWER 4-5-6

The ratio of the winding layer height to skin depth is

h 2
A== skin depth & = =
5 o,07

O = conductivity U, =Ar x107 1] = porosity

10000 100000 1000000 10000000 100000000

DC Resistance = 0.09657 Ohm Frequency (Hz)

Ripple Frequency Resistance = 2.4239 Ohm
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Primary Proximity Loss

Resistance (Ohm) Transformer Primary AC Resistance vs Frequency 2

100.000

POWER 4-5-6
+ SPICFT sunch”

100000 1000000 10000000 100000000

DC Resistance = Transformer Primary Winding Proximity Model

Ripple Frequency Proximity model active? 1 1=yes
Racl 132 mQ
Rac2 23443 mQ)
Rac3 2938.35 mQ
Rac4 6590.55 mQ
Rac5 21402.18 mQ
Lacl 4139685 uH
Lac2 41.0829 uH
Lac3 29.89081 uH
Lac4 8.84732 uH
Lac5 2.55406 uH
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Primary Proximity Loss

Lbxpri
s U %o\ K2 Lixsec Ltwpri 1

10p
'_
M1
Rgate2 l=H
'_
10
B1
V=w(Drv1) K1 Lpri Lsect 1 Rac
iode={Vdiode} Rdicde={Riod&05p 9.2100p 1.00p
D4 03 ACpwri
RFUHB0TS6D RFUHEOTS6D
Cout_esr
ACpwr2 6.00m
u2s
L | i
o8 ACpwr3 Vdiole={Vdiode} Rdiode={Rdiode} _|Cout
1330p
UDZV158
Rix1 H o
Rsense 0.7 Rgate t=x
'_
31.2 Lixsec vm\f
25.0m
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Lixpri
i ﬁ %o\ K2 Ltxsec Ltxpri 1

10p
i Primary Proximity Loss
Rgate? ‘}ﬁ- m
'_
( g LY Waveform: V(NOO9,NO19)*I(Rpri) 4
T V=v{Drv1} K1 Lpri Lsect 1 20 LA L1 Rac Liear
Tl
Rpri vuimpwdimer]MimeqRLimM L'—'J T \1/.}|J/|.|L Interval Start S s
96.579m Interval End: 2.769ms
D4 D3
5 iy pri
RFUHBO0TSED RFUHE0TS6D B AVEFEQE: Bﬁaﬂ?mw
i{ Integral: 12.176pd
os ACpwr3 |
| vozvise |
Rsense or Rgatel :'; "z
312 Lixsec VL =
25.0m

6)*I(ACpwr3)

LT Waveform: V(NO30,N026)*I(ACpwr3) X

Interval Start 2.736ms

Interval End: 2.766ms

Average: 74832W

Integral: 224 5
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Secondary Proximity Loss
szb“_iffm?%hf[(ua«f)q—4a«fc;3:J (5 mil FOll)

The H field is calculated from

NJ,
H="0

b, = winding width

W

Complex functions are needed to calculate the losses :
sinh 2A, +sin 2A,

' cosh 2A, —cos2A,

G. —A sinh A, cos A, +cosh A, sin A,
- cosh2A, —cos 2A,

GL =A a
Transformer Secondary AC Resistance vs

The ratio of the winding layer height to skin depth is

h 2
A = skin depth 8 = =
5 P

G = conductivity u,=4r x107 1] = porosity

10000 100000 1000000 10000000 100000000

DC Resistance=  0.0014569 Ohm Frequency (Hz)

Ripple Frequency Resistance= 0.0102 Ohm
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Secondary Proximity Loss Simulation

LT Waveform: VINO31,NO27)*I{ACpwr2)

Interval Start
Interval End:
Average:

Integral:
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Ridley Engineering Contacts

Power Supply Design Center Advanced discussion group for power
Discussion Group electronics engineers.

Power Supply Design Center Educational material with a very practical approach

Papers and Videos ridleyengineering.com/design-center-ridley-engineering.html
Power 4-5-6 with SpiceLaunch Automated power supply design software

Advanced Software Proximity models and Ltspice generation

ridleyengineering.com/software-ridley/power-4-5-6/power-4-5-6-ridley.html

Power Supply Workshops Four days of hands-on magnetics and control design.
Training for working engineers ridleyengineering.com/education/analog-lab-workshop/intro.html
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https://www.facebook.com/groups/ridleyengineering/
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