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ISSUE: March 2021 

Determining Design Power Over An Input Voltage Range (Part 3): Maximum 

Transformer Power  

by Dennis Feucht, Innovatia Laboratories, Cayo, Belize 

Magnetic components operated as transformers, like inductors, have maximum power ratings. But as was the 

case with inductors, the maximum power handled by the transformer is not optimal for sizing the transformer. 

The same analysis which we applied to inductors in parts 1 and 2[1,2] can be extended to transformers for the 
three configurations of PWM-switch converters as we’ll show here in this third and final installment in the series.  

Once again, we’ll derive expressions for design power relative to maximum average input power for each PWM-

switch configuration. The main differences in the analysis with the transformer as the magnetic component 
relate to the differences in the waveforms seen by transformers versus those seen by inductors. This applies 

both to the shape of the waveforms and the influence of the transformer turns ratio.  

Transformer Waveforms And Power 

Transformers normally have no static current in the windings and the net per-cycle flux is zero to keep the 
average current zero. The voltage and current waveforms applied to transformer windings are typically 

symmetrical and bipolar: ±x(t). Unlike the PWM-switch inductor, which maintains a near-constant (unipolar) 

current, transformer voltage and current waveforms are approximately square-waves that vary in time (or D).  

The transformer input (primary) power, pP , is given as constant over the input voltage and current range at 

ppp ivP
~~   

where ~ over the symbol of a voltage or current indicates its RMS value. The RMS value of a square-wave, x(t), 

of duty-ratio, D, and peak value or amplitude, x̂ , is  

xDx ˆ~   

For CP (buck) and CL (buck-boost) converters, the peak transformer voltage is the on-time amplitude of the 

input voltage, Vg. The RMS voltage on the primary is 

gpp VDvDv  ˆ~  

The CP PWM-switch is in the secondary circuit, it is in the primary circuit for the CA, and for the CL spans both.  

For the CA (boost) configuration, the inductor is in the primary circuit so that the voltage seen at the 

transformer primary is not Vg, but rather Vs’, which is greater than Vg due to inductor flux balance. Therefore,    

''~
sp VDv   

where Vs’ is the secondary voltage referred to the primary; Vs’ = n·Vs, where ’ indicates referral to the other 

winding.  

Applying the small-ripple approximation (large transformer magnetizing inductance), the current waveform is 
also nearly a square-wave of duty-ratio, D or D’. Transfer current is dominant and real, and magnetizing current 

is negligible. The voltage and current waveforms are nearly bipolar square-waves, as are typical of switched-

converter transformers. Then the current waveform is of the same form as the voltage,  

gpp IDiDi  ˆ~
, CP, CL  ;  '''ˆ'

~
ssp IDiDi  , CA 
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Primary Winding And Input Power 

The average primary winding power is 

gggggppp PDIVDIDVDivP  )()()(
~~ , CP, CL 

gggss

pssssppp

PIVIVD

PDIVDIDVDivP





')''(     

')''(')''()''(
~~

 , CA 

where Pg is the on-time amplitude of the input power.  

For a high-efficiency (η) transformer, Ps  Pp, and for a lossless input circuit, transformer input power equals the 

power from the constant-Vg input source; 

gggggggg PDIVDIDViVP  )()( , CP, CL 

gggggg PIViVP  , CA 

Therefore, in contrast with the previous equations, pg PP  . The CP, CL input-source current waveform is a 

unipolar square-wave of duty-ratio, D while the primary winding current is bipolar. Each half-cycle has a current 

(and voltage) duration of D (CP, CL) or D’ (CA).  

For CA converters, input voltage, current, and power are constant, and for a boost push-pull converter, the 

primary current waveform is not a simple square-wave but has three levels. The following analysis applies to 

CCM forward (CP) and flyback (CL) converters and boost (CA) converters with the same transformer square-

wave waveforms. Isolated Ćuk converters that have discrete transformers are CL converters that also have 
square-wave waveforms. 

Transformer Design Power 

The average power rating for transformer design is based on the RMS voltage and current maximums, 𝑣̃𝑝max and 

𝑖̃𝑝max. The transformer must sustain both, resulting in a transformer input design power of  

maxmax

~~
pppd ivP   

We found for inductor design power that the maximum Lv  occurred at Vgmax for CP and CL but for CA, it was 

within the Vg range (at Vgmax/2). For the transformer-based converter, the maximum pv~  similarly is found by 

either solving for it or else by plotting )(~
gp Vv  and reading it from the graph of Fig. 1. All )(~

gp Vv  on the graph 

monotonically increase and D(Vg) decrease so that maxminmax
~

gp VDv  . The current and voltage waveforms 

are similar though their amplitudes are related inversely as  

p

g

g

p

p

p
v

P
i

v

P
i ~

~
~

~
    
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Fig. 1. Plots of maxmax /~
gp Vv  for the three PWM-switch configurations over the Vg range. Vo for 

each is chosen for equal values of maxmax /~
gp Vv at the midrange Vg of Vgmid = 20 V. 

 For the three configurations, 

maxmaxmin

maxmaxmaxminmaxmax

       

)()(
~~

g

ggpppd

PDD

IDVDivP




, CP, CL 

maxmaxminmaxmaxmin

maxmaxmaxminmaxmax

''''       

)''()''(
~~

gp

sspppd

PDDPDD

IDVDivP




 , CA 

Because gp PP  , then so are their design values: gdpd PP  . To express design power in gP , recall from part 1 

that 

min

max

min

max

g

g

g

g

i

i

V

V
r  , constant gP    

and substitute Pgmax = r ·Pg into what henceforth will be called gdP ; 

g

g

g

gd P
V

V
DDP 
















min

max

maxmin  , CP, CL  
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g
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DDP 









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
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maxmin )1()1(''  , CA 

These equations relate the design power, gdP  to maximum on-time power, Pg. Pg is related to the specified 

input power, gP  through previous equations for gP  (or pP ). For the three configurations, maximum 

gg PDP  max , CP, CL ;  gg PP   , CA 

Substituting for Pg, 

maxmin

max

maxmin

min

max

maxmin
D

P

V

V
DDP

V

V
DDP

g

g

g

g

g

g

gd 




























  , CP, CL 

g

g

g

gd P
V

V
DDP 









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
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minmax )1()1(  , CA 

The design-power ratios are 
















min

max

max

min

g

g

g
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V
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P
 , CP, CL                








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




min
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minmax )1()1(
g

g

g

gd

V

V
DD

P

P
 , CA  

Dmin and Dmax can also be expressed for a given configuration in Vg and Vo. The D formulas based on circuit 

transfer ratios in parts 1 and 2 for the PWM-switch inductors are valid with the inclusion of the transformer 

turns ratio, n = Np /Ns. Vo is referred to the primary winding as Vo’ = n ·Vo.  

g
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'
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Substituting for Dmin and Dmax of the CP configuration, 
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2
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2
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g
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For the CL configuration, 


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For the CA configuration, D’ = Vg/n·Vo. Substituting, 




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Plots of maxmax /~
gp Vv  and D(Vg, Vo)—or D’ in the case of CA—for the three PWM-switch configurations are shown 

in Figs. 1 and 2.  

 
The PWM-switch inductor table in part 2, “Inductor Design Power” contains a column of D expressions for the 

three configurations which are modified in the  transformer table below by the substitution of Vo’ for Vo (where 

Vo’ is expressed as n·Vo). ggd PP /  is the multiplier of the maximum input power that gives the design power 

rating for the transformer. The range, r ≥ 1. 

Table 1. Transformer design power for PWM-switch configurations.  
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Fig. 2. D(Vg, Vo) for CP and CL and D’(Vg, Vo) for CA over the Vg range, corresponding to the plots 

in Fig. 1. 
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Using the same values of the Vg range, [10 V, 30 V] and Vo as for the inductor in parts 1 and 2 with n = 1, 

ggd PP /  calculates for the CA (n·Vo = 60 V) to be 0.866; for the CP, 1.732; and for the CL (at the midrange Vg 

value of n·Vo = 10 V), 2.121. So, clearly the buck-boost CL configuration is more demanding of transformer 

design-power as it is for the inductor-based converter. On the other hand, the boost CA transformer shares 

power-handling with the series inductor. Plots of D(Vg, Vo), D’ (for CA) shown in Fig. 2 correspond to those of 

maxmax /~
gp Vv in Fig. 1. 

The analysis provided here and in the previous parts quantifies how a wide input-voltage range for a converter 

brings with it the disadvantage of oversized magnetics components. The high voltage requires more turns to 
constrain the flux while at low voltage, larger wire is required to carry the current. The result is more turns of 

larger wire, a larger winding window, and a larger core than for a fixed-Vg power-transfer circuit. This series of 

articles has presented the design formulas for calculating the power handling requirements of inductors and 
transformers in the three PWM-switch configurations. 
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