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A Quick Way To Determine Power Supply Output Resistance
by Gregory Mirsky, Vitesco Technologies, A Spinoff Of Continental Automotive Systems, Deer Park, Ill.

When dealing with slow-changing dc loads, like solenoids, brushed motors, heaters etc. it is necessary to rapidly
define a power supply output resistance in order to correctly assess the power supply load capability and tweak
the feedback loop if necessary. There are diverse methods for defining the output impedance of a power supply,
but some of these methods involve test instruments that may not always be available and/or produce more
information than is needed for the loads in question.

For example, when powering fast changing loads having noticeable reactance, measurements of power supply
output impedance taken with a vector network analyzer and specialized adapters enable stability analysis and
produce general frequency response plots.[12] These sources provide useful information, but that information

goes beyond what'’s required for defining the power supply behavior in the face of a slow-changing dc load.

Another approach only requires measurement of the power supply’s output voltage variation at different output
current levels. This produces an output resistance value that is sufficient when working with slow dc loads. The
presentation in reference 3 shows one way to make these measurements. But even this method of defining the
power supply output resistance is pretty complicated and utilizes laboratory equipment that’s not always handy.

This article presents a simplified version of the method in reference 3. It needs only a multimeter (which may
be a handheld) and a resistor of any resistance close to the load resistance. Its value can be measured with the
same multimeter as used for the output voltage measurement. It is presumed that a calculator is handy.

This method is based on measuring the voltage across the nominal load and the voltage across the load when
an extra resistor is connected in parallel. After a simple mathematical calculation, based on the measured
voltages and known resistors values, the power supply internal resistance (plus that of the external wires) can
be defined. Usage of EXCEL might be helpful.

A Simple Test Setup

The two circuit configurations required to implement this test method are shown in Figs. 1 and 2 where the
parameters are defined as follows. Vin is the power supply internal voltage, which is a no-load output voltage,
but its value does not matter as we will see; Rout is the power supply output resistance; Vout1 and Vout2 are
output voltage, measured at the nominal load resistance R1 and with the (temporary) addition of R2 in parallel,
respectively.
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Fig. 1. Power supply under test. At nominal load R1 the output voltage is measured to be Vout:.
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Fig. 2. Connecting external resistor R2 in parallel with R1 reduces the output voltage down to
Voutz, allowing us to calculate Rout.

With the circuit parameters defined above, we can express Vout1 and Vour as:

VooV o 1)
outl Rout +R1

v Vin ~R1-R2 o
outz = R1-R2 R1+R2

Rout + g7 172

Taking the ratio of the two output voltages equations and simplifying we get
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Vourr _ R1-R2+ R1- Ry + R2 - Ry

Voutz R2 - (Rl + Rout)

From equation (3) we can then derive an equation for Rouwt which does not include Vin:

Rl . Rz . Voutl - Rl * R2 * Voutz

(3)

R t = 4
on R1 - Vouer = R2 - Voyer + R2 - Voo @
If we designate
_ Voutl (5)
VoutZ
and
R2 (6)
p= R1

then we can obtain an expression for the output resistance in terms of the output voltage and load resistance
ratios,

 R2-(a-1)
Rout(a) - 1 +ﬁ . (1 —CL’) (7)

We can then plot Rout @s a function of a as shown in Fig. 3.
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Fig. 3. Knowing the relative variations in Vout when adding R2 to the nominal load R1, it is
possible to define the power supply output resistance Rout. Here o = Vout1/Vout2.
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It is worth noting that expression (7) has limitations for variables o and B since the output resistance cannot be
negative.

So, for the reader's convenience we re-write expressions (5), (6) and (7):

V
— outl (5)
VoutZ
_ R2 ©
p= R1
R2-(a—1)
Royt(a) = 1+8-(1-a) (7)

Variable a is always more than 1 since adding R2 to R1 will always reduce the output voltage due to an
increased voltage drop across the internal resistance. So, Voutt > Vout2.

Expression (7) can be re-written for a specific measured value of Vout2 as
. R2-(a—1)
out —
1-f-(a—-1)

Therefore, to keep Rout (@) positive, the following expression should hold true:
f(a—1)<1 (9)

1
B < m (10)

(8)

It is recommended to have R2 = R1 and thus

p=1
a=1.03
R2 =200 Q

So, the steps to define a power supply output impedance are

1. Connect a resistor parallel to the load, whose value is the same as the load (may be defined as output
voltage Vout1 over the output current).

2. Measure the output voltage Vout1, define o assuming p = 1.
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3. Calculate Rout using formula (8).
R2-(ax—1)
1-B-(a—1)

A Measurement Example

Ryye = = 7.469 ()

Let’s apply the proposed method to determine the output resistance of an example power supply circuit. In this
case, we'll use a simple 5-V to 12-V input dc-dc converter built on Texas Instruments’ SN6505B push-pull
controller IC and a Wuerth Elektronik transformer having a 1:1.38 turns ratio (Fig. 4). The circuit also
incorporates a Schottky bridge rectifier and an LC output filter. The controller has no feedback input, which is
why the internal resistance of the converter that we’ll measure will be high.

SN6505
2 1GND D22 o o—pf WL
Enable 5] N Voo 2 VCC, % %
=i Ext Clock 6 CLK D1 1 r\_§ % th\_?
1 10uF [0 ApF
10uF

= /77

Copyright © 2016, Texas Instruments Incorporated

Fig. 4. Simplified application schematic for isolated power supply based on the SN6505
transformer driver. (Diagram courtesy of Texas Instruments)

In this example, the load resistor values are

R1 =50 Q

R2 =200 Q

which results in output voltage measurements of

10.3V

Vout1
Vout2 = 9.94 V

Recalling our voltage and resistance ratios of

Voutl

VoutZ

© 2020 How2Power. All rights reserved. Page 5 of 7



HOW=POWER

1 Sl bl i~ T

Your Power Design MNewsletter

Exclusive Technology Feature

_R2
3_R1

We can use our example values above to calculate

ay = 224 — 1036

Voutz
8 R2 4
R1
and plug these into our resistance formula:

_ R2:-(a—1)
Rout(a)_l-l—ﬂ-(l—a{)

R,y (ao) = 8471 Q

It is worth mentioning that this method does not use the no-load output voltage value and utilizes just relative
variations of the load resistance and output voltage. This avoids a potential problem as the output of an
improperly designed power supply may go out of regulation under the no-load condition.
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For further reading on measuring power supply parameters, see the How2Power Design Guide, locate the
Design Area category and select “Test and Measurement”.
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