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Separated Measurement of Copper and Core Losses of Magnetic Components under Operation

with Heat Flux Sensors — Verification Using a Reactor with a Simple Structure—

Kazuyuki Hirao™, Keisuke Kusaka Member (Nagaoka University of Technology)

This paper proposes a new method for measuring losses in magnetic components using a heat flux sensor. The

method involves attaching a heat flux sensor to the passive component. Power loss is calculated by integrating the

measured heat flux along the component's surface area. Using multiple heat flux sensors simultaneously enables

separation of losses caused by different factors. By applying the proposed method to magnetic components, copper

and iron losses can be measured separately. The paper validates the method by measuring the power loss of test

resistors with a known power consumption. A minimum error of 0.195 W is obtained for a 3 W power loss, which is

lower than the measurement error of the conventional calorimetric method. Additionally, copper loss and iron loss in

the magnetic component are measured using multiple heat flux sensors. The measurement results demonstrate that the

copper and iron losses can be measured separately with errors of 0.253 W and 0.164 W, respectively.
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Fig. 1. Schematic diagram of a heat flux sensor.
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Table 1. Thermal characteristics of the constant

temperature chamber.

Parameter Symbol Value
Heat flux sensor
TOYOTA Energy Flow
Model number
T - Built-in S
Peltier device
Model number TEC1-12706
Thermopower Sp 0.03395 V/K
Thermal resistance Ry 5.400 K/'W
Resistance " 35Q
Fan motor
Power dissipation Orc 1.752 W
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Table 2. Parameters of resistors.

Parameter Symbol Value

Model number SQP10AJB-47R

Resistance Reem 47Q
Surface area Scem 0.001947 m2
Input power Peen 3~6.65W
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Fig. 6. Comparison of loss measurements at 3 W
against measurement time. (a) Conventional method.

(b) Proposed method.
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Fig. 7. Comparison of measurement error between

the conventional method and the proposed method.
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Table 3. Parameters of the magnetic component

Parameter Symbol Value
Core material PC40 (TDK)
Frequency f 25 kHz
Number of turns N 5
Inductance Lsim 140.5 pH
AC resistance Rac 260.60 mQ
Maximum magnetic flux density Bs 0.099T
Surface area of winding wire Se 0.009043 m?
Surface area of ferrite core Si 0.03816 m?
Theoretical copper loss (2.5~3.0 hour) P 0.909 W
Theoretical iron loss (2.5~3.0 hour) P 35W

(7)

(8)

Fig. 10 Inductor surface temperature.

5.0 -
measured iron loss
~ . mmmas PC40 iron loss curve
40 P
E -
%, 3.0
E 20 measured copper los{
- I theoretical loss
Ay
N L T T T T e T
0.0 I
0 0.5 1 1.5 2 2.5 3

Time thour]

Fig. 11. Loss separation measurement result for

copper loss and iron loss.
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