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Market trends

In recent years, AWD dual-motors have been attracting attention as EV drive systems. Dual-motor AWD uses two motors (one in the 
front and one in the rear) on a single vehicle chassis to implement AWD. The front motor provides drive power for the front wheels, 
while the rear motor provides drive power for the rear wheels, offering an unprecedented level of acceleration. The arrangement 
also eliminates constraints imposed by the need for a mechanical connection between the front and rear, allowing vehicles to flexibly 
allocate drive power to the front and rear as dictated by road conditions. This results in improved handling and reduced energy loss.

Evaluating the Performance of AWD Dual-motors
All-wheel drive (AWD) Dual-motors are attracting attention as drive systems for electric vehicles (EVs). This application note describes 
how to evaluate the performance of an AWD dual-motor setup by simultaneously measuring the power of two motors along with power 
input and output for each motor’s inverter and then calculating power conversion efficiency and loss.

Target
EV

Issues

In AWD dual-motor setups, it’s important that the front and rear drivetrain components interoperate. To evaluate the performance of 
such systems, front and rear motor power as well as power inputs and outputs for each motor’s inverter are all measured as part of 
a single time series, then power conversion efficiency and loss are calculated. As a result, the process may require use of multiple 
instruments if one instrument does not provide enough measurement channels. When using multiple instruments, it’s necessary 
to combine measurement results after the fact, making analysis more time-consuming and contributing to degraded measurement 
reproducibility.
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Solution

The Power Analyzer PW8001 can simultaneously measure eight channels of power data and two motor power parameters (two torque 
circuits and two encoder output circuits). As a result, the instrument can measure AWD dual-motor performance efficiently and with a 
high degree of reproducibility.
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Power measurement
Input units U7005 U7001
Basic accuracy 
for 50/60 Hz power ±0.03% ±0.07%

Sampling frequency 15 MHz 2.5 MHz

ADC resolution 18-bit 16-bit

Measurement 
frequency band DC, 0.1 Hz to 5 MHz DC, 0.1 Hz to 1 MHz

Maximum input 
voltage

1000 V AC, 1000 V DC,
±2000 V peak

1000 V AC, 1500 V DC,
±2000 V peak

Maximum rated 
line-to-ground 
voltage

600 V CAT III
1000 V CAT II

600 V AC, 1000 V DC CAT III
1000 V AC, 1500 V DC CAT II

Motor analysis
Mode 4-motor analysis 2-motor analysis Independent input

Measurement target 4-motor 2-motor
Anemometer,
pyranometer,
other output signals

Input

CH A/E Torque Torque Voltage/pulse

CH B/F RPM Encoder's
A phase signal Pulse

CH C/G Torque Encoder's
B phase signal Voltage/pulse

CH D/H RPM Encoder's
Z phase signal Pulse

Measurement
parameters

Motor power
Torque
RPM
Slip

Electric angle
Motor power
Torque
RPM
Rotation direction
Slip

Voltage × 4
Frequency × 4
or
Frequency × 8

8-channel power measurement

Motor Analysis

U7005 U7001

Two types of input module 
are available and can be 
mixed and matched across 
eight channels depending 
on the application at hand.

Rated current: 20 A to 2000 A
Hioki’s line of current sensors supports a broad range of measurement, 

from minuscule currents to large currents.

Current sensor phase correction: 
A key capability for power measurement

For power measurements in which accuracy is a key consideration, it’s 
necessary to choose a current sensor for which phase accuracy has been 
defined. Additionally, one characteristic of all  current sensors is for phase 
error to increase with frequency. However, Hioki's position as a designer/
manufacturer of both current sensors and power measurement instrument 
allows it to provide the world with a unique solution to this phase error 
problem. Hioki has long since been a market leader with the ability for it's 
power measurement devices to offset its high accuracy sensors' fine-tuned 
phase characteristics. Furthermore, now with the new Power Analyzer 
PW8001, when you connect a current sensor, the instrument automatically 
ensures accurate power measurement by detecting the sensor's model and 
correcting its phase characteristics*. 
(*Current sensors with automatic phase correction functionality only.)
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Equipment used
POWER ANALYZER PW8001-11 × 1 HIOKI
2.5 MS/S INPUT UNIT U7001 × 2 HIOKI
15 MS/S INPUT UNIT U7005 × 6 HIOKI
AC/DC CURRENT SENSOR CT6904A × 6 HIOKI
AC/DC CURRENT SENSOR CT6876A × 2 HIOKI
VOLTAGE CORD L1000 × 2 HIOKI
CONNECTION CORD L9217 × 8 HIOKI

Measurement data

In the following experiment, Hioki used a Power Analyzer PW8001-11 (with motor analysis function) and Hioki's high accuracy current 
sensors to measure the power of two motors (front and rear) as well as the power inputs and outputs for each motor’s inverter to 
determine the power conversion efficiency and loss for each motor system.
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The results indicate that the front motor (Pm1) has a somewhat low 
efficiency of 94.2% and that 3.4 kW of loss is occurring.
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