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Definition of Dynamic

 Dynamic means changing (in this context).

 Dynamic Measurements: Measurements on a changing (dynamic) system.
 Complex measurements.

 Requires sophisticated measurement equipment.
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Definition of Static, the opposite of Dynamic.

• Systems that are running with minimal 

change.

• Constant speed.

• Constant load.

• No change.

• Relatively easy measurements.



The Washing Machine Example
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Basic Functioning of The Washing Machine Spin Cycle
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 Starts in a static no motion state.

 Beginning of the cycle.

 First step: ‘balancing’ the washing.

 Wet washing has significant weight.

 Balancing allows spin up with minimal 
vibration.

 Initial balancing shows saw tooth load 
waveform.

 Second Step: Spin to drying speed.

 Typically between 1000 and 1400 RPM.



The Washing Machine Example
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 A dent in the side.

 Pushed out from the inside!!.

 Dents in both sides.

 Significant lateral drum movement 

required to dent both sides of the 

washing machine.

 Also, significant front to back drum 

movement when in use.

 Perhaps poor mechanical design?



The Washing Machine Example
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 A dent in the top.

 Again pushed out from the inside!!.

 A dent in the top takes significant 

vertical drum movement



Product Observation
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 The drum appears mechanically sound. 
 With similar anchor points, ballast and damping 

as other washing machines.

 Drum spin up speed seems excessively rapid, 
causing drum movement.
 Rapid spin up creates large torque.



Product Observation
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 The drum bounces around the inside of 
the washing machine like a beach ball 
thrown in a box!!

 Significant noise.

 Significant product damage (dents).

 Significant washing machine 
movement.

 The entire washing machine ‘bounces 
around’, not just drum movement.



Washing Machine Issues.

 Violent movement of the drum causes violent movement of the whole 
washing machine.

 Causes damage to itself

 Causes damage to adjacent kitchen units

 Causes damage to kitchen work surfaces

 Who is liable for the damage

 Causes significant noise

 Causes significant stress to the product owner

 Product reliability issues
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Washing Machine Conclusions

12

 The washing machine is a proven mechanical design.

 This model has a new ‘updated’ electronic control system.

 Measurements of the motors’ dynamic performance shows the issue.
 Very rapid speed change from low speed to high speed (1400 rpm).

 Further investigation points to software issues.

 SW Issue: Motor speed ‘ramp up’ between load balancing speed and high speed not 
controlled.

 Cost: More than 1000 units in the supply chain, each with ‘ramp up’ SW issue.
 Find each unit, unpack it, reprogram, repackage…..

 In retail outlets, in the distribution channel…..

 Loss of brand credibility and customer loyalty.

 Huge financial cost.



The design complexity of a “drive” system is very high…
There is no single tool for design engineers to use for complete system debug

Primarily low frequency 

(1-5 MHz) measurements

Ideally, Power Section behaviors 

could be correlated to high 

frequency Embedded Control 

behaviors

 Power Section 
Measurements
 Line input

 PWM output

 Efficiencies

 Motor Integration
 Torque

 Speed

 Position

 Power

 Embedded 
Control Debug
 Analog

 Digital

 Serial Data

 Control Loop

 PWM



The design complexity of a “drive” system is very high…
There is no single tool for design engineers to use for complete system debug

 Power Section 
Measurements
 Line input

 PWM output

 Efficiencies

 Motor Integration
 Torque

 Speed

 Position

 Power

 Embedded 
Control Debug
 Analog

 Digital

 Serial Data

 Control Loop

 PWM

Very low frequency 

(kHz) measurements

Simple integration to instrument is 

desired

Motor (mechanical) power = 

Torque x Speed
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The design complexity of a “drive” system is very high…
There is no single tool for design engineers to use for complete system debug

 Power Section 
Measurements
 Line input

 PWM output

 Efficiencies

 Motor Integration
 Torque

 Speed

 Position

 Power

 Embedded 
Control Debug
 Analog

 Digital

 Serial Data

 Control Loop

 PWM

High frequency (>100 MHz) measurements
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Typical desired 

measurement 

functionality would be 

for mixed-signal 

debug and validation



This is the complete design and debug challenge 
for the motor drive engineer

 Power Section 
Measurements
 Line input

 PWM output

 Efficiencies

 Motor Integration
 Torque

 Speed

 Position

 Power

 Embedded 
Control Debug
 Analog

 Digital

 Serial Data

 Control Loop

 PWM
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Motor Stall Example
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 Motor stall point

 Motor restart

 Time between 

stall and restart

 1.62 Seconds

Voltage Waveform

Current Waveform



Motor Stall Example

 Captured 
waveforms.

 Cycle by cycle 
calculated values.
 Shown as 

waveforms.

 Cursors measure 
Voltage and 
Current maximum 
values at stall 
point.
 92.2 Vrms

 856.3 mA rms
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Voltage Current



“Per Cycle” Measurement Technique for Power Analysis
The selected Sync signal determines the measurement period

 Take a long acquisition
 Only two cycles are shown, to the right, 

as an example 

 Detect the cyclical period, and “slice” the 
waveforms into these periods
 Also works with changing time periods.

 In each “sliced” period
 Calculate Real Power (P) as 

instantaneously V * I sampled data 

 Calculate Apparent Power (S) as Vrms * 
Irms for each cyclical period

 “N” measurement values for “N” cyclical 
periods in each acquisition

 Solve for Q, as before.

 Calculate VDC, IDC, Ipeak, Vpeak, etc. as 
well on a per-cycle basis

one period

19
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“Per Cycle” Measurement Technique for Power Analysis
The selected Sync signal determines the measurement period
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Zoom of complex Voltage.

And Current waveforms.

“Per Cycle” extraction from 

the Voltage Waveform.

Used to determine the “Per 

Cycle” measurement periods.

Complex Voltage and Current Waveforms



Motor Stall Example

 All phases are 

captured for 

analysis.

 Results 

calculated on a 

‘per phase’ and 

total basis.
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Well Controlled Motor Start Up Example.

 Actual 3 phase 
waveforms.
 Voltage.

 Current.

 Calculated 
waveforms.
 Voltage.

 Current.

 Table of values for 
each phase.
 And for calculated 

waveforms.

 Very well controlled 
motor example.
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Well Controlled Motor Start Up Example (same as previous slide).

 Extra calculated 
waveforms 
added.
 Vrms and Irms 

waveforms still 
present.

 Added Power 
and RPM 
waveforms.

 Also added 
Cursors for 
measurements 
at specific 
points.
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Less Well Controlled Motor Start up Example.

 Less well 

controlled motor 

example

 Oscillation on the 

Voltage, Current 

and Power 

waveforms.
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Less Well Controlled Motor Start up Example.

 Comparing the 
Current waveforms 
across all three 
phases shows similar 
waveforms.

 The same phase 
comparisons could 
have been done for 
Voltage and Power.

 Motor Speed may 
also have been 
interesting and 
may have shown 
inconsistent spin 
up speed, or 
mechanical jitter.
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Less Well Controlled Motor Start up Example.

 Full analysis 

can be made 

using cursors 

and the data 

tables.
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What Happens When a Motor is turned off?

 It depends on the 

motor design and 

its situation.

 Ability to verify 

motor turn off / 

shutdown 

process.
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Detailed Look At Load Change On A Motor.

 Load change can be 
seen by the shape 
of the current 
waveform.

 Current waveform 
risetime measured.

 Shows response 
time of the system 
to load change.

 Voltage droop 
approx. 1V.

 Voltage Pk-Pk
deviation can be 
seen (and 
measured).
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Current Waveform 

showing load 

change
Voltage Waveform 

showing load 

change



Detailed Look At Load Change On A Motor.

 Cursors used 

to make 

Voltage 

measurements.
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Detailed Look At Load Change On A Motor.

 Measurements Added.
 Frequency of the 

motor, voltage Pk-Pk
swing (P1 & P2).

 Other possible 
measurements include 
Min, Max, Pk-Pk, RMS, 
etc, for Current or 
Voltage.

 Frequency Deviation of 
motor extracted.
 Also displayed as a 

histogram

 Measurements show 
motor deviation of 
less than 100mHz 
over load change 
period.
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Frequency Deviation of the Motor

Histogram of 

Frequency 

Deviation



Conclusion.

 Dynamic Power Measurements measure what is happening in a 

changing system. 

 When the motor is not in a static state.

 When the load is changing.

 To check design performance in dynamic situations.

 Dynamic Power Measurements.

 On motors.

 On Inverters.

 Other multiphase systems.

 In electric vehicles, white goods, industrial machinery.
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A Teledyne LeCroy Motor Drive Power Analyzer.
A Perfect Combination!

Teledyne LeCroy

Motor Drive Analyser

8ch, 12-bits, up to 1 GHz

with Motor Drive Power Analyzer software 

and Mixed Signal Capability

+
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Motor Drive Power Analysis

Teledyne LeCroy builds on the 

MDA platform

For Further Enquiries
Please Contact: AR Benelux BV.

Tel: +31 (0) 172 423 000

Email: arbeneluxinfo@arworld.us
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