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Evaluate motor topologies and concepts across the full 
operating range, and produce designs that are optimised 
for performance, efficiency and size. The software’s four 
integrated modules—EMag, Therm, Lab and Mech—enable 
multiphysics calculations to be performed quickly and 
iteratively, so users can get from concept to final design in 
less time.

With Motor-CAD, accurate multiphysics calculations can be performed in minutes so you can react 
quickly to changing to changing specifications, innovate and explore the whole design space. 

Motor-CAD is the world-leading dedicated electric 
motor design software for the multiphysics 
simulation of electrical machines across the full 
torque-speed range.

Motor-CAD

EMag | Electromagnetic and electrical performance predictions
Uses a combination of 2D FE environment and analytical algorithms for fast calculation 

of electromagnetic performance. Optimise designs easily with our extensive range of 

parameterised templates and geometries.

Therm | Thermal performance predictions and advanced cooling system design
The industry-standard tool for thermal analysis of electric machines, with over 20 years of inbuilt 

experience. Calculate the temperature of the motor components in steady-state and transient 

operating conditions and accurately model thermal behaviour within seconds of calculation.

Lab | Efficiency mapping and performance across a duty cycle
Enables rapid and accurate analysis of any electric machine design over the full operating 

envelope. Carry out efficiency mapping and drive cycle analysis within minutes.

Mech | Mechanical analysis
2D FEA based solution in Motor-CAD to analyse stress and displacement in rotors during 

operation.

Motor-CAD: Integrated Multiphysics Design Tool
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Why do motor designers choose Motor-CAD?

Motor-CAD software’s intuitive, template-based setup and embedded multiphysics 

expertise simplifies the design process and lessens reliance on multiple teams for 

specific electromagnetic, thermal or mechanical experience — so motor designers 

can keep more control over their designs.

For more control 
over designs

To iterate, innovate 
and get the best 
design in less time

With reducing development cycles, motor designers need to make design 

decisions quickly and with certainty they will not face problems down the line. Fast 

calculations and streamlined data input processes leave time for Motor-CAD users 

to explore more motor topologies and fully assess the impact of advanced loss 

effects in the initial stages of a design.

Comprehensive multiphysics simulation in the initial stages of the design process prevents costly 
mistakes, which is why many major OEMs and Tier 1s use Motor-CAD even when they have other 
solutions in place. Speak to a member of our team to find out how customers use Motor-CAD’s 
advanced links to other software to incorporate Motor-CAD into existing workflows. 

For our 
unparalleled 
customer support

Motor-CAD is designed and developed by motor design engineers. Our team of 

motor design specialists and software developers are on hand to answer your 

technical questions and support your development requirements.

Our team can help you understand whether Motor-CAD will meet your motor design 
needs. For more information and to evaluate Motor-CAD software for free, email us at  
info@motor-design.com

Find out more

As leading partners on several international research projects, our design engineers 

have a unique insight into the latest developments in electric motor technology. We 

use this knowledge to continually develop Motor-CAD based on developments in 

the field and our customers’ needs.

To stay at the 
cutting edge

Already have software?
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Motor-CAD EMag
Combined 2D FE environment and analytical algorithms for fast calculation of 
electromagnetic and electrical performance.

Quickly perform a range of electromagnetic performance tests on prototype designs with Motor-CAD 
EMag, including calculation of torque, power, losses, voltages, currents, inductances, flux linkages 
and forces. Input and optimise designs easily with the module’s extensive range of parameterised 
templates and geometries, or with your own bespoke tolerances based design. 

Interior PM machine design in Motor-CAD EMag PMDC machine

• BPM: Brushless Permanent Magnet 

motors

• IM: Induction motors

• SRM: Switched Reluctance motors

• SYNCREL: Synchronous Reluctance 

motors

• SYNC: Synchronous machines

• PMDC: Permanent Magnet DC motors

• IM1PH: Single Phase Induction motors.

• Extensive range of parametrised templates and geometries.

• Automatically sets up calculations for different performance 

tests.

• Allows users to calculate torque, power, losses, voltages, 

currents, inductances, flux linkages and forces.

• Embedded 2D transient or magneto-static FEA solvers with 

meshing and boundary conditions automatically set up.

• Allows advanced calculations, such as eddy current in 

magnets, or induction machine rotor bars and calculation of 

AC winding losses.

• DXF and scriptable geometries, custom current waveforms, 

multi-slice rotor skewing.

• Combined 2D finite element and analytical modelling 

approach means designs can be input and calculated 

in minutes, enabling users to account for complex 

electromagnetic effects early in the design process.

• Couples to Motor-CAD Therm, allowing users to solve 

thermal calculations iteratively.

Machine Types Key Features
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STEP 3 | GENERATE OUTPUTS

Input geometry

• Input geometry using the EMag parameterised template 

editor, where parameters—such as number of slots, number 

of poles and tooth width—can be specified.

• View and modify the geometry from a radial and axial 

perspective, draw the 3D geometry and easily export to 

other CAD packages.

Specify winding

• Lay out coils using the EMag winding editor. Specify a 

custom winding pattern or allow EMag to automatically 

generate a winding pattern based on the specified number 

of phases, turns/coil, coil pitch and layers.

• Users can view the cross section of conductors in the slots.

• Wire can be defined by slot fill factor or by wire 

dimensions, with an option to specify rectangular wire.

Input materials data

• Materials can be chosen from our comprehensive materials 

database or users can specify their own material properties, 

such as B-H curves.

• With the motor defined, choose from a range of 

performance tests, such as Back-EMF, Cogging Torque and 

On-Load Torque for BPM machines, or Single Load Point 

and Standard Tests (Locked rotor, Synchronous speed) for 

induction machines.

• The FEA solver automatically handles meshing, boundary 

conditions and symmetry—users do not need in-depth 

knowledge of numerical simulation techniques to get highly 

accurate results. 

• Couple with the Motor-CAD Therm module to solve thermal 

calculations iteratively.

• The EMag output tab displays numerical data calculated 

from the FEA solution, including voltages, inductances, 

torque ripple percentage, motor constants, short circuit 

current and power factor. 

• Losses components can also be analysed, including DC and 

AC copper loss, magnet loss and iron loss.

STEP 2 | CALCULATE RESULTS

Motor-CAD software’s optimal 
combination of analytical and 
numerical methods means that 
calculations can be carried out 
in minutes.

Torque waveform with multi-slice skew

Radial winding pattern

Flux density plot

STEP 1 | DEFINE YOUR MOTOR

Workflow
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Machine Types Key Features

The Motor-CAD Therm module is the industry-standard tool for thermal analysis of 
electric machines, with over 20 years of inbuilt experience. 

Thermal network in Motor-CAD Therm

• Calculates the temperature of the motor components in 

steady-state and transient operating conditions.

• Thermal and flow network is generated automatically.

• 3D network includes radial and axial heat transfer.

• Detailed visualisation and calculation of the slot cross 

section.

• CFD, FEA and empirical correlations are behind all 

calculations.

• Experience built into the software assists users in selecting 

appropriate manufacturing factors.

• Enables accurate modelling of thermal behaviour within 

seconds of calculation.

Thermal transient solution

Fan cooled machine with cowling 

• BPM: Brushless Permanent Magnet 

motors

• IM: Induction motors

• SRM: Switched Reluctance motors

• SYNCREL: Synchronous 

Reluctance motors

• SYNC: Synchronous machines

• PMDC: Permanent Magnet DC 

motors

• IM1PH: Single Phase Induction 

motors

• CLAW: Claw pole machines.

Motor-CAD Therm

Motor-CAD Therm allows designers to calculate the temperature of the motor components in 
steady-state and transient operating conditions, enabling accurate modelling of thermal behaviour 
within seconds of calculation. Understanding the main heat transfer paths gives motor designers 
opportunities to significantly improve motor efficiency and output, and make design decisions with 
confidence.
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STEP 1 | SPECIFY COOLING SYSTEM

• Motor-CAD Therm allows users to select cooling types, 
such as a water jacket or fan cooling method.

• Users can define housing dimensions such as channel or 
fin size, and select cooling type dependent inputs, such as 
flow rate and fluid properties.

STEP 2 | SET THERMAL PROPERTIES

• Motor-CAD Therm allows users to select the thermal 
properties for the impregnation, slot liner and housing 
materials.

• Users can then choose the manufacturing factors, 
such as lamination to housing interface gap or 
impregnation goodness.

STEP 3 | CALCULATE TEMPERATURES

• When users click ‘Solve’, Motor-CAD Therm 
automatically generates an equivalent thermal network, 
which can be used to calculate thermal performance.

• Steady state temperature can be calculated, as well as 
the transient temperature of the motor across a duty 
cycle.

• Losses are imported or iteratively solved with the 
Motor-CAD EMag and Lab modules.

STEP 4 | GENERATE OUTPUTS

• Output data gives users extensive information about 
the thermal model, including temperatures, the 
axial temperature distribution, losses, heat transfer 
coefficients, thermal resistances and more.

Workflow

Fan cooled machine with cowling 

Water jacket with axial channels

Through ventilation with radial ducts Cross section showing axial 
temperatures

Slot cross section for a 
concentrated winding

Motor-CAD Therm simplifies 
the thermal analysis process by 
automatically generating the 
heat transfer and flow network 
circuits needed to calculate 
thermal performance.
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Efficiency mapping and performance across a duty cycle

The Motor-CAD Lab module has been developed to enable rapid and accurate analysis of any 
electric machine design over the full operating envelope. Motor-CAD Lab couples to both the 
EMag and Therm modules and provides outputs such as efficiency maps and torque/speed 
characteristics.

• BPM: Brushless Permanent Magnet 

motors

• IM: Induction motors

• SYNCREL: Synchronous Reluctance 

motors

• SYNC: Synchronous machines.

• Generate efficiency and loss maps.
• Calculate the peak torque/speed 

characteristic.
• Calculate the continuous (thermally 

constrained) torque/speed 
characteristics.

• Analyse performance over complex 
driving cycles.

• Uses maximum torque/amp and 
maximum efficiency control strategies.

Efficiency map

Losses over a drive cycle

Power/Speed plot Model build interface

Motor-CAD Lab

Key Features

Machine Types
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Iron loss map

STEP 1 |  BUILD THE MODEL

• The first step is to build the saturation and loss 
model using the electromagnetic FEA solver. This 
process builds a set of response surfaces which 
are then saved internally. This process takes a few 
minutes.

• Inputs, such as DC link voltage, control strategy, 
maximum inverter current and maximum 
modulation depth, are specified. 

• Now the model build is completed, outputs such as 
efficiency maps and peak torque/speed curves can 
be generated within seconds.

STEP 2 |  CALCULATE RESULTS

Calculating efficiency maps and torque/speed curves

Calculating thermal envelopes and drive cycles

• The Motor-CAD Lab and Therm modules can 
be iteratively solved to provide outputs, such as 
the continuous torque/speed envelope — this 
calculates the maximum continuous output torque 
across the speed range within a set of winding and 
rotor temperature limits. 

• The Lab module is also used to calculate the losses 
and temperature rise of a prototype design over a 
drive cycle.

STEP 3 | OPTIMISE THE DESIGN

• Motor-CAD has in-built sensitivity analysis to 
perform a range of what-if analyses on design 
variants. 

• Motor-CAD software can be fully automated and 
controlled through scripting tools such as MATLAB® 
and Excel® as well as a range of other third party 
optimisation solutions.

Losses, efficiency and energy usage 
can be calculated across any duty cycle, 
enabling engineers to design a machine 
with minimum size/cost and optimise the 
design for maximum cycle efficiency.

Workflow

Thermal map

Short circuit characteristic

Our team can help you understand whether Motor-CAD will meet your motor design 
needs. For more information and to evaluate Motor-CAD software for free, email us at  
info@motor-design.com

Find out more
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Motor-CAD Mech

Mechanical stress analysis

Analyse the mechanical stress in rotors using the Motor-CAD Mechanical Model. 

2D FEA based solution in Motor-CAD to analyse stress and displacement in rotors 
during operation.

• BPM: Brushless Permanent Magnet 

motors

• IM: Induction motors

• SRM: Switched Reluctance motors

• SYNCREL: Synchronous Reluctance 

motors

• SYNC: Synchronous machines.

STEP 1 |  DEFINE THE MOTOR ROTOR

• Rotor geometry is input using the Mech parameterized 
template editor, where basic parameters—such as number of 
poles and inner and outer diameters—can be specified.

• In the particular case of IPM machines, additional 
fundamental parameters, such as magnet clearance, flux 
barriers, magnet posts and rotor bridges, can be adjusted.

• Rotor materials can be chosen from Motor-CAD’s material 
database or users can specify their own material properties.

• Young’s modulus, density and Poisson’s ratio are defined and 
utilised in the mechanical stress analysis. The characteristic 
yield strength and tensile strength can also be input and be 
used as references for future design decision-making.

STEP 2 |  DEFINE THE SETTINGS

• With the motor rotor defined, users can adjust the mesh in high stress regions to get more accurate results. 
Motor-CAD software’s FEA solver automatically handles boundary conditions and rotor symmetry to speed 
up the calculation.

• Rotational speed is input and used by the FEA solver to calculate the centrifugal pressure into the rotor 
structure.

• Users can decide to include magnets (BPM) or bars (IM) into the rotor core in order to evaluate the resulting 
impact on the rotor mechanical strength.

• In the particular case of IPM machines, users can soften the contact between the magnets and the rotor to 
account for the adhesion between the magnet and lamination, to ensure realistic results.

STEP 3 |  GENERATE OUTPUTS

• Once the problem is solved, users can visualize FEA results, such as directional displacements and Von-Mises 
stress distributions, within the rotor radial cross section.

• The Mech output tab displays numerical data calculated from the FEA solution, including averaged Von-Mises 
stress, maximum Von-Mises stress and safety ratio with respect the rotor yield strength.

Machine Types

• Calculate stress and displacement in rotors during operation.

• Optimise the design of the rotor to maximise 

electromagnetic performance within the mechanical limits. 

• 2D FE solver with automatic meshing.

• In-built experience to ensure correct problem configuration

• Very fast to solve — typically within a few seconds.

Key Features

Workflow
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Motor-CAD Opt

The Motor-CAD Opt tool enables users to easily optimise the design of their electrical machines 
using pre-defined templates for geometries, constraints and objectives.

Our global optimization tool

Key Features

• Ratio based parameterisation for geometric inputs.

• Geometry checking algorithms to avoid infeasible geometries.

• Template based optimisation with pre-configured options for 

constraints and objectives.

• Simple to set-up with built-in experience.

• A Differential Evolution optimisation algorithm.

• Graphical visualisation over optimisation progress and 

resulting designs.

STEP 1  |  BUILD THE MOTOR

• Start with a base motor model — this is typically the result 
of an initial manual design procedure.

STEP 2 |  SET PARAMETERS

• Select the geometry parameters which will be varied during 
the optimisation and their max/min ranges.

• Select the performance constraints, such as required output 
torque and power.

• Set the optimisation objective, for example to maximise 
efficiency or minimise cost.

STEP 3 |  RUN THE OPTIMISATION

• Start the optimisation using the differential evolution-based 
optimisation algorithm.

• Watch the progress of the optimisation as it converges to an 
optimised solution.

• Pause, Stop and Restart the optimisation whenever required.

Ratio based parameterisation

Performance constraints

Optimisation convergence plot

Our team can help you understand whether Motor-CAD will meet your motor 
design needs. For more information and to evaluate Motor-CAD software for 
free, email us at info@motor-design.com

Find out more

• BPM: Brushless Permanent Magnet motors.

Machine Types

Workflow
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