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Increasing component Increasing system
geometry freedom coupling




A design space increases exponentially
when we increase our input parameter size

~ B parameters

10 values each

50 x 50 grid

Total designs: 42500

. . 5
Total designs: 10 One sim: 1sec

One sim: 1s All CPUs on earth (100 billion)
256 CPUs .
" Total time:
Total time: Age of The Universe!
0.5 days
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The Anser® Engine

Customer
requirements

}

Temperature maps

Automation @
Vibration analysis @ G Drive-cycle efficiency
Scale
Anser®

Speed EleCtro_mgr?(;igé Full system-level Durability
optimisation
Intelllgence Excitation tables @ @ Structural analysis

Optimal powertrain system
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Objectives
Cost
Drive Cycle Efficiency

Example of un-optimised design

Constraints
Peak Torque
Torque ripple
Manufacturing limits
Lamination & magnet stress

24 optimisation parameters
Magnet size and position (8 parameters)

Flexible form air pockets (16 parameters)
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Normalised Magnet Mass

Reduction at reference loss
Cost: -4.1%
Magnet: -8.5%
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2nd Project Phase: Desigh space expansion

Gedrbox & stator parameters

2 Additional parameters
1. Airgap radius
2. Stator slot height
3. Stator slot width
4. Geadrbox ratio

2 28 optimisation parameters

2 System level considerations

: MmONAUMO
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Machine Cost [€]

Rotor, Stator & Gearbox Optimisation

Optimisation objectives

390

380

370

360

680k 700k 720k 740k 760k 780k 800k
Drive Cycle Loss [J]

: relative_gear_ratio

1.02

Reduction at reference loss
2 Cost:-11.4 %
2 Magnet: -23.0 %

Loss reduction at reference cost; -12.5 %

2 550,000 designs

2 ~lweek

Candidate validation currently ongoing
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How can ML/AI help?

-

2 Surrogate models to speed up parts Explore larger More diverse
of the simulation design space dorta

2 Speed up optimisation by using
surrogate gradients or classifiers

2 Design space reduction by using
Generative Al

\ Quicker l

optimisation
due to ML
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Vision Transformer

Electromagnetic performance prediction

e simulated
300 o emulated

250 A

ViSiON Transformer i1, assssees®™ 000, opees™ "0,

»

torgque / Nm
=
w
L=

2 10x speed-up
2 99 % accuracy 100

50

electrical angle / rad
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Technology development

—

Motor only System level

~5% cost reduction v/
~$25 per motor

10%+ cost reduction v

~$50 per motor

rOOI" %#N
\Mt E {.':3'.'.‘)

' —r—— 3
———
Inverter s Je i
\. J

=
Gearbox 1“ .
L
A >

/

System level + freeform

+ ML/AI

20%+ cost reduction
$100+ per motor

WiP
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Traditional development cycle

Requirements &
specifications

System integration
r L0074
" Sub-system
" testing
LW
" Integration
" testing

Prototype [
manufacture
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Traditional vs proposed development cycle

Customer requirements

!

Powertrain system architecture concept design

/3/ /ﬁ /‘w ﬁ
Gearbox Motor AU Power'
(control) electronics
iy Ky < \y S
PG FOTSCI . SCRE Y €Y
N &, O , IR %, o %
% % Z %
2 S | o S e 2 @
%, /&«9 £ ¥ % v % A8
ZR 2 ¥ 2y ¥ 2y ¥

+ + Solution + Solution

~. rd

Powertrain system

~
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Customer
requirements

!

Temperature maps

Vibration analysis @

Anser®
Electro-magnetic —

analysis Full system-level
optimisation

e Drive-cycle efficiency

@ Durability
Excitation tables @ @ Structural analysis

Optimal powertrain system
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Thank you | monumo.com
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core_loss_eddy_currents
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2000 4

1500 4
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1000 A

5004

0 500 1000 1500 2000 2500
truth

core_loss_hysteresis fundamental
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1000 4

500 1

20

500 1000 1500 2000 2500
truth
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Vision Transformer

Validation plots

0.100 1

torque 00751
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0.025 1

400 A

guess

0.000 1
—0.025 1

200 - ~0.050

—0.075 A

—0.05 0.00 0.05 0.10
truth

guess
o
L

flux_qg

0.100
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—200 - 0.050 1
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0.000 1

—400 A - -0.025
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—0.100 4
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