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Role of Simulations & Digital Twins

Virtual Simulations in your Organisation? Digital Twins in your Organisation?

Volvo Trucks
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Role of Simulations & Digital Twins

» Which of the following technologies do you associate with

digital twin capabilities?

Artificial Intelligence or Machine Learning
CAD and/or CAE (Net)
Computer-aided Design (CAD)
Computer-aided Engineering (CAE)
Augment/Virtual Reality
Multi-disciplinary System Modeling
Reduced Order Madeling (ROM)
The Internet of Things

Edge Computing

Real-time Data Analysis

Cross Platform Connectivity

Other, please specify

| don't know

Volvo Trucks

Digital Twins in your Organisation?

* Does your organization leverage digital twin
technology (as defined previously)?

I'm not sure

Mo

45%
54%
36%
37%
30%
3%
22%
36%
27%
43%
26%
3%
I 1 1 1 1
20 30 40 50 60
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Digital Twins:

Data

A LIVING LEARNING virtual representation of a truck Augmented

Models

Physics N /
based A

modadeis

Volvo Trucks D igita I TWi n

THERMAL MANAGEMENT SUB STREAM - TMSS
*Image used from DC Velocity Magazine
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Role of Simulations & Digital Twins

Digital Twin*
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Physical Truck Virtual Truck
* Simulations, theoretically validate the product would meet it’s requirements
+» Digital Twins, calibrated simulation models with real time input data that could predict the future performance of physical product
Volvo Trucks
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Carbon fuel I Carbon neutral

BATTERY ELECTRIC

100%

Carbon neutral electricity

—
Share H
of FC share? I d
new
trucks FUEL CELL ELECTRIC =
Carbon neutral hydrogen :,'
Combustion engine 8
ICE share?
BioLNG
Bio fuels, hydrogen
0%

2020 2030 2040 2050
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Volvo Trucks, Thermal Management Sub-Stream
Thermal Management Scope (High-Level)

Ar Vehicle -
Compressor i Body
“ Thermal Management LI uipment

DC-DC
Inverter

Electric Motor
Drive

Thermal
Controls

Management Ref. Loop Autonomous

Heat up & Cool Down

Cabin Air Condition
Fuel Cell

Electric Motor @4 8
& Transmission

Diesel Engine
& Transmission

Volvo Trucks
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Volvo Thermal Management Sub-Stream

Thermal Management Scope (High-Level)

‘e-PTO

Air

Compressor ‘

Vehicle
Thermal Management

" !}’ a
== Body
e, Equipment

DC-DC
Inverter

Electric Motor
Drive

Thermal
Controls

Heat
Management

Ref. Loop

Heat up & Cool Down

Cabin Air Condition

Aﬁ( -

AR 4
Electric Motor =

& Transmission

Diesel Engine
& Transmission

* Complex Thermal Systems * New Methods Development

* Redundant Thermal Systems * Safe & efficient systems

New Tech: BEV, FCEV & Automation

* Energy Management / Range * System & controls optimisation

* Data augmented model » Digital Twins with Al/ML

Volvo Trucks
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Challenges and Solution: Balance between Comfort and Performance

Cabin Thermal System

One example for discn.

Battery Thermal System

« Efficient Battery Pack Design
o Battery Electrochemistry

o Battery Cooling Method
and Circuit Design

THERMAL MANAGEMENT SUB STREAM - TMSS

e Optimum Cabin Comfort
o Component Selection

o Human Thermal Comfort

Environment + Human
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Challenges and Solution: Balance between Comfort and Performance

One example for discn.

Battery Thermal System Cabin Thermal System

- Efficient Battery Pack Design . Optimum Cabin Comfort
o Battery Electrochemistry o Component Selection

’ gﬁét%?ﬁgﬁoé'ggigﬂneth()d o Human Thermal Comfort

" h?' . Environment + Human
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Challenges and Solution: Balance between Comfort and Performance

One example for discn.

Battery Thermal System Cabin Thermal System

« Efficient Battery Pack Design . Optimum Cabin Comfort
o Battery Electrochemistry o Component Selection

© Sr?ét%ri);gj(i)togggig/lnethod o Human Thermal Comfort

‘l h?' 3 Environment + Human
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Challenges and Solution: Energy Management and Controls

One example for discn.

Battery Thermal System Cabin Thermal System

. Eﬁémtetnt B;Itte:y Pz;ck [_)etSIQH - _  Optimum Cabin Comfort
o Batte:y - eCI'LOCI\/IeTrIlS crly sepie e ol o Component Selection
o batlery L.oaling Vetho strategies and o Human Thermal Comfort

: - : optimum Veh. thermal
and Circuit Design management

Environment + Human

THERMAL MANAGEMENT SUB STREAM - TMSS 01-02-2023
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Cabin Thermal Management: Overview

Radiation Solar
Exchange Loading

with Sky
LF

Heat
interaction
from different
surfaces

Controls —

based on Ambient
comfortand conditions

sensation

Energy
Management and
controls

Thermal
Cocooning

Geometry/
Structure

Volvo Trucks
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Modelling Approach: GT-SUITE + GT-TAITherm + StarCCM+

CFD
Data

CFD (Fine Grid)—8 million
elements

Mesh
Geo

Volvo Trucks

THERMAL MANAGEMENT SUB STREAM - TMSS

Volume and surface geometry

[\
Velocity, pressure and temperature field
CFD . .
within the cabin,
Data

Boundary heat fluxes

CFD elements areautomatically
“mapped” onto GT cubes

Heat Transfer Coefficient = Heat Flux/(Ts — Tf)
>
GT-SUITE
Fluid Solver
Surface Mesh with a max of o
20000 elements
>

(GT-)TAITherm

Solution

material and surface properties + external convection + Irradiation + Human model

01-02-2023 18
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Modelling Approach: Model

= = = =
= - = =
Ialean EiTemp ean- ETemp hean-RH- W3 heansfH-0G

Co-Sim Template Imposed BC ,jr "

Cabin.ﬂq-‘:. Brnp
Cont ,gller

int-\/'S

. .
Offset-2 Cartiller i
Windshield_

Sc_Temp

7]

Zero-1 Thery

Conti i‘l‘er_
DG_Sg_Temp

i L
ean Of Smoothened_
4 Signals Temperaturé

Dew_poirt_  Offset
inside_air

outlet

Fogging control logic

Cabin Discretized Flow Volume

mﬁr?éi::Igide Cabin-COOL30D
Discretised cabin in COOL3D

Volvo Trucks
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Agenda

* Cabin Thermal Management

Base Case @ 90 kmphand -20° C

Volvo Trucks
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Base Model — Vent Temperature Targeting

Senseinternal WS
temp (T2) and find
(T,vent) to targetit

Dew point calculation from
average DBTandRH near
windshield (3 locations)

to the offsettemp
Volume Avg Cabin
Temp

Find (Tvent) to

= = =
End Ed bad
Mean gTemp Mean-#irTemp MeandrH-WS
7 78

I

|

Sensedlf Jrisbles
Lo

—

T @ -
1 CakinAvgTemp
Cont

oller

targetvol
average temp >

22C

1 . k
Offset-2 Cortroller

Windshield_
Sc_Temp

Fero-1 ThermalieshCogim-1

Offsetting by0.1C
above DPT

i
Smoothened_

—_Main_Defrost
Temperature B

Offset

Dew_point_
inside_air

Driver_\ent_
Right

Max of the vent temp S

requested for WS, DG

and cabinvolume
heating

Driver_Floor
_Left

Driver_Floor
Right

Driver
Window_Side

Volvo Trucks
THERMAL MANAGEMENT SUB STREAM - TMSS

outlet

Cabin-COOL3D

CFD external flowfield — Velocities imposed on the external surfaces inthe GT-TAITherm model

01-02-2023
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Base Model — Opportunities for Energy Savings

Heat rates from different cab surfaces

Opportunities for Energy Savings

Leakages/ventilation (+++) — Alleviate the
need to heat the cabin air to very high
temperatures

Heat Rates (%)

BUNK

Surfaces (+) — Insulation

UPPER DASH-2-DRIVER
UPPER DASH-1-DRIVER
ENGINE TUNNEL
STORAGE REAR
A-PILLAR

DOORS

SIDE PANEL

CAB REAR WALL

BUNK LOWER WALL
STORAGE FRONT

CAB FLOOR

ROOF HATCH

LOWER DASH-DRIVER
WINDSHIELD
DOORWINDOWS

CAB FLOOR PASSSIDE FLOOR MAT
CAB FLOOR DRIVERSIDE FLOOR MAT

Volvo Trucks
THERMAL MANAGEMENT SUB STREAM - TMSS 01-02-2023
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Agenda

* Cabin Thermal Management

Improvements (Insulation + Thermal Cocooning + Comfort Based Controls)

Volvo Trucks
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Improvements

Volvo Trucks
THERMAL MANAGEMENT SUB STREAM - TMSS
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-

3 2 ;5 i
oo o WT,_M . ,...NTOG

Controller

A
Y

Thermal cocooning
Insulation

Comfort based controls
(localized cooling/heating)

01-02-2023
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Agenda

* Cabin Thermal Management

Results

Volvo Trucks
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Results: Vent Air Outlet Temperature Comparison

Went Air Outlet Temp

| — Baseline

— After Improvements Vent air outlet temperature indicates:

1. Airis heatedto lower temperaturesto
meet the target temps

2. Resultingin reduction of heater heat rates
—> energy saving

Temperature C

3. Considering steady state—10 to 15 %
heater power saved.

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 8500

Time (Sec)

Volvo Trucks
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Sensation

Without Improvements

Thermal comfort metrics :
1. Environmental - Predicted Mean Vote (PMV) o G

2. Physiological - Berkeley Comfort Model

Volvo Trucks

THERMAL MANAGEMENT SUB STREAM - TMSS

01-02-2023 29
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Conclusions and Next Steps

. " m H N “

Conclusions: TS t

i i
- 4

* GT-TAITherm - suitable for studying various energy saving techniques. HL ‘ :

* Modelling Technique allows many iterations and DOEs i g R {
- Ill]l 1] o

* Thermal cocooning, Insulations and comfort-based controls —Promising behavior !

* Future Work:

* Investigate further model improvements e.g., partial recirculation, Effect of low E and

IR reflective glasses.
* Integrating these models with the digital twin Real world Virtual

=h 5o

Volvo Trucks
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* Digital Twins
— Definition, Modeling Architecture, Collaboration and Sharing

— Future Scope

Volvo Trucks
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Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing

- Data
A LIVING LEARNING virtual representation of a truck (Augm;nted

Models

Physics

based
modadeis

Volvo Trucks D igita I TWi n

THERMAL MANAGEMENT SUB STREAM - TMSS
*Image used from DC Velocity Magazine
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Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing

‘ -] ..... . ‘I = I : I 1 - %:
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|| | ' WEml ! ' I 1§ ' 21
I I : : ! ' , I @ |
D e e mwlw - - =4
Iy ! P! I | - | S
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:L ______________ I e e o e e e e - T S S IS L e ] S
o I
What?

A breakdown of a complete vehicle into subsystems models, further broken into super subsystems, created using:

v" Predefined guidelines v" Sound test data sources v Layered Approaches

v/ Structured naming conventions v' Agreed methods of calibration and validation

Volvo Trucks
THERMAL MANAGEMENT SUB STREAM - TMSS 01-02-2023 33
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Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing

A well-defined modelling architecture creates/enables/fosters:

v" Ownership & delegation

Volvo Trucks
THERMAL MANAGEMENT SUB STREAM - TMSS 01-02-2023 34
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Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing

é_'_ '_'_f_ _?_‘
ﬁ .

[m=————
Tttt T T

Why?
A well-defined modelling architecture creates/enables/fosters:

v" Ownership & delegation

v Frozen interfaces

(fluid, thermal, signals, 10T, etc.)
Volvo Trucks

THERMAL MANAGEMENT SUB STREAM - TMSS d 01-02-2023



Vv O L vV O

Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing
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Controllers

E [#] EM_ThermalModel
. [*] simulink_Harness

—
Why? —p

A well-defined modelling architecture creates/enables/fosters:

v' Ownership & delegation v’ Familiarity and consistency of variants V' Error free co-simulation between tools

v’ Frozeninterfaces v’ Flexibility to use different fidelity models v" New pathways for sharing and automation

(fluid, thermal, signals, 10T, etc.)
Volvo Trucks
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Digital Twins: Definition, Modelling Architecture, Collaboration and Sharing

GT-SUITE user community, Controls Engineers, etc.

Mim o ° : v, | across Volvo Group
. & LAM&.‘_/ o - a a
N / & 2 & @
Do 5 & 8 @
g )
l-_O —_ L_L
[~
N v v
iy // B B & &
Mo n v. v v. v
Bua e & B & @

Volvo Trucks
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Automation and AR/VR

Digital Twins: Next Milestones @

-
-
-
- -

Adaptive systems &
machinelearning

Fast Running Models

- SiL 2 HilL Deployment to non-

simulation engineers
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