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Thermal Management L

2. Challenging requirements in
electrical Off-Highway machines

-

3. Used case of KULI supporting fast
answers to some of those
challenges

4. And now lets make it fully customer
friendly
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YM ER Who are we and our experience

with Thermal Management




We have an international footprint and are proud of our trustful
and long-term customer relationships

€ &

40 Mn. €
turnover
in 2024

Development in

Start of the TMS

Founded 2005,
privately owned

Sweden,
Germany and
USA

business unit
in 2018

Production in
Sweden,
Germany, China
and USA
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Over one million
produced

cooling systems,
> 1.500 TMS
delivered in 2024
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Our market know-how and our long-lasting experience enables us to develop best in class
cooling systems for our customers

Purley focused on Off-Highway machines We understand ourself as a system supplier
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Goldhofer
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E-machine customers with YMER TMS®
in Development or in Series Production
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Ymer TMS Applications

Today our YMER TMS® are applied and operating at several different machines and applications.
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C HALLE N G ES Challenges of thermal management

in Off-Highway machines
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Challenges within Thermal Management

i e

3 '} ¥ 4

Cabin Cabin
Cooler Heater

Cabin Cabin
Cooler Heater

Onboard
DC-DC =
L 1 TMS e Battery Charger S’,J

AC/DC

Cooling . ICE
Hydraulic
System Drivetrain

-

= = s,

. Thermal Energy . Mechanical Energy . Electrical Energy
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% } 7 ‘\ Related Challenges

A
Battery heating = " \_J/ A lot of different use-cases need

Powertrain cooling to be evaluated...
Cabin heating

Cabin de-humidification

= ... at many different ambient
conditions

+ Use-cases
(Operation, Driving,

Charging, Pre-Conditioing) = Very high testing effort and

costs!
= Battery cooling = Rater low volumes
= Cabin cooling g = Still massive development
- Powertrain coc?ling W, --r= = One solution needs normally to
(drive, hydraulics...) & \—-— fit all challenges

12.05.2025 © Ymer Technology GmbH 11
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Challenges within Thermal Management
Drivecycle as defined in SS-EN-16796-3
Table 1 — Test specification for container handling lift trucks
Variable reach container handler /
Counterbalance container handler
Empty container Loaded container
handler handler
Rated capacity Q Q<10t Q>10t
Test duration [h] 1 1
No. of cycles [1/h] 30 20
Distance [ [m] 100 100
Lift at Band D [m] 4 4,|
—— I I i
:_
1
E
]
12
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Challenges within Thermal Management

Vehicle Velocity [km/h]
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Vehicle Acceleration [m/s/s]
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Challenges within Thermal Management
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Used case of KULI supporting fast

REAI_ L‘ FE answers to some of those m

challenges
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= Application is for a huge off-highway machine: Vehicle use case / Driving cycle:
— FuIIy electric drive © 1:1755s, no battery use ~ 3: 4km @12km/h=1200s 5:45s, no batteryuse
ICE with ~ 2.000 kW working as genset P e
) Ca. 1,0 Battery Cycles per hr
— Around 440 kWh Battery capacity for boosting 200 .
and regeneration iy : x -
< 140 \\ "/“
— Ambient conditions up to 50 °C (Average 40 °C) 5 A\
= N
% 60 \\
~ 4]6)/
= Battery Info: 20 \®/
—_— Total inst. Batteries - 4 ’ 0 300 600 9S00 1200 1500 1800 211_?:/)1;?30 2700 30?).0.‘3300 3600 3900 4200 4500
— Capacity / Battery = 108,9 kWh
— Total Battery Capacity =435,6 kWh
— Heat rejection EOL (all 4 batteries) = 65 kW * YMER initial assumption
continuous — 98 kw peak (Customer Initial Info) — Cooling performance needed: around 25 kW
12.05.2025 © Ymer Technology GmbH 18
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Real Life use of Kul supporting battery cooling

Vehicle use case / Driving cycle:

3: 4km @12km/h=1200s

) 7. 4km @40km/h=360s I

Ca. 1,0 Battery Cycles per hr

2

Utilized energy [kwh]
[l =
S 8 8 8 8 8 8

o

0 300 600 9S00 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900 4200 4500
TIME [s]

12.05.2025 © Ymer Technology GmbH 19
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Approach:

1. Simple model to get an initial feeling and
see critical influencing factors

2. Fine-tune model and add simple control
strategy

- Main task: confirm stomach feeling of
cooling demands

— Accuracy is not the major key - being in a
range of +/- 2 to 4 kW is fully accepted

Initial Model: “@  50/min per pack — 200l/min total

Coolant entry T 20°C Y
XSt 1008 Gt Compiin e ...!w.m
Cycle T U . ~empemes ]
data - B' g 9 ==

Electrically

in parallel
AN
4 battery packs
' Min/Maxcell T (lumped models)
approximation
Optimized Model: One chilerper pack
mem -
{/} (ot Carvan B

Heatco_nduc_:t\on

= Coc‘:hng control ki

strategy (simple)

- Radiation

12.05.2025
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Simulation Model Updates

Spmcimger o amewra
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T BL_T_OUT I
yar

i i

= Battery 2 ; i

reuse ] BL_T_OUT |
b v

Heat conduction
(approximation)

Battery 1 |

Radiation
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Added a simple control strategy:

= Full engagement of cooling unit

at average cell
temp > 40 °C

= Switch off of cooling
unit below 30 °C
cell temp

= |nreality we are using
a more sophisticated
PID Controller

*
Qut1

| S \n Product(X1 .. Xn)
ot ut 1 2
Qut 3

L

In

. .
Out 4 Out 1

| Cooling Pwr per Chiller [kW] !g:l;n;

il
8.5 kW
Max available chiller power —

(X2-X3)(X1-X3)
Chiller Engagement

t /\/ Qust
o -
X

Engage chillers based on
maximal pack temperatures

Oul'

I

Ymer
Technology

Ein

12.05.2025
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Added and simulated convective
Heat Transfer

K1 M2+ X3 HA+XSHE T

Ot
AreaTop/Bottom | 1.40785 m? AT o 4
MNr.Considered m_gm e

o
Area Front/Back | 0.65446 m? . _
ot | %) - 2~ Area per Pack ["ﬂ_!
Nr.Considered E—- H-h
Ol

Area Left/Right] 0.39775 m* = 7T 1

Nr.Considered O"INE-/ . . . . .
40 60 80 100 120

,active” area of total pack surface Surface Temperature (*C)
here: all sides + top (or bottom .

( P ) ResearchGate paper for vertical

plate — conservative estimation, will

be rather less

C)

BW/m?/

HATK2H(K3-X4)
Free Convective HTC | 10 W/m#/K o

X1

|Area per Pack i|-w ot
[Ambient lemperatore ’F‘mtu I;—I Convective Heat Input per Pack [k\W] :I

X3

[TECELLCell temperature o]~ " ;

12.05.2025 © Ymer Technology GmbH 23



Added a simple control strategy:

= Uses Boltzmann equation

driving (70°C)
XA X2*X3*(X414-X5M)
Emissivity (epsilon) Aluminum (estm.)| 0.12 o mh\
Boltzmann Constant (W/m2K4) | 5.67037e-8 - .
u Ot
Area per Pack o} - o

Quat

Ground Temperature | 70 °C -

1.ECELL Cell temperature #} - 4

X5

m Ymer

Technology

Emissivity for aluminum has a wide range (depending on surface treatment) - average value used

Does NOT refer to ambient temperature, but rather to hot ,, ground temperature” over which the vehicle is

Radiation Heat Input per Pack [kW] :

12.05.2025
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Simulation
Results

With 10 driving cycles according
Customer
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Simulation results (10 Cycles)

Maximum Cell Temperature:
36
35

34 -

Y-axis 1 ["C]
bl

=] Variable chiller engagement stabilizes cell temperatures
between 33°C and 36.5°C

314

(other values can be achieved by different parameterization
of the control strateqgy)

30

T T T T T
2E+03 4E+03 BE+03 8E+03 1E+04 1,.2E+04
x-ais [5]

14E+04

12.05.2025 © Ymer Technology GmbH 26
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Simulation results (10 Cycles)

Maximum Cell Temperature:

35

rcl

)
= 295 ' :

) Variable chiller engagement stabilizes cell temperatures
J between 28°C and 31.5°C

(based on controls that limit between 25°C and 35°C)

e S —

1 2 3 4
X=anos [h]

28,5 1

12.05.2025 © Ymer Technology GmbH 27



Simulation results (10 Cycles)

Heat Flows:

NG | I
l-.d'l.ldli.’

|
1

for the given load profile

Peak chiller power is at slightly below 6kW
This is sufficient to stabilize cell temperatures

VNV
TN l”Jh

\_
|

ilndllgd

' a

m Ymer
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.Auerage dissipated power
Pack 1
Current Val ue

.Coaling Pwr per Chiller

25

20

12.05.2025
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Simulation results (10 Cycles + Full Load)

Maximum Cell Temperatures: 12 min 40 s
After 10 regular cycles a full load of 1830A (=max during cycle) |:
is applied. With a maximum chiller capacity of 8.5kW per pack i ,ﬂ'i
N it takes another 12min 40s until a temperature limit of 55°C is | /
reached. !

.  Duration _| Temperature | -

Timetoreach T |mmm) ., . 35°C ]

:_J 4.8 min 40°C i I,I
- 74min  45°C N
10 min 50°C i ."
3 12.7 min 55°C i I

www\w\\\\m

4E+ 33 BE+ 03 BE~ '33 'I4E 04
X-axis [5]

12.05.2025 © Ymer Technology GmbH 29
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Simulation results (10 Cycles + Full Load)

Chiller Cooling Capacity used:

8.5kW peak -capacity

. used during peak-load —
phase...

3

.

14

’ 2E.I-03 4EL03 6E-I-ID-3 SE-I-D_J. ‘IE.I-EM I.2EI-0-I 14E+04

X-guis [5]

12.05.2025 © Ymer Technology GmbH 30



N EXT STE P Full machine Calculation Tool

for Sales and Engineering
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= Basicidea:

Develop a tool which can be used by Sales as well as engineering

=  Main task of the tool should be:

Enable to transfer customer requirements and especially their machine use into real cooling &
heating demands

Support the sales in selecting the right system approach for the specific project
See before project start and development start if waste heat use make sense
Be able to respond to customer questions like battery heat-up and cool-down times

Quantify and qualify our today stomach feeling approach and make it more scientific.

= The tool does not need to be absolutely accurate. Its goal is to provide a rough estimate and/or determine

a range, e.g., for heating and cooling demand.

12.05.2025

© Ymer Technology GmbH 32
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= Cooling requirements for the drivetrain

= Cooling and heating demands for the
batteries during operation, charging and for
heating up and cooling down

= Available waste heat

= Waste heat use

e

System Layout and Design

Y]

Time [minutes)

Datasheets

| AW software

""4?%&}:. i?f 1y

12.05.2025 FOR INTERNAL USE ONLY
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Ymer Ymer Calc
Technology dynamic
./ ! ' ! /' /' ' ' ! | | | |

Architecture 1 Overview

powered by KULI

\f

Related KULI Model:
Hydraulics Template_OffHwy1.scs
From TMS To TMS
HT HT
RUN Sim

o TS To TMS Progress | 100% |

Battery = T
T @ Pack > U
Vehicle Parameters
Battery System Parameters
Battery Capacity Ah 1000 [LV System Voitage [v 48]
Battery mass kg 500
Battery average cp JIkg/K 750| Lilon ~749, Steel ~490, Aluminum ~900 Coolant Flow Trac (P1) I/min 150
Battery heat transfer area |m? 1 total surface battery to coolant Coolant Flow Hydr (P2) I/min 100
Battery heat transfer alpha |[W/m?/K 300 liquid to solid ~200-800 when turbulent Coolant Flow Batt (P3) I/min 50
Battery OCV \ 800 battery no-load (open circuit) voltage
Efficiency Battery - 0.95 controls battery losses
Traction Inverter Hydraulic System Inverter
Inverter Mass kg 30 Inverter Mass kg 20
Inverter average cp JIkg/K 900| Lilon ~749, Steel ~490, Aluminum ~900 Inverter average cp JIkg/K 900| Lilon ~749, Steel ~490, Aluminum ~800
Inverter heat transfer area |m? 0.8 total surface battery to coolant Inverter heat transfer area |m? 0.6 fotal surface battery to coolant
Inverter heat transfer alpha |W/m#/K 700 liquid to solid ~200-800 when turbulent Inverter heat transfer alpha |W/m#/K 700 liquid to solid ~200-800 when turbulent
Efficiency Traction Inverter |- 0.92 controls thermal losses Efficiency Hydr Inverter - 0.92 controls thermal losses
Traction Motor Hydraulic Drive Motor
Stator Mass [ka 50] | [Stator Mass [ka 40 |

12.05.2025 © Ymer Technology GmbH 34



And the

RUN Sim
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U 5 5k ~300-208 when brbule [Covlat Fiow Bas (731w T =)
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initial tries shows: It works!

Ymer

Technology

Ymer I
er Calc powered by KULI
dynamic
N HT Cooling
Cooling Demand [kwW]
20 Target T 50|degC
Max 16.56 kW
15 Avg 12.75 kW
LT Cooling
10
Target T 25|degC
° Max 4.98/kW
Avg 2.79[kW
(1]
0 200 400 600 800 1000
——P Cooling HT ——P Caaling
Battery Temperature [degC] Traction Inverter Temperature [degC] Hydraulic Inverter Temperature [degC]
50 70 70
45 60
a0
50 50
35
40
30
25 30
20 20 20
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
——CellT ——TCoolantin T Cookant Out —— inverter T T Coolant In Inverter T ——T Coolant In

Ymer Calc

dymamic

1
2

3 .

i Cooling Demand [kW]
5

6

7

8

0 20 “ & 0

P CasingHT

HT Casling

Targai T fdegt
Max 16561k
fivg 1275

2 Battery Temperature [degC

Traction Inverter Temperature [degC]

Fl

B

2

Hydraulic Inverter Temperature [degC]

@

w
2 - _ — — »
2

=E

» Converter Temperature [degC]

Traction Motor Temperatures [degt]

Hydraulic Drive Temperatures [degC]
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THANKS

And hope to see you soon!

Josef Graubmann — Managing Director YMER Technology GmbH
\YEIL Josef.Graubmann@ymer .com
Phone:  +49(0) 172 /24 44 890
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