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“N-in-1 Powerbox marks the initial step towards the
integration of the e-axle and the energy system as a
unified entity.”
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E-axle and the energy system integration beyond 3-in-1
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E-axle and the energy system integration beyond 3-in-1

Transition from distributed to
zonal E/E architecture
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2. Methodology and choice of components
Integration strateqgy, battery or e-axle

While a location near the battery or the e-axle could be suitable, we opted for the e-axle based on the
following requirements:

1.Segment C passenger vehicle (<3.51)
2.150 kKW e-axle, and
3.11 kW on-board charger
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2. Methodology and choice of components
Integration strateqgy, battery or e-axle

State of the art

Emerging Il

On-board charger HV-DC to LV-DC Power distribution

Potential

Battery
HV-battery management DC battery AC-compressor
system charging power electronics

Oil or coolant Vehicle control Passenger AC
pump unit HV-DC to HV-DC voltage supply PTC heater power

electronics
outlet
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2. Methodology and choice of components
Integration strateqgy, battery or e-axle

Enhanced power density Resulting in systems that are both more compact and more potent.

Space efficiency Integration facilitates a more streamlined design, optimizing space usage within the vehicle.

The requirement for individual housings, connectors, seals, cooling connections, and cables

Fewer components o
IS significantly lessened.

S A

Weight minimization With a decrease in the number of components, the total weight of the system is reduced.
Cost reduction A smaller number of components translates to decreased manufacturing expenses.
Improved efficiency Minimized energy losses that often arise during power transfer between separate elements.
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2. Methodology and choice of components
Integration strateqgy, battery or e-axle

Contribution score
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

HV-DCto DC 12V

HV-DC to HV-DC
Three-phase drivetrain inverter
On-board charger

PTC heater power electronics
AC-compressor power electronics
Vehicle control unit

DC battery charging
HV-battery

Power distribution

Battery management system
Electrical machine
Reducer/gearbox

AC voltage supply outlet
Oil or coolant pump

Diminishing returns
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3. System block diagram

IAV Powerbox

12V-battery LV-DC HV to LV DCDC Inverter
- EMC filter - EM _
Ed
PTCs - PTC contactors DC-link capacitor
Contact ...
A A
HV Power distribution unit (PDU)
battery 1 _ HV-DC Inverter
Contact Switches S EMIC filter AC comp.
Charging -
DC
Y
On-board charger (OBC)
AC
PFC/ Isolated DC/DC
®< Rectifier converter
V2L }l{
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3. System block diagram

1. EMC-zone 1 for energy conversion / power electronics

2. EMC-zone 2 for external interfaces
3. Reduced of EMC-filter from 6 to 3, while maintaining the control of EMC-coupling paths.

Bottom view __ Top view | |
GEMC-zone 1 l”";
€) evczone 2 :7.4 L
~ 12V-, HV-battery, and
© evciiter .. charge port
1 [r

= .r r —_—— .
= = AC-charging and
o = _auxiliary devices

(% ’
;*ﬁmt

Three-phase DC-link capacitor
e-machine terminal

- SIAPOWERTRAINsn
SIA POWERTRAIN 2025



® SOCIETE DES
. INGENIEURS DE
L'AUTOMOBILE

3. System block diagram

1. Consideration of boundary conditions, limitations, and constraints.
2. A shared cooling system, optionally integrated with the e-machine’s cooling system.
3. Thermal performance requirements for power electronics are most demanding.

PR AC-charging and
/3 auxiliary devices
N =

\
N <. < 12V-, HV-battery, and
" J}/ \\:/;? Y

> charge port

N\
[
oS
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HV-DCtoLV-DCand N0
on-board charger
power electronics
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<
o >
o \
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‘ / )\ Q-
\/ N DC-link capacitor

74
hree-phase power electronics

Three-phase :
e-machine terminal —=\'
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3. System block diagram

1. The Powerbox acts as a zonal
controller, enabling data connectivity for il

Vehicle’s Central Compute

the vehicle's central computing unit and, . .
In turn, the cloud. _ HadwaeAbstactionlayerAly ] Ha2 |

2. SOftware'deflned Veh|C|e funCthnS are IAV Poy\;]erbox Ibased (?ln single;lc?ntroller
with zonal controller capa ||ty
Independent of hardware due to the | | E— |
hardware abStraCtlon Iayer On-board charger HV-DC to LV-DC Battery management system Three-phase inverter
. t t t t
3. Rapid closed-loop control processes l ¢ [ ¢ l ¢ ¢ l
are performed by the IAV Powerbox. LT
navila grading
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4. Advanced control to enable high level integration, control on
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5. Quality level of integration

Quality level 1 Quality level 2 Quality level 3 Quality level 4

System 1 System 2 System 1 System 1 System 1 System 1 Combined system (system 1 + 2)
Shared ECU

Shared ECU

ECU 1 § ECU 2

ECU 1 ECU 2
Power electr. 1

Shared power electronics

A 4 III

Power electr. 1 Power electr. 2 Power electr. 1 Power electr. 2

Shared cooling

Shared cooling

Cooling 1 Cooling 2

Shared cooling

@ @ @ <
Level of integration

System 1 and System 2 A shared cooling Microcontrollers and Power electronic
function independently system is introduced, as PCBAs cover more then components are
of each other. it is state of the art for one system need, thus intentionally shared
3-in-1 e-axel systems reducing the part count across various
and software complexity functions.
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Use Case: Battery bank e charging
N _ B1 L .. Thee-Level- Type-Inverter
charging 00V : 400V _400V with SiC and GaN
Bank charging involves o power semiconductors for
d|V|d|ng the pack Into two 0oV Increased driving efficiency.
sections for charging
- hase leg one, to keep it simple.
purposes (B1 and B2). This . shaseleg one, tokeep It simp ——Oc
way, an 800 V battery pack 400V : F 1
: : : s1 L - -
IS configured into two _—
parallel 400 V packs for the S e M
I i - Phase one
charging process. 1 JI—
S2 — e
B2 —
400 V O pe-
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5. Quality level of integration, driving and charging 800 V

Phase leg one, to keep it simple.

B1 o () DC+ a1 . Phase leg one, to keep it simple. O pe+
400 V 400 V

J — | J

s T J - J

B2 B2
400 V . . () DC- 400 V o . () DC-
1. The switch S1 is in the closed position, 1. The switch S1 stays in the closed position,
2. The connection between B1 and B2 is in series, 2.B1 and B2 are connected in series, and
3. The inverter Is functioning normally. 3. A charging voltage of 800 V DC is applied.
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5. Quality level of integration, charging 400 V

Phase leg one, to keep it simple.

B1 * (O DC+
400 V .

S1

- — J
B2

400 V | | O be-

1. Now switch S2 is in the closed position,
2. The inverter circuit acts as additional switch to establish a parallel circuit of B1 and B2, and

3. A charging voltage of 400 V DC is applied.
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5. Quality level of integration, increased

Quality level 1 Quality level 2 Quality level 3 Quality level 4

System 1 System 2 System 1 System 1 System 1 System 1 Combined system (system 1 + 2)
Shared ECU

Shared ECU

ECU 1 § ECU 2

ECU 1 ECU 2
Power electr. 1

Shared power electronics

A 4 III

Power electr. 1 Power electr. 2 Power electr. 1 Power electr. 2

Shared cooling

Shared cooling

Shared cooling

Cooling 1 Cooling 2

Level of integration

System 1 and System 2 A shared cooling Microcontrollers and Power electronic
function independently system is introduced, as PCBAs cover more then components are
of each other. it is state of the art for one system need, thus intentionally shared
3-in-1 e-axel systems reducing the part count across various
and software complexity functions.

Phase leg one, to keep it simple. .
B1 * O pe+
400V Sic

I

R S1L
\%ﬁl { :TL u
—_—— Jszl Tﬁ.i J%} Phase one
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O pe-
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6. Cost effectiveness

400€ 1. Analysis performed on reference
350 € - \ architecture
300 € \ 2. This integrated solution primarily reduces
e \'23“ system costs by minimizing components
\ such as housings, fasteners, connectors,
200 \ seals, EMC-filter, and HV-cables.
Hoe 3. Analysis indicates a per part cost
100 € reduction of 235 €
50 € 4. The streamlined base software
0e development is anticipated to lower
Conventional architecture Featured integration development costs.
= Hy-cable incl.plug B Housings m Fostoners
B DC-ink capacitor B Microcontroler M Connectors
= Contactor B ENCfilter
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1. The IAV Powerbox serves as the cloud gateway for the e-
axle and energy systems.

2. A single microcontroller simplifies architectural choices.

3. An EMC strategy that reduces the number of EMC filters by
half.

4. Achieving a 70% reduction in costs for housings, fasteners,
connectors, seals, EMC-filter, and high-voltage cables.

5. Enables shared use of power electronics for even higher
Integration levels.

International Congress & Exhibition
SIA POWERTRAIN

SIA POWERTRAIN 2025



THANK YOU FOR
YO U R ATT E N T I O N T “l* :1 E International Congress & Exhibition éen—?f?k‘wﬁ%ﬁ

1-12 JUNE

2025 SIA POWERTRAIN
2025

«q : ) ) PORT MARLY - FRANCE

I

ST R
f“b

L —
— ’

Dr. Alexander HOFFMANN
alexander02.hoffmann@iav.de

|
with the supportof ~ PFA 3 Fl&V  misiTa



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25

