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Classical view: Driving mode

Range  Drivingtime  Average speed  Lifetime Yearly
[km] ~ [h] [km/h] [v] Mileage [km]
300 000 8 000 37.5 15 20 000
240 000 7 000 343 15 16 000
Mission Profile ~ Duration Average speed Number of Overall
Car manufacturer dependent [s] [km/h] repetitions  distribution [%]
Artemis Urban 993 17.65 1815 8
o o _ US Highway 775 76.51 200 0.7
Realistic driving profile OEM city 1 1740 61 419 4
(including hilly driving cycles and OEM hilly road 1236 36 872 12
: OEM cycle...
acceleratlgn runs) ] Acceleration 48 38.49 2000 0.4
to be applied (= load collective) (0...80km/h)
Acceleration 27 99.07 1000 0.12
(80...120km/h)
Total 100%
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Classical view: Charging mode

- Charge 7.3 hours per day
- Charge every day in 15 years

Be careful, - 300.000 km range

time is relative! > Charging time :

-> More than 5 times longer than driving!
- So charging hurts the electronics 5 times more?

Rule of Thumb:
11kW ~ 1km/min = 60km/h charging speed

> (1.38 kW = 6A*230V)

Source: https://upload.wikimedia.org/wikipedia/commons/d/d3/Albert_Einstein_Head.jpg
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Realistic view: Charging mode

L] Charging Occurrence Charging Charging
g ¥ Power [kW] [%] speed [km/h]  time [h]
Home 3.7 50 20 7500
Work 11 25 60 1 250
Public 22 20 120 500
. Charging Occurrence Charging Charging
Power [kW] [%] speed [km/h]  time [h]
Anywhere 6.6 100 35.7 8 400

/
2l

2413h

10% 2.3kW
80% 11kW 4000hn
10% 22kW 250h
Driving time  Average speed
[h] [km/h]
8§ 000 37.5
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Lifetime Calculation for E/PE
Welibull Bathtub curve

Failure rate A(t)

Phase | Phase Il Phase Il
B<1 =1 B>1

early failures random failures wear failures

Lifetime t

Wallodi Weibhull 1887-1979
withn > 0, —00 < ¥y < o and t = max(0;y) Photo by Sam C. Saunders

Source: https://www.geni.com/people/Waloddi-Weibull/6000000067858021078
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In relation to 1000 h positive test time

Failure rate

p-1
=

W
—>

Useful lifetime

INTERMATION L
STANDARD

A: Arefx Tl'Ux TCIX Tl.'Tx TEEX 71'3>< MTrs

-

tt —_ topxnx
—

Part Categories
Capacitors (C)
Resistors (R)

Inductors (L)

Integ. Semi-Cond. (IC)
Discrete Semi-Cond. (T)
Diodes (D)

Optocoupler (OC)

yes

yes
yes

T
yes
yes
yes
yes
yes
yes
yes

t, = top X Tp X Ty = 48 000 h X 0.094 X 0.176 = 794 h

Source: https://de.wikipedia.org/wiki/Svante_Arrhenius#/media/File:Svante_Arrhenius_01.jpg

v

t.zfﬂmz_ﬁéw&/-e:.,‘;,

E ., : activation energy
ko : Boltzmann constant
Top: operation temperature

Trer: reference temperature

U,y operating voltage

U, r: reference voltage

... rated voltage

(> and C5: empiricalconstants
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Dynamic Qualification via System Simulation
Thermal stress

SR

Torque requests results in
temperature at IGBT and Diode
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Thermal Stress = Aging

100
While charging the power semiconductors

see a constant load
—> stay on a constant temperature

405 0 o e mo —> Aging of interconnections is very small
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A Lifetime Budget j

A. Milton Miner

Considering k different stress levels S;

Partial damage at this stress level after n; cycles
W; =n; x §;

Failure at this stress level would appear after N; cycles
Wi Faiture = Ni * S

k Wi _ vk N _ C
=1 Wi,Failure E

=1 N;

C is then the proportion of consumed lifetime,
which reaches 0 when new and 1 at the end of life

Source: https://sok.riksarkivet.se/Sbl/Mobil/Artikel/7995
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Temperature Profile

Driving Driving
30,00%
25,00% .

weighted m = 0.0355

20,00%
15,00%
5,008
00 1o l ' ' Test time (Budget: 1000h)
r -35°C +0°C +25°C +50°C +75°C +100°C +125°C + 150°C + 175°C

Charging Charging
:fo:m% WEightEd Tr = 0.0021
60,00%
50,00%
oy te charging = top X Tr = 10 000k x 0.0021 = 21h /
izﬁi - - Test time (Budget: 1000h)
0,00% . . . . .

35°C(00)  68°CRTKW)  T2°C(ILKW)  80°C(22kW) - Charging consumes just 2% of Driving Lifetime Budget
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Integration, Assembly and Connection Technology
Experimental determination of coefficients

Exemplary comparison of
soldered/bonded vs. sintered technology

{ Test

::: —a— solderedbonded
fg- —l— sintered
= p [ beta Mfchar
£ ! / 144464 54013
20 Jl' 102359 1372267
. JH
E 10 1 Jri
5 I:'_| ! i
3 fll‘T_l f fi{
i / I||I Iy
i ) -
[ ] i e
f o = 1004,
.l'l Efl f Fﬁ:i Tmax = 140°C
] [ % £ 1 EI‘ .= S Jot = L
00000 FO0O000
Nf

N¢ : Failure time (fatigue life)

L.F. Coffin Ae - fatigue coefficient Ae S-S. Manson
(strain amplitude ~ infinitesimal deformation per cycle)
A : Coffin-Manson coefficient 4
(material constant: To be determined experimentally)
B : damage coefficient
(material dependent: To be determined experimentally)
e.g. 100K

temperature shock

T

Toin

(ontinental 3

Technology & Innovation 5/20/2019

Public

Dr. Martin Brill et al. © Continental AG

13



Urban mission profile
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Full accelerator pedal mission profile
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WLTC mission profile
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Tier2 supplier parts: Only positive tests (1000 h) available (room for improvement!)
Key parameter to be derived via experiments
System simulation
is key for proper lifetime prediction
supports proper technology choice, e.g. connection technology and manufacturing process

8.000 h driving vs. 40.000 h charging not realistic mainstream - Define reasonable missions!
Charging profiles do affect the lifetime less (~2% of drivetrain’s lifetime budget)
Drivetrain integrated charging is not affected by lifetime issues.

Enabling of additional functions for the power electronics
E.g. vehicle-to-load applications
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Thank you very much for your attention




