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Power electronics for wind farm power conversion

HV

<

IGBT = Insulated Gate Bipolar Transistor. @ ﬂ@ ﬂ@

2L-VCS = 2-level Voltage Source Converter
| ﬂﬁ@ ﬂ@ ﬂﬁ@
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Converter topologies for MV and HV applications

o Modular Multilevel Converter - MMC
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Due to voltage limitation of single IGBTs, MV and HV converters need more complex
topologies and/ or series connection of IGBTs
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Reliability of power semiconductors - Failure modes

e Spontaneous failures due to overloads
— Related to power semiconductor chips
— Thermal averload and overvoltage

— Exceeding V/I safe operating area for the
device

Transistor current i(t) Transistor voltage v(t)

Several MW an a few square centimetre chip
| P (0= v(®) x ()

Wog = .[ P (dt

* Failures triggered by external environment
— E.g.intrusion of humidity
— E.g. cosmic radiation

- >

Typical turn-off behaviour for a controllable power semiconductor

Failures due to aging or exhaustion

— Mechanical and electrical termination of
the chips

Packaging and encapsulation

*  Mostly chip related:
— Spontaneous failures
— (Cosmic radiation

* Mostly related to packaging
— Ageing ar exhaustion

Project focus — Intrusion of humidity in chip insulation
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|GBT packaging

* Mainly two technologies
— Planar bonded madules
— Press-pack housing

« A750A/6500V IGBT module from Infineon
 Bothcan contain both IGBT l

chips and antiparallel free-
wheeling diodes

OJ Fi

* An 1800A/ 4500V press-pack IGBT from Westcode
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Planar bonded IGBT modules

*  Main failure mechanisms:
— Bond wire lift off
— Solder layer disconnect

«  Thorough investigations and publications

B,
N, =K AT/ jra] 1, 1% vP . pf o (TETe,in °C)

*  Failure mode
» Failure to break

)

e

) -)CZr\w/\[/aeftleLrlrFZilure mm I-TE‘;?;;E \\\\\\\\\

Weak point:

Chip solder Weak point:
Solder connection to base plate

Weak point:
Bond connection
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Life time curves - no of cycles to failure

Experience data from modules: | ifetime dependent on:
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Press-pack [GBTs

*  Failure mechanisms:
— Limited knowledge

* Few publications on failure mechanisms and
reliability

e  Failure mode
» Expected failure to short

Consequence:

=> Valve still functional
=» Reduced voltage margins ta failure
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Main focus on reliability of press-pack IGBTs in the OPE project

The OPE project priaritized reliability of press pack devices for the following reasans:
— Limited published information regarding failure mechanisms and pawer cycling life time

— Press-pack devices are very relevant in medium voltage wind power applications due to series
connection capabilities (fail-to short-circuit)

— Special power cycling stress condition for wind power converters
(wind fluctuations, low motor side frequency etc.)

Then we need to know:

— Load prafiles for the application, e.q. power cycling due to wind fluctuations

— Stress levels related to grid side and generator side load conditions (power frequency, cos ¢ etc.)

— Stress levels related to the converter power circuit and controls (topology, switching frequency etc)
Theoretical work

Experimental work
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Case study: A medium voltage PWM 3-NPC VSC for 3.3 kV AC

= {\\ 3L NPC VSC 3L NPC VSC
S &/’ ~ —
w T
« DClink voltage ~ 5 kV
» 33 kVac (LL voltage)
* Switching frequency ~ 1500 Hz +/-
« 5MVA (connected to a 3.6 MW wind turbine gen.)
e |GBT: Press-pack1800 A/4500 V
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Test Cell for mapping switching characteristics of HV IGBTs

__________________________________________________
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¢ "Double-pulse” waveform for measuring IGT turn-on and turn off waveform
+  External liquid (silicon oil) heating/coaling circuit for temperature control (5- 50 °C)
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Turn-off waveforms with DC-link 2800V and turn-off current 1800A
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Power Cycling Tester for life-time testing of high-power IGBTs (2000 A)

Project investment of ~1 MNOK.
Developed in cooperation with Chemnitz University of Technology
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Operation of the Power Cycling Tester

1-4 IGBT test pairs Bypass leg

Jo
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_____ Current €ommmm o loyde
through IGBT
| Load current on (heating period) Load current off (cooling period)
load .
0-2000A
ton toff
K——mmmm oS K= m e

Temperatures

PRECER Measure VcE cold @ c1: Measure VCE warm time
a2: Measure Tcase cold Estimate Tvjwarm

® b1: Measure Vce warm @ d1: Measure Vce cold
b2: Measure Tcase warm Estimate Tvj,cold
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OPE Power Cycling Tester - Caontrol screen

1 - active calibration ‘ 2 - calibration data | 3 - general data | 4 - thresholds and errors | 5 - test aquistion data

Stored parameters of the last cycle Continuously sensed parameters

latest test data aquisition

1 2 3 4 5 [3 7 8 Joulrs awdliary switchs termocouple data T_case [*C]
Vee_cold (Load current) [V] [3,977703 | 3,965481 | 3,699629] 3,615572] 3,980928 | 3,853411 | 4,134249 [ 4,526903 o 67053 (0873 33053 |91 (4779 4465 |251232 256085
Vee_warm (Load current) [V] 4,370038 | 4,344486 | 4,374680 4,273894| 5275090 | 5,140524 | 5,084736 | 5,500353
Vce_cold (Messurement current) | 513,09013 542,35076| 539,8311 538,5665 602,371211 610,75592] 605,38291 5044175 2 0= 60- 60~ 60~ 60~ 60- 60~ 60~
Vce_warm (Messurement current]| 331,07948| 347,79548| 375,0495| 362,1006| 290,67039/ 382,25174| 388,43154] 281,8527 )
T_case_cold [*C] 26,10133Z 28,687857| 26,22604| 29,46466| 25401623 | 25,106506] 25,23882¢ 25,88083 ? 50- 50- 50- 50- 50- 50- 50- 50-
T_case_warm [*C] 38,02023( 38,825886| 38,41050| 39,52834| 24.048345| 24301260 24,532147 25,62647
Tvi_cold [°C] 28,285137 31,126375) 29,94583| 31,63442| 25 584104 | 26,284987) 24,125404] 26,04013 9 e 10- 40- 40- 40- 10- 40- 40-
Tvj_warm [*C] 112,37522] 120,49413] 106,2574| 113,4335[ 175,36228] 136,20319| 128 34957 174,0754 [ ]
Load current [A] 1250,831€ 1231,2387| 1229,773| 1229,773| 1228,7972| 1231,2387] 1256,202¢| 1229,773 " . e e . e . e .
Pv_cold [W] 4975,4368 4882,4536| 4549,706| 4446,335| 4891,7539] 4744,4685 5193,4551| 5567,067 ®
Pv_warm [W] 5477,439( 5349,0997| 5379,878| 5262,072| 6483,1215] 6329,2122) 6387,459¢| 6764,190
Rth_cold [K/W] 0,000421 | 0,000493 | 0,000818| 0,000488| 0,000037 | 0,000248 | -0,000214] 0,000027 @ 20~ 20- 20- 20- 20- 20- 20- 20-
Rth_warm [K/W] 0,013409 | 0,015268 | 0,012610| 0,014045] 0,023201 | 0,017666 | 0,016253 | 0,021346 o)
t_on [s] 8000000,C 8000000,0] 9000000, 9000000, 6000000,0( 6000000,0] 5300000,| 5300000, 10- 10- 10- 10- 10- 10- 10- 10-
t_off[s] 20300000, 20300000,| 1530000( 1930000( 22300000, 22300000, 23000000 2300000¢
cycle 2969 2064 2071 [@oes  |8972 2067 2963 8968

DUT voltage V_ce [V]

£301,3977050 Illl?,6662445 £914,6057397 |1111,3700866 |8808,1800079 11118 2918548 147080650329 |5043,5314178

Trend analusis of the stored parameters .. g1 | —_—
-

i i i i i i i
2000 3000 4000 5000 6000 7000 8000

cycles time
but ;H ﬂ | amplification Tvj DUT T_case DUT interval recording (ms)

s t o s o 312000

[} [l [} I [} [l [} I [} [l [} I I
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
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Plot from measurement of planar bonded modules

Indicating bond wire
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Indicating fatigue of
Chip solder From Chemnitz University of Technology
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Power Cycling Tester with 4x modules + 4x press packs
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Modelling press-pack IGBT for stress analysis
Work by PhD student Tilo Poller at Chemnitz University of Technologu

@ 3D Full model
@ 350 k elements
@ 1.3 M nodes

@ 148 contact layers

Temperature distribution in the IGBTs ——Pressure distribution in the IGBTs, emitter side
Temperature [°C] . Pressure [Pa] i)
12 . . 4,8822e7 . .
s EEEEE 2 mgEee
108,71 3,2308e7
107,07 - . 2,9615¢7 - .
I 10543 ~ 2,6923e7 ' . - - .
103,79 2,4231e7
102,14 2,1538e7 . .
! NSNS EE L
98,857 1,6154e7
97,214 1,3462e7 - .
¢ AN R
93,929 8,0769¢6 - .
92,286 5,3846¢6
90,643 2,6923¢6 . . . - .
” --.-. : R_P
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Simulation model of (PSCAD) of PWM Voltage Source Converter

Active front end converter
Wed Dec 12 09:13:34 2001
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|GBT loss calculator in PSCAD with thermal network add-on
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Simulated load dependent swings of IGBT hotspot temperature

IGBT Tempel atme Hz cen. neq 309 1(‘\\

K ; ; ; ; e IGBT cosph1
Motlve R P { | —IGET cosphi=0.9 lagflead ||
a8 _______ ....... ._IG.—BT colsphiztl).S lag;l"lead H
« (Combine laboratory measurements with . ' |
numerical simulations to estimate efficiency ¢
and lifetime of power semiconductors [
&
=
Simulated temperature swings affected bu: Nghl | eghf | Nags
¢ SWltChlng rrequentg A0 4_i55 | 4.i65 | 4.i?5 | 4.i85 4.|95
. . . Time [s]
¢ I—me_Slde and qenerator Slde power IGBT Tempelatme 20 Hz gen. Ileq «»66010\\
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Methodology for power cycling lifetime estimation

4 o\ (7 : N\ (7 o )
Step#1: Temperature determination Step#2: Cycle counting Step#3: Lifetime

prediction according

= Ciruit simulation Miner's rule

ZZIS:I I;':anl Losses model
Viat Thermal model Minima and Rainflow counting ||| (| inear composition
\& Jr Y, Maxima extraction algorithm
\ M K ( Input data: ) Residual lifetime
| ; e.g.: P(t), Q(t), xy%

L ol l ‘ wind speed

Simple cycle
k J pIE CyT!

Wind profile w
}V laxima ans \/\ —TmeE0°C

Minima . o
ij(t) j___/ Simple cycle

10803
10

delta T ['C)

Lifetime characterjstics

Possibility 2 Simple cycle
measurement NGHON
Temperature
A \_
TABLE VI SUMMARY OF LIFETIME CONSUMPTION
device > LRN SLR LR Lifetime
[p.u] [p.u] [p.u.] [vears] Exam P le:
IGBT. CGe 0.039 0.0719 0.111 17.8 . . ) .
IGBT.CGr | 0.047 0.057 0104 193 If not oversized lifetime for the generatar side
Diode. CGe 0.083 1.244 1327 151 )
Diode. CGr 0.016 0 0.016 122 d[[j[je can be Ver[:I Sh[]rt!
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Planned continuing activities on converter reliability

« Completion of the reliability work in the OPE project (deadline 30t June 2014)
* (ontinue power cycling of IGBTs
* Press-packs and modules
« Power Cycling of single chips (master student work)
* Post processing of result
« Final reporting and publications
« Develop a new research project for continuation of converter reliability topics
» Together with colleagues at Chemnitz University of Technology
e Start-up spring 2015
e Exploit results and ideas from OPE
* Address VSC converter applications far HV collecting and transmission systems
» Power cycling capabilities assuming various converter topologies and AC/DC systems
« New methods for condition monitoring, predicting rest life-time etc.
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Thank you for your attention |
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