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Introduction Experimental Investigation

The experimental test bench is shown. A
dSPACE DS1006 has been used to
implement the open-loop control and the S
field-programmable gate arrays (FPGAS) is
used for the PMW signal generation. The i
experimental parameter are listed in Tabs I- ™
IV. The switching frequency is set to 100kHz
and the fundamental frequency of the output

The main aim of this paper is to present the operational principle of this power converter, its modelling in
a circuit-based simulation platform, and the results obtained from simulations and experimental tests
conducted on a current source inverter equipped with 600V 20A SiC devices.

The following study investigated the traditional CSI topology with six switches. CSI power switches have
the characteristic of allowing unidirectional current flow and requiring reverse blocking (RB) voltages.
This last feature is therefore achieved by combining power switches in series with Schottky diodes, as
shown in the figure below

s OSCILLOSCOPES |

Signal
Trasmitter
Board L

Current Source
Inverter

waveforms is 50Hz. A measurement - Y ~
O—_')_NY\ , ] * ﬂ . . . <o . 4 r‘j ; | " SSS X
+a Ige Lgc t S S, P campaign was conducted using a purely - , ol Ay S
1 @ Ss “|’,_, ----------- R : I resistive load connected in a star i - Supply
‘ Il lcs) 1L configuration. The load was set to 47Q, the 1 £ R o
' D, [I)S i I, W _% modulation index was fixed to m,=0.9 and a 9 Cagagitgrﬂ A
Ve Ves | @9 abcCs| abe Vi 0 lu e de-link current of 4A was applied, regulated A
> _Vap b, . > ’ >0 15[, o by a dedicated power supply with constant \
Vca bc Ce—p —>-0 / \ | current functionality. A second test is
=13, 1 S, — S Y Y labec I4 216 performed with an RL load with PF=0.73.
2 g ' The purpose of this test is to display the experimental waveforms of the converter and verify the accuracy of the
f V 1y VI purp play P y
| .
D, Ds D, % 5 simulated system model.
- — CASE1-PF=1
! | LSS . CAsEl-PF=l
L, S;3S5;3 Dc-link inductor current and voltage CSI input voltage CSlI output current
15 =
. Active Vectors < I3 S35, ST 1 1, 1 T T T 11| 400 10 [ - facst sim —— Iacst oxp|
Modulation Strategy li S4Ss el e i e ol WW“‘W‘M Sy :w
I5 SS S6 ?3‘; \ T\ " N 1 ! 0! . ]
) ) ) L S S - '3 Z 155 22 24 26 28 3 32 §4 36 38 4
A space vector modulation (SVM) switching scheme le  S6 91 d —ideop | e j ‘
- - - ' (RR P kL L U ) ) o | Rl U & (L kel L LA R A A AR —
is implemented, where only two switches, one from Null l7 S1S4 (W TN S (N B 3 1100”2Vt an —Ves: e T Zof | 7 T lr;\\[
' 10< | S. S 1 Vi 2 22 24 26 28 3 32 34 36 38 4 5 33 24 25 28 3 32 34 36 35 4 4f |c5| acs
the upper devices and the other from the lower Vectors 8 93% s, = 400, ] acs) "
I ; | S S, ) (v eem S Y O PR SV U SR MR O O S 301 3011 3012 3013 3.014 3015 3016 3.017 3,018 3.019
devices, can conduct currents at the same time. 995192 = N /\ /\ /\ A /r\_\ /\ \ / ool B r""' o JV‘" ‘ \ ~ time [ms]
— \\\ \\ \.\\ ~\\ \ i i | | | 7 '_|3 )
The modified full wave symmetrical 1 — carrier sl L =0 L L L LJ L L L 2| |
modulation (MFSM) switching sequence “* S IR 0 Vesra —Vesron | ©0 100200 300400 500 00 700 80 500 1080
has been adopted: % t Zlog L_.J/ L/ L/ L L L \__J L’ 30 3011 3012 3013 3014 3015 3016 3017 3018 3019 ?(')'?- | I3
> ime [ms = 0.5 o o0
S Tow 100 e o R b e ol s 12
|0’ |h+1’ Ih’ |h+1’ |0 fO?‘ h = ], .”’5 Sl N PE; S01 3011 3012 3.013 3,“?“1;1[%2]15 3,016 3.017 3018 3019 frequency [kHz]
4 " X Load t Capacitor current
T R for h =6 S | | Phase and line to I|ne voltage 0ad curren 15 i
0 '1» 'h, "1, 70 S 600 5 1% lacapsim aCapexp.
: — 6 ] * Vasim | | | Va sim L | | | | | | = M.Aﬂ‘
where h is the sector number (h=1,...,6). lo (17) lg I, lg lo (17) ;82 Voo — — Vazexp % 7 sl § ey s ?
g . | —_ 1 : . :]_5 L |
. ; ; . =, 0F : < oor | 2 22 24 26 28 3 32 34 36 38 4
A scaled prototype of the CSI traction drive has been both modelled and experimentally validated 200" R ;£ e e
) 7-,., r».ri 3 : .] OE e — ey Py | - | o f ‘ . ‘ % ] E
oo N O 4 il e e s | R g F ¥ FF ¥ F K
) o _ ° 2 22 24 26 2.8. 3 32 34 36 38 4 2 22 24 26 2.8' 3 32 34 36 38 4 -8} |aCaps|m—|aCapexp
IVIOdeIIIng Of the SIC CSI Based Drlve time [ms] time [ms] 12301 3011 3012 3013 3014 3015 3016 30173018 3.019

The entire traction drive has been modelled in detail to assess the performance of the SiC CASE 2 - PF=0.73
CSI6-RB. This involved simulating the system by integrating LTspice models of power Dc-link inductor current and voltage ~ Phase and line to line voltage | and Curr?nt
devices in the PSIM environment, allowing for an accurate replication of the POWEr ) le-tgtetibriimipmmpondbsprbay] o 0o~ Voeow —Veaoo VabeCYcaS'm , —— trow == bop == kep = hluldn

— Vdcexp Vdc sim "’

converter behaviour. The simulations employ the second-order trapezoidal integration = 1o

14&"“ »L'*‘““ Jf"'

- - - - - - 0
method, with the smalle_st time step set_to 10_ ps. The switching frequency is fixed at 3 — Toeen / \ /\ ol ‘..m*, \w “\ ‘,;,
100 kHz, and an overlap time t,, of 400 ns is applied = i / il ﬁﬁﬂu&“ hﬁ’f\;{& :-..A \»N
\ /
LdC 0 | | | | | ‘ . | -500 \ ‘\‘4‘/ 2 |
oMY 22 24 26 2.8t_ ?i ]3.2 34 36 38 4 2 22 24 26 28 [3] 3.2 34 36 38 4 2 2.2 24 26 28 t3 [3]2 34 36 38 4
. ime [ms time Ims ime [ms
V. B lld Vesi o ] ] _ _ _ _ ] ] _
ae =7 ’ > /) Efficiency Is assessed by considering the passive components, including inductor and filter capacitor
I losses. Table V: Efficiency estimation.
.* -
labccs| _ llv . The input and output power of the CSI Test 1 Test 2
09 Opz labccsii| | ]| in steady-state is evaluated as follows: exp  sim THD%e THD%s  exp sim__ THD%e ITHD%s
A W PF 1 1 0.73
SVM Pin=Vac dac Le 44 44 154  1.544
_ _ _ _ _ _ o Vae 238V 238V 2256V 230V
The transient analysis of SIC MOSFETs and Schottky diodes is performed by including in the Pow=3 Vo lioaa cos(6, — 6) v 209V 214V 105 327 130574V 308V 254 53
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Table I: CSI’s passive components values. Equivalent circuit of SIC MOSFET and Pin 7 _ _ i :

SiC Schootky Diode.

DC-link inductor Capacitor Jilter - Drain where, V. and 1, represent the average dc-link voltage and current, respectively, measured at the input
L “”‘Z’m’” ‘;fi”He == e ;‘;ﬁ; Cep terminal of the dc-link inductor. Additionally, V,, is the rms value of the fundamental component of the
Roo 77mO ES}éCf 13.66mO Gate phase voltage, while I,41s the rms value of the fundamental component of the load current, 6?V_ and 4
Table II: SiC-MOSFET specifications. . Cos are the load voltage and current angles, respectively. The evaluated simulated and experimental
Vsmps 650 V Riow  78mQ Re ‘ efficiency for this test is listed Tab. V.
Ips 204 .
Table III: Schottky Diode specifications. Ces ° Source CO n C I u S I O n
Viswnp 650 V Vi(T=150°C) 175V Anode
Ip (;=150°C) 204 This work presents the modelling, simulation and experimental analysis of a current source inverter

Table IV: Load parameters. implemented with Silicon Carbide power devices. The simulation aims to replicate real behaviour

Test 1 Test 2 through the use of behavioural models of MOSFETSs and diodes, as well as accounting for parasitic
Rioad 47 Q ibaad 0143; QH elements of the passives elements. Experimental tests have confirmed the accuracy of the simulation
oa . m
PF i PE 0.73 results.
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