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* The DRYSMESA4GRID project: a 500 kJ / 200 kW MgB, SMES
e Outline of the project
* Magnet system
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 Power conditioning system and Test facility

a ALMA MATER STUDIORUM
J UNIVERSITA DI BOLOGNA



Acknowledgments to all colleagues involved in the project

U. Melaccio, P. L. Ribani, G. Grandi, A. Viatkin, M. Hammami, M. Breschi

University of Bologna, Italy
L. Martini- C. Gandolfi, R. Chiumeo, G. Angeli- M. Bocchi
RSE S.p.A - Ricerca sul Sistema Energetico, Milan, Italy

S. Turtu, L. Affinito, A. Della Corte, A. Anemona,
ICAS S.C. r. I. - The Italian Consortium for Appl. Supercond., Frascati (Rome), Italy

M. Tropeano, A. Capelluto, G. Grasso
ASG Superconductors SpA, Genoa, ltaly

C. Ferdeghini, S. Siri, M. Vignolo
CNR — SPIN, Genoa, Italy




The state of the art of SMES technology
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The DRYSMES4GRID Project

MISE - Italian Ministry of Economic Development
Competitive call: research project for electric power grid

Transmission and distribution

Dispersed generation, active networks and storage
Renewables (PV and Biomass )

Energy efficiency in the civil, industry and tertiary sectors
Exploitation of Solar and ambient heat for air conditioning

Project DRYSMES4GRID funded

* Budget: 2.7 M€ * develop. of dry-cooled SMES based on MgB,
e Time: June 2017 — June 2020 (+1) °* 500 kJ — 200 kW / full system

S
l Project Coordinator:

Pt Einy * Columbus Superconductors SpA, Genova, Italy

SPIN \
TR =227  Partners
@ Columbus x * University of Bolognha
* ICAS - The Italian Consortium for ASC, Frascati (Rome)
ICOS * RSE S.p.A - Ricerca sul Sistema Energetico, Milan

AL TR * CNR-SPIN, Genoa >



Project Workplan
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One year extension granted

Columbus and ASG (and Paramed) were merged in a
unique company from November 15, 2018

MW ASG 4% Columbus paramed

Superconductors



e All activity shifted by 12 months
 End of the project will be June 2021

WP1. Electromagnetic & Mechanical Design completed

Thermal Design complete in December 2018
WP2. Layout and functions completed
WP3. Detailed design and manufact. of converters start at January 2019
WP4. Optimization of in-field perform. of the wire complete at March 2019
WP5. Manufacturing of wire, cable and winding start at June 2019
WP6. Assembly of coil and cooling & prelim. Test start at December 2019

WP7. Assembly of PCS & Experiments in test facility start at June 2020
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The DRYSMES4GRID system
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Control hardware (and algorithms)
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Electromagnetic & Mechanical design of the coil completed

Thermal design (connection to cryocooler/s) in progress

Control algorithms (logic, schemes, parameters) defined

Manufacturing of the coil & cooling system

Design and Manufacturing of Power Hardware



Reference Conductor — Rectangular tape with 6 filaments

Critical Current @higher temperatures

600 251.8 A/mm?
500
— ~ 224.1 A/mm?
< 400
= ]
e 200 93.0 A/mm? e 22K e
3 200 ——26K - Ic
< > 0
2 05 mm 0 0,5 1 1,5 2
. Field (T)
Composition and characteristics Additional external copper
MgB, 29 % Copper strip with 500 pum thickness applied on one side
Monel 400 (external sheath) 44 % by tin-soldering
Nickel 201 (internal matrix) 27 % Filling factor of protective copper:
Number of filaments 6 0.313 (500 pm strip)
Thickness 1.1 mm
Width 505 mm Electrical insulation
Cross section 2.05 mm?2 125 pm insulating wrapping
Twis pitch 600 mm

A 19 filament tape with same geometrical characteristics and improved I_vs B,T
performance (>30%) could also become available within the time frame of the project
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Main characteristics of the designed 500 kJ / 200 kW SMES coil

tape with 500 pm Cu strip

Inner radius, mm 300 I-I + 250 Jim insulation
Height, mm 1200.6 I 1 | (G10 Fiber Glass + epoxy )
Number of layers 10 N
Number of turns per layer 522
Length of cable, km 10.1 il il
Voltage of the dc bus, V 750 € = = = = g
q [e)) ©
Min Current, A 266.6 2. ] (1 ] S_ g
Max current, A 467 — ] | ] | g E
Field on conductor (at Imax), T 1.63 il il Q 9
I/lc ratio (at Imax) 0.6 = = = = o >
O
Inductance, H 6.80 il il E o
o
Total eneregy (at Imax), kJ 741 1] 1] — |
Deliverable energy, kJ 500.4
Dump resistance, Q 2,14 18.5 mm
Max adiabatic hot spot temp., K 95.6 0. Deliverable Energy (at 200 kW), kJ
900 900
< 550
 The SMES cannot be discharged below -
.., = 267 A if the power of 200 kW is to g 9007
be supplied/ absorbed (I, = P/V,,) E 450!
* The designed coil f.ullfllls the speuﬁcs 3 B \
(200 kW — 2,5 s) with an operaing g S i \
< - —
temperature T £ 16 K and a max. current 350 —2° 200 \
lax =467 A
=100 100
300 ' ‘ '
12 14 16 18 20 22
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Mechanical analysis

Elastic’s moduli and thermal expansion coefficients of
all materials taken from

M eCha n |Ca| d eSIgn |nC| u d es * K Konstantopoulou et al., “Electro-mechanical characterization of MgB2
. . . . . wires for the SC Link Project at CERN”, SUST 2016
* PrEtenS|0n|ng due tO Wlndlng Of the COII * J. W. Ekin, Experim. Techniques for Low Temp. Measurements, OUP, 2006
. . * P. Bauer et al., EFDA Material Data Compilation for Supercond. Simulation
* Thermal contraction during cool down - CRYOCOMP

Equivalent Young’s modulus of the tape of 157.3 MPa

* Lorentz force
obtained from weighted average

Von Mises stress Strain

Stress within allowable limit Strain within allowable limit
for all materials for all materials
WE ALMA MATER STUDIORUM
JUNIVERSITA DI BOLOGNA



Electrical insulation

Voltage surge ( 1 us) on the coil due to switching
Uneven distribution of voltage among turns

Versus ground voltage distribution of the coil
calculated via lumped parameter circuit

Vs. ground voltage of 15t layer’s turns
at chopper switching

1th layer voliage distribution

1000
—<—time=0.1ms
——time=0.2ms
time=0.3ms|| |
—time=0.4ms 5669]
——time=0.5ms | 1ooopo) ‘
3 655004
Z 0772RA
> 8733B8|
P | .1091~:+P7
- .131E+p7
S | .153}3#}7'
.175E+D7
| ___101E+0n7M |
200 300 400 500 600
Number of t ithi imi
umber of turn E,., within allowable limit of 1.2 kV/mm
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3D Quench Analisys

The composite (MgB2 tape + Cu strip + G10) block is replaced by
an equivalent homogeneous one

* Equivalent longitudinal resistivity p,, from electric parallel

* Equivalent thermal capacity c., from volume weighted average

 Equivalent thermal conductivities (k.o Kgeq k
flux due to unit temperature drop in each direction

Thermal transient on a 15° sector made of 4x4

strand is calculated

e A50)J heatrelased in a small volume
located at the middle radius of the coil

* 0.2 s delay before detection

500

400 +
+ 300 |
o
= 200+
100 |

SMES discharged on the dump
resitor by means of the QPS

'

0.2s

Heat
injection

L=6.8H
R=2.1Q
T=33s

sq) from thermal

Temperature distrbutionat1s

NODAL SOLUTION R18.2

B D4 2018
STEP=100 . 55:30

L1211
.3949I
.6686
.9424
L2162
.4899
. 7637

.0375
.1743 8

0T/0n=0

GEOMETRY, QUENCH 3D

A max temperature of 108 K is reached in the coil
Mechanical stress due to thermal expansion within
allowable limits



AC loss calculation - the THELMA model

AC loss of the MgB2 coil during charge and discharge
of the SMES are calculated by means of the THELMA

A in house numerical model developed in the frame
of an Italian initiative, originally for fusion problem

*— X

—

* A 3D mesh of 10 turns is generated by
extrusion along the helix pattern of the coil
(the remain of the coil act as a field source)

* A 3D FEM simulation based on integral
formulation is performed

Mg

| —_

* Ten turns located at the top : g
and at the middle of the layer P e
 All layers (20 cases in total) | =
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Simulated case

C A ~L Iz—lug =FP(t-t,)

1
_F I 2 2
AC
1:\/131213@—:0)

\_ Y SMES

Waveform of coil current is obtainded from operating conditions — no details of the
PCS needed

500 L=6.8H
One Discharge/Charge cycle is ‘[“57 A-741kl 467 A - 741 kJ
simulated 450 ¢
Discharge < 4007 / f /=2
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350 f
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longitudinal coordinate (m)
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Current vs critical current

time=100s
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Dissipated power
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Loss distribution and recovery

Energy loss per unit volume of coil (J/m3) Higher losses are obtained at the

in one discharge/ charge cycle innermost end of the coil
x 10°
0.6
1.8
0.5 * The total loss of the SMES coil in
e one cycle is 5.2 kJ
04 1.4
1» * By assuming a cooling power of 2 X 20
Eoa 1 W @ 20 K this loss can be removed in
" about 130 s
0.8
0.2

0os * A waiting time in the order of the
minutes is needed before the next
cycle

‘.
) J-
0
0 0.2 0.4 0.6 0.8 1
( r—= Rinner ) / ( Router - Rinner)

Steady state and dynamic thermal analysis and definition of thermal connection

of the coil with the cryocooler to completed soon (December 2018)
20

i ; ALMA MATER STUDIORUM
@as1s UNIVERSITA DI BOLOGNA



Power conditioning system — power hardware

Definition of power hardware completed

* Converters architecture
* Switch technology
« Capability

PC
.
* Filter CONTROLLO PC INTERFACCIA
UOMO/MACCHINA
. A SUPERVISIONE
° Measurment p0|nts SALVATAGGIO MISURE
A
CONTROLLORE SCHEDA DI ISURE
CONTROLLO
7y
SNUBBER E
MISURE » INTERRUTTORE H
COMANDI v STATICO SIMULATORE £
: DIRETE £
# vac_sn | H B
VCAR_A VRETE_A EATT
i\ + fA h 4 VCAR_B x;g%i S [
VCAR_C A L2
SMES CHOPPER | PONTE L { )\ /]\\ INTERRUTTORE || | LINEA
v TRIFASE commutazione: \ / STATICO [ R,L,C
vaca| © N d V
. B
" Hw A ICOMP_A ICAR_A IRETE_LA  Tunmmiguunn
P !CC : ;:2 iggm:i %x:i i:g_g:g i §Illllll|lll!lllllllllll
ICsmes F&lgo FILTRO g:ﬁmm i ||?|||u__ H
MACCHINA WTORETEL £ : RETE  :
Rf, Lf ' s COARICO 2

V

Technical specifics for commissioning and type testing issued
Negotiation with possible suppliers in progress
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Power conditioning system — control hardware and algorithms

AC/DC conv. controller
DC/DC conv. controller

e—— Vibe
Vic lod & vdq €<—— Igbc
=] controllers ¢ Ly Load
anc
Vdc, 1

P DC-link L Transformer l:bc I J. eef®--- .I‘}
= + 1 T i abc
AHTTIN— A
R Vdcl # = a \J
(73] bi-directional i
w ® AC/DC LS ‘ ! ‘\ . b B _ ®
= DGIDG converter = o/
o converter T =—C. / .y
— 1. . 21 cHTTT ),

Wi
o
o)
.||.B:.)_r\—‘
e
. “F|
mi p

1T T

Detailed definition of control algorithms (logic, schemes, parameters) completed
by means of SIMULINK and ATP simulations

Shunt operation (power modulation, active filter) and islanding operation

Shift from shunt to islanding operation

Integration of the magnet protection system

Control hardware in the loop testing planned

ALMA MATER STUDIORUM
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SMES
(AC SIDE)

LOAD

Va (V). 1g (A)

Vapf (V), lapf (A)

Vid (V), IId (A)

Active filter UPS Active filter
<€ > € > € >
400 T T T T T T T T
\‘-.‘ \ /\‘-. \ \*. Va.grid
200 1/ | \ [\ f \ \ ——la.grid | |
\ e '\\'\‘ ’Iu"\“\l b \".‘I I '\\"\‘ N @\
0 H_ AT J / / \ rf 0 J \ HZ "\ i
"w, / I‘ﬂl‘\ '/fl ‘.L'\ S } I"}\ /1 "'}'\-. / ﬂ
200 F | \ \ \ \
\/ \/ v J \/
-400 | I | I | I
0 0.02 .04 006 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time (s)
400 T T T T T
A\ A /’\.‘ A\ —— Va.apf.T1
200 /R S [\ / \ —la.apfT1 |
4 \I \ll‘I fIJ \‘\\l‘l‘ fl \lyl 5 II I!'\ {I ‘I\l f \'\ N !'
0 \ W s )L ‘4/ /L k / l'«‘ f \I 'j ‘I‘x‘"\,«’ }“ \"".."{Iﬂ/ o % Vo \'{ o
| AR e AR / Vo
-200 | \ J \ \ \ J \]L
\/ ' VARRLY \J/
-400 | ! I I
0 0.02 .04 006 008 01 0.12 0.14 0. 16 0. 18 0.2
Time (s)
400 T T T T T T T T T
\‘.‘ \ [ \-.‘ /\ \ f\ //\al ’(\\ — Va.load
200 I"\ \ / \ \ ’f \\ JIF I\\ \ / II‘\ —laload | 7
N 7 \\‘ﬂ f/ ‘-\‘. aN! | /; | /I/"-\" =\ L -
/BN / \\ .s [\ I SR\ IR I\ (! RN
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Regulator proportional and integral
gains [Kp, Ki]

Idg Pl controller [1.4, 200]
Vdq PI controller [5, 1000]
Vdc Pl controller [200, 10000]

» Effective compensation of load current harmonics and reactive power (SAPF)

» Effective compensation of voltage interruption (UPS)

* Smoot transition (small current and voltage surges) between SAPF and UPS
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Test Site: RSE Distributed Energy Resources Test Facility

A real low voltage microgrid that interconnects different generators, storage systems
and loads to develop studies and experimentations on DERs and Smart Grid solutions.

20000 m? area
Supplied by MV Grid
800 kVA - 23 kV/400 V transf.

L 96 kW
L | L\\b
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Conclusion

e SMES is an established technology based on low temperature
superconductor materials

 Improvements of SMES technology can be obtained by means of
HTS superconductors compatible with cryogen free cooling

* A three year (+1) research project has been recently started in
Italy aimed at developing a 500 kJ / 200 kW SMES demonstrator
with cryogen free cooling based on MgB2

 The design phase of magnet and cooling system and power

conditioning system completed. Manufacturing phase to be
started soon

Thank you for your attention
antonio.morandi@unibo.it
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