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O Background
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Transmission Lines: UHVDC

* \oltage and current, the same phase

 All active power

DC —>AC1 I AC —- DC

Distribution Lines: AC

« Voltage and current, with phase lag

« Active and Reactive power

v' Lack of reactive power in UHVDC, in rectification or inverter operation.

v' Stable and reliable reactive power condensers are in need in China.
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-7 = SuperVAR® Machine
Absorbing Generating
g A VARS VARS
Conventional DSC: 1= S - IS
® A special case of synchronous motor VARS

(PU)

g~

Conventional Synchronous
Machine
| |
1 2 3
Field Current (Per Unit)

Kalsi S, et al. IEEE Transmission & Distribution Conference, Dallas, TX. 2006.

® No mechanical load, only reactive power

@® Excitation current to control output

\ J

Armature
Winding

Stator

( )

Technical merits of HTS DSC

Armature Current |

® High efficiency (nearly no heat loss in rotor)

® Long lifetime of HTS rotor
Excitation Curent I, :
® Small synchronous reactance, fast response time
Rotor Excitation _ _
Winding ® Small volume, light weight
Sketch of synchronous motor ® Strong capability of VARs compensation
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30MVA superconducting DSC
| L e Mitsubishi, Japan, 1985 AMSC --- 8 Mvar/13.8 kV SuperVAR™ HTS DSC

IEEE Trans. Magnetics, VOL. MAG-
21, NO. 2, MARCH 1985

COOLING  COLD DAMPER WARM DAMPER .
SN \ TORQUE-TUBE
. \ .. END SHAFT

e Start-up Synchronous c | Cryocooler
YOCQOIEIS (Compressors

NON- DRIVE

y, \
END RETANING SUPERCONDUCTING  HELIUM RADIANT
VESSEL  SHIELD Motor Condenser

RING FIELD WINDING

70MVA superconducting generator

Hitachi, Japan, 1997

IEEE Trans. Appl. Supercond.
VOL. 7, NO. 2, JUNE 1997
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10 Mvar HTS synchronous condenser (2018-2021) Funded by China Southern Power Grid

Stator Back Iron

Phase 1 (2018-2019): 300 kvar prototype
Under construction

Copper Armature
Winding

YBCO Excitation
Winding

Rotor Back Iron

» 10 Mvar, 1500 rpm
» REBCO rotor magnets
» Gap field>1.4T

Cryogenic rotary joint Slip ring HTS rotor

» Non-ferro teeth Rotating Data Acquisition Water cooled stator
» Cooled by 20 K gas helium
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O Project overview
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O Test of the magnet prototype

Pole module 1

HTS Coils

Pole module 2

ltems Description

Coils type Racetrack shaped
double pancake

Rated current 280A@ 20K

Efficient length 300 mm

Coils Turns 170, 230, 270, 310
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cover plate 2

end plate

copper terminal
ReBCO DP coil 2

heat exchange plate copper joint

ReBCO DP coil 3

, copper terminal
cover plate 3

» Cover Plate 1

> DP Coil 2

DP Coil 3

DP Coil 2 Framework
CP Assembly 2

DP Coil 3 Framework
» Cover Plate 2

Heat Flow Directio

Distributed Pipes In Plates (DIP) structure for cooling magnets
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Coll 2: 103A@ 77 K
Coil 3: 90A @77K
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helium gas inlet

_ V4
! — hellum gas outiet Upper surface of Coil 2 HTS current lead
current feedthrough
signal interface B3 o Bl |e N2
gas-cooling current leads
= B2
« cold shield

1S | vacuum chamber

2 | REBCO magnet prototype Lower surface of Coil 3
____________ n _______ V3
HTS current lead
128 Coppercurrent lead
V5
Temperature sensors: T1-T4
Voltage taps: V1-V5
Hall sensors: Bl - B3

Acknowledgement to ASIPP 10/18



Temperature (K)
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O Test of the magnet prototype

Cooling Process
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—— Helium gas Inlet Temp. (Tin)
—o— Helium gas Outlet Temp. (Tout)
—+—— Copper Bridge Joint Temp. (T1) |7
——— Copper Terminal Temp. (T2)
—=—— (ol 2 Key Position Temp. (T3)
——— Coil 3 Key Position Temp. (T4)

v Surface temperature of Coil 2&3
was 2 K higher than the helium gas.

v’ Surface temperature of Coil 2&3

00

02

' ' ' ' was very close.
08 10 12 14 16
Time (hour)
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Current ramping from O to 281 A Resistance vs. Current

300 140 1100 0.9 ——
_- 120 _ 80 0.8 _ A Copper bridge joint (V1) ,:
o b |
o]
1100 160 0.7 : Coil 2 Copper terminal (V4)
1 1 S [ = Coil 3 Copper terminal (V5) 4
200l 80 40 S 0.6 -.
—_ _ 60 ~ _ 20 EO S5F
< R g
£ 150 40§ 0 % 804F
t ] 1 1 '-o'
3 1205 1205 > 0.3}
100 | _ _ |
0 {-40 021
50 F 4220 4-60 01 .'
-' P - . OO = 1 R 1 R 1 o L =
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0 ol 02 0 0 0 o0 o M Current (A)
Time (hour) ) ] ] ]
. Current manually increased up to 281 A . T_he body resistance of Coil 2 IS quite
_ _ high, suggesting a bad connection
- Voltage fluctuations were caused by inductance between copper terminal and HTS tape

« A stable operation current at 281 A was achieved
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Field values at different positions Stable temperature vs. operation current

2 30
1 1.16 ‘i —r— Helium gas Inlet Temp. (T',) A
1.0 F - 28} —%— Helium gas Outlet Temp. (T,
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L E —%— Coil 3 Key Position Temp. (T})
=
0.6 | . LR _——* H Coil bod
] A *4 | y
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' 281
: ] . ] . ] : ] ’ | o 18 ' . : :
0.0 50 100 150 200 250 300
0 50 100 150 200 250 300 .
urrent (A)

Current (A) _ _
Surface field reached up to 1.16 T  Both Coil 2 and Coll 3 can reach a thermal

stable state.

The result was in good agreement with ) i,
the simulation * Upto 281 A, the temperature difference

between colls and helium gas remained ~2 K.
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Temperature (K)

Thermal stability test @ 281 A

O Test of the magnet prototype

B—————————————— '

I Helium gas Inlet Temp. (T;,)
36 i Copper Bridge Joint Temp. (7)) |
34 | Coil 2 Key Position Temp. (73) B

Coil 3 Key Position Temp. (7})

Time (minute)

10 20 30 40
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ME

Hold the operation current @ 281 A

Adjust temperature of helium gas from
20 K to 25 K.

Temperature of coils rose from around
22.5 Kto 27 K.

Temperature of coils could come back
to stable again.
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Current (A) Current (A)
Coill Coil2 Coil3 Coil4 Coil5 Coil6 Coil7 Coil8
| @ 77 K
(1 uV/icm) 101 103 109 95 110 95 110 96
| @ 77 K
(0.1 pV/cm) 93 95 100 85 103 89 100 90
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Assemblage before November

Test at the end of 2019 A\

*
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Cryogenic rotary joint
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v" A 300 kvar HTS synchronous condenser is under construction as Phase | of
a 10 Mvar HTS DSC project in China.

v A gas-helium conduction cooled structure was proposed, and magnet prototype was
designed and fabricated.

v’ Testing results showed the DIP structure could help coils work safely under rated

conditions.
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