The structure design of a 300-kvar class HTS synchronous condenser
prototype
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Introduction

v" In China Southern Power Grid, the Ultra High Voltage Direct Current (UHVDC) transmission grid is being established gradually.
v’ Large amount of reactive power is required and consumed by rectifiers and inverters to stabilize the grid voltage.

The merits of synchronous dynamic condensers (DSC): More advantages of HTS DSC:

(compared with STATCOM and SVC) e Smaller Size, lighter We|ght

»> Quicker response, better performance » Lower loss, higher efficiency

Applying HTS material

» Hardly influenced by voltage sags » Smaller synchronous reactance

» Fully capable of either leading or lagging mode » Less excitation current change rate

Recently, China Southern Power Grid has setup a R&D program to further study the feasibility of reactive compensation in UHVDC system.
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General Design Parameter Dimension Value
inner radius of rotor iron r;,, 125 mm Stator Back Iron

Electromagnetic Value , ,

Stator Back Iron outer radius of rotoriron r,, 225 mm Non-ierro Stater Teeth, |

rated power P, 10 Mvar , . Armature Coils
inner radius of damper r;; 370 mm il

rated voltage Un 11 kV Copper Armature Aluminum Damper

Rated current /. 595 A Winding outer radius of damper 7, 390 mm ——

poles/ slots 4 /36 5 thickness of damper hd 20 mm Non-ferro rotor coil support

. amper

Revolution speed 7, 1500 RPM length of physical air gap 5, 10 mm Rotor Back Iron

Frequency f Al YBCO Excitation radius of stator inner surface r, 400 mm

No-load £, 375 A Winding . . . oy | | e .

’ inner radius of stator iron 7 500 mm e Fan

Full-load £ 428 A - : -

. ’ Rotor Back | ' ' > - >

Gap field B, ~14T otor back Iron outer radius of stator iron r, 700 mm . rsrsm :

Armature load A, ~900 A/cm length of coils straight part 800 mm < Lo -
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The Stator and YBCO Rotor Winding The damper (screening and damping layer)
Water-cooled . . considering inflence of excitation coils 0.0 02 04 06 08 10 1.2 .
rmature Bar : s inout considerng inflence of oxciation cols 4,60 ————————————— Conflict of damper usage:
\\\\\\\\\ A B“ o Conflguratlon. ¥ = | 5 _ e - P ®
Stator Back Iron . L Cooling Pipe _ _ : ' : 3 Positive:
, 1. Thin filaments to reduce eddy loss. N
Non-ferro - N N T Screening higher-order
Stator Teeth . . L : =B, With damper | |
, 2. Water cooling to improve A,. = e = R SRS stator harmonics.
| , 3. Air cored to avoid over saturation. 001 | Negative:
%mz’gure 3 Dg!aﬂe&tm f Damplng the forced
Inding ! ) ) " 2 2
\ iewre 4. LItz wires twisted to form bars. N R TEn R e
0.1 1
S. ‘]a = 10.55 A/mm? @ rated POWET. Frequency f (Hz) Time (s) Using analytic formula
h : . The d ) oot and FEM software to
The water-cooled armature winding higher-order harmonics il to fast forced excitation Rl R=icla
o [ J \ /
HTS Rotor Winding: - ~
. . . o o) o o o

v 10 mm-wide YBCO coated conductors with copper laminated. The Sim ple Circuit Simu |at|on

v" 6 single-pancake coils with different sizes on each rotor pole. ]

v Cooled by 20 ~30 K gaseous helium through conduction. e, [ e ea > Using ANSYS Simplorer, the V-shape reactive

b . compensation curve was simulated.
B [teslal . . .\/\/\/\ +
[ty B__. appears on arc segments of windings " = > The HTS DSC was treated as a synchronous
| e R2 motor model with damper.
. simEscd - —.\/W‘—@* »> Volt Source and Excitation Source are ideal.
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The V-shape reactive compensation curve
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