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Motivation BN

W Increase of small hydropower

® High variation of flow rate
® Swage treatment plant

® Widely used by general citizen
W Small hydropower system that citizen want

® No manual operation

® Continuous operation automatically although discharge rate is so low
W Variable speed hydropower system

® Turbine speed variation with high efficiency

® Produced frequency is varied with rotational speed.

® Power converter system is needed to connect to the grid.
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v Yongdam 1st hydropower plant
v Some of the discharged water flows to the water treatment plant
and the rest of water flows to river.
v" The rest water is able to be used by a variable speed SHP.
v Gross head : 11.28 m

v Max. flow rate : 6.72 m3/s




Construction Plan
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Manufactured Runner & Draft Tube
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Guide vanes & Additional Parts = e
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Thrust bearing



Design of PMSG A ¥
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Torque & Efficiency for various loads

X Max. efficiency : 95.54%

150kW dynamo testing system



Design of Power Converter
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Performance Test of Power Converter

Insulation resistance THD
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Performance testing equipment for a power converter

Efficiency for loads

= Euro efficiency

'nEU' — 95-68%

Nar = 0.03n55, 4 0.067;05 +0-131sg +0.10735, +0-48n505, +0-207100

Ngy = 0.03 X 88.64% +0.06 < 93.28% +0.13 X< 95.40%
+0.10 X 96-05% +0.48 < 96.42% +0.20 < 95.69%

% EU efficiency : 95.68%




icensing & Construction Plan

W Licensing for an electric utility

® Vertical propeller turbine

® 98kW power, 380V, 60Hz

W Approval for construction plan

W Installation & pre-service inspection
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Flowmeter Calibration

Model turbine
test rig.

Flowmeter calibration
facility
CMC: 0.08%

W 800A electro-magnetic flowmeter
® Calibration of on-site installation flowmeter
® 0.2% accuracy
® 0.04% rel. std. uncertainty with a

calibration standard
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v' Safety control for emergency

v" Automation
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Lab. Test for 1t Designed Turbine e
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Test Results

K water
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Model Testing Results
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Implementation of MPPT Control =

™ Max. Power Point Tracking (MPPT)
® Perturbation & Observation (P&0) MPPT

® Incremental Conductance MPPT

Locus of maximum
captured power .

i
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Turbine Input Power[pul]
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Rotor Speed[pu]

MPPT for a wind turbine

(Hasanien & Muyeen, IET Generation Transmission & Distribution, 2015)



Field Testing Y

M Preliminary field testing with a large power loader instead of a power

converter
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W Test results of variable speed characteristics

® Discharge rate, dP, power output, rot. speed is varied

by GV and resistance control.



Check of Power Output Y | T
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W Discharge increase at high GV angle
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Hill Curves for Pre-Test
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Efficiency (%)

Max. Power Test
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Narrow-band Hill Curves L)

; W 'é-%?f

1300 1300

1200 F

1200 =
E : £
j=3 j=3
£ £
b+ b
g 1100 @ 1100 |
%) 7
® I
c e
2 =) |
= =
® 1000 S 1000
S s
v ©

900 900
I I 1 I ) 1 I ) L ]
35 40 45 50 35 40 45 50
G/V Opening (deg) G/V Opening (deg)

1300 1300
__1200F __1200
E ' E
j=3 j=3
=5 =3
? ?
@ 1100 Q 1100 f
7 7
© ©
c c
= o ]
T 1000 © 1000
=] 5]
4 2

200 200

1 1 1
35 40 45 50 35 40 45 50
G/V Opening (deg) GV Opening (deg)




Min. Power Test N K watc:
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W Field test with a power converter

W 2.7 kW at 300rpm, H=1.4m, Q=0.187 m3/s
® Rated speed of 900 rpm
® Gross head of 11 m

® Max. discharge rate of 1.4m3/s



Propeller Curves
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Power & Efficiency for the Speed = |
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Power & Efficiency for GV angIeg,;,g.":;éf"-?' e oviter
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W Operation range for GV angles
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Hill-Curves for Control > Rt
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