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ABSTRACT

With the recent expansion of renewable energy systems, the need for small-scale energy storage technology has grown
significantly. For grid stability, a pumped storage hydropower system(PSHS) must operate under partial load and frequently
switch between turbine and pumping modes.

In this study, we focused on the optimal design for the thermal safety and structural stability of the synchronous motor
generator of a 1MW class for small-scale PSHS using Finite Element Method(FEM).

The results showed a sound air cooling system with an average temperature of 96.4 °C for the stationary components and
119.3 °C for the rotating components. In the structural design, the shaft’s critical speed(1x) of the novel motor generator was

secured with a margin of 190% above the motor generator’s runaway speed.
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Table 1 Specification of motor generator

Category Value [ Unit | Remark
Rated power 1,130 [ kW ] @ PF : 09
Total loss 4538 [ kW ]
No. of Poles 10
Rated speed 720 [ rpm ] Runner is directly
Runaway speed 1,090 [ rpm ] crﬁz?;rctzgn:;a:::
Weight of runner 940 [ kef ] shaft end
Mounting Vertical
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Table 2 Properties of materials

Density [ kg/m' ] | Thermal conductivity [ W/mK ]
COIL 8,900 385
CORE 7,650 25
STEEL 7,800 45
Insulation - 0.25
Air Incompressible — ideal — gas
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Table 3 Boundary conditions

Periodic condition 36 deg
Velocity of rotation 720 rpm
Inlet Atmospheric pressure
Outlet Atmospheric pressure
Cooling fluid Air, Density : 1.225 kg/m’

External structural Natural convection
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Fig. 10 Velocity distribution(Section 2)
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Table 4 Maximum and average temperature in steady state

Part Max temp [ C ] Average temp [ C ]
Stator Core 99.0 92.6
Stator Coil 107.8 96.4
Rotor Core 122.4 114.5
Rotor Coil 122.5 119.3
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Fig. 13 Cooling passage

Table 5 Flow rate and total flow rate at each section

B Flow rate
Position Rate [ kg/s ] Position Rate [ kg/s ]
A 1.982 e4 0.120
BO 1.868 e5 0.114
Cl 0.114 €6 0.110
el 0.140 e7 0.100
e2 0.140 Bl 1.012
e3 0.132
M Total flow rate
Position Rate [ kg/s ] Remarks
B0+C1 1.982 A
C2=Cl+el+e2+e3+ed+e5+eote 0.970 = B0+C1
BI+C2 1.982 = Bl+(2
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Table 6 Boundary conditions

B Velocity of rotation

Rated speed [ rpm ] 720

Runaway speed [ rpm ] 1,090
B Material parameter of shaft

Young’s Modulus : E [ GPa ] 205

Poisson’s Ratio : W 0.29

Density : p [ kg/m® ] 7,850
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ikl
MODE 2, 3 MODE 5, 6

Type : Total Deformation
Frequency : 32.152 Hz
Unit : mm

Type : Total Deformation
Frequency : 75.179 Hz
Unit : mm

0.98433 Max 0.66382 Max
0.87501 05907
076568 051758
0.65636 044447
054703 037135
043771 029823
032838 022512
021906 0152
010974 0.078881

0.00041172 Min 0.0057642 Min
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ATD YLLFHR 1MW 2 S
Table 7 Mode frequency
Whirl Critical
Mode Direction Speed 0. rpm | 720. rpm | REMARKS
. 1.8E-5 1.8E-5
1 | Undetermined | NONE Hy Hy
17454 Ist
2 BW rpm 32.15 Hz | 30.90 Hz BENDING
2139.3 Ist
3 FW rpm 32.15 Hz | 33.38 Hz BENDING
4 FW NONE | 64.56 Hz | 64.56 Hz | TORSIONAL
5 BW NONE | 75.18 Hz | 75.08 Hz | 2"
’ ’ BENDING
6 FW NONE | 75.19 Hz | 7529 Hz | 2"
’ ’ BENDING
Table 8 Boundary conditions
W Velocity of rotation
Stress analysis Runaway speed [ rpm ] 1,090
Fatigue life analysis Rated speed [ rpm ] 720
M Material parameter of shaft
Pole Spider
Yield Strength : Y [ MPa | 400 490
Young’s Modulus : E [ GPa ] 206 205
Poisson’s Ratio : 0.3 0.29
Density : p [ keg/m’ ] 7,600 7,850
B Loading type(Cycle) : Zero-Based
M Mean Stress theory : Goodman
W Stress Component : Equivalent(von-Mises)
W Contact Type A : Frictionless / Symmetric
B : Frictional / Symmetric
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Table 9 Stress analysis results(1,090 rpm)

M Corner of Neck(Pole)
Fillet R Stress(von-Mises) Yif.:ld stress Safety Factor
[ mm ] [ MPa | ratio [ % ]
1 238.39 59.6 1.7
1.5 207.25 51.8 1.9
2 178.76 44.7 22
25 172.48 43.1 2.3
M Corner of Socket(Spider)
Fillet R Stress(von-Mises) Yit?ld stress Safety Factor
[ mm ] [ MPa ] ratio [ % |
2.5 265.21 54.1 1.9
3 240.98 492 2.0
3.5 231 47.1 2.1
4 221.76 453 22

Type : Equivalent (von-Mises) Stress
Unit : MPa

78 Max
69.334
60668
52.002
43337

34871

26.005
17.239
86734
0.007575 Min

Fig. 18 Concentrated stress of pole

Type : Equivalent (von-Mises) Stress
Unit : MPa
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Fig. 19 Concentrated stress of spider
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Table 10 Stress analysis and fatigue life results(720 rpm)

B Corner of Neck(Pole)
life
Fillet R Stress(von-Mises) Yield stress S[tr:;z]el]e
1 0,
[mm] [ MPa ] ratio [ % | (minimum)
2.0 78 19.5 1.00E+07
B Corner of Socket(Spider)
Fillet R Stress(von-Mises) Yield stress S[u(?;zl;lf]e
1 0,
[mm] [ MPa ] ratio [ % | (minimum)
35 100.8 20.6 8.00E+06
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Fig. 22 Connection of shaft and end shield

Table 11 Boundary conditions

B Velocity of rotation

Rated speed [ rpm ] 720
Runaway speed [ rpm ] 1,090
B Material parameter of shaft

Structural Shaft
Young’s Modulus : E [ GPa ] 206 205
Poisson’s Ratio : [ 0.3 0.29
Density : p [ kg/m® ] 7,800 7,850
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Type : Toral Deformation
Frequency : 108.76 Hz
Unit : mm

1.0683 Max
0.954962
083002
071222
059352
047481
0.35611
023741
01187

0 Min

Fig. 23 Reed Frequency of frame
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