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ABSTRACT

500W class MTG(Micro turbine generator) operating at 400,000 rpm is under development. From the cycle analysis, it is

decided that the self-sustaining speed of MTG is 200,000rpm and the generating speed is 400,000 rpm. Therefore, motor should

be designed so that it is able to rotate the rotor up to 200,000rpm and generator should designed so that it is able to generate

500W output at 400,000rpm. First step to design motor/generator is to determine the power and efficiency requirement. Not

only the power into the compressor and from the turbine at the operating speed but also the mechanical and electrical losses

should be considered in determining the power and efficiency requirement. This study presents the procedure and the results

of determining the power and efficiency requirement considering the mechanical and electrical losses depending on the rotating

speed which is measured from the experiment.
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Fig. 1 (a) Two-dimensional view and (b) cross-sectional
view of preliminary layout of micro turbine generator
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Fig. 2 (a) motor and rotor, (b) bearing for experiment
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Fig. 3 (a) Configuration and (b) experimental setup
to measure deceleration profile
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Fig. 5 Speed profile during deceleration
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Table 1 Mechanical dimension of motor and shaft
Item Value
R [mm] 75
L [mm] 104
5m [mm] 25

1000

windage loss[W]

speed[rpm]

Fig. 8 Windage loss calculated by
Mack’s equation
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Table 2 Core Loss Coefficients of ST150 Si-Steel Sheet.

O~
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A

STI150 0.009 3.58x10-5 1.9802

Fig. 9 FEM model to calculate iron loss

Fig. 10 Core loss data of ST-150 Si-Steel Sheet.
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Fig. 11 Iron loss from FEM analysis
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Fig. 12 Bearing loss calculated by Eq.(6)
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Fig. 13 Scaled bearing loss & windage for MTG layout

At Aoz 2 Aol MIGE AEWA7)E ofy 29

g 2] 2717F AR = A] ¢ok7] wizol] | Al
AN HaS AXEE 4= gt skAE Ao ARLE 1kWa
o] HE7]of| oJat Ao 500WFe] &8-S 93t Asubdr]
o &3t Airrh= & Zo|BE MTG A7) a%
g5 A4S feiAe A8 As719 AL doleE AR

oo Yo
]_

ot

&

6. MTG ™MSLUXV|e 235 U 235E MH

A7 @D AP o8-8l dlS3tt MTG 33 A of
oIt 7|AIA/ A7 A 4 aElste] MTGE Xd%‘f’a“ﬁlﬂ
858 9 /T aES AR I[AE ApteS
1 204k rpm71A] 3|AA7]7] 913t 85l 20“* rpm
oA PF71E FeAIZI7] AT s} Hloj=RE, FE A
&& w5 agstojopgitt, Alo]F A Ant 209t rmeM
[TEE 4F7] 58 280WoliL,® Fig. 1225¥ 2047t
rpmof| A 9] wjojg)Eat F42 7zt 3. TWeE 3. 5Wo t}, E
gt Fig, 100255 207t rpmo| A 9] A& 16Wolrt, 1
08 MIGE Asddr|e Aesht Q59 2Aagt
303Wol/do] Hojopal Ao g oSu]a1, oF 30%2] Hdol{-
£ 1efsto] 400WE A7gsteict, o] W-8-2 Table 30f 2]
sto] e it

SO 2= 408 rpmol A 2] ER1E] 7|A1A = 7T40We|

giste] 71A1A/ 714 £4S 183 & JFEY 500WE
sl 913k 719 a4aE-2 AT 409t rpmof A
O] wjojedat FE2 Fig, 13R2HE ZF7F 11we} 25Woltt,
T3} Fig, 10025 E 4097 rpmof|A]e] A&o 50wolct, g

H g4 ol £AS ARt W] Y2 654WolaL,
ETH 500We] BHd7] &3 wAlsty| $1g MTGE A%

7)e] MR E @ a8 HATE 76 5%0|4 0] Eojof
g AoR oIS, oF 8 5%9] FHoR-5 alE{sto] 85%=
A7kt o] lﬁ%—a Table 40f “g2|sto] ehf et

29



Hix]
==

Hol

Table 3 Power requirement for motoring mode at 200,000rom

Item Value
a. Compressor power| W] 280
b. Bearing loss[W] 37
¢. Winage loss[W] 35
d. Tron loss[W] 16
e. Motoring power[ W] 3032

(e=atb+ctd)

f. Motoring power requirement[W] 400

(f~1.3%e)

Table 4 Efficiency requirement for generating mode at 400,000rpm

Item Value

a. Turbine input power[W] 740
b. Bearing loss[W] 11
c. Winage loss[W] 25
d. Iron loss[W] 50
e. (Geci:n;iitio;idn)put[W] 654
f. Generator output[W] 500
g. Generating efficiency[%]

(g:iXIOO) 765

e

h. Generating efficiency requirement[%] %5

(h=g+8.5)
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