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Abstract: Range extenders, which are power generation systems driven by small engines, extend the driving distance and
time of electric vehicles (EVs) through continuous charging of batteries. The currently used range extenders with gasoline
engines pose limitations with regard to the realization of high-power compact systems, owing to their complex structure and
low energy density. In contrast, micro gas turbine (MGT) range extenders (MGT power packs) possess high power and low
weight, and can therefore be significantly reduced in size despite increase in speed. In this study, an MGT power pack for the
range extenders of EVs was developed using a turbo-prop micro turbine, an alternator for passenger vehicles and electric
batteries. The operating characteristics of the MGT power pack were measured through a series of experiments conducted
under electrical no-load and load conditions. Their power generation performance and efficiency were measured under
various electrical loads and power transmission gear ratios. From the results, electrical load was found to have no influence on
power generation performance. The maximum electrical power output was 0.8 kW at a core turbine speed of 150 krpm, and
the application of 3:1 reduction gear to the turbine output shaft increased the power to 1.5 kW by 88%. This implies that the
test results demonstrated stable power generation performance of the MGT power pack regardless of vehicle load changes,
thus revealing its feasibility for use with the range extenders of EVs.
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Table 1 Specification of test MGT for micro power pack''”

Weight 2.5kg

Size 387 mm X 140 mm

Max. power 7.5 kW (core turbine)
170 krpm (core turbine)

Max. speed 70 krpm (power turbine)
8.75 krpm (power shaft)

Max. exhaust gas 710 °C (core turbine)

temperature

Fuel Kerosene
Lubricant 5% synthetic turbine oil
Gear ratio 8 (gear box)

Fig. 1 Configuration of 7.5 kW turbo-prop MGT for
micro power pack
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Fig. 2 Electric output current versus rotating speed of
test alternator )
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current, and electrical power under no-load and
load conditions
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Fig. 8 Measured rotating speeds of core turbine and power
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core turbine) under no-load and load condition
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Table 2 Summary of measured rotating speeds, MGT output torque, and alternator output power during a series of experiments
with various load resistances under no-reduction and reduction conditions (core turbine speed: 150 krpm)

No-reduction Reduction (3:1)

Load resistance () 1Q 10Q 20Q 30Q 1Q

Power turbine 14.4 14.4 14.5 14.5 50.9

Rotating speed (krpm) Power shaft 1.8 1.8 1.8 1.8 6.36
Alternator 1.8 1.8 1.8 1.8 2.12

Turbine speed ratio SRPC 0.096 0.096 0.097 0.097 0.34

Torque input (N-m) Alternator 7.6 6.9 7.4 7.6 14.6

Fuel flow rate (cc/min) 163.2 159.1 155.6 151.8 150.0

Mechanical power output (kW) 1.40 1.41 1.39 1.39 33

Electrical power output (kW) 0.82 0.81 0.82 0.80 1.5

Generation efficiency (%) 58.6 57.5 58.7 57.6 45.5

Thermal efficiency (%) 1.60 1.62 1.63 1.67 4.02

System efficiency (%) 0.92 0.93 0.96 0.96 1.81
6 o - apeed(No-reduction) 15 136%, 8%, 97% 57}‘6—]‘0314 HE EﬂO]Eiv‘E ioﬁ

e e s = Bul %571 150 kipm & wle] dlo]Elo]a, 1+

BE (A teteietn o b0 A8 A9 paAge 1000t

_‘% = 4 w Mech puwer{Reducllon]'Tofque g 5 o

g g- 3 a:._-_‘__-_',...,-o- v Lo %
°3 , A R R L et DEREES L
88 gt e 3 AR 243 Jt2EN A9 TR AY
3% 0y i e Aol A 2L wAYES SHsgon, B
22 1 e e W% 9 mE AME Fa) 223 ae 5
60 70 80 90 100 110 120 130 140 150 160 oao] @olx oiEly AL AEAS AHEY
Core turbine speed [krpm] o}

Fig. 11 Measured alternator speed, mechanical power, and oA EA AY Az, FolEnl 3 AETI}F 150
MGT output torque with increasing core turbine o] L e = INA =
speeds under no-reduction and reduction conditions. krpm W (77 AR, A A71A =93
Load resistance: 1Q 7IAA 8L 247 0.82 kW, 1.40 kW o]H, &4

» o EEE s8e%olth ER ek 2o wet ool

' :1g|ec.‘§;\;;:'r:m;r’ed_uctilon; A R s Hl " ey &SxE7F F43% WHIteE A kel S
a en.EffilNo-reduction) = - - = =7 1o

254 Elec. Power(Reduction) . o Qs O}X]U]' 31 Aol W= 7hAEAEL-

= ] e e e [2 0 gEMolE B Ad 9% FA @drh o

= ) o -

@ Gen efficiency [ % @A, F5 EH S 93 wige AE Agd

g 151 : .« fo 2 Wil Mol QgL A Al Fhs

= 3

_g 104 % T% qu‘l‘/v\q

3 A 3 e A slojule] W WA A% AW A,

b 05 Elec. Power = Zb2EE By Eo 3. 7S Eg Ao A7]A

s 293 JAH F9, A2" B8 77 15 kW,
6 70 80 S0 100 110 120 130 140 150 160 33 kW, 1.81% =4 88%, 136%, 97% %319t}
Core turbine speed [krpm] E3 B Ague gAgow e Byl Ao

Fig. 12 Measured electrical power and generation efficiency Aoy o =0
with increasing core turbine speeds under no-reduction o] ol AR717E §l7] Wl 8l ];*POL Eoﬁ?
and reduction conditions. Load resistance: 1Q = 7HEE, FHR HAstE & A 52 =

=R <y *o’“" 71 = dnk =9, 59 A

RN, AdHow VA J4¥ &4, 7] &9, A < 7lojn] MRS Sa Zh2ENL g 2l A

2" g5 77 3.3 kW, 1.5 kW, 1.81%= °F T 2 g&9 :“1] A3} 7teA 2 XS E9s)



378 Ao =
At

AgAon B A7e] 228 72EHu F9
< 71E A7 AsAE ddA] o dy e ke <l
=z 1} ]Lo}oq 223 Jl2EHY HLS B3l A
Fab W 2Yse) sy ANS 3 A
3+4 Lelole Hgg B FAlHoln o
Aol 1 kW A7 Ao galo] 753 AF A
o7 welFomA A/AEA EA oy
Aol A 7hsdE B

AN, GF 523
e NECEIEE S : 5
sjol Al A1 £ A%e =AW,
ob7h AZIAEA Ol B B o]
Az ALE R A 5o

=)
>
tlo
of

ol
o

= 7|

o] =i 2014 W= AR gz xﬂ

dow FxATAGe] AdS ol AT HAH

(NRF-2014R1A1A1007257).

SR |
(References)

(1) Wu, J., Emadi, A., Duoba, MJ. and Bohn, TP., 2007,
“Plug-in Hybrid Electric Vehicles: Testing, Simulations,
and Analysis,” Vehicle Power Propulsion Conference, pp.
469~476.

(2) General Motors, http://www.chevrolet.com/volt-electric-
car.html , accessed on Nov. 10, 2014.

(3) BMW Corporation, http://www.bmw.com/com/en/
newvehicles/i/i3/2013/showroom/technical_data.html
accessed on Nov. 10, 2014.

(4) Boyce, MP,, 2006, “Gas Turbine Engineering Handbook
L,” 3rd, Gulf Professional Publishing, Boston, pp. 24~25.

(5) HIL Tech Developments Limited, 2000, The Use of Micro

Gas Turbines in Hybrid Electric Vehicles:
http://www.bioturbine.org/Publications/PDF/microturbine-
01-HILTECH.pdf, accessed on Nov. 10, 2014.

(6) Capstone Turbine Corporation,

5o A 4

http://www.microturbine.com/news/story.asp?id=460,
accessed on Nov. 10,2014,

(7) Capstone Turbine Corporation, http://www.green-energy-
news.com/nwslnks/clips308/mar08009.html, accessed on
Nov. 5,2014.

(8) Kim, J., Kim, S., Sun, J., Kim, S. and Kang, D., 2013,
“Generator Output of Range Extended EV,” KSAE
conference, pp. 1871~1878.

(9) Sim, K., Koo, B., Kim, C. H. and Kim, T. H., 2013,
“Development and Performance Measurement of Micro-
power Pack Using Micro-gas Turbine Driven Automotive
Alternators,” Applied Energy, Vol. 102, pp. 309~319.

(10) JETCAT, Instruction manual for SPT5, http:/www.
jetcat.de/downloads/spt5Senglisch230206.pdf, accessed on
Nov. 12, 2014.

(11) Remy international INC, 2008, Improving Alternator
Efficiency Measurably Reduces Fuel Costs: http://
delcoremy.com/Documents/High-Efficiency-White-
Paper.aspx.

(12) Xu, M. and Marangoni, RD., 1994, “Vibration Analysis
of a Motor-flexible Coupling-rotor System Subject to
Misalignment and Unbalance, Part I: Theoretical Model
and Analysis,” J Sound Vib, Vol. 176, pp. 663~679.

(13) Imai, K., Ashida, T., Zhang, Y., and Minami, S., 2008,
“Theoretical Performance of EV Range Extender
Compared with Plugin Hybrid,” Journal of Asian Electric
Vehicles, Vol. 6, pp. 1181~1184.

(14) Pilavachi, P.A., 2002, “Mini- and Micro-gas Turbines for
Combined Heat and Power,” Applied Thermal Engineering,
Vol. 22, pp. 2003~2014.

(15) Park, C. H., Choi, S. K. and Ham, S. Y., 2011,
“Prediction of Power and Efficiency Requirement of
Motor/generator for 500W Class Micro Gas Turbine
Generator Considering Losses,” Journal of Fluid
Machinery, Vol. 14, No. 5, pp. 25~30.

(16) Shah, R. M. B. R. A., McGordon, A., Amor-Segan, M.
and Jennings, P. A., 2013, “Micro Gas Turbine Range
Extender Validation Techniques for Automotive
Applications,” 4" Hybrid Electric Vehicle Conference.




