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Abstract

A four-stroke free-piston engine was simulated and tested to achieve energy conversion from fuel to
electricity. Simulation models were created based on the kinetic equation of free-piston, the equation of
gas state, and an equivalent heat release rate of combustion process. Dynamic properties of the system
were analyzed by using the model. Effects of the compression ratio and the expansion ratio were
discussed. Based on the results of the simulation, an experimental prototype was fabricated. Testing
results of the prototype were analyzed, and performance parameters were given out in detail. The
generating efficiency 34% was obtained up to now, and the efficiency 45% was available after

optimization. According to the simulated and tested results, the new generating system has distinct

advantages to conventional gasoline generators.
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Fig.1 Sketch of two-stroke free-piston engine
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Fig.2  Sketch of four-stroke free-piston engine
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Tab.1 Simulation parameters
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I L B m, kg 24
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SRBE TR m, 1~3
FLARSEAL I IR R,/ Q 0.16
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Fig.3 Displacement of free-piston

— ”_u im WTT % ﬁ i) 1‘)’[‘
— AR
P o
y/ N\ / \\'
/ \S / ™, 4
/ \"\ /’
/ _ ./;’!
0.02 0.04 0.06 0.08
HF [ e/s

K4 JEZEAIFRE A i 2k
Fig.4 Speed of free-piston
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Fig.6 Curves of efficiency vs compression ratio
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Fig.7 Curves of efficiency vs expansion ratio
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Tab.2 Geometric parameters of prototype
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Fig.9 Motion curve of free-piston
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Fig. 10 Gas pressure variation curve in cylinder
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Fig. 11  Variation curve of generated power Fig. 12 Sketch of gas pressure vs displacement
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Tab.3 Performance parameters of prototype
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Tab.4 Optimized performance of system

S8 Hfe
TR P kW 3
BEHBEBE 0,/ % 45
TEHHE f/Hz 12.5
JE4i I e, 11.25
kIt &, 18.75
&L NWE(EE ST p,,,/MPa 4.8
IRGEAFE ) T, /ms 2

5 #ig

(1) DB Hr FSEE A5 R, P72 St iy
P A G AE A S AL BT T SRR FIAT Y, RGLRE
S BB SRR 1s AT I R A B I R TRM FHRCR,
A LIRS B S B — A E A SR T7 1)

(2) Ui A s 28K SIPLRA AR TS
=N RBLE S R, BE RS IV 19 RESR PR 1R BE I
5B Atkinson FI7 AR I, DHURZ K Rk RE A2 52
R YR REPM RN RE | T8 e 4 PO R ol L 2 X
AN R A A

(3) Fradtsr A DY e 1 iy 28 A sh LR 05 FLAE
RURA R B SRR L AT AT, RS H N
YA M S R D oo b 75 2 A ShHILR) B 2S5

Z % x #t

1 Mikalsen R, Roskilly A P. A review of free-piston engine history and applications[ J]. Applied Thermal Engineering, 2007 ,

27(14 ~15) ;2339 ~2352.

2 Blarigan P V. Hydrogen free-piston engine[ R]. FY 2008 Progress Report for Advanced Combustion Engine Technologies,

2008: 99 ~101.

3 HEP, AIEX. AHEERNBREBRISHSE SRS )], RLIAER, 2009, 40(2) ; 46 ~49.

Xiao C, Zuo Z X. Dynamic simulation and characteristic of free piston generator[ J]. Transactions of the Chinese Society for



& Ak MO ¥ 20124

10
11

12

13

Agricultural Machinery, 2009, 40(2) ; 46 ~49. (in Chinese)
Mikalsen R, Roskilly A P. Predictive piston motion control in a free-piston internal combustion engine[ J]. Applied Energy,
2010, 87(5): 1722 ~1728.
PP, M, BRE. BIRATHT H S SRR BALIRCR T[], RIESCE R4, 2000, 43(5) ; 745 ~749.
Li Q F, Xiao J, Huang Z. Simulation of a two stroke HCCI free piston linear alternator[ J]. Journal of Shanghai Jiaotong
University, 2009, 43(5) : 745 ~749. (in Chinese)
Wang J B, West M, Howe D. Design and experimental verification of a linear permanent magnet generator for a free-piston
energy converter| J |. IEEE Transactions on Energy Conversion, 2007, 22(2) : 299 ~ 306.
Mikalsen R, Roskilly A P. Performance simulation of a spark ignited free-piston engine generator[J]. Applied Thermal
Engineering, 2008, 28(14 ~15): 1726 ~1733.
F, ZEIE2%. A S ZE R LS 1A B A AR PR R [T ] U T RS2 42, 2008, 28(11) : 966 ~969.
Xiao C, Zuo Z X. Nonlinear model and first order approximate solution of a free piston generator[ J]. Transactions of Beijing
Institute of Technology, 2008, 28(11) : 966 ~969. (in Chinese)
P, B, SRR, PR HCCT A il ZE X R LT ECL D] Al HUAAR, 2009, 40(2) : 41 ~45.
Li Q F, Xiao J, Huang Z. Simulation of two stroke HCCI free piston linear alternator[ J]. Transactions of the Chinese Society
for Agricultural Machinery, 2009, 40(2) : 41 ~45. (in Chinese)
Petreanu S. Conceptual analysis of a four-stroke linear engine[ D]. Virginia; West Virginia University, 2001.
Xu Z P, Chang S Q. Hierarchical hybrid control of a four-stroke free-piston engine for electrical power generation[ C] // IEEE
International Conference on Mechatronics and Automation, 2009 ; 4 045 ~4 049.
Xu Z P, Chang S Q. Improved moving coil electric machine for internal combustion linear generator[ J]. IEEE Transactions
on Energy Conversion, 2010, 25(2) ; 281 ~286.
TRERE. IR Z 0 iR 3 ) RGE MG T MO RGeS L[ D], R 5t U B TR, 2010.
Xu Z P. Research on internal combustion-linear generator integrated power system and its implementation[ D ]. Nanjing:

Nanjing University of Science and Technology, 2010. (in Chinese)



