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Piston Motion Control Method of Four-stroke
Free-piston Generator

Xu Zhaoping Chang Siqin Lin Jiming
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; A motion controller was designed to achieve stable running of a four-stroke free-piston linear
generator. Simulation model of the free-piston motion controller was built based on the control theory of
hybrid system. Motion control process was analyzed by using the proposed model and the model of a free-
piston linear generator. Effects of circulation burning fluctuations and misfires were discussed. Based on
the results of the simulation, an electronic control system was designed by using a high-performance
digital signal processor. Testing results of the electronic control system were analyzed in detail. According
to the simulated and tested results, the designed motion controller has the advantages of simplicity and
reliability. It satisfies the requirement of four-stroke free-piston linear generator for piston motion control.
Four-stroke ~ Motion control
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Fig. 1  Structure dynamics of four-stroke free-piston
linear generator
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Fig.2 Dynamics of four-stroke free-piston linear generator
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Fig.3  Motion plan of four-stroke free-piston linear generator
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Fig.4 Motion controller of four-stroke free-piston

linear generator
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Fig.5 Simulation model of motor status controller
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Fig.6 Simulated gas pressure curves in cylinder
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Fig. 8 Current curves of linear generator
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Fig.9 Stop position of intake and compression strokes
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4 EHRFEILE

4.1 BEZRSIEIT

LR 5 R DU AR [ H TG 2E & LG 4 ) R b g
R F) 3 5K, BETH AN 11 R 1 5 F = MR AT
S IR AR R G, FE R GE LLas dh il Ok h
AU, [R) A S BT P R M T 20 3R 3 1 40T B i o
s a4 1

HL 428 2R 0 AP 68 D v ) AR 5 4 o s I B 0k Y
£ A R TR v 5 B, R £ I 3 A o A
0. 16 ms, K7 fa] i+ F2 7% 2% T 0% 45 04 e it o i
NG SR I =N IS SR R €/ P Ry N E
55 B .



10 Kool B ¥ 20134
E— N FLTT SR P B 46 b DR O S 56 00 A5 7 4T PN 0 {1 R
ADC BT e AR TR T 5,
| PBOS. PBO9|—» I THHIE K13 S SEgm A i i 22 5 A TAETESR T B i
| m 3 A 2 4 A ph R s
£ bl ;% Y Y =X 4 XN
L | g i (ﬁiﬂﬁzmﬁg%{iizﬂﬁ11£ﬁﬂ 23 |‘{EP$33
e ; F i 25 5 2 R — B K R AL 3 R
g [PBI2, PBI3 el SR ZJ% R I3 AR B BLS: TR 14 S 28 56 9 R 2k B W 5
B owm % Fas a8 7 MR
g o . A 3
&%) PWM3 1
%;ﬁ T AR 6
s PWM7 T
PWM9 £,
_________________ \ J =)
2
ADC $17 =l
Befie b3 5 )
A3 Hr (Matlab) -~} o
[ T ] 5 20 40 60 80
A7 x/mm
BT s RO REAFAE P 13 3 SE 4 {15 52 32 ) B3 92 0 4 IR
Fig. 11 Hardware of electronic control system Fig. 13 Motion track of free-piston

4.2 ZWHERHW

REUEIT RS RS, TR E RS
BE AR, LASCRR 13 ] it i g o 2 5 fh 3 2
K HUBLEERIL M B 7 X %, % H G ZE 1R B sh i 95
il 3o PR AT S g BT

LR E: B BA A%

S =45 mm  H AR R4 PR S AL x, =7 mm  H

%H%E&@ﬁ%)ﬁﬂ% xy; =72 mm | HARHER oh R
ZERE 12 ~ 14 FioR .

WAL 2 =7 mm,

3
£

g2 %
2
=
™
==

0 20 40 60 80

FiAgx/mm
P12 pkbe a8 UM T g 2 A 52 6 i 2
Fig. 12 Gas pressure curves in cylinder
B 12 S i A A8 22 5 A TARFE 3R P fir
SRS F7 06975 L 2R L 3 IR I 1 A4 0 O (1 ) 7
PP sl 505 BAE R — B, SR A9 R 4 EUAR T 5

el ]
URRIINL

K il #/s
B 14 0 KRS 38 3l

Fig. 14  Effects of misfires on motion

5 it
(1) WFFEai R EM, 2T HA KB AR

D48 0 AR 2 A TR0 1 R TS 2T B sh i O R
JEAIATHY, BT is SR R G0 IR Y, BE 8 S
VO phRE F R T ZE R LA AR R B AT IR IR T R
U (4 A B2

(2) TEFRRBE UL SRR KR B IS 2 B 8l
SRR B AH E EE E, X0 ehRE B R s R
FL AT S5 30 SR AR 3B AT AF A A RIS ), Ao OF A 3
THAE I T vk R G 3 R4 ) 2 B 0 L ) 4 o
TERVFEEN .

& % x Wt

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

27(14 ~15) : 2339 ~2352.
2 HEh, ZEIEX%

Apply Thermal Engineering, 2007,

- AN UL S SRR AT ()] R HL AR, 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

Agricultural Machinery, 2009, 40(2) : 46 ~49. (in Chinese)

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

99 ~101.

(T#% 16 W)



16 PN A VI W G 4 20134

2 % x W

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 Csaba T N. Linear engine development for series hybrid electric vehicles[ D]. Dissertation; West Virginia University, 2004.

3 B4l AmMIGEELR UL AR BREBCE N BRI D]. JEat: JERBE TR, 2011

4 JERBETORY. — A NN E A R RE R ek B . P, ZL 201110004584.6[ P]. 2011 - 01 — 11.

5 HHh . A diE 2SN LA K SRR LT]. RALPLBEA R, 2009,40(2) 146 ~49.

Xiao Chong, Zuo Zhengxing. Dynamic simulation and characteristic of free piston generator[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2009 ,40(2) :46 ~49. (in Chinese)

6 Mao Jinlong, Zuo Zhengxing, Liu Dong. Numerical simulation of a park ignited two-stroke free-piston engine generator[ J]. Journal
of Beijing Institute of Technology, 2009, 18(3) . 283 ~287.

7 Mikalsen R, Roskilly A P. The design and simulation of a two-stroke free piston engine for electric power generation[ J]. Applied
Thermal Engineering, 2008, 28(5 ~6) : 589 ~600.

8 Mao J, Zuo Z, Li W. Multi-dimensional scavenging analysis of a free-piston linear alternator based on numerical simulation [J].
Applied Energy, 2011, 88(4): 1140 ~1 152.

9 PRI, Hik, BRE. PPAE HCCL [/ il XA 20 LT B (T ] R HLBR2A 4, 2009, 40(2) 42 ~45.
Li Qingfeng, Xiao Jin, Huang Zhen. Simulation of two stroke HCCI free piston linear alternator[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2009, 40(2) :42 ~45. (in Chinese)

10 Tian Chunlai, Feng Huihua, Zuo Zhengxin. Simulation of single free-piston engine generator with linear motor rebound[ C] //

2012 Asia-Pacific Power and Energy Engineering Conference. IEEE, 2012 46 ~ 50.

11 8ty 230, £ A il 2R SIS S HO A ERE R (T B IT [T ] AL AR ,2010,31(2) 15 ~21,26.

Luan Yanlong, Li Liguang, Wang Zhe. Key design parameters and performance optimization of a free-piston engine based on
simulation[ J|]. Chinese Internal Combustion Engine Engineering, 2010,31(2); 15 ~21,26. (in Chinese)

12 FRIESP, W B, 3. DOvh AR B s 2R AL K S SR [ T]. Aol Hlik-#4 ,2012,43(7) ;1 ~6.

Xu Zhaoping, Chang Siqin, Huang Ling. Simulation and test of four-stroke free-piston engine[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2012,43(7) :1 ~6. (in Chinese)

(L#EE 10 }X)

4 Mikalsen R, Roskilly A P. Predictive piston motion control in a free-piston internal combustion engine[ J]. Applied Energy, 2010,
87(5): 1722 ~1728.

5O ARV, Mk, BUR. BRI A S 2NN R LB BRI AT [ T]. B Sl REE R, 2009, 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)

6 Wang ] 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.

TOEW, AAEX. BHIEERBIS I ELRGIERMESEAE[T]. T RS, 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)

8 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.

9 AR, Hik, BAE. WP AR HCCL 3 G 280N 2B LT B [T ] AR HLA A4, 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)
10 fRIBV. NEA-HLRUERS NI RGN R ART R R ARG D], BIAT B AT T K ,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)

11 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.

12 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.

13 fRIEF, WREE, W, Wb A d GRS LR T]. RALHUMEAR, 2012, 43(7) . 1 ~6.

Xu Z P, Chang S Q, Huang L. Testing and simulation of four-stroke free-piston engine[ J]. Transactions of the Chinese Society
for Agricultural Machinery, 2012, 43(7): 1 ~6. (in Chinese)



