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Design and Characteristics Analysis of Free-piston Linear Alternator

with Piston-mounted Passive Inlet Valve

Wang Dongjie Yuan Chenheng Xu Datao Zuo Zhengxing
(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract; A free-piston linear alternator with an axial uniflow-scavenged using passive charge valve was
designed. The structure and principle of the alternator were introduced. A simulation model of the
working process which was validated with the test was established based on dynamics and thermodynamics
equation. The motion characteristics and the performance effective factors of the alternator which was
beneficial for performance optimization and prototype design were analyzed. The simulation results show
that the alternator possesses a longer ventilation time and the duration accounts for about 58% of the
whole cycle, which provides sufficient fresh mixture entering the cylinder. The motion curve of piston is
non-symmetrical, the acceleration of the free-piston at TDC changes violently and it needs accelerate the
combustion heat release rate to adapt to the changes. It should appropriately increase the piston mass and
the opening-closing position of the exhaust valve, and reasonably reduce the ignition advanced position
and the working pressure of the inlet valve to reach higher output power.

Key words: Free piston Linear alternator Passive charge Motion characteristic Influence factor

3| HUBLRE G ZE TR iz sl e e oy L BE iy, B
REHLA A TR EE BRI/ ARHE T I e R A

H o % 28 B 2k & i Ml ( Free-piston linear  FIFR@EAFMLAL, 52 B [E N AMIE T & 192 Kk, 2%
alternator, FPLA) & [ i i6 2 R Sh LRI & Al AL RWT/R R S PG 96 35 Je W K~ 45 it 2R
WEZER MM —For i sh e m ol H& Ak bR SR S SR AL sh

i

Wk H . 2012 -07 =29 &l H . 2012 - 08 —20

= E K H ARG VB H (51006010 ) i 45 2 82 2# RHEI1H 518 1R %% B 35 H (B12022)

EEB N TARMN, WA, ZEN SR 2 U 5 & S5 A ILE BEJL L BT 5% , E-mail; wangdongjie@ bit. edu. cn
BIRAEE: 22062, B8, LA 0, EZNF ) PSS 8h J1 2 5% , E-mail; zxzu0@ bit. edu. cn



12 gl L

L 20134

SR R B AR S Rk KR, i B el
HL X5 A SR D R SR AR T U K
kg B A T 2E A A L U RN
AL 3 — R L A R g s RN A i g
B, S BUREHLAS #2805 ) S B i
PETEE , $5 AR AL A 20 Sk R S Sr B
Fxt T AR AR E AT 0 F 3 USRI A T 1 A R
TE BE S At B X REBIL R RE 52 Wi X R 2B AT 20 A, PR RE
AT Rl T B 46 5 o

1 FRERIEIE

WS A oG 2 B R LA 1
N, EEEm bR A G A Sl B AL,
Weh AL 1T AR AR A s AL A R 1 4
B R EHLTE JE BT AT U KR B
1), WS AR AR ) B89 T P Sl AR Jd & s AL s A
5 SURL Y s g 2 LA R 0 1T [l A2 3 1) i ok 3 [] 47
o s SR N0 T A B g R RCIT  AT Lf) E
SRTT, SN AR I IR o T A BB
(1 B4 307 AT LA/ S s gLk =R Ay L 5 e A
SRR TR I A T Y S 1) 2 A o

4
3 N s

1
/

B 1 geshsk A i 28 Bk S i LR A

Fig.1 Passive charge free-piston linear alternator
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S8 B fE
{il 4%/ mm 34
BiEATRE/mm 40
U 4 T 8
T FELUL Tk / kg 2
LL# L 1.35
ST RE T L /K 500
AL RE/N- (mes ™) 7! 40
BKAR T E / mm 1.5
B FHLE AL T3 /N 320
8 &SR 1/ MPa 0.2
BB BRESME LR A, 1.32
W2 B BRERMEZ LRI A, 1.3
BIMBERME LA, 1.2
Bl sh S I 25/ MPa 0.3

Szt ] 2 15 42 R0 58% , x4 H AT A< 0 s e
GRENEREE ¥ an IR SN It L W Bl
AR FELL TR 29 5 42% A B F AR AIE 78 2 1 B ik
RA ARG BRI A B 15 2
ISR PG A7 AE— BrHE U 78, 3 AR 2 7 6 3R
IR (E AT R o e e A 9 3 R R s 1A
1 24 L HE AR 8] /R R

0.041
LIRS INESE)
0.03-
IZDLABURSD Ny o it TR
BRI A
%0.02 o HES D14) T HE K]
Ry
= T BB
001
WK
O W55 5 XA MpeTT s
L " 1

. | . ] ;
0 0.01 0.02 0.03 0.04
IN 8] /s

K3 EZEA AR
Fig.3 Displacement curves of piston
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Fig. 6  Simulation curves and test curves
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