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Oscillation characteristic of dual hydraulic free piston engine
piston component assemble

ZHOU Sheng XU Bing O YANG Hua-yong

[Btae Key Laboratory & Fluid Power Transmission and CorUrol [0 Zhg iang Universty DHangzhou 310027 OChina O

Abstract 0 Based on the dynamical model of DHFPE's 0[Odual hydraulic free pison engine O piston component as-
semble Othe self-sugained oscillation motion of DHFPE was deduced. The stability of DHFPE was analyzed on the
basis of DHFPE ' s phase-plane diagram. The f rst order analysis of steady state motion for piston component was de-
duced by usng Fourier expansion method Cand the amplitude frequency characterigics was presented. Finally the
method of determining DH FPE operation frequency was presented Jand brought up the necessary condition of its sta-
ble operation.
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Force diagram of piston component assemble

0oo000DO0O0OoDO0O0O0OmOO0OOO0OOODO0e p.l OP2—0 000000 O0pd0OP2> gooooogoo

ooooooooooooborFrOO0O0O0O0OO0O0OO0O
oooooooao.
kOODODODOoDOooooOOOOoOOO DHFPE

PH OPfe-

gboooooooOoAB—O0O0o0ooooo

A—O0000000Ar DOOOO0O0OO00O0

Pt 0000 OPsgy—O0000

ogoooooooooooooooboobDbboobbODbOOODbObOOoDooDbooobobDbbboooooo.
o0 [e] ODODODODOODDODODOODOODOODODOODOOO

dQ CH+R dV. ClJOdpO

dt R ' 0OdO ¢

R 1

dt ’

gooQeuuouooooooboboc.jjoooooooooooooooov.ooooooO.

oooooooooooooobboob0 ooooooboobobOoOoocooooooooboO Ap. O
0 ooodooooooooooooobooboobooobbobobO. ocoboooOoooooooooao
oooo BODHFPEOOOOOOOOOCOCOOOOOOOOOOUOOOODOODODOOOOOOOOO

gooobooobo0o oooboobobobouoboo0oo0odPe OOO
pf = PoOVo VIIyOApr = p.
go0o7000ob0OdpPOvoOOODODODODDODDODOODDODODDODODODODOOD.
BOOOOODODODDODDODODO DHFPEO ODODOOOOOOOOO Ob20 oooooobooao
gooboooooo0. bbooooooo2Z20bbOU0oO0oo0ou0oboDbHFPED ODOD OO

- pEO

gh = CdAv\n [p..00- pHOp Oql2 = CiAQU2pR Opd 1Up O
OO00qhd% 0000000000 D0Ccd00DOO0O0 00 DbDAOCOOOOOO.
000000000 ooDooDoDoDO0OD OO0 gl =qgl2=Ah000 O

. 42-2/{2A2
Pio - phl = Plal- POppy + p/Ihd / Ld IO

O



[ [ [ [ B30

1.3 DHFPEOD O OO ODDOO
DHFPEO O OO0OODOOOODDOOODOODDOODDODOODOODODODODODODOOD. DOoOooo
0ooooooooooooooooobooDboDb FdOO
Fd = OAp.l - Ap.2[A. - [PId - pOpgdIAh.

FdOOODODODOOODODOOOODOODOODODDODODODDORAOODOODOO FOODOO OO
' O r |l 00

00 = 001 Fddx O
0DO0O0O0O0OO0OO0ODDOO0OO0O0O0.
0000 0000000000000 D100000
mO+ [0.0000200]0+ 0MmM = 00

L= AT

02000 = 6 + Fr/ X + pAE | Cz420 00

OO0 = {[L/OL — x107- | }PcAosgnx

DHFPEO OO O OGOOoOooooooobooooooboo. boboDb D 0.000- 0200000000

gubgooood. O
a O

AE = AEO- AE200EIl = 41 . Mkdx DAE2 = f @200k dx. MO
0000000000 O0OAEDDOODOOOOOCOOOODHFPEOO OO OO DAE20000000

DHFPEO O OOOOO. DAE>000000O0000O0ODHFPEOD 00O OOOOOOOODODO

AE=0UDHFPEL O D0OUOD OO0OUDOUAE<OUDHFRE DO UOOODOUODOOOO0.

2 DHFREOD O OO

2.1 DHFPEO O OO O
00 RODOCOOODOOCOOODOOODODOO. 0000 ®ROOODODOOOOODODOOOODO

Doooo0o0oDooOoOoo0O0. DDODDODODDODO0D0ODD0ODODDODD0ODDODO0O0DO0O0O0O0 MOoOdk/dtOODD DO ODOOO

rU 00

13 0 A0 0

ly = EQ20YO- grilyO]ly/ m + 'I' XX/ m. o

0ODHFPFEO D 0DODODOO0OOOO 4

AO000000007.5kgd0000
000 0.373x10gmOI0 00000
DO0semmO0O0000.6000000
050x00mO000 00 50 N. s mO
ODO0O0O0 100 N. DHFPFED 00 0O OO
00000 300. 00300000 O00xIm 00Xl m
000000 DooooOOOOOOO (al Oo O
O00. 0000000000000 03 000000000
000000000000 000O00 Fig.3 Phase-plane diagram of DHFPE
0000 03 M OO0 AE>0ODHFPEOCOOODOCOCOOODOCOOOODOCOOOOOOAEDDOO
OO0OO0AEODODDO ODAE=0OODHFFEOOOODOOCOOOOOODOOCOODOOOOOOOO
00000000000000000 003 hOOOAE<OODHFPEO DD OO0 0OOODODOOOOO
00000000000 0000000000000000000000000. 000000000
0000000000000 00000000000@MO0O000000000000000.0000

{ o
0

04



et U Oohugobbooogobbooooboooodabo 795

oooooooo.ocoboboboboobboobDbODb0O. 00 MAFPEODODODODOODOD D ODOOODO.
2.2 DHFPEOODOODDO

UODHFPEO OO OOOOOOOOOOODODOOODODOODODODODOOOOOOOOOOODOODDO
ocoooooO. oooO0OoooOobooobOOobobDO0o0 @kRoboooOoaO

= Losin wt [

! . o0y O iodrd
00 0O=L/ OO-LoOOODODODDOOODOOODO
0. 0 bOOOODHFPEODODODOOODOOOODODO
OsO0O0000000DO0O0OO0DO0DO0O0D0. ODOoooao
DHFPEO OO O ODODDODOOODO 00 40 DHFPE OO
0000000000000 0D0O 00 o >100 rad s
00oo0ooooU0ooooooooo o
DHFPEO O OO DOODOODODDODO sOOOOOO
O0000s.00000000000O0D0O0OO0ODOO0OO
sO000O0OD0O0000O0 ODDHFPEDODOODODODO OO
gooooob0DHFPEOD OODD OODODODOO
ods.0< o < o[BrQ
2.3 DHFPEOOOOOO L
d0000D00OODHFPEO O ODOOODOOOOO AE=
AEF AB =0. 00O AEDO DHFPEO OO DODOOO OO OOO 040

04 DHFPEOOOO

Fig.4 Amplitude frequency characteristics of DHFPFE
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