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ABSTRACT
Nowadays, vehicles are an important part of life as they

play a key role in helping people to move and transport goods
quickly and conveniently. Despite their outstanding features,
vehicles also have some disadvantages, such as their dependence
on fossil fuels and contribution to environmental pollution. To
address these issues, increasing power and efficiency while
reducing air pollution are constant concerns in the
development of internal combustion engines. In this article,
the authors aimed to introduce the concept of a Free Piston
Engine (FPE). This type of engine offers higher performance
than traditional Internal Combustion FEngines (ICEs) and
can be used to generate electricity for electric and hybrid
vehicles,  thereby improving efficiency and reducing
environmental pollution.
TOM TAT

Ngay nay, 6 t6 la mét phwong tién khong thé thiéu trong
cudc song, né dong vai tro then chét gilip con ngwoi di chuyén
va van chuyén hang hoa dwoc nhanh chong va tién loi. Bén
canh nhitng tinh ning viegt trgi thi phwong tién nay van ton tai
mét s6 nhugce diém nhu sy 16 thuéc vao nhién liéu hod thach
va gdy 6 nhiém méi tru’(‘mg Pé khic phuc nhitng nhweoc diém
trén, viéc ndng cao cong suat hiéu suat dong thoi giam 6 nhiém
méi truong luén la nhiing vin dé can tdp trung cdi tién trong
dong co dot trong. Trong pham vi bai viét nay, nhom tic gia
muon gioi thiéu vé dong co piston tw do (FPE — Free Piston
Engine). Logi dong co nay c¢é hiéu sudt cao hon so véi dong co
dot trong truyén thong, dwoc vmg dung dé phat dién dimg cho
xe dién, xe lai nham cdi thién hiéu sudt va giam phat thai 6
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1. GIOI THIEU

Vi¢c dung rong rai nhién li¢u hoa thach cho
cac phuong tién giao thong dan da sinh ra mot
lugng dang ké CO; va cdc chat 6 nhidm khac.
Nhim tung budc giam thiéu sy phu thudc vao
ngudn nhién liéu nay dong thoi lam giam 6
nhiém moi truong. Xe dién, xe lai st dung
dong co dbt trong truyén théng di ap dung
nhiéu giai phap cong nghé dé giam phat thai,
bén canh d6, nhiéu nghién ciru trong nganh 6
t6 da va dang dp dung cac loai nhién li€u than
thién véi moi truong, phuong tién dung pin
nhién liéu 12 nhitng cong nghé day hira hen cho
tuong lai [1]. Sau khi bi bo roi vao giira thé ky
20, dong co d6t trong khong truc khuyu hay
con goi la dong co piston tu do (FPE-Free
Piston Engine), dang dugc nhiéu nhém nghién
ctru trén thé gidi thuc hién dé thay thé cho dong
co ddt trong truyén thdng. Nhitng wu diém tiém
ning cua dong co piston tu do bao gdm qué
trinh dét chdy duoc t6i uu héa thong qua ty sd
nén thay ddi, dan dén hiéu suit tai bo phan cao
hon va kha nang van hanh da nhién li¢u, va
giam ton that ma sat do thiét ké don gian véi it
bd phan chuyén dong.

Thuét ngir piston ty do dugc st dung phod
bién nhit dé phan biét dong co tuyén tinh véi
dong co truc khuyu quay. Piston dugc goi 1a 'tu
do' bai vi chuyén dong ciia n khong bi gidi han
boi vi tri cia truc khuyu quay, nhu dugc biét
dén tir cac dong co thong thuong, ma chi duge
xéc dinh boi sy twong tic gitta 4p suat va tai tac
dung 1én né. Piéu nay mang lai cho dong co
piston ty do mot s6 dac diém khac biét nhu:
chiéu dai hanh trinh thay d6i thong qua kha
nang kiém soat su chuyén dong ciia piston. Cac
tinh ndng quan trong khac ctia dong co piston tu
do 12 kha ning giam ton that ma sat va tdi uu
héa hoat dong cua dong co bang cach sir dung
ty s6 nén thay doi. FPE 1a mot su thay thé day
htra hen cho dong co ddt trong truyén thong
(ICE-Internal Combustion Engine) bdi nd co

kha nang hoat dong vdi hi¢u suét cao hon va tao
ra luong khi thai doc hai théip hon. Viéc loai bo
hoan toan co ciu truc khuyu 1a diém khac biét
giita FPE va ICE. Trong dong co dot trong c6
co cau truc khuyu, qua trinh dét chay s& xay ra
khi piston & gﬁn vi tri diém chét trén, do d6 nhiét
d6 va 4p suit cao nhat dugc duy tri trong thoi
gian tuong dbi dai, ddn dén ton that kha cao va
lam giam hiéu suat ctia déng co. Ngoai ra, dbi
v6i dong co dot trong c6 co cau truc khuyu, cdu
tao kha phuc tap nén tdn thit ma sat 1a mot van
dé khong thé tranh khoi. Ton that nay bao gdm
ma sat gitra xéc mang, thanh lylanh va piston;
ma sat ban than truc khuyu, 6 truc khuyu va 6
truc cam; ma sat co ciu xupap. Co clu truc
khiyu dong gop déng ké vao sy ton that mat sat
thong qua viéc hinh thanh cdc luc ngang 1én
piston, gdy ra ma sit gilta piston va thanh
xylanh. Trong FPE, chuyén dong cua piston 1a
tu do trong lylanh, khong ¢ bat ky rang bude
nao giita vi tri piston va chuyén dong quay cta
truc khuyu [2],[3]. Trong khuén khd bai viét
nay, nhoém tac gia tap trung vao ung dung phat
dién va nhiing nghién ctru tiém ning cia dong
co piston tu do nhu mét trong nhitng giai phap
nham tirng budc thay thé cho nhitng cong nghé
dang st dung cho dong co dbt trong truyén
thong hién nay.
2. PHUONG PHAP
Bai viét nay 4p dung phuong phap nghién

ctru dinh tinh qua viéc tong hop céc tai lidu c6
lién quan.
3. KET QUA VA THAO LUAN
3.1 Lich sir hinh thanh va phat trién

Pescara [2] 1an dau tién dé xuit FPE va duoc
mg dung trén may nén khi piston. Pescara bit
dau nghién ctru FPE vao khoang nim 1922 va
ong da phat trién mau dong co dung bugi danh
Itra vao nam 1925 va dong co Diesel vao nam
1928. Sau d6, Pescara tiép tuc nghién ctru va
thiét ké cai tién cho dong co piston tu do va
cling duoc cap bang sang ché cho dong co may
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nén khi 1941. Véi thiét ké dong co gém hai
piston duoc lién két co hoc dé dam bao chuyén
dong ddi xung, thiét ké nho gon giam tiéng 6n,
giam rung va nd dugc ung dung lam may nén
khi ing dung chay tuabin mdy phat dién cho
nganh hang hai. K& tir d6 nhiéu nha khoa hoc
khac ciing di cong bd cac cong trinh nghién ciru
vé tng dung cua loai dong co nay, chu yéu la
d6ng co thuy luc va may phat tuyén tinh piston
tu do. Céc ddng co piston tur do tng dung may
phat tuyén tinh chu yéu ding cho xe dién va xe
lai. May phaét truyén tinh tuyén tinh piston tu do
dugc cdp bang sang ché vao nam 1944 va da
duoc su quan tdm cua cac nha khoa hoc khép
thé gi6i boi tiém ning phat trién va kha ning
thuong mai héa.

Vao nam 2007, mau dong co FPE duogc
nghién cuu tai truong dai hoc Newcaslte do
Mikalsen va Roskilly thuc hién cho thiy chuyén
dong piston 1a khéng dbi ximg xung quanh diém
chét trén va dong co da danh nhiéu thoi gian dé
nén hon giai thoi gian gian nd cua chu ky. Sau
d6 ho thyc hién moé phong bang CFD
(Computational Fluid Dynamics) vé qué trinh
lam viéc cua dong co, so sanh nd voi hiéu sut
ctia mot dong co truyén thng cho thdy FPE c6
mot sé loi thé nhu nhién liéu dugc dét chay
nhanh hon. Trong ndm 2009 mdt nghién khac da
dugc thuc hién dé kiém tra chuyén dong dong khi
trong lylanh va da chimg minh riang nhiét 6 chay
trong FPE thdp hon so v6i dong co truyén thong,
didu nay da gép phan 1am giam khi NO [1].

Vi sy nghién cuu phat trién lién tuc, FPE
con dugc ung dung lam dong co thay luc cho xe
dia hinh, may phat tuyén tinh piston ty do,
piston don duoc trién lam tai trung tim hang
khong vii try Ptrc nam 2013. Trudc dé dai hoc
West Virginia 13 vién nghién ciru da thiét ké va
xay dung mau FPE bang hai dong co hai ky, cac
kiém tra dé danh gia hiéu suit la cong suét ra
316W trong khi hoat dong ¢ tan sé 23,1Hz. Uy
ban Chau Au ciing d4 nghién ctru va phat trién
mot nha may niang luong vao nim 2002 vé bo
chuyén d6i nang lugng FPEG (Free Piston
Engine Generator), nghién ctru da trinh bay céc
dong luc hoc, nhiét dong hoc, phan tich méot
cach chinh xéc qua trinh giai phong nhiét va qua
trinh nap thong qua phuong phap moé phong da
chiéu. Bén canh d6 cac hing xe 6 t6 16n ciing da
¢6 nhitng nghién ctru va thiét ké FPE mang tinh
tmg dung cao cho cac dong xe, bang cach ké
thira tir cac nghién ctru dugc cong bd. Mot sb
cong ty 16n 6 t6 trén thé giGi da nghién ciru nhur:

- Céc bang sang ché gan ddy cua General
Motor phat trién trén khai niém piston tu do
dang ddi nhau, hoat dong vdi loai dong co hai
ky (Hinh 1). Qua trinh tao ra di¢n nho may phat
dién, nam cham vinh ctru dugc tich hop trong
piston va cudn day trong vo lylanh. Giai phap
nay cua GM sir dung budng dan hdi va phanh
dién tir dé d6ng bo héa va diéu khién hai piston,
hanh trinh cia piston dugc kiém soat va diéu
khién théng qua phanh dién tir ciing nhu kiém
SOt 4p sut.
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Hinh 1. My phat di¢n tuyén tinh dang piston ddi dinh [1]

- M4t nhom k¥ su cua trung tAm nghién ctru
va phat trién cong nghé Toyota da nghién ctru va
ché tao loai ddng co nho gon, chi c6 mot piston
va khong c6 banh da, cho nén chuyén dong tinh
tién ciia piston khong chuyén thanh thanh dong
nang quay cua truc khuyu ma no thanh dién nang
cung cap cho bd accu thong qua hé thong chuyén
d6i. Range-Extended Vehicles 1a loai xe chay
dién c6 hd tro thém dong co dot trong dé cung

cap thém nang luong nham hd tro thoi gian hoat
dong ctia xe. Mau FPE trén hinh 2 c6 kha nang
thay doi ap suét thong qua viéc diéu chinh do
cting cuia 10 xo, thay ddi ap suat khi nén trong
buéng ddt va diéu khién mot cach linh hoat dé
dong co hoat dong hiéu qua nhét. Ngoai ra,
Toyota con nghién ciru thém kiéu hai piston don
hoat dong & dang ddi dinh khong ¢ budng dot
chung hoic budng day chung, nhu trén Hinh 3.

Hinh 2. Pong co piston twr do phat dién tuyén tinh ciia Toyota
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Hinh 3. Kiéu hai piston don véi hai budng dot riéng biét [1]
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- Mot nghién ctru img dung dat bang séang ché
cta Honda 1 kiéu FPE sir dung dong co bon ky
danh lira v&i mot lylanh (Hinh 4). Ky nd cung cap
nang luong dong hoc va luu trit mot phan nang
lugng dé trong mdt 10 xo co hoc va dugc giai
phéng trong qué trinh xa-nén. Viée diéu khién

Solenoid actuators

Exhaust valve

\
\

Piston
Cylinder

7Y N 77727777

Permanent magnets R

Spring

‘
A0 2N

piston dua trén ap luc trong lylanh va viéc kiém
soat ap sut trong lylanh c6 hai phin chinh, ap suat
gia dinh va van toc piston gia dinh, kiém soét ap
sudt trong qua trinh nén va kiém soat van toc trong
qué trinh gidn no. Viée kiém soat va diéu khién
dong co bon ky kha phuc tap.

NYa

P

Proximity sensor

Triangular plate

Waximum distance

Detail A: Position sensor

Hinh 4. Pong co phat dién tuyén tinh piston tw do bon ky

- Bing sang ché ctia Mazda JP2008051059
mo ta FPE 1a loai piston kép v6i may phat tuyén
tinh dat & ngoai thong qua céc co ché gia do va
khép nbi (Hinh 5), mac du thiét ké co cau nay
khong tao ra cAu trac piston tuy do thuc sy, co
céu gid d& co hoc chi phdi dén chuyén dong cua
piston va tai trong. Vi n6 khong co truc khuyu

Coils
Magnet support

- ;

Cylinder

Piston

nén co cau tric twong ty nhu dong co piston tur
do, luc ngang tao ra boi chuyén ddng cua cum
piston s& bi loai bo va mét loi thé cua giai phap
nay 13 nhiét sinh ra tir qua trinh dot chay it hon
nén lam giam kha nang anh huong dén tinh nang
cuia nam cham vinh ctru va cudn day.

Permanent magnets
*U VW T RT T T T TT]

Hinh 5. Pong co piston tw do loai piston kép ciia Mazda [1]

3.2 Phéan loai dong co piston tw do
Vé céu tao FPE c6 thé cAu thanh tir mot trong
hai kiéu dong co 1a dong co hai ky va bon ky. Tuy

nhién dong co bién thé tir dong co hai ky duoc
nghién ctru nhiéu hon vi FPE bon ky gap van dé
16n trong dicu khién chuyén dong, do yéu cau dicu
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khién dién tir phirc tap vé thoi diém dong mo
xupap nap va xa. V& phan loai theo b tri thi ¢6
nhiéu dang nhu piston don, piston kép, piston kép
d6i dinh va nhiéu céu hinh piston phirc tap khac
[1,[3],[6]. Chung ta s& phan tich chi yéu ba dang
piston don, piston déi dinh va piston kép.
3.2.1 Piston don

FPE véi piston don duoc thé hién trén
Hinh 7, dng co nay bao gdm ba phanco ban:
xylanh va budng chay, thiét bi nap va bo phan
thu hdi dé tich trit nang luong can thiét (nén khi

nap cua lylanh tiép theo). Xylanh thuy luc dong
vai tro 1a thiét bi vira tai vira phuc hdi vi tri.
Thiét ké don gian v6i kha ning kiém soat cao la
diém manh chinh cia thiét ké piston don so v6i
céc cau hinh dong co piston tu do khac. Thiét bi
phuc hoi c6 thé tao co hoi dé kiém soat chinh
xac lugng nang luong dua vao qua trinh nén va
do d6 diéu chinh hanh trinh va ty sé nén phu
hop. Han ché ciia dong co nay 1a kha ning can
bang kém va khé kiém soat chinh x4c chirc ning
hoat dong ciia bo phan phuc hdi.

Hinh 6. Cau hinh FPE dang piston don [2]

3.2.2 Piston kep

CAu hinh piston kép (hodc budng dét kép),
dugc thé hién trong Hinh 8, 1a cha dé cho nhiéu
nghién ctu gan day vé cong nghé dong co
piston tu do. Dang cdu hinh piston kép c6 hai
budng ddt riéng biét, duoc nghién ctru nhidu
nhat trong giai doan gan day. Cau hinh nay loai
b6 sy can thiét ctia thiét bi phuc hdi, vi piston
lam viéc (bat ky lic ndo) cung cép cong viéc dé
dan dong qua trinh nén trong lylanh. Piéu nay
cho phép mét thiét bi don gian va nho gon hon
v6i ty 1& cong suét trén trong luong cao hon.

Tuy nhién, mot s6 van dé véi thiét ké piston kép
nhu viéc kiém sodt chuyén dong cua piston, dic
biét 1a chiéu dai hanh trinh va ty s nén, to ra
kho khan, diéu nay 1a do qua trinh ddt chay
trong mot xylanh dan dén anh huong ap luc nén
& xylanh kia, va nhiing thay dbi nho trong qua
trinh d6t chay s& c6 anh hudng 16n dén 1an nén
tiép theo. Pay 1a mot thach thirc kiém soat néu
qué trinh dot chay duoc kiém soat mot cach
chinh xac dé t6i wu héa khi thai va / hogc hidu
qua [4],[5].

Hinh 7. Cu hinh dang piston kép c¢6 hai budng dot [2]
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3.2.3 Piston kép doi dinh hoan hao vi piston dugc ddng b héa bang cac
Dong co piston tw do dbi dinh (Hinh 9), vé lién két co hoc. Tuy nhién, viéc sir dung
co ban bao gdom hai piston don v&i mot budng budng ddt chung gay mat nhiét, qua trinh diéu
d6t chung. Mdi piston s& c6 mot budng day khién ciing phiic tap va kich thugc 16n, cong
riéng biét va hai piston phai chuyén dong kénh do phai dung dén co cdu dé dong bd hoa
trong xung v6i nhau. Thiét ké nay can bang va cum diéu khién.
Bounce chamber Combustion chamber

Piston synchronisation

Hinh 8. M6 hinh FPE piston ddi dinh véi co ché dong b hoa piston

Ngoai ra con c6 loai piston kép (Hinh 10) da s& anh hudng dén lylanh con lai. Ngay nay bang
dugc nghién curu boi nhiéu nhém khac nhu Pai tién bo khoa hoc k¥ thuat thi chung ta cd thé cai
hoc West Virginia, Pai hoc Teknologi thién do 6n dinh hoat dong cua dong co, co thé
PETRONAS va Volvo technology Corporation. kiém soat qua trinh chay, lgi dung qué trinh
Hiéu qua lam viéc cua dong co dugc thuc hién chay cua buéng nay dé sinh luc nén cia buéng
béng su két hop chat ché su chuyén dong cua kia, dat duoc hiéu suét cao nhat.

hai piston boi ap suat trong mét lylanh thay doi

Intake port Coil Piston

] | DI DI D BT X B DI ] |

| L L

N B &

Exhaust port Permanent magnets

Hinh 9. MAu dong co piston ty do dwoc phat trién tai Pai hoc West Virginia

3.3 Nguyén ly lam viéc va irng dung trén o6 to dé 1am ning lugng nén cho qué trinh nén tiép
3.3.1 Nguyén ly lam viéc theo. Trong FPE chuyén dong cua piston & bat

Nguyén ly lam viéc cling twong tu nhu ICE, ky thoi diém nao ciing s& duoc kiém soat bang
déu thuc hién du cac qua trinh nap; nén; chay- téng luc tic dung 18n no, do d6 sy tuong tac cia
gidn no sinh cong va xa. Nhung ¢ ICE co ciu cac luc tac dung 1én piston phai dugc sap xép
truc khuyu, banh da déng vai trd diéu khién theo cach dam bao dé chuyén dong cua dong co
chuyén dong cua piston va duy trir nang luong, nim trong giGi han cho phép.

luu trit nang lugng cia qua trinh chay gian no
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Combustion chamber
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™~ Bounce chamber

Hinh 10. Pong lwe hoc ciia ddng co piston tw do: (a) cAu hinh dong co piston don;
(b) so' dd cac luc tac dung 1én khdi chuyén dong

Péi véi mot loai dong co nhu Hinh 11a,
ngudi ta ¢é thé rat ra chuyén dong cua dong co
bang cach tinh todn cic luc trén khdi chuyén
dong tu do nhu Hinh 11b. Céc luc tac dung Ién
khéi luong chuyén dong la: luc ap suat budng
a6t F., Tuc nay (luc bat lai) Fy , luc tai £, vi
tri diém chét trén (TDCy) va diém chét dudi
(BDCy), thong qua bo gidi han cta chuyén
dong. Budng nay sé c6 dic diém tuong tu nhu
1a 10 xo khi, chung s€ tao ra mot chuyén dong
bat lai piston. Trong truong hop c6 tai, khi do6
can phai ¢6 su diéu chinh cho phu hop dé kiém
soat chuyén dong tinh tién cua piston. Uu diém
cua FPE so véi ICE 1a mét trong nhitng dong
lyc dé cac nha nghién ciru tiép tuc phat trién
nhu viée loai bo co cdu quay gitp giam dang
ké s6 luwong chi tiét, cling nhu giam do phic
tap va diu nay c6 kha ning mang lai mot sb
loi thé:

- Giam déang ké sé céc chi tiét chuyén dong
trong FPE, diéu nay ciing giam cic yéu cau boi
tron trong lylanh va lam giam chi phi bao
dudng, sira chira.

- Ngoai ra, viéc khong co truc khuyu giup
loai bo ton that ma sat va chuyén dong tinh tién
hoan toan dan dén giam tai trong ngang tac dung
1€n piston.

-S4 luwgng bo phan giam nén chi phi san Xuét
cua FPE.

- Vi s6 lugng cac bo phan chi tiét giam,
s& giam kich thudc va trong lugng dong thoi
giam chi phi san xuét cho dong co khong truc
khuyu FPE.

3.3.2 Ung dung trén 6 t6

M4y phat tuyén tinh tich hop véi dong co
piston tu do (FPLG-Free Piston Linear
Generator), cong nghé nay hién dang dugc
quan tam rat nhidu cia cac nha san suét 6 to.
Véi vu diém hiéu suét cao cia may dién, cung
v6i tinh linh hoat va kha nang diéu khién cang
lam cho FPE ngay cang dugc quan tim nhiéu
hon. Pong luc thic ddy sy phét trién ciua dong
co piston tu do ung dung phét dién hudng vao
ctia nganh cong nghiép 6 t6 d6i vdi cong nghé
xe dién va xe lai (Hinh 12). Vi kha nang ap
dung cua cac thiét bi dién tir cong suit thich
hop c6 thé cho phép st dung dong co & ché do
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hiéu suit van hanh tt nhét trong moi ché do.
Dé h¢ thdng thiét bi mang lai hiéu qua cao thi
phai ding bo phan chuyén dbi nang lwong mot
céch t6i wu. Ché do 1am viéc hiéu qua ciia FPE
va kha nang chiu tai cua may phat dién duogc

Electric motor

Bateery pack

két hop tdi wu, viéc khai dong ciing nhu diéu
khién cho tai 6n dinh, doi hoi phai dugc kiém
soat va diéu khién. Mot sé ing dung thanh
cong FPE vao may phat dién nhu cua hang
Genneral Motor, Ford Motor.

FPLG Fuel tank

modules &
Power

electronics

Hinh 11. Vi tri cia FPE dung trén 6 t6 dién [7]

4. KET LUAN

DPong co piston tu do 1a dong co ddt trong
dugc loai bo co cau tay quay con trugt trén dong
co dbt trong truyén théng. Uu diém 16n cua
dong co nay la trict tién hoan toan luc ngang tac
dung 1én xylanh, giam thiéu ma sat va tang hiéu
sudt 1am viéc. Ngoai ra kiéu két cdu nay con cho
phép dong co thay d6i ty sé nén, c6 thé téi uu
héa qué trinh dét chdy, st dung v6i nhiéu loai
nhién lidu khac nhau gop phan han ché sy phu
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