TAP CHI TAM LY - GIAO DUC

NGHIEN CUU THIET KE VA THU'C NGHIEM QUA TRINH CHAY
TRONG PONG CO PISTON TU DO KHOI PONG BANG CO KHI
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Truong Pai hoc Tién Giang

Tom tit: Bai bao nay trinh bay thiét ké va danh gid thuc nghiém ciia Péng co Piston tw do (FPE) hai ky, hai piston st
dung co cdu khoi dong co hoc doc ldp. Trdi ngwoe véi cdc phwong phdp thong thuong diwa trén mdy phat dién tuyén tinh,
nghién cieu ndy dé xudt mét co cau khoi dong dua trén nguyén 1y Scotch Yoke dé tao ra dao dong cong huwong on dinh. Két
qua thir nghiém cho thdy déng co dat dwge dp sudt nén khéi dong la 4 bar va dp sudt chdy cwe dai lén dén 13 bar, dam bao
qud trinh chuyén déi thanh céng tir giai doan khéi déng sang giai doan tw duy tri.

Tir khéa: dong co Piston ti do (FPE), chu trinh hai ky, cau hinh piston kép, xdc thuc thic nghiém, co cdu khoi dong
co hoc

RESEARCH ON DESIGN AND EXPERIMENT OF COMBUSTION PROCESS
IN MECHANICALLY STARTED FREE PISTON ENGINE

Abstract: This paper presents the design and experimental evaluation of a two-stroke, dual-piston Free-Piston Engine
(FPE) utilizing an independent mechanical starting mechanism. In contrast to conventional approaches that rely on linear
electric generators, this study proposes a starting mechanism based on the Scotch Yoke principle to induce stable resonant
oscillation. Test bench results demonstrate that the engine attained a starting compression pressure of 4 bar and a peak
combustion pressure of up to 13 bar, ensuring a successful transition from the starting phase to self-sustaining operation.
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Mechanical starting mechanism
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I. PAT VAN DE

Trong bdi canh nhu cau ning luong toan cau
ngdy cang ting va cac quy dinh vé khi thai ngay
cang that chat, cong nghé dong co dbt trong dang
trai qua nhitng budc chuyén minh manh mé. Pong
co Piston Tu do (FPE) da ndi 1én nhu mot giai
phap chuyén d6i ning luong tién tién, thu hat sy
quan tdm sdu sic tir cong dong nghién ctru qubc
té. Bang cach loai bo hoan toan co ciu truc khuyu
- thanh truyén rang budc dong hoc, FPE giai phong
chuyén dong cua piston, cho phép dat duoc nhitng
dic tinh vu viét ma dong co truyén théng khong
thé c6 duoc: kha ning bién thién ti s6 nén (Variable
Compression Ratio - VCR) theo thoi gian thuc,
giam thiéu t6i da lyc ngang va ma sat piston, ciing
nhu t6i vu héa qua trinh chay cho da dang cac loai
nhién li¢u. Nhitng dac tinh nay dinh vi FPE 1a iing
clr vién sang gia cho cac hé théng phat dién hybrid
va céac tram phat di¢n phan tan hi¢u suit cao.

Tuy nhién, chinh sy tu do vé dong hoc lai datra
thach thirc ky thuat cdt 18i can tro viée thuong mai
hoa FPE: vin dé diéu khién chuyén dong piston,
dac biét la trong giai doan khéi dong. Khong
gidng nhu dong co truyén thong co thé dua vao
mo-men quan tinh ctia banh da dé vuot qua diém
chét, FPE yéu cau mot ngu(‘A)n ngoai lyc chinh xac
dé kich hoat dao dong va nén hdn hop khi dén
diéu kién tu chay hodc danh lira.

Phan bi¢n: 20/10/2025
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Céac nghién ctu trude ddy chu yéu tip trung
vao viéc tich hop may phat dién tuyén tinh (Linear
Generator - LG) van hanh & ché do dong co dé
khoi dong. Céc chién luge nhu “chuyén ddi tic
tho1” (instantaneous switching) hay “cong huong
dao dong” (resonance oscillation) di duoc dé
xuat. Tuy nhién, viéc s dung LG dé khoi dong
thudng gip phai cac han ché nghiém trong: cong
sudt may phat thuong khong du 16n dé thang ap
suit nén trong mot hanh trinh don, va vi¢c diéu
khién cong huong dién tir doi hoi cac thuat todn
phirc tap dé xtr 1y sy thay doi lién tuc cua tai va
chiéu dong dién.

Dé giai quyét van dé nay, nghién ctru dé xuat
mot phuong phap tiép can khac biét: phat trién
mot co ciu khai dong co khi doc lap dua trén
nguyén 1y co cau Culit. Giai phap nay nham muc
dich tach biét hoan toan chirc nang khéi dong
khoi hé thong phat dién, don gian héa bai toan
diéu khién va ddm bao tinh 6n dinh cta hanh trinh
piston trong giai doan nhay cam nhat. Bai bao dé
cap dén thiét ké hé théng va cung cap cac bang
ching thue nghiém xac thuc tinh kha thi cia mo
hinh d& xuét.

II. NQI DUNG NGHIEN CUU

2.1. M6 hinh dgng co va hé thong thue nghiém

2.1.1. Cau hinh dong co
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Moé hinh FPE duoc thé hién trong hinh 1,
sir dung hai dong co hai ky voi hé thong danh
lira bang tia lira dién. Cac thong sb k¥ thuat cua
nguyén méu dugc tom tit trong bang 1. Mot co
ciu co khi dugc sir dung dé khO’l dong dong co
bang cach dan dong plston v6i tan sb tuyén tinh
cho dén khi dat dén 4p suat danh lira. Hé thong
danh Itra bao gdm cudn day déanh lira, IC danh lura
va bugi danh lua. Khi co cAu van hanh, nhién liéu
dugc phun vao duong dng nap dé tao thanh hdn
hop khong khi —nhién liéu. Hon hop nay sau d6 di
vao budng phuy trong hanh trinh nap qua van mot
chiéu. Trong qua trinh quét, hdn hop dwoc chuyén
tur budng phu dén xylanh, noi dién ra cac qua trinh
en dot chdy va xa.

Hinh 1. SO’ dé ciia FPE
Ghi chu: 1. Bugi; 2. Xylanh trdi; 3. Piston; 4. Voi phun
nhién liéu; 5. Budng chira phu; 6. Khoi dong co khi; 7. Cua
nap khi; 8. Van mot chiéu; 9. Cira quét; 10. Xylanh phai; 11.
Cuwaxa; 12. Truc két néi chinh; 13. Gidi han hanh trinh piston.

Bdng 1. Théng s6 ky thudt cia dong co

S6 xylanh 2

Loai dong co 2 ky
Duong kinh xylanh 34 mm
Hanh trinh khéi dong 22mm
Hanh trinh t6i da 30 mm
Ti s6 nén toi da 10,5:1
Nhién li¢u Xang

2.1.2. Co cau khdi dong co khi

Hé thong khéi dong duoc thiét ké dé chuyén
d6i chuyén dong quay tir dong co dién thanh
chuyén dong tinh tién dao dong cia truc piston
thong qua co cdu Culit va bo truyén banh ring -
thanh rang. Co ché hoat dong: Mot dong co di¢n
500W din dong banh léch tam. Chuyén dong ctia
banh léch tim duogc truyén qua tay quay va con
truot, tao ra dao dong tinh tién cho thanh ring gin
trén truc chinh. Ly hop tir: Mt co cau ly hop tir
dugc tich hop dé két ndi co cdu khai dong vdi truc
dong co trong giai doan dau va ngat két ndi ngay
1ap tirc khi qua trinh chay bét dau, cho phép piston
chuyén sang dao dong ty do, thé hién ¢ hinh 2 va
hinh 3.
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Hinh 3. Co cau khéi dong co khi
Ghi chu: 1. Truc chinh; 2. Thanh ijdng,' 3. Truc trung
gian; 4. Banh rang dinh vi; 5. Chot ket noi; 6. Ly hop tu;
7. Tay quay; 8. Banh léch tam; 9. Truc khoi dong,
10. Pia xich khoi dong

2.1.3. Hé théng diéu khién va thu thip dir liéu

Mo hinh thyc nghiém ctua dong co FPE dugc
thé hién chi tiét tai hinh 4 va hinh 5. Quy trinh
thyc nghiém duoc chia thanh hai giai doan chinh
gom khoi dong va van hanh. Giai doan khoi dong
kéo dai 1,4 gidy va tuan theo trinh tu nghiém ngt
bat dau bang thao tac dong ly hop tir song song voi
viée kich hoat bo dém thoi gian khi c6 tin hiéu. Ngay
khi xac nhan dong co di chuyén dong, hé thong tién
hanh phun nhién lidu, sau d6 thyc hién ngit ly hop
tir va dénh Itra khi thoi gian chd hoan tt.

Hé théng s& chuyén sang ché d6 van hanh on
dinh ngay khi qua trinh chay khoi phat thong qua
chu trinh x4c dinh vi tri piston dé diéu khién phun
nhién li¢u va danh ltra. Bong co FPE hoat dong
& ché d6 khong tang ap tai mic 1,05 bar va khdi
luong nhién liéu dugc thay doi dé khao sat tac dong
1én toc d6 dong co. Cac tham sb ctia hé thong danh
lira trong thir nghiém nay duoc thiét 1ap c¢b dinh
bao gdm thoi diém ngat dong so cép cach diém
chét trén 22 mm, thoi gian tich trif ning luong 5 ms
va luong nhién li€u phun duy tri & mic 2 mg.

Hé théng phun xfing-
danh hira

(xy lanh tréi)

bt _ i
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g
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NI-USB 6212 4,’—"—‘

Hinh 4. So do bé tri thi nghiém

T2y yuyL)

b6 khuéch dai
Kistler 5010
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Hinh 5. Mo hinh thi nghiém FPE )
Ghi chu: 1. May tinh; 2. M6 hinh FPE; 3. By khuéch
dai Kisler 5010; 4. Bo do xung PicoScope 4425.

Trong céc thi nghiém, thoi diém dénh lira dugc

xac dinh ngay khi tia ltra dién dau tién xuit hién.
Hé thong diéu khién va giam sat FPE duoc xay
dung trén nén tang phan mém LabView, tich hop
cung thiét bi do ludng PicoScope 4425.

Dé thu thap dir liéu ap sut chay trong xy-lanh,
nghién ctru str dung cam bién ap suit AVL-ZF43
két ndi qua bo khuéch dai tin hiéu Kistler 5010.
Céc thong sd dong hoc nhu vi tri va van tdc piston
duoc ghi nhan thong qua mot encoder c6 d phan
giai 0,2 mm/xung. Cudi cung, thiét bi NI-USB
6212 déng vai trd trung gian, truyén tai toan bo
tin hiéu diéu khién va dir liéu tir cam bién vé may
tinh xu ly.

2.2. Két qua thwe nghiém va thao luan

2.2.1. Bdc tinh giai doan khoi dong

Thuc nghiém cho théy co cau Culit hoat dong
6n dinh, duy tri bién d6 dao dong piston chinh xac
& mirc 22 mm véi tan s6 10 Hz. Ap suat nén tai cudi
qué trinh nén khoi dong, ap suat xylanh dat trung
binh 4 bar, Hinh 6. Pay 13 ngudng t6i han du dé hd
trg qua trinh bét chay ddi véi nhién liéu xing. Vé
mit 6n dinh co khi, co cdu truyén dong hoat dong
muot ma trong 1.4 gidy khai dong, khong xudt hién
hién tugng trugt hay va dap co khi, Hinh 7.
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Hinh 6. Két qud qud trinh nén khoi dong
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Hinh 7. Vi tri dich chuyén ciia piston trong qud trinh khoi
dong va hoat dong
2.2.2. Qua trinh chay va chuyén tiép
Két qua do dac tir cam bién ap sudt AVL-ZF43
ghi nhan dién bién 4p suét tai chu ky chay dau tién.
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Dic tinh van hanh ngay sau thoi diém ngat ly
hop va kich hoat danh lira, 4p sudt trong xylanh
gia ting dot bién tir 4 bar 1én ngudng 8 — 13 bar,
tiy thudc vao chat luong hoa khi cua timg chu
trinh. Sy bung nd ap suat nay kéo theo su thay
d6i 16n vé dong hoc, day van toc piston ting vot
tir 0.7 m/s (giai doan khoi dong) 1én dén 5 m/s
(giai doan chuyén dong tu do). Pac biét, do piston
khong con chiu rang budc cimg béi co cdu Culit,
diém chét trén (TDC) trong qua trinh chay c6 xu
huéng dich chuyén xa hon khoang 30 mm. Hién
tuong ndy 1am ting ty sd nén thyc té, tao tién dé
quan trong giup ap suit chay dat mirc cao hon &
cac chu ky ké tiép.

Phan tich sy 6n dinh Mic du qua trinh khoi
dong dién ra thanh cong, cho thiy sy dao dong
dang ké vé ap suét dinh gira cac chu ky lién
tiép. Su bat 6n dinh nay cha yéu xuat phat tir hai
nguyén nhan. Thir nhat 13 d6 tré danh Iira: du thoi
diém danh Itra duoc ¢b dinh ¢ mirc 22 mm trudce
TDC, su bién thién 16n cua van toc piston (tur 0.7
m/s 1én 5 m/s) dan dén sai 1éch vi tri thuc té cua
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piston khi mang Itra hinh thanh. Thu hai 1a do luu
lwong khi nap: co ché quét khi 2 ky hoat dong
dudi van toc bién thién lién tuc da gay ra sy khong
6n dinh trong ty 18 hoa khi (AFR).

III. KET LUAN

Nghién ciru di thiét ké va van hanh thanh
cong hé théng FPE hai ky tich hop co céu khai
dong co khi doc 1ap. V& tinh kha thi, co cdu Culit
da chung minh hi¢u qué vuot trdi khi tao ra ap
suat nén 6n dinh & muc 4 bar, dam bao diéu kién

t6i wu dé khoi phat qua trinh chay. Ngay trong
chu ky déau tién, dong co dat 4p suét dinh toi 13
bar, tao du luc dé thing quan tinh va chuyén tiép
mugt ma sang ché d6 van hanh tu do. Nhirng
két qua nay mang lai dong goép quan trong, cung
cap mot giai phap khoi dong don gian va tin cay
thay thé cho phuong phap sir dung may phat dién
tuyén tinh phtrc tap, dong thoi mo ra huéng di
tiém ning cho viéc phét trién cac nguyén miu
FPE chi phi thap.
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