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Tom tat

Bai viét nay trinh by cdc nguyén tic co ban vé Iy thuyét,
thwe nghiém lién quan dén viéc tinh todn, thiét ké, thir nghiém
dong co plt tong tir do hai thi. Cu thé trong nghién ciru nay, tic
gia. dé xudt mau dong co pit tong tyr do hai thi, pit tong kép 2
buéng dot. Péng co ¢6 cong sudt 1,5 kW, ¢é dwong kinh pit tong
34 mm, hanh trinh t6i da 28 mm va danh lira cudng birc. Tir mé
hinh dé xudt tién hanh ché tao mé hinh thuc dé ldy 6 liéu kiém
tra tinh hop Iy cdc thong sé. Cdc két qua so bé vé thiét ké va tinh
todn ciia dong co pit téng ti do dwoc hién thi va cdc cong trinh
tiép theo dwoc khuyén nghi.

Abstract

This paper presents fundamental theoretical and
experimental principles related to the calculation, design and
testing of a two-stroke free-piston engine. Specifically, in this
study, the model of a two-stroke free-piston engine with a two-
combustion chamber dual-piston. The engine has the power of
1.5 kW, a bore size of 34 mm, a maximum stroke of 28 mm and
forced ignition. From the proposed model, the model of an
actual engine was manufactured to gather the data for checking
the rationality of the parameters. The preliminary results on
design and calculation of a free-piston engine are showed and
further works are recommended.

1. GIOI THIEU

Do nhién liéu hda thach han ché va
tiéu chuan khi thai nghiém ngat, vi vay
dong co thong thuong c6 xu hudng duogc
thay thé bang dong co sach va tiét kiém
nhién liéu. Pit tong tu do (FP) xem xét
giai phéap véi nhiing loi thé cua viéc giam
luong khi thai NOx [1], da nhién liéu [2]
va hiéu suét cao [3]. Viéc khéng co truc
khuyu lam cho cau trdc cua FP trg nén

don gian, giam ma sat so vd&i dong co
thong thuong [4]. Trong nhitng nim gan
day, nhiéu nhém nghién ctru dang nghién
ciru cac mau dong co dot trong khong
truc khuyu (FPE) thay thé cho cac dong
co thong thuong [5, 6] nhung cac mau
nay thuong dugc kiém soat rat phac tap.
Dé khic phuc nhitng van dé nay, mot mau
FPE Vi cau hinh pit tong kép di duoc dé
xuat, bang cach loai bo may phat dién,
khoi dong co hoc, ¢b dinh diém chét trén
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(TDC) lam cho déng co don gian hon dé
nghién cau.

2. NOI DUNG NGHIEN CU'U
2.1. Bai Phdt trién dpng co

FPE 1a dong co chuyén ddi tir ning
lugng nhiét sang nang lugng dién. FPE c6
kha ning thay doi ty s6 nén, do d6 phu
hop cho hoat dong da nhién li¢u [7]. Hon
nira, hiéu suat nhiét cao 1a loi thé gidp nd
phu hop cho ung dung xe dién hybrid [8].
Hién nay, cac ciu hinh coa dong co
khong truc khuyu phat dién tuyén tinh
(FPLE) gom cé: pit tong don, pit tong
kép (chi c6 1 budng d6t) va pit tong ddi
dinh, nhung cau hinh pit tdng kép c6 kha
nang cung cap hiéu suat cao mac di né co
CAu tao twong ddi don gian [9]. Trong bai
bao nay, mot mau dong co pit tdng kép
don gian (2 budng dbt) duwoc d& xuat
(Hinh 1). Cau tao ciia dong co bao gém:
hai budng ddt, co cau khoi dong co khi,
truc dan dong.

Dong co hoat dong trén nguyén ly su
giai phong nhiét caa budng dbt thir nhat
s& tao ra ap suat nén ¢ budng dbt thur hai,
sau d6 budng d6t 2 s& giai phong nhiét
bang cach dot hoa khi bang tia lira dién
tao ra &4p suit nén & budng dét 1 va qué
trinh 1ap lai. Truc chinh mang may phat
dién di chuyén ty do giita 2 qué trinh giai
phong nhiét lién tiép cua 2 budng dot tir
d6 tao ra dong dién. Trong ciu hinh pit
tong kép su giai phong nhiét cua pit tbng
thir nhat anh huong rat Ién dén pit téng
thi hai vi FPE khong bi han ché béi co
cau truc khuyu — thanh truyén, diém chét
trén (TDC) va diém chét dusi (BDC)

khong ¢ dinh. Do d6, néu khéng c6 hé
thdng didu khién hop Iy c6 thé dan dén va
dap giita dinh pit tong va dau xi lanh. Bén
canh d6 ty s nén khong 6n dinh cé thé
dan dén sai s6 trong cac qué trinh hoat
dong cua dong co [10, 11]. Vi thé, mot co
cau co khi s& cd dinh TDC and BDC
duoc dé xuit nham tranh cho dong co
mét kiém soét, véi co cau nay viéc va dap
vao co ciu va kha ning FPLE hoat dong
gian doan duoc chap nhan. Trong mau
dong co nay, may phat bi loai bo dé don
gian hoa dong luc hoc tac dong lén truc
chinh. Vi loai bé may phat nén hé thong
khoi dong dién tir s& thay bang co cau
khoi dong co khi nén don gian hon vé
kiém soat va diéu khién.

Hinh 1. Mdu ddng co dé xudt
Cha thich hinh vé&: 1- Xi lanh sb 1;
2- Co ciu khai dong; 3- Thiét bi ting ap;
4- Bo ché hoa khi, 5- Khoang nén khi; 6-
Xi lanh s6 2.

Mau dong co sir dung 2 dong co 2 thi
dat ¢ 2 dau vai duong kinh xi lanh 34mm
va hanh trinh pit tdng 28mm, ty s6 nén
cao nhat 1a 7,5. Thong sb chi tiét cua
dong co duoc thé hién qua bang 1. Mot
thiét bi tang ap duoc b tri dwa nhién liéu
tir bo ché hoa khi vao trong budng nén,

-43-



No. 10/2021

Journal of Science, Tien Giang University

viéc dong mé cong xa va cong nap s& phu
thuoc vao quy dao chuyén dong cua pit
tdng. Hoa khi nap vao pit tong duoc dua
vao budng nén, sau khi pit tong dich
chuyén hoa khi bi nén vao budng dét qua
cong chuyén.
Bdang 1. Thong sé déng co
Théngso kj Ky

thugt higy 1
A Xang pha
Nhién |
ten Tt nhot (25:1)
S4 xi lanh i 2 xi lanh
S6 ky T 2 ky
Ti sé nén € 7,5:1
Buong kinh
x Hanhtrinh DxS 34mmp
Con 28mm
pit tong
Dung tich xy
\Y/ 3
Janh a  1x254cm
Khéi lwong
dich chuyén m 05kg

2.2. Y twng khéi dpng bang co khi

Viéc khoi dong phai dua FPLE 1én
mot tan sé nhat dinh dé tao ra &p suat nén
trong xi lanh [12]. Vi thé mot co cau khai
dong co khi duoc dé xuét, véi wu diém
don gian vé diéu khién so voi khoi dong
bang may phat, dam bao duoc khoang
dich chuyén cua pit tong. Co cdu banh
rang thanh rang duoc st dung, mot mo to
v6i cong suat tdi da 700W lam luc kéo
banh rang dich chuyén thanh rang ndi lién
Vai truc chinh.

Nguyén ly lam viéc: Banh rang bi
dong dugc lién két véi thanh ring va truc
chinh va quay tron trén truc cua no, khi
truc chinh dich chuyén banh ring bi dong
¢6 chire nang xac dinh vj tri truc chinh dé

banh riang chu doéng cai chinh xac khi
khoi dong. Banh rang chu dong lién két
véi tay quay, banh léch tim va dia xich
truyén dong tir mo to. Khi banh ring chi
dong va banh rang bi dong an khop voi
nhau théng qua chét lién két, luc tir mé to
thong qua banh léch tam t6i tay quay dan
dong truc khoi dong. Nhu vay, banh rang
dich chuyén thanh ring theo mot khoang
cach da dugc tinh toan trudc. Ngoai ra,
viéc diéu khién téc do khoi dong thong
qua bo diéu khién toc 6 mo to cho phép
dong co khai dong véi nhiéu téc do khac
nhau.

2

1“7 llll*‘—]:t

Hinh 2. Co cdu khdi déng co khi
Chu thich hinh vé: 1- Truc chinh; 2-
Thanh rang; 3- Truc co cau khoi dong, 4-
Banh ring bi dong; 5- Chét an khop; 6-
Banh rang bi dong; 7- Tay quay; 8- Banh
léch tam; 9- Banh ring truyén dong.

Hinh 3. Thiét ké géc dich chuyén
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Co chu banh ring thanh ring lam
cho TDC va BDC khong thay doi gidp
6n dinh khi khai dong. Khoang dich
chuyén 12 26mm, nhé hon hanh trinh t4i
da 28mm, nguyén nhan do khoang du
phong cho lyc quén tinh va sai sé gia
cong co khi. Tur phuong phap hinh hoc
c6 thé tinh duoc cac thdng sé thiét ké
(Hinh 3). « goc thay ddi dich chuyén, h
khoang cach tir tam tay quay dén tam
banh léch tam.

2.3. Tinh toan lwc khgi dong Fp
Thé tich cong tac duoc xac dinh boi
biéu thuc:

D2
V, =r—S 1
1 (1)
2
V, = O 34 0,28 = 0,0254(dm*)
Thé tich budng chay:
V, = Vh = 0,0254 = 0,0039(dm3) (2)
-1 75-1
Thé tich toan bd:
V, = Vp, + V, = 0,0293 (dm®) (3)
Thé tich bat dau nén:
D2
Vtrapped = ”T Se (4)
2
Viganres = 7 220,20 = 0,0182(dm)
Ty s nén cua thé tich trapped:
Vtra ed +Vc
Etrapped = ppv— (5)

C

0,0182 +0,0039
0,0039

=5,67

gtrapped =

Ty nhiét mol dang tich trung binh
cua khi nap méi:

0,00419T
2

mC, =19,086 + (kd/Kmol K)

(6)

Ty nhiét mol dang tich trung binh
ctia san pham chay:

mC, =19, 086+£ (kJ/kmol K)  (7)

Ty nhiét mol dang tich trung binh
ctia hon hop khi trong qua trinh nén:

mC +7,m
va _ v (kJ/KmoI K) (8)

1+}/r

Xéc dinh chi s6 nén da bién trung
binh n;:
8,314
=" 9)
a, +5Ta (g“l‘l +1)

trapped

Bang cach thay dan céc gia tri n; vao
hai vé ctia phuong trinh dén khi can
béng nhau ta duogc gia tri n; = 1,38

Ap suat cudi qua trinh nén:

pc = pa'gtr;lapped :1!1752(Mpa) (10)
Ta co:
7ZD2
F, = p.A=P, (11)
2
F, =11752 70.34" _ 0,0011(MN)
4
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Ap dung phuong trinh dong luc hoc
lac khéi dong :

— R — D —

(12)

Trong do :

_—

: Luc khi thé xi lanh 1
- Luc khi thé xi lanh 2
: Luc ma sat

Feog © Luc dién tir

Do hé sé ma sat gitta cac bé mat kim
loai rat nho va c6 boi tron nén lyc ma sat
khong dang ké nén ta bo qua. Do phan
may phat dién tuyén tinh chua dugc dua
vao nén luc dién tir bang khong. Vay dé
khéi dong dugc dong co thi lyc tao ra tur
co ciu khoi dong phai 16n hon hodc bang
Fp = 1100 (N).

Chon tan s6 khéi dong f = 10 Hz (600
v/ph). Tién hanh tinh toan nguoc tir truc
chinh vé& mé to khoi dong va tinh dugc cong
suat may khoi dong phai 16n hon hodc bang
421W. Chon mo to khoi dong cua xe may cod
cong suét toi da khoang 700W.

2.4. Két qua thuc nghi¢m khoi dong

QUuAa trinh khoi dong phai dam bao duy
tri mot 4p suat du I6n dé hoa khi co thé chay.
Nhu vay, dong co phai dat téc do cao va
moémen l6n dé vuot qua lyc ma sét, &p suét
nén & hai dau xi lanh. Md hinh thyuc nghiém
duoc thé hién qua Hinh 4. Cam bién 4p suat
Sensys M5256 4p suit do cuc dai 350

Kg/em? chiu dugc nhiét do 85°C, véi ngd ra
0V-5V, sai 56 0,1%, tinh hiéu duoc thu thap
bing may do xung chuyén dung X431TOP.
Mb hinh do 4p suit nén trong xi lanh nhu
Hinh 5.

Hinh 4. M6 hinh thuc nghiém
Hinh 6 cho thiy co cdu khoi dong
duoc kéo bai mé to ¢ thé duy tri mot toc
do6 tbi da 0,4 m/s véi tan sé khoang 10Hz.
Tuy nhién, toc d6 c6 thé thay ddi bang
cach thay doi ty s6 truyén cua bo truyén
xich & mo to.

Hinh 5. M6 hinh do dp sudt nén

Chua thich hinh vé: 1- Qum bobin
danh lira tryc tiép; 2- Cam bién &p suit;
3- Xi lanh.
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Hinh 6. Biéu do vdn toc va thoi gian
khoi dong

Hinh 7 cho thdy ap suat nén trong xi
lanh t6i da dat dwoc 3,5 — 4,5 kg/cm? va
6n dinh trong thoi gian con lai, tuy toc do
dong co dat cuc dai trong khoang thoi
gian 0,5s nhung ap suét cuc dai dat duoc
trong khoang 2s. Diéu nay cho thiy, ap
suat nén trong xi lanh cuc dai phai c6 sé
lan dao dong nhat dinh. Ap suat cuc dai
gitra xi lanh 1 va xi lanh 2 khéng bang
nhau c6 thé du doan truéc do sai sb vé
gia cong co khi. Voi ap suat cuc dai nay
da cho dong co danh lira thanh céng.

==f=Xylanh1

4 %.:
3 == Xylanh 2

7
| y
: /

0 02040608 1 12141618 2
Thai gian (s)

Ap suat (kg/cm?)
[ I N : w

Hinh 7. Biéu do dp sudt nén trong xi
lanh va thoi gian khoi dong
3. KET LUAN

Bai bao dé xuit mot mau FPE don
gian voi khai dong bang co khi. Mot sb
két qua ban dau cho thdy dong co c6 thé
hoat dong 6n dinh & toc do 0,4 m/s véi &p
SUat nén cuc dai 4,0 — 4,5 kg/lcm?, thoi
gian dat dwoc p suat cuc dai twong ddi
ngan trong khoang 2s. Nhu vay, dong co
c6 thé dam bao cac quéa trinh cua dong co
2 thi. Viéc stir dung mo to gitp FPE khoi
dong & toc d6 on dinh va dé dang diéu
khién. Ngoai ra voi co ciu nay c6 thé

gilp nghién ciru dong co dbt trong khong
truc khuyu két hop voi may phat dién
tuyén tinh ma khdng can dong co hoat
dong. Ap suat ¢ hai dau xi lanh khac
nhau 1a van dé can phai giai quyét trong
thoi gian t6i. Thuc té, mau dong co da bat
dau thir nghiém danh lira cudng bic trong
qua trinh khoi dong va da thanh cong
trong mot vai chu ky nhung can phai
nghién ciu téi wu hon.

TAI LIEU THAM KHAO

[1]. H. Feng, C. Guo, C. Yuan, Y.
Guo, Z. Zuo, A. P. Roskilly, et al. 2016.
"Research on combustion process of a
free piston diesel linear generator",
Applied Energy, vol. 161, pp. 395-403.

[2]. R. Mikalsen and A. P. Roskilly
(2007). "A review of free-piston engine
history and applications”, Applied
Thermal Engineering, vol. 27, pp. 2339-
2352.

[3]. J.Hanssonand M.Leksell (2006).
"Performance of a Series Hybrid Electric

Vehicle with a Free-Piston Energy
Converter".
[4]. B. Jia, R. Mikalsen, A.

Smallbone, and A. Paul Roskilly (2018).
"A study and comparison of frictional
losses in free-piston engine and
crankshaft engines”, Applied Thermal
Engineering.

[5]. M. R. Hanipah, R. Mikalsen, and

A. P. Roskilly (2015). "Recent
commercial free-piston engine
developments for automotive
applications”, Applied Thermal

Engineering, vol. 75, pp. 493-503.

[6]. Jia B, Tian G, Feng H, Zuo Z,
Roskilly AP (2015). “An experimental
investigation into the starting process of

-47-



No. 10/2021

Journal of Science, Tien Giang University

free-piston engine generator”,
Energy 2015; 157: 798-804.

[7]. R. Mikalsen and A. P. Roskilly
(2007). "A review of free-piston engine
history and applications”, Applied
Thermal Engineering, vol. 27, pp. 2339-
2352,

[8]. J. Hansson and M. Leksell
(2006). "Performance of a Series Hybrid
Electric Vehicle with a Free-Piston
Energy Converter".

[9]. Q. Li, J. Xiao, and Z. Huang
(2008). "Simulation of a two-stroke free-
piston engine for electrical power
generation”, Energy & fuels, vol. 22, pp.
3443-3449.

[10]. R. Mikalsen and A. P. Roskilly
(2010). “The control of a free-piston
engine generator. Part 2: Engine

Appl

dynamics and piston motion control”,
Applied Energy, vol. 87.

[11]. Boru Jia, Zhengxing Zuo,
Huihua Feng, Guohong Tian, A. P.
Roskilly (2014). “Development approach
of a spark-ignited free-piston engine
generator”, SAE Technical Paper, No.
2014-01-2894.

[12]. Hung NB, Lim O (2014). “A
study of a two-stroke free piston linear
engine using numerical analysis”, J] Mech
Sci Technol 2014; 28: 1545-57.

[13]. R. Mikalsen, E. Jones, and A.
P. Roskilly (2010). “Predictive piston
motion control in a free-piston internal

combustion engine”, Applied Energy,
vol. 87, pp. 1722-1728.

-48-



