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Tom tat - Hién nay, cac nha khoa hoc va céc hang san xuét dong
co dbt trong dang quan tam dén s dung LPG Iam nhién liéu, déc
bigt phai ké dén dong co c& nhé kéo may phat dién vi mang lai dugc
nhiéu lgi ich thiét thwe. Bai bao trinh bay két qua nghién clru xac
dinh géc danh Itra sém tdi wu theo tiéu chi tiéu hao nhién liéu thép,
phat thai 6 nhiém thap va dong co' lam viéc 6n dinh dbi voi cum
dong co-may phat dién 168F dung LPG va (rng dung hé thong danh
Itra dworc thiét ké dé didu khién thay ddi géc danh Ira sém. Quy luat
thay ddi géc danh Itva sém (Y, dd) theo phu tai dién clia cum dong
co-may phat (X, kW) la Y= -5,3982.X + 24,681. Khi kh&i ddng, goc
danh Itra sém méc dinh 1a 25 d6 trwéc DCT. Suét tiéu hao nhién
liéu c6 ich gidm & tat ca pham vi cong suét ther nghlem gidm lon
nhat dén 4,9%. Hé théng danh Itra thiét ké nay c6 thé 4p dung cho
céac dong co twong tw, khi cé sw didu chinh phu hop dir liéu.

Tir khéa - may phat dién c& nhd; LPG; hé thdng danh Itra dién to;
tiéu hao nhién liéu; 6 nhidm khi thai.

1. Dat van dé

Str dung khi dau mo hoa long (liquified petroleum gas
- LPG) 1am nhién li€u cho cac dong co kéo may phat dién
that su rat can thiét va co y nghia rat 16n, dic biét 1a cac
may phat dién gia dung khi nhu cdu cta ngudi dan dang
tang cao. Tuy nhién, dén nay nhiing nghién ctru trong nude
chi méi dimg lai ¢ viéc hoan thién hé thdng cung cap, con
nghién ciru vé hé théng danh lira cho dong co LPG thi rat
han ché, hau hét chi st dung h¢ théng danh lra thuong véi
goc danh ltra ¢b dinh ¢ cac muc tai. Vi vay, viéc thiét ké va
ché tao hé thong tu dong didu chinh goc danh lira som cho
dong co dung nhién liéu LPG kéo may phat dién ¢ nho
nhdm ndng cao cac tinh ning kinh té ky thuat ciia dong co
LPG va gop phan dua LPG vao st dung rong rai trén dong
co méay phat dién 1a mot viéc lam can thiét.

2. Co s& thiét ké
2.1. Co 56 Iy thuyét

Hé¢ théng danh lra (HTPL) c6 nhiém vu phat tia lira
dién trong budng chay dong co d€ dot chay hon hgp nhién
liéu khong khi dung thoi diém va ding thir ty lam viée cua
cac xy lanh d6i voi dong co nhiéu xy lanh. Goc danh lira
t6iﬂ uu, twong Ung V(”)'i déng co ,duqc danh lra dang thoi
diém, s€ cho hi¢u suat chuyén doi nang luong cua dong co
1a cao nhat, tiéu hao nhién liéu thap nhat va 6 nhiém thap
nhét. Goc danh Iira toi vu phuy thudc vao di’éu kién van hanh
(toc d6 dong co, muc tai cua dong co, hé $0 du lugng kh()ng
khi, loai nhién li€u,..) va thong s két cau dong co (ty so

én,...) [1], [10], [11]

2.1.1. 86 vong quay dong co

Khi téc d6 dong co ting 1én hay giam xudng thoi gian
danh cho qua trinh chéy thay d6i do d6 can phai diéu chinh

Abstract - Currently, scientists and manufacturers of internal
combustion engines are interested in the use of LPG as fuel,
especially for small motor-generator due to much practical benefits.
This paper presents the results of research on determining the
optimum ignition timing according to the criteria of low fuel
consumption, low pollution emissions and stable operation of engine-
generator 168F fuelled with LPG and the applications of designed
automatic ignition system to this engine. Ignition timing (Y, before top
dead center) relates with load of the engine-generator (X, kW) by
equation Y=-5.3982*X + 24.681. On startup, the ignition timing is set
default as 25 degree before top dead center. Brake specific fuel
consumption of the engine decreased at all test load range, down to
4.9%. The designed ignition system can be applied to similar
engines, with minor adjustments to data.

Key words - Small engine-generator; LPG; electronic ignition
system; fuel comsumsion; pollution exhaut.

goc danh lira sém cho phit hop. Thong thudng khi tée do
dong co tang goc danh Ira som ciing tang theo.
2.1.2. Hé 56 du lwong khéng khi o

Anh huong t6i toc 49 chay ctia hdn hop. Khi thanh phan
hon hop qua ddm hay qua nhat cling anh huong dén qua
trinh boc chdy. Thanh phan hon hop anh hudng 16n dén
viéc chon goc danh lira s6m toi wu. Khi tang hay giam hé
sO a thi gia tri goc danh lira som toi wu tang lén.
~ Honhop LPG - khong khi 1a hdn hop hoa khi dong nhét.
O ving ty 1€ hon hop loang, toc d6 chdy cia hon hop LPG-
khong khi so vo1 hon xang-khong khi nhung ¢ vung ty 1¢
hon hop déam, toc d chdy cua hon hop xang- khong khi lai
c6 toc do chdy cao hon. Toc do chay hon hop LPG-khong
khi 16n nhat khi hé s6 du lwong khong khi bang 0,95 [11].
Do d9, viéc thay d6i goc danh Itra theo do dam hon hop hay
theo murc tai cua dong co 1a can thiét nham dam bao qua
trinh chay tot nhat, nang cao cong suat dong co, gidm ti€u
hao nhién liéu cling nhur 6 nhiém moi trudng.
2.1.3. Ty s6 nén ¢

Khi tang ty sb nén s& lam tang ap suat va nhiét do cudi
ky nén do d6 lam tang toc d9 chay cua hon hop hoa khi,
nhu vay khi tang ty so nén thi goc danh Itra som phai giam.
2.1.4. Tai cua dong co

es
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Hinh 1. Quan hé giita géc danh hia som
va tdi ¢ cdc so vong quay khdc nhau
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Khi tang tai dong co thi goc danh Itra sém phai giam
xuong va nguoc lai (Hinh 1).
2.1.5. Nhién liéu

Khi diu mo hoa long LPG c6 nhiéu vu diém nhu ham
luong Ivu hu}‘lnh rat thép, khong ch1'ra~chi, chi s0 octane,
nhiét tri khoi ]uong, toc do che’ly cua hon hgp LPG-khong
khi 16n hon toc d6 chay cua hon xang-khong khi, do vay
xu huéng can giam goc danh lira sém.

- So sanh cac phuwong 4n diéu khién géc danh Liva sém

Théi diém danh |ia Iy twéng

Bénh 1 som 1y ndng

Banh lira som —e

=
Bo danh [ra som ly tam

Dk i sdm.
chiin khéng

Danh Idra s&6mM —e

Téc db dong oo Cao Dd chan khang dudng 6ng nap—s= Cao

Hinh 2. So sanh dac tinh diéu chinh goc danh lira sém
kiéu co khi va dién tu

V6i nhitng uu diém ndi bat, HTPL diéu khién goc danh
lira som dién tir d4 thay thé hoan toan hé thong diéu khién
goc danh lira sém co khi, giai quyét cac yéu cau ngdy cang
cao vé chét luong qua trinh danh lia.

2.2. Co'sé thiét ké, ché tao hé thong dinh liva di¢n tir cho
dong co 168F dung LPG

Quan h¢ giira goc danh lira t6i wu v6i cac tham s6 van
hanh ctia dong co 168F st dung bo ché hoa khi LPG dugc
xac dinh qua 2 budc:

a. Thyc nghiém dé xdc dinh goc dénh lira s6m t6i wu
tuong ung voi mot so c}lé d6 lam viéc cua dén‘)g co. Trong
cac thuc nghiém nay, téc d dong co khong doi (3000v/p)
do dong co kéo may phat dién, vi tri buém ga va do do la
h¢ s6 du luong khong khi thay doi theo mirc phu tai, nhiét
do6 khi nap dugc co gang duy tri khong doi o cac lan thu;

b. Xac dinh ham toan hoc biéu thi quan hé gitra goc
danh lua toi vu voi sy thay doi ve ché do tai cua dong co
trong toan dai phu tai.

Quan hé trén dugc nap vao vi diéu khién cia HTDL.
Khi dong co hoat dong, vi diéu khién sé& tinh toan ndi suy
dé xac dinh goc danh Itra phu hop voi phu tai thuce té cua
ddng co va diéu khién danh lira.

3. Két qua thiét ké ché tao h¢ théng danh lLira cho dong
co 168F
3.1. Yéu cdu ciia h¢ thong danh liva

+ HTPL phai sinh ra dién ap thi cdp du 16n dé phong
dién qua khe ho gitra cac diéc cyc bugi, tia ltra sinh ra gilra
cac dién cyc bugi phai du nang luong va kéo dai du lau dé
dot chay hon hop nhién liéu-khdong khi trong moi diéu kién
lam viéc ctia dong co.

+ Goc danh lira som phai thay doi phit hop moi ché do
tai cua dong co.

+ Pong co dé dang khoi dong lanh.

+ D9 tin cay lam viéc cia HTPL phai tuong tng voi do
tin cay lam viéc cta dong co.

+Don gian; d& lap dit, stra chira va bao dudng, thay thé.

3.2. Phuong dn thiét ké HTPL dpng co 168F

Nho ¢6 nhidu uu diém trong qua trinh nap xa cua tu
dién, dac biét la & toc do cao qnén ,hé t,héng danh Itra DC-
CDI la phuong &n phu hop dé thiet ké cho dong co 168F
[9], [8].
3.2.1. Thiét ké va ché tao mach diéu khién [7]

Mach nguon: tao ra ngudn 5V cung cap cho cac modul
khac.

Mach vi diéu khién: thu nhan va xir li tin hi¢u, dua ra
cac tin hiéu diéu khién.

. Mach xit Iy tin hiéu cam bién toc dg: chuyén doi tin higu

toc do dong co gui vé VDK.

Mach xir Iy tin ligu cam bién vi tri ga: thu nhan tin hiéu
cam bien vi tri budém ga gui vé VDK.

Mach khuéch dai dién dp va diéu khién danh liva:

Céc dién tro R8, R9, R10, R11 hoi tiép dién 4p v& chan
2 cua U1.Cac dién tré R2, R3 hoi tiép cuong do dong dién
cuong do cuc (jai qua mosfet vé chan s0 3 cua Ul. Dién tro
R4 vaC3 tao tan SQ hoat dong cho Ul. Tu Cl, C2,9 C4, C7,
C9, C10 chong nhicu cho mach. Ty C5, C6 san phang nhap
nho dién 4p nguon.

Hinh 3. Mach khuéch dai dién dp va diéu khién danh hira
3.2.2. Xay dung thudt todn diéu khién [2]

+ Trong mdi vong quay ctia truc khuyu, cam bién téc do
dong co phat ra 1 xung kich & 30° trudc diém chét trén. Viée
do thoi gian gitta 2 lan c¢6 xung kich Tpe(s) s€ tinh dugc toc
d6 lam viéc cua dong co va gitp dicu khién chinh xac goc
danh Itra sém 6, tir 0+30° trude di€m chét trén.

Utrig Trne

|
DCT

360° — 1

Hinh 4. Gidn do mé td nguyén Iy do téc dj dgng co va diéu
khién thoi diém danh lia
+ Timer 1 dugc st dung dé do thoi gian Tae(s), qua dé
toc do dong co dugc xac dinh theo cdng thirc sau:

- ? (vong / phiit) (M

+ Timer 0 dugc sir dung dé dinh thoi gian cho tir khi c6

xung kich dén thoi diem danh Ita 64 thoi gian cho dugc
xac dinh nhu sau:

(30°-6,)

delay = 3600 x Tne (S) (2)
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Trong d6 goc danh ltra sém 64 duoc xac dinh Ila
0a = f (% ga).

Mbi khi xuét hién mot xung kich méi vi didu khién s&
cho mot khoang thoi gian Taeay 101 moi tién hanh diéu
khién Thysistor chu}{én sang trang thai dan dé tu dién C
phong qua cudn so cap cta bien ap danh Iua.

3.2.3. Luu do thudt toan [3]

Tt Timerl

-Tinh téc &6

-Bit Timer]

-Bat Timer 0 do goc
danh hira

! Timer 0 tran

Tit Timer0
-Chophép
dinh

Hinh 5. Luu @6 thudt toan diéu khién
3.2.4. Thir nghiém lua chon goc danh lira

a. Thi nghiém va danh gia

Viéc thi nghiém dong co-may phat 168F hoat dong véi
HTDL thiét ké mdi nham:

+ Xay dyng dudng dac tinh diéu chinh goc danh lira
som khi phu tai thay doi.

+ Danh gia chat lugng qua trinh chay khi goc danh lira
som thay do6i thong qua danh gia lugng nhién liéu ti€u hao
va thanh phan cac chat 6 nhiém trong khi thai.

+ Panh gia kha nang lam vi¢c cua HTPL mai.

P awer (12V) 1

n

Speed Sensor|

Didutdc l

LPG

— LPG+Khéng khi
- LFG

[Tai (Load)
-_(-J Khéng khi
“#"‘f’ o Tin higu dién
May phat dién
(Generator)

12V (DC)

_Hinh 6. So s bé tri thi nghiém
1. Bdu‘l,oc gio; 2. Cdm' bién vi tri buom ga;
3. B¢ diéu chinh cung cap LPG; 4. Van diéu ap

b. Céc thong sb cin do

+ Goc danh Ira; Téq dd dong co; Vi tri buc’yrp ga; Tiéu
hao nhién li€u; Cong suat phu tai dién; Thanh phan khi thai.

Quan hé giita cong suat phu tai dién (Pg) va cong suat
c6 ich cuia dong co (Ne):

P=U.ICos ¢ = N,.ny.Ng 3

Trong do: ny, nsla hiéu suét’truyén dong co khi tu
dong co sang may phat va hi¢u suat may di¢n; U, I 1a dién
ap may phat va cuong dé dong dién phu tai.

Quan h¢ gitra sué} tiéu hao nhién li¢u c6 ich (g) cua
dong co voi cong sudt co ich cua dong co (Pe) va luong
nhién li€u tiéu hao moi gid (Gnw):

— GNL

= o )
3.3. Trang thiét bj thi nghiém

3.3.1. Cdc thiét bi do luong

e

__ Hinh 7. Cdc thiét bj do luong
a) Bong ho do dong dién, b) Bong ho V.O.M CD 8004,
¢) Cdn dién tir 30Kg
3.3.2. Cam bién va mach xir ly tin hiéu
+ Cam bién vi tri budém ga: dé xac dinh chinh x4c vi tri
budm ga trong qua trinh thi nghiém.

Hinh 8. Gd ldp cam bién vi tri ga
1- BCHK LPG;, 2- Pi¢n tro; 3- Con truot, 4- Truc buom ga; 5
Duong cap khong tdi; 6- Puong cap chinh
+ Cam bién tdc d6: Xac dinh tde do dong co

o3 Anode
¥ ::

E l—l_:n@ GND
ro(D Collector

Hinh 9. Cam bién toc do va so dé mach
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Hinh 10. Mach xir Iy tin hiéu va diéu khién danh lira
1-1C LM358; 2- VDK PICI8F4431; 3- Tu 1uF/400V; 4-
Thysistor, 5- Bién dap xung; 6- Mosfet; 7- I[C UC3845.
3.3.3. Hé thong cung cdp nhién liéu
Str dung hé théng cung cap LPG bang bo ché hoa khi [4].

- L

C——

Hinh 11. Gd ldp hé thong cung cip LPG

1- Van cép chinh; 2- Can bu’é‘fn ga; ~3- Hong Venturi; 4- Van tiét
leu; 5- Ong dan LPG
3.3.4. Thiét bi gy tdi: st dung cac bong sgi dot.
3.3.5. Thiét bi phan tich, xi [y:
Thiét bi do goc danh lira sém DG86 dé kiém tra goc
danh Itra cia HTDL;

_ My phén tich khi thai QRO-401 dé kiém tra, so sanh
nong d6 chat thai 6 nhiém khi sir dung HTPL nguyén thuy
va HTDL mdi;

Thu thap xir 1y tin hiéu tir cdc cam bién dung Card
NI6009 va phan mém LabVIEW.

i R B ey =

Hinh 12. So dé xit Iy tin hiéu va card LabVIEW NI6009
3.4. Két qua thi nghiém va phdan tich lwa chon goc danh lira
Bing 1. Céng sudt phy tdi dién P va c6 ich ciia djng co Ne

Mic tai | UV) | 1(A) 1;/1?1:\;?)1 Ne (kW) | % bg‘;"m
Ibong | 230 | 23 | 053 0,588 36
2bong | 230 | 49 | 113 1252 55
3bong | 230 | 71 | 1,63 1,814 83

Pé xay dung dudng dic tinh diéu chinh goc danh lira
som theo tai, goc danh ltra sém dugc lya chon dya trén co
s0 phan tich suat ti€u hao nhién liéu va chat lugng qua trinh
chay trong xilanh dong co ([5], [6]) khi thay d6i goc danh
Itra & cac muc tai khac nhau nhu Bang 1.

3.4.1. Ché d¢ khong tai, toc dé 3000 vong/phiit
go Vol

3;33:‘2 ~

ppm Vol 250

1

= 3 —y k 200

fJ‘: 150
_—

100

/'
1 P " 50

‘ 0
12 17 22 27 g5 (ad)
+CO  xCO2  mHC NOx

Hinh 13. Thanh phan khi thai & ché dg khéng tai

kg/h Gnl

0.32 N

0.3
- M__‘_ _‘/‘
0.26
0.24

12 17 + Gnl 22 27  os (d9)
Hinh 14. Murc tiéu thu phién liéu theo goc danh lira som
cheé d¢ khong tdi

Vi hé s6 du Iuong khong khi khoang 1,3 thi cac chét thai
6 nhidm tuong dbi it, do qua trinh hoa tron cua LPG t6t hon
rét nhiéu so véi cac nhién lidu long 1am cho hoa khi déu hon,
qua trinh chay dién ra tot hon du hdn hop loang. Theo mirc
tiéu hao nhién liéu ciing nhu theo ddi qué trinh lam viéc 6n
dinh ¢ ting goc danh Itra, nhom tac gia chon goc danh lia
25°1a goc danh lira sém & ché d6 khong tai dé xay dung duong
dic tinh danh ltra va co s& cho viée 14p trinh diéu khién.
3.4.2. Mikc tai 0,53 kW, téc dé 3000 vong/phiit

 ekW. ¢e LPG

0.65 :Ssh‘?_*_‘gj

0.60

0.55

0.50 1 T 1 i
10 105ge LPG 20 25 0s (d9) 30

Hinh 15. Sudt tiéu hao nhién liéu theo goc danh hira sém
o mikc tai 0,53 kW

% Vol ppm Vol
10 400
300
5 200
100
0 - T * —— — - 0
10 15 20 25 30
¢CO xCO2 w®WHC  ANOx 0s (d9)

Hinh 16. Thanh phan cdc khi thai theo géc danh lira sém
0 mikc tai 0,53 kW
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Két hop phan tich vé khi thai va mirc tiéu hao nhién liéu
nhu Hinh 15va Hinh 16, chon goéc 21° 1am co 80 xay dung
déc tinh di€u chinh goc danh Ivra va 1ap trinh dieu khién cho
hé thong danh lira véi mirc tai nam trong khoang 0,53 kW.
3.4.3. Mikc tai 1,13 kW, téc dp 3000 vong/phiit

Tir d6 thi & Hinh 17 va 18, nhom tac gia chon goc danh
lira s6m 18° 1am co s6 xay dung déc tinh dicu chinh goc
danh Itra va 1ap trinh diéu khién hé thong danh lira méi Gng
véi muc tai 1,13 kW.

kg/kW.h
0.54 2 ge LPG ‘

0.53
0.52
0.51
0.50

ppaen

10 12 14 16 18 20 22 24
*ge 0s (d9)

Hinh 17. Sudt tiéu hao nhién liéu theo géc danh lira sém
¢ mikc tai 1,13 kW

Vol
1 pPm YO ¢no

EHC 20

10 4 co NOx 0s (d9)

Hinh 18. Thanh phdn cdc khi thdi theo goc danh liva sém
¢ mirc tai 1,13 kW
3.4.4. Mikc tai 1,63 kW, téc dé 3000 vong/phut

kg/kW.h ge LPG
0.48 w
0.46 T T T T T i
10 12 14 1 18 20 22
G ge 0s(d9)

Hinh 19. Sudt tiéu hao nhién liéu theo goc ddanh hira sém
o mure tai 1,63 kW

10 195 7vol Vol
9 = % = ﬂg—nL,L 800
| pm——
8 - 600
7 -
6 i LI e ————] /() )
5 2
4
3 1 k2 ‘ . . 0
10 12 14 16 18 20 22
+CO xCO2 ®HC NOx  0s(dd)

Hinh 20. Thanh phdn cdc khi thdi theo goc danh liva sém
o muec tai 1,63 kW
Tir d6 thi & Hinh 19 va 20, nhom tac gia chon goc danh
Ira sém 15° lam co s¢ xay dung dac tinh di€u chinh goc

danh lira va 1ap trinh diéu khién hé thong danh lira méi ing
voi mure tai 1,63 kKW.

3.4.5. Xdy dung dwong ddc tinh diéu chinh géc danh hia
som theo tdi

20 5.3982x + 24,681 [ 0-700
% | 0.600
10
L 0.500
0 0.400
O oG8 danh hira o' 15 Zkw

Hinh 21. Dgc tinh diéu chinh géc danh lira theo tdi

Tir két qua thi nghiém va viéc chon goc danh lira phu
hop véi cac che d¢ tai o trén, nhom tac gia da xay dung
dugc ham biu dien moi quan hé cia goc danh lira phu hop
theo cong suat phu tai dién nhu sau:

Y =-5,3982.X + 24,681

Véi  Y: Goc danh Itra sém (d9)

X: Cong suat phu tai dién (kW)

Xu huéng thay déi clia goc dénh lira gan nhu tuyén tinh
khi thay doi tai va goc danh ltra ¢6 xu hudng giam khi tai
tang, di€u nay hoan toan dung so voi ly thuyet da duoc
nghién ctru; day ciing 1a co s¢ 1ap trinh cho HTDL dién tir
tu dong thay doi goc danh Itra theo cac mirc tai khac nhau.
3.5. So sanh voi goc danh liva nguyén thiiy

So sanh tiéu hao nhién liéu G khi dung HTBL
G1 (kg/h) nguyén thiy & méi
100.0

1.0 - 100
\

08 ™S 0.936

~ 970 [T

97.9 S
06
0.678 ]
L~ \ 96
./,J =
‘ 0.384 95.1 Q4

G2/G1(%)

0.4 /

0.2 U733 ‘
0.0 92
0 0.588 1.252 1814 o W)
~#-G1 (HTDL nguyén thiy) —e—G2/G1 (HTPL méi)

Hinh 22. So sanh luwong nhién liéu tiéy thy cua
HTDL nguyén thuy va HTPL thiét ké
Khi st dung HTDL thiét ké, suat tiéu hao nhién liéu c6 ich
giam 6 tat ca pham vi cong suat, nhat 13 & vung trén 1 kW.

4. Két luan

Nghién ctru phan tich 1y thuyét va thuc nghiém véi cum
dong co-may phat dién 168F, nhom tac gia di c6 nhitng két
luan sau:

1. Quy luat diéu chinh goc danh lira téi wu theo phu tai
cua cum dong co-may phat 168F dung nhién li¢u LPGlaY
=-5,3982.X + 24,681, khi d6 dong co lam viéc ém diu, phat
thai 6 nhidm thap va tiéu hao nhién lidu thap.

2. HTDL dién tir tw dong cho phép thay dbi goc danh
Iira theo murc tai cho dong co 168F kéo may phat dién c& nhod
sir dung nhién liéu LPG di duoc thiét ké va hoat dong voi
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quy luat diéu chinh noi trén, dam bao cho dong co tiét kiém
nhién '1iéu, giam 6 nhiém khi thai, c6 kha niang khoi dong
lanh tot hon nhicu so v&i h¢ thong danh Itra thong thuong.

3. HTPL nay c6 thé ap dung cho cic dong co cing
chung loai sit dung nhién liéu LPG, CNG, biogas,...

sau

khi chi cin thay doi dit li¢u quy ludt diéu chinh géc danh
Itra t01 vu.
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