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Tém tat - Hién nay, cac nha khoa hoc va céc hang san xuét dong
co dbt trong dang quan tam dén s dung LPG lam nhién liéu, dac
biét phai k& dén déng co’ c¢& nhd kéo may phat dién vi mang lai dwoc
nhiéu loi ich thiét thwe. Bai bao trinh bay két qua nghién clru xac
dinh géc danh Itra sém ti wu theo tiéu chi tiéu hao nhién liéu thap,
phat thai 6 nhidm thdp va dong co lam viéc 6n dinh dbi véi cum
déng co-may phat dién 168F dung LPG va trng dung hé théng danh
Itra dugrc thiét ké dé didu khién thay ddi goc danh Itra sém. Quy luat
thay ddi géc danh Itra sém (Y, dd) theo phu tai dién clia cum déng
co-may phat (X, kW) Ia Y= -5,3982.X + 24,681. Khi kh&i dong, goc
danh Itka s&m mac dinh 1a 25 d6 trwérc DCT. Suét tiéu hao nhién
liéu c6 ich giam & tat c pham vi cdng suét thtr nghiém, gidm lén
nhét dén 4,9%. Hé thdng danh Itra thiét ké nay c6 thé ap dung cho
céac dong co twong tw, khi cé sw diéu chinh phu hop di liéu.

Tir khoa - may phat dién c& nhd; LPG; hé théng danh Itra dién to;
tiéu hao nhién liéu; 6 nhiém khi thai.

1. Bit van dé

Str dung khi ddu mé hoéa léng (liquified petroleum gas
- LPG) lam nhién li¢u cho cac dong co kéo may phat dién
that sy rat can thiét va co y nghia rt 16n, dic biét la cac
méy phat dién gia dung khi nhu cau cta ngudi dan dang
tang cao. Tuy nhién, &én nay nhitng nghién ctru trong nuéc
chi méi dimg lai & viéc hoan thién hé thong cung cap, con
nghién ciru vé hé thong danh Iira cho dong co LPG thi rat
han ché, hau hét chi sir dung hé théng danh lira thudng véi
goc danh Itra ¢b dinh & cac mire tai. Vi vy, viée thiét ké va
ché tao hé théng tu dong diéu chinh goc danh Ira sé6m cho
dong co dung nhién li¢u LPG kéo may phat dién cd nhd
nhidm néng cao céc tinh ning kinh t& k¥ thuat cua doéng co
LPG va gop phan dwa LPG vao st dung rong ri trén dong
co may phat dién 1a mdt viéc lam can thiét.

2. Co s6 thiét ké
2.1. Co 56 Iy thuyét

Hé théng danh lira (HTPL) c¢6 nhiém vu phat tia lira
dién trong budng chay dong co dé dét chay hdn hop nhién
liéu khong khi dtng thoi diém va ding thtr ty lam viée ctia
céc xy lanh d6i véi dong co nhiéu xy lanh. Géc danh lira
tdi wu, twong ng voi dong co duoc danh lira dung thoi
diém, s& cho hiéu suit chuyén ddi ning lwong cta dong co
1a cao nhat, tiéu hao nhién lidu thip nhat va 6 nhidm thap
nhat. Goc danh lira toi wu phu thude vao diéu kién van hanh
(téc d6 dong co, muc tai cua dong co, hé b du luong khong
khi, loai nhién liéu,..) va thong s6 két cdu dong co (ty sb
nén,...) [1], [10], [11]
2.1.1. 86 vong quay dong co

Khi téc d6 dong co ting Ién hay giam xudng thoi gian
danh cho qua trinh chay thay d6i do d6 can phai dieu 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 Itra som cling tang theo.
2.1.2. Hé 56 dw lwong khéng khi a

_ Anh huéng t6i toc do chéay cia hdn hop. Khi thanh phan
hon hop qua dam hay qua nhat cling anh huong dén qua
trinh boc chdy. Thanh phan hon hop anh huéng 16n dén
viéc chon goc danh ltra som toi vu. Khi tang hay giam hé
s0 a thi gia tri goc danh Itra sdém t6i wu tang lén.

_ Honhop LPG - khong khi 1a hdn hop hoa khi dong nhit.
O vung ty 1€ hon hop lodng, toc d6 chay cua hon hop LPG-
khong khi so voi hon xang-khong khi nhung ¢ ving ty 1¢
hon hop dam, téc do chay cua hon hop xang- khong khi lai
¢6 toc do chay cao hon. Toc d6 chay hon hop LPG-khong
khi 16n nhat khi hé s6 du lvgng khong khi bang 0,95 [11].
Do do, viéc thay doi goc danh lua theo d6 dam hon hop hay
theo murc tai cua dong co 1a can thi€t nham dam bao qua
trinh chay tot nhat, ndng cao cong suat dong co, giam tiéu
hao nhién liéu cling nhur 6 nhiém moi trudng.

2.1.3. Ty sé nén ¢

Khi ting ty sb nén s& lam tang ap suét va nhiét do cudi
ky nen do do lam tang téc do chay cua hon hop hoa khi,
nhu vay khi ting ty so0 nén thi goéc danh Itra sém phai giam.
2.1.4. Tai cua dong co
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Hinh 1. Quan hé giita goc danh hia sém
va tdi o cdc so0 vong quay khdc nhau
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Khi tang tai dong co thi goc danh lira som phai giam
xuong va nguoc lai (Hinh 1).
2.1.5. Nhién liéu

Khi ddu mo héa 16ng LPG ¢6 nhiéu wu diém nhw him
luong luu hu}‘/nh rat thép, khong chl'IaNChi, chi so octane,
nhiét tri khoi lugng, toc d6 chay cia hon hop LPG-khong
khi 16n hon toc d6 chay cua hon xang—khoéng khi, do vay
xu hudng can giam goc danh ltra sém.

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

Thoi diém danh Iia Iy twéng

Dinh iz som I§ wiing

Bénh |ia som —e=

g
Bo danh [4a som Iy tam

Bk i sdm
«chin khdng

Danh lia s&mM —

T 46 dong 6o —e Cao D chén khing duding bng nap—s- Cao

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

Vé6i nhimg vu diém néi bat, HTDL diéu khién goc danh
lira som dién tir da thay thé hoan toan hé thong diéu khién
goc danh lira som co khi, giai quyét cic yéu cau ngay cang
cao vé chit lugng qua trinh d4nh lira.

2.2. Co sé thiét ké, ché tao hé théng dinh liva dién tir cho
dong co 168F dung LPG

Quan hé giita goc danh lira t6i wu véi cac tham sb van
hanh cua dong co 168F st dung bd ché hoa khi LPG dugc
xac dinh qua 2 budc:

a. Thuc nghiém dé xac dinh goc danh lira sém t6i wu
trong ng voi mot sO Ché d6 lam viéc cua déqg co. Trong
cac thyc nghiém nay, toc 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 lwvong khong khi thay dbi theo murc phu tai, nhiét
d6 khi nap dugc ¢b gang duy tri khong dbi ¢ cac lan thir;

b. Xac dinh ham toan hoc biéu thi quan hé gitra goc
danh Itra toi wu vai sy thay doi vé ché do tai cia dong co
trong toan dai phu tai.

Quan h¢ trén duoc nap Ve}o vi Qiéu khién ctia HTDL.
Khi dong co hoat dong, vi di€u khién s€ tinh toan ndi suy
d€ xac dinh goc danh lira phu hop voi phu tai thyc t€ cua
dong co va diéu khién danh lira.

3. Két qua thiét ké ché tao hé thf')ng danh Ira cho dong
co 168F
3.1. Yéu ciu ciia hé thong dinh lira

+ HTPL phai sinh ra dién ap thir cip di 16n dé phong
dién qua khe ho gilta cac diéc cuc bugi, tia ltra sinh ra gitra
cac dién cyc bugi phai du nang lugng va kéo dai du lau dé
dot chay hon hop nhién li€u-khong khi trong moi di€u kién
lam viéc cua dong co.

+ Goc danh lira s6m phai thay d6i phit hop moi ché do
tai cua dong co.

+Pong co dé dang khdi dong lanh.

+ D0 tin cay lam viéc cia HTPL phai twong tng voi do
tin cdy lam viéc cua dong co.

+ Pon gian; dé le‘ip dat, stra chira va bao dudng, thay thé.

3.2. Phuong dn thiét ké HTPL dpng co 168F

Nho ¢6 nhiéu wu diém trong qua trinh nap xa cua tu
dién, dac biét 1a & toc dd cao nén hé thong danh Itra DC-
CDI la phuong an phu hop dé thiét ke cho dong co 168F
[9], [8].
3.2.1. Thiét ké va ché tao mach diéu khién [7]

Mach nguén: tao ra ngudn 5V cung cip cho cac modul
khac.

Mach vi diéu khién: thu nhan va xt 1i tin hiéu, dva ra
cac tin hiéu di€u khién.

_ Mach xik Iy tin hi¢u cam bién toc d3: chuyén doi tin hiéu

toc do dong co gui vé VDK.

Magh xw ly tin liéu cam bién vi tri ga: thu nhan tin hiéu
cam bién vi tri buém ga giri vé VDK.

Mach khuéch dai dién dp va diéu khién danh hira:

Céc dién tro R8, R9, R10, R11 hdi tiép dién 4p vé chan
2 cua U1.Cac dién tro R2, R3 hoi tiép cuong do dong dién
cuong do cuc Qai qua mosfet vé chan s6 3 ciia Ul. Pién tro
R4vaC3 tao tan sfz hoat dong cho Ul. Tu Cl1, CZ,» C4, C7,
€9, C10 chong nhieu cho mach. Tu C5, C6 san phang nhéap
nho dién ap nguon.

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

+ Trong mdi vong quay ciia truc khu}’ll}, cém’bié'n toc do
dong co phat ra 1 xung kich ¢ 30° trudc diém chét trén. Viée
do thoi gian gitra 2 1an c6 xung kich Tre(s) s€ tinh duge toc
d6 1am viéc ciia dong co va gitip diéu khién chinh xéc goc
danh Itra sém 0, tir 0+30° trude diém chét trén.

Utrig Trne

P

Tdelay

Ug
-| BCT
) Jﬁﬁ 8d | edl

Ed |
i 360°. )

e —

Hinh 4. Gian d6 mé td nguyén Iy do toc d dong co va diéu
khién thoi diém danh lvua
+ Timer 1 dugc sir dung dé do thoi gian Tae(s), qua dé
toc do dong co duoc xac dinh theo cong thic sau:

= % (vong / phut) M

+ Timer 0 duoc st giung dé dinh thoi gian cho tir khi co

xung kich dén thoi di€m danh Itra 64 thoi gian cho dugce
xac dinh nhu sau:

(300 _ edl)

delay = 3600 x Tne (S) (2)
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Trong d6 goéc danh ltra som 64 dugc xac dinh la
Oa = f(% ga).

Mbi khi xuét hién mot xung kich méi vi diéu khién s&
chd mot khoang thoi gian Ty rdi méi tién hanh diéu
khién Thysistor chuyen sang trang thai dan dé tu dién C
phong qua cudn so cap cua bién 4p danh Iia.

3.2.3. Luu do thudt toan [3]

Co xung kich
b

Tt Timerl

-Tinh toc 4

-Bit Timerl

-Bat Timer 0 do goc
danh hira

-Tit Timer0

-Choghep
dinh hia

Hinh 5. Luu dé thudt todn diéu khién

3.2.4. Thir nghiém lwa chon goc danh lra

a. Thi nghiém va danh gia

Viéc thj nghiém d@pg co-may phat 168F hoat dong véi
HTDL thiét ké mdi nham:

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

+ Danh gia chit lugng qua trinh chay khi goc danh lia

som thay ddi thong qua danh gia luong nhién li€u tiéu hao
va thanh phan cac chat 6 nhiém trong khi thai.

+ Danh gia kha nang lam viéc cua HTDL mai.
P ower (12V) 1

n

Speed Sensor|

Didu téc !

LPG

+- LPG+Khéng khi
— LPG

[Tai (Load)
~/-4 Khéng khi
‘%"‘ff e Tin higu dién
May phat dién
(Generator)

12V (DC)

Hinh 6. So do bé tri thi nghiém
1. Bdu‘loc gio; 2. Cdmr biéen vi tri buom ga;
3. Bo diéu chinh cung cap LPG; 4. Van diéu ap

b. Céc thong s6 cin do

+ Goc déanh lira; Téc do dong co; Vi tri budm 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 suit
c6 ich ciia dong co (Ne):

P=U.1Cos @ = N,.my.n¢ 3)

Trong d6: 1y, nela hi¢u suét'truyén dong co khi tu
dong co sang may phat va hiéu suat may dién; U, I 1a dién
ap may phat va cuong d¢ dong dién phu tai.

Quan hé gilra sué:t tiéu hao nhién li¢u c6 ich (g.) cla
dong co voi cong suat co ich cua dong co (Pe) va lugng
nhién li¢u tiéu hao moi gio (Gnr):

— GnL

= G @
3.3. Trang thiét bi thi nghi¢m

3.3.1. Cdc thiét bi do lwong

e

__ Hinh 7. Cdc thiét bi do luong
a) bong ho do dong dién, b) Pong ho V.O.M CD 8004,
¢) Cdn dién tw 30Kg
3.3.2. Cam bién va mach xw ly tin hiéu
+ Cam bién vi tri buém ga: dé xac dinh chinh xac vi tri
budm ga trong qua trinh thi nghi¢m.

Hinh 8. Ga lap cam bién vi tri ga
1- BCHK LPG; 2- Qién tro; 3- Con truot; 4-, Truc buom ga; 5
Duong cap khong tdi; 6- Puong cap chinh
+ Cam bién tdc do: Xac dinh téc do dong co

< (3 Anode
Y
¥ -~

E h—:ﬂ@ GND
o (T) Collector

Hinh 9. Cam bién téc dé va so @6 mach
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Hinh 10. Mach xit Iy tin hiéu va diéu khién danh lira

1-IC LM358; 2- VDK PICI8F4431; 3- Tu 1uF/400V; 4-
Thysistor, 5- Bién dp xung; 6- Mosfet; 7- IC UC3845.

3.3.3. Hé thong cung cdp nhién liéu
Str dung hé théng cung cip LPG bang bo ché hoa khi [4].

Hinh 11. Ga ldp hé théng cung cip LPG
I- Van cdp chinh; 2- Can budm ga; 3- Hong Venturi; 4- Van tiét
luu; 5- Ong dan LPG
3.3.4. Thiét bi gdy tai: st dung cac bong soi dot.
3.3.5. Thiét bi phan tich, xit y:

Thiét bi do goc danh lira som DG86 dé kiém tra goc
danh Itta cia HTPL;

May phén tich khi thai QRO-401 dé kiém tra, so sanh
nong dg chat thai 6 nhiem khi str dung HTPL nguyén thuy
va HTDL moi;

Thu thap xtr ly tin hi€u tr cac cam bién dung Card
NI6009 va phan mém LabVIEW.

BT T BT e | E Tl

Hinh 12. So do xir Iy tin hiéu va card LabVIEW NI16009
3.4. Két qua thi nghiém va phén tich liwa chon géc danh liva
Bing 1. Cong sudt phu tdi dién P va c6 ich ciia dong co Ne

Mic tai | UV) | 1(A) 1;4?15\;7)‘ Ne (kW) | % Z‘:’m
Tbong | 230 | 23 | 0,53 0,588 36
2bong | 230 | 49 | 1,13 1,252 55
3bong | 230 | 7.1 | 1,63 1,814 83

Dé xdy dung duong dic tinh didu chinh goc danh lira
som theo tdi, goc danh ltra sém dugc lya chon dya trén co
sO phan tich suét tiéu hao nhién lidu va chit luvong qua trinh
chay trong xilanh dong co ([5], [6]) khi thay ddi goc danh
ltra & cac muc tai khac nhau nhu Bang 1.

3.4.1. Ché dg khong tai, toc dé 3000 vong/phiit

1(%' Vol ‘ ppm Vol 250
LR S R . A
8 TR 200
6 %’J 150
4 - 100
, 1L / M/, 50
0 t 0
12 17 22 27 0s (df)
+CO xCO2 mHC NOx i
Hinh 13. Thanh phan khi thdi & ché dg khong tdi
kg/h Gnl
0.32
03 \ >
0.28
0.26
0.24
12 17 + Gnl 22 27 9s (d0)
Hinh 14. Mikc tiéu thu ,nhién liéu theo goc danh lira s6m
ché dé khong tdi

Vi hé s du luong khong khi khoang 1,3 thi cac chat thai
6 nhiém twong ddi it, do qua trinh hoa tron cua LPG tt hon
rét nhidu so véi cac nhién lidu 16ng lam cho hoa khi déu hon,
qua trinh chay dién ra t5t hon du hdn hop lodng. Theo mirc
tiéu hao nhién liéu ciing nhu theo ddi qué trinh lam viéc 6n
dinh ¢ timg goc danh Iira, nhom tac gia chon goc danh lira
25°1a goe danh Iira som & ché d6 khong tai dé xay dung duong
dc tinh danh lra va co s& cho viée 1ap trinh diéu khién.
3.4.2. Mikc tai 0,53 kW, téc dp 3000 vong/phiit

O';((,)!I/kw.h ge LPG

0.65 :ﬁ_‘_sk‘_'_'_‘g_’_‘

0.60

0.55

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

Hinh 15. Sudt tiéu hao nhién lidu theo gbc danh lira som
o muec tai 0,53 kW

% Vol ppm Vol
10 400
300
5 200
100
0 4 ! ~ —_ 0
10 15 20 25 30
+CO xCO2 ®WHC  ANOx 0s (d)

Hinh 16. Thanh phan cdc khi théi theo géc danh lira sém
o murc tai 0,53 kW
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Két hop phan tich vé khi thai va murc tiéu hao nhién liéu
nhu Hinh 1‘5 va Hinh 16, chon goc 21° lam co §(’Y xéyq dung
déc tinh diéu chinh goc danh Itra va lap trinh diéu khién cho
h¢ thong danh ltra v6i mure tai nam trong khoang 0,53 kW.
3.4.3. Mirc tai 1,13 kW, toc dp 3000 vong/phiit

Tir d6 thi & Hinh 17 va 18, nhom tac gia chon goc danh
Ira sém 18° lam co SO xay d};ng dag tinh diéu chinh goc
danh Itra va 1ap trinh diéu khién hé thong danh Itra méi ung
voi mure tai 1,13 kW.

0 5A%{g/kW.h ge LPG

0.52 T/
0.51
0.50
10 12 14 16 18 20 22 24
*ge 0s (do)

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

% Vol Vol
TRAAL ppm Y0 ‘800

9 ; % -

7 400

5 200
—t >— 4.—+-—*—“+

3 0

xE02

Hinh 18. Thanh phan cdc khi thai theo géc danh lira som
o mure tai 1,13 kW

3.4.4. Mikc tai 1,63 kW, téc d¢ 3000 vong/phiit

10 ,co mHC 20 .iNOx 6s(dd)

kg/kW.h ge LPG
0.50 ‘ /’
0.48 w
0.46 f T f T ; i
10 12 14 1 18 20 22
Oee 0s(d)

Hinh 19. Sudt tiéu hao nhién liéu theo goc danh lira sém
¢ murc tai 1,63 kW
10 “o Vol

Vol
0 ettt L PP VDL 0
L —

- 600
________ i1 ()

7200

——

! k2 ‘ | | 0
18

W A L AN 0

10

12 14 16
+CO xCO2 BHC

20 2
NOx  0s(dd)

Hinh 20. Thanh phan cdc khi thai theo géc danh lira som
o murc tai 1,63 kW
Tir d6 thi & Hinh 19 va 20, nhom tac gia chon goc danh
Ira sém 15° lam co so xay dung dac tinh diéu chinh goc

danh lira va 1ap trinh diéu khién hé théng danh lira méi ing
voi mire tai 1,63 kW.

3.4.5. Xay dung dwong déc tinh diéu chinh géc danh lira
som theo tai

30 il LGAWih 0.800
20 ey T—
% | 0.600
10
- 0.500
0 0.400
O 4 G&anh lia s’ I3 2kW

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

Tu két qua t’hi nghi¢m va viéc chon goéc danh lua phu
hop véi cac ché do tai ¢ trén, nhom tac gia da xay dung
dugc ham biu dien moi quan hé cua goc danh Itra phu hop
theo cong suat phu tai dién nhu sau:

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

Voi  Y: Goc danh Ira som (d9)

X: Cong suit phu tai dién (kW)

Xu huéng thay d6i ctia goc danh lira gan nhu tuyén tinh
khi thay doi tai va goc danh lra c6 xu hudng giam khi tai
tang, diéu nay hoan toan ding so véi 1y thuyét dd dugc
nghién ctru; day cling 1a co s¢ 1ap trinh cho HTDL dién tur
tu dong thay doi goc déanh Itra theo cac mirc tai khac nhau.
3.5. So sanh vdi goc danh lvra nguyén thity

So sanh tiéu hao nhién liéu G khi dung HTBL

G1 (kg/h) nguyén thiy & méi G2/G1(%)
100.0

1.0 - 100
038 \ 0935

- ~ 970 98
0.6 70678

\ 96
0.4 .// ]
0.384 95.1 94

0.2 0273

0.0 : - - - 92

0 0.588 1.252 1.814 Ne (kw)
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Hinh 22. So sanh lwong nhién liéu tiél,t thy cua
HTPL nguyén thuy va HTDL thiét ke
Khi sir dung HTDL thiét ké, suét tiéu hao nhién lidu ¢6 ich
gidm & tat cd pham vi cong suat, nhat 1a & vung trén 1 kW.

4. Két luan

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

1. Quy luat diéu chinh goc danh lira t6i wru theo phu tai
cua cum dong co-may phat 168F dung nhién licu 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 doi goc danh
Iira theo murc tai cho dong co 168F kéo may phat dién cd nho
st dung nhién liéu LPG da duogc thiét ké va hoat dong voi
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quy luat didu chinh néi trén, dam bao cho dong co tiét kiém
nhién li¢u, gidm 6 nhiém khi thai, c6 kha nang khaoi dong
lanh t5t hon nhiéu so v6i hé thdng danh lira thong thuong.

3. HTPL nay c6 thé ap dung cho cic dong co cung
chung loai st dung nhién liéu LPG, CNG, biogas,... sau
khi chi can thay doi dir liéu quy luat diéu chinh goc danh
Iira t6i wu.
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