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UNG DUNG LOGIC MO CHAN DOAN TINH TRANG KY THUAT CUA
HE THONG NHIEN LIEU TREN PONG CO XE LU HAMM

APPLICATION OF FUZZY LOGIC FOR FAULT DIAGNOSIS OF
THE ENGINE FUEL SYSTEM OF HAMM ROLLER

Pham Quéc Thai*, Huynh Puc Tri
Truwong Pai hoc Bach khoa - Pai hoc Pa Nang; *pqthai@dut.udn.vn, hdtri@dut.udn.vn

Toém tat - Logic m& duoc nghién ctu va ¢ng dung réngréi trong
nhiéu lihh vuc nhw: Ky thuat, y hoc, digu khién hoc, kinh té. Ung
dung didukhién mo trong diéu khién va chdn doan cac hé thdng trén
0 16 vamay chuyén dungdang dan duoc >quan tdm trong nhungnam
gan day. Bai bao trinh bay nghién ctru xay ding logic mo trong viéc
chén doan trang thaik§ thuat cia hé théng nhién liéu trén dong co
I4p trén xe Lu Hamm. Hé mo chén doan duoc xay dung bao gom
cac budc: Chonthdng §o vao-ra, xaydung dactrung thong S0, xéy
dwng tap luat véiquy tac mo Mamdani dwgc chon va gidi mo bang
phwong phap trong tam. M6 phéng hé thong dwoc thye hién bang
congcu Fuzzy Logic DeS|gner trong phan mém Matlab. Két quamo
phong cho thay, hé mé& chan doan duoc thuwe hién rat thuan loi,

nhanh chéng va hiéu qua véikét qua chinh xac va tin cay.

Tw khéa - Logicmd; hé théng cung c&p nhién liéu; dong co diesel;
chén doan ky thuat; xe Lu Hamm

1. Pit van dé

Xe Lu néi riéng va may chuyén dung ndi chung l
nhimg thiét bi c6 gia trj kinh té 1on. Lai thuong xuyén lam
viéc trong moi truong khic nghiét nén ratdé gip su cb ky
thuat. Viéc chin doan huhong, bao dudngva stra chira cac
phuong tién nay lai doi hoi nhiéu chi phi va thoi gian.

Hé théng cung cip nhién liéu 1 thanh phan rdt quan
trong cua ddngco diesel trangbi trén caic may chuyén dung.
Trangthailam viéc cua hé théngnhién li€u anh hudngtryc
tiép dén nangsudt lam viéc cua dong co. Tuy nhién, trong
qué trinh hoat dong, cac tinh ning k¥ thuét cua hé thong
nhién ligu thay d6idan theo huéngxau di. Do d0, viéc chan
doan, xac dinh dung trang thai ky thuatcia hé thong, giup
du bao chinh xac cac sucd co thé xayra Ia rit can thiét.

Cong tac chdn doan, xac dinh trang thai k¥ thuét trén
cac may chuyén dung trén thuc té phu thudc chu yéu vao
kinh nghiém va kién thirc ctia can bo k§ thuat (chuyén gia)
tai hién truong. Trong khi d6, cic chuyén gia thuong co
nhitng d4nh gia chu quan dya vao truc gidc, dan dén két
qua phantich chdn doan thuong uéc luong va thiéu chinh
xac. Ngoai ra, may chuyén dungla dbi tugng c6 nhiéu tinh
chitdacthu, chwa c6 bo thongsd hoan chinh dé mé ta tinh
trang hu hong cua cac chitiét trong hé théng mot cach ©
rang. Bén canh do, trong qua trinh st dung, trang thaiky
thuatcia may thay d6i dan kho biét trude duoc. Can phai
c6 giai phap phuong phap chin doan hiéu qua trén may
chuyén dung [1]. Trong nhitng nim qua ¢ nhiéu nha khoa
hoc trén thé giéi di déxuatnhidu giaiphap chdn doan trang
thaicua hé théng trén dong co 6 t6. Sabeh va cac cong su
da 4p dunggia thuyét cdu triic vao chin doan hé thdng cung
cip nhién liu [2]. Phuong phap phd rung dong duoc
Marcin va cong sy giogi thiéu [3]. Trong khi d6, thuat toan
IFOA-VMD va HDE dugc st dungnhu phuong phéap chan

Abstract - Fuzzy logic is widely studied and applied in many fields,
such as engineering, medicine, cybernetics, and economics. The
application of fuzzy logic in controlling and diagnosing systems of
automobiles and specialized machines has attracted increasing
interest in recent years. This paper presents research on fuzzy logic in
the faultdiagnosis of the engine fuel system of Hammroller. The fuzzy
diagnostic system is built up including the following steps: Selecting the
input and output parameters, setting the parameter characteristics,
developing a rule setwith Mamdani fuzzy rule, and d efuzzification with
the centiod method. The simulation of the designed fuzzy system is
p erformed with the toolbox of Fuzzy Logic Designer in Matiab software.
The results show that the diagnostic fuzzy system has performed
smoothly and effectively with accurate andreliableresults.

Key words - Fuzzy logic;fuel system; diesel engine; technica
diagnostics; Hammroller.

doan 16i trong cong trinh nghién ctru cta Song va nhém
nhién ctru [4].

Logic m¢ (fuzzy logic) hay con goi la hé chuyén gia c6
thé mo ta day du va truc quan trang thai k¥ thuat cta cac
chi tiét trong hé thong. Ngoai ra, logic mo con co thé o
hop tri thiic ciia nhidu chuyén gia va hé thdngdé manglai
két qua chan doan chinh xéac. Do d6, logic md duoc nghién
ctru va tmg dung trong chdn doan k¥ thuat trongnhiéu linh
vuc khac nhau nhu: Diéu khién hoc, y hoc, co khi dong
luc,... Trong nhiing ndm qua, ¢6 nhiéu nghién ctu lién
quan dén logic md duoc dé xuat. Baban va cac congsy da
woc lwong trang thaicua dia phanh bang cong cu ma [5].
Chan doan 16i trén hé théng phanh bang h¢ thong mo da
dugc Murphey trinh bay trong bai bao cua minh [6].
Modi dé cap dén diéu khién mo trén hé thong phanh chdng
b6 cing banh xe [7].

Nghién ctru nay sé xdy dungm4 hinh chan doén cho hé
théng cung cAp nhién liéu cho dong co diesel trén xe Lu
Hamm bang logic mo. Bién vao ra ciia hé chan doan mo
duoc lya chon dya vao hién tugng biéu hién trén dongcova
nguyén nhansaihongtuonging.

2. Co s& 1y thuyét
2.1. Théong s6 chin dodnva thong sé két ciu

Théng sé chan doan, ky hiéu C, la cac théng sé phan
anhtrangthaicia déi tuong, Cac bién nay duoc nhan biét,
x4c dinh boi cac thiét bj do va con ngudi. Thong s6 kétcau,
ky hiéu H, 1a cdcthongsd danh gia tinh trang k¥ thudt cua
doi tuong. Trong qua trinh lam viéc, gia tri thongsd két ciu
thay d01 tir gia tri ban dau Ho dén gia trj gioi han Hgn, la
ham sb tuongquan véi ithoi gian lam viée. D4 thi mo ta tinh
tuong quan cia thongsd két ciu theo thoi gian lam viéc
duogc biéu dién & Hinh 1.


mailto:*pqthai@dut.udn.vn

ISSN 1859-1531 - TAP CHi KHOAHOC VA CONG NGHE - DAIHOC DA NANG, VOL. 18, NO. 5.1, 2020 97

H

H

gh

|
|
|
|
I
! T (gio)
|

I
I

T

0 T1I Tz

| vong ! ving
| hwhéng | hong

Ving t6t

Hinh 1. Biéu dién méi quan hé giiva thong sé két cau va
thoi gian lam viéc cua doi twong

2.2. Tap hop mo

Hé chuyén gia mo dung cac théng sé chin doan la cac
bién “Vao”, bién “Ra” 1a cacthongso két cau. Tur do, xac
dinh moi quan hé gitta cacbién “Vao” vacacbién “Ra”.

Tap mo A xac dinh trén tap co s& X 1a mdt tap hop
ma mdiphan tirctia né la mot cip gid tri (X, p, (X)), trong
dé xe X va p;(X) la dnhxa.

Hs : X —>[0,1]
Anh xa pg(X) 1a ham lién thugcciatipmo A.

Dang ham lién thudc phd bién nhatla danghinh thang
- Trapmf (Hinh 2a),danghinh tam giac — Trimf (Hinh 2b),
dudi day.

4(x) 4(x)
ap 0 5 i of pr X
(a (b)

Hinh 2. Céc dang ham lién thugc phé bién
2.3. Quy tic mo

_Quy ticmd la phat biéu néu-thi. Trong d6, ménh dé
djéu kién va ménh dé két luanla cAc ménh dé mo. Xét quy
tacsauday:

Néu x, A A vax, la A thiyla B @)
Trong do, cactap mo Al, Az va B tuong ung dugc xac
dinh béi cacham lién thuge 445 (x), Ha, (x,) va s (y).

pat: B:x la A, P:x, la A,
Q:yla B

Ta c6 thé viét lai quy tic (1) nhu sau:
(RAR)—>Q

Laico T(Is /\Q) =Hiqg (X)

va T(P > Q) = 1(u; (), 15 (¥))
véi 1:[0,1x[0,1] —[0,1]

Ta tinh dugc gia tri thatcua quy tic (1) la:
T(RAR)—>Q)= LT (ptp, ()0) 1z, (%)) 25 () ()

Trong d6, T 13 toan tr thye hién phép giaova | la toan
ttr thue hién phép kéo theo. Phép giao dung toant T biéu
dien lién tir va (AND), phépkéotheodungtoantir | bicu
dién sy suy luan, lién tir néu-thi.

Nhu vay, quy tic md c6 thé duge biéu dién boi quan hé
mo. Ham lién thudc cua quan hé mo R biéu dién quy tic
(1) dugc cho boi:

Hg (Xl' X5 y)=1 (T(/UAl (X1)v Ha, (Xz)): ﬂg(Y)) 3)

Do d6, quanhémo R biéu dién quy téc trén c6 thé viét

dudi dangsau:
R=I(T(A,A,),B) @)

2.4. Gidi mo

Giai mo 1a xac dinh mot gia tri 16 & ddu ra theo ham
1iép thudc hgp thanh da tim dugc tu cacludt hop thanh va
diéu kién dau vao. Trong nghién ciru nay, phuong phap
trong tam dé giai mo, dugc mo ta nhu sau:
[ 11 (y)-ydy
S

*

y' = ()
[ 1 (y)dy
S
Vé ‘méthinhhoc, phuong phap trong tdm gan gia trird
cho bién 0'ngd ra la gid tri ma taido ham lién thudc duoc
chia lam hai phan cé dién tich bang nhau. Phuong phap
dugc mo ta truc quan 6 Hinh 3.

y7i
1

0— !
vy

S

Hinh 3. Phwong phdp trong tim

3. Xay duyng hé mo chin doan hw héng hé théng cung
cap nhién liéu cho dong co diesel trén xe lu Hamm

Quy trinh x4y dung hé md chdn doan huhonghé thong
cung cép‘nhién liu diesel trén xe lu Hamm dugc mo ta nhu
trén so d6 Hinh 4.

Bué6e 1: Xac dinh cac thong sé Vao-Ra
N/
Budc 2: Xay dung dic trung cho cac bién Vao-Ra
2
Budce 3: Xay dung luat diéu khién
NZ
Bud6c 4: Chon quy tic mo
NZ
Budc 5: Gidi mo

Hinh 4. Quy trinh xdy ding hé mo chan dodn
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3.1. Xdc djnh cdc thong sé Vio-Ra

Déi tugng chan doan 1a hé théng cung cap nhién liéu
diesel trén xe lu Hamm. Viéc chon cac thong so chan doan
— bién Vao, cac thong s két cAu — bién Ra, dua trén tinh
trang lam viéc, nhimg thay ddido hé théng cung cap nhién
lidu giy ra trén dong co va ¥ kién cua cac chuyén gia.
Nghién ctru nay ldy co s Iwa chon theo cac phuong phap
duogc gidi thiéu ¢ [8] - [9].

Hé¢ théng nhién liéu déng co trén xe Lu Hamm & mot
cum chi tiét rt phirc tap. Do d6, baitoan phan tich va chan
doan tit ca cac cum chi tiét trong toan by hé théng s¢ tro
nén cong kénh va phirc tap. Trong khi d6, c6 nhiing chi tiét
it anh huong dangké dén tinh trang k§y thuat ciia dong co.
Bai bao nay tap trung phan tich sy thay d6i tinh trang ky
thudt ciia cac bo phan chinh nhu: Bom cao ap, bom thap
ap, bauloc, voi phun. Theo do, thong s6 Vao gom 3 bién:
Gidm cong suat dongco, mau sickhi thai,rung dong dong
co. Thong s6 Ra la cac hu hong thudng gip trén cac ddi
tuong gdm 4 bién: hong bom cao ap, hong bom thap ap,
hong bau loc, hong voi phun.

Céac bién md duoc chon dé chan doan tinh trang hé
thdng cung cap nhién liéu diesel duoc mé ta trong Bang
1sauday.

Bing 1. Théng sé Vio-Ra

STT Tén bié%l ngén ngir Ténévié't KlAéu an

(ky higu) tat bién Vi
1 |Giamcong sudtdongco (c1)| CSDC Vao %
2 |Mau séc khi thai (c2) MSKT | Vao | %
3 |[Rung ddng dong co (ca) RDDC | Vao %
4 | Hong bom cao ap (hi) BCA Ra %
5 | Hong bom thip ap (h2) BTA Ra %
6 | Hong béau loc (hs) BLNL Ra %
7 | Hong voi phun (ha) VPCA Ra %

3.2. Xdy dung diic trung cho cdc théng s6 Vao-Ra

Céc bién trén dugce dinh nghia rd rang théng qua cac
khainiém véi cac gia tri cuthé. Cacthong sb cua ham lién
thudc chon theo danghinh thangva hinh tam gidc voi cac
diém dic trung a, B, v, 0. M3ibién vao dugc chon vi 4 tap
mo con, bién ra dugc chon véi 4 tap mocon.

Bing 2. Tap mo ciia bién “Vio”

Pic trung Tap mé bién “Vao”

Ky hiéu

(i=1+3) G G G C

Thong 6 (%) | 0-0-20-40 | 20-40-60 | 40-60-80 |60-80-100-100

Ngon ngir Tét Kha | Trung binh Yéu

gﬁin(f,:‘)c 0-40 | 20-60 | 40-80 60-100
Bing 3. Tdp mo ciia bién “Ra”

Pac trung Tap mé bién “Ra”

I(f};iujl) h, h, h, h;

Théng sb (%) | 0-0-20-40 | 20-40-60 | 40-60-80 |60-80-100-100

Pac trung Tap mé bién “Ra”

Ngon ngir Tét Kha | Trung binh Yéu
Mién x4c

dinh (%) 0-40 20-60 40-80 60-100

3.3. Xdy dung lugt diéu khién
Luat diéu khién ctua hé mo dugc xay dung trén co so
khao sat h¢ thong cung cip nhién ligu diesel trén xe Lu
Hamm. Ky thuat bdo dudng va sua chita h¢ thong nhién
liéu diesel [10] vay kién chuyén gia [11]. Tap luat duogc
xay dung g6m 20 luat dugc trinh bay trong Bang4.
Bdng 4. Tdp ludt ciia bd chin dodn mo hé thdng cung cdp
nhién liéu diesel trén dong co xe Lu Hamm

STT | ¢ c, C, h, h, h, h,
1 T T T T T T T
2 Y Y Y Y Y Y Y
3 K T K T K K T
4 K K K K K T K
5 B | TB K K B K K
6 B Y B K B T Y
7 B K B | TB Y Y K
8 Y Y Y Y Y B Y
9 Y K Y Y B Y K
10 Y B Y B Y B Y

11 Y TB | TB | TB | TB K B
12 | TB K Y B Y B K
13 | TB K K B | TB | TB K
14 Y B K K B K Y
15 | TB | TB K K B T Y
16 | TB Y Y B Y B Y
17 | TB | TB Y B | TB | TB Y
18 | TB Y K B K T Y
19 | TB Y B K Y B Y
20 Y K B | TB K B K

Chon quy tic m& Mamdanidé biéu dién hé tri thuc
trong bai toan nay va phuwong phap trong tim dé giai mo
trong nghién cuu nay.

4. Két qua mo phéng

M& hinh chin doan hu hong cho hé théng cung cap
nhién liéu xe Lu Hamm dugc xdy dung trén phin mém
Matlab.

Giao dién m6 hinh dugc thé hién truc quan cAu tric md
hinh gdm 3 bién vao, quy tic mdMamdaniva 4 bién & ngd
ra, dugc md ta nhu trén Hinh 5. Pic trung cac bién
Vao-Ra dugc thé hién trén Hinh 6 va Hinh 7. M&i bién
Va0-Ra gdm 4 tdp mo con v6i ham lién thudc trong tng.

Hinh 8 1 giao dién xay dung tap luat ciia h¢ md gom
20 luat diéu khién trong khdi quy tic mo Mamdani.
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Hinh 5. Giao dién

FIS Variables

XX
\
CsDC BCA
X0 X8
MSKT BTA

XX XX

RDDC BLNL

chinh ciia mé hinh chén dodn

Membership function plots °° “°"* 181

K ™ Y

input variable “CSDC*

0 100)

Current Membership Function (click on MF to select)

Name T
Type trapmf v

Params 1002040

[0 100]

|R-w

Hinh 6. Bdc trung théng sé Vao

FIS Variables

X X3

Membership function plots % °*™* 181
K T8 £ i

output variable "BCA"

Name BCA
Type output

0 100]

Current Membership Function (click on MF to select)

Name T

] trapmf. i
Params [002040]

0 100] I

Hoo | Close I]

Hinh 7. Pdc trung théng sé Ra

2. if (CSDC is Y) and (MSKT is Y) and (RDDC

<

csocis MSKT s
|
T8 T

14 Y

K K
none none

=< -

If and and Then

| -

E

1. (CSOC is T) and (MSKT is T) and (RDDC is T) then (BCA is TYBTA is TYBLNL is TXVPCAis T) (1)

is Y) then (BCA'is YABTA is YABLNL is Y)(VPCA s Y) (1)

3.1 (CSDC is K) and (MSKT is T) and (RDDC is K) then (BCA is TYBTA is K)BLNL is KXVPCA is T) (1)

4. 1f (CSDC is K) and (MSKT is K) and (RDDC is K) then (BCA is KXBTA is K)BLNL is TAVPCA is K) (1)

5. 1f (CSDC is TB) and (MSKT is TB) and (RDDC is K) then (BCA is KBTA is TB)(BLNL is K\VPCA is K) (1)

6. 1f (CSDC is TB) and (MSKT is Y) and (RDDC is TB) then (BCA is K)(BTA is TB)(BLNL is TYVPCA is Y) (1)
7.1 (CSDC is TB) and (MSKT is K) and (RDDC is TB) then (BCA is TB)(BTA is Y)(BLNL is Y)VPCA is K) (1

8. If (CSDC is Y) and (MSKT is Y) and (RDDC is Y) then (BCA is Y)(BTA is YNBLNL is TB)YVPCA is Y) (1)

9. 1f (CSDC s Y) and (MSKT is K) and (RDDC is Y) then (BCA is YXBTA is TB)YBLNL is Y)(VPCA s K) (1) ¥
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Hinh 8. Tdp ludt diéu khién trong khéi quy tic Mamdani

Hinh 9 va 10 thé hién két qua m6 phong hé md chin
doanhé théngnhién liéu trén dong co diesel dudi dangba
chiéu.

Két qua mo phong trén Hinh 9 cho thdy xu huéng hu
hong cia voiphun ting khi d¢ rung dong ctia dong co va
d6 giam cong suit ciia dong co ting. Xu hudng twong ty
cling dugc phan anh trén Hinh 10. B§ rung déng va do
giam cong suit ciia dongcotingla dduhiéu nhan biét muc
d6 hu hong ctia bd loc nhién liéu.

50

RDDC % 9 csbe

Hinh 9. Quan hé giita d¢ giam cong sudt dong co va rung dong
dong co véi hu hong voi phun cao dap

BLNL

RDDC 0 o0

CSDC

Hinh 10. Quan hé giita dé giam cong sudt déng co va rung
dong dong co voi hu hong bo loc nhién liéu

5. Két luan va hwéng phat trién

Trong nghién ctru nay, hé mo chan doan trang thaiky
thuat cta hé thdng cung cip nhién liéu dong co diesel trén
xe lu Hamm dugc xay dung va mé phong bang cong cu
Fuzzy Logic Designer. Két qua mé phong cho thay, hé mo
dugc xay dung thuc hién viéc chin doan rit hiéu qua voi
két qua chinh xé4c va tin cay cao. Piéu nay cho thiy tinh
kha thi cua phuong phap Gng dung logic m& trong chin
doan k¥ thuat cho cac ddi tugng khéc trén cac phuong tién
giao thong va may chuyén dung.

HE mo duoc xdy dung cé uu diém 14 ¢ tinh mé. Do do,
co thé tiép tuc cdp nhat tri thire, kinh nghiém cua cac
chuyén gia vao hé thdng dé tingdd chinh xac, dap img tot
cong tac chan doan hé théng nhién liu trén dong co tai
hién truong.

Loi cAm on: Nghién ctru nay duoc taitrg boi Truong Dai
hoc Bach khoa — Pai hoc Pa Nang trong dé tai c6 ma so
T2020-02-04.
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