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TOM TAT

Tinh trang ky thuat cua dong co la mot trong nhirng yeu 16 quan trong quyét dinh dén kha
néng van hanh cia 6 t6. C6 rdt nhiéu phmmg phap gitip chan dodn dwoc tinh trang kj thudt. Noi
dung bai bdo dé cdp dén co so 1y thuyét tip mo g dung trong chan dodn ky thudt. Trén co s¢ do
tién hanh xdy dung chirong trinh tinh todn xdc dinh trang thai kj thudt (TTKT) déng co trén xe
Kamaz-43118 trong qud trinh khai théc theo cdc thong sé biéu hién két cau. Két qud ciia bai bdo cé
thé iing dung nghién civu chdn dodn cac cum, hé thong trén cdc trang bi co khi dong luc.

Tir khéa: Chan dodn ky thudt; Trang thdi kyj thudt; Théng s6 chan dodn; Théng sé két cau;
Hu hong su co; Doi twong chan doan; Ly thuyét mo.

ABSTRACT

The technical condition of the engine is one of the essential factors determining the
automobile's performance. There are many methods to help diagnose the technical states. The
article's content refers to applying of fuzzy logic in technical diagnostics. On that basis, proceed to
build a program to calculate and determine the technical status of the engine on the Kamaz-43118
vehicle during the exploitation process according to the structural expression parameters. The
results of the article can be applied to diagnostic studies of sub-systems and general systems of
vehicles.

Keywords: Technical diagnostic; Technical state; Diagnostic parameter, Structural
parameter,; Fault damage; Diagnostic object; Fuzzy theory.

1. PAT VAN PE cac hu hong va TTKT hién tai ma khong phai
thao roi ddi twong chan doan [3]. Nhu vy, tac

Chan doan tinh trang ky thuat ciia cac dong ctia chan doan vira mang tinh chi dong

hé thong trén 6 t6 1a tac dong ky thuat vao qua va vira mang tinh ngin chin cac hu hong co thé
trinh khai thac va sir dung 6 t6 va nham dam xay ra, nhung khong thao roi ma st dung cac
bao cho xe hoat dong c6 d¢ tin cay cao, an toan, bién phap tham do, dua vao nhiing biéu hién

hiéu qua bang cach phat hién va du bao kip thoi dic trung trong qué trinh khai thac. Chan doan &
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ky thuat c6 y nghia quan trong nhu: (i) nang
cao do tin cay cua xe va an toan giao thong nho
phat hién kip thoi va du doan trude dugc cac
hu hong ¢ thé xay ra; (ii) nAng cao d6 bén lau,
giam chi phi va phuy ting thay thé, giam duoc
d6 hao mon cac chi tiét do khong phai thao roi
cac tong thanh; (iii) giam duoc tiéu hao nhién
lidu, dau nhon do phat hién kip thoi dé diéu
chinh cac bg phan dua vé trang thai l[am viéc tbi
uu; (iv) gidm gid cong lao dong cho cong tac
bao dudng k¥ thuat va sua chira [3].

Khi chan doan sir dung cac phuong
phap nhu 1y thuyét thong tin, 1y thuyét nhan
dang hoic 1y thuyét do tin cdy, can co thong
tin 1& rang, ddy du vé dbi tuong nghién ciru.
Tuy nhién, trong chan doan k¥ thuat khong ton
tai nguong chinh xéac gitra trang thai hong va
khong hong, cac dai luong d6 mang tinh ngau
nhién va khong dinh nghia chinh xac quan h¢
gitta cac dai luong. Do do, viéc ap dung 1y
thuyét tap md xac dinh TTKT 1a hop 1y hon ca,
dic biét ddi v6i cac hé théng phuc tap [3], [5].

2.CO SO LY THUYET
2.1. Tap mo

Tap mo A duoc dic trung boi cac phan
tr dua vao ¢ dang muc phu thudc u, goi la
ham lién thude va duogc ky hi¢u nhu 1a bac phu
thudc. Mirc phu thudc 1a gia tri biéu thi su danh
gia khach quan ctia con ngudi dbi véi trang thai
cua sy vat [1].

Xét tap E bat ky, trong d6 ¢ tap con A.
Ham p, co thé c6 cac gia trj trong doan tir 0 dén
1. Tap con A 1a tap mo (ky hiéu la A) va dugc
dinh nghia nhu tap cia hai véc to.

A=(x,u,(x),x€E

Véc to x 1a dinh nghia ciia phén tir trong
tap mo A, véc to p L 1a han} lién thudc C}ﬁa A.
Khi do, tdp mo dugce phat bicu nhu sau: So thuc
cta ham p (x) ddi v6i Ipéi phan tir xeE duoc
coi nhu 12 bac ctia yéu t6 phu thudc cua A.

2.2. Ham phu thudc [3]
a. Cac dac tinh cia ham phu thudc

Cac dac tinh cia ham phu thudc bao
gom: dJ cao, mién xac dinh va mién tin cay.

-6 cao ctia tip md A con goi 1a d6 phu
thudc cia ham phuy thude va ky hi¢u nhu sau:
hg‘E(A) = sup p (x); x€E. T@p mo phai co it
nhat mot phan tr c6 d cao bang 1 va n6 dugc
goi 1a tAp md chinh tic, nguoc lai goi 14 tip mo
khong chinh tic.

- Mién x4c dinh 14 tap hop cac phan tir x
cuatipmo A cod p ,(x) > 0; mién tin cay la tap
hop cic phan tir x cia tip mo A co (x) = 1.

b. Cac dang ham phu thugc thwong ding

Cac ham phu thudc co thé 1a cac ham
v6i cac dang duong cong tily y gan véi cac ham
dai s6 co ban (hinh 1). Tuy vay, cic ham phu
thugc dung trong chan doan trang thai va diéu
khién mo thuong chon 14 cac ham tuyén tinh.

Ham
tam giac

a By x a fy 6 «x

Hinh 1. Céc dang ham thuong chon trong chan dodn
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2.3. Cac phép tinh logic véi tap mo [1], [2]

a. Logic mo': Logic mo 14 logic nhiéu gia tri trong
khoang tir 0 dén 1. Poi hoi trong logic md 1a phai
cd quy ludt trong khodng nho. Khai niém logic
mo dong nghia vai khai niém tap mo. Bién logic
trong tap mo la cac ham phu thudc.

* Cdc phép tinh logic

- Phep so sanh: Tép A la tap con cua B
nghia la A ndm trong B néu: M, (X) < (%)
Tap A bang tapB néu u LX) =y (x);

- Phép hop: Neu C la atap dugctao thanh tur
phép hop cua hai tép 4 A va B thin6 dugc ky hiéu
nhu sau:C=AUB = {(x H5(X),Vxe E}

O day My (x)= maxlu (x) Hy (X)J;

- Phép giao: Néu § 1a tap duoc tao thanh
tir phép giao cuahaitdp A4 va B thind duoc ky

hiéunhusau:C = 4N B = {(x,,uMB (x)),Vx e E};
O day 1,05 (6) = minfge (x) p15()];

- Phép bui: Néu tap C la tap hop bu cua
tap A xéc dinh 1 trong £ thi né dugce ky hiéu nhu
sau: C = compld = {(x Heompia (), VX € E }

* Quan hé mo

M01 tap hop nho R cia phép nhén khong
cung cosd Ava B ta £0i la quan h¢ cua tap 4,
d6i véi tap B . Quan hé mo khong cing co s& la
quan h¢ khong thé xac dinh don diéu theo mot
co s, giita ching ton tai quan hé giira hai hay
nhiéu tap hop khong cting co so. Pdi v6i quan hé
m& khong cling co s¢ ¢6 thé ding cach ghi ma
tran thong thuong. Cac ham phu thudc quan hé
Hp (x,»):
7 R={xy), u xy)};
O dy p, (xy)=p, 5 (xy)

Khi d6, ma trn chin doan c6 thé dung
truc tiép bang ngon ngir, cac gia tri ngon ngir theo
dang quy luat “Neu Thi”. Bién mo tong quét co
dac trung 12 mdi thanh phan x€E 13 gia tri cia nd
theo ham phu thugc twong ung.

2.4. Suy ludn mo

Suy luan mo sir dung to hop cac ludt suy
luan trén co s& logic mo (quan hé giita bién vao
va bién ra). Cac gia tri thong sb vao 1a cac tin
hiéu sb, s6 liéu cua nguoi su dung, cua hé théng
chuyén gia. Céc thong sb ra 13 tip mo bao gdbm
truc tiép cac ham twong tmg phu hop vai thong
tin vé TTKT ctia ddi tuong nghién ctru [3].

a. Ménh dé hop thanh

Véi quan h¢ don di¢u hay quan h¢ phtrc
hop déu duoc thuc hién béng cac suy luan “Néu
— Thi”. Suy luan m¢ don di¢u “Néu — Thi” trong
dang ngodn ngit c6 thé viét nhu sau: Néu (X 1a
TV) thi (Y 1a'Y2). Hay: IF (Biéu thirc m¢) THEN
(biéu thitc mo); Trong do, X va Y 1a cac bién mo,
TV vaY2la cac gia tri ngon ngir dugc dinh nghia
truc tiép ctia tap mo N,U trong khoang T va R.

Ménh dé nay cho phép tir mot gia tri dau
vao xac dinh dugc lién tmg thoa man yéu cau két
luan suy luan ctia gia tri dau ra va dugc goi la
ménh dé hop thanh véi mot diéu kién.

b. Mirc phu thudc ciia két qua suy luin

Mirc phu thudc ctia két qua suy luan cua
luat trong tap mo co gid tri trong khoang (0,1) va
¢6 thé ap dung cac phép tinh tng dung mo trén co
s& cac mire phy thude cho trude cia tién ménh dé.
Luat IF — THEN c6 thé biéu thi nho cac phép tinh
g dung. Néu 2, (p); 1, (p)la cac gié tri cu thé
ctia ham phu thudc g, (x); i, (y) can tim ham
Hyp (Xy) la mirc phu thudc két qua suy luan cua
luat thong qua cac phép tinh img dung:
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L(u,(x), #p (¥) = Hr(Xy) vOi quan h¢

I(p(x) up(y)

R; (pou,(p) = (q.u5(q9)

Céc phép toan tng dung gom co:

- Mamdan
L, (%), pp (y)=min(p, (x), tp (¥))

- Larsen
L, (%), py ()=, (X). pp (¥))

- Lukasiewicz

I, (%), g (y)=min(1,1- 22, (X 125 ()

- Zadeh
14 (%), 44 (v)) = max(1- g2, (x)min 2, (X), 1 (¥)))

- Kleene — Dienes
L, (%), (y) =max(l- g, (x), p5(y))

¢. Luét hop thanh diéu kién

Tién ménh dé& va lién ng cd nhiéu
thanh phan nhu cic gia thiét trong logic md ¢6
thé 12 nhan (ANDF), téng (ORF) cua cac phép
tinh. Tap twong Gmg vai cac quy luat Néu — Thi
clia mot s6 gia tri (x> X,, ¥), cdc gid tri xac dir}h
mot tdp mai trong khoang N, N,, U dugc bicu
thi nhl; la tich cuia ham mo T, T, R. Suyq luép
mo Néu — Thi trong dang ngdn ngtr ¢o thé viét
nhu sau:

A \ 1 \ \ \ n \ \
Néu(x,1a 4; va..vax la 4; Thi(ylay )
Néu h¢ thong c6 m dau vao va n dau ra
thi ¢o thé tach thanh n hé nho, moi hé nho cé m
dauvao tr X, dén X vamotdauralay.

d. M¢& hoéa va giai mo

Chung ta sip xép bac phu thudc vao

mot hay nhiéu tip md tuong tmg voi khai niém
doc lap trong céc ludt, trong d6 dam bao trum
kin khong thtra khoang tryc cua tap mo tuong
ung, nghia la d@ mo hoa. Nho qué trinh mo
hoa trong thuc té 1ap bang ham tuong tmg hay
bd sung cac biéu thic phéan tich ctia cac ham
nay va tiép 1 xay duyng ham phu thudc cho céc
ph?m cta tién ménh dé. Néu nhu tién ménh dé
ctia cac luat cho trude c6 nhidu hon mot phé‘m,
tuc l1a ching ta mo hoa nhiéu bac phu thudc va
s& ¢6 truc tiép cac phép mo gid tri dong nhét dai
dién cho tién ménh dé doi vai ung dung mo.

Sap xép dinh cua cac gia tri dbi voi tap
mo ra bang giai mo. Trong chan doan giai mo
dugc hiéu 1a sip xép cic ham phu thudc véi
trang thai doc lap trong dai lugng chan doan
vao. Trén co s& hé théng luat IF — THEN cua
tap mo ta co dugc, co thé danh gia trang thai
cac gia tri tuong Ung cua muc phu thudc va
khong tién hanh giai mo. Giai mo 1 phép tinh
co ban cua diéu chinh mo.

3.UNG DUNG LY THUYET TAP MO XAC
PINH TINH TRANG KY THUAT PONG
CO TREN XE KAMAZ — 43118

3.1. Xac dinh cac bién vao —ra

P6i tuong nghién ctu 13 dong
co KAMAZ-740.30-260, lip trén xe
KAMAZ-43118. Qua phan tich h¢ thong, két
hop véi tri thitc chuyén gia, ta thiy hé thong
¢6 bay bién vao va mot bién ra. Bién vao 1a cac
TSCD déc trung nhét cho TTKT cua dong co,
nhitng tri¢u chung hu héng thuong gdp trong
qué trinh khai thac. Bién ra 1a TTKT cua dong
co can xac dinh. Nhu vay, bién vao va bién ra
cua dong co duogc thé hién & bang 1.
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Bdng 1. Cac bién vao - bién ra cua hé thong

Bién vao . . Bién ra e
STT (thir nguyén) Don vi Ky hi¢u (thir nguyén) Ky hi¢u
1 Cong suat cua dong co Kw G
2 Nhiét do nudce lam mat °C T
3 Ap suét dau bdi tron MPa B . o
4 | Sudttiéuhaonhién licu | g/Kmh N | Tnhuensky hudien done |k
5 GO, on dB O
6 Ap suét cudi ky nén MPa P
7 Do khoi %HSU K
3.2. X’éc dinh gia tri ngdn ngir ciia bién vao On it Ol
va bién ra 5 G, 6n On vira ov
L . On nhiéu ON
3.2.1. Gia tri ngon ngii cua bién vao ’ o Thép PT
Ap suat cuoi \

CAc gia tri ngdn ngit ctia bién vao chinh 6 ka’ nén Vl{a PV
la cac tdp mo con, nd chinh la nhitng khoang f?u PD
ctia bién vao ma thé hién bang ngén ngit, song It KI
n6 bao trim 1én tat ca nhimg kha nang co thé 7 b khdi Vﬁf‘ KV
ctia bién vao. O diy, mdi gia tri bién vao c6 ba Nhiéu KN

hodc bbn gia tri ngdn ngit (Bang 2). ,
3.2.2. Gia tri ngon ngit cuia bién ra

Badng 2. Cac gia tri ngon ngir cua bién vao

Véi dong co KAMAZ-740.30-260, ta

. i4 tri ned chon mot bién ra duy nhit 1a TTKT. Gi4 tri
STT | Biénvao |Clatringdn| yo .. or O™ BIEA T Sy 1 IR
ngir ) ngon ngir cua bién ra la 5, twong tmg véi nd la
Thap GD nam tap mo con (Bang 3).
| Cong suét clia Yéu GT
dong co Vira GN Bang 3. Cac gia tri ngon ngir cua bién ra
bu GR
_ Trung binh TT X Gia tri ngon Ky
5 Nhi?t 6 nuée Via v STT Bién ra ngir hiu
am mat -
Cao 1C Lam viée t6t | TOT
X A A Thap BD Lam vi¢c
3 A;t)) §}1:1t dau Via BV Tinh trang k¥ binh thu 0’n g BT
O1tron Té¢ BT ) thuat cia dong
co KAMAZ-740 | Lam viéc kém | KE
o Trung binh NT (%) -
4 Suat tiéu pao Via NV Hoéng nhe HNh
nhién liéu \
Lén NL Hong nang HN &
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3.2.3. Xdc dinh gia tri ham lién thugc cho tirng gid tri ngon ngir

Céc thong s6 ham lién thudc duoc chon theo dang hinh thang v&i cac diém dic trung 12 a,
B, v, 8. Cac diém dic trung twong ng v6i 4 dinh cta hinh thang, Khi chon, cac diém (tir diém dau
dén diém cubi) phai phu hét tat ca cac thong sb chira dung nhitng hong hoc c6 thé xay ra trong qué
trinh s dung. Céc thong s6 ctia ham lién thudc duoc chon theo bang 4.

Badng 4. Cac gia tri ham phu thudc

. L N o Cac thong s6 ham lién thudc
Bién vao/ra Gia tri ngon ngir Ky hi¢u
o [} v o
Théap GD 110 | 110 | 120 | 125
. Yéu GT 120 | 125 | 130 | 135
Cong suat cuia dong co (Kw) -

Vira GN 130 | 135 | 140 | 145
Pu GR 140 | 145 | 150 | 154

Trung binh TT 70 73 77 80

Nhiét d6 nude lam mat (°C) Vira TV 77 80 83 85
Cao TC 83 85 90 90

Thap BD 1 1,5 2 2,5

Ap suét dau boi tron (MPa) Vira BV 2 2,5 3 3,5
Tét BT 3 3,5 4 4,5
Trung binh NT 224 | 226 | 228 | 230
Suét tiéu hao nhién liéu (g/Kwh) Vira NV 227 | 230 | 234 | 237
Lén NL 234 | 237 | 240 | 242

On it Ol 10 10 30 40

Gd 6n (dB) On vira ov 20 40 50 70

On nhiéu ON 50 70 80 80
Thap PT 180 | 180 | 184 | 188
Ap suét cudi ky nén (MPa) Vira PV 184 | 188 | 190 | 192
bu PD 190 | 192 | 195 | 195

it KI 20 22 26 30

Do khoi (%HSU) Vira KV 28 32 36 40
Nhiéu KN 38 42 46 50
Lam viéc tot TOT 85 95 100 | 100

Lam vice BT 65 | 75 | 8 | 95

Tinh trang k¥ thuat ctia dong co binh thuong

KAMAZ-740.30-260 (%) Lam viéc kém KE 45 55 65 75
Hong nhe HNh 25 35 45 55

Hong nang HN 0 15 25 35
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3.2.4. Xdy dung ludt cho hé mo

Dua vao ban chat vat ly, sb liéu do dac
va kinh nghiém chuyén gia trong qua trinh khai
thac st dung xe, xay dung cac luat cho h¢ mo.
Trén co so d6, luat IF — THEN (Néu — Thi)
duoc xay dung thong qua 130 luat.

Sau khi da xay dung xong khong
gian mo cho cac bién vao va ra, tir man hinh
Membership Function Editor vao Edit chon
Rules Editor, ta thdy man hinh Rules Editor
xuét hién.

Tai man hinh nay, ta xay dung cac
luat, sau mdi luat chon Add rule véi trong so
(Weight) ctia hé chon 1a 1.

Viée xdy dung luat diéu khién 1a khau
quan trong quyét dinh dén d6 chinh xéac cua bai
toan. Ta phai chon nhiing luat thuong xdy ra
nhat trong qua trinh str dung, s6 luong luat cang
16n, d6 chinh xac cang cao.

3.2.5. Hién thi két qud chén dodn

Tt man hinh Rule Editor, ta vao View
chon Rule cho ta két quéa tuong ing voi céac gia
tri dau vao (Hinh 2).

/ Rule Viewer: DongCoKAMAZ740 EI@IE\

Fie Edt View Options

NE=132 Nhietdo = au = 2.75 e = 222 Tienggo = 45 nen = hoi = 35 TrangThaiKythuat = £q
1= — — ] — ] —— [ —
2

|""“ (13280275 233 45 187.5 35

Pit poirts: H"b‘" E|

| Opened system DongCoKAMAZT40, 50 rules ‘ ‘ [ Help ] Ciose ] |

Hinh 2. Man hinh hién thi két qua

Qua két qua trén hinh 2 ta thdy, voi gia
tri do duoc ctia cac thong sb chan doan (N =132
Kw, t°‘= 80°C, P, =2,75 MP , g = 233 g/Kwh,
tiecng on = 45dB, P_ = 158 MP_va d9 khoi =
35(%HUS)), thi TTKT cua dong co con 50%.
Nhu vay, trong qua trinh khai thac, trén co so
gia trj cac thong sé chan doan do dugc, ching
ta ¢6 thé xac dinh duge TTKT thuc té cua dong
co, lam co s giao nhan va lap ké hoach dam
bao phu tung, vat tu cho trang bi.

4. KET LUAN

Bai bao di trinh bay tng dung 1y thuyét
tdp mo, trén co sd su dung cong cu Fuzzy
Toolbox trong phin mém Matlab-Simulink dé
chan doan TTKT dong co KAMAZ 740.30-260
lap trén xe KAMAZ-43118. Két qua nay c6 thé
dung 1am co s& nghién ctru chan doan TTKT
cac hé théng khac trén xe 6 t6 ciing nhu trén
cac trang thiét bi thudc linh vue co khi dong
luc. <
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