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NG DUNG PHUONG PHAP LMD TRONG DANH GIA TINH TRANG
KY THUAT HOP SO CO KHi

APPLICATION OF LMD METHOD IN ASSESSING TECHNICAL CONDITION OF
MECHANICAL GEARBOX

Lé Pirc Hiéu"", Pinh Qudc Cudng?
Truong Co khi — O t6, Trudng Pai hoc Cong nghiép Ha Noi
2Vién Nghién ctru Co khi

TOM TAT

Phuwong phap phan tich tin hiéu rung dong LMD la mot phwong phap maoi trong xuw Iy cdc tin
hiéu phi tuyén va khéng on dinh. Trong bai bdo nay, phirong phdp LMD két hop véi en-tré-pi niang
lwong (EN) duwoc ung dung trong phan tich cac tin hiéu rung dong va danh gia tinh trang lam viéc
ciia hép s6 co khi. Cdc tin hiéu rung déng dwoc phan tich thanh cdc thanh phan PFs boi phirong
phdp LMD. Sau d6, tir mét sé thanh phan PFs dau tién dwoc chon lam cdc vée-to ddc tinh hw hong
tréi nhdt cia cdac thanh phdn trong hép sé, tir cac véc-to nay dwoc sdp xép lai va tinh gid tri ndng
lieong dé phan tich, danh gid tinh trang ky thudt ciia hdp sé. Két qua cho thdy phwong phap LMD
két hop voi EN da danh gia dwoc tinh trang lam viéc cua hop $6 mot cdch hiéu qua va chinh xac
cao khi dwoc so sanh voi cac phwong phap khdac nhu EMD va EN.

Tir khéa: Hop s6 co khi; Chan dodn 16i; Phwong phdp LMD.
ABSTRACT

LMD vibration signal analysis method is a new method in processing nonlinear and unstable
signals. In this paper, the LMD method combined with energy entropy (EN) is applied to analyze
vibration signals and evaluate the working condition of mechanical gearbox. The vibrated signals
are decomposed into PFs components by the LMD method. Then from the first some PFs components
are selected as the most dominant damage characteristic vectors of the components in the gearbox,
from these vectors are rearranged and the energy value is calculated to be divided for evaluation.
Technical condition of the gearbox. The results show that the LMD method combined with EN can
effectively and accurately evaluate the working condition of the gearbox when compared with other
methods such as EMD and EN.

Keywords: Mechanical gearbox; Fault diagnosis;, LMD method.
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1. TONG QUAN

Hop s6 1a phan khong thé thiéu trong
cac hé théng truyén dong co khi noi chung va
trong hé thong truyén dong ctia cac phuong tién
van tai ndi riéng. Trong qua trinh khai thac,
céc chi tiét bi hao mon, xuat hién cac hu hong
khong mong mudn, nhu hu hong cac cap banh
rang, O bi, cac tin hiéu rung dong cua hop sb
co khi ¢6 dic tinh khong 6n dinh, phi tuyén. Vi
vay, viéc xac dinh cac dang hu héng cua céc chi
tiét trong hop sé co khi 1a rat can thiét. Pi co
nhiéu cong bd vé chan doan hu hong ciia hop sd
co khi dang trén céc tap chi uy tin [1-7].

C6 nhiéu phuong phap trong chan doan
hu hong cta hop sb: phan tich tin hidu 4m
thanh, dénh gia chat lugng hop sb thong qua
chat luong cua dau boi tron (gidm sat cac mat
kim loai bi mai mon trong dau boi tron) va phan
tich tin hiéu rung dong [5]. Trong do, phuong
phéap tin hiéu rung dong dang dugc su dung
nhiéu hon céc phuong phap con lai. Trong phan
tich tin hiéu rung dong, thuong dugc s dung
céc phuong phap: xur Iy tin hiéu trong mién thoi
gian, xtr Iy tin hiéu trong mién tan s, va xu 1y
tin hiéu trong mién thoi gian — tan sd. Trong
bai bao nay st dung phuong phap phan tich tin
hiéu trong mién thoi gian — tan sb dé phan tich
tin hiéu rung dong ctia hop s6. Trong mién thoi
gian — tan sb da c6 nhimg nghién ctru nhu: bién
d6i nhanh Fourier, phan b Wigner-Ville va
phan tich Wavelet [8], EMD (Empirical Mode
Decomposition), EEMD (Ensemble Empirical
Mode Decomposition) [5-7]. Nhung cac
phuong phap d6 c6 nhiéu han ché nhu: chi ap
dung cho cac tin hi¢u tuyén tinh, khong phai la
phuong phap xtr 1y tin hi¢u tu thich nghi. Hon
nita, cac tin hiéu rung dong ctia hop sb co khi lai
chiu anh huéng ciia nhiéu yéu t phi tuyén: tai
trong, khe ho, ma sat, do cing bé mit... Tém
lai, trong diéu kién 1am viéc téng quat, cac tin

hiéu rung dong cua hop giam tdc 1a khong on
dinh, phi tuyén nén viéc xac dinh cac diéu kién
lam viéc cta hop sé co khi gip nhiéu khé khin
khi sir dung cic phuong phap truyén thong.
Chinh vi vay, mét phuong phap phan tich tin
hiéu méi LMD (Local Mean Decomposition)
duoc gidi thi€u trong bai bao nay giap chung ta
giai quyét duoc nhitng han ché cua cac phuong
phap truyén théng. LMD 1a phuong phap duoc
phat trién boi Smith [9], cac tin hiéu dugc phan
1 thanh cac PFs khic phuc duge nhuoc diém
vé nhiéu cua phuong phap EMD va EEMD.

Bai b4o tng dung phuong phap LMD
trong xir 1y tin hiéu rung dong cta hop sb co
khi. Pau tién, tin hiéu rung dong dugc phan tich
boi LMD thanh céc PFs, sau do st dung en-trd-
pi ning luong dé trich xuat dic tinh hu hong
clia timg chi tiét ctia hop sb (hu hong cap banh
rang, hu hong cua vong bi). Cac gia tri en-trd-
pi ning luong cua cac thanh phan khac nhau s&
khac nhau ¢ cac dai tan khac nhau trong quéa
trinh hoat dong ctia hop sb co khi. Két qua cho
thiy phuong phap LMD cho két qua phan tich
tin hiéu rung dong ctia hop sb co khi vuot troi
hon cac phuong phap EMD va EEMD.

2. PHUONG PHAP NGHIEN CcUU
2.1. Phuong phap LMD

Phuong phéap LMD la mét phuong phap
phan tich tin hiéu trong mién thoi gian — tan
s6 tur thich nghi, phu hop dé xtr 1y cac tin hiéu
rung dong dugc diéu ché bién tan (AM — FM).
Phuong phap nay dugc S. Smith phat trién dé
phan tich bat ky tin hiéu phi tuyén va khong 6n
dinh y(t) nao d6 thanh cac thanh phan ham tich
(PFs) va mot ham don di€u u,.

Phuong phap LMD dugc xu ly theo céac
budc sau:
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« Mot: Tinh todn gia tri trung binh m,
cua hai cyc tri lién tiép n, van_:

N +Mi4q (1)

m; =
t 2

« Hai: V& tat ca cac gia tri trung binh m,
cua hai cuec tri lién tiép bang duong thang;

* Ba: Tinh toan dao dong cuc bd cua
moi ntra séng theo cong thure:

_ [n;—m;441
=gl @
« Bbn: Tinh gia tri h, (t) cta tin hi¢u:

« Nam: Tinh tn s6 sau diéu ché cua tin hiéu:
5, (1) =h,(O/a, (1) 4)

Ttr phuong trinh (1) dén (4), ta co:

( hy () = y(t) — my,(2)
hip () = 515 (8) —my, ()
3 : (5)

(hyn (E) = Sl(n—.l) () — my, (0)

* Sau: Tinh gia tri a (t) theo cong thirc sau:

a® = @ @ay©a®) - a,@ = | |a,0)6)

=1

Trong d6: lim,,_,, a;,,(t) =1 (7)

« Bay: Xac dinh pha ttrc thoi (IP) va tan
s tirc thoi (IF) theo cong thuc (8), (9):

@1 (t) = arccos(si, (1))  ©®

_ f.‘.’r’dfpl{t:} 9
fi(t) = e ©)

Thanh ph?m PF, dau tién duge xac dinh
theo cong thuc (10):

PF (t) =a,(t).s,n(t) (10)
Tir cong thic (1) dén (7), ta co:

¢ w(®) = y(t) - PF(t)
u, () = 1y (£) — PF,(2)

3 (11)

1, (£) = ey () — PE(D)

Trong phuong trinh (11), u (t) 1a tin
hiéu dao dong mai, toan bd quy trinh dugc lap
lai T 1an cho dén khi u (t) la mot ham don di¢u.

« Cudi cung, tin hiéu y(t) duoc phén tich
thanh t PFs va mot ham don di¢u u (t):

}'(t) — Z;ﬂ PFp(t) + ur(t) (12)
Dé ching minh phuong phap LMD xir

Iy dugc cac dang tin hi¢u khéac nhau, gia thiét
co tin hiéu y(t) gom y (t) va y (t), nhu sau:

y1(H)= (1.5 + 0.5sin(97))sin(100 7 + sin(52)) (13)
ya(t) = 1.5cos(3077) (14)

Y(@) = y1(6) + y2(2) (15)

Dang tin hiéu goc va sau khi xtr Iy bang
phuong phap LMD thé hién nhu Hinh 1 va
Hinh 2:
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Hinh 1. Dang tin hiéu y(t).
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Hinh 2. Két qua phan tich tin hiéu y(t) bang LMD.
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Hinh 3. Két qua phan tich tin hiéu y(t) bang EMD.
2.2. Phuong phap en-tré-pi nang lugng

Khi hop giam téc dang hoat dong voi
cac hu hong khac nhau, thi cic thanh phan tan
sd cong huong tuong tng duoc tao ra trong
cac tin hiéu rung dong, va ¢ d6 nang lugng cua
tin hiéu rung dong thay d6i voi su phan bd tan
s6. D& minh hoa cho trudng hop thay ddi nay
nhu dé cép & trén, phuong phap en-tro-pi ning

lugng LMD dugc trinh bay trong bai bao nay.
Néu n PFs va mot phan du u_dugc tim ra boi
phuong phap LMD dé phan tich tin hi¢u rung
dong y(t) cua vong bi, & d6 nang luong cua n
PFs theo thir tur 1an lugt 1AE , E,,..., E . Sau do,
theo tinh tryc giao cua su phan tich LMD, tong
ning luong cua n PFs bang téng ning luong
cua tin hiéu gde y(t) khi phan du u_ dugc bo
qua. Khi fi(’), ‘céc I”Fs C, Cy..., € bao gém cac
thanh phan tan s6 khac nhau, E = {E ,

E }, tao nén sy phan b ning lu:ong trong mlen
tan sb cua tin hidu rung dong hop sé co khi. En-
tro-pi nang lugng LMD tuong ung dugc dinh
nghia nhu sau:

Hpy = — X7 1 pi logp; (16)

Trong do, p, = E/E 1a ti 1€ phan trim
nang lugng cua c, trong toan bg nang lugng E
(E=E +E,+...+E).

Tin hiéu rung dong caa hop sb co khi
thé hién qua cac tin hiéu do duoc tir cac vong
bi, cdp banh rang nhu Hinh 4a, Hinh 4b. Hinh 5
1a két qua phan tich tin hiéu rung dong ctia hop
s6 bang phuong phap LMD.

N i T T S

Hinh 4a. Dang hu’ hong cua vong bi.
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Hinh 4b. Dang hu hong cua banh rang.
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Hinh 5. Két qua phdn tich tin hiéu rung dong ciia
vong bi bang LMD khi hong ca trong.

Cac en-tro-pi nang lugng LMD co6 gia
tri nhu Bang 1 va Bang 2:

Badng 1. En-tro-pi nang luwong LMD cua cdc dang

hw hong vong bi
Bl{lh Hong‘ ?a Héng bi Hong ca
thwong ngoai trong
1,9453 1,3718 1,2814 1,1545

Badng 2. En-tro-pi nang luong LMD cua cdc dang
hw hong banh rang

Binh thwong Mé rang Gay rang

2,2375 1,8286 1,4698

Theo Bang 1 va Bang 2, en-tro-pi nang
luogng trong truong hgp vong bi va banh rang
& trang thai binh thuong 13 16n nhét so véi cac
truong hop con lai vi khi ¢6 hu hong xdy ra
& vong bi hodc banh ring, thi cic thanh phan
tan s6 cong huong twong tmg duoc tao ra, do
d6, en-tro-pi nang luong co thé giam boi vi
nang luong phan bd chu yéu trong dai tin cong
huong va dic biét 1a ¢ dai tan cong huong cao
thi muc d¢ anh hudng con nghiém trong hon.
Tom lai, ning luong tap trung vao vao dai tan
s6 cong huong nhidu hon va en-tré-pi ning
luong luc day 1a nho nhat. Tir viéc phan tich
trén co s& en-trd-pi nang luong bang phuong
phédp LMD phan anh dugc tinh trang lam viéc
va céac loai hu hong cua hop sb co khi. Vi vay,

viéc phén tich, danh gia diéu kién lam viéc cua
hop s6 bang LMD két hop véi xac dinh en-tro-
pi ning luong phi hop dé dénh gia tinh trang
k¥ thuat ctia hop s co khi ndi riéng va cac may
chuyén dong qua ndi chung.

3. UNG DUNG PHUONG PHAP LMD-EN
TRONG PANH GIA TINH TRANG KV
THUAT HQP SO CO KHi

3.1. Thu thap dir liéu

So d6 thi nghiém mo ta nhu Hinh 6, )
lidu duoc ldy ra tir hai cam bién gan trén vo
hop s6 tai cac tan sé 30, 35, 40, 45 va 50 Hz ¢
céc tai trong thap va cao véi tan s6 lay mau f =
200/3 kHz, cac budc ldy mau duoc 1ip lai bon
lan. Tdc ké tao ra 10 xung cho mdi vong quay
cua truc chu dong c6 do chinh xac cao, cac dir
liéu duoc ldy mau dong bo tir hai cam bién
(cam bién 1 va cam bién 2) [10]. Cac két qua do
duoc luu lai dudi dang *.text, va dung tia la-de
dé tao ra cac hu hong trén bé mat chi tiét. Trong
bai bao nay, cac cip banh ring ring thing duoc
chon 1am dbi tugng chin doan ¢ ba trang thai:
binh thuong, mé ring va giy ring véi tan sb
lay mau 2048 Hz. Vi mdi trang thai ¢6 24 tin
hiéu rung dong chia thanh 10 nhom dugc chon
ngau nhién lam mau dé thir nghiém. Bo dit liéu
thi nghiém cua vong bi duoc 1dy theo cac didu
kién: binh thuong, hdng ca trong, hong bi, va
hong ca ngoai. Voi mdi didu kién 1ay duoc 60
tin hiéu rung dong va trong 20 nhom Iy ngau
nhién ra bo dit liéu dau vao cho phuong phap
LMD-EN.

Hinh 6. So' do thi nghiém

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
158 TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

3.2. Phuong phap danh gia tinh trang ky
thuat hop so co khi LMD-EN

Pau tién, sau khi cac tin hiéu gbc duoc
phan tich thanh cac PFs bdi phuong phap LMD,
tam hodc sau PFs dau tién chira thong tin hu
hong chiém wu thé nhat dugc chon va duge sép

xép tir cao dén thép trc, c,..., C tiép theo
tur cac cong thuc (8), (10) va (14), ta tim dugc
véc-to ddc tinh hu hong T’. Dé thiy rd hon hiéu
qua cua phuong phap LMD-EN trong xu ly cac
tin hi¢u rung dong, trong bai bdo nay LMD-EN
dugc so sanh voi phuong phap phan tich EMD-
EN. Két qua xem trong Bang 3 va Bang 4.

Bdng 3. Két qua ddnh gid tinh trang hie hong vong bi theo LMD-EN

;oA Phwong
Tin hi¢u phép xir Iy E, E, E, E, E,
Binh LMD-EN | 0,9368 0,3438 0,1635 0,1356 0,0932 0,0570
thuong | pvpEN | 07749 0,4667 0,3521 0,2467 0,2213 0,2069
Hongca | LMD-EN | 0.9556 0,3268 0,0619 0,0250 0,0082 0,0037
trong EMD-EN 0,7865 0,4365 0,3675 0,2660 0,0619 0,0180
LMD-EN | 0,9476 0,2856 0,1279 0,0235 0,0090 0,0035
Hong bi
EMD-EN | 0,6870 0,3562 0,2098 0,1309 0,0575 0,0098
Hongca | LMD-EN | 0.9538 0,2687 0,1570 0,0697 0,0338 0,0230
ngoat EMD-EN 0,6038 0,4515 0,4621 0,3578 0,2680 0,2119
Bdng 4. Két qua danh gid tinh trang hw hong banh rang theo LMD-EN
fpea Phwong
Tin hiéu phiip xi I§ E, E, E, E, E, E, E, E,
Binh LMD-EN | 0,9235 | 0,3482 | 0,1670 | 0,1307 | 0,0896 | 0,0573 | 0,0388 | 0,0325
thudng | £\ ipEN 0,6849 | 0,4737 | 03550 | 0,2691 | 0,2101 | 0,1992 | 0,1958 | 0,1692
LMD-EN | 0,9483 | 03498 | 0,0610 | 0,0269 | 0,0089 | 0,0047 | 0,0029 | 0,0025
Mé rang
EMD-EN | 0,7835 | 0,4356 | 0,3875 | 02560 | 0,0579 | 0,0158 | 0,0078 | 0,0065
Giy LMD-EN | 0,9525 | 0,2478 | 0,1517 | 0,0719 | 0,0257 | 0,0212 | 0,0095 | 0,0018
"0 | EMD-EN | 0,5756 | 0.4611 | 04418 | 03534 | 02748 | 02185 | 0,0687 | 0,0635
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Hai phuong phap LMD hodac EMD
ding dé xir Iy cac tin hiéu rung dong nhim
danh gia tinh trang k¥ thuat ciia hop sd co
khi. Theo Bang 3 va Bang 4 c6 thé thiy rang
phuong phap LMD-EN tbt hon phuong phap
EMD-EN, d¢ chinh xéc trung binh ctia phuong
phap LMD-EN dat 96,70%, bdi vi phuong
phap EMD-EN khéng xtr 1y triét dé nhiéu tac
dong trong qua trinh xtr ly tin hiéu. Mat khac,
phuong phap LMD la mot qua trinh tu thich
nghi theo ban than tin hi€u, qué trinh phan tich
tin hiéu ctia n6 phu thudc vao thong tin thay d6i
cua tin hiéu va do d6 n6é nhay hon véi cac dang
hu hong cta hop s6.

4. KET LUAN

Do déc tinh khong on dinh cta céc tin
hiéu hu hong hop sé co khi, mot phuong phap
chan doén tinh trang k¥ thuat dua trén phuong
phap LMD-EN da dugc trinh bay trong bai bao
nay. Pau tién, LMD dugc st dung dé xu ly
trudc cac tin hiéu rung dong khac nhau. Sau do,
do tinh trang lam viéc ctia hop so thay doi, en-
tro-pi nang luong LMD ciing thay d6i, didu ndy
cho thay rang nang lu’orng cta moi thanh phan
tan sb thay doi khi hop s6 1am viéc voi mdi mot
hu héng khac nhau. Do d6, ning luong clia moi
thanh phan PF duoc ldy l1am dic tinh dé danh
gi4 tinh trang 1am viéc cta hop sb. Tir viéc phan
tich 1y thuyét va cac két qua thuc nghiém, c6
thé két luan ring:

(1) LMD la mot phurong phép xtr 1y tin
hiéu tu diéu chinh c6 thé duoc ap dung cho cac
qua trinh phi tuyén va khong on dinh.

(2) Su két hop ctua LMD va en-tro-pi
nang lugng (EN) da giap cho viéc danh gid
thanh cong tinh trang lam viéc va cac dang hu
hong ciia cac bo phan caa hop sb co khi.

(3) Phuong phap LMD-EN c6 kha nang
nhan dang va phan loai hu hong cta hop s co
khi (d6 chinh xéc trung binh 96,70%) cao hon

so voi phuong phap EMD-EN (d¢ chinh xac
trung binh 85,6%). %
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