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TU KHOA

Chan doan dinh ky,

Do tin cay,

Béo tri phong ngtra,

Béo tri theo tinh trang thuc,
Do luong - tham chiéu,
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Phan tich quang phd,

Ly thuyét phan phi
Weibull,

M6 hinh Arrhenius,

Pudng cong bon tim,
Thuat toan RULL.

TOM TAT , o ,,

Bai béo trinh bay két qua nghién ctru phat trién vé cac cach chan doan va tich hop cac
cach chan doan thanh mot cach két hop vé chan doan D tin cdy lam viéc cia hé thong
truyén dong dién khong ddng bo. Céc chi sé ciia D6 tin cay lam viée ciia hé thdng truyén
dong dién khong déng bo duoc tinh toan va kiém chirng thyc té. Cac 151 dac trung cla
dong co dién; bo bién tin; va cac ph?ln tr truyén dong co khi, dugc xem xét phat trién.
Céc cach chan doan dwoc dé xudt va chimg minh bang thuc nghiém. Nghién ciru phat
trién thuat toan RULL dua trén md hinh Weibull dugc dé xuat. Mot thuc nghiém chin
doédn Do tin cay lam viéc cua hé théng truyén dong dién khong déng bd véi dong co dién
AIR160S4 va bo bién tan Schneider Altivar 320 véi tai 1a bom nuéc ly tim da dugc
nghién ctru, thu dugc cac két qua, gdm: cac chi sé clia Do tin cdy va hiéu qua kinh té khi
sir dung cach chan doan két hop.
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ABSTRACT

This paper presents the results of research on the development of diagnostic methods and
the integration of these methods into a combined approach for diagnosing the reliability
of asynchronous electric drive systems. The reliability indicators of asynchronous electric
drive systems are calculated and verified in practice. Characteristic faults of electric
motors, inverters, and mechanical drive elements are considered and developed.
Diagnostic methods are proposed and experimentally proven. The research develops the
RULL algorithm based on the proposed Weibull model. An experiment to diagnose the
reliability of an asynchronous electric drive system with an AIR160S4 electric motor and
a Schneider Altivar 320 inverter with a centrifugal water pump as the load was studied,
yielding results including reliability indicators and economic efficiency when using the
combined diagnostic method.
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1. Pt van dé

Cac dong co dién cong nghiép tai cac co sd cong
nghiép & bit ky Qudc gia phat trién nao thi déu tiéu thy mot
luong dién ning kha 16n (thuong chiém 60% lugng dién
nang tiéu thy ciia ca Qudc gia, thi du & Cong hoa Lién bang
Nga, dir liéu ndm 2024 cua B6 Nang lugng). Cac dong co
dién thuong lam viéc lién quan dén nhau trong dy chuyén
san xuit ma chung thuong dugc goi la hé thong truyén dong
dién, bat ky su cd nao trong hé théng truyén dong dién déu
thuong dan dén ngimg san xuat. Dic biét véi cac hé théng
truyén dong dién quat gié; bom, cac dong co dién ludn hoat
dong lién tuc, diéu nay c6 thé anh huong dén do tin cay; do
bén ciia cac hé thdng nay.

Viéc dung hoat dong san xuét do 13i cua hé truyén
dong dién gay ton that trung binh 1a 18.198USD mdi su ¢
(tai Cong hoa Lién bang Nga [3]), trong toan bo cac 16i xay
ra thi ¢6 thé du doan dugc 70% su cb bang phuong phap
“Regular diagnostics” [3; 5]. Chan doan c6 thé theo ba cach:

+ Céch “Bao tri phong ngua > la phuong phap thyce
hién viéc bao tri ma khong tinh dén tinh trang thyc té cta cac
thiét bi trong hé thong k§ thuat. Phuong phéap nay thudng dan
dén viéc thay thé cac thiét bi; phan tir; linh kién; ... cho du
chung khong hong.

+ Cach “Bao tri theo tinh trang thuc” 1a phuong phap
duoc thuc hién dya chin doan “Po tin cay” cho ra Kkét qua
x4u.

+ Cach “Po ludng — tham chiéu” cho cac thong sb,
nhu dong dién; nhiét d; do rung giat; ... dugc do luong va
tham chiéu dé chan doan D9 tin cay.

Vén @& dat ra 1a can xem xét phat trién ca ba cach
chan doan nay va nghién ciru kha nang tich hop ba cach nay
thanh mot cach chin doan Do tin cay lam viéc cua hé théng
¢6 tinh tin cdy nhit va hiéu qua nhat vé kinh té trong subt
vong doi lam viée cuia hé thong truyén dong dién khong dong
bd cong nghiép.

2. Muc tiéu nghién ctru va phwong phap nghlen ciru

Muc ti€u nghién ctu: phat trién cach tiép can Chan
doéan tinh trang va tinh toan tudi tho 1am viéc con lai dya trén
tich hop ca ba cach chan doan va rut ra két qua.

Phén tich k¥ thuat hé thong; 1y thuyét sac xuat (gom:
1y thuyét phan phdi Weibull; mé hinh Arrhenius); FFT va
MCSA; chup anh nhiét; danh gia k¥ thuat va kinh té 1a nhiing
phuong phap dugc sir dung trong nghién ciru vé do tin cay
lam viéc cta hé thdng truyén dong dién khong dong bo.

3. Noi dung va két qua nghién ciru:

3.1. Co s6' Iy thuyét vé Dé tin cdy lam vigc ciia hé thong
truyén dpng di¢n

3.1.1. Khdi niém va cdc chi sé Dé tin cay

Do tin cdy la kha nang cua mot vat thé duy tri dugc
cac thong sb hoat dong ciia nd trong mot gidi han xac dinh
va trong mot khoang thoi gian cho trude. Di véi cac hé
thong phure tap thi D¢ tin cdy cua hé thong nay duge mo ta
bang mot tap cac chi s, gom:

+ Xéc suat lam viéc khong gap su cd P(t) 1a thé hién
xac xudt cia mot ddi tuong lam viéc khong gip bat ky su cb
nao trong mot khoang thoi gian [0; t]. DAi v6i nhitng cach
thirc xay ra nhung sur c6 don gian nhat thi P(t) c6 thé duoc
tinh theo (1):

P(t) =exp(-1-t) Q)

o day

1 —ty 18 hong hoc, hl; t—thoi gian lam viée, h.

Cong thuce (1) &p dung cho lam viéc binh thudng cua
dbi tuong véi A ~const .

+ Thoi gian trung binh giita cac lan hong hoc T

mid lé ky
vong toan hoc vé thoi gian cho dén khi xay ra 1an hong hoc
dau tién. Ky vong nay duoc xac dinh theo quy luat ham mii
):

T =1/4. (2)

Theo [5], ddng co AIR160S4 (15kW) c6

A=5,2.10"°h",
suy ra
Te =1/(5,2 -107°) =19.230h ,

tire x4p xi hon 2 nam lam viéc lién tuc ma khong xay ra
héng hoc

+ Hé s6 kha dung K, la mdt ty I¢ cua cac thoi gian khi
dbi tugng 1am viéc [1] va duoc tinh theo (3):

— TO
Ky T+T @)

o day

T, — thoi gian lam viéc trung binh giira cc lan hingr
hdc, h;

T, — thoi gian trung binh cho stra chita, h.

Vi dong co AIR160S4, khi T, =19.230h va T, =24h
s€ 6 K, =0,9988. Gia tri nay la kha cao, tuy nhién néu day
chuyén san xuat c6 khoang 50 dong co loai nay thi sé luong
ddng co can thay thé hang nim s& 1a khoang 5 dong co.

3.1.2. Quy ludt dau hiéu hong héc: mé hinh Puong cong bon
tam

Su phu thudc cua ty 1¢ hong hoc  cua dbi tuong vao
thot gian 1am viéc cua nd c6 dang gidng nhu hinh dang cua
bdn tam Ba doan cuia dudng cong c6 ngudn gbe vat 1y khac
nhau, gom:

+ Giai doan chay thir (0-500 gio): s€ cao ¢ giai doan
déu, nguyén nhan 1a do hau qua cua cac 16i ché tao & dang tiém
4n (thi du, 18i rotor khong duoc cin bang dong chinh xéc; 15
b truc; 161 1ap rap);

+ Giai doan 1am viéc binh thuong: [5], hdu nhu khong
thay d6i va cac su ¢ sé xay ra (néu c6) 1a ngiu nhién va khong
thé du doan trudc;

+ Giai doan hao mon: céc 6 truc gia hoa; 1op cach dién
xudng cdp va gia tri sé& ting 1én theo thoi gian. Vi cac dong
co tiéu chuan thi giai doan nay 1a giai doan budc vao thoi ky
cudi ctia thoi han bao hanh..

3.1.3. Cdu triic ciia hé théng truyén déng dién va cdc yéu to
cua D¢ tin cdy cua hé théng truyén dong dién

Hé thng truyén dong dién AC véi bién tin dugc nghién
ctru ¢6 bdén hé thdng con [2; 9], gdm:

+ Pong co dién co chirc nang chuyén ddi dién ning
thanh co ning, & day 1a dong co dién xoay chiéu khong dong
bd AIR160S4 vdi cac thong sb ki thuat:

15kW; 1460v / p; 1 =89%; cos¢=0.,86;

+ Bién tan Schneider Altivar 320: 15kW; 0+400Hz ¢
chirc nang thay déi téc do dong co AIR160S4;

+ Truyén dong co khi;

+ Cac thanh phan khéc.

Theo [3; 5]: dong co AIR160S4 co ty 1¢ hong hoc 1a
40+50% (vong bi va 16p cach dién); bién tan co ty 18 hong hoc
la 25+35% (IGBT va tu dién lién két DC); truyén dong co khi
¢6 ty 18 hong hoc 1a 15+20% ; cac thanh phan khéc co ty 1&
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héng hoc 1a 5+10%.
3.2. Phén tich cdc 16i va cdch chin dodn Dé tin cdy cho hé
théong truyén dong di¢n
3.2.1. Phan logi loi
3.2.1.1. Léi ciia dong co khéng dong bé

Ldi cua dong co khong ddng bo chiém khoang tong
s0 10 ctia ca hé théng truyen dong dién [3]. Dong co nay co
ba loai 18i chinh: mon 6 tryc, 14 16i phd bién nhat (chiém hon
tong s6 16i cuia dong co) va thé hién ra bén ngoai 1a sy gia
tang rung dong & cac tan s6 khac nhau; 16i cach dién 1a 18i co
hau qua xuit hién dong dién ro va qua nhiét, lau ngay dan
dén ngan mach, 18i nay dugc chan doan bang may anh nhiét
PKI; 15i thanh rotor bi gdy hodc bi bién dang, 156i nay giy
gian doan tinh ddi xtng tir tinh, sir dung cach phan tich quang
pho hién tai (MCSA) s& xac dinh dugc cac soc tir phu hai bén
0.
3.2.1.2. L6i ciia bién tan

Bién tan 12 ngudn gay 13i thir hai ciia hé thong truyén
dong dién duoc nghién ctru, 16i ciia no chiém khoang téng
s6 16i ctia hé. Bién tan chu yéu ¢6 16i & mo-dun IGBT do qué
tai dong dién hoac dién ap. Ngoai ra, & bién tan con c6 15i
cua tu dién do sy suy giam dién dung boi sy kho dén cta chat
dién phan ¢ nhiét do trén va qua do6 gay ra hién tugng xung
dién.
3.2.1.3. Léi cia truyén dong co khi

Hé truyén dong co khi, theo thoi gian s& xuét hién
16i: mon banh ring; léch truc; oc vit long. Ldi cta truyén
dong co khi chiém khoang tong s 13i ciia hé théng truyén
dong dién. Cac 16i nay duoc chan doan theo cach Phan tich
rung dong cua hé truyén dong dié khi lam viéc. Bang 1 tém
tat cac loai 181 va cach (phwong phap) chan doan 15i.

Bing 1. Phan loai 15i ctia hé thong truyén dong dién

Phin tir | Dang I5i Nguyén Cich chan
nhan doan
O truc Bong tréc Mai mon; Theo rung
dong co do moi qua tai dong thuc té
AC
Céach dién | Sy congan | Qua nhiét; Bang hinh
cuén day | mach gitra gia héa anh nhiét
stator cac vong
day
Rotor dong | Gay thanh | Qua tai; khdi | MCSA (soc
co AC 10ng séc dong tir phy hai
bén 2sf,)
Truc dong | Sailéchvi | Caidit (lap Theo rung
co AC tri rap) dong tan sd
cao 2f,
than dong co
AC khi chay
Mo-dun Hong Qua nhiét; May anh
IGBT cta | Transistor | dién ap tang nhiét; dao
bién tan dot ngot dong ky
kiém tra
U_DC
Md-dun Ldiphan | Nhidudién | Nhatky 13i
diéu khién mém tur; gia hoa
cuia bién
tan
Khép noi Mai mon; | Rung dong; Theo rung
truyén | gia hoa 16p qué tai dong thuc té
dong co | dan hoi két Gtinsd f,
khi nbi
Oc vit Long cac | Rung dong; Theo rung

ket noi moi dong thye &
bang bu v6i tan sb
I6ng thap 0,5f,
Hop so Mon rang Moi; mai Theo rung
truyén mon tang dong thuc té
dong co khe ho & tan sb rang
khi z-f,
Cambién | Khoéngdo | Nhidu dién Theo tin
ludong tir; 46 Am hiéu déu ra
duoc cao
(khdng co
tin hiéu)
Hop dau Long tiep | Rung dong; Phan tich
day xuc két 0 xy hoa quang phd
nbi, dién MCSA (cé4c
tro tiép xuc hai
cao 100; 150Hz )

3.2.2. Chdn dodn dya trén théng so trong ché dp dong

Tinh trang k¥ thuat ctia dong co dién AC dugce danh gia
theo ba chi sb: k - cach dién; k — cudn day;, Kk, —do dbc
cua déc tinh co hoc. Tich hop ba ti€u chi trén c6 dugc ti€u chi
tong hop (mang tinh trung binh cong) (4):

K, _@J-(ki k). (4)

béi véi dong co dién hoat ddng binh thuong thi cac hé
s6 k déu co gia tri 1a 1. Tac k, =1, va su giam gia trj ctia bat
cu hé sér nao cling déu cho théy xuét hién 16i cu thé. Tiéu chi
v6i h¢ sO k, cho bict dong co dién AC duy tri dugc mé-men
X0én tcf)t nhu thé nao (theo (5) khi dién 4p ngudn cip cho nd
thay doi:

s-U2,
k, = 7U P (5)
o day ) )
s— hé so trugt; s, —h¢ so trugt dinh muc, vdi dong co
nghién cuu:
s, =0,027; U, =380V; P, =15kW .
Khi U =U,, s€co k, =1.

3.2.3. Chdn dodn quang phé
3.2.3.1. Phan tich rung dong

Phan tich pho van toc rung dong c6 hiéu qua trong viéc
xac dinh cac khuyét tat & 6 truc. Tan so dac trung cua rung
dong duogc tinh toan theo hinh dang cuia 6 truc, cong thuc (7):

foro =105 ) N0 S ™)
& day:
n—tan sb quay, v/p;
N — s6 lugng cac phan tir c6 chuyén dong lan;
d - dwong kinh cua phén tir c6 chuyén dong lan, mm;
~ D~ duong kinh chia, mm. Ddi v6i 6 truc 6311 trong
h¢ thong nghién ctru, n6 cod
N =8; d =22,2mm; D =90mm .
3.2.3.2. Phan tich qtfangphé (MCSA)
Phan tich quang pho (MCSA) 1a phuong phéap phat hién cac
khuyét tat (1i) dya trén phd dong dién stator. D Iéch A so voi
pho tham chiéu dugc tinh theo cong thirc (6):
Z(A - '%t,i )2
A=t —— (6)
&day, A — bién do hai thi ctia pho hién tai; A, - bién
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d6 tham chiéu; n— sb lugng hai.

Pho van toc dao dong cuia dong co dién AIR160S4
trong dicu kién hoat dong tot va khi bi 16i duoc trinh bay trén
H. 1.

—— Serviceable
—— Defective (imbalance)

Vibration veloctity amplitude, mm/s

T T
200 300 400 500

Frenquency, Hz
H. 1. So sanh phd téc dé rung dong ciia dong co dién Ac
AIR160S4 trong diéu ki¢n binh thwong va khi bi 16
3.2.3.3. Phdn tich anh nhiét

Anh nhiét d6 gitip phat hién cac diém nong trong cudn
day stator va hop dau két ndi day dién dong lyc. D6i v6i cudn
day stator vdi cach dién loai F tiéu chuén thi nhiét do qua
nhiét cho phép 1a 105°C [4].

Theo quy tic Montsinger, cir mdi 10°C ting lén tir
nhiét d¢ gidi han cho phép thi tudi tho 16p cach dién lai gidam
di mot nra. Thuc hién gidm sat nhiét do; két hop giam sat
dong dién; va dg rung, s€ cho ra mdt burc tranh toan dién vé
tinh trang ctia bo truyén dong.
3.2.3.4. Cach két hop

Ma tran hinh thanh tir két hop cac cach phén tich tao
ra ma tran “tin s6, khuyét tat” cho phép xac dinh chinh xéc
loai khuyét tat. Rung dong xéc dinh céc 15i co khi; dong dién
xac dinh cac 18i dién; hinh anh nhiét 1a kénh x4c dinh thir ba
¢6 tinh doc lap.
3.2.3.5. So sanh cdc cach chan dodn

Cac cach chan doan dugc so sanh voi nhau nhu trong
Bang 2. Cach chan doan dua trén tich hop céc cach cho kha
niang bao phii nhiéu loai 16i nhat véi chi phi giam sat hop 1y.

Bing 2. So sanh cic cich chin doan Dj tin ciy

0 100

Céach Loai 16i Chi Phat P tin
chin phi, hién sém | cdy chin
doan USsD doan, %
Chén O truc; 2.000 | 4dén8 | 85% dén
doan mét can dén tun 95%
rung béng; 5.500
dong 1éch truc
MCSA Rotor; 1.100 2dén4 | 70% dén
(dong két ndi dén tun 85%
dién) day dién 2.800
dong luc
kém
May anh | Lop cach | 1.400 2den 6 | 80% den
nhiét | dién; m6- | dén tuan 90%
dun 4.900
IGBT;
d4u ndi
cap dién
dong luc
Tichhop | Tatcaldi | 4.900 | 4dén 10 | 92% dén
dén tuln 98%
12.600

3.3. Dw dodn tuéi tho con lai ciia h¢ thong truyén dong dién
3.3.1. M6 hinh ty Ié hong hoc Weibull

Dé mo ta tudi tho cac thanh phan co khi, phan bd
Weibull thuong dugc st dung. Mat do xac sut hong hoc dugce

tinh theo ham (8):
p tY
ft)y=| 2 |-exp|-| — | |.
v (UJ exl{ [’Ij } ©®

Ham D6 tin cdy (xac suat lam viéc khong 18i) theo

Weibull (9):
- |t '
R(t)_exp[ (ﬂj 1 9)

Ty 1¢ hong hoc theo md hinh Weibull (10):

B-1
«o-(7)(5)
n n

Céc tham s6 md hinh Weibull: f- tham sb hinh dang
(phan anh co ché hong héc); 17— thang do, tinh bang gid (dic
trung cho tudi tho).

Khi B>1, hé théng nam trong ving da bi mai mon co
khi. i véi dong co dién AC AIR AIR160S4 dugc nghién ciru
thi f=2,1+2,5(cho m6 hinh mai mon); 7 =35.000+40.000
gio.

(10)

Céc tham s6 Weibull dugc tim thdy bang cach tuyén
tinh hoa trén ludi sac xuat sir dung dir liéu thong ké hong hoc
duoc tich Iy cua mét s6 dbi tugong tuong tu.

3.3.2. M6 hinh Arrhenius cho sy gia hoa cua vdt liéu cach dién

Su suy gidm cach dién cta 16p cach dién cudn day theo
thoi gian dugc xem xét theo dinh luat Arrhenius [8]. Tudi tho
con lai duogc tinh tai thoi diém c6 nhiét do T(K) (11):

E
L=A-ex a1,
p[kb ‘TJ

& day, A-nhan té “pre-exponential”; E, —nang lugng

(11)

kich hoat, J; k, =1,38-102J / K — héng s6 Boltzmann.

Tir (11) nay, dn dén quy tic Montsinger: ¢t ting 10°C
nhiét d6 lam viée thi tudi tho cua vat liéu 1am 16p cach dién
cudn day s& giam di mot nira. D6i v6i 16p cach dién tiéu chuén
loai F (dugc xem xét & 155°C ) thi cir ting 10°C s& lam giam
tudi tho di 50%.

3.3.3. Thudt todn dy bdo tuéi tho lam viéc con lai RUL

Tubi tho con lai (RUL) duoc tinh theo cong thire [9].
Khi R(t)=0,5 thi tudi tho con lai dugc goi 1a tudi tho trung
binh t, :

1
ty,=7-(In2)s .

Tubi tho lam viéc con lai:
RUL =t -t

cur !

(12)

o day, t, — tudi tho 1am viéc con lai tai thoi diém xem
Xeét.

Thuat toan du bao tudi tho lam viéc con lai duoc trinh
bay trong H. 2.

Thuat toan: thu thap dit liéu tir ba kénh; trich xuét céac
dic trung (van tdc rung; k,; AT); tinh todn R(t) theo
Weibull; tim t,, va thu dugc RUL. Céc dit lidu dau vao:
B =2,3; n=38.000h; t,, =18.000h.

cur
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Data collecthion
(Vibration; Current; Temgperature)

|

Feature extraction
{Short circult; temperature trend)

|

Comparizon with threshold setting

|

Calculation AULL by Weibull model
(f: 1 current development )
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H.2. Thuit toan du doan tudi tho 1am viéc con lai
ciia hé théng nghién ciu
Bang 3 trinh bay ndi dung cai dat cac thong sé didu
khién cho dong co dién AC AIR AIR160S4 dwoc nghién ciru
theo tiéu chuan IEC [4].
Bang 3. Cai dit thong sé diéu khién cho dong co

dién AC ATR160S4
Théng so Binh Canh bao Tai
thuwong nan
Téc d6 rung <28 2,8+7,1 >71
ngén mach,
mm/s.
Nhiét d6 cudn <95 95+130 >130
day, °C
Mat can bang <5 5+10 >10
dong dién pha,
%.

3.4. Thwe nghiém nghién ciru
3.4.1. Péi twong va trang thiét bi chdn dodn

Hé théng truyén dong dién cua mot td bom trong hé
thdng cap nudc trung tim ciia mot doanh nghiép dugc nghién
ctru vé& Chéan doan P9 tin cay 1am viée, cac thanh phan chinh
cua hé théng la dong co dién AC AIR160S4-15kW-1460v/p;
va bo bién tan Schneider Altivar 320; bom ly tam K100-65-
200 (dung cip nude nong/lanh trung tm).

Thiét bi chan doan: may phan tich rung dong
BALTECH VP-3470; dong hd kep Fluke 435; may anh nhiét
FLIR T620.

3.4.2. Tinh toan cdc chi sé cua Pé tin cdy cua dong co AC
AIR160S4

Theo [5], dong co khong dong bo AIR1560S4 1a loai
dong co dién cong nghiép da dung c6 1=5,2-10°h"; thoi
gian trung binh gitra cac 1an hong hoc ké nhau dugc tinh theo
(2):

11
™4 52.10°

Viéc tinh toan xac sudt 1am viéc khong co sy cd P(t)
cho ba mdc thoi gian bang cach sir dung cong thirc (1) cho
két qua trong Bang 4. Con hé s6 kha dung theo cong thirc (3)
khi T, =24h thi K, =0,998.

Bing 4. Két qua tinh toan xac suit lam viéc

=19.230h.

khong c6 sw cd P(t).

Pham vi Thoi gian lambda t P(t)=
nhin thae, | 1am viée t, h exp(-lambda t)
t
1 ndm 8760 0,456 0,634
2 ndm 17.520 0,911 0,402
3 ndm 26.280 1.367 0,255

Tir Bang 4 cho thiy rang, trong nam thir ba thi P(t)
giam xudng con 0,255. Tic clr 6 bon dong co thi s& c6 mot
ddng co hong trude khi két thiic nam thir ba.

3.4.3. Phén tich phé rung déng va dong dién

Thuc nghiém duoc tién hanh ¢ bdn ché do: lam viéc
binh thudng; rotor mét can bang; 15i 6 truc 6311; hop ddu day
dién dong luc c6 két ndi day long. & mdi ché d6 thuc nghiém
thi van tbc rung RMS; dong dién pha A; va nhiét d cudn day
stator déu dugc ghi lai. Két qua thyc nghiém dugce trinh bay
trong Bang 5.

Biang 5. Két qua do lwdng chin doin & bon ché do
lam viéc

Chédélam | Rung | Dong | Nhiét Tinh
viéc thue dong, dién do cudn | trang lam
nghiém mm/s | phaA, day, viéc ciia
A °C hé thong
Binh thuong 1,2 28,5 52 Hoat dong
(dinh murc) t6t
Rotor mat 48 29,1 55 Canh bao
cén bang
O tryc 16 6,5 28,7 78 Canh bao
6311
Tiép xac két | 1,5 31,5 92 Canh béo
ndi kém

Ché d6 lam viéc mat can bang cia rotor dong co: rung
dong o tan s6 25Hz véi tde dd cao nhat 4,8mm/s, toc do rung
dong vurot ngudng canh bao 1a 2,3mm/s [4], 16i nay duoc phat
hién bang cach chan doan rung dong.

Ché d6 16i 6 truc 6311: & tan s6 73,3Hz ¢6 tc do rung
ddng cao nhit 1a 6,5mm/s, gan ngudng bao dong 7,1mm/s.
Trang thai lam viéc 1a khong dat yéu cau.

Ché @6 tiép xuc long cau cac day dién dong luc: gay
rung dong binh thuong, nhung dong dién pha A tang 1én 31,5A
cho thiy mat ddi ximg cac dong dién pha. Hinh anh nhiét phét
hién vi tri két ndi 16ng 1éo c6 nhiét do 14 92°C (binh thudng
a52°C)

Phé cua van toe rung dong & ca bdn ché do thuc nghiém
duogc trinh bay trén H. 3.

a) Normal
mm/s mm/s
e

¢) Bearing failure
mm/s mm/s

- ﬂ 1 V
NI

Hz z

b) Rotor imbalance

d) Loose contact

H. 3. Phd van téc rung dong ciia AIR160S4 trong bén ché do
Phé bién do dong dién pha A khi két ndi day dién dong
luc 16ng 1éo0, H. 4.
3.4.3. Tinh toan URL theo mé hinh Weibull
Theo dir lidu c6 trong tai liéu [5; 11], 6 truc v6i vong bi
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6311 cua dong co dién AC AIR160S4 co:

£=2,3, n=38.000h.

Thoi gian lam viéc thyc té t,, =18.000h .

D6 rung thuc té 4,8mm/s, nhu vdy vuot qua tiéu
chuén cho phép (1.2mm/s) 14 4 lan.

Theo md hinh suy giam tuyén tinh:

77 =38.000- (1, 2/ 4,8) =32.500h .

XA&c suat lam viéc khong gap su cd theo (12):

tg, =32.500-(In 2)Al/ 2,3=32.500-(0,693)"0,435

=27.851h.

Tudi tho con lai:

URL =27.851-18.000 =9.851h ~ 9.850h.

Néu lam viéc 2 ca (4.380 gio/nam), tic tudi tho con
lai 14 2,2 ndm. Vong bi 6311 can thay thé trong 2 dén 3 nam
gan nhét.

3.5. Panh gia kinh té- k§ thuit

Hiéu qua kinh té tir viéc thuc hién giam sat dugc tinh
toan dua trén dir liéu ctia soanh nghiép va ngudn mo [3; 5].
Viéc danh gia k¥ thuat va kinh t& nho trién khai mot hé thong
chan doan dugc trinh bay trong Bang 6.

Biang 6. Panh gia kinh té-ky thuat khi trién khai h¢
thong chin doin

Chi sb Truée khi | Sau khi Hiéu
trién khai | trién khai | qua
S6 lan ding khan 2 0,5 -1,5
cAp mdi nam leave
Chi phi cho mét 13.927 13.927 -
lan dimg khin
cip, USD
Chi phi giam sat 0.00 838 +838
trong mot nam,
uUsD
Hiéu qua hang - - 41.000
nam, USD
Chi phi dau tu 0.00 4.500 -
(may phan tich
rung dong), USD
Thoi gian hoan - - 1,3
von, nim thang

Tir Bang 6, ¢ thé tinh ra hiéu qua kinh té hang nam
1a x4p xi 41.000USSD; thoi gian hoan vén 13 1,3 thang. Viéc
trién khai hé thong chan doan “D6 tin cay” 1a hop 1y vé mat
kinh té.

4. Thao luan vé két qua

Dir liéu két qua nghién ctru da x4c nhan ¥ twdng chinh
cua nghién ctru. Qua trinh chén doan toan dién da xac dinh
duoc ca bdn 15i chinh duoc tao ra mot cach nhan tao, bdn 15i
nay la bdn 151 dic trung nhat cta hé thong truyén dong dién
dong co khong dong bo cong nghiép, anh hudng truc tiép dén
thoi gian 1am viée lién tuc/gian doan cia hé.

Viée tinh toan theo cac cong thirc 1y thuyét cho tudi
tho con lai (RULL), cho ra két qua 1a 9.850 gio 1am viéc &
téc do rung dong 4,8mm/s. Két qua nay phu hop véi danh gia
ctia cac chuyén gia trong qua trinh kiém tra thuc té.

5. Két luin

Bai béo trinh bay viéc nghién ctru phat trién mot cach
chén doan tinh trang va tinh toan tudi tho lam viéc cua hé
thong truyén dong dién khong dong b dua trén dong co
AIR16084 va b bién tin Schneider Altivar 320.

Céc két luan chinh:

+ Céc chi sb cua “D0 tin cdy” dugc nghién cuu, gém:

P(t); T, =19.230h; K, =0,9988.

+ Mot loat 131 duge phat trién, gém: o bi (50%); cach
dién; rotor; IGBT; tu dién; hop sb; ¢ vit.

+ Céc cach chan doan dugce lua chon, g@)m: rung dong
(85% dén 95% véi cac 16i co khis0; MCSA (cho rotor); chup
anh nhiét (cho cach dién va tiép xuc dién).

+ Phat trién thuat toan d¢é tinh toan RULL bang cach sir
dung m6 hinh Weibull, cho két qua:

£ =2,3 7=38.0002,

suy ra RULL= 9.850 gi¢ (twong duong 2,2 ndm cho
hoat dong 2 ca/ngay)

+ Mot thyc nghiém da dugc tién hanh véi: bon 16i dic
trung dugc xac dinh déy da; hiéu qua cua viéc bao tri dya trén
trién khai cach chan doan két hop 1a 41.000USSD/nam véi thoi
gian hoan vbn dau tu thiét bi va trién khai hé théng chén doan
la 1,3 thang.

Nhiing két qua nghién ciru cong bd trong bai bao nay,
hoan toan c6 thé 4p dung tai cac doanh nghiép cong nghiép;
cac dich vu k¥ thuét khu d6 thi; ..., trong cong tdc van hanh
cac h¢ bom; thong gio; ..., nham gidm chi phi bao tri.

Két qua nghién ciru nay cé thé tiép tuc phit trién
theo huéng: mé rong mé hinh cho cic hé truyén dong dién
sir dung dong co' ddong bd nam chim vinh ciru; thém gia
héa nhiét vao tinh toan tudi tho con lai; phat trién mot mé-
dun c6 chirc ning gidm sat tw djng.
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