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TOM TAT

Péng co dién la mét trong nhitng logi may dwoc siv dung réng rdi nhdt trong cdc co sé cong
nghiép, gia dung, thirong mai va hau hét cac dong co dién nay thudc loai dong co cam g Vi wu
diém dp tin cdy cao, yéu cau bdo tri thdp va c6 hiéu sudt trong doi cao. Hon nita pham vi cong sudt
da dang tir hang tram watt dén megawatt, ddp vmg hau hét cdc nhu cau san xudt cia cdc quy trinh
céng nghiép. Trong nhiéu trieong hop, dong co dién la mét bé phdn cia déay chuyén san xudt va khi
c6 sw c6 dot ngot cua dong co co thé khién toan bo hé théng ngung hoat dong. Bai bdo nay thao
ludin vé cdc van dé lién quan dén gidm sat tinh trang ciia déng co cong sudt I6n tai Nha mdy Dam
Ca Mau, tdp trung vao cdc logi 16i ¢6 thé xdy ra va cdc triéu chimg lién quan. N6 dwa ra cdc co s¢
dé duwa ra mot ké hoach giam sat tinh trang hiéu qua.

Tir khoa: Chudn dodn 16i; Dong co cam wng; Do léch tam,; Phan tich tinh hiéu dong dién
(CMSA).

ABSTRACT

The electric motor is one of the most widely used machines in industrial, household and
commercial establishments. Most of electric motors belong to the induction type with advantages of
high reliability, low maintenance requirements and relatively high performance. Furthermore, their
power range is diverse from hundreds of watts to megawatts, meeting most of the production needs
of industrial processes. In many cases, an electric motor plays an important role in a production
line, and a sudden motor failure can bring the entire system to a halt. This article discusses issues
related to monitoring the operation status of hight power induction electrical machines at Ca Mau
Fertilizer Plant, focusing on possible failure types and associated symptoms. It also lays out the
basis for an effective monitor plan.

Keywords: Fault Diagnosis; Induction Motor; Air gap eccentricity; Motor Current Signature
Analysis (MCSA).
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1. GIOI THIEU

Vi vai tro 1a mét trong nhitng Nha may
cung cap ngudn phan bon chinh cho dong bang
song Ctru Long, ving san xuat nong nghiép
trong diém cua khu vuc, nén viéc duy tri nha
may Pam Ca Mau van hanh an toan, on dinh
la mdt trong nhiing nhiém vu rat quan trong,
trong d6 khong thé khong ké dén vai tro ctia cac
dong co dién cong suat 1on trong Nha may. Hau
hét luong dién nang ti€u thy cua cac dong co
cong suat 16n chiém khoang 76.25% trén tong
) luong dién ti€u thu cho cac hoat dong san
Xuat.,

bé nang cao tinh on dinh, tin cay cho
thiét bj viéc danh gia chuan doan tinh trang
dong co cong suit 16n tai Nha may Pam Ca
Mau 1a mot phan khong thé thiéu. Qua trinh
cac thong s6 cua thiét bi duge giam sat lién tuc.
Néu c6 bat ky thay doi no so véi cac hoat dong
thong thudng, chung co thé chi ra nhitng hong
hoc hién tai hodc trong twong lai. Diéu nay sé
cung cip cho ngudi giam sat co cai nhin siu sic
vé tinh trang cua thiét bi, tr d6 c6 ké hoach cu
thé cho viéc kiém soat.

D9 tin cdy cua dong co di¢n cam Gng
cling da duoc nghién ctru trong mot s6 cudce
khao sat nhu Vién nghién ctu dién nang
EPRI (1983), Vién Ky su Dién - Dién tur
IEEE (1985, 1995). Két qua cua cac cudc
khao sat duoc dua ra 1a hu hong 6 truc gay
ra gan nhu mot nira 41 + 44% va hu hong
cudn day stator khoang 15 + 36% tat ca cac
hu hong. Ty 1& két hop cua su cd rotor va
truc 1a kha nho, dudi 10%. Ty 1é thiét bi
bén ngoai (chat luong dién ning, mach cong
suit) 1a khoang 10+22% [1-2].

Data As per IEEE
22%‘ ® Bearing Faults
. 44% W Stator Faults
& Rotor Faults
‘ B Other Faults
26%
Data As per EPRI
14% W Bearing Faults
°“ B Stator Faults
9% ' 41% Rotor Faults
| W Other Faults
36%

Hinh 1. Phan tram thanh phan 16i trong dong co
cdm g xoay chiéu

2. CAC LOI CHINH TRONG PONG CO
CAM UNG
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Hinh 2. Cdu tao dong co cam img
L&i vong bi

Vong bi 1a nguyén nhan 16n nhat gay
ra 16i may moc. Theo sb liéu thong ké 18i vong
bi chiém hon 41% tong s6 hu hong ciia dong
co. Ung suit lién tyc 1én vong bi giy ra hu
hong do méi, thuong la & cac ranh bén trong,
bén ngoai va phan tir con lin ctia vong bi. Cac
manh nhd bi vd ra khoi vong bi dugc goi la
bong troc hodc bong vay dan dén viéc vong bi
chay trong diéu kién khong binh thuong, tao ra
rung dong c6 thé phat hién dugc va ting mirc
do tiéng 6n. Qua trinh gay ra 15i ciing dugc hd
trg boi cac ngudn bén ngoai khac bao gém 6
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nhiém, dn mon, boi tron khong dung cach, lap
dat khong ding cach va sy xam nhap cua nudc
mubi. Pién ap va dong dién trén truc ciing 1a
ngudn gy ra hu hong trén vong bi. Nhiét do
trén vong bi cao ciing 1a mot Iy do khac dan dén
hu hong. Bé dam bao thudng nhiét dd vong bi
khong dugc vugt qua mirc tiéu chuan quy dinh
ctia nha san xuat. Cac khuyét tat trén vong bi
dugc phan thanh cac loai theo yéu t6 anh huong
sau:

. Khuyét tat vong ngoai;
* Khuy¢ét tat vong trong;
* Khuyeét tat con lan.

Loi trén cugn day stator:

Theo khao sat co 37% su ¢6 hu hong
ciia dong co cam mg co lién quan dén cach
dién ctia cudn ddy stator va phan 1on cac hu
hong lién quan dén cudn day stator dugc bat
dau boi cac hu hong cach dién trong mdt $6
vong cua cudn day stator trong cung mdt pha.
Loai 16i ndy trong may dién xoay chiéu ba pha
dbi xtmg gay ra dong dién tuan hoan 16n va sau
d6 sinh ra nhiét qua marc trong bdi day bi ngin
mach. Qua trinh nay tiép tuc dién ra cho dén
khi dong dién tuan hoan vuot qua gia tri gidi
han dan dén dong co bi hu hong hoan toan. Cac
hu hong lién quan dén cudn day stator cé thé
duoc chia thanh cac nhom:

* Vong day - Vong day;
« B4i day - Béi day;

e Pha — Pha;

* Pha - dat;

« L5i ho mach (mét pha).

L6i thanh rotor bar bi héng:

Dbi véi cac may dién co cong suat dinh
muc thap thuong dugc san xuat bang ky thuat

duc khuon, trong khi cac may dién c6 cong suit
16n duoc san xuat voi thanh rotor bang dong.
Lién quan dén mot s6 van dé cong nghé co thé
dan dén cac phat sinh trong qua trinh san xuat
rotor.

Mot sb 1y do chinh gdy ra 13i rotor.

« Trong qué trinh han khi san xuat, (mg
sudt mdi han 1én bé mit vat liéu khong dong
déu dan dén tich hop vao 1ong soc rotor va
nhirng Gmg sudt nay ciing c¢6 thé dan dén hong
hoc trong qua trinh van hanh.

« Thanh rotor khong thé di chuyén theo
chiu doc trong ranh trén 16ng soc, khi ung suat
nhiét tdc dung 1én no6 trong qua trinh khdi dong.

« Vong ngan mach cubi ning c6 thé tao
ra lyc ly tdm 16n, di€u nay cé thé giy ra ng
suat nguy hiém cho cac thanh rotor.

V61 nhiing nguyén nhan trén, thanh
rotor c¢6 thé bji hong va dong thoi co thé xay
ra tinh trang rotor mat can bang. Su khong dbi
xtng cua 1dng soc rotor dan dén sy phan bd
khong d6i xtng cua dong dién trén thanh rotor.
Tir d6, hu hong ciia mot thanh rotor dan dén
gy ra hu hong cta thanh xung quanh va tiép
tuc lan rong ra dan dén giy nhiéu thanh.

L&i léch tam:

May dién quay c6 khe ho khong khi nho
gitra rotor va stator. Tur truong hoat dong trong
khe hé khong khi tao ra lyc dién tu tac dong
1én cau trac may. Ly tuong 1a do day khe ho
khong khi khong d6i doc theo toan bd chu vi va
cac luc dién tir triét tiéu 1an nhau. Trén thuc té
chiéu day khe ho khong khi khong déu doc theo
toan by chu vi do sai l1éch hinh hoc cua stator
va rotor, hay do mon & b, d6 1éch tam tinh hoac
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d6 1éch tam dong. Do d6 lyc dién tir khong triét
tiéu 1an nhau 1am sinh ra luc d6 duoc goi 1a luc
kéo tir khong cén bang (unbalanced magnetic
pull UMP). Diéu nay gy ra sy day nhanh qua
trinh hu hong b truc, co xat gitra rotor vdi stator
gdy ra rung dong va tiéng 6n khong mong
mudn, din d&én hong dong co sém.

3. GIAM SAT TINH TRANG PONG CO

C6 rat nhidu phuong phap da duogc s
dung trong viéc theo doi tinh trang stic khoe
clia may dién cong sut 16n, nhung chung quy
lai cac k¥ thuat duoc sir dung phd bién nhat
dugc mo ta dudi day.

Giam sat nhiét do:

Giam sat nhiét d6 dugc thuc hién bang
cach sir dung cac cam bién dé theo ddi tinh trang
thiét bi nhu cudn day dan stator, b truc va chét
long lam mat cua cac may dién 1on. Cac phép
do cho biét cac thay doi tong thé dang dién ra
trong may nhung ching cuc ky hiéu qua néu
duoc gin va giam sat & cac vi tri duge lya chon
can than. Khi phép do nhiét do duoc két hop véi
thong tin vé tai va diéu kién moi truong xung
quanh ctia may, n6 cung cap thong tin giam sat
co gia tri. bdi v6i 6 truc thuong nhiét do duoc
theo ddi cung v6i cam bién rung dong, phép do
nhiét do cung cp cach tiép can tiéu chuan dé
danh gia va udce tinh tinh trang ciia may. Do do
viéc do nhiét do rat quan trong trong viéc giam
sat cac may dién va co cac phuong phép tiép
can sau:

« Do nhiét d6 str dung dau do nhiét dién
tro (RTD);

* Thermistor;

* Cap nhiét dién (Thermocouple T/C);

« Nhiét ké khong tiép xtic hay nhiét ké
hdng ngoai.

Hinh 4: Cdc dau do nhiét do

Giam sat tieng on:

Tiéng On cua may dién dugc dic trung
14 mot tap hop cic 4m thanh do sy thay doi
nhanh chong cua ap suat khong khi. Nhiing
thay d6i nay thuong gy ra:

* Rung dong cua céc bd phan may hodc
toan bo bé mat thiét bi

« Hién twong khi dong hoc din dén xung
ap suat gan may

Ngudn tiéng 6n trong may dién c6 thé
duoc chia thanh ba loai 16n sau:

« Ngudn co hoc;
* Nguon khi dong hoc;
* Nguon dién tur.

Chu tric stator

Co hoc Tai cam (ing Vong bi
Nguén tiéng n Khi dong hoc Phu trg Mit can b?ing
N Khe h¢ khong khi
Bign tir khong df)ng déu

Hinh 5. Nguén on trong mdy dién [5]
Cic ngudn co hoc chinh cia tiéng on:
* Can chinh;

* Gia cong khong chinh xac cac bo phan;
* Toc do quay;
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« S6 phan tir 1dn mang tai;

« Tan s6 cong hudng co ciia vong ngoai;
« Diéu ki¢n boi tron;

* Nhiét do.

Giam sat rung dong:

Giam sat rung dong 1a k¥ thuat theo doi
suc khde cua dong co cam ung, dugc sir dung
rong rai nhat tir trude dén nay. Pé phat hién cac
18i co hoc nhu hong 6 truc hodc mét can bang
co hoc va mot bo chuyén dbi dién ap cung cap
tin hiéu dién ap ty 1& voi gia téc thuong duogc
su dung. Hau nhu tat ca cac may di¢n déu taora
tiéng 6n, do rung va qua d6 viéc st dung rung
dong dé chuan doan 15i trén dong co. Tiéng 6n
va do rung trong may dién do céc luc c6 ngudn
gbc tir truong, co hoc va khi dong hoc giy ra.
Céc rung dong ciing c6 thé tao ra do 15i giita
cac vong trong cudn day, su mat can bang dién
ap ngudn cung cap.

Lyc huong tam do tur truong khe ho
khong khi va 1a nguon rung va nhiéu 16n nhat
trong may dién. Vi sy phan bd mat do tir thong
trong khe hd khong khi 13 san phdm cua song
luc tir dong va séng tir tham. Két qua luc tir
dong ciing chira sy anh hudéng do khong dbi
xtng cta rotor hodc stator. Séng tir thim ciing
phu thudc vao sy thay ddi cua khe ho khong
khi, lyc tr va dao dong ciling phu thudc vao
su bat d6i ximg nay. Do d6 ching ta cé thé
no6i rang phuong phap giam sat rung dong la
phuong phap phu hop nhét dé phat hién cac 16i
co khi nhu 13i 6 truc, 1éch tdm rotor, 15i banh
rang va rotor khong cin bang [1].

Giam sat dong dién:
Giam sat va phan tich tin hiéu dong dién

dong co (MCSA) 1a mot ky thudt dugce sir dung
tai nha may Pam Ca Mau dé xac dinh diéu kién

hoat dong cua dong co ma khong lam gian doan
qué trinh san xudt thong qua viéc chan doan
cho timg phan ving cu thé lién quan dén stator,
rotor, cach dién, air gap, chét luong dién nang,
mach dién...dé ngdn ngura va phat hién sém
nhitng hu hong cua motor trong tuong lai.

Pbi voi may dién khi c6 dao dong co
hoc tang thi din dén do 16n cta cac thanh phan
hai dong dién stator tuong ing cling tang lén.
Diéu nay 1a do rung dong co hoc diéu chinh
khe ho khong khi ¢ tan s6 cu thé giita stator va
rotor. Cac thanh phén tan sb nay sau d6 hién thi
trong dién cam cua stator va cudi cung 1 trong
dong dién cua stator.

Phan tich tin hi€u dong dién stator nham
phat hién nhirng thay d6i vé do tir thim trong
may thong qua viéc kiém tra cac tin hiéu dong
dién. Phuong phap phan tich 1a s dung phd
dong dién cua may dé xac dinh cac tan sb 10i
dic trung. Cac tan so 11 xdy ra trong pho dong
dién ciia dong co 1a duy nhéat ddi véi cac 10i
dong co khac nhau.

4. UNG DUNG MCSA PANH GIA LOI
LECH TAM

Phan tich tin hiéu dong di¢n dong co
(MCSA) 1a k¥ thuat dugc sir dung dé phan tich
va theo déi xu hudng thay dbi cua dong co
trong qua trinh van hanh. Mot hé thong thiét bi
danh gia phan tich co ban bao gdm nhiing chi
tiét sau:

« May bién dong (CT) dé ghi nhan tin hiéu;

« Pién trd shunt liap bén trong dau ra
cua CT;

« M4y do MCEmax dé d4nh gia pho tan
s6 dong dién.
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Hinh 6: So do két néi may do MCEmax
Do léch tam khe hé khong khi:

D¢ 1éch tam trong khe hé khong khi cua
dong co duoc thé hién khi khoang cach cua khe
ho khong khi giira rotor va stator khong dong
déu. Trong may dién ton tai hai loai 1éch tam:
Léch tam tinh va l¢ch tam dong. Trong truong
hop léch tam tinh, vi tri cia khe hé khong khi
hudng tdm nho nhat duge cd dinh, trong khi
do6 truong hop 1éch tdm dong vi tri cia khe ho
khong khi nho nhat phu thudc vao sy quay cia
rotor. Trang thai dong tdm, 1éch tAm tinh va
dong dugc minh hoa trong hinh bén dudi.

a) Déng tam; b) Léch tam tinh; c) Léch tam dong
Hinh 7: a) Pong tam; b) Léch tim tinh;
¢) Léch tam dong [6,7]

Khi 1&ch tam cac thanh rotor kéo lai
hodc tiép can gan tir trudng cua stator, chung
gdy ra sy thay d6i dong dién trong stator. Trong
truong hop tinh cac thanh phan cua diy bién
léch tam xuét hién & cac tan sé duoc xac dinh
bo1 phuong trinh (1) va dugc minh hoa trong
hinh 8.

fe = | RERD(Z) 2]

Trong do:
f : Tan s0 léch tam (Hz);
f£: T?}n s6 ludi dién (Hz);
R: SO thanh bar rotor;
s: Do truot;
P: Sb cap cuc;
~on, = S6 nguyén do léch tam dong bac
nhat = +1;
n_ = SO nguyén mién thoi gian co ban

ws

cua lyc trdong (n = +1) vahaibacle 3,5,7...

Cong thire tinh hé sd truot:

2)

N: Téc d6 rotor (v/p);
N_: Toc dg tr truong quay (toc do dong
bo) (v/p).

Tan s tim f trong hinh 8 va 9 dugc xac
dinh boi:

fc - RFshaft (3)
__ RPM (T8¢ db trén truc) |
Fshaft - 60 :

Tan s6 truc (Hz)

2f, 2f;
(e 26 fo | fo 26 26
I 1 T 1 1 I —

| |

fe

Hinh 8. Khe ho khong khi — léch tam tinh
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Khi c6 d¢ 1éch tdm dong cac thanh phén
tan so tir do 1éch tam tinh duoc diéu ché thém
(1-5) 2

nhu thé

v6i tan s6 quay ciia rotor f; = f
hién trong hinh 9 [8].

A A

fc
Hinh 9. Khe ho khong khi — Léch tam dong.

Két qua thuc nghiém trén mo hinh véi
d6 1éch tam tinh:

Pé danh gia cling nhu chin doan tinh
trang hoat dong cua cac dong co cam ung tai
Nha méay Pam Ca Mau dugc hiéu qua véi do
chinh x4c cao, mot md hinh voi céc thiét bi
danh gia dwoc lip dat nhu hinh 10. Bao gom
mot dong co cam tmg ba pha rotor 1dng soc
duoc két ndi véi tai may phat mot pha qua puli
day dai, may do MCEmax dé thu thap dit liéu.
Thong sé dinh mirc dong co cam ung ba pha
rotor léng soc dugce thir nghiém: 5.5kW, 400V,
11.03A, 1450 v/p. Céac thong sb chi tiét cua
dong co duogc cho trong Bang 1.

Hinh 10. M6 hinh thuc nghiém danh gia 16i léch tam

Thiét bi thu thap dit lieu MCEmax dugc
két ndi v6i mach dién dau vao dong co cam tng
ba pha rotor 16ng soc thong qua day tin hiéu
dong dién véi cac bién dong ti s6 150:1. Dong
co ba pha véi bd phan vé startor dugc lép dat
101 voi gdi do hai dau, 2 bu 16ng bén chan dé dé
gitp dinh vi stator va thiét 1ap khe hé khong khi
gifra rotor va stator trong qua trinh thur nghiém,
cac bo phan thir cip khac nhu ampe kim (0 -
1000A), may do toc do, tai dién tro.

Bdng 1. Théng s ciia dong co 3 pha:

Cong suat dinh mirc 5.5 kw
Tén s6 dinh muc 50 Hz
Tbc d6 dinh mure 1450 rpm
bién ap dinh mirc 400V
Dong dién dinh muc 11.03A
Sd cap cuc 2

S ranh cua 15i stator 36

S ranh cua 15i rotor 32
Puong kinh ngoai rotor 135 mm
Puong kinh trong stator 136 mm
Chiéu day khe ho khong khi 0.5 mm
Céch dau day A

a1 ahp a4
{]

b i T
" 'LJ.\I L Y A 1 1 1 Ll | ) k.‘_”||| Ao 4N
= [ i L R

Hinh 11. Phé tan sé dong dién khéng léch tam ¢
diéu kién khong tai

Fraquency ()

sazﬁw saz ka7
1 I | -] |

o)

sz e | 732687

S R T F PO 'p‘;; \,f;_f.g,;i.l 'I ‘,'* !\:,;_.lll |':J r;‘."-1i' f!
100 '}" ‘T;I “ ’l_"'lr-"a"f l."Ih"r'J '--ﬁ"rr:ﬂ -Jf Wy '1‘.1"\\1{ "T'J Ir U ¥ P “1“ W "Iﬂr'f Wy njr '}‘1

Hinh 12. Phé tan sé léch tam tinh 30% & diéu kién
50% tdi
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Hinh 13: Phé tan s6 léch tam tinh 30% & diéu kién
80% tai

829487

= |
o] L

3 ¥ TTARET T )
5 = il |||

l JLEWLE irJ'“' ! :l.r W\
_.,o_rl f|,|f1.1 il Ihagfope |,,' “:-f.T’.e“f UM IR i

Hinh 14. Phé tan s6 léch tam tinh 30% & diéu
khién full tdi.

> Quan sat thdy ¢ truong hop léch tim 30%,
diéu kién tai 50% dugce thé hién trong hinh
12, bién do cua phé tan sb dong dién léch tam
xuét hién va ting dan, diéu nay duoc thé hién
& 80%, 100% tai. Cac tan s6 18i xut hi¢n
o tal 80% tuong tng n = 1, 3 la 831.44Hz;
731.44Hz; 931.44Hz; 631.44Hz. Khi day tai,
tan sb 161 xuét hién & 829.487Hz; 729.487Hz;
929.487Hz; 629.487Hz. T Hinh 13 ta thiy
rang bién do léch tim & tan sb 631.44 1a
-60.44dB trong khi bién do ¢ muc day tai véi
tan s6 629.487 1a -57.60 dB. No chi ra ring
bién d6 cta tan so sy ¢b ting 1én khi ting tai.

> Qua két qua danh gia cho thiy diy bién do
léch tam thir nhét xuat hién ¢ +/- 50 Hz so voi
tan sd do léch tam. D3y bién hai tht ba xuét
hién & +/- 150 Hz so véi tan sb 1éch tam. Cac
gia tri ndy dua trén tan sd co ban 1a 50 Hz.

5. KET LUAN

bong co dién 1a mot thiét bi rat quan

trong trong nganh coéng nghiép hién dai ngay
nay. Su c6 cua dong co dién s& gy ra ngung
hoat dong san xut, mat san luong, ton that 16n
vé mit bao tri va mat doanh thu. Do do, viéc
giam sat tinh trang ctuia cac dong co dién cong
suit 16n tai Nha mdy Pam Ca Mau la cuc ky
quan trong d6i vé6i viée duy tri tinh 6n dinh va
tin cdy cho hé théng. Hau hét cac 13i trén dong
co dién cam ung déu c6 nhimg diém tuong
dong ¢ dang song va ham lugng hai ciia dong
dién cung cap cho dong co. Nén viéc tng dung
giai phap phan tich tin hiéu dong dién dé danh
giava chuin doan 13i nhu 1éch tAm, thanh rotor
bi gdy, ho hodc ngin mach trong cudn day la
mot giai phap rat hitu ich va gép phan quan
trong vao cac cong cu giam sat tinh trang cua
dong co tai nha may. <
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