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CHUAN POAN NHUNG HU HONG
THUONG GAP CUA PONG CO
KHONG PONG BO 3 PHA

® NGUYEN NGOC TIEN

TOM TAT:

Bai bdo trinh bay viéc phét hién céc 16i v& thanh rotor va 161 vong bi trong mot dong co dién
khong ddng st dung phan tich tin hiéu dong dién stator (MCSA). Gan diy, dong co dién di trd nén
rat phd bién vi gid ca va dd tin ciy. Chiing da dugc st dung trong nhiéu ng dung diéu khi€n quan

trong nhu' cic nhi mdy cdn, miy nén bién tan, miay bom, va mdy quat. Theo ddi tinh trang cla
dong co c6 thé 1am gidm dang ké chi phi bao tri trong viéc phat hién sém cac 16i. Trong nghién citu
nay, MCSA dudc dp dung cho dong co dién dé phat hién 16i thanh rotor va vong bi bi hdng. Viéc
chdn dodn mot 16i thanh rotor va vong bi bi hdng trong cdc dong cd cAm tng 16ng séc, di dugc
nghién cttu trong di€u kién day di tdi va da dudc tién hanh thir nghiém bing cich phan tich mat do

ph6 cong suit ctia dong dién stato st dung card thu thap dif liéu Arduino va cong cu x{t 1y tin hiéu

trong phAn mém LabView [1].

Tt khéa: giam sat tinh trang, mat d6 phd cong suat, 18i roto, cong suit truyén dong,

MCSA, FFT.

1. Dt vandé

Pong co dién khong dong bd thudng dudc si
dung trong nganh cong nghiép va trong nhiéu ng
dung vi chiing c6 cau triic don gidn, chi phi it tdn
kém va sy 6n dinh. C6 2 loai dong co cam ng dudgc
st dung trong nganh céng nghiép 1a dong co rotor
16ng séc¢ va rotor diy quan. Pdng cd cdm ting 1ong
s6c da dugce st dung thudng xuyén trong cac dng
dung cong nghiép do gid thap, sitc manh clia chiing,
cu tric don gidn, va bdo tri d& dang. Gin day,
dong cd rotor 1ong séc ngay cang dudc st dung
trong nhiéu &ng dung cong nghiép nhu mdy cin,
mdy nén bién tin, miy bom, vi mdy quat. Phit
hién sém cdc bat thudng trong hé thong truyén
dong dong cd rat quan trong cho cdc hoat dong an
toan, kinh t& va khong bi gidn doan.

C6 rat nhiéu 18i c¢6 thé x3y ra trong cdc mdy
dién. Ty 1& hu hong dong co cam tng dugc chi ra
trong Hinh 1. [7]

Hinh 1: Ty Ié hu hdng déng cJ dién
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Hu hdng dong cd c6 2 loai: hu hdng vé dién va
hu héng vé co khi. Nhitng hu hdng vé dién dugc chi
ra trong Hinh 2 [7]. Cdc hu hdng vé co khi nhu: 18i
rotor, vong bi, rotor mat cin bing, 16i vé khe hé
khong khi giita stator va rotor (Hinh 2).

Hinh 2: Cac hu héng cuén ddy stator
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2. Téng quan nghién cifu

Céc nghién cttu vé chuin dodn gdm c6 kiém
sodt mdmen va lyc trén truc dong cd kiém sodt ti€n
on, do do rung, kiém sodt dua trén cic dai lugng
dong dién va di€n ap.

Céc phuong phap nay ki€ém soit dong ciia stator
dé phat hién nhiéu 16i cia dong co va bién tan,..
Viéc chuin dodn dua trén dong dién trén khong
can cadm bién.

Céc phuong phdp trén ciing phan tich 16i cla
dong cd dua trén viéc phan tich phd nhung chua c6
d&u hiéu dic trung cla triéu chitng 16i trong tiing
tinh hudng cu thé.

3. Phuong phap nghién citu

3.1. Nguyén nhdn 16i rotor

Mot s6 nguyén nhan gay ra 18i nhu sau:

> Vatliéu lam rotor khdng ddng déu

» Trong qua trinh hoat ddng rotor sinh ra nhiét

> PO 4m moi trudng

L&i Rotor bit dau 1a dién trd rotor ting cao, giy
ra nhiét do cao va sau d6 ti€n trién nhu nit hoic 16
nho trén thanh rotor. (Hinh 3)

Dang phé 16i rotor. (Hinh 4)

Khi rotor bi 16i, s& xuat hién phd 15i tai d6 bién
dd cao bat thudng, d6 1a LSB va USB, cong thiic
tinh tan s 18i nay nhu sau [5].
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Hinh 3: L6i mét thanh rotor

Hinh 4: Phé rotor hu

1 =

fil=25) I3

J1Hz)

T+ 20

> g =, (1- 2ks) 1)

> fusp = f; (14 2ks) (2)

Véi: f1: tAn s6 ngudn dién 50Hz
s: hé sd trugt
k: sO tu nhién +1, +2, +3,...

> T6c do tir trudng: nl = 120f1/p 3)
Vi p: s cuc clia dong cd

> Hé s trugts: s = (nl - n)/nl 4)
Vi n: toc dd rotor ( rpm)

3.2. Nguyén nhan 16i vong bi

Nhitng nguyén nhan gay 16i vong bi:

> Moi trudng bui ban
> Chatboi tron
» Nhiét do

» Thdo lip khong ding c4ch

Hu hdng bit ddu tir mdt vét trdy nhd bén trong
vong bi, lau ngay s& lan ra mit trong (inner race)
hodc mét ngoai (outer race) vong bi tao thanh mot
16 nhé [3]. (Hinh 5, 6)

Cong thic tinh 15i vong bi nhu sau:

fbearing = !fl + mﬁ10| Q)

V6i: m 12 s6 tu nhién 1, +2, +3, +4,.; fi 12 tin
sd inner race; fo 12 tin s6 outer race.

. N D
fio=—btfr(1+ —b cos
1 (1 5 cosp)
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Hinh 5: Léi inner race

Hinh é: Léi outer race

 2000/12/30 11431

Outer race fault

Véi: Ny 1a s6 vién bi clia vong bi; fr 1a tan s6
rotor don vi Hz; Dy 1a dudng kinh vién bi; D, 1a
khodng cdch gitra 2 tAm vién bi; B 1a géc quay
vién bi.

Tuy nhién, n€u s6 vién bi tir 6 dé€n 12 thi cong
thic (5) x4p xi nhu sau:

fo= 0,4 Nyf, (6)

fi = 0,6 N.f, (7)

CAu tao vong bi vong bi dudc cho béi Hinh 7.

3.3. Mt do pho cong sudt (PSD)

FFT cta mot tin hiéu 1a chuyén mot tin hi€u tir
mién thdi gian sang mién tin s6. Clra s8 loc dudgc st
dung 12 cira s§ Hanning.

Hinh 7: C&u tao vong bi

/ outer raceway

cage

. - 1 1
wii(D =S wsime P
V&iM 12 s6 miu thu thap

Matdo phf; cong suat dudc tinh tit FFT nhu sau:
PSD(f) = ﬁ wsi(f) x wsi*(f) 9)

3.4. Cong cu tinh PSD  Hinh 8: Khéi tinh PSD

trén labview (Hinh 8)
3.5. Code Labview E
(Hinh 9) ¥ 4
4. K&t qua Spectral
4.1. Mé hinh chdn Measurements
dodn hu hong dong co 4
di¢gn Rotor long séc g Signals
(Hinh 10) Measurement O
Thong s6 dong cd va Phase g
card thu thap dir liéu nhu i
Béng 1,2
Bdng 1. Théng s6 dong cd dudc chdn dodn
Pha 1
Cuc 4
bién ap 110V/220V
Dong dién 24A/12A
Toc do 1500 khong tai
Cong suét 1.5KW
Tan s6 50Hz

Dong dién stator cia dong cd dugc thu thap qua
cdm bi€n dong ACS 712-30A, sau dé qua bd
chuyén d6i A/D t&c d6 14y mau 860 S/s dua vé may
tinh. St dung cong cu x{ 1y tin hiéu cda phAn mém
labview d€ phan tich phd tin hiéu nay, cudi cling
dem so sdnh phd vira tinh todn dudc vdi phd ciia
dong cd trong tinh trang binh thudng d€ két luan
dong cd c6 16i hay khong 16i [3] .

4.2. Léirotor (Bang 3, Hinh 11, Hinh 12)

Tinh todn tan s§ hu.
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Hinh 9: Code phdn tich phé bdng labview

Bdng 3. Tdn s& 16i Rotor

| Acquition Speed (HZ) ||
| o=t ||

- Number of Samples || iy

m @

Hé so k=1
truot LSB USB

Toc do

1485rpm | S=0.01 49Hz 51Hz

Hinh 10: Mé hinh chdn dodn

Card Arduino Tai

4.3. Loivong bi
4. 3.1. L6i inner race (Bdng 4, Hinh 13,

Hinh 14)

A ~ z . x
Pong cd chan dodn inner race 16 2mm.

S& vien bila 8 (N, =8)

Bdng 2. Théng s6 card thu thap dir liéu Arduino

focaring = If1 2 m.fil
fi=0,6 Nif, = 0.6x8x1485/60
=118.24Hz
focaring = | F12mfl [=150 118.24
=068.8Hz (m=1)
BAng 4. Tan s8 16i vong bi inner race
& k=1
Toc 6 oo

Lk LSB

1485 rpm S=0.01 68.8 Hz

4.3.2. Outer race (Bdng 5, Hinh 15,

Hinh 16)

A ~ z x
bong cd chan doan outer race 16 2mm.

S6 viénbila 7 (Ny=7)

fhearing = If1 = m.fol

fo=0,4 Nyf. = 0.4x7x1485/60 = 69.3Hz
fbearing =If; £ mfj,[=150-2%69.3 |
=88.6Hz (m=2)

fpearing =111 £mfy1=150-2%69.3 |
=188.6Hz (m=2)

Bdng 5. Tdn s& 16i vong bi outer race

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) | 7-12V
Input Voltage (limits) 6-20V
Digital /O Pins (1) :1t(;)ljt\)/vh|ch 6 provide PWM
Analog Input Pins 6
DC Current per I/0 Pin 40mA
DC Current for 3.3V Pin 50mA

32KB (ATmega328) of which
Flash Memory 0.5KB(used t;qy boot)loader
SRAM 2KB (ATmega328)
EEPROM 1KB (ATmega328)
Clock Speed 16MHz

Heso m=1

.
% | et LSB USB

T6c dd dong co: 1478v/p

1485rpm | S=0.01 88.6Hz | 188.6Hz

1500 — 1478 4.3.3. Loi hén hop (Bdng 6, Hinh 17, Hinh 18)
5= W =0.015 Pong cd dudc chin dodn vira bi 16i rotor va 16i
LSB = (1-2%8)usy = 49Hz inner race. Do d6, tin s6 xudt hién 18i 1a 49 HZ,
USB = (1-2%s).59 = 51Hz 51Hz va 68.8Hz (Bang 6).
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Hinh 11: Phé ddng cd binh thuding ¢6 1di
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Hinh 12: Phé ddng cd bj vd mét thanh
rotor khi ¢ tdi
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Hinh 13: Phé DC binh thudng khi ¢6 tdi
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Hinh 14: Phé DC 16i Inner race khi ¢é 1di
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Hinh 15: Phé DC binh thuding khi c6 1di
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Hinh 16: Phd DC 16i Outer race
khi ¢6 1di
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Hinh 17: BC binh thudng ¢ tdi
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Hinh 18: DC bi I6i hdn hop rotor va inner race
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BAng 6. Tan s8 16i rotor va véng bi inner race

o k=1 m=1
Toc dd Hé s6
truot LSB USB LSB
1485rpm | s=0.01 49Hz 51Hz 68.6Hz

5. Gidi phap dé xuat

% Thiét ké/gidi phdp nghién ciiu

- St dung card thu thap dit liéu Arduino va cong
cu x{r 1y tin hiéu trong phin mém LabView. K&t
qua thuc hién cho thdy phuong phap nay rat hiéu
qua va hitu ich cho viéc chin dodn céc 18i rotor va
vong bi.

% Mo hinh dp dung

Pong co khong ddng bd va phan mém
LabView.

% Cong cu nghién ciiu

Phén tich phd trén phan mém LabView dua ra
két luan.

Loicam on:

6. K&t qua va thao luan

Nghién ctfu nay nhim phat hién 15i ti€ém an vé
rotor va vong bi clia rotor 16ng séc bing cich st
dung PSD d€ phan tich mot tin hiéu dong dién
stator. Trong diéu kién tai ddy dd thi phuong phap
nay phat hién dugc 18i, nhung trong diéu kién non
tdi hoic khong tdi thi rdt khé phdt hién, dé gay
nham 1an trong viéc ddnh gi4 tinh trang hoat dong
ctia dong co.

7. K&t luan va khuyé&n nghi

Nghién cttu nay nhim phat hién 15i tiém an vé
rotor va vong bi clia rotor 16ng séc bing cach st
dung PSD d€ phan tich mot tin hiéu dong dién
stator. Trong diéu kién tdi ddy dd thi phuong phip
nay phat hién dudc 16i, nhung trong diéu kién non
tdi hodc khong tdi thi rit khé phat hién, d& gay
nhiam 14n trong viéc d4nh gi tinh trang hoat dong
ciadongcom

Tdc gid chdan thanh cam on cdc dong nghiép, ciing véi quy thdy co gido by moén Dign - Dién tit, Truong
Dai hoc Tra Vinh da cé nhiing dong gép quy bdau dé gop phan cho tbi hoan thanh bai bdo nay.

TAI LIEU THAM KHAO:

1. b6 bitc Tudn, B3 Viét Diing (2000). Phuong phdp xdy dung va phdn tich mé hinh chén dodn trang thdi ki thudt
mdy dién kéo trén dau mdy diesel. Tuyén tip cong trinh khoa hoc Hoi nghi khoa hoc cong nghé Trudng

Pai hoc Giao thong Van tai.

2. Lé Lang Van (2011). Chdn dodn trang thdi ky thudt va ddnh gid do tin cdy ciia dong co diezel trén ddu
mdy vdn dung tai Viét Nam. Luin dn Tién sy, Trudng Pai hoc Giao thong Van tdi.

3.L& Manh Viét (2007). Chan dodn trang thdi cich dién mdy dién mot chiu trén co sd dic tinh tdn s6 ctia phian

ung. Tap chi Giao thong Van tdi.

4. Pinh Thanh Viét, Nguy&n Qudc Tuin, Nguyén Vin Lé (2005). Ung dung mang noron chin dodn sy ¢d tiém
4n trong may bi&n dp luc. Tap chi Khoa hoc va Cong nghé - Pai hoc Pa Ndng.

5. Lé Hoai birc (2011). Ung dung tip md trong chin dodn ky thudt dong co diesel. Tap chi Khoa hoc Truong

Dai hoc Giao théng Van tdi.

Ngay nhén bai: 13/1/2022

Ngay phan bién danh gia va sira chira: 13/2/2022

Ngay chap nhan diing bai: 23/2/2022

350 $6 5 - Thang 3/2022



KHOA HQC - KY THUAT

Thong tin tdc gia:

ThS. NGUYEN NGOC TIEN
Khoa Ky thuat va Cong nghé
Truong Pai hoc Tra Vinh

DIAGNOSING COMMON FAILURES
OF 3-PHASE ASYNCHRONOUS MOTORS

® Master. NGUYEN NGOC TIEN
Faculty of Engineering and Technology
Tra Vinh University

ABSTRACT:

This paper presents the detection of rotor bar and bearing failures in an induction motor using
stator current signal analysis (MCSA). Recently, electric motors have become very popular
thanks to their reasonable price and reliability. They have been used in many critical control
applications such as rolling mills, inverter compressors, pumps, and blowers. Monitoring engine
performance can significantly reduce maintenance costs in early detection of faults. In this study,
MCSA is applied to electric motors to detect defective rotor bar and bearing failures. Diagnosis of
a defective rotor bar and bearing failure in squirrel cage induction motors was studied under full
load condition and was tested by power spectral density analysis of stator current using Arduino
data acquisition card and signal processing tool in LabView software. The results show that this
method is very effective and useful for diagnosing rotor and bearing failures.

Keywords: condition monitoring, power spectral density, rotor fault, driving power,
MCSA, FFT.
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