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Muc tiéu khoa hoc

‘ N3m virng quy trinh x(r Iy hoan chinh (Pipeline): ti tin hiéu rung thé dén chan dodn I6i
‘ Ty xay dwng va toi wu hda cdc md hinh SVM va Random Forest

Panh gid hiéu ndng mo hinh khach quan, tranh bay ro ri dit liéu (data leakage)
‘ Ung dung SHAP dé gidi thich co ché& dua ra quyét dinh ctia m6 hinh

¢ Tw duy cét 16i: Khi 6 Idn xuét hién khuyét tat, moi vong quay kich thich mét xung va dép ddc trung Idp lai tuén hoan.
Moi cbéng cu FFT, Envelope, ML, SHAP chi la cdch phdt hién cdi nhip do.
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Vi sao can bao tri du doan

Bao tri phan rng

Hong mdi sura

Chién lugc thu déng: Chi tién hanh
can thiép k¥ thuéat sau khi thiét bi da
xay ra su co va ngirng hoat déng.

Hau qua: Gay dirng may dot
ngot, lam té liét day chuyén san
xuat quy mo lén

Thiét hai: Chi phi khdc phuc khan
cap cuc ky I&n, dé gay ra hu
hong co khi lan rong sang cac chi
tiét lién dai.

Bao tri phong nglra
Theo lich dinh ky

Chién lwgc chd déng dua trén thoi

gian van hanh tich Ity hoac san

lwvong san pham

* Lang phi: Budc phai thay thé cac
linh kién co khi khi chiing van con
kha nang hoat dong toét.
RaGi ro: Khdng thé phat hién cac
khuyét tat phat sinh sém trudc
ky bao duwdng, dan dén nguy co
Xay ra sy cO dot xuat.

Bao tri dw doan
Theo tinh trang thuc té€ v~

Chién lroc hién dai: giam sat lién tuc
trang thai strc khoe cuda thiét bj bang
cam bién do dao dong.

*  Muc tiéu: Po dac d6 dao déng dé
phat hién s&m cac dau hiéu hu
hong cda 6 lan ngay tir giai doan
kh&i phat
Hiéu qud: Chu dong lap ké hoach
bao dudng, t6i wu hda thoi gian
dirng may va khai thac t6i da tudi
tho hitu ich cta linh kién.

Cam bién phat hién s&m 16i siéu nhé trwdc tai ngwei vai tuan/thang, du vay tin hiéu ban dau nhé va dé bi che l1ap
nhiéu va can x& ly chuyén sau.




Quy Trinh 7 Bwoc

QUY TRINH CHAN DPOAN LOI VONG BI
DUA TREN HOC MAY (MACHINE LEARNING)
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Thu thap Phan doan » Trich xuat » Huan luyén » Phan loai »AI c6 thé giai » Quyét dinh
tin hiéu tin hiéu dac trung mo hinh 16i thich (XALl) bao tri
Tin hiéu rung thé Chiéu dai clra s Mién thai gian, SVM (Ho trg Binh thutng Phan tich SHAP Banh gid 16i
Tan so 13y mau: 2ﬂ4§ mau mién tén s, chi may \’:&Etﬂ} Loi vbng trong Tam quan trong Lap ké hoach
12 kHz D6 chong lap: _ sothong ke Rirng ngau nhién L i vong ngodi clia d4c trung béo tri
50% Tong: 19 déc trung (Random Forest) Léi vien bi Giai thich toan cuc
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Dir Liéu CWRU

Hé thi nghiém, cém bién, phén logi 16i va tén sé ddc trung 6 Idn SKF 6205

Cau tao CWRU Test Rig & vij tri cam bién

Phan loai 4 trang thai k§ thut cta 6 lan

Tan s6 14y mau 12 kHz & mrc tai dong co

d Cong thirc & tan s6 dic truwng 16i SKF 6205

& hust.eduvn @ fb.com/dhbkhn



CWRU Test Rig & Cam Bién

%X Cau truc bé thr

e DOng co 2 HP, t6c dd 1720-1797 RPM

e O 13n thir SKF 6205-2RS, 6203-2RS

e Khuyét tat nhan tao EDM: 7, 14, 21 mils
* Tai 0—3 HP qua Dynamometer

. Vitri cdm bién

* DE: Cadm bién gia toc dat tai vd gbi d& phia tai
* FE: Cam bién gia t6c dat tai vo goi d& phia quat
* BA: Cam bién gia toc dat tai dé dong co
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' Hai cdm bién DE va FE duoc bé tri tai hai déu truc dé gidm sdt déc Idp hai ddi tuong khdc nhau: O Ién phia tdi
(SKF 6205) va 6 Idn phia quat (SKF 6203).
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Trang Thai O Lin — Pap Ung Rung Dong

Binh thuwong (N)

Bién dd cuwc nhd, tin hiéu phang, khéng cé xung bat
thuong.

L6i ranh ngoai (OR)

V&t nirt nam trén dudng 13n rinh ngoai cd dinh. Xung
va dap manh, chu ky 6n dinh

L6i ranh trong (IR)
V&t n&rt nam trong dwong lan ranh trong quay cung
truc. Xung bi diéu ché bién dd theo chu ky quay truc.

L6i vién bi (Ball)

Khuyét tat nam trén bé mat vién bi. Va dap da hudng,
phtrc tap, khé nhan biét nhat.

Envelope Signal
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Tan s6 hu hong dac trung

Y CHINH: M6i dang khuyét tat irng v&i mot tan sé kich thich riéng biét, dwoc tinh toan tir thong sé hinh hoc ctia 6 1dn —
day chinh 1a dau hiéu d& nhan dién va xac dinh loai hu hdng.

Hé s6 hw héng
Ky hiéu Cong thire xac dinh \ @1797 RPM (0 HP
y e g ! (SKF 6205-2RS) (0 HP)

B P FO ( Szjnjs ) @1797 RPM (0 HP) ~
Tan s6 va ddp khuyét tat rinh ngoai e 3.585 =107 Hz
BPFI e .
Tan s6 va ddp khuyét tat rinh trong e >.415 =162 Hz
BFS T 2.357
Tan s6 va ddp khuyét tat rénh ngodi
FIf T 0.398
Tén sé quay vong cdch

* n:sovién bi * a:goctiépxuc(”)

* d:duwong kinh vién bi (mm) * f, :tanso6 quay (Hz)

* D :duwong kinh vong chia (mm)
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Phan tich dang song

Danh gia trwc quan trong mién thoi gian:

4 Binh thudng (N)

Bién do cuwc nhd (0.2 g), tin hiéu phang, khdng xuat hién
cac xung va dap bat thuong.

O L6i vong trong (IR)

V&t nirt nam trén dudng 1an ranh trong quay cung truc.
Xung va dadp manh, khong déu va bién dé bi diéu bién.
O L6i vong ngoai (OR)

VE&t nirt nam trong dwong 1an rdnh ngoai ¢d dinh. Xung va
dap manh, chu ky va bién dé 6n dinh.

Khuyét tat nam trén bé mat vién bi. Va dap da hudng,
phtrc tap, khé nhan biét nhat.

*» B3
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OR
rénh ngoai (Outer Race))

Waveform Tin Hiéu Rung — Zoom 50 ms
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Dinh lugng muc do rung

4 o ] N\ . I
RMS (Tri higu dune): Crest Factor (Hé s6 dinh):
1 2
RMS — \/; - i=Z,n x; Peak
c t-Dhoﬂténg nang lwong dao déng toan phan ca hé F= RMS
on = ? A ? ~ -~
. Phéngénh mirc d6 hay hoai k&t cau. » Danh gid dd sac nhon cta xung thong qua ty & gilra
Peak va RMS.
* Nhay vdi giai doan chd'm 16i, nhwng giam nguoc khi
16i lan réng (do RMS tang manh).
- N\ J
n an N e N
Peak (Bién do dinh): Kurtosis (D96 nhon):
1
_Z-‘fl= x A
Peak = Max|x;| Kurtosis = Lo
*  Ghi nhén bién dé cuc dai tirc thoi Cﬂa cac Xung va e« Mb-men bac 4. do dé déy Cl:la duoi phﬁn ph6i do
dap do':'_g‘ A . xung dot bién gay ra.
hd Nhay VOl va Cham Cuc bO, nhung dé b| sal IeCh do e Phat hién sé&m cac khuyé't tat cuc bd
nhiéu dinh ngau nhién. ' R
N : VRN Y,
ﬂn

11




So sanh muc do rung dong

RMS (Mtrc rung tong thé - g) Peak (Bién doé dinh - g)
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Phan tich tan so

FFT - Envelope Analysis

Bién doi Fourier nhanh (FFT)

Han ché cla FFT tho & Co ché diéu bién
Ky thuat phan tich phé bao

 Nhan dién tan s6 16i dic trwng
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Bién doi Fourier

Céng cu todn hoc nén tang gilp chuyén ddi tin hiéu tir mién thi gian
sang mién tan s6 nham tach biét va bdc 16 ban chat cac thanh phan dao
doéng co khi.

N—
2nkn
Y[k T Z : The power of

Fourier

n A N Transform
* y[n]: Tin hiéu rung dong r&i rac trong mién thoi gian.

« Y[k]: Bién do pho twong (rng trong mién tan so.

Gia tri chan doan:
* Tach phd: Moi tin hiéu phirc tap déu la tdng hop cla céc sdng sin

In industries, machines deal with
ddn |é various factors that can affect their parts

* Giai ma diém mu: Nhin theo mién thoi gian tin hiéu rat hon loan va
"mu thong tin vi tri", gidp khoanh vung xac dinh vi tri xay ra hw hong
(truc, 6 1&n, dong co,...).
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Vi du bién doi Fourier

Alias region is normally hidden
A

éxample FFT

~

Sfampled 4 Alias
ol SR f, = 1IMH Sampling Rat
z i = Z ampling Rate
Frequency R Ns =16 NumEerif Samples
Domain 1 T ey : i P
(FFT) S UES WS S S S S S S S S SIS S S T T Af =< = T 2 = 62.5kHz Frequency Resolution
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Freq. Bin samp
00 | 125 | 250 | 375 | 500 { 625 [ 750 [ 875 | Freq. (kHz) At = B ™ o lus Sampling time
625 ! 187.5 ! 3125 ! 4375 ! 5625 ' 687.5 ' 8125 ! 9375 f; 1MHz
fin = 125kHz Input signal
Frequency Bin
Time '0‘\ Ky = fin _ 125kHz _ 20 Note: f,, is an exact
Domain ! f 62.5kHz integer multiple of Af
Signal 0 13 14 15 Time Index
’
l 2 full cycles
% J Of input samples
ki 16 samples total
t=8us, f=1/(8us) = 125kHz
[N
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Uu diém & Han ché cua bién doi Fourier

Uud |§m Mign Thés Gian: Trang Thai Binh Thuromg (Normal) Mign Thasi Gian: Trang Thé L8] Vang Trong (Inner Race Fault - 7mils)

* Bdc 16 vung cong hud'ng: Chi rd cum nang
lwong tai cac dai tan s6 cong huwdng ty nhién
do xung 16i kich thich.

* Theo ddi nén phd: Phan anh truc quan xu
hwdng gia ting nang lvong va hién twong nang
cao nén phd.

ung dong (g)

-3 T T T T -3 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Mién Tan $6: Phd FFT Trang Thai Binh Thwong Mi&n Tan S&: Phé FFT Trang Thi L3i 6 Lin
0.25 0.25
Phéng to dai thap 0 - 300 Hz Phéng to dai thép 0 - 300 Hz

Nhwoc diém:

e MAt tinh thoi gian: FFT khdong ndm bat duorc
cac thay déi cda tin hiéu theo thoi gian.

* Chuwa thé dinh danh 16i: Xung rung dong 16i &
lan cé nang lwong yéu, dé bi chdn vui dwdi nén J
nhiéu va cac thanh phan rung dong khac khién oon il

T T T q T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

FFT thuan tuy chuwa phan biét rd loai 16i. ot "

o
e
&

Bién d6 phd (g)

o
g
g
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Phan tich pho duong bao

La k{ thuat giai diéu ché bién do (Amplitude Demodulation) nham tach biét
tan so va dap chu ky ra khdi séng mang la tan sé cong hudng tu nhién cta két
cau.

Quy trinh thuc hién:

1. Loc dai thdng: C6 l4p vung tan so cOng hudng tan sd cao — noi nang
lwong va dap manh nhat va sach nhiéu nén tir dao déng quay truc.

2. Bién dai Hilbert: Thiét |ap tin hiéu gidi tich phirc nham trich xuat bién d6
duwong bao va triét tiéu thanh phan séng mang.

3. FFT dwdng bao: Thuc hién bién déi Fourier nhanh trén dudng bao bién dd
vlra thu duoc.

Gia tri chan doan:

* Lam bdc 16 rd rét cac dinh phd dic trung 16i hinh hoc (BPFI, BPFO, BSF) sac
nét

* Cung cap vector dac trung dau vao cd tinh twdng minh va phan tach cao,
giup mo6 hinh Hoc may hoi tu va phan loai chinh xac.
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Phan tich pho duong bao tin hiéu

(@ Tin hiéu rung déng thé (Mién thei gian - Zoom 50 ms) () Giai diéu ché: Tin hiéu sau loc bing théng & Dung bao
Tin hiéu sau loc 2-5 kHz
0.06 1 —— Dudng bao (Envelope)
-
0.04 1
= 27
= 0.02
oo
[ =
S
©
£ 0+ 0.00 1
it
8
© -0.02 4
o,
-0.04
_4 =
-0.06
T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Thai gian (ms) Thai gian (ms)
(3 Phé FFT thé: Khéng thé hién rd tan s& 18i (@ Phé bao (Envelope Spectrum): Xac dinh ré tin s& 18i BPFO
0.030 - - : :
1 1
1 1
i i
0.008
0.025 - i BPFO ly thuyét (107.3 Hz) i BPFO (107.3 Hz) :
E E { 3xBPFO (321.9 Hz)
| | xBPFO (214.6 Hz) :
Qe : — 0.006 - i
1 y 1
®» i ° i
2 | 8 :
a ] <Q H
g 0015 : < |
5 ! & 0.004 1 !
% 1 c 1
1 @ 1
0.010 -
0.002
0.005 - 1 1
I Il
1 f
1 1
i i : :
0.000 L T T T 0.000 L — T - T
0 100 200 300 400 500 0 100 200 300 400 500
Tan s6 (Hz) Tan s6 (Hz)
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Phan doan di¥ liéu

Chudn bi ddu vao cho mé hinh hoc mdy

Ban chat théng ké cda tin hiéu rung & diéu kién tinh dirng
cuc bo

Chon kich thudc cira sé toi wu.

] Chia tip train/test — tranh data leakage
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Phan Poan Tin Hiéu

Van dé:

* Tin hiéu rung déng thd |a chudi thoi gian khong dirng -
phan phdi théng ké thay déi lién tuc do nhiéu, tai bién
déng va xung I6i ngau nhién.

* M®& hinh ML vé ban chat la bai todn wéc lwong xac suat cé
diéu kién P(16i| d3c trwng) - né chi hoc duoc 4nh xa 6n
dinh khi dit liéu dau vao c6 phan phéi nhat quan.

Giai phap:

Cat tin hiéu thanh cac clra s6 ngan, ép veé trang thai gan dirng
cuc bo trong tirng doan tin hiéu, tw doé:
* Cac mo6 men théng ké (RMS, Kurtosis, Skewness) 6n dinh
va khai quat, dang tin cay.
* Vector dic trung trich ra phan dnh déc tinh 16i thuc suv |
khdng phai bién ddng ngau nhién cla toan tin hiéu
*  MOdisegment trd thanh 1 mau huan luyén ddc lap - tang
kich thuwdc tap dit liéu tir vai file gbc 1én hang nghin mau

{Cb DIt liéu ban dau

ln|||||||||||ll||}lulltlilml'lllluulu u||||u||||||"||||||||||||||||||||||||||||| llllllll]lI|lllIillI|IiI'IIIil!|!||NI||1I!IIIII|IIIII

|
O Chia dif liéu thanh céc doan

Poan 1 Poan 2 Poan 3 Poan 4
Poan 1 Poan 2 Poan 3 Poan 4
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Kich Thuéc Cua S6 & Overlap

Co s& lwa chon kich thwéc cira s6 (N=4096) Ky thuat Overlap & Chdng Data Leakage

@ Tdi wu tdc do tinh toan: Chon kich thudc clra so la O Muc dich : Tranh mat mat thong tin & bién. Budc
luy thira cta 2 (N = 2K) gitp thuat todn FFT dat hiéu truot goi chong (50%) dam bao cac xung va dap hu
nang tinh todn cao nhat hong v tinh roi vao ranh gidi cat s& nam & trung

tdm cula clra sO ké tiép
O Dam bao dd phan giai tan so:
O Kiém soat ro ri dir liéu : Bt budc phai phan chia

_ fs _ 48,000 _ ’
Af = N 4096 11,71 Hz tap Train/Test theo file di¥ liéu tho goc hoac theo
Do phan gidi nay dd dé phan tach cac tan so 16i dmoc thoi gian ¢6 lap truroc khi tién hanh phan
oan.

[ Pam bao tinh dirng:
* NE&u N qua nhd: Phé bi nhoe, cac tan sé 106i bi
chéng 1ap.
e NE&u N qua |én: Tin hiéu mat tinh dirng cuc bo,
giam s& lwong mau.

O Tuyét d6i khéng tron 1an roi chia ngau nhién, tranh
viéc mo hinh "hoc thudc long" do cac doan lién ké
chia sé chung 50% di liéu mién thoi gian.
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Quy trinh chuan bi dir liéu

1. Thu thap di® liéu tir cam bién

2. Phan doan + Overlap

3. Phan tich tin hiéu

4. Trich xuat dic trung

(Data Acquisition) (Segmentation + Overlap) (Signal Analysis) (Feature Extraction)
Accelerometer
SBHSOT Diéi.l k]é!'l A l l. T
> » ADC M i -
tin higu Midn Ths Gian - I %H e |
(Signal ADC = - (Time-Domain) ~ -o2L MM %\H‘M
Conditioning) (Analog-to-Digital Raw Tin hiéu Rung Tho Tin hié th h t
Converter) (Raw Vibration Signal) I hig] thor glanp ong o
g (Zoomed Time-Domain Signal) . ¢
50% Overlap > Feature |
> = [ > Engineering |
Cirasd 1 | - Engine
Clash 2 B » FFT — BFFO —* i l Vector Mau
- 2004 u EPFI (Sample Vedor)
---»| Clrasd?2 Mién T3n Sé 1 'lL" —— Time-domain Frequency-domain
o ra s Frequency-Domain Segment Crest | Peak_ | P
» Ciasd3 (Freq : FCFYT) ' (FF?FSLEQ?um} | “T°" [RMS | Peak [kurosis| St | FEks | GER| |
T — Segment1| 188 | 0.18 | 0.14 | 1.32 | 070 | 1.02 <
" d;c!rcg E?Eau l : “ o Segment2| 100 | 124 | 055 | 1.28 | 083 | 152
2 | |107.IM) Segment 3
b . n J . i c Dai il | fiee ‘ g
Hilbert |,
oo oo oo (S Lo L W CD
Segment1 Segment2 Segment 3 Phé Bao T O < 7 X V ]
(Envelope Envelope Envek:pe Time-domain Frequency-domain
%s dai aia s tirbia Analysis) SIEN8L grap SpeciiLn grEp Bang Dic treng Vector Mau
y dai ctra so tin hiéu truot (Envelz gg g;: s (Extracted Feature Matrix Sample Vector)

(Sliding Window Segments Acquisition)
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Chan doan tu dong

Sau khi trich xuat 19 dac trung tir hang nghin doan tin hiéu,
ching ta d6i mat véi mét ma tran dir liéu da chiéu khéng 16.

|

Lam thé nao dé xac dinh chinh xac ranh gi@i phan I&p gitra cac
trang thai khi dit liéu chéng 1an phirc tap?

|
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SVM & Random Forest

Nguyén ly co ban, cdch hoat déng va ddnh gid

Gidi thiéu trwc quan thuat toan SVM

Ham nhan - ndng chiéu khdng gian dé phan tach phi
tuyén.

Nguyén ly dong thuan (Ensemble) va cau tric phan
nhanh cia Rirng ngau nhién.

1  Phéan tich mdrc d6 quan trong cta dac trung
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Support Vector Machine (SVM)

Bai toan: Phan loai nhi phan hai tap hop dit liéu Y twdng: Xac dinh mot siéu phang quyét dinh phan tach
doc 1ap (Lop cham do y; = +1 va Lép cham xanh tuyét doi hai l&p di¥ liéu, dong thoi toi da hda bién an
y; = —1) trén mat phang toa dé 2D. toan dé dat kha nang khai quat hoa téi wu.
SVM - BPudng bién va Margin * Phuwongtrinh siéu phang phan lop:
O

wix+b=0
* Ham quyét dinh:

f(x) = sgn(w'x + b)

Anh xa sang bai toan thuc té:

° & * DPactrung dau vao (x;): Pac trung trich xuat tur tin hiéu
* Nhan phéan loai (y;): Trang thai 6 lan

« Vecto ho tro: Cac diém gitt liéu gan ranh gidi phan loai

—=1.0 =05 0.0 0.5 1.0 1.5 2.0 25
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Random Forest

Y twéng chinh:

* Két hgp mot tdp hop gobm nhiéu cay quyét dinh doc lap
duoc huan luyén bang phuwong phap Bagging (1ay mau
ngau nhién cé |3p lai ca vé mau dit liéu va chi s6 dic
trung)

* Dy doan cubi cung duwoc thiét [ap dua trén co’ ché dong
thuan (bo phi€u da sd) nham triét tiéu sai s6 cla cac cay
don lé.

Gia tri chan doan:

* Chong bay qua khép (Overfitting): Tinh ngau nhién kép
giup md hinh cuc ky bén virng, khéng bi phu thudc qua
murc vao mot dai toc dd hay tai trong bé thir cod dinh.

* Twong minh hdéa dac trwng (Feature Importance): Tw
cong thirc Gini, m6 hinh tu déng xép hang xem chi s rung
nao (RMS, Kurtosis hay Crest Factor) nhay bén nhat vdi 16i,
giup k¥ suw tdi wu hda s lvgng cdm bién can lap dét.

Tree1 ¥

| Prediction 1

Input

| Prediction?2 |

Tree N

Prediction N |

— ]

[ Average All
' Predictions |

Random

Forest
Prediction

26



Cam o'n & Hoi dag
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