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Gidi thiéu giang vién

Bao cao vién chuyén dé chuyén sau

PGS. TS. Nguyén Trong Du
« Giang vién cao cap, DPHBK Ha Noi
e Chuyén gia Giam sat tinh trang & Al
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Cac hud'ng nghién ctru chinh ciia PGS. Du Nguyén Trong

* Chan doan huw hong thiét bi quay bang phan tich tin hiéu rung déng.

* Xt ly tin hiéu va phéan tich thoi gian—tan s6.

* Chan doan banh rdng, 6 |dn va hdp gidm tdc trong diéu kién téc d6 thay
doi.

* Ung dung hoc may va hoc sau trong nhan dang va phan loai hu hong.

* Dy bdo tudi tho con lai (RUL) va bao tri dw dodn (Predictive Maintenance).
* Phat trién cac phuong phap chan doan it cdm bién va khéng can tin hiéu
toc d6 (tacholess diagnostics).

* Xay dwng hé thong gidm sat thong minh cho thiét bj cong nghiép theo dinh
huwdng Cong nghiép 4.0.

Linh virc trng dung: Nha may xi mang, nhiét dién, thép, hda chat, mdy nén
khi, tua-bin gié va cac hé théng truyén déng cong nghiép.
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Muc tiéu khéa hoc & Ké hoach dao tao

Chuyén dé: Giam sat rung thong minh & Bao tri dw doan dwa trén Al

5 ngay 40-55-5 VICEM 4 + 1

Thoi lugng (08-12/6/2026) % Ly thuyét - Thuc hanh - Banh gia Vién CN Xi mang - Vinh Tuy, HN 4 Chuong ly thuyét + 1 Chucng

dinh hudng

MUC TIEU bDAU RA KHOA BPAO TAO

* Ly thuyét rung & Vai trd giam sat tinh trang

* Nhan dién 16i thiét bi quay theo tiéu chuén ISO

« 'ng dung mé hinh Al (ML, DL, XAl, RAG) chan doan

» Thwe hanh do rung, can bang dong & xay Chatbot

Céng cu: Python, Google Colab, SHAP, PeakVue
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Pé cuong khoa hoc — Ké hoach 5 ngay

Tich hop ly thuyét & Thwe hanh: Tt nén tang dén trng dung Al hién trwdng

Séng Tam quan trong cla do rung dong, hé thong gidm sat va ly thuyét rung déng may quay. PGS Du (Hung)
Chiéu Bao tri truyén théng & hién dai theo hudng Al; cai dat phan mém. GS Khanh, PGS Du
2 Sang Céc dang hong phé bién trén chi tiét quay va cac chuén ISO vé rung dong. PGS Du (Quyén)
Chiéu Hoc sdu + Google Colab cho chdn doan; thuc hanh 01 b dir liéu. GS Khanh, PGS Du
3 Sang Chan doan déng cao dién & hép s6 banh rang bang Al + phan tich rung. PGS Du, TS Tuén
Chiéu Chan dodn may nghién ding trén co sé phan tich tin hiéu rung. PGS Du (Cuong, Hung)
4 Sang Al cho gidm sat: SVM, Random Forest, trich xuat dac trung; RAG trg ly bao tri. TS Chién (Binh)
Chiéu Thuc hanh 1: SVM/RF, SHAP giai thich chan doan, chatbot tra c(ru bao tri. TS Chién (Binh)
5 Séng Bai todn mat can bang déng trong hé truyén dong quay bang phan tich rung. PGS Du, ThS Hung
Chiéu Thuc hanh 2: Can bang ddng va do rung tai hién trudng. PGS Du, ThS Hung
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Bai 1:

quay.
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Tam quan trong cua do
rung dong, hé thong giam sat
va ly thuyét rung ddong may

ONE LOVE. ONE FUTURE.

Trwdng Co khi - DPai hoc Bach khoa Ha Noi



GIGI THIEU BAI HOC

Muc tiéu & doi twong

Sau bai hoc, hoc vién hiéu vai trd ctia giam sat rung ddng va ndm virng ly thuyét rung ddng ctia may quay cdng nghiép.

o O o o

B4i canh nha may Giam sat tinh trang Ly thuyét rung déng Chan doan 16i

Vi sao may quay la 'xwong Hiéu hé théng Condition M6 ta dao dong, hé dao dong, Nhan dién dac trwng rung dong
sOng' clia nha may va vi sao Monitoring (CM) va chién lwgc cdng hwdng va phan tich pho. cua cac l6i dién hinh & may
chung rung. bao tri dy doan. quay.

S5 150 2 1SO

tiét hoc c6 cAu tric slide Iy thuyét & minh hoa tai liéu ky thuat nén tang 10816 / 1940 / 4406...
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GIGI THIEU BAI HOC

Lo trinh 5 tiét

T tdm quan trong clia do rung ddng dén Iy thuyét va chan doan may quay.

Vi sao do H.g’ thoqg .
N giam sat tinh
rung dong trang

Bdi cadnh nha may, hau CM, duong cong P-F,
qua khi khéng giam sat, kién trac hé théng, ISO
chién lwoc bao tri & ROI. 10816, Cong nghiép 4.0.

Mo ta dao
e dong may
quay
Bién do, tan sb, pha; D-V
—A; mién thoi gian & mién
tan sb (FFT).

Hé dao dong
a & coéng
hwéng
M6 hinh mét bac tw do,

tan sé tw nhién, cong
hwéng, toc do téi han.

*
!’
N

(BAch khoa|
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GIGI THIEU BAI HOC

Tai lieu & phwong phap hoc

Két hop Iy thuyét, hinh minh hoa va chi ky phé thuc té.

Tai liéu nén tang

* Beginner's Guide to Machine Vibration (Commtest).
* An Engineer's Guide to Vibration (PRUFTECHNIK).
* Tiéu chuan ISO 10816/20816, 1940, 13373, 18436.

Phwong phap

M6i tiét: muc tiéu — ly thuyét — minh hoa — tém tat — 6n
tap.

Gan ly thuyét véi dac trwng phd va vi du thuc té.
Dung nhiéu so d6 va biéu dd trwc quan.

Cau hai 6n tap cudi méi tiét dé cung cb.

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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Phan 1

Tam quan trong cua do rung dong

Vi sao do rung dong & giam sat tinh trang thiét bj lai séng con v&i nha may céng nghiép
May quay trong nha may Ban chét rung dong Hau qua & rui ro

Chién lwoc bao tri Loi ich & ROI

hust.edu.vn | fb.com/dhbkhn



1 - MO PAU

Muc tiéu ctia phan 1

Vai tré cua may quay
May quay la cot 16i san xuat va la nguon rung dong.

Ban chat rung déng
Rung la gi, vi sao may rung, thé nao la rung 'xau'.

Hau qua
Chi phi, an toan va rti ro khi khéng giam sat.

Chién lwoc bao tri & ROI

Phan &ng — phong ngira — dw doan va hiéu qua kinh té.
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1.1 - BOI CANH

May quay — 'xwong song' ciia nha may

Hau hét thiét bj san xuét déu dwa trén bo phan quay van hanh lién tuc.

* Bom, quat, mé to, may nén, turbine, hdp s6, may
ly tam...

* Thwong van hanh 24/7, 1a nat that cta day chuyén.

* M6t may dirng c6 thé kéo ca day chuyén dirng theo.

* Moi b phan quay déu sinh ra rung déng.

* Theo doi rung = 'nghe nhip tim' cia may.

Day dai rung
Quat rung

Céc loai may quay dién hinh (ngudén: Commtest)
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1.1 - BOI CANH

Hé truyen doéng quay thuc té

M6 to — khéap ndi — hop sbé — 6 d& — tai: chudi truyén dong dién hinh.

* Banh ring, 6 lan, truc, khé'p ndi la cac phan tor
quay chinh.

* M@i phan tir cé thé 14 nguén rung khi hw héng.

* O lan va banh rang sinh rung & tan sb dac trwng
riéng.

* Hiéu két cu giup dat cdm bién va chan doan dung.
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1.1 - BOI CANH

Do rung trén hé may thwc

Cam bién gan tai 6 d& ctia mé to — khép ndi — tai.

* Cam bién dét tai cac goi do& (6 lan).

Do theo ba phuwong: kinh ngang/dirng & doc truc.
* Mbi gbi d& 1a mot diém do cb dinh, I&p lai.

* Tin hiéu phan anh tinh trang 6, truc, khdp néi.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.1 - BOI CANH

r " A " AN > L] ALY
May quay hién dién @ moi hganh
Pién lyc Dau khi & hoa chat Xi mang & khoang san
Turbine, may phat, bom cép, quat khi. May nén, bom ly tam, may khuéy. May nghién, quat, 16 quay, bang tai.

© O

Thép & luyén kim Giay & dét San xuat & 6 to

May can, quat gid, bom lam mat. L6 sdy, quat, hop sb toc dd cao. Truc chinh CNC, mé to, robot.

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
| mich Knoa|



1.2 - BAN CHAT RUNG DONG

Rung dong la gi?

Rung déng 1a dao ddng ctia boé phan quanh vi tri can bang.

Pinh nghia: Rung ddng co hoc la dao ddng ctiia mét bd phan quanh vj tri can bang, sinh ra b&i cac lwc bién thién tuan hoan bén

trong hoac tac dong Ién may.

* Pic trwng b&i bién do, tan sé va pha.

Bién do phan anh 'dé manh' cia rung. 40_;
* Tan sb cho biét rung 'dén tir dau'. ]
Rung thwc = tdng nhiéu dao déng. °] v \/ \/ \/ U \/ \/ v v \/ \/ \/

9.870 9.880 9.890 9.900 9.910 9.920 9.930 9.940 9.950 9.960 9.970 9.980
Time (s)

[ )
CH2 [um]

Dao déng hinh sin theo thoi gian
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1.2 - BAN CHAT RUNG DONG

Vi sao may lai rung?

Céc lyc 13p lai bén trong may 1a ngudn gbc clia rung dong.

©

O

M4t can bang Léch truc
Khéi léch tam — lyc ly tam & 1x. Hai truc khéng ddng tam — 1x va 2x.

T ©

Hw 6 bi Hw banh rang
Khuyét tat ranh 1an — xung tan sb cao. An khép 16i — tan s6 GMF.

O

Loéng léo
Bu 16ng I6ng, khe hé — va dap.

Cong hwong
Trung tan sé tw nhién — khuéch dai.

:;7 PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.2 - BAN CHAT RUNG DONG

Nguyén nhan: Mat can bang

L&i phd bién nhat & may quay.

Sw léch tam khai lweng: Trong tdm khéi lwgng cla cum rotor khéng

trung v&i truc quay thuc té. Khoang léch nay tao ra mét mé-men quan Chi ti€t mat can bang c6 'diém nang'; khi quay sé sinh luc Igp ai
. Ky d& ; tdc déng 1én may. Mat can bang thuong do sai s6 gia cong, mat

tinh bat doi xing khi quay. do vat liéu khong déu, bu iong khong dong cd, ré khi trong vat

duc, thiéu khoéi can bang, can bang sai, cudén day mé to léch va

Cac yéu td cau thanh khuyét tat: canh quat gay, méo, &n mon hodc bam ban.

*  Khuyét tat ché tao: Vit liéu duc khdng déng, sai s6 gia cong co khi -
bam theo bién dang hinh hoc. Z/’/ —=.N.. Rotor
*  Sai s6t hinh hoc khi l3p rap: Cac chi tiét lap trén truc (canh bom, lech tam

canh quat, puly) bi phan bé khéi lwong khéng déu hoic 1ap léch tam.
*  Bién dai trong van hanh: Bam can/bui ban cuc bd, mai mon co

hoc/an mon héa hoc lam thay déi phan bd khdi lwgng ban dau, hoac

s ¥
truc bi bién dang nhiét gay cong truc.
Ban chat déng lwc hoc: Luc ly tdm gay ra bai khéi lwong mat can bang ti . (Eﬂ;
lé thuan v&i binh phwong téc d6 goc (F. = m - e - w?). Luc nay tuan
hoan va déi hudng lién tuc theo géc quay. Bam ban
Pac trwng pho rung dong : Bién do rung dong tang vot tai tin s6 quay —

cla truc (Tan sé 1 X RPM).

Céc ngudn gy mat can bang (nguén: Commtest)
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1.2 - BAN CHAT RUNG DONG

Nguyén nhan: Léch truc

Hai truc truyén déng khéng déng tdm, phdt sinh tdi trong déng va mé-men udén tudn hoan.

* Léch song song va/hoac léch géc.
* Do l&p rap, nén lun, gidn n& nhiét, soft foot.
* Biéu hién & 1x va dac biét 2x.

* Léch goc — rung doc truc ndi bat.

- e

¢ N\
Chi tiét bi léch truc tao ra 'md men uon'; khi quay sé
sinh luc 13p lai tac dong len may. Lech truc thuong do
|ap rép thiéu chinh xac, nén khdng phang, gian nd

nhigt, bién dang do siét bu long va lap khp noi sai. )

Léch song song Lech goc

Léch song song & léch goéc (ngubn: Commtest)

:\ | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.2 -

BAN CHAT RUNG PONG

Lwc kich thich & dap wng

Rung do dwoc = lwc kich thich x dac tinh déng hoc cla két cau.

Lwc kich thich (nguyén nhéan) Dap wng (do dworc)

Lwc tuan hoan do 16i co khi.
M4t can bang: luc ly tam o tbc d62.
Léch truc: lwc & md men udn.
Va dap: 6 bi, banh rang, 16ng.
Lwc thuy—khi déng: canh bom/quat.

Phu thuéc dé cirng, khéi Iwong, can.

Két cAu mém — rung I&n hon.

Gan tan sb tw nhién — khuéch dai.

Do rung = do dap trng dé suy ra nguyén nhan.

Can ca bién do, tan sb & pha.

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.2 - BAN CHAT RUNG DONG

Rung 'chap nhan dworc' vs 'nguy hiém'

Moi may déu rung; van dé 1a mirc rung cé vwot ngudng hay khéng.

* Khdng may nao rung bang 0 — luén c6 mirc rung nén.
* Rung tédng dan theo th&i gian la du hiéu hw héng.

* Panh gia theo tiéu chuan (ISO 10816/20816).

* Thiét 1ap 'mirc nén' (baseline) khi may con tét.

* Theo dbi xu hwdng quan trong hon mét gia tri don |é.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.3 - HAU QUA & RUI RO

Hw héng thuc té cia may quay

Hw hdng khéng xtr Iy sém dan t&i pha huy chi tiét.

* Tréc rdé, mon, nirt, gay la hau qua cudi cung.
* Bat diu twr khuyét tat nhd — lan rong theo thdi gian.
* Giai doan sém c6 dau hiéu rung bao trwéc.

* Phat hién s&m gilp tranh pha huy va dirng may.

: PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
| mich Knoa|
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1.3 - HAU QUA & RUI RO

Hau qua khi KHONG giam sat

o

Hw héng nang
Hoéng lan réng, pha huy may.

o

Rui ro an toan
Sw cb bat ngd de doa con ngudi.

O

Dirng may dot ngot

Gian doan san xuat, downtime.

Giao hang tré
M4t uy tin, vi pham hop déng.

Chi phi cao

Stra khan cép, tén kho I&n.

©

Chéat lwong giam

San pham 16i do rung qua mtrc.

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.3 - HAU QUA & RUI RO

Bai toan kinh té: chi phi & loi ich

S4 liéu trich tir tai liéu nguén PRUFTECHNIK — An Engineer's Guide.

~50% 25% £62K

Tiét kiém/ndm (nha may chi

Sw c¢b may do léch truc/can chinh Giam chi phi bao tri nh& chwong
' £250K)

sai trinh CM

* Nguén: PRUFTECHNIK — An Engineer's Guide; s6 liéu 25% dan theo bao cao DTI (Anh) 1988.
* Nha may chi £250.000/nam cho bao tri — tiét kiém ~£62.000/n&m (chwa ké san lwong, phu tung).
* Can chinh tét: 30.000 kW x 0,75% x £0,03/kWh = £6,75/gi® = £50.680/nam.

* Dwéi 10% may dat dung sai can chinh khuyén nghi; mon day dai ting t&i 80% do léch pu-li.

£50,7K

Tiét kieém dién/ndm nh& can chinh

DO RUNG DONG & GIAM SAT TINH TRANG THIET B] — MAY QUAY CONG NGHIEP
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1.3 - HAU QUA & RUI RO

Rui ro an toan & méi trwvong

o O

An toan con nguw&i Tai san
V& rotor, vdng manh, chay nb.

Hw day chuyén, thiét bi 1an can.

Mai trwéong
RO ri hoa chéat, dau khi bom/nén
héng.

O

Tuén tha

Dap wng quy dinh an toan &
bao hiém.

i
-

DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.4 - CHIEN LUVOC BAO TRI

Nam nac thang bao tri

Mtrc trdng thanh tang dan ti 'chay dén héng' dén 'tién liéu'.

Reactive Maintenance - Preventive Maintenance - Condition-Based Maintenance - Predictive Maintenance

Phan trng Phong ngtra Theo tinh trang (CBM) Dw doan (PdM) Tién liéu
Stra khi da héng > Theo lich th&i gian > Can thiép khi virot nguwéng Dv bao tr xu huwéng > Al t&i wu hanh dong

Trong tam khoa hoc: Bao tri theo tinh trang (CBM) va dw doan (PdM) — cé hai dwa trén giam sat rung dong, la nén tang ctia bao

tri 4.0.
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1.4 - CHIEN LUVOC BAO TRI

Bao tri phan trng (Run-to-failure)

Chi can thiép khi may da héng.

* Pon giadn, khéng dau tw ban dau. * Héng dét ngot, khéng lwdng trwére.
* Tan dung tbi da tudi tho chi tiét ré. * Downtime & chi phi cao.
* Phu hgp may khdéng quan trong. * RUi ro an toan, hw héng thr cap.

* Tén kho phu tung lén.

%2 DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 21
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1.4 - CHIEN LUVOC BAO TRI

Bao tri phong ngtra (Preventive)

Ba&o tri theo lich thdi gian, bat ké tinh trang thuc.

* Giadm hdng dot ngot. * C6 thé bao tri thira.
* D& |ap ké hoach nhan lyc & phu tung. * Van so6t 16i gitra hai ky.
* Phu hop chi tiét hao mon theo quy luat. * Thao lap nhiéu dé sinh 16i m&i.

* Chi phi dinh ky cao.
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1.4 - CHIEN LUVOC BAO TRI

Bao tri theo tinh trang (CBM)

Condition-Based Maintenance: can thiép dwa trén tinh trang thuc do dwoc, khéng theo lich.

CBM la gi: Bao tri theo tinh trang giam sat mét (vai) théng sb (rung déng, nhiét dd, dau...) va chi can thiép khi théng s vuot

ngwdng — day chinh 1a nén tang cta khoa hoc.

Theo tinh trang (CBM) Dw doan (PdM) — bwéc phat trién

* Hanh déng khi théng s6 vwrot ngudng. * CBM + phan tich xu hwéng/mé hinh/Al.

* Duwa trén gia tri do hién tai cia may. * Duw b3o thoi diém héng (tuéi tho con lai — RUL).
* Rung dong la théng sé chinh cho may quay. * Lén ké hoach stra chiva trwdc khi héng.

* Do dinh ky hoac lién tuc (online). * Cung dwa trén di¥ liéu giam sat tinh trang.
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1.4 - CHIEN LUVOC BAO TRI

Bao tri dw bao (Predictive / CBM)

Quyét dinh dwa trén tinh trang thwc do dwoc — cha yéu la rung déng.

Uu diém Yéu cau

* Can thiép dung luc, dung chi tiét.
* T&i wu chi phi & d6 s&n sang.
* Phat hién sém, ké hoach chu dong.

* Tranh bao tri thira & héng dét ngot.

* Cén thiét bj do & ky nang phan tich.
* Can baseline & nguéng.
* Dau tw ban dau cho cadm bién.

* La trong tdm khoa hoc.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.4 - CHIEN LUVOC BAO TRI

So sanh cac chiéen lwoc bao tri

Phan &rng -Run-to-Failure Phong ngtra- PM Theo tinh trang -CBM Dw doan - PdM

Thoi diém stra Sau khi héng Theo lich Khi vugt ngudng Trwéce khi héng
Co s& quyét dinh Khéng co Thoi gian Tinh trang hién tai Xu hwéng/dy bao
Héng dét ngot Cao Trung binh Thap Rat thap

Chi phi téng Cao Trung binh Thép Thép nhat
Lap ké hoach Khong thé Dé Kha Chinh xac

Ghi cha: CBM (theo tinh trang) va PdM (dy doan) déu dwa trén giam sat rung dong; PdM 1a bwéc phat trién cia CBM nhé phan tich xu hwéng & dy bao.
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1.4 - CHIEN LUVOC BAO TRI

Quy trinh giam sat & chan doan

Vong 18p do — so chudn — nhan dang — chan doan.

* Do dac — théng sb giam sat. I Po dac T

Phat hién hw hdng — md hinh chan doan.

|
I
|
|
|
o | Théng s6 giam sat
. 3 | ‘
* Tuw triéu chivng — két luan trang thai ky thuat. o :
|
1
|
:
I

So sanh véi chuan / nhan dang muc thay dbi.

So sanh vdi chuan Nhén dang miic thay doi

5  Phathienhuhong |—

o M8 hinh chan doén

B,

: ¢ l

g Triéu chiing chan doan @ Trang thai ki thuat

Nhan dang hu hong

Quy trinh giém sét tinh trang & chan doan ky thuat
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1.5 - LOI iCH & ROI

Pwong cong P-F

Khoang tlr phat hién (P) dén hw hdng (F) quyét dinh thdi gian x 1y.

* P: diu hiéu hw héng dau tién; F: hw héng thwc
SUr. Dudng cong P-F — k¥ thuat phat hién theo thi ty thoi gian

* Rung ddng phat hién rat sém trén dwong cong.

P—F cang dai — cang nhiéu th&i gian xt ly. o)
* Muc tiéu giam sat: t6i da hoa canh bao sém.

P — Hu hong tiém an

=
=
<
>
T
2
£
o
c
:’U.
5
L
[=
=

40 60
Thai gian van hanh -
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1.5 - LOI iCH & ROI

Hiéu qua thwc té cua giam sat

S6 canh bao rung gidm dan sau khi trién khai giam sat.

Giam chi phi

Bao tri & stra chira giam manh.

Tang dd san sang
it dirng may ngoai ké hoach.

An toan hon
Phat hién s&m, tranh sw cb.

Nang suat cao hon
San xuét 6n dinh.

S6 canh bao rung moi nam

. Léch truc

Khac (hu é bi,

= mat can bang)

1987 1993 2000

Sé canh béo rung gidm theo nam (nguén: PRUFTECHNIK)

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1.5 - LOI iCH & ROI

ng dung: phat hién mat can bang

M4t can bang do tich tu bam ban, &n mon canh.

* Bam bui/ban khéng déu — léch tam khéi lwong.
* An mon, bong tréc canh quat/bom theo thoi gian.
* Rung 1% tdng dan — phat hién qua giam sat.

* Khéc phuc: vé sinh, can bang lai rotor.

Nhém sw ¢é mét can bang ré-to

:;2 PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 29
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1.5 - LOI iCH & ROI

Ung dung: léch truc & can chinh

Can chinh truc 1a mét trong cac tac ddng hiéu qua nhét.

* Léch truc lam tiang rung va tai lén 6 do. (a) Truéc can chinh — léch truc
8 -
~ ’ R ns N , X 2x
* Chir ky phd: 1x & 2% troi — 2x thwong Ion nhat. — 2% tréi — ddu higu léch truc
A P n _ 9] 1x
* Léch goc: rung doc truc cao; Iéch song song: rung 23 |
P ’ -
hwdng kinh 2x cao. a4 3x
s E /
- > , 7 z N e R R , K > —
* Can chinh chinh xac kéo dai tudi tho 6 & khép ndi, 2-
giam rung tong va nang lwong. H l | N
0 al A l 1 1 T
(b) Sau can chinh — bién ddé giam manh
8 -
6 -
25
o=
o
S v 4
c E 1x
<E 2x
2 |
0 +—= l l A 4. ; .
0x 1x 2X 3x 4x 5x% 6%

Boi s6 toc do quay (x RPM)

Phé rung dién hinh khi léch truc — truéc & sau can chinh (1x & 2x troi)
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1.5 - LOI iCH & ROI

Tac déng den nang suat & OEE

O O

D6 san sang Hiéu suét Chéat lwvong
Gidm dirng may ngoai ké hoach. May chay 6n dinh, dung tbc dé. Gidm san pham 16i do rung.

OEE = D0 san sang x Hiéu suét x Chéat lwong. Giam sat rung cai thién ddng thdi ca ba yéu tb.
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1 - TOM TAT

Tong két Phan 1

* May quay la cot 16i san xuat; tinh trang ctia chung quyét dinh nang suat & an toan.

* Rung déng la dao ddng quanh vj tri can bang do cac lwc 13p lai trong may.
* Khong giam sat — hw hdng am thdm — dirng may dét ngét, chi phi & rdi ro 16n.
* Bén néc bao tri: phan trng — phong ngira — dw doan — tién liéu.

* Giam sat rung mang lai ROI rd rét: giam chi phi, tang OEE, an toan hon.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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1 - TAP

Cau héi én tap Phan 1

a Nguén rung e Chién lwoc e Hau qua ° P—F

Ké tén 5 nguyén nhan chinh So sanh bdo tri phdng ngira va Néu cac chi phi an khi may Y nghia ctia dwdng cong P-F
gay rung & may quay. dw doan. dwng dét ngot. trong giam sat?

%i DO RUNG DONG & GIAM SAT TINH TRANG THIET B| — MAY QUAY CONG NGHIEP
(BAch khoa|



Phan 2

Hé thong giam sat tinh trang thiét b;

Condition Monitoring (CM): cdm bién, thu thap — x& ly tin hiéu va tiéu chuan danh gia
CM & théng sb Cam bién rung Thu thap & xt ly tin hiéu

Kién trac & trién khai Tiéu chuan I1SO Céng nghiép 4.0

hust.edu.vn | fb.com/dhbkhn



2 - MO PAU

Muc tieu cua Phan 2
Hiéu khai niem CM
Giam sat tinh trang va quy trinh chan doan.

Cam bién rung
Loai cam biéen, dai tan, cach lap dat.

Thu thap — xt ly tin hiéu

Phan doan, Fmax, ctra sb, TSA, trich dac trwng.

Trién khai & danh gia
Kién truc, 1ISO 10816, hwdng téi CN 4.0.

R DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.1 - KHAI NIEM

LI 4

iam sat tinh trang (CM) la gi?

Pinh nghia: CM la qua trinh do & theo ddi cac thdng sb phan anh tinh trang may, nham phat hién va chan doan hw héng trudc khi

gay s co.

O

o ©

Phat hién s&m Chan doan Dw bao Lap ké hoach
Nhan biét 16i ti giai doan manh Xac dinh loai & vi tri hw héng. U'dce lvgng tudi tho con lai Bao tri dung luc, dung viéc.
nha. (RUL).
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2.1 - KHAI NIEM

Quy trinh giam sat & chan doan

Vong 18p do — so chudn — nhan dang — chan doan.

* Do dac — théng sb giam sat. I Po dac T

Phat hién hw hdng — md hinh chan doan.

|
I
|
|
|
o | Théng s6 giam sat
. 3 | ‘
* Tuw triéu chivng — két luan trang thai ky thuat. o :
|
1
|
:
I

So sanh véi chuan / nhan dang muc thay dbi.

So sanh vdi chuan Nhén dang miic thay doi

5  Phathienhuhong |—

o M8 hinh chan doén

B,

: ¢ l

g Triéu chiing chan doan @ Trang thai ki thuat

Nhan dang hu hong

Quy trinh giém sét tinh trang & chan doan ky thuat
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2.1 - KHAI NIEM

Céac théng so giam sét tinh trang

Rung déng 1a théng sé manh nhét cho may quay.

Rung déng Nhiét do

Phat hién s&m, dinh vi & phan loai I6i. Ma sat, qua tai, boi tron kém.

Dong dién (MCSA) Siéu am/am thanh

Lbi co—dién trong mo to'. RO ri, phong dién, hw b som.

Phan tich dau

Hat mai mon cho biét co’ ché hw.

Théng s6 van hanh
Ap suét, lvu lwong, tbe d6 (nén).

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.2 - CAM BIEN RUNG

Céc loai cam bién rung

Ba loai cdm bién chinh, méi loai phu hop mét dai tan.

@

Dau doé khe h&

Do chuyén vi truc.

« Tan sb réat thap.
« Cho & trwot, turbine.

Cam bién van téc
Do van téc rung.

+ Dai tan trung.
« Bén, do tai ché.

Gia toc ké
Po gia tbc.

« D&i tAn rong nhat.

« Phd bién nhit.

P o voc |

R DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.2 - CAM BIEN RUNG

Dai tan & cach chon cam bién

Dai lwong Dai tan phu hop L6i dién hinh
Chuyén vi <10 Hz Chuyén dong truc, 6 truot
Van téc 10 Hz — 1-2 kHz M4t can bang, l&ch truc, Idng
Gia toc > 1 kHz O bi, banh réng, va dap

Mac dinh: Van tbc RMS (mm/s) la dai lwong tbng quét nhat, co s& danh gia theo 1ISO 10816.
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2.2 - CAM BIEN RUNG

Lap dat cadm bién diung cach

Vi tri & cach gan quyét dinh chat lwong tin hiéu.

Gan tai nguén rung
Cang gan 6 d& cang tot.

Tiép xuc clrng virng
Bét ren/dé tir chac; tranh tAm méng.

Lap lai vi tri
Do cling diém méi lan.

bu ba phwong
Kinh ngang/ding & doc truc.

Vi tri & cach gén ding/sai (nguén: Commtest)

«

(BAch khoa|

DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP

40



2.2 - CAM BIEN RUNG

Thiéet bi do cam tay (di tuyen)

Thu thap rung dinh ky theo tuyén cho phan I&én may.

Do nhanh tai nhiéu diém theo 16 trinh dinh san.

* Linh hoat, chi phi thdp cho may khéng t&i han.

* Phu thudc tan suét di do cla k¥ thuat vién.

Lwu di liéu, tai vé phan mém phan tich & 1ap xu huéng.

WIBSCAMNMER™

May do rung cam tay

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP

42



2.3 - THU THAP & XU LY

Chudi do: ttr cadm bién dén pho

Tin hiéu rung dwoc sb hoa roi bién dbi FFT thanh phd.

* Cam bién — khuéch dai — sé hoa (ADC) —
XU ly.

* Tich phan gia tbc — van téc — chuyén vj khi
can.

* FFT bién dang séng theo thdi gian thanh phé.
* Mbi dinh phd la mét thanh phan rung.

TR
. Gia toc ' -

If

Gia toc ké
¢ \ L/

Nguén rung

Pho van
toc

U_1

YVan téc Dang séng
t vantoc

’Ei | ih iii iThl?:'igi;m

Nguén rung — gia téc ké — di¥ liéu — FFT — phé (Commtest)

Tan so

Du Ii;";iu g‘;'ia téc

Thoi gian
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2.3 - THU THAP & XU LY

So do xtr ly tin hiéu

Bbn bwdc: thu thap — phan doan — phan tich — trich dac trung.

1. Thu thap di¥ liéu tir cam bién
(Data Acquisition)
Accelerometer
sensor

Diéu kién
tin hiéu

> ADC

(Signal ADC
Conditioning) (Analog-to-Digital
Converter)

Machine
gdi d& g6i dau

— o

2. Phan doan + Overlap
(Segmentation + Overlap)

Raw Tin hiéu Rung Thd
(Raw Vibration Signal)

50% Overlap l

| Crasd |
Cliasbd 1

——i

3. Phan tich tin hiéu
(Signal Analysis)

ol 1 |
AMi?sn Théi Gian g c»T MIILM;FWﬁW il

!

Segment 1 Segment2 Segment 3

LAy dai ctra sé tin hiéu trot
(Sliding Window Segments Acquisition)

4. Trich xuéat dac treng
(Feature Extraction)

- i -0 : L ‘J |h| '
(Time-Domain) - — —r ‘ MM‘ ]‘MH‘"%
Tin hiéu thi gian phong to
(Zoomed Time-Domain Signal) ¢- =
8 Feature
eo0{ Roter 1X » Engineering <
| 2
B o I e d Engine b
> FFT —> | |ero_ —p Vector Mau
2001 w | ePF w (Sample Vector)
Mién Tﬁn 86 oé — 30 we  uo ;Eo Time-domain F’m“mmﬂ["
(Frequency-Domain FFT Phé Segment | pus | peak |Kurtosis| Crest | Peak_ | Peak_
p FFT) (FFT Spectrum) : ID Factor | BFFO | BPFI '
|Segment1(1.88 | 0.18 | 0.14 | 1.32 | 070 | 1.02 =
o |mo Segment2| 100 | 1.24 | 055 | 1.28 | 083 | 152
o | 10T2IM) Segment 3
C l#::Dbi | ‘ gk
- ong P o BFFO | _|
Filter 36 J&VJ BFFO |
(Féfl:?e%a::; S_Envlelc pe e Envek:pe' < Time-domain Frequen t;y-domain
Analysis) e g'a:ha P:::”m grap Bang Dic trwng Vector Mau

(Envelope Spectrum)

Quy trinh: Thu thap di¥ liéu - Phan doan - Phén tich tin hiéu - Trich xuét dac trung

(Extracted Feature Matrix Sample Vector)

» B3

: PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.3 - THU THAP & XU LY

So6 hoa tin hiéu: Fmax & Nyquist

Binh ly 1ay mau quy dinh dai tAn phan tich duorc.

fs 2 2:Fmax Fmax

Dinh ly Nyquist — Shannon Tan s6 Ién nhat can phan tich

* Pat Fmax du cao dé bao trum tan sé 16i quan tam.
* fs > 2-Fmax dé tranh chéng phb (aliasing).

* Dung bé loc chéng aliasing trwéc khi s6 hoa.

fs = 2,56-Fmax

Hé sb thuc té (chdng aliasing)

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.3 - THU THAP & XU LY

Phan doan tin hiéu

Chia di¥ liéu thanh cac doan dé phan tich va lay trung binh.

Dir liéu dai dwoc chia thanh nhiéu doan.

Cho phép |4y trung binh gidm nhiéu ngiu nhién.

C6 thé chdng 1an (overlap) dé tan dung di liéu.

* P dai doan anh hwéng do phan giai tan sé.

So d6 chia dir liéu thanh cac doan

{Ob DIt ligu ban dau

l||||||||||l|||||||l|||l||||||||||||||||||| lI|{||ll|ll|II"|lIl|III|II||IIIII]I||III|III ||||||||||||||i|1|1|]||l||||||||||m|i|||]|||l|||||||

3 Chia di liéu thanh céc doan

|
{ ! ! |

Poan 1 Doan 2 Poan 3 Poan 4
Poan 1 Doan 2 Poan 3 Poan 4

So’ d6 chia di¥ liéu thanh cac doan

(BAch khoa|
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2.3 - THU THAP & XU LY

Tham so6 dac trweng mién thi gian

Céc chi sb rut gon tinh truc tiép tr dang séng.

* RMS: ning lwong rung tong.
* Peak & Peak—Peak: gia tri dinh.
* Crest factor & Kurtosis: nhay v&i xung va dap.

* Phwong sai, 6 léch chuén, hé sé léch...

Gia tri Tin hiéu lién tuc Tin hiéu so
1 T
Giid tri trung binh (mean) X= ;j x(t)dt
L]
Gia tri trung binh hiéu| . _ 17 .
dung(root mean square - RMS) | * E.! Xy e
Gia tri dinh dwong (maximum) max (x(f) )
Gi4 tri dinh 4m (minimum) 1, =min(x(?))
Gia tri dinh kép (peak to peak) | X, p, =X,. —X
Hé sb Crest (Crest factor) c, =1L C, = x’:a’
b %
, 17 S a2
Phuong sai ol =—[co)-vd | ol ==Y (dn]-¥)
N T 0 ‘N n=l
Db 1ech chuan o, o,
T . 1 N
s A 1a — N-x) dt = xin|-Xx
Heé s6 léch /x j(:c() } Vs J,;(r[] ]

L]

Hé 6 Kurtosis
(Kurtosis factor)

1 T
— | x(r)- r
b=l

Tham sé dé&c trung trong mién thoi gian
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2.3 - THU THAP & XU LY

Trung binh hoa dong bd (TSA)

Ky thuat 1am ndi tin hiéu 13p lai theo vong quay.

Pong bo tin hiéu vé&i mét xung méc vong quay.

1000 —Tin hieu nguon 1 —

Trung binh nhiéu vong — gitr thanh phan dong bé. » — Tntingon?

Loai bé thanh phan ngau nhién/khéng déng bo.

S00F =

* RA&t hivu ich cho chan doan hdp sb (banh rang). ) R T |
e b [—Tsaw nguon 1 l B
£
P t
o
A | \ \ | \ \ \ | | ]
0 01 02 03 04 0% 06 0 08 08 1
S0 ! ——TSA voi nguon 2 l 7
0 [%
o | | | | | | | | | i

Ky thuéat trung binh hoa tin hiéu déng b (TSA)
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2.3 - THU THAP & XU LY

Chon kich thwéc cira s6 FFT

Can bang gitra tbc d6 tinh, do phan giai va do ro ri phd.

* Chon N la luy thtra ctia 2 dé FFT hiéu qua.
* Ba&o dam d6 phan giai tan sd di tach cac dinh.

* N qua nhd — dinh chéng 14p; N qua Ién — mét tinh
dirng.

* Dung ctra sd Hanning gidm rd ri phé (leakage).

Co s& lva chon kich thuwéc clra sé (N=4096)

O Téi wu téc d6 tinh toan: Chon kich thudc clra sé |a
luy thira cha 2 (N = 2K) gidp thuat todn FFT dat hiéu
nang tinh todn cao nhat

O Dam bao dd phan gidi tan so:
E 48,000

Af === = 11,71 Hz
N 4096

Do phan gidi nay dd dé phan tach cac tan so 16i

O Dam bao tinh dirng:
e NEu N qua nhd: Phé bi nhoe, cac tan sé 16i bi
chéng lap.
* Né&uN qua l&n: Tin hiéu mat tinh dirng cuc bo,
gidm s6 lvong mau.

Co s& lwa chon kich thuéc cira sé (N=4096)
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49



2.3 - THU THAP & XU LY

Trich xuat & so sanh dac trung

So sanh cac dac trwng giup phan biét trang thai 6 lan.

* RMS, Peak, Crest Factor, Kurtosis theo trang thai. So sanh cac dic trung théi gian do lwéng mire d6 rung 6 lan
° DéC tr'U’ng tét phél téCh r6 CéC trang thél hU" héng RMS (Mtrc rung téng thé - g) Peak (Bién db dinh - g)
8
P . |
* La dau vao cho thuat toan phan loai (ML). " _ !
1.0 6
* Két hop nhiéu dac trwng cho dé tin cay cao. 08 T j
H . &
0.4 I 2 -
02 = i % 1 L
. N —
Normal - RgnhTronﬁﬁ - RENN Ngoa) gall (L0 Bi) Normal b RﬂanhTror@ seas Ranh Ngoai) gall (LB} Bi)
Crest Factor (Hé sé dinh) Kurtosis (B6 nhon)
14 35

H

12 30
10 | 2 ! i
8 20 -

i
6 % 5 1

. 10

4 —

5 ==
2 e S e

Normal RUB Rann Tond) R gann Ngod) gal (LB1BD Normal RS gann Tond) oR (LB REM Ngoal) gal (L61BD

So sénh dac trung do lwong mire d6 rung 6 1&n

%i DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.4 - KIEN TRUC & TRIEN KHAI

Kién trac hé thong giam sat

X ‘X Thu thap
c Cam bién (DAQ)

Gia tbc ké... gan tai 6 d5. S6 hod, Fmax, vach phd,
trung binh.

e Phan tich

FFT, so chuan, xu huéng,
ché do 16i.

° Canh bao

Nguwd&ng alarm/danger;
théng bao.

° Quyét dinh

Lap ké& hoach, dat phu
tung, stra.

:;7 PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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2.4 - KIEN TRUC & TRIEN KHAI

Giam sat Online & Offline

©

Online (c6 dinh) Offline (di tuyén)

Cam bién gan cb dinh, giam sat 24/7. Do dinh ky bang may cam tay.
« Cho may t&i han. » Cho phan Ién may thuwong.

» Canh bao thoi gian thyc. * Linh hoat, chi phi thap.

« Chi phi Iap d&t cao hon. « Phu thudc tan suét do.
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2.4 - KIEN TRUC & TRIEN KHAI

Mlrc nén, ngwdng & xu hwéng

Theo dai thay dbi theo th&i gian quan trong hon mét gia tri don 1&.

* Baseline: mirc rung khi may & trang thai tét.

* Nguwéng canh bao (alarm) — 1ap ké hoach kiém tra.
* Ngudng bao déng (danger) — can thiép ngay.

* Téc d6 tang cla rung cho biét mirc d6 khan cap.

* So sanh gilra cac may gidng nhau dé phat hién may bat thuwong.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 53



2.5 - TIEU CHUAN

ISO 10816 / 20816

DPanh gia mirc rung tbng (van tbc RMS) theo bdn ving tinh trang.

Vung A

May mé&i — rung thép, tbt.

Vung B

Ché&p nhan van hanh dai han.

Vung C

Khéng thoa man dai han.

Vung D

Nguy hiém — can dirng may.

Dai van hanh dién hinh caa

may turbo c6ng nghiép

Gia téc
tuong ung
7 mm/s

Chuyén vi t
tuong ung

1000 | Chi thi luc
0-S Pinh
100 |
i Chi thi méi |
mm/s RMS
/ \ Van téc tél 7 mm/s
1.0
0.1
7 mm/s
um PK-PK |
4 Chi thi ung sué’tJ
I | | I I
T T i T {
0.1 1.0 10 100 1000 10000]

Chon dai luong do theo dai tan (PRUFTECHNIK)
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2.5 - TIEU CHUAN

Bon ving danh gia theo 1ISO 10816

A May m¢&i dwa vao van hanh Tét — duy tri theo dbi

B Chép nhan van hanh dai han Binh thwong

C Khéng thod man dai han Lap ké hoach khéc phuc
D Dud gay huw hong Dwng may / can thiép ngay

Lwu y: Nguwdng cu thé (mm/s) phu thudéc nhém may, cdng suét va kiéu bé d& (clrng/mém).
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2.6 - CONG NGHIEP 4.0

CM trong Céng nghiép 4.0

O o o

Cam bién lloT

©

Dam may & dir liéu I&n Al / Hoc may Song sinh sé
Cam bién rung khéng day, s Lwu trir & téng hop dir liéu dai Tw nhan dién 16i, dw bao hw Digital twin mé phdng & tbi wu.
lwong Ion. han.

héng.
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2 - TOM TAT

Tong két Phan 2

* CM theo dbi 'strc khoé' may dé phat hién hw héng s&m va lap ké hoach.

Gia toc ké 1a cdm bién phd bién nhat; I&p dung vi tri 1a then chét.

Kién triic CM: cam bién — thu thap — phan tich — canh bao — quyét dinh.

DPanh gia theo ISO 10816 (ving A-D); nén tdng cho Céng nghiép 4.0.

X ly tin hiéu: phan doan — tham sb thoi gian — TSA — clra s6/FFT — dac trung.
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Cau hoi 6n tap Phan 2

a Cam bién e Fmax e TSA ° ISO 10816

So séanh ba loai cdm bién rung Vi sao fs = 2:-Fmax? Aliasing 1a Trung binh déng bd dung dé Y nghia va hanh déng cho tirng
va dai tan. gi? lam gi? vung A-D?

%i DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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Phan 3

Vat ly & mo ta dao dong may quay

Ly thuyét rung ddng — Phan 1: ban chét vat ly va cac dai lwong déc trung
Ban chét vat ly Bién d6 — tan s6 — pha Chuyén vi-Van tbc-Gia téc

Dao déng tw do & cong huéng Mién thoi gian « tan sb

hust.edu.vn | fb.com/dhbkhn



3- MO PAU

Muc tiéu cua Tiet 3

Ban chat vat ly ,
Phwong trinh dao déng, 16 xo—khéi lwong—gidm chén.

Dai lwong dac trueng
Bién do, tan sb, chu ky, pha; D-V-A.

Tan s6 tw nhién & céng hwéng
Dao déng tw do, cong hwéng, tbc dd tdi han.

Mién th&i gian — tan sé
FFT va cach doc phd rung.

R DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP

61



3.1 - BAN CHAT VAT LY

Ban chat vat ly cia dao doéng co’ hoc

Nguyén ly: Dao déng quanh vi tri can bang do twong tac lwc kich thich & dap ng hé

AP U A i?
Phucong trinh rung dong DAP UNG PHU THUOQC GI~
m-¥+c-k+Ek x=F@ « Khéi lwong m: Quan tinh clia hé théng

x: dich chuyén - x: van tc - X: gia téc ° 96 Cl:l’ng k: Kha nang Chéng bién dang dan hoi
k: d6 cl*ng - c: gidam chan - m: khai lwong

- Giam chan c: Kha nang tiéu tan nang lwong dao dong
Tan sériéng: w,, = \/%

« Luc kich thich F(t): Bién do & Tan s lwc kich ngoai
HIEN TWUONG CONG HUONG:

Xay ra khi tan so kich thich = Tan so6 riéng w,. Bién do tang vot doét bién, nguy co’ pha hay két
cau rat cao.

* PAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY
OF SCIENCE AND TECHNOLOGY
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3.1 - BAN CHAT VAT LY

Ba thong so6 dic trwng cuia tin hiéu rung déng

Muc dich: Lwong héa dé nghiém trong, xac dinh nguon goc 16i & quan hé hinh hoc

) 1. Bién a6 (Amplitude) | @ 2. Tan sé (Frequency) ) 3. Pha (Phase)

- Bién dé (Amplitude): Luwong hoa do * Tan sé6 (Frequency): Chi thi nguén * Pha (Phase): Chi thj twong quan
nghiém trong (do bang Peak, Peak-to- gbc 16i (mbi tan sb twong rng mot khéng gian (phan biét cac 16i cung tan
Peak, RMS). khuyét tat vat Iy). s6 nhw [&ch tAm vs mét can bang).

LUU Y: Mot bién do rung c6 thé do nhiéu 16i khac nhau. Can két hop Tan sé + Bién d6 + Pha +
Ngir canh van hanh dé chan doan chinh xac.

o PAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY
OF SCIENCE AND TECHNOLOGY




3.1 - BAN CHAT VAT LY

Dao déng diéu hoa

Dang dao ddng co ban nhét.

* x(t) = A-sin(2mf-t + @). 0
* Bién do A: dé I&n dao ddng. 0]
* Chu ky T: thoi gian mét dao déng. ]
* Tansbf=1/T (Hz). 20
* Pha ¢: vj tri goc tai thoi diém gbc. E 03
: J

T
U]
20
0]
%]

0870 0880 0890 0900 0810 9920 0930 0940 0950 9960 9970  9.980
Time (s)

Dao déng hinh sin theo thoi gian
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3.1 - BAN CHAT VAT LY

Bién dé — Chu ky — Tan so6

f=1/T w = 21mf T=1/f

Tan sb la nghich dao chu ky Tan sb goc (rad/s) Chu ky (giay)

Y nghia chan doan: Bién do cho biét 'mirc do nghiém trong', tan sé cho biét 'ngudn gdc' clia rung — chia khoa ctia chan doan.
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3.1 - BAN CHAT VAT LY

Vi du: tan so rung la gi?

Tan sb = sb chu ky hoan chinh trong mét giay.

* DPém 10 chu ky trong 2 giay — f = 5 Hz. P =
* M6t chu ky = mot dao dong hoan chinh. Tan 56 rung 13 5
* Chu ky T va tan s f 1a nghich dao. chu ky/giay. ~ Vvantec 10 chu ky
* May quay nhanh — tan sé cao. | =
y quay i - %

Thai giar

Pém sé chu ky trong khoéng thoi gian (Commtest)
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3.2 - BIEN PO - TAN SO - PHA

Pha cua dao dong

Pha mé ta vi tri twong dbi trong chu ky.

M6t chu ky twong trng 360°.

Do bang do (°), tham chiéu mét xung méc.

* Léch pha gitra hai diém do gitp phan biét 16i.

Can béng déng dwa trén bién dé & pha cta 1x.

Thaoi gian—

Hai tin hiéu A, B léch pha 90°
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3.2 - BIEN PO - TAN SO - PHA

Po pha tham chiéu véng quay

M6t xung méc (key-phasor) méi vong lam gbc do pha.

* B6 dém vong phat mét xung méc méi vong quay. Rung ddng
1.04 . ! ! i
* Géc pha 6 do tir xung mébc dén dinh rung. .
* Cho biét vi tri 'diém nang' khi can bang. -
E
* Can thiét cho can bang va phéan tich pha. e
-1.0
0.00 0.02 0.p4 0.06 0ps 0.10 0.12 0.14 0.16
Thai cgjan (s)
Bo dérm vong
11 1 Goc pha 0 I I
4- L
3.
>
2.
. 1 vong quay (360°
0_
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Thei gian (s)

Rung déng & bé dém vong — géc pha 6 trong 1 vong (360°)

%2 PO RUNG DONG & GIAM SAT TINH TRANG THIET B — MAY QUAY CONG NGHIEP
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3.2 - BIEN PO - TAN SO - PHA

Pon vi tan so

Hz Chu ky mai giay (SI) 1Hz=1cls
cpm Chu ky méi phut 1 Hz = 60 cpm
RPM Vong quay mdi phut 1x = RPM/60 (Hz)
rad/s Tan sb géc w = 2mf

Vi du: May 1500 RPM — 1x = 25 Hz = 1500 cpm. May 3000 RPM — 1x = 50 Hz.

oume
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3.2 - BIEN PO - TAN SO - PHA

Bac (orders) cua toc dd quay

Biéu dién tan sb theo boi sb clia téc do quay.

© =

1% (bac 1) 2x (bac 2)
Bjémg tbc d6 quay — mat can Gap ddi — léch truc.
bang.

* Biéu dién theo bac — chir ky 16i khong déi du may déi toc do.

* Thuén tién so sanh gitra cac may cé téc dd khac nhau.

* Vidu: 1500 RPM — 1x = 25 Hz; 3000 RPM — 1x = 50 Hz.

©

nx (hai)
Bdi s6 nguyén — 16ng, va dap.

T

Khéng nguyén
Vi du 6 bi (BPFO = 4,2x).

:;7 PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Ba dai lwo'ng do dao dong

Cung mét dao ddng, ba cach do, nhAn manh dai tan khac nhau.

@ o

Chuyén vi (um) Van téc (mm/s)
NOi bat & tan so thap. Can bang dai rong.
Léch truc, chuyén dong 0 trwot. Dung pho bién nhat, theo ISO.

Gia toc (g)

Noi bat & tan sé cao.

O bi, banh rang, va dap.

:;7 PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.

3 - CHUYEN VI-VAN TOC-GIA TOC

Lwa chon dai lwoeng do dao déng

Nguyén tac: Chon dai lwong theo dai tan s6 khao sat & dang hw héng

Chuyén vi [pm] Van toc [mm/s] Gia toc [g]

TUABIN, MAY CHAM - < 10 Hz DANH GIA TONG QUAT - 1SO 20816 TAN SO CAO - > 1 kHz

Chuyén vi (Displacement) [um]: May Van téc (Velocity) [mm/s]: Banh gia Gia toc (Acceleration) [g]: Phat hién
tbc d6 thap (<10 Hz, dwéi 600 RPM), do tbng quat tinh trang may dai trung binh hw hai tAn sé cao (>1 kHz) nhw 16i gbi
khe ho truc. (10-1000 Hz) theo ISO 20816. d® 6 1an, an khdp banh rang.

Mai lién hé vi tich phan:v = [a dt | x = [v dt. Tich phan lam mwettin hiéu cao tan; gia toc cwc
ky nhay bén & tan so cao.

BAIHOC

BACH KHOA HA NOI
HANOI UNIVERSITY

OF SCIENCE AND TECHNOLOGY
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Quan hé toan hoc D-V-A

Van tbc & gia téc 1a dao ham clia chuyén vi.

x = X-sin(wt) v = wX-cos(wt)

Chuyén vi Van téc = dx/dt

* Bién dd: V = wX ; A = w?X — nhan thém w méi 1an dao ham.
* Gia téc khuéch dai manh cac thanh phan tan sé cao.

* Tich phan (a—v—x) lam ndi tan sb thap nhwng dé tréi nén.

a = —w3X-sin(wt)

Gia téc = dv/dt

:; | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Chon dai lwong do nao?

Dai lwong Dai tan phu hop L6i dién hinh
Chuyén vi <10 Hz Chuyén dong truc, 6 truot
Van téc 10 Hz — 1-2 kHz M4t can bang, l&ch truc, Idng
Gia toc > 1 kHz O bi, banh réng, va dap

Mac dinh: Van tbc RMS (mm/s) la dai lwong tbng quét nhat, co s& danh gia theo 1ISO 10816.
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Pinh lwong bién do

Peak, Peak—Peak, RMS phan anh dé I&n cia rung.

Dinh (Peak): gia tri I&n nhat.

DBinh—Binh: toan dai dao ddng (dung cho chuyén vi).
* RMS: gia tri hiéu dung — nang lwvgng, dung ISO.
Song sin: RMS = 0,707xPeak.

s =

Gia tri hiéu dung
(RMS) cho biét muic
nang lugng rung
dong.

biét téc dd 16n
nhat dat duogc.

Nang lvong rung: RMS & Peak (Commtest)

:\ | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Tham so6 dac trwng mién thoi g

5
=

Céc chi sb tinh truc tiép tir dang séng.

* RMS, Peak, Peak—Peak: do I&n rung.

Crest factor = Peak/RMS: nhay v&i va dap.

Kurtosis: d6é 'nhon' — tang khi cé xung.

* Phwong sai, 6 léch chuén, hé sé léch...

Gid tri

Tin hiéu lien tuc

Tin hiéu so

Gia tri trung binh (mean)

Gia tri trung binh hiu| . _ |1 P
dung(root mean square - RMS) r= ?.! Xy e
Gia tri dinh dwong (maximum) | X,. =max(x(f))
Gia tri dinh 4m (minimum) x, =min(x(7))
Gia tri dinh kép (peak to peak) | ¥, p =X, —X,
Hé sb Crest (Crest factor) c, =1L C, = x":"
% i
, 17 , 1Y
Phuong sai ol =—[co)-vd | ol ==Y (dn]-¥)
T N &=
D6 léch chuan o, o,
1} 1
He 6 léch =g—§£(-"(”‘ <yt | =52 nl-x)
2 oA : 1% 1 X 4
Hé 56 Kurtosis B =—4j(x(r)—r) dr B ZTZ(-X{”]_*]
(Kurtosis factor) o,y Sl ‘

Tham sé dé&c trung trong mién thoi gian

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.3 - CHUYEN VI-VAN TOC-GIA TOC

Crest factor & Kurtosis

Hai chi s6 nhay vé&i xung va dap, hiru ich cho 6 bi.

CF = Peak /| RMS CF =1,41

Hé sb dinh Séng sin (binh thuwéng)

* Crest factor & kurtosis cao bao cac xung va dap sac nhon.
* Hiru ich dé phat hién sém hw 6 bi khi RMS chwa téng nhiéu.

* Két hop v&i enveloping dé& chan doan 6 bi.

CF > 1,41

C6 xung va dap (6 bi hw)

:\ | DO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.4 - DAO DONG TUV DO & CONG HUONG

Dao déng tw do & tat dan

Khi I&ch khdi can bang réi tha ra, hé dao ddng & tan sé tw nhién.
1

* Khong c6 lyc kich thich, chi cé diéu kién ban

o MGi lién hé vi tich phan:v = [a dt | x = [v dt. Tich phan |am mwottin hiéu cao tan; gia téc cwe

ky nhay bén & tan so cao.
* Hé dao déng & tan so tw nhién f,.

* Bién dé gidm dan theo ham mi do gidm chan.
* Tbc do tat phu thude hé sb can .

* Dung dé xac dinh f, qua thtr gd (bump test).

Dao dong tw do tat dén theo thoi gian
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3.4 - DAO DONG TUV DO & CONG HUONG

Tan so tw nhién

w, = V(k/m)

Tan sb goc tw nhién (rad/s)

* 1 Khéi lwong — f, giam; 1 Pé cirng — f, tang.
* Mbi két cAu cé nhiéu tan sé tw nhién (mode).

* f,la'diém yéu' dong hoc can tranh khi van hanh.

f,=w, /21

Tan sb tw nhién (Hz)

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.4 - DAO DONG TUV DO & CONG HUONG

Cong hwong

Khi tan sé kich thich tién gan f,, bién d6 tang vot.

o O O

r < 1 (ceng) r =1 (céng hwong) r > 1 (khéi lwong)
Tan s kich thich thAp — bién dd = tinh. Khuéch dai I&n, gi6i han bai gidm chan — Tan sb cao — bién dd nhd — céach ly rung.
nguy hiém.

Ty s6 tan so6 r = w/w,: Cong hwdng xay ra khi r = 1. Can ¢ cang nhé — dinh cdng hwdng cang cao va nguy hiém.
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3.4 - DAO DONG TUV DO & CONG HUONG

Toc dd téi han & phong tranh

Tbc dd quay lam bac kich thich tring mét tan sé tw nhién.

* Téc dd t&i han: 1% (hodc bac khac) trung f, cia rotor — cdng
hwéng. &

* Rotor c6 thé co6 nhiéu toc do t&i han.

Déi téc do DPéi k
* Phai di qua nhanh, khéng van hanh dirng tai dé. Tranh chay gan f,. Gia cwong/lam mém — doi
f..

O

Po6i m Tang can
Thém/bét khéi lwong. B6 héap thu rung.
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3.5 - MIEN THOI GIAN —~ TAN SO

Tong hop dao ddng

Rung déng may thuc la tdng nhiéu dao dong diéu hoa.

* M6i nguon 16i dong gép mét thanh phan tan so riéng.

* Dang song téng phirc tap, khé tach bang mat thwong.
* RMS phan anh téng nang lwong cda tat ca thanh phan.
* FFT gilp tach téng nay thanh tirng thanh phan riéng.

* Pay la ly do phan tich phd Ia cdng cu chan doan chinh.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3.5 - MIEN THOI GIAN —~ TAN SO

Bién doi Fourier (FFT)

FFT bién dang séng theo thdi gian thanh phd tan sb.

* Moi tin hiéu tuan hoan = téng cac séng sin.

FFT: thuat toan bién d&i nhanh sang mién tan sb.

* Do phan gidi Af = 1/T: gi¢i han = tan sb Nyquist.

Phd tach rung thanh cac thanh phan theo tan sb.

Cong thic phép bién doi Fourier : ‘
n—- 1 1 i
Eada IW M=o Na
Zx |
(k-1)
s, 1 g o s k-D)Af ==
Phép bien déi Fourier ngugc h=tD =
| N -2
b= (p il ZX N T=(N-IT,
R R
7-;) :]/f,c kzl
Thong s6 biéu dién Mién thei gian Mién tan s6
D6 phan da T =1/ gt 1 i
0= s T (N-DI, N-I
Gidi han T'=(N-DI, fy=112
(Tan s6 Nyquist)
Tri s6 cac diém rdi rac trén n-1 (k -1)
truc thdi gian hoac tructanso | ¢ = (p—1)T, = —— f =(k —I)Af =—
(n=12.,N s k=12 ..N)

Cong thire bién déi Fourier & tham s biéu dién
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3.5 - MIEN THOI GIAN —~ TAN SO

Poc pho & phan tich pha

Vi tri cac dinh va pha tiét 16 ngudn gbc clia rung.

* Pinh 1x — lién quan toéc do quay. * Pha b6 sung thong tin ma bién dé khéng cé.
* Hai 2x, 3x — |&ch truc, 1dng léo. * Phan biét mat can bang va léch truc.
* Dai bién quanh dinh — diéu bién. * Pbi pha 180° qua modt tAn sé — cdng hwédng.
* Nén phd tdng — mai mon phan tan. * Can thiét cho can bang déng.
:%2 DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 82
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3.5 - MIEN THOI GIAN —~ TAN SO

Cac bay thwérng gap khi do & FFT

* Aliasing: Fmax/ldy mau sai — dinh gia & tan sé sai.
* RO ri phd (leakage): khéng dung clra sé6 — dinh bj 'nhoé'.
* D6 phan giai kém — khong tach dwoc cac dinh sat nhau.

* CoOng hwdng gia d& cdm bién — dinh khéng thudc vé may.

* Khéng biét tdc do6 quay — quy chiéu bac sai — chan doan sai.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3-TOM TAT

Tong két Phan 3

* Dao dong dac trweng béi bién do, tan sé, chu ky, pha; mé hinh m-k+c-x+k-x=F(t).

* Tan sb biéu dién theo Hz/cpm hodc bac; D-V-A |4 ba cach do (v=wx, a=w?x).
* Bién d6: Peak, Peak—Peak, RMS; crest factor & kurtosis bao va dap.
* Tan sb tw nhién f,=V(k/m)/21; cdng hwéng khi r=w/w, = 1.

* FFT chuyén waveform sang phé; doc dinh, hai, dai bién & pha dé chan doan.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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3 -

Cau hoi 6n tap Phan 3

TAP

a bai lwong e Pha e Cong hwéng ° FFT

Quan hé gitra chuyén vi, van Vi sao can do pha tham chiéu Diéu kién cong hudng? Vi sao FFT lam gi? Boc mot phé nhw
toc, gia toc? vong quay? nguy hiém? thé nao?

%i DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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Phan 4
Cac phuong phap phan tich & dac
trung tin hicu

Ly thuyét rung ddng — Phan 2: ky thuat phan tich mién tan sé va trich xuét dac trung
Phd & hai, dai bién Ctra sb & trung binh TSA & phan tich dwdng bao

Phd chan doan DPé&c trwng & quy trinh

hust.edu.vn | fb.com/dhbkhn



4 - MO PAU

Muc tiéu cta Phan 4

Hiéu cac phwong phap phan tich tin hiéu va biét doc phd tan sé
Dinh, hai, dai bién va y nghia cta chung.

Ky thuat xie ly
Ctra s, trung binh, TSA, phan tich dwdng bao.

Enveloping cho 6 bi
Tach diéu bién dé phat hién hw 6 bi sém.

Pac treng & quy trinh

Trich dac trwng va doc phé mét cach hé théng.

(BAch khoa|
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4.1 - CAU TRUC TIiN HIEU RUNG

Phan loai cac ho tin hiéu rung déng

Nguyén ly: Dac tinh toan hoc xac dinh viéc Iwa chon céng cu xwr ly twong trng

TAT DPINH — mé ta bing ham toan hoc
» Tat dinh (m6 ta bang ham sd):

« Tuan hoan: Dao dong don tan hodc da tin cé chu ky.

- Khéng tuan hoan: Tin hiéu qua dd ngan han.

NGAU NHIEN — mé ti qua théng ké (RMS,
P8 nhien (mé ta qua thdng ké):

 Dirng: Dac trwng thdng ké khong dbi theo thoi gian.

- Khéng dirng: Dac trung thong ké bién dbi lién tuc.

Ap dung: FFT dung cho tin hiéu tat dinh | Phé dwéng

bao cho xung va dap | Tri thong ké cho nhiéu nhiéu nén.

* DPAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY

I Tin hiéu dao dong I

Tat dinh Ngau nhién
Tuan hoan Khoéng tuan hoan Ngau nhién Ngau nhién
| ding khéng dung
biéu hoa Nhiéu tan s6 Hau tuén Ngan ngui
hoan

Phan loai cac ho tin hiéu rung déng

OF SCIENCE AND TECHNOLOGY
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4.1

- CAU TRUC TiN HIEU RUNG

Hién twong diéu ché tin hiéu (AM / FM)

Co’ ché hinh thanh dai bién trén phé tan sé

DPAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY

OF SCIENCE AND TECHNOLOGY

1 1 1 1 1 1 1 1 1
0.2 0.4 06 0.8 1 1.2 1.4 1.6 1.8

Hinh 5. Cau trdc diéu bién bién do (AM)

L 1 1 1 1 1 L 1 1
01 02 03 04 05 06 07 08 09 1

Hinh 6. Cau trdc diéu bién tan sé (FM)

Y NGHIA CHAN POAN

- Piéu ché bién dé (AM): Va dap chu ky (& 13n, banh rang)
tao dai bién quanh tan sé mang.

- Piéu ché tan s6 (FM): Bién dong toc do/tai trong lam thay
dbi tAn sb dao ddng theo thoi gian.

- Xép choéng tin hiéu: Rung téng hop tir nhiéu ngudn phat,
can tach bang bd loc/phd dwdng bao.

- Gia tri dai bién: Khoang cach dai bién chinh bang tan s
cda lwc kich thich gay ra 16i.
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4.1 - CAU TRUC TiN HIEU RUNG

Phé tin hiéu diéu bién bién d6

0.5 - . : . : : : :
h n n . o ]

015} ol

ol £, /
0.1} Ao -
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05 - - - - '
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Phd tin hiéu diéu bién tan s6
x@ 7

A

o 100 =00 S00 An0 soo  f[Hz]
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4.1 - CAU TRUC TiN HIEU RUNG

Pho tin hiéu tat dan

A
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0.5t | 015 | |
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4.1

- CAU TRUC TiN HIEU RUNG

PAIHOC

BACH KHOA HA NOI
HANOI UNIVERSITY

OF SCIENCE AND TECHNOLOGY

Pho tin hiéu ngau nhién

Pho tin dudng bao

x(1)

A

K ()

1
05
o
ns+ -
-1 1 1 1 1 1
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0.04 B
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Phan loai theo mién xtr ly tin hiéu dic trwng

Mién thgi gian Mién tan so Mién thgi gian - tan s6

- Mién th&i gian: Do tri thong ké « Mién tan s6: Phan tich pho tan sb6 - Mién thi-tan s6: Pho thoi gian -
(RMS, Peak, Crest Factor, Kurtosis) (FFT) & Phé dwérng bao tan sd déng thoi (STFT, bién dbi

& TSA. (Envelope). Wavelet).

HAN CHE CUA FFT TRUYEN THONG: Kém hiéu qua véi tin hiéu qua doé ngén, tin hiéu ngau nhién
(nang lwong bi phan tan dai rong) hodc tin hiéu khdong dirng cé tan sé thay doéi theo thoi gian.

o DPAIHOC
BACH KHOA HA NOI
uuuuuuuuuuuuuuu
ssssssssssssssssss
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Tham s6 dic trwng trong mién th&i gian

Muc dich: Chi sé thong ké tinh tir dang séng thi gian dé giam sat xu hwéng 16i

« RMS: Po mtrc ndng lwong rung tbng thé, danh gia tinh
trang chung may.

* Peak / Peak-to-Peak: Nhay bén v&i xung va dap co hoc
tire tho.

- Crest Factor: Ty s6 Peak/RMS, nhan dién xung va dap
sac nhon giai doan dau.

« Kurtosis: Chi s6 d6 nhon phan phdi bién dd, chi bao sém
16i bé mat & 1an.

- Skewness: Do tinh déi xirng cla tin hiéu dao dong.

PAIHOC

Gia tri

Tin hiéu lién tuc

Tin hiéu sb

Gia tri trung binh (mean)

1 T
f:;]x(r)dx

Gia tri trung binh hiéu
dung(root mean square - RMS)

%= ’1jx(z)3dz

il

=)

Gi tri dinh dwong (maximum) | X,. =max(x())
Gia tr{ dinh 4m (minimum) x, =min(x())
Gia tri dinh kép (peak to peak) | X, p =Xp. —X,_ )
Ha sb Crest (Crest factor) o =2z 2 C, = x":"
% %
, 1% , R
Phwong sai o} =—[(x)-%)dr o2 ==Y (xn]-x)
Ty N3
D6 léch chudn o, o,
17 e 12
He 56 lech 7= (O de | 7= 3 (anl-%)
Hé s6 Kurtosis B = ! j(Y(I)—YTdI B =i§‘(x{n]—x]
(K.urtosis factor) ool T ol =Y

Hinh 7. Cac gia trj tin hiéu déc trung trong mién thoi gian

BACH KHOA HA NOI
HANOI UNIVERSITY
BACH KHOA OF SCIENCE AND TECHNOLOGY
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

So sanh phan tich mién thoi gian & mién tan sé

Moi quan hé: FFT Iam cau néi toan hoc, hai mién cung cap thong tin bé khuyét chéo

Mién thgi gian Mién tan so Theo bac quay (order)

- Mién th&i gian: Quan séat dang song - Mién tan so6: Boc tach dao déng * Phan tich bac quay (Order

co ban, bién dé dinh & hién twong phtrc tap thanh cac vach phé don &, Tracking): Quy déi Hz sang bdi sb téc
xén ngon (clipping). anh xa tan sé sang nguy@n nhan I6i. dod quay cua truc, ap dung cho may

tdc do bién thién.

% PAIHOC
BACH KHOA HA NOI 24

HANOI UNIVERSITY
OF SCIENCE AND TECHNOLOGY




4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Vi sao phan tich ph6?

Phé tach rung phirc tap thanh cac thanh phan riéng dé& chan doan.

Y twéng: Mbi ngudn 18i sinh rung & mét (vai) tn sd dac trwng. Phd tan sb bién dang sdng phtrc tap thanh cac dinh rd rang dé 'doc’

ra nguyén nhan.

o o ©

Pau vao FFT DPaura
Dang séng theo thoi gian (waveform). Bién déi nhanh sang mién tan sé. Phd: bién do theo tirng tan sé.

DO RUNG DONG & GIAM SAT TINH TRANG THIET B] — MAY QUAY CONG NGHIEP 88
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Nguyén ly phan tich trong mién tan sé bang bién doéi Fourier nhanh (FFT)

Thiét 1ap cip cong thirc bién doéi Fourier thuan/ngwoc va cau hinh cac tham soé r&i rac cot 16i: do

phan giai tan so, gi®i han Nyquist

= BAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY

OF SCIENCE AND TECHNOLOGY

Théng sé biéu dién

Mién thgi gian

Mién tan so

- 1 1 f
D6 phan dai T =1/ Af =— = = >
o =117, =7 (N-DI, N-1
Gidi han T=(N-11, In=1,12 o
(Tan s6 Nyquist)
Tri <6 cac diém rai A _ B
e et ey =" g —k—par =&
n=12 ., N /s k =1,2, ... N) 3

Hinh 9. Céng thiic bién doi Fourier (thudn/ngwoc) va bang tham s6 mién thoi gian — tan s6
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG
N N [ B 2 | l-,\
Do phan giai pho

S6 vach phd va thoi gian thu quyét dinh kha nang tach cac dinh gan nhau.

Af=Fmax /N

D6 phan giai theo sbé vach N

* Nhiéu vach hon — tach dwoc cac dinh sat nhau.
* Pai lai can thoi gian thu dai hon (Af = 1/T).
* Quan trong khi phan tich dai bién 6 bi/banh rang.

Af=1/T

Theo thoi gian thu T

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Ro ri pho (Spectral leakage)

FFT gia dinh tin hiéu tuan hoan tron clra s6 — khéng thoa thi phd bj ro ri.

* RO ri phd: ndng lwong mot tan sé 'ro' sang cac
vach lan can.

* Nguyén nhan: tin hiéu khéng tron s6 nguyén chu ky
trong ctra s FFT.

* Hau qua: dinh thap & nhoé&, nén phd tang, kho tach cac
dinh sat nhau.

g Kﬁéc phuc: ding ham ctra s6 (Hanning, Flat-top) hodc
lay mau dong bd / order tracking.

Dang song — nguyén chu ky
khéi

mép

"
1
1
1
1
1
1
1
1
[}
1
|
1

Thoi gian (trong cla sé FFT)

Dang séng — KHONG nguyén chu ky
hu'dc:nhéy
1

Thdi gian (trong cla s6 FFT)

Phé — 1 vach sac

=0 khéng ro ri
0.5 1
0.0 - T T

26 32 38

Vach tan sé (bin)

Phé — nang luong ro ra

1.0'1
dinh thap £
& nhoeé ro ri phé
\ (skirts)
0.5 1
0.0 - lll!l]lll Illl!l.lll.J
26 32 38

Vach tén s6 (bin)

Tron chu ky — 1 vach sac; léch chu ky — nédng luong ro ra vach lan can

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP




4.2 - CAC PHUONG PHAP PHAN TiCH TiN HIEU RUNG

Cac ham ctra sé: hinh dang & dap trng

DPanh dbi gitra do phan giai tan sb (bup chinh) va rd ri (bup phu).

* Ctra s6 lam 'mwot' hai mép doan tin hiéu — giam ro
ri pho.

(a) Hinh dang theo thoi gian

* Chir nhat (khdng cq’a s6): bup chinh hep nhung bup
phu cao — ro ri nhiéu. = (I-:Iz:nr::zt
* Hanning: can bang dé phan giai & ro ri — méc dinh cho SR

rung tbng quat.

* Flat-top: bup chinh réng nhwng do bién dé dinh chinh 0 Ya 1

z A Vi tri trong doan FFT
xac nhat. o )
(b) Pap ung tan sé6 — bup chinh & bup phu

Bién dé (dB)

Khodang céch tan sé (vach DFT)

Chir nhat: bup phu cao (ro ri); Flat-top: bup chinh rong, bién dé chinh xac

: PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
| mich Knoa|



4.3 -

CAC DANG TiN HIEU VA PHO PAC TRUNG

Méi dang dao déng tao dang séng va vach ph6 dac treng.

D‘a;:l'ng tin I{iFéu ' Tin hiéu thai gian
a) Séng hinh sin «
AL,
\/ \/ \/Tlu‘tigian
Pt

b) Rung chir %
nhat B

c) Xung va dap ‘ | ‘ ‘ | ‘
lap lai -
H?-'I Thii gian
d) Séng sin diéu
B W o
Thai gian

E

Dang tin hiéu - Tin hiéu thoi gian - Phé -

Pho Ung dung thuc té
A *M3t can bang
f fin Hz -
& *Léng léo co
| ' 7 o khi
f  3xf 5xf etc finHz
A | | | | | | *Co rotor
L
f 2xf  etc. fin Hz
¥ *Léch tam
banh rang (16i
2 fy +f2 fin Hz Chung)
A .
| l | | Nut/gédy rang
| L . (15i cuc bd)
o2wufz -f2 Ty +fze2xfy . finHz

Ung dung (PRUFTECHNIK)

(BAch khoa|

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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4.4 - PHO CHAN POAN

Pho thwc té: mat can bang

Dinh troi tai 1x tbc dd quay.

M@t dinh tr@i o 1% toc d@ quay. 26 Nov 2018 21.11.55 SB H2 LGB X / Ch1 Y-Axis 11/26/2018 9:12:16 PM
Spectrum CH1 pm ppc Overall level: 83.9 pm ppc  Spectrum RSS5: 83.9 pm ppc Speed: 603 RPM

Cac hai rat nho so voi 1x. 100 -e———

* Bién dd tang theo binh phwong téc do. 7

g0

La chi¥ ky dién hinh ctia méat can bang.
70 1

60 -
50 -
40
30

20

0 100
Frequency (Hz)

Phé FFT thuc do — dinh 1x trdi (603 RPM)

"
4

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 104
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4.5 - DAC TRUNG & QUY TRINH

Trich xuat dac trwng cho phan loai

Da&c trung tét 1a ddu vao cho canh bao tw ddng & hoc may.

* RMS, Peak, Crest factor, Kurtosis theo trang thai.
* D&c trwng tét tach rd cac trang thai hw hdng.
* Két hop nhiéu dac trwung — do tin cay cao.

* Pau vao cho thuat toan phan loai (SVM, RF...).

0.6

0.4

0.2

So sanh cac dic trwng thoi gian do lwéng mirc do rung 6 lan

RMS (Mtrc rung t6ng thé - g) Peak (Bién do dinh - g)
8
|
' 7
6
5
4
m B | =
2
= = ==
— N
0
mal ~ _ al i B mal _ _ ai
Nor R (LB RAT Trond) oR 1B R&NN Ngoal) ol (161 B) Nor! R (LB RN Trong) oR (LB Ranh Ngoal)
Crest Factor (Hé s6 dinh) Kurtosis (P nhon)
35
30
25 .
20 ‘
18 |
I 10
= 5
it
Norma! R (LB RE Trong) oR (B Ranh Ngoal) al (161 B) Normal R (LB RE" Trong) o RaN Ngoal)

So sénh dac trung theo trang thai 6 lan

as

Ball (LB 80

all (L8 8)

«

(BAch khoa|
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4.5 - DAC TRUNG & QUY TRINH

Quy trinh phan tich phé

Céc budc hé théng dé doc mét phd rung.

Chuéan hoa Tim dinh troi Xét dai bién So baseline Két luan
Theo 1% (RPM) > 1%, 2%, hai... > Khoang cach = ? > Dinh nao tang? > Khoanh vung 16i

Meo: Luén biét tbc do quay (RPM) truwéc khi doc phd — moi tan sb 16i déu quy chiéu theo no.

DO RUNG DONG & GIAM SAT TINH TRANG THIET B] — MAY QUAY CONG NGHIEP 109



4.5 - DAC TRUNG & QUY TRINH

Quy trinh chan doan tong hop

Thu thap Chuan hoa Nhan dang DP6i chiéu Két luan
Phé + waveform + pha > Theo 1x (RPM) > Dinh, hai, dai bién > Baseline & ISO > L&i + hanh dong

Nguyén tac: Khong két luan chi tir mot dinh — két hop phd, dang séng, pha, hwéng do va xu hwéng theo thoi gian.

DO RUNG DONG & GIAM SAT TINH TRANG THIET B] — MAY QUAY CONG NGHIEP 141



4.6 - Pinh hwéng va 16 trinh &vrng dung

Chuyén dé hién tai cung cap co’ s& nén tang dé tiép can cac ky thuat nang cao tiép theo

& Nén tang ky thuat @ nhan dien 15i &
Chuan ISO

Ly thuyét rung, giam sat tinh Nhan dién 16i gbi d&, banh

trang & y nghia di liéu rang & Tiéu chuan danh gia

(Chuyén dé hién tai) ISO 20816 / 13373.

BA MUC TIEU HOC TAP COT LOI:
* Hiéu r6 ly thuyét rung dong & vai trd giam sat tinh trang.

» Poc hiéu cac dau hiéu rung co ban cda thiét bi quay hién
trwong.

* Hinh thanh tw duy ra quyét dinh béo tri dwa trén sé liéu dinh
lwong.

(3) M5 hinh Al & Hoc @ Ky ning thue té
sau hién trwéong

Thwe hanh Google Colab, Can bang déng hién trwdng,

xay dwng mé hinh chan doan trén thiét bj thuc

CNN/LSTM & giai thich bang té & tich hop quy trinh

SHAP. CMMS.

CHUAN NANG LUC PAU RA SAU KHOA PAO TAO:

« Nang lwc: Lua chon thiét bi giam sat & thiét 1ap vi tri cdm
bién.

* Ky nang: Do rung, phan tich, dat ngwéng canh bao dong
hoc.

« Trién khai: Tich hop lich st bao tri & van hanh mé hinh
chan doan Al.

% PAIHOC
BACH KHOA HA NOI
HANOI UNIVERSITY
OF SCIENCE AND TECHNOLOGY
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4 - TOM TAT

Tong két Phan 4

Pho tach rung phirc tap thanh dinh, hai va dai bién dé chan doan.

* Cra sb giam ro ri phd; trung binh & TSA gidm nhiéu, 1am nbi tin hiéu I3p.

Phan tich dwdng bao (enveloping) phat hién hw 6 bi rat soém.

So phé véi baseline; doc theo bac 1x dé khoanh vung 16i.

Pac trwng (RMS, crest, kurtosis...) 1a dau vao cho canh bao & hoc may:.

PO RUNG DONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
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-]
.>;

a Dai bién e Ctra sb e Enveloping ° Quy trinh

Dai bién trén phd cho biét diéu Vi sao can ctra s6? Khi nao Quy trinh enveloping va vi sao Cac budc doc mét pho rung
gi? dung flat-top? phat hién 0 bi s6m? chwa biet?

%i DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP 111
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KET LUAN

Tong két bai hoc

T tdm quan trong clia do rung ddng dén Iy thuyét va chan doan may quay.

O

o

Giam sat la tat yéu
Do rung phat hién hw héng
s&m, la nén cla bao tri dw
doan.

Hé théng CM

Cam bién — phan tich —
canh bao theo ISO 10816;
hwéng téi CN 4.0.

Ly thuyét rung

Bién d6—tan s6—pha, D-V-A,
FFT, cong huwéng & tdc do toi
han.

o

Chan doan 16i

Boc chi ky pho: 1x méat can
bang, 2x léch truc, 6 bi, banh
rang.

%i DO RUNG BPONG & GIAM SAT TINH TRANG THIET Bl — MAY QUAY CONG NGHIEP
| BAch kHoa|
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KET LUAN

Cdéng thirc & quan hé then chot

G x(t) = A-sin(21rf-t + @)
Dao déng diéu hoa: bién do A, tan sb f, pha ¢.

V=wX; a=w*x (w=2mf)
Quan hé chuyén vi — van téc — gia tbc.

RMS = 0,707 x Peak (séng sin)

Lién hé gitra cac loai bién do.

fn = (1/2m)-V(k/m)

Tan sb tw nhién cla hé mot bac tv do.

O

r = w/wn — céng hwéng khir = 1
Ty sb tan s6 quyét dinh khuéch dai bién do.
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PHU LUC

Thuat ngir & viét tat

Condition Monitoring — giam sat tinh trang
Pudng cong tr phat hién (P) dén hw héng (F)
Gia tri hiéu dung cla bién do

Tan sé tw nhién cta hé

Tan sb an khép banh rdng = ZxRPM

ISO 10816 Tiéu chuan danh gia mirc rung (viing A-D)

BPFO/BPFI

Predictive Maintenance — bao tri dw doan

Bién dbéi Fourier nhanh — waveform — phd

Chuyén vi - Van téc - Gia tbc

Bac theo tbc d6 quay cua truc

Tan s hw vong ngoai / vong trong 6 bi

Hiéu suét thiét bj tbng thé

DO RUNG DONG & GIAM SAT TINH TRANG THIET B] — MAY QUAY CONG NGHIEP

147



HET
Giam sat rung dong —
nén tang van hanh tin cidy cua nha may

Cam on cac ban da lang nghe

Trwdng Co khi - Pai hoc Bach khoa Ha Néi | hust.edu.vn | fb.com/dhbkhn
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