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1.

MUC PiCH

Gido trinh ndy $ gitp cac k§ su nha may nim duoc tong quan vé rung dong cua

may, k§ thuat phan tich va chin doan rung déng ctia may hd trg cong tic bao tri ¢ nha
may cong nghiép.
2. PHAM VI AP DUNG

Gido trinh naydé tham khao cho cac k¥ su co khi, dién va diéu khién tr dong

hoa bao dudng trong nha may cong nghiép.
3. TAILIEU THAM KHAO

Fundamentals of Vibrations, L Meirovitch

Vibration spectrum analysis: a practical approach, Steve Goldman
Machinery vibration: measurement and analysis, Victor Wowk

Theory of Vibration with Applications, Willia Thomson

Mechanical and structural vibrations, Demeter G. Fertis

Vibration problems in engineering, William Weaver, Stephen Timoshenko,
Donovan Harold Young
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CHUONG 1: LY THUYET VE RUNG PONG MAY

Sau khi doc phan nay ban s& nim duogc cic van dé sau:

- Hiéu duoc Cum tir rung dong clia may (machine vibration).

- Néu mot sd nguyén nhan chu yéu gy rung dong may.

- Giai thich Iy do can thiét phai theo dbi rung dong may

- Tim hiéu céach thirc tiét kiém chi phi khi thyc hién theo ddi rung dong may.

1.1 RUNG PONG MAY LA GI?

Hau hét trong chung ta déu quen thudc véi rung dong hay dao dong, mot vat dang rung
dong s€ di chuyen qua lai hay di t6i va di lui. Ching ta tirng bat gip cac vi du vé rung
dong trong doi song hang ngay: mot qua lic dang dao dong qua lai, mot day dan dugc
gay dang rung, mot chiéc xe tai rung dong khi chay trén dia hinh gb ghé va cac hoat
dong vé dia chét gay ra su chan 'dong lon hay con goi la dong dat.

C6 nhiéu cach thi nghiém dé thdy hay cam nhan mot vt dang rung dong. Ching ta co
thé cham vao mot vat dang rung va cdm nhén sy rung dong, ching ta cling c6 thé nhin
thay mot vat rung dong dang chuyén dong qua lai.

Rung dong ciing c6 thé tao Am thanh ma tai ta c6 thé nghe thiy hay nhiét ma ta c6 thé
cam nhan. Ban thi tra di tra lai ban chan trén tAm tham nha ban ban sé& théy am thanh
va néng ¢ ban chan.

"fr\" '/-\l '/—\“ Time
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Anh mot hé dao dong diéu hoa don gian
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cac ¥i du w8 rung ding '
trong ddi séng hang ngay
<P

TRONG CAC NHA MAY CONG NGHIEP CO MOT KIEU RUNG BONG MA
CHUNG TA MUON BE CAP PEN: RUNG DONG CUA MAY (MACHINE
VIBRATION)

Véy rung dong may la gi? Don gian la sy di chuyén qua lai ciia may hodc cac bd phan
may. Tat ca cac thanh phan may di chuyén qua lai hay dao dong qua lai 1a dang rung
dong.

Rung dong may c6 thé c6 nhiéu dang khac nhau. Mot thanh phan may c6 thé dao dong
mot khoang cach 16n hoac nho, nhanh hoac cham va co thé cam nhan dugc Am thanh
va nhiét. Rung dong may thudng co thé ¢d ¥ dugc tao ra nhd thiét ké cia may va tuy
vao muc dich sir dung cua may nhu sang rung, phéu nap liéu, bing tai, may danh bong,
may dam dat, v.v.... Nhung hau hét, rung dong may la khong mong muén va no
thuong gay ra nhiing hu hong cho may. BAI VIET NAY CHU YEU NOI VE THEO
DOI RUNG PONG MAY KHONG MONG MUON. Hiy xem céc vi du vé rung dong
may khéng mong mudn.

B,

Ml:ub:f dang rung

D&y dai dang rung
Cuzt dang rung
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1.2 NGUYEN NHAN GAY RA RUNG PONG MAY LA Gi?
Hau hét cac rung dong may 1a do mét nhiéu nguyén nhén sau:
a) Co cac luc tac dong lap di lap lai
b) Su l6ng (looseness)
C) Su cong hudng

(@) CO céc luc tac dong lap di lap lai
Hinh anh mot chiéc thuyén dang neo & mot vinh. Song danh bén man tau, va nhiing

con song dai lién tuc danh vao man thuyén, thuyén lic lu manh.
Thuyén lac lu I manh 1a do song tac dong mot luc 1ap di lap lai nhi€u lan vao thuyeén.

Hau hét rung dong may la do cac lyc lap lai giong nhu nguyén nhan gy ra lac lu
manh cho thuyén. Cac lyc ma 1ap lai nhu thé sé& tac dong 18n cac thanh phan ciia may
va gay cho may rung dong.

1.3 CAC LUC LAP LAI GAY RUNG BONG CHO MAY NAY PEN TU PAU?

Hau hét 1a do: sy mat can béng dong, mat dﬁ“)ng tdm truc, sy mai mon, cac bd phan
may dugc dan dong khong hop ly. Xem 4 vi du vé 4 loai luc tac dong 1ap lai:

Sw mit cin bing dong

Céc bd phan may bi mat can bang dong do chira mot diém ning “heavy spots” dan dén
khi quay xuat hién mét luc tac dong ldp lai trén mdy. Sy mat can bang nay thuong gay
rado mat d¢ vat liéu phan bd khong déu, su thay dodi kich c& bulong, sy xAm thuc bén
trong, Mat can bang vé trong luong, can bang sai, canh mo to dién khong dong déu, bi
gay, bi bién dang, an mon hoac cac canh quat bi dong ban.
=N

Rt khing

déu

canh bi an mon
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MAt dong tim truc
C4c thanh phan cua may khong dong tim din dén tao cac luc tac dong lap lai trén may

khi quay. Su mat dong tam thuong do lip rap sai, do san bé dit may khong phang, do
su dan nd nhiét, tao su xoan do xi€t qua chat va do gan khdp noi sai.

MEt dbng tam fruc
, <

e LSS LSS 1,-}

Su mai mon

Sy mai mon gy ra mot luc ldp lai trén mdy boi sy co x4t ciia cac bé mit bi mai mon.
Sy mai mon cua vong bi, cac banh rang, day dai thuong do su lap rap khong dang, boi
tron kém, khuyét tat trong qua trinh san xuat va do qua tai.

bi bi mon F.ang mon
D3y dai mon

’

Céac bo phan méay duoc dan dong khong hop 1y

Diéu nay gy ra mot luc 1ap lai trén may do su cung cip ning luong gian doan. Vi du
bom hut khong khi theo timng xung, dong co dot trong mat danh Iira, sy gian doan tiép
Xuc cua choi chuyén mach trong dong co dién mdt chicu.

tuap (i 9

s mat I

khi cap
khing
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(b) SULONG LOOSENESS

SU LONG cua cac chi tiét may gy ra rung dong may. Néu cac cac chi tiét may tré
nén 1ong, su rung dong dang dang & murc cho phép c6 thé trd nén qua mic va khong
thé kiém soat.

SU LONG c6 thé gay ra rung & may quay va ca may khong quay. Nguyén nhan
thudng 13 do khe hd vong bi qua 16n, 16ng bulong méng, su tach roi cia cac chi tiét lip
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ghép, su an mon va sy nit cua cac két cau kim loai.
—
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(c) SU CONG HUGNG

Hinh anh mot em bé dang danh du tu do trén mot cai du ma khong c6 su déy cua ai do.
Néu chiing ta quan sat gan, chung ta s& thay ciu bé dang du v6i mot toc do riéng. Qua
vi du, chiing ta co thé thiy ring cdu bé mit 3 gidy méi hoan thanh mot chu ky du.

NS

Van tdc du cua ciu bé thuc té 1a mot tinh chét vat Iy cua hé du cua cau bé, nhiéu nhu
chinh trong lugng cta cau bé, 1a mot dic tinh vat Iy cta cdu bé. Do 1a tée 46 ma lac do
cau bé c6 khuynh huéng du qua lai khi dang ngdi trén chiéc du d6. D6 1a van toc du
riéng (hay tw nhién) cia cdu bé trén cai du ndy va chi c6 mot cach duy nhat dé cau ta
c6 thé thay ddi n6 1a giao thoa véi su du tw nhién bang cach tu ciu ta day bang chan dé
thay dbi tinh trang, hay tra xat chan ciu ta trén mat dat hay bang cach khac nao do.
May ciing c6 khuynh huéng rung & cac van téc dao dong xac dinh. Van toc dao dong
khi mot may c6 khuynh hudng rung dugc goi la van tdc dao dong riéng. Van tdc dao
dong riéng cia mot may 1a van tdc rung dong cua cac dao dong ty nhién cia may. Do
la van tc dé may c6 rung dong. Mot may duy tri rung dong tu do sé c6 khuynh hudng
rung & van tbc riéng dao dong tu nhién.
Hau hét cac may déu c6 tir hai van toc dao dong riéng trd 1én. Vi du mot may bao gdm
2 nén mong véi cac van tdc dao dong riéng khac nhau s& c6 it nhat hai van téc dao
dong riéng. No6i chung, may cang nhiéu thanh phan t6 hop thi cang c6 nhiéu vén toc
dao dong riéng.
Bay gio xem xét lai trudng hop cdu bé dang du. Néu ching ta tac dong luc day lap lai
Va0 cau bé nham cho cau ta du qua thoi gian cao hon va cao hon nita.
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Tuy nhién chlng ta chi lam cho céu bé du ngay mét cao hon néu chung ta day cung
vai nhip du. Néu nhip day cua chung ta khong ding, tire la khi cdu ta di 1€n ta lai day
xudng, cau bé s& khong du nhu ta mong muon. Dé dat duoc diéu d6 nhip ddy cua
ching ta phai hoa ciing nhip van toc dao dong riéng ciia cau bé. Vi du chiing ta day
vao thoi gian ma cdu bé dat dén diém cao nhat, nhu thé ciu bé s& du nhanh hon va cao
hon.
biéu gi s€ xdy ra néu may cua chung ta, “bi déy” boi mot luc 1ap lai voi nhip di¢u
tring voi van toc dao dong riéng ctia may?

May s& rung dong ngay mot ting do luc lap lai kich thich may rung & mot vén téc gan
V6i van tde riéng. Rung dong may sé ngay cang ménh liét va qua muc cho phép. Mot
may rung dong theo cach thuc trén dugc cho 1a da bi cong huong.

Mot luc 1ap lai gdy ra su cong hudng co thé nho va c6 thé do xuat phat tir mot chuyén
dong ctia mgt thanh ph?m tdt cua may. Mot luc 1ap lai nho co thé s& khong gay mot van
dé gi cho dén khi bat dau gay ra sy cong hudng. Tuy nhién su cong hudng nén ludn
tranh khi n6 gay ra pha hiiy nhanh chong va khéc liét. Vi du toan bo cau s& sup do do
van tbc dao dong riéng bj kich thich va hai hoa véi nhip diéu didu binh cta tép linh.

1.3 TAI SAO PHAI THEO DOI RUNG PONG MAY?

Dé lam tdt cong viée theo ddi rung dong may va thu duoc nhiéu loi ich cho doanh
nghiép, chiing ta phai hiéu va tra 10i cac cau hoi trén.

Theo ddi cac dac tinh rung dong cua may cho chung ta nam dugc tinh hinh strc khoe
cua may. Chung ta co thé str dung thong tin ndy dé theo ddi cac van dé hu hong co thé
dang tién trién.

Tai sao lai chuy dén tinh trang ciia may? Tai sao khong chay may lien tuc cho dén
khi hu hong va stra chira?
Vin hanh may cho dén khi hu hong c¢6 thé chip nhan duoc néu may do dung mot lan,
tuy nhién hau hét cac may déu khong ding mot 1an vi gia thanh cao.
Néu chung ta theo ddi lien tuc tinh trang may, ching ta c6 thé nhan thiy bit ctr cac van
dé dang tién trién, vi thé chiing ta co thé sira chita khic phuc van dé d6 khi n6 van
dang tién trién
Tral lai néu chung ta khong theo ddi may dé theo phat hién cac rung dong khong mong
mudn thi may s& van hanh gidng nhu van hanh cho dén khi hu hong.
Bai vi theo ddi rung dong may tim ra cac rung dong gy hu hong tiém tang, nén chung
ta cO thé ngan ngira cac nhitng hu hong d6 va tiét kiém thoi gian, tién bac va sy hu
hong. Vay 1am cach nao?
Duéi day chung ta liét ké cac van dé pho bién ma c6 thé tranh nho viée theo doi rung
dong may.
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(a) MAY BI PHA HUY NGHIEM TRONG

Céc rung dong may néu khong dugc theo dbi dung murc s& dan pha huy may nghiém
trong, doi hoi chi phi cao trong stra chira hodc tham tri thay toan bd may. Tuy nhién
néu tinh trang may dugc theo ddi thudng xuyén, cac hu hong tiém tang c6 thé dugc
theo ddi va khic phuc sém, khi d6 cong viéc stra chira s& don gian hon, nhanh hon va
ré hon.

(b) MAY TIEU THU NANG LUQNG MUC CAO

Mot may dang rung thi ti€u thu nang luong cao hon, vi du nhu tai cao hon thi ti€u thu
dién 16n hon. Chiing ta c6 thé téi thiéu vin dé nay bang cach theo dbi va bao dudng
may thuong xuyén.

(c) MAY KHONG SAN SANG

Bai vi may khong dugc theo ddi thi giéng nhu van hanh cho dén khi hu hong, thi lac
d6 may s& thudng xuyén phai ngirmg dot ngot, khong co ké hoach dé san xuit.

(d) CHAM TRE TRONG VIEC GIAO HANG

Bai vi may khong dugc theo di thi giéng nhu van hanh cho dén khi hu hong, thi ltc
d6 may s& thudng xuyén phai ngirmg d6t ngot, khong co ké hoach 1am mat san pham
hodc cham ra san phém, thoi gian giao hang s€ bi anh hudng.

(e) U TRE SAN PHAM O MOT CONG POAN SAN XUAT

Bai vi may khong dugc theo ddi thi giébng nhu van hanh cho dén khi hu hong, thi lac
d6 may s& thudng xuyén phai ngirmg dot ngdt, khong co ké hoach mot cong doan nio
do, lam san phém bi U tré. ’

(f) BAO TRI KHONG CAN THIET

May dang chay t6t ma tién hanh stra chira hodc thay moéi chi tiét khi van con t6t s& dan
dén lang phi. Dé tranh diéu d6 can phai theo ddi tinh trang may thuong xuyén va chi
stra chita khi can thiét.

(9) CHAT LUONG SAN PHAM KEM

May dang chay c6 thé c6 nhtrng hu hong ma khong anh huong 1am t6i chirc nang binh
thuong cua may cua may, néu khong dugce phat hién som thi hu hong nay co thé 1lam
giam chat luong san phdm. Pay 1a mot trudng hop nguy hiém. Néu may duoc theo ddi
thuong xuyén thi it khi dan t6i tinh trang nay.

(h) LAM XAU HINH ANH CUA CONG TY

Bai vi may khong duogc theo di thi giéng nhu van hanh cho dén khi hu héng, thi lic
d6 may s& thudng xuyén phai ngimg dot ngot, khong co ké hoach lam mat san pham
hodc cham ra san pham, thoi gian giao hang s& bi anh hudng, lam mét long tin ctia
khach hang. ‘

(i) TANG RUI RO VE SUC KHOE CHO CON NGUOI

Vi khi may rung cao s& giy ra tiéng 6n va lac manh lam ngudi cong nhan mat di sy
thoai mai va cam thdy khong khoe dé tao ra san pham cho cong ty. Va khi sy nging
may dot ngdt khong ké hoach 1am ngudi cong nhan khong ¢ viée 1am va 1am pha san
ké hoach san xuét.

1.4 Rung ddng may dwge md ta nhwr thé nao?

bé phan tich chinh x4c tinh trang may, dau tién ban phai mo ta chinh xac cac trang
thai hay cac triéu ching ctia may.

Lam sao dé c6 thé mo ta chinh x4c céc trang thai rung dong?

Sy phén tich rung dong mo ta tinh trang ctia mot may nhu thé nao?
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Phan nay chiing ta s& trinh bay cic phuong phap co ban mé ta rung dong may.

Sau khi doc phan nay chiing ta sé:

- Biét hai phwong phap quan trong nhit ¢ mé ta rung dong may.

- Tim hiéu cac thuat ngir “bién do”

- Tim hiéu cac thuat ngir “tan s6”

- Tim hiéu biéu db phd tan sb (spectrum) va tin hiéu dang song (waveform) la gi?
Rung dong may duoc mo ta nhu thé nao?

Bang cach xem, cim nhan va lang nghe rung dong may, c6 luc chung ta c6 thé xac
dinh duoc d6 manh cua rung dong mot cach twong dbi. Chiing ta co thé quan sat cac
loai rung dong may xuat hién rat manh hoic dang cht y hoic khong dang ké. Chung ta
cling co thé cham vao vi tri vong bi dang rung va cam nhén stc nong hodc nghe thay
tiéng On, va tir d6 két ludn rang c6 van d& véi vong bi.

Tuy nhién viéc mé ta rung dong chung chung nhu thé 1a khong chinh xac va phu thudc
vao sy danh gia chi quan ctia mdi ngudi. C6 thé nguoi nay cho 1a manh qua ngudi
khac lai cho 1a ¢ thé chdp nhan duoc. Sy md ta bang 11 néi thudng khong dam bao
do tin cay.

Dé phan tich chinh xac mdt rung dong, nd can thiét phai mé ta sy rung dong theo mot
cach thirc nhat quan va dam bao d6 tin cdy. Su phén tich rung dong dua trén sy mé ta
bang con s6 hon 14 sy mo ta bang 101 noi, gitp cho viéc phén tich va truyén dat duoc
chinh xac.

Mhigt dd 13 s md ta con
sd than nhigt cla con

*—— ngudi. Neu nhigt dd trén
36,90C thi cho higt ngurdi
did d3 hi s8t, cd thé do
mhigrn virdt,

Bign b w3 tan =0 13 s md t3
con 58 v& rung dong, »i du mdt
rioto o bign dd dink & mdc cao
d mat tan sd nao dd, digu nay
cha thay cd wan dé vdi roto, cd
thé& do mét can bang ding.

C6 hai con s6 quan trong nhit mé ta rung dong may 1a bién d6 (amplitude) va tan sb
(frequency).

Bién d6 mo ta mirc do rung dong va tan s6 mo ta téc d6 dao dong cua rung dong. Ca
bién do va tan s6 rung dong cung cap co sé cho viéc xac dinh nguyén nhan goc ré cua
rung dong.

Bién d¢ 12 gi? (Amplitude?)

Bién d6 rung dong la do 16n cua sy rung dong.

M4t may véi bién do rung dong 16n thi s€ cd mot chuyén dong dao dong manh, nhanh
va l6n. Néu bién d6 cang 16n thi chuyén dong niy cang 16n hoic img suat giy ra boi
may cang lon va kha nang dan dén hu hong may cang 16n.

Vi thé ma bién d6 cho thay mirc d6 “khdc liét” ciia rung dong.

NOi chung, mirc d6 hay bién d6 cua rung dong con lién hé téi:

(a) khoang chuyén dong rung dong

(b) téc d6 cuia chuyén dong
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(c) luc két hop véi chuyén dong

Nhung trong hau hét cac truong hop, tbe do va bién do van tdc (velocity
amplitude)cia may cho thong tin hitu ich vé tinh trang cua may.
Vay van toc la gi? N6 don gian la toc do dugc do theo mot chi€u xac dinh. Xem hinh:

van toc t8i da Im/fs

!
& -
- v’

van e 180 da 3m/fs

&9
¢k

-~ \ A
Bigm dimng chay ti MgUhig va quay Chay lui Biém ding
frd lai
45N e van tac 1a
am/s
L 3
3 P .
§ van o van tic 13 0
|30
13
van tac 0 Thefi
gian
"3 van tic 14 -3

Bién do van tdc c6 thé biéu dién theo c4c thuat ngir nhu peak value (gia tri dinh) hodc
RMS (root-mean-square value — gié tri hi¢u dung).

Bién d6 vén tdc tdi da hay dinh (peak) ciia mot may dang rung dong don gian 13 gia trj
téc d6 rung dong maximum (peak) c6 dugc cia may trong mot chu ky thoi gian. Xem

hinh:



Chén dodn rung déng mdy Bién sogn: KS. Nguyén Thanh Son - VVinamain.com

van toc

T

¥ bign do dinh peak
bign do FITis

Bign dd root-mean-sguare
hay rms cho bigt muit
nang Iuighg rung dong

Bign do dinh peak
cho biét the d6 cao
nhat dat duigc

Trai ngugc voi bién do van tdc toi da, bién dd van tbc RMS cuia rung dong may cho
ching ta biét nang luong rung dong cua may. Nang luong rung dong cang cao, bién do
RMS cang lon.

Cum tlr ‘root-mean-square’ thudng viét tit 1a rms va nén nh¢ rang bién d6 rms ludén
lubn thap hon bién do tdi da hay bién do dinh (peak amplitude).

Lam sao dé quyét dinh chon don vi bién d6 dinh hay bién do rms dé str dung? N6 chi
la van dé mang tinh ca nhan. Tuy nhién chu y néu da chon mot don vi nao thi phai st
dung giéng nhau gita cac 1an do dé c6 thé thuc hién so sanh céac sb do.

Hai don vi bién d6 van téc duoc sir dung pho bién 13 inches/second (in/s) va
millimeters/second (mm/s).

Tan s6 1a gi? (Frequency?)

Khi mot thanh phan ctiia may dang rung dong né s& lip lai cac chu ky chuyén dong.
Phu thudc vao luc gay ra su rung dong, thanh phﬁn cua may do s€ dao dong nhanh hay
cham.

O tbc d6 ma mot thanh phan cia may dao dong duoc goi 1a tan sé dao dong hay tan sb
rung dong. Tan s6 rung dong cang nhanh thi dao dong cang nhanh.

Ban c6 thé xéc dinh tan sd cua mot thanh phan dang rung dong bang cach dém s6 chu
ky dao dong sau mdi gidy. Vi du, mot thanh phan di qua 5 chu ky trong 1 gidy c6
nghia 12 né dang rung dong & mot tan sd 5 chu ky/gidy (5cps). Nhu hinh vé& dudi day,



Chén dodn rung déng mdy Bién sogn: KS. Nguyén Thanh Son - VVinamain.com

mot chu ky tin hi€u, don gian 1a hoan thanh mot doan dd thi ma mo ta tin hiéu.

Tan =8 rung déng 1A

S chu ky/gigy VAN the 10 chu ky
i e
— -~
miat chu ky
A

thdi
gian

AL

Gidng nhu nhip mach cta con ngudi hay tan sé cho thdy tinh trang mach kich thich
clia con ngudi hay tinh trang stc khoe tong quat, tc dd rung dong hay tan sé ciia mot
thanh phan rung dong ctia may rat hiru ich vi cho thay dugc tinh trang ciia may.

Tan s6 cing v6i bién do, ludn ludén duge biéu dién véi ciing mot don vi. Thuong don
vi ctia tan sd 1a cps (cycles per second), Hz va cpm (cycles per minute):

1Hz =1 cps = 60 cpm

Thé nao 1a mdt biéu do dang séng (Waveform)?

Biéu d6 hién thi cac tin hiéu dién cia mot qua tim dang dap ctia mot ngudi (biéu do
dién tim hay dién tdm d6 electrocardiogram ECG) rat hiéu qua trong viéc phan tich
tinh trang strc khoe qua tim cia con ngudi. Véi cach 1am twong tu nhu vay, biéu do
hién thi rung dong cua la cong cu hiru ich dé phan tich su rung dong tu nhién cta may.
Ching ta c6 thé tim thay cac manh mdi vé nguyén nhan va mirc d ciia rung dong
trong biéu do biéu dién rung dong.

Sy biéu dién nay thuong st dung dé phan tich rung dong dugc goi la waveform (biéu
d6 dang song). Mot waveform la mot su biéu dién mang tinh d6 hoa vé murc d6 rung
dong thay doi theo thoi gian. Hinh duéi day cho vi du vé mot biéu d6 waveform van
téc. Mot biéu d6 waveform van téc don gian 13 mot do thi cho thiy van tdc ctia mot
thanh phan dang rung dong thay d6i theo thoi gian.
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Nhirng thong tin ma mdt waveform cho biét, phu thudc vao thoi khoang va do phan
giai cuia mot waveform. Thoi khoang ctia mot waveform 1a tong chu ky thoi gian qua
di ma c6 thé biét dugc tir mot waveform. Trong hau hét cac trudng hop, mot vai gidy
la du. Bg phan giai cua mot waveform la mat s6 do murc do chi tiét trong waveform va
duoc xac dinh béng sb diém dit liéu md ta hinh dang cua mdt waveform. Néu cang
nhiéu diém thi biéu d6 waveform cang chi tiét.

Thé nao 1a mdt spectrum (biéu do dang phd)?

Mot loai biéu dién khac thuong duoc sir dung pho bién trong phan tich rung dong la
biéu d6 spectrum. Mot spectrum 1 mot biéu do bleu d1en cac tan s6 & mot thanh phan
may dang rung dong cung véi cac bién do & mdi tan sé d6. Hinh dudi day 1a mot vi du
vé mot spectrum van tdc.

thanh phén rung déng wdi

Bigu d bign d6 dang phd Eg:' %‘3 bign d& 12mmjs & tan sd
(spectrum) cha mét thanh phan mm/s SRz
rung déng ndi cho ban bigt cac thn
SJS rung déng & cac thc 46 tuicng - tharh pHan rung déng vé
ks / bign db Smm/s & tan 58
300Hz
10 - /

thanh phan khdng rung
ddng & thn so 00Hz

Tan =8 (Hz)

(} L 50 300 600
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Nhung tai sao mét thanh phan mdy duy nhat ma lai c6 ddng thoi rung dong & nhiéu
hon mdt tan s0.

Tra 1oi ndm trong thyc té rang, su rung dong mdy, khac véi su chuyén dong dao dong
don gian cua mot qua léc no6 khong chi c6 mot chuyén dong rung dong don gian ma
thong thuong no6 bao gom nhiéu chuyen dong rung dong xay ra ddng thoi.

Lay vi dy, spectrum vin toc cua mot goi d& thuong cho thiy rang vong bi dang rung
dong khong chi ¢ mét tan s6 ma & nhiéu tan s0 khac nhau. Su rung dong ¢ mot vai tan
s6 ¢ thé 1a do chuyén dong cia cac chi tiét trong vong bi, ngoai ra con ¢ cac tan s6
khac 1a do su tac dong cua cac ring cta banh ring hodc c6 cc tan sé khac 13 do sy
quay tron cua canh quat lam mat motor.

M0t spectrum cho thdy céc tan sb ma & d6 xay ra su rung dong nén no 1a cong cu phan
tich rung dong rat hitu ich. Bang viéc phan tich cac tan sd riéng cua mot thanh phan
may dang rung dong cling nhu cac bién do twong ing voi moi tan s6 do, va ching ta
c6 thé tim ra co su lién hé v6i nguyén nhan gy ra rung dong va tinh trang cua may.
Nguoc lai, mot waveform lai khong cho thidy mot cach ro rang cac tan s6 ma & do xay
ra sy rung dong. Thay vao do, mdt waveform lai chi biéu dién gia tri tong thé overall.
Cho nén s& khong dé& dang khi chan doan hu hong bang biéu do waveform.

bigu d% dang phé cung cép
cac thdng tn quan trong ma
bigu d8 dang sdng
waveform khéng cd dugc
Zac dinh spectrum
nay he 6 cac van g8

bign d6 hir hdng tf nhign cla
c_ van e may
~

l L | = o l spectrum

wan tdc

waneform

ﬂun At ,
LUK (L=

a L- tAn =4

Cho nén ngoai trir c6 mot vai truong hop dac biét, cac spectrum dong vai tro la cong
Cu quan trong cho viéc phan tich rung dong may.

C4c thdng tin ma mot spectrum chtra dung phu thudc vao gia tri Fmax (tan sd
maximum) va do phan giai (resolution) ctia spectrum d6. Fmax 14 gidi han tan sé cua
Mot spectrum co thé biéu dién. Gia tri Fmax nay bao nhiéu phu thudc vao tbc do van
hanh caa may. Téc d6 van hanh cang cao thi Fmax cang phai cao. D6 phan giai cta
Mot spectrum la mot s6 do mirc d6 chi tiét cua spectrum, va duoc xac dinh boi )
duong pho mo ta hinh dang cta biéu d6 spectrum. Cang nhiéu dudng phd thi mic d6
chi tiét caa spectrum cang cao.

1.5 Rung dong may dwoe do nhu thé nao?
Trong phan trude, chung ta da nhan ra mot cong cu phén tich rung dong rat quan trong

d6 1a spectrum (biéu d6 dang phd). Khi chung ta do rung dong may chung ta thuong
do cac spectrum rung dong, khi ma spectrum cua mot thanh phan rung dong noi cho
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ching ta biét mot su lién hé véi tinh trang may ciing nhu nguyén nhan gay ra rung
dong. Noi mot cach tu nhién, spectrum déng vai tro séng con, vi nhitng théng tin co
gia tri va dat dugc do chinh xac.

Nhiing diéu gi can phai chu y dé dam bao céc s6 do duge chinh xac?

Céch do nén dugc thuc hién nhu thé nao va nén do cho nhirng may nao?

Trong phan nay chung ta s& di tra 16i cho cac cau hoi nay.

Sau khi doc phan nay, chiing ta s& c6 thé:

(a) Nhan ra nhitng may nao can phai theo ddi rung dong

(b) Tim hiéu cac cam bién do rung dong dugc gin nhu thé nao

(c) Xac dinh dugc can cai dit cac thong s6 do nao

(d) Cach lay s6 do mot cach co hé thong

1.6 NHUNG MAY NAO CAN PHAI THEO DOI RUNG PONG

Khi quyét dinh may nao can theo doi, cac may thiét yéu critical nén dugc wu tién so
V6i cac may khac. Ciing giéng nhu theo ddi stic khoe clia con nguoi. La khong ding
néu ta thudng xuyén theo ddi sirc khoe ctia mot nguoi hoan toan khoe manh ma lai
khong chtl y dén ngudi thuc su can thiét. Ap dung tuong tir véi viée theo dbi tinh trang
Cua cac may moc.

NGi chung, viéc lyra chon cac may thiét yéu can duoc theo ddi dya trén cc quy tic co
ban sau day dé tranh sy ton kém khong can thiét:

(a) Cac may doi hoi viéc sira chita kho khan, 1au dai va ton kém khi bi hu hong.

(b) Cac may thiét yéu doi véi viée tao ra san pham va sy van hanh chung cua ca nha
may.

(¢) Nhitng may ma c6 tan sudt hu hong cao.

(d) Nhirng may ma dang dwgc danh gia vé do tin cay.

(e) Nhitng may ma anh hudng ti an toan strc khoe con ngudi va méi trudng sdng.

1.7 CAC THIET BI PO LAM VIEC NHU THE NAO?

Trude khi 14y sé do rung dong, ban phai gdn mot cam bién ma c6 thé theo ddi rung
dong cua may dugc do. Co nhiéu loai cam bién do rung dong khac nhau. Tuy nhién
loai gia toc ké accelerometer thuong duoc sir dung nhét vi c6 nhiéu wu diém hon cac
loai khac. Gia toc ké 1a mot cam bién ma tao ra mot tin hiéu dién ma ti 16 voi su gia tde
ctia thanh phan rung dong.

Viy gia toc cia mot thanh phan rung dong 1a gi? N6 1a mot s do vé luong thay doi
ctia van toc cta thanh phan rung dong.

Tin hiéu gia toc duoc tao ra boi gia toc ké gin trén thiét bi do rung dong va lan luot
chuyén d6i tin hiéu thanh mot tin hiéu van téc. Phu thudc vao su lya chon cta nguoi
sir dung, tin hiéu co thé bleu dién thanh biéu do dang séng van toc (waveform van toc)
hay mot biéu dd phd van tbe (spectrum van tdc). Mot spectrum van toc duge chuyén
doi tir biéu d6 waveform van tbc bang mdt cong thirc toan hoc goi l1a Fast Fourier
Transform hay FFT (goi 1 chuyén doi Fourier).

So d6 dudi day giai thich don gian cach thu thap dir liéu rung dong.
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1.8 CAM BIEN GIA TOC KE PUQC GAN NHU THE NAQO?

Hau hét cac may déu c6 cac co ciu quay. Moto, bom, may nén, quat, bing tai, hop s,
tat ca déu lién quan dén cac co cdu chuyén dong quay va thuong sir xuyén sir dung
trong cac may.

Hau hét cac co céu quay déu c6 6 d& dé d& toan bo trong lwong cua cac bo phin quay
va chiu cac luc to hop ciia chuyén dong quay va rung dong. Noi chung, mot luong 16n
luc duge do boi 6 6 d5. Va cting khong ngac nhién hu hong luén xay ra tai 6 do va day
13 noi xuét hién va phat trién cac hién tuong hu hong.

Vi vay céc s6 do rung dong thuong duoc lay & vi tri 6 d& cia may, voi cam bién gia
toc gan tai hoac gan vi tri cac 6 do.

Khi ket luan vé tinh trang may, phu thugc vao do chinh xac cua so do, cach ching ta
ldy s6 do phai cha y can than. Va nén nho rang, cach chung ta gan cam bién do rung
dong phu thudc rat nhiéu t6i d6 chinh xac ctia phép do.

Viy gan cam bién gia toc nhu thé nao dé dam bao do chinh xac ciia s6 do va sy an
toan. Sau day 1a vai huéng dan:

(a) Gan cang gan véi vi tri 6 d cang tot
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(b) Gén dau do gia toc phai dam béo viing chic

2=

(c) Pam bao gin dung chiéu
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(d) Chi gén cung mot dau do gia téc cho cing mot vi tri do

thang 2

khéng nén gan d3
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(e) Vi trf gin cua may duoc do phai dam bao do viing chic
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(f) Thao tac st dung cin than tranh lam hu hong dau do va day cap két ndi

b
N

(g) Nguoi do phai dam bao an toan khi do

1.9 CACH CAI PAT THONG SO PO
Céc théng so do 1a gi?
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Céc thdng sb do 1a xac dinh chi tiét cach thyc hién ldy sé do. Bang viéc xac dinh céc
thong sb do, chiing ta xac dinh cach ma dit liéu dugc thu thap va dugc xir 1y trude khi
hién thi cho chung ta xem. Trudc khi 14y mot s6 do rung dong chiing ta can xac dinh
c4c thdng s nao duge sir dung.

Cac thdng sb cua sd do rung dong c6 thé duoc gidng véi nhimng chi tiét “cai gi va bang
cach nao” ma mot béc si phai xac dinh trude khi tién hanh kiém tra sirc khoe.

Bay gio chiing ta s& xem céc thong s do dugc cai dat nhu thé nao khi chiing ta do mot
spectrum.

Mot vai gid tri thong s6 do va ching c6 ¥ nghia nhu thé nao?

Céc thdng sb dugc sir dung dé do cac spectrum rung dong cé thé chia ra 4 loai, cu thé
la céc théng sé do xac dinh:

(a) Viéc thu thap dit liéu bang cach nao?

(b) Bao nhiéu dir liéu va thoi gian bao 1au cho viéc thu thap dir liéu?

(c) Dit liéu dugce xir 1y bang cach nao?

(d) Dit liéu duoc hién thi nhu thé nao?

(a) Viéc thu thap dir liéu bang cach nao?

Céc thdng s6 ma xac dinh cach thu thap dit liéu 1a ‘trigger type’ va cac thong sd duoc
lap danh sach trudce trong ‘sensor setup’.

“Trigger type’ 1a thong s ma néi 1én cach dé thiét bi bat dau do. Néu cai dat ché do
“free run’, thiét bi s& 13y sb do lién tuc, néu cai dit ché do ‘single’, chi mot s6 do cho
mét 1an do duoc 1dy. Thong thudng cai dit trong thiét bi 1 “free run’.

Théng sb trong ché do “sensor setup’ cho biét loai cam bién gia téc nao duoc sir dung
dé do. Néu loai cam bién gia téc ICP duoc sir dung trong thiét bi. ‘Drive curent’ can
duoc mé va d6 nhay ‘sensitivity’ ciia cam bién gia téc phai phu hop voi card trong
thiét bi. ‘Settling time’ 13 thoi gian can thiét dé cam bién va thiét bi nhan ra nhau trudc
khi tién hanh do. Ban ciing c6 thé sir dung cai dit gia tri ‘settling time’ mic dinh cta
may (ma thay doi cing véi gia tri Fmax) dé bao dam sb do chinh xac.

Free run tﬁ Manual

(b) Bao nhiéu dir liéu va thoi gian bao lau cho viéc thu thap dir li¢u?

Cac thdng s6 ma xac dinh bao nhiéu dir liéu va thoi gian bao 1au cho viéce thu thap dir
licu? 1a thong s6 ‘Fmax’, ‘spectral line’ va ‘Overlap percentage’.

Trong phan 2 chung ta d4 luu y ring Fmax cang cao thi gi6i han tan s6 trong spectrum
cang lon va luong thong tin thu dugc trong spectrum cling nhiéu hon.

Vivay néu gia tri Fmax cao, dir liéu s& hién thi 1én bleu do duogc ¢ tan s6 rung dong
cao. Pé c6 thé thu thap thong tin lién quan dén cic tan sd rung dong cao, tan s6 do hay
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téc d6 thu dit liéu cling can phai cao, va do d6 toc do do s& cling nhanh 1én. Tan sb
Fmax cao khéng tao ra thém nhiéu dit liéu phai thu thip ma chi tao ra khoang tan sd
rong hon.

C6 cang nhiéu spectral line cho mot spectrum, thi s& c6 duoc nhiéu thong tin hon.
Diéu ndy c6 nghia 13, c6 cang nhiéu spectral line, thi c6 nhiéu dit liéu can phai thu
thap, tao thém nhiéu thong tin hon (chét luong dit li€u cao hon)va vi thé viéc thu thap
s6 do sé& lau hon. (gidng nhu birc anh s6 c6 do phan giai cang cao thi cang nét).

Gia tri Fmax nén str dung la bao nhiéu?

Téc d6 van hanh cua may cang cao, thi cac tan s6 rung dong ctia nd cling s€ cao theo
va Fmax cling phai cao de bat duoc cac tan s6 rung dong nay ¢ cac tan s6 cao do.

Rung dong khong bao gdm cac phan tir canh hay vau quay nhu rang cua banh rang,
cac canh dan huodng cia quat, bom va cac phan tr lin (bi), gia tri Fmax bang 10 1an tbc
do quay thuong la du dé bat tat ca cac thong tin quan trong.

Vi du, néu toc do quay 1a 10 000 vong/phut, thi gia tri Fmax 1a 100 000 cpm
(100kcpm) 1a du.

Déi véi rung dong bao gdm céac phan tir canh hay vau nhu banh ring, quat, bom va
vong bi, gia tri Fmax bang 3 1an s6 phan tir canh hay vau nhan véi toc d6 quay la du dé
bt tat ca cac thong tin quan trong.

Vi du, cip banh ring c6 banh ring dan c¢6 12 ring quay & 10000 vong/phut, gia tri
Fmax s€ 1a 3x12x10 000=360 000 cpm (360 kepm) la du. (cpm: chu ky/phut).

Néu gia tri Fmax yéu cau rat 16n thi do phén giai cua spectrum s& thap di, va cac thong
tin & cac tan sb rung dong thap s& bj mat. Vi thé ciing can ldy mot s6 s6 do c6 gia tri
Fmax thap cung voi cac sé do ¢o gia tri Fmax cao.

Nén sir dung d§ phan giai bao nhiéu?

Trong hau hét truong hop d6 phan giai 400 1a du (400 spectral lines). Tuy nhién, néu
gié tri Fmax cang cao thi cac line nay sé phai trai ra mot dai tan s6 16n, tao ra khoang
gap 16n giira cac line. Vi vay gia tri Fmax cang 1on, s6 duong phd (spectral lines) cang
l6n dé tang do chi tiét cua b1eu do rung dong dang phé va tranh mat thong tin.

Tuy nhién ciing nén chi y rang néu ting s6 do phan giai nay thoi gian ldy sd do s€ lau
hon, thiét bi s& tén nhiéu bd nhd dé luu trit. Vi vy, mot gia tri Fmax cao hay sé duong
phd 16n chi duoc st dung khi nao can thiét.

Amplitude -
Small i Lowy 'Fmax’ —use
"Frnax’ 400 spectral lines.

Frequency I
30 kepm #

~ , Ampltude
-
High 'Fmax' — use
more spectral lines,
perhaps 3200 lines. ] £

Nén sir dung dir liéu chong lap overlap bao nhiéu?

Frequency
1200 kepm
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Dir liéu chong lap ‘overlapping data’ 1a mét cach sir dung lai phan tram cua waveform
do dugc trude d6 dé tinh toan mot spectrum méi. Phan trim chdng l1ap ‘overlap
percentage’ cang cao, di liéu thu thap méi dé tao mot spectrum cang it va vi vy biéu
d6 dang pho spectrum s& hién thi nhanh hon. Gia tri chong lap overlap 50% la 1y tuéng
cho hau hét truong hop.

() Dix liéu dwore xir Iy nhw thé nao

Céc thdng s6 ma xac dinh cach ma dir liéu dugc xir 1y 1a 3 thong s  Average type’,
‘Number of average’ va ‘window type’.

Tuong tuong ban phai do chinh xac bé rong clia trang gidy cua cubn sach. Do bé rong
ctia mdi trang c6 thé thay d6i mot chut, ban cé thé do khong chi mot trang ma nhiéu
trang va sau do ly gia tri trung binh.

Tuong tu nhu vay, khi do rung déng s& c6 nhiéu spectrum duoc do va sau do 1y trung
binh dé duoc mot spectrum trung binh. Mot spectrum trung binh biéu dién cach thirc
rung dong tét hon khi ma phép xur ly trung binh lam t6i thiéu cac anh hudng cia cac
thay doi ngau nhién hay cac xung nhiéu thudng co trong rung dong may.

Thong so ‘Average type’ xac dinh bao nhiéu spectrum dugc lay trung binh. Gia tri
trung binh tuyén tinh ‘Linear’ duoc dé nghi cho hau hét cac truong hop. Gia tri trung
binh s6 mil ‘exponential” thudng duoc sir dung chi khi cach thirc rung dong thay doi
dang ké theo thoi gian.

Thong sé ‘Number of average’ xac dinh s cac spectrum lién nhau sir dung dé tinh
trung binh, cac spectrum sir dung cang 1én, cac xung nhiéu s& giam va cac spectrum sé&
biéu dién chinh xac hon.

Tuy nhién, néu ‘Number of average’ cang 16n thi dit liéu can thu thip cang nhiéu, va
vi thé s& mat thoi gian dé c6 duoc biéu d6 spectrum trung binh. Number of average
bang 4 1a du cho hau hét cac trudng hop.

Dt 1i€u duogc thu thap khong dugce str dung truc tiép dé tao ra mot spectrum ma thuong
duoc sira chita trude dé phuc vu cho yéu cau nao d6 ciia qua trinh xtr Iy FFT (Fast
Fourier Transform Ia quéa trinh chuyén di dit liéu thanh mot biéu dd spectrum). Di
licu thudng dugce stra chita boi phép tinh nhan ctia mot ctra s6 hiéu chinh. Piéu nay
ngin ngira cac dudng phd khong bi nhoe hay ro sang cai khac.

‘Window type’ la thong s6 ma xac dinh loai cira s6 nao duoc st dung. ‘Hanning
window thuong dugc st dung. Néu ctra s6 chit nhat duoc st dung, dir li€u s€ khong
dugc stra chira mot cach hi¢u qua.
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(d) Dir liéu dwore hién thi nhw thé nao?

Thong s6 ma xéac dinh cach thirc ma spectrum duogc hién thi duoc ké ra véi ‘Display
unit’.

bé x4c dinh duogc cach spectrum biéu dién, ti 1é chia cua spectrum can duoc xac dinh.
Ti 1é chia ctia spectrum xac dinh cach chi tiét ciia cac spectrum c6 thé dugc thay dé
dang va dugc xac dinh béng thong $b ‘Amplitude scale’ ti 1¢ bién do, ‘vdB reference’,
‘log range’ va “Velocity max’.

Trong hau hét truong hop, ‘Amplitude scale’ cé thé 1a tuyén tinh ‘Linear’. Néu s
dung mot ti 1& bién do tuyén tinh thi cac thong sd ‘vdB reference’, ‘log range’ 1a khong
quan trong (va vi thé khong can cai dit).

NGi chung, ban nén set thong sd “Velocity max’ thanh ‘automatic’ dé cho phép thiét bi
tu dong lwa chon mot thong sd ti 18 bién do 1y tuong ma cho phép cac peak cua cac
spectrum rd rang hon.
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amplitude - .
_1 1 A . = |
Frequensy
velocty max'
1 automatically
adjusted —
el ocity just right.
amplitud e
Frequency

bé x4c dinh cach ma spectrum hién thi, cAn xac dinh loai bién d6 duoc st dung. O
phén trudc chung ta da xac dinh co6 2 loai bién d¢ 1a bién d¢ dinh ‘peak’va bién do
hi¢u dung rms.

Néu sir dung bién do dinh hay bién d6 ‘0-peak’, thi spectrum s& biéu dién tdc do tdi da
dat duoc boi thanh phan rung dong & cac tn sé rung dong khac nhau.

Mt khac, néu st dung bién d6 hiéu dung ‘rms’, thay vao do s& biéu dién mot lugng
nang luong rung dong ¢ cac tan s6 khac nhau.

Déi véi cac spectrum rung dong, bién do dinh ¢ mot tan s6 riéng chinh xac 13 cin bac
hai cta 2 1an (1,4 1an) bién d6 hiéu dung rms ¢ tan s6 d6. Vi vay loai bién do nao dugc
su dung 1a khong that sy quan trong khi ma cé thé thuc hién chuyén d6i don vi nhanh
Chéng. (Déi vai1 spectrum, bién do dinh béng can bac hai cua 2 bién dd hi¢u dung rms.
Mbi quan hé nay khong c6 gia tri dbi voi biéu dd dang song waveform).
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Peak ms
amplitud e amplitud e
4 Peak 4 rms
Amplitude Amplitude
Spectrum Amplitude  +2 Spectrum

A}nplitudax V2
N

Frequency Frequency

Chung t61 dé nghi cac ban nén st dung cung loai bién do cho céc diém do dé tranh su
hiéu sai. Mot su chuyén doi tir bién d6 rms sang bién d6 dinh gy ra sy gia ting cta
bién d6 rung dong ma cé thé dugc 1y giai sai nhu 1a sy hu hong clia may. Mit khac,
mot su chuyén doi tir bién d6 dinh sang bién d6 hiéu dung rms c6 thé che dau di mot
su gia tang thyc cua bién d§ rung dong.

TOm lai, don vi ctia bién d6 va tan sb st dung trong spectrum ciing can phai xac dinh.
Pon vi nao dugc str dung, do that sy 1a van dé lya chon cua ca nhan, hodc thong
thuong hon 1a theo vung dia 1}'/.(3 Nam My, don vi van tde thuong sir dung (cho ti 1€
van toc tuyén tinh) 13 in/s, va don vi tan s st dung pho bién 1a kepm (kilocycles per
minute).

Cac ving khéc cua thé giéi dung don vi van toc va tan sb 1an luot 1 mm/s va Hz. Xem
mbi quan hé giira cac don vi dudi day:
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Nhiéu may phan tich rung dong thich don vi vén tdc logarit 1a vdB (volt dexiben).
O hinh trén chiing ta lam tron chuyén d6i in/s 0-peak, mm/s rms thanh 18 (ti s6 dung la
17,96).

1.10 DU LIEU PUQC THU THAP NHU THE NAO?

Khi xung quanh cac may c6 nhiéu rui ro va khong thuén loi, phan tich rung dong
thuong dugc thuc hién cach xa may. Pé thuc hién diéu nay, s6 do thuong duoc ghi lai
bang thiét bi, sau d6 truyén t6i vin phong dé duoc phan tich & méi truong yén tinh va
an toan. O van phong, dir liéu cé thé truyén téi may tinh dé phan tich sau hon.

Trong hau hét cac nha may, co nhleu may thiét yéu can duoc theo ddi. Hon nita, de co
thé phan tich triét @&, mdi may can duoc theo ddi & nhiéu diém do. Mdi diém do can
theo ddi voi cac chiéu lap gia toc ké (cam bién gia tdc) khac nhau va d6i khi cling sir
dung cac thong s6 do khac nhau. Vi thé, trong mdi loat thu thap dir liéu, mot luong 16n
s do duoc thuc hién.

Dé tranh su di chuyén 1ap di 1ap lai gitra van phong va noi dat may, tién hanh do cho
tat ca cac may trudc khi dua vé vian phong dé phan tich.
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biéu quan trong khi thu thap dit li¢u 1a dam bao do chinh xac va c6 hé théng. Khi ban
c6 phuong phap t6 chirc hop 1y cho viée thu thip dit liéu thi s& tranh duoc sy nham 1an
CAC spectrum cila cac may va tranh din dén cac két luan sai.

Dé tranh nham 14n, ban phai do mot vi tri duy nhat trén may bang cach danh dau vi tri
do va khi do phai dam bao dung chiéu dat dau do.

Da sb cac may, viéc thu thap dir liéu mdi thang mot 1an. £)01 vOi may quan trong, can
phai thu thap mdi tuan, con nhitng may it quan trong thi mdi thang mot lan. Tuy nhién,
ching t6i khuyén ban nén tuan theo mot thoi biéu va sau d6 diéu chinh lai phu hop
theo kinh nghi¢m.

Ban ciing can luu y kiém tra dung luong pin va bd nhé thiét bi do dii cho hoan thanh
Mot tour thu thap dir liu.

Hau hét cac van dé rung dong duoc theo dbi trong khi may dang chay 6n dinh va vi thé
cach thic rung dong ciing 6n dinh.

Néu mdy vira méi khoi dong, hay toc do cliia may vira moi thay d6i thi ban can chéc
chan may da du thoi gian dé chay & van tc 6n dinh trudce khi thu thap dir licu.

Khi hoan thanh moét tour thu thap di liéu, ban nén truyen dr liéu vao may tinh cung
v6i phan mém tién ich duoc cung cép cing voi thiét bi thu thap rung dong va ban cd
thé x6a dir liéu trong may dé giai phong bd nhd may dé phuc vu cho tour thu thap thap
dir liéu khac.

Office
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CHUONG 2: CHAN POAN HU HONG BANG PHAN TiCH RUNG PONG

2.1 Gidi thi¢u

Tat ca cac thiét bi dong déu tao ra rung dong hay tin hiéu ma phan anh tinh trang lam
viéc cua n6. Piéu nay c6 lién quan 61 téc do, kiéu lam viéc chuyén dong quay, chuyén
dong tinh tién hay tuyén tinh. Phan tich rung dong co kha nang ap dung cho tat ca cac
thiét bi co khi, thudng 1a cac thiét bi co tc d6 quay trén 600 vong/phut. Phan tich rung
dong 1a cong cu hiru ich cho bao tri du doan, chan doan hu hong va nhiéu tac dung
khéc.

C6 nhiéu k¥ thuét bao tri du doan duogc str dung dé theo ddi va phén tich cac hé
thdng thiét bi, may moc quan trong trong mot nha may. Nhimng k¥ thuat nay bao gom
phan tich rung dong, siéu am, dd thi nhiét, phan tich mai mon, boi tron, theo doi qua
trinh, Kiém tra bang mét va cac k¥ thuat phan tich khong phé hity. Trong céc k¥ thuat
nay, phan tich rung dong 1a mot k§ thuét bao tri du doan hiéu qua nhat duogc st dung
trong cac chuong trinh quan 1y bao tri.

Bao tri du doan trd thanh bo phan dong nhat viéc theo ddi cac dic tinh rung dong cua
c4c thiét bi dong dé theo ddi cac hu hong phat sinh ngay tir ban dau va chin dung cac
hu hong phat trién t6i nguy hiém. Tuy nhién, phan tich rung dong khong cung céap cac
dit liéu yéu cau dé phan tich thiét bi dién, cac khu vyc mat nhiét, tinh trang dau boi
tron va cac thong sd khac dé giup danh gia hu hong trong mot chuong trinh bao tri.
Mot chuong trinh béao tri dy doan nha may toan bd phai bao gdm nhiéu k¥ thuat, mdi
cai duoc thiét ké dé xac dinh mot vin dé riéng cho thiét bi cua nha may.

2.2 Cac dir liéu phu can thiét cho viéc chan doan may

Pé c6 thé chan doan may tim ra nguyén nhan goc ré dé co cac bién phap khic phuc
Kip thoi doi hoi can phai cé cac dir liéu tong hop vé thiét bi.

Su chan doan chinh xé4c va hiéu qua cao phu thude rat nhiéu vao kinh nghiém cua cac
k¥ su chan doan. Mot k¥ su chan doan gioi 1a ngudi biét md sé va phan tich cac dir
liéu ma ho c6 duoc, cho nén cac dir liéu cang day du thi viéc chan doan s& nhanh va
chinh xac hon.

Dudéi day la cac dir li€u co ban can chuan bj tbt:

Dit liéu vé may:

- Loai bearing, khe h¢ bearing bao nhicu.

- Buong kinh truc

- S6 cép, s6 canh trén mot cap

- Tai cia may

- Loai dau boi tron, thanh phan boi tron va kiéu boi tron.

- Vi tri gén cam bién

- Céc thong s6 van hanh trén DCS

- Céc thong s6 cong nghé: thanh phan khi

- Nhat ky van hanh

- Nhat ky va ho so sira chita va bao dudng may

- CAc tai liéu, so tay van hanh va bao dudng

- Ban v& lip coa may

- Céc ban vé mat cit cac cum chi tiét

- Nhiét 6, 6 4m méi trudong
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2.3. K§ thuit phan tich chin doan rung dong may

Dé chan doan thanh cong va xir 1y sy ¢b ctia may moc, cac phan tich do rung phai dam bao
chinh x&c va chat lugng dir liéu thu thap phai c6 tinh lp lai va c6 mot su hiéu biét chi tiét
vé thiét ké cua may va dong luc van hanh dé giai thich mdt cach chinh xac cac dang hu
hong va céc triéu ching dién hinh.

hnx hong lign quan

cong hrong ; .
dén dong chay
. o . Edto b co zat
Hong déy da i i /
s 13ng & chi tigt may \

]:D:ﬂ
I I' | ‘
]:[ | ]l::ét: bac tnrot n;cﬁnb:éng

Beat Vibration

Cac trwong hop rung dong do nguyén nhan thiy lwe & khi dong luc hoc
% Rung dpng cao tai tin sé Blade Pass & Vane Pass

Biéu do dang phd tiéu biéu May bom
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BFF = # Blades x RFIv

2z BFF
BEFF

s

[ A Y AN

Fregqueney BPF = Blade or VW ane Pass Frequency

Blade Pass Frequency (BPF) = (sb canh ciia banh cong tc) x (s6 vong quay/phut). Day
1 tan s6 vbn co trong may bom, quat va may nén va thong thuong n6 khong gy ra van dé
gi. Tuy nhién, véi BPF bién d6 16n (va cac song hai) co thé duoc tao ra trong bom neu
khoang cach giita cac canh quay va ranh khuéch tan ¢b dinh khong giit bang nhau & tt ca
cac duong vong tron xung quanh. Hon nira, BPF (hodc song hati), doi khi trung voi voi mot
tan s6 tu nhién cua hé thong lam rung dong cao. BPF cao co thé duoc tao ra néu vong Wear
ring co xat trén truc hodc nu hu moi han céc ranh khuéch tan. Ngoai ra, BPF cao co thé do
hé thong dng bi uén cong dot ngdt, vat can trd' ma nhiéu loan dong chay, hodc néu roto may
bom hodc quat dugc dinh vi khong déng tdm voi vé may.

% Rung cao do dong chdy roi

Biéu d6 dang phé tiéu biéu

Fardom

BFF

Anplifide

Frequemncy

Dong chay roi thuong xay ra trong cac quat glo do su bién doi 4 ap sut hodc van toc clia
khong khi di qua quat hodc duong dng ket noi. Dleu nay lam gian doan dong chay gay ra
nhiéu loan, ltc d6 s& tao ra rung dong ngau nhién tan s thap, thudng trong khoang 20-2000

CPM.

¢ Rung cao do xam thuec
Biéu do dang phd tiéu biéu
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BEF Rardorn High Frequenesy Vibration

Anmiifude

A

Frequency 120K CPM

Hién twong xam thue (khi thyc) thuong tao ra ngiu nhién, ning lugng dai tan rong cao hon
ma d6i khi xép chong véi séng hai tan sé BPF. Binh thuong nguyén nhén 1a do ap luc hat
khong du (vi thiéu luu chat). Xam thuc c6 thé kha phé hoai cac bo phan trong bom. Dic biét
2 ¢6 thé x6i mon céc canh ciia banh cong tac. Khi xay ra xam thuc, ta thuong nghe am
thanh nhu c6 "so61" di qua bom.

Cic truomg hop do sy mit cin bang khoi lugng
% Sw mat cén bang liwc
Biéu do dang phd tiéu biéu Quan hé vé pha

O~

B

e

1x radial

Amplituds

Frequency

Sy mét can bang luc s& cung pha va on dinh. Bién do rung do sy mét can bang s& ting bang
binh phuong tdc d6 (néu rung tai tan s 3X thi bién do rung dong cao hon 9 1an). Bién do
rung tai tn s6 1x RPM luén ludn hién dién va thuong cao nhét trong biéu d6 dang phd. Co
thé duoc sira chita bang cach chi dat mot khéi nang can bing tai mot mit phang & trong tAm
cua Roto.

% Sw mit cén bing ngdu lwe (couple unbalance)

Biéu do dang pho tiéu biéu Quan hé vé pha
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1x racial

Frequency

O~ *”

Rung dong c6 su 1éch pha 180° trén cuing mot truc. Rung dong tan sé 1x ludn hién dién

thong thudng cao nhat trong biéu d6 phd. Bién do thay dbi voi binh phuong toc do gia ting.

£

C(')’thé rung cao theo ca hai phuong doc truc va hudng kinh. Khi hi¢u chinh doi hoi phai dat
khoi ning cin bang tai it nhat 2 mit phang. Luu Y rang nén duy tri su 1éch pha xap xi 180°
gitra goi trong va ngoai (theo ca hai phuwong do doc truc va hudng kinh).

Anplitude

s Sw mat can bang ¢ Rotor cong xon

Biéu do dang pho tiéu biéu

lx Axial & Fadial

Quan hé vé pha

o |
L

Fequency

E

Sy mét can bang ¢ Rotor cong xon gdy ra rung dong cao tai tan sé 1X & ca hai phuong
hudng kinh va doc truc. SO do doc truc ¢6 thé khong on dinh. Rotor cong x6n thuong co6 su
mat can bang luc va ngau lyc, vi vay can loai trir hai nguyén nhéan nay.

¢ Rotor bj léch tim

Amplifude

1x
Fan

Biéu do dang pho tiéu biéu

1x
Motor

Radial

Fregquency

Quan hé vé pha
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Sy léch tam xay ra khi tam quay 1¢ch khoi duong tdm hinh hoc cua mét puli, banh rang, gbi
do, phan rmg motor, v.v.... Rung dong 16n nhat tai tan sb 1X cua thanh phan 1éch tam theo
chiéu vudng goc véi hai dudng tam rotor. S0 sanh pha cua sé do theo phuong ngang va doc
truc thuong 1éch nhau 0°hodc 180°. Néu cb ging can bang dong lai cho mot rotor léch tim
s& giup giam rung dong theo 1 chidu nhung s& 1am gia ting d6 rung theo mot chiéu hudng
kinh (phu thudc vao lugng léch tam).

% Cong truc - Bent Shaft

Biéu do dang pho tiéu biéu Mbi quan hé vé pha

Svrial ﬂ

1x

[ =

Amplitude

Brequency

Van dé cong truc gy ra rung cao theo phuong doc truc voi luorng 1éch pha khoang 180° trén
Cung mot bo phén may. Rung cao thuong & tan s6 1X néu vi tri cong gan tm tryc, nhung
néu cong gan khop noi thi rung cao ¢ tan sb 2X. (Can than khi tinh toan d6i voi phuong cua
ctia cam bién do khi do doc truc néu dat nguoc chiéu dau do do).

Cic treong hop rung dong tin sé bién thién (Beat Vibration)
% Rung dong do cong hwong

Biéu d6 dang phé tiéu biéu
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Anmiifude
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Mot Tan s bién thién 1a két qua cua hai tin s gan nhau di vao va ra khoi sy déng bo
héa v&i nhau. Dai Pho théng thuong s& hién thi mot dinh ¢6 xung 1én va xubng. Khi
ban phéng to vao dinh nay (quang phé duéi), né thuc su cho thay hai dinh gan nhau.
Sy khéc biét & hai dinh ndy (F2 - F1) I tan s6 bién thién ma chinh né xuat hién trong
dai pho tan s6. Tan s6 bién thién khong thuong thay trong cac phép do ¢d mirc gidi
han tan s6 binh thudng vi nd von di tan sé thap. Thong thudng, gisi han tan sb tir
khoang 5-100 CPM.
Rung dong max s& cho két qua khi biéu d6 dang song ctia mot tan s6 (F1) trung pha
V6i tan s khac (F2). Rung dong min Xay ra khi séng ca hai tan sé léch pha 180 °.

% Rotor bi cha xat

Biéu d6 dang phé tiéu biéu

Amplifade

Quan hé vé pha

Dang "A’ Trutcated

Flattered
Waneform

5 A W A W A

b 04 B
I NNV AN
A= | E | =&
Nﬁﬁ
L]
Freguency

Rotor bi cha xat tao ra pho tan sé twong ty nhu 16ng co khi khi cac bd phan quay co
Xat vai cac bd phan tinh. Sy co xat ¢ thé tirng diém hodc ca vong quay. Thong thuong
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tao ra mot loat cac tan sd, thuong kich thich mdt hoac nhiéu tan s6 cong huong. Thong
thuong kich thich phan sé nguyén tan s6 hoa am dudi cua toc d6 quay (1/2, 1/3, 1/4,
1/5, .... 1/ n), thy thudc vao vi tri cta tan sd tu nhién rotor. Rotor bi cha xét c6 thé kich
thich nhiéu tan sb cao hon. N6 c6 thé rat nghiém trong va trong thoi gian ngin c6 thé
gay ra tiép xuc truc véi bé mit bac babit, nhung it nghiém trong hon khi truc co xat
Vv6i bo phan 1am kin, mot canh khuyé co thanh bon, hoic nip bao che khép ndi co véi
truc.

Rung ddng doi véi loai bac trugt (Sleeve Bearing)
Céac vin dé do mai mon hodc khe hé

Biéu d6 dang phé tiéu biéu

Anmplifigde
=
iz

Fregqueney

Sau giai doan bac trugt bi mon thuong cho thiy bang sy hién dién ctia toan bd diy tan sd song
hai theo tdc do quay (1én dén 10 hodc 20). Bac truot thuong cho phép bién d6 phuong ding
cao so véi phuong ngang. Khe hé bac trugt qua 16n cé thé gay ra su mat can bang nho va /
hoic sy 1éch tAm s& gy ra rung dong cao, rung s& thap hon néu khe hé ndm trong tiéu chuén.

Hién twong mang dau xody cugn khéng én dinh (Oil Whirl)
Biéu do dang phé tiéu biéu Shaft Diagram
{0.42 -0.4% x BPW

]

—

Amplifade

Fraquency

Hién tuong nay xdy ra ¢ tan s6 0.42 - 0.48 x RPM va thuong kha dit doi. Can luu y
néu bién d6 rung vuot qua 50% khe ho bac. Oil whirl la hién twong mang dau bi dao
dong do kich thich do sy van hanh nam ngoai diéu kién van hanh binh thuong (goc do
va ti s 1éch tam) gay ra ném dau day truc lan xoay trong 16 bac. Lyc khong on dinh
theo chiéu quay gay ra su xody cudn. Hién tuong nay von san khong 6n dinh mot khi
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n6 1am tang luc ly tim ma lam ting luc xody cudn. Khi d6 1am cho ddu mét di kha
nang nang truc hoac mét sy dn dinh khi tan s6 X04y cudn trung voi tan s6 tu nhién cla
rd to. Sy thay d6i do nhét hay ap suét va du ang luc bén ngoai cé thé anh hudng toi
van dé nay.

s Hién twong Oil Whip
Biéu do dang phé tiéu biéu

MGt biéu do cac dai pho rung dong cho thay Oil Whirl chuyén thanh Oil Whip khi toc
do6 truc dat hai lan toc do cong hudng.

Raotor Speed
orOd Wharl _
| ‘Ji il Whip _

Ivlass Irahalance 7

Amplitude

Critical Speed

Fraguenep

Oil Whip c6 thé xay ra khi mot may van hanh tai hoic trén tin s6 cong hudong 2X cia
ro to. Khi do, hién tugng xoay cudn sé chuyén sang hién tugng whip va cé thé gay ra
rng qua mirc va ném dau mat di kha nang nang do truc.

Cac hu hong ¢ banh rang
% Biéu dé pho binh ring binh thwong
Biéu do dang phé tiéu biéu

Fadial - 5 Crear GIWIF = Gear Ik sh Freg.
Loxial - Helieal Grear
i &]] Grear 5 pectnmm)

Anmlifude

sidebands

i | Al

Fraquarey

B’iéu d6 pho binh thudng cho thay hién dién tﬁq s6 rung 1x and 2x RPM, cling Vi tan
so Gear Mesh (GMF). GMF thuong s€ c6 tan so ddi bién ¢ xung quanh ng lien quan
to1 toc do tryuc lap banh rang.
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%+ Mai mon céc rang ciia banh ring
Biéu do dang phd tiéu biéu

G = # Teeth x FPIV
fh= Gear Matural Freg.

-
2 =] E
i =] = 3
fe L,

v

e h bl

Fraguency
s Tdi tac dong trén rang
Biéu do dang phd tiéu biéu

=

3

Amplitude

e ) il

Fraguancy

s Sw léch tam va do ro cia banh ring

Biéu do dang phd tiéu biéu

Arplifude

NN

Freguancy

s Cdp banh rang léch tim
Biéu do dang pho tiéu biéu
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Arplifude

[——=- 1=z Gear
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———— Ix GIF
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Frequensy

** Rdang bi nirt hay vé
Biéu do dang pho tiéu biéu

Time Waneform

Amphinae

1x GearEPIV

ﬂﬂﬂﬂﬁl

M= URPMof gear with cracked or broken tooth

Freguency

% CA&cC vdn dé dao dpng ciia ring
Biéu do dang pho tiéu biéu

THT = (GIVIF){ Ha )i Tgear) Tpinion)
=
=
&
=
=
| | g 2 =
& x &
T
Freguency

Hién twgng cong hwdéng
s Cong huwong
Biéu dd dang phé ti¢u biéu Quan hé vé pha
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Arnplitude

“nd Critical p

Cong huong xay ra khi mot tan sd luc trung voi tan s6 tu nhién ctia mot hé théng, va
ch thé gay ra sy khuéch dai bién d¢ ma c6 thé dan dén hu hong sém hodc pha huy dot
ngot. Bay co thé 1a tan s6 ty nhién cua 16 to nhung thuong co thé bat ngudn tir mot bé
may, nén mong, hop. s6 hodc tham chi day dai. Néu mét rotor & tai hodc gan véi tan sb
cong huong, no sé hau nhu khong the can bang do sy dich chuyen pha khi n6 di qua
téc d6 cong hudng (goc pha 90 ° & toc do cong hudng; goc pha gan 180 © khi nd di qua
khoi). Thuong doi hoi phai thay doi tan s6 ty nhién. Tan s6 ty nhién khong thay doi
v6i mot su thay doi vé toe do, didu nay s& giup tao diéu kién xac dinh cua ching.

< Mit dong tam truc
Sw léch goc
Biéu d6 dang phé tiéu biéu Quan hé vé pha
2 : O_
| Auxial J
X

Amplitude
3

Freguency

Sy 1éch goc chi tiét duoc biéu hién bdi sy rung dong cao theo phuwong hudng truc, 1éch
pha 180 ° ¢ hai vi tri do nhu hinh v€. Thong thuong s€ c6 d rung cao theo phuong
hudng truc ¢ ca 1x va 2x RPM. Tuy nhién, ciing ¢ luc bat thuong bién d6 cao hon
han tai tAn s6 1x, 2x hay 3x. Nhitng triéu chirng nay ciing c6 thé cho biét c6 van dé voi
khép ndi.

% Léch theo phwong song song Véi dwong chudn

Biéu do dang phd tiéu biéu Quan hé vé pha

i Lo
| =]

Freguency [ [

Anplifude
&

Léch theo phuong song song v6i dudng chuan co triéu ching rung dong twong tu nhu
sai léch goc, nhung la rung dong huéng kinh cao, léch pha 180° & 2 vi tri do nhu hinh
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trén. 2x thuong 16n hon 1x, nhung chiéu cao ciia né so véi 1x thuong dugc quyét dinh
boi loai khép ndi va két cAu. Khi c6 léch goc hoic léch hudng kinh tré nén khac
nghiét, nd co thé tao ra cac dinh bién d6 cao & cac séng hai nhiéu hon (4x - 8x) hoic
tham chi mot mot dai séng hai tan sé cao twong tu nhu tinh trang rung do 16ng co hoc.
Két cau khép nbi s& thuong anh hudng rat nhidu dén hinh dang cua biéu d6 phd khi
Iéch tdam nghiém trong.

% Vong bi khong thdng haing

Biéu d6 dang phé tiéu biéu Quan hé vé pha
—
8
2 PHASE
E Lavial
ﬁ lx
| 2:00
‘s‘ 3x 2 5 : Dﬂ \-\"_—"/
| 3 8:00
Freguency 4 11:00

Khi cac vong bi khdng thang hang s€ tao ra rung dong phuong hudng truc dang ké. S&
gay ra chuyén dong xoin vé6i khoang goc pha 180 ° Chuyen d6i tir trén xudng dudi
hoic hai bén duoc do theo huéng truc cia cung mot goi dd. Nhitng nd lyc can chinh
dong tam khép ndi hodc can bang rotor ciing khdng giam bét duoc van dé nay. Vong
bi phai dugc thao ra va lap rap lai chinh xAc.

Sw 16ng cac chi tiét co khi

s Swlong co hoc
Biéu d6 dang phé tiéu biéu Quan hé vé pha
Type ‘A’

lx radial

Amplitude

F¥equency

Type 'B’
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g X
. 3x X\
L >
Fraquency ff_:—f:
Type 'C’
" Fadial
E 2x E
g; lx - N :l:_\ ‘éif
| S 5x ﬂ Tx 8x Ox 10 b s
LA A R J\ !\ f\ J\ ) a s
Fraquency

Sy 10ng co khi cho thay qua biéu do phd loai A, B hoic C.

Loai'A' 1a do 16ng két cAu, su yéu ciia cac chdn may hay bé may hodc pham chat xau
Clia vira xi ming, 1ong bu 1ong giir & chan va bién dang cua khung may hay bé may
(térc 1a chan kénh). Phan tich pha c6 thé cho thiy léch pha khoang 180 ° giita cac Vi tri
do theo phuong ding trén chan may va bé may.

Loai 'B' thuong gay ra boi bu 1ong gbi d& 1ong, vét nirt trong co cAu khung hoic bé
goi.

Loai 'C' 1a binh thuong duoc gay ra boi ché do lap ghép khong phu gitra cac bd phan
khi d6 s& gy ra nhiéu song hai do dap Gmg khong tuyén tinh cta cac chi tiét long tao
ra cac luc dong hoc tir 16 to. Loai 'C' thuong duoc gy ra boi ho lung gbi bac dd, khe
hd qua 16n trong mot 6 bac truot hodc 6 ldn hodc long banh cong tac véi truc. Pha &
loai C thuong khong 6n dinh va rat khac nhau gitra cac lan do, dic biét néu thay doi vi
tri do trén truc Y 1an khoi dong ké tiép. Long co khi thuong c6 tinh dinh hudng cao va
c6 thé gay ra s6 do khac nhau ddng chii y néu ban so sanh cac s6 do ¢ cac lan thay d6i
gdc do 30 ° lan lugt theo hudng kinh vong tron xung quanh mét gbi d&. Ciing luu y
rang chung thuong s& gy séng hai bac 1¢ tai 1/2x rpm hozc 1/3 rpm (0,5 x, 1.5x, 2.5x,
V.V...)

Cic hw hong ¢ diy dai truyén dong
Day dai mon, |éng hodc khéng thing hang
Biéu do dang phd tiéu biéu
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Perpendicular to Belt tension

- o —
E E
£ E §
‘g Belt Frequency ¥ =
Harmories N mesil
h n h J\ h With Belts Pa:a]letl:u Belt tension
Fraguency

C4c tan s6 day dai 12 dudi RPM ciia dong co dién hodc may dan dong. Khi dai mon,
long hodc khong an khdp, no thudng gay ra 3-4 lan tan s6 day dai. Thong thudng tan
s6 dai 2x 1 dinh cao hon ca. Bién d6 thudng khong 6n dinh, d6i khi tao xung véi tbe
d6 quay ctia may din dong hoic may duoc dan dong. Dbi Voi dai dan dong truc cam,
su mai mon hodc puli khdng thang hang, bién do & cao tai tin so dai.

Puli hodc day dai khong thing hang
Biéu do dang phé tiéu biéu

g {( I y
%

Cff5et  Pidgeon Toe

Anmlituck

Fraquancy

Sy khong thang hang caa hai puli tao do rung cao tai 1x RPM, rung chu yéu theo chiéu
huéng truc. Ty 16 bién d6 ciia may dan dong toi may duoc dan phu thude vao noi liy
dir liéu cling nhu su lién hé gitta khdi lugng va do cing bé may. Thong thuong voi
puli khdng thang hang, rung dong theo phuong doc truc s& cao nhat.

Puli Iéch tim
Biéu do dang phd tiéu biéu
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1x FPMIof Eoce rdnc
Sheae

Anmlifude

Fraquency

Puli 1éch tim hodc khdng can bang gay ra rung dong cao tai 1x RPM. Bién dd rung
binh thudng cao nhat ngay tai vi tri dai, va ca vi tri gbi d& phia dan va khong dan
dong. C6 thé can bang puli léch tim bang cach gin 1 con long dén 1én bu long khoa
ren. Tuy nhién, ngay ca khi d4 can bang, 1éch tim cua puli van s& gay ra rung dong va
gay tng suat pha hay maéi cho dai.

Hién twong cong hwong day dai
Biéu do dang phd tiéu biéu

d______hx
1x REM — =
Belt Besomarce @@
.
]

Frequency

Radial

Anmplifide

Cong hudng day dai co thé gay ra bién do cao néu tan sé ddy dai ty nhién nén xay ra
gan véi hodc trung voi toe d6 dong co dién hodc may dan dong. Tan sb tu nhién day
dai c6 thé thay doi dugc bang cach thay doi sirc cang dai hodc c6 chiéu dai dai. C6 thé
phat hién strc cang qua murc va xa bot trong lac do tng luc trén puli hoac vong bi.

Hu héng vé dién
% Stator léch tam, 13i thép stato bi Iéng hodc bi ngin mach

Biéu do dang phd tiéu biéu
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Radial Fr =Line Frequency (3000 CPN)
{(for 50 Hz line freo)
2F

Anmlifude

1x

E=- 2x

Frequercy

Céc hu hong cua Stator tao ra rung dong cao tan sb 2x tan sé ludi (2F,). Stator léch
tam s& 1am khe ho khong khi khong ddng déu rotor va Stator ma tao ra rung dong dinh
huéng. Khe hd khdng khi chénh léch khong dugc vuot qua 5% ddi véi dong co cam
g va 10% cho cac dong co dong bd. Chan bé may kénh va bién dang c6 thé gay ra
Stator khong dong tam. CAc 14 thép Stator ngin mach gay khdng déng déu, gia nhiét
cuc bo cd thé phat trién theo thoi gian hoat dong.

% Khe hé khong khi khéng dong tam
Biéu do dang phd tiéu biéu

Fp. = Electrical Line Frouency Radial
Nz =Smch Speed = 20FF '§
F =SlpFeeq, = Ny - RPM £ 2
Fp = Pole Pass Freq. =F*F ‘g y
P =Nurther of Poles T Fr Sidebands aromd 2F;
i A
Freguency

Rotor léch tdm tao ra mot khe ho khong khi gitra rotor va Stator bién thién s& tao ra
xung rung dong (thong thuong gitra (2F|_) va gan véi toc d6 hai hoa). Rotor léch tam
tao ra (2F,) bao quanh boi cac tan sd cuc Pole Pass frequency (Fp) cling nhu tan sb
bién Fp sidebands khoang tdc d6 chay Fp xuit hién ban thin & tan sb thip (Pole Pass
frequency = Tan sd truot x # Poles). C4c gia tri pho bién cua Fp dao dong tir khoang
20-120 CPM (0,30-2,0 Hz)

** Rotor hw hong
Biéu do dang phd tiéu biéu
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Radial FpSidebands aronnd 1z, 2x, 3x
] ]
™ &
£
£ I &
il Al\n AL
Frequency
Radial &, Sidebands awund REFP
= REFF
3| RBFP = Rotor Bar Pass
g.* Frequency=# Bas x BPI
Ilagre tic Field T
Frequancy

Thanh dan rotor bi nirt v& hodc vong bi ngin mach, két ndi khong t6t gitta cac thanh
dan va cac la thep, hoac cac la thép ky thuat cua rotor bi ngdn mach s€ tao ra rung_
dong tai tAn sd 1x voi dai tan sb bién 1 tan s cuc (FP). Ngoai ra, nit cac thanh dan
rotor thuong sé tao ra Fp sidebands xung quanh, cac song hai tan sb 3X, 4X va 5X.
Long thanh dan rotor khi xuat hién tan sb 2x tan s6 ludi (2F,) xung quanh tan sé thanh
dan rotor (Rotor Bar Pass Frequency RBPF) hoic cac song hai caa né (RBPF = S
lugng cac thanh din x RPM). Thong thuong s& gay ra mirc do cao tai 2x RBPF voi
bién d¢ nho ¢ 1x RBPF.

Céac vin dé vé pha
Biéu do dang phé tiéu biéu

Fadial
2R 143 Fy, Sidebards aroimd 2F,

LI

Freguancy

Arplifude

Hu hong vé pha do mét két ndi dut hoic bi hong c6 thé gdy ra rung dong qua muc &
tan sb ludi 2x (2F,) s& c6 tan s bién xung quanh né & 1/3 tan sb ludi (1/3 FL). Muc
rung dong tai (2F,) c6 thé vuot qua 25 mm / s (1in /s). Diéu nay s& gy ra hu hong néu
151 két ndi chi thinh thoang xay ra va khong dinh ky.

Déng co dign dong bj
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Biéu do dang phd tiéu biéu

g Coil Pass Freg.
y
=
1 2% /\ LIx BFL Sidebands
Fraguancy

Long cudn day Stator trong dong co ddng bo s& tao ra rung dong kha cao tai tin sé
Coil Pass (CPF) bang s Iuong cac cudn déy Stator x RPM (# cudn day Stator = s6 cuc
X # cudn day/ sb cuc). Tan s6 CPF sé& duoc bao quanh bai dai tan sb bién 1x RPM.

Cdc hw héng ciia dong co dién mét chiéu
Biéu do dang phd tiéu biéu

6F;, = SCR. Firing Frecuency

Anplifade

Fraquarey

Hu hong ¢ dong co DC co thé duoc phat hién khi bién d0 rung cao dong cao hon bién
d6 binh thuong nhu Tan s6 chay cta bo chinh luu ban da~1n SCR (Silicon Controlled
Rectifiers) (6F() va song hai. Nhiing hu hong nay bao gom cac cufn day tu truong bi
hong, SCR hu va két noi long Iéo. Cac van dé khac bao gdom ca cau chi long hay bi nd
va card diéu khién bi ngin mach cd thé gay ra bién d6 dinh cao ¢ 1x dén 5x tan s ludi
tur (3.600 - 18.000 CPM).
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PHU LUC 1:

KET HQP PHAN TiCH RUNG PONG VA PHAN TiCH DAU TRONG

CHUONG TRINH BAO TRIi DUA TREN TINH TRANG THIET BI
Lau nay nguoi ta dd nhan ra rang, bao tri dya trén tinh trang thiét bi (condition-based
maitenance) la phuong phap mang lai hiéu qua nhat, nhat 13 hiéu qua vé chi phi, trong
viéc tdi da tudi tho cua cac - may cong nghiép. Phan tich rung dong va phan tich manh
vun kim loai do mai mon 1an trong dau boi tron 12 hai thanh phan chi yéu cua bat ci
chuong trinh theo ddi tinh trang thiét bi thanh céng va ¢ thé duoc sir dung nhu 1a
cdng cu bao tri du doan va bao tri tién phong dé xac dinh sy mai mon va chan doan
cac hu hong xay ra bén trong may. Khi cac k¥ thuat nay duoc tién hanh doc 1ap thi chi
mot phan trong cac 15i hu hong ctia may duoc chan doan. Tuy nhién cac kinh nghiém
thuc té da chi ra rang sy két hop cua hai ki thuat nay lai trong mot chuong trinh theo
ddi tinh trang thiét bi s& cung cap cac lugng thong tin 16n hon va dang tin cdy hon,
mang lai 1oi ich dang ké vé kinh té cho san xuét cong nghiép.
Phan tich rung dong néi riéng dang ngay cang try thanh pho bién nhu 1a mot quy trinh
bao tri du doan va nhu 1a mot cong cu hd tro ra cac quyét dinh bao tri may. Nhu 13 mot
quy tic chung, may khi hu hong s& c6 cac dang canh bao ma cho thay bo1 mot mac
rung dong ting cao. Bang viéc do va phan tich rung dong may, c6 thé xac dinh duoc
cach thirc va muc d6 hu hong va tir d6 ¢ thé du doan cac hu hong ciia may. Tin hiéu
rung dong tong overall tir mot may duoc tong hop tir nhiéu thanh phan va két ciu may
dugc két ndi v6i nhau. Tuy nhién cac hu hong may tao ra dic tinh rung dong & chc tan
s6 khac nhau ma c6 lién hé dén cac tinh trang hur hong xac dinh. Bing viéc phan tich
biéu dd dang phd spectrum va biéu dd quan hé cia tan so theo thoi gian va st dung cac
k¥ thudt xur 1y tin hiéu thi c6 thé xac dinh duoc céc tan sb khi hu hong va tan sb tu
nhién hay tan sb riéng cta cc thanh phan két ciu may khac nhau.

_Thu thap dix heu rung dong may

Biéu d6 rung dong dang pho spectrum va dang song waveform hitu ich trong chin
doan hu hong may
So voi phan tich rung dong, phan tich dau va hat ban c6 nhung thuan loi dang ké khi
ma no cung Cap truc tlep va som cac thong tin vé cac kiéu mai mon va tinh trang cua
may. Trén thyc té, nhiéu trudong hop di chimg minh phan tich dau 1a mot cong cu hang
dau cho biét tinh trang mai mon bén trong may. Ngoai ra phan tich dau c6 thuan lgi
trong viéc theo ddi tinh trang clia cac may toc do thap (dudi 5 vong/phit), ma thudng
cho kho hoic khong thé ap dung ky thuat phan tich rung dong. Tuy nhién, k¥ thuat
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phan tich manh vun kim loai do mai mon trong dau khong thé hoan toan hiéu qua
trong tat ca cac kiéu hu hong ctia cac co cau co khi. Chinh vi Iy do d6 ma ca hai k¥
thuat phén tich dau va phan tich rung dong déu can thiét va 1a thanh phan sdng con cta
mot chuong trinh bao tri hi¢u qua.

Ca hai k¥ thuat phan tich hat vun kim loai trong chit bdi tron va phan tich rung dong
duoc to hop voi nhau lién quan dén cc yéu cau phan tich ctia ching va doi hoi cia
nguoi cd chuyén mon va kinh nghiém. Céc chuyén gia trong hai linh vuc phan tich nay
thudng tach biét thanh hai mang. Do d6 sy két hop hiéu qua cia hai k¥ thuat theo ddi
tinh trang c6 thé 1a thach thirc trong moi truong lam viée, dac biét 1a trong nghanh
cong nghiép nhu khoan tham do ngoai bién, khai thac mé va cac nghanh khac Trong
nhitng nim gan day, cac nghién ciru hudng t61 myc tiéu nay da dang duoc tién hanh
nhung két qua con rat han ché. Tuy nhién, nhing thudn loi cua sy cai tién cong nghé,
bao gom k¥ thuat phan tich may tinh tién bo va tri tu¢ nhan tao da tao ra su lac quan vé
trién vong cua vuot qua kho khian dé phat trién mot phuong phap théng nhat méi trong
theo ddi tinh trang may.
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o ., . PHULUC2: PR
PHAN MEM QUAN LY GIAM SAT MAY SYSTEM1- GIAI PHAP QUAN LY
TINH TRANG MAY QUAY

System 1 - Giai phap cho quan 1y giam sat cho cac loai may quay trong yéu trong mot
nha may: turbine, may phat, may nén, bom cp nudc 16 hoi, bom nudc lam mat, v.v.

H¢ théng giam sat lién tuc va bao vé thiét bi ctia Bently Nevada dé dugc cai dat va st
dung nhiéu nhat trén thé gi01, giai phap giam sat va bao vé t6i wu cua Bently Nevada
d4 tré thanh mot phan thiét yéu cta chién luge quan 1y tai san 1a cac thiét bi quay quan
trong trong cac nha may dién, dau khi, hoa dau, gian khoan... nhu turbine, bom cép
nuéc 10 hoi, bom cap nudc 1am mét...

Bently Nevada d4 mo dau trong mot nganh cong nghiép con mai mé bang thiét bi
giam sét va bao vé thiét bi truc tuyén voi san pham duoc gidi thidu dau tién 1a may
tham do vao nhu’ng nam dau thap ky 60. Tir d6, Bently Nevada da tr¢ thanh nha tién
phong trong cac nganh céng nghiép vdi viéc mé rong san xuit nhitng cong Cu cong
ng hé cao, phan mém va cac dich vu khac nhim cung cip cac thong tin vé thiét bj va
cac tai san khac dé dam bao nha may hoat dong lién tuc va hiéu qua.

C6 thé néi rang Bently Nevada khong c6 ddi thil canh tranh vé chat luong va ludn
duoc coi 1a hang dan dau khong chi & s6 luwgng hé thong bao vé thiét bi da duoc thiét
lap trén toan thé gidi ma con trong tit ca cac san pham va dich vu khac. Nhiing giai
phap cua Bently Nevada luon dem lai su an toan, hiéu qua, cac thiét bi dang tin cay, va
hon thé Bently Nevada luén 1am hai 16ng khach hang voi nhitng loi ich kinh té ma ho
mong muén.

La mot thanh vién cua tdp doan GE Power Systems, Bently Nevada dang nang cao
chat luong phuc vu véi viée thuc hién theo cac phuong phap va cong cu "Six sigma"
cua GE.

Bently Nevada 3500 series- Hé thong giam sat biao vé may
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Bently Nevada 3500 series - L& hé thong giam sat bao vé cho cac may quay (1a hé
thdng phan cimg). Hé théng bao vé 3500 - Hién dang chiém thi phan khoang hon 85%
trén toan thé gisi va khoang 98% tai thi trudng Viét Nam trong hai nganh cong nghiép
dién va dau khi.

CAac may quay trong yéu nhit trong nha may nhu may nén khi, tudc bin, may phat
dién... bat budc phai dung h¢ thong bao vé vi cac may nay khi co su ¢d s& anh huong
nghiém trong nhat tGi hoat dong ctia nha may. Thong qua h¢ thong dau do do rung gin
trén cac may quay dé do day du cac thong sé quan trong nhat nhu: do khoang cach, do
gia tc, do ap xuét, d6 do nhot,..thi 'thoéng tin chuyen vé h¢ thong bao vé 3500 dé giam
sét tinh trang may dat duoc d6 chuan xac cao nhat. Cac thong sé dugc cai dit ban dau
chi ra rang khi ndo may quay rung cao hodc vuot qua mirc cho phép dé hé théng dua
ra cac canh bao hay thong qua Hé Théng Diéu Khién Phan Tan -DCS ciia nha may dé
thuc hién Iénh dirng may.
Lich sir cia hang Bently Nevada

Bently Nevada 13 mét tén dai to hop cta cac dich vu va do luong theo dbi tinh trang,
dic biét 12 hau hét cac Sensors, hé théng, cac dich vu chan doan va giam sat rung dong
cac may moc thiét bi . Cac dich vu chu yéu 13 danh cho viéc danh gia cac tinh trang co
khi cua cac cac thlet bi may moc duge thudng thdy trong cac nganh cong nghiép nhu:
dau khi & san xuét, ché bién hydrocarbon, may phat dién, bot gidy & gidy, nude va xir
ly nude thai, khai khoang.

Bently Nevada da dugc moét tap doan tu nhan Hoa Ky thanh 1ap va hoat dong tur gitra
1961 dén 2002, 1a thoi gian ma ho di tién phong trong san xut cam bién khong tiép
xuc (hay cam bién tiém can) bang nguyén ly dong dién xoay (cam tng dién), mot cam
bién ma tao nén cudc cach mang hoa trong viéc cho phép do rung dong & toc d6 cao &
may tudcbin bang cach cho phép cac giam sat truc tiép su quay cuia ro-to. Cong ty con
thyce hién nghién ctru dang ké trong linh vyc dong luc roto (rotordynamics), nghién
clru sau vé cac 16i hu hong & may méc thiét bi nhu nit truc va sy khong 6n dinh dong
chat 1ong. Cac nghién ciru ciing gitp 1am hiéu chinh cac phuong trinh duoc sir dung dé
mo ta cac hanh thai rung dong trong hé thdng rotordynamic .
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Cong ty dugc mua lai boi GE Energy vao thang hai nam 2002, va tiép tuc thiét ké, san
Xudt, va tiép thi cac san pham va dich vu ma van st dung tén Bently Nevada.
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PHU LUC 3: THIET BI PHAN TiCH TINH TRANG MAY CSI 2130 CUA
EMERSON

Céac phong quan 1y bao tri ngay nay doi hoi phai it nhan vién va ngan sach it hon so
Véi trude day. Véi didu kién it  nguoi ma phai giai quyet cong viéc nhiéu hon, cac nhan
vién bao tri khong thé ¢ su ¢ ging lién tuc dé duot dudi theo cac hu hong lién tiép.
Ho can phai x4c dinh nhanh chong va chinh xac cac 16i hu hong dé tim ra cac nguyén
nhan gbc ré gy ra hu hong may.
M0t giai phap cong nghé hiéu qua phai s dung don gian, giam thoi gian dao tao va
cung Cap cac thong tin nhanh dé uu tién cac hoat dong bao dudng. Emerson da phat
trién thiét bi phan tich strc khoe ctia may CIS 2130 dap tng yéu cau nay.

The CSI 2130 ngoai viéc thu thap dir liéu ma con c6 kha nang sau:

o Phan tich rung dong nang cao -Advanced Vibration Analysis
« Phan tich kénh chéo - Cross-Channel Analysis

o Phan tich dix liéu tire thoi - Transient Analysis

« Can bang dong - Dynamic Balancing

o Can tam laser

o Theo ddi méto

:_:_: ' .'..

Anh: man hinh giao dién caa CSI 2130 ctia Emerson
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