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XU LY BAI TOAN MAT CAN BANG DONG
TRONG CAC HE TRUYEN DONG QUAY
TREN CO SO PHAN TICH RUNG bONG
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NOI DUNG BAI HOC

1. Téng quan
2. Nhan biet mat can bang qua phan tich rung déng

3. Khac phuc hién twong mat can bang
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MUC TIEU

Sau bai hoc nay, ngudi hoc co thé:

1. Hiéu ré cac dang mat can bang va nguyén nhan gay mat can bang trong hé
truyén déng quay.

2. Phan tich tin hiéu rung déng dé phat hién mat can bang.

3. Nam virng va co thé thuwc hién mot sb bién phap khac phuc hién twong méat

can bang.
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1. TONG QUAN

BAIHOC
BACH KHOA

Tai sao chi tiét quay can dwoc can bang?

Ky thuat
= Can bang chi tiét quay lam gidm toi
thiéu rung déng sinh ra do lwc ly tam.
— Chi tiét lam viéc on dinh.

= Gidm lwc tac ddng vao 6 bi, 6 truot, ...

Kinh té
Kéo dai tudi tho thiét bj, tiét kiém dién
nang tiéu thu do giam hao phi lwc can.
Ngan ngra cac sw cd hw hdng gay
mat an toan va thiét hai hang ty dong.
Chi phi thwc hién dé can bang thap
nhwng mang lai gia tri bao tri phong

ngwa vuot trol.

— Can bang chi tiét quay dong vai tré vo ciing quan trong

M'/A THACH THUC THOI GIAN




1. TONG QUAN E

Nguyén nhan gay ra hién twong mat can bang

= Phan bd vat liéu khdng déu trong chi tiét.
= Bién dang trong qua trinh lap dat.
= Bién dang do nhiét dd.

= Chi tiét bi mai mon hodc bi bam vat liéu khédng déu trong qua trinh 1am viéc.

HACH THUC THOI GIAN



1. TONG QUAN

BAIHOC
BACH KHOA

Lwc ly tdm sinh ra do mat can bang khoéi lwong

* m: khéi lwong gay ra mat can bang

M: khdi lwong rotor

C: vi tri trong tam

F: Lwc ly tAm sinh ra do mat can bang

e: khoang dich chuyén cla trong tam rotor

r: khodng cach tir tm quay téi khdi lvong

mat can bang
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1. TONG QUAN E

Cac dang mat can bang

= Mat can bang tinh (mat can bang mét mat phang)

m
YF

*  M: khoi lwong rotor * m: khoi lwong mat can bang tai ban kinh r

* r: ban kinh tai vi tri mat cdn bang  + F: Lwc ly tam do khdi lwong mat can bang m gay ra

° el Iuo’ng mat can bang don vi - C,: Trong tam cla rotor (Center of Gravity)
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1. TONG QUAN E

Cac dang mat can bang

= Mat can bang tinh (mat can bang mét mat phang)
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1. TONG QUAN

Cac dang mat can bang

= Mat can bang mdé men
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1. TONG QUAN E

Cac dang mat can bang
= Mat can bang dong

La sw két hop cé 2 dang mat can bang tinh va mat can bang mé men.

I, VICEM
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1. TONG QUAN

BAIHOC
BACH KHOA

Pon vi do lwong mat can bang
* Pon vi do thwdng dung: g.mm (hé mét), in.oz (hé inch)

* Tiéu chudn ap dung: 1ISO-1940, quy dinh vé lwvong mat
can bang cho phép dobi voi chi tiét quay tinh theo
g.mm/kg.

B 9549 x G
B n

res

* U_.: Lwong mat can bang cho phép (g.mm/kg)
« G: cap chinh xac cla can bang
* n: toc d6 lam viéc thwe té cha rotor (v/ph)

» VICEM

THACH THUC THOI GIAN
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1. TONG QUAN

BACH KHOA

Balance quality grades for various groups of representative rigid rotors (From ISO 1940/1)

Balance quality Magnitude
Machinery types: General examples grade eper - £2
G mm/s
Crankshaft drives for large slow marine diesel engines (piston speed below G 4000 4 000
9 m/s), inherently unbalanced
Crankshaft drives for large slow marine diesel engines (piston speed below G 1600 1600
9 m/s), inherently balanced
Crankshaft drives, inherently unbalanced, elastically mounted G 630 630
Crankshaft drives, inherently unbalanced, rigidly mounted G 250 250
Complete reciprocating engines for cars, trucks and locomotives G 100 100
Cars: wheels, wheel rims, wheel sets, drive shafts G 40 40
Crankshaft drives, inherently balanced, elastically mounted
Agricultural machinery G 16 16

Crankshaft drives, inherently balanced, rigidly mounted
Crushing machines
Drive shafts (cardan shafts, propeller shafts)
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1. TONG QUAN

BACH KHOA

Aircraft gas turbines G 6,3 6,3

Centrifuges (separators, decanters)

Electric motors and generators (of at least 80 mm shaft height), of maximum rated
speeds up to 950 r/min

Electric motors of shaft heights smaller than 80 mm

Fans

Gears

Machinery, general

Machine-tools

Paper machines

Process plant machines

Pumps

Turbo-chargers

Water turbines

Compressors G25 2,5

Computer drives

Electric motors and generators (of at least 80 mm shaft height), of maximum rated
speeds above 950 r/min

Gas turbines and steam turbines

Machine-tool drives

Textile machines

M THACH THUC THOI GIAN m




BAIHOC

1. TONG QUAN

BACH KHOA

Audio and video drives G 1 1
Grinding machine drives

Gyroscopes GO04 0,4
Spindles and drives of high-precision systems

NOTE 1 Typically completely assembled rotors are classified here. Depending on the particular application, the next higher or lower
grade may be used instead. For components, see Clause 9.

NOTE 2 All items are rotating if not otherwise mentioned (reciprocating) or self-evident (e.g. crankshaft drives).
NOTE 3 For limitations due to set-up conditions (balancing machine, tooling), see Notes 4 and 5 in 5.2.

NOTE 4 For some additional information on the chosen balance quality grade, see Figure 2. It contains generally used areas
(service speed and balance quality grade G), based on common experience.

NOTE 5 Crankshaft drives may include crankshaft, flywheel, clutch, vibration damper, rotating portion of connecting rod. Inherently
unbalanced crankshaft drives theoretically cannot be balanced; inherently balanced crankshaft drives theoretically can be balanced.

NOTE 6 For some machines, specific International Standards stating balance tolerances may exist (see Bibliography).
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2. NHAN BIET MAT CAN BANG QUA PHAN TiCH RUNG PONG

= Tin hiéu trén mién th&i gian

P thi co dang hinh sin

Eﬂ_

AL AA AN
AR

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]




2. NHAN BIET MAT CAN BANG QUA PHAN TiCH RUNG PONG

BAIHOC
BACH KHOA

= Tin hiéu trén mién tan so

Pho tan s6 cé thanh phan cao ndi trdi tai tan s6 quay (1X)

26 Nov 2018 21.11.55 SB H2 LGB X / Chl Y-Axis 11/26/2018 9:12:16 FM
Spectrum CH1 pm ppc Overall level; 83.9 ym ppc Spectrum RSS5: 83.9 pm ppc Speed: 603 RFM

100 T———
50 o
a0 - 1x = 10Hz
70
60
50
40
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20
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100
Fregquency (Hz)
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2. NHAN BIET MAT CAN BANG QUA PHAN TiCH RUNG PONG

Gdc léch pha gitra rung ddng theo phwong dirng va phwong ngang xap xi 90°.




3. KHAC PHUC HIEN TUQNG MAT CAN BANG

Phan bo lai khoi lwong trén vat quay nham lam giam toi da lwc ly tam.
= Can bang trén may chuyén dung.

= Can bang tai hién trudng.

IGVICEM o



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

May can bang chuyén dung
= May gbi & mém (Soft-bearing)

* Phai can bang véi tbc dd cao dé co
tan s6 quay lén hon tan s6 cong
hwéng riéng clia hé thong khung d&.

« Can nhiéu bwéc chay dé can bang
dat tiéu chuan do d6 khéng thich hop

cho san xuat hang loat.

IGVICEM




3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

May can bang chuyén dung
= Loai str dung gbi d& cirng (Hard-bearing)

* PO chinh xac cao

* Can bang véi toc do thap hon tan sb
cdng hwdng riéng cta hé thdng gbi d&.

« Dé sr dung va can chinh

* Kha nang ap dung réng rai, thich hop

cho san xuét loat lon.

HACH THUC THOI GIAN




3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwérng




3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang mét mat phang
* Phwong phap 4 1an chay

>——o0—o0————o—

~ lLanchay1:
Lay so liéu do rung ban dau V1

Vé vong tron co ban kinh V1



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang
* Phwong phap 4 1an chay

- Lanchay2: '
Lay sO liéu do rung V2 v&i khoi
lwong thte M, dat tai vi tri 0°

V1
Vé vong tron c6 ban kinh V2, _—
tam 1a diém 0° tai vong tron V1 v2

I VICEM B



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang
* Phwong phap 4 1an chay

- Lanchay3: ’
Lay so liéu d6 rung V2 voi khoi
lwong thtr M, dat tai vi tri 120°

V3

120° ——
N\ V& vong tron ¢é ban kinh V3,
tam 1a diém 120° tai vong tron V1

/ *./ Chu y: Géc tinh nguroc chiéu quay
va thao khoi lrong thoe M, tai 0° ¢ lan chay trudrc

IG.VICEM — -




3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang
* Phwong phap 4 1an chay

- Lanchay4: '
Lay sO liéu do rung V4 v&i Khoi
" lwong thi M, dat tai vi tri 240°

120 ——o

v Vé vong tron c6 ban kinh V4, tam
. la diém 240° tai vong tron V1

N

rio~— Chu y: Géc tinh nguoc chiéu quay va thao khoi
lirong ther M, tai 120 °¢ lan chay truéce

I VICEM B



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang
* Phwong phap 4 1an chay

Xac dinh trong tdm cua vung giao »
nhau gilra cac vong tron V2 V3 V4 TN
Khoi lwgng hiéu chinh Mc: w A\
Vi
MC — Ml’ — v4
i < 240°~~—_

Vi tri hiéu chinh: Toa d6 goc cua trong tam vung giao gitra cac vong tron V2 V3 V4

I VICEM 26



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang
* Phwong phap 4 1an chay

Xac dinh trong tdm cua vung giao »
nhau gilra cac vong tron V2 V3 V4 TN
Khoi lwgng hiéu chinh Mc: w A\
Vi
MC — Ml’ — v4
i < 240°~~—_

Vi tri hiéu chinh: Toa d6 goc cua trong tam vung giao gitra cac vong tron V2 V3 V4

¢, VICEM ,
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3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

Can bang tai hién trwéng
= Can bang mét mat phang

Biéu dién dao dong diéu hoa bang vector trén hé toa dé cuc

Trong tam
et 02l
Tam quay __=_._...----""i_
: : Lwe ly tdm dwoc biéu dién bang vector quay
THACH THUC THOI GIAN



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng
= Can bang mét mat phang

Biéu dién dao dong diéu hoa bang vector trén hé toa dé cuc

Rung dong
1.0 | 3
£ 00
£
—0.5 1
—1.0 A
0.;)0 &62 0.p4 0.;)6 0.p8 0.'1_0 0.i2 0.|14 0.']_6
Thai gjan (s)
180°
Bo dém vong
51— Goc pha 6 1
4 B
3 -
=
2 -
1 vong quay (360°
1 =
G -4
0‘60 0‘62 0.64 0‘66 0.68 D.EI.O 0‘1.I.2 G.ZII.4 0.;L6 270°
Thoi gian (s)
Vector Iwc ly tam trong hé toa d6 cuc Két hop tin hiéu ctia dau do pha (1 xung/vong)

W THACH THUC THOI GIAN m



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang mét mat phang

* Phwong phap véc to, 3 l1an chay

—O0——————o0————— o

Lan chay 1: .
Lay sO lieu do rung va goc pha 90° ’ﬁ/éa
ban dau, vector | \9%
A
—_
I
a
180° 0°

270°

IGVICEM %



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang mét mat phang

* Phwong phap véc to, 3 l1an chay

D — o W

- Lan chay 2:
Lay s6 lidu dé rung va goc pha vai khdi lwong thir Mt dat tai vi tri bat ky

90° 90° %
Mt 2
© N 7 %
c%z
a
1 800 0° ‘I 80° 00

270° 270°

IGVICEM o0



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

Can bang tai hién trwéng
= Can bang mét mat phang

* Phwong phap véc to, 3 l1an chay

——o————o——— O———

Lan chay 3:



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang mét mat phang

* Phwong phap véc to, 3 l1an chay

Tinh toan: v&i lwa chon gilr lai khoi 90° S, 90° Q”'@;
. . , , %
lwong thr Mt & bwoc trede m?p
[0+
Mc = Mt 9*D
2 o
T

270° 270°

I VICEM B



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

Can bang tai hién trwéng
= Can bang mét mat phang

* Phwong phap véc to, 3 l1an chay

Tinh toan: vai Iwa chon g& bd khoi )
> > V4 V4 ﬁ 9
lwong th Mt & budce trvde i > \?p
0X\| 0
g
o 180° e 0°  180°
Mc = Mt 2= <.--—<:",
— B ’
T ///'/0
k
270°

IGVICEM
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3. KHAC PHUC HIEN TUQNG MAT CAN BANG

Can bang tai hién trwéng
= Can bang hai mat phang
Péi twong ap dung

B
__t%_’_ _______________________ _;é;_ ___________________ ; /;' ........................................ =
C D
I I R ‘ ........................................... .{
o o %‘_ %
E F I
_.‘ ___________________________________________ \ ________ ‘ ................. .- .\.-._\ _________ . _{
_'f%'ﬂ_ 7’%’: U P




3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang hai mat phang

L
< > ,
A Ty lé L/D Tbc do lam viéc (vong/phut)
D _ L d1_ |- _ . ____ _ L. <05 > 1000
y >0,5 > 500

Can dwa vao goc léch pha gitra 2 gdi dé xac dinh chinh xac hon

IGVICEM 3



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

Can bang tai hién trwéng

= Can bang hai mat phang A B
Ex. 1 | A Ex 2 B

IR
TR-A
TR-B
CR

X
X
X
X

THACH THUC THOI GIAN




3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Can bang tai hién trwéng

= Can bang hai mat phang

Phwong phap ma tran [Kt
Chuyén dbi vector sang s6 phirc
S VA Z=XTI1
V(r,0) =x+1iy Y Y
X =1rcosb r

y=rsinf




3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

Can bang tai hién trwéng

= Can bang hai mat phang

Phwong phap ma tran

Trinh tw thwc hién:

* IR

* TR-A:

* TR-B:
*‘CW.:

*CR:

tinh chinh
G VICEM

Lan chay ban dau, khéng c6 dbi trong thir
Lan chay the 2, véi dbi trong thir tai mat A
Lan chay thi 3. v&i doi trong thir tai mat B
Tinh toan cac vij tri va khéi lwong hiéu chinh.

Lan chay th tw, chay kiém tra va tinh toan



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

Trinh tw tinh toan:

« Lan chay ban dau:

Xac dinh dwoc cac vector rung dong tai matAvaB: 0, va O,
« Khdi lwong thir tai mat A, gia st gan khdi lwong mtA tai géc 0°:

Vector khdi lwong thir tai A: m,,

Xac dinh dwoc cac vector rung dong tai matAvaB: VvV, va Vyy,

. Khbi lwong thir tai mat B,

Vector khdi lwong thir tai B: m,zgid st gan khéi lwong mtB tai goc 0°:

Xac dinh dwoc cac vector rung dong tai matAvaB: Vi va V,p

HACH THUC THOI GIAN



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Xac dinh ma tran hé s6 anh hwéng:

V&i can bang 2 méat phang, ma tran hé sé anh hwédng K co kich thwéc 2x2,
4 phan t&r déu la sb phurc:

s {Kn K12"
K21 KZZ
Trong do:
K, = V%O_{ Ko = V%Ol
K, = V%OZ K,, = Vﬁ—:z
IGVICEM



3. KHAC PHUC HIEN TUQNG MAT CAN BANG

BAIHOC
BACH KHOA

Tinh toan khoi lwong hiéu chinh:
Vector clia khoi lwong hiéu chinh tai matA:  CW,

Vector clia khdi lwong hiéu chinh tai matB:  CWj

Khdi lwong hiéu chinh dwoc tinh nhw sau:

_ [ > sw—1 —_—
[ch Z_{Ku K12‘ x[—oll
CWB K21 KZZ _02
Do do:
- K>92X01—K12X0
CW, = 22X01—-K12X0
K11XK22-K12XK21
— K11X09—K»>1X0
CWp = 11X02—-K21%X01

K11XK22—K12XK21

IGVICEM



3. KHAC PHYC HIEN TUONG MAT CAN BANG I

Vi du ap dung:
Can bang rotor ddng co 4 cwc, don vi do rung la mm/s RMS
= Lan chay th& nhat:
* 0O1=3.295 «£308.6°
 02=3477 «£331.9°
= Lan chay th& 2: doi trong thir dat tai mat A: 135g «<0°
 V1A=3.671 4£291.0°
 V2A=5.222 «307.3°
= Lan chay th& 3: dbi trong thr dat tai mat B: 250g «0°
V1B =4.417 «£328.6°
V2B =3.890 «342.4°
= Két qua:

I VICEM 4



TONG KET BAI HOC

1. Tam quan trong cda can bang chi tiét quay:
Can bang chi tiét quay mang y nghia ca kinh té va ky thuat.
2. Nguyén nhan va cac dang mat can bang:
Do phan bd vat liéu khdng déu trong chi tiét.
3. Phan loai cac dang mat can bang:
Mat can bang tinh, mat can bang mé men, mat can bang déng.
4. Cac phwong phap khac phuc hién twong mat can bang:

Can bang trén may chuyén dung, can bang tai hién trwdng.

I VICEM 4



TONG KET BAI HOC

'Y kién, cau hdi ?

I VICEM a5




THACH THUC THOI GIAN

XU LY BAI TOAN MAT CAN BANG DONG
TRONG CAC HE TRUYEN DONG QUAY
TREN CO SO PHAN TIiCH RUNG DONG

Bién soan: ThS. Nguyén Phuong Hung

Trinh bay: ThS. Nguyén Phwong Hung
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