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Control vibration of imbalance Jeffcott rotor by magnetic absorber
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ARTICLE INFORMATION ABSTRACT

Unbalance mass and imperfect bearings are the main sources of vibration in rotor dynamics systems.
One way to decrease and control a rotor vibration is the use of magnetic absorbers. The magnetic
absorber is used to control the position of the rotor and reduce its vibration. In this study, by applying
the dynamic absorber system force and creating two new natural frequencies, the magnetic absorber
Ke ; brings the system out of the resonance. Moreover, in order to decrease the vibration amplitude, two
ywords: . . . . . .
Rotor different types of dynamics absorbers are designed in which they are checked by the magnetic absorber
Vibration Control in a specific range of rotational frequency. In magnetic absorber controller system, the continuous force
Magnetic Absorber which is applied to the main system by mass absorber is restored in sixteen levels discontinuously. It is
Dynamic Absorber seen that the vibration amplitude is reduced 13% in the area of natural frequency in comparison to the
Discontinuous Force . . . . . . . N
magnetic absorber with discontinuous force. In this paper, two different mass ratios are considered for
each one of the two absorber systems. It is observed that in the case of dynamic absorbers with higher
mass ratio, rotor vibration amplitude and the maximum force amplitude of the dynamic absorber system
decrease. This issue can increase the accuracy of magnetic absorber system in the renewal of the
dynamic absorber system force and reduce consumed electrical energy of the control system as well.

Original Research Paper
Received 01 July 2016

Accepted 04 August 2016
Auvailable Online 28 August 2016

g o ool 1] awslo o it o sl b purbliio Bolas
559, Lol JynS 4 Jld peeblite GBUL 51 sslinal b o)l San
S1L[2] sssls p wcsls 8 laolFass SG o Sl con oS dycbllaal
Sl JAS 4 85 se LS g, oslinal b o fSen 5 o o2
L Oer 5 (Sadilyy oo sl 3] auisloy Jlb (5y970 ounbline
U cbliin QBBL g olyan 4 YU by ygis) sibados
oy slp Wiz 3h; Jae S e 5 Sigw o5 [4] aislsy

Please cite this article using:

Ao -1
JrSs Geled pitenw )3 0008 jebar publise Glaodlr o)yl
g g el dad lse mlio )0 5 Jigh e 48,5 |54 Lo g5y, olilss)|
abozr 5108 o Wyl cogee G2 Vb e pus (sl 55909 2SN g Lo )95 5
Jeé sblse sla UL wlils )l Jus Ls“‘f'laL“"" LYo
lilas )| J5uS 4 sl 5l ool b Jlslys (e 595l 4 b oS arbl g
s Lo 5 b & oKan 5 o Wzl s clacid

s lod ooliw! 3 &yl 5l dlie ol @ gl gl gl

H. R. Heidari, B. Monjezi, Control vibration of imbalance Jeffcott rotor by magnetic absorber, Modares Mechanical Engineering, Vol. 16, No. 8, pp. 261-268, 2016 (in Persian)



SIzie pliyg 9 5o LS) Suen

oublide 3l langs VLG olKan g3y bbbl )l Jyiis

Magnetic X
Absorber
iy O
leu ]
w\ . j .
y
< L

Fig. 1 Jeffcott rotor with imbalance disk and magnetic absorber
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Fig. 4 Frequency response of the rotor with first and second type of the
dynamic absorbers

£90 9 Jol 58 (Seeliad Slacdler ol jom 4y ¢ 5ig) (olS 6 sl 4 S50

1) ps0 &5 ilr s sloyially gy polie (14) 5 (13) w¥oles
1
Bopt = -4 (13)
3u
= [—— 14
Sopt 8(1—0.5) a4

Qi bhwy Swlsd Dl il 5 Silwdnd -4
bbbz
Slre 9 7285 02 S Rl (eeblise G w230 o0l 5
e £95 b cliie enblias 555 anule jolaie 4 luul ol
5 (15) Lly, 5l (Sealus Sil>
Sl el Sjle SOl (g5 dolre Jgl g5 (Salins Ol

s 81y el o0 oozl (16)

Cx,opt(xz — X))+ kx,opt(xz —x1) = —My ¥y = faps (15)
P9 65; u’_i..ct.u) s_;.)L> [VeWeow d‘l).: 9
kx,opt(xz - xl) = _mxjéz xoptxz fabs (16)

Syder Jlosl jg89) 4 D3l py Sy 5l s Ls’ﬁ)'-; anls S JSa
el o o0ls Las B g A e 90 5l

e 93 0 53958 Al e ey Sl S SO (slalogel 4 axsi b
delno (17) doles 5l oolinnl b g, aly lade g sl salys cavas B g A
KGR PES

_ fmax
fi="% (17)

Sunlns L3l (595 (ke g Cate atels (18) Wolro 5l eslizal b

b cwnlie (59, ‘fO (59 QT FREUIRWIRY PESp S Wi ‘Ch“' 16 5
Qb e omeblie Gl 0utsS S i Iy bl b2

fisn :fo (2n 21)fs n=1.78 (18)

owablie U3l g @S> GYoleo-1-4
03 3 (5505 el 00 03l Lt eboliie S35l lei B UK o

159y S Cuxse g b )'l Soxe Ql’)’ S b oS 55, &

263

Y
b
L
M 1 wt
<
X2 S K,
C k, 1
K
'AVA X
my _M_E X
Il:|::>|ﬁ_0
»
Cy !
ky, & Cy
my —T V2

Fig. 2 Top view of the rotor with the first type absorber system
Jol £ ©3la w0l yon 4 555, SVb (sles 2 SO

~

X2

my

my

Fig. 3 Top view of the rotor with the second type absorber system
P30 £95 3lx imcms ol o2 4 5555, SV (sles 3 S

> s 2 (Sl Oglite g0y S 93 Lipgd 5 Sl £ (Sesls
Loy Conlon ools (LaS )59 laugly Sy 5l Jine 5 Sz 2 D j90 @
SRl L ss,s slausly s 1S se 5l 255 (595 anals (o5l Jiue
)‘AE.A a5 el 00l ools u.oblf 6)9'!’ UM.:YLL: e )L\ji.o ‘6““3‘) rgow
59 Cowl 0ad ools las 4 JSs j0 a5 jekailen cailey (Bb il 5,0 aisls
08 a8 3 Gsly (51, (B'-B"-B”) 4 (A-A"-A") je
e 3 d8bioe 293 9 Jol £ 3l i Sl (oS 5 e 2 85 e
P s A aE il B 4 5595 0lygd B sy Game 3 A
155 S5t s gl 25 il & g0 £ il Sl blits
o B b 53 4 5555, ()99 (a5 B sy a0 4 B e

Sl 3l s (slo el ag polie (12) 5 (11) =¥slae
£95 Iz i (6l eine] Caway ol alals 9o g 5l eolinwl b aSTl)
7] 5 e ol s

1

Bort =157, o (11)
3p

on ™ J8+0) 2

8 oplaib 16 0555 1395 T o Sile Lusico



SIzie pliyg 9 5o LS) Suen

oublide 3l langs VLG olKan g3y bbbl )l Jyiis

Amplitude Voltage(V)

Signal From
Controller

on=0.25
/§/R < Visn  Vn
t
N off= oo Voltage

Regolator

Fig.7 The equivalent circuit of activate path for coil of the absorber
comabline L3l (slaga mes (§3lo b yrae b Jolra jlae 7 S

b lo @Ol 00l J 508 it (55 Lwdaits -2-4
LS pblie 3l oS 5155 pimes 5y i aiels 8 US40
Gy LS g5 oSl bli ;0 By g A e 90 .l 0al o0lo
Sy merSle aSul 4 azgi bos Wil e 4 e Alpear b 2l
SYslee 4 4255 b oplply wdlioe srae 2 G955 peaSle b conlite
CoheS Gl el By e 55 ooy SLe (092 5eS () (18) 5 (17)
D> oaiS SRS pirn bawgd e (nl 95 9 Wy el
a5 050 o0 0daline prws 50 pl dslie b pizren ol dlys  cwnblise
Sl Sl 5o 0alS RS s gl Cull Wbl Sy SO 50
i (Brae (S GlE Gl e Sand b (Selis s>
il S8 (sl Sl B (s )

AVpeai 03105 2 By ps 4 Conas piws ol 515 B e 5o
3 A s b o b plp Bo e ol 0 g ool 0 00ls alS
5ol Gloll b By s )0 i bl 5Ly &8l o ol w3
ortyS by el 45« ol la (5505 a8 45 a0 o0l
ol nl a4y by wiler (BL a4l o el el 5y
9 B1 e & s s (pl 3 00 S g (S pas Ol Ly

20

" Nhpeak Path A |
... Path Bl

16} Wpeak PathB2 1

0 0.5

1
(w/wy)
Fig.8 Voltage amplitude of the Magnetic absorber controller for A, B,
and B, paths

9B1 g A Gl ys 10 cupbline C3l 00iiS 5 pinn 5Lds aalo 8 JSC&
B,

8 oplaib 16 0555 1395 (T o) Sle uvsico

—Path A
—===PathB 7

£

[V

Force of Absorber(N)
) =

|
IS

i
N

-8 . \ .

0 0.5 1 1.5 2
(w/wy)

Fig. 5 Amplitude of The force exerted by the first and second absorber
to the rotor in A and B path

B s A s 59 39 585, 4 O3z gl Bib jlond 5l (5505 axels 5 S5

fabs(n) = f+sn - f—sn =

(io + icn)z (io - icn)z _
(e e ) L I
G = pyN?4, (20)

4 loazes (19) dslee (yog905 (giluo o 5y K5 285 i o L
[18] 4 valys cuysisl (21) Wolao )50

Ak, . 4k i2
fabs(n) = S—Z cosaiy,, — ? CoS a x4
0 0

=k iy — keoXy n==+1,..8 (21)
N P [ SVPUUICI PEE VP31 g P SSUUOS) P S POSI KV (L
ol of 6l 1) 5y s (22) Woles g ol oo ools (ylis ¢ gmbline
.«.\.;SSA
. . dicn
Vin = (lo + icn)(Re + Ryy) +Vp + LCW
n==1...8
Wolro ;o (18) Woles 3l oael Cawds (9,05 whaw 16 (5,35 L
dolas ;8 5Kl b g anlice Cawds i oS 1S slagl > (21)

55 ol oasiS J S 55 a6 (22)

(22)

Fig.6 Stator and rotor of the magnetic absorber [19]
[19] (ombline L3l 5555, 9 95kl 6 S

264



SIzie pliyg 9 5o LS) Suen

oublide 3l langs VLG olKan g3y bbbl )l Jyiis

95 b Jsl 98 (Seelnd @3l s 559, sl el )y polie 1 Joaz o
501 oz cond 93 L g £98 D3z e 5 0.5 5 0.1 oy s
el 5 0015 L5 g blie 3l 0SS e 5 0.28

JuSs 51 ool b o (Sealiys 03l g (il Cond o
Slroho adsl s 23 by ol 5l @S Gt b g alrlr gloguins
ghx 58 Byl 5l aS gy ((Seolins L3lr oz LS g e yus by
3 5 095 a1 350 o0 Jlosl Q3 2 oy alamd 2 0 Oy S5
2ol e g s Caxdge il oy L I 658 ISl alo e 50 b
e oy ol 5lesliinl b g 00,5 ailos (ilre &jgoty b ;o
Sy ol prcs prz 4 (Solins QI pes Sle 5 58 Sk
DS oo Jlosl H5ig; 4 (qubline QA s Lo 1) 050 00

e 4y OlSax o, ool atle aBil;l Jow 11 JSi 5o
s Gl 59 il 00l ooyl pnbblise Ll eaisS S pia
plml Qb )0 2013 g5i9cd aliyy by ¢ Soolind 3lr (g5luads
97 9 699,95 SO L o Wl 52 08,0 90 5l eslainl b aS el ouls
JAS s 53 a8, S olbul> o jguin S0 B, bLS)
oled a5 Sl sy (e b QW gy 5l eas
83953 5 axil e 095 3,05 oS 5 el (IPS-305-AV-18-N)
20 (sylop wiges (S B L ocan 12 s b Jluzms 4 ST Jawe
Silye car 16 L Jluzms (295 g5 5l pis (25,5 )5 5 ,mslS
OB5 B b e wiiles 558 5kS 20 gilueli B L
oolainl b g JUSow (53959 )5 plgie 4 o Saon FgalS o )8
441 o )s paiges i8S 15 b 1AB ass Gyl 0,15 sl l581s 5 5|
@ Foeels ol 3l ey 2 (6359 5y arsSlo 5 o 16 2o 5 5iymglS

00 J S s 5 (Seolnd Bl 589 s slo il )y polie 1 Jgaor

Table 1 Rotor system, dynamic absorber and magnetic absorber system
parameters

Slade o=l Sl
3.4218 N-S/m Cr(1u=01)
24.0252 N-S/m Cr(1u=05)
4.2694 N-S/m Cr(zu=01)
23.955 N-S/m Cr(2,u=028)

49 N F,

6.8085x10~° (wb-m)/(A-T) G
31484.28 N/m K,
2602.2 N/m Ky(1,u=0.1)
6996.5 N/m kx(l,p.:O.S)
3497.588 N/m Ky (2,u=0.1)
12427 N/m k. (2,u=0.28)
-17191.34 N/m kg

20.78 N/A k;
0.0068 H L¢

0.33 kg M

220 turn N

23 mm Tq
11 Q R¢
0.25 Q Rey
1 mm So

0.7 Y Vp

10.7 v Vbias,A

10.7 v Vbias,Bl

8.9 v Vbias,BZ
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Fig. 9 Discontinuous voltage of the magnetic absorber respect the
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Fig. 12 Comparison experimental results and simulation of the dynamic
absorber in two A and B paths
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Fig. 11 A view of the controller system for the Jeffcott rotor
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