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ABSTRACT

In this study, the effects of intentional mistuning on the performance of B-B friction dampers are
investigated in an inherently mistuned bladed disk assembly subjected to narrow band random
excitation. The intentional large mistuning and inherent small mistuning are modeled by the addi-
tional mass and perturbations in the stiffness of the blade, respectively. Notably, the performance of
B-B friction dampers improved owing to the intentional mistuning of the correlated excitations.
Based on a simple model of an intentionally and inherently mistuned bladed disk assembly, the ana-
lytical technique offers an efficient method to evaluate the effects of intentional mistuning and fric-
tion dampers.

NesdE—— AR AN R A el i i R B R e i
A . Bejol= AlxEle] Al B3t Y Z[ | ;}3 dAE F4
b D HE e A e AE el
& WA vk o] wig) £y D THE R e eAskE
c AzEl mEe] gl gy Fy D ()] A
Cr Wh=sls BB (band pass filter)] Jui e R e B R
R () AR Egomo] ek od
Cr D lEse dee] A T2 9 1 L el Y
C,. K, Cp K, : v qivle] A3} 9 K SR ESLURRIN RCI |
¢ N . I K : e dEo 24 PY

Corresponding Author ; Member, Korea University of Technology &

Education, Department of Mechanical Design Engineering, Assistant

Professor i Recommended by Editor Seung Hun Back

E-mail : dscha@koreatech.ac.kr (© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 33(3) : 313~325, 2023

313


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2023.33.3.313&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Douksoon Cha; The Performance of Friction Dampers on the Intentionally Mistuned Bladed Disk Assembly Subjected ...

k ] S GRS g

k, : Bdlo]|=9] AZH(coupling) 7343

kq o= Fe] A

k SR Bygo|=e] 44

k - Edlol=e] A

ok; s A Eelo]l=9] gl Wi
7373

M » AlEl o) ARk gy

my D T Fo] A%

m s Eeo]=e] A%

m, DA Brol=e] Hw

dm; c A Eelo]=e] 1A
n g A

n - Bglo)re 4

P : A o] o (correlation)
RE]

@ w(t)®] A=

R, w(t) 9] s ] (correlation)
R

R, £, (t) 2] ZHd o] H(correlation)
R

Ry z,° &% AHKvariance)

ui ) the] 2l B

w(t) : B2 S(white noise) 7H1E

Ty, c A AR Bejolzo) A w9

T AR T §-o] WS

Ty s bR JE7E a2 el A
- Eelol=e] Ao 7%

314

s EYlol= Al A HE
il g
DA Eolee] SH

- Kvariance)2]

o ¥ W}

o
AR BelolEe] S
H-2H(variance)d] ¥FHA}

: T FE o] J ¥
LLASS B = B RS

Trans. Korean Soc. Noise Vib. Eng., 33(3) : 313~325, 2023

.M E

ElRl Eeflol== 7k B 29 elA AR o
I

A Qlstel Apd Belo=e] wY S4o] A
3w AlE Apol7h wASEY, 1 A%E AEA

Belo]=e) Aol v A TAeh: A
sgo] bAsith oY@ @AFL 12 (mistuning)

'
Aol H=

o maRyes EeAa, AFoR
2 A7)9 vafgel 2 4Fs devia g
ol Aih= o¥ o] Fukrsl el AT o
Q6 7}¢(engine-order-excitation) 2] Z o]
ey B2 A9olA 9] 542
e 7= Alew deA Qlnta ),
el=o] WY 7HARI el A 191AQ m 2t
ke A7t RE A ot
npE A w Bylo]=e] MES Zo]7] 9Jste] @
qek EYol=g AR

dn o

Ha vk 2@ B-B vhE iR 4
S0l we} @e Folst Ak, 2|2
23 719 g 7HAQ1 AEjol A 9o
dlo] M (correlation)©] A& “FEAE=
tijellA B-B v 99 o] G ofF ofsfAl
o] ura Y.
o] oA e 540

A wedk e 199l
B-B " w39 des A
Atk ekshd QA v AR
WREeA e Edel=e] WUF

Sl AoR YEry] wjioltt 1efut Q19
2533 B-B wh 9HE F 5
= A9 7] BE Fuka gieelA

ro x{yh‘ﬂ = 9= 7/4\3

o
2,
o

oL

c

rlo

- 1o
)

lo

u

1
l

ol x

d

=
=

e
)
moL_\;
lorﬁ
o S

%
o

u

4 @

2 oo ox
ol
ol
Q

il
N
ER:
[e5
s
-
ol
25

f
(o
fil
rlr
)
fain
N

2L ol
N
=
rob

N

= 15,)1'
o
N
N

N

it
iu
Ku)
3L
=
o
>
3n |r
fols



Douksoon Cha; The Performance of Friction Dampers on the Intentionally Mistuned Bladed Disk Assembly Subjected ...

Y= 9jg o] Fopprt W WA S(white noise) 7}
Aol A= w9~ 27] wf o] G119 iy 7hzle] Fu)
T o] F& Ak s, oo Fakg
o] Wy Ideolde W= FE(band
pass filter)E AH&-3te] Al Eo]= of4]
Eelo] ®Ee Fig 10 veRt Sl oAl Bl
A shte] A e taad sgehs s Ak

Belol=g BASH: FA9 AgoR olFolA ¢
th o] mae Belol=o] AW F WA 7
BEE EAST Yok AAH 2FYT o]
Ao vzRge gy Belolme] BrhAel A
Aol Ao A7le] Mg Frkstel EAs W
A olEA Aol hstel Mshn 914
vl 2Fdel olg B-B uld @vlel A vl dat
o ARt

2. BEY U o4

iy
k,

A

c
m,

YW YW
k, ky

c
a_[:g n,
—
k, k, Ik, k, k.

Fig.1 Model of bladed disk assembly with friction
dampers

ERRE TS
my; =m, +dm; (1)

kt,i :kt+(skla (Z: 17 27

BAe 2 man.
9 A5 e Belolme] A Flese
W3 FRA Bgel e EAAYUT. 99
£ Beol=g] An Az sizickn A4s
ole). elw iR Selol= ojaEde £ W
21 2 (3)~(5)9F #ol YRt
mtzxm+cq.:m+ktz(zt7 wrz)+faz_fa,i—1 fi(t)

mrir,i +C‘ir,i + kt,i(zr,i - If7)+ k/‘r(zr,i - xd,i): 0
@

texg; Tkt k,,(azd,i - x,t)

+ke(2$d,i T L+ 71.(1.,7171): 0

MGl

®)

Aol 020 A A A
whd wsfel vl

oA7IM, fi(t) =
ot} Fig. 2% Helol=d 7fsiA =

A

picF, slip

£ E N
SR stuck ¥,

slip

Fig. 2 Hysteretic characteristic of friction damper

Trans. Korean Soc. Noise Vib. Eng., 33(3) : 313~325, 2023 | 315



Douksoon Cha; The Performance of Friction Dampers on the Intentionally Mistuned Bladed Disk Assembly Subjected ...

AP SN2 o

=]
2 (60)~ (10)7 el vERd 5

b | Oy, +25)— Ny, — )]
%) U(xa,i)_ U(_ya.,i - mfl) U(_ x

it

faz(.az’yaz)

E.Jaz _haz(.az’yaz)
M[U(yl”—ﬁ-m) U(yazimZ) ) @]
+ U(Jz” €z )U( xa z)+ U( yaz z) U(‘Ta,i)

Loi = Lti — Tri+1 (®)

yaz 7‘(Et,i_a’z (9)
F(l

ay =N (10)

o FAsFe BADL 0()E 41D 2
8 32 g3t
_ [ 1if >0
U(”)_{o if <0 (n
olg]gt % WAAS F7MAE s (equivalent

linearization method)S AHE-3HH,
22 Ay Wgaow gdH

2] (12) ~ (19)9}

mt,iit.i +Ciif.z‘ -Hc”(x,, T )+(C a +ku /y/n)

a3 a,i

- (Cg,z:—ll"a,iﬂ +k§i—1ya,i—1): 1) (12)
m,x, ; ‘ez, + kt_’i(a:,. i xm) + /c,.(a:,. i xd_j’)
+ (Ciiwb,i + kii%,i) - (Ciz STy T kfz —1Ybi— 1): 0
(13)
77”Ld:1:dZ -I—czdl +kda:dl +k ( di z”)
+kp(2xd,z: _1’M+1_1’d,i—1) 0 (14)
y sza.‘,(u_‘_kazyaz (15)
o] 714,
T afa i
Coi = 633 } (16)
af. .
ko = E[—f ] (17)
- 3ya,i
316 | Trans. Korean Soc. Noise Vib. Eng., 33(3) : 313~325, 2023

y B 8hai
Coi = B} == 18
o, (18)
_ | 19
ai By{” ( )

El« = Baks vepdo a2ea 7t 74]4?01] o
sk A TH Appendix Aol YERY Stk ¢F
o Fad 549 8 Fopiel mheolde u
284 9o S WEd 9EE olgsel 2
4 4 A, Ao &5 WAL A (20)~(27)
3 e AYPgoR FHY 4 k.

J+ Cpf+ Kpf = Ko(t) (20)

Mz+(C+ C)o+ Kz + K,y = Df(t) @21

= Ca+ Ky (22)
o] 7] 4
Cp=28Cp (23)

Kp=wyl (24)

f=1fr 1" (25)

T = [mt.,l mr,l Tgq--r xt.,n zr,n xd,n] g (26)

y= [ya,l T ya,n] g (27)

M, K9 C= vh J97} gle Al=sle] A 2

48w #EE Uehda, De osek 2] A7
274sk7] f19k Pdolvt. Mesfx dE e 9y A

2 SJEe] R R s
tﬂ AREEITE 183 Op e 9189
g AHETO, vhE s
K= Appendix

Jold& 7;13?‘?%
w3

2= Az+ Buw(t) (28)
21 (29) ~ 31)°l1A
=[frezyl” (29)



Douksoon Cha; The Performance of Friction Dampers on the Intentionally Mistuned Bladed Disk Assembly Subjected ...

0o I 0 0 0
K, —C, 0 0 0
A=| 0 0 0 I 0
M'D 0 —M'K-M(C+C)- MK,
0 0 0 G K,
(30)
B=[0K,000]" (€2))

e e Qe o
2 32)st 2ol gelAnk

Rw(T): E[w(t)wT(H—T)}: QO5(T)] (32)
o714 @ F ¥ AxE ndsta, () dir-
ac-delta EHrolth. Elw(t)] =00 B&, A el 4]

= Ez(t)] =004

e W] Aol dHo] pol,

APFeA AL P 4 (34) Lyapunov WA

AP+PA"=—BQ,B" (34)

A3} A50) e WY POl S ol8SuE A (33)
AHQ RR O ANG S G, gy B

A% 9 A (35)sh 2ol B PR

o 2~
- T

S (j=2n+3i—2) (35)

A A o2 oln] AH FholBEg, &

W ok ol oJste] WstE T
Lyapunov "84 &= HY® F<x(Taylor-ser-

ies-expansion)& ©|-83}¢] 2] (36)¥} & ZAPA O EN-

B 72 o vk v g9 ke skl
oP

P= P+21,18k (36)
A714 P dfH R waidE AEelAe A
H W] meold ddolvt. A o/ ok = Y
o Ao RTH 7 & St

oP P ; [dA 04"
R P e P D)

71X aP/ok;o dIgF T H-L Appendix Coll YER}
Atk A BNHEEH A SFolze] Ay Rl

gk S E2K(variance)d Hgtd FFHEHAE G

& 9k
i = B[P (3%)
CEAN (39)

21 (38)7 21 (39)91A gy, ;8 o, ;o TEF - Appendix

Dell YeR} Sl

ol

3. x| a4

all

M

3}

SRS 93t A 2~E9 AGE Table 19] UE

e, ejolme] A 12712 Agshlr.
9149 MlAFYE, Fig 33 o] BE AT 2
o=k B ABE AL ZERO AEhs 5 A
Q&0 Belol= & FAAY /b sk HaL o)
B AHg e

Q9112 ]=Fdol AL B71HE) WL 14902

Table 1 System parameters

m, =0.0114 kg, k, = 430,300 N/m
m, =0.0427 kg, k. = 17,350,000 N/m
m, = 0.0299 kg, k, = 7,521,000 N/m
¢=0.46 Ns/m, k, = 30,840,000 N/m

k, = 43,000 N/m, k, =43,000 N/m
dm,(g)
2r ZERO | 1
—a—H212
15}
1k
05+
0F &
05} / \ | \
1k
15+
12
Man’em{mbe}

Fig.3 Additional mass patterns for intentional mis-
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B. Expression of equivalent linear matrices
of friction dampers
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