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An Precisely Loading Method for Underplatform Damper and the Experimental
Study on the Damping Characteristics”
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Abstract  Due to the severity and complexity of the working environment, turbine blades often
experience fatigue failure and fracture damage under large vibration amplitude. In order to reduce the
risk of fatigue failure of turbine blades, the underplatform dampers are typically employed to suppress
the blade vibration. However, most experimental studies use weights and wires to simulate the applica-
tion of normal load, which cannot quantitatively and precisely apply normal load. To address this prob-
lem, this paper proposes a precise loading method for underplatform dampers. Moreover, experimental
studies on the vibration reduction effects of underplatform dampers are conducted. The study investi-
gates the influence of parameters such as normal load, excitation amplitudes, and friction area ratios on
the vibration reduction characteristics of dampers. Finally, a MATLAB-Python-ABAQUS joint simula-
tion method is used to analyze the vibration effect of the underplatform damper, which validates the ef-

fectiveness of the proposed experimental method.

2025-05-18 W55 1 f,2025-09-01 W BM& Bk .
* WIFGE A AR 54 Y B H (2024]J3003) ; Natural Science Foundation of Hunan Province (2024JJ3003).
Tl EVE#E E-mail: peamy@126. com



38 g o o 5 E M o M

2026 43R 24 &

Key words turbine blade,

51

il

T EE I Jr AR i s & shHIL I o B A R 4y
PERE XS & S AL AT A% 3 F AT JEPE R e LR iy T
YEEREEE 25 4 B e A ik 3l ik 2l B 2 3Rk L TR 2 1Y
PRBN Ak R A A R O 10 e A OB Y
Wi, 3 s E R R R R g AR S R Bh
BLAY 2 05 TR v s 406 00 57 29 5 40 00, Hovh im0
PR 57 3 T e O AR HEAE AR 29 o S AR B A
[ 5265, BRIt o BF 58 BGOR B T 485 i F s/ i
RS Gk BHLE g B —Fh iz v TS
R NHLI T IR 2

ST R SR AR e A% B E SRR LB,
Shop B K T Z2 R oy B J5 O SEIR PR RE L HR s T
BELJE 45 Bt COE TR ) L R 45 28 B OB R | B 5 T
FLCBHJE f JLAT 2 80 25 5% 5 2 BON 25 FBHLJE 45 08
31 P Rl 4 S AR AR SCEIL R R s T L
Gk AR BELJE B s Fe X R SR R AR — R
WRGE— T BB L 2R Gt 3t 0 A AS R 2 RO A Sk AR
JE B B B4R S0 Rz B 3T IE e g A 0 X D
YR A 5 ] ] i SCAE SR P RCHE Y S A
BRI, M T — BT B0 S A T B e M Ok B
TARIEE ST T EEE G AR e & 5860 3h J1 2% R
7 AF ] T BHJE ik 2 e 4 el AR Y O TR A
(ISR e S N W e U A B8 B I N 2
TSN G AR BH e A% D8R R 1 1 5 R R AR L 4
ST 0 T Uk IR SR Y e 1 PR R i B
JE i TR PR B0 . gk R SCAE R 43 A 2
fih JBE 485 1 A B o3 BT 1 SR B JE 5 G B 2 B
i AL+ e B R A LR DRl IR R 119 1E T 7 i ] Bt
BELJE #5% S 4k 481 A T 484 . AR B AT B R B 2
TSR RIRIC R IF 45 T S 808 3 i Bt
). Gastaldi 55" $ H T —Fh 2 Bl etk R R 9
ROT5T5 2 AL HE 1 92 PR T AR h Gl BELJE &% 19 11 2%
Bt

TE S B F 5T 7 16T 750 P X i A AL 2%
<5 s VB 452 BELJE 28 IR R BEAT T S SR F T L 25
R AR S PR B #5 JB it (RPIE R 1) I H B
AR 3 9 18 0, O IE R o B 2 1R L AT
PR T —Bh 7 H S SR A5 A R S5 H S B Lt

underplatform damper,

precise loading method, vibration reduction

ST AR B M T T T R TSR BHL 2 7 A D
PR, B SCHLAE Y B T — b B e iR
B PR B S 06 R S8 B0 UE T ZoAl LR 2% X R A 4R B
HIRR . Zhang %7 FH LS 5 5280 07 %, 0 5%
T R 5 3 2 R A A 2o A TR 8 T B A B JE
R AR R S R T — R R A
T EE P BHLJC JBAIR S50 R G L M T BELJE B i 2 i
JE B fl v AR AR DL R AN IR T iR AR A s
PRALHE (L R S M LA L 45 T SR IE TR ST A TE Y
RNk L

AW L E 20 Zx A BH e 7% 1 e T iz ot
T, SR T AE A BELJE #5 W H% 52 46 v, K 22 R F ik 1
FAN 22 AU E R T AN, T2k o £ RS 8% I 4% 1E
FE 77 1249 T SEU60 BIF 5 X5 % A BELJE, 5 Dl 4 20 % ) e
B PEAL . EEXT I — AN 2 AR SCHR H — P S A B2 #%
TE FE 7 05 o 48 0 2%, IR TF SR B A BELJE ek i
P B S UG IIF ST L A5 I TR T 38l I S 4 v A
bl 25 2 B80T BHLJE 75 B8 J8 D 41 2555 1) B2 i LA A
JH MATLAB-Python-ABAQUS ¢4 i & )5 i
E T 4 T 52 56 7 ¥ I AT R0k

1 EEIMBFEERREFESLE TR

AR e BT B TR B 0 48 0F R Y 2%
MR BELJE I F 5256 R G 1% R Geid i P F7 1 AR AN
22 SR AR 1T AT RS Bt R T bR BHLJE #% 1E R T 1Y 2
S R G ETEALKE IO Bk KA
M2 B =80 o, HLRUHE R R S R E 1 R,

TG 5 F D 2 268 S 30 A B A A% I,
Y T B RIBELE A O T R 5 Sy
KA i 5 AN B g AR B T, I HLox
W 5 55 BHLJE #5% 2 B B A AT T 38 N M el sl L BEJE 7%
LR K T R S m ke B 1 () iR,

SIEHG ZR G A R IE e T LORS W 22 i [n) A,
DL 22 2 A i L JE 4% L IF TS 0 TR T o AN 22
YR BB Sy 8 e R 22 A SRR R S B 3k
FEBEJE # 1  1E i RS o R . IR IE R
A E WA 1 (b AE 2 FF7R , $0 0 1 0 i 5
22 SRH T T i S 0 A R A ) T R E R L AR
22U AN AR SCBLIE R ) R [, B TR
TE] DA M T o B 22 48 I R T R R



wel

TR IR 45 - AR BEL T A TE T T 0 35 i e P A5 D IR R 4 S SR BT 5 39

A 0 e A2 ) I AR AE 2 AR BHLJE A Y TE R ), AT
P& T+ A BHLJE 75 Ul P M BE PVl S 50 1Y 52 904

ARSI 5 SR B T AR A R R
BN . SR, B IRIR A O A L R
S AR R SE A BROAR BB A VR b S UL 2 BEL e
R 2R G0 S B i N, A5 3 B AT G S B Y S 0 A5 L,
EESEA R RSF RN AR G 3 Jeil &L At A SCHE
PRE I 7 SRR 5L R A 5 ARk A AR
Ry SIS I X i 4 A AT A LR PRAIE T
KR 5 B B PR R — 30, DT AN B0 il K
A Ja i B AR SR PR b B R RIR B 2 AN
G TNl . Ay G AR TR S e HREAL, I
ERSE A TE Y B S R 3D ATERH R
il £ DN it i e B A 2 e FL B i I AR
FRIEZH G A 5 F A BRI G, 7SR
e D) 36 ok e B[] 2 6 i R it o sl . 11 Ch)
El 3 frs.

S FR G AR ] B o3 B 2 A A B0 i n
R AR DR K R G SR EAL SR
RV A& T A% A O B % B A R SRR
A G AP

HE T R I BT B
(b) SE4G RG]

Bl g2 AR g e R S R

Fig. 1 Schematic diagram and physical drawing of the test system

2 Ry E

Fig. 2 Tension regulating device

B3 JeH 5 RIS

Fig. 3 Picture of fixture matching with real blade

S AR o A SR A B
S e R Y A 22 2 R B R R i 7 FELJE A b Y
TE 7 30 B U (AL UK i R T AR B UK
TE SZ I A5 5 i A D AT R AR5 R i i1
IIR SR A% IR AR A T 5 A LR A5 S
CIE 52 1) A F B0 W i . ) 1 3l 2o ) £ gk
for S I BBOCHR o i £ A 0 ) L O 1 B8 AL R
TR 7 g 69 57 B W 1L B I AR SR AR AY
5 IR e R AL IR ARG 5 IR AT R 5
A B FRAT B T3 A R R S

2 SRR RREAREFIESL I 45 R

K 3205 2R 40 % M BHLJE i R 48 T R R 5
SEE AT L 48 78 SR BELJE A 1 T PR B R VR AR R M Y
SRR AR SCAF Y 32 O R i — B 25 i ik 3l
AR BEE I R V2. 2 O IR AEL R 9 N IE R
445 N B, A (To) Ze A BHE # B 9 i R i 2 114 g A3
W 1 4 Pl 4 f . Fl AT RN, TE AT ZkAR BELJE A 1Y 1E
BR R R RIE A H 45 pm A2 A5 /N F] 25 pm
KA W A5 Y A A, UL Sl BEL e s e A R
M R B i i 07 L UL I R iR A 4R BT L
R, ZR G P JE &% 5 H— Fr 4R 5 R A0 L T
RELJE #5117 150 A 485 . 302 PR D i LE s T 38 K Bl

T T
— THEREH
S0 heesss BErEEE (EEH455N)

40 F

ERT

L2

30

20k oo

200 400 600 800 1000 1200
#E /Hz
B 4 TEJE A1 445 N I 2 07 45 i 3
Fig.4 Amplitude-frequency response of blade tip with the
normal load of 445 N



40 g J1 %

TR B

2026 43R 24 %

Je i S AN BE B K S B R A AR A AR T

Sk it — A0 5% 4 B B 7% I 1E R 1 A8 4k X It
PRAT AR 1 52 me) KL 43 A 1 T BELJE &% F0E g 43 5]
B 445 N, 1147 N, 1309 N ) 2 g 458 i 1z 4 &
5 iR, ERTAL, TEBEJE A8 i, iE R R AR 2
550 Hz. ZHBH R %5 . IR MOR F R IEIE K I
1309 N B, FE4R 45 A2 18 K3 800 Hz A2 4. Wi Jir
IR RS R ) R TR T R AR BELE A% )5 2 5 3L
I R 1) 2 SR 38 . e Ak O 55 it 4 e iR i (T
B4 IE K M 445 N BEINF] 1147 N, Ik — 45 4
KEF] 1309 N A, 45 ey 7 i {8 A0 76 38 . 3% & W XF
TG A B JE i B Bl AR 24O 5, IE R T IR N R R
AT X R R 2 OE R )k KR B JE A% 5 M R &
M 2 T] 4 e 2l 30 5 328 ¥ 78 553 T 285 i B 2 1 o, BEL
J RN U 55« DR AR 2%

50

— TEEHE

— - HHEESE (EEHSN)
""" HFEEE (IEES1147 N)
40 == HEEZHE (EEHI309 N)

/pm

o
I
=

L L L
400 600 800 1000 1200

I /Hz

B 5 AN IE 3T A i 2 i 450 ) i
Fig. 5 Amplitude-frequency response of blade tip for different

normal loads

R IR S 9 N R[] IE R R
SRR W) 1O e (B AR 6 BT R IE R ) 0 N SRR
JCBHJE % 01 B h R, A LT JE S AR B JE A%
(T 00 2 A G B e A I - CIB IE IR ) 2 K, 2R
IR o 7 1 A A 2 IR e A el i A ik Bl i
Wit T T 3 B 1800 S 00 i 48 DR X — AT, G
BELJE s 9 I 9 SR Bl A 1 T ) B 3 R SE 4 it s %
A5 ok S5 . DR O, A A8 T B TE R 0S8 BN L S A BE JE 2%
P REAT RO/ I A IR M L O R 4 Y DR 2
R I HAFTEREA IE R Ty A5 i 2 3 4 ey 157 i {EL
B B R AR D8R BRI B e AL R IE TR D PR R
PEIEE ).

3 B o BRIl A %ok IR ARt A 3 R L >
A BELJE v I AN T 5800 W L - 2 W 00 g 2 4 [ 7
JIE 7S . rb P TR 9Dl L 7 A I AN 2 5 i G iR

(SR N S DI VAL R (RN

19850 JRAS T B, T4 i 161 I 1 F e ) 9 22 Ak
WE 8 s, o B AT, AN TR IE R 1T 380l 1 18 1
R A SO R 1 AR K L R R {1 B G s
49 75 b A8 TR AR A A2 8 it (72 Ak R 52 ), BV 2% Al
RELJE % V3 41 3550 R 0 2 B 1 i 7 386 K ol 18 5 J 0l 559
PIAFAE B A 1 T g {6 45 BHELJE i 1) D i 28 2 3k 31 e
o B A 1E 7 3 A AS 32 38 il i 1 4% Ak 1) 52 i)

50

A AEEIN

40+

HEAE /um

20

0 1200 2300
EEA/N
6 ANIRNIEJE J3 T 1 I 2 41 w37 15 {16
Fig. 6 Resonance response amplitude of blade tip for different
normal loads

40

= = =M AEEON
""" WA HEE 9N
(== = BHAMEE 12N
— #AHIEE ISN

HEAE /um

400 6(;0 8(I)0 10|00 1200
M [Hz
7 7 [ V30t et T ) ok i )

Amplitude-frequency response of blade tip for different

-

Fig.
excitation amplitudes

60
—t— 6 N
| O N
e 12 N
=—v—15N
g
w40 |
=
20 . .
0 600 1200 1800

EEA/N
e S AR W S W B T 07
Fig. 8 Resonance response with normal load for different

excitation amplitudes



5 23

TR IR 45 - AR BEL T A TE T T 0 35 i e P A5 D IR R 4 S SR BT 5 41

JEE {5¢ THT AL [ A 2 52 i) 5 A BELJE 28 D 4R 238 R
8 — A S PR 3R A ] B 458 T AR LE T P W 430 ) i
UNPE 9 B 7S . I A PR T AR L R 4 5 P4 G Al BH T2
o AR i FR 2 FEL AR SE e L Bl B e
o P 1 JRE R S A P T AR LE .y LR g EE 4
TET AR G T L AR i 2 S 41 ) 1 £ e L 42 T BELJE
AR IRAIR RCR

P10 JRas 1 5 1 AR L AR AL I, AN [ IE R )
SR R (EL. AT R A () B 4 T AR LE R SR 4R
Wi o7 L o T e 7 ) 78 A S AR — B it A L Bl
Eop = AR VR NG &3 € 3 S SR (2R =4 /i
Fe T3 EEA AR

60

T
— T B
|- = = FHESEKE (60 mm)

50 poeese FEBHEEE (50 mm)
= - MEHEKE (45 mm)

i fum

5]

10 L I
400 600 800 1000

I Hz
P19 A [ 8Dt e 1 % ol R W T ) i
Fig. 9  Amplitude-frequency response of blade tip for different
excitation amplitudes

60

T
—a— [HEEEKE (60 mm)
—e— [HEHKE (50 mm)
—v— HEHKE 45 mm)

S0F\

{8 /um

40+

1

30

20

. .
0 500 1000 1500
I /Hz

10 S [) B 482 T FR 1L T Wi B 1E g A% Ak 8]
Fig. 10 Resonance response with normal load for different
friction area ratios

L5 L FTIA A SO B A N 4807 1 Al AR 5E
AR JE i 25 IR 2R U R B 20 A 1 s 0 3 D4R
R B 5 M WL T T S5 B v T T T X Y O
B BELJE i 19 5 DR A 52 36 07 9 AT % A B
Je g B BT P AL O A 9 45

3 HESTEERRIE
h B E BT B 52 8 5 v 0 A Rk LT MAT -

LAB-Python-ABAQUS Hk & 115 H 75 % 43 B 4 A B
JE B IR R L O 5 ST 0 4 R AT 4 HL B A 0
Tk A E 11 fR O B A B R MATLAB
WS EFET TSR BHLJE 5% 1 S5 8B E AR RN
JE T #EAT % AR s MU ABAQUS A B inp SCIF
IEHEAT 5 L TE 5, AR AR 0 B 19 8l I 2 ) R 5 38 5
Python 328l MATLAB fil ABAQUS 2 [i] fY %k 9%
e Ky o 91 T 2 BORHE FME B inp SCAE

L ERITER

= SRAE A B A
X:Xmax
ABAQUS®Z &
K. C. FEAKE MATLABIZ Bt
T L. C.. BN fe— S8 I ERAIC,
ERINPIH |

JEEHABAQUSHL

;. Python{& M INPZ {45

I—, l
ZER
T PATHHIINP L4

AR IR (EX,,
[ ERodbZER T

Python 5 tH 4
- HEAXOCH
=

v
MATLABERtxt
TR

F1T B 5 E AT 5 ik AR

Fig. 11 Flowchart of joint simulation method

7SSOSR 25 WL s 0 4 3k 2 Al BHL e 4 A
Gr Z 1) — W 00 A DR UG A 80 R 4 R BEL JE
MR AR R

k
J—d(ﬁ— isinzm (X >X.)
¢ 2

keq:
[kd (X <X,
4;1NX—X(.,
(X >X.)
c ljva X (1)
tO (X <X

A ,p=arccos(1—2X.,/X),X.=puN/ky, X H
5 0 7 (s e A R4 R B0, N SRy 2 Ml T 1E R A
ke y R i 1T D7) 1) 2 i 91 B

MIEE SR 1309 N, i g 43 me 7 1) S5 55
SRS A RIC ) BLAE XS e 12 Fros. m K A]
G VR ST AR I I 2 AR ) g £ 11 A Ak e B
BEAR —F0 JU IR AE — B il 4 20 A 40 S B 1
600~900 Hz #71 5 [X.[H] P , 52 56 45 5L 55 05 B 45 SR A 5K
H W) A 15 8 4. (HJ2FE 300~ 600 Hz Ml 900 ~
1200 Hz B Y L 286 45 5 5 A BR G ( B 45 R A7 AE
i 2. B — i 2 00 J5 DY) 3 2 A 6 R T . —
BN P S5 W 7 AT S8 Al B s U S A0 TR FH Y
WA RS A% T2 R AT R, TG 75 A il M R 4 3



42 8 %

TR B

2026 43R 24 %

5 pm LT BB i A 5

MOAEJE S0 1309 N A, 52 56 0 35 A1 05 352 4 #r
ST A 0 R A e R L R i (E AN ] 13 o, AR R
ATLLAE H S50 00 A5 — B Bk s 4% Ol 800 Haz, 4 H
S — B PR SR 825 Hz, iR N 3.12% ; 51
A5 — B AR I APy 28. 929 pom o 1 L B 75 Sk 4R W6
{4 30.929 pm. iR 2N 6. 91%. FFh 3% BT i 25
RAZEAK. PR W 05 B R W
TE R 7 50 A 5 38 A4 BHLJE 28 1 22 18 L, 1 32 56 R Y
P I E AR 4R 1 BB E #8 5 Gl
Z 1) 3 Al 2 A0 1 foh 45 B BHL S 2% 5 S AR 3 o) 4
fi s P R 249 SR JEE S8 0 R R T S 5 s A 4 )
B2 fil A 75 0 5 24 RN 8 o o R AN, PR )
ST AR I R IR AR R L S 45 SR

[eeeees gz
— TEZE

EE um

[

0
300 600 900 1200
MME Hz
PR 12 i 50 o 1 5 L 285 SR R S 2 SR
Fig. 12 Comparison of the amplitude-frequency response between

simulation results and experimental results

900

800 -

700 |

SEHRAR /He

1§

600

500

13 L Se e A 43 BT 0 S 90 45 SR AUME T L
Fig. 13 Comparison of value between simulation results and
experimental results

PR R FEAS [A] G TR 7 7T 6 4R (B B9 52 0 &%
KA BRITOy A5 R, s 14 Fros. BA8 . Mish 7
T BT A B iR 15 (R B L T ) 38 R B 728 A KL R AR
AATRD S EL PR J7 3 B A5 A9 e A0 18 s ) R/ B2 1E s
J1F IR IR EY) & R4

60

—e— LR
—— (TEZR

50

MEAH /um

10 1 1 1 1

0 300 600 900 1200 1500
EEN/N
P 14 AR IE 3 T X6 B A e ik i {8 5 38 45 SR AR BR T
15 B R 1L

Fig. 14 Comparison of resonance amplitude between experimental

results and simulation results for different normal loads

HE— 2 3 T AR DE R R PR T8 BT A it
FE 0L B R 225, S5 R AN 15 B, [IEJR S8 0,
BRIV 22 2 X Al B Je 4% ), A BR ST 7 0 52 56 7 A 7+
IR S PR R (R IR 22 e KL R 22 8N iy (H Y%
PR JE A% e o PP T 3 B A A R Y 22 S I R U
WRZEHAE 50 LA X — B4 0 5L AE T 3138
IR S S S I 2 A TR 28 S L JUH O
Fr il PR AR By B 45 A8 BEJE Ml LA 88 I %2 . I8 i, 72
GARBHJE R B0 T EEE I R i A5 B e R
AR PRI OT 5 B0 45 2R U 22 O T 24 2 2 A B
Je AR R 3 RE R FE A FHLUE 7% % Oy B A
RFISLI 25 R AT ZEA K.

10 T T

0 500 1000 1500
EEN/N
F15 ASIRNIE 3T 3 418 R 1 52 4 45 2R A A R OT
5 B2 2R 1 1 22 43

Fig. 15 Error analysis of resonance amplitude between experimental

results and simulation results for different normal loads

L B 5 H o 5 S BE T i A4 45 SR WA
R4 X U0 I BT 488 HY A L TR 0 0 2 S 56 T R A
S S AT PH T S M B A5 D8R ROR (1 52 B AF 5



e

%2 TR IR 45 - AR BEL T A TE T T 0 35 i e P A5 D IR R 4 S SR BT 5 43

&

ARSI T — P G AR BHLE 25 1E R 7 00K fE
BT IR T M R G BEL 2 W R S 56 F 5T B
VT IE R 7 e e PR 4 1 AR L A5 S O %0
BELJE #4584 2028 1 5w A B e, R MAT-
LAB-Python-ABAQUS Bt & 5 B J7 ¥, $5 ik T Jr
P R AR, RGBT .

COZAR TR 0 2% 2 v LLCKS il fin 76 2% Al
FHJE s LA IE R SRS a5 1 N 290, 7T & e
S I6 I 9 4 4L SRS B 0 S8 2%

(2) Z i BHLJE 45 A7 5 Je A 1E e 7 {45 s 31 300 AR
Spc o LV il s (1 R 468 T B B A Ao e R OE R
AV NN

() TIN5 2 5 05 A B 46 R W) & B 47,
FEAR SO 1) SE 56 A L

22 3k

(1] dmmetd, sk s & plmk v 3k 4k 38 3h 40 i
L1 % 5424, 2019, 17(3): 205—212.
JIE X B, ZHANG W. Nonlinear vibration analysis
of the aero-engine blade [J]. Journal of Dynamics
and Control, 2019, 17(3): 205—212. (in Chinese)

(2] kMl WREW. WARM. i Kbl F e Ltk 9

Sz o M) s Jise 58l s 4, 2012, 10(3) .
213—221.
ZHANG W, FENG Z Q. CAO D X. Analysis on
nonlinear dynamics of the aero-engine blade []].
Journal of Dynamics and Control, 2012, 10(3):
213—221. (in Chinese)

[3] XU, EIER. ¥ RF Gk e & it o #r)].

HEFEH AR, 2020, 41(12) . 2827 —2833.
LIU J, WANG Y R. Design analysis of a rotor
blade underplatform damper [J]. Journal of Propul-
sion Technology, 2020, 41(12). 2827 — 2833. (in
Chinese)

L4l S0, ARSI, EWR, 55, 5 oo RS R0 gl A5 2
F 25 M T BE $2 BH J2 4% 0 R e e DR SR [T ). HLARAL
HHA, 2013, 32(9): 1263—1266.

LU N, REN X M, YUE C, et al. Damping charac-
teristics of dry friction platform damper system
based on improved macro-slip model [J]. Mechani-

Aerospace

(in Chi-

cal Science and Technology for

Engineering, 2013, 32(9): 1263 — 1266.

[6]

7]

[8]

[9]

[10]

[11]

[12]

nese)

FEk. R, RWOL, F.OH R AE 0 EAREE
JEdR U I L AE 2 T O vk LT ). HEHEHOR, 2022, 43
(7). 341—352.

GAO Q, LIL, WU Y G, et al. Vibration reduction
performance of underplatform dampers considering
blade-disk coupling [J]. Journal of Propulsion Tech-
nology, 2022, 43(7): 341—352. (in Chinese)
PETROV E P, EWINS D ]J. State-of-the-art dy-
namic analysis for non-linear gas turbine structures
[J]. Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace
Engineering, 2004, 218(3): 199—211.

YUAN J, GASTALDI C, DENIMAL GOY E, et
al. Friction damping for turbomachinery: a compre-
hensive review of modelling, design strategies, and
testing capabilities [ J]. Progress in Aerospace Sci-
ences, 2024, 147. 101018.

LI D W, BOTTO D, XU C, et al. A micro-slip
friction modeling approach and its application in un-
derplatform damper kinematics [ J]. International
Journal of Mechanical Sciences, 2019, 161: 105029.
MR, RN, AL A RS PL b T R e
ER SN o NG T i I B N R A R
2016, 31(10): 2305—2317.

LI L, LIUJ Z, LT C. Review of the dry friction
dampers in aero-engine and their design technologies
[J]. Journal of Aerospace Power, 2016, 31(10):
2305—2317. (in Chinese)

BOCHL, kil A G B JE By i B i R s IR R
W], FE o 028 R K 2 24, 2014, 46(2)
280—284.

QI W K, ZHANG Y J. Reduced vibration charac-
teristics of turbine blade with platform damper []J].
Journal of Nanjing University of Aeronautics & As-
tronautics, 2014, 46(2): 280—284. (in Chinese)
a3, MR, ZTMH, %, RFEEK—RB%
— 1 S A I 2 AR BE JE % ER R 4 AT LT .
P AL ol K224k, 2010, 28(6): 872—876.

HE SW, REN X M, QIN W Y, et al. A method
for reducing the blade vibration of platform damper
using the macro-micro slip model [J]. Journal of
Northwestern Polytechnical University, 2010, 28
(6): 872—876. (in Chinese)

i W30, ARG, PR, —fh T EE AR LS &
GEoyHTEH T IR (D). HURGRE . 2011, 33(1): 29—



44

8 %

5 &

2026 43R 24 %

E

[13]

[14]

[15]

[16]

[17]

HE S W, REN X M, NAN G F. A new method for
damping system analysis of dry friction flange plate
[J]. Journal of Mechanical Strength, 2011, 33(1):
29—33.
a3, %R, #TH, %, 3T HEBARY
B-G B 5 T EE B 4 A B e 2R iR e PR SR LT ).
gk, 2012, 31(1): 44—48.

HE S W, REN X M, QIN WY, et al. Reduced vi-

(in Chinese)

bration characteristics of a B-G platform damper
based on a micro-slip model [J]. Journal of Vibra-
tion and Shock, 2012, 31(1): 44—48. (in Chinese)
PR, FAAR . JREIF, 45, 2k M BH e 45 A8 D3R 47 1
RS2 R A LT M2 3 Jr o4l 2019, 34(1) .
115—124.

YANG G, ZHOU B, ZANG C P, et al. Analysis of
effect factors on damping characteristics for under-
platform dampers [J]. Journal of Aerospace Power,
2019, 34(1): 115—124. (in Chinese)

KR, i, B, . W SR B JE 4 M i b
AR S )] &3 5 bk,
2019, 38(10): 221—227.

ZHANG D Y, YANG C, XIA Y, et al. Influential
parameters of rotating blades with under platform
dampers [J]. Journal of Vibration and Shock,
2019, 38(10): 221—227.
UE, EE, RIOL, % FESEOCH M S AR
Je AR IR AR A AT (1. M zs 3 Jr 4. 2021, 36
(8): 1657—1668.

LIL, GAO Q, WU Y G, et al. On the vibration re-

(in Chinese)

duction performance of underplatform dampers con-
sidering parameter correlation [J]. Journal of Aero-
space Power, 2021, 36(8): 1657 —1668. (in Chi-
nese)

GASTALDI C,

GOLA M M. Convergence-free

mapping of non-linear damper-blade performance
(1l
2024, 208: 111062.

Mechanical Systems and Signal Processing,

[18]

[19]

[20]

[21]

[22]

[23]

HRFET, BT, ARAEAR. SR PE BB R &% 00 v IR
S WETEI ], AL 8 124, 2001, 16 (1) 55—
58.

HAO Y P, SHAN Y C, ZHU Z G. Effects of plat-
form friction damper on resonant stresses in gas tur-
bine blades [J]. Journal of Aerospace Power, 2001,
16(1): 55—58.
LI D, LT H G,

(in Chinese)
MENG G, et al. Calculation of
damping ratio and analysis of damping effect of tur-
bine blade dry friction damper in rotating state [J].
Aerospace, 2024, 11(12): 968.
JEAL . ARG, B SCHL. AL A K E LA AR
RELJE i3 50 1 A e 1 X 8 e 5 R T, M E 3h
J1% M, 2025, 40(6): 295—303.
ZHOU Y H, ZOU L J, QI W K, et al. Design
methodology of vibration reduction experiment of
with underplatform damping
[J]. Journal of Aerospace Power, 2025, 40 (6):
295—303. (in Chinese)

ZOU L J, QI W K. Design theory for vibration

aero-turbine blades

characterisation experiments on real turbine blades
with underplatform damper [J]. Highlights in Sci-
ence, Engineering and Technology, 2024, 89. 27—
34.

ZHANG H Y, TANG ] H, LIU J, et al. Modeling
method and dynamic analysis of blade with double
friction damping structure considering time-varying
pressure distribution [J]. Journal of Sound and Vi-
bration, 2024, 591.: 118614.

MR, Ry, 20, & B EM T EEH
e R B [T AL = 3 ) 2 4. 2012, 27 (4)
817—823.

CHEN X, ZHU J, LI G H, et al. Experiment on
dry friction damping of shrouded turbine blades [J].
Journal of Aerospace Power, 2012, 27(4).: 817 —
823. (in Chinese)



