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Abstract

This paper conducts research on the design and performance testing of a double-rod hybrid energy-
dissipating viscous damper. Firstly, based on an independent design concept, the structural design
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of the damper is completed using a 3D modeling method. Secondly, by means of the control vari-
able method, dynamic tension-compression vibration tests are carried out on the damper using
dynamic and static test benches under different frequency and rated load conditions, and the en-
ergy-dissipating performance curves of the damper are obtained. Finally, the test results are com-
pared with the relevant theoretical formulas for performance on which the damper design is based,
verifying the consistency between the test results and theoretical expectations. The research results
prove the feasibility of the designed double-rod hybrid energy-dissipating viscous damper scheme
from a practical perspective, and provide directions for the subsequent design optimization of such
dampers.
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Figure 1. Classification of viscous dampers
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Figure 2. Internal structure diagram of double-rod hybrid energy-dissipative viscous damper
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Figure 3. Detailed diagram of the pore gap at the piston component
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Figure 4. Diagram of main components of the double-rod hybrid viscous damper

B4 WEFFRAERFHHEEEETHHE"

=
i

T ARG AR A L AT HL ), R UL IR SUS R =K 1 (A% O A R RGN JE A s AiE 2 B 415
SR N T BE A E BT (] 5 FEARCEH s MRSUT RS IR PR S00445 [ 5 I 3 BRI B, DA ORIE S5

MR B S B

DOI: 10.12677/met.2025.146075 718 WU TR 5


https://doi.org/10.12677/met.2025.146075

NAREE

IBENAERENF I LRGS0 C0 45 i 2 15 1 ZEAT L B i ZEAT R B 7 ZEAT 5 Bl — Dy T RZ SN AR 45 4
A )y, S —TJr A S ARG N TR s, WS RE 2.

FRAE S o 5 7 7 41 P A A 5 T PR 908 R S (1 A A PR 2 P R e 2 I BRI 2 14 % 2 B DA
Ll a iR . S B EREERT IEFLE A B I BLB IR SO0, iR IR B A B A7 Ak TR e IR Bz sl ar
PR K AR A AR T NS E AT, SERCRHJE a8 1M FH A IR

W R[] 58 5 R A D BE R AT s S T b AR AT FEAR . T T S MR i M e 2

25 MHITFEEAFFHRER=ZSHIERE
A HR DA b R BRSO TR T 1 B v S 220 A Solidworks 3EAT =4 aA, A0 5 1) P B S RIRE — 4 — 4
REESRIE 5, KB 6 Fis.

@

(S o A
&l 78

Figure 5. 2D assembly drawing of the double-rod hybrid viscous damper
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Figure 6. 3D assembly drawing of the double-rod hybrid viscous damper

E 6 WHFRARFHHEEERE=HE"

3. FhiwLERREXIITBY
3.1 &MFFERHRMESHNEXITE

SER T HTING, ZRVERNRE B e Rt S5 A L JE B H AL, ORBTRY I SC BB 2 L ) 5 I FE R LE
— ) B AL R BELE g Ol R
F=C.* @

A FONBRJE 1, 47 kN C ONBHJE REL, 47 KN/(mis)s V ORBRJEIESE, 47 mis; o NFRE$EEL
(— BB G A 0.01~2 22 [H]).

TERIG DR SR I I 0 T I, 23 540ABEJE 25 N SR BEL B A R BIRAS K- 2h Sy s, AE w
fH N 2R FEJR Juf v REAN ], semm A AN [F SRR S T 1) AR RE . 1 AL RS Rl B ) 6 B AR T
2= 5200 [ JE 25 P4 50 25 44 A8 T8 R BELE A R i 3l i 42 AT ) 422 52 i BELJE v fg AN R RS RE 2 28 FH
Je B EEIE 1A, ETTRaRE e At . R PERE S B Aok R I R A RE R

co—_ MW @)
nw(Au’+Au*)
K C— BB 2%, w, — W RIM& IR, o ——IMmEME, Au™,Au* 2R EHE4 T
VR TE [ A6 ) B L RS AE RN

DOI: 10.12677/met.2025.146075 719 WU TR 5


https://doi.org/10.12677/met.2025.146075

LAREE E

Ll e RECAAE, 3 51H 0.3, 0.6, 1.0 =AANFEIRHJE HE Bk Bt 2 Kt S0 R B SR S %
AT R ANBE JE 12 AL  BRE e n B 7 BT

1000 ! —4=1.0 C=1000)
800 N - = 0.6 C= 1000
e =03 C= 1000
/
600 [ —_—
400 o N
Z 200
-13 0
S|
= 200
-400
600 P s
-800
00

-10
-0.10 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.10
A (m)

Figure 7. Theoretical relationship diagram of displacement deformation and damping force varia-
tion under the same damping coefficient with different damping exponents
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Figure 8. Theoretical relationship diagram of displacement deformation and damping force varia-
tion under the same damping exponent with different damping coefficients
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Figure 9. External shape diagram of the double-rod viscous damper
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Figure 10. Prototype diagram of the static performance test bench
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Figure 11. Prototype diagram of the dynamic performance test bench
11. shASMEREMIR B HEALE®

FEIE IR LS5 AF T, X R BELIE &% HEAT 3 0 A B0l A A 285 L8 28 2 S AR 3T N EAT
F HAdR T - A 2. X LS A% 20 S AR AUE B At 330 KN A 165 KN #EAT AN T 10's (MR35
R AP ) A2 A5 A O PR SR TE L e 5 BEAR A sUTT SR (K A B o XF B JE A8 B e (e e (K 28 28
B HA 4% ) A8 B RIS A0 10 Hz A1 5 Hz PIAME DL T RS . AR FEbrE, ZHSRIEE > 100

KN/mm, Zh&EHEE <4mm, TTREMAEE <1mm.

4.2.1. FEHA 330 KN 1§51 TAESMFRIXIE

e, BB EATIE 330 KN AR 437 LA AE 5 Hz AT 10 Hz IR T (i 1R] — 2y AH 4 Rk i
i a2 BB . e B0 kA 330 KN, #9143 il oy 10 Hz F1 5 Hz B, X i BELJE 2% 1EA7 2 451156,
SRR

DOI: 10.12677/met.2025.146075 722 PR TR 5 AR


https://doi.org/10.12677/met.2025.146075

NAREE

K12, [ 13 PR 2o 2ARMEILZIERS, LR ER40 T IR P i, SR A TR,
SRR 2R 2 A 2R IR CRRE e e e UL R i BELJE 2 1A E R AERE L 7R

MIN: -51.779KN AVG: -9.033KN MAX: 11.178KN FREQ = 10Hz SAMP = 1. Oms
300
240
180
120
60
SR A 7/ A 7 7N VA VAN /AN A AR
-120
180
-240
300
2107.00 2107.10 2107.20 2107.30 2107.40 2107.50 2107.60 2107.70 2107.80 2107.90 2108.00

AFIE: s

Figure 12. Diagram of alternating load applied to the viscous damper at 10 Hz
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Figure 13. Diagram of alternating load applied to the viscous damper at 5 Hz
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Figure 14. Hysteresis curve diagram of displacement and load for the viscous damper at a frequency of 10 Hz
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Figure 15. Hysteresis curve diagram of displacement and load for the viscous damper at a frequency of 5 Hz
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Figure 16. Diagram of displacement vs. time for the viscous damper under 165 kN
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Figure 17. Diagram of alternating load applied to the viscous damper under 165 kN
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