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Properties of the Intrinsic Solution of a Four-point
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(State Key Laboratory of Mountain Bridge and Tunnel Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

[ Abstract] The tensioned string system with concentrated damping belongs to the hybrid dynamical system in the mechanical model, and
the approximation method is usually used to solve the eigen values to meet the needs of engineering applications. In order to further clarify the
vibration characteristics of this type of system, it is necessary to explore its eigen problems from the analytical point of view. For a four-point
centrally damped string system, the algebraic form of its frequency equation was derived and simplified, the solution of the algebraic equation
was obtained, and all the closed solutions of the original frequency equation were obtained after the commutative inverse process. The struc-
ture of the closed solutions of the system was discussed according to the fundamental theorem of algebra. It is found that there exist three sets
of closed solutions in total, two of which are conjugate to each other. The structure of the closed solutions was discussed according to the fun-
damental theorem of algebra. The results show that the system has two identical motion characteristics, the logarithmic attenuation rate per
unit time is the same, and the frequencies are opposite to each other. The logarithmic attenuation rate and frequency per unit time corre-
sponding to the three de expenditures in the system always cycle periodically with the increase of order. Each single-valued branch under the
same debranching also shows a periodic cycle, that is, with the increase of order, its corresponding frequency increases by an integer multiple
of 47, while the logarithmic attenuation rate per unit time remains unchanged. Based on the above, it can be concluded that the motion char-
acteristics of the centralized damping chord system always change repeatedly with the increase of order, and the change period is related to
the damping installation position.

[ Keywords] taut string; eigenvalue; concentrated damping; eigenfunction; nonclassical linear system

X TARZ AR RACIOIRASMAT, HATOVATVF  FHOE 052 S0 B M A — S AR %t
I, I, 6T IR RGCR AL, L — RO L G TS S A RS,
ERMRCES e R B BRI RSP PR R B R AR BTN

Wi B HA . 2023-07-22 &iT B HA . 2024-04-22

HE&WB. FERAKPFIS (51978112, 52178272)

E—1EH . AR (1972—) B VUK, N EEN WA AR50 0, 08 00, BIFSE 7 1« R R IR B 45 1 R B0 B B 25 4 i
M, E-mail ; zhenggang@ cqjtu. edu. cn,

¥ 5 M HE - www. stae. com. cn



B # oA N TR

8404 Science Technology and Engineering

2024 ,24(20)

G, IS BE, R PR -BH e R Gefi 1k o i A 4R
LR Ak X7 TRTARAE T BELJE 5%, AR E
JrEVRE IR S R, HAE TR AR 22 N
SCHRL 8 ] H B 7 12, B8 21 BHLJE S 72 1 R
ARSI, SCRR[9 ] % 18 1 HiaR 75 W EE XS R
JEARPERERSENA , ITAFR , Bl =~ 11X T P EH
JESX ARGV FTBOR IR A, O T L8 5B
HES AR JE AR BE T 5 — 2 BUE 26 4F, AT
FE7 2 6 AL BLOE RS, HE AT FRIE A A B
A BT EHLE X AR Gk sl ) A i i BEe o A A
BRICIE S IR

X TR sX R GERIBETE, SCHR[ 18 ] X b4 48
P ZIEIRE AR RO TE , K F L BHJE 5% 2 1 22 05
gy X B 815X, 78 3T R A5 R R X O R oR i, SC
BR[ 19 ] 5IAZKRL e s, S BBl g 25 R i) 2 X B
N, IR VB 5 12 % AT R A, SRR [20 ] 1
2 115707 R A X Be g Al 1 o BeKR g, 5 OO
figE AT I3 R4 B AR T At 1) e e o RSO 5, (AT
WUE TR BRI T7 RE R i, SCHR[21 ] 2R 23 IX
BB s 50 1 8045 3Gk [ 20 ) AR T b — 2K
R T5 A, TR RE B T 36 0 e R e 1 30 0 4
Yo H TR 7 B R R OE U, — B TA SR
figt , 53 SCHR YR BB T SR A I D5 . 3C
R[22 ] [RIRES A KR ve s B, JF LS 1 T 55 —Fh e
IR T, AR5 SCHR [ 20 ] AISCHk[ 21 ] —
AR T 20 xl (P D) BRSO R , SRR
JrREfATRR e B YRR, SCRR[23 ] WAERH
JENL T =70 mi BYAE BL T [ B A 45 B0 7 R i ) 5
figt, I BT AT T 0 s AR L 9% B
G KR S (B (b S i S S SR DR )
B, S RLE AL T b Ao AL U, R GE R 52
IR R X — R A BT
WA T AR B JE 5% R GRS )

it — L WIHR A P B e 52 R SR SR Se %
PR LE R GEA S T7 vk | R T 54 i 12 TRt as
FIFER, LA 23 s5 A B e 5% R G PSSR 2, 5K
AP TR, A W3 T e 45 o0 R AR R O O
SRAR , 3 M FEAS AR fifp FIASAIE R 20 P 5T, e R
T FEAAE fifp 2% fifk 3 22 8] 19 G 3 R4 il 32T LB S
SCZABI K AR FF 00 B 28 G245 fift S0 2 18] (9 708 24 45
P A 20 58 32T SO ST B AR SR 0

1 EEAE

FAE PR R sk SR AR GNP 11 R ik R
SR A FRALRE | AL AT R m FIEAAL5K )
T,x x Al e 735 B A bs e 07 B B e 250

Bl AR AR sk g

Fig. 1 Taut string attached with concentrated viscous damping!"’
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