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Dynamics characteristics of wire driven parallel robot with wire damping

PENG Miaojiao, WU Huisong, LIN Qi*, ZHOU Fangui, LIU Ting, WANG Xiaoguang

( Aerospace of Engineering, Xiamen University, Xiamen, 361005, China )
PAE-mail: qilin@xmu.edu.cn

Abstract To actualize the design requirement of a wire driven parallel robot applied as the model support in wind tunnel
tests, the influence of wire damping on the dynamic characteristics of the wire driven parallel robot was studied by combining
experimental and theoretical modeling methods. Firstly, in order to describe the wire damping accurately quantitatively, a set
of experimental device was designed to measure the wire damping ratio under different parameters. Secondly, considering the
wire damping, the wire tension was modeled and the motion equation of the wire driven parallel robot was established.
Finally, the influence of wire damping on the dynamic characteristics of the wire driven parallel robot was analyzed. The
results show that, wire damping mainly affects the amplitude response of the wire driven parallel robot. The larger the
diameter of the wire is, the more obvious the effect of wire damping on the vibration reduction of the wire driven parallel
robot is. When the wire damping coefficient is greater than 0.6 Nes/m, the influence of wire damping on the dynamic
characteristics of the wire driven parallel robot cannot be neglected, regardless of the diameter of the wire.

Key words wire driven parallel robot; wire damping; dynamic characteristics; wind tunnel test; model support
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Table 1 Physical parameters of wire samples

B s

i MEAL dmm MR Kgom?

K Loym TR TN

1 0.6 Kevlar 1440 0.6~1.4 20~150




4 Bl B F AN 4

1.2 FIEAE %
K FH 6 505 Pl i3 AT B o AL B . A dR R SRS BRI RN dye B 3 NSEIGELHE o, BEET R
)RS

60

4
30t // f\ Aitr
AT .
AR A AVaVA Y,
LHTTAvAVAVaS
-30]/ \-,/ -
-60 : : : :
0 10 20 30 40 50
t/ms

B 3 A B BT P9 4R 30 A6 e i
(d=0.6 mm, Ly=1m, T,=30N)

Fig. 3 Measured displacement response of wire

(d=0.6 mm, Ly=1 m, 7,=30 N)

Wk 3 P, AARREEIREN FE M 2 o 10— DB, Ap RO » DR g, AR

A”’zexp[— ¢ Zﬂrj @)
4; 1-¢7
T HEE PR 6
5:—_11n[f1~r): 22 @)
r A, 1-¢2

B QTS B ¢rRIAA N

(=

1+(27/6) 3)

T S8 A5 28 R RSN AL R i St 2, R SR Q) HEAT B dE b B, BRI AR B4 FH JE L
1.3 KIER

AFEBER AFEKER Kevlar 2875 A F TR JJEH TR B RIR LR, WK 4~ 6 Fix.

B 4 AT UL, 43 BH JE LE R 48 T3S D I3 i g, ST ) To €20, 801 N B, 4 JE b i) T %
HRIRPL, SFUE ) ToE[90, 145] N B, ZafHJe th i) PR R & T2, H4aBi e bbbl 48 5% /1 148
b 2B AR

B 5 &M, ZEfH)e thpge KR B s oK, Eih BB, EARMEER T, 485
Je LU Bl 48 K AR A R AR [H] . T 758 80 N ), 4aBH J8 Eb I 0 B B/

ME 6 BT 0L, ZaPHJE L BESE B ARG K MR SN 30 N OB, BEERE A, e
ELAH B, (4R N 80 N K, BEHELEEAMEmM, B KRR E . KWk, K I
/N, 2R BHJE LR 48 AR 1 AR ALK A BE 20



WA B IS AR JE K 48 R IR LS A\ 3h ) SRR 5

0.08 — : : : : : :

0,061 & 4 ]

3

0.04 N ]

., 0.
e p
3
0.02F AR ¢ *
¢ e e-o-
0.00 L— - - -

20 40 60 80 100 120 140
N

Bl 4 BB S TR KR (d=0.6 mm, Lo=1 m)

Fig. 4 Relationship between wire damping ratio and preload(d=0.6 mm, Lo =1 m)

008 /.
4 T=30N
® T =80N

0.06 - |

S| PR ST S % ]

.85
0.02 <}<} \TVZA - |
0.00 - , . | |
600 800 1000 1200 1400

Lo/mm

K5 @Bt 58 KMKR (d=0.6 mm)
Fig. 5 Relationship between wire damping ratio and length (4=0.6 mm)

0.12 . : : :
-4~ T,=30N
000} |~ 178N ]
0.06F . % ]
o I Eahhh

0.03 ]
S ERRSCEEEE @ >

0.00 ]
0.4 0.8 1.2 1.6 2.0

d/mm

Ko AHLBILSREZMKR (Lo=1 m)

Fig. 6 Relationship between wire damping ratio and diameter (Lo=1 m)
2 BIHFEER
2.1 WDPR Eh /122 E
B 7(a) )\ 4882 5| (175 3 HEEFFBHLEE A WDPR JEELFEHLR & 28, WDPR JRIEFENLR A /AR



6 AEE WU MR K 4R

Kevlar Zff7E 5140, ¥ CHB AR HETE A b o4 51 40 10 KK AT X BB 7S 1 |l B (1938 Bl idh AT # 1
Fré i i) WDPR J5 BEAEHL A 7(b) TR

wE 8 s, LLEHAENR R OXYZ AZSH R, CHIB RN ZILN X=[Xp,Yr,Zr, ¢ ,0 ,w]", Hi
(Xp,Yp,Zp) NI = A BRI V-3, (¢ ,0 ,y - roll, pitch, yaw) AGE =AM BB 5

7 WDPR J& # ¢ 4L
Fig.7 WDPR prototype

TEFHARR R OXYZ ', 2 i AR R EE N
L =B -X,-Rr 4
Hob, BN i WRASHERMERES, PN i RAS WA ES L B =08 ;
X, =0P =[Xp.Y,,Z, | ft% P SfEM AR F OXYZ R r=DB, £ P SIESEIRR Pryz
T B E: R &M IRR Pxyz BIFHAIR R OXYZ (IR AERE . B Al Pr RUBI AR DL 3C
@K[Zt@]o
0 Li N i iRAR R SERF AR, A
L =\(B,~ X, - Rr)" (B, X, - Rr}) 5)




WA B IS AR JE 48 R IR LS A\ 3h ) SRR 7

8 WDPR iz 3)) % 7~ & |8
Fig.8 Kinematics schematic of WDPR

R4 Newton—Euler 7%, WHLBLAL 2N 35 07 240 F -

MX +N-W_-W,=J,T (6)
cosf@cosy —siny 0
cos@siny cosy 0

L J;m%%ﬂﬁﬂﬁimmﬁ%m

(i

Hr, O }ﬁfiﬁ%

HELTRY 5 T 5 0 £ 1R L“Awllﬁﬁﬁﬁwﬁﬁuﬁ o 9 RHURETY 2 R 05 3 ) f 35
g, O=HIROWT | 1100, mg. 0.0, 0] A CHETIIE J 2Bt Waslfor 2al™s  fufl 250N

ul u2 oo ug

7]
VR FILE KHLBERL R 0 b (S 3h RSB 0 T O3 & X XM B
WDPR [¥] Jacobi 45 .

7RG H, ERTE KAV R S sh R sEHR: FHu. B i B Ja. A0 21wt J)
AR i, HERIA U R
F, =—qSC,(X,X)
F,=—qSC,(X,X)
F, =q¢SC,(X,X) (7N
M, =gqSc,C,(X,X)
MZ =g¢ShC,(X,X)

M, =gShC,(X,X)
H, iSRRG F SR RALIRH T AR g & RIS B R 3 B, X T K& X

q:%ﬁ%pﬁiﬁﬁﬁyVﬁ%ﬁLE;Sﬁmﬁ%%ﬁﬁmmﬁ$ﬂ%ﬂ%ﬁ b WRIE: C N

TR, Cp WML REL, Oy ABR A RE, Co WM R, G NI R, C NRE
TFEREG BRI RS OB IR A 2 R 28 AR A A 5K
22 BIKNEE
HIEMMH)E, R R AT B, 13RI KRB
T=k(L-L)-cL (8)




8 LR AR K 2222 4R

Hrr, T N#KT), ko WARZRIBHIGHINIE, ¢ AHIHJE RE, L NS4, Lo N ARZIZK 4

AR AF B JE 28 BOrn BHLJE L ) 5 LA

c=2¢\Jk,m, )
Hp, COhgBHER, HBUE LS 1 RS IAT: m N R KR .
NA:

EA
h—z- (10
m =p A (11)
Fott, BB, A4 REARRTHN BT, py RS KA,
R R AR A
Li—-L, _T,
—_—t=— (12)
L, E4
o, Ty RBTE ST, Lo ATUE 1 FRIFIGBEK
B H(9)-(12), AT 4EFHJE R EL:
c=2¢ |21 4 Ba) (13)
LO
G KA LR EHL R X Z 15 RN
L=J,DX (14)

I,

Sop, g = (1) TR IEILE A K% H Tacobi D{ fﬂag%&*ﬁM%

3x

BsERE, I, N3 fifeE, 0., 83 MR, HBIRIERXI(G6).
FTLA, #iik iR smRIEAN:
T=K(L-L)-C,L (15)
Hrp, Ke=diag(ka, kua, ..., ki): Cw=diag(ci, ca, ..., cg)s L=[L1, Lo, ... , Lg]"s Lu=[Lu1, Lu2, ... ,
Lus]"s
2.3 WDPR B EZh = FH 12
Bear=(6). (14)F1(15), w13 WDPR K BB 2N /12T FE A -
MX +CX+W =0 (16)
Ho,
MzM'ﬁFEﬁW

C=J,CJ,D, HJesiss;

W=N—mfugﬁﬂmukgg,ﬁé%ﬁﬁﬁo

MR (@)%, g L PR AL X AR A4k RiER©)ma, SFRELHINY
KW SRR OB M R R o BAELRMER R, Jacobi MiFE J, A KHUALAL L X A LT
A, Hk, a6)d— ML 1% TR
3 #@PFAEXF WDPR $hh 4 a2

AT X (16)%45 1) WDPR AT FLEB) /12275 F%, WFFURIFRSRFEAE R R, WDPR (5] 3 250



EANE It EWEG RS P I N DA s e 9

Z YR HJE IR .
3 HEEH

5 B BT I 28 S50 R B S 40 R

1) ESH: mE 1 i, RA=ZMARERMN Kevlar 4iffaz5148, N TETHLE, #MHEEES
—H{ E=21.9 GPa.

2) KAHLERL SRR SDM #rfbi, A& m=1.093 Kg, HLESHHEI $=0.026594 m?, “FH35h5%
£ ca=0.092 m, AT O ERE RN
5.844 -0.012 1.057
-0.012 99364 -0.003 |x107* kg-m’

1.057 -0.003 101.314

3) K skb: LGl g (R My 0 °, TE—RFIBUA FHHTIED RNF), SR
FE V=17 m/s, TEE p=1.29 kg/m?, CHIERIL A 12 °, FRE C, BRIIRE Cp, W15 R
] Cny W27 CHR[28]

N T S MRAR LB J1 5 T RE B R R A, AR SR A BRI AE BT Runge-Kutta EUEAR 4> J7i%, X2
(16)HE47 K fit o
32ERESH

W E A, 433 WDPR BI3h 722w N2, il 9-12 fos. Mo, TKAHUBIAL ) Ar 22 5 DA
KHUBL LAY OX 7 m) (A7 278 A RVIREATD 71 A8 A0 A 1

WK 9 Fror, MAEMAN 0.6 mm B, AFEFHBIBR T, WHEERE OX 5 HIALZAR 11
U4 0.1 mm; FRELEIEG T, KAV OX 77 17 A7 B8 A0 [ W) 4 - {E B 0.1 mm,
BELBER [A 284N, EABIEEA K., JEEAEN 2 mm B, AHEEHEMHR T, WHHERE ox
T3 ) A, AR A R W -0 AE A 0.01lmm; B REFHE B O R, ALY OX J5 M A7 B84k I ) 46
- 4 0.01 mm, HPEEREPGER N, 7E =3 s FlaTRe.

WE 10 Fros, H¥4EAN 0.6 mm B, AFHEHBIE T, TSR0 22 40 0 -1 15 Dy
0.1 °; FZEHEHET, KHUBEEHN A AR WG G- 18E B 0.1 °, HEER M2 /N, (HAF
IREA K. MHBEAERA 2 mm B, AFEHEBEE T, YU RN A AR A ) i -0 {5 R
0.01 °; FEMHBMRENT, CHLB R A A1 P a6 & -1&{E N 0.006 ©, HPBERAIPEA /N, 78
=2 s @ TRE.

TERMAEA T, CHURBALZ BRI, 45k Ttz Bih. & AT=T-T,, HHAT fKFLHE*K
FAEAE, TR CHUB AR A LA B g Sz 483k f), ToAURMBIE A, LA 5 i, i 11
foms SEFAERAMSE, AHBRERIFELT, ik MR- E N 2 Ny FEREKBER T,
4Rk 1A IV AR E-IE(E R 2 No fEBERHERIIENL T, B4R 0.6 mm (1) 48 148 5K 77 BE I 7] 22 1%
AR/ T E AN 2 mm (2RISR 5K I BRI TR PR AR N, TE =2 s E T RROE .

gE bR, fESRMAEATT, RABERBORMSE, WL R 2248 4h A0 46 7k 7 48 10 78 R B[] Y R
TRaE. Wik, fEZX A n] D2 ol T, R BEAKRKIIZ4, WDPR Mfs e HE LT,

AG:




10

Bl B F AN 4

X (mm)

X (mm)

X (mm)

X (mm)

0.1
N WWWWWWWMWW
-0.1+
0.2 : s ‘
0 2 4 6
t(s)
(a) d=0.6 mm, JTfHJE
0.1
0.0
|
0.1F
_02 1 1 1
2 4 6
t(s)
(b) d=0.6 mm, )8
0.01
0.00
-0.01F
-0.02 : : :
0 2 4 6
t(s)
(c) d=2 mm, TCFHJE
0.01
0.00}
-0.01}
-0.02 : s s
0 2 4 6
t(s)

(d)d=2 mm, HHE

Bl 9 KHURAL OX J7 [l fL % A4k
Fig.9 Attitude of aircraft model along OX direction



Y e DN A D | RN P K i Ea 11

Pitch (deg)

Pitch (deg)

Pitch (deg)

Pitch (deg)

0.2
0.1}
I
0.0]
-0.1 : s ‘
0 2 4 6 8
t(s)
(a) d=0.6 mm, JCFHJE
0.2
0.1f
Il
0.0
0.1 : : :
0 2 4 6 8
t(s)
(b) d=0.6 mm, )8
0.02
0.01}
0.00
-0.01 : ‘ ‘
0 2 4 6 8
£(s)
(c) d=2 mm, TCFHJE
0.02
0.01
0.00
_001 1 1 1
0 2 4 6 8
£(s)

(d)d=2 mm, HHE

10 CHUBETL A £ 32 L
Fig.10 Pitching angle of aircraft model



12

Bl B F AN 4

AT (N)

t(s)
(a) d=0.6 mm, JTfHJE

2 4
t(s)
(b) d=0.6 mm, fFHJE

2 4
t(s)
(¢)d=2 mm, JGfHJE

2 1
1(s)
(d)d=2 mm, FHHE

& 11 45k AR
Fig.11 Wire tension



WA B IS AR JE K 48 R IR LS A\ 3h ) SRR 13

0.10

—— d=0.6mm, (=0 —— d=2mm, (=0
0.05 | — d=0.6mm, (0 —— d=2mm, (#0
. 0.00g
g
g
>~ -0.05+
-0.10
0.15 . L .
7.8 7.9 8.0
£(s)
(a) KHLERWE OX 77 mhifs
0.15
—— d=0.6mm, (=0 ——d=2mm, (=0
— d=0.6mm, (#0 —— d=2mm, (#0
0.10 |
E,
S 005
=
2
£
0.00
-0.05 L L
7.85 7.90 7.95 8.00
t(s)
(b) "EHLEERY 50 £y
3
— d=0.6mm, (=0 —d=2mm, (=0
r — d=0.6mm, (#0 — d=2mm, {(#0
s
: W v

7.89 7.92 7.95
£(s)

(c) 43k

P 12 WDPR ) 3 21 i
Fig.12 Dynamic response of WDPR

P 12 D R TR A5 228 iy [ A0 288 5 g vy 7t 26 1) R ORI . I 12 mT L, ERE R LT, KL
PR A AN 5K ) 2 VE R B REE IS AL, KMV (0 o 22 M4 5k ) Rk %, H48
BN, $RG R AGER . ULB4EHJEXT WDPR 130 /) 5w B B G AR IE, B4 HAEK,
A BH JE B IR A RGBT o e, X T EARNT 2 mm BZHZER Y, AHEECEHL R R AL, 4R B JE XY
TRV IY AL 28 [ 4 5K ) B3I 32 SR A MR AL B SE AR /N, R AT DL



14 Bl B F AN 4

3.3 @B BRI N H HE
WR4E Fdkatr, BEREAFKILZ, X WDPR 2 /750 R 2 m B B . Lhgg 5 v, MRHER
(13), AEBEFHRMIEZEWE 2 Fin. HTHELRMAEEAH, SEOHERZRBAEMRKZEDN, M
152 WDPR 113 /5 2% 5 B 5 AN [
% 2 AEERANBLE R

Table 2 Damping coefficient of the wire with different diameters

4% MEMAmm)  PIG4Km)  WEAIN) BB B RE(Ns/m)

5 0.6 0.685 30 0.034 0.131

5 2.0 0.685 30 0.075 3.198

HEAFZ, HEBWAR, HHYGEK. WG KIINARE, #2520 4 i e 52450
I, XHEUIGIHE REE AR LR, WHMAR BRI, o e REWA, X WDPR 37/
0 R . 8 S E R B nx, ey s R RAUBI LA RN 4R 5K AT TC B AN AL AL B
Pxo
Pxc
Pro 17)
Pp.

_Pro
Pr.

b, pxo NTGHH RIS CHUE LI OX J7 1A 28 A AL I U U AH ,  pxe A FHLB IS WAL ALV OX T
AL AR 5 s Ja -V AE s ppo N TCBHLJB I ROMLASE AL R A0 A1 AR AL WU AEL, o A BELJG IS TR ASE Y
AR F AR 5 s Ja HIWE-IEAE ; pro VTG PH JE I 4 5K ) AR -1 AH, pre A BRJERT 285K 112840 5 s Ja
R I - U

mE 13 fros, H4H)E R ¢>0.6 Nes/m I, JFHJE 54 BHJE (A3l /g 2 e b7 e - Uit {8 2 ELRs i it
10, BP&gPa)e fIR1E RS R B, a2 EAMHNAL Eagngs, HEEm/EHEHE.
I, 7E WDPR ¥ it , mlARHE R (13) MLl 48 2 Lk 545 2], M43 08 R 8 ¢ 35 2 DL T 21

¢>0.6 Nes/m

W, AR EAAHA A, HEHJEXT WDPR 3)) ) % K5 4 1 52 Wi AN B2 208 .

% =

e =

e




WA B IS AR JE K 48 R IR LS A\ 3h ) SRR

15

250

L —=—d=2 mm

200
150

. 100

<=

50

0

_50 1 1 1
0.0 0.4 0.8 1.2 1.6

(a) KHUEALE OX Ji AR

12000
I —=—d=2 mm

10000F e ¢=0.6 mm

8000
6000
<4000

2000

-zooo. : :
0.0 0.4 0.8 12 1.6
¢ (N-s/m)

(b) KHUERLfAD A

1200

—=— d=2 mm
1000 + —*— d=0.6 mm

800
600

=
=400

200

-200 1 -
0.0 0.4 0.8 1.2 1.6
¢ (N-s/m)

(c) 4k

B 13 48 e RECEAXT WDPR 3l 7 5 m0 B [ 52 i

Fig.13 Influence of damping coefficient variation on dynamic response of WDPR
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