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Fig. 7.1 Generation of instantaneous force

111



7.3 A EEESi v L—42 QBB \RETIL
7.3.1 HESHERhETL

ﬁ

AFE TR = 2 L—F OE)FHET VT, HBIERTR OIS BFRANDLESE

DIEFE, NTHANDIENELE Vo TmBHREET MEL TS, ZHUCEY, v =2 L —¥%
DOEEZ TSR T D 2 E N TE D0, FHENE L U o b—1 3 VIR - T,
— 5T, RETIE2 BHEERHEE~ =2 L—2 |2 L5 BBEEORTI % BN E LTW5.
O, vIalb—va rEEDIRLTO BRI, EROET ATITEHEENFERICRY, £
< ORFHEET 5.

ZZTARETHE, BUOICAY=EaL—2OffiG 7 1 BREET VEMET L. 22T, &
FOITIRE LB 1R AETFIEORBICER Lz, ARETIEH o0 UHESREE N THRIZ
mu, UBEDOEHAILIENERDTET THDH. ED=, BREE AT v 7 AT DNz~
ZERIEISE DBENOEBIIIEF I NSNS O L RET D, £72 728 TRE L= TETIT, %%
WIPEE SR & Ripdd ba_iz. ZhoxBEx, BETIHMEGETT NVE Fg72 1T, KE
TATHE, ~=E a2 L—2OEHEHIIRA LY "REH L, BEIBEFIECLDEHIT —L0
BERE) & B7ed. £z, AU ARITEFIREBTOME L ITRERE AIEICTELARE L,
BEEEICIX ARG & o "D i o TWnWH &35, Z2°C, MHPIZEIT 5 K iXBEHERIPER T D
NADOASRES (=BERIE) |, c IXBE ORERRE, 11X — 20 M, mIZARTHL. £
LT, RETNOERHFRAZ L TFIRT.

H(6)0+D(E)d+K,(P,R)(8;-0)=0

2T, HIXMEME, DI, KIXBEEIRIPEOE, EIX MR 7 L—% ~OHINEL, P, P,
IEBENLHRSOEINEThH D, £z, FERRIZB W TR ZZEREIC L > THIff S 5 72
W, X710 P, PoAANTWADR, 3 2 b—3 g 23T B E -0 R &4 i 4 B
HEET 5.

H}

, 2R
v,

112



Variable stiffness spring ‘

Variable viscosity damper ‘

Equilibrium position

Fig. 7.2 Spring model of 1-DOF manipulator

7.3.2 NRETILORIIEER
7.3.2.1 PBEETRITERIEEER

MRELIEARET AT, iz LD ARELZR LTS, £ 2T, FERIZIWTRIHEMIME
I ZAT, ZORBERET 2. AEBRCTIIFE 6 HLF UERI AT L &ML, J170
T X - TREEAIMERIEZ B Z 20, ANk > TT—acEN 2525, £ LT, B D
CCBAET vy AMGE LRk 5. 2 2C, BAHEARIMEIE 0.08, 0.10, 0.12Nm @ 3V TH Y,
BAEI OO -5 /4 1% 30, 60deg » 2V ThDH. Fiz, Efiik5deg ZLIthHx 5.

AREBRFER A Fig7.3, Fig.7.4 \Tnd . AFERLY, BEFREIMZ I ZOEEET MIZ L > TR
WAERFICB W TR TS Z EB3bns. ZhICX Y, R LEET VISV TR
B2 L NARE L THARTIENTEDLEEZD.

113



Joint torque [Nm]

® Joint stiffness 0.08 [Nm/deg]
(y = -0.0851x+2.553)
¢ Joint stiffness 0.10 [Nm/deg]
(y = -0.0991x+2.973)
a Joint stiffness 0.12 [Nm/deg]
(y = -0.1349x+4.047)
O 10 20 30 40 50 60 70 80 90 100

Angle [deg]

Fig. 7.3 Relationship between joint torque and displacement of the joint (equilibrium position of the arm
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Fig. 7.4 Relationship between joint torque and displacement of the joint (equilibrium position of the arm

is 60 deg)
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—Experiment (0.08 [Nm/deq])
_Spn ng model (0. 08 [Nm/deg])
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Time[9]

Fig. 7.5 Experimental result and simulation result of dynamic response (joint stiffnessis 0.08 Nm/deg)
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— Experiment (0.10 [Nm/deg)])
— Spring model (0.10 [Nm/deq)) |

1.2

.16
Time[g]

24

Fig. 7.6 Experimental result and simulation result of dynamic response (joint stiffnessis 0.10 Nm/deg)

—Experiment (0.12 [Nrm/deg])

1

12 14 16 18 2

Time[9]

22 24

Fig. 7.7 Experimental result and simulation result of dynamic response (joint stiffnessis 0.12 Nm/deg)

Table 7.1 Result of validation of dynamic spring joint assumption

Joint stiffness [Nm/deg] 0.08 0.10 0.12
Experiment | Spring model | Experiment | Spring model | Experiment | Spring model

Peak angle [deg] 61.0 61.8 66.4 66.1 67.8 66.1

Steady state [deg] 60.4 60.0 63.7 64 63.8 64

Error of Peak angle [deg] 0.8 0.3 17

Steady state error [deg] 04 0.3 0.2
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