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Abstract
A synthetic fiber rope, which is lightweight and has a high tensile strength and flexibility, is receiving much attention as a

replacement for a stainless steel wire rope. To exploit the maximum tensile strength of the rope, it is essential to develop

a terminal fixation method with the sufficient fixing force. However, practical difficulty exists in the case of the synthetic

fiber ropes because the synthetic fiber ropes have very small frictional coefficients compared with a stainless wire rope.

This paper proposes a new terminal fixation method using a grooved pulley, a loop with figure-eight knot, and a pin. The

grooved pulley is introduced to increase the friction between the synthetic fiber rope and the pulley by wedge effect, and

the rope is wound around the grooved pulley. The end of the rope is hanged at a pin by a loop with a figure-eight knot. We

experimentally derived the appropriate groove shape, and demonstrated that our method permits the maximum fixation

force over 90 % of the rope breaking force. An example of implementation for a prototype model of a coupled-tendon

multi-joints manipulator is also described.
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Fig. 1 Coupled tendon-driven 3D multi-joint manipulator.

Fig. 2 Terminal fixation methods for steel wire ropes
(modified based on data from (Unirope LTD,
2018).)
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Fig. 3 Experimental setup: (left) tensile testing device (SHIMADZU: AG-I, maximum force: 100kN), (middle)
rope arrangement using jigs, (right) schematic figure of the rope arrangement.

Fig. 4 Terminal fixation methods tested in the previous work.



Table 1 Strength efficiencies of various end fixations (Horigome and Endo, 2016).

Dyneema1 Zylon3 Stainless3

Diameter [mm] 2 2 2

Tensile strength [kN] 2.14 2.99 3.50

Clamping (small) [%] 28.3 18.6 80.0

Clamping (small)* [%] 42.9 37.3 -

Clamping (large) [%] 65.0 72.3 90.2

Clamping (cylinder) [%] 58.9 83.7 -

Bowline [%] 47.1 36.6 63.1

Yosemite bowline [%] 51.2 45.9 -

Double sheet bend [%] 50.5 46.5 -

Figure-eight loop [%] 50.9 53.2 73.6

Calking (1) [%] 58.9 23.9 -

Calking (2) [%] 89.6 47.8 -

Calking (3) [%] 83.1 79.2 -

Sewing (10 mm) [%] 48.8 34.1 -

Sewing (25 mm) [%] 85.4 73.5 -

Sewing (40 mm) [%] 81.3 90.8 -

*Making knot at the end of clamping to prevent slipping.
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Fig. 5 Schematic image of the proposed fixation
method. Fig. 6 Relationship between D/d and strength efficiency,

and its empirical equation (Horigome and Endo,
2016).
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Fig. 7 Analytical model of the rope wrapped around a fixed pulley.
Fig. 8 Equilibrium of forces in the

groove
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Fig. 9 Rope deformation (left) and design parameters of the grooved
pulley (right).

Fig. 10 Groove shape tested.
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Table 2 Ropes used in terminal fixation force measurements. All ropes had diameters of 2 mm.

UHPE: ultra high molecular weight polyethylene, PBO: poly(p-phenylene-2,6-benzobisoxazole).

∗1 When each 200 m length of rope was purchased, 1 USD equaled 111JPY.

Fig. 11 Tension measurement device.
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Table 3 Experiment condition.

Temperatures 18.5−20.0◦C

Humidity 28−46%

Tension speed 300 mm/min.

Sampling period of tension
After winding (T2): 0.015 s

Before winding (T1): 0.01 s

Table 4 The average strength efficiencies at each groove
angle α and each groove fillet diameter φ with
Zylon3. [%]

φ [mm]

0.5 1.0 1.5

30 81.4 86.0 91.3
α [deg] 45 89.8 84.2 89.7

60 89.6 89.3 88.3

.

Table 5 The average strength efficiency at each groove
angle α and each groove bottom diameter φ
with Stainless3. [%]

φ [mm]

0.5 1.0 1.5

30 97.5 97.5 97.5

α [deg] 45 98.5 97.5 98.5

60 98.5 97.5 98.5
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Fig. 12 Relationship between the groove angle and the
equivalent frictional coefficient with Zylon3.
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Fig. 14 Strength efficiencies of various material ropes
where test pulley grooves are optimum (α=30deg,
φ=1.5mm) and metric screw (M42).

.

Fig. 15 Strength efficiencies of various rope diameters using
metric screws.
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Fig. 16 Prototype model of a coupled-tendon multi-joints manipulator “Super Dragon”

Fig. 17 Terminal fixation for the gravity compensation
tendon Fig. 18 Experiment with heavy load of 142.4kg applied to

two units prototype model.
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Table 7 Physical properties of synthetic fibers(Ohta, 2010)(Kuroki, 1998)(Yamamoto, 2006).

Fiber name Material
Strength Young’s modulus Elongation Density

[cN/dtex] [cN/dtex] [%] [g/cm3]

Dyneema R© SK-60 UHPE 28 900 4.0 0.97

Dyneema R© SK-71 UHPE 37 1150 3.7 0.97

Zylon R© AS PBO 37 1150 3.5 1.54

Vectran R© HT Polyarylate 24 530 4.0 1.41

UHPE:ultra high molecular weight polyethylene, PBO: poly(p-phenylene-2,6-benzobisoxazole).


