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Tendon-based Haptic Master Device Mechanism Design
for Underwater Manipulation
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Abstract: Underwater manipulation is difficult to completely automate the manipulator movement due to the nature of the work
environment, and it is essential to operate the manipulator through a planar view through the camera, so that a master device capable of
intuitive manipulation is essential. In this paper, we propose a tendon-based haptic master device for intuitive manipulation of commercial
underwater manipulators and perform instrument design. We have optimized the master arm and button layout for the manipulation of 7
degrees of freedom underwater manipulator and proposed a small tendon drive module which can measure force to apply haptic feedback
to all joints and can easily change the stiffness and output. The prototype was fabricated and the simulator and actual manipulator
manipulation test were performed to verify the design.
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Fig. 3. Titan 4 manipulator structure[2].
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Table 1. Titan 4 manipulator function[2].

No. Function Actuator Nominal Range
1 Azimuth Rotary 240°
2 Shoulder pitch Linear 120°
3 Elbow pitch Rotary 270°
4 Wrist pitch Rotary 180°
5 Wrist yaw Rotary 180°
6 Wrist rotation Gerotor 360° continuous
7 Jaw Linear 99mm
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Table 2. HYDRA-UW3 manipulator function.

No. Function Actuator Nominal Range

1 Azimuth Rotary 240°

2 Shoulder pitch Linear 120°

3 Elbow pitch Linear 136°

4 Wrist pitch Rotary 200°

5 Wrist yaw Rotary 200°

6 Wrist rotation Gerotor 360° continuous

7 Jaw Linear -
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Fig. 7. Tendon wire and wiring path design inside joint.
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Table 4. Minimum spring constant and linear actuator capacity.
Joint 1 2 3 4 5
L (mm) 308.5 308.5 180.5 117.5 78.5
k (N/mm) 15.43 15.43 9.03 5.86 3.93

T (N) 15.43 15.43 9.03 5.86 3.93

5 HESt AZ A

Table 5. Apply spring constant.
Joint 1 2 3 4 5
k (N/mm) 29 | 229 | 98 | 59 | 509

Force measuring

0.26 0.26 0.11 0.07 0.07

resolution (N)

wire
a9 15 ZF 2JEE T A 7R 9 A,
Fig. 15. Distance to end effector for each joint.

9 16, ZRAEWH A A g

Fig. 16. Apply spring constant to each joint.

Hage 2xg s S B 14 2="H S 99
3t 594 o] ATk

A mhaE gAE 3D ZUEE o] g3fe] ABSFA A
Az viaE AUEAOlEE ALEch pleE U Ed
olEl9} ’ld 5 EES AZ 200 mm, 7FE 300 mme| &
2ulF BT Ro2 A4St Aashd) 1AsaT

m. AlE3o[e R ojE2ole| ==} HAE

1. =& HAE

AZrE whE] Ax)o] 7B A% AEE st u)
UFEdolElY A IF=w glo] 7 ZRIES Ay £=1
Agtete] H2EE JsIATE 2227 vlxE duEY
oJEle] ETE FA|st HA| A9 f¥€o] I7bE™ =t
2E wyEolEr7t 22k 2qle wEt A o)x 7
ZRE HY £=E5 Ay, 29 A4S delolA
7t 29AE T A 4 RRIEY = HRE A

dE oz muEgelg e Mest=% st

9 17. A A4 4ol k2 wh2E] mfu & o] E] Ao,
Fig. 17. Master manipulator control based on touch sensor input.
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Fig. 20. HYDRA-UWS3 Operation Test 2.
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