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Screw Transformation Mechanism of Screw-Propelled
Robot for Efficient Void Detection in Grease Pipe
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Abstract: In general, detection robots using ultrasonic sensors are equipped with sensors to protrude
outward or to contact objects. However, in the case of a screw-propelled robot that detects the inside of
a reactor tendon duct, if the ultrasonic sensor protrudes to the outside, resistance due to grease is
generated, and thus the propulsion efficiency is reduced. In order to increase the propulsion efficiency,
the screw must be sharp, and the sharper the screw, the more difficult it is to apply a high-performance
ultrasonic sensor, and the detection efficiency decreases. This paper proposes a screw shape-changing
mechanism that can improve both propulsion efficiency and detection efficiency. This mechanism
includes an overlapped helical ring (OHR) structure and a magnetic clutch system (MCS), and thus the
shape of a screw may be changed to a compact size. As a result, the Screw-propelled robot with this
mechanism can reduce the overall length by about 150 mm and change the shape of the screw faster
and more accurately than a robot with a linear actuator.
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[Fig. 2] Detection a void of Screw-Propelled Robot
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2.1 Concept of mechanism
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[Fig. 3] Shapes for ultrasonic sensor’s size
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[Fig. 4] Schematic diagram of screw transform mechanism
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[Fig. 5] Schematic diagram of a Linear actuator’s motion

[Fig. 6] Schematic diagram of OHR mechanism
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2.2 Overlapped helical ring (OHR) mechanism

OHRE 5 £50] A4 §5.0.% NeHE l(screw)
o] 54} Qljoll A Hekstel, L ol Q1= ofe] s 72
P S [Fig 619 2ol BE7FLA o b 3]
AA7W WA 02 The Wl BEe] el Faola

9] sk thate) 3149 ek 4 491 AR E 24

[*]

N 32 o

B =704 20 mme] A 40 mme] A 221
A== [Fig. 7)% o] OHR F2# S A 2ks}

= =
I, 237 NS 919 TE} 20T AN )5S A T

é‘ For screw’s head
opening/closing

For ultransonic sensor
movement

Jﬁ
o

-

N
offt
>
=2
o
>
o
)
[
HJ
‘U

Z5 WAt

2.3 Magnetic clutch system (MCS)
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[Fig. 7] Modeling of OHR for Screw-Propelled robot
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[Fig. 9] Modeling of MCS for Screw-Propelled robot
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[Table 1] Various volume values

m
AN

fu
by
1o
bll
=S

Voulme of grease
around screw
V=)

Volume of grease in | Volume of screw
duct (V) )

635.10 cm® 33.0 em? 602.12 cm?

HEE A 23/ 2 A vAUS 175

15]0] [Table 110114 7Pg 3 €= 1) 12] 0] Ru]nr) 47
wzoll, 237753 N o] 3o dys A del
A= A7} s st

2o AlS o]g3lo] OHR 28] ~3F7F A/lsE
7] Fol A A3 A [Fig, 1212k 2o] Hh <F25N9] 3
2 A= A A0 web A7) e s
S 0] Bl 1% ool driE 4= lvkar ek )

3 2 ' Bl MCSe] 52 1S ffal S 84l
& Sl HIAREHES AlFelglan, S E8 MCS7HA
A o AEslo] S EE sk 2lS ERlaSitFig. 13].

OHRZ} MCS7} A ;}lﬂ 2T %LZ 3L AL L
Eu| = gteto] 7-E

= 2
S s3aL, £ TellA él?:.‘ & 53l [Fig. 14]9} #2o]
Z

oot
o o

oot

A3 02 OHRI}F MCSE 488 7 W3} 7Y S&
ol 54 f\]é%—% 15}0}04 BE 5H Fol = e A

Force [N]

-02 0.0 02 04 06 08 1.0 1.2 14 1.6 18

Time [s]

[Fig. 12] Result of screw openning force
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