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Abstract : Screw-failure accidents in small ships frequently occur in coastal waters. In particular, vessels’ propulsion systems are frequently coiled due
to objects such as fish-nets and ropes that float on the sea. The failure of the ship’s propulsion system can cause primary accidents such as ship
operation delays and drifiing due to loss of power, furthermore, the possibility of secondary accidents such as those involving operators in the
underwater removal of rope stuck in a propeller. Ships that do not have the proper tools to solve these problems must be either lifted onto land to be
repaired or divers must dive directly under the ship to solve the problem. Accordingly, some small vessels have been equipped with rope-cutter devices
on the propeller shaft to prevent ship propeller system accidents in recent years, however, they are not being applied efficiently due to the cost and time
of installation. To solve these problems, this study develops an underwater rope-cutter device and controller for the removal of propeller and shaft
foreign material in small vessels. This device has simple structures that use the principle of a saw. Meteor gears and crank pins were used for the
straight-line rotation of saw blades of the underwater rope-cutters to allow for long strokes. Furthermore, the underwater rope-cutting machines can be
operated by being connected to the ship battery. The user, a non-professional, can ensure convenience and stability by applying reverse current

prevention and a speed control circuit so that it can be used more conveniently and safely.
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Table 1. Number of fishing vessels by tonnage
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Fig. 1. Accident due to foreign substances wrapped in the
propellant (Kpilbo, 2017).
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(b) Ship stern propeller maintenance hall

(c) Rope cutter

Fig. 2. Ship maintenance hole.
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Fig. 3. Propeller rope cutter (Jejudominilbo, 2015).

Fig. 3:& AFE A oA Ads =
oA G R AWYE ety A3 22wy
7| getE el wht oF 800~ 1,000kl 2] w]go] A
ojele] Mo APFHEE o] &Y BZ %

oRH =22

[ H
mZi
T
N
By
o
>~
>
rr o2

X0 o
T (e RN

o
[H o 2 X

LI

2o
=
U

A F3Adr] 719 AA R A7) pd

3.1 7[7 AA

2o A 71Ee BAREE SAsr] fl8] 2 =EolAE A
FA 7AE delE ol gste] tdEk FRE JPAWA S
o Adk]]o] folg FFHEWAV|E ASHEth T
7IAA e Adr|e] RERYE HAse IdEs v
o] AMGEL TR v F= FATYUNY ABINE A
3l3ith 53], FFellA] PP 232 o] AAs}F & o] F XA &
= AHAAE & dusE S gre] fE 34S S0mm
2 A7tk Fig 5% 719 AA 2 AAES e

(c)underwater cutter

Fig. 5. Underwater rope-cutter instrument.
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Table 2. Underwater rope cutter specification

Category Specification
Rating Input Voltage DC 24V
Rating Power 720 W
Max. RPM (Saw) 1,200 rpm

Max. RPM (Motor) 18,000 rpm (24 V)

Gear Ratio 15:1
Saw Stroke 50 mm
Housing Pipe Length 1,200 mm
Weight 42kg

= A AC220V Ao]
= 75‘%7P ol FAtoll A /\}%8]—% 2 } A Algo] Ao B
T °ﬂ7\1 A= —’F Akr) o] 79 A8 uk

o)

” r&

.
19+ Gl Aaas



ol #4 -

U4 vee_1av

100uF_50' 100uF_50v

-

7812 ca
vi vo P 1
& 3
o 6

1y 03— cND  vee

2 ISCH
R2 it

OUT THRES:

c1

100yF 50V oo 12v
- ? ;

R1

2

330QVCC_12V 4 | peseroonT

— NEBBAP

JcC_Bat
7

304
IN4DBIG

CN1

< D5
1N4007
T

D6
1N4007

DT
1N4007

13
1N4007

Fig. 6. Underwater rope-cutter schematic diagram.
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Table 3. Control system electrical specification
Category Specification
Rating Power Continues 30A (Max. 45A)
Potentiometer
Output control method (Pulse width modulation)
Switching frequency 1.6 KHz

Standby power 0.4W

Board Size 91.45(L) x 50.8(W) x 30(H) mm
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Fig. 7. PCB design.
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(B) Duty ratio 50%
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(C) Duty ratio 75% (D) Duty ratio 100%
Fig. 8. PWM duty rate waveform.
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Table 4. PCB Thermal measurement environment

Category Specification
External temperature 24~25C
Humidity 20~25%
Used battery Rocket 12V _100AH X 2ea

Controller duty ratio 100 %
Continuous operation time 20 min
Continuous operation ampere >185A
Continuous operation Power >450 W

Fig. 10. PCB thermal camera photograph.
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Fig. 11. Battery used in the experiment.
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Fig. 12. Rope-cutter acquisition data.
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Table 5. Data acquisition system Table 6. Underwater rope cutter test items and results
Equipment or device name Purpose Category Target Result
ACS756 Ampere sensor Saw stroke 40 mm Upper than 45 mm
ACPL-87x Voltage sensor Saw speed 980 rpm 987.9 rpm
cRIO-9074 Programmable Logic Controller Noise Less than 80 dB 75.8dB
NI 9215 4ch Diff. A1 Module Control ability 5-Step Control 5-Step Control
spslr5-24-5 Voltage Regulator (DC/DC) Cutting ability 20 ™™ PP rope cut 47 sec
Less than 60 sec
Length Less than 200 cm 193 cm
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