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Towing Performance and Safety Factor of a Ship
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Summary

In order to make a plan of ship towing, it is necessary to investigate the towing performance of the tow ship, status of the towed
ship, external force acting on the towed ship and sea conditions. The factors of the towing performance are derived from the
towing gear and main engine power, which are evaluated by the bollard pull test in the case of the tugboat. When the general ship
instead of the tugboat makes a towing operation, the towing performance with the main engine power is crucial. It is important to
know the towing performance of the tow ship and tow force depending on the size of towed ships in several sea states in the
emergency towing by the general ship.

The bollard pull test and towing test in calm and rough seas have been carried out to investigate the tow force and tow power,
critical tow force and the condition of safe towing. The towing safety factor is defined by the critical tow force divided by the
maximum towline tension during towing. The factor less than 1 indicates the disability of towing. The critical condition is shown by
the value between 1 and 2. Lastly its value larger than 2 indicates the safe towing.

The towline tension is calculated by the Optimum Towing Support System developed by the National Maritime Research Institute.
In this calculation, the patrol vessel as tow ship tows Skinds of ships in several sea states. By using the ratio of critical tow force and
calculated towline tension, the towing safety factor is estimated and the chart for the critical towing performance in several sea
states using the displacement ratio between tow and towed ship has been shown. Even the operator of the general ship will be able to
know the possibility of the safe emergency towing using the displacement of the towed ship in certain weather condition in this
chart.
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Fig. 1 Relation between bollard pull and tow force
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Table 2 Principal particulars of BOYO-MARU
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Fig. 2 Measured results of towing test in calm sea

Fig. 4 Critical towing performance and tow force
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Table 3 Principal particulars of tow and towed ships
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Fig. 3 Relation between tow power and towline tension during

towing test in calm sea
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Fig. 5 Measured results of towing test in rough sea
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Fig. 6 Relation between tow power and towline tension during

towing test in rough sea
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Fig. 7 Critical towing performance and tow force
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Table 4 Principal particulars of tow and towed ships

Tow ship Towed ship
Patrol vessel | Patrol vessel Car ferry
Lop [ 77.8 123 200
Bim 9.6 15.5 26.5
Dm 53 8.8 15.3
drm 3.6 5.7 6.8
Wi 1389 5503 18229
Wo/W, 4.0 13.1
BHP[PS]
4000 critical tow force[tf] 3 1
P33 227 215 196 171 % v
30001 6 ]
2000r .
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0 2 4 6 8 V[kts]1 0

Fig. 8 Critical towing performance of tow ship

Table 5 Towing condition for patrol vessel

Wind 15m/sec dir. =60deg.
Wave 3.5m dir. =60deg.
Tow speed 3kts

Tow line Polyethylene /=400m, ¢=65mm
Towline Measured OTSS
tension 11.0tf 11.6tf
Safety factor 14 1.3

Table 6 Towing condition for car ferry

Wind Sm/sec dir. =90deg.

Wave 0.5m dir. =90deg.

Tow speed 4-5kts

Tow line Polyethylene /=600m, ¢$=55mm
Towline tension 4 kts 5 kts
(OTSS) 11.0tf 14.7tf
Safety factor 1.4 1.0

4.4 HfgENHBRRE
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AR UTe, BRARIZRBE IR T C oG MR £ 0 RATRER
THAE LTHEM L7z Table 3 (2R #E_ERZT O 1000t #
AR & L, BRI EDm, 2T, 4 v —2 & (7
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Table 7 Principal particulars of towed ships

Ship type Loam Bl Dim Wo/W,
Tanker-full/Ballast 256 48.3 22.4 78.3/33.4
Container 200.0 32.0 16.5 18.2
Cargo ' 156.0 26.6 14.1 12.7
Fishing vessel 53.0 9.4 4.0 0.53
Patrol vessel 105.4 14.6 7.8 1.89
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Fig. 9 Chart for critical towing performance in head seas
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Fig. 10 Chart for critical towing performance in bow seas

Wiyd Wave
m/s a state
150 | 30 3] Se

941305
671204
4410 3
251052

09:01 1

00!00( £ Be :
10 20 30 40 50 60 7FOw
Towing Safety, - —2
Factor 0 — 5 W,

Fig. 11 Chart for critical towing performance in beam seas
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Fig. 12 Chart for critical towing performance in head seas
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