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Abstract : Passenger ships and training ships have a common feature in that they serve many passengers. Thus, safe navigation is very important.
During normal sailing, a ship may turn using various types of steering, including maneuvers to avoid collisions with dangerous target. When a ship turns,
a heeling angle occurs. If trouble arises during sailing, a dangerous heeling angle may result or a capsizing accident. In this study, the heeling angle
during turning was measured through experimentation with two training ships similar to passenger ships. These findings were compared with theoretical
formulas for heeling angle when turning. We confirmed that the limit of the maximum heeling angle estimation using heeling angle formula when turning
presented in IMO stability criteria. In addition, it was confirmed that the maximum estimated heeling angle can be reached by applying the result
calculated in the theoretical formula 1.4 times when turning right and 1.1 times when turning left to reflect sailing speed when of rudder hard over. It

is expected that this study will provide basis data for establishing safe operation standards for the prevention of dangerous heeling angles when turning.
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Fig. 1. Heeling angle of outward.
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Table 1. Comparison of theory formulas
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Table 2. General description of Hanwoori

Ship’s Name Hanwoori
Type of Ship Training ship
Gross Tonnage 4,108 ton
LOA / LBP 87.55m / 80.00 m
Breadth (MLD.) 16.00 m
Displacement at Full Loaded Draft 3,113.3 ton
Speed (MAX.) 17.0 knots

Cadet / Crew & Instructor 144 / 36 Person
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Table 3. Ship and sea state of experimental condition of Hanwoori

Date 2014. 6. 6 Position 5’ off SW from Gal-do
Weather Sea True Wind Dir./Speed  Depth
Be Calm sea SE / 6 (kts) 50 (m)
Item Value Explanation
Displacement (A)  3,150.786 MT
Deq 4.614 m
KGo 6.080 m
GoM 1.940 m
BG 3413 m
Rudder height : 4.00 m
Gc 3920m B';ifl?ne teog}lieel : 0.16m
LBP (L) 80.000 m

3.1.2 49" 23t

9259l B -8 3525 AAIE o, FA| A& 7.5mss
S om, Fig. 29} o] 3|97 ECDIS ol UEY 34
E38l] 1296 mZ S F AT} B} A 350 (A o], A
2 74w o, AIHE2 99.0m= S S AT

Fig. 2. Turning circle of Hanwoori in case of STBD 35°.
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Fig. 3. Experimental results of Hanwoori
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Table 4. General description of Hanbada
Ship’s Name Hanbada
Type of Ship Training ship
Gross Tonnage 6,686 ton
LOA / LBP 117.200 m / 104.000 m
Breadth (MLD.) 117.80 m
Displacement at Full Loaded Draft 6,434.3 ton
Speed (MAX.) 19.08 knots
Cadet / Crew & Instructor 204 / 42 Person
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in case of STBD 35° and PORT 35°.
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Table 5. Ship and sea state of experimental condition of Hanbada

Date
Weather

Bc Calm sea

2015.11.30

Sea

Position Near Busan port
True Wind Dir./Speed  Depth
NE / 5~7 (kts) 100 (m)

Explanation

Value
5544.900 MT
5.268 m
7.665 m
1.169 m
4.665 m

Item

Displacement (A)

Deq
KGo
GoM

BG

Rudder height : 4.90 m

4465 m Baseline to keel : 0.40 m

104.000 m
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(a) Heeling angle of STBD 35°

Fig. 4. Experimental results of Hanbada in case of STBD 35° and PORT 35°.
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Table 6. Data for calculation of additional experimental condition

of Hanwoori in turning (rudder order)

Item STBD 35 PORT 35
Radius (R, m) 129.6 99.0
Drift Angle (3, Deg) 9.398 12.346
Initial Speed (Vi, n/s) 7.511 7.408
Steady Speed (Vs, m/s) 3.593 3.170
Average Speed (Va, mV/s) 4.564 4.215
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Fig. 5. Analysis of turning heel angle of Hanwoori.
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Table 7. Data for calculation of additional experimental condition

of Hanbada in turning (rudder order)

Item STBD 35 PORT 35
Radius (R, m) 249.8 221.7
Drift Angle (3, Deg) 5.997 6.760
Initial Speed (Vi, m/s) 7.562 6.122
Steady Speed (Vs, m/s) 4.519 2.850
Average Speed (Va, m/s) 5.064 4.032
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Fig. 6. Analysis of turning heel angle of Hanbada.
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