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THE EFFECT OF CENTRE OF GRAVITY HEIGHT
ON STATICAL STABILITY CALCULATIONS FOR
A VESSEL FREE TO TRIM

INTRODUCTION

The popularity of stern trawlers, vessels which commonly experignte
heavy trims, has prompted the Department of Trade to modify the form
“taken by the statical stability data submitted to them for approval.

The conventional eross curves of stability, calculated at a constant trim,
are now to be replaced by cross curves which allow the vessel to trim |
freely whilst the righting lever is calculated for a series of roll

angles and displacements. :




Discussion

When calculating cross curves, the centre of gravity of the vessel

is assumed to be at the keel and when constructing a GZ curve from
the cross curves a simple correction for the actual centre of gravity
height gives the required result at that trim.

For a vessel free to trim however an artifical decrease of the centre
of gravity height to the keel will cause an error in the calculated
trim value, and a corresponding error in the KN value and freeboard
values. This effect is shown by the small amount of data included
in this report which were calculated for a proposed fishing vessel of
conventional form. The principal dimensions of the vessel are as
follows:

LENGTH BP "

0.42 m:
LENGTH ..0A 22.86 m
BEAM MLD 6.4 m
DEPTH MLD | 3.2 m
DEPTH TO SHELTER DECK 5.8 m

~ Free trimming statical stability calculations were carried out for inital
trim values of Im by the head, Im by the stern and level. Data are
presented for light and loaded conditions in each case the calculation
was carried out both with an assumed centre of gravity height of 3m
(Table 2), and with the centre of gravity taken at the keel. (Table 3

All results are tabulated in metre units:
WL, VCB, LCB, .5z, KN, in metres,
VOL in cubic metres.

N.B. Values tabulated as 1.2846 @2
This is identically equal to 128.46

The values for KN in table 2 were derived from the GZ values using the
formula KN= GZ + VCC sin © where © is the angle of heel..

Table (2) therefore gives correct values for KN and: trim and the values
~presented in table 1 are merely approximations, Comparison of tables 1 and
2 reveals that for this particular vessel, errors become considerable
wvhen trimmed by the stern, since the trim increases with increasing heel
angle. Consider for example the case when Volume = 247.98 m 3 and

intial trim = 1 m. With a heel angle of 45°, the error in KN is 1.3% and
the error in trim is 0.4 m, when VO§ is 2ssumed to be at the keel.

When the vessel is trimmed by the bow, as in the case where Volume =
115.25 m3 and trim = lm, it first continues to trim by the bow, but
as heel angle increases beyond 452 the direction of trim change is
reversed. With a heel angle of 60°, the trim is back to — 0.98m and
the results are correct in both tables. Discrepancies do occur

however at other heel angles when the trim is somewhat different to its
initial value.




Significant errors occur even in the case when the vessel is
initially at level trim since this vessel experiences 2.35m of
trim when heeling to 907%.

At this point the error in KN is 1% and the error in trim 0.47m.
Conclusions

When calculating cross curves of stability using the free to trim
method a representative VCG height should be used and the results
corrected back to KN values for presentation.

When calculating cross curves using the free to trim method with

the assumed VCG on the keel the errors in KN and freeboard are
proportinal to trim change and may become significant.
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TABLE (1) (CONTD) 1

VOLUME= 2.36700 ¢
B i e . o T _ - |

S AN Y -1 & - o

WL CTRIM V(B OFHEEL GZ |

T T . - e A

5.01  0.01 71.92 10.00 0.60 |
307 017199 20,00 .15
3.15  0.33" 2.08  30.00 1.66

L 399 B8 B Rt BE R . 83

343 1.15 2.60  60.00 2.87 |

3,65 4.52.. . 2.87 .. 75.00 .. 3.12 . |

3.91  1.88 3.12  90.00°  3.13%




D e I N N i 7 o T o S G N S s S 0 R T s B S .u.l

TABLE (2)
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TABLE (2) (CONTD)
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