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1. Introduction.

The paper by Vassilopoulos and Mandel [1]rigoroully examined
much of present seakeeping theory, and is especially valuable for
emphasis on developing a basis for practical ship design application.
The paper by Gerritsma and Beukelman [2] contains significant experi-
mental results, and a clear concise presentation of strip theory. It
It is a meaningful bridge between theory and physical phenomena.
However, these two papers have discrepancies between them, and the
paper by Vassilopoulos and Mandel [1] disagrees with the results of
Korvin-Kroukovsky [3]. The differences have been examined below, with
respect to: first, the strip theory; second, the choice of axes; and
third, the experimental results in_[Z]o
: The two papers, [1] and [2] disagree in the evaluation of some
motion derivatives. Let it be emphasized that no disagreement exists
as to the form of the coefficients of the equations of motion. The
distinction between the coefficients of the equations of motion, and
the motion derivatives, is important. The coefficients, a, by, ¢y . .
Ay B, C . . +y contain motion derivatives. Which metion derivatives
appear in each coefficient is independent of the methed of evaluation
of the hydrodynamic forces. Since both papers present final results
for fixed axes, it is grdtifyiﬂ¢$ that agreement exists on the motion
dorivitivon contained in each coefficient. Motienm: dorivntivol are ex-
pressed as Zi, Z w? M‘, M ete., in the netation of [ﬂ The disagreement
in evaluation of motion dorivntivos is due to differences in the appli-
cation of strip theory to the determination of hydrodynamic forces.
These differences in application are due solely to one differing
assumption. This invelves what Gerritsma and Beukelman (2] refer to as
"the effect of forward speed", howivor, "the effect of forward speed
on strip theory'" is more precise. [2] clearly shows the necessity of
a forward speed consideration, but two types of considerations are ine
cluded: those arising from strip theory evaluation of the motion derie< -
vatives, and those arising only from the fixed axis mechanics of a rigid
body.
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2. Strip theory.

Differences in strip theory applicition explain all discrepancies
between [1] and [2]. Vassilopoulos and Mandel [1] state that: "Each of the
stripsis assumed to belong to a speeific infinite cylinder oscillating
at zero forward speed and its behaviour is assumed independent and iso-
lated from the neighbeuring strip'.
Since a system meving with forward speed is considered, the rate
of change of added mass comes into the formula for the hydredynamic for-
ce, as is put forward in 2 , while the flow in eaech strip is independent
of the flow in the neighbouring strips., This is not considered in!h],
which states: '"The introduction of terms dependent on the rate of change
of added mass over the ship length is inconsistent with the use of two-
dimensional theory". Therefore, it seems that [1] assumes "the effect of
forward speed on strip theory' to be negligible.
Table I compares (columns 3 and 4) the final results of [1] and [2] ,
each expression of a metion derivative is enclosed in brackets ‘
Disagreement exists in coefficients B, C and E, and the apparent agree-
ment in some other coefficients is due only to cancellatien of speed ef-
fects. The speed effects will be untangled from the mathematics, showing
their exact roles, and uncovering no errors in either [1) or [2] .
The "effect of forward speed on strip theory'" may be analysed by
subdivision into a "three-dimensional correction' and a "speed correc-
tion". Consider first the '"three-dimensional corrictioﬁ”, which express-
e® change of added mass along the ships length, It can be seen in Fig., 7
and 8 of[2], that forward speed has little effect on a' and b', for the
two-dimensional cylindrical form of the midship section (section No. 4).
Conversely, the three-dimensional forward and after sections show marked
lpocd>dopendonce in b', the sectional damping coefficient. Kervin-Kreu-
kavnky,[}]page 123, takes sectional area to be a function of time.
This area, of the specific sectien inntantanobutly in centact with the
hypothetical sheet of water, must obviously change as the ship progress-
es threugh the sheet. m' and N' are functions of sectional area, and so

" must also be functions of time. The ''three-dimensional correction' thus
is expressed by considering m' a function of time, and %f' # 0.

The "speed correction'" is considered separately from the "three-
dimensional' correction, in order to clearly show its relation to other
velocity terms. The "speed correction" is found by considering X, the
distance from the body-axis origin to the sheet of water, to be a func-

tion of time, as the ship progresses through the sheet.
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TABL I. Coefficients of equations of m ion.

1 2 3
Coffri- Motion Results of [2], with strip theory Result: ot 1] Results of [2], nsith strip theory
ciénts [derivatives corrected for forward speed. not corrected for forward speed

a -2, ‘ “L m’ dx] UI‘ (x)dx} UL m dx]

b -2 [IL N* dx] UN (x)dx] DL NV ax]

¢ -2y [pe,] [/og [Bex) d{) lpea]

d -z - D’L m' xdx] -H;& (x) x ax] - ULII' * dx:}

e |-Gz +uZy) - [LN'xdx] + 7 [a] . [Jn(x)xdx] +UOH;A (x) ax] -UL N'xdx} +V [m]

g |-(Gg+uz) -[,ogs{J +7UL N d:% - [/o gJB(x) x dx] +Uo[ IN(x)d;c:l -[/D gs'l + V[IL N dx]

A -, | ‘ [L m' x° dx:] U}L (x)x° dx] UL m x dx]

Bo|-(M +u M) [fL N x® dX+VfLm'x‘ de-VTLn'xdx] ['N(x)xf dx} - 1, “,4 (x)x dx] ILN' xadx;] - vULn'x dx]

¢ |-y +mm) [Ipslw] - v[ ' xax+ v-] Lagja(x)xzax] - UN (x) xdngl [Pg I ] - VH N'x d{

D -M, -“L m' x dx] = H}A (x) dx] [ m' xdx]

E M, o [LN'xdx+Vu] - N x dx] [ dx]

G -nzo - [ng'] -[/ang(x) xdx] ,ag s]

Noetes: 1) For convenience, the notation of[ﬂ] and tﬂ is mixed, in all cases intent should be clear.

2) For comsistency, coefficients in column 3 have been rearranged relative to their form in

Table VI of 2.
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Such a correction is independent of the third dimension and
would also appear in the consideration of two-dimensional cylinders.

This correction is, however, confused by similarity to terms arising
from the mechanics of movable axis systems. Care must be taken to
distinguish between these similar terms.

The role of '"the effect of forward speed on strip theory" is most
easily seen by carrying out the theoretical derivation of[Z] , but eli-
minating all "effect of forward speed' corrections. All such corrections
will be identified by braces { Z. Since all assumptions should now agree,
the resulting motion derivatives should agree with those of [1].

Refering now to article 4.1, Strip Theory, of [2] , for pure heave
we have, with the notation of[2]: )

d L
Fg = - 3% (m Zo)— N Z2 -2pgy3,.

Differentiating, we obtain:

1

F;{ = -(m'2+ {%—g ﬁo) - N'éo.- 2pgy 5%, .

Noting that the '"three-dimensional correctiomn':

] L] v v
dn ( _dm dx = _dm dx _ (,dm
dt dx dt dx t dx ’

we obtain, as in [2] :

?
'_ v ] d o
FH.-—E zo-(N - zv%x'g )Zo-aﬂsyzoo e e (5)
But neglecting the '"the effect of forward speed'" we have:

1] v L

(FH)2D= -m 2 -NZ - lﬂgbyzo, 5 & § (%)25

where 2D indicates neglect of the '"three-dimensional'' and 'speed" correc-

tions. Integrating we obtain:

@), == (fmant - (fxa0d - per s, .. 6), 5

1
Notice that coefficient b = jL]i dx is the same with and without correc—

tions, because:
]
inL%dxg = 0

for the case of m' =0 at x=-L/2 and x=+1/2, see [2] and [5]:.



Now considering the moment we see:

M= Gen) By v O - o 8. ()i s2pexy8. « - (7)
n;di
(Ni)zbz (Xm )Zo + (N :n()zo +2p8Y Ly o ¢ - ('7)ZD

Integrating we obtain:

] ]
) -({‘m xdx) 4+ (an xax) b+ pgs, g, . . @),

Netiee that, in [2], the coefficient E =

¢

jN xdx + Vm,
L
because:

" {Vjo%'-dxg =+ Vm

1
when integrated by parts, for m = O at the ends, see [2] and [5] o
Next we must consider the ship in pube pitch:

F; ' ft- (m' Z) - N'(io) - 2pgvi,.

An expressien for Zo must be found. If we consider the point where the
mevable x-axis pierces the hypothetical sheet of water, letting the dis-
placement of that peint be Zo, we have Zo =(-x0), and differentiating

we have:

b = (-x0-%0)=(-x8+ V),

which agrees with Eﬂ. Bear in mind that this is an expression of the veleo-
ecity of a point on the ship, relative to fixed axes, thus x must be taken
as a funection of time (see Fay [6] ). However, if x is not a fumetien of
time, then 2 = -x6. This will lead to results disagreeing with those of
[1]. Thus it appears that Vassilopoulos and Mandel [1] do, in this case,
eiasidcrw x a functien of time. This is not done explicitly, but is a con-
sequence of the conversion from moving to fixed-axis systems. [1] develops
the form of the coefficients independently of the metien derivatives, and
is thus able to consider the effect of forward speed on the rigid body
mechanics, while not considering its effect on the strip theory. This is
because [1] considers onlyluo, the constant velocity of the ship and not .
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The parameter x appears only as a result of strip theory; and is
thus considered, in [1], only in the final evaluation of the coefficients.

Now continuing, but not neglecting VO, we have:

y d ] Q v °
Fp =-qg " (=x0 + VO)= N (-x0 + VO) + 2pgyx0.

Noting that in [2] the sign of zf:gny must be positive. We then have:

!’;J:-m' (-x8 - {;:0{ +v78) - {%‘%? (-x0 + VO) -
—N'(-xéfV°)+ 2pgyx0,
and:
F;=m'x5 +(N'x+ {J’:m'§=Vm'— ng%g )0+

+ (2pgyx + zva %‘ig N We. .. | (9)

At this stage the '"speed correction' is neglected by [1], and ZJ’C m'g dis-
appears, yielding:

(F') =n'x§ +(N'x-Vm')é+(2/ogyx-N'V)0. - (9)

P 2D 2D

Integration gives us:

(F ), Ds (fL m xdx) 8+ (jL N xdx-Vm)® +(,o.sw-vaN dx)0 .+ .o (10?213

Note that the coefficient e, in [2], is also:

] J v
j N xdx - Vm, because j xm dx and V{x da. dx
L L :

cancel, and that g, in [2] , is:

|
PE Sw - Vf N dx, because f & dx = 0.
L

Now considering moments:

M; =-m 8- 2 [xm x - Va' x - ¥ v%g ) d -
- (@pgyx” + ;_vzx%'—g N Vx)0. . . ~11)
and:
M) =-m 8-’ - V)0 s (2pgyai- N V0 . . . ),
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and integrating:
] ] v °
(M) ==(fm xadx)5-(f Nxadx-Vf i xdx)o -
Pap 1. L L

-(pg1, - vaN xdx)d. . . RS

Comparing this with [2] we see that in coefficient B:
7
xf m x-V] m X - f zvdm 0,

when the last integral is evaluated by parts for m':=0 at the ends.
This leads to a coefficient with seemingly no u M. term. However, we now
see that u M& = + Vf m x dx, which is canoeled by a -Vf m x dx term in
Moo

A comparison of these results (column 5) with those of [1] (ecolumn &)
in Table I shows the results to be identical. This shows that the diffe-
rences between [1] and[?] do, indeed, result only from a differing assump-
tion regarding the effect of forward speed on strip theory evaluation of
the hydrodynamic terms. If the integrals in [2] and [5] y mentioned above,
are applied to Korvin-Kroukovsky's 3 coefficients e, B, C and E, they
are seen to agree with those of Gerritsma and Beukelman.[Z], with "the
effect of forward speed on strip theory" corrections included. The coef-
ficients in [3] are more general, not requiring m = O st Yae suis. Thus
Korvin-Kroukevsky's disagreement with Pﬂ does not result from "erroneous
time~differentiation", but only from a differing assumption regarding the
application of strip theory.

The key to the theory, in [2] , is in the é% (n' 20) terms, which

give rise to the '"three-dimensional correction'" and lead to use of the
""speed correction'"., Those speed terms found in all papers, due to rigid

body mechanies, ariée from the expression:

é =-x6+V°9
o}

which appears in [1] , as:

w =2 +u 0
o o
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3. Choice of axes.

The work in [1] is based on the work of Abkowitz [4]. Abkowitz'
dofivation of the equations of motion is performed first on a system
of movable axes, then converted to fixed axes. Gerritsma and Beukel=
man [2] , and Korvin-Kroukevsky [3] work with fixed axes. It is sometimes
suggested that differences arise from these two approaches. Obviously
the physical phenomena, and thus the motion derivatives, do not change
as man changes imaginary axis systems. However, since the coefficients
are associated with different parameters in the different systems (eg.
Z and %), their forms must change. Coefficients e, g, C and D all con-
tain a term of the product of V and a motion derivative, when written
for fixed axes. But, in a movable axis system these velocity dependent
terms disappear. These velecity terms are quite similar to some of the
"effect of forward speed on strip theory" corrections. In order to de=-
monstrate the effect of axis systems, and to show that the speed cor-
rections for strip theory are independent of axis systems, the fixed-
axis results of [2] will be converted to movable axes. These results
can then be compared with the movable-axis results of ﬂﬂo

To clearly see what happens to the '""speed effect on strip theory"
terms, they will remain inside braces { i , and the equations will re-
main in expanded form.

Considering first the equations presented for fixed axes,; in the
form of [1] , the notatien of [2] :

¥ = FV(zt), and: M = kyay /DV 5,

and:
F = (jm’ dx)zo + (fﬂ' dx)i°+ (PgAw)Zo— (an' xdx) @ -
; L
_(]L x'xdx+¥.fo’cmdx§-Vm+ %VfL xg‘f;-'- dx§ Yo =
- (pg 8, + zvsz %de} -xj'v)o,
and:

Ms(fLm' x* ax)8 +({N'x2 dx+éfL in xdxg -VfLm'xd:ic--{V/Lx2 %‘;v-dx:§6+
+(/Dg I, %sz x%dxz -VfLN'xdx)O- (fm'xdx)zo-
L L

_(fIJN:xdx_ {folx%tldxf)io-,osswzo .
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Now these equations may be transformed to those for movable axes

by expressing Zo of the centre of gravity in terms of Z, as follows:

42 =12Zcos © =~ 2

o

2 =8-V0
(s}

¥ =%-ve
(o]

Notice that these expressions are identical with those in [1]. In this
case x is not a funetion of time, for these equations express the rela-
tien of two motiens of the same point, meving with the ship. Now sub=
stituting these relations for Zo terms, and cahceling equal terms of

opposite sign, we have:

F::/:V(Z-Vé), and: Mzkyzy,aV&,

and:-

F = (Jm' dx)Z2 +( IN' dx)Z +(/03A")Z -(f n xdx)8 -
L.
_(ILN x dx +§j; xm dxg ¥ iV{ x% dxg o =

-(/JgS + %V dm dx} )e,
and :

M = ('/L m x> d#)¥ +(fN'x2dx+ZfL im'xdx? - i foz-%—";:-dx o+
+ (/AgI + zvzf d" dxg )e -(/ n xdx)Z-

- (/L ¥ xax - ZV_/ dxg )i - pgs, .

The "effect of speed on strip theory" terms remain; and if motion deri-

vatives are substituted for the varieus terms, the results are identical
to those of [1], for movable axis systems. Evidently them, the arbitrary

choice of axin~sy-tom.haa no effect on strip theory, and no errors have

been made in [1] or [2] . All velocity dependent terms now present are the
result only of strip theory.

- 10 =



- 10 -

L. Comparison with experimental results.

As seen in Table I, three coefficients show discrepancies
between [1] and [2] , these are B, C and E. The theoretical values-af
these parameters, due to both [1] and [2] should be  compared with the
experimental results of [2] . In Fig. 13, [2] indicates that strip
theory should be corrected, for the determination of E. In Fig. 15,
[2] gives values of A and B, Ceefficient A includes the speed terms
of C, which were moved by division by h>2°

These speed terms are equal to VE, in both [1] and [2] . SinceE
seems to require speed terms in the strip theory, so also does coef-
ficient A, or C. The experimental agreement with the theoretical A is
quite good in[Z] o« Thus only B remains to be considered. Theory rand
experiment do not agree well in [2]. However, as seen in Table II, the
theeretical values from Pﬂ show even worse agreement, for w = 6 rad/

8€Co

TABLE II. Values of coefficient B

W = 6 rad/sec.

Fp 0.15 0.20 0.25 0,30
Experiment 6.3 6.1 6.0 | 5.7
Theory in 2 2.7 7.7 7.7 7.7
Theory in 1 4.0 2.8 1.6 0.k

It must be concluded that the strip theory does require a correc-
tion for forward speed, and that with such a correction satisfactory

evaluation is obtained for all coefficients, except B.
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The derivation of the equations of motion appearing in [1] , and
due to Abkowits [4] , seems a more rigoreus and satisfying method.
However, it does net attempt to evaluate the motion derivatives. When
such evaluation was made, in [1] , it was assumed that forward speed
did net affeet the strip theory. The experimental results of[a] do
not appear to justify this assumption. The method in [Z] , Gue in part
te Korvin-Kroukovsky [3] ;, derives the equations of motion and evalua-
tes the metion derivatives in one process. Experimental results agree
with the results of this method. However, the method does net seem as
elegant or flexible as that due to Abkowitz.

The assumption regarding the effect of forward speed on strip
theory is the only difference between these papers. No errors have been
made by either authors, or by Korvin-Kroukovsky. It seems, to this dis-
cusser, most practical to use the derivation of Abkowitz, and Vassilo-
poulos and Mandel, to study the equations of motionj; and to use the
method of Korvin-Kroukevsky, Watanabe, and Gerritsma and Beukelman,
to evaluate the motion derivatives. It is, therefore hoped that this
discussion will contribute to the understanding of these two approach-

eBs .
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