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This invention relates to apparatus for calculation of 
depth, trim, bending moment and shearing stress in a 
loaded ship. 
The apparatus of the invention has been designed as an 

electric analog computer incorporating a number of sec 
tions (called apparatus sections) equivalent to a number 
of sections (called ship’s sections) into which it is as 
sumed that the ship has been divided. The apparatus is 
based on the principle that in each apparatus section there 
can be obtained, by using ?xed and adjustable resistors, a 
current (hereinafter called “weight current”) and a volt 
age (hereinafter called “weight voltage”), both being pro 
portional to the arithmetic sum (hereinafter called “re 
sultant weight”) of the buoyancy, carrying load and weight 
of the corresponding section of the ship. 

In the accompanying drawings: 
FIGURE 1 is a longitudinal section diagram of a ship 

divided into eight sections, 
FIGURES 2 and 3 are circuit diagrams, 
FIGURE 4 is a perspective view of an apparatus ac 

cording to the invention, 
FIGURE 5 is a wiring diagram of the apparatus, and 
FIGURE 6 is a modi?ed circuit diagram. 
The basis for the design of the apparatus will be ex 

plained with reference to FIGURE 1, in which eight sec 
tions of a ship are designated 1—8. The depth of the ship 
midship is called D and the angle of trim T. The trim 
angle T is given in radians or, because it is generally very 
small, in tangents. An arbitrary section of the ship, will, 
in addition to the shearing stress and the bending moment 
acting in the sectional planes between the said section and 
adjacent sections be exposed to the following forces: 

(i) The weight of the section, 
(ii) The load in the section, and 
(iii) The buoyancy of the section. 
The weight of the section (i) is a constant for each 

section. The load in the section (ii) represents an arbi 
trary variable ?gure. 
The buoyancy of the section (iii) is equal to the sum 

of two products, (a) the product of a constant buoyancy 
factor for each section and the depth midship, and (b) 
product of T, the distance from the section to midship and 
the buoyancy factor. The depth midship D is a variable 
common for all sections and independent of the load dis 
tribution. In the product (b), T is a variable, common 
for all sections, but depending upon the load distribution. 
The resultant weight F for each section is equal to the 
arithmetic sum of the weight of the section, its load and 
its buoyancy. When the ship is ?oating and in a static 
balance condition, the arithmetic sum of the resultant 
weights of all the sections of the ship equals 0. This can 
be expressed by the following equation: 

This equation is valid, as will be understood, when divid— 
ing the ship in eight sections such as shown in FIGURE 1. 
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Inasmuch as the ship is in the static condition of equi 
librium, the bending moment in one end of the ship or 
beyond must be 0. In FIGURE 1, the distance from the 
stern of the ship to the points of application of each re 
sultant weight F1—F8 is called K1—K8. We therefore have 
the following equation: 

8 

ZFWKFO 
g=1 

As the trim angle T is normally very small, the distance K 
varies with T and can be disregarded in Equation 2. The 
Equations 1 and 2 are according to the invention the basis 
for ?nding D and T respectively. In order to determine 
the bending moment M in an arbitrary intersection, for 
instance A in FIGURE 1, we use the following equation: 

wherein xq is positive towards the right hand side. In this 
equation, x,1 is the distance from the point of application 
of the resultant weight F, to the sectional plane A. Cor 
respondingly, the following equation is used in order to 
determine the shearing stress S in the intersection between 
two sections 11 and n+1: 

(2) 

(3) 

The principles for the design of an apparatus will now be 
described. As previously stated, there is obtained for each 
apparatus section, a weight current and a weight voltage 
both proportional to the resultant Weight of the particular 
ship’s section. 
The load is an independent variable which is notyin?u 

enced by the depth or the trim of the ship, and can there 
fore be represented by a current obtained either by using 
a constant voltage which can be common for every ap 
paratus section and a variableresistor or by means of a 
?xed resistor and a variable voltage. 
The weight of the ship’s sections is a constant ?gure and 

can be represented by a constant current, for instance ob 
tained by using a voltage constant for every apparatus 
section and constant resistors one for each apparatus 
section. 
By connecting these two resistors in a suitable way, a 

current equivalent to the sum of the weight and the load 
of the particular ship’s sections is obtained. 
The buoyancy of the ship’s section can as previously 

explained, be regarded as the sum of the two products (a) 
and (b). The buoyancy of the ship’s section can there 
fore be represented by a sum of two currents. As the vari 
able factors D and T are common for all apparatus sec 
tions, two variable voltages common for all apparatus sec 
tions can advantageously be used, each voltage being in 
combination with a resistor for each apparatus sections 
based upon buoyancy factor and the distance from mid 
ship of each corresponding ship’s section. 
Such a Wiring scheme for apparatus section 1 is shown 

in FIGURE 2. Referring to this diagram, +es and —es 
are constant voltages, eD is a voltage which can be ad 
justed, for instance by using a potentiometer, so that it is 
proportional to D; this will be hereinafter explained. In 
a corresponding way, eT is a voltage which can be ad 
justed so that it is proportional to T. All these voltages 
except 8T are common for all apparatus sections; eT is of 
the same numerical value for each apparatus section, but 
is of opposite polarity for apparatus sections correspond 
ing respectively forward of or aft midship. 

F, (4) 
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P11 is a variable resistor adapted to be adjusted accord 

ing to the load in the ship’s section. Likewise R11 is a 
constant resistor. The resistors P11, R11 and R41 are so 
adjusted in relation to each other and taking into account 
the characteristic data for the ship’s section in question, 
that the sum of the currents in and in (which are opposite 
due to the opposite polarity of the voltages +23 and —es 
equals the weight of the section when the variable resistor 
is adjusted to maximum value (no load). 
The resistors P11 (or P11+R11) and R41 can theoreti 

cally be combined, but this has proved to be ineffective 
in practice. 

R51 is given such a value that the current in corresponds 
to the products of D (voltage ‘213) and the buoyancy 
factor of the ship’s section. R61 is given such a value 
that the current 1'61 corresponds to the product of T 
(voltage or) the buoyancy factor of the ship’s section 
and the distance of the section from midship. R01 is 
?nally a constant resistor of a small value compared 
with the previously mentioned resistor. The current 1'01 
as well as the voltage am over the resistor R01 will through 
this circuit be proportional to the resultant weight of the 
ship’s section. 

It has been assumed hereinbefore that the voltages eD 
and eT are adjusted according to the value of D and T. 
It is obvious that if it is possible ?rst to adjust these two 
voltages, values corresponding to ‘D and T are obtained. 
It will now be explained how to obtain this adjustment. 

1From Equation 1, it follows that by a correct adjust 
ment of en the sum of currents 1'01, 1'02 to iog will be 0. 
This will be the case substantially independent of T, i.e. 
substantially independent of eT, which can therefore be 
adjusted to an arbitrary value. Therefore, if the voltage 
an is adjusted, ‘for instance by using a potentiometer until 
the sum of currents in . . . 1'08, which can be read on a 
galvanomet'er, equals 0 then the voltage can is correctly 
adjusted and D can be read on the potentiometer. 

In order to adjust eT to its correct value, Equation 2 
is used. When doing this, use is further made of the 
voltages e0, as shown in FIGURE 3. ‘In this ?gure, 
RMI . . . Rm designate constant resistors of such a 
value that its reciprocal value :(the conductivity) l/RM 
for a certain apparatus section is proportional to the dis 
tance from the sectional plane in which one wants to 
calculate the bending moment to that particular ship’s 
section. The current: 

is then proportional to the bending moment of the par 
ticular ship’s section in the sectional plane in question. 
The sum of all the currents equals then the total mo 
ment. If the apparatus is adjusted to the bending mo 
ment in one end of the ship or further out, ‘it will be 
seen trom Equation 2 that the sum of the currents should 
be 0. In practice this is done by adjusting the voltage 
err by means of a potentiometer until the current iMo 
(which can be read on a galvanometer) equals 0. The 
potentiometer will then give the trim angle ‘directly pro 
vided that the depth of the ship has been correctly set in 
beforehand. As previously explained the depth of the 
ship can be adjusted substantially independent of the 
trim angle. This is a permissible approximation. 
The calculation of the bending moment and the shear 

ing stress will be appreciated from the foregoing in con 
nection with ‘Equations 3 and 4. 
When calculating the bending moment, there is cal 

culated the moments for each ship’s section about the 
sectional plane for which it is desired to measure the 
bending moment. These moments are represented in 
the apparatus by currents I'M. These currents are ob 
tained for all ship’s sections from the sectional plane to 
one end of the ship. The sum of these currents, z'Mo is 
proportional to the bending moment in that particular 
sectional plane, see Equation 3. Similarly the shearing 
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stress in the sectional plane between ship’s section It and 
(n+1) is found by measuring the sum of the currents 
1'01 to ion. This sum will be proportional to the shearing 
stress in the particular sectional plane, see Equation 4. 

Like reference characters in FIGURES 1-5 designate 
corresponding quantities and parts. 
FIGURE 5 shows the wiring for a calculating appara 

tus for a ship split into eight sections and where the 
shearing stress can be measured in two sectional planes 
and the bending moment in two sectional planes. 
The apparatus includes a series of resistors (R) and 

potentiometers or adjustable resistors (P), two switches 
(S and M) and two galvanometers (A). 
FIG. 5 is split into three areas, as indicated with dot 

and ‘dash lines, one for a weight unit (area B, C, D, B), 
one for a moment unit ‘(area C, D, F, G) and one 
for a control unit (area H, B, G, K). 
To the left of the weight unit are ?ve wires 11-15 

each with its own voltage as indicated on the top of 
FIG. 5 i+es and ~25 are constant voltages, they are 
given relatively to a common zero point (=eo) in the 
control unit (see hereinafter) and they are of the same 
numerical value, but have opposite polarity. eD is a 
voltage which is proportional to the adjusted ‘depth of 
the ship. 611 and -—eT are voltages of the same numerical 
value, but opposite polarity and the value of the voltage 
is proportional to the trim angle (the angle between the 
painted water line of the ship and the real meter line 
along the ship). For each ship’s section there is a set of 
resistors, three of which, viz. for the sections 1, 2 and 8 
are shown completely, while the other ?ve are merely 
indicated symbolically with a resistor Ros-R07. All the 
resistors are indexed by two ?gures, the ?rst ?gure in 
dicating the location of the resistor in the set, while the 
second ?gure indicates to which set (section) the resistor 
belongs. With regard to the aim of the different re 
sistors in each set reference is made to the previous 
description of ‘FIG. 2, showing the ?rst set of resistors 
at the top of FIG. 5. There is a small difference be 
tween the ?rst resistor set and the following ones. The 
adjustable resistor in the ?rst set of resistors is shown 
as a single adjustable resistor P11. If there is more than 
one tank in a ship’s section, ‘for instance three, there is 
preferably provided one adjustable resistor ‘for each tank, 
for instance (P12, P22, P32) and it is the parallel re 
sistance of these resistors which equals P11 in FIGURE 2. 

In the area for weight unit in the diagram there is a 
switch S working with 4 contacts a, b, c, and d. Con 
tact a is permanently connected with the outputs from 
the resistors R01 and R02, contact 12 with the outputs 
from resistors R03 . . . R06 and contact 0 with the out 
puts ‘from resistors R07 and R08. Contact d is connected 
with the slider on a potentiometer P5 through which 
contact d can be supplied with an adjustable current 
(voltage). In the wiring ‘diagrams the switch S is shown 
in the “depth” position, i.e., contacts a, b, c are short 
circuited. This means that all the lower ends of the 
resistors Ron are connected and the depth can be calculated 
as previously described in connection with FIGURES 
1-3. If the switch is moved one step‘ anti-clockwise, a 
is disconnected, while b, c and d are connected. If the 
current to contact d is adjusted so that the instrument 
A1 shows the same as in the “depth” position (which 
should be 0 when the depth is correctly adjusted) then 
the current to d is equal to the current which was dis 
connected through a, and it is therefore proportional to 
the shearing stress in the sectional plane between sec— 
tions 2 and 3. In the next position the shearing stress 
in the sectional plane between *6 and 7 is measured in 
the same way. Shearing stress is read on the potentiom 
eter PS. 
The moment unit includes a switch M with nine poles 

M1—M9 and a number of resistors. ' 
The resistors R111, RTZ . . . RTB are used by calculat 

ing the trim, as described above in connection with 
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FIGURE 3. vEach of these resistors is of such a value 
that the conductivity (l/RT) of the resistors is propor 
tional to the distance from one end of the ship to the 
section designated with the ciper of the resistor. In 
FIGURE 5, the switch M is adjusted to measurement of 
trim. The pole M9 is disconnected in this position. 

In order to measure the bending moment in sectional 
plane A (FIGURE 1) resistors RA5, RAG, RAP, and RAB 
are provided. These resistors are connected if the switch 
is moved one step clockwise. Then only resistors for the 
sections between sectional plane A and one end of the 
ship are connected and the current through instrument 
A2 will be proportional to the bending moment in the 
sectional plane A. In the embodiment shown the bend 
ing moment will not be read on the instrument A2, but 
on the potentiometer PM, by means of which a current 
is applied through the pole M9 which current can be 
adjusted so that instrument A2 shows 0. The current 
applied will then be of numerical value, but of opposite 
polarity to that which could be read on A2, and is there 
fore proportional to the bending moment in the sectional 
plane in question. 

If the switch M is moved one step further, the resistors 
R36, RBI; and R38 are connected corresponding to the 
measurement of bending moment in sectional plane B 
(FIGURE 1). It is understood that the resistors RA and 
RB have such values that the conductivity of a resistor 
(for instance RM) is proportional to the distance from 
the section (in the example section 7) indicated by the 
cipher index of the resistor to the sectional plane indicated 
by the letter index (in the example sectional plane A). 

If the switch is turned all the way to the left (anticlock 
wise), then the moment unit is completely disconnected. 
This is done when one calculates the shearing stresses. 

The control unit consists of a voltage divider R0--R0, 
which is connected to two leads 11 and 12 and four 
potentiometers PD, PT, PS and PM, the position of which 
gives respectively depth, trim, shearing stress and bending 
moment. 
The voltage divider consists of two equal resistors R0 

and gives a voltage 20 which is the zero point for the 
voltages in the apparatus. This makes the voltages +es 
and —es numericaly equal, but of opposite polarity. This 
is of course only absolutely true as long as there is no 
current in the lead from the middle point of the voltage 
divider. Inasmuch as all the measurements are made in 
such a way that both A1 and A2 shall show 0 (or very 
close to 0), there should be no current in this lead when 
measuring and that so is therefore really half way be 
tween +es and —es (or in any case within certain limits 
of tolerance). The potentiometer for depth: PD is con 
nected in series with a constant resistor RD of such a size 
that en can be controlled between 0 and ——es, eD=0 given 
depth where buoyancy is 0, and as all sets of resistors are 
supplied with the same voltage 21;, all the sections must 
have a buoyancy=0 at the same depth. If this is in fact 
not the case, the buoyancy curves and the weights of the 
sections must be adjusted. This is done by adjusting the 
buoyancy curve until its shows 0 buoyancy at the prede— 
termined depth, whereafter the weight of the particular 
section is corrected, so that the sum of corrected buoyancy 
and corrected own weight equals the sum of buoyancy 
and weight of section before the correction was done. 
The potentiometer PEP-PT for trim is a double poten 

tiometer, from which one obtains the two voltages er and 
—eT which are numerically equal, but of opposite polarity. 
'One voltage is used for all the sections abaft midship, 
and the other for all sections forward of midship. 

Potentiometers PS for shearing stress and PM for bend 
ing moment supply a current, the value of which depends 
upon the adjustment. This is possible because they are 
adjusted until instruments A1 or A2 show 0 (respectively 
for: shearing stress and bending moment). The voltage 
drop over the respective amperemeter is then 0 and the 
voltage on the slider of the potentiometer equals e0 (:0). 
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6 
There is therefore a relationship between the position of 
the slider and the current from the slider. The current 
will of course be proportional to the supply current, but 
so also will be current which the operator is trying to 
equal, and the result is that the position of the potentiom 
eters indicates shearing stress and bending moment, in 
dependent upon the supply voltage. The circuit is in fact 
a bridge circuit, but it is easier to regard it as hereinbefore 
shown, because the analogy between the electrical and 
mechanical values is more apparent. 

In the apparatus hereinbefore described and shown in 
the drawings, especially FIGURES 2 and 5, a variable 
resistor is provided for each apparatus section (for in 
stance Pn for the ?rst section), the said resistor being 
adapted to be adjusted corresponding to a load to be car 
ried in the corresponding section of the ship. It is pro 
vided with a constant resistor (for instance R11) in series 
with the variable resistor. These resistors are connected 
to a constant potential (for instance +25). For the same 
section of the apparatus there is further provided a con 
stant resistor (for instance R41), the value of which is 
selected corresponding to the own weight of the corre 
sponding section of the ship. This resistor is connected 
to a constant potential (for instance —es) being of oppo 
site polarity, but of the same numerical value as the con 
stant potential (+eS) mentioned above. 
These resistors R11 and R41 are so dimensioned that the 

arithmetical sum of the currents (in and 1'41 respectively) 
being obtained through resistors (R11 or R41 respectively) 
corresponds to the weight of the section of the ship when 
the variable resistor P11 is set to maximal value. 

In practice the maximum carrying load (represented 
by in max.) will usually be substantially greater than the 
weight of the section of the ship (represented by in min. 
——i41). For practical reasons it is not desirable to let the 
relation 
' in min. 

in max. 

be smaller than about '1/2, and 1'41 (determined by the 
value of R41) will therefore have a value close to the 
value of in min. (determined by the value of R11). In 
order to obtain the desired accuracy of the arithmetical 
sum of the two currents rather high requirements is made 
to the accuracy of each of the two resistors R11 and R41. 
FIGURE 6 shows a modi?cation of the coupling here: 

inbefore described, by means of which modi?cation the 
di?iculty described is eliminated. 

, In FIGURE 6, F11 designates a potentiomenter one end 
of which is connected to a point having a constant voltage 
+es, and the other end is connected to zero potential. 
By means of the potentiometer, the voltage 211 can be 
adiusted on any value from O to +es. The voltage en 
is applied across a resistor Ru and a current i'u is ob 
tained which can be adjusted from zero to a maximum 
value corresponding to the weight of the carrying load 
in the corresponding section of the ship. 

R'41 is a constant resistor of such a value that the cur 
rent 1".11 will correspond to the own weight of the section 
of the ship. Whereas the resistor R41 according to FIG 
URES 2 and 5 is connected to the voltage —eS is the 
resistor R'41, according to FIGURE 6 connected to the 
plus pole of the apparatus, that is the voltage +25. In 
other respects the coupling is the same as shown in FIG 
URES 2 and 5, and the designations eD, eT, R51, R61, i51, 
1'61, e01, iol and R01 on the ‘drawing designate corresponding 
voltages resistance and currents as the same designations 
‘in the other ?gures. 

I claim: 
1. An electrical analog computing apparatus for a ship 

for calculating the draught, the trim in the pitch plane, 
and the bending moment at a ?rst predetermined trans 
verse plane, for a proposed manner of loading, com 
prising a ?rst signal-generating means adjustable to 
produce an electric signal in accordance with the adjust 
ment so made to be used in the apparatus as a draught 
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representing signal, a second signal-generating means ad 
justable to produce an electric signal in accordance with 
the adjustment so made to be used in the apparatus as 
a trim-representing signal, a plurality of elementary com— 
puting means, one for each of a corresponding plurality 
of sections into which the ship is assumed to be divided, 
each elementary computing means comprising a Weight 
signal-generating circuit and a buoyancy-force-signal 
generating circuit, the weight~signal-generating circuit in 
cluding manually adjustable means settable in accordance 
with an associated scale means representing weight and 
operative to control the output of the ?rst signal-gen 
erating circuit to provide an output current proportional 
to the sum of the weight of the corresponding section 
and the proposed load to be placed in it as indicated 
on the scale means, and the buoyancy-force-signal-gen 
erating circuit having ?rst and second input channels and 
being operative to produce an output signal that is the 
sum of a ?rst component output signal that is propor 
tional to a ?rst input signal applied to the ?rst input 
channel with a gain representative of a predetermined 
buoyancy factor for the corresponding section and of a 
second component output signal that is proportional to 
a second input signal applied to the second input chan 
nel with a gain representative of the product of the 
buoyancy factor of the corresponding section and the dis 
tance of the section from a ?rst reference transverse 
plane of the ship, the ?rst and second input channels 
being respectively connected to receive the draught-repre 
senting and trim-representing signals as inputs, whereby 
the total output signal of the buoyancy-force-signal-gen 
erating circuit is representative of the buoyancy force 
that would be exerted on the corresponding section for 
the proposed manner of loading if the ship Were to have 
the values of draught and trim provided by the draught 
representing signal and trim-representing signal generat 
ing means, elementary summing means connected to 
receive the outputs of the weight-signal-generating cir 
cuit and the buoyancy-force-signal-generating circuit as 
inputs and to provide an output signal that is representa 
tive in magnitude and sense of their algebraic sum, and 
a moment-computing circuit operative to produce an out— 
put signal that is proportional to an input signal with 
an adjustable gain, said computer apparatus also includ 
ing ?rst and second primary summing means, ?rst and 
‘second switch means, said ?rst switch means being se 
lectively operable to connect the output signals of all 
the elementary summing means to the ?rst primary sum 
ming means, and said second switch means being selec 
tively operable to connect all the output signals of the 
elementary summing means as input signals to the cor 
responding moment-computing circuits, simultaneously 
to adjust the gains of the moment-computing circuits so 
as to make the gains respectively proportional to the dis 
tances of the corresponding sections from a second ref 
erence transverse plane, and to connect the output sig 
nals of all the moment-computing circuits to said second 
primary summing means, whereby, by suitable adjustment 
of the draught-representingsignal~generating means the 
trim-representing-signal-generating means to make the 
outputs of the ?rst and second primary summing means 
substantially zero, more accurate values of draught-repre 
senting and trim-representing signals are obtained, said 
second switch means being further selectively operable 
to connect the output signals of the elementary sum 
ming means of those elementary computing means cor 
responding to those sections to one side of the ?rst pre 
determined plane at which it is desired to calculate 
bending moment as input signals to corresponding mo 
ment-computing circuits, simultaneously to adjust the 
gains of the said moment-computing circuits so as to 
make the gains respectively proportional to the distances 
of the corresponding sections from the said ?rst prede 
termined transverse plane, and to connect the output sig 
nals of the selected moment-computing circuits to the 
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8 
second summing means to provide a measure of the bend 
ing moment. 

2. An electrical analog computing apparatus for a 
ship for calculating the draught, the trim in the pitch 
plane, and the bending moment at a ?rst predetermined 
transverse plane for a proposed manner of loading, com 
prising a ?rst potentiometer means adjustable to produce 
a voltage in accordance with the adjustment so made to 
be used in the apparatus as a draught-representing volt 
age, a second potentiometer means adjustable to produce 
a voltage in accordance with the adjustment so made 
to be used in the apparatus as a trim-representing voltage, 
a plurality of elementary computing means, one for each 
of a corresponding plurality of sections into which the 
ship is assumed to be divided, each elementary computing 
means comprising a weight-signal generating circuit and 
a buoyancy-force-signal-generating circuit, the weight 
signal-generating circuit including manually settable 
means settable in accordance with an associated scale 
means representing weight and being operative to control 
the output of the weight-signal-generating circuit to pro 
vide an output current proportional to the sum of the 
weight of the corresponding section and the proposed 
load to be placed in it as indicated on the scale means, 
and the buoyancy-force-signal-generating circuit compris 
ing a ?rst resistance having a ?xed value corresponding 
to a predetermined buoyancy factor for the corresponding 
section and connected to the ?rst potentiometer means 
to be energized by the draught-representing voltage, a sec 
and resistance having a ?xed value corresponding to the 
product of the buoyancy factor for the section and the 
distance of the section from a ?rst reference transverse 
plane, and connected to the second potentiometer means 
to be energized by the trim-representing voltage, a third 
resistance having a ?xed value low compared with the 
values of the other resistances and connected to receive 
the output current of the weight-signal-generating circuit 
and the currents through the ?rst and second resistances 
in parallel, whereby the current through the third resist 
ance and the voltage across it both represent the algebraic 
sum of the weight of the corresponding section, the load 
to be placed in the section as indicated on the scale means, 
and the buoyancy force on the section, a fourth resistance 
having a ?xed value inversely proportional to the distance 
of the corresponding section from a second reference 
transverse plane, and each of those elementary computing 
means representing sections to one side of the ?rst pre 
determined transverse plane having a ?fth resistance hav 
ing a ?xed value inversely proportional to the distance of 
the corresponding section from the ?rst predetermined 
transverse plane, said computer apparatus also including 
?rst and second current-summing means each operable to 
add algebraically currents supplied to it and to provide 
an indicated measure of the sum, ?rst and second switch 
means, said ?rst switch means being selectively operable 
to connect the currents through all the third resistances 
to the ?rst summing means to provide an indicated meas 
ure of the algebraic sum of the currents and said second 
switch means being also selectively operable to connect 
the voltages across all the third resistances to energize 
respectively the corresponding fourth resistances and si 
multaneously to connect the currents through all the 
fourth resistances to the second summing means to pro 
vide an indicated measure of the algebraic sum of the 
currents, whereby, by suitable adjustment of the ?rst 
and second potentiometer means, more accurate draught 
representing and trim-representing voltages are obtained, 
and said second switch means being further selectively 
operable to connect the voltages across the third resist 
ances in those elementary computing means correspond 
ing to those sections to one side of the predetermined 
transverse plane the bending moment at which is to be 
calculated, to energize the corresponding ?fth resistances 
and simultaneously to connect the currents through the 
?fth resistances to the second current-summing means to 
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provide an indicated measure of the algebraic sum of 
the currents and thereby of the bending moment at the 
predetermined transverse plane if the ?rst and second po_ 
tentiometer means have been adjusted to produce accurate 
draught-representing and trim-representing voltages. 

3. Apparatus as claimed in claim 2 wherein, in respect 
of those elementary computing means corresponding to 
those sections having more than one compartment, each 
manually settable means includes a plurality of settable 
knobs, one for each compartment, and each having a 
scale representing weight. 

4. Apparatus as claimed in claim 2 including poten 
tiometer means settable by means of a knob having a 
scale representing bending moment to produce a voltage 
corresponding to the setting so made, said second switch 
means being e?ective to connect the output of the poten 
tiometer means to produce a current in the second sum 
ming means when the latter is connected to receive the 
currents through the ?fth resistances, whereby if the knob 
is adjusted to cause the second summing means to indi 
cate zero, the knob indicates with respect to the scale 
the bending moment at the predetermined plane. 

5. Apparatus as claimed in claim 2 for calculating the 
ending moment at a plurality of predetermined trans 

verse planes, wherein the number of said ?fth resistances 
correspond to the number of predetermined transverse 
planes to one side of the corresponding sections, and 
each having a ?xed value inversely proportional to the 
distance of the corresponding section from the corres 
ponding transverse plane, said second switch means being 
selectively operable to connect the voltages across the 
third resistances of those elementary computing means 
corresponding to those sections to one side of a selected 
one of the predetermined transverse planes to energize 
respectively those ?fth resistances having ?xed values 
inversely proportional to the distances of the sections 
from the selected transverse plane, and simultaneously 
to connect the currents through the selected ?fth resist 
ances to the second current-summing means to provide 
an indicated measures of the algebraic sum of the currents. 

6. An electrical analog computing apparatus for a 
ship for calculating the draught, the trim in the pitch 
plane, the bending moment at a predetermined transverse 
plane, and the shear force at a predetermined transverse 
plane, for a proposed manner of loading, comprising a 
?rst potentiometer means adjustable to produce a voltage 
in accordance with the adjustment so made to be used 
in the apparatus as a draught-representing voltage, a sec 
ond potentiometer means adjustable to produce a voltage 
in accordance with the adjustment so made, to be used 
in the apparatus as a trim-representing voltage, a plurality 
of elementary computing means, one for each of a corre 
sponding plurality of sections into which the ship is 
assumed to be divided, each elementary computing means 
comprising a weight-signal-generating circuit and a buoy 
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ancy-force-signal-generating circuit, the weight-signalr 
generating circuit including manually settable means set 
table in accordance with an associated scale means rep— 
resenting weight and being operative to control the out 
put of the weight-signal-generating circuit to provide an 
output current proportional to the sum of the weight of 
the corresponding section and the proposed load to be 
placed in it as indicated on the scale means, and the 
buoyance-force-signal-generating circuit comprising a ?rst 
resistance having a ?xed value corresponding to the pre~ 
determined buoyancy factor of the corresponding section 
and connected to the ?rst potentiometer means to be en 
ergized by the draught-representing voltage, a second re 
sistance having a ?xed value corresponding to the prod 
uct of the buoyancy factor for the section and the dis 
tance of the section from a ?rst transverse plane and con 
nected to the second potentiometer means to be energized 
by the trim-representing voltage, a third resistance having 
a ?xed value low compared with the values of the other 
resistances and connected to receive the output current of 
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10 
the weight-signal-generating circuit and the currents 
through the ?rst and second resistances in parallel where 
by the current through the third resistance and the volt 
age across it both represent the algebraic sum of the 
weight of the corresponding section, the load to be placed 
in the section as indicated on the scale means, and the 
buoyancy force on the section, and a fourth resistance 
having a ?xed value inversely proportional to the distance 
of the corresponding section from a second reference 
transverse plane, and each of those elementary computing 
means representing sections to one side of the ?rst pre 
determined transverse plane having a ?fth resistance hav 
ing a ?xed value inversely proportional to the distance of 
the corresponding section from the ?rst predetermined 
transverse plane, said computer apparatus also including 
?rst and second current-summing means each operable to 
add algebraically currents supplied to it and to provide an 
indicated measure of the sum, ?rst and second switch 
means, said ?rst switch means being selectively operable 
to connect the currents through all the third resistances to 
the ?rst summing means to provide an indicated measure 
of the algebraic sum of the currents and said second 
switch means being also selectively operable to connect 
the voltages across all the third resistances to energize 
respectively the corresponding fourth resistances and 
simultaneously to connect the currents through all the 
fourth resistances to the second summing means to pro 
vide an indicated measure of the algebraic sum of the 
currents, whereby, by suitable adjustment of the ?rst and 
second potentiometer means, more accurate mean draught 
representing and trim-representing voltages are obtained, 
said second switch means being further selectively opera 
ble to connect the voltages across the third resistances 
in those elementary computing means corresponding to 
those sections to one side of the predetermined transverse 
plane the bending moment at which is to be calculated, to 
energize the corresponding ?fth resistances and simul 
taneously to connect the currents through the ?fth re 
sistances to the second current-summing means to pro 
vide an indicated measure of the algebraic sum of the cur 
rents, and thereby of the bending moment at the pre 
determined transverse plane if the ?rst and second poten 
tiometer means have been adjusted to produce accurate 
draught-representing and trim-representing voltages, and 
said ?rst switch means being further selectively operable 
to connect the currents through the third resistances of 
those elementary computing means corresponding to those 
sections to one side of the predetermined transverse plane 
the shear force at which is to be calculated, to the ?rst 
summing means to provide an indicated measure of the 
algebraic sum of the currents and thereby of the shear 
force at the predetermined transverse plane if the ?rst 
and second potentiometer means have been adjusted to 
produce accurate draught-representing and trim-represent 
ing voltages. 

7. Apparatus as claimed in claim 6 wherein, in respect 
of those elementary computing means corresponding to 
those sections having more than one compartment, each 
manually settable means includes a plurality of settable 
knobs, one for each compartment, and each having a 
scale representing weight. 

_ 8. Apparatus as claimed in claim 6 including a third 
potentiometer means settable by means of a knob having 
av scale representing bending moment to produce a voltage 
corresponding to the setting so made, said second switch 
means being effective to connect the output of the third 
potentiometer means to produce a current in the second 
summing means when the latter is connected to receive 
the currents through the ?fth resistances, whereby, if the 
knob is adjusted to cause the summing means to indicate 
zero, the knob indicates with respect to the scale the 
bending moment at the predetermined plane, and a fourth 
potentiometer means settable by means of a knob having 
a scale representing shear force to produce a voltage 
corresponding to the setting so made, said ?rst switch 
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means being effective to connect the output of the fourth 
potentiometer means to produce a current in the ?rst 
summing means when the latter is connected to receive 
the currents through the third resistances of those elemen 
tary computing means corresponding to those sections to 
one side of the transverse plane the bending moment at 
which is to be computed, whereby if the knob is adjusted 
to cause the ?rst summing means to indicate zero, the 
knob indicates with respect to the scale the bending 
moment at the predetermined plane. 

9. Apparatus as claimed in claim 6 for calculating the 
bending moment at a plurality of predetermined trans 
verse planes, wherein the number of said ?fth resistances 
correspond to the number of predetermined transverse 
planes to one side of the corresponding sections, and each 
having a ?xed value inversely proportional to the dis 
tance of the corresponding section from the correspond 
ing transverse plane, said second switch means being 
selectively operable to connect the voltages across the 
third resistances of those elementary computing means 
corresponding to those sections to one side of a selected 
one of the predetermined transverse planes to energize 
respectively those ?fth resistances having ?xed values 
inversely proportional to the distances of the sections 
from the selected transverse plane, and simultaneously 
to connect the currents through the selected ?fth re 
sistances to the second current-summing means to pro 
vide an indicated measure of the algebraic sum of the 
currents, and for also calculating the shear force at a 
plurality of predetermined transverse planes wherein said 
?rst switch means is selectively operable to connect the 
currents through the third resistances of those elementary 
computing means corresponding to those sections to one 
side of any selected one of the transverse planes the 
shearing force at which is to be calculated to the ?rst 
summing means to provide an indicated measure of the 
algebraic sum of the currents. 

10. in an analog computer apparatus for a ship for 
calculating the bending moment at a selected trnasverse 
plane for a proposed manner of loading of the ship and 
having means to provide measures of the draught and 
trim of the ship for the proposed manner of loading, an 
elementary computing means, one for each of a plurality 
of sections into which the ship is assumed to be divided 
for computing a measure of the algebraic sum of meas 
ures of the weight of the corresponding section, the load 
to be placed in the section, and the buoyancy force that 
should act on the section for the proposed manner of 
loading, comprising means operable to produce a cur 
rent having two components, one of constant magnitude 
representing the weight of the section and the other of 
variable magnitude representing the weight of the load 
to be placed in the section, adjustable means for varying 
the magnitude of the second component in accordance 
with the load to be placed in the section, means operable 
to produce a current representing the product of the 
measure of the draught of the ship and a factor dependent 
on the buoyancy characteristics of the section, means op 
erable to provide a current representing the product of 
the measure of the trim of the ship, the said factor and 
the distance of the section from a reference transverse 
plane, and means to provide a measure of the algebraic 
sum of the currents. 

11. An electrical analog computer apparatus for a ship 
for calculating the draught, the trim, and the bending 
moment at a predetermined transverse plane that the ship 
should have for a proposed manner of loading, compris 
ing a ?rst settable signal-generating means settable in as 
sociation with a scale representing draught to produce an 
electrical signal representative of the value of draught 
indicated by the scale, a second settable signal-generat 
ing means settable in association with a scale representing 
trim to produce an electrical signal representative of the 
value of trim indicated by the scale, a plurality of ele 
mentary computing means, one for each of a correspond 
mg plurality of sections into which the ship is assumed 
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to be divided, each elementary computing means com 
prising an elementary unbalance-force computing circuit 
having at least one electrical component adjustable in ac 
cordance with the weight of loads to be placed in the cor 
responding section and electrical components having 
?xed values predetermined in dependence upon the weight 
of the section, the buoyancy characteristics of the section 
and the distance of the section from a reference trans 
verse plane of the ship and being connected to the ?rst 
and second signal-generating means to receive the 
draught-representing and trim-representing signals so as 
to produce an electrical signal output that is representa~ 
tive of the unbalance force on the section if the ship, 
loaded in the proposed manner, were held with a draught 
and a trim corresponding to the values produced by the 
?rst and second signal-generating means, and an elemen 
tary moment-computing circuit having an electrical com 
ponent having a ?xed value predetermined in dependence 
on the distance of the corresponding section from a ref 
erence transverse plane, and arranged to produce an out 
put signal that is a measure of the product of an input 
electrical signal and a factor representing the said dis 
tance, and each of the elementary computing means cor~ 
responding to sections to one side of the predetermined 
transverse plane, the bending moment at which is 
to be computed, having an elementary moment-comput 
ing circuit having an electrical component having a ?xed 
value predetermined in dependence on the distance of 
the corresponding section from the predetermined trans 
verse plane, and arranged to produce an output signal 
that is a measure of the product of an input electrical 
signal and a factor representing the said distance, said 
apparatus also including ?rst and second summing means, 
?rst and second switch means, said ?rst switch means be 
ing selectively operable to connect said ?rst summing 
means to receive the electrical signal outputs of all the un 
balance force~computing circuits to provide a measure 
of their sum and being selectively operable to connect 
all the electrical signals representing unbalance forces as 
input signals to corresponding ones of the ?rst elemen 
tary moment-computing circuits and to connect the ?rst 
summing means to receive the electrical signal outputs 
of all the ?rst moment-computing circuits to provide a 
measure of the sum of the signals, whereby, by suitable 
adjustment of the ?rst and second signal-generating 
means to make both the sum measures substantially zero, 
more accurate values of draught-representing and trim 
representing signals are obtained, and said second switch 
means being also selectively operable to connect the elec 
trical signals representing unbalance forces of those sec 
tions to one side of the predetermined transverse plane 
as input signals to corresponding ones of the second 
moment-computing circuits and to connect the second 
summing means to receive the electrical signal outputs of 
all the second elementary moment-computing circuits to 
provide a measure of the sum of the signlas and thereby 
of the bending moment at the predetermined transverse 
plane when the ?rst and second signal-generating means 
have been adjusted to produce accurate values of draught 
and trim. 

12. In an electrical analog computer apparatus for a 
ship for calculating the bending moment at a predeter 
mined transverse plane and the shear force at a predeter 
mined transverse plane for a proposed manner of load 
ing, elementary computing means for each of a plurality 
of sections into which the ship is assumed to be divided 
for the purpose of the calculation, to produce a current 
and a voltage both of which represent the resultant force 
that should act on the corresponding section for the pro 
posed manner of loading, a moment-computing circuit 
for each of those sections to one side of the plane the 
bending moment at which is to be calculated having a 
resistance having a value inversely proportional to the 
distance of the corresponding section from the plane, 
means to apply the voltages representing the resultant 
forces on those sections to one side of the plane to en 
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ergise, respectively, the corresponding moment-comput 
ing circuits to produce currents through their resistances 
representing, respectively, the moments of those sections 
about a transverse axis in the plane, means for adding the 
currents to provide a measure of bending moment at the 
said plane, and means for adding the currents represent 
ing the resultant forces on those sections to one side of 
the transverse plane the shear force at which is to be 
calculated to provide a measure of shear force at the said 
plane. 10 
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