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Abstract

A Buoyancy Power Generator (tentative; hereafter, BPG) is composed of a sealed container with water,
two rotary disks with their positions fixed in the container, and some cages which are arranged in a loop
at regular intervals on the wire. At the top and the bottom of this loop of cages, they turn along the
rotary disks whose rotation is transmitted to the outside generator. Inside each cage, a watertight weight
can move smoothly and divides it into two rooms; one is a vacuum, and the other is filled with water,
where the water can go in and out freely through the water vents. Within a certain shallow depth, since
the water pressure which pushes up the weight is smaller than the gravity on it, it touches the bottom
of the cage on the upward side, and there is a vacuum above it. Consequently, cages on the upward
side have larger buoyancy than those on the downward side. Firstly, a dynamic analysis is conducted
for both downward and upward sides separately. Secondly, the driving force of a BPG is evaluated by
adding up their resultant forces, and it is maximized in mathematical studies. They reveal the following
three points. (1) The height and the area of the base of a cage and the density of a weight should be
as large as possible. (2) The distance between adjoining cages should be as short as possible. (3) The
height of a weight should account for (p + py)/2p of that of a cage where p, p, are the densities of the
weight, water respectively. Finally, quantitative simulations evaluate the driving force of each BPG with
different shapes and dimensions of cages, namely (A) standard cages, (B) flat cages, and (C) slender
cages. The results of them are as follows: (A) 39.2 (N), (B)117.6 (N), and (C) 196 (N).

1. Introduction Consequently, at the top and the bottom of this
vertical loop of cages, they turn themselves upside
down. Incidentally, it is assumed that the rotary

disks spin clockwise in Fig. 1.

Modern civilization depends heavily on fossil
fuel, which causes air pollution, global warming,
and climate change. Meanwhile electricity is said

to be environmentally friendly energy; however, wacuum — seatl-ecli
even today its main energy sources are fossil fuel [ rontainer
and nuclear power which destroy the environment :D:I\_

including the ecology of human beings. In this [

paper, an idea of a Buoyancy Power Generator * }7_ Lage
(BPG) is proposed. It uses only buoyancy to gen-

erate electricity continuously. After the explana- = rotary disk
tion of the whole structure of a BPG and the struc-
ture of an individual cage, the variables of a cage
are set which are essential for the dynamic analy-

sis described later. *

To begin with, the whole structure of a BPG is T
explained. Figure 1 shows a diagram of a BPG.
The sealed container is almost filled with water,
and a small vacuum is above the water. In the
water, some cages which are attached to the wire
are arranged in a loop at regular intervals like
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Figure 1. Diagram of BPG.
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a vertical conveyor-belt-shaped Ferris wheel. At
the top and the bottom of this vertical loop of
cages, they turn along two rotary disks like a bi-
cycle chain. Rotary disks are individually fixed to
the sealed container; of course, they can spin and
are attached to the outside generator (see Fig. 2).

Figure 2 shows the upper part of a BPG seen
obliquely from behind. The point is the mech-
anism which makes some difference in buoyancy
between cages on the downward side and those on
the upward side. It depends on the structure of
an individual cage.
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Figure 2. Upper part of BPG seen obliquely from be-
hind.

The outer and the inner structure of an individ-
ual cage are shown in Fig. 3. Each cage is covered
in a paper-thin outer frame, which is attached to
the wire by a solid prop. Each prop doesn’t bend
nor twist. Each outer frame has two water vents
on both sides of it. The water vents are located
near the bottom of a cage on the upward side; nat-
urally, they are located near the ceiling of a cage
on the downward side.
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Figure 3. Structure of cage. (a) Outer structure. (b)
Inner structure.

Inside each cage, there is a watertight weight
which can move smoothly up and down. The
weight divides the inside of the cage into two
rooms; one is a vacuum, and the other is filled with
water, where the water can go in and out freely
through the water vents. Imaginably, the entrance
and exit of the water are stopped when the water
vents are obstructed by the weight. Within a cer-
tain shallow depth, on the upward side, the weight
touches the bottom of the outer frame of the cage,
because the water pressure which pushes up the
weight is not as strong as the gravity on it. As
a result, a vacuum is produced above the weight.

This structure enables cages on the upward side to
have larger buoyancy than those on the downward
side in accordance with Archimedes’ principle [1].

Before analyzing the forces, which act on a cage,
the variables of a cage must be defined. They are
shown in Fig. 4.
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Figure 4. Definition of variables. (a) Overview of
BPG in miniature; red circle denotes the
position of the cage (the same applies here-
after). (b) Variables of cage.

First, Fig. 4(b) sets the axis of depth vertically
downward; then, the origin is set at the boundary
between the upper vacuum and the lower water
inside the sealed container. In Fig. 4(b), a is the
depth of the water vents of a cage on the upward
side; S is the area of the base of a cage (it is
a square) ; L is the height of a cage. b is the
height of a weight; M is the mass of a weight;
m is the mass of the outer frame of a cage. p
is the density of the weight. These definitions of
variables make it possible to analyze the forces
which act on cages on the downward side and on
the upward side separately.

2. Dynamic analysis on the down-
ward side

The aim of this chapter is to analyze the forces
which act on a cage (strictly, the outer frame of
a cage; the same applies hereafter) on the down-
ward side. A cage’s ‘going downward’ described
here is a hypothetical situation; however, it would
be reasonable to analyze the forces which act on
the outer frame of a cage, because this discussion
doesn’t take any forces into consideration that
would derive from the cage’s going downward it-
self. Additionally, only gravity and buoyancy on
a cage are evaluated, then it is estimated that the
outer frame of a cage transmits the resultant force
of them to the wire. Ultimately, the driving force
of a BPG is evaluated by adding up all these re-
sultant forces on both the downward and upward
sides. Figure 5 shows the forces which act on a
cage on the downward side. On the downward
side, the weight touches the bottom of the outer
frame of a cage.
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Figure 5. Gravity and buoyancy on downward side.
(a) Overview of BPG in miniature. (b)
Forces acting on cage.

Here, let the vertical downward direction be
positive; the same applies hereafter. In Fig. 5(b),
Mg and mg are gravity on the weight and on the
outer frame of a cage respectively, and p,Sbg is
buoyancy. Then the resultant force F,; which acts
on the outer frame of a cage is expressed as

Fg= (M +m)g — pySbg , (1)

where ¢ is the acceleration of gravity, and the den-
sity of water is py; the same applies hereafter. In-
cidentally, the volume of the outer frame of a cage
is so small that it can be ignored. As a result,
F; is a constant; it doesn’t depend on the depth.
To keep the cage at the same position, it must be
held up with the equivalent force to Fy; hence, it
can be estimated that the outer frame of a cage
transmits the equivalent force to F,; to the wire if
cages go at a constant speed.

Next, the analysis on the upward side is con-
ducted.

3. Dynamic analysis on the upward
side

The aim of this chapter is to analyze the forces
which act on the outer frame of a cage on the up-
ward side. As in the case of the previous chapter,
a cage’s ‘going upward’ described here is also a hy-
pothetical situation; however, it would be reason-
able to analyze the forces which act on the outer
frame of a cage, because this discussion doesn’t
take any forces into consideration that would de-
rive from the cage’s going upward itself. The ap-
proach to the analysis is the same as that of the
downward side; however, on the upward side, the
cages must be classified into three groups by each
depth of their water vents, because the resultant
force which acts on the outer frame of a cage varies
by the depth. It is the position of the weight in
a cage that determines which group the cage be-
longs to. The three groups are as follows:

1. Weight touches the ceiling of the outer frame
of a cage at an enough depth.

2. Weight doesn’t touch the ceiling nor the bot-
tom of the outer frame of a cage at a middle
depth.

3. Weight lands on the bottom of the outer
frame of a cage at a shallow depth.

To distinguish these three domains of depth of
each cage’s water vents, here two peculiar depths
as and ay are defined (see Fig. 6(b)).
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Figure 6. Positions of as and ay. (a) Overview of
BPG in miniature. (b) Relationship be-
tween as and ay.

Firstly, it is about as. When a cage is in fully
deep domain, the weight touches the ceiling of the
outer frame of the cage because of the high wa-
ter pressure. As the cage goes upward, the water
pressure which pushes up the weight decreases lin-
early with respect to the depth. Soon the weight
and the ceiling of the outer frame of the cage sep-
arate at a certain depth, which is defined as ag.
Strictly, as is the depth of the water vents of the
cage when the weight and the ceiling of the outer
frame of the cage separate; in fact, it is expressed
as

M
as oS +L-b. (2)

Secondly, it is about ay. Once the weight and
the ceiling of the outer frame of the cage separate,
the weight remains at the same position, while the
outer frame of the cage moves upward. Soon the
weight lands on the bottom of the outer frame of
the cage at a certain depth, which is defined as
ayp. Strictly, ay is the depth of the water vents of
a cage when the weight lands on the bottom of the
outer frame of the cage; in fact, it is expressed as

M
Ay = —— . 3
oS (3)
By using these a5 and ay, the three domains of
depth described above can be expressed as follows:



l.ag < a,
2. ap < a < ag,
3. L<a<ay,

where @ is the depth of the water vents of each
cage on the upward side.

Next, a dynamic analysis on these three do-
mains is conducted on the upward side.

3.1 Domain as; < a

When the cage is in fully deep domain (as < a),
the weight touches the ceiling of the outer frame
of the cage as shown in Fig. 7.
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Figure 7. Gravity and water pressure on upward side
when as < a. (a) Overview of BPG in
miniature. (b) Forces acting on cage.

In one of the quantitative simulations, which
are discussed later, the variables of each cage are
set as follows: S = 100 (cm?®), L = 20 (cm), b =
10 (cm), M = 11350 (g), and m = 50 (g). A
calculation shows that a;=123.5 (cm). At deeper
position than ag, for example a=130 (cm), the
water pressure pushes up the weight with 117.6
(N), while the gravity on the weight is 111.2 (N);
hence, the weight would push up the ceiling of the
outer frame of the cage with 6.4 (N) when the
loop of cages are stationary. In Fig. 7(b), Mg and
mg are gravity on the weight and on the outer
frame of a cage respectively. The water pressure
pushes the ceiling of the outer frame of the cage
down with the force of pyS(a — L)g; it also pushes
up the weight with the force of pyS(a — L + b)g.
Therefore, the resultant force F,; which acts on
the outer frame of the cage is expressed as

Foa= p”S(a* L)ngmg - {pUS(G*LJFb)g* Mg}

= (M +m)g — poSbg . (4)

Thus, it turns out that F,; = Fy. (See Eq. (1)).
To keep the cage at the same position, it must be
held up with the equivalent force to F,1; hence, it
can be estimated that the outer frame of a cage
transmits the force Fi; to the wire if cages go at
a constant speed.

3.2 Domain ay < a < ag

When the depth of the water vents of a cage
is between ay and ag (ay < a < ag), the outer
frame of a cage goes upward; however, the weight
remains at the same position as shown in Fig.
8(b).
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Figure 8. Gravity and water pressure on upward side
when ay < a < as. (a) Overview of BPG
in miniature. (b) Forces acting on cage.

Here the weight doesn’t affect the outer frame of a
cage, because the weight can move smoothly inside
the outer frame of a cage in accordance with the
original assumption. The water pressure pushes
the ceiling of the outer frame of a cage down with
the force of pyS(a— L)g. Hence the resultant force
F.o which acts on the outer frame of a cage is
expressed as

Fuo=pyS(a—L)g+myg . (5)

Thus, in this domain of depth, the resultant force
varies linearly depending on the depth of the water
vents @. As in the case of the previous section 3.1,
it can be estimated that the outer frame of a cage
transmits the force F,5 to the wire.

3.3 Domain L < a < ay

When the cage is within a certain shallow depth
(L < a < ay), the weight touches the bottom of
the outer frame of a cage as shown in Fig. 9(b),
because the water pressure which pushes up the
weight is not as strong as gravity on it. Inciden-
tally, the condition L < a regulates the position
of a cage not to be above the water surface (a=0)
for the convenience of analysis. In Fig. 9(b), Mg
and mg are gravity on the weight and on the outer
frame of a cage respectively. The water pressure
pushes the ceiling of the outer frame of a cage
down with the force of pyS(a — L)g; it also pushes
up the bottom of the outer frame of a cage with
the force of pySag. Therefore, the resultant force
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Figure 9. Gravity and water pressure on upward side
when L < a < ay. (a) Overview of BPG
in miniature. (b) Forces acting on cage.

F,3 which acts on the outer frame of a cage is
expressed as

Fuzs = (M +m)g — pySLg . (6)

Thus, in this domain of depth, the resultant force
F,3 is a constant; it doesn’t depend on the depth.
As in the cases of sections 3.1 and 3.2, it can be
estimated that the outer frame of a cage transmits
the force F,3 to the wire.

Next, it is necessary to combine the result of
the analysis on the downward side with that on
the upward side by applying two assumptions.

4. Two assumptions for combination
of downward and upward sides

The aim of this chapter is to compare Fy with
F,1, with F,5, and with F,3 in each domain of
depth. Figure 10 schematically shows a diagram
of a BPG; F), represents the resultant force of a
pair of cages on both the downward and the up-
ward sides at the equal depth.
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Figure 10. Resultant force F, at each depth.
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For the combination of the downward and the
upward sides, the following two assumptions are
practical.

Firstly, Fy is compared with F),;, with Fy2, and
with F,3, and then the resultant force of them,
namely F}, is calculated when the two cages of the
downward and upward sides overlap accurately at
the equal depth. Ultimately the driving force of
the BPG is evaluated by adding up Fjs. Of course,
cages don’t move discontinuously like a second
hand of a watch; however, a cage will meet the
next cage of opposite side by moving about only
half a cage. Therefore, this method for evaluation
is not invalid.

Secondly, another assumption is made about
four parts of the loop of cages where cages draw
arcs A, B, C, and D in Fig. 10. It is possible to
locate a rising cage on A (and on D) and a falling
cage on C (and on B) in point symmetry by ad-
justing the cages’ interval and the radius of the
rotary disk. It can be assumed that the rising on
A and on D are offset by the falling on C and on
B respectively. Here is a concern that the falling
on B might not be able to offset the rising on D
effectively, because the water might not rush into
the cage instantaneously at the start on B, namely
the top of the loop of cages. However, it would not
be a serious problem, for qualitatively the falling
of the heavy cage on C more than makes up for
the rising of the light cage on A; in fact, a certain
capacity inside the cage is a vacuum all through
A.

Then the resultant force F), in each domain of
depth is calculated by Eq. (7) where let the rotary
disk’s clockwise spin be positive.

F,=Fy—Fup . (7)
(n=1,2,3)

Here, a is the depth of the water vents of a cage
on the upward side.

4.1 F, in the domain a; < a

When the two cages of downward and upward
sides overlap accurately with their bottoms lo-
cated in fully deep domain (as < a), F; and F;
act on the outer frames of the cages on the down-

ward and upward sides respectively. Therefore,
the resultant force F), is expressed as
F,=F;—F,=0, (8)

where Eqs. (1) and (4) were substituted into Eq.
(7). Consequently, no force is generated in this
domain (see Fig. 10).

4.2 F, in the domain ay < a < ag

When the two cages of downward and upward
sides overlap accurately with their bottoms lo-
cated between ay and as (ap < a < ag), Fy
and Fy2 act on the outer frames of the cages on



the downward and upward sides respectively. Here
the resultant force F}, is expressed as

EL ::f% _'PL2
=Mg—pS(a—L+b)g, (9)

where Egs. (1) and (5) were substituted into Eq.
(7). As a consequence, the resultant force F,
varies linearly depending on the depth of the water
vents of a cage on the upward side (see Fig. 10).
Obviously at most one pair of cages which overlap
accurately can exist in this domain of depth.

4.3 F, in the domain L < a < ay

When the two cages of downward and upward
sides overlap accurately with their bottoms lo-
cated within a certain shallow depth (L < a <
ay), Fq and F,3 act on the outer frames of the
cages on the downward and upward sides respec-
tively. Hence, the resultant force F}, is expressed
as

F,=F;— F,3

= pS(L—bg . (10)

where Egs. (1) and (6) were substituted into Eq.
(7). Thus, the resultant force F, is a constant in
this domain of depth (see Fig. 10). In contrast to
the previous section, more than one pairs of cages,
which overlap accurately, can exist in this domain
of depth. Naturally, the more pairs of cages exist
in this domain, the more powerful driving force
the BPG has.

Figure 11 schematically shows the results of sec-
tions 4.1, 4.2, and 4.3; on the graph, the horizon-
tal axis represents the depth of the water vents of
a cage on the upward side, and the vertical axis
represents the resultant force F),.
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Figure 11. Relationship between F}, and a.

Next, it must be considered how to maximize
the driving force of a BPG.

5. Maximization of the driving force
of BPG

In the previous chapter, F,s were calculated
in each domain of depth. No force was gener-
ated in the domain ay < a. In the domain
ay < a < a4, at most one pair of cages could

exist, and Fj,, depended on the depth a com-
plexly. Therefore, from now on, these two domains
(as < a, and ay < a < ag) are excluded from
the evaluation of the driving force of a BPG; con-
sequently, the attention is focussed only on the
domain L. < a < ay. This method for evaluation
doesn’t overestimate the actual value, because it
omits the domain ay < a < ag which can con-
tribute a little to the driving force of a BPG. For
example of Fig. 10, two Fj,s of the highest and
the second highest pairs of cages are added up to
evaluate the driving force of a BPG. Accordingly,
it is necessary to grasp how many pairs of cages
can exist in this domain L < a < ay.

For these needs, three parameters «, 3, and ~
should be introduced here. They represents the
occupation rate of the weight to the cage, the ratio
of the distance between adjoining cages to L, and
the ratio of the width of the cage to L respectively.

Figure 12 schematically shows «, B, and -,
where cages on the downward side are omitted for
the sake of simplicity. Let d be the distance be-
tween adjoining cages when they are merely rising
or falling, and let £ be one side of the square base
of a cage. Parameters «, [, and -y are expressed
as follows:

b=al, (11)
d= 8L, (12)
0=~L (13)

square

rotary disk

Figure 12. Diagram of parameters «,(3, and ~.

Incidentally, r represents the radius of the rotary
disk. Using these parameters makes it possible to
find some conditions to maximize the driving force
of a BPG, which is represented as P here. Since
(ag—L)/(L+d) pairs of cages exist in the domain
L < a < ay, P is calculated by

ay — L
L+d-
Here substitution of Egs. (3), (11), (12), and
M = pSb (p is the density of the weight) into

Eq. (14), and then completing the square leads to
the following equation.

1

P = poS(L —b)g x

(14)

148 2p 4p?

(15)

2_2 2
P SLgp{(a_erpo)g_p pop + Py

b



Consequently, when a = (p+ po)/2p, P reaches a
local maximum P,,,, which is expressed as

1 2_9 2
SLgp Pop + pg .

Pmax:
145 4p

(16)

Thus, S, L, and p should be as large as possi-
ble; meanwhile, 8 should be as small as possible.
Furthermore, the height of a weight b should ac-
count for (p + py)/2p of the height of a cage L;
in fact, quantitative simulations discussed later
adopt o = 0.5, for the sake of simplicity. Inci-
dentally, they adopt p = 11.35(g/cm?); it is lead
[2]. Here the theoretically ideal value is a = 0.54.

Next, a geometrical study minimizes § by using
the relationship between g and ~.

6. Minimization of 3

In this chapter, a mathematical analysis reveals
the conditions for cages’ turning smoothly around
rotary disks without a collision between any ad-
joining cages, and aims to minimize 8 under such
conditions. To begin with, the radius of the ro-
tary disk 7 is set so that cages are arranged at an
angle of every 7/2 (rad) around the center of the
upper rotary disk as shown in Fig. 13. The size of
the lower rotary disk is the same as this.
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Figure 13. Arrangement of cages around upper rotary
disk.

Here, r is calculated by

R (17)

Obviously 7 is regulated by the next condition
1
Substitution of Egs. (12), (13) and (17) into this

inequality (18) leads to the following inequality

s T—4
— . 19
B> 17+ (19)

Figure 14 geometrically shows adjoining cages
around the upper rotary disk. The circle is the
upper rotary disk. At the moment when the cage

£ .
L
H g
8 r
T TRy &
Goy-- ivd
rg — |~
Cag--mmmnd--o- :

Figure 14. Adjoining cages around upper rotary disk.

changes its movement from vertical rising to turn-
ing, its rotation angle # is set 6 = 0. C;’ and Cs’
are centers of the adjoining cages; when 6 was null,
Cy/, Gy’ were at Cq, C, respectively. Here the do-
main of 0 is restricted to 0 < § < 7/2, because in
the domain 7/2 < 6 < 7, relative positions of the
adjoining cages don’t change; in fact, they only
turn from positions at 12 and 9 o’clock to posi-
tions at 3 and 12 o’clock respectively. In Fig. 14,
a line segment P1Ps is the shortest distance be-
tween the adjoining cages. Accordingly, the aim is
to find the minimum of 8 which satisfies the con-
dition 0 < PPy and inequality (19) for any 6 on
0 < 6 < 7/2. By using variables and parameters
B and 7y, the condition 0 < P1P5 is expressed as

1
P1Py =rsinf — §(€sin0—|—Lcos0)
1
+(L+d)f§L—r9>O. (20)

Substitution of Egs. (12), (13), and (17) into this

inequality (20) leads to the following inequality
T ™ .

260 — 5 + 50059 + (57 —2)siné

B> 2sinf + m — 26

Let the right side of this inequality (21) be f(6),
namely

(21)

™

29—g+gcosﬂ+(2’y—2)sin9
f0) =

2sinf + 7w — 20

Figure 15(a) shows the results of plotting f(6)
against 6 for three different s as follows: (A)
v=0.5, (B) v=1, and (C) y=0.125. These (A),
(B), and (C) represent standard cages, flat cages,
and slender cages respectively; in fact, three quan-
titative simulations with these cages are con-
ducted in the next chapter. Figure 15(b) is the
partially magnified graph around the local maxi-
mum of (C) in Fig.15(a).

. (22)
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Figure 15. Changes in f(#) and fixed f in each simulation. (a) f(#) plotted against 6 for three different 7s in
each simulation. (b) Magnified graph of (C) in (a) around its local maximum. (c) Each 3 fixed for
simulations (A) and (B). (d) Magnified graph of (C) in (c¢) around its local maximum and S fixed
for simulation (C) in the same way as simulations (A) and (B).

In each case, 8 can be fixed so that it slightly exceeds the maximum of f(#) on 0 < 6 < 7/2; in fact,
Bs are fixed as follows: (A) 8 =0.2, (B) 8 = 0.6, and (C) § = 0.005, as shown in Fig. 15(c) and 15(d).
Incidentally, each of these s satisfies the inequality (19).

Next, quantitative simulations are conducted on three cases with these 8s and ~s.

7. Quantitative evaluation of driving force of BPG by simulation

In this chapter, the driving force of each BPG is evaluated in each simulation for the following three
different shapes and dimensions of cages: (A) standard cages (y = 0.5), (B) flat cages (y = 1), and (C)
slender cages (v = 0.125), which match the analysis of the previous chapter. Table 1 shows values of all
variables and parameters which are used in each simulation (A), (B), and (C).

Table 1. Dimensions, mass, and all parameters of a cage for each simulation.
n: simulation label; S: area of the base of a cage; L: height of a cage; ¢: width of a cage;
b: height of a weight; M: mass of a weight; m: mass of the outer frame of a cage;
po: density of water; p: density of a weight; a: ratio of b to L; B: ratio of d to L; «y: ratio of £ to L;
d: distance between adjoining cages; r: radius of rotary disks.

n S L 14 b M m 0o p ! B v d T
(cm?) (em) (em) (em) (g) (g) (g/em’) (g/em’) (cm)  (cm)
(A) standard 100 20 10 10 11350 50 1 1135 05 0.2 0.5 4 15.28
(water)  (lead)
(B) flat 400 20 20 10 45400 50 1 1135 05 0.6 1 12 20.37
(C) slender 100 80 10 40 45400 50 1 11.35 0.5 0.005 0.125 04 51.18




7.1 Simulation (A) standard cages

The BPG with standard cages for simulation (A)
is designed in Fig. 16.
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Figure 16. Design for BPG with standard cages for
simulation (A). (a) Dimensions of stan-
dard cage. (b) Schematic diagram of BPG.

By setting r appropriately, it is possible to arrange
three cages at 9, 12, and 3 o’clock along the upper
rotary disk and another three cages at 3, 6, and 9
o’clock along the lower rotary disk simultaneously
in line symmetry as shown in Fig.16(b). In fact,
r and d are set r = 15.28 (cm), and d = 4 (cm)
here. The driving force of the BPG is evaluated
by adding up Fps at the moment when both of
the cages (downward and upward sides) overlap
accurately at the equal depth, which occurs every
time they move just only half (strictly, (L +d)/2)
a cage; the same applies hereafter. Simple calcu-
lations show ags= 123.5 (cm), and ay= 113.5 (cm)
(see Egs. (2) and (3)). Referring to Fig. 16(b),
Fs of the top four pairs of cages are added up to
evaluate the driving force of the BPG. That is

poS(L —b)g x 4 =39.2 (N) . (23)

Consequently, although it may have small oscilla-
tion in strength, this BPG is estimated to have
a driving force of 39.2 (N) continuously. Inciden-
tally, this oscillation would be caused by cages’
falling and rising along the arcs of rotary disks;
the same applies also in simulations (B) and (C).

7.2 Simulation (B) flat cages

Next, the BPG with flat cages for simulation (B)
is designed in Fig. 17.
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Figure 17. Design for BPG with flat cages for simula-
tion (B). (a) Dimensions of flat cage. (b)
Schematic diagram of BPG.

In simulation (B), the area of the base of a cage S
is four times as large as that in simulation (A) as
shown in Fig. 17(a). Here r and d are set r = 20.37
(cm), and d = 12 (cm), so that all cages are lo-
cated in line symmetry in the same way as simula-
tion (A) (see Fig. 17(b)). In simulation (B), the
cages’ distance d is much longer than that in sim-
ulation (A). That is because cages in simulation
(B) are much flatter than those in simulation (A).
Simple calculations show as = 123.5 (cm), and ay
= 113.5 (cm), which are the same as they are in
simulation (A) (see Eqs. (2) and (3)). Referring
to Fig. 17(b), Fps of the top three pairs of cages
are added up to evaluate the driving force of the
BPG. That is

poS(L —b)g x 3 =117.6 (N) . (24)

In simulation (B), the number of pairs of cages
which contribute to the driving force of the BPG
is smaller than that in simulation (A). That is
because the cages’ distance d in simulation (B) is
longer than that in simulation (A). As a result,
it is estimated that this BPG continuously has a
driving force of 117.6 (N), which is three times as
large as that in simulation (A).



7.3 Simulation (C) slender cages

Finally, the BPG with slender cages for simula-
tion (C) is designed in Fig. 18.
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Figure 18. Design for BPG with slender cages for
simulation (C). (a) Dimensions of slender
cage. (b) Schematic diagram of BPG.

In simulation (C), the height of a cage and a
weight (L and b) are four times as high as that
in simulation (A) as shown in Fig. 18(a). Here r
and d are set r = 51.18 (cm), and d = 0.4 (cm),
so that all cages are located in line symmetry in
the same way as simulations (A) and (B) (see Fig.
18(b)). In simulation (C), the cages’ distance d is
much shorter than that in simulation (A). That
is because § in simulation (C) is far smaller than
that in simulation (A), which is due to a remark-
able reduction in 7. Simple calculations show ag
= 494 (cm), and ay = 454 (cm) (see Egs. (2) and
(3)). Referring to Fig. 18(b), Fps of the top five
pairs of cages are added up to evaluate the driving
force of the BPG. That is

poS(L —b)g x 5=196 (N) . (25)
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In simulation (C), the number of pairs of cages
which contribute to the driving force of the BPG is
larger than that in simulation (A). That is because
the cages’ distance d in simulation (C) is shorter
than that in simulation (A). As a consequence,
it is estimated that this BPG continuously has a
driving force of 196 (N), which is five times as
large as that in simulation (A).

8. Conclusion

In this paper, the idea of a Buoyancy Power
Generator (BPG) has been proposed. It contin-
uously generates electricity only by buoyancy. In
its structure, cages have been designed so that dif-
ferent forces in strength act when turned upside
down. This structure has enabled cages on the
upward side to have larger buoyancy than those
on the downward side. With respect to the max-
imization of the driving force of a BPG, theoreti-
cally the following three points have been revealed.
(1) The height and the area of the base of a cage,
and the density of the weight in a cage should be
as large as possible. (2) The distance between ad-
joining cages should be as short as possible. (3)
The ratio of the height of a weight to the height
of a cage should be (p+ py)/2p where p and p, are
the densities of a weight and water respectively.
In fact, three quantitative simulations have eval-
uated the driving force of each BPG with differ-
ent shapes and dimensions of cages, namely (A)
standard cages, (B) flat cages, and (C) slender
cages. Finally, the results have been obtained as
follows: (A) 39.2 (N), (B) 117.6 (N), and (C) 196
(N), which confirms the theory described above.
An issue to be resolved is the inner structure of a
cage which enables the weight to move smoothly
inside it keeping one end of it to be a vacuum.
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