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Abstract. Floating cages are the technology used for aquaculture activities. The dynamic factors of the 

sea will affect the floating cage, one factor is the waves. The waves cause a change in the position of the 

floating cage that affects the stability of the floating cage. The floating cage needs should have a balancing 
unit for stability. The model of a floating cage with a vacuum balancing unit is for a function to perform a 

stable position when exposed to sea waves. This research was executed by comparing models of the 

floating cages without a vacuum balancing unit with the floating cages installed with a vacuum balancing 

unit. The stability in each model is tested by comparing the two models of floating cages, exposed to the 
naturally wavy sea, for the changing in position was measured with the accelerometer data logger installed 

on each floating cage model. The sorted data of each data logger of the two models with identical 

sequences on the X and Y axes for comparison purposes. The results show that the value of the change in 

position is smaller for the floating cage installed in the vacuum balancing unit to perform more stability.  
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1 Introduction 

Floating cages are the technology used for aquaculture 

activities. The dynamic factors of the sea will affect the 

floating cage, one factor is the waves. The waves cause 

a change in the position of the floating cage that affects 

the stability of the floating cage. 

The floating cages installed with a vacuum balancing 

unit simple patent S00201911867 with title Keramba 

Apung Berpenyeimbang [1] is a floating cage 

prototype that developed to reduce the movement of 

the floating cage that exposed wavy sea. The balancing 

unit function is to reduce the floating cage movement 

when exposed to the naturally wavy sea because the 

aggressive movement can make fatigue also damage 

the structure. 

The floating cage needs should have a balancing unit 

for stability. The model of a floating cage with a 

vacuum balancing unit is for a function to perform a 

stable position when exposed to sea waves. This 

research was executed by comparing models of the 

floating cages without a vacuum balancing unit with 

the floating cages installed with a vacuum balancing 

unit. 

 

2 Method  

The experiment is by comparing two  models of 

floating that are built from 4 inch PVC pipe and  4 inch 

PVC joint:  

a. Model A is the floating cages without a vacuum 

balancing unit  

b. Model B is the floating cages installed with a 

vacuum balancing unit 

 

The experiment is at exposed the two models to the 

naturally wavy sea with 3 trials. The accelerometer 

data logger installed on each floating cage model is 

placed on the front side at the right corner of the 

structure.   

 

Parameters: 

a. X-axis movement 

b. Y-axis movement 
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Fig 1. The schematic floating cage model A and B. The 

red rectangle framed is the vacuum balance unit 

 

The seawater volume inside each vacuum balance unit 

is 9.63 L, the weight of seawater (31 ppt) inside each 

vacuum balance unit is 9.6 Kg, and the total weight of 

seawater (31 ppt) in all vacuum balance units is 38.4 

Kg. 

. 

 
 

Fig 2. The schematic of trial in exposing the two 

models to the naturally wavy sea 

 

Data: 

The X-axis and Y-axis data are extracted from each 

data logger of both models and sorted with identical 

sequences on the X-axis and Y-axis. The X-axis and Y-

axis data were transformed with square root 

transformation and analysis Wilcoxon signed-rank 

nonparametric. 

 

  

3 Result and Discussion 

3.1   Result 

 

The X-axis comparison 

The results from the mean of movement value (Table 1 

and 2) and comparison of models A and B in the X-

axis mean value movement (Tabel 3) show that there is 

a significant reduction in the movement in model B. 

Comparison of the movement (Fig 3, 4, and 5) shows 

how models A and B respond. 

 

Table 1. The X-axis movement  of model A in each 

trial 

No Trial Code  Number of 

movements  

Mean of movement 

value (square root 

transformation) 

1 1st A1 189 3.386 

2 2nd A2 96 2.971 

3 3rd A3 159 3.137 

 

Table 2. The X-axis movement  of model B in each 

trial 
No Trial Code  Number of 

movements 

Mean of movements 

value (square root 
transformation) 

1 1st B1 189 2.156 
2 2nd B2 96 1.022 

3 3rd B3 159 2.001 

 

Table 3. The comparison of models A and B in X-axis 

movement 
No Trial A B Redu

ce 

move

ment
s  

Percenta

ge of 

Reduce 

moveme
nts 

Signifi

cant 

1 1st 3.386 2.156 1.23 36.33 % P< 0.001 
2 2nd 2.971 1.022 1.949 65.60 % P< 0.001 

3 3rd 3.137 2.001 1.136 36.21 % P< 0.001 

 

 
Fig 3. The comparison graph of the X-axis sequence 

from models A1 and B1 at the 1st trial 

 

 
Fig 4. The comparison graph of the X-axis sequence 

from models A2 and B2 at the 2nd trial 
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Fig 5. The comparison graph of the X-axis sequence of 

models A3 and B3 at the 3rd  trial 

 

The Y-axis comparison 

The results from the mean of movement value (Table 4 

and 5) and comparison of model A and B in the Y-axis 

mean value movement (Tabel 6) show that there is a 

significant reduction in the movement in model B. 

Comparison of the movement (Fig 6, 7, and 8) shows 

how models A and B respond. 

 

Table 4. The Y-axis movement  of model A in each 

trial 
No Trial Code  Number of 

movements  

Mean of 

movements 
value (square 

root 

transformation) 

1 1st A1 189 0.089 

2 2nd A2 96 0.088 

3 3rd A3 159 0.092 

 

Table 5. The Y-axis movement  of model B in each 

trial 
No Trial Code  Number of 

movements  

Mean of 

movements 
value (square 

root 

transformation) 

1 1st B1 189 0.066 

2 2nd B2 96 0.091 

3 3rd B3 159 0.068 

 

 

Table 6. The comparison of models A and B in Y-axis 

movement 
No Trial A B Reduc

e 

move

ments  

Percenta

ge of 

Reduce 

moveme
nts 

Significa

nt 

1 1st 0.089 0.066 0.023 25.84 % P< 0.001 
2 2nd 0.088 0.091 -0.003 -3.41 % P> 0.05 

3 3rd 0.092 0.068 0.024 26.09 % P< 0.001 

 

 

 
Fig 6. The comparison graph of  Y-axis sequence form 

models A3 and B3 at the 1st trial 

 

 
Fig 7. The comparison graph of the Y-axis sequence 

from models A2 and B2 at the 2nd trial 

 

 
Fig 8. The comparison graph of the Y-axis sequence of 

models A3 and B3 at the 3rd trial 

 

3.2   Discussion 

 

The floating cage with a rectangular shape has the 

same stability as the hexagonal shape and better 

stability than the circular-shaped [2]. The movement of 

the floating cage in waves will increase with the wave 

height and will follow the movement of water particles 

[3] [4]. The floating cage deformation becomes greater 

as the wave height or current velocity increase [5].  

 

The floating cage moves more significantly in the 

vertical direction than in the horizontal direction [6]. 

The floating cage fatigue will increase in typhoons and 

can reduce the lifetime of the floating cage [7]. The 

wave can cause stress to the floating cage structure [8]. 

The floating cage balanced dynamically when the 

reserve buoyancy was up and down to the vertical 
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downward force component resulting from increased 

environmental forces [9] 

4 Conclusion  

The vacuum balancing unit can reduce the floating 

cage vertical movement by 36.21 % - 65.6 %. The 

vacuum balancing unit can reduce the floating cage 

horizontal movement by 25.84 % - 26.09 %. The value 

of the reduction in movement is smaller for the floating 

cage installed in the vacuum balancing unit to perform 

more stability.  
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