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Abstract: One of the government's programs for connecting cities and remote Indonesian islands were 
quickly utilized by amphibious aircraft. This was realized with the amphibious N219 program started 
in 2018. The N219, referred to for Nusantara, its twin engines, and 19-passenger capacity, represents 
Indonesia's ambition to link its extensive archipelago through innovation and pride. The N219 
amphibious aircraft was developed based on the N219 basic aircraft (maximum take-off weight, 
MTOW 7030 kg), with the incorporation of two floats, enabling it to land on both land and water 
surfaces. It was intended that the addition of this float would not significantly change the 
performance of the N219 aircraft, so there was no need to make big changes in terms of the number 
of passengers. one of the important factors in this performance was the weight penalty. In this 
research, structural analysis was done to reduce the weight of floaters by applying the optimal design 
dan used the sandwich composite materials. The specimens of carbon composite were produced by 
Vacuum-Assisted Resin Infusion/ VARI. The specimens with five fiber orientation variations (UD: 
0o, 90o, and 45o and Fabric: ±45o and 0o/90o) were tested, and the results were utilized as data input 
for finite element analysis. Floater structure modeling was conducted to predict its strength and 
weight. The modeling analysis results showed that the maximum stress was 354.2 MPa < 1014 MPa 
(material test result). Meanwhile, the Tsai-wu criteria were 0.550, where it's <1, and the mass of the 
floater found was 274 kg, where it's <400 kg. It could be seen that the floater structure design using 
carbon composite materials had good results, so it could be considered for implementation. 
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1. Introduction 

1.1 Background 
Some of the research activities about aircraft amphibious as a theory related to the analysis of 

amphibious aircraft landings, studies regarding the effects of water impact, numerical methods, 
and experimental tests by dropping objects vertically have been done (Piovesan, 2017; Bendarkar 
et al., 2013; Canamar, 2012; von Karman, 1929). The novel concept of seaplane floater has also been 
proposed to increase the operational performance (Aaronsaengmanee and Nontakaew, 2020; 
Canamar and Smrcek, 2011). Floatplane type seaplane was a land plane with landing gear removed 
and replaced with a pontoon (two floaters) which functions as a buoy by placing the fuselage in a 
position above the water's surface (Gudmundsson, 2013). The impact load is one of the important 
factors to know because, at the time of landing, a large energy absorption process occurs from the 
surface of the water to the surface of the float. The critical loads or even structural damage can be 
caused by the impact between the water and the basic structure of the ship (Yanuar et al., 2020; Lv 
and Grenestedt, 2015).  

Fiber-reinforced polymer composites have been used in aviation as a building material for 
various structural and non-structural aircraft components. Carbon fiber laminate materials exhibit 
brittle (non-plastic) failure modes and typically have linear stress-strain plots until the ultimate 
failure (Abbott, 2019). One proven method for producing high-performance composites using 
synthetic fibers, such as glass or carbon fibers is Vacuum-assisted resin infusion (VARI) Technology 
(You et al., 2023; Xia et al., 2015). The composite manufactured by Vacuum-Assisted Resins Infusion 
has the highest strength and tensile modulus of the composites produced using wet hand lay-up 
and vacuum bagging methods (Abdurohman et al., 2018). Vacuum-assisted resin infusion can 
reduce internal or external good composite defects through resin impregnation (Ratwani, 2010).  
The results of scanning electron microscope (SEM) imaging on the vacuum-assisted resin infusion 
method for producing impregnated resin composites show excellent properties at the inter-ply 
(interlaminar) and inter-fiber (intralaminar) interfaces. However, it is worth noting that some voids 
still exist in certain intralaminar locations (Bourchak et al., 2015).   

Recent advancements in composite material technology have increased the use of composite 
materials in aircraft structures. In 2010, the Boeing 787 used more than 50% composite materials, 
increasing the structural mass of composite materials (Lu and Wang, 2010). One benefit of using 
composite materials is the reduction in weight of the aircraft structure. When compared to 
equivalent aluminum alloy components, it can reduce the structure's weight by more than 20% 
(Iryani et al., 2019; 2017; Beck et al., 2011). The advantage of the sandwich structure is its high 
rigidity due to its thickness and lightweight (Patekar and Kale, 2022; Zulkarnain et al., 2022; 
Ramnath et al, 2019). The core can be filled with low-density material such as foam, PVC, etc., and 
layered with the lamina arrangement (Hadi, 2020).  The 19-passenger aircraft float impact study 
was carried out using a static simulation method. Here is a float model using aluminum material 
and an estimated mass of 1000 kg, significantly reducing the aircraft's payload/carrying capacity 
(Ardiansyah, 2019). The N219 amphibious aircraft was derived from the N219 basic aircraft (MTOW 
7030 kg) by adding two floats, enabling it to land on both land and water. Despite the addition of 
these floats, the aircraft's performance, particularly its payload capacity, was not significantly 
affected. However, it is important to acknowledge that there was a weight penalty associated with 
this modification, which played a crucial role in determining its overall performance (Kadir et al., 
2021; CASR, 2001). The existence of the Sister Keelsons on the floater generates more forces and 
moments in X-axis, Z-axis directions, and Y-axis rotation (Erwandi et al., 2022).  
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It is clear from the previous passages that composite materials for aircraft components and 
amphibious aircraft floaters are the subject of extensive research. However, little is known about 
the research into the use of composite materials as floaters for amphibious aircraft. In order to meet 
the design acceptance criteria, set forth by Tsai-wu criteria 1 and a minimum target weight of one 
floater of 400 kg, this research concentrated on structural analysis to reduce the weight of floaters 
N219 amphibious aircraft. As one floater currently uses aluminum and weighs 500 kg, reaching the 
target will increase the aircraft's economic value. With two floaters installed, the aircraft can reduce 
its overall weight by at least 200 kg by using composite, which means it will be able to carry more 
passengers, increasing its capacity to make more money. This accomplishment also marks a first 
for Indonesia in the development of the N219 amphibious aircraft. 

2. Methodology 

The method and research phase starts with the simulation modeling of the floater structure based 
on the results of the surface configuration design from the aero and hydro teams (Sayuti, 2021; 
Fitriah, 2021). The analysis was conducted using structural analysis software and supported by 
material input data based on test results. Each stage is explained in detail below. 

2.1. Float Structure Configuration 
The surface configuration model for the floater is selected based on its intended use as a twin 

seaplane float. In the case of an N219 amphibious aircraft, the floater's position is depicted in 
Figures 1a and 1b. Each floater has a volume of 6.8 m3 or 6.8 tons, a length of 9.4 m, and a step 
position from the front that occupies 54% of the length of the floater (Figure 1c). With the VARI 
method, Sandwich Carbon Composite material was used in this floating design (Sayuti, 2021). 

 

 

(a) (b) 
Figure 1  Illustration of floater position on N219 Amphibious aircraft (a) and Floater dimension (b).         

 
2.2. Flowchart Model 

Figure 2a shows the flowchart for the thickness iteration process of the Amphibi floater structure 
model. The iteration is performed as a looping process, starting at the material property step. once 
the simulation is completed, the failure criteria value is examined. If the value exceeds 1, the process 
loops back to the material property step, where the property value, comprising the number of 
composite plies, is adjusted. After a few plies were added, the simulation would start again. This 
process was repeated until the failure criteria value dropped to less than 1.  

2.3. CAD Model 
The isometry view of the floater model LPDP-11 is shown in Figure 2b. This floater has 

dimensions:  length = 9.4 m, width = 1.28 m, height = 1.125 m, and volume = 6.8 m3.  Most floater 
structures are built with a composite sandwich structure. The following Table 1 is the detail of the 
structure ply configuration which was used at each panel. This configuration thickness is 
determined systematically according to the load and allowable stress design after iteration, as 
mentioned in Figure 2a. 
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Table 1 Thickness Variation of Floater LPDP-11 structures 

No Ply Visualization t (mm) No Ply Visualization t (mm) 
N
o 

Ply Visualization t (mm) 

1. 

 

3.2 11. 

 

4 
21
. 

 

66.8 

2. 

 

21 12. 

 

8.2 
22
. 

 

18.2 

3. 

 

4.4 13. 

 

29.2 
23
. 

 

31 

4. 

 

8 14. 

 

49.2 
24
. 

 

58 

5. 

 

10.4 15. 

 

23.2 25. 

 

26.2 

6. 

 

12.4 16. 

 

13.2 26. 

 

7.5 

7. 

 

1.2 17. 

 

11.2 27. 

 

46 

8. 

 

3.2 18. 

 

24 28. 

 

86 

9. 

 

1.2 19. 

 

24 29. 

 

15.2 

10. 

 

3.2 20. 

 

79 30. 

 

21.2 

 
2.4. Hydrostatic Pressure Distribution 

Referring to National Aerospace Standard (NAS, 2015), hydrostatic pressure distribution can be 
obtained by using the formula below: 

𝑃 =
𝐶4 𝐾2 𝑣𝑠𝑜

2

𝑡𝑎𝑛 𝛽
                                                            1) 

The Where, P = pressure (psi), C4 = 0.078Cl (Cl=0.012), K2 = Float Station Weighing Factor, VSO = 
Stalling speed (45.4 knots), and β = Dead Rise Angle. 

For this model, it's been defined that the floater will carry approximately 2.33G of its MTOW, or 
around 8.2 tons. It is determined by referring to NAS 807 (NAS, 2015), as the lowest value of the 
maximum load factor that might be happened during its operational time. In order to match the 
load, the K2 value (Figure 3a) was adjusted so the total load from the pressure distribution would 
be close to the actual load but with similar pressure distribution, which is also suggested by NAS 
807, (NAS, 2015). Lf is the distance from the most frontward floater to the step section (Figure 4), 
while LA is the distance from the step section to the most rearward floater. The data required to 
calculate the hydrostatic pressure is shown in Tables 2 and 3, and the yield of the pressure 
distribution is shown in Figure 3b.  
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(a) (b) 
Figure 2 Floater thickness iteration flowchart (a), CAD Model floater LPDP-11 (b) 

 
The graph which is presented is the visualization from these elaborate equations for the 

corresponding X range value: 
a) from 0 ≤ X ≤ 2538 mm:    y = -7.33E-06X + 0.0207 

b) from 2538 < X ≤ 5076 mm:   y = 2.36E-06X - 0.00383 

c) from 5076 < X ≤ 9400 mm:    y = -1.44E-07X + 0.0048 

These equations would then be inputted as pressure distribution on FEM Software. 
 

  
(a) (b) 

Figure 3 Float Station Weighing Factor (NAS 807) (a), Hydrostatic Pressure Distribution Through 
Floater Length  (b) 
 

  
(a) (b) 

Figure 4  Deadrise angle and step section illustration. (a)  Deadrise Angle, (b) Step Section 
 

Table 2 Constant Data for Floater's Weight Distribution 

LF 5076 mm 
LA 4324 mm 

1 Psi 0.0068948 MPa 
C4 0.000936  
Vso 45.4 knots 
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Table 3 Pressure Value at Designated Point on the Base of Floater 

 

 

 

 

 
 

 
2.5. Load and Boundary Condition 

The boundary condition on this model was placed on the tip of the strut and spreader (see Figure 
5f). Those tip from strut components was set as fixed BC ((U1=U2=U3=UR1= UR2=UR3=0), while 
the Boundary Condition on the spreader was set free to move on upward and downward 
(U1=U2=UR1=UR2=UR3=0, U3≠0) with the assumption of equal hydrostatic pressure both on the 
left and right side of the floater.  

The hydrostatic model was employed in the analysis, and the pressure was calculated before 
simulation to determine the loading condition. However, to observe the effects, some adjustments 
were made to the loading conditions during the test. The floater was subjected to various scenarios, 
including landing on the bow, landing on the step, unsymmetrical landing on the step, and landing 
on the stern under specific conditions. The pressure distribution in each condition is similar to 
hydrostatic, except that pressure only occurred and was applied on the corresponding part of the 
floater where it landed. These are the illustrations for the loading conditions depicted in Figures 5a 
to 5e. 

 
(a) Hydrostatic pressure 

 
(b) Bow landing 

 
(c) Step landing 

 
(d) Stern landing 

 
(e) Step unsymmetric 

landing 

 
(f) Constraint 

Figure 5  Loading Types and Constraint models for FEM analysis of floater LPDP-11 
 

2.6. Materials 
The mechanical properties of materials as data input in the Finite Element Method Analysis 

process are shown in Table 4. Tensile test material carbon was done to verify the tensile strength, 
modulus elasticity, and Poisson ratio. The method of making the test specimens used the VARI 
(Figure 6) to minimize the presence of voids in the composite, the VARI impregnation method in 
the manufacture of composites used vacuum suction to flow the resin into the fiber bundles. With 
a low void volume percentage, the mechanical properties of the composite were increasing. This 
method produces a fairly excellent and uniform quality of composite panels, so the structure's 
weight was expected to be lighter because there was no excess resin. This composite panel was 
made with a total of 6-ply layers and then cut by a water jet machine according to the direction of 
each remarkable test object's fibers. The number of specimens was 30 pieces. for every six pieces, 
tensile test specimens for composite carbon material with fiber direction (0o, 90o, 45o, -45o/+45o, 
0o/90o). The test data results (tensile strength, elastic modulus, and Poisson's ratio) were used as 

X (mm) K2 Vso (knots) β P (psi) P (MPa) 

0 0.24 45.4 8.67 3 0.0207 
2538 0.09 4 28.83 0.31 0.0021 
5076 0.12 3 11 1.18 0.0081 
5076 0.06 4 11 0.59 0.0041 
9400 0.12 3 24.65 0.5 0.0034 
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data input for FEM (Finite Element Method) software. The composite components used in this 
manufacturing are Carbon Fibers Uni-Direction: ZD-BX300-1270, Carbon fiber Fabric: 220 GSM, 
Resin, and Hardener: AM-89267A dan AM-8927B. 

 

Table 4 Materials for structure analysis of Floater LPDP-11 

AL 7075 Mass Density 2.81E-09 ton/mm3 
Modulus Elasticity (E) 71700 MPa 

Poisson's ratio 0.33  
Yield Strength 469 MPa 

Carbon 
Fiber UD 

Mass Density 1.40E-09 ton/mm3 
Modulus of Elasticity, E1 108721 MPa 
Modulus of Elasticity, E2 7295 MPa 
Modulus of Elasticity, E3 3000 MPa 

Poisson’s Ratio, µ12 = µ13 = µ23 0.286  
Modulus of Shear, G12 10145 MPa 

Modulus of Shear, G13 = G23 5000 MPa 
Tensile Stress Fiber Direction 1000 MPa 

Compression Stress Fiber Direction -500 MPa 
Tensile Stress Transv. Direction 70 MPa 

Compression Stress Transv. Direction -70 MPa 
Shear Strength 100 MPa 

PVC 200 Mass Density 2.50E-10 ton/mm3 

Figure 6  VARI Method (a) Sketch of VARI and (b) Manufacturing Process 

3. Results and Discussion 

3.1. Floater Structures Analysis 
The visualization result of the floater model is shown in Figure 7; a summary of the result is 

shown in Table 5. The optimization goal is to achieve the optimal structure, which can carry the 
load without fail while attaining its weight as light as possible. A few load scenarios were also laid 
out to see their effect on structure. for this research, it can be concluded that the hydrostatic pressure 
yields the most critical load to structure, as seen from the failure criteria that the model sustained. 
from Figure 7, it can be seen that max stress occurs in the first section of the bottom skin float. It is 
understandable because the float station weighting factor in that position has the biggest K-factor 
(stress concentration factor); other than that, in that section, the bulkhead supports only skins 
without additional support from the frame and floor.  

 
 

  

(a) (b) 
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Max Tensile Stress: 354.2 
MPa 

Max Shear Stress: 56.3 MPa Max Displacement: 11.7 mm 

  

Max Tsai-Wu: 0.5504 Max Tsai-Hill: 0.5947 

Figure 7  Visualization FEM results of floater model LPDP-11 
 
The summary simulation results show in Table 5 with the five types of distribution pressure 

ultimate loading on the float with sandwich carbon composite material with 30 float thickness 
variation on the entire surface. The final thickness value is achieved through several iterations, 
during which the primary objective is to ensure that the mass of the component does not exceed the 
target weight of 400 kg. Note that this simulation is also conducted without considering the 
assembly process in actual conditions. Furthermore, the simulation also aims to help determine the 
critical area location. The results of this numerical analysis will include several parameters, 
including stress, displacement, and Tsai-Wu failure criteria. from the FEM analysis, the maximum 
stress that occurs is 354.2 MPa; the acceptance criterion is 0.550 for Tsai-Wu. Meanwhile, the mass 
of the floater structure model N219 Amphibious (LPDP-11) was obtained at 274 kg.   

 

Table 5 Summary results of FEM structure Analysis of Floater LPDP-11. 

Loading 
Distribution 

Max Displacement(mm) Max Tensile 
Stress 
(MPa) 

Max Shear 
Stress (MPa) 

Max 
Tsai-Wu 

Max 
Tsai-
Hill 

Mass 
(kg) U1 U2 U3 U 

Hydrostatic 
Pressure 

9.4 -5.3 8.1 11.7 354.2 56.3 0.550 0.5947 

274 
Bow Landing 10.6 -2.3 4.0 10.6 90.2 31.6 0.424 0.459 
Step Landing -1.7 1.7 3.9 4.1 150.1 23.1 0.359 0.346 
Unsymmetric 
Step Landing 

-0.9 1.8 3.2 3.8 103.4 16.3 0.252 0.243 

Stern Landing -5.2 -4.6 6.9 8 187.2 27.5 0.436 0.416 

 
3.2. Carbon Composite Materials Test 

Tensile tests of carbon composite materials were conducted using a tensile test machine, sensors, 
and data acquisition equipment, as illustrated in Figure 8. Additionally, Table 6 presents a summary 
of the recorded data from the tensile test specimens. The average tensile strength for specimen UD 
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(fiber orientation 0o, in-line loading) was 1014 MPa, the modulus elasticity was 108721 MPa, and 
the Poisson's ratio was 0.286. In the meantime, the average tensile strength for Fabric specimens 
(fiber orientation 0o/90o, load in-line to 0o) was 574 MPa, the modulus elasticity was 45462 MPa, 
and the Poisson's ratio was 0.042. 

   

(a) (b) (c) 
Figure 8 Tensile test material carbon composite produced by the VARI method. 
(a) Specimens before the test, (b) Tensile test machine, (c) Specimens after the test. 
 

The test results are presented as a graph that depicts the relationship between the testing 
machine's force and strain as measured by a data logger in Figure 9. 

 

 
                                   (a) 

 
                                    (b) 

 
                                       (c) 

 
                                     (d) 

                                              
                                                                                 (e) 

Figure 9  Graphic of force vs. strain. Specimen fiber orientation: a)UD-0o, b)UD-45o, c)UD-90o , 
d)Fabric- ±45o, and e) Fabric-0o/90o 
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Table 6 Summary of Test carbon composite Materials (VARI method) 
Carbon 

Type 
No Code of 

Specimen 
Width 
(mm) 

Thickne
ss 

(mm) 

force 
(kN) 

Tensile 
Strength 

(MPa) 

Ave. 
Tensile Strength 

(MPa) 

Modulus 
Elastic, E 

(MPa) 

Poisson Ratio 
µ 

UD 
300 g/m2 

t=0.30 mm 
 

1 0-1 24.80 2.00 47.50 958 1014 108721 0.286 
2 0-2 24.32 1.99 37.00 765 
3 0-3 24.65 1.95 51.50 1071 
4 0-4 24.55 2.27 55.50 996 
5 0-5 25.00 2.03 59.00 1163 
6 0-6 24.69 1.93 54.00 1133 

Fabric 
220 g/m2 

t = 0.22 mm 

1 ±45-1 24.93 1.29 5.75 179 193 8817 0.716 
2 ±45-2 24.35 1.38 6.00 179 
3 ±45-3 24.63 1.24 6.00 196 
4 ±45-4 24.69 1.20 6.75 228 
5 ±45-5 24.5 1.33 6.00 184 
6 ±45-6 24.93 1.25 5.50 176 

Fabric 
220 g/m2 

t=0.22 mm 
 

1 0/90-1 25.20 1.29 22.00 677 574 45642 0.042 
2 0/90-2 24.44 1.24 15.50 511 
3 0/90-3 25.02 1.30 17.50 538 
4 0/90-4 24.63 1.36 14.50 433 
5 0/90-5 24.76 1.19 21.00 713 
6 0/90-6 24.27 1.28 20.00 644 

UD 
300 g/m2 

 
 
 

1 45-1 24.76 1.99 2.48 50 47 10148 0.309 
2 45-2 24.65 1.69 1.53 37 
3 45-3 24.76 1.80 2.60 58 
4 45-4 24.78 1.89 2.98 64 
5 45-5 24.72 1.73 1.08 25 
6 45-6 24.82 1.83 1.83 40 

UD 
300 g/m2 

 
 
 

1 90-1 24.75 1.78 0.83 19 24 7295 0.014 
2 90-2 24.78 1.88 1.10 24 
3 90-3 24.69 1.89 1.20 26 
4 90-4 24.75 1.86 1.38 30 
5 90-5 24.74 1.92 0.93 20 
6 90-6 24.65 1.81 0.79 18 

 
3.3. Floater Structure Verification 

 The 19-passenger aircraft float impact study was carried out in previous research by 
(Ardiansyah, 2019) using a static simulation method where float modeling uses aluminum material 
and an estimated mass of 1000 kg. In this research, the structural analysis of the floater LPDP-11 
Floater with FEM results shows that the maximum stress that occurs is 354.2 MPa with a Tsai-Wu 
and Tsai-Hill criterion value of 0.5504 and 0.5947 respectively, where the value is limited to less 
than 1. The results show that working stress is still safe. The tensile test results for carbon composite 
materials show that the average maximum tensile strength of UD carbon composite materials 
(0o/fiber direction) is 1014 MPa, while the average maximum tensile strength of Fabric type carbon 
composite materials (0o/90o fiber direction) is 574 MPa. This value is still safe against the maximum 
tensile stress in the FEM simulation, which is 354.2 MPa. Based on the results of the FEM simulation, 
it has been determined that the total weight of the one-piece Floater N219 Amphibious LPDP-11 
model is 274 kg, which is lower than the value reported by (Kadir, 2022;  Kadir and Setyawan, 2021). 
This indicates that both strength and weight meet the planned criteria, so the results of this research 
have the potential to be implemented. 

4. Conclusions 

The model structure was analyzed to reduce the weight of floater N219A LPDP-11 by applying 
the optimal design dan used the composite sandwich materials. Data tensile test specimens with 
five fiber orientations from carbon composite material produced by Vacuum-Assisted Resin 
Infusion (VARI) were tested and used as data input in structure analysis to predict the strength and 
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weight. The results showed that the maximum stress was 354.2 MPa < 1014 MPa (UD-carbon fiber 
composite material test result). Meanwhile, the Tsai-wu criteria were 0.5504, and the Tsai-Hill 
criteria were 0.5947, where it's <1, and the mass of the floater found was 274 kg, where it was <400 
kg. It could be seen that the floater structure design using carbon composite materials had good 
results, so it could be considered for implementation. The research in this paper is still limited to 
the analysis of float structures with FEM supported by data on the results of laminated composite 
carbon material tests and has the potential for improvement in future research by testing 
composites with a structure already in the form of a sandwich where the laminated composite is 
the same used in this research to validate the analysis, and its structure is more closely to FEM 
analysis. In the future, it is envisioned that a full-scale test will be performed to ensure the 
verification is as close to the actual condition as possible. 
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