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Abstract

:

This paper examines the design of a maintenance shaft hatch cover at an airport service road which will be utilized at airports in the European Union. The shaft has a particular application: it will be used for information networks and airport security. The hatch is also subject to extremely stringent safety criteria. For instance, in a catastrophic case, a wheel from an aircraft could strike the hatch cover. Based on all the input information and after a thorough analysis of the European standards concerning the safety of transport, after performing numerous FEM static evaluations, a hatch cover that can be utilized in airport infrastructure was created. As a result of the FEM analyses, the elements with the greatest impact on static safety were identified. Finally, a simulation of stress tests based on the traffic areas for which the hatch cover was designed, in terms of traffic safety, was carried out. The test led to a positive result, showing that it is possible to apply the hatch directly in practice.
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1. Introduction


Today, there are many systems that have different functions depending on their field of application. Their common feature is a solution that meets the requirements set for their design. One of these areas is transport, specifically air transport. Airports are an essential part of air transport. Airports are complex structures consisting of buildings, hangars, runways, taxiways, services roads, etc. Given their number of air passengers, airports are subject to high-security requirements. This is ensured by various technologies and systems. A more detailed look at the function of the airport, specifically the function of Lublin Airport, can be found in the literature [1]. Small airports are becoming increasingly popular, as evidenced by the development of the aviation market in Poland [2].



For the proper functioning of some of these systems, the construction of maintenance shafts is necessary. An essential part of the manhole is its hatch, which must meet certain criteria. The airport itself has several requirements regarding manhole hatches. In addition, the relevant licenses and international standards need to be complied with in the design. A well-designed manhole hatch is crucial for airports in order to ensure safety and efficiency. Access hatches are designed to permit access to external and internal segments, such as electrical wiring, cables, and security systems. They not only provide maintenance support but also keep the components inside safe. Heavy-duty access hatches are used for outdoor applications such as runways, walkways, hangars, and aprons. When operating heavy aircraft as well as airport vehicles, manhole hatch solutions must be durable enough to withstand the loads.



As observed in the literature review, one of the most important parts of the structure is its reinforcement. This can be formed of profiles of different cross-sections. The most commonly used reinforcements are U- and L-type reinforcements. Based on the results of tests of the reinforcement in axial compression, it has been shown that this shape has a great influence on the lightweight construction of the hatch cover [3]. The safety of the hatch is also a very important issue. From this point of view, the influence of the material used to ensure the safety of hatches was investigated. These hatches were later approved and certified [4]. The design was also inspired by MacGregor’s research on special hatches used for container ships. In this research, the effects of the materials used on the long-term reliability and durability of the hatches were determined [5]. The strength of the frame also has a great influence on the overall functionality and strength. This was observed in one of the strength analyses of the frame [6].



The main objective of this study was to design and simulate the loading on a hatch intended to be used at an airport. The construction of the hatch took place near service roads for ground transport in the airport area. In the FEM analysis, we simulated load tests according to the EN 124-1 standard, which the hatch had to pass during the certification process. The successful analysis assumed that the hatch would be certified without problems and that it would be possible to produce it in series production.




2. Input Requirements for Hatch Design


The hatch is located in the maintenance shaft. The hatch is situated close to the service roads in the airport, rendering it subject to higher transport safety requirements [7]. There is a special drainage system around the service roads that is used to drain water from the service roads [8,9]. The maintenance shaft feeds the airport’s traffic and safety systems, such as traffic signals. A simplified model of part of the service road can be seen in Figure 1. The 3D model was created using Autodesk Inventor.



For transport safety, certain procedures and standards must be followed in the design of the manhole hatch. Another factor that influences the structural design is the customer’s requirements. The required dimensions of the maintenance hatch are 900 × 600 mm, as shown in Figure 2.



2.1. Lockability


To ensure security and protection against vandalism, the locking system must be located deep enough to prevent it from being opened using any object other than the original key, as shown in Figure 3. The lock used on the hatch must be the same as that used for other security devices at the airport (the US 250—Type II hatch locking system). This system also prevents the hatch from spontaneously popping open during an accidental passage [7]. In the event of flooding, it protects against the dropping and opening of the hatch. At the same time, it ensures trouble-free access for authorized persons, as the system is tested in extreme climatic conditions (frost, dust, snow, and salt). This locking system is also specially designed to protect manholes from the placement of hazardous materials during terrorist attacks [7,10].




2.2. Maximum Lifting Force


The maximum lifting force to be applied by the operator when opening the hatch was set as 250 N. Pneumatic struts on both sides of the frame are designed for the purpose of ease of operation [11]. To calculate the correct lifting force of the struts, it is necessary to know the weight of the hatch, which is 45 kg, and the location of its center of gravity. The distance to the attachment point with which the hatch is lifted is also very important. Based on the evaluation of all the input parameters, two gas struts of designation 75127425/1-92264-92,264 were used. The struts have a piston rod diameter of 10 mm and a gas cylinder diameter of 22 mm. Figure 4 shows an illustration of the hatch lifting force analysis. The result of using gas struts is that the maximum force required to open the hatch is 82 N. The maximum force required by the operator to close the hatch is 58 N.




2.3. Hinge Opening


The hatch opens via hinges. The hinges are located on the shorter side, with a width of 600 mm (Figure 5). A ladder is located under the hatch. For better long-term maintenance, the hinges should be fitted with a lubricator [12]. Based on all the input parameters, welding hinges of type K0984.020150012 with lubricator DIN 71412-D, made of galvanized steel, were selected. These hinges have a pin diameter of 13 mm.




2.4. Hatch Opening Angle


Securing the hatch against spontaneous closure can be achieved according to ČSN EN 124 by applying an opening angle of the hatch that is greater than 100° from the horizontal plane (Figure 6), if additional supports are not used. At the same time, a safety element was designed—a chain preventing the hatch from opening completely. The use of a chain that prevents the hatch from opening completely can also considerably prolong the life of the gas struts, which, due to the use of the chain, never reach their maximum extension. Chain eyelets were screwed onto the hatch, and a chain of the required length was fitted.




2.5. Waterproofing


To ensure waterproofness, the edges of the hatch plate must be bent. In this case, we propose bending the edges at an angle of 11° (Figure 7). With the hatch sheeting extending over the edge, the protection of the functional elements (hinges and pneumatic struts) against direct rain is ensured [13]. This will prolong their service life.




2.6. Fixing the Hatch Frame


The frame must be fixed to the top landing surface of the shaft. The impossibility of dismantling must be resolved to prevent theft and unauthorized access. Therefore, the bolts of the frame should be covered with a cover so that they cannot be accessed without opening (Figure 8) [14]. However, at the same time, the bolts must be as far as possible from the edge of the shaft [4]. This is to reduce the risk of the shaft’s concrete peeling off.




2.7. Lifting the Hatch


The lifting of the hatch is realized using a standardized handle. It is necessary to create an M24 thread to screw in the standardized handle (Figure 9). This is used to open the hatch after unlocking the lock.





3. Load Test of the Hatch


Regarding safety, the design and testing of the hatch are subject to certain standards and requirements [15]. These are addressed in EN 124-1. To obtain preliminary results, the load is simulated using ANSYS software. Later, load tests are carried out in a certified test laboratory.



Tests are carried out on the inlet grates and manholes in complete operational condition. The equipment to be tested is new, has not been subjected to any other load tests, and is selected at random. The dimensions and shapes of the test bodies correspond to those shown in Table 1. For this design, the clearance dimension is CO = 600.



For the load-bearing capacity tests of inlet grilles and hatches made of different materials with a clear CO equal to or greater than 250 mm, all classes must withstand the test loads in Table 2. The proposed manhole cover belongs to Group A 15.



When testing inlet grilles and hatches using FP (   F P  =  2 3   F T   ) loads, the permanent conversion must not exceed the values given in Table 2.



The point load of the hatch to be tested is 15 kN for Class A15. The maximum permissible permanent redesign is calculated according to the formula in Table 3:


  a =   C O   100   =   600   100   = 6    mm    ,  



(1)




where a (mm)—the maximum permissible permanent redesign,




	
CO (mm)—the shape of the hatch (determined according to the table and the basic dimension of 900 × 600 mm).
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Table 3. Permissible permanent set according to EN 124-1.






Table 3. Permissible permanent set according to EN 124-1.





	
Class

	
Permissible Permanent Set






	
A 15 and B 125

	
    1  100     C O    a    




	
C 250 up to F 900

	
   1  300     C O    b   

When secured according to 7.8 (a) or 7.8 (c)

	
   1  500     C O    c   

When secured according to 7.8 (b)








a      C O   50     when   C O < 450   mm .   b   1   mm   max .   when   C O < 300   mm .   c   1   mm   max .   when   C O < 500   mm .  












4. Load Test of the Hatch Frame


For the purpose of safety, the design and testing of the hatch are subject to certain standards and requirements. These are addressed in EN 124-1. For the preliminary results, the load is simulated in the same way as in the first load test using ANSYS software [16,17]. Later, the load tests are carried out in a certified test laboratory [18].



The frame-bearing area is designed so that the pressure in the frame bearing on the substrate Pb under the test load FT does not exceed 7.5 N/mm2 on average to ensure stability under normal operating conditions. Area Ab is the area of the frame bearing, which can be seen in Figure 10 as the area marked in blue. The size of this area was determined using Autodesk Inventor; its value is 9036.4 mm2. The pressure in the fit of the frame to the substrate must be calculated using the following formula:


   P b  =    F T       A b    =   15,000   9036.4   = 1.66   N /  mm 2   



(2)







Based on these calculations, the actual pressure in the frame bearing on the substrate Pb is only 1.66 N/mm2. This value safely meets the standard, which permits a maximum Pb pressure of 7.5 N/mm2.




5. Hatch Structural Design


When constructing the hatch (Figure 11), care must be taken to consider the operating conditions and requirements already mentioned. The main material chosen for the hatch’s construction (based on the ANSYS analysis) is a 6 mm thick structural steel plate. The material has a tensile yield strength of 250 MPa and an ultimate tensile strength of 460 MPa. The density of the material is 7850 kg/m3. The featured construction can be used alongside service roads for ground transport in the aerodrome area or alongside taxiways intended for light aircraft only. The hatch cannot be used alongside taxiways on which heavy aircraft operate. Due to the requirement for waterproofness and the risk of damage in the event of crash-landing gear wheel run-up, the edges of the hatch are bent at an angle of 11°. The body of the hatch is cross-reinforced with 12 pieces of 15 × 10 mm steel flat bars. When closed, the entire hatch is supported by the edges of the frame. The structural design was created using Autodesk Inventor.



To verify the functionality of the hatch and to save money, static analysis was performed using ANSYS 2023 R1 before production. Through the static analysis, it was possible to optimize the dimensions of the blanks and, therefore, to select the smallest possible sheet thickness and the thinnest possible reinforcement [19,20]. The optimization was performed to save weight and reduce the production and assembly costs that would have been incurred with the planned larger number of pieces intended to be produced [21].




6. Results


Based on the input conditions, a permanent redesign stress test was simulated in ANSYS. To simplify and shorten the whole simulation process, the input model was modified [22,23]. The frame geometry was simplified to include the hatch contact surfaces alone [24].



In the analysis, a load force of 15,000 N was simulated, chosen based on data from EN 124-1. In Figure 12, one can see the input parameters for the test, the mesh, and the size and location of the test body, which correspond to EN 124-1. The size of the elements on the mesh was chosen to be 5 mm [25,26]. The total number of elements on the mesh is 705,410. The total number of nodes is 159,276. The mesh is densified at the connection point to the contact surfaces for more accurate results [27,28]. All the values can be seen in Table 4.



The applied boundary conditions are shown in Figure 13 and Figure 14. The applied force is located in the center of the hatch according to EN 124-1. For this reason, the force is applied to the circular surface in the direction of the Y-axis. The cover has all the degrees of freedom removed from the hinges, and at the point of contact with the base, the degree of freedom is removed in the direction of the X-axis. This contact surface will carry the main part of the load; therefore, this part features the greatest tension.



The results of the ANSYS permanent redesign stress test form two parts. The first part is the stress analysis, which can be seen in Figure 15.



The second part, including the results of the permanent redesign load test, concerns the permanent redesign deformation analysis, which can be seen in Figure 16.




7. Conclusions


In the stress analysis, it was seen that the maximum pressure generated in the hatch is 227 MPa. Since the tensile yield strength is 250 MPa, this value is satisfactory. The deformation analysis showed that the hatch deflects only 1.2384 mm at the point of maximum deflection. Since the maximum allowable deflection value, calculated based on EN 124-1, is 6 mm, it can be concluded that the deflection value is satisfactory.



Based on all the calculations and analyses that were performed, the hatch, which is intended to be used at the airport, meets all the parameters set for it, with an emphasis on the safety of transport. Based on the ANSYS analyses, it passes the stress tests that it must undergo for its certification. After successfully passing the stress tests in a certified laboratory, the hatch can enter series production.



With better material qualities, we will be able to optimize the sheet thickness of this hatch if we conduct further studies on alternative material options. Moreover, we can lower the number of stiffeners. We will add more factors to the simulations, including the weld strength and load capacity of the attachment bolts, as well as the number of strains on the hinges.
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Figure 1. The 3D model of part of the service road located at the airport. 
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Figure 2. Dimensions of the hatch frame. 
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Figure 3. Locking system of the hatch. 






Figure 3. Locking system of the hatch.



[image: Infrastructures 08 00073 g003]







[image: Infrastructures 08 00073 g004 550] 





Figure 4. Lifting force of pneumatic struts calculated for the hatch. 
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Figure 5. View of hinges with lubricator used on the hatch. 
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Figure 6. Hatch opening angle according to ČSN EN 124. 
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Figure 7. Bent edges of the hatch. 
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Figure 8. Fixing the hatch frame. 
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Figure 9. View of the hole used to unlock the lock and the thread used for the special handle. 
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Figure 10. Area of the frame bearing. 
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Figure 11. Description of hatch parts. (a) Hatch in the open position. (b) Hatch in the closed position. 
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Figure 12. Mesh of the test body of the hatch. 
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Figure 13. Boundary conditions of the hatch from the top view. 






Figure 13. Boundary conditions of the hatch from the top view.



[image: Infrastructures 08 00073 g013]







[image: Infrastructures 08 00073 g014 550] 





Figure 14. Boundary conditions of the hatch from the bottom view. 






Figure 14. Boundary conditions of the hatch from the bottom view.



[image: Infrastructures 08 00073 g014]







[image: Infrastructures 08 00073 g015 550] 





Figure 15. Results of the permanent redesign stress test. 
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Figure 16. Results of the permanent redesign deformation analysis. 
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Table 1. Dimensions and shape of the manhole top according to EN 124-1.
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	Clear Opening
	Shape of Gully Top or Manhole Top
	Dimensions of the Test Blocks





	300 < CO ≤ 1000
	[image: Infrastructures 08 00073 i001]
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Table 2. Test loads of the hatch according to EN 124-1.
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	Class
	A 15
	B 125
	C 250
	D 400
	E 600
	F 900



	FT in kN
	15
	125
	250
	400
	600
	900
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Table 4. Input and output values of the analysis.
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	Density of material
	7850 kg/m3



	Tensile yield strength
	250 MPa



	Tensile ultimate strength
	460 MPa



	Number of nodes
	159,276



	Number of elements
	705,410



	Loading force
	15,000 N
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