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Abstract

:

A chassis is one of the vital parts of a heavy motor vehicle, which provides rigidity to the vehicle and improves structural stability and rigidity for accurate handling. The design and material of a chassis structure significantly affects its strength and weight. Optimization techniques can be used in systematic design improvement of chassis to meet industry requirements. The current research is intended to optimize the design of chassis using the Box–Behnken design scheme and the material tested is P100/6061 Al and Al GA 7-230 MMC. Different design points were generated using the design of the experiments. Equivalent stress, deformation and mass were evaluated for each design point. The variable selected for optimization using the Box–Behnken scheme was cross member width. The CAD modelling and FE simulation of the heavy motor vehicle chassis were conducted using ANSYS software. From the optimization conducted on the chassis design, response surface plots of equivalent stress, deformation and mass were generated, which enabled to determine the range of dimensions for which these parameters are maximum or minimum. The sensitivity plots of different variables were generated, which has shown that cross member 2’s width has a maximum effect on equivalent stress and cross member 3’s width has a minimum effect on equivalent stress, whereas for total deformation, cross member 3 shows the maximum sensitivity percentage, which signifies that cross member 3 has the maximum effect on total deformation, and vice versa. The use of the aluminium metal matrix composites P100/6061 Al and Al GA 7-230 MMC aided to reduce the weight of the chassis by 68% and 70%, respectively, without much reduction in the strength of the chassis.
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1. Introduction


The automobile chassis or frame is one of the base elements that provides the necessary strength and solidity to the motor vehicle in various loading and unloading conditions. The design structure and used material of the chassis structure significantly affects its strength and weight [1]. Automotive chassis or frames are basically manufactured from steel and holds the entire body and engine part of an automotive vehicle [2]. Chassis provides the initial required strength needed for supporting vehicular components [3]. The continuous demand for the improvement in design analysis of heavy motor vehicle chassis frames, considering a decrease in ‘weight’, has been the major challenge for the automotive industry, where optimization techniques can be used in efficient design improvement of chassis to meet industry requirements. To accomplish a significant weight decrease and quality extension, these optimization approaches should be further stretched out to decide the optimal design [3]. It has been demonstrated that the optimization techniques are very encouraging methods for systematic design development in engineering, especially the automotive sector, which shows the real-life simulation before the actual manufacturing of the component or assembly [4].



The studies conducted by Chiandussi et al. [5], Pedersen [6] and Duddeck [7] are very fascinating in this direction, in which they addressed the optimization of suspensions, layout profiles and body parts. Ketan Gajanan Nalawade et al. [8] conducted structural analysis on TATA 407 truck chassis using ANSYS FEA software. The new material used for analysis was E-glass and compared with structural steel. The findings showed that a 60–68% weight reduction is possibly through the use of E-glass; the deformation is also within acceptable limits, but the stress generated is higher than steel. Abhishek Sharma et al. [9] have conducted a static structural analysis on TATA LPS 2515 EX chassis using ANSYS FEA software. The material used for the analysis were AISI 4130 alloy steel and ASTM A710 STEEL GRADE A (CLASS III) and the cross sections analysed for the chassis were B type, C type and I type. The findings showed that the best material for this application is AISI 4130 steel, which is lighter than other materials. The box channel shape cross section exhibits higher durability and lower deformation; therefore, it is best suited for the chassis design of heavy trucks. Abhishek Singh et al. [10] have conducted FEA analysis on TATA LP 912 chassis using Altair Hyper work software. The material used for analysis was alloy steel and the cross section used was C type, I type, a rectangular box (solid) and a rectangular box (hollow). The findings showed that the rectangular (solid) section is more robust than other type of cross sections. Anurag Singh et al. [11] have designed a truck chassis using the CAD software CREO and had performed static analysis using ANSYS software in order to investigate the various stresses acting on it and their resultant deformation. Since the truck chassis has to carry a large amount of load, its design should be such that it can withstand all the forces acting on it. Here in this paper, after modelling the 3D design of the chassis using CREO, the design was imported into the ANSYS workbench in IGES file format. Selecting HLSA steel as the material used for the chassis, the static analysis was performed to observe the maximum principal stress, maximum shear stress and corresponding Von Mises stress. The maximum deformation observed was 0.0084 mm and the design was found to be safe.



Nikhil Tidke [12] conducted an FEA analysis on Eicher E2 vehicle chassis using ANSYS FEA software. The materials used for the analysis were ASTM A710 steel, ASTM A302 steel and metal alloy 6063-T6, and model was subjected to constant loading. The cross sections used for the analysis were C type and rectangular box. The structural analysis has shown that “Rectangular box section have additional strength than C cross section and the Rectangular box sections have low deflection, lowest stress, and deformation” [12]. Mostly, the chassis cross-members placed at different locations are made of steel [13,14]. Dabade et al. [15] have presented a review on the application of the Taguchi method in optimizing the design of various automobile components. The author has emphasized the usage of the Taguchi method in experimental designing and development of robust products. Hsua et al. [16] has worked on optimization of the body cage using a FEM-based Taguchi method. The effect of various factors, such as thickness and other dimensions, on the strength and safety factor was evaluated. The individual contribution of each optimization variable was also presented by the researcher. Aluminium alloy and alloy steel are the ideal materials for a rigid and lightweight structure, such as automotive chassis, but they are not economically feasible [17].



Although steel is the primary choice of the manufacturers because of its low cost, considerable relative strength and ductileness, there are a number of composite materials [18] that offer a proper strength and modulus better than any conventional metallic metals [2,19,20,21].



A lot of new materials have been developed which have the same load carrying capacity as those of the existing materials yet weigh significantly less than their current opponents [22]. Composite materials [18], with their distinctive combination of high stiffness and low CTE, offer the essential physical attributes towards lightweight and durable structures [18]. Generous advancement in the improvement of light metal matrix composites has been accomplished in the last few years, with the goal that they could be brought into the main applications. Particularly in the automotive business, MMCs have been utilized in fibre-reinforced pistons and Al crank cases with fortified chamber surfaces [23].



These materials have a good number of properties, including a high Young’s modulus, high compression and tensile strength, mechanical compatibility, high compression and tensile strength and economic efficiency, etc. [23]. Such a combination of properties of composite materials can be valuable in the automotive quality and manufacturing sector where vibration, toughness and increasing fuel prices are serious concerns, along with other technical requirements [24].



The principal objective of this paper is to reduce the weight of chassis by considering the lightweight “Unidirectional Metal-Matrix Composite Aluminium P100/6061 Al MMC” [18] and “Discontinuously Reinforced Aluminum-Matrix Composites Aluminium Graphite Al GA 7-230” [18,25] materials along with optimizing the design of chassis using the Box–Behnken design scheme of the response surface method. The key considerations of a structure design are density and Young´s modulus, moment of inertia, mass and torsional stiffness [17].



The findings presented here, are part of a detailed research study and the present research work is different from the literature with respect to the modelling, design and optimization analysis of heavy vehicle chassis for numerous effects of stress distribution with different materials. The appropriate data of an existing heavy duty truck chassis of TATA company’s, model number 1612 (St52 E = 2.10 × 105 N/mm2), as a simply supported beam with overhang ladder frame, were taken for design and analysis, with the side bar of the chassis made from ‘C’ Channels having dimensions of 116 mm × 25 mm × 5 mm [26]. Total load acting on the chassis is 257022 N [26]. The CAD modelling and FE simulation is conducted using ANSYS software. A detailed static structural analysis is conducted in heavy motor vehicle chassis enabled to determine critical regions of high stresses and deformation. The suggestions are produced among the currently used conventional steel and suggested metal matrix composite(s). The variable selected for optimization is cross member width and the scheme of optimization is the Box–Behnken design [27]. In the automotive industry, presently, no work has been done in improving the design of existing chassis using the advanced optimization techniques used in this work.




2. Materials and Methods


The methodology involves Finite Element Analysis of chassis followed by design. The methodology involves Finite Element Analysis of chassis followed by design optimization using the Box–Behnken design scheme of the response surface method. The pre-processing stage in the simulation involves CAD modelling, meshing and applying loads and boundary conditions [28]. The solution stage involves element matrix formulations, assemblage of global stiffness elements followed by inversions and multiplications. The final stage is post-processing, which involves viewing and editing of the results, where the chassis specifications were obtained from [26].



Simulation Environment and Modelling


The kind of simulation used in this research is the static structural type. The version of the 120-simulation package is ANSYS V18.1. The interaction with the software was through graphical user 121 interface (GUI). However, the inbuilt language of the software is C++. The CAD model of the chassis was developed in ANSYS design modeler. The developed CAD model is shown in Figure 1 below.



Subsequent process involves defining the optimization variables, i.e., cross member 1, cross member 2 and cross member 3 as shown in Figure 2.



All the three dimensions selected for optimization are of the linear type and each having a length of 65 mm, as shown in Table 1.



St52E is ductile material that possesses isotropic behaviour. Al GA 7-230 is an isotropic MMC with specific mechanical properties [12,17]. P100/6061 Al is a continuous-fibre-reinforced MMC that is a non-isotropic material and possesses different elasticity along different directions. However, we have provided the input data of the transverse direction. The Graphite AlGA 7-230 has a density 2.45 gm/cm3, Young’s modulus (x) (GPa) of 88.7, thermal conductivity of 190 (W/m-K) (x-y) [18,25]; P100/6061 Al composites has 2.5 gm/cm3, 342.5 (GPa) and 320.0 W/m-K, respectively [29]. The composite material is defined in the material property cell of the static structural module in the ANSYS workbench. The structural properties defined is the modulus of elasticity, Poisson’s ratio and density. The material properties are also indicated in Table 2 below.



Although hexahedral elements give a higher accuracy, the condition of the hexahedral meshing is not fulfilled by the geometry of the chassis. The design to be meshed should have topological consistency, which is not present in our design objective. The chassis design has sharp edges and curvatures and the tetrahedral element is suited for such complex geometries. The meshed model of the HMV chassis in shown in Figure 3.



The chassis design was discretized using tetrahedral elements with a growth rate set to 1.2, inflation set to normal and number of layers set to 5. The number of elements generated was 20,080 and the number of nodes generated was 42,840. The next step involves applying loads and boundary conditions.



The boundary conditions were determined on the basis of available literature as well as analytical calculations that represent the actual, physical conditions acting on the HMV chassis. The FEA simulation conditions are the same as the experimental testing conditions. Downward direction force was applied on both longitudinal members and fixed support was applied on the first and last transverse member, as shown in Figure 4.



After applying the loads and boundary conditions, the solver was run using the sparse matrix solver. The solution process involves generation of stiffness matrices associated with each element, assemblage of a global stiffness matrix followed by matrix inversions and multiplication.





3. Result and Discussion


3.1. Equivalent Stress


FE simulation was conducted on chassis to determine the stresses and deformation. The equivalent stress plot is shown in Figure 5 below. The stresses near the support are higher and is minimum at other zones. The maximum stress is generated on longitudinal members and is observed to be minimum for lateral members.




3.2. Total Deformation


The deformations obtained from the analysis are shown in Figure 6a,b, respectively, in both cases. The maximum deformation is observed at the center of the chassis, and it reduces on moving towards the fixed support of the chassis ends.



The maximum deformation observed at the center of the chassis is 202.8 mm, as shown in Figure 6a, when using the P100/6061 Al MMC. The maximum deformation observed at the center of the chassis is 783.34 mm, as shown in Figure 6b, when using Al GA 7-230 MMC. The design of the chassis is then optimized using the optimal space-filling design scheme. The design points were generated using the Box–Behnken design scheme. Different combinations of the dimensions of cross member 1, cross member 2 and cross member 3 were generated on the basis of the Box–Behnken scheme. The equivalent stress, deformation and solid mass were generated for each design point. The maximum and minimum values of these output parameters are shown in Table 3 and Table 4 respectively.



Table 5 shows the maximum and minimum values, where the maximum equivalent stress obtained from the optimization is 3517 MPa and the minimum equivalent stress obtained from the optimization is 3270.5 MPa. The deformation and solid mass output show less variation between the maximum and minimum values. The mass of the chassis with structural steel is 214.64 kg [26] whereas the mass of the chassis using P100/6061 Al is 66.967 Kg.



Table 6 shows that the maximum equivalent stress obtained from the optimization is 3531.8 MPa and minimum equivalent stress obtained from the optimization is 3207.3 MPa. The deformation and solid mass output show less variation between the maximum and minimum values. The mass of the chassis with structural steel is 214.64 kg [26] whereas the mass of the chassis using Graphite Al GA 7-230 is 62.564 Kg.




3.3. Surface Response


The response surface plot of equivalent stress in Figure 7a,b shows two peaks as represented in the red-coloured region. In Figure 7a, the maximum equivalent stress is obtained for cross member 2, ranging from 63 mm to 64 mm, and cross member 1, ranging from 63 mm to 68 mm; while, in Figure 7b, the maximum equivalent stress is obtained for cross member 2, ranging from 58.5 mm to 60 mm, and cross member 1, ranging from 59 mm to 61 mm. The equivalent stress is observed to be minimum for regions represented in a dark blue colour.



The response surface plot of equivalent stress vs. cross member 2 and cross member 3 is shown in Figure 8a,b. The plot in Figure 8a shows the maximum equivalent stress in the region represented by the red colour, for which the cross member 2 dimension ranges from 63 mm to 63.5 mm whereas cross member 3 ranges from 63 mm to 68 mm; in turn, as per Figure 8b, the cross member 2 dimension ranges from 59 mm to 61 mm whereas cross member 3 ranges from 59 mm to 62 mm. The equivalent stress is minimum for the region represented in the dark blue colour.



The variation in equivalent stress vs. cross_member1 is shown in Figure 9, where Figure 9a represented that equivalent stress initially decreases and reaches a minimum value at a cross member 1 dimension of 65.5 mm and then increases linearly and reaches the maximum value at the cross member 1 dimension of 68 mm; while, in Figure 9b, the equivalent stress initially decreases and reaches its minimum value at a cross member 1 dimension of 64.5 mm and then increases linearly and reaches its maximum value at a cross member 1 dimension of 71.5 mm.



The variation of equivalent stress vs. cross member 2 is shown in Figure 10, where in Figure 10a, the equivalent stress initially decreases up to 65.5 mm and then increases parabolically and reaches a maximum at cross member 2 dimension of 68 mm in case of Al GA 7-230 MMC. Figure 10b shows that the equivalent stress initially decreases up to 65 mm and then increases parabolically and reaches a maximum at a cross member 2 dimension of 71.5 mm in case of Al GA 7-230 MMC.



The variation of equivalent stress vs. cross member 3 is shown in Figure 11a,b. The equivalent stress, which is high initially, decreases and reaches its minimum value at a cross member 3 dimension of 65.5 mm. The equivalent stress increases linearly thereafter to reach its maximum value at a cross member 3 dimension of 68 mm, as per Figure 11a, while reaching its minimum value at a cross member 3 dimension of 71.5 mm in the second case, as per Figure 11b.



The response surface plot of deformation cross member 1 and cross member 2 is shown in Figure 12a,b. The plot in Figure 12a shows the maximum deformation for the cross member 2 dimension, ranging from 63 mm to 63.5 mm, and the cross member 1 dimension, ranging from 63 mm to 63.5 mm; in turn, in Figure 12b, the maximum deformation for the cross member 2 dimension ranges from 59 mm to 64 mm and for the cross member 1 dimension from 59 mm to 66 mm. For other dimensions, the deformation shows minimum values, as represented by blue-coloured zone.



The variation in deformation vs. cross member 2 and cross member 3 is shown in Figure 13a,b. The deformation is observed to be maximum for the cross member 3 dimension, ranging from 63 mm to 64 mm, and the cross member 2 dimension, ranging from 63 mm to 68 mm, in Figure 13b; in turn, the deformation is observed to be maximum for the cross member 3 dimension, ranging from 62 mm to 66 mm, and the cross member 2 dimension, ranging from 59 mm to 71 mm.



The variation in mass vs. cross member 1 and cross member 2 is shown in Figure 14a,b. The plot in Figure 14a shows the maximum solid mass for the cross member 1 dimension, ranging from 67 mm to 68 mm, and the cross member 2 dimension, ranging from 67 mm and 68 mm. The mass is minimum for the cross member 1 and cross member 2 dimension, ranging from 63 mm to 64 mm. The plot in Figure 14b shows the maximum solid mass for the cross member 1 dimension, ranging from 67 mm to 71 mm, and cross member 2 dimension, ranging from 66 mm to 71 mm. The mass is minimum for the cross member 1 and cross member 2 dimension, ranging from 59 mm to 64 mm.



A sensitivity plot was generated for all three output parameters, namely, equivalent stress, deformation and solid mass, as shown in Figure 15a,b. As per Figure 15a, for equivalent stress, cross member 2 shows the maximum sensitivity percentage, which signifies that cross member 2 has the maximum effect on equivalent stress; cross member 3 has the minimum effect on equivalent stress.



As per Figure 15b, for equivalent stress, cross member 3 shows the maximum sensitivity percentage, which signifies that cross member 3 has the maximum effect on equivalent stress; cross member 1 has the minimum effect on equivalent stress. For total deformation, cross member 3 shows the maximum sensitivity percentage, which signifies that cross member 3 has the maximum effect on total deformation. For solid mass, all three optimization variables have the same effect on the mass of the chassis.





4. Conclusions


The static structural analysis conducted for heavy motor vehicle chassis enabled us to determine the critical regions of high stresses and deformation. The new optimized design of a chassis structure is presented using the Box–Behnken optimization scheme. The response surface plots of the different variables were generated, which enabled to determine the range of values (of variables) for which the equivalent stress deformation and mass is minimum or maximum. The weight of the chassis is affected by the width of the cross members, which was established by sensitivity plots generated using the Box–Behnken design optimization scheme.



MMCs can be a viable option for automotive components and the applicability of MMCs in a chassis structure was investigated in the current research using numerical techniques. The use of MMCs for chassis structures aided to reduce the weight of the chassis without compromising on its strength.



The most significant findings of the optimization results in case of the P100/6061 Al MMC is that cross member 2’s width has the maximum effect on equivalent stress and cross member 3’s width has the minimum effect on equivalent stress. The weight of the chassis can be reduced by nearly 68% using the aluminium P100/6061 Al MMC material. In turn, cross member 3’s width has the maximum effect on equivalent stress and cross member 1’s width has the minimum effect on equivalent stress, resulting in the weight to be reduced by nearly 70% using the aluminium Al GA 7-230 MMC. In the automotive industry, presently, no work has been done on improving the design of existing chassis using the advanced optimization techniques used in this work.



Further research can be conducted on chassis using other new materials and optimization techniques, which could provide us with better information on the effect of other design variables on equivalent stress generated on chassis under heavy loading conditions.
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Figure 1. CAD modelling of the HMV chassis. 
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Figure 2. Variable assignment. 
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Figure 3. Meshed model of the chassis. 
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Figure 4. Assigned loads and boundary conditions. 
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Figure 5. Equivalent stress generated. 
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Figure 6. Total deformation plots: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 7. Response surface plot of equivalent stress vs. cross member 1 and cross member 2: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 8. Response surface plot of equivalent stress vs. cross member 2 and cross member 3: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 






Figure 8. Response surface plot of equivalent stress vs. cross member 2 and cross member 3: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC.



[image: Processes 10 00320 g008]







[image: Processes 10 00320 g009 550] 





Figure 9. Equivalent stress vs. cross member 1: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 10. Equivalent stress vs cross_member2 (a): in case of P100/6061 Al MMC (b): in case of Al GA 7-230 MMC. 
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Figure 11. Equivalent stress vs. cross member 3: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 12. Response surface plot of total deformation vs. cross member 1 and cross member 2: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 13. Response surface plot of total deformation vs. cross member 2 and cross member 3: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 14. Response surface plot of mass vs. cross member 1 and cross member 2: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Figure 15. Sensitivity plots: (a) P100/6061 Al MMC; (b) Al GA 7-230 MMC. 
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Table 1. Variable definition and naming.






Table 1. Variable definition and naming.





	Name
	Value





	Cross_member1
	65 mm



	Cross_member2
	65 mm



	Cross_member3
	65 mm
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Table 2. Material properties.






Table 2. Material properties.





	Material Name
	Density (gm/cm3)
	Young’s Modulus (GPa)
	Thermal Conductivity (W/m-k)





	St52E
	7.8
	200
	60.5



	Al GA 7-230 [20,25]
	2.45
	88.7
	190



	P100/6061 Al [29]
	2.5
	320
	320
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Table 3. DOE table using the Box–Behnken design scheme in case of P100/6061 Al MMC.
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A

	
B

	
C

	
D

	
E

	
F

	
G




	
Name

	
P5—Cross-Member 1 (mm)

	
P6—Cross-Member 2 (mm)

	
P7—Cross-Member 3 (mm)

	
P3—Equivalent Stress Maximum (MPa)

	
P4—Total Deformation Max. (mm)

	
P8—Solid Mass (kg)






	

	
P5

	
P6

	
P7

	
P3

	
P4

	
P8




	
1

	
65.5

	
65.5

	
65.5

	
3270.478

	
202.466738

	
68.7045384




	
2

	
63

	
63

	
65.5

	
3499.406

	
202.67538

	
67.5464884




	
3

	
68

	
63

	
65.5

	
3472.204

	
202.526488

	
68.7045384




	
4

	
63

	
68

	
65.5

	
3464.303

	
202.444037

	
68.7045384




	
5

	
68

	
68

	
65.5

	
3473.26

	
202.312705

	
69.8625884




	
6

	
63

	
65.5

	
63

	
3275.898

	
204.139412

	
67.5464884




	
7

	
68

	
65.5

	
63

	
3490.198

	
203.892985

	
68.7045384




	
8

	
63

	
65.5

	
68

	
3451.131

	
201.360615

	
68.7045384




	
9

	
68

	
65.5

	
68

	
3512.722

	
201.283343

	
69.8625884




	
10

	
65.5

	
63

	
63

	
3517.039

	
204.106203

	
67.5464884




	
11

	
65.5

	
68

	
63

	
3359.961

	
203.972406

	
68.7045384




	
12

	
65.5

	
63

	
68

	
3502.709

	
201.402274

	
68.7045384




	
13

	
65.5

	
68

	
68

	
3353.099

	
201.228573

	
69.8625884
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Table 4. DOE table using the Box–Behnken design scheme in case of Al GA 7-230 MMC.
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	Name
	P5—Cross-Member 1 (mm)
	P6—Cross-Member 2 (mm)
	P7—Cross-Member 3 (mm)
	P3—Equivalent Stress Maximum (MPa)
	P4—Total Deformation Max. (mm)
	P8—Solid Mass (kg)





	
	P5
	P6
	P7
	P3
	P4
	P8



	1
	65
	65
	65
	3277.613
	783.3441
	66.98998



	2
	58.5
	58.5
	65
	3274.815
	784.9496
	64.03927



	3
	71.5
	58.5
	65
	3519.975
	783.1232
	66.98998



	4
	58.5
	71.5
	65
	3521.078
	783.1772
	66.98998



	5
	71.5
	71.5
	65
	3505.584
	781.5273
	69.94069



	6
	58.5
	65
	58.5
	3499.14
	773.6743
	64.03927



	7
	71.5
	65
	58.5
	3454.272
	780.4577
	66.98998



	8
	58.5
	65
	71.5
	3220.407
	769.2351
	66.98998



	9
	71.5
	65
	71.5
	3224.268
	767.5724
	69.94069



	10
	65
	58.5
	58.5
	3483.746
	775.6358
	64.03927



	11
	65
	71.5
	58.5
	3236.77
	773.3496
	66.98998



	12
	65
	58.5
	71.5
	3288.515
	768.7441
	66.98998



	13
	65
	71.5
	71.5
	3417.045
	767.1379
	69.94069
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Table 5. Maximum and minimum values in case of P100/6061 Al MMC.
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A

	
B

	
C




	
1

	
Name

	
Calculated Min.

	
Calculated Max.






	
2

	
P3—Equivalent Stress Maximum (MPa)

	
3270.5

	
3517




	
3

	
P4—Total Deformation Maximum (mm)

	
201.22

	
204.21




	
4

	
P8—Sold Mass (Kg)

	
66.967

	
70.442
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Table 6. Maximum and minimum values in case of Al GA 7-230 MMC.






Table 6. Maximum and minimum values in case of Al GA 7-230 MMC.





	

	
A

	
B

	
C




	
1

	
Name

	
Calculated Min.

	
Calculated Max.






	
2

	
P3—Equivalent Stress Maximum (MPa)

	
3207.3

	
3531.8




	
3

	
P4—Total Deformation Maximum (mm)

	
766.85

	
784.97




	
4

	
P8—Sold Mass (Kg)

	
62.564

	
71.416
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