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1 Introduction 

In order to strengthen the understanding of the knowledge learned in the course, and 

to explore the role of FEA in product optimization, the author did his best to complete 

this report. This report focuses on verifying the accuracy and practicability of the FEA 

analysis by comparing the results of the FEA analysis with the calculation results. The 

author discusses the three tasks that need to be completed in this report through a 

simple optimization project on the installation of fixed brackets for external air 

conditioners. First of all, a certain amount of data is determined to determine the type, 

size, and composition of the mounting bracket, and at the same time, the installation 

method and quality of the air-conditioning external unit are clarified to determine the 

load size and loading method. Then the model for the fixed bracket needs to be built 

with Solidworks. The Simulation module in Solidworks was applied material, fixed 

loading, load loading, mesh generation and analytical solution in order to complete the 

FEA analysis process of the model. During this time, manual calculations for the model 

also need to be completed. Finally, the FEA and calculation results need to be analyzed 

and three tasks as follows required for the report could be answered combining the 

analysis results.   

Questions: 

1. Why companies typically carryout FE analysis alongside physical testing? 

2.  How a physical test may be correlated to an FE model? 

3. If you think that FE analysis can (or should) ever replace physical testing? 

 

Keywords: 
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2 Research about fixed brackets for 

external air conditioners 

There are two main types of fixed brackets for household air conditioners nowadays. 

But both of are using satin finish stainless steel whose Young’s Modulus is 207GPa. 

One of them is that there is a supporting diagonal bar below the fixed plane, as shown 

in the figure 1 and whose simplified structure as shown in figure 2.  

 

Figure 1. Supporting bar below in real case 

 

Figure 2. Simplified structure of supporting bar underneath 



3 

 

The other one is the diagonal pull reinforcement bar above the fixed plane. The 

installation example and simplified model are shown below. 

 

Figure 3. Real case and simplified model 

Then the installation position of the air conditioner bracket needs to be clarified. Both 

of these brackets are used to fix the household air conditioner outdoor unit on the 

vertical wall without leaving a platform in advance.  

As for why such a bracket is needed to fix the air conditioner external unit on a vertical 

wall, there are many reasons. One of the important reasons is that there is a 

connecting pipe between the indoor unit and the outdoor unit of the air conditioner. 

Fixing it on the outer wall can effectively shorten the length of the pipe. By shortening 

the length of the pipeline, it is obvious that the entire installation cost of the air 

conditioner can be reduced. Secondly, the working efficiency of the air conditioner can 

be effectively improved, and the failure rate of the connecting pipeline in the later use 

process can be reduced to improve the stability of the entire product. Another main 

reason is that the installation height of the indoor unit of the air conditioner is generally 

relatively high, and the height difference between the indoor unit and the outdoor unit 

should be controlled within three meters in order to pursue a relatively high work 

efficiency (Design, 2020). The installation position of the reserved air conditioner 

external unit in the house is generally too low under the protruding window sill, so even 

if the house has a reserved air conditioner external unit installation position, most 

house owners will choose to use the air conditioner mounting bracket to fix the air 
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conditioner external unit in a relatively reasonable height.  

The case used in this article selects the second type of air-conditioning bracket, so its 

specific size parameters also need to be determined. In addition to the installation 

height requirements, there should be no obstacles around the outdoor unit to maintain 

good heat dissipation. The back and sides of the condenser should be more than 20cm 

away from the obstacle, and the front should be more than 40cm away from the 

obstacle.  

For the load required by the bracket, the weight of the outdoor unit of the general air 

conditioner is between 25 and 50 kg. Since the load-bearing capacity of the air-

conditioning installation rack should not be less than 4 times the unit's own weight, the 

load-bearing capacity should not be less than 200 kg (IT Encyclopedia, 2020). This 

type of bracket has two supports on both sides and it has a symmetrical structure, so 

it can be assumed that the maximum load that each bracket needs to carry is 100 kg. 

For the determination of the loading method and position of the load, this article uses 

the extreme method. Usually, due to many factors involved in the physical problem and 

the complicated process, it is difficult to directly grasp the change law and make an 

accurate judgment on it. But if the problem been pushed to an extreme state, extreme 

condition or special state for analysis, a conclusion could be quickly reached. The 

problem-solving method that pushes the problem from the general state to the special 

state for analysis and processing like this is the extreme method. The installation of 

the air conditioner external unit will generally have four bolts to fix it on the two supports 

of the bracket, so each bracket will have two stress points. However, the extreme 

method is used here to concentrate all loads at one point and assume the point at the 

outermost position of the bracket. As this situation is the extreme limit of the bracket in 

all cases, it could be used to simplify the loading method. 

With all research and determine above, all the parameters of the bracket have been 

determined and the stretch of it is shown as follows. 
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Figure 4. Stretch of bracket 
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3 FEA testing process 

For the FEA process of the model, the corresponding solid model needs to be 

established using simple extruded features in Solidworks.  

 

Figure 5. Solid Model 

Load the simulation plug-in and establish a new static study, and then apply the 

material satin finish stainless steel to the model.  
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Figure 6. Apply material 

Using fixtures to fix geometry to simulate the vertical stabilizer bar fixed on the wall. 
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Figure 7. Fixed geometry 

Then using external loads to add force, select the loading surface and applied direction, 

and input the magnitude of the force.  

 

Figure 8. Load force 

Determine the mesh type and element size to generate the mesh. 
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Figure 9. Create mesh 

Running the analysis and view the analysis results.  

 

Figure 10. Review results 

Change the type and element size of mesh, repeat the above FEA process, and collect 

analysis data for the model. 
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4 Hand calculation 

In order to verify the accuracy and practicability of FEA simulation, manual theoretical 

calculation also needs to be completed. Comparing the calculations of manual 

theoretical calculations with the results obtained by FEA simulations, to help optimize 

the settings in FEA process, thereby improving the accuracy of FEA simulations and 

preparing for later optimization for the overall case. All the manual theoretical 

calculations are as follows. 

 

Figure 11. Page 1 of 4 
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Figure 12. Page 2 of 4 
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Figure 13. Page 3 of 4 
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Figure 14. Page 4 of 4 

It can be known by the extreme method that the maximum deformation of the model 

will appear at the end of the horizontal support bar, which is position 2in the manual 

theoretical calculation. As shown in Figure 14, the maximum horizontal displacement 

at this position is −6.28 × 10−6m, and the maximum vertical displacement is −24.05 ×

10−6𝑚. 
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5 Comparative analysis 

In order to facilitate comparative analysis, all FEA data and the results of manual 

theoretical calculations will be summarized in the following table: 

Table 1- Results of Hand Calculation and FEA 

No. Type Max 

Element 

Size 

(mm) 

Solving 

Time 

Used 

(s) 

Max 

horizontal 

deformation 

(× 𝟏𝟎−𝟔𝒎) 

Max 

vertical 

deformation 

(× 𝟏𝟎−𝟔𝒎) 

T0 Theoretical   -6.280 -24.05 

S10 Stand 10 1 -8.685 -25.43 

S5 Stand 5 6 -8.268 -25.47 

S4 Stand 4 10 -8.268 -25.47 

S2 Stand 2 63 -8.280 -25.49 

C10 Curvature 10 1 -8.243 -25.44 

C5 Curvature 5 7 -8.268 -25.47 

C4 Curvature 4 13 -8.273 -25.48 

C2 Curvature 2 80 -8.281 -25.49 

M10 Mixed 10 1 -8.237 -25.43 

M5 Mixed 5 6 -8.267 -25.47 

M4 Mixed 4 13 -8.272 -25.48 

M2 Mixed 2 98 -8.281 -25.49 

In the table above, the number of each test shows both of the type of mesh and the 

maximum size of element. Judging from the results of each test, first of all, all the FEA 

results show good agreement with the results calculated by manual theory. Although 

there are still some differences, because the theoretical calculation results have 

completely simplified the model, but the FEA simulation analysis process has restored 

the true structure of the model to a certain extent. From this we can draw an analogy, 

the results obtained by FEA simulation analysis and the physical testing results will 
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also show good consistency, but on account of FEA simulation analysis only partially 

restores the structure of the physical model, they will also have certain differences. 

Secondly, analysis of the results of FEA simulation shows that the three different types 

of mesh have their own advantages and disadvantages. For FEA simulation analysis, 

the choice of mesh type and the determination of maximum element size determine its 

accuracy. In the case of the same type of mesh, smaller mesh cells can generally 

restore the model better and obtain more accurate analysis results. But smaller mesh 

cells mean that the computer that runs the analysis needs to be more powerful, and it 

also takes longer to create mesh and analysis cases. However, compared with physical 

testing, FEA simulation analysis still costs less and repeatability is higher.  
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6 Three general questions 

The following three questions gradually explore the relationship between FEA 

simulation analysis and physical testing. First of all, the first question is why companies 

need to conduct FEA simulation analysis and actual testing simultaneously. It can be 

seen that although FEA simulation analysis is more efficient, actual testing is still 

necessary. Then the second question is how they interact with each other. It can be 

seen that the relationship between them is mutual influence and promotion rather than 

one-way. Finally, the answer to whether the FEA simulation analysis can replace the 

actual test is obviously no, so this report mainly discusses the significance of the actual 

test.  

6.1 Why companies typically carryout FE analysis alongside 

physical testing? 

First of all, the most important thing in product design is safety. FEA simulation analysis 

is limited by the models used on account of the models have been simplified to a 

certain extent, so there is no way to maintain consistency with the real model. It is easy 

to understand that these two types of models from different sources could be 

mismatched and the models identified from model testing are mostly complex due to 

the real-world mechanical structures, which is caused by different mechanisms (Wang, 

Zhang, & Tee, 2011). But unfortunately, modern structures have become increasingly 

complex. In the design optimization process of some products, every little change will 

have an impact on the whole, so the FEA results will be a huge different from the 

physical testing. This part of the difference may not have a big impact in the design 

and production of ordinary products, but for some high-precision or more complex 

products, this part of the difference will be a very important factor for investigation.  

After that, the accuracy of FEA simulation analysis will be seriously affected by the 

quality of the mesh. It can be seen in the simple case that introduced at the beginning 

of the report. Regardless of which type of mesh is used, the improvement in mesh 
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quality can have a huge impact on the analysis results. The most severely affected by 

the quality of mesh is the standard mesh. When the maximum mesh element size is 

reduced from 10mm to 5mm, the maximum horizontal displacement is reduced from 

8.685× 𝟏𝟎−𝟔𝒎  to 8.268× 𝟏𝟎−𝟔𝒎  with a decrease of 4.8 percent. The vertical 

displacement increased from 25.43× 𝟏𝟎−𝟔𝒎  to 25.47× 𝟏𝟎−𝟔𝒎  with an increase of 

0.16 percent at the same time. Such an error is obviously unacceptable in industrial 

production. 

In addition to the mesh quality control of FEA analysis, the time to run the analysis also 

needs to be considered. In the simple case in this report, for various mesh types, when 

the size of the largest mesh cell is reduced from 10 mm to 5 mm which is half of the 

original size, the analysis time increases from 1 second to 6 seconds which is six times. 

When the size of the largest element unit is reduced to 2 mm which is one-fifth of the 

original size, the analysis time is increased from 1 second to 63 seconds, 80 seconds, 

and 93 seconds. It can be seen that although the repeatability of FEA analysis is higher 

and the cost for each test is lower, in the case of high mesh quality, the analysis time 

will be much longer. At this time, the physical testing is relatively more straightforward 

and faster. 

6.2 How a physical test may be correlated to an FE model? 

As everyone knows, the quality of finite element model can be Inspected and upgraded 

by correlating the modes estimated from model testing. 

The quality of the mesh could be improved through testing, whether it is to use a 

different type of mesh or reduce the maximum mesh cell size, it will take a lot of energy 

such as time, personnel, funds and equipment. However, if a physical testing is used 

to assist in finding the best FEA solution, the results obtained from the physical testing 

can be used to as a reference to quickly determine the FEA analysis result interval, 

and then make fine adjustments within the interval to find the best FEA solution, 

thereby speeding up the overall product optimization process. 

At the same time, the results obtained from the physical testing can also be used as a 
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reference to verify the validity and accuracy of the FEA analysis. When the results of 

the analysis deviate significantly from the physical testing, it is necessary to analyze 

the FEA process and make corresponding modifications. When the gap between the 

results gradually becomes larger, it is obviously need to adjust the direction of program 

optimization. Only when their results are getting closer and closer it shows that the 

FEA analysis scheme is gradually improving.  

In addition to the effects of the above physical testing on FEA analysis, FEA analysis 

also has many effects on physical testing. With the results of FEA analysis, when 

formulating the physical testing plan, there has been a rough reference to some critical 

or limit conditions, such as critical speed, maximum load, maximum inclination angle 

and maximum acceleration. With these reference values, the experimental variables 

can be directly selected in the vicinity of it, which will undoubtedly speed up the whole 

testing process. The results of FEA analysis can not only speed up the progress of the 

actual experiment, but also prevent the occurrence of harm or even damage to the 

subject due to the unclear critical conditions during the actual experiment. 

6.3 If you think that FE analysis can (or should) ever replace 

physical testing? 

For this question, the answer of the author is definitely no, or FEA can only partially 

replace the actual test rather than completely replace it. 

First of all, before going for running the analysis, in addition to mesh quality control, it 

is also important to find the critical conditions of the testing. Compared with directly 

conducting multi-level segmented FEA testing, the physical testing may be more 

effective and direct to obtain critical conditions, so that some preliminary preparation 

work for FEA analysis can be omitted. 

And then for the FEA process, as the answer in the first question says, the 

experimental errors observed help to illustrate the difficulty of replicating the correct 

boundary conditions when dealing with this sort of analysis, due to the fact that the 

FEA environment is usually ideal (Lake, 2018). And the accuracy of the FEA analysis 
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results is particularly affected by the quality of the mesh, so the accuracy is not good 

enough. Although slight changes in test configurations and repeat multiple tests 

assisted in reducing experimental errors ensuring continuity in measurements and the 

exclusion of non-coherent values which were not relevant (Lake, 2018), physical 

testing is still needed to help find very basic settings in order to speed up the entire 

FEA process. 

In addition to the above, under high-precision settings, the FEA analysis solving time 

may be much longer than the physical testing. In this case, although the physical cost 

of FEA analysis is lower, the time cost is much higher. 

Finally, after completing the FEA analysis, the authenticity and applicability of the 

obtained results still need to be verified by physical testing. Only when the 

experimental results of the FEA and the physical testing show consistency, can the 

accuracy and applicability of the FEA analysis be proved, and the indispensable 

importance of the FEA analysis in the product development and optimization process 

as well. 
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