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Abstract 
 
Built-in appliance typically flush mounted with adjacent cabinets and must 

suitably fit into the provided space. Therefore leveling at all corner is important. 

This leveler assembly has to sustain dynamic loads generated during product 

handling and transportation to the customer. Therefore Dynamic analysis is 

important for this assembly. In this paper, we have done the flat drop test on the 

refrigerator with newly designed leveler assembly and tried to validate the strain 

results generated during flat drop simulation and experimental testing. The 

Meshing and boundary condition applied in Hypermesh tool and flat drop 

simulation done in LS-DYNA. Experimental strain measured with the help of 

linear strain gauge at three critical locations of leveler assembly. 
 
Keywords: Leveler, Flat drop, critical locations, Strain gauge, LS- DYNA, 

Hypermesh. 
 

 

I. INTRODUCTION 
 
Now a day’s major two categories of home appliances available in the market are, built-in 

and freestanding [1]. Built-in home appliance is designed to bring uniformity in the 

kitchen. It offers sleek and unobtrusive look to kitchen. Built-in appliances are popular 

among homeowners who love a seamless, high-end kitchen design. These appliances are 

available in standard dimensions so they can be installed seamlessly flush with kitchen 

cabinetry. To maintain the aesthetics of the kitchen and performance of the appliance due 

to uneven surface at the customer end, the leveling of the appliance is necessary. 

 

In freestanding appliances mostly leveling is provided at the front side. We designed [2] a 

new leveler assembly which can be used to level every built-in appliance with possible 

modification in design. In home appliances static structural, dynamic and thermal loads 

can be seen. Therefore the leveler should be capable to take these loads. 
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Fig. 1. Pictures of built in appliances in kitchen 

 
We prepared the cad model of the leveler assembly by considering the constraints like 

most of the failure modes from the strength point of view, ease of manufacturing and 

assembly [2], easy leveling, cost-effective. This cad model assembled with the model of 

the Built-in refrigerator. Dynamic simulation [3][4][5] (Flat drop from 6 inches) 

performed on this assembly in LS-DYNA to check the behavior of leveler in the dynamic. 

From this simulation, we found three locations where the strain was exceeding the yield 

limits and strain gauge can be easily mounted. By taking the reference of this simulation 

we performed the similar drop test [6][7] and measured the strain generated at that three 

location with the help of strain gauges and compared the strain results with simulation 

results. 

 
II. ANALYTICAL CALCULATIONS 
 
As an object falls from rest, its gravitational potential energy is converted to kinetic 

energy. Consider a mass m of product which is falling vertically under the influence of 

gravity. The product is falling from a certain height; therefore initial kinetic energy is 

zero (vi = 0). Once the product hit on the ground, height is zero, therefore no potential 

energy at ground level. 

 

Initial PE = Final KE 

mgh = ½ mv2 

                                                                          
Fig. 2. KE and PE before and during impact  Fig. 3. Meshing of refrigerator assembly 
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Full product of 160 Kg is dropped from 15.24cm (6”) height. Therefore velocity of 

impact just before the impact is 

 

 

 v = √2gh 

 vf = 1.729 m/s 

 

From work-energy principle, change in the kinetic energy of an object is equal to the net 

work done on the object. 

Work-energy principle 

W = ½ mv2
f  - ½ mv2

i 

W = 239.15 N.m 

 

III. SIMULATION 
 
Every home appliance has to pass the drop test because the product may get dropped due 

to improper transportation or handling and the dynamic load generated during this drop 

can play an important role for the failure of leveler assembly. To avoid this failure in the 

field it is very important to perform this test. 

 

Simulation approach 

1. The refrigerator assembly with leveler assembly is considered for analysis. 

2. The connectivity between parts defined using rigid connections. 

3. Material properties are assigned to the parts of the leveler assembly as shown in 

table no. 1. 

4. Meshing is done in Hyper mesh tool as shown in figure number 3. 

5. Constraints like fixed support, loading, displacements are given to the product. 

6. Above all points are performed in Hyper mesh tool. And solver deck file with the 

extension of .k file is prepared. 

7. Solver deck file is then run into LS- DYNA tool to get desired results for 

validation. 

 

Assumptions 

1. Material properties are assigned to the parts as per provided data from database 

2. Linear material properties are considered of those materials for which material 

data is not available. 

3. Gravity effect is considered 
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Table 1. Material properties for components of leveller assembly 

Components 
Density  

(tons/mm3) 

Young’s 

Modulus  

(MPa) 

µ 
Yield stress  

(MPa) 

Roller Box, 

Roller bracket, 

 L bracket 

7.85E-09 200000 0.3 250 

Allen Bolt, 

Roller pin, 

Cam pin 

Fulcrum pin 

Welded nut, 

Dome nut 

7.87E-09 210000 0.3 280 

Roller 1.60E-09 13700 0.4 55 

 

 

X and Y direction strain has more influence leveler assembly, as load direction is 

in the Y-direction. Also to validate the models we have to consider strain in X and 

Y direction. 

 

               
 

Fig. 4. Plastic strain in leveler assembly         Fig. 5. Plastic strain at L bracket 

joint                                                                                     (Location I) 

 

The maximum plastic strain observed on the roller box at the contact area between bottom 

flange of roller box and L bracket as shown in figure 5 is 0.236% of elastic limit which is 

in the acceptable limit. But to validate strain from lower range to higher one. we can 

consider this area in to consideration for testing. 
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Fig. 6. Plastic strain on side flange                      Fig. 7. Plastic strain on roller bracket   

                   (Location II)                                                                           (Location III) 

 

The maximum plastic strain observed on the side flange of roller box as shown in figure 6 

is 2.28% of elastic limit. As this strain value is much higher than the acceptable limit it is 

necessary to check experimentally. 

 

The maximum plastic strain observed on the rear roller bracket as shown in figure 7 is 

3.45% of elastic limit which is at the contact point dome nut. As this strain value is much 

higher than the acceptable limit it is necessary to consider these components during 

experimental testing. 

                       
     Fig. 8. Plastic strain areas of adjuster key          Fig. 9. Elastic strain areas of roller 

 

 

The maximum plastic strain observed on the stud rod  as shown in figure 8 is 11.9% of 

elastic limit which is because of bottom rail of refrigerator interfered with this rod. 

Modification in design of bottom frame is necessary.  

The maximum strain observed on the roller as shown in figure 9 is within the elastic limit 

so no need to test roller in experimental testing. 

 

IV. EXPERIMENTAL TESTING 

Wire linear strain gauges with 4.75 mm gauge length, 350 ohm resistance are pasted on 

this three locations of leveler assembly as shown in figure number 5, 6 and 7 and drop test 

performed on this leveler assembly with the refrigerator as shown in figure number 10. 

To acquire strain data NI data acquisition chasse with NI 9237 card used and to get the 

strain readings, we used Lab view data acquisition software provided by National 

instrument along with data acquisition system to get strain readings during testing. 
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Strain plot for the three strain gauge locations are shown in figure 11, 12 and 13. 

 

      
Fig. 10. Experimental Setup                                      Fig. 11. Strain plot for location I 

 

     
Fig. 10. Strain plot for location II               Fig. 11. Strain plot for location III 

 
 

Validation of strain results 

From table no. 2 it is clear that the percentage of error between strain results obtained 

from flat drop simulation and testing with strain gauges are in the range of 15-20%. 

 

Table 2. Percentage of error in strain 
 

Strain 

Strain value percentage error  

(FEA vs Testing) 

Location I Location II Location III 

Test 0.297% 1.89% 2.90% 

Simulation 0.236% 2.28% 3.45% 

% of Error 20.8 17.11 15.94 

 

 

V. CONCLUSION 

From the simulation and testing it is clear that the leveler assembly is going in plastic 

deformation at the rear side of the top flange, near pin joint area of roller bracket and 
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roller box, the contact area of roller bracket and dome nut etc. Therefore modification in 

the design of leveler assembly is necessary to sustain the impact loading generated during 

transportation and handling. From table no 2, the percentages of error are in the range of 

15-20%. This error generated due to variation in material properties, instrumental error 

during measurement, error in the test setup.   
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