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Abstract: Thisproject is sponsored by the company Whirlpool of
India Limited, situated at Ranjangaon MIDC, Pune. The company
isgoing to launch a new model of refrigerator. In that model they
have introduced VACCUM INSULATED PANEL (VIP) inside
the product to reduce the heat load on compressor. The VIP of
type A has been used which is having thickness of 32 mm. The
product weight has been increased by 25% along with increased in
door weight. Thefunctionof VI Pistoprovidebetterinsulationthanany
otherconventionalinsulationmaterials.DuetoadditionofVI Pand
increase in weight of product there will be effect on structure of
refrigeration.Thepresentworkfocusesonstructural/Experimental
testing of product, simulation of Freezer Compartment (FC) &
Refrigerator Compartment (RC) door for door sag, analytical
calculation of door sag & validating theresult.

Index Terms. Consumer Electronics, Door Sag, Home

Automation, Refrigerator, Product Reliability

I. INTRODUCTION

Long term reiability and durability of consumer
appliances has traditionally been established using structural
tests conducted under normal operating conditions in
whirlpool. However, such testing was problematic for white
goods such as refrigerators which have service lives that can
span years or even decades. Accelerated reliability test
methods began to be actively used in the 1960’s and the
methodology has since come to be widely employed in the
electronics and automotive industries. More recently ALT
has begun to be employed in whitegoods manufacturing
(household appliances) and case studies have been published
[1] who analyzed failure modes and causes in selected
appliances. Accelerated life testing to predict service
life& reliabilityforanappliancedoorhingehavebeenpublished
by [2] who made asimulation-based AL T approach to predict
the service life of a hinge used for refrigerator. Door sag
evaluation of dryer has been studied by [3] who have
compared the experimental door sag result with FEA
result.However, many applications of ALT are based on
physical testing using
actual -prototypessuchthatmaterial properti esandphysi csofthe
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failure are often not explicitly incorporated.The ability to
i ncorporatesuchi nformationcanl eadtonewdesi gninsightsand
provide a means to evaluate alternative materials, use of a
physics-based ALT model can be beneficial. Furthermore,
with the availability of robust simulation toals,
mechanical-based failures such as wear can be implemented
aspart of aphysics- based ALT model and potentially reduce
the cost of physical testing. Consequently, the use of
numerical simulation in ALT
representsapotenti al meanstof urtherimprovetestingefficiency
and this was the basis for themethodology [4].

II. STRUCTURALTESTING

Structural testing is done to check the condition of product
delivered to customer after transportation. The mainaimisto
check the initial sag of product after packaging test and it
should be zero or less than 1mm. The fig. 1 represent the
refrigerator for indication of surface, edges & corner. The
International Safe Transit Association (ISTA) packaging
procedure is followed.

Product Packaging I nspection
FreeFall Drop Testing
Vertical Vibration Test
Incline Impact Test
Horizontal Vibration Test
Balancing Drop Test

Door Operation Test

@MMUOw>

Figure 1: Numbering of surface, edges and cor nersof the
test samples

Surface No. 5 will be the front side of the product

A. Product Packaging I nspection

To check whether the product is properly packed,
packaging materia is properly inserted and whether the
packing deeve is in proper condition. After this
packaging is removed and level label has been attached
onall 4 sidesi.e. 2 on hinge side and 2 on non-hinge side
& again packaging is
done.
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B. FreeFall Drop Testing[5]

1) Purpose

If packagesfall during transport, it can cause alot of damage.
By performing afreefall drop test, the protective functioning
of the packaging is examined. This test will demonstrate
whether your product is sufficiently protected against shock
movements during transport. The test shall be carried out on
appliances, packaged and complete with theaccessories
(racks, grills and other internal components transported with
the product).

2) Free Drop Equipment[6]

Raising of the test package above arigid plane surface and
releasing it to strike this surface (the “the surface to be
impacted”) after a free fall. The atmospheric conditions, the
height of drop and the attitude of the package are
predetermined

Figure 2: Drop Test Equipment [6]

a) TheLiftingarrangement,whichwillnotdamagethetest
package during either lifting orrelease.

b) Meansofhol dingthetestpackagepriortoreleaseinits
predetermined attitude.

€) Release mechanism, to release the test package insuch a
way that its fall is not obstructed by any part of the
apparatus before striking the impactsurface.

d) Impact surface, horizontal and flat, massive enough to be
immovable and rigid enough to be non-deformable under
testconditions.

3) Drop Height
Table 1: Drop Height for Each Face [6]

Perform 6 drop tests of the individual case
Drop Number Drop Heights Orientation of
Drop
1 12 inches Face 1
2 12 inches Face 2
3 12 inches Face 6
4 12 inches Corner 2-3-5
5 12 inches Edge 3-4
6 18 inches Face 3

4) Acceptance

Following the test, the product should be damage-free to the
extent that its performance will not be affected and thereisno
evidence of damage, which might be apparent to the
customer. The package shall be intact and still capable of
properly protecting the product.

C. Vertical Vibration Test[5]
1) Purpose
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The vibration test shall be carried out by placing one
packaged appliance, complete with its accessories, on the
vibration table equipment in order to simulate the means of
transportation. The test has to be carried out. (load at the top
is not applicable incase shipment isintended in single stack).

2) Equipment

Figure 3: Position of Product for Vertical Vibration [7]

3) TestCondition

a) Amplitude= 25+ 5 mm

b) Freguency = 200cyclesmin

€) Duration = 240min

d) Load (if applicable) = should be equal to the no. of
products planned during shipment, over the bottom
layerproduct.

4) Procedure

a) Place the packed product on the center of vibration so
that face 2 rest on theplatform.

b) The packed product, during the test, has to be free to
move in the verticalaxis.

¢) Proper protection around it must be provided to avoid
|ater almovements.

d) Sart the vibration machine to produce the “ISTA Steel
Spring Truck RandomVibration”.

€) After the prescribed test time, stop thetest.

5) Acceptance

a) A The components must remain tightly fixed / in place
afterthetest(screws,panel ,sheets,bins,otherinternal/
external parts.)

b) The packing height reduction is limited by acceptable
loosening ofstraps.

¢) The max. acceptable reduction in height islcn/m.

D. Inclinelmpact Test[5]

1) Purpose
Tooutlineatestingprocedurethatdeterminestheabilityof a
packaged product to withstand impact, common to our
distribution environment, specifically when the truck has
partiall oadorsignificantgapbetweenproductandsidewalls.

2) Equipment

Inclined impact tester (conbur), 10'wood platform (or
equivalent); velocity monitor. Refer fig.4.
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Inclined

Figure 4: Inclined Plane Equipment [8]

3) Procedure[8]
Inspect test unit(s) and record visible defects that might
affect the results of thetest.

a) Setthereleasemechanismatthedesiredp
ointalongthe runway and tighten
clamping screwssecurely.

b) Place the selector valve to the Lower
position and roll the dolly back into the
release mechanism insuring it is
securelylatched.

c) Place the test load on the dolly at the
desiredlocation.

d) Impactthefacesinorderoffaces,face2,fa
ceb&face 4.

4) Acceptance

Allfoursidesoftheproductshoul dbedefect/damage
free. Small damage to packaging is acceptable but it
should be suitable for furthertransport.

E. Horizontal/mixed TransportTest [5]

1) Purpose

a8 The horizontal transportation test is
intended to simulate for the primary
transportation when the
productsareshippedinhorizontal position
onthetop layer of vertical standing
products or all products are shipped in
horizontal position.

b The horizontal/mixed transportability
will be checked according to the
indication printed on thepackaging.

2) Equipment
Vibration Table (fig. 5)

3) TestCondition
Same as Vertical Vibration

4) Vibration

8 Thistestiscarried out on 2 sets (6 nos. of
products) of samples packaged with
virgin packaging. It is useful to define
the ability of the product to
withstandhorizontal transportation
foreseen as the top layer of the load in
the transportmeans.

b) Thepackagedproduct/shastobeplacedont
heallowed sides on the vibration table,
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and submitted to the test according to
the conditions described in vibration test
(4.0) Condition of the test fixture to be
created similar to actual shipment, i.e.,
in case there are 2 horizontal
productsplannedfor shipmentover 2vertic
alproducts, test should be done as in

fig.below
Packaged
Products
LOAD
= v
\Additlonal base
component, if
Protection against lateral / applicable
movement on the 4 sides ——!

vibration table

DATE OF ORIGINAL ISSUE: [ ]

Figure5: Position of product for horizontal vibration

F. Balancing DropTest[6]

1) Purpose
This test is carried out on the above 2 sets of
packaged samples, to simulate the shocks caused by
the unloading horizontally transported appliances,
from the means of transport.

2) Procedure
The packaged appliance, placed horizontally on
the flooris raised (from one side) 40 cm as shown in
fig.6 and then dropped on the allowed faces of the
packaging in the followingway:

Figure 6: Position of Product for Balancing Drop Test [6]

3) Acceptance

Followingthetest,theproductshoul dbedamage-fre
etothe
extentthatitsperformancewillnotbeaffectedandtherei
sno
evidenceofdamage,whichmightbeapparenttothecust
omer. The package shall be intact and still capable
of properly protecting theproduct.

G. Door OperationTest

1) Purpose
a Determinetheability of FC & RC door
to endure the 1,50,000 & 3,00,000
number of  operating cycles
withoutdamageor unduewearwhenrece
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ivedtodesign tolerance.

b) Determine if cabinet liner is damaged
due to the forces set up by the
numerous door operation.

¢ Determinethe sag of the doorsover the
product life cycle.

d Assessthe design capability at life

e including light switch operation,
gasket seal integrity, door lock
operation & door closure function
during the specified number of
operatingcycles.

2) Procedure

ad Leve cabinet (the cabinet should not
be tilted back) at test sation &
stabilize it to prevent rocking
movement during the course of thetest.

b) The unit should not have any tiltback.

¢ Notethe sag after packagingtest.

d Addtheload in cabinet aswell as door
(asshown in fig.7) as per specification
mention and note down the initial sag
also note down the gasket overlap on
both hinge & non-hingeside.

€ Sart the door operationtest.

3) Acceptance
There should be no seal |oss.

[Il. CAD MODELLING OFHINGES

Modeling of hingesis carried out in Creo 4.0 considering
design, geometric & manufacturing aspect. The design of
hinge is shown in fig.8. Material used is cold rolled steel
asper 1S513. Minimum load to dislodge pin to be 1750N
applied @ 25mm/min. Zinc platting finish isgiven.

Bottom Hinge

Center Hinge

Top Hinge
Figure 7: Refrigerator Hinges
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Trc= Pull Force * Distance

IV. LOADING CONDITION

A. Loading Condition of Top Hinge

Top hinge function is to support the door for opening.
No
external forcewillbecomingonthi sonlytorsional forcewill
be coming due to opening force.

Torque dueto
Pull Force of FC

Figure 8: Forcesacting on Top Hinge

T..= Pull Force * Distance
Twc=30 695 N mm
T:=20850 N mm

B. Loading Condition of CenterHinge

Center hinge function is to sustain weight of FC and
support door opening of RC along with FC. So, there will
be one Load acting on hinge & two torque acting on

hinge pin. FC Door Weight
; Torque dueto
Pull Force of FC
|
‘ ll Torque due to
! Pull Force of RC
J

Figure 9: Forces acting on Center Hinge

w =mg
w=11.54 9.8
w=113.092N

Trc= Pull Force * Distance

Tre=30 %695 N mm Tre=70 %695 N mm

T,= 20850 N mm T,.= 48650 N mm

C. Loading Condition of BottomHinge
Bottom hinge function is to sustain weight of RC and
support door opening of RC. So, there will be one Load
acting on hinge & one torgue acting on hinge pin.
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fixed and
remotei sappliedatlugsofdoorforUDL & door.weig
Torque dueto htatC.G.

oy

Figure 10: Forces acting on Bottom Hinge

RCDmr/e'g'ﬁ 5) The area where the screw is going to fit is made

Figure 11: Meshing of FC Door

w =mg Tr.= Pull Force * Distance
w=3195+9.8 Twe="70 695 N mm
w=313.11N T..= 48650 N mm

V.STRUCTURAL SIMULATION ANALYSISIN
WORKBENCH 19.2

A. Door Specification & Boundary Condition forFC

1) Purpose Door dimension: 508*695* 71 forFC.
2) Hinge is located at 12mm from left side and

24mmfrom innerside. _ Figure 12: Meshing of RC Door
3) Remoteforcesactingonhinges:weightofdoorlocate

datC.G. (57.624N) and food load located in each E. MaterialAssignment
bin (27.76N). Fig. 13 shows the material of FC door which has been
B. Door Specification & Boundary Condition forRC used to assign in ANSY S workbench.

1) Door dimension: 1276*695*71 forRC. S
‘ Y\ e l

2) Hinge is located at 12mm from left side and
24mm from innerside. t
|

3) Remoteforcesactingonhinges:weightofdoorlocate e (]
dat C.G. (131.81N) and food load located in each .-
bin (9.31N, 41.88N, 74.94N, 55.62N). u
C. Methodology for FC &RC Slee Topinge-FON
1) Hinges arefixed at screwlocation. == — -
2) OnenodeisfixedinZ directionto preventangular i}
displacement.
3) Ashbinisnot considered for simulation, food load Figure13: FC Parts& Materials
in the bin is directly gpplied on both the bin lugs Fig. 14 shows the material of RC door which has been

with rigid elements. This will create UDL effect
and food load will be equally distributed to both
resting lugs ofbin.

4) Standard earth gravity of 9806 mnv/s?
isconsidered.

D. MeshingDetail

1) Auto-mesh has been done for FC & RC
doorassembly.

2) 2D meshing has been done for liner & metal panel.

3) 3D meshing for all otherparts.

4) Bondedcontacthasbeengiventopartsincontactwith
foam & while other parts are given frictional
contact with p =0.15.

usedto assign in ANSY Sworkbench.
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Figure 14: RC Parts & Materials

F. Loading & BoundaryCondition

The Fig. 15 (a) & (b) shows the boundary & loading
condition for FC and RC. FC is having 2 bins and RC is
having 4 bins. Weight to added in each bin is aso shown
below.

Remote load is applied at remote points in place of
binsto distribute the load equally. This point is shown by
black color which will create UDL effect. So, equaly
load will come on lugs.

A: FC Door

Static Structural
Tirme: Ls

Food load in
each bin=2.83
kg=27.76 N

Jdnenodeisfixedin

Fixed Z direction to
Support a prt_event angular
displacement

Condition of FC

(a) Loading & Boundary

Food load in
C:RC Door each bin = 0.95
itanc Structural kg=9.31N

ime Ls

[A] bisplacement X
Standard Earth Gravity: 9806.5 rffn,/s* Food load in
[ Femote Force: 0,310 each bin=4.27
[BJ Remote Farce 2: 4188 N kg =41.88N

[B Rrerote Force 3: 7434 N
[B Remate Force 4:55.62 1
[ Fixed Support

Jdnenodeisfixedin
Z direction to
prevent angular
displacement

Food load in
each bin=7.64
ka=74.94N
Food load in
each bin=5.67
kg =55.62 N

(b) Loading & Boundary Condition of FC
Figure 15: Loading & BoundaryCondition

Fixed
Support at
Hinges

G. SimulationResult
1) Door Sag of FC

Retrieval Number: B3034078219/190BEIESP
DOI: 10.35940/ijrte.B3034.078219
Journal Website: www.ijrte.org

3525

A: FC Door
Directional Deformation

Type: Directional Defarmation(Y fis)
Unit: rarm

Global Coordinate Systern

Tirne: 1

0.0058653 Max
-0.094778
-0,19542
-0,29606
-0.29671
-0.49735
-0.59798
-0.69364
-0.79928
-0.89992 Min

() Deflection dueto food load

B: FC Door - Without food load
Directional Deforration

Type: Directional Deformation(y Axis)
Unit: it

Global Coordinate System

Time: 1

0.0051998 Max
0052172
-0.10954
-0.16692
-0.22429
-0.28166
-0.33902
-0.3864
-0.45377
-0.51115 Min

(b) Deflection dueto Self-Weight

Figure 16: Smulation of FC Door

Door sag = Deflection due to food load +
Deflection due to self weight
=0.89+0.51
=14 mm

2) Door Sag of RC

B: RC Door

Directional Deformation

Type: Directional Defarmation (Y Axis)
Unit: rarm

Global Coordinate System

Tirme: 1

0.011125 Max
-0,093028
-0,15718
-0,30133
-0,40549
-0.50964
-0,61379
-0.71794
-0.8221
-0.92625 Min

(a) Deflection dueto food load
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C: RC Door - Without food load
Directional Defarmation

Type: Directional Deformation(y Auxis)
Unit: rm

Global Coordinate Systern

Tirme: 1

0.0045553 Max
-0.034215
0072986
011176
-0,15053
-0,1893

-0.22807
-0.26684
-0.30561
-0.34438 Min

A: FC Door
Equivalent Stress 3
Type: Equivalent fvon-Mises) Stress
Unit: MPa
Time: 1

93.197 Max
82842

7487

64131

5Ly

41421

31066

2071t

10.355
9.2812e-5 Min

(b) Deflection dueto Self-Weight

Figure 17: Simulation of RC Door

Door sag = Deflection due to food load +
Deflection due to self weight
=0.92+0.34
=126 mm
Fig. 16(a)& 17(a) shows the directional deformation
aong Y-axis due to food load& Fig. 16(b)& 17(b) shows
the directional deformation aong Y-axis due to
self-weight. The max. deformation is along door handle
side. So, the deformation will be in terms off door sag on
handle side.

H. StressAnalysis

Figurel8(a)showsthemax.stressval uesoftophingeass2.0
95 MPa. The stressvalueislessasthetop hinge functionis
to support the FC door during opening & closing purpose.
Figure 18(b) shows the max stress value as 93.197 Mpa.

The stress values are moderate because the center hinge
upper part has to sustain the weight of FC door along with
the opening & closing
ofdoor.Figurel8(c)showsthemaxstressval ueas25.202M pa.
The stressis low because the center hinge lower part hasto
supporttheRCdoorforopening& closingpurpose.Figurel8(d

)
showsthemaxstressvalueas277.72Mpa.Thestressval uesare
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high because the bottom hinge has to sustain the weight of
RC door aong with the opening & closing of door. The
stressis below the yield strength of steel which is370M Pa.

A: FC Door
Equivalent Stress 4
Type: Equivalent (von-Mises) Stress
Unit: tPa
Tirne: 1

52,095 Max
46,307
40,519

3473

28.942
23,134
17.366
11578
5,7800
0.0018051 Min

(8 TopHinge

(b) Center Hinge (FC)

A:RCDoor

Equivalent Stress 4

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

25.202 Max
22402
19.602
16,801
1 14001
11201

= 8.4008
5.6006

(c) Center Hinge (RC)

A: RC Door
Equivalent Stress 9
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

277.72 Max

0.065711 Min

(d) Bottom Hinge

Figure 18 : Stress Analysison Hinges
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VI. EXPERIMENTALANALYSIS

A. Testing & Validation

1) Beforestartingthedooroperationtest,sagistobemea
sured & to be noted down which has occurred due
packagingtest.

2) Load has to be added in refrigerator as
perrequirement.

3) Duetoadditionofweighttherewillbeincrementindo
orsag which is caled initial sag is also to be
noteddown.

4) 3,00,000 cycles for RC door & 1,50,000 for FC
door has to bedone.

5) At least, 2 product has to be used for door
operation. Below Graph show the door
operationresult.

Product 1

—a—FCNon-Hinge
6 FC Hinge
FCNET
RC Non-Hinge
—a—RCHinge

3 —8—RC Net

No. of Cycles

(2) Door Sag Result of Product 1

Product 2

—a—FC Non-Hinge
FC Hinge
FCMNET ,

4 RC Mon-Hinge

—#—RCHinge

—e—RC Net

No. of Cycles

Figure 19: Experimental Result for Door Sag

(b) Door Sag Result of Product 2

B. SuccessCriteria

After completion of test, the refrigerator must meet all of
the following requirements:

1) There should not be visible damage to door, door
hinges & liner.

2) Thedoorclosingandopeningmustbesmoothal ongw
iththe force requirement should bemoderate.

3) The door opening force should bemoderate.

4) The door to cabinet aignment should must be
proper there should be no seal loss.
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5) Torque should be as perrequirement.

6) Door opening pull force must bemoderate.

7)

8) There are certain steps to be followed before &
after completion oftest:

a) Measure door opening and closingforce.

b) Measure torque ofhinges.

¢) Doortopalignmentcheck: (hingesideandh
andle side) Pre &  Post-test
(doorunweighted).

d) Recording the door sag frequently at the
beginning of the cycles & less
measurement later in the cycles.

€) Refrigeratorworkingconditioni.e.theabil
ityof RC/FC
doorwiringtoendur ethespecifiednumber
ofoperating cycles.

C. Acceptance

1) Thereshould not be sealloss.
2) The acceptable door sag change on both sides,
hinge and non-hinge sides, should be withinlimit.
3) Hinge perpendicularity should be as perdrawing.
D. Result &Discussion - 1
Experimental Result

Table2: Summary of Door Sag Result

Product 1 Proguct
Initial

: Sae :
Net | Hinge | Non- Net |Hinge | Non-
Hinge Hinge
FC| 117 | 01 1.27 FC | 287 | 14 4.27
RC| 094 | 131 | 225 RC| 19 | 0.10 | 2.00

Sag During Door Operation

Net | Hinge |[Non- Net |Hinge | Non-
Hinge Hinge
FC| 336 | 019 | 355 FC | 347] 19 5.37
RC| 381 | 261 | 6.42 RC | 384 | 0.3 4.14

Table 3: Product 1 Reliability after Door Operation

Before After
Door Gasket OK OK
Condition & Seal

Door Alignment OK FC door gasket overlap =

10.5mm
RC door gasket overlap =

5.0 mm

Door Opening Force FC=6.0LB FC=54LB
RC=15.8LB RC=13.7LB

Table 4: Product 1 Reliability after Door Operation

3527

Before After
Door Gasket OK OK
Condition & Seal
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Door Alignment OK FC door gasket overlap =
12.19mm
RC door gasket overlap =
5.30 mm
Door Opening Force| FC=5.6LB FC=5.6LB
RC=14.8LB RC=127LB

For Experimental testing we have considered theinitial sag
while for simulation we have not considered the sag dueto
packaging test. So, for validating the result we have to
subtract the initial sag value from experimental result. FC
door sag according to simulation is 1.4mm & according to
experimental testing sag is 2.28mm and 1.10 mm, RC door
sag according to simulation is 1.26 & according to
experimental testing sag is4.17 &2.14.

The experimental result show that the sag on non-hinge
sidefor1stproductis6.42mmforRCandfor2ndproductiss.37

mm for FC. Accordingly, there is no seal loss so due to
which the product is passing in structural test. But certain
step has to be taken to reduce the sag non-hinge side &
hinge side to avoidthe sealloss.

VIl. MATHEMATICALMODELLING

A. Derivation ofdeflection

Consider, hinge as shown in fig. 20(a)as a cantilever
beam. Point B is Fixed &point A is free end where point
load is coming. So, this can be solved by considering the
cantilever beam as conjugate beam.

The conjugate beam method is an extremely versdtile
method for computation of deflectionsin beam.

I |

. L |

() Cantilever Beam (actualbeam)

A linearly varying distributed downward elastic load
with intensity equal to zero at A and equal to PL/EI at B as
shown in fig. 20(b).

, L

A IE._ 2
3 *Jmlj{ J PL

W

El

(b) Conjugate Beam Corresponding to the Actual
Beam

The free-body diagram for the conjugate beam is shown
in Fig. 20(c). The reactions at A of the conjugate beam are
given by below equation
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() Free-Body Diagram for the Conjugate Beam

PL? PL?
Mg =

C — —_—
Ay = Y 3EI

Y 2E1

fig. 20(d) showsthe Deflection of cantilever beam which
has arrived from conjugate beam.The slope at A, 6, and the
deflection y, at the free end A of the actual beam in fig.
20(d) are respectively, equa to the “shearing force” and the
“bending moment” at the fixed end A of the conjugate
beam in fig. 20(c).

I 5

lp
A
1
.
¥, )
A |
| L

(d) Deflections of the cantilever beam (actual beam)

Figure 20: Mathematical M odelling of Hinge

PL3 l PL3
BA =

3] Ya= JE

B. Deflection of Hinge

Now by using the above formula we will calculate the
hinge deflection.

e Massof FC door = 5.88kg, Food load added in FC

bins= 5.66 kg
e Massof RC door = 13.45kg, Food load added in RC
bins= 18.53 kg
e Young’s Modulus of C.R. Steel = 205 GPa =
205000 Mpa
1) Center Hinge (Upper Pin)
W =11.54 kg
P=W=xg=113.092 N
L =405mm

113.092 = 40.53

Y4 = 3,205000 128
v, = 0.095 mm (Hinge Deflection)
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695 X

405 0.095
x = 1.63 mm (FC Handle Side sag)

Similarly,
2) Center Hinge (Lower Pin)
v, = 0.0590 mm (Hinge Deflection)
x = 1.012 mm (RC Handle Side Sag)
3) BottomHinge

vy, = 0.0137 mm (Hinge Deflection)

x = 2.38 mm (RC Handle Side Sag)
4) Top Hinge

vy, = 0.1174 mm (Hinge Deflection)

x = 1.57 mm (FC Handle Side Sag)

So, FC door sag we will consider as 1.63mm and RC
door sag we will consider as 2.38 mm.

C. Reault & discussion - 2

For Experimental testing we have considered the initial
sag while for analytical we have not considered the sag due
to packaging test. So, for validating the result we have to
subtract the initial sag value from experimental result. FC
door sag according to analytical is 1.57mm & according to
experimental testing sag is 2.28mm and 1.10 mm, RC door
sag according to analytical is 2.38& according to
experimental testing sagis4.17 & 2.14.

VIII. CONCLUSION

As from the result of simulation, experimental &
mathematical modeling we can conclude that if we eliminate

the initial sag from experimental result then we can
validate the results. The net sag is under permissible limit. so,
the life cycle concluded for the product is around 10 years
that means there will be no seal loss.

FUTURE SCOPE

o Weight of door isto be reduced.

e Stress Calculation isto be carried out on hinges.

e The Non-Hinge side as well as hinge side sag isto
be reduced.

e Theinitia sagisto be reduced.
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