}) Er!q?f&m#‘g&g hIn& éqkh

ISSN: 2574 -1241 DOI: 10.26717/B]JSTR.2022.46.007381

Systematic Way to Enhance the Fatigue Life of
Mechanical Product Such as Hinge Kit System
Entrenched on Generalized Life Model
and Sample Size

Seongwoo Woo'*, Dennis L O Neal?, Yimer Mohammed Hassen'! and Gezae Mebrahtu' [=] 2% =]

1Ethiopia Manufacturing Technology, Mechanical Technology Faculty, Ethiopian Technical University, Ethiopia :
2Dean of Engineering and Computer Science, Baylor University, USA =] .

*Corresponding author: Seongwoo Woo, Ethiopia Manufacturing Technology, Mechanical Technology Faculty, Ethiopian Technical
University, Addis Ababa P O Box 190310, Ethiopia

ARTICLE INFO ABSTRACT
Received: £ October 04, 2022 To enhance the fatigue of mechanical product, parametirc accelerated life testing
(ALT) as organized reliability way offers to evaluate the design of mechanical products
Published: & October 13, 2022 subjected to repeated impact loadings, entrenched on sample size and generalized
life-stress model. It helps an engineer to show the design flaws which make a critical
Citation: Seongwoo Woo, Dennis L O influence on product life. Finally, manufactures may circumvent product recalls from

the field. As a test case, the redesign of the hinge kit system returned from the market-

Neal, Yimer Mohammed Hassen and . .
place was investigated.

Gezae Mebrahtu. Systematic Way to En-
Keywords: Parametric Alt; Mechanical System; Hinge Kit System; Fatigue; Design De-

hance the Fatigue Life of Mechanical
fects

Product Such as Hinge Kit System En-
trenched on Generalized Life Model and
Sample Size. Biomed ] Sci & Tech Res
46(4)-2022. BJSTR. MS.ID.007381.

Introduction

metric ALT as structured reliability way that might be applicable to
The mechanical product such as automobile moves (generated) . .
mechanical systems. It includes:
power to attain a job that involves forces and motion, which pro-
duces mechanical advantages by correctly adapting mechanisms. 1. AnALT scheme.
For example, a refrigerator, employing the refrigerating cycle, dis- A Load inspection.
tributes cooled air from the heat exchanger to each section. When

2
customer wants a gentle door-closing function, hinge kit system 3. A Customised ALTs with the design modifications, and
4

is designed. If there is a design imperfection in the HKS where the AJudgement of whether the system attains the targeted BX life.
loads are exerted, it will instantly cease in its anticipated life. As As a case investigation, we will study the redesign of HKS re-
identifying the design imperfections by parametric ALT, a designer turned from the marketplace in a domestic refrigerator.

might plan the product optimally. This study investigates the para
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Parametric ALT in Mechanical Product

Time independent Schrodinger’s equation in one dimension

can be expressed as follows:

B &y (x)
-2 VD By o
87°m  dx? A

where  is wave function, En is (electron) energy, h is Planck
constant, m is electron mass.
Boundary conditions are:

1) ¢ finite inside the metal but decaying exponentially. That

is, 20 asx -
2) =0 atwalls. So, we can find the solution as follows:
272

v, (x)= Esin(ﬂ)x;En =L hz n>0 (2)
a a

8ma

where § (x+a)=y (x), a is (periodic) distance, n is principal
quantum number.

Linear transport are defined as follows:
J=LX (3)

Solid-state diffusion of impurities in silicon, ], could be stated as

J = Bsinh(aS)exp ( f} j (4)

If Equation (4) puts a reverse function, the life-stress (LS) pro-
totype could be restated as:

Case Study

Redesign of the HKS Returned from the Marketplace

E
TF = A[sinh(aS)] " exp| =% | (5
[sinh(aS$)] p(ij()

The sine hyperbolic form [sinh(aS)]_l in Equation (3) has
attributes as follows:

-1 . .
(S) at the starting has some linear outcome,

1)

2) (S)_n has what is formulated as a medium outcome, and
aS\-1 . . Ly

3) (e ) in the final is high.

As a parametric ALT in the middle scope is performed, Equation
(5) could be stated as:

TF = A(S)™" exp(— f;j = B(e) *exp (]f_;) (6)

To fulfil the acceleration factor (AF), which might be stated as
the ratio between the accelerated stress circumstances and usual
operation circumstances, it could be adjusted to integrate with the
effort concepts:

n A
E E
ar=| S| B L L) [a||EfL_1L 7)
S) L k\L, 1)) \e) | k7, T
To achieve the assigned mission cycle of a parametric ALT, sam-
ple size with Equation (7) could be stated as [1]:

N B

nz(r+1)-l- — B
X

+7 (8
AF -h, ()

Figure 1: Domestic refrigerator and failed HKS returned from the market.
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Figure 2: Failed HKS housing in the field.
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Figure 3: Functional design concepts of a mechanical HKS.

As the customer require to close door gently, a hinge kit sys-
tem is added. The main components are Kit cover, support, torsion-
al shaft, spring, and HKS housing (Figure 1). In the market, HKS in
a domestic refrigerator did not work under unspecified consumer
usage circumstances [1]. Market data manifested that the failed
part shall have had the design flaws (Figure 2). As manifested in
(Figure 3), the mechanical load transfer in a hinge kit system can be
modeled as follows:

M =M,+M, =W,

oor

xb+W, xa (9)
(9)=T,=F xR (10)
As the time to failure depended on the impact force due to mo-

ment in equations (9) & (10), the life-stress model (LS model) in
Equation (6) could be restated as

TF=A(S)" =AT* = A(FxR)" =B(F)" ay

Thus, the AF in Equation (8) shall be expressed as follows:

n A A A

AF: i = E = FIXR = ﬂ (12)
F,xR) \F,

So I

Relying on consumer use, the number of openings/closings of
the HKS per day varied from 3 to 10 times Under greatest usage
for 10 years, the ice dispensing happens about 36,500 usage cycles.
Company data states that usual door weight is 1.1 kN and door with
an elevated weight is 2.76 kN. Presuming the damage factor, 2, is
2, AF is roughly 6.3 in Equation (12). For B1 life 10 years, assum-
ing the shape parameter was supposed to have 2.0, the assigned
mission cycles for six samples calculated from Equation (8) were
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roughly 23,000 cycles. This parametric ALT is designed to assure a
B1 life 10 years if HKS fails less than once in 23,000 cycles.

Results and Conclusion

In the first ALT, the hinge kit system failed at 3000 cycles and
15,000 cycles (Figure 4) manifests a photo contrasting the frac-
tured parts from the market and that from the first ALT. As they are
alike, by parametric ALT we could reproduce the hinge kit system
returned from the market. There was fragile structure that came
from design imperfection. So, to have sufficient strength against
repeated loads, the structure of HKS housing was reinforced as fol-

lows:

1) The notch was erased and the outside and inside of design was

rounded.

2) Strengthened ribs were also attached to the housing and decks
(Figure 5).

As disassembling the unsuccessful HKS products, the damper
oil leaked at 15,000 cycles. The root cause for this failure arised
from the sealing design of oil damper which had embraced an
o-ring, Teflon, and o-ring with a space of 0.5 mm. We judged that
there could be intrusion between the Teflon and o-ring. To hold the
o-ring closely and firmly, the sealing structure was altered as shown
in (Figure 6). In the 2nd ALT, the housing cover of hinge kit cover
was unsuccessful at 7,800 cycles and 9,200 cycles. As action plan,
the material was changed from plastic to aluminium die casting
(Figure 7). In the 3rd ALT, there were no issues till 74,000 cycles.
During three courses of parametric ALTs with the alternations, the
HKS was assured to have B1 life 10 years.

Figure 4: Fractured parts from the marketplace and ALT.
a. Unsuccessful products returned from the field.
b.  Failed product after first ALT.
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Figure 5: Modified hinge kit housing.
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NewDesign  (b)

OldDesign @ .-1.

O-ring Assy Gap: 5.2 mm Q-ring Assy Gap: 5.5 mm

.—l

r!

O-ring: Teflon Tefion f;ill].r?!m
#1.9mm '
Figure 6: Modified oil damper.
a. Failed products from the first ALT.
b. Design modifications.
Old Design New Design

Figure 7: Modified housing cover.

a. Unsuccessful products from the second ALT.
b.  Design modifications.
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