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Figure (3) represents the overall appearance
of the equipment.

Phase 1: Through studying the style of the machines work
and noticing the density of its use during the different stages
of work and studying all documents available (by design and
operation) and making the required tests, we appointed the
factors ,and it’s membership functions, which affect in the
strength of the machine and its service life.

Phase 2: Using computer software like (Solid Works) and
(Ansys) we built a model shown in Figure (4), where we
entered all the factors that affect the machine during work,
Also at this stage we find the input belonging function
through the identification of Fuzzy factors that affect the
service life of the machine and its relationship with the inputs
data.

Phase 3: depending on the (Ansys) program, we calculated
stresses on the equipment’s hopper, to find the relationship
between the thickness of the metal and the stress on the
equipment’s hopper was calculated stresses at different
thicknesses of the metal in three points of the hopper, Fig. (5)
shows this relationship.

(A)

Total stress in the material

(B)

Fig.(4). (A) the model under study (as Solid works model)
(B) the model, divided by Finite Elements Method

(by using Ansys)
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Figure No. 5. The relationship between the thickness of the
metal and the total stress.

Depending on equation number (3) we configured the following
mathematical model:

S(t;)z [s]
Sd](tl)_ qu(tz)

(tz - tl)Kle

S(t3)= qu(tz)_a(%_tz)

a =

Where:

[S ] Represents the least thickness of the metal that is
allowed.

S ¢(t1)Represents the thickness of the metal when the

equipment first left the maker factory, as a Fuzzy function, mm.

Se (t 2) Represents the thickness of metal when tested as
Fuzzy function, mm.
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S (t3)Represents the thickness of the metal after the
service life t; (future), mm.

Phase 4: Depending on the model above and the MATLAB
program, we can get the thickness of the metal at the service
life t; and through the Fig. No. 5. We can find the stress at
that thickness and then by compare this value with the
maximum allowable stress on the metal, and by repeating
this process we can determine the remaining service life of
the equipment.

V.  Results:

For the focus of study example, the service life for the
equipment is 20 years, but through the application of this
theory (where the maximum allowable stress of the metal is
190 MN \ m?) we found out that the equipment can work for
an additional 5 years more with using risk 31% (where
risk=1- reliability) as in fig.(6). By using this cure we can
find the residual service life for machine, under study, with
the amount of risk when using it. From curve below, very
clear the machine can works for 2 years with reliability
100%.

Remaining life service , years

Fig.(6). The remaining service life for the studied machine

VL Discussion and conclusions:

As we told above, by using the above cure we can find the
residual service life for machine, under study, with the
amount of risk when using it or we can determine the
amount of risk, at first, depends on the intensive of machine
work and then from it we can find the residual service life
for machine.

In this paper, we studied the effect of one factor (mechanical
and chemical corrosion) to calculate the residual service life
for machine and neglected the effect of others factors
(fatigue failure and cracks). For future studies, we
recommend to development new method to calculate the
residual service life with study the effect of all these factors
(mechanical and chemical corrosion, fatigue failure and
cracks) depends into Fussy set method.
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