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AWEDA AND ADEDEJI
Production of Creep Measuring Apparaus for Laboratory Use as Sustaiable Measure in Nigeria
e e e e e e e e

applied stress or strain as a function of
time. For metals in service, physical
effects are dominant at short times and
low temperatures and chemical effects
more apparent at longer times of
application and higher temperatures,
Creep can be used as a measure of
ageing characteristics, low temperature
resistance or resistance to chemicals in
materials. Metals are liable to creep
when loaded whether it is under room
temperature or elevated temperature.
Nkiwane [3] designed high
temperature creep measuring apparatus
adapted for nylon
industry., The apparatus was for the
measurement of small weights and fine
fibres of yarns. Therefore, the study of
creep deformation is very important in
system where high temperatures are
involved such as nuclear power plants,
jet engines, heat exchangers and many
other operations involving high
temperatures [1, 4]. The sagging of the
filament coil between its supports
increases with time due to creep
deformation caused by the weight of
the filament. If too much deformation
occurs, the adjacent turns of the coil
torch one another, causing an electrical
shock and local overheating which
quickly lead to failure of the filament,

In engineering design, materials that
will support the design loads without
failure for the service life at the
required temperature are sought and
used [5, 6]. Creep is an important
consideration in the ooperations of
three types of high temperature
applications: (i) Displacement-limited
applications, in  which  precise
dimensions or small clearances must
be maintained such as in turbine rotors
or jet engines, (ii) Rupture-limited
applications, in  which  precise
dimensions are not essential but
fracture must be avoided such as in
high-pressure stcam tubes and pipes
and (iii)  Stress-relaxation-limited

in the textile -

39

applications, which is an initial tension
relaxes with time as in suspended
cables and tightened bolts.

This work developed the creep
response of aluminium at different
temperatures. Heating chamber was
incorporated into the heating chamber
in which the specimen was inserted for
the study of the effect of temperature
when the material is loaded. The
apparatus could also be used to
measure creep at room temperature
when the heating chamber is at “OFF”
position.

The apparatus was used to evaluate the
response of material to creep when
loaded for non-ferrous metals at
different temperatures with time.

The heating chamber can be regulated
with the attached thermostat to a
maximum temperature of 300°C.

MATERIALS AND METHOD.

Material selection.

The materials wused for the
development of the apparatus were
sourced locally. These materials

consist of mild steel, fibre glass and
copper wire. The heating chamber is a
hollow cylinder having the outer
casing covered with aluminium sheet
metal and attached to it is a thermostat
that regulates the heating temperature.
Fibre glass was packed at the space
between the inner and outer casings of
the heating chamber to conserve heat.

The rest of the apparatus was
fabricated using mild steel and sheet
metal. The lever was made of

galvanised steel. The heating element
was a spiral type and installed in the
inner grooves of the heating chamber.

Description of the apparatus.

Creep measuring apparatus works on
the principle of lever action of applied

Journal of The Nigerian Institution of Mechanical Engineers/ Vol. 4, No. 1, October, 2014
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Production of Creep Measuring Apparaus JSor Laboratory Use as Sustaiable Measure in Nigeria

position while it is inside
the heating chamber.,

¢. The dial indicator: Shown
in figure. 1 is a sensitive
measuring  instrument of
0.0lmm accuracy.

Operation of the apparatus

The apparatus operates on the lever
action as the load is applied on the
specimen, aluminium as in Table 1 [7].
The lever arm is notched to receive the
edge of the fulcrum which is at the top
of the column rigidly attached to the
base. Specimens were loaded in
tension usually at constant load in the
heating chamber attached to the front
bar. The heating chamber was
maintained at constant temperature
with a thermostatically controlled
heater with the specimen bolted at the
two ends of the stirrups for self
alignment. The lower stirrup s
attached to the bottom beam with g
screw stud to allow height adjustment
during set up while the upper grip
pivots on the lever arm. The weigh
anger is bolted to the opposite end of
the lever arm. The tip of the dial
indicator attached to the front bar was
aligned on the top flat edge of the
upper stirrup. The dial indicator is set
to zero, the weight was suspended
from the weight hanger and supported
5o that the specimen in the chamber is
not loaded. After heating the specimen
to the desired temperature, the hanger
is lowered slowly to apply the load.
Deflections from the dial indicator
were taken at time interval,

EXPERIMENTAL TEST.
Assessment of creep in materials,
Creep was measured while varying the
thermal conditions of the specimens in
the heating chamber. The heating
chamber temperature was set at 100° v
200°C and 300°C with the aid of
thermostat which was attached to the

41

 heating chamber. Material dislocations

are being generated continuously in the
primary dislocations being generated is
exactly - equal to the number of
dislocation being annealed out. This
dynamic equilibrium causes the meta]
to creep at a constant rate, Eventually,
the creep rate increases and the
specimen fails due to localized necking
of the specimen (or component), void
and nf-licro crack formation at the grain
boundaries and various metallurgical
effects such as coarsening of
preciiitates. Objects which are subject
to creep spend most of the effect of
creep|in the secondary stage. It follows
that the materials undergoing creep

should have a secondary creep rate as

possible.  Secondary creep  rate
determines the life of a given
component and depends on severa]

varial'irles, the most important of which
are stress and temperature which the

le . . .
materials are subjected to in service.

The secondary creep rate is expressed
as:

s=do”e- L (1)
RT
Where,
E the activation energy for creep
in the material,
R the universal gas constant

(8.31J/molK),
i ; operating temperature and
Aandn constants.

Equation (1) shows the dependence on
loading stress and the temperature the
component is subjected.

The natural logarithms of the equation

give:
Ine=InA+nincRT (2)
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position while it is inside
the heating chamber.

e. The dial indicator: Shown
in figure. 1 is a sensitive
measuring  instrument of
0.01mm accuracy.

Operation of the apparatus

The apparatus operates on the lever
action as the load is applied on the
specimen, aluminium as in Table 1 [7].
The lever arm is notched to receive the
edge of the fulcrum which is at the top
of the column rigidly attached to the
base. Specimens were’ loaded in
tension usually at constant load in the
heating chamber attached to the front
bar., The heating chamber was
maintained at constant femperature
with a thermostatically controlled
heater with the specimen bolted at the
two ends of the stirrups for self
alignment. The lower stirrup is
attached to the bottom beam with a
screw stud to allow height adjustment
during set up while the upper grip
pivots on the lever arm. The weigh
anger is bolted to the opposite end of
the lever arm. The tip of the dial
indicator attached to the front bar was
aligned on the top flat edge of the
upper stirrup. The dial indicator is set
to zero, the weight was suspended

from the weight hanger and supported

so that the specimen in the chamber is
not loaded. After heating the specimen
to the desired temperature, the hanger
is lowered slowly to apply the load.
Deflections from the dial indicator
were taken at time interval. '

EXPERIMENTAL TEST.
Assessment of creep in materials.
Creep was measured while varying the
thermal conditions of the specimens in
the heating chamber. The heating
chamber temperature was set at 100° ¢,
200°C and 300°C with the aid of
thermostat which was attached to the

41

~ heating chamber. Material dislocations

are being generated continuously in the
primary dislocations being generated is
exactly equal to the number of
dislocation being annealed out. This
dynamic equilibrium causes the metal
to creep at a constant rate. Eventually,
the creep rate increases and the
specimen fails due to localized necking
of the specimen (or component), void
and micro crack formation at the grain
boundaries and various metallurgical
effects such as coarsening of
precipitates. Objects which are subject
to creep spend most of the effect of
creep in the secondary stage. It follows
that the materials undergoing creep
should have a secondary creep rate as
possible.  Secondary creep rate
deterr:nines the life of a given
component and depends on several
variables, the most important of which
are stress and temperature which the
materials are subjected to in service.

The secondary creep rate is expressed
as:

E
e=Ac"e——— 1
= (1)
Where,
E the activation energy for creep

- in the material,

R §the

universal gas constant
| (8.31J/molK),
L I operating temperature and

1

A and n constants.

Equation (1) shows the dependence on
loading stress and the temperature the
component is subjected.

The natural logarithms of the equation

give:
Ing=InAd+nlncRT (2)
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Fig. 1 View of the creep measuring apparatus with heating chamber.
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Fig.2 Schematic diagram of creep apparatus showing the heating chamber
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