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Abstract

In this work, the functional characteristics of the anticorrosive alloys employed for turbo
engine assembly were introduced. They were analyzed under two separate conditions; stable
and overloaded. This analysis is based on the evaluation of net product of the engine
consumption cycle as well as the retraction factor over time. The stable functional
characteristics showed that the anticorrosive alloy may be exerted to a periodic load that may
suddenly cause a degradation when correlated to the thermal effect resulted from operation.
On the other hand, the overloaded functional characteristics showed that the anticorrosive
alloy may avoid any degradation when the operation is periodically interrupted.
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1. Introduction phase is a solid solution of nickel in zinc. The beta
The dynamically developing industrial sectors, phase is an intermediate between the aforementioned
such as the aerospace industry, the space industry, or phases. Figure (1) shows the phase diagram of a
the energy industry aim at increasing the efficiency binary Zn-Ni system.
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with gases, liquids, and solids. Therefore, materials 1400
that can operate in extreme conditions are still 1200
developed.

Modern technology has made intensive use and
employment of the turbo engines, which provide
higher momenta within shorter periods and relatively
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lower costs. However, the assemblies of the turbo w00 I
engines still require complex technology and 6IC [,
sophisticated integration with the conventional or 200 B(Zm
fundamental configurations of mechanical and ol ‘ L .
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dynamic systems. Research works have been Ni Atomic Porcemt Zine P

continued to replace the corrosive parts of the engines
with others made from anticorrosive alloys, mainly
Zn-Ni alloys.

The Zn-Ni anticorrosive coating performance
mainly depends on the concentration of the metals in
the alloy. The electrodeposition of these alloys has
three phases: alpha, beta, and gamma. The alpha is a
solid solution of zinc in nickel, while the gamma

Fig. (1) Calculated phase diagram of a binary Ni-Zn system

The Zn-Ni alloys applied as anticorrosive steel
coatings generally have Zn composition of 85-99%.
Thus, the substance has anodic potential compared to
the substrate, however, it is less active compared to
pure Zn.
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The Zn-Ni alloys do not require a layer of
chromate, which is toxic to the environment. Any
percentage increase in the composition of nickel in
the alloy occurs due to a high proportion of the
concentration of Ni compared to Zn. The pure Zn-Ni
alloys were deposited on AISI 347 steel electrodes
using direct current and pulsed current at a
temperature of 50 °C, pH level of 2.5, and different
electrolytes. The alloy with the best anticorrosive
result, with corrosion current of 10 pA/cm? was
obtained by pulsed current and presented a uniform
and granular surface, composed of small grains and
low porosity.

2. Experimental Work

AISI 347 steel gearboxes were coated with Zn-Ni
alloy with different thickness using pulsed current
coating system. The coefficient of performance of the
coated gearboxes was compared to that of uncoated
gearbox (see Fig. 2). The operation was evaluated at
room temperature as well as elevated temperatures in
order to simulate the practical environment.
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Fig. (2) Uncoated and coated gearbox parts used for the
comparison of this work

The stable and overloaded functional
characteristics of the anticorrosive alloys employed
for coating of the gearbox parts were introduced (see
Fig. 3) and compared as the surrounding temperature
was ranging from room temperature to 100°C.

Fig. (3) Measurement setup of the gearbox parts

The operation periods were ranging from 10 min
to 2 hours as continuous operation and 6 hours as
interrupted  operation.  All  mechanical and
thermodynamics parameters were determined.

3. Results and Discussion
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The analysis coefficient of operation (COP) under
the stable condition can be determined as follows
[26]:
cop = g 1)

1440-Ty,
where N is the throughput capacity of the line section,
Tog is the graph period, and Ty is the time of
technological downtime

The COP under the overloaded condition is
determined by the following formula:
cop = L= @)

1440-Tyy
where T; is the time periods over which the operation
is conducted, and N; is the number of measurement
steps over the operation period

Figure (4) shows the time-dependent behavior of
the coefficient of operation (COP) of uncoated
gearbox under the conditions of stable and overloaded
functional characteristics. The latter condition is
actually containing two components; positive or
incremental overload operation and negative or
decremented overload operation. The functional
characteristics reasonably depend on the role of Zn-
Ni coating to dissipate the generated heat, minimize
the friction, and finally exclude the static charge
accumulation. It is desired to operate the gearbox
under the positive overloaded condition (blue curve)
but the correlation to the negative overloaded
condition is unavoidable. Therefore, the stable
condition may be considered as the optimum choice
despite the disadvantages mentioned before.
Consequently, the characterization of the coated
gearboxes would assist better choice.
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Fig. (4) Time-dependent behavior of COP of uncoated parts
under the three different conditions considered in this work

Figure (5) shows the time-dependent behavior of
the coefficient of operation (COP) of gearbox coated
with Zn-Ni alloy under the conditions of stable and
overloaded functional characteristics. The behavior
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of COP under the positive overloaded condition was
not largely different from the previous case (uncoated
parts), while the negative overloaded condition
exhibits reasonable difference. On the other hand, the
stable condition shows higher amplitudes of the COP
function. This may be optimum choice for the
practical purposes but, actually, it imposes higher
stress on the gearbox and hence makes it difficult to
achieve the advantages of the Zn-Ni coating.
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Fig. (5) Time-dependent behavior of COP of coated parts
under the three different conditions considered in this work

The difference between the coated and uncoated
parts can be clearly shown by the area-under-curve,
as shown in Fig. (6). Choosing the coating with Zn-
Ni alloy is restricted by both mechanical and
thermodynamic roles of this coating. Therefore, an
analysis of these properties is required as individual
and correlated parameters.
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Fig. (5) Comparison of time-dependent stable behavior of COP
of coated and uncoated parts
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4. Conclusion

Based on the results obtained from this work, it
can be concluded that the employment of Zn-Ni alloy
coatings on the parts in turbo engine assemblies
provides better ability to hold the mechanical and
thermal stresses resulted from the operation. Stable
functional characteristics of the coated parts was
found reasonably better than the overloaded
functional characteristics for practical uses.
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