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PROTECTIVE COATING FOR AIRCRAFT ENGINES

Thin in thickness and licht in weigcht, coating could be

-

used as a way of improvine certain properties of ma-
terials., It is easier and more effeetive than improving

the materials themselves and has broad applications.,

Coating has a broad svectrum of abvlications, Porcelain
Carlhinware }M.,S

ename]l is applied to washing bowlsyfrice bowls and dishes.

Cil vpaint is applied to desks, Aressegys doors and winrdows, |

Stowves and »f1se ceramic enamel, Cars and agricultural |

machinaries use many plated and painted parts. Airplanes

use different kinds of camouflace coating, In the followine,

we introduce the coating for jet encines,

USAGE
In daily 1ife, we often see that equiprents made of iron
hecome rusty, wood become corroded, Surfaces of aluminum
develop pimples due to contact with salts., Similar corrosion
phenomena would occur to the parts of a jet engine if these
parts 4o not receive special treatment, This is easily
understood if we observe the materialcs which constitute the
jet encine and the conditions unier which the engine has to
operate, In flicht, a larce amount of air enters the encine,
After nassine thtouveh a cormpressor, it mixes with fuel ard
comhnstion occurs. The aaseous mixture reaches 2 tempera=-
+ure a*ove a thonsarnd Aegrees Celsius and eventually exits
from the exhanst rozzle at hich speed, All the parts of the

enaipre which ~ome into contact with this gas at various stages

are thregtened with Aifferent corrosions,




The front part of the encgine is at a lower temperature, These

parts are made of 1ight weizht) hard magnesium and aluminum
alloyvs. As air enters the enecine, it carries along dirt
grease and salty mist which, coupled with temperature effect,
adhere to the surface of parts and serious corrosions resuvlt,
These pimples reduce the surface smoothness and the streneth

of materials. Consequently the 1ife spsn of these parts is
reduced, Corrosion will be ereatlv reduced if corrosion-re-
sistant coating is anprlied to them to keep them from being exposed
to salty air and moisture thus resultine in longer 1ife for

the<e vparts,

When water mills and the axes of erindinc stone<squeak, appli-
cation of Tubricant 011 will reduce the friction. Irside the
enzine, however, there are come parts requirine long l1ife

come into cortact with each other ard cererate friction but which can
not bhe lubricated, For an examvle, the vibration reducing
mid-span shrouds on the turbine hlades (Fienre 1) require

that thev he overhanled after thousards hours of service,

The=e shrouds undergo temperature changes, impulse, and vibra-
tions Aurine the start and stop of the engine, This rssults in

<

of aps thus requiring s o parts —— ——  to

wear of the contactine surfaces ani increase

be repaired or replaced, If a hard material is coated on the
surface, just like adding metal part ~n the shoe sole, re-
sistance to wear will he inecreased and tha 1ife of the

parte prolonged, Similarly, one car also apply a wear-re-
siatant coating to the parts to restore them to conform with

oricinal sbecifications, and contynue their cervices, This

15 wery cost=effective an? i1s widely uced in repair work.
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Due to design requirement, there are certain gaps between the

compresser hladed@ and the housing; turbine blades and outer
ring. Compressed air terds to leak through these gaps and

causes loss of efficiency. With proper co-tine avplied to the
inner part of the housing or outer ring, rormal rotation of
bladed will not be hirndered yet the zaps between the blades and
the housing will he reduced to a mirimum to improve the eneine

efficiency. It will increase the thrust power with fuel

consumption unchanged, Presently orgaric coating, organic
silicon coating or soft metal plating is used in compressor
housings. Hioch temperature matallic honeycomh or graphite is
used as filler, Thevy are known as sealing coatine or gap-

re@uecing co=ting,

Combustion chamber burrer, turbine blades arnd exhaust nozzle
alt come irnto direct contact with high temperature cas which

is hot enough to melt aluminum. Not even carbon steel could
withstand the heat. These parts must be made of rickel, cobalt,
chromium alloys which can withstand high temperature and
erosion due to moisture, However heat corrosion will still

ocecur if no protective coating is applied, This is due to the

fact +that thronech high temperature oxidation, the sulfur in
the fuel reacts with the salt in the atr_,Z$’ Lo

form sodium sulphate . This affecets the oxidation-resistance

and structure of the alloy surface)weakening the oxidation-
resistance and strength of material at hieh temperature, Under
the constant bombarment of high temperature, high pressure,
hich speed air flow, coupled with mechanical stress, vibration,

and hot=cold eycle, the engine parts will break, deform, crack

and burn through, It constitutes a serious threat to operation
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safety. To reduce corrosion phenomena, heat-resistant,
corrosion-resistant materials should he apolied to the surface
of the parts in order to avoid contact with the burning <as.
Diffused aluminum is used én the su+face of the turhine hlade
to increase its 1ife to five to six fold, Porcelsin coating
is aoplied to the surface of burners to increase its life to

two and half fold,

As aviation advanced, the air temperature indide the turhine ;
engine 1nc*ease‘. For an example, it is 9§0°C in the 50's,

1100°C in the A0's, Presently it reaches 12700C. But the

melting point of the turhine blades which are made of nickel

base alloy and cobalt base alloy is about 1315.C. The manufacture

technology lagzs hehind the requirement of production develop-

ment, Therefore,in general the ewvhasis is placed on design

to provide it with air cooling., Concurrently heat-resistant 1
thermally insvlated ceramic coating and techniques of strengthen-
ing the surface are used to prolonz the 1ife and improve the

performance of the ensine, :

Aside fro~ the corrosion resistant, wear-resistant coating,

other special purpose coatings are unier development, For an
example, color changine coating for testing, de-icing coating
for air flow Aeflector rover, coatine to reduce heat loss for
high temperature parts, coatine on encine to resist hydraulie

1iquid, ete.

THFES

Figure ? 18 a sechematic Aiaocram showine the categoriec and

applications of warious coatings on a4ﬁet encine,
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Various parts in the engine operate under ‘ﬁfﬁnent conditions

and have different functions. Therefore the requirements

for coatings are different. Genrerally the coatings should

he such that: the hindine hetweer the coating =nd the part is
strong, the coefficients of exparsion for both are close; the
coating will resist high temperature, corrosion, kerosine fuel,
lubricants, and hydranlic 1iquid; it will not mix with oil or
water and it will be air-tieht; it will not corrode the surface

it tries to protect; it has sufficiant hardness and strerngth,

We have described different coatings according to their func-

tiors, Now thev are clacssified according to the materials,

Metallic: Using corrosion-resistart metal or alloy to coat the
parts surface such as electroplating of chromium, silver,
eadmivm, and nickel or diffused metallic layer such
as diffvseédr aluminum, diffused chromium, and aluminum-chromum,
Hieh temperature flame sprayed coating of nickel, chromium,

or aluminum powdersgis another form of coating.

Chromium’Plating: Mainly used to reduce wear, Avpplied to the

the surface of rotating parts with an opreating temperature

hel ow 290°C such as an auxilliarv gear of the engine, j

S{lver Plating: Used as 1vbricant for bearing ard gear to

rednece the instantaneous frietion when the eneine just starts
ard Tubricatine 01l is insufficient, It could also prevent

holts ard nuts from fusing together at high temperature,

—'g‘




Cadmium Platingt In a salty environment, cadmium plating

will protect varts from corrosion. Since cadmium coating tends

to make the coated material brittle when temperature is above

o
230 C, cadmium plated steel used for lower temperature is pro-

cessed further by chromium compounds, The rotor in compressor

B e

is generally teeated by cadmium platine,

Diffused aluminum, diffused chromium or diffused aluminum-

chromiums Mainly used in turbine defleding and rotating blades,
Diffused aluminum can withstand temperature up to IZOO’C. To
fulfill the reauirement above 1200°C, study is underway to add
small amount of rare earth and noble metal elements to the

aluminum or chromium base,

4kan—'7ngZi£Qb ; 7;fe4£>4¢L/;hthrébaJZifJ c¢u¢«-¢ac¢a]5t;,anZ;

| Paint Coating: Mainly synthetic ard silicon orzanic resins
which are oill-=resistant and heat-resistant, They could bhe
‘ applied to aluminum alloy, macnesium alloy and are widely used

to coat the compressor blades,

E 3 Ceramic Coating: The burner ard exhaust nozzle which are

directly in contact with hich temperature flame could be pro-
tected Yy ceramic coatireg, This is a form of porcelain which ]
provides thermal insulation and prevent gas from coming into

°
contact with the metallic surface, The coating requires 1025 C

ard 25 minutes to cure and has a thicknecs of 0,02 to 0,06 mm,
The disadvantage of this kind of coatine is that it tends to be

hrittle at room temperature ard i1l deform at hich temperature,

EXISTING PROBLEMS AND FUTURE DEVELOPMENT

il i
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As the performance of the engine constantly advances, the

overating temperature increases, Gradnally corrosinrn resist-
ant materials swuch as stainless steel, titarium alloy are used
for parts in compressors, However some steel has high=tem-

perat ¥R oxidation prohlem ani recuire coating for protection,

Presertly, organic silicon aluminum powder is vnder stvdy as

S5 TR e
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highe=temperature coating,

To improve high~temperature property for turhine hlades, develop-

s A v 4

ment of diffused aluminum alloy is underway. It would be uvused

to improve the oxidation and deformation resistance of high ;‘

temperature allov., Diffused aluminum 2alloy is a double-

ST AR

layered coating, Compared to ordinarv diffused zaluminum

ol i

coatineg, it could itmprove the structure and compnosition of the
coating, When the ouvter layer aluminum compcund decays, the

inner oxidation-resistant layer continues to function, Ewven when

P e 0

alumirum compound cracks, the cohesion of the lower layer will

prevent this from spreading,

As to the ceramic coatine avplied to “he burner in the combustion
chamher and exhaust nozzle, further increase of the melting

temperature would result in changineg the basic properties of

the material 2nd cause deformation. Also ceramic is bhrittle at

low temperature and mobile at high temperature thus could he

hlown awav. Consequertly it has 1imited usefulness. Nevertheless,

within a certain 1imit, 1t conld hHe used as coatine to iron hase
alloy in place of high temperature allovs with high c~ntent of
nickel, cobalt ard chromium to conserve large amount of ex-

pansive mretals, It has eiﬂhifﬂcant strateci~ as well as

economic implications.,




The quality ard quantity of coating, to a large evtent, deverd
on processine, To develop and formulate reasonahle pro-
cessing method is an important topic which is still in develop-
ment, A prohlem which needsto be solved is how to develop
excellent workmanshiv necessary for the coatinz to be thin and

even,

Nurine the last two decades, the 1ife of an encine has heen
increased almost ten times. Aside from advance in desigr
which utilize new materials and rew technology, the progress
in coating also contribute to this increase of 1ife, Further

advarce in coatine technolébgy will o0 a lTong wav toward im-

vproving the verformarce snd 1ife cvele of an encine,

ey
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Vibraticn-reducing mid-
span shrouds.

Vibration-reducing mid-span shrouds.

Eilgure) i Vibration-reducing mid-span shrouds of an
engine.
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! High- High-temperature
G d Heat-loss temperature cCorrosion-resistant
At e ap-reducing coating pyotective coating coating ' coating:
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proof ///// Compressor Combustion cha?ber// Turbine Exhaust nozzle
I coating . -
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2
Air Exhaust
(dirts, gas
grease)
\ 1
Sea temperature burning gas,
water moisture Oxidation- Wear~resistant coating Heat-loss protective
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erosion- resistant !
resistant coating :
coating
Figure 2. Types and positions of coating of a turbojet engine.
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