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PROTECTIVE COATING FOB AIRCRAFT ENGINES

Thin in thickness ~rd 1i~ ht ~n wej~ ht , coat1n~ could he

used as a way of i~rprovir~ rtain propertIes of ma-

teria!s. It is easier and more effective than improv i ng

the ~naterial s themselves qnd ha~ broad applications.

Coqtin~ has a broad sDPctrum of aDnljc9tlons . Porcelain

erqmel Is applied to wsshin~ howls~~rice howls and dishes.

Oil nairt is appl ied to desks , d’-esse~~ doors and windows.

Stowes ~~~~ ~~~~~~~~~~~~~ ceramic enamel . Cars and agricultural

~‘qcbiraries use many Di ated and painted parts . Airplanes

use diff°~ ert kirri s of ca~ oufla~ e coat ln~~. In the fol lowing ,

we introduce the coatin~ for jet er~ ines.

USAGE

In daily life , we often see that equlp’~ents !rade of iron

become rusty , wood become corrod ed , Surfaces of aluminum

devel op ~1 mples d~ e to c~rtact wi th salts. Similar corrosion

phenomena would occur to the parts of’ a jet engine if these

parts do not recelIre special treatment. This is easily

urd p
~ stoor1 if’ we observe the mater fq1~ which constitute the

let er~ ino and the cord1t1 o~,s under which the enRire has to

operate. In fli~~ht , a lqv~
p amount of air enters the e~~ ine .

Aft~~’ nassln~ tbtot’~ h a compressor , It “i~ es with fuel and

~~~~~st 1or occurs. The gaseO US mixture ‘-eqcbe~ ‘~

~~nre q~~~ov~~ ~ t hni~ s q~~~ ‘~
p
~~r ees ~el slt ,s ar~ eventually exits

fr~~ ~~e exha~~ t ro77le at hi~~b speed . All the parts & the

er-y lre i.r~~1eh come In to conta c t w i th  this ~as at various stages

qr~~ ~‘eq t e~~ e~1 with different corrosion8,
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The front part of the engi ne is at a lo~~r temperature. These

parts are made of li~~ht weight) hard magnesium and aluminum

alloys. As air enters the engine , it carries along dirt

~rease a~ d salty mist which , coupl ed with temperature effect ,

adhere ~o the surface of parts and sc~’ious corrosions result,

These pimrles redi~ce i-he surface smoothness and the strength

of’ materials. Conseq u~ rtl y the life span of these parts is

reduced . Corrosion will he greq~1v reduced if corrosion—re-

sistant coati ng is annl ied to them to keep them from he~ n~ expos~d

to salty air qnd moisture 4-
~r’ t ,~~ rosul tir~ in longer life f~~r

t b e~ e ~art~~,

t~~q~~~~ r — il ls and the axes of’ gr~ n~ irc~ ~tone~ squeak , a~ pli-

~ qt~~or of lt,hric~ rt oil will reduce ~
-
~~~e friction. Inside the

enQire , however , tb~~”~ ~~~ ~~~~ rarts requirin~ lone life

come into contact with each o~ ’~’-”’ ~“-~~ ~~~~rate friction but w}-iicL can

rot be lub~ lcated . For an exampl e , tb~ ~‘1~~rat,ior reriucin~

mid— snan shrouls on the turbine ~l ad e~~ (Fl ~~~~ 1) require

that they ho ~~rprbqi,led after tho~,sard s hours cf ~~e~ ’1r i ce .

~~~~e~ — e  ~bro tj ~~~ urd ergo tem perature changes , i,r t~T , l S e , and vi~ra—

tiors d nrin~ the start ar~ stop of the engine . This r~su1~s in

wear of the cortactin~ surfaces an~ increase

of gaps thus requiring — 
rq rt s  — to

~e repaired or rppi~ ced . I~ a hard —a ton al Is coated on the

surface , 1~’st lIke ~dd~ rg metal part ~n t~ e shoe sole, re-

sistance to wear will ~
-‘e Increased ar~ ‘

~~~~~~~ lire of’ the

parts prolonged . Similqrl y , one car qiso apnl v a

cjct~ rt coating to the parts to restore ‘-hem to conform with

ori~~lr~ l specj1’ic~itjors , and contjrn° thelr ~~er ’ r i cos .  This

is ir~~ v oost—effecttve an~ is ‘.rtdel v ‘,~ ed in repair “or~ , 

—— - — —-r n-~~~~~~~~~~~ --~~~~~~~~~~~-” . — “- ~~~- - -——- __
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Due to desi~ r requirement , there are certain ~~ps between the

compresser hlad e~ and the housing ; turbine blades qnd outer

ring , Compressed air terd.s to leak through these gaps and

causes loss of efficiency. With proper coet~~ g aopiied to ~he

inner part of the housing or outer ring , normal rotation of

hlad e~ will rot he hind ered yet the gaps between the blades an
d

the housing will he rpd~,ceri to a mirimum to imnrove the engine

efficiency. It will increase the thrust power with fuel

consumpt i on unchanged , Presently organic coating , organic

silicon coating or soft metal plating is used in compressor

housings. High temperature matallic honeycomb or graphite is

used a~ filler . They are known as sealing coa~ in~ or gap—

reducing coeting ,

Combustion chamber burner , turbine blades and exhaust ro~~)e

all come into d i rect  contact ‘lth high temperature ~~qs whi ch

is hot enough to mel t aluminum. Not even carbon steel could

withstand the heat . These parts must he mad e of nickel , cobalt ,

chromium alloys which can wi thstand high temperature and

erosion due to moisture. However heat corrosion will still

occur if no protective coating is appl ied . This is due to the

fact that through high temperature oxidation , the sulfur in

the fuel reacts with the salt in the air ._2c to

form sodium sulphate . This aff~-~ ts i-he oxidation—resistance

and structure of the alloy surface)w~ak~ning the o~ idatlor—

resistance and strength of material at high temperature. Und er

the constant hombarmert of high temperature , high pressure,

high speed air flow , coupl ed wi-h mechanical stress , vibration ,

and hot—cold cycle , the engine parts will break, deform , crack

and burn thronwh . It constitute~ a serious threat to operation

~~~~~~~ ~~~~~~~ --~~~~~~~~ -~--- -.- ~~~~~~~
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safety. To reduce corrosion phenomena , be~t_resi~ t~ nt ,

corrosion—resistant materi al s should he appl ied to the surface

of the parts In ord er to avoid contact with i-he hur~ i~ g gas.

Diffused aluminum is used On the surface of’ the turbine blade

to increase its ‘life to five to six fold. Porcelain crating

is annl ied to the surface ~f burners to increase its life to

two and half fold.

As aviation advanced , the air temperature inside the turbine

eng i ne i ncreaset. For an example, it is 960°C in the 50’s,

iiOO~ C in the ~O’s. Presently it reaches 1270°C4 But the

melting point of the tu~~ ine bl ades which are mari e of’ nickel

base all oy and cobalt base alloy is about 1316’C. The manufacture

technology lags behind i-he requirement of production d evelop-

ment, Phe~efore,in general the emphasis is placed on design

to provide it w i t h  air cool i ng. Concurrentl y heat—resistant

thermally insulated ceramic coating and t echniques of strergthen~

ing the surface are used to prolong the l i fe  and improv e the

performance of the engine.

Aside fro— i-be corrosion re~ i start , wear—resistant coating ,

other special purpose coatin~~ are  und er development . For an

example, color charging coating for testing , dc-icing coating

for air flow defl ector cover , coating to reduce heat loss for

~jgh temperature parts , coating on engine i-~~ res is t  hydraulic

• liquid , etc.

ry,,’5

L Fi gUre 2 i~ a ~cbem atic ~ iqg~’am sb cw~4 rg i-ho ~.~t~~gor%~~c- and

qpplica tir~ns o~ various coqtirgs or a
4
iet engine.
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Various parts in the en~ ine operate u n d er ~~fferent conditions

and have different func i-ions . Therefore the requirements

for coatings are different . Generally the coatinws should

be such that : thp h~ nding between the coat in~ ~nd the part Is

strong, the coefficients of expansion for both are close; the

coating will resist high temperature , corrosion , kerosire fuel ,

lubricants , and hydraulic liquid ; it will not mix with oil or

water and it will he qir—t i~~ht ; it will not corrod e the surface

it . tries i-o protect; it ba~ suffici ant harlneFs and stre~igt h~

We h2ve described different coa~ in~ s according to tbe~
r func-

tions, Now they are classified accord i ng to the materials ,

Metallic: Using corrosion—resistart metal or alloy to r~oat the

narts surface such as el ectroplating of chromium , sflirer ,

•admiu,m , and nickel or diffused metallic layer such

as diffusèdr al uminum , dtffused chromium , and alun’inum—chrorrum .

High temperature fla me sprayed coating of nickel , chromium ,

or aluminum powd ers~~is another form of coat ing .

Chromium ’P1~~tin:~~ Mai nl y used t~ reduce wear. Appl i ed to the

the surface of rotating parts wi th an opreating temoerature

hel o-’ 290 C suc h qs  an auxllliqrv gear of’ the engine.

Silver Platinw s Used as luh~ icqrt for hearIng and gear to

reduce the instantareou s friction when i-hp engine just starts

and lub~ icatinw ~il is Insufficient . It could also prevent

holt~ a r 4 nuts from fusing t~ g~ th~r at h%gh temperature.

_ _  --~~~~-- —- -~~~~~•—~~~~~~~~~ -- - •
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Cadmium Plating: In a salty environment , cadmium plating

will protect oarts from corrosion . Since cadmium coating tend s

to make the coated material brittle when temperature is above

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

cessed further by chromium compounds . The rotor in compressor

is generally treated by cadm ium pl ating .

Diffused aluminum , diffused chromium or diffused aluminum—

ch’-omium~ Mainly used in turbine lefled i ng and rotating bl ad es .

Diffused aluminum car wil-hstard temperature up to 1200 C. To

fulfill the reiuirement above 12000C, study is und erway to add

smal l amount of rq re earth and nobl e metal elements to the

aluminum or chromium base.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Paint Coating: Ma inl y synthet ic and silicon organic resins

wh ich are oil—resI~~tqnt an d heat—res istant . They could ho

appl ied to al umi num alloy, mam neslum alloy and are w idely used

to coat, the compressor bl ades .

Ceramic Coating : The burner a~-~ri exhaust nozzl e w hich are

d irectl y in contact w ith high temperature fl ame could he pro-

tected by ceramic coating . This is a form of porcelain which

provides thermal insulation and nrevert ~as from com1n~ into
0

conta ci- w i t h  the meta llic surface. The coating requires 1025 C

and 2~ minut es t o c u r e  an~ hqs a i-hickne~ s of 0.02 to 0.06 mm .

The d%~~~ vq~ tqge of this kind of coating is that it tend~ i-o be

~ n i i -t lp at room temperature and ‘~Il1 deform at hiyb temperature.

~XTSTING P~o~r~~~s A~ t~ FUTT’~~ flEVELOPMENT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •• ____



As the performance of the engine constantly advances , the

operating temperature i ncreases. Gradually corrosir~n resist-

ant material s such as stainless steel , titanium alloy are used

for parts in compressors. Wowever some steel has high~~ em—

perat~~ € oxidation problem and rea tiire coatir~ for protection,

Presently, organ ic s i l i con al uminum powder is under study as

bigh~ temperqtur~ coati ng.

To improve big~~~temperaturo property for ttjrb ine bl ades , deve lop—

nient of diffused aluminum alloy is und erway . It would be used

to improve the oxid at ion  and deformat ion res i s tance  nf’ bi~~h

temperature all oy. Diffused aluminum alloy is a double-

layered c~~ t~ ng • Compared to or~~ira rv di f fused aluminum

coating , it could i mprove t,b~ structure and com pos it i on  of the

c oating. W hen the Ofl i-pr layer a luminum oorrpcund ~eca.y~~, the

inner oxidation—resistant layer continues to fi~rnt’t r~r , Ever when

aluminum compound cracks , tb~ cohes ion  of the l c ’~r~ r lRver w i ll

prevent th is from ~nre~~~ing•

As to the ceramic c~~~~ t j ~~~g aopl ied to ‘~he burner In the c ombustion

cha mber and exhaust nozzl e , further increasp of the melting

temperature would result in chan~ in~ the basic properties of

the mate~ 1ql and cause d eformation . Al so ceramic is brittle at

low temperature and mob ile at high temperature thus could be

blc’~Tr a~~a v .  Consequentl y ii- has l imited  usefulness. Nevert .b ele~~~,

within a cer ta in l imit , it . cou ld b~ used as coai- 1 n~ 0 i~’on base 4
alloy In pl a c e  of high temperature al loys ¶, T i t h  high c~ ntert nl’

ni ckel , cobalt and ~ b romi lJm to conserve l arge amount of ~x—

pansive metal s , It has c .1-~
.v

~i41cart ~ l-r at eg~~~ a~ well a~

economic Implications .

I i.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____________
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The quality and quantity of coa ting , to a large e~tert , de re rd

on processing . To develop and formulate reasonabl e pro-

cessin~ method Is an important topic which is still in devel op—

m~nt~ A probl em which rieedsto he sol iT~d is how to develop

excel l ent ‘ovkmansbit necessary for the coating to be thin ~nd

even.

P~~riflg the last two decades , the life of an er~ ine has been

Increased al most ten times. Asi d e from advance in design

whic h ut i li7e reflt mater ial s and re” technol o~ y, the progrp ~~s

in coating also contribute 1-0 this I ncrease of life. Furi-bor

advance in coating technology ‘n il ~~o ~ l oflg w~ v toward i rn-

proving th e performance an d life cycle of an or7lne .

_______ _ _  _ _ _ _  _
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Vib r a t i o n — r e d u c i n g  m i d —
span s h r o u d s.
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Vibration—r educing m id—span shrouds.

Figure 1. Vibratio n-reducing mid-sp an shrouds of an
eng ine .
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High— High—temperature
Heat—loss temperature corrosion—resis tantGap— reducing coating protective coating coatino coating

~a t e r C /
pro of Compressor Combustion chamber / Turbine Exhaust nozzle

(dir ~
grease)

water moisture Oxidation- Wear—resista~t coati ~~~~~~~ protedtive
- coating

erosion— resistant
resistant coating
coating

Fi gure 2 . T y p e s and  p o s i t io n s  of c o a t ing  of  a t u r b ojet e n g in e.


