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SECTION I

INTRODUCTION

The trend to achieve higher thrust- to-weight  ratios in advanced gas turb ine  engines has
stimulated the need to develop structural components wi th  improved mechanical propert ies .
Since the early 1950’s the aerospace industry has met specific engineering requirements l~ r
structurally stable components through the use of t i t a n i u m  (Ti ) alloys. A numb er of high-
temperature Ti alloys are currently used in gas turbine engines, hut  service temperatures are
limited to approximately 430°C (800°F) f t r  extended service t imes of SOt ) hr or more. This
l imi ta t ion is due to the inherent vulnerabili ty of Ti to oxidation and a rapid decrease in
mechanical properties with increasing temperature.

The properties required to qu alif ~v a Ti alloy for high temperature applicati ons include hi g h
modulus to density ratio , high tensile and fatigue strengths , creep resistance , and metal lurgical
and chemical stability in the working environment. Severe oxidation of Ti alloy s causes
deter ioration of mechanical properties . such as post-creep duc t i l i t y  and f~ t i gue strength.  :\

number of research programs have been conducted in an eft ~rt to improve the oxidati on
resistance wit h coatings applied by electrochemical plat i n g and thermal  plasma spray. ‘I’hese
coatings have included Al . Cr . Ni . and t heir alloys or slurries. The ma lor drawback of t hese
coatings is severe loss of the fatigue strength (Re f ~ rences 1 and 2 ) .  Consequentl y . Ti all oy
components coated with these materials cannot he used in fat igue-sensi t ive sections ii f gas
turbine engines.

However , AFML in-house efforts demonstrated that Pt/ ion-plating on Ti-6A 1-2Sn-4Zr-2M o
improved the high-cycle fatigue properties significantly at 850°F (Ref ~rences ~3 and 4 ) .

In addition , low creep rates at high temperatures were observed on uncoated Ti alloys tested
in vacuum and in argon atmosphere (References 5 and 6) . This led to the investigation of ductile
oxidation resistant coatings impregnated in Ti alloy surfaces. Platinum ion-p lated coatings were
investigated and showed improved high-temperature creep resistance (Reference 7) .

This report describes the results of an 8-month effort to evaluate noble metal ion-plated
coatings on Ti-6A1-2Sn-4Zr-6Mo. The best coating system was selected and applied to ninety -five
7th-stage F100 compressor blades and made available for accelerated mission testing. 
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SECTION II

EXPERIMENTAL PROGRAM

TEST EFFORT

Two hundred 7th-stage compressor blades were purchased from Excello Fostoria with 105
mechanically tested and 95 saved for engine testing. The mechanical testing used for these 105
7th-stage blades was:

I . Fatig ue — All exposed at 454°C (850°F) for 125 hr before testing:

• 9 Baseline
• 9 Pt ion-plated airfoils with B/M roots
• 9 Pt ion-p lated airfoils and roots
• 9 Pt ion-plated airfoils and roots with dry film lubricant
• 9 Pt ion-plated airfoils glass head peened after plating with

B/M root
• 9 80~ Pt/20~ Rh ion-p lated airfoils with Au ion-plated roots
• 9 Au ion-p lated airfoils and roots
• 9 Pt pulse-p lated
• *13 Pt ion-implanted
• 2 Ti ion-implanted

2. Notch Fatigue — All exposed at 454°C (850°F) for 125 hr beflire testing:

• 9 Baseline
• 9 Pt ion-plated airfoils with B/M roots

3. Erosion — The blades used in the fatigue tests were also used in the erosion
tests.

Ti-8A 1-lMo-IV specimens were machined for the following:

4 . Stress Corrosion

• 3 Pt ion-plated
• 3 80~? Pt/2oe~ Rh ion-p lated
• 3 Au ion-p lated

5. Fretting Fatigue

• 6 Baseline
• 6 Pt ion-p lated
• 6 80~ Pt/20~ Rh
• 6 Au ion-p lated
• 6 Pt pulse-p lated
• 6 Au pulse-plated

‘Fiv(.if these blades dest rnyed during conditioning.
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MATERIALS

Chemical compositions (i f t h e  substrate t i t a n i u m  alloy mater ia l s  used in t h i~ invest ig at  ion
are listed in Table I , These compositions were all con firmed by Pratt  & Whi tne  Air craf t .

Chemicals used in preparing solutions in th is  invest ig at ion were all reagent grade mater ia l s
except for the  p la t inum electrolyte obtained from Technic Inc. . under the i r  designat ion
“Platinum N Plating Solution. ”

TABLE I .  CHEMI CAL COMPOSITION OF TITANIUM ALLOY SUBSTRATE
MATER IAl ~S

( 
~Ffl f)~ .~f (4 ()( i  . ( U t /  . )

.1 /1u ~ l est Hea t ( ode A I Mo - j r  N ( ()  H
‘Fl - SAl -  l\I .l\ FISSC BDEI.’ 8.0 1.10 1.10 (

~JC~, ((J~~( 0.020 1(095 ( ( ( s t a R
F’ret t ing Fatig ue HDE I’  8 ( 4  1.10 1.10 ( ( ( 1  ( ( ( 5 ( 9  ( ( 0 2 ( 1  0 .098 ( (0 ( E F(

Vibration Analysis

Experimental vibration analysis was conducted on compressor blades to  es tabl ish t he
frequency and shape of various modes of vibration and identift  ( .orresponding high stress areas .
The analysis included: ( 1) holographic analysis to establish modes of v ib ra t ion  trom (~ () Hz t o  21
kHz: ( 2 )  stress coat (br i t t le  lacquer ) analysis: and (3) s t rain-gaging.

Holographic analysis was used to identif y the natura l  frequencies of the  coated blades ,iiid
corresponding mode shapes (pa t t e rn  of v ibra t ion ) .  In th i s  analy sis , laser in t er f e r ome t rv  ~va~ used
to produce holograms of the  coated and uncoa t ed blades. Photogra phs of t he  rec on struct  (‘(I
holograms show the mode of vibrat ion the blade assumes (wh i l e  f ixed  in a broach b lock) ~‘hen
excited at a given frequen( - v.

The results indicate no significant differences in the various airfoils ’ mode shapes for all
modes of vibration from first bending frequency to 24 .000 Hz as a result of the ion-plating. Time-
average reconstruct ions of the holograms are shown in Figures 1 through 11.

Various modes of vibrat ion (usual l y the modes lowest in fre ’pi encv: first bending.  ( i N t

torsion , second bending, etc. )  can he determined by an elect rodvna m ic shaker w i th  t he  blade
secured in a broached block at tached to the shaker head. Stresscoal ( b r i t t l e  la c ( lue r (  an alv ~is
the blades was conducted to establish high stress locations for the  mode of interest . Tt~e blades
were then strain-gaged (Figure 12) at these identif ied locations , v ibra ted at a given an tp l i t  ti de.
and the stress ratios measured. The max imum stress location and st ress ra t io  det iend i i t mn which
mode was excited. The purpose was to ident i f y  the  m a x i m u m  str es~ locat i on of t h e  coated b lades
and the ratio of stresses at different locations for ~~~~~~ modes i i f v ib ra t i on .

In the first bending mode of v ibrat ion,  the  cracking of b r i t t l e  lacquer coat ing on H i l l - o f -
Material  (B/1\’l) and pla t inum ion-plated blades indicated no difference in the  stress pr of i le  for
these blades. A stress vs leading-edge blade t i p  double-amp l i tud e  cal ibrat i on was done using
st rain gages at the maximum stress areas (concave leading edge and convex m a x i m u m  root
thickness ) .

3
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Fatigue Testing

Prior to f a t i g u e  t es t ing  all  blades ( U ‘M . Pt ion~p lat e d .  Pt pu l s e -p la ted .  .\u ion -p lated ;uid
Pt 211’ Rh ion— p lat ~ d) were condi t ioned at -I~ - f ( ‘  (85( t °F’ ( fo r 12~ hr t o s i n iu l a t e  t h e  exposure

hat 1w blade receives in actual engine use - Figure 13 sh IWS what  a t y l ) i ( ’a l  p lot i t i um - C at ed an d
U \1 b lade looks like af ter  cond it Il ni i ng .

Pt Ion-Plated Airfoil Uncoated Airfoil

-i u I....- 
_____

_H iP  
_ _ _ _

FO 170749A

hL,’tI r (~ /:L (‘unip ar lson o/ ( ‘oa ed and Uncoated Titan ium-Alloy Compressor
Bkidcx .4f t e r  o xidation Exposure

After  condi t ion ing ,  four of the  gold coated blades showed discoloration from oxidation of the
t i t a n i u m .  The glass bead peened plat inum-coated blades also show some discoloration in areas
where the  ( ‘oat ing was removed or excessively abraded.  All other blades appeared to have a
sa t i s f ac to r y  coat ing prior to fatigue test ing.  The problem wi th  the  Au ion-p lated blades
demonstrates the  need for good qua l i t y  assurance if th i s  coating method is to be used in
l)roducti on.

Fatigue tes t ing was done on compressor blades at 454°C (850°F). The fatigue strengt h ~if
blades coated wi th  e i ther  p la t inum.  8011 Pt/201~ Rh alloy, or gold. increased 1w approximate ly
to’ I over tha t  of H/M blades when tested in the first bending mode of v ib ra t ion .

The typical value for l0~ cycle fatigue strength of the p la t inum ion-plat ed blades from a
regress ion analy sis  curve fit is 87 ksi irrespective of root coating as seen in Figure 14. From Figure
I I  it can also be seen tha t  glass head peening has no effect on the fat  igure strengt h of Pt ion-
plated blades . The lO~ cycle fat igue s t rength of ion-p lated 80~I Pt/20’ I Rh coated blades is ~(i ksi
a~ shown in Figure 15 . Figure 15 shows t h a t  gold ion-plated blades also have a typica l  1t1 cycle
fa t igue st rength of 86 ksi . This compare s to 68 ksi for the BIM blades . Figure 17 shows tha t  a 1
to 2 p t h ick pulse-plated p l a t i n u m  coating (coated as per t h e  Appendix ) a f fo rds  approx imate l y
the  same fli t  igu e enhancement  as ion-plated blades .

16 
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Figure 18 shows the effect ion-implanted Pt and Ti have on the high-cycle fatigue strength
of 7th-stage compressor blades . For this test program , blades were ion-implanted as indiated in
Table ~~. Before fatigue testing, these blades were conditioned in the same manner as the ion- ‘ 

-

plated blades. After conditioning, the Pt ion-implanted blades showed some oxidation in the
implanted region , indicating that this coating process affords less oxidation protection then ion-
plated or pulse-plated Pt. Figure 18 shows that blades implanted with lower energies
demonstrated only a slight increase in fatigue strength (blades 3 through 9). The two blades ion-
implanted with Pt at 150 key , 5 X 1015 ion/cm’ appeared to perform as well as the noble metal ion-
plated blades. However , with only two blades it would be impossible to draw any valid
conclusions. Figure 19 shows a typical fatigue failure resulting from testing at the first mode of
vibrat ion.

Based on the fatigue , erosion , and stress corrosion resu lts . Pt ion-plated blades were selected
for notc h fatigue testing. Notch fatigue testing was done on nine B/M blades and nine platinum
ion-p lated blades. These blades were shear notched in the most critical airfoil region to simulate
engine nicked blades. A 60-deg “V” shear notch simulates the most severe type of notch other
than an actua l material crack. A “V” notch is shown in Figure 20. These blades were notched
after conditioning at 454°C (85(1°F) for 125 hr.

The notch fatigue strengt h of the plat inum ion-plated blades showed a 10 cycle fati gue
stre ngt h of 25 ksi . This compares to 20 ksi for the notched B/M blades as shown in Figure 21. This
represents a ten-fold increase in high-cycle fati gue life at high stress levels. A greater difference
in fat igue strengt h may have been observed if the blades were notched prior to conditioning.

Stress Corrosion Cracking

Stress corrosion tests were conducted at 482°C (900°F) and 50 ksi for 120 hr using a two-
point loaded bent-beam test. Table 3 lists the test procedure and Table 4 summarizes the results .

Stress corrosion specimens were made from AMS 4916 sheet stock (Heat code HDE I T ) .  The
coated specimens were ion-plated with the following metals:

1. Platinum
2. 80Cr Plat inum/20~ Rhodium
3. Gold

Figures 22 through 24 show the specimens after testing. The uncoated t i tan ium sample (No .
505) showed no evidence of cracking, hut the salted sample (No. 515) cracked. These results
confirm t hat threshold stress for cracking AMS 4916 is below 50 ksi. Figure 25A shows a cross
sect ion of typ ical stress corrosion cracks produced on the salted Ti-8Al-lMo -1V specimen.

Visual examination of the platinum-coated specimens (No. 506 and 507) showed no
evidence of cracking of the titanium. The platinum raised the threshold stress for cracking above
50 ksi. It also stopped both the normal oxidation of t i tan ium and the salt accelerated oxidation
(causing surface blackening ) normally observed with this test .

Samples No. 509 and 510 are the 80~ Pt/20~’I Rh coated specimens. The salted 80’~ Pt/20~
Rh specimen also resisted stress corrosion cracking under test conditi ons. Both specimens
reduced the normal and salt accelerated oxidation of t i t an ium.

Photomicrographs of the gold coated specimens (Nos. 512 and 514) show no stress corrosion
cracking of titanium , but a 0.1 mm (0.004 in. ) thick layer of material separated from the test
specimens during the corrosion test. Apparently the gold diffused into the t i tanium causing the
titanium to oxidize and break away from the stressed specimen. The salted gold specimen did
show stress corrosion cracking (Figure 25B).

21 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I / / I
I 1 F—
/ I d F -

~~/ —0 I • 0
tl~~ t,~~~ :

I
• • —

• I

I 0 -~~
0

1 0 —

c o w ‘a : -~0 c 0I—
/I :

1 N  
- ° E  o c  1 •_r~~~__/___. 

_ _ _

~~ I
I 

(0 

,I 
• 

_ _ _  0

11
/ I

I/ I
/
I
l 

1

/

/

f 

_ _  

I
j~~~’ :y’ /

~~ I I E
Hi —

I—
• 

—

0 0  -~-
~0 (f)

—

0 0 0 0O 0) (0 F-
~1~

- aseJIg 3lweukJ $~~d

L ____ 
_ _ _ _  _ _  _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

TABLE 2. ION-IMPLANTATION PARAMETE RS

Biath ’ No. El, ’,nent lun-lntp /ante d J ~.,wr~.’i / i i  F /oem-i ’ (u,n.~/ em)~
Pt S - ii
Pt 150

1 Pt so S .

I Pt 50 5 ‘ 10’
Pt 191 1 - 10’
Ti i (s )  I . J ( ~ -

7 Ti 10) ) I . 10
Pt 100 1 . ] f l ’

I- ) Pt It s ) t .

.4°,

F*L 31111
~ AL 31131 

FD 93395A

Figure 19. Blade Shows Typical Failure Result~~g fro m First Mode of Vibration
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TABLE 3. STRESS CORROSION TEST OF AMS 4916 TITANIUM ALLOYS

1. Ma tt ’ruzl.s a nd App arat us

• Specimen holder: Nickel -  base al loY or AMS 2 ) 24 n ickel .p l ated :30)) series stainless stee l

• Stress Corrosion Specimens: AMS 4916 sheet . 5.630 ± 0.005 in . long. 0 (132 0 (5)1 in. th ick . (( .5
0.1 in. wide

• Sodium Chloride Solution: :1’ . aqueous solut ion of sodium chloride by weight .

2. Procedure

• (lean specimens w i t h  Reagent Grade Freon
• Place specimens in holder at 50 ksi stress

( I )  Do not bend the  specimens more than  necessary

(2 )  When more than  one mater ia l  is to he tested, each specimen should he
separated from the  of her specimens by a m i n i m u m  , f O 7 5  in .  on eat-h side .

• Place 54) ± ~i I of 3’~ sodi um chloride solution on two other AMS 491)1 specimens. Spread
uniformity  over an area of approximately 1 in. in center it sp ecimen.

• Include two ( 2 )  AMS 4916 specimens in holder wi thou t  surface coating.

• Place the holder and specimens in to  a clean c i rcu la t ing  a i r  iven at 3553°F I i i  F for 12)) hr.

3. ()bs ert at ion.s

• Specimens which break or show obvious tracks are considered to have faik .d ,

• Specimens which have not obviously fa i l ed  shall  he removed Iron i holder.

( 1) Vapor blast specimens .

(2 ) Immerse in solution composed of 50 ml n i t r i c  acid . 10 m l hvdr otluori c acid
and 10 ml sulfur ic  acid at 1:3)) to 150°F for to sec or u n t i l  excessive red
fumes are liberated, whichever comes f i r s t .

• Re-examine specimens fui r cracks at lOX magni f i ca t ion .  I a r .  cracks are noted , t h e stw cinsen has
failed the test (edge cracks not exceeding (( . 3)5 in.  in l ength  do not co n s t i t u t e  f a i l u r e  and ire
allowed) .

TABLE 4. STRESS CORROSION TEST RE-
S U L T S  OF I O N - P L A T E D
Ti-8Al. 1 Mo- 1V

.~amp It ’ Coating ( ra ck I ’- t .s
.105 AMS 4916 No No
515 AMS 491)1 4- Salt Yes Yes
50(3 Pla t inum Salt No No
507 Pla t in u m No N si
SoS Plat i num No No
509 50)4 Platinum/20Y~ Rhodi um + Salt No No
51)) S(Y.s Platinum/2 0”l Rhodium No N~
5 11 S(V4 Platinumf20’4 Rhodium No No
512 Gold N ’  Yes
si :t (;old No Yes
SI - I Gold • Salt Yes Yes
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FD 144136

Figure 22. Stres~ Corrosion Specimens After  Testing

I

Au Coated i) _/ I i
I I

Salted Au /Coatea TI

Salted
Uncoated TI FD 144140

Figure 23. Stress Corrosion Specimens After  Testing
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r Salted 80% Pt/20% Rh Coated Ti

I r 8°°’° Pt/20% Rh Coated Ti

/ Au Coated Ti

.d~~~~~~

CD 14 4 13 9

!‘i~,’ure 2-I .~trc.s.s ( orr o.siuti .“p o ’ci,nt ’n.s Af t c r  i’c.sting

Erosion Testing

The abil i ty of ai rcraf t  components to wit  h stand erosi o n by airborne part icles , such as sand
or dust , hears a d irect relationship to performan ce and l i fe .  Coatings fit r gas t u r l ) i f l e  t i t a n i t t m
compressor blades have to with stand the  erosion seen in t h a t  section of the  compressor. T h e
purpose of this test was to ascertain whether a I p t h i c k  ion - l) la te d coat ing aff ~trds erosion
protection equivalent to ¶VM coatings.

Test Method

For this study a Metco 3MB plasma gun was used. The Metco 3MB plasma gt tn ( ‘ o t l s i S t s  ut

a t horiated tungsten cathode and a copper anode. A potent ial  is applied and an electric arc is
st ruck. When gas passes through the arc , it ionizes and becomes an extremely hot pla snisi .  As the
plasma leaves the electrode chamber It is accelerated thr ough the nozzle. An a l u m i n u m  oxide
abrasive is introduced and propelled h the plasma on to the surl ace being te sted. The heat lrom
t he plasma stream was used to heat the surface of’ the test Piece to t he  desired tempera ture .
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A. Sampls 515 - Sailed T -8A1-lMo-IV

I

B. Sample 514 - Salted Gold Coated TI-8A1-lMo-lV

Mag: 200X

Figure 25. Microphotographs of Titanium Specimens After  Stress Corrosion
Testing
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The test specimens were placed in a rig which masks all but a ‘ i in.  diameter hole through
which the plasma stream and the aluminum oxide are directed. See Figure 26.

,— Test
Spec imen

A
Plasma Gun

(. 
in. Aperature

FD 166688

Figure 26. Plasma-S pray Erosion Test Rig

To approximate atmospheric conditions , nitrogen was used to create the plasma flame and
air was used to introduce the abrasive into the plasma stream. To establish appropriate operating
conditions the thermal plasma and abrasive were projected onto an uncoated t i t an ium test piece
and the surface temperature at the point of impingement was monitored by a thermocouple. The
test piece surface temperature was maintained at 450°C + 20°C (842°F +36°F). The operating
variables such as gas and abrasive flowrates, power supplied to the arc (voltage and amperage) .
and gun-to-work distance were varied until  significant erosion occurred. By appropriate
mani pulation of these variables virtually any degree of hot erosion can he simulated.

The hot-erosion wear characteristics of the various coatings on the 7th-stage compressor
blades were determined by directing the plasma stream and abrasive on the protective coating
and determining the time to break through. Due to the thickness of the coatings (approximately
I p) weight losses were not an applicable means for determining erosion wear. Several methods
of visual inspection were employed. For the coatings in which a distinct color change was
noticeable , the first signs of breakthrough were taken as the coating life . For those coatings in
which a distinct color change was not observable, two methods of inspection were employed.
First , the coating was completely stripped from sections of the blade so that  the plasma stream
and abrasive could be directed on both the coating and the bare t i tanium.  When the distinct line
separating the two regions disappeared or faded out , the coating was assumed to have been
eroded. Secondly, in those cases where examination of the specimen showed that  the coating was
still  intact after the demarcation line had faded out,  erosion runs were executed for definite t ime
intervals. By comparison of the erosion spots, the time of breakthrough was easily determined.
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Ero sion Test Result s

L in order to stabilize the plasma stream, helium was added to th e primary arc gas. The
composition of the hot gas carrying the aluminum oxide abrasive (27 p )  was thus  49.6A nitroge n.
2.4r~ oxygen , and 48.0”~- helium.

The velocity of the aluminum oxide abrasive particles eroding th e test specimens at 450°C
(850°F) was calculated by linear displacement of the erosion marks on a plate rotating at zero and
26~ ) rpm. The average velocity was found to be 940 + 170 ft/sec.

The various coatings eroded and their lives as determined by t im e unti l  breakthrough are
shown in Table 5. All specimens were tested at a 94J-deg angle to the plasma stream.

TABLE 5. HOT EROSION TESTING

Pr otectwn
Time to Relative

Coat ing Thickness Breakthrough to NiCd
Nicke l -Cadmium 13 micron 2 to S sec
Pla t inum-Pulse  Plated 1 micron 2 to S sec
Gold Ion-Pla t e 1 micron 2 to S sec 1
P la t inum ton-Plate-Peened I micron I to 1.5 m m 20
50) P0/20) Rh Ion-Plate I micron I to 1.5 mm 2(4
P l a t i n u m  Ion-Plate 1 micron 1. 5 to 2 m m 30

Fretting -Fatigu e Testing

Fretting is of particular concern because of i t s  occurrence in th e  dovetail  joints  compri sing
t he blade-to-hub attachments of turbine engine components. Fretting in this blade root area
results in localized effects that can ultimately result in fatigue failure. Fretting -fatigue can he
defined as a reduced-cyclic stress life due to premature crack ini t ia t ion at the area of surface-
fretting damage.

Test Method

In thi s investigation, testing utilized a P&WA/Florida-developed rig which assesses fret t ing-
fatigue. The fretting-fatigue test rig (Figure 27) produces fretting wear simultaneous w i t h  high-
cycle fatigue. The fretting is produced at the midspan point of a canti levere d bar , t he test
specimen , which is forced to vibrate by means of an electromagnet. Vibration is restrained by two
pins forced against the bar by a hydraulic ram. This force on the bar , toget her with the vibration .
permits a sma ll amplitude of motion in the loaded area producing fretting. The loading and stress
on the bar are at a maximum at the edge of the pins closest to the deflected end of the bar.
Fatigue failures follow this line of maximum fretting and occur from multiple origins along the
fretted region .

Results

All fretting fatigue specimens were made of Ti-S-i-I sheet stock. The baseline and coated
specimens were run at 454°C (850°F). Figure 28 shows the fretting-fatigue curve for uncoated and
coated Ti-8- 1-l . Uncoated Ti-S-i-I has a runout stress (10~ cycles) of 29 ksi. The Pt and Au ion-
plated specimens appear to have slightl y lower fretting -fatigue strength. The ion-plated 80° •
Pt/20~ Rh does not show this pattern. From Figure 28. the pulse-plated Pt and Au appear to have
a higher fretting-fatigue strength. This supports the indicatio n of poor adhesion of pulse-plated
coatings based on the erosion testing. More testing should he undertaken before any conclusions
can be drawn about the fretting-fatigue resistance of ion-p lated noble metal coatings.
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SECTION III

CONCLUSIONS

1. A l~z thick coating of Pt , Soy? Pt/20~ Rh or Au applied by ion-p lating or pulse-plating
affords a 3O~e increase in high-cycle fatigue strength.

2. The ion-plated noble metal coatings have no significant effect on mode shapes or
frequencies for all modes of vibration from first bending frequency to 24,000 Hz.

3. Ion -plated Pt will increase the high-cycle fatigue life at high stress levels on FOD blades ten-
fold.

4. Ion-plated Pt or 80~ Pt/20~1 Rh raised the threshold stress for cracking above 50 ksi used
in the hot-salt stress corrosion tests. Gold did show stress corrosion cracking and a 4-mil
thick oxide layer flaked off.

5. The erosion resistance of ion-plated Pt and 80~ Pt/20’ Rh is great enough to withstand the
erosion seen by the 7th-stage of the compressor. The erosion resistance of ion-plated Au
appears to be approximately 5( of ion-plated Pt or 80~ Pt/20~ Rh.

6. Pulse-plated Pt appeared to afford very little erosion resistance , probab ly due to poor
adhesion.

/ 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - - . -~~~~~~~~~~~~~~ -~~~~~~~ - .~~~~~~-~~~~~~~ -- - - - —- .--~~~~ _ _ _ _ _



____________ 
--

SECTION IV

RECOMMENDATIONS

1. Establish a design study to ascertain the engine parts that would be benefited by Pt ion-
plating.

2. Establish a coating thickness quality assurance progra m based on Beta backscattering.

3. Evaluate ion-plating as a method for applying a thin base coat under other coatings to
protect the mechanical properties of Ti.

4. Evaluate the use of ion-plating using metal other than Pt.

5. Evaluate ion-plating using base metals other than Ti.

35

_ _ _ _ _ _ _ _ _  _ _  --“~~ --- .- ~~~~~. -



APPENDIX

PULSE -PLATING PLATINUM

Solution Makeup

1. Fill a liter tank halfway with 66°C (150°F) distilled water
2. Stir in 340 g/l ammonium nitrate
3. Stir in 43 g/l sodium nitrate
4. Add 319 mIll of platinum “N” concentrate
5. Fill-up balance with distilled water.

Plating Parameters

Current Density: 50 to 60 amps/ft 2
Anode: Platinum or platinum-coated cobalt or t i tanium
Temperature: 88 to 96°C (190 to 205°F)
Voltage : 2 to 3V
Current Efficiency: 20 to 30~Pulse Cycle: 3 ms ON — 3 ms OFF
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