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\Wear Testing

Fretting wear test; uncoated shoes
sliding against coated 4340 blocks

Coatings tested: EHC, HVOF WC/Co,
HVOE Cr,C,/NiCr, HVOE T-800 and
plasma T-400 (all thicknesses 0.003")

Shoes tested: M50 steel, IN-718, IIN-
901 and 17-4PH (size of contact area
s 0.06" x 1.125")

Load 3600 Ibs (stress 53 ksi)

Duration: 25,000 cycles (except
12,500 cycles of IN-901 shoes)

Frequency: 4 Hz

Stroke length: 0.060"
Temperature: 300 or 750 °F
Lubrication: none




\Wear Test Apparatus

Components of Wear Test Apparatus
Disassembled Assembled



Wear Testing

Inigeneral, two tests conducted for each specific condition
of coating/shoe/temperature

Wear coefficients on coated blocks determined by taking
average of nine equally spaced measurements of the depth
relative to original surface made acroess width ofi wear scar

Wear coefficients on shoes determined by taking nine
equally spaced measurements of material removed across
width of the face

Where widely different results obtained for two tests, a third
test was conducted

Unfortunately, amount of wear on coated block greatly
exceeded thickness of coating



\ickers Hardness VValues for Coatings

and Test Shoes

Coating

EHC 950
HVOF WC/Co 1100
HVOF Cr3C,/NiCr 1000
HVOF T-800 700
PS T-400 550
Shoe

M50 720
IN-718 430
17-4PH 380
IN-901 340




Wear Depths for Coated Blocks Sliding Against

Four Different Shoe Materials at 300 °F

0.00500

) M50 Shoe i  In718 Shoe 17-4 PH Shoe ¢ __ 901 Shoe
S , RCel . RC44 RC 38 Q ¢ RC35
000000 {a o = = ° O sl | SARAANMT: 0 s =
15-8-- TRt e et B e i 5T e S 5 5
(0.00500) - ge 2 5 || 2 8 8¢S
= © © [ )
] : 3 E 2 =
S || 8 - i i =
(0.01000) ® | 5 = S 3 5
3 ' N N
< - I sllg 8:
Ty (0.01500) § L;) o F - Coating Thickness .003"
a) E - § -
§ = 2 U S
2 (0.02000) : : > 2
S £
(0.02500)
Coated
(003000 | gy 1y
(0.03500) -
(0.04000)

Coating



o
(<b)
)
qu)
=
O
-
)
0p)
=
qu)
(@)
<L
(@))
=
N
0p)
¢b)
@)
e
N
S
@)
€l
()]
C
)
@k
(¢ b)
@)
S
qu)
=

L
@)
(@)
(@)
on
o
qu]
€p)
(@))
c
=
qu]
@)
@)

0.01

IN 901 Shoe

RC 35

[ ] swoJlyo
L lawolyd

C—oor L
C—— oov L
C—oog L
C—Joos 1

10D-OW\

17-4 PH Shoe

RC 39

|

_ 100-OM

L 100-OM\
[ ] swo.ayo
[ ] swoiyo

C—Joov L

L 100Y L
C—oog L

C—oog 1L

103-OM

IN 718 Shoe

RC 44

10D-OM\

] awo4yo

] awoiyo
SESESEESENE NSNS NSNS NN SN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEE
Ooov L
C—Joov L
UJoos L
08 L
C1oos L
Co1D

g Vlo!
L1919
0oo-om
CJoo-om
C—Jawouyd
——Jawouyo

M 50 Shoe

RC 61

o —
Q

o

1

0.02 -
0.03
-0.04 -
0.05
0.06
0.07

yidaq respn

L
|
_ 100-DM
L
L

CAatinA



Wear Depths for Coated Blocks Sliding Against

Four Different Shoe Materials at 750 °F
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Wear Depths for Shoes Sliding Against Indicated

Coatings at 750 °F
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Summary of Wear Test Results

Analysis of wear on coated blocks complicated by fact that
flor some tests all of coating had been removed early in the
test

Reasonably definitive results for testing at 750 °F

« WC/Co performed significantly better than EHC and other
thermal spray coatings for all mating materials except for the
IN-718 shoes where performance was comparable to EHC
(valid for coating wear and total system wear)

Results for testing at 300 °F less definitive
o For sliding against M50, WC/Co is superior coating

» [For sliding against IN-718, wear rates of WC/Co low but wear
of IN-718 shoe very high; HVOE T-800 and PS T-400 provide
total system wear comparable to EHC

 For sliding against 17-4PH, total system performance for all
thermal spray coatings comparable to EHC

« [or sliding against IN-901, WC/Co coatings superior to EHC for
coating wear and total system wear




Corrosion Testing

Specimens were 4340 3" x 4” x 0.25” -thick plates, 4340 1”-
diameter x 6”-long rods or IN-718 1" -diameter, 6”-long rods

Coatings evaluated were EHC (in some cases with 0.0015” -
thick sulfamate Ni underlayer), HVOE Tribaloy 400, HVOE
Tribaloy 800, HVOE Cr,C,/NICr, or plasma spray Tribaloy
400; coating thicknesses after grinding were 0.003” or
0.015”

Three specimens for each condition

ASTM B117 testing performed in salt fog generated from
5% NaCl solution with pH between 6.5 and 7.2; temperature
at 35 C

Total exposure time 1000 hours, at which time specimens
removed and loose corrosion product and blisters removed
using abrasive pad; protection ratings assigned based on
ASTM B537 protocol




Coated 4340 Steel Plates After 1000 Hours
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Coated 4340 Steel Plates After 1000 Hours

"+ OFTS00 I "HVOF Cr3Cr/NiCf  EHC |

thick

0.015”-
thick

4.340- 1'|

(e IR

0.003”-



Protection Ratings for Coated 4340 Plates

EHC-15mil

EHC-3mil

HVOF Cr3C2/NiCr-15mil
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PS Tribaloy 400-15mil
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Protection Ratings for Coated 4340 Rods
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Protection Ratings for Coated 4340 Rods
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Summary of B117 Corresion Results

For 0.003”-thick coatings on 4340 steel, EHC
coatings were substantially superior to all
thermal spray coatings

For 0.015” -thick coatings on 4340 steel,
performance ofi all thermal spray coatings was
comparable to EHC except for Cr,C,/NiCr which
was Inferior

For all coatings deposited on IN-718, performance
of thermal spray coatings was equivalent to that
of EHC (very little corrosion in all cases)
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