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An experimental rig has been constructed for testing th. fretting
fatigue behaviour of two materials in use in gas turbines, viz. Ti—6A.t-4V

• and Incone]. 718. Initial tests on Ti—6A1—4V show that the fatigue life
is reduced as the temperature Is raised and this is associated with the
development of a 1~yer structure on the surface.

Introduction

Fretting corrosion occurs in practice where two metal surfaces in
contact tmdergo oscillatory tangential motion. At room temperature
debris is produced which consists largely of the expected oxide,
a1thou~ i in the case of iron and steel the oxide is a hi~~ temperature
oxide, namely caFe 0 • In many practical instances the relative move-
ment is due to cJ ~f the mothers of the contact usdergoing cyclic
stre ss, i.e. fatigue. Lbder these circumetances fretting can drastically
affe ct the fatigue strength , reducing it by a factor of 2 or 3 or even
greater. All the evidence suggests that the initial dAmage to the two
surfaces results from the rupture of existin g oxide filira followed by
local welding and local hi~~ stra in fatigue. The welded material is
smeared over the surface and is subsequently removed as loose debris by
a process of delamination. It is in the early stages of local welding
that 1:atigue cracks are initiated. Further evidence from . structural
changes in the surface s in the fretted region suggests that the re is a
local temperature rise associated with the fretting process and this
could have a pz’ofoued effect on the mechanical properties of a heat
treated material, which is usually the case where creep resistant
materials axe concerned. The purpose of the present project is to
investigate these changes in two alloys, Ti-6A1—4V and Inconel 718 and
to propose improved treat ments to cothat f~ett ing damage.

Little work has been published on the effects of temperature on
fretting fatigue and so a further purpose of the Investigation is to
assess the role of the oxide film , of greater th ickness and plasticity ,
on preventing the welding stage of fretting which is particularly
associate d with the initiation of fatigue failure.

Experimental

• 
. The fir st part of the progranune is concerned with thtaining

fretting-fatigue data on the two materials at elevate d temperatures.
The fatigue machine which is being used for this purpose is the Avery
Midget Pulsator, a push-pu ll machine. The specimens are machine d from
4.76 nun ( 3/16 in. ) diameter rod. The centre portion of the specimen has
two parallel flats machine d on it , reducin g the thickneés to 1.59 mm
(1/16 I n.)  over this section. The ends of the specimen are th rea ded to
secure it in the chucks of the machine. Fretting is produced by clamping
a pair of bridg es, made from the same material as the specimen , on to
the flats with a proving ring. The bridges are 19.05 mm (

~ in. ) long
and 3.18 nun (~ in.) wide , The specimen is aurr’oimded by a split furnace
which has two resistance elements in each half of the furnace. The
arrangement is shown diagrammatically in Fig. 1. Fig. 2 is a photograph
of the furnace assethly with the top half removed, showing the specimen
with the bridges clamped on to it by means of the proving ring. Fig. 3
is a general view of the fatigue machine and temperature controlling
equipment. The provin g ring is located outside the furnace but the prongs
holding the bridges axe within the furnace and therefore must be of a
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creep resist ant material, which in this case is Nimcziic 90. InLtially
the two faces of the two halves of the furn ace were made of stainlesssteel sheet . Care ful temperat ure surveys in both longitudinal and
radi al directions revealed that at 6000C the re was a variation of 34
over the gauge length of the specimen. Relocation of the heating
elements and replacement of the stainless steel by sindaiyo has reduced
the temperature vari ation to within 3°.

Fretting-fatigue curves have been determ ined for specimens made
from Ti-6A1-leV supp lied by IMI mder a mean stress of 248 WA/u? .~(16 tonf/1n2) and a clar ~ ing pressure of 31.8 WA/u? (2.06 tonf/in~) atroom temperatu re , 200°C and 600°C. The resul~ a are shown in Fig. 4.

A detailed examination of the dAmaged surfaces was made on the
specimens tested at 2000C. At room temperature the fretting damage on
Ti-6A14V is essentially of the delaminating type, ahow~ng removal of
flat plates of material about 2 ~a in thickness, At 200 C the damage
was considerably different and showed the development of a layered
struct ure as in Fig. 5. The multiple layers of material can be seen
tn the vicinity of the fracture, Fig. 6. The specimens teste d at
600°C have yet to be examined in the scanning microscope.
Discussion

The major part of the effort so far has been devoted to ensuring
that the experimental rig is satisfact ory for testing the designated
materials in fretting- fatigu e at elevated temperatur es.

The resul ts to date show that the frett ing fatigue life of
specimens of Ti—6Al-4V progressi vely decreases as the temperature israised , This seene to be associated with the development of a layeredstructure In the cont act region which indicates that the fretting
process is producing structural changes below the surface which appear
to be having a greater effect than any change in the thickness and
prop erties of the oxide film. Earlie r work on mild steel showed thatthe increased th ickness of the oxide film at temperatures above 140 C
had a pr otective and lubric ant effect the reby reducing the fretting

• damage. Early result s suggest that this may be the case with the
4 Inconel 718. 

/
/

1*.~. 

~~~~~~--- - — .- •— ,, ~~
,

- 

j



r ~~~~~~~~~~~~~~

• 1 I
Control thermocouple

• ~~~~~~~~~~~~~~~~~~~~~ 

F~ 
_ _ _Recording thermocouple 

I 1 ~ To temperature control unit

--4
-

- 

~ 

- .

- 
- : - - 

— - - Heating

-
~~ element

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

-
- 

• L...lo power

,._
~~~~~~~~~ -~-~—-~‘Ti _________

- ‘  -- ~~~ supply

~~~
-

• . 
I 

- - cpecimen

~

- ~~~ 

-

I — -

I
. .. I

.
- - 

I i  
-

‘
- I - 

- 
-
... . . 

____

Fretting
bridge

To temperature
measuring recorder 

_____ ‘-_-- . - - Furnace
I-. 

Prov ing

S L 
ring

Fig. 1. Schematic drawing or the High—Temperature Fretting—Fatigue Test
equipment.
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Fig. 2. End view of the test equipment showing the proving ring
and bridges clamped to the specimen and the bottom half of
the furnace.
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Fig. 3. Overall view of the test equipment , testing machine and
control system. 
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Fig. 5. Scanning electron micrograph of surface of Ti— 6A1—4V
• (liii 318) specimen tested at 200°C in air at a fatigue

stress = 16 ± 9 tons/in2.
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Fig. 6. Scanning electrob micrograph of ~- ..I ’ace of Ti-6Al—4V
(TrIl 318) specimen tested at 200 i air at a fatigue
stress = 16 ± 6 tons/in2.
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