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5. Fretting Fatigue Behavior of Wire Rope Steel and SNCM439 Steel
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Abstract: It is known that one of the most important factors in failure cause of wire rope is fretting
fatigue, which occurs as a result of relative cyclic slip at the interface between two surfaces in intimate
contact. However, study of fretting fatigue in wire rope is limited because fretting phenomenon is
very complex and reasonable fretting fatigue test is difficult. In this study, to assess the important
variables that can affect fretting fatigue of wire rope, fretting fatigue behavior of a cold drawn
eutectoid steel rod, which has been used to make wire rope, was examined by clamping the contact
pads with the same material. Fretting fatigue strength is affected various factors. The effects of
specimen configuration, fretting test apparatus, contact pressure and pad span on fretting fatigue
strength were examined using two types of specimens and contact pads made of SNCM439 steel.

The fretting fatigue specimen for the wire rod is a total length of 280 mm with button head ends
an a 90 mm long gage length with the cross sectional area of 33.24 mm?2. Two types of specimen
geometry were machined from the rods of 16 mm and 25 mm dia. of SNCM439 steel. One is the
same configuration as the wire rod specimen. Another is rectangular configuration with the cross
section of 5 X 10 mm and gage length 70 mm. Bridge type contact pads having the span lengths
of 20, 30 and 50 mm of the same material as the fatigue specimens were prepared. Two types of
fretting fatigue test apparatus are used. One is a screw type apparatus of which contact pressure
was applied by threaded screw attached to the proof ring. Another is an oil pressure type apparatus.

The plain and fretting fatigue tests were performed under a sinusoidal wave at frequency of 10
Hz using a 98 kN capacity closed loop servohydraulic fatigue testing machine. The fretting fatigue
tests were carried out under contact pressure of 60, 96.5 and 100 MPa, and a stress ratio of 0.1.
The slip amplitude between the specimen and the contact pad was determined using a contact type
or lazier type displacement sensor. The frictional force between the specimen and the contact pad
was measured using the strain gages bonded to the central part of the contact pad holder or the
contact pad. The fractured and fretted damaged surfaces of the specimens were examined by an
optical microscopy and a sacnning electron microscopy to determine fracture morphologies, crack
initiation and propagation modes of fretting cracks.

Based on the results of this experimental program, the following conclusions were drawn:
(1) The fretting fatigue limit of wire rod and SNCM439 steel decreases about 55-70% and 34-57%,

respectively, as compared with the plain fatigue limit.
(2) The fretting fatigue life of both wire rod and SNCM439 steel specimens decreases with increasing
contact pressure due to increasing frictional force.

(3) The fretting fatigue strength of different types of specimens shows approximately same fatigue
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limit at a given contact pressure.
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(4) Under a given contact pressure, the fretting fatigue life tends to decrease with increasing pad
span because of increasing relative slip amplitude, regardless of specimen configuration.
(5) The fretting fatigue life or strength is controlled primarily by both relative slip amplitude and

contact pressure.

(6) The fretting fatigue life measured by the hydraulic type clamping apparatus tended to decrease,
as compared to that obtained by the screw type apparatus.

(7) Fractographic examination of the tested specimens revealed the fretting cracks were initiated at
a shallow angle to the contact surface and the direction of crack growth changes to the loading
axis. Fretting damage surface showed the wear tracks with heavy plastic deformation.

Keywords; Fretting, Fatigue, Fretting damage, Contact pressure, Frictional force, Pad span, Test-

ing apparatus, Specimen configuration, Wire rod, SNCM439, Fractography
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Table 1 Mechanical properties of materials used.
Ha OB EE

Material Yield strength Tensile strength | Elongation | Reduction of Vichers
(MPa) (MPa) (%) area (%) hardness

Wire rod -_ 1642 8.5 — 422

SNCM439 933 1044 32.2 58.4 350

Table 2 Chemical composition of materials used (wt.%).
HEH DOLERS

Material C St Mn Cu P Ni Cr Mo

Wire rod 0.82 0.24 0.78 0.01 0.007 — — —_

SNCM439 0.40 0.24 0.72 0.09 0.002 1.61 0.68 0.18
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Fig. 1  Fretting fatigue specimens and pads
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Fig. 2  Screw type fretting test apparatus
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Fig. 3  Hydraulic type fretting test apparatus
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Fig. 4 Plain and fretting fatigue tests results of wire
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Fig. 5 Relationship between stress amplitude and rela-
tive slip amplitude of wire rod

40y ROBHIRE EEXNT X URIEOM R

ERZ2WARIIFRE NIIS-SRR-NO.18(1999)

4. RBERBIUVEER

41 7A4¥OY RDI7LyT 4 VI EFEE

Ty T 4 TEFRBICHENLD, EE7 mm DY
14Oy ROEZOHRIZ 0R DYIREZMITT, B
MNEEZ 4 mm WNTUEIERBRFZ2HWT, EY
RREfTo 7. TOHKR, b/itk R =01 TOH] D
Ly T4 THEFRER, 450 MPa (218 900 MPa)
THol,

JAYvO—-7TIE, FREALIGEEMLUINS8
NHIEDTIVT 4 2 TMEL BN, FRELOH
EREDEREIZRZONE, A VO-TOERI®
VT OER D HIIHEINS D, REMOEER
RDBZERBTUDBBESTIE W, £IT, aER
TiE, ThETELWMEDO TV v T4 X TEBFRRIC
BAINhTWAEEGO~O %2, EEMEALZ. Fig.
41X, HEZ 60 MPa BXU96.5 MPa &L T7 Ly
F4 2 TEFRRZITOBOSNEXEZRLEDD
T, BEMAITIESOENRZDSNSHN, EMELT
HEEDEWIRS OB HFRFREIGEE B X OYE 35 R E A 8
LTw3, ZOBEOEFREL, BEED60 MPa T
134 199 MPa (£#R1& 398 MPa) , HEEM 96.5 MPa
Tid 132.8 MPa (2RIE 265.6 MPa) BEL/A->TW
5. Fig. a3 T Vv T4 VT EFABRT—FH—
HIRLED, JVyTa 2 TMTRIEI VYT 2T
ICHE LT, EHREMNEED 60 MPa Tt 55%,
JEZ3 96.5 MPa ODFETIZ 0% TN ZHET L T3,

TVwT 4 o TEFRRBRICBWT, BEICKVEY
BEICERNRONED, ZOEREZHBOEBRERI
OBIEFERM SHHT S &, IRHEED 200 MPa (£
¥R1E 400 MPa) LA EOH S TIIEREBRIZIZE—T L
2oTHBYD, Lz->T, @EOCHEMINY B EHE
FOMOBEAZBAIEZZENS, HXTNVIE
BAEML, EHBENRR>ELHEEBINS,

42 740y FOEMTAYIRE

Fig. 5 (X ARG &I TRORIBOBERZETEMN
60 MPa OBEICDWTRLAEDDOT, IBHIRIEDHE
MCENTHAITRDIRESEML TS, Z0OLS
7REMENE, WEA 96.5 MPa ODBSICBVWTHREET
H5, Fig. 6 [IEBRREEMARNTRVIREREEOBEERE
RLUEHDT, ERERKINY REABRSFHOBEER
IR Fo S LAWURE P &D, Fo/P EUTES
L7z, BIZRENAEDIZ, T XDEENNEN
TEIL TR AR TR ORI L IZITHML T
B0, HMTXOREI 15 pm BEI S IXFE—E



TJAYvO—7REKRU SNCM439 DT L v 54 > TIEHEE

1.0
R=0.1
4z 0.8
5
2 [ ]
L s © o ® *
% 0.6 ® - @ ...,,.?
3 )
c o
S 04 ®
B L]
=
R
Contact pressure 60MPa
0.0 i £
0 10 20 a0 40 50

Relative slip amplitude pm

Fig. 6 Relationship between friction coefficient and
relative slip amplitude of wire rod
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Fig. 8  Fretting fatigue tests results of SNCM439 steel
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Fig. 9 Effect of fretting test apparatus on fretting
fatigue strength of SNCM439 steel
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Fig. 18 Fractograph showing crack profile of wire rod
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ERMEIERORE - ERBOBOEEZE/SNy Fh
SZTKTEOT, MHIERTHEDEEZ LGNS,
AFVABBOER, EWEROEAMEIOKEIZA
AT U T 10~ 200 REEFA L TWHBaNL <,
BRI EE NS < D DS TIRIEAE WIF-S TN
T HEAAED 5z, Fig. 18 IZEWEROEGE
BOWHEZERLEHDT, ERHIRBFOEBEOIFES
RPSERBARICEALTVNS, ZOFEDOERITHL
THREZHES 2C LZREI a 2REL 2/2C DIE%E
ROEEZ A, 0.4~0.45 OFRH E72>TWz, Fig. 18
DHERNOHRETH L, AEMTOTYAvYO—-7HE
DIVYT4 2T ERIBNZEENROKEEHE
RoTHERL, TORABEEIFITER L TREREBIC
ErLEZLND,

2B, BRUEHETIIERED S 60~80 yum DEI ET
ERER AR EFRFMICE DN OBREE T S FHHE
BAERINTEY, ZOERIIESHERTE 15~
20°EBEM LTV (Fig. 19). BRRICHAWET 1Y
Oy Rid, 3lofR0DIBED 1642 MPa LIEFITEWVIC
EMNDST, ERDSBNEERITEANS M-
ar BRI TWi,

5. & @

(1) 9AYa—-THDOT VT4 2 TEFEEIIEEN
WY 5 ETERZRL, /Sy REE 50 mm
2P 55 FRREEEEA 60 MPa Tid 199 MPa,
95.6 MPa TiX 133 MPa RRETH S, TN 5 DfE
27V 4 T EZTRWIAL YOy ROEFHR
EELET S &, EED 60 MPa TIEK 55%,95.6
MPa Ti3#I 70%1E T3 %,

(2) 7AvOy R ERBRASEHAETHEL 72 SNCM439 8
DIVyT 4 TERRER, JVyTa %%
TFRNWEE OEFHREITHART 34~57%K F 75,

(3) MEITE 5T /Ny REREAEINT 5 LI Famn
BOT D, £z, HENEMT S EMHMTRD IR
BAETEML, EFFMIMET T3,

(4) EEEABUIHMTRORIFE EbITEML, MHxt
T RO WEA 15 pm BL BT D &FE—E (B
0.6) X725,

(6) APREMERO T LT 1 VTHABRERBICL S
HBRT—F 2B LR, mERXOENT Ly
T4 T EHFREFEGVEDTEEMBR NS,

(6) RBFOBRBLIUNY REBRICK->T, HFHH
MNELS,

(1) VT4 X TEFEHRIBNIT AT MR
045 BEOHEHNREEHELLUTHRE -#EL, B
BERICEBRKEBICES LHERINS,

(8) BAMEICIIBILERHMAEL THD, ERE
B OWE AR AN LT 10~20° R EEF LT
WAHHEENEZ N,

) VT4 P CEkoTELBERES S 31, RR
F &Ny RTA—F—HIZFEFELVWES TH S,
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