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Transient Thermal Stresses of Coated Materials due to
Sliding Contact with Changing Frictional Coefficient
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This paper deals with the transient thermal stresses of a surface layered material due to the
sliding contact with changing frictional coefficient. The actual frictional coefficient is given by the
experimental results of the sliding-contact test on the hearing-specimen lined with white metal. The
temperature and thermal stresses caused by the frictional heat generation in a coated materials are
analyzed by making use of Laplace transformation and Duhamel integration. Numerical calculations
are carried out for the same conditions of the examples in the sliding contact test. It became clear
that the numerical results of temperature agreed well with the experimental results by choosing the
proper heat transfer coefficient and the variations of temperature were similar to the change of
frictional coefficient. Moreover, the thermal effects on the stress variations are considered by
comparing the results of thermal stresses with the results of mechanical stresses.
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Table 1 Mechanical properties

WCHEMEREE P 2AR L 2B STV, BT O ME
WE A EE S, BoEERIC X > CTEBES Le 5 8
Wz EHToN 2 EERELHAL:. ERLHE
W MOBIL DTE VG 100 heavy (R 95 10-¢
m?/s) TH 5. REH Lw dEE» S 1 mm T OER
2, TIVAN » 7 a XA NVEBERZRET S LICE
-7, Lo 2B@RToxBFORELLLE, £7-,
TN E = LAESBOBMBR ORI T AT —Y
REVMFIFBZLIZE-T, Lo S ERBETOEER
F %@ BlE Lz, OFAEEE, P03 s
BEDLD 25 —VEERAL, B0 AEFE/ -V F
NIV 2= EHCTEHEEHA AT 2.

ZIT, EBOLe YBEROAWMNELZ P & T
N, BEEE S X /=F/PoBRRL VBN S,
% 7o, AEEBR T OEMIL ST I ATRTIIET] Onean=
P/(2¢B) 2#VTEFR LM, EEBIZ I~ BilE
HHBFITE->Twb eEFEZoN, FEFEICBEVLTIE,
AV OERKEFMTE S Po % Pi=40mean/m TS5 272,

5. EREFREORBRER CEEXED
4, 5T AFREHERE JT DY Omean=230 MPa T,
FIEEHE N Z N ZFH n=260, 500 rpm DHEIZ D

Table 2 Chemical compositions
(a) FCD 400

C%) |Si@®) |Mn@%) |P@®) |S %) | Mg %)

25 2.7 04 0.08 0.02 0.09
Min. Max. Max. Max. Max. Max.

(a) FCD400
Tensile Compressive Young s
strength strength (0.125%) modulus
(MPa) (MPa) (GPa)
400 250 157
(b) WJ7
Tensile Compressive Proportional | Young s
strength | strength limit in modulus
(MPa) | (0.125%) (MPa) | compression (GPa)
(MPa)
72.3 25.51 15 33.35
Shaft diameter  giameter of specimen
@200 62003
WJ7
i
e '
2c=12mm
il B=98mm \ 8\ /
Thermo couple . =
40 FCD400

Fig.2 Shape and dimentions of the specimen

(b) WI7
Sn (%) Sb(%) | Cu(®%) | Pb(%)
11-13 13—15 10 Bal,

Fig.3 Schematic illustration of the test-machine
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K=20W/(m*K), ax=11.9x10"%/K #4ZmA L 7z.
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BOMEFREDOARE &2, BEOERER L TRBIICIZ
FELS BB L ICdl. Fh, EAH B IZOw
T, HENEE L ERRESE STV B, 5
BT, IREOHRHEOLB N ERMBOLSH & €M
FICIRIE—HT 2L 08D, Z2OHFER B=2%

—_ —rr———— —————
o o = 30[MPa], n= 260[rpm] 40.06 =
?;' 40 - Omeanf (Experimental results) B
2 ® AT (Experimental results) é
g 20 AT (Theoreical results) g
= 4004 ©
5 | _
2 g
320 g
g 2
st Jo.02 &£
g 10
= L

0= —— o

10' 10° 10°

N [cycle]

Fig.4 Variation of temperature and frictional
coefficient (Omean=30 MPa, # =260 rpm)

G | O pean=30[MPa],n = 500[tpr] '
?;‘40 L Omnf (Experimental results) q0.06 =
e ¢ AT (Experimental results) 8
£ AT (Theoreical results) Be]
g 30 0.04 &
-3 L 2]
o )
220 5
g | g
2 0.02 LE
g 10
= L

o r n " PR L " n il

10’ 10° 10g

N [cycle]

Fig.5 Variation of temperature and frictional
coefficient (Omean=30 MPa, 72=500rpm)
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WL TEEI R BEEHOHEGKR Y, K4~612
FNFNERTHET. 22T M6 ICBLWTEREDE
BR{E (M) & HER{E (CER) 2 T 2 L, 4, 518
IR Tk, IR, REABRE CREEERI
LD RS X D EEME D E HITRBRA Lo ) Bt
ML TW3, SEESsE n="718rrpm LET5 &,
HUCAPE L EEBICERT 2R O0APKEL LD
HEH L w ) B~ OfEEmOBENBAI L, KEL
EERESE SR B B0, BEOERENSHE
WELDLALKREL B LD EEDLNSE, WTFhD
BEL, BE LEBRRORED T/f=735.3Ct %
DZ—EDAT—NEOY & T, BEOHRIE L BEEG
BULEMMIC L ERMICL LW —ENRSNE, 0
JEEY, BREEHOAERREEHVS LT, BH
EBRBOWENTRETH 2 Z b hn s, Kb, |
20 &) HEMEUANAD T —T 4 > T EYIDE S 2
FRESOFHEBRETVE, M1DO& ) RERICE LY
B ERAOEERMER T 7L T, BB IIGL T
WA, BEfLOEIRIE T 1 mm O S ORE &
HOBEBREOAEHMEICT 258121, AEL» 5
BN 2BOETLVOMBIDE DRSS SEELZL
bOLEOLNS,

o O mem=20[MPa], n=718[rpm]  ¢* -
?;‘ 40} Omea"f (Experimental results) 1006 §
S e AT (Experimental results) 2
o AT (Theoreical results) g
13
g 30 Jo.04 2
K g
£ 20 g
g .
g {002 &
£

0 ~ 0

10'

N [cycle]

Fig.6 Variation of temperature and frictional
coefficient (Omean=20 MPa, #=718 rpm)
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&7, 8 12 I3 ARG ST DY Gmean =30 MPa T,
BIEEH A Z 21 n=260, 500 rpm DHFEICDWVT,
B9 9 121 Omean=20 MPa T, BEIFER& A n="718 rpm O
BIBLITOWT, FNFN 2 HAIRS 00 OEB &R
. BRI ITARTREOHES CHIGL, ET 1
B LEERT. WHRER,PSES
D EEEBOEE 2 AT, X1 OB EREE
FLZONTEHELTWADT, M20 &5 BHERE
XOEBRETFAICH LTI, I OIRIBITEE I3
FELTwA, UL, S OEE T 1 mm O
DOIEHESO» A EIC T 2882, Y- 7F >
OEELD, 2EOETFTVOREED E I RKELEE
¥ MI~9REBREFVICHLTLERTES D

ODrEpbnE. BT~V TWTNDEE L, #

mm DE X

O mean= 30[MPa] , n = 260[rpm]

Coated materials Uniform materials
—8— Thermal stress -~} - Thermal stress
—w— Mechanical stress  --V-= Mechanical stress
—&— Thermal --O--Thermal 1

+ Mechanical + Mechanical

NG -O5P
LI o v 9o v vo v

N [cycle]

Fig.7 Variations of e for thermal and mechanical
stresses {Omean=30 MPa, #=260rpm)

O 1ean=30[MPa}, 7 = 500[rpm]
Coated materials Uniform materials
—&— Thermal stress -0-- Thermal stress
—9— Mechanical stress -V-- Mechanical stress|
—@— Thermal -O--Thermal

+ Mechanical + Mechanical

=)
¥
E -40
8
b
B 20 g9t
O
B
»n
0 =
10t 10? 10°
N [cycle]

Fig.8 Variations of oz for thermal and mechanical
stresses (Omean=230 MPa, #=>500 rpm)

Coated matena]s Uniform materials
— —&— Thermal stress -0--Thermal stress
< || —w~Mechanical stress -9--Mechanical stress
—@-— Thermal ~O--Thermal
+ Mechanical stress + Mechanical
-40
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w» 20
75
(]
St
)
78]
0

Bz DL, EEEC X AU 2 BETT, BiEN
57 % WEIT, Bty & BRIIG ) O &5 % @EI TR
. 2 REOID, FCD 400 5 5K 5 H—M i Dw»
T4, B H 2 OEIT, WG %2 VEIT, BUt7]
MG O&E 2 ORITRLTH S, HHEED

- Px) pEERIMICELL RO T, EEEIE b E

WP L o T 508, BUSTIZPIRAM 0 2 & B
BABUCOHE U TR & bl Tw b, BRIk
7T 1% 3000 cycle, X8 T ix 1400 cycle, ®9 T &
2900 cycle LB B &, BUSTIWEBAIGTILD b
KELRD, BUSHP RO UEEZED S &5
127 %, —75 FCD 400 » & % % %) E M O BG 171X
WEMOBIETE D bEINSLWI/3EBEBEORES
Yo TED, ABEFHEOER T, WEM OB
BTG IRBGT & D b B ICKE S > T3, %12,
BEOIHBM OSEHEEEMOZ LD /S
7, WEMOEGHIREOREE L bICKRELRD,
1512 B 7 T 1E 500 cycle, B8 T id 200 cycle, 9 T
121400 cycle #8823 LBEMDZER LD b KREL
KD, FNSOEFREE L HICELL LS, Ihi,
FCD 400 O#HEEGEHED ee=11x10"°/K &, W] 7 D
B RRROESUTOEZ DT, BENRE LD
Y, BERAROZICERL TA L 3 HEM O LM
BUSHHAE 2B EBbNS,

7. #&

i}

BEARBOEENT 5 L o O BiEAUC X 2 EM DR
B, BIUEERBISHR S CHEBNIS I 2L,
FCD400 254 & L WIT K74 b X5 VIEEBEM D
L) BiEERER - BT 2 2 ik D, REBRGFIDO
#iFR B L OCBUEETER O T, DT O EET.

| 0 pyean=20[MPa], 7 =718[rpm]

o
S

N [cycle]

Fig.9 Variations of 0wz for thermal and mechanical
stresses (Omean=20 MPa, n=718 rpm)
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