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Relation between Wear of Iron and Steel and Sliding Surface Temperature

Makoto KAWAMOTO, Susumu SHINTANI,

Synopsis:

and Kunio OKABAYASHI

The wear characteristics of 0.4295C steel, 17Cr stainless steel and pearlitic cast iron at relatively low
sliding speed have been examined by the pin-disc type wear machine in relation to the sliding surface
temperature, and the general relation between wear of iron and steel and the sliding surface temper-

ature has been estimated from this experiment and the previous reports.

Both the temperature of actual

contacting regions (flash temperature) and the mean temperature of apparent contacting surface were

considered as the sliding surface temperature.

To measure the flash temperature by the dynamic thermo-

electromotive force method, 0.429C steel and cast iron were rubbed against 17Cr stainless steel and

17Cr stainless steel was rubbed against 0.60%C steel.

It has become clear that the wear characteristics of iron and steel can be understood systematically
by the mutual relation between the flash temperature and the mean temperature of the sliding surface.
Regardless of the sliding condition, when the flash temperature is about 300°C, the maximum point of

wear by the severe wear appears, and wear being a very little below 250°C.

When the flash temper-

ature is so high as some of the actual contacting regions reach or approach to the melting point, wear

depends on the mean temperature.

scuffing occurs at relatively high mean temperature.
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Table 1. Chemical composition and hardness of specimens.
(N Si Mn i p f S Cr Cu ; Hardness

| Carbon steel S43C 0.42 0.26 0.73 | 0.014| 0.013 0.16! 0.18 1; Hv 185

Pin | Stainless steel SUS430  0.06 | 0.30 | 0.31  0.025 0.022  16.90 | Hv 219
“ Pearlitic cast iron | 3.40 2.06 0.42 ‘ 0.010 | 0.018 0.22, 0.90 I Hv 218

Rin W Carbon steel S58C ‘r 0.60 0.33 | 0.64 %\ 0.020 | 0.013 0.08 § | Hv 197
g “ Stainless steel SUS430 | 0.08 0.62 , 0.54 i 0.027 | 0.022 ‘i 17.37 | 0.08 ﬂ Hv 183
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. Wear loss-sliding distance curves of 0.42
%G steel sliding against 17Cr stainless
steel.
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Fig. 2. Method for measuring flash temperature
(temperature at actual contacting regions).
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Fig. 3. Relation between temperature and thermo-
electromotive force.
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Fig. 4. Examples of measurement of flash temperature.
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Cast iron was rubbed against 17Cr

stainless steel at sliding speed 0.82m/sec and contact pressure 2 kg/cm?.
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Fig. 5. Variation of wear rate of pearlitic cast :‘;—

iron with sliding speed sliding against
17Cr stainless steel.
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Fig. 6. Variation of specific wear and flash tem-

perature of cast iron with sliding speed.
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Fig. 7. Variation of specific wear and flash tem-
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Fig. 9. Variation of specific wear and flash temperature of cast iron with heating temperature
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Fig. 10. Wear rate and flash temperature of 0.429,
C steel sliding against 17Cr stainless steel
(contact pressure 1 kg/cm?).
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. Relation between wear rate of 0.429,C
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gokER (Fig. 8) 75 250~300°C TEEFE W 2 1L
L, 200°C LIFCHEERER, HEHERIIERC/ I vwE
S 5.

3-3 17Cr 257> LR SUS 430 OHHNOMEIEER &
BYREORMR

FIFF R FEW S58C, PEEHHEEE 0.20~1.0m/ sec,
FEMUES 1 kg/cm?, RAERFIRE =R (=15°C)~270°
CLLT, 17Cr 25 L2 SUS 430 o gEhlvigiE
JERE & PIIRE O BIR & BRET L7z

Fig. 12 ZFEFER, POLIREC 3 X33 3aiEnsio &
WA IRT. RFEH S43C (Fig. 10) LR UL, IMEMELEE
ME L, BEEEENSKE VT EEBRERIINERD, K
SEER O HFH T VI B AL R ERRE I K SRR DA, &
nE D IKHC 5 EEILER BN TR VA, BREmE, B
Oz, HEFEEN 1075 mmd/ mm Bl TN
IR EEERIES B Z 2TV B EEZXTI V. 27 LA
R BTN D & BMRE S E o, [ DB
T LPIRE T £, 450~850°C LigD>Tnh. T
Fuix 0.4m/ sec Ll o> 83 T PR E OB PIEIR
Eo LA SHATHDY.

Fig. 13 & Fig. 12 2 oG cBEEER LPDURE OF
BwTHsn. PPRBEEM 450°C pLETE, TOLEFLE
DI ERERIED U, BB BRI < BEFEEREDE
EEFCERINT WD Z EN5bh 5. Dy BIERNNEE,
EEE I X 5EREEROZ Lo RRBPLAECH D T
EMBAL»THS. 0.2m/sec T 270°C hnEhT HEA
SIREEVL L 620°C w3 E7w T, 800°C LLlicic b
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Fig. 12. Wear rate and flash temperature of 17
Cr stainless steel sliding against 0.609
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2
¢
10°E &
— (o]
— 5-— k\\
E [ A%\
& I . ©
£ -
£
= o
£ 10°E— T | AN
= Sliding speed (mysed \
L 5 020[0Z1[082[100 ‘
g PRilalolalv ] :
2a100alelnlv | \
52200 Ao |m|v
L v
T 20)a|e m|¥ | IR

-6
0400 500 600 700 800 So0
Flash temperature (°C)

Fig. 13. Relation between wear rate of 17Cr stain-
less steel and flash (contact
pressure 1 kg/cm?).

tempcrature

X g NS FEEFERIE X STl L 10-¢ mm3/ mm
DA —F—isd LRI S. Lo L Im/sec T,
SHIHBRE 2@ < 75 LBLEEREL B TH A
5%, I O TEEEE O FEE & R U CEM
ENRHTY, EHBEIAREL LB THAHY. FEHEER
AR T HPRIBE L 800~850°C T, REMLY
B2 Tws. ZHEAFL LAFERRESL Y B

B hablEzbhb.
34 ZMUEHOEFLIEERREOBR

AEGO T SHHRER SRR T O8gk, RES, 17Cr =
7TV AMDEH LPIRBEOREERF LcboTh
L8, TTLEE ST EIOMBRC DWW I EITOE
FELEEEMIBE OBHRIC OV THE L2090, 2T,
INLDEF/RE 2, 3 OMREOHE DB, 5, gk
M DESEE & FEG TR IE O —ARE 7 BIRIC oW Tk %
B Bb.
FEREROEERE, R ORERE & £ OROfE
FEO THRE, PIBEs#EcRTE Fig. 4o
X ORI D, SKIMMPOEMREORERMEE, HE%
BITHER R, BRCHUNEY»H Y, BT LET5.
I PERTIRE & OBGRTA % &, PIFIREH 300°C
A7 5 & (B) TEERERIIME I IR D, 250°C BLF
DG (A) TRIEF /NS v PIBBE S 300~400°C
BLEOZH(C)TIE, ZOREDLERE & DICEERIT
B L, FEREEK< BRI ik B EEM o —8 T
BRI R 25 X 5 4l (D) TllviMe 7 5. PDLE
BRI B 5 EER U, £hlbkickoTh, F
BREAE K 1L 544 (E) T, EEEmedkssBERyns
PAMERBI 2l & L TR E, EERERII K E < 7x %99,
FRTOEETI(A)TH, sakimetic X >cpringE
) 300°C w43 &, EEHERITTITHRAEDOKRE XIT

Temperature
o. e amn .- ————
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..o,... m—mmema vt et
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'
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!

Wear rate or Specific wedr
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Fig. 14. Schematic diagram for variation of wear
rate or specific wear, and sliding surface
temperature with sliding speed or load.
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B, TDERGEBERLEL 7 T vy TERIRAGNE
h, @BOIET 0 B CIIEEmO&SSROTIEIC
R T % 7S EERE ST ECHI T, AT EEEEFE LG TR
FERMED 1 ERELE 2T X\, LT AT, £FEOLEW,. %
BEELT T, BRECIEHINDDT, FEE
RIIEEEREC LD THEL L, FEEEEOWMKAE D EEE
HECIOTRLN—HTHEREVTHASS. Ly
L, AERCPEPERER T i k> TEERIES (A)—
(B)=>(CYLR&ELZ(LT B LEAMERRENIZ. (B)~
(C)TmEALTPIREERZ LRX e &, FHEEND
F D@L BT IE, (A) TOMMELE V3T BRI
WAT 5. FU(B)~(C)Th, PIrMER 100°C &
FERTF S a7 0 BEFER I (B) THRIEWIC/hE s b,
(C)Trifilc K& L5 L Hlang. BEEOBAS
B CO X 5 IRBEEZEOELIEPIEEE 35 2 T
NIFEETCELWTHAHS. (D) CTEEHREELZEKTS
T, BEEYEL LTHEERT2EFEPhuRE &7
TEHERIIAE 4D, (BE) TOXERFEESRE T,
BT 5 EERRIFEDT Y. ok, REMOEEER
DEKERHER LD IRICH D01, BEEGEEOEW
WX B EZ LD, ERVEEREFE T Ok RO EE
BT 1.5 BETY, $hikorhidfy 0.7 THa7.
DD RER TIIEBRBORENE L, kLo b
R CEIGRE LY 300°C ik THA D

FEFESR O EE RS M T H 5720, WIEIK X 5 EERE
ROZILIFEFEICE BRI, BREEICXLD
TIFEIC A UTERESRA L, M E2 s 2Tl
THZELHDHON, WEE L OQICEEEIRE LD
WEMNE WD, L LEAERTHEKIZ OWTIER L2 X
5T, SRIMMIRL D — AR HeEEFE T o0 17 T AR VT EERE SR
OFEERMEF U D, Thid 2 >OBEERm{ERE O
MHEEGRTHHETEL LZ AN 5.

F CBER & HE T A R T 2 2 >0k £ O X550
Fodk, #MEHs Eo#pys et X o TEIEmEE O LA
B, BHT AEEREGC X0 TEERER, LR AN
BR/ANC 70 HEEHORE, REIES EF A5, RUR
g C LB kv E — OBWIE AR X B 720 TEE
HIRE O LHVEDT, EEFEEOMR/N GO EEERE N’
b2z LAHEXNTVWAY., KEBRTRERENE
TEPLIRE T T 5 o, R LR B A
P LI LTWBH, Tha Linwifa Kb bERR
O E S EECERN . MBOBRER~OFERIRF %
HERE TS/ PV [{HH B\ pPV B (p : BEEEE
P, V :BEEE) TEbTIEMNd50, Zh
HEBREC L STLREDIDOT, MEOFMEE T

1)

(8) (B)

©)rrr ()

Specific wear

@J C)-gb)b

Ftash temperature

Mean temperature

Fig. 15. Schematic diagram for relation between
specific wear and sliding surface tem-
perature.

WEEZLND. AREGTERMISE O BRI LT
Vi, EEEEGERE, WE XD LEBEREOAIKESLETF
ELTHERLTWS 2 EAIB St D.

Fig. 15 3PDEIRE, THRE & EREOBRL K
RANC TR LA D TH 5. (AVEEPERES 250°C LA
TOHEFEI/ NI VEEKT, £9 300°C o (B) THEE
FREEEAICRS. FHRERPIREEI VEL LB Z
LXi VDT, FIREMRICEREOEELE L L THE
THRTIEPDEAE T, FHIRECH U TR 2 &
Y5 & (A)~(B)DARELGFICIAN . PISLEE
‘<, EHRERRW (C) TR/ IS, EHE
T o C CESEEREE NG . EPRRRE T
e LCRmREC RSN, ZhrEme (D) TR
T ENB O TIEMERRE /LS. HERERE R
KT 7 B PR E i AR o I X 5 1iEE300°C ¢ —
BB LEZLLNDH, BT E &OFHEREDOBRITAE
X oTRES. PIREMTIE(C)IxEy 250°C £ Tix
[T & A EIRERICETT, £ kizies & aguc (D)
DIRFER e DT 7290, ([KREFEWD 2o X 5 /cifift o
FIREIET 200°C TW, HIRTOEFERBEROH»
GEEZ S, FEREREILL DLERETHEMI IR IS
WEHEIESN B, 17 Cr 27 2 LA (C) BIREE
L CEgiRIC EA LY, Nimonic 75 54 3L RIKRTH
LW, SEEROM L\ BT E T TFEE 500°C Tk
IEIEWS, IO XD IEWIREC X s oL,
Bt EOZ Lo FET 5 LF X b5, BER
DR, WEOFBIEEERE, HMECLBEIILD L
E25N50T, WEHSEEE®REELT CRIEET
EWTHAH D, BREIRENFEREY IR T DIANER
HAFCTH2 ZEFEBLMBVERV. BEOHENEIR O
i, TOBRIEREE, FBIBOMTHMIC I 2TES D,
PICRE, FMBEE b, EDOX S IERROEE
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BEIY, TOEBEVWRLRWEDOEEEHAMEET  250°C LT Tl HEERIIER I/ E V.
TE5. (2) FEBENEL, PIGEE 300~400°C Bl E

&7

ig. 15 X 5% BROEBEE KD TELFH 26N
5. EhESEOBRSITEE IR EEINL LT, &
MEEGONKRE T BT 55, #HEoR S (BhEE)
DFI0.4 5L EDIRE T B L FH L 1L 520, ghEphE
DERSEIE 1 150~1500°C 12 3% D¢, 300~400°C L)
LD EREN BRI B Ezsd. £5FTh
FEMBATE COMRMDENI S <KDY, *OET
WITHEE LT 5D TRETHIE S Z 0T, HEE
BRAELL LB EEXLNS. PIRBES 250°C BT
THEEES N VDI, BELOLORDEIRIL
BWcdTHAS. 400°C Rl bickhb BRI
FTLIEDH, EBERIPETL, F/EMBOR@ET
DRED LR U CHIENEK - HESFERmICEL o
T, WEHEERRL T2 EFE20N5. PR EY
EIRT, FHIRESECFEREOM/NA T, AL
DOREF X T OE T2 BIER T E 72kt kit
Ls TOTHREBOEWVIRESA RN T, WHEI R
{REWRAMBTRILDTHAS. & T AHARFEHREHD
B 5 s, REFOMYNEBOMBE ET U CERME
B kELL D, RENT OSSR B RA iR
BB LTHEMLSDTHAS. LTAHT, fitkthkoZE
BN oAMEEICKRE S EEINRLDOT, BEEEME
DIRE P B VCEEOERE S LTy, PIRBE & HEE
BEROMASHEL BT X0 JEERHEEOEEN A
WEHERIE R S.

4. & B

AKERCTIEE & UTIRPREHEE I C O8I O BEEE
EPREMIRE OBGRE BT L, ESROWmE &btk
SAMTE O BEEE & FE{ER N IR o —ARM 7 B iRIC DU T HEE]
BT T DR, SRR O EERESS M VI B LR A
DOIRE (BIXIRE) & BT OB SRO FLEE D
THERFAGRTH—MICEBIITE 5 Z LB O It D7
BT 5L,

(1) FEEE&HBERE <, PPRBELE 300°C ©
RISV EE BEFEIT X B HEEERE R OBk S58h,

OFICIE, TOEFRE &S THEERIIESTS.

(3) PBUBEAEVEEDEM IIEL LTEEEE
XOoTHELL, ZhMEL LD LENENRE T 5.

(4) PEREVIEEIRR oW EHKOIRE TEE
PAtRI <, i X BFEEmERE OZE (KT X 5.
B0, RERICEH SNAKIRFL IS
B OB, EEHIER) CEHv-LET
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