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ABSTRACT 

Nowadays, the Thailand automotive industry widely grows. Brake'pad is one 

of the automotive productions that role to automotive industry because it is the 

most critical security parts. Consequently, testing products for quality are extremely 

requested. However, the equipment and function tests are not enough and are also 

high cost so it cannot supports to the automotive industry development. In this 

work, the initiation and design of frictional test were carried out. The testing 

procedure is referred to The special test jigs for friction measurements JIS K7125[5] 

and Clutch facings for automobiles JIS D4311[6].A study of the frictional test 

emphasize on the static friction(l-ls) and kinetic friction(l-lk) in different condition. 

There are 3 specimens of brake pad supported by the industry company. These 

specimens were test and compared between the pin on disk's result and the friction 

testing's result. The two-sided results from the analysis correspond but the pin on 

disk's friction coefficient is more than the friction testing's friction coefficient by 

19.56%. Moreover, the coefficient of friction tends to follow the temperature. 

Besides, the static friction(l-ls) is likely more than kinetic friction(l-lk) and will be high 

difference in high pressure condition. 
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'V 	 , 

fl1':ii LI"I':i1~"'1"I1~ LI"I~a'W1~ 'U'W~'W:01'W"lla-!l~1 LL tJ 1'Viijf-J (;l fl':i~'Vl'U ~e:l1"11 a1ltJ 1~~'Vltm111 L~ !:J~'Vl1'W~-!l... 
Friction Static LL(;l::: Friction Dynamic 1~ 

l"lru~m..ijtJ~-!ll~ij LL'W1~~vi "IJ~G'f~1-!l LI"I~a-!l'Vl~G'f e:l'U LL'U 'U Coefficient of Friction T esti ng 
'V 

;'WL~a~fl'l!t1'Vi~ ~ m11J"lla.:rrG'f~1"I1111 L~tJ~'V11'W1~!:J Lil'Vi1~f-J ~ ~.nru"~1L'U':i fl ~.:J~-!l Ltl'W1tJ'Vi fl1':i~ fl'l!t1 

rh Friction Static bLIi'I~ Friction Dynamic 1'WG'fm1~~ru'Vl.fJiJ (Temperature) LL61:::m':i~,J1'Vli(fl 
(Dead Load) 'ViLLl91fl~1.:Jn'W L~ml1-ua1l(;lm~LtJ~tJ'U LVitJ'Untl f-J(;l fl11'Vl~(;la-!l"IJ1 flbl"l~a.:J'Vl~G'fa'ULb 'U'U 

'V 

Pin-on-disc Test 1~mh'WtJ1~fla'U'Vl61fl"lla-!lbl"l~m'Vl~G'fe:l'ULb'U'U Coefficient of Friction Testing 

"IJ~tJ':i~fle:l'UltJ~1ml"l~a.:J'V1~G'fe:l'U (Universal Test Machine) LL(;l~LLvl'Wg~ (Fixed Horizontal 

TabLe) bL'W1'Vl1-!lm-n'Vl61fl fl11 b~mn'Wn'U bl"l~a-!l'Vl~ G'fa'U bb':i-!l L~!:J~'Vl1'W1I1~':i:01'W~.:J ASTM D 1894[lJ.. 
~-!latJmru~.:J1"1G'f11J1':i(l(la~bL!:Jflae:lfl"IJ1fln'Wlm~CJeJeJflbb'U'U1~Lbvl'Wg~G'f1111':i(l1m~n'U LI"I~e:l-!l'Vl~G'fe:l'U 

, 'V 

(U n iversaL Test Machi ne) ~.:J"lJe:l.:J'Vl1.:J'U~~'Vl Lb(;l~'Vl1.:J1I'Vl 1i'Vl!:J161tJ fl11vl1.:J 1'W"lla-!lLI"I~eJ.:J'V1~G'f eJ'U 

Lb'U'U Coefficient of Friction Testino (lmLG'f~.:J1'W':itJvi 31~ml"l~eJ.:J'Vl~G'feJ'U (Universal Test 
::. 'V 'V 

Machine) ij 'VltJ1'Vi(;l1 fl:B'W.:J1'Wvi"IJ ~'V11 fl1':i'V1~ G'f a'U ~-!l G'f1111':i (ltJ-r'U 1"111"11111 b:h1'W fl1 ':i(;l1 fl~'W-!l1'W1~ 
G11'W~1 bbvl'Wg~ (Fixed HorizontaL Table) "IJ~ij'Vlih'Vi':ieJ.:J-r'U~'W.:J1'WLb(;l~,j'.:Jfl'U~'W.:J1'W1~LI"I~eJ'W'ViltJ 

1'WVlfl1'Vl1.:J'Vi~eJ-!lfl111~tJij 611~btJ'W~1G1.:J~1 tJ LL':i.:J1'Wfl1':i(;l1 fl~'W .:J1'W bb61~iheJ fl b tJ'W ~1LtJ~ !:J'WLLtJ(;l.:JVl fl1 

'Vl1.:Jfl1':iLI"I~e:l'W'Vi"IJ1flbL'W1~.:J"lleJ-!lLI"I~a.:J Universal Test Machine 1J1LtJ'Wfl1':iLI"I~eJ'Wm'WLb'W1':i~'W1'U 
"lla.:J~'W.:J1'W'Vl~G'fe:l'U ~.:J~1LLvl'Wg~ (Fixed HorizontaL TabLe) ,r'W~eJ-!lvl1"IJ1fllG'f~L'Vl~fl'Vl~e:l"llil~, 
L~m n'Um -nf-J~ 191:B'WG11'W"IJ1'WL'U1 flbL(;l ~ijatJ mruvl11"11111~eJ'W(Heater) vl1'Vltl1viG'f~1.:J eJ 

, 
ru'Vl.oii

'V 
~ ~ ~.:Jvi 

, 

'U~L1ru~1'W~1.:J"lltNLLvlug~ (Fixed HorizontaL TabLe) G11'W~1:B'W-!l1'W,r'W"IJ~(lflg~n'U(;l1~b~eJvl1
'V 
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.... lJ 	 V I ~ 

flI';ifnfl:a'U~l'UU,G'l ~::ij.rn';i~'l1l'V!'lJfl (Dead Load) flVle:J~'U'U:a'U~l'U 6/1~~1~lJ'lb~~'Vl5fl'J llJ L~tJVl'Vll'U 
" 'i(J~f:lflril'U'Jru'i(Jlmhvl'lJfl (Dead Load) Lbfl~bb';i~m.[fllfl~'U~l'U LVltJ"'.rn'J~ LLm~.ff'U\?l e:J'UflI';i'VlVl"'e:JiJ

" 
'i(J~~l~~~'i(Jlflm\?l';i~l'U ASTM G 99[2J lJl'th~tJfl\?l1m'UflI';i'VlVl"'e:J'U... 	 , 

1.4 'UeJ'UL'U\?l'U'eHjfl1,;}1~fl 

1.4.1 	 '" ~l~"1lVl'VlVl"'e:J 'U'W fl~ m';ilJ~mh~~'Vl~fl'J llJ b~ tJVl 'V11'U ~"'~l~ e:J ru'V!.fllJlmdJ~1flil• °1 	 , ~ 

300 e:J~P11L"llG'lL6/1tJ'" 

1.4.2 	fl11'\.h~fle:J'U~'U~1'U'VlVl"'m.JL'iJ'U1'lJ\?lllJlJl\?l~~l'U JIS K7125[3]... 
1.4.3 	.ff'U(;le:J'UflI~'VlVl"'e:J'Ub'lJ'U1'lJ(;lllJlJl(;l~~l'U JIS 4311[4]... 
1.4.4 	~11'J'i(Ji:l'i(J~m'1~qj~lJNflm~'Vl'U ~e:l~l~lJ'lJ~~~'Vl~Lb1~ L~tJVl'Vl1'U 
1.4.5 	1bfl~1:::~bLG'l~L'lJ~tJ'UbVlm.JNG'lfl1';i'VlVl"'e:l'Un'ULL'U'U Pin-an-disc Test 

1.5 \h:tV'tfUvtfl1(91';hil:::l~i''U 

1.5.1 	~ ~ b"'~lJ1VI LilVl fl1';if1Vl ~'ULLfl::: fl11'l1l N fl ~l;{"illfl fl1~'vh ~1'U1~ tJ1'lJ1 i~ l'U1 'U 

e:l"'l'V!m';ilJl;{I\J~~, 
1.5.2 	"'~1~'Vll~L~e:lfl1'Um:::'U'J'UflI';i'VlVl"'e:l'U bbfl~L'lJ~tJiJLVltJ'U 

1.5.3 	 ~~L"'~lJfl1';i-W\9l.J'U1L'VlflL'ULG'l£J.rntJ1'U'lJ~:::b'VlP11'U~'J'U"lJe:J~~1'Ufl1';i1 ~mLfl:::-W\9l.J'Ul 

1.5.4 	b~lJflru.rn'WLLG'l~lJG'l~11Vln'UN~(;l.nru']~~~~Nfl~~e:lm1lJL~e:J~'U1'UN~\?lfiru,], " 



.d 
'U'Vl'Vl 2 

2.1 'VIq~~vt1hJt~fJ'lfi'UH1L'U'm [5] 


~::::'U'UVl13Jaa~1'W1'VIru1'Wt'J1'W'W1'VI'W::::ClnEmmb'U'U1Vla1~tl bb~{I b~tll'l'VI1'W11'l tl b u~ tl'W'W~{I{l1'W., '\J 

nlil1'WV1f'1'Vl1{1n1~'VI~'WbtJ'W'W~{I{l1'Wfl113J~a'W ~{l1-iiti1b'U~ fI btJ'W~umru1'Wn1~"lJ::::lila'VI~a'VI~1'lb 'Wlil1aa 

blila1 Vlbnl'lfl113JUlilal'l.ntl1 'Wn1~1 i{l1'W 'VI'U1~"tJa{lti1b 'U ~nAa~~1{1 bb~{I b~ tll'l'Vl1'W~~1"'3JIiJ~~::::'VI11{1ti1 
b'U~mblil::::lil1'Wb'U~n I.iila 1 Vll.nl'l I.b~{l1.'U~nmm'Wn1~"lJ::::lila'VI~a'VItll'l I. 'Wlil1 ~{I'!'Wti11.'U~n~{I~a{l~13J1~Cl, 

'I '" 1'" IV 'i ..,j 1 d .. ., • 0" d
\i1a'U ~'Wa{ln1~ ~"lJ{l1'W I'lCl n\i1a{l bl'ltlU~1f'1lil1 nfl1~lil'W Cllil'Vl3J1 nbtl'W fl113J\i1 a{ln 1~~~'VI11{1n1~'Vl1'V1'W1'Vl 

'\J 

"lJ~lila'VI~a'VItll'l I.'Wlil1,!'W fI1~~'W1Cllil 1.1. 'U'U.ff1"tJru::::l.nl'l~'W~'VIU1"'3J~~~::::'VI11{1ti11.'U~n I.l.lil::::lil1'W I.'U~n, 
\i1lilal'lm~'U1'Wn1~'Vh~1'W.avh1Vll.nl'laru'VI.fliJ~{I~'W~'U~bJru~1"'3JIiJ~U~::::3J1ru 80 (i{l 300 a{lf'11

, '\J '\J 

I.'I1lil I.;m'l(~'Wa ~n'U n1~1-ii{l1'W) ~{laru'VI.fliJ~~{I;ff'W'!'Wi1 ~'Vl5'Wlil vi afl1~vi'1 {l1'W"tJ a {I~~'U 'U Vl13J a a ~{I,!'W 
'U 't 'U " 

~3J~~Cl'W::::"tJa {l1~1'l~'I113J, 1~~ \i1 I.tJ'Wti1 I.'U~n'!'W lil ::::~a {I~mnfOh"'3Ju~ ::::?l'Vl~f1J13J l.~tll'l'Vl1'W bl.lil ::::i11'l1 

m n'Waoo afl1 13J~a{l fI1~1 'W~ .fl11::::n 1~vi'1 {l1'Wa ~1{1~J1I.~l.m~!h tl fI1~lill'llil {la ~ 1{1~11'l I. ~1"tJa{l1'l1 
"'3J'lJ~::::?l'Vl~fl113J 1.~!'J1'l'Vl1'W1~~'U~'Vl5'W lillil1 naru'VI.fliJ~{I I. tJ'W~{I~1~U~1~Cl'W1 fI1~ I.U~tl'WbbUlil {l1'l1

, '\J 

"'3JU~::::?l'Vl~fl113Jb~!'J1'l'Vl1'W~::::'VI')1{1-d1{1n1~vi'1{11'W'VI~alil1nn1~~n'VI~a"tJa{l1~1'llil~~a{li1-rra"il1nl'l, 
'Wam'VI'Ualil1naru'VI.fliJ~btJ'WUlil~!'J~i1~'Vl5'Wlil bl.a1 t!J{li1fl113J"'3J~'W~lil1 n1~1'l~'I113J11i 

" , 'U , 

fl113J"'3J~'W~'Vl1{1bfli1 I.Llil ::::fI1~ bU~ !'J'WbbUlil{l'Vl1{1 fI1!'J.fl1'W bbvinlil1m'VI"1.aiwna'WLl.lil::::1~~ 13J1~ Cl 

n1'V1'W1'l1~ 1'WI.~{lulN~~lilm::::'Vl'UL'VI"1.alil::::'W'U1~vh1u~{I~lil1VlI'l1"'3JU~::::?l'Vl~fl113J 1.~!'J1'l'Vl1'W1~fI{I~ 
n 1~~lil::::vi'11VI~Cl'VI~I'l'!'W~a{li1f1113JtJl'l~"'lJliJ~"il1nN11.'U~nn'U"il1'Wb'U~n~lil ~vi'11Vll.nl'lfl1~~n'VI~a~ti1 
I.'U~n bl.lil::::fl1 1lJ~a'W~ bnl'l;ff'W~{I,!'W ~{I~Cln'l11mvi'1 I..u'WN1 b'U~n ~a{l I.tJ 'W1~1'l~~1m~Cl'Vl'W fl1 1lJ~a'W

'\J , 

fI1~ ~n 'VI~ a bl.lil::::\1 a {I n'W f1J 1lJ:ff'W ~1 lJ.Jf{I ~a{li1 "'lJ U ~::::?l'Vl ~ fI 1 1lJ I.~ tll'l'Vl1'W 3J 1 n boW tl{l'W a~ "il:::: 

\i1a'U~'Wa{lfl11lJ~a{lfl1~"tJa{l'Wn~ m~lJ fI1~i'U~ ~{l1 'WU"il"il'IJ'Wti1b'U~nCl n~~ \i1lil1n~1~ La~b'U'VlVla~
'1 ''\I 

~~lJn'UYllil I.lil ai I.blil::::~{1 I. ~~'W 11'l tlfllilmfla11VII.-rr1n'Wl.l.lil::::~1'Wm::::'U1'WfI1~fl11lJ~a'W I.blil::::fl11lJ~'W, 
..,j ~I ,K q ..,

L'Wa'VIlilalJlil::::lil1tl\.u'Wb'Wa I.l'ltlJ n'W 

~1'W fI1~EiI'lN1L'U~nn'U~n b 'U~ni1.Jf{l15fj1'l~1!'J fI11 bl.lil::::EiI'l~1 tl~ I.1Vl~{l15~'iJ!'JlJa ~1{1mnAa 

fI1~fjl'l~h tlfl11 I.'W~1::::fI11~13J1~Clfjl'lti1 I.'U~n1~'U1·:Jn11~ b1VllJ 1n15f11~~~Vl~Aa I.I.~lil:::'U~';'Vl~'l~ 
1.\i1~!'JlJ ~\i1~"tJa{lVl'W ba{l11n'l11~1~ Lfl i1~1 {l1lJ 1~ ~lJ n'W"tJru:::: I.~ tl1 n'Wn 1.\91~tllJ I.L~ 'W b'VI~n~lil::::'I11lJ1 I.tJ'W 

b'VI~ n~b\91~tllJ111U't'l'WfI11Lba1a'U1VlbLVI{I LliIma m::::'U1'WfI1~;ff'W~ui1~a{l15Bm'VIiJa'Wn'WAa fI1~;ff'W~u
'\I '\I 

b~'W(Pre55 Forming) 1l'ltlfl1~L'Vl~{lti1 L'U~nlil{l'U'WbL~'WlJ~bl.a111{1 L'VI~ma{l11~1'W'U'Wbba1ei'1'l~1 tl 

bfl~a{l1~1I'l~~mhb~{lnl'lu~::::lJ1ru 160 ~'W bba1'111~'W{l1'Wm~bi~lb\911a'U~1'W1'V1~N1b'U~nU~::::b.fl'Vl.a 
"il::::~n~~(91 bi1~\91lil1I'l'VI~{lfI1~"tJ1tl(After market)'VI~a~1'Wa::::1'VI"~1'\.U Bn15u~:::b.fl'Vl~'W~u~a'W"il:::: 
fla1!'J 1n'W1ifl1 1lJ~a'W1'WfI1~b'Vl~{lti~1 b'U~n bblil::::i1f11~'\."fl11lJ:ff'Wb-rr1'\.U~1tl djm~~"ilbba1ti1b 'U~n 
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th~ b.f1'V1il:u~ b.u'Uer1 btJ1f1~~\9l~~lJ1:U1 fl11~~1'Ubb~11'Ubb~~ ~~V;an~~i1~ ~1"/la~~1 ba~m'-I~ru1';h:u ~ 
1<tlntJ·H1th~L.f1'V1~1~~ b-d'U 1tnJ1~1~1'U~1f1h~~1'UlJ 1t1tJ'U1'11tJ1f1 LL~~1mb-d~'VI1~b~tJtJ ~~bL~~~ 
"/Jtl\9ln:u~iJf111'V1'Ufl11lJ~a'UG'I~~1~n'U1tJ "/Jtl\9l"/la~errl btJ1f11t1tJ'Ul'1 bb ti ~ ~1lJ~fI~ru~f1111<tl~1'U 

'V 

11~~1'UN~~er1 btJ 1mtltJ'UI'1~~iJe,j~~i1rusn~'VIm fI'VI~1 tJ Lm\9l bm\9ler1 btJ1f1 Lb~~~11~~1'Ui1lJ1i111~1'U~ 
bbi1ln~ 1~n'Uvr~il~'UacintJ'U1tJtJ1mb~~ViP1'V11.:!fI11'Vi1fj1ih"/la~11~~1'U'!'Uere,j~i1Ier1btJ1mtltJ'Ul'1i1 2 

" '" 
tJ1~b.f1'V1 ~a ere,j~i1I;;;1'V11'tJ~1tJ~n1\9l m\l'Vn:::Lb~ ~ere,j~ i1I;;;1'V11'tJ ai1l G'l1'V1m1lJe,j ~i1I1t1 tJ'Ul'1 OEM ere,j~i1I

\J 'U q 'U 

er1btJ 'm;;;1'V11'tJ~1tJ~niJfI11e,j~i1Ier1b tJ1n aanlJ1'V1~1 n'VI~1mm\9l 'VI~1tJfJru.f11'W bL~~'VIG'l1 n'VIm tJ 

11fl1aan~i1IG'l1\9ltJ1.:!ere,j~i1I m:Ue,j~i1I~'U~11\9ltJtJ11:U1'U'VIm fI'VImtJ~V;m~a1V;i1I1~i1I1lJfl11lJ~a~fI11
'V'll, 

"/la~er"il1'V1th tJ bb~~moU1t1lJ1f1viG'l\9l ere,j~i1I milJil:u~b-U'U11fl1 b.u'U'VI1n1'UfI11'Vi1i11G'l1\9l ncilJ b ,j1'V1lJ1tJ
'U 'U ~ 'U '\ '\ 

:U~!b.u'UG'l n~1tJ ~n~11tJe,j~ ~i1rusn~thaa n"il1'V1't,h tJ:u~a ci~~ bb~ fI cilJ~G'l1\9lci1.:!:u'U(i~ncilJ ~G'l1\9l"/l'U1\9l
'U 'U"" 

nG'l1~~e,j~~er1btJ1f1;;;1'V11'tJf{~G'l1'V1m1lJe,j~~1tltJ'Ul'1, OEM e,j~i1Ii1rusn~1'Ul'V1qJb.u'U~'U~1Lm\9l, OEM 

ere,j ~i1Il-i~ b-U'U fl ru.f11'W"/la':!e,j~i1Ii1rusn~ 1lJlJ1m~1'Ua~1'VIci;;;1'V11'tJ1t1tJ'U~1'VIl-incilJbil1'V1lJ1 tJ:u~ b.u'U 
'V .. If o:MI q 

11.:!~1'Ue,j~ i1I1t1tJ'U1'111lJvr.:!P1'U~tJ~fl111t1 tJ'UI'1~'Uth OES e,j~i1Ii1rusnvi'l11aan"il1'V1thtJl'Ui1IG'l1 \9l 
'V 

~1tJ ~n:u ~atJ'1'UncilJi1IG'l1\9l1t1~iJlJ1i111;)1'UG'I~ b'Vh,!'U'VI1n b 11"il1 bb'U n"/J'iJ\9l"/la~~1btJ1ni1l1lJbm\9l~e,j~ ~ 
'U , ~ 'U 'V 

G'l1lJ11tl"il1 bb'Unaan11"i'L.u'U 4 n~lJ~~il"/Jtl\9ler1btJ1mbti.:!~1lJ~n~ru~fI11H~1'U~1~~ 
2.1.1 tJ1~b.f1'V1~1btJ1f1 : OEM Pad ~1btJ1mn1\9lh.:!~1'Ue,j~i1I1tltJ'Ul'1 


flruG'llJmi-b.u'UerrlbtJ1mm\9llJ1~1;)1'Ub~a11~~1'Ue,j~i1I 1tltJ'Ul'1 flruG'llJU~"/la~1i11tl&itJ bb~~~ 

.. dJI '\, 

"/Jtl\9l~a.:!i1I1~mlJ-ifa n1'V1'U\9l"/Ja~~e,j~i1I1t1tJ'U I'll'U b~a~b"/ll-i1 tJ 1~~'VI5.f11'W fI11b tJ1n bbG'l~fI11'Vi1.:!1'U 
" 

~1lJntJ:U1'UbtJ1f1 U~~U'UUtJlJ1<tl~1btJ1n 1 ~G'l111tJ'~'U"/Ju\9lmG'l'VI~~1 b'VIlJ1~;;;1'V11'tJ1t1tJ'Ui1I1'VIl-i bbG'l~ fI11, 
eUtJ~~11tJ :u'U(i~fI11toU~1'U'VI'I1n1l-iiJfI11"il1'V1'l.htJ1'UVi'a~i1I~1\9l 

2.1.2 tJ1~b.f1'Vl~rlbtJ1n : OES Pad ~1btJ1mm\9l"/ltJ~bbVi'V;1~ (Genuine) 


flruG'llJmi-b.u 'U~1btJ1mm\9llJ1~1;)1'Ub~tJ b.u 'UtJ~1'VIG'lLoU'VI\9l bb 'VI'U flruG'llJU~"/ltJ~a~1'VIci:u~
, .. , 
bb~ n~1~mlJ bb~~e,j ~i1I1t1tJ'U 1'1 ~~n 1'V1'U\9l~'U tJ ci ntJ ~'U'VI'U bb~~fI11 bb -d~eU'U ~tJ 1~ntJtJ1t1~~"/l1 tJt 'U1tJ 

\J 'U '\ 'U V 

tJ~1'VIci bb Vi'bm\9l'VIrt~ ~V;a b~tJ1ntJ1tltJ'U 1'1~e,j ~i1I1tltJ'Ul'1tJ1~11 tJ m:ue,j~ i1Ia~1'VIci bm\9l1a~tJtJn"il1'V1,.htJ
'V 

b~a1'n~1;)1'U~n~1~i1n1~~~a~1bb~~b~tJfI11 bb ~~eU'Ut'Ub~tJ~11fl1t'Ui1I~ 1\9la~1'VIci b'VIlJ1~;;;1'V11'tJ enoU 
.. 'V 'V 

1tl~11tJ~~tJ~ fI11tJ~1'VIci flru.f11'W b~tJ1ntJ1tl tJ'U1'11'VIl-i'VI1~a1I"i'i1I1lJP1'U~tJ~fI111t1 tJ'UI'1~11tJ'VI~a 
, 'V 

~1'UR1a~l'V1ci 

2.1.3 tJ1::b.f1'V1er1btJ1n: Racing Pad ~1btJ1n;;;1'V11'tJ1mb~~ 


flruG'llJmi-b.u'U~rlbtJ1mm\9lb~afl11bb~~eU'U1i11tl&itJ1'UfI11e,j~~:U~b-u'U'VI'I1m~tJtJ1~~'VI5.f11'W
, , 
fI11'V1 tJ\9l1t11\9ltJ b\l'W1~1a~1'tJ fl11eUtJ1tll"i'18eli1l11fl11lJb~1G'1~ bbG'l~ fI11ti1tJ b 'VIfl11lJ~a'U1'U1~tJtJb tJ1n , " 
b'VIlJ1::;;;1'V11'tJ f111eUtJ~b~tJ fI11 bb ~~eU'U bb~::1oUfl11lJ b~1G'1~1'Uf111eUtJ~ b.u'U tJ1~"il1~1 btJ 1n"/Jtl\9l~\l-i

" 
b'VIlJ1::;;;1'V1~tJ fl11'1itJ~~11tJ'VI~a fI111oU~1'U'VI'I1mb~~tJ11'V1,ni;'UR1 er1 btJ1n"/JU\9l-GiJel'm1f111'Vi1G'l1 tJ 

~1'ULtJ1 nria'U-if1 ~G'I~b'W11~~1'Ue,jG'llJm~'VI~t'Ue)i1I11~G'I~ 
" " 

2.1.4 tJ1~b.f1'V1~1btJ1f1 : Standard Pad ~1btJ1n~11tJ 


flruG'llJU~ -b.u'U~1btJ1mm\9llJ1~1;)1'U;;;1'V11'tJfI11eUtJ~~11tJ'VI~tJt OU~1'U'VI'I1f1U1~ b.u'Ufl~~
, .. 
fl1111~t1~tJl'UfI11 e,j~i1I~~iJflruG1lJu~b'VhntJ'VI~a~1fd1~1btJ1m~a11.:!~1'Ue,j~i1I1t1tJ'Ul'1, OEM, , 
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~1b'lJ'm'lj'n~ilij'VI~1fl'VI~1mb'lJ'lJbb~~'VImfl'VI~1CJ1I'1tl~'lJ~1 m 'Vlrlb'Wb~~~bbl'1 fl\Jh~n'W~'lJ':jbJ1rll'i''€l~1';;, ~ 

1'iil1'HWJI1tw 1 'Wm";jm1'iil~'€l'lJ';;m.m b~ CJ1n'lJrltw~:lJU~ ~~I'1.ntw,]LVf";j1~ijm";jLL'1l~-rr'W~~'iil1 flb";j~~1'W
o~ ~ 1 ~ 

'W'€l fl'iil 1flil ii~'Wf~htl~ '€l:IJ'iil 1 flb ";j ~~1'W~~ 1'1 '€l~1.'VIG'!tl~ '€l:IJi'W 'I11"1l'€l~tl";j~L 'Vlf!1'€l '€l fl:IJ1LL'1l~-rr'W1'W1'1 ~1~ 
'€l~1.'VIG'!L'VI:lJ1~~1'V1~'lJm";j-rr'lJ";jtl.yf11.tl'VI~'€l1';;~1'WLtJ'Wflf~rl";j11 m";jb~'€lfl1irl11~"1lU~~1 b'lJ1flLtJ'WI.b'lJ'lJ 

~ 

~1b'lJ1flb~'VI~'VI~'€l~1 b'lJ";jflflG'!:IJ NAO bLM~~"1lU~ij~~~bb~~~~Lftmbl'1flM1~n'Wa'Wij~~M'€lrh1';;~1V1'W, 
o QJ ..:::t I 11 I IU 

m1'lJ11~1fl'::;1";jtl'Vl bLl'1fll'11~m Vb"1l'Wfl'W 
~.CJ .d II 0.1

2.2 'V1q1;~vlbnEJ1'tla·mUm";j'V1~ae:J.:J[6] 

2.2.1 bb 1~ bftV~'Vl1'W (friction) btJ'Wbb";j~~Li1~~'Wb~'€l1I'1tl'VI~~VfV1V1:IJ bfl~'€l'W~'VI~'€ln1~~, 
brl~e:J'W~1.tl'lJ'W~h"1l'€l~aflll'1tl b~'€l~'iil1 flij Lb1~:lJ1m~.yh ij~fl,::;tw~~~1~'1!vl~il 

" 
2.2.1.1 bn~;'W1~'VI';h~~1a:IJer~"1le:J~1I'1tl, 

Q<C:It. Q.I t,I Q.I ~ aJeu .d aJ.dI iJ C\. d 
2.2.1.2 :IJ'Vlf!1'Vl1~1'1";j~fl'W"1l1:IJfl'lJ'Vlf!1'Vl1~'Vl1I'1tl,brl~ '€l'W'Vl'VI";j'€l1'11~"1l1:IJ'Vlf!1'Vl1~"1l '€l~LL";j~'Vl 

VfV1V1:IJ'Vl11-H1I'1mrl~'€l'W~vl~";jtl 2.1, ~ 

__--L0 ___-_- .... B..,_,---Lf-_-
F 

______ 

11111~ A '€l~;'lJ'Wll'1tl B '€l'€lmL";j~Fmflll'1tl 11'1tl A 'iil~bfl~'€l'W~'VI~'€l1.llnI'11:IJ"il~ijbb";j~LftCJ~ 
., ~" q " ~ , 

'Vl1'WLn~;'W";j~'VI,..h~~1"1l'€l~ A bL~~ B bb 1~bftCJ~'Vl1't...&Vlf!1'Vl1~1'1";j~n'Wih:IJn'lJ bb ";j~FViVfCJ1V1:IJM'€l1'i'1'W 

m";jbrl~'€l'WVi"1l'€l~ A 

2.2.2 tl1~bJ1'Vl"1l'€l~bb";j~LftCJ~'Vl1'Wbb1~bftCJ~'Vl1'Wii 2 tl1~bJ1'Vl~'€l 
... ... ( ).dI d~,3Q I

2.2.2.1 bb ";j~b~CJ~'Vl1'W~tll'1 static friction rl'€lbb";j~b~CJ~'Vl1'W'Vlbfl~"1l'W1:i'VI11~ 

~1a:IJer~"1leJ~1I'1tl1'W~m1:i~1I'1tl1~~'lJbL1~ m:i'Vl1bb"'1eJ~lti~, , -.; 
, IV 

2.2.2.2 bb1~bftCJ~'Vl1'W"ilm1 (kinetic friction) ~'€l Lb1\lLftV~'Vl1'WViLn~;'W1~'VI';h~ 

~1~:lJer~"1lmll'1tl1'W~m1~~1I'1tl1.~~'lJbb";j~m~'Vl1bb"'1 bn~m";jbrl~'€l'W~~1CJrl11:IJb~1rl':)~, , 
2.2.3 U'iil-;ijCJ~ij~~M'€l bb 1~ bftCJ~'Vl1'Wbb1.:) bftCJ~'Vl1'W";j~·\tr;h~~1a:IJ er~"il~ij ri1:IJ1fl'VI~mJeJCJ 

IV " 

2.2.3.1 bb";j.:)fl~lil~u1fln'lJ~1a:IJer~1l1 bb ";j.:)fl~lil.:)u1nn'lJ~1a:IJer~:lJ1n'iil~Ln~ bb";j ~bft CJ~ 

'Vl1'W:lJ1fl1l1bb";j~fl~~~U1fln'lJ~1a:IJer~_W'€lCJ'iil~Ln~bb1~bftCJ~'V11'W_WBCJ vl~1tl 2.2 
~ 

http:1~:lJ1m~.yh
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IL14nFltl'o EJ 

J.~~~" 

U111LihJAn1lntafJ 

2.2.3.2 ~f)'l!tfil~"lJe:J-1~";Ili'lJ~G'lfl1~di1lJ~G'lVlfJ1'U"lJ~"lJ'H~"'il~bn\ilbb~-1bi'1CJ\ilVl1'Umf) ~-1, 
~tJ 2.3 ~d'U~di1lJ~G'lb~CJ'U~'U"'il;:;bfi\ilbb~-1bi'1fJ\ilVl1'UUeJfJ~-1~tJ 2.3 "lJ 
'II 'II 

U1110A 
n4YUna~O + ". ,. 

·+'~~~'H~,¥~J:~:::i;.t

U1'l1~t.IAYl1,","ml 

f' 2.2.3.3 "lJij\il"lJeJ'I~di1lJ~(;'1 b-d'U fleJ'Ufl~~n'U LVI~mVI~fl n'U1:W' "'il;:;d~'U11~1i1:IJ~61Lb~ 

f;l~~ iifl11:IJVlfJ1'U "lJ1"lJ~~ VI~m~CJ'U~'UbtJ'Uif'ULL~f)~1'1n'U vh1'\.~\n\ilbb~-1bi'1fJ\ilVl1'Uhkvi1n'U 

2.2.4 fl1~Fi1'Ud filVl1i1lJtJ~~~V1t"lJe:J'I bb ~'1bi'1fJ\ilVl1'U 
i1:IJtJ'j~~V1t"lJeN bb ~'1 Li'1CJ\ilVl1'U~~Vl11-1tJ1i1:IJ~G'l~VI~-1 'l~eJ a~~1~d'U~~Vl11-1 bb~-1 

.aj I ~ 4.J ~ 4.J Q.I 

b61CJ\ilVl1'U~mb~-1fl\il~-1u1flfl'lJt:J161:IJt:J(;'1 

-fj 

F = 
Fr = 
N = bb'Nnfli~tl1nn'U~bi:JJe:ra 
J1 = i:JJ'lh::il'VJ~"tlfl~bb<J·naVfI'VJ1'I..! 

••• i1:IJtJ~~~V1t"lJmbb~-1Li'1fJ\ilVl1'UVl11t¥l"'il1fl61~'j
'II 
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Fr 
(2.1)Ji = ­N 

lVltJ~n1'WIVlG'leH-UB\llfl';j\l\l1'U"il~'I11fl1~1.~"1 mfl~eN'VlVl~B'U(UniversaL Test Machine) 

~.J1fhinUI'Vllfl161:l.n.h:;a'Vl~ml~La tJ Vl'Vll'U~fi(91 ~LLG'l~ml~La tJVl'Vll'UI\JG'lt! ~\l ~t1~ 2.5 

Static friction coefficient 
=Peak test force/weiqht 

!<inetlc fflctlon roe1ficlenl 
=AI erage test forcel weight 

k !)If
Data prOCftSir\g range 

",01 d d III 

2.3 <Il1'L!11iJtI'VILnfJl"tJB<Il 

"ill n ~ G'l nl';j~m~nl~ f11';j'VlVl61 €l'U 'V'l q~ f1';j';j~ f11';j~'UltlG'l'U 'U ~h161 ~f111~ La tJVl'Vll 'U 'VlG'l1 tJ 

~1(91';jjll'U-UB\lf11';j'VlVl61B'U~n~Vlv11~'U L~'U Raybestas tests[7] -U€l\l~htl, JIS 04311[4] -U€l\l~~'U 
LLG'l~ SAE J661[8] -UB\lm~~f11 LLI'i~l'U'l'Vlru-U€l\lf11';j'Vl~~€l'UL'Vl~l.Qn.ff'U (91€l'U~tJ11'Ul'ULLG'l:;G'l\l'Vl'U61\l

.. , 'IJ 

v11'lv1tJl nl'i€lf11';jl~mLG'l~vr91J'Ul 1?1\l,r'U~\lfll';jtl-r'UtI';j\l.ff'U(91B'U'lv1L'Vl~l::61~tl'Uan~UI::161Vl~I\J::v11, , 
f11';j'VlVl61B'U mh:l1.';j n(911~ f11';j'VIVl61B'U~'U~1'U~61~vr'U6tl'U f11';j'li\llWil~ \l~\l b'Vl~1~61~ tl'U f11';j 

'" 
t1';j~tJ n(91i.i\ll'U-U€l\l~~(91ilUlo/i b 'V'l';jl::"lh tJ'lv1f11';j'VIVl~B'U~ltJ~'ULLG'l::LD'U1.t1mh\l';jlVl b~1 ~\l.u€l~G'l~1.~ 

, 'IJ 

"il:: b tJ'U~'Ujll'U m';j~n~l61~t1';j::a'Vl~bb';j\l ba tJ ~'Vll'U bLG'l~'V'lq ~ f1';j';j~ m';j~ fl'Vl';j€l 

Bcil\l1.';jn(911~m';j'VlVl61eJ'U'Vl161:lJtI';j::a'Vl~bL';j\lL~tJVl'V11'U1'Un';jW~LtJ'U161~m'Url~'U[9,10,11]
, 'IJ 

m';j'VlVl61B'Ubb'U'U Pin-an-disc btJ'U'Vl~\l1'Uf11';j'VlVl61eJ'U~611~1';jtli!11.tI'li\ll'U1.~ bbG'l~~G'lm~-r'ULD'U~ 
L~B~€l1.~ Bn~\lfJ\l611~1';jtl'Vllrll61~t1';j::a'Vl~ml~La tJVl'Vll'UbbG'l:: m';j~n'Vl';j€l1.m'UL1G'l1ej'Ui'U 



.cd 
'U'Vl'Vl 3 

3.1 Lb'lJ1'V11~m·n)f.)nu,'uu 

-:U1 nnT~~n'l!t1bL,,~fl\.!fr)1<iia1J"fi~'J'I.J LL'lJ'lJ 1'l1~'" "lJf.)~m'J'VI~G'la'lJ a1J'I.J'J~~'Vl~ LL'J ~ L~ CJ~VI1'IJ 
"" I 

,~\..lij'VI"1m'I.J LL'lJ'lJ LLI'l L~aR111JLtJ'U1'l.Jl~'U'Vl1~'I.J fhj'~ bL" ~ m'J"~~'U'Vl'U m'J'Vl~"f.)~ 'Vl1~en{(CJ~~fi~ 
'\J 	 ~.. cu 

'VI~n~n1J'J'l.JLL'lJ'lJ1J1m~1'U.lIS K7125 L~mtJ'ULL'U1'Vl1~1'Un1'JG'I~1~LR~eJ~'Vl~G'leJ'lJ~~'J'I.J~ 3.1 
" ... 	 'IJ 

.... Loadoell 

Reinforcing plate 

.eight 

~tI~ 3.1 LL'lJ'lJ1J1\Jl'J11'U JIS K7125[3] 

3.1 	 n"tl1 bil1Jn1'5a;1~ 
1'Um'JeJeJ n LL 'lJ'lJ~'Ua1'U1Ji1~11'U n1'J"'~1 ~LR~eJ~ 'Vl ~U'feJ'lJVj q~m'J1JR111J L~ CJ 1Pl'Vl1'U"1IeJ ~er1 

IV q 	 q Q,J q 

L'lJ'Jn 1J'J1CJ"~LeJCJ~~~'IJ 
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. 3.2.1 bbeJ'U~t'U1'U'Vl~?f8'U 


atJ~ 3.3 bbeJ'U~~'U1'U'Vl~?l8'U 

VlTVrU1~~8~~'U~'U~1'U~"il t'Vi 1 fl1~'Vl~?l8'U1~bl")~8'U~1tit'UVi P1'V11~~fJ fl);,!1fl "IJ 'U1~m1lJ 
'II 

fl11~"IJ 8~ bbeJ'U ~t'U1'UfJ fl fhvl'U~ b~81~?l8~ FlGi8~ tl'U"IJ'U1~"IJ 8,,:) ~mJ1V1'11fllJ1~ ~:01'U~iJ"IJ'U1~
'II ,~ 

ba'UeJ1P1'Uvflm~ 300 ij);,!~blJ~~ 1'U"lJrut~"IJ'U1~1")11lJtJ11fJflt11V1'U~b~81~?f8~I")Gi8~tl'U~tCJtf11~
'II 'II 

bl") ~ 8 'U~ <ff'U"IJ 8~1VI);'! ~ b6/J);'! bb);,! ~ 1")1 1lJ VI'U 1 fJ fl t11 VI'U ~ b~81~?l1lJ1 ';i fJ ~'U I") 1 1lJ ~8 'U1~ 350 
'II 

8~P11b6/J);,!b;sCJ?ll~CJ~1lJbii~f11~lti":)~1 ~~iJ"IJ'U1~"IJ'U1~fl11~ 350 ij);,!~blJ~~ tJ11 900 ij);,!~blJ~~ 
~~ 15il);,!~blJm t11V1'11fl 33 nl);,!fl~lJ 

3.2.2 "!j~'Vi11")11lJ~8'U(Heater), 

ltJ~ 3.4 -q~1~1")11lJ~8'U 

'Vi1V1U1m~1")11lJ~8'Utl'U bbeJ'U';it'U1'U'Vl~?l8'U 1~CJ~?l1m';ifJ1~1")11lJ~8'U~":)bblPl b~lJ~'U"il 'U~-:j 
350 8~P11b6/J);,!b;sCJ?I 1'l1lJ~fJfl88mb'U'U.rr'U~8'Uf11~'Vl~?f8'U11 

'II 
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1f1'j \l?l ~'l~ Lf1~m'Vl \91 ?I B'U 'l.hvI1J1~'jB\l-r'U'thv!iJfl~\lVllJ\91'1JB\l L f1~B\l'Vl~?IB'U ~'d ~'1J1~\l 4 ~ 
flflB €lfl LL'U'Ut~Jjm1lJLL~\l bb 'j\l b iAl~\l'l"l€l~"il~?l1lJ1'jm€l\l-r'U'tl1V1iJn'1JB\lLb~'IJ'j~'lJ1'U'Vl~?I€l'U Lbf.'l ~lii'lJ" ... , 
'I11V1iJfllJ1i9l'j;J1'IJ.. 

ltl~ 3.6 ~~<D'U~~bf1~€l\l'Vl~?lB'Un'U bf1~B\l~\l 

vl1V1U1~~~bf1~B\l'Vl\91?1€l'Un'U bf1~€l\l~ \lborr1 ~'d ~n'IJ l~~~l'i'TVi"il ~fI fl~~@1~ntl bf1~B\l ~ \l?l'd'IJ 
• e: Q41V d dv.J' " 

'jB\l?lf.'l€li9l"il~~fl~\91~\91fl'Ubf1'j€l\l'Vl\91?1B'U'Vl?l'j1\l'1J'IJ 
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3.2.5 "1J~f11'\JfI~€JtJmclvhrr;mJ~e)'U
q q q 

VlTVl'lhvfl'Ufl1~f11'\JfI~fl1~vl1f111~~mJ1m.J"il~6'f1~1~mtJ~CJ'U~~~'\Jfl11~~mJ1VlbtJ'U1tJ 
q 

~1~b~€J'Ul"1J~flflfhv!'U~1'Ufl1~'Vl~6'f€J'\J 
" 


" 
II 0 ... 

3.2.6 ~~'U1'V!'Ufl~1m~1'U 
q ... 

(n) 

~t1~ 3.8 ~~J1'V!'I1fl~1~~~1'U (fl) "1I'U1~ 10kg ("11) "1I'U1~ 20kg 

vl1'V!,r1~fl~~'U\I1'U'Vl~6'f€J'\J b~€J1VI bn~ bb ~ \I~'U~1~ b~€J'U1"11~ t:lfl n1'V!'U~ 1~CJ ~~J1'V! '11fl 
" q 
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IV 

. 3.2. 7 -q\9lLL~'W8\9l:a'W'VJ\9l6'leTIJ 

~tJ~ 3.9 -q\9lLL~'W8\9l~'W'VJ\9l6'lf)'IJ 

vi1 'VIi[1~g\9l~wn'W 'VJ\9l6'l 8'IJ11~1'Wfi1-:J ~1 'W~1'W'IJ 'W"il~vi1'V1i[1~ -r'IJ til,~Jil1'V1,rn~"il~11-:J n\9l'IJ'W 

~tJ~ 3.10 f.J1fl";jf)'lJn'W~f)'W 

vi1'V1i[1~U8.:1n'WfI11~~f)'W~~1'V1i[lLL~'W";j~'WTU'VJ\9l6'lf)'IJ'VI~-:Jn1";jYl\9l6'lf)'IJ 
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d ~~d ilv d.:f 
atJ'VI 3.11 rn~~~~~bfl~a~'V1~~a'Ub"1J1fl'Ubfl~m~~ 

3.3.2 v'i1rn~tJ~'U~~~'U"1J1"1Ja~Lfl~a~'V1~~a'U1Vl~~~'UJ1 

atJ~ 3.12 flT~tJ1''U~~~'U''1J1Lfl~a~'VI~~a'U 

3.3.3 rn~b~~tJ:w:a'W~1'W~~~t-tl'VI~~a'U1~tJfl1~~~1Vl~1L'U~fl:W"1J'W1~ 1"x 1" 
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III 

fl1'j'Vl~6'fatJ;a'W~1'l.1''il~vhfl1'j'Vl~6'fatJ'iJ1n~1a~1~~1LtJ·m 3 6'fm ~a6'fi'l'jA 6'fi'l'jB LL~~6'fm 
'IJ 'IJ 'IJ 'IJ 

C 1~mL\?i~~6'fmlil~vi1fl1'j'Vl~6'fatJi'l11J'j1~fl1';j~~.Q
'IJ 

d 
9l1~1.:j'Vl 3.1 'j1t1fl1'j'Vl~6'fatJ 

"" ., 
ibb".i~~'W(MPa) m11JL~1(m/s)"!J'W~t:.l1LtJ".if1 ~ru'M.fJlloc 
I

0.215,0.367,0.570
100-300 0.0083 i6'ft'l".iA 

'IJ (30,60,100) kg 

0.215,0.367,0.570
100-3006'ft'l".iB 0.0083 

'IJ i (30,60,100) kg 

0.215,0.367,0.570
6'ft'l'jC 100-300 0.0083 
'IJ (30,60,100) kg 

f11".i'Vl ~ 6'f atJ;ff'W~1'W"lJa~ LLM~ ~6'f t'l ".ilil ~iJi'Wt'la'W~~Ma1tl.Q
'IJ 

3.4.1 vi1fl1'jLi1t1tJtl~n"IJa~bFl~e:J~'Vl~6'fatJ(l'V'l3L'V'l6'f) Lb~~tl~n"IJa~LFl~a~~~ 
3.4.2 btJ~atlf1".iruvi1Fl111J~a'W Lbiil~vi1fl1".itl-rtJaru'M.nllL~1J~'W~ 100°C , , 'IJ 

http:6'ft'l".iB
http:6'ft'l".iA
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d v ., 

atl'l1 3.15 flI'j9i~~"I"lJ'U"I1'U'VI~G'!tl1J 

3.4.5 9i~~"Im~~"In1J-q~1'VI~~b6(j~~ 

ltl~ 3.16 flI'S9i~~~~d~~~n1J-q~1'V1~~b6(j~~ 

3.4.6 d1"1ntl'UJ1'V1,rflfl~"Ibb'jfl"lJ'U1~ 30 il1~fli':u 
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3.4.7 (9l1'"J\l1~ aruVlfliJtI'WLL~'W 1~'W1t1(9l11J\l~~1\1"1m~aruVlfliJ~~a\ln1 1\l'Wvl'1 Lb~'W 
Ii \J 'i I 'I 'U 

1~'W1t1 l~tJl-ifLf'I~a\l ruVl 

3.4.8 'V'hn11~\ll~tJn11i\l\l1f1f'1a1J~1 L(9laim1Jvl1~L~tJ'Wl'lJ'JbLfI11J11 


3.4.9 iJ'WVim.ji;l\l1f1bf'l~m~\l11dJ'W File Excel 
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..I 
'U'VI'VI 4 

e.JGtn1''VI~~H)<3 

"Ill fl fl1~~1 L U'Ufl1 ~'VI~~ €I{)~llJ1~ tl'lh:::61{)r1"lJ€I{) lfi1){) f11 )1~CJ tY'U -1f€IlJ~m~'<ill fl f11)'V1 ~~ €I{), v 

):::vrJl{)Lfi1~€I{) Pin on disk ~{)tlfl'VI~~€I{)1~CJfl1fi1€1~61TVif1))lJ LL61:::Lfi1~€I{) Friction testino ~{)tlfl'U" ::::;, \J 

'VI~61€1{)l~CJfi1 ru:::~~CJ"Il:::tl fltJ1lJ1 L mCJtJ LVimJ 1~ CJ f11)'VI~~€I{)~{)fl~TJ€I ~mCJt~61m1::: L~CJ1 f)'U fi €I v v v 

fi111lJ~'U~ 1 MPa LL~:::€Iru"'fliJ~ 100 {1{) 350°C tJ'U~'U~1'U~'U{)1'U'VI~61€1tJ'lh:::Lfl'VIL~CJ1f)'U l~CJij• v ~ 

fi111lJLL~fl~1{)f)'U~fi111lJL~11'Uf11)'VI~61€1tJL'VhtY'U$i'{)~1)1{)~ 4.1 

I 

I 

I 
! 

4.1 fil11:ufl:u~'U6'l~'VI11-1~ru'VI.fJilviij(:.J61fl'l~'VI'I.J;i€lt1:utl'l~fl'V\~fil11:UL~f.l~'VI1'Wl\l611l 

mTrh61'ULb61~-:Jf11) LtI~CJtJLVimJt:J~f11)'VI~~€I{) ):::wh-:J bfi1~€I-:J Pin on disk (m1v.J ba'U~ 
vh) ~{)tlfl'VI~61m1~CJmfi1€1~611",m~lJ bL61:::bfi1~€I{)Friction testino (m1v.Jba'U~bb~{) ~{)t1fl'VI~~m

'U 1 ~ ~ 

l~CJfi1ru:::~~CJ $i'-:J)U~ 1 {1-:J 3'U€lfl"ll1fl.o m1v.Jb61'U$i'{)fl~11tJ-:JLL61~{)fi111lJalJ~'Uih:::wJ1-:J€lru"'fliJ
'U 'U 'I 'U 

100 {1-:J 350°C ~ijt:J~m:::'VI'U ~€IalJu):::a'VIBfi111lJL~CJ~'VI1'U'<il~.u 1~CJ1irl1):::$i''U alJu):::a'VIBfi111lJ 

b~CJ~'VI1'U'<il~'l1Lt1'U(il1:fi1~ 

f11)'V1 ~61 €I {) 

Pin on disk 

Friction testing 

I 
: 
l 

€lru"'iJ iJoc 
100-350 

100-350 

bL){)~'U(MPa) 

1 

1.03 

fi111tIL~1(m/s) 

7 

0.0083 

0.4 

0.35 
"'" =!: 0.3 .... c 0.25

(J) 

'0 0.2 -pin on diskE 
(J) 0.15 

--friction testingu ° 0.1 
c 

:e 0.05° j
";:: 0 
u.. 

100 150 200 250 300 350 300 250 200 150 100 

TempuratureOCClimb up Climb down 
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nTHtJ~CJtJbViCJtJt:-Jfln1".i'VIt'lfle:J\jv.J1btJ';iWIJUt'lACln 1J,?lt'l\jhmJ~ 4.1 'J~b~'Ul~11t:-Jfl'J1n 
" " bi'l~e:J\j Pin on disk 1irhi1:wtJ".i~~'VI~i'l11:Wb~CJt'l'VI1'U'JfltJ?I\jn11t:-JG'l'J1mi'l~e:J\j Friction testing It'lCJ 

. " 
rhi1:wtJ".i~~'VI~i'l11:WbaCJt'l'VI1'U'JfltJ~l?1t'l'J1mi'l~e:J\j Pin on disk ~e:J 0.229 ~e:JruVl.f1ij 100~'C 1'U. . " 
n T~'VI t'l fl e:J \j Climb up 1 'U"lJ ru~ ~ rhi11JtJ ".i ~~'VI ~i'l11:W b~ CJt'l'VI1'U 'J fl tJ ~1~ t'l"lJ e:J \j bi'l~ e:J\j 

, ~ 

Friction testing nrhb'V'hntJ 0.214 Vi~ruVl.f1ij 300°C 1'Unl".i'VIt'lfle:J\j Climb up bbfl:::rhi1:wtJ".i:::~'Vl5 
~~ I v , 

i'l11:Wb~CJt'l'VI1'U'JfltJ?I\j?lt'l"lJe:J\jbi'l~e:J\j Pin on disk nrh 0.368 Vie:JruVl.f1ij 350°C 1'Un1".i'Vl~fle:J\j
cu Ii q co 

Climb up ~1'Urhi1:wtJ".i:::~'VI~i'l11:Wb~CJt'l'VI1'U'JfltJ~\j~t'l"lJe:J\jbi'l~e:J\j Friction testing nrl1b'V'l1ntJ 

0.349 ~e:JruVl.f1ij 250°C 1'UnT~'VIt'lfle:J.:J Climb down VIi;r.:J'J1n,r'Uril'J:::rie:JCJ61fl~fl.:JL'Ii'Ub~CJ1n'U ~\j
, 'U I 

~n'Mru::: n1i btJ ~ CJ'U bb tJfl \j"lJe:J.:Jrili11JtJi:::~'VI~i'l11:W La !J~'VI1'U'JfltJ~,:jmh1'J ~ bb 'lh~'U ~ l1J~ruVl1Jij 
'Ue:J n"i11 nil -ne:J:Wfl'J 1nn1".i'VI t'l fl m~\jmi11 iJ \j bb?l~,:j1~b~'U':hri1i1:wtJ".i:::~'VI~i'l11:W ba CJt'l'VIl 'U 'JfltJ~l~ 

'U 

'Jlmi'l~e:J\j Pin on disk nril?1\jnl1bi'l~eN Friction testing b'V'htltJ 18.9% 
'U 

0.5 

0.45 

0.4 
~ 

:; 0.35 
..... 
c 0.3 
Q)

'u 0.25 
1+= ..... 
Q) 
0 
u 
c 
0 
t ·c 
u.. 

0.2 

0.15 

0.1 

0.05 

0 

--pin on disk 

-friction testing 

100 150 200 250 300 350 300 250 200 150 100 

Climb up Tempurature, °C Climb down 

ltJ~ 4.2 ml'V'JbtJ~!JtJbViCJtJt:-Jfln1i'VI~fle:J.:Jv.JlbtJin'lJUt'lB 

'Jln~tJ~ 4.2 bU'Un1".ibtJ~!JtJbVi!JtJt:-JG'ln1".i'Vl~flmv.JlbtJin'lJUt'l B 'J:::L~'Ul1t:-Jfl'Jlmi'l~e:J\j 
Pin on disk n'J:::1iri1i1:wtJ".i~~'VI~i'l11:WLa!Jt'l'VI1'U'JfltJ~\jn11t:-Jfl'Jlmi'l~e:J,:j Friction testing 

b"1i'Ub~entl'UntJ'lJU~A bb~niJ.:Jni'l11:W?le:J~i'l~e:J.:J~1:Wbi'l~e:J,:j Pin on disk It'l!Jri1i1:wtJi:::~'VI~f')111J 
ba!Jt'l'VI1'U'Jfl,J~l?1t'l'Jlmi'l~e:J\j Pin on disk ~e:J 0.285 ~l>lruVl.f1ij 100°C 1'Un1".i'Vlt'lfle:J\j 

• ~ 'U 

Climb down ~1'Uri1~l?1~"lJmbi'l~e:J\j Friction testino ~e:J 0.257 ~e:JruVl.f1ij 100°C 1'Un1i'VIt'lG'lm 
II ::> <t cu 

Climb down b"1i'Ub~!J1tl'U ri1~\j~t'l"lJeJ\jn1i'Vl~fle:J\j'lJu~il"lJe:J\jbi'l~eJ\j Pin on disk e:J~~ 0.475 ~ 
~ruVl3Jij 250°C 1'Un1i'Vl~G'le:J\j Climb down IJ,fl~ril'Jlmi'l~eJ.:J Friction testing ~eJ 0.347 ~ 
~ruVl3Jij 250°C 1'Un1i'VI~fle:J\j Climb up Lbfl~'Jlnt:-JG'ln1i'VIt'lG'le:J.:Jil'J~b~'U11ri1i1:wtJi~~'VI~i'l111J 
ba!Jt'l'VI1'U'JG'ltJm~'Jlmi'l~e:J\j Pin on disk nril~\jnl1bi'l~m Friction testing b'V'l1tltJ 21.96% 

http:U'Un1".ib
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0.6 

~ 0.5 

1:: 
IV 0.4 
'0 
f:E 
~ 0.3 
u 

§ 0.2 
+:; -- pin on disk 
u 
;t 0.1 -friction testing 

100 150 200 250 300 350 300 250 200 150 100 

Climb up Tempurature,O( Climb down 

~tl~ 4.3 f1'jlyJbtl~~'UbVi~'UNarn'jVl~a€l-:J~lL'U'jf1"11U~C 

rn'jbtl~~'UbVi~'UNarn'jVl~a€l-:J~lb'U'jfl"1lU~C Iii'-:JLb6'f~-:Jl1b.J'jtl~ 4.3 ;-:JNa~Ln~~'UtJ-:J
" 

Lu'UltJ ~ llJ~f1~ru~"!J €l-:J"1IU~A Lba :;"1IU~ B ~ €l~ 1~lJtJ~:;~VliflJ llJ b~ ~~Vll'U"iJ a 'lJ"!J€l-:J bfl~€l-:J 
Pin on disk "iJ~tJ-:JlJ~1~-:Jf111Na"iJlmfl~€l-:J Friction testing l~~~l~lJ'l.h:;~VliflJllJL~~~Vll'U"iJa'lJ 
~l6'f~"iJlmfl~€l-:J Pin on disk ~€l 0.380 ~€lru'VIi1:n 100°C 1'Urn'jVl~a€l-:J Climb down 61J'U~l , , " 
~l6'f~"!J€l-:Jbfl~€l-:J Friction testino ~€l 0.278 ~€lru'VIi1:n 100°C 1'Urn~Vl~a€l-:J Climb up ~1.. ~, ~ 

~lJtl~~~VliflJllJb~~~Vll'U"iJa'lJ6'f~6'f-:J"!J€l-:Jbfl~€l-:J Pin on disk LLm;Lfl~€l-:J Friction testino bn~~'U~ , " ;:, 

€lru'VIi1:nb~~Jn'U~€l~€lru'VIi1:n 300°C l~eJ~l"!J€l-:JLfl~€l-:J Pin on disk whn'U 0.481 61J'U~l"!J€l-:J ,,, .. 'U 
..I ,,~ 

bfl~€l~ Friction testing b'Vhn'U 0.422 bLa~"iJlf1Narn'jVl~a€l~ij"iJ~b~'U11~lalJtJ~~~Vl5flJllJb~~~ 

Vll'U"iJa'lJ~lv'l"lmfl~m Pin on disk lJ~1~-:Jf111bfl~€l~ Friction testing b'Vi1n'U 17.82% 
d~.% I d .ql d 

"iJlflNarn~Vl~a€l~Vlbfl~"!J'U'V'I'UJ1Na"iJ1f1bfl~€l~ Friction testing lJfllflJllJflal~bfla€l'U 

"iJlflNa"lT€l-:J Pin on disk ~llJ~~~1~1bL~f1~1-:Jn'U1tJLba~bL~a:;"1IU~~lJflJllJflm~bfl~€l'U~JlJ 
bb~f1~l~n'U;~e:n"iJlJNalJl"iJ lfllii'J Lbtl~mm'Uf11~Vl~a€l~ L~€l~"iJl flflJ llJb~Jmm'U rn'jVl~a€l~"!J€l-:J~~ 
2 LL'U'U,r'U~l~n'U€lcilJlf1 'U€lf1"iJlf1drn~m'UfllJIii'JbbtJ~"!Jru~'Vilf11~Vl~a €l~'Vhlv'l~ €l'U-Ul~~lf1 b"li'U" ,
~ru'VI.fJ:n~bfi~~'ULL~a~~~'U'Ubb~'U'j~'U1'UVl~6'f€l'UlJ~lbb~fl~1~n'U1'U'U1~"liJ~rn~Vl~a€l~ 
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0.6 ., 

.::.t. 
::; 0.5 ... 
c 
.~ 004 
u 
if 
~ 0.3 

u 
 -Type A 
§ 0.2 

--Type B'P 
.~ 0.1 .. 
LL -TypeC 

100 150 200 250 300 350 300 250 200 150 100 

Climb up Tempurature, O( Climb down 

l'IJ~ 4.4 m1'WbtJ~tJ'ULVitJ'U~~m';j'Vl~~a.:j~.:j 3 "lJiJ~"lJa.:jbfl~a.:j Pin on disk 

-;;)1mtJ~ 4.4 bdmlTwf)~m';jlJ"1la.:j~1~lJtJ';j:::~'Vl~fl11lJb~tJ~'Vl1'U-;;)~'I1~aruVl.fliJ~1.:j""1la.:j
\J VI 'I 'U I 

~1b'U';jn~.:j 3 "lJiJ~ lJ1btJ~tJ'UbVitJ'Un'Ubb~11~tJ';j1lJ"J:::'W'U':h~1~lJtJ';j~~'Vltfl11lJb~tJ~'Vl1'U-;;)~'I1"1la.:j~1 
L'U';jn"lJiJ~A -;;):::ii~1~1~"'~ bb~~~1L'U';jn"lJiJ~IB bb~:::C -;;)~iiri161lJtJ';j:::~'Vltfl11lJb~tJ~'Vl1'U-;;)~'I1b~lJoff'U, 
\9l1lJ~1~'U a~1.:j1';jn\9i1lJ 1'U'U1.:j'li1.:j~ruVl.fJiJ"1la.:jm';j'Vl~~a.:j'W'Ul1~1b'U';jn"lJiJ~BLLfl:::"lJiJ~c "J:::iifl1 

lJ1flnl1"lJiJ~A ~\jii'Wt]~fl';j';jlJm';jbtJ~tJ'ULbtJ~.:j~1:Wfl.:j~~\j1'U'li1.:jm';j'Vl~~m Climb up bb~::: 
Climb down 1~tJ~161lJtJ';j:::~'Vl~fl11lJb~tJ~'Vl1'U-;;)~'I1"1la.:j~1b'U';jfl"lJiJ~B mflfll1"lJiJ~c bvi1n'U 

36.36% ~1'U~161lJtJ';j:::[;'Vl~fll1lJb~tJ~'Vl1'U-;;)~'I1"1lm~1b'Ulfl"lJiJ~C lJ1flnl1"lJiJ~B bvhn'U 63.64% 

0045 

~ 004 

1:: 0.35 
.~ 0.3 
u 
if 0.25 
(])

8 0.2 
§ 0.15 
:g 0.1 
~ 0,05 

o 

-Type A 

-TypeB 

C 

100 150 200 250 300 350 300 250 200 150 100 

Climb up Tempurature,O( Climb down 

G 1...1 ••1 0 I"" "" ::: '" d~u'Vl 4.5 mTnb u';jtJ'Ub'VltJ'U~flml'Vl~~m'Vl.:j 3 "lJ'U~"1la.:jbfl';ja\j Friction testing 
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I • ..l I I/' t.J 

~1mtlii 4.5 LtJ'Wm';j'lJ1fi1"'lJtI';j~~'V15f111lJLatJ~'V11'W~Gl'll"IJa-!l~1L'l.J'mVI-!l 3 "lj'U~ iivl1 
'U 

m';j'V1~Gla-!l~1mf1~a-!l Friction testing lJ1Vi1fl1';jLtI~tJ'lJLiimJe.Jm'li'WL~tJ1n'Wn'IJ~tl~ 4 ~~b t1'W11e.JGl 

~bii~~'W~1 flfl1';j'V1~Gla-!l1~ tJ';j1lJi"l'IJ11fi1alJtl';j~~'V1~f111lJLa tJ~'V11'W~ Gl'll"IJa\l~1L'IJ';jfl'/J'U~A ~~iifi1 
~1~G'I~bL~~~iif111lJLLt1'jtl';j1'Wbn~~'W~'Ol~aruVlflil 250°C 1 'Wm';j'V1~Gla-!l Climb down ~1b'IJ';jfl

'1 q q " 

"(j{J~A iifi1mflfl11~1L'IJ';jfl"(j{J~B eJ'WtJ1~~~Ln~~1flu~..ijtJ~-!l~fl~11H'il1-!lI'i'W ci1'W~1L'IJ';jfl"(j{J~B 
LLm~C ~~i1fi1"'lJtI';j~~'V1~f111lJLatJ~'V11'W~Gl'llL~lJ~'W19l1lJfl1~'IJ a~1-!lhnl9l1lJ 1 'W'lJ1-!l'li1\1aruVlflil 

, 'U 

"IJa-!l fl1';j'V1~Gla\li"l'IJ11~1 L'IJ';jfl"(jij~B LbGl~"(jij~C ~djfi1lJ1flfl11"(jij~A 6H\li1i"lq~m';jlJfl1';j 

btl~tJ'WbLtlGl-!l~1lJf1-!l~~-!l1'W'li1-!lm';j'V1~Gla-!l Climb up bLGl~ Climb down 1~tJfhalJtl';j~~'V1~f111lJ 
LatJ~'V11'W~Gl'll"IJa-!l~1L'lJifl"(jij~B lJ1flfl11"(jij~C byhn'IJ 27.27% ~1'Wfi1alJtli~~'V1~f111lJLatJ~'V11'W 
~Gl'll"IJa-!l~rIL'lJifl"(jij~C mflfl11"(jij~B Lyhn'IJ 72.73% 

4.2 fl11lJ~3Jvt't.ni,:a''i'h:jfl113J~'IJ~iijl.Jmfl'::'VItJ~a~3Jth::a'VI~fl113JLaElfl'VI1'IJ~m'll 

~1fl~t1~ 4.6, 4. 7 LbGl~4.8 LtJ'lJm1'VlLLG'I~-!l1~Lt1'W5-!li"lq~milJ"IJa-!lalJtli~~'V1~f111lJLatJ~ 
'V11'WG'I~\PlbLGl:;alJtli~~'V1~f111lJLatJ~'V11'IJ~a'll "IJa\l~1 L'lJifl"(jij~A, B LLGl~C \Pl1lJfl1~'IJ1~tJ fl1i'V1~Gla-!l 
~-!lfl~11~ ~Vi1mitl-S'IJbt1~ tJ'W f111lJ~'W bLGl~'QruVIJJilb~aVl1e.JGl m~'V1'IJ~bn~~'W~1fltl~~tJ~-!lfl~11 

0.25 

=!: 0.2 

] 
~ 0.15 
't o --P=0.215MPa 

§ 0.1 j -P=0.316MPa!J 

.t 0.0: _""'''''''''''''''''''''''''''''''''''''''',,: ,",-519MP, 

o 20 40 60 80 100 120 140 160 180 200 

Distance, mm 
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0.45 

0.4 

~ 0.35 
1:: 
Q) 0.3 
'u 
~ 0.25 

--P=0.215MPa
8 0.2 
c 

-P=0.316MPaS 0.15 
u 
;t 0.1 --P=0.519MPa 

0.05 

o ~~~~~~~~~~~~~ornTrNTnnTrn 
o 20 40 60 80 100 120 140 160 180 200 


Distance, mm 

0.4 

0.35 I~."''''''''''''~ 111:: 0.3 
Q)

'u 0.25 
!E 
~ 0.2 
u 
§ 0.15 
p
.g 0.1 
LL 

0.05 

- P=0.215MPa 

-P=0.316MPa 

-­ P=0.519MPa 

o ~~~Tn~nT~Tn~n7rMTnnT~Tn"nTrn~ 

o 20 40 60 80 100 120 140 160 180 200 


Distance, mm 


a'IJ~ 4.8 m1W~~nl'fVl~~tl-:J~1Lmn'l1tJ~C ~m1lJ~\J~1-:J1~1mfl~tl-:J Friction testing 

~~~1 n n1~'Vl ~~ tl-:J 'Wi.Yl11~ CJ <;j1lJI"halJ'll ~t~'Vl~fl'.l1lJ L~ CJ ~'Vl1'Ui;'f" III ~:::i1 rl1lJ1 n n111"h 

alJ'll~t~'Vl~m1lJ b~ CJ~'Vl1'U~~'lJ 1~CJ bu'W1::: mh-:J ~-:J~i;'f fl11:::m1lJ~'Ui;'f-:J~t(;,(-:J~~ m:::'VlU t ~~-:Jrl1 
" alJ'll~:::~'Vl~fl11lJb~CJ~'Vl1'Ui;'f{il1lbL~talJ'll<;j:::~'Vl~fl11lJL~CJ~'Vl1'U~~'lJi1rl1lJ1nn11~i;'ffl11:::m1lJ~'U~1 

~-:Ji;'ftl~ fl~€I-:Jt1u-trt1lJG11'W11l1<;j1-:J~ 4.2 bm:::i;'f1lJ1~tlbi1'U1~tltl1-:J-u~b~'U~1n~~n1<;j'Vl~~t1-:J~1 b u<;jn'l1tJ ~ 
" 

A ~-:Jbbi;'f~-:Jt'U~'ll~ 6 tlci1-:JhnI1l1lJ'W~~m<;jlJ'l1tl-:Jrl1alJ'll~:::~'Vl~fl11lJL~CJ~'Vl1'U~i1fl11lJ~tl'Ulvn~::: 
QJ" ~ " tV !V I -=- v 
'U'U'l1'UtlCJmJi;'fm'l1tl-:J~1bU<;jmbl1l~:::'l1'U~mCJ

" " 
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I 
I 

Pressure(MPa) 
Type A Type B Type C 

~s ~k ~s ~k ~s ~k J 
0.215(30 kg) 0.2066 0.1891 0.3656 0.4084 0.3539 0.3268 

I 

0.316(60 kg) 0.2008 0.1789 0.3221 0.3437 0.2920 0.2847 

0.519(100 kg) 0.2006 0.1778 0.3307 0.3559 0.2822 0.2774 



. 

QI 

'U'VI'VI 5 

a':itJNiUI,~=i1ma'lJml,'lJ=, 

UVl.n'<iJ~n~ll5~fl1'H'f1'll(:,j~fl1~1~EJ~llJ5~ ij'll'l'n~'ll~~~rl LL~~-tim~'WmL'W~ ~~'<iJ~~~vr€J'W 
1~L~'W5~~~~u(:,j ~rllllJalL~'<iJ"lJ€J~ fl1~~i1 Lij'W~l'W 

5.1 filltltl-Uln1'aVl~flv-3 

lrl~~ f11~1 ~EJ.n1~~~Vil~'WL~€J~n'rfl LL'W1Vll~ fl1~Vl~~€Jui1lJtI~~aVl~rllllJLa EJ~Vll'W LLUU 

1'VI:W L~€JlotidJ'WVll~ L~€Jnal'V1-ru f11~Vl~~f)ul'Wfllrlf)~~l'V1fl1~lJ €i n~~L~€J~n'rfltllil ~EJ~~~f.J~, 
fl1~Vl U~ €Jfl1 i1lJ'll ~~ aVl ~rllllJ La EJ~Vll'W 1~ EJ €J 11'1EJ LL 'Wl Vll~ f11 ~~~l~ IPlllJ ~'ll LL UU lJl IPl ~~1'W" ... 

JIS K7125LL~~€J1I'1EJ~flll~f11~Vl~~f)UmlJlJl\91~~1'WJIS D4311 ~~LtJ'Wm\91~~l'Wf11~V1~~f)Ufh... ... 
i1lJ'll~~~~~rllllJLaEJ~Vll'W"lJf)~~lrl~V1~lJlt1~~~nIPl1inunl~Vl~~f)U~1i1lJtI~~~Vl~rllllJLaEJ~Vll'W• 
"lJf)~~lLu~n 'Wf) nlilln.ncJ~*Lu'W1t1~ f11~~n'rfl'V'l'l&i fl1~lJi1lJtI~~~Vl~rllllJ LaEJ~Vll'W~~\91 LL~~ 
i1lJtI~~aVl~rllllJLaEJ~Vll'WlilfI~€in~lEJ 

'<iJl nl\91~'ll ~~~~ri"lJ€J~lm~f11~1~~~I'i€J~ f11~~~l~Vll~L~ f)nl 'VI:wal'V1-ru f11~Vl~~f)U ~l• 
i1lJ'll~~~Vl~rllllJ La ~ ~Vll'Wt1'W'V'lu;h f.J~ f11~Vl~~f)u~l#llill n Lrl~f)~Vl~~f)Un~lrllllJrlfll~ brl~ f)'W f) ~ 

" l'W"lh~ 17-22% 'Wf)n'<iJln.nf)~rimllJ~~l~liIlnf11~~n'rflf.J~n~~VlU"lJf)~f)ru'VIfllJ bL~~mllJ~'W~nf.J~
" , " 

~f)~li1lJtI ~~~Vl~rllllJLa EJ ~Vll'W'V'lU1lf) ru'VIfllJ Lt1'Wtllil~EJal99f'l1~n8Vl5'V'l~~f) f11~L'll ~ EJ'W LL 'll~~~1 
, " 0t\ 

i1lJ'll~~~Vl~rllllJLaEJ~Vll'WIiI~~f)~1~~~~~~llJl~~mh11~~~llJ1#l11~1i1lJtI~~aVl~ rllllJLaEJ~Vll'W 
'<iJfI~n bb'WllUlJ'<iJ~Lb'll ~er'W\91llJ 'W f) n'<iJ1 ni1'm llJ~'WfibtJ'W~ntl'<iJ~EJ'VI~~~6'i~f.Jfln ~~VlU~ f)~1i1lJ'll ~~aVl~ 
rllllJbaEJ~Vll'W~~'V'lUlll~EJ'lln&i~1i1lJ'll~~aVl~rll1lJLaEJ~Vl1'W~~\91'<iJ~~~n1l~1i1lJ'll~~aVl~rll1lJ 

I I II " " 
ba ~ ~Vll'WIiI~~ bbfl~ Ln€JmllJ~'WL~lJ"1i'W1iI ~6'i~f.Jfll~(:,j~~1~~~'VI11~~1 i1lJ'll~~aVl5rllllJLa ~ ~Vl1'W~~\91 

LL"'~~l i1lJ'll~~aVl~rll1lJ ba ~~Vl1 'Wiii ~~L~lJ~'W\91llJ~l~ 
f) ~1~1~ fi \91llJf.JfI n ~~VlU~ Ltl ~~'W iii1n~~ f) ru'VIfliJ Lb~~rllllJ mllJ~'W ~6'i~ (:,j ~~ f)'V'lf) &i fl1~lJ~1 

, " °1 

i1lJ'll~~~Vl~mllJbaEJ~Vll'W~~IPlLb"'~~1i1lJ'll~~aVl~fll1lJbaEJ~Vl1'W'<iJmjt1'W cJ~~'Wf)~nU~IPl~"lJf)~~l 
L U ~n LL~fI~"lJiJ ~~iJ6'il'W fl1 ~f.J ~lJ"lJf)~~l~~~~'W~ bb\91 n~l~ fl'W bb~ ~'VIfl1 n'VI ~1EJ~~~'W €J ~nu '<iJ~'ll~~~~ ri 

'\J , 

fl1~loti~1'W~Vl1~~f.J~ \91 n1'V1'W ~ €i n~b~ 
" 

5.2 il'lJ'VI1bbfl::~t1fi1'a'aflbUn1'avi1bfl'a-3n1'a1~U 

f11~rlTU rllJf)ru'VIfllJ~~l LLtJ'W~~'W1UVl~~ flU1'W"Ii'd ~f) ru'VIfllJ~~n-tim)l fl~bbm~Vi11~~f)'W-ti1~
"'I \J It ~" 

o ',d .elf .c..dQ q V V ~I I I qJ 

fl1U 1 n L 'W f)~'<iJ1 nlJf) ru'VIfllJVlf.Jl~~'W1U bb\91 fI :::'<iJ~lJrll1lJ LL\91 n \911 ~ n'Wrl f)'W"lJ1~lJ1 f1 f)'W LiJ 'W ~1 L'VI IPllJ 1 iii1 f1
ill ~, q 

rll1lJ~ llJ1~~"lJf)~f)'ll mruVilrll1lJ~f)'W~1:W~llJl~~mU rllJf)ru'VIfliJ~~~1~bVl1n'Whit'WU~ b 1 ru~'W~~
,/1:1 ", cu " 

n"lJ'W1~ n1l~ ~ nVi'~'V'l'l&i m~lJ f11~'V'llm llJ~f)'W1'W"lJ ru~Vi1 fl1~Vl~~f)U fin 8Vl5'V'l~ ~ f) f11~-rn'rflf) ru'VIfllJ , " 
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dQ d: q Q tI d I t.I 'V I ~ ~ 
'VI Nl 'j~'UTU b'Ufl.:) ~1fl1J'rl t] VI m 'j1J fl1 'j'rl11'l11mfl'U'VI1'l fl'U'lI1':) N 'UNl 'U'j~Vll1':)Nl 'j~'U1 tJ 'VI ~ '"fl tJ bLfI ~ 'lI 'U 

tJ 'j 'j tJ1 fl1 ~ 

5.3 .uma'UeJLL1J:: 

5.3.1 fl1 'jLVI~~1J~'U':)1'U'VI~"'fltJ~~ bfi~ ~'U1il1 flfl1'j~1'lt!1 btJ'jfl m 'jijfl1'j"'11J~t1mru 
iJeJ.:)n'UL~flm11Jtlflfll'l.n~1'Ufl1'jvi1':)1'U L'll'U t;H~flVl'l1.:)n'Um11J~fl'U t!1n'Ub~fl'U t!1tJl'l~1Jfl bbfl~ 

q ~ 

"'ll.lbd'UI'lTth.nmtJ'U~'U 

5.3.2 fn'jijfl1'j~~11'l'j':)"'~'':)'lI€l':) bl'l~fl':)'VII'l"'€ltJntJ~'U1~~'UI'l':) b~fliJe:J.:)n'Ufl1'ji'U"'~bVie:J'U 

'lIru~LI'l~fl':)vi'NI'U ~.:) e:J11il~':) NfI \Vi fl1'l111J I'lfl11'l LI'l~e:J'U'lIe:J':) NfI fl1 'j'VIl'lfi e:J':)1W1 
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"I tJ tJ
n.l n1'H)BmttJ'U"Il~h'VIfl11:U~B'U Heater 

l?1l?lm-tlvh~l'WL'U'Hl Cp = 452 J/kgoK (12] 


Vll'll'Wl~"l4~1Vffll1:U~eJ'W~ln?l:Ufl1':i [13] Q = mxc xAT 

p 

J
Q=33kg x 452- x 623K 

kgK 

Q 9292.668kJ 

rl11-tlnm 20 'W1Vi L~€rvhmUVl.nlj 350 m~lL61lm6iitl?l 
• 'U 

9292.668kJ
Q = ...,---,-- ­

(20 x 60)sec 

Q 7.744kW 

., 

?ll3J1':itl-S'U'Ul'VIUn?l~?I~ 112.4nL{;ln-s:u


'U • 

mru~ 1 ,h~~l'H\J11Vl{;l~?I~?I~B~I~lLLVltl~'lleJ'Ulfl':i~?I~1~ 
'U. 1il 

2.017Nimm O.18Nmm 

900mm 
, . 

300~: 

172. 

M...u.-n.356N.m 
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L:MR =0
1 


- (605.135 x 150)- (108 x 600)+ \R2 x 900)= 0 


(605.135 x 150)+ (108 x 600)N.mm 

900mm 
:. R2 = 172.86 N 

L:F =0 
y 


- 605.135 -108 + 172.86 + Rl 0 


Rl = 605.135 + 108 -172.86N 

:. Rl 540.275N 

540.275 x 

64.86 300-x 

64.86x = 162082.5 - 540.275x 

162082.5 
x=-----­

(64.86 +540.275) 

:. x = 267.85mm 

y 300-267.85 

:. y = 32.15mm 

fi1'U1ru~11lJUI'UIPl~~1'Uf11'W~~~tJ~x=267 .85mm 

M 0.5 x 0.26785 x 540.275N.m 
x 

:. fh1lJblJ'WIPl~~?I,!J?I~"tltl,!Jmru~1b'Vhnu 72.356 N.m
'II , 

http:300-267.85
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2.017Nmm 

0.1 

SFD. 
~ 

S68N 

~-121.563N.m 

!ruR:. 0 

.cd. 0 I 

~t1V1 0.2 SFD bb~~ BMD "I.I€l.:jbb';j.:jbbUU'<\l\11m~'Vl1€lVm.:jfl~1.:j
~ ~ ~ 

:.R R2 = (0.18x300)+ (2.017;300)+ (0.18x300) = 356.568N 
1 

rl1'W1WVI1hlb:u'WI9i~\111'Wfl1'W~';j:::V:::x=450mm 

M 450 = (0.5 x 0.3 x 54) + (302.568 x 0.3) + (0.5 x 0.15 x 302.568)N.m 

:. ~11:Ub:u'WI9i~\11~.:j~\11"1.1e:J.:jfl·H)j~2.b'Vhnu 121.563 N.m 
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I~ ~I
lOt 

I 
- r­

1 
Cz=2.8684t 

2 
9t 

lOt 

- ..... 

'VI1-!1 flG'll-1 b~flflLVl~fl1fl~-!lG'l~1-!1LtJ'U bVl~ f1 Q1f1"IJ 1 L vi1n'U -;U1m'tJ ~-;U1~ru1Vl1"IJ'U1~ rl1111Vl'U1LL6'l::: 
~ 

, 

, 
'" fl11116'1-!1"IJ r 1LVl6'lflQ1f1 

~ 

n1Vl'U~lv L rl11116'1-!1"IJ1LVl~ml1fl 
~ 

'"t = fll111Vl'U1bVl6'lf1Q1f1 

L = lOt 

a 
a =~ Me 

all N I 
Y 

(yI x AI) + (y2 x A2) 
f'11'!J1N'Vl1C -;U1f1 y 

Al+A2 

-
y = 7.13161 =c1 

d1 = 17~13161 - 9.5tl = 2.3684t 

17.1316t 4.511=2.63161d2 

f'11'!J1N'Vl1 -;U1fl I = (II + Al X d/) + (I2 + A2 X d/) 
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2 3 2
I = [1~ x lOt x t 3 + 10t x (2.3684t)2 ] + C~ x t x 9t + 9t x (2.6316t)2 ] 

41= 0.833t4 + 56.09t4 + 0.75t4 + 62.33t

4:. I = 120.003t

flWi?l:u\m'Vl1.:jn~(bJ~1n11), 

fld1lJVI'U1(m m) TensiLe 
Yield Strength 

Strength 2 
2 (N/mm)

(N/mm) . 
whn115 400-510 245 

5-16 400-510 245 

16-40 400-510 235 

40;ff'U1'IJ 400-510 215 

Elongation 

(%) 

21 

17 

21 

23 

I 

i 

. 

i?I:u~9ifld1:UVl'U1b~:U~'U~1n11 5mm tifhoy = 245 N/mm
2 

1il1flIPl1"J1.:jfi1fld1lJ'IJ~€1\?1f(!:.Jtifh Ny 3 

1.1.'VI'Ufi1 

245 (121.563xl03 )x7.1316t 

3 120.003t 

81.67 = 866938.70t 

120.003t4 

t 3 866938.70 
(81.67 x 120.003) 

t = 4.45 mm 

:. L 10 x 4.45 mm = 44.Smm 

b~€1n1ibVI~nu1n·IJ1l.'Vhn'U"lI'U1\?1 L50x50x5mm SS400 PSS1 

http:866938.70


.n1f1~t.l1n "U 

fiijeJn1'~1.ij~1t.1bfl~eJ~
'IJ 
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atJ~ "V.l ~1'UtI~~flel'U\?h~ 1"1Jm bfliel~ 

fl1'!i1-1~ "V.l Vl3J1m~"1Ji;,b'UtI':i~ flel'Uf*i1.:J 1"1Jel~ bfliel.:J 

Vl3J1m~"V a'd'lJ'l.h::n€I'U 

1 ~?I~fl~elfl 

2 
I 

bLll-I'U':i::'U1'U 

3 eltl rmuvl1fl113J-S el'U, 
4 ~1fl~el'U 

5 ~fla'U1'Yl':i~ 

6 "1J1fl~ 

7 
iF ..I 
~m~a'U 

8 t1~fWntJlvJ 
9 " 

na'U'thVl'Ufl 20kg 

10 " 
neJ'l.J'lhvIUfl 10kg 

11 " "Il?l':ia~na'U'\.hl.'IUfl(SUpport weight) 
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15n1".iLotl.:J1\J 
1. 'Vl1fl1~~~~.:jbfl~tl.:j'V1~61tl'Ub.u1ti\.Jbfl~tl.:j~.:jbl.G9'')1~61~nV~t ~b1tJ'U~mJ 
2. tJ-r'Urn1lJ61.:j'lJm'lJ1bfl~tl.:j'V1~61tl'U~'lJ15.:j1m~~~~'U~.:j~'lJ1

\I 

3. b~tJ'UtJ~mtl~bfl~tl.:j'V1~~tl'U bfl~m~.:j bb~~fltllJi'bb~tl{fl,)'UfllJnT;j~.:j, 
4. Jf.:jtlru'V!.fliJ~~fl1'UfllJtltJ mru'Vl1fl11lJ~m.ll~tJ b~lJ"iJ1ntlru'V!.fliJ~11tJ61.:j 

, I\J 'U 'I Ii "\I \I 

5. b;tJ\JltJ~bbmlJfl1~~.:j"iJ1nfltllJYl,)b~tl~ 

6. ,)1.:j~~~tl.:jntl\JJ1'V!'Un (support weight) 'U'Ubb~'U'j~'U1'U'V1~~tl'U~~Jf.:jm~~.:jtl'U1'V!~~ b6ij~~ 
7. ~~Jf.:j-a'U.:j1'U'V1~61tl'UVi~~~tl.:jntl'UJ1'V!,:(n (support weight) bb~~11.:jntl'UJ1'V!,:(n. , 
8. 1~tlru'V!.fliJVibb~'U'j~'U1'U bb~')'Vl1fl1'jb~lJ~.:j

, '\I 

9. b~tl'Vl1m".i'V1~~tl'Ub61~"iJL~t:J'U~tlmb~1 tWO~~1wl1 OFF ~bfl~tl.:j'V1~61tl'Ubb~~bfl~tl.:j~.:j 
10.'V!~.:jm'jt-n.:j1'U'Vlnfl~, .:j'Vl1fl11lJ61~ tl1 ~~bl.~'U'j~\J1'U'V1~61 tl'U bb~~bfl~tl.:j~.:j 

.utlfld".i".i~1'.:JL\Jn1".iLotl.:J1\J 

L ntl'Um'jt -nn!..lbfl~m'Vl~61tl'Ufl')'j~'j,)"iJ~tl'U ~tJmru ~'U~1'U~1.:j1 'lJtl.:jLfl~tl.:j11tl~1'U~mYlYl~tllJ 
t-nn!..l'V!~tl1~ 

2. ntl'Um~t -n.:j1'Urn~tJ-r'Ufl,)1lJ61.:j bfl~tl.:j1m~~~~'U bb61~V~~~n~'lJ15.:j1~Lb'I.i'U 
\I 

3. t 'U'lJru:i~Lfl~tl-!ln1~-!l'Vl1-!l1\Jbl.~\J~~'U1'U'V1~~tl'U"iJ~~tl'U1~fl,)~b<U11nG9' 

4. t1~N1fl~tl'U LL~'U~~'U1'Uvr\JVi~'Vl1fl1~'Vl~61tl'U L~~"iJ 

n1".i\hl.:Ji'm~1 

1. 'Vl1fl,)1lJ~::: tl1mb~~'lJ1~lJJ1~'U'U1.:j1~mJ'U~::'U1'U'V1~~tl'UL~a,j tl.:jtl'U~illJ 
2. 'Vl1fl11lJ~:i tl1~1'i'') bfl~m~1tJ ~1~~tl1~'V1nfl~.:j'V!~-!lt -n.:j1'Ub~~"iJb1ltl,ja.:jtl'U~'U~~tla-!l, , 

http:Vl1fl1~~~~.:jbfl~tl.:j'V1~61tl'Ub.u1ti\.Jbfl~tl.:j~.:jbl.G9


'I 

I 
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<¢to ~ ~ .Q, ~ 
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lJV111'Vl miff.! b 'Vlfll 'WlG'l~';i1"11lJ.:JflG'l'Vl),~'WfI), 
~ d ~ 
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~ , 

1'Vl),~'Vl'V1:02-9132424 ~e:J 138 

1'Vl)'a1';i:02-9132424 ~e:J 138 

E-mail: bus_supachai@hotmail.com 

5. tJ';i~-w1m';iPinw1 

M.5c. Automotive The Sirindhornlnternational Thai­ 2552 

Engineering German Graduate School of 


Engineering (TGGS) 


lJVI11'Vlfniff.! b'Vlfl1'W1G'l~'Vl),~lile:JlJLm11 


'" d
1f'l.'U. 1f'l1n1),lJbfl';ie:J.:JnG'l 

(LfiCJ)'~ijCJlJeJ'W~'Uae:J.:J) 

6. G'l16(n1"111m)'~ijfl11lJ"111'W1 rubt]'W'Wbf'lW ';i~'UG'l1<tJ11"111m';i (~.:Jenlil bbl'ln~1.:Jlil1mi9llm)'PinW1)"" , 
- b'VlFlijflm)'''il1G'le:J.:J~1f.!fI€llJ'W1bl'l€l{ (Computation and Simulation Techniques) 

- L'Vlfl1'W1G'l~LLG'l~m),~l'1m),~1'W'Vlif.:J.:J1'W (Energy Technology and Managemef]t) 

7. tJ)'~a'U m)'ru~ b~ WJ-ife:J.:J!l'U m),'U~~1), .:J1'W1~CJ~.:J.f11 CJ1 'WLLG'l~.f11 CJ 'W e:J ntJ)'~ b'Vlf'l 11'1 CJ),~'U, 
am'W.f11'VlL'Wm)''Vh1~CJ11bt]'W~eh'W1f.! Lb~'W.:J1'W1~f.! vh~,j'11f1).:Jm)'1~CJ~~€l~~1lJ1~CJt'WLL~G'l~ 

~ ~ 

II ""..,

<tJe:JLG'I'W€lm)'1lilCJ 

7.1 ~1'\r1,j'11f1),.:Jm)'1~CJ : 

7.2 .:J1'W1~CJ~'Vh bG'l~lil LLii11 :~.:J1'l1),1.:J~LLG'lI'1.:Jt11'11tJ 
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l.Effectiveness and Efficiency 'rLfll.2552 Industry Subcontracting 
""..,

'U1~'Vl 
..f1mJu.'V'li'l 

, 

Research of brake pads in Exhibition of ThaiLand ~hJL\.iltliL'U-tl'U 

noise and friction coefficients 2009 (1994) 

"iiln~u.~~ 

Industrial 

TechnoLogy 

Assistance 

Program (jTAP) 
th 

The 5 Intemational lJVl11'VltJ1~tJ2.lnvestigation of Brake Noise Apr.2009 
Vo 

L'Vlflb'Ub~~jy'j1~Parameters Using SingLe 	 Conference on ~'U1L?f'Utl 
! 

Dynamometer 	 Automotive Engineering 


ICAE-5 


ld3.Econo Power Car June.2010 The RMUTP lJ'Vnl'VltJ1~tJ 

InternationaL L'Vlflb'Ub~~1l"ll 

lJ{lfI~'rf;j~'Ufl1Conference Green 

TechnoLogy and 

Productivity 

4.AnaLysis of Clutch Materials EXEDY Friction 

behaviour Comparison Material Co. 

between Coefficient of i LTD 

Friction Testing and FuLL Size. 

! Testing 

5.Study and Trend of Industrial 

Development for ELectric 

Railway and Related 

Industries in Thailand(Phase i 

2) 

Technology 

Assistance 

Program (jTAP) 

, 
dI v 0 I 

! 	LVitl'iiJ~'Vll';jl{1f1{] m~'Vl1'N LQVil~ 

vll'U 'th ~ ~'Vl ~.f1l Vi Vi ~{I {Il'U m lJ 
1.Qo V € 

Vi.1:U .f1l ';j?f,:j L?f ';jlJ f1l1tl'U, ';j f1 ~ 

Vi~·Nl'U Vi.fll.2550 

mlJir\9AJ'Ul 

Vi~{I{1l'U'Vl~ LL'Vl'U 

Vi~{I,:jl'U 

m:::'Vl1'NVi~{I{1l'U 

... , ... 
1l-J"ll1CJ~ 
'U 'U 

"" L"llCJ1"ll1t1j 
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l.Design and Development of Bus m:lJ"lJ'U;;1~'VI1~1.Jfl 

structure for single and double deck 
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3. 19l1LL'VItkU"il"iltJ'U €J1"il1';i~';i:::liltJ 7• 
4. 'VI1..hEJ'I1'ULL~~~m'U~~~~(;)€J1~~~~1 f1 

-=- ~ ~ 4 tf 

~1"ll11"tl1'Ji'!n f1';i';i:Wbrl';i€J'If1~ rlru~11"11 m';i:W1"l1~~';i 

1"tl:W'lrl~~';i:::'Url';i:W'VI11V1mr.rm Vii'll 'U1~~';i 
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