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Abstract 

The bending of high strength steel is not enough of spring back factor data after bending 

process. Therefore, it was difficult to design of the punch-die angles and increased of the time to 

making and manufacture in industrial. Therefore, this project aimed to study of the parameters 

and forces are effect to the spring back in bending in bending process, The material was used in 

this research is high strength steel forming by used the v-bending dies with punch-die radius are 

10, 12.5, 15, 17.5, 20, 22.5 mm respectively and used punch angles arc 300, 60°, 90°and 120° 

respectively. The results was found that the parameter are effect to the force and spring back are 

punch-die radius, punch angle. and yield stress, as the punch-die radius increase the spring back 

factor was increase. In addition, the increasing of yield stress was increased the spring back factor 

more than the other parameters. Meanwhile, the punch-die angles are not effect to the spring back 

factor. The results from the finite element simulation were agreement with the experiment results. 

Keyword : Bending Process/ Finite Element Method 
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2.1 ktVf016-3Dt11111116ql0T5')11.A11,11_11,tbtliiillY6w111.411Jilfl1114 

1145tIrillt115 6
1
9110 414c41411144,1110141411119ttrelq4'30Ursittf10619;141 114 (Pressure 

A 	'4 
Plate) ,illaufyil Pad iflAir')ViltlAO9nflt101Aii'tllAtMAVIThaIJilAiihlfill fIlligt,11114 

tflAt)l-tirir111,19411'il3110AMEJVI 	f115111101)11fAil-11-114 (Swinging) 

2.1.1 41-111111-Afla14 (Neutral Axis) 

44, 9) 
fr1111kf

9
la 

	
111,11114 IOtlii1NW11,111461104 TiIi11111 l'0,90 9f tfi'l 

11116q6'`) (Compression) iilltil:'71")4-11-11-10119nillfll5ilAi(--) (Tension) Vfl 1flf115f15tTltnT`) 



C01111711-C,',i01 

■\1).4,  

,;r11',1 
v 	

114 

1111.71'11LiThj111'11:AlliJlii111011,7!10111.1 

5 

i101f1T11.141anFiqn-nutfiminfriffouinalliou4muanYili1D14111,91Y0,9M11111141'1141-11-1 0,4") 

fiat, dqdltIDVV  .fly tfIldflffl11101M11.1111.19114,1 VT4tiff1111.tiliCNIveinnult-atwi lli 
9, 	, 

"balAttf11,111D11" (Neutral Axis) Gil tillAktftlittifffllfallitirliitaiiiAilt)A 1J ~1111Jbefllddfi~l911d~1 11 

'614111.4 Iww,-.1194-rinnyari-4141441nwrulliwuo41.4111.4tioui:41arililf11591,90 911111/1 2.2 

2.2 frnlial,tirltFla1,11111.1inilda401fa411D 

, 
't-114t-1.!f61101!,41.,R6111.4flffIlT,l‘f11,41116'lvintiltu 

1. IlmilllficAufluti (Zero Stress) ttAn)014 r111,11111'110111-3111111,4111DAtIlitli011t,' 

2. tilw4111111,11i1OlttVillIinitfiliittmigliGualm54olaall t6fldununall9Am4 

4-wtillifin44-rwcitiioni5i-IA4-4 (Tension Side) 

3. tiltyriumaTaltkvillIMffilititl,D`.',TfriliJOA1111.906qfll t414ttfl14,f1"011qt !AM-4 

@T'l111t1ilf14411-Iiitfiq11156916''3 (Compression Side) 

lvri/11116utivii`pl-44-ruuonvA914-4tro8 

Itw111es1-4 2 41141l%n6 	 f115 6q 113 	k 9Jv11 	thttnunall 

1111561q10 WYlkltdiulanif,14-anlonttot 411,11149tCfriOn15411-11/111AfT1.4414 Iqt11.1flif1211,1 

tttm141milotwitigukt516-otuitin-i-nri4-1faiTutoliiA441411A-4y1',A1414on4mf.411.411m.-. 

tF191f115411411111614414 I9101. 

ttVifillUttiutfivatwilullao4t1A 11411'911m913:1illpirmi-Trivilfiq 4111'114 uintui-r441146110A 

"(i9114111-MINEJNY111f4114144VISTIraLl l'sIttM1114lliii.  2.3 



3 I) 2.3'J 
t;"1,Innl..01;11,1 lin rJrni 

11U11111111i114 

VI)1111)1'1:F14 

; 11;1',11;;CV1 

nr:ittl:)trtr,i11111 

tri 2.3 
	

6c11-Alitfl'Illilfillttflf01561nt15illa‘141.11114T1flf1151 

(fl) t6ticlIfl1a141-11tfiq41411.4111,460414I 11 

(11) UrfOlf115aAt11.11,,11110,1fl15 

f
0

1I5I.141011i,1 110a1-411f114flffMfOt11144-110-11:41116/AflC9i1\16144140defilf1-311.111 1-11110•1 
2' 

If1,11 114 IqUflqi11111:1J0141,10'?f11111111,11i1016tN14¶1.4111,1 

1. d"1114:1_11fflintr,11,11_1111130T011111549.110fl1-11 reflA66m4ilf111 t'00141tM1-1,/ 50% 

1l011111111114115141 1 1-1 

2. ttliii'uitivintelaiiin-immn 0.8-2.3 1l'flii'MA5 6A1-d66fl1-1nfl -mfodifig110141,14 
II 

40% 110,1M111111,111I14111,1 

3. r7mTul-omtai,Mo1M1,t9.11,11 alAttfllAflflell'ilt0E11/41041.-1 35% 	(1411141,11  

A' 
`111-11 114 

2.1.2 tilIllid110414112114n1I6j0,10'111-Ald (Metal Flow for Bending) 

l'I'01t-111162t141-115k1011t1211141.4 (Stress) tFM41-Ittflt111bt '6'flfl1511InK-noliolit 

Iq06.10frY11.1d1A (Tensile Stress) b1N1r(S5V1tat1111111M1111114111059Sl,31141156'Jilif1156'q,40 

flOfl4 invfl-1111L41460TnillItfiq0151Tmii-apimIlthfiumiun-fil,trolivm-mluuirituvi 
I 14 

Imintelmf.111460fl1511q10111111Tfl 	 11ilflllf'1d5114i14 	tflO \MIMI 111 

n-fillio951411141Jinn-iim-unntivtrinityi-rvillAiiqn 15411411 1140-15aimiTuallam Ufl6t5A 610 

Th114-11-uig1469011A,J1111411,M15&) 414Y11111f1411.1111,1111041.4 1140.11T4llitlilF114)11.1flA 

6 



951V1111151Mill ton TurchlTulTal 	 viooTanivitollsulm 

tult4 

- 605 litTl45 ',11'illfl')13Jf111116DM14J1-11,111.11f) 

- 6A5114-3147,14-ibf1-31i,111111d0f1T1111111-111,Ifltl tioninni''41tviwioln 15 

111fl&)1101IfIVIt.' ttil'f11111r7111Twi'fil1•11.11 'io.lcilf.,14-)EJ go IpliNf1156-"q50 

(Degree of Bending) 

- f115610501h5ttflli (Narrow Bend) t,'"ililltff1151Vidvirt1011d11,t,ADA91fltt51`AillIntl 

(Wide Bend) 9.f, 4/111411151,11fl&A ItInttelOA Tlfltt51?1,611.1 111 ttd111511.4ft&AD1 

lolinvo5w1nt(516qill400 

- 

ri-n4Iflmdoiatil311151viaihiltllidVini11\14-11-1015 -6ofinam'wnFm5oociv 

11.4in 

2.1.3 fIllisltnIEN111-41111aP1:10 (Strain in Bending) 

11-151411-11FHITUltilitJq (Strain) t1101111'011111176'ql0t111,14144111.4111500fItt1111 

111.4VIDIAM56'010ttMf15tlh'9J lltd t511AviNNSV41411141.1filf1TliltditfilatIlldi'lAf115t9JAFJIA 

a TIM-35 ttdfl-tThtfetn194N13-10t1frilfn-111tfiitlq1A0 (Ultimate Tensile Stress) iflti16"fl 
4' 
1514A1W01,414-1141-Nlittf1011150_16814111t'h'Ilf1-311141,rogo9tvTilvl'invIwirm unwinitdiog 

R 
61101ttoi-df *19114 T.'SJ NMi 1115ii914'111A'1J IqL16116A51d1115 t 	— tfl R 	i'ffij 60 

Punch ant t gofriuntwro-olttrivl-nartauton-ntiliitnttrtMllililllun-nlqloIovitttcht 

114 
9, 

filfamtdioo1ciinfi-nuttytcritliiiouttil -0.111.1 

(7, -10 ) 
E - 	 (2.1) 

/(1 

t1109111f1T11.101`3110Atehmnutio-Nilfilfilii 	 Iqt1 

10 	(R 
	

(2.2) 



i f  

1 

R 

t 

a 

q11-114 	C - 

f116eiAttftff1111fl 0,
1,
1
,  

Ala 

?10 

[(R 

TffilJ11156'qA0 

fl'1111111,111.41114 

1.11.111NfT15$1110 

Oa] 

fl 	llIEJ-1311f1151() 

fITIIJOYffit1M156'040 

= 	(R 

A4 

+Oa 

1 

8 

(2.3) 

fraluttondll5ni-i-N 

\ 

11 

t 
+ 

2 ) 

4 

a 
(-)1:0 

t 
+1 

w 	 vas 

1115rMc,i-puolh''Attlilttfltrrillattallill(f)11111flfld5114i1140tifiult)iillun-i5cifl\10 

2.1.4 fili'4f1K1DA'1.1 (Spring back) 

11X1V1a191\10i1-11114talni111115110(1(t51 (Unload) 00t1T11)(tAttl 11.t1t41 9t(60f1111.1 

d`1411VIllitlillf1151AD allANnyhilftiign15"61 qKin6t, 

tfll5fUlly (Spring back) 10E11115hvilf1A'1J9f,Iltillflf111006(01f1d11f1l4001111141,10dfill&1tik 

trOn-ilti111141101,1 

- 	 (Clearance) 

i'ffij(0.111111/A11,141-11-11-1 (Punch Radius, Die Radius) 

fl'111.1111,119101ttrilA1-11-1 (Thickness) 

flilli11.11J71110 -Trrq (Material Properties) 1_151101..N112f1 

E 	 Young's Modulus 

Yield Stress 

6 	 Ultimate Stress 

V 
	

Poisson's Ratio 

(2.4) 

ifltil4VJa-niit-rtii6Yiimtvuo14'-nalliivilmovion176'-an-6"116U01101,1ntell-110'111Wf, rdo 

n-nafitilleittao.anaallii 2.1 



G1111stil 2.1 V1`)1,1,1.5d-111 irld'N001011156416Xall 

o'hut15.17M.lemoinn-rAoc,i)nhi niliiqvi-aneTti 

id9i1f1')ThaNtLIAVIA (Higher Material Strength Inn 

impill (Thinner Material) iflf) 

1109Z-TilklitiVil (Lower Young's Modulus) Ulf) 

_?, 	A 	3.,  
9T0 -M911111.1t00.1111 1 (Larger Die Radius) 11111 

141411-ilATfll'illttliiild,Idf115ITVOJ10(Greater Wipe Steel Clearance) inn 

flTI1J6- 0111"41110ttl,it'ROM/111-1 (pt) klifl (flatter part surface) illtl 

vionvInvwenulancrf-wt-n-rolmmam114,1611fll5iiqihf-411114I1J910,1 	Spring 

back Factor tilAtTIChWIRI.ITftilf1-151161101 Punch ( r,r  ) 	 (S0  ) 	!Lao 

%VA 2.4 

Imuni14-rwagant-Tmlirmn-miwiln&nliiitAnAldilttLriv ?lei 

ar 	r+S0 /2 
k R  = 

+s /2 
(2.5) 

k R 	Springback Factor 

a r 	143.1G10110,1taiihd (et 

OC 	
3, Q., 	4-, 

1,11N1q11019c1,111141/11M10,391fltiN11115;16'')f10'11 (0101) 

Tftrda1419940141,N11A0(fiqt1llaiq0Nail (mm) 

TO116'q91011fij144(mm) 

0 	f11-11J111.4161101ttrldttldi (mm) 

9 



VIII 2.4 mililfrynAyriaim46o5-Ivi-ntn4qvix4u(a4n15imitwymnii,41,u-N 

itn-rta ol 'Tag oi 

lufratnwrviOn551(TolniAahnhlun5nrlin-miVulurilwnit'u 

Ii141119951110flfl15'ilqviln6ulvivimga 	 'ili111115flfhirmini”loci`a) 

nA'1(1 1(9-111afilf11541.91114 	 illufiAttnisit'Nfniuttonvi 

5fll'illip01114f1111,1116'017140A1115 

2A 1.111.17dAi04fIfilitINM101f115ilffilf16)Jill Tn6q41,-1146f1AMVIEJThvi-i191f111Ji1;  2.4 V,I.„ -T_114 

f1511A1f115h 

CrOqfltljafil-10611)1140 	 (  r' ) CIA -1 
S„ 

vhfl"dllIf115&11n&Jkliq41.41.1111 

ttdriti4iletTotwindlAfil,106f10114115iilild'oln151iimminn-niifl&)failt011Miffktr11411A 

TtNiillintri1440.1,tiflEalEJUT1flf115`61qvilnA'utulttriAtraTI;WilifillflUfAil, 1614 1910T1111115 

11191f.f01161414711_ 

91fo1Thri14 1.11tI,Leillk;11 FYITf,t.flqfY15"91916'-anthivinn-ilioonnuii,(11411v711119101-Ittri1461-1 

t12.101V-Ifltr.wItl'IllIt41-1114 -i'311115tlit114111114i-311AVONIFIfl (Plastic Deformation) 

t1^151tIdlittteillaitniGiltt5111,11111iii-vilifthntrAlluiii,1111140.14ttchifillIMinte:1141,10flill 

10 
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tit4 11,4f1111qI-olff,ttr,i144owiri6A5ivimAn-runlvitalau. 1 aliituoildouivuon 

wwi 2 iIdgt1JA5 ar5mitiltnifilifl154i0Iffintril4t4tM1111,1111,11 1 ilflgt3JM fi1r1.0111mit 

ktPi1440149i11,111,4"Till[5,N1f1f1159Tql1111'411,F)ff115t1A01,17,19:1friliminkvii,Adun 

loolatinAr414140f1t911111111014 

tkPitanrwlf115 191(9TX)&11i1frill'O1ittlAllaiEn111i11J19Th 

invintrivaiu-aloolunItilUfli-ovintslwiltyw (ttvivvon 2 171t6t1JA Vit) kteitriti 1 
4
Jd

4
k1.1011) 41t15  f(il 	l'91110 114'14V; 6 ilD-Zit,1Ni 	OTKIIT144914119'491ffl'aD 

tlf11441-1611.111J1101111tY)111141-111101IalintP44401,-ittP41111 tit) 7 ilataNntApliMAR-iFin15.1,1 

nil9ioniflot,triumntlAouphollwrintriuvonGimilui4outtpiwtActilfl17 	tEd11,45f, 1'61,1 

fli7g'911W1Intritti91101.11,10f19n1f161o410T6( 9ThilI MMlif41,14:101111Uflitivintrivlatlnio 

tY)111111411101)tchibMWIT)illi'ffilJfllIgfl910 l'45YT1111160151ir1wro.ITfilin1591'ovitynli1..1 

111,116)111,4tl1fi1 	) t104.101 )110ttlEnatrliK„ILIVN. 4 lilliarilf115'6916"-Ing'1JTAflfllt)ilt 
S0 

e., 
9111,11411,1iTi5 

Thuirman15h6"--mA'111141-n4Kqiinintrila-oulioAImintittrivivonttontriculudivii'un15 

`i"q41,Q,t1.11utkesict_riloudolil 

2.1.5 nilUalfit,inilgovian`iruollaiit (Counteracting spring back) 

n-ntlaAfit4n-niiohntTuillialti-TillaUflOi'mfill 3 'm in 

1-1156'flln 19hrinni1iii 40 	(Overbending) 

11111W69If11`'.,')61/1f1 (Bottoming) 

4i A` 
filleM9f14,1111fiDIWiNt) (Stretch bending) 

1. f117610101111-1111friliWiflI (Over bending) tlit4f1156'cllt)I011,111111.1)..allflfl'ilil 

401f1134f101/4)41,flgtlAiin-ciu 	 41A114hfauCc-it-ntouUtNi-INLiioialf117110 `.6 Ts'A 

n-nK911 01,11.11Alffilq9t li11,419100,ntiltyl (cam) Iouni5gfmaiiimArtalp.i,hn-iiil 

AINfl-154.`dniloutil,4 

2. f15flq6q1lInalfl (Bottoming) Illtl1ifl1I1Q144flffi0f15nalfltlfilltt5A1lintll 
' 

iii10,ITF611111I'q1D 411114411-dirlifinali,1911numilad'unowinnil 	t111.1H01/7111f 



12 

tionliff11115t1talfillf115iiq 

ix16u1A)Taw 100% '9t tilnArit-mi441nA'uni800tjoiiioatithiTou 

-wi59Jr15k5o4-Am -Na--A (V-Die) 14-15 0104 (Bend) ill-13J111114-14M0 GIS261 

f115$-416')flA'1_1115Jq11_114fl'ittilttlilitralqlailliItri145 01 (Pad) 9tdiNflOtTqfl5nalf11,14US,i1,15N 

flq60f15nalf1W1-16V1fillttvi1150111,9 (Back plate) kk)1141011f,t1f16q11TtilhIii 4111M115f1q6q 

115nAirlflr1T,",liiilfYillIt41.4th'q414Iff114111,1111&10Nt'ttiffiniiqhnciinflfl 

310I 2.5 fin '11N0611111.1/J 1J1flfl'iliidialf115 

1d171 2.6 q-10:06111/1T5t)Crip a11Tilfl1511q61flIntIlfl (Bottoming) 

f1151i1111qtiffrittbirlOtt diellfr)11111t6510d1,15t151915t 15 t1A15 tt519t 116A511115klii1414 

0E1115'A') --11d41.41114 2 CI 11014fil-411111140,41171/11,1411iftliAltiaq 

~141fill vil'otaiiimAittontatnno lvni5iiuno6qn5ttait-dviiililRif,d'ullGiStfl1011i11 (Press) 

as o 
6-16,1'6fl 
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3.0110q91-111111;016q110 (Stretch bending) 1111115tc1TUAT1

q  
11911111F19119 -)111140 

6  
(Elastic limit) illf1111,1

q 
 V15115A1W9514111MAITIATI-11101 tql51-11T1,1 0011111fl111 

Id51511011A11,195 "M1,19S1Eldqfil5iiqdfl6'1.1 (Spring back) 

v; piu 	th1111 

59 1 2.7 111564Q141,N114fi01-16'ql0 (Stretch bending) 

111111tfillf11541,1T1_141-N-11.4411-11 tttlf,111-1110Aill,1`1111100 (Low volume production) 111541-)V1 

Tidllif115V(flxifr)111/41.1 11f1r1q11)fflintfAil-11611filf1T111411151?ilr,r,Armifllit 

AAtt714:1f,,,fltrimitttpict.aat)131-yrnitvillulAvolltron (Uniform strength) 1aVId7l,U0,t1 

tr-mokno6149n1hAnicilliVion-nnino filli'%11.11iii9t't15n1610/171tqf1404‘11,1111.1(1"49,111i 

4144401e1N10 

2.1.6 nimmiln116smarmIlf1060115fMY1f1 (Tensile strength and Bottoming 

pressure) 
g 

f11161114I0 Milt' (Forming) Vflif1T0J1f11-11ficrY1 1,ffl'ff 2 1010 	fn1111f11.191111,0tf1T0J 

1.414641i411-0Ji11111-111qt 40AV1 )13J411t5141i1011dVitifilqi1l cl 'ff.10151110111ii 9nra01 
29 	sid 	9) 	A' 	9) 

Ioothtultu 01019itt11-111011-011J01A1.1114f11541141tIRM 

2.1.7 atitIAttN1-445110,11A5Aana (Characteristic bending force curve) 

114f115 -I'Mt5liiiiAtiliffil”Tqclaii1141qUlitni)10TifinTanf)1W (Strain gages) 

;10g5t61111iiilI ME1 Ifltillilitt5111.01/krildflal,1111-1 (Pad) 1191)111110A01 141,1100,d/110105A 

'1q ,10 (Bending force) tii01061161'0'1 ti)1611flqiqt1M11711T144 1;10141-15-110,51Tf515J10-1115 

1101M1145011611'111AalvijOA5tiAllilii A'fllitline(01A1-1IfiT11011,151'01011r(q4111Illii 10 
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01 	 l 	01 Cl 01 	01 	,4 	01 	.' 01 	01 
'1UN1,4 

tlif.1014f1T111tAlflOiltFlailltaltl 

kfilgLIV111111.61 	unlilaku flamv2fl 1 i1`t) (91t111U11 urivq -ni 	 (Snap 

back) 19101/1"11firinifiuTt4M11.141,1fTqilfilt11-1111,1thaTIMEJlailliT)11Jtfiligs9 f11761-IflA'1111t),9 

L. A 
fr)111t41160L101;1'1497ilii,t rim 14-111Tolpi51911114611019.110r7140A "014I11011J19111f1'111J&I (Fatigue) 

Eit)1411-X1.11101f1113J4Int 11,1ill'ilflfl114Itliiii1J1Vfllf141411] (Draw die) 155119S1F11101),t1A11111'  

oinvupJnl5CMltJ6'TUDAfnll4u6q11tti4 1ATtiOtillGl'il 4111iiiion1iut-N6qt
9
'o1 	End_ 

IltI51tPt dliktlillIJIAI'fflfiTivIlI1.19°AfirittAfl11-)61.41,11011J191f1M11iihtTatifl'il 

kt111i1AAI''6'fl (Cutting die) 61.Ana.1113J141,1111 (Forming die) 

11,1tkliiilallilia:ri"NaflflfrilfallJ111-111YOAIWM ,̀'KlattIllfliWrit (Ironing force) 

511itliThiti9itt5111.-Reltai9i411 4-)0111541,1?,611,1W1111flltifill3J'N t41.4141V1111,111411ii11110 

t.t1A°1191V144.1.4kefulfilio.utqlnlliitaIlfirgIsfio 61.4f19'dJukvIvi4,111-51GUOlf1176'ql011141r111115 

tTNOVIIfilt611d 

	

6'fIlitlI 	 fl'31V,",t'IittallifiAtI,511101f15511)16'1doliliigo n11691 f11591q 

It1113`i IW151 fl171T11156 11 	q 

, 	4 

ILI , 
„--, 11111 

tt- I= 
 min li 

111 I 1' tH-.1 

i$1Pa .14rial 
Emus rug 

P114,70tiikiitt 

 

fillt&1‘lattil941.20410ti 121 

 

2.8 	t6A,114.11101 t.t516'cl,10 (Bending force curve) 
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11.1atlil 2.8 tdiv1t1l11o,w51 Ill1VA10111916qflInt9flfl (Bottoming force) 1,14106',91114 
eg 	0 	Q.,  

ofNliTH15211Wilitt5Q1J1fl'Uti Vf111711 tt.5,AMtfint51flq6qfrif 	Uittlliflilliqtili111-1 

irAfiq41-1 	 Ofill tionduaiiiinArlIn11144151flq691A5n13111 01f111115t114 

U51f106flfl5tttlilfltill-ION30961&11101/fllolliulaiituillIfiuniitimAitlItati 6-"A4u 114 

fIllciniT15tIllthfltf)1011:i1.11Mit alliTiA11,19iqAMMt .4141119t,'4011'nJtt511f111110tOs1(1 51 

tlif1114 

1 	0,5391'010 (Bending force) 

2 tt5AM-MNIInwtvl1tt (Pad force) 

3 	tt5,11flIdlzi`,',' (Ironing force) 

4 tt5,91M6M15tkalfl (Bottoming force) 

2.1.8 711;1191161141046111511f11141,131Ntit'UCIV 

9:o5vroitieplUfsinlormilflun15411,rniarivi-rdInlaiiilt?itn4oluttlifanAgulti 

crgAllIfiltntial5f.nou911-)o 

M16'ql-el (Bending force) 

tt5:MULINI4fW1951-1A114 (Pad force) 

tri 1 ff160115f,ttilfl (Bottoming force) 

tancin`)111EMIinitlf:11,111M1 (Blank development) 

U5,96.410 (Bending force) fI1W191IMI,'Lteill 

4̀-'191414114f111,4 0151Ptillap5141 11117.1144114-AlAtnfilif1114 

lun154- nfutriowimnavviimif,  

2 
S 	fiT(11.14T1,1 (Stress) 	 kgf/mm 

M IMITI-16?6'91 (Bending moment) 	 kgf-mm 

4 
I 	illtilafrillItfi''00 (Moment of inertia) 	mm 

c 	V.'M`f,91W1F1514T15Otd (Centroidal distance) 	mm 

Fb 	k67,96'flla (Bending force) 	 kgf 

L Int,14)1OCIN (Span) 	 mm 

b fl'ilklelltNfl114 (Base of beam) 	 mm 

h 	f1111M,S11101f1114 (Height of beam) 	 mm 



- x 

Sbh2  
Fb 	(0.333) 

L. 

Mc 
	

bh
3 	

FL 

1J 	S= 	I 	= 	.c= 	M 
12 	2 

FL FL 

2  2 
bh' 

1 2  

Sbh' 

12  Fb 	L h 

16 

(2.6) 

( 2 .7) 

(2.8) 

TIM 2.9 D1IAIVITI1MOlf1114 

	

-iresql-iyrutsi,nutlfllolua-111 	ni 191 -114 aT t- 	nt 	 utTal'qimiturnA qA1.4 

L = r1  C 

SWt 

	

Fb 	= (0.333) 	 

0 

(2.9) 

2.10 
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61.10 	 t fixamwrowlamttriv 	 mm 

W frin.JoIlAsuplimintr,hAhlf1159TNO 	mm 

L 	 mm 

1 	1ru4 ( Punch radius) 	 mm 

i'ffilMt.1 (Die radius) 	 mm 

C 5f,M;G1411A-i1A5t1-61,9141114fT1J010 

(Die clearance) 	 mm 

S 

2 
(Ultimate tensile strength) 

	
kgt/ mm 

0.333 ilf11/7111111d -1[111J41-16114 0.67 MO ciSq VISO 115 fld`114 5t'Of 

(L) iiiifililamttinrallnAjtaaiq911111151i1,111A011t115t1AMJathfliThifilnY)5  (Plastic 

4 
deformation) G1511 

SWt 

	

Fb  = (0.67) 	 (2.10) 
L 

111111111-1G1 1A51/4111411114t116t111311146t1J1A1 2 411.4 (U-Bend) erndlitt1:113110Y1111141114 

ta11141411,d1V) (L-Bend) -p59nAri1-a_114 

SWt 
2 

Fb  = (0.333) 
L. 

filfili111-1171q5t19141141Wil1665141,90alliTilta11 f1A14,11icTTI (V-Bend) To'ilf111911511114011f11 

t1/7111414 tifilf1,9fliJOAtt4j1/7111441all&A 9trif111Vi1-4 2 ail %M561161.11411111141 2 91)111  1514 

tint=  Ai n 

2.11 olukAavid'al 
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SWt
2 

Fb 	(1.33) 	
L 
	 (2.11) 

(L) i11flfYi10,1113/1140111114-11,1h11111001J11 

2 '1)-11-1 Thliitttell-195Alkill50,1T1100001/AcrYtili01`) 0141r I fly til Imittkriu 

'Of fi5 	
Cl
1 v,fl haafilli'ff&1106Yill.l'ill 	5ftt 

ili1,111JETAW1fpleiflffllirWM0iif1411411iil 051111411Arynori 

9fZfilflflfil flu5t111.1416ATfl (Leverage) 11.41Itlitl/Y1111-176'0i1n1-11405.1171191114t1ttlqryfil 

dgfllti.101-110-1TTqfl`t1110-110fl (Strain gages) tItt1109_111&)4111/111.41(1111V1P -1 11141fl1_114 

01.431.1111(111.J6'0 2 91)11.) 	 tthtUifilollfiutt5Aci ll4 

	

fl f115 41113f1405 '1711111.1,011591'1f1`11 9t; 1,1,11fl 1 	1,12ifil. 	(Tons) rii,1'0 	1J1 CM fill 

111,1N1110\11,f110\11i1JiritSon/91 

116'41414101 (Pad force) 11-101541rmitrritttriulust
g
m 

AA 
oononlIkin 

tf,4010011tk5A4114114TALI1WVIA )1211.11td11 Iamttriu 

9f,i1d111100,51&Ittri1450A111Afild-m-ini-to 	 6t5569-)66e,11-1501111,115 

IflmciATifyinmulltinMAAni50.5A6'14ttrimNilfilulnq,Aqi114-d-rmTlitiifil 

05.1iittupiulol flfl 

	

= (0.67) SWt 
	 (2.12) 

31.1i1 2.12 q-101,10`,J1ii'')Iiil'il-A001410.,1 0flt,'010,Tdi-)41/71r71-11,414 2 KU) 
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ttth4rdd-nannfilwli:rm-wiltynilrwpJ4-Jtnt'th3uvfttlJi4q 2 91)114 1651&.Ittfil45018I111 

111hIlLaiNW1111,1-1011J91,0134114',11Alfil3.11f1 finiq9f,fl5f41111,111111ildrill.liiiirl'H,1111-15-111 

NM11610115AilTA 	 ''1f1011Afit1R41911-TIR10t-n5fi11Alfti91)1E1 

Vri 

16151IP160115t6ri1fl (Bottoming force) tiLlIffIriii91C9T')f)&1.1 (Sprint?. back) 

fl1511116k111flifin tinii `1115flqii0f15nOrlf1" ifloni5vT-4.414141.1iiratilinv -N 

1101141144 951 flq6m5ntlinfiimani11911 1f1V15 Sol51d 

Cl 
951 = 165*-114 X Mal 

Fbm 	= Se  WB 	 (2.13) 

	

Sc 	11511Th 1110 Setting pressure 
	

kg/ mm 

fn-11.1flfWUNIflYinWittilik_Nfil'al91AD 	 mm 

	

B 	flT0J111)111.10AB-J1-1 (Beads) Iq03,1014-M1Y1M1t1 	mm 

, 
2.2 Ali-tiiitlihtlE1161110.9 

CI' 009 
	tveitfim,.-, [3] 14Yhfl1511flliliA10115511f115hflAVII,if115 .14414111 

oi'Al1Difillit,ltrj1-1ill Nitlill1117111,01.1101911/17ailflIOEM11Arildt.011J1nNE1191-TV19 AISI 304 

€11-110 40 x 80 x 2 mm.11,111141friffliMITT11.1JJ 0, 15, 30, 45, 60, 75 1af,  90 D5K1 611/04111-1711 7; 

11111c1TT614114 2, 3, 4, 5, 6, 7 8, 9 ttfl..,' 10 mm flYaltf151n4111111JIHYIBM311M-111,15t1.411J 

IAIOn5quImAinviullvdivittuuilmitjv-ridirroin lii4111361Nfili10111511ROWV111-1 Tlf1f115 

ilfl011-151'111.-rdviliqt17filiA111146?toSkan46'inrii 1111;41flh117.11q111f11541flaltT15Th 1q0 

511111,14 i?/1/ "ABJ1-16ilfiTC10 qfliTO fil_INvit-rilm-niu.1 11.111.1 en /115064146141.k1l 0,1111 41003{115 

G1- G1~11d59)Gl1 1quiThAr1y6'toSontaiirif139Jv1n1-du rnmln4-molniwiwuuailvi-Al4tehl 

t3rnlynt1ail9_1115nIn0[5 14fionn-miand&allyNla964149 414 innimilmiirrilmnerlil 

clfM1\11,711111fTliainn-nloilwewion-niiqn6u 

li'M1.1 45 0101 fil_101-1"311151V1 	 (R-value) 

11014101111/150%111fl f115hnA'IAtilfimin untivvi3q54fild1Jm fil1101,110ITY150TaiIim 

1115iiff1A11JVI;Tifill1)00 11411a1a10")fil,1 f1151of-nri'ut 	tfluTffiliru4i111111dIlitlj ttiV"1115 

iionhmilfintoo dlo 	viv GV.1111,110111fl 
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Ran-lila' [4] 14111fl15P(f11:1e6J'1ilArdi1"eMf01`a156tlifilIYVJ11JeHcdc1n  

1115hf16'1J1,1-df1154iC110):Lltplilflfl41f1111JAtt51(1131J1.410W-113J111-41 2 	Vialtfi5q?1-0 

JIS 440 tVdt.,' JIS 590 41,11,111-dtf159.11111101J1fAlf1150A41.41i-11.45t1014alliltlif,d IqFni-111140fil 

5,°',ft,' ;10 2,1.9 ttD,`,' 1.8 il'-dh't1Jq5 011.161611) f1151191M014TIfl15tfiliNflf115i106'1 

nA'11'11'019S1A3114 fITllehiviu,s5,,,,vi-ilAtt5-161J5f,0t111111,14111561q10ttflt t711.11itf151f li1111011671011 

f1ltf,Milla•q111{1154-M0,311151i1,111-14'1fJI11504151.111,111lat0t1J1,1(DEFORM-2D) NatITY -̀gft 

111rilkt5lir141411,4fl1561fllagnil'alflu-Taqild-inTaILLCunleN4,1n-il 

kt1;131,1a111,11q1.1)0011-ilf1114J111416U0A41,1ATITC111J15t1fl91f115C60f115hci'lf16119J0141„1111411-4TA 

t1156'q1Dite; 

Inq  01.191111,1 tktr,flait [5] 14vhnilimfrolt-161-nmin-n;i9m&molincrffluni5 -io 

Ii0flt11160'31910-ItflTli4ttflt,00f10,111J'alllttliii1J1IIiili'ffrifll'Qiq 20-29 mm 1,1101/1fla01111f115 

iiqf161,111010'.',1ijtill03J A1100-H14, 	 SS330 11111 4.5 mm 1,1M,',114f114111/  

6f1d11 SUS 304 111-11 2 mmIAITOIJYT1U5191'91 Wit11,51/10i1DAINITil eliJf1151,1tMlflfl-Kiltfl5T?„41"1-1 

ilfltl&11,14'Nflttflf1ViT3T11111151(W-1001100I1-11 3% 1=1151k1-111,V1f1d119-11111151(Wtmlioun-ii 

12(?.4) 

L110flici'f16 odtivi Utlf,flatt [6] ` 9'1)14111150111i1 

f1156'flttillic.1)E1 	 GtA 

14140,111111144111 Bottoming tnt Corner Setting lgOtkliii3J1/A1400fIttilltlIfflqffltiiftdflf1113J 

111d111.111G1W15 5, 10, 15 kat 20% TONIWY11.111141 0,000fIttlatttl1131.11/1%1&3E,14104111,11641ililil 

1104i0•Ii1,95t,11-illauif'010ii 0.9 	1 aill101f1T111111.41 11-11-1151tfllit,'lf1156'q414,11:14 

11J50115111V11,1ataatUldatillAllfillti DEFORM 2D -i'30-1V151t vili1111.11414illtiiq41-11Jint111.11J$i'Vl 

tt-Ont5lthrtun1541,qt 41,11114,111,11/w001vIJUtVih'flfltlifili'lJ0146f1?101JiTlfr.",a M591 SECC 
A  

U1V15F1.4 JIS G 3142 111,t1 1.2 ildStIlq5 Tiflf1151+19W011/T11.1411rilfill101113.11t111115f191611/1 

niliffauiiiiill'illit,69111154-31a1161101414‘1114i') 	 Bottoming 11J1t11 

111100f1111.1141410tilUilA 12-16% ta,t,'Uliii3J1A1'"trIlli Corner setting Ifillitlif117fIdlii0d114i1A 

9-12% ttd`„1',611Allrilttliii1JiArtkIll1 Corner setting  Ilttl,11I11140111151,6665411,11115f191E1111111fril 

ttllillattilIJ Bottoming  1.401191111IttiOlitTit'lleilNIA'144vno-vivonn-lmlunivniu11141161 



3.1 1111Th 

11-111-154fl1111/611511.1.161rlilltli0115111-M1591'0g41.1111q%''' 	Tinf19111nnK1111.10.519̀1,1 

umnlliit-mlatahylinvmn ntti9ini5iiqoi-an6'1J110141,1111,191q0011Valfl156'qiiwl-Qthi-al
01  Tulagni nt-141Y1146651411,1 1114 11 	11117N1111*11a1Thl1411dllTuaTer1ii911.1111.1 

1/91V101J Tin mioeb14v_16̀ -1 l6ntn1541141f1ailfildllil6.61 024-olt-iiinniltilnn-m149iv,111&-A 

wiTIJitT9Llihn4Tinut514AtrA 9i1U-ind-r)114u4 2 664'1 11-dni54161-d1- l-ameio -11166rm 

4-16,1141114fhvti'unilimo,u=ninwoollvfcmii'141.infulifyynniit4liodowAkiiitinuTulv 
A 9) Cl 

frnOnywilndillhiJikM115111(1VIOfffllilAlkliMIMA 6U01fl151;ilii0 

141.11TIAiiqle1 filTiliillIfWitintf1111.1141.051f1 Vi'1/11.J51111.1610 

ttoripao14141114111,11&14 5 1fiitTln159io414211 -1"-ii 

3.2 1111 114ttf41-11115311 
I 	di 	<31 

11,111154flillIf151fl15fltint101
9) 
 011.1f11511116N1411141011fli5viin-nilnwIld-Amli Iqu 

0,U114'11•111N1,16111-1001.111flt'5'ffAX1i1T1101fl111/MiiCAU30151,1111  3.1 

M 1 15111 3.1 taulttNunl5irill t1 

71E.1f115 
Cl

14  

0-2 2-3 4-6 7-8 8-9 9-10 10-11 I-, 	• 11-12 	12 

1. ilnvii910111:0fllliqi411,411.1ifiq ■ 

2. 61111.10?,1111J11fl1541dENtldfillW00,9 

3. ;q611_16illatettI1541qfl01 

4. ltfillt ilr40 1115'1;0 ►go- 
  	.1 -7_ 

5. tilealOW'MfIllTit14111J111-11-11.110 11-9'1 k.4„ 

6. ilfti66M4q11151Eant  

111.1 10 6119 : 	411.■■■••■► 
	UNI41115410114111-41' Ciii611414q 

11NUIT114161114111111tilli11 



11.1.11 3.1 66NIArT1UM1141,1q01411154111,11fl-1561q414,1iiiV;d 

thni-anNfl A'1Af; 

t 

114 

0.15AerallM11.1L111q01 

22 

O 4itilt4n-nirool 416c114f115W) i 

f1151'111q1k-T-al 	Tuig9,ni 

114 

GLX, 

1(191a01.1111VII1110110AWVISTIA1`UIMM51NVIDUtt5A 

`Hf151,11NM101fITIlldllt1510ROf1.111 

141144911EliiiNN'eldatOlt= f146F11fl15 

Itf15 -in)ittanillu 	alm:li'ffT1 

f115tFlqt111`qoixiX1J11-4fl179141,till 
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3.2.1 11111111i1111qpiThatiii1144i1V111-1,64 

14 	iff 	fl fl 11 

111,11011(p 	9,atainThvisln 11D114111141111-ItL54fil cll'i'910t,111.4flo:11110q1r1l&liril 

ttuullitFrotfrfA l'oo,i'N'tJ14-ilin'altritnii4 2 	cli1n15litADArvidldtf,d1o3iin1i 

41W,',1111Alf1151,44/,),driN111.11:41610dokliviitniovil 

5t19111JUIJUttnit6M;r1Y1fiTi4414-riillIv9iniioviilAJ121`°1 dlilfMNif16401-1111olliatmflh3fill 

Ilt11401aq111T1f1M14J1311,11ipi101.15f,i111fl151101019WD,91:0A 11151111rilq11451Haf,600 

1101f1151,1000,116%fl )1111ThAlfoutoliaqqlifnillillInTIM5M-Mal 411411 

3.2.2 f1110011U1J91f1111DOsiltfltfiliYina0,9 

0) 
1,1111J°  b619 fitl 11 	ia9 411,1cifficl 	IJ fl 1 kl t n 	614114 f15. 1J ')1,1f115 011fl 14 

6:1414r,;Toonttuu4o111511itilfltIla3mIlynInoiioll'aqiiillfiut4Molifm5ouattumitraugfaol 

riuni51411149111,taf,d11115fl14111-11htillilli5RYliflTIAI 	 fn11Jtt'lltt53 

(Strength) fl'111101111`) (Ductility) 8`311.1t6611 (Hardness) latMf fl '114Jallal (Stiffness) IA t) 

fl`111J6(1).1l'fl114fl15f15v1i d1144141115114arrisTvallirciirlilfldtlid141411hUilflun-nirmortruci-m 

qiIn5a`liiansil5t14-mplaniTAITin4tieNt-ilierfiliAmiaTiltt1AA5f, Yi11115nYillf115141-nall 

ktyninnatilrmoultjniqoldAmatFtworillliin 

00flUli9J'ih'q1AM-10 !„1_ Idij14 11914hAi1t)15t1119ki)Ufi fin9ltVdor110Atb51fl5a1l1UU Tqt'Alt 

11ARLIO4D3.1111flralqfifiliviolloblulfilif11514.111,49i11.11fAV 

3.2.2.1 fil5Y1Wc7OUR7 9W1' 

111541114111q61155111/111flailDAin-941,19111fl15M1VialiflTliRfiu-frAmmloo 

Iotiyi-1111iipittuuVritt5115flil 

n5fcriTiiirrr9118 3 11.1q1111 fit) kt5Aii'`,9 kb5A6fl1Jlou5lnotafftt5A6iiaLt liht111111111(1fldOU 

.flat-irameroutufulltt51$.1i'61a-arn- n 

wrfi 	 (10Elliflo1W,'&14111q) 

qllIttlrATT110.9951,4111.4I000,5Alraftliflat11110,54&011J6t1,111Aflthiiioltallain ImInFItt.41 

n1f4oillf.:14m5yloaDctmCilwalntaiviltmilh6'gtMAnzi&I, vhlii."1111-11-1151rIqVIDIAL71FiA114 

Ws/I'll -mu-mat 11441,N 114 

e, 
VIOVIOUVI11J1J105y111 ASTM UM-11411W 3.2 T111,111,191Wa01J9:9,11hgQ11M101/1,9r(014-114TJ 



           

  

S 

        

          

          

1. 
C  

          

                 

                 

                 

          

f  

Dimension* 

      

                

                 

Specimen A 

Standard 

n. mm 

G Gaffe length 2.00 t 0.01 50 it. 025 
W Width (Notes 1 and 2) 0.500 t 0.01 125 t 025 
1" Thickness thickness of material 
Ft Radius of Net. min 1/2 13 
L Overall length, Mir, 8 200 
A Length of redvoed section, nth 3 75 
B Length of grip section, min 2 50 
C Width of grip section, approximate 3/4 20 

Alternative 

h. 	 mm 

1.00 i 0.005 	25 	I 0.13 
0.500 t 0.01 	12.5 * 0.025 
thickness of material 
v.2 	 13 
71/. 	 180 
21/4 	 50 
2 	 50 
3/4 	 20 

NOTE 1—The edges of the reduced section shall be machined parallel over 31e gage length within a tolerance of 0.0005 In. (0.012 mm} 
NOTE 2—The ends of the reduced section she' not defer h width by more than 0.005 at. or 0.013 rms. KOSW/Ver, the width within the gage length must ecniera 

FIG. 1 Rectangular Tension Test Specimens with Reduced Parallel Section, for r Determination 

24 

il"');IJI11011.1tflii 011/10frDU IflUtflIOAM-li1011115A114f1f1DOWIJIJ111111d11115a1141,111144ao 

f1-3111M1G11,11-11141f1117111f0111M1141WOOlL611f15t 	(11Thq1,95M-i) Lttlt 015ilaT111,60414 (4-ao 

tI1lf1i1i5q5nfftiq Extensometer) 111517ritlIJIVN1lf1 111011-fn1k1tf11t1G1 ITf114V1-0111jill41171 

6t,M''41'1411151/91aDIRLIJilyilalo 	 acm?,t1t-rn5UW,','IlNli) in 

tittljgo 
F,MA'll'il101fl15111qVit1110,5,1& 	 al] 	i'5°,"Trillt15,9115`‘t,Vi I (Load) 1T1J5f 

(Elongation) "V“If1171411{1111-IttA14911i/V1111011,4fltliJibLV1Oir  

fili5nloqqd%',41filillf1110011110E:16119511WUDAir(9414111-11191f1011 

3.2 111A5,11-16111,11WihriilqfftYINIMIJ1011111-1 ASTM 

Tifil 3.3 if'141/1flrfallallITIJII1TV191d011kt5l& (Specimens) 
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1) TS141/1flt-1011 

1f121_11/1 3.2 tl,M1111,110951.4111.41WV01.1q14.11.11052114 ASTM (American Society for 

Testing and Materials) ltdtltil(13.3 ttilfl410EillT11-4e101Ji1141,14fl17111fltl'011tt5lill 

4014p1111141.411-111154figlf11141141,VJVM 't1A-deffc,Itlit1114-1//11.-It151g1f,S1 61114 -K1W-311.111141 2 

ilAJJVI5 ell 25 11nk1J015 t11n 100 ila11105 

2) f1151011011111141fla01.1MA 

11-9J€ `1_17m151fflat)11411LITIJOAIVIM rh1.41.1Thilf,61..,11MtIllflqi101Plffiql1p0Oflttl111 

llfallintliflqn1:14,111100Eillfr1011-11,f110,16iEnfill I00%61911115110V011111A1 n15601 fr151,G14 

trOt f11161Ifil tf11016'1f1d -allilt;atify21 Universal Testing Machine (UTM) 6'All..1`71 3.4 

criii 3.4 1,f1101M'a011 Universal Tensile Testing Machine 
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51uuni5villiwoowilolirmermahutuu6oImTh'vonpunwi-) vrilinnwniqula 

Manual !Of Computer IqUfT15-11TIJAM-15tailtf1151/11,111,11,41111f1113J40Af115 115641151111MJ 

ttitil Manual rfil.Mtlifi1114PaaftllaffiThriktnnilj1W1,1TWVIThinnWfilViillittAln 

11151/MOd1011111411-rglittfit111151fli" Ni1410014t0,9 th1-10561cifY)111.1410 Computer 

V1-11115DT71111AtW,'3tf151t1INt11141qE16AILlat4011f0,1VAilfrillltift4t -runiumaDuirr9 

111tAt11,10tillnitfl5lniirAlatlif11,1 

kf150A1/91iMinfr91,11.1f5111_11ffq5D&110001fiiltM1110M)11T1flf11169111 D1141111,11&15 t1  

ofIlliFTInTfuonvfu al1115t1M111.11114Ntt,51410gOU14clnhl 5-Mtl1LMf 	11JtFWA1191"1 

tkflt t115A14M4401,tiltlinfilf11511QMOU 1l”IT14Lf15o5irmaouNicinvamiGu11Jnn flo 

5nyuni5frnmuyrilUnmaiint4-aniltn-1111INnn1”15'3U101J1-3111t1f14049J1fAIV 

,s? 
4) flntlilit;1115M11514A11,41NMIJ 

t-mrwT;ulivirmaouIqm-yalil\I 	 i-M191t),11f150,91efil 

<9 <, 

1514,111-1I 	t1114'01anY)fl €19(0if'16f111141115M111141114M1dOli i040111010111001191 

iiqq11901t611110VCOlifM1410E1:6 1.4LarIktf114110Q414A1141/1qVfOlitOt 9t,'4DAIJIM11Ittl,i194-1EVil 

ql_115i1UVh414111-11(1fffOliiiM11.1411nItAtillnlaOiatt5lnInilT144141/0-a0116111q a114T1M 

FlatonalocrouN!imritiTi tGIfU 146Viq lia0q lflOttliM,̀ `AlfnflqIiiI,M.401111Criq 

111511qttfl'illiltalWill6'91VAIlfltnilf11511000U 

3.5 6'filitlffAafili11,601q414111-1101e1011iqffillAl 
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3.5 cil1FATI-1111.49/1qa011 1q111Afilli'lltlqi11111411V1a011110,9f11511ff101itt5,14,4 

illIllialagiallillOgqi9)14A11-11/10V101114thl 

111110,W,;4-mi-ish-chirTV11101Fiki 14P,1114f11517■1111/1''illf.M1HAff11111A11 '911AfITIMT1.4f110,flt 

flf1A01A11.111'6f1fl151/191i1011MAi1411 

clai 3.6 6fThill'.'-',f115115t'f1011hil041.1911-alqatIlifTiltfltNINODIJ 

1-115115t,' n nu 911 fl5fliTIVId01114101115;111,Mtlfill6f11011(191V1 01.1 UTM 9/1117fhliiil 

YlqaDU IM1.71141-IMIllqaDUil[401.11116611)10qI0019TA11000111111171 3.6 ilaffilqfY)Itilqi.t1 
9) 

cs9114110i101141141111fi)14 	on4LN11111910"Eallitf1SO141/1111.1 umm.°4 -ainolfitnuilq 

tItimillniodoue61,111 f1-111111Vh1d9n4111V19114W141111N61111-11
4

1-atlffg1 61A151n115131g0 
• 

i')14.91111/1qa01.J4'ItitiAlfIltrataitl1M11Jelmtwillii-aNilaiiittolut-itirlAttlium-icreni 

W111411 

5) '11f1111/10rfflli 

111111119110rfaliIflEJfl15411(t11111414 0"91)NVITtb1191AJ41-latillrf3:11trfkID 4141411V 

Mli101_111tFlff1113J6f1IFJOrlq0011tMfiflq11441 filIg91414,911-11rIqffOU40111011101110e111'6171Vp 
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ii4 K,111u,511(n5rvhadluttv-attnlar'1141191V1011 ilattilqrfaildiplaltnAtmn_iuffintnlewc,prsq 
d 

IfT,N11-114. 11414tlifflOflOqt6nt tt5A91.91/1111111,11/q Cialli11911,1A15111f1T1 tiTiilqaDIJI011t1/1q1N 

miltni,11.4wrin-ilikyoonuinttdV4mq 

11,ttufflihniqviwaDulgoili141riumio.ivigdmiiiiinialiiliutmu6oluiT6'Figmtq-30 

6o nil 	tin 149,f140A 	ifillilf)171/1qa01.16111,f111 01110W111J,i10 	15111 11 T'40,11991)  

iidaltfIVIlli1100Ei1A 	frill.111-)1101111/0Vf011fY)11JA f1"i11aitN1 filt9T111&111154110•1 

illAVIVT141 fle3131tkiilkt5AAVIArNtktitTOMAfiliTM11011191110A41-1411,111qV011 Vih4414 

.4 
59191 3.7 66ilM16fIlitlInDlif1411141/10i101n1t71JY11fl151111rfDIJ 

3.7 414A11-11/1qVfOlitlfli'iltmlitttf110AirMV101.11,01=12 3DE.illf,11140,9011111af11111 

11191a01J66511 iqE111'11J4114111aDdri_111 	 tt1.1T-atfiAotrlluttvr-Itttm. --N 

`4,Nuni-141-1111-111qa0V11191 



A.,,,  
lull 3.8 LtdOlif14111411ildni1JVhfIllirlOC1011 

1f171
IA 

  3.8 11
'  
000ft671

a  
A111 

 
41114911qt1011  il-1,111-0/10dtliT,'"colffit511.11f15t1M1tfiqt-115 

41U66551i1Allitl5t'YTTIII-d111oaufrii MAJ6414 5VNIV„.11q0Onolutt5liiinn5tvil 1f-111.14oi`)1 

f1156h59l66IJI1 JMIE11-1 (Elastic deformation) tIlattrat5t10111f1-1\111-1Y1flaali 

_ 1.4 	21  
pin 3.9 951.,NTLMOVrailtfifflffiOct 

29 
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_ , A 	, 14' 	 A 	 ' 	 A 
•-itlyirti 3.9 Gr1114111-1,911.41(1ffrOiltiiffillfl00 (Necking) t3J0t0'107100f16111-.N1141Wr101_141 

trl0f10f10941411,1d11.11106117'1014111i-Nt-AAttafraut6041iloatniniqtaulihniuilairliin 

(Plastic deformation) 

3.10 T1141114T191a011611191 

.41 
91flal_111 3.10 tf15-011r110-0110514A ii,9414,911.411001111iff111150411,0,01ill inflIni'llriN 

(fiqfl'illa011101110 61110(MnIJI4f115 4̀100111111qa01105A& 5",t,1111flOklihtV101110,1(f110 

1'1`91erenwnTuffiniiowni561J11nitnialoill 112651rn1J1It1Gltallinv,mill 

Ifilitvfmcimolni5midouttqleivilocillqamutroivrunwuolimi,dothi 

phi 3.11 T1.4,1114V;P:1114115tin111115110a01105,16`.16•01.159)001,M51-3 
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iflfllnlqatTlitt541 11'015dT14flf14111114t15,141(111A91301tIormAtraq,wil 

3.10 T:',4"011°11111f1403)„fivil,1 1 114011111.11111,14f115411,11fUttfltIf15 1n'hi1flf1A1.1117110110.9 

6' 4.110,9n1501qVOU `410017q5 fillADO Nf115 1(15 111N0f115 ilqr1011^
A
N 
 

ttvilmnafANffiriorrointlAivotalthattaM111.1 
cY cl " 

fladinVill 0.1.11110111tninflla110fillAcitAT1li141 1141(10i101.1 	 ion 

rldfI5t1/1111/14 	Vim 6TAtildttlifl\111141q11H114141 11,11fliTOIJ lAourcimikulaluovliif115 

Ylorrou Wioqamigiiimf,cuTlf11711Mr101.1 111-141-1 

2 1f15011/1qVralif115I1M1Vati 

il
w  

tf1
A  

01`Vlqi011 Universal Tensile Testing Machine 11t1 14tf1
A 
 05VI'AqtlifIlf11 1f1

A  
N/  t11 

fl11310a011101gA I004.11unlolaloyigrrouokmiflairmavillnavcw5er9, amilommouitig 

14vm1t1'l !iv fliAl finnottnduilvat-iioltk̀av 	5t1 14Ylqfrailfilliffq14 

d11115f1i5Y311q1J19914,9 Manual 

t1i1f, Computer Ioon-niiimtl'hi,nniun-illill- Aivrayfryndolni5 115tilf115f11911166`1111 

Manual dill15111,71111'giukAnliiiJ'f1111.1ft=1411V41,,t,T114Mill5t1'1191fildll 

T1qflosni4o17111141u-9t1dttafltmiti9Nfl4-ginuto5 rintn5tiliimulu4lu Computer al1115fl 

IT11-1VdttfltItt15 lf,14Ntild1Macali11.17)M01401AnInTralfilupun-nirmrrou-Trimulttd)-all4 

3.2.3.3 f115tV150119514A11-dam 'llt115110flal 

114r1.1311i3J1Milliilf111Y191MIlii1400 mm11'11415 lfillionlihn-N&uo.1 

f115111qflD1 60 11-16'-attthiiviArld?iou51:frillitIni5iqiiivaiht-cit $2t6d5iivilN1on15tion15.6'4l 

6'1 fl '''D 611"0A f1 -15 °Ivd11,1a11 	 f,r,A 	1 	 n1 

yanoqn_15n-inulthi-groin5iidil ttrro‘wilail 



3.12 affq3910;,L3.1i4111/1dChliTIJM5Y10-  da‘l 1 9,5M 

o 

TlflItril 3.12 rttkillillAilaT11511f115110flOA 	flOW91)X1ritliiglfltatIllf1Wital•Iff0A 

e 	g 	 1, 	 c& A 
411-0:11f155,11/1A 3 951414 frIlf15t1t10M1Y0014 kqrN,-'q')nunt5-)om T1 alf115110flOAf1111qL,40,9 

tIAMAGpilt4.11741.41f51111qg0 i'li'ffilITL,14W100Mfi1Tifilililf19110a11611 10, 12.5, 15. 17.5, 20 
4y, I A 

Wit 22.5 ildt11015 V111.1411'1J qt 115t111A414ttOnlitlill 401A01-4,31/11A141-1 tI,V1911 0105111111 

3.13-3.17 

32 

59J 1 3.13 ttn31VI-14ttOtitif1010 10 mm 
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, 	 v g 	, 	 3., 	.. 
irlf111111 3.13 15VIVIIII/AiilliNcAlITTI.M151/10W01 1_15.','f101H1`)0 1A11,4'11 1 TV 111-110i61 

Wiifili 101  1t1S111V15ttanfinoiti 2 it4 111,11qTRT:11111-1611 10 ii"OS1111915 qh1T114&3661J51 €111,1101Afl 
v 

iii1:91 d-111i1111151WOOlii4 

II. W1 3.14 1,10MTV11.44L1fltillflfl10Tffill  12.5 mm 

v 
3.14 itticTIAtIliiiraffhl4T1Jf11511fl'001 illf1101J410 IT1-19:f 1 ¶14 11141q 

Ti1J161(1-11TIJ 12.5 rmStilq5ktfttlilflq 10 2 41.4 61114191i'ffiJL tirilfill 12.5 ilfl'6'0JA5 GISA1,1111711111 

66Yi5ai11T1Jf1llY1flt10414 

3.15 0d9141i1-140dt 1.1f1M0Tilii 15 mm 
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'01f15uT1 3.15 91di2141,61:1113.11a] 1T10111`110fl01 1.15,`f,f101112t1 1t109-5 1 	1.110TOil 

1,1/11611 15 ili-61110150d,'`.1_11flfl10 2 	6111-1ThTfriltif11fill 15 11iiFIIIJA5 411d..11.1 	111 sicHtt 

0 	0.,  
01117111M7 11fl00N9 

VA 3.16 0VflA1/4-14110flt1 111W10Tffil 17 mm 

flnlI
IAf 

  3.16 95 110,- 
 
1111111`4111/M- 11T11 11531q00 5 1 Tff0914-)0 11

0.,
1 49

d
J  1 T, 

_ 
VA  111,110i'f11ll 

0, 	 A 	A 9 _2, 
1,141fill 17.5 ilnaki.1015,1Mfilf101E1 2 9f14 611141q5fIllallf111 17.5 .J1'4'111015 0111/111,1121 `1-1 	l,h9r)01 5 

4 
1 -114T1_1t1151ff100∎91,1 

Itlit; H 3.17 IN111Ahl4tAtifinflitiTfril 20 mm 
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Tin pit 3.17 illii-11,0,1,1i131.11AffhliTlif115110aNtlIf flO1JV1`1t1 'all* 1 it-1 

20 Ilil&i.1015kar.'.11111q-lt1 2 	'111-11qTffilailfili 20 iiilt/JV15 illtt11111̀1111.4sT'gt`th 

r°1-111TIM159(Mflalii 

grdil 3.18 Ltilq11/4441,6Wflflflq10Tifil 22.5 mm 

T1111;11'0 3.18 il-Id11-1111.1`14111AM11215'11 f115110Z101 	 Ti'l,195 1 T511 111,11qi'ffi.I'  

kiiliIJ 22.5 71a/W150An.1f1W10 2 	61W1915ffi3.11i115'1 22.5 41d111J015 
A  

A/111-M1 16115
A

1
,
.
t
1 11111fl 

a) 
111flir149111111i'Llfil51/1q"00All 

3.19 t q141,1rill-Itt/iii1J11?  S11f1 1.111 90 0101 
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10c119111-1f1151/1Ad019,f VJi'ffilNliffilillIJJq 6 	 g0 10, 12.5, 15, 17.5, 20 talf 

22.5 ild611V11 11/10i-101_1  Universal Tensile 

Testing Machine SllT_Illtfilif4lft11111111flfrall 

31.1i1 3.20 tla911illirrt411011100,1,ifild:1116'')71/111f011alliTillfif1159(10V1'01J 
w 

GlftardlillelArtIAJVIVITV11111.1Q114qtqflt5f1101101111111,f15 l'IWVOIJ Universal Tensile 

I 	 w 
Testing Machine .L1,0f1501,ThtititliliWilld-11417411141.11V15 111111R111T1111-15D0flttlillTrldrad 

0,141'1114'119f 1111.11115f.fielilliiilfilltfl1D111qa0ltjlifflaJ15 

15 F1914:961plltlif41114'111,1611,1111140Ei115'filtITtilnit1401 

Tifl15115f,f1'011910ttliiikiAtlilflinft50,9111qTelll 601,4f1151k1 91'01015T)rf011littlYIAt101,! 

-illkiilfl5fltglIA1111111tillilkfll'OliflqaULIMOWA11111f10ffiEJTOA011flkIl01 61,clfloluininnTo 

iinntlItnamil414qt-root-ntuuulblaluvrifiurmio5vnitolmialmaouvioi 

ttA1910,11n5tiiluilovoltfilol tiv 1111 an:-ITT-)91111110411.1 ffilVT1R1tYlvd01 t1J1.4411 

f15111(1tIcimatvi.utntowo-oufrimphlfiDIA1151/1qff"Eraflf1561 X14 11111 3.20 

4. 'Thf115111qM1 

`11ACflt1156dioki-Tomlin5ditmtlfmtaiiimAAITouallITtlfl15MIdall 

fl1I6WU''142116'11 allITITT49t14f1f1411114tAll'1f,111.J1ilf1501M MIJ Universal Tensile Testing 
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Machine 1",;',Iiii v,0150f1 1115i1111 411017n11111 Dlfi'Mt5TVNIMIJ9-111fl116111011111.1'1,11gfl5Oilfl 

11161n5t'uot-wp Iotifilij13%92,11n&d'inotonAD Lfilolvq-crouderan5t-urnifp.m51 

irlorraulheilAtr401 5-Nill-Jtmtrrtwm 

f11I1'IMMU119f.L11191flfl15111414111.111111141066411.100M3fWIri11dITIVIS IT1149`.',kc5911,N11.4ill 

111117`f flUtiummArottaf,mtnn'114-Ifyniluiliiilv(6191flf115 41ttIC611115111414A 111111,1 

MtlfialATifilfITIMMNallifTtinilat.qthiAlf14 9th \ITN41.1,911.4111)0EluintiliilnoilgutN 

flT1110TfilltliA10?iltfloTOAllli'fiiiumilni5-11111,(ni5vioapliv14,111441,10,5flil'il'T rthlifgltt111-11 

t115211T59)14A 1141/19M01,1f1f)AiDlt 	401`)1114q516m7161111-11t0f111fl414111-11115MOOAtiAllt 

416111,1,11111111110\941,N114111Milltil,1019filMilAfli11149101115MMOldhflliD 

lidOEM5111114144flflill-WIM111 HAVItliMiEliqUillilf101Ealli6'15DIT1111,1Eil1160. fl'UOAf1156'q 

16'191f1111191109f,d11,10Nrrliflillpil0141,11114Y1flfl01 

0101Ahrifflill,N11,401111Nff illi1441q0M114311.1f115tilika01.7 ittnJOVMOOnlIIMMIA 

1145til'illfli5111fflOsifn5fTltfW1fllItlAtilAtillD11014141111=`;f1-15 TAEJI-Ittlin1611011,65111Uall 

D0111111r1111119)190tkaqINMOlf101.1fiTMO;ItJf115ti1011i061111011,f110,11110r1011i! 5f1J1J 

f1011iiitgoitf,ITIAnlitIllpUalf1151rIqff011i19)1111-1111-1')011T111411411191fraliff11115011111)ov 

nid-6.41,-Afaintm',"a'tfl5 TfrAdflillUldOld`ra-Mf1T13Julivtlitto,t-ph.1 

, 	0)4 
11i171 3.21 IHNI1T51-11114t1Antifillati111503J011111Jf115Midal 
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, 	21 	 , 
T11111f1/1 3.22 rullumaoliqfl`.11f1101516'1UVirtililtlfloTOTIJIMMTINITIA11/115 f10111115 

CiEJ11f0MAlfi911enlITIJO-156.11119MOliflWiqiii,V_ 

3.22 fliTiNd0111156041-11`d6''il 

-111 c1J111 3.22 (4111111f115T10fl041M1ITLt5111MilltMtll Universal Tensile Testing r,i114 

iTtniiqUilTat-VgADVildjUttrn4 -Y1,11flqin'91414A1Vnqd011 -11-1111.4IVIMIrlffr011(411f1f4q tl 

lquthnoitilki 2 4-IALMAA"-awniflup_Iiillio141,NitniorfouL441441.4 lui-311141,Niv611.;ttot 

61iii\hvglAtilif(13.115f1f1`)111111)11'tINGiv1-11414tont;uuflaufAicitot4guatmolvocroutiu 

tertilii0WidIA111011115319M011ikIttoitIllfl151111)t,M11-111156'9141-I111.1  

3.23 f115M-001fliqq414111 
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3.23 1/11.19i?tflA01-61;991)1MY)111)1')alli-T14111))0'ff 	 A.111E1911115 IT 

0,5\14TM:111J Manual tattlf414400M111W10 91f1191\-dfltiltii'llq0i'qtAiwilf1403pvil,1 11121] 

61101115AttOnithltilll111(10f10,941-4A1149V140451101-11Antlilfr15Y1cMDlit4Ottilltillilj 

15ltv1t11.141-11104f1154191914W1 Maximum Load I0E1114Itil215f115-111fld0111'14111.1111el 

flOiliblqa9ntiONP,MOOt1111 (211f; 3.24) WitTli'VTA4403,indiAl`i/lif110111'141V111111a11)1111 

9)01'416 

3.24 11111TelltMlltAlMtll'il,111151/1qt1tYlJil"15M14111 

f.!.9 v 	 9 
ifltlf11111115t1JWNdlitt15tIntfl'011ii`tMOi" alffl5011/1fff011 Universal Tensile 

Testing T,1111111`dIt151n
d  
tt7A

AL_9/1
t lif115S91W1

g  
1421J  VIT1-11

g
51 4111-1

A
1

ul 	 g 

 tflli'Mlflf1-1591WULtiii (pig 

3.25) 9t4011111L *Aollifilffiifl 	n 15h 	o 	11 



3.25 4'10F111414./114171111V1r1011fl1541Gat C6T11 bf 11 b 

5.7ini5ig.11wuN9su51um rro9J 

)11115iMpJ1101911,11114119MOU141f1151WI01119111'ifilf1155911111f1T1111:11bilOtla 

4o114tfilolfioimp&atnrivlufrnimmilviumoliculltroqaou 6utilNimintfil 

	

)11.1f1f1191tflA01A11100 	 JN5f11519111111ioellLj  

	

ni514111.4111160,9 1115IM111110,941,1111111Alfil56q41,1Id 	179911q 	6:1 vi 

- 

59913.26 360' Bevel Dial Protector 

40 
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3600  Bevel Dial Protector killILfiloAttim40o91141)1elflfltiTlf41.1i14111'311Jalql 

V11.1150'1'014111 -11 360 05f11 ilfl`311.1ttli1.4611140151KSA 

0,04o \ULM' dJ14.1/001.1Tlit140Eil n11161im 

- "An-151'mm 

j111711  3.27 'A 15ifl1,11JT511•111.44-10 360° Bevel Dial Protector 

i_111111iii 3.27 InfOlitf115iMlili14111-1114\111176'041401'11.  114015 i'fl111.4 W,',91'N`dT1J11J 

i911.11Alftt1Iliffill(lf11Ji'llt11IAlf5 2 6'1U111.isl 	 I UM', 2 ,t191)0'iltaltf1101110 'T11.11J 

91fiflilld'auflUIJ1J1.111ifrf11.115t11,14f1VA11)1J1M 360 0401 t[911-4110111_1101.11TVilffttlild11.115t1 

1.1'11141t6111,11tAf314111'1),1Jtilt0.41,111 	0-360 010 10 tit,154't 1111151,N 114 	1.01149J0 111J ic11.011J11.1 

ttutivil1'iti4 vtifi'llifni5dlufilk11111W31klii911101014 

- 	f115 

3.27 114$1ttlitilii 3 ITIOAVN1111111111flit1ltri1.l1101t1dmi'culvfrt11mti 

dmfillminnwtt-nloUintilliqt9Larini1,1414 6110,H10-XilliilltIf151dfwuNluiglp,ralut5n 

141"01.11J101/1'lff01411.46:1,011/61 3.27, 3.28 I9100,141117;d11.41e11910T1gldtf101J0flt.),101111M1fld-Nfil.4 

4'0 011111 3.27 f1151411111111J i01.1111101i14\1114tIM,J,1/11A6111161101W111,1IQ11)1J fill0141J0,101110A 

4144114ilfilaiifinfiliqnlenild-n;sal 



3.28 finicollpdTWUT1 

w 	A  
l'91111.11101T514111,11SIOthllA410i10 61101M1145911111filiflDIffl'UOA414, 114i1 

fi tii 	I so° - 	
A 	I 9 

11 015T114.11149i1I111  3.28 

42 

3.29 fil5iq4p4-11491-10 
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1- ontIntillulAottnfi-nui1U1t1i9Jo1451ro56t4-1 

N1,1494,161tnfill Vf1011015i'otOVC13.115f111ntAtJA 94i 19m .i.l'AfriellooioAll.lu,,iltmt,  aAkfmim 

fl15'1511.1111f14511-d1'i~lfl'efl9JJJG1561fl~~.Y~1.d fled 

kt1,1A19101111001111,4050d11-dv11t6lif1.i5t-jfao5 

d Ajci 
liMERIMITIMatnMt djOltMflMin 

- Tmatilfl110t10.901%',40sliqr01-1 

- If ATLI V.,' djOA fllif111146111J fenl 

4 
- 115&1110215i51,1111,1111411111611=591 

g 
- 91f1Alfluimpnolpna4A-rutt el'ot-M1111.10f1NOitt"Ont11145M,1111:4141,11Mcnifillr'll 

Altail 1 

f1151/0V(0111115 	 nn&11/11-ttt5111i:SAIT11,111qA111t101,1 91t  ii 

9, A 	 411 _ 1  

	

9.) 	2)  

lumalLtwa tlItNinf115ilf1111M5trwlfl15;411f1-611 (Spring Back) i1101011419114A1V1111111.19114 [..11 

tflo114t-11JJ1,1ii41ith11tilltt4217111J411-Mill1f11 

a"119] 	in15 	ill, '11q 	fliTIJ 11.111 	4114111/1f; 2 615 41111,14 fill 	qn1111T14110 (11)  

, 6 
lvinheifilluiv1101f101A')IMOittd'a fr11115011143,,RIMM141.1111411.11115-Itf151t Il44516olfl 

3.2.2.3 111541.001115t1J71411154q414,11. 4-atilTliTtuatoSt1J1,1 

49'51,1 imintvitaiqn15 

hoi-anA'ti vi-51,alt-m-mvolott5Airilf 14f1179N11111FlitMf191119f111-11,1LtA irTA4111115.9iJOATI,N11.4 

ni`Atri41110,wf:111,14A'filEitllf,71111/15,1A11140,11115 11411pTtli-11544f11ltu91i'911ndll 1'a5lva-,111 

WIflilatliiik11111ff 	n'sv 5n9Jt11iTtlyll1d41ii6111doi 1J 11,11111f115If15 1t1"11111-1111411 LI it, fliJ114 

ni59n4iiturf, emmt-raillionntruutaiiinni'441111 k'il0111)f115141,911,611_15t Fillif11110:1i114 

cOaqq1-1111111115`ftlffiNfillaflliflitATL-1611-11111flAitN614 ttW.`Aislf(11.1-15f11411,1101J5111flfll5dal 

1,6q41,11,14115 `',1J11.,1fil5ciqf114111140d1A51c1611ttdf ?)110119t14415111t1AFilintiq41,111.1f1 

'1"q14`14"-ZIIIVIflDflf1T61111,tfl15 -14411,111.1114 l'Alff1.44311,114`1,741t015`f tVJUIJ'111\111406`61,3J1,Whill'Il 

4nintt5ludniqFm55un-ritiqm5hihnulun 15 'I'fli11.4 c7,1J6Y31 	tli nn4-11114465162  

1. 11_15qf151AA illi-aultf15-r,14411411,11,14kol.1114 
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unt6r" IquIsoi)Altni'v?-illqitlilaitIfYil Marc t`rOillA 2008 i'ltIhd15011^1t0fA199Itf151.t 

11U 2 	altviTtiosini5tSn1111115tm5u Marc kEi111lin1l1Ani1iit1olEolnill5ttnni 

iin41041.411attil'il Automatic Adaptive Remeshing 	 156fl fl
o 

 

_‘? 	A 
in-1M tli1Jtq0001 ti,IIJM11011111541A04ttlIfl1111i1111119J1f1 (Large Deformation) `411illitillJ15i1 

If151n4115firndf151
4
1 11411

I
1
A
1 115t1

I
A 0U5`11 151.1111 	tillf115V1111,1211 (Forging) UM,'111`,16'q 

6. 4 	 cv 

tD01.4 (Blanking and Shearing) 14Igthlf1-313JWOM[flflD1,41-100 

GULtlqi41111417140A11-1510191011i401040fl5t1Y)1,1f115i9FOlflfl5tInth-111611.4 

2. t1014111114f1151151t11 

tlint1151f151tIltM-Ittlill Plane Strain Mill 41ff)lihrittf1171tflIlni"  

(Analysis Model) tkilfl11141111Alii 3.30 0,0A01-1111111f115`itfYll'iltteN111140151111 3.3 

1115`ltf171,1'ff 6"1111-19114M101fiD `V1-144-9110 t1_114 Rigid Body illt-M1J1.11 

lIfilnlatilirmaill-wutuffiiilln -ntil&mvidioilt1011F15i11111.4tMot414111,1trfinFLN1111414 

Elasto-Plastic 

11.1ii 3.30 t6illii-M0,11/1.411411151tf151t11111\111,W1W1-16" 
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a1.11711/1,111fflic)11114111-111(1tfl -113Jaulthl'Atll'i15f1'111J141.116titf121lJallt1M11 (Flow 

Curve) 111149inn1Toocrouni-A lquilmilialytha5ni-i13f1iallfiuttanTilimitm4A 

TN Power Law (tdosni0iM51.1110•11119'1141911rIqflO r'll0A9111f11111AiJITIalfldi'Ml1J17f1 

aiuitrvinFm5. 51aolia9tviN'Tillflpf15-1fl&Nalf1151151i:1•1(1j119iniint cru 

G1151•11 	dad 111101f115'itl5T.1'4 

frini7milfm9y0141ATI4 Ann4T(r(4151"4:1r,0 film111alt(5.141g1rso 738 N/mm 

f11111141.411JITO(Flow Curve) CT-  = 651E0'375  

thrilt(1.4tifd-Wc-11(1 30 mm 

(ellAP:r1t11-1(1M11AIT1,14 30 mm 

1;0Ail‘15t1,1-illth-1461_1q1r1 60 mm 

,,,,1 
Tft3J'Illf(11(11A1144 10,12.5,15,17.5,2011'M 22.5 mm 

Tf(aflalf1M0 10,12.5,15,17.5,20 11ilt 22.5 mm 

Glii-41110,1f115111,111f11 Plane Strain 

13.11.15,'Filflifl")"111111W1r1-11-1 0.1 

I115.11(111J Mach d11.115illfllit 11f1-11111,a0111V1/111F1flilvluttoia9 	(tvivTolfilln(c) 

tfli11441111.1tat11110 (Fracture criterion) 1711 1111.1141J tflf11411D1W111 C6t  01110iitOtlf114114 11A 

f151f1151d10 Normalized Cockcroft & Latham (11N111fli113J15t1Y111.41Elf1111J1twitrualia9111 

n5tyruni56'otup_14'1114atilltilit(6-1 

=  lc' d 
0 (-7 ( 3 . 1 ) 

G = filfininfilar6n1.1cfq(Maxinitim Principle Stress) 

= filf1'111J1filMIJIpti(Equivalent Stress) 

e -= 

Ef = frnlitfiltiffrUipAilittii'91f11111(h1/1-10 
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100iifilVil4inflfl1561.1171111100111M1f1-1517; 3.1 	 C tlrJudifilTI'Lpvnt 

goollag 	 C 1,111115f1Y1114V01)1 fed 

11_110`14€ 1111'111111 	(Crack Initiation) I101`f11,911411-1115t1111,111-1569iA 

tiliciltallilithV11,111.1fl-1541.00111151,71111.111flti3f17b g011159(11f1151[1qa011t15.9`9111130111560 

lef9114-Aff11.41f11111fil C X111 61i2Jf11511 3.1 

C Ifldln15ttn 

	

itiltfinh 	M taitiAilt1FMfllikafE11110110,9414111,41V 

„r,  
1155.1J-114t1156'flIA6110-11111,11,41vittiOill4 t1411-15iTO0Af115)4111-11`,44 3.30 9.1flfl154flIflf151171 

tluni5ditnitc1011PIOT1flfl151/1qt1Olt6iltfl15ZMO11151TN11-14')07ChArilltatl1,1k0t,itA14 
4 	 6 4?)4 

Ifl01111011111011M14,111,11113J11101,1`)1111FIEJT110M1171KN1 	'5'1ltI4hiilfilitY15110"ODIf15l141J 

fi'l C=0.662 

3.3 nItIni5ciitilmill 

finamilm5kiltizt 6'-a-i-rviTii-Triqmh"nnbirmti5liilq,.1 174')  M0113(14Nfl0'01111105,161J 

-TAfriTtalficut)11115'N't1 ,Iiirilf1150f11:1114DOnumilivotrun154nIntl)  1910k111V1flfl-15flflit'l 
„ 

61401•11ItiltIltillqVItfltr)110,ifl11111,1)I011101411))111q1dfludA11. 114i'lf11500f111111111"1541W011/Alf 

f1151/NM-01 fi01-ItT1511c1M)Atkflf,41M)111)1).vinilfiliurfuti;ilimi--mTol-Trr9t-iovIquni5'01 

T51,1111.41/10t10113J111qV(0116611`41 111014ff1117101111flfl9101ia91,110d01_1114111-11J11fliilfilTYWN 

ttotimol Ltat66f151t14101flf1154108Attflf,f1111/19161DA 11-111151frilt1341-IiirMii4011-711J1 

Itrinliti101J5tWillf115iI00‘11)0,tf1111/WM(Neilf1 tS1N-ni1N11151,1q1diNIID`ffl154M(AlI1414 

ILVIc11111,11111,411  4 5-1118,1015I1.11011)17101J7nd-1.9Ndf1151WW0111fit NDi101f115i1W03 1110 

NfliT1A1111111)1.4i1f11111f1091f140s96`1,10,i'M l'ilNfl61A1f115Y1flflas911M,'NO6'111i'ilD 	fl4111 

VC1111501:1141jalthhtemon4tmt 

~ildt t5 



IJITY1 4 

elattaritnIro;tmanilliii 

Pfd. lAlilf1-114.1tillif115'liiltiMilfl01011J91'14001-11711411d111-111-11JTI cil 3 TW.1611.1111NflA"1u 

fl151fflefOilf1156̀1 fil51(1MialktfffildiAfl56141-1,IL'Alttflf, 111560C9T1f1A"IJ (Spring-back) 1101 

ni161q41,T.J6'-AtiniTuivf9rviilflt141111,1kt5V):119Nf15-12,',11'vpinataittlrioulfttni6'-atal5 

d11-15t,'vrillnilild061111151,1flfifilMOY1114-101/101155J.JA15141411J1Thtfl15115n)flOil 

910vnionaufm00ntt111100Ji1Nlnue'116191flf115qW113I9i 

4.1 waXyli'fllli9Off011fillal 

f115Y1Orf0tl1q6M411,1114Tifl111191401Jil1tr1111Ar111-M101f115IN2I"O1JalliT611- 3fla 

IJ03iV191 ktfttilt1Mr191d01.1fil-dinfl L4151t,'Vf1115fliiilt14rd-cikvflatainTFarkindiluuu 

yrovrwmt1f1d lifrroktitnrillf1111,141141111-10,1161 	 flT111t1,51tt0Mt 

A'fIlifldnfl1506 MT11110150"9 	 It1S1:415001M1J111,1Att -AnlGamillftviuitmi 

f1lin1515§111-1violli Imai-Aiiin5Tiovalii140114t151gslitA1141-latilAniltrfli0;i1414.1114 

Illqff01111M10011tMf111011441 	 FrlilviDA416741,11111 

Fi3tk5f140 f115111R01ivimikt:4,1,1f1154191003Il0f,i1003 IJ1ififil5Y1Oiltrtil11tlIJIT6111aliff9d1"0 

Vilfilt113631111flunilirmaoltotni5iMAn15$iqC421J6'-)1A-iviTIJ5fi9tAfltldh111-M511 

0:1 

V1111,1i1;  4.1 Nilf115110a011f117V111015m1611Aflf1411(111t0141(1:1 

Nfl '1l'if1151/1fld01,1f1114 iaqmItlf141111WIAACJA miT519Alf1'11ut414-1111M11. 091 

Size(mm) 2 Fp(kN) 11.375 

So(mmA2) 2*16.25 Rp(MPa) 350 

1_,o( mm) 25 Ft(kN) 20.22 

Fm(kN ) 24 Rt( M Pa) 622 

Rm( MPa) 738 E(GPa) 210 



Ste.ss-S0 am Curve St.t es (N 

10240 	 

9216 

8192 

7168 

6144 

5120 

4000 

3072 

2048 

48 

1024 

ll 3 20 	6.40 
	

68 	12.8 	160 	192 
	

124 	250 	28.8 	32 

Strain(%) 

11.1i114.1 

Tlflfil511ffralifirliilief9 flndi-rvitut1114:1114N000nu-419iallifil 

filtt5,1419,401filifl1419"1fltf110AM1011 (Fm) = 23.985 kN 

filtt51V1iii'll0 Yield Point 1q0 Offset 0.2 % Strain (Fp) = 11.375 kN 

A 3, 
111,1101

Ai
A114111111-1WW/C1,1111,111Wa'011— 16.25 mm x 2 mm 

- 	lfilf1'313Jtfillqlfp ( Ultimate Stress) IlD5IVI'9,1.14f1f14111140,10Afj,1 

Ultimate Stress ( cti ) 

61J el 	Fm 
A 9, 

A V1141(1111,11M1 

A 

23.985 kN 

 

37.5 mm 2  

23.985x1000 N 
Ultimate Stress (au) 

Ultimate Stress (au) 

 

32.5 mm2  

738 N / mm 2  



-ellld lfidlflell Yield Stress (ay) 511015VIMMIlltld)11(11.1tt5111'ef 

Yield Stress (ay) 	= ttI3110 Yield 
4 

111-111fI01-N1A 

Fp tt5191 VQ1 Yield 
9) 

A 141111(11114N1q 

Yield Stress (ay) 

Yield Stress (ay) 

 

11.375 kN 

32.5 mm 

11.375x1000 N 

 

32.5 mm2  

350 N tmm2  

2 A 
1 Ultimate Tensile Strength (au) l'illIfilf1T11Jttil.1115111c1q1J0•15a9 t10141(11V191-11.4t 

ttlillil9ff111]9f1,1111:14114A1541141ildfl150011tai1d1'115ifnf155111110114,94111 

If151al- 5lialiammtiflf1411/11-1tral1.itt 	Ultimate Tensile Strength = 738 N mm 2  

dl Yield Strength (ay) Iiilitlud-wryllialtt511Aqq,u04 -Trim 

0154-114 -A111/11141141.1100`1111511 ,75A9nillffiAllf1111111f100fidtkfiV11.4W111191.1114 

4114v11.1 91t1f1151fflii01.1iiim-pyi`nodhcoutt5lillep 1lt11 Yield Point = 350 N /mm2  

4.2 fnitniTAHavinthiiii5iiiAravionntlonlignalnAli 

1ini:1f1551.1f115hihtlA"IPIJOA-Tvrq wium149inni5dAtn,qtith'qttni'61f115f115tflADIdil 
A 

1■11.1400flTillq-1011.10,Inktf11411159iql14111 1q0kPlAllf0tilsa1111-11114,7,1J1fflitlANTI tI4D,1911W140 

iaqv5u
0

ratute1itkfl1411M,91104tkr114 
00
if1TI1Itf

9
l-lti

0
fl

4'
11411.it:N1111100:11,19;'4ilq11014 (Elastic 

deformation) 1.1100f1V41400f19-111q1E1 tiloirimirmdvnuti10•13J1'9109(`IflAJKI":Ilii'lll'913J Udrif0 

',- c.if11111,kfiut6q41461141f1f151fIALtviyilliTvitymilioinmllnA`11 

Iq011f1Fttb4-)01.,valilum5L'ff1151C16'-)nA'ulutijoifiVt̀ifl 1fllifl10`1191 tt41.4 

i'ffilevT1,14W10 IpiniulutaifniutfittfninTomii'31.41114 

miroiiiia19ii6iliTiMi0f115tFiqfl15floilf16111119"1flf1156'0411',"ll 

4.2.1 61/1iTIMOATellAilAiliVi3NMi'Ofll'itiiqf115i:11 0&)11A).J(Spring-back) 

M011415111i14611i1AIMMATeniailimovion156-19in-amT-m-Xuliol -Trimluni56'qiitliT-) 

lr?THTuirf9mVinn4-anw5At:f,AIqori-n-mMmAii.nlqio niiiriu 900 4flIl1i
0

tf15111
d
0,Mt 

ttritilltifiMJNfl9101115111qfl01ttOffil5i1flD1 

49 



ofill11-1-0111011 

IIII 	mm 

31Jii 4.2 lAfffllifflIfilvilllefillT111115i!f151t141115i-M01 

ct 	 4 	 9, 	9/ 	 A 
91fl11.191 4.2 f11541dalf115q911111111FIT3r111151J'AffTilflflflf11411.-Itnlfllql!lAlatt 5011t1/1011 

10, 12.5, 15, 17.5, 20 !Mt:22.5 mm l'71 ,9P1noi0f115160f115 

;10 K'1f-161J 11fl 	!f114f1510 6111611 350 N/mm2  TiliTh1.11119.1101.141611 10 fl '6111015 !AMA 1J 61104 

900  

a r  
k R  a  

r +S« /2 
...(4.1) 

r+S /2 
i,r 	o 

k R 	Spring back Factor 

a1. 	1,1,9i`151ttlttliiitni (um) 

OC 	illtowitolGtittl 114141i 	 (olm) 

Tri116'oiii149mAii141-rutiinfiqn15?ww-01.)fl11 (mm) 

1r 
	TFITJ6011t) 11,44 (mm) 

So 	fl'AllJ111-11110Atteillklidl (mm) 

f1154ThOlVrificTIAI1441?  10 mm 	k 
a, 	 9.87+(0.5)(2) 

= 	 = 
a R 	 10 + (0.5)(2) 

50 

k R 	0.987 



1115 ;TOO iliff1174144 12.5 mm k R -- 
a 

12.38+ (0.5)(2) 

12.5+ (0.5)(2) 

51 

k R  = 0.989 

a. 
fl 13 	1 T411111/41 15 mm 	 k R  = 

a 
k R  = 0.993 

a . 
fl15 4-M0111 i'ff'1(111,414 17.5 rim 	k 

a 
k R  - 0.994 

a r 
fl1541flal kgiliTIViS? 20 mm 

a 
k R  — 1.003 

))111.1fil 

)tifrufil 

14.9+ (0.5)(2) 

15 + (0.5)(2) 

17.41+(0.5)(2) 

17.5 + (0.5)(2) 

20.07+ (0.5)(2) 

20 + (0.5)(2) 

f115 ilflOATfiljiTWis?  22.5 mm 
a 

tamil 
22.8+ (0.5)(2) 

22.5 + (0.5)(2) 

k R  1.013 

61111,411 4.2 tkilMAfl154-11.112.1filaulhf,allifniiqvilflhTlflf1-1541W01 

6 4itii TfYillgl,Lif (mm) (r1) 
v 	 f11a1d5avin 15 

Tffilit,1111411-6A-1 (mill) (r2) 
;Iqvi-aflIJ (kR) 

1 10 9.870 	 0.987 

2 12.5 12.368 	 0.989 

3 15 14.909 	 0.994 

4 17.5 17.412 	 0.995 

5 20 20.074 	 1.003 

6 22.5  22.808 	 I 	1.014 

1f1015-15 4.2 f117411121;1If11iri1i5t 	 11114filai.1115t,'F(111i1115?lq 

ci'-)naiNt,'iltanilLitillArinftzloo tiltlfilta4i'Mlitii44AAJ1114141:6d,  X11 11~5vc~Y1~fl15Sa1~1 



 

1.020 

1.015 

52 

T1 

"OP 

as 

a za  

1 010 

1.005 

1.000 

0.995 

0.990 

0.985 

 

(mm) 

4.3 fITIPttO'ClA5TilIMMifliY1149
?A

l d
I 
\NOA 0fl15t60fl15&-lvi-3flh11101t115fl'fl111 

Ithi)14-iviTu-T-aqtvijnt-141yrizolrile,s1 91f1t115 

I 

"1 11 1/1 4.3 fl5TinIttrM1t1113Jaiii64i?5`811-i 	iff61th,14fild 131 tillinami5tV11/11115 

trlqfli5hi6n-hrunliculnivi6'1n1161111,1111 1N1J21 IT0311N1411'  tT1169.1 10 mm ilJtliqtii0f115h 

6'1f1 	110E111 1,0 191t1f1 1 X111 It R111111154 &3f1 61.I (Spring-back Factor) tlri 1 il'1J 0.987 9111111A el 

Tfrii 611011.1'14111141,11411`3IITIMUlfilauthf Fivlini5(fiqn15?iqvi-anuilf tildutioui VilptnA 

taii3kra Tfaill 1 flM FM0 f, 	1111,410 511111i tli\91111f1110 3fi1,4111131DTPril1T144ffld ,1 

66u-3 l'aufi 	 tilatnriu 

tiAlotlftlf117r11,16t,rroljakaralillJniution ilh&HIhn7;14 Inn 15 

lf101iqt111Y111.40 6̀1,11146'6'lifffillIf115141111491A 41 iltM4481ii'11151,11kalNf115ATO"0,11.11 

'ellahtFrvigf115914')n6uTinliantondilt=h4 

1111.1111D11006\41110T1t1t1154-M011,katl/K1M1 



911111ii 4.3 tterolf115411ntlilllfilallth,'FfTlif115ilqoilfATM111511194101 

1A1144(mm) WM (mm) TffilillflalEJ (mm) 
111a11htal4f115 

;I'  fl6'1116"1_1 (kR) 

10 10 10 0.980 

12.5 12.5 12.5 0.984 

15 15 15 0.989 

17.5 17.5 17.5 0.990 

20 20 20 1.002 

22.5 22.5 22.5 1.010 

10.0 
	12.5 
	15.0 	17.5 
	20.0 
	22.5 

Toil'att4 (min) 

4.4 kiM116111i1A1V11101TffilliTIVii?iiirlROviOf115afnh6"'111110111151414:1;111  

2aTIIT1JiaqmInnb1filit,t551 qlTi1f1M151/1qt101 

	

11f7difl 4.4 f1511111,MIlf1T1.1auvilii'lnlilTliiiii-14fi-Will 	611d -lrY1.1115 -alilif115.160 

<3 	<71 

f1AqA'1niTillINICUATI411151(Walf1156161114alivi-1ld1Tu1rrqmInnAliviut5q5 

53 

111.11T114111.lailfili 900  Tffc1- 119110Yile'1 10 mm 0;dff1-3 -1.41.4f5 	350 N mm 4  



10.0 17.5 12.5 15.0 20.0 22.5 

1 020 

t11541 
1.015 	 "001 

r11111W05 
1.010 

A 

a cu  

1.005 

n 	1.000 

"o=; 	0.995 

c/Zu 
0.990 24,  

0.985 

0.980 

0.975 

54 

fillitN1113(dli'ilijigi'll4 10, 12.5, 15, 17.5, 20 !Mt,' 22.5 mmlillt-i11114'11111,11101filA11111,̀f,F11/lit115 

151q44')nciun'T\llutioo 9 ttanfl1DfiTT131;,111A11141,171J41.111,1Y111A5161.161111111iiodiTgilvitrif'  

r7111151,' Vitrn tFion-11 	cnGlf 	hhoitJnil4-m11 riTan 

(mm) 

4.5 EIZQ1A111711nE11.161181,111-111F1flfrrii4-16'`1111J1101T11-111141,̀1-Arillf111 

11fltf115319M0,1 

I3lflal_111 4.5 fl511,111a911fl1511_11011117101161/iM1110ATIIIIVI114fi-Ni-N G-1 frichRdil0111566q 

f115i4loi-an6ulyoA41,1111,15t1Villfrnilfl0111flf 111511qfl0.1 

4"-at-IA'Ininni5TignD11,4611n4thAtiumilM01 t111M111111111,61 f115111filf11516911-1116q 

vi-H-)X111101iff9rIlilfli1411/11.nt11$‘19:191111115killtIll6'-al iqtAuth449notyiirTit 90° V1'111150 

14114il1f1111541t101 	i'0411.1111IM1111111.16'60 `1,11-1V114Iq ElUd'o,tvw 

kflfll,1910E1I0EaMltlfilflY11.11,ficttfivicrualio9iittonilltiLittfitfl151,flirtiOlgDfillM,'L-OtiqiitN6'") 

I3111111511111411191)f1111Alh91flI1`IAllhtt&6141-1 

4.2.2 allilia1101f1-111JaW151flitii1NMi0111561'9111173i0vi1flX11 (Spring-back) 

191115511951;i TlIttlerulnlvni5tIJAtm1111146'nlitunrilttim&licill 

'V (Elastic) ttan6li1ifi173' (Plastic) i'1111-151111E11-121-/And-raw:,64kaiu1941441,40d61-1115‘Al-11 
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Ioofiehtt-Afri111115.firlifilliff911111fYilfiTh`3111t414f1511111011'd9, f115(1A014 

1'17 (Plastic) elillfi9141,1 kldtiito il1i1ncaniit11i2ri911julnkFruli1fl'119.1tfil,H151111101 

'TM) it-r9filr,nA'u41.4ticpiillt;i1.1 

N15`itf1511,f6yliTifliallf111/11,f91)14f151flild'INflvitlf1151figN15"691KW'1J1104411111A 

vTtTlwinni51'oC.4pMV-ir?-niTnifrqtviclflflti'llfIVtt5A\ITNlflfr15Tdtllioun-nn1irnitiluuna 

110411-15(fiqfli5hoi)116fliifi1f1111J1.414f11111(41 	300 ,350 .400 ,450 ,500 ttaf 550 Nirrim1  flI fi 1 

bi 	cl 

10 .12.5 15 ,17.5 ,20 (Mt 22.5 itim q(11.1(.1

A 

 014 	flIV1J11-19-110(Tilfill 15 

ilD ' ai(15tIonn(611011tivilQ11Fllifilfilt 90°  

G11514 'V1 4.4 ktftg.Ifl5411-nillf1113J414f151111̀1CiArtMitlf115&16=dflhl 

f11111(414 

l'15111 

,,., 

54111q10 TffiliAl'ulS i'lliithflq10 

1.111t1111,711111'.  

a1  

141141411U 

a2 

h i) 5 C1141117 

h6'1t-411(kR) 

300 10  8 10 90 88.23 0.980 

350 10 8 10 90 88.94 0.988 

400 10 8 10 90 89.5 0.994 

450 10 8 10 90 89.68 0.996 

500 10 8 10 90 89.8 0.998 

550 10 8 10 90 92.82 1.031 



1.04- 

56 

Spring-back 

1.03- 

t; 1.02 - 

1.01 - 
E 

1.00- 
tro 

0.99 - 

0.98 - A 

A 

0.97 	, 	1 	1 	I 	, 	1 
300 	350 	400 	450 	500 	550 

flT11.141-Afillfl(N/mrn ) 

plit 4.6 Wa91161/iltIWIJOAf1113Jduf151fliiiilNilviDfl1546411115ilqc9T1fItTlillAfTnii9141.-Q114')1 

A 
91f1Tull 4.6 117,TVItMlf1-)11JalJthliTflifillf1THJAf15111d10-11.91filifilaIJIJ5Tfritf115 

tFiqf115F10&)116'091D11119tIllflfld)11/1-10,51'6%1VpililiAl-113Jthil51flail &I 300 TrI1Jt 1Nr1-1 6k 10 

10 mm fila1.1115f 

'XI,11_15tairlf115191c,T1flt-Tuq,ild-annillonul,thi'10 

rs 	A 	 4 4 , 	Cl,4 	x:1 

0Atflt1J0frillJthfiTlfWINIJirt-dillaLlliVot,'ffillf11541flMf1M1 (Sprin2.-back Factor) 

rrAiuilmattfinfilfrailad'utillndgfll filaIJIJ5t,'Ff4f115ii0vi'lf161Jqt',[11.1flqflltiukit1161-1 

4.2.3 61/1i1A1C1T01111JIT14 -41,ttlf f1-154fiqf11 -6416'11I6'11 (Spring-back) 

fil5iintil6vrivimmAlp.iviv4tMtfllnild%1Nni01115:691fil5ii- Q1A'lnD'IJilN11-911,11114 

q aal_114.6'1fl5t,'IJ T140156"91 6ii'l,q, a-ni 	n n 	IA 	eN lounil 	un 	dau 

Vlfl i,-ilt-rymifitlf151fIlliflfill 350 MI= 2  5gil'11 44M06V11fi1J 10 mm 1,110101101_11111ir1A1ft0flt cl ri 

30. 60, 90 011`,',', 1200  If151t'llf1-3111110111vi-141101114Jii1494110f11115 



19.414.7 ttr1016111i1AM61101141141,44 10 mmfilNfld01115tFNIfll'ailq OT'.1f11_1110.9f1116V11411_16'-)1 

d-niTuimpihfl4-1111.1tril4c1) 

120 - 

105- 

90 - 
0 	_ 

475 - 
a(u  

60 

45 - 

Equation y = A + B*x 

Adj. R-Sq 0.9950 
Valu Standard E 

A 

B 	1.04 0.01646 

120 30 	 60 	 90 

ceci 
G11511111 4.5 16M11'rl1511111AILIGISY11411J 61101113:lil'Illi'llA'lf1156'0 

i'f(311A11-14(mm) 
111111'01113:1171111A1(') 

30° 60° 90° 120° 

10 33.370 66.371 93.750 123.456 

12.5 33.296 63.357 92.975 122.448 

15 32.119 63.157 85.551 113.314 

17.5 30.549 60.790 84.190 111.731 

20 30.211 60.060 83.643 110.905 

22.5 30.030 59.405 82.796 109.589 

Tlflq-151,11/1 4.5 1111'ilfftil4 11011/TIA4110f1fl15?1 &Jfl-c-TiPuolim-11.9,(0 t11='Iff971'11011/T144 

Illf11115a1WX1e1"111111111414V111111i9N1 tta04`i1Ti36111011/444ilcid iat115191 n &PIMA Tag 1.111 

1101ttij13111/1°'  30, 60, 90 120°  11141a1.11ilt thlgf115?416'̀)11-6'11 illf1"-Tti:41161.110.161101t1319A13J1i'diTct,' 

bittonoi fitanntln 

Tr1371-14 10 mm 

30 - 

111tt2J1^I~II (° ) 

57 



i'ff 1Afl4 12.5 mm 
o 

fil5flqflOOtilt41.1 

Equation y = A + B*x 
Adj. R-Sq 0.9977 

Valu Standard 

B 
	

A 	0 	0 
B 	1.03 	0.01114 

60 
	

90 
	

120 

1111tislii1114( ) 

11141;4.8 lAffq16111i1AMEIJOA111.1i(11.4 12.5 mm firi•INMiaf11561911115hil'lf16'119101fT15 -1414.1`doi') 

l'a9n4nn4-ivnittlA$1q1 

15 mm 

1115t-WIDOEJtl'lLAI 

90 — 

58 

120 

105 

90 

---- 75 

'7 

60 

45 

30 

 

A 

30 

  

  

120 — 

105 — 

Equation y = A + B*x 

Adj. R-Sq 0.9871 

Value Standard 

B 	A 	 0 

B 	B 	0.964 0.02371 

30 	 60 	 90 
	

120 

NIKO:n/711114( 0 ) 

75 

07 
a(u 60 

45 — 

30 — 

111'41;4.9 ttM14-31/1i10110,1111.11ATI-14 15 mm ilfilruiviofl1566qf115`6;fl$hflIT1101f1156'4141thi''31 

a-mTuiriqmhndhvrtut5litycl.1 



120 - 

i'filliruGg 17.5 mm 

105 - 

90 - 

° 	75 

60 
Equation 	y = A + B*x 

Adj. R-Squ 	0.9824 
45 - Value Standard E 

A 	 0 0 

30 - B 	0.932 0.03099 

15 
30 60 	 90 120 

li1.16t11131111( ° ) 

11.1i14.10 0r10A611iTIM1011)1J1iiiGiS 17.5 mm cifilvrovion-ntriqf-m&i&glA1161101f1156'041.,17,11 

TIJitimm nn41nrivtt51itv 

120 
TfYllit-IGIC:i 20 mm 

105 nen0QMOUtiAtelljlA 

90 

0 
75 

"7 ca  
60 

Equation 	y = A + B*x 

Adj. R-Squ 	0.9925 
45 Value 

A 	 0 

Standard E 

o 

30 B 	0.940 0.01805'  

15 
30 60 	 90 120 

59 

ttrmliiiiiiimo15Jm1A1144 20 mm iirilFsiMi011151,6q1115'ii06")flA'll'UOlf1176'0 €11141.1&il 

aniTilier9Ant-alinutt5leilvp 



Ti411771'1.44 22.5 mm 

11-15notlrna,ILeill 

Equation y = A + B"x 

Adj. R-Squ 0.9935 

Value Standard E 

A 0 0', 

0.928 0.0166 

60 90 120 

;11103:11711.11Aci( ) 

ttao16.viimniialapit4 22.5 mm Ilds9Nrid0f1151flqfil5&IcT'dflA9_111011115k4114111 

"Iflf1151/1qflOA`OnAll.fil i1541A0111411tLelt;MOFJP,WiDfill'iiqVT'3f4111101414,111.4 tItilol11J'14"144tAM', 

alltifil51.F1M115hVi)fltTlifit1711414011J 111_1410 	10 mm 

Fililtfl151( 910T11-1A'liftliltri-11100171iV1 016.14-01Tffill1(41411M.'41101,Tilt-71,1c,1910,d1p.P110111\1.14q10 

1.1111911i filffillhfren411-15il'q&M&SJI,11.4"31111Atii11911,1d0EJ 9 q51t-iwilha.ttflo;m9i Ninivi,14-) -10 

donl 	 11156c1fITA'fl6'̀11161Rtilfilflq0sIdOt1 kil4f11,1 

1.110ifif115[1e01J6101161(liM91011MITIAM01f111110 610 30 , 60 , 90 t.Mt,' 1200  T/ifilTf1171 

1 14 10, 12.5, 15, 17.5, 20 11,M,' 22.5 mm flT11.1141-1f1511111filITIJ 350 Nimm2  9111f1154-moAravil 

trA 	ce 	g 

ti1.01134144q106Mt51111TIW15011161114 tanI111.19101ff1561'.c11115iiahflhlilflatitl-414111INdilla 
A A 

illf1f11541d0114'11111-31111:41V1fatItliff(0qflh161Jfl15111filaini5f airlif115t6qM5illqoT-)n"Al 

60 

120 

105 

90 

75 
CG 

Asa 

45 

30 

15 

L.\ 

30 



0.995 0.99 	098717 0.99 0.99 0.04 

Value Standard 

A 0 0 

B 1.04 0.016 

A 0 0 

B 1.03 0.00343 

A 0 0 

D B 	0.96 082371 

E A 	0 	0 

E B 	0.94 0.01793 

F 	A 	0 	0 

B 0.93 0.01644 

G 	A 	4.93 2133M 

B 0.87 0.02597 

Equation y A + B*x 

Act. R-S 

B 

C 

C 

D 

IptaiiimAr( (') 

wolinntritnitilou6YlimataquiAllAttatwoitilemdon-i5t?ion-awi)n6utoA 

fillrotultlii-AdiviTuierqtAnt-a-ammalerAToilviv4MEJfiNill 9 

_ I A 	, A 9, ,t , a' 	 A 	 al 4 	, 
'91fIltill 4.13 tf111_1'111115f11.1111,19S66dtqltifil0115 1 11.101pJlIDITI141tAn-11011A11J61114 fll 

Alli5talflif1151F1q1115i1916'whiqt &-ilt1711411,1A11111.]4'n111nftta1111110.9th,1911Mt,WEMifillfil 

ill115talrI1
A

1IC69M11h6''1f16'11r161.1`)119(11n9M11,100 1 Ilflf115'ffil1i164q1019h,1614 

4.3 11111/Tillt,'1161111,1J1iihAVIVIviM11.11141114111actildlii 

elAT9191E1iliplAimIkkat'murviificti 900  4.01111119i-Imit Ilman 

11110911c1MJ 3 4'11/115,1611& Tft111A11.4461,W,;q111.1ailtilJ 10, 12.5, 15, 17.5, 20 11M 22 mm TFJ11 

Thflq10 a1lt11110, 12.5, 15, 17.5, 20 tat 22 mm 66Offnl/J1,411f171116T11f19J 300, 350, 400, 450, 

61 
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9), 9)  
500 111 550 N/mm2 1,14filliifIliliiill'illailDoilb(1J5(lidTaldiliNNMiOdOtt5lifil9111,1f1 -116'0 6"Till 

4.3.1 61/1i11(11101'lftiAlfl911tlfiliiRddatilAc:11111(firik41-119] 

1-1f11”i04141116'"AeilliTIJ'Tml, 

t19 -̀ 611flATV1Idtt5alf,i9111,i1f; 4.14 fli541flajl)1J1A414)(011(Jailfil1 90° k6Wb'f1`)1111,414f15111 

400 1) 1114'11 fili'F(il`d11101e1i114),(511,1-111-1I041411J1.1-11117;VN 10 10 mm !)51111ftio 

340.923 N diffilTfli11.11ff110(111.141.4 ttlAIIIITO1t151i1119111-1f1156°M2;11MIOldat) 

10.0 
	

12.5 
	

15.0 
	

17.5 
	

20.0 
	

22.5 

Tfrfl9t1fM1F1 (mm) 

11Jii4.14 ta-U1611"ill'01101Teiliflf1911011d,INilviOttlA17111111.411156'0'71141` illonAlciAkmnnt, 

90 OlfilttilnY)11.1tAlf111f161/ilil% 400 N/mm2  Tlf1f11141flO1 
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!ADlIfolvtlielcnivimosITKitlinomiiirsginviDtmciri191114n15 -rfrwItIK-y1 erniTui'ml 

iiilfrynAnAiEJlfi9Jf11541fl03inplin 4.10 Olf1111141rilf1151/W01 1910 

r.0,101-111140 1,1,11i1t111T1-44treffq101`Vilfill 900  1/rd%','fl'111.1t414t15.1fl11,ilfi'Ll 204 N/1111112 111 011111 01J 

0,51 11,47140-15k414,111611TflilliinoltifiNiill 	 10 mm mAii1995114 

1115641.q1J1Ti-lii1J 445 N 11Dt1i1OfiliffiAlf1010g11J41,1 U14'3ITTIVIID•11151tgl1lfil56Va4 il 

twiLdolivinflamuilla\95erqd -NfitttlinN-ollftt5liTlfilm156'qu'v 

z 

450 

440 

430 

420 

410 

400 

390 

380 

370 

360 

350 

340 

330 

320 

10.0 
	

12.5 
	

15.0 
	

17.5 
	

20.0 
	

22.5 

TY111111ff110 (mm) 

311c14.15 	 11111J1,14144 

t1ilf MOH/Nil] 90 ttatfl'Illitfilif1511111(ilfill 350 N/nu-n2  

WlflfilliWilDAW!,1,111,1-ilfiliitliff11011100t15117111'195114fillflqhlf116ViTfillilinmnintta.1  

ii191t-wqt TifiTilaticfATftililt-MillflqltiviANflvitN651.17;fl15119r141115flqia9mnnd'imaollAill 



0.50 - 

0.45 - 

0.40 - 

0.35 -   
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2-  0.30 - 

0.25 - *c° 

0.20 - 

0.15 - 

0.10 -

0.05 - 

0.00 	 

 

TRU Iflfl1U(1.141.) 

10 
12.5 

- 15 
17.5 
20 

22.5 

 

     

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 

5t., r1915ffill,414(mm) 

11.1;14.16 1104-11'3111i1AM 61101TfrrltHAWIFillicArAilviD1151iillfittn -y-J6'oilLtIlioi-)9d-m -TuTaq 

niAnneihYllAtkIl&rp 1-1fIfil51/191flOA 

9111111 4.15 gnAllri1M11oiTtalThtt5,q.
A
1 101f1511  (Yield stress) vuttmt-Illow-mq 

9filf111491thnittlifilf1151A115I1N111111M9J5VJWIJIAMItill (Elastic) C1114f115kt115111titlitTill 

(Plastic) ctAi't1111541,1J5Ilittllitg011ti14111,111101tt7,1flIfIrT19'h.41.4i'filifilfil50q6'̀) 141t)fl1  

it111111111/7111151Matilt.51fIfl5f1/1101041,111141vrtintin impnrim-mviqvi-) 

nAV1,1161v16'uto141,41114 ttitilOrrulqfniflUtilocddoutt5liergw,',13in6u-cjfi -nualhiu 11'14 

goillm5tt1J5Illtk41i0m5 (Plastic) u551 lf LifY15141„q1A,tild-arin'iq'gq 719,ffl'Illilfi)140,51 

4\11s9qM-TlAta,1 

tiL1414409,noiolo5lt-ituttlnimis'otiouinficrq 

ltliiii1VIMi811711119T114111561WULITIJ5fIlilAtT154-InDsIttflf, f1111/191ao (51 

4.16) V.,AA11_1'11 Tlf1f11511qa0‘1 	 0.1,41I1111110Att5111191114fl15691iiVali 

9ti.J'd1111ntwft11oTOIJ̀11_11f191101.1d1111n Il.5111141140156'qindat1tdO14t700 	t~1F1dtS~ltl2fl1Jfl ii 
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0.70 
0.68 
0.66 
0.64 
0.62 
0.60 
0.58 

--, 0.56 
0.54 
0.52 
0.50 
0.48 
0.46 
0.44 
0.42 
0.40 
0.38 
0.36 
0.34 
0.32 
0.30 

fillfM01 

11151Ni101 

-A- 

10.0 	12.5 	15.0 	17.5 
	

20.0 
	

22.5 

1f1"i1l1111010 (mm) 

4.17 ktM111115tIfitfilt17101J1t11-rillf11141flattd`.',M51/19M0161/1illffilali'ffiliflt101EliliiArlfl 

Frutind -biToil4iuvrii111J6Alotrufff1011TiliiME1'6nehumil 	alltlfilTfrahnoloaTiu gliv 

(L) 9tlii11144106it-Ifild 

ilfill100fl14611115tOtiOl'illinfli'ffrA'114?-11fOilq10 (L) ''''1111.1,M11114j1,414 -il fl15141t65Alls11-11115 

iqtlilijil.iviSktItt010(iilfill 90 0101 fr15,1150111 

14T111 t115 	01 f1116`414,111Iq 	&JJ1,14191013,1401 irNM 01 41 1D1 

61filoo Iqutfi'qqlflf115Cen_119.1)034p0EillfiniltAIJOA)ItI5ttn5Al cviillIfl alIVID0f17111914  

df t000111,1 

	

4.3.2 61/1i1C161101f1-3 41,1f15 	Rdvi k(55chfl1111156'q414VJ 

ni-An1416cnilAIMilf)IfY)111kfillf15111611q51"thiluni591avq1J09h5'  

Winnif-inutt5 	 6̀'tinnilquiJ'dou 1 tgo 11 vv 
Th,t4tt-onliorvi 	22.5 mm Tffilthnoltlai 161) 20 mm TA/44U= Mtiai 1611 900  lf1tJ f iTfl1  

frith Atf15111tVilf51'11300, 350, 400, 450, 500661t 550 N/mM2  011.1419i1J 



300 350 400 450 500 550 600 

f11111,1111tm 
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A 9, 
iiirlemoinkr5.119195114n1541,11116'')1 

91flf1156'1ffiN (Ilk/ 4.13)1\1161 i4rff/J[41.4f15111 300 60,1V1 

1,41,1411156'0414aflailfill 445.51 N 	 01401J filifilfnlIJAH15141111.10 

kailIcalli10A051711411411159iq4142119tulnilult1911-)0 114111.1 

n1161.4010filf1Tanfillf1510-091d1 tr14'.31111.16[51111,4114fY1141411ilfiThqfllttOtil 

tri'51-a0161,1cillND111541f10111ilf1-)11JVC0ftilt-911-01fill 4.3 tfi0f1111lltillttIlillq1cro (Ultimate 

tensile strength : au) Tifl',13JeTIJITI-diAlf1111J641.4f15-111 (Yield stress : ay) I00010f1')111tfilli151f1 

0.80 

0.75 

0.70 

0.65 

0.60 

0.55 
2(7.' 

0.50 

tr, 	0.45 

0.40 

0.35 

0.30 

0.25 

0.20 

fl'iThtfillt151NN/nun ) 

Tiii41 4.18 ttaqlniltt 

luni1111,Q1_11MItiqfifl15q1f1,165140 AilliktIlktfiGA1141fldtihilf414111.41:111t1A01,1  

7111Dtillf1111 'tlkt,5117111110fiG15')14 ,111411,'4-0,9 'fi,1114-Alfralutht69)4141_11441111143J1flfl'ilfl')11.1  
, 

uw„'9t 40111:n100161V109111q1441flqT019S1,1111-11.414 



4.4 ald 

oiRtil5f;IINmion-niio&m6culiolirfqmilni-id'imat5leNq,,1 	i'ffilimli(wiScif19in-iq 

91f115111qfl01111144iiiltAlf1-15fillnillkilOi'lli11101filITOOfilAirtht FrI4 

fr15iiq&anA'u 'fivf 	 11.41111AA5filA4111Tffill/4441J1flillAfileTan15 , iiTlif115Flqvil 

ntTaillfl41,14111.1114960 611i1A1M0311')111tfitmunild'slriminn15?)qcoi-Atlulioll'e(94-mtrivtill 

lAlillillrliVitillEN111171'uiittflfq-10i1Hovia1115hs;hn6'wualiam4-m uw,;1111-Itf15V.,'1461t-t15 

Ilirlesm6'wk5117;14114n156'o4vati pi-miliillemAnTfliiiilfl91100,Mtf1T111t41,1f15111 

66dIl1flffrillilf1MMJimmi%114fiqwctannilewo1it1 9h] 

)1E, 

/51,5141q1 
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5 

aplwan11-3itntanieterualruf 

5.1 erviwfl 

1115F1111i1fIllki111,111ii-aami"uimrtiMflflbillitt51'4At-1,14-3011h[tf151111,111.AWAtiTIAa Marc 

w 4, 
rM5G1S1-12008 	 kff1,111 

5.1.1 61,1'illfl'il01&Htillfifilftniafil'alnf115'606'1fliTInalf115"&1;1.11.4pkT-11111"i'lilf;19 

mrinn411114115,A1TI 

- 5-f1111(1'14411W191'01115tfiflfliqii0VrIflallilellT14111.4Af1156'ndvac1 for41d1ft111fi9i 10 

Zatil051110f1"15i1Ocif41.111ouilvfottaniiafil 'foili11446/1111111 

IT14-/t1194161,1 

- f1-111.441.4f151flijNflcavioni5tiion-niiqv -an6ulio‘J41N11411d'lf1150-W111-cali n - 111/1-411,1 
" - 

fllifla11611 300 Vmm 1,110f1150 flMfT0111-10E11/11,71M6MAJJ0f1T11Jtf114f151f1t1A11J 61114 fIllkfIclf115 '0V1q1 

fICkalf111116111V111J11.14-datil.41,3101614 

-1.11Jilidiltal'OlOnNacji0f1116.1flf115cP1MIWT01.1110,9911.4‘111.41,Thlf115flRindali 11111Allattd:f. 
A 	 e 

q1ri6i(1169J 30 01f '1 til0f115Fint61-M01.111
w 
 081/140,1,JJ'OJAIJIMAINVilt6flf,RIEMAM1114 f1156f1A1115RW.-11 

n611V411111-4v144111filidilt11'1411FIE1-3614 
, 

5.1.2 OrallW110,96)[kIJITI'nriflVIOtt5 j114114fl151.4vid'")1V1-111TIJiff9tilhfl4-14111tri,1 

00 

- iffn1l1fl010 T'JVIdt$101651tifilM15641.111] TOnlilfM1EM41611 10 mm A11,4 

n156wittallmnii6sq6661n1J0d15oli9d -ffimotilav tmcn"1.411Ani54n41411Jqtilfiii1100cvalil 

tiut?)ty-Ifiti 

- fallItAl'illifliUMViint'lli111411,1f1154q411Fd61-)1 filframtfit,tfilin 300 Nlmm t[11i,-;41 

ifturi5611114a linfiZariillepttM,A0filft-)111141-1M-lfililiJ41.40,5,1171191114fllIA'W1191-1`1111.1filillaill 

01111t1A0tita En &I 

5.2 41001101rin 

‘1f1f1153i111141f111111411,17111,11V11141i11DttlAfAADIN'arktittiltillfty1614611/11fltrfrillf155 JJ 
4 

13411. 01n55intn-nnottAlthm viAwlyttfini112-,109s114,1-em 
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5.2.1 WIII1Jf115611114401.-1161111Dlihtkihi;1941f115?ft111111NMAJO CADTIIT,',Iff11,110.411111JNO 
9 

f115111Ai101119M91-41,11fleN111,1 
A A 	si 

5.2.2 114f115Ft111-11VT1,1r1J5411f1F1T110,9111Jf15 5115''if11561;114,11]&-11 171 -3711frV1660f10211161,11.111.11 

t401,1?IiNtlf11541AtIOATI'lki'llMflarit1111c1t11.1W-161414,ilottmil'fIT1t140VOli 

5.3 dIA19ftegliOlf1159i€1 

filltFiflf115'AN6'"3t-41J11041JA111 

141 111fl"15k61114:0W-11r0f1lif llitiqklififlf1411(11411IA`411.114 f101191)kFM1.15` 1E19511/.11f111101t11,14411.4 

tr 

fliTilf1111 014f15 '&1f11J filf1T611;111,1115 51.111,M41`14(11.11 	 ,n1flfl15"Jicii,111J1J5fqn04 

W11.1fliTh614111f,d/J 
„ 	 =. 

5.3.1 f11500flttilliflIfirrldfll'OWM9951.41 11104 tfl'1114 IntMs.,111J0 11.111001M5 LAt1 tiMelA 

I 	q 

5.3.2 1115- t10,1rMWO 19,11111.-M'ff1Nfl ail,f1Of115Ntatl 044 111nmprusli1 iVIMI'llail'Allf14t."]Ni 

f1166511114 11611114 	lifAVit11011,10-1141111,MAtihn1141/11,11115NOM111,11-1 reovraliJ15 n195' 

5.3.3 144J 14 IftTIV 	fl 11 ft] 5 Aft Ill for 111 ft] Fltht14 	M 	"NJ 1 k 	t fl 	5 6'11 1 111W:it'll] 

flIf,11114f11500111.4,11] 

5.3.4 ti'lrliDf11.11.11dit11,11-1-311111110,10A41f1f111411500fltt111.1k61:1;11J1161,Mfl5f11114f1151A1 

11 	111.4141D1,1 

5.3.5 tlflilTflf11141115"N"41i1;c1,114011114"Nfff15131Actlf17)11J1,i'lkil0t1,W,ba-1119"lf1(11141 

tompfiumultu 1E1 1 11111fklf)V11.11flEald 

5.3.6 '111Tfilltttaf4115,t1101.1f115115 10140/TiA11-1610‘1".0.1111117Ncliil,ii1J411.411-01.911-1 

1F114f15011f15 -1110A1(114fls111,1kanfiT111F191103115,f,Mil 

5.3.7 iienif11519Tiaqtkilf,na'lliVi141,ikaIlt01014111taf,  illta11f19516 

5.3.8 fliflqRallif15 51.191011i5nTlfr'r 4iftlfril5t101Jflittan9106001,11141111n111ff filf.1011T 

111',/,111fIlirlaftil`faltifillA11,14f115611'1141)-A6111,1114.1115n1,1017(11flInflf1F1Iiil''1,1 

C) 
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P1151A 	Rdf11141fl011115TW14.111I1J6''Aiff901-rifl11140,541111tY)11Jthfillfl 30 

iii4 
.; 
iq 

i,t31 
n m 

5fill 

ii-wii 

5viiiihn 

o 10 

niimip 

min 

. 
1piiivl iv kR 5f1111144 

1 5 3 10 300 84.6 0.940 2.760 

2 5 3 I 	12.5 300 90.55 1.006 3.024 

3 5 3 15 300 84.61 0.940 2.760 

4 5 3 17.5 300 90.96 1.011 3.043 

5 5 3 20 300 92.34 1.026 3.104 

6 5 3 22.5 300 88.07 0.979 2.914 

7 10 A 10 300 86.79 0.964 7.679 

8 10 8 12.5 300 88.27 0.981 7.827 

9 10 8 15 300 86.79 0.964 7.679 

10 10 8 17.5 300 87.54 0.973 7.754 

11 10 8 20 300 90 1.000 8.000 

12 10 8 22.5 300 90 1.000 8.000 

13 15 13 10 300 94.41 1.049 13.686 

14 15 	| 13 12.5 300 95.62 1.062 13.874 

15 15 13 15 300 94.41 1.049 13.686 

16 15 13 17.5 300 91.46 1.016 13.227 

17 | 	15 | 	13 20 300 94.1 1.046 13.638 

18 15 13 22.5 300 92.83 1.031 13.440 

19 20 18 10 300 95.99 1.067 19.265 

20 20 18 12.5 300 92.53 1.028 18.534 

21 20 18 15 300 95.99 1.067 19.265 

22 20 18 17.5 300 95.22 1.058 19.102 

23 20 18 20 300 96.8 1.076 19.436 

24 20 18 22.5 300 91.54 1.017 18.325 

25 25 | 	23 10 300 96.69 1.074 24.784 

26 25 23 12.5 300 95.23 1.058 24.395 

27 25 23 15 300 96.7 1.074 24.787 

28 25 23 17.5 300 98.32 1.092 25.219 

29 25 23 20 300 99.21 1.102 25.456 

30 25 23 22.5 300 100.33 1.115 25.755 

31 30 28 10 300 97.49 1.083 30.413 

32 30 28 12.5 300 99.65 1.107 31.109 

33 30 28 15 300 100.74 1.119 31.461 

34 30 28 17.5 300 103.3 1.148 32.286 

35 30 28 20 300 100.02 1.111 31.229 

36 30 28 22.5 300 103.65 1.152 32.398 



G11111ill 11.2 N'elf11541W0,411-15ITq414I1hMiriclkildflYllitt5\9V1,9illilfl'IllJthil51f1 350 

if 1 A 
.; 
ii 

5V I ill 

WM 

5fiii 

VTIAGis 

`5frilihn 

mu 

mill& 

flilfl 

. 
pi414111d kR 54.11^TV 4 

1 5 3 	| 10 350 86.48 0.961 2.844 

2 5 3 12.5 350 88.16 0.980 2.918 

3 5 3 15 350 90.68 1.008 3.030 

4 5 3 17.5 350 83.61 0.929 2.716 

5 5 3 20 350 89.56 0.995 2.980 

6 5 3 22.5 350 89.13 0.990 2.961 

7 10 8 10 350 87.12 0.968 7.712 

8 10 8 12.5 350 87.72 0.975 7.772 

9 10 8 15 350 86.48 0.961 7.648 

10 10 8 17.5 350 88.83 1  0.987 7.883 

11 	| 10 8 20 350 90.52 1.006 8.052 

12 10 8 22.5 350 88.7 0.986 7.870 

13 15 13 10 350 94.73 1.053 13.736 

14 15 13 12.5 350 93.95 1.044 13.614 

15 15 13 15 350 94.73 1.053 13.736 

16 | 	15 13 17.5 350 95.34 1.059 13.831 

17 15 13 20 350 89.81 0.998 12.970 

18 15 13 22.5 350 96.26 1.070 13.974 

19 20 18 10 350 	 96.26 1.070 19.322 

20 20 18 12.5 350 96.01 1.067 19.269 

21 20 18 15 350 96.26 1.070 19.322 

22 20 18 17.5 350 93.63 1.040 18.766 

23 20 18 20 350 94.95 1.055 19.045 

24 20 18 22.5 350 92.56 1.028 18.540 

25 25 23 10 350 96.9 1.077 24.840 

26 25 23 12.5 350 97.01 1.078 24.869 

27 25 23 15 350 97.26 1.081 24.936 

28 25 23 17.5 350 94.21 1.047 24.123 

29 25 23 20 350 95.3 1.059 24.413 

30 25 23 22.5 350 95.96 1.066 24.589 

31 30 28 10 350 97.87 1.087 30.536 

32 30 28 12.5 350 100.74 1.119 31.461 

33 | 	30 28 15 350 97.87 1.087 30.536 

34 30 28 17.5 350 99.42 1.105 31.035 

35 30 28 20 350 106.2 1.180 33.220 

36 30 28 22.5 350 111.38 1.238 34.889 
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4 i y 	 e3 A 
V111111/0.3 NflfM -1•001f117W11.11,1alwil actagflielflY11,105W10;11(VinlIJ6414fIllfl 400 

'iv 
A 
ii 

5fill 

A1U 

5flil 

IATIA4 

i'fiiiihn 

Q110 

filliV614 

f111f1 

„ 

1014111A 
1111 

9114A114 

ca 	,41 	u., 	d 
If1111611415 

1 5 3 10 400 86.16 0.957 2.829 

2 5 3 12.5 400 90.93 1.010 3.041 

3 5 3 15 400 86.16 0.957 2.829 

4 5 3 17.5 400 88.27 0.981 2.923 

5 5 3 20 400 88.09 0.979 2.915 

6 5 3 22.5 400 84.63 0.940 2.761 

7 10 8 10 400 88.37 0.982 7.837 

8 10 8 12.5 400 88.34 0.982 7.834 

9 10 8 15 400 88.37 0.982 7.837 

10 10 8 17.5 400 89.21 0.991 7.921 

11 10 8 20 400 93.08 1.034 8.308 

12 10 8 22.5 400 93.2 1.036 8.320 

13 15 13 10 400 94.77 1.053 13.742 

14 15 13 12.5 400 94.79 1.053 13.745 

15 15 13 15 400 94.77 1.053 13.742 

16 15 13 17.5 400 95 1.056 13.778 

17 15 13 20 400 96.16 1.068 13.958 

18 15 13 22.5 400 96.46 1.072 14.005 

19 20 18 10 400 97 1.078 19.478 

20 20 18 12.5 400 95.69 1.063 19.201 

21 20 18 15 400 95.77 1.064 19.218 

22 20 18 17.5 400 94.98 1.055 19.051 

23 20 18 20 400 97.16 1.080 19.512 

24 20 18 22.5 400 97.46 1.083 19.575 

25 25 23 10 400 97.16 1.080 24.909 

26 25 23 12.5 400 95.71 1.063 24.523 

27 25 23 15 400 95.32 1.059 24.419 

28 25 23 17.5 400 97.63 1.085 25.035 

29 25 23 20 400 97.26 1.081 24.936 

30 25 23 22.5 400 96.53 1.073 24.741 

31 30 28 10 400 97.16 1.080 30.307 

32 30 28 12.5 400 92.73 1.030 28.880 

33 30 28 15 400 97.16 1.080 30.307 

34 30 28 17.5 400 99.42 1.105 31.035 

35 30 28 20 400 102.75 1.142 32.108 

36 30 28 22.5 400 96.63 1.074 30.136 



V1111,11/1 t1.4 NM115- ilflOA11151'g41,11thi'lliagt4111,11405A1"(fltlfl'illJtAlt15-1f1 450 

A 
YI 

5f131 

mu 
5fiii 
'4144 

in 4 Tniidin 
010 

t111114 14 

MTh 

. 
1014.91`1.4 kR 5f111W144 

1 	1 5 3 10 450 87.47 0.972 2.888 

2 5 3 12.5 450 92.76 1.031 3.123 

3 5 3 15 450 87.47 0.972 2.888 

4 5 3 17.5 450 86.18 0.958 2.830 

5 5 3 20 450 88.09 0.979 2.915 

6 5 3 22.5 450 85.9 0.954 2.818 

7 10 10 450 89.43 0.994 7.943 

8 10 8 12.5 450 89.3 0.992 7.930 

9 10 8 15 450 89.44 0.994 7.944 

10 10 8 17.5 450 87.87 0.976 7.787 

11 10 8 20 450 91.46 1.016 8.146 

12 10 8 22.5 450 90 1.000 8.000 

13 15 13 10 	| 450 94.95 1.055 13.770 

14 15 13 12.5 450 95.88 1.065 13.915 

15 15 13 15 450 94.95 1.055 13.770 

16 15 13 17.5 450 94.36 1.048 13.678 

17 15 13 20 450 89.25 0.992 12.883 

18 15 13 22.5 450 97.49 1.083 14.165 

19 20 18 10 450 96.49 1.072 19.370 

20 20 18 12.5 450 96.79 1.075 19.433 

21 20 18 15 450  	96.77 1.075 19.429 

22 20 18 17.5 450 95.21 1.058 19.100 

23 20 18 20 450 97.63 1.085 19.611 

24 20 18 22.5 450 97.56 1.084 19.596 

25 25 23 10 450 97.29 1.081 24.944 

26 25 23 12.5 450 96.03 ' 	1.067 24.608 

27 25 23 15 450 96.46 1.072 24.723 

28 25 23 17.5 450 97.65 1.085 25.040 

29 25 23 20 450 95.09 1 	1.057 24.357 

30 25 23 22.5 | 	450 97.53 1.084 25.008 

31 30 28 10 450 97.43 1.083 30.394 

32 30 28 12.5 450 98.8 1.098 30.836 

33 30 28 15 450 97.43 1.083 30.394 

34 30 | 	28 17.5 450 105.05 1.167 32.849 

35 30 28 20 450 112.23 1.247 35.163 

36 30 
[ 

28 22.5 450 99.93 1.110 31.200 
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e,2 	A 
MITAY1 11.5 Nflf1154100,9f115W-11111I1Nr3 idriqtafIVIUtt5,901t11111frillJt41.1f15111 500 

iiv 
A 
in 

'461 	F 

mu 

5fol 

1414 i 

5611.1111 

01€1 

111111/61-1 

MTh 

. 
/1113114111-A kR i'111'414 if 

1 5 3 10 500 87.52 0.972 2.890 
2 5 3 12.5 500 86.05 0.956 2.824 
3 5 3 15 500 87.22 0.969 2.876 
4 5 3 17.5 500 90 1.000 3.000 
5 5 3 20 500 89.58 0.995 2.981 
6 5 3 22.5 500 90 1.000 3.000 
7 10 8 10 500 91.33 1.015 8.133 
8 10 8 12.5 500 91.45 1.016 8.145 
9 10 8 15 500 91.33 1.015 8.133 

10 10 8 17.5 500 93.96 1.044 8.396 
11 10 8 20 500 88.77 0.986 7.877 
12 10 8 22.5 500 93.57 1.040 8.357 
13 15 13 10 500 95.81 1.065 13.904 
14 15 13 12.5 500 89.61 0.996 12.939 
15 15 13 15 500 95.81 1.065 13.904 
16 15 13 17.5 500 96.17 1.069 13.960 
17 15 13 20 500 96.85 1.076 14.066 

18 15 13 22.5 500 89.97 1.000 12.995 
19 20 18 10 500 96.69 1.074 19.412 
20 20 18 12.5 500 96.02 1.067 19.271 
21 20 18 15 500 97.4 1.082 19.562 
22 20 18 17.5 500 97.61 1.085 19.607 
23 20 ' 	18 20 500 95.8 1.064 19.224 

24 20 18 22.5 500 97.73 1.086 19.632 
25 25 23 10 500 97.8 1.087 25.080 
26 25 23 12.5 500 97.82 1.087 25.085 
27 25 23 15 500 98.6 1.096 25.293 
28 25 23 17.5 500 98.26 1.092 25.203 
29 25 23 20 500 98.64 1.096 25.304 
30 25 23 22.5 500 97.98 1.089 25.128 
31 30 28 10 500 98.58 1.095 30.765 
32 30 28 12.5 500 99.18 1.102 30.958 
33 30 28 15 500 105.79 1.175 33.088 
34 30 28 17.5 500 109.64 1.218 34.328 
35 30 28 20 500 113.71 1.263 35.640 
36 30 28 22.5 500 107.1 1.190 33.510 



8.6 Fidf11541fl0Afl15s910111,42tivn naqtaf11/114tMillql-vii9T11.1414frcilfl 550 

ii4 

A 
irl 

5vtil 

010 

5ictli 

ii1491 

i'vnidin 

GI 10 

n-a -ndiv 

nun 

w 
111191'1,1•1114 kR if111141-4 4 

1 5 3 10 550 87.72 0.975 2.899 

2 5 3 12.5 550 84.23 0.936 2.744 

3 5 3 15 550 84.61 0.940 2.760 

4 5 3 17.5 550 85.7 0.952 2.809 

5 5 3 20 550 83.39 0.927 2.706 

6 5 3 22.5 550 86.39 0.960 2.840 

7 10 8 10 550 93.64 1.040 8.364 

8 10 8 12.5 550 91.39 1.015 8.139 

9 10 8 15 550 93.64 1.040 8.364 

10 10 8 17.5 550 97.91 1.088 8.791 

11 10 8 20 550 88.2 0.980 7.820 

12 10 8 22.5 550 89.04 0.989 7.904 

13 15 13 10 550 96.6 1.073 14.027 

14 15 13 12.5 550 96.41 1.071 13.997 

15 15 13 15 | 	550 96.61 1.073 14.028 

16 15 13 17.5 550 88.93 0.988 12.834 

17 15 13 20 550 92.69 1.030 13.418 

18 15 13 22.5 550 89.98 1.000 12.997 

19 20 18 10 550 97.01 I 	1.078 19.480 

20 20 18 12.5 550 98.31 1.092 19.754 

21 20 18 15 550 98.28 1.092 19.748 

22 20 18 17.5 550 96.25 1.069 19.319 

23 20 18 20 550 97.04 1.078 19.486 

24 20 18 22.5 550 97.21 1.080 19.522 

25 25 23 | 	10 550 98.01 1.089 25.136 

26 25 23 12.5 550 98.64 1.096 25.304 

27 25 23 15 550 98 1.089 25.133 

28 | 	25 23 17.5 550 98.97 1.100 25.392 

29 25 23 20 550 99.27 I 	1.103 25.472 

30 25 23 22.5 550 99.98 1.111 25.661 

31 30 28 10 550 100.08 1.112 31.248 

32 30 28 I 	12.5 550 108.54 1.206 33.974 

33 30 28 15 | 	550 108 1.200 33.800 

34 30 28 17.5 550 100.32 1.115 31.325 

35 30 28 20 550 96.86 1.076 30.210 

36 30 28 22.5 550 112.47 1.250 35.240 

78 



?if 	Wlo 

n.111,VM1TilildUillla1121T11fl1111A5-1t1Ifilqiitlal 

n15 i-moln156Vtivlilvil-chviTuimpAnylutt5A&41tAnktrioutiltnfilTfollATIA 
,2  

Vinlaga Ti31)71111'144 ailfTil 10, 12.5, 15, 17.5, 20 110t22.5 mmiltiAPWW0f111111q11-1114 91ii")11k 

V1f1T1111.41,1f15111a11f-T9J 350 N/mm2 T4111'1_111161011/i16'11 10 mm talf,111.11105Ld11711111a1-16
1
11 90" 

01 	 Ca 	CV 

C11511Y111.7 b1VM1f11541141tIlfliffIJIJMIlt1115qMflilliT1111115i- nal 

616'111%1 i'ffiiAt1.1411.111.)(r1) 
v 

T6Gin-1111411'16'611111.1(r2) 
tiiA"m_15,(iriG11 

i166(21-16'11(kR) 

1 10 9.870 0.987 

2 12.5 12.368 0.989 

3 15 14.909 0.993 

4 17.5 17.411 0.994 

5 20 20.074 1.003 

6 22.5 22.808 1.013 
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„ A , 
G1111111 11.8 66ilM11115411-raillfa1LIA1151fl1fiVNNM10f115q1vrTh01.1 

militfiu 

Wilfl 
5fti191 10 TftTiviviGif 

IptaiiianAi 
Toililinqm 

a, 

3,quiCullu 

CX2 

ainht Fryigf115 

'6qV1'M-a1J(kR) 

300 10 8 10 	90 88.23 0.980 

350 10 8 10 	90 88.94 0.988 

400 10 8 10 	, 	90 89.5 0.994 

450 10 8 10 	90 89.68 0.996 

500 10 8 10 	90 89.8 0.998 

550 10 8 10 	1 	90 92.82 1.031 

011111ii n.9 ttaqlfilni5filt_nnailautiv„'aylifill;191VilflA'11110110.1t61:1`itilJvi 

Tffilq10 TfiV.11/4491 fl'illitAlf151f1 
Tmliiin 

9110 

1,11J 

01:033.11Ai 

3.411.1 

TfIll 11,1 

fila01i5f,a1111115 

'64 91Vi'afl'6'll 

10 8 350 10 30 29.534 0.984 

10 8 350 10 60 58.090 0.985 

10 8 350 10 90 88.940 0.988 

10 8 350 10 120 118.750 0.989 
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fllflVIV1A V 

4aunlianwaniumaol 



P1151111 11.1 tt110,14010f115ifl41.A1141161111Wi'd14Vi 

0,14`3111511 45 90 180 

Toil 

1T144fl10 411ii 

111411.5 

mm 

111,412 

mm kR 

11111 

1.5mm 

11141 

2mm 

 I 

 kR 

11141 

1.5mm 

11141 

2mm kR 

R10 

1 82.2 0.913 85.2 1  0.947 86.4 0.960 

1 - 81 0.900 84.45 f 
--1 

0.938 84.25 0.936 

3 83.35 0.926 83.2 0.924 84.5 0.939 

4 77 0.856 84.2 0.936 84.25 j 	0.936 

5 83 0.922 83.25 0.925 86.15 0.957 

R12.5 

1 76.35 0.848 87.45 0.972 81.4 0.904 

2 79.4 0.882 
-- 

80.3 0.892 81.35 0.904 

3 80 0.889 80.45 0.894 81.45 0.905 

4 80 0.889 
fi 

81 0.900 81.45 1 	0.905 

5 79.3 0.881 80.55 j 0.895 82 0.911 

R15 

1 91.15 I 	1.013 93.25 1.036 94 1.044 

2 92.5 1.028 
b

... 93.3 1.037 94.1 1.046 

3 91.2 1.013 j 92.35 1.026 93.55 1.039 

4 92 1.022 92.45 1.027 94.3 1.048 

5 92.3 1.026 92.5 1.028 94 1.044 

R17.5 

I 90 1.000 92 1.022 92.3 1.026 

1 	2 91 1.011 92.5 
--I 

1.028 

1.033 

93.1 

92.35 

1.034 

1.026  3 91.2 1.013 93 
L 

4 91.4 1.016 90.4 i 1.004 90.45 1.005 

5 86.3 0.959 91 1.011 91.45 1.016 
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R20 

1 94.45 1.049 93.55 1.039 94.45 	1.049 

2 94.25 1.047 93.3 1.037 95 	1.056 
1- 

3 93.3 1.037 93.1 1.034 94.2 	1.047 

4 93.5 1.039 96 1.067 96 1.067 

5 93.1 1.034 96 1.067 96 1.067 

R22.5 

1 94 1.044 96.15 1.068 96.3 	1.070 

2 94 1.044 96.25 1.069 92.55 1.028 

3 96.5 1.072 96.15 1.068 92.1 1.023 

4 96 1.067 95 1.056 96 1.067 

5 96.5 1.072 95.5 1.061 96.3 1.070 

P1111,911 91.2 

45 90 180 

1.5 2 1.5 2 1.5 2 

10 0.900 0.913 0.938 0.924 0.936 0.960 

12.5 0.889 0.882 0.972 0.900 0.911 0.904 

15 1.022 1.013 1.028 1.026 1.039 1.044 

17.5 1.013 1.011 1.033 1.011 1.034 1.016 

20 1.047 1.037 1.039 1.007 1.067 1.049 
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