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Abstract 

This research is to study the cutting tools product in reverse engineering for turning, milling, and 

drilling included Tool holder, Arbor and Insert tool. It is sampled the imported cutting tools from 

three areas worldwide composed with Sweden, United State of America and Japan. The study 

emphasis in Arbor 136 mm. (6 tooth), Arbor 63 rnrn. (4 tooth), the changeable Insert tool type

Tool bolder 20 rnrn., and Tool holder for turning. The result is found that Tool holder materials 

has the mixture of 0.387-0.437 %C, hardness is 39.36-53 HRC which was full hardening. The 

price of Arbor (6 tooth), surveyed from four brands, maximum is 22,350 Baht and 2.41 times of 

price differentiation. The price of Arbor (4 tooth), surveyed from two brands, maximum is 19,000 

Baht and 0.1-0.5 times of price differentiation. The price of Tool holder, surveyed from three 

brands, maximum is 14,300 Baht and 0.15-0.55 times of price differentiation. And the price of 

Tool Holder for turning, surveyed from four brands, maximum is 1900 Baht and 0.5-1 times of 

price differentiation. The provider set up Tool holder and Insert tools will not be compatible 



together for marketing strategy. There are not much key player providers, so there is no strong 

competition. The provider forces to distribute a set of 10 Insert tools, and the most of Tool holder 

is Hardening and quenching not less than 39 HRC. The metal removal might be necessary use 

high technology and precision CNC Milling Machine. Therefore, the study will lead to design and 

produce the prototype of cutting tools complete set which is compatible with Insert tools in all 

processes for turning, milling, and drilling. This cutting tools complete set differentiates from 

others, because it helps to reduce costs, reduce times and work comfortable. The development of 

compatible cutting tools complete set is the approach to reduce costs and times of work, decrease 

maintenance costs, and it will be the foundation to development of multi-function cutting tools 

complete set in place of the imported cutting tools. 

Keywords: Product design and development, CAD/CAM/CAE, Solid tools Insert tools, 

Tool holder, cutting tools complete set 
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fll'Yl'Vl 2.13 llH'Ufll'Yl'i;'l'lJfl i:l'llfl'l1'i;'1'fl'lf'U'Il'Ulli:l~lffEJflflll'i;'l'fl'lllHm tl'U(Shear force) 

W 
."." "" 

Uf:l~llHfl'lulfi fi'IJIl'U1tll'jlUfl'U(Force normal) 21 

d Qlf! d~J . .q Ql4 

fll'Yl'Vl 2.l411'i;'l'fl'lIlH1;'1'Yl1i'illfillH'Vllfifl'll'U 3 'i;'l'1'U'IJ'jI1Wf1l'jflfllufl'U  21 
I  -" ,

d  4 4.c1.a Q,I 0 ~ ~-Q,I 

fll'Yl'Vl 2.15 ll'i;'l'fl'lIlHlU tl'U'IJ'U'Yl'U'Vltll'jm tl'U lli:l~ll Hflflm~'Vll'IJ'j I1W tll'jlf1fllffEJflfl 24 

d. QlQla't.a QI 

fll'Yl'Vl 2.16 fl11lJ'i;'I'lJ'Yl'UliJ~'I11HllHlUfl'Ulli:l~IlHflfl	 25 

d 0 ~ ~ QI 

fll'Yl'Vl 2.17 ll'i;'l'fl'lm::'Vll'IJ'U'IJ'jI1Wtll'jlf1fllffEJflfl  25 

.d  Glj}j}d 9J 
fll'Yl'Vl 2.18 ll'i;'l'fl'lfll'Yltll'jflflfl1tJflllJlJflfl11'U  27 

• w 
fll'Yll1 2.19 llHm~Yil'IJ~I1Wtll'j~fl'llW~fiil'ltJtlfii-b~'U'Il'U 28 

fll'Yl~ 2.20 'jtJl'j'lllflWfl'llfl'llfl~tl'lijfl~fl 29.. 
• W.d .4 d QI 

fll'Yl'Vl 2.21 'Yl'U 'Vlfllflflfl'll fl'llffEJ 30 
• • w..cs. .cIGI QI .et t::! ~ 

fll'Yl'Vl 2.22 1JlJ'Vl1fl 'illfifllJflfllfltJ'Ifltlfill'U 111fi'U llfl/ll'U 111fi'U'llfl'l'lf'U '11'U  31 

• w 
fll'Yln 2.231JlJ'llfl'l~bflltJ'IJ'U lijtH1tJ'illfill'U111fi'Uijfll ll'U1Ufi'U'lltH~'U'Il'U	 31 

fll'Yl'Vl 
~ 

2.24 Plane Setting Angle  32 

fll'Yl'Vl 
~ 

2.25 Elevation Setting Angle  32 

~ dd · 
fiTVfVl 2.26 Roll Setting Angle (L) 1J1J'VHlf)llJtl.:l1J~ ~11JU'lJ1Uf)'lJ	 32 



fll~~ 2.27 .:Jl'Un~'j11J'I11eJf)~lh~ll1!1(~'JJl : Catalogue Walter) 33 

fll~~ 2.28 fll~~l'U1J'U'lJtl.:J.:Jl'Un~lh~'I1Ul 37 

fll~~ 2.29 Uff~.:Jfl~'j11J1'JJl~'j fll'j~~ffl'l1i'1Jfll'jn~'Utl'U 39 

· " 
fll~Vi 2.30 Uff~.:Jfl~'j11J1'JJl~'jfll'j~~ffl'l1i'1Jfll'jn~~.:J 40 

""· .,.," 
fll~'Yl 2.31 fll'jfl~U'U1~.:J 41 

fll~~ 2.32 i:l'flllW~1~V'j1lJ'lJtl.:Jlfl~tl.:JI'l1~ 42 

42 
d .c:.. GI tI 

fll~'Yl 3.1 ~'jlHCl~flWCVI Taegu Tee 46 
d .c:.. GI ~ 

fll~'Yl 3.2 ~'jlHCl~flWCVI Kennametal 46 
• <I

fll~Vi 3.3 ~'jlHCl~flWCVI Sandvik 47 
d ~ GI tI 

fll~'Yl 3.4 ~'jlHCl~flWCVI Widia 47 
d 'JJ.cs ~ 0 

fll~'Yl 3.5 ~llJlJ~flCl.:JlJlJ Kr 45 48• 
d 'j}.cs ~ 

fll~'Yl 3.6 ~llJlJ~flCl.:JlJlJ Kr 45" 48• 
d 'j}.cs ~ 

fll~'Yl 3.7 ~llJlJ~flCl.:JlJlJ Kr 45" 48• 
d 'JJ <d ~ 

fll~'Yl 3.8 ~llJlJ~flCl.:J KennametallJlJ (Kr) 75° 49• 
d 'JJ <d ~ 

fll~'Yl 3.9 ~llJlJ~flCl.:J WIDIA ~lJ (Kr) 45° 49 
.cd 'JJ.cs ~ 

fll~'Yl 3.10 ~llJlJ~flCl.:J Kennametal ~lJ (Kr) 45° 49 

fll~~ 3.11 'j1JU1J1Jfll'jl~~1m1tl11i1v1fl1~1JI1Jtl1..f.:J3 ~llJ 50.. 
.d. · 0 ~. _t= .d. 

fll~'Yl 3.12 fll'jfll'l1'U~'j~'U11JI~tlfll'j~'j1'lfftl1JUCl~llJ'jV1JI'YlV1J 51 

· " 
fll~Vi 3.13 fll'jl~jVlJ;'U .:jl'Uritl'U'Yl~fftl1Jfll'J1~.:Jl'U 61 

d ~ ~ 
fll~'Yl 3.14 Ifl'jtl.:JflCl.:J CNC 62 

d 0 'j} .d. I ~ 0 • GI 

fll~'Yl 3.15 fll'l1'U~mllJV11'IJtl.:J~llJlJ~fltl'UflCl.:Jfll'l1 'U~fl11lJV111'Yllfl1J 30.00 lJlJ. 62 
· ".

fll~Vi 3.16 clflllW~;'U.:Jl'UVi~l'Ufll'jfl~.:J1Jtlfl 63 

""., "" 
fll~'Yl 3.17 ClflllW~fl11lJ'I1m1JH1Ra 64 

· """".,
fll~'Yl 3.18 ClflllW~mllJ'I1Vl1JH1Ry 64 

·""., "" 
fll~'Yl 3.19 ClflllW~fl11lJ'I1m1JH1Rz 64 

d .a 
fll~'Yl 3.20 lfl'jtl.:J~'j1'lfftl1JMICROSCOPE 66 

.cs · Q,I Q,I'& ?I Clo " d 
fll~'Yl 3.21 ClflllW~fll'j'l1fllffllflCl.:jIIJWJj''UlClfl"l 67 

fll~~ 3.22 i:l'flllW::;fll'j1H~lumhuCl::;~1Jri~1ffllfl~.:jl'U'lJW~1~ 67 

fll~~ 3.23 UH'UfJiJlmV1JlViv1JUH1'U'lJW~flil.:j 76 

m'rl~ 3.24 mnJ~fit1fitJut~tnJ'j~tJ~ 1ri~l\Jtl~~11Jn~ l'lJ'Utu~f1~~ 76 



d 'j} d ~ 
fil'VlYl 3.25 ~llJlJ~f1"~ 75° 77 

d "" 'JI '1'-1 'JI "" "'i
fil'VlYl 3.26 t'tltlUU1J1J~1t1llJ'mmlJAutodesk Inventor ~llJlJ~f1"~ 75° 77 

78 

.d 'j} d .e1 'j} 

fil'VlYl 3.28 U1J1J~llJlJ~f1(l~91UU1J1J 79 

fil'Vl~ 3.29 f1l'jfhI1U~'tI'Wl~U"~f1l'j'h~u1Jmhn~tJl~H1'j11J9I'jlH~91fiwcn 102A 

fil'Vl~ 3.30 f1l'jtll'l1U~'tI'Wl~tm~f1l'j'h~u1Jm11n~tJl~H1'j11J9I'jlH~91fiwcvl 109B 

fil'Vl~ 3.31 f1ntll'l1U~'tIUl~U"~f1l'j'h~u1J1J111n~tJl~H1'j11J9I'jlH~91fiwcn 116C 

fil'Vl~ 3.32 9ilumJ~f1l'j1H~tJmW111n~91'jlH~91fiwcn 118A 

fil'Vl~ 3.33 9ilU'I1'U~f1l'j1H~tJmW111n~91'jlH~91fiwcn 119B 

fil'Vl~ 3.34 9ilU'I1'IJ~f1l'j11~~tJmW111n~91'jlH~91fiwcn 119C 

fil'Vl~ 3.35 Uff~~~~~Yilf1l'jYl~fffl1Jri1UHfflJYll~tflij111n~tJl~H1'j11J 126. 
fil'Vl~ 3.36 tfltfl~ffttJfllYl'jiJt9lfl1(Spectrometer) 126 

.d .do Q,I d 
fil'VlYl 3.37 Uff~~~~YlYllf1l'jf1~1~mllJU'tI~ 127. 

.d Q,I , d 'j} 4 
fil'VlYl 3.38 Uff~~f1l'j1~mmllJU'tl~~1t1tmfl~ Macro Hardness Tester 128 

. " do ~ w 0 ~ 

fil'VlYl 3.39 UHUfilJUff~~'tIU9IflUf1l'j~ltUU~lU 129.. . " 
fil'Vl1l3.39 UHU.QiJUff~~'llU9IflUf1l'j4ilt'UU~lU(~fl) 130 

fil'Vl~ 3.40 'jtJYlHt,,'tIlfltU9I'tIfl~~l1lJij~n~U1J1Jtlfl~ttJ~t1UU~uij~.. 134 

135 

136 
do 'j} 'j} 'j} 'j} do Q,I Colo Q,I tI I 

fil'VlYl 3.42 U1J1JUff~~~lU'l1Ultm~~lU1JU'tlfl~~llJlJ~f1~mlH"91fiWCVI 137Sandvik (91fl) 

.d 'j} 'j} 'j} 'j}d.Q,I C),Qlt! • 

fil'VlYl 3.42 U1J1JUff~~~lU'I1Ultm~~lU1JU'tIfl~~llJlJ~f1~91'jlH"91fiWCVI 138Sandvik (91fl) 

.d 'j} 'j} 'j} 'j}d,QI C),Q,lt! , 

fil'VlYl 3.42 U1J1JUff~~~lU'I1Ultm~~lU1JU'tIfl~~llJlJ~f1~91'jlH"91fiWCVI 139Sandvik (91fl) 

fil'Vl~ 3.45 nfl1tijtl1m~lhtJfl1 140 

fil'Vl~ 3.46 1lJlmiJt9lfl1 140 

fil'Vl~ 3.47 tfltfl~ltJ'j''VhlltJ'jt~91t9lfl1 (Profile Projector) 141 
d Q.I L!l ~ ~ d 

fil'VlYl 3.48 Uff~~f1l'j~1JtI~'lfU~lUt'Vlfl'l1llJlJ11~tlJ~ 141• 
.d Jt d 

fil'VlYl 3.49 tmfl~Yl~fffl1JmllJU'tI~Hardness Testing 142 

.d 4 
fil'VlYl 3.50 tmfl~ Emission Spectrometer 142 

fil'Vl~ 3.51 1fff.J~1,*Yil~llJij~n~U1J1Jtlfl~ttJ~t1UU~uij~t'I1~f1ml'l 144 
.d Jt L!l d" 

fil'VlYl 3.52 tmfl~f1"~ CNC t1'11fl HASS AUTOMATION 145 

fll~~ 3.53 U~tJ~1JlfUCl:'l[~fl11J~1Jmn;'~1'lJfl~ 1'lJ1i~ 145 



· flWfVl3.54 i1~1J Cutting Tool 145 

do QlQI~ · " 
fll'W'YI 3.55 1111lU'lfUHU 146 

d dt d'JIQI 

fll'W'YI 3.561fl'HNfWl CNC t1l1fl MIKRON VCF 1200 Pro 147 

fll'W~ 3.57 llil'UvhJwml~'j~1J1Jm1JfllJfll'j'thnlHl~luiJ~ 147
• 

fll'W~ 3.58 llff~'Jfll'j~'j11lbW1JhhllmlJ G-Code M-Code 147 

· " fll'W'fl3.59 ~'j11lfffl1J hh11mlJfll'j G-code M-Code ll~bl~.;r'U~fl'U 148 

· " fll'W'fl3.60 ~~'thmJmW~1Jg~~'UHUil~ (Fixture ) 148• 
do oC:l.'jIdQlQlQl 0 , ~q 

fll'W'YI 3.61 'YI~fffl1J~bl~~11JlJ~f)~f)1J1ff~ 1l1blfl~f)fl'U~bl~1l'j 'J 148 

~ q 'jI do QI' 0 ~ a i1lfJ 
fll'W'YI 3.62 'YI~fffl1J~bl~~11JlJ~~1fltll'Jllbl~flll1'U~lJtyml'Wflfll'jllf) 149~'\J 

fll'W~ 3.63 'YI~fffl1Jfll'j~~\91l'U,ll11ml'J~1Jg~1l~'Uij~llbl~mll'U1'Y11'JtJi'1J1.J1 149'J 

.do."qq iI do. 
fll'W'YI 3.64 ~bl~'lf'U'Jl'U~'Ull1J1J'Il'~'Y11 149. 

150 

do 0 0 I ,.do 

fll'W'YI 3.66 ~'j11lfffl1Jflll1'U~~11l11'U~1l~'UlJ~ 150 

fll'W~ 3.67 il~im.;q'U'\Jfl'Ji1il~~'U1l1J1Jri1'Umf) 150 

fll'W~ 3.68 il~ifl'J.;q'Uil~ri1'U~ 2 151 

fll'W~ 3.69 il~i fl'J.;q'Uil~ri1'U~3 151 

fll'W~ 3.70 ~l'UtJmtlf1~'\Jfl'Jfll'j')~fllJ')~~3 151 
." . 

fll'W'fl 3.71 llff~~'jtJ~'U'Jl'Ul1bl'J1llf)f)l1il~fllJ')~'fl3 152.. 
d Cl.I' q Q,I d· ". 

fll'W'YI 3.72 llff~'Jfll'jf)~'lflHl'UfllJ~~'Y14 152 

· ". 
fll'W'fl3.73 llff~'J'Jl'Uil~~1J'Jl'UfllJ')~'fl4 ~l'UtJblltJ,)~ 152 
." . 

fll'W'fl3.7411ff~'J~tJ~'UH\.mbl'J1l1f)il~fllJf1~'fl4 ~l'UtJblltJ,)~ 153 

· " 
fll'W'fl3.75 llff~'J~tJ~'U~1'Ul1bl'J1l1f)fll'jil~~1bl~IUtJ~ (Finishing) 153 

fll'W~ 3.76ImtJ1JI'fltJ1J'j~1'rh~~~~fiwCl1Ull'U'lil1J~'U~1'U~~~~~'Ulmj(~'U1l1J1J) 153 

· " .
fll'W'fl3.7711ff~~fll'j~1Jg~~'U~1'UililfltJmw~1Jg~IWm1l1~ 11~1l~'U'jfl~llbl~1l~'Uij~,)~ 154• 

154 
· ..do Q,I ~.&. I .do Q,I 

fll'W'YI 3.79 l1bl~1l1f)fll'j11l1~'j 1'W fltJ~ll~'U'jfl~ll"~Il~'UlJ~~~ 154.. · ..do 0 C1 ~.& I • .do Q,I 

fll'W'YI 3.80 llff~~fll'j'YIllmtJ11'W fltJ~ll~'U 'jfl'Jllbl~ll~'UlJ ~~~ 155 

d · Q,I&' Id:QI

fll'W'YI 3.81 llff~~fll'jll1JtJf111~'U'jfl~llbl~ll~'UlJ~f)~ 155 
, ". " 

fll'W'fl3.82 llff~~~'U'Jl'U'fl~~~lff~ll (~'U1l1J1J) rifl'Uf)l1tJi'1Jll~~.;r'Uff~nltJ 155• 
.d <9_1 iI'lillqil

fll'W'YI 3.83 llff~~fll'jf)"~lJl~l1'Ul ~11 A~~llJll1J1J 156 

fI1'n~ 3.84 UtYfl~~11J~flnfl'Hc;~1l1nn~~~lfl'Ht!1~11JU1J1J 156 



.d Q,I& I.qQ,lYdoQ,l 

fll'VfYI 3.85 !!1:1'~~f1l'HI1JU~l!ffUll~n1J~lllll~n~ 156 

flln~ 3.86 1~~U1I11:1'~ S 50 C l~e)'Y'hf1ll'YI~1:1'fl1Jnnl~nu 157. 
flln~ 3.87 \h'tl~1JU~tl1J191~~1\H~eml1~~ 157 

· ". 
fllnfl 3.88 tli'm;~rhlfl~fl-:JUmim...!'Yhnnl'il1~l 157.. 
." " 

fllnfl 3.89 tli'1J~~rh!!'U1lJfl'U'Ufl~~hH1'U'YI~'1fl~ 158 

flln~ 3.90 l'il1~l~'U~1'U'YI~'1fl~l~fl~1JU~tl1J191~~1'U'~41U 158.. 
flln~ 3.911'il1~1l1'd:l'U1hl~flf1ll~lU~~'U~1'U1l1'ml'U'Uw~'YI~'1fl~ 158 

flln~ 3.92 1l1:1'~~flntl~tl1~'HU'111:1''J~1i'1'Uf1ll'YI~1:1'fl1Jf1ll1i'~l'U'Ufl~~11lij~tl~ 159 

· " fllnfl 3.93 !!1:1'~~~'U~1'U'YI~'1fl~'H"~'iI1flf1lltl~tl1~'HU'11~U1J~flUll~1 159 

· " 
fllnfl 3.94 fln Set tool1~CJ1~~11lij~tl~\h'li'ltli'1J~~rh~1~"rifl'Uf1lltl~~l'U'iI~~ 159 

, 'JI I I 

fllnfl 3.95 !!1:1'~~f1lltl~~'U ~l'U'YI~'1fl~fllUl~l~fl'U ''Uflfi1'H'U~,h'H i'1J!!~'Uij~tJ 11'li'1 160 

do· Q,I Q,I Q,I" do. Y Y .cs. 0 Y 
flln'YI 3.96 !!1:1'~~f1llfl~11:1'~f1H'YI 1 ~1U~11l1l~'U1l'U1 160• 

, " .d Q,IQ,I Q,ldoYYdooY 

flln'YI 3.9711ff~~f1llfl~1ff'JflH'YI 2 ~1U~11l1l~'U1l'U1 160 
I 'JI 'JI , 

do Q,I.e::t. Q,ld."Yd.oY

flln'YI 3.98 !!1:1'~~f1llfl~'Jj''U~l'U'YI~'1fl~f1H'YI 3 ~1U~11l1l~'U1l'U1 161 

flln~ 3.99 flntlf1J!!9i~ (Fitting) 161 
I 'JI I 'JI 

fllnfl 3.100 ~1JU~~'U~l'U'VI~'1fl~!!'1~tl~tl1~~h'HU'1IVlm~~UlI~'U~1'U'YI~1:1'fl1J1:f1'Hi'1J 

. " 
~lllij~tl~fl~~~~'Um lmj(~'Ull1J1J) 161 

d. .... 1 I I d. Y Q,I Y d. Q,I · flln'YI 3.101 lJ'j~flfl1J!!~'UJfl~U'l~!!~'U1I~1'U1fl1J~11l1l~fl~ 162 

flln~ 3.102 tJ1~11lij~'tl~1JU~tl1JfltlmW~1JU~1J'Ulfltfl~~mflm)~l'UiJ~ 162• 
• ~., 'JI • 

fllnfl 3.1 03 tli'1J~ ~lfl~ fl~]jmVlmhflntl~~'U ~1'U'YI~'1fl~IVl£l1~tlldY'YIn flln 

" .cs. Q,I I 

'Ufl~~lllll~fl~!!~'1~ll1J1J 162 
I 'JI , ,'JI 

fllnfl 3.104 !!ff~~f1lltl~1ff~f1i'~fl 1 ~1U~11lij~tl~fl~~~~'Uml'H~(~'UU1J1J) 163• 
.d Q,lQ) ~eJ. Y Y d. Q,ld.e::t.J Iy

flln'YI 3.105 Uff~~f1llfl~11:1''JflH'YI 2 ~1U~11l1l~fl~'YI~'1~'U'Uml'H1I(~'U!!1J1J) 163 

flln~ 3.106 Uff~~f1lltl~11:1'~f1f~~ 3 ~1U~11lij~tl~~H~~~'Um1'H~(~'UU1J1J) 163•· .d. 4!l .cs. .e::t. 

flln'YI 3.107 Imfl~'YI~1:1'£I1Jfl111lIlU1J~1 164 
· .d. 4!l Q,I do.e::t. 

flln'YI 3.108Im£l~1~m1lJllU1J~1 164 
d. .e::t. Q,I 0 .e::t. · " flln'YI 3.109 U~'UiJlJ!!ff~~'U'U~fl'Uf1ll~ll'U'U~l'U 165 

flln~ 3.110 ffi1'UU1Jmwmtl~U'Ull~'Uij~ 166 

flln~ 3.111 ~1fldHltl'YIH'YI1~m'U1flW~'Ufl~ffi1'U!!1J1J(Jfl~ltl~U'U1l~'Uij~ 172.. 
flln~ 3.112 ffi1'UmJ1J(J£I~ltl~U'UU~'Uij~~l1'flMITSUBISHI 173 

fI1~~ 3.113 tr:htlUtJtJflB~l~~tJtlU~\Jn~~,rB WALTER 174 



fll'n~ 3.114 ff1ltmUUtlfJ~ltJ~m.JU~'Uij~tMfJSANDVIK 174 

fll'n~ 3.115 llff~.:jm'ifhl1'U~'\J'Ul~'\JfJ.:jff11'UUUUtlfJ~ttJ~rJ'Ull~'Uij~tMfJ 175SANDVIK 

d. 0 • Q,I & I d oIIC::t. Q.I " 

fllWYl 3.116 llff~.:jm'iml1'U~'\J'Ul~'\JfJ.:jff1'UlIUrJ~U~'UlJ~NO.1 ~'il~(l~flWCVI SANDVIK 176 

d • Q.ldl It::! !J,Id QQ.I" 

fllwn 3.11711ff~.:jff1'U1I'lW~U~'UlJ~NO.2 '\JfJ.:j~llJlJ~~'il~(l~flWcr1 SANDVIK 177 

fll'n~ 3.118 Uff~.:jff11'UllUUtlfJ~ltJ~rJ'Ull~'Uij~tMfJWALTER 178 

fll'n~ 3.119 m'i~utj~ll~'Uij~ NO.1 ~t~YhflntMfJ'\JfJ.:j WALTER 179 

fll'n~ 3.120 Uff~.:jm'i~u1j~ll~'Uij~NO.2 ~t~vilm'i~u1j~ll~'Uij~tMfJ'\JfJ.:jWALTER 180 
• II I' 

fll'nl1 3.121 UUUUff~.:jfl'l~llJl1.:j'l1lJ~'\JfJ.:jff11'UllUUtlfJ~ltJ~rJ'Ull~'Uij~~MfJMITSUBISHI 181 

d Q.I eS • d 

fll'nl'1 3.12211ff~.:jm'illUfJ~1l~'UlJ~ NO.1 '\JfJ.:j MITSUBISHI 182 

do Q,le9 Id. 

fll'nl'1 3.123 llff~.:jm'illUrJ~ll~'UlJ~NO.2 '\JfJ.:j MITSUBISHI 183 

fll'n~ 3.124Ifl~fJ.:j~'i1111~ltJl'1Hl'1Hm'\Jlf1W~(Measuring Microscope) 184 

fll'n~ 3.125 lfl~m itJ'il'VhlitJ'il~m~fJ{ (Profiie Projector) 185 

fll'n~ 3.126 m'i~'i111fffJU~1rJ llJ i f1'iijl~fJ{ tm~nfJ{tijrJ{fIliitJttJfJ{ 185 

fll'n~ 3.127 fll'i~nllfftJ'lJ~1rJ tfl~fJ.:j~'i1111~ltJl'1Hl'1Hm'\Jlf1W~(Measuring Microscope) 186 

d !II .. i I 11) ••1" d ..
fll'nl'1 3.128 fll'i~nllfffJU'\J'Ul~~1rJ tmfJ.:j AlJ'i mfftll~t~fJ'i (Profiie Projector) 186 

d Jt d 
fll'nl'1 3.129 ImtJ.:jl'1~fffJU'I11mllJlt'\J.:jHardness Testing 190 

d a 
fll'nl'1 3.130 Ifl'itJ.:j Emission Spectrometer 191 
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199 

· '" fll'nl'1 4.4 Microscope 200 
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201 
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fll"'~ 4.9 U~1Jf.}~t'lfiV1Jl~V1J'j~V~ lri~\lfl~~11Jnfl11J\lW~fl~~ 205 
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m'jl-3~ 3.24 lU~lJ1JlnlJ1J'lI'Ulfl'll'O-3'111nflUlfl~1'j11Jll~~~fI'jl~~flilwen'll'iJfI f111~f1
6 90 

- fll'J H~ 3.25 lU~ lJ1JlnlJ1J'lI'Ulflll~'U~f1m-3~l'I1~lJlI~fJi'ifll~~~fI'jl~~llilwen 

~H;-3l'Ui111n1J'I11nfl 91 

fll'JH~ 3.26 ri1'U~ifll\'ll-31fl~'lItl-3l'11~nn~1~iflliJmn~1 fI'j l~lJlIll~~111~1J~hrll 

Nickel- Chromium - Molybdenum (Ni-Cr-Mo) 93 

.d Qla Id' ~Q.I" 
fll'JH\'I 3.27 mfl'j!l'UmJllflmtl'U'lItl-311~'UlIfillfl~::ml~~ll.flWCVI 120(Cutting conditions) 

do )I dQ.l CloQ.l" 

lll'jH\'I 3.28 1ll'JHlliffl-3f111l1lflnflml~~fI.flWCVISandvik 131 

.d. j/dGl CloQld' 

m'jl-3\'1 3.29 m'jHlliffl-3f1lllllflnflml~~fI.flWCVIMitsubishi 132 

fll'J H~ 3.30 1ll'JH lmlJ1J lnlJ1J'lI'Ulfl'll'O-3'IJfI$llll ~f1 nflll1J1Jf:l'O f11tJ~lJ'Ull~'U ~f1 
• ClIo Q.I " 

'lI'O-311fl~~ml~~fI.flWCVI 133 

fll'jH~ 3.31 lmlJ1JlnlJ1J'IJ'UlflU~'U~f1nfl(Insert) 'lI'O-311~~~ll'jl~~flilwen(\'IH S) 133 

fll'jH~ 3.32 lmlJ1JlnlJmlfll'lltl-311~~::ml~~llilwen 135 

d I .d d 
~l'jH\'I 3.33 lll'jHlliffl-3if1'U~ifll\'lHlflll'lItl-3l'11~n SNCM 439 144 

.d · a..Q,I dj} 

1ll'J1-3\'1 3.34 fl1'jHllif~H'lI'Ulfllfl'jtl-3nflCNC lJl1tl MIKRON VCF 1200 Pro 146 

.d Clo Q,/ " d"
1ll'J1-3\'1 3.35 fll'JHUiffl~~~~.flWCVI'lltl-3lJl1'OSANDVIK 167 

· . 
.d. Clo Q.I " .d. " f1l'JH\'I 3.36 fll'jHlliffl~~~fI.flWCVI'lItl-3lJl1tlWALTER 168 
· . 

d ClIo Q.I " <do"
fll'jH\'I 3.37 fll'jHl1iffl.:l~~fI.flWCVI'Utl-3lJl1'OMITSUBISHI 169 

~l'Jl.:l~ 3.38 m'jHlmlJ1JlnlJ1Jif1l'U1l1J1Jf:l'OfllU~lJ'Ull~'Uijflll1J1J 1702 f111~f1 

1ll'JH~3.39 m'jl.:llmlJ1J1YilJ1Jif1l'U1l1J1Jf:l'OfllU~lJ'Ull~'U~f1111J1J 2 f111~f1 171 



f1l'n~~ 3.40 111:1'f1,u1t1'Ui'\lnnrifll~t1'U'\ItI'Hril'UllUUf:ltlflltJgU'Ull~'U~f1 2 f1lJrifl 172 

f111H~ 3.41 111:1'f1~f1n~ilfl.nWCl'111~~11f11'\1t1'Hril'UllUUf:ltlflltJgU'Ull~'U ~f1 2 f1lJri~ 
I Cl Q,I l/ 

'\ItI~llfl~~f111~~f1.f1WC}'1 173 

d • ...Id d ~ 
fI11Hll 3.42 f1nl~Il1:1'f1~'\I'Ulfl1:1'11'U llUUf:ltlfll1J~U'U llJfllJfI 187 

d '",Id d ~ 
f1nHll 3.42 f1nHIl1:1'f1~'\I'Ulfl1:1'11'UllUUf:ltlfll1J~U'UllJfllJfI 187 

f1nH~ 3.42 f1111~lliYfI~'\I'Ulfl1:1'il'UllUUfH]f11tJgU'Ul~f1~f1 188 
.d ..d d<L=i 

f1nHll 3.42 f1nHIl1:1'f1~'\IUlf1iY11'UllUUf:ltlflltJ~U'UllJfllJfI 188 

f1nl~~ 3.42 f1nl~Il1:1'f1~'\I'Ulf1iY11'UllUUf:ltlflltJgU'Ul~f1~f1 189 . . 
.d. QJ dI.d." 

f1nHll 4.1 ~~fll11f11~'U1UltIU~mUlfl1t1~ CMM 197 

198 

202 
.d ..d. Q,lQI~ oC:\Q,lo' 

f1nH'YI 5.1 ~~fll1'Y1f11:1't1UiY1'U~iYlJ'YI1~lfllJ'\ItI~111nflm 3 ml~~f1.f1WC}'1 207 

f1nH~ 5.2 ~~fll1'Y1f11:1't1Ufl11lJll~~iflU1innnflllUmtlnn~~1:1'ln~CJf(Rockwell C) 210 

f1nH~ 5.3 ~~fll1f1n\l1:1'f)U'\I'Ulf1i'U1:h'U'\ItI~fI11lJn11~fI11lJUl1 f111lJ'Q;~ 210 

f1nl~~ 5.3 ~~fll1m1\liYf)U'\I'Ulf1i'U1:h'U'\ItI~fI11lJn11~fI11lJUl1 fI11lJ'Q; ~(~t1) 211 

f111H~ 5.3 ~~nnm1\l1:1'f)U'\I'Ulf1i'U1:h'U'\ItI~fI11lJn1HfI11lJUl1 fI11lJ'Q;~(~t1) 211 

f1nH~ 5.3 ~~nnm1\l1:1'aU'\I'Ulf1i'U1:h'U'\ItI~fI11lJn1HfI11lJtll1 fI11lJ1:1'~(~t1) 211.. 
fI11H~ 5.3 ~~m1m1\liYaU'\I'Ulf1i'U1:h'U'\ItI~fI11lJn1HfI11lJUl1 fI11lJ1:1'.. ~(~t1) 211 

f1nH~ 5.3 ~~fll1f1n\liYaU'\I'Ulf1i'U1:h'U'\ItI~fI11lJn~HfI11lJUl1 fI11lJ1:1'~(~t1) 212.. 
f111H~ 5.3 ~~nnm1\liYf)U'\I'Ulfli'U1:i1'U'\ItI~fI11lJn1HfI11lJUl1 fI11lJ1:1'~(~t1) 212.. 
f1nH~ 5.3 ~~fllHI11\liYaU'\I'Ulf1i'U1:i1'U'\ItI~fI11lJn~H fI11lJUl1 fI11lJ1:1'.. ~(~t1) 212 

f111H~ 5.3 ~~fll1f1n\liYaU'\I'Ulf1i'U1:i1'U'\ItI~fI11lJn1HfI11lJU11 fI11lJ1:1'.. ~(~t1) 212 

f1nH~ 5.3 N~fll1f111\liYaU'\I'Ulf1i'U1:i1'U'\ItI~fI11lJn1H fI11lJUl1 fI11lJ1:1'~(~t1) 213.. 
fI111~~ 5.3 N~fllHln\liYf)U'\I'Ulf1i'U1:i1'U'\ItI~fI11lJn1HfI11lJUl1 fI11lJ1:1'~(~t1) 213.. 
f1nH~ 5.4 N~m1f111\liYf)U'\I'Ulf11tJm ~11'\11f1W f1111nfl i'U1:i1'U'\ItI~'\I'Ul~~I~'Ui'fl~ 213.. 
fI11H~ 5,5 ~~fll1f111\liYaU'\I'Ulf1ttJm~11'\11f1Wfl111nfli'U1:i1'U'\ItI~"'Ulfl~1~'U1:1 lJ 213 

fI111~~ 5.5 .. .~~fll1 m 1\liYtlU'\I'Ulf11tJm~11'\11f1Wfl111nfli'U1:i1'U'\ItI~'\I'Ulf1~I~'UlJlJ(~t1) 214 



fll':iH~ 5.5 f-Hlfll'jfl'n'iHHIU'tl'Wlfl'nJVlHl'j'tllflWm11f1f1hHh'W 'tItl-3't1'Wlfl~l1'J'W1J1J(fitl) 214.. . 
fll':iH~ 5.5 f-HlfllHI'j1'iH'I'tlU'tl'Wlfl'jtJVlHl'J'tIlflWfl111f1f1 i'W~h'W'tItl-3't1'Wlfl~L1'l'W1J1J(fitl) 214.. . 
flnH~ 5.6 m'l'f1'Hh~'~'illnfll'jtil'W1t.Ufll'j,jfll~tl'W'tItl.:j111f1f1Ufi"~fl'jl~ilflflWen 245 

d Q,I d 'j} ~ QJ QI 

fll':iHVI 6.1 ~"fll'nflfl111JU'tl.:j'tltl.:jfll1J1JflnflUUU 4 f11Jflfl 257 

fll'jH~6.2 ~"nl':iVlfl~'I'tluri1'W~~1JVlHlflii'tltl-3~11Jiiflf1f111UUtltlflltJ~V'Wll~'Wiifl 257 

fl1'jH~6.2 ~"01'jVlfl~tluri1'W~~1Jm-3lfl1i'tltl-3~11Jiiflf1f1UUUtltlflltJ~V'Wll~'W1ifl 258(fitl) 

fl1'jH~ 6.3 ~"fll'jVlfl~tlUfl111Ji1VUfb~11J1iflf1f111UUtltlflltJ~V'Wll~'Wiifl 258Ra (~m) 
d· QJ~ QlQ.. ell QW,,'" 

fll':i l.:jVl 6.4 fll':il.:j U'WVI n~" fll'j V1f1~tlUO1'j nfl'll''W.:jl'W'tItl.:jVl.:j~tl-3~''flflt.Ucn 261 

fll':iH~ 7.1 fll':iHlmVUll1lJUfll'jl'ill~'j~1v~'.h'WllUUtltlflltJ~V'Wll~'Wiifl 265.. 
fll':iH~ 8.11mVU~"fll'jfln'il~tlU'tI'Wlfl~11J'lh'lil(l~1J) f1U~l1J~~ilfl~'Whnj 289 

4:!l' dd· fll':il-3V1 8.2 'illnfll'jfm1Jlfl'1'W~~1JVlHlfl1J 290 

· " fll':iHl1 8.3 'illnfll'jVlfl~tlUn~-3tJtln~hi'W-31'W 290 

do QI d 'j/ d Q,I QJ 

fll':iHVI 8.4 ~"fll'j1f1f1111JU'tl-3't1tl-3f111J1JflnflllUU4 f11Jflfl 292 

fll':iH~ 8.5 ~"fll'jVlfl~tlUfI111Jl1Vuih~11Jiiflf1f1UUUtltlflltJ~V'Wll~'WiiflRa (~m) 292 

flnH~ 8.6 ~"fll'jVlfl~tlmh'W~~1Jm-31f1ii'tltl-3~11Jiiflf1f1UUUtltlflltJ~V'Wu~'Wiifl 293 

flnH~ 8.7 ~"fll'jVlfl~tlmh'W~~1Jm-3lflii'tltl-3~l1Jiiflf1f1UUUtltlflltJ~V'Wu~'Wiifl(fitl) 293 



, 
.:t 

tJ'n'n 1 

, . 
1.1 fl11lJ l:hftf\jl!t1::filll 'UtF.I'Uf\j't11fhhfll1'1 ~f.l 

1.1.1 fll'i'U1Ml{1'Yll~fll'itilU{1~fll'iri,m"~1J 'iJlfll1tldEJ~l'Ui'! 'iJlflfll'iflfl1:l1U{1~1!f1'il~11'li'mJ{1 

1'14 e;J~~1'\1m'ill!f11fl~jjfl~f1( Cutting tools industry) 'Y'llr~h1J 'iJ 1U'Ufll'i 1~!f11fl~jjfl~f11 'U~1'U ~f11Jlflr;h 
<!l 01 • .% .1 A '" ~ I • '" ".1 1 4.1....

(Metal removal) l1'ifl~f1H~~'U'U~lJ (Machining) t'Y'lflf-l{1f1'if'U~d'UH{1~Hll'Y'lll'Y'llJ'i~!'Ylff 'YlEJlllJ'illlWfll'i 

o jI ~l ...,. jI 't jI 0 j1.<:!l" , jI ""'1 4. 
'Ul!'UllJ 'Y'l.ff. 2548 111qj{1f111J1f1fldl 3,500 m'UlJ1'Yl U'Ud t'Ull'Ul!'Ul,,!~'U'UlJlf1fldl'iflEJ{1~ 25 f1{1flfl 5 lJ'Yl 

, d 01 .J <!l • A. I 1'" .1
f-ll'UlJl ('YllJl : mllf}'{1fllm m~'Yl'id~fll'ifl{1~) G)f~(JU11,,!~1l1fl !'Ufl~'iJlfllJ'i~!'Ylff 'YlEJll~m'UlJ'i~f1fl'U 

tI ~jJ t, d • oCllQl d
fll'iw1'U!1'U~fj t'if (End User) 'Yl~'U'Ulfliml1tm~!{1f1 lllflfldl 2,000 'U'i1:l'Yl ('Yllll : m~'Yl'id~ 

QI .oCll 111 ... 1 tI.dod.q" 1il
'e;JfI'.'; I'llm 'ill U{1~ mll'Y'lWJ'Ul ~'ifl'iJfll'ifil m~'Yl'i'N'Y'll'U'if) t1J'idll~m'U lJ'i~ f1fl'Ufll'iW 'Ylllfll'i 'if~1'U 

t~flfll'JC]hJll ~fl~i'U rid '141'14 Q~~ll1 m'illg'U "l U{1~ '~'i111l1tl1EJ~1'U'Ufl~i'!~!n'Urj1 ~!f11fl~jjfl~f1!~fl 

fll'iflfl1:l1 fll'i1 tOmm~g'U "l H~'Y'l'U111J'i~!'Ylff''YlEJ'Ulfl~{1 ijfll'iri~flflflf-l~~nWct1~~f1ri111'U~f1ri1'UUflEJ 

,J d ~ .ell" .t:Il , ~ ljJ 4 • ... 1 1 oCIl j1 oClt, QI t" 
II lflG)f~m1J'U~'U fIl'Ufl~fj f-l{1 fI 'iJ lflfll~'iflfl !'UllJl{1~'VJ'U (Jfl11lJ'i~ !'Ylff 'Yl EJ'Ulfl~{1~'U fIl'if'U f1f1~ f1m1 "!~ll lfl 

... 'tjl .1 . ,A 01 .<:!l'ljl 001 't.1 ' '" 
II H'U1 t'Ull,,!~'U'U flEJ1~ f1fl!'Ufl~ 'j!1J1{1 'iJ~ t'\1f1dlll~lflqj tflEJflllllJ'i~ fllff'Ufl~f1W~m'ill~ ~ !~'jllfll'i 

{1~'YJ'U (BOI) ~ 7/2546 {1~1'U~ 16 ~mflll 2546 n1'l1'Ufl1,mfll'j~U'U~t!'Utm~ri~!~~1l1,mfll'j{1~'YJ'U 

~1'Ufll'jf-l~f1e;J1JmW'\1~flf-l~f11~~ff1'l1i'ml'U nfl f1~~ t'iJl~ !~EJ'i~l'U !mdh~f1~EJd 1~n'U!f11fl~tOmfl{1 

~ljfldlll!~EJ~~H,,!~(High precision) tm~ri~!~~llfll'jf-l~f1;'Urid'Uf-l~1{111~Vfl~'Ut1J (Sintered Product) 

iflEJ tOfltn'U~f1~1'I1 m'ill~l ,rfi11111ffl~ tJ1t~'Ufj~ff1:l(~1l1 : BOI) U~1J'jlfltl11 'iJ'U ~~1J 'iJ 1U'Uf-l{1~1'U1 tij'EJ 

!~ miWJ'U1f-l~ f1nw en U{1~ fll 'J"{1 ~'YJ'U 1'Ue;JfI~l'\1m'jll~~ f1ri ldijUfl EJlll fI ~f-l~ f1~ijfl~!~II1'14 1J'j~!'Yl ff' ~ 

~llll'j ()u'Ii~.,j'Ul~ ~~!~'Ufi11111ffl~tJ1H{1~~1l1'Ufl~fll'jm'Ufl~1'U1tOm~miWJ'Ulf-l~f1nWen~~f1ri111,rij 
" 

ifl fll~f-l~f1!m~H'Ii~.,j'U1~1J1f1~'U1'Ufl'Ulfifl 

1.1.2 'iJlflfll'i1tOEJflfl b1111m'jll!f11fl~jjfl~f1 'Y'l'U iflfll~~l~ "l !~EJdn'Uu'Ud'Yll~fll'j~fl~mlll 

!'li'llU~~ 1'Ue;JfI~1'I1m'jll!f11fl~:ijfl~f1 f-l{1fll'j1!'fl'j l~l1i'fl'j ~~?l~f;!f1~l'\1m'ill 'Y'l'U11ij~f-l~f1111flfl11 100 

'jlEJ~di{1f1~f-l~f1!f11fl~ijfl~f1~dEJfI'jlf-l~f1nwen'Ufl~f1'UH~ij~f-l~f1~!~'U~th(Key player) ~lUd'U 5 'jlEJ 

i~Hri SANDVIK, KENNAMETAL, SUMITOMO MITSUBISHI U{1~ ISCAR i~Wm'Y'll~ SANDVIK 

t .J.':1 '" 01 '" '" 1 ""I ... II] iI ~01 01
'14'14 (G)f~lJ'iJ1'U'Ufld'U'jdllfl'iJfll'jfl'UfI'jlf-l{1f1.f1WCV1 SECO TOOLS) 'UlJ 'Y'l.ff. 2548 1J'iltl bfl"!~"lfl tlJ'U 

~f-l~f1'ilI'H~EJd~~1'I1'\..htl~f11fl~ijfl~f1f111 10 ~,rfl lh~f1fl'U~dEJ SECO TOOLS , S3J."1dvik, Sandvik 

Coromant, Walter, Valenite, Safety, Titex, Dormer, Prototyp, U{1~ Twist Drill !n'U~'Wl~ijffflEJ.fIl'Y'l~~.. .. 
f111Jf11'jl~~ 1 'jtl~mlJlb~U Kenametal , Sumitomo , Iscar, Mitsubishi bb'1~ Kyocera \911lHl1fiU bbm~~ 



2 

g,I & d' t "I g,lo • d
uU11U1Jff~~u !mJ"~ 14.07 - 28.00 lJ~mfllJlnml 130 lh~L'Vlff~1lJ'Vl~lh~L'Vlff b'VlfJ ~U1Ll1mUmtl~.. 
ri1umj~~"lfl~1fJ"fltfl~tl~ijfJ~fllJl~~!lUffln" tm~LuUm~~lJJUl'jffflU"~L'Vlfl1U l"vm~~ft~ hni "l 

mh~~tlrdCl~U"~~1flt~1 ~1Cldl~t91U ~~ft~ Sandvik l-Hfl1llJfflf1qJ~lum~1ifJ~1fJ~1Jlh~mwlui] 

..:9 'JI A ~Qf QI ~..c:..QI A a QI • 

'VLff.2548 u~m 1,000 mU1Jl'Vl t'ViClm~1~fJU"~'ViWJUl ffllJl~fl~,,~~mlU1~mm~NlJCl~flml 800 

~"~lului] 'Vi.ff. 2548 U"~~lJJU1~tlfJClfl~m~~tl~iYuj>i'1hHtllfJl~mnn1l 20 ~tl~tiWctl ~fJlfJ~~fi~ 
tI, , • 

mtl1Jfl~lJ~U'Vi~l~ "l -.111"n (Vim : Armual report The Sandvik World 2005/2006) ~lnm~fimn 

'Vi1J11~~tl~~lfJh,qjLl1~htf ~~ hjffllJl~mtl~fJUtti n1J1J~tl~iYuI'i'11~ u911~nmJu "l t~tl~ ~lniYul'i'l 
lU~"lflt~lJri1U'l1qjtrJuiYUf11lJl~~!lUu,,~ij~nI'i'1~lU1UlJln'J.l"jhu~ m~ttl~fJuutl,,~~~l~~u't'Ju 

< U~t91UtiU 

o '" mfl1J ~~ffl11m~lJ fJtlfl~lfJ 

iI 
(mU1J1'Vl) 

5~~lm~t~1Jl~tmfJ1JtVifJ1J 

2547-2548 

1 Sandvik 104,235 t~lJ;f'U 28.00 % 

2 SECOTOOLS 24,595 t~lJ;fu 14.07 % 

3 Kennametal 52,000 t~lJ;fu 18.00 % 

4 Sumitomo '" iI322.9 'ViumutfJU tvilJ;fu 17.50 % 

QI ~ 4 ~ QI ~ tI~ ~ d 'JI ~ 
fl~UU tfl~Cl~lJtl~flttl'Vl~~lJl'P1~!lU(Standard cutting tools) t1JU~tlmwffUttl"tl~lJtl1~m~l'l1~lUffU 

d ALii iI '" ~ '" ~ '" "'I .J ~ " dd 'I iI
l1lJfltl1~t~1 tlJtl 'l1~lU~tl~~1JfJflnmnlJ~1J(Shank) l1~Cl Holder ll)f~t1JU~tlmWlJl~~!lU'VllJtl1~m~b'l1 

". . 
~lUfJl1U1U nil ~~Vh~lU'~ O'l11lnm~~fltQtlUttl~l~u"~~Ulfl91U~lUttli1fJU;'tln~tl~ttl~fJUfllJ~fl . " 
(Solid tools) l1~mL~uijfl~fl (Insert tool) 111li ~ltrJU~tl~Ltli1fJU~llJi1J~1m91utiu ~~t!um~vh~lU~~ 

. " " 
1~t1mlum~ttl~fJU91uri1u UClnmnt!uu~uijflU~(l~~Ulfl (m~~]lU~Cl~u~uijflluiJ~V1J'uij~lU1U 

• tI rjJ Cjil Ql g,I QI • d QI I 'JI GlrJJ dQl d 
ml 8 - 90 t U1J1J) ~~~Cl~ ~'l1n1JflllJ~1J~llJm~~!lU~Cl~U~UlJfl~flU~"~U1J1J ~Cl~ ~'l1ffmU'Vl~fltn1J 

& & 0 A a do Jt QI g,I Q d~ 'JIo
lJln~UU"~~U(lmn~u ~ln\)lU1U"fltfl~Cl~lJCllJ~lU1UlJlntUCl~~ln~mflluiJ~V1JU~~(l'PI'Vlt1JU~Ul 

" ~ Q. fj/ ."0 A rjJ 4, QI 910 'jJ dil GI iI t 

Ll1muUt1JU~ml1Ufl'Vlff'Vll~fllUm~'PI"lfl fl1t11J'Vl1J1'Vl'Vl'PICl~m~~mtlmU1UffUfl1lJ1n~U"l ~11'J.l"fl1 

J t dOL 'I" A ~ QI,dod I d Qj

'PImflU~~U 'Vl~ "l 'Vlm~m~lU Ul1mtlttlU1J1JffllJl~f:l b'l1tfl~tl~lJtl'PIfl'VllJ!tI~1~U"~~U1fltflfJ1nU 

'hi'wi u~uijfln~~tllfll1ul uNuijfln~~tlfJn tt~uijfln~~~h lf1~ U~Uijflfl'hut u~uijflm~~fl~Cl~ u~u 

ijfltifltllfl~b n~uijfltifl~b~lU,rl~ tifl~tl~ 11~mt~uijflffl11f1Jm~n~~U(l~~1lJ{)~U~uijflffl11i'1J~lU 
I A rjJ crtrJJ d. ~ gI QI • .A, ~ QI QI d 

tm~ U'PI(l~'l1Ufl'PItl~ b'l1t1mttlmJU1JtlfJ "l t1JU~U 'PI1Clm~tmtl~lJtl'PIfl lU~"lfliJ~V1JU Ufffl~~llJttl'Vl 1 

'" '" " "" Qj VL 1111 :II '"" ~ 0 ~ :II 0 "l 
fl~'UU lJfl1llJt1JU llJ lflff~ l1lnffllJ1~fl"fl~'U~fl'U "fll1m L'Uf)1'i'Vll-3l'U H(l~f..l L'1f'Vll\l1'Uft'~fl1f) 'i11Jfl\l.. ..  
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~ dQ.l d 'j) iI.dt 4 ~ d Q.I 0 111 ~~ &Q.I Q.I

t1m!U'l~Vl'U 'VH)fltf)lJU(l~ f1TH1'U'I11 '!11f1 19f!f1'HNlJ~~fl9f'Ufl !fltl1f1'U'YI1~1'U ~flm f11~ f1(l~ f1fl !U'l~ !'l1~ 
, >I 

1fltl~ ~ f1UlJlJ1,ru~Mh~ 'llf1fiii~ ~!~lJ 1~~1'U '~'I1mmlmlW~ ~ l'Um f1~'U tllJ f1~lJ!il l'11lJ1t1f1 ':i1 2,000 
, ')I f " ,. '" =~ ~ iI'I .1 iI '" iI "" 'I '''' ~ iI 0 "'.1 ~ "".:I •

!H~l'U 'YHlJ'Uf'l L'lf L'U1J~~!'YIft' fl1m'l1~'U f'lf'l(l~~1t1 !'I1OJ'YHlJ'Uf'l'U1'l~lJ~1Jff~~f1!!(l~JJOJ'I11!f1fl'tl'U !'If'U 
CU II CU U q,I II U . ,"''''

n I.c:t. '" I '" I iJ Q iJ d. QI , QI ~ ~ iJ iJ C). QI 

'I11f1 'l~ !1J(l t1'UU1J(l~'i 1J'YI~ ~!m ~ 'tI'U lfl ~llJ ff'U fI1'Y1~fl~ f11~VlIJ1l'U l'U'U'U U~ (l~ fI ~ ~ 'l~ ~fl~ L'lf~'U 'VJ'U ~~ !m~ 

1~t1m'Ul'UVl~fflJfl1~nlJf11~ltl~t1'UfJW~f1~W~'tI~Nff'U~11flm\1Vl1~~llJ~lJU~'Uiifl~fl(Tool holder) ~~ 

f1mmiJ'U1 fl f11ff~f11~ 'l~ .yhf11~1 ~t1ifl ,r~IJ1l'U l'11fl!f1~~NlIfl~fl~iifJw~f1~ W~ 1'U f11~ 1~~ l'U'YIfl U'YI'U . . " . . . 
4 4 QI -." dod. I.e:t. ~ " ..di 91 .c:s. 0 QI 4 4 4 QI d" 

!f1 ~ fl~lJ fl ~fl Lfll1mtlUlJlJ'YIlJ fl Q!fllJ fj!'lfff~fl1f1111f1't1'U ~'U 't'J'U(lfl(l~ 'YI fflf1 qjflflLfI ~ fl~lJ fl ~fl'YI~ fl~ f11~ 

'" "" 11 ,.,. "'''';'''''l I 'J • iI 1 iI ~ '" 0 iI iI "" ~n

VlIJ1l'Ulf'l(l~fl1m'YIfl!'U !(ltl'YIlJ ~'U1J~~!'YIfl' !'YItlmf1ml~fltl(l~ 80 'I1!lJ'U~1f11'11'Uflfll'U~'U'YI'Uf11~f'l(l~~1. 
wil ff'U ~lill!'l!lfl~l~ifl!'l'UU(l~fl~m£11~fJWmVl!fitllJ!'ViltllJff'U~ lill!,j'1!m~ ~ fl t1flfl !~'U ff'U ~11~~ l'U 

1'Ufl ~ ffl'11 m ~lJ !U'ld4~Vll ~ 'U!fl~ 1'Ufl'Ulf1~• 

QI I rjJQ.I. 0 QI QI QI • 'jiG' 'do QI QI 

(f1) (lf1~W~~l~ G'} 'tI~~flllJ 'llJ!If1(l~UlJlJffl'11~ml'Uf1fl (~) ~1fltJ1~f!llJ 'llJ!m~ Uf'l'UlJf! ffl'11~ml'U f1fl 

~tl~ 1.1 ~llJ~lJ(Holder) U(l~!\~'Uiifl (Insert tools) l'U~l'U f1~~ tlf! U(l~~l'U!'ill~ ~~ii~tlUlJlJ~l~tl'U 

1.1.3 f'l(lf11~1!f1~1~t1H'f'lft~l'Utl~~!'YIfl'hw VllJ'htl 'l'l1J'Uii~f'lft~l'Utl~~!'YIfl'mf1f1':i1 10 ~1t1 
~ ~. 

?t"" II) ~ '1 ''''~ 'i""0

!lJ'Uf1'lf11~'tIfl~ ~'YItI'l1'U1'U 3 ~1t1 G}f~fI11lJfflm~f1 !'Uf11~U'tI~'tI'U'Utltl(l~ G'} !f!t1Vl'll~Wl'llf1f'l(l 

~ltl1'Uf)l'Ht'l~~ltJ1~ (~1Jl : m1J~~'Ul~~n~f11~~l m~'Vl~1~'VmU~ 1'U~1~ 'Vi.fI'. 2545 - 2548) 
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." . 
t'afl~ 'il1n~~~~tmhu* ~~~ft'U~1lJ1~'ii1'U~111 ~'U1~iijm111ff1lJ1'it:l1'U f11'i U,j~'li'U ~ ~ w:h1'UmnfJ '1 

" ~1'U vil1,rfl~ff1l1m'iJJ l'UtJ'i~t'Yll'lu,j~'li'U l~mn 'Vf1Ji1~~~~tmhihh'U lmuih1fJ'~'il1nf11'i~~~ 
• '" u 

tl'l~fl~ijfl~~'l1U~.yjtl'lll (Special tools) lJ1nni1'l1U~lJ1~'ii1'UU~1J~~lhjlJ1n ~~tn'UtJ'i~t~'U~u1ff'Ul'il 

~fl f11'i~Wl'U11,ru~ n~ 1~ 'il1n~'U~1111~'i j1'U 1~mQ'Vf1~~1'U~tJ'YI'i~u~~ 'tI'U1~( Geometry) tv7m'l~u'YI'U 

f11'i1~t'YIl'l1'U1~V'tlfl~U~~~'i1mfi~i]qJl11 1~Ufi 'ifl1Jn~lf11'i~~~ t'if'U ~~~ffi1'U'tI'U1~tff'U~1'U 

" '" '" '" oS "''' 0- '" '" '1~ 'I d 1.1. 1
t!'UfJnm~ lo-1611~~tll~'i l1'Jfl m'UlI~~ 4l'l1l~~ 'tI'U1~ 10 - 20 1I~~L1J~'i L'iH1~1 L'Uf11'it'ilfJ'i~ 'U'tI'U~lJ 

• d ..t di '" 1. 1 ~ 'I ~ 1 1 d 1 .~ . A • ~0 •
1I1nn11 15 -30 'U1'Y1~fl'il''U C)f~'U1'U!f1'U lJ tlJ'Uf11'i L'il't'Yll'l 'U ~fJ lIfJlIm t'Ufl~'il1n1J~m'U1t'tl1lJ1nm1 

~ • A 1~' 0- .1 ~ 0- 'I .1 ~ .1d

15 - 20 ~l'U1J1'Y1~ml'l'itl~tm~U'U1 'U1If11'iU'tl~'tI'Ul'UUH1I1n'lJ'UlJ'il'1J'UlIf11'i~~'t'J'UL'UlJ'i~a'YIl'lt'Vfll'\J'U 

u~tJ 'i1n{)'hn'Uf11'i ~~'t'J'U 'il1n~ 1~'il'1~ 1~'Vf1JU n~'i fi 'il'tlfl~ 1'YIm,j'1111~~'t'J'U1'U tl~ff1l1 m 'i1lrl'n1fl~ ~ln 

~h'U1mliiidhl1lJ1mi4t1~~~u,j~ti1Jff'U~1~iifl~t~1I ~fl~l~t'Yll'll'U 1~V'U1t,j'1!t1fJ~~ 100 ~'U't'J'U~~tm~ii 
. " 

l'l1111tfffJ~~ ~t'Vf'i1~ ~~~~ll1l1tl~ ~'U1tmhu'U ~~vil 1l1,~ml'l'i t,j'1111ffmn Yi1f11'i1~fJU~~ ~~'t'J'U iifli1 
. " 

In'Uf11'i tfffil fl f11ff1'Uf11'i tt,j~,J'U 'tIfl~tJ'i~ t'Ylfffl~1~1I1n ti1fl~ 'il1ntJ 'i~ t'Yll'l1'YIm~'U~~~ ~~'U ~h'Uu~~ 

• '" "A 0- 0- A 1~ • ".1 "lil •.U!1 '" oS "''' UlI'Vfll'Vft'Vf tI 'itl~'i1J f11'i 'tImfJ~1't1t1~~~ff1l1 m 'ill t1'U '1 ~un m'UfJ'U~ ~lJ mw l'"111U~~m~n'YI'it1'U nff  

A 0- A.do ~ ~ '1~ A '" 0- • A '" 0- 'I  
tl'l'ifl~ 'ilmn~f11'itnll~'iU~~fl'U '1 'YI 'il1tlJ'U~t1~ L'il'tl'l'ifl~lIt1~~ U~~'Vf1J11tl'l'itl~1It1~~1I1~'i!1'U L'U 

i]'il~,j'U 'il'U~ Solid tools t'if'U ~h'U(Drills) tV'UiJmf(End mills) ~flnti~(Cutter) tn'U~'U l'lll~~U~~~ll1 
" " " 

~1Jtn'U1fffJ~'Ut~fJ1ti'U 1J1~'l1u~iil'l1l~m.yjfJ~!flfJ~~ 20 'tItI~l'l1111fJ11fi'~l111~ tn'Uf11'iff'UttJiifl~1fffJ 

~ll1~1J(Shank) n'h!t1fJ~~ 80 ~~~tJ~ 2 (n) ~~~h'U1myii~n't:lw~1'Uu1J1Jt~fJ1ti'Uff~~h'U1~~1'UiiUflfJ 
, QI ~ ..J iI ~ 0' ~ A .c!I Glil .t .c!I iI.c.

m1'il'~t'il'U tlJ'Uff1 m~l1'U~'tIfl~~'U't'J'Uf11'i ~~~~ ~'i1m 'il1l1'U1fJ~~ t1J'Utl'l'itl~lIt1 L'il'U1J1Jff'UttJ~fl~ ~~~~ 

~ltn'U~fl~ 1~t'Yll'l1 'U l~vi'U~ ~'U1t,j'1'il1n~1~tJ'i~ t'Yll'l tn'UtltJff'i'il'll'U f11'i-nWl'U1tl'l~t1~ijfl~~1'U1tJU1J1J 

lJ1~'ii1'U 1~ff1111'imt,j~'li'U 1~ 1'U'tIW~~tl'l~fl~ijfl~~'U1t,j'1~ii'i1mU'Vf~ 1~Uli tv'UiJmf 'tI'U1~tff'U~1'U 
" .

t!'U6nm~ 12 iJ~~tll~'i 'i1l'l1lJ1nni1 450 - 1,600 1J1'Y1 tn'U~'U ~~U'U f11'i~~~tl'l~fl~ijfl~~~1fJ 

t'Yll'l1 'U l~vf11m~~ 1'UtJ'i~t'Ylf( 1~fJf11'itlflnU1J1Jm~1J1'Uf11'i~~~ 1l1~ l,rU~n~l~ 'il1n~iiflQt~lIU'U1fi~ 
" 1l1~(New concept) ~tJ~1~'tIfl~~~~.nf,l,\~1~oiht~1I~'U't'J'UifffJ~~~~ni1!t1fJ~~50 l~fJl~t'Yll'll'U l~Vf11'i 

~~~l'l1111t~fJ~~'i~~~ (0.05 - 10.00 ~m) tJ'i~~n~l~lv7flf11'i~~~ 1~uti tl'l~fl~n~~V~l'U~~(CNC 
• ,. t'" 0-0-1Q1..c:), ~ .c!I.c:s. "l .:!t algi

Lathe) tmfl~n~fl~ 'UlI~(CNC Milling) tl'l'ifl~t'il1~(Drilling) tl'l'itl~t'ilfJ'i~ ~ 'U(Grinding) tmfl~~~~1fJ 

~1~ hJvh(Wire-cut , EDM) U~~f11'itl'liifl1J~bu~~(Coating)m:::1J1'Uf11'i PVD f11'i1~t'Ylfll'U 1~'ti'U1 

l'U (Nano coating) tn'U~'U 
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(f) Solid end mill ('\J) Tool holder & Insert tools 

1.1.4 f111lJ ftlt'iOJLm::: ~1J1 m f)f)1'.i J:.l'Cl f)1'.i1~f.Jtm::: f)1'j~Wllnwl~ m'.ilJ~l'W tfl~fl~ijfl ~fI .... lr;h.. 
JtaQld~ d'j1. QI ~rIQ,I 

t~'Vn::: tfl'.ifl~lJtJ~fI'YIJ:.lft~'illf11ff~ tl1ftf)f)ftl'.iflU~~(Hlgh speed steels) tm:::'YI~ft't~'Wfll'.i tUfI(Tungsten 

carbide) li'lqJmil'.i1lJ1J1f)f)';h 500,000 ~1'W1J1'Y11'Wil 'Vut2548 (~lJl : 'jlfNl'W SarIdvik. Annual report 

l.h:::~lil 2548) ~J:.li;~'jlVhHU~1r1'W~'Ul1~uri Sandvik., Kennametal , Iscar , Sumitomo , Mitsubishi 
'U "'U 

f1'j fl~tl1'WU ti~1J1 f)f)';h~ fl Vft::: 80 'ill f)f)1'j ~f)llltm::: f)1'j1 ~m';~1f'l'1m'jlJ ~fl'W'.i flmfl~fl~ijfl~fI~J:.l~~ m f) 

d jJ QI ~ tI ~ • ";;'1 '1 jJ I d. .c9: d QI' .A a Q,I 

tl1ftf)f)'Cll'.iflU~~ 'YI~m~'Wfll'J tUfi tlJ'Wnftl'Wl'Wf111 10 lJ flUf) lJflf)ft~ lJflf)fI ft'11'W tm:::tfl'.ifl~lJfl~fI 

"" A ~., "" A",., d 'JI I d .d "" 
'if'Wflfl'W '1 '.i1lJ(l~f)1'j""Wlmf)1'j J:.l'Cl~tfl'.ifl~lJfl~fltl1'Clf)f)'Cll'j flU~~ ....U11f)1'.i'ijUU'\l~'YI~tu l11JlJ 1210 

fl~fl'WlImCifvft' l'Wn'Cllf1~flrul111fi 2 - 5 'WTVi tJUfi'W~1~ 525 fl~fl'WlImCifvft'1..rJ:.lft~1'Wfl11lJU~~ 
q 'U 

lJ'.i::;lJltu 66 - 68 Hrc flfllill .... f)1'.i 1~~1'W1fiv1J1'}'hnUff'W~1'Ul1,j'1 U~~'W'l'l'Wf)1'jJ:.l~~~~~~ hjft'llJl'.i(l 

U~~'li'W 1~ tl1'WJ:.l'Cl f)1'j1 Uf.Jtfl~fl'Jijfl~fItflilflU ~1U~~~1fHn'.i1f1ilflU(Coating) ftl111U'Jl'W f)~'JlJ 1f) f)i1 

10 ~..rfl ....Ui1f111lJl1'Wl'\lfl~~1tflilflUflQl'W~h~ 3 - 5 ~m fltum.... f)1'jl~~1'W~1~n'WlJlf)f)i1 6 1rh 

fh'W J:.lft f)1'.i fff)llltfl~ fl'Jij fl ~~'ifiJ m~'W fimh1'Jft't~'W fI1{1u~1f1il tJU~1U ~~ ftl111U'Jl'W nfl '\ltJ'J ff'W~l 

'Ult'\i'1f)i1 7 ~..rtJ .... Ui1f111lJ1:111J1'j(l l'Wf)1'.il~'Jl'W'\ltJ~~J:.l~~U~ft:::'.ilVU~f)~l'Jn'WlJlf)f)il 5 1rh tm:::J:.lft 
'U 

1 ~fJf)1'j ~Wl'WltJ'j::: ff'YI nill'Vl ',W'J tfl~tJ ~ij tJ ~fI'ifiJ fltfl'Wfiml(End mills)tmdjfI nfl ~ tJ'J(Slot drills) ftl111U 

'J 1'W nfl 'ill f)l1:1~m~ f)f)~1'j tJ1J ~ 'J1flVf)1'j tJ tJf)UUUfllJ ~fI fltJ f)UUUttJ'YI'.i ~1'j'\l1f1W ~ Uft::: 'YIf1ft tJ'J~ ~U~ tJ'W 

d jJ~, d. Q,I, QldQl' 

tl1ft f)f)ftl'if'W 1:11'W1f1'.itJ'J 'ilm flft'VlU11lJlJfI1t1Ufll 8 tJ'Jfl'ltl11J1::: mJf1UlJflf)fI'.itJ'J tm::::lJlJfI1f.JtifiJ 15 tJ'Jfl'l
q q 

tl1lJ 1::: 1:1lJ nu tfl'Wfim1'tii tJ ~ 'iJ1f)tJ1~f)1'.i 1~'Jl'Wm1'W 1'Wf)il '.i1lJ o'J f)1'j1 ~f.Jt~tJ~Wl'W1m:::U1'W f)1'.i~U U~'J 
o QJ d A ~ Q,I d jJ d .q~ I tI 

tm::: f)1'j 1J1UfI LfJ'W (Cryogenics treatment) tfl'jtJ'JlJtJ~fltl1ftflf)ftl'.i flU 1:1 'J'YI-eJtlJ11 f1lJ~lf11 lfl''WtltJ'J fl'1 
.... q q,f .... 

'1 'JI' ~ ",,,j " I"" '1 "'.d 'JI 0 1 'JI "I '" '" flUf) -70 m - 192 fl'Jfl'WIHltClffJ1:1 1.... tJ'ClfllJ'jlJltlJ'\lU'JUUft't'YI'W 'W'YI'YI~f)fI1~ft'JUft:::'YI1 l1f)1'jl1U'.ilJfIl'j 

IiJ <f"',J 1'JI ",,J, I 'JI '" .,.d ""1'
t1J~~'\lum~fl1'j G)f-31U~~'-lu'j~lJlru'jflU~~ 16.11 tW~flTHl1Jf1U~TY1~ru'l1.fJ1J mn~ 150 - 300 ewn 
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Lc)HH~m,.	 ffllJl'HHihjm~fll'J 1~.:.l1h1 '~lllml';h !m.JCl~ 15 nCl~fll'Jtf'l~fl'IJH1n ~.:.lri.:.l Lff~lJ 1..rtf'l~fl.:.l~fl 
'" d ~.c1 ~ 'JJ  
~WllJf'l11lJU'\J.:.lff.:.l().:.l 1500 - 3500 HV L1JhI~hI
 ... 

" .  " 
~.:.l,rhl tijfl Wi ~fJihr DlJCl t~lJ't1.:.l 1hI~lh1 fll'J flDflU'IJ'IJ fll'J Hil~ nCl~ Hil~.tiw evilhi ~Cllf'liJ ~ ~,jhlUft1... ... . 

fll'J1 ~fJif\l.:.l d'hl fll'J~Wlhlltf'l~tHijD~f'I,rhllJl111li'IJhI~hlilh1'\Jfl.:.lf'l11lJU~flril.:.lihtlll1lJlfJ lliu,j.:.l tUhI t1'IJ 

ffhl~l~ijfl~l hi ~Cllf'1t~lJ fll'J1~fJr\rhlfll'J~Wlhll~f'I Lf'I~fl.:.lijflAf'I~1fJUhl1f'111lJ~f'l111li (New concept) 

.. J 'I 'JJ 'JJ ~ 'JJ J 'JJ 'JJ 'JJ .t .1"1 'I 'JJ it "I 
HCl~'\JhllJlt~.:.llh1 thlhl~ t~ff~f'l1fllllfl'\JhI ~hI'VJhlhlDfJCl.:.l f'l1fJfl1'J Clf'lf'l11lJffhltu Clfl.:.l ~lflfl1'J t~Lf'I'JD.:.llJfl 

~f'I~ijfldlh1~Cllf'lil~~,jhl If'1fJl~t'Ylf'llh1 lCl~fll'J Hil~~ijlhl'lh~t'YlffLnhlri1h11l1(Y ('1J'J::lJltll 80%) UCl~ 
'I 'JJ 'I'  'I' ""'I ' 'I ~ "I .. ~ 'I 'JJ '" .. '" 0' it "I ., 'I 'JJ""
L9H'Ylf'l LhI LClfJ Ll1lJ '1  mfJ t~fll'J~f1lhllHCl~.fltllcnLf'l'jtHlJfl~f'ILhI'\JhI~fJhlfl1'Jtf'lClfl'IJH1U'\J.:.l	 tl1lJfJtllm~ 

d • '" .. 'JJ 0 'JJ 'I' 'I 'JJ'" .. d '" lit ~. ~ 'JJ it "I  ~ 'JJ 
t'YlfJ'lJt'Yllfl'IJffhlf'llh11t'\J1 Lf'lfJ L~1ff~~f'ltf'lfJ1flhl Lj'1Ufl tl1ClflflClltf'l'Jfl.:.llJfl(Tool steels) t'HClflflCll'Jfl'IJ 

~.:.l(High speed steels) UCl~'Vi.:.lfft~hlmfl'IJ~(Tungstencarbide) tnhlffhl~l~hlU'IJ'IJ(Prototype) 

~ _I J
1.2 lflQ'U1:::lT~tl 

it.. it "I '"  .1 0''1 ~ '" 
1.2.1 t~flHMI~f'ltf'l'Jtl.:.llJfl~f'I (Cutting tools complete set) mhlflu'J~ff.:.lf'lL~ LhI.:.llh1flf'lUCl~.:.llh1 

.cijl fj/ ~ ,.e:. j}c" IjI 

flCl.:.lf'l1fJ~hI'VJhI~1fl11ffhlmhllt'\JllJlflfl11'JflfJCl~30 

.. it "I '" ~ 'I' 'I' ""i1 '" dd ''I .1 1 'JJ 'I 'JJ "I 'JJ1.2.2 HMI't[f'ltf'l'Jfl.:.llJfl~f'I'j>l1(lt'Ylf'l LhI LClfJ ~~'IJhI'YllJfl~ thlu'J~t'Ylff l1ffllJl'J() L~.:.llh1 Lf'lff~f'l1fl 

If'1fJClf'lL1Cll~tyL'1Jchlhlfl1'J 191.:.l1h1111flfl·h!flfJCl~20 

it '"  ~ 'JJ .. ., 0' it "I '" .1 ..
1.2.3 t~fl~WlhllL1JhlAhln'IJ1IHCl~.fltllCVl (Product Prototype) ~f'ltf'l'Jfl.:.llJtlAf'lmhlflu'J~ff.:.lf'l 

1.3 "If)1Jt"lfl"lf)~m11i't1 

1.3.1 flflmt'IJ'lJUCl~.yrWlhll~f'ltf'l~fl.:.lijfl~f'I (Cutting tools) t14fll~hI.:.llh1t1f'1 (Milling) .:.llh1fl~.:.l 

(Turning) UCl~.:.llh1L~l~ (Drilling) 1~Hti Solid cutting tools UCl~ Insert tools ~lfl~ilf'l1ff~L.yjfJmyht1'IJ 
~ <jI 0  91 
ffhlmhllt'\Jl 

.. it "I '"  '" 
1.3.2 HMl~f'ltf'l'jfl.:.llJfl~"tt'IJ'IJ Index able Inserts tools UCl~ Solid Cutting Tools ~lfl1ff~ 

~ilf'l~l.:.l '1 l~Hfi Tool steels, High-Speed Steel, Cemented (Tungsten) Carbides UCl~ Solid carbide 

~1fJmiflfll'J flfl fI n'IJ'IJ fll'J Hi1~~1fJ~hI'Ylhl ~ lfl'hffhl~llht,rl 1liuflfJfl'h!fl fJCl~ 40 ttCl~f'lWm~1flft L~fJ.:.l. . 
t1'IJffhl~ltJ It,rl~il f'lt~fJ1 t1h11hi ~Cllf'l t~lJ 

~ '" , it "I .,  d'l 'JJ 'I ~ '" 'JJ
1.3.3  L1Jhlfll'J~f1lm~flfJflf'ltf'l'Jfl.:.llJfl~f'I Solid cutting tools 'Yl L~.:.llh1 Lhlu~~'IJhI thlhlfll'J 

'" Ji '" '" 'I 'JJ 'I 'JJ .1 'JJ .1"'.1 'I' 'I 'JJ '" .:;g
flfl flU'IJ'IJ UCl~ fll'J HCl ~'t[f'ltf'l'j B.:.llJfl~f'I L11fl1'J L~.:.l lhlff~f'l1 fllllfl'\Jhlf'l1Bfll'Ju'J 'IJ u~.:.l Lf'lB L~l1Cl flfll'J f1flln 

fll'J Lf'I~flhl1111UCl~nCll(Motion and time study) '1J'J~flfl'IJfl1'J1~m14flClf'lL1Cllfft:m'1Jcillhlfll'JVll.:.llh1mfl 
... u 

.e) '1 ' ~ ,"
tf'llJ LlJhlflfJfl11'JflfJCl~ 20 

1.3.4 d~lufI1HltJml1J1JJ:-l~~.mucn fi'lU 11l'V1Hlm~'IUlf1 mtJl~UUdf1dl1J~f1 hfti(New concept) 
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, I t ioI 

!~elf.l~~!fl~el~ijel~f)!tJ~fJU 1tJ ~lfU~ll lJ'j~flelU~1fJ m'j1J11ifll':if.l~~fl1'j~Ut1l!UU fl1'j 'l~!'l'lfllu 1~~ 

'lu1l'j~!'Vlf1'1J1flfl';h 80% !<tU Lfl~el~fl~~ tlfl L'ill~ i;]fJ'j~lu !~U~'W If)fJ'l~iff~~UfJlll~!iifJU!'vhtlU 
o ~I "I0jl "" _I jI d jI ,,\ ~ d jI .., "'lIJ '" 

~l~IJ'j~!'Vlf1' bllUelti 3 'b'Ufi IJ'j~flelUf)1t1 !l1~flfl~-I!mel~1Jel !l1~flfl~l'jelU,!~U~~'Vl~ff!~Uf11'j bUfi 

"" .A jI '" ?t .A ~ _I'" '" 1jI 1jIVelflUUUU~~f.l~~!'Vwh~lu'lu~mIW~!1JU'I1fi!fl'jV~llel 'b'(Complete set) ffl1J1'jmlJ~t1Uflll~fi 'VIfl1'j 

~1'Wff~fi1flU~~ fl1'jfl~t1l'tlel~flll~fi~1£Jfl1'j H!'VlfllU l~~fl1'j!fl~VU ~1U~~ (Coating technology) 

?t "" '" '" jI _ 1 'l jI - I"" 'I jI '" "" 1.3.5 !1JUfl1'jelelflUUUf.lMlilWCVI filU tIJ'VlHU~~'tIUlf) 'VIffllll'jfl~filJ'jlllWfl1'jb'b'1~qfiU 

~fi~~~lm~ll hjuvtlfl1l!mm~40 '~wi Solid cutting tools U~~ Insert cutting tools lfifJl~iff~flll~fi 

~l~'b'Uf)tluiff~~lll~U(Shank) l,rflVfiL1l~t1Uflll~fi'~ 
"" 'l~jI,jI • 4_1 "" _I jI. '" "" 

1.3.6 fl1'jtlVflHUUU~~fm~ 'VI b'b'~l'W fi'VImtlUUU !'b'U fl~~lJVflm lJlfi'VI'Wl L~l~'i ~lUflfif.l1 

'i ljl A "l '" '" 'jlU bfitl 'b'!mtl~llV'I1fi!fitl1flU 

1.3.7 f.l~~fiWct1~~~Ul~U "Wfl'illfl~~iiflW.fl1'Y'l hj~V£Jfl1l!fl~el~ijV~fi'b'Uf)L~fJ1tlU~iivQ 

!~ll m11flW.fl1'Y'lflll~fi iifl1lll U~~ U~~'VlU'Vl1u!ii fJ1J!'Vhff'Wf'hu 1!,rl~1fJfl1'j~ ~Uli1 'il 'ilfJfl1'j f.l~ ~ 
_I jI jI .1 _I _I'" _I ",,,,,jI jI 

lJ'j~flVUf)1fJ fl1'jVVflUUUf11fJ CAD/CAM/CAE fl1'j'tlU'ilJ fl1'jlJ'jUlJ~~ffllU~fi1fJ:l1lll'jVU fl1lll 

L~U L~U~U 

"" '" "'d",.l 'ljl "" 'I _I '" '01.3.8 f.l~~ilWCVI'Vl'Y'l~'Wl't1U 'Vlfi~V~ 'b'~1'W'il'j~ bUfffl1UlJ'j~flVUfl1'jW(User)1J1flfl1l 10 U'VI~ 

!~V'VIlif~Ufl'Y'liv~ Ullll1li'U1l~~~lUflW.fl1'WUt1~fl1'j 'l~~1'W '~uti fl1'j~lU'Vl1U~Vfl1'ji1fl'VI'jV (Wear 

resistance) fl1lllff~fi1fllUfl1'jl~~lU (Simplify) L~Vfl1'j~~U1L~Uf.l~~fiwe:t1~uUUU(Prototype) U~~ 

ii!1ll'V11J1fJ'V1lfl1'j1~t1fimdv~L~V~~UlfielfJVfi'1lqfl1'jf.l~~lUL;~'Y'llU'b' (Conunercialization) fiv 11l 

jI I'" A~Q,I j,I oClIt.Q,lrI.d.~QI 
1.4.1 'tIVll~ fl1'j U'tI~"t.IU 'tIV~el~ffl'V1m'jllLfl 'jV~llV~f) U~~'tIVll~f.l~~ilWCVlLfl'jV~llV~fi 'illflfl1'j... .. 

'V1l1~m;~1fl'1m'jll~VU'jVfJ mil 'b'Ufiiff~'tlV~~f.l~~ ri1Uf.lfflJ'Vl1~Lflii t1l'Vl'j~U~~'tIUlfi 
.c:s ..oC:lt. QI rI 0 .d d Jt ~ Q,I 

1.4.2 'Vl'jlU'jltJ~~ml'Jf)'tIV~f.l~~ilWCVI fl1'j fl1'V1'Wf)'j ltJ~~mtJfi fl1'j L'tItJUUUULfl'j V~llel~f) 

Q,I" ,Q L::t, ~. ~ QI j,I .d QI G) .& ",I CLI Q,I 

1.4.3 'Vl'jlU'tlU~VUfl1'jf.l~~ m~U1'Wfl1'jf.l~~Lmel~llel~fif)lllllfiflfi bU~l'Wfl~~lJtlfl'VI1flf) 

o QJ QJ 'jI d i Glj,I I d. d QI,jI
(Arbor) ffl'V1'jU~lUflf)(Mi11ing) f)lllllf)!'ill~(Dri1ling) bf)tJ b'b'Uf.lUllf)'tIUlfi!f)tJ1flU f) 

4 .d. ~ r;:j~ ~ ~ ",I 91 j,I d LS j,I d QJQI 

1.4.4 i:1'l1J1'jflf.l~~!fi'jtl~llV~f)!1 U'b'f)lmel~llV lJ'j~f1mJf)1t1 filllllfi~lUf1~~ mllllf)~lUf1f). 
j,J d j,I , d d QJ : j,I QI d j,lt

lm~ f)lllllf)~lU!~l~ If)t1hw·mllf)'UUlf)!f)fJ1f1U l1'Ju f11':i~f)fl1lll9f19felU l!~~ fl1'j ~f)!f1U 1f)~lfJ 

jI GI J 991 QJ rI ~ dt ~ ~ jI • d 

1.4.5 ff'jl~fl1lllff~mf1 tUfl1'j GJfel fl1'j \'b'~lUU~~fl1'j'ilf)f1U LUV~'illfUmv~llelY!lf)l'b'Uf.lUllf) 

'" '" 'tIUlf)!f)t11f1U 

1.4.6 ,rvll~~l~ 'illf1 fll'j 1 ~fJi:1'llll'jflUl11lrifl1'j f.l~~l;~'Y'l1W'b'tfl~.. .. 
1.4.7 tthnh~ ItJG)fUA~fll)t~m..!fllJfH)u~l'tHYlf11U It1VUt1~l'V1tJlf1'lfffl{ 
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~I 'j/,l .,,,,, ~ • ,'). I 
1.4.8 tlJ'U'\JU'lq!ClW'U~1'U'\J~FJ'Jl'U1'UV'\J'U~UtlJ 

1.4.9 dj'U ;jUlJClt~U~I'lJ'U lfll'ryh~llJnflf)ft'Jril'11j'lJfll'Ji~i'U 11 'J'Jl'U tl~ r11'l1 f)'j'JlJ
~ , 

'jI ~,,~ .e.. tJI d I Glj!,
1.4.10 'Iltl'lq!Cl'Vll'J1'lfl nl'J 'lJtl'lq!Cl'Vll'J tYlfl'Ufl UCl::f)'j~'lJ1'Ufll'J NCl~W'JUlJYl 'U:: mVYlUfl t'l1 ttfl 

fl~r11'l1f)'j'JlJ 
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"'l 

2.1 m'.inll~ Turning Operation 

.  
q 

UVIVI 2 

RPM 

L Depth of CuI 

-.-._. - _. -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- _. -.-.-.-.-.-.-.-.f.~.:.~.'~.~.....J.................  
z ····················~·········l············ 

Feed Rate 

4 QJ .::.'i 

.fl1'YfrJ 2.111nljW:::m'.im'.inll~ Turning Operation 

i1'il~t1fflfif.lJ~1111r1'ln"m:::lr.J'Uf11HJfl~f11l~"'l.h,,~d l~Hri fl~lli1fl'U (Feed Rate)... .. . 
d cv ~ii ~ od. dl A a 

f1dl'lJlld~" (Cutting Speed) l:::t1:::1Jfl'U~f) (Depth of Cut) 'lJ"f)~~ (Cutting Tool) u~:::"Jj'wn'U'YI 

. ." 
~fl~f11lYilf11l~"l~fl'U(Work piece) If:m'lil~ l"t1~ld'ilfffl'lJfJrufl1'YlYi ~'Ul"~fl~';'U~l'U (Work 

" . 
piece Dimension) fIdl'lJCl:::1Vtl"~fl~~d.;'U,:jl'U (Surface Roughness) ffmnf'mm:::'YI'lJv'U l~~dtl 

4 ~ d dl 
f11l~ld'ilfffl'lJ lff'l;jf)~~ (Chip) f11nlf)'I1lfl~fl~'lJ"f){j,:j (Tool Wear) 



10 

J tjJ ..c9 'jJ d 4 A At! d QI JI .J 0 QI .) A 

'U tJ fl'ill fl'I.m"'n1'Ufll'j flMmU'lIflfl~.:ItJ'U1ffH'l 'lIiJ'iI 'ilutJ'U'l 'YIfflf1fYU~~fl1'j'Ul'l1'"'il1'j W1 
J. 

1,. tJ 

fll'jVil.:11'U~1'l1m,.~ 2.2 l~Ufi 

- l~eJ'U hl'\lV.:IfI'lIAfi (Edge condition) 

- fl11'l1U11'\lfHfI'lIAfi (Edge length) 

4c1 Qld~ 4 

- l'lifll'j'ill.JUfI'ti''U.:Il'U (Work holding method) 

- ri1'U'lh~flVl.J'\lV.:I1ff~ (Component material) 

- f11111'H'Ul'\lV ~l~f1ijfl (Insert thickness) 

- '" d1mfl'\lV.:I1'l1f111f1 (Insert grade) 

- V1Q'\lV,:jfllTNfl'H'jV (Wear lift) 

- ~lJAfI (Approach angle) 

- nlft,:j (Power) 

: I d 
- 'Wl'H~mu'U (Coolant) 

~ '" - ~'W'tJ'U'\leJ,:jflll~f1 (Edge cost) 

- fllTl1mrttJ (Chip breaker) 

- f"yijtlmunfl (Nose radius) 

- l.!lJtI'j~flv'U'tIt:l,:jl'Unflfl~,:j (Included angle) 

- ~I'1Hl~V'U (Feed rate) 

- 'j~U~~eJ'U~fl (Depth of cut) 

'"fl111l1"i1'JV'U (RPM) 
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2.2 f) -1~1I1~fl Bum '.l'viinmn 

l1~fHfltl.!~fll'H~~Hll~mllJ~~ll14fll'j~~lIl~Hl i~uri 

2.2.1 1ff~~1~l1ltflru,lijf)~~ (Cutting tools) ~l1llJl'llml1~mf)1Jt!~ (High Speed 

Steel) ffllJl'jtll~f11llJ~~rl~~ ~iJ14 2 ~yh 'llf)~f11llJ~~1~~'llf)~ij~~yhlJl 'llfl1ff~ ~11~ flf1l {Uf) 14 

~h141ff~f1lJ~~~ijril14Nff1JYiwt'lJf)f)fl111ffllJl'jtll~f11llJ~~1~~ '~flilm~ m f)1Jt!~ 

2.2.2 'll'ii~'llf)~1ff~ (Material) ~'l~tJllJlVilfll'j~~~~B14b~fJ...tl1111ff~~l14~U~~lJlfl'l~ 

1~f11llJ~~1~~~lfl1l1ff~~riU14flil 

2.2.3111il~'llf)~f11J~~(Form Cutting Tool) ijN~~f)fll'jVil~l14lJlfl~i14 ij~~~~l14'lll~~~ 
61j1 d ~'.d .ei_1 ~ 
t'll'mllJ~'jl'jf)1J~lml1J~fl~~lJf)flNl 

2.2.4 mllJ~fl114 fll'j ~~ (Depth of Cut) ti'lilf)'U~~~fl'l~1~mllJ~~1'jf)1JU'BfJflilil f)'U ~~ 

2.2.5 fl~'jlilf)'U (Rate of Feed) 114fll'jilf)14~~~l14l1m1J~~14 fl~'jlilf)14 3 lJlJ. f11llJ~~1~ . 
'I i1'l '" 0 , ~if '" '" 

~ 

iI , '" _jj '" ?l iI 'I iI d
t'll' t'Ufll'j~~~:::~lflllfll'j'Uf)'U~~'ll'Uf[~'VIlfJ ~'ll''U f)~'jllJf)'UA~ 0.13 lJ1J. ~lJ'U~14 'l::; t'll'f11llJ~'jl 

'jf)1J'~t!~ 
'jJ dcv QI ~ .Qli1

2.2.6 fll'j'j:::1JlfJf11llJ'jf)'U (Cutting lubricant) mllJLn~~'llf)~lff~1Jl~'ll'14~m~~'YilJ 11 

J'lilil.!'" iI d iI di iI ,1 , '" ... 
t!~ 'll'U t~~lJf)lJ fll'j 'j ~ 1J lVf1 lllJ'j f)'U 'VI fJ fl~ f)~ G)f~ ffl'j 'j:::1J lfJf11l1J'jf)'U'U 'l:::'ll'lfJ'j fl 'lJl ~tl.! 11 JJ lJ 'll f)~ 

f1lJ~~ hiil'f!f)'Ut!~~n14'11 'tltl.!~Vil~l'U 

2.2.7 fll'j~1J~l14ll'f,t'Uf1~u~~u'j~(Rigidity of the Work) l14mW~l'U~fJfl~1J~lfJ'I11~1J 
~ . 

hnif)f)fllJlff14'l~::: 1~mlJJ~~l '~t! -1fl·:h~l'U.yjfJf1~1J bNrifl flfllJ10ll'l 

2.2.8 mllJffllJl'j t)'llf)~ff.fll'VHf1rf)~ ~f1rf)~~u~~m~ijfh~~t!~ ffllJl'jtl1~f11llJ~~1~~1~ 

ff~ f)~l~hn~llwfhl~ff~\)14f1lJ~~1mr 
~ ~ 

flt)...tl 1111'Ufll'j195mllJ~~1~~ U~:::fl~'jlilf)14 

ti'l Feed fl~'jlilu14 (lJlJ.I'jf)1J) ~~lJSpeedmllJ~~l('jf)1J~f)14lVi) ~f)~ft~~~~rlf)f11llJ 
I!S Q,I d 
ftfl'lltJ ~ fllHl~f1~'VI 

fjI ~q QI _~ fj/ .:A od2 Q,I d 
m Speed mllH'jl ~V4lJ Feed fl~'jllJfl14 ~tJ~~~ft~ ~lJf)mllJftfl'llfl~fll'j~~f1~'Vl 

iI c:l '1 '" d,. ,% iI .,j d  
mmllJftfl tllfll1r!~HV4lJ'll14Speed ~f)~ft~ft~~lJf) Feed f1~'Vl
 

d Q,I de:::l • 61 'jJ e:::t d2 
Nftm:::'Vl1J'llfl~mllJbnr!~YllJr!f)Dl~fll1 t'j)'~l14'llf)~lJ~fl~~ (Effect of Cutting Speed) 

QI QI ~ I d Q,I 'jJ e:::t.c:9 ~ .c:::::. 'jJ

mllJfflJV414 111::; Hll~mllJ bnr! ~ Uft::: f)l~fll11 'j)'~l14 'llf)~lJ~f1ft~14 'U ffllJl'j tl f) 11 mvi~ 
W I _ I ~ ~ 

QI e:::t dGi iI d QI 0 ~ e:::t ~ lrL.1 I j/ QI e:::t ..::::. 

~~'U 'lltl.!:::'VI t'j)'mllJ b'jl~~"'l'l fll1fffl111f)'lltJ~lJ~'l::: blJ 14 blJtJm~'j)'l'l 'VI~lH'Yl'j l::: ~ tim{llJ ~ lfl fll'j 

..::t did ~ QI ~ d. I ~ ,'jJ 'jJ d QI ~ 'jJ I q.d dl

~fffJ~ff 'j~111l~lJ~ flft~ fl1J1l'14nw~::: lJf1l~l u~ml'j)'mllJb11~~ff~'ll14mlmf)14 1::: 111l~ NllJ ~f1ft~ 
" 



t1.~ rt~'~I.\~~f.U-!lN~fl,LtUirtLtl<b!611 rt~lL!!'t'l<bt'Q~l ~~Wt' f,nn,£~~~ rtl<bt1.~tWrtLtl<b ~~ t1. Qll 

Lf,~~rt~m~ltJ.~Wt1.1.rT.£liL~~~rt~t1.~tLf)rtLtl<bQ!6t'~U~(!t1.n,L~~W~Hnt'gLf\HLt!.~t'Q~~l!J 
•'" I 

t1.L mut!. ~ULUt1.1. t'llD ~~ f,LU t1.1.UI1rtLWrtM.1,f,LU LtuULrt~1 Qf,liU L.l.t'I1U~rtli1. LlA,~t!. t1.Qrlf,Ll!Lf,~Q
r tJ' f" I'l) l?' ~ • If, In &7 57 J:7tfj 0 Jfr I'l) 

rt~l f,LUQ~t1.,tt. (~t'l<b~~C'Qfl,t1.Lt'~\,f,LU~LQQ~1) ~~f,LUt1.\, U~rtLtl<brt~1,f,LUL~UULrt ~~t~mLtl<b 
••• •I 

Ll<b~I1C'Q ~li tl1H C' ~ ~11 t1.QrlUULf,~QrtM.1,f,LU l.L~~~tf,mLWJb1. UQl11C'@~ ~(W t1.fl,t'~C'I1U~rtt'@fl, • tf,tf, • k-It! ~~ I'l) P If, ,., tfj p r l? J=7 

t1.L t'Jb t f,LU~LQli t f,LU N~~LlJ C'$[" tf,l~tf,t'WQQf, H.U Uf,LU ~Ult'I1U ~rtH. t l1Ht'~Wt1.ULI.\UQt1. l.t'~~~ 
Ili Ili Ili Ili ~ P • Ii" ""!?' "'Ili • "'I' '" 

UU t1.1 UI1rtLW~l1n~~t1.QrlLf,~QJb1 Lllt'~t1.Qtil~~f,LUt1.1 rtlfl.imG~Ul ~l1nt'I1U~rtn,ULlA,~WHn~Ul lsi l?' ~-1tI" I" tfj J;:1 I'l) Istb l? ttl 0b ItI b I=l' 

~I.\f)~l t1.UL~f,LUt1.wlmmG~l1nt1.Q~1~~t'f,nQ~I1H~~~f,LUt1.tu~rtLW~m1~~t1.Q~IH~~ 

~~f,LUt1.~ Ul1rtLW~111mQrlLf,~QWfl,n,lA,~WI1H 
It! Is. 57 ~ It! 

t1.ULIA.1~&~liI11R,)dlt'Qfl,l1li1 f,LULf,~QLtrtmlJ 
ItI • In I'l) •tfi t? 

~~t1.QllLf,~~n,.vL!!l~~f,LUt1.t U~rtLtl<b~t f,LUL~U~~1.\ l.f)Q,tt~~t1.Qr;f,LULf,~~ ~l1n ULrt~~f,LU t1.\, 

U11rtLt. l<bJb1 lAo mwt1.1 t1.U ~ t1.M.rt~li 1~f)QY~I1~~t1.Qn..!'.LULf,~Qli 1n,U rtO.!'.M. t'11f)OM.U I1t1.U t1.Qrl.!'.LU lP' tfj 1st:=" J:7 Is. It! P It! It! tfj Is J;i' ;1) k-It! tfj Is It) " tfj l? 1::7 k-

t1.fl,UL rt~~t.!'.mLtl<brt M.m1f)LlA,~h t1.fl, t1.1 n,f).!'.ltHt1.Lt't'I1Uli1 .!'.LU t'Q~LlJ rI,Lf)li t1.Lt't'I1U Qrt1 t'Q~U l)
r 1'0 p ~"Is tfj : 1st J:7 b 57"" tfjtfj.. l?'F' " 

H.1 ~~t..!'.mLtl<bJb1 ~l1nl.Ut1.li~~t1.Qn..!'.LULIA.::mfl,t'lI1Ut1.U1.~~.!'.LUt1.1 Ul1rtLtl<bJb1IJQI11,f,LU tfj 1st fl) p tfj 19 It) to k-0 I fl) "&:7 " 19 J;:1 U 

i1.L£'t1.Jl,N~n.tlfUtLtlmLl~ni ~ft£'Qn.t1.Qnt1.~U.LU£'LIA.:::~:::.t £'Z IA.MLl! w ...." 'Ii:I' ti w 'Ii:I' 
A• 

.~ ,', .,.... 

lOIAlU C'Qfl,.!'.LUrt~f)~1~1 t'I1U~rtt'Qfl,t1.Lt'Jb1 .!'.LUhLQ~l1n ~~t.!'.1rtLtl<b 
Ili III!?' '" Ili l. '" P 

HPi~.!'.~ t1.~rt~rtLtl<bt'~~lm~l t1.¥t'~U ~(!t'Qfl,t1.Lt'~t .!'.LU~LQ~ t L~ ~l!J t'~ t1..v~ ~f)~1 ~t1.LC't1.~ 

n, Ut'I1U ~ rtt'Q n,tH mu.!'.n, IA.Q .!'.liU U.!'.L U~U1H.1 ~ li1t1.rl1 t'llD t1. n,U Lrt ~U1~11 ~~ R,)d1 ~11 n t1.L C' t1.Jb n,U 
/til?' I=l' b bp' ~ btfil9 I,;f" r lo:;> Itl ';'1'1) 

1I 
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... 4

2.3 }J~f)tl-:j (Cutting Tool) 

"" 4 <!l J. ".d~ ., "l ~ 'l~~ 01' ''I 4
'lJflllft~ f1mf1'H)~'lJtl'Yl hH'U1l1':H11f1b\HJ'U'ifUHU bmlJ'U'llJ'Jl~~W'l b'U'lJ1J1'U 1ll'J llft~ 

, 
1~f1Y11bf11tl~lJtl~f1 (Tool Material), 

.., "" 2.4 f)'i~'lJ1Utl1'ifl~HH)U (Shear) 

Derivation of Shear angle Equation 

'1 • 
~- 'J-_.J-----; 

rn;" """l~ =~:e ;';Qdpl~..:c 

bk.........1:1 • 

.fll'W~ 2.5 Jtht'lJ'lJfIl'iA~tQ0U (Pictorial representation of orthogonal cutting 
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II 12 

sma cos(a - 13) 
'illmUfll'W~ 2.6 {11mlm~V'l-Hih.J{1:IJfllJi~ci.. 

11 sin a 

12 cos(a - 13) 

, 
!l 'Yl 'U f11 

cost (a  13) =cos a cos 13 +sin a sin 13 ) 

11 

12 

sma 

cos a cos 13 + sin a sin 13 

. i ~?I
flll'Yll lHu'U tan a 

11 (cosfJ .13)-1
-= --+sm 
12 tan a 

cos 13 + sin 13 = 12 
tan a II 

cosfJ = 12 -sinfJ 
tana 11 

cos 13 111/2
tan a = x-

12111-sinfJ 11112 

(Ill (2)cosfJ
tan a = ----'-------'----

1-(/1I/2)sinfJ . ~ 

l1JD t1lt2 = cuttin~ ratio = r U'Yl'Urhhi'i'lu'--- a 

r cosfJtan a = ------:;;0_---'-_ .......... (l)
1- ro sin 13 

~ . 
L 

S 

= _/1_= 12 
sin a cos(a  13) 

.......... (2) 

'" d '" 'W 'U 'Yl fll 'H'Q D'U 

A,/=L,xdxd ......... (3) 
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. 
QJ , .,. 

Yl1 elfJN'YI 2.1 

'il~r11'Ulilltl1~1Jl~r)'u (Shear angle) 'illflf)l~i~!~tl'U (machining) ~6'ml~tl'U 
., 

(feed) 0.010 iJl/~tl1J (0.254 1J1J./~tl1J) !l('j~~1JfllU!fTlj 50. !l('j~fI111J'I1'Ul!FrlJl'1~!~ 
,£ 

0.043 In 

6'1'l~lril'U 

0.010 
r -- =0.2326 a 0.043 

~ ~ ~ ~.e:t ~
 
i1WI'YI 2.7 lnnWfl1'H'ilel'UUl,l~'ft'U'YIfl1'H~el'U (shear area)  

0.2326(0.9962)
tan a = 

1- 0.2326(0.0872) 

= 0.2365 

a = 13.3 
0 
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0 

1'11flth~Yi 2.2 

I'ifl~fl1'HW1U':i~1'1~ (cutting force) '11lflI'11fl~1~~ 1 !~:JJ1J:JJmtJ!ft'El!~'U20 

1J':ilfl{]i1f111:JJl'l'U1!ft'ElI'1~!~'U 0.025 if1 (0.635 :JJ:JJ.). '11lfl,jmqj(l'll~m1J1HQfl'U (shear 

angle) 

tl\Pl':iUh'U 

0.010 
r = -- =0.4 

0.025 

0.4(0.9337)tan a = _----2...__-'--

1-'0.4(0.342) 

= 0.4354 

Thus 

a = 23.53 
0 

. 
1'11D~Nl1 2.3 

Q.I , d & I (1,1 ,£ ~ d ~ 
'11lfl\Pl1fltJl~Yl 1 mflfl11:JJ(lfl (d) !'Y11fl'U 0.25 'U1 'll~m~'UYlfl1':i!'Qfl'U 

L =~ = 0.010 
S sin a sin 13.30 

= 0.0435 in. (1.05mm) 

= 0.0435 x 0.25 

= 0.0109 in. 2 (7.03 mm 2 ) 

L = 0.010 
, sin 23.530 

= 0.02505 in. (0.636 mm) 

A" = Lx x d 

= 0.02505 x 0.250 

= 0.00626 in. 2 (4.04 mm 2 ) 
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, , 

(1':lJ:lJ~11 1m'JYi\lf)f)~~ 'Olf)Iil':H)(h~Yi 1!!~::;2lJfrmJ!r1''iH.Q 0'W (Shear stress) 

27 ,000 tJ0'W~/\PI1':i1~if1 (186 x 10 6 N/m 2 ) 'O~fll'U1W'f'i1!tJtl~~~'U~~H\PIf)~N':i::;l1il~ 2 i1tl~1~ 

F =s x A 
.\'1 5 

= 27,000 x 0.0109 

= 294.3 lb (I 309 N) 

F =s x A 
s2 x Sf 

= 27,000 x 0.00626 

= 169.021b (751.8 N) 

2 

1 ]D~ ci-i Of ~G¢'~
 
I S1de 2 l 4 5 6 1 I 

rw 
t1111. 

d .t::t ~ ~ 
i11l'ffl 2.8 f-H1f)11't1~inl'I.J1l~fH1~'lI1flfl11't1VltHHmlf"HH1U(sltear angle) 

F -F
f ClI'lCl~ =11 ,2 x 100 
'0 F 

.11 

= 294.3-169.02 x 100 
294.3 

= 42.6 % 
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et  ~.c::i Y q .c:S,Jet , QJ 

Vll'nUI 2.J foUl fl n 't1 VI tHl ~ '"UJ1H'iUllhll fl fIl '1 fl t1 ~ Vll(JlJVI( fl i:I ~ 't1lJ1;llJ flll'H i111 VI 1'1 fllA) 

Side Chip Theoretical 
Rake Feed, Thickness. Shear 

Angle.p II I: Angle, « 
Tesl (degrees) [in. (mm)] [in. (mm)] (degrees) 

1 -5 0.006 (0.152) 0.0347 (0.881) 9.8 
2 0 0.006 (0.152) 0.0370 (0.940) 9.23 
3 +5 0.006 (O.l52) 0.0415 (l.OO4) 8.2 
4 +10 0.006 (O.152) 0.0233 (0.592) 15.0 
5 +15 0.006 (0.152) 0.0200 (0.508) 16.7 
6 +20 0.006 (O.l52) 0.0210 (0.533) 15.9 
1 +25 0.006 (0.152) 0.0164 (0.411) 20.0 

. 
'" J "'IVll'11~'t1 2.2 fln.- HtJVI~fIl'1!'iHllA(Shear angle\ 

THE CUTTINC PROCESS 

:2 

20 

Sh•• r 16 
an~l~ 

(de&''''')  14  

12  

10  

6 

0,) 

! /" 
/" 

/ 
-l-L --. 

, I ./ I 

A , , 

/' 
r I 

I 

~ I I
I 

, i 

1 

.+--+ I 

0 ., .10 .15.20 . .H JO 

....kl' .nt1e (cMol'.rHa) 
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,,1/, 
r • Cl,lalnjt 

C fcn". 

Fe = [? cos () 

Fj = Rsin ()  

IRI = p-c>-2+-(-Fj-)2  

F: 
tin:::: tan() =_J 

F2 

"f 

Il.esult.nt fa~c'lt that 
tool ex.rts on vo~k 
..terl:d (action) 
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IV odi: 0 Q 

2.7 rHmfll'Jflil'l:llH'J .:Iil'J::::'tl1tJU~1i'llmfl'l:l 

ll'i 'I ~ fl'i:::: yJ 1'i:::: 1111'1 Nlfl1 Vlfl'1J 'IJ tJ'Ilfli tJ~}j tJ ~~ll j;l::::l rY1J~~ t'U fl 'i:::: tJ 1'U fl1 'i ~~ 
o:::S I QJ QJ d'd ~ o:::S Q.I 0 QI QJ;f Q.I t Q"I d' 

m tJ'U 1l::::rYl1fltJU 'i '1j;lYl1i'YIlfl'itJ'IlJtJ~~m::::'VllfltJTj;1'fJ'll''U'I1'U ~'1'U'UU Hj;lYl1i 'j;1'11J1 HI 111 

. " 
;lri1l1fl 2 "h'U'¥im::::yJ1tJ'UN1fl1Vlfl'1J;)tJ m':H~V~'Vll'U (Friction force) lm::H'i~;'1'i!lflnU 

Nlfl1Vlfl''l:l (Nonnal force) 

. . .. 
.c:I: cuclclQ..c::t. Q.I Q...IQ. 

fIl'ffYl 2.11 UiI~.:Ir-m'\leHH'J.:Ii:l'Y'l1i't1m~1l1ilH'J.:I!iIfj~'t11UU'J.:I~'UnililtJ~1f11mfl'l:l 

F FrictionForce 
fL = 

N NormalForce 

F
fL = tan 0=

N 

"'- .......It..c _1'\ _tart..l force 
.... I"c... on c}\1p 

" 

~~o.<:;'r::t:~~~ ~~ ~p,_, 

V.lodt)' of tool 
"1":1 ... til thl!' ddp 

.. 
(Friction force) U(,l~H'J.:I~NlilntJibi'llmfl'l:l (Normal force) 



21 

~c • "nltat tora 
_..ned by e.c'ol 
GO cbl, 

..cI v ~ v ~ 

.fll'WfI 2.13 !lH1UI1'WtJ'lJ~ l'I'\ltl.:.l1tJ~ '1n.H lU!!ij~!f1'llYlVl!!tJVl.:.lUl.:.1!'i1 tI'U(Shear force) 
.. 
........ "I  

!!ij~!!'i.:.IYI.:.IillO mm'U1fll'i!iltl'U(Force normal) 
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2.8 fll'H!il'lnWU1~~V1hul'Ufl~~ 

'lUm~lJ 1U tll'j I'l~ l~ el'U(fl ~~) l~mlbl'~~tll'jllm 1~11ll':i ~~lf)~~UlJ~ l1W tll 'j l~ eJU 1~tll i' 

'1~h!11lJiJ!~nJ{	 (dynamometer) 1~llH'\JW::;v11tll'jf1~~1l'jlfl!rJl m ~1'l~(F ,) 1~ '1~'\JU1~ 

~ I a' ~I '" '1 '" ~ I a' 'I '1 "'''' d/ d '" 300 ueJU~ (133 N) Un::;m~ueJu (F) 1~ ~ 125 uelU~ (556 N). ~~tI !'If:IJ~f1n~l1:IJ:IJ:lJfllt1lfl'll
! • 

(fn !'YhtllJ 10 0 1~fI11:IJ'Hh!1lfl'lll'l~ (t?) '1~ 0.0343 if1 (0.871 lJ.:IJ.) er\P1'jlrJmJ~li'(t I) 
>I 

['vhtlll 0.Q15 lJ1 (0.381 :IJ.:IJ.) 
•  >I 

1Jlf1'li'mJnl1tll'HU~ tl1' 'il~ftlU1W'H1~1~1~f1~U..  
'" a'(a)  llHn'Y'lli (R). 

"l 

(b)  ~lJl'iHJU (a ). 

(c)  the angle of kinetic friction (¢). 

(d)  ll':i~ l~tI~l11U (F)
'" .\ 

(e)  m~i~u1fltllJU'j~l~tI~l11U (N). 

(D ~m1lJ (K.) 

"l 

(g)  u'j~meJu (F 
>I 
'"  <V "l

(h)  llH\P1~ulf1f1lJm~melU (F 

R =  ~(F;Y + (FJ)2 

J(300)2 + (125)2 

325lb (1445.7 N) 

ra cosfJ
Tan a = -----"'-- 

I- ra sinfJ 

0.4373(0.9848) 

1- 0.4373(0.1736) 

= 25 0 

¢  ~ illn -, (~ ) + P 

= tan -I (125) + 100 

300 

= 32.62 
0 



23 

F =, R sin ¢  

= 325 sin 32.62 D  

= 175 Ib (1219 N)  

K=tan-'( raco~fJ I+tan-'(Fi]
1- ,~ Sill fJ ) ~. 

= tan -I 0.466 + tan -I 0.4167 

= 24.99 
0 

+ 22.62 
0 

= 47.61 0 

F = R cos k ,.  

= 325 cos 47.61 0  

= 219 Ib ~974 N)  

F = 325 sin 47.61 D 

= 240 Ib (1068 N) 

Give" Dl.l"'-a--,---_-,  __ Calculated Value. 
r, F, P - I, I, R d 4> F N x: F. F. 

300 .25 10° 0.015 00343 325 25' 32.62" 175 274 47.61 0 219 240 
Ib lb in in Ib Ib Ib Ib Ib 

~f • lU lhll -~ 

hrpefld1culu 
biu(:(or or 
line 01. 

C.nter of eirel!!' 
locflt.oJ or. poi"t C 
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s =  F, 
A, 

s = F, sinfJ 
, fxd 

F F cost a - F sin a 
J 

! 
\ 
l  

. .. .  
q ~ ~.e=t ~ Q.I O.Q .Q cv 

i1l'YfYl 2.1 5 UiJVI~H1 ~I'U tlU1.JU'ffU'YIfll'iA'U tlUIlt1::;U'HVlVI m::;m1.J·u1Wfll'i IflVlAfl'lJ VI VI 
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o iI "I 
2.10 m'Hll'kl1Wfl1U,J!f1lHlHI'kl 

'illtl,j'rJlJ'OUHi~ ~,= 300/b , FJ = 125/b 1J:JJ!~m.,t (a) = 25 0 'il~11lrnl:JJ!r1'U!~mJ 

1U~lUtl~~~er\P1~lrJrJU 0.015 -61/~rJ1J rnl:JJ~tl (d) 0.25 -61 

UYlum
,

~, cos a sin a - FJ sin2 a 
s 

fxd 

300cos 25 0 sin 250 -125 sin2 25" 

0.015xO.250 

= 24.676 Ib/in 2 (170 x 106 Pa) 

T (cutting forct)c  

"""".-.-- CIIip preaSUrt u,.  

:e'd~ 

~.p 
fxd 
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2.11 m'.iAn-!1wfhK.:j,nu~lVl 

'iJlfl'1JmJCl111,JD 2, 12 'iJ;jflnntlnnn15;j'l1'U~U~ l1ru fll'Hflfllfl'lll'1flHm;nD tJlJll1tJUnU 
'" 

p ~ 
fxd 

300 

0.015 x 0.250 

= 80,000 psi (551.6x 10 
0 

Pa) 

R = S, 
,'c P 

C 

R. = 24,676 
,IC 80000, 

= 0.308 
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o <i" cv t::I 
2.12 fll"Hll'\.!1W't1l"j~rJ~lfH (Y) V11'jJ'jJVI 

' ~ d ~ ~ ~ ~ ~ ~ d ~ 

u'l'l1T:i~lJ~ i fWUtJ'l~llJlJ~ (deflection) ~1lJHHI'1~ (Fe) 1'Uf)lH111'UlWW~llJlJ~f111'U 
<u 

'U'Ul~!~'U~l'Uf1''UEJml1'l 0.5 if1 (l2.7lJ.lJ.) fI11lJlJ116 if1 (152.4 lJ.lJ.) UH~~ 100 uoml 
<u 

Tool 

~....._---- L -----~ 

Fe 

3 
y= F;;xL 

3xExI 

, 
UYl'Ufil 

y = F X L
3 = 100 X 6

3
X 64 

3 X E X I 3 X 30 xl 06
X 3.14 X (0.5) 4 

.£ 
= 0.07827 'U1 (1.988 lJ.lJ.) 
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lHlnnnllm l~M!l'j .;j~f1 3D i'u m~Ul1H1'Un~.;j1f1m~l'l1~f1l'jn~nJ'Eln~hiJ~ 

l.h~n'Eluloi'lt1UH 3 ril'U i~Ufl UH~f1 (F c) ,U'j.;j~'El'U (F f)' uH1wl'lm (F r) 

y 

x 

I fa_ R 
I ksulunt 
1 fOfce 

II I nerted by
I tool on

'---J workpiece 
I ~,,

_ f ~ a. 
. 

a. v,q.q 
. 

, QJ 4 1 
2.13 ~lJ!~'lJ lfl WVl'lJfI~!fl'Hl~lJflVI~'t1lJf'H'IViflflT'.iVlvUiH)'U t'I't'i~ 

'lI 

<jI ~ ~ <jI dt lV 0 (1..1 ~ QJ ~ <j/ <l.I do d d 

'\J'Elfl1'jl'l ~1'j ru 11 'W f1l'j In'Elfl1'lam 'El.;j\PlrH1'1l1'jU'\J'U\9l'El'U\Plflm 'El'Ufllt1~mflnC)a'El'UC)f~~ 

~ '''' '\J'U 'El[Jnu
" 

l'YI'Ell'j'YI lIJ'UI'i''U 

nJuUU'\J'El.;j'\JDU'jU (Contour) ~1'i''El.;jf1l'j~f1l~'El'U 
" " 

l~ 'El.;j ~ln'ElUm Wri1lfttmfl1 'El.;jjj'El~f1un~1oi'11Jfjr1lfl1'El.;jjj'El ~~tlnm ~y\' 11oi'1t1U'j.;j ~1'U l'U 1J1 n 
q " 

Un~1Jf11'j lU~t1'U UUn~'\J'U 1f1'\J'El.;jU'j .;j'ElV1.;j'j lf1l~l rl'nT'U 'ElU mwri1lfttl.;jlfl1 'El.;jjj'El~f1Un~l'i'l1J 
q 

d d I 

1JfI111JU'\J.;j!lm.;j~.;j (High rigidity) 

d ~'iJ ~ .c9 d QllrJ<jI 

1Jflru~1JU\i1\lruf1l'j~'U~~ll10'U'YItI'Elmu (Vibration characteristics)b~ 
q 

f11'j~~l~ 'El'U~lil~~'U TIlt-!hfq! ~~1J ~llnl'ln~'El'\J'ElUfl1J~~'\J'El.;jlfl1 'El.;jjj'El (Tool edge) rl'nTt-! ~~ 

lIn 'El'ElnUUu1'l51JOUflJJ 1'i~~1J'\J'U l~l~nun~lInl'l5uml'Jfl1J~~U UU'M1J'UIU~l'J'U iloi' (Index able • 
tool tips) ni'Eln~fl11 'l5 tl1t1~I~t11nUlfli 'El.;jjj'El~~n~m 
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, ~ IV .et 

':i un '\J 1flW191 '\J 0.:J!f11 0 ~}jOl91l91l1:::~~Hlm :::'YlU~ Otll':i I91l91l~hl'l.H.w o[ fll1:::00f) fIlJl9lI91:lJ 
'" . ~ 

fJru5mJru:::ff1f1ty;j0 1J:lJfI1V ( y) U~:::l:!:lJr1:lJ ( 13) 'Uoml1iJ0111f)-u~0.:Jrrmrl1J (Chip
. . . liIiJ ~~d~ 

breakers) nl~'U cr1'UYi~m1:lJrl1f1ty:lJlm}j0'l '*UmVfI:lJI91I91UUUl1l:!'UlUftV'U 1191 'YJ.:j'Um'Vw 

1I0.:Jtl'U1rl1J hl1:::V11 

I 

.. ~ 

~_. 

a lllJlTI 

a 
, / 

I 
I
I, / , 13= ll1J~lJ 

, . , 
~-------- ---,-~--.-----,~-~-

y= ll1JfllV 

.::::s Gl v ~ d.c::l ,~ ~ cv 
2.14 ft 1 nnw &U fl1 '1 ~Y1! 'iUIU'fllJfmm::: 'flU~ tHft 'HI.:ilJ tWIYI 

m1:lJ~f)'\J0-.:Jtll':i ol91lii O'U ;jo ':i:::V:::~1191111f)~b.:J1'Ui'IJ~-.:Jl1l91'IJmmfl~0-.:J}j01'l191 'l 'Utlrl'Yll.:J• 
~i.:j Q 1f)tlU U'U 1U f)'U ':i::: U 1U'\J O.:Jtll ':i Yl1-.:J 1U m1:lJ ~f)'\J 0-.:Jtl1':i I'll'll ii OU 11 :::l:rJU cr1U ~U bYl91-.:J 'lMI'HU 

I ., j/ 

1111191'IJm(J'\J0-.:Jlfl1 0-.:J}j01'l;»~5f)1J ru:::tl1':i lfl~tlU YiI9l~OI91'UO-.:J'\JOU~U -.:J1U 'lU '\Jru:::tl1~-.:Jl'll91l ii tlU • 

'\J0.:Jlflitl-.:JiJtll'll91~bYJ1!bY:lJ tl ~-.:Jm':i l~~)f) 'l ,*m1:lJ~f)fm 191~lliitlU~bY1:lJl':i t1 'l '*'IJ ':i::: [(J'1!Uf111:lJ f) 11-.:J 

'\Jtl-.:J'IJfl1mml'll91 i~mjN~ 'IJ':i::: i1'YlTI fl1'W:lJlf)~bYl91 tl1':i l~Of) 'l ,*519l':i11ltlWW~f111:lJ~f)'\JtNtl1':i 191191• 
lQtlU l1~l:rJU 1911tlll1U191'\J U 1191 fi'u ~fl1f1I91I91'\J tWrl1J ~.:JUbYl91-.:J 'lu .,':iU~ 2.21 
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\ 
\ \\ 

x 

,  

" ,.et ~.et IV 

.fIl'rnl 2.21 'rru 't1.f1l iWI VI 'lJ (H!fI 'lI 

~ ~ . 
mm~)'lJtl~fl1J~~ti'h)1.HUerr'i;'1'~tltlf1 = vhJ'nmfl~~'lJtl~tr1fj x f111lJt~1~~. 
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_I ' "" 2.15 ...~un-1 't1H!~'UlflWVl 

~ . 

C)7---(  
. QJ 4d ~ "4dQJ 4d 

Oblique angle (1) = l;!lJ111~HJlf)f1lJ~~Wtl'lflflml'U1Uf)'UlJ~/U'U1Uf)'U'Ufl'lG)fU'l1'U 

" Rake angle (U) = l;!lJ'Ufl'l~1f11tlU'U Ifltl'l'tJ'iJlml'U1Uf1'Uij~/ U'U1Uf)'U'Ufl'l;'U'Il'U 

0/ 
...~ 

, " 
.of "" .of IJL 1 .of "" 

.fIH'l't1 2.23 lJUlJ()'1rnfll[J'U'U !()[J'I Aumfl!!'U1!!f)'UlJVI/ !!'Ul!!f1'U'U()'1'b''U'Il'U
q 
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..:d oI::::l. Q.I od d .:::::. 

'j~UU Tool in Hand :IJ:IJ'YHfl~Hl1flfln~U:IJ'fl 'j~UU Tool 10 Use :IJ:IJ'YUfl'fllJlflfln 
q q 

",
nJ~tJ'j,/hJ\91l:IJfll'j~'fl~~ l':nnl'lf'Hw Tool in Hand (Tool angle) >setting angle>T in Useool 

(working angel) 

y 

x 

z 

d 
ill'fftl 2.24 Plane Setting Angle 

" 1 d ~ d v .Jt d d ~J d 
Setting angle u'j~fl'DU (G) :IJ'fllflmnHl\91l:IJ ll'Wl11fl'W X fIllfl~O'W'Y1l'll:1Jl'IJ:IJ lu'W (+) 'Y11'W1'IJ:IJ 

1~'W( -) 

x 

+ 
d 

ill'fftl 2.25 Elevation Setting Angle 

'" "j '" d ~I d ?I(H) 1J:lJtJfl'IJ'D~:IJ'fl\91l:IJll'Wl~lfl'Wy Ifl~O'W'Y1 \91l:IJt'IJ:IJ lu'W (+) 'Y11'Wl'IJ:lJIU'W (-) 

+ 

y 

C1 '" '"ill'flll 2.26 Roll Setting Angle (L) ~~'fli1fl'Utl~~A m~U'W111fll! 
q 
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""'" "" 2.17 fl";j'UJ11if1l'jflVl (Milling process) 

.  
c=i 

iIl't1'tl 2.27 

= 

A = 

= 

= 

= 

h .~ 

= 

= 

n = 

= 

z = 

f = 

. 
QI ~ QI ... I 'j) Q. 

~1'Wflfl11U'l1H)flfllJlfl'l1'W1('I'l1J1 : Catalogue Walter) 

1l'H\Pi~ (N) 
.. , 
~ ,::s, jJ Q,I 2 
'Yi'W'I'l'l1'W1~fI'\JB~lftll (mm ) 

'" • 2
ll'H~fI~ll'Yil~ (N/mm ) 

'" "'1
1~tJ~~fI~f1 (mm) 

'jI ~ 
fl11lJml~'\JtI,:j')j"U,:jl'U (mm) 

mllJ'I1'Ul'\JtI~lfI'll (mm) 

~ '" 
mllJln~fI (m/min) 

~ ~I
fl11lJlnlJB'U (mm/min) 

~ 

mllJ1111t1U (rev/min) 

jJ I rI Q.I tI 
1ft''UH1'Uij'UtJflm~fl~I~tJ'';j (mm) 

~1'U1'U'fllJ\Pifi (teeth) 

1~tJ~tJtI'W~tJ";jtlU (mm) 
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2"1 I Q..I

f,  ~ 'j~tJ~lJu'W(Pluf1:lJ1'11'l (mm) 

Zc ~1'W1'Wf1:lJl'W'lh~1911'l 

<j}s 1J:lJ'j~'f-dl~f1(Pll(Plufl~'Wl,j'lH(l~l~'WUUfl ( 0) 

Q = ill:lJ1(Pl'jlfYlJ(Pll:lJ'lh~mn (mmJ/min) 

Pc  ~ tllrl'~~l'Wl91l'l (kW) 

Pw  = tllrl'~I91I'l~li1'Wfll'jtl~~l'W (kN) 

Zw = ~1'W1'W~'W~l'ltl~~tl~~1'W (~'W) 

Fzm = HHI91~m~v~m~y\'l~fl~l'ltlI'lH~Cl~~lJ (kN/~'W) 

V = mll1l~dl91~~li1lJflUtl~ (m/min) 

F 
In 

2.17.1 " ....fl11'lJ!'nVlVl (Vc) 

1,000 
(2-1) 

2.17.2 ~Vl11fll1\J{)'U~flfl'lJ~Vl(fz) 

= V 
f 

/(nxz) (2-2) 

2.17.4 
, ....... 

U1-:.! 'Ufll1VlvU'iH)'U 

P w 

Zw x F Zln X V 

60 x f] 

(2-3) 

F 
III 

= Z 
W 

x F 
ZITI 

(2-4) 

f (2-5) 

" 1<'12.17.6 fll1'lJI'nutH! 

(2-6) 

2.17.7 fll1'lJ't'i'U11Jfl ..:urll:1 

0.707 x f z (2-7) 
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2.17.8 1J1J~Vl 
~ 

• <Ps 
Sill -

2 

.. . a c:I 'JI <V

2.17.10 l'fl!f1't'iUlVlVl'lJij,:jtfl't:l 

A = 

2.17.11 U'H~Vl 

= 

(2-8) 

Dc 

(2-9) 

ap x h x Ze (2-10) 

A xke (2-11) 

(2-12)Q 

Fe X Ve = Q x ke (2-13) 

. 
<v ,.e::t QJ Q,I ~ I G' .c:lt. ..£::to G Q,I Q,I Q,I 

Y11ijl1HfI 2.5 111f)~'\J'Ul~HLllH·m.jt;!lHJf)m~(DC> 160 lHHHlJ1l':i 'ill'U1'UfllJ\Pl~ (z) 12 fllJ\Pl~ f)~ 

.... 1 'j} ,£ d Q Q Q.I & -=- .c:lt. 2"1 
lJl~l1'Ul'lf'U~llHl1~f) 16MnCr5 '\J'Ul~ (a ) 120 lJ~mlJ\Pl':i ':i~tI~\Pl~~f) (a )6 lJ~~!lJ1l':i ':i~tI~lJtl'U 

e p

I Q.I .c:lt. .t::::It. d IV ,:::.t 

\PltlfllJ\Pl~(fZ> 0.2 lJ~~!lJ\Pl':i fl11lJ!':i1\Pl~ (V ) 85 lJ./'Ul'Vl e

'il~111 : 

~ 

1) fl11lJ!':i1':itllJ (n) 

Ve (85m/min) 
n = 169 RPM 

7[xd (7[ x O.16m) 

~ ~I
2) fl11lJ!':i1lJ€l'U (V )r

V r = fzx z x n = (0.2mm)x(l2)x(l69/min)= 406mm/min 

• <Ps (I20mm) 
Sill - = 0.75 

2 (l60mm) 
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= 3.24 

360 
0 

5) frJl:IJ'I1'W1tfl'£l (heX> 

hex = 0.707 X f z = 0.707 X (0.2mm) = 0.14 mm. 

2
A = ap X h X Ze (6mm)x(0.18mm)x(3.24) = 3.5 mm 

= k xCI xCz; k = 2348 N/mm
2 

= (2348 N/nun
2
) X 0.8 xl = 1879 N/mm

2 

= A X ke = (3.5 mm
2
)x (1879 N/mm)

2 = 6577 N 

9) mlJ1~'itfl£l~l'lJ'lh~!'H'I1(Q) 

Q = ap X ae X Vr = (6mm)x(l20mm)x(405.6mm/min) = 292 mm 
3
/min 

10) fhtr-:l-:ll'Ul91~ (P) 

(6577N) x(85m) 
= 9317 W = 9.3 kW 

60s 

(292 mmZ)x(187900 N /nun Z
) N.mm 

---~------= 914447 -- = 9.1 kW 
60s s 
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2.18 f)";j~'U1Ufl1";j~~1~'I1~(The Cutting Process) 

o.t.lltXlc r 

I 
• 

Top view of face milling operation. 

. 
... 'JI 01 11 'JI

ill'Ytfl 2.28 flll1fll'WtJ'W'tIV.:j.:jl'Wf)fl lfl11'W1 [12] 

V',d t::IIf/ 311 d' lC:I Gl3J c:C
~1MHfI 2.6 lV'WlHHl 'l.I'Wlfllff'WH1'Wft''Wtlmn.:j 2 in (50.8 mm) 1..1 6 VT'W 111J'Wf)flfl1t1f1111J1'.l1'.lVtJ

~ . 
c:CGI <u 1"1 I 4~1'£ 91 d~1 ~ 

100 rpm. ~~'I1lfl111Jln\Plflll"~V\Pl'.lluV'W\PltlVT'WllJtlufl'W'Jj''W~1'WmtlmllJl'.l1uV'W L75 in/mm( 

44.45 mm/min) 

rpm x 1[ x D 

12 

100 x 3.14X 2 

12 

= 52.3 ft/min (15.95 m/min) 

feed / min L 75 
Feed/rev ---= - = 0.0175 in.lrev (0.4445 

rev / min 100 

mm/min) 

feed rev 
feed/tooth --x----

rev cutting edges 

0.0175 
- = 0.0029 in. (0.0737 mm.) 

6 
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vl1f)rh~~ 2.7 nwn~l9l1lJl9hVth.:J~ 2-6 mllJftn'Jnl'Jl91~ 0.500 in (12.7 mm.) l![j~1~riTYJtJ~n 
.d~JI1" d d~1

(T) 'l1ln~'tlU ~ 100 lb-ft (135.6 N-m) fl11lJI'J1'Hl1j 100 rpm fl11lJI'J1utJU 1.75 in/min (44.45 
" .'j) ...:::::! 0 Q..' d Q.I ~ 

mm/min) 'Jln'tltJlqJnU 'J'l'l1lflln.:J.:J1U'YJ~flI9Wl!1WU (hp) 

Txrpm 100x12x100 
hp 

63,025 63,025 

1.9 horsepower (1.42 kw.) 

" 
U tJfl'J lfltJU n15'l~lU5'll11i ~'J In 

hp 
33,000 

(2-20) 

= circumference X rpm 

It x 2 x ~ D x rpm 

12 

D 12Vc 
-xrpm =-

2 2lt 

Fc(12 Vc / 2lt )
hp = 

63,025 

FeVc 
hp (2-21) 

33,000 

vl1f)cil~ri 2.8 ~llmm~'W£1uI911tltil'l~ 2.7 it!YlJfll)~ 2-21 m'lI91~~rilnl11) 

T 100 x 12 
--=--

D/2 1 

1200 lb (5337.9 N) 

lUI911tJih.:J~ 2.6 f111Wj1;q~ = 52.3 ft/min (l5.95 m/min) 

1200 x 52.3 
hp 

33,000 33,000 

= 1.9 horsepower (1.42 kW) 

1 hp = 0.746 kW 

1 in = 2.54 cm 

1 ir/ = 16.387 cm
3 

1 min = 60 sec 
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1 hp/in3/min = 0.746 kW /16.387 em 
3 

/60 see 

1 hpj in3/min = 2.73 kW /em
3 

/sec 

.e:d I' 'jJ

Iill'iH'fI 2.4 f1W1'U1tHLHlll (Up) 

material Hardness (Bhn) Unit Horsepower Unit Power 

(hp/in.
3
/min) 

3
(kW/cm /sec) 

Steel 125 0.62 1.69 

180 0.75 2.05 
, 

260 0.90 2.46 

430 1.50 4.10 

R 
Vln 

= fXd XW 

(2-22) 

UJtJ f feed (in.lmin) '" 
d dept of cut (in) 

w width of cut (in) 

MiUin& cutter ou[l1n~ 

"'t.... ,A . \~'\' Workpiece ~ .... "---1-, 
\ "', \ I

'\ / 

Graphical representation of volumetric rate of metal removal for 
plain milling. 

. 
iIll'tii 2.29 U'ilwl5~':ilm:lJl~':if11':i~flriWl11Jf11'jn~'UtJ'W [I2] 

QJ ,t:::i d ~ II 'jJ, et Q.,I ~ ~ d 'jJ 

1il16UH'tl 2.9 W'W]Jml~'U1~L'il'WN1'Wfj'Utlmn~ 0.750 in (19.05 mm.) ~~L'iHJ'U'l5'W~llHlHlf)mn 

rI ~ d 'jJ.& d Q/ 

fl1':i'lJtJ'U~1f111:IJH'U~ 125 Blm ~1t1':i:t1:(lf) 0.375 in(9.525 mm) f111]JL':i1~~ 60 ft/min 

08.29m/min) 5mliJtJ'W~tJfl:IJ~~0.002 in/tooth (0.0508 mln/tooth)]j 4 f1]Ji~ 

'" ~I1) ml:IJL':i1lJtJl~ (f )
n'c 
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f rve = 4 X f,oolh = 0.008 in. (0.203mm) 

f = f rve X rpm 

Graphical representation of volumetric rate of metal removal for 
vertical milling cutler. 

. " 
i11l'fn 2.30 ttff~ 'Ur~ 'nuhJlI'I 1" f11 1" I'1~Hh 111'lJ f11'Hr~ 1'1'H 12] 

12Ve 12x60 
rpm - = --- = 305.7 

7[ D 3.14 xO.75 

f 0.008 x 305.7 

= 2.45 in.lmin (62.23 mm/min) 

= fXd Xw = 2.45 XO.375 XO.75 

3 3
= 0.689 in /min (0.188 cm /sec) 

3) Torque (T) 1~f11'lllfll'llH~~ 2-1 

.d d IiJ 'J/ 3
'IIlfll'llH:JVl2-1 fI111JU'\J'l 125 Bhn 'II::!~ Up = 0.62 hp/in /min 

hp = Up X R
vm 

= 0.62 X 0.689 

= 0.427 horsepower (0.319 kW) 

T 
hp x 63,025 

rpm 

0.427 x 63,025 

305.7 

= 88 Ib-in. (9.9 N-m) 

T 88 
Fe - = - = 2351b 0044 N) 

D/2 0.75/2 

""YlH) 
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hp x 33,000 0.427 x 33,000 
---- = 2351b (1044 N) 

60 

~'"JeldN~ 2.10 1I1m1J n~rl~n~fftH·h'Wft'Wumn~ 5 in.(ln rom.) n 8 'Vl''W n~m~f1f1rl'lml1JU~'1 
~ ~ 

91 d Q.I Q/,::9 3J 
240 Blm ~1Ufl111J~'j1~~200 ft/min(61 m/min) 'j~U~f1~"f1 0.375 in. (9.525 rom.) fl111Jf111'lHJU 

n~4 in.(101.5 rom.) 5~'j11JtJ'W~e)'w'W = 0.004 in.ltooth(O.l06 IDIn/tooth) nt1nnlf1U'WUHrl'l 0.6 

Q.I I ,; I Q.I 

hp 1I1f1fl1'jf)~U{j~'I1'W1U'tleHUHm~'Yllf1U0.85 

d 
1) fl11mnHlU (rpm) 

rpm 
1000xV c 

JtxD 

lOOOx61 
--
3.14x127 

= 152.9 rpm 

feed number of teeth 
f --x x rpm

III 

tooth rev 

0.106x8 x 152.9 

129.66 lilin/min 

129.66 x 0.9525 x 10.15 
=f xdXw=~-------

m 

60 
1 

= 2.002 cm·/sec 

hpc = Up x R, = 0.85 x 7.335 = 6.23 horsepower 
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hpc Up x Rv = 2.35 x 2.002 = 4.651 kW 

= 2568 Ib-in.(289.7 N-m) 

2.19 flT'HiI1~(Drilling) 

LfI~ ~'lL;)l~L1J'),JLfI~ e:J'lij~ tl~~ hH''lJ tll':i ~~tlU'lJ'lJ 111ii'l1mtJfI:IJ~fl~VH~m~ ~'l u~~Yiff 

'Yll'l tll':i~flLfI~m...!~l 'WU'I...! 1~'l fl~tlft'il'Wiifl:IJ~fl 2 fI:IJ~fl ~'liif11':i~~mL'lJ'lJ&f1~~'l& 'ijl~U\Pltl~N 

O'W'I1 mtJ':il1u'lJ'lJ Ali ~ i l1&'11lJ1~ft':lJO'W 'l1'W 'i$Ufl~l'l "l fltltlft'il'W~ 1i'OULfI~ tl'lL 'iJl~ lTm1J'W G)fU flii 
'" 

I "" d
" 1" ~ d ~. I Gt"~ d

':itl'l'Ufl (Twist Drill) 'W~tl\)lf)'Wtl1'ij G)ffl~tlfl11'WL':itJU (Reamer) &'V'I~G)f1tJ &'I1m'IJ~'l'H'ijl~:lJrnl:IJ 
'" 

~'ll"ll~~ (drilling head) 
~~'J'; H",~ (spindle ske\e j  

j' 1;';Ulil~r1r.,jIU (chuci;)  

V,il (column) 

fll'V'll1 2.32 ~m.lU!~ 1fltJ':i1:lJ'IJ~'lLfI~~'lL'ijl~ [5] 

Prinury CUllin;' \loriQI1 

fIl'V'll1 2.33 ~tl'l.lU!:;;'Yll'lL':i'IJlflW\Pl'IJ~'ltll':i&\)l:;; [5] 
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. . , 

hmTil'ill~ fll'iIfI ~ cJ'Ulit, ilfi fi eJ fll 'i '11 II•'W ~ eJ \I ~ eJ mYll'u ~\I{fl11nmi'1'W1W i~fi'\lu
~ 

~ '"' .
f11111L'i1~~ (Cuttmg Speed) 

1L.Dr.Nf 
V= 

.1000 

91' ~ I Q Q

i~tJ~ Dr L{f'WN1'Wff'WtJfim\l~eJfi{f11'W (mHHll~'i) 
OJ 

NT = 'ie1Jfll'i'l111'W~eJ\I~eJfi{f';h'W ('ieJ1J/'Wl'yi)• 

B~'ilfiWtJeJ'W (Feeding Rate) 

IT=f 
2 

i~tJ~ f = fiWUeJ'W~eJfI lll'i~~eJ\I~eJfi{fl1'W (iJl;)i'llll~'i Ifllll'i~) 

B~'ilfll'i'ih il;)'11~ (Metal Removal Rate) ~W~Ln~fll'ifll'iI'i~{flm'i\lf11'W1Wi~ 2mW 

fll'iL 'ill~ 'illfi;'W\ll'W~ihL'ill:::1l1eJVneJ'WU~1 n1JmW ~ hiihL'ill:::1l1eJVneJ'W{fll111\lf11'W1Wi~fi'\ld 
~ ~ ~ ~ 

1LD.f.NT 111''''' 0 

Zw = (lllmL'ill:::'Wl)4 OJ 

1L.(D - D)f.NT ("" 0 )

Zw = mL'ill:::'Wl4 OJ 

'j} I ~ 0 Q <C:l. 

D = L{f'WN1'Uff'UtJfil;)l\1~eJ\I'i'il:::'Ul (lIi~mLlll9l'i) 
OJ OJ 

&d.'iJ IQI &d.9I IQI.& Q.J 

1911 llfl111ll;) fil1l'l eJ \lfll 'i 'il:::ll11fiU fI111ll;) fil1l91 eJ \I fll'i 'il:::Ll11fiUfI111ll;) fi~ eJ \I) L'ill::: nll fi UfI11 llm1 
OJ 

~eJ\ltlmtJ~eJfib1'lTU ('i:::tJ::: a 'itl~ (~}) i~tJ~~eJfi{fl1'W1l1191'iill'UiilllltlmtJ~eJfib1'11'Ul'tilnU
OJ .. • 

118 eJ\lffl ~\lb1'lm'i\lf11'W1Wf11'W 1WfI111ltJl1t1mtJ~eJfib1'11'W'~ 'illfi 

Dp 
a = 

2 tan59 
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Lw 
TM = 

Lw = 

I
I 

\lediul11 carhon ~ted '5--20 10~15	 8-11 

8 2~.~--.:...:~~,~:.:..::~:..--~::':'~~-=-~ee::":'l~-" -+! 1_:~-:-,2---+[ l_:_~~:5__---1 :_,-_-'5--1 
',I ~------ii'-----------;-i --------r-j-~-----------j 

Slaink~, _'Iet'b i '0-"5 I 9-25 ! a-l0 
i----- I ---r---, ,'_ ' 7---------r-~--------j 
I CNlrons j 20-25 I 'v - I "-':2 

~__A_!l_I11~li_ni_l\_l1l_a_ll_o:'.....Y~ -+i~ 3_0-_5_5___ 25- 30  i ~ 5- 18 II 
I C=-'(:..'.)p-'-p_er_a_ll_o.::..y,~' + 2_5_-~_-5__---+ L_'O_-_,:0 '_0-__'_,2__ ---1t-1 

I :"la!!n..:,iu111 alloy, ~---+ '_"_O_-_;_'1__--+- 3_0_-~_'5_.__t_ -_:5_-_2._5__ 
Tiraniul11 alloy,  '0-'5 '0--25 _ L ~-9 

J" 

'---------------- 

~ .,j,
2.20 fll1flfl'Ulfll"HfltU)'t.! 'tn 

f)1'J flmnf)1'J !f1~tl'Ui l1I'll tl.:jijtl !1J'U f)1'J flfnnl1f)1'J 'YlN1'U 'II tl.:jijtlJ'.:j~tl.:jJ'U ~lJ'W'U n ti'U 

. " 
tl~l.:j i'J 1'U 'IIW~'Yl1.:j1'U ij!H~'UfliJ.yn i''lhtJ1 'U f)1'J1J''Ul1ml1l'lill'Jw{j~ tJtl11 UH'UfliJ~tl.:jijtl (Two-

OJ • OJ 

handed Process Chart) 

UH 'Ufl iJ ~tl.:j ij tl !~ 'U UH'U fl iJ ~ 1 i'1 'U f)1 'J 1J''U Vi tl f)1 'J rIN 1'U 'II tl.:j ij tl J'.:j ~ tl.:j 11 ~1J W'U n ti'U
OJ  OJ 

tl~N i 'J UH'UfliJ~tl.:jijtl 1i'1J''Ul1tlill'J 'YlN 1'U ~'Yl1~1"l ti'U 1~w1J''U l1tlf)1'J 'Yl1.:j1'U 'II tl.:jij m.f.:j~tl.:j!VitJ.:j
OJ 

, 'j} '1/ 'j} 'j} 

'J tl'U!~tJl9f.:j!'I'htiU!1J'UlPilu fl'U'II tl.:jfl1'V'lf)1'j '1'11.:j1'U'I'1.:j'l11J~'I'1.:j{jill'J1J''U l1 tlf)1'J r11.:j 1'U 'II tl.:j ijtl 'I'1.:j ~tl.:j 

1l~1J''UVitl1 n51Jw'Unti'U!1(1 l~ltJ !~tl1n'VI'j-1'U1-11'Unml1 ~.:j"lijtlJ'.:j~tl.:jrl1tl~i nj'N!W~~1JW'U n 

ti'Utl~Ni'j 

~UJ~mlt\r~1 'If'1J''U~tll 'Ul!H'UfliJm:qijtl
u  OJ 

" 1Pi.:j~huml.:j 

2) tl~1J~!1J'Uill'J~f1~m~~ (¢) 'H1J1tJo.:j ill'J !f1~tl'U~'IItl.:jijtl1l1tl1l~l1~.:jhJcJ.:jDtlll~'H~.:j.  . .  
1 d'l.... d \I] .... ~ 'd 
~~tJ'VI~'U1Jtlll~1Jtl~!'J'H'jtll1Jtll'll1J 
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3) n~lJ~ttlunWH)fltlfJ (D) l1lJlfJO~ tritlijtltltitlU~hw1uijtlhj'~llUl1~tlOtlL1'· ~ 
, d::'1 d 'JI 

4) n~lJ'I'ltlJum'j\'l'nllb1'tlU(0) l11J1t1tl~ m'j~'j11lb1'tlU m'jf}U111• 
5) m~lJ~ttlum'jOtlL1'('V) mJ1t1il~ iitlfhrl'~llUl1~tliitltl~hL1'!l~~l1t1~tlVtlU~· .  ~ 

II 

'I1rl'nm'j 'ilflUU linm'j'}'h~l'U'\Jtl~ijml~b1'tl~ lfltlnTi1tUH'U!JiJb1'tl~ijtl 

1) flmn1tl,jm'Utl~m'j'}'h~lu 1M't.u'l '11ntl'U ~~ijmr'U'YimrtllJ~ 
Q,I.0=:9 Cl .:!tt'j/1gJ.:90::::1 t'j/d I d gI~. Q,I& 

2) U'U'I'l n m 'j 'I'l1-:l l'U 'Utl ~ lJ tl'U 1~ fl'IJ 1-:l '11 U ~I'YW~ 'IJ Hlfltl1n tllJ tb1'1 111m111 ~ fl tlfJUlJ 'Yl nm':i 

o .c9 d t'j/ ~ 
'Y11 ~l'U'lJtl~lJtltlfl'IJNl1lJ-:l 

3) tlVl',rtrtyrl'nllrutYtl~i11'UnmL~t11tl'U 

4) fl1':i~lJ~'Ull~ulJlimn':i11lJ~tri()i~lJ'I1vml'U~'U1m] lfltlt1lJ~ijtl1flritl'U~'~ 

5) 'l1'Uliflfl1'jm~nl'Utl~iimf~tYtl-:ll'Uum111m~iuL~t11tl'Ufi~tlLritlfl1'jm~nlJ'U 
"" .I , "".,
Lf)~'IJ'U 'k·'1mLfltl1f)'U 

, 10 .c9 ~ d 1IJ Ill) t'j/ ~ J t'j/ ~ ~ Q,I cS/' Go' 0Q,I Q,I 

6) m':i'Yll-:lllJ 'Utl ~lJ tl'Yl-:ltYtl-:l'Yl tlJ tfltflfl'IJ'U'W'j tllJnuclt -:j~tl-:j 'il~UlJ 'Ylfl~ H':i~flUf)lJ~ llJ m 
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t:l 

tJ'YI'YI 3 

. 
.et A 4.1 J 

fll't'f't1 3.1 f1'ilNaflflwcn Taegu Tee 

Tools 

.  
q A QJ J 

.fll'W't1 3.2 f1'ilNaflflwcn Kennametal 
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rSANt)\lIK,SAND'VIK CorOrn31itt.. ,_ '''' .,' 
c...,..~ Cv.oJ"U ~!<t'".
 

Tn: t~.c<>.t.l('~O~ 1M. ..U.JU4Ut  
_ (..,p'>"."l_~~" (Q"f1  

SANDVIK  
Coromant 

~ 4ClIl Q,I • 

.fll'Wn 3.3 fl"ilN1tfltlWarI Sandvik 

•·0e.WIOIA 

0--•. 
Haw unbeatable 'UI200' geometnesWI0IAf)7 

.::i ~ IV t! 
ill'YfYI 3.4 Vl"ilN1tVliltl.!Of1 Widia 
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1 

-b b 

. 1 

/3 
-'~--~===~ 

.:i 1144 tt 
.flTrt't1 3.5 RlllllRna·nnJ Kr 45• 

b

. 
... ""'4 <E.fll'rt't1 3.7 {?JllJlIRna-3l1l1 Kr 45• 
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"I iI dI 4 'Iii 0< ...

3.1.2 m6n~1~~~na~I'lfI~~1J~'t1":i~S 
. " 

lfltJl..riM'flllW~ljlJ (Kr) ~l~nU'H~tlL~U~i1~fiWGf1~h~'ifiJflnulu~ihi1tlfl 

Kennametal 75°, Widia 45°, Kennameta145° 
'jI d

lllJfl1lJlJfl 75° 

d iI d .c:$I 

.tll'W't1 3.8 ~l~~Ana,:,t Kennametal ~~ (Kr) 75° 

. 
... iI'" 4 

.tll'Vt't1 3.9 ~l~~Ana,:,t WIDIA ~~ (Kr) 45° 

. 
... iI dI 4 

.tll'W't1 3.10 ~l~~~na,:,t Kennametal ~~ (Kr) 45° 
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"".oj " .oj ... ,

3.1.3 lUfl1'1f1n1)tTt'l'U~llJlJVlni:l,:,jUfli:l::UtJtJ 

'JI "" ... 1 ~ .oj ... •

~'jJ'ilffU1J'tJ\Jl~~11111~n~~ ~rJm1~11'ilffU1J'\J\Jl~'\JU~~111111~n~~ U1J~m'j~'jJ'ilffmJ 

flflmrJU 2 "hUi{1rJfi\J;{fl 

"" ft I' '-11 'I 1II do .. .. ft 1 ...:, ..
3.1.3.1 m'j'fl'j1'ilfffl1J~n'l!:lw:::l1J'jl~V11 1J ~rJ L'ifnfl'HUrJ7m~1Jt1Jfl'j 

45 <G> 45 <G> 75 \E 

%"W"" d 

~fl't1 

A B C D E F G H I J K L M N 

Kennametal " \E 129 136 158 25 31.5 16 - 7.5 - - 5 8 3 13.5 

Widia " 
(f; 

129 138 150 25 - - - 7.5 - - 5 12.5 5 12.5 

KennametaI" @ 131 135 149 25 - 139 145 7.5 - - 5 3.5 5 II 
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Plane 4 
Plane 

Plane 2 

-----Plane 9 

Plane 1 
'---....la06 7 

~-plane 5 

'---tJ'lane 6 

'----f-'Iane 8 

I9mJ fll'Vi~ 3.12 ru'U fn'J tlTl1 'U fIruUlJ'U fn 'J 191 ';j 'HI 'fftl'U 'U1nunJJ ~ m)'U W~'U ij fI 

'lJ'Ulfi 12.7 x 12.7 x 4.76 mJ. lf1tJiJ~H'fl1'J19l'J1'il'fftl'U\OIllJI9l1'Jl~~ 3.2 
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""e.RMUTP .llftllfi 

.--.-- ------ '~'. 

- -. _ 

X~ 0.OOI8AX=PlaneMeao 
0.0011 AY=Plane I  y~ 

Z~ 36.7294AZ=(1) 

X= -o.0535AX=Plane Mean 
Y= -o.0946AY~Plane 2 
Z= 52.6434AZ=(2) 

A=Angle 

Angle 

(1) 

X~ 84.4034AX=PlJlne Mean  
Y= -84.4743 AY= Plane 3  
Z= O.0255AZ= (3) 

A=Angle 

Angle 
(2) 

X~ 84.3582AX~PI8Ile Mean 
y= -87.2502 AY=Plane 4 
Z= 18.7161 AZ=(4) 

A=Angle 

Angle 

(3) 

--_.- 

89.9972L= 

89.9983 

0.0033 

9O.0S82L= 

90.1030 

0.11113 

0:07:16 

45.0241 L= 

135.0241 

89.9877 

89:59:13 

46.6092 L= 

135.2774 

81.2331 

81:13:57 

36.7294d= 

52.6435 d~ 

1I9.4146d= 

122.7973d= 

Sit_ie Hoder 1 

0.00002 

0.00575 

(1) Plane 

(2) Plane 

0.00068 

(I) Plaoe 

(3) Plane 

0.06219 

(I) PI8IIe 

(4) Plane 
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Plane M.,8I1 X~ 180.l863AX= 135.2454 L~ 253.7374 d~ 0.00764 

PlAne 5 y~ 178.6457 A Y 134.7534 

(5) z -1.1314 AZ= 89.7445 

Angle 
Angle 

A= 89:44:52 (1) Plane 

(5) Plane 

(4) 

P1sueMean X= 174.4269 AX 134.8556L~ 247.3009d 0.00087 

Plene 6 Y 173.8160AY~ 134.6563 

(6) Z -22.8256AZ= 84.7041 

Augle A 114:42:27 (I) Plane 

Angle (6) Plane 

(5) 

Plene Mean X- 172.4326AX~ 135.1654 L 243.1558 d- 0.00518 

Plane 7 Y= 171.4401 AY= 134.8346 

(7) Z~ -0.1435 AZ- 89.9662 

119:511:10 (I) PlaneAngle 
(7) PlaneAugle 

(6) 

131.6596d= 0.03785Plane Mean X= 93.6403AX= 44.6649L= 

Plane 8 y= -92.5511 A Y= 134.6648 

(8) Z= 0.1895AZ= 89.9175 

89:55:00 (1) PleneAngle 
(8) PlaneAngle 

(7) 

Plane Mean X- 271.2233 AX 0.0785L 27L2236d= 0.00364 

Plane 9 Y= -0.3610 AY= 90.0763 

(9) Z~ -0.0886AZ= 90.0187 

90:00:57 (I) PlaneAngle A= 
(9) PlaneAngle 

(8) 

d.... ~ 'JJ .<> 'I 'JJ 
'illfl~l';jl~'Vl 3.2 ~1'1fll':i1~';j~'\.Jl'lJ (Plane 1) t1J'\.J';j~'\.Jl'lJfl1~e:J~ (Reference) t'Jj''j~'\.Jl'lJ'tIe:J~ 

, ,,... 
1~~';j~ ~'lJ tn '\.J 'j ~'\.J 1'lJ t~)J ~Wh111'lJ fll'j U'1~ a~';j:'\.Jl'lJ~'\.J'1 'I1~nlflU'\.J~';j 1 'iHHl'lJ';j:'\.J l'lJfi 2 

(Plane 2) 'Vl'lJ'hYll)J)JO'lJ'j~'\.Jl'lJ~ I t'yhO'lJ 0 e:J~fl'1 07 ihJfl116 fl~Ufl1, 'j~'\.Jl'lJ~ 3 (Plane 3) rb 
q 

l.J1JO'lJ'j~'\.Jl'lJ~ I t'YhO'lJ 89 e:J~rrl 59 ~Ufl1 13 ~~U~l, ';j~'\.Jl'lJ~ 4 (Plane 4) Vllil1JO'lJ'j:'\.Jl'lJ~ I 

t'YhO'lJ 81 e:J~fl'1 I3 ~U~l 57 ~~U~l, 'j~'\.Jl'lJ~ 5 (Plane 5) 'Y11il1JO'lJ';j~'\.Jl'lJ~ 1 t'YhO'lJ 89 e:J~fl'1 44 

~U~l 52 ~~U~l, ';j~'\.Jl'lJ~ 6 (Plane 6) Vll1J)JO'lJ';j:'\.Jl'lJ~ I t'YhO'lJ 84 e:J~fl'1 42 ~U~l 27 ~~U~l, 
q 

'j~'\.Jl'lJ~ 7 (Plane 7) 'Y11il~JO'lJ';j~'\.Jl'lJ~ I t'vhO'lJ 89 e:J~fl'1 58 ~Ufl1 IO fl~1J~1, ';j~'\.Jl'lJ~ 8 (Plane 

8) 'Y11il1JO'lJ'j~'\.Jl'lJ~ I t'YhO'lJ 89 e:J~rrl 55 ~Ufl1 00 fl~U~l 
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. 
f11'iHYi 3.3 Nam'ifl'i1{J~~lJ'i:'l.nm6f.J~ Widia 45° 

rng.RMUTP .1-' .\'111111. ffotln 1 

•  
~~:-~~:-~----~--

PI...... M.., X= 0.OOI8AX= 89.9972L= 36.7294d- 0.00002 

Plane I y- 0.0011 AY- 89.9983 

(I) z~ 36.7294AZ~ 0.0033 

PlaneM...... X= -0.05?5AX= 9O.0582L= 52.6435 d= 0.00575 

Plsne2 Y- -O.0946AY- 90.1030 

(2) z- 52.6434AZ- 0.1183 

Angle A- 0:07:16 (I) Plane 

Angle (2) Plan" 

(I) 

PlaneM...... X- 84.4034 AX- 45_0241L- 119.4146d- 0.00068 

Plane 3 Y= -84_4743 A Y- 135.0241 

(3) z- 0.02SSAZ- 89.98n 

Angle A= 89:59:13 (I) Plane 

Angle (3) PI_ 

(2) 

PlaneM...... X= 84.3582AX= 46_6092L= 122.7973d= 0.06219 

Plane 4 Y- -117_2502 AY- 135_2n4 

(4) z- 18.7161 AZ= 81.2331 

Angle A~ 81:13:57 (I) Plane 

Angle (4) Plane 

(3) 

Plane Moan X= lBO_1863 AX- 135.2454L= 253.7374d= 0.00764 
Plane 5 y= 178.6457 AY- 134_7534 

(5) z- -1.l314AZ= 89.7445 

AnsIe A- 89:44:52 (I) Plane 
Angle (5) Plane 
(4) 

PlaoeMean X~ 174.4269 AX~ 134.8556L- 247-3009d- 0_00087 
Plane Ii Y- I 73.8IGOAY- 134_6563 
(6) z~ -22.8256 AZ= 84.7041 

Angle A- 84:42-27 (I) Plane 
Angle (6) Plane 
(5) 

x~Plane Me"" 172.4326 AX- 135_1654 L- 243.15511 d~ 0.00518 
Plane 7 ¥= 171.4401 AY- 134_8346 
(7) Z~ -O.14J5AZ- 89.9662 
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0.03785 

V11'H:i~ 3.3 ~j;1nl'~V1~lmHl'U~~l,!1'U!6£l-:.l Widia 45° (fit) 
A~ 89:58:10 (I) Plmle

AnBle 
(7) Plane

Anllie 
(6) 

Plane Mean x- 93.6403AX= 44.6649L= 13L6596d=  

PIMe 8 V- -92.5511 AV- 134.6648  

Z~ 0.1895 AZ~ 89.9175(II) 

A- 89:55:00 (1) PlaneAngle 
(8) PlaneAngle 

(7) 

Plane Mean x~ 271.2233 AX~ 0.0785 L- 271.2236d- 0.00364 

Plane 9 Y= -O.3610AY= 90.0763 

(9) Z= -O.0886AZ= 90.01117 

A= 90:00:57 (I) PlaneAngle 
(9) PlaneAngle 

(8) 

Plane Mean X= 171.5513AX~ 135.1536 L= 24L9626d~ 0.00299 

Plane 10 Y~ 170.6338 AY= 134.8463 

Z~ 0.3980AZ= 90.0943(10) 

90:05:51 (I) PlaneAngle A= 
(;0) PlaneAngle 

(9) 

9O.0000L- 80.1261 d- 0.01855 

Line I V- 80.1258AY~ 90.1504 
Line Mean x- 0.0000 AX

(I) Z= O.2104AZ= 0.1504 

Angle A~ 89:50:52 (1) Line 

Angle (I) Plane 

(10) 

d '" ?t 'JI "" 1'JI
~ln~l'jl.:J'Yl 3.3 ~H'lf11'j';)m~Ul'U (Plane 1) 11JUd~Ul'Uf)1.:JfH (Reference) 'il''j~Ul'U'lJf)~ 

1~~ 'j ~ ~'U 1~'U 'j~'U l'U 1~'lJ ~w;hl1 1lJ nnfll~fl.:J'j~U llJgU'l l1~.:J'llmju~'j';) 'lbHl lJ'j~U llJ~ 2 

(Plane 2) 'WlJ'hYll'lJ'lJnlJ'j~mlJ~ 11'YhnlJ 0 f)~fll 07 ~1J~11 16 :rHhJm. 'j~UllJ~ 3 (Plane 3) 'l11. 
~'lJnlJ'j~'UllJ~ 11'YhnlJ 89 eJ~fl1 59 ~1Jm 13 VJ~1J~l. 'j~UllJ~ 4 (Plane 4) 'l111l'lJnlJ'j~'UllJ~ 1 

l'yhnlJ 81 f)~fll 13 ~1J~11 57 :W~1J~n. 'j~'UllJ~ 5 (Plane 5) Yll'lJ'lJnlJ'j~UllJ~ I l'YhnlJ 89 f)~fll 44. 
~1J~1l 52 YJ~U~l. 'j~UllJ~ 6 (Plane 6) 'l11lJ'lJnlJ'j~UllJ~ 1 l'yhnlJ 84 f)~fll 42 ~1J~1 27 :W~um, 

'j~'UllJ~ 7 (Plane 7) 'l11lJ'lJ\llJ'j~UllJ~ I l'vhnlJ 89 f)~fll 58 ~'l..lm 10 VJ~1Jm. 'j~UllJ~ 8 (Plane 

8) 'l11lJ'lJtilJ'j~'UllJ~ I 1l11nlJ 89 f)~fll 55 ~1Jm 00 :W~'l..l~1 
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_g.RMUTP .1-' ..."lUIk Hotkr 1 

.--..,~~...--:---- .... 

Plane Mean 

Plane I 

(I) 

X~ 

Y
Z~ 

-O.OOO4AX= 

0.OOO8AY

24.1208AZ= 

9O:00:03L= 

89:59:53 
0:00:07 

24.1208d= 0.00034 

Plane Metul 

Plane 2 
(2) 

X~ 

Y
Z~ 

0.0446AX~ 

-O.0015AY

17.0096AZ= 

89:50:59L

90:00:18 

0:09:01 

17.0097d~ 0.00177 

Ansle 
Angle 

(I) 

A· 0:09:01 (I) Plano 

(2) Pl8De 

Plane MelIIl 

Plano 3 
(3) 

X~ 

Y= 

Z= 

319.3637 AX~ 

88.6846AY= 

·1.2462AZ= 

15:31:16 L

74:28:50 

90:12:56 

331.4508d 0.00195 

Angle 

Angle 
(2) 

A~ 89:47:04 (I) Plane 

(3) Plane 

Plane Mem 

Plane 4 
(4) 

X= 
Y= 

Z

318.3058 AX= 

88.7209AY= 

32.2019AZ

16:30:58L

74:30:02 

84:26:02 

33HlO44d 002568 

Angle 

Angle 
(3) 

A= 95:33:58 (I) Plane 

(4) Plane 

Plane Mean 

PIanoS 
(5) 

X~ 

Y

Z= 

·11.5936AX~ 

4L7504AY

-4.3443AZ= 

74:33:36L= 

163:28:57 

84:16:29 

43.5475 d= 0.02496 

Angle 

Angle 
(4) 

A= 95:43:31 (1) Plane 

(5) Plane 

P1""eMean 
Plane 6 
(6) 

X~ 

y~ 

Z= 

-12.1846AX~ 

43.6462AY

·O.1557AZ~ 

74:24:07L= 

164:24:03 

89:48: II 

45.3153 d~ 0.00672 

GEOPAK-W"". f'1.S.R7 heel 
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.e:t .c:t , 
rll'iHYI 3.4 j:.j~f)l'iV1'i1'IHf{)lJ'i~'Ull.H{)fJ~Kennametal 75° (~() 

A~ 90:11 :49 (I) PlaneAngle 
(6) PlaneAngle 

(5) 

0.00306x~ -9.4537 AX~ 74'28:09L= 3"'.3073 d~
 

Plane 7  

Plane Mean 
y= 34.0181 AY~ 164:28:09 

(7) z- 0.0332 AZ- 90:03:14 

A~ 89:56:46 (I) PlaneAngle 
(7) PI....,

An~1e 

(6) 

1"i:40:0"iL 342.3280d- 0.05011 

PIRI1e 8 

PI....eMellll x 329.6079 AX
Y~ 92.4329AY= 74:20:06 

(8) z= 1.8038AZ= 89:41:53 

A= 90:18:07 (I) PlaneAngle 
(8) Plane

An~le 

(7) 

x~ 320.0294 AX= 9O'09:38L= 320.0l0fid= 0.02136Lin"M"""  
Lin,,1 Y= O.OOOOAY~ 90:00:00  

(I) Z= -0.S969AZ~ 179:50:22 

A= (I) LineAngle 
(I) PlaneAn~le 

(8) 

- . ---------~~----

GEOPAK-W"ur ,,1.5.R7 Palle 2 

..d... ~ 'J/ '" 'l'J/
'j)lfl~l'iHYl 3.4 l'l"fll'i':l~'i~'Ul'lJ(Plane 1) tlJ'U'i~'Ul'lJm'H)~ (Reference) L'lf'i~'Ul'lJ'tIfl~ 

I I JI , 

i r::J QJ?I oiC), 9J 0 GI 'jJ.e::t. a QI QI d. 

~~ 'i ~ ~ 'lJ tlJ 'U 'i~ 'U1'lJ t'i lJ ~ 'U 'C1'1 '11 'i 'lJ fll'i fl Hfl ~'i ~ 'U1'lJ fl 'U "l '11"~ 'j)l fl'U 'U ~ 'i ':I 'j)ftfl 'lJ'i ~ 'U 1'lJ'Yl 2 

(Plane 2) 'W'lJ11'nl~lJti'lJ'i~til'lJ~ 1 t'Yhti'lJ 0 fl~ffl 09 ihJ~l 01 ~ihJ~l, 'i~'Ul'lJ~ 3 (Plane 3) vll 

~lJti'lJ'i~'Ul'lJ~ It'vhti'lJ 89 fl~ffl 47 ihJ~l 04 ~ihJ~l, 'i~'Ul'lJ~ 4 (Plane 4) 't11~lJti'lJ'i:'Ul'lJ~ I 

t'Yhti'lJ 95 fl~ffl 33 ihJ~l 58 YJihJ~l, 'i~'Ul'lJ~ 5 (Plane 5) 't11~lJti'lJ'i~'Ul'lJ~ 1 t'vhti'lJ 95 fl~ffl 43 

ihJ~131 YJihJ~l, 'i~'Ul'lJ~ 6 (Plane 6) 't11~lJti'lJ'i~'Ul'lJ~ I t'Yhti'lJ 89 fl~ffl 48 ihJ~l 11 YJihJ~l, 

'i~'Ul'lJ~ 7 (Plane 7) 't1l'lllJn'lJ'i~'Ul'lJ~ 1 t'vhti'lJ 89 fl~ffl 56 ihJ~l 48 YJihJ~l, 'i~'Ul'lJ~ 8 (Plane 

8) 't1l'lJlJti'lJ'i~'Ul'lJ~ 1 t'vhn'lJ 90 fl~ffl 18 ihJ~l 07 YJihJ~l 
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0 

, cv dGf ~ ~ gI d Cl 

3.1.3.3 ff1UfH'lJ'tIunff~'YIt'll'f./ftf1~l1J1J~flft~ 

o iI ai .e!I Q,I" iI <l!I  "",1
U1~11J1J~flft~'YI~ 3 mllflfl Kennametal 75, WIDIA 45 Lm~ Kennametal 45 blJm 

ffttli'llAf'l11ri1Uf./ffllm~1f'lJm111'fi'f./ftm11~~~~111~~3.5 

st~nd~rdile (d't Transfer Options QJ)1 

i--"allPJe ;';en 15 -_.. <==~===- -i;vVA,;:=;71;1~o~=1~~;;-~~;~~1
l4 ;·l'.~"i" : r", Alloy ~ _AS I_eM ALDycd steel i OCltt' ')6"08-09 I 
i=.=.:..c:::..==---=· ..::-=.::;::;;.:~.	 _._~_Jo..:;.~=,--,-.,-,--_;-;-__.....-"",=._""~.-.=~,.",,,,:_; 

~_~~~men t r~':: __~~~~~ 2_.__f~'~:. ~._._!:U~~_~, i~.'e ':~~~; __ I1

i:=2  ("0) '';:7.19 '17.:5 '17,,9 i 97.18 I 
(\l 0.~37 ul~4 0 430 i 0 ~3~ JI, ! Sl  it) 0 25~ c.~~3 0 ?S5 'O~j2 J 

i"'l;"1 "i {) (,9..'l .71;) '~". (,'~f;	 I), .'C\ JI 

~	 --. ~ J'i~ <,~):	 I\~ u.().~G O~_() 0.0;'; ~.)'·.O~;:lJ· " 
~~j 0.020 G.(~:3 ().(~~J	 _ . 

I
1:1" ('".Ii); ('\.9/.j-S O,9r": 0,'-'6,-1 ;'"': ·~.;(.7 

NI ( \. ; ,) . oq;:j 'J •.,00 O. oq,7 o .C9~: 

Me. ('i) 0.00: C.OGS o. {>o / Co. cO[, 
\j ( '::, ) 0 , 00 1 G . 00 1 O.OUl V. ',01 

(I . :':t~f'~'I 1~,·.·J	 {:~j 0.008 0 007 C'. 0.1 
I i·;~! O.21~, <:. ='?,~; O. ; . .I,; 

I ~l l~' 0.047 0.050 ~:~:.~ I
~	 , ~; ) CJ ..:,>,~;.) .. :)~ ~". '_0':.1 

Q 
1 

.=..~.co=..,= .==.=.=.'_=~."'~'~'~'_~""""=.~.~=_	 - .••~. ==-=J.• _=...=~ '~" ..=.· •.••.~=.==.=o~." "O'-~ •...• ...~ 

.d • d ~ QI fiji d ~ 
~lfl~1'j 1~ 'YI 3.5 fl11~~1~ fffllJ ff1U f./ffll'YI1~tfl1J'tI ~~ ~ 11 f./ft ~l,flW CVl~ 11Jll~ flft ~ 

•  ='t d ,J ~~ 

Kennametal 75° ff1Uf./ff1JUJUL11ftfl ( Fe) 97.18 % , fll';jlJfl'\.l ( C) 0.345 % , CJfftflflU ( Si ) 

0.258 % , U1J~fl1Uff (Mn) 0.701 % , ifl1trlVll (Cr) 0.967 % 'YIfl~U~~ (eu) 0.217 % 
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, 

~l'jHn 3.6 HiTPI-1Nl:lfll'j ...hcrltJfll~{'UeH~UJijVlfl~-1 WIDIA 45° 

} : '; i ': ': i ~I -:', I . ~ I . I : 

l""--_O="'"C"'_~="~'="'==~O~~'=' .,~._-~==-,--- "~--.~~-~' =-~, "---='=~~='_.~,~.c__ -;=...=._=-~ -~~.-""- i 
, ~;a.r(':~)I·~- 'J 1 ~~=j ~P~I ..'~~C - 11:(". : .' :). :)2::'; J 

j,.~" ..t__,-.._:,>_._l_-_:_i~..-.. -.:__ ._F_-.C- ..._~H_.·'.~..:~_._~_!_"_. ...~~D'-" '.C'i {;j It,,,'·');.! ~:::.e ...;J "D.~.:.,,: CJ:, -08-(":' j 
- . - - - -~ -.-=,~ ~~(~ '~i-'-=-=- ==:'~i~"i-=~~~-' ,=~ -b' .'~-= "",;-- ;~ E~r-~~;[""'"1 

!--~: ~':~ :,~---- ---- -l--~ ':n9~---- -- ---:~: ~~--'"-----c~J--';4------- -- --- -- '?C-'~:-;-i 
C (%) ') lie r,c. ') tCS O.C'LC, « 
5i (~I O.~7c J ~7S ) 2f~ 0.777 " 
i'ln  ('~) [.[.'7:" J 11 ');:-8:- Ot~77 

(~) 0 ~J)~_ r O:~:~ .C~3 O.()53 ~ 

(~" ') I, ):~.~' :1 ,)~~:) \ 0.1:23 
" 9,i5 
() II ,.("i)  (, 1:: () C l09  

,= '~Ol
 e, ~::04 

o 0':)7 

I::.'! 

• J C'.:J 

o 023 

.d  'do.c:), QI ~fJJ ~ 
~ln~l'n~'Y1 3.6 f/rl fll'J ~'J 1 ~"H)'U 'ff1lHHTlJ'YI1,mnJ "J~H¥'l 'Jl Hrl ~.flW crt~l1J nrl ~ 

Widia 45° thUf/fflJtiJUn1~n ( Fe) 96.97 % , m{'UflU ( C) 0.616 % , r;~nflU ( Si) 0.277 %, 

UlJ~01U'ff (Mn) 0.677 % , lfl'J~rltJlJ (Cr) 0.939 % , Utnrl (Ni) 0.113 % ,11J~~hrlJ (Mo) 

0.202 % 
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r ',',mp) e~en 4') , ="~"'-'~=~~===-=-~'=~~'=-'~-~:~=r';~i::':=~~'~~:-~;;;l 

~~~< tri" ce Al] ny = Li~~~-=--=--Lew ~~~~~d ~~:~:_='_=~c=.l ~:~~: .:~'::(~~~,:~ 
Element G0rn Burr 2 burn ~ Bur; 4 AVBragp J 
'--,,-'---------~---- ----------------------r---.--'- I 
~~ (%) ) 9 1 .50 Q7.49 97 49 j Q7 <9 I 
C (.".) \i O ..t28 0 430 0,'124 I C;. ~:'c~ J

i I
Si (%) 0.263 J.266 O.~70 ~. !et ~,' 
Mr (%) O.54~ O.SS3 {).3S0 0~~51 I 
P ('1) 0 ('2':; (). a:~6 :) .027 '; . 0-::7 Ji 

S (~o') 0.0:.'3 c\ 02.3 0021 "0;":, 
<. \"d O.{B<~ 0.841 0.;337 C.ri3,l I 
." i ( %) O. 149 ;) . 1S 1 ,') .' ':' C' C :. ~.1 I 
f-;e- (%) O.COO < 0.0')0 a.ooc C.'OO i 
V ( ';; ) 0.001 0 no 1 I). 001. '.- . 00 j 'I 
Ti (~;') 0,000 (> 000 -( <j, 00:) (). ':O:l 
C' ( ';'. ) (L : ".::, a. i 54 0 . 1 '0(, ~ - :'; I 

~ Al (%) 1 0.024 O.0?~ 0.023 1~2~ HI c~ 1%) I o_o~~ G.O~4 0.)44 i G.G~1 I 

j 1 ) J 
oC, _.'--==.~.=~.=======~_.=~,= __·=~=_====~~.·~~~_~~~·.'=-·~==~,·'c= __ ,.= ·=,L~·~~,~__==c=·d 

..d • oe:t .c::.. QI flil .c=9: 
'illfl~l'n~'Yl 3.7 NnfllHl'i1'ilff01Jff1'UNfflJ'YlNU'1lJ'lIO~~'ilNn~.nWetWlllJfln.:l 

Kennametal 45° f.'h'UNfflHrJ'U~'VI~fl ( Fe) 97.49 % , t1l11Jo'U ( C) 0.428 %, c)j~flO'U ( Si) 

0.266 % , HlJ~flTUff (Mn) 0.551 % , lfmrlfJlJ (Cr) 0.838 % , ihnn (Ni) 0.151 % , 

'YlO~!tfl.:l (Cu) 0.154 % 
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3.1.3.4 fl1~VI~HHl1Jfl1~'H'-nU 

f)l~ VI~HH)1Jf)l~ n~~!iJu fl1~ VI~HH)1Jf)lHi~!Q tlU t11J;U ,:nu m~ nml'l AISII050 hHJ 

tltInU1J1J;U~lU\9l1lJm~~3.13 !iJU;U'llU~lUf)lm~~VI~H1'tl1JU~1'lJn~;U,:nU'il~~'lJU1~f111lJ 

Ul1n~'l'lJCJn~b 30.00 lJlJ. 'lJw:::n~'l '1:H~l1J~llJ!ff'l:jf)~~tUU~(l~f)l~ mH1'tI1J!~ml1 hM1U1WUH 

"'... 11 . 
'jJdodOl 1Q,f

\9l~HQtlUlm~~~U::: fl'l'IJCJ'l~llJlJ~VI'il1JV11!Vllfl1J30.00 lJlJ. 

1) !~tJul'IJiufl1m~'l'lJCJfl 
. " 

1~U~!~CJU1'IJfl1~VI~'in)1J ~'lij 

Feed rate 0.15 mmlrev· 
Q 

fI11lJl~1~tJ1J 1800 rev/min 

1JlJ'lJmu~~ 0.8 rom.  

1J lJfllUlff'l:J f3 =6°  

fI11lJU11tUfl1~n~~'lJtln~1 30.00 mm.  

Depth ofcut 3.00 rom.  

~~U~fI11lJU11'lJmu~~ 30.00 mm.  

'" <!/
'\JU1~'lJtJ'llJ~n(l'l b = 25 rom. h = 25 mm. 

'" .£2) fl1~!\9lHJlJ'l$U'llU 
'JI j/ , 'JJ 

- ,j~91tl1''i1''.lll'ign AISI 1050 f111lJl\9l 38.00 mm. (1.5 lJl) f111lJ!~CJ;U'llUCJ~ 
+'" VI 0.005 lJlJ. 

~:I-+----I-

I. • L20 30 

cI et ~, G)V 
illYlfI 3.13 f11'.i!A'JU'll'lf'U'l1'Ufle:l'U'flVliH)'Ufll'.i !'If'll'U 
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" 3) .;r'U~tl'U''Um'.iVlfl~tl1J 

'" 1t! dt 1 .........:, " , " .dI- t'UtI'U '.ium1Jnwm,~ CNC ~l1Jt~tl'U 'Um'.i~f1l1HI'Ull fltl'tHlU1J1J 1 

.at 4.c1 
.fITrfrJ 3.14 Ifl1 tl..:Jfla..:J CNC 

fJ/dQl_'i 41.... t! dCi QlfJ/dd 
. 

- t! '.i~ ntl1Jfll1J1Jflfl1JlJfl1J1JfI f1t11f1tl111Jtn1 ~l1n 111U1JfI tH!l'U'.ifl~'.i1Jfll1J1JflVI'.i~ t1~ 

fl111JtI11 30.00 iJl1~W~'.i 
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. 
Q 0 i'd' 40 ,v

ill't'tYl 3.15 0l'H'W\?lf\11'll£Jn"a~(;lnIJJl>Ifla'Ufll;l~0l'H'Ul>If\11JJ£JnlYllfl1.J30.00 JJJJ. 
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"'" "'I "'I
3.1.4 1'l'j1'iHH)tJmllJ'l1t11tJ~1m'l.:.Jtl":::lffllml.:.J 

3.1.4.1 I'Id1'il~H)tJ~hHU~~l'lJf)1'jn~.:.J'lJm)\9l1lJ1J1I'l'jSllU'InJ.:.JANSl95 
. " , 

- ftlf111lJl1tlltJ Ra 'l11J1t1~.:.J ftlmllJ'l1t11tJFhl1'l111~'illnm'j'j1lJWUl1t1(l~ 

l! 'l1 ~lJ'U (l.:.JflgumuemYU~.:.Jm'll.:.J (M-Line) ntJ~U~tlfl~tl'l1 ~lJ'U(l.:.Jfl gu'~t ffU~.:.J nn1.:.J 

'l11'j ~1t1mllJtI11m~tI (Lm) 1~tI~ftl'U(l.:.J Ra iJ'l1l.btl1~11JUllJ1mllJm (Ji m ) 

""b:~

~~11 

1m • MclRllinsl..CllJhI 

. 
o=l OJ ... 

.fl1'rlll 3.17 't1flllW:::fllUJ't'ifJl'UNl Ra 

- ftlmllJ'l1t11tJi'h~T.:.J~~ Ry 'l11Jlt1~.:.J fll11J~n~p~~'Ufl.:.J~fl.:.Jfl11lJ'l1mtJ~iJij~'U 

'j:::tI:::l'l~~fltJ (i.:.JJ'lJ 2.10) 

/~ ~ I' rl ,flo'''.
f\ i \1\ ct \, &/'VI, " ;r-J \ / / " I I 

I I , I /'. I ,.,: :; • I II 

~=~+~ 
- -----J
I 

.
_I .c:l lV .q

JU.fl1'rlll 3.18 't1fl1JW:::fllUJ11fJl'UNl Ry 

- ftlfl11lJ'l1t11tJ Rz 'l11J1t1~.:.J ftlfl11lJ'l1t11tJFb ~.:.Jm 1~'illnm'j1~l;l(ltJlrJlJ'lf1.:.J 

lvil"1 nu 5 9i1.:.JUti'1\hftl~ l~1J1'jllJnU'l11'j~'"JtI 5 1~tI~ftl'U(l.:.J Rz iJ'l1lJ 1m1Ju 

llJ1mllJl'l'j (Jim) 

Ie 

. 
o=l OJ ... 

.fl1'rlll 3.19 't1fl1JW:::fllUI't'ifJl'UNl Rz 
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.  
.ot.., '" 

fll'W't1 3.19 l1fl'llW~fl111l11U1'UN1Rz 

" '" '" «i3.1.4.2 ~Hlf11~ft~11l'tn:)1Jml'lJlHn1Jm'tlfl\l'lfU\llUml\l 

J, ~ ..::tJ:::t"..::t.::t <2  
V1l'H~'t1 3.8 fllfl11lJl1U1'UH1\11U't1mF.I~1tllJ~fll1\1Kennametal 75  

I  , .. 
filft1l1nm11JH1 

Kemwnetal 
..f Rz(pm)RJ(pm) Ry(pml
"mu 

Ry Ry Ry Rz RzRa Ra Ry R.z RzNumber -RaIRa - -RyRa.. .. Rz
I I  2 I 3  4 2  4  2 UflfUl~ 4  I  3  I  3  

6.4I  SSSCR2S2SM12 7.7 10.2 7.675 6.0 5.7 6.50.92 0.89 0.90 1.31 1.005 6.4 6.0 8.3 

2  SSSCR.2S2SM12 44.2 52.0 44.65.92 7.41 102.0 45.3 72.5 35.88.81 5.68 9.23 66.0 36.4 54.2 

3 . SSSCR2S2SM12 ·34.02539.8 56.15 27.8 28.1 49.43.83 431  7.26 5.n 63.9 84.6 30.85.04 36.3 

. . 
.ot, '" .ot.cll·.ot... G 

V11'iH't1 3.9 fllfl11lJmJlt1H1\11U't1fliHA1tlllAfl"'.:.t Widia 45  

I ... 
fl1fll11111lJ11JHl 

Widia 
• Ripm) Ry(JITI} Rz(pm)mlU 

Number .Ra Ra Ra Ra - Ry Ry Ry Ry - Rz Rz Rz Rzi 
Ry -

4 .. Ra 
2 3 

Rz 
. Uflna~ I 2 3 4 I 4 I 2 3 4 

I LRIlSSB2525M12 1.32 1.23 1.23 1.30 117 11.1 8.7 9.1 11.5 10.1 8.3 7.7 7.8 7.9 7.925 

2 LRllSSB252SM12 1.27 1.25 1.31 1.23 1.255 10.2 95 9.9 8.7 9.575 83 7.7 7.8 7.9 7.925 

1.2921 I\.6 
i 

3 LRllSSB2S2SM12 1.26 1.29 1.35 117 10.01 15.8 11.1 12.125 8.2 7.8 9.6 9.1 8.675 

..• 
W~lll 

I  I  , 
, ,.  
, 
i 3  

..I  

ftlfl11lnllJ1\JHl 
Kennametal 

R(18n) Ry(J81l ) Rz{J81l) 

Nwnber Ra Ra RyRa Ra Rz Rz Rz RzRy I Ry I Ry !  -.. ;I 

-
Ra Rz41Ry

lI~l1a~ I  2  3  4  1  3  4 I  2  3 21  1  

SSSCR2525M12 2.922.25 2.49 19.22.40 2.515 1&.724.6 ! 18.8127.2 : 22.45 15.2 14.4 1&.5 16.7 

SSSCR2525Ml2 1.341.15 0.99 1.l15 12.9 16.70.98 8.8 9.9 6.5 &.159.4 i
I 

9.0 i 12.0 7.4 

SSSCR2525M12 1.84 1.51 1.71 1.&5 1.727 11.617.9 123  8.8 10.6 I\.4 10.77512.0 113.1 113.65 
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I 

d 

3.1.4.3 ~~1~'i.'I'tl'lJ'\I'W1~ml'lJ'I1'W1'\1tl~~rl"l:lf1Cl~ 

.ct .::i • 'j/ Q.f.4 d1 1
'W ~~ 'I111~mn1~ 'i.'l'a1J'lJ~OCl~tt~Cl~~ l'lJ1J'W'YIOF-lCl ~(Jft~1 ~ml'lJ'I1'Wl'\1{)~ tfl''Jol fUN ~ fl'W

0 

1 

" tfl''tHlii~ 1" 

'W'ib~'I1~~flii~ttCl::: titl'W ~1J'lJltm U1Jt;ltl1J tiUl1m;j'Wiut~ fl'1 UCl:::lh"1Jft~1 ~'i.'I'tl1J '\I 'W 1~ . . 
'j/ 4. do QI • 

~1m~~tl~ MICROSCOPE 'Vlf11Cl~'\Imtl30t'Vll 

. ."" ...ill'rtYl 3.20 Ifl'HI-3A'n9iTtl1l MICROSCOPE 



67  



68 

Kennametal 75° 

I 

'f1~ 

. . .. ... 
W.:Il1n1 1 iU.m"~2 

. . 
ium"ii3 

..; 
11 Lc1 Lc2 Lc3 [C Lc1 Lc2 lc3 Lc Lc1 Lc2 Lc3 lc 
1 0.263 0.247 0.305 0.272 0.164 0.156 0.214 0.178 0.230 0.211 0.244 0.228 
2 0.285 0.278 0.296 0.286 0.185 0.187 0.188 0.187 0.189 0.206 0.254 0.216 
3 0.237 0.240 0.252 0.243 0.193 0.197 0.203 0.198 0.200 0.199 0.239 0.213 
4 0.260 0.254 0.287 0.267 0.218 0.231 0.213 0.221 0.236 0.220 0.241 0.232 
5 0.227 0.249 0.263 0.246 0.172 0.272 0.278 0.241 0.205 0.193 0.231 0.210 
6 0.284 0.228 0.304 0.272 0.209 0.237 0.237 0.228 0.228 0.221 0.234 0.228 
7 0.283 0.281 0.309 0.291 0.171 0.182 0.198 0.184 0.202 0.213 0.227 0.214 
8 0.191 0.300 0.314 0.268 0.220 0.179 0.230 0.210 0.172 0.168 0.189 0.176 
9 0.234 0.214 0.260 0.236 0.185 0.187 0.207 0.193 0.193 0.196 0.211 0.200 
10 0.153 0.182 0.217 0.184 0.230 0.214 0.231 0.225 0.172 0.192 0.195 0.186 
11 0.212 0.206 0.252 0.223 0.161 0.168 0.176 0.168 0.216 0.210 0.255 0.227 
12 0.246 0.248 0.291 0.262 0.217 0.198 0.219 0.211 0.211 0.233 0.266 0.237 
13 0.192 0.205 0.245 0.214 0.147 0.154 0.163 0.155 0.259 0.257 0.278 0.265 
14 0.274 0.263 0.298 0.278 0.177 0.174 0.185 0.179 0.251 0.253 0.256 0.253 
15 0.240 0.256 0.268 0.255 0.189 0.209 0.217 0.205 0.188 0.212 0.218 0.206 
16 0.219 0.248 0.262 0.243 0.219 0.188 0.225 0.211 0.205 0.222 0.229 0.219 
17 0.247 0.228 0.262 0.246 0.168 0.163 0.175 0.169 0.245 0.255 0.264 0.255 
18 0.250 0.284 0.298 0.277 0.117 0.103 0.129 0.116 0.253 0.255 0.268 0.259 
19 0.256 0.253 0.267 0.259 0.160 0.161 0.229 0.183 0.226 0.240 0.262 0.243 
20 0.231 0.264 0.273 0.256 0.174 0.205 0.240 0.206 0.248 0.249 0.277 0.258 
21 0.112 0.201 0.203 0.172 0.218 0.202 0.255 0.225 0.246 0.269 0.294 0.270 
22 0.132 0.197 0.209 0.179 0.148 0.201 0.239 0.196 0.248 0.263 0.270 0.260 
23 0.152 0.203 0.217 0.191 0.208 0.210 0.282 0.233 0.236 0.254 0.270 0.253 
24 0.146 0.233 0.245 0.208 0.149 0.220 0.243 0.204 0.172 0.187 0.205 0.188 
25 0.112 0.191 0.242 0.182 0.161 0.237 0.288 0.229 0.203 0.183 0.215 0.200 
26 0.160 0.074 0.221 0.152 0.242 0.258 0.270 0.257 0.228 0.285 0.295 0.269 
27 0.228 0.241 0.235 0.235 0.255 0.224 0.279 0.253 0.227 0.255 0.261 0.248 
28 0.175 0.167 0.191 0.178 0.189 0.201 0.238 0.209 0.211 0.205 0.226 0.214 
29 0.205 0.190 0.221 0.205 0.235 0.229 0.253 0.239 0.190 0.189 0.202 0.194 
30 0.191 0.223 0.234 0.216 0.237 0.205 0.246 0.229 0.243 0.249 0.267 0.253 

fill 0.233 fill 0.205 nll 0.229 

Max~ 0.233 

0.205I Min 
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Widi.45° 

. . . . 
;\t~mi3ImI W~l\tY; 1 W~l\tY; Z .. 

'fI Lc1 Lc2 Lc3 Lc Lc1 Lc2 Lc3 Lc Lc1 Lc2 Lc3 Lc 
1 0.174 0.205 0.240 0.206 0.259 0.257 0.278 0.265 0.251 0.308 0.312 0.290 
2 0.186 0.278 0.238 0.234 0.195 0.250 0.239 0.228 0.227 0.255 0.261 0.248 
3 0.218 0.202 0.255 0.225 0.279 0.278 0.237 0.265 0.211 0.205 0.226 0.214 
4 0.205 0.347 0.291 0.281 0.260 0.244 0.252 0.252 0.190 0.189 0.202 0.194 
5 0.148 0.210 0.239 0.199 0.251 0.253 0.256 0.253 0.218 0.199 0.222 0.213 
6 0.175 0.299 0.259 0.244 0.236 0.232 0.227 0.232 0.228 0.260 0.255 0.248 
7 0.208 0.210 0.282 0.233 0.188 0.212 0.218 0.206 0.243 0.249 0.267 0.253 
8 0.149 0.220 0.243 0.204 0.266 0.264 0.260 0.263 0.168 0.167 0.181 0.172 
9 0.161 0.237 0.288 0.229 0.205 0.222 0.229 0.219 0.177 0.185 0.201 0.188 
10 0.242 0.258 0.270 0.257 0.245 0.255 0.264 0.255 0.258 0.305 0.301 0.288 
11 0.255 0.224 0.279 0.253 0.295 0.303 0.296 0.298 0.253 0.243 0.265 0.254, 
12 0.189 0.201 0.238 0.209 0.294 0.291 0.283 0.289 0.182 0.208 0.221 0.204 
13 0.235 0.229 0.253 0.239 0.231 0.209 0.218 0.219 0.291 0.269 0.295 0.285 
14 0.237 0.205 0.246 0.229 0.253 0.255 0.268 0.259 0.169 0.191 0.192 0.184 
15 0.239 0.191 0.238 0.223 0.266 0.240 0.262 0.256 0.161 0.169 0.186 0.172 
16 0.230 0.211 0.244 0.228 0.251 0.194 0.233 0.226 0.189 0.202 0.199 0.197 
17 0.189 0.206 0.254 0.216 0.248 0.249 0.277 0.258 0.196 0.207 0.237 0.213 
18 0.200 0.199 0.239 0.213 0.246 0.269 0.294 0.270 0.203 0.189 0.235 0.209 
19 0.236 0.220 0.241 0.232 0.248 0.263 0.270 0.260 0.164 0.179 0.169 0.171 
20 0.253 0.194 0.232 0.226 0.238 0.305 0.267 0.270 0.240 0.239 0.253 0.244 
21 0.205 0.193 0.231 0.210 0.236 0.254 0.270 0.253 0.189 0.202 0.227 0.206 
22 0.228 0.221 0.234 0.228 0.172 0.187 0.205 0.188 0.222 0.225 0.272 0.240 
23 0.202 0.213 0.227 0.214 0.200 0.255 0.251 0.235 0.202 0.204 0.234 0.213 
24 0.172 0.168 0.189 0.176 0.234 0.264 0.246 0.248 0.240 0.260 0.291 0.264 
25 0.196 0.190 0.195 0.194 0.285 0.276 0.281 0.281 0.237 0.264 0.272 0.258 
26 0.193 0.196 0.211 0.200 0.203 0.183 0.215 0.200 0.206 0.221 0.249 0.225 
27 0.172 0.192 0.195 0.186 0.228 0.285 0.295 0.269 0.217 0.207 0.234 0.219 
28 0.216 0.210 0.255 0.227 0.270 0.273 0.307 0.283 0.187 0.192 0.215 0.198 
29 0.211 0.233 0.266 0.237 0.208 0.251 0.305 0.255 0.237 0.236 0.256 0.243 
30 0.170 0.187 0.182 0.180 0.203 0.210 0.209 0.207 0.148 0.143 0.161 0.151 

'fl1l 0.221 'Jl1l 0.249 'fl1l 0.222 
Max = 0.249 

Min = 0.221 
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Kennunetal 45" . . . . 
~~1milI"'" ~n"n2 YUn"n3 

'"n Lc1 Lc2 Lc3 Lc Lc1 Lc2 Lc Lc Lc Lc Lc Lc 
1 0.218 0.231 0.213 0.221 0.189 0.123 0.174 0.162 0.263 0.247 0.305 0.272 I 

2 0.212 0.205 0.181 0.199 0.292 0.161 0.229 0.227 0.285 0.278 0.296 0.286 
3 0.172 0.272 0.278 0.241 0.112 0.201 0.203 0.172 0.237 0.240 0.252 0.243 
4 0.209 0.237 0.237 0.228 0.132 0.197 0.209 0.179 0.260 0.254 0.287 0.267 
5 0.221 0.237 0.212 0.223 0.106 0.176 0.157 0.146 0.227 0.249 0.263 0.246 
6 0.171 0.182 0.198 0.184 0.152 0.203 0.217 0.191 0.275 0.251 0.278 0.268 
7 0.220 0.179 0.230 0.210 0.146 0.233 0.245 0.208 0.250 0.256 0.241 0.249 
8 0.185 0.187 0.207 0.193 0.199 0.135 0.163 0.166 0.223 0.293 0.282 0.266 
9 0.223 0.214 0.204 0.214 0.112 0.191 0.242 0.182 0.284 0.228 0.304 0.272 
10 0.209 0.202 0.198 0.203 0.160 0.074 0.221 0.152 0.283 0.281 0.309 0.291 
11 0.177 0.189 0.188 0.185 0.228 0.241 0.235 0.235 0.191 0.300 0.314 0.268 
1~' 0.402 0.418 0.414 0.411 0.261 0.223 0.237 0.240 0.234 0.214 0.260 0.236 
13 0.170 0.162 0.166 0.166 0.159 0.174 0.161 0.165 0.200 0.248 0.229 0.226 
14 0.230 0.214 0.231 0.225 0.228 0.214 0.216 0.219 0.153 0.182 0.217 0.184 
15 0.180 0.163 0.166 0.170 0.175 0.167 0.191 0.178 0.160 0.183 0.221 0.188 
16 0.161 0.168 0.176 0.168 0.183 0.196 0.186 0.188 0.212 0.206 0.252 0.223 
17 0.184 0.200 0.187 0.190 0.205 0.193 0.189 0.196 0.174 0.236 0.258 0.223 
18 0.217 0.198 0.219 0.211 0.205 0.190 0.221 0.205 0.800 0.228 0.235 0.421 
19 0.147 0.154 0.163 0.155 0.191 0.223 0.234 0.216 0.246 0.248 0.291 0.262 
20 0.177 0.174 0.185 0.179 0.189 0.176 0.175 0.180 0.192 0.205 0.245 0.214 
21 0.194 0.190 0.184 0.189 0.159 0.213 0.201 0.191 0.225 0.247 0.241 0.238 
22 0.189 0.209 0.217 0.205 0.215 0.183 0.183 0.194 0.274 0.263 0.298 0.278 
23 0.219 0.188 0.225 0.211 0.218 0.220 0.213 0.217 0.240 0.256 0.268 0.255 
24 0.217 0.211 0.212 0.213 0.164 0.156 0.214 0.178 0.295 0.273 0.322 0.297 
25 0.168 0.163 0.175 0.169 0.185 0.187 0.188 0.187 0.219 0.248 0.262 0.243 
26 0.177 0.103 0.129 0.136 0.218 0.225 0.203 0.215 0.247 0.228 0.262 0.246 
27 0.204 0.186 0.189 0.193 0.241 0.231 0.223 0.232 0.288 0.263 0.255 0.269 
28 0.218 0.195 0.217 0.210 0.193 0.197 0.203 0.198 0.250 0.284 0.298 0.277 
29 0.168 0.177 0.166 0.170 0.173 0.194 0.184 0.184 0.256 0.253 0.267 0.259 
30 0.160 0.161 0.229 0.183 0.215 0.256 0.242 0.238 0.231 0.264 0.273 0.256 

fiU 0.202 fill 0.195 fill 0.257 
Max 
= 0.257 
Min 
= 0.195 
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QcI ° 
3.1.5 1Ii0l1f)TU1W 

..
° a ° ... _I Q

3.1.5.1 fllU1W'IJU1V1'IJf)~U'HAUf)U (Shear force) 'IJw::;nl0l1ml~'Uf)fl'lll&~1l&AISI 1050 

31 d "'l 
1) ~11J:lJ~f)~'J Kennametal75° 

1; =X=0.231 , ~ =F=0.15 , /3=6° 

... T racos/3
fl) 1jlHlHHl 1. ana =-------'- 

1- (ra sin /3)  

uvi ra =!2 = ~;:;; 0.15 = 0.64935 
T2 T2 0.231 

:. Tana = 0.64935cos6° 
1-(0.64935sin6°) 

=0.69282 

a =Tan-10.69282 

=34.71° 

L =~= 0.15 
s sina sin34.71o 
=0.26342 mm 

A,. =Ls xd 

=0.26342x3 

= 0.79026 mm 2 

, d .c:::I I 2fl) UI'HlHlfl AISI 1050 :lJfll Tensile strength = 58 Kg / mm

(5, =58x9.81 

= 568.98 N / mm2 

(5s =at x 0.6 

:. as =568.98 x 0.6 

=341.388 N 

F.,. =(5s X A,. 

=341.338 x 0.79026 

=269.78528 N 
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T2 = X = 0.222 , T; = F = 0.15 , 13 = 6° 

... T racosfJ 
0) 1JlHlHl'W 1 ana = --~-

1- (ra sin 13) 

ll~ ra = Zl = £. = ~ = 0.67567 
T2 T2 0.222 

:. Tana = 0.67567 cos 6° 
1- (0.67567 sin 6°) 

= 0.72303 

a =Tan-1 0.72303 

=35.86° 

L =~= 0.15 
s sina sin35.86° 

=0.25605 mm ., . 
... d'"

'U) VI 'W 'YlllHl 'W A =L xds s 

=0.25605 x 3 

=0.76815 mm 2 

I'l) U~n1~f) AISI 1050 ij~l Tensile strength = 58 Kg / mm2 

u, =58 x 9.81 

=568.98 N / mm2 

Us = u/ x 0.6 

:. Us =568.98 x 0.6 

= 341.388 N 

F,=usxA, 

=341.338 x 0.76815 

=262.23719 N 
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T2 =X=0.218 , 1; =F=0.15 , fJ=6° 

'" 7' racosfJ
0) )JlJlQtllJ lana =  

1- (ra sin fJ)  

111'l ra=~=~=~=0.68807 
T2 T2 0.218 

• 7' _ 0.68807 cos 6° 
•• 1 ana - -----

1- (0.68807 sin 6°) 

= 0.73733 

a =Tan- l O.73733 

=36.40
0 

L =~= 0.15 
s sina sin36.40° 

= 0.25275 mm 

As =Ls x d 

=0.25275 x 3 

=0.75825 mm 2 

, d .::! I 2 
fl) 1111!l1~0 AISI 1050 lJfl1 Tensile strength = 58 Kg / mm 

(}t =58x9.81 

= 568.98 N / mm 2 

(}s = (}t x 0.6 

:. (}s = 568.98 x 0.6 

=341.388 N 

F., = (}s x A, 

= 341.338 x 0.75825 

=258.81953 N 
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'j/ d & 

3.1.6.1 ~lJJ:lJ~fl~.:j Kennameta175° 

FcxL3 

'illfl\J\9i';i y =- -- 
3xExT 

U~ FC=Fs(Cosa+Sina) 

= 269.78528 (Cos 34.71 + Sin34.71) 

= 375.39749 N 

L = 30 mm 

E =200x109 N 
2 m 

bh 3 

I = 
12 

25 x 25 3 

= 
12 

y = 375.39749 X 303 
X 12 

.. 3x200xl09 x25x2S3 

= 5.18949490rlO mm 

'j/ d & 

3.1.6.2 ~l:lJ:lJ~fl~.:l Widia 45° 

FcxL3 

Y =--
3xExT 

FC = Fs(Cosa +Sina) 

= 262.23719 (Cos35.86 + Sin 35.86) 

= 366.15064 N 

L = 30 m111 

E =200x 109 N 
J nr 

bh'
[ = 

12  

25 x 25 3 

= 
12 

y = 366.15064 X 30' x 12 

3x 200x 109
X 25 X 25' 

= 5.06166644T'O 111m 



75 

3.6.1.3 ~llJn~lf)~~ Kennameta145° 

y = -.£c x L 
3  

3xExT  
I  FC = Fs(Cosa+Sina)1I\9l 

= 258.81953 (Cos 36.4 + Sin 36.4) 

= 361.91063 N 

L = 30 mm 

E = 200xl09 N 
2  m 

bh 3  

I = 
12  

25x 25 3  

= 
12  

y= 361.91063x303 x12  
. . 3 x 200 x 109 X 25 X 253  

= 5.003052549-10 mm  
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... ~.. ... 9J .... '" 
3.1.7 1tfl1l::-:'t'iNi;l fI.,lfll1 f'l1l"lWlti;ltlflVlUJlJVlfli;l-3 

3.1.7.1 m..n.UliJm"f1~H':i~~m~Ylwiu~l'.lJ 3 ~1'.lJ.. 

Fs(N) 269.78528262.23719 
270 

240 

210 

180 

150 

120 

90 

60 

30 

o 
W1D1A45" ~75" 

Y (mm )IIiO 

6 
5.1894949025.0616664475.003052549 

~nnametal45" WU1A45" ~mametaJ 75° 
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t:J"',..... __ ... __ ....... til_+  
D·,HI ",_.(. ~__ .j .. ·1III1jj~ [f''' ~ ~ f1'~''''' ...........  

".Jaw,........ _. 
1iJ " 
liI... 
a.", 
£lID/( 51ft+!. 

,,~ ,..5 
iI'~ 

19
~fat 9ft.+f 

~n-n. 9'Il:+« 

tlf«eOl'llh 'ih't-tO 

;;r.. 

~"""'
'!'3atbSUf«eo 

tt~,.

:r:.-.....-_..... 

v 

, 
... ... 91 '\.1 91 ... '"I 

ilWn'l 3.26 1'Il£l'UH1J1J~l£lllJ')Ufl·n.1 Autodesk Inventor ~lll1J~mH 750 
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'h,m... ;. 
~f .-_ .-.  
iii.... ......-gL<it M" .......  
3Ied 
mJ
&--.. 
/tOwn .. 
~_"41 ... 

. (fl_ 

.", Ddehfaca 

i.I.r5lld'tSUf.. 
"'......F_ 
.6~..__ 

'4*ffl 
v .. 

, 
... v ...... v 

fll'ffrl 3.27 UUU~lJJJJ~m'l'iflUUUU 



103,0± 0,2 

'.20,O±O.2 

125,0± 0,2 

l_ 

~;1 
I 

6, '7:f: 0,;: (\.1s.-------=r---------; .~_ 

I 

ci 
+i 

-0Nit
g 

~ 
1..1" 

I 

I 23,00 

8 
~ 

8 
M 

,",,0 

.ri=; t;;:Il~ \ II N.------_.~I -q 
~ 

I, 21~2~4~,O~±~O~,2~_=_---------\1---I 125,0 ± 0,2_~ _ 
f-----

/
c:j 0/
o' 
JL) 

I
~'l)J;.J"I~I'l-.li1\·.l ...U1J -_..---- ANSI! 045 

~-_. 

I ""l~'IU'1'l'll-----1-- I~d4·n\.. "lI\.l11'1 ,.. I 
T--ij1tJontm~lJi.ititU31'\1i~U ')/~/tI ~\.l~1U 

~'12-Ji1~n~~I~\JLbUU 

Iilrn::1l"1(m1'nH"I'li\~f 

2-J'\.n1'Vl!J~uL'VlP1 tULfltJ1'1 "IUJ.:I PlflYlt::UPl1 

1.UJ1tHfI 'ULlJ1J 

e.l1'I,~.... fJ.Jl..r '}~l:f1'l1'b':: 

\.l'iU '''~fl1 \.l\H'~;Ji1 

I c I 

~ 

..t .Y ... .....!' 
~ 

IlWfYl 3.28 U'lJ'lJ\>lUnJAflt'l.:jVl'hlU'lJ'lJ 
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130,00 

.. 
3.1.10.2 Vilfl1nhflN'n1thn1Jl'1~ 6 ~lUl'l1'~'\JUlf123x125x20 1i~~L1J~'j 

125.00 

~_.---J 

Top 
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0 
0 

105,00 M I 20,00 
__-I 

. ~ 
C') 
I'll 

8 
o 
I'll 

120,00 

8 
g 

20,00 105,00 

125,00 

\  
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tn "I d IIC:rl ~ 
3.1.10.7 nm:, ~11JlflftV1 M2x0.41J~m1Jm 
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" 
3.1.10.9 n~1l1J 17~ n1J1:an1JA,nnn Al1JU1J1J~T\..Hh~ 

+  

~ 
R1,O 

~I
 

> 
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<:!l ""'''''' v Vc!cv cv3.2 fll1f1fl1:l11'V-31fllfl1'nmOU'nlrJ~UJ~fl~6 tl2JfI~ (Arbor) 

~ oQ A tI ~. QI d~ ft I ~QI & A ~ QI A 

fll'H'ffl'l:l1t'if.:l1 fl'1 m'J:lJ (ltJ U 'HlrJ'ifl.H1'1U.:IT\.!flfl mwI'fmn ~lJ mw ~lWfltfl'JtI .:I'lJtI ~ fl'ifUfl 

"" ~ 
miuijfl 6 fl'lJAfl ij,j'u~m,'!fll'J~ltUU.:I1UA.:IU~fll'Jflmnu~~tn1J'J11J'J1'lJ'l!tI\!~'lJtI.:Il11nfl CJ1.:1 

"!II '!II !II "'" .., o.!II!II !II!II.., "'" 1
LflUfl 'lJtI'lJ~~~~~U~~~1U 'VIU ~111U1(1 'lJtI'lJ~fl1U fllHltlflU1J1J 'lJtI'lJ~fl1UfllHlflt~tlU ~11~ 

'U III CUI 'U 

t ~ !II .d"J~t • "'" " A..,0 

~lflUU'VI1fll'JI'ffl1l1'IJfl'lJ~'V1 ~ ~l 'VI.:1l1'lJ~tm~U1'lJ11tfl'J1~1I~11MtlU L'IJ U~~ 'IJ tl1Jt'U~ 'UtI'H1UU~~~.. 
!II 0 ... ..,..,'!II "'" .., "A.d 1l1!'\ ~ 1 "'" ~ 
fl1U 'VI1fll·H~tlfl1l1flfltlm.:lUtI(I3 ~'J1~~~tlWCV\t'VW'VI~~ 'if tUfll'Jl'fmn ~(I'W~1'JW1'V11.:1~l1U 

'lJU1fl 111'VI 'J .:It'J'U1flW~~tlIiJtlUnUlI~tI lm)'tfl(l.:l nu 'J1fl1UA~::~'J1~i1~ftWcr1~flllW::fll'J 1~.:I1U 

~1U'VI U ~1'H ti1(1 10Jf'U 'UtI.:I ~~i1~ tilu~u 'H~.:I~lflVi1fll'J t~tI fll11nflU~1Vi1fll'J n1'HUfi u~ufll'J 
'II 

" " 'VIfl~tI.:I lflmh~1J,j'u~tlUfll'J~ltUU.:I1U '1 i'ntlu'H~.:I ~lfl,rU~ltUUfll'J 1Ut;.:I1f11m'J'lJ~tlu'J tI(I 

"!II I "I "'" I .., .., A " ol'!II
Lfl Ufl fll'J ~'J1 ~fftl1J'UU1fl11J'VI'J,m 'U1flW~~l.:1'l 'UtI.:I'H1flflt'WtllJtlU'JtI(l1lJ'J1.:1 ~UU 1J1J ~ '11 ~fftl 1J 

, q 4 .d QI.Jl JI 'jJ QI QI A • QI ,oQ d QI 

ff1U ~ff'lJ 'VI 1.:1 tfl'lJ t'WtI'VI~:: 'H 1'ifUfl 'U tI.:I1ff~'V1 'ifff'J 1.:1 'H1 flfl 'VIfifftl1Jfl11'lJ U'U.:I t'Wtlt!11'H1 flfl ~lU 

" . " 
fll'J9t1JU~.:I'lJ1mh.:l h ~lfl,rUlh~~fi '111~lflfll'J ~'J 1 \1fftl1J'lJ 11tfl'J1~ '"U~:: tm(l1J tfiV1Jl11nfl't1.:1 3 

oQ QI ~A.c:!f QI d ~It ~ " 1 1 <!fQI d.
~'J1~~ ~flWCV\t'Wfltftflfl'H1fl'fl'VI ~~tltlmt1J1J tlJ U'ifU.:I 1U91 UU1J1J ~ V'lJ tlI ~ ~~1I'J~fltl1J U fll'J m tI fl 

l11nfl t,fU 'ifUfl1ff~ 'J1fl1 fl11'lJU~fl~l.:1111U'lJU1fl 11ifll'J~i1A tilu~u 

4t '" 9IA 0'
3.2.1 fln'U H'6'Ja~F""f1Ua~ 1Il11Ultl 

-::!l !II ..,.., 01 "'" oJ .., d .., 01 
1'lfl1l1'UtI\!~'H1flfllJ1'fl~1'J11J (Face Milling Cutters) 1J'J~tfl'VIflflmamJfl flfllJ1Uflm.:l U~~ 

QI & .c:I ". tI .Q oC:lro 0 QI QI 

flfl'HtI11J CJl'.:I'lJ'lJU1fltffU~1'U~Utlfl~1.:1 125 'lJ~m'lJ~'J \11U1UtUJ~fl 6 fl'lJ~fl fl11'lJtl11'lJ1~'J!lU 

-r'h '111 ~1~.:I1U~1:lJn1JuF-iuijfl'VIHihll~[J'lJ~Ai'ff ('VI'J.:I S) 'U~).:j~~i1AU~~::91'J1~i1Afiwcr1 ~'11~lfl. .. 
-::!l !II J!II d ....!II 

fll'J I'f flll-1U ~:: 'J 11J 'J 1'lJ 'U tJ 1.d ~ t1J tI.:I AU \11 fl Ufl A911 ~ tI fl (Catalogues) ttl fl ff1HJ 'lJ tI fll'J 1'if.:l 1U 

" " 'l!fl1.d~i1ui1u1Ufll'J 1~tlflcMtJl11tifl1l1'fl~1'J11JA'J1~i\91ftWcr1 A ll1un 'lJUlfllffuF-i1U 

tI .c:.. oC:lro 0 QI tI tI Q oC:lro .Q .Q 

~Utlfl~l.:1 125 'lJ~~1'lJ~'J 'iJ1U1U 6 fl:lJ~fl 'lJU1~1ff1'lJm'Jt1Jfl'J 40 'lJ~~t'lJ9I'J fl11'lJ~.:I 63 'lJ~~l11A'J 

'J~tI::fluiifl~.:It'!fl 6 ij~i\t:lJ~1'J fl11'lJl~1'JtJ1J~-:.If[fl 10,100 'JtJ1J~flUl.yj ~.:I~1'J1.:1Afllllcl' 
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Arbor 

'\1m'" (1111.) 

Kg 

125 R245-125Q40-12L 2.7 40 137.5 63 6 1010012 6 

Insert 

-~ s

"UWI (1111.)
QI 

':il1ff 
Ie 1. S b s r~ 

12 R245-12T3M-PM 13.4 lO 3.97 2 1.5 

Q"I QJ _1 ..::to oI:ll. Q,,/ , 

3.2.1.2 't'ilfl~'Ul~Nl'il1JfI'ilNaflilWIIrJB 

frnlJll1'Jfi",tl1f1 H1':i11Jfl ':i1Ni1flnrucv1 B ~1~lU~lUfif1tl1f1H1':i 11J "U1f1t~U~lU 
'lI 

fl'u6mn'l 125 ij'Cli1!llfl':i ~lU1U 6 flll~f1 ':i~1JU~1JEif1UHUijf1tlluU1J1Jffm£j", M5 'UU1f1.wU;l1'U 
~ ~ ~ 

Ufff1~Hlufln1~~ 3.16 ~nh~nU1Jttl~1(J "U1f1J111Un"U~111tif1 3.1 fil'Clni'll t~U~lU 

fl'u6nm~uun 137 lJ'Cli1!JJfl':i fl11llff~..f~1111f1 63 lJ'Cli1tllfl':i 'J~£J~fiU~nff~fff1l~ 6 lJ'Cliltllfl':i 
'V 'V 'V Q 
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,~ .-, 

.. : ~. ..Arbor 
- 1 

.. 
~ 

"'Ul~ (1111.) 

Kg 

6 9400125 137 63R220.53-0125-12-6A 3.16 

Al';il~~ 3.17 t1J'U,j't)1lI;lu~'Uij~~1~~1'U'.i11lti'lJ'111ti~1.h~~hn'I.JA';i':Nii~U1Wet1 B ~~ ..  . " .. 

ij"'Ul~tl111ln11~ 12.7 iil;li1tlIA';i tl111l11'U14.76 iil;liitll91';i UI;l~"'Ul~''Uth'Unt'u'U-n'Unffll~ff 

" ;rn~1'U 1.57 iil;liinJA';i 

Insert 

i " 

I
'.:f:~~~ 

~.jj 
-:~./ 

"'Ul~ (1.11.1.) 

s B 

SEEX 1204AFTN-M14 12.7 4.76 1.57 

3.2.1.3  111tl~1..h~~Ll'n1J"'';il~il''lt)twn C 

fffl'l!l1'111ti~'l.h~f41';il'I.J91';i1 Ni1~ulWet1 C ~1 en'U~1'U ti~1.l1~~1';i 1'I.J "'Ul~L~'U ~h'U 

fj''U6nm~	 125 iil;liiLll91';i ~1'U1'U 6 tlll~~ ';i~'I.J'I.J~'l.J1i~U~'Uij~LiJ'UU'I.J'l.Jffflt1i~ M5 "'Ul~~'UJ1'U 
"I !"'I d di.1 "I.liI of of """" 'J/

Uff~~	 ~1 ~'U911';il~'fl 3.18 C})~lJ';i~nt)'I.J ~lJ~1V "'Ul~"t)~tff11lm';iL'l.Jt)';i(Arbor)4O 1lI;lmll91';i tff'U 
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.. 
~l'U~'UVmn:n.Hln 139 iJJ;li'ltll;l~ fl1111,,!.:jYl.:j1111~ 63 iJJ;li'llllm ~~tJ~n'U~n,,!.:jq~l~ 6 iJJ;li'lLll;l~ 

a QlQI ,a 
ml11l~1~U1J,,!.:j"l'~'iJU.:j111n~14400 ~U1J;lU'UTYI 

~:.:. 

___._~ __ .!:_~._~_, __~_ 1 
",... - -" ,....,..--. 

Arbor 

'iJ'Ul~ (llll.) 

D D
1DWl 

L 

125B06RS45SEI4EG 6 125 40 139 63 o 14400 

.ci ~" • -d -ei1" . Q,I Q,I Q,oO.::t. ..c::. c;v rI .d
Pll~l.:jVl 3.19 LlJ'U'iJUllJ;lHH'Ull~Vl ~.:jl'U~111nlJ111n~lh~H1~llJ;l~lH'C'I;lflWCV1 C C}f.:j.. 

ij'iJ'Ul~fl1111n~1'.:l 14 iJJ;li'iLlJiil~ fl1111tJ1114 iJfli'iLllA~ fl'nlll1'U14.76 iJ'C'IilLllA~ 'iJ'Ul~i'Uri1'U~ 
". " 

L1j'U~'UfiffllHffi'U'.:ll'U 1.57 iJflilLlliil~ U'C'l~'iJ'Ul~i'frijtJmtJij~ 1 iJ'C'Ii'iLlliil~ 

In~erl 

/:~~:;'" 

~.~ "'.."'...,"
. . 

~~~. .,/ 

. , 

"._, ... 'iJ'Ul~ (llll.) 
-_.~ ~l1ff 

I- 0 s LlO BS R~ 

14 SECT1404AEENLD2 J 14 4.76 I 14 2.65 
I 

1 
I 
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Q.J IV _i ~ ~ Q.,I , 

3.2.1.4 'H1nAulAN111'UfI'j1NaflIlWCJI D 

f1mn'l11n~Ul~~1'jl'lJ~'jlNft~.nfIJ~ D ~i,n'lH1Un~lh~~1'jl'lJ 'Uul~nfu~lU ., 
fj'U6mn~ 125 ijCliltlJ~'j ~1'U1U 6 fllJ~~ 'j::1J'lJ~1Jrj~lU~uij~t1~IUU1J'lJ~OiV~ M5 'UU1~~U;l1U 

"'lJi "* d; ., ".,~"." "" "" U~~~ n U911~1~'V1 3.20 9f~lJ~~OU1J tlJ'i'l1tJ tffUfflUUUtJOClHUUO 138 lJ~~tlJ91~ fl111.1~~ 
., . 

QI ~ ~ tI fI ~ oIIIC:\ • ~ ~ ~ 

f1~lnJ91 63 lJ~~tlJ91~ \lUl~'Il~N1~11J61~t'lJ6~(Arbor)4OlJ~CltlJ91~ 'UU1~~U~CllJ 16.4lJClmlJ91~ 

. " 
fl111J~~'.i6~illJ 9 ijCl~tlJ~~ 'IlUl~'UtNl1Tt1il'O 2.4 fi1~Oi'lJ ~:::tJ::fi'U~o~~f!~1~ 6 ii~iltlJ91~ 

.012 

.~r 
lOt •Wt_ ~ 

I I I 

~~ 3 
" ..... , 

101 
101 
102 

"" 
\lUl~ (1.11.1.) 

'j'l1~ 

C' Dl D2 L1 D9 L7 D8 WI L8 Kg,- . a p ~, 

ASX445-125B06R 6 125 138 63 40 32 56 16.4 9 2.4 6 

d ='t ~ '.cI 46)" , QI QI QI ~ q QI tI .tA
911~1~f1 3.21 tu'U'U6~~UNU1J91f1 t'b'~lU~11J01J'I1109111191N1~11J91'jlN~91tlfIJCf1 D C}f~ 

n'UUl91fl111J011~ 13.4 ij(lilAlJ91~ fl111J'I1Ul 3.97 ii~~tlJ91~ 'Uul~iuri1U~tilu-d''U~ftlJ~~~U 

~1'U 1.9 ii~~tlJ91~ U~:::'Uul~i'f1iiUCllUij91 1.5 ii~iltlJ91'j 

!nSf" 

§, 20' 
I S--<;-f 
I ~!.-+.,. ~ 

'UUl91 (1.11.1.) 

Re 

SEET13T3AGEN-JL 13.4 3.97 1.9 1.5 
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3.2.1.5  't11n~'lh~~111'lJi'l'jlNi1flflWorl E 

flfl'l:l1111il~1l1 ~~hn1J~':il Hi1~firucvl E ~1 ~lU'Jl'U il~1l1~~h':i11J '\J'U l~ Lff'UH1'U 
'j/ 

tl'U6mn~ 125 iJ~i1LlJ~':i ~1'U1'U 6 ~lJ~~ ':i~1J1J~1Jtl~uH'Uli~Lil'ULL1J1Jfffl1.tl~ M5 '\J'Ul~.w'Uil'U 
, ~ d -k nl '1nl~ 'J/'" "" "" ~ • 

Uff~'J 1 b'U~l':il'J'Vl 3.22 C)f'JlJ':i~flfl1J blJ~1t1 Lff'UHl'Ur.rWJflm~'Uflfl138 lJ~~tlJ~':i '\J'Ul~tff'UHl'U 

tI Q,lQ,f,q,A ~ 44. rI rI 
tl'Utlflm~111'il1J 80 lJ~~tlJ~d f111lJ~~'VI~l1lJ~63lJ~mlJ~':i 'U'Ul~'Ufl~'iff1lJfll':iL1Jfl1(Arbor)38.1 

~4. 14 A4 • Q QA  rI tI 
lJ~mlJ~':i '\J'Ul~':ifl'J~lJ 15.9 lJ~mlJ~':i f111lJ\1':ifl~~lJ 10 lJ~~tlJ~':i 'U'Ulm~fJ~ff1lJfll1t1Jfl':i 38 

iJ~i1W~1 

. 
i'lTiHn 3.22 ""fl1J~'U'Ul~'i1l'V11~L1'UlfltU~'Ufl'J111n~ E 

Arbor 

U' 

cO 

.,.. 'U'Ul~ (lJlJ.) 
':il1ff r, 

h'. eO eO l e02 F 0d a b 
'-~ 

WGC4125R 6 125 138 80 63 38.1 15.9 10 

E 

38 

~111'J~ 3.23 LlI'U""fl\l~UH'Uli~~'1~'Jl'Ui1lJil1J111il~1l1~r:h':il1J~':ilHi1~fitucnE ~~ 

li'U'Ul~f111lJfl~1~ 13.41jJ~i1tlJ~':i f111lJl1'Ul 3.96 iJ~i1LlJ~':i '\J'Ul~ '1'Uri1'U~Lil'U~'U~fflJHff 
'" 
;'U~1'U	 1.62306 iJ~i1tlJ~1t\~~'\J'Ulfl~fl'lillmtllifl1.00076 iJ~i1tlJ~':i 

. 
i'l1'jHn 3.23 ,j'fllJ~'U'Ul~1iJ'VIHt':i'UlfltU~'Ufl-:mH'Uli~ E 

'" '" 
,---------------- ----------------------~ 

1.00076 

"T ,'J 

i '--~', 

-T 
T 

3.96 1.6230613.41 

Insert 

,,~- A" 

~ l  L _U1. (UU.J 20 
111ff ~-----,-------.---~ -~-

L T Facet Width Facet Radii 

I EETl3T3AGSNG I 



C 

Q, cf91 !VA. QJ 0'
3.2.1.6 1~fl'l1:::11'\la'iJt'l~Nt'lflHt'l:::V11H'VI't.Hll11l,!1[J 

~ iI ii' iI 11 0' QI QI J iI " f-:! d iI 1iI , 1t1J
MnlJ1'\J eJ 'lJft ~l1nYj'\J ltJU~ft~ 71tJUft~ 71'lJ ~ 1'lJ '\J mJ ft'fll'U 71fll ~1'11 'UltJ'I11 n~H'lJU~~'U ffl'lJ17 f.1 ~lJ7 tJ'lJ ~'VW'lJ '\JU'lJft fl~l'lJ 1I171~ ~ U 'U cu cu cu cu 

f11 'lH~ 3.24 !mtJ'Ub'ntJ'lJ'\.I'Ulfl'\.lU~'I11nfltllfl~h71'lJU~ft~~71N~1I.nfUcyj'''l1i!fl 6 fl'lJ~fl 

-_oj dm 
! r 

.,.~ I ..A71 ., ., t:.'
7'11ff fl'lJ~fl 

... QI 

N~lI.nfUCl1" .. .. 
'\l'Ulfl ('lJ'lJ.) 

dm I( Dcm De2 

R245-125Q40-12L 137.5 125A 6 40 63 

R220.53-0125-12-6A 125B 40 137 636 

125125B06RS45SE14EG 6340 1396 

D ASX445-125B06R 138 1256 6340 

125E WGC4125R 38.1 138 636 

__. I 
m 

Irtrrn l I 

I 

~ a I,T I P 
,0 ' 

De • .' 
- - _..._~_., ..De2 

71fl1/ ,]"'\1ff I 
, iI .. 

'I1'U1e.J fjNft~kg I\naxap 

22,350 SWEDEN2.7 101006 

17,856 SWEDEN94003.16 

14,200 U.S.A2.9 144006 

9,262 JAPAN2.46 - 
.. JAPAN- -

.d tI tI : QI QI Q,I Q, ~ it
1I171~'Vl 3.24 '\.I'Ulfl'\JU~'lff1'lJU17~'lJU7 (Hol~ Diameter:~) '\l'Ulflfl11'lJ'Q;~'Vl~'I1'lJfl'\.lU~1I1'111nfltllflN1'11'Ul (Overall Height: 1\) '\l'Ulfl!ff'U 

Nl'Ut!'U6nftl~'\lU~'I11nfltllfl~h71'lJ (Diameter of Cutter : Dc) ml'lJffl'lJl7f.1t'Um7~fl~n"J~r{f1 (Depth of Cut : ap) 't'Jn~71N~~.nfUcyj'ij'\l'Ulfll,hn'Uu~~ ..SI
o 



WPlf1~1'1n'Uh.!ri';I'l..!'\J'U1flt~'U~h'Ui!'U6mnnH:lf1'\JV'l~'J'H1nfl(External Diameter of Cutter Body: Dc2)1,jtn'U 2 ij~~t1.l~':i~'1111nfl C ii'\J'U1fl1~"lfl, J1'11Uf1 

'Utl'l,~hnflU~f1~l'1n'U 1,jtn'U 0.7 n1ftf1i'1.I~'1111nfl B 'I1Uf1"lfl, f1111.1t~1':iVtltJ'I"lfl(n",.)vdl'U.,r1'1 9400 - 14,400 ':iVtl~V'U1~ ~l'1n'Ug'l 5000 ':iVtl~tl'U1~~'1 

M1nfl C 1J1f1"lfl ,~1'U':i1f11tl~'l'U9h'l 9262 - 22,350 tl1'Vl~v'I1'I.hfJ iifl111.1~1'1n'Ug'l 13,088 tl1'Vl~t:l'l1thfJ ~'1111nfl A ii':i1f11~'1~"lfl 

V1111'1~ 3.25 till fJ1J t'Vi fJtl 'U'U l~HtH'U iifl'Vl':i 'I gm~ fJ1.I ~9Ji' fftt~ft~ ~':i 1Hil~fiw ~~ 'l~'11'U~ 11.1 ntl111nfl 

~ 

, 

0' B0 G @~.o. < 
I 

•.s:· " . . 
.~ 
I 

~':i1 

... '" .. 
Hft~llWCVI 

':il1b1'ff'U~l 1 S 

'\J'U1fl (Dimention): mm. 

PI ro '1.J1.It'li'1'11'U '1.J 1.1 fI1mff1:l 

':i1f11/ 
, 

'I1'U1fJ 

'lh~ t'Vlfl 

~Hil~ 

A R245-12 T3 M-PM 13.4 3.97 2 1.5 
0 

45 
0 

20 380 SWEDEN 

B SEEX 1204AFTN-M14 12.7 4.76 1.57 -
0 

45 
0 

20 328 SWEDEN 

C SECT 1404AEENLD2 14 4.76 2.65 1 
0 

45 
0 

20 307 U.S.A 

D SEETl3T3AGEN-JL 13.4 3.97 1.9 1.5 
0 

45 
0 

20 252 JAPAN 

E SEETl3T3AGSNG 13.41 3.96 1.62306 1.00076 
0 

45 
0 

20 - JAPAN 

.Il 
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fll11~~ 3.25 tlllJ,jtl'l,!'C1U~lJlif1ttJ'YlH~tl1~tJ'lJ~~1tl('YlH S) ~fl~U~'C1~fl11Nftfl.f1Wct1 

'Vi'1J'hU~lJlif1~fl~'lflfl11Nftf1.f1W t'tllti'lJ tm~ ttfl fl~l~ ti'lJ ilJct1li~lJlf111'lJt,jl~llJU'C1~ll'lJfI1tJtf'l'H~

~llJ~lJlf1f111'lJtJ11~fl~U~lJnfl(~lJlf1 1) 1,jtnlJ 1.3 lJ'C1ftt'lJfl1 ~lJlf1ml'lJ'I1lJ1U~lJlifi (~lJlf1 S) 

hhnlJ 0.8 iJ'C1ftt'lJfl1 ~lJlf1 F1 i,jtnlJ 1.08 iJ'C1ftt'lJfl1 ~lJlf11frijll'lJU~lJlifi (~lJlf1 r~) ,,jtnlJ 0.5 

iJ'C1ftt'lJfl1 U'C1~11f11fl~ilJ'~b-:l 252 - 380 tJl'Yl~~lifl11'lJUf1fl~1~ti'lJii~128tJl'Yl 

o .. ~ A " 91  91 4 Q,I QI _I.Q 0 Q QI 0' Jt 0 A

'Yllfll1 tlJ1tJtJ t'Yl tJtJ ~ fl 'lJ'C1 ~l~fllJ mflfl'l11 flf1lJlf1WJ11tJ ~llJ 1lJ 3 fl11N'C1f1.flWCVl t'Vi flfll tlJ lJ .. 
fll1 flfl'Hlt;~1f'11m1'lJ~fllJ1tlV ~~l11ti'fltJlf1 Fh11tJ~Qmilfl fltJ1~ flfltJl11t1 l11ti'f1tJ lf1 Fh1 ltJfl 11 

Nftfl.f1Wct1 A l11ti'f1tJlf1N111tJ fl11Nftfl.f1Wttl B U'C1::l11ti'fltJlf1N111tJf111Nftfl.f1Wttl C tlllJl11ti'fI 

d ,l WI",,' " Q" Q ~ ~ d '" '" i A <s
'Yl'l11C]ffl ttHltJtm:: FjN'C1fl'Yll~QL1tJtm::m'lJ'j fllC]f~t1JlJ'YltJfl'lJ'JtJfllJ lJt'jfl~fJW.fl1'Vi "!~tm::'lJ'jlf11,,! ~ 

~ " .1'3.2.2 ffm:n 'U6\111\711Unl16tlflU1JU 

i lJ fll'jflfl'Hl,j'mJ'C1~llJfll'jflflflU'lJ'lJ tillJfll'jfffl'H~~lJt;~1f'11m 'j'lJ~fllJ'jfltl ~~tJ'j:: flfltJ~1tJ 
II 

,jfl'l,!'C1111lJ~1~'l ~~~flitJil 

4 .. U' A CLI  IV _I A , A. CLI J 
3.2.2.1 fffl'U1YUA'Uf)nt'f~Nl1fl111nA'U1AF"':J1l1JUfll1::1JI11NDflntuan 

ffl'111'lJ,jfl\!'C11"HJ~ieiI iifl'hlifl11'lJ 91 tlllJ ~flfll'j til'11lJ f1fl11'lJ tl1'lJ 1:: tl'lJ ffl'111tJ 

\h i tJ i eiI'YlflU'YllJ;'U ri1lJ~Yil~lJ i 'I1,j t,flJ '~fU fI~fl ~1tl~ tl'lJ-u~ fll'j ieil~llJ 'lJlfl'j! llJ fJW.fl1'Vi 

" ,.: WI~ " .. ~i' Ai" .<!I i"'" d<stm::'jlf11 ~fl'l,!'C1t'l1mlJm~'HltWillflFjN'C1fl'Yl~ lJU'C1~fll~tJ1::t'Ylfft'Vifl 'I1tll'lJl'jfH'C1flfl ~1tlfJ'Yl'lJ 
II  • II ~ 

tl'lJ-u~tm~fl11'lJt'l1'lJ1:: tl'lJti'lJ;lJri1lJt~'lJ'I1~fllml'ttltJ~ fll'j'l11~ijfl~fl~1tl~ llJnil t;fl tl1~fl C]f~li 
II 

't1~tl1~fl'l1rlmm::t'l1~flflft'l 11 'il~-ulJlifll'jti1'11lJfltmflt'l1~flfll'lJ'lJ1f1'j!llJ~1~'l t,flJ 'lJlfl'j!llJ DIN 

<s do'l Q ~" .. '" Ill" • '" 
~fl~ttJfl'j'lJlJ ns ~tl~tyldlJ	 U'C1:: AISI ~fNm'lJ'jfll tUlJfllJ flln::1J~lJf1~fl~tl1'C1fltf1fWl~~flt'illJ 

~ 0 i"<S 1 '" f11'lJ'lJ1fl'j !llJifI'lJ1fl1!llJ'I1lJ~ 'il::'Yll 'I1'lJfl11'lJtl::fl1f1 lJ fll'j 'ilf1'111 

fll1 t~fl fl i eil1tl~lifl11'lJ"htity ~fl fll'j 'th~llJ1ff1m'j'lJ~fllJ'j fltJtlllJ fl rh ~ 'lJ1m ~ fl ~ 'ill fl 
Q,lA <ClIo " , 0 =" " A jI Q,I "i i " tl'lJ 'lJfl ~tl~~lJ tl1lJ 'ill t1J lJ flU~'lJfl11'lJtlUf1fl'C1U~fl'lJtl.fl11::U1f1'C1fl'lJ lJ fll'j ~~llJtm:: m:: 'lJ1lJfll'j 

Nftfl JlJ '11 'lJ1V~~ 1tl~'I1~D1f1q~'lJ ~ '~1tJ fll'jtiflt~flm~m1l1ff1m 1'lJVfllJ1fl tJ;lJ ri1lJ 'I1cl~'l 
"A QlAQ. .., GIj 91 O/<Q QI 4 " " .. jI " 

11:: f1fl~'lJtl'lJtJfl'Ylt'l1'lJ 1:: tl'lJ fl'lJ fll'j L~~llJ tl'lJ'lJ fl ~ fl~1tlfl tll'lJ 1HI fl'j 1 'iltlfl'lJ ttJfl~ fllJ t f1 'illfl~fl 'lJ'C1.  .. 
~ U~ ~Nftf1 ~lJ 11'lJ'lJ'I1~ U'il1flfll'j fl'j 1 'il.fl1tJi lJl1'tl~tJ~-u~fll'j 1fltJfll'j f1'j 1 'il tlfltJd1lJ Ntl'lJ'Yll~tfliM1tJ 

tfl~fl~mtJfllfl'jiJtf1'f){ 'il:: i~,jfl'l,!'C1d1lJNtl'lJ'Yl1~tflli 'illm!lJU l'lJltntJ'lJ tmfl1tlfJ fl1'lJf11'jl~~ 3.26 

~ " d"  A A,. A ~ Q A~ 
t'UlJ~fl'l,!'C1~fl~!'I1 Cl fl f1'C11Ntl'lJlJmflCl LfI 'j t'lJ{J'lJtm:: L'lJ'C1tJfllJ'lJ (Nickel-Chromium-Molybdenum) 

& ~ d ~d. QI.Q, til 91a <d d ci d d 0 0 QI QI 

Clf~ t'UlJ!'I1'C1 fl'Yl'lJflW tl'lJtJ fl'VllJ f1fl fll'j m:: U'Yl fl tf1f1 'lJfl11'lJ U~~'C1 fltl~ Clf~ 1'l1'lJ 1::'Yl 'il::lJ1'lJ 1'Yl1'111 flfl.  .. 



V11'HJ~ 3.26 bh\.HH

" 

"1JVI1~bflii'IJtJ~b'l1fttltl~l~b''1JiAmf1ft 1mbiitl1Juft~ l1J~'U~h.t1J Nickel- Chromium - Molybdenum (Ni-Cr-Mo) 
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D 'IV IV _'.Q , Q.IQ. J 
3.2.2.2 fll~fl1't1'UA'll'l-llAUi;l~fl1~nUl1J1J't11flAlJ1A~n~11JUfli.'l~f1~lNi.'IflIlWcn 

t Ufll1 9111 'iH1'V1J 'tIU1~I'lJ 'Yl 1·m'tI1flW91 'tI U·3111 n~'lJ 1~ ~11 1'11 'tI tHlL~ m: Nft ~1.t)w et1~ 

l~Ufl~~ 1~llfl ,r1n~'lJ1~~111'119111Nft91tlweti' A ,r1n~'lJ1~~111'119111Nft91tlW eti' B u~::,r1n~'lJ1~ 
~ ~ 

~111'119171Hft91t1Weti' C ,r'U~lln'U~fJ~1jfll7'h~u'11'11 (Sketch) 'lllfl;fU~lU 'll~ ~ t~f.ltn~91OJ1 (Sketch) 

.fll'Yi~1'U~1~6"J l,r'U .fl1'Yi~lUl1,r1 (Front View) fl1'Yi~1'U'11'U (Top View) .fl1'Yi~l'UrlH(Bottom 
Q,I ~" 0 0 ,J QJ 1A

View) fl1'Yi91~ Section LlJU91'U U~~'YI1fll7flll1U~'tIU1~'YI'll~9171'il1~l"'Wfl111Jff::~1fl 'Uflln::'ll 

'\J'U1~ t~f.I"~,j1fll7t1111U~b1fY~fl'l!lWU'YIU'\J'U1~~A'fJ~fll71~lfJ1"1l~tl,j1fll79171 'llfftl'11111'\J'U1~ 

~fJ "'lJ~~ffty~fl'l!lW~"~t1111U~ ''Ufl1'Yi'h~u'11'11 (Sketch) JUi~t1111U~~~if 

D 111J1f.lif~ '\J\n~1'Uff1'W~LrJ'Ufl11utl11 fl111Jfl1'1~ fl111J1I~ t~f.lt1111u~1,r 
Q.I QI cf~ 

fffY~fl'l!lWllJUDI ,D2 ,D3 , ••• ,D D 

R 111J1f.l~~ '\JU1~'Uff1U~lrJ'U;ff1j U~Ufh\Hju6ml1~'\JfJ~Il'll1~ t1111'U~1,r 
,.,,., d'!'If 
UfY~fl'l!lWLlJ'U R I ~~ , .••~ U~:: 

~ . 
A 111J1f.lif~ '\JU1~ ''Uff1'U'tItl~~'U~11t)f.I~ (Taper) ff1U,hrJ'U~1J 1~f.lt1111'U~',r 

,., '" d'!'If 
ffty~fl'l!lWllJU AI'~'~ ,... , ~ 

" fll7 t1111'U ~ '\J'U l~'\JfJ~U~~~ 9l71Nft Anw eti',ru 'il~' ~1J1917 i1Ul~f.l1nU'Uff1U 'tItl ~ 

'\JU1~~111ti~1jll1ijtl'Utiu l'lfU '\J'U1~ DB flt! '\J'U1~1~'UFh'Uf3'U6fl~1~'UfJflt!~ ,r1ti~'lJ1~~171'11 

9l11Hft91tlWcv1 A 111ti~'lJ1~~171'119171Hft91nWcv1 B U~::111n~'lJ1~~171'119171Hft91nWcv1 c ~'il:: 

o " ~,,,, ~j1
flll1U~'\J'U1~ DB 'Uff1U'tIO~'tIU1~lff'UN1Ut:rUf.lfl~1~'UfJflt!~ llJU91U 

t'Uff1'U'\J'U1~~",jll1;jtl'Un'U'il::t1111'U~U91fl~1~n'UfJfJfl''lJ l,rU '\J'U1~ D20 lrJU'\J'U1~ 

'illfl':hn~'lJ1~ ~171'11 A71 Hi191ftW cv1 A U~111n~'lJl~ ~1711J9171Hft91ftW cv1 B U~::111ti~'lJ1~ ~1'n'11 

9l11Hft91nWcv1 C ',j1j'\J'U1~fi~mh11rJ'UA'u 
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3.2.2.3 fll'iflfllnfl'i'i1-Jl1ifl1'iNafl,"ltlA'lhAFhHlJU,ja~f1'ilNaflflWorl 
~,. jJ AQI'<c\' ~~A

l'Um:::tJ'J'Ufl1'jm'NU~~ltJ'n:j(Machining) mm~'HH~m~'U~~l~'l ilJ1~tlJ'U'W'Ui1'U 

f11'HY~l~ltJ'VI'J 'J Utl~ 'U'U l~'UtN Ni1 ~JiWer1~~ tHf11'J '1~1 'Uth~1.Jtl~YlltJ rifl'U111t,r1~fI1'J f11.J'V1.J 

tJi'utJ1 ~ff'lJ,j~'VI1'Jfltl 111f)~f1'JfI1'j m::1.J1'U fll'jfl~'J U~'J (machining) ff1'lJ1HI ~lU'U fl~U~ 

tfl~f1'J~mUtl~ltJU1.J1.Jfll'j~f)UA'JltJ'VI'j'J~thRt1J'1~un 

l) fI1'j~~ (cutting) cit'Jff1'lll'jfl~lu'Umtl'U11.J~~m1.J1.JU~'U~1'Ufltl'lJ11~'U(cutting 

wheel) Utl~U1.J1.J11.Jt~f1tJ (hack-saw) 

AI " 1"QI' 1"'"2) fll'jt~l~ (drilling) lJ'j::flfltJ~1tJfll'j ~111ff11'U11~'Ut~1:: 11tfl~l 

l' 4 d... 1~ ..1 ~ l'QI

3) fll'jfl'J1'U (boring) flfI fll'j'UtJltJ'U'U1~lYltn~~lflfll'jt~1:: 11 L11f\!'U'U~l1tJ111f1'n'U 

~ a 1tJ "QI. 4 • .:1 I" jJ. ., dd •11 .... 1
ilJ1'J'lJ fll'j ~~1'U~tl1tJ111ff11'Ut'WtJ'JU9I'lJfI'lJflg~l'U'U1'J 911'J ~lfl1111 ~1:: 'VI'lJfI'lJfI~~n'UlJtl1U 

el 4 .: • ~ d 1"a el Ad"
4) fll'jfltl'J (turning) flfI fll'j11~'U~'Uff'J'U~l1Ufl11'lJt'j1 Utl::: ~'lJ~fltl'Jtfltlfl'U'VIt'U1 

tI • tI 

ff'lJNff;f'U'Jl'U fi\1fll1~'U UH ~lflfll'jff'lJNff '\!~ 11~f1fftfi~ 'til1l1'fh'UfI'J;f'U'J1'U\1fltlfl flflfl fl~l'lJ 

UU1tffU'jfl1.J1'J"'f1'JU'U'J11~U"
QI 4 1" a el da... " ".1 ... 4

5) fllm~ (milling) flfl fll'J ~fll'j11~'U'UfI'J'lJ~fltl'J'VI'lJN111U1ml'J'U'Uff::fl~l1'jfl1!~ 
• tI 

fhfi'U1'U'jt 'UfI-3;f'U'J1U 1,rt~ fJ1.Jtff'lJfI flU 

o d QI a 4d d' f¥I d . 4. 0 

6) fll'j'VI1tfltlU1 fl~tfltlU111'jfl'VIfl1111't3~ t'jum1 fll'j9l11.J\fltlU1 (tappmg) flflfll'j'VI1 

d QI

tI 
4. d 1 a 

• 
"'1" 1 aQI 0 

tfltlU'J'VI'JtfltlU'J'UflflUtl~tfltlU'J U ~lflfll'jfl~l'V1\1m~lt Utltfl11U~U ~'U'U1~ Ufll'j'VI1tfltlU1 

ff1'lJ1'jflVi1fll'jfl~Fh~1mlH'Vll'Jfltl~lmt1il;'lJ.wtfl~U1~1uijfl~lmfl~f1-3~mnfltfl~U'J11~f1 1~fll'j 

l1~U'W~f1'lJ tfl~f1U ~ ttJ~UU~ 1U11 U-3 'UfI'Jii~fl~-31 U'jt1.J1.Jt~~f1-3fl~-3thl1i'1.Jfll'j Vi11fl~U1 '1~t,r'U flU 

a'1 ~1 el' 4'1'd'1"QI£It7) fll'jt~U'J:;: U (grinding) f11~'U1.J~lJU11U-3 Umt1.J1UfI1'jfltl-3U~-311'jfl 'lJfl ~ 

tdfl-3 ~lm;ju ~'U~f1U~ '11itl~ tflU~ Utlt hjiiNtlAfI'U'U1~iJ~ Utltfl11'lJfI tl1~ tfl ~ f1'U 'lllol!fl i ~ mil 'U 

t~U'Jf11'j 1~l1Ut~U'j11~fl1tJtUu'j~m;hl1U1tJ 'Ii~ \l11~mffu~fftJ7nW~~f1-3f11'jtl~11~f1tl1.JfIfI fl i~u 
a QI _ I "A 1"'" d aa 4 """" A aQI
'lJ1~ qlJ'j~ff'JfI1'WfI 11 NTYI Qfl'U~ff'lJ"'U1~11'jflfl11'lJ11U1Qfl~f1'J~1'lJ~f1'J f11'j ~~ tm fI 'J t~{l'jff1'lll'j fI 

_I "Gj~ Qld"" .1 elt
lJ'J~Qfl~ t~ tU-31U'U~'VItlttmJ~'lllfl'UU~UfI-3'UUiJ~t~1 

AdI Q.J ~ iI
3.2.2.4 fll'iflfllnafl'MW::fll'i L11HU 

~... 1" 1 . Joel"; • a1Uf11'Jffflll1tl fl'llW~ fll'j ~-31U Uff1UU~~'Vllfl1'Jfffllll1U t'jfl-3 fll'jtJ'J~ flfltJ UNU'lJ~ 

'i" ~" A '1 Gj _I ' a , ...... "~1" QIt~ fJnfl'll1~lU f11'j tfl tl flU '11 'J Utl~ ntl1 tU f11'JlJ'j~ flfl1.JUNU'lJ~'\H)-3 U~ tl~ ~'j lNtl ~.f)WCV1 Glf.:l ~11 tl fl 

d .A dt ~ " QI ~ <j/ ~ 0 

'VI\l'llQf11'j tfltl flU 'VI 'UU ~tli lU 'U fI 'J'lJtJGlf1UUtl~ 'U'Jl 't1~tlfl.:lUtlt 'U U 't1 f) 'UtJ~ tl1U UNUlJ'lJ flln11.:l1U 

fftHijfl (Two- handed Process Chart) m1'lJ~7.:lttlumt1.J1Ufll'JNi1~'Ufl.:lm;'lJ,rum.:ll'W'j1tLilu• 
QI.4 0 ~ 'jJ 4 ... ~ 4 0 QI .4 

fll'j1.JUYl flfl1'J'Vll.:l1U 'UtH'lJflGlfltJUtl::'lJfI'U11 LU'jU1.JL1:1''lJflU fll'J'VI1.:l1U 'U tH~ U 2 fl'U 1.J 'U 'VI flfll'j 
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o .d~Jl QI QI~~ ,~ <C\ d. QId C\ 

'VI N 1'\...1 VHfl ~ 'tJ 'U 'U'tJ ru ~ 1~ t11 fl'U l'Vlfl 'U fI fll 'nJ 'U 'VI fl 'il~ ffUI 1'Hl 'Il'! 'VI f1'U fI U'U 1 'VI N 1~ t11 fl 'U 'tJ fl ~ 

iI 

llF-I'Uf)iJ m~ lJ1'U fll'H-I~~'tJfl~ flftll 1~t1ft'il1'jru1fll'jVi1~1'U'tJfl~ijfl"li1t1 Vi 1fll'j-U'U Vimi'U ~ fl'U fll'j 
~ . 

Vi N 1 'Ulffij fl'U "'T'd~ ';h 'bjdi 'Uij fl 'tJ 11 l..r~ 11'I1'U fll'j n'lJ ijfl'tJ 111 'U Vi 1'U fl ~ 1~ t11 n'U 'ill m!'U ~~ 

f11111 ffll'fr 'U 1i'tJ fl~ fll'j Vi 1~ 1'Uvi
iI 

~ fffl~ijfl ff1'11 i''lJ UH'U,fJiJ fll'j 1nm!fl1J Cl fll'j ~lJ 11 Cl1Uff~ ~ 11'1 'U 

fi1f1H'U1fl 

iI 

'11~flfll'j 'il~-u'Ui1flfll'jVi1~1'U'tJfl~ijflvi~fffl~ l~t1fll'j1~UH'U.fJiJfffl~ijfl 

~ G/Q,I 1'J/'J/l10 ol::!!IQfCl"
1) Mfll:l11fJ 'ilm 'tJfl~fll'j'Vl1~l'U 'I1l'tJ1 'ilflfl'UCl~lIfl'lJ'U'VIfl'tJfl\!Cl 

.,C/ 0 "'l'J/l'J/ oJ ... 'J/ "". d 'J/C/,.,C/
2) 'lJ'U'VI flfll'j'Vl1~l'U 'tJfl~lIfl'tJ1~ ~'tJ1~'I1'U~ 1'WtI~'tJ1~ 1~ t11flfl'U 1ff'j 'il 11Cl1 'il~f1fl t1'lJ 'U 'VI fl 

o "'l "" 'J/ oJ
fll 'j 'Vl1~ 1'U 'tJ fl ~11 fl fl fl'tJ 1~ '11 'U~ 

3) hjl~i1ty~fl£JWffmA1 l'UnCllt~mn'U 
• • ,.. , II , • 

4) fll'j1~lJ~'U'il~u'U~m~lJ.yhijm~lJ'I1Um1'U~'Ul'111.i l~m~lJ.yjijfl"*lt1nfl'U 
QJ'Ci 04t 4 Q,ldcw4 oct 

5) lJ'U'VI flfll'j m~'VI1'tJfl~lIfl'VI~fffl~1'UUfl1 'H'jfl'j~~1J 1~t11fl'U tllflfll'j m~'VI1'U'U 

... .1 1 "".,
lfl~'tJ'U 'Ul1Cllt~mfl'U 

o "'l t 'J/ ... .1 'J/ ., oJ 'J/ ., C/' .,.,d, " 
6) fll'j'VI1~1'U '\Jfl~lIfl'VI~fffl~'t1 lJ ~ lfl~'tJ'U'W'jflllflW)f~~fl~ 'il~'lJ'U'VI fl~ln~~lJfl'U 

III 

. 
ill't'fn 3.32 ~ln'l1'l1~fll'j11~fJUmW'I11n~~'j1H~~.ntuCl1A 
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" l'U fll'J ffmn~U'lJl1~l'Ufll'HH)flH1J1J't1~~l'U1l1'fll1l'l11nfl fll,;dl~ H1J1Jnl1~ fll'j
v • 

" " illl1'Ufl \J'U.lfl fl'j'jlJii fll'j Nih~I'I11nfl nl1~ -crfllltu~fll'j 1~~l'U.U'U. l1'11J1'j o1lm1~l11~~~u 
" . 

1) fll'j lil fl fl1fffJ ff1l1 i'm4i1~'I11nflU'U. ~ll ~ 'U. ~V~ lilUfl1l1'fJ fiij flW l1''lJ-U~'YI'U. ~ Um~ 

'" "'" ~ '" d '" ....'" .... • Ill" • '" fl'j~H'YIfl ~flfl CJI~ml1fl'YI'lJfJWff'lJ1J~fl~fll111 ~flHfl ml1fl Nikel-Chromium-Molybdenum (Ni-Cr-

Mo) ltJ'U.~'U. 

2) fll'j ffm:l111Hl~ tUi'lH l'i'tllflW~\J U~'I11nflUlflN'mullflfJfll'jil~ n1J1J Hl1~ ill 

l1'U.fl\J'U.lfl,r'U.Yi1J1l-crflllW~ fll'juufln1J1J'I11nflltJ'U.umJ'j~fJ~-w'U. ~ (-M) ~~ rH 1J1~ffll1r 1J~1'U. nfl 

~11unl1~fll'jNi1~H1J1JNl1'lJ l'U.~i1'111nflij ~1'U.1'U.f1lJ~fl 6 f1lJ~fl ij'lJ1Jl~l~ l'U.LL'lJ1J 45- ~~ l~'U. ~1. 
~ Q,I 0 ~ 111 YJI 1 QI dd ~ '-t fjJ d 

m UflU'j fl till1 'j'lJ fll'j i'll ~ l'U. i'l1 ~ U l1'1'lJ1'j 0 l1fl fll 'j l1'~ i'll'U. 'U. ~l 'U. flfl i'lm ~ fJ~ tJ'U. tJl1 ~ flAm ~ bfl''il 'lJ 

.... ~ ~ '" Ill"
11 fllJW~1J1~CJI~ffllJl'j fHYi'lJ F~l1 Nl1~ !fl 
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3) '\J'\.n~ hl'ri'n.Ag'U"'\JU~111n~'Yt'U11,"1n~~71f4ft~UiWet1 A ij'\J'Ul~~~~~mh~~lfl 

111 n~~71f4ft ~fiWet1g'Ulllflfr;h '\J'U l~ ~~mi 11tf~:::ijf411AUfll7~'U~1J~1 tim::: 'U1'Ufll7 Machining 

'~nri fll7~~ (cutting) fll7~,\)1::: (drilling) fll7~11'U (boring) fll7fln~ (turning) fll7n~ (milling) 

o do ClJ' d ~d. d' tII.d ~ 0 do t .d. 

fllnlltflllV1 fl~tflllV1 'H7U'Vlfll1;jl~~~7Vfl11fllHll'UlflllV1 (tapping) flU fll7'Vll~flllV1'Vl~~flllV1 

'UUfllm:::~flllV1L'U ~lflfll7fl~~'Vl\lm~1::: Ull::fl11'U'il'U ~'\J'Ul~ 'Ufll7'Vl1~flllV1Ull:: fll7l'ilV7::: 'U... 'I '" d "'" 1 0 '" "" 

(grinding) lrl'U~'U ~~ 'il::ij~'U ~U'\.J~'1J1flfl11,"1n~~71Nft91fiwct1t'\.J" 

4) '1J1917il'\.J,"1n~~~t;umrl'\.J1l1917jl'\..ltAV1ti'Ul'\.Jfll766flU'U'U 

5) ~1J'Vl7 ~ml'\.Jij~~1~~ 1'\.Ji111n1J'l11n~uAll:R71f4nRfiwct1'~Uri~1J'Vl7~aL'H~Vll 

~~1ff ('VlH S) ~~~r1'U~1J'Vl7~~ij'\J'\.Jl~~hji1J~6'\.J'1J1flUfl 

6) l1ml'\.Jfll71h:::m)'UuN'\.Jii~'\J6~,"1ti~R71NftRtiWct1A ~m::: C iiUN'\.J76~UN'Uii~ 

(UN'U Shim) vh1,f111111'\.Jfll71J7:::flU'UUN'\.Jij~ 1~111111Jlflfl11 ,"1ti~R71f4ilRtiWct1 B 

<:t .., ... 'i
3.2.3 ftn'i:lln1"iflAIQ6"HlI'H~ 

3.2.3.1 1l"i-31l1l~fhr-3-31l..!'l..!.:ill..!ftAIQ6l..! 

'illflfll7flfl'lom~7~~m::fh~~.:il'Ulwn'U~~1~6'\.J (Forces and Power in Cutting Opera

tion) itl'H1'U~1'\.Jn~~b'illJ'Hitln~1Jl~'HU1't16~,"1n~U~1l:R'ilNnRfiwct1~~lllR'ijl'Ufll'i~~ 
~ '.d' ~ QI tI QI'iJ fJI "oQt,.,J .c: QI .:

~'W'\.J'\J6~UN'Ull~nRll::R'ilr,mRflWCVI1Jl~R1i'l'illfl'\J6\!1l~NllRClf~Uff~~RlllRl'il~'Vl3.27 ~~'U 

. 
q Ql4 td I oQI,QI,J

f11"iH'YI 3.27 '1J1R'ijl'\.Jfll7R~~'W'\.J'\J6~UN'Ull~URll::R'ilNllRflWCVI (Cutting conditions) 

,r1n~ (D = 125 rnm) 
I _ 0'~ 

I "''J1Na~ilW'fl A 

Hfi'Uii~(Insert) R245-12 T3 M-PMIi SEEX 1204AFfN-M14 SECTl404AEENLD2 

~1'U1'Ufl1Jfi~ (z ) 6 teethj 6 teeth 6 teeth n 

'" .:
1U~'lnHl'U (Material) i S50C (HB = 200) S50C (HB =200) S50C (HB = 200) 

131 mm. 132 rnm. 
T  
! 6mm.  

I 131.25 mm. 

6mm. 16rnm. 

45 45ll1Jt'\lHl'U (k) 

, 0.21 mm. 0.25 mm. 0.21 mm. 

d '" 
fl111Jtn~~ (V) : 250 mlmin I 150 mlmin 180 mlmin 
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1) ':11n~1.h'il~hn1Jfl':il~ilflfiwcn A 

"I 
fl. 'YI1UHl'iH)'\.J (F )s

"I r. cos j} 
\llfl fflJfl1'i'YI1~lJl'iHI'\.J tan a = r• = 

0.0083 
r -- = 0.3472 

a 

0.0239 

0.3472(cos23°) 
tan a 

1-0.3472(sin23°) 

0.3472(0.9205) 

1- 0.3472 (0.3907) 

= 0.3698 
o 

a= 20.29 

0.0083 

sma sin 20.29° 

= 0.0239 in. 

"I" '". "I
'YIl'W'\.J't'lllHI'\.J As = LsX d 

= 0.0239 X 0.2362 

2 
= 0.005 in.

= 27,000 XO.005 

= 1351b 

" 'U. 'YIT5fl'il-llfl'\.J~'\.J-.31'\.J (f
m

) 

feed nwnber of teeth 
f --x x rpm 
m 

tooth rev 

12V c 12x820 
rpm -- = ---- = 636 

xD 3.14 x 4.92 

0.0083 x 6 x 636 

= 31.6728 in.lmin 

fl. flfl'il1.J1lJlfl'ifl1'i~~(~) 

~ = fXd Xw = 31.6728 XO.2362X5.1673 

= 38.6572 in
3
/min 
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~. Torque (T) l.v~l'illnvlllH~ 2-1 hJ'IJ'Yl~2 . 
'illnvnll~ii 2-1 fl111Jll~~ 200 Bho 'il:::'~ Up = 0.79 hp/inJ/min 

hp 

T 

= 

= 

= 

= 

...11lU111''JI~'illOfflJflll 

Up X R.m 

0.79 X 38.6572 

30.539 horsepower 

hp x 63,025 30.539 x 63,025 

rpm 636 

3026.29 Ib-in. 

T 3026.29 
= 1230.20 Ib 

D/2 4.92/2 

hp x 33,000 30539 x 33,000 
1229 Ib 

820 

... 
0. 'HlllHI\W'IJ 

'illOff1Jflll tan a = 

r• 

tan a 

= 

a = 

...II ""• ...
111'W'IJ'Yll\1 U'IJ = 

= 

= 

= 

r. cosp tl 
r• = 

1- rasinl3 t2 

0.0098 
--= 0.4711 
0.0208 

0.471l(cos 17°) 

1-0.471l(sin17°) 

0.4711(0.9563) 

1- 0.4711 (0.2924) 

0.52 
o 

27.60 

0.0098 
= 0.0212 in. 

SlOa sinlt 

LXd 
s 

0.212 X 0.2362 

0.005 in.
2 

SXA 
5 51 
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= 27,000 XO.005 

= 1351b 

" 
'tI. 'H1ij~'jltlij'U~'UHU (fro) 

feed number of teeth 
~ ---x  x~m 

tooth rev 

12 x 492 .4 12Vc
l1Jij ~m -- - ---- = 382 

ltD 3.14 x 4.92 

0.0098 x 6 x 382 

= 22.4616 in.lmin 

fl. ij~'jlm1Jl~l'jf1l'j~~ (R...,,) 

R..."  = fXd Xw = 22.4616 XO.2362X5.1574 

= 27.3622 in
3
/min 

, . 
~. Torque (T) i~fh'llflm'jHn 2-1 i'U1J'YIn2 

d fl111JU'tI.:Id 200 Boo 'I: ~ Up 3'11fl;l1'jl~'YI2-1	 '" = 0.79 hp/in /mm . 

hp  = Up X R..." 

= 0.79 X 27.3622 

= 21.616 horsepower 

hp x 63,025 21.616 x 63,025 
T 

~m 382 

= 3566.36 Ib-in. 

T 3566.36 
= 1449.74 Ib 

0/2 4.92/2 

....
'H'jij 

hp x 33,OOO 21.616 x33,OOO 
1449.85 Ib 

492 

.... 
fl. 'HltlHl~ij'U 

raCOS~
'11flff1Jf1l'j tana = --- r = a 
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0.0083 
r = 0.4716 

a 

0.0176 

0.4716(cos 17°) 
tan a 

1-0.4716(sin17°) 

0.4716(0.9563) 

1-0.4716 (0.2924) 

= 0.5231 
0 

a = 27.62 

111f1111W11''Ufl1'H~t1'U Ls = 
tl 

- 
0.0083 

sma sin 27.62° 

= 0.0179 in. 

" ..l "" 111'Vi"" 'Uru11tI 'U As  = LsX d 

= 0.0179 X 0.2362 

2 
= 0.004 in.

., .," 
~.:J'U'U	 = SsXAstFsc 

= 27,000 X0.004 

= 108 Ib 

" '\I. 11TD~'j1iltl'U;f'U.:J1'U (fro) 

feed number of teeth 
~ ---x x~m 

tooth rev 

12Vc 12 x 590.4 
~m --- = ---- = 459 

ltD 3.14 x 4.92 

fro = 0.0083 x 6 x 459 

= 22.8582 in.lmin 

fI. ~~'j11J11Jl;t'jfl1'j~~(~) 

~ = fXd Xw = 22.8582 XO.2362X5.1968 

= 28.0581 in
3
/min 

.:J. Torque (T) '''th'llf1~l'jH~ 2-1 ''U1J'n~2 .  
'l1f1~1'jHYi2-1 f1111JU~.:J 200 Bhu 'l::1A Up = 0.79 hp/in

3
/min 

hp = UpX~ 
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= 0.79 X 28.0581 

= 22.166 horsepower 

hp x 63,025 22.166 x 63,025 
T 

rpm 459 

= 3043.60 Ib-in. 

T 3043.60 
Fc 

-  - --  = 1237.24 Ib 

D/2 4.92/2 

... 
'tf':it) 

hp x 33,000 22.166 x 33,000 
----  = 1238 Ib 

590.4 

...  i'" ..., 4 t' 
3.2.3.2  1Ifl1l::'t'I'UtJ'JJatll1ftill~8'lWn'l:: 

4!iOI Gl4'Q' ~QJ'tI •• 
UH)'Ulfll1J19l'j i l'U m 'jYl~I~ tl'U 'Utl..:JU~'U 1J~U9I t'!::91 'j1FfCl9lflWcrl (Cutting condItions) 

1Jltil'U1Wl'itrh,:r1ti~~'jl~1l9lfiWt:ri' A 1~UH 1'Um'jl~fl'Ul'rhtitJtitJ,:r1ti~91'jl~1l9lfiw t:ri' B '~fh 

I'rhtitJ 135 Ib 1Jlflfl';h,:r1ti~91'jl~1l~fiwt:ri' C ~..:J'~flll't'htitJ 108 Ib til~..:J..:Jl'U~ln~~'U'Uw::i~ 

l~tl'U,:r1ti~91'jl~1l9lfiwt:ri' A '~fll1Jlfl~~ fifl 30.539 hp ff1'U,:r1ti~91'jl~1l9lfiwt:ri'BUt'!:: C '~fll 
. " 

'm\'lflfHti'U fifl 21.616 hp Ut'!:: 22.166 hp 91l1Jt;l~tJ uHi~.yhn~;j'U,:r1ti~Y1'jl~1l9lfiwt:ri'A 1~ 

UHi~UfltJff~ fifl 1230 Ib Ut'!::,:r1ti~91'jl~1l9lfiwt:ri' CUt'!:: B 1~uHi~ 1238 Ib Ut'!:: 1450 Ib• 
~l1Jt;l~tJ \llflfl1'j11fl'jl~MU 'j..:J1'U m'jlPl~l'itJ"h,:r 1ti~91'jl~1l9lfiwt:ri' A 1~u'j..:J 1'U m'ji~l~fl'UUfltJ 

3.2.4 til't'l'UilUH'lU1l1T1i1t'l8~ 

" " m'j til'tf 'U~U~'Ufllnl~t'!fl..:J1 i'J'U fll'j1l..:JU~'U,j'U 91fl'U flln'i H1Wh,j'U9Ifl'U' 'tf 'U fl1'j \ldll 
. " ~ 

I 4 0 Go' 4 d 1 0 ..cI .. 1 ~.q ,.... 0 'JI
flfl'U'tf 'jtl'YI1'tf t'!..:JIl'itlfl1l1J'j1~l'j1 'U m'j 'YIl..:Jl'U ut'!::1JIJ'j::ff'YI1iflll'i 'U tJl..:J'U'U 91 tl'U tll \l \l~'YIll'i 'jtl1J 

.... ,'JI ... _' .... 1 ''JI .10fl'U ~1l'itlIJ'j::l1 tJ~nt'!l 'U fll'j'YIH1'U ~1Jlfl'U'U 

3.2.4.1  ftn;U'8U'U'Uli11tJTl1~11'UlflWft 

\llflfll'ifffllllfll'i til 'tf 'U ~'U'U l~Ut'!:: fll'j; l..:JUtJ urhfll 'j91 'i1\l fffltJ'U'U l~~ 1..:J'1 'U tl..:Jlf1 

ti~tll~~1'j	 1tJ9I'j1~1l9lfiw Cli' A,:r1ti~tll~~1'jltJ9I'j 1~1l9lfiwt:ri' B Ut'!~,:r'Jti~th~~1'j 1tJ9I'j1 

Q QJ' tI " J...4 QJ' , " , d tI d tlG.I ,
~t'l9lflWcrl C ~1tJlfl'jtl..:J1Jtl1~ ~Ufl Profile Projector fl1l1Jt'!::1tltJ~ 1.00 1.1 m ntl'jl'UtJ'j1~ 31fl\l 
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4 t:I d 0' tI do Q QQtI tI
Measuring Microscope fl111J~:mtJ~ 0.10 Jl m ntJ'':Ht.ltJ':ifl1~ t tl'i fl111J~:::mtJfI 0.05 1J~~L1J~'i 

hJ')~1J1J (Bevel Protractor) 1Jn'Yi~1~1l1Jffln~ (Universal Bevel Protracter) Ln'll1~1f1'ij,Jt.ll~ 

"" "" ~ iIl.00 - 7.00 1J~~L1J~'i L1Jt.I~t.I 

, d 

3.2.4.2 f1"i'J'lltHl1Ji;f111~tnJnHLtlll 

• .d. Qlwdo!l Q ~ tI Q QI 0' 

~'i1 ,HYtJ1Jff1t.1 Nff1J'YI1~Lfl1J"tJ~'H1n~'YIt.11L"lA'ilf1~ AllW CVl A A'ilf1~91llW CVl B U~::: 

A'nNii~fiwet1 C l~tJ1i~ii'1f~t.lffLtln 1'Y1'iL1J'YI1 (Emission Spectrometry) l~tJmn'.ht'bt.lNff1J'YIl~ 

Lflii~'~1l1nm'iA'i11lfftJ1J1J1L~tJ1Jti1JA1'il~1J1A'i!lt.1Ln'i~L'H~m~tJ'Hl'1fij~"tJ~1ff~~vh,r1tiwh 

Vil'lJl1llml1~mm~tJ:h L~rJ1Jti1J'lJl~'i!lt.ltl: h 
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3.2.4.3 YI~il8tJfll1lJ tt;;-3 

~ Qlcvd. o " .q QI fI QlQldo" .q Q,I 0
'Yl~ffU'Ufl11'lJutt~'I.I~H111fl~'YlUWIJ1R'jlNJ;lRflWCfl A 111fl~'YlUll'l.llR'jlNJ;lRflWcn B 

QlQI.d.ofjl .qQ.l tI fJI QI d fI.c::I.c§ QI 

UJ;l~ 'l11fl~'YlU1L'I.I1R'jlNJ;lR.flruerJC ~1tJfl1'.i1~fl11'lJLL'I.I~U'U'U'jOm1J;lJ;l~LflJ;lGJf (HRC) GJf~ll1'lJl~fl'U 

d 'jJ d ~,: q d ,t d 1 A.., ''j/.., "" 
llYJ;lfl flJ;ll'li1J LL'I.I~'Yl~~UUJ;l~ N1LL'I.I~ UJ;l~ ffl'lJl'j t1mUfllfl11'lJU"~'I.IU~ J;l11: ~lmfl'jUn~ ~'YlU'Yl 

1~tJ hj~u~lifl1'jf'hu 1W.flltJ'l1~~ fl1'j'Yl~ffU'U~ ~li1ifl1'j~~"o 'uri' 
I) 1ff~mumw~1.nufl1'j'Ylfl~u'U. . 

A  
fl. Lfl'jU-J Macro Hardness Tester  

" 
'1.1. ;U'Il'U'YlflffU1J (':hti~ A 111ti~ B UJ;l~ M1ftfl C) 

.., c:l ~ " 
2) 'I.IURUUfl1'jYlflffu'Uml'lJU'I.I~LL'U'U'jom1J;lJ;l 

• c:l 

fl. d1~LfliU~'Yl~~U'Ufl11'lJU'l.l~ 

'1.1. 'l.H'Ui ,r1l1'lJ1:~'lJti'Ufl1'j1~fl11'lJU~~U"fi:U'U'U 
" 

fl. 'l.J l''Ul'hl1Ufl 1,r1l1'lJl~ff'lJ ti'Ufl1'j1~fl11'lJU~·m"J;l:: U'U'U 

" 
'I. \h;U~lU'Yl~ffU'U11'l1UA1Ul1l1~fl1'j1~ 

" . 
11. 'l.J1'1J'YIlJUilU11~;U'I1U'Yl~ffU1JR1'lJL~'lJU1Kfl1l,"Ufhl1U~ Pre Load lu 

. " 
fl1'j1~ 'ilU"~fl'l..hlfl{)'I.IU~ Pre Load L~'lJ~U'I";~l1'lJ~ ('l.h::mw 360 - 370) 

ll. Uff~'1rllfl11'lJU~"fl1~h~~lflfl1'j1~ 

~ 

I 

1 

(fl) ('I) 
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q QI '=' 'j/ Al' 

ftlViYl3.38 Ufffl-Ull11f1f1lTl11'llU'tlWI1U bTl1tN Macro Hardness Tester 
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tl1~ 1~ot'rtt1fffl1J 1~i ~1f11fl '.i 'j:JJ lIelU '.i eltJU"~fll'.i~~~~1:JJ)j ~ ti~ ii11itl1~Pi ltUU:nU 
, 'jI r' 

1~HJthln.J."u~n.J.~lU~llJmfwfliJvht"""-3,jU~lIUflT'n11-31U\)Um::v'k;;Ylt~\)~~f\l1'l;j3.39.. 

~ .d Q,I' 'J/ 4 Q,I' 

,HlllllflUlfl'U~ 11111~ll~ ftmmnrnnu flnYl~tn)U'l11 

UUUtl6Pltll~uuu~u)jPl I  fJOHY1JU'9i'll8\lra'~ 

I 

9/ ... 
nUnll'U8~flYlfllflU 

f1~HYV'U 

'" 9/tatlfl'IJV\jfl 

l~6Ul'llllmu~tl 

I • d IYI101'1 YlPl a'8U1flfll11JU'll'l 

'thil1'iYl~1'J8U 

'Mlfll11ltilJ1JFh 

I 

• II 

!11'Yi~13.39 u~ufliJn"",,~,ju~m.ttl1'iPiltUU-31U 
'U 



~rtnHl1
'" . 

t-f,lA.rtt~~n~lnR.I1Q~mQ~.ru~l~ t-Ul~l11! ~1!~~rtl~t-f,lA.rtbml~lnR.I1.fH.l¥Hf,l~nfJmf1,n 

~HU~ n,CLHf,l~n 1, I1Q~mQlll'f,lUQ~l ;e:,m,\!~gHu~~~~mGR.~1! ~~l1l~I1.fl-tl¥~b ~~~n~l1 

LbmlJ~~HU~~~~lm1 LbmlJ~~Ht-GR. I1l1nrIt ~lnR. Nlhl,1 GM1~Ji,~\;!~n~U~l1l1l~N~fI,~lnR. p ~ b • \,p 1'0 b I" &7"1£ ~ f' • 1'0'P' " 

I1Q~1f1Q ~1 ~~n ~ ~l!!lR. f,1t-f, IA.rt lf1G.ul\ tf,~f,lU L!,A,Q~l f1l1n~1!~~I1L~f1f1nu GGf,lU f1GU ~f, rtll1ltt 

IJ fW fl,ll-t1{~l f,l!!ltll1l nGMl Uo mlJ16IJHl f,~~1J~11 t-G fI, ~U~l1l1l ~t-Q11 ~\l, 11m fiUJd tlUllA ~ p b 0 'f' P 1'0b • Itl 1=7 ~ '="I'tl lj:7 0 

~t!rt!'fl1l'tB~(tl~Gllnnn~~~t!rtl~n-YtB~n RU~ ."£"£ 

\l,mm~t-lJu ~l1l1l~ 
If, /;7 '" If, 

\l,1!n1!w~l~lnR.~~~~~n~n~lQ~lt-GIJ~lAf,lU~Hrtl.u t-GIJ~lAf,lUIJH,!i ~l f,l!!ltf,lUll,A Nm~lA 

f,lUIJHu~n£L N~IJ~IA.f,lU\l,\l,nUGG 16gH~mmm1U(Wf,lUQ~l \., H~nl~nb nlHi1l!;!~ml ~~ 

Hlml~nl t'!!Utblt-\l,1!qA,1I1U~1~~f,lIJQt~nlt-~'L0f,ll1l.u ~~I1l!! t ~lnf}, (loq.IV)~1!~~I1l~n~l 

ftl-t'Llrtn~~gH~;e:,m,\!16gH~~11l~lltt;e:,m,\!16gHt-Gf},~mR.ui1mtmr.J~tmQWlll1lttG~l~Lrmll1ltL! 

~~;e:,mif~gt:tu~UG~lf,lUr.J~l ;e:,mif~gHu~~IJ~nt'GR.~1!~~l1l~tQfI,~mR.ui1mtmr.J~1I1r.J~rll 

f,lU l!;t n,t\u ll~t~11~~n~n nr.J~(tl~QOf1\l,n ~1! ~~l1l~\l,1!w~mftG~ LfiU~ f,lUll,AU ll\ t-i1l-t
". . 

(Q~) tblt-nml~f,lUnQ~nf},t-~mmlmHn 6n: lAMlIJ • '=" 0 1'0 '=" ~

". 

IH~jl.~P 

lfWUf.W 6> 

~itQrl.li:aWlt i<.. = 

Lnuur.LU~H~ITQ~~tr.rItr. 
6> " 

on  



131 

f+dm m•  

IL--J r 
i 

I I /1 
---I 

I  
I  f 1 0I 

'~ =:J 

a 
p 

(mm) 

12 

12 

12 

'HirriY\J~1 
D c 

(nun) 

j 

;4 Dc 

~l\Jl\J L, (mm)drum 
lIPi\Jjj~ 

(nun)
(f111;~) 

50 

50 

63 

R290-{)5OQ22-12M 

R290-{)5OQ22-12H 

R290-{)63Q22-12L 

4 

5 

4 

22 

22 

22 

40 

40 

40 

L 

M 

H 

= l~tI~f1lnh~ l~tI~f1'Uhjlviln'U 

= l~tI~f1U~ 

= l~tI~f1'U~1Jlfl 
• v 

N (fI1UJI; l'HI1) 

tJ~tl~)rpm 

18400 

18400 

15900 

• 

fllll'l-t; 3.28 fllll'l U'AUff~ '1fj'l 'IJ'U l~ 'IJfl'l~ l'1Jij~n~u tJtJfI fl~H'I.1i1 tIl.JUfi'Uij~'IJfl'1flll 

.QI, ~ d' 4 .c:s. 91 .cot. GJi t Q,I .c:s.o QI 

f:o!(lflflWo/i Sandvik CJ1'1'1J'IJ'U lfl'IJfl'l~l'1J'1J~ !'U'1f'H 50-63 '1J'1J. um:fl'1JA~'1JlIl'U1'U 4-5 fl'1J~~ 

(ufiuij~) ij dm,n rVllntJ 22 1J1J. ~vlln'U 
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II 

~ It) 

C!-_.........~~
 

.:i 

" 
~l'n~~ 3.29 Hff~~~~'\I'Ul~m(l~~1'U1UH~uii~'tI6.:j~'j1~i;~Jiwct1Mitsubishi l~tlii'tllJlf1~.:jUA 

" 
138,l60 Uft~ 200 l~fJij~nnufl}J~~~~U~ 6, 7 Lm~ 8 ft1J~~ tm::ii'tllJl~ dm L't'htilJ 631J1J. 

m 

'Il1l1'aU~lDc 

(mm) 

Asx445-R12506E 

160 

138 

Asx445-RI6007F 

200 Asx445-R20008K 

Ilnnu 

llNtljj~ 

(f1lJi~) 

6 

7 

8 

dIn", 

(mm) 

38.1 

50.8 

47.625 

fl11lJ~~"IH~llJ
 

jj~
 

(nun)  

63  

63  

63  

..tn~lI,.jujj~N (f111lJlh'IOU 

(nnnl 
~~I1~)(rpm) 

13.4 

13.4 

13.4 
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I  
I 

I ' /1 

L=~l,d:f~l~~ ~pl
 
....---- DC----+t 

: QI iJ 
'Ull1lHl lJlJ!'tI1. 

A~ (nun) (nun) (nun) (nun) (kg) ~1'U 

R 29O-063Q22-12L 4 63.00 40 22.00 to.70 -Sandvik 

Asx445-R12506EMitsubishi 2.96 138 63 38.1 6 

. ". 
Al'jl~li 3.30 '~nflV'UlYi[J1J'tI'Ul~U(;l~l'lJU1J1J'tIfNl;~ffV~~'j lf4~~.nWrfll.wvih' 'lJl'i~'U 

~V1J(;ll'U f11'jA~iY'U1~1'Uf11'j~fl1':l1ll(;l::;vvml1J1Jl~Vf11'jf4~~AV hI 

Sandvik 

I Mitsubishi 
I 

I 

D s r 

(nun) ,(nun) (nun) I (nun) 

-----1,-------------+-13.20 r3.97 I 0.8 I 10.7R29O-12T308M 
dCI~'' i .'(''), . 0,~J,'y. " 

I I i IPL4020 L'::: <_" _, Ie, 
~br)--

- " ~ I i I 

SEMT13T3AGS\I 13.4 3.971----~1 

J 
I 

~ td'" '" R" 

FT I i ~"'l : 
j f • ] I II>t ' ~, --l~~---'=====!_-______=~±_==__L___L__~_~__._J 
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II 

" 
ij'ilfm~LflfJ~wh-3"1~>1~~ 1'l1u 

o .d '" B I ...,;" ]I .\]1 .1
3.3.1.1.1 ffl'i 111Li'lJ~>1'lJ~UCl~~umW'Vlt'if'Vlflff~1Ju'i~flfl1Jfl1fJf11'i'Vlflfffl1J'iu'Vl'i-3· ~ 

LH.I1i'lW~ 1I1fJ Li'l~~-31'l1'i1vhn'l1'il~~l~flf (Profile Projector) 

o .d '" .1 ..";,,]1 'J/ .. "" .. """.1.1 ..
3.3.1.1.2 ffl'i111lfl'i fl-3'lJ~UCl~~umW'Vl t'lf'Vlflff~1Jfl1fJn~'il1.W'ifll'iClulumlm:::·  

1'lJ lmiJLfl~1f111'lJCl:::LflfJ'PI 0.5 Lm::: 0.01 'lJ'lJ ~llHh~1J 

3.3.1.1.3 fflnllli'l~fl-3ijmm:::fl'l1mw~t'lf'Vl~ff~1J~t'iflUf11'i'Vl~ff'f)1Ji;hUHff'lJ'Vl1-1Li'lij
"g,J • . " · 

4 ..::!I~.c), QI ~,.. .oC), cI 

~flUfl Lmfl,:j'lJflfl'lJffW{HlJfl t~'i'lJL~~'i (Emiission Spectrometer) 

3.3.1.1.4 i:11'i1'OLi'l~fl~ijmm:::fJ'llmw~t'lf'Vlflfffl1J~t'ifluf11'i'Vl~fffl1Ji'lll'lJLjfJ1J~l 

111un Li'l~fl,:j~'i1'ilfffl1Jtl1l'lJ11U11J (Surface Roughness) 

---I 
I 
I 
I 

~---- Dc----~ 

'J/. .. 
dm = 'UU1mffUrJ1Uf!UfJflCll~m 

tu ~ .cI QI " 
II = i'l11'lJ~,:jml1'lJ~'Ufl,:j~1'lJ'lJ~fl~ ('lJ'lJ.) 

.C), 4 , .et 

a = 'i~fJ:::flU(lfl,!~'Ufl,:jUNU'lJ~ ('lJ'lJ.)p 

jI QI JJ..:tQl " 
Dc = tll1'lJfl11~ml1'lJ~'Ufl,:jfll'lJ'lJ~fl~ ('lJ'lJ.) 

3.3.1.3 ~'i1'iH1'fl1J'.iltll~111UlfJ'\Imlll'lJijflti~U1J1JOflflL'l1~fJUu~uiifl 
o • "" 

HClf11'.i~'.i1'ilfffl1J'ni'l1'ill11Ulmlff~~fll'lJ~ln~'Vl3.32 
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. "" "" mflUYI I '" "" " ~11~(l~flWCV1 
IJ/ d QJ' • 

11fl1fll1J1JfI flfl/l1 U1tJ 
. "" . 

11fllLL~U1JfI/l1U1tJ 

1 
i 
I Sandvik 17,200 5,500 

2 I Mitsubishi 19,000 8,825.35 

" ."
~111,rihmtJ'U~fitJ'Ul1fl1'\lV~~11JiJflnflLL1J1Jf:tflfll1J~tJUU~UiJYl'\lfl,:n1~fftl~~11~i1~ftWer1 

QJ II oCIU QJ QU t1 
3.3.2 tR't11RUnJRftRUUU 4 f11JflR 'U6~f1'i1Fn'lfl.flt:Ucn Sandvik 

lrltlv'i1fl11lmtJ'UlfifJ1J~11JiJflnYlU~1li1tlfl~11JiJflnfl~11~i1~ftWer1'\1tl~Sandvik li1V~~llfl 

iJfl111JUtJ1Jlh1Jlti1u,nuYi'1 itl U(l~ff~fl1fitUfl11~fll11 ~~ i~lilflfi ~11JiJflfl~'\Itl~~11~i1~ftW'l1 

Sandvik ll1ff R29O-063Q22-12L iJ~lU1U 4 U~UiJfI r;1fil:ltu:fl11t~~lUll11J1:ffll1i'1J~lUi1 11J 

" 
tifl flfl~11J1~l1t!'l ~lunYlli1U1fl ,nunYl~U~1Jl~ ~lunfl'itl~ lm~ ,:J1unfl;iul1J iJl1JU1J1Jfl11 

v'i1~lU~,:Jtufllf4~ 3.41 

-
~I 

e\ 
f 

~---*: I 
-----"-:>. 
', r~ ... U 

nlJii~j'H 

u1v ~fll~~ mJ~11JiJ~ Uft1 ~11 'lfftl1J t1J'YI'i~ m',11flW~ l,n~'\IU1fl'\l tl~~i1 ~ ftW 'l1 

Ull,j'UJ1l1~UUU1'Y1l,:Jtufl11fJ tlflH'U'U 1f1fJfl11'i1~U1J'U 

3.3.2.1.1 l~tJUU'U'U~11JiJflnflU1J'Uf:tf)fll1J~tJUl~uiJ~'\Itl~~11~i1~ftWet1Sandvik 

fl11'iHU'U'U 1f1tJfl1~V~'\IU1flfi1~ "l 'llfl~(lfl11~11'lfftl'UpJ'YIHl(l'\llflW~~11JiJflU1l,j'1~~fllf4~ 3.4 
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X4 /)- ... 
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li~ 
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, ;'  
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.t 

-_.._--I 
(/~ 
L_ 

(1'1) 

-r  

~~~ 

d 

(~) 

d lJlG ~ IJI, 'j/Q

hWll'n'l 3.42 tny.,H lH'l1U~lUA1~'l'\ltH'i11H1U t'i1U .fll'n (fl) m,.~~l'l1t'l1U 
j} 'j/ 'j/...:::t. <lo' ~ GI"d JI" 'j/.al W QI 

~lU'l1Ul'\Jfl~~U.nJ~fl~U1JU4f11JA~.fll'n ('\I) m,.~~ ~'l1mU~lU'\Il~'\I~H~l1J1Jflfl~U1J1J 4 f11JA~ 

l ilt;j 'j/ 'j/ d QI QI 1'lJ<l 
.flll'l (fI) Ui:1~~ 'l1t'l1U.flll'l~lU1JU'\I~H~11J1J~fl~U1J1J4f11JA~un:: .fll11 (~) Ui:1~-3 'l1t'l1U.flll'l 
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3.3.2.2 ~n~"H)'lJ'lJlJl~ 

. . '" 
Ltl~tJ'Uu~'Uii~ 1~tJih~~fl-3iJc)1~~,ru 

. 
tI..cI d'd...cI d. 

l/20 'JJ'JJ (0.05 'JJ'JJ.) U'j;l~nfl'H'UtJ':iVl'JJ~11'JJ'j;l::mv~ l/50 'JJ'JJ. (0.02 'JJ'JJ.) 

d .. 'l' "" ..
.fnt1V1 3.46 ~'JJ ~~':i'JJL~fl':i 
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3.3.2.2.3 ltl~D'l ith "'h,itJ-:H~91191D{ (Profile Projector) 

ltltD'l ith''rMithl~91191D{ (Profile Projector) ~lrh.lfl1':i9l':i1'i11tl 

.cS A 'tA I 'Aol "'tA I d.. .
.fll'rfVl 3.47 ltl':iD'l nJ':i n~ tlJ':il'i191191D'J (Profile ProJector) 

. 
-4 <ICll Q.-' Q"ACil, cv 

3.3.3 flfl1:l1Umlfl1Jfl11'nAtfa1Jl1Urn1JfI"a-31a~ 

3.3.3.1 fll':i'V1tlffD1Jl11tl11'lJU~'l'tlD'l1ff~ RmmrlI:J1tllJltl~D'llimm:tl'lJmw~1.n'Ufll':i 

VltlfffJlJl11tl11lJU~'l'tlD'l1ff~ (Hardness Testing) ltlI:J1~fl1':iVltlffDlJtl11lJt1~'lUlJlJlJ11'U~rl' HB 

(Brillnell Hardness) 

3.3.3.2 fll':i Vltl fffl 'Uri1'U ~fflJVll'lltlij RmmrlI:J1 nlJltl~D'ljjmm:tJ 'lJmw~l.n 'Ufll':i .• ....1 1'V ...
'YItlfffJlJff1'U~ff'lJ'YI1'lltllJ tlt! ~ltl':ifl'l Emission Spectrometer 

3.3.3.3 fll':i Vltl ffU 1Jtl11lJC1 t!lJ ~1 Rnlll1rlt!1tllJ ltl~ fl'ljjmm~tl'lJ m w~H''Ufll ':i'YI tl ffUlJ 

"" '" .J 'I 'V .,;
l11tl11lJb':i£JlJWJ GJ1'l t~ lmeJ'l Surface Roughness 
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dAd 
fll'V'lVl 3.49 lfl'HNVI~fffJ1JmllJU'h'l Hardness Testing 

~ d ~ 

3.3.4.2 1tiflllVl~fffJ1Jfl11lJU't.I-.3't.1fJ-.31ff~.  
"" <14 d QI

3.3.4.2.1 mfJflflllVl~fffJ1Ju1J1JlfJfH1l'll'lCJf HRC (Rockwell C) Q)j'-.3~::1't1lJl~fl1J 

d tJ d 1tJ QI ~ .. 1"'" d 1tJ •1't1l'lflfll'll'1JU't.I-.3 'l1"t11flAl'V'l'lI"'IVlHlJ'IlJAlllJ 120" HRC fflfl'U 'lrU'I-.3fl~V1 150 kgf fl11lJU't.I-.3 ~fJQ 

1~1111-.3 20 - 68 HRC 

d QI.J. d~ 00' 

3.3.4.2.2 V1fl1'1'fJ1Jfl11lJU't.I-.3't.1fJ-.311'1'Pj lllJ'iJlflfll'Iltl11VlJ'lflHl'UVIltllllJtlIl11't1'U-.3 

q oClr, ~dQl QI do IClIQlo':O 
'YI~fffJ1J'Ul11WN111'U't.IfJ-.3AllJlJAfl~flW')~fl11lJU't.I-.3'iJ1'U1'U3 ~~tlIfJNl'ltlltlW'fl'illfl'U'U'Ul 

fh~1~111fil1\!~tJ 
• ... OJ 

3.3.5 f1'jlD~a1J~1'UNmJ'YI1~tfl1J"a~1~~ 

3.3.5.1 lfl~~HijfJ~l n'Ufllltlll1'ilfffJ1J111rb'UNfflJVIl-.3tfl1i't.lfJ-.31ff~. 

I~_.:. 
II~ ..~I.
 

ai 4 
flll'f'YI 3.50 lfl1fJ-.3 Emission Speetromet:cr 
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I!]'I 

3.3.5.2 ~'j1~fftl1Jl11ril'UfHY1Jm~tflij,.If)·:.rjff~ 
~ Q.lteJ,.~ iI d tI ~ o~ 'jJ 

l'j1J ~lfl\lfl N1'lf'U.:l1'W fl1tlm::: fll'IfYI1 1tlfl111JJ;l::: ltltlflt1Jm 4()() - 800 ~lfl'U 'U'U1'lfm1'Ul\ll 

. " 
'VIfifftl1J~1tlfll'jffU1{fI'Vi~h:n'U~1'U1'U 3 ~fI ~'j1\lfftltJri1'UNff1J lfitlUl'l1Ufl \Iel.:ltil~fI1{ml'U 

91~fltlU lf1'jlijtl1J 

~4 4 ~ 

3.3.6 11ifll'in~~t)lJ111fllUH'itJlJNl 

... 1 ... 1 1'J1 ~ . d3.3.6.1 mVmJl~'ji1'Ufll'j'VIflffVtJ fltl1f1 fltl 'lf1Jl~'jil'U ISO' 97 "If.:lfl1'V1'V1f1ffVtJVVfl1J1 

'~1I:::'~~1 Ra, Ry, Rz, Rq, Rt, RpUJ;l::: Rv fl111J'I1[Jl1J\lV~~h~lU1J1~'jl!1'Ul~1J1\llfl 

m::: U1'Ufll'j t~ tl'j1'U(Grinding) 

'" '" 3.3.6.2 ~'j1~ffV1JfI111Jl'jtl1JN1 

'" '" 
'11 ~~ \l1 flfl1'j 'VIfi J;l V~ fll'j U1f1 ~1oi'U .:l1'U~1tlijfl nfl,hll'UR'uu1JtJtm:::U1 t..r1\llflU'UU1~1'Vi 

~1'U fll'j nfl1J1ii1fll'j ~'j1 \lfftl1Jfl111Jt~tltJ ~1tll'U'jf'N ~11Jfl111Jtl11'jfl \llfl 1-900 1J1J. 

. 
" ... 03.3.7 'illJ'il\1,.0\fannlfll'inAmllJ 

'JI '" "'191 • Q.IteJ,. ~3.3.7.1 'j1tJ'j 11J\lVl,lJ;lfll'j'VIflffVtJfI111JU\I~'VI fI\llflfll'j'VIflffVtJ\lVm~J;l:::~'j1NJ;lP!JlWCVI . ~ 

l,"mh,j'fll,lJ;lhlt.n'Ufll'j N~Pit'U;/'UP!fl'Ufll'j'V1Jtt~~ 

" 1 .cl A _~ .ct .o::t.e:t
3.3.7.2 'j11J'j11J\lel1JJ;lfll'j'l11ff1'UNff1J'VI1~lf11J 1'WflllJ'jfJ1Jt'VIfJtJff1'UNff1J'VI1~tfl1J'VI.. 1 

9 'J'..::t Q .d 0 ~ oC\" 4 QI d • ..::t 
bfm tfl tl~'I1 'jV l'I11J1::: 'VI~::: 'U1 l UNJ;l ~fl11J1JfI flflU1JtJtUJ;lfJ'UUN'U1Jil 

3.3.8 t~t)fl,jO\jiUYlOlh't1lh~lufio 
'JI 0 'JI "j ,. I. I 'I '" jJ '" 

3.3.8.1 \Itll,lJ;lfll'jeltlflU1JtJ 'U1\1Vl,lJ;lfll'jVVfllt1J1Jt'WV lJlJ'j:::flV1J b'Ufll'jt\ltl'UUU1Jfl11J1JfI 

tiflU1J1Jtltlfltt1~tl'UU~'Uijfllt1J1J 4 fl1Jifl 

3.3.8.2 ..rVl,lJ;lfll'jVJ fI ffel1Jfl111JU~~ l~vu1..rtll,lJ;l1'U fll'j'Vtl~1~'U.:l1U ~N~PI ~'U1J1t'l1ti 
j/ 

(~Ul!U1J) 

3.3.8.3 ..rtl1JJ;l fll'jVJ flffVtJ'I11ri1'UNff1J'VI1~tflij l~6th 1t1nfivtJl'ViV1J'I111fffl~ijri1'UNff1J.. . . " 
rn ~ lflii 'Vi lflft't~tl~'I11v'lfiJfI !t1tJ1n'U1JlN~~91u~ 1'U 

'j/ ')1_ L":I teJ,. .Jt fit ~ 'j/ d q dl 'j/ d 4 QI

3.3.8.4 \Iel1J J;l\lV1J'ufl111J!'jVtJN1!'WV b'l1 bflfl111Jl'jtl1J N1'V1 flmfltl~'I1'j fll'l11J1::: ff1JfltJfll'j.. .. 
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3.3.9.1 tHlf1111.J'U m~'U11..1 f117 Ni1R~l'lJiifl nflU1J'UfltlfllUgU1..IUN1..IiiflU1J1J 4 f1'lJ~f1 

3.3.9.21ff~~,en1..lf117Ni1R 

1ff~~,.nU017Ni1R ~~,~ 1'I1~fl SNCM 439 "1..Ilf1 0 65x45 'lJ'lJ. 

d Q/ ~'J1o" 4 ... Id.. 4 d "QI

f1l'rfVl 3.5l 1ff~V1 'lmlf11'lJ'lJtlflflU1J1JfltlflllJ001..l11N'U'lJfll11tUlflftl 

• 0' d'.ca.. d. 
Nl1..1ij1..lUflftl~ 065 'lJ'lJ. f111'lJU1145 'lJ'lJ. 'lJff11..1Nff'lJVll"llfl'lJfl"l91171"lVl 3.6 

.d • d d 
9l1'Jl~V1 3.33 9l171~Ufffl~ff11..1Nff'lJVll~lfl'lJ'lJtl"ll11ftfl SNCM 439 

c Si Mn P S Ni Cr Mo 

0.36 0.15SNCM439 0.60 0.030 0.030 1.60 0.60 0.l5

1 ~ _ __L_0_.4~3~_0_.3_5_ ____L_0_.90__.LMAX________.LMAX ~_2._00_ _____L_1._00_ ___L_0_.3_0_ 

3.3.9.3 lfl~tl~im~len'U017Ni191 
. . ." 

lfl~tl~ifl 'j-nlen1..1 017 Ni19l~l'lJiiflnflU1J1Jfltlfll1J~U1..IllHunfin~-3\j 
a & d iI 

3.3.9.3.1 lfl7eHflft-3 CNC U11V HASS AUTOMAnON 
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'!I 

!1t .9 .., d 1ll"1 -e!l .I AI" " • -e!l AI _I 'J/ 'JI 
llJ'WLft1fl~~fI'j'Yl 'IHUfll1f1tWUUlu LfiLLflmHUflfllJlfllfUl t'\ll~t ft11U 

tlCJl'l:dfl~ fl~~ih lfi~AltlUlJlJLrJUfll'jfl~~LtlJlJtPl1mJ.m"'\l1~(Pre-machining) 

~'f¥;("~ 
:--<-.{,

.. 
" 

4 A 4 .c:i ~
 
fll'frVl 3.52 lft1fl~mH CNC tllffl HASS AUTOMATION  

"" .., ..,
fIl'V4'Yl 3.54 111'illJ Cutting Tool 
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. "od Q,I QI .t:lIo 

fll'rrVI 3.55 111 \l1JYUHU 

A .cI .4 Q,I,,!QI' 

3.3.9.3.2 tfl·n).:IfI~ CNC MIKRON VCF 1200 Pro 1Jff~1Jmfl'.itHfI.:I\J 

d A w ~~ 
9lI1'.il.:l't1 3.34 911'.il.:lUfffl.:l'UulfltmtHftfl CNC Vl1t:1 MIKRON VCF 1200 Pro 

: .... 4 
1. \Jll1\Jmfl'.it:l.:l 8000 kg 

2. 'U\Jlfll~~.:Il\J . . 
4 "" 3. .:Il\Jtfl~t:I\J't1 

: .... 
4. \Jll1\Jft.:ll\Jt!.:IQfl 

X 1,220 Y 620 MM 

X 1,200 Y 600 Z 675 MM 

1700 kg 

~ . 
5. fl111H'.i1'.it:l1J Spmdle 

~ 1 .... 4
6. fl111H11 \Jm'.i9ll~uut:l\J 

14,000 rpm 

35,000 MM I Min \ 

~l 4 oJ.;
7. fl11lJ~'.i1 \Jm'.i~fI~t:I\J't1~J1 K,Y 24MI Min 

Z 20 M I Min 

':.J .... 1 .J 1:118. mNl\J't1ffllJ1'.iflftfl \JUflU't1 4 ~ A 0250MM 

I 9.fl11lJ"~tflVfl1um'.i'ViHl\J O.OlOMM 
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d 4 etjJQI 

.f)l't'fYI 3.56 tfl<n).:Jf1~ CNC V1HI MIKRON VCF 1200 Pro 
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'U 

. ~ 

fl1~fi 3.59 ~'j1\)tYV1Jlt1'J'l1m1Jfl1'j G-Code M-Code l1~tl::'liU~vu 

. ~ 

flTWfi 3.60 i~fhfl1Jmwi1Jfj~wnutltl ( Fixture) 
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'!I 



II 

150 

. 
.c:I 0 0 11 • d.myn') 3.66 91'i1~fft:l1Jfll'\1'\.J~911Ul1U-3UA1UJ~ 
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'! 
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." . 
.fll'Wfl3.71 UtY~.:lltJW.:lllJl1~.:l\l1f1m'j'flAfl1JAAfl3 

. ".4. G'q.,4 

.fll'rfYl 3.72 utY~.:lm'j'f1~'JnHllJflll91A'YI4 

. " .  
.fl1~fi 3.73 UtY~.:l.:lllJti~l'iflJ.:lllJfl1JAAfl4~llJtJ~lfJAA 
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• tI • 

inl'lVi 3.74 Llff"-1l1F1hHl\'\'I1~-1~lflfl~fl1Jitl;j4 ~l\,\t1~ltJi" 

• tI 

inl'lVi 3.75 Llff"-1ltl.;rn-11\'\'I1~-1~lflflljfl~Fhn:16m1 (Finishing) 
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. 
oCt QI.c9. t .d. QI 

fllTf'YI 3.81 Uff~~fl1'H)'U[I~UH'U'HHlm::UH'U1J~fl~ 

I 91 I 91  

fllTfVi 3.82 Ubl~~;'U~l'UViH~91lffi'l (~'UU'U'U) titl'Ufl1':itJfUU~~,j'Uff~'t1'ltJ. 
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. <ll" ~t' 
.f1Tt'lYi 3.83 UffPl"'flllfl~"'1.hPll1\n h, lflfll1JU1J1J 

.et " oCt Q,r QI 4 ... 1 " 
.f11't'l'YI 3.84 UffPl"'P111J1JPlflPll1~'"~lflfl~"'lJ1fll1Ul9111JU1J1J 

.e:t Q,l4:9 t.e:tev"dQ,l 

.f11't'l'YI 3.85 UffPl"'flll~1JtJPlU~U1JPlfl1Jfll1J1JPlflPl 



157 

. ". 
f11'Viii 3.88 tl1lJ~.:Jrhtrl1~Hijmlm.Jihfll·.H~1~1 
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. .~ 

.n1'YiYi 3.891l~lU1-3rilU'U1'UfJU'IJO{li\Hl'U"~11fH 

. " . 
.n1'W~ 3.90 HI1~lW-31'U'YI~n0-31~fJilJMUltJlR'::-31'U '~41V 
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II 

. " 
ill'nll 3.93 Uj;'l'~~;'\.,\~lU'YI~~6·n1~·Hl1nfll1tlf11.h~,nr111f11Ji'6f1Ui11 

"  
ill'nVi 

. 
3.94 tll'J' Settool 1~tll i'~11Jij~ti~Ul1.ul'tJ11J9i~fh~1~'l ntlUfll1 ti~nu 'iti ~ 
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. " ...c::t. cal QI QI 4. JJ " d 0 'j/ 

.f1TVH'I 3.96 m"f1~f11'if1f11ff~m·nJ I f11Mlll1l1f1Ull'\.l1 

. " .
4 QI QI QI 4 'J/ 'J/ d 0 'J/ 

.f1TVfYl 3.97 Ufffl~f11'if1f11ff~m~lJ2 f11fW111111f1Ult'tJl 
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. .~ ~ 

fll'Wl1 3.98 ml~~tl1'jti~%u,n'U'VI~l10~fli'~ii3 ~111~l1Jij~illl,rl 

m'W~ 3.99 tl1'j'LIi'1JLlA~ (Fitting) 

,'1/ • tJ 

fll'Wl1 3.1 00 ~llg~W~1'U'VI~l1V~Lll1:fi~'LI1~FhtnIll.wOlfIIlI1J~tHl1J'VI~ffVmill1i'1l~11Jij~ 

n~~ ~i1~ ~'U1Jlhnj(~'UUllll) 
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.. tI . . at/Ql9IaQl
.f)l'rrVl 3.10 I 'J~fiV1JUN'U'HNm'l~ UH1JlIfll'Ulfi1JA11JlIflfifl 
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. . 
Q 4 d q 

fll'W'YI 3.107 lfl'HH'YIflfftJ1Jfl111Jl'W1JH1 

. . 
.::::s 4Q1 dCl 

fll'W'YI 3.108 lfl'jtJ~1flfl111Jl'HJ1JH1 
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, 
~ .t::lo ~ d v 31 

3.4 ftfl1:l1fll'nH1V1lfl'U)~'J6V1V1V1'UUUU(~1'Ul1')l:::) 

f)ftl1~~fll'.i~l!'W>UnUffmn~11'UU'lJ'lJfnJfHU~~'Uu~'lJii~nfll'.imHH1\J n1J~~,f'U~HJ'U 

fll'.i Hftl'l~11'U ll'lJ'lJ(H)~I'tJ~~'UUH'U ii~ 

I 

.& .:::i IQ.f 

I'{mmfi{J1fi1J ff11'Ull1J1J 

(leJ~I'lJ~{J'I.Jll~'U li~ 

~ 

f'1W~ 

ll...-------------..l  

d d Q.f , 

I'{fillllfi{J1fi1J':i If'11'l.leJ,:m~i:'l::: 

.. .. 
~':i If'l 

~ 

i:'l¥1ilWCVl 

1  
d o:::i QI' 

I'{fillllfifJ1fi1Jfi l':i 'VI" ffeJ1J'111 

f'1 OnT1Jllii'l.I eJ.:.1iff ~. .  

't11fil':i¥1':i 1'iHT61Jlflf'1111Ji~ {J1J~b 

J1 o:::i 0 

':i 11J':i 11J 'll61Ji:'l'VI'VIlfil':i fil':i 'VI~Hm'U• 

fil':i I~{J'U1l1J1J ffil'Ull1J1J 

(l eJ~I'lJ~{J'Ull~'Uli" 

, , 
llf'l'UlJ" 

I li"f'l ~¥1ffil'Ull1J1J(leJ"I'lJ~{J'Ull~'U l 
..  

I 

I 

I 

I  

, , 
~ ~ v' t1~' ~ 

3.4.1 ftfl1:lUflUlflUiIl1'UIl1JUtl6V11 ilUUI!S"UliVI 

tlnftmJ1l~tllnmdllm1J1Jtltl~Hll~tJlHH·hJn~ n)lml~l~tl~ ~H '1 ,r~i1 
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3.4.1.1 ftfll,J lH~ \pultl!Cl1tYinmuut:lelfltU~fJ'UuH'Uii~ t~el hi''Vl'j lU~·:n;mIW::'U~'1tYil'U 

ttUUt:l elfltU~fJ'UUH'U iifl 

. . 
, Q,I.d Q.I.& I d. & I' Q Q.I d' .d  • <do 

U\P1fWll'l fl'U 'Vl 'U'U WHt~:: on llUfJflUH'U1Jfl C1f'lU\PI ~::m l~~\PIflWCVlll:::1J f11'j elelflltUUf11'i1HUH'U1Jfl 

tt\P1flI911.H1U1U 

3.4.1.2  ftfllllt~tJ1nUf11n1fltYelUHlflW. tY1Jllii'Uel'lffil'UUtJtJt:lelfltU~fJ'Ut~fliifl 

1) an 11ltfl~ ~'1ij~u~:::elumw~1'J1''Vl~tYeltJ~1'J1'1'U f11'j 'VlfltYeltJ'j
~ 

U'Vl'j '1t'j'UlflW \PI. 
,,; "Q"

~tl tmtl'llu'j'lYJ~lu'jtllfll\PIel'j (Profiie Projector) 

o  .,; '" .1 .. d~ j/ ~ Q "1 'JJ
2) ~1111ltfl'j~'11J~U~:::qlJflHU'Vl ~'iil1flffeltJ ~'Uf11nlfltYeltJfl111JU'U'I ~flUri 

,,;  Q 
tmel'l\P111lltYellJfl111JU'U'I (Hardness Tester) 

3) an '}lltfl~ ~'1ij~u~::~umw~1'J1''Vl~tY~tJ~1'J1't 'U f11'j'Vl~ tYfl1.1 ril'U~tY1J'Vll 'I tflii 

l~uri tf1~el~ijD~ii(;li'U(;lliJf)1~1ih~f1f (Emission Spectrometer) 
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4) rln 1~lfl1tl~litlll~~q'llmw~l'if'VI~HH)tJ~l'iflu'VI~t1tltJlf1Ht1~l~ '~lln 
31 d ~ 'j/ 0 Q.I • 

fl~tl~~~'VI'j'Hl'UI'1'jl~t'YtltJ lflHff'jl~fll~~'lWltl 250,1500 1'VI1 

5) til J 1 ~lfl~ tl ~ li tlllCl~ ~'llm w ~l 'if'VI~ fftltJ~ 1'iflUfln 'VI~t1tltJfllllJl~tltJ ~b 

1
g) • "j 
~llfllmtl~ Surface Roughness 

L 

..."'" g) 
'lJUl~(mm)~lU1UfllJ~~H1 fft'YU fll 

12 oD ODI OD2 L 11  

56 1. 880-DI800L25-02 2  18  25  112  40  

42  58 2. 880-Di900L25-02 2  19  114 25  

3. 880-D2000L25-02 2  20  25  61 li7 44  

2  21 4. 880-D2 iOOL25-02 64 25  120  46  

5. 880-D2200L25-02 2  22  25  122  48  66  

I'1nl~~ 3.35 llrr~~f)nltli:1~I~tI~'lJtl-1t111Ul1tJtJfltl~A'll~tlUH~lJ1iflg,"tlSANDVIK ll~ 

~~'lJUl~~.:j1i'lJUl~ 18,19,20,21,22 lJlJ. 1~tl1i~llJ1U 2 f1'lJ~~ lyhnUlli:1~1iI'l'hriu~ 025 lJU. 
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":1 

0 

~1'W1'WfllJ 

1J'Wlfl(mm)
'" "" ~ 

'j'lHH1'WfIl ~fl 

Dc dl d2 Xl X2 Lc 

1. B3212.F.0 18.Z0 1.036R 2 18 25 35 61 56 36 

2. B3212.F.019.Z01.038R 2 19 25 35 63 56 38 

3. B3212.F.020.Z0l.0402R 2 20 25 35 65 56 40 

4. B3212.F.02l.201.042R 2 21 25 35 67 56 42 

5. 3212.F.022.Z0l.044R 2 22 25 35 69 56 44 

llU H~3.36 Ufffl.:l5.:111tl(;l~t~tlfl1JU.:lff11'WU'IJmH)fl&t.J~tI'WU~'WiJfl~l1t1 mm~WALTER 

1JU1fl~.:IihJtAlflt~'W~l'Wfl'WtJflm.:l18,19,20,21,22lJ1J. 1fltliiil'W1lJ 2 f11J~~ ryiln'WU(;l:::~l1J,r'IJ.. 
I'vhnlJl1 025 lJlJ. 
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.Q <::';). <l.I d' 4 'jJ 

\9I1nn'l 3.37 \91 n 1m"'fl,:HH1\91ilWCV1'lHI;jtllHI MITSUBISHI 

eOI (lIwe8ded hale fer COOlant) 

- ~Ut, 41 ~,, --
N 

" 

/) 

lS 

U 

L1 

jJ'" = 
111 '" '" 'W fIl 

1. TAFS1800F25 

2. TAFS 1900F25 

3, TAFS2000F25 

4. TAFS2100F25 

5. TAFS2200F25 

~lW1'Wflll 
I 

191~ 

2 

2 

2 

2 

2 

L3 

43 

46 

48 

50 

53 

L2 

61 

63 

65 

67 

69 

• 

t1'W1~(mm) 

Ll 

11 

113 

115 

117 

119 

D4 07 -

25 35 -

25 35 -

25 35 -

25 35 -

25 35 -

\91111 ;j~U"'~;j ~;j 11tJ~~l~tI~t1~;j "'11'WUlJ lJfHI~ttJ~tI'Ww.j'W1J~~l1 MITSUBISHI~ U\9I~~ 

t1'W 1~~ ;j1JtI'W WI 18, 19,20,21,22 :lJ:lJ. 1~tl1J')1'W1'W 2 rl:lJl91~ t'l'i1n'WU~~~111,jlJtI'W1~t'l'i1n'W~ 025 

:lJ 11. 
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lritl~ t11'Hl! 11'f~ b11~JH~~ri'ru ~U~l~ ~ "l~l~tlmr1l'U~ij'\J'Ulfl 0 = 20 :lJ1J. lfltJ'I111Jl~ 111'j ru llm tJ'lJlYitJ'lJi~b111J1'1'j1N~I'1ri'ru~~~1'11n~~3.4 

1'11'jl~~ 3.38 1'11'jl~lmtJ'lJlYitJ'lJb111'Ull'lJ'lJtltlmU~tJ'Ull~'Uijflll'lJ'lJ 2 fl1J 

'" I'1fl 

-----1 
- i00. 1002 

___ ._-' J 
Qat'- . , 

_. ..---_... - - -------~---

00 I 
L_ 

0 

111'U 1'U 'lJUlj;l (mm 
d 'JJ ... "" 'JJ ....'j 11 'ft'ft'UmtJ11 tl 0D 0DI I 0D2 I L I II I bfl1J~~ I 

1. SANDVIK 880-D2000L25-02 20 252 117 

125 

115 

44 61 

2. WALTER 25B3212F020Z01040R 202 40 6935 

25 353. M1TSUB1Hl I TAFS2000F25 2 20 I 48 65 

..d _F.!. ~ I t Q Q,I"4 ~ Q,I CIt ' Q,I 0 Q,I

1'11'JN'Vl 3.38 11~llJ'HJ'lJl'V1tJ'lJ'fl11J'ft11'U'Vl-:l 3 1'1'J1H~l'1fltuOVl C)j'-:I~~l'I11Jfl'Un'U t'U'ft1'U\lfl-:l fl1J1'11l~1'U1'U 2 fl1Jl'1ll 0D = 20 mm , 0DI = 25 ml1111~~ 0D2 = 35 
, , 

~I iJ I Q,I G) I ~ I I a j/ ~ I QI It) _ I 
mm lu'U 1'1'U ll~~ 11 ~lll'1nm~ n'U t'U 'ftl'U'\JeJ ~fl11:lJ tJ11Cl1 ~lll'1~~tJ'I1 fl 'il~1J\l'U 11lUI'1fi1'll-:1n'U tlJ 
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3.4.2.2 rll'll'ilN~~.nW~NN~~ 'ft'hWUuumwlliJ~tI'WU~'Wijfl 2 fl:lJifi 'lJB~U~~~N~~fltu~ 1fltl'il~Vi'ill'lW 11~Bf1l~flijfl~ij~f1fJtu~U~~'liJm ~~ij'lJ'Wlfl~ 
~ ~ 

1m-i'l~tI~ri'W~~~1'l1~~ 3.39 

m'l1~~3.39 ~1'l1~lilltlUll1t1U'ft11'WUUUtlBflliJ~tI'WU~'Wijfl UUU 2 fl:lJl'1fl 

d 31 
tll1B '" '" 31'll1'ft'ft'Wfll 

1. SANDV1K lSlSO-040305 H-C-UM 

880-0403 WOS H-P-GM 

2. WALTER P28461-Sizc 1 

3. MITSUBISHI GPMT070204-U 1 

Hjm~ 
~ 

D +1  .. .- <. ... 

.~ [~i
 

.....>" 1 
~.'.© 

, I, 

1-..1 ~.~ 
I I I 

R 

Wf 
I..----' 

iC - 6.6 

iC = 6.74 

1=6.35 

D = 6.35 

'lJ'Wlfi (Dimention) mm. 

S - 2.0 

S = 2.8 

S = 2.38 

SI = 2.38 

rE - 0.5 

rE = 0.5 

dO = 14 

Ro = 0.4 

Jl :.S 

d I = 2.8 

0=90 



oj 

i'l11lJt~1 

H)1J 

(Rev/min) 
(mm/min) 

oj 

i'l111Jt~1 

(mm/min) 

<d 
i'l11lHlfl 

(mm) 

.t 
'lfUHU 

(AIS!) 

d 
f111UU'tl~ 

(HB) 

I. SANDVIK 2228 0.45 140 5 S45C 160 

2.WALTER 695 0.07 110 5 S45C 160 

3.MITSUBISHI 830 0.12 120 5 S45C 160 

3.4.3 ftfl'l:l11~rJl01.JJtJ'fI':l.m.l'UlflWVl'Utl~iI-jlUU1.J1.JOtl~I'U~rJUUHUii~ 

Rn1J1J'l.jyn-3'Vll-ml'lllflW~'tIeJ-3ll11'WU~~:i:mll'-l~~flwcy] l~rJu~ci:i:~~l~~~fiwCY]lI:i:iJ 
" nJ'h-3"tl1JW:i:f1~lml'W~1'jtJi1eJtiHU.. .. 

IL Q, Q2 b .1.1.  
I . 
l..--~-----_-.!-.._----------' 

'jJ' rI Q,I

00 = 'II 'W wall'U 1'-l1'U i;J'WrJtl" HflU~~ (UU.) 

j/' rI 'j/ Q,I 

'tI'U lmll'Wm'Ui;J'WrJnt'lH'IIeJ-3~lUll'U (UU.) 

00, = 
j/. d' 1 

'tI'\.Jlmll'Um'Wi;J'WrJfmH t~~~ (lJU.) 

" L 'tI'\.JlY)f111lJtJ l1Yi-3l1lJ~ (UU.) 

'tiL! Wl f111lJ rJ111h~ t'lll:i:'tItmdl'U(lJlJ.) 

'tI'U l~ f111UtJl11f1-3 rlli1't1eJ-3ll11'W(UlJ.) 
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'j tJm n1l~HI'ijlflW~'tIfHcrinm UUtl B~ltJ~(J'UlI~U~~U~~::~ 'jlf.jfi~flWet1ll~ijSf)1:lw::nHH 
~ ~ 

ml'JUBf)~mrll'Jfl~'HllJ lf1l'Jll::u~f)~l~nlJ~~hUlnJ~m'j \lUO~I~~ii~ ~~U~~::~'jlf.jfi~flW~ ll::ii 

m'j1iuti~I~~ii~~I1JlJSmJW~~llln::"B,m~(l::~'jlf.jfi~flWet1 
.c:i.eiQJ 'Cl'V4 

3.4.5 flnllllntl1n1J"1lf1l'll6~tlVli.l~Vl"1UH1VlilWcn 

alnl)'j1fll(fillJUUlJtlBmtl~(JlJU~lJiJ~ 2 fl:IJi~ 'tI~NU~~~f.jfi~flWet11~{J.,j'B:IJ(l~,~JlJ 
~ 

1. SANDVIK 14,300 11,000 

2. WALTER 13,222 3,980 

3. MITSUBISHI 12,408 2,380 

~ d 'j/

fltll'J'Yiti MITSUBISHI 

o cto QJ r _I.et, ..c::t , I ~ QJ J 
3.4.6 V1ll'Uunl"1'ilVl't'l1l:J11UU1J1J06V1hJtltl'Ul~'U'lJVI'\l6~UVlj;)::~I"1U1i.lVlilwcn 

lrl tI ,~~ 1) nw 1IaBmyillJJ'Hn:IJ~l1't11~(J~~llnwlo·n lm~mulfJ'ij fHU~(l::~'j 1 

f.jfi~flW"l1~nflJ1i~mff1luJ~ 3 ~'jlf.jfi~flW~ l~(Jf.jfi~flwet1~'~ mw~ 3.3 ml't~ 3.4 m't'l~ 3.5 
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. 
"" , 1.1"'" "" 3.4.7 m1l'UtI'Ulll.Jl.JiJlnml.Jl.J08~U "t1'Ulu.l'U1J~ . . " 

lli iji'~ 111 Hil~ fiw~UlllU1Hil~ fiW~1J 1ffflll1flWfl'1JU~ tYl mil 'U,j'ij 1J "Yl 'U f 1'UtYlflw~ ij f11 ':i 
q ~. u 

~ QI Clj! d CljJ QI.c:i " 
mijfl1f1'~H"~~11J1J~fIlnlijfl1ttJtJll"~fIl':iH"~~'UUtJtJ~.:I'U 

3.4.7.1 l;jtl'UUtJtJ'\Jij.:l",11'UlltJtJ(lij~ttl~t1'Uu~'Uii~t,rU SANDVIK 

T)
I ~ 

~; 

"-, 

; ~, 
, --1 

-"-_.. ~ • ...t__--L...L. 

, \ 

- 

dOl _Jd I '" d"  
m'W\1 3.115 Uff~~fIlmll11J~'\J'U1~'\J6~ff111JUl.Jl.J(l6~llJ~tJ1JUN1J1I~tJ'H6 SANDVIK  
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I 
I  

4  
1~ro 

• 

8  

do, QI ~ '.c:I .c!It. QI tI 
fll'Yffl 3.116 UffpHmmllf1J~'U1Jl~'UtNff11J~l1t.1~Ufl1J1J~ NO.1 ~nfl"~flWCVI SANDVIK 
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d. • Qld 'cI JJ.cI.e:t.QI '" 

mVfYl 3.117 Ufffl~ff1lJ'iI'lJt.l'lUNlJ1J'l NO.2 "tl~f111J1J'l~~lNl'1~.f)Wcn SANDVIK 
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, 

1]

....1 
Co£. 

.... 
.-l 
'-.) 

r 
II IIi 
I' 

.-4 ...r"l I I 
.-L. ""I I' 

J-41~I I 

l I 
. I , 

i
I I 

I 

0 ~ 
I'., I I 

.11'"
...... 
"--~ --.... 
""(). 

.~It) ~. 

• .--1 --f. 

I

1 
I 

)
'---19

- ~j<1j5--1!l'X 
IO~ ..l

! 

i- -- -! 
~a¢ 
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I 

I-
... 

r,------
'.L . 

•
I

J:{~_; ;'.i4· 
, ''I~:

: 

C\--p 



180 
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I..
<>SJ 
./ 

-1 

f!
I ' 
i I 
I ! 

"J j
,.4'.:::.:.: 

! 
L 

""'--'i 
I 

• JI 1, 

flTYfri 3.121 !!1J1JU~f1~g~~11JYi'~'H1Jii'I"'{)'H"11'UU1J1Jf){)~I,jiitl'Uufi'Uii~1i11'{) MITSUBlSHI 
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\ 

\ 
I 

I ~. 
'0 

o-' 

I  
~ 

I ' 

~
 

\-\ 
::r: 
<J) 

..-4 
<;,0 
::> 
if) 
r 
Y1 -J
:£:• '.J 

ED 

. 
do Q,I~ ldo 

ill'VfYl 3.122 Uff~Hfl11'il'Ull~UH'U1J~ NO.1 'Ilfl~ MITSUBISHI 
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,... 
~ 

r-\ I.....,
,~ 
\ ' , I 
. I 

. 
d Q,#.& • do 

fllftYl 3.123 Uff~~flTHI1WfH1fflJ1J~ NO.2 ~tH MITSUBISHI 
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3.4.8 ..hm1An;)"01J'U,"1~1,jn1~flUJll1J1J 

lfl~ tNij tlll'l:: ~lJ mw~'~''U fll'I;t'I 1\1fftl1JllJ'VI 'I ~1J'U 1~1J tl~ lfl~ tl~ijtl~~ 
"'''' .. ""_I_I .. ..'" .. ""_I_I ...,;,~ ....

1) I1tl'H'UlJ'IfIl'llJllJtl'I (Vernier Caliper) l1tl'Il'UlJ'IfIl'llJllJtl'I'VI '11 t'Ufll'I1~ 

.cS <4 ".c::S cf'd.cS d ".cS cf.ci.ct .cS 

-\1::11 21l1J1Jfltll1tl'II'UlJnl11f1111l'l::mlJ~ 1/201111 (0.05 1111.) lm::l1tl'Il'Uln'VI1lfl111l'l::ltllJ~ 1/50 

1111. (0.05 1111.) 

2) 111ifl'IiJl;ttl7 (Micrometer) 111imiJl;ttl7~'fl'Ufll'I;t'I1\1fftl1Jij 2 111J1J 

1'J1 I 1" "" ...,;'" '" 1" "" ...,;'" '" 
~Uf1 11 tfl'I1Il;ttl'I'VI1Ifl111l'l::ltllJ~ 1/1001111. (0.011111.) 1m:: 11 tm1l1;ttl'I'VI1Ifl111l'l:mlJ~ 

2/1000 (0.002 1111.) 

3) lf1~tJ~;t'I1\1fftl1Jl~'VIH'VIHm1JlflW;t(Measuring Microscope) 

lf1~tl~;t'I1'ilffV1JllJ'VIHm~m1Jlf1W;t(Measuring Microscope) '~''Ufll'I~'I1'ilffV1J1lJ'VIHm1J1 

f1W;t ll'l:1J'Ul~~l~"1 

fl1'V~~ 3.124 II'l~V~;t'I1'il1~llJ'VIHm~m1Jlf1W;t(Measuring Microscope) 
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4) lfl~tl,:j1thLvhfhhl~fl1~tlf(Profile Projector) lfl~tl'l hhLvhfhl'H~fl1~tlf 

(Profile Projector) ~1.n 'U fll'i~'i1~fftl1J~t1't1H1Cl'" lflW~l1Cl:::"'tn~ 

m't'i~ 3.125 lfl~tl'llt1'i'vhf1t1'il~fl1~tlf (Profiie Projector) 
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fll'W~ 3.127 flT.i~'j1IiHHI'U~1fJlfl~fl'l~'j1\l1~1tJ't1H't1Hm'lllflW~(Measuring Microscope) 

.cS " .4 'L 1 ,_.1 0' d 0' 
fll'W't1 3.128 fll'jI'1'j1\lfffl'U'Il\Jl~~1fJlfl'jfl'l &lJ'j l1ffl\l~l~fl'j (Profiie Projector) 

.4 '" .1 .. ",.cSIq " 'I II11Jfl ~~'j1\lfffl'UZlJ't1H't1Hln'lllflW~mnm't1 ~~\llflfll'j~'j1\lfffl'U'Il\Jl~ &\Jff1\J~H'1 

'Ilfl'l ff11\Jll 'U'UfI fl~ltJ~fJ'U 1~~ii~,h1J1,j'Uiifl 11./ ~1'j1'1~3.42 
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U'\.J VinN nm'j1l'j 11l1~'Yl H1lJ'Yl 'j ~ In'\J lflWlI 

.A 111 11 0" d 111 11" do, " ..l
tllD t~'YllnUlI'j11l1~'\J'\.Jl~1I111U'l.J'l.J nll:: t~fl1l1HC'} mn'\.Jun ff '\.JlIUH'Yl 3.42 

.c::l ,.c: d.cl 
1I1'jHVl 3.42 1I1n:JUff~~'\J'\.Jl~ff11'\.JU'l.J'l.J{lD~tlJntl'\.Jt1J~1J~ 

~ 1I'j lNnlltlwon 0D 0D1 0D2 0D3 L 11 12 13 

.... 
'\J'\.Jl~'YlllnllffD'l.J 

14 15 L6 

(Ilm) 

L7 L8 I 2 LIO LIl LI2 Ll3 LI4 VI 

SANDVIK 19.25 25 32 25 117 46.4 53.9 55.9 60.5 51.4 60.5 18 1.8 2.5 2.5 6 1.5 0.9 3.4 . . 

WALTER 19.4 25 35 25 120 41.3 56 56 61.5 51.6 61.5 22 2.0 2.5 2.5 14 3.5 4.4 3.6 27.8 

MITSUBISHI 19.02 25.02 35.01 24.44 114 48.5 47.5 50 65.5 45 66.5 - - 2.5 2.5 6.2 10.0 3.00 17.336 2.117 0.629 

1I1'j l~-v\ 3.42 1I1'jHUff~~'\J'\.J1~ff11'\.JU'l.J'l.J{lD~tlJ~tl'\.Jt~~1j~(91D) 

~ 1I'j lNiilItlWon V2 WI W 2 XI X 2 I 2 I A2 

,... 
'\J'\.Jl~'Yl1l'j11lffD'l.J 

A3 A4 

(Ilm) 

As BI B2 
B3 B4 B5 B6 CI C2 C3 

SANDVIK . 13.3 14.3 14 . 13.3 14.3 2.852 6.618 6.925 4.82 - 3.217 6.523 6.762 . 2.996 - . . -

WALTER - . . 2.4 4.3 14.6 14.6 2.248 5.9920 6.002 4.381 - 2.872 53421 6.211 9.412 4.492 - . . . 

MITSUBISHI 0.629 14.1 13.52 14.438 14.452 14.1 13.32 2.566 4.847 4.619 5.884 5.803 3.740 5.357 5.497 9.51 4.839 4.681 3.740 4.896 5.502 
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9l1'n~;i 3.42 9l1'jHUff~~'IJ'U1~'i.'rh\.JutJ'Um)~H,j~tJ\Jl~~)j~(~fl) 

~ ~'jlH~91t1f.Ucn C4 Cs E1 E2 E3 F( F2 
F3 

..I 
'IJ'Ul~'YI91'j1~fffltJ 

F4 Fs F6 

(IJ.m) 

F7 Fs F9 GI G2 G3 II 12 13 14 

SANDVIK · . 2.852 2.57 3.014 . . . . . . . . . 3.612 . . 1.969 5.192 6.888 . 

WALTER · . . 2.616 2.946 . 3.014 4.413 6.296 6.733 . . . . . 2.815 3.202 3.919 2.414 . . 

MITSUBISHI 6.174 10.120 0.578 1.909 2.474 2.883 2.566 3.377 5.202 5.503 5.529 5.884 7.473 11.806 1.909 1.985 2.487 . 2.251 - 4.032 

.d 1 _14 d.:l , 
~l'jN"YI 3.42 9l1'jHUff~~'IJ'U 1~ff11'UU'U'UOfl~llJ'i.'ltJ'Ul1J~1J~(91fl) 

~ 9l'j lHft91flf.Uen 1s J 1 J 2 J3 J4 K( ~ ~ N( 

.... 
'IJ'Ul~'YI91'j1~fffl'U (IJ.m) 

N2 N3 N4 Ns N6 0 1 O2 °3 0 4 Os 0 6 0 7 

SANDVIK · 3.066 3.330 6.116 6.614 . 10.583 . 3.214 3.849 7.058 10.6 10.839 . 4.173 7.02 10.735 10.935 . . . 

WALTER · 2.839 4.318 . . . 4.021 4.109 3.701 5.911 4.109 6.01 9.128 10.093 . . . . . . . 

MITSUBISHI 6.335 3.15 5.005 3.816 5.243 0.442 3.780 3.719 2.694 2.842 5.791 7.325 9.924 10.238 2.728 2.261 4.106 6.348 8.456 9.862 10.343 
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~l'n:j~ 3.42 ~111.:jllff~.:j'\J'U1~ff11'U1l1J1JflV~l'l.1~tJ'Ul~~ii~(~V) 

. 
'\J'Ul~.yj~11~ffV1J (~m) 

':iltJn11 

co ... 0' 
~"i lN~91flWCV1 

SANDVIK 

WALTER 

MITSUBISHI 

, 

°8 
12.987 

9.773 

10.12 

81 

4.613 

2.822 

0.442 

82 

6.528 

5.428 

3.688 

83 

6.932 

6.023 

3.15 

84 

7.084 

6.529 

3.780 

8~ 

. 

7.022 

3.816 

86 

. 

. 

5.243 

87 

-

-

5.397 

88 

-

. 

11.170 

TI 

2.814 

2.501 

1.918 

T2 

3.651 

2.791 

2.478 

P1 

2.614 

2.141 

1.981 

P2 

3.008 

3.028 

2.478 
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.  
d ~ u  ~ u 

3.4.9 t1fl1:l1InrJlfl'lJm~Y1~i:rt>'lJ't'lUn.l'lJVI'Ut>~1i:r~ 

d .c:. ~ .J  41 .4 4 _I Jd1 '111
3.4.9.1 fl11'Y1~HH)'lJfl111JI'HI'lJ~1 fffl'll1IfW1fl'lJlflH)~1JijllCl::ijlJmW'YI '11 'Ufl11'Y1~ffij'lJ• 

c6 Jt o4.J,,.,o4 a 
CJI'~lmij~1Jij'YI 'I1flij lmij~ Surface Roughness 

d Go' ll:9  .cd. QI .s a ... 1 d'd1 '111
3.4.9.2 fl11'Y1~ ffij'lJflJl1JU"WUij~1ff~ fffl'll llfltl1fl'lJlmij~1JflllCl::tJlJmW 'YI '11 'U fl11 

d ....  "i I'll d A"
'YI~fffl'lJfl111JU"WUfl~1ff~(Hardness Testing) ~~w~:: 'I1fl11'Y1~fffl'lJfl111JU"'~1l'lJ'lJ'lJ11'UClCl HB 

(Bri1lnell Hardness) 

3.4.9.3  fl1H)11~fffl'lJ1m ~ff!H~Clfllfl fffl'll 11~t11n'lJlfl1ij~i'jm1Cl::tJtJmw~1~1 'U fl11 

"i ..s"';1 '11'" "'11
~11~ffij'lJ A~Wlmfl~'Y1 'I1flfl flClij~~Cl'YInff'U•  

Jd,'11', d ~ .d 41 Jt a _I
3.4.9.4 fl11'Y1~ ffij'lJ ff1'U ~ff1J'YI1~lfl1J fffl'll llfltl1fl1J1m fl~1J ijUCl:: ijlJm W'YI '11 'U fl11• 
"i ..s"';1 '11'"  ..s 

'YI~fffl'lJ A~tIlmij~'Y1 'I1flijlmfl.:l Emission Spectrometer 

o  .. v 
3.4.10  Y11m~Y1V1i:rt>'lJ111flll'JJIl'U~'Ut>ni:r~ 

..s '" "';1~ d ....3.4.10.1 Ifl1ij~1Jfl'YI '11 LUfl11'Y1~ffij'lJ'I11fl111JU"'~"'fl~1ff~• . 

.d.4  d 
fllVi'YI 3.129 Imij~'YI~ffij'lJ'I11fl111JU"'~ Hardness Testing 

Ad d.... '" _I  "i 1'113.4.10.2 11ifl11'Y1~ffij'lJfl111JU"'~"'ij~1ff~ lClijmlJll'lJ'lJ"'ij~fl11'Y1~ffij'lJ A~t1 'I1U'lJ'lJ';i ijfl. .. 
" d  1'11 .... ~ -='1 "" 1'11 ...;I1ClClfflflClCJl' HRC (Rockwell C) 'I1'111fl~IIJ'UIVi'l11lJ1::1J~~1J120" HRC ~:: 'I1UHfl~'Y1 150 kgf 

d~QI''1I •• 
fl111JU"'~'YI1~ ~~::ij~1::'I11H 20 - 68 HRC 

o  , ..et. u 
3.4.11 Y11m~V111;)1,f8'lJ111i:r1'UN1,f'JJYlHlfl'JJ'U8~1i:r~ 

Ifl~tH~t1~1f1'Ufll~fl)1\l'tYtI'U'Hlri1'UH'tYUfll~lfl~~t1~1'tY~
• 
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.d a .. 
tll'VfYl 3.130 lfl'H)~ EtnlSSlOn Spectrometer 

. 
11  .... 

3.4.12 n'lln"''U8\1tltltl1fl11't1~iJ8'l1 

':i 11.J':i 1lJ~mHl tll':i'YI~tYtl1Jfl11lJli tl1J~1 ~,~.yhtll':i'YI~tYtll.J'\Itl~l19ir;i::91':i 1~ff9ltlW cr1... 
jJ  d ~1 'JJ 0 , f 

3.4.12.1 ':i 11J':i 111'\1 tl1J ~ tll':i'YI~ tYtll.Jfl11lJ II'\I~ 'YI ~'YI1tll':i'YI~tYtll.J'\Itl~ 1191 ~::m 1 

Hii9ltlWcrl1~ml llJ11,n\.I fl1':iV4~ l':iW 11~tlflti 1fl11lJll~~~~tl~tll':i1\.1 tll':i'lf1.J~111 ~~ • 
'" 1 "''';1 j} 0 • 13.4.12.2 ':i11.J':i1lJ'\Itl\!~tll':im1'iltYtl1J flHtY':i1~ 'YI ~'YI1tll':i9l':i1'iltYtl1J'\Itl~1l9l~:: 

m 1Hll91 tlW crl11~::nJitl1.J1ntll.J1m ~ tY~ 1~ l\4ml llJ11~1 \.Ifl1':iV4'il1':iW 11~ tlfl1tY~~'il::11 llJn;'fl1':i• 

3.4.12.3 ':i11.J':i1lJ~tllJ~tll':im1'iltYtlmh\.lHtYlJ'YIHlflii~1~'ti1tll':i9l':i1'iltYtll.J'\Itl~ 
'II 

u9ir;i::91':i1H1l9ltlWcr1 1~V1m V1JlnVl.JU~1J1W ff1\.1 HtYlJ'YI1~lflii l\4tll~l\.I fl1':iV4 'il1':iW 11~tlfl1tY~~ 

11 llJ1Hll91 1~V1~tlfl1 tYi'J~iiff1\J HtYlJ'YI1~lflm \.I U~lJ1w~1 fl"'lflV~fl\.l 

. 
, _I"" ... 

3.4.13 8 8flU'll'lliJl1,"1I'l1'l1fJ8~ l'UtUJ,"IIH,""'~ 

3.4.13.11;itl\.l Ul.J1JtY11\.1 111J1JfI tl~IUgV\.I l~~ii~ l\4tl1~1\.1 tll':i A'~'ti1tll':i ~1l91 I~V~tlfllll.Jl.J 
" . 

'il1fl;;\.1 ~ 1\.1 ~\.Il11J1Jn 1 ~'ti1tll':i1~':i U'YI':i ~'YIHm'\llflW91... 

3.4.13.2 1~ tlfl1tY~~'il::ij11J1'~~1l9ltY11\.111l.Jl.JfI tl~llugV\.I 1l~\.I ii~ 1~VV4 'il1':i W1'il1flfll1lJ 

U~~U~::ffl\.1HtYlJ'YIHlfliiu~:: 1m~tY~1~ 1 ~Wl~tlfl1tY~1l1 g fl~iiti 1fll1lJll~~ll~::ffl\.1 HtYlJ'YI Hlflii 

~iifh'm\'lflV~l1itllnV1.J1'ri1 fll.J ll1gfl~11 llJ1H1l9ltY11\.1 '\Itl~ 119ir;i::~':i 1Hll~tlW cr1 

o .... d 1 0 1'" d ,,,... d , ",... a
3.4.13.3  tlll1\.1~tll':i'Jj'1JH111'\l~ ~Vtlll1\.1~ l1tll':i'lfl.Jll'\l~ l1lJfll1lJll'\l~ fl~lflV~l1':itl 

" .cI  'Q,I ~ 

I'YI V1J1'YI1 fll.J'lf\.l ~ 1\.1 

3.4.13.4 t)t)ml1J1Jm::1J1'Uf1l'1~aflniTUU1J1J(lt)fllU~D'U'~fl~" 
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.  
..., _I"'" "" v

3.4.14 fn'lAtTl1UUUUt18~U'UDrn·UIfol'U1J~(A'UUUU) 

3.4.14.1 iff~~'~hJfllJfol~~• 
iff~~'~\hJfllJfol~~ 11~'~ mgfl SNCM 439 'UtJl~ (2) 35 x 125 rom• 

, ~ ~ 

ff1tJfolff1J'YIHltl1J'UUUI1~fl SNCM 439 

d , .cI d 
~l'iH'YI 3.43 ~1'iHUff~~ff1tJfolff1J'YI1~ltl1J'Ufl~111~fl SNCM 439 

C Si Mn p S Ni Cr Mo 

SNCM8 
0.36

0.43 

0.15

0.35 

0.60

0.90 

0.030 0.030 1.60

2.00 

0.60

1.00 

0.15

0.30 

· . 
3.4.14.2 ltlifl~imYi'i"tJfll'ifol~~ 

ltl~fl~im~'i"tJfll'ifol~~ff11tJlltJtJ~fl~ltJglJtJll~tJii~tJ'i~flfltJ~1lJ 

1) ltl~fl~fl~~ CNC ~Mfl HASS AUTOMATION l~tJltl~fl~im~,.ntJfll'iflil~ 
.1 _I': 'J/ '" cl. ~ 
'UtJllJltJ fl~~ tJ 'U fl~ ~ l1Jff11tJU'lJ 'lJ ~ fl~ ItJ ~lJtJllfollJ 1J~ 
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.c:i .!i ~ d" 
flTVn1 3.1321fl·H)~fH\~ CNC t1lH) HASS AUTOMATION 

. 
.cI '" '" fn'Wl1 3.133 'H'HI1J Cutting Tools 

.. . " 
2) lfl~tmlfl CNC iiM'tl MIKRON VCF 1200 Pro ijffltlfllfl~tl~~~U 

1~'Ulfl~tl~nfl CNC 4 un'U '~ffl'Hi'1Jnfl itl~litltl"ltl~~l1J~11'U U(\~'~ffl'Hi'1Jnflitl~ 
o 0 1'.c:I 

fll'H'Ufl;nU'H'U~UH'U1Jfl 

_ r:!.cI ...... 

3.4.15 'fI~'iJtlmU1t1mlUl1JfJW'iJ1J1JA 

.cI "" " 3.4.15.1. lfl'W1J')f'U~l'U'¥1fl~tl1J
 

.cI """ 1 ,~ d 1.c1 
lfl'W1J')f'U~l'U'YIfl~tl1J fltl ')fl'H(\n S45C fltl1J"l'Ulfl 100 x 100 

. " .c:I Cl QI 41!1 

mYfYl 3.134 'lflHl'Ul'1f1Utl1Jmd"f1l~HJ'U 
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4 , "'''~ ....... 3.4.15.2 t'ltl'\.J '\I't1 L'If l'\.Jfll'i't1~fftltJfll'ifl~H\ltl'\.J 

t1t1'\.J''\I't1~ fftlm,..:h'\.J UtJtJfltl~ttJ~tJ'\.Jt~~ij~ fl1111Jlfl'i! 1'\.J ~tJili't1 ~~i1f1 

(l) tlfl'i1iltl'\.J (Feed Rate)  0.45 mmlRev 

(2) f11111t~1'itltJ (Revoiution) 2228 Rev/min 

(3) f11111t~1~~ (Cutting Speed) 140 m1min 
~ 

(4) f11111'flfl (Depth of Cut) 5 mm. 

3.4.15.3 't1~fftltJfll'itm~flltJl~t1t1'\.J ''\I~til'H'\.J~' 1 
't1~ fftltJ fl1'i t~ 1~ ff11 '\.J l ttJtJ fltl~ ttJ~ tJ'\.J U~'\.J ij ~tl1 tJ1~111f1'i!1'\.J ~ tJili't1 ~~i1fI ti111 '\.J ~ 

.., ... " 3.4.16 'lJUnnll'lJ11'll"8\Ja,.n:'Ifl11n~a8.:t 

o Q,I 4dl" d., 'JJ ,.. d "0" .:1, "0 _ t':!0 d 
't11fll'itJ'\.J't1fl'\ltlllCl't1 ~'t1lfll'i't1~ffmJ L~tJCl~mtJ~ UCl 1'\.J1'\1 till Cl't1 Pl1Jl't1lfll'i tlJ'i tJtJ t't1tJtJ 

~	 ~ 

'I'  "" 4 ... "'""" .... "i _I':! '" ...L~tJ 1'lftm tI'I 11 tI't1 L'If L'\.J fll'i 1WltJ'\.J't1flUCl~tlJ'itJtJt't1tJtJfltI 

....... 'l ..... "i 4""" 3.4.16.1 fll'i HtJ'\.J't1fl~Clfll'i't1~Cltl'l L~tJfll'i't11m'iHtJ'\.J't1fl~Clfll'i't1~Cltl'lrrWL'If L'\.Jfll'i 

d" ,  .4. I 0 ~ ~ QI 4dld'" 0"  I

tfltJ'\ItllJClflW'l 't1 ~ \llflfll'i't1~ Cltl'l t'VW'lltJfltlfll'i'\.J 1'\1t1lJClll1't11fll'i1tm 1~11 t'lf'\.J fll'i HtJ'\.J't1fl 

~Clfll'i't1~ Cltl'ltm tJtJ rt1tJtJfll'i t~ 1~ ff11'\.JUtJtJfltl~ttJ~tJ'\.JU~'\.J ij~ 
'JJ" 'JJ  'JJ I 

3.4.16.2 U~'\.JtJiJ l~tJfll'it;jtJ'\.JU~'\.JtJiJir'\.Jr~tlUff~'I-U'\.JfltI'\.J 1'\.J fll'itJii,j~-U'\.JfltI'\.JliYi1fll'i 

't1tlCltl'l rr7tl1 ,rfll'i~ltiJ'\.J'I1'\.JtrJ'\.J' tJfl111U~'\.J~'~ti111'\.J~' 1 
•.1  4 ~'UtlllCl\llflfll'i't1~Cltl'lmtJfl1'\.J" '\.J1'\1."till Cl1Jl't11m...11nrrw4 tlJ'i tJtJt't1tJtJ _I':! '"3.4.16.3 m 1n tlltl '"'' 

~	 ~ 

~Cl~'~ \llflfll'i't1~Cltl'l 1~tJ1~fl 'j l~UCl~m1~tni'l1'\.J fll'i tmtJtJtlitJtJ~Clfl1'i't1~Cltl'l 

_I" t I '" I ~'" 4 "" ~" ".. "3.4.16.4  ~lJ L'\.Jfll'i't1~"tI'I'\I'\.JfltI'\.JflH'l \l~llfll'imtJ~tJtfltJ 1t'VW l'lftlJ'\.J'\ItllJCltlHtI'I L'\.J 

'I' t . " " ~ 4 ... "" "fll'i't1~ Cltl'l L~ tJU ff~'I'\I '\.J fltI '\.J fll'i 't1 1'11'\.J Uff~'I fll'i L'lff.2 tlmuum tI'Ill tI Uff~'I ~Cl't1 ~ \l1 flfll'i 

't1~Cltl'l 

... 01"
3.4.17 lAtl11~fl"8\Ja 

QI  ~ " 0 ~ .oe:t. ~" QI 0 ... ..1 ~ 
~ 1fl fll'i tJ '\.J 't1 fl'\l till Cl ~Cl fll'i't1~ Cltl'l ~ 1t'\.J '\.J fllnt fI 'i 1~ 11 '\Itlll Cl UCl ~ \l~'t11 UtJ tJntl'i 11 

~	 ~ 

'i1tJ'I1'\.J~Clfll'i't1~fftltJ rr7t1 1.n'UflWthff'UtI~Clfll'i't1~Cltl'l l~tJu,j'ltltlmrJ'\.J 5 utJtJ fltl 

3.4.17.1 'i1tJ'I1'U~Clfll'ifl'i1\lfftltJt1t1'\.J ''\I1'Ufll'it\l1~ff11'UUtJtJfltl~ttJ~tJ'\.Ju~'Uij~ flltJl~ 
4 , do J ,,".;., d .e:t.QI " <I!::t. 0 .4..c:1..c:1 
t'l tI'U '\I't1 fll11 'U ~'\I'U UCl ~ m tJ Lfl t'ltl'U '\I fl111 1Jl fI 'i! 1'U 't1tJ 'i1:l't1~~Clfl flll1 'U ~ t.... mtJ 'i tJ1Jt't1tJtJ 

. " 
tJ'i~ ff't11J tl1.... '\ItI'I ff11'U UtJtJfltl'flttJ~tJ'U u~'Uij~l'i'lfftl'lUtJtJ 



195 

. , . 
.cI "" .... Wi". 1' .... Wi .... _l':! .cI

3.4.17.2 'I1tJ.:J1'Ufl111Jl'HJ'UN111JtI 1~'YI1f1l'I1;)1~ 'U11~Cl~l.:JtI'U l'lllVWll1'I tJ'Ul'Y1tJ'U'Iltl.:J11 \11~ 

. ." 
n 1\11~ ~1tJrd1'U 11'U 'U (l t1~11J ~ tJ'U ll~'U ~ ~ 't1.:J fftl.:J 11'U 'U 

. " 
3.4.17.3 'I 1tJ.:J 1'U NCll ~'U ~1'U i'l'UVOClHf1l'I 1;)1~'Iltl.:Jff11'UU'U'U(ltl~11J~tJ'Uu~'Uii~'t1.:Jfftl.:J.. 

4 _l':! .cI '" <I,,;Wi" ....
U'U'Ul'Yitllll'I tJ'Ul'Y1tJ'Ulff'UN1'Utl'U Uf11.:J'YI l~l1 Cl.:Jf1l'I1\11:: 

Q,I d.4 _~ d d, _Id 
3.4.17.4 'I1tJ.:J1'UNClf1l'I1~f1111JU'Il.:J1'Yi tIlll 'I tJ'Ul'Y1tJ'Ufl111J11'1l.:J'Iltl.:Jff11'UU'U'U(ltl~ll1CltJ'U 

d.cl 4 _I _l':!.cI" 
l1J~1J~ l'Yitlf1l'I fflllNCl UCl~ll1'ItJ'Ul'Y1tJ'U'Ilt1lJCl 

3.4.17.5 'I 1tJ.:J1'UNClff1'U Nff1J'YIHlf1ii'll t1.:Jff11'UU'U'U(ltl~11J~tJ'Ul~~ii~ 11m 1~..rff1'UNff1J 
.cI 4 _l':! .cI " 

'YI H lf11Jl'Yi tIlll 'I tJ'Ul'YI tJ'U'Il t1lJ Cl 

3.4.18 illtJHi;1ft11HiPi 

~ fiji 0 ... 1 .dl _I <l:)

NCl;) 100 1111f1 'I 1:: l1 'II tI lq!Cl ff11J 11 (l'YI1 f1l'I fflll NCl f1l'I 'YI ~Cl t1.:JO 11 i'101l11l1'Y11.:JlCl'll 1f1 W~ 

, d.-=to QI flo iJ .4 _I <-=to iJ d iJ 
ff1'U Nff1J'YI Hlf11J'Il t1.:J NCl~flW crt 'U 11'111 l'Yitlll'I ~ Otl'UO 1'I t1t1011'U'UUCl:: NCl~A 11J1JA1;) l~~'UU 'U'U NCl 

011 Ni1~UCl::ffl1JNClf1l'I'lJ1'1J1 'i1.:J 1'U lAtJffl1Jl1JitJ'UlntJ'Ufl'U~ 11JiiA'l111"1 lntJ'Ufl'U'Il'U 1AUCl::: 

f1111JlitJ'UFb f1l'Iffl1JNCl~1 1tJCl~lijtJ~ l'U 'U'YI~ 7 



,...  
U'YI'YI 4 

\J'rnh 
"''JJ.1, <9 'JJ 'JJ.cS <9'JJ1tJl11'\JfltJ fl"11u~m''\Jfl~fl1'IYI~fffl1.Jfl1'I1'lf~ltJ '\Jfl~~llJlJ~fl"~~tJ U1.J1.J ~'I11l fffl1.J'\JtJl~ 

'JJ.cS 'JJ '" 'JJ <9,t ~ 'JJ
~llJlJ~l'4'IfllJfl1.JYI~fffl1.Jfl1J 1'lf~ltJl~ufl1'Ifl,,~tJflfl'lftJ~ltJm"flfl"l S50C (AISI 1050) 

. . 
e:t. 0 .... 1 ct ct V U'

.m'W't1 4.2 m't'i,"ila'UII'lJ'lJm1f1n;)iltl'lJ1~,"lm8U:.tnfl(Hmnil 
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9111lm't'l~ 4.2 '1.IU1~I'rh.jfll'ifh"'\.J~itJU1J1Jfll'i9l'i1'liHl1J1J'il1w1.h::ml1Jm·h.Jij~

6.74 x 6.74 x 2.84 1111. 1~tJ~~Clfll'i9l'i1'liHl1J9I11l9l1'il.:.t~ 4.1 

" . . ... "" 0' "lJ]!II'I_I_t:! ..... !II !II
't1.:.l 8 'i::Ul1J l'YHl'l::Ulf'll'tl ~~ llJllJ'if.l1Jl'tltJ1Jfl1J~11l9l'\.JU1J1J 

1ap. .Admin 1~.uOD 11/8/2552 13:59 

Plane Me811 

PllIDe 1 

(I) 

X= 
Y~ 

Z= 

-0.OOO3AX= 

O.OOO4AY= 

24.1236AZ= 

9O:00:02L= 

89:59:56 

0:00:04 

24.l236d= 0.00085 

PI_Mean 

Plane 2 

(2) 

X= 

Y= 

Z= 

-o.IS32 AX= 

-0.0334 AY= 

13.7442AZ= 

9O:38:20L= 

90:08:21 

0:39:14 

13.7450d= 0.00954 

Angle 

Angle 

(I) 

A~ 0:39:14 (I) Plane 

(2) P1lIoe 

P1lIDe Mean 

P1lIDe3 

(3) 

X= 

Y= 

Z= 

275.9709 AX= 

3.5620AY= 

3.1238AZ= 

0:59:01 L= 

89:15:38 

89:21:06 

276.0116d= 0.00174 

Angle 

Angle 

(2) 

A= 89:21:06 (1) Plane 

(3) P1lIDe 
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. . 
.q QJ 4V 4. , 

f111HTI 4.1 fnlfll11~1~U1UlOtl~~lt1lfl10~ CMM (flO) 

s....... Ho4n' lENG.RMUTPJ 

fOiLI <»---

JmmI 

A_d_m_~LM_-__._OD 

Sial Hodq 

1_1I_8_12_5_5_2_1_3_:5_9~1 

PIBIleM..... 
Plane 4 
(4) 

x-
Y= 
z~ 

267.8S38 AX
3.2969AY

56.2474AZ= 

11:S2:45L
89:18:35 

78:08:29 

273.7157d 0.00571 

AD8le 
AD8le 
(3) 

A 101:51:31 (1) Plaoe 
(4) Plaoe 

Pl_M""" 
I'1Ime S 
(5) 

x~ 

Y-
z~ 

-2.1839AX= 
121.0014AY
-25.3929 AZ

88:S9:17L= 
168:06:20 

78:09:00 

123.6S64d= 0.0261S 

Angle 

AD8le 
(4) 

A 101:51:00 (I) Plaoe 
(5) Plaoe 

P1BIle M""" 
P1BIle6 
(6) 

x-
Y= 

z

-2.1390 AX
130.8S49 A Y

0.6012AZ

89:03:49L= 
179:01:38 

90:15:48 

130.8738d 0.00163 

AD8le 
Angle 
(S) 

A 90:15:48 (I) Plane, 
(6) Plane 

PlBlle Mean 
Plaoe 7 

(1) 

x-
y~ 

z~ 

llS.8212 AX
240.2109AY~ 

-6.737SAZ= 

l1S:43:58 L~ 

1S4:13:13 

88:33:10 

266.7606d= 0.01085 

AD8le 
Angle 
(6) 

A= 88:33:10 (I) Plane 
(7) P1BIle 

PlBlle Mean 
P1BIle8 
(8) 

X~ 

Y~ 

Z~ 

184.2308 AX
-88.3704 A Y

19.4767AZ= 

26:09:34L= 
l1S:30:06 

84:33:18 

205.2551 d= 0.01122 

Angle 
Angle 
(7) 

A= 89:S8:41 (8) Plane 
(1) Plane 

LineM""" 
Line I 
(1) 

x~ 

Y

Z= 

O.OOOOAX~ 

ISO.9794AY

-7.S119AZ= 

9O:00:00L~ 

87:09:06 

2:S0:54 

ISl.1662 d= 0.10617 

Angle 

AD8le 
(8) 

A~ 87:09:06 (1) Line 
(I) PI_ 

"J ~ " ... 1"'illfl~1'IH'YI4.1 N{jfl1'I~'I1'ilfffl1J'I::Ul1J (Plane 1) t U'I::Ul1Jfll,:jfl,:j (Reference) 'If 

let' Q,f tI ~ " 0 Q,f "q 4, ~Q,I

'I::U11J'Ufl,:j ~::'I::~1Jt U'I::UlU'I1J~U ffTH 'I1Jfl1'I fll,:jfl,:j'I::U11JflU"l 'H{j,:j 'illflU U~'I 1'ilfffl1J 

'I::Ul1J~ 2(Plane 2) "'1J1TI'hJd1Jti1J'I::Ul1J~1 t'tllti1J 0 fl,:jf{l 39 ihl~l 14 ,UhJPll, 'I::Ul1J~ 3 

(Plane 3) iilJd1Jti1J'I::Ul1J~ urhti1J 89 fl,:jf{l 21 iitl~l 6 :Wiitl~l, 'I::Ul1J~ 4 (Plane 4) iil~1Jti1J 
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'i~'UllJ~ 1 rrhtilJ 101 tJ'Jfl'l 51 i1tJ~l 31 l1i1tJ~l, 'i~'UllJ~ 5 (Plane 5) lh~1JtilJ'i~'UllJ~ 1 rrhtilJ 

101 tJ'Jfl'l 51 i1tJ~l 0 l1i1tJ~l, 'i~'UllJ~ 6 (Plane 6) .yh~1JtilJ'i::'UllJ~ 1 rrhtilJ 90 tJ'Jfl'l 15 i1tJ~l 

48l1i1tJ~1, 'i~'UllJ~ 7 (Plane 7) Vil1J1JtilJ'i~'UllJ~ 1 rrhtilJ 88 tJ'Jfl'l 33 i1tJ~l 10 l1i1tJ~l,• 
'i~'UllJ~ 8 (Plane 8) Vil~1JnlJ'i::'UllJ~ 1 nhtilJ 89 tJ'Jfl'l 58 i1tJ~141 l1i1tJ~l ..... ... 
4.4 m1f11l;)iJ8\JfllUJ't'Iml.J"l"lH1Un~iJ8\J 

, .. 
fl1fl11111lG1Ufl1 

, 

- iUlltifl 
Ri..)Jl1l) Ry()Jl1l) Rl.JIII).. 

W~'IU 

Ra Ra Ra Ra - Ry Ry Ry Ry - Rz Rz Rz Rz -
Ra 

1 2 3 4 
Ry 

1 2 3 4 
Rz

1 2 3 4 

1 iUlfti" 1.64 1.98 1.65 1.66 1.73 9.8 12.9 9.3 9.4 10.35 8.9 ILl 8.6 8.5 9.27 

2 iUllta" 1.60 1.60 1.59 1.58 1.59 8.6 8.6 8.6 8.2 8.5 8.1 8.3 8.3 8.0 8.17 

3 iUlflGfI 2.11 2.11 2.09 2.13 2.11 15.3 22.9 16.0 14.7 17.22 13.5 15.5 14.0 12.8 13.95 

;f'U'Jl'U AISI 1050 
"  

. . . , 
......... ... ... ... , "".1 Sf ... "" Sf 

1l1ftYl 4.3 lIa~~lfinl1f1n9af)tJfllUJ'Htl1tJH1"U~lUYlH1Unl1niUuf)n~ltl",~niHflUlltJtJ 
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""4.5 t111A'niUT8'lJ'U'Ulil'U8·:HftllflD.:J (Chip) 

o "'i ..,; ... 'J/ "'i.1 'J/ 'J/ "" "'i 'J/ 0 

'U llfY~m''1n l~Hllflfll'in ~fftJ1J f1C1 hJtJf1~ 1t1~ 11J1J~f1C1'1~'U 111J1J'U 11Jl~n'lfftJ1J'U'U l~ 

• JI.'J/ ... 0 ... 'J/ 1'J/l ...<!I "" 0

f1111J""'Ul~1mmtJ'IMicroscope 'llf1'U'U'Ulr-lCln l~1Jl 'If 'Ufll'ifll'U1Wl1lUHllltJ'U (Fs), 

... l' 'J/ "" 1 "'i ... 0 0'. 1 • l';;! "" ... y "" 
UH~~ (Fc) UCI::'i::t1:: f1'1~11J1J~ 'U'UW::f1C1'1I'rW'Ulr-lCl'UtJ'Im'ifll'U1W lJllJ'iU1Jlntl1Jf11Ji'll1J1J~ 

"'i 0 'J/
f1C1'1'Ull'U1 

..c 
InTfn 4.4 Microscope 
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a 

f 

(~-

.". 

f = II = tl~'.il-l1V'U (Feed rate) 

12 = fl111J11'Ul1ff1i (Chip thickness) 

. 
~ 4 4 U 

.fl1TtYl 4.6 lliJ~~m11t:l8'UtJ1nwm1fl~ 
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.. 
nlltlfl1111"Ul"tI~lfnjmH 

4,,0\1_. 4,,~l\Ii 2 .: .. 
IfI'lI tuf1ll1l J 

~ Lc1 lc2 lc3 Lc Le1 Lc2 lc3 I:c Le1 lc2 Lc3 Lc_. 
0.1321 0.101 0.118 0.148 0.122 0.122 0.152 0.150 0.141 0.130 0.131 0.135 

2 10.089 0.128 0.138 0.118 0.099 0.136 0.107 0.114 0.105 0.124 0.132 0.120 

3 0.233 0.206 0.273 0.237 0.147 0.185 0.182 0.158 0.195 0.238 0.251 0.228 -
4 0.137 0.151 0.136 0.141 0.136 0.187 0.185 0.169 0.202 0.159 0.228 0.196 

5 0.140 0.204 0.179 0.174 0.133 0.182 0.189 0.155 0.100 0.156 0.152 0.136 -
6 0.069 0.100 0.:110 0.093 0.114 0.153 0.189 0.145 0.200 0.190 0.211 0.200 

7 0.082 0.098 0.116 0.099 0.139 0.165 0.148 0.151 0.109 0.127 0.135 0.124 

8 0.173 0.175 0.205 0.184 0.164 0.198 0.180 0.180 0.115 0.134 0.155 0.135 

9 0.100 0.141 0.135 0.125 0.397 0.155 0.173 0.242 0.155 0.199 0.194 0.183 
10 0.107 0.181 0.130 0.133 0.354 0.140 0.153 0.216 0.130 0.191 0.189 0.163 

11 0.182 0.186 0.109 0.146 0.130 0.162 0.144 0.145 0.172 0.222 0.199 0.198 

12 0.087 0.078 0.112 0.092 0.199 0.083 0.103 0.128 0.189 0.157 0.153 0.186 -- _.
13 0.112 0.131 0.164 0.136 0.153 0.264 0.251 0.223 0.173 0.243 0.244 0.220 

14 0.101 0.161 0.128 0.130 0.202 0.115 0.142 0.153 0.170 0.155 0.277 0.201 
15 0.122 0.152 0.1n 0.150 0.144 0.164 0.176 0.181 0.148 0.159 0.173 0.180-
16 0.177 0.2&4 0.221 0.221 0.149 0.185 0.174 0.189 0.129 0.198 0.199 0.175 
17 0.109 0.100 0.124 0.111 0.115 0.137 0.142 0.131 0.245 0.158 0.180 0.194 

18 0.093 0.161 0.150 0.135 0.119 0.170 0.133 0.141 0.134 0.177 0.210 0.174 
19 0.091 0.107 0.117 0.105 0.134 0.137 0.133 0.135 0.150 0.156 0.197 0.168 

20 0.151 0.189 0.171 0.164 0.089 0.128 0.109 0.109 0.158 0.175 0.175 0.189._. . . 
~--- .... " .

21 0.096 0.143 0.142 0.127 0.100 0.182 0.150 0.144 0.120 0.161 0.184 0.155 
22 0.118 0.126 0.148 0.131 0.118 0.139 0.113 0.123 0.118 0.122 0.142 0.127 
23 0.104 0.144 0.125 0.124 0.223 0.162 0.134 0.173 0.126 0.178 0.153 0.152 
24 0.150 0.188 0.219 0.185 0.104 0.145 0.098 0.118 0.109 0.109 0.077 0.098 

25 0.103 0.132 0.147 0.127 0.113 0.125 0.131 Q.1~ 0.154 0.159 0.185 0.186 

26 0.087 0.109 0.132 0.109 0.078 0.068 0.078 0.075 0.112 0.150 0.137 0.133 
27 0.085 0.115 0.127 0.109 0.120 0.134 0.171 0.142 0.096 0.122 0.170 0.129 

28 0.183 0.157 0.148 0.156 0.113 0.119 0.113 0.115 0.128 0.127 0.148 0.134 
29 0.112 0.144 0.120 0.125 0.109 0.102 0.132 0.114 0.099 0.124 0.122 0.115 
30 Q;133 0.162 0.161 0.152 0.095 0.122 0.117 0.111 0.134 0.180 0.158 0.151 
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«!I """,,4.6.1 fomfllmM\ltl-3~UJ1J~91'Ull'U'U 

T2 = X = 0.195 ~ = F = 0.15 P= 6° 

1) 
... 

~1Jl'iHI'U 
7' ra cos p
1 ana =-------'-

1-(rasinp) 
, 

U91 ra=!2=£= 0.15 =0.76923 
T2 T2 0.195 

• 7' _ 0.76923 cos 6° 
•• 1 ana  -----

1- (0.76923 sin 6°) 

= 0.83190 

a = Tan-I 0.83190 

= 39.75" 

L =~= 0.15 
s sina sin39.75° 
=0.23458 mm 

" .... "" ...
2) Tt'Ul1m 6'U (As) As =Lsx d 

=0.23458x3 

= 0.70374 mm 2 

~ "" , 2
3) l11l\fl AISI 1050 1Jfll Tensile strength = 58 Kg / mm 

u t =58x9.81 

= 568.98 N / mm2 

Us = U t x 0.6 

:. Us = 568.98 x 0.6 

=341.388 N 

=U xAFs s s 

= 341.338x 0.70374 

= 240.24839 N 
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"d d" d.Q,l 
~l1J1J~mH~'WU'U1J'YI~MI'U'W 

__ FcxL3 

1l1n~~'5 Y 
3xExT 

• 
U~ FC = Fs(Cosa + Sina) 

= 240.24839 (Cos 39.75 + Sin39.75) 

= 338.33720 N 

L = 30 mm 

N
E =200x 109 

2 m 

bh3 

I = 
12 

20x 203 

= 
12 

y = 338.33720 X 303 
X 12  

. . 3 x 200 x 109 
X 20 X 203  

= 1.1418880y9 mm  
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·  _I':! .c::I 0 , tI .c::I 0 tI uti" .c::I ~ d.. 
4.8 UtT~.:Jfll111J1rJl.JI'rIrJmH'I;11flfll1fll'UlW1:::'t'IlH~UnJ~'UU'Ulfl1J~nJPl'UU1J1J'rINt1Pl'U'U 

Fs (N) 269.78528 
270 

240 

210 

180 

150 

120 

90 

60 

30 

0 
__,.... " ....---, ftUIJlftna~ 

,h,r, riuuuu 

Y(mmflO 

U.OOO 

11.000 

10.000 

9.000 

8.000 

7.000 

6.000 

5.000 

4.000 

3.000 

2.000 

1.000 

0.000 

riULlUU 

11.418805 

" ....-----r------..., ftlJlJWlna~ 
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ci "" .fll'rfn 4.10 Al1.JVlUU1J1J 



....•
'U'rt'n 5 

• .q tV tV 

5.1 flt'lfl11f1lliliI81.JiIltUUltlflHlfltl'UO'l"lflil 
I .cI' Q.' Q,I .cI • 0'. 

~lflm'.i 91n~ff(lm1'1'.HH"1Jl1Htfl1J'Yfl..J11111fl~ A 1Jff11J Hff1J'IJ(l'l li l~fll'.i 1.J (l1J (C) (lg 

0.414% eitilfWlJ(SO 0.299% U1J'lmUff(Mn) 0.775% 1mlihJ1J(Cr) 1.36% 11J~1.J~,:r1J (Mo) 

~ ~ d 
0.179% lJmflll (NO 1.52% l1(l'lU~H (Cu) 0.277% Ull~t1111fl (Fe) <94.90% 

Q,I Go' .cI I d" CIt. I::lto ld. 

111flfl B 1Jff11JHff1J'IJ(l'llil9jfll'.i1.J(l1J(C) (lg 0.387% CUllfWlJ(SO 0.301% U1J'lmlJff(Mn) 

0.641% 1f1'.itijv1J(Cr) 1.52% 11J~1.J~,:r1J (Mo) 0.167% iJmflll (NO 1.72% l1(l'lU~'l (Cu) 

d 
0.236% Ull~t1111fl (Fe} 94.75% 

Go' Go' ld.' f!, e:t.e:t. .cS 

111flfl C 1Jff11JHff1J'IJ(lUl9jfll'.i1.J(l1J(C) (lg 0.437% CUllfl(llJ(SO 0.248% U1J 'I mlJ ff(Mn) 

0.681% 1mtijv1J(Cr) 0.853% 11J~1.J~,:r1J (Mo) 0.204% iJmflll (NO 1.73% l1(l'lU~" (Cu) 

d 
0.175% Ull~t1111fl (Fe) 95.38% 

........ 
111flfl 

ff11JHff1Jl1Htflij (%Wt) 

C Si Mn Cr Mo Ni Cu Fe 

A 0.414 0.299 0.775 1.36 0.179 1.52 0.277 <94.90 

B 0.387 0.301 0.641 1.52 0.167 1.72 0.236 94.75 

C 0.437 0.248 0.681 0.853 0.204 1.73 0.175 95.38 

" 111tifl 'Vi" 3 m 1H~ ~uiWcnijff11J Hff1J11l"tfl ij~'fl~lfl V" tilJ ~",h~ fl (l1.J ~1Vli 19jfl1{1.J (l1J 

(Carbon) eitilfl(llJ (Silicon) 11J~1.J~,:r1J (Molybdenum) ijfl111JUflfl~1"'lhfllJ 0.053% Ull~lil9j 

U1J"mUff (Manganese) 1mtijv1J (Chromium) iJmflll (Nickel) l1(l"U~" (Copper) Ull~lil9jt11~fl 

ijfl111JU9Ifl~HtilJ'litfllJ 0.667% ~"flW ff1J,j~'IJ(lU1F1~1" "l ld(lHff1Jll'lhn1Jt11 ~flff11J1'.ifl 
" (li1.JlV'~~"U 

lil9jfll{1.J(llJ (Carbon) ffty~fllaU111"tflij fl(l C l~lJlil9J~i;htity~q~ ~~~(l"ijHff1J(ld'lJ 
" . " 

lijm11~fl ijflWff1J,j~.yhl,f!11~flU~"t"'1J;jlJ 11~"~lfl1hhl(l1.J'J!1.J (Heat Treatment) 1~Vn:U~1ti1.J 
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~ ~. 
1{j'O!'I1~nl~'Uffl'iniitlf1'h 1Jl11Yl'U1CJf;1 (Martensite) U"~;U.j'U19l~ (Cementite) 'U'On'illm!'U 

fIl1'U'O'UiJ.:.Iffl11l'Hl'i1119l1f1'Ul'I1 ~n lm~ln~g'U "1 n"lm~'Ufl1flm1' (Carbide) ~.:.I 'il~,f1mvillfl1111 

~ l'U Yll'U9i'Onl'i fff1l1'i 'O'll eH l'I1 ~n 'O~H hn9l111 fI 11'U 'O'U 'il~ "91f1 1111V9I 11 ~'U (Elasticity) 

do.!.1 1.4 'I' do •
fl1111ffl11l'i\l1'Uf11'i9l'll'UllJ (Forging) U"~fl1111ffl11l'i\l 'Uf11'il'lf'Oll (Welding) lm~ lllllH"91'O 

tJ Q,.I' I QJ' QI ~ QI ~ .cI.d. .4 Q,IQl4 Q,I 

fI 111191 l'UYI l'U f11'i n9lm'O'U fJW ffll 'U9I 91.:.1 n" l1111n9l9l'i lH"91 flW CfI C 111JlnYl"l91 'i '0.:.1 ".:.I1Jlfl'0111 

QI ~QI tI oQl 

n9l9l'ilH"91f1WCfI A lm~ B 91111"191'U 

1il~eJiiifl'O'U (Silicon) ff\y~n1JWYlHlflii fi'O Si eJiiifl'O'U'il::tJ'iln{)l'U!'I1~n't1n'lfU9I lit'O.:.I'illn 

ff'U Uil11~n~niieJiiifl'O'UHff1J'O~~1mffll'O eJiiifl'O'U 1-Ul,f1"11~ U9iiifffll'Wl'I1 ij'O'U 1,,11:: l-ti'I~'U9l1 
OJ 

o 1tI ~ ... 1~~4C:il. e:t,'1 ~ 0 1 tJ d d '.c:I .c:I'I "dotS
Yll 'H1f191lJ{)mtll'O'OnCJf 19l9f.:.l (Oxidizing) Yll 11!'11"f1l1'll.:.IUHU"~YI'UYI1'U9I'Of11'i1fftl9lff 19l9l'll'U 

~. <9"'; ell".! .,t <91" 1 0 d
l'WllfllUH9I.:.IYI~91mln (Yield Point) 'll'O.:.I!'I1 "n 'H ~ .:.I'll'U 11ln ~H'U'U 'il.:.l 'lfHffll 'Uf11'iYl1!'11"n 

.,.... • 01" d d d .... 'I"do<91"•
fflJH (Spring Steels) 'lf1t1Y11 'H!'I1"nYl'UYll'U9I'Of11'i9lnff~lf191 (Scale) YltJW'HfJll~.:.Il9l91 'il.:.l 'lfHffll 

l'U l'I1 ~nYl'U fl1111~ 'O'U !'11 ~nn~ l~iieJiiifl 'O'U ff.:.l 'il~ ii1m'U 11 tI1'U flW ffll,j~~ .:.I mi11111f191 91 'i 1 - ... 
e:t,GJ tI d..d. dQ.lQl e:t,Q,r tI OQ.l 

H"91flWCfI B 111JlnYlff91 'i'O~".:.Illlf1'O'H1n9l91'ilH"91f1WCfI A 1m:: C 91111"191'U 

do .,., " do'" 1"~" 'I 10 ., .k ~ .,
1il9jUll.:.lf11'Uff (Manganese) ff\y"n1JWYlHlflll fI'O Mn 'lfllJ'U911 l"f1111::O'U (S) CJf.:.lllJ'U9I1,,l 

• 

d'l ," do., 1 0 1" d d • .!.4 ~ 
Yll1l9l'O,:Jf11'i 'Ul'U'Ol'H"n 'il:;Qnf11'il9l'Ofln 'U'llW~'H"'Oll Yll 11!'11"n'O'U',!!'UU'llHlt1'll'U l'U'O.:.I'illf1llJ'U 

.,., d.,.... 01" d • <9'1" .! ~ 
911"91'Omlf11'iW'U9I11nq91 (Critical Cooling Rate) Yll 11!'11"nYl'UYll'U9I'OUH9I.:.I 19l111n'll'U l'Wll 

fflltJ'i::ffYlif11'i'lltI1t1~1'll'O~l'I1 ~f1ld'OOnfl1111~'O'U u9i 'il~ "91f1W ffll,j~l 'U f11'i I~'U fi1U11'Vlrh 1m:: .. . 
" ~ .c:I QI.c:Ie:t, e:t, I J .4 4 d tJ tI .c:L::s 

fI 1111 'i 'O'U 'U 'On 'ill n 'U 'U U1J .:.If11'Ufftl.:.lll 'OYl1i 'W "91 'Of11 'i 'll'U1tJ11 'i 'Ol'If '011 !'11 "nn" lf1 l'i 'U'O'U Ylll 

... I.Q. .c:I ~.l , .c:I Q'I tJ.c:I J QlQ Q.I • Q,I Q Q.I tIQ,I 

lJ'i1JlWUll.:.l f11'U ffl'W 1l'll'U 'il ~ YI'U 91 'Of11'i Ifftl91 ff l9I91'll'U1Jln fI Wffll'U9I9I~n" l1111n9l91 'i lH" 91f1 WCfI• 
.c:I.J. 4Q,rQ,r QQ,ltI OQl 

A 111l1nYl"l9l'i'O,:J".:.I1Jlfl'O'H1n9l9l'ilH"91flWCfI C lm~ B 91111"191'U 

.c:I Q.I Q.I tI .c:I4 0 tJ d 'I'" ~ 
1i19j1mIII till (Chromium) ff\y"n1JWYll.:.11flll fI'O Cr Yll1'H!'I1"n'O'U"l'U 19l.:.l1t1'll'U 1'W'il~"91 

V9l'ilf11'il~'U~11nq9l".:.ImjH1Jln ffl11l'i\l'l.!'Ul'UJ1~'U'H1'Omf11ff1'" (Oil or Air Quenching) l~ll 
d 1" d.. 1 do d 1 d

fl111111'll.:.I 11l'11"n U9I"91f11111Yl'UYll'U9I'OUHm~UYln (Impact) ".:.I mllltlllYlHffll 'U!'I1"n'il:: 

.,., " ~ ~ ".k d ., t <9 0 " d I

'i1119l1n'UfIl'i'U'O'U llJ'Uffl'i1.h::n'O'U'W1nfll'i l'U9I CJf.:.lU'll,:J1Jln 91.:.1'U'U 'il.:.lYl11'I1l'H" nYl'UYll'U9I'OUH 

lfftl9lff u,,::'Uil1w~l ~'U 'i 'Otlflll'H1'Ofl1111flll 1-U"'U~1t1 vhll\'!'I1~f1ltl'U ffUll 1~t11n lvillfl 1111 

d d dl" d e:t, ~ QI t ''I tJ.cIJ• 

U'll.:.IUH'll'O.:.I!'I1"nYl 'If.:.ll'UYI f.lW 11fJll"J,:J l'Wllfl1111Yl'UYI1'U 91'Of11'in9lm'O'U'll'O.:.Iffl'i9lH "1 19l9l'll'U 

QlQQ.I • Q.I QI e:t, QJ' tI .cI.d 4 Q.I QI Q QI tI 

fJW ffll'U9I9I.:.In" l1111n9l9l'i lH"91f1W CfI B 111l1nYl"l9l'i'O.:.I"~1Jlfl'0111n9lmlH"91f1WCfI AU":: C 

91111~1~'U 

1il~ l11ii'U~Ull (Molybdenum) ff\y~n1JWYlHlflii fi'O Mo tJn~'il~1-ti'Hffll'i111n'U1i19jg'U"1 
~.,., d., "" 1" I.! _'1".1 ... .,0

llJ'U 91 1"91 '091 'i lf11'iW'U 9111nq91 Yll 'H 'O'U"l'U.:.Iltl'll'U lJ'O,:Jn 'U f11'i llJ'i l~'llW::'O'UfI'U911 (Temper 
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"''JI oJ d,.if d, ~ 'd/ 'oJ.l '" 
Brittleness) 'YIl '11 nUl fUJt'U tJ"::U)tl~ t....1Jfl1l1J'YI'U 'YIl'UfltJUH~~UfU'I1 "fl1Jlfl'U'U ffl1J l~m 11Jfl1 .. 
ntJfIl{tJtJ'Ut~'UfIlfl tJ~l"~~ltl1Jlfl~~ir'U ;~1Ji' mJl~f!W ff1J,j~' 'Ufll~~~ h'l1:: (Cutting) 'UtJ~ 

oJ 1 .o;;tl 1 'JId,.l ~ 'JI , "" ,oJ '1 oJ
t'I1"fl 8ffIJ~ f1~'U'U t....1Jml1Jfll'U'YI1'UfltJfll~flflmtJ'U (Corrosion Resistance) UfU'I1"fl tJtlH m 

fll1J t'I1 ~fl~ij11JiitJ~tt1J'~ ~'il::~~'U ~1JtJlfl tJW ff1J,j~~~flcil1M 1n~fI~lNiiflflW en C ij1Jlfl~"1f1 
4,QlQI oIl::IiV tI OQl 

~tJ~"~1JlfltJ'I11flflfl~lN"flflWcnAU":: B fll1J"lfltJ 

1il~iJfUn" (Nickel) ffty~fllHU'YIHtflij fltJ Ni t~'U~1~t'~1Jfl1l1J'YI'U'YI1'U~tJUHm::U'YIfl 
d QI ~ ~, 'JI 'l d d 0 1 d d~ , iI QI 4CS 0' 'JI oJ

'UtJ~t'I1"fl ~~'U'U 'il~ ~Nff1J 'Ut'I1"fl'YI'il::'Ul 1J'I!tJU'U~'YIN1 'b'Nff1JfltJ 1f1~t1Jtl1J 'YIl 'I1t'11"fl'YI'U'YI1'U 

~ijfll~n~fl'iij'U ''''~ 1lit~'UffiJ1J~ltl 'YI'Ufl1l1J~ij'UflW ff1J,j~~~flcil1M1n~fI~lNiiflflW en C ij1Jlfl .  
d. ..4 QlQI ct. QI tI OG.l 

'YI,,!~ ~ij~"~1Jlflij'l11fl~fI~lN"fI.flWcnB U,,:: A fll1J"lfltJ 

1il~'YIij~UfI~ (Copper) fff\!~fllJW'YIHtflij flij Cu t~1Jfl1l1JU~~UH~lij'YIij~U~~Nff1Jijd''U 
oJ !II d, oJ 'JI I .. .. 4'!II , , 'do Id, d, 

t'I1"flU1H.... tl~tCIfl'Uijtl t'I1"fl'il:: 1Jtfl~ff'U1Jt1Jij ~~1'U 'UtJ~~tllfllff 'YIij~U~~'il:: 1J1JN"tfftlflij 

f11l1Jffl1Jl~fl'tJfll~ t~ij1J'U1Ht'I1~fUt~mh~1~ tJWff1J,j9i~~flci 11M1nflfl~1Niifl flW en A ij1J lfl~"1~ 
.4Q1Q1 ct.Q.J 0' OQl 

~ij~"~1Jlflij'l11fl~fI~lN"flflWcnB UrI:: C fll1J"l~tJ 

o 
N II 91"Il~~tiW,"B 

010 
~.,....: a 91"I1~91tiW," c.,....: 

(%Wt) 

2.000 
1.800 
1.600 
1.400 
1.200 
1.000 
0.800 
0.600 
0.400 . 
0.200 
0.000 

Ie 91"Il~~~uiw," A 

C Si Mn Cr Ni Mo 

4d ~QlQI ct.QI t/ ct. d 
t1Jijt'YItltJ1Jlfl~!1'UU"1'111fl~fI~lN"flflWerI Au,,:: B N"fl1Jl'illflt'l1"fl SNCM 439 fll1J 

I QlQI ct.QltI ct. d 
1Jlfl~!ltJ JIS ff1'U'I11fl~fI:iIN''flflWcn C N"fl1Jl'illfU'I1"fl 4340 fll1J1Jlfl~!l'U AISI 

5.2 NDfl11"~iJ8Uflll1.JU;;~ 

d QlQI ct.QI tI QlQI ct.QI tI QlQI 

'illflfll~'YI~ffijtJfl1l1JU'U~'Uij~'I11flflfl~lN"flflWerIA 'I11fl~fI~ IN''fl.flWcnB UrI:: 'I11fl~fI~ 1 

ct. QI tI " ct.d. d 0'..:::1 , QI QI ct. QI tI 
N"flflWcn C ~ltl11ifll~'YI~"'ijtJml1JU'U~UtJtJ~ijfU1""9f (Rockwell C) ....tJ11'111fl~fI~lN"flflWcn 
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d d.ci 4QJ'QI ..c::..QJ'o' ..c::..Q,lo' OQ,l.rJ,.ci 
A 1Jfl111JU'\J~1Jlfl'YI~~ 'H)~j;H1Jl flij111fl~~'ilfHWlflWCf1 B lm::~'ilfH'~flWCf1 C ~11J(11~'l..J9f~fH''Y1 

i~Uff~~~~~nl~~ 5.2 

........ 
111fl~ 

1 2 

I d 
fl1fl111JU'\J~ 

3 

(HRC) 

4 5 
I ... 

fll1~(1fJ 

A 52.0 53.0 55.0 53.0 52.0 53.0 

B 41.8 41.1 41.9 41.8 41.8 41.68 

C 40.0 39.2 38.5 40.1 39 39.36 

, , , " 
"'lfl~nHn 5.2 lijmhfhm~fJ1J1'thmwlnnfJ'l..JlnfJ'l..Jllff~~'~~~ij 

60 53 

~ 
~ ••••••• 

o . ~• 
A 

41.68 39.36 

FU ~ 

;; 
:
••• 

~----'.......L---__,__-----

•••••
B c 
~ 

. 

~ 
'\J'\.n~n~'i1"'1~ (1J1J.) 

111fl~ 01 02 03 D4 05 06 07 08 09 010 

A 74.45 1.62 0.67 9.57 1.53 14.54 25.67 44.33 47.09 54.33 

B 90.09 1.10 1.00 9.06 1.1 17.23 18.79 45.47 47.42 56.53 

C 94 1.25 1.25 9.35 0.5 18.32 23.36 32.13 37.58 53.72 
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. 
.c:t '\ ." •

P1111UI 5.3 HClfll'I~'I11Jff'tl'U~\Jl~1\Jff1\J~tHfl1111fl11.:1f11111V11 f11111~.:I(~tl) 

· 

~ 
~\Jl~fi~'I11J1~ (1111.) 

'H1fl~ 011 012 013 014 015 016 017 018 019 020 

A 59.22 62.22 136 0.45 2.74 6.47 4.95 1.37 4.37 2.28 

B 53.54 62.13 135.8 1.96 

C 57.25 62 137 5.45 

· 

~ 
'lJ\Jl~fi~'I1\"J1~ (1111.) 

'H1fl~ 021 022 023 024 025 026 027 028 029 030 

A 5.07 3.07 2.02 1.43 0.65 68 4.23 7.12 7.91 8.88 

B 3.42 5.60 

C 2 2.12 6.08 

. 
~ 1 ."P111H11 5.3 HClfll'I~'I11JffmJ~\Jl~ \Jff1\J~tl.:lfl1111fl1Hf11111V11 f11111ff.:l(~tl).. I 

.~ 'H1fl~ 031 032 033 

· 'lJ\Jl~fi~'I11J1~ (1111.) 

034 035 036 037 038 039 040 

A 9.39 9.93 1 0.65 7.35 4 1.71 3.42 3 6.07 

B 6.72 53.63 6.4 4.78 1.07 2.14 4.15 5.82 

C 9.75 7.17 5 1.5 3 3.5 5.5 

. 
~ 1 . 'JI •

P111H11 5.3 HClfll'I~'I11Jff£l'U~\Jl~ \Jff1\J~tl.:lfl1111fl1HfI1111V11 f11111ff~(~tl).. 

~ 'H1fl~ 041 042 043 

· ~\Jl~fi~'I1'il1~ (1111.) 

D44 045 046 047 048 049 050 

A 4.42 0.5 3.1 10.1 10 3.97 7.42 62.3 7 16.45 

B 6.35 4.25 5.23 9.23 2 7.58 62.04 16.4 

C 5.5 4.1 4.12 3.82 7.35 62.02 16.57 
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~ 1 I ~ - , · f111HYl 5.3 NClfll'jfl'j1~HH)1J'I.I'Ulf1l'UCl'1'U'I.Iij~fl11lJfl1HmllJrJl1 fl11lJ~~(f1ij) 

~ 'YI1flfl 051 052 053 

. 
'I.I'Ulf1lifl'j1~1f1 (lJlJ.) 

054 055 056 057 058 059 060 

A 39.85 4.35 1.5 28.03 25 55.23 41.85 129.9 123.9 116.9 

B 40 34.8 56.25 124.1 119.7 

C 40 30 55.3 124 117.5 

.ci til I 'j/ , 

f111HYl 5.3 NClfll'jfl'j1~Cl'ijlJ'I.I'Ul~l'UCl'1'U'I.Iij~fl11lJfl11~fl11lJrJl1 fl11lJCl'~(91ij).. 

~ 'YI1fl91 061 062 063 

. 
'I.I'Ul9llifl'j1~191 (lJlJ.) 

064 065 066 067 068 069 070 

A 106.1 0.8 1.6 1.5 9.17 3.42 0.5 1.33 3 9.93 

B 101.9 8.17 3 '8.05 

C 106.3 7.67 3.07 1.55 9.53 

q· 1 • 'j/ I

fll1HYl 5.3 NClfll'jfl'j1~Cl'ijlJ'I.I'Ulfll'UCl'1'U'I.Iij~fl11lJfl1HmllJrJl1 fl11lJCl'~(f1ij).. 

~ 'YI1fl91 07l 072 073 

. 
'I.I'U191lifl'j1~191 (lJlJ.) 

074 075 076 077 078 079 080 

A 

B 3.82 4.75 7.31 5.55 4.33 2.79 2.72 1.07 2.05 2.27 

C 7.32 6.52 4.68 5_ 4.7 1.5 3.13 2.97 

.ct. GI t jJ I · 
f111HYl 5.3 NClfll'jfl'j1~Cl'ijlJ'I.I'Ulfll'UCl'1'U'I.Iij~fl11lJfl11~fl11lJtll1 fl11lJCl'~(91ij).. 

~ 'YI1flfl 081 082 083 

. 
'I.I'Ulfllifl'j1~191 (lJlJ.) 

084 085 086 087 088 089 090 

A 

B 54.13 21.91 0.36 30.98 24.66 23.91 23.91 26.82 2.5 

C 
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...t 1 'i1 •
fll1HtI 5.3 fmfll'i~'i1'1ff'tl1J'IJ'Ul" 'Uff1'U'IJ'tI-ilfl111Jfl1H fl111J[Jl1 fl111Jtl-il(~ij) 

~ 'H1flPl 091 092 093 

· 'IJ'U1P1n~n\l1P1 (1J1J.) 

094 095 096 097 098 099 

A 

B 0.5 1.00 6.32 0.75 21.91 26.85 3 

C 0.77 55.5 

.... . 1 . iI ,
fll11.:JtI 5.3 fmfll'i~'i1\lff'tl1J'IJ'Ul" 'Uff1'U'lJij-ilfl111Jfl1H fl111J[Jl1 fl111Jtl-il(~ij) 

· 

~ 
'IJ'UlPln~n\l1" (1J1J.) 

0107'H1flPl 0101 0102 0103 0104 0105 0106 

A 

B 

C 54.35 58.05 79 81.05 88.5 2.58 3.2 

. 

~ 
'IJ'U1P1n~'i1\l1P1 (1J1J.) 

'H1flP'l R1 R2 R3 R4 R5 R6 R7 R8 R9 RIO Rll R12 R13 

A 3 15 3 2 3.5 4 1.25 2.5 3.5 

B 1.75 5 1 5 1.75 1 3 

C 4.5 7 2 5 2 0.35 4 4.5 

· 

~ 
'IJ'UlPln~'i1\l1P1 (ij-ilffl) 

'H1flPl Al A2 A3 AS A6 A7 A8 A9 AIO A12 

A 19.98 37.67 35 47 24.33 25 55 70 66.67 

B 15.46 50 45 40 75 73 

C 15.9 32 45 15 73 73 53 
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~ 'H1fl~ 

'\I'\.,ml'ri~':i1'l1~ «().:jffl) 

A12 A14 A15 A16 A17 A18 A19 A20 A21 A22 

A 75 45 45 45 45 45 

B 75 45 45 140 10 45 45 

C 53 32 73 44 45 131 45 

, 

~ 
'\I'\.n~n~':i1~1~ «().:jffl) 

A33 A34'H1fl~ A24 A25 A26 A27 A29 A30 A31 A32 

A 23 25.33 69 120 94 

B 25 27 75 105 105 89 99.65 15 35.17 

C 17 17 60 130 95 103 90 103 

~ 'H1fl~ A35 A36 

. 
'\I'\.n~n~':i1'l1~ «().:jffl) 

A37 A38 A39 A40 A41 

A 

B 45 45 45 

C 45 45 30 135 

~lfl~l':i HFH'Ifll':i ~':il~ff()1J'\ItJ 1~1'lh1':i .:jl':i'\llfltU~'\1 ().:j 111n~U~ i'I::~':ilN~~ftW ctllm::lrlm11 

" ;r()~i'l1J llmrJ1JlnrJ1JntJ ffllJl':if.'lU'lh()()fl '~~.:jij 

5.3.1 'llUl~'\UilU~tYln~iiIlAnAHnu.ff", 3 A11HQAtlOlar1 

" I
~Ufl '\ItJl~ 014, 016, 017, 018, 019, 020, 023, 025, 026, 027, 029, 030, 032, 033, 042, 

'049,052,053,055,057, 058, 062, 063, 064, 067, 068, R3, RS, R7, R8, R9, A3, A6, A8, 
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A22 F-H'Ifll':iffmn':itl't1HIl1:'l~'U'Ul~'UV"U~~~N~~.tif.Uen'rltJ':hmlN~~.tif.UenA iifll':itil11'U'l'U'Ul~.. 
':itl't1':i"~ln'l1l1flfll':iN~~iifl11lJU~fl~HlIlflN~~.tiwen~'U.. 

1" 
~Ufl

,
'U'Ul~ 071, 072, 081, 082, 084, 085, 086, 087, 088, 089,090,091,092,093,094, 

095,096,097, A19, A33, A35, A36, A37 ~"'U'Ul~111~ilif.til1~':hti'l~':ilN~~.tif.UenB iifilU11'U" 

, 'U fll':iN~~U~fl~l" 1I1fl~':ilH~~.tiW en~'U 
Q,I QI ~ QI tI..c:I .d, .c:. QI cf4 t 
111fl~~':ilN~~.flWCVI C lJ'U'Ul'l't1U~fl~1"1I1fl~':ilN~~.flWCVlV'U't1"11lJ'l 16 'U'Ul'l 

'~uri 'U'Ul'l 098,099,0101,0102,0103,0104,0105,0106,0107, R13, A12, A14, A38, A39 

, A40, A41 ~"'U'Ul'llmhtf.rh1~':hti'lmlN~~.tiwen C iifilU11'U"''Ufll':iN~~U~fl~1''1I1flml 
.c:. QI  cf4 

N~~.flW CVIV'U 
JI •  ..c:I ..J. 

~"ir'U lijmt1~ fJtHfitl1J-u'mo! ~U ~1'rl1J ':h111ti'l~ ':ilN~ ~.tiw en A lJ fll':i VVflU1J 1J 't1 
• QI QI d'A. .do.!to  A QI CIt. tICIt.  QI QI 

U~fl~1"1I1flfl'l'UV"~':ilN~I'I.flf.U	 'U'Ul'l ':iV"~"lJlflV111fl~mlN~~.flW CVI BCVIV'UlJlfl't1~'lflV 35• 
GlQI .c:.QI'" &..c:I  oQl 

U~~111fl~~':ilN~~.flWCVIC ev"lJ 23 U~~ 16 'U'Ul'l~llJ~l~1J 

GIl I .e:t Q.I Q.I.e:t 4 Q.I 'II tI" Q.I

5.3.2  'UU1A IUU'lU't1"fJnAtll'Htl6UnUIli.1~flllfti.11fltl"nu( ± < 3 tltl.) 

ii 35 'U'Ul~ '~uri 'U'Ul'l 02,03,04,05,010,012,013,028,035,036,037, 

038,039,040,041,043,046,047,048,050,051,056,059,060, 065, 066, 070, R1, R4, 

R6, A5, A15, A16, A17, A20 l~'U'U'Ul'l~111ti'l,f"3 ~':ilN~~.tiwenii~'U~v'U1'Ufll':iN~~~111ijV'U 

11j V1fl ~1fl fJ" ti'U ti'U lJ lfl ~"UVill~ 'U 'U'U l~lJ 1fl':i i l'Unl11 i'1J111ti~u ~~~~ ':i1N~~flW en .
1 I  ~ Q.I ..,.e:t .4 Q.I I I Q.I 

5.3.3  'UU1A IUU'lU't1'HlnAtll'Htl6UnUIli.1~fllIlPlnPlHnU( ± ~3 tltl.)  

"" ~" , lJ 21 'U'Ul'l 1l9lUfl 'U'Ul~ 01, 06, 07, 08, 09, 011, 015, 031, 044, 054, 061, R2, 
. " 

AI, A2, A7, A9, AIO, A24, A25, A26, A29 l~'U'U'Ul~fi111ti~'ti"3 fl':ilN~~.tiwenii111ijv'Uti'UU~ 

VVflU 1J1JUflfl~Hti'U flV'U 'U l'lU~fl~Hti'U VVfl1t1~,,~':i" ~~if~l11 1~~'U~V'Ufll':i N~~iifl11lJ 

Uflfl~l" 5'U VVfl1t1~"'rl1J -j 1111ti~~':ilN~flflW en AU~fl~l" 1I1flfl':ilN~flflW en~'U lJlfl~~'l 1~uri 
.d • QI CIt. CIt. 

'U'Ul~ 01 (A=74.45, B=90.09, C=94.00)CJj'''U~flfll''fl'U 19.35 lJ~~llJfl':i 'U'Ul~ D44 (A=IO.1, 

oJ 'GI .c:. CIt.  .d • QI

B=5.23, C=4.12) CJj'''U~fl~l''fl'U 5.98 lJ~~llJ~':i 'U'Ul~ R2 (A=15, B=5, C=7) C)f"U91fl~l"fl'U 10 

CIt. CIt. .d • QI 

lJ~~llJ~':i 'U'Ul'l Al (A=19.98, B=15.46, C=15.9) C)f"U~fl~l"fl'U 4.52 V"ftl 'U'Ul'l AS (A=47, 

ok ''''  ok • '" 
B=45, C=45) C)f"U~fl~l"fl'U 2 V"ftl 'U'Ul~ AIO (A=66.67, B=73, C=73) C)f"U~fl~l"fl'U 6.63 V"ffl 

1~'U~'U 

" (Drawing) U~'l"':ilfJ~~lVfJ~~l" ., ~"ij 
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.4 ct. OJ IV 

5.4 "t'ltl11f1n'U1n1::1J1Utl11"t'lgJ111n~ 

~ " " 
foUl 'il1flfll',j Vi 11fl1m ',jll~ij'lJ',jtHJm::1JTWfll',j~~fl,:r1tiflClf~ij;r'lJflij'lJ 1'lJ fll',j ~~fl~~ij 

5.4.1 m~mtvi~t'YHnflClll SNCM 439 '\.I'lJ1fl 0 141 x68 iJCl~tllfl',j (fil'Yt~ 5.6) 

, 

I--j-
i 

__+-::::..__--.-J 

"I, 
I 

w~ 

~t 

t 
cl ~ d"

.fl1Tttl 5.6 'If'lJ~l'lJt'HClflflCll SNCM 439 

" . .
_I "'" Y "'" 'J/ d CD 'J/ d f2\ 1 !l!'I 'J/ "'" "'" 5.4.2 lJlfl~1'l1'lJl'1f'lHl'lJfll'lJ'YI tm::fll'lJ'YI \61 'l1lfl'\.l'lJlflfl1111tl1162.22 llClCltllfl',j (fil'Yt . n5.7) 

6 

0 
- 0141 -

2.22 

4,. .. I.e:t. ".e:t. " 
.fl1Tttl5.7 lJlfl~1'l1'lJl'1f'lJ~1'lJ 

" 5.4.3 l'ill::1~\wh.jflClijfl;'lJ~1'lJ~1t1flijflff11'lJ'\.I'lJlfl6,10,13,20,32,38 iJCl~tllm fll11ih~1J 
.ci 

(fil'Yt'YI 5.8) 
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5.4.4 Yilm'.ifl~1'\.J1i'U(m~~ 5.9)
~ .

1) Yilm'.ifl~1'U11'Ul'11"~'U'Ul~ 0 40 ~Clill1J~'.i ~Clf)~~'U~l'U UCl::fl~1'U1Yi'U'Ul~f1111J

1~ 0 55.23 ~Clill1JI'l'.i ~fl 38.19 ~Clill1J~'.i

2) ~fl111Ji~ 116.90 ~Clill1J~'.i Yil~1J 450 1,r'~'U'Ul~U~1 Yilm'.ifl~1'U~fl111J1~
o 0

106.10 ~Clill1J~'.i Yil1J1J 45 ,8.48

3) Yilif)~~'.i'U'Ul~ml1J1~ 55.23 ~Clill1J~'.i1~vl~i'f1ih.25~Clill1J~'.i..
o " .e::t. .Q 0

4) \'l1m'.iCl1J'Uf)1J~l'U1J'U'U'Ul~4.35 1JClClI1J~'.i \'l1~1J 45 f)~f11

,/\~
U")

40 CO?
"<t- -;/ \ 0

\

//i'/ / / "

~~ ~~ V?
'~/ \~, U") //' ,/ ../

~<"l
/ / // / /.//~
1/

7"1-- 4
".

o I".". )1
55.23 0"",,,.
106.10 -
116.90

o QI ~ .Q 4'w 1" ~ "," .dI5.4.5 'Ul~f)flfl~IU'\.J1JClClfl~'.if)~~l'\.J1J'\.J']j''\.J~l'Ull1~'U'Ul~ 16.45 ~Clill1J~'.i f1111JClfl 9.57

oQ,Q"o .Q,Q 0 d
1JClClI1J~'.i lICl1\'llm'.iCl1J'Uf)1J'U'\.Jl~ 1.62 1JClClI1J~'.i \'l11J1J 45f)~f11 (m~\'l 5.10)•
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. .
q QI' <ClIt.

.fll'Wn 5.10 ml'H)~"lJ

" .
QI.lII!Q d "QI ClIo -=f" 1"'" 0 'I_IOo',:g QI 4. ,:g

5.4.6 ~'IJfJ~llJ'Ul~" (MaindeI) 1'\11fl'IJ'Il''U~1'UfJ~~1fJffm 'HU'U'UU"1'UlllJ~'IJfJ~fl'IJlf1H)~fl"~..
o 4!l.K ... .: "1~" .,;

5 Ufl'U 'VIlfll"Ifl"~'\I'U"ItJ~1GJf'U~1'U~1'U'Uflfl 'H 1~'\I'Ul~911lJ (fll'Vi'VI 5.11)..
o d 'j/QI~ .41'" "Q,t4!Q"Q,J 4 .di

1) 'UlllJ'Ul~" lJlff1lJl'\11fl'IJ'Il''U~1'UfJ~ 'HU'U'UU"1~'IJfJ~1'\11fl'IJlf1"Ifl~fl"~5 Ufl'U

" "o "'" _I'" 1"'1" 0 ...... ... "4!l _I2) 'VIlfll"Ifl"~lJflfl'll''U~l'U 'H l~'\I'Ul~ 136 lJ"Cl11J9I"I9I"fl~'Il''U~1'UU''1flMlJflfl

" -
;'U~1'U1'H"'~'\I'Ul~ 74.45 iJi:1illlJ9I"I fJ11 14.54 iJi:1illlJ9I"I

3) "'lfll"Ifl~~i'ffinfl'~~R15 f111lJfJl111.94 iJi:1illlJ9I"I

. "o .di do do ClIt. Clto ClIt.

4) 'VIlfll"Ifli:1~t"IfJ1'V1'\1'Ul~37.67lJi:1i:11lJ9I"I ~'U~~'\Ifl'IJ'Il''U~l'U

o QI do ClIt. ClIt.

5) 'VIlfll"Ii:1'IJ'\Ifl'IJ"IfflJ R 3.47 lJi:1i:11lJ9I"I

o .di do 0 Clto Clto

6) 'VIlfll"Ifli:1~t"IfJ1'V111JlJ35 fl~ffl fJl1 0.50 lJi:1i:11lJm

o .di do 0 Clto Clto

7) 'VIlfllmi:1~t"IfJ1'V111JlJ45 fl~ffl fJl1 0.45 lJi:1Cl1lJ9I"I

"o .lII!Q do 0 Clto

8) 'VIlfll"Ifli:1~t"IfJ1'V111JlJ47 fl~ffl ~'U~~'\Ifl'IJ'Il''U~l'U

'-1
o

74.45

I' ~ I,
"

I
!.....

~S
LJ ~

~ '-.., ~
M
~

M ~
~."

M M -0 '\ \
~ ~

')( ,I N ' \
r-.,

/ ~............. " ,
/ /7"· \~It"l ~ ~

~"
0:4 ~~\vl'\

---~~~ \~ \
I V-

i, ~

"

I~

I I ~123.90
-~ f. ;'

129.90 .I

-
~~ 136-

. "
... 4!l 4!l _I"" "

.fl1'Wn 5.11 flM'\I'U"IlJ~1~1'U~1'U'Uflfl..
ClI I 0 ~ 0 ~ 11 " ClI .d

5.4.7 fl'l"Ifl.:J'VIll"fU~1'U1'U 6 ll'UA1tJ1f1'ifl.:JflA CNC Milling 5 umJ (.fl1'n'VI 5.12)
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I

5.4.8 1~1~1~tJ~~U~'U1i~111~1JlflfJ~20 ij~fYl '\J'Ul~f1111J1~ 4.5 iJ~~l1J~~ ilfl 7 iJ~~l1J~~
r:I .d ~ 0 d .J

5.4.9 ~ltJ (Tab) lfl~fJ1'\J'Ul~ M5 'Jj''U~l'Uffll~~(flTVfVI 5.13)

d ~ 0 d
flnnl 5.13 'Jj''U~l'Uffll~'il

• OJ ...

5. 5 ,.n'lfll1ftl'YlWfll1ft~Uilf)'Y

a a. V c Ls As Fs fm Rvm Hp Fe
Brand 0

(in
3
/min)() (in.) (ftlmin) (in) (in

2
) (Ib) (in.lmin) (hp) (Ib)

A 20.29 5.1673 820 0.0239 0.005 135 31.6728 38.6572 30.539 1230

B 27.60 5.1574 492 0.0212 0.005 135 22.4616 27.3622 21.616 1450

C 27.62 5.1968 590.4 0.0179 0.004 108 22.8582 28.0581 22.166 1238

<lI .. t.l ,.ct Q"f cv A OJ J
5.6 flUfll1ftn'U11lU11'YnTi 1~n8tJUfI'YtI~'ll8.:.1't'iln~ft11f1UflflWan. " .
tll~flfl~ 1~lfJ~~lflfJ~lnfJ1tltJfl111Jff~~1fl n~l1'Utllnh~flijtJ tll~f1ij~;tJff1'U lf1iij~ijij~~ 1~fJ1;;

.a 4!1 .a ~ SI "'SI SI .... SI
lmij~1Jijl"'U)ftfl~lU~~f1tJ'I11fl111JU~fl~1~ 'Utll~ 'Jj'~ltJ~1fJ'I1~fltll~~1'U Motion and time study
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2.84

1.79

1.24

o
o
o2.88

1.36

3.73

ft'lU 0 c> 0 V
,,~ ..

D nlJ nllU11J eUll 'l1fl:

.. " 2 14 46.39
~ ..

IJO..-1V 8 4 111'l1 :

..
12 6 18 49.22 t111nll:IJO'U11

o Lr~
woO. In~D ihfitl'.~.....c::J.. l,,,,
G)

.. "IJO'll10

4 "=', • d
III Ofllltl::lfOtJIIFlll:iOil IIFllllJ~

A tI' I o=l

IfllHI'UV16I1Fl'U'HHIIH'U 1J~lItl:: !1'fll 6

1lI~61Jhl~lfj~IIN'UJj~

A " .... '_I..J ..
IfltlO'U616I1H'U 1J~lItl:: ft'fll1Jl1 ~6~

IIN'UJj~

., " 0 ..o:t '.do

Il~ft'flll"l ilI11111'Uil16~ IIH'UIJ~

1.84

4.78

14.84

1.06

1.53

2.74

3.96

2.03

3.06

1.50

1.08

o

o

o
o

o

o

o

o

o
o
o

o

o
o

o
o
o

2.19

1.74

1.84

2.40

7.11

2.16

1.12

2.54

1.83

2.88

1.43

1.67

2.53

9.82

2.09

A "_I 1 d d
IfltlO'U6161J1::1I1l L 1.I'l1l'l'fl16 Il1tl61J



.. ..
'lfl'lUJ~iTtl.:.l~tl

.:.I1'11~'h : mnh::Otlllll~'IIjj~,,r1r'i'1I':hn~ C

flltl 0 ¢ 0 \J
,,~ ..

D l1JJ l1"l11JJ ell'llYlO:.. " 14 45.92
~ ..

JJtl...10 8 4 2 1'11Y1 :

..
12 6 18 55.56 fl'll.:.ll'11:JJtl'll11
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.. "JJtl'll"10

o!lI O!llt.' • d.

,,,tlOlla::l1 Ollllfl'llHlilllfl'llJJ~

.. 1 • d

\lUIIfl'U 'Hill lIfl'UJJft

.. ", • O!:ll

Ifla tl'Utl1t1l1fl'U~~lIlllfl'UJJftlla::11'fl1 6

1l1~tlJJ'tl~lVftll~'U lift

4 ooIl:lo' d
Ia tlfllla::l1tlU lIfl'U11ft

~ ...
iUlIfl'UlIft

A " ... 1_ 1'; ..
Ifl atl'UtJlt1l1fl'UlIftlla:: flfll Ill'lltift

lI~'Ulift

... " 0 '.4 'd

lift flflll 'IIUlllll1'U~l tlftllfl'U1If1

11"1

(1'111ii)

1.31

2.83

3.62

1.82

4.87

14.42

1.08

1.52

2.86

3.64

1.74

3.78

1.32

1.11

o
o

o

o

o
o

o

o

o

o

o

o
o
o

o

o
o

o
o
o

l1a1

l.l

2.56

1.76

2.97

1.79

1.97

2.38

12.61

2.21

1.20

2.58

1.76

3.05

1.27

1.79

2.47

9.98

2.11

..
JJtl'll11

.. .. ..
UUlfllla::l1t1Uflfl16ll1atlJJ
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~~ ..
n1l 11611111 t!1J'Ul1fl:

.. ~

116'1110

..
116'1111

o
4

6

2

3

D o
7

9

14.78

29.33 f1'U~1'U:

o
wtlilfl

.. ~

116'1110
..
116'1111

IfI~8'Ul;'fJllN'Uii~1l6::tYfll 'tJ~~a~

IIN'Uii~

1.55

2.84

1.88

1.87

4.09

1.42

1.13

o
o

o

o

o

o

o

o
o
o

1.23

2.61

1.72

3.09

1.45

1.70

2.47

12.97

2.09

CI ,.1 ' ... , ... '" ,,~ ...... ~
\llfifil'ifffillln~l 'Wfil'ilJ'i::fifl1JUffW1JfI'lJfl-:lUfl~::ml~~f1flwcn CJf-:ll1JflflflllJ'W % 'lJfl-:ln~l

1q " ei, '" 1 0 '1 " ... '" .lei, " ei ~
lfl~~'YIf11-:1fi'W f1t1fil'H'Wfll 'HfI'il~~f1flWcn'YI 'il'nm1Jlfi'YI"1f11lJ'W 100 %

49.22 x 100
= 88.59%

55.56

29.33 x 100
= 52.79%

QI QI

'H1fifl C

55.56

55.56 x 100

55.56
100%



111ti~ c '~I1{l1''Ufllnh:flmJ'Ul'U~~~fi~ 55.561'Ulfi ti~H~'UI1Cll~U~fl~H'~I1Cll

1Jlflfl'h111ti~A l't'hti'U llA1% llCl::1Jlflfl'h111ti~ B nhti'U 47.21 % ~llJih~'U

4 _~ ct ~ Q.I Jev Q.I t.I Qo

5.7 ftfl'U111J1tlmfltltJ11fll'll8~NilfI.nwen'Hlflfl lflNl

'jlfllhl1 '\.h(l'l/~.:JiY'U~l1h::I.fl'Yl111ti~'I/~~~'jlf.lll~.tiWcri'1l1flNf.lll~UCl'~~'~~llJ~l'jl.:J~5.7..

249

"" '" ..
~'jlf.lCl~.flWCVl A B C

'jlfll/'l11J1(1 (1Jl11) 22,350 17,856 14,200

'" I '"
'jlfll'l/l(llJfl11lJll~fl~Hfl'UCj.:J-.;y~ 8,150 1J1'Yl



,.,.
Ul1116

II • J1. I

't 'U 1.Jl1U ~::l'n'U fll'j l1ff~~~H\fll'i~hll1'Ufll':inm::lhm1J;r'U~H)'Uf1~nfldTJ1J111"'1't 'U1.Jl1n

3 111,rfl 3.3 1~ tJ 11ti ~ fll H11l11'U fll ':i fl fl mn 'Uff 1 'U '1 'I.h:: fit) 1.J ti1.J fll ':i fl i 1.J1 tJ'Virfl1J fl1 'VfI.h:: fl fl1.J

" " "L~l1n ;r'U~fl'Ufll':i1~itJ1J1ff~ ;r'U~fl'U1~itJ1Jfl'!JmW ;r'U~fl'Ufll':il1~'lfl~ 1m:: fl'lfll':il1~fffl1.Jfll':i• •
't,*~l'U'\Jfl~fl~~fiwcti\h1,r111'l::fl~~fiwen~'U111.J1.Jl~tJ1'!JitJ1.J1ntJ1.J 't'Uff1'U~H'l L~l1n fl111J11~~

ff1'Uflff1Jl1H1flii fl111J1itJ'lJfb l'n'U~'U

QU

6.1 Ni.l'Ut'I-:lftlllilU
J1 J1 " t

't'U11~;r'U ~fl'U fll':i '!J~,j~~l'Uir'Ui~iiflln11.J':i 11J,rfllJ 'l~ 1~'l ~~l1~li1J~'Ufll':i l~i tJ1J

tJ'!Jmw't'U fll':il1~ 'lfl~ fll':iVl 1fll':i11~'lfl~ ~'U fi~m:: 1.J1'Ufll':i'YI~ 'lfl~ U1fl'l1J1flii'!J':i1tJ~fl i'!J

d ?t ..,. ~ 0 ~. ..,. '" .. a 0 ~ LAI'! ~
6.1.1 fl'l11~fffl1.Jfl111JU'\J~11J'Ufll':i11~ffflUff'Ufll'U11'\J111~'l::~':i1fl'l~flWcrl1'Vifl'U1'\Jfl1J'l 1J L'ti'..

"
't'Ufll':ifl~~;i'U~l'U~'Ul11.J1.J~fli'!J

6.1.2 fl'lfll':i11m1::M'ff1'U flff1Jl1 H1flii 1i4flfll':ii~'H111'l::1'I.n tJ1.J1ntJ'lJff1Jlliil'lH1flii ~'tfl"'lfitJ~

ti'U 'Hifl1'H 1Jl::ff1J~ flfll'iU11'!Jfl~~~11Jii~ti~~'U111.J1.J

..
V QSI.e:tlV lV

6.2 'U'Uflt'I'Ufll1Ni.lft~U.I'lI~fliUl'lJ'lJ4 f1'l1f1~

"QI oQ,'j/oe::IQI .,

"'U~8'Um'HHWlfll1J1Jflflflll11114 f11J~f1

~

Ul~11Jijfltifl~ij8~L~1J1J l~':i1\H"811"'Ulflm\::l'!Jm .:aL':i "lflW~lll\:vhm':i

-il.:a1l1111~1tJi'j8

~

I A I



o J/ '" '" 0 J/ ,,1 c:l .,; 0 "I ""'U l"l1J1J"nfl'U lL~l ,lJ'VlfllHl1.Jfl111JU~~LYH1'U 1 lJLcHln

i1T~L'H ~nn'"lnl'..Ii1.JNii~~ l1Jijflti,,~'UU 1.J1.J

'Vlfl1T8mb'UN1T1J'Vl HLflij

~H ",(30 SCAN)

Ul~'Ulfl~'~'iJlnm':iifl~1tJ1fl~8~1Tun'UU1.J1.J1Tl1Jij9i

(3D SCAN)'tlyhm':iL~tJ'UUU1J~1tJltl':ium1J AUTO CAD
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lrt8l~llUulla'1lhnwil8'l..l~83Jll9l11JllUul'Uhhllm1J

0111 .di..s.ti~ ~
i.'11'H'jU ~1'U nll ~l"'8nll~~'U1'l1'1l''U ~l'Ullll:::1 ~1:::1

.. d
nll~l'HM SNCM 439 ~'Ul" 0 65 x 45 nun.

1
'

Of..s.. '!!!'I.l'_1 .010.6 ~ .. .1
~fJ 'Il'lfl'j8~nll~ CNC 'H U'll1J'YI'j~llll:::~'Ul"~l1Jl1m'H'U~ "If~llJ'Um'jnll~~'U

- y_I"''' .. 1 . .. .. l!!!'l.l' _I ....l'.. '"
11J1U8~~'Um'jnll~ 'Un1'U'U~:::nM 'H li'l'IJ'U1~Ull:::11Jl1H l'H1J8'Ui'll1J1J~nfl

o "0 , . .r:::l .r:::i
'Ull~1~111'H'U~11~llfl'U1J"11~'Ul" 0 63 mm. fJl1 40 nun

252



lrltllA';'U.:JTlHnOm':iO~.:J~'Ultlll~1 ;llmf.u~l.J~~1til.J~m~tlfl~
~ ~ S'..sQl 0

'U'Ultl'li'Hl'U~lJJlll.Jl.J~1tJlfl':itl.:JO~ CNC lll.Jl.J't1l.:Jl'U 4110'U

,'tl'U"tl"'llltl':illmJJm':iti~ll.:J 1'Ulfl~tl.:Jti~ CNC

lll.Jl.J 4110'U

253



~ ~

'ti'nl'Infl;f'U"''U~'1Jll'U'Uli" 4 fl1J~f1

. ~ ~

li'1a'ti'nl'Infl;f'U"''U'~~'1Jll'U'Uli" 4 fl1J~f111~1
'J/ I tI •

11 ';'U"''U'1Ji'UVfln1J'H111,j"li~f1~"n'Ulflia"nfl CNC

ll'U'U 3 llfi'U l~mna"fni'Unl'Il~'::1i'UVflllN'Uijfl

254



'ti lnl'j" I~11::1 i'UVflUH'Uiifl~lll~ lU11 oJ~~nl11 'U fI '1''J'Uf!'j 'U

4 f!1l~f1

fi)P .. I d. 4 Q,I 4 '<Il:lI

~l1lJlmW1"'UlfiM 5 x 0.5 1'rtf)'J'UVflUN'Ullfi

· "d .q Q,I ,q"dQl Q,I'
f1l'rn'l 6.1 U~nJfl1Jllff~H'\J'U~tl'Ufll'j~~~~l1J1J~fl~U1J1J4 fl1J~~ (~tl)..

255
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, lCI ~ "" ~ lCI " IIlIHUJJAYlI'WnU\1l1JJJJAnAflUUUU

_I • c:I Go' " .dI ClI ci Cl.l 1 '
1J'I::fHl1JU~'U1J~m.J~l1J1J~fl~YlfHWI'V'U1Jl 111J

(~'UU1J1J)

. ~

.cS .Q QI Q".cSGI QI'
mVfYl 6.1 UH'lHJ1JUff~~'U'U~tl'Ufl1'iFHWI~l1J1J~fWIU1.J1.J 4 f11J~~ (~tl)
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Of

6.3 Hil'll8'ifl11f1AtTO'UA1UJII'll'i

cS QI d iJ.cIQI QI

fll'jH'YI 6.1 ~H'lm'jlflfll11lll'tl'i'tlO'ifllllllflflflll1J1J 4 f1llflfl

fnlfll''fIfl1l'OUflll1.1ll;j~ (HRC)
. ..;
fll1~HHJ

SANDVIK

MITSUBISHE

44.8

45

40

42.9

44.1

47.6

43.8

44.4

40.9

38.4

43.3

42.2

43.26

43.66

42.36

43.16

. "
~lflm'j 'YIflff01Jfll11l11~'i'tlO'i~11lijfl f1flll1J1Jf.lOflttJ~lJ'Ull~'Uijfl't1'i2 fl'j l~~~uiwcrf1'U

fll'j'YIflff01Jl'Uffl'U'tIO.:jfb 1~'i fl'jl~flftWcrf~~O SANDVIK lfllJijrilf1111l11~'iO~~ 43.66 HRC

, .e::t..cI.cI d • .d. .Clr, QI tid" 1 .,. I d
ffl'U'tIO'i~lt'jlJ1Jllfll11l11'tl~ijlJ'YI 43.26 HRC fl'jl~ilflflWcrl lJ'HO MITSUBISm fllJllfllfll11l11'tl'i..
ffl'U~11~'iijg~ 43.16 HRC ffl'U'tIO.:j~ltilJ1Jfll11l11~'iOd~42.36 HRC

, ...
6.4 Hilfl11f1AtTO'UtTl'UHtTiJflHtfl1.J

~ilm'j 'YIf1 ff01J ffl1J ~ffll'YI1'1 tflij'tl O'i~11lijflf1flll1J1J f.lOflttJ~lJ'U ll~'Uijf1 J~ 2 ~~0 ,~

'" ... ..
~':ilNf1~Ilf.UCVI I-----:-::-.-------,------.----,,----,-----r-----,--------.------,--------,---,----.--------I

C2 Sil PI Mn3 Ni Cr Mol V3 Cu W7
SANDVIK 0.49035 0.22618 0.01296 0.70821 0.44559 0.90197 0.89074 0.11494 0.01550 0.00500

MITSUBISHI 0.37577 0.290 to 0.03327 0.01678 1.35130 1.28861 0.17678 0.00433 0.24907 0.00661
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... ... ..
~11~H'~.f)W'YI f---T-i-4-----,-S-n2---.---C-o-I----r-A-17--.---P-b-6-,-----N-b-I-----,--S-,-i4----r--Z-n-S-.,-----F-e-%--l

SANDVIK 0.01060 0.00151 0.00782 0.02295 -0.00027 0.00181 -0.01458 0.00107 96.1403

MITSUBISHI 0.00292 0.01362 0.01630 0.01l64 -0.00071 0.00209 -0.00277 0.00II5

'llfl~ln~~ 6.2 ~~lrhJ~l'n~~'U{Jflff'"J'lHri;Y1J't1H1flij'\J{J~ ~'jl~~~i1Wtt1,f~ff{J~~'jl

~~~i1Wtt1 ij~"ff1'lLh ~~~tlWct1'\J{J~ Sandvik ij1J~1J1W C2 , Mol ~~tl'"h ~'jl~~~tlWct1 '\Jt:J~

Mitsubishi ff1lJ ~l1Jijfltifl'tl{J~Mitsubishi ij1J~1J1W Cr , Cu ~~tl'h ~~~tlWct1'\J{J~~,f{J Sandvik
Q I Ad. Q,I .::t d" ,~
11ff1lJ ~ff1Jt:JlJ 't1 11~fl~1~fllJ1\1tJ~mfllJ t:JtJ1't11lJ lJ

6.5 fnHl1nm1tl~"6'lJftll'm1rJ'lJih

'llfltl1'j't1flfft:J'Uml1J1~tJ'UN1'\Jt:J~~11Jijfltifl11'U'Ut1t:JflnJ~tJlJ11~lJijfl~"fll'j't1flfft:J'Ufl111J.... "" ...
1'jtJ'U~1Ufffl~~11J~1'jl~'Yl 6.3

95.4222

... tJ
fH'~~'lJl1l.Jl.J

l.l

l.l

0.8

1.4

0.8

0.9

l.l

0.9

0.7

l.l

0.8

1.3

0.8

0.8

0.7

1.0

0.8

1.2

0.9

0.8

0.7

l.l

0.8

1.4

0.9

1.0

0.8

1.3

0.8

l.l

0.96

0.92

0.74

U8

0.8

U8



.
" 41::1 Q,I _14' 41::1

6.6 U'U'U'UtH~u.lll~n~UI'U'Uf.l8~UuiU.lUUfmll~

1

J

.
do fJI I fjldQl QI

fll'VfVl 6.2 Uff~'lm'W~l'1.Hn'l'\l~H~l1.11.1~fWIU1J1J4 f11.191~

259

o
ci
V
II

(\J

r--
ci-II
a.
d

I. D=63.0

do fJI fJI fJI d. Q,I Q,I

m'W't1 6.3 Uff~'lm'W~l'U'l1'Ul'\ltH~l1.11.1~fl~U1J1J4 f11.191~
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4

22

6.7 n~tT8tJm1,,y~lU

VVfl111J1Jfll') 'YI~fftl1J~l'\.,lfi~ 1f1fJfil'"'U~'\l'UlflU"::'Jl'ijfl iff~ ~f1111J't1'U11l'hn1J 20 1J1J.
~ .

9J IQ,I 'GI Gl'ol::Il 9J 'JJ do QI' Ql'd..Q.

f1111Jfl11~ 1'Y11fl1J 300 1J1J. f1111JfJ111'Y11fl1J 300 1J1J. flfl'Jl''UnU~1fJ~11J1J~flfll11J1J 4 f11J~~'YIf.l"~



J , ~ ci cu , " .cl cu Q,I

\I'\.J1nhn.l llJ'U':i::lJ::'YIH 9001111. f11111(1fl 2 1111. lm::911tllJH~11111~MIlI1J1J 4 f11191~ ':i::lJ::
II

Q,I IQI .s G.lQlQ

'YI1.:1fll':iflfll't1lfl'Ulm::l'H1Itl'Ufl'U ~.:I 'U

6.6.1 fI1111lifl1'Ufll':iti~ 2 1111.

6.6.2 f111111J111'Uflntifl900 1111.
'jI

6.6.3 fl1H 63 1111.

, 'jl d 1 ~ d

6.6.4 'lffl11111':i1':it')1J 'Ufll':ifl~ 900 ':itllJ/'U1'Y1

261

~ cv 0'0 " ~il91fiW<t1~~il911lll'H~(~'Ull1JlJ)~Cl91f1Werl'U11\11

fll ':i 'YI fI ff tllJ
fl~l.:1 (mm) ii lJlJRa(J.1m) fl11.:1(mm) i1lJlJ Ra(f,1m)

~

63.00 1.1 62.44 1.0'H1
II .
~ d

0.8 62.44 1.4f1H'YI1 fl(lH 63.00
'jI

63.00 0.9 62.44 1.3'YI1lJ
.,;

1.23!1l(llJ 63.00 0.93 62.44

~

62.96 1.1 62.42 0.9'H1
II
~ d

0.8 62.42 0.8m.:l'YI2 fl(ll.:1 62.98

'jI

62.98 1.0 62.40 0.8't1llJ
.,;

!1l(llJ 62.97 0.96 62.41 0.83

~

62.98 0.8 62.40 0.9'H1
II .
~ d

m.:l'YI3 fl(lH 62.98 0.7 62.40 1.2

'jI

62.98 0.7 62.38 1.2'YI1lJ.
d

!1l(llJ 62.98 0.73 62.39 1.1
I .,;

fill~ (1m111 62.98 0.87 62.41 1.05



63 63 63 62.44 62.44 62.44

• "5::U::wl.. 1 mm
• "5::U::M,.. 150 mm
C"5::U::wl.. 300 mm

262

60

50

40

30

20

10

o

. .
d ~ ~ d

.fll'rfYl 6.6 U~'lUJ1JUff~~fll'j'YI~fffl'lHllJfl~'YItl111JU11300 mm

Fl"uni,,, mm
70

62.96 62.98 62.98

60

50

40

30

20

10

o

62.42 62.42 62.4
• "5::U::M,.J 301 mm
• "5::U::wl.J 450 mm
C "5::U::wl.J 600 mm

. .
d..::to QI .:s.

.fll'V4'Y1 6.7 U~lJfJ1JUff~~fll'j'YI~fffl'lHllJfl~'YItl111JUl1600 mm



A'1J.1ni1" mm
70

62.98 62.98 62.98 62.4 62.4 62.38

263

."S::U::l1,,, 601 mm

.'S:U::l1,,, 750 mm
O'S:U::l1,,, 900 mm

60

50

40

30

20

10

o

. .
d ~ ~ d

.fll'rt'Yl 6.8 U~'UfJllUff~Hm'j'Yl~ff~'lHl'Uflfl'Ylmlllf.ll1900 mm

A'1J.1,liuu'h hJm)
2

1.5

1.1

1

0.5

o

1.4

• 'S:U::l1,,, 1 mm

• 'S:U~" 150 mm
O'S:U::l1,,, 300 mm

. ...
c:I oC:lt, , d..ol::l..ol::l • QI d

.fll'rt'Yl 6.9 U~'UfJllU'C'ffl~~Clfllml1l1'jf.ltl~1"~~')f'U~1'U\)lm~~fl~'Ylfl111lf.l11300 mm



0.9

;}U"1UtRUUUU

A11),1l'1UUN1 him)
2

1.5

1.1

1

0.5

o

0.8

• "S::U::\"" 301 mm

• "S::U::tn" 450 mm

O"S::u::\"" 600 mm

264

. ".do Clto • do c:r. c:r. 'Q,ld.

fll'VfYl 6.10 HHtJfl1JUblfl~H"fl1fl111H'W'UH1'IJtFI'lflJ~l'lHlln'HFIO~l1fl111W11600 rom..

A11),1l'1uu.h (pm)

2

1.5

1
0.8

0.5

o

1.2 1.2

."S::U::M,,, 601 mm

.'S::U::M,,, 750 mm

O"S::U::M,,, 900 mm

. ".do Clto I d..c:rt. Clto I Old

fll'Vil1 6.11 UHtJfJ1JUblfl~H"fl1fl111Jl'HJ'UH1'IJfl~'lftJ~ltJ'illn'HHnfll1fl111J[J11900 rom



•c:\

tJ'fI'fI 7

... ... .. .,- .... ...
~71FH'I~fiWC)1 ., ., ., 'II''lHl\J~1()tJH... ... • ... ... I ... ... •

'II'\J~1\J~1()tJH 'II'\J~1\J~1()tJH 'II'\J~1\J~1()tJH ... cid .e.....
... ... .. ... ... .. ... ... .. m,~fiWC)1 't1 FH'~

HCl~fiWC)1 A HCl~fiWC)1 B NCl~fiWC)1 C .1, .
l 1'ill::: 'IJ\J 111J(D)

0 depth 0 depth 0 depth 0 depth

1 20.10 4.9 20.00 4.7 20.05 4.7 19.9 4.8

2 20.15 5.1 20.05 4.8 20.05 4.7 19.8 4.95

3 20.20 4.85 20.00 4.8 20.05 4.5 19.8 4.9

4 20.20 4.7 20.05 4.7 20.10 4.5 19.7 4.9
I

5 20.25 4.4 20.05 4.6 20.00 4.5 19.8 4.8

6 20.15 4.4 20.10 4.7 20.00 4.4 19.8 4.8
I

-

7 20.20 5.2 20.10 4.8 20.10 4.5 19.7 4.9

8 20.20 4.9 20.05 4.9 20.10 4.5 20.5 4.7

9 20.20 4.8 20.10 4.9 20.10 4.5 20.20 4.7

10 20.10 4.8 20.00 4.5 20.00 4.5 20.00 4.9

• ..l
flll\HW 20.175 4.806 20.05 4.74 20.055 4.53 19.92 4.835
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d 1i1 1 .: d iI
~lfl~l~H'VI 7.1 Uff~~H"fll) 'lfHU ~tJfll)t~l::'lflHl'Utl1"flfl"lS50C (AISI 1050) '\Ifl~

ffl1'UUtn.JfI fl~ttJ~tJ'UUF-i'Uij~ '\I'Ul~t -.J'U ~1'UtJ'U6fl"H~t ~l::U,,::ml1J~fl'\lfl~lt ~l::tJ) lflgl1'\l'Ul~
iI' .. d "! ~~ ........ iI'" d

tff'UH1'Uff'UtJfl"H1Jlfl'VIff~"fl 20.175 1J1J. 'lf~tlJ'U'\Ifl~H"~fiWcn A '\I'Ul~tff'UH1'Uff'UtJfl"HtC\fl
~ . .

~ .e::t.' • Q,I ~ ~ ".Q QI tit) .oJ. .C), Q,I 0' •
'VI"l~1Jfllt'VIlfllJ 19.92 1JlJ. 'lf~tlJ'UH"fll)t~1::~1tJH"~fiWcn~'UU1.J1.J '\IW::'VIH"~fiW11 B tm:: C fl~.
~ 0 ...

'VI 20.05 U":: 20.055 ~11J"1~1.J

.. II " ...7.2 NiUll"iflfli:r81.Jfl1"i I~~lU'llt)~f1UJ1Jfll;n::

30.....----

27.5

25

22.5

20

17.5

15

12.5

10

7.5

•
20.175

•
20.05

•
20.055

•
19.92

5

2.5

O-f---------r------~-----___r_-----___l
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---------

9

7.5

6

4.5

3

1.5

•

4.806 4.74

•

4.53

•
4.835

..

O+----------.--------r-------.---------I.
~ W ~

fll'l91tlW'flA
~ w ~

flilfltlW'flB
~ w ~

flil9ltlW'flC
~ w ~

flil91tlW'flD

. ~
Q ~ ~

fi1'W11 7.2 'U'Ul~fl111l"fl(depth of cut) 'Ut:I~fl1·H~l~1f'U~l'U AISI 1050

.... " Q7.3 ,.nm1'1t1AiJt)mAa~aflllw~"tHAltJtJAA;)lZ

7.3.1 "'rh'UU1JU\lt:l~ltJ~tI'UUfh..lij~'t1"'~fl1'j1,*~1'U

d ~ QI' .c:. cv "
fi1'W11 7.3 1f'U~1'U\911t:1Vl~H"\91fiWCVIA

~l'UtJ"lm~lZ

d ~ cv, .c:. GI "

fi1'W'YI 7.41f'U~1'U\911t:1VHH"\91fiWCVI B

~l'UtJ"lm~lZ
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d ~ Q,I r .c::. (V 0'
fiTrfVI 7.5 'J11HTlJ911flfJl-3H"91fiWCVI C

~l'Utlmm'll~
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ii' "
tff\J~l\JfflWmn'l..



'" .-
tff'UVll'U~'\.Wfl"H

270

d ~ QI 1 .ea QI cf.ci
fll'VfVI 7.14 'If'U~1'U9I1tJtJHFm9lm;Uern1

",.1, . ,"
Fm9l'\J'U In.1 (D)Uff~HUH'Ut'ill::fll'U'\J'Ulfl

'" .-
tff'UH1'U~'UtJfl"H

. "d oC:lo OJ,.e::t. QI tI
fll'VfVI 7.15 'If'U'l1'U9I1tJtJHH"91flWcrI A

~l'Utl"lfJt'ill::

.ci ~ QI' oC:lo QI tI
fll'VfVI 7.16 'If'U~1'U9I1tJtJHH"91flWcrlB

~l'Utl"ltJt'ill::
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d ~ Q,I 1 ~ Q,I tI
flll'fYl7.17 ~\HltJ~1fltlH~H'I~f1f.UC)'Jc

~ltJ1hnm~ll::



d ,: Q,I I ~ Q,I 0'
.fll'VfYl 7.21 'lflNl'UmmJHfHlfl.flWCfI C

• oJ
d ~ Q,I I ~ Q,I 0'

mVfYl 7.23 'If'U-;jl\.lmfltlHfHlfl.flWCfI A

272

d ,: Q,I I ~ Q,I old
.fll'VfYl 7.22 'lfWIl'Ufl1fltlHFHlfl.flWCfI'YI

.. .x" 71 .... ~ ,~O
fHlfl'U'U '111J (0) fll'U\l1JtlflUN'U1Jfl'Ult\ll:::



.d ~ Q,I'.q Q,I "

fll'Vft1 7.25 'll'lHl'U~1VllHNCI~flWCVI C

I iI
Uff~~UN'Ul\ll::~l'U'lI'Ul~

• II
..c:I .q QI'.q Q,I "mv'l'Yl 7.27 'II''U~1'U~1vm~NCI~flWCVIA

273

II

N~~;j'Uhnj(D)Uff~~UN'Ul\ll::

iI iI. ~

~1'U'lI'Ul~lff'UN1'Ufl'UlInClH..

• II
do .q Q,I' QQI"

m'nVl 7.28 'II''U~1'U~1VllHNCI~flWCVIB
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fI1l'l~ 7.31 !t1uff~,r,r-h\.JU1JtJfltl~lt1~fJ'Uu~'Uii~1JtNU9iri:;N~'Urf.l1ttlU":;Nit,ltlf.l1 ttl

'JI
'I'UUtJtJ(D)
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'\I'\.Jl~ 6.74 x 6.74 x 2.8 mrn

.
d , d 1"0 OJ" .d d GI

fllVfYl 7.33U~'\.J'lJ~'\I'\.JWI 6.74 x 6.74 x 2.8 mrn. 'lfffl11'.i'U~l1J1J~flCl~fWIUCl::t'ill::
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oJ fj/ ~ ..d ~ J 1 I ~ 4 lIS Q,I ",I QJ l'JI' '"
fll'YfYl 7.34 ~l1J1J~'YIH(1~'lI'U l11JllJ'U'If~lfl'HH1Jf)~~'ilm1J'i~l1tJ~'tYl1Jl'ifl'If UH'U1J~'lI'U1~•

l~tJ1ti'Ui.ill1i'1Jl.n'Ufl1nhn'Ufli1-3 ti~U(1~l~l~
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.d 1.c:::I 91.c:::1 4&fGl

ml'ftl 7.36 Ufffl~UFf\.nJ~'IJ'Ul~ 6.74 x 6.74 x 2.8 mm. UCl~~l1J1J~OCl~O~ UCl~Ul1~

d "'dO ell "dO QI.s JI.c:::I
ml'ft1 7.37 Uffft~ftl1J1Jftffll1~1Hl'UUl1:: (Drilling) ~11J1J~ffll1~1Hl'UOCl~(Tnming)UCl~~l1J1Jft

ffll1i'1J~l'Un~(Milling) ~ffl1Jl~(lt'i1u~'Uij~ (Insert tools) 'IJ'Ul~U~~111't1Hl~tJ1n'U'~
QI GI.dJ/.:9

f111J Cl 01:1 W:: fll~ ~1Jtlft ft1tJO ff~ tift..



.. .
.Q. ',_I.ct '.c:I

7.4 VU~lUn~iI8'lJ'UflunlUU'lJ'lJfJ8~U'UiUJUA~Ullfl

278

fllW~ 7.38 mltA~\JHU~'~n~HYfl1Jf1Tj'~~l\Jti1J~l1Jii~U!~"~91'jlH~91fiwCli'
• II

'j11Jil~~11Jii~nH~91~tAhnj(D)



." "..:t ,Ct, QI 'J}c. QI' CtoQltl

fllYfYl 7Al U~1J'Il'1J~11J11fl~fll'j't1~fftJ1J"1[J'Il'1J~11Jfl1tJtI1~~flfltlWcnC

279
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hni (D)

•• JI

fiTVfri 7.43 lff'l1L1l1::11'~1l1flfl1~V1Plff61J~1tJ;h.JHU~1mh~Hii~flWcr1A



" II

fll~fl 7.45 tfl·tH'ill:;fli~'iI1flm'I'rl~~H)1J~1tl;r'\.Nl'\.J~hmhu~a~tiwcn C

281
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'" iii '" iI dI
7.5 lAft'l:::'t'I'Utl1J"m'tltlmA1.JtJlAO:::Fn.1A~UJ1J~

~ "" 'JI .ct 'JI d
p.Hlm'i"f)lJ1UCI~m·H~Clflft11J1J~U'l1::: 'IJ'U1~ " 20 mm. ft1t1tl1C1f) SNCM 439 'IJ'U1~ 035

d ClIo ~ "

7.5.1 tYf)lJ1t'lf~ltY1m'i1Jtlfl'U'ifltl

7.5.1.1 ff1'U~ff1J't1Htflij ~1f)m'i't1~fffltJff1'U~ff1J't11~tflijtllitl1Jt.yjtl1J1'UtI~1J1W

tI CIl Q,I tld.c:l.c::. ttl .cS 4 CIl Q,I tI .d..c:l t1"" "
fll'itJfl'U (C) fl'i1~ClflflWCVI't11JtI'i1J1Wfll'itJfl'U1J1f)'t1tl~flflfl'i1~ClflflWCVIC C)f~1J 'i1J1Wfll'itJfl'U

~ 0.53435 fl'i1~iifl.tiWtl1~ijtl~1J1Wfl1ftJfl'UU'fltl~tl~fiflfl'i1~iifl.tiWct1B ~~ijtl~1J1WfllftJfl'U~

0.36229

7.5.1.2 fl111JU~~ 'l1f)m'i't1~fffltJfl111JU~~'lJfl~ff11'U UtJtJ(lfl~ttl~t1'UU~'U ijft
!JJ • l'

'ti~ 3 fl'i l~iifl.tiWct1 1'U m'i't1~fffltJ 1'U ff1'U'lJfl~fbi1 t1tJ flnfifl.tiw tl1.yjijfl111JH~~'lJfl~1ff~1J1f).yjtl~

fifl fl'i1~~fl.tiWct1 Bifttlijfi1m11JU~~fl~~ 53.93 HRC fl'i1~iifl.tiWct1~ijfl111JU~~U'fltl~ff~fiflfl'i1
~ .

~iifl.tiWtl1 Ai~t1ijfi1fl111JU~~fl~~ 44.06 HRC ttCI:::1'Uff1'U~ttl'Ufhiti'~ UCI:::1'Uff1'U~ti~'Ufi11ti'~
~

fl'i1~iifl.tiWct1~ijfl111JU~~1J1f)~tl~fiflfl'i1~iifl.tiWct1 B i~t1ijfi1fl111JU~~fl~~ 51.3 HRC fl'i1

~iifl.tiWct1~ijfi1fl111JU~,:jU'fltl~tlftfifl fl'i1~iifl.tiWct1 C ifttlijfi1fl111JU~~flQ~ 45.16 HRC

7.5.2 m'ifff)lJntl't1HtCl'IJ1f1Wfl'IJfl~fi11Jij~t~1::
"
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d 'oC:llVG'd .wd v'
'illn f)1':i ffnlll"U l~"tl~lI9I'1:::91 ':ilH'l9lflWCVI 'iJ:::1J"U l~ l'YIlnU 'YI"U l~"tl~ IffU H1U

G' Q,I .d SI QI.d d .c:i SId Q,I

ffUtln'lHfl1J9I~'Y120 mm. ~11J'iJ1J'YI"\Jl~ 25 mm. 1l'l:::f1111JtIl1'iJ:::1J"\Jl~'YI1n'llfltl~f1U 'iJ:::..
1191 miHnu1U 'tf1U" tl~f)1':i1HU~Ui1~ ~~ll~~:::9I':ilH~9Itiwen'iJ:::i1nJ'YI':i~f1l':i1H 1~~i1~~II9I n~H..
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'" """ "7.5.3 f11·H~Cl~~lllll~l'll::m.JU1J1J

" .
'li'U~~'Unl'jf.ln~n11'ULLUU(l~~L,j~tJ'ULLN'Uij~

m~n SNCM 439 'Il'Ul~ 035 x 125 nun.
"" J _I'i 'I.....; "" 'I ¥'I .. _I .. 'i_I d _I

n~;j'll'U1u l~tJ l'lj'LflHI;jn~;jCNC 1M 1~'Il'Ul~1u'YIH~11JUUU f11tJ LU'jUm1J'YIUu~;j

\lln CAD L~'U CAM '~'Il'Ulfl1,j'YIH ~l1JfhM'Ufi 'Il'Ul~ 020 nun. ri1'U~11J~U'Il'Ul~

025 nun.

QI ~ ~ '" "" 0 ~ ~ ~M~;j\llnf.l~~"Il'\Hl'U f1'1l'Ul~u~::1,jm;j~11J~fHm':iLl~1 'U 1'ln.Hl'U1Jl'll'U1,j~l1tJ

lfl~eJ;jn~ CNC 4 un'U L~eJlilm'jn~1~;jfl1J~~n11'U1l1tJl,j'jum1J CAD/CAM

, tI "

fll'Vfri 7.47 ;r\J~ {)\J f11 'j~il~ff11tUl1J1J tI {)~tt.l~(J'UmhJij~
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o "d J/
~lll'l1'U.:allfl'UlJ~~llJ~tI.:am';j

ti'~itl.:anl'l1i'ullfi'Uij~i'U~1'Ullfi'Uij~til'l1'U~'Il'Ul~l~'Ufil'UU'U6mmlf1tlHlf1~tI.:ati'~

CNC l~tll~tl'UlthlimlJ CAM t1t1'Uti'f1~m'U~llJ'Il'Ulfl~til'l1'U~lrttll1T~~ 9illl'l1'1l.:a

11.:allfi'Uijfl~1'Util'l1'U~'Il'Ul~l~'Ufil'Uu'U6mm

• tI •

fl TVfrl 7.47 'IiU91 flU fll ':i ~~91 ff1nm1J1J fl fI~HtJ~tlum·h.Aijfl (9i fI)



'" 'JI d "' .... .r'l'JIfll'W'Vl 7.48 ~llJlJ~U~l~'VlfHl;l'\l\'\ 'ttlJ (;l\,\Utltl)
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, ..
7.5.4 ~Hlf)TIfl'I1'1"H)lJff1'U~fjnJl1Hlf11J

8/7/2008 4:10:42 PM Sample: 4
Progra1ll: FIilJ"AST Tallk: FECOLAST

Run
1>
2>
3>
Avg
Sd
Sd'

C2 Sil
0.43284 1. 06475
0.38585 1. 06101
0.42822 1.05752
0.41564 1.06109
0.02590 0.00362
6.23090 0.34098

51 Pl Mn3 Hi Cr Mol V3 eu W7 Ti4
0.02811 0.01624 0.35285 0.11154 4.95526 1.28499 0.93559 0.08903 0.00~56 0.00263
0.02089 0.01500 0.35221 0.11143 4.95028 1.24602 0.92201 0.08847 0.00668 0.00263
0.02252 0.01447 0.35506 0.11232 4.99021 1.23637 0.91663 0.09025 0.00803 0.00275
0.02384 0.01524 0.35337 0.11177 4.96525 1.25579 0.92474 0.08925 0.00709 0.00267
0.00379 0.00091 0.00150 0.0004' 0.02176 0.02574 0.00977 0.00091 0.00082 0.00007

15.89409 5.97409 0.42333 0.43498 0.43816 2.04945 1.05667 1.01956 11.54716 2.56468

Sn2 Col 11.17 PM IIbl 814 zns FE,
1> 0.01440 0.03534 0.01~91 0.00059 0.00107 -0.01008 0.02644 90.6350
2> 0.01517 0.03541 0.01691 0.00100 0.00156 -0.00825 0.02596 90.7498
h 0.01550 0.03571 0.01721 0.00151 0.00221 -0.00683 0.02779 90.6726
Avg 0.01502 0.03548 0.01701 0.00103 0.00162 -0.0083' 0.02673 90.6858
Sd 0.00056 0.00020 0.00018 0.00046 0.00058 0.00163 0.000'5 0.0585
Sd' 3.75~75 0.556'8 1.03156 44.35637 35.61075 -19.41500 3.54124 0.0645

'11mHlm'Ifl'I1'1ffijlJff1'U~ff1Jl1Hlf1ij'\Jij.:lfl'Il~ilfl.nwcnA ijtli1Jlwm{lJij'U (C) 0.41564

~ilf)ij'U (Si) 1.06109 U1J.:Im-Uff (Mu) 0.35337 ijln~ (Ni) 0.111771f1'Ilij[J1J (Cr) 4.96525 l1J
,

QQ Q,I d. d
~~'U1J (Mo) 1.25579 111Ul~W1J (V) 0.92474 1'YI~f) (Fe) 90.6858

8/7/2008 4:18:04 PM Sample: 5
Program: FECRNI TaSK: FECOCRHI

Run
1>
2>
3x
Avg
Sd
Sd'

C2 Sil
0.53935 1. 00625
0.52934 1.01237
0.00000 0.00000
0.53435 1.00931
0.00707 0.00433
1. 32370 0.42865

51
0.01161
0.01230
0.00000
0.01196
0.00049
4.09031

Pl MIl
0.04602 0.38561
0.01882 0.38856
0.00000 0.00000
O. 03242 0.38708
0.01923 0.00208

59.32583 0.53851

Hil Cr3 Mol V3 Cu5 W7
0.25181 3.67849 1.09801 0.36921 0.00957 {-0.03247
0.01155 3.71683 1.09575 0.37541 0.00977 {-0.03251
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.13168 3.69766 1.09688 0.37231 0.00967 (-0.03249
0.16989 0.02711 0.00160 0.00438 0.00015 0.00003

129.01375 0.73313 0.14614 1.17724 1.51972 -0.09422

1>
2>
3x
Avg
5d
Sdt

Ti4 SD2
0.002~5 0.00656
0.00442 0.00602
0.00000 0.00000
0.00353 0.00629
0.00126 0.00038

35.54861 6.05441

Col 11.17
0.00518 0.00434
0.00520 0.00489
0.00000 0.00000
0.00519 0.00462
0.00002 0.00039
0.33926 8.39045

Ifbl PEt
0.00505 92.6128
0.00561 92.8357
0.00000 0.01)00
0.00533 92.7242
0.00039 0.1576
7.37828 0.1700

.
d. • d. QQ,lo'

m'nl1 7.51 ~~m'Ifl'I1'1ffijlJff1'U~ff1Jl1Hlf11J'\Jij.:l~~fl.flWcn B

'11f)~~m'Ifl'I1'1ffijlJff1'U~ff1Jl1Hlf1ij'\Jij.:lfl'Il~ilfl.nwcn B ijtli1Jlwm{lJij'U (C) 0.53435

~ilf)ij'U (Si) 1.00931 U1J.:Im-Uff (Mu) 0.38708 ijln~ (Ni) 0.131681f1'Ilij[J1J (Cr) 3.6976611Jil~hr1J

(Mo) 1.09688111'Ul~[J1J (V) 0.372311'Y1~f) (Fe) 92.7242



288

8/7/2008 4:06:38 PM Reca1cu1aeed Resu1e sample: 3
Program: ~LAST Task: FECOLAST

Run C2 Sil 81 PI Mn3 Nt Cr Mol V3 Cu 1f7 T14
1 0.41721 1.01876 0.00460 0.02242 0.38476 0.17174 4.96229 1.07620 0.28761 0.16777 0.02260 0.00246
2> 0.35449 1.00625 0.00308 0.02305 0.38331 0.17196 4.95896 1.07160 0.28430 0.16915 0.02305 0.00232
3> 0.36571 1.02759 0.00205 0.02354 0.38786 0.17244 4.97828 1.08219 0.29040 0.16847 0.02290 0.00246
4> 0.36666 1.02264 0.00170 0.02181 0.38262 0.16991 4.90683 1.07520 0.28950 0.16276 0.02096 0.00227
Avg 0.36229 1.01883 0.00228 0.02280 0.38459 0.17144 4.94802 1.0763] 0.28807 0.16679 0.02230 0.00235
Sd 0.00677 0.01117 0.00072 0.00090 0.00285 0.00135 0.03696 0.00538 0.00329 0.00351 0.00116 0.00009
Sd. 1.86798 1.09629 31.47936 3.92650 0.74019 0.78566 0.74691 0.50007 1.14230 2.10223 5.21438 3.96872

8n2 Col A17 Pb6 1!lb1 Bi4 zn5 n.
1 0.01782 0.01384 0.02439 0.00030 0.00418 -0.00886 0.00318 91.4067
2> 0.01844 0.01371 0.02368 -0.00029 0.00388 -0.00929 0.00249 91.4958.
3> 0.01842 0.013B2 0.02262 0.00017 0.00406 -0.00901 0.00308 91.4>230
4> 0.01817 0.01354 0.02371 -0.00027 0.00350 -0.00995 0.00253 91.5259
Avg 0.01834 0.01369 0.02334 -0.00013 0.00381 -0.00942 0.00270 91.4816
Sd 0.00015 0.00014 0.00062 0.00026 0.00028 0.00048 0.00031 0.0529
Sd. 0.83043 1.05100 2.66090 -196.4>9580 7.46054 -5.11520 12.12419 0.0579

.c:i ,.tel 4Q1o'

mYfYI 7.52 ~H'Ifll':i9l':i1'l~HI'lJff1'UNff1J'YI1.:11fl1J'\lfJ.:IFH'I9IflWC)1C

'llflN~fll':im1'lfffJmh'UNff1J'YIH1flij'\lfJ.:I9I':i1N~91ilwcn C ihJi1J1fl!fl11ml'U (C) 0.36229

ejf~flij'U (SO 1.01883 Ull~fllijff (Mn) 0.38459 U1n~ (NO 0.17144 lm1ijllll (Cr) 4.94802111

.Q~ ~ .c:I d
~~'U1J (Mo) 1.07633111'W1~fJll (V) 0.28807 m~fl (Fe) 91.4816

"7.5.5 N~fll':i'YI~ffij'IJ1'l1~ ~'U.:I1'U

N~fll':i'YI~ffij'IJfll':ileM.:I1'U'W'IJ·h~1ij~l.:1N~91ilfl!cnA '\l'U1~11m~lfhn'IJ 20.175 llll. 1~'U

.cl", 1 I ,,'" " 1" ~ 1 .cl d ,
'\l'U1~'YI11fl1111 91111flfl11 U~:: ~11111~91'UU'IJ'lJ1'l1~ ~'\l'U1~ 19.92 1Jll. 1IJ'U'\l'U1~fl1111 91'Y1mflfl11

... ,J '" ... d" ...... 1 ",,'"
ff1m~m'llfl~ 'llflm::'IJ1'Ufll':i'\l'U 1tJllfl1111fl~ l~lfl~fJ'Umfl'UijfJ 111ij'W'11':ifl!1 ~1I':i 111U~1 ~11111~

~";~'U1~'U ijfJWm'W1nfJmril~l11ij~lht~l u~::~~hri~ff11J1':i\lleMU~'Uij~'\l'U1~1~1I1n'Uflij 6.74 x

"1""''' '" ,,'" c!l ,,'" '"6.74 x 2.8 llll. ~'YI.:1~l1111~l'll::~11111~fl~.:I1m::~11111~fl~

~h..,i''IJfll':i'YI~~O.:lleM.:I1'U1'U~91ff111m':ill n'IJ~,.h::flij'IJfll':i 1~lIfll':i'YI~~ij.:l':i111~:: 1 'll~

':i111~1'U1'U 5 ':i1fJ N~tJ':i1fl{)':h ~l11ij~fl~.:I ~l11ij~n~ U~::~111ij~1'il1::.:I1'U ri .:IN~ l'U'YI1.:1~~ ~ij
. " "

ffm'U\h::flij'IJfl1':il'U~l'W ~H '1 1~url ~~~'U'l'J'Ufll':iff.:lcifiju~'Uij~1J1flfl':h~ijfJ~:: 30 ~ijfli'.:I
1 , " I 1 II ,.... , ... " "'.... .... 1" ........ " " .... "'.... .... '"

1'Uij.:l'llfl111~11 91ij.:lff.:lfi)SO 3 'l!~ 111ij 'if'JI~lmij.:lllij9l'UU'IJ'lJU~1 fi)Sij1'W1I.:I 1 l1':iij 2 "!~ U~::ll1ijllfll':i

l-M.:I1'Un'IJu~'U ij~l~ 'U'ifU \Pl1~fJ1 ~t1ii,j~ln~fl1111ff::~1fl1'Ufl1':i i~l~'IJ u~::lrtijVi 'l1':ifl!1

" .
fl 1111ff11J1':i \I1'U fll':itl1~ H1':i::11'iH u~'Uij~U~~::91':i1N~91ilfl!ct1U~1 N~fll':i".:I1'U '\l'U1~;r'U .:I1'Un

~l'Ufll':i~~lUij'U 1~~l.:1n'U



,...
l.JfIfI 8

,,~tJ~HUla~~tll"'UtlU'U~
'I

\) 1f1f1nuffflll1f1l1' tHlflU'U'UU'l::~~~l;}~1ff1m nJ~mJ1' ij vmJm wi'Uu~ufhJij~fI~~tJijfl• .
OQl QI 'jIc::IOQl 0 ..c:lt. 44Q1

Arbor ff111 1''U~11J fI~ UCl:: 'fl11nJ~ff111 1''U~l1Jl "11:: ff1lJlHll'llf1l1' ijijflU'U'UH'l~'Il~lmij~lJij~~

a' d QI a'QI.dl I c::I • Go' ~
m1JfltJ1'::ff~tllmv'Utl'lV'Ufl'UtltJmW"l'Uv~U~1JlJ~U~'l::tJ1'::U1l'l ffltJH'l ~~1J

:J! .... ... _I "
8.1 "UI1.J~ni:l.:l'Utlnfl'UlI'lJ'lJ

~ _I':! " • " ... u" ~ ... .I.. 1
fl111.:1n 8.1 1'U1rJ1JNi:lm1Il1n;)iI81J'll'U1~~11.J'U11'll1(1~1.J)fl1J~l1.JnNi:lfI'll'UI't'/1.J

I~
-

1 2 3 4 5 6 7 8

Plane

mJ\Jl~:U 0:00:07 0:09:01 89:47:04 95:33:58 95:43:31 90:11:49 89:56:46 90:18:07

Nil",1MJ,j 0:00:04 0:39:14 89:21:06 101:51:31 101:51:00 90:15:48 88:33:10 89:58:41
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/Z Fe C Si Mn P S Cr Ni Mo V Ti Cu AI Co
ch1UlIUJ

t\'lll~Ull1J1J 97.18 0.435 0.258 0.710 0.030 0.021 0.967 0.11'8 0.008 0.001 0.009 0.217 0.048 0.033

I .,; .. ./ 97.49 1.026 OOJ40 0.738 0.053 0.012 0.205 0.052 0.000 0.005 0.000 000 0.014 0.02:1
lJmHtlfl'llU

. ..
'" "'.1 ......fll1Hll 8.3 910fl11f1ili.Ttl'UfliHutlON1V'IH1U

ilJlil" IWpm) Ry(pm) bJ.pm)
,,'

Ral Ra2 Ra3 Ra Ryl Ry2 Ry3 Ry &1 RZ2 &3 Rz
,hft11lnf1l11l;h

IltJlUll1J1J "".18 C!,435 0.258 0.710 0.030 0.02\ 0.967 0.Q98 0.008 0.001 0.009 0.217

I .,; .. ./
lllYlHafl"U 97.49 1.026 OOJ40 0.738 0.D.l3 o.on 0.205 0,0'2 0.000 O.M 0.000 0.045

~ u V u
8.2 "ilOilflUUUU (Arbor) 6 tl"flil

~lf1H(;'Itl1'.i~'n~ffmHh\JHffllVll~tflij,Jt>~~lii~ti~6 flll~~ 3 ~'.ilH~~ftWctlffltJhl"h
, .c:::IliI ".c:::I cv .d .. 1 "rI QQ ,.. Q d. QI

ffl\J HffllVll~tflll1f1(;'1tfltJ~f1\J qf~lJ '.i:: f1t>'U~ ltJTi 1~fl1'.i'U t>\J(Carbon) qf(;'lfl t>\J(Silicon) lll(;'ll.J~\Jll .•
(Molybdenum) iifll1llU\9lf1~1~hhn\J 0.053% U(;'I::Til~Ull~f11i1ff (Manganese) 1fl'.itiitJll

(Chromium) lJmn(;'l (Nickel) Vlt>~U~~ (Copper) U(;'I::Til~n-1~f1iifll1llU~f1~Hti\J'1itn\J0.667%

~ .. d" .1' '" " .. .... "" d"tllt>lVltJl.J1J1mjl\Jn-1(;'1flU(;'I1ffllllHlffllJ ~11 ~lllll~fl~ A U(;'I::B ~(;'I~~lfln-1(;'1flfl(;'ll SNCM 439

I " ...... "" d" ~ d "Z
~llllll~'.i!l\JJIS ffl\J~lll1J~fl~C ~(;'I~~lfln-1(;'1flfl(;'ll 4340 ~lll1J1~'.ijl\J AlSI qf~n-1(;'1flfl(;'llVl~2

~ ~.

'lflJ~i1 ~~t>~l\Jmilln-1~flml1~\Jffl\Jtfl~t>~~mfl(;'l (Machinery Steels) 1~tJiifll1llU~~t>dl\J'ib~

~ d 1',J I d".. d .s I 1"" "271-314 HB t1J\Jn-1(;'1flflmVlHl\Jf11'.i'i!t.lU'U~U(;'Illlfll1llU'U~(;'Ifl\l~Vl\J~t>tl1'.im::U'Ylfl ~~Ull

tJW'H~iJ~ 1 ~~ffll,j~~~mh1 iifl11lln-11J1::ffll l \J fll'.i\J l'tJl~;h~\Jffl\Jtfl~t>~ ~fl '.i fl(;'l~f1\J ~t>f11'.i

111 t'Ji\J tn(;'llU(;'I::tn(;'lloU't>t'H~tJ~ 'Illl'tJil~fll'.iUl1tJl~~~~~lllii~l\J~l\Ji~lh~Fht'Ji\Jti\J
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cl tI do jJ do QI d. I d '1 '
fll':i'YI~HHI'Ufl111J1l'\J~1l'U'UH)fl11~HHY1fHIC)f (HRC) ~l1J1J~fWI A 1Jfllfl111Jll'\J~~~ '\.J')j'1~

38-40.1 HRC ~l1Jii~ti~ B ljfi1fl111Jll~~~d1'\.J'li1~ 41.1-41.9 HRC ~l1Jii~ti~C iifi1fl111Jll~~~d

l ' "'1",j1 AQJ dl d d..4 • jJ
'\.J')j'1~ 38.5-40.1 HRC 'iJ::m'\.J ~11~11J1J~fl~ B 1Jfllfl111Jll'\J~1J1fl'YIff~fl~ 41.9 HRC ff1'\.J~11J•

d '" "" , '" v d.... ~ 1 _I "" v '" v....""
1J~fl~ A 1Jfllfl111Jll'\J~'\.J~1I1'1ff~fl~ 38 HRC C)f~ ~tJlJfl~1l"11't1"flfl"1SNCM439 't1':i~ 4340 'iJ::1J•

~ ~

fl111Jll~~~g1'\.J'Jh~ 271-314 HB (27.8-33.3 HRC) ~~ir'\.J~~ffl1JU~ff~tJ1~11~11Jii~ti~11~ 3

'" ell.:! <Q d ~~ .c.iIo j/r d Q,lQ,I ~tl
ll'U'U1~H1'\.Jm':i1J11ifll':i'lltIH111'\J~'YI~')j''\.J~1'\.J 'iJ~'YI'1111fllfl111Jll'\J~'\J~~111fl~1'W1J'\J'\.J

_I "" _11 VI V d '" v""'" V
fllHl':i1'iJff~'U'\J'\.J1~~lJ'YIH1':i'\J1flWflffl1Jl':i~ff~lJ ~11~11J1J~fl~ A ~l1J1J~fl~ B 1l"::~11J

d Q,I.cS • Q,I , Q,I

1J~fl~ C 1J'\J'\.J1~ 0121'Y1lfl'U 62.22, 62.13 1l"::62 1J1J. '\J'\.J1~ 051 1'Y11fl'U 39.85, 40 1l"::40 1J1J.

, «V 0 Q,I • do

'\J'\.J1~ 050 1'Y11fl'U 16.45, 16.40 ll":: 16.57 1J1J. m1J"l~'U ff1'\.J1!1J A I6 1m:: A 17 1J'\J'\.J1~ 45 ~~fI'l

l't'h ti'\.J..f~ 3 ~~ 1J 1J~~ fl ci nij '\J'\.J 1~1 't'hti'\.J 't1~~1 fl ~lti tJ~ ti'\.J 1J 1 fl II ff~ ~ 111~ '\.J ri1'\.J riHi•
~1'\.J fll':i Hi1f1 iifl111Jri1ri\1!1l"::1~'\.J1J1fl':i !l'\.J'\J~~~l1Jii~ti~ ~~iifll':i ~~fl11'U'Ul 1,rii'\J'\.J1~1't'hti'\.J

1'\.Jri1'\.J'\J~~fl111J9h~ti'\.J'\JtJ~~11Jii~ti~ A ~l1Jii~ti~ B ll"::~l1Jii~ti~ C 1~llti '\J'\.J1~01 l't'hti'U

1 Q,I Q,I d • GI

74.45, 90.09 1l"::94 1J1J. '\J'\.J1~041 1'Y11fl'U 4.42, 6.35 1m::5.5 1J1J. ':ifl'1J R1 1'Y11fl'U 3, 1.75 1l"::4.5

.cS 0 Q,I ~ 0 GI I Q,I I d .d
1J1J. 1!1J~ 1J'\J'\.J1~ 37.67, 50 1l"::32 tJ~fI'l f111J"1~'U C)f~fll':ifll't1'\.J~ff~ff1'\.J~~fl"111J'\J'\.J1~'Y1

9i1~ ti'\.J tJ~H1..1'\.J 1~,r~ IIff~~111~'\.Jfll':i tJtJflll'U'U'\JtJ~ll9i"::Hi1f1fiWttl

GI _I "d GI d. d.do." GI jJ 0 1"~ GI .d. , "
"flllW::llJ 'YIH'\JtJ~~11J1J~ fl~ A 1J':i1tJ" ::ltJtJ~'YIfltJ'\.J'\J 1~C)f'UC)ftJ'\.J'YI1 't11lJ '\.J "flllW::'YI1~ '\.J~ 1'\.J fll ':i

tJtJfll1'U'U1'\.Jri1'\.J'\JtJ~'\J'\.J1~':itJ'YIH~1Jlflfl11~11Jii~ti~ B ll"::~l1Jii~ti~ C '\J'\.J1~~~flci1111tJ':i fi'\.J..
JljI AGI .oC:loQ,l tI do I 4 4l:\QI tI

m1J':i1fllC)f~~11J1J~fl~f1':i1H"f1flWCVI A 1J':i1fllff~fl11 ':itJ~"~1J1fltJ f!':i1H"f1flWCVI B ll":: f1':i1..
Hi1f1fiw ttl C 1dv~ 'iJ 1fliifll':iVtJfll1'U'U~ci'U~tJ'\.J ii fl111J"::lVtJ~1 '\.JfllHi1f1Hi1f11J1flfl1111"::fl111J

I V _I 0 1 vv "" '" "" '" .. 1 V '" '" 1 "' ....
llflflfl1~~1'\.J'\J'\.J1~llJ'YIH YIl 't1~l1J1J~fl~ f1':i1H"f1flWCVI A ffl1J1':i~ ')j'fl111J1':i1f1~ '\.Jfll':ifl~l~tJ'\.J

1~\1~fl11fl':i1Hi1f1fiWttl~'U 1l"::111fl1eM11v'\.J 1'\Jfll':i91~liitJ'\.J1~tJ1ti'\.J ~l1Jij~ti~ f!':i1Hi1f1fiWttl A
• tI I I

1eMllH1'\.JflU91~~vtJii~~ ~~ir'\.J ~l1Jii~fi~ f1':i1Hi1f1fiWttl A ~~1~'\.J9111i1Vfliiri1ri\1!lVlVflU
~ ~

VVfll1'U'U1rl'\.J;'\.J~1'\.J~'\.Jll'U'U9iV1tJ
~ .

fll':i ~fl'\.J':i vtJiifll':i Ni1f1111fi~'W'U11'li'\.JflV'\.J ii1eM1 '\.J fll':i Hi1f1tJ':i:: flV'U~1tJm:: 'U 1'\.J fl1':i fl~~

fll':ifi~ 1l"::fll':i1'iJ1::l't'i11fl~tJ1 ~~~'\.JflV'\.J9i1~'l 'iJ::1eM1fl~V~~mflmjfll'\.JiJ~ CNC 'Jf1tJ1'\.Jfll':iHi1f1
, ~

l\jV~'iJ1fl~11Jii~ti~ ii~flllUA::1tJ'YIH '\J'\.J1~ U"::1!1J9i1~'l ci'U~v'\.J Vfll1~iJ~~tJ~fll':ifl111Jll~'\.Jih\1~

~~1 '\.J~'\.JflV'\.Jfll':i Hi1f1J'\.J'U~l1Wfl1J91~l~'\.J'U~l1UA~'t'i1fll':iHi1f1 1~fiv'\.J,r1~tJlfl~~~ 1dv~'iJ1fl'UH
o , d d do 0 1V V 1".4 QI Cll .s
f11Ul1'\.J~1J'\J'\.Jl~mfl1J1J1V£J~'t1"ltJ':i::'\.Jl'UUfl'\.J 'YI1 l1f1V~ ')j'lmV~'iJmCNC ')j''\.J~ 4-5 Ufl'\.J 1'W~"~•
fl111Jfl"1~lfl~tJ'\.J1'\.J fll':i Hi1f1
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".c::IcvV cv
8.3 ~UJSI~fl~~,"UUU 4 f1S1~~

.oj "" .. 'JI tI 'JI '" ... 1 tI ""n'Hl11fli 1~'Yi 'Yi l't1mm i ~fltl1.Jfll'HH)flU1.J1.J~ llJlJ~fWl ~t1~ i1'l fftl1.Ji 'Yl H1i 'tI1f1W~U'l ~• •

1mt11.J1litl1.J'tItJ l~'tItl"~llJij~ti~U~'l~'b'~l~tl hHii" 'tItJ 1~ nh11.J1.J 'tItl"Nii~fiwenl tJU~'l~~i 1• • •
"" ... .. 0 tI "" 'JI '" ... 'JI 1 1 "'1 tI "" 1'JI

N'l~flWtyJtJ11Jl i::fltl1.JfllltltlflU1.J1.JU'l~N'l~~llJlJ~fl~~1m'Ylfl tJ 'ltl tJ i~l'YlffN'lN'l~U'l~ 'b'

do QJ' d "do Q,#' QJ'

~liH'Yl 8.4 N'lflln~fl11lJU'tI"'tItl"~llJlJ~fl~U1.J1.J4 fllJ~~

Nam1'f1fttf8tJfl1111U;;'1 (HRC)

SANDVIK

MITSUBISHE

44.8

45

40

42.9

44.1

47.6

43.8

44.4

40.9

38.4

43.3

42.2

43.26

43.66

42.36

43.16

. ..
'llflflli'Yl~fftl1.Jfl11lJ U~ "~llJij~ti~ U1.J1.Jf:l tl~lt1~t1tJ U~tJ ij~l1" 2 ~ i 1Nii~fiwen flli

'Yl~fftl1.J~fhlfl'" ~i1fi~tiruen SANDVIK 1jThfl11lJU~"tl~~43.66 HRC ff1tJ'tItl"fi1i11.J fl11lJ

U~" tl~~ 43.26 HRC ff1'Yi11.J~i1Nii~fiwct1MITSUBISHI fl11lJU~"ff1tJfi11fl'''tld~43.16 HRC
,~ d.d

U'l~ff1tJ'tItl"N1i11.Jfl11lJll'tl"tltl'Yl42.36 HRC•

8.4.1 ffl tI N"'llflflli'Yl~fftl1.Jfl11lJii t11.Jfi1

~1flfl1i 'Yll'l fftl1.Jfl11lJ 1~ t11.J fi1't1 tl"~llJij~ti~U1.J1.J f:l tl~lt1~ t1tJ U~tJ ij~N" fl1 i.
'" "" '"'Yl~fftl1.Jfl11lJ1 i t11.JN1Uff~"~llJ~li H'Yl 8.5

..:wnu

o tI
Ull'\Jl

.......
fHl~tlf1.lcrl

tI
~UlltJtJ

.
• ov '"

'HI.:JflAVl2

~d
tlH'YlI

1.1

1.1

0.8

1.4

0.8

0.9

1.1

0.9

0.7

1.1

0.8

1.3

0.8

0.8

0.7

1.0

0.8

1.2

0.9

0.8

0.7

1.1

0.8

1.4

0.9

1.0

0.8

1.3

0.8

1.1

0.96

0.92

0.74

1.18

0.8

l.lS
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8.4.2
. "

fH'fIl'I'YI~ffVU"b'WFfilll'YI1.:11f1ii'UV.:I~11Iii~ti~U1J1JflVflltJ~tl'Wm-h.Jii~'t1.:1 2 ~'I1
. "

~~~ilwcn U'ff1'U~ffll'YIHlflii~.:Illff~.:I~l'IHn 8.6 ~.:I;j

.. '" " ri1'UfH"1J't11~1f1ii (% hunfll1,j'O)
f111f111flflW'fI

C2 Sil PI Mn3 Ni Cr Mol V3 Cu W7

SANDVIK 0.49035 0.22618 0.01296 0.70821 0.44559 0.90197 0.89074 0.11494 0.01550 0.00500

MITSUBISHI 0.37577 0.29010 0.03327 0.01678 1.35130 1.28861 0.17678 0.00433 0.24907 0.00661

-
.. '" "

ri1'Ufln1J't11~1f1ii C>,/o hunfll1,j'O)
f111flllflflW'fI

Ti4 Sn2 Col AI7 Pb6 Nbl Bi4 Zn5 Fe%

SANDVIK 0.01060 0.00151 0.00782 0.02295 -0.00027 0.00181 -0.01458 0.00107 96.1403

MITSUBISHI 0.00292 0.01362 0.01630 0.01164 -0.00071 0.00209 -0.00277 0.00115 95.4222

. "
\llfl9ll'IHn 8.7 1~'Wff1'W~ffll'YIHlf1ii'UV.:I ~1mh.:l.y'I.J.:I1'I.J,hl.,j'1~~91ilwcn Sandvik ii

tJill1W C2 , Mol ff.:lfl'j, 91'I1~~91.tiWcn Mitsubishi ff1'I.J ~l11ii~t1~'UV.:I Mitsubishi iitJi1JlW Cr ,..
I ..e::t. QI 0' 4C:I • .4.d I Go' • ,

Cu ~.:Ifl11 ~(l9l.flWCVI'UV.:I Sandvik llff1'I.J~ffllV'I.J'YIU~fl~l.:1fl'I.J 1'1f'I.J C2 'UV.:I Sandvik 11lflfl11

Mitsubishi vg~ 0.11458 ItJV{l~'l.JIPi', Mol 'UV.:I Sandvik 1Jlflfl'h Mitsubishi vd~ 0.71396
.1 .. d .. 'JI. ,... .1 .. d ..
hJV'I1CJf'I.J~ , Cr 'UV.:I Sandvik 'l.JVtlfl11 Mitsubishi V~'Y1 0.38664 llJV'I1CJf'I.J9I, Cu 'UV.:I Sandvik

'JI' .... .1 .. d ..
'l.JVtlfl11 Mitsubishi V~'Y1 0.223357 llJV'IICJf'I.J~

"... "8.4 AU.llIAlil1::f1UUUU
." .

\llflfll'Ifffl1l1ff11'W 111J1JflV~l1tJ~tl'I.JI1H'l.Jii~'t1.:1 3 91'I1~~91ilwcn \l::ii'U'I.J lfU'thti'I.J nr~'I.J
, ...... 'JI'" 'JI.... d

~1'I.JtJ'l.Jtlfl(lHfl1l9l~ 0 20 mm. 'U'l.J1~lff'I.J~1'I.Jt!'l.Jtlfl(lH'UV.:Ifl111\l1J 0 25 mm f111111l'U.:I'UV.:I

JI '."

.y'I.J.:I1'I.J~1V~l.:1~~~.tiWcnC \l::iifl11111l~.:IV~n 53.93 HRC 1ijV1mtl1Jliitl1Jti1J.y'I.J.:I1'I.J~1V~H..
.Q QI 0' d.c::l d d d .c::l • d " .d •

~(l9l.flWcrI A 'YI11fl11111l'U.:I'l'1 44.06 HRC CJf.:lllfllfl11111l'U.:I'l.JVtl'YIfffl 11(l::''l.JfIl'I'YI~ffV1Jff1'I.J~ffll•
" d "

'YIHlf1ii .y'I.J.:I1'I.J~1V~H~~~.tiWcn C \l::iitJill1WfIl{1JV'I.J 0.53435 % CJf.:lll1flfli1.y'I.J.:I1'I.J~1V~H
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Hi;~t1Wet1 A ~~ihJi1l1Wfl1{mJ'U 0.41564 U~~;tI~ltl~1mh~Hi;~t1Wet1B \ldhJi1ll'ifl1{tJfltl~
• w

~mJ'rhr~nilti'tJ 0.36229% !mtltJlfltltlltl~ltl'ilfl1'UltlntJil;tI~ltl~1fldHHi;~t1Wcr1A 'ilfl1ff~. ~

w • w

fl'h;tI~ltl~1fldHHi;~t1Wet1 C I'Ufl~\llfl;tI~ltl~1fldHHi;~t1Wet1 A ihh:ihlDfilnltlfll'i
• w •

'th~ltlflff~fl'h;tI~ltl~1fl~HHi;\9lt1Wet1 C \llfl~flll~fl'~\llflfll'iffml1'Y1flfffltJ l~tI~flll~thfiw
• • " fI

ltlfll'iflflfllltJtJffiltlUtJtJf:lflflltl~tltlU~tlijflhwl~1ff~ SNCM 439 'Utll~ 0 35 x 125 mm
w

ffll1i'tJHi;~ U~~H~fll'i1~~ ltl lfltlfll'i l\ll:'i;tI~ltl'YI~fffltJ1mtltJlfltltJ 'Uti lfllfftl~ltlf'l'tl6flm~
~ ~

,..d 4 ~ QI tI c:. Q,I."d fj/ "l fj/ fj/' tI d
tVlq-~'Y1 20.175 mm. f1fl HrlVlflWcn A U~: Vl'ilH~VlflWcn'YII\l1~U~11~'Utll~lfftlHltlt:rtltlfl~HI~fl

d oJ ~ "" '" ..d "" .1 'I '
q-~'YI19.92 mm. "ll~IIJtlH~~flWcn'YIH~Vl'UtI tl1ll
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8.S iJlt1f1i.1n111ij'rJ

Fffl1l1flfll'j1~lJ t'q 'LJ1~'h 'll~1t1~ fHijfl~~~~iif\l~'U~;'tm1Jl.l 'LJ'j~flfl'U~1lJ 'll~1t1~ fl"ijfl

o QI ci QI _I 1tJ , .::s. d QI 1i1 ~ ,
ffll1'j'U"l'Ufl~" "1'Ufl~11~~"1'Ul1l1~ ffllJl'jf.)lJ'j~flfl'Ull~~ 'Iru~'UlJ~'lJ'Ul~1~lJ1fl'U ~ l1J'Ull~'U
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d. "1Q1

1J~1J1;1'I11'W 880-0403W05H-P-GM 'U'W1~f1111Jfl1H x r.n1 x 11'W1 1'YI1fltJ 6.74 x 6.74 x 2.80

iJ"il11J;I'I tl111i'tJ~11Jij~fl~~ ~'W'YI'Wfl1U~il;l~lfl'h~11JijflUWU'1 tI'I~1J1W~mm~ 20-35 ~l1Jij~•
QlJI CIo~ t.c::.J/o",," "..:1" CIo: I

fl~;I'W'YI'Wfl1Um;l;llfl11fftjfll'W11'U1 'W'lf1~ 'Imm:: 20- 45 1m~fl11J1Jfl1~1~;I'W'YI'Wfllum;l;llfl11• •
o " " .-I ... 4'" .1 ~ " tI ... .-I'W11'U1 tI'I~1JlW Hllm~ 40 'Jt~1f1'ItI~1JtI'YI'Vt?1l'W1'U'W 11J'W;I'WUtJtJ'UtI~fll'I 'I~11t1~U'WtI~~lfl fll'I

'~U~'Wij~i11Jti'W'Umfl1nh~1'Wfln~tltlflfi1~1'Wtiflfi1'I1tJ'U'W1~f1111Jfl~1~63 iJ"il11J;I'I 1m~~1'W
• tI til •

1~l::n'U'W1~11~1:: 20.00 iJ,,~11J;I'I 1~'W fll'Iil'll'W1'1i'Wl1'W11'Wtl111i'tJfll'I ~il;l'Jt~lf1~t1~jjt1~~ utJtJ

tI .. ,,,... dl... 4 ~ 4 0'" " '"ltI'Wfl 'I::ff~f1 'lffltJ~l'Wfl"~ flfl U"::~1'W1~1:: ~~11J'WU'W1'Y1H11'W~ff111'ItJfll'I"~;I'W'rJ'Wfll'I 'If
w w •

1ff~ff'W1t1~t1~ 1m::"fln"1''Wflln;Hl'W fll'I~fl1~tJ fll'I~U" flwu1Hi'm-n 41tl~'Wn'jtl~~lfl. .. .
'

" • d .... 'I" '''''' ... '1".-1 " ... .-1 ....... , ~ ...ff11J1'Ifl 'lfU~'W1JfI'I11Jfl'W tift fll'I 'If~1'W 11'Y1~U'YI'Wfl'W tfl 1'WtI~~lflfj~";l1mtl~1JtI;I~ 'WlJ~~tJ'W

Utlfl'll~Uf1~t1~jjtlU~"::'lfii~1liff11J1'Ifl'~i11Jti'W1~ U~'Wijflfln~1liff11Jl'Ifl'~titJ~l1Jij~tifl 1li

, ,, ... "d ~" .-I ....... .<!il ~ 0'" • ,""tI
ff11J 1'Ifl 'lffltJ~11J1Jfl1 ~1:: 11J'W;I'W 'llfl1f1'Im1JtI~~fl"11~~11J'WU 'W 1'Y1Hff1f1ty'lf1t1 11 fj 'I::fltltJfl1'I

• " II "

n~11~'W~t1~~t1U~'Wij~u~~::f1i'~ l~'W'If~(flrltl~":: 10 ~'W) u11t1'~~1'W~~tl1~fi1fln~ ti~ U,,::- .
'I" • ~ • .1

1~1:: t~ t1r.n~I'J1Jfll1m::ff::~ 1fllJlfl'U'W

8.6 ,)'tlliIUtlU....::

8.6.1 f11 'Iii'll tJ1'-Hlnflfll'I~il;l'll~lf1~o~jjo~~ tI'I::flOtJ~1t1 'll~1f1~O~jjOtl111i'm1'Wfln~
w • •

HUtifl 1m::ff11'U 111rl1Ul,rl~'WUtJtJflOfl1t1~O'WU~'Wij~ ~~;I'If~lf1~O~jjO 'tJ'ItlUtJtJ~~flrl11',r. ..
ff11J1'Ifl'~~1'W'~tJ1t1UtJ1Jfll'I~fltl1~fi1 1eMtJ fll'If1~l'W 1 fll'Ifli\~tl1~11U1 fli\~i O~ titJ~l'Wti~~
"'Yo.1 4 .... .1 ... .-1 ... ,,, ... ~ ... ",
~tJ"DtI'WlJlfl'UtJ ~1'W1~1::'YI'U'W1~U;lfl;lHfl'W1J1fl'U'W~";l1mO~1JtI 'lf1O~ U~::'Vtl'lltJ111JtJfftJf11 tJ

O'Wlf1;1 1do~~lfliffiiJU~'Wijfl~~1~tJ 1~11::";~ff1;1tJfllfltJ~ U,,:: l~11::u~~ 1~'W~'W ~~,f'W l~o
tI til ,.

l1tJ1 1tJU~1iff~111 rl1Uijff1J U~'YI'W fll'Ifffl11 'IO,~~ 1jjO~~1'IW11ntl1titJuH~~ Yiff'YI1~'UO~U'I~~~

''W~1'W fli\~ tifl 1~1:: ~~otlflutJ1J1m::~il;l'llfl1f1~mjjo~fI,,r,;;~ltJti1J11~'Wij~'UtJ1~~H'1 ';;~1'W

'~11" 1fl11"1t1 11l11U1~1~1J1fl~'W 1r1'W~~ ~11~tJd111 i'tJO;lff111m 'I1Jfll'I ~il;l, tJotJ1f1;1•
l~w1U 'Vtl::tI'I::1'YIff1'YItI f11nr~1ff11J1m::ll1t1~H~1~ ~~

8.6.2 f11'Iijfl1'I1~U1~Ofll'I~il;l';;' 'W O;lff111 m 'I1J l~O,,~m'I::'UO~~tI'I::flOtJfl1'I~l~tJ. ..
• ..." ... 4 d"

fl~1J~;lff111m'ImtJ~H~"Vl ~~1J;I'WlJ'W~~

'J.d tl4 tI ... ... " 4 " ,... 4 , "8.6.3 'I11fl t1J1Jfll'Il ~tI'WU ~~lm::'Vt?1ltJ1U'W1f1~'UO~fUfl01'UO~ 'W'YIff'YI1~'Vt~;ltJlO~ 11..
1J1fl~'W fl~/I'W~~ '11li~lflfll'Iil'lltJ11'YIf11 tJ1~li~ij1tJO;lff111m'I1Jlf1lJ1U'Vt1:: lf1~O~jjO~~ ifffl• •

• • , • JI •

1f1~O~jjO~fI 1m::ff~n1ntl1oU'O~ti'W ~;lffl11m'I1Jir'W '1 ~::1~'W '~U~tiitll~~;ll1J 1liijff'Wfl'lVi;l'W1O~

... .1, .... ~ .<!il" 4 tId • 'I ......... "
'Vtl'lltJ1'U'W 111J fI~'WtJ ~~;lO~'Vt~'Vt1fj111'W ~~OOtJ'UO~~;lff111m'I1J t'YItl U~::lm~HfltJfll'ItltJ~1t1
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, ., ., ., ,

fl1llJ ffllJl'ifl'tl fl\l~'Whuu\1 vn:::.yit~'W fl~ ffll1 m~lJ~'Wth l1\1U'~~lt~'W~fl\l~~~1'W lh:::t'YIff ~~~fi•
, ~ • ~ 'I '" J "''I' '1 • '" '1 'I' J
l1'WfI~llJU~tIJ'Wfl'W l'YItl'ViIi'll'Wl'tl'WlJl UCl:::lJ lflfllff l'WfIl~U'tI\I'tI'Wl'W~Cll~ IClfl1Jlfl'tl'W

8.6.4 trtfl'l1i'~lili'll'WlfJ~ffll1m~lJ~\If1rl11fJ~ffll1m~lJ~'W '1 ~lilJll'Wl '~tIlfl '~fltllfl
II

hl'fJ~ffll1m~lJfIl~~~~ l'flm~'Vil::: t.J~ffll1m~lJ~~lh~Fh fJ~ffll1m~lJ~'Wil'W ~l\l '1 ~fl\l
II

mlJl1~\I~Clfl~11J ~\Itff'Wflu'W:::1M'lilJll'Wlt'YIfll'W lCl~1'WfJ~ffll1m~lJ~'Wil'W

.s '1"" c1 J i"
fJ~ffll1m~lJfl'W'1 Iltt'UlJU'tl\l1Jlfl'tl'W ~



[11]

298

.nun'nu
.A ~ 9J .4. tJ tie;:". Q,I 0'1 •

[1] John T.R. Pearce, U~::fl'.H)'U'1 . 1rl'1m'nJtlB'U'HltIl'VWfll'iff'iHff'i'Hl~~91flWCVI ,nJ1l~::

, • ~ tI~d DOle. tI
B:: 11~'YIfHl'YIlJ. 'VUJ'WflH'YI 1. fiHl'YI'W"I : ffllJfi'Wll'W ff .ff. 'YI., 2545.•

oC:It. .::9 Q,f.c:::::l '4 4=:t, tI ~ d tI
[2] 'UnlCl~ rl''ilJCl 11Cl::ffllhlfi 19l1'Url''itlfiCl. 9ll':il~f111B~1'U 1Cl11::. 'Wll'WflH'YI 2. fiHl'YI'W"I : rl'lJtI

"'0 " ..

e::t. o.d Q,I 1 1 d iI ....
~Cl9191l':i ll'i tllJ ff() l1JlJl'YIfl lJ Cltl'W'i::~BlllfiCll'W'i::lJfI'j 111 lJB., 2550.

QI QI e::t.e::t. oC:lt. ..d 0 QI d& oC:It. tI ~ .do
[3] 1lJ'IW 'i~'i1lJ'If. fll'irl'fll>Jl'i'YIHlhl: 11Clfifll'illCl::mWrl'fil>Jl. 'Wll'WflH'YI 3. fi~~l'YI'W"I :

OQl.QtI tI oC:lt. QI

ffllJfi'Wll'W~K1Cl'lmWll1111'Y1t1l~tI,2545.

[4] fflfl'i fllJti 1'1f9l. fll'iBBfi11'U'Ull~::'ti9ll'\.n~ii91fiwl:li'. fi~~l'YI'W"I : "h,rfi~ll-n

1Bl~tllJffl911., 2528.

_ [5] oUty'lfl tilJ'lJtyfflloU9I. fll'iBBfi11'U'U'YIH1rl'1m'i1l. fi~~l'YI'W"I : fflllfillri~lff'illl'YIfl1lJ1Clv

(''YItI-~~lJ ).,2542.

oC:lt. tI~ tI QI .A 4' .c:ld ~
[6] 1'i'YIti B~fllmw U~::'ll'lty ()'Ufl~l'U. fll'iBBfi11U'Ulfl'jB~~mfiCl. fil~l'YI'W"I : CJflBflglfl'lflJ

~ltifl.,2541.

" .
[7] llllJ'W ;;W91'i::oUWc:n91V, 'W'i1~91'i 'I.h::'YIll'YIB~. fin1l11ifll'i~ii91. ~llfli'~;il. fiHl'YI'W"I :• •

OQloC:ilt.tI.c::I

ffllJfi'Wll'WlBl'lftll'WClff., 2533.
" . .

d 1 1 .c::I4 d e::t oC:lt. QI d. 0 QI q tI
[8] 'lflCl 9l'i::fll'it!Cl. l'YIfl hi ~tlCJflB'UCJf. 'WllflH'YI12. fil~l'YI'W: ffl'Ufi'Wll'W ff.ff.'YI., 2548.

[9] mlfl~ 1t11lJ::mll::. U'I.nfiflUCl::11ifll'iBBfiU'lJ'UlfltB~~mml.U1J~1fltlll~fi~ 'W1U'lff1~.
oC:lt. tI ~ d oC:lt. tid A tI
'Wll'WflH'YI1. fil.:lt'YI'W: 'Wll'Wflfll'i'Wll'W., 2548... 'il iI _I "'.. .. 1 0' ~[10] "!'im llUfi1, lJ'i::191 lfil>J,,!1'i'iW U~:: 'lfflBllJ1t1 'lftllJl. "fll'infil>J1UCl::fll'i'YIflffB'U

1mV'U l'n tI'U fi l'i fffm 'i B'UB ~iif\tifl." 'LJ'ifUf:lnu'W 'U £ 'LJ'ifUfU lB91ffl11 m 'i11 rl'l ff91 'i oUWc:n91
u u u u "

Clto oC:lt. tI oC:lt. QI QI oC:lt.

ffl'Jl1rl'1m 'i 1l~f1ffl11 fll 'i f1W::1rl'1m'i llrl'lff91 'i 111111'Y1tilCltllfil>J ll'UW1fI91, 2540.

... I':! tI tI Go' tI QI 4 QI ~ 1
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Tensile Brinell hardness Vickers Rockwell hardness
strength Ballinden- hardness

Rm talionmm
N/mm' d HB HV HRB HRC HR30N

255 6.63 76.0 80 - - -
270 6.45 80.7 85 41.0 - -
285 6.30 85.5 90 "48.0 - ·
305 6.16 90.2 95 52.0 -
320 6.01 95.0 100 56.2 - -
335 5.90 99.8 105 - - ·
350 5.75 105 110 623 -
370 5.65 109 115 - - -
385 5.54 114 120 66.7 - -
400 5.43 119 125 - - -
415 5.33 124 130 71.2 - -

430 5.26 128 135 - ·
450 5.16 133 140 75.0 - -
465 5.08 138 145 - - -
480 4.99 143 150 78.7 -
495 4.93 147 155 - - -
510 4.85 152 160 81.7 - -
530 4.79 156 165 · · -
545 4.71 162 170 85.0 - -
560 4.66 166 175 - - ·
575 459 171 180 87.1 - -
595 4.53 176 185 - - -
610 4.47 181 190 89.5 -
625 4.43 185 195 - - -
640 4.37 190 200 91.5 -
660 432 195 205 92.5 - -
675 4.27 199 210 93.5 · -
690 4.22 204 215 94.0 - -
705 4.18 209 220 95.0 - -
720 4.13 214 225 96.0 - -
740 4.08 219 230 96.7 - -
755 4.05 223 235 - - -
770 4.01 228 240 98.1 20.3 41.7
785 3.97 233 245 - 21.3 425
800 3.92 238 250 99.5 22.2 43.4
820 3.89 242 255 - 23.1 44.2
835 3.86 247 260 (101) 24.0 45.0
850 3.82 252 265 - 24.8 45.7
865 3.78 257 270 (l02) 25.6 46.4
880 3.75 261 275 - 26.4 47.2
900 3.72 266 280 (104) 27.1 47.8
915 3.69 271 285 - 27.8 48.4
930 3.66 276 290 (105) 28.5 49.0
950 3.63 280 295 - 29.2 49.7
965 3.60 285 300 - 29.8 50.2
995 3.54 295 310 - 31.0 51.3

1030 3.49 304 320 - 32.2 52.3
1060 3.43 314 330 - 33.3 53.6
1095 3.39 323 340 - 34.4 54.4
1125 3.34 333 350 - 355 55.4
1155 3.29 342 360 · 36.6 56.4
1190 3.25 352 370 - 37.7 57.4
1220 3.21 361 380 - 38.8 58.4
1255 3.17 371 390 - 39.8 59.3
1290 3.13 380 400 - -40.8 60.2
1320 3.09 390 410 - 41.8 61.1
1350 3.06 399 420 - 42.7 61.9
1385 3.02 409 430 - 43.6 62.7
1420 2.99 418 440 - 445 635
1455 2.95 428 450 - 45.3 64.3
1485 2.92 437 460 - 46.1 64.9
1520 2.89 447 470 - 46.9 65.7
1555 2.86 (456) 480 - 47.7 66.4
1595 2.83 (466) 490 - 48.4 67.1
1630 2.81 (475) 500 - 49.1 67.7
1665 2.78 (485) 510 - 49.8 683
1700 2.75 (494) 520 - 505 69.0
1740 2.73 (504) 530 - 51.1 69.5
1775 2.70 (513) 540 - 51.7 70.0
1810 2.68 (523) 550 - 52.3 70.5
1845 2.66 (532) . 560 - 53.0 71.2
1880 2.63 (542) 570 · 53.6 71.7
1920 2.60 (551) 580 - 54.1 72.1
1955 2.59 (561) 590 · 54.7 72.7
1995 2.57 (570) 600 - 55.2 73.2
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Tensile Brinell hardness Vickers Rockwell hardness
strength Ball inden- hardness

Rm tationmm
N/mm' d HB HV HRB HRC HR30N

2030 254 (580) 610 - 55.7 73.7
2070 2.52 (589) 620 - 56.3 74.2
2105 2.51 (599) 630 - 56.8 74.6
2145 2.49 (608) 640 - 573 75.1
2180 2.47 (618) 650' - 57.8 755

- - - 660 - 58.3 75.9
- - - 670 - 58.8 76.4
- - - 680 - 59.2 76.8
- - - 690 - 59.7 77.2
- - - 700 - 60.1 77.6
- - - 720 - 61.0 78.4
- - - 740 - 61.8 79.1
- - - 760 - 625 79.7
- - - 780 - 63.3 80.4
- - - 800 - 64.0 81.1
- - - 820 - 64.7 81.7
- - - 840 - 65.3 82.2
- - - 860 - 65.9 82.7
- - - 880 - 66.4 83.1
- - - 900 - 67.0 83.6
- - - 920 - 67.5 84.0
- - - 940 - 68.0 84.4

Conversions of hardness values using this conversion table are only approximate.
See DIN SO 150,December 1976

.J 4 d.
fl11Htl tl-3 ~l'n~lm{J1JIl'l{J1Jfl11lJU'U~(~t1)

Tensile strenght Nlmm' R~

Brinell hardness n Diameter of the d

" ball indentation in mm
Calculated from:
HB=0.95·HV

(0.102 FIIY =30) Hardness 0.102 -2 F HB
0=10 value = ltD(D-V D'-d' )

Vickers ha«!ness Diamond pyramid HV
Test forces 2: SO N

Rockwell hardness Ball 1588~m (1 /16") HRB
Totaf.te5t force =98 N

Diamond cone HRC
Total test force =1471 N

Diamond cone HR30N
Total test force =294 N
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11l4nnA'Hl\l;\ll'h\lQ'n,nl'l (MACHINERY STEELS)

!h\llh:nllUYlHlftil ifill" Tenlne 1ll,,,U ftllllll;;~ lll'IlU
STANDARD Diameter

;MYl(Cheml.al Compolldon) 'lDllflltJ;jllll::nl",r~l\l .""lllJ Itrenlth II';~ Ifl'"U "D~"U

ftllllll';~
(mm.)

(N/mm')mln.
. .
( C) (HRC) (C)

DIN AISI ns C SI Mn Cr NI Mo

In\llltgn~Nlllfll'''UII~~Ilt\', ~"'l1Jll';~an1J~ <=16 1200-1400

II11Jl:dll1 ;U';llri'll,.lllfl ht qj ~"'IHn""\J >16<=40 1100-1300

l~ll11f~1l'11JIl';m'~1J~ YlllfillIlHn':UYln ''''9\ >40<=100 1000-1200
SNCM

Ill1tlllll1lJii~l '''''l';llr/'lll''~lI~Q",nl'l~'''ll~
.

34CrNiMo6 4340 0.34 0.30 0.60 I.S0 I.S0 0.20 271-314 >100<=160 900-1100 830-860 \ilsjll So-S8 S40-660
439

Ylllfillfll1t\'llllii 1';11 l'llnllln:I"1'I111lll'll~6~, >160<=2S0 800-9S0

11Ill ~ ,. 111 fI I'll qj ,.; 11 ri, 11 ri ~ til if ~ 111'1 : >2SO<=Soo 7S0-900

r/'1l111:nllutillu~fl\J'II'~1Jlif6 >SOO<=IOO0 700-8S0

...
('V11Jl : S.A.F.SPECIAL STEELS CO.,LTD.)
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FE-LOW Low Alloy Steel 05/01/08 16:28
Sample No Cutting Handle
Company SANDVIK

C Si Mn P S Cr Ni Mo V W
1 0.418 0.296 0.778 <0.0100 0.0279 1. 36 1. 50 0.177 .00291<0.100
2 0.412 0.295 0.781 <0.0100 0.0212 1. 36 1. 53 0.181 .00279<0.100
3 0.410 0.305 0.766 <0.0100 0.0202 1. 37 1. 51 0.178 .00267<0.100

Co Cu Sn Al Ti Pb B Mg Nb Fe
1 <0.100 0.276 .00806 0.0170 .00376<0.0100 .00062<.00100 .00240<94.91
2 <0.100 0.278 .00691 0.0174 .00396<0.0100 .00063<.00100 .00307 94.89
3 <0.100 0.278 .00617 0.0171 .00385<0.0100 .00066<.00100 .00267 94.90

Hb
1 ?O
2 ?O
3 ?O

FE-LOW Low Alloy Steel 05/01/08 16:28
Sample No Cut t ing ;Iandle
Company SANDVIK

C Si Mn P S Cr Ni Mo V W
1 0.418 0.296 0.778 <0.0100 0.0279 1. 36 1. 50 0.177 .00291<0.100
2 0.412 0.295 0.781 <0.0100 0.0212 1. 36 1. 53 0.181 .00279<0.100
3 0.410 0.305 0.766 <0.0100 0.0202 1. 37 1 . 51 0.178 .00267<0.100

Co Cu Sn Al Ti Pb B Mg Nb Fe
1 <0.100 0.276 .00806 0.0170 .00376<0.0100 .00062<.00100 .00240<94.91
2 <0.100 0.278 .00691 0.0174 .00396<0.0100 .00063<.00100 .00307 94.89
3 <0.100 0.278 .00617 0.0171 .00385<0.0100 .00066<.00100 .00267 94.90

Hb
1 70
2 ?O
3 ?O

05/01/08 16:28
Sample No Cutting Handle
Company SANDVIK

Min
X 0.414 0.299 0.775 <0.0100 0.0231 1.36
Max

Low Alloy Steel

0.179 .00279<0.100

wVMoNi

1.52

CrSP
Average of 3 sparks

C Si Mn

FE-LOW

FeNbMgBPbTiAlSnCuCo
Min
X <0.100 0.277 .00705 0.0172 .00386<0.0100 .00063<.00100 .00271<94.90
Max

Hb
Min
X 431
Max



FE-LOW Low Alloy Steel 05/01/08 17: 15
Sample No Cutting Handle
Company SEeO

C S1 lotn P S Cr Ni lolo V W
1 0.399 0.298 0.664 <0.0100 0.0251 1. 52 1.64 0.173 .00226<0.100
2 0.384 0.299 0.637 <0.0100 0.0224 1. 51 1. 86 0.165 .00202<0.100
3 0.377 0.305 0.623 <0.0100 0.0176 1.53 . 1.67 0.161 .00170<0.100

Co Cu Sn Al Ti Pb B Mg Nb Fe
1 <0.100 0.235 .00773 0.0187 .00481<0.0100 .00071<.00100 .00189 94.79
2 <0.100 0.238 .00754 0.0183 .00458<0.0100 .00061<.00100 .00244 94.63
3 <0.100 0.236 .00537 0.0178 .00422<0.0100 .00069<.00100 .00106 94.83

Hb
1 ?O
2 ?O
3 ?O

FE-LOW

C
1 0.399
2 0.384
3 0.377

Co
1 <0.100
2 <0.100
3 <0.100

Low Alloy Steel .05/01/08 17: 15
Sample-No Cutting Handle
Company SECO

Si lotn P S Cr Ni Mo V W
0.298 0.664 <0.0100 0.0251 1. 52 1. 64 0.173 .00226<0.100
0.299 0.637 <0.0100 0.0224 1. 51 1. 86 0.165 .00202<0. 100
0.305 0.623 <0.0100 0.0176 1. 53 1 .67 0.161 .00170<0.100

Cu Sn Al Ti Pb B Mg Nb Fe
0.235 .00773 0.0187 .00481<0.0100 .00071<.00100 .00189 94.79
0.238 .00754 0.0183 .00458<0.0100 .00061<.00100 .00244 94.63
0.236 .00537 0.0178 .00422<0.0100 .00069<.00100 .00106 94.83

Hb
1 ?O
2 ?O
3 ?O

05/01/08 17:15
Sample No Cutting Handle
Company SECO

Min
X 0.387 0.301 0.641 <0.0100 0.0217 1.52
Max

Low Alloy Steel

0.167 .00199<0.100

WVMoNi

1. 72

CrSP

FE-LOW

Average of 3 sparks
C Si Mn

Co Cu Sn Al Ti Pb B Nb Fe
Min
X <0.100 0.236 .00688 0.0183 .00454<0.0100 .00067<.00100 .00180 94.75
Max

Hb
Min
X 429
Max



FE-LOW Low Alloy Steel 05/01/08 16:24
Sample No Cu t ti ng Handl e
Company Kennametal INC

C Si Mo P S Cr Ni Ho V W
1 0.435 0.250 0.683 <0.0100<0.0100 0.853 1. 75 0.205 <.00100<0.100
2 0.438 0.245 0.682 <0.0100<0.0100 0.853 1.72 0.203 <.00100<0.100
3 0.439 0.248 0.679 <0.0100<0.0100 0.851 1. 73 0.204 <.00100<0.100

Co Cu So Al Ti Pb B Mg Nb Fe
1 <0.100 0.180 .00717 0.0492 .00145<0.0100 .00064<.00100 .00130 95.35
2 <0.100 0.169 .00530 0.0470 .00158<0.0100 .00071<.00100 .00127 95.40
3 <0.100 0.177 .00476 0.0479 .00150<0.0100 .00068<.00100 .00114 95.38

Hb
1 ?O
2 ?O
3 ?O

FE-LOW Low Alloy Steel 05/01/08 16:24
Sample No Cutting Handle
Company Kennametal INC

C Si Mo P S Cr Ni Ho V W
1 0.435 0.250 0.683 <0.0100<0.0100 0.853 1. 75 0.205 <.00100<0.100
2 0.438 0.245 0.682 <0.0100<0.0100 0.853 1. 72 0.203 <.00100<0.100
3 0.439 0.248 0.679 <0.0100<0.0100 0.851 1. 73 0.204 <.00100<0.100

Co Cu So Al Ti Pb B Hg Nb Fe
1 <0.100 0.180 .00717 0.0492 .00145<0.0100 .00064<.00100 .00130 95.35
2 <0.100 0.169 .00530 0.0470 .00158<0.0100 .00071<.00100 .00127 95.40
3 <0.100 0.177 .00476 0.0479 .00150<0.0100 .00068<.00100 .00114 95.38

Hb
1 ?O
2 ?O
3 ?O

Min
X 0.437 0.248 0.681 <0.0100<0.0100 0.853 1.73
Max

Low Alloy Steel 05/01/08 16:24
Sample No Cutting Handle
Company Kennametal INC

0.204 <.00100<0.100

VHoNiCrSP

FE-LOW

Average of 3 sparks
C Si Mo

FeNbMgBPbTiAlSoCuCo
Min
X <0.100 0.175 .00574 0.0480 .00151<0.0100 .00068<.00100 .00124 95.38
Max

Hb
Min
X 425
Max
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