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2.2
2.2.1

@
2 (FEM Finite Element Method)

CAD/CAM

10

10

2. 2.2 FEM ( ) CAD
(1) FEM
FEM ) (CAD
( 2.10 2.1D

(

2.12)
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FEM
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2.11(a)



FEM
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FEM

&)

2.11(b)
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2.1 FEM
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FEM

2.11(c)

MARC ABAQUS
LS-DYNA, PAN-STAMP




MARC ABAQUS
LS-DYNA PAM-STAM

MARC  ABAQUS LS-DYNA  PAM-STAMP

2.11(d)

©) FEM



FEM

FEM

CAD
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CAD
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2.11(e)

40mm

5mm/s
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4)CAD
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13)

14)
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@

Daimler Benz Renault Automobile Volvo Car Sollac
AUTO FORM SIMEX AFONE STEP  |[ISOPUNCH
LS-DYNA3D OPTRIS AUTO FORM AUTO FORM
LS-NIKE3D PAN-STAMP LS-DYNA3D PAM-STAMP
OPTRIS OPTRIS
INDEED
IOSPUNCH
AF ONE STEP

CAD CAITA I-DEAS CATIA/VAMOS
SYRKO(in house)) [EUCLID
MEDINA HYPER MESH DELTA MESH [TRANSK
DETA MESH DELTA MESH
TRANSK AMORA
(b)
Chrysler Ford Motor National Steel Us Steel
LSDYNA 3D MTLFRM DYNA 3D
AUTO FORM OPTRIS FAST-FORM3D
AUTOFORM (EU)
CAD CATIA I-DEAS CATIA
(PDGS)
DELTA MESH I-DEAS(for tool surface) |DYNA FORM HYPER MESH
DYNAFORM in house software for sheet
HYPER MESH mesh
(©)
PAM-STAMP ITAS3D LS-DYNA3D PAM-STAMP
AUTO-FORM JOH-NIKE3D ITAS3D
PAM-STAMP
CAD I-DEAS PUNCHY(in house) integrated CAD (in[PRO-
GNC(in house) house) ENGINEER
Pro-ENGINEER
GNC I-DEAS FEMB K-SWAD
PATRAN CADISCT
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LS-DYNA:
Livermore Software

PAM_STAMP:
ESI

MARC :
, Marc Analysis

ABAQUS :
HKS Inc.

CAD
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e | Coign | Caos | gmm | SEABKE |eamoen | SERBER | w5
- §S400-SCM | .- 550C . - { sus2-SUS440 STGFR0 | Tas~agHRc | SROTGRID | FC280 |
~710N/mm2 | ~1060N/mm? o 34~43 ’ mm
LOW CARBON STEELS | CARBON STEELS SPECIAL ALLOY STEELS SPECIAL ALLOY STEELS
WA | e | e o S et | Mgoos | S | el
. . . unqui
: Z710N/mm?. | ~1060N/mm2 34~ 43HAC 43~48HRC 48~53HAC | | ~350N/mm?
APHIZE | 80~125m/min | 80~125m/min | 63~BOm/min | 40~63m/min | 32~45m/min | 25~36m/min | 80~125m/min
R T N EE R N EE NECTETT AT NECE e NE T |
(mm) (min?) |(mm/rev)| (min-1) | (mm/rev)| (min1) |(mmirev}| (min-') |(mm/rev)| (min-!) [(mmvrev)| (min!) | (mmirev)] (min?) |(mmvrev)
oRILL DA | sPEED| FeeD [speep | FEED |spEeD | FEED [SPEED | FEED [SPEED| FEED [SPEED| FEED [SPEED| FERD
(mm) (min?) | (mm/rev) | (min) |(mmirev)| (min-') |(mmirev)| (min") | (mmirev)| (min) |(mmrev)] (min') | (mmirev)| (min-!) | (mmhev)
! 0.06~ 0.06~ 0.06~ 0.06~ 0.05~ 0.03~ 0.06~
{2 [12,000] %% | 12,000| O 111,000 ©0°T | 8,000 @ Q5 | 6.000| Q05 | 4,500 O3 115,000 ! 5
3| 9,600{ %% | 9,600 %1 7.500i %3] 5300 P51 40009 7| 3200005 10,0001 09
4 8,000| %107 | 8,000| 010z | 5650|0197z | 4,000 %107% | 3,000 (%987 | 2,600 | 0% | 8.000; 0105
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{8 | 4000|170 400001851 2850/ 0130 | 21001 %125 | 1.500; 05t | 13001 O 122 | 4,000 0162
f — - v ~ ~ ~ ~ T ~
10 | 32009185 3200|0185 22501 %1% | 1700|0185 | 1,200 O 1P| 1.000{ 13 | 3,200 O 18
P12 2,6501 020 | 2,650 020~ | 19001020751 1,400 | 020 | 1,000} 01771 850: 014 | 2,700 0-20
14| 230092251 2300|0223 1 1600|022 | 1200|022 sso;o-‘oafa's 730/ 0-15% | 2,300/ 022~
16| 2000{ 92| 2,000/ 08521 1.400! 02971 1,050: 029\ 760!0205 1  ea0 01671 | 2.000: 0-25=
0.28~ 0.28~ [0.28~ 0.28~ 0.23~ 10,18~ [0.28~
18 18000985 | 18000805 12501083 1020|0885 | 67008321 57010137 | 1,800,028
20 | 1600 051 1600, 03051 1150 O30 =1 850108051 g0 0271 500 020 1,600 O30
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3.2

(m/min)
Milling Speed(n/min) (mm/rev) Feed per rev
(Work Material) (Abbeviation) |(Tensile strength) WTL14 WTL74 WP ( 016 ©20) ]| ( ©21 @ 30) ( @31 ¢58)
(Orill Diap 16 @ 20)| (Drill Diap 21 ¢ 30) | (Drill Diagp @ 31 ¢ 58)
~500N/mm? 120~300 | 100~250 0.05~0.12 0.08~0.15 0.10~0.20
Carbon Steels S50C
SCM440
Alloy Steels ~710N/mm? 100~200 | 80~180 | 50~100 0.05~0.10 0.08~0.13 0.10~0.22
Tool Steels gEg ~980N/mm? 80~150 | 60~120 | 60~90 0.05~0.10 0.08~0.13 0.10~0.22
Dis Steels
Stainless Steels SUS304 - 180~300 | 120~250 0.05~0.09 0.08~0.12 0.10~0.15
2
cast Iron FC250 ~350N/mm 100~200 | 80~170 | 70~100 0.05~0.13 0.08~0.20 0.10~0.30
2
buctile Cast Iron FCD450 ~500N/mm 100~150| 80~130 | 60~100 0.05~0.10 0.08~0.12 0.10~0.23
Aluminium Alloy AC - 250~400 | 200~300 0.05~0.10 0.08~0.13 0.10~0.23

Casting
(Si<12%)
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(

(m/min.)
(mm/min)

)

3.3
3.3
\ - lﬁ?ﬂ“ I_ R _ 8 &S &
mﬁ“’:i Cast fron CntlmneSlccls nl\llﬂy Stecls 2FURA T}LE:'?L\SQ
Tl Steele- Stainless Steels Non l’g'v.nmt Metals
FC200 S45C - SS400 | SNC - SNCM | SKD-SKT-SUS304|  Atminim Atleys
( ~200HB) | (200~250HB) { (25~35HRC)
I | —
w’ijﬁ.‘: YIM2M5~8m/min | YIRS ~7m/min | KIHLEEA~6m/min | UIRYERE3~5m/min | IENEE 6~ 1 5m/min
Cniting Speed Cutting Speed Cuiting Speed Cutting Speed Cutting Speed
EE ”s’.f.' BN [ 2D EK | Bl | 2D % | Bl | 2D RK | BeGl [EDER | Gl XD aE
Reamer Din. \ Amaunt Revelutions Feed Revohrione Feed Revohiione Teed Revohtions Feed Revolutinne Feed
Dmm (mm) min' | mm/rev| min' |mm/rev] min' (mm/rey [ min' | mm/rev| min' } mm/rev.
2 101~02] 1,100 0.3~05 950 [02~03| 790 |02~03] 630 |0.1~-0.2| 1500 |0.3~05
4 (0102 850 [03~05| 170 |02~03| 390 |02~03| 310 [0.1~02| 90 [03~05
6 |02~03| 370 |05~10| 310 103~05] 260 |03~05| 210 |02~03| 530 |05~10
__8 |02~03| 270 |05~10| 230 [03~05| 190 |03~05| 10 |02~03| 390 |05~10
" 10__{02~03| 220 [05~10| 190 |03~05| 150 |03~05) 120 102~03| 310 |05~10
12_|02~03| 180 |05~10| 150 [03~05| 130 |03~05| 100 102~03| 260 |05~10
16 |02-03| 130 |05~10| Ti0 [03~05] 100 [03~05| 80 [0.2~03| 190 [05~10
20 |02-03| 110 [05~10| 95 |03~05| 80 [03~056| 65 [02-03| 150 [05~10
85 |03<05| 90 [10~15| 75 |05~06| 65 |05~06| 50 [03~04| 120 |10~15
30 [03~05| 75 |10~15| - 65 |05~06] 95 |05--06) 40 |03-04| 100 {1.0~15
40__|03~05| 55 |10~15)" 45 |05~06; 40 |05~06) 30 ]03~04} 80 }10~15
50 |03~05] 45 |10~15| 40 |05~06] 30. |05<06| 25 |03~04| 65 | 10~15
bS] i E R BIFELRBRUNA | ENFBRBUNA RLUNH Rrunx
Tooth shape Straight tonth Straight tooth or spiral ooth | Straight tnoth e spiral ooth Spirat tonth Spiral tooth
K riakaten | FAcats TR Rt AL
L T N R it &
Cutting fluid Dry or water soluble oil  Ne.obbie il {(Weeidired o soide o} Nom sodabe il ((Necidired ol wefide o} N v-hlhlt ot {Chiaridized oil) | Non-soluble ol (Mincral nil}
: PoIAS
—— h7 h7 h7 h7~h8 h7
el S 6.35 128 128 128 6.35
3.10
3.11 2
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3.4

J—b| rorun|mvare| Avk PR P AT | 2K (/-xn WIE |IWAE| -3 | @EKR| XY | Ra | Rmax
’ _ _ 02 210 | 300 (0. 4547 | 455 | 1.39] 682
QU AR e 1% 64| 208 50 | 0.1 | 2298 | 730 | 038552

" 150 |-02°| 242|300 | 0.1 | 3946 | 395 | 1.5 6.89

et 04| 246|300 | 0.1 [ 3882 | 388 [097] 455

S E A [P, 100 102|244 | 300 [ 0.1 | 3914 | 391 | 192 011

0A | 248|300 | 0.1 | 3851 | 385 | 096 494

3 150 |02 | "29.4 | 300 [ 0.1 | 3248 [ 325 | 187|712

20 | AG3-MS2-150 04| 298 | 300 | 0. | 3204 | 320 | 112[ 494

n 02| 298 | 300 |01 | 3204 | 320 | 204]9.09

§450 | NX33 | 02 MS2%2-30 180 641 300 | 300 | 0. | 3183 | 318 | 094 460
- 150 |02 382 | 300 |04 | 2638 | 264 | 200|938

ren. 04| 368 | 300 | 0.1 | 2595 | 256 | 104 474

o A0 as | 193 102 | 364 | 300 | 0. | 2620 | 282 | 2.04 534

A [366 [ 300 | 0.1 | 2008 | 261 | 119|607

- 150|021 502 | 300 | 0.1 | 1902 | 160 | 201 884

e 04508 | 300 | 0.0 | 1680 | 188 | 1.11[ 56

B | A0 e aas | 795 |02 504 | 300 ["0.i"| iass | 189 [ 204 |1

04| 506 | 300 | 0.1 | 1887 | 189 [ 1.i5] 630

- - 02| 208 | 300 | 0.1 | 4591 | 459 | 225991
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A& LA
Applications General
G S o
Work Materials L%}?alﬁl'oy
ey i5:
3‘] § Cutting edge Angle
B2l <0 | AR =21
Rake Angle R.R.=3°
od
»
ml | 1Lf
<
T
/ L/
| o0 4|
| |
[¢D1]
|
*& ‘ﬁ“ 1:4' FE£X 5 *Ei%@] ﬁlj % 14: Recommended cutting conditions
Work Materials Application C?gtﬁlug %g(vm@r'nrl‘z) 1 EFiz:rgeaf)t ig/gﬂm/ )
kg BB | 150~250 0.1~0.2
SS,SM bidaz! 150~250 0.1~0.3
( 200HB LI ) Roughting
R - A | AR 100~200 0.1~0.2
Carbon steels, Alloy steels General
S-C,SCM = 100~200 0.1~03
(300HRCELT) | Rowehe | 100~160 0.1~0.3
BEREE JLH 80~150 0.1~0.2
Hardened steel General
(30~40HRC) 100~180 0.1~0.2
AT LR NA 120~220 0.1~0.3
Stainless steel General
SUS
Cf’ﬁlﬁi AN 100~200 0.1~0.3
FC.FCD General (80~150) (0.1~0.3)
TILEEE NLH 300~600 0.05~0.2
Aluminium Alloys General
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A & LA
Applications General
G St
Work Materials L%};lt%ail'o v
| o 45
Sq‘_% Cutting edge Angle
B2l $<VA | AR =25
Rake Angle R.R.=—4°
[¢D1]
SR
Ay
\'._ _!/ 1M
T
——
(o
‘ oD 45

ETE iitﬂ ‘ﬁ“ % #F Recommended cutting conditions

WA | eeEs
Work Materials | Application| PIARE (m/min) 11X 57=Y DX Y (m/3)
Cutting speed v (m/min) Feed rate ft (mm/t)
ol | BBy | 150~200 0.1~0.2
SS,SM =H
(200HBLLTF) Roughting 125~250 0.1~0.3
w22 | B | 125~200 0.1~0.2
Carbon steels, Alloy steels | ~2°0Cra
S-C,SCM =m _
(300HRCEATR) | Roughting 100~180 0.1~0.3
2 & gl A
o, | AR 60~100 0.1~0.2
(30~40HRC)
AT VLA LA
Stainless steel General 125~200 0.1~0.3
SUS
Cast I%n G&El 80~200 0.1~0.3
FC,FCD
TILZEE AA
Aluminium Alloys General 400~1000 0.05~0.2
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A & LA
Applications General
G St
Work Materials L%};lt%ail'o v
| o 45
Sq‘_% Cutting edge Angle
B2l $<VA | AR =25
Rake Angle R.R.=—4°
[¢D1]
SR
Ay
\'._ _!/ 1M
T
——
(o
‘ oD 45

ETE iitﬂ ‘ﬁ“ % #F Recommended cutting conditions

WA | eeEs
Work Materials | Application| PIARE (m/min) 11X 57=Y DX Y (m/3)
Cutting speed v (m/min) Feed rate ft (mm/t)
ol | BBy | 150~200 0.1~0.2
SS,SM =H
(200HBLLTF) Roughting 125~250 0.1~0.3
w22 | B | 125~200 0.1~0.2
Carbon steels, Alloy steels | ~2°0Cra
S-C,SCM =m _
(300HRCEATR) | Roughting 100~180 0.1~0.3
2 & gl A
o, | AR 60~100 0.1~0.2
(30~40HRC)
AT VLA LA
Stainless steel General 125~200 0.1~0.3
SUS
Cast I%n G&El 80~200 0.1~0.3
FC,FCD
TILZEE AA
Aluminium Alloys General 400~1000 0.05~0.2




SS400 S55C  FC250 SCM, SKT,SKS,SKD |  SKT,SKD,NAKS5,HPM1 SUS304  SKD (45 55HRC) (55 60HRC) (60 65HRC)
( 750N/mn?) ( 30HRC) (30 38HRC) (38 45HRC)
MILD STEELS, ALOQY STEELS, HARDENED STEELS,
CARBON STEELS, TOOL STEELS PREHARDENED STEELS| STAINLESSSTEELS, |HARDENED STEEL S HARDENED HARDENED
WORK CAST IRON, SS400. SCM SKT SKS SK (FREE-CUTTING) HARDENED STEELS (45~55HRC) STEELS STEELS
MATERIAL S55C, FC250 ' D, ' , SKD, NAK55, SUS304, SKD HEAT RESTANT (55~60HRC) (60~65HRC)
(TENSILE ~750N/mm?) (~30HRC) HPM1 (38~45HRC) STEELS
(30~38HRC)
(mm) (mm'?) (mm/min) | (mm?) |(mm/min)  (mm?) (mm/min) | (mm?) | (mm/min) | (mm™) | (mm/min) | (mm™) |[(mm/min) (mm™) | (mm/min)
MILL DIA SPEED FEED SPEED | FEED SPEED FEED SPEED FEED SPEED FEED SPEED | FEED | SPEED | FEED

(mm) (mm?) (mm/min) | (mm?) |(mm/min)  (mm?) (mm/min) | (mm?) | (mm/min) | (mm™) | (mm/min) | (mm™) |[(mm/min) (mm™) | (mm/min)

1 20,000 600 | 20,000 560 20,000 280 18,000 180 9,500 70 6,350 40 - -
2 15,500 990 | 11,500 735 10,500 440 9,500 285 4,750 120 3,150 70 2,700 40
3 10,500 1,350 7,950 1,000 7,000 625 6,350 405 3,150 165 2,100 95 1,800 60
4 7,950 1,450 5,950 1,050 5,250 625 4,750 395 2,350 195 1,550 95 1,350 60
5 6,350 1,500 4,750 1,100 4,200 625 3,800 395 1,900 195 1,250 95 1,050 55
6 5,300 2,500 3,950 1,750 3,500 1,150 3,150 905 1,550 270 1,050 145 900 80
8 3,950 2,300 2,950 1,700 2,600 1,150 2,350 915 1,150 270 795 140 675 70
10 3,150 2,000 2,350 1,450 2,100 1,050 1,900 855 955 280 635 130 540 65
12 2,650 1,850 1,950 1,300 1,750 965 1,550 730 795 275 530 120 450 60
14 2,250 1,600 1,700 1,150 1,500 865 1,350 640 680 245 455 105 385 50
16 1,950 1,450 1,450 1,000 1,300 780 1,150 545 595 210 395 95 335 45
18 1,950 1,450 1,300 935 1,150 690 1,050 495 530 190 350 80 300 40
20 1,750 1,300 1,150 825 1,050 680 955 450 475 170 315 80 270 35
25 1,250 1,150 955 725 840 670 760 470 380 175 255 80 215 35
30 1,050 990 795 600 700 555 635 395 315 145 210 65 180 30

G & - % | & Ga &

D ¢15 1.5D [0.02D D ¢15 1.5D 10.02D 1.5D 0.02D
¢15<D $2.5|1.5D [0.05D aa 2 ¢15<D  ¢2|1.5D [0.05D
DEZTH OF $2.5<D 1.5D ]0.1D
uT
| ar | |«




SS400 S55C FC250 SCM, SKT, SKS, SKD SKT, SKD,NAK55, HPM1 (45 55HRC) (55 60HRC) (60 65HRC)
( 750N/mm) ( 30HRC) (30 38HRC)
HARDENED STEELS
MILD STEELS, '
CARBON STEELS. A_:__ggLY;TEEEFLLSS' PREHARDENED STEELS|HARDENED STEELS HARDENED HARDENED
WORK CAST IRON 884001 SCM SKT SKS SK (FREE-CUTTING) (45~55HRC) STEELS STEELS
MATERIAL ’ ’ ' ' ' , SKD, NAK?S5, HEAT RESTANT (55~60HRC) (60~65HRC)
S95C, FC230 D HPM1 STEELS
~ 2 ~
(TENSILE ~750N/mm?’) (~30HRC) (30~38HRQ)
CUTTING 200m/min 200m/min 200m/min 150m/min 150m/min 100m/min
SPEED
(mm) (mm') (mm/min) | (mm?) |(mm/min)  (mm?) (mmv/min) [ (mm™®) | (mm/min) | (mm?)  [(mm/min) (mm?) | (mm/min)
MILL DIA SPEED FEED SPEED | FEED SPEED FEED SPEED FEED SPEED FEED | SPEED | FEED
(mm) (mm') (mm/min) | (mm?) |(mm/min)  (mm?) (mmv/min) [ (mm™®) | (mm/min) | (mm?)  [(mm/min) (mm?) | (mm/min)
10 6,400 2,120 6,400 1,700 6,400 1,060 4,800 800 4,800 640 3,180 420
12 5,300 2,120 5,300 1,700 5,300 1,060 4,000 800 4,000 640 2,650 420
14 4,550 2,120 4,550 1,700 4,550 1,060 3,400 800 3,400 640 2,270 420
18 3,500 1,750 3,500 1,400 3,500 1,060 2,650 800 2,650 640 1,750 420
22 2,900 1,450 2,900 1,150 2,900 1,060 2,170 800 2,170 640 1,450 420
a =1(~15D) a =1(~15D)
DEPTH OF a =0.0.5D a =0.0.5D
ouT
x 4
x 5 10 20%
x 6 a, 1/3 30 40%

w N




SS400 S55C FC250 SCM, SKT, SKS, SKD SKT, SKD,NAK55 , HPM1 (45 55HRC) (55 60HRC) (60 65HRC)
( 750N/mm’) ( 30HRC) (30 38HRC)
HARDENED STEELS
MILD STEELS, ALOQY STEELS, '
WORK CARBON STEELS, TOOL STEELS PRE(HFQEEDEIEIJI::IP”?\ITGE)ELS HARaEEISESa sg:)EELS HARDENED STEELS| HARDENED STEELS
CAST IRON, S400, s ~ ~
MATERIAL SCM,SKT,SKSSK , SKD, NAK55, HEAT RESTANT (55~60HRC) (60~65HRC)
S55C, FC250 D HPM1 STEELS
~ 2 ~
(TENSILE ~750N/mm?’) (~30HRC) (30~38HRQ)
CUTTING 200m/min 200m/min 200m/min 150m/min 150m/min 100m/min
SPEED
(mm) (mm') (mm/min) | (mm?) |(mm/min)  (mm?) (mmvymin) [ (mm™®) | (mm/min) | (mm?) | (mm/min) [ (mm?) | (mm/min)
MILL DIA SPEED FEED SPEED | FEED SPEED FEED SPEED FEED SPEED FEED SPEED FEED
(mm) (mm') (mm/min) | (mm?) |(mm/min)  (mm?) (mm/min) | (mm?) | (mm/min) [ (mm?) | (mm/min) | (mm?) [ (mm/min)
10 6,400 2,120 6,400 1,700 6,400 1,060 4,800 800 4,800 640 3,180 420
12 5,300 2,120 5,300 1,700 5,300 1,060 4,000 800 4,000 640 2,650 420
14 4,550 2,120 4,550 1,700 4,550 1,060 3,400 800 3,400 640 2,270 420
18 3,500 1,750 3,500 1,400 3,500 1,060 2,650 800 2,650 640 1,750 420
22 2,900 1,450 2,900 1,150 2,900 1,060 2,170 800 2,170 640 1,450 420
a =01D al | | a_=0.05D a, =0.02D
DETDTL'J"TOF a =0.3D[] 0.5D ar a=02D003D &= 02D 0 03D
x 4
x 5 40 50%
x 6 a, 1/2 40 50%

w N
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