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Methods used for evaluating the
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Methods based on simulating tests

Methods based on mechanical tests
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0.7 Material RRS1 1403 (AISI 1006)
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| Analysis Type > Statical, Dynamical, Thermo-Mechanically Coupled

- Describe the boundaries of the workpiece and the
|Geometry of Workpiece/Tools tools by geometrical elements like in CAD

\ Select material behaviour: elastic, elasto-plastic,
I/ rigid-plastic, visco-plastic. Give the material

parameters (flow curve, elastic constants, thermal
constants)

| Boundary Conditions> Moving & fixed tools, symmetry conditions,
friction data, heat transfer data, process time

| - p— . Finite element mesh, element type, time steps,
umerical Farameters convergence values, output parameters, etc.

| Material Data

o6 ## S '$ & 7579

'$%& (1*& 13 (,"(&2 #('$ !1,&$& ( -&$& (/1 $%& 1".(' $. &2 $%&/
$%& + /-1 (& #$%& $ " ! & -&'6 (+&- +. 1& ,8F6!" &"8,&/$'3 %& $%& '$& (
ML IS& (1" & B(& # , IS& (1" -ISI3 %&/  +H-1.6/-($(/1& ! "(&2
'L8&$ .2 #(65(/ 1B - 6&" $(& & '.& & Al "&'3 %& "I'$ '$& ('
“&$& (/(/1 $%& [*,& (6!" 11,8$& '3 &'%2 &'&,&/$ $.& V- 6/ & 1&/6& !"*&'

18 '&S$ (/ $%( '$& 3

%& & & $@ 6&*& !I(+'& ,-&"(/1 # "' $(6 ,1$& (" +&%! (' (/
2 N&". (1(-:"I'$(6 ,&$% - l- "I'$(6: "I'S( 6 ,&$% -3 / (1(-"'$(6
&$% -2 (/&) (/&,1B(6' # $%& #(/($& -&H# IS(/( /S $1:&/ (I$ 6 /'(-& (/3
%& # IS(/ L& "&" (& V- $%&. 1 & & ( 6", & &"(1+"& V- +¥$3
@& & $%& & & ,& (- U$11& (/ (1(="'$  (6,8&$% -3 &'(-*1"'$ &"& I/-
L1416, B/ $ +& !/1"5& I' $%&. & &"'$(6 &$.3 %& (1(-:"I'$(6
IS8 (1" "@ - &' 1S (16™-& &S6 'S I3 /S %& -(1- U$IL& (2'$ &" &' IS
$%& $1/'($(/ +&S@&8S &"'S(6 V- &S "I$(6!1$& (I 5/& 6!// $ +& -8$86$&-3
%8 $%& ,&$% - ( "I'S(6: "I'S(6 ,&$% -3 %(', -&" (/6"-& $%& &"'$(6 &1(/"
($ (& # &(H"'$&" - (/1 +16; 11" &3 %& &"1I'S(6 +&%! ( ( $L.&/ "

KK



"(1& #16$(/ (| $%( ,-&"'3 %& "'$(6 &L(/ (', -&"& +. *(1 & . (&
(& 6 ($& (/3T (1* & I3KR

Stress Stress

Strain Strain

oygl =1 & "&=1 $ ,o(

[(-& 118/& 1" &"&,&IST (I (1*& 1312 @%& & (' -( 68,8/ # $%& / -&2
S $%&" (J1'SH#I&" 6 IS - ( $%& # 6& 16%(/1 | $%& / -&3

k
Node 1 Node 2

>® AN o —

L.-'f, ff LTE, jf

"o 1'1'$ 75@9

, $%& '$!1$(6 @ /- (/1 # 6& &O0*!$( /P

TISKR
3T TISIR
3T TISLR

Kl



%& IS (A# , # $%&'& &OMI$( /' 6/ +& @ ($$&/ 1*6%P

3 TI3=R

3 TISMR

$%& 'S(HH&" 1S (A # $%& 1&/& " &"&,&/$ (&3

[(-& $%& |-&&"&,&/$ @($% "6!"6 -(/1$&' % @/ (/ $%& (1* & I13L3

}T

ol $#. & 1S

%& | (1$(/ # TAR 6!/ +& @ ($$&/ !

TR 3 TI3JR

| -& $ #(- $%& *;] @ 6 &H#O(&IS - 2 +*-1. 6/-$(/ &
| "(8&-3 %& +*/-! .6 /-($(/'! &P

TR /- TR

KL



#&OMS( /') & 6 ,+(/&-2 1& 6!/ +$1(/ $%& ! (! $(/ # TAR! *6%
TR T—R3 - 3 TI3>R

%& &0*1$(/ 6!/ +& @ ($$&/ (/ ,!$ (A # ,3
TR 3 TI3 R

%& ,!$ (A ( 6!"&- $%& " 6!" ‘%! & #*/6$( /3 %& #*/6$( /' ! & *'&- -&#H(/&
$%8& @&(1%$ # $%& [ -1" -&# 1$(/' | $%& &"8&3&/$

% 18(/ J$(A (& $ $U#, "6" 6 (1$& 'S8, # $U&
&'&,&IS S $%& 1" +!" 6 -(1$& '$&3 "+I" V- 6" 6 -(/1$& '$&,' 1 &
'% @/ (/ $%& (1* & 13=




(1* & I13= (-(6!$&" $%!$ $%& $IS(/( $%& &"I$(/ +&S@E&&S 1" +1" ' '$&, I/-

"BI"$&,3 , -(&6$(/6'(/& 1& 6! +$I(/ -("16&,&/$ &"$( /' *6%
36" 3 TI3 R
36" 3 TI3 R
/)6 (A# P
6 % % TI3 KR
6 $ 3
$ $
I'(,"&# )
3 TIS IR

%& J$(A(6!I"& $!/# I1$(/,!$ (A3

#$%& '(,"& ' (/1 # 6& &OMS(/ ( @ ($3&/ # 1"+ 6 -(1$& *(1
S I$(/,1$ (A2 /& 6Y +$I())

3 3 TISLR

(" + SN '(-& +. UV 2&0*$(/+&6 ,&'P

TI3 =R

068 & 1" +1" # 6& I/- 1" +I" 'S(HHE&" IS (A1 & +$I(/& I *6%

TI3 MR

KM



TI3JR

(1" 2 $%& &O*("(+ (*, &OMIS(/ (/ 1" +1" 6 -(/ 1$& 61/ +& @ ($$&/ ! *6%P

TI3 >R

L% e g I(

"1 ($%, F& +. $%& '"& # &G (I 2 @ : '$&:+.$& (/

& $ #(I- &O("(+ (*,1$ &16% '$& 3 @ -(##& S $. & #1"1 ($%, 6/ +& *'&)
&A(B($ - (,"(6($3 %& I/ -(HH#& &IB&' | & +&#". &IS(/& (I $%& I&AS $%(
'&B$(/ 1- $%& |1$%&,IB(6!" # */-1$( /' # $%& -/ 1,(6:8A"(6($ " & ! & '$*-(&-

(/ $%& 1&AS '&6%$( /3

$ % &

X1 $%& '$I1$(6 (,"(6($ ,&3% -2 @%(6% @& & IWE'S &&$% - *& (/
CIS(/ # &SI H# (1 6&"&2 'BIB(6 &O*("  (+ (*, ( 1S(H(&- (I $%& *I;] @/
#(" 6 (1% 1$(/ #1$(,& (/6 &,&ISY U IV3 | 96( ,&$% - 6/ & 18&/6& 6/$ " (
Y& # -&$&,(I(1 | # $IB6 () B $%&  +'&' @% -&# 1$(/3
%& &B(6!". & . " 1& (/6 & &% '(5&' 6!/ +& '&'86$&- $% *1% *$ $%& 6&"2 +*$
6 /3165 6/-($(/' (| $%& +'&, "(($ $%& '(5& #(/6 &&/$2 ' 1" & *1%
(/6 &,&I$ | & '&"86$&-3 ' $%& &'&&I$ /*+& (/RI&2 6,*$1$(/" $(,&
(/6 &'&' ' @&™3 &0*( & &, . # $%& +'& (" %(1% +&6M& # ,I$ (A
(&'(1'$& @($% !66* 1$& (/$&L!1$(/ 6&"3 %&,'$S(, $US$ -(I- UPIL1& #
(, "(6($ ,&3% - (' $%& -( & 1&/6& +"&,3 | $%&@ -2 $%& (, "(6($ ,&$% - ,!.
& (198 # , $%& '"™$(/3 ,"(6($ 6/5!6$ "1 ($%, 1& &"1-& -*& $ " 1&
[F4+& #6/$16$ [ -&2 U- $%( (&' $ $%& -( & 1&/6& # $%& ' "$(/3 | $%&
&6 (/B 1+ *$ (L "(6($ ,&$% - ( 'BHHE& " IS (A (1" ($.1$ +(#* 6IS(/
(I$'3 %& (I'$I+("($. 61'& # @ (1"(/1 ((S($(/ ( V &Al, "& # $%(* +(#* 6!$(/
(1$'3

KJ



1,6 &A"(B($ ,&$% -2 | $%& $%& %!/-2 %! . - $I1& & '$I$(6
("(6($ &$% -3 +¥$/I&" # $%& "1 ($%, (' /& # $%& ,'$ (, $V$
- U$I1&' # -1, (6 &A"(6($ ,&$% -3 %& */+I"/6 & # 6&' | & | $ 6%&6;&- '
$%& & ('/ 6/8& 18/6& 6 /% " (/ $%& ,&$% -3 &"&, . (' &O*( & +&6!*'& $%&
ISA(&(/ (/S &# &3 ™ $%& 6, *$! $(/"" && ( %o(1%& 6, ! &-
$ $%& (,"(6($ ,83% -3 %& -/1,(6 &A "(6($ ,&$%( 6! 1+"& # #(-(1 # $%&
(ISIH+("(S(&2 "(:& @ (13 %& # '$(/ # @L"& ( (($($& +. $%& /*,& (6!"
(/'66* 16(&'3 %& @ (/;"& &1(/ (' -&$& (/& 166* I$&". +. *(/1 $%( I"1 ($%,3
%& 11,(/1 61 +& - /& &V'(". +. *(I1 -./',(6 &A "(6($ ,&$% -3 "$% *1%
$%6& ,&$% - %!' ' & 1 &I I- USI1&'2 $%& & ! & '& " -(I- V$I1&'3 %& ,I"
IB(A ¥S +& " & (I -& $ #UH(™ $%& &A"(6B($ 6%!16$& # [*,& (6"
"1 ($9%,3 %& 6, *$IS(/" '&& ( %(1% I "/l I $%&& & #&@ &'&&/$
6,*$I$(/'3 ' &"&&/$ 6,*BI$(/' 1& (/6 &!'&- 2 $%& 6, *$I$(/" ' &&-
&6 &V&'3 | -& $ (/6 &I'& $%& 6, *BIS(/" ' &&-2 '(/1"& O*l- I$* & &"&, &/
Bl +& *&2 +*$  166%16. # '$&" - '$1( 1& 16%(& &3 %& &-*6&-
(I$&11$(/ '6%&,&' # $%0& &"&.&/B 1 & *&- (16, &I"S(/ # $%& & ' 6IF&- +.
$%& ", & 1" I$ (A3 6" '$&"& V- ' (/1+! 6; 6I"6*"I$(/' 61/ $ +&
6,*$&- 166* I$&". +&6I*& # $%& &*6& (I$&L(F "l ($%,3 %& ,I(/
[(HH& &I6& # (,"(6($ - &A "(6($ ,&$% -1 & ™, ! (5&- (/ $%& 1+"& 13 3

/5 +#! & $#! Ht
+#! $#!
$ & .1 B(,& 'B& 11&
( - " [&'(] ##" 'S(HAH&" 1S (A
$ + VLIS (A I$ &!6% (/6 &,&/%
&B(,&' (/'$!+("($.
&*"$ (1 11 1/$&&- (/6"& #)
* @%&/ (/11" $(,& " 18 -&# I$(/'2
'$& ' "11& 6 /$'6$ * #!6&2
(&) 1$& (1" & $(&'
$&)& g 11&
' $ L +& "' 1& &I& M. "
6&"&' @($% %(1%") N "o
##! 1108 +&%! ( $!I$(6 /- O*I'(I'$!IB(6 6&"&

K>




(!

068 -./1,(6:8&A "(6(5 &$% - 1 & +1'& | $%& 'S (/ #1-1,(6 +'&2
&& (# (S OWCSISE I (/,'$ 1 "(61$(/ # &SI # (13 (& /&
(&SI (1), & S, (6 /(-& & $ QA &' S +1'8' # $%’'E
&$% -' T (1* & I3MR3

| ¥

m

@ S &S 1S =# "=&$# ) $

%& &OMIS(/ #,$(/# $%& #&&:+-. (111, # 1" (1(&"

! T TI3 R

@%& &
( $%& 1" # $%& + -.
| (' $%& -1, (/1 6 &HH(6(&/S # $%& -1, &
( $%& 'SH#&" #' (/1
( $%& -( "16&,&/$ # " &I+ & # ,($''$!$ (6 &O*("(+ (*, "($(/
( $%& (I'$USY& * ' 8&&- #$%& 1" 1$ $(,& $
( $%& (I'$1/SY& * 1668 & 1$(/ # $%& 1" I1$ K,& $
H'S( $%& &ASE /1" # 6& ' #*/6$(/ #$



03TI3 R6Y +&-((-& +. U-( &@ ($$&/ 1)

%& & 'TF TI3 R
@& &
& Vs TI3 R
% ST | TI3KR
TR "TR TI3 IR

O $%& &(1&/:# &O*&J6. # $%& ''$&, U- a (' $%E6 *' -1, (/1 #16$ 3
66 -(/1 $ $%& & # a2 $%& & ['& # $%&P&, "$& /1$&'3 a b $%&

V88, (& -L&2# ac *-& - & V- # al 6($(6M". -, &3
($(6!™. -1, & "'$&, $&/- $ &!6% $%& &O*("(+ (*, '($(/ $%& #H'$S&'S @%&/ !/
&AS& /" # 6& (! "(&3  $%& 6 ($(6!™. -1, & ''$& Ta[ R# , 03 TI3LR

-1, (/1 6 &H##(6(&/S % *"- +& &O*I" $
I & TI3LR

%8 &O¥IS(/ #,$(/1(& (/ 03 TI3 R6Y +&' "& +.! ".(/1 $%& 6&/$ !"
-(HHE& &/6& ,&$% -)

—T" O F TI3 =R

—T TI3 MR

“+$($*$(/1 03 TI3=R (/$ 03 TI3MR I/~ & (/1 .(&"-")

- — " "TR T — 7 "7 — " TIBIR

%& ' "*$(/ #-( "16&,&I$ 1S (& "dA" [ -& &' | $%& -( "16&,&/ #
$%& i/ @/ '$I$&' IS $(&" V- " % &2 $%( $(,& -('6 &B(5!B(/ 6%&,& (" /1,&- !



1,6 &A"(B($ (I$&LIS(/ # $%& &OM$(/ # ,$(/3 | 6I'& # $%& (,"(6($
(I$&L1$(/ ,&$% -2 $%& ' "“*$(/ -& &I 1" |$ %& -( "16&,&/$ # $%& */; @/
'$IB& IS $(& d A" 2 @%(6% ( FHI". &A &"& ' -& &I-&/6. # $UEBHHI&" $& |
| $%8& *I;/ @/ -(' "16&,&/$' UIV3

%8 $(,& '$& "% *"- +&',1"& $%!/ 16 ($(6!" $(& '$& N 2 @Y6(6% (

[ \ﬁ TI3 >R
g

@%& & ( $%& &(1&/: & (- # $%& ''$& $ 'IS(#. $%&/-65(/ #
6/8& 1&/6&3

& & # $%& K: 1&I&I"(B'$(/ # -&# +'& + -2 ($*" @ ; &OM1$(/
Bl +& , -(#(& +. (11 (/& $(1 $& , $ .(&"-

x (. "*( * ( TI3KR

@%& &

( $%& 1%6%. 'S &" $&/'
( $%& 11-(&/S # $%& (' "16&,&/$'
( $%& 166&"& I$(/ # ,1$& ("
" $%& $165(/ &6%
(($%& ! ($(" &'$
) ( $%& -&/'($.

%8 #(/($& &"8&,&1$ " 1$(I" -('6 &S(5IS(/ # SY*EB( / .(&"-'

T TI3K R



@%& &

U V(' $%& 6 /'($&/$ ,!" ,I$ (A

e f( $%& &AS& /I"# 6& 1S $(,& $
ef (' $%& (/1$& /" # 6& 13 $(,& $

JISEG -, (1$&, U +V '%*"-+&1-& $ O03TI3BKR( -& $ (&
$%& '$1+("($.3 %( .(&"- $

R TI3K R

(/1 6&J$ I" -(##& &I6& ,&$% - 1( &/ (I 03 TI3 =V/- I3 MR $%& !+ & &O*I$(/
6!/ +& &@ ($$&/ !

TISKKR

%& (/($(" 6 /-(S(/' # [-I" -( "16&,&/$2 &"  6(B(&2 (/$& NN - &ASE /"
# 6&' 1S $%& $(&, - & 1(&IP % @& & $%& /-I" -( "16&,&/$' 1$ $(,& "1 &
" &O*( & 13 $%& & . #('$'$& - ($ 6!/ +&+$(/&- # )

— TISKIR

@%& & $%& (/($(1" 166&"& 1$( /' ( 1( &/ +.

* + TISKLR

(/6 &1'& $%& 6, *$IS( /1" &HH#(6(&/6. $%& 6 /($&/S " V- -1, (/1
IS (68 1& ! A(I$& +. (111" T™ R 1$ (6 &) 03 TI3KKR (' */6 * "&- /
$%& "&HS %l/- '(-& U- | #16$ (BIS(/ ( /&6&" .3 * $%& , &2 $%('! A(!$(/

IK



%! & ($'&"H# O%($& *&H*" (/6& | 1& %/- $UR 6&IS " -(HHE& &/6& &$% - ('
S @S "% $& $%& (+1$(/ & (- @%E &!' $U&E # ", & $ (6&' (/6 &'&
$%(" & (-2 $%*' | +1"1/6&- $ $I" &HH&6S (1 +BHIS $%& &/- UIV3

%& "*, & -1, (/1 1B (A ( "*,& 1" $%& "(/&! 6 ,+('$(/ # $%& "
I/- $%& 'S(HHE&" 1$ (A)

o TI3K=R

$ (-GS S +SI0 $%E& -, (11 & D& # $%& '$*6$* &2 ' $%ISI# 1/
L OAGIS(/ +1'& | $%& 6 ($(6!" -, (1 6/-$(  / 1(& (I 03 TI3LR (
*118'$&- I
| & +-81&& ##8&, TI3KMR
| $%& $%& %V-R (' *HI"™. $1:&/ 1 5& 2 +*$ 6%@&(5& % # !I- 1" "0%('$

U>V *11&'$ , -(#.(1 03 TISKKR +. *(1 /1 A(I$(/ ('$&!- # *(/1 03
TI3 =1/-13 MR3

TI3KJR
(&"-(/1

T TI3K>R

%& &A "(6($ "L ($%, (/$&1!$&' $% *1% $(,& '¢1* "' $(,& (/6 &&/$'3
%8 B&/S " -(##8& &I68& & IS (16 /-(B(/1™. 'S I1+& 1" &I-. (138 *$ V- $%&
SIS, (S # SNE& &S @($% (/6™-(/1 $WRIL (' '( "(H(& #
03TI3>R $



% % TI3IR
&,!A

@%& & g ( $%& # 16$(/ # 6 ($(6!" -1, (/1 (/ $%&L%E&'S , -&3 03 TI3IR ( I"(-
# "8 UB&,) S (S 6 +& K&V Y &S(IS & # //I'(/& '$&, 6% !
&S S6 &S # (/1 +'&'3 $ (&S(!  $& $%I$ $%& 6 ($(6!" $(,& '$& #
[1M(&)  +'&' (1+*$L ) W" @& $%/$  %& /& 6,*$8& # $%& "(/&!
$&, UIV3

I H(/($& &"8&,&I$ '(*"1B(/ $%& 6 (B(6!" $(,&&B 6!/ +& I" | A(I$&- #
816% &"&, &/ !1$ &16% '$& +.

e TISIR

@%& B ( $%& &"'$(6 @' & ' &&- # 1$& (I" T' && # '1- (| $%!$ ,I$& (I"R
- ( $%& 6%! 16$& ('$(6 &"8&,&/ -(,&/'(/3 %& &BIW! & '&&- (' +$!(/&-
#,

/
)

TISIR

"6*"I$(/ # &16% (/6 &&/$ (| -/1,(6:&A"(B(S , &$%- ( &. +$ -
"&" $(,& 6 /"*,(/1 $%!/ (,"(6($ ,&$% -P % @& &2 $ '™ $(,& '$&"' &*"$ (/
*/166& $I+"8& %(1% /*+& # (/6 & &I$'2 @Y%(6% ,:8%& -./!,(6:&A "(6($ ,&$% -'
(IH&'(+"&3 @ /*& (6!"$ (61 & "(& $ | (- $%('3

%& $$I"  6&" $(& ( &*6& +. &AILI&IS(L '&& #, (11 $ "
(/6 &I'(/1 $%& 11-(&I$ # "1-(/1 6* &3 | -& $ 6,&/1$& $%& */-&'( &
SHH&ES # | SHB(" (& $( # 6& /& (6" -1, (/1 (! "(&3 %( $ &I$,&/$ (/$
H11&'$&- V- 1 1-($( /1" &BHS(/ % *- +& $! &I # $%& N (1 " (1

IL



'S/ 198 &I (B(& IB& (I"3 1 1-($(/2 (16 & V& (I $W& -&/(S. # $%& ,1$& ("
"&1- 1 &*6$(/ (I $%& $BI" /*+& # (/6 &&/S '(/6& ($ &*6& $%& '*/- #
' &&- (I $%& I1$& (1" V- %&/6& (/6 &'&' $%& ,(/(*, I" @!+"& $(,& '$& 3 %&
(S L SEOG" (/&S # 6&' 6UIS +& &* 6& +. (I$ -*6(/1 /*,& (6"
LSHG(" -1, (/1 +*$ $%&'& # 6&' 1. +& $1&/ & +. $%& (1(- -(&' '(/6& (I -&&
1@ 'S # $%& @ : (86& (* $& +. $%& - (& UIV3 %& &# &2 -./1,(6:
&A"(B($ ,&$% - B! +& | "(& $ $%& '%&E&S E&BI(/L 6&"& *66&"H™.
#,$%( (I$ # (&@3

) *
] $%& N #-&& -1@(L Y- @ ((1 + &2 $%& &"'$(6 'S (' ! &
/&1"(1(+'& 6,1 & $ $%& "I'$(6'$ (/'3 $I" - &# ,IS(/ ( &O*("&/$ S "'$(6
&# 1$(/3 (/6& "I'S(6 -&# IB(/ ((&A & (&I6 &2 &OIS(/' # "'S(6H @ *"&'

$%& -&# 1$( /3 U>V

(& (& 6(S&(/# Y (S (6'$I(%  !-&(1 $&(" ( *&-3
%&/ 8A 8"&- (IS8, #$%& (/6(!"'$ 8"&)

K 7 K , TISIKR

@%& & (" $%& &O*( 1"&/$'$ &"3

& . (& "'$(6'$!(/ (/6 &,&/9)

Tk TI3IR
PR A TI3ILR
K }-( c KT s TI31=R

@%& &



—KT TISIMR

" & &N(/'6 'S -* (11 "I'$(6 #" @ !/- 6! +& &A &"& 1)

. TI3R

X1 "6 -&# IB(/2$%& S @ ;-/&+. $%&'$S&"6, /&S ( &OHI"
$ @ ;-/&+ &O*(1"&/$'$&"3 %& @ ; &OXI$( / ( 1( &/ ")

o *x. . /, TI3I>R

@& & $%& (/B&L 1" /- * 1$(/ 1 & $1,&/ & $%&ESH"'$ (I 1$%' # , $%&
((S("'$'$8 $%& ,1$& (I"3 / &O*IS(/ 131>2 $8ME( I"&/S "'$(6 'S 1(/ (/6 &,&/$ ('
-&H(/&- 1)

- \/:K . TI3LR

CBIS&- +&H# &2 ( $%& :16;11& $ %I$ (' *$("(5& # $%&
[4,.& (61" '(*1$( /' @($%( $%( $%&'( '$*-.3 | $%( '&6S(/ $%& & B(&' # $%&
16;11& T, -*"&'2 ' &6(H(B!S(/'2 - $%& *& & ( /&SR @(" +& & (&@&3

(' &BHOG!™. -&'(1/& # '%&&ES ,&$ "# (1 &IS(/'3 %&
MO & # $%& 16,11& (-(6:&AMBS "L (3%,3 @& & # ' (/1+16;
61"6*"1$( /' I/ ($& 1$( & (,"(6($'" & ('™ &&I$3 %& 11, (" M(*1$&-

(11 11%(6!" *& (/$& #1683 *+H&6S( &".2 $UQLI6!" & &'&IDIS(/ # $%&
16;11& (6" #"1- #1 - 0*"($.3U V

%& 16;11& ("6, '& #'&&!",-*"& "% @/ (/ (1* & 1333



PAM DIEMAKER
PAM-AUTOSTAMP
Morphlng

DeltaMESH® l l PAM-QUIKSTAMP |

Quick Tuning & Draw
evaluation validation dies

Die Design

" JC = 6 &* 76E9

bl (Y rEIB6 &%N(IL $" H($& $ 8L (1
'(IS(I3 $( $((5& $ 1&/&I1$& &'W&' & . 0%6;".2 # ,

& HS%E& 'S, (I1$ "2 &H&ES". 1-I$&- S $%N& /&& # [*& (B!"
'$L (/1 *M1$( /3

= (V&S Y 18 8. ,-&"& # $%& %(1%:
'8&- -&(1 # -&&:-1@(1 $ "3 ($% $%& $(,&
L&/ $ -&&" 1S (2(6,1(/$ 6/ &IS(/" ,&$% -2
LSS, &-*6&-3

%& # " $&6%/ " 1. &/N+"&' | (- /- -(&6$ ,(*"1$(/ # $%8&
1$ 1&,8%.2 @($% (/'$V/$V&* &% *-1$(/12 @($% *$ & $(/1 $
$(,&:6 /*,(/1 &!$(/ *6% !, -(#.(/1 $%& 1& &$ . (I $%&

| "(B1S(/ V- $%& &/*(1 &:,&'%(/13 ' $%& ($&!S(/ 18&"2 $%&



x|t +86 & (/6 &I'(/1". &1"($(6 V- 6,"8&A3  %&  -&H(/($(/
S8 1$( 1" * 198 HS& $%& *: ## ( $(,(5& V- 1"(-1$&-3

=J' (U "HE ! 16% @%& & L& 6, I&/$
#S%8& &"$ " 1& -&*6& # , $%& (/($(" 'SV @%E& & $%& &!"
{(1&,1$(6' (1$6,"8&$&". -&#(/&3 " @' $%& -(&

&(L& $ 6%&6; - & I"M$& -(HH& &I$ (& 1& ,&$!1,&$& ' ("*&-
#, 1 @EO%(,0*$&'3

=" &/M+"&' $%& *& $ (& I &" '$l, (/1

6&" $!;(/1 (/$ 166 */$ (/-*'$ (" 6 /-($(/"" 6% I" 11 ($.2 +(/-&
-& &" ,&/$2 F"$("&'$IL&# (1128 (,,(/12" (  /1+16;2 #"/1(/1Z

1>



5 &*
| $%( '$*-2 6,&6(" (/($& "&&/$ 1!, S G
(FIS& $%& -&& -!@(/1 6&"3 %& '$*-. '$I$& @($% ! & (*". " &-
+'&, +. $%& | $(6( S # 3 $% &A & (,&I!" I/- 1*,& (61"
TG $%& +'&, 1 & I(MH& (/ 3 %& &*'$' #
11,18 6,18& $ $%& ! 1("+"& -1$! # , (

& $ -8$& (/& $%& &"(1+("($. V- 166* 16. #$%& (/($& "&&/$ 6 -&3

#$& 16%(& (/1 &"(1+"& V- 166 1$& &*"$' # , 11,2 $%&
SHHEBS #+"1[% "-& # 6& | @ (/;"(/1 (-(6*" &3 (/;"(/1 (' (' &6%&- # + $%
(S (BU-UCS (6,980, -&" @%('& ;&& (/1 $%& ,-&" 1& ,&$ . #(A&-
- $%& &*'$' 1 & -('6*"&-3 11% #+"1:%"- & # 6& & [*+& # @' &
# & (("N$15& # +$% $@ I$& (" ,-&"3 /&1.11%' !& (' &6%&-
$% *1%".$ *-&'SU- @ (/;"UL# '$(/ (| $%& #'/1& &1(/3

l@+&!-, -&" 1 & *$("(5&- $% *1% *$ $%& '$*-. $*/-& '$!/- /- (/' &6$ $%&
- 1@+&)- &H#H&6S | @ ("(/1 6/6&$3 %! $% && -(H##& &I$ - 1@+8&!-
&M G (I $%&  (/($& "&,&IB 6-&3 [ - ($(/ $ $U&& &-&H(/&-
@&, -&"2 $% && -(HH& &I$ - 1@+&!- , -&" | & -&'(1I&- !I- *$("(5& @ ($%(/
$%& (/($& "&,&/$ 6 -8&3 & &HHEES' # $%& -&(@&E!- , -&™" I/- | 1("+"&
@481, & I $%&HN1IE @ ((11&6,1&  -V- &*'$ & ("N I1$&-3

/$%& (, $V/$ (& +*$ @ (/;"(/1 (' '$& (" $%(6;/&"3 1,& ,!1$& (I"
T LR @($% -(##& &/$ $%(6;/&" 1"&' | & *&-[-&& -!@(/1 &A & (,&/$'3 %&



IS& (" # (1 11,888 1& +$I(/& # , $&/( | $&'$3 &/(/ $&'$' &
&# & # $%(6:/&"& # 3L2 32 3 Y- 3 L I$& (I +. ¥(/1 ",&

(& V- */6% '&$3 1$& (" -I$! 1I$%& & # , $&/' (] $&'S' | & *&- (/ $%& -&&
@01 &A & (&IF '(1$& (I 1 3 %& &A & (&S &*'$ 1 &
6,18 $ $%& '(*I$(/ &*"$'3 W& &HHEES HB(6,/&" | @ (/"1 +'&, (

(I &6$&- $% *1% I.'(*"$(/' V- &A & (&S 3

162 $1 '$

AC.,,&$ (6!" 6% -1@(/1 ( '&"&6$&- ' | &/6%,! ;o +'&,3 &$* /-

1&,85. #$ " *& (/ 1 & 1( &/ (/ (1*&L33
I
Rp
e EE—
PUNCH
I
p
Blankholder
_ﬁ_ *t
I *
rd
DIE
Rd
e BE—
|
== -
Rb

5 I"$ ) 2 $1# 18



%& *6% !-(*2 (L3 , U--(& -(*2 - (L3L,3 %& #("&S$
IL(( #-(&2 - - */6%2 1&>3L,, -M3 , 2 & &6$(&".3 * (/1 $%& '$*-.2
, $9%(6:/8" '$8E&" '%&&S @($% L ,, +"1; -(* 2 +('*&3U V

%& +"I/; 1$& (" (1 (-& +. T &R2 @% (6% (' ,("- '$&&" @($%

&& '@(/1 *1"($. T R3 %&,!$& (" & $(& & &'&IB&- (/ '+"& L3 3
/5 V# # J$1& !
)
0- -
- ] ] ]

"6 H# @ 6% & # $%8& 'B&&E" '%&ES 6!/ +&IBRESE6 -(/1$ $%& @HS @3

3 TL3R

"IS6# @ 6* & # $%& '$&&" ,'$& (1" 6!/ +& I1&K&(1* & L3 3

#it

R (1 * *( J $1& !



%& (S . /SIS # $%N& I$& (" 6Y +& (I  &S(L$&- $% *1%".3 %&
F eSS L U-3%& (S L& -&# (& "#"™ @'2

1L > h IL > TL3 R

3 A ] TL3KR

C&IS( /& (I %!$& 21 ,19& (I" @($% ! %(1% , I"*& @("™ &A & (&/6& "&"
%L (/11 -&& -1@(1 &!$(/$%Y ! 1$ & (" %! (/1! 1"& , I"*&2
(-& $%!$ $%&( #' @ 6%! 16$& ('$(6' ! & (BUIB( S&E" 1$& (" **I"™ %l &
&' " 1& $%Y 2 (/ $%( ! $(6*"! 6!'& $%(1& ( 3 2 @%(6% ( & . %(1%3 /
$%& $%& %Y-2 "L ('S . (-(&6$". &"$& $ & (/13 %& "IN U('$ .
& ( 31# (- 'PRE"3 ' &A &6$&-2 "I/! (S . I™& ((S(& U-
$(6,/# $&&"S$ %! & ($(& " U $ .3

%& 6&" ' &BH(BIS(/ V- 1" $(/' 1 & 1( & | +. 3 | $%&
&& -1@(/1 '(*"M$(/2 *16% 1&"(/ (" 1(& '3 $%& @ -2
S 1@(L -& $% (' &6(H(& " 1,3 %& # (65(/ 6 &HH(B(&IS ! & (& +. $%&
'$RE" '%&&ES IHI6SF& 3 &!1& * .+ 6$(/ &HH(B(&IS 1$ I

6/$16% * #16&' | & (-& ' 31=# '$&&"+ "3 @ +"1% "-& # 6& I"&

1 &' &B(H(&-3 %& (1% +"1/: % "-& # 6& (M Y-" @ +"V/; % "-& # 6& (

'3 %& 6&"& &I & $ 66 1$6 /S!S L $&, & 1$* 82" %&I$ &HHEES'
1 & /8&1"8&6$8&-3 " 2'$ I(/ &HH&6S' | & /8&1"&6F&-FS(/2 +"1/;% "-& 2 *16% |-
(&1& 1™ & $ +& (L(- +-(& (/ $%& '(*"$( /'3

| (1* & L3K2 #(/($& &"&,&/$ ,-&" # 6* -1@(/1 6&" (' '% @/3 6&"
11,&$& 2 *6% I' */6% &"6($. V- &'&,&/$ '(5& & (/ &'S(LI$& # $%& 1( &/
IB& (1" & B(&'3 68" '&BHG!IS(/ & -&6 (-& $% *1% *$ $%& '& (& #
IS Y- $%&( &HHEES' | $%& &S| & &'&I$&-3

LK



Punch

Blankholder

Blank

Die

" /8 *ox I & *1$&!

| $%(' '&6S(/2 $%& S&HH&ES # *I6% '&&- | $UK' 166*16. /-
6,*$I$(/ $(& (' (' &6$&-3  $%( * '&2 $% & #™ @1 */6% '&& ! &
)

L,S2 ,s2L,S2L ,S2 ,S2L ,S2L ,S2

,S2L ,S3

('S '(IS(/ (- 18 @($% 6/SYS *6% &"6( $. # ,,S2 @%(6% (!
&IB(&"." @ '&&-3 W& '(*"IS(/1$$%( " @ '&&- (- 1S (-& V. "S( [
+&# & -l #6,*$(/1 $(,83 %& &# &2 ($ (' -86(-& $ +&L(/ @($% %(1%& */6%
&" 6($. "&' V- $%& #('$ IS(HI6S . &*'$ ( +$!(/& @%E&I $%& */6% &"6($. ('
L ,,S'2 @%(6% (‘" $%& &6 ,&/-& */6% '&&- +. 3 & @& #
'(CIS( 1 @($% -(##8 &I *16% &"6(B(&' # -H& &/D &'%& | & &# &3 |
61'& &%2 *6% &" 6(3. 1. 6%!/1& $%& $%(6;/&-('S (+*$(/ "(1%$". T (1* &
L3IR2 @%& &' # | #(/& ,&'%2 $%(6;/&" -(‘S(F&*"$ -(". (I(LH(O6YS$
G (S(& T (1* & L3LR3  #(/& ,&'%&'2 1/ 166* 1$& V/1& # */6% &" 6($. "(&
+&$@8&8&/L ,,S'Y-  ,,S'3

LI



Thickness
. 1.080000
I 1.061429
1.042857
} 1.024286
1.005714
0.987143
I 0.968571
| 0-350000

Min = 0.935360
Max = 1.064365

50 mmis

Thickness
. 1.080000
I 1.061429
1.042857
1.024286
~ 1.005714
0.987143
I 0.968571

m 0-950000

500 mmis

R

i |

Min = 0.933674
Max = 1.087040

Thickness

— 1.08000
I 1.060000

1.040000
1.020000
1.000000
0.980000
0.960000
0.940000

5000mmis

|

Min = 0.932925
Max = 1.088688

# &

T

Thickness
| 1.080000
I 1.061429
1.042857
1.024286
1.005714
0.987143
0.968571
| 0.350000

Min = 0.937019
Max = 1.066791

Thickness
o 1 08000
I 1.061429
1.042857
« 1.024286
| 1.005714
0.987143
0.968571
m 0.950000

Min = 0.933567
Max = 1.088781

Thickness

— 1.0800

I 1.060000
1.040000

]T 1.020000

1.000000

m 0-940000

0.380000
0.960000

Min = 0.932610
Max = 1.086399

1 &

100 mmis

1000 mmis

10000 mmis
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Thickness DDQ MILD STEEL
o Rb =105 mm

1.080000 t=1.0mm
I 1.061429

1.042857
. 1.024286
1.005714
0.987143
0.968571

m 0.950000

Min = 0.934599
Max = 1.089250

250 mmis

Thickness
. 1.08000
I 1.061429
1.042857
- 1.024286
| | 1.005714
| 0.987143
I 0.968571

m 0.950000

2500 mmis

B s

Min = 0.933274
Max = 1.088525

Thickness
o 1.0800
I 1.060000
1.040000
= 1.020000
l 1.000000
.~ 0.980000
I 0.960000

m 0.940000

50000 mmis
o

Min = 0.916317
Max = 1.084627

B !$ F



Thickness
- 1.08000
I 1.061429
1.042857
- 1.024286
1.005714
0.987143
I 0.968571

g 0.350000

smm
500 mmis

Min = 0.933674

Max = 1.087040

Thickness

— 1.080000

I 1.061429
1.042857

- 1.024286
1.005714
0.987143

I 0.968571

m 0-350000

3mm
H00 mm/s

Min = 0.942704
Max = 1.088829

L # & 1 &
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Thickness
=

1.08000
I 1.061429
1.042857
1.024286
1.005714
0.987143
I 0.968571

m 0-950000

Min = 0.933b67
Max = 1.088781

Thickness
=

1.080000
I 1.061429
1.04285%7

1.024286
1.005714

0.987143
I 0.968571

m 0-350000

Min = 0.942688
Max = 1.090138
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5mm
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1000 mm/s
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Thickness Thickness DDQ MILD STEEL

| | S romm
£ £ i

. Element Size = 3 mm Element Size =5 mm
Thickness Thickness
i {0 RE
o Qi
! R ! Saeaaan
SRR Mo B
Element Size =5 mm Element Size =5 mm
Level 2 Refinement Level 3 Refinement
o581 ( 855% ;$$% ;5% . (16 $ %
$6. 1(!8 $ !$ F  EE$$ L * <1 )
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Element Size and Refinement Comparison
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%& *(# , &% 6, '& # I= &'&&$2 LKM / & 1- K &1&P
% @& & $%& !-(I" &% 6, '& # >IL &"&&/$2 >J [-& - K>= &1&'3
(1 $%&8& [, +& 2 18 &("."$I$& $%!$ 1-( 1" &% ( #(/& 3

# $%& &O0*(!"&/I$ "I'$(6 '$ (/' 6!"6*"1B&- 1P PUL"/& # W& -&# ,|+"&
+-(&' 1 & (/' &6$&-2 ($ 6!/ +& 6 /6™*-&- $%!$ ,(/¢*, 'S (/' V- JAG, 'S (/'
1 & %(1%& # */(# , &% '$*6$* & 6,!1& $  I-(I" &% '$*6%* & (/ ".("
# +'&, T (1* & L3 MR3 & -(##& &/6& 6!/ +& +3!(/& @%&/ $%&
# 6&:-("6&,&/$6* & !'& +'& & T(1*& L3 JR3 ,(/1# 6& &0*( &,&/$'
#O*#H, &% '$*6%* & & ! "($$"& +($ (1980 # $%!$ # -(",&'% 'S *6$* &3
66 -(/1$ $%( #1632 ($ 6!/ +& '$!$&- $%!$ F$% $%0& 1,& ,I$& (" & B(&'! &
*& ([ +$% (B /2 ¥(/1 -(HH& &IS &% $ " L&' ,!. (H#"*&I6& $%& '$(##H/&"
# $%& -&# +"& +-.3

Plastic strain - Membrane Plastic strain - Membrane DDQ MILD STEEL
Rb =105 mm

B 0.450000 = 0.450000 t=1.0mm
I 0.398571 I 0.398571

0.347143 e 0.347143

0.295714 0.295714

0.241286 0.244286

0.192857 0.192857
l 0.141429 I 0.141429
mm 0.090000 mm 0.090000
Min = 0.015808 5 Min = 0.029321 Uniform
Max = 0.481158 Radial Max = 0.497842

g . * * | *
/5@ 0% (! #! &1 &* $$
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Blank Holder Force = 1000 N
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3,0E+06
DDQ MILD STEEL
Rb =105 mm
t=1.0 mm
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— Plastic Work
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DDQ MILD STEEL
Rb =105 mm
t=1.0mm

ANISOTROPIC MATERIAL ISOTROPIC MATERIAL
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Drawbead Radius = 90 mm
DDQ MILD STEEL
Rb =105 mm
Drawbead Radius = 80 mm t=1.0mm
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DDQ MILD STEEL
Rb=105mm, t=1.0 mm

Thickness
1.005368

. 0.994602
0.983836
0.973070
0.962304
0.951538
0.940772
0.930006

0 mm ﬂ'a"x': %.?03005030553 0 mm

Thickness
1.005698
0.992171
0.978645

0.965119
0.951592
0.938066
0.924539
0.911013

Min = 0.911013
Max = 1.005698 10 mm

Thickness
1.047040
1.026768
1.006496

0.986225
0.965953
0.945682
0.925410
0.905138

Min = 0.905138
20 mm Max = 1.047040 20 mm
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DDQ MILD STEEL
Rb=105mm ,t=1.0mm

Thickness

1.075330
1.053140
1.030950
1.008760
0986570
0.964380
0.942190

| 0920000

Min = 0.914550
Max = 1.075328

0 mm

Thickness
1.075639
1.050615

1.025591 3
A

1.000567
0.975544 a
0.950520

0.925496 % ¥ -._‘ "

0.900473 -

10 Min = 0.900473
mm Max = 1,075639 10 mm

Thickness
1.075587
1.048741
1.021895

0.995049
0968203
0.941358
0.914512

0.887666

Min = 0587666
Max = 1.075587

20 mm

" 5 "& . & 1) BEL2

20 mm
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Thickness

1.005305
0.993465
0.981626

0.969786
0.957947
0.946107
0.934268

0.922428

Min = 0.922428
Max = 1.005305

Thickness
. 1.005319
I 0.390161
Min = 0.390161
Max = 1.005319

0972417
0.955965
0.939514
0.923063
0.906612

Thickness
1.005493
. 0.956689
0.907885
0.859081
0.810277
0.761473

0.712669

0.663865

Min = 0.663365
Max = 1.005493

ODQMILD STEEL

Rk =105 mm
t=1.0mm

0 mm

10 mm

e $UE L, & )

20 mm

SEE1 2
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Thickness

1.075330
1.053140
1.030950
1.008760
0986570
0.964380
0.942190

0.920000

Min = 0.914550
Max = 1.075328

Thickness
1.075873

1.044498
1.013122
0.981747
0.950372
09185997
0.887622

0.856246

Min = 0.856246
Max = 1.075873

Thickness
1.0758574

1.013811
0.951749
0.589656
0827624
0.765561
0.703499

0.641436

Min = 0.641436
Max = 1.075374

"* -[:8

DDQ MILD STEEL
Rb =105 mm
t=1.0mm

20 mm
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DDQ MILD STEEL
Rb =105 mm

Thickness t=1.0 mm

1.002155
I 0.998492
0.994829

0.991166
0.987503
0.983840
0.980176

0.976513

Min = 0.976513
Max = 1.002155

Thickness

I 1.00500%

0.991110
0.977215
0.963320
0.949425
0.935530
0.921635

0.907740

Min = 0.907740
Max = 1.00500%

Thickness

I 1.013420

0.981073
0.948725
0.916377
0.884029
0.851681
0.819333

0.786985

Min = 0.786985
Max = 1.013420

20 mm
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1,5E+06
DDQ MILD STEEL
Rb =105 mm
t=1.0mm

1,0E+06

External Work [N.mm)]

5,0E+05
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