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Abstract

Process designers must present fast and -@ftient solutions in order to improve
decisionmaking and optimize the rolling process. Objective of this thesis isdbpling of
the stress and temperature fields with use of a FEM model, and comparison of its results

with the ones of an industrial rolling schedule.

The model created for the analysis of hot rolling of an aluminum 5754 plate, is a three
dimensional (8),explicit, thermemechanical model using a Lagrangian formulation with
respect to the contact conditions, as well as the heat transfer at the pldtenterface. The

model is developed using the commercial finite element software ANSHSNLS.

Sevenidentical models were developed that correspond to seven industrial passebligh4

Mill configuration was established and two symmetry planes were applied to the model to
reduce computational time. Input data and initial conditons were taken from tHeéngp
schedule. Work roll's rotational speed remained constant in all models and equal to 34,4
RPM. The material model used to describe the behavior of the aluminum plate is the
Modified JohnsorCook, the parameters of which were taken from the literatufer the

work roll and the backip roll the elastic model was used, since the rolls do not deform
plastically in a single pass. Housings of the rolls were considered as rigid materials. In the
model both constant stress brick elements aBelective/Reducedntegration quadratic
tetrahedron elements for hourglass controlvere employed. The contact conditions were
simulated with the use of a "penaHlyased"contact algorithm, while friction was simulated
with the Coulomb model. Friction coefficient remath constantand equal to 0,4. For
modelling the conduction of heat between the work roll and the plate, a thercoatact
conductance coefficientor closed gapsvas usedthat its value depends on the distance

between the work roll and thelate at the inerface.

Values of the rolling force that were predicted from our model are in good agreement with
those measured byhe industry. Additionally, the temperature profiles of the aluminum
plate were studied, showing satisfyimgsults with regard to simulatmtime. Lastly, crown
percentage for each pass was calculated and it was verified that our model can be used for

adequate calculation of rolling defects.
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Steel on soft metal (lead, bronze, etc)

Steel on ceramics (sapphire, diamond, ice)
Ceramics on ceramics (eg carbides on carbides)
Polymers on polymers

Metals and ceramics on polymers (PE, PTFE, PVC)
Boundary lubricated metals (thin laver of grease)
High temperature lubricants (eg graphite)
Hyvdrodvnamically lubricated surfaces (full oil film)
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0.8-2
0.5-1.5
0.1-0.5
0.1-0.5
005-0.5
0.05-1.0
004-03
0.05-0.2
0.05-02
0.0001-0.0005
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(mm) | (mm) B<™ >1 [h7 <
(mnV/s) n-+n
(rpm)
1 159.2 139.2 20 743 1710 34.4
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4 99.3 85.2 14.1 743.5 1710 34.4
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Rolling Force (MN)

LS-DYNA user input

>nh[ hp'dH' VonMises™h_ '

3.335e+00 _

6

L e
: T
. N
I/ N\
5/ \
£/
0 / | | |

0 0.1 0.2 0.3 0.4 0.5 0.6

Time (Sec)
*hoa h4>_r>i‘n>‘p'q)<' 1 Ah > W < h *
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LS-DYNA user input
Time = 0.14
Contours of Effective Plastic Strain 2.072e-01 _

Effective Plastic Strain

min=-0.000339036, at elem# 2798137

max=0.20716, at elem# 2885956 1.864e-01 _

1.657e-01
1.449¢-01
1.242¢-01
1.034e-01_|

11">hj‘pvq].0’/\h>l <h‘ >‘B"_Th\:m‘}h|,-|:</,:‘rh‘v

put
Plastic Strain

elem# 2885623
n# 2885956

1" >h1 'p’oin, Ah >
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CE > B 'Y BACh S>Sh W < h ¥t 1 " h ¥ w h ~ ¥ - h Yy > B
{'h{“?h"hI s > AhT pZCM r'I(D CE >WJ"_' _'>" -
- B 'S w8 h ' " <h ¢ h N ¥ |4 " BW BN AhSSH h v
~h ~h>"" , ! It hYr Ys g h Y Y n B > A D ’
-[ mig ¢t
h Sw oY . . ‘A‘h>>" . ._‘hv,{h’>. - .4:5"|Ah1" hy i - - h 0~

1" >hy 'p’digg Ah > T <h” e T hThlhmtr : ' >w
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LS-DYNA user input

1-">h:[pDPmhHh VonMikes™n_ ' >w . RO

57530400 _
30310400 _

Rolling Force (MN)
N

0

0

E >
1 hy
-~ h h
h >w

0.1

ha " hEphs>p o<

0.2 0.3 04 0.5
Time (Sec)
Wgh>
l /\h >| w <h A 1 t h
Ah ncn r1® @& >Whs" "Ah
! " <h ¢ h N e
h Y - p w ¢ /\h‘
-[ Mg ov
“hYgh > , .58 A hittohy
Ut g

>

~

HUS WS A S > Ay

> B
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Rolling Force (MN)

astic Strain

2.200602
7.071e:04

1.0500+01
7,8500+00
5198400,
2.5486+00

1-">h:[pd®mu VonMiges'™h_ ' >w - h >~
7 LS-DYNA user input : ‘
T /‘—’\7 7
) __p\
4
3__
il
41
0 ¥ 1 Il I 1 L { 1 1 =
0 0.1 0.2 0.3 0.4 0.5 0.6

Time (Sec)
ﬁ‘hJ h8~5_r>fh>'p,q)<' {,/\h>'l W<h"| 1t h _"
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E > vt > Y h 1 Ah > W< h ¥t 1 " h ¥ we¢ v Sh Yy
s > A h? pZyy f]q) 03 >Sw g e _07["]_(.' syt /\'h"" _<h > _f‘l'/\JB>‘" B
B w8 h ! '<h¢h+A‘_'Vh"|=l;|>'<WJV\'I¢A“"V>{B’_/hW>,' T h 7 h >
1" h Y T h>>Y ¢ w' AhT >8Y

- Mopu
O>W‘v ’ ‘>. .‘v{ /\h>' - h h>| .. .I 1 ' h _v -

DYNA user input

= 0.32

purs of Effective Plastic Strain
0.0012403, at elem# 2885612
0.298707, at elemi# 2885866

1343401
.

1.108¢#01.

8.725e+00 |
6.371e+00
4.017¢+00 |

109



UU} e 6edo Usslisssees a'yli

| yoUldd eWeodgle eyaad 65 Usks
"U Uy Uldeysys

GUeoscUars

LS-DYNA user input

J ™

s/ N\
€ 3
8 n
g
& 12
£ L
E / \
x 1
0 1 1 1 1 1 1 1
0 0.1 0.2 0.3 04 0.5 0.6
Time (sec)
n‘hj’hgszpi‘n>‘p’(p<' {’/\h>'l V]<h"l 1t h _" -
G S>SBB 7Y H 1 Ah > w<h > h 1T 5Sh >87h wjy A>T h*t s ~ Y
1 " hg © ¢ h> ;78f,] [« 3. h>'w1p‘ * ! ~ ¢ >5"'97r‘]v ‘C h<'h SBj “hanhs _5" Ah
-y B ' w08 h * ' ~ <h Ch N ¥ HL S vwh¢'s AT ° S MAhy>!
~h~h>"" , ! 1t h Y- hTY 1T w' Aht o >8Y
- o p Y
O>w * ~ i’ s Y| Ah > ~ h h > . ! 1" h ¥

user input

.32

Effective Plastic Strain
5402, at elem# 2885632
28, at elem# 2885836
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V2 h >~
L ¢
B B
_' R~
1 A

g
foB “h
1 h =
foB “h
6 '
S v o
1 !
1 > >
B - Bt

< o > ¢ hh
T S > 7, T 0T S I
t h >8> h T T R . - .
¢ 'h ' 4 thyt¢h® h  Cht
~'A 4" hygt¢hhoohow ntQ
e C s em +th oY < F
e - e s czheh
”h>." _'W,Ft'hk.'lq)hj f’\>>h_h _v‘
Ceh e - < T <h¢h h
Y Thoh e A ht gt >t Y T
| <h¢h aAF Jg's<hoihm A TRV
A
h_h “h w,> A ~ <" 77 77 2 shA
hs ¢h . h-° AL T, hAs R

T >Y ¢ h
<t ¢ ' 5 . -
> B i ¥ T w
h n (’) ot

h ¢~ <~ ©ov
< B AT
f T ¢Ch A "~ h
' < -~ ho-

_"_1@11"54"
hi1=* h YN

.
’

¢ ht X ¥ ¢
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1» I
arPost

7.185e+02 _
7.153e+02 _
7.121e+02 _

V. " >Igp®>" ¢ h i he T o “1<heh  h<”

LS-DYNA user input

745 A A A I
740 A Center
5 \ _B_Sub-Surface
735 _C Surface
g L
o 730
5 L
©
5 725
o L
E \
2 720 \
L TTP——
c
715 <
710 | | | | |
0 0.1 0.2 0.3 0.4 0.5
Time (Sec)
n‘hj’5_$0:ﬁhh1’h>>h ‘q5"’>"’/\¢"’h"'h " <h ¢ h hi ™ > A
M h ~ -~ w " h ~ - _ > - h Y ~h h v h e
B~ ', h A ' h ! “C<hh'C h* 1hC™C "SSP SAaw’ A”h 5h = ~ TNno

‘B'>V¢"h“"h TMO r(D rBs_e@h “h,” "'y B,"" '"AALT hn/\ZBMph’/\B'

' ¢ h* ,_h/\B' >Sw o, 7 -V‘. TMT r > B _" _W<V‘

Y S wWA_ T Th Vh ASED <hRTSHy T h T hBw s Y S wmp T

* “ _sh ¢h h - 'A BN yhAYC A €h whjgs §ARChh

>B‘,‘5’h>r'|.|A>"wﬁ’h‘_ ~ - w " h ! Y Y Y Yy [0}
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i I
a1 Post

Surface

7.202e+02 _
7.167e+02 _
7.133e+02 _
7.098e+02

V. ">IBop®>T ¢t he Ty o T<heh b

750 LS-DYNA user input

A_B A A A A
—_L—\L\L_A_Center
740 _B_Sub-Surface
L C Surface
< 730
2
= L
g
2 720
gt e 5
c
JE———
710 & L
700 | L L | | L 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
pthashhpnd ho " h >>h @ "> A hC Cth - <h ¢ h h ¥ >t A
Mg h ¥ “yws” hos © TYh Y ~h ~ h ""’h\h"‘oﬂrh+‘/\_'01\"
B - ' h aAs " h ' " <h Ch h <Y > AT Y S ¢ ht N ;1 ¢ B ¢ 7t

- ' ' N N ~

‘s> O h Q9 @ b hI5segh T LAY E NI AN hAsi b oA

o ¢ ht , _ N /\gr‘ >eo, T _VV<“" . T_M\'_.’ ‘TBT YhryT oY ">l"¢£
T CwaA_ 7T o '<h¢hl h‘vh AB _ht ¢ h A M [ ¢ h
v _ >h ¢ h h = A B -, h AB " h ! T >Y ¢ h > h
> ', f B 3.r'>/w"* “¢h AY T w h . o -y Y Y sy )
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o I
] Post

7.189e+02 _
7.149e+02 _
7.109e+02 _
7.069e+02

1‘">1f9:¢p(])>"¢’h"h¢' - R '>IB_‘h<h_¢"h - fh e o

750 LS-DYNA user input

A_B A A A A
\L\\L
xﬁLR_L_A_Center

740 _B _Sub-Surface

L _C Surface
£ 730
® \
= L
s
dé->_720
o o \ ::,_.—-—-—"’""’Mf

710

| —5
700 1 1 i 1 1 i
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)

ﬁ‘hj>’hhmqjh1’h>>h ‘Q‘”>"’/\¢"’h"'h " <h ¢ h h <Y > AT Y
M f e -~ w ~ h e ’ e - h > Y ~ h h v h * S
B~ " h AB ' h ' ~ «<h ¢ h h <~ >" A’ Y "3 hCah ¢ h "¢ Bh Gt g
‘B/>vcrh\,h \_v‘l Tjifpseqr‘th;r’W_Bh‘ h/\-h‘ h‘A'B'J‘/*JV’ AHZ [
St fht 0 AABY >w, Tt Y TMc o >8 Y _w<¥
N ¥ S w A oY ! " <h ¢ h h v h AB h * 7<‘h‘h’|,|>fr Cmh*,
h - A B -, h ABH hv'"‘"(.‘lsu’>¢"h¢’hh‘|_’|hr ¢ ht r"‘<hjts
>wo, ! ¥ - w h ! R S A .
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» I
L Post

7.153e+02 _
7.110e+02 _
7.068e+02 _
7.025e+02 _

L. " 220gp®>TC h T e TEhEh e h<T >t AT >w R
750 LS-DYNA user input
Ag £ -
———————B |
740 e - _A Center
——————— _B Sub-Surface
B _C Surface
_ 7130
x L
g
3 720
=
: \ T
700 ~C—
690 | 1 1 1 | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
n'hj’h>:thpq)|W|g>h ‘ql”>"’/\¢""h‘_"h” '<h¢h' h<"‘>'/\""
MB h ~ _W\I”rhv \.—h\v —hrh ',B) h'4,5r'h‘ —|A_‘| 1
B~ " h AB ' h ' - «<h ¢ h h<n"">'/\‘3,5'r STH h°" “h At €
hr‘llq‘ll ‘5'>V699PCD’rT“:f]v‘hl_]_SSeQ.h"'J\NYBJ'IZ /\h h/\th’/\
‘' >Y ¢ 7 h " h ! . ¢ h4r ,>_5h /\_B"' _>mw<"" __"’l‘ " ™™ T > .

‘6 > ¢ h>h Y CwAaA_ T Y15f' ¢ hT<hChht h Shw Awh A B hhte 0 b

* “ _sh ¢h h - A BT R A TIPS hE ST C <hy sh Al
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iy I
a1 Post

167e+02
7.129e+02 _
7.091e+02 _
7.054e+02 _
7.016e+02 _

V"L ®>T ¢ e Ty o T<heh b

740 LS-DYNA user input

A A A A
—B__ |
———B__ |
_ﬁh_B_q
————————B | A Center
730 B _Sub-Surface
_C Surface
g L
2
3 720
©
@
8 L
5
F 710 -
700 | 1 I | | I
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
n‘h.l’h>:}ahhpq)m;|.>h ‘Qs‘">lv/\('v"h‘_’lh.._<h¢h. h<"‘>‘/\
M f e “~ww’ sh- - K Y ~h " h "' SB h - _"36r" A v B,
B~ ', h A ' h ' “ChhtC h* 1hCs~C ’>“381r’/\"h‘vzh‘ " h A ¢ hg !

‘6> C T hC oy @ s h thgidsegh T LAY BRI Ah has | hC oAl

_" ¢ h- ,_hAZr' >wo, " _W<‘VI‘ T_M'. _'V‘V>V’."‘
‘_“ ‘.‘W/\_"’ _'ICh_q_[rclf‘h'h‘_Vﬁhlb_Wm'B' ‘_h‘ls’"z B
h - _'/\‘hs",hAB >"<."h"1tr K‘h\'/"“"¢‘5<h‘§]hs_51/|(h > Bt
sw, 7t o ‘w’h‘ . - v vy gy ®
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i» I
sCiPost

995e+02 _
6.952+02
6.910e+02 _
6.867e+02 _
6.824e+02

1 - ">22¢p®d>" ¢ " h " ho -, < ' " <h ¢h h <> >

730 LS-DYNA user input

A A A A
720 —B _A Center
————=8 1 B |_B Sub-Surface
B _C Surface
- 710
X L
e
3 700
5| \ 4
@ e
o
g 690
) | //
680 c
670 I | I | | 1
(1] 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
n'hj’h>:]ahhpcpmp>h ‘ql”>"’/\¢""h‘_"h” '<h(.‘h' h<"‘>'/\""
MB h ~ _V\VNq" hwh\vv _hrh "B) hl >!n4r— ‘_‘IIA 1
B -, h A * h ' ~ <h ¢ h h <~ >‘23r""vz S *'h A Qs ¢ ' h

LB > ¢ "~ h ‘67g1r (O} _r"B‘_ .h h = 'se@. "h"'A.7 ymEISMAOA N h A’shj h > A8 !

o, ¢h 0 h@OB W, Y W< T ST T s R
Y SwaA_ 7Y ' T <he¢h h vhas _h' ©h _h oy  Shct o
h=" " A ET" ,RhAs'h ' s > ¢ h ’h h y"7p ¢ ¢h _h
>w, YT w’oh ' Y YsY o o
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i» I
1| Post

20402 _
6.9376+02 _
6.8920+02 _
6.8480+02 _
6.803e+02 _

1-">2Bopp®>"F h> " he<chth~ he” S' A"~ >s _h v

LS-DYNA user input

730
A A A A
720 ~B _A_Center
\-L_.\__g_ _B_Sub-Surface
r D - — _C Surface

710 \
700

Temperature (K)

680 ¢ B
670 1 1 1 Il 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
n‘hj’h>:]ahhpcp|\y|g>h ‘ql”>"’/\¢"‘"t<'h_’§‘}‘h'” h<"‘>‘/\7“ >|5_h
as f ¥ ~w’ ~ h - hHh Y™ wih)y hs$™ S8 h - _ r" A v B,
B~ " h AB ' h ' ~ «<h ¢ h h <~ > T U S Cth ! “h 71, Crcenr vy

- ' ' N N ~

CEC ST R @ b dTpPaSOT AT LAIMT  Ah hbsjoh oA
w

=

Ctoemt L hasp w7 weT edy, T T>T L0 0t
‘_" ‘?W/\_"’ _" '<h¢hl h‘vh/\B_h' ﬁ‘h_h M T ¢ ht

h - A BT TShQEA MR K V" Cs Ch Ry Igp ¢ b -
>wo, ! v - w " h ' - > v o
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Temperature
7.251e+02 _
7.198e+02 _
7.145e+02
7.092e+02
7.038e+02

6.985e+02 |
6.9320+02

6.87Be+02:§
6.826e+02

6.7730+02 _
6.7200+02 _

1-">h:op®wfi¢ h > h -~ <hch h< >TANM™ Y pTpn

' ~

Post I

793392 793348
793349
793350
793395 793351
793396 793352

793353
793354

h <~

foB > ¢~ h > h - V"“h‘_w\ _W<VI _"\ T
1 8w A D T 0 <! L S>SW AT Taow T w < h " B Ah B vw,
> <w ! T TRATT < w oh T<h@h 3T AT rh
LB > ot h « /" 8 _hhA‘_ h>&g h v - A I AW v B~ '8 h Atk <!
¢ h h «<' «<h > 8 h 1 h _'A]Btﬂ(".‘_"‘."ﬁ'v(.’h“'_l‘_h‘_
- hh Y B Tt /\h‘_ B_h' w Ah " F\J/\"r]>>|h‘ h ¢ 5"’>"’¢h’“h“<"h
¢ h* _ ¢ h w A h 70 R IC YT SESAw T T Y Y R E R s hhat h ~ *

h ¥ < . e"qhh(“h’.h h <~ > AT Y (0}
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DYNA user input
0.66

rs of Temperature
9.952, at node# 591439
D.977, at node# 581405

1) 8 SuppRoll
- 9 SuppHousing
[

11">26:¢p¢>"’¢h’h“_'/\ B",h/\’BJ'hh"_hVH ’hv‘<"
LS-DYNA i t
375 uselrmpu |
- B . B
/{_B\ —_gLH B
370 ! A_Center of Roll
| /‘ B_Surface of Roll
/
365 —
= ¢ /
o f
5 360 !
S |
2 i /
E 355 {
~ B /
350- B / A A A A A
345 I I | I | 1 | 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
n'hj ’h>:;ﬁh‘hp¢m1>>h CB,7S'YACY 7 h Y17t hh ¥ ©h Y <>
0 LS-DYNA user input
T T T T T
-0.2
o
8 L
2 Stea
= 0.4+ -
+
.
= L.
£
S 06 -
o
@
c -
[
0.8 L % 1 I 1 } 1 } I I 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
ﬁ‘hj’hB:;ﬂh‘hpq)M>>h > B h Y " h B AW~ 1 B ' h -0 A
" <h € h h <~ > AT Y
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v~ ., < [ <h¢h B<™  >" A pPpTpM
[ ., 7 Y AN SbBch “'m s G sh Y, ' T <hh Gsh~ ' sShwe'™™ > ¢ A
I B . A B <h ™ 10 A B>® 1 hwe™ " A phs's3w h >y " >8 A, A
1 Ah >B ., A - B > Ah? h = h ¥ th ' Y~ B, Y 1rt h T K¢ B " [ .
A Lthyeh B h >ty WkEBBWT UK AT T YA T v s h oA
q'l_u'lh ‘{Ih‘_h“l—h'qll{ll h—>\’—'l<"r1-("‘.lﬁ-llhII _II
M0 v R, Y < ¢ h*
HO ' 8~ 'flathesy’ _ ' _ h 0
B h h ¢ mosotop 1" h° hh*>tsh*Ch" = 8= ¥ %% " h hh > """ AQ WY
-~ - v TEUEThEE " h VA BRYT hEY hoh Ot ~ - <
B’ Ah -t ¢ h S ! Vs Yot sy Y : weagh Chk' ¥, ¢ A B
e, >8 7 Bh<h T DT <<, 8] e Y >w 7, AT '
B ¢ L T <Y T T BC h A AYhsYShY 18 A" >80, ' v -~ h , >
M B ¢ Y- < h'¢ 8 Sh'h, " ¢ h MRS S N - Y <« B4 Ch
w Ah > R Y Y ST, < NAR T T S R S>w AT W ch
. ' T T Y s h B Two, AT S < hTAR hY 0t hs b A
B Ah CrownEQ WQ YT YEY he . ' LY hY, Y Cw A YT YT <R @
Low > B _ h o >t5_"hl ﬂO\VﬂMQ)‘h, > . ! /\._h" h ~thi”, Bplfep’H TV 6 _ h
0 W —— U9 AU s
C
¥, Y Xz

1" >h:Op'®Hx" crown

N.  Ahh _ AL Y1 A" 7 <h TChhE’'cx 8 5% 8 h ARB W 1 | 7

~ - s v > - v - s v ¢ -

crownz  _ , < . B , Y ¢ h S B h A

, - N - -

¢ h h AY > W < h' g Ah ah " Ss810 h &6 <hb C'p
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024
1.950e-01 _
1.876e-01 _

1.801e-01_
1727001 _

1 - " >h:Ip b H _cb‘ c " ~h~h>""  , ‘__"" YT hgth € h . h <~
5‘,‘ >~ 87 hh’"A'B “ W “Ah = h Aah " C ¥ %¥h h*h ®hJ]B"C t ¢
_h *-hh -v‘ - 7 v N v>v t _l [ qh/\z 1 _ € >|| -I l -<h‘ ) t¢
! 5 > AhT h « > ¢« f >B 1 h <« " h - ¥ t¢ gt h ¢ w
. A - Y <Y 'CFOWI’I-_/\' IJ "h<h_<.“'h h 3 W >1 Ah Y S “~h [, V¢

<" '€ h A pugdg o h b "'A h¢ 7o ;1 *h AR h->Y s

< ' 1 . flattening.
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69,5 ; ;
69,48 Edge *"'——4; Center
' i
69,46 . /
! L]
: L]
69,44 4
—_ E / Plot Area i !
E 69,42 i :
E—J 1
T 694 |
c i H
£ : / :
69,38 L i
& 69,36 ! i
o 1 i
69,34 E :
i :
! L]
69,32 E :
' :
69,3 ! . . T . : 1
69,5 139 208,5 278 347,5
Plate Position Widthwise (mm)
n‘hj’h>:;fh"’pcpm:q)_'l ‘<h¢hl h<"\>‘/\"" >B_h _
crown
- v 1 ' h M N - v <CFOWn" B > C h ‘B -h™v ‘:v Yo V/\ h b
R <) 0
OIEUEb— p T BU 9 AVB s

59,66

Edge

59,64

59,62

59,6

-

59,56

59,54 /
59,52  d
i
i
i
i
i
i
i
i
i
T

n
[Te)
n
=}

Plate Thickness (mm)

59,5

59,48

59,46

69,5 139 208,5 278 347,5
Plate Position Widthwise (mm)

~ <h Ch h <Y > AT Y > B f ¥

n‘ h 1 'h>:#h"'pd)H<n_'

crown

123



5 Usrd

dd ¢Wedgle eydemdie
UssgcUars

a
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Uleysrs

W1 £T0MR P

~

h

49,85
49,8

49,75
a9,

49,65

(ww) ssauwyiyy a1eld

49,6

49,55

2085 278 347,5

Plate Position Widthwise (mm)

139

< h ¢ h

n' h 1 'h>:§h"'p¢H<M

crown

TE U dBP

O]

Center

42,55

42,5
42,45

=4
=

~

42,35

[wwi) ssauyo1y) a3eld

42,3

208,5 278 3475

Plate Position Widthwise ([mm)

139

~ <h Ch

n‘ h 1 'h>:#h"'pd)H<H

crown
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m' h M RS i ) =

37,55 : :
1 i
Edge E E Center
| i
37,5 i ""-—-‘q.’
| :
! :
—_ : H
E 37,45 i :
It i :
L%} i
1] i '
£ | :
ﬁ 37,4 : i
= i i
g / '-
g | =
| ]
i L]
37,35 : :
: L]
! :
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