
alpha_0 = 20,37 ° 
h_0 = 141,820 mm 
b_0 = 141,820 mm 
h_1 = 96,819 mm
b_1 = 164,508 mm
A_0 = 20082,00 mm^2
A_1 = 15466,79 mm^2
E_a = 22,98 % 
f_s = 72,62 %  
d_arb = 719,71 mm 
v_0 = 0,161 m/s 
v_1 = 0,208 m/s 
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alpha_0 = 22,29 ° 
h_0 = 164,508 mm 
b_0 = 96,819 mm 
h_1 = 112,000 mm
b_1 = 113,522 mm
A_0 = 15466,79 mm^2
A_1 = 12345,47 mm^2
E_a = 20,18 % 
f_s = 67,25 %  
d_arb = 703,19 mm 
v_0 = 0,208 m/s 
v_1 = 0,261 m/s 
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alpha_0 = 24,26 ° 
h_0 = 113,522 mm 
b_0 = 112,000 mm 
h_1 = 78,934 mm
b_1 = 131,818 mm
A_0 = 12345,47 mm^2
A_1 = 8540,86 mm^2
E_a = 30,82 % 
f_s = 83,81 %  
d_arb = 541,31 mm 
v_0 = 0,261 m/s 
v_1 = 0,378 m/s 
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alpha_0 = 22,97 ° 
h_0 = 131,818 mm 
b_0 = 78,933 mm 
h_1 = 94,000 mm
b_1 = 90,223 mm
A_0 = 8540,86 mm^2
A_1 = 6860,26 mm^2
E_a = 19,68 % 
f_s = 74,95 %  
d_arb = 525,97 mm 
v_0 = 0,378 m/s 
v_1 = 0,470 m/s 
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alpha_0 = 21,42 ° 
h_0 = 90,224 mm 
b_0 = 94,000 mm 
h_1 = 55,440 mm
b_1 = 110,083 mm
A_0 = 6860,26 mm^2
A_1 = 5039,60 mm^2
E_a = 26,54 % 
f_s = 78,22 %  
d_arb = 508,73 mm 
v_0 = 0,470 m/s 
v_1 = 0,640 m/s 
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alpha_0 = 23,30 ° 
h_0 = 110,083 mm 
b_0 = 55,438 mm 
h_1 = 70,900 mm
b_1 = 67,902 mm
A_0 = 5039,60 mm^2
A_1 = 3905,12 mm^2
E_a = 22,51 % 
f_s = 69,73 %  
d_arb = 493,92 mm 
v_0 = 0,640 m/s 
v_1 = 0,826 m/s 

U
n
i
v
e
r
s
i
t
y
 
o
f
 
D
u
i
s
b
u
r
g
-
E
s
s
e
n

M
e
t
a
l
 
F
o
r
m
i
n
g

R
o
l
l
 
P
a
s
s
 
D
e
s
i
g
n

M
I
F
-
D
a
t
e
i
:

B
A
R
M
I
L
L
_
1
.
M
I
F

D
a
t
u
m
:

2
5
.
0
8
.
2
0
2
2
 
1
5
:
2
2
:
2
8

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

B
M
_
R
D
_
2
.
L
I
S

K
e
n
n
w
o
r
t
:

B
A
R
M
I
L
L

M
a
ß
s
t
a
b

S
t
i
c
h
 
6
 
v
o
n
 
1
6

1
 
:
 
1



alpha_0 = 20,17 ° 
h_0 = 67,904 mm 
b_0 = 70,900 mm 
h_1 = 41,587 mm
b_1 = 84,187 mm
A_0 = 3905,12 mm^2
A_1 = 2890,54 mm^2
E_a = 25,98 % 
f_s = 76,13 %  
d_arb = 438,66 mm 
v_0 = 0,826 m/s 
v_1 = 1,115 m/s 
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alpha_0 = 21,96 ° 
h_0 = 84,187 mm 
b_0 = 41,587 mm 
h_1 = 54,000 mm
b_1 = 51,735 mm
A_0 = 2890,54 mm^2
A_1 = 2264,81 mm^2
E_a = 21,65 % 
f_s = 66,95 %  
d_arb = 426,78 mm 
v_0 = 1,115 m/s 
v_1 = 1,423 m/s 
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alpha_0 = 18,68 ° 
h_0 = 51,735 mm 
b_0 = 54,000 mm 
h_1 = 31,320 mm
b_1 = 65,407 mm
A_0 = 2264,81 mm^2
A_1 = 1687,01 mm^2
E_a = 25,51 % 
f_s = 73,69 %  
d_arb = 395,73 mm 
v_0 = 1,423 m/s 
v_1 = 1,911 m/s 
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alpha_0 = 20,48 ° 
h_0 = 65,407 mm 
b_0 = 31,320 mm 
h_1 = 41,500 mm
b_1 = 39,832 mm
A_0 = 1687,01 mm^2
A_1 = 1339,94 mm^2
E_a = 20,57 % 
f_s = 63,12 %  
d_arb = 385,98 mm 
v_0 = 1,911 m/s 
v_1 = 2,406 m/s 
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alpha_0 = 16,76 ° 
h_0 = 39,833 mm 
b_0 = 41,500 mm 
h_1 = 23,073 mm
b_1 = 52,368 mm
A_0 = 1339,94 mm^2
A_1 = 981,61 mm^2
E_a = 26,74 % 
f_s = 70,63 %  
d_arb = 402,44 mm 
v_0 = 2,406 m/s 
v_1 = 3,284 m/s 
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alpha_0 = 18,65 ° 
h_0 = 52,368 mm 
b_0 = 23,073 mm 
h_1 = 32,200 mm
b_1 = 30,367 mm
A_0 = 981,61 mm^2
A_1 = 799,10 mm^2
E_a = 18,59 % 
f_s = 55,56 %  
d_arb = 393,06 mm 
v_0 = 3,284 m/s 
v_1 = 4,034 m/s 
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alpha_0 = 15,61 ° 
h_0 = 30,367 mm 
b_0 = 32,200 mm 
h_1 = 18,168 mm
b_1 = 40,533 mm
A_0 = 799,10 mm^2
A_1 = 601,70 mm^2
E_a = 24,70 % 
f_s = 68,17 %  
d_arb = 337,36 mm 
v_0 = 4,034 m/s 
v_1 = 5,358 m/s 
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alpha_0 = 17,69 ° 
h_0 = 40,533 mm 
b_0 = 18,168 mm 
h_1 = 25,300 mm
b_1 = 24,027 mm
A_0 = 601,70 mm^2
A_1 = 495,62 mm^2
E_a = 17,63 % 
f_s = 53,67 %  
d_arb = 329,98 mm 
v_0 = 5,358 m/s 
v_1 = 6,505 m/s 
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alpha_0 = 14,40 ° 
h_0 = 24,027 mm 
b_0 = 25,300 mm 
h_1 = 16,401 mm
b_1 = 30,016 mm
A_0 = 495,62 mm^2
A_1 = 395,01 mm^2
E_a = 20,30 % 
f_s = 69,98 %  
d_arb = 257,37 mm 
v_0 = 6,505 m/s 
v_1 = 8,161 m/s 
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alpha_0 = 16,20 ° 
h_0 = 30,016 mm 
b_0 = 16,401 mm 
h_1 = 20,260 mm
b_1 = 20,402 mm
A_0 = 395,01 mm^2
A_1 = 323,48 mm^2
E_a = 18,11 % 
f_s = 64,24 %  
d_arb = 253,38 mm 
v_0 = 8,161 m/s 
v_1 = 9,966 m/s 
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alpha_0 = 19,90 ° 
h_0 = 141,820 mm 
b_0 = 141,820 mm 
h_1 = 98,833 mm
b_1 = 162,874 mm
A_0 = 20082,00 mm^2
A_1 = 15745,01 mm^2
E_a = 21,60 % 
f_s = 71,45 %  
d_arb = 719,71 mm 
v_0 = 0,161 m/s 
v_1 = 0,205 m/s 
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alpha_0 = 21,60 ° 
h_0 = 162,874 mm 
b_0 = 98,833 mm 
h_1 = 113,521 mm
b_1 = 114,801 mm
A_0 = 15745,01 mm^2
A_1 = 12585,60 mm^2
E_a = 20,07 % 
f_s = 69,39 %  
d_arb = 703,28 mm 
v_0 = 0,205 m/s 
v_1 = 0,256 m/s 

U
n
i
v
e
r
s
i
t
y
 
o
f
 
D
u
i
s
b
u
r
g
-
E
s
s
e
n

M
e
t
a
l
 
F
o
r
m
i
n
g

R
o
l
l
 
P
a
s
s
 
D
e
s
i
g
n

M
I
F
-
D
a
t
e
i
:

B
A
R
M
I
L
L
_
1
.
M
I
F

D
a
t
u
m
:

2
5
.
0
8
.
2
0
2
2
 
1
5
:
2
2
:
2
8

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

Q
U
A
K
A
S
_
1
1
2
.
L
I
S

K
e
n
n
w
o
r
t
:

B
A
R
M
I
L
L

M
a
ß
s
t
a
b

S
t
i
c
h
 
2
e
 
v
o
n
 
1
6

1
 
:
 
1



alpha_0 = 23,93 ° 
h_0 = 114,801 mm 
b_0 = 113,521 mm 
h_1 = 81,042 mm
b_1 = 132,368 mm
A_0 = 12585,60 mm^2
A_1 = 8833,31 mm^2
E_a = 29,81 % 
f_s = 83,95 %  
d_arb = 541,62 mm 
v_0 = 0,256 m/s 
v_1 = 0,365 m/s 
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alpha_0 = 22,87 ° 
h_0 = 132,368 mm 
b_0 = 81,041 mm 
h_1 = 95,228 mm
b_1 = 92,365 mm
A_0 = 8833,31 mm^2
A_1 = 7043,77 mm^2
E_a = 20,26 % 
f_s = 77,19 %  
d_arb = 526,82 mm 
v_0 = 0,365 m/s 
v_1 = 0,458 m/s 

U
n
i
v
e
r
s
i
t
y
 
o
f
 
D
u
i
s
b
u
r
g
-
E
s
s
e
n

M
e
t
a
l
 
F
o
r
m
i
n
g

R
o
l
l
 
P
a
s
s
 
D
e
s
i
g
n

M
I
F
-
D
a
t
e
i
:

B
A
R
M
I
L
L
_
1
.
M
I
F

D
a
t
u
m
:

2
5
.
0
8
.
2
0
2
2
 
1
5
:
2
2
:
2
8

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

B
M
_
R
D
_
1
.
L
I
S

K
e
n
n
w
o
r
t
:

B
A
R
M
I
L
L

M
a
ß
s
t
a
b

S
t
i
c
h
 
4
e
 
v
o
n
 
1
6

1
 
:
 
1



alpha_0 = 21,49 ° 
h_0 = 92,366 mm 
b_0 = 95,228 mm 
h_1 = 57,302 mm
b_1 = 110,557 mm
A_0 = 7043,77 mm^2
A_1 = 5250,54 mm^2
E_a = 25,46 % 
f_s = 77,88 %  
d_arb = 508,79 mm 
v_0 = 0,458 m/s 
v_1 = 0,614 m/s 
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alpha_0 = 23,11 ° 
h_0 = 110,557 mm 
b_0 = 57,300 mm 
h_1 = 72,172 mm
b_1 = 69,724 mm
A_0 = 5250,54 mm^2
A_1 = 4037,67 mm^2
E_a = 23,10 % 
f_s = 72,18 %  
d_arb = 494,53 mm 
v_0 = 0,614 m/s 
v_1 = 0,798 m/s 

U
n
i
v
e
r
s
i
t
y
 
o
f
 
D
u
i
s
b
u
r
g
-
E
s
s
e
n

M
e
t
a
l
 
F
o
r
m
i
n
g

R
o
l
l
 
P
a
s
s
 
D
e
s
i
g
n

M
I
F
-
D
a
t
e
i
:

B
A
R
M
I
L
L
_
1
.
M
I
F

D
a
t
u
m
:

2
5
.
0
8
.
2
0
2
2
 
1
5
:
2
2
:
2
8

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

B
M
_
R
D
_
2
.
L
I
S

K
e
n
n
w
o
r
t
:

B
A
R
M
I
L
L

M
a
ß
s
t
a
b

S
t
i
c
h
 
6
e
 
v
o
n
 
1
6

1
 
:
 
1



alpha_0 = 20,25 ° 
h_0 = 69,726 mm 
b_0 = 72,172 mm 
h_1 = 43,089 mm
b_1 = 84,871 mm
A_0 = 4037,67 mm^2
A_1 = 3025,90 mm^2
E_a = 25,06 % 
f_s = 76,11 %  
d_arb = 438,75 mm 
v_0 = 0,798 m/s 
v_1 = 1,065 m/s 
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alpha_0 = 21,87 ° 
h_0 = 84,871 mm 
b_0 = 43,089 mm 
h_1 = 55,019 mm
b_1 = 53,271 mm
A_0 = 3025,90 mm^2
A_1 = 2346,84 mm^2
E_a = 22,44 % 
f_s = 69,78 %  
d_arb = 427,26 mm 
v_0 = 1,065 m/s 
v_1 = 1,374 m/s 
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alpha_0 = 18,79 ° 
h_0 = 53,271 mm 
b_0 = 55,019 mm 
h_1 = 32,504 mm
b_1 = 65,936 mm
A_0 = 2346,84 mm^2
A_1 = 1769,49 mm^2
E_a = 24,60 % 
f_s = 73,63 %  
d_arb = 395,80 mm 
v_0 = 1,374 m/s 
v_1 = 1,822 m/s 
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alpha_0 = 20,39 ° 
h_0 = 65,936 mm 
b_0 = 32,504 mm 
h_1 = 42,290 mm
b_1 = 41,062 mm
A_0 = 1769,49 mm^2
A_1 = 1389,37 mm^2
E_a = 21,48 % 
f_s = 66,26 %  
d_arb = 386,33 mm 
v_0 = 1,822 m/s 
v_1 = 2,320 m/s 
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alpha_0 = 16,79 ° 
h_0 = 41,062 mm 
b_0 = 42,290 mm 
h_1 = 24,203 mm
b_1 = 52,437 mm
A_0 = 1389,37 mm^2
A_1 = 1039,80 mm^2
E_a = 25,16 % 
f_s = 69,90 %  
d_arb = 402,48 mm 
v_0 = 2,320 m/s 
v_1 = 3,100 m/s 
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alpha_0 = 18,40 ° 
h_0 = 52,437 mm 
b_0 = 24,203 mm 
h_1 = 32,878 mm
b_1 = 31,495 mm
A_0 = 1039,80 mm^2
A_1 = 833,54 mm^2
E_a = 19,84 % 
f_s = 59,89 %  
d_arb = 393,37 mm 
v_0 = 3,100 m/s 
v_1 = 3,868 m/s 
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alpha_0 = 15,75 ° 
h_0 = 31,495 mm 
b_0 = 32,878 mm 
h_1 = 19,030 mm
b_1 = 40,763 mm
A_0 = 833,54 mm^2
A_1 = 637,70 mm^2
E_a = 23,49 % 
f_s = 67,68 %  
d_arb = 337,40 mm 
v_0 = 3,868 m/s 
v_1 = 5,055 m/s 
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alpha_0 = 17,55 ° 
h_0 = 40,763 mm 
b_0 = 19,030 mm 
h_1 = 25,835 mm
b_1 = 24,920 mm
A_0 = 637,70 mm^2
A_1 = 516,89 mm^2
E_a = 18,95 % 
f_s = 58,08 %  
d_arb = 330,21 mm 
v_0 = 5,055 m/s 
v_1 = 6,237 m/s 
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alpha_0 = 14,63 ° 
h_0 = 24,920 mm 
b_0 = 25,835 mm 
h_1 = 16,946 mm
b_1 = 30,443 mm
A_0 = 516,89 mm^2
A_1 = 414,03 mm^2
E_a = 19,90 % 
f_s = 70,17 %  
d_arb = 257,42 mm 
v_0 = 6,237 m/s 
v_1 = 7,786 m/s 
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alpha_0 = 16,23 ° 
h_0 = 30,443 mm 
b_0 = 16,946 mm 
h_1 = 20,670 mm
b_1 = 20,972 mm
A_0 = 414,03 mm^2
A_1 = 333,88 mm^2
E_a = 19,36 % 
f_s = 68,73 %  
d_arb = 253,56 mm 
v_0 = 7,786 m/s 
v_1 = 9,656 m/s 
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