
alpha_0 = 15,00 ° 
h_0 = 170,000 mm 
b_0 = 170,000 mm 
h_1 = 146,000 mm
b_1 = 176,193 mm
A_0 = 28706,39 mm^2
A_1 = 25387,79 mm^2
E_a = 11,56 % 
f_s = 83,33 %  
d_arb = 704,57 mm 
v_0 = 1,321 m/s 
v_1 = 1,494 m/s 
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alpha_0 = 15,37 ° 
h_0 = 176,193 mm 
b_0 = 146,000 mm 
h_1 = 151,000 mm
b_1 = 151,240 mm
A_0 = 25387,79 mm^2
A_1 = 22837,14 mm^2
E_a = 10,05 % 
f_s = 76,33 %  
d_arb = 704,00 mm 
v_0 = 1,340 m/s 
v_1 = 1,490 m/s 
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alpha_0 = 15,92 ° 
h_0 = 151,000 mm 
b_0 = 151,240 mm 
h_1 = 124,000 mm
b_1 = 160,304 mm
A_0 = 22837,14 mm^2
A_1 = 19866,54 mm^2
E_a = 13,01 % 
f_s = 72,75 %  
d_arb = 704,00 mm 
v_0 = 1,300 m/s 
v_1 = 1,495 m/s 
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alpha_0 = 16,87 ° 
h_0 = 160,304 mm 
b_0 = 124,000 mm 
h_1 = 130,000 mm
b_1 = 132,868 mm
A_0 = 19866,54 mm^2
A_1 = 17272,86 mm^2
E_a = 13,06 % 
f_s = 69,23 %  
d_arb = 704,00 mm 
v_0 = 1,298 m/s 
v_1 = 1,493 m/s 
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alpha_0 = 15,62 ° 
h_0 = 130,000 mm 
b_0 = 132,868 mm 
h_1 = 104,000 mm
b_1 = 143,221 mm
A_0 = 17272,86 mm^2
A_1 = 14895,00 mm^2
E_a = 13,77 % 
f_s = 68,83 %  
d_arb = 704,00 mm 
v_0 = 1,291 m/s 
v_1 = 1,497 m/s 
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alpha_0 = 18,48 ° 
h_0 = 143,221 mm 
b_0 = 104,000 mm 
h_1 = 122,000 mm
b_1 = 111,309 mm
A_0 = 14895,00 mm^2
A_1 = 12972,37 mm^2
E_a = 12,91 % 
f_s = 72,44 %  
d_arb = 702,30 mm 
v_0 = 1,299 m/s 
v_1 = 1,491 m/s 
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alpha_0 = 17,81 ° 
h_0 = 111,309 mm 
b_0 = 122,000 mm 
h_1 = 94,707 mm
b_1 = 133,311 mm
A_0 = 12972,37 mm^2
A_1 = 10804,41 mm^2
E_a = 16,71 % 
f_s = 78,34 %  
d_arb = 726,38 mm 
v_0 = 0,554 m/s 
v_1 = 0,665 m/s 
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alpha_0 = 21,28 ° 
h_0 = 133,311 mm 
b_0 = 94,705 mm 
h_1 = 105,500 mm
b_1 = 104,443 mm
A_0 = 10804,41 mm^2
A_1 = 8758,97 mm^2
E_a = 18,93 % 
f_s = 82,22 %  
d_arb = 519,23 mm 
v_0 = 0,703 m/s 
v_1 = 0,867 m/s 
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alpha_0 = 20,77 ° 
h_0 = 105,500 mm 
b_0 = 104,443 mm 
h_1 = 70,456 mm
b_1 = 118,291 mm
A_0 = 8758,97 mm^2
A_1 = 7175,53 mm^2
E_a = 18,08 % 
f_s = 69,90 %  
d_arb = 543,89 mm 
v_0 = 0,712 m/s 
v_1 = 0,869 m/s 
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alpha_0 = 21,57 ° 
h_0 = 118,293 mm 
b_0 = 70,455 mm 
h_1 = 86,000 mm
b_1 = 81,710 mm
A_0 = 7175,53 mm^2
A_1 = 5719,60 mm^2
E_a = 20,29 % 
f_s = 73,66 %  
d_arb = 531,58 mm 
v_0 = 1,174 m/s 
v_1 = 1,473 m/s 
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alpha_0 = 18,03 ° 
h_0 = 86,000 mm 
b_0 = 81,710 mm 
h_1 = 59,079 mm
b_1 = 93,956 mm
A_0 = 5719,60 mm^2
A_1 = 4536,14 mm^2
E_a = 20,69 % 
f_s = 76,18 %  
d_arb = 555,61 mm 
v_0 = 1,535 m/s 
v_1 = 1,936 m/s 
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alpha_0 = 17,80 ° 
h_0 = 93,957 mm 
b_0 = 59,079 mm 
h_1 = 70,500 mm
b_1 = 66,961 mm
A_0 = 4536,14 mm^2
A_1 = 3833,55 mm^2
E_a = 15,49 % 
f_s = 68,79 %  
d_arb = 543,31 mm 
v_0 = 1,956 m/s 
v_1 = 2,314 m/s 
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alpha_0 = 16,48 ° 
h_0 = 70,500 mm 
b_0 = 66,961 mm 
h_1 = 47,547 mm
b_1 = 78,538 mm
A_0 = 3833,55 mm^2
A_1 = 3065,81 mm^2
E_a = 20,03 % 
f_s = 71,68 %  
d_arb = 563,97 mm 
v_0 = 2,424 m/s 
v_1 = 3,031 m/s 
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alpha_0 = 16,39 ° 
h_0 = 78,539 mm 
b_0 = 47,547 mm 
h_1 = 58,000 mm
b_1 = 55,105 mm
A_0 = 3065,81 mm^2
A_1 = 2596,53 mm^2
E_a = 15,31 % 
f_s = 64,91 %  
d_arb = 553,12 mm 
v_0 = 3,071 m/s 
v_1 = 3,626 m/s 
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alpha_0 = 13,82 ° 
h_0 = 58,000 mm 
b_0 = 55,105 mm 
h_1 = 41,702 mm
b_1 = 63,305 mm
A_0 = 2596,53 mm^2
A_1 = 2141,59 mm^2
E_a = 17,52 % 
f_s = 72,28 %  
d_arb = 568,52 mm 
v_0 = 3,719 m/s 
v_1 = 4,509 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
:

i
w
t
_
z
u
g
.
M
I
F

D
a
t
u
m
:

1
1
.
0
9
.
2
0
2
2
 
2
3
:
5
9
:
4
1

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

_
O
V
A
L
5
_
Y
_
_
.
L
I
S

K
e
n
n
w
o
r
t
:

I
W
T
1

M
a
ß
s
t
a
b

S
t
i
c
h
 
1
5
 
v
o
n
 
1
6

2
 
:
 
1



alpha_0 = 14,09 ° 
h_0 = 63,305 mm 
b_0 = 41,701 mm 
h_1 = 48,000 mm
b_1 = 47,994 mm
A_0 = 2141,59 mm^2
A_1 = 1818,99 mm^2
E_a = 15,06 % 
f_s = 68,72 %  
d_arb = 561,91 mm 
v_0 = 4,407 m/s 
v_1 = 5,188 m/s 
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alpha_0 = 13,83 ° 
h_0 = 170,000 mm 
b_0 = 170,000 mm 
h_1 = 149,594 mm
b_1 = 174,693 mm
A_0 = 28706,39 mm^2
A_1 = 25874,79 mm^2
E_a = 9,86 % 
f_s = 83,99 %  
d_arb = 704,57 mm 
v_0 = 1,345 m/s 
v_1 = 1,492 m/s 
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alpha_0 = 13,95 ° 
h_0 = 174,693 mm 
b_0 = 149,594 mm 
h_1 = 153,932 mm
b_1 = 153,560 mm
A_0 = 25874,79 mm^2
A_1 = 23636,65 mm^2
E_a = 8,65 % 
f_s = 78,58 %  
d_arb = 704,00 mm 
v_0 = 1,360 m/s 
v_1 = 1,489 m/s 
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alpha_0 = 15,60 ° 
h_0 = 153,932 mm 
b_0 = 153,560 mm 
h_1 = 127,996 mm
b_1 = 161,791 mm
A_0 = 23636,65 mm^2
A_1 = 20691,98 mm^2
E_a = 12,46 % 
f_s = 73,95 %  
d_arb = 704,00 mm 
v_0 = 1,308 m/s 
v_1 = 1,494 m/s 
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alpha_0 = 16,32 ° 
h_0 = 161,791 mm 
b_0 = 127,996 mm 
h_1 = 133,425 mm
b_1 = 135,906 mm
A_0 = 20691,98 mm^2
A_1 = 18133,22 mm^2
E_a = 12,37 % 
f_s = 70,80 %  
d_arb = 704,00 mm 
v_0 = 1,308 m/s 
v_1 = 1,493 m/s 
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alpha_0 = 15,54 ° 
h_0 = 133,425 mm 
b_0 = 135,906 mm 
h_1 = 107,678 mm
b_1 = 145,736 mm
A_0 = 18133,22 mm^2
A_1 = 15692,57 mm^2
E_a = 13,46 % 
f_s = 69,75 %  
d_arb = 704,00 mm 
v_0 = 1,295 m/s 
v_1 = 1,497 m/s 
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alpha_0 = 19,50 ° 
h_0 = 145,736 mm 
b_0 = 107,678 mm 
h_1 = 124,951 mm
b_1 = 114,923 mm
A_0 = 15692,57 mm^2
A_1 = 13589,12 mm^2
E_a = 13,40 % 
f_s = 76,48 %  
d_arb = 702,76 mm 
v_0 = 1,293 m/s 
v_1 = 1,493 m/s 
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alpha_0 = 17,45 ° 
h_0 = 114,923 mm 
b_0 = 124,951 mm 
h_1 = 97,984 mm
b_1 = 133,789 mm
A_0 = 13589,12 mm^2
A_1 = 11255,96 mm^2
E_a = 17,17 % 
f_s = 82,91 %  
d_arb = 727,01 mm 
v_0 = 0,555 m/s 
v_1 = 0,670 m/s 
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alpha_0 = 20,87 ° 
h_0 = 133,789 mm 
b_0 = 97,983 mm 
h_1 = 108,319 mm
b_1 = 102,814 mm
A_0 = 11255,96 mm^2
A_1 = 8982,45 mm^2
E_a = 20,20 % 
f_s = 90,87 %  
d_arb = 520,89 mm 
v_0 = 0,696 m/s 
v_1 = 0,872 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
:

i
w
t
_
z
u
g
.
M
I
F

D
a
t
u
m
:

1
1
.
0
9
.
2
0
2
2
 
2
3
:
5
9
:
4
1

U
s
e
r
:

O
V
E
R
H
A
G
E
N

L
I
S
-
D
a
t
e
i
:

I
W
T
2
2
_
1
.
L
I
S

K
e
n
n
w
o
r
t
:

I
W
T
1

M
a
ß
s
t
a
b

S
t
i
c
h
 
8
e
 
v
o
n
 
1
6

1
 
:
 
1



alpha_0 = 20,73 ° 
h_0 = 108,319 mm 
b_0 = 102,814 mm 
h_1 = 73,436 mm
b_1 = 112,974 mm
A_0 = 8982,45 mm^2
A_1 = 7287,83 mm^2
E_a = 18,87 % 
f_s = 75,29 %  
d_arb = 543,87 mm 
v_0 = 0,706 m/s 
v_1 = 0,870 m/s 
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alpha_0 = 19,95 ° 
h_0 = 112,975 mm 
b_0 = 73,435 mm 
h_1 = 88,435 mm
b_1 = 80,066 mm
A_0 = 7287,83 mm^2
A_1 = 5848,70 mm^2
E_a = 19,75 % 
f_s = 81,74 %  
d_arb = 532,66 mm 
v_0 = 1,188 m/s 
v_1 = 1,480 m/s 
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alpha_0 = 17,95 ° 
h_0 = 88,435 mm 
b_0 = 80,066 mm 
h_1 = 61,742 mm
b_1 = 88,742 mm
A_0 = 5848,70 mm^2
A_1 = 4633,94 mm^2
E_a = 20,77 % 
f_s = 79,10 %  
d_arb = 555,52 mm 
v_0 = 1,535 m/s 
v_1 = 1,937 m/s 
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alpha_0 = 16,57 ° 
h_0 = 88,742 mm 
b_0 = 61,742 mm 
h_1 = 72,212 mm
b_1 = 66,528 mm
A_0 = 4633,94 mm^2
A_1 = 3927,79 mm^2
E_a = 15,24 % 
f_s = 78,28 %  
d_arb = 544,36 mm 
v_0 = 1,968 m/s 
v_1 = 2,322 m/s 
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alpha_0 = 16,27 ° 
h_0 = 72,212 mm 
b_0 = 66,528 mm 
h_1 = 49,828 mm
b_1 = 75,158 mm
A_0 = 3927,79 mm^2
A_1 = 3160,22 mm^2
E_a = 19,54 % 
f_s = 74,14 %  
d_arb = 563,89 mm 
v_0 = 2,439 m/s 
v_1 = 3,031 m/s 
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alpha_0 = 15,36 ° 
h_0 = 75,158 mm 
b_0 = 49,828 mm 
h_1 = 59,543 mm
b_1 = 54,926 mm
A_0 = 3160,22 mm^2
A_1 = 2672,89 mm^2
E_a = 15,42 % 
f_s = 73,83 %  
d_arb = 553,94 mm 
v_0 = 3,077 m/s 
v_1 = 3,638 m/s 
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alpha_0 = 13,74 ° 
h_0 = 59,543 mm 
b_0 = 54,926 mm 
h_1 = 43,432 mm
b_1 = 61,265 mm
A_0 = 2672,89 mm^2
A_1 = 2210,69 mm^2
E_a = 17,29 % 
f_s = 74,57 %  
d_arb = 568,49 mm 
v_0 = 3,729 m/s 
v_1 = 4,509 m/s 
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alpha_0 = 13,30 ° 
h_0 = 61,265 mm 
b_0 = 43,431 mm 
h_1 = 49,377 mm
b_1 = 48,242 mm
A_0 = 2210,69 mm^2
A_1 = 1887,34 mm^2
E_a = 14,63 % 
f_s = 74,53 %  
d_arb = 562,65 mm 
v_0 = 4,420 m/s 
v_1 = 5,178 m/s 
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