JIE=D TU

Grazm

-. /012






( $3%%*(4) 5*65%7

QPP P97 7??7??7?7?7?7?7?7?7?7






# #! 3
'& I * R #
C < * % )B&3 # '
)B&3 ! 1 bo-#
"5 ( ! 'CH#
[ - # -
I# "5 ' #
# |I-D M ! #
7# - E # - 3 #
)B&3 ! ' 3!
* I H H
%! - & - -
’ + -
* g # (5
I, + I -) + -
$ ! ! ! C
, & )B&3" 51
I I + '
3 6 + !
3 ! '
T# ! - ! H
# : # )B&3™
E | * , ! '3
# ; # !






I'D

## &
)B&3')B&3

#
## #

"I #

(((






11
1/
1F

1D 3#

&
I
I
IF 5,
F(
Fi $
F11
F1/
F1F
F'1'D
F1'2
F1'G
F'1'H
F/(
Fr1
F/
FI'F
F/'D
F/'2
F/'G
F/'H
FF
D (
D1
D'/
DF

5

I T T T R T LT

")

+

# )B&3 M

i

# #

PO

3#

3 # L T LR R E AT TR AT
L L T TR TR T AT AN
T T LT TR TN}
& o

O T T T TR AT R AR ELT R T ]

T

( ! 5

O T T LT T LN AT
N

5 3<

(
5

N
L]

< )B&3 "™

T
o
O T T

O L TR TR T TTANT]

n T TN T AT LA

3< 5

mnnnn
OO TN TR AT ITERTI L
L]

I T T T T T AT

O LT TN T TN

< )B&3

I L L TN R T T TN

O T O T L L T LT T T

o

O T T T T T LT A TR T T

L L R R R TR TN ATE RN IllllIlIIlIllllIlIIlIIlIllllllI/

L R R R R T AT AT TR TN LR T TET AT TN TT ) F

O T T T T T T O T O T TR TR LT R ET TN G

L R R L R R TR AT AT AT T H

T L T T RN E RN R TR I TN AT I

O O T L L T LT T T P I

O L TR R R RN R L TR IT AT

L R R R R TR TN AT AR TR T lJ

O T O T L L T LT T T P 1|

L R R R R R LT TN ATA TN

T

R

O O T L L T TN T T I T T T T TL N AT ] /O

O T TR TR E N TR TU AT L T T TR PRI R AT} /1

L R R R R TR AT AT LRI L L TN LR R R AT AT TT L] /F

O T T L T T T T T

m O T TR T R TR IT TN

L R R LR R T TN ITA TN

O O T L L T LT T T T

O L T R T R AT TT TN L T T TR TIT R AT} /J

L R R R R TR N ITA TR o /J

O O T L L T LT T T T I L T LTI /J

O T R R T R L AT TT AT L T T TR TIT R AT ] /I

O T T T T T

O T T L T T T

L R R T LR AT AT TR

O T T L T TN T LT T FF

O T T T T T T O T R TR TR R T NT F2
N F
O T T L T TN T LT

O T T T T T LT T FH



21 $

2'11 # 5 #
2'1/
2'/
2'/'1 #
2'0
21'F +

# < &
< )B&3 "
5 #
# <

I T T T ER TN R LTI A ]

2F 5,
G &
G1 $

G'11 )
G1/ 7 !

&

$ OO T TR TN

& )

G1F ; &

G & < )B&3 "

Gl )  +  # )B&3 "
G o)

GIF + ) o+

+ i

O T T T TR TR R ET NI A}

GF 5,

H , O L T T LT PR TE TR I 1]

o

H1 $ ,
H'1'1
H'1/
H'1'F ,

i

B# |
B# 1 ™
JY—
H'1'D $
H12 E | $ 1
H/ < )B&Z "y
H/'1
H/'l !
HIF & )
$ !
* 4

B# !
o
H'/'D
H/2 7
H'/'G ! 3 !

# )B&3 *

E(

O T T T L L T TN T T

O T T T T T

L T R R R LT AT I TE TR

# )B&3 *

# )B&3 "™

O T T TR LT TN T TR AT FI

PO

"E

5 PO

"FI

5 PO

"D/

O L TR R R T T EE AT IT AT

5 PO

""" DD

5 T

"DH

L R L R R T AT AL TR T 2F

L TR RN EET R TN AT N AT

2

O T T T TN T T T T

22

T

O T T T T T T T

L R R R TR LT AT ITA TN

L L TR R TR E R L TR IT TN o 2|

#)B&I " 21

O T T T L T LT T T

L L R R R TR TR AT AT LRI

O T O T L T LT T T

O O T L L T LT T T

L T L R R R AT T TN

IO T T O T T T T T

B CN

O O T L L T T T T

L T R R T TR LN AN TN

"""HO

# # )8&3 WUUILUUTULU UL UUTEL L UL "H1

O O T L L T TN T T T

O L TR R T R LE TR IT TN

O O T L L T LT T T

$ ! # )B&3 " J/



(

H/H B

HF 5,
J 5 #

J1 $
J11 5
J1'/
J1'F
J1D
J'1'2

J/ 5 #
J/1
J1!

JF 5,

+

n

$ !

P
I T LTI
# L L TR TR AT AN
PO

#

nm#

I # | 5#
< )B&3 "™
# )B&3 "
!

I T

. ¢
I'’'1 !
ry, =
'n'r $
I''D 5

I'/

I'F 5,
10 "
101 $

10'11

101/
107 3!

101

101

10'/'F

10/D

102
10'/'G
10'/'H

i

"3#

3# ,
3#

< )B&3 "

mnnnnn

I T T T TR TR T AL N A}

O O O T T T

PO

I # )B&3 "™
*

3

#

nunn

(

3

# I

[ IRLLLLY

m

o

# YB&I "3

L L R R R R T AT AT T I/

O O T L T TN T T PO IF

O L R LR R AT TR TR NI L

R

T PO IF

O T T T T T T T T IG

L L R R R R R T AT ITA TR L LT LT T T AT TR AT IH

n L L R L R R TR TN ITA AT

rm—t

O O T L L T LT T T O TN LA TLA T I\]

L L R R R TR TR AT AL TR

10/

10/

#)B&I M ""10D

L L R R TR TR AT AT AR TN

—— W 0G
p— ———w. o+

L R R R R TR AT ITE RN

| s 1 OH

L T L R TR R T AT T TN

et 10H

L L R R R R T AT AT

N 0N

O T T L T T T T T T

R (0]

O L TR R T R EE TN TT AT

B K0

L T R T R TR AT ITA TR

rmmmm———111

O T T T T T T T

i —— — 10

O TR TR T R TR IT TN

——n--—-:e g 12

O T L T T T

112

O T T L T T T T T

Hmmm— 5—_— 112

O TR R R T R AT T T AT

pmmm——“— 1

O T T L T T T

———"7 12

O O T L L T LT T T

12

O L TR R T R TR IT TN

pm—— ] 2

) M

O TR TR T R TR IT AT

&
I

O T T T T T

|

O T T T T

et 1RO

E((



1073 ) !
1071 E !

I#

O T T T TR TR T LT

10F 5,

T

11 +
11'1'1
11'17 $
11'1F
11'1D
1112
11'1'G

117
11'F ) !
11D ) #

1/3 #

*

5 !

PO
L T TR T AT T
PO
PO
T

T

3

E(((

o O T T T L T LT T T

s )

n L R R TR T AT AT AR

1Rl

O T T L L T TN T T

L R R R R LT A TE R AT LRI

L L R T R TR AT AT AR TR

T O T T L T TN T TN T T T T T T LT AT T T

1FF

O T TN TR TR TR T RN

L L R R TR TR A TE N AT AN

mtEG

O T O T T L T TN T T

L R R R R R TR TE N ATA TR

" 1R

L L R R R R LT AT AT TR

" 1R

O T T TN T T T I L L TR TN TT AT T 1FI

L R R R R TR AT ITA RN

L R L R T AT ATL RN

O T T T L L T LT T T

O L T TR T R EE TR TT TN

L L R TR LT AT AT AR T T TR TR AR RETREAN T

3"1



3H#

I"# $%
&' ( $
) * %% &
+ "# % JH - o0& 1 )
2. I"# % JH# - o0& 1 +
3 % 4 ( 5 # 4 % 6 4" I'# -
. 0& 31 2
% 7 8 * 9
7
& 27 * 6$)00 6$+00
) 5 - 7o
+ ( .%% 4 < : 4 6)00 6+00
2 5 = .= 57 # * 6
)00
3 = 7 % #7 , 99+/ 31 &
> 5 # 6$)00 4
' )
9 5 7 5 5= 5 )
0 - 8 7? # . / 009/ 021 +
5 5: 6% )00 2
5 5: @ # 6% )00 2
& 8 7? . # : # 6% )00 3
) 5 5: 6% +00 3
+ 5 5: @ # 6% +00 3
7 5 I ,00/ )91 9
5 ; ey 00/ +&1
&& ; ( 55 7 5 : ( . 54 L 00/
+&1 &
&) 5 /
$5%% 5 5 = 5 1,00/ +31 )
&+ 5(( 1 /1,1 5(( 1,&1 5((
% [ 9>3/ 3+1 +
&2 . % 5 = 4 %@ ( ,,) /00/ 21 2
&3 . D7 I"# 3

(K



3t

&> ( % 5 @ A5 9
&9 - 5= 5 B &0
&0 5(( % &
& < 7 5 ((
) = 5 > ( &+
) - < 4 &+
+ 5: 5 , / 009/ 991 &9
+ : ,1 = ,1,0 /00 [ &21
)0
+& : ; # )
¥y 7 = 4 '8 )+
++ 5 4 C 7 5 % # )3
+2 5 4 C 7 5 ( & )3
+3 b5 4 C 7 5 % ; #
)>
+> 5 4 C 7 5 5= 5 I 4
)>
+9 " - : 5: +
2 - ( 57 ( "55 5, /00/ 001 +&
2 -( % 57 5 ) 5 /9>1 +)
2& % :5 $ = B +2
2)1 $ B 4 C % +>
2+ - : ( ! ' A7 5 5 20
3 ( "7 5 5, / 009/ >1 2&
3 5 ( .78 "7 4
5 5% 5 4 -11$ 4 =
4 $ 6 ( , / 009/ >&1 2+
3& ( : "7 N / 0091 22
3) 8 75 # 6 "
> = A ! 5 29
3+ ( "7 3
32 5 6$ )00 4 C ; 3
3317 ( 4 3)
3>C 17 # % 4 3)
39 ( T 5 32
30 ( % 4 ( 33
3 ( % D 5 % 4 33



3t

3 ( R 4 &
1
3&! 17 ( /
3) 7 5 $
3+ 75 % $
32E 75 7 5
33 5 E 8 7
5 8 7 5
%
3> - 8
% 5 ( ( -
39 T E 8 7
30" E 7 5
(
3 - 7
3 = 4 #4
3& @ 4 8 7
5 .
3)" @
3+6 @ @B
32. ( 7
> C #7
>
>& ! - ( '55 5
)91
>)A7T 5@ ( $ % 5
J 100/ )>31
>+ C = 4'5
>2 ( 5
00+/ ++1
>3 % 5 7
/0) &21
>> - ( D b5
0) &21
>9 B A7
/ 00/ )2>1
>0 7 5
9 B 4

3>

39

% % >

561 7 5 1 %
>&

>+

>3
5 >>

% >9

90

5 6 "> = % 9
,99+/ 01 9&
A7 5 5,6 / 00+ 2&1 9)

"5 = 5 / 00/

9)

57

9+
$% 5 18/0&1 93

-1$% 5 <8 - 6 /
99

00

1)218 5@ * /

BT 99+ &21 03

K(



3t

9 B = 5: A 7
BT / 99+/ &2&1
9& 4 .7 ='5H , 51/ 7 .7
E = % (5 , 1 7BH
5: , 1 #7 [ 99+/ &2>1
9) 4 .7 4 5 7 #7
/ 99+/ &31
9+ .7 4 (5 HT / 99+/ &31
92 % .7 5@ ( 4 =5 : 20l #7
99+/ &331
93 4 .7 5@( 4 4 $ 5 5% $ <$
BT / 99+/ &331
9> B "t $ 5 % J %
99 : % ( : -$ 8 ,@ / 00&1
90 5 (5 % 7 5 B $
= #
9 B ,@ |/ 00&1
0 %@ ,9>3/ 91
0O # 7 7 B 5
0& $@ ' / : 45
HT / 99+ )21
0) : B 5 5 #7 [ 99+ )21
0+ *5 ( 5 ! / 009/ 0)>1
02 - : % 55 , /[ 953/ 9>1
03 % : , | 9>3/
0>* @ - 45 D % , /9
&0)1
09 5 ' = : B #7
99+/ )&&1
00 ( o ( HT / 99+ )&21
0 7 Do ( ' 5 HT / 99+
)&31
0 7: ( 5 C B , 51
, 1, [ 9>3/ &1
0 & ( N ' 5 HT
)&91
0)- 45 A75@( B H#7
/ 99+/ ))01
0+ FK S ./ 0&1 - / 939/ 3

K((

&01
>3/

[ 99+/

$3)1

0>

0>

09
09

0

)



3t

02 7 ( B +
03 (7' B +
0>% 5 ( 2
09 % = % 2
00 % 5 ( D% = 2
0 5 ( 3
0 ( % 7 3
0& ( "7 3
0)C=5 L (( 3
0+C=5 ( 3
02A 5 7 %7 4 >
0317 ( B 5 4 >
0>17 ( ( 4 >
09 .4 % 4 ( 9
0&0 5 ( 9
0& < @ %7 = - %7 . %7 $4 9
0& . ( &0
0&& B B5 %7 &0
0&) 6 B5 %7 &0
o&+" 7 7 B &
0&2 B 5 8 -5 % # 17 (
&
- % % = &)
( .7 8( . @B
= 5 ::M>N,6 [/ 00+ +)91 &)
& - 5 % = &+
) - % % 8 75 &2
+ - D7 % = &3
2 - 7B i % = &3
3 - 5=5 % = &>
> - (5 % &9
9 "( 4 )0

K(((



8 7?0 # 4 #
6% +00
& -( 4 7
3 <7 -4 ( B ( 7 5
/ 0091
3 = 4
3& C 7T 6+0 +0
3) 5 4)G*)* / 00&1
3+ C= 17 6+0 +0 7B
32<7 ! ' 6 , 00+1
> 5 7 5 *
- 4 ( %
$ ! #= ., [/00/ 921
$ $ $ 4 J/ /00/ &31
$& St $ =, $

/ 00/

+91

$

22
29
30
30
3+
32

0)

&&

K(E



3#,

) B&3

)54

)&

)B&3  -)B&3 5 -)B&3

7 "5
) 5
) &
lo# " I
! |
#
*
<
"5 H
L
5 #

#)

%&'

#—(

KE



234 235 236

284 285 2g6

2.,

25 2¢

>2@@A

NN

g »H P

KE(

*

*

5 ##

|3<

#—(

#—(

Gl J,



vl

Wt

KE((



Iy

KE(((

% !

% !

% !

#—(

#—(

#—(

#—(

#—(

A—(



a

Nt

rTTnop

E #
3
< E #
3
< E #
E # 3#
H o %!
3#
) # -
E
) #
5
& # 3
6
) #)
) # T#
5 3
+ N
+ ;oL
L
L
< ) +
; ) +
E

XLf

XL f

7
#—(
7
#—(
7
#—(

7
#—(

K(K



r E ( B
34 6= 1 )
Sg 6= ) 7 #
' ) # )
it ) # TH#
at 3 #
Jy
ay E!
Wy V5 Vg 7
$!- # !
Xy ) # g # )
X56 B # @ # A
Wy E #
Zyt
Zg ;!
G{ !
X45| 5A g} #l
Xa5| ~:A 2 : #
. 7 * 4 % - IOM
; * H
-# 3 no !
}5e $

KK

Z
#—(

z
#—(

7
#—(

7
#—(

7
#—(
7
#—(
7
#—(
7
#—(

7
#—(

7
#—(
7
#—(

Zf€ $e



B# |

*# <

3
) # 3#
) !

S #i#

@ nmL, !, A
$ !
- #
I E
| - # 3 1#
( -# 3 I1#
# 1
#
I # I

KK(



KK((

# $#
#
5
( " —
3 I# " —_—
" !! H—H
7
J
113 L H’+ ”
1l B
11 #’_é(
#oL+
- * "k
!
!
>
#



KK(((






)B&3 5 #) @)B&3A "5 I 3
& - % " 3# g -

! -E # # Lo o# )B&3

$ 5 L) #

| |

# ! ; 5 I #

* < |- -
| - + ; Il -
( ! 5

#' # )B&3 - ( 120



Kugellager

Kugellager

"# $%
11 ") # )B&3
31 . )B&3  ; 4 -
‘& ; 'S -
L+ L #ox
A [-D E "3HF 1'F + I -
# I, F
|
& ( $
7 L ; # # - *
3, )B&3 - #
3 # H ' < - 1
*H#- 5 # 31
- # -
# # 8 - !
)B&3 # +



' )B&3 ! * #L L -
# I * 4 # I ' C#
- $ #'
5 * '
1'/ "+ # #
- 7 5
+ I 5 /[-D -
*
# 1 -
# * | ' ’ *
# - 7 ’
3! * ! * -
3 H # 1/0N , ,
3 * #- 311 #
" 3##' 1] ! @ 10H!I'A
* # )B&3 " * '
* * # 3 : < /0 # '
< 2 I'
# oo < ! # $
| - * ' +
5 < % # /'

A AA

) * %



(;
51
| @3## I'FA
I 7"1200 *
!
3
< 3
DO N4
$

3#

#-# 5  # (

! I - L
5 "7 7"/DO0O- #

JO N4 I3

™ff i Sff

"# %

/ Lager-AuRenring
/ Luft-Ol-Einlass

/ Nut mit O-Ring
- Kugel

L —— Seitliche Abdeckung
H Labyrinth

I

Dichtlippe

Innenring

N

N«



) 'O | )*+DG-
1 @ 3

DI4 DE ,
2J)54 I '
) 3
) '
-# (
H# I- E

! )  Gl)54 T

# )B&3 * -#

' ! 7

L
12A°  * H
( -#
O-/ # -
! o
AS5
(" 3 W # N
b ( )
3 * g &
) -
& E !
# - B# !
B# ! '3
( & )
3 )
- ; # *
: 1004 G
( Lo
"3 16
! (
( - ( %
2 . "# % N

L1 0& 1



< "# %

. # #o*
I ' 3 I I 0 [
* # - H I, #
L * ! I : ' (
* 31 ! , # ,'7
I # ! - 5
3 1% #, * g H# @ 3
1T'HA' ! ! < 17
3# ( #'
# * * # - # 8 ! 'F %
@ 3## 1'DA’
7 !, B"S
I#
5
3% 4 ( 5 # 4 % 6 4"¢ I'# - . 0&/
31
C
& # E!L# l 5 # 8
" : I ! : I ’#
) - $ + * | 7
# H# * | _ * #
L) "O '3 l- o™I
- 5 + '
- # 7 * # - JO N4
- 3 3 ! 3
I "0 * -
# # - 3 #H1'1'
1'F ; 3#
(5 3# # )B&3
I ' -
* # # - # ! # )B&3
L} + : !
1 3 -



3
+
E #
+
+ |
1'D 3'#
( !
< |
(
(
5#
3 !
"3
+

3#

3#

*

# )B&3

3#

# )B&3

1/

11

"

+ 4 L.






C#

% 7

FOO # /D

3#




2.-- L "> -/ PR

deesk > 2427 2eR)

7SR Y S FAO)
| 5 # 2 L 2 #
2 L 4:
20 L ¢
: * R ,
Doy s < e . _
. * & * _ )
-3 < o 1 'c# +
< I 3<
) * # * #  5#

[ Lf 230" 2g4 L f
234 L 2g4

e L gL go:¥go

[A5Lf ‘2—:!‘2.6:!)286: ‘21: ‘20a: L f

«

fo L ¢ [ 47 ? o £ . 4@ 2 +2- £7.@®

-®

[26Lf 2—)21)203‘236‘286) 26Lf

[25Lf 21]‘235‘285)2.5Lf

iaL o £3 2 3

10

@'l

@

@I'F
@/'b

@/'2

Q@I'G

@/I'H

@/'3

@



3t [ ! H# ;!
. 4 # .
+ ' # , & #
I, # # HOO %9 '; 3## !
# " E !
E ! 7"/DO0  7"1200 # @3##
I'A" & * 7"/D00

1200 # Q3## I'FA'

900 . . . . . 300 .
800 | 4 — Mbn-2400
250+ n ]
700 | DN-1500
600 g 200+
Tg 500 I i F."g
€ € 150+
= 400 g =
300 ¢ g 100
200 g
50
1] | -
0 R Lin v mnm wm—) ‘ 0 ‘ ‘ ‘ ‘ |
40 60 80 100 120 0 20 40 60 80 100
Zeit / min Zeit / min
7 & 7 * 6%
)00 6% +00
3##' I'D < E ! 3! ! * & !,
7"/D00 ') ! < -
+ L Zf %% - 3" 3# * M
* ! n # -
! L}
140 - -
130 B
120 B
110 B
b
X
~,. 100 B
LLED
90 B
80 B
70 B
60 | | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
Zeit / min



1/

E P 3 * &
5 H# oo, 3 l, &
o St E !
7"/DO0  7"1200 ,#  + '
7000
6000 | - 8
5000 // ]
2 4000+ 1
- / Non-2400
X
2 3000} / MoN-1500 |
2000 / ]
1000 ¢ / 1
0 L L L L L
0 20 40 60 80 100 120
Zeit t / min
+ ( %% 4 < ' 4 6)00 6+00
* o 3# < +
! ' ! I - ! !
! 5 # -
! ' 3H# | 'G E !
! ! ! * 3 * & +LZJ
' 2. -# 3 -1 # '
30 110
55 U —
25 - ~ <100
z
R4
LB
¥
LL<
P : Fliehkraft Lager AundB-F, . F,
5 P R Ortsfeste Gewichtskraft Lager A- F, _ 60
- —— — Ortsfeste Gewichtskraft Lager B-F, _
0 L L L I I I I I L L
0 10 20 30 40 50 60 70 80 90 100
Zeit / min
2 5 = = 57 # * 6 )00
- | # F
P 3# # ( '

FA-staI’ FB-stat/ kN



& t# 2@ - ! &
I @ 3## [HA

3 - 7 % #7 ,99+ 31
! Lox # ! '
! TR
| |
286 L2.1—>20 >21 2g6<=: L — 1246
2gs... L2 !
85 19 Zg5<: L — 255

2 L U2 2285 235¢=: L 265 ‘2 gpe-:

236<:: L 266 ‘2 86<=:
|
236’ L2_ t uZ‘ o

25 - Lf 2= L U236 >2 g5

28<=: L W2gp<=; > 2g5<=

% L M2 5 > Z5)

T %t 3 & # & ' @1I12- * 1H1A

; 2es: @/'10
2L 2. Z> f ot #2—( ”

S # 1 o« 3+ g #
+ 7D00

1F



200 120
150 100
<
£ 100 80 ;5
= E
LL<
504 T —— — Drehzahln W 60
F/ mittlere Lagerkraft F__ S
777777 mittlere Lagerkraft FAm \
0 L L L L L L L L L L 40
0 10 20 30 40 50 60 70 80 90 100
Zeit / min
> 5 # 6%$)00 4
L 20 # 3< ! 224 204 -
= & Ba @& - 1112- ' 1GDA'
BL - 2>, :2 @/'11
C# 5 1 K 3< ' Q $# I, L
* - - # )B&3 -
E ' Q#, & 3< I )
#,
2
-1 4 @/']J
2
- # +LZ9Z0' T "3 [ 3# E #
7 =
15 T T T ‘
USRS DN S S B
© l l l l
R R S
0 | | | |
0 10 20 30 40 50
aO /°
9 5 7 5 5=5
E 3 I 5 ! Lk ZHF & ) !
Y
3< I 2 * * | 2@ '



2; L >_?@@A:2@ @/I'1F
2;
! >_?@@ALf§ - I, 5 # -
E + 3 3# - 3< |
# - # E 2y s - 7 =1
Y
¢Z AU '
# )B&3 "* 5 Ko ! #
3< # * 7 ) 3 F'/'DA'
L ( " 3 - ( /n+ n
'3 3 #, * 1# + -
5 Ke #' 1 -
| | 3 | * -
E * - —
* # , ' E * '3
C# 3< [ = * H +
' 5 # 1
' &
& 2e = & +
! ' L & - #
@” L ) # # - 5 |
& # o, '3 10
& & * ! B = &
B ' 1 R
! @ ML @& - 1112- '1GIA
P2
T p _h f \‘_PS_,_,_
Bel
ea;tung 3 \ ‘.
[kN] =
i n1i i {:4‘:\
T Ny BRI
No
Drehzahl —
[mir:f‘]
q4 [P ds g, |Zeitanteil q
100 %
0 - 8 7? # , / 009/ 021
= & B H# * Bx
! ¢ @ i D o
@& - 1112- "1GIA

12



1G

aL gt 2B T @/'1D
Vil > LTy > e
) @ Zf @ fo
< m !, + mL, '
El E 1
ol il . L oL @/'12
Zft Zft
( $ + & # o - #
& B 29 # "3 11 3#F 'L
= *# B!,* 3 & @"
L* 3 & #
120 200 120 200
1180 — 7180
1 1 -7
00 160 0 . — - —‘j ————— 160
— .
80 140 80 et 41140
< 120 "g < 1120
a< 60 100 - a® 60 r 4100 EE
- c -
L= 80 S .8 — leo S
40 60 40 { & 160
20 ’ 140 20 ’ ‘ 140
B 20 B 20
0 L L L L L 0 0 L L L L L
0 20 40 60 80 100 0 20 40 60 80 100
Zeit /min Zeit / min
|:| einzelne Laststufen P, |:| einzelne Laststufen P__
— - — dyn. &quivalente Lagerbelastung PA — - — dyn. &quivalente Lagerbelastung PB
77777 mittlere Lagerkraft FAm - - - - - mittlere Lagerkraft FBm
—— — Drehzahln —— — Drehzahln
mittlere Drehzahl n. mittlere Drehzahl n.
5 5: 55: @ #
6% )00 6% )00
3##H I'LF < & B # *
* ! 20 !, 7"/D0O0' ! -
L# * #



&

Fow Pa/ KN

200 120
150 100
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, >
X
o
o0-( A 80 o
£
LL<
—— — Drehzahln \ e
mittlere Lagerkraft F u®
50 om 60
mittlere Lagerkraft F 1
Am
— - — dynamisch &qu. Last PA —
777777 dynamisch aqu. Last PB \
O L L L L T T T T L L 40
0 10 20 30 40 50 60 70 80 90 100
Zeit / min
8 7? . # # 6% )00
3 'ID  3## '12 L * Lb* 3 & * 7"1200'
= & # * & * o 3-
5 # L ! '
60 300 60 300
| !
50 fﬁ 4250 50 //r 7777 <4250
4 f | 1200 40 r k 1200
7L 1T T T T T — T Z J =
L _ ‘ IS = _ IS
30 P | 1150 -~ ™ 30 j 1150 <
7& : L - L c~
= u® W c
20 f 1100 20 f 1100
10 r W 4150 10 r W 150
[— [—
0 L L L 0 0 L L L 0
0 20 40 60 0 20 40 60
Zeit /min Zeit/ min
|:| einzelne Laststufen P, |:| einzelne Laststufen P_
— - — dyn. aquivalente Lagerbelastung PA — - — dyn. Aquivalente Lagerbelastung PB
77777 mittlere Lagerkraft FAm - - - — — - mittlere Lagerkraft FBm
—— — Drehzahln —— — Drehzahln
mittlere Drehzahl n. mittlere Drehzahl n.
) 5 5: + 55: @ #
63 +00 6% +00

1H



I'F 5,
% &, + # )B&S - 3< |
* + L Zf '&
< -1 I 3t #
#fH# *
E * 7"/D00 * 7"1200 ! - &
) ! - -2 M
$# /1 H # * & !
& " 7"1200"* & * & FDM
* 3'
8 7? # 4 # 6% )00 6% +00
$##
A « AA As » AR A o ©)¢
$%&'()) HJ-2 [2-1 11/-1
$%&*+)) FG-F DJ-J 12G-J

1



- - 5 |
5 * ! 3 | + -
# #- # | [ -
(! 3t # - I
# )B&3 + - -3< "95
) # # '
F1 $
I
3# , * # -
# # < I
* - H
! ‘@& - 1112- 'HDA
I .
F11 ( ! 5
3## F'1 5 "
", %
# ; # 5 Ko ! &,
! - # &, O
' 3 #1
$ @

& D7 5 I ,00/ )91



F S A = ("
3 W o# # - A
& W# # 3t 5 '
3 # - ## F$
@ 5 K.P
Z. Fi
:L Q) @) 7¢K< @
( A # # 3 #
‘ L Z, @F
(L @' ¢ ;¢K<
, L ( "#'3 # ! !
@ !!' -/O1F- '1FGAP
ERE I RS @FIF
PRI IR (PR @FID
@/00I1- '1FJA # - 5 # 5 ( DM
3 JM - 5 o
F1/
#  # 3< #
- # - #
# $ ! * o1 L
5 # - ! E '
@ -/00l- '1FJA
, # L ! ' #
! ! ' ) @/001A # E
. C# 1
L @F12
C
)  @/001- '20A ! @ ' Al =)
Z
QL —=L — @FG
<4 (o)
7 & '@1112- ' HHA @/ 00I- '1FJA Rs # !
X I P
le
Rl =—F% @FH
o
$ ! @/00l- ' 1IFJA & R E
ffg EffY ") - 3 # I, 5
' !’ %@ .
[ ! P

/0



Z ¢ .
%AL & A‘ZL A F L A F
F F F
ZfTMV ‘
Rsal A N ARt
F
ZfAZg"' ¢ . .
R-L ——————— L ZfA*ZLffA
F
# *# # I P
Z.
Fsol =i Ry R @F)
L—2ff™ ffA LffS
/.
$# Fll I !, *! !_ * '
& -( 4 7
, ) [0 “#1, “# "# "# -))6. /*150
% -)*1. /'+203 .
4 |)|# |5* % /'))+- /+5*0
f929: g2 , 2t f9 2 ¢ S A 1 f AL ¢
A( E - N
al i i P2V LI ¢
ll# ) ]
. " " Fsg E f f¢, Ef 1
‘.
F1F
5 # 3 ( "#'3 #
+ ! E # |
o CH * 3 ! !
5 E # = 3 #l 1
7 T & # '
7 T # : L H#
& $ "7 & " @1112- ' JOA
7 # 3 Lo l
5 E # * _
< E # @ 3 FIA ( # ( #
3 #-# L ! #, !
7 # < E # 5
& # @& - 1112- ' JOA
7 # < E # - # @/00I- ' 1FOA
# 2# 12N
* & | '@/01/- '12DA 7 I, 5
E # * ON '3 #

11



5 < E # *
7 ON ,
& # # ; # 3< "95
E ! ' L & I, L % !
5 1
( 5 K. # - 7 #
, $ < E #
* @3 F'/A
I‘%(10
R
N N
AN
2 ©
/ -
N | 7
ON
?
//'r
v/
1
5
- - - Axis of rotation
& 5 : 1,00 /| +&1
7 ) @/001- ' 2DA ) ! 3 # V #
1 !!I
VL -> ,° ¢ (F'l+
7 - # F ; P
A .
- Lorve e Y K ez K @F'10
/.t Y
’ W !! - l# A =
(" 3 # @) -/001-'2DA
WL ;> - Z (F1Lu
"ol ) @/ 001A $# F1 - W
fole. Z fofl, Z
WL ¢ ¢, 1 ¢ .z
¢ ¢
WLZf'Z

W LA

I



E : 3 "FF I ,
W "5 (7 (B 1 1 - '
: S -
- ! ) @/ 001A $# F1 #'
2%
24 .
23 4
22
21
2 7
19 -
18 Free Q@/ ] /
17 contact # ‘.‘Q/q’ A
angle ot 7 A
16 } > o |
15 / -
$ 14
g1
% 12 A/ 0.12
11 011
10 Free endplay — B,’Q,ﬁ” 0.10
i/ e o
8 17/ T :l;om 008
T P gy n.nrg§
6 0.06
_— — L— ~
NAREDZocas
4 }I! = 0.04
3’ // 0.03
2 / 0.02
i 0.01
0 0002 0004 0006 0008 0010 0012 0014 0016 0018
7 8%
&& ; ( 55 7 5 : ( . 54 ! ,00 | +&1
F1D 5 " 3<
# 3# F1'F - ( < # '
E H#t # 5 K. # 3< L &
( H 3 < 5 # -
* g ' #, ' 3< K. H
5 @ 3 F/IA @) -/001-'2FA
K L ciVie& T @Fy
K Le: pe => 40 Z 0& T
* * o 47
(r Gglo'D 1, * : * 4F 4D
F1'2 (
* # 5 ( - '
* ) ! ( # #

IF



- ( + #, ' 5 !
& u # # ( 1 !
3 I 5 & # # H
@ 3##' FDA'@) -/001- '2HA
L (,2 / ) = :'&' @QF'YWF
=M
N~

L ¢z, Z @ fio&

=

9/{«

I
i
|
N
|
H
|
&) 5 / $5%
% 5 5=5 1,00/ +31
* 14 A I+ " H
. @ 3 DA
;L@ g iZYe @F'1D
F1'G # 5
& 3" 5 5 ( #' 3
' E
- X # # X, # E +
@ 3MF2A& E ( H #
# % 3 - & &
( # E ! -
3< # @& - 1112- ' JGA
& E Xe@ # 3< K #
$ e # ( # 5 K. ! D
K. i pi o> 4t Z & T
Xl —— L &2 P2 =2 /2 @F 12
¢t @ ¢t @
# | TP
TL »zY#Z" Kf( @F'10
.V

/D



%

S

—)

&+

—~

S ((

%

Gn/4

Gr/4

K< L
&'H#HJ #Z* ——((L AZ#Z'
& g,Z\g

X@ L

25

Civ

@

X,' &

Grn/2

zﬁ

(1)

1

/ 9>3/ 3+1

Gn/2

Kc

Az w7z S
‘ 02V

(

(2) (3)
1,1 5(( /.81 5((
, - L
+ & -
+ '3 F'G
& b'* )
# #' -
& - )
001- 'G1A

Ko
3

A\

@F'1G

@F'IH

@/001- ' GOA

12



Plane 2

Body I

Body II

-

&2 . % 5 = 4 %@(,) /00/ 21
, Y 5 , #
Z
YL -
# , # #
E tx #- < ,
E ' #-
E 1
% # # ) @/00 1- ' G1A
# 1
Z Z Z Z
[YL—> —> —> —
W ok K K
, ] # -
# ', & &
; ) 1# 2V #
Yo O Yeo > Y ' Y
2Y L : .
[Y
3 ! Lo # '3 !,
L) # Vo
RAL
\LL
@
] ( " 3 ] !
. L\
[V, L —i#m >;—\(E|+
[ Y-L —z#™ Z. é';\(Ev”'|'+
= C‘ - Z)\

IG

Plane 2

@F'1J

@/001- ' GFA

Q@F'/D

@F'/a

@F'/I

@F'IF



Z ¢\
> ZTV L.
2Y,L—2 _ET +
/ TI Z) (."\
077\
Z, ¢:\
_ Z>\ . .
2Y_L— — EVI+
ne 2. ¢\
/ Z)\
- )  @/001A # ) ! # \
& # ¥ & #
E ! -
, & \ 7
I 3#
. & $ ! H L /"+
7 = 7 - Il )
: #P
\L = EEi+ =LfU
@
o < )B&3
# ' )B&3
* 5
)B&3 "™ -
R ¢
* 3
Y
&3 . 7 I"#

5

@F'/D

@F'/2

H



F/'1 5!
, &
|, * | P
FLDSE
@L Nt
L ™ ZfI€
5 ! $
5 K. @ 3% 1/# * A
3 )B&3
( 3 '
KL i ‘
L ™ Zfl €2 oNef
L Z¢,
F''l
( [+ " ( W
F
(L@ pezYe L gNeft BEgizYe
, L GATETA
3 - ( ! - #
_# 5 K $ @
- L > g> KoL ¢Nef> BE¢e> Zg,
- L ¢NNi™
# ( %
@ 3 FHA'
L o¢2,' ¢ 22& L ¢i™ ' D& &'
L Eff
FI'F
# #
™ ;
/ é N
L-LL L f Aff
S >TP) L
p ™|
L —LL—=Lf3&fHD
B E ‘Déc ¢
L2 L f ASZR
UL =L A
L2 L f AfY
Q& bt = ¢if 8¢Z

IN

@

)B&3 7"/DO0 *

= L TM*v
al ™¢
LU
L KNf O°1z¢
o # )B& -
5 !
$
@F'/IG
* 1y N
3##' D'/A
@F'1D
* I
@FA1
3#
@F'IF
! P
@F2
@F12
@FIG
@FIG



o} é .
k, L L L f z8fz
! c bs¢
, - e WAL DE
¢e=" ¢ oo™, BEL
R- L L Lf¢g™Z
B c Pbsgy ¢

(E I E .
1 ) - ' !’ ll*
!’ . L}
F'/'D
, & ; 3t F1'F -
L "+ " ( #, "3HH# F'J E #
3 ( # *1f ' #, '3
( # &, '
# - ) ! 5 A 3
, @ 3## F'HA'
7 = 3 - * 1 <
"E # * | # ' (
# # - 3# 5 5 -
7 3 '
Ga
2
Qo
ro \
e ',/
7 \\ .
\
\\
o5\

&> ( %
. &
4 & #
3 3@ 3#FIA
PE¢
VL ¢ —Epomy, o =€
VL K¢

5 @ A5

& 3 @ 3 FIA &
@F'IA !,

5 # '

@FH

@FH

@FAJ

@Fi

/l



3 . ‘ F « K< ‘ _C &
_ e eV K e = S5 S e T R
L »EYi————L »2Y——C G | »ZY @F'10
[ _+ —F ¢
- ¢ - é
.. .AR-‘ Z¢,
= L o3l c,~ ¢
¢eNg
L ¢zZfD L
o) Qo
oo\:‘ K
2 2. <
o
— xr I
Ga
2
Y.
&9 - 5= 5 B
= 3 ( -
# # ' = 5 K<
# - # "%
I # 3< # Do &
# ! = ( E -
¥ '
F/2 3< " 5
5 K. # )B&3 # @F'/GA ! 5 ! #
@ 3H'FH 3# F/1A' 3 5 # #
3< A ; '
K .
DL Vies - @FY
/.
2 2 = 2 2 K< 2 A K<
i > oR' = » Je&' ‘ = . A7 ‘ -
K LiVieg TLiVIsg#d #2' 5L ¢iViAZh 2" -5y
N Zé,
K LeiReiAze #ze =S
’ &eNg
K LET

FO



FI'G
& Ery v ## #
)B&3 "* E ' -
) y 8 x @ 3# F1GA-
& # ( < ] & _
) < b
L F!
& 8
- dm sin(yu)
5
ol & R
\ /'/ T
// )
B
) 0]
/o "
B 5 ¢ 2
" W, & g
\Z
&0 5( % & S
5((
(P nE (
_ ( # [+ 31 -+
1 3 E
5 o 3 FL0 & #oo
E
(: £ @ > >>- &A -
E Xo @ 3## F11A
Vv L( @& Xo > > C]> @: 2" Y Xy > @F/H
)!# P
‘ F ‘ I
ek @F'/2
3 @F'HA %! |

L @‘ ])2V'X? ;(]‘ @’

F1



co Vo L Z
X?L»ZY'“Q__-—‘ @’ ]L¢ : §
it @ ] @
G ZKZK 2K o2 @il -t EK.Z g
X, L »2V:U T @ ¢ 7 ©
." = L_FL ]
i@ = 5 K e
. # 51 # ! P
bs¢ .-
p L™, —= Z, LERD
(&
Xo L »2Y Ne ' END Nef> ENDLL z
» 'HQ*: . fs 4,.._—..,”
? ¢ oNef ¢ ERD " ¢Nef
Xo L f fNfZD L
< E + AU ~UU
NN L Yy 0&' Xs
nenc Lo oNefze&' fINFZD
AL TlﬂNé
3 * - # FIM :
# E ' 3
I P
AV PEiiN¢ . « 226,
XogaL -V iAz: wze €5 | PEEDE A7 ypo £12C
@ &V PA\PA o
Xoga L T ZZND:L
AN AL Y 10X,
nens Lo eNefie&' f ZZND:
non s LS ZEY
FI'H
& F+ " # )B&3 *
[ , | ', 3
- I #
TLfU # Yl # \- 3 P
7Y+ pE
LSS S Rz
@ @ ¢Néf

F/

@F'/}

Q@F'/a

QF'/}

@F'FO

@F'IH

@F'FO

“LfU

@F'/a



LIU # )1 # \a (P
QZZY' Dé(,_v N
\, L L ——=i7Ve 1 Lff.ZA @F'/1
@ NGt
, [Ya [Y=P
. ny Z . Z o if feZ A
Y, L —igm = (L pE L—— —( Fi
(YL — L Z 0\, T PEg FIA” Z° fR.ZA @
[Y Lfffmm 2
! ’ %%
v L Z : yme zZ g,:\zll_ Z : yms Z ¢f 1682 U
S T W T L 77 e TS @
oL fHRA 2
[Y-LTERA o5
;o 2YaA 2Y.P
Z ny Z . ¢ f feZ A
Z 1\ YA Z° T .ZA
A A [ '
2YAL Tz e b Z el feZA @F/b
AVARY YA Z° T LZA
2Y,LfDbsife
Z. 4i\- Z . oiffisz
2Y_L =L 1652 :
ne Z. é 2\ e Z . ¢f1:8Z @F/2
;2>\ fS¢Z Z> ffisZ
2 Y _Lf3EDeT
& #- 2 Y, 2 Y (! )  @/001- ' GDA
( . 3 1
FF 5,
F'+ " # )B&3 *
* #) ! s
& ( %" A
: * 1 |
x = 1, - % 8 #
) - L 3
' # )B&3 * ‘10 M
: ! (7(B 31 #
3! $ ( 3 - 5 #
)B&3 * L - # "
s7T@  * A#

FF



7 @# 3<
)B&3 * :
, &
=LfU
3 1
E
3
it

FD

2T12N
H



I | & ( -

- & #
)B&3 : Lo
( :
D1 $
- 5 F'# ' 3
( A ! %!
I @ 3## D'1A

d
2
! S 1._
) = 5 :7 ) < 4
5 (
H & (
* #l - . 3# A (
l, ' 3## D ( A
R iR AK
L ’f‘ L ‘f‘ 1#7@‘ TFiY- (L i; D@l 2\
N @ 3 D'1A- |
- # P
. Z. .
/L__A /> = H _Lf
<
. Z..
pL—2y
<
Z. iR ‘
/ :4 &f ¢ @¢ Z \/

@D/l

@D/

F2



yL—=22 0\, @DIF
e F - #
- I - 1 P
FL-2i1 7z, @DID
F ¢
# - I, C# | = +
: #P
/‘ /-
L —1: @2
I 3f
= - # # <
3w
=
Wby @DG
< )B&3
# )B&3 51 7"/D00 ' !
P
FLDE ,LZDf$e  #' L ZEA-
ol eNef L ffZA
L Nf
# ; !
# P
‘ Zbf . \
J L2z \aL==i2Z ff.zZA @DF
< <
L A ¢%&!"
@- F:. L CNCf_ZDf_ A
gL —;—_;aZ‘ \AaL e, c—¢ Z' ffeZA
F ¢ < ¢ < @D/D
L ,.T7 B, %&!!

P

* L ADz— *c L ,™f NT



# c# 1= (
S ZBE A ¢
/ML & <aL &f «Nf
VA
LZf ¢, —
s/ ~ ;Av é
WboigrL NP
L Z¢;TDE -
D'F 5,
C# +
- (
< « L ALZDf$'
/DO0* 1) 3
- +
l# '

"#'3

#

(

% 1F1"

7"

@D'2

@DIG

FH






)B&3

21 $

* ) @/001- ' /[FDA

2'11 # 5 #
)
L o# b-! P

@/001- '/FDA |, " I# "

* H : !
# #
# "%
I 3#
! #
H % !
# I
& , #
5 5 K
-L
+ - H
5 -
/ 009/ 991
5
- & I E # a
@21
P
@24

Fl



bLdia® -
Lzy L+ #, Lzzz,* #, ' 3 ( )
] ] _ ,
L xg
ae L a/) a- @Z)D
wo de- & @2FA -
| ( " 3 ]
e
= 3
) Z A
AZ¢® 7 ea
ad, > d- ¢
da -t ! 4 #P
. L & |
duo L ¢ZTt ZFEI[ Yool T2 @t 17 @2G
a )t 2Y  $# 31
r ) @IHG A @ 3 GUA
* ) e " L
3# " X @ 3 2IA
e Z '
a. L azY X' — K @2H

Q
i3 c: S
=
" 1p _j -
(a) Before displacement 27d (b) After radial displacement
1 = 1,0 /00/ &21
@2'HA < E ! ! #

z .
ac L a@;4 ! -— 7' 2Y¢X i @2;‘]
I



)

@2'1FA

(

Z .
be L bgy €' — Z* 2VeX |
/.

<

$# 3'/@ 3 A#

@/001-

z .
<« L— 0 &' — Z*' 2YXi

"IFIA # ),

z

L Ky
¢ A

Xg * '

X L zYd! #ﬁ(

X # P

AL

L Z
2. L idgifact = K(
l.

<

z

#
“Lf-

b@;4 L

éac

TI,D:2<

4

<

e

Z' zYXi

e

Z' zY«Xi

zY

zY«X

ZY+sX X

X X

a.-#

# -
# @ILI01A

1 #

@2

@2'10

@2'11

@2'y

@2'UWF

@2'1D

2'12%

@2'1G

@2'1H

@2'1W

@2'U

D1



% E : 5 - boa <
@) -/001- '/FIA

bea L Tez @2'/0
2'1'/ # < & 5
C# & I & : , Y
& ! ) @/001- " 2G"/G1A !, ro* '
, 3 - : #3< 11 '3 $
- '1 # & ’ - 3
5 -# 1, E + I, '
% &, - * E # < 5 !
@ 3## 2'FA- L + X %! * -
# SR @) - /001- ' 2G"/G1A"
ac La & > azYe zYX @2'/1
& XLf < E # 1- ! X # # P
aga L a & > a.zYs @2
Qmax \\W
m \/ A
ed, 8,c08 ¥
d , 5r?___ /.T *
' o)
+ & : o #
# # I # # X #
E #
a; L ac%o»Cez* - Z''J Xi @2'/F
/. L
# @211A! p
A .
bc L b@;4 & /— Z' ZY«X | @2'/b
% # I - !
: ! | # & < 5 @ 2
2A -

D/



2L i bgzYe 2YeX @2'/2
cTT
cT'l'cF
2 L i bee& @26
ci T
#* Xq! # # P
.. Oy’
X L »2Y# ( @2'/H
@2'12A @2'/GA : ! < | #
2L ibgg:< 2V @213
ﬁcF
Z ) Z e 5 .
. L— 8 €& — Z* 2¥YX 1 zYX X @2'/k
AL ¢
| c¢
2 L ibggi. & @2'FO
#
r”lcF
Z ) Z L. E ,
L— 8 €' — Z* 2¥YX1i X @2'F1
¢ é
| c¢
( < # $ 4 3'F@
3 A ', 5 )  @/001-
/FJA 7 ! # @1L1I01A :
f:2
bga L =%, @2'F/

DF



51 )B&3 # '3 5
1 < ] @5 A  # *
' #  # 7"/DO0*
4 z 2@ @a L %L ZfD 57
[ Y-L f ffSA — [Y,Lfffmmm_— '
%%
2 Y_Lf35DY 2Y,LfDsefe 2841 @4 L 2 L DAIN,7
# # I, < 5 : # P
y 2 : ; ZfDfsf
bgu L ez TiZeoi @ | Tzt @2/0
' Nf
bga L IN™A7
< # < 5 # - #
# ' # 3 21
t# 3 L
# # 5 " 3< # -
# )B&3 #
2''1 # 5 # 5
* 3 ) 1# al '
)| 2Y $# 3"1
al L f ADJ™qT aj L f A fzbYT
# * # ! dl, ( "#'3
A= |I_. |§ A2 v 3 |'__ ~ |§ 2'/2
doL ¢ZNt Zfe [ Y. zal ' "L ¢zt zf®f ff8A '~ . f ADT™T @
d- L ZTMNATM ™,
NSRS . L E 2P
d;L ¢zt Zfei[ Y, 2 af '~ L ¢zt ZfeLf ffmm™i =, f AgfzDyT @
d, L Z3YANA,,
+ LZY - x # ! '
’e 1é
= é = é
£ Z e F z p
de L s— S ! — @2'FF
£ 7Z e Z eé £ Z e Z ree
ed, > d- ¢ ¢Z3TANA, ~ ZMNA™™, ¢



e

Z
2<|- de#a<‘ _K<( <
/.

1 é

L& s . e Z ,
Z 5 1 zfS L NfT18NTf Nf 2#a.© = Z¢, (2 <
é

fffeZ9A8 L ac‘ 3§ '8

Z K. z Z¢, f fA
L —#Z° (L=#z* ==(LTfTY"
é éac é éa <
7 Dt , E # ac
( ! '
a. L fSN™™™ANR,
. f A
LT e
L f fJA™NAR
# Y L, 6fz 1, '3
) $# 3"/ + 1G' - I,
D 7 1F
# - & 6fz + 1G #
COE ! H1D ) @/001- ' /GOA'
$# # 6Z - # Yl
+ , @ 3## 2'DA
0.4 T T
- - ©- - - Tabellenw erte nach Harris(2001), S. 237
0.35+ — Polynom 16. Grades fir Jr( @ ]
0.3+
0.25+
2
> 0.2+
0.15+
0.1+r
0.05
e
+) 7 = 4 '8

. Lff: s fNN: e ZRNgNG 0> oqDe: St 5 z88Z: M > Z AT,
D0 fFANT. €5 7,0 S ZDEf 2 > fD11Z: > f 10
< fFIIA™NA L f fN¢ée,,

@2'1J

@24

@21

0fz

@2'FD

D2



fffofDs, L a.' f§ '€
fffozgA8 ¢ a.t f§ '€ _  Lf

fff; ZTAS" fEN™NY f8, '¢ ZffNgee, Lf

it Lf

@2'12A < # '
2<L b@:4 <
ZtD 8 7 S
b@:4 L =

7 . NfZ ffN¢éé,,
bgs LZLANAE™ 7

< # bga  # ! ) |
I, 5 # - bga LZCANAZ™ 71
| - # & # 7
' $# !1
+ ! # 7 I- 3#
E # # Xy
. K< . Z¢,
7 'I ! 7 'l ! #ﬁ
X L2V e (L 29
XL ¢Al
u Xo'
XoL ¢eXcL ¢ 2¢ET
Xo L T8 L
(3## 22 3 2'G ) ! @2'11A H % !
#H#H - # 5 K< '
i , %! ] +
3 2'2 - # 3 <
& %! # ' I
3 v Xo # # ;
5 K< & # - '
3## 2'G # E 5 K- #
# | 5 XoL ZAfU

DG

@2'1J

@2'12

@2'10

@2'R2



14

14

> 10~ R > 10 -
3 3
o 8 . o 8f
i i
< <
(3] (3]
2 6 - 2 6
L L
g g
A | < 4l
2+ i 20
0 st : ; ‘ : : ; 0 Gesmeet ‘
-150 -100 -50 0 50 100 150 -150 -100
Kugelposition'y / °
++ 5 4 C 7 5 +2 5 4
% # 7 5
#
2'I' # < & 5
& + # )B&3
< I 'L #
L S 3# 2'1/
)  @/001- '/2GA !
& ! - ! (
" # )B&3"™ #
3 - 3! , -
# '3 !
# * '
L LU
@2'1IA # ' @2'FOA ) ! $#
2L ibgai. iZVe
2 L ibga:. &
% $# ( - )
2. 7% ZfDf8Z %" .
2 DA TN L f NT,N
$# 3"F # ! I <
<« LfzofT

LfzZzzI™b

. 1/Zij+2l u

-50 50 100

7

150

@213
@2'HO

DH



< # baa H# @213A  # @2'FOAP

# 1
- 2. ] ZfD f§ . zfS
@:4 HPEAZ Nf:f ZfDT 22Y« @21
bga L ZfZ ™7
_— 2 DAN:ZfS
@:4 i< &  Nfif ZZI™ie&' @20
bga L ZZA™Z7
l ba.a I, # E # '
- % ( I
& # # %!  *  # H# #
} < #

+ * @ 3 2'HA

14
12+ B
10+ B
g 13
s s
C 6L 4 (04
s i
2L 4
0 bt : : ‘ ‘ ‘ ‘
-150 -100 -50 0 50 100 150
y/°
+3 b5 4 C 7 5 +> 5 4 C 7 5
% S o# 5= 5 . #
3 2'H 3 # E YL -
& # ' E , -
& | o* ' I ON
-, : # & o !
# F2N | ) ! Py 2. 2 A
*Ya
( # 3 2
B! # ) # - & -
5 # 3< # # #- b
3< 11 - B! e E! #

DJ



3 ) ! L )B&3 "* I
! 3<" b ! # LU
# # | * # [
; 5 K< - @F'10A
5! ’ ' 5 5 !
3 < # @1I01A!, 5
< # P
1:2 1:Ztbfs .
Pou L =5 L Rrrgvey D EeS
( E < # # 5 ! #
# # 3< ! oL
& 3t 271 21T
2'F + #) B&3
3 - I I
H * o ' 6
. 5 6 1
## - 6 + 3
- +
' . 3 : # n - -
# 3 -6 3
- "3 2' L, # 5!
& 5! # &
bp+lj| 867 L ‘< L Z(',AN/é”?
& bp-gig 62 E -
3 - 1
>h 2 .a8-~o. &
bD+l]| ~9~ L 2<< ?
( < " Ia - #
3 h ' # L) !
! , P
h .
Voe L—F2—F 2590 5
@> h @
, Lo« "3
(Y om Ll geme 2 L,
I E > h E R4 h / Z' \/| o
Z , Z 6:\=| ~o
~. ST ”
[Y:| 7~ L > h F¢ S ho. 7, \_lA’)N

- #
nm #'
<
L
!
7"/DO0' 3
#

(2'F/+

@2'HG

@2'FH

@2'HJ

@2'HI

@2'D0

DI



E # at $# 3'1 - #7 '
Vi Z
Z" \pro- " iz p hp :
2Y g Ly 5 @2D1
©TZ" N\ o > hy
3 \:l e Z
Z> \=|A;?~ > Gt =2 h = ,
2Y g L > @2'D/
¢ Z> \=| o e =2 h =
# * 3 " d!l, ( "#'3 '
!_ N S [
Ao ~pe L &2t ZF85[ Y|=| e P20l @ @2'DF
! S
a - | - EEN A~ !
Ay L oZNEZEOI[Y, ., idaf o & @2DD
,  + LZY - * 3# ! '
e
H é
s y4 2
dero~ L s ! e @2'D2
5, Z & z e
é#dll 2= ’ #d=l RE N«
c# E # @2'FDA ( < ol #H
Z K<A-?~ Z a> ha ; @ h
L _.HZI - ’ 1 L _.HZI - ” @ZIDG
¢ ¢ g ¢ ¢ Qg
*. @2'FHA # bpegro-
- + [
% 3 - : +
h - < # E
“ bD—[]l A;?N ‘ T [
hbga L “¢ 7" . zZff @2'DH
P+ | 86?
, 6 h # # E #
> h : h . :
h L#——" Z(.zZff L —.Zff @2'DJ
+ - ‘&', h E #
& # - 6 < #

20



3# ## '3 G2 E
3 3 1< # bas'
+ # !
% iy
. 11 < #
5 FOM!, E # F-/ M
| | + , - -
E # '
5 Yo ( 5 a
$ @ L g
5 + FOM # 10 M & '3
& $ # # Do
& , ' ( : ba.a T&
$ L)l o# \ , I
5 ! - $ @ 5 Ko #-
# ! $ ! ‘
%
: ! ! # " E
FO M- & -# : # FF-G M’
: - & L '
40
—— DW Kugeldurchmesser
— dm Teilkreisdurchmesser
30 AN — - — z Anzahl der Kugeln i
\ . f, Inneres Schmiegeverhaltnis
\ N e f0 AuReres Schmiegeverhéltnis
200 TN \ a, Schenkelw inkel ]
. ~ O | Radialspielfaktor
O\ \\
& 101 < .
o N
& ~ " .
S - B&/ﬁ%::%,f 7M77677977977€
0 7 W@ 77@’”’677%—@77@;;5@%:\;&7:7%5;@:?57 f*i - - - - - T T - === i
L o—o—5 T -
g -
T
10 E _
-20 | | | | | B =
-30 -20 -10 0 10 20 30
DD,.Dd .Dz Df,Df ,Da_,DI/%
+9"' 5:
7 b I
f1Z ¢
- # '



2/

! L 3
# < #
* 1
o)
I I < # '
o '
7"/D0O0 *
- | < #
#' < #
' ! 5 # 5
I # 3< "5 # #'3 E
< # I
& # # - ) !
1 !’
# 7 ! "
! 5 # 5 '
3 - !
1 5 l $
1 # + -
# # #
- # 6
! $ ' -
# # ' 6



) ! ) $ * |4
# #- # 1 & # & '
) $ & )B&3 * '
G1 $ &
# # #'1,
# ' # & -
L & - I & # *

# - I & ‘@& ' - 1112- " 1FIA
(! 3# I 3# ) +
& 1 b -
G'11 ) $
) @1JJ1A $ I- # & ,
#, : I ! # Y, 3!
3 Fol 3 P

1 & -

I & L B#! ' # '

F' ! E , '

D' , ! E
* ) @1JI1A# & - ) é
TH# @ 3#H G1A') | R I

FL - @G1
1 I rn-

# #- < 4+ @ ) A

B#! "7 - #) @/001A
3 w '

@G/

2 - ( 57  ( '55 5, /00/ 001

2F



) x 7 # )
1 , [Y
& b ! [
8 i # : ! '@) -/001-'1IDA
|
, b 2y VAR I
L t@g e "0
e Y .Ik |
b s
L fde,8 t;/:#5[—\(( Il + GH-, m+
|
A A Z' ju, S
iLit@ “ > "U
AR | |
|
_ . b s
i L fde,3 |t#[—Y( | + GH-, m+
, 3 a # # P
bz Z' S[Y
al at @l « Jk J ki ”U[—
AR | | ¢
|
alL ¢DRZfl2atbS[ YS | + GH-, m+
& # ) # ) #
( B - q r-#: ', )
# ! ) @/001- ' 1JI"1IFA !
: )l # it aty -
& V) & w | $# 3#
( @ $# 3" 1A'
, # ! 3 " ( I# L
- ) < 5 * ! @ 3 G'/A
Radial

I

am»

Outer ring J

2 -( % 57 5 J 5 /191

2D

@GF

@GD

@GE2

2Y



G'1/ 7 ! & )
! )y " T# -
7 ! & ) @1IHGA' E ! # !
7 l & ( q r I
R- I P
s TESE
RE zf,N 22 @GFG
Ss
r E Zfff NS
b ) h
#3_4( @GH
Ss
EZ9:DE> f 8, oot
. DE> : >4 ,
q é é St (@A
, Z1R1Zf R FM #! ! r q
# o= , s | H# P
S4|! L Y4|<) Y4kP (Cl¢
ssl' L Yoo Ve @G'10
( < I ) I T# '
yr o7 o (
E# it & ( $# 31
!
v «eF LS @G'11
3
|
;r S '
it 4l @G'l/
LR
. L
aL &9, B s @G'1F
B ¢Rr
: ) & - @/011-
FGA 7 ! @1IJ1A :
G1F ,; &
$ ) - # E ! '
& , ! E ! ay E ! #
'& E ! ! F-
E ac ! E! # E
& # '
E ! - ! # < 001 M
5 # ' # # ! 0-01 M
# & , #
) + D/00 79 a Ho E
$ T @& - 1l2- " 1FIA

22



- # & ‘@1lI2-
"1DOA# + # ! ; , ) + -
& !
L = e '
oo Louff 2T S @G'1D
F
| | - | - N '
# o, # OPLffﬁZ
- | | +
o E #
' # ' J, # P
AfA
J, L t?itl FlY @G'12
£
- & L$
E ! ' L 3 #oon
$ - # - # g,
b ) 2J )54 1 - $ !
@ 9 A L # , @ @H'1FA A'
G/ & < )B&3
F'+ & #  # )B&3™ 5
n & ) + ! b- 3
- ( L o# * g | 1 @3## G'FA' .
) + !1 ( " 3 # !
b :
VAL VAL
2& % :5 $ = B
3 5! ! # # 7/DO0* ', #
< # 3 5 # C#
3 21 # '
Y- L f ff5A Z Y, L f ff™Mm z bea L ZEAN ST 7
[ Y- : [ Y, : %% @4 ¢AN,
2Y_-Lf33D:9 2Y,Lf DSt

2G



G ) + # )B&3

( ) !
tL ZAZ™qS
iLL f §:DfZs
al L f ADY™Y

E 7 ! &
! =
Lt L ZAfAP
iLL f & DF
al L f ABN
7 < 1M
7 # ) &
, 3 (
.
#) L, ("3
P
|
bea 3
_Lffes Ly2d
[Y -
L ffg szzAZTM'nsDzz“ANASTNE
& Fiea ¢
L, :ON
# 7# iL( "3
P
|
Doy S
iCL s it =2y
[Y - |
Ltt 8218 pizs sy LLANAST
¢S ETSCBIESEF TrrA
L Z ZfA
3 L * 1

|
a_L ¢DF:Zflo alibg,Si[ Y8
LeDNZZP ZfADI™™ Z Z; ARRA §™
|
ZFff8A 3
LffMgZ

.# .

@( < A

$# $# 3"1
at, (" 3 '
/t‘ L O.Zé(.ll77

i} L f 18NgZE
af L f Ay fzbz

) @1IHGA G'1/- #

'L ¢ ZiNS
it LfDZZ
aj L fA;™

# ., #
! *
# @ 3## GFA

@G'FA

|
t oy b@4 : A (S
ATT&Z?Y’ [Y A\
Lffe.8Z¢ Zéén
|
. ZeANAE™ 7z s
# 5l D I
PAAZK]

AL f fc,é

f ff™M™ \

L, zNz,

@( < A (C'C#

!
b@;4 = Z /S

‘I A

il ffe8 il #—s—

I'a &S Ia 237
Lffe,8ZfN8NszZD

!

. Z¢ANAS™ 7 S

7 H (

22X 9 f ffiMT™

L f ATIR

H (C'24

be 5. 8
#iz 7 LY
e e Z¢,ANA §™5
L ¢ DN Z ZfP ZfA(;fZDZZ—#Tﬂ(

asL ¢ DF; Zflo

: f f,fTM TM%

L f feA,

2H



@G'/A # ) + P
7 2 b@4 y 2 b@4 2 Z
) L - = a4 L= — ¢ -
e R i Tehu- LT ‘R aia
L3 Z;ANA g™ L ZZg,ANA g™ z
Meun™ 7 R7, ;PN ZZ ZIA] M@an- 3% 721 "B Z,2ZNzZ ZTATIN
.7 .7
Ma: N L Zb,ZN—— Ma: 4, LZbs, —
) + M+ " ( 3
+ ) + # 211
) + # - # 0+ (
#O* 1 @ 3t 'G'DA
E + I ( + -
5 '3 + 3
( R 3 * '* )  @/001- '/O1A #
+ ( 3 '
) - 3 - #
( A 3 =
# )B&3 * (
3 (" 3
x @' (7(B/ gqb ! E AT
ST (& ( ! ! -
<)+ ( 1G v
1800 ‘ : \
-~ -~ py(y)-AuBenring //f &x\
1600 P,(y)-Innenring (1-Punkt) 7%//&\*\}\ |
14001 — & — P ly)-Innenring (2-Punkt) /A’/* . *l? |
1200 - fv/ ! g % -
fe of
€ i \!
€ 1000 N '} B
2 ’J‘(‘\/ Q\\«
= I
= 800+ 1 7
600 |- ‘ ]
400 - L’» .
|
200 \l N
150 100 50 0 50 100 150
Yo !°
2)1 $ B 4 cC %

2]



G ) +
% E ) & 3# G/l1 # 1 3 "
( J," P
Ik e Rl Y- Jyb —5t¢ rilYa
=<41 = . . AA A . .
L ATA L ATA
Z AZ™SD Z f §;DfZ3 & Zéém ZTI8NEZD
. D¢ if ffSA : Dg¢f ffmm™
L Z,cA ™, L Ze™ E
) + ! # P
5 5 S :
2 SATT = a’\/ e R aJ\/ 3
TS T
nTnopN L ,,ff AJUN . Fé( | nTnopML ,,ff AJUMA#—FS( |
L,ffZZ¢A™S T2ffffz & L, ffZZ,™™ BT Zfffz &
L ™9 N& ! L ™™ ;A
) + : -# !
E 0-01 M '
+ # & #'
GIF + ) + # )B&3
2''F ! 3 !
) + # ' + # o+
( I# 3 % 3 G2 I #
51 7'/DO0'C# (< # (" 3 '
3 & ) + M8 62 5! '
. b@;4 ND
M| 862 N“LZ‘—B i
& + Mo E - #
3 - 1
v baa N
My ~p - L —2 —
T2 = R o [ pimoe | =
3# i P
v~ =4 Iz o> ho > hy g>h e > h g>hg
% 3 : 3 h
# ) + E '
M) ~ ‘
hny,, L “— N 20 7ff
11 862

@G'12

@G'1D

@G/

@G/

@G'1G

@G'1H

21



, 6 3 @2'DJA :
> h 2 h 2 '
h L#——" Z(.zZff L —.Zff @2'DJ
+ - ‘&' 1, h E
# & # - 6 ) +
3t 6 #H @ 3## G2A I
! + '
X
>
[a)
5y
o
-50 -40 -30 -20 -10 0 10 20 30 40 50
DDW, de. Dag Dfi. Dfol%
2+ - : ( ! : A75 5
% Uy
# oo , #
) + # (G2 ! Lo( I#
L 3 [F- , - ( I#
# ( 1# - $ @
F @ @F'1DAA" 3 I#
H @F'1A - I .
| # ! L
" # )B&3 * # 10 M
) + H-/ M- 10 M
E ) + G-1M# '
7 b
|- | |, ( n
3 - ; ) +
' 51 3 : |
( - # l, ( I - |



I 3 ( # 3
r- # !
5 Yo
| $ ) + ("#
3 # I $ I
: ( "#'3 # $ -
- x -
5 Ke- s C# A <
: ( % # - @
3# ) + L '"& 3 -
3 ¥ _# .-
| ) + - L '# I
I ) + #
5=5 0
( L) + I o-L
E 20 M # : )
+ 0-12 M- ; 20M E )
+ 0-'DM I
G'F 5,
M+ ( # )B&3 *  7"/D0O0
< ) + 1GM'( 3 # 1HF/7
) o+
) + & ! 3 #-
! # L, #
)B&3 * -1, ) +
#
- ) +
] ) + ( E #
)t ( ! $






H1 $

7 (7(BAL!

H'1'1

# &
i , # ! $ !
! < )B&3 #
) |- )B&3 *
$ ! -t
+ # ' $ !
* |
x| # ; !
& ! #
# # - &
#
B #1
n"s5 #
. H Il
- 1112- "1DJA
B# |
B# ! -
B# | ' 3 H'1 E 7
| # B# !
W' B# |
+ o
Po
s
i ! y + GZ/PO
¥4
0,20,40,60,8 1 +0,5 5y/P,
0,5 +I1
0,78
1,0
2,0
z/b
; 5 5, /009 >1

B# |

y/b

GF



GD

W W ! $! #- ) # Xy
# X, L~ wgowi - < $ ! LfDAZ i
B# | ™IU'( ) ! 3#H1 E !
$! LffZi # 2
3# B# | # * B # X &
C# H#r E Xsg LTeTZm  Xsg L
feZme - B # - B# !
- "3 5 5 # "3
5 # ' # - E
) -# '
B # # f1Zm) + #,
I: I B # $ ! LfgZ
! # f™MZm'@  -/00I- '1J/A
+ @/010- 'GIA # @/001A !, 7 +
I -l *: P
| !
WL npitz> —” @H1
|
WLlwl n: Z>' 1 Z —»7%' — "' =“Z> — @H/
, ) # P
Xy L /—_i Ve ' Wy @HF
& + #, < # Lf™MNZ "
& l : # -
: 4 ) 4 "
& -
# '3 - #
C# + B# | # -
# B# | ' # :
# # $ ! LfYTZ !
)y # ' E ! 3
# @)" # A z>
no 3y B# | L $ I - !
5# - E g # DO ! GG M
) + m 3t H'Y E ! E B# |
)" # #
7" 8 ‘& 78
B# | I D o- # <
, 5 B#! '@ -/00I- "1JFA



x/b —
-25-20-15-10-05 0 05 1,0 15 20 25

05 /W 0’59%39?“ N,
I s IR
NN =7/ AN,
oINS AA /| e
’ RUEC] Iy
25 \ \ O>\Ov30 Po \/ / 11=0,250
3,0 0,20 Y Linien gleichmgleiﬁgpannung
3 5 ( .7 8( 7 4 5 5
$ 5 4 A11$ 4 * 4 $
6 ( , 1009/ >&1
) # ! ! # - #
# # " oH
+ # # - , |
) - 5 $1! - #
X6 <
H1'/ ; B# !
7 @/002- '22JA # !, H ! # o 3#
) + 3# B# ! & '
Moo L T¢T{W 1 B™H, HH @HD
Moo L » AW 1 ¢ +, HH @H2
) + I + - E * -
, ! ' % #
5 & , # !
# * #,
% + | - H '
WS @:4 0 Zyr @HG
) + I, * # Il @/01FA P
rTT| 62¢ o) Zé‘B:ZuT @"VH
< I, o+ : -
& , , # + - *
& 1
! G{ I~ # # R
Il @/01FA'
G{ % zm.—F @HJ
uT
3#H H'F E ! # ) B# ! #
( " "E! 7 !
@) - /O0IA # E #'3 '

G2



B# | ) 2J)54 '3 )
# 3 # # C)
B# | # $ | 20 )54-
* L # &
g o# 20)54 o) 1 # ‘& 110M
ooy 1 # & 4+ @ 3
HFA- | # ' @) - [00I- ' [F"/2A
38 7 N / 0091
#l < , # ! -
34 ) - $# H1 #°
3 <7 4 B ( 7 5 7 ! / 0091
! | 4 <4 = "% 4
A A
¢3 | O®- 8— ¢3 | ©-8@ 8——
0 FH1 2F0-F F1J-/
1+ F/H D2D-2 IHI-H
1) 13G FIJ-G IFI-/
'+ I2F F21-H /11-0
) 1IG FOD-J 1J/-|
H1'F #
(7 (B 131 * 4 Zf€ %
I & P
u
. L #%( @H!

GG



E ! 31 10M )

* s # % L *# - I0 M
* ’# [
$ 15e L & - 0 M
* ,# % 1
= *o# B # 5
* # 5 '3 5 # 5 "
< # - 5 # # @ 3# ['1LA'
* 1 < m *# # I *
+ #, mL,#"' mLZf |, * #, 6 '
H'1'D $ 5
I * 4 x oH# .
; !
& L $ ! 5e ! I
, 9 " ple™ - (7(B/J1Y,
$ ! P
( FYaeT™ P
e Lig: e 22Ye =T 0 80 g™y (© @H'11
i@ " = # # (7(BHL1Y,
" 5 " i@L Z,'
# 3 5 * ' 5 "
# - * L¢ '
f )  @/001- 'H1GA # ! ; P
s iy TO TSz SO @H'L/A
fL N l\¢€__~ " ZI ¢ !
[ Z>\ §
S
NI
. . ZfTN; Zn\ ! #_A;C-,Z=‘2 TOo!
¢ > ‘#_Z) \( =¢(_J: /‘ Z(
+ A=\ F -
# - # \L 2o 7
- I 5 , # & L “LfU - l
ZYe TLZ #' f 3# *oH# \
$# #
f I *1 3((2/100
5 ") 2J)54'( ) -
$ ! I #, P@) -/0 01- "H1HA

GH



. . fz
L }5e A#ﬂ—A(
@H'10A I 5 ! #
H '@& - 112- "12GA
Yoffm™ Lo (
EZARE] I, 3
(7(B/J1L #!, 5 (" 3 I# # -
’ # '
= 1f°ﬂ,2 E
atfeleZ ¢
, 5 # # 5 f (B9%$5JGDG
H12 E ! $ ! !
! 3! # "3 #, #
- * | & # * :
L # - 3
E # + 43" "
C# ' - 43 T+
! 1
& ) l, ( 7(B/J1  3# *
< L A =
$ ! L 5
Ay L =, LTI
Ay, Lfﬂ(,
=y,
I, 5 "5 B (7 (B/1
# 5 ! I & @
@F'10AA
, & * Gl1l- G1J GO -
& P * L# -1, $#
. 0-l ' $# HY )
* L & AL ZZ:f &
- - # I, *
$# ! . * GO O H#
L#'3 & A
# $ @ tF G1J
* # W
l * D#! $ ! '
E + - 43" '

S€

@H'1F

(7 (B /J1-

43"



( 3 N 3
# - 3 ! ! E "'& !
( I, | '
3 = 4
# € £ o 3/E 7 ##
: 7 %9
>*5g8**") 11/0 1FGO 1/D0 10G /-2 F1 HD1 2F0
>*G8**") 11/0 1DGO 1/10 120 F-2 /! 10D0 DJO
>)8**") 11/0 12J0 1F20 /00 D-H2 1J 1DGO D20
3## H'D $ ! (7 (B /11,
* ' # $ !
" @ =y ) Ay, A #
! E ! $ ! - #'
E ! - ! - *
$ ! (7(BH1# '
4000 T T T — 2500 2800
o 2600 -
3500 , :
P // > N
S/ 2000 | j ] 400 /
3000 | / 1 /
/ 2200/ |
z 2500 z / Z 2000 +
~ ~_ 1500 1=
& 2000| &F b od oF 1800
/ 1600 |
1500 ©°
1000 + 1400 | ﬂ
1000
1200 +
0oL 0oL ool
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
dm/ mm dm/ mm dm/mm
Cdyn-619(fi,o-min) Cdyn-618(fi,o-min) o Cdyn-ﬁo(fi,o-min)
R Cdyn»GlQ(fi,o-rna)) R Cdyn»618(fi,o-ma>) Cdyn-GO(fi,o»max)
‘dyn-619-Hersteller ‘dyn-618-Hersteller T “dyn-60-Hersteller
3) 8 75 # 6 "S> =
A ! 5
3 3##' HD - * $ ! #
# ! -
$ | ! , @ E ! ard
3 .
I '

Gl



, < )B&3 # * 1 !
) + & I & ) !
, 3 ' # & * 1
# )B&3 * H #0 !
3 ! $ ! B &
1 # * '
H'/'1 B# ! # )B&3 *
) 5 (7 20 120 g " #° ;!
- # 3 - % #
% #
3&C 7T 6+0 +0
& 2,0 @ o o A
+2.5 G1J /130
) 4+ 7 @/002 - '22JA # P
Moo L TETAW L T¢923ZA @HD
7
nT6?g L 1<-’TMTT[
)y 4+ JiM L3 w7
7 ) 4+ L # '
My ! mTG’?g
7Dz N 1 ,TMT™ q
ni, x g E , D/4 D- :
~ |
: - DA !
; Nif o5 @ $# HDA' B#! 2J)54
* 1 ( '
3) 5 4)G*)r / 00& 1
. A
#$ T
(; 100
. , < ) + I @/OLFA- #
! P
nr L Z8D:izyr L Z3D:Nff @HH
7
Mg L ZTf, ——
) + 3 # o 12-/M # -
( % + J-DM - '

HO



E | B# | @H'1A- @H'/A @H'FA
+ @/010A "3 H'2 ) # Xy
7 W, W < # Xy|@:4 L
T ASTe # $! LZS )B&3 I
G # - - $! 1-G #)
B# | '& & $ # H'1 <
# I, DO)54- - #
l# '
1000
500 ) 4
«/ o T s — I
o 0
£
pz4
Ts -500 .
¥ -1000 .
-1500 4
_2000 L 1 L 1
0 1 4 5 6 7 8
z/ mm
3+ ( 7
! I @/01FA H @H'JA P
G{ %z™mi—F | zm PS¢ @HJ
VAT Nff
G{ %zzA
! n o '
) l 3 I - @HJA #
H'f'/ ! 1 * g # )B&3
# 3 /'l - : + 3 #
( < ' < I
# - # < + L Zf
#' I, 5 7" /D00 < "
b ™:§ < ZDf $e '
< - I 2-- | P
2. L . i+ (H1L/
2.-. L Zz:92> $ZBY ffZ :ZEA
2. L N ¢eEe 7
- I L ! 1 #

H1



2 _. .. E . .
Bj<= L 281 «= L =L il <,.<, ° @H'12
23 <o L 2] <o L ¢ESZ, 87
< L < - # #
* & L " 5 '
2 L «> . i L ZZiYz> 82Dy iRAZ @H1G
2. L zbf Nff 7
& E @/'HA @/'1A < I " "5
@ 3## 1A
[ 26L f 26l|. 238|<=Z > 2 Lf 6/||_/
%L 238 T Z3g=
ZDiNF
L - 1¢DSZ™
&
26 @acL TEASf 7
% @4 L 2Z fAR7
[ 25 L f 25 Li 238| <= @/'v
25| @:4 @A¢ LT ¢ESZ 7
# # - C# 3 # *(
' ! "5
@ 3##' 'LA' 3## H'G E ! I # %
E ! '
120
100
80
<
;O 60 oty
LL% 40 L - rot-z
:T ) o B rot-res
|.L8 20 PP S FG-statisch [
:g‘ - . N ~
L oob ~ -
-20 - o |
-40 ! \ !
0 pil2 pi 3/2 pi 2pi
/ rad
32 5 6% )00 4 C
3 # 3t #
vl < | < 1HO %9 7"/D00 *
Co ! # ! ;@
3# D'/A'



H# Ys:—g
1?7 g L YS:; —gio/l?g .
T e T fDE S
mg L YSZ;_gl—ZBZ ,:SL PATf: —.B.# (
mg L ZAz,
! #$ o
: @, oo Ne
2<::|/ L 1?7 g ATA /LZAZ; > :AAZ
2<=:|/ L ¢fZ 17
! ! P
2L py : L ZAZ:NAZ
2., L ZEA7
& - # o+
7 L T + <
2< |/ ML2<=3|/ ‘ 2_|/ L(,fZﬂ‘ Z‘EA
L ZA E7
2. |/, L 2<=;|/ > 2_|/ L (,fZ 1> ZE A
L ¢ZN, 7
(& ) ! 'F % 2<=:|/ 7 I
- H <
* 1 , '3 & !
I 2. [ 2y
-~A -# 3 1% #
$ o#
. @: -|/.-A B
7g ¢ L 1?9 ATA f—
ii . f - iNAZ L f
A LA — LA —F———,—
I7.A o B cNetizfls'g
- $
-1~A L('JTMA—
( w ## @D'FA'
L Ce |1 ,-A APAN.
-1 Z'\, Z" ffz,
$
A LIfS —
C# + 7"/D0OO0 * # -
! 7 "3
3## 'FA

@H'1H

@H'1J

@H'1l

@H'Io

@H'A

@H'

@DIF

HF



) ! ! & (
3 W' ) B#! ( # 1
( * I B# | ( ( Lo
¥ #1 & # 1o E
B# ! I, # # '3
) ( 3 W '& 3 W
& ) # - IF% &
# & Lo, #o# - !
I3 HH ) L E! &
C# +
3317 ( 4
& - ! 3 W, -,
H# ! # ; + -
& ) 3 l-
& ! P ) I3
) '3 * 1 2])54 | !
c# /)54 Lo L # )
F2)54 | ! ) C# /1 )54- #
* 1 2] )54 | ' 3 HJ ) # ;
" :

s 3
22)54 | I/)54 F2)54 1154 | 22)54
| |
| |
et cH 1, C# Loy
| [ |
| |
| |
3>C 17 # % 4
4 # - ) (720120 1& "
;! ' 3 ) &
L L @ $# H2A

HD



3+ C= 17 6+0 +0 7B

" - é 1 l! 7 1 1) @ ° 8i
+2.5 G1. /130

1+.4 FFF 11/2

/EJ Joa
3 & ! % 5 5 %
) ! !- ) +

3 # 3 =

) + + 5 ! '
bL¢fZN7 2 Y- L f3SDbe
. Z
[ Y=L f f,fSA —
, & 3# G1l1 o) !
$# 3"1 # & '
LLZAZ™ISD
iLLf&;,Dfzs

al LfADJ™{™

3# I P
! !
b s : b s .
Ltdes @GFA L fde3 i e @G&D
l ) I
Lf'f(JS AZAZTMT[SA #T( i Lf'f(JS of SchZS A#T(
L f AfizN i L ¢DDf
) + P
, zb PAVA |
L e e,
"< b mr o b IR ARZKGT 2P @
.7
M <=: L ™MéN, —
5 3 # P
. L. ! . L . . L] !
aL ¢DFZfl0;atbS[ Y-S L ¢ DR ZfI 0L f ADT™Y.ofZ TSif f f8A S @G2
al fffe3,
! 3 # ' 8> '
) GF )54 g o- o #
, * 14 '3 - )
$ E ! & # -
B# | ! & '
& ) ! c# # /1 Y54'
) o+ @HDA ) 5 )

H2



HG

& - B ) + ! )
) I
32<7 ! 6 , 00+ ++>1
", &@ 1+,,& @ ++,,&8@
A
#g| ug-8—— 1/DI-2 1HDJ-F /ID2-/2
) + 'k
7 @/002A #'3 # &
< #" B# | @H'1A- @H'/A- @H'FA
# & ! : $# H1 "3
H'l E ! B# L)y # Xy
$! '02 ! 1 FD-179
) C# 11 )54 ) i
# E # ) ' @/00IA : '7
$# H'1 ) # Xa5|~:A? L ZAC N 7e
# & L, - ) F2)54 | -
X45)~:A? LebeD7e B# ! # |
’# ' + ! ) I
200
100}
0
£
§ -100
s
o= -200
’ -300
-400
-500
39 ( "7 5
3& # % 4
% & # )B&3 "* &
) I 3 ‘& & ) Lo
* 1 ! # ok
* | | _ E , |
: & 1 |
# ! B# ! ' &
& - +
' 3## H'10 * | . 1 R



~

/

#
& * 1
&
- #
|
% 4 (
- !
LIy

"3## H'11

% !

B# !

&

'
t
v
*I# !
% D 5 % 4 (
! S - %! !
0. ol
L__A ; L - AAZL ZiA—
‘. ‘.
2oy LefZ97 | # '

@HF

HH



e L ¢f Z2

% ! 3 !
ffz - H '

- o .f fzt ZfIS
[ LAC

A ——
FL S FZiRAZ L f fff,Z]

3 )

L~ kL ZALf fffZ8 L f ff™MfD

L TI
™ # &
*1l @  3## H'10A- '
* 1 3## H'10 F
+ 43 "+ I
"3 H'1/ B# |
- 3HE -
3t ) # !
, ): -
+ DOM * 1
3 B# ! '
+ | B# | !
I+ * 1
-# 3 * |
+ | )
e |
3 ( 7 &$
- E F
# | '7 =
1l - I E
3 - E !

* 1#
I #!
B# !
):
#, B#!
( 3 !
H
3!
# #
' 3 !
:5,
I B# !

(/D¢
- L

@H'/2

Q@QH'IG



HI



Jo

H'/'D $ ! # )B&3 *
)B&3 "5 ! -
$ | 1 * 4 ' u - I, 5 Hoo-
fU N "+ " 1"+ " P
\ P
7Y = P&
\L-F L-SL =S ffsz @F/1
@ Nt
(H1/+
3
. - 3 L
ANz dEay T ATEEN Pag gl el 20
E— | > i
f 1 QZA‘Z Z)\ lS- )\ ( - CZA‘Z(
o G ZTIA T £1:87 TSZzff 5z 'S0
L,NNZé_(Z'fﬂJ‘Z‘: z< =
¢ Z>ffe8Z2 S
3
To! II‘ lﬁ
. LZffisz ! fOA s 2f8:z2'z T S
77> Zfm7% ( KL 2em
> 751187 © 18,2 TLZfIAZ \
L¢e ¢8Z,
$ ! 15€ P
e L, §™iigipi 22Y¥e =T 180 (0 @H'11
L, 8™.Z, :¢¢¢8Z, 0 2:2 ™ iNfsipEy' ®
L NZ™ZfqE7
3## H'1D $ ! E * *
3 #! $ ! # )B&3 #1 *
R = * GO-G 0J-G1J G1l :
6000 i T T
— Cdyn-FAG Reihe 60
— 75— C. -FAG Reihe 619
5000 - oan P
A Cdyn-FAG Reihe 608 - -
& Cy,"FAG Reine 618
4000 - —s— C,,Hobas Lagerreihe 1 /,/// N
~ — Cdyn-Hobas Lagerreihe 2 P -
= 3000 o Cdyn-Hobas Lagerreihe 3 ) - |
d‘% ffffff Extrapolierte Werte
2000 —
1000 - —
0 | | | | | | | | |
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
dm/mm
3) 75 $% 4



2200

3 3#%# H'1D - $ ! E !
! $ ! )B&3' C# 3"
(! - $ ! '& "
L = 'E
$ ! ! E ! & (7 (B /J1-
3# H12 I, "& E "$ ! #
* - 3 - E ! # @ 3## HI12A
3500 ‘ ‘
- - - -- Cdyn-Reihe 60 FAG
30001 £ - - Cdyn-Reihe 619 FAG . B
- -+ - Cdyn-Reihe 608 FAG T -
- - ©- - - Cdyn-Reihe 618 FAG X
2500 (| ———— Cdyn-Reihe 60 SKF P 7
—5—— Cdyn-Reihe 619 SKF T .
000l | Cdyn-Reihe 608 SKF o h
Z —6—— Cdyn-Reihe 618 SKF X o - B —
\é g
O 1500 |- .
1000 |- .
500 |- .
0 | | | |
800 1000 1200 1400 1600 1800 2000
dm/ mm
3+ 75 % $
l "$ E )B&3 $
31 3# * ! '&
H * "3 #
# # 1 IF ,
)B&3"5 - 2D 1/0 '
& e # #
1D0 - )B&3 "* DO GF ! '$# HI/
*
11/0 '3 # L
* % !
& L $ ! (7 (B/J1- -
+ 1-D +
0-GG' 6 3
* $ |
$ 1]

J1



H/'2 7 * 4 # )B&3
% E $ ! =
& Il * 4 . #o* &
" Rziz S
5 X vy
o L # }Be( Lt L ASS ¢ :Zfe$ @HI
@ *# l
e . Z A88;.7f¢.Z o
e L L 28T = | 7 ADAf— H'H
i 7z;7 ‘& - ¢ @
* 4 ! & L )
- 3 # ' -
3 :
H/'G | 3 ! $ # )B&3
& (7(B/J1 #-
Lo # $ #'0&
+ 1
15 L F /= @ @H'0
! " ! $ !
# 1
32 E 8 75 75 : %
%
- 6 = ! ! [
@  3## H'1GA' : -
+ = !
S
1400
1300 +
1200 +
1100 +
Z 1000}
& 900/
800 t
700 +
600 -
500 :
60 65 70 75 80 85 95
DW/mm
32E 75 7 5 T % %

J/



5 # . $ !
}5e ~ F -
, # @3 H'IH" A" 3 H'1IH" *
$ ! T !
&
105 — : :
J S
% 1200. . \1\300\
L 119 h |
1400 100 000 0 . N
X Rl 110
1200 XSKS ““‘ ‘\““‘ 1 0
(S :‘&3}&‘3{3“3" 95y, 000 ,
% :““‘“\ 0 110(
= 1000 “\ X 1000
~ RS 3 %0
= S
& 800 o %0 0o 100y
N 900
600 85 | 800 %0
400 70‘9\7 800
110 80! 05\7 809
75 . 006, . . . 0d
) 65 70 75 80 90
z / Stick 70 60 D,/ mm D,/ mm
33 5 E 8 7 5 5 ' % %
5 8 7 5 ,561 7 5 % %
32 7 8 7 5
# 6 I
$ ! + - .
E $ ! E [ '
15€|8 62 f18 62 # E # ‘& &
3 # E
- @ h : :
- 2. 2 Rl - « 2 =2 | 0O 1
15e 1862 L, 8™iig: fger ¢ 2Ye T T 8L g° @H11
e big TOATS; ze\ 180 @H'Y/
f|8 62 L N NZE&—— ZI T
¢4 A Z >\ S
S
T T
~ Al =
. . ‘ ! As ¢ Z: ‘ Z TO S
: 2> ZfTN‘# ( H—. = : (
Z> \ = ¢z 4 L
)l # \ + - =
F>he..o = ,
h\ L ——27Y« > h ~ @H'i
@> h @

JF



e |2~ L, 8™iigi fope i iZ¥e > h = T L > h SIogs>h !0 @HFO
+HFL
o Z >h To! vh\TSZZ‘h\ 158
ro- LNNZeS=—A— 7z !
LN A Z>h\ S
S
ol
27 ZfTMZ%‘h\ /! # ph a2 ->h o'z /TO! °
’ Z>h\ Y " >h - T¢Z ph A2t
# 5! 156/~ & "$ ! 15e(8 62 E
6 h }5e
ee = - T = 16
el pioe B R T, o S eo e S @HF
15 | 867 fl 862 (ZYe = F
h e L*22122 7076 @H'FF
15e | 867
* + I hLZ
- L+ - # 6
+ 3 $ ! ' -
5 ! 5 K. L& # -
I, 5 H “LfU @ @H'IA @F'10AA '
3 @H'11A # - L 15
ON # E $ ! '
+ - L +
h LZ h L ZGIJ,
haelZ h,-.Lffz
( e LAf . |3 '3
B 3 ! $ ! # -
c>h fLAHZLAZ S
5 - # E z '
3## H'1H $ ! ! + -
' F
6 $ ! -
1 : |&|
, 100 !'101- $ ! 0-DH M’
A = $ @ '
: - #
6 $ ' # $ !

JD



o
4 N
—
o
1O
—
o
[e6]
1O
O
0 0 ©
— o
Uip,
%/ 0d
o
1S
—
o
(o))
1O
o
o
N~
1 O
O
0 0 N 0 =
[e2] [9V] —
Uip,
%/ 0d

z | Stiick

D /mm

DC,,(Df)
-~ DC,(Df)

-0.205

-0.206

-0.207

-0.209

-0.21

0.6 0.65

0.55

2700 2800 2900 3000 3100 3200

0.5

d /mm

%

I"#

%

3 2& E

(

)B&3

, &Y

3## H'1Y

A

AL,y @A

S¢

@

Te

20 M # 5

31

1000

-100

50

45

D /mm

%

39

J2



32) 7 8 75 (

& $ | (7(B/J1
6 $ ! 3t 6
3 '3 & "$ ! L 5! 7"/D00
@ H/DA
jsepe> L NZ™Zzfe A7
$ ! 51! }5e(8 62 $ !
Jsel":2- E - # 3
3 1
e |2~ L, 8™iig: fope ¢ ZYe T T L 5> h 8. p>hog!
E # frio- \o- 3
@H'FDA P
o ~o R N oo
flA;?"" L’NNzg% AAl ,?':Z I Z Y? - !
CLpry- a AZ>5\ o &
‘ ! h awZ -5h _*Z
< o~ AN Al =>N =
22>'2fM7 L = (
> Z>\ ~opo ->h _ PAVA A)h A‘Z N
h .
\A.r)~ L F> F ZYse T
i @ hr
% 3 - # 3# 2''F
51 E h Y oL
+ - +
$ | L $ ! 5 ! E -
3## H'/0 '3 51 6
$ ! 3t 6 3

# 1

h e L* 2212« 70761
15e | 862

3 E h @2'DJA

> h B h 2
h L #——"' Z(.Zff L —.Zff

JG

@H'FD

(HF2

@H'FG

@2'DJ



100

80 -

60 |-

—— DW Kugeldurchmesser
e dm Teilkreisdurchmesser

— - — z Anzahl der Kugeln
fi Innerer Schmiegeradius

f0 AuRerer Schmiegeradius

40
e 200
O%

[a)]
-20
a0l
-60
-80
-50
30"

%

!1
5

$

3#

%

;

3 H'/1

&

-40 -30 -20
E 75
(
Uy
!
6 $ !
$ !
%
Yo
#
$
#
* |4
$ !
* # %I
B b
3# $
1 ,#
f
& . |

-10 0 10 20 30 40 50
DDW,de.DZ.Dfi,DfO/%
7 5 : ( E
+ E
- L
@ $ ! # &
3 % #'
' 3 #
&
6
= 1 f'ﬂ, Z C Al f'ﬂc Z E
(B9$5 JGDG # , #

JH



/%

DC,,

-10

-20

-30

30 -

20

10

— = - = - — F — - = C

--f AuReres Schmieverhéltnis

fi Inneres Schmieverhaltnis

-20

H/H B

JJ

¥ M

7
* 3 HY/1
(" 3 %!
- $
1F M-
$ ! '
$ !
I $ !
I 3
& .
!1
B
#
# *
@/01/A 1, #
!' 1
- L # 1
# )B&3
(
@ 3## HYIA

,SfU
hQL —

(7 (B 131

@

@H'/JAA #

# 1

@H'FH



H# # h)
¢) L ZAfL* hQ @H'FJ
ZAf * h
)L—.Q
/.
3# D # '
CL @:2VYv) @H'FI
(DL ZgZzYy
. - _.ZAf'hQ
¢DL¢ Zgli -
<
o zaee Sb
CL¢: getYo—m—
3# # | + # o #
L ¢:L F @H'DO
. zAr 2L
L¢e Z @Z2Y . ‘o
<
.. ZAf ¢ f
L @zzVe _ ‘£
/. L

J



3#

3#

%

@H'DP1

3#

3#

@H'D/
@H'DF

f
VY‘

S
é »Z
@l

>
ZAf

ZAf

%

( 3## HIF

}5e

HH-/

o o o
o o o [} [} o o
N — o o o o o
— — — [e2] [¢°] N~ ©
—
N8
~
X>N ~~~/""
.
/
/

W SO
AR
NN

Y

DN

N

N\ QO
R

\ ' \ ""'I"

\

o o o O
o o o O
[Te] o [Te]
— —

Nt/ %o

z | Stuck

75

100

3& @

10



B!l

}5e

B!l

J1 M

# lIGH 7

#
#

Lffe -

*e

< &7

" 3## H'ID

#
$
# 5!

*

12200

12000

11800

11600

11400

11200

-11000

1800

41600

2000

1000

500 -

105

60

75

100

z [ Stuck

D /mm

- #

Lffe

A

I 3##

+

#L
- s
-
(a)
PN
2
I
(O]
ﬂ
G—
N
-
./u...l
’ -/U
w0 $ >
-1 N
u =
= ®
m
I+
I & O &

@B

3+6 @

11



& 6 3 5! -
+ "3 HIG
L L zf ! @
_A (7(BAY
60 T T T

fI - Grenzen laut ISO 281

I
|
|
|
l
40 - l
|
|
|
20| . 1
~ |
% :
— % |
X —— !
s O e -
g |
|
-20 -
—— DW Kugeldurchmesser
/ —— dm Teilkreisdurchmesser
A0 F < — - — z Anzahl der Kugeln doy

f_- Grenzen laut ISO 281 f. Innerer Schmiegeradius <
>z foAuBerer Schmiegeradius
-60 \ \ \ | \ \ \ \ \
-25 -20 -15 -10 -5 0 5 10 15 20
pb,.Dd_.Dz Df,Df /%
32. : ( 7 5 6 "> = %
HF 5,
) ) + & ! , 3 (.
3 7 @/002A # ) + JIM :
"& 3 I @/01FA ) +
3 1# 12-/ M # - ( J-DM '
& )y 13 - #o#
11} 3 I - & 1
C# # & ! ! /01-2 7
& & $ ! & I3 -
! 1
'1 1] $ I - #
' i) '1 3
$ ! % 3
- # ; + 3#
$ ! [
* 1 I, # )B&3 * # 1/JHJO '3
* i - 3!
# $ ! '

25



J b #
# C# # $
! 3 5#
* # # 1
#
J1 $ 5#
I # - #
[ b #
& ", | !
5# I "
3 5#
#
# - 5# & '@&
) @/001A!, ! 8 I, 5 #
)
#
# !
! 5 #'
E 5#
5 (" 3
5#
J1'1 5 #
7 & " @1lI2A 5
# -) Il &
> C
5 #
3 E !

# - 5 # [
- 5 : * #
# 5 # #

# !

5#

# 3%
- 1112- ' /10A

P

! * I

# @ 3 JIA

H*

@3## JIA !

C#



5 #
> D A75 5,6 / 00+ 2&1
5 5
3# ! # # 3t
# % ! ' $ -
>- & 5 @ - &
#oO# O+ @ 3 IIA + >
' @& - 112- ' /11A
3! "5 5 5
* | - ) v) " w
# ' & ' @ A
5 '@ A @3## JFA- # 5
+ > | '@) -/001- ' DIOA
>& ! - ( '55 5 '5 = .5 / 00/ )91



5 #

31 3 # 5# #
& e & #'
3 #' S5 # '@& - 1112-
"111A
18 A5
# 3 5# ) n"&
5 # E ! * 1# 5 - #
- I # P
5 #1 & C# '
E! # $ 5 #
- H '@& - 1l2- '/11A
* ) @/001- ' DJGA E ) nm- E
H ! 5# - '
>) A7 5@ ( $ % 5 Al 57 ./ 00/
)>31
# A7 5 5
& * f & # # -
& , : ' :
3 & # '@& - 112- "/11A

- ' % $ S$A75 5

* $# @1I122A ) " & # b~
# b™ ' L #
! # # P
8
- .‘bé
21L,¢>¢—6 @\]'/1
S
F
# . L # >
5## '
% 3 - ) # - # S#
) # Q! * g



5#

P é
f 9¢4bS Z 2
Q L : @/
£ 3 7 Z Sé
e 0T ¢
5 # | ) o # -
< #' $# L '
2L Qg @JIF
- ol & # R
; # ' & #
+ S
3
0 L}
+ § ! & # # ) !
O m
) * 1 + : & -
+ s# '
J'1/ #
# , ! ! #' & ,
5 ! # - #
! | I’ - , | $ '
I T ! I @& - 1112- !
[1/A
I I # |- I -
& E : - . # 3
# . 11 #'3 Lo # 31 #') |
# ! - # |
E 3 # 3 ! -
H * # "H "7
& # # # # !
l) -E
5 # '@& - 1112 - 1A
L7 - # ! 1w #-
# #) @/001- 'DI/A ! P
2AL°T:B:*¢1:Je: gttt @JD
: T
( < L # " L -
| #') 1l : \
# ! ;! ) - #
# " (



5 #

J'1'F n #
I # 5# + " #
n#o - ' 3 -
N o# # x +
: , '&
n # # - #
3# o"#' '@& - 1l2- "/1FA
) @/001- 'DI/A # 7 I n#1 P
B:(%: 2 2 Sk | 5é
211- ¢ t\]] ¢ |:.¢; @< |/ @JIR
l(l 4
%0 * ' E
* ' J 5# # $# # '3
- E 8 -
$ @ | */_ +
1-12 '
J1D ! *OH# I 5 #
& - - 11
co 3 E ' (
M E" 7 &
>+ C = 4'5 $% 5 18/ 0&1
$ 5%% 5
& I+ ( -
3 < '3 +
- # # 3# * ! #
#
& ! E ! * g '$ < * I
! < E # * * '3!



5#

& # |

! B %

#
D"+ "
D"+ " I -

+ #, ' . 3< |
3< H E #
J2" - %

# M+ " '
'@) -/01FA
F'+ "
F'+ " #
1 ( 3
- (
J2T A& 3< #
( # #'@)
J1'2
7
7 '@/01/- ' F1A
P
: #
# 9
#
, # 9E
& #
B# ! - E
& B# |
'"E # B# |
E P
#
# - B# !
| #
I) -
1 I # ' E
3 I
E #'

I'3##' J'2"

' 5 # '@) -/01FA

( 3
# 5 H "
& , ' 3##
!
5#
! I+ D"+
I+
D"+ " @ 3
3<
- /01FA
1 & ,
!’ ! .
, I # -
I - #
| ! |
&
5 -
& , -
B# ! -
B# !



# # @ #" A
! - $ B
! e @ 3##J A
A7 5 5 - 8 8 5
& 3 1
) $ o# # " ) ! @)A
# # b
7 @/002A # 1o )"$
& ! " E
" $ I# #
& : - # # .
‘@7 '-/002- '221A
3## J'G )" -
; ! # , ' E I # 3=
3 1 #1 C#
Lo & # '3
)" ! -
E : —one Lo
>2 ( 5 -1$% 5 <8 - 6 / 00+/
++1
, 3# ; ) @/001- ' DF1A
)  @1IGOA ‘( #
E "E "o ] - E
i) T # _ $ 1
) @/001- 'DF1A # '@1IGO A - {L—z g
L * Ho ; # # P
{L bg$K @JIG



5#

b
5L —2 @JH
s
gL 13 @J0
sl *zs
e L ]:l. @Ju
[
L — J'10
| LZ‘ , @
y = S) 5 # P
F 1
S@LTZ'\ @J]/l
1 * I + " I
* 1 ' L 3 "
(oW - I p
$,L-2CzZ \ D, v \irp> @I
/.
$_L—2¢Z>\ ire> \irpo @JIF
/.
>3 % 5 7 8 5@ 7 5 : ( * 1 0)
&21
"E "o ]# & # # ) '@/001- 'DFJA
’# E 1T|
f . ,T TIES @J']D
1 Lf 22 55
E T # 3 @( < 0A # Y.
I E o7 P

100



5 #

‘Tl é @J12
I ) : E 3#
$ QoHH " @3t JHA # '@ '-/01D- 'FGA
Y. ) : # $ # '3 JJ
IS ! ¥DG)
o> - ( D 5 1)218 5@ 10y &21

, )  @001A )
@1IHHA : 301, o+ N

) 7# ! "E RLiT '
& iflTE [.TO0; 7 4 TE2
{"L TT S @J1G
Be
, + * bg "5 H ; #'
b 1
£
+ L — * "% bG # L
Is b J'14
R KT @
# 1 # M
L L @JU
~anl —
@
% & , 5 B# ! # -
! ! 12 '
17 L __z@ & @J'/0

101



5#

$ ! 5 & o %

- E '@3 '-/001- '10GDA

4 " @/010- ' DGHA 3 @113  OA- ! 12 21
E H#OH# B # , #', 12 0Z1
"# E & & 3 J'|

>9 B A7 75 ( 5 .,G 100/
)2>1

J/ 5 # < )B&3

( # 3 : #
)B&3 * & I +

Jr # )B&3

51 - #

10/



5 #

4 E o
3t ! : " - E
0o $ DO N4 '& )B&3 !
| )*+ DG E ' 2
4 3 : 3## JJ  3## J10 # '
. # '3 <
"torus L ™ Lf™M— \
o N 3 al,ZNZ¢
L ozffff  —— AL ZD A—
) LAAZ—
. L ,TMf NT
; ! |
bs¢

s,L/—_FZ‘ \, L Z' F1,ZA L D GAZ

/.

L M R
Z" Z‘ f, 6, S c’

er L 7iY_ L ™iZFI€AS, L f fNDZ B

. ’T T1€S L f ™ T€S
L2t AR
i, fAfIK - ¢

oL gzl "L ff™MESE.L, SN ¢, L ZDENSZA

$/L—(.Z‘ \/ ; */‘ *C > \/:*F>

¢
L ¢.8f Nfs —

e_:$, ffNDz .zfl€;:5f Nfs
sl s, ¢ fOSN ¢, 2D ¢AZ

$L

f fIMSSE——
SSE—

(Zz' ff.2ZA : ZEA* AAZ > ff:ZA 2, ™f N™>

Lgmm,zfl* —

@J

@J'10

@JIG

@J'1D

@F1

@Ji

@JVy

@J4

10F



3/ " ( # * L P
b@-4 ZéANJé" R
L —& el L DAD,Z57 J/1
b/l —=33. 2K 3 @
, = £ @J1JA E - 3
! @J'1IHA'
), L 2t | , <DAD Z8 L f ffffez] 7 @JW
6= is, 2, 1o D3N ¢, 1D ¢A%L, zNZ, ¢
v 2 T€ = AR = -
_ .8, $] o TOG; 7+ + T€ 2
{/L = TT S @J1G
b 61 4
& ; cﬂmm-:zﬂ TE CZ7ipENEZATO0: 7« 4l TE€E . 066
L
o A f fffc',Z‘IT TT S
L 18A;:zZfl €
= 8Ag:zfl e \ ,
—ong L {S—/ ﬁ L f figZZA @J'U
- f iz ZAA
@Aq / < i '
121 sL . L oxrorsl Ze @J'0
I | Z1 4, 1, # #
# oo # - < !
51 - * H#o o+
I |- I
I I '
& @ ! ! 1o 12M
L # @ $# JIA
> 5 7 5 *
$## 6o 7. &
Sy ‘
A oL 1HO 0-00/11J 1-F/
A L 11/ 0-0012I2 0-11
I+ I # )B&3
& + - I I I # -
+ S
) + $ ! -
6 + - & - E
6 Lo @ 3 ' J10A' & N
# 3 2F - # < l )

10D



' 6 I h—@ae 3#
6 3 # H#P
h—gac L “—2°2 22 ;76 @J'i
—@A{ 86?
6 3 # # @2'DJIA
- 3## J'10 | 51 #
6 + : ' *
# 1
40 ‘
30} |
201 |
8 ‘ 1
> \ }
2 10f - | )
& %*'***’***%%*%%** ", | J:e
& N e e e o (o T 6 r PR EREE AR EEEy | o h o (f)
“_;; - i > B T s F
(?E -10 : > By T3 i (™)
<, 1 e
95 -20 | e g 7
CE i ”‘H‘H,H mini(No)
o I
-30 ‘ i
! o i i)
40 - i —
: min-i(l)
-50 | | | | ; | | | L
-50 -40 -30 -20 -10 0 10 20 30 40 50
DD, Dd_ Da,Df,Dn,Dny Dr g, DI /%
>0 75 @ : (
% Uy
E F 20M Y E h—gnre #
R2M& & @J1GA # - + ! —@he |
- # __ = * be-
sk R
& + bse $k
- R# '( ! ; ! —@Ae
! g ! ! ! !
$ ! ) + o
# $ ! - ) +
! —@he

102



5#

%

7"/DO0 *
# -

10G

-#

(e

7"/D0O0 *
"&

v 89
A
' ( 3## J'10
E
!
| |
o) - # H#
)1 3## JH
# 1
* 1
I ' CH &
!
# $ !
—@he
! (
3 ¢
ZfS M@ 3# 11'1'GA'
<
# 'C#
# # ',
#
# 1
$ #
- (
# o
. (
#
' 5
( 1



& I '"( 5 # !
E! "% E! !
- # 3 I 3# '
I I # )B&3 '
' $ !
! Io* H % !
Lo I, !
*# # [ #
I # E! ‘& 5 *H#
3# - ! L'
@& '- 1112- ' FGOA
( ! 3t ! 3 !
I'1'1 !
3 ( # E! , "3
* @ 3 I'IA # ! # % #-
! "% ! . " E! 3 -
I '@& - 1112- 'FG1A
9 B 4 #T / 99+ &21
I ! #
D # - : H # %! * I
@ 31" A& E : <
& : E @ 3" A'&
, 3 E!
B # I - :
) # < # - # o+ %!

10H



* 1 @

9 B =
/ 99+ &2&1
'/ > "3t
!
"3 I'F
Lo
" E !
"3#H I'F "
3# V' @&
9& 4 .7 ='5
= % (5
[ 99+/ &2>1

10J

- 1112- 'FGJA

, 51 7
1/

#rr o A
!
# @&

7BH 5:

<

!
&

- 1112- 'FG/A

\%
"3## I'F
B



7 * ! - 3 !
- 3 I 5"
- 3 ! E!
# ' # #' 3## I'D "
3# , ' !
" 3## I'DT & -
! P , : # \%
+ WH# # ! # , *
3 ' @& - 1l12- 'FH1A
9) 4 .7 4 5 7 #7 ! 99+
&31
B ! #1120 3# 3#
1): * ) ! * ,
& - 3 - ' 3
* , - ,# ) |
* & < $
ro & B
'@& “12- 'F H/A
9+ .7 4 (5 H#7 / 99+ &31
I''D 5 3#
(! 3# ! 3# ) :
"3 I'G ! M 3
1/0N' I- e

10l



! ! GON
E # + * ‘@& - 1l12- ' FHGA

92 % 7 5@ ( 4=5: 20 #7 I 99+
&331
! 3 -
# - V' # o, 3 "3HA I'H "
: # LU 3E## IH T
# N ! - @ A
E # - + &
# ! $ ' "*o
5 ! Pl I 3##' I'HR # : #
! ‘@& - 112 - 'FHHA'
93 4 .7 5@( 4 4 $5 5 $ <8$ #7
/ 99+/ &331

110



|l/ < )8&3
! ! *
$ -
)B&3 "& I1#
3
3 ! *
1/0 N- !
9> B
3 1IT ! 3
& - !
vV o+ W I =
&
- 3¢ 3
% 3 7
' %
# E# # #
( ;
* # H
7"/D0O0 C3HE | #
# %! 1
< H '1 7
-1
!
+

)B&3
! -
# ' *
3
@ 3##I1IT

Al

" $ 5 %

J %
!
& |
- 3#
1/0 N #
!
@* - /OOFA
*
& |
*
3#! #
5

111



99 : )

3! 5

I @ 3## I'LA

11/

( © -$ 8 ,@ / 00&1
oo |
5 |
3 5 1 *
8 * E =
+
E # _ +
-t 3## 1'10 E #
Y A
E "% 3
# P
Lo Iff V\_LDi _LffSb
E = I =
Sb > & - 3#
E ! " 3
fvN
, L ¢ Niff W L B/ _Lf ™N



4000

S R VS S f
© |
[}
& r
=
c
5 I
o
=
7 / |
\\\\\\\\\\\ = N\
(W l,a |
©
% m | 7
© ) !
o Q i
m a- k=1 ,/ ,
< |
Qo
© 5 G ! |
\\\\\\\\\\ = I m o ___ N _
% 0 o i T
— =) !
o m (o4 , |
S £ AN
[3) [}
v S O | I
R |
£ 2 g N
E o 3 !
\\\\\\\\\\ o ¢ 2\
| > £ m | / 7
| |
| [ |
I | I |
| 7 | /
| 7 | 7
| |
| |
I I I
o Lo [Te) n —
o = 5 o
1S) P () ;
< _ Q
ww /p

1500 2000 2500 3000 3500

1000

D /mm

a

B $

%

(5

90

#B

@3## I'11A' (

*

, @ / 00&

B

11F



11D

# )B&3™
* g
!

3# I'L'F #

#



* I, 31 - ! 3
% # o I

* ! # )B&3 Y
101 $
* 3# : @1IJHA ! , 3! )

| | I [
& ## - ) # - % l, B!
) I -

% 3 @ 3 10'1A

1
oy

il

2 Hee——

0 %@ ,9>3/ 91
10'1'1
! @3##' 10'1A -
# )B&3 ! ,
0 B
* & | '@/01/- ' /DA (7 20 F/O E !
) B# | I @ 0 A-
: 5 " # !
Io-, I
B
& I - % I B# | -
& # E ! &
- I #
: ( # 5 #
# 3# ! - ! 5
#'# B# !

112



, E ! !

& # - & #
@3 # “11JH- "/IIA
- @ B
$ B# ! - ! E
"JIFA % # P
C# : &
; )
E I
!
3# # &
# HO
= 3 #,
3 #, 3#
51 * | - #
E #
E x|
B# ! "3
3 5 '@3# -
0 # 7 7
! E
# ! Lo
H # @ ! AI
B# | E

1112- ' DFOA

11G

&
I- 3#
3# !
I # "
ro
@3 A
*
& #
107 #
113H- ' /12A
5
! B# |
# L]
& 1
I3 I
I I
E 5 #
! &
* ' @&

"@1IIH



# , #
H ' * 4
& # , #
* g # # &
E * I#
# B# ! -
# # ' ! 3t
b !l - '
% -4
& & &
Ao 3 #, '
+ '$ E
B# | # '
3t ,
# C#
# ( ' @&
- 4 5@ (
+
] | *y v
! * 4 '& C#
, - &
5 DO# X B# |
, " 3## 10'F
, ‘@&
0& $@ o
/ 99+ )21
-4 : B
) !
*
* & -

- 1112- ' D/IFA

5

# 'E #
E": 3 #
'- 1112- ' DI2A

45

*|#

B# !

+

#

£

11H



: @3##' 10DA4 !

B# | - & # # <
'3 E # # Il -
# ‘@&
1112- ' DIGA
0) B 5 5 #7 / 99+ )21
- 4
( ! (
L - &
- #
B# | # ' # #
$ B# | < - #
, - # 5 B# !
-, B#! #  # - 3##102@&
- 1112- ' D/HA
0+ *5 ( 5 | / 009/ 0)>1
0 & %
7 3# ' @LUHA ;o B# |
5 % # '
%
7 5 #
) - B< B#! &
#  @3## 10GA -
S I 3 #
* 4 ! # VW I ‘@3 #
- 11JH- ' /IHA

11



02 -

% 55
& ' @1112- ' D/IA Y,
#oo* 2
3 - # .
1 oo M 1
' $ # Ila ' *
B#! 1
3# $
E # 1
’ )
' # '@+ # 3-
5 3"
# ” + |
#‘ 1
- !’
B# | -
! !
" 11JH- ' /1IJA
$ = 5
511
C#
E I ! | # (
- # ,
, 1,
3 51
* ’#
#
I '&
; <

@3 #

/1 9>3/ 9>1

1

- 11JH- * FOOA

/0 N4

& #"

111



' +

* 1# '
3## 10'HA- &
03 %
o ) .=
* 3# " @11IJHA
- E
+ E ! C#
# - n
I *
3 H !
* 1l ' @3# - 11JH- ' FODA
0>* @ - 45 D
X E ! - *
I, -
L @
# V! & "I
! 1
E *
, @& - 1112- ' DFDA

1/0

C#

B# !
* 1l @
51 # '@34# - 1IJH- ' FOOA
1 9>3/ &01
I & I,
n # 1
I , " 3## 107
C#
% , / 93/ &0)1
* 1 #
3## 10'IA ]!
I W# H I *
& # $
1 ! I’ $
H -



09 5
#
L - E
% I, E )
b 3#! * Il
101/
7# 3 -
1 '3 3#
7 # #
* . H# #
3
DIFA
O -
1 -
Y ) 5
B# | #'& & | 5
X1 , # %!
* | # %! 1 '3
& # #! -
E ' @&
00 ( : ( #7

B #7

‘@3 #

%
%

TL !,
' @&

- 1112- ' DF2A

/ 99+ )&21

| 99+ )&&1

L '3
-
" 11JH- ' FO2A

%

L 2-

11



5 - # 5 5
D * I @ 3## 10'10A
& + " $ # # 9& #
! ' I

) ) ! * '@& - 1112- ' DFGA
mn : (
: 5 # E ! * ! "(

B -

* "3 @ - A ! '3

5 : & - 3t
* g "3 1011 3#
+ "3 '@& - 1112- 'DFHA

0 7 D ( ' 5 H#7 / 99+/ )&31

7: (
) I # I
* - E ( #
3 ! 5 : ! '

5 % ! # * - 5 +
* ! @ 3t# 10'1/A @& - 1112- ' DFHA

0 7 ( 5 c B ,51 , 1,

/953 &1

1//



I, ; ! - # E &

I ' E # ' % '

- ni - E" 7 |
#'@& -1l 12- ' DFJA

N ¢
3< # * - # # "
* I 3< I #
* - 3< : - "3## 10'1F *

< # + ' +

3 & # * | '@&

- 1112- ' DFIA

0& ( R ( "5 H7T / 99+/ )&91
O *

! # E ! &

I, '3 D 3# " 3! ! H
'& 5 , :
* 14 ! 5 : , 3 !
, @ 3## 10'1DA' @& - 1112- ' DDOA
0)- 45 A7 5@ ( B H#T /| 99+/
))01

1/F



E

"@LI2A #
! ! E #
! -
5 #'l E
0+ FK
!
"E # #
"3 #
-# , 3#
- 1112- 'DD1A
'@1112- 'DD1A, %
1+ 1P
1l R
3
I & ,
( I E
C#
3 1l
#' C#
# 3 I #
# = - # #
) !
LI |
L E ‘@&
) % 5
* I
! I'& , *

1/D

@1IHIA -

20M *

' 3## 10'12

.1 0&l1

) !
P

/ 939/ 3$3)1

-L

- 1112- ' DD/A

# 3



@ 3#

3 % I'T'FA
10/ 3! I # )B&3
( | 3% !
)B&3 ! '3
- & #H#! - #
& #o#
101 * 13
02 7 B
3## 101G # ! 3 5
& H#! I "5
* 1 !
!
&, B# ! 1, '3
. E #
B# | # $
3##' 10'1H I
!
X
- B
101" #
3 101 3 10'11
l( #
* !
&
#l
* L & !
I # # [

03

' @&

+

'-1112- ' DDDA

(7

)B&3 *

)B&3"

1/2



- * 14 -
5 ! ( 3 [, @ 3## 10/0A

0> % 5 ( 09% = %
3
00 % 5 ( D% =
7 * | 5 # -
C# B# ! # ! H
o* g 1 @3## 1071 - 3## 10'//- 3## 10'/FA

1/G



5 ( % 7 "7

3 3# | 3 # )B&3
L $ 0] - # ¥ - E
o # ' $ - - - *
3 3 *
O I , $ * |
# # # ! !
0)C=5 L(( 0+C=5 (
10'/'F e
3## 10/G 51 # 7 U
I - 3t
) #
# 51 %! '# # &
! - ! # #

1/H



02A 5 7 %7 4
101D ( 3 & ) !
X HO# & I
3 @ 3##' 10'HA' & ) ! I -2J)54
* I# - F2)54 ! 115 4 # & NG
3# H'/'FA") ! Mo # B# ! |
5 # - ) # B# |
# 3 #, ! #
3 I '3 ( ) I I-
+ ) ( ! (
* g - # # : H " # #
- E * 1% " 3## 10'/H
) I3 + 3 ( '3u# 101
) ! ( E ! C#
! & HO#
0317 ( B 5 0>17 (
4 ( 4

1/



: & ) 13 I -
& ) ) ! * 14 '

@ 3## H'1F 3# H/'FA' 3##' 10 HO# *
Lo ! ) # &
+ 1
09 .4 % 4 (
102
& ! # | I #
' H E )y ! '
* * !
! 3##' 10FO  3## 10'F1 '
El  # , Lo
& Lo,

080 5 ( 0& < @ %7 = -
%7 . %7 $4
10/'G # I, !
3##' 10'F/ & I I -
# 3 ! ‘& ! I !
# #- # 3# ! B# ! & # '

1/



0& . (
10'/'H 3 ! !
& H * I - ! # I #
- % ! "
- & I
I - E L @
3## 10'FFA' 7 ! 7 -
E # 7 ! !
& ! @ 3## 10 'FDA'
08&& B B5 %7 08&) 6 B5 %7
1073 ) ! 3 I#
3## 10'F2 ! I - ) - B# !
3 I# & B# ! ! -
( # - C# : # 1 #
; - (
# o ) - # 5

1FO



0&+" 7 7 B

1071 E !
# * 1 ( (& * 1 -
2J)54 | - # # # !
@  3## 10FGA' :
E - !
1 # $
9 1FHZ' # %1l -
H#oo- # $ '
( 3t 10FG ) ! ( #'(C# # -
y 1o 3! * | # &
+ '"E & yo-
0% + ' - #
) |
0&2 B 5 8 5 % # 7 (
10'F 5 ,
)B&3 " 3 W @1071A-
## * $ @10 'I'IA- @107/2A
# # # 3 ! - # %
)y # # & #o*
$ E * # o+

1F1



' # 3!
-+ #1 5 ! %
* I ' # & Lol
1+ | # '
( )B&3 " # 4 ' !
l# * = Il
% ! '
; I, @10/FA
I - # | | ! '
% 1, @10'/DA 3 | !
@107HA 31 & !
, #  )B&3 * & ) !
N L |
! 7 '
& L # - % ) | 3 W @107JA
@107'1A - )

1F/



11+

+ #,
+ # # )B&3
B (
3# I+ ! ) # '
11'1 +
[ 3
3 | | '3 <
# - < - $ !
! - ! #,
3 : < # L,
5 # 2'11 '$# 111 ,
+ ! & ! 5l '
3 51 ! I +
+ - #
+ ! # -1 # o
-4 %
4 : - : ¢ E <- 7
&) HG- 10 N0 0-23 0-G/ F2 D/O[1C¢
A B*C
A ).2>' ).6 ‘6. )NS5 )))> )1+ ()@
~ o> ? \0-0l/  &).66) \0-/HG "0-1J2 "0-1/D ~0 \O-/HG
= ¢ L - "0-0IF D*)*) "0-/HJ \0-1ID \0-1/I ~0  "0-/HJ
"0-GH/ \0-010 D*)(1
. 3 €. = \0-GJF "0-011 & A
$ ¢t "T4A B "0-G2/ " "0-00l D*>55 "  \0-1D0 "
\0-GGF " \0-001 &*>+5 " "0-1F) "
&L B i (i CDEl<g $¢;me |D*2" \0-GGJ  "0-FOD &*)>> \0-I2F " "
SCHIG: « &*.>66 "0-GGJ \0-FODD***(  "1-1// " "
) \0-DHO "  \0-GHF " &).5>) "0-000I "
- E "0-DHF " "0-GH2 " D).6'1 \0-0002 "
L \0-D10 " \0-GJD &*.*1) " "0-11I "
"0-DIF " "0-GJH D*.*)6 " \0-11H "
1111
+ | | !
# + - $ !
: —@Ae < # ba:a
@ 3## 11'1A
& * E 3 -
3 #, ' #

1FF



100

T

|

|

80 - :
|

esoa\S |
|

|

40 - B ;
|

— |

|

|

|

20+

D Qmax' D pO-i,o’ D Cdyn’ D hmin-i,o' 1%
o

200 o i
40 - 1
60| o i
& |
-80} i
_100 | | | | ; | | | |
-50 -40 30 20 -10 0 10 20 30 40
DDW/%
% % =
3 - $# @1lI22A # E $
- X ) "E & " #
@J'1A ! - & # E
D+ & I, 5 # '
* 7 @/002A # . @1I1JDA - : <
E B# ! #'
< & E # # - # 3
11Y E # E < M B# !
5 : ' 3! #
, ]l #, -
! Co# 3 11'/- ) +
# - < E
B# ! #'
( .7 8( .@B
.. = 5 ::M>N,6 / 00+/ +)91

1FD



35 3 - #
GOM V& w '&
DOM V & w V&
w 8 ! * oo (" 3
& * o H '@% & @%' 'A* -1lIHA
& )B&3 7"/D0OO * 10-2 M 8 !
Pt L # - 3
) M #
.8 - 1 '3
( - # &
#1 !
11'1'7 $ @
$ ! ]
$ ! #- # - L
! "3## 11F E !
# E + '
I # (" 3
- E ! " E 1) +
(" 3 L #' I 03
3# ) + ( - 3 ) +
' ! $ # @ 3# 11'FA
40
30+t ]
A
S - i
E |
o)
B
2 aEg
Q‘_g’ g _
D_ —P
g
o |
o
4‘0 50
& 5 % =
$ ! ! * 1f
I , I ' I
$ ! ! T# (& !



# ! +
| < )
P 3
&
H'/'H B
# - B

11'1'F
# 1 <
# $ ! '3
+ # b@;4
B - L
! # '
$ ! 6
&
< , B Lo
40
30}
20}
S 10t
=
a o
g
9 10}
20+
-30 L
-40() 1 L
50  -40  -30
) - % %
11'1'D A
(" 3
' *
& ! 3 U
# "3 11'2
!
51 ' #'
) + L
# ! * 1 3## 112
"E !
I 5
= L f 1‘[ ' -
(

1FG

-20 -10 0 10 20 30 40 50

Dz/%
8 75
# ; 5
*
’ 3 !l
3## 11'G ! #'
& ! 7"/D00
L ! ! #'
D m —@Aef
3## 11'G | '
LA _ -l
JE -#
5! -Lfs, ! -
AL YA '

nd



40

20

. Qmax(fi)
10+
—=— py(f)
—— Cdyn(fi) |

o h_(f)

min® i

-10 -

D Qe DPy DCyy DNy 1%

20 F

-30
-20

Dfi/%

+ - 27 % =

N
o

=
o

o

D Qe DPy DCyy DNy 1%
iR
o

N}
o

w
'O

N
o
=
o

Df /%
2 - 7B D7 % =

@/01FA ! I 5 # $ "

" L $# $ oL ¢™f

1FH



# #, - $ :
5 # L7 7(B/I1 Y,
# S - 1% !
# B# ! , L
- * |l
* |, ' $
B# ! , - ! -
*H ' 3# $ !
B# ! : 3
$ '@  -/01FA
11'1'2
( Foor) +
Lo oo < #
"3## 11'H ! 3 ) + !
T H
: [y ! - b A
15
T Qmax(as)
—— Pay)
10+ D hmin(as) /]
8 =g
\E 5 4 /JZI/ i
ey //
:ED - 1 /
a d ) /E/
5 0 B S i
(eF = |
[a) BB
.5[3f"""'E’'//43///Ei h ~ i
. -
-10 I I I I I I | | | ]
-50 -40 -30 -20 -10 0 10 20 30 40 50
Da, | %
3 5=5 % =
11'1'G5 !
5 ! # $ 5 K<
! ! < # ' ! ! [
' E 5 FO M- 10 M
# # @ 3 11JA" ( )B&3 "* L
E 5 To- -# + I-
( # - 5 Lo

1FJ



—— Q) ||

min»o(l)
B hmin-i(l)
1‘5 20
> ( 5 %
11/
- & ( 1 3 # -
H #
' 1 3 &
ro- 3 & #oo(
& Sy +
!l
B - E * - H 5
5 - # # )B&3 ! $ (" 3
: @ 3# 1/A" 5 5 ! 3
E O M
3 - 3 '$
# ! , * "3 H
% ! + I "% # !
oo XqL ZAfU ! #
;o 3 - * Xg
'# | - -
+ & $ : !
3 1
n & * # )B&3 ! -
3# I'1'F # : "% M #
! - % ! * '
% B 3 : 1
* # # - , H# * I 1JON
& I 3 -
# L}
3## 11' + E " - !
3 & ! -

1K



9 "( 4

11F )

1D0

# )B&3 "™

&

T T

— [+ 3<



&1, * ' & # # !
314+ i " )
N
3 C# - & F % @ 3% H1FA !
#o- ) ! , 3
& ! ' + ) |
Lo 1Y% #1 |
6 . '3 # o+
< E ( 3 I- #
3 ' )y 1 1%
# & 3 I# X 11l
b #' : |
# # )B&3 3! ) Lo -
! 5 # - # [
3 ) & ) | (" 3
# ! - I# '( *
i - # #
# # * |4 I : & # "
B# | ' I B (
! ] ) 2\] )54 # '& , * #
- 7 5 E ]
' I# * ’
# o 1# #
3 | _ $ " '&
I+ " ( )B&3 "* 3 -
| 3! 3 #( )!
)B&3  # * 38 - 4
3# E #1 E _
) - ( | | - #
)ro # D/ )54
v T ) * I ! # * ]
|# %! - # # # ) !l
3 E x L e
P

1D1



11D)

1D/

#

3#

102 !



! & )B&3
" :
3
m, E ! 3
H& -#
# ) !
E 31
'3
& # #! *
! !
; ! ) ! #
; # #- *
o
# ) !
C) |
* !’ | !
& -
# )B&3 ")B&3 " |
$ ! ,
! 3
E
5
-# 3
R
C#
B
“
* 3 |,
* I -
%
& :
: # !
117A" 3 #

1DF



3 #

1DD

*H#



E CH# 1) * 8! 5 P 454+ -/001' (&7
0"JDIF"JDOF"G'
# F "4, [*652/ A7 P -1H
# ., = .Y A7 & ) # P
- 101/ (&7 IHJ"F'GD/"IGHIH'F @ & A’
L. /%664 AT (; F PE #)- 112"
.$G [, . HI*e2>/ ( "G
#= =- 7 3 3 ' - 4P
* 5 4  %'3 3 # 5 “#  -1IHG'$
733$ K"FDOH'
A 1), $! # PE \$ # -
/010" ( &7 IHJ"F"JFDJ"001H"G'
$% '5H))>&*/ " $ * #
J .3 K™k A7 *
* 5@ ( P( ! +# -/011'&'1D ' (&7P IHJ"F"JGGDD"GGH"0'
7" Y $( ' 5 4 5 4+ *
$ 1y " & & N /01F- 2GP1- ' [H"F/
, ", Hl $: .$" /%654 #o# 0+ 4 -B P733
11J1' J1GI1'
. HI il 176/ A . 1G1H 4
& - -4 P7 5 # *# - /00I' 75 *9$+"200"D/FG/"
)V, # 8 D7 Q P. ] -/001
"#*55%  CH &, | o o 4
= * 5 13J1- I/- ' 12G"1H1'
, 7 0+ 5 1, + *
%  *>000 | P)B&3-/01F &'E '00'
. .$41& 1, T 1)1 <' '"'"B _E &
#)14' -/00 JOIF'~,  P1I' # /012"
P99 <' '9 9 # 9 9  9DOIDJHY'
F"#. Ny $ ' P* -/OOF
# ., H= C# Y (- 4 L8 5 # P
- /01D’ (&7 IHI"F'G2J"0GH12"1 @ & A
#.$ . I N* 5* 1G' # PE -
JOOF'
% .7 G.9 ., F#. & )+ * &

) # P -/002

1D2



4G. 1Y% % 5 5 & ) # P "E -/010'"
(&7 IHJ"F'"GD/"1FFO0/"/

13711 A7 7 S L 314" - [01F'

137121 3% A | - /00H" $+( * JO"H/ 3'

: I G . HI* * "( c
"( ? * P -/01/" "( &7 IHJ"1"DDH1"/HDJ"/'
"# 711/ ) P I -/01F &'/

3! /O1F

. # 17)6] * , P+ - /o0

#4.9 N % 5 * &
) # P E -/01/ (&7 IHJ"F'GD/" /DFOF"2'

.$/*6++  $ 5 (s 5 " 8

8 1* '8 E '/N-/1'D 1122- 7' 11HH- '
113"//0'
# "4  -L//0  /*662/ $ ! R

# '+ # 5 - -+ -+GHY)'P(- + -

* 445 B&*- % '- 1lIH’

1DG



$ ! #= 0 [/00/ 921
L t Bt M
) 1 1 1
).%)2+ 1-0HG  0-IF1J 0-1IHD
).1)( 1-/GIF 0-J11D  0-IHG1
).(26+ 1-D22G  O0-H/HJ  0-ID/I
). +6*> 1-GDL  0-GGJI  0-10HH
).>2%> 1-3/23 0-G/D2  0-JHFF
).211" /-011 0-2JJ1  0-JFID
).26(5 I-1G2 0-2DJ  O0-HIG1
).51(6+ /-DID 0-21JG  0-HGO/
).521>> /- 0-DJGF  0-H1Gl
).6)666 F-/FF  0-DDII 0-GGFG
).61>+2 F-HFJ  0-DIGG  0-G11/
).6+215 D-FI2 0-FJF  0-2221
).62'6 2-/GH 0-FDI 0-DIG
).651262 G-DD. 0-F12  0-DF2/
).66)6)’ J-0G/ 031D  0-FHD2
)66+ 10-/1/ 0-/DIH 0-F1HG
).6621 1/-HJI 0-1/F/ 0-/H02
).665*5(2 1D-JFI  0-/OH/ 0-/DIH
).6656%+> 1H-IHD  0-13J// 0-/10G
).666(25+ [F-22  0-1GDD,  0-1H1GH
).6665+'2 FH-FJ  0-1F02  0-1112

3"1



$ $ 8 < 4 ! 100/
? > ?
).* 0-112G
). 0-12I
).1 0-1J1/
).( 0-/11H
)+ 0-//33
).> 0-/D1G
).2 0-/202
).5 0-/22]
).6 0-/2HG
* 0-/2DG
*+ 0-/131
*>2 0-1JH1
L+ O-1FFI
+ 0-OH11
$& s S < = % 8
? £:NO< >t ? > 72
) 1
). 0-1F1J 0-121 0-1HOH
).1 0-JIGD 0-1J1/ 0-/110
).( 0-JGO1  0-/11H 0-/DG/
).+ 0-J/12 0-/133 0-/HJ/
).> 0-HJF2 0-/D1G 0-FOJD
).2 0-HD/H 0-/202 O0-FFHD
).5 0-GlI2 0-/22] 0-FG2J
).6 0-G2/1 0-12HG 0-FID2
* 0-G 0-/2DG 0-D/DD
*'+ 0-DFFJ 0-/1J1 0-20DD
*>2 0-F0JJ 0-1JH1 0-GOGO
"+ 0-1J20 0-1FFI 0-H/DO
+ 0-0JF1 0-OH11 0-J22J

3"/

&31

/ 00/

+91



