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Abstract The paper deals with an analytical model of
stresses acting in the superconductor YBCO during an
oxygenation process to transform the tetragonal lattice of
the non-superconductive phase YBa,Cu307_,,(xo = 0.9)
to the orthorhombic lattice of the superconductive phase
YBa;Cu30;. Accordingly, the oxygenation-induced stres-
ses originate as a consequence of the difference in
dimensions of the crystalline lattices. Additionally, critical
temperature of the oxygenation process with regard to a
crack formation in the superconductor YBCO is derived.

Introduction

The superconductor YBa,Cu;0;,—Y,BaCuOs (123-211)
represents a matrix—particle system acted by stresses
originating during a cooling process as a consequence of
the difference in thermal expansion coefficients of the
phases 123 and 211 [1], as well as during an oxygenation
process of the single-grain bulk phase 123. The oxygena-
tion process transforms the tetragonal lattice of the non-
superconductive phase YBa,Cu3;O7_,, (xo =0.9) to the
orthorhombic lattice of the superconductive phase
YBa,Cu3;07. The superconductive phase is required be-
cause of its zero resistance against electric current.
Accordingly, the stresses originating during the oxygena-
tion process are a consequence of different dimensions of
the tetragonal and orthorhombic lattices, as experimentally
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investigated in [2]. Finally, this paper represents an ana-
lytical contribution to the experimental results.

Analytical model
Cell model

As presented in Ref. [2], the oxygenation process, applying
to the sample YBCO in a form of the cylindrical pellet
shown in Fig. la (D =35, h =20 [mm]), is realized in
cylindrical holes with the radius R, the length & and the
inter-cylinder distance 2R;. With regard to an analytical
model, this system with the finite dimension D is replaced
by an infinite system (D — o) divided into cylindrical
cells with parameters R;, R3, h (see Fig. 1b). Consequently,
the oxygenation-induced stresses are investigated within
the cylindrical cell, considering the boundary condition
(0/),—g,= 0 for the radial stress o,. Resulting from the
system infinity, analytical models of the oxygenation-in-
duced stresses in a certain cylindrical cell are identical with
those in any cylindrical cell.

In spite of the fact that an influence of the matrix be-
tween the cylindrical cells is not considered, the same
approach, presented in [3], is used in case of an analytical
model of thermal stresses originating in a matrix—particle
system consisted of periodically distributed spherical par-
ticles with the radius R, and the inter-particle distance 2R3,
where the spherical particles are embedded in an infinite
matrix divided into spherical cells with the radius Rj.
Consequently, an influence of the matrix between the
spherical cells is not considered, and the same boundary
condition (o,),_g,= 0 is used to result in more than satis-
factory theoretical results compared with experimental
observation.
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Fig. 1 Shape of the sample of the single-grain bulk 123 phase (a) as
experimentally investigated in [2], and the system (b) considered
regarding the analytical model

Cylinders A and B

The sample of the single-grain bulk phase 123 is oxygen-
ated at the different temperature 7 to result in the different
oxygen concentration C in a crystalline lattice of the 123
phase. Consequently, the different concentration C results
in the different crystalline lattice dimensions a; and a3 in
the plane x;x, and along the axis x; (see Fig. 2), respec-
tively. An initial state of the phase 123 is thus characterized
by the parameters a;q, aso related to the temperature T,
resulting in Cy, where T is simultaneously final tempera-
ture of a crystal growth process of the phase 123 [2, 4].
Performing the oxygenation process at the temperature
T < Ty, the parameters aq, azp are transformed to a; #
ayg, az # aso corresponding to C at the radii R;, respec-
tively, where C # C,.

Additionally, with regard to simplification of the ana-
lytical model, the oxygen concentration C is assumed to be

Xo X(P
Xy
P=z
O—X 3 A B X1
R
R,
R3

Fig. 2 The hollow cylinders A and B with the radii R; < R, < R3, and
the axes x,, x4 and z = ¢| x5 in the general point P, along which the
radial, tangential and longitudinal stresses ¢, o4 and o, act,
respectively, and radial cracks with the length & formed in the
cylinder A provided that o4 4 >0 and on the condition
((T(/’A)V:Rl >0y (see section ‘‘Stresses in cylinders A and B’’)
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constant within the cylinder with the radii R; and R, < Rs.
Accordingly, the cylindrical cell consists of the cylinders A
and B with the radii Ry, R, and R,, R3 (see Fig. 2),
respectively. The cylinders A and B are thus represented by
the phases YBa,Cu3;0; and YBay;CuzO7_y, (xo = 0.9) with
the crystalline lattice dimensions a;, a; and ayg, aszp,
respectively, where a;, a; are assumed not to be functions
of the spherical variables r € (Ry,Ry), ¢ € (0,2nm).

Stresses in cylinders A and B

Considering the system consisted of the hollow cylinders A
and B of the 123 phase and with the radii Ry < R, < R3 (see
Fig. 2), the radial, tangential and longitudinal stresses o,
o4 and o, are investigated in the general point P along the
axis x,, x, and z, respectively, where x,, x,C x1x2; Z|| x3.
With regard to parameters of the phase 123 [1], the iso-
tropic and anisotropic planes xx,, x;x3 and x,x3, respec-
tively, correspond to the tetragonal lattice, and the
coordinate r along the axis x, is related to the cylinders A, B
for r € (R, R,), r € (R, R3), respectively. With regard to
isotropy of the plane x;x,, we get

ou,
el

=0, (1)

and consequently the shear strain €,y = €,4 = (1/r) (ou,/
0¢) = 0 [5] results in the shear stress 0,4 = 04 =0, where
u, is displacement of an infinitesimal cylindrical part of the
system along the axis x,, and the angle ¢ = Z(x;, OP).
Additionally, the displacements u, and u,, the latter
along the axis z, are assumed to be independent on the
variables z and r, respectively, as derived by the condition

Ou, Ou; 0

— — 2
5= =0 (2)
and consequently the shear strain ¢, = (Ju,/dz) +
(Ju/dr) = 0 [5] results in the shear stress g,, = g, , = 0.
Finally, along with Eqgs. (1), (2), the strains €4, €,5 along
the axis z are connected with the condition

asz — asp
, 3
o (3)

A = &8 =

Considering the dimension changes a;—ajg, as—asg to
originate in crystalline lattices of the cylinder A only, the
cylinders A and B tend to exhibit the radii R, + R,[(a1—ao)/
ajo] and Ry, respectively, where R»/a;( represents a number
of crystalline lattices with the dimension a, related to the
distance R,. The radius change R,(a;—a;g)/a;o induces
the compressive or tensile radial stress p, >0 or p, <0
acting on the A—B boundary, respectively. The radial stress
p2 results in the radial strains (&),_g,, (é8),_g, in the
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cylinders A, B, respectively. The A-B boundary thus 1 da,
exhibits the radius IR 20, +r57 |- (15)
ar —
Rap =Ry + Rlem + Ra(&a),—g,= Ro + Ra(&8) ,—p, With regard to Oe /Or = (8/0r)(0u,/0z) = (0/0z)
10 (Ou,/0r) = 0 (see Egs. 2, 8), considering Egs. 10-12, 15,
(4) the compatibility equation (9) is transformed to the form
and consequently we get the condition
d%a, do,
r—+3--=0, (16)
a; — ap or or
(&r8) -, = (6r4),—p, = (5) : ‘ :
aio and consequently, assuming the radial stress in the form

used for the determination of the radial stress p,. The
Cauchy’s equations have the forms [5]

ou,

= ©)
iy

‘C‘P = 77 (7)
ou,

&z a—Z ) (8)

and consequently the compatibility equation (9) to result
from Eqgs. 6, 7, and the equilibrium equation (10) related to
the axis x, [5] have the forms

—r—=0, 9)

or’ (10)

where do4/d¢ = 0 and do,/dz = 0 results from equilibrium
equations related to the axes x4 and zdue to 6, = 64 , =0
and g,, = g, , = 0, respectively. Finally, the Hooke’s laws
corresponding to the tetragonal lattice are derived as [5]

& = S110; + S120¢ + 51307, (11)
&p = S120 + S110y + S1307, (12)
&7 = 831 (O'r + U¢) + s3307, (13)

and the elastic modulus s; (i, j = 1, 2, 3) [5] has the form

oy~ 1y (1 - by)

Sij = E. ) lv] = 172';3; (14)

where E; and y; are the Young’s modulus and the Poisson’s
number, and 6; =0, 1 for i # j, i = j is the Kronecker’s
symbol, respectively. With regard to Eqgs. 10, 13, the stress
g, is derived as

o, = Cr’l, we get

C,
O'r:C1 +r—2, (17)

where the coefficients C;, C, are determined from
boundary conditions. Considering the boundary conditions

(GVA))‘:R]: 0, (18)
(GVA)r:RZZ (O-VB)r:RZZ —D2, (19)
(018),—p,= 0, (20)

the stresses in the cylinders A and B have the forms

2
2 Ry Ry
= — 1= (5 |, me="te(o,1), (21
o 1’%2[ <r)1 2 R2€< ) 2D
2
D2 R;
= 1 — 22
1@[ +()] 22)
1 25314P2
O—ZA:S—<1— 5 teu ), (23)
334 L&D)

oy — 1—r32[_<1%)] rgz__>1, (24)

R3
S sl 25
oot 1 — 75 ( r ) )
1 (253182
- . 26
0zB . (l — 7, + &5 (26)

With respect to Egs. 5, 12, 21-26, the radial stress p; is
derived as

1 ay—ayp | az —az (s13a S138
+ S13A _S1BY | (59
cr—c | ap aso $334 5338

P2 =
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and the coefficients c;, ¢, have the forms

1 251345314
= I 1 2) - A 28
cp =S4+ 1= [SIIA( + "12) 31 (28)
1 251388
Ccy) = S128 + 5 |:S113(1 + r%z) _ 4913B 313:|’ (29)
1— I‘32 S33B

where ayo, a; and azg, a; are lattice parameters along the
axis x; and x3, related to the temperature Ty, T < Ty,
respectively.

Critical temperature of oxygenation process

Provided that the tangential stress o4 4 is tensile, then for
a4 4> 0; on the condition (GW‘)r:Rl > oy; and with regard
to g4 4 — r representing a decreasing function of the vari-
able r € (R, R,); radial cracks with the length % in the
cylinder A are formed from a surface with the radius R,
during the oxygenation process, where gy, is critical stress
with respect to crack formation. To avoid the crack for-
mation, the condition

(O-wA)r:Rl S Gfr’ (30)
being accordingly required to be fulfilled, is transformed,
after substitution of Egs. 22, 27 to Eq. 30, to the
temperature condition

T>T,. (31)
Consequently, assuming the linear temperature depen-

dence

i=0,1,

ar2i = ki T + qr42i, (32)

the critical temperature of the oxygenation process, 7,
related to the temperature T}, has the form

T,, =345 (33)

Co

and the coefficients c3—c¢ are derived as

c3 = (k1T0+C]1)(k3To+Q3), (34)
S134  S13B Of 2
S SBB Ty - 35
() +S33A g 2 (c1 02)( r12)7 (35)
s s
cs = q3(kiTo + q1) <13A - 133) +q1(ksTo +¢3),  (36)
5334 338
s s
C6 ks(k1T0+Q1)<ﬂﬁ> +ki(ksTo +q3), (37)
5334 338

where a1 = (a14207=1 0 (i = 0,1).

Oxygenation-induced stresses in phase 123

With regard to the temperature dependence (32), the
crystalline lattice dimensions a; and a; of the phase 123 in
the plane x;x, and along the axis x3, respectively, are
shown in Fig. 3 [4] as functions of the oxygenation tem-
perature 7, where a;, a; are measured at the room tem-
perature 7, = 20 °C, and consequently changes of a;, a3
due to thermal expansion in the temperature interval (7, T')
are neglected.

Considering material and lattice parameters of the phase
123 presented in Table 1, the radial, tangential, axial
SIresses, 0,4, 0 4, 024 and 0,5, 64 p, 0,5 (see Egs. 21-26)
in the layers A and B, respectively, for the radii Ry = 0.5,
R, = 1, R; = 1.5, for the initial temperature Ty = 900 °C
and the oxygenation temperature 7= 400 °C are shown in
Fig. 4. The temperature Ty = 900 °C and T = 400 °C to
result in ayp = 3865, aspg = 11.833 and a = 3856, as =
11.696 [1071° m] (see Eq. 32; Table 1) is the same as
considered within the experimental results published in
[2, 4], respectively. Additionally, the nomograms ¢ 4—1>—
32, G,a—F12—T3; at the radii r = Ry, r = R, in the layer A to
exhibit tendency to release the oxygenation-induced stress
loading by radial crack formation (see Figs. 2, 7), are
presented in Figs. 5, 6. Finally, the dependencies in Figs. 5,
6 are not asymptotic for r;, — 1 due to reduction of the
term 1—r%2 in fractions of Egs. 21, 22, 27-29.

Fig. 3 The crystalline lattice (a)3-870 7 3 =N (b) 12.0
dimensions a, (a) and a3 (b) of ] a;=1.82x10""xT+3.85x10 1 a3=27.4x10"13xT+11.59x10710
the phase 123 in the plane x;x, 2,865 1 faj]=[m] 11 lasl=[mI
and along the axis x3 (see — T4 [T=[°C] —  4[TI=[°C]
Fig. 2), respectively, as OE 1 B 1
functions of the oxygenation © 3.860{ Tg 11.8
temperature 7, where a,, az are % 1 o
measured at the room ® 3855 ] N 1.7
temperature T = 20 °C [4] ' 1 ’
3.850 4 16—+ 7+—71—
300 400 500 600 700 800 900 375 475 575 675 775 875
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Table 1 Material and lattice parameters of the 123 phase (see Fig. 3a, b; Eq. 32) [1, 4]

E; (GPa) E; (GPa) 1 M3

R, (107 m) R, (107 m) Ry (10° m) &k (107" mT™" k(10" mT™h ¢ 107 m) ¢5 (107'° m)

182 143 0.255 0.255 0.5 1 1.5 1.81596 27.3978 3.8488 11.5869
(a)300 5 (b) 200 1
1 =-1.6 GPa ] o,0=-1.7GPa
E CpA GzA ] zZA
< 4 < 7
& 200 & ]
= ] 2 07
< 150 @ 1
s B c
© ] © 100
< 1004 2 ]
o} ] Opa © ]
50; v —200j G‘PB
O:H\\\HH\HH\HH\HH -3007“ T LA L L L B B B L
0.5 06 07 08 09 1.0 1.0 1.1 1.2 13 1.4 1.5

r [mm]

Fig. 4 The radial and tangential stresses 0,4, 0,5 and o4 4, 04 5
along with the axial stresses 7,4, 0,5, acting in the cylinders A, B (see
Egs. 21-26), respectively, with the radii R; = 0.5 mm, R, = | mm,
R3 = 1.5 mm for the temperature 7, = 900, T = 400 [°C] (see Eq.

r [mm)]

32), where g > 0 or ¢ < 0 represents tensile or compressive stress,
respectively, and p, is a radial stress acting on the A — B boundary
(see Eq. 27)

Fig. 5 Nomograms of the (a) 600 - (b)700
tensile tangentia] stress {132 = R3/Rj: 1-4: 1.025;1.05;1.075; 1.1 {132 = R3/R): 16-20: 1.6;1.7;1.8;1.9; 2
i B 5-8:1.125;1.15;1.175;1.2 1 21-24:2.25;2.5;2.75;3

Ig:(i/)i?.llr?ll;?7 ::tf‘;‘fc:‘itogleof = 500; 9-12: 1225125 13,135 = 600 252735455

J 400 13-15: 1.4;1.45;1.5 1T =900°C
the parameters rj, € (0, 1) and Z 1Ty =900°C 7 2 5004 T = 400°C
r32 > 1 (see Egs. 21, 22, 24) for & 300 T=400°C 15 & 27
the temperature 7, = 900, ,i b i 400 3
T = 400 [°C] (see Eq. 32), & 2007 &
where (()',A),_:RI =0 (see Eq. ~ 1005 ~ 3001 1
18). The dependence 1 1 ]
(U¢A)r:R_r|2_r32f0r732>5 07“‘\“‘\“‘\“‘\”‘ 2007”‘\“‘\“‘\“‘\“‘
is approximately identical to the 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
curve 27 (b) r12=Ry/Ry r12=R{/Ry

The nomogram T,,—r>—73, for the initial temperature
Tp = 900 °C, and for the critical stress o5 = 25 MPa [4]
regarding the radial crack formation is presented in Fig. 7.
Resulting from R, = R,(?) as an increasing time-dependent
function for (R»)—o = R, [6], the critical temperature T,
fort = 0 and 7 > 0 is considered for r;, = 1 and 1 € (0, 1)
(see Eq. 21), respectively, with regard to r3; = 1.

To avoid the crack formation, the critical temperature
T,, is required to be as small as possible in comparison
with the initial temperature T. Accordingly, a state of the
sample YBCO with small radius R; (for 7;, — 0) and high
density of the cylindrical holes (for r3, — 1) is required,
what results in small critical temperature T,, as presented
in Fig. 7.

Conclusions

Representing a continuation of the paper [2] with experi-
mental results to concern the oxygenation process resulting

in a transformation of the tetragonal lattice of the non-
superconductive phase YBa,Cuz;O7_,, (xo=0.9) to the
orthorhombic lattice of the superconductive phase YBa,.
Cu;0;, the latter exhibiting zero resistance against electric
current and both denoted as the phase 123, main results
concerning the analytical model of the oxygenation-in-
duced stresses presented in this paper are as follows:

1. The sample with the finite diameter D-~oco and the
height A, containing cylindrical holes with the radius R},
the length /# and the inter-cylinder distance 2R;, as
shown in Fig. 1a and experimentally investigated in [2],
is replaced by the system with D — oo shown in Fig. 1b,

2. considering the same approach as presented in [3] to
result in sufficiently exact theoretical results, the system
is divided into cylindrical cells with the radii R;, R3, and
consequently the oxygenation-induced stresses are
investigated within the cell (see section ‘‘Cell model’’),

3. as presented in section ‘‘Cylinders A and B’’, with
regard to simplification of the analytical model, the
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Fig. 6 Nomograms of the (a) 600 7 (b) 500
tensile tangential and radial 3 = Rs/Ry: 1-4: 1.025;1.05;1.075; 1.1 13 = Ry/Ry: 16-20: 1.6;1.7;1.8;1.9; 2
500 1 5-8: 1.125;1.15; 1.175;1.2 1 21-24: 2.25;2.5;2.75;3
stresses, (“‘PA)::RZ >0 (a, b) = ] 9-12:1.225,1.25;1.3;1.35 = 400 25-27:3.5,4.5;5
and (0,4),_g,= —P2>0 (c.d) £ 400 13-15: 1.4,1.45; 1.5 2 1Ty = 900°C
(see Eq. 19), respectively, =3 3Ty =900°C = 1 T=400°C
acting at the radius r = R», as % 3004 T=400"C 2300
functions of the parameters = ] ~
$ 2001 S
riz € (0,1) and r3; > 1 (see S € 5001
Egs. 21, 22, 24, 27) for the = 100 4 =
temperature T = 900, T = 400
[°C] (see Eq. 32). The (E==——==" 100
dependencies 00 02 04 06 08 10 00 02 04 06 08 10
(JwA),:RZ*”IZ —r3 and 112=R; /R,y r12=R /R,
(J’A)r:Rg_rlz —r3p forrs > 5
are approximately identical to 300 7 300
the Cﬁfve 27 (b }(;) © 135 = R3/Ry: 1-4: 1.025;1.05;1.075; 1.1 @ 1 30 =R4/Ry: 16-20: 1.6;1.7;1.8;1.9; 2
’ 250 ] 5-8: 1.125;1.15; 1.175;1.2 250 1 21-24:2.25;2.5;:2.75:3
= ] 9-12: 1.225;1.25;1.3;1.35 = 127 25-27:3.5;:4.5;5
% 200 13-15: 1.4;1.45;1.5 E 200 T Tp = 900°C
2 1Ty =900°C =) 1 T =400°C
&' 1509 T=400°C ' 150 1
= 1 = 116
g 1007 1 & 1004
50 50 -
0 1 ]
LA B S B B B B B B B O+ 71— T 7T T 1
0.0 0.2 0.4 0.6 0.8 1.0 00 02 04 06 0.8 1.0
r5=R{/R, 112=R /Ry
900 7 . temperature of oxygenation process’’, along with the
300 critical temperature of the oxygenation process, T,,,
] regarding the crack formation,
700_5 5. an application of the analytical model to phase 123 is
600 presented in section ‘‘Oxygenation-induced stresses in
g 500 3 phase 123’ along with nomograms of the tangential,
& ] radial stresses in the cylinder A and the critical tem-
400 1 perature, 6 4, 0,4 and T, respectively.
300 Tp = 900°C
] 135 = Rg/Ry: 1-4: 1.025;1.05;1.075; 1.1 Acknowledgements This work was supported by APVV No.
200 5.8 1.125:1.15:1.175:1.2 COST-0022-06, by the Slovak Grant Agency VEGA (1/1111/04,
100 ] 2/4062/04, 2/4173/04, 2/4175/04), by NANOSMART, Centre of
0.0 T '0'2 T '0'4 T 0' 6I m Ol8 trT 10 Excellence, Slovak Academy of Sciences, by Science and Technol-
' ' r. R/R ’ ' ' ogy Assistance Agency under the Contracts APVT-51-049702,
12=R/Ry

Fig. 7 Nomograms of the temperature T,, as a function of the
parameters ri, € (0,1) and r3; > 1 (see Egs. 21, 24, 33), for material
and lattice parameters of the 123 phase (see Table 1). The dependence

T,,—r12-13 for r3; > 1.2 is approximately identical to the curve 8

cylinder with the radii R;, R; is divided into the
cylinders A and B with the radii Ry, R, < R; and R;,
R, and with the constant oxygen concentration C and
Co # C to result in the crystalline lattice dimensions
aj,azand ay;g # a,azy # asinthe plane x,x,, along
the axis x5 (see Fig. 2), respectively,

4. the analytical model of the oxygenation-induced
stresses and the condition (30) to avoid the crack for-
mation in the layer A acted by the tensile tangential
stress 64 4 > 0 (see Eq. 22) are presented in sections
““Stresses in cylinders A and B’ and ‘‘Critical

@ Springer

APVV-20-061505, APVV-20-024405, by SICMAC RTN2-2001-
00488, by 2003 SO 51/03R8 06 00/03R 06 03-2003, by NENAMAT
INCO-CT-2003-510363, by EU 5th FP Project No. GRD1-2000-
25352 “‘Smart Weld”’, by COST Action 536 and COST Action 538,
by Janos Bolyai Research Grant NSF-MTA-OTKA grant—MTA:
96/0TKA: 049953, OTKA 63609.

References

1. Ceniga L, Diko P (2003) Physica C 385:329

2. Diko P, Kracunovsa S, Ceniga L, bierlich J, Zeisberger M,
Gawalek W (2005) Supercond Sci Technol 18:1400

3. Mizutani T (1996) J Mater Res 11:483

4. Diko P (2004) Supercond Sci Technol 17:R45

5. Ivanco V, Kubin K, Kostolny K (1994) In: Finite element methodl.
Slovak Republic, Elfa Kosice, p 36

6. Sedlacek V, Kralik F, gejnoha R (1968) In: Diffusion and
precipitation processes in metallic systems. Academia Prague,
Czech Republic, p 72



	Stresses in superconductor during oxygenation
	Abstract
	Introduction
	Analytical model
	Cell model
	Cylinders A and B
	Stresses in cylinders A and B
	Critical temperature of oxygenation process

	Oxygenation-induced stresses in phase 123
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


