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ZEA-1 — Engineering and Technology #))0LICH

%, guiding principles
» ZEA-1is a scientific and technical institute supporting the research institutes
at Forschungszentrum Julich as a competent partner.

» We design, develop, and fabricate scientific and technical equipment,
instruments, and processes that are not commercially available, both for the
institutes at Forschungszentrum Jualich and for third parties.

» We maintain and modify instruments, refine them, provide technology
consulting for our customers, and compile feasibility studies.

» With our competence and extensive experience, we meet our customers'
and partners' requirements in a quick and flexible manner.

» We extend our expertise and acquire new know-how as and when required
by our customers.

» We offer attractive and future-oriented jobs and training.

chaft

» Our excellence and our strong emphasis on customer needs play a decisive
part in helping Forschungszentrum Jilich achieve its objectives.
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The Benefit of Modern Simulation Tools J JULICH

+ analysis of complex systems possible

+ fast and easy design optimization in terms of
material stressing, weight, stiffness ... + enhanced product quality

+ identification of faulty designs and weak
spots in the early development phase

% shortening of
development phases

% reduction of
development costs

+ minimization/optimization of costly experiments’
+ results are available everywhere in the system

+ assessment of lifetime

*nevertheless, in most cases experiments are also indispensable in prototype development
and only the combination of simulations and experiments will lead to optimal results
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' )
Software at ZEA-1 (FEM/ CFD / others) <) JULICH

-
. ;QS-DYNA

P STC

A Li Soft
WB & APDL B3 Technology Corp.

interface

ANSYS AN S

FLUENT® CEX#?

——

!Ampere I Magneto

. | INTEGRATED
ENGINEERING SOFTWARE
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8 compute nodes

80 cores

10 Gbit/s Ethernet network
464 GB main memory

storage cluster Skylakel as file server
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HPC Hardware at ZEA-1
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FORSCHUNGSZENTRUM

@

10 compute nodes (+ 3 nodes for login / service)
48 cores / node = 480 cores

100 Gbit/s InfiniBand network

4608 GB main memory
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FORSCHUNGSZENTRUM

Fields of Competence

thermo-mechanical
calculations

collapse & buckling

fatigue / fracture
mechanics

thermo-electric
calculations

fields of
competence

Vibrations, modal
analyses &
rotordynamics

magnetic /
electromagnetic
calculations

magneto-
hydrodynamics
(MHD)

dynamics &
crash simulations

CFD/
‘thermal-hydraulics

optimization
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, o
FEM < JuLicH

FEM = Finite Element Method
 numerical method

- partitioning domain into small, non-overlapping subdomains — the
finite elements
- local functions approximate global solution

« applicable for differential equations for almost all technical
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FEM - Theory

example: linear bar element

Al AZ

Ul U(X) U2
o—>> o>
cq é F2

Node 1 Fy Node 2
X
L
>

u(x)=(1—%)-U1+@-U2=N1-U1+N2-U2
N, N,

Element strain given by derivative with respect to x:

& degrees of freedom and shape functions

L Q) AN L 1) () - W~ Uy _ AL
dx dx L LI\U; L
g [B](e)
4 |7= >
‘ Seriovy

#) JOLICH

FORSCHUNGSZENTRUM

Shape functions interpolate the element solution between the
discrete values obtained at mesh nodes, e.g. displacements

general formulation
W)@ = [N]@ ()@

[N]®: shape functions of element

{U} ©): discrete values at nodes /
element degrees of freedom

{u} ®: solution within element

{e}© = [D][N]@®{U}® = [B]©®{U}©
L [D]: matrix differentiation operator

[B]®: displacement
differentiation
matrix
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FEM - Theory

potential W of external loads:

% potential energy function for linear elastic materials

#) JOLICH

FORSCHUNGSZENTRUM

The total potential energy I1 is given by the strain energy U and the work

n=v+w=; [ - [@rena - [wesas- Y wlk
14 4 S i

e

volumetric loads

example: linear bar element

u,—-U
a(x)=E~e(x)=E'(2L—1);dV=A(x)'dx
1 (U, — U,)?
szjE'L—Z'A(x)dx_Fl'Ul_FZ'UZ
0
1 (U, —Uyp?
=§E-%-1A(x)dx—F1-Ul—Fz-U2
3 0
§ 1 E-Am
5 =>H=E'T(U2_U1)2_F1'U1_F2'U2
o W
<=5 >

surface loads  concentrated loads

general formulation

(0}©@ = [E]®@ - (£}©@ = [E]©@[B]@{U}(©

1 =2 [ (B10@)@) (519 0)y®)av

%4

—j([N]{U})T{pV}dV—f([N]{U})T{ps}dS
1% S

T
- g (IN{UD; Py
i
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FEM - Theory OJULICH

% potential energy function for linear elastic materials roRserUNGSZENTRUY

The system is at a stable/stationary position when an infinitesimal variation
from such position (discrete values {U}) involves no change in the total
potential energy:

example: linear bar element general formulation
(~(1 E-A )
oll d (j' T R(Uy—U)?—F U —F Uz) PO
ol au, = {0
{_} B aalIJY1 =\./1 E-4 o e = {0} {aU(e)} o)
WS o5 2w - vt - R - £ 1) )
2 = | [B]®@ [E]®[B]©@dV {U}© =
\ aUu, ),
E-A, 4

1

= 20Uy —U) - (1) - Fy

=% gla, =10 ] [NIT{p"}dV + ] [NI"{p}ds
52U~ U - (D - R J

%4
+ ) INITP; = (F)©

E- Ay 1 —11(U;y _ F
= L [—1 1 ]{Uz} B {FZ}
bar stif fness

= [K]OUY = (F}©

stif fness matrix [K]

[K]®©): element stiffness matrix
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FEM - Theory

& connecting elements

example: linear bar element

Expanding element set of equations

o |FEI==
‘ Fegesa | @ s

[ E1-Ama Ep - Apg
Ll L1 U1 Fl
Ei-An1  E1-Apa 0 {UZ} = Fz(l)
L L Us 0
0 0 0
0 0 0
l;Z 'fanZ __1;2 'fanZ U; 0
L, L, {Uz} — FZ(Z)
By Ama B Ape |\Us F;
L, L,
Superposition
[ El 'Am,l El 'Am,l
—_ - 0
g Ly Ly
é . El ’ Am,l El ) Am,l + EZ ) Am,z . EZ ) Am,z
L, Ly L, L,
s E; Apmp E; Amp
5 0 - _—
3 L, L,

Fz(l) + FZ(Z) = 0 (inner forces)

#) JOLICH

FORSCHUNGSZENTRUM
A
m,1 Am,2
Ul Uz U3
— [, D >
?ﬁ F3
N1 N2 N3
Uy Fy
{U}={U2} {F}:{ 0 }
Ll |_2 U3 F3
> >

general formulation

Nej Nel

DI KIOC1® Y = Y (€107 (FYO

i=1

[C]®: logic element connection matrix

= [KI{U} = {F}
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FEM - Theory OJULICH

. FORSCHUNGSZENTRUM
& fixed degrees of freedom A
- m,1
Fixed d treedomwill 20 B U
IXe egrees ofr freedom wi %_, F, 2 —3 o
reduce the set of equations 7 Fs
7 N1 N2 N3
Z 0 Fy
example: linear bar element {U}:{UZ} {F}:{ 0 }
U F.
) L L 3 3
El ' 4m,1 El ' Am,l N | ! > 2 -
Iy Ly )
Ei|Am1 |E1-Amq | Bz App E; Ay rei} _ (1]
1 ! L2 L |y, ing
_ E; - Am,z Ey - Apmo
? L, L,
El ' Am,l EZ : Am,z _ EZ Am 2
L, L, L, {Uz} _ { 0 }
_Ey A, Ez - Amz ((Us Fs general formulation
L L .
2 2 reduced set of equations:
i Solving reduced set of equations: (K] (U} = (F}
ooy Bl BL = {UY = [K]' T (FY’
: Ey - Ama Bz~ Amz By~ Amy reaction forces:
% _ El . Am,l F3 . Ll . ' (E:Ienttral Ipstitut:;orIE:gin(fc;rE:\g,
i PhETT R A, T > (F)y = [KI{U} = "
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example:

AL=

FEM - Theory
& accuracy of solution

#))0LICH

Analytic solution:
u(x)

F-L
Ao'E

Uy (x) =

= u,.(x) =1In

Mitglied der Helmholtz-Gemeinschaft
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=== analytic solution == analytic solution /
O —
1.4 O=n=4 -C- n=4
—A—n=2 —/—n=2
1Ly
-¢-n=1 -4-n=1 O =4 -=Q
e |
17 !
|
c 1.6 —A \
= Z
@ i
- & | !
8 0 l
© e | .
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A JULICH

FORSCHUNGSZENTRUM

FEM - Theory

& nonlinear systems

Three types of nonlinearities
large displacements . Mmaterial structural (e.g. contact)

Q
NN
‘_
=
.

— v
L
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FEM - Theory #) JOLICH

. FORSCHUNGSZENTRUM
t%{> nonlinear systems
If the stiffness matrix depends on deformations [K ({U})|{U} = {F}, the system has to be solved iteratively:

[Kol =

Solve system
i+1} = [Ki]_1

ate stiffness ma
i+1] = [K{U;4

~ Convergence
criteria met?

Fi} = {F}?

Central Institute for Engineering,
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FEM - Theory #))0LICH

Q{) nonlinear Systems FORSCHUNGSZENTRUM

Newton-Raphson Method to solve nonlinear Systems

A

= == m == system behavior

. ,'n ! — - — ﬂ“
D’Verg _g- — . u®

___— “‘
“
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FEM - Theory #) JOLICH

Q{) nonlinear Systems FORSCHUNGSZENTRUM

Newton-Raphson Method to solve nonlinear Systems

A

F

F e

converged
solution

converged solution
for sub-step
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FEM — Theory QJULICH

Q> further applications FORSCHUNGSZENTRUM

Diffusion: [DI{C} = {Q} [D]: diffusion coefficient
{C}: concentration
{Q}: sources

Electrostatic: [x1{e} = {0} [x]: dielectricity
{e}: electric potential
{Q}: charge
with damping:
Temperature: [CH{T}+ [KI{T} = {Q(t)} [C]: heat capacity

[K]: conductivity
{T}: Temperature
{Q}: heat source

Magnetic fields:  [C]{A} + [K]{A} = {F(£)} [C]: electric conductivity
[K]: magnetic permeability
{A}. vector potential
{F}: current density

with inertia and damping:

Dynamics: [M]{U} + [ {U} + [K]{U} = {F(t)} [M]: mass (inertia)
[C]: damping
\ [K]: stiffness _ o

Electronics and Analytics | ZEA
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CFD - Theory QJGLICH

Q{) CFD = Computa‘tional fluid dynamiCS FORSCHUNGSZENTRUM

» Numerical method for solving partial differential equations representing conservation laws for
mass, momentum, energy and species for fluid flows.

» Domain is discretized into a finite set of control volumes or cells. The most commonly used
method for CFD is the Finite-Volume-Method.

» Control volume balance for a general flow variable ¢ can be expressed by:
rate of change = net convective flux + net diffusive flux + net creation rate

» The Navier-Stokes equations are the general form of the equation of motion for a viscous
fluid.

» Typical numerical methods to consider flow turbulence:

- DNS (direct numerical simulation): all eddies are resolved by a very fine mesh
=> this method is time consuming and requires huge computational resources

- RANS (Reynolds-Averaged Navier-Stokes): a turbulence model describes all effects of
turbulence on the flow
=> this is the most commonly used method for technical applications; stationary analyses

are possible and computational costs are low

- LES (large eddy simulations): only the largest eddies are resolved by the mesh and smaller
eddies are considered by a turbulence model
=> compromise between DNS and RANS

Mitglied der Helmholtz-Gemeinschaft
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Setting up numerical simulations with FEM/CFD O JULICH
% important aspects for a design engineer B

, : Knowledge and experience of the engineer
_>£ physical problem )

i choose method / simplify problem i

v

i discretization / meshing i

\/

which design rules have to be applied?

what are the requirements of the design rules,

what are t_he safety—relate(_j a_cceptance targets ﬂ
and criteria, what are the limits?

« which physical effects and details are important?
how can the problem be simplified?

| ! \
( preprocessing )

/‘1 Eeﬁne material models and propeﬂ * how does the material behave, which material
; parameters are applicable and proven?
.§ L 1 bound. i J « which software is suitable to solve the problem?
N NS AR — * implementation of new methods / models -
§ * _ necessary? \ E:'
§~ L solving J * how big is the error due to the meshing, where is
v L a mesh refinement necessary?
\rJ Eua]jzatjon’ obtain den-[,edresﬂ « how to model the boundary conditions, how to

cover uncertainties in the boundary conditions?

» chose appropriate solvers, solver settings, load
steps and convergence criteria!

» estimate necessary computational resources!
+ validate model!
Central Institute for Engineering,

e assess results according to Electronics and Analytics | ZEA
design rules! ' i

\

i result assessment i

\

' requirements fulfilled?

no
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yes
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FATIMA — Test Facility #) JULICH
% fatigue fests at h|gh strain rates FORSCHUNGSZENTRUM

upper limiter

lever

specimen

lower limiter

mass

piezo-actuator
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FATIMA — Test Facility
% fatigue tests at high strain rates
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#))0LICH

FORSCHUNGSZENTRUM

Plotting of model nodes

4E+005

3.5E+005

SE+00G

2.5E+005

ZE+00G
1.5E+005

1E+005

SE+007

Y Awis Stress (min; -6.89155e+006, max:

1
-5E+007

0o0s 001 0015 002 0025 00
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Buckling analysis for a vacuum vessel !) JULICH
% CRISTA @ GEOPHYSICA
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FORSCHUNGSZENTRUM

Buckling analysis for a vacuum vessel
% CRISTA @ GEOPHYSICA

NCDAL SOLUTION

24 .667
e -
12383 37

Defo r m a.t I O n S y m m Central Institute for Engineering,
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Design of Proton Beam Windows !) JULICH
Q{) AGATE FORSCHUNGSZENTRUM

AGATE (Advanced Gas-cooled Accelerator-driven Transmutation Experiment)

the spallation target serves as continuous neutron source for a subcritical reactor
the PBW separates the accelerator vacuum from the target coolant (60bar helium)
water at 3 bar is used for the PBW cooling

YV V V VY

- .
)
O
-
o
)
o
| -
o

=

[T HTHHHTHT D-——- i
U
oy
=
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Design of Proton Beam Windows !) JULICH
% ESS

» ESS (European Spallation Source)
» the spallation target serves as neutron source for scientific experiments

» the PBW separates the accelerator vacuum from the helium atmosphere in the target room
(1 bar helium)

» helium at 10 bar is used for PBW cooling
(customer request: no water cooling!) , |Jesgi

» pulsed operation (fatigue)

spallation target
moderators
PBW

Central Institute for Engineering,
Electronics and Analytics | ZEA
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FORSCHUNGSZENTRUM

Design of Proton Beam Windows
% design concepts for different boundary conditions

Protonenstrahl

AGATE:
double-walled, curved
window

ESS:
panpipe design

Solid Heat Deposition
powerDensity

6.999e+008
H 6.299e+008

Hea léiolid -
HeatGeneration PBW
\ He-Gaskilhlung l 5.000e+008

p-llhar
4.500e+008
l 4.000e+008
3.500e+008

5.600e+008

4.900e+008 . l J“ 3.000e+008

4.200e+008 J 22 2.500e+008

‘ 3.500e+008 2.000e+008 R TP,

2.800e+008 1500e+008 |NERERRRNNN | HEETTITY
2.100e+008 1.000e+008

1.400e+008 I 5000e+007 |
7.005€+007 oy o

6.762e+004

[Wm”-3]

> —
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Design of Proton Beam Windows !) JULICH
% design details for AGATE

equivalent stress, MPa

coolant velocity, m/s

Velocit?/
StreamlineVelocity

9.345e+000

7.022e+000

20
10
5

4.700e+000 3.14455 Min

2.377e+000

s30e002 temperature, °C

[m s”-1]

Temperature
InterfaceTemperature

9.880e+001
9.287e+001
8.695e+001
8.102e+001
7.510e+001
6.918e+001
6.325e+001
5.733e+001
5.140e+001

Central Institute for Engineering,
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\ System
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Design of Proton Beam Windows
% design details for ESS

equivalent stress, MPa

I: Static Structural
Equivalent Stress

. Velo c:s'ty Ty_pg: Equivalent (von-iMises)
coolant velocity, m/s Fluid Velocity ok
. 1.545e+002 06.06.2012 12:13
139,62 Max
120
1.159e+002 10s
90,007
75.01
80,014
) 45017
|l 7.726e+001 3002
15.024

0.027233 Min

3.863e+001

I 7.574e-004,

[ms*1]

temperature, °C

Temperature
Temperatures

“” l 9.919e+001
” ‘ 9.145e+001
e
& == 7.595e+001
L{; 6.821e+001
g ‘ I 6.046e+001
(j 5.271e+001
:.2 4.496e+001
£ 3.722e+001 Central Institute for Engineering,
§ I 2.947e+001 Electronics and Analytics | ZEA
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Design of Proton Beam Windows #) 0LICH

% deSign against fatigue for ESS FORSCHUNGSZENTRUM

BN pulsed operation

D: Coarse - Tmax

Figure

e¥Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

Max: 71.3

Min: 0.00426 s

28.11.2012 09:53 ‘

beam trips

95%

calculated utilization factors
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Design of ESS Mercury Target !) JULICH

. . FORSCHUNGSZENTRUM
% configuration

moderators

liquid metal target

Central Institute for Engineering,
Electronics and Analytics | ZEA
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Design of ESS Mercury Target
% thermal hydraulic design

Focus on:
» cooling of beam entrance window
» heat removal capacity

New concept:
,Focused Cross Flo

fluid velocity

StreamlinesVelocity
- 3.570e+000

~ 2.688e+000

1.806e+000

- 9.237e-001

4.148e-002
[m s*-1]
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FORSCHUNGSZENTRUM

temperates structure

Temperature
Wandtemperatur

3.618e+002
3.456e+002
3.295e+002
3.133e+002
2.971e+002
2.809e+002
2.647e+002
- 2.486e+002
2.324e+002
- 2.162e+002

2.000e+002
c]

temperatures fluid

Temperature
Temperatures Planes

3.607e+002
3.446e+002
3.286e+002
© 3.125e+002
2.964e+002
2.804e+002
2.643e+002
2.482e+002
2.321e+002
2.161e+002

2.000e+002
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Design of Magnetic Shielded Room

% for neutron spin echo spectrometer @SNS

'-\5\\\\

-(:fn‘: : pe=.2508-06 © 20 % g 350505 &40 1 450p-gg TI0E6
5 -
g‘f magnetic source
E a I H.-I-ZIZIE 04 oo _ +BODE-04 S I_P.l:lZIE 03 L _\3.!6:-2 03 L GEm-03 Central Institute for Engi .
£ - S00E~Dx . E=04 - LODE~D3 » 1ROE={: - VB0E~ entral Institute for Engineering,
: FE model of the double-walled room made of _ _ _ Electronics and Analytics | ZEA
3 p-material magnetic flux density calculation for an _ —
2 external magnetic source W sourans
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Thermal Design of Correction Coils #))0LICH

% for neutron spin echo spectrometer @SNS FORSCHUNGSZENTRUM

» current density in the coil was calulated
» thermal load due to high current modeled
» cooling by bonded cooling plate was considered

Temperature distribution in the coil
simulation

1

measurement

B0,0°C
-

[ =0

[ a0

L =0
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Kapton foil window for a vacuum chamber

il o Al

055481
1

Kapton foil
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parameterized model

Db

}%]
=
Dp &

Si

E

v
.,“‘\&3
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Sa

Optimization process in ANSYS

NCOAL SCLOTTCN

JUL 11 2006
STEP=1 15:25:25
SUB =1 PLOT MO. 1
TIME=1
/EXPENDED
SEOV (BVG)
DMK =.523279

SMY =.819587
SMK =484,191

0 133.333 266,667 400 533.333
66,667 200 333.333 466.667 600

Bessy—Chopper

Wm0y
P TN

1< ey = =
ﬂuﬁ!.e- P 4
A~ 2T
[

Optimization of the chopper disk contour

20
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Variation of parameters

200

10 R3

160 ;*‘f

120 P

100

I~ /_/V*/_V—W

60

40

M

12 23 34 45 5¢
6.5 17.5 28.5 39.5 50.5

Max. equivalent stress [MPa]

650

625

500

575

550

525

500

475

450

425

400

Vi
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Lysimeterpress #) JOLICH
% introduction FORSCHUNGSZENTRUM

» Lysimeters are tubes containing soil samples for scientific experiments in the field of
agricultural and environmental research

» The tubes are pressed into the soil and afterwards excavated

» Asintered metal plate is used to cut the soil column and to seal the lysimeter

2 . "2 Ty X JIB” et .
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% optimization of lysimeterpress

» Project start: typical engineering task -> optimization of design

SpaninrcpEaietand dar Ly e terpeeeas AN
Bawaquy) det Schreddelatte nach werne: 0 min

Bautellan: Lyeimetérprasss uwd Rohr

Yarglaichegparnungen [MPa); Verschisfargen 1x Sealisct

il

L

129

140

10

214
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% optimization of lysimeterpress

» Project progress: scientific aspect -> soil state in lysimeter

AN Displacements,
mm -3.823

¢« Pressing equipment

-2.305
| Vessel JE— Stresses,
======% Counterbalance weights MPa
1 729825 -.221533
//Cﬂm'nglz'ne 2.247 -.196149
E < b Soil inside vessel 170765
| Ei ted soil
< et -.145381
: -.119997
-.094613
_ -.069229
e Soil springs and 043845
; overlay pressitre
5 -.018461
j > 006923
8
z . . . Central Institute for Engineering,
8 » Some important conclusions could be drawn with respect to Electronics and Analytics | ZEA
g the influence of the lysimeter design on the soil state :
FpE] Ko Engineering und Technology | ZEA-1
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Inlet System for HALO

% introduction

» HALO = high altitude and long
range research aircraft

» Inlet system for LIF device
(measuring radicals)

principle set-up:

shroud

pylon

viewport cap Tz

outer deceleration tube
inner deceleration tube

D

>a|rW|th free radlcal‘ E D - = restrictor

nozzle

RN
™~ vacuum tube

T UV-device

v | | /"; ¢
LIF |
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laser-induced
fluorescence
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Inlet system for HALO

Y aerodynamic design

Velocity
(Streamline 1)

F 1.000e+02 -

7.500e+01

I 5.000e+01

2.500e+01 _

0.000e+00

[m s’:-1] -

velocity
[m sA-1]

» design of the nozzle
> Jet formation
» maximum distance to the LIF unit

Mitglied der Helmholtz-Gemeinschaft
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Typical question to answer
~ » - influence of scaling
- -design of restrictors
.influence of angle of attack

>
>
- T risk of wall contact
> ré_duction of turbulence intensity

= Luftleitblech

1. Verzdgerungsstufe

2. Verzdégerungsstufe

L

L

Kalibrierbereich

Ablenkung zur Messeinrichtung
(hier Vakuumduse)
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Inlet System for HALO #))0LICH

. - FORSCHUNGSZENTRUM
Y bird strike event

» the ‘Bird strike’ load case is a critical design issue for the inlet system and has to be
investigated (requirement of the Federal Office of Civil Aeronautics)

» the inlet system must be robust enough to avoid impact of broken-off parts into the
engines or the tail assembly

» but if the inlet system is too stiff and totally ‘captures’ a bird (this would be the case if the
restrictor is fixed to the inlet tubes) the aircraft shell can be seriously damaged

M )
A 5
il T 1 L ) 3
e ST TSR A
p ey f' “tﬁ"a\ el - 4
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Inlet System for HALO # ) 0LICH

. . . . FORSCHUNGSZENTRUM
% bird strike simulation
Vogelschlag auf AirLIF-Einlass
Fringe L'cvolc
e Dt 8 000es0
max=1490.72, at node# 1007264 x : 7.200e+00
o6 J 6.400¢+00
.5.600e+00 _
DR 4,800e+00

4.000e+00
3.200e+00
2.400e+00
1.600e+00

Fringe Levels
9.000e+02
8.100e+02
7.200e+02
6.300e+02 _
5.400e+02
4.500e+02
3.600e+02
2.700e+02
1.800e+02
9.000e+01
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Inlet system for HALO # ) 0LICH
% bird strike test

FORSCHUNGSZENTRUM

Central Institute for Engineering,
Electronics and Analytics | ZEA

N Wonagement [E]MZEAE]
= =

System
150 8001:2015

Mitglied der Helmholtz-Gemeinschaft

Engineering und Technology | ZEA-1
Technology for World-Class Research




Mechanical Design of Vacuum Chambers
% weld seam design for the TOPAS vacuum chamber

A JULICH

FORSCHUNGSZENTRUM

» The TOPAS vacuum chamber was designed to withstand the outer pressure of 1 bar

» Weld seams could not be modeled in detail in the global model, therefore a simplified
contact approach was used to determine critical regions..

» For the critical regions a sub-model was investigated in detail.

total deformation [mm]

.637479 1

L2705 1.912
.956219 1.294

.31874 2.231

Stressing of weld seams (simplified approach)

177
133.231

641 266.461 355.282
222.051 3 2

44 .41 10.87 399.692

2.869
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Chopper Design

% introduction

>

Neutron beams are useful probes for
studying the arrangement of atoms in
materials

A neutron chopper is essentially a disc
rotated at high speed with one or more
‘windows’, which the neutrons can pass
unhampered at particular points in time

By arranging several choppers - one
after another - special neutron pulses
can be selected

At ZAT maintenance-free magnetic
bearings are used for such chopper

A JULICH

FORSCHUNGSZENTRUM

g T

R D
‘/«\ . /
Z, - fa\
A

C: disc

D: drive system

A: axial stabilization
R: radial bearing

systems at high rotational speeds and operating in vacuum.
Beside neutron choppers ZAT also developed and built neutron, light pulse

and x-ray pulse selectors

Central Institute for Engineering,
Electronics and Analytics | ZEA

I \\ Management T,
System l'-i"J.

Engineering und Technology | ZEA-1
Technology for World-Class Research



Chopper Design #) JOLICH

% typical choppers developed at ZEA-1

FORSCHUNGSZENTRUM

X-Ray Chopper
ESRF/ KEK/
Spring-8

1 kg; 60.000 rpm

Chopper Disk of PSI-
MARS Cascade

5 disks; max. 9 kg;
21.000 rpm

Fermi Chopper

FZJ-SV29

28 kg; 15.000 rpm
Chopper Cascade
ILL-IN5 TOF
6 disks; max. 8 kg;
20.000 rpm

[
LAl L ),
- Tema

1.25 MHz Light ~ .
Source Pulse Selector e o> SNS-NSE
for BESSY, MPI Halle o - 4 disks
l 1 kg; 60.000 rpm | il 7 kg: 3600 rpm

PST-Chopper
diameter 1280mm
4800 rpm

N\ Management
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Chopper Design
% mechanical design of chopper disc (here: BESSI)

SMY =.005494
SMX =404.44

.005494 89.88 179.754 269.628 359.503
44.943 134.817 224.691 314.565
Bessy—Chopper, Vergleichsspanmung [MPa], Rechnung: Imm-SEQV

NODAL SOLUTICN

JUL 5 2006
STEP=1 10:55:26
SUB =1 PLOT NO. 1
TIME=1
/EXF]
SEQV (AVG)
DMX =.462069

404.44

I} optimization of disc contour

Montierte Achse
vor erster
Rotationsbelastung

Rotationslast 1000 Hz
mit eingespannter Achse

HODAL SOLUTION
sTER =3

DAL SOLUTION
STER=1
SUE -2

TIME
sRQV (AVS) sEQY (avE)
DMK =.141E-03 Dok = 498K 03
sear =533

SHX . 4635509

investigation of clamping

#)0LICH
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312.772
7 351.874

optimization of slit contour
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Chopper Design

% rotor-dynamic design

# Beispiel.ro - Rotordyn E]@

Datei Bearbeiten Ansys Ansicht Hife

DEERS - o ML=0EY AL % 2V

Name: Beispiel
Rotorlinge: 4000 mm

Rotormasse: 19724 ky  Polares Moment: 1.378272EH)02 kg*m?
Massenschwerpunkt: 1886.88 mm Transversales Moment: 1.652041E+003 kg“‘'m?
\ [ \
\ [ \
\ [ \
mass$ point  choppef disk |
bearing |
. . \

“ turning shaft section

\‘\_\::/—\

| J

#)0LICH

_I Daten aendern

(finderungen durch Doppelklick auf das Element)

= Yorschau:
Element ldschen

| |
|
Masse ltschen |
Lager ldschen | : 9
Scheibe l&schen | I |
o 2000

[0]4 | Abbrechen I 1000 2700

1-Stahl
1-5tahl

1-3tahl

| Abstand [, | dia) [rrn] | i} [rrm] | Masse [ka] | B T [k, | E Tr, [ka., | rad, Steif, [... | Kippsteif, [N, | IMakerial

1 0.0000000 200.00000 0.0000000 - - - Radiallager 0. 0000000
2 1000.0000 200,00000 0.0000000 293.03100 66,035400 33.039000 - -
3 2000.0000 200.00000 0.0000000 - - - - -
4 2200,0000 200,00000 0.0000000 - - - - -

Teilstlicke: Radius [mm]  Dicke [mm]  Material

a 100 200 1-5tahl Anz, Teil u: 10

1 200 180 1-Skahl Anz. Teil. v 4

z 300 160 1-5tahl

3 400 120 1-5kahl

4 450 100 1-5tahl
S 4000.0000 200.00000 0.0000000 - - - feste Einspannung

FORSCHUNGSZENTRUM
AN
CAMPBEIL DIAGRAM A 11 2006
14:59:36
PLOT NO. 1
150
120
—
N
T
Bl
>
O
c
Q 50
-
o
2 30
[T
0
I 0 1800 3600 5400 7200 9000
200 2700 4500 6300 8100
rotational speed (rpm)
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Chopper Design

% safety case for housing

Fringe Levels

Fringe Levels Fringe Levels

1.301e+06 1.250e+06 1.500e+04
1.171e+06 1.125e+06 1.3500+04
1.041e406 _§ 1.0006+06 _§ 1.200e+04 |
9.1090+05 _ 87520405 _ 1.050e+04 _
7.808e405 7.501e+05__ 9.000e+03
6.5070405 6.2518405 7.5000+03
5.205e+05 | 5. ummns] 6.000e+03 |
1340 Seg ment 3.904e405 37516405 4.500e+03
2.603e+05 2.5008405 3.000e+03
13u1e4051 IZSDe‘C\Sl 1.500ﬂ0011
0.000e+00 | 0.0008+00 0.0008+00

0 ms: initial conditions — disc with crack 0.2 ms: disc crash on housing, 2,3 ms: first adapter shears-off due to rotation

housing starts to rotate in its bearings of housing
Fiingellevslss Fringe Levels
15T e) 1.5000+04
IS0} 1.350e+04
1!1&1}%»‘0’4&" 1.2000+04 |
NB5Tortdl_ 1.050e+04 _
9040 __ 9.000e+03 __
T SO0} 7.500e+03 ‘
6:000e+02)_| ‘ 6.000e+03 ]
A 5DTe03) 4.500e+03
OO0 3.000e+03
SO0 1.5000+03
0'650%E+00) | 0.000e+00
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20 ms: end of simulation — the housing is still
rotating but the remaining kinetic energy is
less than 1% of the initial energy

~4 ms: rotational speed of disc
= rotational speed of housing
(end of plastic impact)
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Copper Slag Cleaning Process !)JULICH
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% electromagnetic stirring to intensify the cleaning process
Flash Smelting Furnace (FSF) Submerged Arc Furnace (SAF) EM Slag Cleaning Furnace

I

Coke layer

—) —)
FSF slag SAF slag
(4-8% Cu) (0.8% Cu)

N N
Y

Technical objective:

* Enhanced inter-droplets collision and coalescence resulting
in higher settling rates Coalescence | Grazing

* Significant reduction of copper content in slags up to 0.4% ?GQ &

Matte layer

Main achievements:
* Implementation of a mesh independent hybrid collision

algorithm 1
¢ » Using new collision outcome regime map
: based on VoF calculations 2 ol
¢ Cooperation with SMS Group GmbH to share : o |
; experimental and numerical achievements

R \084
Modified capillary number Ca (uTn)

e
——I
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High pressure NPT 1%2"" - adapter

% detailed modelling of the thread collapse

Semi-empirical approach to determine required depth
of engagement according to design rules not applicable
- pre-stress in conical thread

- flexibility of pipe fitting

pipe fitting

5.711 153.331 300.951 448,57 596.19
79.521 227.141 374.761 522.38 670

CCT 22 2004
11:11:31
PIOT NO. 1

5 171446 : :
150015 .192¢77 | ¥ Engineering,

alytics | ZEA

adapter
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