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FE- Anal yse ei ner Stroneuf Ghrung

Zusanmenf assung:

Die 80 kKA Stroneufdhrung und der Bus Bar Type 2, eingesetzt im
Spul entest TFMC in TOSKA, werden uber Klamrern verbunden. Sie
di enen zur Erhohung der Fl achenpressung i m Kontaktbereich und
fidhren somt zu einer Reduktion des Kontaktw derstandes. Au-
Rerdem verringert sich infolge des reduzierten Kontaktw der-
standes die aufzuwendende Kalteleistung. Die Festigkeitsbe-
rechnungen mt dem Finite-El enent-Programm ABAQUS zeigen ein
unkritisches Verhalten der Stroneufdhrung.

FE- Anal ysis of a current |ead

Abstract:

The 80 kA current lead and the bus bar type 2 required in the
coil test TFMC in TOSKA are joined with clanps. They increase
the surface pressure in the area of contact and decrease thus
the resistance of contact. Mreover, |ower resistance of con-
tact decrease the required refrigerating capacity. The
strength calculations with the finite elenent program ABAQUS
show an uncritical behavior of the current | ead.
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1. I ntroduction

The additional clanp was designed by ITP in order to increase
the pressure acting in the contact surface area from 5 to 20
MPa. This nmeasure leads to a reduction of the resistance of
contact as well as of the required refrigerating capacity. The
EU joint concept used in the SS FSJS (Stainless Steel Full Si-
ze Joint Sanple) and the TFMC (Toroidal Field Mdel Coil) is
based on the use of copper/steel explosion bonded plates for
the joint box manufacture. The cable is conpacted with 2.0-106
N inside the box against the copper sole up to a 25% final
void fraction. The joint box is then tightly TIG (Tungsten
InertGas) wel ded before the reaction heat treatnent. The el ec-
trical contact between cable and copper sole is then ensured
by the residual conpaction force after cooldown at 4K and by
the conpaction force of the clanps.



2. Finite Elenent Anal ysis

2.1 bjective

The clanp joint shown in a general view (figure 1) and in a
sectional view (figure 2) consists of 16 identical units. Each
unit is built with the cable, the stanp, the steel and copper
box and the | ower and upper clanp. The configuration of a half
unit is illustrated in a side view (figure 3).

Figure 1 - Clanp joint in a general view
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Figure 2 - Canp joint in a sectional view
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Figure 3 - The assenbly of the clanp joint
in a side view - nodel: A

The cable is pressed by the stanp wth 2.0-106 N agai nst the
copper sole of the box. Then the box (part : 1 - steel) is
closed with the stanp by welding. The welding seam (figure 3)
has a depth of ty=3 nm It is accepted that the renaining reac-
tion force of the cable against the cover (upper clanmp)
anounts to Fc+=+3.4-105 N. The box with the stanp and cable is
held together by the |ower and upper clanp. Both clanps are
screwed so that the surface pressure between the copper sole
of the box and copper part of the lower clanp (line c-¢c’ in
figure 6) has about the value of p=20 MPa. Moreover, the beha-
vior of the welding seam in this assenbly is of great inte-
rest.



The cal cul ation of the deformations and the stresses are per-
formed by the Finite Element Method (FEM wth the program sy-
st em ABAQUS /1/.

2.2 NModel Description

As the clanp joint consists of 16 units of the sane kind and
each unit shows a symmetrical structure (figure 2), a half 2-
di mensi onal nodel A (figures 3 and 4) was built of one unit
with a constant thickness of d=34 nm
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Figure 4 - FE-nodel: A of the clanp joint
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The nodel was neshed with 4560 two-dinensional planar solid
el enents (plane strain elenents - figure 5), 5021 nodes and
9708 degrees of freedom The pre-processor ABAQUS/ Pre /2/ was
used for the nodeling of the structure.

4-node bilinear (plane strain) element “CPE4"

Figure 5 - Choice of elenent

The nodel of the clanp joint is fixed in the axis of symme-
try SS (figure 6). This neans that deformations are
suppressed in 1-direction and rotations round the 2- and 3-
axis. Moreover, the nodel 1is supported elastically in 2-
direction with a spring el enent.
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Figure 6 - Boundary conditions and
presentation of the forces

The zone between upper clanp and stanp (line a-a’'), between
box (part:1 - steel, part:2 -copper) and stanp/cable (line b-
b’ - bo), bet ween box (part:2 -copper) and |ower clanp (part:1 -
copper) (line c-¢c’') as well as between part:1l - copper and
part:2 - steel of the lower clanp (line d-d ) are nodelled
with contact elenents wthout friction. Al these zones are
illustrated in figure 6.



The stanp/cable presses against the upper clanp with a total
force of FC+:+3.4-105 N. Related to one unit, the force has a
val ue of Fc+/unit:+1.0414-104 N. The upper and lower clanp is
screwed together with FS+:+4.0-105 N and Fs.:-4.0-105 N (figure
6) .

The material behavior of the clanp joint is assunmed to be
isotropic and all material data are summari zed in Table 1.

E- Modul us Poi sson’s ratio

[ MPa] v
upper clanp - steel (1.4571) 2.10e+05 0.3
stanp - steel (1.4571) 2. 10e+05 0.3
cabl e - NbTi 1. 10e+05 0.3
box - steel (1.4571) 2.10e+05 0.3
part: 1
box - copper 1. 25e+05 0.3
part: 2
| ower clanp - steel (1.4571) 2. 10e+05 0.3
part: 1
| ower clanp - copper 1. 25e+05 0.3
part: 2 '

Table 1



2.3 Results

The linear, static calculations of the deformati ons and stres-
ses were perfornmed with the finite el enment program ABAQUS /1/.
The results were plotted with the post-processor ABAQUS/ Post
/3.

In figures 7 through 15 the distribution of the von M ses
stress is illustrated in discrete filled color levels on a de-
tail of the structure. Each colored contour corresponds to a
range bounded by the values indicated on the simlarly col ored
band within the |egend. Mreover, it is difficult to show the
stress distribution on the surface (figures 7 and 14) of the
upper clanp and of the box because there is not such a great
vari ety of the val ues.

The von M ses stress of the box shows a honbgeneous distribu-
tion (average stress oy=150.0 MPa) except for the area of the
wel di ng seam and of the shoulder (figure 7 - marked with ‘wel -
di ng seam and shoulder’). This area is illustrated in a zooned
view (figure 8). The highest value of the von Mses stress is
attained here in a very small region with oy=454.9 MPa. It re-
presents superelevation of the stress. According to the prin-
ciple of St. Venant, the stress values taken at a sufficient
di stance from the peak position (1 to 2 elenent |engths) de-
crease to about oy=225.0 MPa. The von M ses stresses are repre-
sented al ong the wel ding seam and the shoul der (marked |ine W
Z-S-W - figure 9) in figure 10. In this representation the
very small stress peak (point S) is clearly recognizable.

An additional snall stress peak appears at the end of the wel-
ding seam (point Z - figures 9 and 10) with a maxi num stress
oy=280.0 MPa. In the distance of 1 to 2 elenent I engths the von
M ses stresses are just still oy=180.0 Mra.
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Figure 7 - Contour plot of the von M ses
stresses on detail of the box
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Figure 8 - Contour plot of the von M ses stresses
on detail of the box - zooned view
of the nmarked area ‘wel ding seam and
shoul der’ figure 9)
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Figure 9 -

L, inp

Figure 10 - von Mses stress along the wel ding seam
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Figure 11 - Front view of the deforned clanp joint
(di spl acenent magni fication factor=150)

There is the change-over from the welding seam to the contact
area between box and stanp/cable. It is difficult and too ex-
pensive to nodel such change-overs with finite elenments in the
approximation of reality. In figure 11 the deforned structure
of the clanp joint illustrates the cause of the high stresses
in the welding seam and in the shoulder. Furthernore, is shown
that the stanp/cable detaches from the box (represented by the
small gap in figure 11). The zone between the stanp/cable and
the box (line b-b’ -b° in figure 6) was nodelled wth contact
el enent s.
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In the copper part of the box the highest von Mses stresses
of o0y=80.98 MPa are caused by the pressure of stanp/cable in

the symmetry axis (figure 12).
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Figure 12 - Contour plot of the von Mses stresses
on detail in the copper part of the box

The average stress is situated by oy=34.7 MPa in this part of
the clanp joint. The strength for copper has the value of
0p. »=100. 0 MPa.

In the contact zone to the steel part of the lower clanmp two
very small stress peaks (figure 13) are forned on the border
of the copper part. The maxi num von M ses stress anounts to
oy=111.7 Mpa. The stresses decrease at a distance of 1 to 2
elenent lengths to about oy=55.0 MPa (superelevation of
stress). The average stress was calculated to oy=24.5 Mra.
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Figure 13 - Contour plot of the von Mses stresses
on detail in the copper part of the
| oner cl anp

In the upper clanp the highest von Mses stresses of oy=487.3
MPa are in the corner (figure 14 - marked with the letter
‘E'). This area is showed in a zoonmed view (figure 15). The
stress peaks are caused by the bending nonent of the screw
connection. They represent superelevations of the stress and
decrease at a distance of 1 to 2 elenment |lengths fromthe peak
position to about oy=250.0 Mra.
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Figure 14 - Contour plot of the von Mses stresses
on detail of upper clanp
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Figure 15 - Contour plot of the von Mses stresses
on detail of upper clanp - zooned view
of the marked corner E (figure 14)
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In the next figure 16 the surface pressure on the copper sole
(line c-c¢c’ in figure 6) is plotted as a function of the x-
coordi nate. The surface pressure exceeds the desired val ue of
p=20 MPa and the average val ue anmounts to about p=25.5 Mra.
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Figure 16 - Surface pressure as a function of
t he x-coordinate
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This nodel was slightly nodified in a second nodel (figure
17).

Figure 17 - Second nodel of the clanp joint

The contact zone was extended by 10 mmin 1-direction between
the upper clanp and the box (lines a-a’ and a-a').

Both small stress peaks appear again at the end of the welding

seam (point Z) and at the shoulder (point S) with very snmall

stresses bel ow oy=55.0 MPa (figure 18).
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‘yon Mises' stress along the welding seam and shouldse
rastoring force K=3.4e5 H
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Figure 18 - von Mses stress along the wel ding seam
and the shoul der - 2. nodel
marked line in figure 9

The behavior of the surface pressure on the copper sole (line
c-¢c’ in figure 6) plotted as a function of the x-coordinate in
figure 19 is simlar to the behavior of the first nodel. The
pressure in the mddle of the structure decreases to about
10.0 MPa and on the outer border of the copper sole increases
to about 0=6.0 MPa conpared with the pressure of the first no-
del. The average val ue again anounts to about p=25.5 Mra.

18



Surface pressure on the copper sole
restoring force F=3.4e+5 W
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Figure 19 - Surface pressure as a function of

the x-coordinate - 2. nodel

The average stresses of the copper parts decrease to about
oy=26.6 MPa (part of the box) and only slightly to about
oy=23.2 MPa (part of the |ower clanp).
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3. Concl usi on

The calculation of the clanp joint (1st nodel) shows sone
areas wWth increased stress levels. The stresses are not so
critical and there is no risk of structure failure. Further
calculation with the 2nd nodel inproves the stress configura-
tion considerably.
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