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Effect of Springs on Quadrupoles.

Springs have been inserted in the plane of the top plate of support posts in order to restrain lateral motion of
the quadrupoles (Fig.1). These springs are inserted in each of the two support posts, thereby eliminating
lateral play without restricting axial motion required to allow thermal expansion and contraction. The
following is a description of a test performed to assess the effect of springs on quadrupoles.

1)Some parameters.
Some of the pertinent data are listed first.

The Fpring stiffness is shown in Fig.2 and varies between 9817 Ibs/in to 7246 Ibs/in., for the present
discussion a spring rate of 10 000 Ibs/in will be assumed.

The support post stiffness is 50 000 Ibs/in when the boundary conditions are such that one end is fixed and
the other guided ( moves parallel to the ground). Fig.3 shows measurements and finite element analysis
ANSYS of the support post stiffness for an arrangement of posts replicating the fixed-guided boundary
conditions.

The bellows lateral stiffness is 150 Ibs/in for each of the two interconnect bellows and will thus be
negléected.

Results of a test (without spring) show (Fig.4) that when the quadrupoles is loaded laterally an horizontal
force of approximately 200 Ibs is required to overcome friction between the cold mass and the plate on top
of the support posts. i

2)The test.

The test consisted of applying an horizontal force on the quadrupole using a specially designed fixture
consisting of railings. Readings of the relative motion of the cold mass with respect to the cryostat were
performed using a potentiometer mounted in the top plate of the post. The force was applied in two
opposite directions: compressing the spring and away from the spring against a stop.

Results indicated that the same deflections were registered regardless of the direction of the force (Fig.5).
A force of up to 550 Ibs was applied and a deflection of 10 to 14 mils was recorded for either force
direction. The tests were repeated a second time yielding identical results. The value of the force divided by

t

the deflection corresponds to the support spring rate of 50 000 Ibs/in for fixed-guided conditions.

The fact that deflections are identical for either force direction indicates that 500 Ibs are insufficient to
overcome the sum of 200 Ibs for friction and the restoring force exerted by the spring which must then
amount to at least 300 Ibs. Consequently the spring must have been compressed by 30 mils if the spring rate
is taken as 10 000 lbs.in.

3) Correlation between manual gage and potentiometer readings.



A manual gage was mounted in addition to the potentiometer. It read cold mass deflections offset in height
(half way up the cold mass) and in length ( on the interconnect volume) from those of the potentiometer.
These two offsets explain why manual gage reading were 40 mils when potentiometer readings were only
10 mils. These gage readings are consistent with those shown in Fig.4 where a deflection of 50 mils was
registered for a force of 450 Ibs applied with the same fixture.

i
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R A Grandinetti Page 2
SPRING1.XLS
Spring #5 Ram Dia = 5in = 19.6 in"2 =
Overall  Incremental
Ram Press press Load PressRam Deflection Load Spring = Spring
pSi offset ins Ibs  Rate Ibsfin Rate
0 13 -13 0.0 Q 0.0 0 0
20 13 7 1374  0.014 137.4 0817.47 09817.47
25 13 12 2356 0.024 235.6 9817.47 09817.47
29.5 13 16.5 3240 0.034 324.0 0528.72 8835.72
335 13 20.5 4025 0.044 402.5 914810 7853.98
37.5 13 24.5 4811 0.054 481.1 8908.44 7853.97
44 13 31 608.7 0.084 608.7 7246.23 4254.24
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Displacement Inches

Displacement inches

Force versus displacement on spring loaded Quadrupole
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