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LEGAL NOTICE 

This book was prepared as an account of work 
sponsored by an agency of the United States 
Government. Neither the United States Govern
ment nor any agency thereof, nor any of their 
employees, makes any warranty, express or im
plied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process 
disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein 
to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, 
or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favor
ing by the United States Government or any agency 
thereof. The views and opinions of authors ex
pressed herein do not necessarily state or reflect 
those of the United States Government or any 
agency thereof. 

Lawrence Berkeley Laboratory is an equal opportunity employer. 
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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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THE SUPPORT"S FOR THE MAGNET CRYOSTAT IN THE IRON 

This engineering note presents the support system philoso
phy which is to be used for support system for the TPC superconduc
ting magnet coil. The proposed support system can be summarized as 
follows: 1) The gravity load (about 6.5 tons) is carried by two hor
izontal slip points on the hex calorimeter bulkheads at the 5 and 7 
o'clock positions. 2) Radial forces are carried by spring-loaded 
horizontal slip points at the 9,11, 1 and 3 o'clock positions. The 
spring-loaded points have a radial travel of about +lmm - 3mm. 
These points are in the hex calorimeter bulkheads. These bulkheads 
and the ones at 5 and 7 o'clock (at both ends) carry only radial 
forces. 3) The horizontal forces are carried by the feedthrough 
rings at both ends of the cryostat. Initially the cryostat is cen
tered by the springs which load the feedthrough rings. These springs 
should compress about 1.5mm toward the pole and they will unload 
about 6mm away from the poles. 

1. A Bit of History 

At the time the TPC magnet cryostat was designed, a support 
system which consisted of long aluminum legs was devised. These 
legs, fondly called the Loch Ness Monsters, were stiff in the radi
al direction but had considerable compliance in the longitudinal 
direction. The compliance permitted expansion and contraction to 
occur in the cryostat. Radial direction compliance was in the cry
ostat itself. The Loch Ness Monster support legs were desiged and 
tested for a 20-ton longitudinal load.l~2 They could carry a lar
ger radial load. The TPC magnet cryostat was mounted and pressure
tested in the TPC iron using these legs. 

The Loch Ness Monster legs presented problems to the hex 
calorimeter people. A strong bulkhead was needed to support the 
load during an earthquake. This bulkhead, the wires from the hex 
calorimeter, and the Loch Ness ~onster legs proved to be incompat- -
ible. The Loch Ness Monster legs had to go. The TPC mounting 
bracket had to become part of the hex calorimeter bulkhead assem-, 
bly. Unfortunately the bolts on the outside of the magnet cryostat 
had to be dispensed with because the hex calorimeters were in the 
way. A four-point radial support (two at each end at the 5 and 7 
o'clock positions) evolved. The bulkheads at the north end of the 
magnet were to carry the 20-ton longitudinal force. 



" 
LAWRENCE BERKELEY LABORATORY. UNIVERSITY OF CALIFORNIA. CODE SERIAL 

ENGINEERING NOTE 

M. A. Green 

The bulkheads turned out to be c~stings -~ather than welded 
plate structures. I presume' this was to save money. The castings 
turned out to be porous. 3 As a result, it became questionable if 
the two north end bulkheads could carry a longitudinal force of 
20 tons. (One might ask whether the bulkhead will carry earth
quake forces as well.) If 20 tons is questionable, 40 tons is 
even more questionable. In the meantime, the support rods from 
4K to 300K have been replaced by pultruded glass rods.4.,5 The 
internal support system for the TPC magnet is rated at 40 tons in 
both the radial and longitudinal directions instead of the 20-ton 
rating which applied to the old CR grade NEMA G-10rods. With the 
new support system, the cryostat can carry a torque of 7 x 105 Nm 
end to end and 5 x 105 Nm about the magnet axis. Axial torque is 
expected to be almost non-existent (friction can take care of this) 
and end-to-end torque is expected to be small. 

2. Some Basic Parameters 

Before proceeding with a more detailed description of the 
support system, it is useful to determine what the weakest link 
is. Questions have been asked about the strength of the cryostat 
and the TPC feedthrough ring. If a safety factor of four (as 
used by the AS!'1E Boi 1 er Code) is used, the magnet cryostat can 
carry 3.5 x 10 6N (350 metric tons) in compression. 6 The feed
through ring can carry at least 1.5 x 106N7 (150 metric tons) if 
the safety margin is also 4. It can be safely concluded that the 
feedthrough ring and the cryostat are not the weak links in the 
support of the magnet coil. 

The weakest links in the support of coil forces have al
ways been the fiberglass epoxy support rods and the support blocks. 
In order to minimize the heat leak from 300K to 4K, small cross
section fiberglass epoxy rods are used to carry forces on the mag~ 
net coil to the cryostat vacuum vessel. The TPC magnet \'Ias orig
inally designed so that 16 NEr1A G-10 CR one-inch-diameter rod 
could carry a longitudinal or radial force of 20 metric tons. 8 
The CR grade NEMA G-10 rod broke during compression at about 
35,000-lbs force. We have reolaced the one-inch diameter NEMA 
G-10 rods with 0.875-inch-dia~eter rods from Ohio Brass. These 
rods are fabricated from unidirectional pu1truded glass-fiber 
epoxy. Compression tests of the rods showed breakage at forces 
of 55,000 1bs or more. 5 As a result, the TPC magnet is using 
the new rods. The support system will carry 40'metric tOffi in 
the longitudinal and radial direction and it will carry an end
to-end torque of 7.0 x 10s Nm. (The safety margin is about 1.5) 
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The force on the superconducting coil is expected to be 
less than 9 x 104N (9 metric tons) unless the coil and/or cryostat 
are improperly mounted. 9 The experience of mounting and demount
ing the old TPC coil in the cryostat suggests that the coil can be 
mounted so that the center of the coil is known to about 1.Omm. 
The coil cryostat can be centered within the iron to the same tol
erance. The magnetic center for the TPe magnet may be influenced 
by uneven saturation of the iron, holes in the iron and ferrous 
metals in the TPC as well as error in coil placement in the cryo
stat. An adjustment of ±5mm should permit one to adjust out these 
effects. 

Errors in the coil magnetic center with respect to the 
center of the space between the iron pole results in longitudinal 
and radial forces. The longitudinal force is in the direction of 
the error (an unstable force which tends to make things worse). 
The magnitude of this force is from 10.9 tons? per centimeter of 
error to 19.8 tons10 per centimeter of longitudinal error. (The 
lower figure came from computer calculation I made using method 
of images for infinite permeable iron. The higher figure comes 
from Klaus Halbach.) Both forces apply when the central field is 
1.4 Tesla. The radial force is stable; it tends to center the 
coil. The radial force is estimated by Klaus Halbach to be 2.3 
tons per centimeter of error at a central field of 1.4 Tesla. 11 
Both the longitudinal and radial forces are proportional to the 
error (for small perturbations) and can be represented as fol-
10ws:1V,1l 

FZ 
~ 1. 98 x 1 0

7 u.~ )' EZ -1-

FR = -0.23 x 107 ( lB.04)' ER -2-

where FZ is the longitudinal force caused by a longitudinal dis
placement EZ; Fr is the radial force caused by a radial dis
placement ER; and Bo is the central induction in Tesla. Er 
and EZ are in meters; FZ and FR are in neutrons. (To con
vert from Newtons to metric tons divide by 9.8 x 10 3

.) 

The relationship given by equation 1 is like a positive 
spring constant. The feedthrough ring is spring-loaded against 
the cryostat. The spring constant for the 120 forty-four washer 
Belleville springs is -1.93 x 107Nm-l.12~13 If 6ne reduces the 
number of Belleville washers from forty-four to thirty-four per 

RL- 3220- 2a{ ReT.S/7!) 
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stack, the spring constant for the 120 springs will increase to 
2.50 x 10'Nm- 1

• If the numb~r of washers in the Belleville 
springs is reduced, there will be a net negative spring constant 
which will insure stability to a central induction of 1.5 Tesla. 

3. The Basic Design of the TPCMagnet Support System 

It is clear that the feedthrough ring and cryostat can 
carry any of the forces associated with the TPC superconducting 
magnet. One should be able to locate the magnetic center of the 
TPC magnet to within 5 mm. The internal forces should be less 
than 12 tons in the longitudinal direction at a field of 1.5 
Tesla. Gravity will be the dominant radial force. 

It is recommended that the superconducting magnet be 
supported in the same way as the conventional magnet.14.15~16 
The hardl .... are used to support the conventional magnet was designed 
to fit the superconducti ng magnet as ",!e 11 . The changes to the 
hardware are expected to be relatively small. The following 
changes are recommended so that the superconducting magnet can 
be accommodated: 

1) The spring constant of the Belleville washer 
spring on the feedthrough rings should be in
creased by reducing the number of washers 
from 44 to 34. The shim-stop thickness will 
have to be increased to replace the missing 
springs. The compression force on the feed
through rings will be increased from 29,000 
lbs to nearly 38,000 lbs. 

2) The clearance of the full-stop of the feed
through ring spring should be decreased from 
the present 0.090 in (2.29mm) to 0.060 in 
(1.52mm), if possible. 

3) The stops on the Belleville springs on the 
radial mountings at 1, 3, 9 and 11 O'clock 
should be changed so that the magnet can 
contract as much as 2.5mm in radius (a worst 
case cooling in the event of a major cryostat 
failure) without unloading the springs. The 
stops on the spring should allow a lmm radial 
growth. The spring constant on the conven
tional coil radial springs is adequate. 
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The change in the spring constant of the feedthrough ring 
Belleville spring can be done in a few days.17 The stop limit can 
be changed at the same time. Neither the change in stop nor the 
change in spring constant is absolutely essential. At a field of 
1.5 T, the coil will move to one stop or other unless the spring 
constant is increased. This should not be a serious problem un
less a coil position error of 2.3mm causes serious field inhomo
genetics for the TPC. 

4. Measurement of Longitudinal Position Errors 

Philippe Eberhard has stated that it is desirable to know 
the amount of error in the position of the magnetic center of the 
coil with respect to the center of the iron. When the Loch Ness 
Monster legs were to be used, one could measure the strain in each 
leg and hence the force. The mounting system proposed here doesn't 
permit such measurements. 

The radial position error is difficult to measure except 
by measuring the magnetic field. The longitudinal position error 
can be measured by measuring the deflection of the feedthrough 
ring springs in the horizontal direction. First the cryostat will 
compress the springs in the direction of the error. The force in
duced by the error goes as the square of the magnetic induction at 
the center of the coil. The comoression of the spring 0 as a 
function of position error E and magnetic induction can be cal
culated using the following relationship: 

k B 2 
E 0 

ks - k B 2 
£ 0 

-3-

where E is the position error; cS is the spring compression; ks 
is the spring constant of the Belleville springs; k£ is the force 
constant (a linear function of E) and Bo is the central induc
tion. Equation 3 assumes no saturation so that the force caused 
by a displacement £ is a linear function of k and a quadratic 

£ function of Bo. 

One hundred twenty thirty-four washer springs on the 
feedthrough ring would have a ks = 2.5 x 107Nm-l. k£ is not 
known (Klaus Halbach's calculations suggest a value of about 
1.02 x 107Nm- 1 T- 2 10 but this is not an exact calculation. It could 
be lower.) £ is an unknown, and 0 is measured by the use of a 
dial indicator or some other way of measuring displacement. Equa
tion 3 can be solved iteratively for k£ and £ if two measure-
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ments of 8 are made at two values of Bo (Note, 8 must be smaller 
than the deflection needed to move the feedthrough ring to the stop). 
One might do this measurement at Bo = 0.5T and Bo = 0.8 Tesla. Un
less E: is large (say greater than 4-5mm), the spring package should 
show deflection without bottoming. One can adjust the magnet to the 
correct longitudinal position and charge to high fields. One can see 
if saturation changes the value of ks and the magnetic center of the 
magnet within the iron. 
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