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INTR.ODUC TION
This paper describes the special equipment and methods for preloading
and tor measuring strain on some high-strength bolts.

These bolts will be installed

in the 184-inch cyclotron. at the University of California Radiation Laboratory,
during modifications that are to be made this year.

THE MAGNETIC FIELD IN THE MODIFIED CYCLOTRON
Some preliminary remarks about the cyclotron modification may be of
interest.

Figllre 1 is a photograph of the existing cyclotron.

Figi.U'e l. is a sketch

of the modified cyclotron magnet showing some of the modifications.

The design

objective of the modification is to increase the energy of the nllclear particle beam
in the cyclotron.

The proton beat;.n energy will be increased 110 percent to approx-

imately 730 million electron volts.

This energy will be the highest of any cyclotron

in the world, including the recently announced 660-Mev proton beam from a Russian
cyclotron and the 450-Mev proton beam from the Chicago cyclotron.
The source of the nuclear•puticle beam is located midway in the lZ.-

inch magnet gap on the vertical centerline of the 184-inch cylindrical poles shown
in Fig. 2.
energy.
by

From the so\,U"ce, the beam spirals outward, gradually increasing in

The centrifugal force on the beam at its final orbit radius mllst be balanced

a centripetal force, which is provided

by the magnetic field in the gap.

increasing the beam energy will require a higher field.

Thus,

For the modified cyclotron,

the magnetic field intensity will be increased approximately 50 percent to 23 kilogauss by decreasing the magnet gap from 19-1/8 inches to 12 inches and by adding
two "auxiliary coils" which will provide 1.15 megampere-blrns in addition to the
existing 1. 88 D;1egampere-turns provided by the existing "main coils."
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REASON FOR PRELOADING
The high magnetic field creates some structural problems.
saturates the iron ln tbe poles and interacts

~th

The field

the complex coil geometry, causing

the poles to be attracted. tQwa.rd each other with very high forces.

These magnetic

forces, scaled !rom 1/16-size model measurements, were determined to be approximately 2 million pounds (the weight of 5 railroad lo-c:omotives).

Furthermore, the

model test data indicated that the steel plates that make up the 184-inch-diameter
poles are in a state of

~stable

equilibrium.

That is, onc:e the plates start to

separate, the magnetic fo1'c:es become magnified and c:a.u.se the plates to separate
further, so that literally they tend to fly apart. To overc:ome any tendency for the
separation to start, it is essential that the plates be squ.eezed together as tightly
as possible by preload.ing the pole bolts before the magnet is turned on.
METHOD OF PRELOADING
Several metllode of preloading the high-strength bolts were considered.
The first method was to. u.se a torque wrench, but this was quickly discarded because
of the torsional stress imposed on the bolts and because a force of several tons
would~

requ.ired on a wrench with a 20-ft handle. Another method considered was

.

beating the bolts to lengthen them before tightening the n\lt.
more compllcated and. mqre expensive than the third method.

However, this was far
The hydraulic jack

.method illustrated in Ft.g. 3 was the best solution to the problem.
1

The hydraulic

jack of 300•ton capacity was specially designed in 1953 and purchased for $600. It
has a central hole through the piston through which the force can be transmitted to
the bolts. ln the prel~ding process the bolts will be etretched about 3/8 inch by
the jack. thus permitting the nuts to be hand-tightened until they are seated.

The

jack will be supported by a sleeve that surro\lnds the bolt end. nut, and load cell,

and transmits the force

to

the opposite end of the bolt. On application of hydraulic

press\lre. the bolt is stretched to the required length and preload. Sleeve openings
permit. use of a spanner wrench to tighten the nut.

AMOUNT OF PRELOAD
There are 26 higb..-etrength bolts supporting the pole bases. located as
shown in .figo z.

Nineteen bolts are in the upper pole and yoke of the cyclotron and
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seven in the lower pole and yoke.

These bolts are 15 feet long and 3. 5 inches in

diameter, and will be made o£ 4340 nickel-chrome-moly steel heat-treated to a
yield strength of 100, 000 psi or a total strength of 1, 000, 000 pounds per bolt.
In addition to the magnetic forces on each pole, the weight and vacuum loads will

be supported by the pole_ bolts. The maximum load on any bolt h expected to reach
approximately 350, 000 pounds. Durin& initial installation the bolts will be preloaded
to approximately 450, 000 pounds. It is not expected that this preload will be exceeded
during cyclotron operation when the magnetic forces are applied.

REASON FOR STRAIN MEASUREMENTS
Large errors are inherent in the magnetic-force measurements on the
1/16-size model of the cyclotron magnet because the p•rmeability of the full-size
magnet core could not be duplicated. U the magnetic forces on the full-size magnet
became excessive, the bolts might fail, with serious consequences.

Therefore, to

en~u.re that the forces do not become excessive, it is important to measure the full-

shle forces as the magnet is energized gradu.a.lly during the initial cyclotron start•up.

METHOD OF STRAIN MEASUREMENTS
A nov.el method for;measwd.ng the bolt loads has been devised c.md will
be incorporated in the rebuilt cyclotron.

Several methods were considered.

Ex-

tensometers were not feasible because of space limitations and beca11ee remote
indication would be diffiewt. Strain gages attached to the 15-foot-long and heavy
bolts were undesirable because calibration would be difficult, because replacement.
of the strain gages would be impractical owing to their inaccessibility after installation of the bolts and because the more permanent strain gages would require a bake-

Ute base with •special sealing material cured at an elevated temperature which might
disturb the bolt heat treatment and be quite expensive.

The method selected is quite

simple, permits measuring the strain on larse bulky bolts without direct attachment
o£ strain gages to the bolts, and permits easy access to and replacement or recal-

ibradon of. the load•seneing element without removing the bolt.
The special load-sensing element is shown in Fig. 4.
washer to which strain gages are attached.

It is simply a

This method was proposed in 1953 to

Dr. A. C. Ruge,· who is the inventor of the sR ... 4 resistance wire strain gages.
(The "R" in SJt .. -4 ia for R1.1ge.) As a reeult of these discussions, the annular-type
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load cells were specially designed and built by Baldwin-Lima-Hamilton Corporation,
Philadelphia.

These load cells are only 6 ln. long and 6 in. in diameter, have a

capacity of one million pounds, have an extremely small deflection under load, and
have a high sensitivity.

The resistance•wire strain gages bonded on these units will

sense the bolt loads and transmit them electrically through an electronic amplifier
to a central recorder designed by Charles Dole, electronics engineer, University of
California.

The strain gages are connected in a

bri~ge

circuit, and the unbalance is

indicated in a self-balancing recording potentiometer.
Nine SR-4 load cells were purchased for $l900 ( $320 each).

Four will

be installed in the upper -pole bolts and four in the lower -pole bolts, leaving one
spare load cell. The load cells were calibrated in the four -million-pound-capacity
Baldwin testing ma.c:hine at the University of California Materials Testing Laboratory

as shown in Fig. 5.

The calibration teste, which consisted in applying lmown loads

as indicated by the teeting machine and reading the output of the load cells, indicated
an ac:cura.cy ol 3 percent of the.rated load.

The ca.Ubration could be rechecked

simply, after the load cells have been installed in the cyclotron, by connecting the
hydraulic ja.c:k as shown in Fig. 3 and comparing the hydraulic pressure gage reading with the load cell output.
Modification work on the cyclotron will start on September lZ and will
require six to nine months for completion.

Replacement of the pole bolts and in-

stallation of the load cells is merely part of an extensive modification program,
which is bnder thl general direction of Dr. R. L. Thornton.

Work on the cyclotron

is being done under the auspices of the U. So Atomic Energy Commission.

Permission for publication of this information in whole or in part is granted by the
author and tlle University of California Radiation Laboratory operated for the United
States Atomic Energy Commission.
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FIGURE CAPTIONS
Fig. 1.

View of existing 184-inch cyclotron, showing upper magnet yoke, main

coil tanks, and vacuum tank.

The magnet core is lO ft high, 56 ft long, 15. 5

ft wide, with 184-inch-diameter cylindrical poles in the center of the upper
and lower yoke&' and a 19 ... 1/S ... inch air gap ~etween the pole tips.

The main

coils surround the cylindrical poles and the vacuum tank is between the pole

tips.
Fig. Z.

Modified cyclotron macnet showing the location of the high·strength bolts

(3. 5 inch diam. x 15 ft long) supporting the poles, the two auxiliary coils,
and the reduced lZ-inch magnet gap, which are part of the cyclotron modifications to be made this year.
Fig. 3.

Enlarged detail of yoke end of high-strength bolts, showing temporary

preload equipment. Hydraulic jack pulling with approximately 230 tons force,
will stretch bolt about 3/8 inch thro1.1gh load transfer sleeve and permit hand
tightening the .nut with spanner wrench.

The jack and load transfer sleeve are

then removed, leaving the bolt in the stretched condition with the 230 tons preload.
Fig. 4.

Enlarged detail of yoke end of high-strength bolts after removal of temporary

preload equipment, showing location of special Baldwin SR-4 annular load cells.
The strain gages on the load
Fig. 5.

cell~!

will indicate the load on the bolt.

Calibration oi special million-pound Baldwin SR-4 annular-type load cello

(6 in. long, 6 in. diameter) in the University's 4, 000, 000-pound-capacity
Baldwin testing machine.

Calibration cu.rves were plotted on a self-balancing

recording potentiometer which was incorporated in electronic instrumentation
designed at

~e

University.

Connecting cable runs between the load cell and

the recor4er.
Fig. 6.

Cloee-u.p of B.it.ldwin SR-4 load cell during calibration in testing machine.
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