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SECTION 6 MECHANICAL AND ELECTRONIC ENGINEERING 

6.1 Mechanical Engineering 

The Mechanical Engineering Division provides the other NAC divisions 
with design and construction services: therefore, most of the projects 
undertaken by this section are reported in detail elsewhere in this 
report. Items of special mechanical significance are discussed here. 

The projects which received major design attention during the past year 
were: 

(i) a coupling capacitor for SPC2 
(ii) a bending magnet and solenoid for the ECR ion source 
(iii) a scanner for outer orbits of the SSC 
(iv) a scattering chamber for an experimental beamline 
(v) a beam swinger 
(vi) a rotary target magazine for isotope production 

(vii) a robot arm for isotope production 
(viii) an isotope transport system 
(ix) a target cooling system for isotope production. 

The major projects that were under construction are: 

(i) a magnetic spectrometer 
(ii) a second injector cyclotron (SPC2) 

(ill) extensions to the high-energy beamlines. 

6.1.1 Coupling capacitor for SPC2 

A new coupling capacitor was required for the SPC2 as the design used on 
the SPC1 did not have a long enough stroke. The new design would still 
have to fit in the same restricted space (figure 1). 

The capacitor plate mounting arm has external gear teeth which are 
engaged with a spiral machined inside a cylinder. The cylinder is 
driven externally by a stepping motor mounted at right angles and offset 
from the centre-line of the coupling capacitor. 

The mounting arm is sealed from the vacuum chamber through a flexible 
bellows. Three sets of contact fingers transmit the rf power through 
the mechanism. The capacitor plate has a maximum movement of 50 mm. 

6.1.2 A bending magnet and solenoid for the ECR ion source 

A large bending magnet requiring 2.5 tonnes of soft iron has been 
designed for the Q beamline and will be capable of bending the beam 
through 110*. All components will be manufactured locally but the iron 
has been imported. 

Also required on the same beamline is a large solenoid coil wound from 
several kilometres of copper conductor. This coil is mounted on a 
specially designed table and can be moved along the beamline to Its 
optimum position by a stepping motor. 

6.1.3 Scanner for outer orbits of the SSC 

This mechanism (figure 2) consists of a tantalum finger which is moved 
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in and out of the outer orbits of the SSC in order to determine their 
position. A pneumatic cylinder accomplishes the rapid 120 mm in-and-out 
movement within half a second to prevent burning of the tantalum finger, 
which is mounted on a water-cooled arm. A bellows insulates the 
mechanism from the atmosphere and it is nounted on the injection valley 
vacuum chamber adjacent to the electrostatic extraction channel. 

6.1.4 Scattering chamber for an experimental beamline 

A special scattering chamber is required for experiments that will be 
undertaken by Witwatersrand University. 

The chamber consists of two circular metal discs about 350 mm in 
diameter. These are mounted 30 mm apart and Kapton insulation is 
stretched around the outer perimeter in order to form a vacuum chamber 
between the two discs. 

The targets, six in all, are mounted on a carriage at the centre of the 
chamber. A mechanism can raise or lower each target into the beam 
plane. The angle of the target to the beam plane can also be changed by 
activating a stepping motor. A mounting for a television camera at 23* 
to the incoming beam is also provided. 

6.1.5 Beam swinger 

In order to measure neutron energy using "time-of-flight" experiments, a 
beam swinger capable of bending the incident beam through an angle of 
30* is being constructed. 

This device consists of three bending magnets and their associated 
vacuum chambers which will form a structure six metres long. The pole 
faces form part of the vacuum chamber in order to keep the pole gap as 
small as possible and thus intensify the magnetic field. 

The three-section vacuum chamber uses bellows-seals between the 
individual segments, and 0-ring sealing between the pole pieces and 
vacuum chamber allows for a relative movement of up to 10 mm between 
these sections. The centre magnet pole pieces have been designed with 
removable sections so that the curved pole edges can be modified if 
necessary. 

All the major components are being manufactured in South Africa at 
present. The whole project will be ready for operation early in 1989. 

6.1.6 Rotary target magazine 

Radiation levels in the isotope production area will be very high and 
therefore all material-handling functions will have to be automated. 
The function of the rotary target magazine is to place groups of target 
holders in the beam path and to change these at regular intervals. 

This machine (figure 3) allows for three layers of target holders at a 
time to be compressed against the beam window. Each layer has five 
yokes allowing for target holders of different thicknesses. The yoke 
arms are rotated past the beam window by three stepping motors all 
operating through a common shaft. Gases can be passed down the central 
shaft to the target holders, and electrical connections for the 
instrumentation also use this path. 



6.1.7 Robot arm - isotope production 

The function of the robot arm is to transfer the isotope target holder 
from the rotary target magazine to the isotope transport system. 

The arm has a pneumatic cylinder capable of swinging the unit between 
the magazine and transport system and a second pneumatic unit to move 
the head in and out. The head itself has two small pneumatic cylinders 
which open and close two clamps when a target holder is being 
transferred. 

The unit is mounted outside the target shielding and operates after the 
shielding sections have been separated to reveal the targets. 

6.1.8 Isotope transport system 

An electric rail transport system is used to carry the isotope holders 
to and from the isotope production vault. 

Electric trollies are driven along a central rack in an extruded 
aluminium channel. 

Since the positioning accuracy of the trolley drive is not good enough 
to be acceptable to the robot arm, a special mechanism has been designed 
to line up the yoke on the trolley with the robot arm. This consists of 
two small pneumatic cylinders mounted at the trolley reception point. 
These cylinders push the sub-assembly containing the yoke back to a 
fixed point against a spring. Four side wheels take up the load exerted 
by the robot arm, forcing the holder into the yoke, and four vertical 
wheels provide horizontal positioning. 

6.1.9 Target cooling system for isotope production 

Cooling water at a pressure of up to 70 bar will be supplied to the 
three targets in the isotope production area by a system of pipework 
controlled by electro-pneumatic valves. 

After the isotopes have been formed the cooling water will be remotely 
shut off and the pipework will be drained by passing compressed air 
through the system. 

In addition, cross-over electro-pneumatic valves are provided so that 
the cooling water returning from one target may be used to cool a second 
or third target. 

6.1.10 Magnetic spectrometer 

Construction of this project is progressing well and will be completed 
during 1989 (figure 4). 

The dipole magnets and vacuum chambers have been delivered to site; 
however, the pole pieces had to be returned to the manufacturer as 
certain tolerances were unacceptable. The spectrometer quadrupole was 
damaged during delivery, and is being repaired. 

The beam stop has been installed but services have not yet been 
completed. Power and cooling water services have been routed to the 
centre of the spectrometer. 
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Investigations are taking place to acquire turbo-pumps for the vacuum 
system that have minimal vibration. Two scattering chambers have been 
delivered from overseas. 

The NMR system will soon be ordered from Europe, and preparations have 
been made to do the field measurements in the near future. 

The main coils as well as the collimator carousel and hexapole magnet 
are on site. 

A member of the staff has been sent overseas for a year to study focal 
plane detectors and gas handling systems. 



Fig. 1 Revised coupling capacitor for SPC2. 
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Fig. 2 Pneumatically-driven finger-scanner for outer orbit(s) of SSC. 

Fig. 3 Rotary target magazine for isotope production. 
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Fig. 4 The K-600 spectrometer during assembly. 


