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Abstract *-
Methods for kinematically mounting equipment are well established, but applications at

synchrotron radiation facilities are subject to 'constraints not always encountered in more
traditional laboratory settings. Independent position adjustment of beamline components can
have significant benefits in terms of minimizing time spent aligning, and maximizing time spent
acquiring data. In this paper, we use examples taken from beamlines at the NSLS to
demonstrate approaches for optimization of the reproducibility, stability, excursion, and set-up
time for various situations. From our experience, we extract general principles which we hope
will be useful for workers at other synchrotron radiation facilities.
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1. Introduction:

The use of three-point suspension has been known for as long as man has occupied the
earth. It is then somewhat surprising to find a great many four-legged structures still being used
in everyday life and in the synchrotron community as well! A number of articles and books on
the kinematic mounting of instruments and mechanisms are available in the literature ^ ^. In
addition, standardized mounting systems have been developed for use at other laboratories l6'7].

The thoughts of James Clerk Maxwell on the subject appear in an 1890 [11 collection of
scientific papers under the heading, General Principle of the Construction of Apparatus; "There
are certain primary requisites, however, which are common to all instruments, and which,
therefore, are to be carefully considered in designing or selecting them. The fundamental
principle is, that the construction of the instrument should be adapted to the use that is to be
made of it, and in particular, that the parts intended to be fixed should not be liable to become
displaced; that those which ought to be moveable should not stick fast; that parts which have lo
be observed should not be covered up or kept in the dark; and that pieces intended to have a
definite form should not be disfigured by warping, straining or wearing." He later continues,
" This we may do by attending to the well-known fact in Kinematics: A rigid body has six
degrees of freedom".

The text book reduction of these ideas is often embodied in a shopworn figure Maxwell
himself would recognize which shows a three legged platform with ball feet, one resting on a
flat, a second in a "vee" groove, and the third in a "trihedral" socket. While it certainly
demonstrates the principles (assuming the benevolent forces of gravity) in many applications it
ignores the requirements so elegantly espoused by Maxwell of making the instrument adapted
to its use.

At an early date in the beamline construction at the NSLS we decided that for the support
of beamline components and instruments, kinematic mounting and the advantages it provides
should be explicitly included in all the equipment. In addition it was deemed important to
develop designs which include vertical and horizontal adjustments which operate smoothly and
precisely to facilitate alignment of the beamline, and positive relocation of components which
must be removed for servicing. What follows are some examples of designs extracted from our
experience to date.

2. Example Designs

A. Basic Beamline Mounts

In practice, we mount many of our instruments on three heavy-duty studs provided with
ball-shaped ends and arranged in a triangular spacing to coincide with the three legs of the
supporting stand (Fig. 1) which is surveyed roughly into place and bolted to the floor. One of
the balls is usually placed on the beam-centerline and captured in a cone-shaped depression
which constrains it in three directions. By making this "cone" part of a movable cross slide



system, we now can move this ball in three directions. The threaded stud makes it possible to

move the instrument up and down, while the cross slide can move it orthogonal to the beam and
in line with the beam direction.

The second ball is captured in a "V" shaped groove which constrains the ball in two
directions, vertical and across the groove. It is free to move along the axis of the groove. In
this case, only one slide is provided which moves the ball orthogonal to the direction of the
groove and the direction of the beam. In other words, the groove is placed in the same direction
as the beam. This makes it possible to adjust the centerline of the instrument to the exact
centerline of the beam. Again, the threaded stud makes for independent vertical movement.

The third ball is free to move in fhe horizontal plane and is only constrained in the
vertical direction. It is, therefore, placed on a flat surface and has no means of mechanical
movement except for the vertical adjustment of the threaded stud.

With the cone constrained in three directions, the groove in two and the flat in one, we
have fulfilled the "law of kinematics" and managed to address the "six degrees of freedom"
without over-constraining the system. Yet, we can move the instrument in a predictable manner
completely free of backlash or play, which is in addition convenient for our reference frame,
(the photon beam) . Thermal expansion of the system has no effect because the Kinematic
mounting arrangement (K-mount) gives it freedom to move and keeps mechanical strains on the
instrument to a minimum. A section of the "groove type of mount is shown in figure 2.

Instruments used for Synchrotron Radiation by nature tend to be rather heavy because
of their vacuum enclosure, vacuum pumps, etc. As such, instruments in this class can easily
weigh from 50 to 500 kg or more! Single-point load bearing, as in the case of the previously
described K-mount where the load is carried on balls, becomes somewhat of a problem. It is
clear that the pressure at the contact point can become extremely large and may well damage
both the ball and its contact surface. To avoid these problems, we made the contact surfaces
out of hardened steel. In some applications this was not enough to completely address the
problem, so we introduced a "ball shoe" between the ball and the mount to carry the load
(Figure 2-F). This ball shoe is made from bearing bronze and distributes the load over a larger
area. The ball fits in a conical depression, and the bottom of the shoe conforms to the mating
surface, either the "V" groove or the flat. The cone does not need a shoe as contact along the
continuous circle suffices to carry the load.

An added refinement is the "hold down" ring on top of the ball (Figure 2-G) which keeps
the ball from jumping out of its socket in case of earthquakes or other disturbances. This ring
should be left loose or just touching during normal operations.

B. Experimental Component Mounts

One attribute we have not discussed thus far, but definitely is of great interest, is the self-



locating feature of this mounting system. If we would, for example, remove the instrument from
its mount and, at a later date put it back, it would exactly relocate in the position it was in
before. In the previous section, it was assumed that the K-mounts were positioned atop a three-
legged stand, which in turn is firmly bolted to the floor. Unless thi instrument has to be
removed and replaced f luently, the self-locating feature is of limited utility. If, however, the
mounts are put at floor level underneath the supporting stand or table, this relocating feature
becomes very useful indeed. A few examples are in order here.

Experimental vacuum chambers, also called "end stations", are often changed for
different experiments. Locating the chamber and "finding" the beam again can be a trying and
time-consuming experience. Mounting the experiment on floor level K-mounts, however, can
help make this a simple and straight-forward operation. A similar system can now be found in
the NSLS experimental hutches where floor-mounted K-mounts locate the spectrometer table in
the proper position with respect to the beam. If not in use, the table can be wheeled out of the
hutch.

We have recently employed floor-mounted K-mounts in the front-end section of Beamline
X-13 (Figure 3). This beamline is an insertion device instrument development facility, so
frequent modifications of front-end components are anticipated. Under these circumstances the
advantages of the K-mount system are obvious. The frame, holding several front-end
components, which is located behind the shield wall, can now quickly be wheeled out and
changed or repaired, without holding the operation of the ring hostage to work on one front end.
After the work is done, the components can be pre-aligned before the frame is put back in place.
Small adjustments in elevation and beam alignment can be made with the aid of the K-mounts.

C. Universal K-Mounts

In our most recent work, we have produced a number of sets of K-mounts which are
basically all alike and housed within a tubular enclosure (Figure 4). They are made with
economy in mind combined with maximum usefulness and versatility. A sturdy base plate (A)
allows them to be mounted to a standard ASA flange (as is typically used on our support stands)
or directly to the floor. Each mount is equipped with a simple cross-slide (E,F,B) with a ±
25mm stroke, which is able to carry a considerable load (we tested them to over 200 Kg each).
This eliminates the difference in construction of cone, groove or flat. The distinction is only
made by inserting four, two, or no adjustment screws (D) at all, or in other words, the slides
are constrained in three, two, or one direction respectively. Since all three mounts are always
constrained in the vertical direction, we can also say that the cone is constrained in two
directions; the groove in one, and the flat is free to move in all (horizontal)
directions. The 3/4"-16 (M20) vertical adjustment screw (L) rests on a 19mm diameter steel ball
which is located by a conical depression in the screw and the top slide. An adjustable circular plate
(G) closes the hole in the top after the mount is put in place and the instrument adjusted. It has a
similar function as the hold down ring in the previous designs and along with the tubular wall keeps
dust and dirt from accumulating on the slides (another problem at synchrotron radiation facilities!).
We now use these mounts in many experimental set-ups where location and adjustability are the



important factors. They help us significantly reduce the time spent on beam alignment by making
this part of the experiment quick and painless.

3. Summary

We have presented some practical examples of kinematic mounting systems for use at
synchrotron radiation laboratories. Construction details are shown which demonstrate some of the
modifications of more traditional mounting arrangements required to make the instrumentation
"adapted to the use that is to be made of it" as Maxwell charged us to do over one hundred years
ago!

Foremost among these adaptations is the use of ball end posts in conical sockets for all of the
bearing points. While to the purist, this constitutes an over constraint of the system, modern
machining methods are more than adequately precise to provide good continuous contact and
registry. This in turn yields a support with vastly superior load capacity and durability as compared
to the ideal mount with only a few contact points (at most) per support. This is an important
consideration when the support system for equipment must be compact, yet support instruments
weighing up to several hundreds of kg. It is also worth noting that all of our designs incorporate
some type of "hold down" restraint. This feature is important not only to laboratories in earthquake
zones, but also as some security against movement of equipment by collision and other forms of
mayhem known to occur at such facilities!

The second major adaptation is in part a concession to the scarce real estate typical of most
beamlines. That is the choice of mount configuration with the groove and flat straddling the beam
centerline (figure 1). This minimizes the footprint of the support system while keeping the center
of gravity of the instrument inside the perimeter of the mounts (usually). This arrangement has
further merit for alignment purposes, where control of the instrument's transverse displacement with
respect to the beam centerline and the vertical motion are frequently the two most important
adjustment capabilities. The placement of the "cone" post on the instrument centerline provides an
external reference for survey of components (such as monochromator optics) which may be inside
a vacuum enclosure. The orientation of the groove parallel to the beam ensures that pitch
adjustments can be made orthogonal to the beam, and tends to keep the axis of roll rotation parallel
to the beam centerline. Overall, this arrangement provides a successful combination of robust and
compact design while providing adjustments of the instrument position which are easy to make in
a reference frame which is meaningful for the beamline's operation.

Finally, our most recent efforts have been directed to developing mounting systems which
require the bare minimum number of parts and have the broadest range of application possible. This
development work represents a continuing effort to make these mounting systems as simple and
economical as possible so they may be more readily utilized in future beamline and experiment
designs.
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Figure Captions

Figure 1 Typical layout of cone, groove and flat in relation to the beam center line.

Figure 2 Section and Top View of the Groove Mount.
A. Base Plate, B. Top Slide, C. Adjustment Nut, D. Adjustment screw, E. Slide, F.
Ball Shoe, G. Hold Down Ring, H. Bronze Nut, L. Vertical Adjustment Screw.

Figure 3 Section and Top View of the Floor-Mounted K-mount (groove part)
A. Mount plate, B. Floor-Mounted Groove Plate, D. Adjustment Screw, E. Slide,
F. Ball Shoe, G. Hold Down Ring H. Bronze Nut, L. Vertical Adjustment Screw.

Figure 4 Section and Top View of the Universal Mount.
A. Base Plate, B. Top Slide, C. Tubular Enclosure, D. Adjustment Screw, E. Bottom
Slide, F. Steel Ball, G. Hold Down Ring, H. Top Closure, L. Vertical Adjustment
Screw. 34
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