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'ABSTRACT o

A major obstacle in meeting the reﬂuzrements for the mmA antennas is e gravnauonally

induced deformadons. A new antenna configuration, consisting of an offset reflector combined
with a slant axis mountng, has been mvesugated. With this combinaton the varying gravitadonal
component is never perpendicular o the antenna surface. This results in gravitaronal
deformarions that are substanuaily smailer than either a conventional antemna or a symmetric
siant axis antenna. A preliminary design of an 8-merer offset slant axis amenna produces
gravitationally induced deviadons from the best fit paraboloid of less than § microns in all
orientations. Although the major consideraton in deveioping this concept has btesn the
minimization of the gravitational defiecdons, the design has other substantai advantages, such
as greatly reduced siockage and mucz improved receiver access with reduced (or no) receiver

movement as the anrenna tracks.

1.0 Introduction.

The Millimeter Array is a high performance instrument for millimeter aswonomy. There are strict
requirements both statcaily and dynamicalily for its antenna structure. Driven by these demanding
specifications and considering the construction cost, an unconventonal siant axis design was
proposed™™?. The cesign smdy® of the slant axis design shows that the proposed design is more
rigid than other types of design and, without the backup structure counterweight, the scrucmre
is much lighter. The creviously proposed slant axis antenna aiready saristied the requirements for
the mmA, bur the design described here offers several advantages over the previous design. The

blockage is greariv reduced ‘and the recexver mounting possﬂnhues and access are greatly
improved. :

As shown in Figure 1 the indirect bicckage of the pre‘iiously proposed slant axis symmeirical v




design is as high as 9%. This reladvely high value resuits from the requirement for a stiff
structure for the feed support with a high namral frequency in order to support fast swirching.
Slightly reducing this feed-leg blockage is possible, but, the stffness and the namral frequency
of the structure will e reduced at the same time and the dynamic performance of the antenna
may be affected. As well as reducing antenna eﬁc‘encv the blockage will lead to extra ground
pickup thereby degrading system temperature

To avoid this aperture blockage proclem, an offser antenna design is preferred. However, the
backup structure invoived for an orffset antenna is usually too complicated to handle in the
homology design process. For an offset backup stucture, there is no overall symmermy in the
szuctural arrangement. This means the implementation of a conventional optimization technique
is extremely difficuit. For exampie an 8 m backup structure would suffer gravirational
deformations as large as 300 to 500 microns. This is far larger than the rms error required for
mmA antennas (the error budger specifies a backup structure error for gravity of oniy 8
microns®). The force dismibution of a slant axis configuration results in an offser backup
structure that is readily amenable to optimization. In this memo, the offset optics and the siant
axis mounting are combined together. In addition with a special double layer space truss design,
the offset backup smucture has an even smaller surface deformation. This is the first dme an
offset backup structure has been appiied to a highly accurate antenna design without using any
active surface conmol. Structural analysis of a preliminary design shows the offset slant axis
design can have a very small gravitarional ms error in all pointing directions.

In this memo, Sectdon 2 discusses general homologous design problems, Section 3 discusses the
force conditions of 2 slant axis mounting structure, Section 4 provides a practical mmA antenna
design with its opdcal layout. The details of the antenna backup structure and its shell-like effect
are discussed. The same section also provides structural analysis, surface fitting results and other
aspects of the antenna. Section 3 lists all the advantages and shortcomings of the present design.
Secton 6 is the summary and conclusion.

2.0 Homologous design of antenna structure.

The main task in any antenna design is, of course, to optimize the backup structure in order to
satdsfy the homology requirements. This optimizaton has two steps’®. One is the swuctural
analysis, and the other is the best fring process. The first step may be done by using the
" standard finite element analysis approach. The structure nodal displacement vector D is rejated
to the applied load vector F by the structural stiffness matrix K, i.e.

KD=F

If a trial structure is provided, K and F are known, and D can be obtained easily from many
available programs. The second step is to fit the surface nodes to a paraboloid. This is a high
order fit which converges slowly. For antenna design, this approach is linearized by introducing
a set of new variabies. The fitting process is to solve a set of linear equations of these variables.
These variables may be the vertex displacements in X, y, and z directions, the rotationai angies



abour x and y axes and the change in the focal length of the paraboloid in the original coordinate
system. From the firting resuits, the rms surface error is determined. If the rms error is within
the required value, the design is successful. But in most cases, the rms error is larger than the
required vaiue. ThereTore, modificadon of the structure is required. By medifying the strucmure,
a new D is calculared, and a new rms error is calculated. This process is then be repeated unril

the rms error is within the design requirement.

However, in pracdcal antenna design. the optimizadon procedure is very difficult and tdme
consuming, since the magnitude orf the difference in the displacements berween the deformed
surface of a trial structure and its best fitted surface is not an indicaron of the degree of

structural change required in the next design cycle. The reiationship berween structure parameters

and surface displacement pattern is complex and indirect. Any modification of the strucrural
arrangement and members’ cross secdion areas is then made using the designer’s judgement.
Fixed rules are not available in the design. At the same tme, there are many variables which can
be used during the =ial and error. This also complicates the design procedure. These design
variables include: (i) the geomewy oI the structure (e.g. the coordinates of all nodes in the
stucture); (ii) the tovological descripton (which of the nodes are connected by members); and
(iii) the cross secdon size and shape of each member.

The above procedure has to be performed both at zenith and horizon pointings for an altazimuth
mounting antenna. Fortunately, when the antenna is poinung to the horizon, the system shows
a skew mirror symmertry™ about the piane formed by the axes of the elevation bearings and the
parabolic surface. This is to say that the force components of the upper and the lower parts of
the structure in their local coordinate system have the same magnitude but opposite sign. The
displacement pattern produced shows mainly a linear change with the nodal distances from the
cenrral support ring, so the surface dits due to the gravitational force. The resulting rms error is
small. Therefore, most structural opumization is performed when the antenna is at the zenith
pointing. At this pointing the gravitatonal force is mostly normal to the dish surface, so the nodal
deflection pattern is very sensitive to any change of the structure. The designer has to avoid any
hard points on the surface and must adjust the surface parttern step by step.

For a cyclically symmerric backup smucture, the optimizarion problem can be greatly simplified
at the zenith poinung. This is because at this pointng, the gravitational direction is parallel to
the axis of the anrenna stwucture. This is a cyclicaily symmetrical system. For a cyclicaily

symmetrical system. the performance of whole swucture can be represented by only one sector

of it. Within this sector of the structure, the number of the surface nodes and the number of the
structure variables are much less than that of the whole structure. Therefore the optimizadon is
easier. For an 8 m symmerric backup structure, if the oumber of surface nodes is 96 and there
are 12 identical seczors in the structure, then the number of the nodes needed to consider during
the optimization at the zenith pointng is only 8.

On the other hand, an offset backup structure will be difficult to optimize as the structure is not
cyclically symmerrical. Another difficulty of the offsetr backup swucture exists in disaibudng the
supporting force, which is usually symmetrical about the center of the structure, to the swucture
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which is unsymmezn‘cai about its center. Because of these difficulties there has until now been
no atrempt to design a homologous offset backup structure. Most existing offset designs are for -

smaller antennas or antennas working at longer wavelength. As an illustration of the difficuities
in implementing an offset design the 100 m GBT requires active control of no fewer than 2400
points on the surface~. This approach is costly and compiicated.

3.0 Force distribution of slant axis antenna.

The slant axis moum'ing' arrangément greatly changes the force conditions on the backup

strucwure. In an aitazimuth mounting swucture, the force applied to the backup structure only has

two components in the local coordinate system: one is parailel to the dish axis (F,) and the other

is perpendicular to the plane defined by the axes of the dish and the elevation bearings (F,), the

component along the elevation axis (Fy) is zerc{(Figure 2-a). The decomposition of the»

gravuanonal force ar any orientation is:

0]
F =F cosq
IF F sina |

where o is the elevadon angle. The aim of homologous design of the backup structure for an
altazimuth antenna is to keep surface nodal positions near to the best fit paraboloid when the

- gravirational force is applied in both v and z directions. As mentioned above, the optimization .

- in the z direction is more difficuit although the system is cyclically symmetricai. However when
the force comes from the y direcdon, the displacement of a surface node is approximately
proportional to the distance to the supporting points, resulting in a tilt of the reflecting surface,
so easing the fitting and optimizadon.

For a slant axis antenna, the situaton is different. The gravitational force applied has three
components in the local coordinate system o-xyz (Figure 2-b). In the o-Xyz system, oz direction
is along the axis of the siant bearing, ox direction is in the plane of the axes of the paraboloid
and the slant bearing, that is the O-XZ plane of the parent coordinate system, and oy axisis
parallel to the OY axis and is perpenmcxﬂar to the ox axis. The components of the gravitational
force at any orientation are:

F sin45°sin8
F cos45°

"u h.l h»j B

1{5‘ sind4S°cosh

where 6 is the rotadon angle abour slant axis, and 45 degrees is the elevation angle of the slant
axis From the equartion, it can be seen that the F, component which is along the slant axis is a
constant. It will not change when the antenna is rotating around either slant axis or azimuth axis.

Force in this direcZon is close to the normal of the dish surface, which is always difficult to
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optimize. However this constant force component F, wiil produce a fixed surface deformarion that
can be compensated by the panel adjustment, so optimization of the structure in this direcdon is
not necessary. This is the most important feature of the slant axis mounting used in the new
design. Therefore oniy the components F, and F, need to be considered during the smucrural
opumization. It should be remembered that a rotauon of 180 degrees of the slant axis is required
to move the telescope beam from zenith to horizon. The force F, alone is the only force to be
considered when the antenna is pointing at the zenith or horizon and the force F, is the only force
when the antenna is at about 45 degrees in elevation.

The offset saucture is symmerrical about the O-XZ plane, and shows a skew symmetry about this
plane when the force component F, is applied. The force components of the upper and the lower
parts have the same magnimde but opposite sign in their local mirror symmetrical coordinate
system, so design experience suggests that the surface defcrmations resulting from the F,
component will be amenable to opumization. However the component F, is differenr; the
structure has no symmetry about the plane normal to the F_ component. The F, component is not
in the direction normal to the reflecting surface. However, further decomposidon of this force
component results in forces both along the paraboloid surface and normal to the surface. For

constant forces acting along a piate surtace, the deformations of the surface are linear funcdons

of both the Poisson’s ratio and the distances to the supporting points. When a cenwai point
support is used, the szuctural deformation introduced is only a tilt of the surface shape, resulting
in no rms error. For a space truss swucture, depending on the structure details, there may be
‘surface rms errors caused by the forces acting on the truss surface. The main errors introduced
in the backup structure are from the force components which are normal to the surface, and even
these components are small in magnimde. Therefore the key to an offset slant axis backup
structure design is to eliminate or reduce further the effect of those small force components
which are normal to the reﬂectmg surface. The strategy to 1mplement this will be discussed in
the next section.

4.0 Practical Design.

The purpose of the practical design is to confirm the discussion of the previous sections and to
provide a way to design a homologous offset backup smructure used on the slant axis mounting.
In this section, the shell effect of the double layer space truss structure is discussed. The practical
backup structure wiil use the sheil like property of the space truss to resist surface deformations.
In this section the optdcs formulae for the offset antenna are also introduced. A practical backup
structure and its anaiysis results are provided. This section also mentions other aspects of the
proposed offset slant axis antenna. However, the example provided is not a final design; many
derails have yet to be studied. These include: thermal effecs, dynamical performance, wind effect:
and secondary mirror support structure details. However, the proposed offset design has similar
dimensions to the slant axis symmetncal antenna previously studied. It is expected that many
aspects will be simiiar. ;



" 4.1 Discussion of the shell effect.

 Most antennas use a space truss design to achieve a high stiffness to weight ratio. However, most
truss structures used for antennas are irregular in shape. Their performance is unpredictable.
Optmization relies on experience. For the offset slant axis backup structure, the main varying
gravitational forces are on the reflecting surface; the components normal to it are smail. This
allows the design of a homologous offset backup structure. The design swrategy is sull important
to reduce the distordon from these forces.

One group of space strucmres has been widely used in industry, architecture and other felds.
This is the double layer space truss smucture of a uniform thickness. This type of stwrucmure is
formed by top, bortom and middle layers of beams. Middle layer members are in diagonal
directions. The whole truss structure has a regular repeatable pattern. If the dimensions of the
structure are larger than the member length, then its performance may be predicted approximately
by the theory of plate analogy. In other words, the space smucture will perform to some extent
like a thin plate or membrane®. The plate analogy gives the equivalent stiffness D, and the
equivalent Poisson’s ratio v as: ' ' :

S h?E v=0
WP b (A, -A,)

D

where A, and A, are the top and bortom layer member areas, b is the spacing between top and
bottom members, h is the thickness of the trusses and E is the material Young’s modulus. -

Following the discussion in the previous section, the rms surface error of this type of double
layer truss will be negligible if the force applied is on the truss plane. However the paraboloid
surface is curved, so it is not practical to apply this type of truss structure directly. A practcal
double layer truss swucture chosen for the offset backup structure is shown in Figure 3. The
structure has a reguiar repeatable pattern symmetrically arranged about the surface axis. The main
members of the truss are in the radial and circumferentdal directions; its well arranged middle
layer members make the swucture rigid as a whole. This resists the deformations caused by the
slant ‘bearing support points. Incidenty, due to the curvatures both in the radial and the
circumferential directions, the structure also has a sheil-like performance. The forces normal to
 the surface are neariy uniform in magnitude, which reduces greatly the effect of the deformation
caused by forces normal to the surface. This effect will be discussed in the following paragraph.

In the proposed offset slant axis system, the only varying gravitational force components on the
backup structure are F, and F,. As mentioned before, structural symmetry helps the optimization
in the F, direction. In this paragraph, only the F, component is discussed in detail. In Figure 4,
the F, component of the gravitational forces has an angle of 45 degrees with the o-r axis in the
parent cylindrical coordinate syster. Its tangential and radial components on the parabolic surface
are:



where tan f=r/2f is the slope of the parabola in the radial planes, F, and F, are the force

components on the surface and normal to the surface, F, is the force component on the radial

plane and F, is the component in the circumferental direction. Plate analogy theory and design

experience suggest that the force components on the surface results in little or no rms surface
errors. The component normal to the surface needs more attention.

A shell structure is a structure wmch can resist hzgh pressure loads with relatively little
deformation™. The conditions of the sheil effect are: i) the surface has large radii of curvature
in both principle directions; ii) the thickness of the sheil is very small compared with these radii

of curvature; and iii) there is a pressure appiied to the sheil. The advantage o the shell effect is
to dlveft ]the pressure force into stresses on the sheil surface. The well-known formula for the
shell is"°

6,,0._»2
rr‘q

where o,, o, are swesses on the tangential plane of the shell, r,, r, are radii of curvatures in the
two principle direcdons, P is the pressure; and h is the shell thickness (ref. Figure 5). For a space
truss structure, a similar situation aiso exists if the force components normal to the surface
applied at all joints are the same in magnitude. In this case, the surface members will undergo
extension and compression, and the resulting deformarion is small. To obtain the shell effect we
require uniform forces normal to the surface at every tuss joint. From the prevmus formulae, the
force component nonnal to the truss surface F, can be expressed as:

,=0 .707F,cos8 cosB (l-z—f)

where F, is the weight component of the surface panels the joint supports The wezgnt of the
‘panel is proportional to the nng area of the parabohc surface S as:

B 2
s=—= [z/af?+r7-4f%1n *V"‘f = l»r,

For the same panei length, S will increase as r increases. Since 8 is ranging from 40 to 40
degrees, the change of cos 6 term is smooth. If the last two terms of F, expression are
represented as Q, Q is also a function of r. Fortunarely, as r increases, Q will decrease. In the
following table, we list the values of S, Qand SQ fromr=1mtor=9mfora parabohc offset

~1



surface with its focal length f = 5 m.

Table 1 The value of S, Q, and SQ

r 1 2 3 4 bl 6 7 8 S
S 5.16 10.60 11.32 1226 1342 1476 16.23 17.80 9.53
Q 0.89 078  0.66 055 044 034 024 0.16 0.07

SQ 439 826 747 674 589 5.02 3839 2385 0.66

In Table 1, the vaiues of S at points r = 1 m and r = 9 m correspond to the area of only one ring
of panels, while the joints at other - vaiues will support two adjacent rings of panels. From this
table, it can be found that the values of SQ, which are indicative of the forces normal to the truss
surface, vary very smoothly for most r values; therefore the double layer backup truss structure
does behave like a shell, resuiting in an even smaller distortion of the reflecting surface.

\

4.2 Optics arrangement

The optics of a practcal design of the 8 m offset slant axis mmA antenna are shown in Figure
6. The determining factor of the optical arrangement is that the secondary mirror should be on
the slant axis which is 45 degrees in elevation. In the figure, two receiver positions are shown.
If the receiver is located at the base, there is no movement of the receiver when the antenna is
tracking on the sky. However, a third mirror is introduced in this configuratdon. In the other
configuration the receiver is on the altazimuth axis, and only rotates with low speed when the

telescope tracks on the sky. The only blockage of the design is a smail beam hole in the primary
mirror surface.

For the optical design we need to determine the primary focal length. This is done by the
consideration of swucture balance. If no blockage from the secondary mirror is expected, the 8
m primary mirror surface will have its two ends at r = 1 m and r = 9 m from paraboloid vertex.
Since the slant angle is 45 degrees, the intersection of the slant axis and the parabolic surface is
at a location where r is about the same as the focal length. For f < 4.5 m, the rato of the two
- parts divided by the slant axis is about 3 : 5. For f > 5.5 m, the ratio of the two parts will be
about 4 : 4 or more. The ratio of 3 : 5 or less will produce imbalance in the backup structure as
the far side of the antenna is wider than the inner side. Also considering the weight of the
secondary mirror supporting structure, a ratio of 4 : 4 will also cause inbalance of the smucture
( the weight of the secondary mirror support is not small), so the focal length in the proposed
design is chosen as f = 5 m.

The optics of the antenna are straightforward. The primary mirror is an offset paraboloid and the
secondary mirror is a hyperboloid. Figure 7 gives the projected views of the primary and



secondary mirrors. The projected view shows there is no aperture blockage by the secondary
mirror and its supporting structure. The optical parameters chosen for the design are:

primary focal length : 5m

Equivalent primary focal ratio 0.28.

Distance from the primary vertex to the mirror edge 9 m

System focal ratio 12 :
Location of third mirror from the vertex r=525mz=-025m

The equation of the primary mirror in the primary sphencal coordinate system (aligned with the

x,, ¥, z, coordinates of Figure 7) is™!:

7 T imseeeccsmeeom— Zf
l*-cosBp

where f= 5 m. If the secondary spherical coordinate system (aligned with X, ¥, Z, of Figure 7).
are used, the equation becomes:

2f

r= , ,
1 + cosB cosB ,- sinB sind cosd

Referring to Figure 8, the equation for the hyperboloid secondary mirror surface is given by the
equation:

|z1l=|z2|=b
The equation for the hyperboloid surface in terms of 9, is:

c _(1-33)
T1=3 5 + cosf

where = b/c, b and c are determined from the system focal ratio and secondary mirror
magnification factor. The shape of the secondary mirror is a revolution about the slant axis.

4.3. The analysis results.

Figure 9 is a perspective view of the design. The primary mirror surfacé of the antenna is forméd
by 118 regular fan shaped panels and 14 special edge panels. The shaped panels are used for
avoiding the edge discontinuity of the primary mirror. The panels are located in 10 rings. The



largest dimension of all panels is about 1 m. The panel support structure is a double layer shell- -
like space truss (ref. Figure 3). The thickness of the truss is about 0.3 m. The surface nodal
number is 149. All the members of the couble layer truss are smail carbon fiber reinforced plastic
tubes. The diameter of these tubes is 1 inch. The members of the truss are arranged to make the
structure have equal stiffness parallel to the circumference of the parent paraboloid. The truss has
a repeated pattern in both radial and tangential directions. This eases the manufacture and lowers
the cost. Between the double layer truss structure and the slant bearing disk, there is another third
layer of truss. This truss has the shape of horseshoe. The supporting members under the double
layer truss have larger sectional areas: two section sizes are used in the model; these are 3 inches
and 5 inches. The supporting disk on the slant bearing has a diameter of 4 m. The analysis
weight of the backup structure including the weight of the panels is 2.0 tons without secondary
mirror supporting structure. In the model, the weight of joints is not included. The final backup
structure will weigh more and the rms will be slightly higher when the vweight of joints is added.

The structural analysis has been performed when the gravitational component is in the x and y
directions of the local coordinate system. Since the maximum gravitational component in these
directions is only 0.707 of the total gravitational force applied, a factor of 0.707 is used in the
- structural analysis. The structural analysis is performed by the Nastran program. After the
analysis, parabolic surface fitting is carried out. The fitting program used was developed by the
author and is a minimization of the nodal distances from the best fitted paraboloid. The result
is therefore comservative compared with the half-pathlength minimization. The whole -
optimization is straightforward. The main change on the structure is to make the bottom support
points on the far end from the vertex symmetrical around the parent surface axis.

If the x- component of gravitational force is applied, the maximum surface displacement has. an
-absolute value of only about 40 microns, and the rms error of the surface after fitting for the first
model is only 6.3 microns. The rms error for the second model is as small as 3.1 microns. In the
parent coordinate system, the vertex displacement of the best fit paraboloid in mm is (- 0.15, -
0.02, 0.01), the rotational angies in x and y direction is 0.000002 and 0.000012 radians, and the
new focal length is 4.9998 m. ‘

_ When the y- component of the gravitational force is applied, the rms error change for different

~ structure arrangements is small, ranging from 7.9 microns to 10 microns. The resulting design
of the second model has an rms error of 7.9 microns. In this case the vertex displacement in mm
is (0.02, 0.57, -0.00) and the rotational angles in x and y directions are 0.00006 and -0.000002
‘radians. The new focal length is 5. 00001 m.

The deformation patterns of the two cases before fitting are shown in Figure 10. Figure 10-a is
the pattern when the x- component of the gravitational force is applied. In this figure, larger
deformations of the surface occur at the edge of the dish and the absolute value of the
deformation is very small (maximum deformation is 35 microns). Therefore the rms error in this
direction is very small as well. This agrees very well with the theoretical analysis provided in
- this memo. The double layer truss structure indeed acts as a shell because the force components
normal to the surface are nearly uniform in the center part of the dish. Figure 10-b is the
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deflection pattern when the y-component of the gravitation force is applied. In this figure, the
absolute deformations of the structure are symmetrical about the OXZ plane. However, the
directions of the deformations in the two parts are opposite. Although the maximum deflection
is about 120 microns (this is much larger than that in Figure 10-a), the rms deviation from the
best-fit paraboloid is still very small. In both directions, the gravitationally induced rms errors
are better than most symmetrical antenna structures, including submillimeter antennas.

4.4 Other aspects of the structure.

The secondary mirror support structure is designed to have three main supporting beams as
shown in Figure 9. All these beams are supported from the base of the bearing disk. The main
support of the secondary mirror is by the center beam, which is also a space truss structure itself.
Berween the truss structure and the slant bearing, a special design will be provided to reduce
thermal effects. Both the slant bearing and the azimuth bearings are identical in size and shape.
Both bearings may be formed by two layers of bearings arranged in a conical shape (ref. Figure
6). The top layer bearing has a smailer diameter and the bottom layer bearing has a larger
diameter. This arrangement increases the bearing accuracy and provides more space for a third
mirror or receiver. The base and the middle slant cabin are thermally insulated with air
conditioning to maintain a constant temperature. The base legs are above the ground to ease the
transportation probiem. The truss structure should use highly reflecting protection and remain as
an open structure.

5.0 Advantages and shortcomings of an offset siant axis antenna.

Compared with the classical Cassegrain arrangement and other designs, the offset slant axis
antenna has the following advantages:

i) The aperture efficiency, the sidelobe and ground pickup are all improved.

ii) Because we are not concerned about subreflector blockage, the options for low-ﬁequency
feeds and for focal-plane arrays are greater.

iii) The counterweight for the backup structure is removed.

iv) There is plenty of space for the secondary mirror supporting structure; the stiffness can be
improved without aperture efficiency loss. The structure natural frequency should be the same
as or even better than that of the slant axis symmetric design.

v) There are more mounting options for receivers, and there is more space for cryogenic
“equipment next to the receiver. The flexing of cryogenic lines is eliminated.

vi) There is a significant saving in the overall structural weight compared with the cla.ss1cal
Cassegrain design. The corresponding cost will be reduced.

vii) Since the force applied to the backup structure is near to the truss plane, the rms distortion
of the surface nodes will be less sensitive to the details of the truss structure. The backup
structure manufacture and assembly is less critical.

viii) The effect of wind on pointing is reduced. The wind direction is never normal to the antenna
surface, to first order the wind load is balanced, and the drive motors never compete directly with
wind forces. : '
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ix) The main truss structure is simple in shape. There are repeated patterns which reduce the
number of the truss member types and node joint types. It is easier for mass production.

Compared with the classical Cassegrain design, the offset slant axis antenna offers méhy
advantages. For the mmA array with 40 antenna dishes, the gain from the reduced blockage of
the offset antennas is equivalent to the extra collecting area of four complete antennas.

Possible shortcémings of this offset slant axis design are:

i) There are more panels and panel types for each antenna than for a symmetrical antenna
structure. However, this design provides higher efficiency. For the mmA array with 40 antennas
the greater number of panel types will add little additional cost.

ii) It is difficult to apply an on-axis encoder to the slant axis. '

iii) The polarization characteristics[16] of this Open Cassegrain design may be inferior to a
conventional symmetric design. A mmA memo in preparation by Peter Napier will study this
aspect of the antenna performance [17].

Another area of future study is how closely the antennas can be positioned for the compact array
configuration. , . - '

6.0 Conclusion.

The advantages of the aperture efficiency and clean beam pattern make the offset design an ideal
candidate for many large and precise antennas. In the past, this has not been possible because the
optimization of such an unsymmetrical structure is extremely difficult. However, by combining
the advantages of the slant axis mountng structure and the double layer space truss design, it is

now possible to design an offset antenna with very high homologous performance. This is a

significant advance in the design philosophy for large and precise antennas beyond the original
development of the homology principle by Von Hoemer in the 1960s", The principle of the
design described in this memo can also be used for other larger and more precise antenna
projects. :

The new design for the mmA antennas is a logical development of the slant axis symmetrical
structure, which was first proposed for the mmA by J. Payne and J. Lamb. The offset slant axis
“design has been discussed for lower frequencies by Denkmann et. al."", The author express
his thanks to R. Brown, D. Emerson and J. Payne for encouragement and many discussions.
Thanks are due to P. Napier for comments on the polarization characteristics of the antenna. -
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Figure 1 Indirect aperture bldckage caused by the secondary mirror support structure of a
symmetrical antenna. ‘



Figure 2-a Force vectors of altazimuth mounted antenna;



Figure 2-b Force vectors of slant axis mounting antenna.
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Figure 3 View of the main truss structure proposed for the offset mmA antenna.
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Figure 4 Decomposition of F, in the local coordinate system.



Figure 5-a The relationship of the shell pressure and stresses produced.

Figure 5-b The shell like truss structure with uniform forces on the joints.
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Figure 6 Possible optical arrangements of the offset slant axis antenna. |
a) the receiver is located at receiver cabin; b) the receiver is located at the base.
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Figure 8 The geometry of the secondary mirror surface.
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Figure 9 Perspective view of the proposed mmA offset slant axis antenna. -
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‘Figure 10-b The deformation pattern under the gravitation force component F,.



