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3.3 ELEVATION OVILR AZIMUTH PEDESTAL
3.3.1 Environmental

The review of all applicable environmental influences and
forces effecting the pedestal design, described in the previous section,
have been distilled to those that clearly represent the conditions which the
pedestal must withstand and operate within, Since the pedestal is to
operate within the protected environment of an ESSCO Metal Space Frame

Radome, the pertinent specifications are reduced to the following:

a) Ambient temperature ranges from -20F to
+140°F.
b) Barometric pressure from sea level up to

10, 000 ft. altitude.

c) Salt atmosphere as encountered in coastal

regions, or during ocean transport and use.

d) Ozomne as encountered in Arctic regions and in

the vicinity of heavy electrical equipment.
e) Sand and dust environments.

The methods of design, fabrication and material choice, to
comply with the requirements of efficient operation and reliability, while
exhibiting the lowest possible service life maintenance, must be completely
compatible with the foregoing list. The materials and finishes to be
utilized represent ESSCO's accurnulated experience gathered over ex-

tended periods of perfowmance time.

3.3.2 Design, Construction a

In achieving a balanzed design, ESSCO has employed a
thorough analysis to insure the efficient utilization of the basic materials

for the pedestal. The discussion that follows of ESSCO's analytical
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approach and methods includes a detailed analysis of the drive train as
well as other components, such as Lrakes, stow pins, mounting interface
and mechanical stops. In addition, because of its importance to system

performance, the natural frequencies of the pedestal have also been

analyzed in detail.

Following the discussion of the analytical design methods,

the details of the pedestal assembly are described.
3.3.2.1 Mechanical and Structural Design
A. Drive Train Analysis

The drive train in the pedestal has been analyzed to deter-

mine its stiffness, strength and life expectancy.

The stifness of the drive train is a particularly critical
system parameter because it is generally the lowest of all the stiffnesses
of elements that make up an overall antenna installation. Therefore, it is
the controlling factor in determining the lowest natural frequency of vibra-
tion of the total installation and thus has a considerable impact on the

©

stability of the servo system which controls the motion of the antenna.

The stiffness is calculated by adding the compliance of all
the deflecting elements in the drive train whérein the compliance is defined
as the rotation of the output axis resulting from a unit torque applied to the

output axis. The stiffness is then calculated from the following equation:

Ke
)

The elements in the drive train which contribute to the com-

Stiffness of drive train

L4

1l ]
Compliance of j ! element in drive train

i

pliance are bending and torsional displacement of the gear cluster shafts,
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approach and methods includes a detailed analysis of the drive train as
well as other components, such as brakes, stow pins, mounting interface
and mechanical stops. In addition, because of its importance to system
performance, the natural frequencies of the pedestal have also been

analyzed in detail.

Following the discussion of the analytical design methods,

the details of the pedestal assembly are described.
3.3.2.1 Mechanical and Structural Design
A, Drive Train Analysis

The drive train in the pedestal has been analyzed to deter-

mine its stiffness, strength and life expectancy.

The stifness of the drive train is a particularly critical
system parameter because it is generally the lowest of all the stiffnesses
of elements that make up an overall antenna installation. Therefore, it is
the controlling factor in determining the lowest natural frequency of vibra-
tion of the total installation and thus has a considerable impact on the

o

stability of the servo system which controls the motion of the antenna.

The stiffness is calculated by adding the compliance of all

the deflecting elements in the drive train whérein the compliance is defined
as the rotation of the output axis resulting from a unit torque applied to the

output axis. The stiffness is fhen calculated from the following equation:

Fo = 2 )
Ke
(),

The elements in the diive train which contribute to the com-

Stiffness of drive train

LH

1l . .
Compliance of i ' element in drive train

)

pliance are bending and torsional displacement of the gear cluster shafts,
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radial and axial displacement of the bearings and local deflections of the

gearbox around the bearing housings.

At the same time that the cornpliance of the drive train ele-~
ments are estimated, the compliance of the overall pedestal structure is
also determined, The stiffness of the entire pedestal is then calculated

from the following equation:

[ . 4

et
A

Ko = v e K

./
/\/3 = Stiffness of pedestal

///"\(}' = Compliance of overall pedestal structure

m

Total number of drive trains transmitting

torque to output

To determine the strength and life expectancy of the drive

train, the loads on each cluster are calculated:

ST =1 e

2: (/\ = Resultant torque on cluster
_Z = Mass moment of inertia
. ol = Angular acceleration of cluster

In order to account for the effects of friction on the drive
train, an iterative procedure is used applying the above equation first to
the overall pedestal to determine the angular acceleration, and then to
each cluster in succession to determine the loads acting on the cluster
gears. Equilibrium equations are then applied to determine the reactions

at the cluster bearings.
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Knowing the loads on all the gears and bearings, the fric-
tion torque developed by each is then estimated. At this time, the fric-
tion torque due to the bearing seals is also estimated., Next, the torque
equation is again applied to the overall pedestal, this time adding algebra-
ically the total friction torque determinedlin the first iteration to the ori-
ginal value of 5./ and a new value of &{ computed., This procedure is
repeated until the changes become insignificant, At this point, all the
gear tooth loads and the bearing loads are known for the particular loading
condition analyzed. All probable loading conditions have been analyzed,
including appropriate combinations of torque generated by the motor,
brake, mechanical stops, etc. Tooth friction torque is estimated using

the following expression for power loss in the mesh., *(Ref., No.20)

[l = & Loeo W [ He v Hz" )
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%*Ref. No. 20 - "Gear Handbook', Darle W. Dudley

159

Use or disclosure of proposal data is subject to the restriction on the Utle pagd of this proposal,




[»;f - Power loss in mesh (%)
-F = Coefficient of friction
{ y, = Helix angle
ﬁo"u = Normal pressure angle
STILE = Mesh reduction ratio
Yo ar = Qutside radius of pinion
Y = Pitch radius of pinion
Ra = Qutside radius of gear
R = Pitch radius of gear

The coefficient of friction depends on the pitch line velocity,
the lubrication and the tooth loading and is sclected for each mesh using

data presented in Ref. No. 20.

The friction torque from each bearing is computed from

.E/i = Bearing friction torque

BN

Resultant load on bearing

Bearing bore diameter

o

v . . . .
The resultant load, /{ , is determined from the iterative
analysis and includes the bearing preloads. The friction coefficient £ and
the asgsociated bore diameter are obtained from manufacturer's recommen-

dations.

The bearing seal friction torque is determined from:

2
S~ = 77 f2p D2

SN bt s

Z.
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Seal friction torque

Sr

2w
Ls

-~

1

11

Seal radial load per unit length

Shaft diameter

1l

The friction coefficient, 7[', and the radial load per unit

length,2/, are obtained from manufacturer's recommendations.

Using the critical gear tooth loads obtained from the itera-
tive analysis described, the gears have been checked for surface dura-

bility and bending strength using the following equations from Ref. 20.

C,n C@ Cs*‘ (/»1 CF < \gﬁ GGy
i C%f Fd Z' TG G

\g‘-*‘- = j.f‘{ // /ZJ? \7’7 f't é \Sﬂrﬂ» _/_‘!/’
) Ko FT yayz.

Calculated control stress (psi)

§,f>

Tangential tooth load (1b.)

] =
NS
1! il

Pinion pitch diameter (in.)

™~

Face width (in.)

SQ;C. = Allowable contact stress (psi)
Cp = Elastic properties coefficient
CO = Overload factor
C’Zf"‘ = Dynamic factor
CS = Size factor
CM = Load distribution faclor
CF = Surface condition factor
*Z—’ = Geometry factor
161
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CL = Life factor
C/f = Hardness ratio factor
G[’ = Temperature factor
Cf: = Safety factor |
.I S,é - Calculated bending stress (psi)
14//, = Tangential tooth load (1b.)
ch - Transversec diametral pitch
F = TFace width (in.)
/6 = OQverload factor
//3,&-* = Dynamic factor
A’? = Size factor
J = Geometry factor
\_S;,g" - Allowable bending stress (psi)
A’; = Life factor
/ﬁ‘ = Temperature factor
/(p\ = Safety factor
/{/Zi’ - Load distribution factor

The various factors are selected appropriately from the
data presented in Ref. No.20 in predicting the life expectancy of the gears
under normal operating conditions and their capability to survive extreme

environmental loading conditions.

The bearings have been similarly checked using analytical

methods and allowable loads supplied by the manufacturers.
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The drive train analyses just described have been program-
med by ESSCO for roubine analysis on an in-house time sharing high speed
computer terminal. These programs compute the inertias of the cluster
sin the drive train, the friction torque in the bearings, seals, and gear
meshes, the loads on the gear tecth and the bearings, and the surface con-

tact and bending stresses on the gear teeth and their life expectancy.

B. Special Components

(1) Brake - An electro-mechanical brake is used for stop-
ping and for holding the pedestal in a stationary po sition., It may be in-
cluded anywhere in the drive train, on the output axis or on the motor,

Its required characteristics will vary considerably with its position in the
drive train. These characteristics are determined by including the brake
in the drive train analysis discussed previously. The inertia and the tor-
que capability of the brake are parameters considered in the analysis,
The analytical evaluations performed assure that the brake will provide
the stopping and holding torques required without overloading the drive
train components or burdening the drive train with inertia that might

unnecessarily lower the natural frequency of the antenna installation.

. (2) Mechanical Stop - The mechanical stop is positioned
so it will intercept the moving load and dissiioate its kinetic energy in a
controlled manner if the load accidentally passes its limit of travel in
elevation. The performance of the mechanical stop is evaluated by in-
serting it into the drive train analysis described previously. The capacily
of the stop is selected to be able to bring the load to rest within the re-
quired stopping distance when the load engages it at maximumm speed with
{he motor on and the brake off. The position of the stop, the force and
the stroke are all considered in the analysis and selected to provide the
required energy dissipation without overloading the drive train components,

The force determined from the analysis is used to check the strength of
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the mounting of the stop on the pedestal and also the structure that it en-

gages on the reflector.

(3) Stow Pins - The stow pins hold the reflector in the stow
position when it is not being opurated. The holding capacity of the stow
pins must be great enough to hold the reflector against survival wind tor-
que. The pins engage between a fitting on the pedestal structure and a
hole in the bull gear. The strength of the pedestal structure, the fitting,
the pins and the bull gear are all analyzed for the survival condition and
as many pins as are required to develop the full wind torque are designed

into the pedestal.

(4) Mounting Interface - The pedestal mounting interfaces
occur where the pedestal mounts to the tower and where the reflector
mounts to the pedestal. These interfaces are analyzed to assure that load
paths of sufficient strength and stiffness are provided to transmit shears,
torques and dirvect Joads across the interfaces. Careful attention is given
to the size and location of shear pins and bolts and to stiffening gussets to
make sure that localized deflections at these interfaces will not contribute

unnecessarily to the overall compliance of the pedestal.

(5) Pedestal Structure - Most of the critically loaded areas
of the pedestal structure, as well as the previously discussed special
= components, are analyzed for strength. There arc additional areas,
however, where high loads are transmitied across welded connections,
such as the housings for the bull gear bearings. Such areas are analyzed
individually as required to assure overall soundness of the pedestal stiuc-

turec.

2. Natural Frequency

Natural frequencies of the pedestal are calculated considering

the stiffnesses and reflected inertias of the drive trains, the stiffness and
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and mass of the pedestal structure, the inertia and stiffness of the load on

the pedestal and also the mass and stiffness of the tower foundation.

To obtain the lowest natural frequency for the entire antenna
installation, the frequencies are separately calculated for the pedestal with
the load on it, then for the tower with the mass of the pedestal and load on
it, and finally for the foundation with the mass of the entire installation.
The lowest natural frequency for the entire installaticn is then computed

using Dunkerley's equation:

/ - / = 74" . .{. ',t“' w— {
7 = 2 7> @
&)ﬂ = Lowest natural frequency of the

antenna installation

(A)J = ZLowest natural frequency of the pedestal
with the load on it

(). = Lowestnatural frequency of the tower with

the mass of the pedestal and load on it

G = Lowest natural frequency of the foundation

with the entire mass of the installation on it

Because of the low stiffness of the pedestal compared to
those of the tower and the foundation, this approximation gives an accurate

prediction of the lowest natural frequency of the total installation.

Several modes of vibration are of intcrest and mathematical
models for each have been formulated and analyzed.

A symmetrical mode. of vibration about the elevation axis
is shown in Fi.guré 3.34(2) and the model for this mode which treats the

pedestal and the load on it is shown in Figure 3.34(b), consisting of rotary

inertias and torsional speings, The moving load on the pedestal is repre-
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sented by 1. and the stiffness of the load structure by the spring Kl . IG

L
is the inertia of the drive train reflected to the output axis and K.G is the
stiffness of the drive train, IP and KS the inertia and stiffness of the

pedestal structure. The values KS and K __ are those calculated in the

G
equations employed in the drive train and pedestal stiffness analysis,

The mode of vibration about the azimuth axis is mmodeled
in the same way with values of inertias and stiffnesses appropriately selected

for this mode of vibration.

An antisymmetrical mode of vibration about the elevation
axis is algo possible as shown in Figure 3-35(a) and this mode is analyzed
using the model shown in Figure 3-35(b). IR is the inertia of the reflector
about its focal axis and KR is the associated stiffness. IC is the inertia
of the counterweights and supporting structure about the elevation axis.
KL is the torsional stiffness of the structural tie across the supporiing
arms which may be a torsion box included specifically to provide this

stiffness or the torsional stiffness of the reflector backstructure.

The vibration modes just discussed are called frec-free
modes because the motor armatures are assumed to be capable of dis-

placement relative to the pedestal structure,

Also needed for servo analysis are locked rotor mcdes of
vibration in which it is assumed that the motor armature is fixed to the
pedestal structure., The locked rotor natural frequencies in elevation and
in azimuth are evaluated using the model shown in Figure 3-36, It is the
same as the free-free model except that the drive train inertias are
eliminated and the stiffness of the pedestal is represented by KP, the
value computed previously in the pedestal stiffness analysis, The anti-
symietrical mode model is shown in Figure 3-37. In this medel the
inertia of the drive train is eliminated and hal{ the stiffness of the pedestal

acts on each of the supporting arms as shown in the figure,
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The natural frequencies for each model are determined by
writing expressions for the total kinetic energy and potential energy of

the system and using La Granges equation for a conservative systeimn.

& Il ). dE = ¢
it o & &
L = T - U
. th .
@4’ = Angular displacement of i inertia
T = Kinetic energy of system
U = Potential energy of system

Performing the differentiation with respect to each dis-~
placement, & , in the model yields n  differential equations of motion
where n  is the number of degrees of freedom in the model. Assuming
harmonic motion the solution of the n equations may be written in terms
Of(f)z where ¢ is the circular frequency of the harmonic motion, If n
is not too large, the n equations may be conveniently reduced by standard
algebraic mgthods to a polynomial in (> . The roots of the polynomical

are readily determined on ESSCO's time sharing computer facility.
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3.3.2.2 Physical Characteristics

The preceding section presented the methods of mechanical
and structural analysis that were used in the design of the ESSCO elevation
over azimuth pedestals employed in the synergised antenna subsystem.

In the sections which follow, a descriptive summary is presented of the

major physical and mechanical features of this pedestal line.

Basically, the pedestal consists of a yoke type elevation
axis assembly mounted on a king post azimuth axis assembly. A yoke-
king post configuration was chosen because of its inherent rigidity and
because it allows easy access to the electronics of the feed system lo-
cated in the arca behind the vertex of the reflector. Each of these
assemblies is made up of rugged structural frame into which low friction
bearings have been installed along with independently controlled drive
systems. In addition, each assembly is equipped with a data package,

stow lock, brake, handwheels, and limit packages.

The basic pedestal assembly for a 45 foot antenna is showit

in Figure 3-38.
3.3, 2 lm il Elevation Axis Assembly

(1) Structure and Mechanical Arrangement - The elevation
portion of the pedestal is a yoke type configuration as illustrated in

Figure 3-39.

The yoke arm is a rigid box, fabricated of ASTM A-26
steel plate. A large diameter tube is welded to the center section of the
cross-arm to capture the thrust and radial bearings. Those surfaces of
the yo! » arm,which are used to mount the gear boxes and pillow blocks
of the elevation assembly, are machined to insure an accurate mounting
arrangement. The complete yoke arm structure is stress relieved prior
to machining, The elevation axis employs two pillow block bearing assci-

blics which are mounted on the yoke arm as shown in Figure 3-39. Each
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pillow block assembly consists of two tapered roller ball bearings which
are pre-loaded into the pillow block housing. It will be noted that there is
a substantial scparation of the two tapered roller ball bearings in the pillow
block housing which provides a very rigid arrangement. Fach of the pillow
block assemblies has a load carrying capacity well in excess of the com-
bined loading it will experience under operating conditions. The clevation
axis shaft passes through the pillow block bearings and extends to support
a bull gear on each side of the elevation axis. The reflector support struc-
ture, including the counterweights, is attached directly to the outer side
of the elevation bull gears. The clevation axis employs one or two bull
gears as dictated by the accuracy, stiffness and economy requirements.

In either case, two drive assemblies are used per bull gear. Each drive
assembly is composed of a low speed section, a high speed section and a

brake.

The elevation and azimuth axes employ the same drive and

gear box assemblies providing commonality in the components.

One side of the yoke assembly is used to locate and support
the gear driven data package. The data package contains the synchro trans-
mitters, limit switches, sine-cosine potentiometer, and linear potentiomet-
er. It should be noted that the yoke design provides the adds tional advan-
tages of allowing personunel convenient access to the feed, and associated

electronics mounted on the reflector directly behind the vertex,

In addition, all drive components and data equipment includ-
ing wiring and interconnecting cabling for the elevation axis, are easily ac-
cessible from the yoke platforms. Removable guard rails are provided on

the platforms.

As shown in Figure 3-38, laddcrs and walkways are provid-
ed on the elevation yoke assembly. These are removable assemblics

which are in accordance with MIL- STD-1472. Access to the walkways
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s from a ladder with a removable safety cage which is permanently attached
to the elevation yoke. The removable ladders and walkways remain in
the "service use" position for all operational modes of the antenna system

with the exception of the "plunge" condition.

Electrical interlock switches have been provided on the
removable parts of the ladders and walkways. These interlock switches
prevent the initiation of the "plunge" condition in elevation from the
antenna control console until the removable sections have been dis-

mounted.

The elevation motors, tachometer and brakes are all
easily accessible from the walkways. The walkways also make more
convenient the natural access provided by the yoke design to the area
behind the reflector vertex where the feed and other electronic com-

ponents are conveniently located.

(2) Elevation Drive Train - The drive train for the ele-
vation axis employs either one or two bull gears as dictated by accuracy,
stiffhéss and economy requirements. In eitber case, two drive assemblies
are used with each bull gear, Tach drive assembly, in turn, consists
\in general of a low speed section and a high speed section. A typical
drive train of a pedestal for a 45 foot diameter antenna system is shown
in Figure 3-40, In this case, the high speed section of the drive assembly
has two stages and the electro-mechanical brake is mounted between

stage 1 and stage 2.

The front mesh of the low speed section of the drive train
consists of a large bull gear and pinion to give the largest possible re-
duction consistent with overall size of the pedestal and its load capacity.
The design of this first mesh is very important in achieving the maximum
stiffness and torque capacity of the pedestal. The pinion is integlvfa]ly cast

with the main gear in the next mesh of the low speed section of the drive.
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In addition, the distance between the support bearing of the pinion and the
bull gear is kept small to provide a minimum pinion overhang. This design
approach is used to reduce to the lowest possible level the separating de-
flection between the pinion aﬁd the bull gear. The first two meshes com-
prising the low speed section of the drive train are standard for each of
ESSCO's pedestal sizes. The low speed section of the pedestal drive is il-
lustrated in Figure 3-41. Variations in the speed and motor requirements
are made by an appropriate selection of the high speed section of the drive
train. As shown in the typical exaxnple of Tigure 3-40, two stages are used

to meet the requirements for a 1 degree per second slew speed.

It will be noted that both stages of the high speed gear sec-
tion utilize helical gears with grease lubrication. The gears are very hard
steel with an excellent finish to reduce wear to a minimum. The use of
greasc lubrication in the gear boxes allows the elimination of oil seals
which, in turn, results in a much lower drive train friction than is possible

with the usual oil lubricated gear boxes.

During the assembly, the backlash of the gear trains is con-
trolled so that the maximum backlash of the trains does not exceed +0.05 de-
grees. The gear boxes are pinned to the structure to insure that this back-
1ash level will not change during subsequent operation. This modest back-
lash is allowed to insure that the friction remains low during operation. In
order to provide a zero backlash system, the two drives per bull gear are

biased so that the two drives oppose one another during operation.

(3) Data Package and Limit Switches - The clevation data
package is driven by dual precision, Cla ss 1 anti-backlash pinions from a
48 pitch precision data bull gear with a pitch diameter of 18 inches mounted
on the elevation axis. Precision Cla',ss I anti-backlash gearing is used with-

in the data package to drive 1:1 and 72:1 synchro torque transmitters (TX).
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The synchros are size 23, 60 Hz and are connccted to the data shafts with

zero backlash couplings.

The data shaft position accuracy, including backlash repcat-
ability, is within O. 5O for the 1:1 shafts and 0, 030 for the 72:1 shafts (re-

ferred to the output axis).

Five electrical limit switches are included with the data
package and are of the rotary type mounted on a 1:1 axis of the data gear
box. Kach switch is capable of handling a current of 100 ma and indicates
a travel limit by an open circuit. The limits are adjusted and set in accor-

dance with the prescribed limits.

The limit package has a prelimit position and a final limit
position at each extremity of travel and an additional switch to indicate the
gquadrant of operation. The prelimit positions reduce the rotational speed
of the elevation axis to approximately 10% of its rated value. The final

limit switch dynamically brakes the motors.

(4) Brake -~ The optimum location of the brake in the eleva-
tion drive train is a function of capacity/cost of the brake, the inertia of
the brake reflected to the output (1:1 point of the train) and the details of the
mechanical mounting. TFor the typical pedestal drive system shown in Fig-
ure 3-40, the most desirable location of the brake turned out to he the first
stage of the high speed section of the drive train. The brakes are designed
to be fail safe devices in that they are applied in the event of a power fail-
ure.

(5) Mechanical Stops - Energy absorbing mechanical stops
are provided at the final mechanical limit of the elevation axis. The two
stops that are provided for cach direction of rotation are hydro-mechanical

type and are designed to intercept a specially provided member attached
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to the reflector support structure in the event that the electrical limits
fail. Thesc stops are capable of absorbing the kinetic energy associated
with the maximuim rotational speed of the antenna and as sociated drive

frain inertias in addition to the maximum torque of the motors.

(6) Stow L.ock - A stow lock has been provided for stowing
the antenna in the zenith position. The capacity of the stow lock is given
in Table 1-4. The stow pin is actuated manually by means of a lever.

To insure safety, two lirnit switches are provided on the stow pin assem-
bly. Onme limit switch is located at the fully locked position (stow limit)
and the other at an intermediate position ("unstow" limit) prior to any
mechanical interference. These limit switches can be used as follows:
When the "stow'' limit switch is activated an indicator marked "Stow!'' is
lighted on the control panel; when the "Unstow!' limit switch is activated
the indicator marked nUpstow!' is turned off and the motors and the servo
systern is de-encigized; when the stow pin is completely retracted the
indicator marked "Unstow' on the control panel is 1ighted and the motors

and servo system are ener gized.

(7) Handwheel - A handwheel has been supplied on the ele-
vation axis. The handwheel is adjacent 1o the motor mounting and is
casily accessible. The handwheel is used to pesition the clevation axis
manually in the event of a power failure. A slip clutch is provided in
the handwheel to limit the torque that may be applied. In addition, the
handhweel is spring loaded so that an axial hand thrust load is required
to engage the handwheel geaving. When the handwheel is en gaged, a
safety interlock is activated, which de-enecrgizes the power to the pedestal.
The handwheel automatically disengages when the hand is taken from the

handwheel.
3,3.2.2.2 Azimuth Axis Assembly

(1) Structure and Mochanical Arrangement - As previously
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noted the azimuth is of the king po st design. Basically, the king post is a
stationary steel cylinder supported by a base structure assembly as shown
in Figure 3-42, The upper and lower king post bearings are spaced suffi-
ciently apart and the wall of the king post cylinder is sufficiently thick so

that it contributes less than 15% of the total pedestal compliance.

The upper bearing is an X-roller type which can support
radial, axial, as well as overturning loads. The lower bearing is a radial
roller type bearing which can support only radial loads. Thus, the upper
bearing reacts all of the thrust loading and the radial and overturning loads
are reacted by the two bearings acting as a unit through the king post. Both
of these bearings arc grease lubricated and are covered to prevent the en-

try of dust and dirt.

The azimuth bull gear is fixed, being attached to the base
structure assembly as shown in Figure 3.42, and its dimensions are iden-
tical to the elevation bull gear. This arrangement requires that the azi-
muth drive train rotate with respect to the fixed base.

[J

(2) Azimuth Drive Train - As noted above, the azimuth
drive train assemblies are identical to the elevation drive train assemblies
thereby providing interchangeability. Either two or four complete drive
trains employed in an anti-backlash mode are used for the azimuth axis de-
pending upon accuracy, stiffness, and economy requirements. The load
and stiffness capability of the azimuth axis is equal to or greater than that

of the elevation axis.

(3) Data Package and Limit Switches - The azimuth data
package is driven from the azimuth bull gear with 2 10 inch diameter -
pitch, anti-ba cklash pickoff gear. Precision Class I anti-backlash gearirg
is used within the data package to drive 1:1 and 72:1 synchro torque trans-
mitters (TX). The synchros are size 23, 60 Hz and are connected to the

data shafts with zero backlash couplings.

+ 181

Use or diselaswree of prapes b dsio is gulijert to the tenblciion ¢n the title page of this prapostl,




‘l E}}SCO

~ Azimuth Bull Gear

Upper King Post Bearing Seat

Lower King Post Bearing Seat

/— Mounting Base

Figure 3-42 Azimuth King Post Structure '
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The data shaft position accuracy, including backlash repcat-
ability is within O. 5% for the 1:1 shafts and 0. 03° for the 72:1 shafts (refer-

red to the output axis).

The azimuth limit package consists of 4 rotary switches
mounted on a 1:3 axis of the data gear box. Iach switch is capable of hand-
ling a current of 100 ma and indicates a travel limit by an open circuit.

The limits are adjusted and set in accordance with the prescribed limits.

The limit package has a pr e-limit position and a final limit
position at each extremity of travel. The pre-limit pb sitions are used to
limit the rotational speed of the azimuth axis to approximately 10% of its

rated value. The final limit switch dynamically brakes the motors.

(4) Brake - The brake for the azimuth axis is identical to the

one described for the elevation axis.

(5) . Stow Lock - The stow lock provided for the azimuth axis
;s the same as that described for the clevation axis. The actuation lever
for the azimuth stow lock is located on the yoke cross alim between the pil-

low block supports.

(6) Handwheel - The handwheel supplied for the elevation

axis is identical to that described for the elevation axis,

(7) Cable Wrap - The cable wrap for the azimuth axis con-
sists of two plates, each of which has 12 holes approximately 2'" in diameter,
through which the cables are threaded. The upper plate is attached to the
elevation yoke platform and the lower plate is atta ched to the base of the azi-
muth king post. Thus, the upper plate moves while the lower pla te remains
fixed. The cables are threaded through the holes in the upper plate, down
through the klug post, and out the holes in the lower plate. A clamp is at-
tached to the cableo on the upper plate fixing them in position. Rollers are

provided on the Jower plate to allow the cables to move freely without chaff-
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ing as the elevation yoke 18 rotated, Upon rotation of the elevation yoke,
the cables are drawn up through the lower plate and wrapped around a sup-

' port tube within the azimuth king post.

The cables are provided with a large loop below the base of

the pedestal to allow free motion of the cables during azimuth rotation.
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