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ABSTRACT
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This study presents the design and development of servo stabilization system for
airborne applications in specific missile and radar applications.The main objective was
to study the stability of the loads and structural analysis of the Servo Stabilization
system. The major significance of this design is to withstand the payload with
respective to dynamic conditions. To initiate this approach, several methods were
applied to achieve better performance. Geared Servo Mechanism, Linkage Mechanism,
Direct Drive Mechanisms each have their own advantages and disadvantages.The
geared servo systems had a minimum back lash among them. If the LOS angle disturbs,
it will lead to reduction in the tracking accuracy. Based on the practical experiences
and literature survey, Direct Drive stabilization was selected and analysis carried out
to meet the specifications. Direct Drive servo system was preferred for the project to
avoid the back lash of the gears. The servo stabilization system contains Mechanical
components like linkages, Payload carrier (Antenna Servo interface Plate), bearings
etc., Electrical components like BLDC Motors and Drivers. The feedback sensors were
selected based on the accuracy which plays a key role in the tracking. Before realizing
the hardware implementation, a full scale CAD model had been developed in solid
works and analysis process done for structure using Ansys. The main concentration on
Antenna servo interface plate which has a high severity to withstand the particular
load as per the design thickness 2mm was maintained for aluminum which was not
satisfactory. To increase the stiffness of the system, different material were chosen like
EN 24 and EN8 for the analysis to satisfy the responses. The study is organized as
follows, it begins with the introduction and design specifications of the system;
explores the selection of servo Mechanism and material and design considerations;
Design Methodology; and finally ended with results and conclusion.
Key words: Servo stabilization, gimbal, azimuth, elevation, direct drive, gear
mechanism, linkage, pivot, payload, bulk-head, los, backlash, tracking accuracy, angular
freedom.
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INTRODUCTION
The Main purpose of this study is to design and realize the
concept of high precision mechanics and selection of the
right components for the selected mechanisms. For the
study of the servo stabilization system, the following
mechanisms are considered

calculations and analysis of the different components in the
systems.

(1)Gear Mechanism
(2)Direct Drive Mechanism
(3)Linkage mechanism

In airborne radar systems, fast responding angle tracking
servo stabilization is required to counter high velocity and
maneuverable targets, but in conventional systems(geared
or linkage), the mechanical inertia is more likely to move
the payload. Hence, we move forward with futuristic direct

The

Selection

of

components

was

done based on

Approach 1: Using theoretical calculations
Approach 2: System engineering and modelling
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Table 1: Materials and their properties.

S/N
1
2
3
4
5

Parameter
Tensile strength(Mpa)
Elongation (%)
Melting point (°c)
Hardness (HB)
Density (g/cm3)

drive mechanism to make system inertia less compact and
easy drive without any loss (Das,2005).
SPECIFICATIONS
For the design and development of servo stabilization
system, the following specifications are considered.
(1) Gimbal angular freedom : ± 45º (In Azimuth and
Elevation planes)
(2) Angular Velocity : 200ᵒ/sec in Position mode
(3)Accuracy : ± 0.05⁰
(4) Readiness time : < 3sec
(5) Missile body rate max. (Pitch& yaw) :100 Deg/Sec
(6)
Missile
acceleration
max
(Pitch/Yaw/Roll)
:1000Deg/Sec²
(7) Antenna Diameter : 160 mm
(8) Payload weight : Max. 750 Gms (Antenna+ Receiver+
Circulator)

SELECTION OF SERVO MECHANISM AND MATERIALS
In this study we proposed direct drive mechanism because
of its advantages like power loss reduction, efficiency,
noise reduction, long life span, high torque at low RPM
unlike gear box mechanism or linkage mechanism.
We considered different materials for the initial study and
developed servo stabilization system. There were critical
areas to overcome In this design, those critical areas were
considered as high strength materials. Different materials
were used for the development different parts of the
proposed system. The list of used material and its
important properties are given below and shown in Table
1.

Gear mechanism: The main principle of this mechanism is
to transfer the power/torque through different medium
(from one gear to another gear) up to the system which
results in gear ratios depending on the structure design.
Due to this the power loss, complexity and total length of
system can be increased.

9HE-15
395
6
535
133
2.82

EN-8
700
16
830
201-255
7.85

EN-24
805
13
1500
248-302
8

power/torque to the system (payload). Output shaft is
driven either by brush or brushless torque motor. In this
direct drive mechanism we used Brush less DC motor for
direct commutation.

Linkage mechanism: This mechanism is an assembly of
bodies or links connected to manage forces and movement.
These links are used to move the system in the desired way.
Due to this mechanism, the link jamming, loss of power
/torque and complexity increases.

DESIGN
The servo stabilization system with direct drive mechanism
has been designed using Solid works software and load and
rotational simulation carried out by using Ansys software.
The proposed system was designed with BLDC motors to
reduce the power loss. In airborne/radar tracking,
applications positional accuracy plays a key role so,
encoders and 2-axis gyro are used in this system as
feedback sensors to get the position of the servo
stabilization system. Figure 1 below shows servo
stabilization system which was designed in solid works
software.
In designing this system, we considered load which has the
weight of Antenna, receiver and circulator. The weight of
the payload is 750gm.Total weight on elevation motor =
750 grms. Distance of pivot point = 30 mm (0.03 m)

𝐽𝑚𝑜𝑡 + 𝐽𝑙𝑜𝑎𝑑 = 𝐽𝑡𝑜𝑡𝑎𝑙
𝐽𝑚𝑜𝑡 = 0.01 𝑔𝑚 𝑐𝑚2 = 1 × 10−5 𝑘𝑔 𝑚2
𝐽𝑙𝑜𝑎𝑑 =

1

2
2 𝑀𝑅

3.375 × 10−4 𝑘𝑔 𝑚2 =
𝐽𝐸𝑙 𝑡𝑜𝑡𝑎𝑙 = (1 × 10−5 ) +( 3.375 × 10−4 )
= 3.475 × 10−4 𝑘𝑔 𝑚2

Where,𝑇 = 𝐽𝑡𝑜𝑡𝑎𝑙 × 𝛼
∴ 𝛼 = 1000° 𝑠𝑒𝑐2 = 17.45 rad/ 𝑠𝑒𝑐2

Direct Drive mechanism: In this mechanism, the power
transfers directly from the motor without any loss of

Where α = Body acceleration

(1)

(2)
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Figure 1: Servo atabilization system 3D model.

𝑇𝐸𝑙 = 6.063𝑚𝑁𝑚
(i) Weight of the payload= 750 grams =0.75Kgs
(ii) Weight of the support structure = 1250 grams
=1.25Kgs
(iii) Total weight = 2000 grams = 2Kgs
(iv) Distance of pivot point = 94.5 mm (0.0945 m)
Jmot + Jload = Jtotal
Jmot = 0.03 gm cm2
Jmot = 3 × 10−5 kg m2
1
Jload = 2 MR2

2
𝑅3 − 𝑟 3
2
𝜇𝑤
=
0.0015 1.5
2
2
3
𝑅 −𝑟
3
= 6.3409 × 10−4 𝑘𝑔𝑓. 𝑐𝑚
= 6.2140 × 10−5 𝑁𝑚
𝑇=

𝜋 𝑅 −𝑟2
1.5
𝜋 0.352 −0.22

− 0.2
2 − 0.2

=

1.5
0.25

= 6 𝑘𝑔𝑓/𝑐𝑚2 = 588399Nm

2𝜋𝑁𝑇
4500

=

Where,T = Jtotal × α
∴ α = 1000° sec 2 = 17.45 rad/ sec 2
TAz = 9.3 × 10−4 × 17.45
TAz = 16.228 mNm
For considering the bearing friction losses, we took the
maximum Bearings used in servo are at azimuth arm, due
to movement of azimuth arm shown in Figure 2, the friction
loss will be more at this position, shown in Figure 3. So, we
choose azimuth arm bearing, to calculate the losses shown
Figure 3.

2

(5)

(6)

2×𝜋×500×6.3409 ×10 −4
4500

= 4.42678 × 10−4 𝐻𝑃 = 0.33 𝑊 𝑒𝑎𝑐 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

(4)

3

Power loss in Friction
P=

= 8.930 × 10−3 kg m2
JAz total = (3 × 10−5 ) +( 9 × 10−4 )
= 9.3 × 10−4 kg m2

3

Pressure
𝑤
ρ=
2
𝜌=

(3)

0.35
0.35

(7)

DESIGN METHODOLOGY
In this study, we showed the stage by stage design and
simulation using Solid works and Ansys software. We
started the design with mathematical calculations and
selection of materials.
(1) Designed for specifications
(2) Selection of components for required specifications
For this system, we considered reference parameters form
the missile and its tracking path are bore sight errors and
tracking antenna positions in tracking mode shown in
Figure 4.
Load analysis

µ = 0.0015; D = 3.5 mm; d = 4 mm; r = 2 mm
N = 500 rpm W = 1.5 kg(load on the bearings)

The load analysis has been carried out with respective to
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Figure 2: Servo stabilization system
drawings in Azimuth and Elevation
planes.

Figure 3:3D Model shows the movement in
Azimuth and Elevation.

Figure 4: References for the servo stabilization system of its
rotation.

the dynamic conditions and initial specific factions. The
maximum force is obtained at the payload is 30N and
displacement is considered the six mounting holes.

Material selection
Generally in this servo system aluminum is preferably
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Table 2: List of materials for analysis.

Material
Aluminum HE15
EN 8
EN 24

Density
2700
7850
8000

UTS
395
700
805

Figure 5:Boundary conditions of Servo in Azimuth.

Figure 6: Deformation plot of Servo in Azimuth plane.

selected with respective to the weight considerations and
stiffness but, in this scenario stiffness plays a major role at
payload carrier. so that E24 and EN 8 material is chosen for
the good stiffness. The Materials are considered for
Analysis, a list of these materials are given in Table 2.

RESULTS
Servo Stabilization results in Azimuth plane Boundary
conditions are considered as maximum rotational velocity

is 100 deg/sec at pivot location by means of rotary motion
in azimuth. Motor and maximum force is considered as 30
N at payload as shown in Figures 5 to 8.
Servo Stabilization results in Elevation plane and
Boundary conditions are considered as maximum
rotational velocity is 100 deg/sec at pivot location by
means of rotary motion in elevation Motor and maximum
force is considered as 30 N at payload shown in Figure 9. In
the analysis shown in Figures 7 and 10, it was identified
that the maximum stress at antenna carrier (Payload) and
maximum deflection is obtained at the right to top of the

Academia Journal of Scientific Research; Parvathi et al. 359

Figure 7:Von-Mieses Stress Plot of Servo in Azimuth plane.

Figure 8:Boundary conditions of Servo in Elevation.

Figure 9: Deformation plot of Servo in Elevation plane.

Antenna. The results obtained are satisfactory with the
material EN 24 and EN 8 shown in Figure 11. EN 24 is
better in terms of specific performance requirement. Tables
3, 4 and 5 are mentioned with respective to the Aluminum,
EN8 and EN 24.

CONCLUSION
In this study, we proposed a direct drive mechanism for the
design and development of servo stabilization system. We
made use of compact brushless DC (BLDC) motors for the
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Figure 10: Von-Mieses Stress Plot of Servo in Elevation plane.

Table 3: EN 24 Parameters.

Parameter
Deflection (mm)

Material: EN 24
Elevation
0.415

Azimuth
0.78

VonMieses Stress(Mpa)

215

435

Factor of Safety

3.74

1.85

Table 4:EN 8 Parameters.

Material: EN 8
Parameter
Elevation
Deflection (mm)
0.44
VonMieses Stress(Mpa)
209
Factor of Safety

3.3

Azimuth
0.9
421
1.66

Table5: HE 15 Parameters.

Material: Aluminum HE 15
Parameter
Elevation
Deflection (mm)
0.65
VonMieses Stress (Mpa)
85.19
Factor of Safety
4.5

development of this system along with encoders and 2-axis
gyro, these gyros provided the feedback loop to the system.
With this proposed system, the following were achieved,
volume reduction, power loss reduction with increased
positional accuracy and weight reduction. On the lab bench,
for the developed system, initial measurements were
carried out, these measured results were close to the
simulation results. In the future, all the tests like thermal,

Azimuth
1.35
201
1.96

vibration, shock and bump tests should be conducted
according to the MIL standards.
In conclusion, the structural analysis was carried out for
the system and materials compared with the aluminum, EN
24 and EN 8 materials to the antenna carrier. E24 results
were satisfactory and well within the boundaries. Based
upon the analysis, hardware was realized as shown in
Figure 11 and tested for basic functionality, the responses
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Figure 11: RealisedHardware.

are satisfactory.
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