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In this study, the disturbance torque that maintains the gimbal at a specific angle during the centrifugal acceleration test
was analyzed. Newton's Second Law for Rotation was applied, to calculate the disturbance torque. A Theoretic solution for
calculating the disturbance torque was derived, by separating the horizontal/vertical components of the moment of inertia.
The Theoretic solution was verified, by numerical analysis (RecurDyn) of the simplified Gimbal model. To include the effect
of acceleration, the distance between the central axis of the gimbal and the accelerated test equipment was applied as 0
and L (non-Zero). As a result of the analysis, it was found that the main disturbance torque is not related to acceleration,
but to self-centrifugal force caused by rotation. A centrifugal acceleration test was conducted, to verify the operational
performance of gimbal. The disturbance torque was calculated, by measuring the torque used to operate the gimbal's
motor. The result was compared with the disturbance torque, calculated by the Theoretic solution of the gimbal. The error
between the result of test and Theoretic solution of torque was less than 4.5%.

NOMENCLATURE

T = Disturbance Torque

1. = Centrifugal Disturbance Torque

o = Angular Velocity

I = Moment of Inertia

I = Moment of Inertia on the Rotational Axis
= Moment of Inertia on the Horizontal Axis
Iy = Moment of Inertia on the Vertical Axis

I. = Centrifugal Moment of Inertia

0 = Angle of Gimbal

Copyright © The Korean Society for Precision Engineering

Manuscript received: July 15, 2022 / Revised: July 27, 2022 / Accepted: August 10, 2022

.n.,

S QF AR GAE AT AME 2847 =g Y
SR A= 7ARAE st 23R A, 571, 72

[e]
Adol| Hiet 554 Hs

7] & G EHENA F49 = 4 =
sl /efitoll dAEo] 28HTh MM 9 E2E Aol
gl vk e A 9 e 280l =EE, ¢
Aol AU 5 =t

71E Aol 7hER 880l e oY B3 S5
Asl 7101 5715 A6 Aol ARSE I ol HEe
AAE 2E o] A b oo EEe I 4 Qo] o

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



760 / October 2022

ZHUSSX| M39H HM10E

o

Azimuth
(yaw, 6,)

Elevation
(pitch, B¢)

/

=

Fig. 1 General type of gimbal with dual axis
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Fig. 2 Centrifugal acceleration test system with gimbal
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Fig. 3 Elevation part of gimbal with unbalanced mass
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Fig. 5 Centrifugal acceleration test model of Simplified gimbal
(Elevation) with 4 points mass
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Table 1 Analysis conditions

Weight of mass [kg] 0.2681
Horizontal distance of the point [m] 0.05
Vertical distance of the point [m] 0.1
Moment of inertia (Ig) [kg-mm?] 6,873.6
Centrifugal moment of inertia (I¢) [kg-mm?] -4,021.2
Velocity of central rotation (o) [rad/s] 10
Initial angle of gimbal [deg] 10-40
Distance between gimbal/rotational center [m] 2.0

w (Angular Velocity) I

(a) Simplified gimbal with 4 points mass

| w (Angular Velocity) | “_,_%_ﬂ

(b) Centrifugal acceleration test system with gimbal

Fig. 8 Verification model of centrifugal disturbance torque

Table 2 Comparison of theoretic/numerical results

Initial angle [deg] 10 20 30 40

Theoretic results [N-mm] -68.8 -129.2  -174.1 -198

Numerical result [N-mm]  -68.8 -129.2  -1741 -198

Table 3 Analysis conditions for 3D gimbal model

Case 1 Case 2 Case 3
Size [mm] 200 x 100 x 20 100 x 200 x 20 200 x 200 x 20
Weight [kg] 3.14 3.14 6.28
Ig [kg-mm?] 13,083 13,083 41,867
I [keg-mm?] 7,850 7,850 0
Velocity of
central rotation 10 10 10
(o) [rad/s]
Initial angle [deg] 30 30 30
Angular acceleration
() [rad/s?] -25.97 25.97 0.00
Theoretic results 3399 339.9 0
Tc [N-mm]
Numerical result 3397 3397 0
Tc [N-mm]

Angle of Gimbal(deg)

° 02 04 0.6 (X3 2 12 14 16 18 2

Time(s)

Fig. 9 Numerical result of angle
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w (Angular Velocity)

Fig. 10 Centrifugal acceleration test model of gimbal with
unbalanced mass

Table 4 Analysis conditions for 3D gimbal with unbalanced mass

Case 1 Case 2
Size [mm] 200 x 100 x 20 200 x 100 x 20
Weight [kg] 3.14 3.14
Gimbal Ig [kg-mm?] 13,083 13,083
I [keg-mm?] -7,850 -7,850
O [deg] 30 30
Mu [kg] 0.005 0.005
Unbalanced Ru [mm] 100 100
mass 0, [deg] 20 20
Ig [kg-mm?] 50 50
Test L [mm] 0 2,000
conditions o [rad/s] 10 10
Theoretic results T [N-mm] -345.4 -268.9
Numerical result T [N-mm)] -345.5 -268.9
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Fig. 11 Angle and Angular acceleration of gimbal with unbalanced
mass (Initial angle of = 30 deg)
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Result of Test

1.0 -| =Result of Analysis
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Angle of gimbal(deg)

Fig. 13 Normalized result of test and analysis
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