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Analysis of The Effect on Underwater Projectile's Target Accuracy
depending on The Transfer Alignment Error
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Abstract In underwater environments, it is difficult to set a navigation goal and a limit in applying
position fixing navigation due to electromagnetic wave attenuation phenomena. This is why an
underwater projectile launched from a long distance and traveling by its own force to a designated target
point through an inputted path uses a gyroscope and an accelerometer built in the inertia navigation
system to calculate the attitude, velocity, and location information on a real-time basis in an underwater
environment. In addition, to perform navigation, it is necessary to acquire initial navigation information
through alignments. Among the alignments, the underwater projectile obtains information through
transfer alignment that performs an alignment using a master inertia navigation system information
mounted on the platform. This study analyzed the internal/external factors that can affect the cause of
low target accuracy between maritime tests. An analysis of the driving record of an underwater projectile
confirmed that there is a time delay in the process of transmitting/receiving attitude information
between the master inertial navigation system mounted on the platform and the slave inertial navigation
system mounted on the underwater projectile. Moreover, a sudden change in attitude information occurs
as the platform changes course during the transfer alignment time. Material analysis and a land-based
test proved that such phenomena cause the error of transfer alignment that affects the target accuracy

of the underwater projectile.
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Table 1. Results on other target accuracy tests

Sectio | Time for transfer | Misalignment | Target accuracy
n alignment(s) angle(®) (CEP=1 base)
1 907 -0.28 0.40
2 2505 0.6 0.35
3 1533 -0.63 0.61
4 1088 0.41 0.18
5 1016 -0.53 0.35
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Table 2. Review on the causes effecting the
projectile's target accuracy

Section Factor Effects Occurrence of errors
Inertial Course ! Attitude and position
) High |. ;
Equipment information
Internal Velocity Traveling velocit
causes of| Calibration High |. g Y
T . information
projectile|  Equipment
Guidance ! Attitude and position
R High
Equipment control
The arrival coordinate
Input data Mid |input due to insufficient
operation
External ;
R Arrival .
environm X Low |The test result analysis
coordinate
ent of
projectile Interface Time delay between the
between . transmitting and receiving
High .
platform and platform attitude
projectile information
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Table 3. Analysis results on the internal causes of

projectile
Section Factor Check Point Result
‘Macrography and Inspection
Body ‘Check on th§ internal status Good
after separating each
component
V?IOCIFY ‘Check on the operation status
Calibration K R : Good
. ‘Detailed inspection
Equipment
‘Check on the battery residual
capacity and voltage
Internal Battery ‘Analysis of battery Good
causes _Of consumption and traveling
projectile distance
Recordin ‘Mechanical interface check
R 8 | -Electrical interface check Good
Equipment .
‘Record data analysis
Guidance | ‘Check on the fuction and Good
Equipment | operation status
Inertial ‘Check on alignment, velocit
Course . 8 ’ Y| Good
. attitude accuracy
Equipment




ALY oXo] BT SFWH BE A GFY 24

@ el do 25 S5U AL U

2 5 AR BIRssL 2 2o

5304 AT WA o S el S5

REO| 9, AUt AR 5 V% A2
319t
24 23 oH*J*lO*Oﬂ*H

O 2 2 o] %

Ol

EHZY] 7Y AHL Fig.
e, AL S Yok Al
7H5oF Ny} SZubalA|o] INS YL Fig. 794
Bl ule} 7o) Hll‘é 4 At
ARHog AuEd O A7 AGHES B3 5
FLAAS Sg T ERHEY S|P Aol7k 1.1° o= <t
AalElo] 7h= AL BRI 4 QU @ AYoA SRE
o] F=7t F43) Mt F o] A7} HHskEE @ A
ol F5EAAE AR st @ AolA &
ZuplA o] ST ZAE ] Fgo] Zol7} 2.2° & =7}
SHFEGT &, SFIAAY] WAL A EHES) 2 W

=2 AT
Ao A2HEL 3 FHSIE BB} S22
Atk A 39Iet 4= 9lrk

INS 01]‘:]4 Aol thA] S7HAIX

a7

-

@)

A
\"?’C&\0
\Y)

LATITUDE

128894 128896 128898 1289 128902 128904 128906 128908

LONGITUDE
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Table 4. Target error depending on the misalignment
angle (under the assumption on 20 km
straight traveling)

Misalignr?ent 0.1 0.5 1.0 2.0 3.0
angle(®)
Targz;)error 34.9 174.5 349.1 698.4 | 1,048.2
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z,=0V+uv+A6T (1)
z,= —et+C'0—C'w, 0T )
‘in = anr 7(‘0 w:n (3)

Where, z, denotes velocity estimation equation,

z. denotes attitude estimation equation, A

denotes MINS

angular velocity, and 07 denotes time delay

denotes MINS acceleration, w,
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Fig. 10. Traveling data of the projectile
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12. The heading angle difference between the platform and projectile depending on transfer alignment
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