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The assembly misalignment of a high maneuver precision guidance missile such as anti-air interceptor could have poor
influence on the performance of the system and lead to fatal mission failure. Thus, several methods to minimize the
assembly misalignment of missiles have been suggested, including assembly guiding tools and measuring devices.
However, previously suggested solutions have disadvantages in versatility and cost. In this study, the low cost and
universally applicable solution based on inclinometers for measuring assembly misalignment of a missile is introduced. The
comparison between measurement data of the suggested system and a three-dimensional laser tracker for a missile
assembly misalignment was conducted. The results show the suggested system can quantify a missile assembly

misalignment with comparable precision and accuracy.
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Fig. 4 Error for components assembling
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Fig. 5 Missile assembly

Table 1 Comparison of measured roughness data

Dimension Data (mm)

Missile Diameter 300

Section 1 Length 500

Section 2 Length 400

Section 3 Length 400

Section 4 Length 1500

Section 5 Length 400
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Table 2 Inclinometer general specification

Specification Data
Model TILTIX, AGS015-2-SV1-HO-ARW
Application 2-Axes position monitoring and leveling
Measurement range +15°
Absolute accuracy 0.01°
Resolution 0.001°
Fig. 7 Tool for error in a section and error between sections
measurements
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ol ’ Fig. 8 Tool for control fin assembling error measurements

5 0.20
2220 0.87
46.40 1.83

Fig. 6 TILTIX inclinometer (inch.)
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Table 3 3D laser tracker general specification

Specification Data
Model LEICA Tracker LTD 709

Maximum dimension

(Probe specification) 1390 m
Pitch : +45°

Measurement range Yaw : £45°
Roll : 360°
Resolution +0.025 mm

Table 4 Comparison between TILTIX and LEICA

Position Inclinometer Laser tracker  Difference
#1 0.45 0.31 0.14
Cantangle  #2 -0.04 -0.14 0.10
[°] #3 043 -0.40 -0.03
#4 0.49 0.30 0.19
#1 0.31 0.38 -0.07
Deployment 45 -045 -0.46 0.01
angle
[°] #3 -0.51 -0.57 0.06
#4 0.32 0.32 0.01
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Fig. 12 Measurement for an assembling error of control fins

Table 5 Comparison between TILTIX and IMU

Position Inclinometer Laser tracker Difference

#1 0.50 0.13 0.38

Cant angle #2 -0.29 -0.05 -0.25
[°] #3 -0.60 -0.13 -0.47

#4 0.46 0.05 0.41

#1 0.96 0.65 0.31

Deployment 4, 0.85 1.30 045

angle
] #3 -1.14 -0.65 -0.49
#4 -1.00 -1.30 0.30
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Fig. 14 Measurement for an absolute position of missile base

Table 6 Comparison between TILTIX and IMU

Position Inclinometer Laser tracker Difference

. Section 1 0.06 0.05 0.01

P Et‘]’h Section 2 -0.04 0.05 -0.09

Section 3 -0.04 0.05 -0.09

Section 1 0.07 0.05 0.02

?}V Section 2 -0.01 0.03 -0.04

Section 3 0.07 0.04 0.03
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