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ABSTRACT

With the rapid advancement of aviation technology, aircraft pipeline systems
face increasingly complex stress environments that demand higher installation
precision. Conventional stress measurement methods (e.g., ultrasonic testing, strain
gauge techniques) are often inadequate for aviation pipeline applications due to
spatial constraints and operational complexity. This study proposes a digital image
correlation (DIC)-based pipeline installation stress detection method, featuring a
compact quad-camera optical system for high-precision non-contact measurement.
The main contributions include:

(1) A comprehensive review of stress measurement techniques leading to an
innovative multi-camera array solution, utilizing prism assemblies to simulate
quad-view fields from a single camera, achieving superior measurement accuracy
(theoretical strain resolution: 8.8 pe);(2) Development of an integrated portable device
with 3D-printed housing incorporating prism modules, auxiliary lighting, and
adjustment  mechanisms;(3)  SolidWorks-validated  calibration  algorithms
demonstrating 0.455-pixel reprojection error and 0.097 um scale measurement error
after optimization;(4) Experimental verification showing 33 pe mean error (2.09%
relative) for 5025 aluminum alloy plates and 9.91 pe (0.59% relative) for 1Cr18Ni9Ti
stainless steel pipes when compared with strain gauge references.

The results confirm that this imaging system maintains comparable accuracy to
conventional methods while offering superior portability and environmental
adaptability, establishing a novel technical approach for aviation pipeline stress

monitoring.

KEY WORDS:Digital Image Correlation (DIC); Pipeline Stress Measurement;

Multi-Camera Calibration; Optical Path Design; Aviation Safety.
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Sub main ()

Call showtime

Dim bValue As Boolean
Dim pathStr As String
Dim camPathStr As String

pathStr = "D:\solidworksfiles\"
Dim angleOrDist As Integer
"INAE

"2 RS

angleOrDist = 1

Const pi As Double = 3.14159265358979

Dim index As Integer

index = 0

Dim ii As Double, jj As Double, kk As Double ' XY 75 A

Dim xx As Double, yy As Double, zz As Double 'xyzHifif%

Dim iirange As Double, jjrange As Double, kkrange As Double '¥%
piR(EA=H

Dim xxrange As Double, yyrange As Double, zzrange As Double 'fi

21

=

iirange = 0.95: jjrange = 15: kkrange = 0 '#ffi
xxrange = 0.8: yyrange = 1.2: zzrange = 2.1 '"fif

For xx = -xxrange To xxrange Step 2 * xxrange
For yy = -yyrange To yyrange Step yyrange
For zz = -zzrange To zzrange Step zzrange
Call ModifyAngleAssembly (2, "BiZEx", 0.001 * (0 + x
x + MyRnd (-0.1 * xx, 0.1 * xx)))
Call ModifyAngleAssembly (2, "HiZz", 0.001 * (-4.6
+ zz + MyRnd(-0.1 * zz, 0.1 * zz)))
Call ModifyAngleAssembly (2, "B ZEy", 0.001 * (0 + y
y + MyRnd(-0.1 * yy, 0.1 * yy)))
bValue = RenderAndSaveFourCamera (Num2Picturename
(index), pathStr)
index = index + 1
Debug.Print "Z" & index & "FKK"
Next zz
Next vyv

Next xx
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For ii =1 To 4 Step 1
Debug.Print "FEFIBITLER"
Next i1

Call showtime

End Sub
Misk A BIESERHNKE
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Bf3% B
Sub Modifyfast ()
VIR My 2 00 FE DL S xy 2 5 £
Const pi As Double = 3.14159265358979
Dim angleOrDist As Integer
"IN
"2 NEEE

Dim ii As Double, jj As Double, kk As Double ' XY 25l # A

Dim xx As Double, yy As Double, zz As Double 'xyzHifiif%
ii = 0: jj = 0: kk = 0 '®A

xx = -1: yy =2: zz = 4.6 - 2.5 '"fUiFxx = 1.48: yy = 18
angleOrDist = 1

Call ModifyAngleAssembly(angleOrDist, "fi/¥x", ii * pi / 180)
Call ModifyAngleAssembly (angleOrDist, "f/Zy", jj * pi / 180)
Call ModifyAngleAssembly (angleOrDist, "z, kk * pi / 180)
angleOrDist = 2

Call ModifyAngleAssembly(angleOrDist, "EAEx", 0.001 * xx)
Call ModifyAngleAssembly (angleOrDist, "EEEy", 0.001 * yy)
Call ModifyAngleAssembly (angleOrDist, "EiEz", 0.001 * zz)

End Sub
ik B IRIEE DR #
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