SYE 6014 — Asset and Maintenance Management

Homework #1

Due: Sep. 16, 2026 by 5 PM (Please upload your solution to Canvas. Late submissions will not be
graded.)

Question 1 (70 Points)

Determine the location of the AE source (crack) in a metal plate for the following inputs:

Sensor | Sensor 1 (x4, y1) Sensor 2 (X, Y2) Sensor 3 (X3, ys) \"/ ti (ms) | t; (ms) | t3 (ms)
(m, m) (m, m) (m, m) (m/s)
Value (0.1, 0.1) 2, 2) (0.1, 3) 4500 0.42061 | 0.26440 | 0.47365

Question 2 (30 Points)

Please compare the Ultrasonic technique with the Eddy current technique on detecting a fatigue crack
on a rivet hole at a maintenance depot in a typical commercial aircraft for:

e (a) physical working principle and procedure
e (b) accuracy
¢ (c) time to perform
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B%0: V =4500m/s; S1(0.1,0.1). S2(2,2). S3(0.1,3); t; =0.42061ms, t, = 0.26440 ms, t3 =
0.47365 mso
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2. RBH vt
i Z=E2% (. y;). m t;, ms V-t;, m
1 (0.1, 0.1) 0.42061 1.892745
2 (2, 2) 0.26440 1.189800
3 0.1, 3) 0.47365 2.131425
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3.FIH =151
(x—0.1)% + (y — 0.1)® = (1.892745 + k)* (1)
(x—2)% + (v — 2)? = (1.189800 + k)? (2)

(x—0.1)%+ (y —3)? = (2131425 + k)?* (3)
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o (x—-0.12=x*-02x+ 0.01




e (y-01)?%=y*-02y+0.01

o x-22=x"-4x+4

o (y-22=y*-4y+4
MURET, FAH X y*> EABHOH, ®IT:
(-0.2x + 0.01 - 0.2y + 0.01) — (~4x + 4 — 4y + 4) = (~0.2x + 4x) + (~0.2y + 4y) + (0.02 - 8) = 3.8x + 3.8y
- 7.98
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d12 - d32 =Vt + k)z -(Vt3 + k)2 =(V t1)2 + 2Vt k+ k? - (v t3)2 + 2Vt k + kz] =(V t1)2 -V t3)2 + 2kV(t1 -
t3)
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d; =1.702945m, d,=1.000000m, d3=1.941625m
y = (d% — d3% +8.99) /58 =1.400m

x+y=(d?—dy?+7.98)/38=2.600m = x=1.200m

ZFE: (x,y) = (1.200, 1.400) m
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e FS2: V(0.8%2+ 0.6% = 1.000 m, 5 d, = 1.000 m /8% v/

e F|S3: v(1.12+16%) =1942m, 5d;=1942 m#HFF v

o BFEIEZI: di - do = V(t; - t,) = 0703 m; dy - ds = V(t, - t3) = —0.942 m v
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BF (J"X) Please compare the Ultrasonic technique with the Eddy current technique on
detecting a fatigue crack on a rivet hole at a maintenance depot in a typical commercial aircraft for:
(a) physical working principle and procedure; (b) accuracy; (c) time to perform.
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PPT [EX (ZEREIKIE, Lecture 1p.16-17)

p-16 Non-Destructive Testing (NDT) techniques are crucial in the aerospace industry for ensuring
the integrity and safety of components and structures without causing damage. ... 1. Ultrasonic
Testing (UT) 2. Radiographic Testing (RT) 3. Eddy Current Testing (ECT) 4. Magnetic Particle Testing
(MT) 5. Liquid Penetrant Testing (PT) 6. Thermographic Testing (TT) 7. Acoustic Emission Testing
(AET) 8. Shearography 9. Structural Health Monitoring (SHM)... Each method has its specific
applications, advantages, and limitations, making it important to choose the appropriate technique
based on the material, defect type, and inspection requirements.

p.17 Eddy Current Testing (ECT) * Description: Employs electromagnetic induction to detect
surface and near-surface defects in conductive materials. « Applications: Inspecting aircraft
skins, detecting cracks and corrosion in metal structures, and evaluating heat treatment conditions.
« Advantages: Sensitive to small cracks and defects, rapid inspection, and no need for
contact with the material.

p.17 Ultrasonic Testing (UT) * Description: Uses high-frequency sound waves to detect
internal flaws or characterize materials. « Applications: Inspecting composite materials, detecting
delaminations, voids, and cracks in metal structures, and evaluating bond integrity in bonded




joints. « Advantages: High penetration depth, accurate detection of subsurface defects, and
capability to measure material thickness.

=B AN PPT FE (BRI XRITENAT)

o (a) [RI2 - & 7574 Description; i#E — Applications + Advantages (ECT B9 "no need for contact"

RECHHLAE. TRRET).
¢ (b) ¥8FE - Advantages: ECT "sensitive to small cracks and defects"; UT "accurate detection of
subsurface defects"s
* (c) #BF - Advantages: ECT "rapid inspection"; UT RL4ARE, BE"FER/MNEE"HFROIEHZ R
HEEIT S,

Solution — Question 2 (English, quoting the PPT wording)

(a) Physical working principle and procedure

Working
principle

Procedure at
a rivet hole

(a) FEREDIF

Ultrasonic Testing (UT)

"Uses high-frequency sound waves to detect
internal flaws or characterize materials."

The probe is coupled to the skin (couplant
required) and the beam is scanned around
the rivet; echoes from the crack are analysed

(PPT: "detecting ... cracks in metal structures").

English (PPT wording)

"Uses high-frequency sound waves to detect internal flaws or characterize

materials."

"Employs electromagnetic induction to detect surface and near-surface

defects in conductive materials."

The probe is coupled to the skin and the beam is scanned around the

rivet; echoes from the crack are analysed.

A bolt-hole probe is inserted into the rivet hole and scanned; "no need for

contact with the material".

(b) Accuracy

Eddy Current Testing (ECT)

"Employs electromagnetic induction to detect
surface and near-surface defects in conductive
materials."

A bolt-hole / rotating eddy-current probe is
inserted into the rivet hole and scanned;
there is "no need for contact with the
material", and no couplant is required.
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e ECT — "Sensitive to small cracks and defects"; the method targets "surface and near-surface defects

in conductive materials". A rivet-hole fatigue crack initiates at the bore surface of the aluminium



skin, which is exactly this case (PPT Application: "Inspecting aircraft skins, detecting cracks and
corrosion in metal structures"), so ECT gives the higher sensitivity and repeatability.

e UT — "High penetration depth, accurate detection of subsurface defects, and capability to measure
material thickness." It is better suited to internal / volumetric defects and composite laminates; for
a small surface crack at a hole edge its sensitivity is lower.

(b) FEREDF

English (PPT wording) 223§ 0]

"Sensitive to small cracks and defects" ... "surface and | FVHEYFNERIEREY.... SR T SHEMENRE/FRE
near-surface defects in conductive materials" ... RbaE..... N BETNER. BRSSP
"Inspecting aircraft skins, detecting cracks and 5@, sTARSGETRRILERE, ERLT,
corrosion in metal structures." W ECT EXR. EEMFLF,)

"High penetration depth, accurate detection of EEREKX. seEMICNRRERRME, HrTUEMEE
subsurface defects, and capability to measure material | . (BiEBSREF/AIREERESE SR, WFLIERN
thickness." BT BERR.)

(c) Time to perform

e ECT — "rapid inspection": each hole is scanned in seconds, so a full rivet row is fast, which suits
depot-level scheduled inspection.

e UT — the PPT gives no speed statement; because a couplant and point-by-point scanning are
needed, inspection is slower and more operator-dependent.

(c) MEREMZF

English (PPT wording) Fh3C3TER

"rapid inspection" PRIFGN: SFLEFTER, BHETRIR, &
BHEEMGITIOE,

The PPT gives no speed statement; a couplant and point-by- PPT RA{EHE, AEREFTSZERAE, B

point scanning make it slower. 8. BRBUREELRR,

Conclusion. Following the PPT selection rule — "choose the appropriate technique based on the material,
defect type, and inspection requirements" — a surface / near-surface fatigue crack at a rivet hole in
conductive aluminium is best detected by ECT (sensitive and rapid); UT is preferred for subsurface /
volumetric defects and composite structures.
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IRFRENXIE (Lecture 1 - NDT Techniques in Aerospace Applications p.16-17)




e UT: ‘uses high-frequency sound waves to detect internal flaws"; flLs= "high penetration depth, accurate
detection of subsurface defects, capability to measure thickness",

e ECT: "employs electromagnetic induction to detect surface and near-surface defects in conductive
materials"; NZFB "Inspecting aircraft skins"; ffLs "sensitive to small cracks and defects, rapid inspection,
no need for contact",
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o AEFBARE: WEh I tRPERRMAVSEMER; BESLEIRS T, = t; + const; BEE d = V-T; HEIRE V
= D/At ; EfIFEREE CEERIREE), /LA LRWNEER R,
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e NDT 5 SHM BIXF! (Lecture 1p.18): 45 NDT SEATL. B#l. EMA; SHM BAREEEMLE + B5h
b + FLRUEM. R R ALEN,



