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Abstract This study examined the defect characteristics of fuel flow proportioner-mounted structures to
analyze the causes of structural defects during aircraft operation. System vibrations and single
component vibrations that occur during aircraft operations are usually the cause of structural defects.
The fuel flow proportioner causes a defect in the support structure due to the vibration caused by the
pressure change caused by the sudden increase in the flow rate. Defects in the support structure of the
fuel flow proportioner are not correlated directly with the cracking of the maneuver, and flight time
according to aircraft operation analysis is related to the use of A/B. The structural reinforcement
configuration was confirmed through static and life analysis of the cracks of the bracket mounted under
the fuel flow proportioner for improvement of the defect. An analysis of the reinforcement revealed a
minimum structural strength of +0.15. Structural life analysis confirmed that the stress acted on the site
under 15Ksi. The fatigue life was confirmed to be more than 7,700 Cycles.
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Fig. 1. Process of Cause Analysis

Table 1. Summary and Definition of Process

Process Summary and Definition

Structure Defects Aircraft Structure Fault Occurred

Location and
Problem

Identify Defect location and Defect
Phenomena

Install Analysis |Analyze Install Design to Review Load Flow

Feature Analysis Analysis of Fracture Faces on Crack

Vibration Causes and Characteristics of

Vibration Analysis Installed Trems

Correlation Analysis of Defects according to

Operating Analysi
perating Analysis Aircraft Operating Conditions

Aircraft Ground Operation Test Pre-Load
Analysis

Ground Test
Analysis

Vibration and Stress Analysis on Installed
Structures Subjected to Aircraft Flight
Conditions

Flight Test Analysis

Defect Cause Identify the Cause of the Install Structure

Identificaion Defects
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Fig. 2. Location and Feature of Defect
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Fig. 3. Install Configuration of FFP
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Table 2. Crack Caused Aircraft

Defect Occur Aircraft

Type | Counts
Aircraft Number Counts | Total
A-1 48 |#001, #002, #010, #016, #048 5
A-2 10 |- 0
A3 | 2p [FO03. #064, #069. #073, #074) | | 18
#075, #076, #079, #080, #082
A-4 60  |#001, #002 2
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Fig. 7. Operating Time Analysis
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Fig. 8. A/B Using Time Analysis on A-3

Table 3. A/B Using Time each Aircraft Type

Type |Average Flight Time (Hr) ngzri‘%;:/(flr)
A-1 810.82 2.77
A-2 742.61 21.68
A-3 511.63 17.05
A-4 641.92 7.19
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Fig. 9. Configuration Definition and Ground
Pre-Load Test
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Fig. 10. Strain Gage Install Location
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Fig. 11. Gage Change on Engine Run
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Fig. 12. Gage Change on Flight Test using A/B
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Fig. 13. Vibration Gage Change on A/B
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Fig. 14. Gage Change on Flight Operation
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Table 4. Total Analysis of the Causes of Defects

Process Results of Analysis

Fatigue Defects by Repeated Loads

FFP Vibration Caused by Flow
Rate Change

Feature Analysis

Vibration Analysis

Aircraft Operating Analysis Shows
Defects in Aircraft with More A/B
Compared to Flight Time

Operating Analysis

Ground Test Pre-Load in Aircraft Ground Operation is

Analysis Not Affected by Defects
. Flight Tests Confirm Structural Defect Effects
Flight Test
) through Stress Changes
Analysis

Resulting from the Use of A/B

Identify the Cause of the Install
Structure Defects

Defect Cause
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Fig. 15. Configuration of Structure Fitting
(a) Before Change (b) After Change

ARGERII(FFP) Ad FEE] 27 F4ol o
3o} Fig. 169 o] BAsle] T2 AL AFsL

A ek,

Venhication &l Sructural
Heabth in [nproved Shape

; Shr e | ik Avsewar el
Irp anakpring tHee Sirean of the
Load Cycle on the delect Pars

i
y
.

Fig. 16. Verification Process of Structure Health

femsity blind o Maign of
wrartora Sresgth through
Sructaral Staike Arabpus

2.10.1 74M

7R @ 4ol thote] Table 69} 2ol HHs| A3t +
AL FHa mhzlo] +0.158 F& AR ool =
= sttt AAML 571 871855 A=
SERH7|(FFP) A2+ o5(Inertia + Proof Pressure)
z708 353t} of#9] Table 53t Zo] B3
Aol gt gAsi4 At} Table 69 Zo] & WY
T37) B FAdoll tigt BA-sA Axtol] gk H4 vt
Z1& HlwshH JRAGAe] thet SRS RS Rl

ATk,

S E T

[

Py
e

564

Table 5. Results of Static Analysis Before Fitting

Failure Margin of

Name Load Case Mode Safety
Inertia(UP 15G) von-Mises +0.10

Bulk . Fastener
head Inertia(FWD 15G) Strength +3.43
Inertia(FWD 15G) Bearing +1.01
Inertia(UP 15G) von-Mises +0.44

FFP A Fastener
Bracket Inertia(FWD 15G) Strength 343
Inertia(FWD 15G) Bearing +1.17

Table 6. Results of Static Analysis After Fitting

Failure Margin of
Name Load Case Mode Safety
Inertia(FWD 15G) von-Mises +0.15
Bulk Inertia Fastener +8.65
head (FWD 4.5G UP 6.75G) Strength i
Inertia(UP 15G) Bearing +5.15
Inertia(UP 15G) von-Mises +0.47
FFP . Fastener
Bracket Inertia(UP 15G) Strength +9.91
Inertia(FWD 15G) Bearing +6.69
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Table 7. Defect Aircraft Operating Situations

. Load Cycle
Type Relations T'thg-; ) of A/B

metin Operating

A-1, #10 Flight Time 1,247 5,727,568

A-3, #82 A/B Operating 2,262 1,024,974
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Fig. 17. Best-Fit S/N Curves for Unnotched,
2024-T3 aluminum Alloy Sheet

Table 8. Results of Life Analysis Before Fitting

After Applied Stress Fatigue Life
Name Burner (psi) (Cycle)
Bulkhead On 18,579 6.5E+06
FFP Bracket On 15,887 6.0E+07
|
| |
=

(a)

b

Fig. 18. Analysis Fatigue Life Before Fitting
(a) Bulkhead (b) FFP Bracket
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Table 9. Results of Life Analysis After Fitting

After Applied Stress Fatigue Life
Name Burner (psi) (Cycle)
Bulkhead On 4,249 »1.00E+08
FFP Bracket On 14,883 »1.00E+08
o =]

(a)

Fig. 19. Analysis Fatigue Life After Fitting
(a) Bulkhead (b) FFP Bracket
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