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Abstract The fuel oil/heat exchanger installed in military aircraft is a device that cools the lubricant oil
supplied to other devices, such as an AMAD, and a hydraulic pump using the low temperature of the
fuel is cracked at the AMAD lubricant inlet port. If a crack in the heat exchanger occurs, the lubricant
oil supplied to other equipment is not cooled. Therefore, the flight can no longer be performed. In this
study, non-destructive inspection and microscopic examination of the fracture surface of the oil port
were performed to analyze the crack tendency. The oil pipe connected to the oil port is a titanium pipe,
which is fastened with over torque and has been identified as the leading cause of heat exchanger oil
port cracks. In addition, it was verified as the main reason for cracking by finite element analysis. The
material and diameter of the pipe were changed to improve this defect, and the applied torque was
adjusted. In addition, the bending value of the pipe was adjusted to minimize the fatigue accumulation
due to pulsating pressure. As a result, no cracks occurred on the heat exchanger via the ground test after

the installation of an improved pipe under the same conditions.
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Table 1. Characteristics by analysis type

. 1. Crack position of Heat exchanger

Contents Characteristic Check Point
Visual X ; i
. - Visually Check, Low Cost, Simple - Check for crack in heat exchanger (Cracked or not)
Inspection
Fluorescent - Type of dye penetrant inspection L R
Yp y. .p P L - Examination for tendency of cracks and direction of
Penetrant - Highly sensitive fluorescent penetrant is ideal for X
. | i crack growth in heat exchanger
Inspection even the smallest imperfections
Micro - Examination for heat exchanger's direction of crack

Examination - At high magnification (x20~2000)

growth and progression at x30 magnification for
crack surface

Finite
- Method for solving problems of engineering and
Element ;
mathematical models
Method

- Impact in heat exchanger when installed titanium
tube

- Check location of damage in heat exchanger when
installed titanium tube
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Fig. 3. Micro analysis results(x30)
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Casel
- Tube Material change(Ti — Al)
- Port Stress : 14~31 % |

Case2

- Tube Material change(Ti — Al)

- Diameter decrease(0.625 in — 0.5 in)
- Port Stress : 44~56 % |

Case3

- Tube Material change(Ti — Al)

- Diameter decrease(0.625 in — 0.5 in)
- Path change (2 bend — 3 bend)

- Port Stress : 47~72 % |

Cased

- Tube Material change(Ti — Al)

- Diameter decrease (0.625 in — 0.5 in)
- Path change (2 bend — 4 bend)

- Port Stress : 71~89 % |
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Table 2. Frame Work of Improvement process

Main Issues Considerations for Improvement Final Improvement
Heater ® What is maximum torque of heat exchange AMAD port
Exchange ® Can the tube withstand the applied torque?
Over
T ® What is material of tube and fitting?
orque
Tube & i
Fitti ® [s it easy to mount?
itting ® Tube Material change
® [s there excessive torque during install? (Involve fitting)
> .
Heater ® [s it easy to install tube and fitting? ® Tube Diameter change
- ® Tube Path change
Exchange ® s alignment easy for tool application?
Mis
Align ® Do I need to use a backing wrench?
Tube & . .
. ® s there excessive torque when mounting?
Fitting
® s there any pressure loss when changing tube?

Table 3. Requirements of Improvement for change torque value

Contents Requirement Original tube Improvement
Torque for Install Max 240 in-lbs 570~630 in-lbs 210 in-lbs
Material N/A Titanium Tube Aluminium
Diameter N/A 0.625 inch 0.500 inch
s : 4

Table 4. Tube port stress interpreted results - By Load direction

Tube Stress (ksi) Port Stress (ksi)
Option | Stress/4
FWD AFT RH LH Up Down FWD AFT RH LH Up Down
Stress 56.8 55.4 44 45.7 20.2 21.4 29 323 20.8 23.2 7.85 6.58
Original
4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Stress 38.9 37.5 29.8 31.4 14.1 15.4 21.6 24.9 17.9 16 6.3 5.39
Case 1
4 =32% | -32% | -32% | -31% | -30% | -28% -26% -23% -14% -31% -20% -18%
Stress 313 28.6 22.5 24.9 104 8.78 14 16.2 11.6 10.2 4.07 3.4
Case 2
4 -45% | -48% | -49% | -46% | -49% | -59% -52% -50% -44% -56% -48% -48%
Stress 29.5 32.7 30.8 27.6 15.1 13 11 9.04 9.31 9.68 3.35 3.52
Case 3
4 -48% | -41% | -30% | -40% | -25% | -39% -62% =72% -55% -58% -57% -47%
Stress 17.8 18.1 10.5 9.46 8.05 7.34 5.32 479 2.23 2.69 1.97 19
Case 4
4 -69% | -67% | -76% | -79% | -60% | -66% -82% -85% -89% -88% -75% -71%

* 4 : Original / Stress decrease
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Table 5. Pressures drop test Analysis results

Contents T’ Tube H/X Total Requirement Interpreted Value
P (paid) (paid) (paid) Flow (GPM)

Requirement N/A 60 10 N/A

Before 15.64 189 3454 Up to 10
Improvement 175°F

N/A

oo er 2064 189 39.54 Up 1o 10
mprovement
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Table 6. Pass/Fail Fuel Inflow Criteria

No Internal Fuel Inflow

Internal Fuel Inflow
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Table 7. Function Check Process

Function Check

1. APU GMM - AMAD rpm : 53%
2. APU GMM - AMAD rpm : 53%

3. Main Engine Run - AMAD rpm : 63.5 ~ 80%

1 63.5%

4. Main Engine Run - AMAD rpm
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GMM % Azl
< Fstgen, dx

299 I8 2

[

Table 8. MAX AB Check Process

Max AB

Power on — IDLE — 80% — MIL—
Max AB — IDLE

AMAD Oil Slight Glass

244 By HA

337) A4Ad T B2 AY(Ramp Taxing §4E
Pargonl, AT of Table 99} Zo] Solt
| Qs A elg 4 gl

by

o0

170

Table 9. Ramp Taxi Process

Function Check

—

. Left and Right 12°, 40°, 90°, 180° Turning @ 5~

10 Knots
2. Left and Right 360°, Minimum Radius Turning
@ 5 Knots
First
Check
1. Left and Right 12°, 40°, 90°, 180° Turning @ 5~
10 Knots
2. Left and Right 360°, Minimum Radius Turning
@ 5 Knots
Second
Check

245 EE S0
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ANE A3 WA 2 Y 5 &4 0 2aE A2 3l
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Table 10. Final Visual Check

Before the test

w
P

After the test
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Table 11. Result of before and after of improvement

Before Improvement

After Improvement

- Bxcessive torque value applied to heat exchanger by installed
titanium tube

- Heat exchanger cracks due to excessive torque

- Fuel inflow into AMAD due to heat exchanger crack

- Installing torque value by changing pipe material, diameter and

path

- Preventing excessive torque values applied to heat exchanger

by installed aluminium tube

- No crack of heat exchanger after ground and high speed taxing

test
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