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Abstract: The PTO (Power Take-Off) shaft for aircraft, with welded construction using multiple thin
membranes, was developed in the 1950s to improve the elasticity of the part. As it is lightweight, stable at
high speeds, and has good flexibility, it is used in most of the fighter aircraft. It connects the AMAD
(aircraft mounted accessory drive) gearbox with the EMAD (engine mounted accessory drive) gearbox and
transmits the rotational power between them. It operates in the high speed range of 10,000-18,000 rpm. In
this study, the safety of the PTO shaft made of Ti alloy was investigated using finite element analysis, and
the ability to transmit power was demonstrated through a high-cycle fatigue test conducted in a laboratory.
Further, the life of the ball joints of the aircraft under high-cycle fatigue test conditions was predicted, and
the wear characteristics were analyzed.
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Table 1 Material properties

. Elastic . Yield Tensile
Material modulus Density strength | strength
Maraging 7850 1724 1758
Steel(250) | 293 GPa | yo/m® | MPa | MPa
Titanium 4430 880 950

Alloy 114 GPa kg/m’ MPa MPa
ATS
Hyd. h-2
Pump (A) E PTO Shaht Im ENGINE
Hyd. o
Pump (B)
|nmn GEN.

Fig. 1 General arrangement of aircraft drive

mechanism
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Fig. 2 PTO shaft components
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Table 2 Design requirements for PTO shaft

Engine F404-GE-102
Static max. torque 1,356 Nm
Dynamic max. torque 125 Nm
Rated speed 16,810 rpm
Critical speed 21,000 rpm
Max. angular misalignment 2°

Fig. 3 Mesh of PTO shaft
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Fig. 4 Stress analysis in the high cycle fatigue test
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Fig. 5 Stress analysis in the static torque test
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Fig. 6 Test bench of high cycle fatigue test
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Fig. 7 Cooling circuit diagram for high cycle fatigue
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Table 3 Failure of PTO shaft during development

Primary Function Failure Failure
Components Modes Causes
Destruction Incorrect heat
Transmit treatment
PTO shaft o
sha power Vibration Mass unbalance
Noise Welding defects
Over-heat
Ball ioint Sl;,%?grt - Incorrect carbon
J Excessive material
shaft wear
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Table 4 High cycle fatigue test conditions

Rotational speed 16,810 rpm
Transmit torque 125 Nm
Angular misalignment 2°
Required test time 100 hours
- 55
18000 + Speed - -160
16000 140 5.0
Torque
4000 -BABATIAMADY PV AN A i |
- 45
g 12000 Destruction 100
g occurred “~a
5 10000 | |, =
§ -80§_ 4.0 é
f
(% 8000 . , Shaft runout = =
6000 L Y L 135
=

4000
3.0

2000 -20

o+—+—r—+—7+—+7r—"—1—"—1"—1T+—7r"—7r—"—740 25

0 20 40 60 80 100 120 140 160 180 200
Time(min)

Fig. 12 Failure sensing of shaft
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Fig. 13 High cycle fatigue test of PTO shaft

Fig. 14 Static torsional test rig
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Fig. 15 Hysteresis curve of static torsional test
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