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The Vibration Effect by Induced Pulsation Pressure to the Fatigue
Crack of the Dampener Fitting Welding Zone
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Abstract Aircraft can often be exposed to a variety of environments and vibrations such as engine, hydraulic pump,
aerodynamic force. These may cause cracking and destruction of the mechanical structure and sub-components by
high-cycle fatigue. The axial piston type pump which is usually applied to the aircraft hydraulic pump can be
necessarily accompanied by the fluid pulsation by continuous rotation of the axial piston. The fatigue crack was
identified at the dampener fitting welding zone to prevent vibration damping during the running of aircraft equipped
with this type of pulsation hydraulic pump. In order to understand the root cause of this matter, fracture and
component analyses were carried out and also integral type dampener fitting was applied to prevent recurrence of the
crack as a subject of design improvements. Structural integrity stress analysis, fatigue analysis, qualification test and
aircraft system equipped test was conducted to verify the design validity in application to integral type dampener
fitting. The test results were sufficiently satisfactory with the demand lifetime of the material from the various types
of test as conducted and the subject of design improvement in this study could be objectively evaluated that shall
be applied to the operational aircraft.
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Fig. 1. The helmholtz type resonator
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Fig. 7. Occurred crack position on dampener
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Table 1. Reference values for comparing welding joint
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(h,) N h,l
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Fig. 14. Appling location of integral type mechanical
manufacturing process

Table 2. Specification of dampener fitting material

Classification Property

Material 17-4 PH Stainless Steel
Yield Stress 125,000 psi
Ultimate Stress 145,000 psi
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Table 4. Results of fatigue analysis
- Condition Symbol Results
11 Operating Omax 17,042 psi
I Pressure nf 216
3,000 psi
Max. Stress (3,000 psi) M.S. 1.16
Variation Omax 18,746 psi
Pressure X 1.97
(max 3,300 psi) 77f
M.S. 0.97
| 2 Variation Omax 21,085 psi
* Pressure + n 1.75
Vibration(40 G) /
(Sys a) M.S. 0.75
- 712 10° cycle® 283192 Wl Fatigue Factor of
Safety”} 1.752.2 1 o9 < 7143, Margin of

Max. Stress

(Sys b)

Fig. 16. Maximum stress occurred position of System
A, B Dampener considering the condition of
variation pressure, vibration and dampener
ball weight

Table 3. Dampener fitting values for modeling

Symbol Means Value
T i Inner Radius 0.452 in
T 0 Outer Radius 0.540 in
pi Inner Pressure & mlo'ogj g:) psi
(o2 t Transverse Stress &171’;);;1 6p S;Si
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S
=

A8l K Surface factor, K+ Size factor, K &

Loading factor, K;+= Temperature factor, A +

Reliability factor, &= Miscellaneous factor ojt}, 2L

wA14)5 Faskd K = Eq. 42 78 5 UL 0.722

7} 5, S, 145,000 psi, a= 2.7, b -0.265% 2
PAA A2 g5 Aot}

K,=a*s), , Eq. 4

K& 3|HEHA] a1 &o] 1l T 4 JHY FE
Size Factor®]™, &4 Eq. 59 #Zth

K, =0.879%d "7 | Eq. 5

o714, di= 0] elFoln B =29 Fitting 217
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= 3,000 psioll Al -8+ Fatigue Factor of Safety<] I
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St A/B A Dampener 7} 271¢} 357] 43 A&
2% 5 A/B 71§ Dampener Z} 171E A &8k 91
SARY FEE a7k 2AT AFHdaA 24
&4 ER1E 98k s Al3(Vibration Test), 4t
2 FA4g 7l Wl 727 EdE ERls flg

Table 5. Results of fatigue factor of safety(in case of

3,000psi)

Symbol Meaning Value
S Ultimate Stress 145,000 psi
Om Mean Stress 8,521 psi
g, Alternate Stress 8,521 psi
S, Usable Endurance Stress 18,732 psi
n i Fatigue Factor of Safety 2.16
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Welding Type Dampener Ground Test
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