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This article studies in detail the method of cold extrusion annular grooves to solve the problem
of aircraft fatigue life extension that reduces the fatigue life of aircraft wing panels due to
functional holes. This method is a very simple and effective anti-fatigue manufacturing
technology. In order to simulate the different wing panels with functional holes, the experiment
is designed to extrude the specimen with different extrusion forces to obtain annular groowves of
different depths. Fatigue tests are conducted on specimens with annular grooves. The test
results show that: 1) Cold extrusion annular grooves can extend the fatigue life of wing panels
with functional holes; 2) The fatigue life of wing panels with functional holes is affected by the
depth of the cold extrusion annular groove. The fatigue life changes in an inverted "V" shape as
the depth of the cold extrusion annular groove increases; 3) When cold extrusion annular groove
depth is 0.26mm, the fatigue life of specimen with holes is maximum, and the fatigue life is
increased by 2.35~32.9 times when specimen thickness is 5 mm.
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1. Test speciement

In order to obtain more load space, modern aircraft usually adopt a compact
structural layout. Since there are many structural components on the aircraft, in order
to ensure the reasonable installation of each structure and efficient use of space, itis
necessary to create some functional holes. For example, in modern transport aircraft,
almost all fuel is stored in the wings. The requirements for reliable operation of the fuel
system do not always coincide with the "interests" of wing design. In order to ensure
the normal supply of aircraft fuel, some functional holes must be made in the panels of
wings. However, the cutouts and functional holes in the stretched wing panels will
inevitably lead to damage to the structural fatigue life of the aircraft wing. Figure 1
shows part of an aircraft frame structure with functional holes [1].

drain holes

Fig. 1. Aircraft frame structure with functional holes

22



Bigkputi iHdopMaLiiHi Ta KOMN'tOTEPHI iHTerpoBaHi TexHonorii, Ne 99, 2023

A large number of studies have shown that the residual stress field generated
by the cold extrusion strengthening process can effectively reduce the tensile stress
caused by external loads, improve fatigue strength, and effectively reduce the stress
intensity factor at the crack tip, which will slow down the expansion rate of fatigue
cracks and significantly improve the fatigue life of the connector [2-3]. For aircraft wing
panels, Kiva et al. [4] proposed a method to extend the fatigue life of components with
holes through cold extrusion arc grooves, and verified it through experiments. The
fatigue life of the strengthened specimen can be increased by more than 3.5 times.
Sun et al. [5] deeply explored the impact of the depth and angle of cold extrusion arc
grooves on the improvement of component life. For specimens made of material D16T,
the best fatigue life can be obtained by extruding a 0.3 ,kirmm deep, 120° arc-shaped
groove.

This article draws on the research methods of kiva, Sun and others to propose
a method of cold extrusion annular groove to improve the fatigue life of panels with
functional holes. This method is to make an annular groove on the edge of the hole in
the component through cold extrusion, so that plastic deformation occurs around the
hole and thereby generates residual stress. This residual stress can offset the tension
of the component. Or the stress damage generated during pressing can achieve the
purpose of extending the life of the component. In order to verify the correctness of the
method of cold extrusion annular groove improving the life of panels with functional
holes, the following test was carried out for verification.

The specific parameters of the test specimen are shown in Figure 2, and the
actual object is shown in Figure 3.
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Fig. 2. Specimen

23



Bigkputi iHdopMaLiiHi Ta KOMN'tOTEPHI iHTerpoBaHi TexHonorii, Ne 99, 2023

The three holes in the middle of the specimen are simulated functional holes.
The total length of the specimen is 300 mm, the center width is 48 mm, and the
thickness is 5mm. The functional hole is located on the central axis of the specimen,
with a hole diameter of 8 mm. The center distance between holes is 32 mm, and the
tolerance level of functional holes is H7.

The test specimen is made of 6061 aluminum alloy plate. The main performance
parameters of 6061-T6 aluminum alloy are shown in Table 1. 6061 aluminum alloy is
one of the most popular duralumin alloys in the shipbuilding, aviation and aerospace
industries. It has good formability, weldability and machinability, and is widely used in
the production of aircraft skins, fuselage frames, beams, rotors, propellers, fuel tanks,
wall panels and landing gear struts, as well as rocket forging rings, spacecraft
Spaceship siding, etc.

Table 1
The main parameters of materials
. : Young's Ultimate Yield Poisson's
Materials Density Modulus Strength Strength Ratio
6061-T6 | 2700 (kg/m3) | 71 (GPa) 310 (MPa) 276(MPa) 0.33
30CrMnSiA | 7900(kg/m3) | 206 (GPa) | 1080 (MPa) 835(MPa) 0.3

2. Cold extrusion

In order to obtain annular grooves on the specimen, the cold extrusion die was
designed. The cold extrusion die is made of 30CrMnSiA. The main performance
parameters of 30CrMnSiA are shown in Table 1.

The cold extrusion die is divided into an upper extrusion die and a lower
extrusion die. Actual product is shown in figure 3. The two-dimensional drawing is
shown in figure 3, and the. Use a depth gauge to measure the height of the annular
punch of the upper extrusion die to be 0.33 mm, and the height of the annular punch
of the lower extrusion die to be 0.34 mm.

Fig. 3. The cold extrusion die
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Fig. 4. Two-dimensional dimensional drawing of the cold extrusion die
a) The upper extrusion die b) The lower extrusion die

The specimen extrusion equipment is the WANCE universal testing machine,
which can output a maximum extrusion force of 1000 kN. The specimen extrusion site

is shown in Figure 5.

Fig. 5. WANCE universal testing machine

The test steps for extruding annular grooves on the specimen are as follows:

1) Place the specimen in the groove between the upper extrusion die and the
lower extrusion die, adjust any functional hole on the specimen to align with the
positioning piles on the upper extrusion die and the lower extrusion die;
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2) Place the extrusion die with the specimen installed in the center of the lower
extrusion table, and adjust the upper extrusion table to contact the extrusion die;

3) Set the testing machine parameters: extrusion speed and extrusion force;

4) Click Start to extrude the specimen to obtain the extruded annular groove;

5) Remove the specimen from the cold extrusion die;

6) Repeat steps 1 — 5 to obtain the annular grooves corresponding to the other
two functional holes on the specimen.

The upper and lower dies are squeezed by a universal testing machine to obtain
a specimen with an annular groove in the extrusion test, as shown in Figure 6.

Fig. 6. Specimen with annular grooves

The specimens are extruded with extrusion forces of 0, 20 kN, 40 kN, 60 kN,
80 kN and 100 kN respectively. Use a depth gauge to measure the depth of the annular
groove formed by extrusion of the specimen, as shown in Figure 7. Measure three
different places and average the results to obtain the results in Table 2 below.

Fig. 7. Measuring the depth of the annular groove
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Table 2
Annular groove depth of specimen
. Extrusion |Squeeze . Average
c\c/nvnc:jril:ilgr?s Specimen number speed force Extru(sr:qor:)depth extrusion
(mm/min) | (kN) depth (mm)
1 -0-1, -0-2, 1-0-3, 1-0-1, 1-0-2, 1-0-3 0 0 0 0
I-20-1, I-20-2, 1-20-3
2 -20-1 I1-20-2. [-20-3 1 20 0.06/0.07/0.05 0.06
1-40-1,1-40-2,I-40-3
3 [-40-1, T -40-2, T -40-3 1 40 0.13/0.14/0.13 0.133
I-60-1, I-60-2, I -60-3
4 I1-60-1, L -60-2, L -60-3 1 60 0.26/0.25/0.27 0.26
I-80-1, 1-80-2,1-80-3
5 I-80-1, T-80-2, T-80-3 1 80 0.31/0.32/0.33 0.32
I-100-1, I -100-2, I -100-3
6 1-100-1. -100-2. -100-3 1 100 0.33/0.34/0.33 0.333

It can be seen from the results of the extrusion depth of the specimen that when
the extrusion force is 0, 20 kN, 40 kN, and 60 kN, the extrusion depth increases linearly
with the extrusion force. When the extrusion force is 80 kN or 100 kN, the extrusion
depth of the specimen is close to the maximum height of the extrusion punch of the
cold extrusion die, and the extrusion depth remains basically unchanged. However,
the extrusion depth is slightly different due to the influence of extrusion force.

2. Fatigue test

During the test process, the test equipment used is the WANCE-100 model
fatigue machine, as shown in Figure 8. The fatigue machine can be used to
mechanically test metal samples, individual parts, through compression, tension,
longitudinal and transverse bending under static and cyclic loading. During the test,
different load forces are loaded on the specimen (the load on the wing component can
be determined according to the simplified segmentation method [6-7]) for fatigue
testing, the working frequency is 20 Hz, and 3 specimens are tested under each
working condition.

Fatigue testing machine

Fig. 8. WANCE-100 fatigue testing machine
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Under different working conditions, the fatigue life results of the specimens are
shown in Table 3, and the specimens after fatigue fracture are shown in Figure 9.

Table 3
Fatigue life of specimens
Workin . Workin Loadin : : Average
conditior?s Specimen number frequency,g HZ | force, k?\l Fatigue life fatigueglife
I-1 F0-1, F0-2, 1-0-3 20 80 5490/7408/21526 11474.7
I1-2 -20-1, 1-20-2, 1-20-3 20 80 19378/32771/27026 26391.7
I-3 -40-1, 1-40-2, 40-3 20 80 137795/105450/70923 | 104722.7
I-4 -60-1, -60-2, 1-60-3 20 80 379797/337384/415450 | 377543.7
I-5 -80-1, 1-80-2, 1-80-3 20 80 189778/178839/144559 | 171058.7
1-6 F100-1, F100-2, -100-3 20 80 176103/150050/115800 | 147317.7
I-1 I-0-1, 0-0-2, I-0-3 20 100 6086/5233/7800 6373
o-2 0-20-1, II-20-2, I-20-3 20 100 10545/11200/12020 11255
o-3 0-40-1, II-40-2, I-40-3 20 100 11912/15506/13033 13483.7
o-4 I-60-1, I-60-2, I-60-3 20 100 12388/17578/14996 14987.3
I-5 I-80-1, I-80-2, I-80-3 20 100 7408/12300/11053 8033.7
I-6 I-100-1, 1[-100-2, 0 -100-3 20 100 7063/10360/9043 8822

Fig. 9. Specimens after fatigue fracture

Through data processing, it can be obtained that the relationship between the
extrusion depth and the fatigue life of the specimen under a load of 110 MPa in fig. 10.
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Fig. 10. The relationship between extrusion depth and specimen fatigue life under
110 MPa loading

The relationship between the extrusion depth and the fatigue life of the
specimen under a load of 150 MPa is shown in Figure 11.

It can be seen from the results in Figures 10 and 11 that there are differences
in the fatigue life of different specimens under the same working conditions. This is
caused by factors such as differences in the material of the test piece itself, differences
in the processing technology of the test piece, and differences in the trial extrusion
process, which is a normal phenomenon. Therefore, the average fatigue life of three
specimens is taken to eliminate the influence of these differences.
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Fig. 11. The relationship between extrusion depth and specimen fatigue life under
150 MPa loading

Under different working conditions, the average fatigue life of the specimen is

affected by the extrusion depth of the annular groove. The fatigue life of the specimen
changes in an inverted "V" shape as the depth of the cold extrusion annular groove
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increases. When the depth of the cold extrusion annular groove is 0.26 mm, the fatigue
life of the specimen is the maximum, increasing the fatigue life by 2.35 to 32.9 times
times when specimen thickness is 5 mm.

3. Conclusion

1) 6061 aluminum alloy is a widely used aviation material. Fatigue tests on
specimens made of 6061 aluminum alloy can well reflect the mechanical properties of
aircraft wing panels.

2) For aircraft wing panels with functional holes, the fatigue life of the wing
panels can be improved by cold extruding annular grooves around the functional holes.

3) The fatigue life of aircraft wing panels with functional holes is affected by the
depth of the cold extrusion annular groove. The fatigue life of the wing panel changes
in an inverted "V" shape as the depth of the cold extrusion annular groove increases.
When the groove depth is 0.26mm, the fatigue life of aircraft wing panels with functional
holes is maximum, increasing the fatigue life by 2.35 to 32.9 times when specimen
thickness is 5 mm.

This method is simple to operate, easy to test, and has strong engineering
application value.
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BniiuB KijiblleBUX KAHABOK X0JIOAHOT0 O0THCKY HA TOBrOBIYHICTH
naHeJjgei Kpwia 3 QyHKIHiOHAJIbHIMH OTBOPaMH

Y cTaTTi AetanbHO OOChigKEHO METOA XOflo4HOro OBTUCKY KifbLEBMX KaHaBOK
ANa BUPIiLLEHHA MpobremMn noJoBXEHHS BTOMHOIO pecypcy fiTaka, WO 3MeHLlye
BTOMHUIA pecypC MaHesien Kpura nitaka 3a paxyHOK (PyHKUioHanbHUX OTBOpIB. Lien
METOA € AyXKe MPOCTO Ta e(PEKTUBHOK TEXHOSIONED BUIOTOBIIEHHS MPOTM BTOMM.
o6 imiTyBaTK pi3Hi naHeni Kpurna 3 QYHKUiOHANbHUMMKW OTBOpaMMW, E€KCMEPUMEHT
npu3HayeHnn ana obTUCKy 3paska 3 pisHMMK 3ycurmiiMu OBTMCKY Ot OTPUMaHHS
KinbLeBMX KaHaBOK Pi3HOI rMnMbvHM. BunpobyBaHHA Ha BTOMY NPOBOASATH HA 3paskax 3
KinbLUEBMMM KaHaBkamu. PesyrmbTatm BunpobyBaHb MOKa3yloTb, WO: 1) KifbUEBi
KaHaBKM XONOAHOrO OOGTUCKY MOXyTb MOAOBXWTU TEPMiH CrykOM naHenem Kpwuna 3
doyHKLiOHaNbHUM U oTBOpamMy; 2)Ha  [OOBFOBIYHICTb  MaHernenm  kpwia 3
dyHKLiOHaNbHMMM  OTBOpPaMKU BMfMBa€e rMMbuHA KiNbLEBOI KaHaBKM XOSIOAHOTMO
06TncKy. BTOMHa OOBroBiYHICTb 3MIHIOETLCA Y QOpMi nepeBepHyToi BykBu "V" 3i
30iNbLLEHHAM MOMHM KiNbLEBOT KaHaBKM XONOOHOrO0 OBTUCKAHHA; 3) KoM rrmvbuHa
KinbLEeBOI KaHaBKM XOSiogHoro oO6Tucky crtaHoButb 0,26 MM, BTOMHa AOBrOBiYHICTb
3paska 3 OTBOpaMM € MaKCMMarnbHOK, a BTOMHa AOBrOBiYHICTb 30irbLyeTbCA B
2,35~32,9 pa3u nNpu TOBUMHI 3paska S5 MM.

Key words: naHenb Kpura; yHKUiOHarnbHUA OTBIp; XoriogHe O6TUCKaHHS
KiflbLleBa KaHaBKa; EKCMEepPMMEHT; BTOMaA XUTTS.
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