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A Study on the Quality Improvement of Aircraft Wiper Pivot Cracks

Jeong-Mi Seo*, Jeong-Mo Koo
Defense Agency for Technology and Quality
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Abstract The aircraft wiper system mounted on the windshield must ensure the pilot's line of sight in
heavy rain at flight speeds of up to 000 knots. A number of cracks in the wiper pivot were found in
aircraft during operation, causing problems when conducting missions in heavy rain. In this paper, a
series of quality improvement studies was conducted to prevent cracks in the wiper pivot hub. The cause
of the cracks was determined by identifying defective elements from the viewpoints of production,
design, and operation, and by removing the related elements. For the cause analysis, design load and
aircraft mountability were reviewed, and a fracture surface analysis was performed. According to the
results, damage caused by exfoliation corrosion leads to brittle fractures that result in cracks. In
addition, a plan to change to a material with excellent corrosion resistance was suggested to prevent

crack recurrence.
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Fig. 1. Wiper pivot crack
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Table 1. Pivot crack aircraft and operating environment

Operating Environment Number of Defects
Marine 00
Inland 00
Total 00
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Table 2. Material properties of a link-pivot assembly

Material Properties Figure
Density(g/cc) 2.81

Young's Modulus(GPa) 71.7

AL7075-T651 Poisson's Ratio 0.33
Tensile Yield Strength(MPa) 461

Tensile Ultimate Strength(Mpa) 537

Density(g/cc) 8.00

. Young's Modulus(GPa) 193

Stainless Steel - ; -

304 Poisson's Ratio 0.29
Tensile Yield Strength(MPa) 205

Tensile Ultimate Strength(Mpa) 517

Density(g/cc) 8.0

. Young's Modulus(GPa) 193

Stainless Steel - S -

316 Poisson's Ratio 0.29
Tensile Yield Strength(MPa) 240

Tensile Ultimate Strength(Mpa) 550

Density(g/cc) 7.85

Young's Modulus(GPa) 200

Structure Steel Poisson's Ratio 0.3
Tensile Yield Strength(MPa) 250

Tensile Ultimate Strength(Mpa) 460
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Fig. 2. Material of a link-pivot assembl
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Table 3. Failure due to tensile load
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Table 4. Failure due to axial load

Equivalen
Stess(MPa)

Safety Facto E
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Fig. 3. Failure location of the link and safety factor
of the hub
(a) Tensile load (b) Axial load
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Fig. 4. Strain gauge attachment location
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Demand RMS: 5.4593g  Control RMS: 5.4391 g

Test Time: 04:00:28  Remaining Time: 00:00:00

Sampling Freq.: 1280 Hz  Lines: 800
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Fig. 5. Vibration test results

Table 5. X-ray results of Test #1, #2
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Table 6. Strain gauge data of Test #1, #2 (ue)
Gage No. #1 1 #2 | #l T # | #1 T #2
tensile 16.6 | 17.6 9.5 23.8 | 32.8 | 422
a |compressive| 4.3 5.8 -4.6 5.0 [-156.6| -21.1
strain 12.3 11.8 14.1 18.8 48.4 03.3
tensile 11.2 8.0 144 | 13.0 | 358 | 387
b |compressive| -2.6 | -5.8 | -1.4 | -9.2 | -33.9 | -44.2
strain 13.8 13.8 15.8 22.2 69.7 82.9
tensile 14.0 9.6 -6.9 | 28.1 | 21.9 | 534
c |compressive| 2.5 33 | -13.6 | 9.7 2.1 5.0
strain 11.5 6.3 6.7 184 | 19.8 | 48.4
tensile 12.6 9.9 6.0 32.7 | 26.7 | 243
d |compressive| 2.2 3.6 -2.0 7.7 7.4 -9.9
strain 10.4 6.3 8.0 25.0 19.3 34.2
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Fig. 6. Exfoliation corrosion of a fracture part

H7) 2] 2l 79 W Ei TR o] 59
g Sua QEsA 340 24UAE w34 B
27} Qojubs welsao] WAIsIgc. olne] A,
7] 9J50] FHEl] 2IBHLE, 47 Bl G
2 o] W F4FoIT Eat, @A) A8 ool
03 AR 22 obg) B0 AR FEII0IA
Spgstelch Webd, S 29 9 wheo] A9 Auo

SR Ao] gt o F4T 4 9

S



AR &85 =5 A A123d A11E, 2022

Fig. 7. Cleavage Fracture of a fracture part

B3, Fig. 7014 Hi= Hiel o] s mhehof 43
T3] 9] APZQl FAlo g WriutF(Cleavage Fracture)
FHII =2 FHRiver Pattern)’t 2 HE &3
Arpshs F4u] P EAHDBL

2.2.4 2RIEM At

ofolw mito] 44 A2 FF FUoE 359
HAEAS weh S BEE Loluke HE]Raof
et F2 sl AFE s3¥5te 35719 B4
HRIE & 9 o]23o] ool P2 o) 25w
Ao Qleto] £7HH 07 £ sEo| A
off w2} o] 743t | Aow F4Hr). 3
FaRToL S1E 21 74 of ol I &2 o7}

deod

ol

Reow

2 Ar

z
=

O
&7

o

o
1% of
N
oN

i
32
i)

ol
o
N,
N

olo
{8,

rO

o > 2 g
p
1

2.3 JHM ot
2.3.1 A JiM
dhajEAlof oJgt WR5}7] fl5te], otow

3 m% AZAL Al7075-T6 tiH] HE2]4o] 2

CRES 304% w®Hstoitt. g, Table 79

CRES 3047} Al7075 A4A o8] A= 9 AAE&2

Shu QIR EE oF 3% Rt AA 84T 54

£ 9Joto], CRES 3045 283 o329 A+E

Sttt =4ksE JidE GA] efolw P30 ZHEshe

S92 139MPaE SAECH]]. oE irefsto] 3322

=2 CRES 3047} &€ <oly g3 € mRI

FEM S=alAdS =345t 2, kA5 15 oo = 5

gt FeE HAotar QUckFig. 8).

.

j
mJ'u\ijOlm >
L O M o4y B ol o

S

682

Table 7. Properties of Al7075, CRES 304

Tensile -
Material Strength Hardness | Elongation
(MPa, min) | ERB. max) | (% min)
Al7075
(ASTM B209[6)) 532 %0 9
CRES 304
(ASTM A240[7)) 515 92 40

(a)
Fig. 8. Safety factor
(a) Wiper link (b) Wiper Pivot with CRES 304
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