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Wash Interval Optimization to Prevent Atmospheric Conrosion of Korean Aircrafts
Made of Aluminum Alloys
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It is a common practice to conduct periodic washes at designated intervals in order to prevent the atmospheric
corrosion of aircraft. The wash interval depends on the atmospheric conditions, but the wash intervals set by
the U.S. Air Force were widely adopted in Korea without detailed knowledge of the background data. Therefore,
it is necessary to determine our own wash intervals representing the atmospheric and geographical conditions
in Korea. This study analyzed previous wash interval algorithms and atmospheric data in Korea. New wash intervals
are then proposed based on the corrosion rate equation in 1SO-9223:2012. Atmospheric corrosion testing was
conducted using 7075 and 1050 aluminum alloy specimens to verify the accuracy of the corrosion rate equation
in ISO-9223:2012. Test results showed a reasonable agreement with the corrosion rates predicted by the equation.
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WASHING INTERWVALS
A 30days

B 60 days

C 120 days
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Table 1. Criteria of atmospheric condition parameters to determine
wash intervals

PACER LIME? Korea
Distance to Sea [km] 4.5 -
TSP [ug/m'] 61 43
SO, [ug/m'] 43 14
AH [g/m'] 7.1 7.6
Rain [cm] 125 141
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Fig. 2. Medians of atmospheric condition parameters measured
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fa; = 0.009 - (T — 10) whenT < 10 °C;
otherwise — 0.043 - (T — 10)
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-exp(0.025 - RH + f4) +
0.0018 - S3°° - exp (0.020 - RH + 0.094 - T)

Qo) 9 B FHES 47 S5

i=3

various locations in Korea for the last 5 years (2010~2014)"9.

where,

Teorr 18 first year corrosion rate of metal,

expressed in micrometer per year [/ year]

T is the annual average temperature, expressed
in degrees Celsius [TC]

RH is the annual average relative huminity,
expressed as a percentage [%]

P4 is the annual average SOs deposition,
expressed in milligrams per square meter
per day [mg/m’- d]

Sq¢ is the annual average Cl™ deposition,
expressed in milligrams per square meter
per day [mg/m’- d]
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Table 2. Chloride deposition rates at various locations reported in earlier study”® and measured in this work

Location Name

Cl deposition rates

Distance to sea*

Specific Location assumed in this work*

(mg/ni day) (km)

Goyang 1.3 23.96 From Korea Aerospace University to Chungra-dong, Seo-gu, Incheon
Gwangju 04 41 From Chonnam Natig;ﬂpgutili;e;iirts/ (tjc;l 0Cn}nugrgnsan-ri, Sonbul-myun,
Suwon 1.9 27 From Ajou University to Seonggok-dong, Danwon-gu, Ansan

Ulsan 6.0 6.0 From Ulsan City Hall to Yeochun -dong, Nam-gu, Ulsan
Seoul-Shinchon 4.0 30 From Ehwa Womans University to Kyungseo-dong, Seo-gu, Incheon
Andong 0.3 55.6 From Andong National University to Youngri-beach
Asan 1.4 13.7 From Soon Chun Hyang University to Gulmae-ri, Inju-myun, Asan
Anshan 0.6 184 From Ansan University to Songdo-dong, Yeonsu-gu, Incheon
Jochiwon 0.2 45.1 From Hongik University, Sejong Campus to Gongse-ri, Inju-myun, Asan
Incheon 12 2.68 From Inha University to Hang-dong 7™ St. Jung-gu, Incheon
Pohang-Wolpo 40.9 0.1418 From Wolpo Public Medical Center to Wolpo Beach
Pohang-RIST 0.2 5.86 From RIST to Songdo Beach
Seoul-Anam 0.3 3545 From Korea University to Wonchang-dong, Seo-gu, Incheon
Busan-PNU 1.52 9.51 From PNU, Research Institute of Mechanical Technology to Gwanganri Beach

* The reference’ did not specify the exact measurement location. The exact location and distance to sea at each location were assumed in

this work as reasonable as possible.
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o
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(0)]
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Model Poly2D
z=z0+a"x+b y+c"
Equation XA2+dTyr 2+ Xy,

Reduced Chi-Sgr 122508
0.48444
Value

19.52472

-0.5891

-0.01152

0.024863

1.28521E-6

0.001

Adj, R-Square

Standard Error
1021217
241764
0.00402
0.14446
9. 31704E-7
3.79822E-4

Fig. 3. Average temperature with respect to rain fall and absolute humidity (Temperature can be estimated from Rain Fall and Absolute
Humidity by using the equation in the upper-right corner).
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Fig. 4. Relative humidity with respect to average temperature and absolute humidity (Relative Humidity can be estimated from Temperature
and Absolute Humidity by using the equation in the upper-right corner).
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Table 3. Newly suggested aircraft wash intervals based on IS0-9223 : 2012 DR function

Distance to Sea

Corrosion rate based on ISO-9223 : 2012 DR
function [um/year]

Wash Interval

Less than 2 km - 30 day
> 0.22 30 day
Larger than 2 km 0.22 ~ 0.086 90 day
< 0.086 180 day

Fig. 5014z, Table 2¢ 2 & S22 7RO 2 51
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= 37 TAEIL 2AE V|E0® S, Sfero v B
Ele] A7t 2 km o|U7F HW |8E Fago] 343
Z7VsH7] Al ZeeE AS o 4= gk waEbA v 3 T.0
1—-1-691°4 53+ 2 km o]u] 7]5=0] o)== Hx Hds}
th= 2S¢ o %= 99tk PACER LIMES] 7% %kl 4.5
kmi= v B4AQ 7)E e Azbeh

DR i vaad T AN e e e e T e e e e T
> All ic1 | ]
40 F . Modell _OnzetArlc | j:
ke : Equation y =a’x"b | ]
e Reduced 3.38017 s
> E Chi-Sqr 3
§30 F Adj. R-Squar ~ 0.97026 3
o) Value  Standard Err ]
® f a 8.6472 1.57346
= E A
o E b -0.794 0.09333
S20F 3
n o
o E
0. F
[0} b
oA
6 10 :— =
E =
[ ]
0F u | L n " = L e ; =
biiiii i sisliriroli T e O P I s
5 0 5 10 15 20 25 30 35 40 45 50 55 60

Distance to Sea (km)

Fig. 5. Variation of chloride deposition rate as a function of the
distance to sea (based on data' in Table 2).
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Fig. 6. Corrosion rates of aluminum as a function of the distance
to sea for two criteria of atmospheric condition parameters: “Pacer
Lime” and “Korea”.
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Fig. 7. Photographs showing the history of aluminum alloy 7075 specimen surface appearance as a function of time (Exposure Location:

PNU, Busan; Exposure Period: Feb. 2015 ~ Sept. 2015).
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Table 4. Comparison of estimated weight loss by ISO-9223 : 2012 DR function and measured weight losses of aluminum specimens

Measured average weight loss of aluminum alloy specimens [mg]
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7075 1050 7075 + 1050
7.16 8.76 3.49 6.12
4 ARPI A 6719 olFolli= FAe] ulS ke RAlael] sjgaich. 70757} 10500] Hls) FAjae] prk
Ao® BiEglot FE A8 e upet sy & e AFH 0w RIS

Zi oz cq]/\]-gq_

ASTM G1-03'"Ve] we} F-21es =4
80Y Fk HAHH rulE A
2 Azbe] w2 A7k W3S Fig. 990 EA]o}Oﬂu} e

9] 71717} Wsle= XA A 7hAasko] 871E E<l9]
0.06 . i : . — '
—— 7075
0.05

060

o
=}
=
T
1

Weight change (mg/cm?)

o
o
e
T
=
1

d
o
@
T
1

o
o
)
T
!

o
o
o
T
1

I

o

=
T
I

I ] I I I
3 month 6 month 8 month

Exposure Time

Fig. 8. Weight change of aluminum specimens as a function of
exposure time.
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Fig. 9. Weight loss of 8-month exposed aluminum specimens as
a function of cumulative acid cleaning time.
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