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official Department of the Army position, unless so desig-
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indoraemeat or approval cf commercial products or services
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One of the design objectivas of military electronic equipments is to withstand
the degradation of humid tropicai exposures. Corrosion provides a significant contri-
bution to the fallure mechznisms that can occur. This study correlates various lab-
oratory humidity and salt fog acceleration tests with actuul field exposure studies
of electronic parts in the Panamanian jungle and at marine shore sites. Significant
corrosion failure mechanisms are descrided and correlation with the field is provided
by compariag laboratory axposed parts with field results to determine field service
life. Acceleration factors are then calcuiated. Results show good correlation be-
tween shore exposures and various salt-fog tosts. Parts expcsed in the jungle begin
to show significant corrosion and fungus growth in three years, while shore conditions
provide significant corrosion in two years. Latoratory lnmidity tests have accelera-
tion factors of Lk field days per laboratory test, while salt fog tests provide
acceleration factors of 36-1L2.
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BACKGROUND

One of the design objectives of military electronic eguipments is tc with-
stand the degradation of humid tropical exposures. Many study programs and -
tropical field experiences have shown that jungle and marine localities :
possess environments which produce corrosive failure mechanisms which contrib-
ute to electronic part and/or assembly failures. Foi' many years, laboratory 5
tests, such as the Moisture Resistance Test, Method 106 of MIL-STD-202, have o
been used to determine the resistance of applied protective deesigns, coatings, j
and finishes to tropical atmospheres. The moisture resistance test, however, 24
was developed for use over twenty years ago and,at that time, it appeared
suitable for designs and materials in usasge. Sir:e then, tropical field ex- i
perience in Southeast Asia and improvement of parts, materials,and processes 3
. made possible the achievement of extended field cervice lives, maintenance

3 cycles, and reliability performance which needed to bz reflected in more effec-
tive and correiated laboratory test cycles. Many predicted service lives of

E parts or assemblies must b2 based upon kmown acceleration factors of labora- §
tory testing. Recently, a fungus test per Method 508 and a salt-fog test per X
Method 509 of MIL-STD-81C were added to equipment specifications to assure in- 7
creased fungus and corrosion resistance of parts, materials, and processes.

The continued use of such tests, however, must be bascd upon their ability to
predict field service life in short term accelerated laboratory exposure ’
tests. B

Various studies have been made to expose selected electronic parts, such o
as resistors, capacitors, inductors, etc., to seashore and jungle sites at 5
the Tropic Test Center, Panama Canal Zone, and to selected accelerated labora- ‘
H tory test cycles which included moderated salt-fog conditions. This:report. b
. reviews the previous background data and completes the analysis of the col- E:
2 lated data,with special emphasis on the identity of the corrosion failure ? 3
= mechanisms that can occur for the purpose of providing a basis for a predice 3
. tion of envirommental reliability and service life capabilities of the parts,
4 and correlation between the various accelerated laboratory test procedures b
performed. A special analysis is conducted of reduced salt-fog concentration ;
test procedures. 2

SUMMARY OF 1958 STUDY 5

Initial efforts to correlate laboratory tests with tropical exposure had
been conducted in 1956.1 Selected electronic parts had been exposed to
jungle and seashore conliitions at Galeta Point, Tropic Test Center, Panama =
Canal Zone, for periods up to eighteen months. Figure 1 shows a summary of
the number of failures obtained for each type of part at each location. A 3
comparision cf the shore and shady jungle columns under the heading, "Field
Results," shows a preponderance of failures occurring at the shore site, ex-
cept for paper capacitors. Inasmuch as the average relative humidity is S
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- lower at the shore site due to the characteristics of this type of site, the
larger number of failures could only be explained by an additicnal degradation
factor which was salt vapour from the ocean.
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Failure analysiy of results in the field showed that lead wire corrosion
was extensive with many open-lead wire failures occurring. End ssal migration
and case corrosion products were prevalent. Except for open-lcad failures,

corrosion was not a major factor in electronic failure rates that occurred.

As part of the study program, an attempt was made to duplicate these
types of fallures in the laboratory, using Method 106 of MIL-STD-202 and some
modification thereof, including various adaptations of a salt spray test from
ASTM B117-5LT, with various percent salt solutions,as follows:

Accelerated Laboratory Test Procedure Variations

[ 20 cycles, Method 106.

1T 1, 3, 5, 7, 9, 11, 15, 17, 19 cycles of Method 106;
2, L, 6, 8, 10, 12, 1L, 16, 18, 20 of 20% Salt Spray.

TTT 20 each of a 22-hour Method 106 cycle; plus each cycle including 2 hours
of 5% Salt Spray. b

LV 18 cycles. Method 106;and 5th and 15th cycles 2 hours of 5% Salt
Spray included.

v 15 cycles Method 106; and, 1st, Lth, 8th, 1lth, and 16éth cycles 5%
Salt Spray.

VI 20 each 2li-hour cycles of: 22 hours Method 106,
2 hours 3% Salt Sp:ay.

Column 1 of Fig. 1 shows that except for composition potentiometers,
twenty cycles of Method 106 failed to reproduce field failure rates or types.
Most of the variations of Method 106, plus a salt spray condition, provided

_accelerated factor rates beyond that produced in the field for each site.

Variation IV appeared to be close to results obtained at the shore site in
the field.

Predicted service life was 1400 days for a‘shady Jjungle site and accel= -
eration factor for one temperature-hmidity laboratory test cycle was 70,
depending upon part design. Estimated acceleration factors of Test Variation

" IV over the bench site ranged from 10 to 130. A life of 200 to 2600 days was

calculated for four parts exposed at the shore site.

SUMMARY OF 1968 STUDY

Ir. 1968, this work was continued on a newer family of subminiature
parts.2 Here again, eighteen selected parts were exposed at a Jungle site and
2 seashore site for three years and these results compared to the following
thests:
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3 Accelerated Laboratory Test Cveling 3

E5 1. 20 days. Method 106B, MIL-STD-202, Humidity Test. 3

i 1

I 2. 20 days, 1% Salt-Fog at +60°C. 3

: 3. 20 days, steady svatc Moisture Resistance at +90°C and 90% RH. |

:; Llo 20 da}'S s O . S% Sal t";?hg < 1 “SOOC . t§

T kS

s The vnits exposad in the fivld study were exposed with or without a %
polarizing potential.. Yids poteitial is present in normal equipment operation 3;:

- and tends to accelerats c=rtain ccrrosion processes. The absence of polarity H

3 simulates standby or sturags conditions. The following parts were exposed: §

‘ Abbreviated Code Type Part %

: CK Ceramic Capacitor %

: CL Fixed Tantalum Capacitor g

: cY Mica Capacitor E

S Solid Tantalum Capacitor 3

cT Mylar Oapacitor #

i MF Metal Film Resistor 3

KC Fixed Ceramic Capacitor 8

v RC Carbon Composition Resistor k.

E RS Variable Resistcr g
e RL Fixed Tin Oxide Resistor %
e © RN Film Resistor X
- RO Fixed Carbon Resistor %
=3 RW Wirewound Resistor k:
H TA Fixed Tantalum Capacitor fg
e - ve Variable Ceramic Capacitor -
E Vi Tnductor %
VK Fixed Ceramic Capacitor 3
WE Fixed Inductor 5
e 1 3
e o For thisreport,only corrosion mechanism observations will be analyzed and %
£ o comparad with labcratory tests. Electrical data analysis will be continued %
e and reported subsequently. f%
: £ DATA PRESENTATICH %
= % 1. During periodic field trips to Panama, observations were made of the §
E & - corroded condition of the parts. These observations were aczomplished after 4
E = periods of exposure of 7, 2L, 36 menths. The data obtained at each of these %
- times represent a time-rclated degradation level and, therefore, are eligible for i%
£ use as a partial basis for rating each part's reliable service life capability 3
s *“ in ths field. Since these same parts were tested in the laboratory under two &
n' ;i’t: }K‘




humidity and two salt-fog tests, the data can also be used to estimate accel-
eration factors obtained for each test.

2. Basged upon field observations and failure mechanism analysis, each
corrosion failure mechanism obtained is hereby given, in addition to its con-
tribution or significance to electronic part failure:

a. lead wire corrosion (I.C}: Lead wires are normally piated or
tinned copper wires. A few are copper.clad steels. Principal constituents
are usually tin-lezd or tin over copper, nickel-tin-magnesium, copper-silver,
or nickel-copper. Corrogive atmospheres first tarnish coatings or platings
and progressively attack the basis lead wire metzls via pin hole or anodic
corrosion processes. I% is reasonable therefore, to grade extent of corro-
sion by the following coce:

Rating

0 No corrosion

X Grey or tarnished plating Fig. 2
b6 Grey leads plus black spots Fig. 3
XX« Grey, black and/or green encrustation Fig. 4
----- e = « = Fajlure levele = = « = = = =« =« = o = = = -
XXXX Grey, black, green with necking Fig. 5
XXXX(F) Above corrosicn with open leads Fig. 6

Inasmuch as the part assemblies are subject to shock and vibration in the
field, potential failurs could occur at the XXX level or higher.

b. End seal migration (ESM): Applied circuit voltage polarities can
cause migration of corrosion products over insulating end seals with resultant
locs of insulation resistance and jncrease of wettability during condensation.
A previous report on this subject 3 established that lack of adequate fillet-
ing design of bushings (tc prevent accurmulation of contamination in inside
corner designs) provided a corrosion failure mechanism which necked the leads
adjacent to the part body and also deposited corrosion products cver the sur-
{ace of the insulated parts, thus shunting the resistance of the part (Fig. 7).

c. Solder corrosion (SC): Grey lead carbonate usually caused by
residual flux contamination deposited by the part marmfacturer. Lead-rich
solder dips may also cause such corrosion products.

d. Silver migration (SM):“® Any silver piatings or elements under
¢-nditicns of direct current polarity and moisture will migrale through porcus
or filled plastic insulation and eventually cause short-circuit failure.
Silver migration ig usuwally invisible until catastrophic short-circuit failure
oceurs (Fig. 8).

e. Case corrnsion(C3): Metallic cases can corrode and contribute to
rigrating corrosion products. Since cases usually carry identification,
corrosion may mean loss of part identification (Fig. 9).
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f. Plastic erosion gm:): Apparently, come plastic compositions are
subject to chemical or fungus attack during tropical exposure. Ssit exposures
and voltage polarities accelerate this condition. Erosion may mean greying or
dulling of surface with loss of identification, or deep erosions which bare
part elements (Fig. 10).

g. Element corrosion (EC): Moisture absorption through protective
coatings may cause corrosion of metallic end caps, terminal connections,
ferrite rusting, contact corrosion, stress corrosicn, plating corrosion; these
increase part resistance or contribute to reduced performance (Fig. 11).

h. Electrolytic corrcsicn gm.c;: Such corrosion may occur dus to
metallle couples of part elements within the part and can accelorate couple
corrosion and catastrophic failures as open or short circuits, depending on
the typs of mechanism (Fig. 12).

i. Fungus growth (FG): The presence of fungus growth is considered
a contributor of surface contaminants and corroszion electrolytes. The pres-
ence of fungus growth is aiso an indication that cleaning and maintenance of
the assembly is due (Fig. 13).

3. The number of 18 part groups which exhibited significant occurrences
of the above failure mechanisms after 7, 24, and 36-month exposures is shom in
Fig. ik, 15, 16, Each test lot for each condition listed numbered 25. MiZ-
ures 17, 18, 13 and 20 show the distribution of wvach failure mechanism with
respect to location and exposure time. An indication of (F) beside any fail-
ure mechanism indicates that the part fatled due to the mechanism alone.
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£ ¢ L. The data and observations from the four accelerated laboratory tests
o & are shown in Fig. 21. The calculation of equivalent field service life and
E: i3 acceleration factors are showm in Fig. 22 and 23. The data in Figure 22 shows
2 v the Equivalent Field Service Life, which each laboratory test cycle was
i t capzble of reproducing after 20 days of labor:tory exposure. This was ok~

5 B tained by matching the terminal laboratory test result with each of three

£ \ field test results at 10, 2k,and 36 months. The acceleration factors in Fig.
a ) 23 wvere obtained by dividing each equivalent service life time in Fig. 22 by
H ’ 20, since each laboratory test was conducted for that period.

5 DISCUSSION OF DATA

'% 1. Failure Mechanisms: The failure mechanisms of electronic parts

which were exposed in field tropical conditions and contributed to part degra-
b dation are as follows -(1isted in order of severity and showing the number of
part groups which were cusceptible):

X5

-
& VMY

L

i Jungle Shore

: N P NP P  Total
Lead Wire Corrosion 1 1 & 7 15
End Seal Migration 1 1 6 9 17
Plastic Erosion 2 2 L L 12
Element Corrosion 2 3 3 L 1
Fungus Growth 8 6 N 5 23
Electrolytic Corrosion 2 3 3 4 12
Solder Corrosion 2 2 1 L 9
Silver Migration 1 2 0 2 5
Case Corrcsion 1 1 1 1 L

The above numbers are the sum of each of 18 different type parts which exhibe
ited fajlure mechanism effects as described to significantly affect electronic
performance. All of these mechanisms were capable, in time, of contributing
to catastrophic failures. Each of the above failure mechanisms could have
been prevented by proper choice of materials and part design as foliows:

Lead Wire Corrosion: Use of two part pin-hole free plating of ade-
quate thickness. Avoid couples, and poor
filleting or end seal designs.

End Seal Migration: Avoid or minimize corrusion of case 8r lead
wire and right angle fillets design.
Piastic Ernsion: Use of inert and salt resistant plastics.
Element Corrosion: Protect elements by adequate plating. Plastic
coatings are not complete barriers to moisture
eatry.
6
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Pungus Growth: Protect part surface from outside contaminants.
Periodic maintenarice at every one to two years
may be necescary.

Electrolytic Corrosion: Avcid excessive couple3 in part design.

Solder Corrosion: Use approved fluxes, clean all residues, avoid
lead~rich baths.

3ilver Migration: Do not use silver electrodes in parts with
filled or porous insulation where moisture may
penetrate and direct current polarities may
occur.

Case Corrosion: Provide adequate plating or coating prctection
for any metallic case.

2. Tropical Field Service Life: The progression of corrosicn effect on
the parts studied indicate that part failures can be expected to bzcome signi-
ficant factors in the operation of equipment assemblies as follows:

Jungle: 3 years
Shora: 2 years

3. Maintenance Field Life: To assure extended and comtinu:d service
life in the field, maintenance is necessary to remove corrosion products and
such contaminations as fungus growth. Maintenance periods should be selected
to preclude the failures occurring in the next time period.

k. Acceleration Factors: By matching the results obtained in each lab-
oratory test cycle and the corrosion results cf parts exposed in the “ield,
the following acceleration factors can be estimated:

Test Jungle Shore
Method 108, RIL-STD-202: L3.5 none
1% Salt Fog : not significant 1.5
0.5% Salt Fog : not significant 35.6
900G Humidity : 50.1 none

Because the 90°C humidity test provided a large number of catastrophic fail-
ures not cbtained in field testing, this test should not be considered for
accelerated testing.2 Its effectiveness, however, shows that temperature rate
factors are profound and test temperatures should be raised a3 high as prac-
tical to increase degradation and acceleration factors. Methed 106 provides
no corrosion correlation with shore conditicns and inversely, neither of the
salt~fog tests provide correlation with jungle degradation factors. On this
basis, neither test should be substituted for the other. The 0.5% Salt~Fog
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test provides some desirahle mitigation of severe corrosive effects. It may
be poszible that as the salt ccntent is lowered further and with higher tem-

perature use, a workable combination test may eventually be obtained. Lead
necking, end seal migration,and plastic erosion failures require salt contami-

nation to produce these failures.

5. Comparison of Studies: A comparison of the two studies reveals the
following approximate datas

Field Service Life Acceleration Factor
(days) (field days/TH day)

1958 Studx
Jungle 1,00 Method 106 =~ 70 .
Shore 200 - 2600 TH SF Var, #i¥ =10 - 130
1968 Study
Jungle 880 Method 106 = 4}
Shore 720 - Bk TH SF Var; = 36 ~ U2

Considering the approximations made in reaching the above data, it is con-
sidered that the two studies corroborate one another.

6. Long Term Effects: Certain degradative processes require long-term
axposure and, therefore, are not correlated by short-terz tests. These are
element corrosion, fungal growth, and silver migration. Corrosive processes
are usually not severe in humidity tests unless salt and direct current volte
age stresses are present. The appearance of even slight corrosion in lab-
cratory humidity tests should be a basis for failing a part and requiring

improved {inishes.

CONCLUSION

1. Failure Mechanisms: Electronic parts exposed to tropical environ-
mental conditions are subject to failures because dof the degradative influ-
ance of the following corrosion, erosion,and fungal effects:

(R B e o
eiabAtaias bt

a. Lead Wire Corrosion

b. End Seal Migmation of Corrosion Products

c. Plastic Erusion Iue to Salt and Moisture Attack

d. Element Zorrosion Due to Moisture Ingress

e. Fungal Growth and Surface and Plastic Degradation

f. Electrolytic Corrcsion Due to Galvanic Couples in the Parts
g. Solder Jorrosion Due tc Flux Contaminants

h. Silver Nigration Due to Use of Silver and Porous or Filled

Plastic Insuiation
i Case Corrogcion Due to Poor Finishes

P

-

Praventative techniques are recommended within this recort and other referenced
Jiterature? and most are within current state-of-the-art techniques. The
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< fietd service life and maintenance time recommended below are applicablu to
G parts used in louvered cases open to outside contaminations. Protection bty
= containing the assembly in sealed cases capable of malntaining dry clean in-
S ternal conditions would exte.d service lives and minimize maintenance factors
o considerably.

- 2. Tropical Field Service and Maintenance Life: Terminal degradative

corrosion effects can be expected during the following exposure pariods.

) Maintenance procedures are recommended prior to irreversible corrocsion or
fungal growth effects:

Field Service Life
) Jungle 3 years
- Shore 2 years

3. Acceleration Facvors: Laburatory test conditions provide the acceli-
eration shown in Paragraph 5 of Discussion of Data above. Method 105 pro-
: : vides nc ccrrelation with serisus corrosive effects obtained at the shore or
3 marine conditicns. Sali-fog tests do provide correlaticn and significant

acregieration. Higl temperature, high humidity tests are harsh and do not

correlate well with field conditions. Salt fog testing is necessary fer

electronic assemblies, if corrosion preventicn is required in tropical en-
: vironments.

ity

B

T
v

N e S A vt Aandmanen RN L (s ST e Rt s end A b At

s

)

L. Long Term Degradative Effects: Accelerated laboratory testing, in
periods of ten to twenty days, do not reproduce leng-term failure types, such
as element corrosion, fungal growth, silver migration,and severe lead wire
corresion witn necking and/or open circuits.

dind AL
Mt Atttk

A A REFERENCES

= - 1. Easterday, J. l. A. E. Mace, and W. .. Chapin, "Laboratory Test Procedures
2 ) for Predicting the Tropical Service Life of Electronic Companents and

: Materials,™ 1958, Final Report, Battelle Memordal Institute, Columbus,

‘ Onio, Contract DA-36-039-SC-64518.

Dennison, B. H., "Tropical Service Life of Electronic Paris and Materiaiz,"
1968, Melpar, Inc., Falls Churzh, Virginia, Final Repor:, Contract DA28-
0L3-AMC-02222(E).

*« Lascaro, C. R, "Corrosicn Kesistance of Blectronic Parts in Tropical
Environments," November 1967, US Army Electrunics Command, and B. H.
. Dennison, Melpar, Inc., presented at SOth Anniversary Conrerence on o -
rosion of Miiitary and Aerospace Equipment, U-nver, Colerudo.

! Chaikin, S. W., 7Study of Effects and Control of Surface Coniaminants on
Dielectric Materials," Jamuary 1953, Stanford Research Institute, Final
Report, Contract Di-36-039-SC-6LLS).

3
23

=
=4

Lt YN
e ',‘5«",)”.“” A (T

RO YA Y B R A A RO gt U b NN s i ST e P g

. 29
oz
s

S Al it Fare foim
e s -

e T R )
G LA T B

S
htd



P T R T T PN I SR

%

2
24
24
¥,

o § -‘.\..“- ;‘0." v‘\,

4,

T

=
=

e

Z
3

5. Lascaro, C. P., "Design of Tropical Resistant Electronic Equipment,” June
1970, IEEE Transscticns on Parts, Materials and Packaging.

ACKCWLEDGEMENTS

The author acknowledges the assistance of the following:

Mr. Erik Linden, US Army Electronics Tethnolegy & Devices Laberatory, for
implementing many field test arrangements in Parama and at the Hexagon lab-
orateries.

Mr. A. J. Raffalovith, US Army Electronics Technology & Devices Laboratory
for assisting in corrosion analysis studies.

Msssrs. A. Fini aud B. Dennison of Melpar, Inc.. for assistance ian field
studies.

Mr. Frank T. Braanon, scientist in charge of the field stations, and Mr.
Anthony Gressel, Engineering Technician, for performing field measurements;both
of Tropic Test Center, USATECGM, Panama Canal Zone.

Dr. C. Re Soutiwell, Scientist in charge,Naval Corrosion Test Laboratory,
NRL, Psnama Canal Zone, for technical assistance in the field.

10




R AP N AR S T o SN ST R TR A TR 2 R R PR o VA SR Y A S T A ARG AN RS YT AR T

?
¥ o~
2 .
A
B
% A
.“ kS
h B
b {
,_ﬁ i
5 ¥
%, ~
i 3

4

F

LI T
P2

g Rt AT

Ty

4838Q HOT1eI8T9O0Y, PUE ,eIEQ PTOT, J¢ Lrewmg - T 314

Y3 SUTIVTIPRLY J0J saanpatodd 3§39 AlzojeaoqeTd, .w.ﬁ

oy

4 *STeT48%Ey pue sjusuoduwo) OTUOIIORTE JC &SI @OTAIdg Tedjdod]
SN=95~6€0-9£ VT G7eI3uU0) ‘quodey Areuumg TwUTJ WOIF uexey Bjeq

poase] JoqunN = g ‘seanTied Joqumy = Y sg/Y .
puade] vaeQq

WD e e

w 02/6 02/1 02/5 02/. uoT3Tsodwo) ¢a9q8WOTIUF0
M : 22/02 02/91 0Z/c2 02/LT 02/0 02/€ 02/2 o2/M1 sseTp ‘a037orde)
i |
) * 02/S 02/¢€ 0z/L 02/01 02/0 02/0 02/21 02/5 tedeg ‘10373mdeg
M 12/0T |02/01 02/07. 02/02 02/02 0t/0 ot/2 oT/1 01/2 uogar-odon .103ET58Y
e .
i ; 02/0 02/1 02/0 02/0 0T/0 01/0 ut/0 #E uog3teoduioy ‘I03ETE0Y
¥
ﬁ u |1 A AL III 1I I a13unp a1dunp | aJoys 1aed
% Loy uerdg foeyg
w syTnSay 359 Lrojeloqe] UDTFBIS(30DY sATNSeY PToTY
\\ %

o SRSy 23S b e it i L TSRS £ 15 .

4 s d

i1

RGO O R AT AN Y PO PR LA R0 A N A PSR s T A L X STV 4 z.%.,,.&g??uﬁ.ﬁﬁ‘j
L




R P T T B P T By T R OV T ¥ P BN B e S T A T TN R DA S R TS AR AT CAR O RN TR ST Y

3uTqed paysTuary J0 L) = Y
g oandty

W
1
!
1

T il
B s

&y o LR,

et 1y, &,

=

A SRS s LAV

24

¥

Ay

AR E TR A

AR

2

TYCRGRNT

"

2y e

P N

e

.

,
&g At e it B g g g gk, EY ML sy o
g e NG AR, LT, SR e TN L iy

. » A AR gkl s
ot e skt (DR A i *{‘..?b.

TS crurk,.&...: g a1

p R




sqode joerq swyd Leap = ¥y
£ eandtg

B ES

LA

Sl AT AR T

it 3

TR g

AT

o

2

ot 3 T
Sy

I

SRl

PR SR

L3z

pre g

A
5
e

T

S

3

i

, ‘ e . ;o i Lk
L2010 008 LRI itorys Ot it b b et e A e St b e a8 epd [y b e v
; panialogilel Pt - i ’ )

. . -



o " N«f < o - & 3 dd v s EwY LA AL "
% i L ,.ﬂ i L IR BEALFY ARty Gl ki w g ¥ W R 7 Al R R 4 AL T STV VT YT
3 hE B Al ARl f PTG * & SAE G A A R A A S T ARG, 4
A k Fik d T ¥ tA IR AR AP A W A B
ey 208 b R A R S ISR R i 2 I R £ YR M TRERT O W IR, « MhAs VT o ¥ i y i ki A h ol
i T AT STk Vv 2 s vl PRSI A A RRA MY i i ik 'y 3

JuTsoou y3TM UBBUS ‘MaeTq ‘AeaD = XXXX ¢
sqods U984F B %oRTq YITM Aol = XXX Y .w :“.

14

R Bn ot g , . Ly
R XA Fh 0 s A & AR LR el ¢ oy SR A e
I T R G U

. . b p OV i N "
T AL W At e 8 Y GO Whr ot e

TR e g X KL oy ol a8 B S0P e S N
Mg s L G v b, Lkt




B2 7 O 4y P42

b

4

L

]

A ARE

TR b

SRR L LA

A

Fiyure 4
orre sion with oven leads

~

L0

2 S e T e b Y RSN 3 2 B A T R o e o .




R e T T A AL T A MY L R L Pt R 2 IO S aal S it ekt it Dot e S AR T Tt th D et tel e SEATRIT S Lo b b0 P A 1 B

iRt N E o A S R N

gy

FRAL 0

s BAA

w«:
>
ey v
Nr B
3 %

22 Lok e

s

o
sl ors A X




Hahe SN R AL e R bt e et U B LR AT e S S Py L e Wt B AR et Tt sete it it R R R et LS T LA i ittt s tae e d ey SAY RS PARV R DR tyalfio e Al Lt s B i 2
HEAN

UOTReI3TU JBATTS = WS

8 8andtyd

h
¢
k!
f
. B
0 ' ' 2
T . ! ' L [ERTY AL MATGFPs by waw 1 . . . gt o e Lrgrs
LY AU RN [ WP o vy P T TR %w«%@%. ﬁ&. )
X Hh SO SR g g Y b ah 1.£ M, i.,uw,s _; - TR o0
A 4t A AT ] » ey ; A A fp sl bl s . AihL

LY




SRR R U NOE AR (R Sy S i A N S Al e bttt e L I AR S A L Al 1T AL e e L G R MR b S L

RIS PRSAME BT O AT DRI TV

R

AR A4

D P RGR T RT3

XS

TS AR A NP RGAGY

ion

.

AR
igure 9
18

Case corros

A
k)

cC

-

g

4

S D L A S O R L T U

il 253

TR e e o

i

i T A g KT R i 0t 24

\
A Ry Ao

s A Sy e g kg g8,



TR TR AT MR RS, R A e T AT N TAPA T AN BV AT AT PP AT At ..%;;}z%ﬁg;&éﬁ
i
W

EEE e

R R

s

TheE

XS Tiem o~

R Y

FRRE NN

 BERN, ELEC-

b

28

Reari i

i
|
“

e

e E)

IS LA
e s

RESISTOR. CARBON FILM C-
 TROLYTIC EROSION OF LEAD TERMINAL

- AND PROTECTIVE PLAST

DRIFE E AT 0, DA,

AN



R TR P ST A AN M, W T S W T TR 4P RN B VAT Sy 2T SN DT R0 AR ] TS TS B 000 ST VAT Y 0% TR BT TRAYERS B/ XA ¥ e Y I 57 03 bR T, B Y P T BT B T 1 N TR P ROy T T S R &_mm«ﬁf%w.ﬂﬁg.ﬂzﬁ«ﬁ
K

uotltoddon quoua |y 0u

T oawit

J

AL Ees

EAS TR oL A

5 g S

K PR T




(2 Il Se-ir DU oal o e ot S S

s
X
¥
=

%

ol

BT () 0
N, VR R R

AN I TN AXESA VRO FaT e E0N e Bl o e e B A C R e Y SIS N AT T M LA TR AR A e

~<T I PRODUCTS

N = AR . . 3 -
ELC = EBlecuroiwsi- . o 0l u

A ea e e e Y




A AR T TR TS b

ARy

b

B2 Sal SAGEAL LS R g SRt

tat
=

Fheral

Tk

e PRITAELAN

TR

o

o

I TR VAR R T e T e 3

e

NS o onen Y

BT R A T Oy B T K TR NN ¥ R Uy e e T L R e SR P R R R I TR O R TR S A By 3 W00 N BRSPS BRL At R i P i L T R S e L LS AT R K e W

s Giowth

Fungn
22

FG

ﬂ,wm»ﬁwﬁwq
i

4
§
B
¥

H

f

AT




TR T S NR P

R R A B S T AT A b VB S W R SO D PR S ot MO 7 A P Y L Y A S M AT A TR TR P TR AT DU H0 #2457 B }.Jﬁﬁ

i L S s
e e AT NN g P
—r

,
, m
"

,w;
¥ 2
”m.w, u m)
i i o H: ;
4 4 il i~ HHXmeoum Nlomoi o
4
& . [ by u
W i .m 8 x
g (3 o
& b m A b
2 , L 5 3
VWM. M m .MM .m.. ,.,.u.
'y . ),
& & M Hoxx¥ooom [ § O m
.m._ . ~ = @ n mf
3 ] 5 < .
® o O K.
i 2 3 e
§ d g 3 9 ;
§ L RE 5 2 9
£ H ld]o ooowocoo o o o - & K¢
£ e g £ 4
WWM Q .m a ,,f.”..
| I o 33
& g i g 3 ki
% ) a & i
L g 5 ! |
o i o 3
W e 00 0VO0OO0OVLOCLODOOVO O ~H
: ; E
g = e & 4
4 ! .m ”ﬂw
| ' - m g
4 4 4
- ) :
g ©o5sspseessezaerEe | 2 3
af
e ﬁr .We
" ,vN&
3
. . (,..,.,m
%#xvp«mm.mﬁ. _rﬁ?&hx\“? EOE TP TIN SRR TR SRNENPR) DU S AP S S e s e Y i e et R gt Wk, figcgymé By, , [ERTRRY v l&h&m&&ﬁ«,fw X?ﬁkmiﬁﬁwfv dm.
s S G S A R _.‘,,....qw,,,‘..?,. il e

p Lt o ; A b e
e B S R R B 43 i el

e

L5 ..v,f..i,




e A S A i R e e s L e e T A G R

N e e . o i b

i

3 f | Tropical Field
Jungle Shore

Non-Polar Polar Non-Pclar Polar

X X X XXXX(¥)
CL X, ¢cC, E9¢| X, CC, ESM |XX, EM, CC XX, BSM, CC

A AR B AR AN R R e

o 0 0 XX, ESM XX, EM
X, PE XX, SC, PE
XX XXX, EM

FERE TR AT T S R A REAANS

XX, ESM XXX, ESM
xx XX

4
s
:

XX, SC, ESM | Xxx, sC, EM
0 0
XX xxx
XX, SC XX, SC, ESM
XX, ESM XX, ESM
X, B¢ | xx, Fc, SC, PE

XX 9.9.9.¢
x’ PE x’ PE, E&(
X, PE XX, PE

X X

O O O O O O O O O O O O M O m
O O O O O O O O O O O O M O

R Y IR
=]
=

4 WE ! X, ESM XX, ESM )
o '
3 *Fajlure Mechanism Code Explained in "Data Presentation," Par. 2.

Fig. 15 - Twenty-Four Month Field Corrosior Data¥
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¥Failure Mechanism Code Explained in "Data Precentation,® Par. 2,

Fig. 16 - Thirty-six Month Field Corrosion Data®
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Fig. 17 - Lead Wire Corrosion at Jungle® %
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Fig. 18 - Lead Wire Corrceion at Shere:

*The above data shows that significant lead wire failures do not occur
until after three years in the Jungle and after two years at the shore.
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Legend:

0 = No failure mechanisms cbserved
Blank space = part was not tested

Str Cr =

Fig. 21 - Failure Mechanisms Observed in Four Accelerated Laboratory Tests
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Stress Corrosicn {not listed in text)
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NOTES:

1. Jungle Data was compared to huridity tests (J)
2: Shore Data was compared tc Salt Fog tests (S)
3. SF = Salt Fog

L. HT = Humidity Test

Fig. 22 - Field Service Life for Jungle (J) or Shere (S) Exposure

in Days (Eguivalent to 20 Days of Laboratory Tests)
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Fig. 22 - Laboratory Test Cycles Acceleraticn Factors*
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