
JIzzz

Research and Development Technical Report
ECOM -3576

0
O

CORROSION RESISTANCE OF ELECTRONIC PARTS

Charles P. Lascaro
0D

0U

•0 er r ,' 4..

May 1972 / "/L

• 1 S TR I BU T ION STATEMENT

•Approved for public release;
•distribution unlimited.

NATIOJNAL TECHNICAL
INFORMATION SERVICE

0.0e' ...... , hi V^ 21,%,1

UNITED STATES ARMY ELECTRONICS COMMAND" FORT MONMOUTH, N.J.



ur-,

.......... ........... OE

Discilamers

The findings in this report are not to be construed as an
official Department of the Amy position, unless so desig-
nated by other authorized documonts.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorserneat or approval of commercial products or services
referenced heresn.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.



Reports Control Symbol OSD-1366

"RESEARCH AND DEWELOPMET TECHNICAL REPORT ECOM-3576

CORROSION RESISTANCE OF ELECTRONIC PARTS
by

Charles P. Lascaro

Magnetics, Instrumentation & Interconnections Technical Area
US Army Electronics Technology and Devices Laboratory

MaY 1972

D.4 Work Unit No. iR6 62705 A057 01 141

Approved for public release; distribution unlimited

US ARF1 ELECTROUI,'S CM01AD, FORT MONMUTH, N. J. 07703



Unclassified

DOCUMENT CQWTRCW D~ATA. PA D
'Security clasallicallaf of fill*. body of abohezia: nd indeamj wannotation mustuet. entloete when A*b overall f~powt 16 Clp..aiffd)

OXGN -0 CIIY COft CM41 S&. 01PORT? SECURITY CLASSIFICATION

U. S. AniW' Electronc CouiGROUP
Fort Monmouth, New Jersey 07703

9. RUPORYT ymLm

Corrosion Resistance of Electronic Parts

4-.O19SCnPTV6 worag (Tw~g .Iu-Vul &ad betho.u Alse;

Technical Report

Charles P agr

6. WIKPOXT OATK ?4, TOTAL 000. OF PAMCS i&0w. OF1116

May 1972 305
I&CONtTRACT ON GRANT 000. 00, @RIGSNAT@WC RUPOAT 06UN6IMA

S. motoaucr NO. 1H16 62705 4.057 EMO-3576

e.Task No. Or01 M-R See Ow Sa % S

sWork Unit NO. -li4i

Approved for public release; distri.bution unlimited
It _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________________________ ACIVIT

U. S. IM Electronics Cokand.

One of the design objectivas of military electronic equipuments is to withstand
the degradation of hmid tropical exposures. Corrosion provides a significant contri-
bution to the failure machmnisms tbat can occur. This studyr correlates various lab-
oratory humidity and salt fog acceleration tests with actual field exposure studiesr of electronic parts in the Panamanian jungle and at marine shore sites. Significant
corrosion failure mechanisms are described and correlation with the field is provided
by comparing laboratory exposed 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 expesed in the jungle begin
to show significant corrosion and fungus growith in three years, while shore conditions
providte significant corrosion in two years. La1,oratory humidity teste have accelera-
tion factors of I44 field days per laboratory test, while salt fog tests provide
acceleration factors of 36-4~2.
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BACKGROUND

One of the design objectives of military electronic equipments is to with-
stand the degradation of humid tropical exposures. Many tstudy 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. For many years, laboratory
tests, such as the Moisture Resistance Test, Method 106 of MIL-STD-202, have
been used to determine the resistance of applied protective designs, coatings,

and finishes to tropical atmospheres. The moisture resistance test, however,
was developed for use over twenty years ago andat that time, it appeared
suitable for designs and materials in usage. SIn.'e then, tropical field ex-
perience in Southeast Asia and improvement of parts, materials, and processes
made possible the achievement of extended field rervice lives, maintenance
cycles and reliability performance which needed to be reflected in more effec-
tive and correlated laboratory test cycles. Many predicted service lives of
parts or assemblies must bi based upon known acceleration factors of labora-
tory testing. Recently, a fungus test per Method 508 and a salt-fog test per
Method 509 of MIL-STD-810 were added to equipment specifications to assure in-
creased fungus and corrosion resistance of parts, materala. and processes.
The continued use of such tests, however, must be based upon their ability to
predict field service life in short term accelerated laboratory exposure
tests.

Various studies have been made to expose selected electronic parts, such
as resistors, capacitors, inductors, etc., to seashore and jungle sites at
the Tropic Test Center, Panama Canal Zone, and to selected accelerated labora-
tory test cycles which includsd moderated salt-fog conditions. This !report.
reviews the previous background data* and complt+.es the analysis of the col-
lated data, with special emphasis on the identity of the corrosion failure
mechanisms that can occur for the purpose of providing a basis for a predice
tion of environmental reliability and service life capabilities of the parts,
and correlation between the various accelerated laboratory test procedures
performed. A special analysis is conducted of reduced salt-fog concentration
test procedures.

SUMMARY OF 1958 STM

Initial efforts to correlate laboratory tests with tropical exposure had
been con=icted in 1958.1 Selected electronic parts had been exposed to
jungle and seashore conditions 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
comparision cf the shore and shady jungle columns under the heading, "Field
Results," shows a preponderarce of failures occurring at the shore site, ex-
cept for paper capacitors. Inasmuch as the average relative humidity is
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 additional degradation
factor which was salt vapour from the ocean.

S~1
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Failure analysij of results in the field showed that lead wire corrosion
was extensive with many open-lead wire failures occurring. End soal migration
and case corrosion products were prevalent. Except for open-lead 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 failures in the laboratory, using Method 106 of MIL-STD-202 and some
modification thereof, including various adaptations of a salt spray test from
ASTM Bl17-54T, with various percent salt solutions, as follows:

Accelerated Laboratory Test Procedure Variations

20 cycles, Method 106.

ii 1, 3, 5, 7, 9, 11, 15, 17, 19 cycles of Method 106;
2, 4, 6, 8, 10, 12, 14, 16, 18, 20 of 20% Salt Spray.

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

P1 18 cycles, Method 106;and 5th and 15th cycles 2 hours of 5% Salt
Spray included.

V 15 cycles Method 106; and, 1st, 4th, 8th, llth, and 16th cycles 5%
Salt Spray.

lIT 20 each 24-hour cycles of: 22 hours Method 106,
2 hours 3% Salt Spzay.

Column 1 of Fig. 1 shows that except for composition potentiometers,
t,wernty 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 jungle site and accel-
eration factor for one temperature-humidity 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

In 1963, this work was continued on a newer family of subminiature
parts. 2 Here again, eighteen selected parts were exposed at a jungle site and
a seashore site for three years and these results compared to the following
tests:

2
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Accelerated Laboratory rest Cycling

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

2, 20 days, 1% Salt-Fog at +600c.

3. 20 days, steady sxits Moisture Resistanca at +900C and 90% RH.

4". 20 days, 0.5% Salt-?reg -it +50C.

The vnits exposed in the fa•ld study were exposed with or without a
- polarizing potential.. 71Ji.. poteVtial is present in normal equipment operation

and tends to accelerate -ertain corrosion processes. The absence of polarity
it. simulates standby or st.af" conditions. The following parts were exposed:

Abbreviated Code 7Tpe Part

i OCK Ceramic Capacitor
CL Fixed Tantalum Capacitor
•CM Mica Capacitor
CS Solid Tantalum Capacitor
CT Mylar Capacitor
SMF Metal Film Resistor
KC Fixed Ceramic Capacitor
" RC Carbon Composition Resistor
RS Variable Resistor

RL Fixed Tin Oxide Resistor
RN Film Resistor
RO Fixed Carbon Resistor
RW Wirewound Resistor
TA Fixed Tantalum Capacitor
SVC Variable Ceramic Capacitor
VI Inductor
VK Fixed Ceramic Capacitor
WE Fixed Inductor

For this report, only corrosion mechanism observations will be analyzed and
comparad with laboratory tests. Electrical data analysis will be continued
and reported subsequently.

DATA PRESENTATI(Ne

1. During periodic field trips to Panama, observations were made of the
corroded condition of the parts. These observations were accomplished after
periods of exposure of 7, 24, 36 months. The data obtained at each of these
times represent a time-related degradation level and t.herefore are eligible for
use as a partial basis for rating each part's reliable service life capability
in the field. Sintce these same parts were tested in the laboratory under two

k 3
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humidity and two salt-fog tests, the data can also be used to estimate accel-
eration factors obtained for each test.

2. Based 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. le~ad wire corrosion (1,C): Lead wires are normally plated or
tinned copper wires. A few are copper.clad steels. Pr:icipal constituents

are usually tin-lead or tin over copper, nickel-tin-magnesium, copper-silver,
or nickel-copper. Corrosive atmospheres first tarnish coatings or platings
and progressively attack the basis lead wire metals via pin hole or anodic
corrosion processes. It is reasonable therefore, to grade extent of corro-sion by the following code:

0 No corrosion
X Grey or tarnished plating Fig. 2

XX Grey leads plus black spots Fig. 3
XX< Grey, black and/or green encrustation Fig. 4

Failure Level- - ---------------
XXXX Grey, black, green with necking Fig. 5
XXXX(F) Above corrosion wi~th open leads Fig. 6

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

b. Eid seal migration (ESM): Applied circuit voltage polarities can
cause migration of corrosion products over insulating end seals with resultant
loss of insulation resistance and 4ncrease of wettability during condensation.
A previous report on this subject 5 established that lack of adequate fillet-
ing design of bushings (tc prevent accumulation of contamination in inside
corner designs) prceided a corrosion failure mechanism which necked the leads
adjacent to the part body -and also deposited corrosion products over the sr-
face 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 manufacturer. Lead-rich
solder dips may also cause such corrosion products.

d. Silver migratioz, (SM):4 Any silver platings or elements under
c nditions of direct current polarity and moisture will migrate through porous
or filled plastic insulation and eventually cause short-circuit failure.
Silver migration is usually invisible until catastrophic short-circuit failure
occurs (Fig. 5)

e. Case corrosion(CG): Metallic cases can corrode and contribute to
migrating corrosion products. Since cases usually carry identification.
corrosion may mean loss of part identification (Fig. 9).
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f. Plastic erosion (PE): Apparently, some plastic compositions are 4
subject to chemical or fungus attack during tropical exposure. Salt exposures
and voltage polarities accelerate this condition. Erosion may mean greying or
dulling of surface with loss of identification, or deep erosions which bam
parb elements (Fig. 10).

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

h. Electrolytic corrosion (ELC): Such corrosion may occur due to
metallic couples of part elements within the part and can accelorate couple
corrosion and catastrophic failures as open or short circuits, depending an
the type of mechanism (Fig. 12).

i. Fongus growth (FG): The presence of fungus growth is considered
a contrLbutor of surface contaminants and corrosion electrolytes. The pres-

ence ot fungus growth is also an indication that cleaning and maintenance of
the asstmbly is due (Fig. 13).

3. The number of 18 part groups which exhibited signficant c
of the above failure mechanisms after 7, 24., and 36-month exposures Is b•h n
Fig. 14, 15, 16. Each test lot for each condition listed numbered 25. Fig-
ures 17, 18, 1% and 20 show the distribution of each failure mecbanim with
respect to location and exposure time. An indication of (F) beside az fail-
ure mechanism irdicates that the part failed due to the mechanism alone.

•2I
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"4. The data and observations from the four accelerated laboratory tests
are shown in Fig. 21. The calculation of equivalent field service life and
acceleration factors are shown in Fig. 22 and 23. The data in Figure 22 shows *1
the Equivalent Field Service Life, which each laboratory test cycle was
capable of reproducing after 20 days of labore.tory exposure. This was ob-
tained by matching the terminal laboratory tesit result with each of three
field test results at 10, 24,and 36 months. The acceleration factors in Fig. I
23 were obtained by dividing each equivalent .;ervice life time in Fig. 22 by
20, since each laboratory test was conducted lor that period.

DISCUSSION OF DATA

1. Failure Mechanisms: The failure mechanisms of electronic parts
which were exposed in field tropical conditions and contributed to part degra-
dation are as follows .(lfsted in order of severity and showing the number of
part groups which were -usceptible):

Sn Shore ,

NP P NP Total
Lead Wire Corrosion 1- - 7
End Sea! Migration 1 1 6 9 17
Plastic Erosion 2 2 4 4 12
Element Corrosion 2 3 3 4 12
Fungus Growth 8 6 4 5 23
_Electrolytic" Corrosion 2 3 3 4 12
Solder Corrosion 2 2 1 4 9
Silver Migration 1 2 0 2 5
Case Corrosion 1 1 1 1 4

• The above numbers are the sum of each of 18 different type parts which exhib-
lied failure 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 follows:

Lead Wire Corrosion: Use of two part pin-hole free plating of ade-S~quate thickness. Avoid couples, and poor

filleting or end seal designs.

End Seal Migration: Avoid or minimize corrosion of case 3r lead-'• ~wire and right angle fillets design."•

Plastic E&_-sion: Use of inert and salt resistant plastics.

Element Corrosion: Protect elements by adequate plating. Plastic• ~coatings are not complete barriers to moisture

enitry.

6
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Fungus Growth: Protect part surface from outside contaminants.
Periodic maintenance at every one to two years
may be necessary.

Electrolytic Corrosion: Avoid excessive couples in part design.

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

0Silver Migration: Do not use silver electrodes in parts with
filled or porous insulaticn where moisture may
penetrate and direct current polarities may

,+++ occur.

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

2. Tropical Field Service Life: The progression of corrosion effect on
the parts studied indicate that part failures can be expected to become signi-

ficant factors in the operation of equlpment assemblies as follows:

Jungle: 3 years
Shore: 2 years

3. Maintenance Field Life: To assure extended and continued service
life in the field, maintenance is necessary to re,'ore corrosion products and
such contaminations as fungus growth. Maintenance periods should be Selected
to preclude the failures occurring in the nexe time period.

4. Acceleration Factors: By matching the results obtained in each lab-
oratory test cycle and the corrosion results of parts exposed in the lield,
the following acceleration factors can be estimated:

Test Shore
Method IO,-RIL-STD-202: 43.9 none
1% Salt Fog : not significant 41.5
0.5% Salt Fog : not significant 35.6
900c Humidity 50.1 none

Because the 900 C humidity test provided a large number of catastrophic fail-
ures not obtained in field testing, this test should not be considered for
accelerated testing. 2 It3 effectiveness, however, shows that temperature rate
factors are profound and test temperatures should be raised a high as prac-

tical to increase degradation and acceleration factors. Method 106 provides
no corrosion correlation with shore conditions 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 Fop
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test provides some desirable mitigation of severe corrosive effects. It may
be posaible that as the salt content 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
followin'g approximate data:

Field Service Life Aceeleration Factor
(das)(field days/Titay

1958 Study

Jungle 1400 Method 106 - 70
Shore 200 - 2600 TH SF Var. #IV - 10 130

1968 Studtr
Jungle 880 Method 106 = 44

Shore 720 - 840 TH SF Vari - 36 h 42

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

6. Long Term Effecýts: Certain degra4dative processes require long-term

exposure and, therefore, are not correlated by short-term tests. These are
element corrosion, fungal growth, and silver migration. Corrosive processes
are usually not severe in humidity tests unless salt and direct current volt-
age stresses are present. The appearance of even slight corrosion in lab-
oratory humidity tests should be a basis for failing a part and requiring
improved finishes.

CONCUJSION

1. Failure Mechanisms: Electronic parts exposed to tropical environ-
mental conditions are subject to failures because of the degradative in-lu-
ence of the following corrosion. erosionrand fungal effects:

a. Lead Wire Corro:lson
b. Ed Seal Mig- ation of Corrosion Products
c. Plastic Erosion Due to Salt and Moisture Attack
d. Element 5orrosion Due to Moisture Ingress
e. Fungal Growth and Surface and Plastic Degradation
f. Electr,,lytic Corrosion Due to Galvanic Couples in the Parts
g. Solder Porrosion Due to Flux Contaminants
h. Silver ?.Xgration Due to Use of Silver and Porous or Filled

Plastic i'sulation
i. Case Corrogion Due to Poor Finishes

Pro ventative techniques are recommended within this reTort and other referenced
literature5 and most are within current state-of-the-art techniques. the

.3
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field service life and maintenance time recommended below are applicabLz to
• parts used in louvered cases open to outside contaminat ions. Protection by

containing the assembly in sealed cases capable of maintaining dr• clean i- Aternal conditions would exte id service lives and rinimize maintenance factors A

considerably.

2. Tropical Field Serv'ice and Maintenance Life: Terminal degradative
corrosion effects can be expected during the following exposure periods.
Maintenance procedures are recommended prior to irreversible corrosion or
fungal growth effects:

Field Service Life
Jungle 3 years
Shore 2 years

3. Acceleration Factors: Laboratory test conditions provide the accel-
erat-ion shown in Paragraph 5 of Discussion of Data above. Method 106 pro-
vides no correlation with seriouo corrosive effects obtained at the ahbre or
marine conditions. Salt-fog tests do provide correlation and significant
acreleration. High temperature, high humidity tests are harsh and do not 45
correlate well with field conditions. Salt fog testing is necessary for
electronic assemblies, if corrosion prevention is required in tropical en-
vironments.

h. Long Term Degradative Effects: Accelerated laboratory testing, in
periods of ten to twenty days, do not reproduce long-term failure types, such
as element corrosion, Lumgal growth, silver migration, and severe lead wire
corrosion witn necking and/or open circuits.
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Part Tropical Field
Jungle I Shore

Non-Polar Polar Non-Polar Polar

CK 0 0 X XX

CM 0 0 X XX
CS 0 0 I XX
CT 0 X X

i MF 10 n- X XX :

IKC o 0 X X
RC 0 o 0 XX XXX
RS 0 0 0 0
RL 0 X XX
RN 0 0 X XXX
RO 0 X X
RW 0 0 X, EC YXX, EC
TA 0 X XX

'C0 0 0
VI 0 0 X
VK o 0 0__ _

> WE 00X X

'Faiiure Mechanism Code Explained in "Date Presentation," Par. 2.

Fig. 14- Seven Months Field Corrosi.nn Data.
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Part Tropical Field

Jungle Shore

Non-Polar ?olar Non-Polar Polar

CK x X x

CL X, CC, ESK X, CC, ESM XX, , CC XX,2 1S, CC

C0 0 0 XX, ESM X1, EM

CS X X X, PE IX, SCv, PE

CT 0 0 X XXXI,

MF X X XX, ESM XXX, Em

KC 0 0 XX XX

RC 0 0 XX, SC, EM XX, SCE3

Rs 0 0 0 0

RN 0 0 XX, SC UXs SC, ESK

RO 0 0 XX, ES XX, ESM

RW 0 0 X, EC UX, EC, SC, PE

TA 0 0 XX XXX

VC 0 0 X, PE X, PE, EX

VI 0 0 X,PE XX, PE

VK 0 0 X X

WE i 0 0 X, ESM XX, ESK

*Failure Mechanism Code Explained in "Data "resentation," Par. 2.

Fig. 15 - Twenty-Four Month Field Corrosion Data*
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Par- Tropical Field
Jungle Mhore PlrI

Non-Polar Polar Non-Polar Poa

CK XXX XX XX EXXXX(F),, PE
ccNXX 

XP

VCL Oj,FG,C 0, FG.,CC XX, ESM, cc YXX, ESH, cc

CM4 X, FG X, FG, SH(F) XX, PG XX, FSM, SM(F), FG

Cs X, PG X. XX, EC(P) Xr., ESM,, SC(F)

CT 0 0 XX, PEESK XXx, EX(F)

XC 0,, PE 0., PE XXX, ESM, SC XX

R C XX XX, EC , FO., SC XXXX, SC, E34

RS 0 0 X.,PE FG5 BC

RL 0 X XXX, ELC XX,,PE,,ESM(F), ELC

RN X,, SC, FG X, SC., PG X7X, ESq XXXX (F),j EC (F)

RO G 0 X-XX, ESM XX, EM

RW 0 0 XXX.,FG XUX,EC

TA 0, FG 0, FG SC.,FG XXX, FG

VC SC, SK, PG SC, SM, PG FR, PE, PG SK(F~), SC,, FG, EC

vi EC, PE 0 j XX EXI CC, M,,PE

f VK 0 0 XX LX

IWE X.,FG XX, PG XXX, ESM XXXX.,ES4, Sc

*Falur MehansmCode Explained in "Data Procentation," Par. 2.

Fig.16 Thrty-six Month Field Corrosion ta
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EVosure time 7 months 24 months 36 months

MechaniCos Number of Part Groups Ravin- FailuresLead Coroion (LC) -- ilre

0 18 14 8x 0 4 4xx 0 0oxxx 0 0 1
Failure Level ........... .-.xxxx 0 0 0XXXX(F) 0 0 0

Fig. 17 - Lead Wire Corrosion at Jungle

Exposure time --------- 7 months 21 months 3b months
SMechanisms24mnh36ots

Lead Cozrosion (LC) Number of Part. Groups Having Failures

0 3 14 0
xx 4s 4 1xxx 7 9 8
XXX 3 6 5

- - -- - -- Failure Level - -MXXF 0 0 . .
XXXX(F) 0 0 1

Fig. 1' - Lead Wire Corrosion at Shcre*

*The above data shows that significant lead wire failures do not occuruntil after three years in the jungle and after two years at the shore.
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Exposure Time -......- 7 months 24 months 36 months

Failure Mechanism Number of Part G:ou:s with Failures at Jungle

sC 0 0 2SSM 0 0 2 1

PE 0 2-

EC 0 03,•:ELC 0 0 0
, FG 0 0 6

Fig. 19 - Number of Jungle Failures

Exposure Time ------- 7 months 24 months 36 months

Part Number of Part Groups with Failures at Shore

SESM 0 0 9

Sc 0 4 4
SM(F) 0 0 2

PE 0
EC 1 1 4
ELC 0 0 1
FG 0 0 5

Fig. 20 - Number of Shore Failures
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~i

Humidity Salt Fog Humidity
rest Test Test
Cycle Salt Fog Test 500G, 90oC,

Part l36 600G, 1% SF 0.5% SF 100% RH

CK LC(F), PE L0 LC
CL LC, ESM 0 LC, CC LC, CC
CM LaC, S 0 PS
CS LC(F), PE, EC LC, PS, EC PS, SC
CT 0 LC 0

AF LC LC(F), ESM LC LC, PS
KC 0 LC(F), MA" LC 0
RC LC, EM4 C
RS 0 LC, FV.

0 LCF.%I, Str Cr LU
RN LC(F), PE LC, SC LC, EC
RO LC LC; ESM LC, ESK 0
1RW LC, ES4, EC LC
TA LC LC LC EC

.VC CC, ES1 SM, EC
VI EC LC(F), EC LC, EC SC, EC
VK 0 LC, SM LC LC, EC
IE 10 SC 0

Legend:

0 = No failure mechanisms observed
Blank space = part was not tested
Str Cr = Stress Corrosion (not listed in text)
PS = Plastic Swelling

Fig. 21 - Failure Mechanisms Observed in Four Accelerated Laboratory Tests
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S•)Part Laboratorly Test Cycle

" thod 106 HIT x 1% SP 0. 5% SF 90°C., HT

i•• ••CK S 720 S 720 J 1080
SCL J 720 IS 300 S 720 J 720
SCK S 1080 S 300 J 1080

SCIS S 1080 S 1080 J 1080
SCT IS 300 S720 J 1080
SMF J 1080 S 720 S 720 J 1080
SKC J 720 S 1080 IS 720 J 720

RC1! S 720 J 720
S "RS J 1080+ S 1080-A
=RL J 720 S 720 IS 720
SRN IS 1080 S 720 J1080
SRO J 1080+ S 1080 S 720 J 1080

R mS. 1080 S 300
TA J 1080+ S 720 S 720 J 1080
VIC J 1080 S 720

•ivI J 1080 s 1080 S 720 1 1080
•=VK J 720 S 1080 S 1080 J 1080
SWE J 300 IS 300 S 720 J 1080

• NOTES:
1- I Jungle Data was corpared to hurridity tests (J)

S2& Shore Data was compared to Salt Fog tests (S)

X

3. SF - Salt Fog

S•iU "Fig. 22 -Field Service Life for Jungle (J) or Shore (S) Exposure
ain Days (Equivalent to 20 Days of Laboratory Tests)
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(Equivalent Field Service Life / 20 Laboratory Test Cycles)

Part 106, W~ 1% SF 0-5% -F 9&0C MC

CK S 36 S 36 J 54CL 136 S 15 S 36 J36

CH S 54 Si1SJ5
CS S54 S 54 J 54

ST S 15 S 36 J 54
XF J 54 S 36 S 36 J 54
KC J 36 S 54 S 36 J 36
RC S 36 J 36RS J 54÷ s 54
RL J 36 S 36 S 36
RN S 54 S 36 J 54
RO J 54+ S54 S 36 J 54
Ss514 s 15
TA J 54+ S 36 S 36 J 54
VC J 54 S 36
VI J 514 S54 S 36 J 514
Vw J 36 s 514 S54 J 54
WE J5 S S5 $ 36 .J 54

Avg 43.9 41.5 35.6 50.1

Acceleration Factor = Field Days per one lab day

Fig. 23 - Laboratory Test Cycles Acceleration Factors*
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