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ABSTRACT 

The Komplast materials experiment was designed by the Khrunichev Space Center, 
together with other Russian scientific institutes, and has been carried out by Mission Control 
Moscow since 1998.  The purpose is to study the effect of the low earth orbit (LEO) environment 
on exposed samples of various spacecraft materials. The Komplast experiment began with the 
launch of the first International Space Station (ISS) module on November 20, 1998.  Two of 
eight experiment panels were retrieved during Russian extravehicular activity in February 2011 
after 12 years of LEO exposure, and were subsequently returned to Earth by Space Shuttle 
“Discovery” on the STS-133/ULF-5 mission.  The retrieved panels contained an experiment to 
detect micrometeoroid and orbital debris (MMOD) impacts, a temperature sensor, several pieces 
of electrical cable, both carbon composite and adhesive-bonded samples, fluoroplastic samples, 
and many samples made from elastomeric materials.  Our investigation is complete and a 
summary of the results obtained from this uniquely long-duration exposure experiment will be 
presented. 

1. INTRODUCTION 

The Komplast experiment has been conducted on the ISS by Khrunichev Space Center in 
collaboration with other Russian scientific centers since 1998.  In this experiment, space 
environmental effects (SEE) on exposed specimens of various materials were studied in low 
earth orbit (LEO) as part of the International Space Station (ISS) program. 

To execute this experiment, Komplast panels outfitted with specimens of materials and sensors 
were located on the outer surface of the Functional Cargo Block (or FGB; the first ISS flight 
element).  The panels were delivered on orbit together with the FGB on 20 November 1998.  In 
March 2011, two of the eight Komplast panels were returned from the ISS on the Space Shuttle 
Discovery after 12 years of LEO exposure. 

Figure 1 shows the FGB with Komplast panels Nos. 2 and 10 mounted (marked with arrows) 
immediately after launch in 1998.  Note that Panel No. 10 (left) had a cover installed prior to 
launch and during early flight.  This cover was removed during the ISS-2A mission, 
extravehicular activity (EVA) 3 on 12 December 1998.  The approximately three week period 
during which Panel No. 10 was covered had an insignificant impact on the SEE analysis. 
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The goal of this work was to determine the effects of spaceflight factors on the properties of 
FGB materials following LEO exposure for 12 years, based on analyzing the results of the in-situ 
experiment and subsequent laboratory investigations, and to contribute to ISS service life 
extension assessment activities. 

2. SPACE ENVIRONMENT FACTORS 

2.1 The “Natural” Environment 

Temperature dynamics during exposure to space were determined from sensors located on both 
panels.  On Panel 2, the maximum temperature recorded was +85С; the minimum, minus 80С. 
On Panel 10, the maximum temperature recorded was +107С; the minimum, minus 80С.  The 
most extreme temperatures recorded on panels by year of operations are presented in Table .  
The maximum values by year are on top; the minimum values, on the bottom. 

Table 1 Temperature Extremes, in °С, on Komplast panels 2 and 10 From January 1999 to 
December 2010 

Panel 1999 2000 01 02 03 04 05 06 07 08 09 2010 

2 
83 
-50 

85 
-45 

80 
-35 

85 
-40 

65 
-45 

85 
-40 

80 
-45 

75 
-40 

85 
-40 

80 
-65 

60 
-80 

55 
-40 

10 
103 
-80 

102 
-60 

107 
-55 

105 
-70 

95 
-75 

105 
-65 

101 
-75 

95 
-70 

106 
-65 

102 
-75 

80 
-80 

84 
-61 

The average temperature of panels Nos. 2 and 10 over the entire period of exposure was 
20±10°C. 

 
Total exposure to solar ultraviolet radiation was determined by analysis of the temperature 
dynamics.  The total exposure on the FGB at the locations of Panels 2 and 10 for 12 years was 
960200 kJ/cm2 or 21,100±4,400 ESH (equivalent sun hours).  Ionizing radiation dose was not 
determined. 

Atomic oxygen (AO) fluence was determined.  An analysis of the condition of several specimens 
which have been utilized on previous SEE experiments enabled the atomic oxygen fluence to be 
evaluated, estimated at approximately 1.51021 atoms/cm2.  This fluence was evaluated for the 
entire 12-year period of panel exposure on the FGB and accounts for both the initial (differently 
oriented) period of flight and the modern flight period, during which the FGB end cone (on 
which removed Komplast Panels 2 and 10 were mounted) was not directly exposed to the ram 
atomic oxygen. 

The micrometeoroid and orbital debris (MMOD) environment was also evaluated, using a test 
device specifically for this purpose on Panel 2.  The distribution of craters and low-velocity 
particles so obtained in the range of 5-50 µm per m2 of surface area was ~2-3 orders of 
magnitude high as compared to NASA model expectations. 

 



2.2 The 

Visible tr
(Figure )

By using
was foun
from som
specimen

A highly
prepared 
extensive

3.1 Rub

Rubber s
studied.  

The defo
sealing c
rubber sp
oxygen a
of the ISS

During in

Contamina

races of cont
.  

g X-ray micro
nd that the co
me the test sp
ns.  

Figure 

y detailed rep
and docum

e work condu

bber (Elasto

specimens ex
Six types of

ormation, stre
apability of 

pecimens un
at a dose equ
S. 

nvestigation

ation Enviro

tamination o

oanalysis, th
ontamination
pecimens pla

3. Contami

port on the m
ment through 

ucted to eva

meric) Spec

xposed to LE
f rubber mate

ength, and re
rubber seal r
derwent add

uivalent to a 

s, it was dete

onment 

on the surfac

he chemical c
n occurred in
aced on the p

ination film

3. R

methods use
the ISS pro

aluate the Ko

cimens 

EO environm
erials underw

elaxation pro
replicas was

ditional (post
total duratio

ermined that

ces of panels

composition
n the form of
panels, prim

 (top) on th

RESULTS

d, results ob
ogram.  Wha
omplast test s

mental factor
went exposu

operties of ru
s assessed.  A
t-flight expo

on of 30 year

t: 

s and materia

n of contamin
f deposition 

marily from ru

e Komplast

S 

btained, and 
at follows he
specimens fr

rs for 12 yea
ure. 

ubber specim
After exposu
osure) radiati
rs in a low-E

al specimens

nation was d
of the subst

ubber (elasto

t panel surfa

analysis con
ere is a sum
from Panels 2

ars on Komp

mens were st
ure in space, 
ion with a st

Earth orbit si

s were studie

determined. 
tances emitte
omeric) 

 

face. 

nducted has 
mmary of the

2 and 10.   

plast Panel 2 

tudied, and t
some of the

tream of atom
imilar to the 

ed 

 It 
ed 

been 
e very 

were 

the 
e 
mic 
orbit 



 A
re

 W
se
vo

 W
fo
co
du
sh
ob

The princ
specimen
on surfac
developm
deformat

The form
exposed 
surface fi

Another 
different 

Figure

Based on
rubber m
overall g

After long-te
elaxation pro

When expose
eparation oc
olume failur

When studyin
orward-facin
ontact one. 
uration spac
hielded surf
bserved. 

cipal signific
ns is the loca
ces with a dir
ment of a lac
tion, and fail

mation of rigi
materials; i.e

films, the sea

important co
types of shi

e 4. Border b

n the kinetics
materials reta

uaranteed op

erm exposur
operties. 

ed rubber spe
ccurs in the 
re for all exp

ng sealing c
ng surface o

 In other w
ce exposure. 
faces, protec

cant conclus
alization of s
rect view of 

ck of uniform
lure. 

id surface fil
e. it causes r
aling capabil

onclusion fro
elding (such

between a r
o

s of exposed
in functiona
perating life 

re, exposed

ecimens are 
surface laye

posed rubber

capability, a 
of seals: a tr
words, the 
 In these sa

cted from d

sion of the K
structural cha
f space.  The 
mity in expos

lms explains
rubber stabil
lity of openly

om the exper
h as with spe

rubber speci
openly expo

d specimen re
ality was dete

of rubber se

d specimens

stretched by
er (films form
r types. 

change was
ransition occ
sealing cap

ame studies, 
direct conta

Komplast exp
anges in the 
localization

sed materials

s the deceler
lization.  Sim
y exposed ru

riment is the
ecimen fasten

imen surfac
osed surface

esidual strain
ermined, con
eals (when sh

s retain the

y up to 50%,
rming on spe

s noted in th
curs from d
ability of s
the retentio

act with the

periment reg
thin surface

n of aging on
s, the format

ration of proc
multaneously
ubber deterio

e identificati
ners – see Fi

ce shielded b
e (right). 

n accumulat
nfirming the
hielded on th

ir volume 

, structural f
ecimens und

he sealing m
diffuse-type 
eals deterio
n of the sea
 ambient en

garding rubbe
e layer of exp
n a surface le
tion of surfa

cesses in the
y, because of
orates. 

ion of the pro
igure ). 

 

by a fastene

tion, the rem
e feasibility o
he FGB) of 

deformation

failure and p
der SEE) wi

mechanism o
leakage mo

orates after 
ling capabili
nvironment,

er material 
posed mater
eads to the 
ace films, the

e volume of 
f the rigid 

otective effe

er (left) and

maining time 
of establishin
at least 30 y

n and 

partial 
ithout 

of the 
de to 
long-
ity of 
, was 

rials 

eir 

ect of 

d an 

that 
ng an 

years.  



3.2 Adhesive Specimens 

Specimens of adhesive bonded joints were in the form of fiberglass and aluminum alloy plates 
bonded with epoxy adhesives.  Sixteen specimens using three types of adhesives and the two 
types of plates in various combinations were attached to Komplast Panel 10.  Adhesive 
specimens were placed perpendicular to the bottom of the panel so that one edge surface faced 
space and was exposed to all spaceflight factors: solar ultraviolet radiation, atomic oxygen, 
radiation, temperature differences, and micrometeoroid flows.  Some specimens after exposure in 
space underwent additional (post-exposure) irradiation with a beam of electrons at a dose 
equivalent to a total duration of 30 years in LEO similar to the orbit of the ISS.  

The investigations conducted on adhesive specimens demonstrated that all three types of epoxy 
adhesives retain functionality in FGB structures for 30 years.  This conclusion is based on the 
results of studying fracture resistance parameters, the surface and volume properties of the 
adhesive layers in the adhesive specimens after 12 years of exposure in space, and their 
additional irradiation with electrons at a dose equivalent to 30 years of exposure in space.  In this 
context, the failure of all the adhesives studied was "adhesional" (Figure ); i.e., at the interface 
with the substrate material, while the polymer base of all the adhesive layers (hardened epoxy 
polymer) was resistant to the effect of spaceflight factors, and in adhesive bonded joints on the 
FGB this polymer base is protected against direct spaceflight factors by the bonded elements. 

 

Figure 5. Example of "adhesional" failure of an exposed adhesive bonded joint specimen 
during laboratory testing. 

3.3 Cable and Cable Network Material Specimens 

Specimens of cables and onboard cable network materials were exposed on Komplast Panel 2.  
Twelve cable and material specimens were exposed.  Figure  shows a photograph of these 



specimen
specimen

As had b
exposure
(polytetra
materials
maintain 
experienc

The qual
and onbo
allow the

3.4 Carb

These sp
2b) and c
plates of 

Based on
adhesive/
exposure
macro- a

It was de
and its bo

The pulli
(using [В
the origin

ns after their
ns, measurem

een expected
e to spaceflig
afluorethylen
s have been w
their leadin

ced the least

Figure 6. C

itative and q
oard cable ne
e exposed ca

bon Compo

ecimens wer
consisted of 
КМУ-4лс c

n the study c
/Амг6 alum

e, experimen
nd microstru

etermined tha
onded joints

ing strength 
ВК-9] adhesi
nal bonded j

r removal fro
ment of mass

d, the materi
ght factors w
ne of variou
widely used 
g position to
t significant 

Cable article

quantitative c
etwork mater
ables and ma

osite Specim

re exposed o
thin-layer pl

carbon comp

onducted of 
inum) and o

ntal data were
ucture, as we

at the macro
 differed litt

of exposed К
ive) does not
oint is retain

om the Komp
s loss, and an

ials exhibitin
were wire ins
us molecular 

in rocket an
o this day.  T
damage as a

e specimens

characteristi
rial specime

aterials to be 

mens 

on Komplast
lates of grad

posite and Ам

f bonded spec
of thin-layer
e obtained re
ell as change

o- and micros
tle between e

КМУ-4лс ca
t change, for
ned. 

plast panel. 
n assessmen

ng the greate
sulation mad

weight) and
nd space hard
These specim
a result of ex

s after remo

cs obtained 
ens to spacef

considered 

t Panel 10 on
de КМУ-4лс
мг6 aluminu

cimens (КМ
carbon comp
egarding the
es in strength

structure of t
exposed and 

arbon compo
r all intents a

 The studies
nt of the resu

est stability t
de of fluorop
d wire sheath
dware for ov

mens exhibite
xposure and 

oval from th

during the st
flight factors
stable to suc

n the exterio
с carbon com
um bonded u

МУ-4лс carbo
posite specim

e stability of 
h in response

thin-layer К
d control (lab

osite and Ам
and purpose

s included an
ults of wire b

to long-term
lastic 4 and 

hs made of fi
ver a half cen
ed the least l
during wire 

he Komplast

tudy of the r
s over 12 yea
ch exposure.

or surface of 
mposite epox
using [ВК-9]

on composit
mens after 1

f the carbon c
e to pulling 

КМУ-4лс com
boratory) spe

мг6 aluminu
s, and the pu

n inspection 
bending. 

m (12 years)  
4D 

fiberglass.  T
ntury and 
loss of mass
bending test

 

t panel. 

response of c
ars of exposu
. 

the FGB (Fi
xy, as well as
] epoxy adhe

te/[ВК-9] 
2 years of 
composite 
and bending

mposite mat
ecimens. 

m bonded jo
ulling streng

of 

These 

 and 
ts. 

cable 
ure 

igure 
s 
esive. 

g. 

terial 

oints 
gth of 



Strength measurements in response to three-point bending permit the conclusion that no critical 
changes that might result in a change in strength properties occurred in the studied materials over 
12 years of exposure. 

A study was also done of the mass lost by carbon composite specimens after 12 years of 
exposure.  The losses identified in shielded and unshielded carbon composite specimens in this 
experiment coincided with the theoretical models employed.  It was demonstrated that over  
30 years of exposure, the mass loss in КМУ-4лс carbon composite does not exceed 2%, which 
proves the stability of this material's properties as part of bonded joints over the stated period. 

In connection with КМУ-4лс carbon composite, it was determined that shielding of its surface 
completely prevents microstructure changes.  After 12 years of exposure, specimens exhibited no 
significant microstructure changes. 

The assessments of the impact of spaceflight factors on structure, on the composition and 
properties of КМУ-4лс carbon composite, and on КМУ-4лс-based joints bonded using [ВК-9] 
adhesive allowed the prediction that the stability of these indicators will be retained over a 30-
year period of exposure aboard the FGB. 

4. CONCLUSIONS 

In practical terms, the in-situ Komplast experiment enabled an understanding of the processes 
occurring in materials under SEE, and made it possible to confirm the feasibility of establishing 
an overall expected operating life of FGB materials of at least 30 years. 
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