
CHAPTER III 
EXPERIMENTAL

3.1 Card Material

A ll o f  sm art ca rd s (P C -S T D , P V C , P E T G , P C -T e s lin  an d  P C -D D I )  w e r e  
su p p o rted  b y  S m artrac T e c h n o lo g y  L T D .

3.2 Equipments

3 .2 .1  S a lt S p ray  T e ste r  (m o d e l:  S T -I S O -3 )  .
T h e  ca rd s w e r e  te ste d  w ith  sa lt m is t  b y  sa lt  sp ray  te ster . C ard s w er e  

p la c e d  in  th e  in stru m en t a c c o r d in g  to  A S T M  B 1 17. :T he c o n c e n tr a t io n  o f  N a C l w a s  
5 0  g/1 w ith  pH  o f  6 .5 . S a lt m is t  o f  1 . 6  m l w a s  sp r a y e d  o n  th e  area  o f  8 0  c m 2 p er hour. 
T em p era tu re  o f  v e s s e l  at 3 5  ° c  and  p ressu re  o f  1 0 0  k P a  w e r e  c o n tr o lle d  d u r in g  the  
test. , •

3 .2 .2  Q U V  W e a th e r in g  T e s te r  (Q U V  /  S E  A c c e le r r a te d  W e a th e r in g  T ester )  
T h e  ca rd s w e r e  p la c e d  in  Q U V  c h a m b e r  w h ic h  w a s  se t  th e  c o n d it io n s

a s b e lo w
W a v e le n g th  =  3 1 3  n m  
Irrad ian ce =  0 .6 8  w / m 2 

T im e  =  7 9 .1 9  m in /s id e  o f  card  
T em p era tu re  =  3 5  ° c

3 .2 .3  D y n a m ic  B e n d in g  T e s te r  (R e f . IS O /IE C  1 0 3 7 3 /6 )  (@ S m a rtra c  
T e c h n o lo g y )

•  S e t  th e  m a c h in e  and  card  to  a l lo w  th e  b e n d in g  a lo n g  a x is  A

Figure 3.1 C ard to  a l lo w  th e  b e n d in g  a lo n g  th e  m a ch in e .
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3 .2 .4  U S  P o s ta l T ester
T h e  card s w e r e  te ste d  w ith  m e c h a n ic a l s tr e ss  b y  U S  p o sta l to o l in

F ig u re  3 .2

Figure 3 .2  U S  p o sta l to o l.

3 .2 .5  O v e n  at 5 0 ± 2 ° c
3.2.6 F r e e z e r  at -35±2°c
3 .2 .7  C lim a t ic  C h a m b er  at 5 0 ± 3 ° c ,  9 3 ± 3 % R H
3 .2 .8  C o n ta c t le s s  R ea d er  for  F u n c tio n a lity  T e s t in g  (bran d: B a lte c h , m o d e l:  

A G  A N T I  read er)
T h e  ca rd s  w e r e  te ste d  for  fu n c t io n a lity  b e fo r e  an d  a fter  ea c h  test.

T h e  ca rd s w e r e  p la c e d  o n  th e  read er an d  m o v e  u p  to  th e  h ig h e s t  d is ta n c e  at w h ic h  the  
read er ca n  read  th e d ata . T h is  h e ig h t  is  th e  m a x im u m  d is ta n c e  fo r  e a c h  card .

3 .2 .9  D iffe r e n tia l S c a n n in g  C a lo r im e te r  (D S C )
T h e  c r y s ta lliz a tio n  an d  m e lt in g  b e h a v io r s  (T m, an d  T c) o f  p la s t ic  card s  

w e r e  m ea su r e d  w ith  M ettler  D S C 1 . N itr o g e n  w a s  c o n s is t in g  p u r g e d  in to  th e  
e q u ip m e n t, m a in ta in in g  at 5 0 m l/m in , d u rin g  th e  sc a n  to  p r e v e n t  s p e c im e n s  from  
th erm al d eg ra d a tio n .
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T h e  th erm al s c a n s  c o n s is te d  o f  th ree  s te p s . F ir s t ly , th e  tem p era tu re  o f  
sa m p le s  w a s  h e a te d  from  2 5 ° c  to  3 0 0 ° c  at a rate o f  1 0 ° c /m in . T h is  tem p era tu re  w a s  
h e ld  for th ree  m in u te s  b e fo r e  b e in g  c o o le d  to 2 5 ° c  at 1 0 ° c /m in .  T h e n , th e  sa m p le  
w a s  su b se q u e n tly  h ea ted  at 1 0 ° c /m in  fo r  c o r r e sp o n d in g  th e  m e lt in g  b e h a v io r  
in v e s t ig a t io n s .

3 .2 .9  T h e r m o g r a v im e tr ic  A n a ly s is  (T G A )
T h e  sa m p le s  w e r e  a n a ly z e d  b y  T G A  u s in g  a  P e r k in -E lm e r  P y r is  

D ia m o n d  T G /D T A  in stru m en t u n d er N 2 f lo w  o f  2 0 0  m l/m in . T h e  h e a t in g  p r o c e s s  
w a s  c o n d u c te d  fro m  5 0 -7 0 0  ° c  at a rate o f  10 ° c /m in .

3 .2 .1 0  In stron  U n iv e r sa l T e s t in g  M a c h in e
It is  u se  to  in d ic a te  h o w  th e  m ateria l w i l l  r ea c t to  fo r c e  b e in g  a p p lied  

in  te n s io n . T h e  te n s i le  te s t  are u sed  to  d e te r m in e  th e  m o d u lu s  o f  e la s t ic ity , e la s t ic  
l im it , e lo n g a t io n , p ro p o rtio n a l lim it, te n s i le  stren g th , y ie ld  p o in t , y ie ld  s tren g th  and  
o th er  te n s i le  p ro p er tie s . T h e  te n s i le  te st  w a s  p er fo r m e d  u s in g  I n s tr o n /4 2 0 6  U n iv e r sa l  
T e s t in g  M a c h in e . T h e  te n s i le  s p e c im e n s  w e r e  p rep ared  a c c o r d in g  to  th e  A S T M  D 8 8 2  
standard . T h e  g r ip s  m o v e  a part at a co n sta n t sp e e d  o f  5 0 m m /m in , th e n  th e  te n s i le  
str e ss , m o d u lu s  an d  stra in  w e r e  te st  at le a s t  f iv e  sa m p le  o f  e a c h  c o n d it io n .

3 .2 .1 1  S c a n n in g  E le c tr o n  M ic r o s c o p e  (S E M )
T h e  m e a su r e m e n t w a s  carr ied  o u t at 2  k v  w ith  lO O x. B e fo r e  th e  

m e a su r e m e n t, th e  su r fa c e s  o f  th e  p la s t ic  card  a fter  f in is h e d  c y c le s  w e r e  c o a te d  b y  
p la tin u m .

3 .2 .1 2  H a z e -G lo s s  M e a su r e m e n t
A fte r  f in ish e d  ea c h  c y c le s ,  th e  sa m p le s  w e r e  a n a ly z e d  b y  g lo s s  

m e a su r e m e n t at 6 0 ° .
3 .2 .1 3  C o lo r im e tr ic  S p ec tr o p h o to m e te r

A fte r  f in ish e d  ea c h  c y c le s ,  th e  sa m p le s  w e r e  a n a ly z e d  b y  
c o lo r im e tr ic  sp e c tr o p h o to m e te r . C o lo r  c h a n g e s  w e r e  c a lc u la te d  u s in g  th e  f o l lo w in g  
form u la;

AE =  [(z.*)2 + ( a * ) 2 4- ( i* )231/z (eq u a tio n  3 .1 )
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w h e r e  L* rep resen ts  b r ig h tn e ss , from  0  (b la c k )  to  1 0 0  (p e r fe c t  w h ite ) , 
a* rep r e se n ts  th e  red ( p o s it iv e  v a lu e )  or g reen  c h r o m a  (n e g a t iv e  v a lu e ) , w h i le  b* 
r e p resen ts  y e l lo w  (p o s it iv e  v a lu e )  and  b lu e  c h r o m a  (n e g a t iv e  v a lu e ) .

3.3 Methodology

3 .3 .1  Id e n tify  th e  E n v ir o n m e n t. S to ra g e . R ea d er  P r o f ile , an d  F r e q u e n c y  in  
w h ic h  th e  C ard s is  U s e d  F o l lo w  to  IS O /IE C  2 4 7 8 9 -1
3 .3 .1 .1  Select the Possible Condition

S e le c t  th e  p o s s ib le  e n v ir o n m e n t, s to ra g e , read er  p r o f ile  and  
fr e q u e n c y  w ith  th e  l i fe t im e  10 y ea rs  in  ord er to fin d  th e  d ata  o f  U s a g e  ( บ ) ,  A g e  (A )  
and  C o e f f ic ie n t  (c )  fo r  10 y ea rs  te s t in g .

3 .3 .1 .1 .1  Determination O f Testing Procedure For Cards 
Service Lifetime
3 .3 .1 .1 .1 .1  Service Life Description

It is  s ta ted  that 3 m a in  p a ra m eters  m u st  
b e  ta k en  in to  a c c o u n t  to d e f in e  ra w  card  m is s io n  p r o file .

- E n v ir o n m e n t
- S to ra g e
- R ea d er  P r o f ile

Environment : T h e  e n v ir o n m e n t in  w h ic h  th e  card  is  u sed  
Table 3.1 T h e  e n v ir o n m e n t c o n d it io n s  in  w h ic h  th e  card  is  u se d

E N V I R O N M E N T U s a g e " A g e "
C o n tr o l le d  c l e a n  r o o m 0 0
R e s id e n t ia l /o f f ic e 0 2
L ig h t f a c to r y 0 3
d a y  to  d a y  t e m p e r a t e  c o u n tr y 1 3
C h e m ic a l  e x p o s u r e 0 4
E x te n s i v e  u v  e x p o s u r e 0 5
E x tr e m e  c o ld 0 5
E x tr e m e  T /H 0 5
E x tr e m e  T /H  c h a n g e 0 5
H e a v y  f a c to r y 2 4
V e h ic le  e n v ir o n m e n t 2 4
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Storage : It d e f in e s  h o w  th e en d  u ser  w il l  sto re  th e  card  w h e n  n o t u sed . 
Table 3.2 T h e  s to r a g e  c o n d it io n s  in  w h ic h  th e  e n d  u ser  is  sto red

S T O R A G E U s a g e " A g e "
H a r d  p l a s t i c  h o l d e r 0 1
H a r d  p l a s t i c  h o l d e r  in  p o c k e t ,  p u r s e .. 0 1
T y v e k  s l e e v e 3 0
W a l l e t  in  p u r s e 1 0
S o f t  p l a s t i c  h o l d e r 3 0
S o f t  p l a s t i c  h o l d e r  in  s i d e  p o c k e t 5 1
S o f t  p l a s t i c  h o l d e r  in  p a n t  p o c k e t 1 0 1
W a l l e t  in  p a n t  p o c k e t 9 2
L o o s e  in  p u r s e 9 4
L o o s e  in  p o c k e t 1 0 4
A t t a c h e d  t o  k e y  r in g 1 0 6
L o o s e  in  s c h o o l b a g 9 7
l o o s e  in  c a r  o r  g l o v e  b o x 8 8

Reader Profile : It d e te r m in e s  h o w  th e read er d a m a g e s  th e  card  
Table 3 .3  T h e  read er  p r o f ile  c o n d it io n s  in  w h ic h  d a m a g e s  th e  card

R E A D E R  P R O F IL E U sa g e "A g e ”
Long range vicinity 0 0
Medium proximity 0 0
Barcode scanner 0 1
Short range C-less 1 0
IC contact 4 1
Card imprinter 2 4
Mag. stripe insertion 4 2

Barcode swipe 2 5
Mag. stripe swipe 2 8

T h e  u sa g e  fr e q u e n c y  an d  th e  card li fe t im e  h a v e  a  s tr o n g  im p a c t o f  th e  v a r io u s  
s tr e sse s  th e  card  w i l l  h a v e  to  w ith sta n d . T w o  w e ig h t in g  c o e f f ic ie n t s  h a v e  b e e n  
in tr o d u c e d  to  co rr ec t th e  ra w  m is s io n  p ro file :
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F requ ency coefficien t, it h a s  in f lu e n c e  o n  th e  “U s a g e ” factor . 
Table 3.4 T h e  fr e q u e n c y  c o e f f ic ie n t  c o n d it io n s

F R E Q U E N C Y C o e f f i c i e n t
M o n t h l y  (  1 0 - 1  o o / y r ) 1
W e e k l y  ( 1 0 0 - 5 0 0 / y r ) 2
D a  i l y ( 5 0 1 - 2 0 0 0 / y r ) 5
H o u r l  y ( > 2 0 0 0 / y r ) 1 0

L ife tim e  c o e ff ic ie n t it a p p lie s  to  “A g e ” factor .
Table 3.5 T h e  e x p e c te d  li fe t im e  c o e f f ic ie n t  c o n d it io n s

E X P E C T E D  L I F E T I M E C o e f f i c i e n t
U p  t o  2  y e a r s 1
U p  t o  3  y e a r s 2
U p  t o  5  y e a r s 5
U p  t o  1 0  y e a r s 1 0

3 .3 .1 .2  Determine Uc and Ac
D e te r m in e  U c  an d  A c  to  f in d  th e  d u r a b ility  c la s s  and te st  

se q u e n c e  c y c le .  A fte r  g e t  th e  su m m a tio n  o f  บ  and  s u m m a tio n  o f  A  in  e a c h  c o n d it io n .  
U c  an d  A c  are c h e c k e d  a g a in s t  the ta b le  to  d e te r m in e  th e  a g e  c la s s  and  d u ra b ility  
c la s s .

3 .3 .1 .2 .1  Card Service Life Testing Parameters Determination 
Procedure

To determ in e card  raw  m ission  p ro file  ;
• A =  S u m  th e  3 g ra d e s  o b ta in e d  fro m  th e  “A g e ” c o lu m n s .
•  บ  =  S u m  th e  3 g ra d e s  o b ta in ed  fro m  th e  “U s a g e ” c o lu m n s .

To determ ine card  corrected  m ission  p ro file  ;
•  M u ltip ly  A v a lu e  b y  th e  l i fe t im e  w e ig h in g  c o e f f ic ie n t  c h o s e n  a c c o r d in g ly  

to  card  a p p lic a t io n . T h e  resu lt  is  n o ted  as Ac.
•  M u ltip ly  บ  v a lu e  b y  th e  fr e q u e n c y  w e ig h in g  c o e f f ic ie n t  c h o s e n  a c c o r d in g ly
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to  card  a p p lic a t io n . T h e  resu lt  is  n o ted  a s  Uc.
•  C h e c k  Ac v a lu e  a g a in st  th e  ta b le  b e lo w  to  d e te r m in e  th e  a g e  c la s s  o f  th e  

a p p lic a tio n .

Table 3.6 T h e  A c  v a lu e  to  d e term in e  th e  a g e  c la s s  o f  th e  a p p lic a t io n

•  C h e c k  Uc v a lu e  a g a in st  th e  ta b le  b e lo w  to  d e te r m in e  th e  d u ra b ility  c la s s  o f  
th e  a p p lica tio n :

F rom  th e  m e e t in g , th e  s e le c te d  d ata  o f  e n v ir o n m e n t, s to r a g e , read er  p r o f ile ,  
an d  fr e q u e n c y  are s h o w n  a s b e lo w ;

Table 3.7 T h e  U c  v a lu e  to  d e term in e  th e  d u ra b ility  c la s s  o f  th e  a p p lic a t io n

U s a g e  g l o b a l  r a t in g  v a l u e -— >  D u r a b ility  c l a s s
Up to 10 A
Up to 20 m f H B
Up to 50 c

>50 I B i S l l I อ

•  T e s t  r e q u ir e m e n ts  w il l  b e  lo c a te d  in  th e  ta b le s  that f o l l o w  fo r  s p e c if ic  card  
a p p lic a t io n s .

F rom  th e  m e e t in g  and  d is c u s s io n s , th e  s e le c te d  e n v ir o n m e n t, s to r a g e , read er  
p r o f ile , an d  fr e q u e n c y  are sh o w n  a s b e lo w .
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Step 1: Possible environment, storage, and reader profile

C ondition  1

Environment: D a y  to  d a y  tem p era te  c o u n try บ = 1 A = 3
Storage: S o ft  p la s t ic  h o ld e r  in  s id e  p o c k e t บ =5 A = 1
Reader profile: S h ort ran g e  C - le s s บ = 1 A = 0
Sum บ = 7 A=4

C ondition  2

Environment: V e h ic le  E a v ir o n m e n t บ = 2 A = 4
Storage: L o o s e  in  car or  g lo v e  b o x บ = 9 A = 8

Reader profile: M a g .str ip e  sw ip e บ = 2 A = 8

Sum บ=13 oII<

Step 2 ะ Determine UC&AC to find durability class and test sequence cycles 

C ondition  1
F r e q u e n c y  M o n th ly  (1 -1  o o /y r )  C o e f f ic ie n t  1 : U c  =  7  X  1 =  7  D u r a b ility
c la s s  A
D a ily  (5 0 1  - 2 0 0 0 /y r )  C o e ff ic ie n t  5: U c  =  7 x 5  =  3 5  D u r a b ility
c la s s  c
E x p e c te d  l i fe  t im e  U p  to  10 y e a r s  C o e f f ic ie n t  10: A c  =  4  X  10 =  4 0  A g e  c la s s  2

C ondition  2
F r e q u e n c y  M o n th ly  ( 1 - 1  o o /y r)  C o e ff ic ie n t  1:  U c  =  1 3  X 1 =  1 3  D u r a b ility
c la s s  B
D a ily  ( 5 0 1 - 2 0 0 0 /y r )  C o e f f i c i e n t s :  U c = 1 3 x 5  =  6 5  D u r a b ility
c la s s  D
E x p e c te d  l i fe  t im e  U p  to  10 y e a r s  C o e ff ic ie n t  10: A c  =  2 0  X  10 =  2 0 0  A g e  c la s s  3
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F rom  a ll in fo r m a tio n , w e  g o t  4  m is s io n  p r o f ile s  w h ic h  are  C l ,  C 2 , D 1 , and  
D 2  for  te s t in g

3 .3 .2  T e s t  C y c le s :  O n e  C y c le  C o n s is ts  o f
a) S to ra g e  in  sh ort term  c o n ta m in a tio n :  f o l lo w  IS O /IE C  1 0 3 7 3 -1
b ) S to ra g e  in  lo n g  term  c o n ta m in a tio n :

S a lt sp ray  test: f o l lo w  IS O  9 2 2 7
S to ra g e  in  a c id  so lu tio n : f o l lo w  IS O /IE C  1 0 3 7 3 -1
S to ra g e  in  a lk a lin e  so lu t io n :  f o l lo w  IS O /IE C  1 0 3 7 3 -1

c )  S o fte n e r  sto rag e: f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
d ) u v  l ig h t  e x p o s in g :  f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
e )  T h erm al sto rag e: f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
f) T h erm al an d  H u m id ity  a g e in g :  f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
g )  D y n a m ic  b e n d in g  stress: f o l lo w  to  IS O /IE C  1 0 3 7 3 -1
h ) U S  P o sta l test: f o l lo w  to  IS O /IE C  1 0 3 7 3 -3

3 .3 .3  D e f in e  th e  T e s t  M e th o d  F rom  D u r a b ility  C la s s  an d  T e s t  S e q u e n c e  
C y c le :  for  E x a m p le , th e  T est  M e th o d  for  A 3 .

N u m b er o f cycfe = 1

Figure 3.3 T e st  c y c le  for  d e te r m in in g  card  s e r v ic e  l i fe t im e .
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a) N u m b e r  o f  c y c le s  fo r  C 2 , and  D 2  is  2  an d  for  C 3 , an d  D 3  is  3 .
b ) For d y n a m ic  b e n d in g  te st , a n u m b er  o f  b e n d in g  d e p e n d s  o n  

d u ra b ility  c la s s  as sh o w n  in  T a b le  3 .8 .

Table 3.8 N u m b e r  o f  b e n d in g s  for e a c h  d u ra b ility  c la s s

Durability class No. of bending
A 1000
B 2000
c t *• if >1*V''•พ''’ 3000
D 4000

3 .3 .4  C h a ra cterza tio n s and  T e s t in g  o f  P la s tic  Sm art C ard
a) T h erm al S ta b ility  A n a ly s is
T G A  w a s  u sed  to  in v e s t ig a te  th e  d eg ra d a tio n  tem p era tu re  (Td). T h e  

sa m p le  w e r e  a n a ly z e d  at tem p era tu re  o f  5 0 -7 0 0  °c w ith  th e  h e a t in g  rate o f  1 0 ° c /m in  
u n d er th e  n itro g en  g a s  a tm o sp h ere .

b ) L o g ic a l F u n c tio n a lity
F u n c tio n a lity  o f  d ata  s to ra g e  d e v ic e s ,  m e m o r ie s  and  

m ic r o p r o c e sso r s  m u st b e  c h e c k e d  a fter  e a c h  te s t  and  c h e c k e d  M a x . d is ta n c e  a fter  
f in ish  ea c h  c y c le .

c )  V isu a l In sp e c tio n
T h e  g lo s s y ,  AE (C o lo r  d if fe r e n c e )  and  su r fa c e  o f  p la s t ic  card  w e r e  

o b se r v e d  b y  h a z e -g lo s s  m e a su r e m e n t, c o lo r im e tr ic  sp e c tr o p h o to m e te r  and  sc a n n in g  
e le c tr o n  m ic r o sc o p e  (S E M ), r e s p e c t iv e ly .

d ) M e c h a n ic a l P ro p erties  T e s t in g
F irst, te n is le  stren g th  and % stra in  at b reak  w e r e  te st  f o l lo w in g  

A S T M  D 8 8 2  . T h e y  w e r e  m ea su red  b y  Instron  U n iv e r sa l T e s t in g  M a c h in e .
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