
CHAPTER 9

CONCLUSION AND RECOMMENDATOINS

9.1 Conclusions
9.1.1 Thesis approach is started from studying actual working at cleaning process 

of reworked part. I have made further study to search more information from text book, 
Internet, technical abstract which related to CO2 cleaner parameter setting in order to 
make this thesis completely.

9.1.2 Study work instruction in each cleaning process, actual operation factor 
influence and part cleanliness analysis.

9.1.3 Consider the Pros and Cons if we implement CO2 cleaner for reworked part. 
More study about impact the quality of Base Machine consequential applying CO2 
cleaning on surface of Base machine. The result after visual mechanical inspection on 
surface of Base machine, acoustic test and function test, all have passed. And their yield 
comparison are same as normal yield.

9.1.4 Identify the problem related to particle contamination at reworked line and 
analyze what kind of particle contamination. All particles are harmful to hard drive 
function must be removed after C02 cleaning. After checking the result of samples that 
we submitted to Material Laboratory, the harmful particle (i.e. Stainless) wasn’t detected. 
However, aluminum can be found, but the amount is very low. This level is acceptable, it 
won’t effect to Hard disk malfunction.

9.1.5 Collect data from normal process. The data were collected from 7 weeks 
continuously. The result is very useful information, it can make US more understanding 
that the particles are significantly removed after applying CO2 cleaner.

9.1.6 Conduct experiment to identify appropriate C02 cleaning conditions. 
Factorial design is used for this experiment. There are four factors and two levels 
(minimum and maximum level) were selected based on C02 cleaner maker 
recommendation and also we have preliminarily observed our normal process of C02 
cleaning operation to find out the most influence factor can make different the part 
cleanliness level.

The Four factors with two levels (24), minimum and maximum level, of each 
factor are determined as below,

• Completed Dry Air Heater Temp.(C) 80 (min) - 120 (max)
• Pressure (PSI) setting 650 (min) - 950 (max)
• C02 amount setting 0.1 (min)- 1 (max)
• Distance of C02 nozzle (Inch) 0.5 (min) - 2 (max)
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9 .1 .7  C o lle c t  data  from  16 ex p er im en ts  w h ic h  h a v in g  d ifferen t param eter: 
C o m p le ted  D ry  A ir  H eater  T em p , P ressu re  (P S I)  se ttin g , C 0 2 am o u n t se ttin g  and  
D is ta n c e  o f  C 0 2  n o z z le . T h ere  are three sa m p le s  in ea ch  exp erim en t.

9 .1 .8  S u b m it fo r ty -e ig h t sa m p le s  to  M a ter ia l L aboratory for  a n a ly s is . T h e L iq u id  
P artic le  C ou n t is  m ea su rem en t data th at w e  n e e d  to  k n o w . T h en  ta k es  th o se  data for  
a n a ly s is  o f  ex p erim en t.

9 .1 .9  A n a ly z e  a ll data  w ith  M i n i t a b  so ftw a re  to  f in d  ou t an  appropriate C 0 2 
c le a n in g  co n d itio n .

9 .1 .1 0  M a k e  d e c is io n  an  appropriate co n d itio n , from  the resu lt o f  e x p er im en t for  
f in d in g  appropriate co n d itio n . T h e p aram eter o f  tem perature is n ’t s ig n if ic a n tly  d ifferen t. 
T h erefore , w e  d eterm in e  an  appropriate c o n d it io n s  o f  C 0 2 are [1] p ressu re 9 5 0  P S I, [2] 
C 0 2 am ou n t 0 .1 A n d  [3] D is ta n c e  o f  C 0 2  n o z z le  to  2  Inch.

9 .1 .1 1  M a k e  co n firm a tio n  e x p er im en t w ith  s e le c te d  b e s t  factors. T h ere w e r e  s ix  
sa m p les  h a v e  d o n e  C 0 2  c le a n in g  for  th is  co n firm ation .

9 .1 .1 2  S u b m it s ix  sa m p le s  to  M ater ia l L ab oratory  for L iq u id  P artic le  C o u n t 
a n a ly sis . B a se d  o n  data , th e y  sh o w  that th e  se ttin g  p ressu re to  9 5 0  P S I , C 0 2 am ou n t to
0 .1  and se t  D is ta n c e  o f  C 0 2 n o z z le  2 In ch , ca n  k e e p  th e L P C  d ata  o f  r eu sed  part lo w er  
th an  an oth er factor  settin g .

9 .1 .1 3  T h e  resu lts  o f  th is  resea rch  ca n  b e  co n c lu d ed  that P ressu re  (P S I) 5 C 0 2 

am ou n t an d  D is ta n c e  o f  C 0 2  n o z z le  (In ch ) are m ain  e ffe c t  to  c le a n in g  p r o c e ss . A n d  th is  
appropriate co n d itio n  w il l  b e  a p p lied  to  th e  c le a n in g  p r o c e ss , le a d in g  to  th e  red u ctio n  o f  
p a rtic les  con ta m in a tio n . T h e  appropriate c o n d it io n  are sh o w e d  a s fo l lo w s ,

1. S et p ressu re  to  9 5 0  P S I
2 . S e t C 0 2  am o u n t to  0 . 1

3. S et D is ta n c e  o f  C 0 2 n o z z le  to  2  In ch

9.2 Recommendations for Experiment

9 .2 .1  T h e p ressu re  lim it  o f  C 0 2  tank b e tw e e n  6 5 0  -  9 5 0  P SI. F rom  o b serv a tio n , I f  
C 0 2  v o lu m e  in  tank c lo s e  to  m in im u m  le v e l ,  th e  C 0 2  sprays ou t at n o z z le  n o t  
c o n s is te n c y . E x p er im en ter  n e e d s  m ore freq u en t c h e c k  i f  C 0 2 v o lu m e  d e c r e a se s  to  h a ft  
v o lu m e  o f  C 0 2  tank.

9 .2 .2  T h e  m ea su rem en t o f  reu se  part c le a n lin e ss  is  sh o w e d  q u an tita tive  data  
(co u n tin g  n u m b er o f  p artic le  o n ly ). I f  exp erim en ter  w a n t to  k n o w  th e so u rce  o f
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contamination, further analysis is required for qualitative data (know element of counted
particles)

9 .2 .3  T o m a k e  m o re  accu rate  and p r e c ise  data, the sa m p le s  part a fter c o m p le te d  
C 0 2 c le a n in g  m u st b e  k ep t in  c le a n r o o m  p la stic  b a g  w ith  sea l. T h en  su b m its  the sa m p le s  
M ateria l L ab oratory  for further a n a ly s is .

9.3 Recommendations for Further Study
T h is e x p er im en t i s  p erfo rm ed  to  fin d  o u t an appropriate C O 2 c lea n er  co n d itio n . 

A fter  c o m p le te d  th is  trial, th e  param eter o p tim iza tio n  are c h o se n  for  C O 2 c lea n er  set-u p . 
N e v e r th e le s s , exp er im en ter  n e e d s  to  d o  further stu d y  fo r  reu se  part c le a n lin e s s  co n tin u o u s  
im p ro v em en t. T h e road  m ap  for  c o n tin u o u s  im p ro v em en t are illu stra ted  a s  tab les b e lo w ,

Further Study Procedure Technique
1. A n a ly z e  im p ro v ed  p aram eter  

2 .O p tim ise  p aram eter

- D e s ig n  o f  ex p er im en t (D O E )
- F actor ia l d e s ig n  2 k w ith  cen ter  p o in t  
-R e sp o n se  Surface M e th o d o lo g y  (R S M )  
-M ea su rem en t S y ste m  A n a ly s is  (M S A )

Table 16 illustrate continuous improvement
9.3.1 Analyze improved parameter

I

[1] D e s ig n  o f  ex p er im en t, exp er im en ter  n e e d s  to understand th e  th ree  b a sic  
p r in c ip le s  o f  ex p er im en ta l d e s ig n  w h ic h  are d escr ib ed  a s  fo l lo w s ,

•  R a n d o m iza tio n  T h e p r o p o se  is  to  B a la n c e  ou t data from  N o is e  e ffe c t . Trial o f  
th e  e x p er im en t is  to  b e  p erform ed  is  ran d om ly  d eterm in ed . S ta tistica l m eth o d s  
require that the o b serv a tio n  (or  errors) b e  in d ep en d en tly  d istr ib u ted  ran d om  
v ariab les. R a n d o m iza tio n  u su a lly  m a k es  th is  a ssu m p tio n  va lid .

•  R e p lic a tio n  T h e p r o p o se  is  to  a v era g e  ou t data fro m  an d  N o is e  e ffe c t.  
R e p lic a tio n  h a s tw o  im p ortan t p rop erties. F irst, it a llo w s  th e ex p er im en ter  to  
ob ta in  an  estim a te  o f  the ex p er im en ta l error. T h is e stim a te  o f  error b e c o m e s  a  
b a s ic  u n it o f  m ea su rem en t for  d eterm in in g  w h eth er  o b se r v e d  d iffe r e n c e s  in  
th e  data  are rea lly  s ta t is t ic a lly  d ifferen t. S e c o n d , i f  the sa m p le  m ea n  is  u se d  to  
estim ate  th e  e f fe c t  o f  a  fa c to r  in  th e  exp er im en t, rep lica tio n  p erm its th e  
exp er im en ter  to  o b ta in  a  m ore  p rec ise  estim ate  o f  th e  e ffe c t. •

•  B lo c k in g  T h e p r o p o se  is  to  red u ce  n o ise  e f fe c t  to  m ak e data m o re  p r e c is io n .  
B lo c k in g  is  a  d e s ig n  tech n iq u e  u se d  to  im p ro v e  th e  p r e c is io n  w ith  w h ic h  
co m p a riso n s a m o n g  th e  factors o f  in terest are m ad e. O ften  b lo c k in g  is  u se d  to  
red u ce  or e lim in a te  th e  v a riab ility  transm itted  from  n u isa n ce  factors.
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[2] F actoria l d e s ig n  2 k w ith  cen ter  p o in t T h is is  an a d d ition a l m eth o d  c o n c e r n in g  
cen ter  p o in ts  to  th e  2 k d e s ig n . A  p o te n tia l co n cern  in  the u se  o f  tw o - le v e l  facto r ia l d e s ig n s  
is  the a ssu m p tio n  o f  lin ea r ity  in  th e  fa c to r  e ffe c ts . O f  co u rse , p e r fec t lin ea r ity  is  
u n n e c e ssa r y , and  the 2 k  sy s te m  w i l l  w o r k  q u ite  w e ll  e v e n  w h e n  the lin ea r ity  a ssu m p tio n  
h o ld s  o n ly  v ery  ap p rox im ate ly . In  fa c t, w e  h a v e  n o ted  that i f  in teraction  term s are ad d ed  
to  a m ain  e f fe c ts  or first-ord er m o d e l, re su ltin g  in

y  =  po +  YjPjxj +  X  £  PijXiXj +  £

th en  w e  h a v e  a  m o d e l ca p a b le  o f  rep resen tin g  so m e  curvature in  the r e sp o n se  fu n ction . 
T h is curvature, o f  co u r se , resu lts  from  the tw is t in g  o f  the p lan e  in d u ced  b y  th e in teraction  
term s PijXjXj.

F actoria l d e s ig n  2 k w ith  cen ter  p o in t. T h e p u rp ose  o f  tin s ex p er im en t is  to  p erform  
rep ea tab ility  at cen ter  p o in t to  f in d  ou t P ure Error (P E )

S S P E  =  " ’" f ,  11 ๙ '

T h ere  is  a  m eth od  o f  r ep lica tin g  certa in  p o in ts  in  a 2 k factor ia l that w il l  p ro v id e  
p ro tectio n  a g a in st curvature from  se c o n d  order e ffe c ts  as w e ll  a s  a l lo w  an in d ep en d en t  
estim a te  o f  error to  b e  ob ta in ed  T h e  m eth o d  c o n s is t  o f  ad d in g  cen ter  p o in ts  to  th e  2 k  
d esig n .

9.3.2 Optimize parameter
1. R e sp o n se  S u rface  M e th o d o lo g y , or R S M  is  a  c o lle c t io n  o f  m a th em a tica l an d  

sta tistica l te c h n iq u e s  that are u se fu l fo r  th e  m o d e lin g  and a n a ly s is  o f  p ro b lem s in w h ic h  a  
r e sp o n se  o f  in terest in  in flu e n c e d  b y  sev era l v ar iab les  and the o b jec tiv e  is  to  o p tim iz e  th is  
r e sp o n se . T h ere is  little  curvature in  th e  sy s te m  and th e  first-order m o d e l w i l l  b e  
appropriate. T h e  o b je c tiv e  is  to  le a d  the ex p erim en ter  rap id ly  an d  e ff ic ie n t ly  a lo n g  apart 
o f  im p r o v e m e n t tow ard s th e  gen era l v ic in ity  o f  the optim um .

2 . M ea su rem en t S y ste m  A n a ly s is  (M S A ) T h e  p u rp ose  is  to  c o n sid er  attribute an d  
varia b le  data. W e  u se  G a g e  rep ea tab ility  and  rep rod u cib ility  s tu d ies  d eterm in e  h o w  m u ch  
o f  w e  o b se r v e d  p r o c e ss  varia tion  is  d u e to  m easu rem en t sy ste m  variation . T h e  m e th o d  
b reak s d o w n  th e  o v era ll v a r ia tio n  in to  three ca tegories: part-to-part, rep ea ta b ility , an d  
rep ro d u cib ility .
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