
C H A TE R IV

Implementation

•4.1 Flow concept development

The high volume of production that fixes on one model and output rate, as a batch 
production is the major problem of the conveyor belt production line. The cellular 
manufacturing can be applied into the hand mount process and the rest of the processes to 
solve these current problems. The cells of hand mount process can build the boards in the 
pattern of the wide variety with small lot production. The long line is shortened causing 
the reduction of distance so the movement of work is reduced. The board is processed 
board by board causing the low inventory and short throughput time. The teamwork is 
built up within a cell to enhance the ownership value in products.

A couple alternatives have been studied to develop the cellular manufacturing into the 
current conveyor belt line as follows:

1. Standard cell application

The Group technology is applied by use of U-shape layout concept as in the figure
4.1. The U-shape cell could be formed for the whole processes but it cannot fit the current 
conditionvThe complete cell application needs a lot of change.

• A big space is needed to convert the straight line into U-shaped line whereas 
the nearby area is being used for the other production lines. It costs a lot to 
move all things. •

• The capacity and cost of the dip machine is too high for one cell and its size, is 
too big. The space utilization is not worth doing it.
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•  T o in crease  cells  qu an tity  is co stly  b ecau se  one  cell needs a co m p le te  se t o f  
M ach in es/E qu ipm en t. T h e  IC T  &  C B A  5 D ip  m ach in e  are costly  for in vestm en t.

D ip
M ach in e

Figure 4.1 : บ-รhape layout 

2. Process cell application

T he n ew  idea is created  based on  th e  d ev e lo p m en t o f  the  ce llu la r m an u fac tu rin g  
con cep t into th e  cu rren t con v ey o r belt line w h e rev e r it is app ro p ria te  to  so lve  th e  ex istin g  
prob lem s. T he  co n v ey o r belt line is sho w n  in th e  figu re  4 .2  and the  d raw in g  is in the 
ap p en d ix  3.1. T h is  m eth odo lo gy  can be app lied  to  the  cu rren t p rod uction  line w ith o u t any 
big im pact. T he  process cell app lica tio n  is se lec ted  to  dev e lo p  th e  cell co n cep t in to  th e  
cu rren t line.

4.1.1 Hand mount

T he  p rocess cell is sta rted  at H and M o un t p rocess. T h is  p ro cess is the  key  ch an g e  in 
th is  research  b ecau se  the qu a lity  and p ro d u c tiv ity  o f  th e  p rod uc tion  line are all m ajo r 
co n trib u ted  by th is  p rocess. T he hand  m ou n t jo b  sha ll be  com p le ted  w ith in  one  cell 
acco rd in g  to  th e  ce llu la r concep t. T here  are  3 m a jo r ch an g es  to  develop  th e  p ro cess  in to 
cell con cep t. T h ey  are : (1) design  cells, (2) d esign  w o rk sta tio n s  and  (3) design  m ateria l 
h an d lin g  system .
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4.1.1 .1 D esign  cells

It co m p o ses o f  tim e  m otion  study  and loop D esign . T h e  tim e  m o tio n  study  shall 
be carried  o u t first in o rd er to  support in fo rm atio n  in to  th e  loop design  and a lso  
fo r  the  2 nd and 3 rd item  th a t are the w o rk sta tio n  and  m ateria l h an d lin g  system  
design .

1. T im e and m otion  study

T he  m icro  study  in the H an d-M o un t p ro cess  shall be co n sid ered  a t firs t 
b ecau se  th e  in fo rm ation  o f  th is  study  w ill be used in th e  loop , w o rk  sta tion  and h an d lin g
system .

T he m ov em en t to  m ount one part m ay  g ive  a  sm all im p ac t to  th e  cycle  
tim e  bu t o n e  board  is com p osed  o f  100-200 parts ap p ro x im a te ly  so th e  im p ac t is huge. In 
o rd e r to  o p tim ize  the  w o rk in g  m ethod , each ac tiv ity  in the  hand  m ou n t op era tio n  has 
been s tu d ied  to  m in im ize  the  non-value added jo b s .

F igure  4.3 show s th ree  key activ ities  in th e  hand  m ou n t op era tio n . T hey  
are : (1) m o u n tin g , (2) refill parts  and (3) w ork  in p rocess hand ling .

1.1 M o un tin g  : these  are all m o tio n s to  ach ieve  in a ssem bling  the 
part o n to  th e  board th a t is a lso  show n in the figure  4.3.

1.1.1 R each M otion

T he cu rren t m ethod  is to  u se  tw o  hands to  m ove th e  p a rt in sy m m etry  m anner. T he eye 
f ixa tion  can  be im proved . T o reach  the  part box, th e  T o g e th e r M o v em en t in th e  figure  4.4 
can m in im ize  o n e  step  o f  eye  fixation . T h is can  be p rov ed  by  M etho d-T im e 
M easu rem en t (M T M ) ca lcu la tio n  and study  abou t p red e te rm in ed  usag e  tim e  in R each.
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1.1.2 G rasp  M otion

T he part box  d esign  shall be easy  to  grasp  the  part. T he  box  is m ade  from  th e  scrapped  
pap er carton  box  o f  th e  raw  m ateria l. T he part box is designed  to ch an g e  th e  shap e  from  
the o rd in a ry  shap e  to  u se r frien d ly  design  in the  figure 4.5 . T he d raw in g  o f  p a rt box  is in 
the app en d ix  4 .1 . T he  o rig inal pack age  is tried  to  use as m uch as p o ss ib le . T he  o rig ina l 
package  th a t is su itab le  fo r use  is the  one th a t con ta in s the  partitio n  to  keep  the part 
ind iv id ually  su ch  as sm all transfo rm er, tran sisto r o r the  IC th a t is kep t in th e  tube. T he 
part is in th e  ce rta in  p o sitio n  th a t eases for g rasp ing
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R E A C H

G R A S P

P re -p o s it io n

M O VE

R e fill
P a r ts

<> H a n d lin g  o f
A S S E M B L E W IP

R E L E A S E

Figure 4.3 : Three Key Activities in the Hand Mount Operation



M e th o d - T im e  M e a s u r e m e n t (M T M )

S y m m e t r ic a l  M  o v e m e n t T o g e t h e r  M o v e m e n t

P a r t  b o x  1 ,8 P a r t  b o x  1 ,2

L e ft TM U R igh t Eye Le ft TMU R igh t Eye

R21.22 อ 21.2 ET5 8.83/4 7 R21.22 D 21.2 R19.9 D ET58.83 /47

17.41 R21.22 อ ET58.83 /47

1 TMU = 0.036 sec

Figure 4.4 : Comparison of New and Old Mounting Method

Figure 4.5 : New Part Box
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1 .1 .3  M ove

T he  location  o f  part boxes shall be close  to  the  board  as m uch  as po ssib le . T he  sh e lf  o f  
th e  w o rk sta tion  shall be ad justab le  to  m atch the  part box. T he  h e ig h t o f  th e  w o rk  bench  
shall be 5-10 cm  below  th e  heigh t o f  the elbow . T he  85 cm  high is th e  d im ensio n  o f  the 
w o rk sta tion . T he heigh t o f  the  sh e lf  shall no t exceed  125 cm

1.1.4 P reposition

T he  d ifficu lt part shall be handled  by the righ t hand. T h is can be set in th e  p a rt sequence, 
design .

1.1.5 A ssem bly

T o  han d le  the  d ifficu lt part by the righ t hand a lso  eases op era to r in m o u n tin g  part on to  
the  board . In add ition , th e  part sequence shall be design ed  to  so lve  the  part obstac le  
p rob lem . T he  b ig  part shall be m ounted  first and th en  the  sm all part.

1.1.6 G rasp  -> R elease

T he  re lease  m otion  is the  end o f  the process so it can n o t be m odified  m uch . T he overall 
m o tion  shall be con sid ered  for the  body  m ov em en t. T he  natural po sition  shall be ob ta ined  
as m uch  as possib le . T he part location  that causes un co m fo rtab le  m o v em en t shall be 
m od ified  to  avoid  th e  w ro n g  m ovem ent.

1.2 R efill pa rt : the parts in the  box  are run ou t so the 
o p e ra to r has to  fill th e  parts  in to th e  box. T here  are 3 po in ts  on th e  cu rren t m eth ods that 
(1) th e  freq uency  o f  re fillin g  parts  reduction , (2) id le tim e o f  th e  o thers  op era to rs  du ring  
one o p era to r re fillin g  the  parts  and (3) th e  raw  m ateria l supp ly  in te rru p ts  th e  op era tio n  
T he im p ro v em en t ac tiv ities  are show n in the tab le  4 .1 .
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1.3 W ork  in p ro cess h an d lin g  ะ the  o p e ra to r has to  p ass the  
sem i-fin ished  goods to  th e  n ex t the  o p e ra to r once  the  jo b  o f  ow n sta tion  is f in ished . T here  
is a  po in t in te rm s o f  W1P m ov em en t th a t the  flow  shall no t have  an y  back  track ing .

2. Loop design

T he loop design  shall con fo rm ed  to  th e  fo llo w in g  ideas.

•  P rocess flow

T he flow  shall be sm oo th . It shall m in im ize  w aste  from  th e  p rocess itself. T he 
process shall be flow ed in one d irec tion  w ith o u t any  back  track in g  in the  flow .

•  M aterial flow

T he m aterial shall be sup p lied  to the  cell w ith  less h an d lin g  o r any  in terrup tion .

•  In fo rm ation  flow

T he quality  in fo rm ation  shall be ob ta ined  as q u ick  as po ssib le  in o rder to  stop  
the high failu re rate and tak e  co rrec tiv e  action  tim ely .

H and m ount loop D esign  ะ M odel 2 8 F X 6 0  ะ

1. Sam e as item  1 in p rocess design  fo r co n v ey o r line.

2. Sam e as item  2 p ro cess design fo r co n v ey o r line.

3. C alcu la te  m an p o w er from  requ ired  q u an tity  and  s tan dard  o p era tio n  tim e from
item  2.
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Table 4.1 : Summarized activities of Time & Motion study
M o tio n Im p ro vem en t A c tiv itie s

R each

)

•  C hange S ym m etry  M o v e m e n t to  
T o g e th e r M o vem en t

G r a s p ^ ^ ^

•  P art box design  shall be  easy  fo r 
G rasp ing

•  U se o rig inal pack age  as m uch  as 
po ssib le

M o v e

>

•  L ocate  part bo xes c lo se  to  a ssem b ly  
area

•  P art sh e lf  shall no t exceed  125 cm  
high

[  P r e -  'x 
/  P o s i t i o n  \

•  L eft/R igh t hand u tiliza tion  
app ro pria te ly

•  P art sequence  design  im p ro v em en t
•  L eft/R igh t hand u tiliza tion  

app ro pria te ly

K T O K •  M in im ize  th e  s tep p in g  &  tu rn in g  
o f  operato rsR each \ R elease  \

L  / 1/
R e fill P a r t s •  D esign big p a rt box fo r th e  b ig  part

•  U se ind irect o p era to r to  refill parts  
to  avo id  id leness o f  d irec t o p e ra to r

•  S et refill pa rt system  to avo id  
opera tion  in terru p tion

H a n d l in g  o f  W o rk - In -P ro c e s s •  T he flow  o f  jo b  m ust be one 
d irec tion  on ly  w ith o u t 
b ack track ing
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3.1 Manpower calculation

Required quantity = 500 boards/day
Standard operating time = 7.293 minutes
Operating hour = 8.5 hours/shift
Efficiency = 90% Higher than Conveyor Line

500 X 7.293 ^ 1 0Manpower = 8 5 ? —— = /.94 « ช persons 60x0.90 .

3.2 Determine the number of loops

This is the stage to set the loops. To make the operation more flexible in 
capacity and minimize handling loss, the 2 loops design shall be the reasonable to absorb 
the fluctuation of the expected capacity. The process of hand mount is designed at 250 
boards/shift by using 4 operators.

4. This is the same as item 4 of the conveyor belt type to make 2 copies with color 
mark-up for grouping parts.

Calculate the average cycle time from the number of manpower from item 3 
Average cycle time = 7.293/4 minutes. This is to calculate the part quantity for each 
operator

5. To divide the board into portion the same as item 5 of the conveyor line type 
but this is only horizontal area only as shown in the figure 4.6.

6. The parts are sequenced referring to mount drawings from item 4 and sample
board.

All items are designed the same as process design of the conveyor line but the cell 
line allows more flexibility in the constraint of part sequence. The figure 4.7 shows the
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a d v a n ta g e  o f  th e  s e r i e s ’ s e q u e n c e  in ce ll d e s ig n . T h e  m o re  d e ta il  is  d is c u s s e d  in  item  
4 .1 .1 .4 .

Figure 4.6 : Mounted Zones ( Cell Type )

A c c o rd in g  to  th e  ru le s  a b o v e , w e  w ill  g e t th e  p a r t  s e q u e n c e  a n d  o p e ra to r  
lo c a tio n  d e s c r ib e d  b y  th e  w o rk  in s tru c tio n  in th e  a p p e n d ix  4 .2 .

4 .1 .1 .2  D e s ig n  w o rk s ta tio n s

T h e  p a r t  s h e l f  is n e c e s s a ry  fo r  th e  ce ll o p e ra t io n  to  c o n ta in  th e  
e le c t r ic a l /s e m ic o n d u c to r  p a r ts  a n d  e a se  o p e ra to rs  to  w o rk  e f f ic ie n t ly . T h e  d im e n s io n  o f  
p a r t  s h e l f  sh a l l b e  a p p ro p r ia te d  fo r h u m a n  m o v e m e n t b a se d  on  e r g o n o m ic  d e s ig n . T h e  
s h e l f  d e s ig n  sh a ll b e  s ta n d a rd iz e d  fo r  o th e r  m o d e ls .

•  T h e  h e ig h t  o f  th e  p a r t  s h e l f  sh a ll n o t e x c e e d  125 c m  th a t  is  a v e ra g e  
h e ig h t  o f  th e  s h o u ld e r .

•  3 la y e r  o f  s h e lv e s  w ith  3 0 -4 0  p a r t  b o x e s

•  T h e  b o x  d e s ig n  sh a ll b e  c o n v e n ie n t  fo r  o p e ra to rs  to  g ra s p  th e  p a r ts

T h e  s ta n d a rd  w o rk s ta t io n  o f  th e  h a n d  m o u n t is sh o w n  in th e  f ig u re  4 .8  a n d  its  d ra w in g  is 
in th e  a p p e n d ix  4 .3 .
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C o n v ey o r D esign C ell D esign

Figure 4.7 : S equence Comparison between Conveyor and Cell design
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Figure 4 .8 ':  standard  Workstation

4 .1 .1 .3  D esign  m aterial h an d lin g  system  

1. In ternal cell hand ling

T here  is no  con v ey o r belt to  carry  th e  board from  one o p e ra to r to  th e  nex t 
operator. T he m o v em en t o f  the  board be tw een  operato rs can be acco m p lish ed  by  th e  
m anual cart.

•  T he w o rk  bench  shall be 5-10 cm . below  the  arm . T he  h e ig h t o f  
cart shall be a t 87 cm .

•  T he cart shall have  a cen te r bar to  p reven t w a rp in g  board  du ring  
m ou n ting

•  T he  cart shall be run sm o o th ly  w ith ou t shak ing
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•  T h e  board  carrier is needed  to  tran sfe r the  board from  th e  ca rt to  
th e  con v ey o r belt. T h is is one part o f  the  m anual cart th a t a ffec ts  
to  th e  m ounting  quality .

T he cart/b oard  c a rrie r  d raw in g  is in the append ix  4.4.

2. R aw  m ateria l supply

T he  o p era to rs  have to  refill the parts  into the  boxes. D uring  th e  re fillin g  
parts, the  flow  o f  W o rk  In P rocess is stopped  causing  the  h igh w aitin g  tim e  o f  all 
operato rs w ith in  th e  loop . T h is jo b  shall be handled  by ind irect operator. T he  ap p ro p ria te  
system  to refill th e  p a rts  w ith o u t in terrup tion  o f  opera tion  shall be set up.

A s ab o v e-m en tio n ed , the  refilling  parts  shall be assigned  to  th e  in d irec t 
operators. T o  en te r  th e  lo op  for refilling  the parts d istu rbs the  operato rs w ho  are w o rk in g . 
The w o rk  s ta tio n  is m od ified  to  a llow  the parts supp lied  from  ou tside  loop . T h is  can be 
done w ith  ac tiv itie s  as fo llow s:

•  T he part boxes shall be m odified  to  be b igger for h o ld in g  m ore 
parts to reduce  th e  re fillin g  frequency .

•  T he boxes shall be long enough  to  be refilled  at ex ternal loop

•  T he  w ork  instruction  shall have doub le  sides to  ease  op era to rs  
read ing  from  in terna l and  ex tern a l loop

T he  part bo x  design has been changed  from  th e  sho rt ty pe  to  the  
long type  as in th e  f ig u re  4.9 .
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Short VS Long type Part Box

Figure 4.9 : Short v s  Long Type of Part Box

T he  d raw ing  o f  the  new  part box  is in the append ix  4.5.

4 .1 .1 .4  F lex ib le  part sequence

T he  part sequ ence  o f  the cell line is flex ib le  and gain  ben efit as sho w n  in
th e  figu re  4.7.

1. F lex ib ility

T he sequ ence  o f  cell line is m ore flex ib le  to  change  as sho w n  in th e  figu re  
4 .7 . I f  the  jo b  need s to  be separated  to  increase the  ou tp u t rate , th e  p a rt seq u en ce  o f  
th e  co n v ey o r line is to ta lly  chan ged  from  1,2,3 ,4,5,6 ,7 and  8 to l ,3 ,5  and  7 fo r th e  1st 
o p e ra to r and  2 ,4 ,6  and  8 fo r the  2 nd opera to r w h ereas th e  seq u en ce  o f  th e  cell design  
is still the sam e. T he new  p a rt sequence needs to  be re -d esign ed  ov era ll han d  m ou n t 
p ro cess i f  it is n o t sim p le  case. T his is the  tim e con sum in g  ta sk  and  w o rk s ta tio n s  need
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m od ified  to  fit the  new  part sequ ence . T he cell operation  can be ch an g ed  w ith o u t any 
b ig  ch an g e  in real tim e m anner.

2. W aste m ov em en t

T he board is s tan dstill for the  cell line so th e  parts  can  be m o u n ted  in one 
co lum n in stead  o f  4  co lum ns ev en ly  as show n in the  figu re  3.2. T h is  can  m in im ize  th e  
m ove and  reach m otions.

3. Q uality  im p rov em en t

I f  th ere  is a  case to  change  the  part sequence  to  im p ro v e  the  m ou n ting  
erro r, th e  ch an g e  can  be app lied  qu ick ly  because it does no t have  an y  im p ac t to  th e  to ta l 
part seq u en ce  o f  w o rk sta tion .

A n o th er benefit is th a t the  sm all a rea  (one co lum n) is easy  to  rem em b er 
fo r a o p e ra to r causing  sho rte r learn ing  curve & less w o rk m ansh ip  erro r.

4. S im ple  op era tio n

T he parts  are  sequ enced  sm all area  by area, from  to p  to  bo ttom  and from  
the  left to  th e  righ t o f  th e  opera to r. T h is is m ore com fortab le  fo r o p e ra to rs  in a lw ays 
hav ing  th e  sam e pattern  in m ou n ting  and th is m ov em en t can be  ca rried  ou t by nature 
because  it is th e  sam e as o f  w ritin g  a book .

T he d irec tion  o f  th e  board  to w ards opera to rs is th e  sam e and  the  board  , is 
se t in th e  w ay  th a t op era to rs  can read  th e  a lphabet on the  board , no t u p s id e  dow n.

4 .1 .1 .5  A d v an tag es  o f  hand  m ount p rocess (ceils)

•  Job s can be a lloca ted  to  ad just the  ou t p u t ra te  w ith o u t th e  im pact o f



ร

68

overall opera tion .

•  T he line balance can be m ain ta in ed  easily  by rea rran g em en t o f  th e  jo b s  
acco rd ing  to  th e  skill level o f  each  o p e ra to r

•  T he operato rs can w o rk  a t th e ir  full po ten tial w ith ou t the  lim it o f  th e
con v ey o r belt

•  T he qu ality  in fo rm ation  can be flow ed  in ternal cell qu ick ly . T he  last 
op era to r w ho lay th e  board on the  belt can  in form  the  quality  issue to  th e  m em b ers  o f  the 
cell

•  T he cells are in dep end en t to each o ther. T he qu ality  issue o f  on e  cell 
does no t cause  th e  to tal p rod uction  stoppage . T h is  is to  reduce the  risk  o f  line  dow n.

•  Parts can be supp lied  all th e  tim e w ith ou t in terruption  o f  th e  m ou n ting
operation .

4.1.2 Dip machine

T he d ip  m ach ine  is d ifficu lt to  be m oved  due to  the space constra in t. In ad d itio n , the 
re-located  cost is exp ensive  due to  the  cost o f  fa c ilitie s ’ m od ification . T h is p ro cess is 
rem ained  the  sam e as cu rren t cond ition

4.1.3 Touch up

T he p ro cess o f  touch  up needs to  be m od ified  to  m in im ize th e  m o v em en t w aste . T he 
co n v ey o r belt is tak en  ou t. T he m anual s lide  is in troduced  to  a llow  op era to rs  w o rk in g  on 
th e  rail and  slide  th e  board  to  th e  n ex t op era to r once finish the  ow n jo b . T he  m anual 
s lid ing  is sho w n  in the  figure  4 .10 . T he d raw ing  o f  the  touch  up w o rk sta tion  is sho w n  in 
the  ap p en d ix  4.6.
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T he hand ling  is m in im ized . T he  hu ge  inspection  jo b  is d iv id ed  in to  sm all op era tio ns 
causing  few er com p lexes. T he board  is d iv ided  into zones and ass ig n ed  each  o p e ra to r to  
in spect fo r each zone. T h is  is to  in crease  th e  de tection  ab ility  o f  th e  o p era to r.

Figure 4.10 : Manual Sliding Rail

4.1.4 In-Circuit-Test (ICT)

4.1.5 Circuit-Board-Adjustment (CBA)

T he IC T & C B A  can be com b ined  as a loop and take the co n v ey o r ou t o f  th e  line.

4.1.6 Final inspection

4.1.7 Packing

The Final Inspection and Packing process can be rearranged as a group so the
fle x ib ility  between processes can be increased. The m u lti-sk ill operator is developed. The
space &  W IP is reduced.
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4.1.8 Summary of New Cell Concept

T he  w h o le  new  line co n cep t can be described  in F igure 3.4. T h ere  are  4  key  chan ges 
in th e  n ew  C ell L ine as fo llo w s ะ

1. H an d -M o u n t has been  chan ged  from  th e  long line co n v ey o r be lt in to  cell loops.

2. T o u ch -U p  has been  chan ged  from  ind iv idual w o rk sta tion  w ith  th e  co n v ey o r 
belt to  series op era tio n  w ith  m anual slide  on rails.

3. IC T  &  C B A  are  com b ined  as the  cell loop w ith ou t co n v ey o r belt.

4. F inal Inspection  &  P ack ing  has been g rouped  to  op tim ize  the  space  and jo b  
ba lance

Figure 4.11 : Concept of PWBA Cell Line

T he d raw in g  o f  th is  n ew  cell co n cep t is show n in the  app en d ix  4.7.
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4.2 Draft new layout plan

T he actual line  has been  stu d ied  for the actual change. T he line lay o u t is sho w n  in the  
figu re  4 .12 . T he  d raw in g  o f  th e  cell line is show n in the  append ix  4.8.

; ร t'a

Hood Mount An?G

Figure 4.12 : Layout of PWBA Cell Line

4.3 Development Result Estimation

T he es tim ated  d ev e lo p m en t re su lt shall be defined  and rev iew ed  i f  th e re  is any  
o p p o rtu n ity  to  im p rov e  th e  n ew  line. T he estim ated  resu lt cou ld  be describ ed  as 
fo llow ings.

1. F lex ib ility
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The production line shall be able to run the product at various output rate without 
much impact to the productivity.

Hand mount process ะ the new line can serve this purpose by setting 2 cells of Hand- 
Mount process. It can be operated at 50% of output rate through one cell. In addition, the 
one-man-operation can be applied into cell. One operator can perform the job by walking 
around the cell. By this way, the output rate can be variable.

Dip machine ะ there is no effect in this machine job.

Touch up : this process uses the one-man-operation concept so the number of 
operators can be reduced to match the desired output rate or increase operator number in 
series to increase the output rate.

ICT & CBA ะ this is a small cell loop. The number of operators also can be reduced to 
match the output rate.

Final inspection : this is one-man-operation so the number of operators can be 
adjusted to match the output.

Packing ะ the number of packing operator can be adjusted to match the job load as this 
is a manual job that can be re-arranged.

2. Quality

As the processes are run by manual movement, the operators don’t get the pressure of 
speed belt. The standard inventory can be set in between process to minimize Work-In- 
Process. The production line is easy to be stopped once there is any quality issue causing 
over-standard inventory.



3. Autonomous line balance

The multi-skill operators can assist one another so it can eliminate the bottleneck 
automatically within a cell.

4. Teamwork

The cell can build up the team spirit. As a cell loop, the operators within a cell are 
likely to have more ownership in their output. This will lead a continuous improvement.

5. Just-In-Time concept

This can prevent the huge Work-In-Process because it can be visualized the 
production line status. If there is any trouble spot,-the upstream process is stopped so that 
the WIP are not plied up and the stoppage of the line can draw the attention of all 
concerned people to fix the problem that can reduce the downtime.

6. Eliminate model changeover loss

The model that is in the same family can be run in the same production line. As this 
research designs 2 cells of Hand-Mount process, the 2 models can be run in parallel at 
Hand-Mount process whereas the other processes are common use of equipment & 
operator-skill.

As the expected result can achieve the stated problems in the Chapter III, the 
implementation can be proceeded.

4.4 Implementation

1 .Team training
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The training concept is to focus on the multi-skill operators. Each operator shall be 
able to do more than one job. There are 4 groups that shall work together.

• Hand mount ะ all operators within a loop shall have capability to work
in any station. The one-man-operation shall be trained so that the operator can mount the 
whole parts onto the board. This is necessary for the reduced production timing.

• Touch up ะ operators shall be able to inspect the whole area of the 
board.

• ICT & CBA ะ operators shall work on both process because this is a one-piece- flow 
process.

• Final inspection and packing ะ this 2 functions shall be flexible to help each 
other.

The concept of this cell operation shall be explained to all operators to understand the 
new culture of working. The job is not fixed the same as the conveyor belt style. The 
teamwork is the key to success in this operation.

Once the operators are trained for the multi skill operation, the job rotation shall be 
established to brush up their skills.

2. Communication

The daily morning meeting activities shall be set to ensure that all concerned parties 
are well informed in order to achieve the production target smoothly. All issues have to 
be highlighted for the production line preparation. The agenda shall be as follows:

• Planning ะ the customer information shall be shared if the plan needs changing
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• Material ะ the availability of material is reported and any critical parts that may 
be in shortage shall be informed.

• Quality : the quality of product shall be alert if there is any critical issue or related 
to the stop shipment.

• Production ะ the production plan shall be confirmed. If there is any proposed 
change, all related functions have to be the difficulties of production shall be raised to 
get support from concerned parties and follow up any pending issues to ensure the 
smooth run.

3. Standard stock control

The Work-In-process shall be controlled in between processes. The limit of WIP is 
defined to set the standard condition of the production line. The visual control is the 
concept in Just-In-Time management. This can be achieved by the activities as follows:

• The signal light shall be installed between the hand mount loop and touch up 
station as shown in the figure because the Dip machine is located in between these two 
processes causing the difficulties in communication. The purpose of the light is to inform

S w it c h

Conveyor Dip Machine Touch Up

Figure 4.13: Signal Light
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the hand mount operator to stop supply the board in case that the output board of the 
touch up reaches the standard stock level.

• The other processes can be controlled visually by the cart. The cart is designed 
to have the number of slots to hold the boards as needed. The cart for holding boards is 
shown in the figure 4.14.

5. Operation implementation

The production can be run at various output rate in Table 4.2..

Table 4.2 : Manpower & Line Out Rate
Line Out Rate Hand-Mount Touch-Up ICT & CBA Insp. & Packing
500 boards/day 2 Ioops:8 persons 2 3 2
250 boards/day 1 loop ะ 4 persons 1 1.5 1
60 boards/day 1 person As balance As balance As balance

The production can be varied from 60 boards per day to 500 boards per day. The one 
man operation can be applied to get minimum output at 60 board per day at Hand-Mount 
process. The other processes can be managed by the one-man-operation too for line 
balance. At 50% of the maximum capacity can be obviously arranged the line by half of 
manpower for each process.

The actual production has been run at maximum capacity in Jan 2001 at 500 boards 
per day by 15 operators. In Feb, the requirement has been reduced from 500 boards/day 
to 160 boards/day. This fluctuation of the market demand can be still supported by the 
cell operation. It can be achieved by 4.5 operators.
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The hand mount process used 2.5 operators as one-man-operation and another 0.5 
operator is utilized to support indirect jobs that are excluded in productivity calculation. 
The other 2 operators work .on the rest of the processes. The operation is highly flexible 
to produce the small quantity per day without critical impact of productivity.

Figure 4.14 : Cart fo r Holding Board
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