
C h a p te r  2
T heoretical C onsideration

2 . 1  I n t r o d u c t i o n  to  M a i n t e n a n c e  s y s t e m

D u r in g  th e  p e r io d  o f  e c o n o m ic  c o m p e t i t io n  th e  m a jo r  o f  s u c c e s s e s  in  th e  c o m p e t i t io n  
a re  c o s t  o f  p r o d u c t io n  a n d  t im e  in  p r o d u c t io n .  T h e  c u s to m e r  c o n t r o ls  th e  c o s t  o f  th e  p r o d u c t  
s o  th e  p l a n t  m u s t  s p e n d  lo w e s t  in  e v e ry  c o s t  d u r in g  p r o d u c t io n  p r o c e s s .  M a c h in e  b r e a k d o w n  
is a  w a s te  o f  t im e  d u r in g  p r o c e s s in g  is  a  d i re c t  in c re a s e  in  c o s t  o f  p r o d u c t  a n d  m a k e s  lo s s  
o p p o r tu n i ty  in  s e l l in g  g o o d s . I t  w i ll  a f fe c t  to  c u s to m e r  s a t i s fa c t io n  th a t  n o  o n e  w a n ts  it  to  b e .

According to SALIH O. DUFFUAA, A. RAOUF and JOHN DIXON  
CAM PBELL ( 1 9 9 9 ) ,  p a g e  4 3 . I f  m a in te n a n c e  is d e f in e d  a s  e n s u r in g  th a t  a  fa c il i ty , 
e q u ip m e n t  s y s te m , f le e t, o r  o th e r  p h y s ic a l  a s s e t  c o n t in u e s  to  p e r f o rm  its  in te n d e d  f u n c t io n s ,  
th e n  p r e v e n t iv e  m a in te n a n c e  is a  s e r ie s  o f  p r e p la n n e d  ta s k s  p e r f o rm e d  to  c o u n te r a c t  k n o w n  
c a u s e s  o f  p o te n t ia l  f a i lu re s  o f  th o s e  f u n c t io n s .  T h is  is in  c o n tr a s t  to  a  m a in te n a n c e  re p a ir , 
w h ic h  is n o r m a l ly  c o n s id e r e d  th e  r e p la c e m e n t ,  r e fu rb is h m e n t ,  o r  o v e r h a u l  o f  th e  c o m p o n e n t( s )  
in  a n  e q u ip m e n t  o r  s y s te m  to  m a k e  it c a p a b le  o f  p e r f o rm in g  its in te n d e d  f u n c t io n .

F ir s t ly ,  u t i l i z a t io n  in  e q u ip m e n t  n e e d s  to  b e  c o n s id e r e d ,  b e c a u s e  th e  e q u ip m e n ts  a re  
v e ry  c o s t ly  a n d  v e ry  c o m p l ic a te d  to  c h a n g e  o r  ta k e  t im e  to  c h a n g e . D o w n  t im e  d u e  to  
u n s c h e d u le d  m a c h in e  b r e a k d o w n  is o n e  o f  th e  p r im a ry  p ro b le m s . I t is n e c e s s a r y  to  s c h e d u le  
m a in te n a n c e  p la n  a n d  in c re a s e  th e  w o rk in g  life  o f  th e  e q u ip m e n t .

P o o r  m a in te n a n c e  c a u s e s  m a n y  p r o b le m s  s u c h  as:
1 ) I n c r e a s e d  d o w n  t im e
2 )  P o o r  e f f ic ie n c y  in  p r o d u c t io n
3 )  H ig h  c o s t  o f  p r o d u c t
4 )  L o s s  o f  o p p o r tu n i ty  in  p r o d u c t io n
5) W a s te  t im e  a n d  m a n p o w e r
6 )  L o w  c u s to m e r  s a t i s fa c t io n
7 )  L o w  w o rk in g  life  o f  th e  e q u ip m e n t
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I m p r o v e  in  m a in te n a n c e  s y s te m  g iv e  m o re  a d v a n ta g e  a s  fo llo w :
1 ) R e d u c e  d o w n t im e
2 )  I n c r e a s e  p r o d u c t io n  e f f ic ie n c y
3 )  D e c r e a s e  c o s t  o f  p r o d u c t
4 )  R e d u c e  lo s s  o f  o p p o r tu n i ty  in  p r o d u c t io n
5 )  D e c r e a s e  w a s te  t im e  a n d  m a n p o w e r
6 )  B e t te r  in  c u s to m e r  s a t i s fa c t io n
7 )  I n c r e a s e  w o rk in g  life  o f  th e  e q u ip m e n t

P r o p e r  m a in te n a n c e  c a n  m a k e  th e  m a c h in e  ru n  s m o o th ly . L u b r ic a t io n  is  d o n e  
c o r r e c t ly ,  r e g u la r ly  a n d  f o l lo w in g  th e  t im e ta b le .  S p a re  p a r ts  a r e  c h a n g e d  c lo s e  to  th e  w o rk in g  
life  o r  b e f o r e  it b r e a k d o w n s .  A ll o f  th e s e  c a n  k e e p  th e  m a c h in e  r u n n in g  w i th  h ig h  e f f ic ie n c y . 
A ll o f  th is  w i l l  r e d u c e  c o s t  o f  p r o d u c t io n  a n d  in c re a s e  o p p o r tu n i ty  in  p r o d u c t io n .

2.2 Type o f maintenance

M a in te n a n c e  c a n  b e  c la s s i f ie d  in to  th r e e  ty p e s  a s  fo llo w :
a )  B r e a k d o w n  m a in te n a n c e  (B M )
b ) P r e v e n t iv e  m a in te n a n c e  (P M )
c )  C o r r e c t iv e  m a in te n a n c e  (C M )

Breakdown maintenance (BMI

M a in ta in in g  a f te r  m a c h in e  b re a k d o w n , it h a p p e n s  w h e n  th e  m a c h in e  is  b r o k e n  a n d  
s to p  r u n n in g .  T h e  b r e a k d o w n  c a n  o c c u r  to  a n y  m a c h in e  a t  a n y  t im e . T h e  m a in te n a n c e  s e c t io n  
h a s  to  f ix  it w i th  o r  w i th o u t  s c h e d u l in g .  T h e r e  c a u s e  m a n y  d i s a d v a n ta g e s  s u c h  as:

1 ) I t  IS u r g e n c y  in  o r d e r  to  b r in g  th e  m a c h in e  b a c k  to  w o rk  a n d  h e n c e  th e  m a c h in e  
m a y  n o t  b e  a d e q u a te  m a in te n a n c e .

2 )  W a s te  o f  m a te r ia l  in  p ro c e s s .
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3 )  I n te r r u p t  p r o d u c t io n  p la n .
4 )  S ta f f  o v e r t im e  in  m a in te n a n c e  s e c t io n .
5 )  W a i t in g  fo r  s p a r e  p a r t, e tc .

Preventive maintenance (PM)

According to SALIH O. DUFFUAA, A. RAOUL and JOHN DIXON  
CAMPBELL ( 1 9 9 9 ) ,  p a g e  4 3 ,4 4 . P r e v e n t iv e  m a in te n a n c e  is th e  p re fe r r e d  a p p r o a c h  to  a s s e t  
m a n a g e m e n t :

•  I t c a n  p r e v e n t  p r e m a tu r e  fa i lu re  a n d  r e d u c e  its  f re q u e n c y .
•  I t c a n  r e d u c e  th e  s e v e r i ty  o f  f a i lu re  a n d  m it ig a te  its  c o n s e q u e n c e s .
•  I t  c a n  p r o v id e  w a r n in g  o f  a n  im p e n d in g  o r  in c ip ie n t  fa ilu re  to  a l lo w  p la n n e d  re p a ir .
•  It c a n  r e d u c e  th e  o v e ra l l  c o s t  o f  a s s e t  m a n a g e m e n t.

P r e v e n t iv e  m a in te n a n c e  is c a r r ie d  o u t  to  e n s u re  e q u ip m e n t  a v a i l a b i l i t y  a n d  
r e l i a b i l i t y .  E q u i p m e n t  a v a i l a b i l i t y  c a n  b e  d e f in e d  a s  t h e  p r o b a b i l i ty  o f  a  p i e c e  o f  
e q u ip m e n t  b e in g  a b le  to  o p e r a te  w h e n e v e r  n e e d e d . E q u ip m e n t  r e l ia b i l i ty  is  th e  p r o b a b i l i ty  
th a t  th e  e q u ip m e n t  w ill b e  f u n c t io n in g  a t  t im e  /. T h e  a im  o f  p r e v e n t iv e  m a in te n a n c e  is  to  
m a x im iz e  e q u i p m e n t  a v a i l a b i l i t y  a n d  r e l i a b i l i ty  b y  c a r r y in g  o u t  p la n n e d  m a in te n a n c e ,  
w h ic h  c o m m o n ly  is  k n o w n  a s  p r e v e n t iv e  m a in te n a n c e . O n e  o f  th e  m a jo r  c h a r a c te r i s t ic s  o f  
w e l l - d e s ig n e d  e q u ip m e n t  is  t h a t  i t  is  r e p a i r a b l e / m a i n t a i n a b l e  d u r i n g  t h e  t i m e  s p e c i f i e d  
f o r  it. T h i s  is k n o w n  a s  m a in ta in a b i l i ty  a n d  c a n  b e  d e f in e d  a s  th e  p r o b a b i l i ty  o f  its  b e in g  
r e p a ir e d /m a in ta in e d  d u r in g  a  s p e c i f i e d  tim e . P re v e n t iv e  m a in te n a n c e  is  a l s o  a  m e a n s  o f  
p r o v id in g  f e e d b a c k  to  e q u ip m e n t  d e s i g n e r s  fo r  e n h a n c in g  its  m a in ta in a b i l i ty .

P re v e n t iv e  m a in te n a n c e  is m a in ta in  to  p r e v e n t  p ro b le m  o r  m a in ta in  d u e  to  s c h e d u le ,  it 
c a n  d o  b y  f ix , c le a n , a n d  c h a n g e  it w h e n  it  h a s  a  s ig n  o f  e x p ir e d  b e f o r e  it b r e a k d o w n s .  T h e  
r e a s o n  is  to  p r o te c t  u n p r e d ic te d  s to p s  a n d  th e  p r o c e s s e s  th a t  c a u s e  m a c h in e  b r e a k d o w n . 
P re v e n t iv e  m a in te n a n c e  c a n  b e  s e p a r a te d  in  to  tw o  ty p e s : 1) m a in ta in s  e v e r y  d a y . T h e  u s e r
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c a n  m a in ta in  t h e  m a c h in e s  e v e ry  d a y  2 )  a n o th e r  ty p e  is m a in ta in e d  d u e  to  s c h e d u le .  In  th is  
c a s e  w e  r e q u i r e  m a in te n a n c e  te a m  to  d o  it. P re v e n t iv e  m a in te n a n c e  is im p o r ta n c e  b e c a u s e  th e  
m a c h in e  is  u s e d  a l l  th e  t im e . I f  th e  m a c h in e  b re a k d o w n , th e  p r o d u c t io n  l in e  w o u ld  b e  s to p . It 
d i r e c t ly  a f fe c t  t h e  c o s t  o f  p r o d u c t io n ,  la b o r  c o s t  d u r in g  w a i t in g  fo r  m a in te n a n c e ,  o p p o r tu n i ty  
in  s a le  th e  p r o d u c t ,  q u a l i ty  o f  th e  p r o d u c t ,  a n d  c u s to m e r  s a t is fa c t io n . P re v e n t iv e  m a in te n a n c e  
c a n  r e d u c e  t h e  n u m b e r  o f  m a c h in e  b r e a k d o w n  b y  tw o  w a y s , (a )  S e t  th e  s c h e d u le  fo r  
t e c h n ic ia n s  to  m a in ta in  th e  m a c h in e ,  c h e c k  lu b r ic a n t ,  in s p e c t  a n d  c le a n  th e  p a r t ,  te s t  a n d  
c h a n g e  th e  p a r t  th a t  e x p i r e d  b y  m a in te n a n c e  te a m . B y  th is  w a y  i t  w i ll  e a s y  a n d  s p e n d s  le s s  
t im e , (b )  L e t  t h e  m a c h in e  te c h n ic ia n s  p a r t i c ip a te  in  m a in ta in  th e  m a c h in e  th a t  h e  o r  s h e  is  
u s in g  e v e ry d a y . B y  u s in g  th is  a c t iv i ty ,  it w ill  c a u s e  o f  m o r e  e f f ic ie n c y  in  p r o d u c t io n  lin e . 
T h e r e  a r e  f iv e  a c t iv i t ie s  a s  fo llo w :

•  C le a n  th e  m a c h in e
•  L u b r ic a n t
•  I n s p e c t  n o is e ,  h e a t , p h y s ic a l ,  s m e ll ,  a n d  v ib r a t io n
•  C o n d i t io n  c h e c k
•  F u n c t io n  te s t

S te p  to  p r e v e n t iv e  m a in te n a n c e  a re  a s  fo llo w s :

(1 )  S e t  u p  p r e v e n t iv e  m a in te n a n c e  p la n .
(2 )  I n c r e a s e  n u m b e r  o f  m a c h in e .
(3 )  C h a n g e  th e  p a r t  d u e  to  s c h e d u le .
(4 )  T r a in  m a c h in e  u s e r  to  u s e  m a c h in e  p ro p e rly .
(5 )  O v e r  d e s ig n  m a c h in e  th a t  c a n  w o rk  lo n g e r.
(6 )  T ry  to  s e p a r a te  th e  p a r t  in  to  u n i t  s e t  th a t  e a s ie r  to  c h a n g e .
(7 )  I n c r e a s e  a b i l i ty  o r  n u m b e r  o f  m a in te n a n c e  staff.

Correction maintenance (CM!

T h is typ e o f  m aintenance is to im prove the ability o f  the m achine. T he staff m ay
ch an ge the part in order to m ake it run longer than the original. Or change som e design  that
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s u i ta b le  to  e a c h  p r o d u c t io n  lin e . S o m e  d e s ig n  o f  m a c h in e  h a s  to  c h a n g e  f o r  m o r e  e a s i ly  in  
m a in te n a n c e .

2 .3  A n a ly z e  t h e  ty p e  o f  e q u i p m e n t

A t  f ir s t ,  e v e ry  p a r t  o f  th e  m a c h in e  n e e d s  to  c o n s id e r  th a t  it  n e e d s  p r e v e n t iv e  
m a in te n a n c e  o r  n o t. I t  m a y  n o t  b e  e c o n o m ic a l  to  h a v e  p r e v e n t iv e  m a in te n a n c e  o n  e v e r y  pa rt. 
T h e  c e r ta in  s i tu a t io n  b r e a k d o w n  m a in te n a n c e  s h o u ld  b e  e c o n o m ic a l .

In  o r d e r  f o r  It to  b e  e c o n o m ic a l  i t  is n e c e s s a r y  to  c a te g o r iz e  a ll  o f  e q u ip m e n t .  T h e  
im p o r ta n c e  o f  t h e  e q u ip m e n t  o r  p a r t  d e p e n d s  o n  its  fu n c t io n . N o rm a l ly  th e  m a n u a l  o f  th e  
m a c h in e  is a l r e a d y  s h o w in g  th e  p a r t  th a t  s h o u ld  b e  ta k e  ca re . P r o c e s s  a n d  m a in te n a n c e  
e n g in e e r s  th a t  w h o  a r e  e x p i r e d  o r  e x p e r ie n c e d  c a n  d o  th e  c o m p a r is o n .  S o m e  o f  t h e  fa c to rs  
th a t  s h o u ld  b e  t a k e n  in to  c o n s id e r a t io n  a re :

1) T h e  e q u ip m e n t  is  c o n t in u o u s  ru n n in g  a n d  u n s c h e d u le d  b r e a k d o w n  o f  th e  
e q u ip m e n t  w i l ls  c a u s e s  th e  m a c h in e  to  s to p  th e  p r o d u c t io n  lin e .

2 )  T im e  in  c h a n g in g  th e  e q u ip m e n t  o r  part.
3 )  T h e  s p a r e  p a r t  is  a v a i la b le  a ll  th e  tim e .
4 )  I t is a  h a z a r d  to  a n o th e r  p a r t  o r  e q u ip m e n t  in  c a s e  o f  it  b r e a k d o w n s .

A s  a b o v e ,  th e  r e s u l t  o f  e a c h  p i e c e  o f  e q u ip m e n t  c a n  b e  in d ic a te d  b y  p r o d u c t io n  a n d  
m a in te n a n c e  s t a f f  in  o r d e r  to  a r r iv e  a t  t h e  c r it ic a li ty . M a c h in e  th a t  a r e  s im ila r  to  c a n  g ro u p  
to g e th e r  it  w i l l  h e lp  to  d e t e r m in e  ty p e  o f  m a in te n a n c e  re q u ire .

2 .4  I n s p e c t i o n

In sp ection  is basic  o f  preventive m aintenance. Inspection  o f  the m ach in e is carried
out in system atic  w ay p eriod ica lly  in order to determ ine the con d ition  o f  the part. S o m e  parts
m ay lo o se  due to vibration , so m e m ay deteriorate and wear out. H eating m ay b e th e  cau se o f
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b r e a k d o w n . T h e s e  d e fe c ts  m a y  c a u s e  o f  b r e a k d o w n  i f  it  is n o t  c o r r e c te d  p ro p e r ly .  C o r r e c t iv e  
a c t io n  c a n  b e  t a k e n  i f  th e y  a r e  n o t ic e d  w e l l  in  t im e , a n d  m a c h in e  b r e a k d o w n  c a n  b e  a v o id e d . 
B y  in s p e c t io n  i t  w i l l  b e  p o s s ib l e  to  c h e c k  th e  c o n d i t io n  a n d  ta k e  p r e v e n t iv e  m e a s u r e s  a n d  
in c lu d e  r e p a ir ,  r e p la c e m e n t  o f  d e f e c t iv e  p a n s .

Methods o f Inspection

I n s p e c t io n  c a n  b e  c la s s i f ie d  in  to  tw o  m e th o d s . F i r s t  m e th o d  is  external  a n d  s e c o n d  
m e th o d  IS internal.

T h e  e x te rn a l  m e th o d  c a n  b e  v i s u a l ,  w h ic h  c a n  b e  s e e n  o u ts id e  s u c h  a s  c o r r o s io n ,  
c o lo r ,  c r a c k s , a n d  o th e r  e x te rn a l  d e f e c t  s u c h  c o n d i t io n s  s u c h  as a b n o r m a l  s o u n d .  V ib r a t io n  
c a n  b e  o b s e rv e d .  T e m p e r a tu r e  o f  b e a r in g  a n d  s im ila r  p a r t  c a n  b e  g a u g e d  a n d  fe lt. T h e  
e x te rn a l  in s p e c t io n  c a n  b e  d o n e  w h e n  th e  m a c h in e  is r u n n in g  o r  s to p p in g .

T h e  in te r n a l  m e th o d  is m o re  d e ta i l .  I t n e e d s  to  b e  d o n e  w h e n  th e  m a c h in e  is  s to p p in g . 
A  d e ta i l  o f  in s p e c t io n  m a y  b e c o m e  n e c e s s a r y  a s  a  re s u l t  d e fe c ts  n o t ic e d  d u r in g  e x te rn a l  
c h e c k in g .  I t  m a y  b e  n e c e s s a r y  to  u s e  c e r ta in  in s p e c t io n  e q u ip m e n t  to  d e te rm in e  th e  d e ta il.

Importance o f check-list

T h e  w a y  to  e n s u r e  c o r r e c t  a n d  p r o p e r  in s p e c t io n ,  c h e c k l i s t  is  a  g r a d e  to o l . I t  is  a  g u id e  
in d ic a t in g  a ll e q u ip m e n t  th a t  n e e d s  to  b e  in s p e c te d . T h e  l is t  m a y  in c lu d e  w h a t  a n d  h o w  to  
c h e c k . I t  in c lu d e s  th e  s ta n d a r d  o f  a c c e p ta b le  c o n d i t io n  o f  e q u ip m e n t.  T o  s e t  u p  th e  c h e c k l i s t  
it  r e q u i r e s  c o n s id e r a b le  s k i l l ,  e x p e n e n c e  a n d  m a c h in e  m a n u a l. P r o p e r  c h e c k l i s t  c a n  h e lp  
in s p e c to r  to  b e  e n s u r in g  th a t  o n  e q u ip m e n t  o r  d e fe c t  is o v e r lo o k e d  a n d  th e  w a y  to  in s p e c t  is 
c o r re c t. T h e  r e p o r t  is n e c e s s a r y  c o r r e c t iv e  a c t io n  b y  m a in te n a n c e  te a m . T h e  c o n d i t io n  o f  th e  
m a c h in e  b e c o m e  a p p a r e n t  d u r in g  in s p e c t io n  a n d  th e  a c t io n  w ill  b e  t a k e n  d e p e n d  o n  th e  r e p o r t  
o f  th e  in s p e c to r .  O th e r w is e  it  w i ll  c a u s e  a  lo t  o f  d a n g e r  i f  th e  r e p o r t  is  n o t  c o r r e c t .  I n s p e c to r  
s h o u ld  b e  a  s k i l le d  a n d  e x p e r i e n c e d  p e r s o n .  I n s p e c to r  s h o u ld  h a v e  k n o w le d g e  o f  t h e  m a c h in e
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th a t  is in s p e c te d .  T h e  le v e l  o f  in s p e c to r  c a n  d e p e n d  o n  ty p e  o f  p r o c e s s ,  n a tu r e  o f  e q u ip m e n t  
a n d  m a c h in e  e tc . i n s p e c to r  w i l l  h a v e  to  u s e  h is  d is c re t io n  fo r  ta k in g  c o r r e c t iv e  a c t io n  h im s e l f  
w h e n  th e  s i tu a t io n  d e m a n d s  th e  s a m e . S u c h  a c t io n s  m a y  in c lu d e  u n d e r ta k in g  o f  re p a ir s  o r  
a d v is in g  a  s h u t  d o w n  w h e n  in s p e c to r  b e l ie v e  th ° t  th e  d e f e c t  w i l l  le a d  to  a  m a jo r  p ro b le m .

2 .5  L u b r i c a t i o n

L u b r i c a t io n  is  o n e  o f  th e  im p o r t a n c e  a c t iv i t ie s  fo r  m a in te n a n c e  s y s te m . T h e r e  a r e  so  
m a n y  f u n c t io n s  th a t  n e e d  lu b r ic a t io n . T h e  p r o p e r  lu b n c a n t  c a n  r e d u c e  th e  f ic t io n  b e tw e e n  
m o v in g  p a r ts . B y  r e d u c in g  th e  f ic t io n  b e tw e e n  m o v in g  p a r ts  it w ill  m a k e  th e  e q u ip m e n t  h a s  
m o r e  lo n g  w o rk in g  life . T h e  ty p e  o f  l u b n c a n t  s h o u ld  b e  c o n s id e re d .  W r o n g  ty p e  o f  lu b r ic a n t  
m a y  c a u s e  o f  d e c l in e  in  th e  p a rt. S o  th e  ty p e  o f  lu b r ic a n t  s h o u ld  f o l lo w  th e  s p e c k  o f  th e  p a rt. 
T h e  lu b r ic a n t  h a s  m a n y  ty p e s  s u c h  a s  h y d r a u l ic  o il, G e a r  o il, G re a s e s  a n d  e tc .

A f te r  w e  k n o w  th e  p r o p e r  ty p e  o f  lu b r ic a n t  in  th e  p a rt. L u b r ic a t io n  n e e d s  p la n n in g  
b e c a u s e  it  IS a  r o u t in e  w o rk  a n d  it  n e e d s  th e  p r o p e r  p e r io d  c y c le . S o  th e  s c h e d u l e  s h o u ld  b e  
p r e p a r e d  fo r  e a c h  p a r t  o f  th e  m a c h in e  th a t  n e e d  lu b n c a n t  a n d  th e  p o in t  o f  lu b r ic a n t  s h o u ld  b e  
a n n o u n c e .  I t c a n  b e  d a i ly  o r  w e e k ly  p la n  a n d  th e  s ta f f  c a n  u n d e r s ta n d  w h a t  h e  s h o u ld  d o  fo r  
lu b r ic a n t  a c t iv i ty . N o rm a l ly  th e  lu b n c a n t  s ta f f  is th e  lo w e s t  le v e l s t a f f  o f  th e  s e c t io n .  B u t  h e  
h a s  to  t r a in  a n d  u n d e r  s ta n d  th e  w o rk  in s t r u c t io n  o f  lu b r ic a t io n  v e ry  w e ll  in  o r d e r  to  p r o te c t  
th e  s ta f f  f ro m  d a n g e r  a n d  p r o te c t  th e  p a r t  f ro m  m a k e  a  m is s  ta k e .

2 .6  M a i n t e n a n c e  q u a l i t y

A c c o r d in g  to  W e is s  ( 1 9 9 7 ) ,  p a g e  3 0 5 -3 0 6 . In re c e n t y ea rs , m o re  a n d  m o re  p la n ts  h a v e  
u s e d  q u a li ty  c o n tro l s tra te g ie s  in  c a r r y i n g  o u t  t h e  m a i n t e n a n c e  f u n c t i o n .  T h i s  h a s  r e s u l t e d  
in  s e v e r a l  w o r t h w h i l e  b e n e f i t s  to  th e  p la n t s .  T h r o u g h  a n  e f f e c t i v e  q u a l i ty  c o n t r o l  
p ro g ra m , y o u  can :
•  U p g r a d e  t h e  m a in t e n a n c e  f u n c t io n .
•  In c re a se  th e  e f f ic ie n c y  o f  m a in te n a n c e  p e rso n n e l.
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•  S e r v e  th e  p r o d u c t io n  d e p a r tm e n t  b e t te r .
•  R e d u c e  t h e  c o s t s  o f  t h e  m a i n t e n a n c e  d e p a r tm e n t .

T o  o p e r a te  e f f ic ie n t ly  a n d  p r o v id e  th e  s e rv ic e  e x p e c te d  o f  it, a  m a in te n a n c e  
d e p a r t m e n t  m u s t  p r a c t i c e  th e  p r i n c ip l e s  o f  q u a l i ty  c o n t r o l .  W i th  h i g h e r  s t a n d a r d s  o f  
p e r f o r m a n c e  n o w  e x p e c t e d  o f  e q u ip m e n t  a n d  f a c i l i t ie s  p lu s  m o re  g o v e r n m e n ta l  r e g u la t io n  
o f  d e s ig n  a n d  o p e r a t io n ,  th e  q u a l i ty  o f  m a in te n a n c e  h a s  h a d  to  im p ro v e .

Y e t  th e r e  is  s t i l l  a  s t r o n g  n e e d  fo r  m a in te n a n c e  e m p lo y e e s  to  d o  h ig h e r  q u a l i t y  w o r k  
a s  w e l l  a s  m o r e  o f  i t .  A n d  t h e r e  w i l l  a lw a y s  b e  a  n e e d  f o r  m a n a g e m e n t  to  f in d  w a y s  to  
r e d u c e  a n d  e l im in a te  r e p e t i t iv e  r e p a ir s .  C o n t r o l l i n g  th e  q u a l i ty  o f  m a in t e n a n c e  m a y  b e  a  b ig  
j o b ,  b u t  i t  is  n o t  b e y o n d  th e  c a p a b i l i ty  o f  p la n t  p e r s o n n e l .  T h e  j o b  s h o u ld  b e  a p p r o a c h e d  in  
s e v e r a l  w a y s  b e c a u s e  m a n y  f a c t o r s  m u s t  b e  c o n s i d e r e d .  H e r e  is  h o w  y o u  a n d  o th e r  
m a n a g e r s  s h o u ld  g o  a b o u t  it:

P urchasing . C o n t r o l l i n g  t h e  q u a l i ty  o f  m a in te n a n c e  b e g in s  w i th  p u r c h a s i n g .  I f  t h e  
c o m p a n y  b u y s  t o p - g r a d e  m a t e r i a l ,  t h e  r e p a i r s  m a d e  to  e q u ip m e n t  a n d  f a c i l i t i e s  a r e  m o re  
l i k e ly  to  a l s o  b e  f i r s t  c la s s .  Y o u  c a n  e x p e c t  a  p a in t  j o b  to  lo o k  b e t te r  a n d  to  h o ld  u p  lo n g e r  i f  
y o u  u s e  g o o d  q u a l i t y  i n d u s t r i a l  p a in t .  A  w o o d e n  s t r u c tu r e  s h o u l d  l a s t  lo n g e r  i f  y o u r  
c a r p e n te r s  h a v e  h ig h - g r a d e  lu m b e r  to  w o rk  w ith .

T h e  s a m e  lo g ic  a p p l ie s  to  th e  to o ls  y o u  p ro v id e  e m p lo y e e s .  A  m a in te n a n c e  e m p lo y e e  
w h o  h a s  o n ly  m a k e s h i f t  to o ls  w o n t  b e  a b le  to  d o  a  h ig h  q u a l i ty  r e p a i r  j o b ,  n o r  w i l l  h e  o r  s h e  
t a k e  p r id e  in  t h e  w o r k  d o n e .  S p e c i a l  t o o l s ,  s u c h  a s  e r g o n o m ic a l ly  d e s i g n e d  o n e s ,  w h ic h  
y o u  p u r c h a s e  o r  r e n t  f o r th e  d e p a r t m e n t ,  w i l l  e n a b l e  e m p l o y e e s  to  h a n d l e  t o u g h  j o b s  
m o r e  s a fe ly  a n d  e f f ic ie n t ly ,  a n d  th e i r  w o rk m a n s h ip  w ill  a ls o  b e  b e t te r .

W ork p erforv iance .  O n e  o f  th e  w a y s  to  d e te rm in e  th e  q u a l i ty  o f  m a in te n a n c e  in  th e  
p l a n t  is  to  a n a l y z e  t h e  p e r f o r m a n c e  o f  th e  m a in te n a n c e  e m p lo y e e s .  W h i l e  th i s  is 
l o g i c a l l y  y o u r  r e s p o n s ib i l i t y ,  i t  m a y  b e  d i f f i c u l t  f c r e m p lo y e e s  to  b e  e f f i c i e n t  a n d  c o s t -  
e f f e c t i v e  w h e n  th e y  a r e  o c c u p i e d  p r in c ip a l l y  w i th  b r e a k d o w n  w o r k  b e c a u s e  t h e r e  is 
l i t t l e  i f  a n y  t i m e  f o r  p l a n n in g .  S in c e  m u c h  o f  th i s  w o r k  c o n s i s t s  o f  t r o u b l e s h o o t i n g ,  th e  
s k i l l  o f  t h e  c r a f t s p e r s o n  is  c r i t i c a l .  B u t  t h e  f a c t  t h a t  b r e a k d o w n  w o r k  m u s t  b e  p e r f o rm e d
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q u ic k ly  s h o u ld  n o t  b e  a n  e x c u s e  fo r  y o u  to  a c c e p t  p o o r  q u a li ty  w o r k m a n s h ip .  Y o u  c a n  s t i l l  
c o n t r o l  t h e  q u a l i t y  o f  t h e  w o r k  w i th  c lo s e  s u p e r v i s io n .

V a r ia n c e s  o f  q u a lity .  P e r h a p s  t h e  m o s t  c r u c ia l  p r a c t i c e  f ro m  a  q u a l i t y  v i e w p o i n t  
is  p e r f o r m a n c e  o f  m a in t e n a n c e  w o r k  in  a n  i r r e s p o n s ib l e  a n d  i n e p t  m a n n e r .  T h e  
e m p l o y e e  w h o  d a m a g e s  e q u i p m e n t  a n d  m a c h i n e s  w h e n  m a k in g  r e p a i r s  c a n n o t  b e  
to l e r a t e d .  N o r  c a n  t h e  c r a f t s p e r s o n  w h o  m a k e s  im p ro p e r  a d ju s tm e n ts ,  f a ils  to  r e p la c e  c o v e r s ,  
c a p s ,  b o l t s ,  a n d  n u ts ,  a n d  d o e s  w o rk  th a t re su lts  in  s tr ip p e d  th re a d s  o n  c o n n e c t io n s . O th e r  v a r i
a n c e s  o f  q u a l i t y  w o r k m a n s h i p  c o n c e r n  h o w  m a c h in e s  a n d  w o r k  a r e a s  a r e  le f t  a f te r  th e  
m a in te n a n c e  w o r k  is  p e r fo rm e d . S p i lls  s h o u ld  b e  c le a n e d  u p , a n d  w o r n - o u t  p a r t s  a s  w e l l  a s  
w a s t e  m a t e r i a l  s h o u l d  b e  p r o p e r l y  d i s p o s e d  of.

F a i lu r e  to  d o  a  th o r o u g h  a n d  c o m p le te  jo b  o n  a n  in s p e c t io n  o r  r e p a i r  a s s ig n m e n t  is 
a n o th e r  e x a m p le  o f  p o o r - q u a l i ty  m a in te n a n c e .  I f  a  w o rk  o r d e r  c a l l s  f o r  s e v e r a l  o p e r a t i o n s  to  
b e  p e r f o r m e d  s u c h  a s  d e t e r m in in g  m o t o r  lo a d ,  t e s t in g  fo r  v ib r a t io n ,  a n d  m a k in g  d r iv e  
a d j u s tm e n t s ,  t h e n  t h e  w o r k  s h o u l d  n o t  b e  c o n s id e r e d  c o m p le t e  o r  a c c e p t a b l e  u n t i l  a l l  o f  
t h e s e  o p e r a t i o n s  a r e  h a n d le d .

Y o u  c a n  c o n t r o l  th e  q u a l i ty  o f  m a in te n a n c e  o n ly  i f  y o u  s e t  s ta n d a r d s  o f  p e r f o rm a n c e  
a n d  m a k e  e m p lo y e e s  a w a re  o f  th e m . E s ta b l i s h in g  s ta n d a r d s  is  e s p e c i a l l y  a p p r o p r i a t e  w h e n  
f o r m u l a t i n g  a  p l a n t 's  p r e v e n t i v e  m a in te n a n c e  p r o g ra m . S ta n d a r d  p r o c e d u r e s  m u s t  b e  
f o l l o w e d  w i th  i n s p e c t i o n s ,  o i l i n g  a n d  lu b r i c a t i o n ,  p a in t in g ,  w i n t e r i z i n g ,  p u t t i n g  m a c h in e s  
a n d  e q u i p m e n t  in  s t a n d b y  c o n d i t i o n ,  a n d  o th e r  p r e v e n t i v e  p r o c e d u r e s .

2.7 Requirement of control

According to Weiss ( 1 9 9 7 ) ,  p a g e  3 1 5 . T h e r e  a r e  f iv e  b a s i c  r e q u i r e m e n t s  o f  
p l a n n in g  a n d  s c h e d u l i n g  to  f a c i l i t a t e  c o n tro l  o f  th e  m a in te n a n c e  fu n c t io n :

1. A  f o r m a l  p r o c e d u r e  f o r  d e f i n i n g ,  a p p r o v i n g ,  a n d  a u t h o r i z i n g  m a i n t e n a n c e  
w o r k  t o  b e  d o n e .  T h e  p r o c e d u r e  s h o u l d  b e  s p e l l e d  o u t  in  a  m a n u a l  s o  b o th
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maintenance personnel and the receivers of maintenance service will know how 
the other is to operate regarding maintenance work.
2. A work-order system that clearly communicates the need for work to be done so 
jobs are completed as requested. This includes a work-order form with 
sufficient spaces to identify the job and supply control information such as work- 
order and cost accounting numbers.
3. A priority system that classifies the job as to urgency and need date.
4. A scheduling system that states when the job is to be done.
5. A control and follow-up procedure to determine whether or not the planning 
and scheduling process is reducing maintenance costs.

2.8 Work order

According to W.H. Weiss (1997), page 317. The work order is the basic 
instrument of a plant maintenance system. Job origination, identification, and 
authorization materialize with work orders. You make job assignments with work orders, 
and you get information on job costs, equipment history, and worker performance from the 
completed work order. Maintenance work orders are of two types:

1. Those suited for planning involve work that requires scheduled equipment 
downtime. Such orders must represent enough expenditure of manhours or dollars to 
justify estimating and scheduling the job. Another requirement of a planned work 
order is that the lead time must be sufficient to permit the time it takes to process 
an order.
2. Those not suited for planning involve jobs that are of such high priority that work 
must begin too soon for planning to be effective, or those that are of short duration 
and do not require scheduling of equipment downtime. Unplanned work orders 
are often referred to as verbal work orders, or as breakdown work order.
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2.9 Mean Time Between Failure (MTBF)

This is a measure tool in order to measure the mean time of working life in 
each part. By the formula it can be calculated the mean time of the breakdown in the 
particular part. The data of Mean time between failures is very useful. It can be as a guide in 
order to set up the preventive maintenance schedule and it can calculate by the formula.

MTBF -  ?Toductive(time)No.breakdown

Productive time is the total running time of machine during the concentrate period. 
It means that during the concentrate period, if the machine is stopped the Productive time 
will equal the number of concentrate period minus the number of stop time. For example 
the concentrate period is one year and in one year has holiday for twenty days. The 
concentrate period of one year is 365 day so Productive time is equal 365 days minus 20 
days that the answer is 345 days. If during one year has the stop time occurs it will bring 
to minus.

Number breakdown is the frequency of breakdown in each particular part. For 
example the concentrate period is one year and in one year has the breakdown in particular 
part 5 time it means that Number breakdown is equal 5.

From the calculation, if the number of MTBF is increase, it means that the 
particular part has longer working life. So the number of MTBF should be as high as 
possible.
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