
C H A P T E R  4
P R O P O S E D  P R E V E N T IV E  M A IN T E N A N C E  B A SE D  O N C O ST

This chapter g ives a description o f  the m ethodology adapted for 
the m aintenance analysis and planning o f  the company. Since the w hole  
system  is large and com plex, it is difficult to develop an effective  
m aintenance plan for every machine within the tim e given. Thus the 
author first pick up only one machine as an exam ple to perform the 
analysis. The selected machine is top coat painting machine which is 
considerably important for the production process. Then the author 
co llects the failure and cost data o f  the machine and analyzes them by 
using an appropriate method. After that, the proper preventive 
m aintenance policy  o f  the machine components are determined. Finally, 
a preventive m aintenance scheduling is designed and proposed.

This chapter consists o f  4 main sections as follow ing:
1. Data analysis
2. Proposed preventive maintenance policy for the valves
3. D esigned  maintenance planning for the valves
4. M aintenance planning for the other components
5. M aintenance scheduling
6. M aintenance controlling

4.1 D ata  an alysis

4.1 .1 D ata  co llectin g
The data collected  consist o f  :

• M achine historical data

The m achine historical data collected include the following:

a. m achine drawings, machine manual, inspection check sheet, and 
paint system  (appendix A).
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b. m achine failure and repair record which include dates o f  failure, 
cause o f  m achine breakdowns, and corrective actions (appendix 
B). This record is constructed and summarized from equipment 
stop daily report (appendix C).

c. m aintenance costs data collected are com ponents cost, lubricants 
cost, and others cost, all are roughly as below  in Table 4.1 (cost 
o f  m achine com ponents and lubricants are from part invoices 
and store manager interview / others cost is from maintenance 
and production staffs interview).

Machine components cost
No. Component list Cost (baht/unit)1 explosion-proof motor 313202 explosion-proof servo motor 750003 pulse generator 410404 limit switchs 13125 inverter 1612716 speed reducer 277177 encoder 126718 bearing 10649 variable resistor 980010 proximity sensor 1495811 plastic spur gear 234912 cascade 7560013 LTV controller 58070014 cable / connector HV 1539015 mag valve 1495016 needle valve 10984817 bypass valve 18000

Lubricants cost
No. Lubricant list Cost (baht/gallon)1 spaton 220 59612 beoon Ep-2 40203 millitec 1 Ep-2 7182

Others cost
1 average staff salary = 10000 baht2 average operator salary = 10000 baht
3 overhead cost / month = 500000 baht
4 paint color cost / gallon = 8200-12000 baht
5 thinner cost / gallon = 800 baht
6 Allen screws no. 5 = 60 baht
7 spanner no. 14,17 = 50 baht
8 pliers = 150 baht

Table 4.1 M aintenance costs data



A dditional information

The Top coat painting machine selected to plan the maintenance 
schedule can be operated under system s’ operation with a number o f  
com ponents. These com ponents can be divided into groups as follow ing :

1. E levation unit
2. R eciprocate unit
3. Tilt unit
4. Tracking unit
5. Gun m ounting & HV. Panel unit
6. Paint supply unit

M ajor com ponents and their function o f  each group are shown in 
Table 4 .2 . This table is constructed from machine manual, inspection  
check sheet, paint system , and maintenance staffs interview.

C onsider the cause o f  machine breakdowns, they can be classified  
into 4 types ะ

1. human errors
2. m achine failures
3. previous operation errors
4. unknown causes

A nd since a pattern o f  machine failure rate is necessary to 
com plete this study, only machine failures records are considered and 
collected .

S u f f i c i e n t  in f o r m a t io n  c o l le c te d  to  c o n s t r u c t  th e  th e s is  c o m p le te ly
s u c h  a s  c o m p a n y  h is to r y ,  m a in te n a n c e  s y s te m , e tc .  a re  f a v o r a b ly
p r o v i d e d  b y  m a in te n a n c e  e n g in e e r s  a n d  u s e rs .

D a i ly  e q u ip m e n t  s to p  re p o r ts  s h o w  th a t  m o s t  o f  th e  to p  c o a t
p a in t i n g  m a c h in e  f a i lu r e s  a re  c a u s e d  b y  its  tw o  c o m p o n e n ts ,  p u r g e  a i r
v a lv e  a n d  s o f t  a i r  v a lv e .  T h e re fo re ,  th e y  w il l  b e  a n a ly z e d  a n d  c o n s id e r e d
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N u m b er C om p on en ts list F unction
I E le v a tio n  u n it
1 explosion-proof motor drive elevation source
2 pulse generator position detection
•ๆว limit switchs position detection
4 inverter elevation speed control
5 speed reducer automatic speed reducer
6 drive chain motor drive
7 encoder up-down detection
8 bearing motor friction force reducer

II R e c ip ro c a te  u n it
1 explosion-proof motor drive recipro. source
2 potentiometer recipro speed control
OJ variable resistor recipro acceleration/deceleration

time control
4 drive chain motor drive
5 speed reducer automatic speed reducer
6 pulse generator position detection
7 proximity sensor position detection
8 encoder rotate detection
9 bearing motor friction force reducer

I I I T ilt  u n it
1 explosion-proof motor drive source
9 pulse generator position detection
OJ proximity sensor position detection
4 potentiometer tilt speed control
5 variable resistor tilt acceleration/deceleration time control
6 speed reducer automatic speed reducer
7 drive chain motor drive
8 encoder rotate detection

Table 4 .2  Function o f  the main machine com ponents



N u m b er C om p on en ts list Function
IV T ra c k in g  u n it
1 explosion-proof servo mote drive source
2 pulse generator position detection
o3 limit switchs position detection
4 speed reducer automatic speed reducer
5 encoder rotate detection
6 drive chain motor drive
7 plastic spur gear drive gear
8 bearing motor friction force reducer

V G u n  m o u n tin g  & 
H V  p an e l u n it

1 gun mounting bell gun control
2 cascade voltage amplifier
'ไ3 HV controller high voltage controller
4 cable / connector HV high voltage cable and connector

VI P a in t su p p ly  u n it
1 color change vavle ( CCV ) connected, selected paint control
2 purge air vavle air used to wash dump side control
3 purge thinner vavle thinner used to wash dump side control
4 needle vavle discharged paint and thinner control
5 trigger vavle paint control
6 dump valve prespray and dump washing control
7 soft air valve air used to wash head dump control
8 soft thinner valve thinner used to wash head dump control
9 bypass valve paint used during prespray/air and 

thinner used during washing control
10 center valve solid and clear color selector
11 metalling valve paint CAM cut control

Table 4 .2 Function o f  the main machine components (cont.)

X น ^ 0
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in depth show n in m ost o f  this chapter (for the other com ponents, they 
w ill be m entioned in section 4.5). These valves (usually called mag 
valve) are exactly  the same, but they are installed separately and are used 
for different purposes. Time to failure data which is the time interval 
betw een  failure o f  these valves is show n follow ing in the Table 4.3.

4 .1 .2  F a ilu re  d ata  an alysis

The co llected  failure data o f  the valves w ill be analyzed to fix the 
W eibull distribution and find useful parameters. W eibull probability 
paper w ill be used to transform failure data into the useful parameters. 
The number o f  tim e to failure data available is not too large, say 14 and
12. Therefore, the cum ulative percentage for classes o f  the frequency 
distribution can not be used and the median ranks have to be employed.

The failure number column, time to failure colum n, and median 
rank colum n are show n in the Table 4.4 and Table 4.5. Tim e to failure 
data are arranged in sequence from minimum to maximum and median 
rank is from appendix D.

The steps to plot W eibull probability paper is shown in the chapter 
3 (S ection  3 .3 .3).

The fo llow in g  Figure 4.1 and 4.2 show  W eibull plotting for soft air 
va lve  and purge air valve respectively.



T im e  to fa ilu re  d a ta  (h o u rs )

No. o f fa ilu re 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Top coat painting machine

- soft air valve 594 1496 1188 1826 1012 748 506 770 462 1012 1364 1254 1276 1144

- purge air valve 1408 1210 1254 2266 616 286 682 946 1738 550 1760 1364

Table 4.3 T im e to failure data (during Jan 1994 to N ov 1996)



Failure Number Time to Failure Median Rank
1 462 4.83
2 506 11.7
3 594 18.65
4 748 25.61
5 770 32.58
6 1012 39.54
7 1012 46.52
8 1144 53.49
9 1188 60.46
10 1254 67.43
11 1276 74.39
12 1364 81.35
13 1496 88.3
14 1826 95.17

Table 4 .4  Data for plotting W eibull probability paper
(Soft air valve)

Failure Number ' Time to Failure Median Rank
1 286 5.61
2 550 13.6
3 616 21.67
4 682 29.76
5 946 37.85
6 1210 45.95
7 1254 54.05
8 1364 62.15
9 1408 70.24
10 1738 78.33
11 1760 86.4
12 2266 94.39

Table 4.5 Data for plotting W eibull probability paper 
(Purge air valve)
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From the W eibull probability papers (Figure 4.1 and 4.2), it shows 
W eibull parameters as illustrated in Table 4.6.

p ๆ Y P ,
S o ft a i r  valve 2.35 1170 0 1050
P u rg e  a ir  valve 1.95 1300 0 1170

Table 4 .6 W eibull distribution parameters

M ean L ife parameter p should be compared with mean time 
betw een failure (M TBF) to verify that the line is drawn correctly, the 
more they are close, the more reliable the line is. M ean time between  
failure (M TB F) is defined by the follow ing formula.

M TBF =  Sum o f  time to failure / Num ber o f  failure

M TBF o f  soft air valve and purge air valve are 1047 and 1173 
hours respectively. Comparing with Pu from Table 4 .6 , it shows that Pu 
and M TBF o f  each valve are very close. The conclusion can be drawn 
that the lines have been drawn perfectly.

4 .1 .3  G ood n ess o f  fit tests

The previous section, the time to failure data o f  the valves are 
claim ed that they conform  to a Weibull distribution. To check that this 
claim  is correct and reasonable, the goodness o f  fit test should be 
performed. G oodness o f  fit is the comparison o f  som e observed sample 
distribution with a theoretical frequency distribution. The procedure for 
perform ing goodness o f  fit test is :

1. Formulate the null and alternative hypothesis
Ho : the observations conform to a W eibull distribution
Hi : the observations do not conform to a W eibull distribution
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2. D ecide on the level o f  significant, a
W hich should be based on the importance o f  the conclusion. 

C hoose either 10%, 5%, 2.5% , 1%, and 0.5% which are the com m only  
used values quoted in critical values o f  chi-square tables (appendix E).

3. Construct a frequency distribution
B y classify in g  the time to failure data into classes. It w ill result 

observed frequency (O) 
soft air valve

C lass Lim it (hours) Frequency
0-300 0

300-600 3
600-900 2
900-1200 4
1200-1500 4
1500-1800 0
1800-2100 1

purge air valve
C lass Lim it (hours) 

0-300 
300-600 
600-900 
900-1200 
1200-1500 
1500-1800 
1800-2100 
2100-2400

Frequency
1
1
2
1
4
2
0
1

4. Calculate the cumulative relative frequency 
B y using the equation 3.14, F(t) = 1 - exp -[(t-y)/q )]p

5. Calculate the relative frequency
B y subtracting the cumulative frequency o f  each class from the 

next cum ulative frequency o f  the next class. 6

6. Calculate the expected frequency (E) for each class 
B y m ultiplying the relative frequency by the sample size.
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7. Calculated the test statistic, y l

The test statistic, X2 = ร  (0 -E )2 / E, is calculated and shown in 
Table 4 .7 and Table 4.8 for soft air valve and purge air valve  
respectively.

Upper Class 
Limit 

(hours)
Cumulative

Relative
Frequency

Relative
Frequency

Expected
Frequency

(E)

Observed
Frequency

(O)
(O-E) (0-E)A2 (0-E)A2

fE

300 0.0400 0.0400 0.5600 0 -0.5600 0.3136 0.5600
600 0.1879 0.1479 2.0706 3 0.9294 0.8638 0.4172
900 0.4171 0.2292 3.2088 2 -1.2088 1.4612 0.4554
1200 0.6540 0.2369 3.3166 4 0.6834 0.4670 0.1408
1500 0.8335 0.1795 2.5130 4 1.4870 2.2112 0.8799
1800 0.9362 0.1027 1.4378 0 -1.4378 2.0673 1.4378
2100 0.9808 0.0446 0.6244 1 0.3756 0.1411 0.2259

X2 = ร (0-E)2/E  = 4.117
Table 4 .7  G oodness o f  fit worksheet (soft air valve)

Upper Class 
Limit 

(hours)
Cumulative

Relative
Frequency

Relative
Frequency

Expected
Frequency

(E)

Observed
Frequency

(O)
(O-E) (0-E)A2 (0-E)A2

Æ
300 0.0557 0.0557 0.6684 1 0.3316 0.1100 0.1645
600 0.1986 0.1429 1.7148 1 -0.7148 0.5109 0.2980
900 0.3863 0.1877 2.2524 2 -0.2524 0.0637 0.0283
1200 0.5749 0.1886 2.2632 1 -1.2632 1.5957 0.7051
1500 0.7334 0.1585 1.9020 4 2.0980 4.4016 2.3142
1800 0.8484 0.1150 1.3800 2 0.6200 0.3844 0.2786
2100 0.9217 0.0733 0.8796 0 -0.8796 0.7737 0.8796
2400 0.9633 0.0416 0.4992 1 0.5008 0.2508 0.5024

X2 = ร (0-E)2/E  = 5.171
Table 4 .8 G oodness o f  fit worksheet (purge air valve)

The test statistic o f  time to failure data o f  soft air valve and purge 
air valve are 4 .117  and 5.171 respectively. 8

8. Read o f f  the lim iting value o f  X2 from critical values o f  chi- 
square tables.

Starting w ith calculate the degree o f  freedom, V, o f  both data. The 
degree o f  freedom  is calculated by follow ing formula.
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V = number o f  classes - 1, - an additional 1 for each 
population parameter estimated from the data.

For a W eibull distribution, the values o f  (3, Y, and ๆ  are estimated, 
so V = number o f  classes - 4. The degree o f  freedom o f  soft air valve and 
purge air va lve is 3 and 4 respectively.

Then seeking the lim iting value o f  y j  for significant level o f  10%, 
5%, 2.5% , 1%, and 0.5%  at 3 degree o f  freedom for soft air valve data 
and 4 degree o f  freedom  for purge air valve data as shown follow ing.

xfo.1,3 =  6.251 X"o.l,4 =  7.779
XTo.05.3 = 7.815 x̂ 0.05,4 = 9.488
x~0.025,3 =  9.348 x _0.025.4 = 11.143
x~0.01,3 =  11.345 x~0.01,4 =  13.277
X"o.005,3 =  12.838 x~0.005.4 =  14.860

9. Compare the calculated value o f  %2 with the value taken from  
the table.

I f  the calculated value is less than the tabulated value, accept the 
null hypothesis that the observations conform to the W eibull distribution. 
So the results show  that the time to failure data o f  soft air valve and 
purge air valve data conform to the W eibull distribution at 10% 
significant level or 90% confidence level.

T ypically, y j  goodness o f  fit test is used w hile the frequency o f  
each class data is more than 5. In this case, the collected time to failure 
data o f  the valves are not large enough so the result may be not 
significant. H ow ever considering the W eibull graphs o f  both valves, they 
sh ow  that the plotted lines are nearly matched to the collected data. So 
w e can say that the data confonn to the W eibull distribution.
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4.1 .4  C ost estim ation

T w o major costs are o f  interest in this study: the breakdown cost o f  
valve failure and the cost o f  valve replacement schedule. The first cost 
category con sists o f  2 component.

1. D irect m aintenance cost.
It includes labor cost, material cost, cost o f  tools for replacement 

and overhead cost.

2. Indirect m aintenance cost.
The major costs o f  this component are production related cost and 

product cost. Production related cost consists o f  rework, excessive scrap, 
idle work and late shipment. Product cost occurs due to poor quality and 
reliability product, lost sales and warranty claims.

For cost o f  replacem ent schedule, it is only direct maintenance cost
because indirect cost can be eliminated 
replacem ent scheduling.

by an efficient preventive

Let say ,
D irect maintenance cost = A
Production related cost = B
Product cost = c

then, The breakdown cost A + B + C
The cost o f  scheduled replacement =  A

The value o f  A , B , and c  can be calculated by considering every 
cost o f  each com ponent that occurs when the valves are replaced or 
failed. Som e o f  them  are collected and some are estim ated as follow ing :



1. D irect m a in ten an ce  cost (A)
This com ponent consists o f  :

4 6

1.1 L ab or  co st =  60 baht
Typically, w hen the valves failure are occurred, they w ill be 

replaced by a m aintenance staff that take about 5 minutes for this 
activity. H ow ever, the staff has to perform other activities such as 
bringing the part from store, reporting to his chief, doing the paper work  
o f  the failure, etc. A ll o f  these activities w ill take the tim e approximately 
1 hour.

w hen, the staff salary is 10000 baht, and
each sta ff works about 160 hours a month

so, the labor cost = 1 0 0 0 0 / 160
= 60 baht / hour

The labor cost o f  each valve failure or replacement is 60 baht.

1.2 M ater ia l cost = 1865 baht
The material cost is the cost o f  mag valve w hich is paid by the 

com pany for each va lve  replacement or failure. M ost o f  the failure causes 
are from packing and rod. From packing is about 70% chance and 30%  
from rod. After these com ponents failure, they can be repaired for a 
number o f  tim es, say approximately 10 times before replacing a new  
valve  and each valve repair take about 0.5 labor hour.

w hen, a n ew  valve is 14950 baht, and
cost o f  packing repair is 200-300 baht, and 
cost o f  rod repair is 500-600 baht, and

so, the material cost =  30 + (14950+ 10(0 .7x250+
0 .3 x 5 5 0 )/ 10 

-- 1865 baht
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The material cost o f  each valve failure or replacement is 1865 baht

1.3 C ost o f  too ls for rep lacem en t =  1.3 baht (neglig ib le)
The replacem ent o f  valve w ill use a number o f  tools as A llen  

screw s no. 5, spanner no. 14 and 17, and pliers. Typically, these tools can 
be used for 2 years and approximately 100 tim es for each year. The cost 
o f  too ls for each replacement can be calculated by spreading their price 
equally over each activity o f  its life.

w hen, A llen  screws no. 5 are 60 baht, and
spanners no. 14 and 17 are 50 baht, and 
pliers are 150 baht

so, the replacement tools cost =  (60+ 50+ 150) / (2x100)
=  1.3 baht

The cost o f  tools for each replacement is 1.3 baht which is very 
sm all so this cost w ill be ignored.

1.4 O verh ead  cost = 108.4 baht
The overhead cost per month concerning maintenance section is 

estim ated from m aintenance manager interview as shown follow ing:
m anagem ent salary = 432000
electric power 5000
water 1500
fuel 2000
taxes 4000
depreciation = 125000
insurance = 3000

Therefore, total estimated maintenance section overhead is 
approxim ately 572500  baht a month.

To calculate the overhead cost paid for each valve failure or 
replacem ent, the direct labor hours w ill be used as a base for applying the 
overhead cost. This base is appropriate in this calculation because labor 
hours data are easy to compute and nearly accuracy.
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when, there are 33 staffs o f  maintenance section, and 
each staff works for 160 hours a month

so, the labor hours =  3 3 x 1 6 0
= 5280 hours /  month

then, the overhead cost =  5 7 2 5 0 0 / 5280
= 108.4 baht /  labor hour

B ecause each valve failure or replacement uses 1 labor hour so the 
overhead cost is 108.4 baht.

2. In d irect m ain ten an ce cost (B+C )
Indirect m aintenance cost consists o f  production related cost and 

product cost.

2.1 P rod u ction  related  cost (B)
This com ponent consists o f  :

2.1 .1 R ew o rk  cost =  1178 baht
W hen the valve failure is occurred, the paint color o f  the previous 

car and the next car w ill be m ixed or air foam w ill be occurred on painted 
surface. This car w ill be sent back for repainting that causes rework cost. 
This cost consists o f  cost o f  labors for scrubbing the painted color, and 
cost o f  paint color and thinner used. Ordinary, scrubbing a car uses 6 
workers and takes about 3 minutes. M oreover, painting a car uses paint 
color and thinner approximately 1/10 gallon and 1/5 gallon respectively.

w hen, the color cost is 10000 baht / gallon, and
the thinner cost is 800 baht / gallon, and
the labor cost is 60 baht / hour

so, the repainted material cost =  10000/10 + 800/5
=  1160 baht

the labor cost = 6 X  3 X  60/60
= 18 baht



then, the rework cost 1 1 6 0 + 1 8  
1178 baht
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Therefore, the rework cost o f  each valve failure is about 1178 baht.

2 .1 .2  E x cess iv e  scrap  cost (negligib le)
The ex cess iv e  scrap may be not occurred when the valves failure 

because the defective car can be repaired by repainting. So the excessive  
scrap cost can be neglig ib le.

2 .1 .3  Id le  w o r k  cost =  5 baht (n eglig ib le)
B ecause the bell roof machine is the last m achine o f  the paint line, 

so w hen the m achine is breakdown there is no idle workers in the next 
process. At the m achine itself, there is a production operator performing 
manual paint for som e areas o f  the roof so i f  the valve failure is occurred 
he has to be idle about 5 minutes.

w hen, the labor cost is 60 baht / hour
so, the idle work cost =  5 X  60/60

= 5 baht

The idle work cost o f  each valve failure is 5 baht that can be 
n eglig ib le .

2.2 P rod u ct cost (C) (negligible)
This com ponent is poor quality product and warranty claims cost

D ue to the va lve  failure, the quality o f  painted surface o f  the cars 
w ill be poor, how ever these cars w ill be passed many inspection stages 
before launching them  to customers. This can ensure that the poor quality 
product w ill rarely be sent to the customers then the warranty claims are 
hardly occurred. Therefore this cost can be ignored.
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It can be concluded from the data stated above that ะ
A  =  60+ 1865+ 108

= 2033 baht
B =  1178 baht
c  =  0 baht

Therefore, The breakdown cost
The cost o f  scheduled replacement

3211 baht 
2033 baht

If the market is the producer market, that means demand o f  the car 
is more than supply in the market, there is another cost w hich should be 
involved in product cost. This cost is opportunity loss.

At the end o f  the paint line, there are approximately 15 car body 
shells spared as the buffer stock keeping to run operations o f  assem bly  
line when the paint line is breakdown. When the machine is breakdown 
because o f  valve failure, the machine w ill be stopped approximately 5 
m inutes and the plant production rate is 2.4 minutes/unit. Therefore, we  
can say that the cost o f  valve failure is the opportunity loss for selling the 
2 cars early. This lo ss can be calculated from benefits w hich the company 
can gain i f  the com pany invest the 2 body shells cost in other businesses 
such as com m ercial banks in stead o f  investing in buffer stock.

B esid es this, the space cost o f  the body shells is also the other 
opportunity loss that the company has to pay. H owever in the case o f  X  
com pany, the production plant was constructed for the long tim es ago so  
the spaces that can be saved may be not useful for operating another 
activities. Then the space cost can be negligible.

N ow adays, Thai econom y is in regression stage that the power o f  
purchasing is decreasing causing m ost o f  manufacturers plan to reduce 
their production capacity, involving X company. So the opportunity loss 
is not involved  in this study.



4 .2  P r o p o s e d  p r e v e n t i v e  m a i n t e n a n c e  p o l ic y  f o r  t h e  v a lv e s

B asically , to determine a proper preventive maintenance policy for 
an equipm ent, three major parameters are considered. These parameters 
are failure behavior, the impact o f  its failure on the w hole system, and 
costs o f  failure and preventive maintenance.

1. Failure behavior o f  equipment

The behavior can be illustrated by observing the failure rate 
characteristic o f  the equipment as time passes. W hen the rate trends to 
increase, preventive replacement is the proper policy.

U sin g  W eibull distribution parameters ; shape parameter ((3), scale 
parameter (ฦ ) and location parameter (y) o f  soft air valve and o f  purge air 
valve  calculated in previous section 4.1 .2, each v a lv e ’s failure rate are 
obtained through Equation 3.15. A failure rate-to-time graph is plotted to 
ease failure behavior defining. A s a resu lt,'w e clearly see from the 
fo llow in g  graph figure 4.3 that the failure rate o f  both valves increase as 
tim e passes

4.5

Age , t
(fors)

Valve soft air 
Valve purge air

Figure 4.3 Failure rate behavior



M oreover per W eibull theory shown in section 3.1 (W eibull 
distribution) that ; w hen (3 >1, f(t) w ill lie in wear-out stage (R egion c  in 
bath tub curve) with increasing failure rate. The shape parameter p used  
to create the graph is 2.35 for soft air valve and 1.95 for purge air valve. 
This supports result from our study.

In bath tub curve concept described in section 3.3, “if  a part has an 
increasing failure rate, then preventive replacement w ill reduce the 
probability o f  equipm ent failure in the fu tu re...”, therefore preventive 
replacem ent is appropriate for this first parameter.

The author w ould like to further note that since soft air valve  
increase in sharper rate than purge air valve does, it can be predicted that 
in an equal period o f  time soft air valve is likely to need more 
replacem ent.

2. Impact o f  equipm ent’s failure on the w hole system

Both soft air va lve and purge air valve perform a great role for top 
coat painting m achine, once va lve’s failure is detected, either soft ail- 
va lve  or purge air valve, the machine has to be stopped im m ediately for 
corrective actions. And in some occasion, only one broke down top coat 
painting m achine affects the involved production lines to be halted.

If m erely failure o f  each valve can significantly impact the w hole  
system . Therefore, both soft air valve and purge air valve replacement 
should be planned. 3

3. Cost o f  failure and preventive maintenance o f  equipment

A s  d e s c r ib e d  in  s e c t io n  4 .1 .4 ,  s in c e  f a i lu r e  m a in te n a n c e  c o s t
c o n s i s t s  o f  d i r e c t  m a in te n a n c e  c o s t  (A )  a n d  in d i r e c t  m a in te n a n c e  c o s t
( B + C )  w h i le  p r e v e n t iv e  r e p la c e m e n t  c o s t  c o n s is ts  o n ly  d i r e c t



m aintenance cost (A ). This leads to the fact that preventive replacement 
cost is alw ays less than failure maintenance cost.

S ince preventive replacement with lower cost is definitely  
preferable to failure maintenance with higher cost, therefore preventive 
replacem ent is a good  preventive maintenance policy.

A ll o f  above support that the preventive replacement scheduling is 
one o f  the preventive maintenance policies that is appropriate for the 
valves. Therefore, this study proposes a scheduled replacement policy for 
the valves w hich  can m inim ize the annual maintenance costs.

4.3 D esign ed  m ain ten an ce  p lanning for the valves

There are a number o f  criterion such as downtim e, availability and 
cost to determ ine the m ost appropriate maintenance planning. In this 
study, cost o f  m aintenance is the criterion for designing a maintenance 
planning.

For any preventive replacement m odels, one o f  the decisive  
variables is tp, the period for replacement, it can be used to optim ize any 
criterion given . This study w ill seek for the appropriate value o f  tp that 
can m inim ize the annual maintenance costs o f  the top coat painting 
m achine.

The procedure to design a preventive replacement planning is:

1. D efine cum ulative distribution function F(t)

From the Eq. (4 .4)
F(t) =  1 - exp - [(t-y)/ใๅ)]p
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Soft air valve
Substituting t=tp, (3=2.35, ๆ = 1170 , y=0 in the equation.

F(tp) =  1 - exp - [tp/1170]2'35

Purge air valve
Substituting t=tp, (3=1.95, ทุ= 1300, Y=0 in the equation.

F(tp) =  1 - exp - [tp /1300]195

F(tp) is the probability o f  a failure occurring in tp hours with no 
scheduled replacem ent.

2. D efin e annual scheduled replacement cost

The m achine is operated 22 hours a day, 5 days a week, therefore it 
runs for 5720 hours a year and each scheduled replacement cost is 2033  
baht (show n in 4 .1 .3 ). With scheduled replacement after tp hours, the 
scheduled m aintenance cost in a year w ill be ะ

= (5720/tp) X 2033 -
=  1.16 X 1 o7 / tp baht

B ecause soft air valve and purge air valve are the same, therefore 
this annual cost can be applied to both valves.

3. D efine expected annual failure cost.

Firstly, assum ing that there is not more than one failure occurred 
in any replacem ent interval (tp) and each breakdown cost is 3211 baht 
(show n in 4 .1 .4). Then the expected failure cost in each scheduled  
replacem ent w ill be 3211

3211 (1 - ex p -[tp /1 1 7 0 ]2'35} for soft air valve, and 
3211 {1 - exp -[tp /1300]1'95} for purge air valve



The expected  annual failure cost for each valve can be calculated 
by m ultip lying 5720 / tp to these values.

4. D efin e  the annual total cost.

The total cost per year is the sum o f  annual scheduled replacement 
cost and expected  annual failure cost

Soft air va lve
Total cost =  1 .1 6 x l0 7/ t p + 1.84x1 o7 ( 1 - e x p - [ t p /1170]2-35}/tp 

Purge air va lve
Total cost =  1.16x 107/tp + 1 .8 4 x l0 7 (1 - exp - [tp /1300]195}/tp

5. Calculate the replacem ent interval tp

The replacem ent interval, tp, o f  the valves can be obtained by 
trying to change the value o f  tp until facing the minimum annual total 
cost o f  each valve. This tp is the optimal age replacement o f  the valve. 
B ecause the m aintenance policy o f  the company define that preventive 
m aintenance should be performed on Sunday, so tp w ill be multiplication  
o f  110 hours (operating hours o f  the machine in a week).

Table 4 .9  show s the total annual cost o f  soft air valve and purge air 
valve  calculated at varied tp.

(hrs)
Total cost (soft air valve) 

(baht)
Total cost (purge air valve) 

(baht)
5500 5455 5455
6600 4545 4545
7700 3896 3896
8800 3409 3409
9900 3030 3030

100000 300 300
Table 4.9 Total annual cost at varied tp
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The table show s that the annual total cost is reduced when the 
replacem ent interval tp is increasing. So there should be not replacement 
o f  both soft air and purge air valve. The result may be incorrect because 
w e assum e in this calculation that not more than one failure occurs in any 
replacem ent interval.

M ean tim e betw een failure (M TBF) o f  the valves which are 
calculated in the previous section are 1047 hours for soft air valve and 
1173 for purge air valve. M oreover the replacement interval o f  the valves  
should be closer and less than MTBF based on w eekly practical machine 
hours (110  hours). Therefore, the practical replacement interval should 
be 990 hours and 1100 for soft air valve and purge air valve respectively.

F o llow in g  these scheduled programs, the number o f  scheduled  
replacem ents and annual maintenance cost can be calculated as 
fo llow ing:

Soft air va lve
no. o f  scheduled replacements =

annual m aintenance cost

5720 /  990
5.78 tim es
5.78 x 2 0 3 3  
11746 baht

Purge air va lve
no. o f  scheduled replacements =

annual m aintenance cost

5 7 2 0 /  1100
5.2 tim es
5.2 x 2 0 3 3  
10572 baht

C onsidering the annual maintenance cost o f  the plan without 
replacem ent, the annual cost o f  the valves can be calculated as following:



Soft air valve
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annual maintenance cost = 3211 x 5720 /1047
= 17542 baht

Purge air valve
annual m aintenance cost = 3211 x 5 7 2 0 /1 1 7 3

= 15658 baht

It show s that the annual maintenance cost o f  proposed scheduled  
replacem ent plan is less than the plan without replacement. I f  the 
com pany receives these plans, an amount o f  m oney w ill be saved every 
year as show n below .

Soft air valve
yearly safe o f  m aintenance cost = 17542 - 11746  

5796 baht

Purge air valve
yearly safe o f  m aintenance cost = 15658 - 10572  

5086 baht

R eceiv in g  these plans the company can save the m aintenance cost 
o f  the top coat painting machine approximately 10900 baht each year.

To apply the result from this study to the real action, some 
assum ptions should be defined as follow ing ะ
1. R eplacing parts or com ponents makes the m achine in its highest 

performance.
2. The replacem ent action does not introduce any defects.
3. The tim e-to-failure distributions are exactly defined.
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From the previous sections, the two major com ponents, soft air 
valve  and purge air valve, are considered and assigned a preventive  
m aintenance planning. For the others, they w ill be in this section.

To assign  a preventive maintenance planning for each component, 
it starts w ith studying its breakdown appearance and breakdown cause 
from m achine descriptions (appendix A ) and maintenance staffs 
interview . T hese data can be used to determine appropriate maintenance 
activities for the component. Typically, maintenance activities can be 
divided into five major groups as fo llow ing :

1) C leaning activity ( c  )
C leaning activities are for exam ple dust rem oving, cleaning  
m achine dirty.

2) Lubricating activity' ( L )
Lubricating activities purpose is to reduce parts friction w hich  
may cause parts wear. Lubricating solutions used are 
lubricating oil and grease.

3) Inspecting activity
Inspecting activities are data observing for machine 
deterioration and can be classified into two items :
1. External inspection using human senses ( Inspection : I )
2. Fine inspection using measuring equipment ( Functional 

Check ะ F ) 4

4) Adjusting activity ( A  )
After long tim e operating, som e components o f  the m achine 
w ill be shifted from its original position for exam ple loosen  
screw  must be tightened.

4.4 Maintenance planning for the other components
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5) Repairing activity
Repairing activities are machine efficiency recovering and can
be classified  into two items :
1. Com ponent repairing ( Repair : R )
2. Com ponent replacement ( Replacement : Re )

A fter determ ining appropriate maintenance activities for each 
com ponent, the next is to find the suitable time interval for the activities. 
A lthough this study proposes to use maintenance costs as the criterion 
for finding the plan, it cannot be used in this case because there is not 
enough failure data o f  these components. Lack o f  failure data leads to do 
not know  probability o f  a failure in a specific time interval, so the time 
interval y ield in g  m inim um  annual cost cannot be calculated. Due to this, 
the author w ill find maintenance activities interval o f  each component 
from m achine manual that machine maker may recommend or from 
m aintenance staffs interview. Table 4.10 is maintenance standard that 
show s m aintenance activities, time interval, m aintenance mean, and 
criterion o f  each com ponent.



X  C o m p a n y
M a n u a l M a c h in e  m a in t e n a n c e  
I s s u e  M a in t e n a n c e  s ta n d a r d

S e c t io n  M a in t e n a n c e  
P a g e  1 /2

A b b r e v i a t io n  l i s t
c  : C L E A N F : F U N C T I O N A L  C H E C K
L  : L U B R I C A T I O N A  : A D J U S T M E N T
1 : I N S P E C T I O N R e  : R E P L A C E M E N T

C o m p o n e n t  l i s t B r e a k d o w n  A p p e a r a n c e B r e a k d o w n  C a u s e M a i n t e n a n c e  S t a n d a r d
A c tiv ity T im e  In terv a l M a in te n a n c e  m ean C r iter io n

I E l e v a t i o n  u n i t
1 e x p l o s i o n - p r o o f  m o to r o v e r h e a d e x c e s s i v e  c u r r e n t , t e m p F m c la m p , t e r m o  m e te r < 1 .5  A , < T b o o t h + 1 5 c
2 p u ls e  g e n e r a to r d e t e c t io n  fa ls e c h a i n  lo o s e n e d 1 2  m v is u a l  c h e c k N o t  l o o s e
3 l i m i t  s w i t c h s d e t e c t io n  f a ls e o u t  o f  o r d e r 1 m v is u a l  c h e c k w o r k in g  c o n d i t io n
4 in v e r te r im c o n t r o l  s p e e d o u t  o f  o r d e r 1 ทไ v i s u a l  c h e c k 6 0 - 2 0 0  m m /s e c .
5 s p e e d  r e d u c e r u n c o n tr o l  s p e e d l o w  o i l  l e v e l ,  e x c e s s i v e  t e m p l,F ทา v is u a l  , t h e r m o m e t e r > e y e  g l a s s , < T b o o t h + 4 0 C
6 d r iv e  c h a in r o u g h  m o v in g b o l t s  l o o s e n e d 1 2 m v is u a l  c h e c k N o t  lo o s e
7 e n c o d e r d e t e c t io n  f a ls e l o o s e n  p o w e r  lo c k  n u t 1 6 m v is u a l  c h e c k N o t  lo o s e
8 b e a r in g b a ll  b e a r in g  b r e a k , w e a r ra r e  lu b r ic a t io n 1,L ทา v i s u a l  c h e c k w o r k in g  c o n d i t io n
11 R e c i p r o c a t e  u n i t
1 e x p l o s i o n - p r o o f  m o to r o v e r h e a d e x c e s s i v e  c u r r e n t , t e m p F ทา c la m p ,  t e r m o  m e te r < 1 .5  A , < T b o o t h + 1 5 C
2 p o t e n t io m e t e r im c o n tr o l  s p e e d o u t  o f  o r d e r 1 ทา v is u a l  c h e c k 1 0 - 3 0  c y c l e s /m i n .
3 v a r ia b le  r e s is to r u n c o n tr o l  a c c e l e r a t io n  t im e o u t  o f  o r d e r 1 ทา v i s u a l  c h e c k 0 . 5 - 2 0  s e c .
4 d r iv e  c h a in r o u g h  m o v in g b o l t s  l o o s e n e d 1 2 m v is u a l  c h e c k N o t  lo o s e
5 s p e e d  r e d u c e r u n c o n tr o l  s p e e d lo w  o i l  l e v e l ,  e x c e s s i v e  t e m p I ,F ทา v i s u a l  , t h e r m o m e t e r > e y e  g l a s s , < T b o o t h + 4 0 C
6 p u ls e  g e n e r a to r d e t e c t io n  f a ls e c h a i n  l o o s e n e d 1 2 m v is u a l  c h e c k N o t  lo o s e
7 p r o x i m it y  s e n s o r d e t e c t io n  f a ls e o u t  o f  o r d e r I 2 m v is u a l  c h e c k w o r k in g  c o n d i t io n
8 e n c o d e r d e t e c t io n  fa ls e lo o s e n  p o w e r  lo c k  n u t I 6ท1 v i s u a l  c h e c k N o t  lo o s e
9 b e a r in g b a ll  b e a r in g  b r e a k , w e a r ra r e  lu b r ic a t io n l,L ทา v i s u a l  c h e c k w o r k in g  c o n d i t io n

I I I T i l t  u n i t
1 e x p l o s i o n - p r o o f  m o to r o v e r h e a d e x c e s s i v e  c u r r e n t , te m p ทา c la m p , t e r m o  m e te r < 1 .5  A , < T b o o t h + 1 5 C
2 p u ls e  g e n e r a to r d e t e c t io n  f a ls e c h a i n  lo o s e n e d 1 2  n i v is u a l  c h e c k N o t  lo o s e
3 p r o x i m it y  s e n s o r d e t e c t io n  f a ls e o u t  o f  o r d e r 1 2  m v is u a l  c h e c k w o r k in g  c o n d i t io n
4 p o t e n t io m e t e r u n c o n t r o l  s p e e d o u t  o f  o r d e r 1 ทา v i s u a l  c h e c k 5 - 1 5  s e c . / l  8 0
5 v a r ia b le  r e s is to r u n c o n t r o l  a c c e l e r a t io n  t im e o u t  o f  o r d e r 1 ทา v is u a l  c h e c k 0 . 5 - 2 0  s e c .
6 s p e e d  r e d u c e r u n c o n t r o l  s p e e d l o w  o i l  l e v e l ,  e x c e s s i v e  t e m p I ,F ทา v is u a l  1 t h e r m o m e t e r > e y e  g l a s s , < T b o o t h + 4 0 C
7 d r iv e  c h a in r o u g h  m o v in g b o l t s  l o o s e n e d 1 2 เท v i s u a l  c h e c k N o t  l o o s e
8 e n c o d e r d e t e c t io n  fa ls e lo o s e n  p o w e r  lo c k  n u t 1 6ทไ v is u a l  c h e c k N o t  lo o s eTable 4.10 Maintenance standard shows maintenance activities and time interval



X  C o m p a n y
M a n ila ]  M a c h in e  m a in t e n a n c e  
I s s u e  M a in t e n a n c e  s ta n d a r d

S e c t io n  M a in t e n a n c e  
P a g e  2 /2

A b b r e v ia t io n  l is t
c  : C L E A N F : F U N C T I O N A L  C H E C K
L  : L U B R I C A T I O N A  : A D J U S T M E N T
1 : I N S P E C T I O N R e R E P L A C E M E N T

C o m p o n e n t  l i s t B r e a k d o w n  A p p e a r a n c e B r e a k d o w n  C a u s e M a i n t e n a n c e  S t a n d a r d
A c tiv ity T im e  In terv a l M a in te n a n c e  m ean C r iter io n

J V T r a c k i n g  u n i t
1 e x p l o s i o n - p r o o f  s e r v o  m o to r o v e r h e a d e x c e s s i v e  c u r r e n t , t e m p F 111 c la m p , t e r m o  m e te r < 1 .5  A , < T b o o t h + 1 5 C
2 p u ls e  g e n e r a to r d e t e c t io n  f a ls e c h a i n  lo o s e n e d 1 2  m v is u a l  c h e c k N o t  lo o s e
3 l i m i t  s w i t c h s d e t e c t io n  f a ls e o u t  o f  o r d e r 1 111 v is u a l  c h e c k w o r k in g  c o n d i t io n
4 s p e e d  r e d u c e r u n c o n tr o l  s p e e d lo w  o i l  l e v e l ,  e x c e s s i v e  t e m p l,F 111 v is u a l  1 th e r m o m e te r > e y e  g l a s s ,< T b o o t h + 4 0 C
5 e n c o d e r d e t e c t io n  f a ls e lo o s e n  p o w e r  lo c k  n u t . 1 6 m v is u a l  c h e c k N o t  lo o s e
6 d r iv e  c h a in r o u g h  m o v in g b o lt s  l o o s e n e d 1 2 m v is u a l  c h e c k N o t  lo o s e
7 p la s t ic  s p u r  g e a r u n u s u a l ly  v o i c e n o t  m o v i n g  fr e e ly L 2 m h e a r in g n o r m a l v o ic e
8 b e a r in g b a ll  b e a r in g  b r e a k , w e a r ra re  lu b r ic a t io n น . 111 v is u a l  c h e c k w o r k in g  c o n d i t io n
V G u n  m o u n t i n g  &  H V  p a n e l  u n i t
1 g u n  m o u n t i n g o u t  o f  c o n t r o l e x c e s s i v e  c u r r e n t , v o l t a g e F 111 H V  p a n e l c h e c k w o r k in g  c o n d i t io n
2 c a s c a d e u n c o n t r o l  v o l t a g e o u t  o f  o r d e r 1 3 m v is u a l  c h e c k w o r k in g  c o n d i t io n
3 H V  c o n t r o l le r u n u s u a l ly  v o i c e H V  c h a in  l o o s e n e d 1 111 h e a r in g n o r m a l v o i c e
4 c a b l e  /  c o n n e c t o r  H V b r e a k , s c r a tc h fr o m  w o r k in g  o p e r a t io n 1 2  111 v is u a l  c h e c k N o t  b r e a k , s c r a tc h

V I P a i n t  s u p p l y  u n i t
1 c o lo r  c h a n g e  v a v l e  (  C C V  ) v a lv e  m a lf u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t ,  le a k s
2 p u r g e  t h in n e r  v a v l e v a lv e  m a lf u n c t io n v a lv e  le a k , s t i c k y 1 m v is u a l  c h e c k N o  a ir , p a in t ,  le a k s
3 n e e d l e  v a v l e v a lv e  m a lf u n c t io n v a l v e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t , le a k s
4 t r ig g e r  v a v l e v a lv e  m a lf u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t ,  le a k s
5 d u m p  v a lv e v a l v e  m a lf u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t ,  le a k s
6 s o f t  t h in n e r  v a lv e v a lv e  m a lf u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t , le a k s
7 b y p a s s  v a lv e v a lv e  m a l f u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t , le a k s
8 c e n t e r  v a lv e v a lv e  m a lf u n c t io n v a lv e  le a k , s t i c k y I 111 v i s u a l  c h e c k N o  a ir , p a in t ,  le a k s
9 m e t a l l i n g  v a lv e v a lv e  m a l f u n c t io n v a lv e  le a k , s t i c k y 1 111 v is u a l  c h e c k N o  a ir , p a in t ,  le a k sTable 4.10 Maintenance standard shows maintenance activities and time interval(cont.)



4.5 Maintenance scheduling
Data co llectin g , data analyzing, and maintenance standardization 

o f  the previous sections lead to construct the m achine maintenance 
scheduling. For the scheduling in this work, there w ill be component 
m aintenance plan in 5 years, yearly and monthly. Each maintenance plan 
must fo llow  the sam e direction. After implementing these plans w e w ill 
find how  appropriate they are. Plan adjusting and data collecting may be 
necessary to next plan revising.

M aintenance plans are :

1. M ain m aintenance plan in 5 years
This is the plan for long term component maintenance in 5 

years. B y considering maintenance activity in monthly colum n (m, 2m, 
3m and 6m ) o f  all com ponents in maintenance standard table 4.10 to 
create main m aintenance plan in 5 years in a table form. This table 
indicates another 60 months as shown in table 4.11 from July 1997 to 
June 2002.

2. Yearly / M onthly maintenance plan
This is the plan for com ponent maintenance in 1 year. This plan in 

table 4 .12 w ill define monthly (m, 2m, 3m and 6m) maintenance in 
detail. This table w ill indicate in what week and month is each activity. 
B ecause o f  the com pany policy, so these maintenance activities w ill be 
performed on w eekends.

For W eekly / D aily  maintenance plan that indicate maintenance 
day for a w eek and maintenance time for a day should be defined by the 
com pany them selves based on its convenience.



X  C o m p a n y A b b r e v ia t io n  l i s t

M a n u a l M a c h in e  m a in t e n a n c e S e c t io n M a in t e n a n c e
I s s u e M a in  m a in t e n a n c e  p la n  in  5 y e a r s P a g e 1 /2

c : C L E A N F F U N C T I O N A L  C H E C K
L : L U B R I C A T I O N A A D J U S T M E N T
I : I N S P E C T I O N R e R E P L A C E M E N T

C o m p o n e n t  l i s t 1 9 9 7 1 9 9 8 1 9 9 9 2000 2001 2002
7 8 9 10 1 1 12 1 2 3 4 5 6 7 8 9 10 1 1 12 1 2 3 4 5 6 7 8 9 10 1 1 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 II 12 1 2 3 4 5 0

I E l e v a t i o n  u n i t
1 e x p l o s i o n - p r o o f  m o t o r F
2 p u l s e  g e n e r a t o r 1 1 1 1 1 1 1 1 1 1
3 l i m i t  s w i t c h s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
4 i n v e r t e r 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 I 1 1
5 s p e e d  r e d u c e r น ' น- น ' น 7 น 7 1,1 น ,' น*' 1,1- น- น ' น- น-' น*' น ' น ' น* 1,1 น น ' น ' น* น 7 น ' น- น ' น ' น น ' น I.F น 7 น-' น น-' 1.1- น*' น-' 1,1- น-' น- น น 7 น 1.1- น น 1.F น I.F I.F I.F 1.1- น- I.F น ' 1.F น 1.F 1,16 d r i v e  c h a i n 1 1 1 1 1 I 1 1 I 1
7 e n c o d e r 1 I8 b e a r i n g 1,1 น น 1.1 น 1.1 น น 1,1 น 1.1 น น 1.1 น น น 1,1 1,1 1,1 1,1 น น 1.1 1 1 น น น น น น น น น น น 1,1 น I 1 น 1 1 น น 1 I น I.I น น น น 1.1 น น น 1 1 น น 1,1 1,1 1 1
I I R e c i p r o c a t e  u n i t
1 e x p l o s i o n - p r o o f  m o t o r2 p o t e n t i o m e t e r 1 I 1 1 1 1 1 I 1 1 I 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 I 1 I 1 1 I 1 1 1 1 1 1 1
3 v a r i a b l e  r e s i s t o r 1 1 1 I 1 1 1 1 I 1 1 I* I I 1 1 1 1 1 1 1 1 I 1 1 1 I I 1 I 1 I 1 I 1 1 1 I ! 1
4 d r i v e  c h a i n I 1 1 1 1 1 1 1 1 1
5 s p e e d  r e d u c e r น ' น น 1,1 น ' 1,1 น ,' น-' น*' น*' น น น*’ น* น*' น*' น- 1,1 น ' น*' น น ' น-' น ' น น- น*' น*' 1 F 1,1 1 1 น* น ' 1,1* น*' น*' น*' น ' น น น น น*' น*' น น* น 7 น '' น*' น ' น น ' น น* น- น น- น ' น* น '6 p u l s e  g e n e r a t o r 1 1 1 1 1 1 1 1 1 1
7 p r o x i m i t y  s e n s o r 1 1 1 1 1 1 1 1 1 18 e n c o d e r 1 I
9 b e a r i n g I,L น . น . น น น น น . 1,1 น 1.L น 1,1- น . น น . 1,1. น น น . น - น น น . 1,1. 1.1 น 1,1 น น 1,1 I.L น . น 1,1 น น . น 1,1 น น น น น น น 1.1 1.1 น น - น น น . น น 1,1 1,1 1 1 1,1 1 1

I I I T i l t  u n i t
1 e x p l o s i o n - p r o o f  m o t o r2 p u l s e  g e n e r a t o r 1 1 1 1 1 I 1 1 1
3 p r o x i m i t y  s e n s o r 1 I 1 I 1 1 1 1 1
4 p o t e n t i o m e t e r ! 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
5 v a r i a b l e  r e s i s t o r 1 1 1 I ! 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1 1 I I 1 1 I 1 1 1 1 16 s p e e d  r e d u c e r น '' น น ' น-' น 7 น 1.F น 7 น*' I.F น '' 1.F น- 1,1*' น 7 น*' น ' น น ' น น*' น น-' น น*' 1.F น* น ' น น น น น'' น น ' น- I.F น ' 1.F น น-' น ' น '' น ' น '' น*' น น-' น*' น น น 1,1* 1.1 น ' น 1.F น'' น น
7 d r i v e  c h a i n 1 1 1 1 1 I 1 1 1 1 1
8 e n c o d e r 1

Table 4.1 1 Main maintenance plan in 5 years q>O)



A b b r e v i a t i o n  l i s t

c  : C L E A N F F U N C T I O N A L  C H E C K .

L  : L U B R I C A T I O N A A D J U S T M E N T

I : I N S P E C T I O N R e R E P L A C E M E N T

X  C o m p a n y

M a n u a l

I s s u e

M a c h i n e  m a i n t e n a n c e

M a i n  m a i n t e n a n c e  p l a n  in  5  y e a r s

S e c t i o n

P a g e

M a i n t e n a n c e

2/2

C o m p o n e n t  l i s t 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2
7 8 9 l() 1 1 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 A 5 6 7 8 9 10 11 12 1 2 3 4 5 () 7 8 9 10 1 1 12 1 2 3 4 5 6 7 8 9 10 1 1 12 1 2 3 4 5 (>

I V T r a c k i n g  u n i t1 e x p l o s i o n - p r o o f  s e r v o  m o t o r !•' I
2 p u l s e  g e n e r a t o r 1 1 1 1 1 1 1 1 1 1 1 1 1
3 l i m i t  s w i t c h s 1 I 1 1 1 1 1 1 I 1 1 I I 1 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 s p e e d  r e d u c e r I, F 1,F l,F น ' ! 1 I.l น-' น 7 น- 1,1- l,F I,F น- I, F น-' น 7 l,F 1,1 I.F I,F น 1,F I.F I.F I.F I.F I.F น I.F 1,1 I, F น 7 I,F I.F น I.F I.F น I.F I.F บ ' น 1,1- I.F น- I,F 1,F I.F น- I.F I.F I,F I.F I.l น I.F น- I.F 1,1- น
5 e n c o d e r 1 1
6 d r i v e  c h a i n 1 1 1 1 I 1 1 1 1 I 1 1 1
7 p l a s t i c  s p u r  g e a r L L L I. l. L L L L L I. L 1. 1 1. L L L 1.
8 b e a r i n g I.L 1,1 น 1 !,! น น I.L I.L น น I.l I.L น 1,1 I.L 1,1. 1,ย I.l I.l l,L 1,1 น I.L I.L I.l I.L I.l น I.l น น 1,1 I.l I.l 1,1 I.L I.l I.L น น I.L 1,1 1,1 1,1 น I.L I.L I.L 1,1 1,1 I.l I.L I.L 1,1 1,1 1,1 1,1 น I.L 1,1
V G u n  m o u n t i n g  &  H V  p a n e l  u n i t1 g u n  m o u n t i n g I- I I- I- 1 I- I- F F r F ! I- F F F F 1 F F 1 1 F I I- F F I F F F 1 I I- F 1
2 c a s c a d e ! I 1 1 1 1 1 1
3 H V  c o n t r o l l e r 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
4 c a b l e  /  c o n n e c t o r  H V I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

V I P a i n t  s u p p l y  u n i t1 c o l o r  c h a n g e  v a v l e  (  c c v  ) 1 เ 1 1 1 1 I 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 I 1 1 1 1 1 1 I
2 p u r g e  a i r  v a l v e R c.R c.R e.R e R e,R e,R e,R e Re.R e.R c.R c R c.R e.R e.R c R e,R c,R e,R e Re,Rc,Re.Re Rc.R c.R e.R e R c.R c.R e.R e Re.R c.R e.R e Rc.R e,R e,R e Re.Re.R e Rc Rc.R c.R e.R e
3 p u r g e  t h i n n e r  v a v l e 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 n e e d l e  v a v l e 1 1 1 ! 1 1 1 I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 t r i g g e r  v a v l e 1 1 I 1 I 1 ! 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 d u m p  v a l v e 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1
7 s o f t  a i r  v a l v e Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Re Rc Rc Re Re Re Re Re Re Re
8 s o f t  t h i n n e r  v a l v e 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 I
9 b y p a s s  v a l v e I 1 1 l 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 c e n t e r  v a l v e 1 1 1 I 1 1 1 1 1 I 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 m e t a l l i n g  v a l v e 1 1 ! 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fable 4.1 1 Main maintenance plan in 5 years(eont.)



X  C o m p a n y

M a n u a l  M a c h in e  m a in t e n a n c e

I s s u e  Y e a r ly  /  M o n t h ly  m a in t e n a n c e  p la n

S e c t io n  M a in t e n a n c e  

P a g e  1 /2

A b b r e v ia t io n  lis t

c C L E A N F F U N C T I O N A L  C H E C K

L L U B R I C A T I O N A A D J U S T M E N T

1 I N S P E C T I O N R e R E P L A C E M E N T

C o m p o n e n t  l i s t
1 9 9 7 1 9 9 8

Jill Aug Sep Oct Nov Dec Jan Feb Mar Apr May Juil
1 Week 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

1 E l e v a t i o n  u n i t
1 exp los ion-p roo f motor F F F F F F F
2 pulse generator 1
3 l im it  sw itchs 1 1 1 1 1 1 1
4 inverter 1 I 1 1 1 1 1
5 speed reducer น-' l,F น น-' น- I.F 1 1 I.F l.l I.F I.F I.F
6 drive chain 1
7 encoder
8 bearing l.l น น . น . น . น . น . น . น น . I.L 1 1
I I R e c i p r o c a t e  u n i t1 e x p l o s i o n - p r o o f  m o t o r 1 F F F 1 1 F 1
2 potentiometer 1 1 ! 1 1 1 1
3 variable resistor 1 1 1 1 1 1 1
4 drive chain 1
5 speed reducer l.l- น- 1 1 I, F น- I.F 1 1 I.F 1 F I.F I.F น-6 pulse generator 1
7 p ro x im ity  sensor 18 encoder
9 bearing น . น . น . น . 1 1 น - น l.L น . I.L น . น

I I I T i l t  u n i t
1 exp los ion-proof motor 1 F F F F F F F F
2 pulse generator 1
3 p ro x im ity  sensor 1
4 potentiometer 1 1 1 I 1 1 1
5 variable resistor 1 I 1 1 1 1 1
6 speed reducer 1 1 l.l* 1 1 I.F I.F น ' น I.F น I.F I.F I.F
7 drive chain 1
8 encoder

Table 4. ] 2 Yearly / Monthly maintenance plan OsGi



X  C o m p a n y

M a n u a l  M a c h in e  m a in t e n a n c e

I s s u e  Y e a r ly  /  M o n t h ly  m a in t e n a n c e  p la n

S e c t i o n  M a in t e n a n c e  

P a g e  2 /2

A b b r e v ia t io n  l is t

c : C L E A N F F U N C T I O N A L  C H E C K

L : L U B R I C A T I O N A A D J U S T M E N T

I : I N S P E C T I O N R e R E P L A C E M E N T

C o m p o n e n t  l i s t
1 9 9 7 1 9 9 8

Jtll Aug Sep Oct Nov Dec Jan Feb Mar Apr May Juu
1 W eek 1 2 3 *1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

IV T r a c k i n g  u n i t
1 e x p l o s i o n - p r o o f  s e t  VO m o to r F 1- F F 1 1 1
2 p u ls e  g e n e r a to r 1
3 l im it  s w i t c h s 1 1 1 1 1 1 1
4 s p e e d  r e d u c e r น- น-' I,F น-' I,F น-' I, F 1,F น-' 1, น-' I.F
5 e n c o d e r
6 d r iv e  c h a in 1
7 p la s t ic  s p u r  g e a r 1.
8 b e a r in g 1,1. น - 1,1. น . 1,1. 1 1 1,1 1,1. น . น . น . 1,1.
V G u n  m o u n t i n g  &  i i v  p a n e l  u n i t
1 g u n  m o u n t in g r F F F F F f-
2 c a s c a d e 1 1
3 H V  c o n t r o l le r 1 I 1 1 1 1 1
4 c a b l e  /  c o n n e c t o r  M V 1

VI P a i n t  s u p p l y  u n i t
1 c o lo r  c h a n g e  v a v l e  ( c c v  ) 1 1 1 1 I 1 !
2 p u r g e  a ir  v a lv e Re Re Re Re Re Re Re Re Re Re Re
3 p u r g e  th in n e r  v a v l e ! I 1 1 1 1 1
4 n e e d l e  v a v l e 1 1 1 1 1 1 1
5 tr ig g e r  v a v l e 1 1 1 1 1 1 1
6 d u m p  v a lv e 1 ! 1 1 1 1 1
7 s o f t  a ir  v a lv e Re Re Re Re Re Re Re Re Re Re Re Re
8 s o f t  th in n e r  v a lv e 1 1 1 I 1 1 1
9 b y p a s s  v a lv e 1 I I I 1 1 1
10 c e n te r  v a lv e 1 ! 1 1 1 1 1
11 m e t a l l i n g  v a lv e 1 1 1 1 1 1 1

Table 4.12 Yearly / Monthly maintenance plan(cont-)
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4.6 Maintenance Controlling
To run any activity, controlling is important to make that activity- 

com plete. So is m aintenance activity, w e must set system  and means to 
control the activity appropriately.

The objective o f  machine maintenance controlling is to reduce 
m aintenance cost and lessen production cost as much as possible. 
H ow ever this activity is limited by quality and quantity constraints. 
There are several factors that impact the maintenance controlling :

1) Com pany management policy
2) Company planning and controlling system
3) Providing and storing spare parts system
4) Repairing site and ware house
5) M aintenance equipment

R egardless o f  how  good machine maintenance controlling is, i f  the 
activity does not conform to the above m entioned factors, the 
m aintenance controlling w ill not be fully efficient. Therefore the 
com pany m ust consider theses factors to control maintenance activities.

From relationship between maintenance section and others, we 
find that m aintenance section involves every other section in the 
organization especially  production section. C lose cooperation between  
m aintenance and production section through others in the organization is 
necessary to run the organization management plan smoothly. M ostly  
m aintenance staff has an attitude that maintenance activity concerns only 
production line, but nowadays w e discover that it relates to marketing 
and financial section as w ell. This is because maintenance activity play a 
great role on how  m uch price or quality the product w ill be. C lose 
cooperation betw een sections not only brings maintenance activity into 
effect but also leads to other section controlling efficiency.
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1. Controlling maintenance resources
This is to effic ien tly  control and use maintenance resources o f  the 

organization. T hese resources including maintenance staffs, spare parts, 
and m aintenance equipm ent must be provided appropriately, adequately, 
and conform  to the defined maintenance plan.

1.1 M aintenance staff

G enerally m aintenance staffs are all staffs concerning maintenance 
activity. M aintenance staff has to deal with his section personnel as well 
as m achine operator in production line. To control the maintenance staff 
resources, w e set a m aintenance activity schedule.

T ypically  there are 3 types o f  maintenance organizing ะ
a) centralize maintenance organization
b) decentralize maintenance organization w hich is several 

m aintenance groups in production line
c) m ixing 2 types above together

X  C om pany use m ixing maintenance organization since there are 
many production lines and each is very com plicate. This organization  
m erges all m achine maintenance into one section but distributes 
m aintenance staffs into som e important production points. B asically both 
preventive and corrective maintenance are performed by maintenance 
section  except som e daily or w eekly inspection activities w ill be done by 
m achine operators them selves.

B enefit o f  this type o f  maintenance organization is that it enables 
m aintenance sta ff allocation to control all machines, up from planning to 
m achine m aintenance. Furthermore it makes this section  close to 
production section , w hen machine fails it w ill be access im m ediately and 
data search is easy.
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1.2 Spare parts

Spare parts is a secondly important maintenance resources to the 
m aintenance staff. W hen a machine is failed in emergency, i f  there is no 
spare parts prepared then the production line w ill be stopped. Therefore 
an appropriate number o f  spare parts must be prepared by keeping  
insurance item in stock to ensure that once the machine is down, these 
parts can be im m ediately replaced. M ostly these spare parts are 
exp en sive  and hardly fail, however is necessary to keep them in stock.

1.3 M aintenance equipment

M aintenance equipment in this item must be used in maintenance 
activities. M ostly  these equipment are for machine status inspection and 
for com ponent assem bly /  disassem bly. These equipment have to be 
m aintained and controlled to their ready state.

2 . M aintenance data controlling

Purpose o f  m aintenance data controlling is to obtain necessary data 
to analyze cause o f  any problems occur in the future. E specially to plan 
and adjust means o f  maintenance activities to the most efficiency as 
p ossib le . In this study maintenance data controlling w ill focus on data 
co llectin g  for planning and maintenance plan revising which are machine 
history records.

M achine history record is like a machine identification card. 
Production operator must record any problems occurred and use this 
record to analyze m achine failure appearance and define maintenance 
action for next time.
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