
CHAPTER 4

L IN E  B A LA N C IN G  L O S S E S

T h is  ch ap te r focus ing  on o p e ra tio n  tim e  betw een m an and m achine. C o m p a n y ’s m an u fa c tu ring  type 
is cell m a n u fa c tu ring  w h ich  o p e ra to rs  and m ach ine  m ust opera te tog e ther. W o rk in g  tim e  o f m an  and 
m ach ine  m u s t be ba lanced to  reduce idle tim e.

4.1 Analyze cause of operation loss.
C ause  o f o p e ra tio n  losse s  com p ose  o f
1. Manual operation.

M an ua l o p e ra tio n  is a ll o p e ra tio n  w h ich  done by opera tor. Such as load /  un load  w o rk  in to  jig  and 
push s ta rt b u tton  to  s ta rt m ac h in e  op era tion .

2. M ac h in e  op era tion .
M ac h in e  op e ra tio n  is  th e  op e ra tio n  a fte r op era to r push s ta rt bu tton  and m a c h in e  op era te  a lone .

4.2 Process analyzing method
M a n -m a c h in e  chart is a to o l fo r  ana lyz ing  op era tion  tim e. T h is  m e thod  used fo r  id en tifie s  
w h e th e r m a n u a l op e ra tio n  o r  m ach ine  op era tion  w ill be im proved. M ethod  fo r  a n a lyze  p rocess 
w ill be exp la ined  in A p p e n d ix  E .

4.3 Method for improve operation
M ethod  o f im p ro ve m e n t can be defined  in to  2  item s, as show n in fig ure  4.1

1. Im p rove  m a n u a l op era tion
If all m a n u a l w o rk ing  t im e  is  lo n g e r than  bo ttleneck m achine th e  im p ro ve m en t m ust be d one by 
reduce m a n u a l tim e . It can be reduced by
1. Inc rease  op e ra to r. If nu m b e r o f op era to r increased, op era tion  tim e  per person w ill be 

d ecreased .
2. Im p ro ve  load /un load  sys tem . S uch as insta ll in jec to r a t jig  w hen m ac h in e  fin ish  w ork ing  

e je c to r w ill push w o rk  fo rm  jig .
3. Im p ro ve  m o tio n  by reduction  o f w as te  m otion.
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OPERATION IMPROVEMENT PROCEDURE
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F igu re4.1  O p era tion  im p ro ve m en t p rocedure

2. Im p ro ve  m ac h in e  op era tion .
เท case o f  th e  b o ttleneck op era tion  are lon g e r than to ta l m anua l tim e , tim e  o f b o ttleneck  m ach ine
shou ld  be reduced. T h e  m ethod  fo r reduction can be c lassified  in to  2 m a in  ca teg ories
1. Inc rease  n u m b e r o f m ach ine . By increasing the  m achine w h ich  p e rfo rm s th e  s a m e  p rocess 

as b o ttle n e c k  m ach ine . T h e  standard  tim e  o f bo ttleneck w ill be reduced.
2. R ed uce  m ach ine  tim e . T h is  is the  eas ies t m ethod  to  im p rove  m ach ine  op era tion  because o f 

low  in ve s tm e n t. S o , th is  m ethod  w ou ld  be f irs tly  applied. T h e  m ethod  fo r  reduce m ach ine  
t im e  a re  as fo llo w
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• R ed uce  non-cu tting  tim e
T h is  typ e  o f reduction  w ill no t a ffec t to  the  qua lity  o f product and too l life . C oncern ing  item s  fo r 
red uc tion  non- cutting  tim e  com pose o f
1. A T C  (A u to m a tic  to o l change) o r A W C  (A u tom atic  w o rk  changer).
2. R ed u c tion  o f to o l exchange tim e
3. R ed u c tion  o f a ir  cutting  tim e . A ir  cut tim e  re fe rs  to  all cutting length, w h ich  not added va lue  

to  th e  product. A ir  cutting  tim e  com pose o f sa fe ty  length and ove rtra ve l length.

• S a fe ty  leng th  and O ve rtra ve l length
S a fe ty  leng th  (as sho w n in fig ure  4 .2 ) is necessary  fo r  an y  s tock  v a ria tio n s  in leng th . 

B ecause  if  th e  c u tte r is in rap id -trave rse  ve lo c ity  and th e  trip  th a t cance ls  th e  fa s t m od e to  tab le  o r 
c u tte r m o v e m e n ts  a re  se t to o  sho rt, it is possib le fo r  th e  cu tte r to  co llide in to  th e  w orkp iece . If  s a fe ty  
leng th is to o  long, it w ill ta k e  u n n e ce ssa rily  lon g e r tim e  fo r  cutting.

S a fe ty  leng th  o r R  p o in t in C N C  m ach ine  th a t re fe rs  to  z v a lu e  w hen  cu tting  is s ta rted  in 
cutting  fee d  in th e  fixed  cyc le m ode. N o rm a lly  the  va lu e  o f 2  to  3 m m  (5 -7  cm  fo r  ta p  cycle) fro m  
th e  m ach ined  top  su rfa c e  is set. (R e fe re nc e : O K K  p rogram m ing  m anua l, 1996)

F ig u re  4 .2 T o ta l cutting length

2. R ed uce cutting  t im e

T h is  typ e  o f reduction  considered  the  qua lity  o f product and to o l life. H igh e ffic iency o f cutting  
such as  h igh-speed  cu tting , high feed  cutting, depth o f cut should  be concerned.
B ut cost v a ria b le s  depend on cutting  speed. F o r exam p le , as cutting speed increased  m ach in ing  
t im e  fo r  a p a rticu la r w orkp iece  decreased. H ow ever, too l life  g e nera lly  d ecreases  w ith  cutting  
speed.
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1. Using efficient tool for high cutting speed. Various cutting tool material having a wide range 
of properties are available. Proper selection of tooling is a critical factor in quality of work 
and economics of machining. For example of tool material, diamond tool better than carbide 
tool and carbide tool is better than high-speed tool.

2. Improvement chip control by best chip breaker selection.
3. Using of cutting fluid can reduce problem from heat and friction when cutting with high 

speed.

4.4 Analyze operation loss of sample line.

Refer to improvement procedure in figure 4.1, data of machine time and manual time were collected.
Table 4.1 is a working time of each machine. Table 4.2 is a manual time for each process.

• Data collection
1. Machining time.

Table 4.1 machine time of line M05
Process No. Machine name T2
1 Multi drilling machine 1.36
2 OKK vertical machining center 7.33
2 OKK vertical machining center 7.33
3 Tapping machine 0.26
4. Drilling machine 0.75
5 Press machine 0.12
6. Jig
7. ENSHU machining center 3.68
8. OKK vertical machining center 4.3
9. Jig
10. Washing machine 2.1
11. Jig
12. Leak checker 1.43
13. Air blower 1.6
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2. Operation time
Table 4.2 Manual operation time of line M05

Process Start point Finish point Average
T1

1. Pick up R/M form rack Push start bottom of M/C1 0.1
2. Push start bottom of M/C1 Push start bottom of M/C2 0.53
3. Push start bottom of M/C2 Push start bottom of M/C3 0.3
4. Push start bottom of M/C3 Push start bottom of M/C4 0.1
5. Push start bottom of M/C4 Push start bottom of M/C5 0.2
6. Push start bottom of M/C5 Assembly cover with o/p 0.35
7. Assembly cover with o/p Push start bottom of M/C7 0.21
8. Push start bottom of M/C7 Push start bottom of M/C8 0.25
9. Push start bottom of M/C8 Unload work form jig 0.37
10. Pick up work form jig Push start bottom of M/C7 0.1
11. Push start bottom of M/C7 Unload work form jig 0.17
12. Unload work form jig Push start bottom of leak checker 0.4
13. Push start bottom of leak checker Pick up R/M form rack 0.4

3. Fill data and draw chart in man-machine chart. Result of Line M05 is in table 4.3.

Man-machine chart indicated that the longest operation time is machine process9 which take 
4.55 minute and the manual operation time is 3.48 minutes. Cycle time for produce 1 piece of 
product is 4.55 minutes. The difference between the longest machining time and total manual 
time is idle time. เท table 4.3, gap between longest machine time and total manual time is idle 
time. For this sample line, idle time is 4.55-3.48 = 1.07 minutes. To balancing line, the time of 
each process and total manual time must be equally. Manual operation time will be set as a 
target time for improvement.

imiofzo
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Table 4.3 Analyze data of man-machine time เท line M05

WORK NAME FRONT CASE MAN-MACHINE CHART Y M D

LINE M05
T1 : OPERATING TIME I--------
T2: MACHINE TIME h------- 1
T3: IDLE TIME ' ' พ y \

No PROCESS T1 T2 T MAN

1 DRILL OIL DRAIN 0.10 1.36 1.46

2 ROTOR MACHINE 0.33 6.80 7.33

3 ROTOR MACHINE 0.53 6.8 7.33

4 TAP PT 3/8 0.3 0.26 0.56

5 DRILL DIA 9 0.1 0.75 0.85

6 PRESS PIN 0.2 0.12 0.32

7 SET BOLT&COVER 0.35 0.35

8 2-SIDE MACHINE 0.21 3.68 3.89

9 VALVE HOLE 0.25 4.3 4.55

10 SETBOLT&COVER 0.37 0.37

11 WASH 0.1 2.1 2.20

12 UNASSY BOLT 0.17 0.17

13 CHECK LEAK 0.4 1.43 1.83

14 AIR BLOW 0.4 1.6 2.00

total T1 3.48

T(MAX) 4.55
SUM T1 3.48
LINE LAYOUT

2 3

- > ๐

_*b5-๐-๐« y ◄—o<— ๐ < -
9
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4.5 Improvement plan
There were 4 processes which machine time and manual time are higher than 3.86 minutes, 

i.e., process 2,3,8 and 9. Man-machine chart shows idle time occur in process 9 (Valve hole). This 
process was the bottleneck of machining operation. Target of improvement is to reduce idle time of 
machine until less than total manual time. เท this case, operation 9’s time must be reduced from 4.55 
to less than 3.48 minute.

Figure 4.3 time chart before improvement

Figure 4.3 shows the operation time for each process. Each column compose of 2 parts 
lower column is manual operation time, the other is machining operation. Total manual time will be 
set as target time to reduce idle time of manual operation.

4.6 Improvement item.
1. Reduction of non-cutting time.
• Reduce of air cut time

Study current condition. Reduce cutting approach for each tool. R point in table 4.4 is the 
length from tool tip to cutting surface.
• Data collection for safety length reduction
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Table 4.4-safety length from cutting surface.

Tool name
Safety point (R point) (mm.)
Before After Reduce

Rough reamer diameter 14.8 5 - 0
Burnishing reamer diameter 15 5 -10 15
Spot facing diameter 25 5 - 0
TAP M18 3 - 0
Face milling diameter 80 15 5 10
TAP M6(4 point) 3 - 0
TAP M18(2 point) 3 - 0

Improvement point.
1. Burnishing reamer diameter 15. Figure 4.4 shows the reduction of R point of burnishing tool.

= 5mm.

Before After

R = -10mm.

Figure 4.4 improvement of air cut time reduction for burnishing reamer

This tool will enlarge a diameter 14.3 millimeters to 15millimeters. Before improvement ; the tool tip 
was set at 5 millimeters from cutting surface. From the observation diameter of tool tip is smaller 
than diameter of raw material. The cutting point of tool is at second step of tool. R point can be
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reduced from 5 millimeters to -10 millimeters. Because the cutting point of tool still far from cutting 
surface at the safety point.

2. Face milling. Figures 4.5 shows the approach point of face milling before cutting. The distance of 
face milling and work is 15 millimeters. Approach position can be reduced because it no affect 
with the quality of product.

Approach position Approach position

Before After
Figure 4.5 improvement of cutting length reduction for face milling 

• Result after reduce non-cutting time
After reduced air- cut time machine time was reduced 18 seconds. Cycle time was reduced from 
4.55 minutes to 4.25 minutes. Average time per shift is 450 minutes. Capacity was increased 
from 84 PCs/ shift to 90 PCs/ shift as a calculation in table 4.5.

Table 4.5 result after reduce non-cutting time
Before After

% improvementT(max)
Capacity 

(PCs/shift) at 
85%

T(max)
Capacity 

(PCs/shift) at 
85%

4.55 450x0.85 = 84 
4.55

4.25 450x0.85 = 90 
4.25

(90-841 =7.14% 
84
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2. Reduction of cutting time.
Collect current cuffing speed and feed rate for each tool, as shown in table 4.6. Tool which take 
long cutting time are tool No. 1,2 and 5. Tool which take long cuffing time and not effect to 
quality of product will be considered first. เท this process tool No.1 will be selected to improved 
because it is rough cutting.

Table 4.6 cutting condition for each tool
Tool No. Tool Time

(sec)
Cutting condition Recommended Cutting 

condition
Improvement

plan
Cutting

speed(mm
/min)

Feed
(mm/rev)

Cutting
speed(mm/

min)

Feed
(mm/rev)

1 Burnishing
reamer

58.43 47 0.06 40-60 0.05-0.1 Increase feed.

2 Burnishing
reamer

58.43 47 0.06 40-60 0.05-0.1 0

3 Spot facing 15.09 125 0.9 o
4 Tap M18 16.21 25 1.5 10-15 1.5 ๐
5 Face milling 52.57 628 0.16 500-800 0.05-0.3 o
6. Tap M6 15.28 22 1.0 10-15 1.0 ๐
7 Tap M8 37.33 18 1.25 10-15 1.25 ๐

1. Change rough cutting tool.
Objective of rough cutting is to reduce depth of cut for finished cutting. Good surface roughness 
do not need for this process. Cutting condition for these tools were shown in table 4.7. It can be 
found that cutting speed and feed rate of carbide drill is higher than burnishing reamer. The 
using of carbide drill instead of old burnishing reamer, cutting time was reduced from 58.43 to 
19.23 seconds.

Table 4.7 compares cutting condition between reamer and carbide drill.
V(mm/min) F (mm/rev) N (rpm) F mm/s Used time

CARBIDE DRILL 50 03 1500 300 19.92
OLD REAMER 40-60 0.05-0.1 1000 60 58.43

(Resource : Toshiba Tungaloy Catalogue, 1994)

Machine time of process 8 was reduced from 4.22 minutes to 3.58 minutes. Total working time 
of process 8 is machine time + manual time or 3.58 + 0.25 = 3.83 minutes. Refer to table 4.3,
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the second longest operation time is process No.2,3 which take 3.93 minutes, standard time for 
this line was transform to 3.93 minutes. New bottleneck is process No.2. Figure 4.6 shows time 
charts after improve process 9. Figure 4.6 compare between machine time before and after 
improvement. First column is time before improvement and second column is time after 
improvement. Capacity per shift was increased from 84 pieces / shift to 97 pieces / shift as 
shown in table 4.8.

Table 4.8 result after reduce cutting time and non-cutting time
Before After

% improvementT(max)
Capacity 

(PCs/shift) at 
85%

T(max)
Capacity 

(PCs/shift) at 
85%

4.55 450x0.85 = 84 
4.55

3.93 450x0.85 = 97 
3.93

(97-841 =13.6% 
84
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4.6 Improvement item for process 2&3
The next bottleneck machine is machine No.2 and 3, which operate the same process. It was 
improved
1. Non-cutting time

By reduce air-cutting time of reamer diameter 6, 16.5,11. The improvement process are as 
same as process No.9. After improvement time was reduced 8.4 seconds

2. Cutting time improvement.
By change high efficiency tool. Boring cutter will be changed insert from carbide to diamond 
insert which harder than former. The standard cutting speed can be increase. The time of 
cutting can be reduced 6.4 seconds.

Table 4.9 result atter reduce cutting time and non-cutting time of M0502
Before After

% improvementT(max)
Capacity 

(PCs/shift) at 
85%

T(max)
Capacity 

(PCs/shift) at 
85%

3.93 450x0.85 = 97 
3.93

3.83 450x0.85 = 99 
3.83

6.18%

Machining time for process 2 & 3 was reduced from 3.93 to 3.7 minutes. Figure 4.7 shows time chart 
after reduces cutting time and non- cutting time. The bottleneck is machine No. 9 which take 3.83 
minutes. Capacity of line was increased from 97 pieces/shift to 99 pieces/shift or 6.18%, as shown in 
table 4.9.
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2nd improvement

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Process No.

Figure 4.7 Time chart after 2nd improvement.
4.7 Conclusion

Total improvement of operation time is 16 %. standard time was reduced from 4.55 minutes to 
3.83 minutes in process No. 2, 3 and 9. Figure 4.8 compares time chart for each process the 
first column is time before improvement the second chart is time after improvement.

The other approach to increase efficiency is reduction of down time losses. The next chapter 
will analyze and countermeasure down time losses of lines M05.

Figure 4.8-time chart before and after improvement
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