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Table A1 Cutting tool evaluation report

Cutting Tool Evaluation Report Company:

0  Turning □  Milling Q  Endmilling o  Drilling Name:
Date:

Cublui I lei nrsgranv wôf'kViëJë Si2ê, tnmêïïsiûns/ I ôBiingjNunBêr fil! PâssëS/ëtc.
Product item
Part name
Work material

□  HRC
Hardness □  HB

□
g NC lathe I I Machining center

Maching Q-j Special purpose machine
type Horsepower HP

1 Kw]

Tool

IVIdllUldUlUItJI 1( ) 2( ) 3( ) 4( )insert นat. Mo.
Grade
Holder (Cutter Body)

Cutting
Conditions

Revolution (R.P.M.) 
Speed:V (ทา/min or SFM; 
Feed:f (กากา/rev or IPA) 
Feed:F (mm/min or IPN/ 
Depth of cut (mm or inch) 
Cutting time (min/pe) 
Coolant (dry or wet;

)

Test
data

1st Edge 
2nd Edge 
3rd Edge 
4th Edge 
Average per Edge

No. of 
pcs

R e a s o n

for
in dex ing*

No. of 
pcs

R e a s o n

for
in dex ing*

No. of 
pcs

R e a s o n

fo r
in d e x in g *

No. of 
pcs

R e a s o n

for
in d ex in g *

Results

txcenent
Good

Satisfactory
Poor

txcenent
Good

Satisfactory
Poor

txcenent
Good

Satisfactory
Poor

txcenent
Good

Satisfactory
Poor

(Please attach on the right) 
*P le a s e  s e le c t the  

n u m b e r  c o r re s p o n d in g  
to  th e  re ason  fo r  

in d e x in g

(1) When surface finish deteriorates unacceptably

(2) When a fixed amount of tool wear is reached

(3) When work p iece dimension IS out of tolerance

(4) When power consumption reaches limit
(5) Sparking or Chip Discoloration and 

Disfigurement
(6) Cutting Time or Component Quantity
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Table A2 Man-Machine chart

WORK NAMF. MAN-MACHINE CH ART Y M D T l: OPERATING TIME 1 1
LINE T2: MACHINE TIME 1-------- 1

T3: IDLE TIME m a
No PROCESS T l T2 T MAN 1 2 3 4 5 6

total T l
T(MAX)
SUM Tl
LINE LAYOUT
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Table A3 Daily production report
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Explanation of daily production report

1) Product’s part number
2) Quantity needed
3) Shift number
4) Machine line number
5) Quantity of product
6) Accumulate quantity
7) Stop time
8) Code of stop time
9) Cause of stop time
10) Total lost time
11) Total working time
12) Overtime period
13) Total quantity
14) Quantity of machining NC part
15) Quantity of NC form raw material
16) Total quantity of machining NC part
17) Total quantity of raw material NC part
18) Quantity of finished work from previous shift
19) Total finished work = 13) + 18}
20) Total stock in shift
21) Total quantity in stock
22) Recorded by
23) Leader’s name
24) Supervisor’s name
25) Computer recorded by
26) Operator’s name
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Table A4 tooling inspection report

INSPECTION REPORT
CUSTOMER MFG. NO.
TOOL No. DWG.NO.
TOOL NAME P.O.NO.
QUANTITY INSPECTOR DATE

DESCRIPTION
DIMENSION
TOLERANCE

1
2
3
4
5
6
7
8
9

10

DESCRIPTION
DIMENSION
TOLERANCE

1
2
3
4
5
6
7
8
9

10
NOTE
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Table A5 Improvement report

IMPROVEMENT REPORT

FROM: PRODUCTION ENGINEER DEPT. DATE

M .c. No.
1. ข้อมูลจากแผนกผลิต/MANUFACTURING INFORMATION

LINE PART NAME PROBLEM
MACHINE PROCESS

2. การตรวจสอบและสาเหตุ / DISCOVERY AND CAUSE OF DEFECT

3. การแก้ไขเบื้องต้น / IMMEDIATE COUNTERMEASURE ACTION/TAKEN:

4. การแกใฃระยะยาว / PERMANENT COUNTERMEASURE

ACTIVITY PLAN
Action Item by Date

ประมาณราคา/COST EVALUATION

Action Item by Date

Approved b Report by Checked by
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Table BITime for check dimension and record data in check sheet.

No. MACHINE JIG
No.

Process Tooling DIMENSION UPPER
LIMIT

LOWER
LIMIT

INSTRUMENT CHECK TIME/
SHIFT

1 AUTO DRILL DRILL DIA 4 DRILL DIA 4 +0.2 -0.1 VERNIER 2

2 CNC MACHINE JIG 1 REAMER DIA 10 BURINSHING REAMER DIA 10 +0.3 0.1 VERNIER 2
(OKK)

TAP M8 TAP M8 M8*1.25 GO-NOGO GAGE 2
DEPTH 15 +1.5 -0.5 SPECIAL GAGE 2

DRILL DIA 13 STRAIGHT DRILL

FACING FACE DIA 125

ENDMILL ENDMILL DIA 50
THICKNESS 53.6 0 -0.2 VERNIER 3
THICKNESS 24 +0.1 -0.1 VERNIER 3

BORING BORE DIA 90 DIA 90 +0.046 0 CYL.GAGE 5
DEPTH 10 10 +0.05 0.015 DIAL DEPTH GAGE 5

BORING BORE DIA 53 DIA 53 +0.03 0 CYL.GAGE 5

2- REAMER REAMER DIA 6 DIA 6 -0.03 -0.055 PLUG GAGE 2
DEPTH 9

ROUGH REAM DIA 16.5

2 -DIA 11 REAMER DIA 11 DIA 11 +0.027 0 CYL.GAGE 5
DEPTH 16.5

DRILL DIA 28*60 DIA 60 DIA 60 +0.046 0 CYL.GAGE 5
DEPTH 7.5 7.5 +0.3 -0.3 DEPTH VERNIER 2
DIA 28 DIA 28 +0.033 0 CYL GAGE 5
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No. MACHINE JIG
No.

Process Tooling DIMENSION UPPER
LIMIT

LOWER
LIMIT

INSTRUMENT CHECK TIME/
SHIFT

DEPTH 7.5 7.5 +0.3 -0.3 DEPTH VERNIER 2

GROOVE DEPTH 3 VERNIER 2
WIDTH 3.2 +0.025 0 SPECIAL GAGE 2
DIA 30.8 30.8 +0.2 -0.2 PLUG GAGE 2

CHAMFER

3 TAP MACHINE PT 3/8 THREAD PLUG GAGE 2

4 DRILL DIA 9 DRILL HSS DIA 9 POSITION 31.8 +0.3 -0.3 SPECIAL G. 2

5 CNC MACHINE END MILL ENDMILL DIA 36 36 +0.2 -0.2 PLUG GAGE 2
(ENSHU) JIG 1 DEPTH 1.8 1.8 +0.05 -0.05 SPECIAL GAGE 2

REAM COVER REAMER DIA 18.5 18.5 +0.021 0 CYL GAGE 5

TAP M20 TAP M20

REAM DIA 17 REAMER DIA 17 DIA 17 +0.018 0 CYL GAGE 5

TAP M6 TAP M6 M6*1.0 GO-NOGO GAGE 2
DEPTH 10 10 +1.5 -0.5 SPECIAL GAGE 2
DEPTH 12 12 +1.5 -0.5 SPECIAL GAGE 2

6 CNC MACHINE
OKK JIG 1 DRILL DIA 14.7 CARBIDE

REAM DIA 15 BURNISHING REAMER DIA 15 +0.018 0 CYL. GAGE 5
DEPTH 41 41 +0.3 -0.3 VERNIER 2

SPOT FACING SPOT FACING



No. MACHINE JIG
No.

Process Tooling DIMENSION UPPER
LIMIT

LOWER
LIMIT

INSTRUMENT CHECK TIME/
SHIFT

TAP M18 M18 * 1.5 PLUG GO-NOGO 2
DEPTH 10 + 1.5 -0.5 SPECIAL GAGE 2

JIG2 FACING DIA 80

TAP M8 THREAD M8*1.25 PLUG GO NOGO 2
DEPTH 12 + 1.5 -0.5 SPECIAL GAGE 2

TAP M6 THREAD M6*1.0 PLUG GO NOGO 2
DEPTH 10 + 1.5 -0.5 SPECIAL GAGE 2
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L O S T  T I M E  ( m in )

Tab led Data of lost time form Jan-Aug 97

JA N FEB M A R A PR M A Y JU N JU L A U G avg.
M 0 5 7782 108 32 117 30 889 5 6565 7958 8513 476 5 8 3 8 0
M l  6 8 7 5 8 5 8 6 5 7785 9742 7002 836 4 8759 694 8 7903
M 0 6 7379 5 7 9 2 7758 659 4 431 8 6283 639 6 1960 58 1 0
M 2 0 605 5 7082 7280 518 0 373 9 5 2 5 7 6790 345 0 5 6 0 4
M 2 2 7267 5 5 4 2 5 7 1 7 7310 2195 534 4 5464 1404 503 0
M l  7 6 0 0 9 3 9 1 7 5 3 0 6 4 9 5 7 381 0 4810 4414 244 2 445 8
M 0 7 6402 400 8 5 5 9 6 3951 401 9 3551 547 6 2439 44 3 0
M 0 4 7769 5 9 1 5 665 8 44 4 6 2013 1915 2471 642 3 9 7 9
M 0 8 57 5 0 2 9 5 7 3 5 2 0 1755 243 0 0 4795 5 3 1 7 3 7 8 9
M 1 8 7473 3 3 4 4 3161 167 6 239 5 1 7 8 7 6840 204 5 3 5 9 0
M 0 3 118 8 3 1 2 4 4943 3 6 6 6 1960 5 0 3 4 0 0 3 3 1 9
M 2 4 7266 5 5 2 5 4 9 0 7 710 1879 1582 1812 980 3 0 8 3
M 0 2 3 8 2 0 281 5 3 1 1 5 3 2 2 4 255 2 3 1 2 7 2815 294 3 3051
M l  9 3 6 9 8 2231 3 0 4 8 3 2 1 0 264 4 2221 21 3 7 1383 257 2

TOTAL 649 98



Table C2 Data of time study fo r manual operation

Time study o f manual operation
P ro cè s Description Operation time(m in)

s ta r t F in is h 1 2 3 4 5 6 7 8 9 10 A vg .
1 P ic k  up R /M  from  ra ck Push s ta r t b o ttom  o f  M /C1 0 .1 2 0.1 0.1 0.1 0.1 0 .1 2 0 .09 0.1 0.11 0.1 0 .10
2 P ush  s ta r t b o ttom  o f M/C1 Push s ta r t b o ttom  o f  M /C 2 0 .5 2 0 .5 3 0 .53 0 .53 0 .5 3 0 .5 2 0 .53 0 .5 3 0 .5 3 0 .5 2 0 .53
3 P ush  s ta r t b o ttom  o f M /C 2 Push s ta r t b o ttom  o f  M /C 3 0 .2 7 0 .3 0 .2 7 0.31 0 .3 0 .2 7 0.31 0.31 0 .3 0 .3 0 .29
4 P ush  s ta r t b o ttom  o f M /C 3 Push s ta r t b o ttom  o f  M /C 4 0.1 0.1 0.11 0.11 0.11 0.11 0.1 0.1 0.1 0.1 0 .10
5 P ush  s ta r t b o ttom  o f M /C 4 Push s ta r t b o ttom  o f  M /C 5 0 .2 0.21 0 .2 0.21 0 .2 2 0 .2 0 .2 2 0 .22 0 .2 0 .1 6 0 .20
6 P ush  s ta r t b o ttom  o f M /C 5 A s se m b ly  c o v e r  w ith  o / p 0 .3 4 0 .3 5 0 .3 4 0 .35 0 .3 4 0 .3 5 0 .34 0 .36 0 .34 0 .34 0 .3 5
7 A sse m b ly  c o v e r w ith  o /p Push s ta r t b o ttom  o f M /C 7 0 .2 0 .2 3 0 .2 2 0 .2 0.21 0 .2 0 .2 2 0.21 0.21 0 .2 0.21
8 P ush  s ta r t bo ttom  o f M /C 7 Push s ta r t b o ttom  o f  M /C 8 0 .2 4 0 .2 3 0 .2 5 0 .26 0 .2 5 0 .2 5 0 .25 0 .2 4 0 .2 5 0 .2 3 0 .25
9 P ush  s ta r t b o ttom  o f M /C 8 U n loa d  w o rk  fo rm  jig 0 .3 5 0 .3 7 0 .36 0 .36 0 .3 7 0 .3 8 0 .37 0 .36 0 .3 7 0 .3 6 0 .37

10 P ic k  up w o rk  from  jig Push  s ta r t b o ttom  o f  M /C 7 0.11 0.11 0.11 0.1 0.1 0.11 0.1 0.1 0.1 0.1 0 .1 0
11 P ush  s ta r t b o ttom  o f  M /C 7 U n loa d  w o rk  fo rm  jig 0 .1 5 0 .1 7 0 .1 5 0 .16 0 .1 7 0 .1 7 0 .1 6 0 .17 0 .1 8 0 .1 7 0 .1 7
12 U n loa d  w o rk  from  jig Push  s ta r t b o ttom  o f  le a k  c h e c k e r 0 .4 0.41 0 .4 0.41 0 .4 2 0 .4 0 .4 0 .39 0 .4 0 .4 0 .4 0
13 P ush  s ta r t bo ttom  o f le a k  c h e c k e r P ick  up R /M  fo rm  ra c k 0.41 0 .4 0.41 0.4 0.41 0 .3 9 0.41 0 .4 0 .4 0 .4 0 .40

T otal time 3.47
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Burnishing reamer.

Problem of burnishing reamer is 2.1 % of total working time. Function of burnishing reamer is to 
make an existing hole dimensionally more accurate than can be obtained by drilling alone and 
surface finish is better than drilling.
This tool used for cutting and burnishing the relief valve hole. Surface roughness is the important 
characteristic for this part because it will affect the movement of valve.

Generally, there are many source of roughness
1) feed marks left by the cutting tool
2) built-up edge fragment embedded in the surface during the process of chip information
3) Chatter marks from vibration of the tool, workpiece, or machine tool.

Problem of roughness in this process comes from 2 case, there are roughness from 
inappropriate cutting condition and from melt at cutting tool (B.U.E). The BUE causes cyclic 
gorging and smoothing of the surface as the BUE sloughs off. The different between graph of 
surface roughness are as follow (figure D1-figure D3).

Problem

R max

Figure D1 Ideal roughness

Figure D2 Roughness with affect of chatter
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Description about burnishmq reamer
Tool in this process is burnishing reamer. It composes of 2 cutting edges and 2 burnish point. As 
figure show the cutting position of tooling (figure D4).

final machining

BURNISHING EDGE

X . ......CUTTING EDGE

Figure D4 Burnishing reamer

Cutting edge use to cut the diameter of hole and burnishing edge will make a fine surface 
roughness.

Objective of using burnishing reamer is to make a good surface finish and accurately size of 
hole. Recommendations for using burnishing reamer are
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• Burr form the cutting edges should be removed to produce surface finish
• Cutting fluid should be used in the reaming gregration to improve the hole finish and 

increase tooling life.
• Roughing reamer need for good surface finish and hole accuracy
• If chatter occurs, stop the machine, reduce the speed, and increase the feed. To 

overcome the chatter marks.
• Slower speeds should be used when the set up is less rigid.
• Feed which are too low generally result in glazing, excessive reamer wear, and 

sometimes chatter. Too high a feed tends to reduce the hole accuracy and sometimes 
results in poor surface finish.

Analyze cause
Check cause and effect of each problem( figure D5), list all the possible cause and improvement 
plan(Table D1).

Figure อร Cause -  effect diagram of faulty surface roughness
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Table D1 Improvement plan
T o o l n a m e M a in

p r o b le m
1st c a u se 2 nd c a u se I m p r o v e m e n t p la n

B u rn ish in g
r e a m e r
d ia m e te r
1 5

R o u g h n e s s B u il t-u p -
e d g e

C o o la n t  
f l o w  i s  n o t  
en o u g h .

A d ju s t  c o o la n t  f lo w .

U se  a  s p e c ia l  to o l
C u tt in g
c o n d it io n

F e e d  
s p e e d  is  
h ig h

C h e c k  a n d  a d ju s t  
f e e d  s p e e d

D e p th  o f  
c u t

I n c r e a s e  ro u g h  
c u tt in g  p r o c e s s

C o o la n t  is  
n o t
e n o u g h

C o o la n t  
c o n c e n tr â t  
io n  i s  n o t  
en o u g h .

I n c r e a s e  
c o n c e n tr a tio n  o f  
co o la n t.

F i l te r  o f  
c o o la n t  is  
c lo g g e d

C le a n  c o o la n t  ta n k

C o o la n t  
o i l  i s  d ir ty

C le a n  c o o la n t  ta n k

C u ttin g  
t o o l  i s  n o t  
s h a r p

R e g r in d in  
g  IS not 
good

T o o lin g  s e c tio n  w i l l  
c h e c k  to o l  a f te r

n o
s ta n d a r d
f r e q u e n c y
to
r e g r in d in g
to o l.

S e t  to o l  life

Target of improvement

1. improve surface roughness
2. eliminate BUE

1. Improve surface roughness
The strong effect which should be checked by collecting data

Objective of experiment

Feed and cutting speed are factor, which affect surface finish. The experiment is used to 
investigate the relationship between feed, cutting speed and surface roughness of burnishing reamer.
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Tool and test equipment
1) Tool pre-setter foe check run-out of tool.
2) Roughness tester

Experiment procedijre.
1) Set burnishing reamer in tool holder by control run-out of tool after checking would be less than

0.005mm. The big run-out will cause over sized hole2s and when used on a machine with low 
rigidity, it may cause tool breakage.

2) Set tool at machine spindle.
3) Varies feed and cutting speed and check surface roughness after machining.
4) Check result after improvement (Table D2, figure D6 1 figure D7)

Experiment result
Table D2 Experiment result

Cutting speed Feed
0.05 0.1 0.25

20 4.9 6.2 6.5
30 5.5 6 7.6
50 5.9 6.2 7.7
0 5.6 6.4 8.2
80 J3J___ 6.9 _ 8 j__

ROUGHNESS

1 :
I  51 4«  3 3  J
o  20ะ 1

0
0.05 0.1 0.25

FEED(mm/rev)

Figure D6 Relationship between surface roughness and feed speed
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ROUGHNESS

พ ุพ ุÜJ

I
■ 0.05
■ 0.1
■ 0.25

CUTTING SPEED(rpm)

Figure D7 Relationship between surface roughness and cutting speed
Conclusion

Surface roughness depends on cutting speed and feed. From the experiment, if cutting speed 
increase, surface roughness will be increase. On the other hands, high feed causes high surface 
roughness. Conditions for control roughness within 6.25 z is between 20-70 rpm and 0.05-0.1 
m m /re v .

Effect of coolant with surface roughness.

Coolant concentration, which is recommended by seller, is between 3-5%. But for some case 
for higher quality of surface roughness, the concentration of coolant may be increase.
A different concentration causes a different surface roughness. As the following experiment compare 
between coolant concentration at 5% ,10 % and 20 % which affect roughness of valve hole.
The experiment will test the effect of surface roughness and concentration of coolant.

Tool and test equipment.
1. Refractrometer for check concentration of coolant.
2. Roughness tester.

Experiment procedure.
1) Use the same jig and tool as previous process.
2) Prepare coolant for test. 4 types of coolant 

1. 5%
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2 . 10%
3. 20%
4. neat oil

Set cutting speed and feed rate at 1480 rpm and 0.1 ทาทา/rev. 
Cutting condition 
Work material: FC
Tool type: Burnishing reamer (carbide grade K10)
Cutting speed (V): 70 m/min 
Feed rate (f): 0.06 mm/rev 
Depth of cut: 0.15 mm

3) Cutting and check surface roughness for each condition. 

ResiJlt of experiment.

Table D3 Result of coolant concentration with surface roughness
5% 10% 20% Neat oil

1480,148 6.0 5.2 4.2 8.0

Graph of surface roughness between coolant concentration 10% and 20%( figure D8)
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COOLANT 10% COOLANT 20%
10.8z 80z

Figure D8: Surface roughness with coolant concentration.
1. Built-up edge chips.

Chips melts at the tip of tool during cutting. It's one factor that affects surface finish in cutting.
BUE occurs at the tip of cutting edge. Frequency of adjusting from Jan to Mar is 10,11 and 12 
times. The NC product form roughness is 18 pieces.
We can decrease the melt by

1.1 Adjust coolant flow.

Coolant pipe at the spindle head is not directly injected at the hole. To increase the coolant flow 
at specify point, we use the longer coolant pipe joint from spindle. The longer coolant pipe is 
easier to adjust coolant flow to the fix point.

1.2 Depth of cut.
High depth of cut makes the high resistant force. Diameter of raw material is 14.3 mm 1 depth of 

cut is 0.7 in the diameter. The recommendation for burnishing reamer is 0.2-0.3 mm on diameter. The 
rough cutting by carbide drill will be used for reduce depth of cut.

1.3 Cutting condition is not suitable.

• Feed speed is high
• Cutting speed is high or low.

As the experiment of relationship between cutting speed, feed speed and roughness.
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Result
Lost time of adjust tool burnishing reamer diameter 15( Table D4, Figure D9) 
Table D4 Result after improvement

TOOL NAM E JA N FEB M AR A PR M A Y JU N E
Time (mi
ท)

% Tim e(m i
s i_______

% Tim efm i
ท)

% Time(mi
ท)

% Tim efm i
ท)

% Tim e(m in) %

BURNISH ING R EAM ER DIA 15 270 1 .7 360 2.3 420 2 .2 190 0.9 190 0 .9 185 0.6

Figure D9 Result after improvement
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Appendix E1 Machining process of line M05

Process No. Machine Equipment Description
Drill oil drain SUGINO multi-drill 3-drill diameter 4 Drill 3 holes diameter 

4mm
Rotor room machining OKK machining center Reamer diameterio Ream dia. 10 +0.3 

+0.1
Tap M8 TAP 3 hole size M8
Drill diameter 13 Drill hole diameter 13
Face milling 
diameter! 25 Milling surface
Endmill diameter 50 Rough cutting for boring 

dia 90,53
Boring diameter 90 Cutting diameter of gear 

room.
Boring diameter 53 Cutting diameter of gear 

room.
P  Û  o  rv< Û  r

diameters,16.5,11
Ream hole for press pin

Cutter diameter 28X60 Cutting hole for press oil 
seal.

Grooving cutter Groove o-ring hole
Chamfer Chamfer diameter 60

TAP PT 3/8” KIRA tapping machine TAP PT 3/8”
Drill diameter 9 Bench drill machine Drill hole 9 depth 31.8
Press pin Press machine Press Press pin height 4.5
Set bolt and cover Jig & air tool Assembly balance gear 

cover with oil pump case
2-side machine ENSHU machining 

center
Endmill diameter 36
Reamer diameter 18.5
TAP M20
Reamer diameter 17
Tap M6 TAP 6-M6 for assembly

Valve hole OKK machining center Drill diameter! 4.5 Rough cutting for valve 
hole

Reamer diameter 15 Burnish valve hole
Spot facing diameter 
15

Milling valve hole
Tap M18 TAP M18 1 hole
Face milling diameter 
80

Make good surface finish
TAP M8 2- TAP M8
TAP M6 6-TAP M6
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Appendix E1 Machining process of line M05 (continue)
Process No. Machine Equipment Description
Set bolt & cover Jig Unassembled balancing 

gear and oil pump case
Cleaning Cleaning machine For cleaning oil pump 

after machining
Press plug Air tool Tightening torque 29-44 

N-m
Check leak Leak checker Check leak of oil pump 

body
blowing Blowing machine Eliminate water from 

product.
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Appendix E2 : Method of operation analyzing

COLLECT MACHINE TIME AND 
MANUAL TIME

MACHINE TIME + MANUAL TIME 
FOR EACH PROCESS

' ~  " ^ '
FINE BOTTLENECK OPERATION 

=T(MAX)

P rocedu re  fo r u s ing  m an -m a ch in e  cha rt
1. C o lle c t d a ta  o f m a ch in in g  t im e  fo r each  

m ach in e .
2. C o lle c t da ta  o f o p e ra tin g  tim e  fo r each  

p roce ss .
3. C om b ine  m a ch in in g  tim e  and  o pe ra tio n  

t im e  fo r each  p ro ce ss .
4. F ind b o tt le n e c k  o pe ra tio n  (T m a x ).
5. C om b ine  a ll o p e ra tio n  tim e  (S um  T1 ).
6. C om pa re  b e tw e e n  (T m ax ) and (Sum  

T1).
If T m ax  > sum  T 1 , s ta n d a rd  tim e  = 
T (m ax)
If T m ax  < sum  T 1 1 s ta n d a rd  tim e  = 
Sum  T 1

7. R eco rd  da ta  in to m a n -m a ch in e  cha rt. As  
in A pp e n d ix  A 1ta b le  A2
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