6.1.

CHAPTER 6

CONCLUSION AND RECOMMENDATION

Conclusion

According to the analysis of ©Nonconformity

analysis and problem solving based on quality control

and ergonomic approaches, we can get conclusion as

follows:

L3

2.

Analyzing of quality conlLrol aspect and human
aspect on nonconformity problem that had been done

concluded that :

e The aspects of setting on machining process in
general had stand on the requirement of
setting. In other word machining setting
problems were not exists during the machining

process.

e The inconsistence of quality control on cutting
tool condition, inspection and cleaning of
katal and scraps had resulted nonconforming
dimension (not meet the specification). So
those activities was the main problem that
should controlled by solution.

Analyzing on human posture based on human

capability and limitation in conducting the work

(body working load and body limitation) that had

been done concluded that:

e The Highest workload had been occurred when
operator comes up and down jig that result 1118

Newton and Cumulative trauma disorder conduct
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on both activities (with high frequency and
range of fluctuation (load range of 24.70
Newton increasing to 480.3 Newton and 20,70 to
1118 Newton) and over flexion condition had
been indicated.

e Biomechanical graph result on inspection
activities indicated over work load shares that
will disturb the inspection process that give
unstable of process quality, fatigue of work
and injure in body segment and physiologies
problem uncomforted situation of the process on

cleaning activities was occur.

e Unduly heavy work had been classified on
activities. It had been conduct in the over of
human limitation risk to greatly occur the
possible of fatigue quickly refer to human
error and human body injured. Energy
expenditure analysis result indicated that in
141.81 minute had been resulted very high total
work load (769329.8092 Newton per day or
2927.0441 Newton per machining cycle). That
force load value effect on the high expenditure
of energy that is 18.5924 Kcal / minute. The
actual resting time that less than the
requirement of resting time calculation (actual
= 60 minutes, recommended 126 minutes). The

solution to solve it must be needed.
3. Evaluating the relationship and potential causes

of Quality control and Ergonomic that influenced

on existing nonconformity problem had Dbeen
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6.

2.

concluded that Correlation of ergonomics and
quality aspect on this case of study is situation
of unergonomics of working environment cause high
work load to body segment of operator in activity
process its machinery and later then give the high
expenditure energy. Fatigue and injured problems
in some part of body had been occurred. Then
become constraint to operator to done activities
on quality control or quality operation 1like
inspection and others, so some problems external
influencing quality from process directing and
influence the result from quality which in the end

result the quality which is not expected.

Recommendation
The recommendation from this study are:

Improve the standard operational for reducing
human error and physiology aspect on operator.
This effort can support by standard procedural of
the measurement process to improve the correctneés
of measurement, the use of coolant and machine
setting.

Redesign jig facilities by analysis of
anthropometric and biomechanics design support -
problem solving of fatigue on biomechanics aspect
design and anthropometry as human centred design.
Redesign the Jjig facilities with develop work
safety device on it such as railings, ladders,
levelling platform to improve the human posture
during the machining process to reduce work load

and high energy expenditure.
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Redesign the job of work method to analysed the
better work condition.

According to the Snook and Ciriello (1991) that
mentioned about the correlation of frequently work
load and resting time, decreasing capabilities of
human muscles when done frequently work load can
be solved by the arrangement of load, frequency,
and time resting. Sjogaard et.al (1979) had been
mentioned that to increased endurance time can be
improve by the short term of rest on each of
activities on  process. So by applying the
arrangement of the frequently short resting time
on the machining process activities can reduced

the fatiqgue problem.
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APPENDIX A
BOOM ZX-30 PROFILE

Fiow Process of Boom Product, Dimension table and
specification from Inspection Sheet on Boom ZX-30 product,
Part Process and Route Card of Boom ZX-30, Technical

Drawing of Plate hole B,C,D.
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APPENDIX B
MACHINING FACILITIES AND
INSPECTION PROFILE

Reaming and Roughing for boring cutting tools on machining
process, Specification of Toshiba CNC Machine, Measurement
Unit in Quality Control, PT.HCMI Technical Drawing of Screw

Crank.



machining Process of Boom ZX 30

Reaming and Roughing for boring cutting tools on
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Spesifikasi dari mesin CNC
Toshiba

Dimensi travel on X axis = {500 mm
Y axis -~ 1200 mm
Z axis = 1150 mm

Speed spindel 25 sampai 8000 rpm

y 2 step spindie nose
Gambar Mesin CNC Toshiba, Jig serta Produk E,I‘:;”t"fotfggmc 2;;%8%’23 T
yang sedang dalam proscs machining Max tool Magazine - 30 tool
J . - Panjang max tool :350 cm
2%\ . ./_’{L__\_; Berat max tool 120 kg
= N Waktu ganti Tool : 5 detik

TS Spindle Motor :Type AC 11775 Hp
b Supply Ac :200/220 10 %

A Oil tank Cap. 1 280 liter

Berat kescluruhan 1 7500 kg
_L_Ia
“Z8
!

Gambar cutting tool tappering dalam proscs
machining

Figure of Toshiba Machining Facilities (adapted from

PT.HCMI Documentation)




Measurement Unit In Quality Control.

Figure of Vernier Caliper that used for measure the linier
dimension or diameter from hole object or solid cylinder.

Cylinder Gauge that used for measure the diameter of
inside hole of cylinder,




Figure of Digital Vernier caliper that used for measure
the linier dimension or diameter from hole object or solid
cylinder. (with better accuracy than analog).

Figure set of ultrasonic Thickness Gauge that used for
measure the thickness of steel plat.

Figure set of ultrasonic Thickness Gauge (left) and set
of block gauge for the calibration of measurement unit

(right) .
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APPENDIX C
PT.HCMI 'S Problem

Identification Document

Vibration Measurement result of Machining Facilities of PT
HCMI, and Root Cause Identification of Nonconformity on

hole of Boom ZX-30 by PT.HCMI.
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APPENDIX D
QUALITY CONTROL ANALYSIS

Factors For Constructing Variables Control Charts, Quality
Control Data on B,C,D Hole 40 mm of diameter Boom ZX-30,

Analysis Result of Best Performance of Machining Process.
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Factors for constructing variables control charts o B 7 -
Chart for Averages (X ) - Chart for Standarc Deviations : Chart for Ranges ({7
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8 1.061 0.373 1.099 0.9650 1.0363 0.185 1.815 0.179 1.751 2847 0.3512 0520 0.388 5.306 0.136 1.864
9 1.000 0.337 1.032 0.9693 1.0317 0.239 1.761 0.232 1.707 2970 0.3367 0.808 0.547 5.393 0.184 1816
10 0.949 0.308 0.975 0.9727 1.0281 0.284 1.718 0.276 1.669 3078 0.3249 0.797 0.687 5.469 0.223 1.777
11 0.905 0.285 0927 0.9754 1.0252 0.321 1.679 0.313 1.637 3.173 03152 0.7&7 0.811 5.535 0.256 1.744
12 0.866 0.266 0.886 0.9776 1.0229 0.354 1646 0.346 1.610 3.358 0.3069 778 0.922 5.594 0.283 1.717
13 0.832 0.249 0.350 0.9794 1.0210 0.382 1618 0.37¢ 1.585 3.336 0.2998 0770 - 1.025 5.647 0.307 1.693
14 0.802 0.235 0.817 09810 1.0194 0.406 1.594 0.399 1.563 3.407 0.2935 0.763 1.118 5.696 - 0.328 1.672
15 0.775 0.223 0.789 0.9823 1.0180 0428 1.572 0.421 1.544 3472 0.2880 0.756 1.203 5.741 0.347 1.653
16 0.750 0.212 0.763 0.9835 1.0168 0.448 1.552 0.440 1.526 3.632 0.2831 0.750 1.282 5.782 0.363 1.637
17 0.728 0.203 0.739 0.9845 1.0157 0.466 1.534 0.45¢ 1.511 3.488 0.2787 0.744 1.356 5.820 0.378 1.622
18 0.707 0.194 0.718 0.9854 1.0148 0.482 1.518 0.47% 1.496 3.040 0.2747 0.739 1.424 5.856 0.391 1.608
19 0.688 0.187 0.698 0.9862 1.0140 - 0497 1.503 0.49C 1.282 3689 02711 0.734 1.487 5.891 0.403 1.567
20 0.671 0.180 0.680 0.9869 1.0133 0.5i0 1.49C 0.504 1.£70 3.738 0.2677 0.729 1.549 5.921 0415 1.585
21 0.655 0.173 0.663 0.9876 1.0126 0.523 1477 0.51¢€ 1.259 3778 0.2647 0.724 1.605 5.951 0.425 1.575
22 0.640 0.167 0.647 0.9882 1.0119 0.534 1.466 0.528 1.£48 2819 0.2618 (1.720 1.659 5979 0434 1.566
23 0.626 0.162 0.633 0.9887 1.0114 0.545 1.455 0.539 1438 3858 0.2592 0716 * L7110 6.006 0.443 1.557
24 0.612 0.157 0.619 0.9892 1.0109 0.555 1.445 0.549 1.429 3.895 0.2567 0.712 1.759 6.031 0.451 1.548
25 0.600 0.153 0.606 0.9896 1.0105 0.565 143< 0.559 1.420 31931 0.2544 0.708 1.806 6.056 0.459 1.541
Fori. > 25
! _ 3 3 ETR S
1 = /1:, = - [~
A coa'n 4n - 3 +
FHE [ By=1 = ——:ia -
w2 - n LI -
3 \
Be=c¢y =m0 Bz + .




Quality Control Data on B,C,D Hole 40 mm of Diameter Boam ZX 30

Note : For Vibration and Oval Effect Table that 1 means vibration had been occured, 0 means vibration had not been occurred

1 27-dul 765 1 1 B1 480 34 235 95 0 1 0 0 £ 10 100 300 1 10 10 15.00 15.00
15 15
20 20

2 1 B2 480 34 235 95 0 1 0 0 5 10 100 300 1 10 10 15.00 15.00
15 15
20 20

3 1 <1 395 28 235 93 0 1 [ ] 10 20 1 100 1 10 10 21.87 21.67
25 25
30 30

4 1 Cc2 395 28 235 93 1 1 0 0 10 20 1 100 1 10 10 21.87 21.87
25 25
30 30

£ 1 D1 235 94 235 95 1 1 0 0 10 30 1 100 0 10 10 15.00 18.23
15 15
20 30

8 1 D2 235 94 235 95 1 1 0 0 10 30 1 100 0 10 10 15.00 18.33
15 15
20 30

2 27-Jul 815 7 2 B1 480 34 235 95 0 1 0| 0 3 10 100 300 1 20 20 28.33 28.33
30 30
35 35

8 2 B2 480 34 235 95 0 1 0| 0 5 10 100 300 1 20 20 28.33 28.33
30 30
35 35

) 2 c1 395 28 235 93 0 1 0| 0 ‘0 20 1 100 1 10 10 13.33 13.33
15 1€
15 18

10 2 c2 385 28 235 93 1 1 0| 0 10 20 1 100 1 10 10 13.33 13.33
15 1%
15 1%

1 2 D1 235 94 235 85 0 0 o) o0 10 30 1 100 0 15 15 15.00 15.00
15 15
15 15

12 2 02 235 04 235 85 0 0 o 0 10 30 1 100 0 15 15 15.00 15.00
15 15
15 15

3 27-Jul 809 13 3 81 480 34 235 g5 a 1 0| 0 5 10 100 300 1 10 15 11.87 15.00
10 10
15 20

14 3 B2 480 34 235 95 0 1 0| 0 5 10 100 300 1 10 15 1333 16.67
15 15
15 20

18 3 c1 395 28 235 93 |0 1 0 0 10 20 1 100 1 10 10 15.00 11.87
15 10
20 15

18 3 c2 395 28 235 93 1 1 0 0 1c 20 1 100 1 10 10 15.00 15.00
15 15
20 20

17 3 D1 235 94 235 95 0 0 0 0 10 30 1 100 0 10 10 11.87 15.00
10 15
15 22

18 3 273 235 94 235 95 1 0 0 0 10 30 1 100 0 10 10 15.00 15.00
15 15
20 20

4 27-dul 810 19 4 B1 480 34 235 85 0 1 0 0 5 10 100 300 1 10 10 15.00 15.00
15 15
20 x

20 4 82 480 34 235 95 0 1 0 0 5 10 100 300 1 10 10 15.00 15.00
15 15
20 20

21 4 c1 385 28 235 93 0 1 0| 0 10 20 1 100 1 10 10 15.00 15.00
15 15
20 20

22 4 c2 395 28 235 93 1 1 0 0 10 20 1 100 1 10 15 15.00 16.87
15 15

20 2

23 4 D1 235 94 235 85 0 0 0 0 190 30 1 100 0 10 10 15.00 15.00

i 15 15



Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effect Tabls that 1 means vibration had been occured, 0 means vibration had not been occured

e

24 4 D2 235 94 235 95 1 1 0 1} 10 30 1 100 [ 10 10 15.00 11.87
15 15
20 10

5 27-Jul 811 25 5 81 480 34 235 25 0 1 0 0 5 10 100 300 1 :g :g 13.33 11.87
15 10

26 5 B2 480 34 235 95 0} 1 0] 0 5 10 100 300 1 5 10 8.33 13.33
10 15
10 15

27 5 c1 305 28 285 93 0 ‘ 0 1] 10 20 1 100 1 5 10 10.00 15.00
10 15
16 20

28 5 c2 385 28 235 o3 1 1 0 0 10 20 1 100 1 5 10 10.00 18.87
10 15
16 25

29 ) D1 235 94 235 95 1 1 0 0 10 30 1 100 0 5 5 8.33 10.00
10 10
10 15

30 5 D2 235 04 235 85 1 1 0 0 10 30 1 100 0 10 10 11.67 11.87
10 10
15 18

8 28-Jul Bpk Sutrisno 798 31 6 B1 480 34 235 85 0 1 0 0 5 10 100 300 1 5 0 10.00 5.00
10 5
15 10

32 <] 82 480 34 235 95 0 1 0 1] 5 10 100 300 1 5 0 10.87 5,00
10 5
17 10

33 <] Cc1 385 28 235 93 0 1 0 0 10 20 1 100 1 0 ] 5.00 833
5 10
10 10

34 ;] [¢74 385 28 235 93 1 1 a g 10 20 1 100 1 5 5 8.33 8.87
10 5
10 10

35 8 D1 235 g4 235 95 1 1 0 0 10 30 1 100 0 10 40 18.33 25.00
20 15
25 20

38 8 D2 235 94 235 95 1 1 0{ 0 10 30 1 100 0 15 15 20.67 2333
20 25
7 30

7 28-Jul Bpk Sutrisno 808 37 7 81 360 200 225 93 0 0 0 0 S 10 30 50 1 Khanging roughing 10 10 15.00 15.00
Insert 15 15
20 20

38 7/ 82 815 45 235 93 1 1 0 0 5 10 30 50 1 10 10 15.00 15.00
15 18
20 20

30 7 C1 335 14 235 23 1 1 0 0 5 10 20 50 1 10 10 15.00 15.00
15 18
20 20

40 7 c2 335 14 235 93 1 1 0 0 5 10 20 50 1 10 10 15.00 15.00
15 15
20 20

41 7 D1 235 94 235 95 0 0 o o 10 30 1 100 0 10 10 15.00 15.00
15 15
20 20

42 7 D2 235 04 235 95 0 0 0 1] 10 30 1 100 0 10 10 15.00 15.00
16 15
20 20

] 28-Jul Bpk Sutrisno 807 43 8 B1 685 47 235 23 0 0 0 1] 5 10 100 200 0 IChanging roughing| 10 10 15.00 15.00
Insert 15 15
20 20

44 8 82 885 47 235 93 0 0 0 1} 5 10 100 200 [ 10 10 156.00 15.00
15 15
20 20

45 8 ct 335 14 450 24 1 1 ol 0 5 10 100 200 1 10 10 15.00 18,00
15 15
20 20

46 8 c2 335 14 235 o3 1 1 o] o 5 10 20 50 1 10 10 15.00 15.00
15 15
20 20

47 8 D1 235 94 235 95 0 0 0 0 10 30 1 100 0 10 10 15.00 15.00
1% 1§




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effact Table that 1 means vibration had been occured, 0 means vibration had not been occurred

1

12

28-Jul

28-Jul

28-Jul

20-Jul

Bpk Sutrisno

820

819

812

789

48

49

50

52

53

54

55

56

57

58

58

60

61

62

83

64

85

68

87

68

69

70

7

12

D2

81

B2

c1

c2

D1

D2

B1

B2

c1

c2

D1

D2

81

B2

c1

c2

D1

D2

B1

B2

c1

c2

D1

235

480

480

385

395

235

235

520

510

385

395

235

235

480

480

385

235

235

480

480

395

385

235

34

34

28

28

94

24

140

42

28

28

84

94

34

34

28

28

84

04

34

a4

28

28

94

235

235

235

235

235

235

235

235

438

235

235

235

235

235

235

235

235

235

235

235

235

235

95 0
85 0
85 [
83 0
83 1
5 1
95 1
85 0
95 0
a1 0
38 0
94 [¢)
94 0
5 Q
95 0
83 0
03 1
5 1
85 1
95 0
85 0
93 0
23 1
25 1

10

10

10

10

10

10

20

20

30

30

30

30

aa

30

30

30

10

20

20

30

30

20

20

30

130

100

10

10

20

20

100

300

100

100

100

100

100

100

100

100

50

50

300

300

100

100

100

100

300

300

100

100

Changing Insert
of Roughiag

15.00

10.00

10.00

10.00

10.00

833

8.33

11.67

18,33

20,00

18.33

20.00

18.33

11.67

18.33

2167

11,87

20.00

20.00

16.67

10.00

.15.00

10.00

13.33

15,00

833

8.33

11.87

11.87

10.00

10.00

15.00

13.33

11.87

13.33

11.67

13.33

15,00

13.33

18.33

15.00

11.87

16.87

10.00

10.00

11.87

10.00

833




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effect Table that 1 means vibration had heen occured, 0 means vibration had not been occurred

72 12 02 235 04 235 85 171 ol ol 10 30 1 100 0 t0 5 1000 | 10.00
0 10
10 15
13 26-dul 798 73 13 B 480 34 235 85 ol 1 (0] o 5 10 | 100 | a0 T 10 g 1000 | 833
10
10 10
74 13 82 480 34 236 05 o] 1 o] o 5 10 | 100 | 300 1 s 20 1167 | 2000
0 2
10 20
75 13 c 395 2 235 9 ol 1 jo] o] 10 20 1 100 1 10 15 1000 | 10.00
10 10 .
10 5
78 13 c2 395 2 235 02 111 ol of 10 20 1 100 1 15 10 11.67 | 11.67
10 15
10 10
77 13 1 235 04 235 95 1 1 1ol o} 10 30 1 100 0 10 10 1000 | 11.67
10 15
10 10
78 13 02 235 04 235 95 1l 1 jol o] 10 30 1 100 0 15 10 167 | 1233
10 15
10 15
14 20-0ul  |Bpk Sutisno] 790 70 14 81 505 31 610 63 ol o [c| ol 10 40 10 | 100 0 Taol Setting 10 10 1500 | 1867
15 20
20 20
80 14 82 505 31 610 83 o o |c| o] 10 " 10 | 100 0 15 10 2000 | 1833
20 2
25 2
81 14 ct 405 23 235 o5 ol o |a|l o 10 40 10 | 100 1 10 10 1667 | 15.00
2 15
20 20
82 14 c2 370 18 235 05 af o ja| o] 10 40 10 | 100 1 15 ‘5 1867 | 18233
15 20
20 20
8 14 o1 680 54 235 08 3l o |e] ol 10 30 10 | 200 0 10 10 2000 | 20.00
20 20
30 30
84 14 D2 680 64 235 ) ¢ o (ol o} 10 30 10 | 200 0 15 10 2000 | 15.00
20 15
25 20
15 28-dul 814 85 15 81 480 34 236 €5 o] 1 13 o 5 10 | 100 | 300 1 10 10 1867 | 1500
2 15
20 20
86 15 82 480 34 235 05 3t 1 |9 e 5 10 | 100 | 300 1 10 10 1500 | 1333
15 10
20 20
87 15 c1 395 28 26 9 o, 1 o ol 10 20 1 100 1 10 10 1500 | 11.67
16 10
20 15
88 15 c2 395 28 25 ) i 1 {ol o] 10 20 1 100 1 15 15 1833 | 1833
20 20
20 20
80 15 o1 235 04 2356 05 10 1 {al o 10 30 1 100 0 5 5 18.33 | 11.67
10 10
25 20
90 15 ) 235 84 25 05 1| 1 j0}l o] 10 30 1 100 0 15 15 2000 | 2333
20 20
25 35
16 26-dul 203 81 16 81 480 24 235 25 ol 1 o] o 5 10 ) 100 | 300 1 10 10 1500 | 1833
15 20
20 25
92 16 B2 480 34 25 95 ol 1 o} o 5 10 [ 100 | 300 1 10 10 1667 | 1067
20 15
2 25
93 18 c 385 28 235 83 o 1+ lol o) 10 20 1 100 1 10 15 2000 | 20.00
‘ 20 20
! 30 2
94 16 c2 385 28 235 63 10 1ol o] 10 20 1 100 1 10 10 1887 | 1500
20 16
, 20 20
05 16 D1 235 04 235 o5 111 o] ol 10 30 1 1oo] 0 10 10 2000 | 2000
20 20




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effect Table that 1 means vibration had been occured, 0 means vibration had not been occurred

98 18 D2 235 94 235 95 1] 1 Jol o 10 30 1 100 0 10 10 1833 | 18.33
‘ 20 20
25 25

17 20-ul 806 o7 17 B1 480 34 235 95 ol 1 |0} o 5 10 100 | 300 1 :g :g 2500 | 15.00

I

30 20

08 17 B2 480 34 235 95 ol 1 {ol o 5 -0 100 | 300 1 20 20 2500 | 23.33
25 20
30 30

09 17 c1 g5 28 235 93 of 1 [of @ 10 20 1 100 1 10 15 2000 | 20.00
20 20
30 25

100 17 c2 365 28 235 03 11 1 |of o 10 20 1 100 1 20 20 2500 | 25.00
25 25
30 30

101 17 D1 235 04 235 95 11 1 joi o 10 30 1 100 0 10 15 1500 | 20.00
15 20
20 25

102 17 D2 235 04 235 95 1 1 |o| o 10 30 1 100 0 10 15 1333 | 1833
10 20
20 20

18 30-Ju)  [Bpk. Sutrisno] 804 103 18 B1 400 38 235 95 o] o Jo| o 20 30 10 200 0 10 15 2000 | 2333
20 25
30 30

104 18 B2 400 26 235 95 ol o lol o 20 30 10 200 0 20 10 2333 | 2000
20 20
30 30

105 18 ¢ 28 235 360 24 ol o [o] o 10 30 10 200 [ 5 5 1187 | 11.67
10 10
20 20

108 18 c2 28 235 360 24 o o [of 0 1c 30 200 300 0 10 10 1500 | 15.00
15 15
20 20

107 18 D1 04 235 800 82 o o o o 1c 30 100 | 300 0 10 5 1500 | 11.67
15 10
20 20

108 18 D2 04 235 800 82 o} o o] o 1c 30 100 300 0 10 10 1833 | 15.00
20 15
25 20

19 30-Jul  |Bpk Sutrisno| 798 109 19 B1 480 34 800 63 ol o |of| o 0 30 200 500 0 10 10 1500 | 1500
15 15
20 20

110 19 B2 480 34 800 88 ol o Jo| o 10 30 200 | 500 0 10 10 1833 | 1667
20 20
25 20

111 19 ¢ 395 28 400 a0 ol o {0l o 10 a0 200 500 0 10 10 11.67 | 15.00
10 15
15 20

112 19 c2 305 28 400 30 ol o [o] o 10 a0 200 | 500 0 10 10 18.33 | 16.67
20 20
25 20

113 1@ D4 235 04 235 05 10 1 (o] o 10 30 1 100 [ 10 10 15.00 | 15.00
15 15
20 20

114 19 D2 235 04 235 85 1 1 |o| o 10 30 1 100 0 10 10 1833 | 1333
20 15
25 15

20 30-Jul  |Bpk Sutrisno| 791 115 20 81 480 34 235 95 0} 0 |0} o 10 30 50 100 0 10 15 1500 | 18.33
10 20
25 20

118 20 82 480 34 235 85 o] o o] o 10 30 50 100 0 10 10 18.33 | 1500
20 15
25 20

117 20 c1 305 25 235 94 ol o |o] o 10 30 50 100 1 10 10 1187 | 11.67
10 10
15 15

118 20 c2 395 25 235 04 ol o [o] o 12 30 50 100 1 10 10 1833 | 11.67
20 10
} 25 15

118 20 D1 800 74 235 02 ol o [ol o 1D 30 10 200 0 10 15 1500 | 20.00
15 20




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effect Table that 1 means vibration had been occured, 0 means vibration had not been occurred

120 20 D2 800 74 235 92 0 0 0 0 “J 30 10 200 0 10 18 16.67 11.67
15
25 15
21 30-Jul Bpk Sutrisno 792 121 21 B1 480 34 235 5 0 0 0 0 10 30 50 100 0 :g ]Ig 11.67 16.00
15 20
: 122 21 B2 480 34 235 85 0 0 0 0 10 30 50 100 0 10 10 18.33 18.67
20 20
25 20
123 21 3] 385 25 235 94 0 0 1] 0 10 20 50 100 1 10 10 15.00 16.00
15 15
20 20
124 21 c2 385 25 235 94 0 1] 0 0 10 230 50 100 1 10 10 18.33 16.67
20 20
25 20
125 21 D1 800 74 235 62 0 0 o o -0 20 10 200 0 10 10 8.33 15.00
; 5 15
10 20
‘ 126 21 D2 800 74 235 92 0 1] 1] 0 ‘0 20 10 200 0 10 10 15.00 13.33
! 20 15
. 15 15
22 30-Juf 801 127 P B1 480 34 235 95 0 1 Q 0 5 10 100 300 1 10 15 15.00 10.67
15 15
20 20
128 22 B2 480 34 235 95 0 1 Q 0 5 10 100 300 1 10 10 11.67 18.33
10 20
15 25
' 128 22 c1 395 28 235 93 0 1 0 0 10 20 1 100 1 10 10 11.87 15.00
10 15
15 29
130 22 c2 395 28 235 93 1 1 0 0 ic 20 1 100 1 10 10 13.33 15.00
i 10 15
20 20
131 22 D1 235 84 235 a5 1 1 0 0 10 30 1 100 1} 10 10 15.00 13.33
15 10
20 20
132 7l D2 235 94 235 95 1 1 0 0 10 30 1 100 1] 10 20 15.00 18.33
20 15
15 20
23 30-Jul 802 133 23 B1 480 34 235 95 0 1 0 0 5 10 100 300 1 10 10 13.32 15.00
10 15
20 20
134 23 B2 480 34 235 95 0 1 0 0 5 10 100 300 1 20 10 18.33 16.00
15 15
20 20
135 3 c1 385 28 235 93 1] 1 0 0 10 20 1 100 1 10 10 18,33 168.87
20 20
25 20
138 23 c2 385 28 235 93 1 1 0 0 10 20 1 100 1 10 10 16.67 15.00
20 15
20 20
137 3 D1 235 94 235 95 1 1 0 0 10 30 1 100 0 10 10 15.00 13.33
15 10
20 20
138 3 D2 235 94 235 95 1 1 0 0 10 30 1 100 1} 10 10 13.33 18.00
10 16
20 20
24 30-Jul 822 138 24 B1 480 34 235 95 0 1 0 0 5 10 100 300 1 ’Jhanglng Roughing 10 15 16.00 20.00
fnsert 15 20
20 25
140 24 B2 480 34 235 95 0 1 o 0 5 10 100 300 1 10 10 16.87 15.00
20 15
20 20
141 24 c1 395 28 235 23 0 1 0 0 10 20 1 100 1 10 10 15.00 15.00
15 15
20 20
142 24 c2 385 28 235 93 1 1 0] 0 10 20 1 100 1 10 5 16.67 18.33
20 20
20 30
143 24 D1 235 94 235 95 1 1 1] 1] 10 30 1 100 1] 5 10 11.87 16.67
10 15




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and Oval Effect Table that 4 means vibration had been occured, 0 means vibration had not been occurred

25

28

27

28

30-Jul

3t-Jul

31-Jul

31-Jul

788

787

817

824

145

146

147

148

148

150

1861

182

1563

164

155

156

157

158

158

180

161

162

183

164

165

166

187

28

28

28

28

B1

B2

c1

c2

D1

D2

B1

B2

cl

c2

D1

D2

B1

B2

c1

c2

D1

D2

B1

B2

c1

c2

D1

480

480

385

385

235

235

480

480

385

395

235

235

480

480

385

395

235

235

480

480

395

395

235

34

34

28

28

94

24

34

34

28

28

94

94

34

34

28

28

94

94

a4

34

28

28

94

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

95

85

83

023

a5

25

95

a5

93

93

95

5

a5

23

93

95

5

85

95

93

23

o5

G

20

20

30

30

30

20

20

30

30

20

20

30

100

100

100

100

100

100

100

100

300

100

100

100

100

300

300

100

100

100

100

300

300

100

100

100

100

300

300

100

100

100

15.00

15.00
15.00
10.00
20,00
16.87
20.00
20.00
2000
20,00
11.67
15.00
8.33

10.00
1500
10.00
10.00
13.33
15.00
15,00
11.67
11.67

20.00

10.00

15.00

15,00

18.87

11.67

17.00

25.00

20.00

21.67

25.00

11.67

15.00

11.67

13.33

16.67

18.33

15.00

18.00

11.67

15.00

15.00

18.33

833




Quality Control Data on B,C,D Hole 40 mm of Diameter Boom ZX 30

Note : For Vibration and ©Ova) Effect Table that 1 means vibration had been occured, 0 means vibration had not been eccurred

28

30

[l

31-dul

31-Jul

2-Aug

830

8a0

828

168

168

170

171

172

173

177

178

179

182

183

185

186

30

31

31

31

31

3

k|

D2

B1

B2

c1

c2

o

D2

B1

B2

ct

Cc2

o1

D2

B1

B2

c1

c2

D1

D2

235

480

480

305

395

235

235

480

480

385

395

235

235

480

480

385

395

235

235

04

34

34

28

28

04

94

34

34

28

28

o4

04

34

34

28

94

24

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

235

25

25

93

93

85

95

95

95

23

3

85

95

95

95

93

93

5

95

10

30

10

20

20

30

30

10

20

20

30

30

20

20

30

30

100

100

100

100

100

300

300

100

100

100

100

300

300

100

10C

10

100

300

300

100

100

162

100

13.33

8.87

6.87

10.00

10,00

10.00

10.00

10.00

20.00

10.00

10.00

10.00

10.00

10.00

10.00

15.00

11.87

11.87

20.00

20.00

10.00

10.00

10.00

10.00

10.00

10.00

20.00

16.87

10.00

10.00

10.00

13.33

10.00

11.67




Analysis Result of Best Performance of Machining Process

Note : For Vibration and Oval Effect Table that 1 means vibration had bean occured, 0 means vibration had not been occurred

Bpk Sutrisne
12 2 D2 235 84 235 95 0 0 0 0 10 30 1 100 0 15 15 15.00 15.00
15 15
15 15
17 3 D1 235 84 235 85 0 0 0 0 10 30 1 100 0 10 10 11.87 15.00
3 Bpk Sutrisno 809 10 15
15 20
18 3 D2 235 94 235 85 0 0 0 0 10 30 1 100 0 10 10 15,00 15.00
15 15
20 20
23 4 D1 235 84 235 @5 0 0 1) 0 10 30 1 100 0 10 10 15 15
7 Bpk Sutrisno 808 37 7 B1 380 200 23§ a3 [ [ 0 0 5 10 30 50 0 Changlng roughing 10 10 15 15
Ingert 15 15
20 20
41 7 D1 235 94 238 95 0 0 0 0 10 a0 1 100 0 10 10 15 15
15 15
20 20
42 7 D2 235 84 235 95 0 0 0 0 10 30 1 100 0 10 10 15 15
15 15
20 20
8 Bpk Sutrisno a07 43 8 Bl 865 47 235 8 0 0 0 0 5 10 100 200 0 10 10 15 15
15 15
20 20
44 8 B2 865 47 235 83 0 0 0 0 5 10 100 200 0 10 10 15 15
15 15
20 20
8 Bpk Suttisno 807 47 8 D1 235 84 235 95 0 0 1] 0 10 a0 1 100 0 10 10 15 15
15 15
20 20
48 8 »73 235 4 235 85 0 0 0 0 10 30 1 100 0 10 10 15 15
15 15
20 20




APPENDIX E
ERGONOMIC ANALYSIS

Biomechanical Assumption Calculation Result on Climbing Up
down Jig on Activities Code 1l4a, 14b, 15a,15b,17a,17b,
Mannequin Pro 7 Biomechanics Over Flexion Indicator, Result
of Work Load on Each Body Segment, Actual Timing on Fach

Activities Code, Energy Expenditure Calculation.



15b, 17a and 17b

Force assumption result on 15 a and 15 b

Biomechanical Assumption On Climbing Up and
down Jig on Activities Code 14a, 14b, 15a,

(the red colour is

force assumption for 15 a and yellow colour is force
assumption for 15 b).

5 |3772.401 [RRNMEREE 1059.336 | 4125.524
10 | 3149.45 |1418.704 | 1448.704 | 3582.872
15 |2409.291 | 1642.82 | 1672.82 | 2947.387
20 |1572.886 |1652.374 | 1682.374 | 2198.989
25 |672.0721 |1372.485|1402.485|1298.149
30 | -231.008 [656.9802 | 686.9802 | 149.4386

Force assumption result on 14 a and 14 b (the red coloua is
force assumption for 14 a and vellow colour is force
assumption for 14 b).

; 10 |4295.121 EREEEE 4619.705
! 15 4548.76 | 88.67063 | 58.67063 | 4899.515
20 |4175.508|684.4096 ] 654.4096 4500.3
25 |3658.002|1178.513]1148.513] 4023.806
30 [3010.218]1538.105]1508.105| 3463.675
35 |2248.905(1723.787]1693.787 |2807.621
40 1396.54 | 1682.694 | 1652.694 | 2032.851
45 488.6032 | 1331.37| 1301.37|1093.264
50 | -400.137]493.9481 |463.9481|-130.552

Force assumption result on 17 a and 17 b

force assumption for 17 a and yellow colour is force
assumption for 17 b).

{the red colour is

3658.002 § s 1148.513 | 4023.806
20 2248.90511723.787 11693.787 | 2807.621
30 488.6032 | 1331.37 | 1301.37 |1093.264




Manequin Pro 7 Biomechanics Over Flexion indicator

For Shoilder, Wirstand Hip body segr For Knee body
Axis Value of resuit on Degree | Indicator of movement Axis Value of resuit on Degree | Indicator of movement

+ i + i

X Extension X Flexion
- Flexion - Extension

v + External Rotational Lateral v
- Internal Rotational Medial
+ y

7 Abduction z
- Addugction

Value of resulf on Degree

Value of resfl& on Degree

SEANKIe BoaY S5t

e

Abduction

Axis indicator of movement Axis Indicator of movement
+ i + i
X Flexion X Extension
- Extension - Flexion
v + Internal Rotational Medial v
- External Rotational Lateral
7 + Adduction 7




?

41.9 50.6 23 4 15.4 46 20,9 15.6 4.£ 265.8 180.3 254.3 178.8 25¢.7 286.6

41.9 50.6 294 15.4 46 20.9 15.6 4.£ 2658 180.7 2547 178.3 25¢.3 286.2
7 41.9 50.6 294 15.4 4.8 20.9 15.6 4.£ 2658 180.9 254.3 178.1 251 286
10 41.9 50.6 28 4 15.4 46 20.9 156.6 4.£ 265.8 181.2 255.2 177.8 25:.8 285.6
14a 41.2 50.6 164 8 162.7 162.1 164.7 162.7 162.1 4131 113.4 39.4 439.8 51..8 545.6
13a 41.9 50.6 29 4 15.4 46 25 .8 2680.5 25C 3619 113.4 39. 4 116.2 40.2 83
13¢ 41.9 50.6 294 15.4 4.6 25" .8 250.5 25C 3649 113.4 39.4 116.2 40.2 8.3
13d1 41.9 50.6 29.4 15.4 4.6 44.2 37.3 34.2 . 68 113.4 39.1 116.2 40.2 83
13d2 419 50.6 29.4 15.4 4.6 46,2 37.3 34.2 (68 113.4 39. 1 116.2 40.2 8.3
14b 41.9 50.6 164.6 162.7 162.1 164.7 162.7 162.1 4121 113.4 39. | 1010.1 108¢:.1 1118
14a 41.9 50.6 164.6 162.7 162.1 164.7 162.7 162.1 41:2.1 113.4 39.} 439.8 51%.8 545.6
15a. 41.9 50.6 164.6 162.7 162.1 1847 162.7 162.1 412.1 776.2|  850.25 116.2 40.2 8.3
16a 41.9 50.6 2101 219.2 226.6 204.7 2191 226.7 3323 161.6 235.13 116.2 40.2 8.3
15b 1.9 50.36 164.69 162.7 162.1 164.7 162.7 162.1 4131 498.9 572.9 116.2 40.2 8.3
17a 41.9 50.6 164.6 162.4 1621 184.7 162.7 162.1 4131 824.6 898.5 1168.2 40.2 8.3
17b 41.9 50.8 164.6 162.7 1621 164.7 162.7 162.1 4131 456.5 530.55 116.2 40.2 8.3
18 41.9 50.6 29.4 15.4 4.6 29.9 15.8 48 265.8 180.8 254.3 173.2 254.2 286.1
21a 419 50.6 29.4 15.4 4.8 251.8 250.5 25C 364.9 112.4 39.4 8 1115.2 40.2 8.3
21d1 41,9 50.6 29.4 15.4 4.6 45.2 37.3 34z 286 132 2568 287.2 1713.8 254.4 286.2
21d2 41.9 50.8 29.4 15.4 4.8 45.2 37.3 342 268 181.5 256.2 286.6 179.2 254.9 286.7
21b 41.9 50.6 29.4 15.4 4.6 299 16.13 45 265.8 131 265 286.5 178 254 285.9
21¢ 41.9 50.6 29.4 15.4 4.6 261.8 250.:3 250 364.9 11t .4 39.4 g€ 1153.2 40.2 8.3
24a 41.9 50.6 29.4 15.4 4.8 251.8 250.:3 250 364.9 113 .4 39.4 8 1165.2 40.2 8.3
24d1 41.9 50.6 29.4 15.4 4.6 452 37.3 342 268 182.3 2561 287.8 173.3 2541 285.1]
24¢ 41.9 50.6 29.4 15.4 4.6 251.8 250.3 250 364.9 112 .4 39.4 g 1113.2 40.2 8.3
24d2 41.9 50.6 29.4 15.4 4.8 45.2 37.3 242 268 181.2 255 286.4 173.4 255.1 286.1)
24b 41.9 50.6 29.4 15.4 4.6 29.9 15.3 4.5 265.8 18C.9 254.9 286.2 17i3.1 2541 2853
25a 41.9 50.6 29.4 15.4 4.6 251.8 250.5 250 364.9 115 .4 39.4 8 1115.2 40.2 8.3}
25d1 41.9 506 29.4 15.4 4.6 45.2 37.3 34.2 268 181.9 266.6 287 17:3.8 2545 286.3|
25¢ 41.9 50.6 29.4 15.4 4.6 251.8 250.5 250 364.9 297 .5 347 3708 301.9 352.6 376.-1]
25d2 41.9 50.6 29.4 15.4 4.6 452 37.3 342 268 181.6 2663 286.7 1791 2548 286.3
25b 41.9 59.6 29.4 15.4 4.6 480.9 480.3 480 548.7 111 4 39.4 g€ 113.2 40.2 8.1:3-
29a 41.8 52.7 29.4 156.€ 4.4 480.9 480.) 4£0.0 548.5 113.4 39.6 8.C 1115.1 40.0 8.5
29¢ 115.7 1191 111.8 10¢ 108 251.8 250,35 250 364.9 15¢ .5 114.8 108.2 153.5 1151 108.?




Result of Work Load on Each Body Segment (all In Newton)

29b 50.8 29.4 15.4 4.6 15.6 4.5 2658 113.4 39.4 8 116.2 40.2 8.3
29d1 41.9 50.6 29.4 15.4 4.6 46.3 37.2 290.8 1941 268 299.4 189.7 265.6 297.4
29d2 41.9 50.6 29.4 15.4 4.6 25.4 30.9 243 168.1 242 2734 167.8 243.6 2755
29d3 41.9 50.6 29.4 15.4 4.6 46.3 37.2 290.8 192.5 266.4 297.8 191.3 267.1 299
30a 41.9 50.6 251.7 250.5 250.0 29.9 15,6 4.5 364.9 113.4 39.4 8.0 116.2 40.2 8.3
30d1 41.9 50.6 58.5 46.2 37.3 29.9 15.6 45 290.8 174.", 268 299.4 189.7 265.5 297.4
30¢ 41.9 50.6 251.7 250.5 250 29.9 156.6 4.5 364.9 113.4 39.4 8 118.2 40.2 83
30d2 41.9 50.86 24.6 25.5 30.9 29.9 15.6 4.5 243 113.4 39.4 8 116.2 40.2 8.3
30b 41.9 50.6 29.4 15.4 4.6 20.9 15.6 4.5 265.8 180.7 254.6 286.1 178.4 254.4 286.2
33a 41.9 50.6 251.7 250.5 250 29.9 15.6 4.5 364.9 113.4 39.4 8 118.2 40.2 8.3
33¢ 41.9 50.6 251.7 250.5 250 29.9 15.6 4.5 364.9 113.4 39.4 8 116.2 40.2 8.3
33b 41.9 50.6 29.4 15.4 48 29.9 15.6 4.5 2658 181.4 255.3 286.8 177.7 253.7 285.5
33d1 41.9 50.6 58.5 46.2 37.3 29.9 15.6 4.5 290.8 194.3 268.2 299.6 183.5 265.4 297.2
33d2 1.9 50.6 24.6 25.5 30.9 29.9 15.6 45 243 169.2 2431 2745 166.7 2425 274.4
34c¢ 41.9 40.6 29.4 15.4 4.6 251.8 250.5 250 364.9 113.4 39.4 8 118.2 40.2 8.3
34b 41.9 50.6 29.4 15.4 4.6 480.9 480.3 480 548.7 113.4 39.4 8 116.2 40.2 83
34a 419 50.6 29.4 15.4 4.6 251.8 250.5 260 364.9 113.4 394 8 118.2 40.2 8.3
34d1 41.9 50.6 29.4 15.4 4.6 59 46.3 37.2 290.8 193.5 267.4 298.8 190.3 266.2 208
34d2 419 50.6 20.4 15.4 4.8 24.7 25.4 30.9 243 168.7 2425 274 167.2 2431 274.9
13b 41.9 50.6 29.4 15.4 4.6 24.7 254 30.9 24.3 168.7 2425 274 167.2 2431 2749




Actual Timing on Each Activities Codes

- (Minutes)

3.5]

Eoes

3.5
3.5

35

Time Resuit:

- (Minutes)

0.1333
0.0500
0.0800
0.0300
0.0300
0.0333
0.0500
0.0500
0.0300
0.0500
0.0333
0.0300
0.0500
5.0000
0.0833
0.0833
0.0333
0.0500
0.0833
0.0333
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.0333
0.0833
0.0833
0.0333
0.0333
0.0500
0.0833

~ Average | Time Result

3.40
3.82
3.33
347

‘Average |

7.73
527
5.63
513
527
510
3.43
313

223
2.80
313
343
293
9.3
473
5.43

0

4
263
4.40
497
250

3

1

5

233

453
480
253
237
2.60
4.70
5.07
513
3.03
253

L3

i i

7

15

3.5

8

10

3

9

15

5

7

10

4

14

10

15

10

6| 3.5 3.5| 3.6

10

10

. Machining Progess: - oot S T MEF
T 43] 1a] 15] 18] 17] 18] 19] 20] 21] 22| 23] 24] 25| 26| 27| 28[ 26| 30| (Minutes) |

15

5| 3.5] 3.3| 3.1] 3.5| 3.3] 3.5| 3.3| 3.6| 3.2| 3.3 3.5| 3.3

14

15

4

15

5)

11

4

10

3
. Machining Process

44] 15| 6] 7] 18] 18] 20] 21] 22] 23] 24] 28] ze] 27] 28] 78]

9

8

4] 3.5 34

4] 3.4] 3.5

3.5

4

3

3] 3.6] 3.5

3

5
6

6
3

3

3

2

3

2

35

5
5

5
2

2

2

2

2

2

 Activities |

~0l 32 32 33| 3.2 3.3| 31| 3.1] 36| 3.2) 35| 3.2 38| 3.2 3.1] 3.4 3.3

13d1

13d2

14b

14a

15a
16a
18b

17a
17b

18
21a
21d1

21d2

21b

21c

243
24d1

24c

24d2

24b
25a
25d1

25¢
25d2

25b

292
29c
29b
29d1
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BEASEREV2ELELELATLKEBEBIBIBHG N

15a
17a
29b
17a
17b
18
14a
14b
13b
14b
14a
17b
17a
29b
15b
15a

13a

15a
15b
29b
17a
17b

21d1
21a
24d1
24a

14a
14b

13d1
13a

14b
14a
24b
21b

21b
17b
17a
29b
15b
15a

15a

93.02
116.29
125.66
129.58
143.72
158.19

1746
186.34
216.88
186.34

174.6
143.72
129.58
125.66
116.29

93.02
216.38

10
216.38

93.02
116.29
125.66
120.58
143.72
162.34

243

243

162.65
174.6
186.34
218.37
243

218.37
186.34
174.6
162.65
155.64
1445
155.64
143.72
129.58
125.66
116.29
93.02
90.81
93.02

Energy Expenditure Calculation

4163.35
3331.25
2456.75
4308.20
3204.20
1898.00
3150.50
4864.50
2025.30
4864.50
3150.50
3204.20
2563.10
2456.75
3331.25
4163.35

2025.30

4163.35
3331.25
2456.75
4308.20
3204.20

1988.80
1584.60
1898.00
1584.60

3150.50
4864.50

852.10
2025.30

4864.50
3150.50
1898.00
1584.60
1898.00
15684.60
3204.20
4308.20
2456.75
3331.26
4163.35

4163.35

38727482
3873.9106
3087.1553
5582.5656
4605.0762
3002.4462
5500.7730
9064.5093
4392.4706
9064.5093
5500.7730
4605.0762
3321.2650
3087.1553
3873.9106
3872.7482

202.5300

3872.7482
3873.9106
3087.1553
5582.5656
4605.0762

4832.7840
126.7680
4612.1400
126.7680

5500.7730
9064.5093

2070.6030
162.0240

9064.5093
5500.7730
3087.0970
2466.2714
27426100
2466.2714
4605.0762
5582.5656
3087.1553
3873.9106
3872.7482

3872.7482

0.03
0.03
0.08
0.05
0.05
5.00
0.05
0.05
0.08
0.05
0.05
0.05
0.05
0.08
0.03
0.03
0.00
0.08
0.00
0.03
0.03
0.08
0.03
0.05
0.00
0.08
0.08
0.08
0.03
0.00
0.05
0.05
0.00
0.03
0.03
0.00
0.05
0.05
0.08
0.08
3.50
0.08
0.05
0.03
0.08
0.03
0.03
0.00
0.03

27.74970027
27.7580297
8.848252597
26.66745753
21.99807127
0.143424391
26.27674119
43.30041702
12.58948306
43.30041702
26.27674119
21.99807127
15.86541024
8.848252597
27.7580297
27.74970027

0.580481513

27.74970027
27.7580297
8.848252597
40.0011863
21.99807127

14.42863285
0.363336199
13.76988392
1.009267221

26.27674119
43.30041702

14.8366509
1.160963027

43.30041702
26.27674119
8.848085411
7.068705761
0.187160327
7.068705761
21.99807127
40.0011863
8.848252597
27.7580297
27.74970027

27.74970027

27.7497
27.7580
8.8483
26.6675
21.9981
0.1434
26.2767
43.3004
12.5895
43.3004
26.2767
21.9981
15.8654
8.8483
27.7580
27.7497

0.5805

27.7497
27.7580
8.8483
40 0012
21.9981

14.4286
0.3633
13.7699
1.0093

26.2767
43.3004

14.8367
1.1610

43.3004
26.2767
8.8481
7.0687
0.1872
7.0687
21.9981
40.0012
8.8483
27.7580
27.7497

27.7497




52
53
54
55
56
57

58
59
60
61
62

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79
80
81
82
83
84

85
86
87
88
89
90
91
92
93
94

25d1
252

15b
15a

15a
15b

29d1
29a

17a
17b
21b

30d1
30a
33d1
33a

17b
17a

34d1
34a

15b
15a

o b O b

15a
15b
29b
17a
17b
21b

21b
17b

11629

159.46
243
10
159.46
116.29
93.02
90.81

93.02

116.29

125.66
243

125.66
129.58
143.72
155.64
160.61
243

243

160.61
143.72
129.58
122.47
243

122.47
116.29
93.02
90.81
90.81
90.81
90.81

90.81
93.02
116.29
125.66
129.58
143.72
155.64
164.65
155.64
143.72

333125

2457.30
1584.60

3331.25
4163.35

4163.35
3331.25

2089.40
2456.75

4308.20
3204.20
1584.60

1585.10
1585.10
2083.50
1585.10

3204.20
4308.20

2089.40
1584.60

3331.25
4163.35
1898.00
1898.10
1898.00
1898.10

1898.00
4163.35
3331.25
2456.75
4308.20
3204.20
1584.60
1898.00
1584.60
3204.20

3873.9106

5971.2390
158.4600

3873.9106
3872.7482
0.0000

3872.7482
3873.9106
0.0000
5077.2420
196.5402

0.0000
5582.5656
4605.0762
2466.2714

0.0000
3851.7930

126.8080
5062.9050
126.8080

0.0000
4605.0762
5582.5656

0.0000
5077.2420

126.7680

0.0000

3873.9106
3872.7482

3872.7482
3873.9106
3087.1553
55682.5656
4605.0762
2466.2714
3125.0570
2466.2714
4605.0762

0.03
0.00
0.08
0.08
0.00
0.03
0.03
0.00

0.03
0.03
0.00
0.08
0.03

0.00
0.03
0.05
0.08
0.00
0.08
0.08
0.03
0.08
0.00
0.05
0.03
0.00
0.08
0.03
0.00

0.03
0.03
3.50
3.50
3.50
3.50

3.50
0.03
0.03
0.08
0.03
0.05
0.08
3.50
0.08
0.05

27.7580297

17.1144712
0.454170249

27.7580297
27.74970027

27.74970027
27.7580297

15.15848022
1.564760747

40.0011863
21.99807127
7.068705761

11.03981943
0.363450846
36.27762253
0.363450846

21.99807127
40.0011863

15.15848022
1.009267221

27.7580297
27.74970027

27.74970027
27.7580297
8.848252597
40.0011863
21.99807127
7.068705761
0.213259155
7.068705761
21.99807127

27.7580

17.1145
0.4542

27.7580
27.7497

27.7497
27.7580

15.1585
1.5648

40.0012
21.9981
7.0687

11.0398
0.3635
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250 14b 186.34 3331.25 6207.4513 0.05 2965248519 .
251 13b 216.88 2025.30 43924706 0.08 12.58948306 12.5895
252 14b 186.34 4864.50 9064.5093 0.05 43.30041702 43.3004
253 14a 174.6 3150.50 5500.7730 0.05 2627674119 26.2767
254 17b 143.72 3204.20 4605.0762 0.05 21.99807127 21.9981
255 17a 129.58 4308.20 5582.5656 0.03 40.0011863 40.0012
256 29b 125.66 2456.75 3087.1553 0.08 8.848252597 8.8483
257 15b 116.29 3331.25 3873.9106 0.03 27.7580297 27.7580
258 15a 93.02 4163.35 3872.7482 0.03 27.74970027 27.7497
Total F (Newtom) 655657.89{Total Time (minutes) 141.81
Total of Work {Joule) 769329.8092 Total Keal/ menit 4183.2979
Total of Work (K Joule) 769.3298092 AVG Kcal/ menit 18.5924




APPENDIX F
MANEQUIN PRO 7 SIMULATION

Figure of Mannequin Pro 7 Simulation on Each Activities

Code.
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APPENDIX ON POCKET:

Over flexion data analysis on Each Body Part, Force Load on
Fach of Lower Body Segment & Back in 1 Machining Process,
Force Load on Each of Upper Body Segment & Back in 1
Machining Process, Data Plot Result Chart, Operation

Process Chart.



Operation Process Chart

(Machining)

Object Name Boom ZX -30
Diagram No. ---
Made by Roberto Ganis Hascariyo ( 01 14 02932 )
Date July, 25th 2004
Boom -ZX 30

|

9.28 min </ o w Take piace the product to jig

Overhead orane & Jig Machining

3.5 min (j% Setting the jig on product
Tool Key

Ad

Tighten up the top screws
0-3
Manuai By hand
1.19 min R Tighten up the side screws

Manual By hand

o

Settings “o” references (on
3.5 min computer)

LCD Computer

10.50 min Settings on D hole machining process (on cumputer)

Centering Tool

\ Settings on C hole machining process (on computer)

4.13 min o7
Centering Tool

3.5 min Changing the centering tool with the Roughing cutting tool.
Tool Key

3.5 min Roughing B

40 mm of Diameter Roughing boring Cutting Tool




; / Roughing B
3.5 min (®

40 mm of Diameter Roughing boring Cutting Tool
coolen —

3.63 min /O 0 Inspection and cleaning (quality controi activities) on B hole

-1
i-1

/ Silinder Gauge,centering ruler,brush, chips hook
-1

3.5 min ot Roughing C
40 mm of Diameter Roughing boring Cutting Tool
coolen
Inspection and cleaning {quality control activities) on C hoie
4.13 min
| Silinder Gauge,centering ruler,brush, chips hook
Roughing D
3.50
40 mm of Diameter Roughing boring
coolen Cutting Tool
Inspection and cleaning {quality control activities) on D hole
10.50 min

-3
J Silinder Gauge,centering ruler,brush, chips hook

Changing the Roughing tool with the reaming cutting tool
3.5 min / O-15
Tool Key
Reaming on hole B
3.5 min

40 mm of Diameter Reaming Cutting Tool
coolen

\ Inspection and cleaning {quality control activities) on B hole
. 017
10.50 min 4

U Silinder Gauge,centering ruler,brush, chips hook

Reaming on hole C

40 mm of Diameter Reaming Cutting Tool

Inspection and cleaning (quality control activities) on C hole

Silinder Gauge,centering ruler,brush, chips hook

Reaming on hole D
3.5 min

40 mm of Diameter Reaming Cutting Tool
coolen

_— /021\ Inspection and cleaning (quality control activities) on D hole

\\|'6 / Silinder Gauge,centering ruler,brush, chips hook

Changing the Roughing tool with the tappering cutting tool
3.50 min 0-22
Jig key




Tappering DD
3.50 min 0-23
Tappering tool DD
coolen —

Inspection and cleaning {quality control activities) on DD hole
7 min (0-24 e product from jig
-7
Silinder Gauge,centering ruler,brush, chips hook

Tappering DB
3.50 min 0-25
Tappering tool DD

coolen

> Inspection and cleaning (quality control
7.30 min 0-26 \ activities) on DB hole
|

/I Silinder Gauge,centering ruler,brush, chips hook

Changing the Tappering tool with the centering tool
3.50 min o-27

Tool key, centering tool

7 ™\ Loosing side screw of jig

0.80 min 0-28
\ Manual By hand

Loosing Top screw of jig
1.68min 1 o029

~/ Manual by Hand

; Take out the product from ji
8.22 min 030 P Y
// Overhead crane

Resume
Activities Amount Time (Min)

292 90.86

\ Minutes
8 50.77

Minutes

141.63

TOTAL 30 Minutes
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