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Appendix A
Process Flowcharts And String Diagrams for the 10 products
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Table 1A - Process Flowchart for Compression Screw, batch of 100

Step D escrip tion
T im e
[m in]

D istance
[ทา]

1 ๐ *  □  D V M ove  from  s tock  to  lathe, LC4 0.57 33

2 o  o  □  1 V M ach ine  se tup  (once  on ly) 70.00

3 #  o  □  D V Lathe w ork 700 .00

4 ๐ o  ■  D V Inspect (done  during  m ach in ing ) 50.00

5 o  *  □  D V M ove  to hydrau lic  pum p H2 0.42 24

6 #  o  □  D V P um p - hexagon pattern 150.00

7 o  *  □ D V M ove to  po lish ing  dep t 0 .67 39

8 •  เะ>  □  D V P olish /c lean 18.00

9 o  *  □  D V M ove  to  QC 0.45 26

10 ๐ ■  D V QC 400 .00

11 o  *  □  D V M ove  to  ou tbound  s to rage 0.42 24

12 o  ■=> □  D ▼ w a it fo r transpo rt 2days

13 ๐ o  □  1 V Send to laser and w a it 2 .5days

14 ๐ *  □  D V m ove  from  o ffice  to  po lish ing  dep t 0 .78 45

15 •  o  □  D V Boil 3 .00

16 ๐ *  □  D V M ove  to s to rage 0.98 57

Tota l 1385.28 248
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Table 2A - Process Flowchart for Cortical Screw, batch of 100

S tep D escrip tion
T im e
[m in]

D istance
[m]

1 o *  □ D V M ove  from  s to ck  to  lathe, LC2 0.50 29

2 ๐ ■=> □  » V M ach ine  se tup  (once  per batch) 70.00

3 •  o  □  D V Lathe w ork 600 .00

4 O o  ■  D V Inspect (done  during  m ach in ing ) 58.33

5 o *  □ D V M ove  to  hydrau lic  pum p, H2 0.33 19

6 #  o  □  D V Pum p - hexagon pattern 150.00

7 O ^ D D V M ove  to po lish ing  dep t 0 .67 39

8 •  >=> □  D V P o lish /c lean 18.00

9 O ^ D D V M ove  to QC 0.45 26

10 O o  ■ D V QC 600 .00

11 ๐ *  □ D V M ove  to  ou tbound  sto rage 0.42 24

12 ๐ o  □  D ▼ w a it fo r transpo rt 2days

13 o  o  □  1 V Send to laser and w a it 2 .5days

o  *  □ D V m ove  from  o ffice  to  polish ing
14 dep t 0 .78 45

15 •  o  □  D V Boil 3 .00

16 ๐ *  □ D V M ove  to  sto rage 0.98 57

T ota l 1493.47 239
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Table 3A - Process Flowchart for Pedicles Screw (part 1 of 2 -  screw body), batch of
100

Step D escrip tion
T im e
[m in]

D istance
[m l

1 o  *  □ D V M ove  from  s to ck  to  lathe, LC5 0.52 30

2 o  o  □ 1  V M ach ine  se tup  (once  per batch) 70.00

3 •  o n D V Lathe w ork 2200 .00

4 0  o  ■ D V Inspect (done  during  m ach in ing ) 50.00

5 o  *  □ D V M ove  to  m illing  centre , M C6 0.37 21

6 o  o  □ 1  V M ach ine  se tup  (once  per batch) 60.00

7 •  o n D V M illing  w ork 1000.00

8 ๐ o  ■ D V Inspect (done  during  m ach in ing ) 66.67

9 ๐ *  □ D V M ove  to  m anual m illing  m ach ine 0.55 32

10 o  o  □ 1  V M ach ine  se tup  (once  per batch) 30.00

11 •  o n D V M illing  w ork 500.00

12 ๐ *  □ D V M ove to po lish ing  dep t 0 .63 37

13 •  o n D V P o lish ing /c lean 18.00

14 ๐ *  ท D V M ove  to  QC 0.45 26

15 ๐ o  ■ D V QC 600.00

16 ๐ *  ท D V M ove  to  ou tbound  sto rage 0.42 24

17 ๐ o  ท D ▼ W a it fo r transpo rt 2days

18 ๐ o  ท 1  V Send to laser and w a it 2 .5days

19
๐ *  ท D V m ove  from  o ffice  to  po lish ing  

dep t 0 .78 45

20 •  o n ว V Boil/c lean 5.00

21 ๐ * ท ว V M ove  to  sto rage 0.98 57

T ota l 4594.37 272
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Table 4A - Process Flowchart for Poly Screw (part 1 of 3 -  screw body), batch of 100

S tep D escrip tion
T im e
[m in]

D istance
[ทา]

1 ( ว * □ อ  V M ove  from  s to ck  to  lathe, LC7 0.47 27

2 O |=> □  1 V Latch se tup  (once  per batch) 70.00

3 I O D D V Lathe w ork  - th read ing 1000.00

4 ๐ o  ■  D V Inspect (done  du ring  m ach in ing ) 75.00

5 ๐ *  □  D V M ove to  h ydrau lic  pum p, แ 2 0.58 34

6 •  o  □  D V Pum p hexagon  pattern 100.00

7 o  *  □ D V M ove  to m anual m illing  cen tre 0.42 14

8 O O D I V M ach ine  se tup 30.00

9 •  o  □  D V M illing  w ork 600 .00

10 o  *  □  D V M ove  to  po lish ing  dep t 0 .58 34

11 I O D D V Polish 25.00

12 o  *  □  D V M ove to QC 0.45 26

13 O O I D V QC 700.00

14 ๐ *  □  D V M ove  to  ou tbound  sto rage 0.42 24

15 o  ■=> □  D ▼ W a it fo r transpo rt 2days

16 O O D I V Send and Laser and w a it 2 ,5days

17 o  *  □  D V m ove  from  o ffice  to  H1 1.25 72

18 I O D D V A ssem ble , h ydrau lic  pum p H1 500.00

19 ๐ *  □  D V M ove to boiler 0 .70 40

20 I O D D V Boil 5.00

21 ๐ *  □ D V M ove  to  s to rage 0.98 57

To ta l 3100.85 328
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Table 5A - Process Flowchart for Poly Screw (part 2 of 3 -  บ head), batch of 100

S tep D escrip tion
T im e
[m in]

D istance
[m ]

1 O ^ D D V M ove  from  s tock  to  lathe, LC5 0.52 30

2 o  o  □  1  V Lathe se tup  (once  per batch) 70.00

3 #  o  □  D V Lathe  w ork 700 .00

4 O o  ■  D V Inspect (done  during  m ach in ing ) 50.00

5 o *  □ D V M ove  to  m illing  centre , M C6 0.38 22

6 O o  □  » V M ach ine  se tup  (once  per batch) 30.00

7 •  o  □  D V M illing  w ork 1100.00

8 O o  ■  D V Inspect (done  during  m ach in ing ) 66.67

9 O ^ D D V M ove  to  po lish ing  dep t 0 .13 8

10 I O O D V Polish 5.00

11 O ^ D D V M ove  to  Q C 0.45 26

12 o ■=> ■  D V Q C 600 .00

13 o □  D V M ove  to  ou tbound  s to rage 0.42 24

14 o o  □  D ▼ W a it fo r transpo rt 2days

15 o  o  □  >  V Send and Laser and w a it 2 .5days

16 ๐ □  D V m ove  from  o ffice  to  H1 1.25 72

17 •  เะ>  □  D V A sse m b le  - S ee  shee t 1/3

T ota l 2639.82 182
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Table 6A - Process Flowchart for Set screw (part 2 of 2 for Pedicle screw and part 3of 
3 for Poly screw), batch of 100

S tep D escrip tion
T im e
[m in]

D istance
[m ]

1 0 4 D D V M ove  from  s to ck  to  lathe, LC6 0.57 33

2 O o  □  1  V m ach ine  se tup  (once  per batch) 55.00

3 •  O D D V Lathe w ork 600 .00

4 O o  ■  D V Inspect (done  during  m ach in ing ) 50.00

5 o *  □  D V M ove  to hydrau lic  pum p, H2 0.42 24

6 #  o  □  D V P um p - hexagon pattern 100.00

7 O O I D  V Inspect 33.33

8 ๐ *  □  D V M ove to  po lish ing  dep t 0 .68 39

9 •  o  □  D V Polish 5.00

10 o  *  □  D V M ove  to  Q C 0.45 26

11 O O I D V QC 600 .00

12 o  *  □  D V M ove  to s to rage 0.55 32

Tota l 1436.00 154
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Table 7 A - Process Flowchart for Bone Plate 8H, batch of 65

Step D escrip tion
T im e
[m in]

D istance
[ทา]

1 O ^ D D V m ove  from  stock  to m illing  centre, m d 0.53 31

2 0  |ะ> □  1 V M ach ine  se t up (once  per batch) 65.00

3 #  o  □  D V m illing  w ork 585.00

4 O o  ■  D V inspec t (done  during  m ach in ing ) 32.50

5 Q 4 D D V m ove  to  po lish ing  dep t 0 .60 15

6 #  o  □  D V P olish ing  and c lean ing 21.00

7 ( ว *  □  อ  V m ove  to  Q C 0.45 26

8 O O ■ D V QC 390.00

9 O *  □ D V m ove  to ou tbound  sto rage 0.42 24

10 O O □ อ  ▼ w a it fo r transpo rt 2days

11 O c> □  » V send to  laser and w ait 2 .5days

12 o *  □ D V m ove  from  o ffice  to  po lish ing  dep t 0 .78 45

13 •  o  □  D V boil 3 .00

14 O *  □ D V m ove  to  s to rage 1.00 57

T O T A L 1090.28 198
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Table 8A - Process Flowchart for Y Plates, batch of 65
T im e D istance

S tep D escrip tion [m in] [ทา]

1 ๐ * □ D V M ove  fro m  s tock  to  bender, hydrau lic  
pum p H3 0.28 16

2 •  o  ท D V Bend 195.00

3 o *  □ D V M ove  to  m illing  centre , M C5 0.13 7

4 o o  □ 1  V M ach ine  se tup  (once  per batch) 70.00

5 •  o n D V M illing  w ork 1105.00

6 0  o  ■ D V Pre check 3.00

7 ๐ *  □ อ V M ove to  po lish ing  dep t 0.35 20

8 •  o n D V Polish 15.00

9 ๐ *  □ D V M ove  to  Q C 0.45 26

10 ๐  o  ■ D V QC 325.00

11 ๐ *  □ D V M ove to ou tbound  sto rage 0.42 24

12 o o  □ ว  ▼ W a it fo r transpo rt 2days

13 o o  □ 1  V Send to  Laser and w a it 2 ,5days

14 o *  □ D V m ove  from  o ffice  to po lish ing  dep t 0.78 45

15 •  o n D V Boil 3.00

16 o  *  ท D V M ove  to  s to rage 0.98 57

To ta l 1709.400 195
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Table 9A - Process Flowchart for Compression Pliers, batch of 10
T im e D istance

S tep D escrip tion [m in] [m l

1 ๐ □ D V m ove  casting  from  o ffice  to  m anua l 
la the 1.03 60

2 o o □ 1 V Lathe se tup  (once  on ly) 90.00

3 # o □ D V Find p liers centre 35.00

4 o * □ D V M ove  to  m anua l m illing  centre 0 .13 8

5 o o □ 1 V M ach ine  se tup  (once  on ly ) 30.00

6 • o □ D V Mill p lie rs body 4500.00

7 • ■=>□ D V Mill p lie rs  base 1800.00

8 o * □ D V M ove  to  m anual la the 0.13 8

9 • o □ D V Lathe w ork 300 .00

10 ๐ * □ D V M ove  to  assem bly 0.27 15

11 • o □ D V A ssem b le 550.00

12 o o ■ D V tes ting 450 .00

13 ๐ □ D V M ove  to  po lish ing  dep t 0 .47 27

14 • o □ D V P olish ing 300.00

15 o □ D V M ove  to  QC 0.45 26

16 o o ■ D V QC 50.00

17 o □ D V M ove  to  s to rage 0.98 57

Tota l 8108.47 201
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Table 10A - Process Flowchart for spine Cage, batch of 20
T im e D istance

S tep D escrip tion [m in] [m]

1 o *  □ D V M ove  from  s tock  to  m anua l 
la the จ. 97 56

2 o o  □ 1 V Lathe se tup  (once  per ba tch) 30.00

3 • o  □ D V Lathe w ork 160.00

4 o *  □ D V M ove  to m anual m illing  cen tre 0 .13 8

5 o o  □ 1 V M ach ine  se tup  (once  per batch) 35.00

6 • o  □ D V M illing  w ork 3500.00

7 ๐ *  □ อ V M ove  to  sand b laste r 0.38 22

8 • o  □ D V Sand b last 40 .00

9 ๐ *  □ D V M ove  to  po lish ing  dep t 0 .28 16

10 • o  □ D V C lean ing  (ba tch) 15.00

11 o *  □ D V M ove  to  Q C 0.45 26

12 o o  ■ D V QC 120.00

13 ๐ *  □ D V M ove  to  s to rage 0.55 32

Tota l 3902.77 160
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Table 11A - Process Flowchart for Inner Hex Holder (part lo f 2 -  Shaft), batch of 10

S tep D escrip tion
T im e  
[m i ก]

D is tance
fm ]

1 ๐ □ D V M ove  from  s to ck  to  m anua l 
la the 0.47 56

2 ๐ □ 1  V Latch se tup  (once  per batch) 35.00

3 •  o n D V Lathe w ork 135.00

4 o  *  □ D V M ove  to  ou tw ard  sto rage 1.07 62

5 o  o  □ อ  ▼ W a it fo r ou tgo ing  transpo rt 1 ,5days

6 ๐  o  □ 1  V Send to  hardener and w a it 3days

7
o  *  □ D V m ove  from  o ffice  to  polish ing 

dep t 0 .78 45

8 •  o n ว V Polish 8.00

9 o  *  □ D V M ove  to  m anua l m illing  centre 0 .58 34

10 ๐ ■=> □ 1  V m ach ine  se tup  (once  per batch) 30.00

11 •  o n D V M illing  w ork 170.00

12 o  ■►ท D V M ove  to ou tbound  s to rage 1.00 58

8 o  o  ท D ▼ W a it fo r transpo rt 1 ,5days

13 o  o  ท » V Send to w ire -cu tte r and w a it 8days

14 ๐ ■►ท D V m ove  from  o ffice  to  assem bly 0 .95 55

15 •  o n อ V A sse m b le 60 .00

16 ( ว * ท D V M ove  to Q C 0.62 36

17 o  o  ■ D V QC 40.00

18 o  *  ท อ  V M ove  to s to rage 0.55 32

Tota l 484.02 378
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Table 12A - Process Flowchart for Inner Hex Holder (part 2 of 2 -  handle), batch of 
10

S tep D escrip tion
T im e
[m in]

D istance
[ทา]

1 o *  □ D V M ove  from  s to ck  to m anua l la the 0.97 56

2 o o  □ 1 V Latch se tup  (once  per batch) 35.00

3 •  เะ> □ D V Lathe w ork 300 .00

4 o *  □ D V M ove to  m anual m illing  cen tre 0.10 6

5 OOD » V M ach ine  se tup  (once  per batch) 30.00

6 •  o  □ D V M illing  w ork 220 .00

7 ๐ *  □ D V M ove  to ou tbound  sto rage 1.12 65

8 ๐ o  □ว  ▼ W a it fo r ou tgo ing  transport 1 .5days

9 o o  □ » V Send to  a nod ise r and w a it 6days

10 ๐ *  □ D V m ove  from  o ffice  to  assem bly 0.95 55

11 •  O D D V A sse m b le  - see shee t 1/2

T ota l 588.13 182
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Figure IB -  Compression screw string diagram for the original design

Figure 2B - Compression screw string diagram for design #1
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Figure 3B - Compression screw string diagram for design #2

Figure 4B -  Cortical screw string diagram for the original design
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Figure 5B - Cortical screw string diagram for design #1

Figure 6B - Cortical screw string diagram for design #2
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Figure 7B -  Pedicle screw string diagram (part 1 of 2, screw body) for the original
design

Figure 8B -  Pedicle screw string diagram (part 1 of 2, screw body) for design #1
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Figure 9B - Pedicle screw string diagram (part 1 of 2, screw body) for design #2

design
Figure 10B -  Poly screw string diagram (part 1 of 3, screw body) for the original
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Figure 1 IB - Poly screw string diagram (part 1 of 3, screw body) for design #1

Figure 12B - Poly screw string diagram (part 1 of 3, screw body) for design #2
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Figure 13B -  Poly screw string diagram (part 2 of 3, Screw บ head) for the original
design

Figure 14B - Poly screw string diagram (part 2 of 3, Screw บ head) for design #1
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Figure 15B - Poly screw string diagram (part 2 of 3, Screw บ head) for design #2

poly screw) for the original design
Figure 16B -  Set screw string diagram (part 2of 2 for pedicle screw and part 3 of 3 for
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Figure 17B -  Set screw string diagram (part 2of 2 for pedicle screw and part 3 of 3 for
poly screw) for design #1

poly screw) for design #2
Figure 18B -  Set screw string diagram (part 2of 2 for pedicle screw and part 3 of 3 for
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Figure 19B -  Bone plate 8H string diagram for the original design

Figure 20B -  Bone plate 8H string diagram for design #1
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Figure 21B -  Bone plate 8H string diagram for design #2

Figure 22B -  Y plates string diagram for the original design



115

Figure 23B -  Y plates string diagram for design #1

Figure 24B -  Y plates string diagram for design #2
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Figure 25B -  Compression pliers string diagram for the original design

Figure 26B -  Compression pliers string diagram for design #1
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Figure 27B -  spine cage string diagram for the original design

Figure 28B -  Spine cage string diagram for design #2
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Figure 29B -  Inner hex holder string diagram (part 1 of 2, shaft) for the original
design

Figure 30B -  Inner hex holder string diagram (part 1 of 2, shaft) for design #2
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Figure 3IB -  Inner hex holder string diagram (part 2 of 2, handle) for the original
design

Figure 32B -  Inner hex holder string diagram (part 2 of 2, handle) for design #2
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Appendix B
Calculations
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B.l Setup Time Calculation

Table B.l -  Setup Frequency
2006

production
vo lum e

A ve rage  batch 
size

setup
frequency

S crew s
Poly 

P edic le  
C om press ion  

C ortica l 
S e t sc rew

9820 100 98
7875 100 79
18997 100 190
22135 100 221
23087 100 231

P la tes
C urved

F lat
8279 65 127
7620 65 117

Instrum ents
P liers 

Sm all parts 
S crew  d rive rs

414 10 41

821 20 41
1789 10 179

Table B.l above shows the setup frequency required by each product. The batch sizes 
are averaged values. The setup frequency was simply calculated by dividing the 
volume by the batch size.
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The next step is to find the setup time required by each machine for each product.
This information can be found in the process flow charts of each product (see details
of process flowchart in appendix A). Table B.2 summarises the setup times.

Table B.2 -  Setup time of each machine for the different products

With this information, the total setup time requirement by each product can be 
calculated by multiplying the setup frequency in table B.l by the setup time in table 
B.2. The result is summarised in table B.3 in the next page.
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Table B. 3 -  Total setup time of each product



124

B.2 Machining time requirement of each product
Knowing the production volume (table B.l earlier) and the process time 

requirement in the process flowcharts (appendix A), the machine time requirement of 
each product can be calculated. For example, if the volume of product Screw A is 
1000 and the threading time on the CNC lathe take 5 minutes per piece, then the total 
Lathe time requirement for Screw A is 5000 minutes. Table C.2 below show the 
machine requirement of each product.

Table B.2 -  machining time requirement of each product.

po
ly

 s
cr

ew

pe
di

cl
e 

sc
re

w

co
m

pr
es

si
on

sc
re

w

co
rt

ic
al

 s
cr

ew

se
t 

sc
re

w

C
ur

ve
d 

pl
at

es

F
la

t 
pl

at
es

P
lie

rs
 t

yp
e

S
m

al
l 

ty
pe

S
cr

e
w

 d
riv

er
 

ty
pe

CN C
m illing

108020 78750 140743 68580

CN C
Lathe 166940

173250 132979 132810 138522

M anual
M illing

58920 39375 260820 143675 69771

M anual
Lathe

13869 6568 77821.5

H ydrau lic
Pum p 58920

28495.5 33202.5 23087 24837
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