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WANNISA NUTKHUM : WORKFORCE ANALYSIS AND WORKLOAD
ASSESSMENT OF TRANSPORTATION OPERATORS. THESIS

ADVISOR : ASST. PROF. PORNSIRI JONGKOL, Ph.D., 138 PP.

WORK STUDY/WORK MEASUREMENT/TRANSPORTATION OPERATION/

WORKLOAD ASSESSMENT/HEART RATE

The objectives of this study were: (1) to determine standard times of
transportation operators, (2) to allocate transportation operators to production lines,
and (3) to assess workload of transportation operators. In this study, the number of
selected transportation routes were three and two routes for 2.5 and 3.5 inch hard disk
drive production lines, respectively. Time study was conducted to determine standard
time of each transportation route and also the number of hard disk drives transported
by the operator per shift. Heart rates of transportation operators were measured and
assessed by Brouha’s criterion. Modified Borg’s scaled was used to evaluate workload
subjectively. Twenty two transportation operators, 16 males and 6 females, participated
in this study.

The results showed that the standard time of transportation operation ranged
266.18 to 327.48 seconds and 120.11 to 233.67 seconds for 2.5 and 3.5 inch hard disk
drive production lines, respectively. The number of hard disk drives transported by
the operator ranged 3,463 to 12,781 units per shift. When comparing the measured
heart rates to Brouha’s criterion, it was found that 81.82% of operators experienced
normal workload, whereas 18.18% of operators experienced moderate workload.

Using Borg’s scale, it was found that fatigue of most transportation operators was at



moderate level. The results of this study can be used to allocate the transportation

operators in hard disk drive production lines.
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Borg (Powers and Howley, 1994)
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{ J a [ o =2 g . .
A5 190 n.1 mmsdszudanmsiaulussuunaaaed (Niebel and Freivalds, 2004)

ﬂ'J']iJGI?'IU']ﬂJU AITUNYIYT
(Skill) (Effort)

+0.15 Al ﬂ@ﬂgﬁﬁm +0.13 Al NYWINGIUIN
+0.13 A2 (Superskill) +0.12 A2 (Excessive)
+0.11 Bl AN +0.10 Bl AN
+0.08 B2 (Excellent) +0.08 B2 (Excellent)
+0.06 C1 A +0.05 Cl )
+0.03 C2 (Good) +0.02 C2 (Good)

0.00 D mﬁ'a (Average) 0.00 D mﬁ'a (Average)
-0.05 El wold -0.04 El wold
-0.10 E2 (Fair) -0.08 E2 (Fair)
-0.16 Fl e -0.12 Fl 11
-0.22 F2 (Poor) -0.17 F2 (Poor)

ﬂ’J']ﬂJﬁij']!,ﬁll@ ﬁi@u"lﬁumﬁﬁnm
(Consistency) (Conditions)

+0.06 A a9 if‘!{ (Ideal) +0.04 A auys ﬂi’(Perfect)
+0.04 B 110 (Excellent) +0.03 B AN (Excellent)
+0.02 C @ (Good) +0.01 C A (Good)

0.00 D méﬂ (Average) 0.00 D m?ilﬂ (Average)
-0.03 E wol% (Fair) -0.02 E wold (Fair)
-0.07 F 118 (Poor) -0.04 F 118 (Poor)
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ANYULVDIANIAUND % ANINTFIU

A ~
1. A UNDAIN (Constant allowances):

1.1 nauNenIa U

................................................................................................ 5
A A Y
1.2 pauNeANNNesA 4
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2 U NN e 2
1A A a
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Aq ¥ o Y 2 =2 W
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g’ Y =1 ] I~ 4 4 LY a [
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20 e e eaaae e _————aaaeeemmeeeeaaaaeemmeeeeaaaeammeeeaaaeeemmeeeeeaeeameeeeaeeeeanns 3
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0 e ea e e e e eaaaae——teeaaaaaenneeeaaaaaannneeeaaaaaannneeeaaaaeanneeeeaaaaannenes 22

2.4 HaAIdIN
241 UAIATRENIMATTIIANTIOO, ..o 0
2.4.2 UAREINAINIININTTIY 2
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MIMBIHIUATIHMIIVIAT (Simple Size)



Y v Y
msmsnuasilumssunaimuizaniy Kinsane1 lagdunain1snianues
1 1 v
WA UVUAININUIUNLL i uId v Is I uIuas lunsdunardmsuns
MUUANDIATTIUMITNINIUYDINITNIIUUU A %’ayjanamﬁﬁmummwﬁmmmudausﬁaz

ASTUIUMSLAAIAIAIT N A.1-.5

] Y v ]
MINN A1 NAINMTYUFINTUIUIA 2.5 TINNRWHUIN 1 "lﬂméinmum 3 (10 501)

duneumzia

soui |1 soqfign |2 onndes |3, Lﬂﬁumvfju 4, Elﬂﬂa"t']\i 5. 1Fusadu .
wipB/ssw | awldsadu [amlfdu | oundiidu | nldundaga .
(10 naBa) | 299U gAMLY WIP B/SSW v

1 59.37 54.07 19.13 56.46 189.03
2 64.52 59.25 22.97 54.98 201.72
3 53.23 79.47 51.51 89.41 273.62
4 98.92 41.87 34.19 37.94 212.92
5 87.25 25.38 61.37 46.90 220.90
6 22.90 79.18 16.12 56.79 174.99
7 73.88 58.33 20.24 56.07 208.52
8 73.23 57.11 18.05 52.87 201.26
9 88.72 58.16 25.72 53.72 22632
10 29.25 57.74 66.23 47.59 200.81
HasmnaMshnuvesninnuyudluudazsoy (Q_X) 2110.09
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v v [ v
15197 7.2 AINMTVUFINUIUIA 2.5 TINNAWNUIN | "lﬂﬁw‘hlmmﬁ 4 (10 59U)

funoumsihan

soud |1 sequfign |2 enndes |3, Lﬁ'ﬁuimﬁ'ﬁ:u 4, ﬂﬂﬂa'?i 5. sy .
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1 122.07 46.72 76.51 49.08 294.38
2 58.87 48.86 25.47 59.31 192.51
3 97.99 59.19 76.22 48.24 281.64
4 71.39 51.35 58.12 45.24 226.10
5 23.58 84.48 45.73 77.79 52.67 260.67
6 74.33 57.30 44.47 52.68 228.78
7 66.15 54.89 73.00 50.40 244.44
8 101.53 58.15 54.84 48.25 262.77
9 72.16 46.69 55.39 4931 223.55
10 74.20 44.89 63.89 47.19 230.17
HasImaMshauvesnnauvudaluusazsou Q_X) 2445.01

v v [ ]
15197 A3 IAINTYUFINUVUIA 2.5 HINNA WU 2 "lﬂﬁw‘hlmmﬁ 5(10 591)

k4
@

TUADUMININIY
PRt soaufign | 2. onndes 3.0%usmdu |4 ennaeasu | 5. iiusoidi
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(10 NA©Y) TN i WIP B/SSW o

1 26.5 61.55 66.05 35.82 60.62 224.04
2 40.03 64.41 21.23 75.86 201.53
3 39.4 69.95 58.38 40.20 76.13 244.66
4 16.6 75.07 43.78 33.53 55.24 207.62
5 26.88 57.85 8.72 63.37 156.82
6 43.72 58.32 8.75 68.11 178.9
7 44.19 70.57 65.09 51.31 231.16
8 28.98 69.31 55.64 52.65 206.58
9 50.31 60.59 53.73 91.41 256.04
10 23.14 53.74 55.82 934 226.1
HasWnaIMIhnuvesninauvud luigasson () X) 2133.45
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B/SSW | WIP B/Final | nassunlar |2 Au Tiaadu | ludsgans B/Final (v
1 72.73 21.00 15.85 57.72 28.45 195.75
2 78.14 19.13 17.07 39.13 35.83 189.30
3 78.44 15.01 14.05 103.12 58.05 | 268.67
4 81.02 21.43 25.81 102.08 40.39 270.73
5 77.97 15.00 15.08 54.96 5516 | 218.17
6 86.24 14.14 14.33 60.07 27.92 202.70
7 82.68 16.06 14.16 53.05 30.92 196.87
8 83.89 14.25 16.65 62.54 33.53 | 210.86
9 76.73 1527 15.12 52.08 35.49 194.69
10 71.07 20.12 16.52 63.87 30.20 | 201.78
HasIaIMshauvesminauvudiluudazson O X) 2149.52
. v . :
MINA 7.5 naMTIUdIIUYLIR 3.5 1nduriei 7 Tdedumiai 9 (10 sou)
funoumsian
souil L. smmﬁqﬂ 2 fusaduallyans |3 Eunduldigans 3
WIP B/Exhaust | WIP B/Exhaust WIP B/Exhaust (%wﬁ)
1 46.52 35.38 81.90
2 45.37 36.29 81.66
3 52.88 46.33 99.21
4 43.89 36.56 80.45
5 42.90 40.09 82.99
6 41.08 38.42 79.50
7 42.20 35.91 78.11
8 44.27 62.27 106.54
9 42.39 33.31 75.70
10 48.52 39.32 87.84
HasnaMshauvesminauvudiluudazsou ) X) 853.90
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vindudadi 1 18 ed e 3 2110.09 | 4452479.81 | 451576.02 10 22.74
vindudad 1 8 sd o 4 2445.01 | 5978073.90 | 606202.94 10 22.47
vindumdadi 2 Tdadmmnaadi s 2133.45 | 4551608.90 | 463158.50 10 28.11
nndumiad 6 Tdadumdadi 8 2149.52 | 4620436.23 | 470155.39 10 28.09
vndumiad 7 Tdadumdadi o 853.90 | 729145.21 | 73796.68 10 19.36
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NFLUIUNMTRINUVU A nalsomae naIMIMUmasnIu1a
J a o] a Y] [ a
gisaaan lasi i) YoINUANUIUAIAUIN)
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nadwrdan 1 Tdadwmian 3 26.10 206.27
\ 3 o . s
ndwridan 1 Tldadwmian 4 26.10 245.19
\ . 2 - C
nndwrdan 2 Tidadwman s 39.84 247.14
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Nndwruan 6 lildadwmian 8 8.44 188.04
\ s - T
nndwrdan 7 Tdadwmian o 19.83 86.16
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4L ﬁmmﬁim 2.0nnd0q |3 Wusidu |4.8Andeq |5, usadu
souN D s . 2 42 D 37U

wipB/SSW  [awldsoidu [ewldesuy | awneidu [uldundaga o A

(10 NG0I) INNY INNY WIP B/SSW v

1 25.03 63.23 56.36 19.43 55.15 194.17
2 12.26 74.99 49.06 25.43 51.78 201.26
3 36.92 31.26 50.68 35.17 52.80 169.91
4 193.80 109.52 41.95 13.25 53.55 21827
5 105.52 79.96 58.81 37.28 54.94 230.99
6 35.03 53.45 63.08 63.16 59.83 239.52
7 210.06 57.58 52.48 20.42 55.63 186.11
8 71.93 84.39 69.92 31.53 59.43 24527
9 16.18 41.42 68.32 54.61 48.84 213.19
10 16.50 98.42 63.64 20.22 53.41 235.69
11 21.83 56.18 52.95 44.76 55.68 209.57
12 12.32 60.69 59.07 26.31 56.57 202.64
13 25.66 4771 50.74 30.62 49.98 179.05
14 76.98 63.77 46.01 57.20 243.96
15 58.00 55.31 30.45 53.12 196.88
16 75.21 61.34 27.41 63.28 227.24
17 58.07 58.78 37.39 49.48 203.72
18 62.73 55.59 25.14 47.39 190.85
19 57.13 73.25 43.23 49.47 223.08
20 24.50 4437 29.67 27.82 12636
21 52.98 4751 38.19 30.24 168.92
22 61.22 36.20 32.10 52.32 181.84
23 116.46 42.02 38.55 25.07 222.10
24 58.07 52.57 21.96 24.53 157.13
25 89.32 53.55 65.84 39.52 248.23
26 97.90 56.14 43.48 44.83 24235
27 101.69 54.18 28.58 40.35 224.80
28 101.95 53.95 20.19 40.67 216.76
29 109.17 57.78 40.57 42.93 250.45
30 21.77 48.58 35.16 32.18 137.69

nasenae 26.10 namshaumasveainaYnds 206.27
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wipB/ssW | awuldsodu | awlderu [awaeisu [uldundaga o A

(10 N@0Y) INNY NN WIP B/SSW )

1 25.03 99.58 46.07 67.15 47.34 260.14
2 12.26 86.62 59.24 73.44 48.02 267.32
3 36.92 100.46 44.86 53.75 52.09 251.16
4 193.80 121.10 41.30 59.02 50.29 271.71
5 105.52 63.64 42.74 55.29 48.48 210.15
6 35.03 79.79 40.68 46.29 66.36 233.12
7 210.06 93.80 41.30 55.10 46.13 236.33
8 71.93 85.92 43.51 30.61 42.41 202.45
9 16.18 99.95 46.71 104.89 41.48 293.03
10 16.50 52.23 44.73 62.35 75.79 235.10
11 21.83 60.87 43.59 76.90 53.05 234.41
12 12.32 87.22 4491 59.15 41.62 232.90
13 25.66 46.56 42.19 105.73 46.70 241.18
14 55.73 53.17 63.49 47.33 219.72
15 101.68 52.19 55.99 52.31 262.17
16 81.22 44.85 72.88 64.42 263.37
17 118.64 49.71 36.97 44.17 249.49
18 77.05 47.54 77.53 47.47 249.59
19 110.89 59.80 21.06 4531 237.06
20 119.90 49.91 85.64 46.53 301.98
21 59.81 46.68 48.32 44.64 199.45
22 73.94 45.19 23.69 43.93 186.75
23 146.08 56.43 67.52 50.47 320.50
24 91.83 50.81 24.82 47.15 214.61
25 65.85 46.72 69.47 46.18 228.22
26 80.76 45.79 80.13 56.79 263.47
27 47.48 49.50 58.60 52.95 208.53
28 82.70 57.14 54.68 51.92 246.44
29 105.28 47.25 35.62 53.00 241.15
30 87.09 50.73 108.44 47.89 294.15

nasenae 26.10 naMshaumasveaminauyud 245.19
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4 1. smmﬁqﬂ 2.00n809 |3, 1Wus0Y |4, 8Anded |5, 1uTDY
OUN Lo o 2 22 L 39
wipB/ssW | awuldsodu | awlderu [awaeisu [uldundaga o A
(10 N@0Y) INNY NN WIP B/SSW )
1 35.92 39.51 69.21 82.58 83.45 274.75
2 97.45 85.06 59.91 36.59 72.93 254.49
3 50.55 48.48 71.87 49.52 42.77 212.64
4 140.85 64.51 62.5 127.16 44.73 298.9
5 124.39 79.63 73.69 76.14 49.47 278.93
6 194.67 70.08 80.64 52.97 63.38 267.07
7 183.56 44.19 70.57 65.09 51.31 231.16
8 47.38 84.45 57.35 63.71 43.57 249.08
9 80.54 70.29 63.65 58.54 62.08 254.56
10 4228 40.03 64.41 21.23 75.86 201.53
11 92.09 89.23 77.65 51.00 57.81 275.69
12 23.14 78.26 84.06 40.83 55.32 258.47
13 26.54 61.5 61.39 49.77 57.39 230.05
14 39.35 90.49 54.84 56.24 63.24 264.81
15 16.63 57.61 68.5 73.19 69.53 268.83
16 85.74 56.2 35.92 61.43 239.29
17 56.33 53.4 45.45 77.79 232.97
18 79.35 51.25 56.89 56.05 243.54
19 63.44 87.17 21.63 70.26 242.5
20 84.01 62.97 53.40 50.28 250.66
21 60.62 54.44 41.83 59.05 215.94
22 52.83 70.57 35.31 51.09 209.8
23 61.45 76 96.08 63.03 296.56
24 59.73 73.68 59.63 63.62 256.66
25 52.18 69.83 52.67 61.26 235.94
26 61.55 66.05 35.82 60.62 224.04
27 77.83 76.32 56.14 56.62 266.91
28 69.95 58.38 40.20 76.13 244.66
29 75.07 43.78 33.53 55.24 207.62
30 23.14 53.74 55.82 93.4 226.1
nasenae 39.84 NAMIURAIes 247.14
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oyd [l 7RI 2 Wi 3.Lﬁu"l;ﬂ§m 4. :ﬁmmiu | 5.}%14531%14' E. @) .
fga wip| e hlgane [esodiy [nassnunlar |naesaular |faga wip |
B/Final |WIP B/Final |naesaiunlal|2 au ldaanu [liUiaae  |B/Final (v

1 90.60 73.85 13.82 15.33 53.57 35.34 191.91
2 155.35 78.94 19.73 23.51 53.55 3580 | 211.53
3 7.11 76.85 11.49 14.97 61.64 27.16 | 192.11
4 69.75 16.11 7.39 77.98 4025 | 211.48
5 76.33 16.15 7.93 87.91 3041 | 21873
6 75.78 13.35 17.60 60.71 25.11 192.55
7 66.56 19.03 10.38 57.50 37.01 190.48
8 73.91 15.20 19.45 45.02 39.92 193.50
9 75.35 13.47 20.75 38.50 25.23 173.30
10 77.16 14.96 19.53 40.18 2482 | 176.65
11 7131 16.86 20.59 34.00 26.60 | 169.36
12 71.27 1532 18.39 32.57 25.04 | 162.59
13 75.04 19.20 15.89 40.78 23.16 | 174.07
14 79.70 19.89 19.88 35.40 24.39 179.26
15 76.37 15.65 14.88 39.31 23.42 169.63
16 73.73 18.82 14.74 40.45 2451 172.25
17 81.46 12.62 17.69 35.73 26.22 173.72
18 105.26 16.13 26.16 39.85 2360 | 211.00
19 83.67 16.54 16.70 46.23 29.96 | 193.10
20 63.83 19.43 19.86 48.81 2656 | 178.49
21 98.36 22.76 26.11 38.88 2853 | 214.64
22 95.35 21.81 14.34 36.56 30.81 198.87
23 95.64 15.22 16.70 45.11 31.61 204.28
24 71.71 10.34 9.82 41.30 24.11 157.28
25 75.04 13.87 18.82 41.14 45.44 194.31
26 67.35 35.91 10.67 37.64 2437 | 175.94
27 91.57 25.08 9.13 46.33 29.53 | 201.64
28 81.76 14.03 18.03 4251 5496 | 211.29
29 62.84 13.53 19.29 33.95 2894 | 158.55
30 71.64 19.13 13.77 58.09 26.11 188.74
naseman | 8.44 naMITnAsTeImMinaUL Y 188.04
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TUADUNITIIU
sUil L. i’t]ﬂu‘ﬁilﬂ wip | 2. dusadiuauliyena | 3 @unduldigans 39U
B/Exhaust WIP B/Exhaust WIP B/Exhaust (‘3mﬁ)
1 22.03 34.95 40.21 75.16
2 36.8 43.33 40.83 84.16
3 9.75 47.16 39.95 87.11
4 67.73 49.97 40.60 90.57
5 48.9 42.07 39.02 81.09
6 43.35 43.39 42.59 85.98
7 33.25 40.30 39.63 79.93
8 9.62 42.44 41.07 83.51
9 5.83 45.31 41.42 86.73
10 32.62 40.29 40.67 80.96
11 40.25 41.65 41.67 83.32
12 40.64 50.08 42.56 92.64
13 69.33 44.74 39.98 84.72
14 75.43 41.51 38.53 80.04
15 59.38 43.40 43.65 87.05
16 46.64 40.68 87.32
17 50.56 38.57 89.13
18 42.35 40.18 82.53
19 40.89 40.42 81.31
20 42.10 42.55 84.65
21 44.43 44.61 89.04
22 47.76 45.27 93.03
23 40.99 43.54 84.53
24 38.59 38.77 77.36
25 51.06 45.06 96.12
26 53.28 35.96 89.24
27 45.87 42.09 87.96
28 52.33 41.69 94.02
29 59.46 40.66 100.12
30 47.70 37.91 85.61
na1seInay 19.83 naMsmNuRasTe NI 86.16
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Probability Plot of Time Transportation between Position 1 to 4
Normal - 95% CI
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Probability Plot of Time Transportation between Position 6 to 8

Normal - 95% CI
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Probability Plot of Time Transportation between Position 7 to 9

Normal - 95% CI
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MINN 0.1 daMaduvedriale P1 P2 P3 uaznan 195eHIeasImaduvedriala Pl fu P3

Anadou 5 samaAauveaia landaninganisitiam
aud AW o - - P1-P3
21.30 92 88 86 6
! 2.30 82 80 79 3
4.30 90 87 85 5
22.30 73 73 71 2
2 3.00 90 86 82 8
4.30 85 83 82 3
3 21.30 77 72 72 5
3.00 87 84 82 5
4 23.30 79 76 75 4
3.30 78 72 67 11
10.30 96 92 88 8
> 14.30 86 83 82 4
18.30 95 91 86 9
11.30 80 76 70 10
6 15.00 75 74 72 3
18.30 79 76 75 4
10.00 94 82 82 12
7 14.00 92 87 86 6
18.00 84 82 74 10
2 22.00 93 91 89 4
3.00 84 82 81 3
9 21.00 89 86 83 6
2.30 91 87 85 6
9.30 100 98 94 6
10 14.30 96 95 92 4
19.00 95 95 94 1
11.00 95 93 91 4
11 15.00 95 89 87 8
18.30 101 95 93 8
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MINA 2.1 BATMIF UV P1 P2 P3 Hazan 19521 N0nT M uveiiala P11 P3 (719)

Anado N oasimaduverialanasninnganisiiau
U PLRI ol I~ . P1-P3
22.30 96 94 93 3
12 2.30 88 83 80 8
4.00 87 84 80 7
21.30 84 80 75 9
13 2.00 93 89 86 7
4.00 98 93 91 7
12.00 80 79 77 3
14 1530 74 72 69 5
19.00 90 87 85 5
11.00 90 86 84 6
15 15.00 92 87 85 7
18.30 96 90 87 9
10.00 74 72 71 3
16 14.30 91 85 83 8
18.30 86 84 84 2
11.00 82 78 75 7
17 1530 85 81 77 8
18.30 72 70 69 3
18 22.30 81 77 74 7
3.00 77 75 74 3
10.30 90 88 84 6
19 15.30 88 86 83 5
19.00 85 82 79 6
9.30 73 70 69 4
20 14.30 80 76 73 7
19.00 75 72 71 4
9.30 89 85 81 8
21 15.00 72 69 68 4
18.30 78 75 71 7
10.30 92 86 82 10
22 14.30 80 77 75 5
18.30 83 80 78 5
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Work Analysis and Allocation of Transportation Operators

in Hard Disk Drive Production Line
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Abstract

Productivity improvement is necessary as a major strategy to remain competitive in a global market.
Utilization of transportation operator was studied in a hard disk drive manufacturer. The problem found was an
inappropriate number of fransportation operators. The objectives of this study were to determine the optimal
number of transportation operators in hard disk drive manufacturing processes and to measure static push and
pull strengths of transportation operators. To solve a problem of optimal number of operators, work study was
conducted. Work elements of transportation operation were identified. Traveling distances were measured using
a measuring tape, whereas transportation time was measured using stopwatches. Then, standard time was
determined. Finally, the minimum number of transportation operators was calculated using the standard time.
The number of operators could be decreased 3 operators per shift or 6 operators per day. This results in 37.5%

productivity improvement. Pull and push strengths were measured using a static strength measurement system.




106

There were 39 subjects in this study (21 males and 18 females). Pull and push strengths were exerted at the

handle height of the wagon. The mean, standard deviation, and percentiles of strength data were computed.

The results showed that the highest pull and push strengths of male were 16.23 and 15.40 kg, respectively,

whereas those of females were 10.97 and 8.37 kg, respectively. The lowest pull and push strengths of male

were 4.73 and 4.23 kg, respectively, whereas those of females were 3.40 and 3.60 kg, respectively. It was

concluded that work measurement was an important tool used to increase productivity of transportation

operation.

Keywords :

Strength, Human Strength, Maximum Voluntary Exertion
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ABSTRACT

Productivity improvement is necessary as a major strategy to remain competitive in a global
market. Ultilization of transportation operators was studied in a hard disk drive manufacturer. The
problem found was an inappropriate number of transportation operators that had affected the idle time
of operators. The objective of this study was to determine the optimal number of transportation
operators in hard disk drive manufacturing processes. To solve such a problem, work study was
conducted. Work elements of transportation operation were identified. Travelling distance was
measured using a measuring tape, whereas transportation time was recorded using stopwatches.
Then, standard time was determined. Finally, the minimum number of transportation operators was
calculated using the standard time. The number of operators could be decreased 3 operators per shift
or 6 operators per day. This results in 37.5% productivity improvement. It was concluded that work
measurement was an important tool used for increasing productivity of transportation operation.

KEYWORDS: Work Measurement, Work Study, Transportation Operation, Allowance, Standard Time
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Abstract

Productivity improvement is necessary as a major strategy to remain competitive in a global market.
Utilization of transportation operators was studied in a hard disk drive manufacturer. The problem found was an
inappropriate number of transportation operators. The objective of this study was to determine the optimal
number of transportation operators in hard disk drive manufacturing processes. To solve such a problem, work
study was conducted. Work elements of transportation operation were identified. Traveling distance was
measured using a measuring tape, whereas transportation time was measured using stopwatches. Then,
standard time was determined. Finally, the minimum number of transportation operators was calcuated using
the standard time. It was concluded that work measurement was an important tool used for increasing

productivity of transportation operation.

Keywords: Work Measurement, Work Study, Transportation Operation, Allowance, Standard Time
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Probability Plot of Mobile Hard Disk Drive Assembly Line
Normal - 95% CI
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Abstract - Productivity improvement is necessary as a
major strategy to remain competitive in a global market.
Utilization of transportation operator was studied in a
hard disk drive manufacturer. The problem found was
an inappropriate number of transportation operators.
The objective of this study was to determine the optimal
number of transportation operators in hard disk drive
manufacturing processes. To solve such a problem, work
study was conducted. Work elements of transportation
operation were identified. Travelling distances were
measured using a measuring tape, whereas transportation
time was measured using stopwatches. Then, standard time
was determined. Finally, the minimum number of
transportation operators was calculated using the standard
time. It was concluded that work measurement was
an important tool wused to increase productivity of
transportation operation.

Kevwords - Work Measurement, Work Study, Standard
Time, Transportation Operation, Allowance

I. INTRODUCTION

Hard disk drive manufacturing has become one of the
largest electronic and appliance industry in Thailand.
Productivity improvement is a competitive strategy for
manufacturing industries. Productivity is defined as the
ratio of output against input [1l]. According to this
definition. productivity can be increased as mput is
decreased [2]. In industrial situation, utilization of inputs
is a major method for cost reduction. To improve
productivity. several techniques have been developed to
solve the problems for different areas such as work study.
quality improvement tools, and simulation approaches [3].
Workforce planning is also an essential component of
productivity —management for hard disk drive
manufacturers. It deals mainly with the assignment of
workers to cover the labor requirement at the operational
level. 1In recent years. numerous studies have been
conducted to deal with this problem [4]. Several
techniques have been used to evaluate the properness and
efficiency of the workforce planning.

Transportation operation was studied in a hard
disk drive manufacturer in Thailand. This operation
required manual workforce. Previously. there were 158
transportation operators per day along the manufacturing
processes, as shown in Table 1. However, it was unclear
whether the previous number of transportation operators

was proper since the operators had to wait for the
incoming works from the predecessor assembly lines.
This situation was considered as low productivity for the
transportation operation. The objective of this study was
to determine the minimum number of transportation
operators in hard disk drive manufacturing processes
using work measurement. If the number of transportation
operators was excessive, some operators would be
assigned to work in the assembly lines.

TaBLEI
NUMBERS OF TRANSPORTATION OPERATORS
No Workflow Operation Ope:t:g:e;e?;ay
1 Cleaning = Stock HSA = 16
2 Stock HS = HSA Line = 18
3 FHSA => FHSA Room =] 2
4 FHSA Room = DI = 14
3 Part Supply = Line Main = 28
R R
7 QC#3 = LPP = 26
8 LPP = Ship check = 16
9 Ship Check = Pass Box = 20

The General Concept of Work Study

Work study is the popular quantitative evaluation
method that would clarify how much time the operators
spent on the task. It is widely used on an industrial
investigation for operators [5]. Work study involves three
techniques including Method Study or Motion Study.
Work Measurement. and Job Evaluation.

Work measurement is a technique for recording the
times and the rates of working for the elements of a
specified job performed under specified condition. This
technique is then used for analyzing the data so as to
determine the time necessary for carrying out a specified
job at a predefined level of performance. There are 8
steps in work measurement technique: (1) selecting the
job to be studied. (2) recording and analyzing the
operations into elements. and checking for standard
conditions, (3) record the time for each element. (4)
computing the observed time. (5) rating the performance,
(6) determining the normal time. (7) assessing allowances,
and (8) calculating the standard time.
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II. METHODOLOGY
A. Selecting the Assembly Lines

To select the study assembly lines, the numbers of
transportation operators throughout the manufacturing
processes was observed. From Table 1. the greatest
number of fransportation operators was found in the
transportation process from Part Supply to Line Main
with 28 transportation operators. The second greatest
number of transportation operators was found in the
transportation process from QC#3 to LPP with 26
transportation operators. However. the waiting time spent
on the transportation process from QC#3 to LPP was
greater than that Part Supply to Line Main. Therefore. the
transportation process from QC#3 to LPP was selected in
this study. In this process, the manual transportation was
needed for all assembly lines. Due to time constraint, the
transportation operations in specific assembly lines were
selected by the engineers who were responsible for
production. These included the conveyor assembly lines
of mobile hard disk drives and those of desktop hard disk
drives. The total number of transportation operators of
these lines was sixteen as shown in Table 2.

TABLEm
NUMBERS OF TRANSPORTATION OPERATORS QC#3 TO LPP

Phase#1 | Phase#2
Line 25 [35 | 35 [ 25 Support | Total
Conveyer | I0 ]
— 8 2 26
Modular - -1 -

B. Analyzing the Job

The transportation operators were both males and
females. They performed their tasks using wagons.
There were two types of wagon. The wagon for mobile
hard disk drives was able to carry 60 units. whereas that
for desktop hard disk drives carried 30 units (Fig 1 and 2).
The travelling distances were 1254 and 128.4 m. for
mobile and desktop hard disk drives. respectively. Force
requirement to move the wagon was approximately 0.5
kg. Daily work duration was 10.5 hours per shift.

Fig. 1. Wagon for mobile hard disk drives

Fig. 2. Wagon for desktop hard disk drives

The daily production plans were 68,250 mobile units
and 18.300 desktop units for phase I and II assembly
lines. For ease of work measurement, the transportation
operations were broken down into elements as shown in
Table 3. The transportation operation for mobile hard
disk drives was divided into 7 elements. whereas that for
desktop hard disk drives was broken into 6 elements.

TABLE 1
ELEMENTS OF TRANSPORTATION OPERATIONS

Elements of Transportation for
Mobile Hard Disk Dnives
Assembly Line

Elements of Transportation for
Desktop Hard Disk Drives
Assembly Line

,_.
—-

- Moving to a work wagon. - Moving to a work wagon.

=]
]

. Pushing a work wagon to the
area of WIP B/F LPP line.

Pushing a work wagon to the
area of WIP B/F LPP lLine.

- 3. Moving to the empty wagon at
3. Moving to pick a Kanban card. LPP line.
4. Moving to the empty wagon at | 4. Waiting for unit trays to fill in
LPP line. a wagon.
5. Waiting for unit trays to fillin | 5. Pushing the empty wagon to
a wagon. the line mam.

=

. Pushing the empty wagon to
the line main.

=)

. Moving to rest area.

—

. Moving to rest area. -

C. Number of Observations

From direct observation and work measurement at the
beginning of study. it was found that times spent for each
round of transportation were 2-5 minutes. According to
the method of number of observations determination [6],
fifteen observations for each work element were adequate.
To increase reliability of data, however, the sample size
used in this study was thirty. The recorded times of all
work elements were normally distributed as shown in
probability plots (Fig 3 and 4).
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Probability Plot of Mobile Hard Disk Drive Assembly Line
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Fig. 3. Probability plot of recorded times for mobile hard disk drives
transportation

Probability Plot of Desktop Hard Disk Drive Assembly Line
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Fig. 4. Probability plot of recorded times for desktop hard disk drives
transportation

D. Strength Capability of Transportation Operators

Thirty nine transportation operators (21 males and 18
females) participated in this part of study. Before
measuring push and pull strengths, the transportation
operators were informed of the purpose of the study.
procedures, and physical risks and informed consent and
waiver forms were voluntarily completed. The Jackson
strength measurement system was used to measure the
strength data. The handle was set at the same height of
the wagon handle. The operators were in standing
position with their feet apart. They were instructed to
exert push or pull strengths against the handle using both
arms. This amounted to the total of four trials (two trials
for each direction of exertion). The condition of strength
exertion was randomly selected. The operators exerted
maximum force for five seconds and two minute rest
period was provided between frials to prevent muscle
fatigue [7].

III. RESULTS
A. Work Measurement

Directed time study was used to determine the normal
time for each type of hard disk drives. The observed
times of fransportation operations for the mobile and
desktop hard disk drives were 157.27 and 210.54 seconds.
respectively (Tables 4 and 5). It was found that the
observed time of transportation for the desktop hard disk
drives was greater than that for the mobile hard disk
drives. The differences in the observed times between
these two transportation operations were clearly found in
three work elements including pushing a work wagon to
the area of WIP B/F LPP line. waiting for unit trays to fill
in a wagon, and pushing the empty wagon to the line
main.

TABLE TV
OBSERVED TIME OF TRANSPORTATION
FOR MOBILE HARD DISK DRIVES ASSEMBLY LINE

Elements of Transportation for Mobile Hard | Average <D
Disk Drives Assembly Line (sec.)
1. Moving to a work wagon 642 132
2.;1;11;1;%1\;:& wagon to the area of WIP 4331 551
3. Moving to pick a Kanban card. 2.58 0.49
4. Moving to the empty wagon at LPP hne. 9.81 1.74
5. Waiting for unit trays to fill in a wagon. 4524 3262
6. Pushing the empty wagon to the line main. | 4438 539
7. Moving to rest area. 554 123
Observed time 15727

TABLE V
OBSERVED TIME OF TRANSPORTATION
FOR DESKTOP HARD DISK DRIVES ASSEMBLY LINE

Elements qf Tragspcnahon for De_sktop Average sD
Hard Disk Drives Assembly Line (sec.)
1. Moving to a work wagon. 739 233
25 gu;hll‘l;gpahz:rk wagon to the area of WIP e St
3. Moving to the empty wagon at LPP line. 10.15 3.06
4. Waiting for unit trays to fill in a wagon. 66.55 33.07
5. Pushing the empty wagon to the line man. 56.44 6.99
6. Moving to rest area. 548 2.01
Observed time 210.54

The activities of transportation operators were further
analyzed (Fig 5 and 6). The greatest proportion of ftime
was devoted to pushing the wagons. whereas the smallest
proportion of time was devoted to the waiting. However,
the waiting times accounted for 11-15% of total working
time.
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OPushing the wagons
Walking

B Waiting

56%

Fig. 5. Time of transportation activities for mobile hard disk
drives assembly lines

[@Pushing the wagons
DOWalking

O Waiting

Fig. 6. Time of transportation activities for desktop hard disk
drives assembly lines

B. Rating and Allowances

There were some factors that can directly impact the
actual time required to perform each work element of the
study. These factors included skill. effort. condition, and
consistency. For this reason. it was necessary to adjust
the operating time of the operators. Since most of the
operators always followed the same pace from beginning
to end. it 1s customary to apply one rating to the entire
study. A fair performance rating was needed to evaluate
the operator’s effectiveness in terms of a normal operator
performing the same task.

Using a Westing House System of rating, the rating of
transportation operator was judged as shown in Table 6
[8]. As a result. a calculated rating is 100%. Since the
rating is 100%, the normal times are equal to the observed
times.

TABLE vI
CALCULATION OF RATING USING THE WESTING HOUSE SYSTEM
Skall D 0.00
Effort D 0.00
Condition C +0.02
Consistency E -0.02
Total 0.00

Due to the interruptions that were able to take place
on a daily basis, no operators can maintain an average
pace throughout the working day. Therefore, allowances
were provided when interruptions occurred.  These
allowances were: personal allowance such as going for a
drink or to the restroom; fatigue allowance which affected
even the strongest operators and unavoidable delays such
as supervisor interruptions or tool breakage. The main
purpose of the allowances was to add enough time to the
normal operation time to enable the average worker to
meet the established standards when performing at the
normal rate. These allowances were meant to give
flexibility and justified rest to the operators and thus
ensure smooth and efficient working. Justification to the
allowances of this is shown below.

Working conditions of fransportation operators were
considered as follows,

Atmospheric condition = normal

Noise = normal

Light = normal

Personal allowance was five percent and basic fatigue
was four percent. Standing allowance was two percent
and tediousness was also two percent as recommended by
International Labour Organization [9]. Table 7 shows that
the total allowance assigned for this study is 13%. This
value of allowance was readily expressed as a multiplier
of 1.13.

TABLE vII
CALCULATION OF ALLOWANCES
Allowances Percent
Constant allowances
Personal 5%
Basic Fatigue 4%
Varable allowances
Standing 2%
Tediousness 2%
Total 13%

C. Standard Time and Total Working Time Per Shift

To determine the standard time. the normal times
were multiplied by 1.13. After allowances were provided.
the cycle times of transportation operations for the mobile
and desktop hard disk drive assembly lines were 177.72
and 237.91 seconds. respectively, as shown in Table 8.

TABLE viII
STANDARD TIME OF TRANSPORTATION OPERATION

Production Standard Wagon
Product Lines Plan Time Capacity
(Unts/Shaft) (Sec.) (Umits)
Mobile, Phase I 34,125 17772 60
Desktop, Phase IT 9,150 23791 30
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Total working time per shift excluding lunch break
was 37, 800 seconds (10.5 hours per shift x 60 minutes x
60 seconds). For the mobile hard disk drive assembly
lines, the standard time of transportation operation was
177.72 seconds per round. Therefore, the transportation
for each operator was expected to be:

working time per shift

standard time per round

37,800 seconds per shift
 177.72 seconds per round

= 213 rounds per shift.

Based on the result of 213 rounds per shift, the
number of units being transported by each operator was
12,780 units (213 rounds per shift x 60 units per round).
Therefore, the number of operators needed was:

shift production plan

number of units transported per person

34,125 units per shift
12,780 units per person

= 3 persons per shift.

Using the same calculation, the fransportation for
each operator for the desktop hard disk drive assembly
line was expected to be:

37.800 seconds per shift
~ 237.91 seconds per round

= 159 rounds per shift

The number of units being transported by each
operator was 4,770 units (159 rounds per shift x 30 units
per round). Therefore, the number of operators needed
was:

9.150 units per shift
4,770 units per person

= 2 persons per shift

The numbers of operator calculated are shown in
Table 9.

TABLEIX
MINIMUM NUMBER OF TRANSPORTATION OPERATOR
Frequency of Operators
Product Lines Transportation Needed
(Rounds/Shift/Person) (Persons/Shift)
Mobile, Phase T 213 3
Desktop, Phase IT 159 2

This study shows that the number of transportation
operators can be decreased by 2 persons for mobile hard
disk drive assembly lines and by 1 person for desktop disk
drive assembly lines (Table 10), as shown in Fig. 7.

DECREASE IN NUMBER OF TRANSPORTATION OPERATORS

TABLE X

Operators for Operators for
Situation mobile phase 1 desktop phase 2
(Persons/Shift) (Persons/Shift)
Current 5 3
This Study 3 2
6 =
E Current
O This study

Number of operators

Mobile

Assembly lines

Fig. 7_Differences between current number of operators and
computed number of operators

Destop

D. Push and Pull Strength Exertions

Push and pull strengths of transportation operators are

shown in Table 11. The pull strength was greater than the
push strength. The average push strengths were 9.74 and
5.46 kg for male and female operators, respectively. The
average pull strengths were 10.1 and 6.27 kg for male and
female operators. respectively. From these data, it is
suggested that the transportation operators can alternate
force directions during work instead of pushing as found
n current working situation.
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TaBLE x1
PUSH AND PULL STRENGTHS OF TRANSPORTATION OPERATORS

Operators Push strength (kg) Pull strength (kg)
Mean SD Mean SD

Male operators 9.74 32 10.1 337
Female operators 546 1.54 6.27 2.62

IV. CONCLUSION

From data analysis. it was found that the number of
operators could be decreased 3 operators per shift or 6
operators per day. The proposed numbers of operators
were 3 and 2 operators for the assembly lines of mobile
and desktop. respectively. This results in 37.5%
productivity improvement. Work measurement is an
important tool wused to increase productivity of
transportation operation in this study.
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