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ABSTRACT

The purpose of this study is to estimate the energy expenditure of working in a clean room for
manufacturing embedded needles by ergonomic programs. Embedding needle is one of medical
devices and it should be manufactured in a clean room. 3D static strength prediction program
was used to analyze the slow movements during embedding needle manufacturing in a clean
room. Also the energy expenditure prediction program was used to estimate energy expenditure
rates for materials handling tasks to help assure worker safety and health in clean room. The
energy expenditures of the tasks were calculated using prediction equations derived from empiri-
cal data. The energy expenditure rate of 3.09 kcal/min in a clean room didn’t exceed the
3.5 kcal/min action limit guideline for an average 8-hour day set by the National Institute for
Occupational Safety and Health (NIOSH). Energy consumption was calculated on the same
working conditions as EEPP program, using an average body weight of female 20 years old to
59 years who would be the candidates of the real workers.
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Fig. 6 Hand posture

[l 3055PP - Analysis Summary (re3m)
Description
Company: Unknown Company, Analyst: Unknown, Date: 12/14/12
Task: Lifting Box
Gender. Male, Percentie: Data Entiy, Height: 172.0 cm, Weight 635Kg
Comment:

Percent of Population Capable (%)
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Koee: ]
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1 | | | | | | | | | 1
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3D Low back Compression (N}

s
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0 uzs 531 8335

Leg Loads (%}
Left 50% Right 50%

Balance: Acceptable
Minimum Coef. of Friction: 0.01

3DSSPP 6.0.5 Licensed to: Unlicensed
Copyright 2011, The Regents of the University of Michigan - ALL RIGHTS RESERVED

Fig. 7 Analysis summary



SRt gl Sl whl As PPl AUALEE ol e 73

Left Right
A z X Y 7
Hand: 0.0 00 00 00 00 00
Wrist:  -4.6 26 00 -4.5 2.6 -01
Elbow: -195 108 00 -19.0 -108 0.3
Shoulder:  -13.1 02 00 1.9 0.2 -01
L4/L5: 1429 -0.0 03
L5/61: 1537 0 03
Ischial Tuberosities:
Hip:  -81.6 0 02 78.7 0.0 02
Knee: 251 0 02 268 0.0 02
Ankle: 101 0.0 02 104 0 02
Heel of Foot: 00 0 01 00 0 01
Front of Foot: 00 0 00 00 0 00
Fig. 8 Moments due to body weight and loads
— . |
] 3D55PP - Forces
(— Description
Company: Unknown Company, Analyst: Unknown, Date: 12/14/12
Task: Lifting Box

Gender: Male, Percentile: Data Entry, Height: 172.0 cm, Weight: 63.5 Kg
Comment:

— Force (N) -- Due to Body Weight and External Applied Loads -

Lot I Fight
X N Z Y 2
Hand: 0.0 00 78.5 0.0 23 -78.4
Wrist 0.0 00 -82.3 0.0 23 823
Elbow: 0.0 00 -93.1 0.0 23 931
Shoulder: 0.0 00 111.0 0.0 23 111.0
L4500 23 4639
L5/51: 00 23 4820
Forward Seat Edge:
Ischial Tuberosity:
Backrest:
Hip: 0.0 08 2754 0.0 30 2754
Knee: 0.0 08 3546 0.0 30 3548
Ankle: 0.0 08 3811 0.0 30 -3811
Heelof Foot: 0.0 04 3527 0.0 15  -3526
Frontof Foot: 0.0 0.4 -37.3 0.0 15 -37.3

3DSSPP 6.0.5 Licensed to: Unlicensed
Copyright 2011, The Regents of the University of Michigan - ALL RIGHTS RESERVED

Fig. 9 Forces due to body weight and applied loads
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Table 1 Task information

Type |Frequency Force Tirjne Distance | Energy
(kg) | (min) | (mm) | (keal)
Walk 20 . 0.02 (zl ;) 0.5
i (0.2.631b) 0.2 (21;) 0.69
gﬁi 15 - | 10| - 3000

Table 2 Summary of expended energy

Calculated items Value
Total posture energy (kcal) 30.46
Total elements energy (kcal) 31.28
Cycle energy (kcal/cycle) 61.74
Total task energy (kcal/min) 740.93
Total energy rate (kcal/min) 3.09
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Fig. 13 3D scan data of ID 6_1617 man



Table 3 Weight measurement data from Size Korea!'”!

Versus age No. of Average Star.lde.ird

measurement (kg) deviation
20~24 298 53.12 6.77
25~29 313 53.42 6.94
30~34 337 55.80 7.44
35~39 353 56.03 7.54
40~49 374 57.22 7.74
50~59 350 58.99 7.56
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Table 4 Calculation result of expended energy and total energy rate according to versus age

Versus age Weight Total posture | Total element | Cycle energy [Total task energy [Total energy rate
(kg) energy (kcal) | energy (kcal) (kcal/cycle) (kcal) (kcal/min)
20~24 53.12 25.48 31.16 56.64 679.72 2.83
25~29 53.42 25.63 31.16 56.79 681.44 2.84
30~34 55.80 55.8 31.18 57.75 695.39 2.90
35~39 56.03 56.03 31.18 58.06 696.72 2.90
40~49 5722 5722 31.20 58.65 703.80 293
50~59 58.99 58.99 31.22 59.52 714.25 2.98
Reference Male 63.50 30.46 31.28 61.74 740.93 3.09
Table 5 Normalized results of expended energy and total energy rate according to versus age
Normalized |Normalized total [Normalized total| Normalized |Normalized total| Normalized
Versus age weight posture energy | element energy | cycle energy task energy [total energy rate
(kg) (kcal) (kcal) (kcal/cycle) (kcal) (kcal/min)
20~24 0.836535 0.836507 0.996164 0.917396 0.917388 0.915858
25~29 0.841260 0.841431 0.996164 0.919825 0.919709 0.919094
30~34 0.882362 0.878858 0.996803 0.935374 0.938537 0.838511
35~39 0.882362 0.882469 0.996803 0.940395 0.940332 0.838511
40~49 0.901102 0.901182 0.997442 0.949951 0.949887 0.948550
50~59 0.928976 0.929087 0.998082 0.964043 0.963964 0.964440
Reference Male 1 1 1 1 1 1
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