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1. Introduction

Micro, Small and Medium Enterprises producing tempeh are no longer foreign to us. Pasuruan
Regency is one of the tempeh centers in East Java. More than 200 families are engaged in Tempe
production, including those in the Bangil sub-district, Purwodadi sub-district, Kejayan sub-district and
Sukorejo sub-district. The tempe they produce is quality tempeh. It tastes savory and delicious without
any sour (sour) or bitter taste that is often found in traditional markets and modern markets in general.
In the daily production process, Tempe production SMEs are able to consume as much as 100- 150 kg
of soybeans. All stages of the soybean production process into tempeh are still carried out in a traditional
and semi-manual manner. Starting from: The raw material for soybean seeds is poured into a cauldron
and water is added to cook (warming up) which aims to develop the soybean seeds and lasts for
approximately 2 hours and this process is still done manually.

At this time the tempe production process still uses simple tools using human power. The results
of the research based on interviews and observations of the author can decide to make changes to speed
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up the process of separating the soybean dregs from the soybean seeds by making a dregs separator that
is no longer used manually (peel off with human hands). So that this machine will help speed up the
tempeh production process, which previously required a relatively long time.

Design plan This tool is designed by considering the processing time of soybeans into tempeh, an
assessment of the effectiveness of the process of turning soybeans into tempeh. This is done to shorten
the production time of soybeans into tempeh. The tool for separating soybean dregs from soybean seeds
is designed in the form of a mixer with the following dimensions:

The driving force for the tool is a 0.5pk electric motor with a source of electrical energy. This tool
for separating soybean dregs from soybean seeds is only to make the processing time for making
soybeans into tempeh shorter and has been tested. but in this study the design of the tool for separating
soybean dregs from soybean seeds from the old design did not guarantee that the tool was ergonomic
and in accordance with the anthropometry of the worker's body.

2. Literature Review
a. Ergonomic Studies Ergonomics
Comes from the Latin, namely ergon which means work and nomos which means natural law. In
the United States, ergonomics is referred to as "human factors engineering™. Ergonomics is related to
optimization, efficiency, health, safety and human comfort in the workplace. In general, the objectives
of ergonomics are:
e Improving physical and mental well-being through efforts to prevent work-related injuries and
illnesses, reduce physical and mental workload, seek promotion and job satisfaction.
¢ Improving social welfare through the quality of social contacts, managing and coordinating work
appropriately in order to improve social security both during productive and non-productive periods.
o Creating a rational balance between various technical, economic, anthropological, and cultural
aspects of each work system that is carried out so as to create a high quality of work and quality of
life

b. Nordic Body Map (NBM)
Nordic Body Map (NBM) is a simple ergonomic measurement tool that can be used to identify
the causes of musculoskeletal the nordic body map.
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Figure 1. Nordic Body Map
Source: Corlett, 1992 in Tarwaka et al., 2004

Assessment of Physical Workload is the measurement method is indirectly carried out by using
heart rate or pulse while working.. Posture is a setting of attitude when the body is doing work. Work
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attitude at work should be done normally so as to prevent musculoskeletal events, including:

o

Shoulder Correction
Shoulder Joints
Elbow Joints

Wrist Joints

Rapid Upper Limb Assessment (RULA)
The RULA method was developed as a method to detect work posture which is a risk factor

designed to assess workers and determine musculoskeletal that may cause disturbances in the upper
limbs. The risk factors investigated as external load factors, namely:

Amount of movement
Static muscle work
Power/strength
Determination of working posture by equipment
Working time without rest
Assessment using the RULA method has 3 stages of development, namely: 1. Identification and

recording of working posture. The body is divided into two parts that form two groups.

Group A

1.

2.

Figure Upper arm

Figure 2. Posture of the upper arm (upper arm)
Source: www.rula.co.uk, 2010

Table 1. Upper armSource

Locate Upper Arm Position Score Adjustment
20° forward or backward of body 1 +1 if shoulders are up
> 20° backward or 20°- 45° 2 +1ifarms
40°- 90° 3 rotated/bent
> 90° 4

Source: www.humanics-ef.com, 2010

Figure Lower arm

B
Figure 3. Posture of thelower arm
Source : www.rula.co.uk, 2010

Table 2. Score for the lower arm

Locate Lower Arm Score Adjustment
40°-90° 1 + 1 if the forearm works past the
> 90° 2 midline or out of the side of the body

Source: www.humanics-ef.com, 2010
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3. Wrist (Wrist)

Figure 4. Posture of the wrist (wrist)
Source: www.rula.co.uk, 2010

Table 3. Score wrist (wrist)

Locate Wrist Position Score Adjustment
Neutral position 1 +1 if the wrist is away from the
0-15° 2 center
> 15° 3

Source: www.humanics-ef.com, 2010

4. Wrist Twist Source

4

Figure 5. Body posture for thewrist
Source:twistwww.rula.co.uk , 2010

For a wristtwistin a neutral posture, the score is:
1 = midpoint of the twist.
2 = position at or near the turn.

b. Group B
1. Neck Figure

0°- 107 10°-20° : in extension

2807

Figure 6. Body posture of the neck
Source: www.rula.co.uk, 2010

Table 4. Score of the neck

Locate Neck Position Score Adjustment
0°-10° 1 + 1 if neck rotates/bent
10° - 20° 2
> 20° 3
Extension 4

Source: www.humanics-ef.com, 2010
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2. Trunk Source

n6@

Figure 7. Body posture of thetru'nk.
Source : www.rulaco.uk, 2010

Table 5. Score of the trunk (trunk)

Locate Trunk Position Score Adjustment
Normal position 90° 1 +1 if the shoulders are up
0°-20° 2 +1 if the rotating arms are bent
20° - 60° 3
> 60° 4

Source : www.humanics-ef.com, 2010

3. Legs (Legs)

Figure 8. Posture of the legs (legs)
Source: www.rula.co.uk, 2010

Table 6. Score of the legs (legs)

Locate Legs Position Score
Normal or balanced position 1
Unbalanced 2

Figure 9. Posture of the legs (legs)
Source: www.humanics-ef.com, 2010

4. Scoring a score
For each movement in work is given according to existing provisions.
a. Giving value (score) for Group A Group A
Value = Posture + Muscle use + Force/Load
b. Giving value (score) for Group B Group B
Value = Posture + Muscle use + Force/ Load
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Figure 10. RULA scoring system
Source: www.humanics-ef.com, 2010

c¢. Final assessment (final score), namely score C
Score C can obtained by looking at the values A and B in the Grand Score table

Table 7. Grand Score
Group B scores

Table C

Scores
Group
A
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5. Determination of the level of action Action
Level scale that provides a guideline on the level of existing risk and is needed to encourage a more
detailed assessment related to the analysis obtained.

Table 8. Category of action based on grand score

Category of action level risk Action
1-2 Minimum Safe
3-4 Small Required for some time in the future
5-6 Moderate Action in the near future
7 High Action right now

d. Anthropometry and its application in the design of human work tools
In general will vary in terms of shape and dimensions of body size. There are several factors that
will affect the size of the human body:
o Age
o Gender (sex)
o Tribe (ethnic)
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e Body position (posture)
An explanation of the anthropometric dimensions of the body required in the design is explained.
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Figure 11. Anthropometry for Product Design
Source: Wignjosoebroto, 199

3. Methodology

Stage Problem identification in this study aims to identify whether the old design tool has been
able to contribute to the comfort of the workers and according to the needs of workers. Trial of the old
tool was carried out at UMKM Tempe Production, and the trial of the old tool included distributing the
Nordic Body Map, measuring heart rate/minute, calculating energy consumption, assessing work
posture using the RULA method, and anthropometric measurements workers.

Data of Nordic Body Map obtained by giving a Nordic Body Map to 1 worker, the data contains
complaints that workers who make soybeans into tempeh feel when using old tools at work. The method
used to measure heart rate is the 10 pulse methodusinga stopwatch.

Implementation of the old
tool

v

Testing the

| Distribution Nordic Body Map |

| Pengukuran Denyut Jantung / Menit |

| Heart Rate / Minute Measurement |

| Calculation of Energy Consumption |

Assessment of Work Posters with the RULA
Method

v

Design of the new tool:

| Tool Evaluation time |

| Spresification of new tools |

| Determination of materials and costs |

| Modeling Results of new tools with 3D Max |

v

D
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o

Analysis and Interpretation
of Results

v

Conclusions and
suggestions

Figure 12. Flow of Research Methods Flowchart

4. Results and Discussion
a. Questionnaire Nordic Body Map (NBM)

The questionnaire was given to 1 worker who had tested an old tool with the aim of finding out
the complaints workers experienced during or after making tempeh into soybeans.

Table 9. Questionnaire Data Nordic Body Map

Worker

No Image Body Parts =15 30 45 60 5 Total  Percentage
0 Upper

1 Lower Neck N o NN 3 50%
2 Left

3 Right Shoulder

4 Left Upper Arm

5 Back Voo N NN 5 83%
6 Right Upper Arm

7 Waist Back vV oA NN 5 83%
8 Hips Back

9 Buttocks N 1 17%
10 Left elbow N 1 17%
11 Right elbow N 1 17%
12 Left

13 Forearm

14 Left

15 Right Wrist

16 Left

17 Palm Right

18 Left Thigh N 2 33%
19 Right Thigh R 2 33%
20 Left Knee

21 Right Knee

22 Left

23 Right Calf

24 Left Ankle

25 Right Ankle

26 Foot

27 Right Foot
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Leftand after work using a separator a soybean pulp from soybean seeds. The results of measuring
a worker's heart rate per 10 beats are shown in, then an example of calculating heart rate before work
(DNO) and after work (DN1) is shown using a soy dregs separator design tool from soybean.

Table 10. Data on measuring heart rate of workers per minute

Time 10 beats (seconds) Time 10 beats (seconds)
Day Before After Resting Heart Rate Heart Rate after
(Beats/minute) work (Beats/minute)
1 8.16 7.42 73.52 80.86
2 8.25 7.86 72.72 76.33
3 8.46 7.31 70.92 71.51
4 8.39 7.52 71.51 79.78
5 8.32 6.80 72.11 88.23
6 8.29 6.92 72.37 86.70

Source: Processed data for MSMS tempe blessing

. The results of measuring the heart rate per 10 beats will then be calculated for the heart rate per
minute. An example of calculating heart rate per minute for worker number one is as follows:
¢ Resting Heart Rate (DNO)
Heart Rate / minute = 10 beats x 60 / Calculation time = 10 beats x 60 / 8.16 = 73.52 beats/minute
o Heart Rate after work (DN1)
Heart rate/minute = 10 beats x 60 / Calculation time = 10 beats x 60 / 7.42 = 80.86 beats/minute

b. Calculation of Energy
Consumption Energy consumption of workers when implementing old design tools determined
based on the results of heart rate calculations. An example of calculating energy consumption for worker
number one is as follows:
e Calculation of energy needed at rest (EO)
EO =(1.80411 —(0.0229038 x X)) + 4.71733 (10*(X?) x 60
= (1.80411 — (0.0229038 x 73.52)) + 4.71733 (10*“x (73.52)?x 60
=(1.80411 — (1.68388 + (4.71733 x 0.7352 ))x 60
= (1.80422 — (1.68388 + 3.46818)) x 60
=3.35x60
= 201 Kcal/hour
e Calculation of energy needed when working (E1)
E1 =(1.80411 - (0).0229038 x X)) + 4.71733 (10*(X?)x 60
= (1.80411 — (0.0229038 x 80.86)) + 4.71733 (10*x (80.86)*x 60
= (1.80411 — (1.85200 + (4.71733 x 0.8086))x 60
=(1.80422 — (1.85200 + 3.81443)) x 60
= 3.86 x 60
= 231.6 Kcal/ hours
e Calculation of the amount of energy consumption (KE)
KE =E1-EO
=231.6-201
= 30.6 Kcal/hour
The results of calculating the energy consumption of workers from day one are classified into
moderate workloads.
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c

RULA method

Group A

1) Upper arm, code RULA = 2.
Description: Based on the rules for scoring, upper arm is 35 ° is given a score of 2 because it is
located between positions 20° - 45°,

2) Forearm (lower arm), code RULA = 1.
Note: according to the rules for a score of 25° the forearm is given a score of 1 because it is
located between the positions from 0°— 60°.

3) Wrist position, code RULA = 2.
Note: based on the rules for the wrist, wrist 10°is given a score of 2 because it is located between
the positions 0°— 15°.

4) Wrist twist, code RULA = 1.
Note: based on the rules for wrist twists, wrist twists are given a score of 1 because the wrist is
in the middle position during the twist.

Table 11. Determination of group score A RULA

Wrist
Upper Lower 1 2 3 4

arm Arm Wrist Twist Wrist Twist Wrist Twist Wrist Twist
1 2 1 2 1 2 1 2

1 1 1 2 2 2 2 3 3 3
2 2 2 2 2 3 3 3 3

3 2 3 2 3 3 3 4 4

2 1 2 2 2 3 3 3 4 4
2 2 2 2 3 3 3 4 4

3 2 3 3 3 3 4 4 5

3 1 2 3 3 3 4 4 5 5
2 2 3 3 3 4 4 5 5

3 2 3 3 4 4 4 5 5

4 1 3 4 4 4 4 4 5 5
2 3 4 4 4 4 4 5 5

3 3 4 4 5 5 5 6 6

5 1 5 5 5 5 5 6 6 7
2 5 6 6 6 6 7 7 7

3 6 6 6 7 7 7 7 8

6 1 7 7 7 7 7 8 8 9
2 7 8 8 8 8 9 9 9

3 9 9 9 9 9 9 9 9

e GroupB

1) Neck (neck position), code RULA = 2.
Description: according to the rules for a neck score of'* is given a score of 3 because it is located
between'®- 20° position.

2) Back (trunk position), code RULA = 4.
Note: based on the rules for a back score of 70° it is given a score of 4 because it is located
between positions 60° - 90°.

3) Legs (legs position), code RULA = 1.
Description: based on the rules for the feet score is given a score of 1 because the feet do not
move when standing with an average balanced weight.
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The results of determining the score for group B use table B which can be seen in table 4.4 below.
Use of muscles or (muscle), code RULA = 1.

Table 12. Determination of group B scores RULA

1 2 3 4 5 6
Legs Legs Legs Legs Legs Legs

Neck 1 2 1 2 1 2
1 3 2 3 3 4

2 2 3 2 3 4 5

3 3 3 3 4 4 5

4 5 5 5 6 6 7

5 7 7 7 7 7 8

Based on the rules for the use of muscles the activity of separating soybean dregs from soybean
seeds is given a score of 1, because this activity is maintained within 1 minute and repeated.

Score for load (force) Load, code RULA =0
Based on the rules for the load lifted by the worker is given a score of 0 because the load lifted is
less than 2 kg. The next step is to add scores for muscle use and force . The score of group A is 2, plus
the score of muscle (1) and the score of load (0) becomes 3. The score of group B is 5, plus the score of
muscle (1) and load (0) becomes 6. The total score for the soybean dregs separation process from
soybean seeds is done by combining the scores of group A and group B scores using table.
Table 13. Determination of group C score RULA

1 2 3 4 5 7+
1 1 2 3 3 4 5 5
2 2 3 4 4 5 5
3 3 3 4 4 6
4 3 3 3 4 5 6 6
5 4 4 4 5 6 7 7
6 4 4 5 6 6 7 7
7 5 5 6 6 7 7 7
8+ 5 5 6 7 7 7 7

From the coding above, the total score is 5 the total score is 5, meaning that the risk level is
moderate with corrective action needed in the near future.

Worker Anthropometric Measurements
In the design of this ceramic makers tool, frame dimensions and reach are determined by using
artisan anthropometry data. The anthropometric data of the workers obtained and shown are as follows:
TPO  : Plopiteal Height = 42cm.
PP : Plopiteal buttocks = 44cm.
LP : Hip Width = 40cm.
LPG : Waist Width = 33cm.
JTD  : Forward Hand Reach = 66cm.
TPG  : Waist Height = 50cm.
SKJT : Elbow to Middle Fingertip = 38cm
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5. Conclusion

Based on the calculation of heart rate and energy consumption, from the initial average of 1800
kilo calories it decreased to an average of 1500Kkl using the rula method with a score of group A score
is 2, plus a muscle score (1) and the load score (0) becomes 3. The score for group B is 5, plus the score
for muscle (1) and load (0) becomes 6. The total score for the process of separating soybean dregs from
soybean seeds is carried out by combining the scores of group A and group B scores by using table C
so that the value in group C is 5 which means the risk level is moderate and improvement is needed in
the near future. Based on research on the design of a new working tool for removing soybean dregs from
soybean seeds in the form of work chairs with anthropometric data of workers as chair Seat Width (LP)
= 41cm, backrest height (TPG) = 40cm, backrest width (LPG) = 35cm, So that work chairs made based
on these data can reduce the workload of workers.
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