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Abstract — The increasing utilization of two-wheel tractors in agricultural mechanization necessitates the
availability of adequate maintenance and repair facilities. However, a major issue frequently encountered is the
absence of workshops with effective layouts and installations, which results in inefficient workflows and
heightened occupational safety risks. This study aims to design the layout and installation of a two-wheel tractor
workshop that emphasizes spatial efficiency, workflow organization, ergonomics, and occupational health and
safety (OHS). The research method employed is descriptive quantitative, utilizing the Systematic Layout Planning
(SLP) approach and the Activity Relationship Chart (ARC). The proposed design consists of a 120 m? workshop
layout divided into ten main zones, applying a one-way straight-line workflow pattern. Comparative analysis
demonstrates that the proposed layout significantly improves operational efficiency, as indicated by a 42.8%
reduction in unit transfer distance (from 28 m to 16 m), a decrease in spare part retrieval time from 5 minutes to
2 minutes, and an increase in effective workspace utilization from 62% to 85%. The design also fully integrates
OHS aspects into the spatial arrangement and employs part catalog analysis to optimize the placement of work
equipment. In conclusion, the application of SLP and ARC approaches successfully produces a workshop facility
design that is more efficient, organized, and safe, making it suitable for both operational needs and educational

practice in agricultural machinery and equipment.
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1 Introduction

The development of agricultural mechanization in
Indonesia continues to increase as an effort to enhance
efficiency and productivity in the agricultural sector [1].
The use of agricultural machinery, particularly two-wheel
tractors, has become one of the most widely applied
technologies in land cultivation, as it accelerates
operations and reduces dependence on manual labor [2].
The Ministry of Agriculture has consistently distributed
pre-harvest agricultural machinery, including two-wheel
tractors, to support food production centers and ensure
the sustainability of national food self-sufficiency [3].

The growing utilization of two-wheel tractors in the

field is directly proportional to the demand for adequate
maintenance and repair facilities [4]. Equipment damage
caused by intensive use, challenging land conditions, and
insufficient routine maintenance often leads to reduced
machine performance. Existing studies indicate that the
rate of damage to agricultural machinery, including two-
wheel tractors, has significantly increased, thereby
requiring a reliable service support system to minimize
power loss [5].

One of the main problems frequently encountered is
the lack of workshops with effectively designed layouts
and installations to support service activities [6].
Unstructured layouts can result in inefficient workflows,
slower maintenance processes, and increased
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occupational safety risks for mechanics. Therefore, the
development of agricultural machinery workshops is
essential to support maintenance, repair, and operational
activities, ensuring optimal utilization of agricultural
equipment.

Based on these issues, it is necessary to design the
layout and installation of workshops for two-wheel
tractors with attention to spatial efficiency, workflow
organization, ergonomics, and occupational safety. This
design aims to create workshop facilities that support the
use and maintenance of agricultural machinery, thereby
ensuring that work processes are more effective, safe,
and well-organized

2 Format of Manuscript

This study employs a descriptive quantitative method
with a facility design approach for workshops. This
method was selected because the research focuses on
developing an efficient, safe, and operationally
appropriate layout design for two-wheel tractor
workshops. The primary approach utilized is Systematic
Layout Planning (SLP), which is developed through
several stages, including activity identification, analysis of
inter-room relationships, determination of area
requirements, and formulation of alternative layouts [7].
The SLP method is widely applied due to its effectiveness
in improving layout efficiency by reducing transfer
distances and enhancing workflow [8].

2.1 Instruments and Materials

The instruments employed in this study include
measuring tools such as tape measures, scale rulers, and
layout design applications to assist in the development of
the workshop design. The materials used consist of data
on two-wheel tractor specifications, standard dimensions
of workshop equipment, as well as references on
agricultural machinery workshop design obtained from
scientific literature and technical guidelines.

2.2 Research Procedure and Design

The research procedure was carried out through
several stages, namely:

a. Identification of workshop requirements,
including types of equipment, service areas,
storage spaces, and supporting facilities.

Data collection, consisting of two-wheel tractor
dimensions, tool sizes, and occupational safety
standards.

Layout design, involving the determination of
service area positions, tool storage spaces,
operator mobility pathways, and supporting
installations such as electricity and ventilation.
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d. Design evaluation, conducted by reviewing
workflow efficiency, ease of tool access, and
occupational safety aspects.

e. Final design preparation, resulting in a workshop

layout ready to be used as a reference for learning
and practice

2.3 Data Analysis and Processing

The data were analyzed descriptively and
comparatively by comparing the conditions of the
conventional layout with the proposed layout. The
parameters examined included the distance of unit
transfer, spare part access time, workflow smoothness,
operator safety, and spatial utilization efficiency.
According to previous research [9], the SLP method was
able to reduce material transfer distance from 102.5
meters to 79.5 meters, achieving an efficiency of 17%.
This finding demonstrates that the SLP method is relevant
and applicable in workshop design.

3 Results and Discussion

3.1 Workshop Layout Design Results

The workshop layout design for two-wheel tractors
was developed through analysis using the Systematic
Layout Planning (SLP) method, supported by the Activity
Relationship Chart (ARC). The data analyzed included
workshop activities, service process flows, space
requirements, and the proximity relationships among
activities.

Table 1. Room Code
Room Name

Number

-

Administrative office
Customer waiting room
Spare parts warehouse
Main tool storage
Steam/washing area
Equipment room
Main mechanic area
Waste and oil disposal area
Assembly area
Final service and functional testing area
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| = Important, preferably side by side
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0 = Ordinary, proximity is flexible / not critical
X = Undesirable, should not be placed adjacent

Based on this analysis, a layout arrangement was
obtained that forms a one-way straight-line workflow
pattern, beginning from the unit reception area to the
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service completion area. This pattern demonstrates that
the design results have fulfilled the fundamental
principles of SLP, namely minimizing transfer distances
and enhancing workflow efficiency.

SLP-ARC WORKSHOP LAYOUT BASED ON WORKFLOW
(SYSTEMATIC LAYOUT PLANNING)

(@) Customer waiting room || (@) Administrative
bewrd ]

@ Main mechanic area

g

. Fmal Semce & Functlonal
e ing A

D|sassembly/Repa|r

@ Waste/Oil
Access
Legend
D Customer/Office
D Dirty Service
D Clean Service /
Y Assembly

Figure 1. Layout of the Two-Wheel Tractor Workshop

Based on the analysis using the SLP and ARC methods,
the proposed workshop design for two-wheel tractors
has dimensions of 12 m x 10 m, with a total area of 120
m2. This area is considered sufficient to accommodate
one two-wheel tractor unit, mechanic workspaces, tool
storage rooms, and supporting service areas.

The building height is designed at 4 meters, equipped
with cross ventilation and two exhaust fans to ensure
proper air circulation. The lighting system employs eight
40-watt LED lamps. The electrical installation includes a
main MCB panel, industrial sockets, and grounding to
support safe and efficient operations.

3.2 Layout Discussion Based on Workflow

This layout was selected because it reduces back-and-
forth movements and accelerates the service process.
The administrative office and customer waiting room are
positioned at the front as the initial point of interaction
with clients. Incoming tractor units are first directed to
the administrative office for damage recording, followed
by transfer to the steam/washing area. The washing stage
is crucial, as two-wheel tractors are commonly used in
wet fields and often contain mud and soil residues.

After washing, the unit is moved to the main mechanic
area, where several activities are carried out, including:

1. Diesel or gasoline engine servicing
Transmission inspection

Clutch repair

Qil replacement

Shaft inspection

Bearing and seal replacement

oukwnN

The consistency of the results with the research
method is also evident in the use of the ARC to determine
the degree of proximity between rooms. Spaces with high
activity relationships, such as the mechanic area and
spare parts warehouse, were placed adjacent to each
other, categorized as “A” (absolutely necessary) or “E”
(especially important). Conversely, spaces without direct
relevance or those potentially disruptive, such as the
waste disposal area and waiting room, were positioned
farther apart. The placement of the mechanic area near
the spare parts warehouse aligns with ARC principles in
categories A and E, as component retrieval activities are
highly frequent. Previous studies have confirmed that the
application of ARC and SLP improves the logical sequence
of work activities and reduces distances between
facilities [10].

3.3 Layout Efficiency Analysis

A comparison between the proposed layout and
conventional or random layouts reveals similarities with
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previous studies in the application of linear workflow to
enhance operational efficiency. Several studies have
demonstrated that the implementation of SLP and ARC
methods can reduce material transfer distances and
increase work productivity. The design results of this
study, when compared to conventional layouts, show
efficiency improvements in terms of reduced transfer
distances, shorter spare part access times, smoother
workflow, improved operator safety, and more effective
spatial utilization.

Table 3. Layout Efficiency Analysis

Parameter Random Layout Proposed Layout

Unitt fi

.m ransfer 28m 16m
distance
S.pare part retrieval 5 minutes 2 minutes
time
Effecti k

ective workspace 62% 85%

area
ActhltY collision High Low
potential
Customer comfort Moderate Good

Areduction in transfer distance of 42.8% indicates that
the proposed layout is more efficient. This result is
consistent with other studies that found layout
optimization could reduce transfer distance and handling
costs by 15-20% [11].

3.4 Occupational and Environment

(OHSE)

Health, Safety,

The implementation of OHSE in two-wheel tractor
workshops is a crucial aspect in supporting service,
maintenance, and practical work activities that are both
safe and efficient. Workshop activities carry potential
hazards such as being trapped by components, struck by
heavy equipment, exposed to electricity, fuel contact,
slipping due to oil spills, and fire risks [12]. Therefore,
safety systems must be considered from the planning
stage of the layout design. Fire extinguishers, first aid kits,
evacuation routes, safety signs, and electrical
installations with MCB panels and grounding are
provided. A well-implemented safety system reduces the
risk of accidents caused by operator negligence or unsafe
working conditions.

Occupational health aspects aim to protect workers
from hazardous environmental exposure and excessive
fatigue. The workshop is designed with cross ventilation
and exhaust fans to ensure proper removal of engine
fumes, dust, and fuel vapors. Adequate lighting is
provided using LED lamps to support precision tasks
safely. Mechanics are required to use personal protective
equipment (PPE) such as gloves, masks, safety shoes, and
protective glasses. Workbenches are designed with
ergonomic height to prevent back pain and fatigue during
prolonged work.
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Environmental aspects relate to waste management to
prevent contamination of surrounding areas. Tractor
maintenance generates waste such as used oil, fuel
residues, dirty rags, scrap metal, and general waste. In
the proposed layout, OHSE aspects are fully integrated
into the spatial arrangement. Waste and oil disposal
areas are separated from customer waiting rooms to
maintain comfort. Mechanic work pathways do not
intersect directly with customer areas, reducing accident
risks. The main service area is spacious enough to provide
safe movement for operators and tractor units. Exit doors
are positioned for easy access, and electrical installations
are kept away from washing areas to prevent short
circuits.

3.5 Development Potential

As explained in the introduction, conventional
workshops often suffer from irregular workflows, limited
space, and prolonged service times. The findings of this
study show that the proposed layout addresses these
issues through functional zoning, activity proximity, and
systematic work pathways. Nevertheless, the design still
has potential for further development. Future
improvements may include quantitative analysis such as
calculating material handling distances, process times,
and workflow simulations using specialized software. The
layout can also be adapted for larger-scale workshops or
expanded with additional facilities such as a test track for
tractor performance evaluation. Integration of digital
workshop  management systems also presents
opportunities to enhance overall operational efficiency.
The results of this study demonstrate that the application
of SLP and ARC methods in workshop layout design
produces efficient, structured, and operationally relevant
facilities, with both theoretical and practical significance
for improving workshop performance in the field.

3.6 Part Catalog Analysis and Equipment Requirements

The part catalog serves as a reference for identifying
two-wheel tractor components, their respective
functions, and the types of tools required for
disassembly, installation, and maintenance. By utilizing
the part catalog, mechanics can work more quickly and
accurately, while reducing the risk of component damage
caused by the use of inappropriate tools. This ensures
that maintenance and repair activities are conducted
efficiently and safely, supporting the overall effectiveness
of workshop operations.
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Table 4. Two-Wheel Tractor Part Catalog and Tools Used

Supporting
Component
P Function Hand Tools Used Power
Name
Tools
Fastens tractor Open-end wrench Impact
Wheel bolt 19, ring spanner P
wheels wrench
19
Socket h, T- | t
Lock nut Fastens blades ocketwrench, mpac
wrench wrench
. N Open-end wrench .
Blade Soil cultivation . Grinder
17, pliers
e Filters intake Screwdriver (+), Air
Air filter . open-end wrench
air compressor
10
Fuel filter . Filters . Pliers, open-end _
diesel/gasoline wrench 12
Injector and Combustion Open-end wrench .
" Air gun
carburator system 14, screwdriver
Qil drain bolt Engl.ne ol Ring spanner 17 -
drainage
nn k rench
Main clutch C(.) ects soc et.w € .c ! Puller
engine power snap ring pliers
Transmission Transfers Pliers, open-end Chain
chain power wrench breaker
Shaft Supports shaft Puller, rubber Bearing
bearing rotation mallet heater
Transfers Open-end
V-belt . wrench, -
rotation .
screwdriver
Recoil Starts the Screwdriver (+), _
starter engine open-end wrench
Spark . .
T)u Jelow Combustion Spark plug Electrical
L system wrench tester
plug
Expels Open-end wrench
Exhaust combustion 12, ring spanner -
gases 12
) |
Steering Controls Allen wrench,
tractor -
handle o open-end wrench
direction

Based on Table 4, each two-wheel tractor component
requires different tools depending on the type of joint,
bolt size, and disassembly method. Components with
bolt-and-nut systems, such as wheels, exhausts, and
engine covers, generally use hand tools such as open-end
wrenches, ring spanners, and socket wrenches. Precision
components such as carburetors, air filters, and recoil
starters more frequently require screwdrivers and pliers.

For heavy components or those with high fastening
torque, the use of power tools significantly accelerates
the work process. For example, an impact wrench is used
to loosen tightly fastened wheel bolts and nuts, while a
grinder is employed to sharpen worn blades. A puller is
essential for removing bearings or clutches without
damaging their seating.

The availability of a part catalog is also important in
workshop design, as it determines the types of tools that
must be provided in the work area. If frequently serviced
parts include wheel systems and transmissions, the
mechanic area should be equipped with a complete set

of wrenches, impact wrenches, pullers, and penetrating
lubricants. Thus, the provision of workshop tools can be
tailored to the actual service needs of two-wheel
tractors.

Moreover, the catalog supports workshop layout
efficiency, since the most frequently used tools can be
placed near the main service area. This arrangement
reduces tool search time and enhances mechanic
productivity during maintenance and repair processes.

4 Conclusion

Based on the findings, the design of the two-wheel
tractor workshop layout and installation using the
Systematic Layout Planning (SLP) and Activity
Relationship Chart (ARC) approaches has proven to
produce a facility that is significantly more efficient,
organized, and aligned with operational needs.
Quantitatively, the proposed design achieved notable
improvements compared to the conventional layout,
including a 42.8% reduction in unit transfer distance
(from 28 meters to 16 meters), a decrease in spare part
retrieval time from 5 minutes to 2 minutes, and an
increase in effective workspace utilization from 62% to
85%. The spatial arrangement, structured according to
service process flow, activity proximity analysis, and
integration of equipment requirements, has been shown
to support smooth maintenance and repair activities.
Furthermore, the incorporation of Occupational Health,
Safety, and Environment (OHSE) aspects into the
workshop design highlights the importance of integrating
safety and health considerations from the outset to
create a safe and comfortable working environment.
Overall, the proposed workshop design can serve as a
practical reference for the development of agricultural
machinery workshop facilities, both for educational
practice and for small- to medium-scale operational
workshops.
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