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1. Introduction 

In the era of globalization and increasingly fierce industrial competition, the performance of 

manufacturing companies is largely determined by high work productivity and efficiency (Kittidecha 

et al., 2024). Companies must produce optimal output with minimal input while ensuring effective 

and efficient use of resources. Optimal production efficiency allows the fulfillment of production 

targets with minimal time and cost and the reduction of waste without sacrificing product quality 

(Pescoe & Shejwal, 2021). One of the crucial challenges in achieving this efficiency is identifying and 

eliminating bottlenecks, which are points in the production flow where the production rate slows down 

and limits the overall system capacity (Tan et al., 2023). Bottlenecks significantly impact throughput, 

work-in-process, and production lead times, causing work backlogs, resource wastage, and potential 

delivery delays (Kalbhor et al., 2018). Therefore, addressing bottlenecks is essential in improving 

production efficiency (Evelyn Agustin et al., 2025). 

The packing station is often the source of bottlenecks in the manufacturing process. As the final 

stage of production, this station plays an important role in ensuring that products reach consumers 

quickly and efficiently. Common problems at the packing station involve prolonged cycle times 
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resulting from repetitive and complex manual tasks (Dini Wahyuni et al., 2019), excessive operator 

movements that cause fatigue and potential injuries (Monoarfa et al., 2021), potential human errors 

that result in rework and delays (Daelima et al., 2013), and suboptimal layouts that waste time and 

effort (Redantan, 2021;Widiwati et al., 2025). These problems, if ignored, can reduce the operational 

efficiency and profitability of the company. Various solutions have been implemented to overcome 

the bottleneck problem at the packing station, ranging from bottleneck analysis and application of 

Lean Manufacturing principles that focus on identifying and eliminating waste in the process to 

overcome bottlenecks (Musa, 2024), analyzed bottlenecks on the production line in a textile factory 

with the Kaizen method (Kurnianingtias et al., 2019), analyzed bottlenecks and charging costs in pile 

making at spinning work stations by recommending the addition of tools and operators to overcome 

them (Setiawan et al., 2015), balancing workload between stations and increasing production capacity 

to reduce bottlenecks with a line balancing approach (Daelima et al., 2013), reducing cycle time and 

unnecessary operator movements by implementing Karakuri Kaizen (Pogowonto & Amrina, 2020). 

 

 

Fig. 1. Cycle time data of chili sauce product 135gr Assembly 

As seen in Fig. 1, Although various studies have highlighted the application of lean 

manufacturing and kaizen to reduce cycle times, most remain limited to conventional approaches or 

high-cost automation technologies. The research gap lies in the lack of studies emphasizing simple 

mechanical solutions based on Karakuri Kaizen, particularly in the food industry, which faces resource 

constraints and a high demand for efficiency (Matindana & Shoshiwa, 2025). 

The novelty of this research lies in the application of a Lean Mover design based on Karakuri 

Kaizen at a packing station in the food industry. This study differs from that of Pogowonto & Amrina 

(2020), which focused on general manufacturing sectors, as it emphasizes a low-cost, energy-efficient 

solution to address bottlenecks in food production. The urgency of this research is further underscored 

by market demands for sustainable production efficiency under limited investment capacity. The 

objective of this study is to design and implement a lean mover to reduce cycle time at the packing 

station and to evaluate its effectiveness using a quantitative approach. The contributions of this 

research are twofold: (1) practically, it provides an alternative lean solution that is simple, energy-

efficient, and applicable to the food industry as well as other sectors facing similar challenges; and (2) 

theoretically, it strengthens the literature on Karakuri Kaizen applications by offering empirical 

evidence within the food production context, which has rarely been addressed in previous studies. 

2. Method 

This research was conducted at PT Anta Boga Pangan Nusantara using a quantitative approach. 

The methodological framework was based on the Karakuri Kaizen concept, as illustrated in Fig. 2, 

which presents the research flowchart and implementation stages. Karakuri Kaizen is an approach that 

integrates simple mechanical mechanisms with the principle of continuous improvement (Bukhori et 

al., 2023). According to Rembulan and Maratama (2022), it improves production efficiency by 
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utilizing basic mechanisms without relying on electrical power or advanced technology, thereby 

reducing waste and increasing productivity. This method is part of the broader Kaizen philosophy, 

which emphasizes low-cost, energy-efficient, and environmentally friendly solutions (Famila Dwi 

Winati, 2021). In industrial and manufacturing contexts, Karakuri Kaizen refers to the development 

and application of simple mechanical devices (Zein et al., 2018) that exploit inclined planes and 

gravitational forces (Gursoy Ozcan, 2022), without requiring external energy sources such as 

electricity or compressed air, to optimize processes, minimize waste, enhance efficiency, and lower 

costs (Herwanto et al., 2017). 

 

  
 

Fig. 2. Research Flowchart and Stages of Karakuri Kaizen 

Previous studies have demonstrated the effectiveness of Karakuri Kaizen in diverse applications. 

Imansuri et al. (2024) reported a 10.99% reduction in cycle time for the Cup Lower Pump Wire Press 

machine, from 10.10 seconds to 8.99 seconds. Nugroho et al. (2021) showed that production capacity 

targets could be improved through efficient material-handling design. Herwanto, et al. (2017) 

combined Karakuri Kaizen with ergonomic anthropometry to design handling tools that reduced 

operators' physical workload. Madisa et al. (2019) applied Karakuri Kaizen to workstation design, 

resulting in a 5.8% increase in productivity and improved ergonomics. Similarly, Prasetyawan et al. 

(2020) found that the use of Karakuri Kaizen-based assistive devices improved process accuracy to 

95%, eliminated product defects, and reduced electrical energy consumption by 45%.  

The data used in this research are primary data, obtained through direct observation of work 

activities at the packing station. As seen in Fig. 2, Time measurements were conducted using 

stopwatch techniques to capture cycle times accurately. The data were analyzed using descriptive and 

comparative methods. Efficiency calculations were carried out by comparing cycle times before and 

after the implementation of the Karakuri Kaizen Lean Mover design. Data validity was ensured 

through repeated measurements at different time intervals to confirm consistency. A before-and-after 

comparison method was applied to evaluate the effectiveness of the improvement, focusing on cycle 

time reduction and operator workload. Statistical calculations were also conducted to determine 

efficiency gains and to verify whether the improvements met the targeted takt time. These methods 

ensured the reliability and validity of the findings, thereby providing a rigorous basis for interpreting 

the results. 
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3. Results And Discussion 

The results and discussion of this study discuss the steps in applying the Karakuri kaizen method 

(Herwanto et al., 2017). The stages that are passed include: 

3.1.  Calculating tool dimensions and capacity 

This calculation is very important to ensure that the designed tool can function properly in the 

work environment and according to the needs of the production process. The data required includes: 

 

Fig. 3. Product dimensions of 135-gram sauce 

The product Fig. 3, used for research is the 135-gram variant of Sauce, which is part of the design 

of the packing process aids. The product uses PET (Polyethylene Terephthalate) material, which has 

transparent, lightweight, and water-resistant properties, making it suitable for use as food packaging. 

The dimensions of the product are 16.5 cm high and 4 cm in diameter, which have been adjusted as 

part of the tool design to suit the needs of the packing process. The total weight of the product is 152 

grams, which consists of the packaging bottle weighing 17 grams and the product contents (sauce) 

weighing 135 grams. This product data was considered to ensure that the tool designed was suitable 

for the product's characteristics. 

 

 

Fig. 4. Cardboard packaging 

Cardboard packaging Fig. 4, uses corrugated cardboard material (corrugated cardboard), which 

provides optimal strength to protect medium-weight goods. This packaging has dimensions of 18 cm 

high, 32 cm long, and 23 cm wide, adjusted to support the design of tools in the packaging process. 

In terms of organization, the cardboard can accommodate 48 sauce products arranged in a standing 

order, with an additional partition in the middle to keep the products stable and safe during storage. 

The layout of the division is shown in Fig. 5, used as data in designing the karakuri kaizen tool. 

The data that can be taken from the layout. The selected operator Fig. 6 is in the seal A, B, and Packing 

processes. There are operators of the Seal A and B processes because the process is the most influential 

in hampering the efficiency of the packing process. Hence, bottlenecks occur at the packing 

workstation. The posture height of the three operators is 170 cm on average. 

Tool Drive Mechanism, the tool drive mechanism in karakuri kaizen in the manufacture of 

packing process accelerator tools used, namely: (a) Gravity. this drive mechanism is used to shift the 



ISSN 1693-6590 
Spektrum Industri 

137 
Vol. 23, No. 2, 2025, pp. 133-144 

  

 

Yusuf Mauluddin (Karakuri Kaizen Design to Reduce Work Time at the Packing Station) 

 

position of cardboard packaging, utilizing gravity to other positions, such as positions down and tilted 

down. (b) Lever, this drive mechanism is used as a component to increase the force applied when 

moving the position of the cardboard packaging. (c) Pulley, this drive mechanism is used to change 

the direction of the force or to reduce the effort required to lift the load on the cardboard packaging 

that has been filled with the product (Ludwika et al., 2024). 

 

 

Fig. 5. Layout of the assembly division 

 

 

Fig. 6. Operator dimensions 

Hinge, this drive mechanism is used for rotational transfer or linear movement in the position of 

cardboard packing. The data needs to determine the dimensions and capacity of the tool. Then, the 

tool capacity is obtained based on product size, cardboard packaging, assembly division layout, and 

operator anthropometry (Puthussery & Secco, 2024). The designed tool can accommodate 8 units of 

cardboard packaging filled with 135 chili sauce products, seven empty cardboard packaging that have 

been formed, and 40 unfolded cardboard packaging. 

3.2.  Analysis of the causes of ineffective and inefficient operator time 

After calculating the dimensions and capacity of the equipment, the next step is to analyze the 

causes of ineffective and inefficient operator time. This analysis is done by identifying sources of 

waste in the operator's workflow at the packing station, such as unnecessary movements, waiting time, 

or non-ergonomic work positions. As for the work activities obtained, the packing operator requires a 

completion process, as seen in Table 1. 

The results of this analysis showed that the packing operator had excessive work elements, so 

changes to the work process needed to be made. The excess work element in question is the 8th process 

element, namely, inserting 48 product units into cardboard packaging, which is the most extended 

process element and takes 93.2 seconds. So, the results of the analysis of the causes of ineffective and 

efficient operator time are obtained because these process elements include essential process elements 
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in the packing process, so the things that are done to be effective and efficient without eliminating the 

process elements are sharing these work elements with Seal A and Seal B operators, sharing these 

elements can equalize the operator load. 

Table 1.  Packing process work activities 

No Process Time (seconds) Time  (minutes) 

1 take the cardboard sheet 2.66 0.04 

2 
Laying and forming the cardboard 

sheets into a box 
4.67 0.08 

3 folding the front of the cardboard 3.91 0.07 

4 folding the back of the cardboard 4.24 0.07 

5 folding the left side of the cardboard 3.34 0.06 

6 folding the Right side of the box 3.78 0.06 

7 holding and applying duct tape 8.09 0.13 

8 
loading 48 units of product into the 

boxes 
93.2 1.55 

9 folding the front cardboard box 3.77 0.06 

10 folding the back of the box 3.96 0.07 

11 folding the left cardboard box 3.8 0.06 

12 folding the Right cardboard box 3.82 0.06 

13 holding and applying duct tape 8.2 0.14 

14 lifting product-filled boxes 3.41 0.06 

15 
moving the product-filled boxes 

7.23 0.12 

Time per cycle 158.08 

Number of products per cycle 48 

 

Based on these element changes, the packing operator only focuses on work elements, including: 

(a) The process of taking cardboard packaging, (b) Forming the cardboard packaging into a perfect 

shape, (c) Give the operator seal A and seal B to be filled with products that have been sealed, (d) 

Products that have been packaged are then moved to the packing operator and packaged again to be 

stored in the storage warehouse. So, the change in the work process above can reduce the packing 

station work process time, and the operator's time becomes effective and efficient. 

3.2.  Designing in 3D Modeling 

After completing the needs analysis, the Karakuri tool design will be designed in 3D modeling 

using SketchUp 2020 engineering design software. This stage allows a more precise visualization of 

the Karakuri solution, ensuring that all elements of the tool function properly before production. With 

3D modeling, the design is obtained in the form of shown in the Fig. 8. 

The three-dimensional modeling of the Karakuri Lean Mover illustrates the integration of several 

key components. Component A is used to store folded cardboard, while Component B serves as the 

queue for pre-assembled boxes. Component C transfers product-filled boxes to the final process, 

whereas Component D functions as both a transfer and sealing unit. In addition, Component E 

accommodates product-filled boxes before they are moved to the next stage. 

3.4.  Performing the fabrication process of tool prototyping 

After the tool design is finalized in 3D, the next step is to carry out the tool's fabrication process 

or physical prototyping. The fabrication stage involves making the components of the Karakuri tool 

according to the established design. Depending on the design tool, this process can involve several 

production techniques, such as cutting, assembling, and welding components. 
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Fig. 7. Prototype karakuri Lean Mover 

The design, as shown in Fig. 7, was compared with the prototype at a 1:2.22 scale. The Karakuri 

prototype design focused on basic functions because the main principle of Karakuri is efficiency and 

energy saving. The materials used for the prototype were inexpensive and easy to obtain, namely PVC 

pipes and wood. The prototype was developed to test whether the tool could function according to the 

initial concept. 

 

 
  

(A) (B) (C) 

 

 

 

(D) 

 
(E) (F) 

Fig. 8. Karakuri Lean Mover and Component 3D Modeling 

3.5.  Conducting trials before implementation 

After the tool was completed, a trial was conducted to verify its functionality and its ability to 

reduce work time. The results demonstrated a significant reduction in cycle time. Based on the motion 
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study of the Karakuri LeanMover prototype, the cycle time decreased from 158.08 seconds to 24.74 

seconds, which is below the takt time of 27 seconds, representing an improvement of 109.08%. 

Therefore, the application of the Karakuri Kaizen method in developing material handling aids with 

the LeanMover tool proved effective in eliminating bottlenecks and enhancing efficiency at the 

packing workstation. 

3.6.  Tool standardization and implementation 

The final step is to standardize and implement the Karakuri Kaizen tool. After the trial is 

successful and the tool functions as expected, a standard operating procedure (SOP) will be made to 

integrate the use of the tool into the production process formally. The results of the standardization of 

these tools in the form of left-hand, right-hand maps for the packing process workstation operators are 

described in Table 2. 

Table 2.  Right-hand left-hand map 

No Left hand 
Time 

(Seconds) 
Code 

 
Code 

Time 

(Seconds) 
Left hand 

Components 

used 

1 

picks up the 

cardboard sheet at 

Karakuri 

component A 

1,33 RE 

 

RE 1,33 

take the cardboard 

sheet in Karakuri 

component A 

 

 

2 

forming the 

cardboard sheet 

into a box in 

karakuri 

component D 

2,35 P 

 

P 2,35 

form the cardboard 

sheet into a box in 

karakuri component 

D  

Karakuri D 

3 

folding the front 

cardboard in 

karakuri 

component D 

2,12 A 

 

A 2,12 

folding the back of 

the cardboard in the 

karakuri D 

component 

Karakuri D 

4 

fold the left side of 

the cardboard in 

karakuri 

component D 

1,89 A 

 

A 1,89 

folding the Right 

cardboard in the 

karakuri D 

component 

Karakuri D 

5 

Shut up 

0,86 H 

 

RE 0,86 

take the duct tape 

dispenser on the 

karakuri component 

D 

Karakuri D 

6 

point to the center 

of the cardboard 
1,32 P 

 

P 1,32 

directs the duct tape 

dispenser to the 

center of the 

cardboard 

Karakuri D 

7 
hold and apply duct 

tape 
4,97 H 

 
U 4,97 

pulls and cuts the 

duct tape dispenser 
Karakuri D 

8 

storing the 

cardboard in 

Karakuri Model B 

0,94 RE 

 

RE 0,94 
storing the duct tape 

dispenser 
Karakuri B 

9 
Presses Karakuri 

lever DD 
1,72 U 

 
RE 1,72 

picking up the duct 

tape dispenser 

Karakuri C 

dan D 

10 

aims at the center 

of the cardboard 
1,33 P 

 

P 1,33 

directing the duct 

tape dispenser to the 

center of the 

cardboard 

Karakuri D 

11 
holding and taping 

the duct tape 
4,98 H 

 
U 4,98 

pull and cut the duct 

tape dispenser 
Karakuri D 

12 
Pushing the product 

into Karakuri B 
0,93 M 

 
M 0,93 

storing the duct tape 

dispenser 
Karakur I E 

Cycle time (seconds)  24,74 

Takt time (maximum 

time) 

 
27 

Number of products per 

cycle 

 
48 pcs 
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The results of the study indicate that the implementation of the Karakuri Kaizen LeanMover 

significantly improved the packing process at PT Anta Boga Pangan Nusantara. Before the 

intervention, the average cycle time per packing process was 158.08 seconds for 48 units of 135-gram 

sauce bottles. After the introduction of the LeanMover, the cycle time decreased to 24.74 seconds, 

which is below the takt time target of 27 seconds, resulting in a production improvement of 109.08%.  

Key data were obtained through primary observation and time measurement at the workstation, 

supported by product specifications, packaging dimensions, operator anthropometry, and workstation 

layout. The redesigned tool was tested through a prototyping stage using locally available materials 

and validated through repeated time trials. The results confirmed the tool's ability to reduce excessive 

motions and rebalance operator workloads between Seal A, Seal B, and packing operators. Fig. 9. is 

the cycle time of the assembly division after designing the tool, and there is a change in time, namely: 

 

 

Fig. 9. Cycle time of assembly division & Karakuri Lean Mover 

The redesigned process eliminated unnecessary manual handling and distributed workload more 

evenly, thus improving line balance and removing the bottleneck at the packing station. Overall, the 

LeanMover prototype achieved its intended purpose of improving productivity while maintaining 

operator ergonomics and low operational cost. 

These results indicate that Karakuri Kaizen provides a practical solution for reducing bottlenecks 

in manual packing operations. The dramatic decrease in cycle time can be attributed to the elimination 

of non-value-added activities, better utilization of gravity-based mechanisms, and redistribution of 

operator tasks. From an ergonomic perspective, the Lean Mover reduced repetitive actions and 

awkward postures, thereby lowering operator fatigue and improving long-term work sustainability. 

Compared to previous studies, the time reduction achieved in this research is greater. For 

example, Imansuri et al. (2024) reported a 10.99% reduction in cycle time for the Cup Lower Pump 

Wire Press machine, whereas the current study achieved a reduction of more than 80%. Similarly, 

Nugroho et al. (2021) showed improvements in production capacity through material-handling design, 

and Madisa et al. (2019) reported a 5.8% productivity increase from workstation improvements. The 

present study exceeds these results by demonstrating a drastic cycle-time reduction while also 

addressing ergonomics and line balancing. 

The implication is that Karakuri Kaizen is not only effective in reducing processing time but also 

provides broader benefits in terms of ergonomics, productivity, and cost efficiency. Unlike high-cost 

automation, this approach relies on simple mechanical principles such as gravity, pulleys, levers, and 

hinges, making it particularly suitable for SMEs and food industries with limited resources. The 

findings also enrich the theoretical development of Karakuri Kaizen by providing empirical evidence 

in a food industry context, which has rarely been explored in prior research.  
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4. Conclusion 

This study confirmed that the application of the Karakuri Kaizen Lean Mover design significantly 

reduced cycle time at the packing station, from 158.08 seconds to 24.74 seconds, surpassing the takt 

time target of 27 seconds. The findings demonstrate that simple, low-cost, and energy-efficient 

mechanical devices can effectively eliminate bottlenecks, improve productivity, and enhance 

ergonomics in the food industry. Academically, the research contributes to the development of 

Karakuri Kaizen theory by providing empirical evidence of its effectiveness in food production, a 

sector that has rarely been addressed in prior studies. However, the designed Lean Mover still requires 

further development and testing over an extended period to evaluate the reliability and consistency of 

its functions in real production conditions. Future research should therefore focus on long-term 

validation to ensure functional dependability, while also exploring opportunities to integrate Karakuri 

Kaizen with digital lean tools or Industry 4.0 technologies to enhance its scalability and theoretical 

contributions to sustainable manufacturing. 
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