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4.3 Disturbances Analysis Based on Association Rules

One stage of the association analysis that attracted the attention of many researchers to produce efficient algorithms
is the analysis of high frequency patterns. The importance of an assumption can be known by two benchmarks,
namely: support and confidence. Support (supporting value) is the percentage of the combination of items in the
database, while confidence (the value of certainty) is the strong relationship between items in the association rules.
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Figure 5. Disturbances Characteristics Pareto Diagram

The Pareto diagram at Figure 5 describes the disturbing factors that often occur, among others, are disturbances with
moderate severity that are more common when compared to disturbances with high severity. Furthermore, the
disturbances that occur most often are related to the Material Requirement Planning (MRP) function in PPIC when
compared to other PPIC models such as Demand Management (DM), Master Production Scheduling (MPS) and
Scheduling. Next, the results of the mapping of production system disturbances that occur indicate that most of the
disturbances that occur have a moderate duration, causing an impact on high KPIs and rare frequencies. Then, the
disturbances that occur have a high degree of severity and moderate impact have a number of events that are not
much different from one another.

To find the pattern that occurred, an analysis was performed using the a priori algorithm association rules method.
The following below is a pattern obtained by using the association rules method a priori algorithm. By using the the
rules graph at figure 6, we know that The high severity disturbances associated with the MRP PPIC Model, with the
type of disturbances of raw materials having a high impact on KPI.

PPIC)) =MRP

Figure 6. Disturbances Impact Factor based on Association Rules
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4.4 Analysis

Disturbances that occur at PT. ABC related to the business process of producing heavy equipment components
include disturbances at the Sales, PPIC, Purchasing, Production and Quality Control divisions. What is meant by this
disturbances is the cause of non-achievement of the KPI of each division. Sources of disturbances can occur from
both external and internal, but more disturbances comes from external sources.

The business process of producing heavy equipment components starts from the Sales Division. The Sales Division
is dealing with customers both in receiving orders and handling complaints. The difference in forecast with real
orders will interfere with production planning. This difference occurs because there are changes / additions to the
number of requests from customers that are often accompanied by changes in leadtime. The lead time set by the
customer < lead time of the production section. This change in customer demand will also disturb the production
section. The disturbances experienced by the sales division actually comes more from external customers and
internal unpreparedness in planning. This Sales Division does not have fast and accurate access to production
capabilities, and there is no integrated information with all divisions.

Next the PPIC Division plans to meet customer requests received by the sales. PPIC will deal with production and
purchasing divisions for purchasing raw materials and subcontracts. Disturbances at the purchasing division will
trigger disturbances in the production and purchasing division. The change in the number of requests will trigger an
error in determining the amount of production. Disturbances mapping show also that there is engine damage and the
delay in sending raw materials from the supplier. Indirectly the disturbances in the production division comes from
the sales division.

The source of the disturbances of the PPIC division came from internally both in the planning system and in HR.
While external sources indirectly come from customers, suppliers and subcontracts. Disturbances in the production
division will have an impact on the delay in product delivery, and the low quality of the product. While the source of
the disturbance comes from internal, both in planning, capability and availability of operators and machine
reliability. While sources originating from external sources come from the ability of suppliers and subcontracts. The
calculation of PPIC ABC company currently uses Microsoft Excel and manual, so that it can make calculation errors
by PPIC operators and subsequent accumulation of calculation errors in other PPIC functions and actions that must
be carried out by PPIC staff. The company's PPIC data is still not integrated so that it is very potential to cause
miscalculation of PPIC functions such as Determination of Master Production Schedule, Ordering Planning of Raw
Material Requirements to suppliers, Production Scheduling, Production Capacity Check and Determination of
Customer Order Completion Time. With the integration of the company's current PPIC data calculation file, coupled
with the possibility of insertion or order changes, PPIC operators have difficulty updating the calculation data in the
PPIC file and the potential for causing data updates is not carried out and the next is PPIC calculation data to be not
accurate.

Careful calculation of production capacity in accordance with the data of the master production schedule and
calculation of the availability of production hours for each work station is a matter that must be prioritized by the
company. For heavy equipment producing industries with a make to order strategy and engineer to order with
company characteristics that highly prioritize customer satisfaction while minimizing customer complaints, it is very
potential to experience an external production system disturbances (demand change). This condition causes
companies to determine the policy of providing safety supplies for finished products for requests for 2 months.
Supplier of raw materials with the procurement of imports and locales as well as variants of raw materials that vary
according to customer demand (with a variant of finished products that are also many) causes the company to
require a non-simple Material Requirement Planning module.

In general, based on global analysis of the PPIC model applied by the company today, companies need an
integrated information system to maximize the PPIC function in the company. Taking into account the number of
finished product variants with the need for variations in the production process for different product variants,
sufficient time and thought is needed to obtain accurate mapping and analysis of the PPIC model applied by the
company today.

Customization of customer orders is carried out, among others, resulting in a backlog of customer orders. Based on
the results of interviews with company resource persons, it is known that there are many incidents of production
system disturbances that occur and the potential causes disturbances to the target of meeting customer demand cause
the company to require a non-simple Material Requirement Planning module. The company also needs an
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information system to support the Production Scheduling module which is integrated with other PPIC modules to
streamline the PPIC function in the company. Considering so many disturbances in the production systems faced by
the company, both internal and external, related to the company's need to continue to increase customer satisfaction,
the company has a policy of providing safety stock for both raw materials and finished products.

In the case of PT ABC, the available information system has not been integrated with all production units so that
there is an error in translating production orders that have an impact on the procurement of raw materials,
determining the amount of production and the delivery schedule to customers who are often late. Input for the MRP
system in the form of Master Production Schedule often changes due to changes in the model and the number of
products requested by the customer in less than 4 months. Figure 4 shows the flow of information in the form of
orders obtained from internal and external customers and material flows in the form of raw materials, semi-finished
products and finished products that occur on the production floor which is input and output in the company's MRP
system.

DELIVERY PRODUCT

Fabrica- Material 2nd )
tion Control Process Cutting Customer

4 4mm L

ORDER

Figure 7. Information Flow (Order) and Product Flow (Delivery Product)

Next, the calculation of the actual capacity has not been done correctly which results in the load profile of available
resources not always in accordance with what is needed. As a result of the disturbances of the production master
schedule and the inconsistency of the load profile it affects the inventory status of raw materials which will affect
the material ordering schedule and delay in production due to unmet resources. To avoid material shortages, often
the material planning part estimates the purchase of raw materials in excess of the required amount. Furthermore, the
production department also does the same thing by increasing the amount of production from the number of PO to
anticipate additional PO from the customer. But this cannot anticipate the fulfillment of customer requests that
always change in the middle of the production schedule that has been carried out.

5. Discussion

Uncertainty is defined as any unpredictable event that disturbs the production process in a manufacturing system
that is planned by MRP, MRP II or ERP system (Ho, 2003). In the Indonesian case, the limited national supply of
heavy equipment manufacturers may jeopardize the availability of heavy equipment for construction since its
share is about 20% of the total demand. The balance of future demand and conditions of heavy construction
equipment availability seems not to be the focus of attention. Heavy equipment suppliers have not been able
to respond to the demand because it is not possible for them to increase their production of heavy equipment
in a relatively short time. This condition may hamper the development of the national construction industry
as a whole (Simatupang, 2016).

Manufacturing planning and control entails the acquisition, use, and allocation of limited resources in production
activities so as to satisfy customer demand over a specified time in the most efficient and effective way. The
available planning tools like MRP, MRP II or ERP are very good for scheduling, but completely ignore the
uncertainty and capacity, issues. Managing uncertainty effectively and efficiently requires balanced planning and
control. One must understand which uncertainty to tackle, and how to tackle it, in order to obtain the maximum
improvement of the system. The approach based on KPI and its measurement has the potential to solve problems of
uncertainty in demand, supply and process (Wazed, 2010).
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Heavy equipment component industry with a make to order strategy and engineer to order with company
characteristics that highly prioritize customer satisfaction while minimizing customer complaints, it is very potential
to experience an external production system disturbances (demand change). The industry has specific markets and
are limited by market trends and also has customized demand characteristics, large product variants with not large
quantities per variant, limited special market users, high quality raw material requirements, requiring sufficient raw
material procurement lead times and big investment in raw materials , requires technology and high-skilled
workforce to produce high-quality products. Characteristics of the industry cause the heavy equipment component
industry need safety stock for raw material and safety lead time for component that can be adjusted based on the
dynamics and disturbances that occur.

Based on a pattern obtained from the production system disturbances mapping by using the association rules method
a priori algorithm, we know that the high severity disturbances associated with the MRP PPIC Model, with the type
of disturbances of raw materials having a high impact on KPI, the company need Material Requirement Planning
(MRP) which is supported by excellent information system design, with a good database management system,
integrated and facilitates the flow of information and communication between PPIC support divisions, simple,
flexible so that it is easy to adjust and has supporting functions:

a. To find out the needs and availability of capacity of each production work station.

b. To find out the needs and availability of raw materials.

¢. To find out the needs and availability of labor.

d. To browse and find out the order fulfillment status.

e. To find out if there is a disturbances in the production system and do action of controlling the

disturbances that occurs.

6. Conclusions and Future Research

The results of the mapping disturbance analysis at PT ABC show that the production process cannot run in
accordance with the planning and scheduling that has been made because of the misinformation that also has an
impact on KPI achievement. Information flow and information flow and material flow that are the input and output
of the company's MRP system do not match what happens on the production floor. The occurrence of a chain of
disturbances is caused by a lack of integrated information between divisions and suppliers, so that each division
processes based on their respective policies and information systems need to be built regarding MRP functions with
integrated databases between each PPIC division where each department related to PPIC functions has access
according to their needs. The company needs an improvement in the MRP system and Standard Operation Procedure
(SOP) for each division in releasing production and ordering of materials. The company also requires an information
system in the form of a dashboard that can display real conditions on the production floor as well as the status of
each agreed order, while monitoring the disturbances of the production system that occurs, so that it can
immediately control and make adjustments so as to meet the KPI of each PPIC division. Regarding the disturbances
of production systems that occur, companies can control the disturbances of the production system that occurs by
providing safety stock for raw materials and finished products in order to support the smooth running of business
processes and fulfillment of KPIs for each PPIC division in the company.

For the future research, we recommend to apply the disturbance control model, as has been done in previous studies
in the automotive industry, starting with mapping the production system disturbances in accordance with the
relevant KPI, then by utilizing the classification technique approach we got the disturbances control model consists
of sub-model of the risk level of the disturbance, sub-model of action status, sub- model action control of the
disturbance, and sub-model of determining the safety stock to assist the automotive company in taking the decision
to perform the disturbances control action in production system (Marie, 2017).

Acknowledgements
The authors are grateful for all the help and support of data from the management and staff of PT ABC and Trisakti
University Research Institute for the implementation of this research.

References

Fadlina, Data Mining Untuk Analisa Tingkat Kejahatan Jalanan dengan Algoritma Association Rules Metode
Apriori. Informasi dan Teknologi Ilmiah (INTI) 3 1 144-54,2014.

© IEOM Society International 3065



Proceedings of the International Conference on Industrial Engineering and Operations Management
Bangkok, Thailand, March 5-7, 2019

Fogarty, Donald W. et al., Production & Inventory Management, South-Western Publishing Co, USA, 1991.

I A Marie, D K Sari, P Astuti and M Teorema, Design of Disturbances Control Model at Automotive Company, /OP
Conf. Series: Materials Science and Engineering 277, 2017.

Koh, S.C.L. & Saad, S.M., A Holistic Approach to Diagnose Uncertainty in ERP-Controlled Manufacturing Shop
Floor, International Journal of Production Planning and Control, 14(3), pp. 273-289, 2003.

Krajewski, Lee J., Larry P. Ritzman & Manoj K. Malhotra, Operations Management : Processes and Supply Chain
10™ Edition, Pearson Education Limited. England, 2013.

Larose, Daniel T. Data Mining Methods And Models. John Willey & Sons Inc, New Jersey 2006.

Marie, Iveline A, Eriyatno, Y. Arkeman, D. U. Daihani, Model Design of Adaptive Production Planning and
Inventory Control in the Food Industry, Asian Transactions on Engineering, Volume 01, Issue 04, 2011.

Marie, Iveline A., F.M. Prasetyo, N. Azmi, Safety Stock Determination Based On Disturbance Control Model At PT
DEE, International Seminar on Industrial Engineering and Management Proceeding ISSN . 1978-774,
2015.

Mula, J., et.al., Models for Production Planning Under Uncertainty : 4 Review. Int. J. Production Economics 103,
pp- 271-285, 2006.

Simatupang, Togar M. and Ramaswami Sridharan. A Critical Analysis of Supply Chain Issues in Construction
Heavy Equipment, International Journal of Construction Management, Taylor & Francis, 2016.

Wazed, MA, S.Ahmed and Y. Nukman, Review Of Manufacturing Resources Planning Models Under Different
Uncertainties: State-Of-The-Art And Future Directions, South African Journal of Industrial Engineering
Vol 21(1): 17-33, 2010.

Biography

Iveline Anne Marie is a lecturer in Department of Industrial Engineering, Faculty of Industrial Technology, Trisakti
University, Jakarta. She received her Master of Mechanical Engineering specificity in Industrial Management from
Indonesia University in 1999. Next, in 2012, she received her Doctoral Degree majoring in Agriculture Industrial
Technology from Bogor Agriculture Institute. Now she is a Head of the Production System Laboratory. Her research
interests include production planning and inventory control, lean manufacturing, product and process design,
ergonomic, facility layout design and supply chain management. In 2012 and 2013 She has received research grants
from Indonesia Government with the research title Maintenance Decision Support System Installation Of Electricity
Transmission System To Improve Service Performance (Study In Distribution & Center Of Control Center Jawa
Bali PT PLN) and also in 2017 and 2018 with research title Intelligent Decision Support Systems Design For
Uncertainty Handling On Automotive Industrial Supply Chains.

© IEOM Society International 3066



	Next the PPIC Division plans to meet customer requests received by the sales. PPIC will deal with production and purchasing divisions for purchasing raw materials and subcontracts. Disturbances at the purchasing division will trigger disturbances in t...
	Next the PPIC Division plans to meet customer requests received by the sales. PPIC will deal with production and purchasing divisions for purchasing raw materials and subcontracts. Disturbances at the purchasing division will trigger disturbances in t...
	The source of the disturbances of the PPIC division came from internally both in the planning system and in HR. While external sources indirectly come from customers, suppliers and subcontracts. Disturbances in the production division will have an imp...
	The source of the disturbances of the PPIC division came from internally both in the planning system and in HR. While external sources indirectly come from customers, suppliers and subcontracts. Disturbances in the production division will have an imp...
	Next, the calculation of the actual capacity has not been done correctly which results in the load profile of available resources not always in accordance with what is needed. As a result of the disturbances of the production master schedule and the i...
	Next, the calculation of the actual capacity has not been done correctly which results in the load profile of available resources not always in accordance with what is needed. As a result of the disturbances of the production master schedule and the i...
	5. Discussion
	5. Discussion
	6. Conclusions and Future Research
	6. Conclusions and Future Research
	Acknowledgements
	Acknowledgements
	References
	References
	Biography
	Biography



