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Abstract

Time has become an important factor in competitiveness. Reliable and timely supplies build upon the
alignment of different operations that compose the supply network. In order to improve on-time
delivery performance of a multi-level supply network in the high-tech industry, this research focuses
on supply chain operations planning. A model is developed to study the effects of order releases on
utilization, costs, tardiness and therewith delivery performance. Therewith, this study proposes a new
delivery performance metric that represents the fraction of demand that is met within a specified lead
time. Results demonstrate that order releases can be improved by taking into consideration
information from the whole supply network. Therewith, this research shows the potential of
centralized planning, coordination, and decision making in a multi-level supply network.



Management Summary

This report presents the results of a study conducted on supply chain operations planning and control.
In this context, the multi-level supply network of Prodrive Technologies is used as a case study.

Problem context

Prodrive Technologies strongly believes in the vertical integration of their key manufacturing
processes. By the vertical integration of operations, a transparent supply network exists that offers
optimal control and flexibility. Currently, upstream operations are executed within a subsidiary
manufacturing plant i.e., Prodrive Mechanics. Hence, the internal supply network can be considered
as a multi-level network, wherein upstream operations are distinguished from downstream
operations. Considering that products are becoming increasingly complex, the company is challenged
by an increasing variety of operations and products in the near future. Additionally, the company
experiences rapid growth in sales volume. This leads to a strong urge for improved supply chain
planning and control.

After the current supply chain and operations planning was compared with formal control structures,
it was found that differences exist in information available throughout the supply network. This leads
to a decoupled planning and control structure which withholds the current planning from central
coordination of order releases. According to academic literature, this negatively affects customer
service and operational costs. This is confirmed by a performance analysis of the current upstream
operations’ on-time delivery performance.

Analysis

Prodrive Technologies defines internal delivery performance as the fraction of demand that is met
within a specified lead time. However, analysis of the current situation demonstrated that current
measurements consider order-lines and do not represent the fraction of demand. To determine if
demands are met within a specified lead time, jobs’ finish dates are compared with due dates.
However, analysis revealed that job’s finish dates are unreliable. On 35% of the late jobs produced
upstream in 2017, finish dates were registered before items were actually received. When items are
received, corresponding dates are registered as delivery dates. Therefore, measuring on-time delivery
performance by delivery dates instead of finish dates yields a more reliable performance indicator.
When measuring delivery performance based on delivery dates instead of finish dates, average
delivery performance decreased by 17.1 percent points.

To improve the reliability of current measurements, a metric is defined that represents the fraction of
demand that is met within a specified lead time. More specifically, a method of measurement is
developed that represents the fraction of demand that is met on-time, and the fraction that is
delivered with certain tardiness. With this metric, referred to as V-CLIP, deliveries’ contribution
towards performance is proportional. Firstly, contribution is determined by the volume that is
delivered ( ) compared to the planned production quantity C ). Secondly, a deliveries’
contribution reduces in proportion to the complementary cumulative distribution function of

deliveries’ tardiness ( ( )). Quantities that are not delivered at all, do not make any
contribution to the delivery performance. Mathematically this entails:

- =2 —— Q- (( )



When measuring according to V-CLIP, upstream operations in 2017 were found to have average a
delivery performance of 60.8%.

Design

By a model, the effects of aspects that influence upstream supply chain operations within a multi-level
supply network are studied. First, the conceptualization described the design of one upstream supply
chain operation that is generalizable to other (upstream) operations in high-tech environments. Based
on a formal planning structure’s anticipation function, responsible for realizing an order schedule that
is lead-time feasible, the model was developed. The model builds upon three design parameters that
generate order proposals, determines delivery dates, and allows for manufacturing flexibility
considerations.

Numerical analysis of the model output demonstrated that order releases, either multi-echelon or
local based, have a large impact on upstream operations’ utilization, costs, tardiness and therewith
performance. Operational costs were modeled by setup-costs, inventory carrying costs, and machine
availability costs. Performance was modeled by the fraction of demand that is delivered and the
deliveries’ tardiness, leading to V-CLIP.

To find how the release of materials and resources can be best coordinated, three lot-sizing scenarios
have been compared wherein different order sizes were generated based on items’ average demand.
Items’ average demands were used to develop three volume categories that were used for lot-sizing
decisions. Typically high volume items contained small demand aggregations, securing balanced
capacity requirements, and low volume items contained large demand aggregations to justify setup
costs.

Results show that current order releases can be improved by taking into consideration information
from the whole supply network. Additionally, applying smaller demand aggregations for all volume-
categories resulted in balanced capacity requirements and reduced supply chain investments in
inventories.

Recommendations

It is demonstrated by academic literature that the decoupling of production units is common in
vertically integrated supply networks. However, a supply network’s planning and control can only be
optimized if information from upstream and downstream operations is shared and taken into
consideration with order releases. In addition to the vertical integration of operations, vertically
integrated information is required.

Based on this insight, the following recommendations are given to Prodrive Technologies:

It is recommended to measure internal on-time delivery performance by V-CLIP. This research has
demonstrated that current measurements are not conforming to what Prodrive Technologies defines
as delivery performance. Additionally, it is shown that current measurements depend on unreliable
data. By measuring according to V-CLIP, validity and reliability are improved. Also, V-CLIP gives a more
accurate representation of the detailed information from the execution function, collected by the
company’s Manufacturing Execution System.

Secondly, it is recommended to conduct further research with a multi-echelon perspective on
demands, buffers, and order sizes. This research shows Prodrive Technologies the potential value of
centralized coordination and decision making in the multi-level supply network that consists of
Prodrive Technologies and Prodrive Mechanics. It is shown that with order releases based on
information from upstream and downstream the supply network, supply and demand can be better



aligned resulting in improved on-time delivery performance without increasing operational costs
compared to current practices.

Next, it is recommended to reduce differences in commonality from upstream and downstream
operations. Numerical analysis of current order releases demonstrates that reducing current order
sizes increases on-time delivery performance and reduces supply chain investments in intermediate
inventories. Because smaller order quantities directly affect the number of setups, a small increase in
capacity may be required to cover for uncertainties. However, analysis demonstrates that the savings
in inventory investment outweigh costs of the capacity increase, resulting in reduced overall costs and
improved delivery performance. Note that this implication especially concerns Prodrive Technologies’
Injection Molding department because this study is built upon historical data and the operational
configuration of only this department. However, the model is developed such that the behavior of
other operations can also be simulated. Therefore, it is recommended to extend this analysis to other
(upstream) operations to find if delivery performance and operational costs can be improved
compared to current practices. Additionally, it is recommended to study the potential of starting a
program for reducing setup and changeover times. High investments are made in the automation and
efficiency of operations. With robots, automated guided vehicles, and automated warehouses, a
‘lights out factory’ is realized. However, the Injection Molding department still relies on conventional
setups that are labor intensive. Therefore, it is recommended to invest in reducing setups and
changeovers bringing Prodrive Technologies closer to the realization of a ‘lights out factory’ in the
high-tech industry.

Finally, it is recommended to make upstream material requirements dependent on downstream
production orders instead of inter-subsidiary stock-transport orders. By this simple adjustment in the
ERP, rescheduling proposals can be automatically communicated if downstream demand changes.
This research shows the potential of reducing differences in information available throughout Prodrive
Technologies’ supply network and therefore the implementation of this recommendation is an
important step forward. When empirical data will be at disposal in the near future, order acceptance
and replanning decisions will require further attention. Additionally, future research should extend
this research to more operations of the supply network. At last, future research should receive an
integral approach of planning decisions under the availability of buffers, e.g. safety times and safety
stocks that are used to cover for uncertainties in supply and demand.
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1.Introduction

Time, quality, and cost have always been important elements in competitiveness. Prodrive
Technologies (PT*) strongly believes that the vertical integration of their key manufacturing processes
brings the time, quality, and cost elements at their disposal. By vertical integration of operations, the
company features a supply network wherein lead times are transparent and can be altered quickly
based on planning and control decisions. Knowing that future products are becoming increasingly
complex and the company experiences rapid growth in sales volume, a strong urge exists for improved
supply chain planning and control.

This project represents a study wherein is sought how on-time delivery performance of PT’s most
upstream supply chain operations can be improved by improving supply chain planning and control.
The upstream supply chain operations that will be considered are characterized as a separate entity
within PT that is distinguished from other, more downstream operations.

By considering PT’s supply network, supply chain operations planning, manufacturing flexibility, and
different performance metrics, the supply chain planning and control matter is reviewed in its full
scope. Consequently, this is exactly where lays the academic contribution as well as the added value
for PT.

This section will sequentially treat the problem context (1.1), the research problem (1.2), and the
research method (1.3). The research method consists of the deliverables, research questions, and
methodology. This section will conclude with the thesis outline.

1.1. Problem context

PT is founded in 1993 as an electronics design firm specialized in digital signal processing and motion
control. Nowadays the core competence of the company is the design, development, and production
of electronic solutions among which Printed Circuit Boards (PCBs). Vertical expansion started in 1999
when PT expanded production of electronics with an automated production line, followed by module
assembly. Later, operations were expanded by the integration of cable manufacturing. In 2012, PT
decided to vertically integrate its supply chain with an internal supplier (i.e., Prodrive Mechanics) that
mainly supplied PT with plastics and metal components that are used in the assembly of PT’s end-
products. The production of plastics typically includes housings and enclosures for electronic
solutions. Manufacturing of machined parts consists of cold plates or heat sinks that can be used for
cooling purposes of power conversion modules for example. Later Prodrive Mechanics (PM?) also
expanded operations with production of inductors, transformers, motors, and actuators by the
establishment of the Magnetics operation.

Over the years, the vertical integration of PT’s key manufacturing processes has resulted in a wide
range of operations, i.e. (I) Surface Mounted Device (SMD) Printed Circuit Board Assembly (PCBA)
manufacturing, (1) Conventional PCBA manufacturing, (lll) System Assembly, (IV) Cable Harness
manufacturing, (V) Magnetics, (V1) Machining, and (VI1) Injection Molding. Whereas the integration of

1 In the remainder of this document, Prodrive Technologies B.V. will be abbreviated as PT.
2 In the remainder of this document, Prodrive Mechanics B.V. will be abbreviated as PM.



the full front-to-end supply chain offers more in-house control and flexibility, it also urges PT to have
a well-organized Supply Chain Operations Planning (SCOP) in place.

In the organizational structure of PT, the Organization Support department is responsible for the SCOP
function. The process requires input from Sales, Operations, Planning, and Procurement and is
visualized in the control structure below (Figure 1).
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Figure 1: Supply Chain Operations Planning control model

Before products are delivered to the end-customer, products are assembled at the System Assembly
department. Assembly includes ‘high volume products’, ‘low volume products’, and ‘in-line low
volume products’. This characterizes PT’s demand that consists of high and low volume products.
When considering the operations carried out prior to System Assembly, we can distinguish between
operations carried out within PT and PM. Operations carried out at PM are executed prior or parallel
to the operations carried out at PT and generally have less information available about downstream
and future demand. Due to the organizational relation of PT and PM, the organization is considered
as a multi-level supply network. PT’s upstream operations carried out at PM produce mostly in larger
batch-sizes than PT’s downstream operations which indicates a so-called difference in commonality
(Bertrand et al., 2016). In the remainder of this research, Machining, Injection Molding, and Magnetics
will therefore, be referred to as PT’s upstream supply chain operations.

Considering that products are becoming increasingly complex, PT is challenged with an increasing
variety of operations and products in the near future. In this development, it is of key importance to
deliver products on-time with superior quality in order to create a sustainable value towards
customers. Closely related to this matter are on-time deliveries from internal operations since delivery
reliability towards end-customers is greatly dependent on PT’'s internal operations delivery
performance. PT’s SCOP is directly responsible for arranging these on-time deliveries. Preliminary
research in the orientation phase of this study, i.e. research proposal, revealed that current delivery
performance of PT’s upstream operations was insufficient (de Waal, 2018b).

By focusing on the planning of PT’s upstream supply chain operations, a focus on the effects of
planning decisions throughout the supply chain and the on-time delivery performance of PT’s internal
supplier is secured.



1.2. Research problem

To get an overview of the problem situation as described in the previous section, a cause and effect
diagram is developed as is recommended by van Aken et al. (2007). Whereas the complete cause and
effect diagram can be found in Appendix A, a concise representation is illustrated in Figure 2. The
diagram can be summarized by various causes that negatively affect PT's (I) on-time delivery
performance, () Operational Equipment Effectiveness (OEE), and (l1l) planning workload.

The causes originate from different disciplines and a selection had to be made to secure a feasible
project scope. To facilitate the selection, causes were categorized by (1) design & engineering related,
(I1) supply chain & operations related, and (Ill) practical issues such as human errors. From these three
categories, only the effects of supply chain & operations related causes towards on-time delivery
performance are taken into consideration within this study.

The number of projects and
corresponding workload for
proto-types is rapidly growing

Unpredictable capacity
requirements

Required capacity for series

production is rapidly growing i ZE RGeS B A G

Problem

Demand is volatile and can High replanning frequency

Root deviate from foreca