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ABSTRACT

The paper presents technical aspects of relocation of production and assembly lines. Preparatory stages of relocation, 
its course, planning and execution, way and process of reaching the assumed mechanical and stability parameters are 
described. The authors are focused on crucial issues limiting risk: securing supplies to customers by properly large 
inventory, personnel training and process standardization, transport activities, line assembly after relocation and 
reaching the target productivity. Effects of relocation on failure and productivity rates are presented. The analysis is 
based on the data acquired before relocation, in its course and after its completion, as well as during the stages of 
putting into operation and reaching the required productivity. 

1. INTRODUCTION 

Growing interest in relocation of the whole or a part of production from highly developed countries, being places of origin of numerous companies, to the 
countries with lower labour costs became visible in early 90s of 20th century and could be observed till the first years of 21st century [1-3]. 

The reasons for relocation not always must be solely financial issues focused on searching for savings on salaries in the countries with low labour costs. 
Quite often, the factor that decides relocation of an investment can be access to mineral deposits whose original locations can no longer deliver the required 
quantity of raw material. The business must remain competitive in the market with still increasing requirements, so it can appear necessary to move it 
closer to final customers (reducing costs of transport, customs duties and taxes or delivery times) or to search for a larger number of skilled personnel 
(locating factories in vicinity of academic centres) [4]. Quite often, customers’ demand for the manufactured goods exceeds expectations and business plans. 
This enforces increased productivity that can be only reached by building new production or assembly lines. If no space for new lines is available, it can be 
necessary to build new shops and relocate the existing lines to new places. In the case of corporations operating several factories, there is a possibility to 
relocate several lines from the same business unit [5-7]. 

In many aspects, relocation of a production line can be compared to the initial phase of its starting-up, since the same result is expected: supplying the final 
customer with the product of required quality, in the required time and quantity. The customer does not want to take the risk related to relocation, so 
responsibility for the obligations rests with the manufacturer [8]. Relocation brings also additional risks that are absent in a newly created project: the risk 
of loss or incomprehension of the information, data or guidelines created in the original location. On the road to success, there are many factors and 
obstacles that could effectively obstruct its reaching, like language barriers, unclear or often unstable political conditions in the new location, complicated 
supply chains or qualitative changes of final products. To reach a success, i.e. a successful relocation, it is necessary to plan the entire process precisely, to 
gather a responsible and experienced team whose task would be identifying and considering several factors that could stand in the way to the successful 
transfer project [9, 10]. 

2. METHOD OF RELOCATION

The following stages of the relocation process can be found in the subject literature: 
• initiating decisions, 
• preparation, 
• initial training and education,
• transfer, 
• trial production, 
• production with moderate output,
• improvement of production,
• production development, continuous improvement and innovation [11].

The authors of this paper have decided to focus on technical side of the relocation process, considering it an important, although of course not the only one, 
factor of a success of the whole business plan. 

2.1. Preparatory stage 
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The stage before relocation actions begin is crucial for the success of the entire undertaking. Plans, arrangements, timeframes and responsibility matrices 
that will influence the whole project, are created just at this stage. Therefore, it is extremely important that this stage is executed with due diligence for the 
tiniest details whose improper planning or complete disregarding could lead to a delay of the whole project. In the case of automotive industry, where the 
JIT principles are implemented, promptness of deliveries is immensely important. Any smallest change of the deadlines could lead to production stoppage 
at the customer which, in consequence, exposes the supplier to financial penalties. 

One of the first and the most important stages is preparation of proper layouts. Before starting any relocation activities, both parties should visit the new 
production location in order to confirm that it is properly prepared and equipped. Absence of collisions of the relocated production line with the existing 
installations and machines in the destination factory can be ensured only by highly detailed plans. If no detailed and up-to-date layout of all machines in the 
line is available, it must be immediately prepared. An important aspect is considering locations of the required utility connections. To that end, utility 
connection diagrams should be reviewed (or the connections should be drawn in the layout) and next availability and possibility to adapt the connections 
should be verified. Most often, care should be taken of the following connections: 

• water, 
• 1-phase and 3-phase electric power,
• chilled water, 
• compressed air. 

If there are ready utility connections in the destination factory, their parameters should be verified, e.g. air and chilled water pressure, and compared with 
the requirements imposed in specifications of the machines. During inspection of the connections, their condition should be verified. If the condition is 
improper or unknown, relevant maintenance technicians should be informed of the necessity to repair or replace the connections, so that commissioning 
of the line after relocation would not be delayed for this reason. Displacement of the existing connections or installation of new ones together with their 
inspection should be planned in sufficient advance. 

During analysis of the destination location, arrangement of the space should be taken into account, in particular location of pillars and recesses. In old, 
repeatedly updated plans of the shops that were never used for building a new line, some connections could be incorrectly drawn. Location of each 
connection, pillar and recess should be confirmed again by measurements and corrections should be plotted in the existing plan. 

When machine parts are located close to the existing pillars, it is worth to analyse possibly difficult access to control cabinets and possible disturbances of 
operation of cooling systems. In the recesses, cabinets for process documentation (specifications, technical documentation, pneumatic and electrical 
diagrams) or spare parts could be located. When planning new projects, particular attention should be paid to location and possible utilization of existing 
recesses in order to save valuable space in the shop. The space necessary for required archives and auxiliary consumables like personal protection equipment 
(protective clothing, gloves, goggles, and helmets), hygienic products or office goods should be estimated. 

During site inspections in the shop before relocation, attention should be paid to parts of the connections placed above the floor (cable trays, supporting 
structures for connections and lighting), often missing in the existing plans of the building, since they could disturb installation of high machines. The 
observed potential obstacles should be placed in the plan and clearly marked. 

Before any disassembly works are started, care should be taken about a sufficient number of high-resolution photographs of all utility connections, their 
routing and connection to the machines. Utility connections, as well as power and communication couplings should be marked with numbers, so that finding 
relevant connections would not take too much time after relocation of the line. Connection terminals can be marked with identical numbers or colours, 
which would speed-up their new connection after relocation. When taking pictures of the connections, it is worth to take additional pictures of all machines, 
arrangement of tools, view of panels etc. That would ease restoring the line to the condition before relocation. 

Before starting the disassembly and transport works, a list of all recording-controlling instruments, auxiliary and peripheral devices should be made, 
including their identical physical designations. For the equipment that requires periodic validation, inspection records should be available. This would 
make it possible to start manufacture together with peripheral processes with no necessity to perform initializing validations of the recording-controlling 
instruments. The so prepared list would also facilitate inventory control of machinery and tooling after shipment. For the instruments with approaching 
validation dates, it would be worth to inspect them and prolong their admission to use even before relocation. 

In the automotive sector, special care should be taken of availability and identification of all reference parts, exemplary components and finished products 
used for inspections resulting from the control plan in order to avoid problems during first customer’s audits. When different standards concerning 
inventory marking of the tools requiring periodic inspection exist in both locations, transition matrices are created, containing present and new names. 
Information about the matrix must be placed in the inspection plan. As a target, old designations should be converted to new ones to avoid incompatibilities 
during audits. 

An important aspect is comparison of the requirements related to industrial safety, ergonomics or machinery directives [12]. Quite often, especially in the 
case of intercontinental transfers, many differences exist in the requirements, directly resulting in a necessity to introduce changes and adaptations in 
settings and structures of the machines. A particular attention should be paid to safety issues. Changes can be related to dimensions of safety zones, settings 
of light curtains, possible pressure forces of movable guards against operators’ hands etc. In this case, it is worth to collect present requirements in the old 
location and consult them with the factory labour safety inspector to be aware of the necessary changes. 

Before starting disassembly, devices requiring calibration according to ISO/TS should be listed: 
• sensors, 
• measuring instruments, 
• converters. 

Influence of changed atmospheric conditions (temperature and humidity) should be analysed in detail, as well as lighting levels in both locations. Even small 
changes of these factors can significantly affect manufacturing processes, as a result of e.g. properties of silicones or lubricants used in the process, changing 
with ambient temperature or humidity. Even apparently insignificant differences can significantly change e.g. dosing pressure and thus result in exceeding 
the tolerances controlled by measuring systems. If the tolerances are precisely defined in internal standards and process specifications, such a change can 
make it necessary to modify parameters and tolerances urgently, which often requires additional mechanical or functional testing. 

2.2. Securing supplies to customers 

The extremely important aspect to be considered is gathering a significant inventory of finished products before starting relocation of the production line 
[13]. The inventory can appear unnecessary, if the relocation project is finished in time. However, it can appear necessary if any unpredictable event occurs, 
resulting in a delay. The time required for ramp-up of the line after relocation should be planned deliberately and with no excessive optimism. The ramp-
up process itself is relatively well known and described [14-16]. 
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In the automotive industry, reaching the productivity level of 80% OEE takes usually over a dozen weeks but, with regard to possible difficulties during 
production start-up, duration ca. two times longer should be considered.  

It is worth to prepare an emergency plan, e.g. significant production increase on another line manufacturing identical product or adaptation of a similar 
line to manufacture of the transferred product, e.g. in the case of a transport accident of the machines to be assembled or other random incidents. A 
possibility of engaging or displacing additional employees and starting additional shifts in other lines should be planned, which, together with increased 
number of operators, would secure supplies to customers for a period of even several months. If a part of the machinery is lost (theft, accident or transport 
damage), this would secure the time for its renewed building. It should be also remembered about appropriate insurance of the shipments. 

2.3. Personnel training and process standardization 

Training of the personnel who are to take over production management after relocation should be started even before stopping series production in the 
original location. A very good idea is to prepare at least one production shift composed of the operators designed for series production in new location even 
before relocation. It is practised to join newly employed operators with experienced staff in the original location and to let them work together for several 
months, which facilitates gaining good habits, unofficial knowledge and basic skills of solving problems. 

It is worth to implement similar actions in the field of engineering, as well as of widely understood maintenance services. An investment in „on-the-job” 
training will be refunded soon by increased productivity and reduced down-times thanks to faster identification and recovery of failures by this way trained 
services [17]. 

An immensely important thing is elaboration of a good, multilevel personnel training plan. Properly oriented trainings will make possible quick acquiring 
knowledge from adequate employees in the original location. The plans must consider availability of relevant experts. During elaboration of the plans, 
future responsibilities of the newly engaged and trained employees should be taken into account, so that they would not be overloaded with useless 
knowledge and could be focused on their job. For this purpose, care should be taken of building a proper matrix informing of taking-over specific duties by 
specific persons; preferably by names (i.e. a specific person in the new location takes duties from a given person in the previous location). This will provide 
transparency when a contact is necessary to obtain possible support on technical issues. 

A training matrix specifies the persons responsible for execution of each training, suggested dates of the trainings and the persons who should participate 
in individual trainings adapted to the job position profile [11]. 

A typical training matrix includes the following information: 
A – training subject, 
B – new staff members participating in the training, 
C – training tutors, 
D – date and status of the training, 
E – assignment of staff members to individual trainings, 
F – planned durations of the training. 
One of the points of a matrix for general trainings is shown in Figure 1. 

Figure 1: Key areas of a general training matrix 

It is worth to take care of appropriate agreements concerning temporary taking-over the duties by new personnel, as well as initial support from the parent 
factory (or original production location) on technical questions during building competences in the new staff. Otherwise, disagreements and complications 
about settling costs of the specialized support can appear. 

During process trainings received by production technicians who will take over the duties related to manufacture after relocation, it is worth to accomplish 
translations of any available process documentation (internally executed by the engineering staff). This will make it possible to reduce the labour to be 
performed after relocation and also to familiarize with procedures, processes and existing documents. 

2.4. Activities during transport 

Before transport processes begin, care should be taken of proper training of the companies and employees executing shipments. A particular attention should 
be paid to the guidelines concerning maximum pressures that can be exerted on the machines or their parts, e.g. during lifting (pressure on the machine 
bottom). The guidelines must be written in details and transferred to the persons and companies responsible for transport activities. Before loading, proper 
safeguarding of the machines against sliding from the pallets must be inspected, as well as safeguarding or disassembling and securing in other places any 
movable components situated inside the machines. 

After fragments of the line are delivered by successive shipments, machines and devices must be checked for damages and completeness. Lists of peripheral 
equipment and machine parts would be useful. Before loading, information about contents of individual shipments should be added to the lists, which can 
be helpful if some small parts or small devices are lost. 

2.5. Assembly of the line after relocation 

When the engaged companies or services execute connection and assembly works, it is worth to spend some time on building a detailed process validation 
plan of the line before it is started-up to series production. It is worth to collect all the available process documentation, specifications, standards and 
customers’ requirements and then determine all validation actions for each of the machines and processes. Matrices for supervising results of process 
capacity (as well as large-size check lists) are placed in a visible place on the production line for the purpose of daily updating the validation status and 
accepting individual machines for series production. 
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After integration of the line is completed, it is worth to plan successive trial production series to verify correctness of integration, functioning of control and 
monitoring systems, as well as initial performance indices. Each of the machines should be checked for correct operation of known functions and quality of 
panel translations. During trial runs, it is worth to engage the engineering staff for measuring cycle times and recording any found problems and 
incompatibilities. Any observed complications should be acquired and persons responsible for their solving should be assigned, e.g. during daily (or taking 
place several times a day) meetings summarizing integration of the line. The time when the companies executing integration of the line and technicians 
from the parent factory are available, should be used for solving as many problems as possible, which would make it possible to safe the time for solving 
them during series production, when the newly trained staff can face many problems related to unavoidable gaps in their knowledge.  

Progress of the works should be currently monitored and summarized during common meetings. Timeliness of the activities should be continuously 
compared with the assumed time axis to minimize and early detect possibly appearing delays. 

2.6. Process of reaching destination productivity 

Effective maintenance management is essential for companies where ensuring continuous and fault-free operation is required [18]. In order to assess 
effectiveness of all the accomplished actions, the obtained performance parameters of the line should be currently monitored. Any early observed and 
recognised alarming trends in specific performance parameters should induce to define and effectively implement corrective actions in order to prevent 
failures to meet delivery dates and to avoid delays with respect to the project timing. Figure 2 shows mean increase of the overall equipment effectiveness 
(OEE) index. The diagram should be treated as a representative effectiveness increase possible to be reached in relocation projects of automated and semi-
automated lines used for assembly processes. 

Figure 2: Mean weekly increase of overall equipment effectiveness after relocation 

An increase of OEE by ca. 20 percentage points should be expected during four months after relocation of the production line. A condition for obtaining 
such results is conducting secondary projects of stabilisation and/or reduction of cycle times, shutdowns, first-pass yield (FPY) or percentage of rejects. In 
addition, initial level of the equipment effectiveness (at that productivity improvement began after relocation) should be considered, as well as kind of the 
assembly line and industry [19]. Increase of the OEE level is affected also by human factors (especially in the case of manual and semi-automatic lines), like 
education and process experience levels of production workers. This factor is difficult to be quantified, but it cannot be ignored, and efforts should be made 
to enable the machine operators (production operators, setters and servicemen) to develop their knowledge. One of the indices on that ground progress in 
education of servicemen can be evaluated is mean time to repair (MTTR) counted from the moment when a failure is reported to the moment when it is 
repaired. An additional indicator showing increase of effectiveness of preventive maintenance, and thus decrease of failure frequency of the machines, is 
mean accumulated down-time (MADT). A trend of MTTR changes during the first 4 months is shown in Figure 3 and that of mean monthly down-time is 
shown in Figure 4. Most often, MADT decreases ca. 10% after first 4 months of the line operation after relocation. After that period, MTTR drops ca. 20%. 
Values of these indices indirectly indicate increased productivity and general effectiveness of the line. 

One of key actions leading to higher productivity of the line after relocation is conducting projects aimed at increasing the FPY factor. A model growth of 
FPY during first 4 months after relocation is shown in Figure 5. 

Weeks 
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Figure 3: Mean time to repair during first 4 months after relocation 

Figure 4: Mean monthly down-time during first 4 months after relocation 

Figure 5: Mean monthly first-pass yield during first 4 months after relocation 

It is possible to reach average increase of FPY value at 0.25 percentage point per month, which plays a significant role in OEE increase presented in Figure 
2. In relocation projects, attention is normally focused on three work stations/stands showing the lowest FPY level that is increased with use of procedural 
problem-solving methods. The introduced actions influence at the same time a percentage decrease of incompatible pieces by a reduction of errors in 
assembly processes. Application of additional actions to reduce rejects on work-stations showing their highest level makes it also possible to reduce total 
cost of rejects, presented in Figure 6 by percentage of incompatible pieces in production.

Figure 6: Percentage of incompatible pieces during first 4 months after relocation 
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Mean monthly decrease of percentage of incompatible pieces at the level of 0.1 percentage point was observed, which made it possible to reduce total 
rejects by ca. 40% during the first 4 months after relocation of production. In the case of the considered company and type of process (assembly), these 
values are repeated in many projects; however, they should be treated as approximate, dependent on industry and kind of manufacturing process.  

3. CONCLUSIONS 

Even a tight and experienced team is unable to realise a good and successfully completed project of production relocation without proper planning. The 
synthetic list of actions at individual stages of relocation, shown in Table 1, is to facilitate this task. 

Undoubtedly, from the viewpoint of the possibility to secure a suitable number of pieces of finished product for the customer, the most important parameter 
is OEE. Therefore, it is most often selected as a key parameter at efficiency assessment of the relocation project and of implementing the line to series 
production. For relocated production lines, OEE data from the periods before and after relocation are important. In addition, information about the 
parameters like down-times, production capacities and reject levels are also important. 

The key objective of relocation of a production line is that the line after relocation is able to supply more finished products than it was in its original location, 
with respectively lower labour cost of operators and auxiliary services. In case sufficient OEE levels were not reached, it would be necessary to start 
additional production shifts on off-work days (Saturdays, Sundays and public holidays), which is in conflict with the idea to reduce labour costs. 

Successful relocation of a line is confirmed by values of selected production indices, but the highest risk of the project is a failure to secure continuity of 
supplies to customers and a visible change of product quality, which could affect final evaluation of the company as a supplier and result in reduced 
customers’ orders or even their moving to competition. 

Table 1: Technical details of relocation of production and assembly lines 

Stage Task 

P
re

p
ar

at
io

n
 f

o
r 

re
lo

ca
ti

o
n

 

Inspection visits – preparation of both locations to the relocation project 
Preparing a detailed and up-to-date plan of arrangement plan of relocated machines 
Considering location of utility connections 
Verification of parameters of utilities 
Verification of condition of utility connections 
Considering locations of pillars and recesses 
Considering constructional elements above the floor 
Determining the space required for documentation and auxiliary materials 
Taking pictures of utility connections and marking the connections 
Preparing a list of control and measurement instruments, auxiliary and peripheral devices 
Putting physical marks on measuring instruments, auxiliary and peripheral devices 
Verification of availability and identification of reference parts 
Building a transition matrix of markings of the devices requiring periodic calibration 
Comparing requirements related to occupational safety, ergonomics, directives etc. 
Preparing a list of the devices requiring periodic calibration 
Analysis of influence of changed atmospheric conditions 
Analysis of possibilities of transferring spare parts 

Se
cu

ri
n

g 
su

p
p

li
es

 
to

 
cu

st
o

m
e

rs

Estimation and building inventories 
Planning the time required for ramp-up relocation 
Elaborating an emergency plan 

T
ra

in
in

g 
o

f 
st

af
f 

an
d

 
p

ro
ce

ss
 

st
an

d
ar

d
iz

at
io

n

Plan of personnel training 
Agreements related to support from the parent factory in the first phase of production 
Completing and translation of available process documentation 
Translation of machinery documentation 

T
ra

n
sp

o
r

t 
p

ro
c

es
se s

Training of employees of transport companies 
Securing proper insurance of machines during shipment 
Inspection of machinery condition after delivery 

V
al

id
at

io
n

 
an

d
 

ra
m

p
-u

p
 Preparing a validation plan of the line 

Carrying-out trial production runs 
Verification of correctness of translations of panels and interfaces 

The described experiments and variability of key production parameters were taken by the authors from three successful relocation projects and were 
acquired in order to compare rates of productivity increase with assumptions of business plans. The attainable improvement rate of selected production 
indices, determined on the grounds of acquired and here presented data, should make a comparative basis for planning and determining real productivity 
objectives for new relocation projects. 
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