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tema: lagerteknologi

An RFID implementation
in the automotive industry
- improving inventory accuracy




This paper explores and describes the impact of radio frequency identification (RFID)
technology on inventory accuracy within a production and assembly plant, and proposes a
model for assessing the impact of the technology on inventory accuracy. The empirical
investigation, based on case study research, focuses on a RFID implementation at a supplier of
bumper and spoiler systems to the automotive industry. The results indicate that RFID ensures
that inventory inaccuracy will be kept at minimum, providing practitioners with the
opportunity to further eliminate waste and improve factory performance.

FOTO: ISTOCK

The focus is exclusively on an RFID imple-
mentation conducted at a supplier of ve-
hicle components to the automotive in-
dustry. Consequently, the paper provides
insights into how RFID technology im-
pacts on inventory accuracy.

5Y DANIEL HELLSTROM AND MATHIAS WIBERG, DI-
VISION OF PACKAGING LOGISTICS, DEPARTMENT
OF DESIGN SCIENCES, LUND UNIVERSITY

FID is an emerging technology in
Rvarious industries. The techno-
logy provides an opportunity to

improve returns management, tracking
and tracing systems, process control, se-
curity, and sales, and enhance consumer
experience.*? Furthermore, it has been ar-
gued to improve inventory management
by reducing inventory, operational errors,
labour, and amount of discrepancies, and
increase inventory accuracy and visibi-

| litysss

i The phenomenon of inventory inac-

| curacy is well-known (see for example

| note number 6). Inventory inaccuracy mentations in northern Europe. Further-

can lead to higher inventory levels, lower more, the implementation decision was

fill rates and poor customer service, thus l“J based on the advantages provided by

| itis very costly. The literature on inven- RFID technology and not driven by man-

tr3] has‘not considered the dlS- date. The implementation did not make

3 it possible for a quantification of the im-

pa of RFID.technology based on histori-

Methodology

In order to explore the impact of RFID
technology on inventory accuracy, a
single case study was performed. The
main reason for conducting a case study
is to gain an in-depth understating of a
phenomenon being studied.” The case
study method was also considered appro-
priate since RFID implementation is an
emerging empirical topic.”

The case study focuses on a RFID im-
plementation at a supplier of bumper and
spoiler systems to the automotive indus-
try. The case was primarily chosen based
on its uniqueness; it is the largest of the
few item-level, open-loop RFID imple-

proposed mode ‘provide insights into
D technology impacts on inven-

ng depth to the investigation. The re-
spondents were chosen based on their in-
volvement and knowledge of the RFID
implementation. In order to increase reli-
ability, every interview was recorded and

asked again in a second interview to en-
sure validity. Moreover, regular e-mail
contact was established with the re-
spondents for questions that were over-
looked during the interviews.

Case description

Plastal is a supplier of injection-moulded,
surface-treated interior and ext_e;;igr_; phas'tic
components, mainly bumper and §pofler
systems, to the automotive industry. It is
one of the roo largest automotive suppli-
ers in the world with a wide range of cus-
tomers. The case study was conducted at
Plastal’s production and assembly plant in
Gothenburg, Sweden [PAGO].

PAGO’s main customer is Volvo Cars
Corporation. Every haif hour PAGO se-
quence delivers bumpers, spoilers and
complete bumper sets (also including
lamps, parking sensors, etc.) directly on to
Volvo Cars’ assembly line. The deliveries
are based on just-in-time and just-in-se-
quence, which means that PAGO must not
only ensure that the ordered parts are sup-
plied punctually in the required quantity,
but also that the sequence of the ordered
parts is correct. The time from Volvo's se-
quence order to final assembly is approxi-
mately eight hours, while PAGO's produc-
tion and assembly processes have a longer
lead time. Accordingly, PAGO has an as-
semble-to-order production strategy. In to-
tal, PAGO delivers approximately 1600 dif-
ferent types of assembled products.

The RFID implementation and
technology

PAGO applies RFID tags to all bumpers
and spoilers. Thus, every car with a
PAGO-manufactured bumper system has
four tags, one on each spoiler and
bumper both front and back. During
2008, PAGO applied approximately
300,000 tags. The reason why PAGO im-
plemented RFID technology was to de-

transcribed. Some of the questions were crease the risk of having an incorrect stor- =
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age status, increase traceability in the
production and assembly processes, uti-
lise the possibility to control the equip-
ment in these processes based on the in-
formation stored on the RFID tag, and re-
duce manual reporting, which is error-
prone. PAGO chose to implement RFID
technology amongst the other competing
Auto-ID technologies for a number of rea-
sons. The main reason was that RFID
could identify bumpers and spoilers on
the different load carriers (racks, skids and
cassettes) without any visual contact. This
minimises the need to move the parts
when loaded on load carriers and thereby
also minimises the risk of causing scratch-
es on the surface of the parts. RFID tech-
nology also provided PAGO with the abil-
ity to read many tags simultaneously.
However, a bar code system isused as a
fall-back system to ensure that the Auto-
ID system does not fail.

The RFID tags used are 96-bit, passive
RFID tags which operate in the ultra high
frequency (UHF) area. This frequency was
chosen due to reading distance, its non-in-
terference with consumer electronics, and
its good propagation characteristics. Each
tag contains a unique serial number that

PAGO staff have themselves constructed.
It consists of a country code, an area
code, a unique number and a factory
code (there was no data structure stand-
ard available when the system was imple-
mented in 2005). This serial number is
also stored in a secure database where at-
tributes such as colour, product type and
what gate (i.e. location) the specific prod-
uct has passed are stored.

Production and assembly processes
PAGO’s production and assembly plant is
highly automated and comprises nine pro-
duction and assembly processes: (1) Injec-
tion moulding, (2) high storage one, (3}
masking, (4) paint shop, (5) polishing and
checking, (6) high storage two (and assem-
bly station), (7) assembly, (8) sequencing,
and (9) loading. Figure 1 illustrates these
processes, also showing where RFID gates
are located. In total, 24 RFID gates are im-
plemented. These are located in the fol-
lowing steps: The injection moulding
process, in and out of high storage one,
the paint shop process, in and out of high
storage two, and between sequencing and
loading processes.

PRODUCTION AND ASSEMBLY PROCESSES AT PAGO

| High storage |
one

{ouding

|

Figure 1.

Results and discussion

In this section, the RFID impact on inven-
tory accuracy is described and the model
for assessing the impact of the technology
on inventory accuracy is presented.

RFID impact on inventory accuracy
Even though PAGO’s production and as-
sembly plant is highly automated, there
are several manual tasks for reporting and
updating the IT system. These manual
tasks occur at the entry and exit points for
high storage one and two, and in the as-
sembly process. All these manual tasks are
error-prone and the sources of inventory
inaccuracy (figure 2). For PAGO, the main
consequences of inaccurate inventory are
higher inventory, rush orders (and its con-
sequences), out-of-stock, waste and longer
inventory turnover.

At the entry point to high storage one
there is a manual station where an opera-
tor can unload damaged products from
racks. If a damaged product is found and
removed, the operator needs to update the
number of products available on that rack.
It is during the updating that a problem
sometimes occuts; the operator acciden-
tally enters the incorrect number availa-
ble. This problem is solved by placing an
RFID gate at the entry point to high stor-
age so that it automatically identifies the
products on the rack and updates the
amount of products entering storage.

At the exit points to high storage one
there are two stations where operators un-
load products from racks. The most com-
mon error which occurs in these stations
is that an operator updates the wrong

TASKS WHERE ERRORS, 1.E. SOURCES OF INACCURACY, OCCUR AT PAGO
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NUMBER OF NON-FAULTY ARTICLES

Figure 3.
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number of products which are left on the
rack and sent back into high storage one.
At one of the stations, another problem
also occurs; the wrong type of product on
the rack is specified. These kinds of errors
are all corrected by the RFID gate at each
exit point which identifies the product
type and amount and automatically up-
dates the IT system.

At the entry point for high storage two
there are three kinds of manual error
which can occur: Wrong amount, product
type and colour specified. As manual tasks,
these are all prone to error. For example,
an operator need to specify what colour
each article is. There are various colours
and many of them are exceptionally hard
to distinguish from each other, especially
in a production environment. Thus, the
specification of colour is eITOI-prone.

At the exit point for high storage two,
the start of the assembly process, an error
which occurs is that an operator can un-
load more articles than the IT system has
specified. This normally happens when an
article has been damaged or scrapped, and
thus the assembly is missing, and urgently
needs, one or several articles. As the IT sys-
tem automatically updates the number of
articles left on the cassette by subtracting
its specified amount of articles to be un-
loaded, the number of articles on the cas-
sette will be incorrect, i.e. resulting in in-
correct storage levels. As a consequence,
this can cause an extra colour swap in the
paint shop, which decreases production

performance and increases production
costs by increasing scrap rate and requir-
ing additional labour.

In the assembly process, several errors
occur. For example, a grained spoiler is
sometimes assembled with a coloured
bumper or vice versa; a spoilerand a
bumper are assembled, but their colours
do not match; or the assembled product
does not match the customer order specifi-
cation. Without RFID to identify each
spoiler and bumper and compare with an
order specification, these errors are hard to
find and often result in new rush orders.
The RFID gate in the sequencing process
checks for these kinds of errors before
complete bumper sets are loaded onto the
trucks and delivered to customers. The
RFID gate is located after the sequencing
and not after the assembly due to techni-
cal limits and lack of space in the assem-
bly.

In the IT system there is an autocor-
recting effect based on using RFID tech-
nology. For example, let us say the RFID
system only reads eight of nine products
on a load carrier at an entry pointtoa
high storage. When the load carrier then
reaches the exit point and the RFID sys-
tem identifies all nine, it will automati-
cally update storage status or suggest that
an operator updates storage status.

Assessing RFID impact on inventory
accuracy
In order to understand and assess how

RFID technology improves inventory ac-
curacy a model has been developed. The
model shows the inaccuracy caused by
manual updating and how it is reduced by
the effects of RFID technology.

The model is based on the tasks where
manual errors occur (figure 2). If the mean
error rate of a task is denoted as: €n, and
Y,.1 denotes the number of non-faulty
articles entering the task, then the mean
number of non-faulty articles leaving the
task is going to be (number of non-faulty
articles entering the task minus number
of faulty articles leaving the task) Yn-1 -
Yn_z * En. If the number of non-faulty ar-
ticles entering the first task is denoted as
Yo, and all errors are assumed to be un-
correlated with each other, the following
formula can be given:

Yn-1
Yo =Yn-1- (¥ o'en)( {(’0 )= Ya-1- (€n*¥n-1)
Yo := Number of articles entering the first task
€n := Error rate for taskn

According to Smith and Offodile,”
the mean error rate for human data entry
is one in 300, while Williams® argue that
manual keyboard entry is about one in
250. According to Smith and Offodile,”
the error rate for scanning bar codes is be-
tween one in 394,000 to one in
5,400,000, Williams* states that “RF
identification systems are remarkably ac-
curate, frequently achieving error rates of
better than one in every 10,000,000;
some systems have been able to demon-
strate error rates of better than one in 800
million.” However, modest assumptions
were made in the PAGO case in order not
to overestimate the impact of RFID on in-
ventory accuracy. The mean error rate for
manual updating and assembly was as-
sumed to be one in 300, while the RFID
system was assumed to have an error rate
of one in 2,500,000.The number of arti-
cles entering the system Yo was set to
10,000.

The result of using the model to com-
pare manual updating versus an RFID sys-
tem on the PAGO case is presented in fig-
ures 3 and 4. Figure 3 illustrates the de-
crease in the amount of non-faulty arti-
cles in production and assembly
processes using manual updating, while
figure 4 illustrates the increase in the to-
tal error rate. The model does not con-
sider the autocorrecting feature of an
RFID system. However, the model (with
its assumptions) illustrates that imple-
menting an RFID system and eliminating
manual updating are major steps towards
improving inventory accuracy. Even if
the error rate for the human data entry



KSD TLA (Transport Loglstlcs rat
Jindustri- og handelsvirksomheder;  so  bel log
eller algsordren er lagret — til “besti

- war ke

ombkostninger.

Med KSD CWW ( World

ve r\',%gﬁ]m og kon

ol af imnq;mﬁr-]? CEJ
giver det ogsa din virksomhed
dling i hele vei

was ten times less, i.e. 1/3000, the conse-
quence for PAGO would be the same.
PAGO produces nearly one million arti-
cles (bumpers and spoilers) each year and
is allowed by its customers to have an er-
ror rate less than 100 ppm. Thus, the im-
plementation of the RFID system ensures
inventory inaccuracy will be kept at mini-
mum thereby allowing lower inventory,
fewer rush orders, less out-of-stock, less
waste and higher inventory turnover.

Concluding remarks

This research makes a modest, but impor-
tant, contribution to the understanding
of how RFID technology has been imple-
mented in practice in order to improve
inventory accuracy in production and as-
sembly processes. Moreover, a model for
assessing the RFID impact on inventory
accuracy is presented which can be used
by practitioners in their quest for elimi-
nating waste and improving production
and assembly performance. There is a sci-
entific and industrial need for more re-
search covering the implementation and
impact of RFID technology. One ap-
proach might be to expand this single
case study research to cover additional
case studies, enabling cross-case compari-

sons. Moreover, the proposed model can
be further developed to include stochas-
tic distributions on error rates and the au-
tocorrecting effect of RFID technology. /
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