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Shaping of Working Conditions Using ICT Technology
Dariusz Michalak, Magdalena Rozmus, and Teodor Winkler

18.1
Working Environment

Working conditions and the environment include occupational safety and health
and general working conditions. Working conditions refer to the working envi-
ronment and to the non-pay aspects of an employee’s terms and conditions of
employment. They cover such matters as the organization of work and work activi-
ties; training, skills, and employability; health, safety, and well-being; and working
time and work–life balance (Eurofound, 2011). Although safety and health are
concepts that are clear to all, general working conditions are vague and may mean
different things depending on the country or person in question. They may be
defined as the factor determining the situation in which the worker lives, and are
commonly considered to include hours of work, work organization, job content,
and welfare services (Clerc, 1985, p. 15; Flanagan, 2006, p. 9).

Computer-aided shaping of technical and organizational aspects of the working
environment are discussed in this chapter. From an engineer’s point of view,
these aspects of the shaping of the working environment are vital elements that
enable losses to be reduced. Working environment can be defined as a set of
factors that influence a course of working processes in an organization. This
set of factors can be divided into natural environmental factors, and technical
and organizational conditions. The natural environmental factors, also called
the working environment in the scientific or specialist literature, include three
groups of factors: physical, chemical, and biological. Physical factors that occur
in a working process include microclimate, radiation, dust, air composition, and
industrial poisons. Biological factors include bacteria, viruses, and molds. Technical
and organizational conditions include a set of factors that result from design and
technological features of technical means, from solutions of workspace, from group
work organization, and from working methods. Work environment is a very broad
problem and can be considered globally, relating to broadly understood workspace,
and locally. relating to a particular workstation. The workstation of a given worker
consists of a configuration of technical means (machines, tools) in a workspace that
is surrounded by a work environment. In a systems approach, a workstation is a
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Figure 18.1 Working environment and workstation – overall scheme.

system in which a person, in a given space and environment, uses technical means
to conduct activities in order to produce value (Koradecka, 1999, p. 859). Global
and local approaches to workstation and working environment are presented in
Figure 18.1.

As can be seen in Figure 18.1, several workstations can be located in one
working environment, and the working environment can be heterogeneous even
within one organization/plant. Factors that directly shape conditions in particular
workstations and shape the way in which particular activities are carried out are
elements that characterize particular working environments. Depending on the
work that is carried out in a given working environment, it can be classified as static,
if basic environmental parameters do not change, and dynamic, if the working
environment can change. These changes can appear in an organized way, based,
for example, on a job procedure, or in an accidental way, caused by hazards that are
present at a given workstation. Conditions within the future working environment
should be taken into consideration during the design of machines that are planned
to be used in this environment and should be taken into consideration in defining
requirements for workers who will use these machines. Tasks that are planned
to be conducted in a given work environment directly influence the requirements
of psycho-physical predispositions and qualifications of workers. Work done to
install a longwall mining system is an example of changing of the workspace
in a dynamic way. Changing of the workspace during subsequent stages of the
installation process is presented in Figure 18.2.

The workspace determines, for example, what tools can be used or how machine
units can be moved during an assembly process. It rapidly becomes smaller and
this fact must be taken into consideration during machine design. Proper design
of machine units (their size and weight) or development of proper organization
solutions, for example, proper assembly sequence, are solutions for this problem
(Winkler et al., 2000, pp. 22–26).
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Figure 18.2 Installation of a longwall mining system: (a) initial roadway; (b) workspace
after installation of a hydraulic roof support; (c) workspace after installation of a face con-
veyor; (d) workspace after installation of a longwall shearer.

18.2
Information and Communication Technologies

The term information and communication technologies information and commu-
nication technology (ICTs) includes a broad range of all technologies that enable
the processing and sending of information. It also includes all communication
media (the Internet, wireless networks, bluetooth, fixed-line telephony, mobile
telephony, satellites, technologies for sending images, and sound, radio, television,
etc.) and media for the recording of information (portable memory devices, hard
disks, portable hard disks, CD/DVD, and tapes), and devices for the processing
of data (personal computers, servers, clusters of computers, networks, etc.). ICTs
also include a wide range of computer applications and complex IT systems for
the processing and transfer of data. Nowadays this definition can be extended to
systems that are used for the design of manufacturing systems and monitoring of
existing ones. Design with the use of the concurrent engineering method (Chlebus,
2011, p. 75) is an excellent example of the application of ICT solutions. It is



426 18 Shaping of Working Conditions Using ICT Technology

based on parallelization of tasks and requires the application of sophisticated tools
for exchanging data between design teams. ICTs are widely used in each of the
above-mentioned aspects of shaping of working conditions.

18.3
Computer-Aided Shaping of Working Conditions

Design of the working environment focuses on creating proper relationships
between all elements of the environment. The network of relationships between
single elements of a working environment can be very complicated, hence applying
special information tools can be necessary in order to make proper decisions.
Application of information technologies in design is nowadays very sophisticated.
Engineering tasks can be automated and integrated to a high degree owing to the
continuous development of computer tools. Shaping of the working environment
with consideration of reducing losses can be focused on the design of workstations
which are safe and optimized for use.

Application of computer tools gives the possibility not only of meeting mandatory
requirements specified in standards for particular working environments (e.g.,
instructions about shaping machine operators’ workspace), but also of optimizing
objects which are designed with consideration of safety, ergonomics of use, and
economic aspects. Computer-aided design enables the engineer to simulate all of
the main interactions between humans and the working environment that is being
designed. In particular, it is possible to simulate carrying out maintenance and
operational activities, including potential hazards and identification of methods for
reducing or eliminating those hazards. Computer programs that are available now
permit not only basic analyses of geometric relations but also much more advanced
analyses, which include, among others, simulations of human body behavior (VTT
Technical Research Centre of Finland, 2011). In the Figure 18.3, the workstation
and working environment previously shown in the Figure 18.1 is presented in a
more detailed way–for a typical organization.

The workstations are selected in a way that enables the engineer to present a
wide range of factors and requirements that shape working environment within
one organization. The office workplace will be organized differently for a call center
office worker and for a designer. For office work that includes considerably more
creative work, a single workstation office or an office with not more than three
workstations is much better from an ergonomic point of view. An office with
many workstations is not conducive to such work; on the contrary, it hinders it. A
set of factors characteristic for workstations can be identified for each of working
environments shown in Figure 18.3.

A typical office workstation in an office with many workstations is presented in
Figure 18.4. Factors that characterize such a working environment are described in
Table 18.1, including computer simulation methods that can be used for analysis
and optimization of a given hazard. Examples of computer tools that can be used
for those analyses are included in the table.
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Organization - Manufacturing plant

Working environment − Office

Working environment − Production line

Working environment − Logistics department

Manager Designer Worker of call center

Group leader Fitter Serviceman

Warehouseman Railway driver Forklift operator

...

...

...

Figure 18.3 Examples working environments in a typical manufacturing plant.

Noise emitted by office equipment
Stress of the musculoskeletal system

(static work)
Natural/artificial lighting

Workspace Temperature, humidity and ventilation Escape routes, communication paths

Figure 18.4 Factors that characterize the working environment of office work.

Factors characteristic for the discussed working environment, listed in Table 18.1,
are subjected to computer modeling, simulation, and analysis. The creation of a
proper model, that by definition is a simplified representation of phenomena and
relationships existing in the real world, is a key factor to obtaining simulation
results that are correct (consistent with potential real-world study findings). The
subject is broadly discussed in Chapter 19, The Virtual Working Environment.
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Noise generated by
machines

Man − machine collision
Activities performed in strictly defined

sequences
Air temperature, air

humidity and ventilation

Escape routes, passages Forced body postures
Load of musculo-skeletal system

(dynamic work)

Figure 18.5 Factors that characterize working environment of a production line.

A manufacturing line is another example of a working environment. Many factors
influence not only safety but also the optimization of a technological process that
is carried out in a given working environment. Identification and assessment of
risk are a significant source of information about environmental factors that must
be taken into consideration during the design process. Risk assessment enables
the engineer to identify factors that are significant because of the frequency and
consequences of their appearance. From a risk analysis we also gain information
about risk factors that must be taken into consideration in design, for example, if
there is a hazard that requires the application of personal protection equipment or if
the hazard must be taken into consideration in the design of a workstation. Factors
that can appear in the working environment of a production line are presented in
Figure 18.5.

Industry standards such as the Lifting Equation from the National Institute for
Occupational Safety and Health (NIOSH), the Stover Snook tables, and the Rapid
Upper Limb Assessment (RULA) are used to identify any potential body injuries
during physical work and are included in computer programs that are nowadays
used to aid designers. Advanced computer solutions that are intended to aid the
shaping of work conditions are nowadays available in the engineering applications
market. These applications operate as standalone programs or are integrated with
a computer-aided design (CAD) environment as plug-ins. Integration with CAD
systems is done in many ways. A given application can be directly incorporated in
the main application by integration of user interfaces and smooth, unnoticeable
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to a user, transfer of data between parent system and subsystem that does
specific functions. Integration of many systems in one computer environment is
significantly important when multi-criteria analyses of the working environment
are necessary. A production line is an example of such a complex object of analysis
(Wang et al., 2011, pp. 765–775). Factors that should be taken into consideration
in shaping workplace are presented in Table 18.2.

Workstations located in a production line are an example of an object of
multi-criteria optimization aimed at the best usage of available resources. The use
of a computer-aided process of simulation of a production line is illustrated in
Figure 18.6.

Particular components of the production line are analyzed separately but as
a component of the whole system. Selection of proper simulation methods and
proper modeling of interactions existing in the workplace are necessary. Too
simple a model will not be useful to represent interactions in a realistic way; too
complex a model will cause a longer analysis time and can be a source of errors.
Computer-aided analysis of a production line working environment is not only
focused on material elements of the environment. it can also be focused on a
broadly understood work organization, which is discussed in the next section.

A self-propelled transport machine operator workstation is another characteristic
example of a working environment. There are many standards and guidelines
dealing with this kind of machine. An list of factors that are characteristic of this
workstation are presented in Figure 18.7.

Environmental factors that are presented in Figure 18.7 can be shaped with the
use of computer tools, as shown in Table 18.3.

Examples of computer-aided shaping of working conditions, presented above,
can be described as user-centered design (UCD), and hence is a design in which

Production line simulation

Process no. n

Process no. 2

Process no. 1

Process simulation

Ergonomic
evaluation

Machine
simulation

Workcell simulation

Figure 18.6 Computer-aided production line simulation.



18.3 Computer-Aided Shaping of Working Conditions 431

Ta
bl

e
18

.2
Sh

ap
in

g
of

w
or

ki
ng

co
nd

iti
on

s
in

th
e

w
or

ki
ng

en
vi

ro
nm

en
to

fa
pr

od
uc

tio
n

lin
e.

B
as

ic
fa

ct
or

s
w

hi
ch

ca
n

oc
cu

r
at

th
e

w
or

kp
la

ce
D

es
cr

ip
tio

n
Ty

pe
s

of
an

al
ys

es
us

ed
Ex

em
pl

ar
y

so
ft

w
ar

e
to

ol
s

Lo
ad

of
m

u
sc

u
lo

-s
ke

le
ta

l
sy

st
em

(d
yn

am
ic

w
or

k)
It

is
w

or
k

as
so

ci
at

ed
w

it
h

co
n

si
de

ra
bl

e
ph

ys
ic

al
ac

ti
vi

ty
,w

h
ic

h
,d

ep
en

di
n

g
on

m
ea

su
re

d
en

er
gy

ex
pe

n
di

tu
re

,c
an

be
cl

as
si

fi
ed

as
lig

h
t,

h
ar

d,
an

d
ve

ry
h

ar
d.

W
or

kp
la

ce
s

at
w

h
ic

h
w

or
k

is
de

te
rm

in
ed

as
dy

n
am

ic
ar

e
su

bj
ec

tt
o

an
al

ys
is

re
ga

rd
in

g
id

en
ti

fi
ca

ti
on

of
pr

ob
le

m
at

ic
m

an
u

al
ac

ti
vi

ti
es

an
d

th
en

th
ei

r
op

ti
m

iz
at

io
n

.M
or

eo
ve

r,
du

e
to

se
ri

es
of

re
qu

ir
em

en
ts

an
d

re
co

m
m

en
da

ti
on

s
re

ga
rd

in
g

m
ax

im
u

m
ef

fo
rt

at
th

e
w

or
kp

la
ce

,i
de

n
ti

fi
ed

pr
ob

le
m

s
ar

e
th

en
su

bj
ec

te
d

to
fu

rt
h

er
an

al
ys

es
.R

ed
u

ci
n

g
th

e
w

or
kl

oa
d

at
a

gi
ve

n
w

or
kp

la
ce

ca
n

be
re

al
iz

ed
,f

or
ex

am
pl

e,
by

u
se

of
ad

di
ti

on
al

eq
u

ip
m

en
t

(m
an

ip
u

la
ti

on
m

ea
n

s)
or

su
it

ab
le

sh
ap

in
g

of
th

e
w

or
ks

pa
ce

A
n

al
ys

is
of

fi
el

d
of

vi
ew

an
d

ra
n

ge
s

of
lim

bs
.A

n
al

ys
is

of
po

st
u

re
du

ri
n

g
w

or
k

W
or

kp
la

ce
ca

n
be

as
se

ss
ed

ac
co

rd
in

g
to

in
du

st
ry

st
an

da
rd

s
su

ch
as

N
IO

SH
,S

n
oo

k,
C

ir
ie

llo
,

an
d

R
U

LA
to

id
en

ti
fy

an
y

po
te

n
ti

al
bo

dy
in

ju
ri

es

JA
C

K
,R

A
M

SI
S,

D
E

LM
IA

E
rg

on
om

ic
s

A
n

al
ys

is
,E

n
er

gy
E

xp
en

di
tu

re
P

re
di

ct
io

n
P

ro
gr

am

N
oi

se
ge

n
er

at
ed

by
m

ac
h

in
es

In
a

w
or

k
en

vi
ro

n
m

en
tw

h
er

e
m

an
y

m
ac

h
in

es
op

er
at

e
in

on
e

h
al

l,
th

e
pe

rm
is

si
bl

e
n

oi
se

le
ve

l
ca

n
be

ex
ce

ed
ed

A
co

u
st

ic
sc

re
en

s,
sh

ie
ld

s,
an

d
pe

rs
on

al
pr

ot
ec

ti
on

s
ar

e
u

se
d

to
re

du
ce

th
e

n
oi

se
le

ve
li

n
th

e
w

or
k

en
vi

ro
n

m
en

t

C
om

pu
te

r
m

od
el

in
g

of
th

e
ac

ou
st

ic
fi

el
d

in
th

e
w

or
k

en
vi

ro
n

m
en

t,
de

te
rm

in
at

io
n

of
th

e
ra

n
ge

of
im

pa
ct

of
id

en
ti

fi
ed

so
u

n
d

so
u

rc
es

So
u

n
dP

LA
N

M
an

–
m

ac
h

in
e

co
lli

si
on

A
vo

id
in

g
m

an
–

m
ac

h
in

e
co

lli
si

on
s

is
re

al
iz

ed
by

en
su

ri
n

g
th

er
e

ar
e

su
it

ab
le

sa
fe

ty
zo

n
es

,w
h

ic
h

pr
ev

en
ti

n
ci

de
n

ts
su

ch
as

h
it

ti
n

g
or

ca
tc

h
in

g
by

m
ov

ab
le

m
ac

h
in

e
co

m
po

n
en

ts
Id

en
ti

fi
ca

ti
on

of
da

n
ge

ro
u

s
zo

n
es

an
d

su
it

ab
le

sh
ap

in
g

of
w

or
k

en
vi

ro
n

m
en

ta
re

ta
sk

s
fo

r
th

e
de

si
gn

er

M
od

el
in

g
of

ki
n

em
at

ic
ch

ai
n

s
of

m
ac

h
in

e
co

m
po

n
en

ts
to

id
en

ti
fy

w
or

ks
pa

ce
Si

m
u

la
ti

on
of

h
u

m
an

pr
es

en
ce

in
th

e
im

m
ed

ia
te

vi
ci

n
it

y
of

m
ac

h
in

es
,a

n
al

ys
is

of
co

lli
si

on
oc

cu
rr

en
ce

to
de

te
rm

in
e

zo
n

es
in

w
h

ic
h

w
or

k
ca

n
be

sa
fe

ly
re

al
iz

ed

A
n

y
C

A
D

sy
st

em
w

it
h

in
te

gr
at

ed
m

od
u

le
fo

r
er

go
n

om
ic

an
al

ys
es



432 18 Shaping of Working Conditions Using ICT Technology

Ta
bl

e
18

.2
(c

on
tin

ue
d)

B
as

ic
fa

ct
or

s
w

hi
ch

ca
n

oc
cu

r
at

th
e

w
or

kp
la

ce
D

es
cr

ip
tio

n
Ty

pe
s

of
an

al
ys

es
us

ed
Ex

em
pl

ar
y

so
ft

w
ar

e
to

ol
s

A
ct

iv
it

ie
s

pe
rf

or
m

ed
in

st
ri

ct
ly

de
fi

n
ed

se
qu

en
ce

s
O

pt
im

iz
at

io
n

of
w

or
k

in
co

n
di

ti
on

s
of

an
as

se
m

bl
y

lin
e

re
qu

ir
es

th
e

de
ve

lo
pm

en
to

f
op

ti
m

al
m

et
h

od
fo

r
re

al
iz

at
io

n
of

op
er

at
io

n
al

ac
ti

vi
ti

es

T
as

k
an

al
ys

is
O

pt
im

iz
at

io
n

of
se

qu
en

ce
of

ac
ti

vi
ti

es
on

th
e

ba
si

s
of

re
co

rd
in

g
of

re
al

ac
ti

vi
ti

es
Si

m
u

la
ti

on
of

re
al

iz
at

io
n

of
se

qu
en

ce
of

op
er

at
io

n
al

ac
ti

vi
ti

es
w

it
h

u
se

of
a

pa
ra

m
et

ri
c

h
u

m
an

bo
dy

m
od

el

C
A

P
T

IV
JA

C
K

–
ta

sk
an

al
ys

is
to

ol
ki

t,
D

E
LM

IA
E

rg
on

om
ic

s
A

n
al

ys
is

A
ir

te
m

pe
ra

tu
re

,a
ir

h
u

m
id

it
y,

an
d

ve
n

ti
la

ti
on

D
ev

el
op

in
g

h
ea

ti
n

g,
ve

n
ti

la
ti

on
,a

n
d

ai
r

co
n

di
ti

on
in

g
sy

st
em

s
ta

ke
s

in
to

ac
co

u
n

t
fa

ct
or

s
su

ch
as

ro
om

te
m

pe
ra

tu
re

,h
u

m
id

it
y,

an
d

ex
pe

ct
ed

oc
cu

pa
n

cy
,a

n
d

al
so

h
ea

tl
os

s
th

ro
u

gh
do

or
s,

w
in

do
w

s,
an

d
w

al
ls

.
U

n
de

rs
ta

n
di

n
g

of
ai

r
fl

ow
s

in
a

bu
ild

in
g,

ve
h

ic
le

,o
r

an
y

ot
h

er
en

vi
ro

n
m

en
ti

s
a

ke
y

to
cr

ea
ti

n
g

th
e

be
st

de
si

gn
of

a
ve

n
ti

la
ti

on
an

d
co

m
fo

rt
sy

st
em

A
n

al
ys

is
of

te
m

pe
ra

tu
re

di
st

ri
bu

ti
on

by
co

m
pu

ta
ti

on
al

fl
u

id
dy

n
am

ic
s

m
et

h
od

A
N

SY
S

F
lu

en
t,

A
N

SY
S

C
F

X

E
m

er
ge

n
cy

ro
u

te
s,

pa
ss

ag
es

T
h

e
n

ee
d

to
en

su
re

qu
ic

k
ev

ac
u

at
io

n
fr

om
th

e
w

or
kp

la
ce

in
an

em
er

ge
n

cy
si

tu
at

io
n

re
qu

ir
es

m
ak

in
g

de
ta

ile
d

an
al

ys
es

in
cl

u
di

n
g

di
ff

er
en

t
po

ss
ib

le
sc

en
ar

io
s

of
th

e
si

tu
at

io
n

Si
m

u
la

ti
on

of
th

e
be

h
av

io
r

of
pe

op
le

w
h

o
ar

e
in

th
e

w
or

ks
pa

ce
w

it
h

u
se

of
ag

en
t-

ba
se

d
so

ft
w

ar
e

so
lu

ti
on

,w
h

ic
h

al
lo

w
s

th
e

si
m

u
la

ti
on

of
su

ch
be

h
av

io
rs

in
a

gl
ob

al
co

n
te

xt
(h

al
l,

fl
oo

r,
an

d
bu

ild
in

g)

P
at

h
fi

n
de

r
20

11
–

ag
en

t-
ba

se
d

em
er

ge
n

cy
eg

re
ss

Si
m

u
la

ti
on

F
D

S
+

E
va

c
–

ev
ac

u
at

io
n

si
m

u
la

ti
on

m
od

u
le

fo
r

fi
re

dy
n

am
ic

s
si

m
u

la
to

r
(F

D
S)



18.3 Computer-Aided Shaping of Working Conditions 433

Field of view and ranges Load of musculo-skeletal system (static
work)

Arrangement of control components Operator′s work space

Figure 18.7 Factors characteristic of a machine operator’s working environment.

the human factor is of crucial importance. Taking into consideration all mandatory
human-related requirements in the product development process is not always
possible in high-risk industries, for example, the chemical industry and mining
industry. Large and sophisticated chemical installations do not require continuous
operation by a human. They are operated (e.g., by adjusting valves) when necessary
and are inspected periodically, which is taken into consideration during the design
of the installation. Hence an operation or maintenance worker’s comfort is not
of the greatest importance during the design of the chemical installation. Design
is focused on the proper course of the chemical process. This can result in an
arrangement of components does not meet optimum ergonomic conditions, for
example, valves or other elements of installation. Human factors should not be
neglected; on the contrary, problems that can occur during interactions between
humans and a given installation should be identified. It enables the engineer to
identify necessary additional equipment such as ladders or platforms and also
(organizational aspects) to develop proper operating and maintenance procedures
and training materials. Part of a chemical installation with hard-to-reach control
elements circled is presented in Figure 18.8.

A workstation located in an underground mine is an example of a working
environment in which the natural environment is a factor that influences the
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Figure 18.8 Working environment of a chemical installation with hard-to-reach control
elements circled.

design of each component of a longwall mining system, in spite of the fact that
coal excavation is the main goal. Limited space and the probability of occurrence
of events such as methane explosions, ejection of rocks, mine bump, water flow,
and high temperatures are factors that must be taken into consideration in the
design of machines. Meeting requirements that deal with the natural environment
is necessary, hence taking into consideration ergonomic factors during the shaping
of the working environment can be done to a limited extent. Shaping of the
working environment is moved to the next stage of a machine life-cycle, that is, to
work organization. Detailed procedures that describe operation and maintenance
activities are developed. This enables the engineer to develop optimum working
methods that include all working environment factors. The working environment
in which mining machines are operated (on the left) or maintained (on the right)
is illustrated in Figure 18.9.

A place in which repairs are carried out is regarded as dangerous; therefore,
workers who do machine operation activities cannot be present there. The work-
place should not be dangerous to workers after meeting requirements that are
included in properly developed maintenance instructions. Dissemination of these
requirements is done not only through proper instructions but also via the training
process. Hazards that cannot be eliminated or reduced during workplace design
can be reduced by dissemination of proper knowledge including requirements
from relevant standards and safe work practice, during training.
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Figure 18.9 Workstation in a coal mine.

Risk factor identification is a significant source of information on environmental
factors for complex mechanical systems. Risk assessment enables the engineer to
identify factors present in a given workstation that are of high importance due to
their frequency of occurrence and the seriousness of the result. From risk analysis
we also gain information about risk factors that should be taken into consideration
during design, for example, whether it is possible to reduce a given hazard by
proper machine design, by using proper personal protection equipment, or by
proper work organization.

Application of advanced computer tools for solving problems that can occur
in man–machine interactions is necessary owing to the complexity of each of
the working environments discussed above. Application of virtual prototyping
methodology for analysis of the working environment is an optimum solution.
In this methodology, scenarios of machine use are used. Virtual prototyping
methodology is described in a more detailed way in Chapter 21.

18.4
Shaping of Work Organization Using ICT

Effective functioning of every company depends on processes being run within that
company. In the case of a production company, these processes include, among
others, the broadly understood production process and maintenance processes.
Each of the processes can cause losses. Both processes influence each other
(discussed below), so their poor cooperation also causes losses.

A production process is based on machine operation. It also includes manufac-
turing management in order to meet customer needs concerning quantity, quality,
and delivery time (on-time delivery), material resources management, and human
resources management, and other.
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Machine operation is the use of a machine in accordance with its purpose. It
causes wear and tear, leading to the gradual deterioration of the machine. As a
consequence, failures or a decline in the performance (effectiveness, accuracy,
and energy usage) of the machine occur. To avoid these consequences, proper
maintenance of the machine must be conducted. Maintenance (Kans, 2008, p. 33)
includes any activity carried out on a machine in order to ensure that the machine
continues to perform its intended functions or to repair the machine. These
activities are of technical, administrative, and managerial types. They are conducted
during the life-cycle of a machine and include repairs (including overhauls),
inspections, cleaning, adjusting, lubricating, machine conditions diagnostics and
monitoring, maintenance tasks management, material resources (spare parts,
consumables, tools, and devices) management, maintenance staff management,
and other.

A production process must be operated in a cost-effective way (including the
best use of production capacity) and in a way that guarantees customer satisfac-
tion. Maintenance processes must be conducted in a way that minimizes costs,
increases asset life, and eliminates production stoppages. Important factors are
tasks management and material and human resources management, and other.

Properly conducted production process and maintenance processes
(Figure 18.10):

• Enable expectations of current customers to be met; failing to meet a customer’s
satisfaction can cause costs (penalties) for not meeting contract provisions. Also,
loss of a customer is possible – nowadays it is easy to find an alternative company
(manufacturer).

• Enable new customers to be gained – being considered a reliable manufacturer
attracts potential customers.

• Reduce the probability of unnecessary and unjustified costs of operation and
maintenance activities.

Production process

Machine operation

Makes
necessary Enables

Maintenance process

Customer satisfaction

Sufficient, expected by a
customer, quality and quantity

of products

On-time delivery of products

Avoiding unecessary and unjustified
costs of machine operation

Avoiding unecessary and unjustified
costs of machine maintenance

Figure 18.10 Results of properly conducted machine operation and maintenance.
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Both production tasks and maintenance tasks require access to a machine
and they cause planned or unplanned shutdowns of a machine. Therefore, the
production process and maintenance process must be planned and conducted in
such a way that:

• maintenance activities do not disturb the fulfillment of production plans
• production plans take into consideration necessary maintenance activities.

Maintenance tasks are conducted according to a maintenance schedule. Produc-
tion tasks are conducted according to production schedule which is developed on
the basis of a production plan. The production plan is based on forecast and actual
customer orders (Figure 18.11). For both types of tasks, required resources must
be available in the right place and at the right time, otherwise it will be impossible
to keep to the schedule.

The production capacity must be considered during the development of produc-
tion schedules. On the basis of the schedules, operation of machines is conducted.
Maintenance of machines is conducted to make them work in the proper way
and, as a consequence, is one of the crucial factors to achieve fulfillment of the
production plans and to meet customer needs.

Quality Quantity Delivery date

Present and prospective customers′ demand

Actual demand
forecast demand

Maintenance
schedule

Affects
Affects

Affects

A
ffe

ct
s 

an
d 

ta
ke

s 
in

to
co
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id

er
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n

Affects

Production
plan

Production
schedule

Production tasks

Machine(s)

Human resources

Material resources

Human resources

Material resources

R
es

ou
rc

es

R
es

ou
rc

es

Machines availability

Workforce availability

Stock materials
availability

Define
Available

production capacity

Maintenance tasks

Equipment Tools and devices
availability

Workforce availability

Stock materials
availability

Figure 18.11 Interrelations between production process and maintenance process.
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To calculate production capacity correctly and to maintain the required production
capacity for a given period of time, quick and easy access to adequate information on
machine maintenance and operational tasks and necessary resources is essential.
This access includes creating, browsing, and processing information. Therefore,
a proper computer information system should be used to prevent losses. The
production process is supported by an Enterprise Resources Planning (ERP)
system (Lech, 2003, pp. 12–15). Maintenance processes can be supported by an
ERP system or by a Computer Maintenance Management system - CMMs (Loska,
2004, pp. 132–144). In these systems, all data are stored in one database which
is available via a computer network (local or Internet). Therefore, there are no
redundant or inconsistent data in a company and data used by any system user are
up-to-date.

The above discussion shows that both production workforce and maintenance
workforce availability are factors that determine the production capacity for a given
period of time. The following interrelations can also be distinguished:

• The production schedule directly influences production workforce availabil-
ity – work schedules of individual employees are developed with regard to the
required production capacity.

• The production schedules indirectly influences maintenance workforce avail-
ability – work schedules of individual employees are developed with regard to
maintenance tasks, which are planned with regard to production schedules.

The interrelation between workforce availability and meeting production sched-
ule is presented in Figure 18.12.

Analysis of production workforce and maintenance workforce availability and
making any changes to it (to meet production capacity needs) must be done with
regard to (Figure 18.13):

• Employees’ work schedules – they reflect their presence at work.
• Employees’ competence – it reflects the ability to conduct particular tasks in the

correct way.

The right skills
in the right place
at th right time

Actual demand
forecast demand

Production
plan

Production
schedule

Production
capacity

Production
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Figure 18.12 Workforce availability as a factor in meeting production schedule.
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Figure 18.13 Elements of workforce availability.

To organize work (production and maintenance tasks) in an efficient way, it is
extremely important to base it on an up-to-date set of all the necessary workforce
data, which are easily usable. Complete, compliant, accessible digital records of
company’s workforce are stored in a computer information system. In addition to
data such as personal details, contact details, wage details, and many others, the
records include the following data that are important for work organization:

• Organization assignment – details about employees’ positions in the organiza-
tion, their work locations, and details of their employment.

• Work schedule – employees’ planned working time, including planned start time
(or range of start times), breaks (morning, lunch, afternoon, or as required), and
planned finishing time, planned presence, and absence.

• Competencies (a cluster of skills, capabilities, knowledge, abilities enable a
person to act effectively in a job or situation), educational background, training,
certificates, and diplomas.

ERP systems and CMMs systems allow the easy use of the workforce data.
System users quickly gain a clear overview of each worker’s records. There are also
many browsing options which enable all of relevant information and documents to
be rapidly retrieved.

To maintain the required workforce availability, it is necessary to manage
employees’ working hours and also to manage workforce competencies. ERP
systems and CMMs systems enable employees’ work schedules to be created and
changed. They also support training management and recruitment to develop
competencies necessary for manufacturing and maintenance processes.

Another key factor necessary to accomplish production schedules is material
resources availability. Material resources management is also supported by ERP
systems and CMMs systems (Figure 18.14).

Functions that allow effective management of stock levels with regard to pro-
duction schedules and maintenance schedules but also with regard to unexpected
situations are embedded in ERP systems and functions that allow effective man-
agement of stock levels with regard maintenance schedules but also with regard
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Figure 18.14 Elements of material resources availability.

to unexpected situations are embedded in ERP systems and CMMs systems. In
particular, it is possible to define the safety stock level (Persona et al., 2007, p.
148), which is the minimum level of inventory that a company should keep to
avoid not meeting schedules (caused by, e.g., late delivery by a supplier) and to
be able to react to unplanned events (e.g., emergency repairs) (WebFinance, Inc.,
2011). Hence safety stock inventory is held as a buffer against mismatch between
forecast and actual consumption or demand between expected and actual delivery
times, and unforeseen emergencies. The systems allow automatic comparison of
personnel needs with the availability of various competencies.

ERP systems and CMMs systems permit the tracking of the availability (including
quantity and location) of particular tools and devices necessary for maintenance
tasks.

Activities that must be done and all necessary resources can be defined for
production and maintenance tasks. Descriptions which include a specification of
all resources that must be provided for individual activities can be created. ERP
systems and CMMs systems allow all resources to be requested in advance, so it
is possible to avoid shortages of needed resources. As a consequence, a task can
be completed according to a production or maintenance schedule and meeting the
production plan is possible.

ERP systems and CMMs systems databases should include all data necessary for
tasks and resources management. The data must be up-to-date and accessible at
any time and place, and the selection of relevant, required data must be easy and
quick. Interrelations between these factors and loss prevention are presented in
Figure 18.15.

ERP systems and CMMs systems can be used by geographically dispersed users.
Particular system modules are developed also in a version intended to be used
on portable devices such as a PDA (portable digital assistant) through a WiFi
connection. Therefore, all necessary data are available in real time to all users, no
matter where they are located. Also, creation of data can be done at any time and
at any place. This enables data to be maintained up-to-date and as a consequence
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Figure 18.15 Data factor in loss prevention.

losses caused by decisions based on invalid data or by delayed decisions because of
lack access to the system can be avoided.

A very useful functionality of ERP systems and CMMs systems is search engines
and reporting. They both allow a quick overview and analysis of data in order to
obtain necessary information.

Work organization can be effectively supported by the use of computer tools. Of
course, no computer program is sufficient to succeed in work organization that
prevents losses. Population of the database with all required and accurate data and
the proper use of computer programs are necessary.

18.5
Conclusion

Processes in a company when operated in a poor way can cause losses. There are
at least two factors that influence these processes and their results:

• the working environment
• work organization.

The working environment influences workers’ efficiency and safety. When
shaped in a poor way, the working environment can hinder the carrying out of
activities using best practice and safe methods. As a consequence, activities last
longer, can cause damage to a machine and other objects near the machine, and can
cause accidents and occupational disease. To avoid such consequences or to reduce
them as much as possible, it is necessary to analyze the working environment and
activities carried out there. Many methods and computer applications have been
addressed to such analyses. Properly conducted analyses allow the identification of
what is hazardous for workers in a given working environment and what can be
improved and how.

In a manufacturing company, production and maintenance are the two main
processes, and they interact with each other. The production process includes
the use of machines, which leads to a need to conduct maintenance tasks to



References 443

permit proper performance of these machines. Both processes must be operated
in a way that enables the expectations of customers to be met and at the same
time unnecessary and unjustified costs to be avoided. Work organization in these
processes includes:

• planning and scheduling of maintenance and production tasks
• resource management to provide the right resources at the right time and place.

Both groups of activities are based on information. Therefore, a poor company
information system hinders effective work organization and causes losses.

The information system must enable its users to gain quick and easy access to
all necessary information. Information must also be available any place because
maintenance and production process participants are geographically dispersed and
carry out their tasks in different conditions.

A wide range of information solutions that effectively support organizations is
nowadays commercially available. For production processes an ERP system can be
applied and for maintenance processes a ERP systems and CMMs systems can be
applied. The systems provide immediate access to relevant information through
browsing, processing, and producing data. User-friendly interfaces and tools such
as search engines and reporting make it easy. The systems can be used on both
personal computers and portable computers.
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i Ergonomia, vol. 2, Centralny Instytut
Ochrony Pracy, Warsaw.

Lech, P. (2003) Zintegrowane Systemy
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