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Summary

The introduced methodical appreach connects value stream mapping (VSM) and
methods-time measurement (MTM) and offers new distinct advantages to reducing lead time
-and increasing productivity based on lean principles and standardised processes. The mutually
aligned design and improvement of assembly and (production) logistic processes take
workplaces, their surroundings and the supply areas as well as the overall value chain into
account,
The principle, benefits and the procedure of application are described in the paper. A practical
example highlights the redesign of assembly workplaces and the redesign of (pmductlon)
logistic processes to reduce inventory/lead time.

Key words: value stream mapping, MTM, productivity, lead time reduction, ergonomic
workplace design

1. Introduction

Increasing productivity in a defined time frame (e.g. one day, one shift), among other
things, causes an increase in overall added value within this defined time frame. A short lead
time through a process chain (a value stream) results in a higher output and therefore in higher
productivity, thus increasing the overall added value within this given period of time. On the
other hand, the same overall added value can be achieved in a shorter period of time. Lead
time reduction in a value chain arises from reducing lead times (operating times, idle times,
transportation times...) of subprocesses in this value chain. The target for designing a process
1s therefore to create its added value as fast as possible. Based on these "faster” processes
"more" time is available in this given period of time to "produce" more output (see Figure 1).
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Fig. 1 Optimisation of added value by lead time reduction

2. Value stream mapping and methods-time measurement at a glance

A value stream includes all activities, ic. value-adding, non-value-adding and
supporting activities that are necessary to create a product (or to render a service) and to make
this available to the customer. This includes operational processes, the flow of material
between the processes, all control and steering activities as well as the flow of information.
Taking the value stream view means considering the general picture of an organisation and
not just individual aspects. Value stream mapping was originally developed as a method
within the Toyota Production Sysiem and is an essential element of lean management. In
order to assess the potential for improvement, value stream mapping considers particularly the
entire operating time compared with the overall lead time. The greater the distinction between
operating and lead time the higher the potential for improvement [1].

MTM is the abbreviation for methods-time measurement, meaning that the time
required to execute a particular activity depends on the method performed for this activity. It
is 2 modern instrument for describing, structuring, designing and planning work systems by
means of defined process building blocks. MTM exhibits an internationally valid performance
standard for manual tasks. Today, MTM is the most common predetermined time system in
the world [2], thus establishing a worldwide uniform standard of planning and performance
for a global business.

A process building block represents a process step with a defined work content and a
distinct purpose to which a standard time applies. A system of. process building blocks
consists of a defined amount of process building blocks. The MTM system of process
building blocks [3] was developed for a specific, clearly defined process typology, a specific
complexity of processes and defined process characteristics. MTM process building block
- systems are assigned to clearly defined fields of application, such as mass production, batch
production or job shop production,

A value stream analysis provides a very fast overview of the whole value stream from
the supplier to the customer, with the focus on lead time and linkage between the processes.
MTM is a tool based on a uniform process language to describe and standardise processes. In
addition, it provides the time (basic time) of single processes in the value stream.,

Value stream mapping and MTM aim at identifying, evaluating, reducing and
eliminating waste within the value stream in terms of lean management.
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3. Productivity

Productivity is the expression of the quantitative productiveness of an economic activity
{of the product realisatienh process) and allows conclusions to be considered how well the
deployed production factors are used. Productivity is defined as output divided by the input
factors. Basically, productivity is categorized according to thc: mdividual production factors
{workforce/manpower, machinery, material).

On the one hand, an increase in productivity results from increases in effectiveness by
elimmating what is wrong and/or from doing what is right and, on the other hand, from
increases in efficiency, through accurate assessment and the achievement of levels of capacity
and performance. The consideration of the different dimensions of productivity provides a
profound understanding of this relationship and a basis for 1mplement1ng measures for
increasing productivity [4].

The dimension “method” describes "how" a work assignment or work content in a
specified work system is fulfilled and refers to the whole process chain (overall processes) as
well as to single processes or executions. The dimension of "utilisation" considers aspects of
the degree to which resources are utilised. The "performance” dimension considers aspects of -
performance level (willingness to perform, potential for achievement).

4. Increasing productivity using value stream mapping and MTM

The design of (work) methods is the most important dimension to influencing
productivity [4, 5]. Planning and implementing "well" designed, i.e. efficient and effective
methods have come into the very focus of projects to increase productivity (see Figure 2).

These projects can lead to mvestment. The achievement of high employee utilisation,
however, does not often require mvestment. Obstacles, such as fluctuations in customer or
-order frequency, without flexible emplovee assignments lead to utilisation losses. This can
frequently be recognised in service processes (e.g. trade, administration). The time
determination of processes, e.g. in production areas to evaluate the performance level opposes
these obstacies efficiently. In particular, a neutral and valid base to evaluate performance is
required o achieve increases in productivity.

standardise processes

reduce leadtime

g < . VSN & MTM 2

7 ‘ overall & singte level ‘g §
3 7] g2 3
& VSM or MTM %32 g
& | | overallof singlelevell B © @
1l :
:
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! : 5 % : 5
idle time k"\ operating time X %
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Fig. 2 Method design by VSM and MTM [6]
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Table | provides an overview of the different design areas for the dimension (work)
method, performance and utilisation. :

Value stream mapping does not just contribute to reducing lead times by reducing and
avoiding waste, it also contributes to increasing effectiveness and efficiency by mproving
work methods and the organisation of work, thereby raising productivity.

The focus of optimisation is the alignment and combination of individual processes to
form a continuous, efficient value stream throughout the organisation (consideration of
overall processes). Through its well-grounded time determination and with its systematic
analysis of processes, MTM coniributes to evaluation and productivity improvement. The
focuses of optimisation are the individual activities and the work places {(consideration of
single processes). MTM contributes to the correct determination and assessment of the
performance level. Capacity utilisation is influenced by both MTM and value stream
_mapping. The two tools complement each other perfectly in contributing to raising
productivity as the cormbined application of value stream mapping and MTM affects the
design of all three dimensions of productivity.

When looking at the dimensions and their design areas (see Table 1) it becomes obvious
that the increase in productivity is achieved by designing smarter processes combined with
reduced investment and low cost automation. The focus is set on designing methods
(processes) and standardising work. The different aspects of the design areas indicate possible
potentials for improvement. '

.Table 1 Dimensions of productivity — design areas {6,7]

- Method /process design™

»Overall processes®
(flow orientation) - VSM

»3ingle processes®
(individual task orientation) - MTM

¢ layout - workplace design (tools, fixtures, machines. ..) ® process organization / work organization

e added value, complimentary work, waste ¢ production systems

+ handling expenditures e layout - workplace alignment layout {factory, floor,
e expenditures for controlling and supervision assembly line, cell...)

= case of assembly / disassembly « material flow
e case of grasp / operability

e manual materia] handling

Informatien flow and control VSM+MTM
¢ production planning and control

¢ control principles

e product design
e design of information flow

MTM

¢+ performance standards (performance rate, actual / target-

time ratio, standard time, normal performance, )
e personal performance
¢ labour standards
e training, routine
s motivation / digposition,
® target orientation / monitoring
e competences, skills, education
e support / instructions, coaching

VSM+MTM
¢ net man-hours worked, total amount of hours
available

» fluctuations in order-frequency and work content
= balancing (static, dynamic)

¢ work in progress / inventory

s stock (amount)

o idie times / breakdowns

* scrap {(quality of work)

¢ setup times / change over efficiency
® maintenance

s machine utfilization

e material utilization

e area utilization

94
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Table 2 Benefits of the combined application of value stream mapping and MTM

VSM MTM

Exact determination and assessment of
. operating, transport and set-up times X

e performance and utilisation X

Reduction of fead time through _
e minimising and eliminating idle times X

e improvement and redesign of methods and reduction in operating and transport times ¥ X

Increase in productivity through
s design of methods (increased effectiveness)

flow-oriented consideration {overall processes) X
task-oriented consideration (individual processes) X
* improvement in performance and vtilisation (increased efficiency) X%

¢ standardising processes X

Reduction in inventory in form of X
e raw materials, work in progress and finished goods

Improvement in delivery reliability through X
¢ lead time reduction and hatch size reduction

e smoothing out fluctnations

Evaluation and planning of flow of material X
= based on standardised logistics process building blocs

Reduction in control everhead through X
« simplification of information flow

» application of the principles of self-regulation (supermarket,...)

Reduction in required shop floer areas through
+ rnaterial flow optimisation improved workplace layout X

¢ improved workplace design . X

+ lower stock quantities (inventory} X

Comparability and evaloation of current and target status X
¢ internaticnally applied, standard performance benchmarks for human work

Stmulation capability X X
+ planning, design, assessment and optimisation of "virtual” methods
(flow- and task-oriented) in current and target states

Simple and comprehensible documentation of methods X X
« simple and easily uoderstood documentation of the processes and work procedures and
transferability of results

Table 2 provides an overview of the most important benefits from the joint application
of VSM and MTM.

5. Areas of application

Once MTM has been successfully deployed in an organisation, value stream mapping is
a valuable extension in order to analys¢ the whole process chain. Conversely, if an
organisation already uses value stream mapping as a tool, the application of MTM is a useful
addition. The following practical areas of application and possibilities for use result from the
interplay of the combination of value stream mapping and MTM (see Figure 3):

o assessment of added value rates o balancing
s ergonomic design of workplaces o layout design (overall and single level)
o current/target state comparisons o assessment of logistic processes
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Fig. 3 Principle of the application of VSM and MTM [6]

5.1 Assessment of added value rates

The systematic identification of waste is the precondition for avoiding wasteful activities
through the design of target processes. The use of MTM ensures that the time with respect to
the percentage of waste is assessed. A fundamental concept of lean management and the
continuous improvement process (CIP) that is decisively responsible for raising productivity
is the search for the identification and the elimination of waste. This ensures that e.g.
movement, transport, rework and other wasteful or non-value-enhancing aspects are removed
from or at least minimized within the processes. It 1s necessary to assess the amount of waste
(see Figure 1) in order to sustainably and retraceably prove the results of mprovement
measures. MTM process building blocks meet this requirement particularly well as every
simulated or actual change to an operating procedure is tmmediately quantifiable in terms of
time — and subsequently in terms of cost — in the form of the MTM performance norm
intrinsic to every process building block.

5.2 Ergonomic design of workplaces

The design of processes from the point of view of raising productivity must be balanced with
designing work with people in mind. Risk analyses are used to ensure the ergonomic quality
of design. These evaluate stresses on the body, such as posture, movement, strain as well as
influencing forces, sensomotoric fanctions and psychological pressures. For this purpose the
application of the EAWS (European Assembly Worksheet) is suggested. Among other things,
process descriptions based on MTM process building block systems are the basis for the risk
analysis. Ergonomic design measures are important particularly in early product and process
planning stages as they can often be taken into account in this phase without incurring great
additional overheads.

5.3 Current/target state comparisons

The rapid deployment intrinsic to value stream mapping usually leads to less importance often
being attached to the current state. It is therefore often hardly possible to compare the planned
‘with the implemented target states. This is especially true in the current value stream for the
determination of cycle times (operating times). The simple and rapid application of the
concentrated MTM process building block systems provides an accurate assessment of the
processes of the current value stream. This creates the basis for the comparability of the target
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state achieved with the current state under consideration and for the assessment of the realised
potential for improvement.

5.4 Balancing

Design principles, such as e.g. orientation to customer demand (customer tact time) or the
design of one-piece flow production, present particular challenges for coordinating the cycles
of workplaces and workstations. During balancing, the "circle times” of serially connected
work stations are coordinated with one another taking account of technical circumstances.
Work content must be assigned and aligned across the individual work stations in such a way
that no substantial idle times occur at individual work stations and no staff or equipment is
overloaded. Balancing losses and the effectiveness of the line are used as assessment criteria.
Using the granularity MTM process building blocks facilitates the even distribution of work
content across work stations.

5.5 Layout design (overall and single level)

The interaction of value stream mapping and MTM as tools for the design of methods at the
single and the overall process level provides valuable information for the planning and design
of layouts for workplace arrangement and workplace configuration.

5.6 Assessment of logistic processes

By applying the MTM process building block “logistics” essential pieces of information can
be mdentified/calculated on a reliable, standardised and retraceable base in the current status
as well as in the target status. During planning future processes in particular, quantitative
evidence about the target logistic efforts (such as transportation times, utilisation of internal
logistic staff) can be estimated.

Applying MTM valuably contributes to the organisation, the design and the evaluation of
logistic processes. Logistic issues in different areas of companies are characterised by
comparable procedures with a significant level of repetitiveness.

Typical logistical procedures have been standardised and condensed into a process block
system. It provides standards for the following logistical processes [8]:

* Transportation (procedures with different transportation vehicles such as forklifts,
electric forklifts, manual lift trucks, trolleys})

»  Manual handling (of cardboard boxes, containers, barrels of boxes, opening and
closing of wrappings/packings, information processing (orders/receipts))

¢ Process blocks are also available for commissioning tasks.

Due to the arising necessity in a VSM analysis to evaluate the required logistic efforts it is
highly recommended to enlarge the classical VSM by including additional logistical aspects.

From a logistical point of view MTM expands VSM by including the aspect of established
time assessmient. Special attention must be drawn to the fact that the logistic planning of
transportation using different means of transport between stock and workplace can be
achieved in both the current and the target status. MTM process blocks assume special
importance in calculating box handiing between means of transportation and supply areas
(e.g. supermarket racks, flow racks) and further onto the workplaces.

6. Practical application: assembly workplace

In the iitial situation, plastic jacks and their components are assembled in three
assembly workplaces (pre-assembly, main assembly and packing). The target of this
improvement project was to increase the output (to increase different aspects of productivity
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such as increased output, reduced inventory, increased area productivity) and to redesign the
assembly workplaces based on lean and ergonomic principles (by applying VSM and MTM).
This practical example also undertines the benefits presented in Table 2.

Based on combining VSM and MTM the proposed improvements, corrective actions
and changes in the assembly workplaces and processes increased the productivity.

Reliable and evaluated figures of the improvement are the number of pieces (jacks and
components) produced per shift and the reduction in the operating time (basic time) per piece.

The implemented layout of the assembly workplaces, the surroundings, the supply areas
and the transportation flow is presented in Figure 4.

sty

Handling, .. P _Ergonomic %
of boxes:, : (-design) ©

cycle (taki) ime

: —
_...-"E st1 s2 €3
Logisticy Balancing
» ; . orkplace {ti-shaped)
Transportation KO . N il....workplace-rack
3 H.. Supermarketrack
no. deszription Zgﬁi fai rl (] o - -
1 =rmﬁ:_o:1 with manual fork Kt debie - Ger 200 Sunnche L MTM iogi$t|55 ‘-_' .
Hlace - fioor 1o flogr il : " -
o — '“1’“““““] i Assemblywith both hands

Double Piece Fiow

Fig. 4 Layout of a workplace, surroundings, supply areas and transportation flow considering
the new design ideas :

Fig. § Practical realisation of a workplace based on the joint application of VSM and MTM
(e.g. supermarket rack and workplace)
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7. Summary

The mteraction of value strcam mapping and MTM at different levels of detail
constderation contributes to the identification, elimination and avoidance of waste, thus
leading to the design of efficient and effective processes. The joint mutual benefit of the
combimed application arises from the increase in productivity, the standardisation of
processes, the reduction in lead time/inventory and from the accurately determined times; it
also enables and ensures the predictability and the capability to assess the target status.

REFERENCES

{1} Arnold D, Isermann H., Kuhn A., et. al.: Handbuch Logistik, 2. aktualisierte und komigierte Auflage,
Springer, Berlin, 2004, p.B3-60. Reference 2.

(2] Deutsche MTM-Vereinigung €.V : htips://www.dmtm.com/index/index. php, 2011

[3]  Bokranz R., Landan K.: Produktivititsmanagement von Arbeitssystemen, Schiffer-Poeschel Verlag
Stuttgart, 2006, p.512 et seqq. p.814.

[4]  Helmrich K.: Productivity Processes -- methods and experiences of measuring and improving,
International MTM Directorate, Informgruppens Forlag, Stockhelm, 2003, p.9 et seqq., p.27.

I5] Sakamote S.: Design Concept for Methods Innovation (Methods Design Concept: MDC), Chapter 3: in:
Hodson, William K.: Maynard’s Industrial Engineering Handbook, Fourth Edition, MeGraw-Hill, Inc.,
New York, 1992, .3.41 et seqq.

[6] Kuhlang P., Minichmayr J., Sihn W.: Hybrid optimisation of added value with Value Stream Mapping
and Methods-Time Measurement, Journal of Machine Engineering, Vol. 8, No. 2, 2008, p.28 seqq.

{71 Kuhlang P, Sihn W.: Standardisation of processes to reduce lead time and increase productivity — A
methodical approach based on Methods- Time Measurement and Value Stream Mapping, 10th

International Conference on the Modern Information Technology in the Innovation Processes of the
Industrial Enterprises, MITIP 2008, proceedings, p.124-129,

[8]  Deutsche MTM-Vereinigung e.V.: Handbuch MTM-Logistik, Hamburg, 2006, p.1-3.

Submitted: 16.9.201G Thomas Edtmayr
Peter Kuhlang
Accepted: 04.3.2011 Wilfried Sihn

Vienna University of Technology and
Fraunhofer Austria Research GmbH
Theresianumgasse 27, 1040 Vienna,
Ausiria

TRANSACTIONS OF FAMENA XXXV-1 2011 99




Transactions of FAMENA

Faculty of Mechanical Engineering and Naval Architecture
University of Zagreb
Ivanag Lucica 5, Zagreb, Croatia
hitp.//famena. f5b.hr/famena php

Transactions of FAMENA has been published as:

Zbornik radova FSB (in Croatian) Vol. I - XIX 1970. - 1996.
Radovi FSB - Acta (in Croatian) Vol. XX - XXIIT  1997. - 1999,
Transactions of FAMENA — Radovi FSB Vol XXIV - 2000. -

Transactions of FAMENA is indexed/abstracted in:
Science Citation Index Expanded
Journal Citation Reports/Science Edition
GEOBASE, Water Resources Abstracts
CSA4 Engineering Research Database
Scopus

ISSN 1333 - 1124
Prints: 250

Address: Facuity of Mechanical Engineering and Naval Architecture, University of Zagreb,
Ivana Ludica 5, HR-10000 Zagreb, Croatia
&+ 385 016168540 or Fax: ++ 385 01 61 68 187; e-mail. fasna. biondic@fsh.hr
Account No.:  2360000-1000000013 or Swift; ZABAHR.2X 2500 3276546
Zagrebalka banka, Savska 66, Zagreb, Croatia , «Transactions of FAMENA»
Broj Ziro raduna:  2360000-1101346933 s naznakom «za Gasopis Transactions of FAMENA» (same za Hrvatsku)
Annual subscription rate {four issues): For Burope: 120 EURO
Obavijest o godiSnjoj pretplati (Eetiri broja): Za Hrvaiskn pretplata 900 kn
The editing of this Journal has been partly supported by the
Ministry of Science, Education and Sports of the Republic of Croatia




