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Abstract. In order to rationalize process planning activiteso improve process
planning outcomes, various process planning appesawith different degrees
of computerized support and automation have bewbleshed. Ranging from
general to very specialized approaches to spegifiblems, these approaches
have specific advantages and drawbacks. When degigew approaches as
well as selecting existing ones for applicatiorihia field, their properties have
to be considered comprehensively. However, exigtasgarch only selectively
touches on the objectives regarding the planniongess or the quality of infor-
mation generally requested from process plans. @dper presents the synthesis
of a comprehensive process planning assessmeravirark, including planning
process and outcome related criteria, based ortangve literature review.
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1 Challenges assessing process planning approaches

The necessity to rationalize process planning dietivhas led to the establishment of
various planning approaches with different degfesomputerized support and auto-
mation [1]. Next to an increase in planning effig, the proposed planning ap-
proaches aim at improving the quality of the precglseets, which in many cases do
not meet the requirements of the stakeholders [2].

Ranging from general to very specialized approatihepecific problems, these ap-
proaches have specific advantages and drawback#\$3lhe importance of single
properties of these approaches naturally dependkeogpecific application scenario,
companies have to cover their basic process plgmeeds by producing reliable doc-
uments for production scheduling and control atiéisi Therefore, when designing
new approaches as well as selecting them for agijitin the field, the properties and
suitability of the approaches should be considemdprehensively.

While standard references in the production engingdield cover the conventional
contents of the final process plans, their desoripbf the planning process usually
does not deliver a target system or criteria fatinojgation [1,4]. Newly developed
planning approaches mostly do state their spetifitvation and the improvement po-
tentials regarding the planning process or outcihveng want to address. However, there
are no comprehensive assessment frameworks foeggqdanning available.



The paper is structured as follows. In Section  give an overview over existing
approaches for assessing process planning. Weptlténe the research methodology
of the extensive literature review. In Section &, analyze the relevant evaluation cri-
teria. In Section 4, we present the synthesisettiteria in the assessment framework.
In Section 5, we present a brief first case stushbgsic validation, and, in Section 6,
we conclude the paper.

2 Theoretical framework

2.1  Deficiencies of existing appr oaches

Standard references in the field of production eeegiing and management provide a
generally applicable and neutral definition of gh@nning process and the desired out-
comes (e.g. [4]). Additionally, for evaluating thlanning process success, some pub-
lications refer to the general objective of achigvan optimal relation between the use
of resources and desired outcome (e.g. [1]). Beybisdhardly tangible objective re-
garding the characteristics of the resulting pregaan, the authors describe general
trends like Simultaneous Engineering (SE), the timeisig of the separation of plan-
ning and control, as well as decentralization amrmation of the planning process
[1]. However, stated benefits [4] of automating p@nning process can be interpreted
as assessment criteria for process planrimgroved productivity, lower production
cost, consistency, time savings andrapid integration of new production capabilities.

Research articles focusing on process planninganyntases focus on enhancing
understanding and technology regarding specifiompleg problems, e.g. the automated
selection of machining parameters [5], automatedaliery of typical process routes
[6] or selecting “optimal” process plans [7]. Thesearchers usually either loosely state
their objectives or feature explicit, even multiteria, objective functions [8] with re-
gard to the specific planning problem at hand. Reaket al. [9] provide research
touching on a wider range of relevant criteria rdgay technological and business con-
siderations. However, to the knowledge of the awgththere are no research articles
providing a comprehensive overview over all relévaiteria.

Although neither evaluation criteria for the plamgpiprocess, nor the resulting pro-
cess plans are well covered, methods for performarmeasurement of general business
processes might partially be applicable to propémsning. While widespread methods
for BPM assessment (e.g. CMMI and BPMM) rely orneatabstract process maturity
models, more tangible process KPIs are usually emmy@nd process specific. How-
ever, Fishermanns [10] provides several univensedra that can partially be adapted
to the planning procesepetitiveness, personnel qualification, personnel count, inten-
sity of communication, intensity of documentation, process complexity, determinacy,
task difficulty, consistency, external relations, relevance of quality, time and cost.

2.2 Research methodology

In order to achieve the stated objective of devielpm comprehensive assessment
framework, the evaluation criteria to be consider@@ extended by a rigorous and



systematic literature review. The review is consdean explorative background re-
view, in order to inform the design process. Thistion shall provide information on
the coverage of the review [11].

The review was largely organized sequentially [1The search covered literature
since 2000. The search string wW&grocess plan") AND (quality OR requirements OR
assessment OR criteria) and its German equivalent. Fig. 1 provides an\oger of the
databases and search providers as well as thésresul

Table 1. Database search

Provider Database L anguage Limitation Hits Reviewed
Google scholar Any English None (16.100) 28
Google scholar Any German None (14.200) 4

wii Technik German None 197 4
IEEE Xplore any English None 25 9
EBSCOhost Business Source English None 54 7

Premier
ScienceDirect any English Review & re-  (5.044) 6

search papers

Many articles identified by the keyword searchéstg’) do not focus on the research
guestion at hand, but merely offer insights inte tbpic incidentally as described in
Section 1. In addition, the search string has vyoked application beyond the field of
production engineering. Therefore the articles Hawen evaluated (the most highly
prioritized hits in the cases of google scholar &uienceDirect) based on their ab-
stracts, in order to assess their relevance fordbhiew (‘reviewed’) [12]. 58 articles
have been reviewed (cf. Table 2). Other Journakide the International Journal of
Computer Integrated Manufacturing (3), Annals & @IRP (2), Journal of Materials
Processing Technology (2) and several more.

Table 2. Literature review

2000- 2005- 2010- Since

Jour nal/Conference paper 2004 2009 2014 2015 Total
International Journal of Advanced Manufacturing 3 4 2 0 9
Technology

Conference Papers 0 5 2 2 9
International Journal of Production Research & 1 2 0 6
ZWEF Zeitschrift fur wirtschaftlichen Fabrikbetrieb 1 0 0 5 6
Procedia CIRP 0 0 1 4 5
Journal of Intelligent Manufacturing 3 0 1 0 4
Other 8 6 5 19
Total 18 16 13 11 58

3 Evaluation criteriafor process planning

The relevant literature has been analyzed for eef@s to criteria, requirements and
objectives regarding the planning process anddhalting process plan. The criteria
listed in Fig. 1 represent the references in tivereed articles in the most objective
way, but are not completely mutually exclusive.



Fig. 1. Criteria referenced in the reviewed literature

Planning process Resulting process plan
Criteria References Criteria References
Collaboration/Integration 29 Manufacturing costs 27
Duration 20 Flexibility 26
Effort 18 Quality of finished components 20
Reliance on experts 18 Processing time 16
Knowledge management req. 18 Feasibility of process 13
Real-time ability 15 Resource utilization 10
Adaptability 14 Accuracy 9
Standardization 13 Robustness/Resilience 7
Information requirements 12 Standardization 7
Other 32 Other 16

Other criteria ardlexibility (10), process capability (6), transparency (6), ease of use
(4), costs (3) anditerations (3) as well agrocess capability (4), integrity (3), energy
consumption (3), resource consumption (3), timeliness (2) andemissions (1).

The criteria have been synthesized from the iliistt literature review, structured
and aggregated in order to generate comprehensivegb to be used in the assessment
framework described in Section 4.

4 Process planning assessment framework

4.1  Application

The process planning assessment framework is aahé@aforming the decision-
making process of researchers and practitiondsssiipposed to ensure that all relevant
criteria are taken into consideration. Subjechefdssessment are the planning process,
albeit manual or automated, and the resulting m®péan. The following sections 4.2
and 4.3 contain the comprehensive listings of #spective assessment criteria. To aid
understanding and standardized assessment, destwiph their relevance as well as
examples are provided. As the criteria are muhietisional and not fully independent
from each other, they partially complement or debflvith each other. Therefore, in
application, the criteria have to be prioritizethieTapproach follows a traditional multi-
criteria utility analysis [13], as shown in Fig. 2.

Fig. 2. Assessment approach

Planning levels  Subprocesses Process criteria  Plan criteria Process assessm. Plan assessm.
Selection of relevant E> [2] Weighting of assessment I::> Assessment of planning
assessment dimensions criteria (cf. pair-by-pair comp.) approach properties

Stakeholders (e.g. IE, calculation, design, distribution etc.) |

The planning levels of process/operations plan(lig 3) serve as assessment dimen-
sions for the process plan assessment. Duringsasees the user applies the relevant



criteria to the required information of the plarmilevel of interest. The subprocesses
shown in Fig. 4 are selectable assessment dimensiche planning process.

Fig. 3. Planning levels

Planning Macro level/ Micro level/ Further
level process plan operations plan information
Blank (material, dimensions, . . E.g. NC-code,
shape), operations sequence “E‘g‘ tools, E.g clamping. cutting wage groups.
. : L. Jjigs/fixtures, path, process parameters ) :
Information (number, description), resource A lot-size range,
[1.4] allocation (workstation or group setup (e.g. feed, cutting spged, tolerances
i . = description depth of cut, material e ?
D), standard times (processing transition times
. . etc. removal rates) etc.
time, setup time) etc.

4.2  Assessment criteria

The criteria for the assessment of the planninggsse (Fig. 4) are structured into cost
related criteria, criteria regarding desirable psccharacteristics and criteria related
to user interaction with the process and its tools.

Fig. 4. Planning process assessment

A t criteria Subprocess
‘ ne Initialize/setup Plan/run Maintain/update
i Relevance: Product i Relevance: Timeliness of
i development lead-time | generated plans
Duration . | Example: Variant planning | Example: Automated
Releyance. Costs for i and/or automation to reduce i analysis of feedback data
i~ required persongel | sl '
pac’ Example: Defining ] . . : 1 e P
o, g | Relevance: Relative planning | Relevance: Relative
P database with company- " it produced ' lanni " it
8 e e ! costs per unit pr ) 1 planning costs per uni
S Effort pect e | Example: Variant planning | produced
i and/or automation to reduce | Example: Automated
| planning effort | analysis of feedback data
Investment Relevance: Relative planning costs per unit produced

Example: Investment costs for automation systems (especially generative CAPP)
Standar- Relevance: Reproducible, dependent outcomes

dization [15] | Example: Documentation, change processes, knowledge management, interfaces, data formats
Adaptability | Relevance: Ability to adjust to changes in production capacity and functionality

[15] Example: CAPP systems ability to expand beyond prismatic components
Flexibility ! Relevance: Quick reaction to unforeseen events
9 [16] na | Example: Generating several alternative process plans
‘2 | Collaboration/ | Relevance: Increasing the efficiency of involved functions
g integration [Example: Integration of planning and scheduling, support for collaboration with
& [7.9] design/calculation (SE)
_§ E Relevance: Timeliness of generated plans, integration of
o Real-time na i planning and scheduling
ability [17] i ! Example: Receive and process shop-floor information in real-
| time
Knowledge Relevance: Standardization and automation potential
management | Example: Automated knowledge acquisition from data, formalization and integration of expert
[9.14] knowledge (infrastructure, products, processes)
= | Dependency | Relevance: Personnel availability and cost
= on experts Example: Codification of expert knowledge and process automation
.§ Tiamsnaren o | Relevance: Trustworthiness of planning results
9 parency . \ Example: User interaction and participation in decision making
:g Ease of use Relevance: Efficiency of process

Example: User-friendliness of processes, software and tools

Due to the limitations of the format [12], seleetineferences are provided in the figure.



The criteria for the assessment of the resultingss plan (Fig. 5) are structured into
objective data requirements as well as subjectpternization criteria.

Fig. 5. Process plan assessment

Assessment _
Criteria Description
Relevance: Existence of necessary data (database entry not empty, complete, in permissible
R value range, and corresponding to domain) in order to generate information
= e Example: Workstation ID existing as four digit-number for every process listed, process
= description being a subset of as permissible defined operations
2 Consistency Relevance: Ability to generate information from data without contradictions
g ¥ Example: Conflicting instances of a certain process step (number) in the operations sequence
E | Comectness Relevance: Correct reflection of reality
& Example: Workstation ID in process plan matching transaction data from executed orders
) Relevance: Precision of reflection of reality for data on continuous or near ordinal scale
‘8’ Accuracy Example: Workstation ID of a workstation with capabilities ‘close’ to the correct one and/or
specificity of the data/information itself (e.g. workgroup ID instead of workstation ID)
Timeliness Relevance: Feasibility of execution of process plan
Example: Standard times information generated based on latest process parameters
Processing Relevance: Affecting manufacturing costs in conjunction with machine hour rates
time Example: Minimizing makespan/throughput time and resource utilization of an order
Resource Relevance: Efficiency of resource utilization
- utilization Example: Ensuring balancing of resource utilization while meeting requirements for feasibility
g Feasibility Relevance: Producability according to plan and to product specifications
] [17] Example: Operations sequence suitable to generating features in product specifications
§ ob / Rel, e: Process capability
R= resilience Example: Enabling SPC, consideration of machine failure rates etc.
] g oo Relevance: Enabling integration of planning and scheduling
g Flexibility R . .
2 [Example: Designation and selection of master/variant process plans, networked process plans
& Standar- Relevance: Optimization of processes and concentration of material flows on the shop-floor
dization [20] Example: Substantial conformity of process plans of similar components
- Relevance: Affecting manufacturing costs
Environmental - L . .
impact Example: Resource consumption (e.g. processing times, energy consumption, scrap material,
P consumables) and emissions

During assessment, the user applies the relevaatiarto the required information of
the planning level of interest (Fig. 3). For exaemplhen choosing or designing a pro-
cess planning approach for individual productide stakeholders might decide that
the planning approach should primarily provide infation onmacro/process plan
level because theperations planning is left to experienced machine operators.

5 First case study and basic validation

The assessment framework is illustrated with treamg{e of an industrial partner in the
metal working industry. All subprocesses are deigenh to be relevant dimensions,
while only the macro planning level is of interéstthis case (cf. Fig. 2, step 1).
Weighting the assessment criteria in a pair-by-pamparison (cf. Fig. 2, step 2), effort
and duration prove important for the planning pescéviost important criteria for the
resulting process plan are feasibility, integritbgdaorrectness/accuracy.

Fig. 6 shows two macro level process plans fostopivariant, generated manually
and by a generative computer-aided process plani@AdP) system. The relevant
stakeholders have assessed (cf. Fig. 2, stepe3ather quick manual planning process
positive in terms of duration and effort. The autded and even faster generation by



the CAPP system is rated very positive, howevegtleand effort of the CAPP system
setup and update process are rated very negatively.

Comparing the resulting process plans to seveesiigrd manufacturing orders for
the parts number, the characteristics of the méngeherated process plan are estab-
lished as very positive. It is showing occasioralidtions to other workstations with
the same capabilities as well as statistical vianatof processing and setup times.

The characteristics of the automatically generatedess plan, without any further
human intervention, are assessed as neutral. A#ssary machining operations are
included in the right order, however the operat®eguence needs to be complemented.
Two workstation IDs are missing for integrity, withe accuracy of the standard times
is significantly off in several instances.

Fig. 6. Process plans for machining a piston variant

Manually generated process plan Automatically generated process plan
Op. Work- Process t, t. Op. Work- Process t, t.

station [min] [min] station [min]  [min]
010 0911 Withdraw 0 0 010 0815 Tum 65 3.243
020 0815 Turmn 35 48 020 Surface 0 0
030 0112 Control 0 0 030 4711 Polish 9 1.970
040 0398 Surface 0 0 040 Control 0 0

(ext.)
050 0110 Inspection 0
060 4711 Polish 9
070 0112 Control 0

o = o
(3]

According to the assessment regarding the critel@&vant to the company, it becomes
obvious, that at the current stage manual procksming remains the norm, while
further capability improvements of the CAPP systeithbe investigated.

6 Conclusion

The assessment framework presented in this pafensafomprehensive criteria and
corresponding descriptions for both the plannimcpss, as well as the resulting pro-
cess plan. It can serve researchers developingpnegess planning approaches for
reference and enables practioners reengineerimgpia@ning process to assess their
respective options with the criteria relevant terth The assessment framework was
validated with an SME.

Further research needs to be done on the meastyrabihe criteria. More valida-
tion needs to be done to further detail the apgraad to ensure applicability in various
fields/sectors.
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Technology for High-Wage Countries”.
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