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Abstract 

This thesis started as an initiative from one of the co-authors that previously worked at SAAB AB 

during summer 2018. During the summer she worked with the design process of In-process part 

Definition (IPPD) and an interest emerged for making it more efficient. The design process of IPPD 

(DPOI) is where a design article, designed in CATIA, become manufacturable and adapted for 

assembly. The DPOI can be seen as the interface between the department of Airframe development 

and Production at SAAB AB. The first step was to investigate the current DPOI and conduct a pre-

study to find time-consuming activities.  

 

The pre-study consisted of five interviews, an observational study and a time study were the aims 

was to collect employees' own opinions, approve a pre-defined workflow divided into twelve 

elements and find problem areas. Element 1.0-11.0 is tasks within the DPOI and element 12.0 is the 

first step in the review process called Checker. Element 4.0 and 8.0 were divided further into parallel 

activities where the operators in the time study performs either, e.g., E4.0 (macro) or E4.1 

(manually). To find time-consuming activities a time study was performed. The authors of this thesis 

acted observers and clocked each element while three operators denoted A-C designed 24 IPPDs. 

The results from the time study showed that elements 1.0, 3.0, 4.1 and 7.0 were time-consuming 

and E4.1 had potential to become automated. 

 

The selection of 2-3 problems was carried out through two Weighted Sum Models (WSM) where 

criteria was defined and solutions was listed. Each solution was weighted to each criterion and got 

a total grade. The selected problems, based on the total grade, were: Documents and Combined 

macro. Documents and manuals for scenario 5, 6 and the entire design process of IPPD was 

developed to make new employees learning process more efficient. A draft macro for scenario 5 

and new complete macros for scenario 1 and 6 was developed and used in the comparative study. 

The comparative study was conducted like the previous time study but instead the new developed 

macros was used to make E4.0 more efficient and eliminate E4.1. In the comparative study only E4.0 

was clocked for all 24 IPPDs in the time study. The result showed that E4.0 has become average 60 

% more efficient for all IPPDs and the total time with the new developed macros for E4.0 vs E4.1 has 

become 14,3% more efficient. Problems and time-consuming activities has been found and 

improved. The performed comparative study shows that the DPOI can be minimized further in terms 

of time; there are possibilities to make more elements from the DPOI automated. 

 

Keywords: SAAB AB, Design Automation, Efficiency, CATIA, MBD, Time Study 
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Abbreviations 
Term Abbreviation Explanation 

IPPD In-Process Part Definition A production technical definition of a design article 

CAD Computer-Aided Design Methodology for digital based design 

AE Assembly Engineer Technical responsible of IPPD 

ME-DT Manufacturing Engineer Detail Reviewer of IPPDs according to production 

MBD Model-Based Definition A methodology where 3D model is the authority and fully 

defined with annotations and requirements 

ARM Assembly Requirement Model CAD-modell containing e.g. fasteners, information about 

tolerances 

GD&T Geometric Dimensions & Tolerances A system for defining and communicating engineering 

tolerances 

FT&A Functional Tolerancing & Annotation Collective name of dimensions, tolerances and notes 

MOI Methodology of IPPD Collective name of the design process of IPPD and first step 

in the review process (Checker) (E1.0-12.0) 

DPOI Design process of IPPD The creation phase of the IPPD before the review process 

begin (E1.0-11.0) 

CATIA Computer Aided Three-dimensional 

Interactive Application 

A software package for CAD, developed by Dassault Systems 

PP PowerPoint Presentation software from Microsoft 

TTI Tool Tool Interface Model Model used to carry positional data between different tools 

WSM Weighted Sum Model Methodology used in decision theory 
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1 Introduction 
This thesis started as an initiative from one of the co-authors that has previously worked at  

SAAB AB for the Department of Airframe Development, during summer 2018. During the summer 

the co-author worked with the design process of In-Process Part Definition (IPPD), see subchapter 

1.1.1, and an interest emerged for making the design process more efficient. An IPPD is a Computer-

Aided Design (CAD) part which is designed in a Computer Aided Three-dimensional Interactive 

Application (CATIA) and consist of different solutions to make the design article producible and 

adapted for assembly. 

 

This thesis belongs to the business area Aeronautics which engages in advanced development of 

military and civil technology such as the Gripen fighter [1]. The focus of this thesis will be working 

methodologies regarding IPPD within the project of Gripen E. Gripen E is a military- and defence 

airplane developed to counter and defeat threats and is continuously evolved to meet new 

challenges [2]. During this thesis the Gripen E project was at the last stage in the design phase before 

serial production. Therefore, the work pace of IPPDs was low due to its final design phase. When 

the amount of IPPDs was as its greatest during Gripen E project, the work was remarkably longer 

and more time-consuming compared to today. Therefore, the work with IPPDs are in need of 

improvements so that critical project phases within future projects can be more time efficient. 

 

The department within Aeronautics that is responsible for the design- and review process of IPPD is 

named Tool Design Department and the employees that work with IPPDs are called Tool Designers. 

The input objects to the design process of IPPD (DPOI) are developed at Airframe Design which also 

is a department within Aeronautics. When the designed IPPDs are finished, these are forwarded to 

Production. Therefore, this thesis research area is in the interface between Airframe Development 

and Production. In Figure 1 the hierarchy of departments within Aeronautics is shown together with 

this thesis research area (marked with a red dashed line).  

 

 
Figure 1: The hierarchy of departments within Aeronautics are shown and the thesis research area is marked with a red dashed line. 
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1.1 Current State of In-Process Part Definition 

The methodology of IPPD (MOI) is used at SAAB AB to ensure that the design article is producible. 

An IPPD is a production technical definition which specifies the state of a design article when it reach 

the first stage in assembly line at an assembly unit. [3] Assembly Engineer (AE) together with 

Manufacturing Engineer Detail (ME-DT) decides if an IPPD is needed or not and decides the 

requirements. In Figure 2 the entire flow chart of the current MOI is shown. The first step in the flow 

chart is IPPD-info mailbox where the Tool Design Department receives information about the need 

of an IPPD. [4]   

 
Figure 2: Flowchart of the IPPD process (with boundaries of this thesis research area). 

After that the information of a needed IPPD has received the IPPD-info mailbox, see Figure 2, the 

work is allocated to the Tool Designer with needed information and requirements. The Tool Designer 

completes the IPPD and sends it for review. The review process starts when the Tool Designer sent 

an email to the person who will be the Checker. After the Checker has approved the IPPD without 

any remarks, AE, ME-DT and Approver reviews the IPPD. The review process can be iterative if the 

involved reviewers gives remarks on the IPPD and have to send it back to the Tool Designer. The 

Tool Designer corrects the IPPD based on the given remarks and the IPPD needs to be reviewed 

again until there are no remarks left. Finally, the Approver sets the IPPD as complete. [4] 

 

Airframe Design is divided into five different sections A-E. The Tool Designer can work with inputs 

from all different sections and get different level of information depending on where the design 

article belongs. In many cases the Tool Designer get information and requirements in a prepared 

PowerPoints (PP) from AE. These PPs consist of instructions that specified the DPOI. Therefore, the 

Tool Designer does not need to figure out how the IPPD should be designed. Each section needs a 

different amount of IPPDs due to variation of design articles. Figure 3 illustrates the hierarchy within 

the organisation according to IPPD and the estimated amount of IPPDs for Gripen E project that 

each section is responsible for. 
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Figure 3: Hierarchy of the responsibility for each section according to the amounts of IPPDs. 

1.1.1 Definition of IPPD 

Both the design article and the IPPD are categorized as a Model-Based Definition (MBD)  

(more about MBD in 2.1). Together the design article and IPPD complete each other for making the 

design article producible and adapted for assembly with nearby articles and fasteners.  

 

An IPPD consists of an ARM (Assembly Requirement Model) and a design article. An ARM is a 

collection of Functional Tolerancing & Annotation (FT&A), geometry and information, such as, e.g., 

fasteners, sealant and positions, all needed to define the design intent and key features of an 

assembly [5]. A design article is an article which mostly contains the following: relational design 

data, solid, part coordinate system, engineering notes, material requirements, dimensions, 

tolerances and annotations [6]. A design article must be able to manufacture without a defined 

IPPD. An IPPD is needed if the manufacturing engineer decides there is a need for a stock part that 

differs from the design article due to assembly and/or production requirements. [7] Figure 4 shows 

the definition of an IPPD were ARM(s) and design article works as inputs to the DPOI. 

 
Figure 4: The definition of an IPPD. 

An IPPD consist of fully or partially implemented manufacturing requirements such as, e.g., 

pre-drilled holes, pilot holes or added material. An IPPD cannot contain any form-, fit- or function 

requirements. [8] The following list presents six scenarios when an IPPD is needed [9]: 
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1. Pre-drilled holes and/or pilot holes 

2. Tooling lug holes 

3. Trim allowance 

4. Tooling lugs 

5. Cancelled elements 

6. Decreased hole diameters 

 

An explanation for each scenario is given in the following list: 

 

1. Pre-drilled holes and/or pilot holes are two types of holes with different purposes. Pilot holes 

are guiding holes to make sure that the nearby articles fit together, and have a narrow 

tolerance compared to pre-drilled holes. Pre-drilled holes are created when fasteners such 

as, e.g., screws or rivets need a pre-drilled hole to ease assembly. If the nearby green plate 

should be assembled with the blue plate in Figure 5, the pilot holes would be created in both 

articles, but the pre-drilled holes should only be created for the plate best suited in 

perspective of assembly and with available tools. The input reference in this scenario are 

lines/curves and/or points from the ARM which leads to easier updates and less errors. The 

diameter of both pre-drilled holes and pilot holes is standardized, the differences is the 

tolerance. The created pilot holes and/or pre-drilled holes is coloured in magenta as 

standard to easier identify that holes have been created in the IPPD, compared to the design 

article. 

 

 
Figure 5: An example of both Pilot holes and Pre-drilled holes for two thin plates. 

2. Tooling lug holes is the same as scenario 1 except that references are copied from a Tool 

Tool Interface Model (TTI) instead of an ARM. 

 

3-4. Trim allowance and Tooling Lugs are when published surfaces are split. The difference to 

scenario 3 is that material is added along the entire side of a part, and for scenario 4 the 

added material is a section of the entire side. The added material is created at the exact 

same way. 
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5. Cancelled elements is used when holes in the design articles needs to be cancelled in the 

IPPD because these holes will be created in a later construction step. These cancelled holes 

should be marked in the IPPD with a circle to indicate their previous locations. 

 

6. Decrease hole diameters is used when holes in the design article needs to be decreased and 

are created in a later construction step. Similar to scenario 5, these decreased holes should 

be marked in the IPPD with a circle to indicate their previous diameter. 
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1.2 Problem Statement 

In this subchapter this thesis research area is stated. 

 

1.2.1 Purpose and Goals 

The purpose of this thesis is to identify and reduce time-consuming activities within the MOI. The 

goals are divided in two parts: thesis goals and effect goals. The defined thesis goals explain how 

the effect goals are reached by the results found in this thesis. The main idea with effect goals is to 

clarify the business value with this thesis results.    

 

Thesis goals: 

 Perform a pre-study of the current design process of IPPD to identify problems and time-

consuming activities 

 Select 2-3 problems to solve and develop the current design process of IPPD, based on 

analysis of the pre-study and to perform improvements in terms of reducing time-consuming 

activities 

 Perform a comparative study in order to compare the current design process of IPPD and 

after improvements have been made. These changes should be with respect to efficiency 

or/and automation 

 

Effect goals:  

 With efficiency and/or automation in the current working methodology, reduce 

time usage within the research area   
 The improvements will be implemented as part of the methodology 

 Become an inspiration/starting point for change management in future work 
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1.2.2 Problem Formulations 

Bottlenecks in a design process are inefficient and generally results in time wastage. Therefore, it is 

more profitable to develop an efficient methodology and to identify where and when the main 

problems arise in the design process, and how these can be reduced. The research questions (RQ) 

for this thesis are: 

 

RQ1 – Which problems and time-consuming activities can be identified in ongoing projects in the 

interface between Airframe Development and Production? 

  

RQ2 – How can the available digital tools be used more efficiently in the MOI? 

  

RQ3 – How can digital tools be developed in the near future (1-3 years) in order to make the MOI 

more efficient? 
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1.2.3 Delimitations 

Tool Design Department is the interface between Airframe Development and Production at SAAB AB 

and is responsible for the design- and review process of IPPDs. This thesis will focus on identify  

time-consuming activities during these processes. The delimitations for this thesis are stated as 

follows: 

 

 In the review process, only the first step Checker will be treated 

 Design part, ARM and PP are the only inputs to Tool Design Department that will be treated 

in this thesis 

 Scenarios 1, 5 and 6 will be treated from the presented list in subchapter 1.1.1   

 The priority unit for this thesis is time 

 Verification of the improvements will only be tested through a pilot test  

 Implementation will be accomplished during spring/summer 2019 

 

In Figure 6, a flowchart is shown and it is, e.g., visualizing this thesis research area (dotted red). In 

the flowchart, input to this thesis research area comes from Airframe Development and output goes 

to AE/ME-DT. The figure shows that the DPOI affecting all sections and also how the review process 

works. 

 
Figure 6: The interface between Airframe Development and Production, with focus on the MOI. The figure presents this thesis 

system boundary where N is the number of checkers which can vary between project phases. 

1.3 Report structure 

This report follows a specific order. In Figure 7, a flowchart is presented to visualise the structure 
of this report.  

 
Figure 7: A flowchart over the report structure  



9 

 

2 Theoretical Framework 
This chapter contains the most relevant theoretical framework. Knowledge about Model-Based 

Definition (MBD) and Design automation is essential in order to understand this thesis. 

 

2.1 Model-Based Definition 

MBD is a new methodology where a 3D model is the authority. Instead of using 2D drawings a  

3D model is created in a Computer-Aided Design (CAD) system with 3D annotations such as 

Geometric Dimensions and Tolerances (GD&T) and Functional Tolerancing & Annotation (FT&A). The 

main purpose of implement MBD is immense time benefits and to reduce costs compared to 

creating 2D drawings. [10] 

 

The purpose of MBD is also to integrate design information with manufacturing operations into a 

3D model to improve product quality. Data from the 3D model is used as manufacturing and/or 

inspection source, where a complete product definition can be fulfilled with the MBD technology. 

Aerospace and defence industries use the MBD concept for downstream groups, e.g., 

manufacturing, planning, procurement and product services to compose and annotate views of 3D 

models. To support the MBD concept different CAD software solutions can be used such as CATIA. 

[11] Benefits with MBD is that the 3D model is easier to read than a 2D drawing if the 3D model has 

saved views which can be seen as the MBD 3D counterpart of the 2D projection view [1]. Saved 

views contain different orientations of the 3D model. Another benefit is that the MBD is always up-

to-date which means that the MBD always is the latest version as the CAD model and documented 

model are the same. Compared to 2D drawings which is based on a 3D model, but the drawing is a 

separate file. Therefore, it can be a problem for the 2D drawings to always stay updated. Both the 

2D drawing and the MBD model is referred to a 3D model where changes to the 3D model is directly 

corresponding to changes for the projection views on the 2D drawing and for the 3D model. Figure 

8 shows the differences between a 2D drawing and 3D model based on MBD methodology. [10] 

 
Figure 8: An example of 2D drawing [10] and 3D model defined as an MBD.  
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2.2 Design automation  

The demand for shorter lead times is increasing and to cut lead times and workload the digital tool 

Design Automation has become more competitive in an increasingly globalised market. Design 

Automation will free the designer to focus on tasks that require skill and creativity instead of 

performing tedious and repetitive design tasks. To implement a design automation system there are 

several steps that is need to be stated: purpose, benefits and the actual need. First the purpose and 

benefits have to be stated and these are often linked to the design phase of a product´s lifecycle by 

saving time and money. The actual need is a lot more difficult to identify and the actual design tasks 

that are desirable to automate. Gaining an effective and efficient product development process is 

one motive for implementing design automation. If routine and repetitive design tasks become 

automated, the entire design process can become more efficient and repetitive or time-consuming 

tasks are well suited for automation. An example: Redesign – Adapting, optimising, and improving 

existing functions or products to meet new conditions and demands. [12] 

 

Development of the design automation process is divided into several steps, where the main focus 

should be on the implementation preparation phase, see Figure 9. First the need of automation 

must be identified and perform a breakdown of the process. Secondly, solutions strategies need to 

be defined based on the problem definition and the identified tasks. [12] 

 

 
Figure 9: The phases included in the development of a design automation system [12]. 

The automation process can be achieved by CAD software and the use of example: macros. Macro 

programming is used to automate repetitive task, accelerate design procedures and automatically 

generate complex geometry. There are several macro language examples: CATScript and CATVBS, 

both are VBScript programming language. These are interpreter language for programming macros 

in CATIA. Another language that offers more capabilities for CATIA V5 is Visual Basic for Applications 

(VBA). Between the start and end of the macro, all commands added into the macro are run each 

time a macro is called. Example of an easy programming code within a macro that shows a message 

box with text “Hello!” see Table 1. [13]: 

Table 1: Example of a VBA programming code, within a macro, saying hello.  

Sub CATMain() 

MsgBox ("Hello!")  

End Sub 
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3 Methodology and Implementation 
During this thesis different methods were used in order to find problems according to time 

effectiveness. The main process for collecting data and for transforming upcoming problems into 

solutions are presented in Figure 10. The different subchapters, in this chapter, describes the used 

methods for the collected and processed qualitative- and quantitative data. 

 

 
Figure 10: The methodology suggested for collecting data and transforming problems into solutions. 

3.1 Scholarly Methods for Qualitative Data 

Under this subchapter scholarly methods for qualitative data such as interview and observational 

study will be presented.  

 

3.1.1 Interview 

Interview is a qualitative method where the purpose is to explore the views, experiences, and 

motivating factors from the participants. Interview as a method provides a deeper understanding 

of social phenomena compared to a quantitative method. This method is the most appropriate to 

use when there is limited knowledge about the research and where detailed information or opinions 

is needed from the participants. An advantage with interview is that the participants can share their 

opinion in a non-group environment if the topic is sensitive. The length of the interviews is 

recommended to last 20-60 minutes depending on the topic, researcher and participant. 

Clarification regarding if the participants should be anonymous or not and if the interview is 

confidentiality, should take place before the interview starts. The interview should, if possible, be 

conducted in an area with no distractions and at times that suites the participants best. Start the 

interviews with questions that the participant easily can answer and further on deeper and more 

sensitive questions. [14] 

  

Literature study

Interviews
Observational study
Time study
Estimation
WSM

Find solutions for 2-3 problems

Inspiration 
and 

support

Problems
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In the preparation phase for the interviews, important information needs to be stated in order to 

fulfil the interviews in a proper way. The information that needs to be stated before starting the 

interviews are as follows [15]: 

 Aims of the final product/solution 

 Users of the product/solution 

 How it will be used 

 Scope of the knowledge that will be captured 

 The strategy 

By clarifying this information, it will help to perform a well-controlled interview by having a clear 

vision about the final product/solution. In Table 2, three common types of interviews are listed [15]:   

Table 2: Summary of common types of interviews and the methodology. 

  Unstructured Semi structured Structured 

Preparation 

phase 

No 

predefined 

questions. 

Use of prepared 

questions. 

The planned questions 

should be sent to the 

respondent before the 

interview. 

Prepare for use of techniques. 

Two types of techniques exist: 

1. Involve the respondent by 

make him/her perform tasks 

that reveal their knowledge. 

2. Use, e.g., a matrix or a 

diagram that involve a visual 

representation of the 

knowledge. 

Interview 

phase 

The interview 

can be used 

as, e.g., 

preparatory 

for the main 

interview. 

  

Use printed questions as 

guideline, one for the 

respondent and one for 

the interviewer. Involves 

asking unprepared 

supplementary questions 

based on the responses 

from the respondent.  

Use the predefined technique. 

Make the respondent do things 

instead of just talking about it.  

Capturing 

knowledge   

Broad 

knowledge 

(without too 

much 

details). 

Broad and detailed 

knowledge. 

Detailed knowledge. 
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3.1.2 Observational study 

The purpose with an observational study is to give an orientation or map out a situation and observe 

a pattern within a group. To get information about events at its natural stage, observation as a 

method is preferred. It is important that the researcher is aware of advantages and disadvantages 

of the method and can, if necessary, choose several methods to compensate for the disadvantages 

of the observational study. The method is not depended on what people say they do, not either 

what they think. Observations is based on what is actually happening during the observation. An 

advantage with this method is the participants’ ability to share information by not expressing 

themselves through oral communication. [16] 

One theoretical model describes several approaches to accomplish the observation in two different 

dimensions. The first dimension is about approaches or the knowledge that is underlying to the 

study and differs between theory tentatively and theory generating. The second dimension refers 

to what degree of structure the observation has, which can be either low or high. The theoretical 

model can be seen as a tool or a simplification of reality and can be used to systematize and describe 

different forms of group observations, see Figure 11. [16] 

 

Figure 11: Theoretical model of observation study [16]. 

In Figure 11, the vertical dimension is divided into two parts: Part one, theory tentatively where the 

researcher is focused on approving or denouncing existing knowledge. Part two, theory generating 

where new knowledge is produced. The horizontal dimension is about which degree the observation 

is structured, on either low or high. In an observational study at high degree of structure the 

observer has predefined which situations and categories that will be involved in the observation. An 

observation chart has been made and can consist of a list with relevant behaviours. The framework 

of the chart can look different depending on the chosen categories and on the research questions. 

The purpose of the observation chart is to use it as a checklist.  

 

If a predefined behaviour would occur during the observation, the observer would do a note in the 

chart. The most important thing with a high degree of structure is that the observer has knowledge 

of what is coming up and in what way during the observation. When an observation is of low 
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structure it is usually called unstructured observation. E. Hammer Chiriac and C. Einarsson [16] mean 

that this is misleading because an observation is based on a research question or problem 

formulation. The question can either be more or less defined or precisely formulated, and every 

study has a partial degree of structure. At low degree of structure, the observer wants to obtain as 

much information as possible and can for, e.g., use audio- or video recording tools. Again, the 

research question would control the focus of the observation and the main question can be divided 

into subqueries. 

 

The role as observer can be formulated in several ways, depending if the observation should be 

performed as hidden or open [17]. The participants are either conscious or unconscious of the 

observation and in what extent the observer participate [16]. Therefore, in Figure 12, this can be 

represented with a four-dimension model of the observer role. 

 

Figure 12: Four different roles as observer [16]. 

The four observer roles, presented in Figure 12, are further explained below [16]: 
 

 Hidden observer who does not participate. The observer is invisible or anonymous and does not 

participate in the group activity 

 Known observer who does not participate. The observer is known to the group. The researchers’ 

purpose is mainly to observe and not participate in the group activity 

 Hidden observer who participate. The observer is a member of the group but hidden in the 

identity as researcher 

 Known observer who participate. The role as observer is known to the group. The researcher is 

involved in the group's activity and responsibility but without being a member of the group 
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3.2 Scholarly Methods for Quantitative Data 

In this subchapter the methods used for quantitative data are presented. Methods are presented 

for how time can be measured within workflows, advantages and disadvantages are also presented 

for these methods. Secondly a deeper explanation of a method called time study will be given in 

order to show how this method, step by step, can be applied on different situations. Furthermore, 

a model called Weighted Sum Model (WSM) for ranking concepts will be presented, this model 

shows how solutions and problems are ranked within this thesis. 

 

3.2.1 Time Measurement of Workflows 

A workflow is a set of logically related tasks performed to achieve an objective. Mapping out the 

tasks/activities in a workflow and then streamline it is important to gain maximum throughput for 

time and other resources spent. Mapping out and streamlining workflows can be valuable because 

[17]: 

 

 Products will be better if the workflow is designed in a good manner 

 Makes an effective planning possible 

 Risks can be identified 

 Bottlenecks and/or barriers can be found and mitigated/eliminated  

 Personnel costs can be found in the workflow and are usually the highest cost  

 

Furthermore, there are characteristically factors that are valuable to search for when trying to 

streamline a defined workflow  [17]: 

 

 Critical paths, where most of the resource is being spent and where the most important 

activities are completed 

 Order of activities, make cost savings and reduce time spent by changing the order of 

activities 

 Parallel/serial activities, redesign the serial activities into parallel activities can reduce the 

time spent on each item/object 

 Input and output for workflow, identify what is really required as input/output for the 

workflow 

  

In order to create standards for how much time that are required, for each activity in the entire 

workflow process, the measurement standard time can be used. The standard time is the time that 

is needed for an average skilled person to perform a specific task with a prescribed method when 

working at a normal pace. The definition of an average skilled person in this context is that the 

operator neither should be the best nor the most non-skilled of the persons performing these tasks.  

 

Two common ways to set up standards traditionally are the following: Estimation or Direct 

observation and measurement. Following list formulates the significations of these two methods 

[18]: 
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1. Estimation: One way to provide the time required for an element/process to be fulfilled is 

by asking an individual who is believed to be knowledgeable about the task and let this 

person estimate the time it takes to complete the task. Another way is to use historical data 

and through the data develop a historical standard.  

  

2. Direct observation and measurement: There are three different ways to set up standards 

according to direct observations and measurement techniques: time study, work sampling 

and physiological work measurement. 

 

 Time study refers to the use of a timing device and recording of observed times. Moreover, 

time studies include knowledge of the existing work methodology, adding allowances, and 

comparing and rates the operator's performances at normal pace. This type of study is 

preferable for highly repetitive work with short time cycles.  

 

 Work sampling is preferable for non-repetitive work with relatively long-time cycles. In this 

type of study, data is gathered over a large number of observations taken at random 

intervals. Categories are predefined where the collected data will be divided into, and then 

draw conclusions based on the categorization system in order to set new standards.  

 

 Physiological work measurement. This study highlights the physiological means that the 

worker experience in the work. Physiological means can be, e.g., heart rate or oxygen 

consumption. This can be used in order to compare the costs of the worker performing 

varying tasks, and many studies have shown that there is a difference between beginners 

and skilled people according to these physiological measurements. Studies shows that 

beginners tend to spend a greater physiological cost than a well-skilled person when working 

at normal pace.   

 

In this thesis, Time study and Estimation has been selected as methodologies. The method Time 

study is used in order to determine time for DPOI and Estimation for the checker phase. The reason 

for using a Time study is to easier perform a comparative study of current situation in terms of time 

and to find time-consuming activities. The method Estimation is more suitable for the checker phase 

because of its characteristics. The characteristics for these processes, DPOI and Checker, are further 

presented in subchapter 3.4. The method Time study used in this thesis are further explained in 

subchapter 3.2.2. 

 

3.2.2 Time Study 

In order to determine the time required to perform all activities within a process, a time study is a 

popular method to use. Maynard defines time studies as [19, pp. 3-12]:  

 

“Time study is a procedure used to measure the time required by a qualified operator working at the 

normal performance level to perform a given task accordance with a specified method.” 
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The observer of the process needs to observe the chosen method before the time study can begin. 

It is important to study the process before the time study begin so that the method that is used can 

be standardized and improved. As Maynard states in his book [18, p. 124.5.3]:  

 

“Methods variables can be solved by asking the operator to follow the methods specified. The 

methods specified should be that which the company expects employees to be able to follow to earn 

their pay scale. The working conditions can be best provided for by a job evaluation.” 

 

Following steps presents important information that is relevant to be familiar with when planning 

for a time study.  

 

1. Selection of operators 

Selection of operators is an important activity in the preparation phase for the time study. By 

choosing operators carefully, the difficulty of making the study will be reduced and the accuracy of 

the time standard will increase. As mentioned before, the desired operator should be average skilled 

and work with good effort when following the predefined method.  As a rule of thumb, the operator 

should be within the range plus/minus 25 percent with respect to average performance level. [18] 

   

2. Dividing the process into elements 

Before starting the time study, the work performed by the operator must be divided into distinct 

elements, see Figure 13. An element is a task or activity which is included in the workflow process 

and should be selected for convenience of observation and timing. The advantages with separating 

the process into distinct elements are [18]: 

 

 Rate performance more accurately 

 Determine changes in work element sequences when checking standards in the future 

 Develop standard time values for frequently recurring elements. These elements can be 

compared towards existing data, which helps maintain consistency 

 Identify non-productive work 

 
Figure 13: Full process divided into n distinct elements. 

Guidelines exists for how the elements can be chosen for the process. Following guidelines exists 

for dividing the process into distinct elements [18]: 

 

 For each element, start and end should be easily detected. This can, e.g., be done by using a 

signal or movement 

 The elements should be coordinated within the process. In each one of the elements, 

motions should be performed in sequence on a single object. The element should preferably 

contain motions for one object 
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 According to time measurement, elements should not be shorter than what is possible to 

measure. The element length should be based on the need for details. Rule of thumb says 

not less than 1.2-1.8 seconds 

 Machine time and time for manual work should be in separate elements.  

 Elements that are unique should be separated from the repetitive elements in the process. 

 Each element should be as unified as possible. It is better to subdivide variable work patterns 

within an element so that specific work sequences and methods easily can be detected and 

marked with correct time values.  

 

3. Timing methods 

There are different ways to use the stopwatch function in the time study. Two different ways have 

been studied for this thesis and they are called Cumulative time and Snapback timing. Cumulative 

time means that the stopwatch is recording over the whole period of study; the clock starts at the 

first element and ends at the last. At the end of each element the clock is viewed, and time is noted. 

In this case, several subtractions need to be done in order to determine each time element. Another 

way to use the stopwatch is by using the method Snapback timing. Snapback timing is when the 

clock is stopped, reset to zero at the end of each element and notes the time. In Table 3 the 

advantages and disadvantages are shown for each method. [18] 

Table 3: Advantages and disadvantages for different timing methods [18]. 

Cumulative time Snapback timing 

Advantages Disadvantages Advantages Disadvantages 

Gives accurate total 

performance time 

  

Operator more 

confident that all 

elements are included 

  

Easy method to teach 

  

Operator variations 

become confusing  

  

Confusing if irregular 

elements are included 

  

 

Confusing if delays exists 

  

 

 

More calculations 

  

 

Variations in elements time 

are not easily detected 

Good for irregular 

cycles 

  

Delays are not 

obstacles for the 

method 

  

Less calculations 

  

 

 

Variations in 

elements are easily 

detected 

Problems with human errors 

  

Operators and supervisors are 

less confident that all 

elements are included 

  

Operators and supervisors are 

normally more used to 

comparing time cycles than 

time elements  

 

4. Observations  

The observer during a time study need to be open minded and it is important to listen to the 

operator's needs and to be honest, courteous and respectful during the observation. The observer 

should be open with information regarding the study and answer questions from the operator. 

Efforts to hide information regarding to the time study can create distrust between the operator 
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and the observer. [18] The position of the observer(s) and the operator(s) during the time study 

should be standardized between cycles. The observer should be positioned alongside the operator. 

The observer should not be positioned directly behind the operator’s back because it can create 

suspicious and/or comfortless feelings for the operator due to lack of view over the situation. [18] 

 

As a rule of thumb regarding number of observations that are needed for time studies, the number 

of observations should be at least eight. [18] 

 

5. Performance leveling 

Performance leveling is important when setting up time standards by time study. Performance 

leveling is important because the operator being observed may work slower or faster compared to 

average performance due to, e.g., nervousness from being studied or confused by the time study 

situation. [18] 

  

Performance leveling can be dividing into two different concepts: Required time and Day work time. 

The required time is the time required by a worker with dedicated skill and effort to perform a task 

when following the specified method. Rule of thumb is that day work time takes roughly 25 percent 

more time than required time based on stopwatch traditions. However, which performance level to 

use depends on the management practices and concepts. Expressions (1-2) can be used when 

converting the determined average time for each element. [18] 

 

 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑇𝑖𝑚𝑒 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 (1) 

 

 𝐷𝑎𝑦𝑊𝑜𝑟𝑘𝑇𝑖𝑚𝑒 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 × 1.25 (2) 

 

Some companies prefer to set performance standard according to required time, since they mean 

that it is possible for an average skilled person to perform at the required time level. Companies 

who often use required time as standard identify the difference between daily work time and 

required time and interprets it as time waste. By this measurement, companies believe that it is 

their responsibility to find ways to reduce this time waste by, e.g., better training or supervision. 

The advantages with using day work time as standard time is that it sounds fair and reasonable; it 

helps to convince the operator and supervisor that the time standards are set adequate. [18] 
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3.2.3 Weighted Sum Model 

In a study by Ulf Liedholm [20] he chooses to focus on the early stage of a design work: concept 

generating. The last step of his study is to evaluate and select a final concept and this is done by 

three steps: First analyse how the suggested concepts meets the criteria. Secondly compare the 

concept against each other with a WSM. Thirdly select a few concepts for further development.   

 

In the WSM each concept is evaluated against each criterion. The criteria are weighted based on 

how important it is for the final ideal concept. If the concept does not meet the criterion well, the 

concept is not good enough to develop any further (See Table 4, Concept 1). Each concept is graded 

from 1-10 depending on how the concept meets the specific criteria. The total grade is calculated 

with the weighted factor multiplied with the grade for each criterion. Table 4 presents an example 

of how the WSM is used to compare concepts. [20] 

Table 4: Example on a Weighted Sum Model in the study by Ulf Liedholm [20]. 

 Weight Performance Screen quality Price Total grade (1-10) 

Importance of the 

criteria 

0.1 0.4 0.2 0.3 

Concept 1 2 3 3 9 4.7 (=0.1*2+0.4*3+0.2*3+0.3*9) 

Concept 2 5 8 5 6 6.5 (=0.1*5+0.4*8+0.2*5+0.3*6) 

Concept 3 4 7 7 6 6.4 (=0.1*4+0.4*7+0.2*7+0.3*6) 
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3.3 Implementation of Scholarly Methods for Qualitative Data 

In order to collect employees’ opinions about current MOI and to find time-consuming activities 

the characteristics of the current situations needs to be defined. The selected type of interview 

and observational study were based on the characteristics for the current situation.  

 

The characteristics of the interview are as follows: 

 Broad and detail knowledge 

 Partly prepared questions and possibility to ask unprepared supplementary questions 

 Partly known and unknown participants 

 

The characteristics of the observational study are as follows: 

 Predefined method to be approved 

 Structured 

 The observers are known and do not participate in the observational study 

 

The chosen type of interview technique was semi-structured where aim, target group, scope and 

strategy were defined before the interview. The semi-structured method is well suited for this thesis 

to collect both broad and detailed knowledge and allows asking unprepared supplementary 

questions based on the responses from the respondents. 

 

According to subchapter 3.1.2 regarding observational study, the methodology performed in the 

observational study can be said being of type A. Briefly described this means that the observational 

study was theory tentatively and of high degree of structure, since the aim of the observational 

study was not to generate new knowledge but instead approve already existing knowledge about 

the DPOI. Before the observational study began, the observers got a predefined workflow-chart of 

the DPOI. This workflow-chart was corrected and approved in accordance with the observational 

study. In Figure 12 the observers’ role can be said being in line with quadrant one known observer 

who does not participates. 

 

3.3.1 Implementation of Interviews  

The predefined questions were sent to the participants before the interview. During the interviews 

the predefined questions were used as a guideline and unprepared supplementary questions based 

on the responses from the respondent were asked. The aims were to collect employees' own 

opinions about the MOI and to find problem areas that the employees experiencing during DPOI. 

The participants were employees that either have worked or working with IPPD and were familiar 

with MOI and the user experience.  

 

While performing the interviews, the strategy was to divide the interview into three parts: 

introduction, DPOI and the checker phase. The first part of the interview was introduction that 

consisted of get to know the participant regarding earlier experience. The second part of the 

interview was to find out how the participants experience the current MOI and if there were any 

sources of confusion in the DPOI. The last part of the interview treated the checker phase with 
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questions on how the participant experience the specific review step; if it is iterative and time-

consuming or not. The final question was if the participant had any suggestions of improvement 

regarding the MOI and how to make it more efficient and less iterative.  

 

3.3.2 Implementation of Observational study 

Within SAAB AB there are internal documents that describes the MOI. These internal documents 

are what SAAB AB expects employees to follow while performing their work with IPPDs. In 

accordance to these internal documents, a predefined workflow was created before the 

observational study began. The observational study was used for correcting ambiguities within the 

predefined workflow process. Furthermore, this workflow process was divided into elements, used 

in the time study.  

 

The observational study went on by letting the operator, an average skilled person, perform the 

DPOI. Two observers were placed side by side with respect to the operator position. The study was 

performed on the operator’s own computer and in an open office environment, all performed 

activities were noted by the observers. The observers were known for the operator and did not 

participate in the observed activities.  
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3.4 Implementation of Scholarly Methods for Quantitative Data 

In order to find time-consuming activities in the MOI the characteristics of the current situations 

needs to be defined.  

 

The characteristics of the DPOI are as follows: 

 Repetitive work tasks 

 Short time cycles 

 The design process is well known 

 

The characteristics of the checker phase are as follows: 

 Repetitive work tasks 

 Time cycles can vary a lot between different cases 

 The checker phase is well known but the number of iterations can vary 

 

Time study is the selected method for the DPOI. Work sampling and physiological measurement 

were deselected. The first method work sampling is preferable for non-repetitive work with 

relatively long-time cycles which makes it not suitable for the DPOI. The second method 

physiological measurement is not fully adapted to the aim of this thesis because this method is 

intended for measuring the difference between workers’ physiological costs while performing 

predefined tasks.  

 

For the checker phase the method estimation was selected. Because of the varying time cycles 

within this phase it was hard to measure with the same method as was used for the DPOI. The  

long-time cycles made it hard to monitor the checker phase over time and therefore it was remotely 

measured. The checker times were measured by following the email conversations between the 

Tool Designers and the Checker. From this information it was possible to determine the time 

between the first email sent to the Checker to the last email sent to AE/ME-DT. Times for meetings 

and other activities can therefore be included in the determined time for E12.0. 

 

3.4.1 Implementation of Time Study  

In order to measure time for each element 1.0-11.0 within the DPOI, a time study was selected for 

this purpose. For element 12.0 instead an estimation method was used. Following steps, 1-5, were 

performed in the time study:  

 

1. Selection of operators 

In this phase the operators for the time study were selected. The operators were selected based on 

two criteria: have worked with the MOI the past six months or working actively right now and are 

located at SAAB AB Linköping (Tannefors) office. Since the Gripen E project was in its final design 

stage while performing the time study, there were not many employees that working actively with 

the MOI. Therefore, only three operators were available that all had less than one year experience 

of the MOI and classified as average skilled persons. None of the operators had earlier worked at 

SAAB AB and are in a range of 20-60 years old. 
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2. Dividing the process into elements 

The MOI has been divided into twelve elements based on the guidelines presented in subchapter 

3.2.2. The MOI was identified with support from internal documents and the performed 

observational study. In Figure 14, all elements are categorized into specific phases which together 

results in an entire workflow process. Figure 15 shows the order of the defined elements within the 

MOI which can be in both serial and parallel.  

 
Figure 14: Phase descriptions within the MOI. 

 
Figure 15: Flowchart over defined elements. 

The elements within the MOI consists of different tasks performed in CATIA and these are: 

 

Element 1.0-2.0: These elements are for the preparatory phase. In these elements the design article 

is the given input and it is opened in the correct working environment, where a filter function is 

used to ease the specified work. The filter function turns off irrelevant design articles on the airplane 

model which make the design article of interest more visible for the Tool Designer. In the end of 

these elements, a present macro is used in CATIA to create a shell of the IPPD.  

 

Element 3.0: In this element references such as lines/curves are copied from nearby ARM(s) into a 

geometrical set (geoset) added within the shell of the IPPD. Nearby ARM(s) are opened in order to 

give the Tool Designer more knowledge about the surrounding conditions of the IPPD. 

 

Element 4.0 and 4.1: These elements are in parallel which means that either E4.0 or E4.1 can be 

performed depending on the Tool Designer’s choice. Some Tool Designers prefer to run the current 

macro (E4.0), for scenario 1, instead of perform the element manually (E4.1). With the current 

macro, pre-drilled holes or pilot holes with the same diameter can be created directly. Then, all 

created holes need to be colored manually in accordance with directive stated in the MOI.  

 

Element 5.0-7.0: One of the tasks within these elements is the creation of views. Also, axis systems 

are created so that GD&T and FT&A can be placed correctly according to the methodology of MBD 

and the directive stated in the MOI. 
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Element 8.0 and 8.1: These elements are in parallel. In E8.0, a present macro for handling notes are 

used. With this macro, notes which are related to the IPPD can be added automatically instead of 

manually. Many of the notes that are necessary to implement in the IPPD are quite similar between 

different IPPDs. Therefore, this macro contains possibilities for the user to choose exactly which 

notes are required. Unlike E8.0, E8.1 is performed when handling notes manually. Without using 

the macro, the Tool Designer needs to implement all notes from a specific internal document. Then, 

when all notes are implemented, the Tool Designer needs to delete all notes that are not necessary 

for the specific IPPD.  

 

Element 9.0-11: Within these elements the IPPD is published and links are deactivated. Also, a  

self-check is performed in order to find mistakes. Last step is to change the status of the IPPD and 

send it to the Checker for review.  

 

Element 12.0: In this element Checkers performs a review of the IPPD. The review is one part of 

element 12.0 which also includes, e.g., queue times, meetings and time for correcting remarks. This 

element forms the entire checker phase and it is measured by estimation through time-logged e-

mails between the Tool Designer, Checker and AE/ME-DT.  

 

3. Timing methods 

Cumulative timing and snapback timing were used in combination for element 1.0-11.0. It became 

possible to combine both methods by using this thesis authors’ built-in stopwatches at their phones. 

Theses stopwatches worked in the same way; at the end of each element a button on each 

stopwatch was pressed, and automatically saved, while the stopwatches continue to record over 

the entire period of study. However, some of the measurement cycles were interrupted by 

disturbances such as, e.g., mail conversations, phone calls or colleagues asking questions. Therefore, 

snapback timing alone was sometimes used. Nevertheless, the total time was always determined 

by the sum of all included elements in the cycle independent of the method used.   

 

For element 12.0 the checker phase was determined by following the e-mail conversations between 

the Tool Designer and the Checker. When the Tool Designer finishes an IPPD, he/she sends it to the 

Checker. Depending on the quality of the IPPD, an iterative flow of information between the Checker 

and the Tool Designer sometimes arise. When the Checker at last approves the IPPD, the Tool 

Designer sends an e-mail to AE/ME-DT for further review. The checker phase was measured by 

following the entire phase; from when the first e-mail was sent to the Checker until the first e-mail 

to AE and ME-DT was sent. The time between these events is assumed to form the entire time for 

the checker phase. Therefore, times for meetings and other activities can be included in the 

determined time for the checker phase (E12.0).  

 

Inspired by the article “How Do Residents Spend Their Time in the Intensive Care Unit?” [21],  

inter-observer reliability was assessed from both observers’ observations. Most of the performed 

measurement cycles occurred with two observers and therefore two data set of observations were 

collected. An average value was determined for each time logged element so that doubts and 

disruptions in data could be reduced and when deviations occurred these could be discussed. In 
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cases when measurements from only one observer existed, these data were used alone without 

checking inter-observer reliability.  

     

4. Observations  

The way which observation data are collected should be standardized. The authors of this thesis 

acted as observers in the time study. The positions of the observers were alongside the operator 

performing the elements. Deviations occurred from this predefined methodology. One of these 

deviations was that one of the observers could not participate in a specific measurement cycle. 

Therefore, a few measurements were performed with one observer. Other deviations from the 

predefined observation methodology were that two of the measured cycles were performed 

without any attendant observer. In these cases, the Tool Designer clocked himself during the DPOI. 

However, most of the observation data are gathered in a similar way, with two observers, in order 

to make it as much standardized as possible. 

 

The selected IPPDs for the time study are divided into categories with respect to total time and the 

difficulty of the specific IPPD. The IPPDs were partly selected, based on its difficulty, if it included 

more than one of the listed scenarios. For example, a big spread in types of holes were assumed to 

be more time-consuming than if not. Also, some of the IPPDs were selected because they were 

included in the operators’ regular work. According to rule of thumb, at least eight observations, 𝑁, 

must be performed in order to measure time properly. For this time study three operators named 

A-C designed 24 different IPPDs in total accordance to the DPOI.  

 

Table 5 is a simplified schematic table presenting the results of nine different IPPDs when using the 

same methodology for handling data as was used in the performed time study. The IPPDs in the 

table are numbered 1-3. All IPPDs are different in order to capture the variation and are performed 

by three operators A-C. For example, 𝑡𝐴31 stands for “time for operator A to fulfil IPPD 3 in element 

1.0” and 𝑡𝐵32 stands for “time for operator B to fulfil IPPD 3 in element 2.0”. Note that the time for 

element 1.0 in, e.g., 𝑡𝐴31 is not the same as the IPPD fulfilled in 𝑡𝐵31. Since the number after operator 

A-C is a system to indicate that different IPPDs has been observed, thus A1 and B1 is not the same 

IPPD. 
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Table 5: Gathered data from nine observations with three operators A-C.  

Element Time 

A1  

Time  

A2  

Time  

A3  

Time  

B1  

Time  

B2  

Time  

B3  

Time  

C1  

Time 

C2  

Time  

C3  

Average 

1.0  𝑡𝐴11 𝑡𝐴21  𝑡𝐴31 𝑡𝐵11  𝑡𝐵21  𝑡𝐵31  𝑡𝐶11  𝑡𝐶21 𝑡𝐶31 1

𝑁
∑ ∑ 𝑡𝑗𝑖1

3

𝑖=1

𝐶

𝑗=𝐴

 

2.0  𝑡𝐴12 𝑡𝐴22  𝑡𝐴32 𝑡𝐵12 𝑡𝐵22  𝑡𝐵32 𝑡𝐶12 𝑡𝐶22 𝑡𝐶32 1

𝑁
∑ ∑ 𝑡𝑗𝑖2

3

𝑖=1

𝐶

𝑗=𝐴

 

…  …  …  …  …  …  …  …  …  …  … 

n-1 𝑡𝐴1(𝑛−1) 𝑡𝐴2(𝑛−1) 𝑡𝐴3(𝑛−1) 𝑡𝐵1(𝑛−1) 𝑡𝐵2(𝑛−1) 𝑡𝐵3(𝑛−1) 𝑡𝐶1(𝑛−1) 𝑡𝐶2(𝑛−1) 𝑡𝐶3(𝑛−1) 
  

1

𝑁
∑ ∑ 𝑡𝑗𝑖(𝑛−1)

3

𝑖=1

𝐶

𝑗=𝐴

 

n 𝑡𝐴1𝑛 𝑡𝐴2𝑛 𝑡𝐴3𝑛 𝑡𝐵1𝑛 𝑡𝐵2𝑛 𝑡𝐵3𝑛 𝑡𝐶1𝑛 𝑡𝐶2𝑛 𝑡𝐶3𝑛 1

𝑁
∑ ∑ 𝑡𝑗𝑖𝑛

3

𝑖=1

𝐶

𝑗=𝐴

 

Sum 
∑ 𝑡𝐴1𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐴2𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐴3𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐵1𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐵2𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐵3𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐶1𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐶2𝑘

𝑛

𝑘=1

 ∑ 𝑡𝐶3𝑘

𝑛

𝑘=1

 
1

𝑁
∑ ∑ ∑ 𝑡𝑗𝑖𝑘

𝑛

𝑘=1

3

𝑖=1

𝐶

𝑗=𝐴

 

Checker 𝑇𝐿𝐴1 𝑇𝐿𝐴2 𝑇𝐿𝐴3 𝑇𝐿𝐵1 𝑇𝐿𝐵2 𝑇𝐿𝐵3 𝑇𝐿𝐶1 𝑇𝐿𝐶2 𝑇𝐿𝐶3  𝐶ℎ𝑒𝑐𝑘𝑒𝑟𝐴𝑉𝐺  

 

In Table 5 𝑇𝐿𝑗𝑖  stands for the time between when the first e-mail was sent to the Checker to when 

the first e-mail was sent to AE /ME-DT (𝑇𝐿𝑗𝑖). For 𝑇𝐿𝑗𝑖, j is the specific operator A-C and 𝑖 is the 

specific IPPD. 

 

Moreover, the lead time for the MOI for each operator and for a specific IPPD is defined and 

determined as: 

 
𝐿𝑒𝑎𝑑𝑇𝑖𝑚𝑒𝑗𝑖 = 𝑇𝐿𝑗𝑖 + ∑ 𝑡𝑗𝑖𝑘

𝑛

𝑘=1

 (3) 

Where 𝑘 = 1.0, 2.0, … , 𝑛 is the number of elements.  

 

The average lead time for MOI is determined as: 

 
𝐿𝑒𝑎𝑑𝑇𝑖𝑚𝑒𝐴𝑉𝐺 = 𝐶ℎ𝑒𝑐𝑘𝑒𝑟𝐴𝑉𝐺 + ∑ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑘

𝑛

𝑘=1

 (4) 

 

The methodology for presenting and determining data, presented in Table 5 and by expressions  

(3-4), is the same as was used in the performed time study but with 24 observations included. 

 

5. Performance leveling 

The chosen performance level, required time (𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑇𝑖𝑚𝑒𝑘) in expression (1) or daily work time 

(𝐷𝑎𝑦𝑊𝑜𝑟𝑘𝑇𝑖𝑚𝑒𝑘) expression (2), depends on the management practices and concepts. For this 

thesis both 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑇𝑖𝑚𝑒𝑘 and 𝐷𝑎𝑦𝑊𝑜𝑟𝑘𝑇𝑖𝑚𝑒𝑘 are determined for each element within the 

workflow process for IPPD. 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑇𝑖𝑚𝑒𝑘 is the average time which was schematically presented 

in Table 5 and 𝐷𝑎𝑦𝑊𝑜𝑟𝑘𝑇𝑖𝑚𝑒𝑘 is the same average time multiplied by the factor 1.25. Therefore, 

following expressions (5-6) are stated: 
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 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑇𝑖𝑚𝑒𝑘 = 𝐴𝑉𝐺𝑘 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑘 (5) 

 

 

 𝐷𝑎𝑦𝑊𝑜𝑟𝑘𝑇𝑖𝑚𝑒𝑘 = 𝐷𝑊𝑇𝑘 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑘 × 1.25 (6) 

 

Where 𝑘 = 1.0, 2.0, … , 𝑛 is the specific number of elements.  

 

The reason for the applied factor in expression 6 is to get more realistic data since different types 

of situations cannot be captured in the time study. Examples on situations that can affect the 

observed data to be inaccurate due to the operators’ performance are:  

 

 Variation in the work rate 

 Mental health 

 Interruption of email/chat/colleague’s conversations 

 Feeling the need to perform during the time study 

 

3.4.2 Implementation of Weighted Sum Model 

Based on the theory of WSM, in section 3.2.3, five criterions are stated. Criterions 1-3 are based on 

the defined research questions for this thesis; the most important criterions according to SAAB´s 

priority. Criterions 4-5 aims to enable that the selected solutions will be feasible within the time 

frame and to ensure that the work will result in a challenging work for the authors. These two groups 

of criterions were weighted by the authors and the result is presented in Table 6.  

Table 6: Five criterions and each weight factor. 

Criterions Weight factor 

1 Elements that reduce time compared to current situation 0.5 

2 Develop available digital tools in order to reduce time 0.3 

3 Find new digital tools that reduce time and can be implemented in near future  

(1-3 years) 

0.2 

4 Feasible within the time frame (6-7 active weeks for development phase) 0.7 

5 Personal development 0.3 

Criteria 1 in Table 6 focusing on the most critical elements in the MOI, that these should be more 

time efficient when comparing them to the current situation. Criteria 2 focus on the development 

of the available digital tools. However, when the available digital tools are not enough, new digital 

tools must be developed. Criteria 3 promotes new digital tools that can reduce time in future work.  

In order to make a distinction between the presented types of criterions in Table 6, criteria 1-3 and 

4-5 build-up two separated WSMs. The suggested solutions in both of these WSMs are captured 

through interviews, time study and own ideas, summarized and weighted through these five 

criterions. Each suggestion is graded with an estimated score from 1 to 10 by the authors. The 2-3 

solutions with the highest scores are chosen to work further with.  
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4 Data Acquisition and Processing 
In this chapter the data from the performed interviews and time study are presented. 

 

4.1 Data from Interviews  

The respondents in the performed interviews are employees that either work or have worked with 

the MOI during the past six months at SAAB AB. Each interview was divided into three phases: 

Introduction, DPOI and the checker phase. Each number 1-3 summarize the answers gathered from 

the interviews with respect to these phases. Totally five interviews were held with five employees. 

 

1. Introduction 

In the beginning of the employment the respondents did not get any formal introductory education. 

They experienced the introduction period as an ask-and-learn and as an experimental phase where 

they by themselves found shortcuts. Even if a new hired Tool Designer never have worked with 

CATIA the ask-and-learn approach was given. They got internal documents to read and go through 

but experienced it difficult to find other relevant documents and information. The first weeks 

consisted of reading internal documents concerning the MOI and they felt that it was an inefficient 

way to learn. No one of the respondents said that they got an official supervisor, instead they asked 

the closest colleagues and experienced them as open and welcoming for questions. Some of the 

respondents said that an introductory education would not have, automatically, generated a faster 

learning process, but that it could be helpful in purpose to give the employees a better overview of 

the MOI.  

 

2. Design process of IPPD (DPOI) 

As a Tool Designer it can be difficult to reach certain information depending on the different sections 

(A-E), according to the respondents. Each section has its own folder with internal documents and as 

a Tool Designer you can work with all different sections. A collaborative folder for all sections is 

missing and the distribution of information can be improved. During the interviews some of the 

respondents highlighted the issue with getting different, or none, input instructions (PPs). Section B 

is the only section that not gives prepared PPs to the Tool Designer and the DPOI is perceived to be 

more difficult to perform in these cases. The reason why section B do not have any prepared PPs is 

that the section is responsible for roughly 1300 IPPDs, see Figure 3, which is much more than other 

sections, resulting in a lack of time. 

 

One of the respondents thinks that the responsibility for the DPOI shall be placed at the department 

of Airframe Development instead of at Tool Design Department. The reason for this is because these 

designers has more knowledge about design work and then an IPPD could be designed more closely 

to the design article. Moreover, during the interviews many of the respondents experience a lack of 

communication between these two departments.  
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The respondents experience the entire DPOI as monotonous and routine after a few months but 

mentioned that the most ineffective tasks within the DPOI were, e.g., creating holes and 

set-up FT&A. 

  

In the end of the DPOI many of the respondents performs a self-check where they check for earlier 

mistakes that can be found and reduced before the review process begin. It differs a bit between 

the respondents how thoroughly they do the self-check, some do an overview, and some do it more 

thoroughly. According to the respondents it depends on how much time they can spend on  

self-check. In the beginning of the employment the respondents did not know what kind of mistakes 

that would give a remark in the review process. But over time, they learned what the reviewers 

usually commented on. One of the respondents logged his history of remarks in the beginning to 

get an overview of the most common remarks and learn to check these before the IPPD will be sent 

for review. 

 

3. The checker phase 

All respondents in the performed interviews have been involved in the checker phase as a part of 

their regular work tasks. Their opinions on the predefined checker protocol were quite similar. All 

respondents, except from one, follows the checker protocol during the checker review, but most of 

them have completed the protocol so many times that it is learned and performed automatically. 

The person who did not follow the protocol at all learned the checker phase through learning by 

doing. This person means that, after a couple of months working with IPPDs, you know what it 

should look like. Some of the respondents thinks that the checker protocol is too minimized and 

easy, and that it should be expanded with more points to check. It is not unusual to check other 

things outside of the protocol. They mean that it is an efficient way to reduce the number of 

iterations between the Checker and the Tool Designer, and for reducing remarks later in the review 

process.  

 

The respondents in the interviews was told to approximate the time needed to review an IPPD. The 

respondents gave answers between 5-40 minutes and said that it depends on the difficulty of the 

IPPD and how accurate the review is performed. If you perform an extended reviewing, out of the 

standard points in the checker protocol, it takes more time. However, most of the respondents 

stated 10-15 minutes as an average value to perform a review in accordance to the protocol.   

 

According to the respondents’ answers, the checker phase appears as both time-consuming and 

valuable. Some of the respondents feels that it is a good complement to other work tasks with IPPDs 

because it makes it more varied. Another respondent thinks it is a time-consuming process because 

you need to familiarize yourself with the work you are supposed to check. According to one of the 

respondent's answer, approximately 60-70 percent undergoes the checker phase without any 

remarks.  

 

The respondents came up with their own improvements during the interviews in order to make the 

checker phase more efficient and they mentioned the Q-Check function implemented in CATIA.  

They mean that this function could be expanded and improved. Also, one respondent discussed if it 
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would be possible for the Checker to correct remarks directly during the checker phase. This would 

reduce the number of iterations between the Checker and the Tool Designer. On the other hand, 

the respondent thinks that, as a Checker, you do not want to correct other employees’ mistakes 

because it would feel like you are doing someone else’s work.  

 

According to question 8 in appendix 11.1 “Do you experience it difficult to collect right manuals and 

instructions?” all respondents highlighted that it is hard to find relevant documents and/or 

instructions according to the checker phase. They said that it would be better if all relevant 

documents/instructions could be collected and gathered into one folder aimed for only IPPD, 

independent of section. 

 

4.2 Data from Time Study 

Data has been collected from three operators A-C, for 24 different IPPDs, where operator A 

performed nine, operator B seven and operator C eight. Some of these IPPDs, that were time logged 

in the time study, were only performed with one of the parallel elements 4.0 or 4.1 (macro or 

manually work). This resulted in lack of data for some of the time logged IPPDs. In these cases, when 

data were missing, one of the observers performed that specific element by herself (marked gray in 

Table 7). In other cases, the operator performed both elements 4.0 and 4.1. This became possible 

by letting the operator return back to the unfinished element 4.0/4.1, after finished the IPPD with 

either element 4.0 or 4.1. For element 8.0 and 8.1, operator A and C performed element 8.0 and 

operator B element 8.1.  

 

Table 7 shows the definition of the colors used in Table 8-Table 10. The observers decided to 

highlight the spread in time for different IPPDs, in Table 8-Table 10, by marking the summation of 

time for each element in one specific color: green, yellow or orange. The summation of time for 

each element is called total time. 

Table 7: Legend for definition of colours used in table 8-10. 

 Performed by observer 

 Short time (approximate time, < 20 min) 

 Medium time (approximate, 20 < and <40 min) 

 Long time (approximate time, >40 min) 

 

The collected data from the performed time study are shown in Table 8-Table 10 for each operator. 

Only nine IPPDs were time estimated for element 12.0 and these are also shown in Table 8-Table 9. 



32 

 

Table 8: Operator A, time logged data from performed IPPDs. Times are given in the format [mm:ss].and [hh:mm:ss]. 

 
* These were observed by one observer 

Table 9: Operator B, time logged data from performed IPPDs. Times are given in the format [mm:ss].and [hh:mm:ss]. 

 

Table 10: Operator C, time logged data from performed IPPDs. Times are given in the format [mm:ss].and [hh:mm:ss]. 

 
 

Element A1 A2 A3 A4 A5 A6 A7* A8* A9 Average Day Work Time
1.0 05:20 02:07 04:39 02:30 01:26 01:20 02:18 02:55 05:04 03:04 03:51

2.0 03:32 02:12 04:24 01:42 04:01 03:13 03:20 01:16 01:28 02:47 03:29

3.0 06:58 05:03 04:57 07:04 04:40 04:41 05:48 10:07 07:02 06:16 07:50

4.0 00:23 02:34 01:25 01:29 00:51 01:30 03:51 03:47 07:48 02:38 03:17

4.1 02:54 01:23 01:55 02:20 01:53 01:54 16:30 09:41 15:15 05:58 07:28

5.0 02:26 02:48 01:21 01:30 02:19 02:15 01:46 01:27 01:36 01:56 02:26

6.0 02:15 02:03 02:03 03:05 01:19 02:07 05:30 06:54 02:53 03:08 03:55

7.0 04:03 02:00 01:28 01:51 01:17 01:03 21:55 06:47 15:34 06:13 07:46

8.0 01:43 01:28 01:20 01:09 02:59 01:53 00:48 01:04 00:53 01:29 01:51

9.0 01:15 00:59 00:26 00:29 01:10 00:51 00:38 00:44 00:33 00:47 00:59

10.0 02:07 00:58 01:23 03:14 01:39 01:37 02:52 00:45 04:42 02:08 02:41

11.0 03:16 03:02 02:37 02:41 02:14 02:02 01:30 01:30 01:30 02:16 02:50

Sum: (4.0) 0:33:17 0:25:15 0:26:01 0:26:42 0:23:56 0:22:32 0:50:16 0:37:16 0:49:01 0:32:42 0:40:52

Sum: (4.1) 0:35:49 0:24:04 0:26:32 0:27:33 0:24:58 0:22:56 1:53:11 0:43:10 0:56:28 0:41:38 0:52:02

12.0 48:26:00 48:59:00 50:01:00 21:18:00 21:19:00 21:21:00 0:00:00

LeadTime 

(4.0) 48:59:17 49:24:16 50:27:01 21:44:42 21:42:55 21:43:32 35:40:17 44:35:21

LeadTime 

(4.1) 49:01:48 49:23:04 50:27:31 21:45:33 21:43:57 21:43:56 35:40:58 44:36:13

Element B1 B2 B3 B4 B5 B6 B7 Average Day Work Time

1.0 03:01 02:52 02:33 02:59 02:30 02:16 03:48 02:51 03:34

2.0 02:38 01:51 01:35 01:33 03:24 02:23 04:10 02:30 03:08

3.0 03:03 03:56 02:55 04:55 10:40 46:05 21:05 13:14 16:33

4.0 01:05 00:52 00:24 01:04 08:52 11:43 10:43 04:58 06:12

4.1 01:43 02:52 01:23 03:08 19:28 17:00 32:44 11:11 13:59

5.0 01:30 01:03 01:07 01:12 03:17 01:40 02:04 01:42 02:07

6.0 00:46 00:42 00:32 00:47 04:15 03:00 03:30 01:56 02:25

7.0 01:19 01:49 00:51 02:34 26:07 46:42 17:23 13:49 17:17

8.1 00:28 00:41 00:16 00:39 00:41 01:50 01:24 00:51 01:04

9.0 00:22 00:15 00:23 00:15 00:13 00:23 01:55 00:32 00:40

10.0 01:23 01:07 00:43 00:49 04:00 05:30 03:03 02:22 02:57

11.0 01:53 01:18 00:56 00:59 01:48 04:50 02:14 02:00 02:30

Sum: (4.0) 0:17:26 0:16:27 0:12:14 0:17:45 1:05:46 2:06:22 1:11:19 0:46:46 0:58:27

Sum: (4.1) 0:18:05 0:18:27 0:13:14 0:19:49 1:16:21 2:23:22 1:44:03 0:56:12 1:10:14

12.0 173:54:00 149:48:00 149:48:00 157:50:00 197:17:30

LeadTime 

(4.0) 173:54:00 150:04:27 150:00:14 157:59:34 197:29:27

LeadTime 

(4.1) 174:12:05 150:06:27 150:01:14 158:06:35 197:38:14

Element C1 C2 C3 C4 C5 C6 C7 C8 Average Day Work Time

1.0 03:06 05:02 03:34 04:27 04:14 03:35 05:09 04:10 04:10 05:12

2.0 02:00 02:36 01:47 03:56 03:23 02:35 03:01 02:26 02:43 03:24

3.0 02:47 08:48 03:32 05:07 04:03 06:44 07:17 05:18 05:27 06:49

4.0 00:35 01:06 00:29 02:38 01:37 02:00 18:11 03:30 03:46 04:42

4.1 02:48 05:11 02:49 08:35 06:46 06:45 27:10 04:47 08:06 10:08

5.0 01:16 01:42 01:23 01:30 01:17 01:15 01:39 01:11 01:24 01:45

6.0 01:08 02:19 01:37 02:05 02:46 02:28 13:14 01:58 03:27 04:19

7.0 00:58 02:44 01:35 05:49 04:38 01:54 20:21 03:27 05:11 06:28

8.0 01:16 01:03 00:43 00:48 00:37 00:48 01:47 00:50 00:59 01:14

9.0 00:36 00:31 00:25 00:27 00:29 00:23 00:40 00:26 00:29 00:37

10.0 01:26 01:42 01:15 02:06 02:00 01:07 06:23 01:29 02:11 02:44

11.0 01:16 01:25 01:25 01:27 01:30 01:30 01:30 01:30 01:27 01:48

Sum: (4.0) 0:16:24 0:28:57 0:17:43 0:30:21 0:26:34 0:24:18 1:19:12 0:26:16 0:31:13 0:39:01

Sum: (4.1) 0:18:37 0:33:02 0:20:03 0:36:17 0:31:43 0:29:04 1:28:11 0:27:32 0:35:34 0:44:27
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5 Analysis 
This chapter presents analyses of the gathered data from the performed interviews and time study. 

Analyses are made on the collected interview data, subchapter 5.1, and on the data collected from 

the performed time study, subchapter 5.2. 

 

5.1 Analyses based on Interviews 

During the interviews, questions regarding experienced problems within the DPOI and MOI were 

asked. Based on the participants’ responses, a pattern from these interviews and a summary of the 

most highlighted experienced problems are presented in Table 11. 

Table 11: Summary of the problems found in the MOI from interviews. 

Problems found in the MOI 

 Lack of distribution regarding information  

 Monotonous work 

 Communication failure 

 Different, or none, information (PPs) regarding IPPD from AE before the DPOI 

 Ineffective tasks within the DPOI 

 Checker phase is time-consuming 

 The review function Q-check, implemented in CATIA, is too minimized  

 Few macros for repeated tasks 

 

Another question that was asked during the interviews was: “Do you have some own improvement 

suggestions regarding the methodology or other things connected to IPPD?” The responses 

according to this question are summarised in Table 12. 

Table 12: Summary of possible improvements in IPPD process from interviews. 

Possible improvements in the MOI 

 Introducing education to get an overview of the entire process 

 The responsibility for IPPDs should be reorganized under Airframe Department  

 A collaborative folder for all sections so distribution of information can be organized 

 Give instructions (PPs) as input before the creation phase 

 Introduce self-checking as a routine 

 Develop more/better macros  

 Expand the checker protocol 

 Improve the review function, Q-check, implemented in CATIA 
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5.2 Analyses based on Time Study  

Total times for DPOI (based on data presented in Table 8-Table 10) are shown in Figure 16 with 

respect to the 24 time logged IPPDs. In the figure PD stands for Pre-Drilled Holes, PH Pilot Holes, CH 

Cancelled Holes and RH Reduced Holes (diameter). One example from the figure is IPPD A9 created 

by operator A and it consists of 140 Pre-Drilled holes and 4 Pilot Holes. The total time for creating 

A9 is shown from two perspective; first when element 4.0 (macro) is used (green dot, 49 min) and 

secondly when element 4.1 (manually created holes) is used (blue dot, 56 min). 

 

 
Figure 16: Total time for each time logged IPPD, performed with both E4.0 and E4.1. 

In Figure 16 a big spread of IPPD scenarios results in a more time-consuming DPOI (see B5, B6, B7 

and C7). This highlights that the variation of scenarios within IPPDs is the most important parameter 

for how much time that is required for a specific DPOI. This parameter seems to be more important 

than the number of holes created within a specific scenario (see A7 and A9). However, many holes 

results in a larger difference between the total time (green and blue dots) for the DPOI (see A9 and 

B7) Scenario 1 Pre-drilled holes and/or Pilot holes generally results in a difference according to total 

time because of element 4.0 and 4.1. In element 4.1 holes are created manually and are therefore 

more time-consuming than for element 4.0.  

 

According to the stated times for element 8.0 (adding notes through macro) and 8.1 (adding notes 

manually) shown in Table 8-Table 10, the difference is relatively small. Average times, based on all 

data for element 8.0 and 8.1, have been determined and are presented in Figure 17. Seven IPPDs 

were collected with element 8.1 and 17 for element 8.0. The figure shows a small difference 

between these elements and therefore they are merged into one element. Furthermore, analysis 

will only consist of element 8.0.  
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Figure 17: Macro (E8.0) vs. manually work (E8.1). Element 8.0 was based on 17 IPPDs and element 8.1 on 7 IPPDs. Time is given in 

format [mm:ss]. 

Further analyses are based on categories depending on:  

 

1. Total time for element 1.0-11.0: short time, medium time and long time. The reason for this 

categorization is to analyse all different IPPDs in relation to their total consumed time. 

 

2. If the IPPD consists of one or more than one of the six listed scenarios when an IPPD shall be 

designed the categories are: Easy IPPD and Hard IPPD. The category Easy IPPD consist of 

IPPDs that only consist of scenario 1 and Hard IPPD more than one scenario. The reason for 

this categorization is if a skilled Tool Designer designs an IPPD faster than a regular, it should 

not affect the categorization. 

 

Figure 18 shows the first categorization system. In this categorization system short time is chosen 

to be up to 20 [min], medium time 20-40 [min] and long time over 40 [min]. In total, six IPPDs were 

placed into the category short time, eleven IPPDs into medium time and seven IPPDs into long time. 

The IPPDs within these categories are presented in relation to a determined standard for each 

element. All standards are determined as AVG and DWT and these are numerical presented in  

Table 8- Table 10 and by expressions (5-6). AVG is the average time it takes to perform an IPPD for 

a specific element and DWT is with added allowances (25 percent). 
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Figure 18: Standards AVG and DWT for short-, medium- and long time. All IPPDs are also shown within their specific category. 
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From Figure 18 the most time-consuming elements and IPPDs from each category are:  

  

 Short time: Standard for element 1.0, 3.0, 4.1 and IPPD B4 

 Medium time: Standard for element 1.0, 3.0, 4.1 and IPPD C2, C4, C5 and C6 

 Long time: Standard element for 3.0, 4.1, 7.0 and IPPD B6, B7 and C7 

  

For short- and medium time, the same types of element are time-consuming to perform: 1.0, 3.0 

and 4.1. In the category long time element 1.0 has been replaced by element 7.0. One reason for 

this distinction is probably the number of scenarios of IPPDs that often escalates with the increased 

time to design an IPPD. Five of total six IPPDs that are categorized into long time are also placed in 

the category Hard IPPD. Therefore, nearly all IPPDs in this category includes more than one of the 

six listed scenarios. More scenarios often result in more work in element 7.0 due to the larger 

amount of FT&A that needs to be set.   

 

All IPPDs in the categories short- and medium time consists of only scenario 1 (except from C8). In 

the category Easy IPPD, B4 is the most time-consuming IPPD and is outside the boundary for both 

standards: average time (AVG) and day work time (DWT). B4 consists of more PH compared to other 

IPPDs placed in the same category. In the category medium time IPPD C2, C4, C5 and C6 are the 

most exceptional IPPDs with respect to stated time standards. Compared to other IPPDs these 

consists of both PH and PD. Different types of holes in an IPPD means that the present macro (E4.0) 

must re-run and hence more time is consumed. Because nearly all IPPDs within the category long 

time consists of more than one of the listed scenarios, the most time-consuming IPPDs are those 

who, in addition to scenario 1, have many holes within scenario 5 and/or 6. IPPD B6, B7 and C7 

consists of many holes outside scenario 1 and can therefore not be created through the existing 

macro. 

 

The second categorization system is shown in Figure 19. The category Easy IPPD is based on 18 

IPPDs, where Easy IPPD only includes the first scenario Pre-drilled holes or Pilot holes. The category 

Hard IPPD is based on six IPPDs and it includes scenario 1, 5 and/or 6. 
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Figure 19: Standards AVG and DWT based on categories Easy IPPD and Hard IPPD. 

In Figure 19 the highest set standards and time-consuming IPPDs from each category are:  

  

 Easy IPPD: Standard for element 1.0, 3.0, 4.1 and IPPD C2, A8, A9 and C4 

 Hard IPPD: Standard for element 3.0, 4.1, 7.0 and IPPD B6, B7 and C7 

 

In the categories Easy IPPD and Hard IPPD the standard that are most time-consuming are the same 

as for the first categorization system. For Easy IPPD element 1.0 is more time-consuming than 

element 7.0, as for Hard IPPD. The most exceptional IPPDs with respect to stated standards for Easy 

IPPD are those who have both PH and PD included. A specific IPPD, which is the most exceptional 

IPPD in this category is A9, consists of 140 PD and 4 PH and its total times are far above stated time 

standards. For Hard IPPD, the exceptional IPPDs are the same as for category long time. In Table 13, 

all elements and time-consuming IPPDs are listed with respect to all presented categories. 
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Table 13: Categorization systems with respect to exceptional elements and IPPDs according to stated standards: AVG and DWT. 

 

 

Division: 

Categorization system 1 Categorization system 2 

Short time Medium time Long time Easy IPPD Hard IPPD 

Elements 1.0, 3.0, 4.1 1.0, 3.0, 4.1 3.0, 4.1, 7.0 1.0, 3.0, 4.1 3.0, 4.1, 7.0 

IPPDs B4 C2, C4, C5, C6 B6, B7, C7 A8, A9, C2, C4 B6, B7, C7 

 

Element 12.0 was analysed after the time study was completed. Data from nine different IPPDs were 

collected during the time study for the Checker, see Table 8-Table 9. The time for the checker phase 

were estimated through email conversations between the Checker and the Tool Designer. This 

means that times for meetings and other activities can be included in the determined time for the 

Checker. The collected data for E12.0 varied a lot in time and the average value is determined to 76 

hours and 6 minutes (approximately 3 days).  
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6 Solutions 
In this chapter all the suggested solutions are presented and ranked through WSMs. Based on the 

result, two solutions are selected to work further with. Furthermore, an explanation is given for 

each of the selected solutions and the development phase of these are also explained.  

 

6.1 Suggested and Selected Solutions 

All the suggested solutions on problems are shown in Figure 20 and these are weighted to the stated 

criterions in Table 6. The solutions with a total grade in the range 6.5- 10 are set as good (green), 

3.5-6.5 as neutral (yellow) and below 3.5 as bad (red). Solutions with no improvements are graded 

as zero (white). 

 
Figure 20: Two Weighted Sum Models based on criterions 1-3 and 4-5. 

Based on the presented WSMs in Figure 20 the suggested solutions were divided into categories: 

Macro, Employees development, Introduction document, Standard documents and Technical 

functions in CATIA. In Figure 21, each solution’s total grade was summed into a specific score for 

each of these categories:  

 

Criteria: 1 2 3 4 5

Importance of the criteria: 0.5 0.3 0.2 0.7 0.3

Suggested solutions for IPPD- and Checker Process
1 Introduce a mandatory introducing education 4 6 4 4,6 10 6 8,8

2 Create a new workbench  in CATIA aimed for IPPD 5 8 7 6,3 4 6 4,6

3 Create new macros that reduce inefficient elements 6 6 8 6,4 8 9 8,3

4 Develop existing macros 5 6 3 4,9 8 9 8,3

5 Introduce more individual or/and challenging allocated IPPDs 3 2 2 2,5 2 6 3,2

6 Create instructions (PP) for IPPDs that are classified as difficult by AE for all sections 6 6 4 5,6 7 2 5,5

7 Introduce a categorization system for creating PP by AE for all sections 7 6 7 6,7 6 8 6,6

8
Phase out the Checker phase, by introducing a self-check protocol based on the most 

common remarks.
8 5 6 6,7 0 3

0,9

9 A collaborative folder for all sections for internal documents regarding to IPPD 5 5 4 4,8 10 2 7,6

10 Minimize checker phase and develop Q-check in CATIA 6 7 5 6,1 6 7 6,3

11
Continuously share knowledge (Tips&Tricks) through a collaborative document or 

introduce short meetings 
6 7 3 5,7 10 4

8,2

12 Introduce a mandatory visit in production to get a better understanding 1 2 4 1,9 5 0 3,5

13 Element 1: No improvements 0 0

14 Element 2: Macro under development by another department 0 0

15 Element 3: Accesskey for function hide/show in CATIA 4 4 7 4,6 10 1 7,3

16 Element 4.0: Mark a larger amount of points/lines instead of one-by-one 7 6 7 6,7 6 8 6,6

17
Element 4.0: Create macros for scenario five and six: Cancelled elements and 

Reduced holes
8 5 8 7,1 7 7

7

18 Element 4.1: Change current PP, include information regarding existing macro 8 8 6 7,6 10 2 7,6

19 Element 5: Create a macro for named view and captures 5 2 7 4,5 2 8 3,8

20 Element 6: Spread knowledge for creating axis system (different methodology) 6 7 3 5,7 10 3 7,9

21 Element 7: Copy geometrical tolerance to same type of dimensions 6 8 4 6,2 10 1 7,3

22 Element 8.0: No improvements 0 0

23 Element 8.1: Use macro implemented  in CATIA  as mandantory 1 1 3 1,4 10 0 7

24 Element 9: A function in CATIA that automatically publishes partbody and deactivates links2 2 6 2,8 8 7 7,7

25 Element 10: Introcude self-check according to current checker protocol 5 3 6 4,6 7 2 5,5

26 Element 11: Implement more tasks for Q-check to review 5 6 7 5,7 6 7 6,3

27 Element 12: See point 8 & 9 0 0

28 Overall: Create standard geometrical sets automation (macro) 5 3 4 4,2 6 4 5,4

Total grade 

(1-10)

Total grade 

(1-10)
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Figure 21: The suggested solutions from WSM divided into categories and sum of total grade for each category. 

In Figure 21, the categories Employees development and Technical functions in CATIA were 

deselected based on their low score and therefore did not qualified into one of the two to three 

solutions to work further with. In the remaining categories the suggested solutions were needed to 

be checked so that these were in line with the company’s desires. Within the category Macro, point 

19 will be deselected and this will change the score to 24. A short investigation showed that point 

19 were problematic to develop and hence it was removed from this category. However, this will 

not change the result and the three top candidates remains the same: introduction documents, 

standard documents and macro. The category with the highest score is Introduction document. The 

main idea is to create new, more educational, documents in order to make it easier to learn as a 

new employee within the start-up phase with IPPDs. The second category is Standard documents 

and these documents should be used as a routine within the daily work, for different purposes, in 

order to contribute to a more efficient work. The third category Macro collects all solutions that can 

be developed by macros. In Figure 22 a further degradation of the three selected categories are 

shown. 

 

Macro: 28,5
3. Create new macros that reduce inefficient elements 6,4

4. Develop existing macros 4,9

17. Element 4.0: Create macros for scenario five and six: Cancelled elements and Reduced holes 7,1

19. Element 5: Create a macro for named view and captures 4,5

23. Element 8.1: Use macro implemented  in CATIA  as mandantory 1,4

28. Overall: Create standard geometrical sets automation (macro) 4,2

Employees development: 4,4
5. Introduce more individual or/and challenging allocated IPPDs 2,5

12. Introduce a mandatory visit in production to get a better understanding 1,9

Introduction documents: 35,4
1. Introduce a mandatory introducing education 4,6

15. Element 3: Accesskey for function hide/show in CATIA 4,6

16. Element 4.0: Mark a larger amount of points/lines instead of one-by-one 6,7

18. Element 4.1: Change current PP, include information regarding existing macro 7,6

20. Element 6: Spread knowledge for creating axis system (different methodology) 5,7

21. Element 7: Copy geometrical tolerance to same type of dimensions 6,2

Standard documents: 34,1
6. Create instructions (PP) for IPPDs that are classified as difficult by AE for all sections 5,6

7. Introduce a categorization system for creating PP by AE for all sections 6,7

8. Phase out the Checker phase, by introducing a self-check protocol based on the most common remarks. 6,7

9. A collaborative folder for all sections for internal documents regarding to IPPD 4,8

11. Continuously share knowledge (Tips&Tricks) through a collaborative document or introduce short meetings 5,7

25. Element 10: Introcude self-check according to current checker protocol 4,6

Technical functions in CATIA: 20,9
2. Create a new workbench  in CATIA aimed for IPPD 6,3

10. Minimize checker phase and develop Q-check in CATIA 6,1

24. Element 9: A function in CATIA that automatically publishes partbody and deactivates links 2,8

26. Element 11: Implement more tasks for Q-check to review 5,7
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Figure 22: Breakdown of categories into subcategories solvable through a common solution. 

The degradation of the selected categories, seen in Figure 22, was fulfilled based on the content of 

the categories’ capability of being solved by one common solution. All subcategories linked to 

macro, standard documents and introduction can be combined into one common solution. In the 

figure it is stated that the three solutions with the highest scores are: documents (30.8 points), 

combined macro (24 points) and categorization system (12.3 points). The authors investigated all 

three solutions before they started to work with them. After internal discussions it became clear 

that the width of the categorization system was too great and hence out of this thesis time frame. 

Therefore, it was decided that two solutions were enough to work further with. Based on this 

division, following solutions are stated to work further with: 

 

1. Documents 

2. Combined macro 

 

6.2 Development of Selected Solutions 

In this subchapter the development phase for each of the selected solutions are explained.  

 

6.2.1 Development of Documents 

Under this solution there are six points included from WSM, presented in Figure 22, and these are: 

11, 15, 16, 18, 20 and 21. All these points are possible to combine into documents in order to 

increase knowledge for new employees. Because new employees are common within the working 

area of IPPDs, due to new staffing needs within different project phases, it is important to make the 

learning phase fast and easy. Therefore, there is a need for a develop of documents that will increase 

the speed of the learning process for new employees. Hopefully this will make the design process 

of IPPDs faster and with contemporary IPPDs achieve higher quality.  
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In order to make more educational documents, one of the authors, who have not worked with IPPDs 

before, went through the existing documents (PPs) while at the same time designing an IPPD in 

CATIA V5. At the same time, the author also took notes of unclear descriptions within these 

documents based on experienced problems during the DPOI. This study simulated the case of a new 

employee trying to learn through existing documents/PPs. The information collected from this study 

serves as inspiration regarding the development of new documents. Additionally, tips and tricks that 

were collected under the performed time study were summarized and shared through new 

documents. Also, available macros are highlighted within these documents, showed as naturally 

steps within the DPOI. Following documents have been developed during this thesis: 

 

1. Tips & Tricks 

2. Manuals as PPs for scenarios 5 and 6 

3. Manuals as PP for the entire DPOI 

 

6.2.2 Development of Combined Macro 

Under this solution there are five points included from WSM, presented in Figure 22, and these are: 

3, 4, 17, 23 and 28. According to performed analyses, specifically shown in Figure 16, a spread of 

IPPD scenarios results in time-consuming IPPDs. Therefore, macros are created for these IPPD 

scenarios in order to make it faster to fulfil many scenarios within an IPPD. In this case, scenario 5 

and 6 consists of the possibility to be automated. For scenario 1 it already exists a macro, but it is in 

need of improvements. For scenario 5 and 6, no macro exists and new macros can be developed for 

these cases. Moreover, scenario 1, 5 and 6 are combined into a solution called combined macro so 

that it easier to orientate between than if they were spread out. These three separated macros are 

combined by a common palette. The palette aims to collect all macros for, i.e., IPPD and hence both 

new and old macros are collected at one place. This solution aims to reduce the time needed to 

perform an IPPD with more than one of the stated scenarios.  

  

According to the theory about design automation in subchapter 2.2 it is important to state the 

purpose, benefit and the actual need with the design automation. The purpose with these above 

stated macros is to make parts of the DPOI more efficient according to time. The benefits with 

these macros are: 

 

 Makes repetitive and monotonous manually work automated 

 It is often faster to use a macro instead of manually work 

 Easier for the user to use a macro instead of learn to perform the task manually 

 The risk of remarks occurring decreases if all Tool Designer use macros 

 

The pre-study showed that there is a clear need to automate parts of the DPOI to make the entire 

process more efficient. Three macros have been developed for scenario 1, 5 and 6 in order to 

minimize time-consuming and repetitive design tasks within the DPOI. All developed macros are 

programmed in VBA and can be applied to CAD-parts that in some way consists of references such 

as, e.g., lines or faces. The developed macros are named:  
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1. PowerHoleMaker: For scenario 1, Pre-drilled holes and pilot holes  

2. Cancelled Elements: For scenario 5, Cancelled elements 

3. Reduced Holes: For scenario 6, Decreased hole diameters 

 

The functions of these macros are presented in the following numbered list:  

 

1. PowerHoleMaker 

This macro called PowerHoleMaker is a combination of already existing macros for scenario 1. Two 

macros exist at SAAB AB and one of these two was partly old and not usable and the second was 

programmed in Microsoft software Excel. The purpose with the new macro PowerHoleMaker was 

to make sure that the macro can be used directly in CATIA and are in line with the existing 

methodology. This macro functions as described in step 1- 4 and the result in Figure 23: 

 

1. The user gives input for: references such as lines, feature name (Pre-drilled hole(s)/Pilot 

hole(s)) and diameter of the hole(s). Then the macro creates a point in the middle of each 

line and an empty cylinder with the line and point as reference. The created point and 

cylinder are placed into a geometrical set named by the user (feature name). This macro 

corrects the feature name if the number of holes is above two and adds an (s) in the end of 

the name and a capital letter (P) in the front. 

2. The function Closesurface is used to fill the empty cylinder. 

3. The function Remove is used to remove the surface within the cylinder and create the 

hole(s). The hole(s) are created with the line as reference and with the input diameter. This 

macro can create unlimited number of holes.  

4. The macro colours the created holes in magenta.  

 
Figure 23: Result from when the macro PowerHoleMaker is used and creating three holes from three lines as reference. 

2. Cancelled elements 

This macro called Cancelled Elements was more difficult to develop than expected, since the 

function RemoveFace was not easy to code and is an important part of the methodology for scenario 

5. A temporary solution to ensure that this macro was useable in the comparative study was to 
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replace the function Removeface with Thickness to simulate the cancelled elements. This macro 

functions as described in step 1- 3 and the result is shown in Figure 24: 

 

1. The user is asked to select all surfaces and edges of each hole that he/she wants to cancel.  

2. Extracts are made for each hole which are copied into a new geometrical set, named 

Cancelled Element(s). With this method, curves for each hole are created visualizing the 

original size of the hole. 

3. The thickness function is used to reduce the entire hole diameter. (This is only used for the 

simulation of element 4.0 in the comparative study and not in line with the methodology at 

SAAB AB) 

 

 
Figure 24: Result from used macro Cancelled Elements that cancels holes. 

3. Reduced Holes 

This macro called ReducedHoles use the thickness function implemented in CATIA V5 to reduce the 

diameter. ReducedHoles is adapted to follow the current methodology for scenario 6. This macro 

functions as described in step 1- 4: 

 

1. The user is asked to select all surfaces and edges of each hole that he/she wants to reduce. 

Furthermore, the user is asked to enter the new size of the hole diameter. 

2. Extracts are made for each hole which are copied into a new geometrical set, named as 

Reduces hole(s). With this method, curves for each hole are created visualizing the original 

size of the diameter. 

3. The thickness function is used to reduce the selected holes diameter. 

4. All holes are coloured in magenta. 

 

With this macro the user can either increase or decrease the diameter of hole(s) depending on if 

the new hole size is smaller or larger than before. In Figure 25 the result from applying the macro 

on three holes are shown: 



46 

 

 
Figure 25: Result from macro reducing holes. Three holes have been reduced with the developed macro. 

Combined macros 

PowerHoleMaker, Cancelled Elements and Reduced Holes have been combined through a common 

macro palette for Gripen. This palette was developed by another thesis at SAAB AB [22]. This 

palette makes it easier for the Tool Designer to orientate between and keep track of macros that 

are developed. Figure 26 shows the interface of the palette with applied filter IPPD. 

 

 
Figure 26: All macros are combined through a common palette for Gripen. By use the filter IPPD all macros for IPPDs will be shown. 
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6.3 Usability Testing 

All solutions usability were tested in order to find possible improvements. Following subchapters 

presents the tests for usability that were used and the possible improvements for each tested 

solution.  

 

6.3.1 Developed Documents 

The developed documents was sent to relevant persons that gave feedback and opinions about 

the documents. According to the collected feedback and opinions, there have been an iterative 

work to make the document pedagogical and easy to follow. 

 

6.3.2 Developed Macros 

Macro 1-3 have been tested through an usability test. The usability test was performed with two 

of the earlier operators A and C. Operator B had ended his employment and could not participate. 

In the usability test, operator A and C remade element 4.0 with the new combined macro. A new 

time study for element 4.0 was performed in the same way as earlier performed time study and 

with the authors as observers. Operator A performed element 4.0 for IPPDs A1-A9, B2-B4 and B7. 

Operator C performed element 4.0 for IPPDs B1, B5, B6 and C1-C8.  In Table 14 advantages and 

disadvantages have been stated for each one of the developed macros. 
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Table 14: Advantages and disadvantages for developed macros. 

 Advantages Disadvantages 

(1) Power 
Hole 
Maker 

1. Easy to use 
2. Colour holes 

automatically 
3. Macro are build-in 

Catia instead of in Excel 
(as previous macro) 

 
 

1. Time-consuming and easy to 
make mistakes when spelling the 
feature name (Pre-Drilled Hole or 
Pilot Hole) 

2. Arrays that are fixed needs to be 
expanded 

3. Standard diameter should be pre-
set in the “user enter” window  

4. Different types of reference can 
be selected by the user, not only 
lines but also curves 

5. Extend length of cylinders that 
visualize holes 

(2) Cancelled 
Elements 

1. Easy to use 
2. Faster than manually 

work 
3. Eliminate routine work 
 

 

1. Time-consuming to select both 
edges and faces for each hole 

2. Function RemoveFace has not 
been applied, instead the function 
Thickness is used to simulate this 
scenario 

3. Arrays that are fixed needs to be 
expanded 

4. Needless to write zero in “user 
enter” window 

(3) Reduced 
Holes 

1. Easy to use 
2. Faster than manually 

work 
3. Eliminate routine work 
4. Colour holes 

automatically 
5. Reduces errors when 

the tool designer enters 
new hole diameter 
instead of entering how 
much the diameter 
should be reduced.  

 

1. Time-consuming to select both 
edges and faces for each hole 

2. Arrays that are fixed needs to be 
expanded 

3. When all faces within holes are 
selected these holes should be 
marked. Then it would be easier 
to select each hole's edge by 
follow these markings. 
 

 

Some of the stated disadvantages from Table 14 have been improved for the developed macros. 

Following list formulates which points that have been corrected: 

 

1. PowerHoleMaker 

Point 1, 2, 3, 4 and 5 have been corrected.  

 

2. Cancelled Elements 

Point 3 and 4 have been corrected. Both point 1 and 2 have been investigated but not solved. 

Point 1 is challenging to solve due to the features that needs to be selected. Both edges and 

faces are not shown in the tree and hence problematic to access without the selection from 



49 

 

user. Point 2 is not solved due to the methodology of making holes which make it problematic 

to generate correct references to the build-in function RemoveFace.  

 

3. Reduced Holes 

Point 2 has been corrected. Point 1 is problematic for the same reason as stated for cancelled 

elements. Point 3 has been investigated but not solved due to lack of time.  
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7 Results 
Results from the developed documents and the comparative study are presented in this chapter. 

 

7.1 Results of documents 

Because of confidentiality the developed documents cannot be presented in this thesis and 

furthermore these are handled by Tool Design Department. However, a generally description of 

each document have been granted permission to appear: 

 

 Tips & Tricks 

This document is written in Swedish and a combination of both tips and instructions for 

simpler tricks that the Tool Designer might need within the design process of IPPD. The 

purpose with this document is to collect knowledge from current Tool Designers that works 

with IPPDs. The document should be a living document were both current and new Tool 

Designer can share tips and knowledge regarding to IPPD. The tips and tricks are, e.g., how to 

generate a keyboard shortcut for commands in CATIA. The document also gives the Tool 

Designer tips about a better user experience.  

 

 Manuals as PPs for scenarios 5 and 6 

These manuals are two separate PPs were the Tool Designer can follow instructions to decrease 

holes or cancel elements manually. The manuals consists of step-by-step instructions where text 

and figures show the methodology according to SAAB AB. The purpose with these manuals is to 

give a new Tool Designer the ability to learn these scenarios manually at a first stage. 

 

 Manual as PP for the entire DPOI      

This manual is a combination of two already existing PPs where one of the PPs is more aimed 

for section B and the second is a preliminary manual for the Tool Designer to use. The purpose 

with this new manual is to make the design process of IPPDs for new employment easier to 

follow by step-by-step instructions. This manual also includes information about the available 

macros in order to spread information about their existence.   

 

7.2 Comparative study with combined macro 

The comparative study was performed with two of the operators (A, C) from the time study. 

Operator B had ended his employment and could not participate. In the comparative study, 

operator A and C remade element 4.0 with the new combined macro. A new time study for element 

4.0 was performed in the same way as the time study and with the authors as observers. Operator 

A performed element 4.0 for IPPDs A1-A9, B2-B4 and B7. Operator C performed element 4.0 for 

IPPDs B1, B5, B6 and C1-C8. Figure 27 shows the variation in IPPD scenarios for different types of 

IPPD with respect to their total times for DPOI. Total times can be seen for: manually work (blue 

dot), the old macro for scenario 1 (green dot) and for the combined macro (black dot). 
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Figure 27: Comparative study with combined macro showing the variation in scenarios for different types of IPPDs. 

Figure 27 is nearly the same chart as presented in Figure 16 except from those dots coloured in 

black. These dots shows the new total time for the DPOI when the combined macro is used. This 

figure makes it possible to compare total times before and after improvements/development of 

macros have been made. A comparison in the figure reveals a remarkable reduction in time for IPPD 

C7 when using the combined macro (compare green and black dots for C7). C7 consists of all four 

scenarios and therefore all the developed macros can be used and that makes more time efficient. 

In the same way B5, B6 and B7 also shows some reduction in time. Moreover, IPPD A7, A8 and A9 

shows a reduction in consumed time. These IPPDs only includes scenario 1 and therefore these are 

made with the improved macro named PowerHoleMaker. In addition to previous macro, 

PowerHoleMaker also colours holes which eliminates the manually work in element 4.0, and thus 

reduced time. However, a generally trend shown in the figure is that all DPOI have been reduced.  

 

Figure 28 shows element 4.0 for all 24 IPPDs. The division in the figure is based on the categorization 

system: short, medium and long time IPPD. Standards are based on times from the earlier performed 

time study. 
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Figure 28: Standards for categories short, medium and long time IPPD. The first stacked column is based on times from the pre-

study. The second is based on new times from the comparative study.  
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It can be seen in Figure 28 that all IPPDs that are designed with the combined macro, independent 

of category, are within stated standards. The figure shows the result for IPPDs within each of these 

categories with respect to stated standards based on the performed time study. B1, B2 and B4 for 

category Short time IPPD, A2, C4 and C8 in category Medium time IPPD and C7 for Long time IPPD 

have been moved from being far above stated standards to instead be far below. IPPD B1, B2 and 

B4 contains PH and PD and hence the macro PowerHoleMaker must re- run. In the category Medium 

time IPPD C8 is the only IPPD that consists of more than one of the listed scenarios. Therefore, the 

new combined macro could be used and hence time was reduced. Also, IPPD C7 within Long time 

IPPD made a remarkable reduction in time and this IPPD consists of all three scenarios. The other 

categorization system is presented in Figure 29. This categorization system is based on Easy and 

Hard IPPDs for element 4.0. 

 

 

 
Figure 29: Standards for categories Easy and Hard IPPD. The first stacked column is based on times from the pre-study. The second is 

based on new times from the comparative study. 
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AVG (bar to the right). These IPPDs consists of many PD and by the macro PowerHoleMaker the time 

are reduced. For Hard IPPDs C7 are far above stated standards (bar to the left). C7 distinguish itself 

by consisting many holes within all of the three scenarios. The combined macro made the DPOI 

faster due to automation for each of these scenarios and hence C7 was reduced to be below AVG.  

 

 

In Figure 30 and Figure 31 all IPPDs are shown with respect to their reduced time, in percent, for 

each category and total times. In Figure 30, category Short time has been reduced with 64,9 percent, 

Medium time 71,8 percent, Long time 48,4 percent, Easy IPPD 66,0 percent and Hard IPPD 46,2 

percent. The total time when used the combined macro has been reduced by 14,3 percent when 

comparing to the manually work in the pre-study. The total time has been reduced with 5,0 percent 

when comparing to when the previous macro was used. 

 
Figure 30: Reduced time [%] for E4.0. The reduced time is determined for each category. 

 
Figure 31: Reduced total time [%]  

Expression (7) was used in order to determine the reduced time in Figure 30 for each category. 
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𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑡𝑖𝑚𝑒𝐸4.0 = (1 −
𝑁𝑒𝑤 𝑡𝑖𝑚𝑒𝐸4.0

𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑡𝑖𝑚𝑒𝐸4.0
) × 100 

 

(7) 

 

𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑡𝑖𝑚𝑒𝑇𝑜𝑡.𝑇𝑖𝑚𝑒 = (1 −
𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝑁𝑒𝑤 𝐸4.0

𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝐸4.1
) × 100 

 

(8) 

 

 

𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑡𝑖𝑚𝑒𝑇𝑜𝑡.𝑇𝑖𝑚𝑒 = (1 −
𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝑁𝑒𝑤 𝐸4.0

𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝐸4.0
) × 100 

 

(9) 

 

Where 𝑁𝑒𝑤 𝑡𝑖𝑚𝑒𝐸4.0 is the time consumed when the operator used the combined macro 

and 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑡𝑖𝑚𝑒𝐸4.0 is when the previous macro for E4.0 was used. 𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝑁𝑒𝑤 𝐸4.0 

is the new total time when the combined macro was used, 𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝐸4.1 and 

𝑇𝑜𝑡. 𝑇𝑖𝑚𝑒𝐸4.0 are the total time for when E4.1 and E4.0 were used. 
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8 Discussion 
Design automation has become a competitive advantage for companies to improve their design and 

make the design process more time efficient. Design automation can become a larger part of 

companies' business development in order to reduce routine and monotonous work tasks. From the 

employee’s perspective, the design automation can make the working environment more 

developing and challenging. According to Agenda 2030 [23] sustainable solutions and systems force 

companies towards future and makes sustainability a part of the occupational core. Sustainable 

development is an important task today and tomorrow, and commitment on local and regional level 

is necessary to promote sustainable business. Innovations, sustainable consumptions and 

production are keywords for a sustainable business and to strengthen company's competitiveness. 

In order to improve SAAB’s competitiveness, design automation can be one way towards a more 

suitable design process. 

 

In this thesis, design automation has been used in order to improve the current MOI and it has been 

shown that time has been reduced. Also, the developed documents within this thesis will help new 

employees with a faster learning process, but was problematic to prove thorough a pilot test due to 

lack of relevant operators. However, the positive results from this research’s comparative study will 

hopefully escalate the change management in future work. A starting point can be summer 2019 

when the developed macros from this thesis will be implemented in the current DPOI. The pre-

defined workflow of the DPOI was set and divided into elements before the observational study 

begun and based on previous manuals for the DPOI. All operators in the time study had an own 

order of elements to design an IPPD that suited them well. To ensure that all operators in the time 

study designed their IPPDs at the same way the elements may have been in a different order 

accordance to operators’ preferred workflow. This probably affected the results of the time study 

where the operators had to learn a new fixed order of elements.  

 

Earlier researches within time studies was hard to find. Time studies from nowadays are rare and 

therefore a method from the 19th century was used. Time studies are in the present seen as 

unethical and are therefore often avoided. However, an additionally “underlying thought” used in 

this research is lean which means manufacturing without waste from/of: overproduction, waiting 

times, transportation, inventory, processing, motion and product defects [23]. The used Time study 

in this thesis was aimed to set up standards for how long time each element takes but when we 

instead practiced the lean thinking it was distinguish from this purpose. The determined standards 

for each element in this thesis are not intended to be used as cycle times that “must be reached”, 

instead they should be used in the purpose to find development possibilities.  

 

A preparation task before the time study was to find relevant and challenging IPPDs which consisted 

of scenarios 1, 5 and 6. This was a challenging task since the Gripen E project was in its final design 

stage and the need of IPPDs were low. It was time-consuming to find relevant IPPDs and the time 

study ended up with a total of 24 IPPDs where only nine of these were IPPDs that should be designed 

for the Gripen E project. The remaining 15 IPPDs were solely redesigned for the time study and did 

therefore interrupt in the operators’ regular work. These interruptions may have been perceived as 
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frustrating for the operators. We think that it would have been positive to let all operators clock 

themselves; it would have been more flexible for the operators and authors. In two cases (B6, B7), 

in the performed time study, operator B had to clock himself for each element. In the result of the 

time study it is difficult to see how these could have affected the operator's performance because 

these data shows no deviating pattern. According to rule of thumb, presented in theory, at least 

eight observations should be performed. In the categories Short time, Long time and Hard IPPD we 

ended up with less than eight IPPDs. If we instead had let the operators clocked themselves, more 

data could have been collected to advantage for the time study if the Gripen E project had been in 

an earlier stage. 

 

If more IPPDs would have been needed for the Gripen E in the current stage of the project, it would 

have led to a larger amount of collected data for the Checker phase. We decided to not send those 

IPPDs that needed to be designed solely for the time study, it would have required even more time 

from the operators to review these IPPDs and interrupting too much of their regular work. 

Therefore, only nine IPPDs were time logged. The lack of data for this process resulted in inadequate 

information and therefore it became hard to draw some clear conclusions. We know from our 

studies that the checker phase is time-consuming (approximately three days) and with our 

improvements for element 4.0 time can be saved. This time can instead be used in the checker phase 

in order to widen this bottleneck. 

 

The final results presented in the comparative study shows a remarkable reduction in time for 

element 4.0. When looking at the total time for different IPPDs, time has been reduced for all IPPDs. 

Because our focus in this thesis ended up being design automation in forms of three different 

macros, only element 4.0 was affected. Therefore, the total time was reduced with approximately 

5 percent for the previous macro and 14,3 percent for manually work. If more elements had been 

automated, time would probably have been reduced even more. However, for element 4.0 a big 

reduction in time can be seen with an average value of 60 percent. By that our results really 

highlights the positive impact that automated work entails in terms of time savings.  

 

Our expectations of reducing time in the MOI was quite high and we thought it would be possible 

to reduce it even more than the results (today) shows. However, due to the amount of element and 

the time limitation for this thesis, our expectations were hard to keep up with. We still think it is 

possible to make the MOI more time efficient but it can become a challenging task to proceed with. 
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9 Conclusions 
Results from interviews, observational study and time study have defined the current state of the 

MOI. Implementation of design automation has reduced time waste within the MOI and through 

this thesis’s comparative study this has been proved. Furthermore, documents for the DPOI have 

been developed and improved in purpose to make the learning process for new employees faster. 

This thesis research questions have been answered and following conclusions are stated: 

  

 Problems and time-consuming elements within the MOI have been found and stated in the 

performed pre-study (see Chapter 5). 

 Available digital tools within the MOI have been improved (see subchapter 6.2); the 

developed macros made the DPOI less time-consuming and will be a part of the current DPOI 

summer 2019. 

 The performed comparative study shows that DPOI have been reduced in terms of time 

(Chapter 7.2) when the developed digital tools are used. Moreover, several ideas were given 

for how digital tools can be developed in the MOI. These ideas can be used to reduce time 

in the near future (see subchapter 6.1.), knowing the effect of design automation. 
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10 Future Work 
This thesis leaves undeveloped improvements for future work. Many ideas developed during this 

thesis were not fulfilled. This chapter gives a short presentation of these ideas: 

 

Q-check 
One of the last steps in the DPOI is to do a self-check and use a function in CATIA called Q-check, 

that checks for errors. One future improvement could be to extend this function. The purpose with 

the improvement should be to ensure a higher accuracy so fewer human mistakes occur and to 

facilitate the review process, especially for the Checker. The Checker has a list of tasks to go through 

and ensure that no errors have occurred. Some of these tasks could be implemented in  

Q-check, to minimize the time for the Checker to review each IPPD. Today the Q-check also reviews 

some of the tasks that the Checker reviews and vice versa, it seems to be unnecessary to let both 

the Checker and Q-check review for same errors that can occur in the design of an IPPD. The Checker 

should only review for errors that the Q-check cannot review. In a longer perspective the Checker 

could be eliminated and let the Q-check perform all needed tasks that needs to be reviewed before 

next step in the review process. 

 

Categorization system 
Today, different inputs to the design process of an IPPD are given. These different inputs depends 

on which section the designer of the IPPD work with. Some of these sections assists with a complete 

description of how an IPPD should be made, other sections do not contribute with any information 

at all. With respect to the current system for distribution of inputs, there exists possibilities of 

improvements. A categorization system that distribute IPPDs into different categories, telling when 

an input description is necessary and when is not, should be developed. This solution could result 

in a categorization system that can be used by the head of the section and by the persons who 

creates these inputs in order to distribute time properly between different IPPDs. This is valuable 

because the persons who makes these inputs are highly stressed out and unnecessary work for them 

should be avoided. 

 

In order to develop a categorization system, more information regarding failures of finished IPPDs 

are valuable to collect. Looking downstream in the process will help collecting data regarding 

common failures within IPPDs. Since production is the department to which the IPPDs are inputs, it 

is highly relevant to check within this department for common failures within IPPDs. If an error is 

discovered in the production phase for an IPPD, it can be very time-consuming and expensive to 

correct, e.g., specific tools may have to be created for a specific IPPD. If these errors could be 

reduced by getting better inputs to the DPOI it would save time and money, addressed to the 

company’s profit. 
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Future development of macros 
These macros that have been developed during this thesis have a potential to be more efficient. 

Especially the macro ReducedHoles where the user needs to select both face(s) and edge(s).  

This is not the most efficient way and it can be improved in the future. An improvement would be if 

the user only could select the edge since the edge is a child of the selected face in CATIA. If the 

selection cannot be improved another improvement could be to color the selected face(s), e.g., 

orange to indicate which holes that the user has selected. Another way could be to make the 

selection easier by letting the user select face-edge-face-edge.  

 

As future work it would be great to investigate the possible to further developing macros for 

scenario 2, 3 and 4. Best case scenario would be if each one of the six scenarios for IPPD had its own 

corresponding macro. These macros could then be combined through the existing macro palette 

presented in this thesis.  

 
At last, this thesis has shown that more elements can become automated. Therefore, this leads to 

one interesting question which cannot be avoided in the future: Can the entire design process of 

IPPD be fully automated in the future? 
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11 Appendices 
Below follow the appendices for this thesis. 

11.1 Interview proceeding 

We present who we are and what the purpose with this thesis is and the purpose with the 

interview.  

The purpose with this thesis:  

Reduce time losses in the working area in the interface between Airframe Structural Design and 

Production. Find problem areas and time-consuming activities within IPPD, select 2-3 main 

problems and come up with suggested solutions.  

The purpose with the interview:  

Collect employees' own opinions about the methodology regarding creating process of IPPD. Find 

problem areas that the employees experiencing during the work process, e.g., problems in CATIA, 

review process or in the methodology.  

The interviewed will be anonymous in the report.  

Introduction:  

1. Would you like to tell us about yourself and what are you working with? 

2. How long have you been working at SAAB AB Linköping?  

3. Are you an employee at SAAB AB or as a consultant?  

4. Have you worked at other sections or at other areas inside SAAB AB?  

 If Yes: What was your work tasks?  

 If No: Did you wish there was an introducing education?  

Methodology process: 

 
5. When you started working with IPPD, did you get an introduction about the methodology 

regarding to IPPD and all relevant information that you needed?  
 If Yes: Was it rewarding?  

6. What's your opinion about the current methodology for IPPD-work?  

7. Do you experience some time-consuming activities within the flowchart?  
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 If Yes: What kind of activities and why?   

8. Do you experience it difficult to collect right manuals and instructions?  

 If Yes: Did you get help to find it or did you spend much time by your own?  

9. Do you experience some time-consuming steps in the creating process of an IPPD?  

 If Yes: What steps is extraordinary?  

10. When you have finished an IPPD, do you usually review it before you send it to the real 

review step?  

 If Yes: Do you find some errors during your self-reviewing?   

o What kind of errors?  

11. Do you have some own improvement suggestions regarding the methodology or other 

things connected to IPPD? Or want to highlight something?  

 

Review process (Checker only)  

12. Have you ever been the person Checker within the review process?  

 If Yes: Do you think there are clear instructions on what you should review?  

o If Not: What is unclear and why?  

 Would you be able to estimate how long it takes to review one IPPD?  

13. Do you experience the checker review process as time-consuming?  

 If Yes: Why? Iterative process?  

14. Do you have some own improvement suggestions regarding to make the checker review 

process more efficient and less iterative?  

 If Yes: What kind of improvement suggestions?  
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