
Available online at www.sciencedirect.com

Procedia CIRP 00 (2023) 000–000 www.elsevier.com/locate/procedia

56th CIRP Conference on Manufacturing Systems, CIRP CMS ’23, South Africa

Digital assistance for aircraft manufacturing – process requirements and
technologies

Simon Piontek*, Mats Schütze, Hermann Lödding
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Abstract

High quality and productivity requirements prevail in aircraft manufacturing. To ensure these standards are met, production processes are largely
automated and digitalized. However, high product complexity leads to many manual processes which are much more prone to errors and insuffi-
cient productivity. To support workers effectively, this paper proposes a concept for workers in aircraft manufacturing, which connects different
Digital Assistance Technologies using a Digital Twin. The concept results from the analysis of influencing factors in manual work processes, the
investigation of workers in the production environment and a survey on the technology acceptance of different Digital Assistance Technologies.
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1. Introduction

1.1. Motivation

Aircraft production is characterized by highly complex prod-
ucts which, despite the progress of automation, still require a
high proportion of manual processes, particularly in fuselage
assembly. On average, more than 230,000 drill holes for fasten-
ers and rivets have to be made for each medium-sized aircraft
[1]. Of these, around two thirds are produced using manual
processes including preparatory and follow-up steps. Drilled
holes and rivets must meet precise process parameters such as
diameter, torque or drilling angle. High repetition frequencies
and varying parameters lead to problems of compliance with
these quality requirements. Fuselage assembly is characterized
by a particularly low level of automation because the assembly
places are often difficult to access [2].

In addition to the qualitative problems of the drilling and
riveting processes in aircraft production, the preparatory and
follow-up processes are also characterized by a number of prob-
lems. Information is provided via a number of cross-referenced
documents with a high degree of complexity, resulting in an
inefficient search for information and potential errors in the set-

ting of process parameters. Documentation of work progress
and quality is mostly done on paper and communicated at shift
handover. Consequently, the estimated share of value creation
is only about one third of the paid working time [3]. The target
variables to be optimized in manual processes in aircraft pro-
duction are therefore quality and productivity.

A variety of Digital Assistance Systems (DAS) have already
been developed to support manual assembly and improve these
targets [4]. They are largely limited to the use of one particu-
lar Digital Assistance Technology (DAT) for a specific appli-
cation. In [3] we developed a first DAS for aircraft manufac-
turing, combining the use of smart tools and tablets in a digital
twin (DT) platform. The position of the smart tools is detected
using ultrasound. Required parameters such as the torque or the
drilling diameter can be determined and transferred to the tool
by mapping the position to the CAD system. The platform is
leveraged to control and document the parameters by linking
the DATs with software services. The aim of this paper is to
substantiate the proposed DAS and to investigate which further
technologies should be integrated on the scalable platform. The
DAS should improve the target factors quality and productiv-
ity and link various DATs via a DT. The intention is to cre-
ate a human-centric cyber-physical system which ensures both
the effectiveness of the system and the acceptance of the users
while being flexible and scalable in the industrial context.
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1.2. Structure and approach

In order to meet the described requirements above, we first
determined influencing factors of the manual work process of
fuselage assembly. This refers to finding the relevant elements
that influence the worker in the execution of the work with re-
gard to quality and productivity. On the one hand, the theoret-
ical effect of these elements on the target variables is to be in-
vestigated. On the other hand, the perceived need for support of
the workers is to be evaluated in order to obtain a theoretically
and practically valid solution. By linking these influencing fac-
tors with DATs, a first selection for the DAS will be made. In
order to achieve high levels of acceptance by the workers, the
final technology selection will be based on an employee survey
on perceived usefulness and ease of use.

This paper is structured in six sections. After this introduc-
tion we summarize the current state of research briefly in sec-
tion 2 and scrutinize the process requirements in aircraft manu-
facturing in section 3 to obtain and analyze the influencing fac-
tors. Section 4 evaluates the technology acceptance of workers
in aircraft manufacturing and section 5 presents the final selec-
tion of DATs for the DAS in aircraft manufacturing. We close
the paper with a summary and outlook in section 6.

2. Current state of research

2.1. Definitions

Digital Twins are often defined in different ways in literature.
We understand a DT as a combination of physical and tsdigital
object, which are integrated using bi-directional data flows [5].
A change in the state of the digital side leads to the same change
in the physical objects and vice versa. Physical and virtual ob-
jects are connected with the DT data and can be controlled via
services [6]. The DT can be understood as core element of the
DAS in this paper.

A Digital Assistance System integrates various Digital As-
sistance Technologies to support the operators in their work. It
combines the use of hardware such a tables or smart tools with
software services.

2.2. Quality and productivity

Although there is a separate production management field
for each of the target variables quality and productivity, in prac-
tice it is often the case that improvement measures cannot be
implemented effectively [7]. In order to implement targeted im-
provements via the DAS, it should be aligned with the opera-
tionalized cause-effect relationships of the target variables.

Quality in the context of assembly processes is to be un-
derstood as the ratio of the sum of scrap and rework and the
achieved yield of good parts [8]. Thus, to improve them ef-
fectively, the effects of process capability on the generation of
scrap and rework must be considered, as described in [9]. The
cause categories known from an Ishikawa diagram and their ef-
fect on the mean value and scattering have a direct effect on the

process capability and are further operationalized by [9] into
16 actuating variables like information handling, material han-
dling, work equipment or disturbance prevention. These vari-
ables can be used to estimate the quality impact by influential
factors in manual processes (see section 3).

Productivity for manual processes is defined as the ratio of
produced good parts to paid labor hours (or input to output of
the labor force) [7]. Thus, to increase productivity, paid ab-
sence time and attendance time must be considered. Attendance
time in particular can be divided into task-related and non-task-
related activities [10]. Figure 1 illustrates the cause-effect re-
lationship between actuating variables and productivity of the
workforce, limited to the attendance time. DATs can support
the task-related variables defined by [11] in particular, which
can be seen highlighted by a blue background as generic work
cycle in the illustration. The resulting 12 actuating variables of
paid labor hours are used to estimate the productivity impact by
influential factors in section 3.
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Fig. 1. Productivity control model based on [10] and [11]

2.3. Digital assistance systems and technologies

DAS combine hardware and software components, to supply
workers with cognitive and physical support in task-related ac-
tivities [12, 13]. Assistance functionalities mostly focus on vi-
sualizing information to support preparation activities like gath-
ering information or making task-related decisions [14]. Other
systems also support the documentation of information through
bi-directional data transmission [15] or are used for collabora-
tive work, e.g. in disruption management of one-off production
[16].

In aircraft production, there is a growing focus on DAS that
also provide physical support. In [17] various DATs are inves-
tigated that are intended to support workers during work steps
that are ergonomically compromising. These include the use of
exoskeletons or collaboration with robotic systems. In [2] and
[3] smart tools are integrated in a DAS to support highly repeti-
tive drilling and riveting operations. Nevertheless, the concepts
examined are usually designed for a specific area of application.
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To provide extensive support for workers in aircraft manufac-
turing across the generic work cycle and for a multitude of ap-
plication areas a more comprehensive DAS is needed. This re-
quires a broad analysis of different areas of operation and their
respective requirements.

From this, a concept should be derived that links various
DATs with each other. Corresponding to the generic work cy-
cle, DATs can provide information, control and document exe-
cution, or acquire and interpret data about the environment or
product. Information can be provided by technologies such as
tablets, smart glasses or projection. Execution can be controlled
with smart tools or production means as well as technologies
like exoskeletons or smart measuring devices. Data about the
environment or the product can be acquired by the use of dif-
ferent sensors or technologies like industrial image processing.
DATs from these three areas should be investigated and poten-
tially integrated in a DAS. In order for the resulting DAS to be
flexible, it should be based on a DT platform that connects mul-
tiple physical objects with digital models via modular interfaces
and intervene in the real process using programmable services.
In this way, a DAS improving the target variables, the benefit of
workers and multiple application areas can be realized.

3. Process requirements in aircraft manufacturing

Process requirements in aircraft manufacturing derive from
the task-related activities that structural mechanics have to per-
form on a regular basis. These activities are subject to various
influencing factors that affect the target variables quality and
productivity and can be divided into different domains.

To cover both the requirements from theory and practice,
a thorough analysis of process documentation and work doc-
uments was initially carried out. Then, various workers were
observed over several days. In interviews, we asked about prob-
lems occurring in different assembly processes. From this, stan-
dard activities were defined as well as classified in the generic
work cycle and their influencing factors were derived. In the
course of a workshop with workers from six different produc-
tion areas of a large aircraft manufacturer, the standard activi-
ties and influencing factors were evaluated and extended when
necessary. The influencing factors were examined with regard
to their perceived need for assistance (NFA). For this purpose,
on the one hand a questionnaire was used to evaluate each fac-
tor and on the other hand each worker specified the subjectively
three most relevant factors by placing tags on a whiteboard.

3.1. Tasks of assembly workers

Typically, manual assembly processes in aircraft manufac-
turing can be described as joining two structural components of
relatively large size. In addition to informational preparation,
the components must first be aligned and fixed to each other
using production means. Then the predrilled holes are trans-
ferred from one component to the next at the joining points.
The holes are brought to their final diameters through several
drilling steps. After being drilled, the parts are taken out of po-

sition in order to remove chips, which can obstruct the transfer
of mechanical forces. After repositioning the components, fas-
teners are inserted and either tightened to a specific torque or
riveted by shear-off collars. In addition to these repetitive as-
sembly steps, pre- and post-assembly activities such as mea-
suring and documenting the quality of execution or applying
sealants and conductive materials must be performed. Figure 2
shows an overview of the tasks in the generic work cycle.
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Fig. 2. Tasks of structural mechanics in aircraft assembly

3.2. Influential factors - Worker model

The chosen domains for influential factors are: information /
documents, tools / production means, process, product and en-
vironment. These domains correspond to the elements workers
interact with in the assembly process. Figure 3 shows the result-
ing worker model including the domains and their 35 influential
factors.
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Fig. 3. Worker model of influential factors in aircraft assembly

3.3. Evaluation and rating of influential factors

In order to rate the influencing factors regarding their im-
portance of support by DATs, the respective influence on the
actuating variables of quality and productivity was examined.
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Subsequently, the evaluated results on the perceived NFA were
merged with this study to obtain a prioritization of the influenc-
ing factors. NFA was evaluated on a Likert scale from 1 (little
support needed) to 7 (assistance is essential) and by the number
of tags placed on a factor. Impact on quality and productivity
should be understood as number of actuating variables affected.

The overall support rating of a factor is composed from four
components (see table 1):

1. Mean value of NFA (Likert-score)
2. Number of tags for subjectively most important factors
3. Number of actuating variables affected in the productivity

control model
4. Number of actuating variables affected in the quality con-

trol model

For the mean value of the NFA (1) and the number of set
tags (2), a combined rating is generated. Any factor with either
a mean NFA of at least 5.5 or at least 2 tags receives an A-rating,
any factor with a mean NFA of 5.0 or more or 1 tag receives a
B-rating, and all others receive a C-rating. For both the produc-
tivity impact (3) and the quality impact (4), an individual rating
is generated each. In the case of productivity impact an A-rating
was assigned when 3 or more actuating variables are affected, a
B-rating was assigned when 2 variables are affected and factors
affecting only 1 variable were rated C. Similarly, quality im-
pact was rated A when affecting 2 variables, B when affecting
1 variable and C when affecting no actuating variables at all.

The final support rating (5) was derived by combining the
ratings from the three resulting categories. If at least two of the
three categories are assigned an A-rating, the factor received the
overall support rating A. If all categories have a rating of B or
if an A-rating was assigned once, the factor received the over-
all support rating B. All results below this received the overall
support rating C.

4. Technology acceptance in aircraft manufacturing

To find out which technologies are well-accepted by work-
ers in aircraft production, the Technology Acceptance Model
by [18] was used. The cognitive response on each technology is
determined by investigating and scoring the perceived useful-
ness and perceived ease of use and deriving an overall score.

4.1. Survey explanation

The survey introduced workers to 11 different DATs, in each
case describing a potential use case in everyday work. The se-
lection consisted of four technologies for information provi-
sion (tablets/cell phones, smart watches, smart glasses, projec-
tion), three technologies to support execution and documenta-
tion (smart tools, smart measuring devices, exoskeletons), and
four technologies for data acquisition and interpretation (envi-
ronment sensor technology, industrial image processing, mo-
tion tracking, eye tracking).

Five statements were made for each technology (see table
2), and the respondents evaluated their level of agreement with

Table 1. Rating of influential factors for support through digital assistance

(1) (2) (3) (4) (5)
Influential Mean # of Produc. Quality Support
factor NFA tags impact impact rating

[ tools / means ]
diameter 5.2 3 4 1 A
drilling angle 5.8 - 4 1 A
tool position 5.3 1 4 1 B
torque 4.8 1 4 1 B
drilling speed 5.0 1 4 1 B
drilling depth 4.7 - 4 1 B
feed rate 4.5 - 4 1 B
tool wear 5.8 4 3 2 A
tool weight 5.5 3 5 1 A
measurements 4.8 1 3 1 B
means selection 5.3 - 2 1 B

[ information ]
doc. clarity 4.8 - 3 1 B
doc. completeness 4.7 - 3 1 B
doc. correctness 4.7 - 3 1 B
doc. recency 4.7 - 3 1 B
doc. availability 4.3 - 3 1 B
documentation 4.8 - 2 1 C
communication 5.2 - 3 1 B

[ product ]
prod. position 5.5 - 3 2 A
prod. geometry 5.2 - 3 2 A
prod. tolerances 4.8 - 3 2 B
operating mater. 4.3 - 3 1 B
auxiliary mater. 4.2 - 3 1 B
variance 5.3 - 3 1 B
material 4.7 - 3 1 B

[ process ]
proc. sequence 4.0 - 1 1 C
planned times 5.5 2 3 1 A

[ environment ]
accessibility 5.0 - 2 2 B
forced postures 5.3 1 2 2 B
layout 4.8 - 2 2 B
env. temperature 5.7 - 2 1 B
env. volume 5.2 - 2 1 B
env. humidity 4.7 - 2 1 C
env. lighting 5.3 - 2 1 B
time of day 4.3 - 2 1 C

them on a Likert scale from 1 (total disagreement) to 7 (total
agreement).

Table 2. Statements for technology acceptance

Nr. Statement Type

1. I would like to work with X. Overall
2. I think using X would simplify my work day. Usefulness
3. I think the quality of work would improve using X. Usefulness
4. It would be easy for me to get used to X. Ease of use
5. I imagine the use of X to be clear and understandable. Ease of use

4



Piontek et al. / Procedia CIRP 00 (2023) 000–000 5

From the answers, an overall score and a respective score for
ease of use and usefulness per technology was derived. To ob-
tain results that are as general as possible, employees from var-
ious departments of a large aircraft manufacturer and an origi-
nal equipment manufacturer were surveyed online. At the time
of submission, 26 workers from 8 different departments partic-
ipated in the ongoing survey. The results were related to the
maximum value of 7.

4.2. Survey results

Figure 4 shows the results of the survey. Technologies for
data acquisition and interpretation are well-accepted when it
comes to data about the product or the environment, but less
accepted when acquiring data about the workers themselves.
Technologies to support execution and its automatic documen-
tation have a high degree of acceptance for tool operations and
measuring values. Acceptance of exoskeletons is low, which
may be due to the low rating in ease of use for the difficult-
to-access work areas. Information provision seems to be highly
accepted when offering to project data on the product or show-
ing data on devices like tablets or cell phones. The use of smart
glasses and watches seems to meet a lower degree of accep-
tance, as the perceived usefulness for smart watches and the
perceived ease of use for smart glasses receives a low rating.
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Fig. 4. Technology acceptance scores of surveyed technologies

5. Digital assistance system for aircraft manufacturing

In order to combine the rating of the influencing factors and
the acceptance of the assistance technologies into a DAS, it

must be examined to what extent the technologies control or
improve the influencing factors. From the prioritization of both
elements, a proposal for an initial concept can be given, which
can subsequently be expanded. Table 3 summarizes the impact
of the surveyed technologies on the rated influencing factors
from table 1. Influence on an A-rated factor is counted three
times, influence on a B-rated factor is counted twice, and influ-
ence on a C-rated factor is counted once to account for support
relevance. Influencing all 35 factors would lead to a maximum
impact of 73.

Table 3. Technology impact for manual assembly in aircraft manufacturing

Technology A-Factors B-Factors C-Factors Impact
(3 points) (2 points) (1 point) (max: 73)

tablet / cell phone 2 9 2 26
smart glasses 2 9 0 24
smart watch 0 7 0 14
projection 2 7 0 20
smart tools 3 9 2 29
smart measuring dev. 2 3 1 13
exoskeleton 2 4 1 15
environment sensor tech. 0 3 3 9
industrial image proc. 2 2 1 11
motion tracking 0 3 0 6
eye tracking 0 4 1 9

5.1. Digital assistance system and technology guidelines

Figure 5 visualizes the impact of each technology in relation
to its overall technology acceptance score and clusters them in
four distinct quadrants separated at an impact score of 12.5 and
a technology acceptance score of 5.25.
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Quadrant I contains DATs that have a high impact on influ-
ential factors and high acceptance by workers. A first proposal
for a DAS in aircraft manufacturing comprises the integration
of smart tools and smart measuring devices for execution and
documentation support as well as tablets and projection tech-
nology to provide information about the work plan and product.
Technologies in the other quadrants should not be implemented
without further investigation.

The DATs from quadrant II should be investigated for pos-
sible usability improvements, as they could have a high im-
pact but do not achieve sufficient acceptance among workers.
If DATs are in quadrant III, they are accepted by workers but
achieve lower values in impact. The development of new use
cases should be investigated to determine which other manual
assembly tasks (table 2) can be supported in order to increase
the influence on the related influential factors (table 1). Remain-
ing DATs in quadrant IV have low acceptance and low impact
and should not be integrated.

However, for all DATs it is important to consider exactly
which factors are influenced and how important they are for the
individual application. Further, it should be considered what the
overall impact of the integrated DAS looks like and whether, for
example, the integration of environmental sensors covers fac-
tors that would otherwise be missed. In all considerations, the
implementation effort should be regarded as a third dimension.
The proposed DAS covers 23 influential factors (65,7%) and
reaches an impact score of 49 (68,1%).

6. Summary and outlook

An in-depth analysis of the requirements for DAS in air-
craft manufacturing was carried out. Factors that influence the
worker in the manual process were systematically defined. To-
gether with workers, these were evaluated in terms of their
support requirements and ranked. Subsequently, various DATs
were evaluated in terms of their effect on these factors and ex-
amined for acceptance of use via a broad survey. From both per-
spectives, a classification of technologies could be made, from
which an DAS for the worker in aircraft manufacturing was de-
rived and suggestions for action for the integration of further
technologies were given.

Limitations of the research are that the evaluation of the
quality and productivity impact of individual influential factors
and thus of the respective technologies was carried out purely
via the quantity of influenced variables of the operationalized
target variables. Likewise, the influences of the DATs on the
individual factors were hypothesized. An actual assessment de-
pends on the respective application. These points could be deep-
ened in future research. Nevertheless, a concept has been de-
veloped which is useful for research and industry and which
provides a well founded direction for action. The proposal and
the data collected can be used to drive forward digitization in
aircraft manufacturing.
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