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Abstract. The classical approach to the creation of assembly work instructions 

for high value, complex products is time-consuming and prone to error. It re-

quires a process engineer to write the work instructions step-by-step and manu-

ally insert specific technical information, using an encompassing document of 

manufacturing parameters or life cycle management software. The latter offers 

synchronisation to design changes through updateable parameters, however ma-

jor design modifications still require significant manual work to modify the text 

contents and structure of the work instructions. This leaves the work instruction 

documentation vulnerable to human error, as well as making the process time-

consuming to fully synchronise. A methodology was therefore developed to re-

solve these issues, utilising JavaScript and VBA for Office to create a simple 

interface for rapid content generation for work instructions including text, MBD 

extracted parameters, images and formatting. The overall methodology speeds 

up the creation of assembly work instructions and reduces errors by implement-

ing automatic insertion of parameters from an MBD model. The implementation 

and effectiveness of the suggested approach is demonstrated on a case study for 

the assembly of the joined wing configuration of the RACER helicopter, the lat-

est generation of compound helicopters of Airbus Helicopter. 
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Wing, Digital Manufacturing. 

1 Introduction 

Assembly work instructions play a significant role in assembly quality and lead times, 

capturing the necessary assembly activities and relevant technical information that en-

gineering technicians must read, understand, and apply in order to successfully assem-

ble the product under development. For high value, low volume, complex products such 

as aircraft components, production of work instructions is particularly elaborate as they 

require a vast number of processes. Many of these processes are also repetitive, occur-

ring at several locations in the aircraft structure, e.g. drilling pilot holes, countersinking, 

reaming, etc. 
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The classical approach for creating work instruction documentation first requires a 

process engineer to retrieve the necessary technical information scattered in CAD mod-

els (2D drawings), in spreadsheet documents or through the tacit knowledge of process 

and design engineers. This technical information must be accumulated and then accu-

rately captured into a document or software. Typical cycle times for the design process 

in the aerospace field is approximately 5 years [1], therefore retrieving the information 

accumulated in this period can be a very time-consuming activity, prone to many errors. 

An inability to create flawless assembly work instructions can jeopardise the entire de-

sign activity and confuse or frustrate operators, resulting in poor quality products [2]. 

Nowadays an increasing number of aerospace companies, such as Boeing and Air-

bus, are adopting the model-based definition approach [3] to alleviate the problem of 

managing large amounts of data. Many works discuss and implement MBD technology 

in the field of manufacturing, e.g. Quintana et al [4] and Geng et al [5], however few 

consider the implementation of MBD to enable product design synchronisation with 

work instructions. Furthermore, despite fast progression in this field, current research 

on MBD is limited, particularly for assembly work instructions [3]. 

A range of modern software packages for product lifecycle management (PLM) are 

available; one example is Siemens Teamcenter, which offers the extraction of digital 

work instructions and documentation from 3D models. The specific functionality of-

fered by Teamcenter is the synchronisation of design changes to digital work instruc-

tions, and visualisation through interactive 3D assembly sequences. However, the ma-

jority of such software available present, including Teamcenter, suffer from the same 

issues: they can be time consuming to learn and use, and the primary focus is the gen-

eration of illustrations for use in technical documentation, not the instructional text con-

tents which are equally vital for shop floor operators. 

Alongside these PLM software packages, augmented reality (AR) is one of several 

technologies that have been devised to optimise the visual representation of these work 

instructions, thereby improving clarity of their contents (see, for example, Gattullo et 

al [6]). This technology is an alternative to traditional documentation and provides a 

wide range of potential benefits to assembly lines, such as shorter learning time for 

operators, reduced training costs and overall product quality improvement as seen in 

various studies [7, 8]. Zauner et al. [9] demonstrates a highly intuitive AR tool that 

guides the user through simple assembly steps for furniture, with potential for applica-

tion on more complex assemblies in the future. Although considerable progress has 

been made in recent years, there are still significant obstacles preventing the incorpo-

ration of AR in the production of aircraft structures. These include limitations on object 

detection using markers for small objects (such as screws, bolts, etc), high computa-

tional requirements, and relatively large upfront investments for equipment installation 

and training. Furthermore, the majority of AR solutions are offline and therefore any 

consensus leading to redesign of the product and the assembly processes requires a 

considerable amount of time and effort to amend the work instruction documentation, 

since they cannot synchronise to design changes and must be rebuilt again to produce 

updated instructions [10-11]. Few works tackle this issue in the field of augmented 

reality. 

Alternate solutions for the automation and improved visual representation of work 

instructions have also been developed. Geng et al. [5] developed a lightweight tool that 

is easily accessible by the end user, utilising automatically generated, interactive CAD 
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images embedded in PDFs for improved cognition of work instructions. However, there 

is no instructional text generated and it is acknowledged that the creation of the work 

instructions and synchronising design changes are time consuming with this tool, de-

spite its link to MBD, which reaffirms the current gap. Gors et al. [12] also demonstrates 

a method to determine assembly sequences and generate images to produce work in-

structions, however there are minimal text instructions for each step. It is therefore clear 

that few works target the automation of the text content of assembly work instruction 

documentation, especially when considering the concept of updatable links to manu-

facturing parameters using MBD. 

Based on the presented literature and the everyday industrial practice, there is a clear 

need for more automatic document generation of assembly work instructions with an 

updateable link to MBD models, particularly whilst more novel technologies such as 

AR remain in the experimental stages of implementation. This paper presents a func-

tioning solution to this problem; the methodology is presented in detail in Section 2, 

followed by an exemplary case study in Section 3. The selected case study is the joined 

wing configuration of the RACER (Rapid And Cost Effective Rotorcraft) demonstrator 

by Airbus [13]. Details of the specific implementation are discussed in Section 4. Out-

comes of the case study are discussed in Section 5, and finally useful conclusions are 

presented in Section 6. 

2 Proposed methodology 

This paper suggests a methodology for rapid generation of work instruction documen-

tation, exploiting repetitive assembly processes to automate the process and applying 

an MBD approach to collate assembly information and error-proof parameter insertion. 

Firstly, to enable insertion of manufacturing parameters within the documentation, 

this methodology presumes the existence of an MBD model in which geometric data 

and assembly information is captured in a structured approach. The MBD model must 

be logically structured such that data is extracted and stored in a file format such that 

data can be identified and retrieved logically. In this way, an updatable and robust link 

is made between the stored dataset and the MBD. This link ensures major design 

changes to the product will not compromise the structure of the dataset and therefore 

the methodology presented can remain synchronised with the product design. 

Secondly, a series of process templates for repetitive assembly processes are created. 

Each template represents the generalised procedure for a particular process, containing 

user commands that indicate how the instructions will be structured, such as excluding 

or repeating sections depending on the parameters of the targeted assembly features 

that the procedure will be carried out on. Placeholders for variables are also used in 

conjunction with commands to enable MBD parameter insertion during the generation 

of content. Therefore, a set of chosen process templates must still be created to initiate 

this methodology, however, the need for manual insertion of parameters is eliminated 

and the time consumed creating work instructions can be reduced. It is important to 

note that the process templates only have to be created once when setting up the meth-

odology. Modifications to the process templates are only required if the processes 

change, which is likely to be infrequent due to the certification requirements in the 

aerospace industry. 
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Lastly, two algorithms are used to create the documentation. The first algorithm sys-

tematically retrieves process templates based on user selection and links the template 

placeholders to the MBD parameters of the selected feature. The second algorithm pro-

cesses the documentation through a series of tasks, such as opening individual process 

templates, inserting parameters into placeholders, creating repetition or exclusion of 

text, inserting images, and finally exporting to a final document. The overall structure 

is summarised in Fig. 1. 

 

 

Fig. 1. Flow chart detailing the structure of the methodology. 

3 Case study 

The case study selected to demonstrate the developed methodology was the joined wing 

configuration of the RACER demonstrator [13] shown in Fig. 2. 

    

(a)                                                                 (b) 

Fig. 2. Images depicting the RACER demonstrator; (a) shows the conceptual image of the ro-

torcraft and (b) shows the geometry of the jointed wing configuration [13]. 
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The specific case study has been selected because sufficient information was present, 

the assembly processes and assembly sequences associated were relatively complex, 

and subsequently a successful implementation would mean high applicability to a va-

riety of products. The overall assembly sequence and procedure for this joined wing 

configuration can be found in [14] and is distinct to a conventional wing assembly, due 

to the strict and difficult geometric constraints with respect to the location of the wing 

and the wing interface.  

The MBD model of RACER was developed in Dassault’s 3DExperience software, 

using the concept of the joint definition structure. A joint definition is defined by the 

contact of two or more interfacing surfaces (an interface group), where multiple joint 

definitions may be assigned to a single interface group. 

An example of an interface group and the contained joint definitions are captured in 

Fig. 3. Given the interface group “Upper Cover to Mid Rib”, there are three joint defi-

nitions associated with the lower wing of the joined wing configuration. Joint definition 

14 consists of 11 holes with particular manufacturing parameters, and joint definition 

15 and 16 each consist of one hole of differing manufacturing parameters. Together, 

these three joint definitions make up the “Upper Cover to Mid Rib” interface group.  

 

Fig. 3. Joint definition structure displayed within RACER’s MBD model 

4 Implementation of methodology 

To implement the methodology using the case study of Section 3, a select number of 

process templates were produced by examining the most common processes in the 

RACER assembly work instructions, namely pilot drill, full size drill, deburr, shim and 

final fasten. 

Pilot drill, full size drill and final fasten were the most repetitive processes in the 

sample RACER work instructions, and these processes utilised very similar structures 

such that they can be generalised into the pseudocode shown in Fig. 4. With reference 

to Fig. 4, italic text corresponds to the printed content of the document, bold text to 

commands, and plain text to other pseudocode contents. 

As can be seen in Fig. 4, a for-loop first iterates through each of the selected interface 

groups, with following lines defining variables such as the name of each interface 

within the current interface group. Next, an if-statement determines if the current inter-

face group contains two or three components and inserts text accordingly. Additional 
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logic can be employed according to the needs of the process template format. Finally, 

embedded within the assembly steps of the defined process, a for-loop is used to iterate 

through the joint definitions of the current interface group. Parameters extracted from 

the dataset can be inserted throughout the document, including images. 

 

Fig. 4. Pseudocode demonstrating logic of generalised process template. 

The deburr and shim processes appeared less frequently within the example RACER 

work instructions, however they contained elements that would benefit from creating a 

process template with commands. For example, the deburr process template requires 

the total number of holes for a target surface (e.g., Upper Cover) and a breakdown table 

of these holes per joint definition. To complete this manually, the process engineer must 

check every interface group that includes the target surface, find each joint definition 

accordingly, create the table and then sum the total number of holes.  

Commands within the process template can be used to automatically extract the total 

number of holes for a target surface and produce a table that lists every associated joint 

definition with the number of holes to be deburred. This demonstrates the advantage of 

the methodology even for less repetitive processes, as it reduces the time needed for 

document creation by also automating the accumulation and manipulation of parame-

ters. 

A user interface has been developed using a JavaScript add-in for Office Excel, with 

embedded VBA coding to enable document generation. The interface contains a layout 

for the user to input the assembly sequence row by row, using dropdown selection. The 

dropdown selection is linked and updated with the joint definitions and interface groups 

using the MBD dataset file. This is shown in Columns D, E, F and G of Fig. 5. The 

developed tool provides great flexibility; if the assembly strategy changes, it is a matter 

of few minutes for the user to define a new order of assembly processes, selecting spe-

cific interface group and joint definitions for each process. It is assumed that a process 

template already exists for each process. If not, then the user needs to set up the process 
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template once for each new process and further use them through the interface shown 

in Fig.5.  

 

Fig. 5. Image of the user interface (along with the sidebar) in Office Excel. 

5 Discussion of results 

A pilot drill process document was produced and formatted according to pre-existing 

RACER assembly work instructions. The template and final output are shown in Fig. 

6(a) and (b) respectively, noting minor post formatting was required such as addition 

of page numbering and headers. Though these formatting actions can be implemented 

into the tool, they are typically semi-automated in common word processing programs. 

 

       (a)               (b) 

Fig. 6. Images of (a) the pilot drill template, and (b) the resulting document output from the tool. 

The tool was tested for 10 processes, namely a sequence of four pilot drill processes, 

two final fasten processes, two final drill processes, one deburr process and one shim 

process, each with different interface group selections. The approximate time to 
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generate the combined document was 3 minutes 58 seconds, containing 23 pages and 

6059 words, which included a total of 57 joints. To create approximately 23 pages of 

work instructions with a more classical approach, an estimate of a few days to a week 

would be expected. Therefore, it can be seen the timeframe for creating documentation 

using this methodology is reduced from days, or weeks, to minutes. 

Direct comparison to common industrial tools, such as Teamcenter and DELMIA, 

could not be carried out due to limited access. The literature suggests these tools typi-

cally automate image creation, introduce interactive 3D models to the workshop floor 

and update parameters in real time [15-16]. However, they require manual text content 

creation, extensive user training and costly licenses. Therefore, while alternative tools 

offer advantages for high quality visuals and cohesive integration with 3D models 

within the same software package, the demonstrated methodology addresses the short-

comings of these tools. Overall, the methodology provides a low-cost solution for rapid 

generation of text content for work instructions with updateable, embedded parameters. 

6 Conclusions and future work 

The presented methodology demonstrates the automatic generation of documentation 

for work instructions with updateable links to MBD data, satisfying the gap identified 

in relevant literature. Once the methodology is set up then only the user-input instruc-

tions are necessary for modifying the assembly sequence or updating the MBD dataset 

after product design changes. The methodology can be set up by specifying process 

templates with minimum programming knowledge due to the developed pseudocode 

whilst still retaining all necessary features and formatting for minimum post-pro-

cessing. This approach offers the potential to eliminate errors and reduce the time con-

sumed creating documentation by programmatically generating the instructions of as-

sembly processes. This was then verified by the case study implementation, in which 

the timeframe for instruction creation was shortened significantly. 

The methodology also leaves room for future work, such as greater overall automa-

tion and collaboration with other methodologies. For example, the implementation of 

automatic MBD dataset extraction would further speed up the process of assembly work 

instruction generation. Automatic image extraction and automatic assembly sequence 

generation from the MBD file could also be implemented for near-complete automa-

tion, as demonstrated by Gors et al [12].  

It is also important to note the methodology is not being presented as a complete 

solution. It generates text for specific processes identified as significantly repetitive, 

and not the work instructions in their entirety. However, this tool provides a solution to 

the issues with the conventional method of assembly instruction production in lieu of 

more novel approaches that are not yet fully matured. 
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