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SYNOPSIS 

 

The A-Darter integration on the JAS39 Gripen was a very unique program in the sense that the 

development of the A-Darter missile was still on going when the integration took place. 

This dissertation thus looks at the various activities that were necessary when doing an 

integration program of such a nature. Firstly a well-defined contract needs to be in place in 

order for the various parties to understand their roles in the program. A Statement of Work 

(SOW) also needs to be defined together with this contract; the minimum that should be 

considered is as follows: 

 Management 

 Operational Analysis 

 Aeronautical / Airframe Integration 

 Systems Integration 

 Flight Test and Verification 

 Integrated Logistics Support (ILS) 

The systems engineering process is also described in this mini dissertation; both the SAAB 

Product Development Process (PDP) as well as the INCOSE System Engineering Processes are 

described. The dissertation describes when and where in the process an integration process can 

take place and what the minimum requirements are. 

The logical flow is described in terms of the critical path that needs to be followed during the 

integration process. The dissertation describes the process from the physical fitment trials that 

need to take place to the final launch of the System Avionics Test Missiles (SATM). 

The risks and lessons learnt are also described in this mini dissertation, the input for these 

sections were from interviews of people who were critical in the success of the program. The 

major risks on the program were definitely the technological risk as two state of the art pieces 

of equipment needed to be integrated. Power requirements and adherence to MIL-STD 1760 

were one of the other main risks. The vibration spectrum that Denel Dynamics had to comply to 

also proved a risk in the program. However all the risks were mitigated and hence did not have 

an impact on the program. 
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The dissertation also goes into the lessons learnt from the A-Darter integration onto the JAS39 

Gripen. This involved considerations that could be used in future integration projects e.g. the  

A-Darter integration onto the Hawk fighter aircraft. One positive that came out of this was the 

Associated Contractors Agreement (ACA) which was significant in terms of giving the sub-

contractors freedom to work on technical issues and not worry about the commercial aspect of 

the integration program. Recommendations were also made in terms of the flight tests and that 

a single nodal point of contact should be established, especially when you have an integration 

program (A-Dater on the JAS39 Gripen), development program (A-Darter) and procurement 

program (JAS39 Gripen) running simultaneously. 
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NOMENCLATURE 

 

       

ABL    Allocated Baseline 

ADM    Advanced Development Model 

AFB    Air Force Base 

ALFA    Advanced Light Fighter Aircraft 

ARMSCOR   Armaments Corporation of South Africa 

ASA    Associated Contractors Agreement 

BIT    Built in Test 

CAD    Computer Aided Software 

CC1    1st Carriage Clearance 

CFE    Customer Furnished Equipment  

COG    Centre of Gravity 

DoD    Department of Defence 

DOF    Degrees of Freedom 

DSI    Directorate System Integrity 

EDM    Engineering Development Model 

EMC    Electromagnetic Compatibility 

FC1    1st Flight Clearance 

FMECA   Failure Modes Effects and Criticality Analysis 

GFTC    Gripen Flight Test Centre 

GS&TE    Ground Support and Test Equipment 

HMD    Helmet Mounted Display 
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HMI    Human Machine Interface 

HMS    Hellfire Missile System 

ICD    Interface Control Document 

ILS    Integrated Logistics Support 

INS     Inertial Navigation System 

LDWSS   Laser Designator Weapon System Simulator 

MAB    Military Airworthiness Board 

MBL     Manufacturing Baseline 

MIL-STD   Military Standard 

PBL    Product Baseline 

PDP    Product Development Process 

SAAF    South African Air Force 

SATM    System Avionics Test Missile 

SC    System Computer 

SMU    System Management Unit 

SOW    Statement of Work 

SRAAM   Short Range Air to Air Missile 

SwAF    Swedish Air Force 

SYRIG    System Rig 

SYSIM    System Simulator 

TFDC    Test Flight and Development Centre 

TQW    Technical Qualification Workgroup 

TVC    Thrust Vector Control 

XDM    Exploratory Development Model 
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1 Introduction 
 

Missiles and fighter aircraft are two highly sophisticated systems, each having their own challenges to 

overcome. Integration of such highly technologically advanced systems thus poses great challenges, not 

only from a technological point of view but even from a management point as well. During the 

integration various steps and phases need to be completed, each building on from the previous step.  

Many integration programs involving highly technologically advanced systems fail to be done on time 

and within budget. The expectations of such programs initially are great, thus during the course of the 

integration program many challenges are faced and if these challenges are not handled in an 

appropriate manner this will have a negative effect of the program as a whole. Hence it is important 

that during any integration program a structured and systematic approach is followed. 

This dissertation will cover the integration of a 5th generation missile on an advanced fighter aircraft, it 

will not go into the details of designing a missile or a fighter aircraft, but rather it will look at the various 

interfaces between the aircraft and the missile and what should be considered during the integration 

phases. The systems approach will be described as well as the management aspects pertaining to the 

integration process. 

The mini dissertation will start by describing the Statement of Work (SOW) that needs to be followed 

during an integration process, at each step the theoretical research will be compared to the case study. 

During this phase the management, technical, systems engineering and logistic engineering elements 

that are necessary for an integration program of such a nature will be covered. It will also cover 

elements such as: 

 Simulations,  

 Flight tests and flight test planning, 

 Software development and testing, 

 Aerodynamic and airframe considerations, etc.  

The case analysis will be based on the A-Darter SRAAM (Short Range Air to Air Missile) integration on 

the JAS39 Gripen. The South African Air Force (SAAF) has procured the Hawk fighter aircraft which is the 

lead in fighter aircraft to the JAS39 Gripen (Advanced Light Fighter Aircraft (ALFA)). The JAS39 Gripen 

fighter aircraft together with the A-Darter missile as one of its main weapons will be the primary attack 

aircraft for the SAAF. The A-Darter missile will be located on the wing tips of the JAS39 Gripen.  

The mini dissertation will look at the major risks in the program as well as how these risks were 

mitigated. The dissertation will cover inputs from various individuals that were instrumental in the 

program; both form a User (SAAF), Developer (Denel Dynamics) and Management (ARMSCOR) 



SYSTEMS INTEGRATION ASPECTS OF A 5TH GENERATION MISSILE: A CASE ANALYSIS  

KETAN MOTI - 920401961 

 12 

perspective, which will form the basis for the risks, lessons learnt and recommendations section of this 

mini dissertation.  

The reason for the choice of the case study was that it was a unique integration exercise considering 

that the missile integration and development program ran in parallel; furthermore from a cultural view 

point the program encompassed 3 different nations namely South Africa, Sweden and Brazil.  The South 

African and Swedish parties involved in the initial procurement of the JAS39 Gripen and finally the 

integration of A-Darter missile onto the JAS39 Gripen, and the South African and Brazilian part which 

were involved in the development of the A-Darter missile.   

1.1 Research Methodology 

The research methodology used is based on Cooper and Schneider “Business research methods”, the 

main aim of using a research methodology is to ensure a structured approach is followed during the 

dissertation, the structure described by Cooper and Schneider is illustrated below: 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 1 Cooper and Schneider - Research Model [13] 

The abovementioned research method had to be tailored in order for it to be used in this mini dissertation. 

Hence the first step of “clarifying the research question” was removed, as the topic was well defined right 

from the beginning and no clarification was required with regards to this. Further step 7 was removed as it 

did not hold any relevance to this mini dissertation. 

Step two of the research method was used; this was submitting the research proposal to the University of 

Johannesburg for acceptance of the area of research.  

1. Clarifying the Research Question 

2. Research Proposal 

3. Research Design Strategy 

4. Data Collection and Preparation 

5. Data Analysis and Interpretation 

 
6. Research Reporting 

 
7. Management Decision 
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The research design strategy is to do a Case Analysis of a 5th generation missile integration and look at 

the various aspect pertaining to it. It will follow various methods of collecting data. The first is to 

compare the integration case study to the theory. The next is to collect real data from people who were 

involved in the integration program i.e. interviews. Lastly the research will find another integration 

program that can be used as a comparison. Conclusions after each section will be done to summarize the 

important aspects of the data that was collected; this will be the basis of the data Analysis and 

Interpretation section of the research. 

 

 

 

 

 

 

 

 

Figure 2 Tailored Research Method [13] 

 

1. Research Proposal 

2. Research Design Strategy 

3. Data Collection and preparation 

4. Data Analysis and Interpretation 

 
5. Research Reporting 
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2 Literature and Program Review 

2.1 Fighter Aircraft and the JAS39 Gripen 

The JAS39 Gripen is 4th generation multirole fighter aircraft that is able to undertake fighter/interceptor 

(Swedish Jakt = J), ground attack (Attack = A) and reconnaissance (Spaning = S) missions. It is a single 

engine fighter aircraft that was developed by SAAB for the Swedish Air Force (SwAF). The JAS39 Gripen 

today is now used by the Czech Air Force, Thai Air Force, the Hungarian Air Force and the South African 

Air Force (SAAF). There are 4 versions of the aircraft of which the A and B versions (A- Single seat and B 

Dual seat) are the original versions, and the C and D which are the updated export versions. [1]  

A 4th generation fighter has notably more sophisticated avionics and weaponry brought on by advances 
in computers and system integration. Increased agility and flexibility in mission roles is also a typical 
attribute of the 4th generation fighter and is usually an aircraft developed during the period 1970 -  
1990. [H]   

Aerodynamically the JAS39 Gripen utilizes an inherently unstable design, coupled with fly-by-wire 
control, a canard-delta wing layout and a good power to weight ratio to provide a very agile aircraft 
capable of sustaining 9g. Its fully integrated, digital avionics design allows for seamless integration of 
systems and data fusion, providing the aircrew with a superior awareness level and extremely benign 
flying characteristics. [A]  

The SAAF Gripen fighter aircraft is based at Air Force Base (AFB) Makhado and is utilized by 2 Squadron, 
the service life of the aircraft is designed for at least 30 years. 

 

Figure 3 JAS39 GRIPEN [A] 

http://en.wikipedia.org/wiki/Czech_Air_Force
http://en.wikipedia.org/wiki/Hungarian_Air_Force
http://en.wikipedia.org/wiki/South_African_Air_Force
http://en.wikipedia.org/wiki/South_African_Air_Force
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Table 1 JAS39 Gripen specifications [A] 

  

                          
                                                   Gripen Fighter 

Crew:  1-2 
Length:  14.1 m (46 ft 3 in) 
Wingspan:  8.4 m (27 ft 7 in)  
Height:  4.5 m (14 ft 9 in)  
Wing area:  25.54 m2 (274.9 ft2)  
Empty weight:   6,620 kg (14,600 lb)  
Loaded weight:  8,720 kg (19,200 lb)   
Max take-off 
weight:  

14,000 kg (31,000 lb)-  

Power plant:  1× Volvo Aero RM12 (GE404) afterburning turbofan, 54 kN dry, 80 kN with 
afterburner (12,000 lbf / 18,100 lbf)  

Wheel track:   2.4 m (7 ft 10 in) 
Maximum speed:  Mach 1,8 
Range: 1200km (650Nm) (500 mi) 

Service ceiling:  15,000 m (50,000 ft) 
Armament: 1 x 27mm Mauser BK-27 cannon (C version only) 

Provision for up to 6 x short-range infrared A-A missiles 
Provision for up to 4 x medium-range electro-magnetic A-A missiles 

Provision for Mk81/Mk82 free-fall bombs and laser-guided bombs 
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2.2 Missiles and the A-Darter Missile 

Missiles are self-propelled aerial projectiles, usually containing conventional or nuclear explosives, 

guided in flight towards a target either by remote control or by internal mechanisms. Guided missiles 

vary widely in size and type, ranging from large strategic ballistic missiles with nuclear warheads to 

small, portable rockets carried by foot soldiers. Guided missiles consist of separate systems which 

include the warhead, power source, guidance (fin) and control mechanism. Power sources normally are 

either self-contained rocket motors or air-breathing jet engines, but may also be airfoils or outside 

booster charges from ramp or tube launchers. [A] 

The missile pertaining to this mini dissertation is the A- Darter missile, it is a 5th generation Short Range 

Air to Air Missile (SRAAM), which is designed and built by Denel Dynamics (South Africa) and a 

consortium of Brazilian industry and institutions. [B] 

A 5th generation missile is defined by the inclusion of more sensitive imaging-infrared seekers that 

home in on a specific part of the target aircraft; seekers with wider 90-degree off-bore-sight view(180-

degree fields of view); seekers that incorporate advanced anti-jamming and anti-decoy technology; and 

those which use more advanced helmet-mounted displays. [M] 

Table 2 A-DARTER Missile Specifications [B] 

Weight 89 kg 

Length 2.98 m 
Diameter  0.166 m 
Engine Solid-fuel rocket 
Wingspan 0.488 m 
Guidance system  Infra-red homing 
Launch platform Combat aircraft 

 

 

Figure 4 Diagram of a Basic Missile [B] 

http://en.wikipedia.org/wiki/Infrared_homing
http://en.wikipedia.org/wiki/Combat_aircraft
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The A-Darter missile uses thermal imaging technology (Two colour thermal imaging seeker) with a wide 
“boresight angle” for targeting, working with a helmet-mounted display and shoot sight to maximize the 
usefulness of that “high off-boresight” capability. A-Darter also uses a very similar streamlined design 
with a low-drag, wingless airframe which ensuring ranges beyond those of traditional short-range 
missiles to maximize range. To take maximum advantage of that design decision, lock-on after launch 
capability allows it to fly to an area specified by the launching aircraft by using an inertial navigation 
system, before acquiring the target with its seeker head. [B] 
 
The A-Darter missile also has a Thrust Vector Control (TVC) unit to provide agility, which makes small 

corrections by slightly gimballing the main motor so that they swivel, by placing deflective surfaces 

called vanes within the rocket exhaust. [I] 
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2.3 Project Management Structure 

Military projects are almost always associated with the government; the structure in the South African 

environment is very similar to the rest of the world. It is thus important to understand the military 

structure to understand how projects are managed in this environment. The initial requirement comes 

from the Department of Defense (DoD) which is accountable to the government. Once the requirement 

is approved, a joint project team is set-up, comprising of a civilian project manager working for the 

government and a military project officer. The joint project team is the single point of contact to the 

contractor (See figure below)). Hence the project team role is more a procurement/program 

management body in charge of the acquisition and managing of the project. 

 

 

 

 

 

 

 

 

Figure 5 Military Project Management Structure 

 

It must be noted that in any project stakeholders are important, with regards to the A-Darter integration 

5 main stakeholders had an input into the project, and these were ARMSCOR (contracting), SAAB 

(Integration and Aircraft Manufacturer), Denel Dynamics (Design and Development), Brazilian Industry 

(Design and Development) and the SAAF (User). 

It is important to understand the role that is played by the various stakeholders and the interaction that 

must take place between them. If we consider the integration process, the diagram below indicates the 

level of interaction between the stakeholders involved in the integration process. The interaction would 

include working together on a program management level, system engineering and logistics engineering 

level. 

GOVERNMENT 

JOINT PROJECT TEAM (CIVILIAN/MILITARY) 

MAIN CONTRACTOR 

SUB CONTRACTORS SUB CONTRACTORS SUB CONTRACTORS 

DEPARTMENT OF DEFENSE 
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Figure 6 Levels of Stakeholder Interaction during the Integration Process 

Considering the global picture there were many stakeholders in the project, from a development side 

the requirements came from the SAAF and Brazilian air force. The SAAF required if for the JAS39 Gripen 

and the Brazilian Air Force needed it for their F5’s. There were also requirements that needed A-Darter 

to be integrated on the Hawk, in addition Denel Dynamics and ARMSCOR were also involved. Hence the 

challenge was to collectively satisfy the requirements from all parties these included contractual and 

technical/operational. The figure below shows the various stakeholders as well as their inputs to the 

development of the A-Darter Missile. 

 

Figure 7 Stakeholders Diagram [Appendix A] 
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2.4 Parallel Missile Development and Aircraft Integration Program 

 

2.4.1 Background to the Parallel Program 

The integration program was initially planned to be done once the development of the A-Darter missile 

was completed. The development program was supposed to be completed in 2007; however there were 

indications that a delay of two years was foreseen, this delay was caused by various reasons, of which 

one was the maturity of the rocket motor. During 2006 SAAB indicated that they wanted the integration 

of the A-Darter missile be taken out of the main contract due to the delay. Hence negotiations took 

place between SAAB and ARMSCOR and in 2007 it was then concluded that a concurrent (parallel) 

development and integration process will be followed. The project then also spent close to a year to 

plan the integration process, this included analyzing every single component and their impact if they 

were changed during the integration process. Maturity reviews were also introduced to monitor and 

control this, the maturity reviews were also a form of a risk management tool. [Appendix D] 

It must be noted that the above mentioned was the reason why the JAS39 Gripen acquisition team were 

forced to go into a parallel program, however there was also pressure from a development point of view 

where Denel Dynamics needed an aircraft with a Radar since the Cheetah fighter aircraft had been 

phased out. [APPENDIX D] 

Thus the development program was also forced to look at another aircraft to continue with the fight 

tests. Hence due to this reason the JAS39 Gripen was chosen as the platform to carry on with the trials. 

However the SAAF also had a requirement for a Short Air to Air Missile (SRAAM) to be integrated on the 

JAS39 Gripen, the decision was therefore taken to integrate the A-Darter missile on the JAS39 Gripen; it 

would be a parallel program where the development and integration would be done together. 

[Appendix B]. The integration program was completed in 2011. 

 

 

Figure 8 A-Darter Missile and JAS39 Gripen [J] 
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2.4.2 The Contract 

When entering into any major program, a contract needs to be negotiated. The assumptions, limitations 

and responsibilities need to be clearly defined.  The initial A-Darter contract that was entered into 

between the Armaments Corporation of South Africa (ARMSCOR), SAAB and Denel Dynamics (or 

Kentron as it was known during the contract negotiations) was an important one as it laid the 

foundation of the integration of the A-Darter missile onto the JAS39 Gripen aircraft. This initial contract 

that was entered into between the relevant parties was on the premise that the integration work would 

occur when the complete missile had been designed and developed. Two key exclusions were that SAAB 

will not be involved in: 

 Missile Development Activities 

 Missile development flights 

The integration only made provision for the A-Darter missile to be integrated on the JAS39 Gripen wing 

tips only (Pylon 1) and not on Pylon 2 and 3. 

 

Figure 9 A-Darter Pylon Position [C] 

The contract that was amended a year later took a very different approach to the initial contract. 

Although major sections of the contract remained the same, the contract changed from integration after 

design and development to a parallel or concurrent engineering program where deign/development of 

the A-Darter missile and the integration on the JAS39 Gripen ran in parallel. The contract description 

was thus changed from “A-Darter Integration Program” to “A-Darter Combined Program”. 
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The amended contract made provision for SAAB to integrate/clear the A-Darter on the South African 

JAS39 Gripen wing tip stations. One of the key elements was that the integration should be done using 

mature Customer Furnished Equipment (CFE).  

With the new amended contract the scope of work included development support elements for the 

clearance of the first envelope and for the launching of the first G2 missile from the aircraft against a 

predefined target. The following tasks became part of the new contract: [12] 

 Airworthiness related work (Dummy missile) used for the first Carriage Clearance (CC1) 

 Airworthiness related work during  First Firing Clearance (FC1) 

 Production of first set of allowable envelopes (carriage and separation) 

 Electrical and functional capability tests on the missile during FC1 

 Verification of the first carriage envelope and first firing envelope 

 Management work due to participation in Maturity Reviews 

Maturity reviews were introduced to firstly monitor the progress of the missile development as well as 

to ensure that the phases required for full maturity of the missile does not impact the clearance and 

integration of the A-Darter missile on the JAS39 Gripen. 
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2.4.3 Maturity for Integration 

Maturity of the missile was one of the key factors in the integration process. It is thus important to 

understand the period before a missile has reached the maturity necessary to be integrated on an 

aircraft. The process that is followed is that approximately 10 to 15 years prior to integration a strategic 

decision must be made taking into account the future requirements of the SAAF. Once this is done a 

“Technology Project” is initiated, this continues through the various phases till the missile is mature 

enough to be integrated onto an aircraft. In an ideal situation the missile should be mature exactly when 

the requirement exists for integration (see figure below), all design and development work should be 

complete before integration. 

 

Figure 10 Integration Maturity Graph 

In the case of the A-Darter integration the development of the missile was not 100 percent complete as 

would be the ideal case, thus the integration program followed a parallel development and integration 

program. 

Maturity in the context of this mini dissertation is that the missile was not fully developed, however 

parts of the missile could be integrated at stages in the development program. The term maturity means 

the degree of technical preparation found in a project. Specifically it is the sufficiency of the ultimate 

beneficiary to implement the project smoothly. [K] 
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2.4.4 The Statement of Work 

In any project/program the Statement of Work (SOW) is essential. The statement of work defines the 

elements to be completed and provides an overall guidance in the completion of the project. The prime 

contractor should be held responsible for system design and/or integration [2]. Developing the SOW is 

required to provide clear direction to projects and project managers if they are to succeed. The SOW 

sets the rules for the project once the key stakeholders formally agree to its content. SOW lists the 

goals, constraints, success criteria, and management guidelines. It clarifies responsibilities and actions of 

project stakeholders in a relationship [D].  

The A-Darter integration on the JAS39 Gripen was no different. The SOW defined six activities that were 

extremely important in the successful integration. The diagram below highlights these six essential 

activities. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Statement of Work  

The management aspect of the A-Darter integration can be broken up into 3 categories namely: 

 Program Management 

 Product Management  

 Project Management 

Integrated Logistic 

Support System Integration Operational Analysis 

Management 
Aeronautical / 

Airframe Integration 

Flight Test and 

Verification 

STATEMENT OF WORK 



SYSTEMS INTEGRATION ASPECTS OF A 5TH GENERATION MISSILE: A CASE ANALYSIS  

KETAN MOTI - 920401961 

 25 

The product management and project management aspects are highlighted in this dissertation. As part 

of the product management element, a critical aspect was airworthiness certification management, as 

airworthiness certificate attests that the aircraft is airworthy insofar as the aircraft conforms to its type 

design (Each airworthiness certificate is issued in one of a number of different categories) [E]. The 

airworthiness certification management aspects pertaining to the integration program are as follows: 

 Production of system reports for the test aircraft 

 Review of system reports for A-Darter test assets 

 Review of test airworthiness documentation for simulators and test rigs 

 Compilation of system safety related documents 

Other duties of product management for the integration of A-Darter were compilation of aircraft 

product specifications, management and performance of internal type reviews and performance of 

configuration management. 

Apart from the product management aspect the project management aspect was also important. 

According to PMBOK (Project Management Book of Knowledge) it defines project management as the 

application of knowledge, skills, tools and techniques to project activities to meet the project 

requirements. The project management process comprises of 5 process group, namely: [3] 

 Initiating 

 Planning 

 Executing 

 Monitoring and Control 

 Closing 

http://en.wikipedia.org/wiki/Airworthiness
http://en.wikipedia.org/wiki/Type_certificate
http://en.wikipedia.org/wiki/Type_certificate
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Figure 12 PMBOK Project Processes during a Project [3] 

The abovementioned process groups indicated by PMBOK [4] closely correlates to the project 

management activities identified for the A-Darter integration program, these included the establishment 

of a dedicated operational team and operational management (Initiating), planning and coordinating all 

elements within the A-Darter program and also with other linked activates/program (Executing) and 

participate in maturity reviews, design reviews and program/team meeting (Monitoring and control), 

reporting was also one of the important aspects. 

It is not only important to have management aspects but to also have deliverables linked to the 

activities. The following were important deliverables identified in the A-Darter integration program: [12] 

 Primary verification and validation requirements 

 System report for airworthiness certification 

 Interface control documentation 

 System safety documentation 

 Flight/System Safety Assessment 

 Product specification 
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2.4.5 Operational Analysis 

The first step in the integration process is to actually research the various systems to understand them. 

It is important to understand the operational profile, Human Machine Interfaces (HMI), avionics 

interfaces, physical interfaces etc. This is to clearly understand how the various systems fit together and 

how they should be integrated; the outcome of this may also require updates / development to models 

to support the functional development of systems and to support the integration process. [12] 

2.4.6 Systems Integration 

Systems integration plays a crucial part in the performance aspect of a project. Systems integration is 

concerned with three major objectives:  

1) Performance – Performance is what a system does. It includes system design, reliability, quality, 

maintainability and reparability. They are not separate, independent elements of the system, 

but are highly interrelated qualities. [5] 

2) Effectiveness – The objective is to design the individual components of a system to achieve the 

desired performance. This can be accomplished as follows: [5] 

 Require no component performance specification unless necessary to meet one or more 

system requirements. 

 Every component requirement should be traceable to one or more system requirement. 

 Design components for effective system performance, not the performance of the 

subsystem. 

3) Cost – System integration considers cost to be a design parameter, and cost can be accumulated 

in several areas. Added design cost may lead to a decreased component cost, leaving 

performance and effectiveness unchanged. Added design cost may also lead to decreased 

production cost and production cost may be traded off against unit cost of material. [5] 

The purpose of the integration process is to assemble a system that is consistent with the architectural 

design. This process combines system elements to form complete or partial system configurations in 

order to create a product specified in the system requirements. [4] 

 

The integration process includes activities to execute the integration of system elements 

(hardware/physical, software, and procedures) and the demonstration of end‐to‐end operation. The 

system build is bottom up i.e. the elements at the bottom of the system hierarchy are integrated and 

verified first. This process verifies that all boundaries between system elements have been correctly 

identified and described, including physical, logical, and human‐system interfaces and that all system 

element functional, performance, and design requirements and constraints are satisfied. Interim 
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assembly configurations are verified to ensure correct flow of information and data across internal and 

external interfaces to reduce risk and minimize errors and time spent isolating and correcting them. [4] 

 

The A-Darter missile and JAS39 Gripen systems integration was a complex process. The first step was 

thus to investigate the functional design of the A- Darter missile and the system characteristics such as 

the electrical interface, power consumption and launch sequence timing requirements. 

There was also a need to define the higher level system characteristics such as the operational modes, 

guidance modes, A-Darter Logistics, seeker performance and mission planning requirements. It was 

essential also to determine the data that would be transferred by the 1553 Bus. [12] 

Investigating the electromagnetic environment was essential as it defined systems that need to be 

blanked/suppressed so that interference was not experienced between the aircraft system, target 

acquisition system and the A-Darter missile. 

The impact of various other systems needed to be investigated, the figure below shows the various 

systems that were considered and investigated: [12] 

 

Figure 13 Systems Interacting with A-Darter/JAS39 Gripen 
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2.4.7 Systems Engineering, Test Flight and Verification 

It was essential during the integration of the A-Darter missile onto the JAS39 Gripen that the system 

engineering process was followed. Systems engineering is an iterative process of top‐down synthesis, 

development, and operation of a real‐world system that satisfies, in a near optimal manner, the full 

range of requirements for the system [4]. The process of identifying and managing requirements was 

essential, the “Vee Model” (see figure below) used in the system engineering process can help to 

understand the process that was taken. It is very important that initially during the project the design 

requirements are set out according to the “Vee Model”. The system will follow three design reviews 

namely the System Functional review, Preliminary Design review and finally the Critical Design review 

where the final design requirements are captured and the baseline is fixed [4].  It is important to 

manage the requirements as this will be essential during the integration and test phases to verify and 

validate the system. As this dissertation only looks as the integration, the initial requirements 

generation and design reviews will not be discussed. 

 

Figure 14 Vee Model [F] 

During the integration process of the A-Darter missile onto the JAS39 Gripen, two important concepts 
are very important to understand these are verification and validation of the user requirements.  
 

2.4.7.1 Verification 

 
System verification ensures that the system, its elements, and its interfaces conform to their 
requirements; in other words that “you built it right”. [4]  
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Verification encompasses the tasks, actions, and activities performed to evaluate the progress and 
effectiveness of the evolving system solutions (people, products, and process) and to measure 
compliance with requirements. The primary purpose of verification is to determine that system 
specifications designs, processes, and products are compliant with requirements. A continuous feedback 
of verification data helps to reduce risk and to surface problems early. Basic verification activities are as 
follows [4]: 
 

 Inspection – This is an examination of the item against applicable documentation to confirm 

compliance with requirements. It is usually done by examination and observation (e.g. paint 

colour, weight, etc.). [4] 

 Analysis – This is the use of analytical data or simulations under defined conditions to show 

theoretical compliance. Analysis (including simulation) is used where verifying to realistic 

conditions cannot be achieved or is not cost‐effective. [4] 

 Demonstration – This is a qualitative exhibition of functional performance which is usually 

accomplished with no or minimal instrumentation. Demonstration may be used to show that 

system or subsystem response to stimuli is suitable. Specifications are given in statistical terms 

(e.g. mean time to repair, average power consumption, etc.). [4] 

 Test – This is an action by which the operability, supportability, or performance capability of an 

item is verified in controlled conditions that are real or simulated. These verifications often use 

special test equipment or instrumentation to obtain very accurate quantitative data for analysis. 

There are four basic tests categories as follows: [4] 

 Development Test  
 

 Qualification Test  
 

 Acceptance Test  
 
 Operational Test  

 
 Certification – This is written assurance that the product or article has been developed and can 

perform its assigned functions in accordance with legal or industrial standards. The 
development reviews and verification results form the basis for certification. [4] 

 
Verification can also be done by similarity in certain situations. Similarity is mostly appropriate where a 

design is being modified or is very similar to an existing verified system. The design of the verification 

activity involves choosing the most cost‐effective mix of simulations and physical and integrating test 

results to avoid unnecessary redundancy. [4] 

 

The A-Darter integration followed the system engineering process, the requirements were generated 

and the various deign reviews were conducted. The baseline for the system was thus established. The 

verification and test techniques that were used for the A-Darter integration program were either a 
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ground test or flight tests. Due to the complexity of the program the program made provision for certain 

tests to be done in Sweden and certain tests to be done in South Africa. 

 Ground tests consisted of the following: 

Table 3 Ground Test Verification [12] 

VERIFICATION ACTIVITY TYPE OF EQUIPMENT TO BE USED 

Hoisting and physical fit Dummy Missile 

SYRIG/SYSIM Missile Simulator 

System Check Environmental test missile/ System test missile 

Ground vibration test Dummy missile 

Separation/Live Firing test missile Check – Out Separation/Live Firing test missile 

Verification Tests Models 

 

 Flight tests consisted of the following: 

Table 4 Flight Test Verification [12] 

VERIFICATION ACTIVITY TYPE OF EQUIPMENT TO BE USED 

Flying Qualities Dummy Missile 

Envelope Clearance Dummy Missile 

Software Editions Check System test missile 

Systems test System test missile 

Environmental Tests Environmental test missiles 

Separation Tests Separation Test missile 

Rehearsal Live Firing Live Firing/System Test Missile 

Live Firing Live Firing Missile 

 

2.4.7.2 Validation 

 
The purpose of the Validation Process is to provide objective evidence that the services provided by a 

system when in use comply with stakeholders’ requirements, achieving its intended use in its intended 

operational environment. This process performs a comparative assessment and confirms that the 

stakeholders’ requirements are correctly defined. Where variances are identified, these are recorded 

and guide corrective actions. System validation is ratified by stakeholders. [4] 
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2.4.8 The Certification Process Followed in the SAAF 

The process to ensure airworthiness in South Africa is show in the diagram below. Verification reports 

are issued by SAAB, these are reviewed at a technical Qualification Workgroup (TQW). System reports of 

the entire system are then issued and are also reviewed at a TQW, a type report is also issued which is a 

summary of all that is contained in the system reports. Once the evidence in the type report is 

satisfactory a Type Certificate is issued. To declare that the whole aircraft is complies with the various 

airworthiness aspects the Military Airworthiness Board needs to approve the Military Type Certificate 

(MTC). The body that issues the MTC in the SAAF environment is the Directorate System Integrity (DSI). 

 

 

Figure 15 Certification Process 
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2.4.9 The SAAB System Engineering Process 

When describing the integration program one needs to look at the SAAB Product Development Process 

(PDP), this is the in house development process that was developed by SAAB and it is similar to the 

system engineering process. The PDP process has been specifically tailored for aeronautical products. 

The PDP process was developed to be consistent with international standards namely ISO15288 

(Systems Engineering – System Life Cycle Process) and applicable parts of EIA-632 (Processes for 

Engineering Systems). It is thus essential to understand the PDP process as the A-Darter integration 

program from the SAAB side was based on this process. [8] 

The initial step in the SAAB PDP process is to define the stakeholder’s requirements of which the 

customers’ requirements are a subset. The entire lifecycle of the system is considered at this stage of 

the process. Once the stakeholder’s requirements are defined this is then transformed into a set of 

technical requirements which will be used for the development of the system. [8] 

The next step in the PDP process is to design a concept that in functional terms describes the end 

product and how it will fulfil the specified requirements. This then forms the basis for the physical 

architecture design. At the end of this stage a physical configuration document is produced. [8] 

The PDP process then splits into 5 parallel processes namely: [8] 

1) Implement and Integrate – This is the process is to achieve an optimal total solution that is 

consistent with the architectural design. 

2) Develop Structure and Installation – The aim is to develop a structure and to install the items. 

3) Develop Equipment - This can either be a buy or make process 

4) Develop Software – This process shall be used to develop deliverable and non-deliverable 

software. The process defines the activities to be performed during software development. 

5) Integrated Logistic Support (ILS) Development. 

The PDP process then goes into verification and validation process. Where the aim of the verification is 

to confirm that the end product conforms to the specific requirements and configuration 

documentation to which it was built for. Whereas SAAB defines the validation process as a way to 

examine the evidence and to ensure the end product fulfils the stakeholder’s requirements for a specific 

intended use. It must be noted that this can be an iterative process. [8] 
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The SAAB PDP process then splits into two parallel processes namely producing the product and 

supporting the product in service. 

The diagram below shows the complete SAAB PDP process. 

The PDP process also has several other processes that have an input to the core SAAB PDP process. The 

first of which is that they have a process that manages the product, this process is to manage any 

changes that arise as well as to certify the change and to approve changes to type design after you have 

obtained Military Type Certificate (MTC). [8] 

The second process manages the problems and opportunities that may arise in the project. The process 

also has the following elements linked to it: [8] 

1) Inspection of documents, software and models.  

2) Evaluation of System Safety and Reliability Requirements - The purpose of the process is to 

identify hazardous events and initiate actions to accomplish a safe and reliable design.  

3) Systems and Flight Test - The purpose of this process is to describe how laboratory, ground and 

flight tests are accomplished for development, verification, validation, and evaluation of 

subsystems, systems and complete aircraft.  

4) Declaration of Design Data - The data is presented in front of an airworthiness board. In the case 

of the South African JAS39 Gripen it is Directorate System Integrity (DSI).  

5) Create Configuration - The process describes how a configuration is established and 

documented in a configuration basis for a product.  

 

Figure 16 SAAB Product Development Process [8] 
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2.4.10 The System Engineering Life Cycle Process  

The life cycle of the system engineering process needs to be understood as well as there are critical 

phases in the system engineering process. There are 7 generic steps in a system lifecycle as follows: 

1) Exploratory Research – In this stage industry studies new ideas and concepts, whereas in the 

military this is typically the user requirements phase. The main purpose here is to identify the 

necessary technological risks and to assess the technological readiness of the project. [4] 

 For the A-Darter development the user requirements came from the SAAF and Brazilian 

Air Force. (See Figure 17) 

2) Concept – The concept phase is the broadening of the previous phase of the lifecycle. This 

would be an in depth study that would evaluate the various concepts and eventually provide a 

substantiated system concept. Hardware mock ups and models may be produced. The risks, 

affordability, environmental impact, failure modes obsolescence and system disposal are looked 

at during this phase. [4] 

 The A-Darter missile typically followed this process and an Exploratory Development 

Model is produced here, at the end of this phase the Functional Specification (A-Spec) is 

established. In terms of the ARMSCOR processes this confirms the Functional Baseline 

(FBL) of the project. (See Figure 17) 

3) Development – This phase is where the detail planning is done, the system is developed and the 

system then goes through the verification and validation process. At the end of this process the 

system must be mature enough to be put into production. [4] 

 The A-Darter program followed the same process however ARMSCOR divides the 

process into two processes namely the hardware definition phase where the 

Developmental Specification (B-Spec) is produced and the Engineering Development 

phase, this is where the Product Specification (C-Spec) is established. During these 

phases the Advanced Development Model and Engineering Development Model is 

produced. During this period the Allocated Baseline (ABL) and Product Baseline (PBL) 

according to the ARMSCOR processes are also produced. (see Figure 17) 

 It must be noted that for the A-Darter integration on the JAS39 Gripen, the maturity of 

the missile had to be at least at the ABL. A stage after the ABL was defined as the 

minimum maturity level required for the missile integration. 

4) Production – This is where the product or system is produced and manufactured. The system 

during this phase may be affected by external factors namely cost of production or to enhance 

the system. This will require the system to be re-verified. [4] 

 At this stage the A-Darter is put into production. By this stage the integration effort is 

completed.  
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5) Utilization – The operator uses the system or product. In the case of the A-Darter it is the SAAF. 

6) Support – Support is a very critical phase in any system or product as those is the lifelong phase 

of the product. For the JAS39 Gripen it would be typically 30 years (missile it is typically 10 – 15 

years).  

7) Retirement – The important part of this phase is that the system or product is disposed of in a 

satisfactory manner that will not endanger the environment. 

It must be noted that the above mentioned elements may be tailored to the particular project. Figure 17 

shows the system engineering process that was followed during the A-Darter integration on the JAS39 

Gripen. It shows the various missile launches that are required for integration of the missile as well as 

the development of the missile. It must be noted that the integration period took place during the 

Engineering Development Phase. To begin the A-Darter missile had to be post the ABL, the release to 

service is also shown in Figure 17, which also falls within the Engineering Development phase. 
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Figure 17 The System Engineering Process Followed During the Integration [Appendix B] 
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2.4.11 Aerodynamic and Airframe Integration/Clearance 

 
During the integration it was very important to consider the airframe and structure, it was thus essential 

that initially a preliminary investigation was conducted to define any airframe and/or structural changes 

and clearly define the modifications and adaptations that are required. 

The physical fit and ground clearance were one of the main elements, this included testing the arming 

and loading of the A-Darter missile on the JAS39 Gripen, the mass properties of both the missile and the 

aircraft needed to be taken into consideration, the calculation of the Centre of Gravity (COG) of the 

JAS39 Gripen required recalculation due to the weight increase resulting from the mounting of the  

A-Darter missile. The mechanical interference between the missile and the aircraft was also an 

important aspect to be investigated. It must be noted that during the investigation the airworthiness 

aspect was one of the most critical items as during the investigation regular airworthiness reviews were 

held. [12] 

Wind tunnel testing formed an important part of the aerodynamic and airframe integration/clearance. 

This involved the designing and manufacturing of models (specifically for A-Darter) to be used in the 

wind tunnel testing. It was essential to document the baseline configurations. The wind tunnel testing 

concentrated on the loads and stores separation elements, thus a test program was specifically 

developed to cater for the execution of the wind tunnel testing with regards to the loads and stores 

separation. 

 

Figure 18 Typical Missile Model in a Wind Tunnel [G] 

For the complete aircraft/stores combination, ground and flight test activities were critical to assess the 

aerodynamic stability. This included investigating control data, Aerodata which included modeling the 

system in 6-Degrees of Freedom Model (6-DOF Model) as well as aerodynamic performance data. The 

design loads including static, dynamic and fatigue loads on the JAS39 Gripen pylon (Station 1) and 

missile needed to be also investigated. The investigation was a direct input to the wind tunnel testing 
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which lead to updates in the design loads; this in turn was an input to the ground / flight test 

requirements which finally lead to the definition of the final loads. [12] 

 

Figure 19 Load Definition Process 

The strength and stresses were also calculated, finite element models were created of the missile and 

the pylon to determine the interface loads. The finite element models were also used for the flutter 

analysis on the A-Darter. It was important to define the flight envelope as well as ground and flight 

vibration test requirements before the final flutter analysis. [12] 

The flying qualities of the aircraft and stores combinations for ground and flight test activities were also 

conducted to verify the actual configuration of the A-Darter missile. The verification used simulators 

such as “ARES” and the Gripen SYSIM (System Simulator) for the actual configuration of the A-Darter 

missile. [12] 

The separation of the A-Darter missile was also important, thus an analysis was required. The analysis 

was also an input to the wind tunnel test requirements. Aerodata from the aerodynamic performance 

was implemented into the separation models for the analysis, this then led to the final flight test 

separation and analysis. 

Analysis was also done on the disturbance that will be caused by the A-Darter missile on the JAS39 

Gripen, thus the characteristics of the rocket motor was investigated together with the external 

operating environment and climate. 

As described before airworthiness and system safety was one of the most important requirements. A 

hazard analysis, fault tree analysis, Failure Mode Effect and Criticality Analysis (FMECA) was the core of 

the airworthiness and system safety analysis. 

 

2.4.12 Software Development and Testing 

 
The integration called for several systems’ software to be updated, reviewed and even for new software 

to be produced. The System Management Unit (SMU) and System Computer (SC) were two such critical 

systems that required the software to be looked at. Verification of the software was mainly done 

through the SYSIM. Apart from the SMU and SC the following systems needed software developed: [12] 

1) Control and display 

2) Radar – For target actuation 

3) Inertial Navigation System (INS) 
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4) Functional Monitoring e.g. definitions of warnings 

5) Built In Test ( BIT) – Integration into the SC and SMU 

6) Maintenance Data Recording 

 

2.4.13 Integrated Logistics 

Logistics forms an essential part of any project; in the case of the A-Darter integration on the JAS39 

Gripen this was no different. There were four main Logistic Support events required, these are shown in 

the diagram below: [12] 

 

Figure 20 Integrated Logistics Support Diagram 

 Maintenance Planning – This included of all Logistical requirements as well as Ground Support 

and Test Equipment (GS&TE). 

 Spares Engineering – Spares was also an important aspect and is very closely linked to the 

maintenance planning, the requirement here was to analyses the spares requirement and 

update the original spares calculation. 

 Technical Publications – This included updates specific to the maintenance plan and turn around 

instructions. 

 Training - This includes specific training that is required due to the integration, this included 

training of the SAAF maintenance technicians. 
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2.4.14  Delivery and Event Schedule 

To conduct the integration program it was essential that a delivery and event schedule be developed. 

The delivery and event schedule for the A-Darter integration directly correlated to the maturity reviews 

that were held, thus the schedule defined sub-sections of the integration that could be done during the 

development process of the A-Darter missile. The purpose of inserting the delivery and event schedule is 

to indicate what tasks needed to be completed (by Denel Dynamics) before integration on the aircraft 

takes place, it also shows the logical flow of the events/tasks that took place. This is an example of a 

management tool that was used during the program. 

 

Table 5 Delivery and Events Schedule [12] 

Integration with Aircraft    Task that needed to be complete 

Separation Analysis 

 

Input data for separation simulations 

Missile information / data for wind tunnel model design 

 

 

Interface Control Document ( ICD ) containing: 

Mechanical Interface General drawings with information about mass, mass distribution center of 
gravity, mass-moment of inertia, stiffness, geometry and exterior 

Electrical Interface 

 

Signal and data bus interface requirements specification, incl. missile 

Power loading profiles for all used missile variants 

Functional interface Priming data definition (1553 messages) 

Static/structural integrity – Static 
strength 

Load carrying structure drawings, (incl. definition of material mechanical 
properties), for all used missile variants 

 

Missile Simulator Specification / Description 

 
 

 

Tactical utilization Algorithms / Data for SAAB computation of launch zones 
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Aero elastic effects Statement that the missile is flutter free in itself 

 

 

 

The follwing was required before every test missile delivery: 

Integration Test and Evaluation -  
Simulation Models and Data 

Splash Patterns / Footprints for Launch Cases 

Aero elastic effects 

 

The A-Darter Finite Element models for all used missile variants 

Ground vibration test report, representative for all used missile variants 

System Safety 

 

Test Missiles Safety Reports 

Transport, Safety Handling and Storage Documentation 

Airworthiness Certification Airworthiness Certification Reports 

Integration Test and Evaluation – 
A- Darter Test assets 

Test Assets Specification /  Configuration Definition 
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2.5 Simulations and Modeling 

For the integration, the aerodynamics and the mass and balance of the missile had to be frozen very 

early in the program. Separation trials were done in the wind tunnel with models during this stage. For 

the mass and balance a dummy missile was created and the physical fitment on the aircraft was tested. 

The next steps in the process was done using simulators at SAAB, this was a three step process: 

[Appendix A] 

 Communication via the 1553 Bus was tested together with all the avionics. 

 The next step was to put the missile on a launcher (No Aircraft) and then test the avionics. 

 The last simulation was to put it on a mockup of the aircraft itself (at SAAB). 

After the above mentioned was complete, Denel Dynamics produced a System Avionic Test Missile 

(SATM 1), this was only for rig tests purposes only, hence it was done on the ground with the aircraft 

avionics. [Appendix A] 

The next missile was the SATM 2 which is produced for airworthiness purposes, two missiles were 

developed here.  

Finally an environmental missile was produced, this was to validate the stringent requirements that 

SAAB had imposed on the missile in terms of vibration. Although separation missiles tests were done, 

these were not on the critical path for the missile integration program. 

It must be noted that modeling and simulation played a very critical role in the integration process, as a 

lot of work was done by modeling and simulation before the missile was actually put on the aircraft. 

Modeling, simulation, and prototyping design can significantly reduce the risk of failure in the finished 

system. These techniques enable the development of complex and costly enabling systems, such as a 

flight simulator or a high‐volume production line, that allow validation of the system’s concepts or 

supports training of personnel in ways that would otherwise be cost prohibitive. [4] 

Systems engineers use modeling and simulation on large complex projects to manage the risk of failure 

to meet system mission and performance requirements. This form of analysis is best conducted by 

subject matter experts who develop and validate the models, conduct the simulations, and analyse the 

results. [4] 

As noted before modeling and simulation played a big role in the A-Darter integration program. Apart 

from the abovementioned simulations and modeling done at SAAB, wind tunnel testing was used 

extensively for the aerodynamic and airframe integration/clearance. The SYSIM that is located at SAAB 

also played an important role in the integration program. The SYSIM is a simulator that has all the 

avionic components that would typically be in a JAS39 Gripen, hence the avionics interfaces and 

integration used this simulator extensively. Apart from the SYSIM various other Computer Aided Design 

(CAD) models were used to characterize the missile during flight.  
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2.6 Flight Test Planning and Execution 

Flight test forms the pinnacle of any integration exercise; certain basic resources need to exist in order 

to do a flight test. The most important element is of course a test aircraft that is configured correctly; it 

must be airworthy and must of course have the applicable missile/stores for the sortie. Apart from the 

test aircraft the following is required: [11] 

 Hanger for the aircraft 

 Test range (In the case of the A- Darter program the Overberg Test Range in Bredasdorp was 

used) 

 Fuel  

 Pilots 

 Mechanics and technicians 

 Search and rescue 

 Chase or target aircraft 

 Aircraft telemetry resources 

 Data reduction/evaluation resources for post analysis of flight test data 

Two main flight tests were done for the A- Darter integration, the first were the separation trials and the 

next ones were the live firing trials. There were basic requirements that had to be in place for each of 

the tests. The first was that within the test range a danger area must be established, there must also be 

guidance and count-down from the mission commander with a ground based real time tracking system. 

What is important as well is that in any trial one must have external optical tracking of the missile after 

it has been launched. It is also useful to have a photo/safety chase aircraft and high performance 

cameras to keep record of the flight. 

When doing live firing trials there are pre-launch trials which have to be done first, the requirements are 

very similar to the abovementioned requirements for the separation trials however the following critical 

elements are also required: [11] 

 A flying target equipped with an Infra-Red (IR) source and radar amplifier. 

 A live firing test missile loaded on the aircraft. 

 An external real time tracking of the missile trajectory after launch. 

 An external trial time tracking of the target. 

 The chase aircraft must also be tracked externally for safety reasons. 
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 For analysis after the launch the target must also be tracked externally. 

For integration program the following sorties were required: [Appendix B] 

 Carriage Clearance (including electrical and mechanical interface to the aircraft and to 

determine a flutter free speed, altitude and wing loading envelope) 

 Separation Clearance (to determine a safe separation envelope in terms of speed, altitude and 

wing loading) 

For missile development the following sorties were required: [Appendix B] 

 Missile performance sorties (Programmed) – Without Warhead 

 Missile performance sortie (Against Target) – With Warhead 

 Environmental sorties (environmental test missile) 

Apart from the abovementioned flight tests/sorties required for integration, initially in the development 

program a lot of ground tests are done. This is a risk reduction mechanism as early in the missile 

development relatively little is known about the missile behavior and performance. It must also be 

noted that simulations are used extensively throughout the development and integration programs, this 

also helps to reduce the risks. 
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2.7 Section Summary and Conclusion 

This concludes the section titled “Literature and Program Review”, this section was essential in 

understanding the various steps that are required in an integration program; the comparison between 

the theoretical and practical elements can be seen. It also highlighted the SOW that was used during the 

A-Darter integration program on the JAS39 Gripen. From the review it is evident that there was a 

structured approach to the integration program, this was evident from the initial contract to the 

management structures that were put into place.  

The system engineering approach was also essential in the program, one cannot afford not to take such 

an approach especially considering the complexity of the various technologically advanced systems that 

need to communicate with each other and that needed to be integrated together, this consisted of the 

initial physical fitment trials, the software considerations, the aerodynamic and airframe considerations 

and finally the ground and flight tests. 

Throughout the program it was evident that airworthiness was always an essential consideration and 

was given priority. 

One highlight of the program was the use of models and simulators, in a military environment with a 

limited budget the use of models and simulators in an integration program is extremely important. This 

is not only from a cost perspective, it also has an effect on the length of an integration program (i.e. 

shortening it), and it also has an effect on the identification of risks, which can be mitigated earlier. 

The diagram below shows a flow chart of the integration process that was followed during the program. 

It describes the steps that were taken from the initial contract placement to the release to service. It 

must be noted that the System Engineering Process as well as Program Management are not strictly part 

of the program; however they are essential inputs to the process. If one compares this with the SAAB 

PDP process (Figure 16), there are many similarities that can be drawn, it is however not surprising as 

SAAB was part of the integration program. 

 

Figure 21 Integration Program Flow Chart 
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3 Risks during the Project 
 

One of the major activities in any project is to manage risk in the project, in the military environment 

projects risks are great due to a high percentage of the project being technologically challenging. Risks 

can be predictable, unpredictable or sometimes completely unforeseen. The cause of the risks might be 

physical, political, economic, commercial or even operational in nature. [6] From a procurement point of 

view and managing the project, it is essential that the following steps are taken, when dealing with risks 

on a project: [5] 

 Risk Management Planning – deciding how to approach and plan the risk management activities 
for a project 

 Risk Identification – determining which risks might affect the project and document their 
characteristics 

 Qualitative Risk Analysis – perform a qualitative analysis of risk and conditions to prioritize their 
impact on the project 

 Quantitative Risk Analysis – estimate the probability and consequences of risks and 
consequences of risks and estimate the implications for achieving the project objective. 

 Risk Response Planning – develop procedures and techniques to enhance opportunities and 
reduce threats to the project’s opportunities 

 Risk Monitoring and Control – monitoring residual risks, identifying new risks, executing risk 
reduction plans, and evaluating their effectiveness throughout the project lifecycle. 

 Create and Maintain a Risk Management Data Bank – a permanent record of identified risks, 
methods used to mitigate or resolve them, and the result of all risk management activities. 

In the A-Darter integration onto the JAS39 Gripen there were many risks to overcome, however the 
advantage that the project team had was that they identified risks early on in the project and thus they 
were mitigated before they became a problem, below are examples of major risks that the project 
faced, as well as how they were solved: 

Note: The basis for the following section of the mini dissertation was the interviews conducted with 

people who were instrumental in the success of the project. (Please refer to appendices for the full 

interview) 

3.1 Electrical Power and Data Communications between Aircraft and Missile 

One of the most important things to consider in any integration program is the electrical power that 

must be supplied to the new equipment as well as the data communication between the two pieces of 

equipment.  
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With regards to the A-Darter integration on the JAS39 Gripen this posed one of the biggest risks in the 

project. It was important that the integration followed certain standards and was certified to the 

standards; in the case of the A-Darter integration onto the JAS39 Gripen, MIL-STD 1760 was used for the 

electrical interconnection between the aircraft and stores. The aim of the standard is to develop aircraft 

that are compatible with a wide variety of stores and stores that are compatible with a wide variety of 

aircraft. The standard supports this goal by defining a standard electrical (and fiber optic) 

interconnection system for aircraft and stores thus minimizing the impact of new stores on future stores 

management systems, and increasing store interoperability among the services. [7] 

Two important aspects that the standard specifies are the power requirements and the data bus logic 

requirements. The data bus logic follows MIL-STD 1533B which defines the bidirectional centrally 

controlled data bus designed for military aircraft. [10] The table below is the power requirements as 

stipulated in MIL-STD 1760. 

Table 6 MIL-STD 1760 Power Specification [7] 

Primary DC (Direct Current) Power 28V DC (10 A) 

Primary AC (Alternating Current) Power 3 phase 115V AC (10 A) 

Auxiliary DC Power 28V DC (30 A) 

Auxiliary AC Power 3 phase 115V AC (30 A) 

 

In the A-Darter integration process the power supply and connectors did not meet the right 

specification. The project team were thus faced with two options, the first was that the aircraft 

hardware needed to be changed in order for there to be sufficient power or the second option was to 

reduce the missile performance and thus would need a missile modification.  

After negotiation with SAAB and Denel Dynamics a decision was taken to design a new power supply 

and connectors that would adhere to MIL-STD-1760. This mitigation was necessary as it meant that the 

missile would not have to be modified and it could be used in its full envelope. 

3.2 Flight Test Challenges and Risks 

One of the major challenges when it came to the flight tests was to get all the necessary resources in 

place, this includes all CFE, the range, various members of industry and of course the missile and 

aircraft. 

The other major risk when it came to the flight tests, especially with a missile that is in development is 

the maneuvers that needs to be done when it comes to the separation tests, as the separation tests test 

the extreme envelope of the missile, this poses a challenge for the pilot.  
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The missile as it is still in development can also act in a manner that is unpredictable, hence a safety 

footprint is defined, and this is an area in the testing range which is considered “safe” to test the missile 

and will not cause damage to property or life. However if the missile does go outside of this defined area 

or safety footprint the mitigation was to destroy the missile, hence the missile has a self-destruct 

feature which can be can be initiated by the ground crew. 

One of the other challenges was as the integration and development program used two different 

aircraft, namely the JAS39 Gripen and Cheetah aircraft respectively, this coupled to the flight test 

required for the main JAS39 Gripen Acquisition program placed a lot strain on the amount of personnel 

at TFDC to be available and support the flight tests. This was mitigated by prioritizing the flight tests and 

scheduling them in a manner that optimize the use of the personnel. 

3.3 Vibration Risk 

Due to the nature of the program, technical risks were always a challenge. Denel Dynamics as the missile 

manufacturer had to comply with several very stringent requirements that SAAB prescribed for the 

integration, these requirements posed a risk to the project one example of this was SAAB’s very 

stringent / high vibration requirement. This requirement if not met, would have meant that the 

envelope that the missile could be flown in would have to be reduced. 

 

The approach that Denel Dynamics took to mitigate the risk was a two phased approach, the first was to 

test and validate the specification given by SAAB, and this was in order to reduce the very high vibration 

specification given by SAAB. The next was to introduce higher design goals for the A-Darter missile from 

a Denel Dynamics side. The result of this mitigation technique lowered SAAB’s requirement and raised 

the A-Darter tolerance for vibration, thus resulting in a specification that was acceptable to both parties 

(as seen in the diagram below) and ensuring that the full enveloped of operation of the missile remained 

valid. 

 

Figure 22 Vibration Requirements Diagram 
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3.4 Cooling Gas 

One of the risks that were not directly related to the integration program was the cooling gas required 

to cool the missile seeker head. During the initial stages of the program it was discovered that the 

cooling gas that was supplied did not comply with the correct purity levels, this would have had an 

impact on the performance of the missile in terms of how far the missile would be able to detect a 

target.  

The only mitigation for this was to ensure that whole gas supply system is purged before use, hence 

reducing the chances of having contaminated gas. 

 

3.5 Main Programme Risks 

From the onset of the program the major challenge was the technical challenge as the A-Darter is a 5th 

Generation missile and the Gripen is a 4th Generation fighter. Both of the systems are very 

technologically advanced. Thus the challenge here was working with these high technology systems and 

integrating them. Since the A-Darter was also a so called “paper design” and still had to be developed, 

this added to the challenge in the program. This was mitigated by introducing maturity reviews which 

served as a risk mitigation tool for SAAB. Various reviews were held during the integration program, this 

was to assess the development of the A-Darter program and to identify problems so that it could be 

solved early in the project. 

 

One of the major risks was the timescale risk; this was a result of the development program of the 

missile. It must be noted that the software that was used for the integration was developmental 

software and thus was not certified. The mitigation was to involve SAAB personnel as much as possible, 

hence there was a strong technical team. The other mitigation was to also follow SAAB procedures 

throughout the integration program, real time monitoring was also used in the form of an instrumented 

missile and instrumented aircraft to analyze and monitor the various flight test that were performed in 

the integration. 

 

The risk of missile hardware not being ready in time was also a risk in the program. This was mitigated 

by concentrating efforts that were pertinent to the integration i.e. rocket motor, the shape of the 

missile, the balance etc.  Hence this ensured that elements that were needed for the integration on the 

aircraft were ready in time. Elements like the seeker head which had very little impact on the on the 

integration was left to be completed after the integration program.  

There were also challenges related to the geographic location of the various teams, namely between 

Sweden (SAAB) and South Africa (Denel Dynamics). Communication between the two parties was thus 

essential and this was seen as a risk, thus to mitigate the risk a secure network was established between 

SAAB and Denel Dynamics so that they could communicate freely, as well a non-disclosure agreement 

was also put into place as to the level of discussion that would take place between the parties e.g. 
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elements pertaining to cost and schedule changes must have the involvement of ARMSCOR 

management. 

One of the other challenges was the management of resources especially in Denel Dynamics. It was 

essential to ensure that equal priority was given to both the development (Pressure from Brazil to 

complete the project) and the integration (pressure from SAAB) programs; if one of them were favored 

this would have meant it would have had a detrimental effect on the other program. 

3.6  Section Summary and Conclusion 

The A-Darter integration onto the JAS39 Gripen was inherently challenging from the onset, not only 

from a project management point of view where the schedule of the program was tight,  but also from a 

technologically point of view, this coupled to SAAB’s stringent environmental requirements really put a 

lot of pressure on the people involved in the program. Fortunately for the program these risks were 

identified early, hence there was time to mitigate the problem.  

One success factor in the program was the maturity reviews that were held by SAAB, this not only gave 

the SAAB integration team a status on the missile development, but also was a risk mitigation tool. 

It is important to acknowledge the various project teams that worked on the integration program (SAAB, 

Denel Dynamics and ARMSCOR), it is thus due to them and the communication and teamwork they had 

together, that the risks were mitigated. 
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4 Comparison with other Projects 
 

4.1 Hellfire Missile System (MHS) 

To find an integration program that was similar to the A-Darter and JAS39 Gripen was difficult however 

one integration program was found and that was the integration of the AGM114 Hellfire missile system 

and FLIR/Laser on the SH-60 Seahawk Helicopter. Even though the comparison is made with a 

helicopter, the various integration aspects in terms of the integration program are similar. [9] 

It must be noted that at the start of the integration program the missile was fully developed, this was 

the major difference between the A-Darter missile integration program and the Hellfire missile 

integration program. [9] 

The hellfire missile is a laser guided missile designed for use against hardened points. It is normally used 

in air-to-air roles against helicopters, surface to air and surface to surface roles against ships and 

bunkers. [9] 

 

Figure 23 AGM-114B- Hellfire Missile [9] 

The integration program also had to comply with MIL-STD-1760 [7] and had to also follow the bus logic 

of MIL-STD-1553 [14], this is exactly the same as the A-Darter integration; however, no problems 

relating to the connections and shortage of power were experienced. [9] 

The integration program of the Hellfire missile on the SH60 Seahawk was a two phase program 

approach. The first of which was the Technical Feasibility Phase, during this phase the following was 

done: [9] 

1) Ground Vibration tests 

2) Ground missile Firing Tests 

3) Aircraft Structural Compatibility 
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4) The separation characteristics were investigated 

5) Aircraft structural compatibility and separation characteristics 

6) Flight tests were conducted including carriage and separation flight tests 

It was evident throughout the abovementioned phases that simulations were used extensively, 6 DOF 

models were also created. The A-Darter integration program also followed a similar path where 

simulations and computer based programs were used extensively to characterise the missile and to see 

how it would behave. [9] 

During the 2nd phase which was the integration, simulations were also used. The modelling tool called 

Laser Designator Weapons Systems Simulator (LDWSS) was used to simulate launch conditions and 

various engagement scenarios. During this phase environmental data was also collected to accurately 

determine the conditions in which the missile would be flying. The program also looked into 

Electromagnetic Compatibility (EMC) to identify problems/ vulnerability relating to electromagnetic 

radiation. [9] 

Considering the above mention integration and comparing it to the A- Darter integration program, many 

similarities can made between the integration programs. The first is that simulations were used 

extensively on both projects, hence in the modern environment this is critical as it not only a cost saving 

tool but it can reduce the risks on programs. The various missile tests that were done are also similar to 

the A-Darter integration e.g. ground tests, environmental tests, carriage clearance and separation tests 

etc.  

Considering the time period it took for the two integration programs the HMS took 3 years [9] where as 

the A-Darter integration also took just over 3 years, there is one major difference between the two 

programs and that is the fact that A-Darter was a missile that was still in development and the hellfire 

missile was already developed. Thus the fact that the programs took roughly the same time is 

significant. This just showed the effort that went into the A-Darter integration program. To save time on 

the parallel program some developmental work that was not directly related to the A-Darter integration 

program was left to the end. It must be noted that also on the missile integration only certain parts 

could be integrated at certain periods, thus the time schedule was very tight, this shows the 

commitment of the project teams and their commitment in working together. As discussed in the 

previous section risks associated with the A-Darter program high and this just shows that the A-Darter 

integration program was a very unique program. 

 

 

 

 



SYSTEMS INTEGRATION ASPECTS OF A 5TH GENERATION MISSILE: A CASE ANALYSIS  

KETAN MOTI - 920401961 

 54 

5 Recommendations / Lessons Learnt 
 

Note: The basis for the following section of the mini dissertation was the interviews conducted with 

people who were instrumental in the success of the project. (Please refer to appendices for the full 

interview) 

One of the lesson that can be taken from the integration program was that a parallel program in which 

the missile development and integrated takes place at the same time can be advantages to the missile 

developer as all the various requirements can be identified early on in the project and thus can be 

incorporated into the missile, this saved Denel Dynamics time and money. 

However if one wants to run a program that is “less riskier” the integration program should be paced in 

a manner that the integration is determined by the missile development and not the other way around. 

As in the integration program with SAAB, the missile development followed the integration schedule set 

by SAAB due to their Gripen production obligations, and thus did not follow a “natural” process. Hence 

in an integration program the missile development schedule should lead the integration effort.  

One of the significant positives was the contracting model (Associated Contractors Agreement (ACA)) 

that was used, where both parties namely Denel Dynamics and SAAB were contracted independently 

through ARMSCOR, this enabled both the contractors to work on technical issues and not be bothered 

with contractual or commercial issues between them, this contracting model enables the contractors to 

be open with each other, which created an environment where small risks on the project were solved 

between the parties without the involvement of ARMSCOR. As a result of the success of this model, the 

integration of A-Darter missile on the Hawk fighter aircraft is foreseen to be done in the same manner. 

 

 

Figure 24 Contracting Model between Stakeholders 

 

The A-Darter and JAS39 Gripen can be divided in various projects, the first was the procurement of the 

JAS39 Gripen, the next was the development of the A-Darter missile and the third was the integration of 
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the Missile on the aircraft. If one looks at the various projects there was not a single nodal point for 

these projects. Hence a recommendation would be to have one nodal point / co-ordination point that 

would ensure that smooth running of operations, especially when it comes to coordinating and 

scheduling flight tests and allocating resources for the various projects. 

If one has to do a parallel program opposed to a series program, sufficient work needs to be done up 

front. If a parallel program is done and if key criteria are fixed, this could lead to the detriment of the 

program, as this leaves very little flexibility to maneuver. Hence it is advantages to have a parallel 

program while an aircraft is still in production (like the JAS39 Gripen was) and have a missile still in 

development as one can accommodate changes that may be required. However if one chooses the 

route of a parallel program, you must have an experienced program manager and systems engineer, 

who are accountable, flexible to accommodate changes and who will maintain the ultimate goal. 

In hindsight one could also say that if the Cheetah aircraft were retained until the end of the 

development of the A-Darter missile, this would have mitigated some of the risks that needed to be 

overcome during the program.   

In conclusion there are several lessons that can be learnt from the A-Darter integration program, it is 

essential that these lessons are carried over to future projects, including projects that do not have a 

parallel development and integration program i.e. the integration of A-Darter on the Hawk fighter 

aircraft.  

It must be noted that the risks associated with a parallel program are much higher than when the 

integration is done after missile development. Thus there needs to be an analysis done on the feasibility 

of doing a parallel program, the risks, advantages and disadvantages must be considered. This must also 

be done objectively. The use of a decision tool can help in this regard e.g. a weighted criteria matrix. As 

such a matrix is a decision supporting tool allowing the decision maker to solve a problem by evaluating, 

rating and comparing different alternatives on multiple criteria. [L] 
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6 Conclusion 
 

The integration of the A-Darter missile on the JAS39 Gripen was a successful project for a number of 

reasons. The first being the initial foundation that was laid by the contract between ARMSCOR, SAAB 

and Denel Dynamics. The statement of work also was an important part of the integration program and 

it was important that the various elements needed to be considered. It was evident throughout the 

integration program that airworthiness was critical.  The use of modeling and simulation also played a 

part in the program which enabled the team to save costs and time, this included wind tunnel tests, 

using dummy missiles as well as the simulators at SAAB. 

The importance of the various missile tests were also highlighted, namely the separation tests, carriage 

clearance tests, SATM’s and Environmental Test missiles were discussed. 

It was also essential to manage risks in the program, the introduction of risk mitigation tools such as 

maturity reviews helped identify risks early so that they could be mitigated. Major risks such as the 

adherence to MIL-STD 1760 and the strict vibration requirements were identified early in the project 

and were thus mitigated. 

There were several lessons that were learnt from this program and this could serve as a basis for any 

future integration program that could take place in the future. One of the positives was the Associated 

Contractors Agreement (ACA) which enabled the parties (Denel Dynamics and SAAB) to work 

constructively towards one goal. Lessons could also be learnt from the flight tests planning and resource 

allocation. 

The comparison of the Hellfire Missile System and the A-Darter were also compared, one could see the 

similarities in the programs, and one definite comparison was the use of modeling and simulation, which 

the A-Darter program used extensively as well. 

One of the things that can be learnt is that if one has a parallel integration program, the risks are much 

higher, however the cost associated with the program are lower, this should be weighed against a 

“normal” program (integration after missile development) and a decision needs to be made as whether 

the benefits of the parallel program out weight the risks. To make such a decision one should use a 

decision tool such as a weighted criteria matrix, to objectively weigh the advantages and disadvantages. 

However it is also reality that many of the decisions are politically and/or strategically driven and hence 

the decision is made on this basis.  

There were a few things that led to the success of the program, the first one was that major risks were 

identified early on in the program, this is essential and critical to the success of any integration program 

or any program in general that risks are identified early so that they can be mitigated early, this ensures 

that a program stays within budget and schedule. The other success factor was that planning for the 

program was done in detail, including a detailed statement of work; this directly influenced the 
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identification of risk as well as defined the various elements in the integration program right down to 

sub system level. Finally a strong management team was also in place. The A-Darter integration team 

had all the above mention elements, hence resulting in the success of the program. 

From the beginning it was evident that the missile and fighter aircraft were two highly sophisticated 

systems, each having their own challenges to overcome. Integration of such highly technologically 

advanced systems thus poses great challenges, not only from a technological point of view but even 

from a management point as well. The integration program team overcame all these challenges and 

thus the program was a unique and successful one.  
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Name: Marcus de Jong 

Role in Project: Denel Dynamics Chief Program Manager: A-Darter Integration on the JAS39 Gripen 

Name: Justin Mann 

Role in Project: Denel Dynamics Systems Engineer: A-Darter Integration on the JAS39 Gripen 

Date: 23 September 2011 

Background of the parallel program: 

Marcus/Justin: 

The South African DOD/ARMSCOR started a number of technology projects in the mid 90’s related to 

technology for new generation Short Range Air-Air Missile (SRAAM). These technology programs aimed 

at establishing South African local capabilities for new generation SRAAM.  These technologies would 

eventually be used in the A-Darter missile system. 

In 2000 the SAAF approved an operational requirement for a 5th Generation SRAAM and Staff 

Target/Staff Requirement for the acquisition of a 5th Generation SRAAM was approved in 2001 under 

SAAF Project KAMAS. The SAAF Staff Target/Staff Requirement aimed at procurement of the new missile 

system as military off the shelf. 

After negotiations between South Africa and Brazil, the South African Minister of Defence signed a 

single source agreement for the acquisition of the Denel Dynamics A-Darter SRAAM, to be jointly 

developed between South Africa and Brazil. The A-Darter missile was not military off the shelf and a full 

scale development program was required to finalize the missile design and perform missile qualification.  

As Project KAMAS did not include missile development, South African DOD Project ASSEGAAI was 

established for the development of the A-Darter Missile. Once developed, Project KAMAS would be 

responsible for procurement of the missiles into SAAF stores and the integration on the Hawk aircraft.  

Project Ukhozi (Procurement of the JAS39 Gripen) was be responsible for the integration of the A-Darter 

onto the JAS39 Gripen aircraft of the SAAF.  

At the start of Project ASSEGAAI (end 2004) the SAAF Cheetah aircraft was selected as the platform for 

the A-Darter Missile development programme; at that stage the SAAF planned to phase out the Cheetah 

system by 2012 and this planning allowed sufficient time for the five and a half year A-Darter 

development programme.  The Cheetah platform would be used for air-launched missile development 

tests as well as instrumentation Pod / Missile-in-Pod captive carriage type tests.  However, in 2006 the 

SAAF made a decision to phase out the Cheetah System by 2008 as it was not economically feasible to 

operate the Cheetah and Gripen system concurrently.  After much deliberation and 

technical/cost/schedule trade-offs is was decided to use the JAS39 Gripen aircraft for air-launched 

missile development tests and to contract industry (Denel Aviation) to maintain two flying Cheetah 
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aircraft for captive carriage POD type testing in the A-Darter development programme.  This 

necessitated an early start of the A-Darter/Gripen Integration programme  

   

What was the logical flow of events in the program? 

Marcus/Justin: 

For the integration the aerodynamics and the mass and balance of the missile had to be frozen very 

early in the program. Separation trials were done in the wind tunnel with models during this stage. For 

the mass and balance a dummy missile was created and the physical fitment on the aircraft was tested. 

The next step in the process was done in the simulator which was a three step process: 

 Communication via the 1553 Bus was tested together with all the avionics 

 The next step was to put it on a launcher (No Aircraft) with the avionics  

 The last simulation was to put it on a mockup of the aircraft itself (at SAAB) 

After the above mentioned was complete Denel produced a System Avionic Test Missile (SATM 1), this 

was only for rig tests purposes only, hence it was done on the ground with the aircraft avionics. 

The next missile was the SATM 2 which is produced for airworthiness purposes, two missiles were 

developed here.  

Finally an environmental missile was produced, this was to validate the stringent requirements that 

SAAB had imposed on the missile in terms of vibration. Although separation missiles tests were done, 

these were not on the critical path for the missile integration program 

Challenges/risks on the program 

Marcus/Justin: 

1) From the onset of the program the major challenge was the technical challenge, as the A-Darter 

is a 5th Generation missile and the Gripen is a 4th generation fighter. Both of the systems are very 

technologically advanced. Thus the challenge here was working with these high technology 

systems (new to South African industry) and integrating them. Since the A-Darter was also a so 

called “paper design” and still had to be developed, this added to the challenge in the program. 

 

2) Geographical challenges – As the A-Darter was developed in South Africa and the JAS39 Gripen 

comes from SAAB (Sweden), this was a challenge right from the beginning. The challenge was 

not only geographical but also cultural. The Denel Dynamics team needed to become used to 

SAAB way of doing things as well as their processes and procedure. The other challenge when it 
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came to SAAB was that because the contract was placed through ARMSCOR, one had to work 

through ARMSCOR during the project, thus communication played a vital role. 

 

3) Compliance to MIL-STD-1760 was a major risk on the program, the power that was available 

from the aircraft and the connectors were not as per the requirements of MIL-STD-1760. This 

would have meant that either the missile would not work or that the missile had to be modified. 

However the mitigation was that negotiations took place with SAAB and it was concluded that a 

new power supply and connector will be installed in the aircraft; hence the missile would not 

have to be modified. 

 

4) As indicated above technical issues were the most challenging in the program. Denel Dynamics 

had to comply with several very stringent requirements that SAAB prescribed for the 

integration, these requirements posed a risk to the project one example of this is as follows: 

 

 SAAB prescribed a very stringent / high vibration requirement for the missile. This 

requirement if not met, would have meant that the envelope that the missile could be 

flown in would have to be reduced. 

 

 The approach that Denel Dynamics took to mitigate the risk was two sided; the first was 

to test and validate the specification given by SAAB during captive carriage flight trials 

with an instrumented test missile, in order to potentially reduce the very high vibration 

specification given by SAAB by measuring the actual environment to establish a 

validated specification for the A-Darter missile on the Gripen. The next was to introduce 

higher design goals for the A-Darter missile from a Denel Dynamics side. The result of 

this mitigation technique lowered SAAB’s requirement and raised the A-Darter tolerance 

for vibration, thus resulting in a specification that was acceptable to both parties (as 

seen in the diagram below) and ensuring that the missile can be cleared to operate in 

the full flight envelope of Gripen aircraft (i.e. no flight envelope restrictions) 
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Figure 25 Requirements Diagram 

Several other smaller risks were also identified as follows: 

 Mechanical interface – this was done early on and it was concluded that the launch shoes 

needed to be modified. 

 Structural integrity – the risk was that the loads could be higher than initial design, hence this 

was assessed very early on in the program, the loads were discovered to be higher and thus a 

redesign was implemented. 

 EMC incompatibility – this related to lightening protection on the Ignition Safety Device. The 

mitigation for this was that an investigation/analysis was done and a modification was 

implemented. 

Stakeholders 

Marcus/Justin: 

From a Denel Dynamics point of view there were many stakeholders in the project from a development 

side, the requirements came from the SAAF and Brazilian air force. The SAAF required if for the JAS39 

Gripen and the Brazilian Air Force needed it for their F5’s. There were also requirements that needed  

A-Darter to be integrated on the Hawk and SAAB had integration requirements. It is also important to 

realize that Denel Dynamics also had ARMSCOR as one of the stake holders. Hence the challenge was to 

collectively satisfy the requirements from all parties these included contractual and 

technical/operational requirements for 3 different fighter aircraft. The figure below shows the various 

stakeholders as well as their inputs to the development of the A-Darter Missile. 
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Figure 26 Stakeholders Diagram 

What was the purpose of the Maturity reviews? 

Marcus/Justin: 

The main aim of the maturity reviews was that it served as a risk mitigation tool for SAAB and the Gripen 

project team. Various reviews were held during the integration program, this was to assess the 

development of the A-Darter missile program and to identify problems so that it could be solved early in 

the project, 

Lessons learnt/Recommendations 

Marcus/Justin: 

One of the lesson that can be taken from the integration program was that a parallel program in which 

the missile development and integrated takes place at the same time can be advantages to the missile 

developer as all the various requirements can be identified early on in the project and thus can be 

incorporated into the missile, this saved the company time and money. A few examples of this were: 

1) During the integration programme, a risk of missile – aircraft launcher collisions was identified 

due to various technical reasons. One of these was that the design of the missile Thrust Vector 

Control (TVC) covers was initially marginally too wide for adequate clearance between the TVC 

covers and the aircraft launcher.  This would not have been picked up without the detail analysis 

that is performed during an integration programme and could have had major cost implications 

for missile redesign later in the development programme; or serious limitations could have been 

imposed on the missile launch envelope. 
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2) The initial Denel Dynamics missile design loads were not adequate for captive carriage and 

launch clearance on Gripen from a structural strength point of view.  The design of the missile 

hangars had to be changed to allow for additional structural strength margins.  If the 

requirement for a design change was not identified early in the development programme, it 

could have had major cost implications for missile redesign once the missile have been qualified; 

or serious flight limitation could have been imposed on the missile carriage and launch envelope 

on Gripen. 

On the other hand, the missile was still in development when the A-Darter/Gripen integration 

programme ended.  Design changes to the missile are now controlled by the design boundaries that 

were set for missile compatibility and clearance on the Gripen aircraft. This places limitations on the 

development project to solve technical missile problems where re-design might affect the aircraft 

clearance. If missile design changes are however unavoidable, the clearance on the aircraft might be 

affected and a part of the aircraft integration clearance activities might need to be performed again.  

Also, the missile performance models that reside inside the aircraft have not been validated by the 

missile development programme and could be under/overestimated (e.g. dynamic launch zone model). 

This could lead to operational discrepancies for the SAAF and aircraft software updates might be 

required in future to update the missile performance models.  

It is clear that there are advantages and disadvantages to a “parallel” approach.  These factors should be 

well understood and trade-offs should be made for each programme in order to find the best approach.   
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Name: Bill Foxcroft 

Date: 23 September 2011 

Role in Project: ARMSCOR Program Manager: A-Darter integration on the JAS39 Gripen 

Background of the parallel program: 

Bill: 

It is important to understand the process that was followed before the A-Darter integration started, the 

figure below shows the system engineering process that was followed for the A-Darter missile. It must 

be noted that that during the first two steps of the process (Concept and Definition phases) A-Darter 

was only launched from the ground and no flights were necessary, due to the fact that the missile at 

that stage is relatively unknown, information is gained here to see how the missile performs so that it 

can be then launched from an aircraft. After the ground tests A-Darter was launched from the  

Cheetah D fighter aircraft. The problem with the Cheetah D aircraft was that only a certain amount of 

tests could be performed on it due to the fact that the Cheetah D did not have Radar, which is essential 

when performing tests regarding the seeker of the missile. Thus the project team was forced to look at 

another aircraft to continue with the fight trials. Thus due to this the JAS39 Gripen was chosen as the 

platform to carry on with the trials. However the SAAF also had a requirement for a SRAAM to be 

integrated on the Gripen, hence the decision was taken to integrate the A-Darter missile on the JAS39 

Gripen, and it would be a parallel program where the development and integration would be done 

together. It must be noted that to start the missile integration program a certain level of maturity had to 

be in place, it had to be in the Engineering Development phase as seen in the figure below.  

 

Describe the different parts of an integration program 

Bill: 

The aircraft integration process is a two-step process as follows: 

1) The first part is the mechanical, structural and aerodynamic capability integration. The aim for 

this is to define the restrictions on the carriage and flight envelope, not much can be changed as 

the two baselines of the aircraft and missile are fixed. 

2) The second part is the integration of the software and avionics, this part of the integration is 

where the challenge in an integration program is, most of the engineering work is done during 

this part of the integration. 
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Figure 27 The System Engineering Process Followed During the Integration 
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Challenges/risks on the program 

Bill: 

The challenge on the program was to meets SAAB’s schedule. This coupled to the strict environmental 

requirements that SAAB set out on the program were the main challenges on the program. One of the 

mitigation used against the requirements risk was that the project team measured the actual 

environmental requirements by doing actual fight tests with appropriately instrumented missile 

hardware; this then was used to validate the SAAB requirements, which actually proved that their 

requirements could be lowered. 

One of the other risks on the program both from a SAAB perspective and an ARMSCOR/Denel Dynamics 

perspective was that the missile was relatively unknown to the SAAB and the aircraft was relatively 

unknown to ARMSCOR/ Denel Dynamics. The mitigation to this was to hold regular maturity reviews as 

this was a risk mitigation tool introduced by SAAB to assess the hardware maturity and the development 

progress of the A-Darter missile. 

Who were the stakeholders in the project and what challenges did this pose? 

Bill: 

The main stakeholders in the integration program were ARMSCOR, Denel Dynamics, SAAB and the SAAF. 

It must be noted that Brazil (the development partner of the DoD) was not part of the integration 

process. The important part was communication between the various parties especially with SAAB in 

Sweden and the ARMSCOR integration  team in South Africa , however this was alleviated due to the 

fact that ARMSCOR had a team in Sweden, as part of the procurement of the JAS39 Gripen aircraft, 

during the greater period of the integration program, this made communication between the two 

parties easier as the A-Darter integration team had direct correspondence with the JAS39 Gripen 

procurement team, hence things ran smoothly.  

It must be noted that the contracting model that was used to contract SAAB and Denel Dynamics also 

contributed to the success of the program. Due to the fact that both contracts with SAAB and Denel 

Dynamics were placed independently with ARMSCOR (See figure below) meant that the two parties 

doing the work could concentrate on the technical aspects of the program rather than any commercial 

aspects between them i.e. there was no commercial bickering between the parties.  
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Figure 28 Contracting Model between Stakeholders 

The model as shown in the figure above also indicates a mechanism that was created to allow SAAB and 

Denel Dynamics to communicate together called an Associated Contractor Agreement (ACA). The ACA is 

not a commercial agreement between the two contractors, but it is a legal agreement that allows free 

flowing communication and delivery of obligations. 

 

Did you have any problems with CFE? 

Bill: 

Due to the contracting model that was used the contractual chain of CFE moved from Denel Dynamics to 

ARMSCOR to SAAB. The ACA agreement helped mitigate problems relating to the delivery of CFE as well 

as to facilitate communication between SAAB and Denel Dynamics. The main aims of the ACA are as 

follows: 

1) To reduce the risk factors with respect to CFE deliveries when communicating via ARMSCOR 

2) To schedule and co-ordinate CFE deliveries on a technical level between the two parties. 

3) To facilitate the co-ordination of the engineering support as and when required. 

4) To shorten the communication link to enable the prime contractors to communicate directly. 

5) To define the responsibilities of each party to other under the integration program. 

There was only one instance where CFE became a serious challenge. This was when Denel Dynamics 

according to the contact placed on them were supposed to deliver 2 System Avionic Test Missiles 

(SATM) to SAAB simultaneously in once batch, however at the time they were not able to do this. SAAB 

already had in their possession one SATM, but with a slightly older missile with a baseline design  

SATM 2.1. Delays were experienced with the second missile which was being built to the latest 

development baseline. This was mitigated by Denel Dynamics as they took it upon themselves to deliver 

a second SATM 2.1 missile (Built at their own cost) which would satisfy SAAB’s requirements and they 

would then deliver the a third SATM at a later stage against the later baseline. 
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What type of flight tests or sorties were required in an integration program 

Bill: 

There are 3 main flight tests or sorties that are done as follows: 

1) Carriage Clearance and Flutter Trials 

2) Systems Avionic Trials 

3) Safe Separation Trials 

Apart from the abovementioned flight tests/sorties required for integration, initially in the development 

program a lot of ground tests are done. This is a risk reduction mechanism as early in the missile 

development relatively little is known about the missile behavior and performance. It must also be 

noted that simulations are used extensively thought the development and integration programs, this 

also helps to reduce the risks. 

Lessons learnt/Recommendations 

Bill: 

One of the significant positives was the contracting model that was used, where both parties namely 

Denel Dynamics and SAAB were contracted independently through ARMSCOR, this enabled both the 

contractors to work on technical issuers and not be bothered with contractual or commercial issues 

between them, this contracting model enables the contractors to be open with each other which 

created an environment where small risks on the project were solved between the parties without the 

involvement of ARMSCOR. As a result of the success of this model, the integration of A-Darter on the 

Hawk fighter aircraft is foreseen to be done in the same manner. 

One recommendation on any future integration program is to have the pace of the integration being 

determined by the missile development and not the other way around. As in the integration program 

with SAAB, the missile development followed the integration schedule set by SAAB due to their 

production obligations, and thus did not follow a “natural” process. Hence in an integration program the 

missile development schedule should lead the integration effort.  
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Name: Lt. Col Charl Coetzee 

Date: 4 October 2011 

Role in Project: Gripen Project Officer, Project Test Pilot and SAAF Chief Test Pilot 

Background of the parallel program: 

Col Coetzee: 

The requirement originated as a result of the SAAF not having a Short Range Air to Air missile for the 

Gripen aircraft. The aim for the parallel integration and development program was to save time and 

money. 

Challenges/risks on the program 

Col Coetzee: 

1) One of the major risks was the timescale risks; this was a result of the development program of 

the missile. It must be noted that the software that was used for the integration was 

developmental software and thus was not certified. The mitigation to involve SAAB personnel as 

much as possible, hence we had strong technical team. The other mitigation was to also follow 

SAAB procedures throughout the integration program, real time monitoring was also used in the 

form of an instrumented missile and instrumented aircraft to analyze and monitor the various 

flight test that were performed in the integration. 

 

2) One of the challenges was as the integration and development program used two different 

aircraft, namely the JAS39 Gripen and Cheetah aircraft respectively, this coupled to the flight 

test required for the main JAS39 Gripen Acquisition program placed a lot strain on the amount 

of personnel at TFDC to be available to support the flight tests. This was mitigated by prioritizing 

the flight tests and scheduling them in a manner that optimize the use of the personnel. 

 

3) The risk of missile hardware not being ready in time was also a risk in the program. This was 

mitigated by concentrating efforts that were pertinent to the integration i.e. rocket motor, the 

shape of the missile, the balance etc.  Hence this ensured that elements that were needed for 

the integration on the aircraft were ready in time. Elements like the seeker head which had very 

little impact on the integration was left to be completed after the integration program.  

 

Stakeholders 

Col Coetzee: 

There were several stakeholders in the program namely Denel Dynamics, SAAB, ARMSCOR and the SAAF 

and each of them having a very important role in the integration program. One other stakeholder which 
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was indirectly involved in the program was INCOMAR, sub contracted by both SAAB and Denel 

Dynamics, that operated from the Gripen Test Flight Test Centre (GFTC), however from an integration 

point of view SAAB were responsible and hence took the lead in this. 

What types of flight tests or sorties are required in an integration program? 

Col Coetzee: 

For integration program the following sorties were required: 

 Carriage Clearance (including electrical and mechanical interface to the aircraft and to 

determine a flutter free speed, altitude and wing loading envelope) 

 Separation Clearance (to determine a safe separation envelope in terms of speed, altitude and 

wing loading) 

For missile development the following sorties were required 

 Missile performance sorties (Programmed) – Without Warhead 

 Missile performance Sortie (Against Target) – With Warhead 

 Environmental sorties (environmental test missile) 

Challenges/risks during flight tests 

Col Coetzee: 

One of the major challenges when it came to the flight tests was to get all the resourced in place, this 

includes all CFE, the range, various members of industry and of course the missile and aircraft. 

The other major risk when it comes to flight tests, especially with a missile that is in development is the 

maneuvers that needs to be done when it comes to the Separation tests, as the separation tests test the 

extreme envelope of the missile, this poses a challenge for the pilot.  

The missile as it is still in development can also act in a manner that is unpredictable, hence a safety 

footprint is defined, this is an area in the testing range which is considered “safe” to test the missile and 

will not cause damage to property or life. However if the missile does go outside of this defined area or 

safety footprint the mitigation is to destroy the missile, hence the missile has a command destruct 

feature which can be can be initiated by the safety officer from the ground. 

What would you have done differently in the program? 

Col Coetzee: 

One of the things that could have been done differently was to define clear roles and responsibilities to 

the various parties involved in the integration program when it came to the flight testing. As a result of 
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not having defined this in the program there were many instances where stakeholders did not clearly 

understand their role during the flight testing. An example of this was a debate about the responsibility 

of testing an industry weapon on a SAAF asset.  Industry is responsible for the test specification where 

the missile is to be tested, but the SAAF is responsible for the safety of the flight test on a SAAF aircraft. 

Lessons learnt/Recommendations 

Col Coetzee: 

The A-Darter and JAS39 Gripen can be divided in various projects, the first was the procurement of the 

JAS39 Gripen, the next was the development of the A-Darter missile and the third was the integration of 

the Missile on the aircraft. Both the aircraft and missile were in development programs and had 

separate project teams assigned to them.  If one looks at the various projects there was more than one 

nodal point for these projects. Hence a recommendation would be to have one nodal point / co-

ordination point that would ensure that smooth running of operations, especially when it comes to 

coordinating and scheduling flight tests for the various projects and priorities. 

In hindsight one could also say that if the Cheetah aircraft were retained until the end of the 

development of the A-Darter missile, this would have mitigated some of the risks that integrating a 

missile under development brought to the program. 
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11 APPENDIX D – INTERVIEW - Trevor Raman 
 

 

 

 

 

 

 

 

 

 

 

 



SYSTEMS INTEGRATION ASPECTS OF A 5TH GENERATION MISSILE: A CASE ANALYSIS  

KETAN MOTI - 920401961 

 79 

 

Name: Trevor Raman 

Date: 22 November 2011 

Role in Project: ARMSCOR Program Manager: Gripen 

Background of the parallel program: 

Trevor: 

The integration program was initially planned to be done once the development of the A-Darter missile 

was completed. The development program was supposed to be completed by 2007, however there 

were indications that a delay of two years was foreseen, this delay was caused by various reasons, 

including the maturity of the rocket motor, TVC veins etc. During 2006 SAAB indicated that they wanted 

the integration of the A-Darter missile be taken out of the main contract due to the delay. Hence 

negotiations took place between SAAB and ARMSCOR and in 2007 it was then concluded that a 

concurrent (parallel) development and integration process will be followed. The project then also spent 

close to a year to plan the integration process, this included analyzing every single component and their 

impact if they were changed during the integration process. Maturity reviews were also introduced to 

monitor and control this, the maturity reviews were also a form of a risk management tool.  

It must be noted that the above mentioned was the reason why the JAS39 Gripen acquisition team were 

forced to go into a parallel program, however there was also pressure from a development point of view 

where Denel Dynamics needed an aircraft with a Radar since the Cheetah fighter aircraft had been 

phased out. 

Challenges/risks on the program 

Trevor: 

The first challenge was very early on in the program where we had to convince SAAB to enter into a 

parallel program. As SAAB believed that there was a very high risk linked to the parallel program and 

they were hesitant to enter into such a program.  

The other main challenge was the management of the “delivery and event schedule” and to manage the 

any changes that needed to be made e.g. the power requirements which materialized to be a major risk 

in the program, however this was identified early in the project and was mitigated by developing a new 

power supply to meet the requirements. 

There were also challenges related to the geographic location of the various teams, namely between 

Sweden (SAAB) and South Africa (Denel Dynamics). Communication between the two parties was thus 

essential and this was seen as a risk, thus to mitigate the risk a secure network was established between 

SAAB and Denel Dynamics so that they could communicate freely, as well a non-disclosure agreement 
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was also put into place as to the level of discussion that would take place between the parties e.g. 

elements pertaining to cost and schedule changes must have the involvement of ARMSCOR 

management. 

One of the other challenges was the management of resources especially in Denel Dynamics. It was 

essential to ensure that equal priority was given to both the development (Pressure from Brazil to 

complete the project) and the integration (pressure from SAAB) programs; if one of them were favored 

this would have meant it would have had a detrimental effect on the other program. 

The other risks were that the there was a delay in the rocket motor as it still needed to be fully qualified. 

This risk was also identified early in the program. The mitigation was a two phased approach, the first 

was that the team was given a target date to see if they could complete the qualification, the target date 

was also set in order for the team to have enough time to implement “Plan B” (which was to use the an 

“older” qualified) rocket motor. Unfortunately the new rocket motor was not finished in time, however 

with the mitigation plan that was put into place, the “older” qualified rocket motor was used and thus 

there was no delay in the program. 

The use of analysis was one technique used to mitigate risks, this was used when TVC was debated and 

there was not a complete consensus if this should be implemented or not. However a study was 

initiated early in the program and the advantages and disadvantages were investigated. Thus a decision 

was made to use TVC on this basis without waiting for the actual tests to be performed.  

As a cost saving mechanism missiles were being shared between SAAB (Sweden for the integration) and 

Denel Dynamics (South Africa for the development), however the sharing of the SATM was identified 

early on in the program as being too risky, hence a separate 2nd missile was produced. 

Modeling and simulation was also used to reduce risks especially for the clearance issues. 

What was your experience with CFE? 

Trevor: 

There were not major concerns regarding the CFE in the program. However the was risk funding 

available on the CFE contract to cater for any unforeseen problem.  

Stakeholders 

Trevor: 

The important part when having stakeholders is to have a clear project organogram, hence the 

integration program has such an organogram, thus defining the clearly the roles of the stakeholders. The 

various roles were as follows: 

 Integration program: JAS39 Gripen project team and SAAB (Delivery and Event Schedule was 

managed here). 
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 Development: Denel Dynamics, ARMSCOR, Brazil (Delays needed to be fed back to the 

integration team) 

 CFE Contract: Denel Dynamics, ARMSCOR (Input to the Delivery and Event Schedule) 

It must be noted that Brazil had no interaction with the integration team. It is also important to note 

that communication played a vital role hence explicit channels of communication were set e.g. the SAAF 

could not hold any meeting without the presence of ARMSCOR. 

What would you have done differently in the program? 

Trevor: 

In hindsight if would have been preferable not to have the original contract placed so soon, it is essential 

that an integration delivery and event schedule is established early and is supported by an achievable 

development schedule, hence only once these are in place should a contract be placed. In the A-Dater 

integration program this was not the case and hence the contract needed to be re-negotiated. 

Lessons learnt/Recommendations 

Trevor: 

If one has to do a parallel program opposed to a series program, sufficient work needs to be done up 

front. If a parallel program is done and if key criteria are fixed, this could lead to the detriment of the 

program, as this leaves very little flexibility to maneuver. Hence it is advantages to have a parallel 

program while an aircraft is still in production (like the JAS39 Gripen was) and have a missile still in 

development as one can accommodate changes that may be required. However if one chooses the 

route of a parallel program, you must have an experienced program manager and systems engineer, 

who are accountable, flexible to accommodate changes and who will maintain the ultimate goal. 

 

 

 


