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General notes on this report 

 
This report contains the Swiss Accident Investigation Board (SAIB)'s final conclusions on the 
effects of fitting aircraft with ballistic parachute systems (BPS). 

Under Art. 3.1 of the 10th edition of Annexe 13 (effective 18 November 2010) to the Conven-
tion on International Civil Aviation of 7 December 1944 and Article 24 of the Federal Aviation 
Law, the sole purpose of the investigations is to prevent accidents and serious incidents. Air 
accident investigations expressly exclude considering the circumstances and causes in legal 
terms: so it is not the purpose of this report to establish guilt or settle any liability issues. 

These matters must be taken into consideration if using this report for any purpose other 
than to prevent accidents. 
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The fuel tanks were damaged in the impact, and the AVGAS escaping as 
a result meant there was a fire and explosion risk at the scene of the ac-
cident. The wreckage could not be salvaged until the next morning. 

1.5 Reasons behind the investigation 

BPS contain explosives, as was said above. 

SAIB has become aware of the safety precautions the manufacturers demand for 
handling a wreckage after an accident. 

What SAIB class as a safety risk is that BPS cannot be disarmed with sufficient 
safety by rescue crews or fire fighters before rescuing the occupants. To date, in 
Switzerland, specialists from the manufacturer had to be called in for this pur-
pose, which caused delays. This is out of line with current rescue procedures. 

If the system is not disarmed fully or at all, this could put the lives of the occu-
pants and/or emergency rescue services at risk when evacuating or recovering 
the wreckage. 

1.6 Purpose of the investigation 

SAIB has set itself the aim of analysing BPS and suggesting operating and res-
cue instructions in line with current rescue procedures. 

1.7 Investigation report 

Section 1 sets out the facts as the situation currently stands and the reasons for 
the investigations. 

Section 2 looks at BPS, what their individual components do, the rockets used 
and the explosives they contain.  

Section 3 sets out the precautionary measures to be taken in connection with 
BPS aircraft. 

Section 4 lists the SAIB's recommendations to be followed in the event of an ac-
cident or fire involving BPS aircraft. 

1.8 Aircraft and aircraft classes equipped with BPS 

1.8.1 Register of BPS aircraft 

The Federal Office of Civil Aviation (FOCA) in its capacity as regulating authority 
does not keep any register of BPS aircraft: that is to say, no-one knows which 
aircraft registered in Switzerland are fitted with BPS. 

1.8.1.1 Cirrus SR 20 and SR 22 

Aircraft of this type are fitted with a ballistic recovery system, the Cirrus Airframe 
Parachute System (CAPS), by the manufacturer. 

The Cirrus SR22 flight manual states amongst other things: 

“ Section 3  

Emergency procedures  

Spins 

The SR22 is not approved for spins and has not been tested or certified for spin 
recovery characteristics.. The only approved and demonstrated method of spin 
recovery is activation of the Cirrus Airframe Parachute System (CAPS). (……) “ 
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2 Scope of these investigations 

For reasons of time and economy, SAIB has restricted itself to analysing the BPS 
made by Ballistic Recovery Systems Inc. when producing this report. 

2.1 What are ballistic parachute systems? 

BPS are emergency rescue systems which enable a whole aircraft with its occu-
pants to be parachuted to the ground. 

They comprise a parachute (packed), a rocket with trigger and firing systems and 
the connecting lines and carrier harness involved. 

The parachute, carrier harness and some of the suspension lines are packed in 
or on the aircraft. The parachute is connected permanently to the suspension 
points on the aircraft structure via the carrier harness and suspension lines. 

Suspension lines may be made of plastic or steel. They are often laminated or 
glued onto the surface of the fuselage, and are released from the fuselage struc-
ture as far as the actual suspension points themselves when the parachute 
opens. 

The pilot releases the rescue parachute via a handle and the release cable. Pull-
ing the handle fires a small solid-fuel rocket, which fires off from the aircraft with 
the parachute package on a short line. If the BPS is inside the fuselage, the 
rocket passes through the fuselage itself first, pulling the parachute package with 
it.  

Where the rocket is fired from, and/or where the firing aperture is, varies from one 
aircraft type to another. The direction the rocket takes when fired may be up to 
15° from the angle at which it was originally fitted. 

 

Fig. 1: Parachute opening – CAPS (Cirrus Airframe Parachute System) 
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Fig. 2: BPS parachute opening in a VLA (Very light aircraft) 

2.1.1 Rocket  

The rocket consists of the guide tube, the primer mixture, primary booster mate-
rial and the solid-fuel rocket. The solid-fuel rocket is often referred to as the 
rocket motor, and is the component which leaves the aircraft once ignited, taking 
the parachute pack tow line with it. 

 
Fig. 3: Cross-sectional drawing of rocket  
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Both rocket motor and igniter unit contain explosives. 

The rockets used vary in size, depending on the size, model and take-off weight 
of the aircraft concerned. 

The rocket is mounted permanently in or on the aircraft: that is to say, it is bolted 
to the aircraft structure. 

 

Fig. 4: Typical BPS installed  

The flight manual states that the pilot must activate the BPS, i.e. the rocket, when 
preparing to take off, so they merely need to pull the handle to fire the rocket in 
an emergency. 

 
Fig. 5: BPS release handle 

The igniter unit and guide tube remain bolted to the structure once the rocket is 
fired. 
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2.1.2 Parachute 

There are three main types of parachute packs BPS use: 

a) Canister pack: the parachute is folded up tightly in a cylindrical container. The 
short rocket motor line connects to the parachute pack under the container cover. 
When the rocket is fired, the container cover comes off, and the rocket then pulls 
the parachute pack out of the container. The pack is weatherproofed. 

 
Fig. 6: Parachute packed in canister 

b) VLS pack: with a vertical launch system, the parachute is folded up into a 
trapezoidal square plastic container. With VLS systems too, the rectangular con-
tainer cover comes off when the rocket is fired and the parachute is pulled out of 
the pack. The VLS system is only suitable if the rocket leaves the aircraft verti-
cally; it is used mainly in aircraft in which the parachute pack is mounted outside 
the aircraft, such as on the wing, for example. The pack is weatherproofed. 

 
Fig. 7: Parachute packed in rectangular container (VLS) 
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c) Soft pack: with packs like this, the parachute is folded up tightly in a rectangu-
lar bag with a Velcro seal. With this system, again, the Velcro seal opens when 
the rocket is fired, pulling the parachute pack out of the bag. Soft packs are not 
weatherproof. 

 

Fig. 8: Parachute packed in bag with Velcro seal 

Some BPS have a suspension line packed with the parachute with a line cutter 
with a small amount of explosive. This line cutter ensures that one of the suspen-
sion lines is lengthened some time after the parachute is launched, so the aircraft 
is suspended well balanced from the parachute. 

2.1.3 Actuator and igniter unit 

The igniter is triggered mechanically. The igniter consists of the plunger, a steel 
spring, a firing pin actuator to which the release cable is attached and two per-
cussion cups. Each percussion cup has its own firing pin and primer which ignites 
the primary booster at the end of the igniter unit. In standby (normal) mode, the 
plunger and firing pin actuator are connected to one another by two small steel 
balls held in position by the inside wall of the igniter body. 
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Fig. 9: How the release and igniter unit work 

Pulling the release handle which is connected to the activation cable compresses 
the spring and cocks the plunger; the firing pin actuator is pulled out of the igniter 
body. Once the firing pin actuator has travelled approx. 13 mm, the steel balls fall 
out, releasing the pre-armed plunger. 

The plunger strikes the two firing pins, which in turn ignite the primers and the 
primary boosters. 

In the normal position, the firing pin is unarmed. 

2.1.4 Rocket motor 

These units may vary in size, but their structure and function are similar. 

The rocket motor consists of a tube (usually metal) closed at its upper end con-
taining the rocket fuel. At its lower end, the tube is partly sealed by a permanently 
mounted ring, which serves as a jet for the combustion gases. The bottom of the 
rocket motor rests on the igniter unit, which triggers firing the rocket through the 
jet (see diagram, actuator and igniter unit). 
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Fig. 10: Stripped down rocket motor 

When it is ignited, the rocket motor fires out of the rocket guide tube, pulling the 
tow line and the parachute pack connected to it with it. The rocket guide tube and 
release/igniter unit remain in or on the aircraft. 

 
Fig. 11: Rocket motor with release/igniter unit 

2.2 Investigating the BPS rockets 

SAIB has found that all investigations and reports in connection with accidents 
involving BPS aircraft to date focus mainly on the risks such recovery systems in-
volve and state that extreme caution is required when handling them mechani-
cally. 

They say little about how the rockets behave thermally in the event of fire, or 
about how sensitive the explosives they contain are.  

SAIB has therefore decided to commission studies into how the rockets (guide 
tube, igniter unit and rocket motor) behave thermally and how safe the explosives 
they contain are to handle. 

Our studies covered two types of BPS rockets used by the company Ballistic Re-
covery Systems Inc. 
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The two types of rocket studied were as follows: 

BRS 440 Suitable for aircraft up to 475 kg MTOM 

Rocket dimensions, incl. igniter 
unit: 

 
Diameter approx. 55 mm; length approx. 360 mm 

Minimum burn time: 1.25 sec 

Minimum thrust: 87 lbs;   386 Newton 

Rocket motor dimensions:    Diameter approx. 45 mm; length approx. 250 mm 

Rocket motor weight incl. casing:  
Approx. 0.7 kg 

Of which net explosive weight: 204.6 g 

  

BRS 601 Suitable for aircraft up to 600 kg MTOM 

Rocket dimensions, incl. igniter 
unit: 

Diameter approx. 75 mm; length approx. 325 mm 

Minimum burn time: 1.70 sec  

Minimum thrust: 135 lbs;   600 Newton 

Rocket motor dimensions: Diameter approx. 64 mm; length approx. 175 mm 

Rocket motor weight incl. casing: 
Approx. 1 kg 

Of which net explosive weight: 
374.6 g 

SAIB knows of systems in which the maximum rocket thrust is 1470 N. 

2.2.1 How explosives behave under heat: some basic notes 

Maximum temperatures at which explosives may be stored and operated and 
their maximum shelf lives are stated by the manufacturers. 

The maximum storage and/or operating temperature is typically 60-70 °C. If this 
temperature is exceeded briefly, that does not normally present any safety risks; 
but if the system is stored for any length of time (weeks or even months) at 
maximum temperature, or this is often exceeded, this accelerates the natural 
ageing of the explosives contained. This reduces their thermo-mechanical stabil-
ity and so reduces their working life. 

Explosives decompose when heated strongly, in a fire, for example, releasing 
energy in the process. The reaction temperature at which thermal decomposition 
sets in depends very much on what kinds of explosives are involved and how 
long they are exposed to thermal stresses for prior to the event. For commonly 
available rocket propellant powder, this reaction temperature is 180°-220 °C, de-
pending on the components involved. If it is exposed to thermal stress for any 
length of time beforehand, such as some hours close to a fire, it is 60°-80 °C 
less. 
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If explosives inside a rocket motor have already started decomposing thermally 
once exposed to heat, they may go off suddenly of their own accord even if they 
are cooled from outside. This can happen anything up to more than an hour later, 
depending on what kind of rocket fuel is involved and what conditions are like on 
site. 

 

Explosives age naturally in chemical and physical terms, which may make them 
unreliable and more dangerous to handle over time, which is why the manufac-
turers always state a specific guaranteed shelf time for explosive-based systems. 

2.2.2 How rockets behave when the ambient temperature rises rapidly: simulating a 
fully developed fire (Fast Cook Off - FCO test) 

This test involved exposing four complete rocket assemblies, i.e. guide tubes, ig-
niter units and rocket motors, to a hot flame at approx. 1000 °C, resulting in the 
igniter units and the rocket motor inside the guide tubes heating up rapidly. 

Both the BRS 440 rockets tested reacted violently after 129 and 145 sec. respec-
tively, in that the rocket motors burned off fast and exploded. The primer mixture 
and the primary booster material in one rocket, failed to respond. Both rockets 
mounted on the test bench shot the rocket motor end caps off at high velocity. 
With one of the rockets tested, large quantities of unreacted rocket fuel were left 
behind. 

Both the BRS 601 rockets tested reacted violently after 43 and 69 sec. respec-
tively, by burning off fast and exploding. All the explosives in the igniter unit and 
rocket motor reacted completely. The force of the reaction tore the rocket motor 
being tested off its mountings, and it penetrated 2 mm thick aluminium target 
plate 2 m away. 

The second rocket test results were comparable with those of the first. 
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2.2.3 How rockets behave when ambient temperatures rise slowly: simulating a fire in 
close proximity (Slow Cook Off - SCO test) 

In this test, the rocket motor without the igniter unit or guide tube was heated 
slowly in an insulated container. Prior to the test, 14 g of rocket fuel was taken 
from the rocket motor for further testing; i.e. the rocket motor contained only 200 
g of gross rocket fuel when tested, instead of the usual 214 g. For the purposes 
of the test, the rocket motor nozzle was sealed tight with a 10 mm thick alumin-
ium disc to simulate plugging as the igniter unit would. 

A heating rate of 15 °C per hour was used in this test. 

In this experiment, the reaction occurred after heating for over 10 hours at 207 
°C. 

This reaction was an explosion, which burst the aluminium rocket motor casing 
into a number of flying fragments. 

 

Fig. 12: Test results and fragments 

2.2.4 DSC Analysis (Differential Scanning Calorimetry) 

This test, conducted on small quantities of test material, was designed to study 
how these substances behave when heated, such as from what temperature ex-
plosives decompose thermally and how they react to heat. 

The temperature at which thermal decomposition occurs and the thermal reaction 
sequence depend on the rate at which the explosive is heated. 

The results of the DSC tests conducted were as follows: 

1.  The explosive (propellant) from the rocket motor studied was stable up to 
around 150 °C (heating rate of 15 °C per hour). 

 Explosives subjected to ageing and those from other manufacturers may have 
lower limits of stability.  

2.  The rocket motor explosive had the lowest limit of stability of the materials 
studied (primer mixture, primary booster material and rocket motor explosive). 

3.  Compared with the rocket motor explosive, the stability limit of the primer mix-
ture was around 40 °C higher and that of the primary booster was around 80 
°C higher.  

From the DSC test results, we can conclude as follows: 

Unless a BPS rocket is heated to within range of the stability limit of the rocket 
fuel, spontaneous reactions, such as fast burn-off or explosion, can be ruled out. 
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It is still possible, however, that handling the firing pin mechanically, such as 
while rescuing people in an air accident, could fire the rocket accidentally. 

2.2.5 Sensitivity to electrostatic discharge 

This test involved studying the three explosives from the rocket motor, primary 
booster and igniter (primer mixture). 

Loose test material was exposed to an electrostatic discharge, noting at what 
discharge level it started responding. 

This test showed none of the three explosives studied is sensitive to electrostatic 
discharge from human bodies. 

The minimum level at which they started reacting was measured with the igniter 
material at an electrostatic discharge of 560 mJ. 

In practice, the average person is believed to give off 10 times less. 

2.2.6 Sensitivity to friction and impact 

These two tests were conducted on material from the rocket motor only. 

In the friction test, loose material is rubbed between two rough surfaces under 
load. The load is increased in stages to find at what load the material starts re-
sponding. 

The impact test involves hitting loose material with a firing pin. The impact energy 
is generated by dropping a weight. The impact energy is increased in stages, 
seeing at what energy level the initial reaction occurs. 

The tests conducted showed initial reactions of 96 N in the friction test and 6 J in 
the impact test. From these test results, we can say the material studied is mod-
erately sensitive to friction and impact. 

The rocket fuel and primary booster material of the BRS 440 contain metallic 
magnesium powder. If these explosives are put out with water, this generates 
hydrogen, which can cause an explosive gas reaction. 
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3.2 BPS aircraft in review 

3.2.1 Safety deficit 

When air accidents are reported today, there is no straightforward way of know-
ing whether BPS-equipped aircraft are involved. 

3.2.2 Safety recommendation no. 445 

The Federal Office of Civil Aviation (FOCA)'s website should add to the details 
displayed in the section on aircraft registration whether an aircraft is equipped 
with BPS or not.  

If an accident is reported, SAIB/REGA staff could then check whether BPS-
equipped aircraft are involved in the accident and highlight the risks they present 
right from when they pass on the accident report. 

3.3 Temperature monitoring BPS aircraft 

3.3.1 Safety deficit 

BPS rockets exposed to slowly rising temperatures (SCO) may explode, as sec-
tion 2.2.3 shows. 

The same applies if an aircraft is exposed to heat close to a fire. 

3.3.2 Safety recommendation no. 446 

3.3.2.1 BPS rocket 

BPS rockets must be fitted with heat indicators as close to the rocket motor as 
possible (e.g. Telatemp). These heat indicators change colour if they exceed a 
given temperature. 

Checking the heat indicators must be included in aircraft ground checklists, for 
example. 

 
Fig. 14: Telatemp temperature sensor strip 

3.4 Shelf life check 

BPS components have a limited shelf life. 

This shelf life is something BPS manufacturers need to specify, allowing for stor-
age and/or working temperatures also. This must be stated in maintenance 
documents as well. 
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Explosives exposed to temperatures in excess of the maximum permitted storage 
or operating temperature for any length of time age faster, making them more 
unstable (section 2.2.1). 

3.4.1 Safety deficit 

Residual shelf lives are currently not checked systematically; nor are any checks 
made to see whether maximum permitted storage/working temperatures are ob-
served.  

3.4.2 Safety recommendation no. 447 

Checking the residual shelf life of a BPS must be included in aircraft checklists 
and/or maintenance schedules and in aircraft documents, allowing for whether 
maximum permitted storage/working temperatures are exceeded for any signifi-
cant length of time.  

3.5 Protecting BPS against being triggered accidentally 

In BPS-equipped aircraft, the recovery system release mechanism is triggered by 
a handle and the release cable. The handle has to be pulled for approx. 13 mm 
to trigger the system. As an extra safety precaution, if an aircraft is not in use, the 
crew puts a pin in the handle to prevent accidental activation. 

3.5.1 Safety deficit 

The release mechanism handle is mounted in the aircraft cockpit. The release 
cable transmits releasing the recovery system to the igniter unit. The rocket and 
igniter unit are often mounted immediately behind the seats.  

Rescue teams may pull this release cable accidentally and so set off the rocket, 
even if the handle is secured in place. This risk is even greater if the release 
mechanism was set under tension when the aircraft hit the ground. 

Aircraft makers Cirrus suggest, in the event of an accident, that special pliers 
(Felco) be used to cut through the release cable as close to the igniter unit as 
possible. 

The NTSB's report says even using special pliers to cut the release cable could 
be risky if the release cable is tugged slightly while cutting it. 

3.5.2 Safety recommendation no. 448 

BPS manufacturers should check whether a cutout system could be used to 
separate the igniter unit from the rocket. 

3.6 BPS aircraft in hangars 

If an aircraft hangar burns, there is a great risk that BPS aircraft will explode. The 
thermal tests show such aircraft may be life-threatening as far as the fire brigade 
is concerned. 

3.6.1 Safety deficit 

As things now stand, neither airfield managers nor their fire brigades know 
whether they have any BPS aircraft on their hands, and if so where. 
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3.6.2 Safety recommendation no. 449 

3.6.2.1 Hangar plans 

There must be a plan of the aircraft hangars at an airfield, in its control tower 
and/or the fire brigade crew rooms, which clearly marks the presence of any BPS 
aircraft. 

3.6.2.2 Identifying hangars and monitoring temperatures 

Hangars, which have BPS aircraft, must be identified clearly, so the callout crew 
can respond accordingly if a hangar fire breaks out. 

Hangars must have maximum thermometers, so supervisors can check what 
temperatures have been reached. 

3.7 Training 

3.7.1 Crew training 

3.7.1.1 Safety deficit 

As the accident examples in section 1 show, aircraft pilots and owners had no 
idea what hazards BPS could involve. 

3.7.1.2 Safety recommendation no. 450 

The Federal Office of Civil Aviation should ensure that pilot training programmes 
include details of how BPS work. 

3.7.2 Training emergency response and rescue crews 

3.7.2.1 Safety deficit 

As the accident examples in section 1.4 show, rescue/fire brigade crews did not 
take any safety precautions when working. Crews were neither informed nor 
trained. 

The manufacturer’s suggestion if an accident occurs, to call a hotline number in 
the USA and ask to speak to a specialist, is impracticable. In an aircraft accident, 
those inside may be badly injured, and rescue crews have to be able to complete 
their work within a useful time. 

3.7.2.2 Safety recommendation no. 451 

All rescue services are to be trained on the potential risks of BPS. 

For this, it is essential to distinguish between: 

1. Training airport emergency response crews  

2. Cantonal police, emergency ambulances and fire-fighters 

3. Cantonal disposal crews via cantonal police 

4. Search and Rescue (SAR) crews 
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4.1.2 Safety recommendation no. 452 

4.1.2.1 If the temperatures reached are less than 90 °C 

If the temperatures the max. thermometer is showing are less than 90 °C, or it is 
safe to assume no temperatures in excess of 90 °C have been reached, the heat 
indicators on the rockets have to be checked taking appropriate precautions. If 
the heat indicators confirm no temperatures over 90 °C have been reached, the 
emergency services can switch to standard normal operating procedures. 

4.1.2.2 If the temperatures reached are in excess of 90 °C 

If temperatures in excess of 90 °C have been reached, or if it is assumed that 
high temperatures have been reached, the emergency team leader must assume 
there is a risk of the rocket exploding. 

The emergency team leader must ensure that all parties involved remain at a 
safe distance, that the area of risk is cordoned off and that a disposal specialist is 
called in. 

4.2 If a BPS aircraft is involved in an accident and then catches fire 

4.2.1 Safety deficit 

Rescue teams are currently unaware that, if a BPS aircraft is involved in an acci-
dent and catches fire, the BPS rocket may explode as a result of heat exposure. 
As we saw in section 2.2.3, if a rocket explodes, that could lead to flying metal 
fragments which could put the rescue teams’ lives at risk. The US Federal Avia-
tion Administration suggests keeping a safe radius of 300 ft (approx. 100 m) 
around a wreckage during recovery operations. 

4.2.2 Safety recommendation no. 453 

Aircraft involved in accidents which catch fire must be cooled intensively from a 
safe distance. That could prevent BPS rockets exploding as rescue teams ap-
proach wreckages. 

4.3 If BPS aircraft are involved in accidents but do not then catch fire 

4.3.1 Safety deficit 

There is a major risk that rescuers trying to rescue those inside an aircraft may 
pull the handle or release cable accidentally, setting off the rocket and firing the 
parachute from the wreckage. That could result in rescue team members being 
hit by flying objects or the rocket's exhaust gases setting the wreckage on fire. 

The solution suggested of blocking the release handle with a safety bolt is inade-
quate. The release cable could be under tension somewhere in the cabin or bag-
gage compartment, pre-arming the firing unit firing pin; and relaxing the cable 
suddenly could cause the rocket to fire. 

Splitting the release cable could be dangerous, as the FAA and NTSB docu-
ments state. 

The same applies when servicing and repairing BPS aircraft as it is quite con-
ceivable that a mechanic could set off a rocket by accident. 
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4.3.2 Safety recommendation no. 454 

4.3.2.1 Blocking the release cable 

One possibility would be to block the release cable as close to the igniter unit as 
possible. This could be done using crimp pliers, for example, crimping the re-
lease cable to the cable sheath and so blocking it. 

4.3.2.2 Safety cover over rocket 

Investigations should be made to see if a safety cover can be made, from a 
strong shielding material such as Kevlar, for example, which could then be put 
over the rocket before starting to work on an aircraft or wreckage. This would 
work rather like body armour: if the rocket went off accidentally, the safety cover 
would contain it. 

4.4 Salvaging wreckages after accidents 

Appropriate precautions and measures must be taken when salvaging the 
wreckage of a BPS aircraft in which the BPS is still live. If the wreckage is unsta-
ble mechanically, handling it may tension the BPS release cable and possibly set 
off the rocket. 

A disposal squad must therefore be called in as a preliminary precaution when 
salvaging wreckage in which the BPS may be live. 

 

 

Payerne, 27 August 2012 Swiss Accident Investigation Board 

 

 
This final report was approved by the management of the Swiss Accident Investigation Board 
SAIB (Art. 3 para. 4g of the Ordinance on the Organisation of the Swiss Accident Investiga-
tion Board of 23 March 2011). 
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1 Introduction  

1.1 Initial situation 

The present investigation was performed on request and order from the BFU (Swiss federal 
bureau for air crash investigation) which belongs to the UVEK. By end of 2008 they informed 
us for the first time about safety concerns with Airplane Parachute Systems which contains 
energetic materials and which are increasingly deployed in Switzerland. In case of an air 
crash of a plane equipped with such a parachute system, reactive parts can remain in unsafe 
condition and the rescue teams needs to know all possible hazards to react appropriately. 
Especially in case of a fire the BFU is actually not documented enough about possible 
dangers from the different components and energetic substances involved. 

The BFU purchased from the manufacturer 3 rockets BRS 440 and 2 rockets BRS 601 for 
the tests. 

1.2 Purpose of assignment 

The purpose of this study is to analyze the effects of direct thermal load and heat radiation 
which occurs during a fire on the BRS 440 and BRS 601 rockets and to determine the 
handling safety of the different energetic materials involved. Thereby the temporal 
development and the violence of reaction are of main interest. 

1.3 Assigning organization and supporting services  

This study was performed by armasuisse, Science and Technology according to the order 
from BFU, Nr. 2000013052, from June 21st 2001. The SCO and FCO were performed by 
WTT and all other analysis by WTE. The investigation is based on different documents which 
we got from BFU [1,2,3,4,5] 
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2 Execution of the analysis 

2.1 Procedure 

The FCO and SCO experiments were performed at the Sprengbunker, laboratory II, by Mr. 
Martin-Karl Rolli and Mr. Beat Grünig. 

The dismantling was done at Anlage Thierachern and in laboratory II by Mr. Jörg Mathieu 
and Mr. Robert Aegerter. 

The analyses were carried out at the Labor II. Mr. Bruno Haas was in charge of the handling 
safety tests and Mr. Alexandre Sarbach for the DSC, thermal simulation and data treatment. 

2.2 Test objects 

BRS 440 rocket 1-3 Rocket: SN T2B44-BFU-Schweiz2, BAM-PT2-0187, DAeC BN07/90, 
06/2011 

 Igniter:  Part Nr. 008403-01 Rev E, Lot# BRS11C-228, SN BRS440-
1260 

BRS 601 rocket 1-2 Rocket: SN 6403 P/N 008418-01 Rev A 04/2011, Lot# BRS11C-044 

 Igniter: Part Nr. 008403-01 Rev E, Lot# BRS11C-230, SN 6404 

2.3 Measuring methods and equipments 

2.3.1 Fast Cook-off test (FCO) 

For the FCO we have used an internal set-up based on STANAG 4240 [6]. The rocket was 
fixed in the center of a mobile aluminum pipe structure with two metal straps. A type J 
bimetal temperature probe was placed 1 cm above the rocket to measure the test 
temperature. The structure with the mounted rocket can then be pulled over 6 gas burners (2 
series of 3 in parallel) to ensure a very fast heating rate (a few seconds) to reach a 
temperature of 1000°C and maintain it till the reac tion has taken place. Axially to the rocket in 
2 m distance were placed two Aluminum witness plates (100x100cm) of 2 mm thickness. 

2.3.2 Slow Cook-off test (SCO) 

For the SCO we have used an internal set-up based on STANAG 4328 [7]. At the surface of 
the rocket we attached with metal straps three type J bimetal temperature probes. The rocket 
was inserted in the center of a spiral heating element which was placed in the center of a 26 
cm long brick cylinder with an external diameter of 17cm and a wall thickness of 1.5 cm. All 
this setup was isolated with several layers of glass-wool. 

The data acquisition was done with the Data Acquisition d'Agilent [8] (Switch Unit 34970A) 
and a programmable Temperature Controller (REX-P48/96 series) from RKC instrument Inc. 
[9]. We have used the Agilent BenchLink Data Logger 3 software version 3.10.00. 
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2.3.3 Differential scanning calorimetry (DSC) 

The DSC [10] measurements were performed on a DSC1 from Mettler-Toledo driven by the 
software STARe version 9.30. The samples were placed in a high pressure 40 ml gold plated 
crucible. N2 50 (at 150 ml/min.) was used as purge gas and Ar 60 (at 30 ml/min.) as 
measuring gas. 

2.3.4 Friction, impact and electrostatic tests 

The handling safety tests were performed according STANAG [11-13]. For the friction and 
impact test we have used the standard apparatus from Julius Peters, D-Berlin. For the 
electrostatic discharge we have used an apparatus developed by armasuisse. 

2.4 Data treatment and simulation 

The data were treated with the CALISTO [14] software version 1.088 developed by AKTS. 
The numerical simulations were performed with the AKTS-Thermo kinetics [15] software 
version 3.25 from AKTS. 



 
 
 

RESTRICTED 
 
 

Ident.- Nr. 40010450676 Aktenzeichen Internas 

 
 

page 10 / 29  

 
 

3 Results 

3.1 Dismantling of a BRS 440 rocket 

According to the producer, the energetic substances used in BRS 440 and BRS 601 are 
identical. To isolate these substances from the system, the BRS 440 rocket Nr. 1 was 
dismantled completely. From this rocket we got three different energetic materials: 

·  rocket motor (HTPB/AP/Mg) three cylinders, 71.3 g each  
·  primary booster (BP/Mg)  160mg 
·  primer mixture (composition unknown) 300mg 

Fig. 1: Main components of the BRS 440 rocket; the 3 gray cylinders at the top of the 
rightmost picture compose the rocket motor. 

Fig. 2: Detail of the igniter of the BRS 440 rocket . The primary booster charge is contained in 
two firing channels under an aluminum foil (glued t o the base of the igniter; left picture). The 
picture in the middle shows the two percussion cups  in the igniter housing and the two firing 
pins beside. The rightmost picture shows one of the  two percussion cups and the housing cut 
by a diamond wire saw.  

The active parts in the BRS are mechanically well protected and sealed properly. This is of 
great importance as Magnesium (Mg) reacts with humidity by the time under production of 
hazardous hydrogen gas. 
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3.2 Fast Cook-off test 

The description of the test samples and results for the FCO experiments are listed in the 
following table: 

Test Nr. / 
Rocket 

Mean 
Temp. 

[°C] 

Time to 
Reaction 

[s] 

Type of 
Reaction1 

Remarks 

V01/ BRS 
440 Nr. 2 

1045 145 

Type V-IV 
Fast burning 

towards 
deflagration 

End cap was axially ejected out of the rocket 
casing with high velocity. The main part of HTPB 
cylinder of the rocket motor did not react. Both 
percussion cups of the Igniter did not react. 

V03/ BRS 
440 Nr. 3 

1085 129 

Type V-IV 
Fast burning 

towards 
deflagration 

The end cap was axially ejected out of the rocket 
casing with high velocity. One wire cut and the 
second wire almost cut. No unreacted rocket 
motor parts left. Igniter including primary booster 
remained unreacted. 

V02/ BRS 
601 Nr. 1 

1050 43 

Type V-IV 
Fast burning 

towards 
deflagration 

The rocket was axially ejected apart from the 
fixation and penetrated the 2 mm thick aluminum 
witness plate (see Fig. 7). The outer casing of the 
rocket was ejected to the opposite witness plate 
which resulted in a crack into the plate. All parts 
of the rocket motor and igniter did react. 

V04/ BRS 
601 Nr. 2 

1065 69 

Type V-IV 
Fast burning 

towards 
deflagration 

The rocket remained onto the support but shifted 
the whole test equipment about 1.5 m in the 
direction of the base of the rocket. All parts of the 
rocket motor and igniter did react. 

Table 1: Summary of the FCO experiments 

  

Fig. 3: FCO set-up; respectively for the BRS 440 (l eft) and the BRS 601 (right). 

                                                

1 Sample pictures for Type of Reaction see Annex 7.1 
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Fig. 4: FCO test V01 of BRS 440 ; before

Fig. 5: FCO curves respectively for the BRS 440 (left) and the BRS 601 (right).

Fig. 6: FCO results for the BRS 440 respectively for test V01
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; before  (left) and after the test (right). 

 

FCO curves respectively for the BRS 440 (left) and the BRS 601 (right).  

 

BRS 440 respectively for test V01  (left) and test V03 (right).
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(left) and test V03 (right).  
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Fig. 

 

3.3 Slow Cook-off test

Only one type of BRS rocket
1 which was used for dismantling. The test was performed without Igniter 
tests) and with an aluminum disc of 1 cm thickness for confinement towards the rocket 
nozzle. The first HTPB cylinder of the rocket motor 
have chosen a heating rate of 15°C/h for this exper iment
heating rate for the thermal radiation of a fire

Fig. 8: Arrangement of the BRS 440 rocket
and in position in the brick cylinder

Aktenzeichen Internas 

 

 

Fig. 7: FCO results for the BRS 601 respectively test
the test V04  (right). 

test  

BRS rocket was left to perform an indicative SCO experiment
1 which was used for dismantling. The test was performed without Igniter 

luminum disc of 1 cm thickness for confinement towards the rocket 
nozzle. The first HTPB cylinder of the rocket motor weighted 57.3 g instead of 71.3 g.
have chosen a heating rate of 15°C/h for this exper iment which correspond

thermal radiation of a fire in the vicinity. 

of the BRS 440 rocket  for the SCO test ; respectively rocket with 
brick cylinder . 
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601 respectively test  V02 (left) and 

SCO experiment; BRS 440 Nr. 
1 which was used for dismantling. The test was performed without Igniter (used for analytical 

luminum disc of 1 cm thickness for confinement towards the rocket 
weighted 57.3 g instead of 71.3 g. We 

which corresponds to a realistic 

; respectively rocket with probes 
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Fig. 9: SCO heating curves for the BRS 440 rocket a t 15°C per hour. 

The violent reaction corresponds to a type IV – III started after 18 hours at a temperature of 
around 207°C.  The differences in temperature between the three probes originate most 
probably by the geometry of the rocket and the heating system which is not fully 
symmetrically. 

Fig. 10: SCO of the BRS 440 rocket; respectively be fore and after test and the fragments. 

3.4 Friction, impact and electrostatic discharge te sts 

The mass of the primary booster and the primer mixture left for these tests was only about 
100-200 mg; this wasn't enough to perform all three tests. The electrostatic discharge test 
was favored as this test represents the main danger for such mixtures in case of a breakup 
of the protecting casings. 

For each test, two values were reported; the first where the first reaction occurred and the 
value of no reaction i.e. where it begin to be safe (6 repetitions for each level). 
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Samples  

Sensitivity test 
Electrostatic 
discharge 

[J] 

Impact 
 

[J] 

Friction 
 

[N] 

rocket motor No reaction 
First reaction 

>5.6 
>5.6 

5 
6 

80 
96 

primary booster  No reaction 
First reaction 

1.0 
1.8 n.a. n.a. 

primer mixture  No reaction 
First reaction 

0.1 
0.6 n.a. n.a. 

Table 2: Handling safety test results. 

All three substances are not sensitive towards electrostatic discharge. The HTPB (rocket 
motor) shows a moderate sensitivity towards mechanical load (impact, friction).  

3.5 Differential scanning calorimetry and simulatio ns 

For each DSC measurement we have used samples about 1 mg. The following figure 
summarizes the DSC of the 3 samples i.e. the rocket motor, the primary booster and the 
primer mixture of the igniter. 

 

Fig. 11: DSC curves of the rocket motor, the primar y booster and the primer mixture with a 
heating rate of 5°C per minute. 
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3.5.1 Simulations 

The practical application of the kinetic evaluation of the thermally induced decomposition 
reactions requires two main stages: 

(1) determination of the kinetic parameters of the investigated process, namely the values of 
the activation energy Ea, the preexponential factor A and the form of the f(� ) function 
depending on the reaction model. 

(2) application of obtained kinetic triplet (A, Ea and f(� )) for the prediction of the reaction 
course under arbitrarily chosen temperature profiles. This issue is of great importance in 
investigating of materials aging i.e. the time and temperature dependent decay of material 
properties occurring often even at ambient temperatures. 

Commonly applied kinetics evaluation methods such as ASTM E1641-07 [16], ASTM E698-
05 [17] or NATO stability test procedure [18] are all based on the first order kinetic model; 
therefore the peculiarities of other models expressed by the form of the f(� ) function are not 
taken into considerations. The models of the thermal decomposition reactions can be divided 
into three main types (see e.g. [19]) depending on the shape of the � -time dependence in 
isothermal conditions: 

- decelerating, when the maximal reaction rate is observed at the beginning of the reaction 

- accelerating, when the reaction rate increases during reaction course, and 

- sigmoidal, characterized by the long induction period ; the maximal reaction rate occurs 
somewhere between the beginning and the end of the decomposition. 

A full kinetic analysis of a solid state reaction has at least three major stages: 

(1) Experimental collection of data 

(2) Computation of kinetic parameters using the data from stage 1 

(3) Prediction of the reaction progress for required temperature profiles applying determined 
kinetic parameters. 

Experimental collection of data 

The 3 samples, rocket motor, primary booster and primer mixture were measured with the 
DSC at different heating rates. The reproducibility of the DSC curves is not as good due to 
the high inhomogeneity of the samples, in particular of the rocket motor, if we have to work in 
the milligram domain. 
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Fig. 12: Typical DSC curves of the primer mixture a t different heating rates of 1, 5 and 10°C per 
minute. 

Computation of kinetic parameters 

The kinetic parameters can be evaluated by the isoconversional method. This is a numerical 
method which involves determination of temperatures corresponding to certain, arbitrarily 
chosen values of the conversion extent a recorded in the experiments carried out at e.g. 
different heating rates b. Isoconversional methods are based on the so called 
isoconversional principle saying that the reaction rate da/dt at constant reaction progress a is 
only a function of temperature and that the temperature dependence is contained only in the 
Arrhenius expression. These methods can be applied for determination of the activation 
energy (or dependence Ea on a) without assuming the explicit form of f(a). 

The thermo analytical data set usually contains: 

- the relationship between specific conversion, a i and temperatures for different heating rates 
(non-isothermal mode). 

- the relationship between specific conversion, a i, and time for different temperatures 
(isothermal mode). 

Commonly applied are the following three isoconversional methods known as: Friedman [20], 
Ozawa-Flynn-Wall [21-22] and the ASTM E698 analysis [17]. 
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Fig. 13: Typical reaction progress kinetic 
results based on DSC curves with several 
heating rates of 1, 5 and 10°C per minute. 

Fig. 14: Typical activation energy and pre 
exponential factor calculation. 

Prediction of the reaction progress for required te mperature profile 

Kinetic parameters calculated from non-isothermal experiments allow prediction of the 
reaction progress at any temperature mode: isothermal, non-isothermal and intermediate 
intervals in the heating rate. 

We have chosen the stepwise mode to simulate what happens in a SCO experiment at 15°C 
per hour. 

 

Fig. 15: Prediction of the reaction progress under adiabatical condition for a heating rate of 
15°C per hour; the blue curve represents the rocket  motor, the green curve the primary booster 
and the red curve the primer mixture. 
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4 Assessment 

From the dismantling of the rocket BRS 440 we got three explosives components; the rocket 
motor, the primary booster and the primer mixture. All three components are not very 
sensitive to electrostatic discharge; which is the major concern especially for open 
pyrotechnic compositions. Due to the small available quantity of the primary booster and the 
primer mixture, it was not possible to perform the friction and impact tests on them. The 
HTPB rocket motor propellant shows a moderate sensitive to friction and impact. This result 
implies that one can manipulate remaining open explosives from BRS if one avoid stronger 
mechanical load. 

The fast cook-off experiments have shown that the BRS 440 rocket could support during 145 
to 129 seconds an average temperature of 1050°C and  the BRS 601 rocket could support 
the same temperature during 43 to 69 seconds. For both systems we observed a reaction of 
type V-IV (burning towards deflagration) with some pieces up to several hundred grams 
which will be ejected much more than 15 meter away. 

The slow cook-off experiment with a heating rate of 15°C per hour has shown a quite violent 
reaction of type IV – III at 207°C. This reaction c an be classified as strong deflagration 
towards explosion. This SCO was performed with the rocket motor without primary booster 
and percussion cups with primer mixture as no igniter was left for this test. 

The DSC experiments have shown that for a heating rate of 5°C per minute, the rocket motor 
is the sample which shows first an exothermic reaction at 180°C (cf. fig. 11). In comparison 
the primary booster and the primer mixture seem to be thermodynamically more stable. 

For the thermodynamical simulations we had to make a compromise due to the high 
inhomogeneity of the sample in the milligram domain. This was especially the case for the 
HTPB rocket motor. For the simulation we could use only the first exothermic peak (up to 
220°C) instead of the full spectrum as for the othe r two substances. Figure 15 shows the 
reaction progress of the three samples in an adiabatically configuration. Although that this 
condition does not totally fulfill to the SCO test set-up, it is reasonable to assume that with a 
heating rate of 15°C per hour, the rocket motor wil l probably react first. 
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5 Conclusions 

The present experiments have shown that the BRS rockets directly in a fire (FCO scenario) 
or in presence of irradiative heat (SCO scenario) can react with fast burning to deflagration 
reaction up to explosion. It is to expect that in most cases of a reaction of the rocket, the 
wires and belts between the parachute and airplane will hold back the main rocket case 
parts. So the safety distance for these parts will be within this defined radius formed by the 
length of wires and belts. The present investigation has shown that at least one heavy piece 
(end cap of approx. 88 g) of the BRS 440 will be ejected and one or more even heavier 
pieces from BRS 601 will be ejected over much bigger distances than the above mentioned 
scenario. 

The observations during these tests have revealed that the connection wires could be 
damaged at some stage in the fire and eventually malfunction when the motor reacts. 

Especially for BRS 440, one has also to take into account that unreacted open parts of the 
HTPB rocket motor could remain after a FCO scenario. There were left also unreacted parts 
of the igniter in these tests but we do not have enough knowledge of the installation of the 
systems in the aircraft to state if this also could happen in a real situation. 

If a rocket motor is exposed to a fire or to irradiative heat, one has to consider that the 
thermal decomposition inside the massive casing can still go on for several minutes up to 
hours and can still lead to a violent reaction. Therefore one should wait (depending on the 
situation) and allowing the cooling down of the components before to approach and 
manipulate them. 

For the first responder teams, it is very important to be aware of the potential hazards from 
such active rescue systems, especially in case of direct or indirect fire. Nevertheless they 
have to keep in mind that the system can also accidently be ignited by the movement of parts 
or the whole airplane after an air crash (i.e. release by pulling the activation wire). 

Due to the natural aging of the energetic materials in the BRS, the shelf life time given from 
the producer has to be respected and the parts have to be changed at the given time 
intervals. 

This investigation is based only on tests with 5 BRS systems in total whereas only one SCO 
test with BRS 440 was performed. To confirm the present conclusions and collect additional 
information i.e. SCO behavior of BRS 601 or the energy of ejected debris from FCO tests, a 
second test series including velocity measurement by aid of a high speed video system could 
be performed. 
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7 Annex 

7.1 Type of reaction according MIL-STD 2105 B 

 

  

Reaction Type I 
 
Detonation 

Reaction Type II 
 
Partial Detonation 

 

Reaction Type III 
 
Explosion 

 

Reaction Type IV 
 
Deflagration 

 

Reaction Type V 
 
Burning  
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Empfindlichkeit gegenOber Reibung 

Methode nach Peters , BAM Rcibapparat 

Bezeiclumng des Stoffes 

Belastung Raketenmotor , BRS 440 , BFU 

[ Kg] [ N ] Rocket 
motor 

36,0 360 

32.4 324 

28.8 288 

25,2 252 

24.0 240 

21.6 216 

19,2 192 

18.0 180 

16,0 160 0 0 010/ 

14.4 144 100001 

12.0 120 0000 /0 

9.6 96 0 /0000 

8,0 80 000000 

6,0 60 

4.0 40 

2,0 20 

1.0 10 

0,5 5 

Legende: 0 Keine Wirkung I Anbrenner = Dellagration + Detonation 

Keinc Rcaktioo 8,0 Kg 80N 

Erst< Reaktion 9·.6 Kg 96N 

t 00% .Renktion 

Datum : 16.08.11 

Unterschrifl : HAB 
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