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INTRODUCTION  

 
TU Delft has been performing Parabolic Flights with the Cessna Citation II for many years. Parabolic Flights are an 

essential way of achieving weightlessness. Initially used for training astronauts, parabolic flights are now exclusively 

dedicated to scientific experiments and technological tests of space systems and hardware. Simplicity of preparation and 

of operations, reduced costs, repeated weightlessness phases and opportunity for researchers present on board to directly 

work on their experiment are key points not offered by any other available means. 
 

PURPOSE 

 
This document is a userôs guide for BIFROST Parabolic Flight Campaigns with TU Delft's Cessna Citation II, aimed on 

the one hand at giving the users the requirements for parabolic flight experiments and, on the other hand, at supporting 

them in designing an experiment ready to fly aboard the Cessna Citation II. Designing and building an experiment to fly 

under microgravity conditions implies taking into account the several different environments including the aircraft. 

Safety rules and related issues are different from those of a standard laboratory. 

 

This document presents: 

 

Å The reviewing and acceptance process of an experiment. 

Å The safety policy for designing, building and operating a parabolic flight campaign experiment using hazard analysis. 

Å A description of the Cessna Citation II interfaces. 

Å Requirements and guidance for designing, building and operating experiments. 
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LIST OF ACRONYMS  

 
°C Degree Celsius 

A  Amps 

A/C  Aircraft 

AC  Alternating Current 

DC  Direct Current 

ESDP  Experiment Safety Data Package 

FF  Free-Floating 

g  Acceleration constant equal to 9.81m/s2 

HAZOP Hazard & Operability analysis 

hPa  hectoPascal 

HS  Health & Safety 

Hz  Hertz 

K  Kelvin 

m  meter 

AWP Maximum Allowable Working Pressure 

mb  millibar 

mm  millimeter 

MSDS  Material Safety Data Sheet 

N/A  Not Applicable 

PFC  Parabolic Flight Campaign 

PHA  Preliminary Hazard Analysis 

PI  Principal Investigator 

SF  Safety Factor 

V  Volt 

VA  Volt Amps 

W  Watt 
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1 ACCEPTANCE PROCESS FOR PFC EXPERIMENTS 

 
The experiment participation to a BIFROST Parabolic Flight Campaign (PFC) is subjected to the completion of several 

technical documents. Before the beginning of the PFC, the organizers will ask you to fill in the EXPERIMENT 

SAFETY DATA PACKAGE (ESDP) used for the technical description and hazard analysis of the experiment in-flight 

and on ground; this includes procedures, equipment and all materials (solids, liquids and gas) used in-flight and on 

ground. Based on this document, the organizers and TU Delft personnel will analyze and evaluate your experiment 

design. The ESDP will be the document supporting the hazard-related communication between you and the organizers 

and/or TU Delft personnel. 

 

On a case by case basis, the ESDP can be reviewed by safety and/or scientific experts from either the organizers or TU 

Delft. 

 

Note: Compliance with requirements from this document does not mean automatic acceptance, which ï in any event ï 

is granted only by TU Delft personnel after de visu inspection of the experiment hardware. 

 

1.1  ACCEPTANCE PROCESS FOR FLIGHT OPERATIONS  

 
Flight operations, procedures, materials, products and set-up will be reviewed by the organizers and by TUDelft, as well 

as third parties if required. The organizers will follow the experiment design during the preparation phase of the 

experiment in your laboratory using the Progress Reports. 

 

At the latest 1 day before the flight, the experiment in its flight configuration (i.e. As it would be in flight) will be 

reviewed thoroughly by both the organizers and TU Delft personnel. This review is called the Safety Visit. 

 

During both reviews (the first is based on the Progress Reports, the second is the Safety Visit) , in case changes are 

requested or further requirements added, these will have to be implemented in order to obtain final approval for the 

flight. 

 

Based on your specific design, some specific requirements may be issued at any time in order to ensure a conservative 

safety design. 

 

 1. 2 DEVIATION FROM REQUIREMENTS  

 
The organizers and/or TUDelft can accept on a case by case basis that an aspect of an experiment does not meet a 

requirement. The acceptance is granted for one flight OR one campaign only. Before the acceptance, it must be 

demonstrated that the set up has been developed so as to reach an equivalent or higher level of safety. A deviation 

request, including substantiation of safety, must be issued and submitted to both organizers and TUDelft. 
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2 SAFETY POLICY  

 
The Cessna Citation II parabolic flight program is operated in accordance with stringent safety procedures. Due to the 

nature of this program, a multi-stage review and approval procedure has been developed to ensure flight safety. 

Approval from multiple authorities is required prior to the flight. In particular, the experiment investigator must submit 

relevant documents to the organizers at different stages of the project, including the experiment description and safety 

analysis. The degree of detail, rigor, and formality required in the development and conduct of a reduced gravity test 

depends on the complexity, hazards, and uniqueness of a test. It ranges from very simple for basic science experiments, 

to quite elaborate for more advanced setups. 

 

Communications with the organizers are required both at an early stage and frequently throughout the process to 

preclude any last minute surprises which might cause delays. The relevant personnel will review and comment on 

preliminary drawings and plans at all stages of development. It should be noted that a flight will only be conducted after 

TUDelft has been assured that a safe, well organized, and productive flight can be achieved. 

 

2.1  RISK MANAGEMENT  

 
PARABOLIC FLIGHT ENVIRONMENT  
The experimenters must be aware that their experiments will be performed in several new environments, e.g. within the 

Cessna Citation II. These new environments should be taken into account from the beginning of the experiment design 

activities in order to assess and minimize all risks. There are many differences between the Cessna Citation II 

environment and a usual lab environment. A remarkable fact is the change of load factors. 0g or 2.5g can generate a 

hazard on an experiment which would have been safe in a 1g environment (e.g. in case of leakage at 0g, products float 

and can be inhaled, or reach the passengers' eyes). Another remarkable fact is that the experiment is performed in an 

aircraft: 

Å When the aircraft is flying, the experimenters cannot escape from a hazard, 

Å A hazard becomes catastrophic as soon as it is threatening the aircraft integrity. 

TUDelft premises have also to be considered as the whole preparation of the experiment is performed in a new 

laboratory shared by other experimenters. Last but not least, possible human failures have to be all the more taken into 

consideration since the aircraft and microgravity environment is so unfamiliar. In addition, human beings are known to 

be the main source of errors within a system. 

 

In the whole process for the PFC, the experimenters should then take into account: 

Å all intrinsic hazards from the experiment itself 

Å the test setup behavior under new g-level changes 

Å the closed environment of the aircraft 

Å the human mishap due to the change of ground facility 

Å the human mishap due to weightlessness or hypergravity environment. 

 

The purpose of a safety analysis is to deal with and manage risks in order to control them as much as possible. 

 

HAZARD DEFINITION:  
 

A hazard is a threat, a potential of loss. Contrary to a risk, a hazard can never be reduced. A hazard depends on some 

conditions. For example, hydrogen gas is basically a simple chemical element, nothing elseébut hydrogen gas within a 

contained area becomes then a threat. Hazards are mainly caused by 5 sources: 

Å environment 

Å human errors 

Å hardware 

Å software 

Å interactions 

 

RISK DEFINITION:  
 

A risk is an exposure to a hazard, that embodies a threat. The consequence and likelihood of a hazard is the definition of 

a risk. A hazard can not be reduced. But the consequence or the likelihood of hazard can be reduced. So, a risk 

associated to a hazard can be reduced. 

A risk associated to a hazard can be defined by: 
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Risk = (Likelihood of the hazard) x (Seriousness of the hazard) 

Thus, it is possible to deal with 2 parameters during the preliminary design phase so as to set the experiment in the safe 

state where the risk is assessed as acceptable. 

 

figure 1: Risk Diagram (Farmer curve) 

 

The diagram above shows a curve which represents a border: the lower area of the curve represents the state where a 

risk is assessed as acceptable while the upper area represents a state where the risk is considered as not acceptable. 

 

An acceptable risk or a safe state is a state where: 

Å the risk could have a serious consequence to peopleôs health or the aircraft integrity but it is not likely (1) 

Å the risk is neither serious nor likely (2) 

Å the risk is probable but would have few consequences (3) 

 

On the other hand, an unacceptable risk state is where the risk is both serious and likely (4). In such case, the design of 

an experiment has to be reviewed in order to change the state of the risk by lowering either its likelihood or its 

seriousness or both: 

Å Lowering the likelihood of a risk corresponds to a state change from 4 to 1. The risk control to be used is a 

means of prevention which will limit the occurrence rate of the risk. For pedagogic purposes, lets assume that 

an experiment is dealing with a laser beam contained within a casing which from time to time an operator 

needs to have access to. In this case, one hazard could be eye injury with laser beam during casing opening. In 

order to lower the likelihood of the risk, an interlock interrupter could be implemented at casing opening, 

switching off the laser beam. The interlock is considered as prevention means as it is preventing the direct 

contact between the laser beam and the operatorôs eyes. 

Å Lowering the seriousness of risk corresponds to a state change from 4 to 3. The hazard control to be used is a 

means of protection which will limit the consequence of the risk. In the case of eye injury by laser beam during 

casing access by an operator, a protection mean could be the use of laser protection goggles. In this case, the 

laser beam is still on but the operator is protected against eye injury. 

Å Lowering both the likelihood and the seriousness of risk corresponds to a change from 4 to 2. The hazard 

controls to be used are prevention and protection. The operator is protected by the interlock and the safety 

goggles. So in case of single failure of the interlock, the operator is still protected against eye injury thanks to 

safety goggles. 

 

Risk management consists in determining: 

Å the intrinsic hazards present in the experiment 

Å the risk associated to these hazards taking into account system design and the environmental conditions 

Å the risk state (safe state or unsafe state) 

Å the controls to be set in place in order to drift from unacceptable risks to acceptable risks. 

 

The comments and guidelines in this chapter are not intended to educate investigators, but to explain why they have to 

be educated to safety analysis and risk prevention before they design an experiment for the Cessna Citation II. Risk 

analysis and prevention for experiments including hazardous materials, equipment or procedures must be reviewed by 

personnel trained on safety and on the said materials, equipment and procedures. The guidelines hereunder are intended 

to help experimenters to identify hazards in the test equipment and procedures and to prepare the hazard report 

requested in the Experiment Safety Data Package, for review by the organizers, TUDelft and/or third party safety 

experts. 

 

2.2  EXPERIMENT RISK EVALUATION  

 
Experimenters should provide a summary of the results of an intensive review of the experiment hardware and planned 

test operations by filling Hazard Reports in the Experiment Safety Data Package. These reports should identify potential 

hazard sources inherent in either the experiment equipment or the test operations. In attempting to identify these 

hazards, the evaluator should keep in mind "Murphyôs Law" which states, "If anything can go wrong, it most likely 

will." During the evaluation process, the evaluator should take a devilôs advocate position while reviewing the 

experiment design, performance configuration, and planned operations. All risks which could cause injury to flight test 

personnel or adversely affect the flight worthiness of the Cessna Citation II aircraft should be carefully assessed in this 

process, no matter how remote the possibility of such an occurrence may seem to be. To aid in this process, a Hazard 

Source Checklist has been included in the following sections. 
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The evaluator should note that no potential hazard should be ignored and left unidentified just because stringent 

precautions have been taken to prevent the risk from occurring. Such precautions are called Hazard Controls. The 

proper approach to such a situation is to identify both the hazards and the controls utilized to prevent its occurrence. 

Another common error in risk identification frequently occurs when the evaluator determines that a condition or 

situation normally considered a risk should not be included in the risk evaluation because it is not considered to be a 

credible risk. An example illustrating this point is the use of a very small amount of a toxic substance in an experiment 

which must be placed in a leakage-proof container. Because the quantity of toxic product used is small, the evaluator 

reasons that, even if the container breaks, there is no need to identify the product as a hazard source. This is not correct! 

The proper approach is to place the product on the hazard list and then demonstrate, by analytical means or tests, that if 

the entire available product was dispersed in the immediate environment, the maximum concentration possible would 

still be within acceptable and safe industrial exposure limits. Only after such an evaluation the toxic product can be 

considered to constitute a non-credible risk. 

 

In summation, the evaluator should identify those hazard sources which are considered most critical from a safety 

standpoint and those which require special or unique controls to ensure that a hazardous condition or accident will not 

occur. If the evaluation indicates that no significant hazard exists in the experiment or in planned experiment operations, 

the evaluator should clarify this, as well. 

 

Note 1: Before analyzing the overall risks of an experiment or a system, the first step would be to analyze the technical 

documentation of equipment and the Material Safety Data Sheet of products (including liquid and gases). Such 

documentation provides safety information which should help experimenters in assessing the first level of risks. 

Equipment only used on ground has to be considered too. 

Note 2: The information contained in the equipment technical documentation or productsô MSDS (e.g. temperature, 

pressure, environment limitations, individual protection) should be taken into account while designing the experiment. 

Experimenters should check that those limitations are compliant with the Cessna Citation II environment. 

 

The second step for analyzing intrinsic risks of the experiment is to analyze risks of every system taking into account 

the interfaces with other systems and with human operators including human mishap. 

 

2.3  WORKING ENVIRONMENTS  

 
When performing a risk analysis, the environment of the experiment has to be taken into account. Experimenters must 

be aware that an experiment can be performed in different environments: the experimenterôs laboratory, the hotel's guest 

rooms/conference rooms), TUDelft's hangar at Amsterdam airport, the Cessna Citation II airplane on ground and the 

Cessna Citation II airplane in flight. 

 

TUDelft requires a hazard analysis to be performed for the last 2 environments. The experimenters should also be aware 

that an item available near a laboratory may be unavailable at TUDelft's hangar in Amsterdam, not to mention the 

experimenter's hotel. It is the experimenterôs responsibility to contact the organizers to make sure that all the safety 

means required for the experiment are available in the TUDelft' premises and not consider that an item usually available 

in a standard laboratory will also be available at TUDelft. In a laboratory, the conditions are usually more convenient. 

For instance, in case of an emergency it is easy to exit the room, whereas this is impossible in the aircraft in flight. In 

case of a major failure during the flight, the time delay before landing may be several tens of minutes. 

 

The experimenters have to analyze what would happen in case of failure of the onboard services. 

 

2.4  HAZARD ANALYSIS METHODS  

 
The experimenters must provide to the organizers and TUDelft a complete hazard analysis. 

 

TECHNIQUES FOR HAZARD ANALYSIS 

 

Many techniques are available to evaluate hazards: 

 

Recommended: 

Å What-If  

Å What-If/Checklist 
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Å Failure Mode and Effects Analysis (FMEA) / Failure Modes, Effects and Criticality Analysis 

(FMECA) 

 

Other: 

Å Hazard and Operability Study (HAZOP) 

Å Fault Tree Analysis 

Å Preliminary Hazard Analysis (PHA) 

Å Any appropriate hazard analysis that will provide the same level of detail as those listed above 

Å Any combination of the above 

 

All techniques show advantages and drawbacks based on the experiment complexity. 

 

CONTENT OF A HAZARD ANALYSIS 
 

As a minimum, the hazard analysis must contain the following items. Please note, based on the Risk Analysis 

techniques, that additional information may be necessary: 

Å The systemôs name 

Å The location of the system 

Å The hazards associated to the system 

Å The consequences of each hazard 

Å Existing engineering and administrative controls for each hazard 

Å Proposed engineering or administrative controls for each hazard, if the existing controls are inadequate 

Å The potential consequences of the failure of the engineering and administrative controls 

Å The human factors associated to the system: what will happen under worst case conditions? 

Å A qualitative evaluation of the possible safety and health effects before and after the controls are in effect 

Å The names of the team members who conducted the hazard analysis 

Å The last time you looked at the system 

Å A qualitative evaluation of the risk before and after the hazard controls are in place 

 

2.4.1 IDENTIFICATION: HAZARD 'SOURCE CHECKLIST'/'GROUPS'  

 
The more an experimenter has to handle hazardous products, the more he is concerned by this hazard analysis. In order 

to support the experimenter in identifying all hazards, a list of common hazards is given in appendix A. This list is not 

exhaustive and additional hazards could be present due to the experiment design and the use of particular test equipment 

or products. In any case, all hazards have to be exhaustively notified to the organizers and TUDelft. This analysis 

should also include all ground support equipment or cleaning products that you could use. Following hazard groups 

could also be used for identifying hazards related to the experimental set-up, products, ground support equipment: 

 

Radiation(electromagnetic, laser) / Toxic Materials / Contamination / Fire / Collision / Impact Loss of Habitable 

Environment / Electrical Shock / Static Discharge / Injury and/or Illness / Extreme Temperature / Structural Failure / 

Corrosion / Any other which may not fall into the above categories. 

 

Both hazard source checklist and hazard groups can be used to determine the applicable hazards. During the hazard 

identification step, the inherent hazards have to be considered regardless of the foreseen or expected hazard controls: A 

toxic product could lead to injury and its hazard should not be considered as minor because there are several levels of 

protection foreseen on the experimental setup. 

 

2.4.2 HAZARD CLASSIFICATION  

 
Each hazard should be classified in accordance with their seriousness/severity (minor, major, critical, and catastrophic). 

ÅCatastrophic: fatal or serious irreversible injuries, loss of aircraft or of ground facilities or aircraft equipment 

ÅCritical: reversible injuries, the experiment becomes non-operational or can affect another experiment's  

operations or cause aircraft equipment damages 

ÅMajor: loss of working means, reduction of safety margins 

ÅMinor: increase of the working loads 

 

Catastrophic hazards should be controlled in such manner that no combination of two credible failures or operator 

error/mishap can result in a catastrophic event. (2 fault tolerant) 
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In other words it means that hazard controls have to be in place such that a catastrophic event should not occur 

following the combination of two hardware failures, OR one hardware failure AND one human error, OR two human 

errors. 

 

Critical hazards shall be controlled such that no single credible failure or operator error can result in a critical event. (1 

fault tolerant) 

 

In other word it means that hazard controls have to be in place such that a critical event should not occur following a 

single hardware failure OR one human error. 

 

2.4.3 HAZARD CONTROL DEFINITION & ASSOC. VERIFICATIONS  

 
Following the hazard identification and classification, proper hazard controls have to be defined in order to be 

compliant with requirements for catastrophic and critical hazards to ensure that hazards are in an acceptable hazard 

area. 

In addition to each defined control, one or several verifications have to be defined to ensure the control efficiency. 

 

2.4.4 PRELIMINARY HAZARD ANALYSIS DESCRIPTION  

 
This section intends, just as an example, to help you perform a Preliminary Hazard Analysis (PHA). A PHA is usually 

started at the initial stage of the experiment design.  

 

Appendix B shows a table that may be used to perform a Preliminary Hazard Analysis. The table should be filled in first 

by using the main hazards groups and/or the hazard source checklist. Each hazard will be assigned its own hazard 

number. Once a hazard is found, the conditions where or when it may occur should be determined, as well as what its 

causes and effects are. Based on its effects, it will be possible to define the hazardôs severity and its classification. Then, 

ways to control this hazard have to be found, i.e. hazard controls. Note that these control means will not change the 

previously set criticality. 

 

While performing the PHA, answers to the following questions have to be found: 

Å Do one or more hazards among the ñhazard source checklistò exist in the system? 

Å Are other hazards present in my design? 

Å What are the levels of the identified hazards (seriousness)? 

Å Can I totally get rid of this hazard (e.g. using different material)? 

Å Who will be exposed to this hazard: the experiment operators, other persons? 

Å If this hazard cannot be suppressed, can I at least, reduce it by setting suitable protection means? By setting 

suitable preventing means? Otherwise, the experiment has to be redesigned. 

 

The PHA table will be useful to fill in the mandatory Hazard Reports from the ESDP, with one report per hazard (each 

line of the table -hazard #- should give rise to one hazard report). 
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2.5  HAZARD REPORT  

 
The experimenter must prepare a Hazard Report for each of the identified hazards belonging to the Catastrophic, 

Critical and Major Classification. One hazard report should be dedicated to a single hazard. We recommend using a 

form similar or identical to the one shown in appendix E. It should be noted that, whatever form is used, the report must 

contain the topics identified in the attached form and include supporting data. The basic purpose of a Hazard Report is 

to document the safety analysis in order to confirm that all potential hazard causes have been addressed and adequate 

controls have been implemented. The report should be of sufficient depth and detail so that technical management 

personnel can determine if adequate hazard elimination or control has been accomplished or if additional hazard 

resolution analysis is required. The preparation of Hazard Reports should begin during the conceptual phase of the 

experiment as hazards are identified and should continue throughout the experiment life cycle. Hazard reports must be 

updated whenever changes to experiment design or operations affect the hazard condition addressed in the report. 

 

DESCRIPTION OF THE REQUIRED CONTENT OF A HAZARD REPORT: 
 

The header of a Hazard Report should give a few introductory information: 

EXPERIMENT/TEST EQUIPMENT HAZARD REPORT #10  

 

Name:    John Smith ï Safety engineer 

Organization:   European University 

Equipment / system:  Test cell 

 

1. HAZARD GROUP 
Each hazard report should show the hazard group considered. The main ñHazard Groupsò are defined in the previous 

section. 

Hazard Group:   Explosion 

 

2. HAZARD CLASSIFICATION 
The experimenter should state the seriousness of the hazard according to the previous classification given above. 

Hazard Classification: Catastrophic / Critical / Major 

 

3. LOCALISATION OF THE HAZARD 
The experimenter should state where the hazard could occur within the TUDelft premises (workshop, support room, 

aircraft on ground, aircraft in flight, é) 

 

Environments where the hazard applies: 
TUDelft Set-up assembly area / Cessna Citation II on Ground / Cessna Citation II in Flight 

 

4. DESCRIPTION OF HAZARD 
This section should briefly describe the potential hazard in terms of the risk from the experiment to test personnel or 

other staff (other experimenters, organizers, TUDelft staffé) in flight or on ground, flight worthiness of the aircraft 

structure and flight systems. The experimenter should take care to identify the actual hazard as opposed to the hazard 

cause. For example, the over-pressurization of a tank is a hazard cause, whereas the possible loss of life due to 

explosion of the tank (with the potential for catastrophic consequences) is the actual hazard. In the same vein, a pressure 

relief valve (PRV) attached to the tank would constitute a hazard control. A test showing that the valve actually opened 

at the required pressure would provide verification that the control was adequate. 

 

Hazard Description : Explosion of the test cell leading to severe injuries or potential loss of human life. The test cell 

(TC) is pressurized between 1 to 5 bars for experiment purpose. The Maximum Allowable Working Pressure (MAWP) of 

TC is 7 bars. (TC has been tested to over pressure at 1.5x7 bars. The TC pressurization is performed by a nitrogen tank 

(200 bars) and a Pressure Reducer (PR1) which reduce N2 pressure between 1 to 5 bars.) 

 

5. HAZARD CAUSES 
This section of the hazard report should identify and itemize all potential events or factors which could induce a specific 

hazard. Again, it is very important that all possible causes be identified and analyzed. The cause of the tank explosion 

could conceivably be any of the following factors: 

Å Tank inadvertently under-designed for maximum operating pressure 

Å One or more tank weld(s) is/are defective 

Å Over pressurization of the tank during filling process 
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Å Tank pressure gauge reading incorrectly 

Å Tank failing because of error in operating procedure and/or software 

Å Human error: improper handling, maintenance, é 

Å é 

Å Other possible factors not identified above 

Each of the hazard causes identified above must be countered by one or more specific Hazard Controls keeping in mind 

the hazard classification and related tolerance to failures. These controls are discussed in the following section. 

Hazard cause 1 Over pressurization (>7 bars) of TC. 

Hazard cause 2 Failure of TC due to improper TC design 

 

6. HAZARD CONTROLS 
Particular emphasis must be placed on thorough development of the contents of this section of the Hazard Report. 

Hazard control statements must be: 

Å Specific: do not generalize 

Å Exhaustive: identify all controls applicable to the specific hazard 

Å Definitive: provide adequate details to fully describe each control. This section must specifically identify the 

precise Hazard Control(s) utilized (such as redundancy or other design features, safety devices, warning 

devices, materials selection, and/or special operation procedures) that will eliminate, reduce, counter, or 

otherwise control the hazard(s) resulting from each Hazard Cause previously identified. Each Hazard Control 

must also be backed up by supporting data such as "as-built" drawings, quality assurance inspection or 

certification procedures, schematics, materials lists, approved test procedures, etc. Referring again to the 

pressurized tank example on the previous pages, examples of acceptable Hazard Control statements for two of 

the Hazard Causes listed on the previous page might be: 

Hazard cause 1 Over pressurization (>7 bars) of TC. 

Hazard control(s): 

 

 1.1 Use of Pressure Release Valve (PRV1) right after PR1. PRV1 is set at 5 bars 

1.2 Use of Pressure Release Valve (PRV2) on the test cell. PRV2 is set at 7 bars 

1.3 Use of Rupture disk designed to burst at 8 bars 

1.4  
 

If the experimenter determines that there is a potential hazard for which no suitable hazard control is available, the 

deficiency must be documented and brought forward as an uncontrolled hazard. This hazard will then be made visible to 

appropriate authority for a decision regarding risk acceptance. 

 

7. VERIFICATION METHOD/STATUS 
This portion of the Hazard Report should identify the verification method(s) used to demonstrate the effectiveness of 

each Hazard Control, the data/documentation/certification which will be provided to demonstrate that verification has 

been satisfactorily accomplished, and the status of each verification data item. Basically, there are three verification 

methods which may be used by the experimenter in satisfying the verification requirements. 

These are: 

Å Test 

Å Inspection 

Å Analysis (both mathematical and data evaluation, such as review of design drawings, schematics, test results, 

etc.). 
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3 Cessna Citation II INTERFACE DESCRIPTION  

 
This section describes the test area of the Cessna Citation II. It provides information on electrical power supply, 

attachment of experiments to aircraft floor and a description of the other interfaces. 

 

3.1  AIRCRAFT AXES  

 

 
 

figure 2: Aircraft Axis System 

 

The aircraft axis system is a direct one. 

 

3.2  CABIN LAYOUT  

 
The Cessna Citation II cabin is divided into 3 sections: 

Å Forward section: cockpit 

Å Center section: seating area 
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Å Rear section: fixed experiment setup area 

 

 

 

 

 

 

Figure 3: Cabin Sections TBA(to be added) 
 

3.3  FIXED EXPERIMENT SETUP AREA DESCRIPTION  

 
Fixed experiments can only be located in the fixed experiment area at the rear of the cabin. It consists of a metal frame 

carrying 'curver' type boxes intended for self-contained experiments. These boxes are neither air- nor water tight, and 

should therefore NOT be considered as containment vessels for either gases, liquids or solids. 

 

The dimensions of the curver boxes intended for self-contained, automated or RC controlled experiments TBD (to be 

determined). 

Any deviations from these dimensions have to be cleared with both the organizers and TU Delft. 

 

3.3.1 DIMENSIONS  

 

TBD 

 

Figure 4: Cabin  Area Cross-Section TBA(to be added) 

 

3.3.2 AIRCRAFT LIGHTING  
 
The Cessna Citation II is lit primarily through its windows. This means that lighting conditions may be poor under 

cloudy sky conditions. Experiments depending on proper illumination should therefore carry their own lighting 

apparatus (and associated power source). 

 

3.4  CABIN ENVIRONMENT  

 

3.4.1 CABIN PRESSURE 

 
During flight the cabin pressure is kept at ground level values, unless weather conditions force the pilot to seek higher 

altitudes, in which case cabin pressure may drop below ground level values, though not by more than 4,8psi (331hPa). 

 

3.4.2 CABIN TEMPERATURE  
 
In flight, the temperature in the cabin is only roughly adjustable. Some experiments may be sensitive to the cabin 

temperature (biologic test cells, accurate mechanical systemsé). Experimenters may use thermal control heaters or 

coolers (to be provided by experimenters) before or during the flight. 

 

3.5  ELECTRICAL POWER INTERFACE  

 

TBD (to be determined) 

 

3.6 EXPERIMENTS LOADING INTO THE CESSNA CITATION II  

 
The BIFROST ONE campaign encompasses four flights: four teams of students (with their teacher) will fly with their 

experiment, and four more teams will fly their experiment though not fly themselves. 

 

The experiments are loaded the day of or before the flight and stay on board the aircraft all day long. This means four 

experiments are aboard at any one time during the campaign, and a switch is performed between both flight days of the 
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campaign. Teams should design their experiments so that powering up the experiment can be carried out easily without 

dismounting the setup. Battery power should suffice for at least 4 hours of continuous operation. They should also make 

sure that battery self-discharge is not an issue. Finally, it should be easy to check proper functioning of the experiment 

prior to take-off (without dismounting the experiment or perturbing other experiments in the rack). 

 

3.6.1 ACCESS DOOR FOR EXPERIMENT LOADING  

 
The access door used for loading the experiment is located at the left-hand side of the aircraft, (positive y-axis). The 

access door dimensions are TBD (to be determined). Access to the door is through 4 steps (2 on the plane, 2 on the 

ground). 

 

Figure 5: Experiment Access Door Dimensions: TBA(to be added) 
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4 REQUIREMENTS AND GUIDELINES  

 
This section presents the general requirements related to the design of experiments. Guidance is also given for meeting 

these requirements. Said guidance should obviously be adjusted on a case-by-case basis depending on your own test set 

up. The design of an experiment should take into account the requirements described in this section but should also take 

into account the risks relevant to your experiment. The design of an experiment should be driven by your own safety 

analysis and the rules described below. If the document presents some requirements interpretation which looks 

contradictory, the safer interpretation has to be taken and discussed with the organizers. If needed, they will consult 

TUDelft experts. 

 

4.1  LOSS OF AIRCRAFT SERVICES 

 
The experiment design should be such that the experiment should keep consistent safety margins and not induce any 

hazard with the loss of aircraft services: electrical power and cabin pressurization. 
 

4.2 MECHANICAL DESIGN REQUIREMENTS AND GUIDELINES  

 
Experimenters have to verify and document the structural integrity of each part of the experiment (including structural 

hardware and equipment) to be flown, in compliance with the structural requirements hereafter. All the bolts included in 

the experiments have to be secured by using thread locker, Nylstop nuts or lock washers. 

 

4.2.1 DEFINITIONS AND TERMINOLOGY  

 
FIXED EXPERIMENT SET-UP RACK 
 

Figure 6 Setup rack in the rear of the Cessna Citation II TBA (to be added) 

 

FREE-FLOATING (FF) SET-UP 
Some experiments may require to let some test package free-float. Such stand alone devices are also considered as a 

rack. Usually, such racks are linked to another rack for data recording or free-floating module control. The free-floating 

package must be covered with foam padding. 

 

Figure 7 Padded box for free-floating experiments TBA (to be added) 

 

EXPERIMENT MASS 
Experiment mass will be limited to 10kg per curver box. More massive experiments and their safe fixation to the 

aircraft rack are to be treated on a case by case basis. 

 

4.2.2 LOAD REQUIREMENTS  

 
The mechanical design of an experiment should consider in-flight cyclic loads cases varying from ï0.1 to 2,5g along the 

Z axis in design. 

 

4.2.3 RACK FIXATION TO AIRCRAFT STRUCTURE  
 

Figure 8  Curver box fixation to the experiment rack TBA(to be added) 

 

4.2.4 SPECIFIC EQUIPMENT ATTACHMENT  

 
This section lists specific equipment and the according recommendations. 

 

FLAT COMPUTER MONITORS 
As any other piece of equipment, LCD monitors should be mechanically locked on the framework, or kept on the 



 

 

Ref: BIFROST-2016-1 page i           19 

Revision date: August 30th, 2016 
Make sure this document is the last edition before use (see page iii). 

experimenter's lap. It is recommended to secure LCD monitors with metallic clamps over the edges of the monitor. 

ATTACHMENT OF GAS CYLINDERS 
Gas cylinders can be heavy. As shown in the picture below, the principle is the same as for attaching any equipment: the 

gas cylinder should be locked in each direction. Two metallic rings clamp the cylinder to lock it in two directions. L-

profiles are used to lock the cylinder in the remaining direction. 

 

Figure 9: Gas Cylinder Attachment TBA(to be added) 
 

The head of the cylinder should be shielded in order to protect it from shocks, and accessible to easily close the bottle. 

The gas cylinder will have to be removed from the aircraft and placed in the TUDelft rack storage when not used. No 

gas cylinder shall stay aboard during night. Specific requirements for pressurized systems are given in further sections 

of this document. 

 

VIBRATING EQUIPMENT ATTACHMENT  
Vacuum pump or other rotating or vibrating equipment can induce vibration on your experiment or to other 

experiments. Note that in case an experiment induces high level vibration inside the aircraft, the experiment will be 

rejected. This could occur as late as during the preparation day, during the safety visit. This section describes ways to 

reduce these mechanical perturbations as much as possible. It is recommended to attach vibrating equipment on a plate 

fitted with mechanical dampers (e.g. Silent blocks). However, such structures should be capable of withstanding the 

hard landing loads in the take-off and landing phases. So, in addition to a damper device, during take-off and landing a 

mechanical device could be added to the structure for counteracting the potential hard landing loads. As this type of 

safety device could transmit vibrations, it shall be removed after take-off and put back in place before landing. 

 
EXPERIMENTS WITH MOVING PARTS 
Some experiments have moving parts. Depending on the speed and amplitude of the motion, the moving parts may 

induce hazards to experimenters, on the one hand, and experimenters or unexpected free floating objects could interfere 

with the moving part and generate other issues, on the other. The moving part should be contained inside a protective 

housing. In case there is an access door on the housing, the access door shall have an interlock safety switch to 

automatically stop the motion of the moving parts when the door is open. 

 

 

4.2.5 PROHIBITED AND ACCEPTED MATERIALS  

 
All fl ammable and/or breakable materials (e.g. wood, Plexiglas, glass) should be avoided in an experiment setup. 

Building tip: aluminum may be used instead of wood, and LEXAN® (non-flammable polycarbonate, for non structural 

parts) instead of glass or normal Plexiglas. 

 

 

4.2.6 PRESSURIZATION FOR SEALED EXPERIMENT  

 
As explained in the ñCessna Citation II Interface Descriptionò section, the cabin pressure may slightly decrease as 

altitude increases. Accordingly, sealed containers, especially those made of polycarbonate, should be able to withstand 

the load induced by the pressure difference between ground conditions and flight level cabin conditions. Other relevant 

limitations related to pressurized vessels on ground are defined in the ñPressure Systemsò section. 
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4.3  ELECTRICAL DESIGN REQUIREMENTS AND GUIDELINES  

 
4.3.1 INTRODUCTION TO ELECTRICAL DESIGN  

 
This section introduces the requirements for electrical circuits taking into account the following risks or 

issues: 

Å Electric shock 

Å Electrical fire 

Å Damages to aircraft power distribution system, caused by excessive electrical consumption of experiments 

Å Interferences with other experiments and the aircraft systems 

All electrical systems have to be designed and built by professional electricians. 

As a baseline, all equipment used for experiment purpose shall be compliant with EU regulations and 

be CE marked. 

It is highly recommended to use commercial out of the shell (COTS). 

Userôs manuals of all equipment included in the experiments have to be held at TUDelft disposal. 

 

4.3.2 LIMIT ATIONS AND REQUIREMENTS RELATED TO EXPERIMENT 

CONNECTION TO AIRCRAFT POWER SUPPLY  

 
Emergency stop button 
Each experiment must have a standardized emergency stop button. (Refer to §4.3.8. if the setup 

includes a UPS.) 

In the event of an emergency, the use of a single stop button should shutdown all AC and DC 

powered equipment to a safe state. 

The pushbutton shall be easily accessible to experimenters and the safety crew. Regarding AC power, 

the pushbutton must cut off both phase and neutral power lines. 

The cable entry holes of the emergency stop pushbutton shall be fitted with cable glands, and the 

cables shall be secured to prevent them from being pulled out. 

The cable must be long enough so as to be able to easily change the button location upon request. 

 

Experiments with several racks or experiments connected to several aircraft power distribution panels 

shall have a single main emergency pushbutton shutting down all power coming from the aircraft.. 

 

 
 

Figure 10: Emergency Stop Button 

 

4.3.3 ELECTRO -MAGNETIC CO MPATIBILITY (EMC)  

 
ELECTROMAGNETIC INTERFERENCE (EMI) 
Experiment payload emissions shall be limited to those levels identified in EU or national norms. For non-EC 

equipment, field measurements have to be performed and provided to the organizers and TUDelft. 

RADIO FREQUENCY INTERFERENCE (RFI) 
In addition to the above, it should be checked that radio devices are not going to interfere with aircraft or safety 
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personnel radio communication devices. Radio frequencies and power have to be provided to the organizers and 

TUDelft. 

 

4.3.4 ELECTRICAL INSTALLATION  

 
Å Electrical wires: All experiment wiring (experiment cables and power cords) must be sized at a current superior or 

equal to the fuse value. 

Å The stranded wires must not be used when it is requested to tighten these wires by means of screws. 

Å Light transformers or converters weighing less than 1 kg, may be attached to the experiment framework with cable-

ties (e.g. Tyrap® zip ties). It is forbidden to attach them with tape. 

Å The voltage converters must be installed in safe areas, i.e. away from flammable materials. 

Å Experiment grounding: experiments shall be adequately grounded to prevent electric shocks. The grounding of the 

experiment has to be tested with an ohmmeter, prior to the PFC. 

Å High inrush current equipment (e.g. motors, heating systems,é), powered by AC/DC power supply, should be 

protected by a fuse. The intent of the fuse is to limit the maximum current in compliance with the wiring section at the 

power supply output. 

Å Al l DCïpowered commercial equipment not used with their own power supply (provided by the equipment 

manufacturer) must also be protected by a fuse at the power supply output. 

Å All electrical connections shall be covered, protected and clamped. 

Å Wire securing: all experiment wiring (including power cords) shall be properly restrained and clamped to the 

experiment so as to prevent it from floating during micro gravity phases. Cable ties and adhesive backed mounts may be 

used for this purpose. 

Figure 11: Cable Tie Mount 

 

Å Direct skin contact with a stripped wire end should not be possible. Stripped ends shall be wrapped by using insulated 

crimp terminals. 

 

Figure 12: Insulated Crimp Terminals 

 

Å Do not put multiple outlet power strips in series (plug one to the other) 

Å All the power distribution sockets must be C.E. marked and must include a signal lamp. At least one socket must be 

available to allow TUDelft staff to plug a GFI test device. 
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Figure 13 Power distribution sockets 

 

Å Extension cords reel are prohibited. 

Figure 14: Extension cord reel 

 

4.3.5 HIGH VOLTAGE EQUIPMENT  
 
High voltages are permitted in as far as they pertain to low power setups, and are properly guarded against accidental 

contact with either people or conductors. The hazard of fire shall be considered in the hazard analysis. 

 

4.3.6 BATTERIES  

 
The use of all batteries (rechargeable or not) and primary cells has to be declared to TUDelft. In addition, the purchase 

date, the chemistry, the voltage, the capacity and the number of the batteries must be mentioned. All the batteries must 

have been charged before each flight. The use of liquid electrolyte batteries is forbidden. The batteries must not be 

installed close to liquids, fuels or heat sources. 

 

4.3.6.1 BATTERIES IN COMMERCIAL EQUIPMENT  

 
This paragraph deals with batteries already integrated in ñCOTSò devices, i.e. all the internal electrical wiring are 

already performed according to CE rules, most of the time with embedded safety systems. Batteries must be CE marked 

and not be older than 3 years.  Batteries have to be fully charged on ground before each flight. In addition, laptops 

batteries have to be checked so as to ensure they are not recalled by the manufacturer (statement to be written with Part 

Number (PN) in REF[1]. Recalled PN are available on manufacturer web site). 

 

4.3.6.2 BATTERIES POWERING THE EXPERIMENTAL SETUP  

 
This paragraph is dedicated to batteries used for powering an experiment setup or some specific equipment where the 

wiring has to be performed by the experimenters. Batteries integrated in commercial equipment are addressed in the 

previous paragraph. Batteries must be CE marked and not be older than 3 years. Experiments using this kind of batteries 

must be equipped with an additional emergency stop pushbutton de-energizing all components in the system to a safe 

state, same sort as in section  4.3.2. They must also include a fuse at the battery output chosen at a convenient value (not 

more than 30% above the experiment consumption measurement and compliant with the battery specifications). It is 

strictly forbidden to charge or to maintain the charge of these batteries on board the Cessna Citation II, whether in-flight 

or on ground. The use of Lithium Polymer batteries is not allowed aboard the aircraft (to be confirmed). All 

requirements and limitations dealing with the implementation of fuse and emergency pushbutton from previous sections 
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are also applicable in this section. 

 

 

4.4  SYSTEM REQUIREMENTS  

 
All equipment used for experiment purpose have to be compliant with EU regulation and be CE marked. Non 

compliance with this requirement shall be stated to TUDelft. Serviceable equipment should be serviced according to the 

manufacturer recommendations and in compliance with its user manual. 

 

4.4.1 LASER 

 
The use of laser can induce some major risks, including medical hazards related to the laser technology. 
 

 
 

Table 1. Table of Laser Classes 

 

The use of laser must comply with the applicable European Directives. 

 

Experiment setups with class 3R, 3B and 4 are prohibited. Setups with class 2 or 2M lasers must comply with the 

following requirements. 

 

PROTECTIVE HOUSING 

 

The path of the laser beam should be fully contained. Interlock switches should be installed on the protective housing in 

order to prevent operation of the laser when the housing is either opened (through an access door) or removed. Several 

interlock switches have to be installed in order to avoid a single interlock switch failure. Viewing portals and collecting 

optics (lenses, telescopes, microscopes, etc.), intended for viewing use on all lasers, must incorporate a means 

(interlocks, filters, attenuators, etc.) of maintaining a level of laser radiation at or below the Maximum Permissible 

Exposure limit at all times. 

 

Note: If convergent lenses are used, the laser class must be determined taking them into account. All the inner surfaces 

of the housing should be laser absorbent to limit the beam reflection. 
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GENERAL REQUIREMENTS: 

 

Å Material inside the protective housing should not be flammable and should be compatible with laser beam in order to 

avoid fire or toxic smoke. 

Å The laser operator must be qualified and familiarized with risks related to laser usage. 

Å Some lasers are using water cooling. Such system shall be compliant with requirements related to liquid containment. 

Å Experimenters should define a clear procedure stating what to do in case of smoke emission or emergency. 

Å Even when the laser protective housing is open, the laser beam should be as much as possible not in direct view from 

operatorôs eyes. 

Å Alignment of lenses and calibration operation can be done with a class 1 or 2 laser, in compliance with European 

directives. 

 

LASER WARNING LABELS 

 

All lasers shall have appropriate warning labels. The label shall be affixed on the laser housing so as to be easily visible 

from everywhere. For experiment with laser using high energy power supply, the relevant warning labels should also be 

implemented. 

 

WARNING LIGHT 

 

A red continuous warning light should automatically indicate the laser status: light is on when the laser is in use and 

light is off when the laser is off. 

Figure 15: Laser Warning Label and Light 

 

4.4.2 HARMFUL LIGHT INTENSITY AND WAVELENGT  

 
Lighting and optical instruments shall not allow harmful light intensities and wavelengths from being viewed by 

experiment operators or any other party. Depending on experiment light hazard, laser requirements must be considered 

for preventing optical risks. 

 

4.4.3 PRESSURIZED SYSTEMS 

 
For the purposes of this section, 'Pressurized Systems' means vessels, piping, safety accessories and pressure 

accessories. Any and all such equipment if prohibited. 

 

Remark: DEWARS 

 

Dewar/cryostat systems are a special category of pressurized vessels because of unique structural design and 

performance requirements. They are NOT considered as pressure vessels by themselves and are therefore allowed. 

 

4.4.4 FREE-FLOATING EXPERIMENTS  

 
Free-floating experiments may be performed in the Cessna Citation II. The design of a free-floating unit should take 

into account the risks associated with this type of set-up (experimenters injured by the free-float package, free floating 

items in case of damage to the test package é) Note: aerodynamic disturbances undergone by the aircraft might induce 

some small variations of g-levels during the parabola. This residual acceleration results in the drifting of the free-

floating test package toward the walls, ceiling or floor of the aircraft. In order to maximize the free-floating time, the 

test package should be designed as compact as possible. 

 

There are two types of possible free-floating experiments: 

 

FREE-FLOAT PACKAGE IN THE CABIN 
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The maximum allowable free-float package weight is 1kg. Often, a free-float unit is connected to an acquisition unit on 

the PI's lap or secured to the ground by means of data wires. These wires should not be used to restrain the movement of 

the free-floating unit. It is recommended that the wires be reinforced in order to avoid inadvertent disconnection. The 

unit must be protected with foam so as to avoid injuring an experimenter. During take-off and landing, the free-float 

package should be held onto the lap of the PI. 

 

Figure 16: Free-Float Package Secured to the Floor TBA (to be added) 

 

FREE-FLOAT PACKAGE IN A PROTECTIVE CAGE 

 

In this configuration, the experiment is fully free-floating within a protective cage. Based on the resistance of the cage, 

the test cell should be strapped for take-off and landing. In all test configurations, the free-float package and any 

handling aids should be capable of withstanding the two 2.5g phases at the beginning (pull-in phase) and at the end 

(pull-out phase) of each parabola. At the parabola exit maneuver, the test cell should withstand the shock induced by its 

fall on the floor (equivalent to a drop of 4m at 1g). 

 

4.4.5 CONTACT TEMPERATURE  

 
Hot or cold hardware must be unexposed to the cabin, so as to avoid injuring an experimenter. The inadvertent touch 

temperature of any potentially exposed surface should be maintained between ï2°C and 45°C. 

 

4.4.6 HEATING SYSTEMS  

 
Heating systems can be powerful systems that can embody a risk of fire onboard the Cessna Citation II. All the heating 

systems that can reach high temperatures have to be designed following these rules: 

 

Å The overheating scenario must be prevented by convenient safety barriers (thermo-switches, thermal fuses, etcé) and 

addressed by means of a hazard report. (The temperature set for the duration of the experiment and the maximum 

heating capacity, i.e. max temperature, must be mentioned) 

Å Temperature sensors or thermocouples used for the regulation must be located in direct proximity of the heated area. 

Å heaters must not be installed close to flammable products or materials. 

 

 
 

 

 

 

 

 

 

 

 

Figure 17: Thermal fuse 

 

4.4.7 TEST EQUIPMENT NOISE LEVELS  

 
TUDelft shall be informed about any noise-generating equipment. Noise levels above 90db are prohibited. 

 

4.4.8 PUMPS 

 
The use of vibration-damping devices for mounting a pump is strongly requested in order to minimize the transmission 

of vibrations to the aircraft and the other experiments. 

 

4.4.9 COMPUTER 

 
Modern standard computers (laptop, desktop) work properly in flight even during hypergravity phases. Nevertheless, 



 

 

Ref: BIFROST-2016-1 page i           26 

Revision date: August 30th, 2016 
Make sure this document is the last edition before use (see page iii). 

within some laptops, handheld computers and other devices containing a hard drive, a gravity detecting protection 

device might be implemented. Such device could switch off the computer during hypergravity or zero-gravity phases. 

Researchers are advised to work either with standard laptops (without gravity-detecting device), or to check the proper 

functioning of their laptop in the upside-down position. 

 

4.4.10 IONIZING RADIATION, X -RAYS 

 
Å The use of radioactive material is strictly forbidden 

Å The use of radioactive equipment is also forbidden 

 

Exception could be granted on a case by case basis. The experimenter should in any case inform the organizers and 

TUDelft as soon as possible. The experiment, the operators and the related procedure should be compliant with both the 

Belgian and the Dutch radioprotection regulation which may be more stringent than European regulation. 
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4.5  PRODUCTS AND MATERIALS REQUIREMEN TS 

 
4.5.1 LIQUIDS AND BIOLOGICAL PREPARATION  

 
For experiment using liquids the following requirements apply: 

Å All biological agents should be stated to the organizers and TUDelft, An MSDS should be provided for each. 

Å Containment: All liquids other than water, and water quantities exceeding 1 liter must be enclosed in a liquid-proof 

sealed containment. It is mandatory to perform a waterproofness test of the containments before coming in the TUDelft 

facilities. Cryogenic liquids are prohibited. 

Å Material Safety Data Sheets (MSDS): For all liquids other than water and vegetable oil, an MSDS form written in 

English from the liquid provider shall be submitted to TUDelft. An MSDS shall also be provided for mixes of liquid and 

biological solutions. 

Å All liquid containers shall be labeled with the name of the chemical and of its owner (P.I.), as well as the appropriate 

hazard warning signs. 

Å For each liquid used in flight, the quantity shall be justified and minimized as much as possible for experimental 

purposes. 

Å So as to have a backup solution in case of spill, the experimenters have to foresee the convenient absorbent material 

related to the products they handle. 

 

Some experiments require access inside the containment during microgravity phases, e.g. for handling test cell with 

liquids. In this case it is advised to design a glove box. 
 

 
 

Figure 18: DIY ï Glove box 
 

4.5.2 GENETICALLY MODIFIED ORGANISMS (GMO)  

 
Various definitions for GMO exist in Europe, leading to various classification of biologic material. In any case, the 

Dutch definition is applicable. All organisms falling under this definition are forbidden. 

 

 

4.5.3 SMOKE 

 
Experiments generating smoke should confine the smoke within airproof containment, and keep its volumes small. 

Large volumes of smoke, as well as smoke based on toxic substances, are prohibited.The experimenters should send to 

TUDelft the MSDS forms written in English for the products used to create the smoke. Based on the MSDS, a double 

containment might be requested. 

 

4.5.4 HANDLING OF POWDER OR SMALL PARTICLES  

 
Based on the risk to scatter small particles inside the cabin and to hurt flight attendees, the requirements for liquids 

apply. Large quantities of powder, as well as powders based on toxic substances, are prohibited. 

 

4.5.5 HAZARDOUS MATERIALS  
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As far as possible, avoid the use of hazardous materials, including toxic and corrosive materials. The use of hazardous 

material shall be justified and it should be demonstrated that it cannot be replaced by any other safer materials. If such 

materials are required for purposes of the experiment, proper use, safety devices and proper containment must be 

implemented. A hazard analysis, including a list with all experimental products to be used and related Material Safety 

Data Sheets (MSDS) written in English must be provided. The experimenters must read the MSDS and understand the 

hazards relative to their products. The hazard analysis must address any potential risk and related control method. 

 

Hazardous material quantities shall be justified and minimized as much as possible for experimental purposes. 

 

4.5.6 CABIN ENVIRONMENT PRE SERVATION  

 
No gas, liquid or material, even known as not toxic, may be released from an experiment into the aircraft cabin excepted 

air and water. Water quantity is limited to 1liter per flight.  Any gas release other than air is submitted to dispensation. 

 

4.5.7 FLAMMABLE AND EXPLOSIVE GASES  

 

Flammable and explosive gases are not allowed in the plane, in TU Delft or organizer's premises at any moment. 

 

4.5.8 DRY ICE  

 
Dry ice, solid carbon dioxide CO2, undergoes the process of sublimation, transitioning directly from solid to gaseous 

form. In solid form, its temperature is around -80°C. Precautions have to be taken to avoid direct skin contact with dry 

ice. Its handling must be performed only with cryogenic gloves. Dry ice should be used under a well ventilated 

environment as CO2 is heavier than air: avoid high CO

2

 concentrations. In addition, it should not be stored in a 

completely sealed container as overpressure could build up inside the container. Quantities shall be kept to a minimum. 
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4.6  FLIGHT AND ñSAFE-MODEò PROCEDURES 

 
All procedures to operate the experiment shall be provided to the organizers and TUDelft personnel. Procedures have to 

be detailed and updated. All procedure changes have to be reported to the organizers and TUDelft. Procedures should 

remain as simple as possible and always available in flight. It is strongly recommended to perform the maximum 

number of tasks during 1g flight phases and not to work during 2g phases. During microgravity phases the tasks have to 

be easy to perform. For safety and operational reasons, each team shall use check-lists and each task performed shall be 

cross-checked. In the event of a researcher becoming unfit, the TUDelft Safety Officer aboard should be able to safely 

and efficiently initiate emergency procedures to turn the experiment into a safe-mode. A single action ñpushbuttonò is 

the preferred means of securing research equipment in the event of an emergency. Emergency procedures for 

experiments must be meticulously derived and easy to accomplish. Experimenters must fully comprehend their 

experiment/hardware, and be ready at all times to initiate these procedures without delay. Emergency procedures must 

be placarded on equipment, using easy to understand instructions placed at a highly visible location. 

 

4.7  LIFE -SCIENCES EXPERIMENTS INVOLVING TEST SUBJECTS  

 
Experiments may involve human test subjects. These experiments must be either non-invasive or be subjected to 

approval by the subject, AND his or her parents or legal guardians, AND the subjects physician. Even so, TU Delft and 

the organizers maintain the right to refuse any experiment on human subjects for whatever reason. 
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APPENDIX A. BIFROST HAZARD REPORT  

 

EXPERIMENT/TEST EQUIPMENT HAZARD REPORT #....  

Name:  

Organization:  

Equipment / system:  

Hazard Group  

Hazard Classification 

Catastrophic X Critical   Major   

Environments where the hazard applies 

Hotel facilities   TUDelft hangar   

Cessna Citation II on Ground X Cessna Citation II in Flight X 

Hazard Description :  

 

Hazard evaluation 

Hazard cause 1   

Hazard control(s) 

: 

1.1 

1.2 

1.3 

1.4 

... 

 

Verification 

method(s) / 

Verification  

status : 

1.1.1 

1.1.2 

1.2.1 

1.2.2 

1.2.3 

é 

  

Hazard cause 2   

Hazard control(s) 

: 

2.1 

2.2 

é 

  

Verification 

method(s) / 

Verification  

status : 

2.1.1 

2.1.2 

2.2.1 

2.2.2 

2.2.3 

... 

 

 

Note: continue as above until all Hazard Causes applicable to the Hazard Title have been addressed. The experimenter 

should note again that a separate Hazard Report is required for each identified hazard. 
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APPENDIX B. BIFROST BIOLOGICAL FORM  

 

Notice for the use of the biological agent form 

 

1) Type 
Organismôs type will not give many indications on the potential risk related to an organism. However the type of 

organisms is often required as a first step to search for information in several database, especially culture collections. 

Main culture collection: 

http://www.lgcpromochem-atcc.com/ 

http://www.dsmz.de/ 

http://bccm.belspo.be/index.php 

 

2) Full name 
The full name of organisms allows checking if the organism does not belong to the harmful organisms list. For many 

microorganisms the name (genus name + species name) is not enough, the strain name is therefore important. By 

convention genus and species names are italicized and strains names are indicated in plain text. 

For example: Escherichia coli K12 

 

3) Origin 
Origin indicate from where was the organisms originally obtained. Organisms isolated from human (especially medical 

samples) often represent a higher risk for human health than organisms isolated from seawater for example. 

 

4) Host 
Several organisms, mainly viruses but also bacteria and fungi, require an host to grow. Organisms that require a human 

or simian host cell to grow can potentially infect humans and therefore represent a higher risk. 

 

5) Is it harmful to human or environment? - biosafety level ? 
The biosafety level indicates the risk for human health. A biosafety level higher than one indicates a risk for human 

health. However the biosafety level does not take into account potential risks for the environments (animals and plants). 

Therefore a biosafety level of 1 is not enough to exclude any risk, especially for GMOôs where dissemination risk 

exists. 

 

6) Is it infected by any harmful viruses or microorganisms? 
Cell lines can be infected by viruses or other microorganisms. Human and simian cell lines represent a higher risk since 

they may contain harmful viruses for human health. When it is the case these cell lines belong to BSL-2 or higher 

group. 

 

7) Culture collection # 
Culture collection number is the number attributed by a culture collection to any organisms or cell line deposited in 

such collection. This accession number allows obtaining most of the information relevant to handling and security of 

such organisms. In addition culture collection website indicate other possible referencing of such organisms, thus 

allowing to check other database. 

 

8) Is it a genetically modified organism (GMO) ? 
As for other organisms the biosafety level indicate a potential risk for human health. In addition specific attention 

should be paid to accidental release and dissemination risk of GMOs 
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PROJECT EXAMPLES  

 

 
 

Immiscible fluids 
Water and oil don't mix. In normal gravity, the lighter fluid will float on the heavier one. Is the demixing rate (the time it 

takes for two given quantitities that are thoroughly mixed to re-separate) dependent on the gravity vector's strength? 

What happens with other immiscible fluid combinations? 

 

 
 

Boiling in Zero-G 
'Obviously', when water boils the forming bubbles rise to the surface. But the reason they do is because the vcapour has 

lower density than the liquid, hence an Archimedes force arises that drives the bubbles 'upwards'. But in zero-g, there is 

no 'up' or 'down'... so what will happen? Is what happens dependent of the way heat isb transferred to the liquid (to 

make it boil in the first place): point contact, spherical surface heating, plane surface, ,...? 

 

 
 
Capillarity in Zero -G 
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Chemical gardens 
Certain chemicals grow wondrous structures (the so-called 'chemical garden') but here too, differences in density are the 

cause of the structures being formed. What (if any) new shapes are formed in zero-g, or under hypergravity? 

 

 

  
Cardiac rythm  
Is a person's heart rate change when in zero-g? Or in hypergravity? If so, is a relaxation effect measurable? Or does the 


