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INTRODUCTION

TU Delft has been performing Parabolic Flights with the Cessna Citation Il for many years. ParabolicaFdicaris

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 opeations, 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 iB#RQ@STBasdmlic &light Qampadyres withd@ U Delft's Cessna Citation Il, aimed on
the one hand at giving the users the requirements for parabolic flight experiments and, on the othesuyzpaltiag

them in designing an experiment ready to fly aboard the CesstimiCitaDesigning and building an experiment to fly
under microgravity conditions implies taking into account the several different environments including the aircraft.
Safety ules and related issues are different from those of a standard laboratory.

This document presents:

AThe reviewing and acceptance process of an experiment.

AThe safety policy for designing, building and operating a parabolic flight campaign expersimgnhazard analysis.
AA description of the Cessna Citation Il interfaces.

ARequirements 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 FreeFloating

g Acceleration consint equal to 9.81mds
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  Parabak Flight Campaign

PHA  Preliminary Hazard Analysis

Pl Principal Investigator
SF Safety Factor

\% Volt

VA \Volt Amps

w Watt
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1 ACCEPTANCE PROCESS FOR PFC EXPERIMENTS

The experiment participation toBAIFROST Parabolic Flight Campaign (PFC) is subjektte the completion of several
technical documents. Before the beginning of the P#€ organizers will ask you to fill in the EXPERIMENT
SAFETY DATA PACKAGE (ESDP) used for the technical description and hazard analysis of the experiftight in

and onground; this includes procedures, equipment and all materials (solids, liquidgshdsed #ilight 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 docant supporting the hazardlated communication between you and the organizers
andbr 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 witlhequirements from this document does not mean automatic acceptancei whicty eveni
is granted only by TU Delft personnel after de visu inspection of the experiment hardware.

1.1 ACCEPTANCE PROCESS FOR FLIGHT OPERATIONS

Flight operations, procedurasaterials, products and sap will be reviewed by the organizers and by TUDelé well
as third parties if required. The organizers will follow the experiment design during the preparation phase of the
experiment in your laboratory usiiige Progress Rports

At the latest 1 day before the flight, the experiment in its flight condigon (i.e. As it would be in flight) will be
reviewed thoroughly by both the organizers and TU Delft personnel. This review is caliafdéhe Visit

During both revigvs (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 desigsome 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 substantiatiof safety, must be issued and submitted to both organizers and TUDelft.
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2 SAFETY POLICY

The Cessna Citation Il parabolic flight program is operated in accordance with stringent safety procedures. Due to the
nature of this program, a muktage reviewand 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 ofdfexiiincluding 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 frermpbryor 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 deldgs.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 flightaetridved.

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 Il. These new environments should be taken into account érbegthning of the experiment design
activities in order to assess and minimize all risks. There are many differences between the Cessna Citation Il
environment and a usual lab environment. A remarkable fact is the change of load factors. Og or 2.Bgratsm @je
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:

Awnen the aircraft is flying, the experimenters cannot escape from a hazard,

AA 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 experimerdrisedeni 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:
Aall intrinsic hazards from the experiment itself
Athe test setup behavior under nesegel changes
Athe closed environmenf the aircraft
Athe human mishap due to the change of ground facility
Athehuman 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 exampl e, hydrogen gas is basically a s
contained area becomes then a threat. Hazards are mainly caused by 5 sources:

Aenvironment

Ahuman errors

Ahardware

Asoftware

Ainteractions

RISK DEFINITION:

Arisk is an exposure to a hazard, that embodies a threat. The consequence and liketitmaothaf 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.

Arisk associated to a hazard can be defined by:
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\ Risk = (Likelihood of thenazard) 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 dagram 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 afeastate is a state where:
Athe risk could have a serious consequenge¢oo pl eds heal th or the aircraft
Athe risk is neither serious nor likely (2)
Athe risk is probable but would have few consequences (3)

On the otler 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:
ALowering the likelihood of a risk corresponds to a state change freonl4 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 lasexaln contained within a casing which from time to time an operator
needs tdhave 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 couldniyg@leémented at casing opening,
switching off the laser beam. The interloiskconsidered as prevention means as it is preventing the direct
contact between the | aser beam and the operator o6s e
ALowering the seriousness of risk corresponds to a statgjetfeom 4to 3. The hazard control to be used is a
means of protection vith 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 protectisn Igatygecase, the
laser beam is still on but the operator is proteagginst eye injury.
ALowering both the likelihood and the seriousness of risk corresponds to a change tiydin Bhe hazard
controls to be used are prevention and protection. offegator is protected by the interlock and the safety
goggles. So in casaf single failure of the interlock, the operator is still protected against eye injury thanks to
safety goggles.

Risk management consists in determining:
Athe intrinsic hazards psent in the experiment
Athe risk associated to these hazards takingaotount system design and the environmental conditions
Athe risk state (safe state or unsafe state)
Athe controls to be set in place in order to drift from unacceptable riskseptable 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 Il. Risk
andysis 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 taentify 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 shdd 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 eithee tAxperiment equipment or the test operations. In attempting to identify these
hazards, the evaluator should keep in mind "Murphyos |
will." During the evaluation process, the evaluator should take devi | 6s advocate positia
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 Il astovaftl 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 pdignhazard 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 haaadishe 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 b&dausat 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 leakagmof container. Because the quantity of toxic product used is shmalevaluator

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 meansbif tests, th
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 catitute a norcredible 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 #lceatent w
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;sthstdip 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 ksl o
Equipment only used on ground has to be considered too.

Note 2: The information contained in the equipment te
pressure, environment limitations, individual protection) should be takemactmunt while designing the experiment.
Experimenters should check that those limitations are compliant with the Cessna Citation |l environment.

The second step for analyzing intrinsic risks of the experiment is to analyze risks of every system taliogount
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 thatanexpepre nt can be performed in different environmen
rooms/conference rooms), TUDelft's hangar at Amsterdam airport, the Cessna Citation Il airplane on ground and the
Cessna Citation Il 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. tshe experi menterdéds responsibility to contac
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 dshle 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 timaay 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 haalgsisa
TECHNIQUES FOR HAZARD ANALYSIS
Many techniques are available to evaluate hazards:

Recommended:
AwnhatIf
AWhatIf/Checklist
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AFailure Mode and Effects Analysis (FMEA) / Failure Modes, Effects and Criticality Analysis
(FMECA)

Other:
AHazard ad Operability Study (HAZOP)
AFault Tree Analysis
APreliminary Hazard Analysis (PHA)
AAny appropriate hazard analysis that will provide the same level of detail as those listed above
ny combination of the above

All techniques show advantages andwdyacks based on the experiment complexity.
CONTENT OF AHAZARD 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:

AThe syameemds n

AThe location of the system

AThe hazardassociated to the system

AThe consequences of each hazard

AExisting engineering and administrative controls for each hazard

AProposed engineering or administrative controls for each hazard, if the exitingls are inadequate

AThe potential conseguaces of the failure of the engineering and administrative controls

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

AA qualitative evaluation of the possible safatyd health effects before and after the cdstaoe in effect

AThe names of the team members who conducted the hazard analysis

AThe last time you looked at the system

AA qualitative evaluation of the risk before and after the hazard controls aae pl

24.1 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 hadagagien 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 organizetdDentitl 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 experimentad,ggioducts, ground support equipment:

Radation(electromagnetic, laser) / Toxic Materials / Contamination / Fire / Collision / Impact Loss of Habitable
Environment / Electrical Shock / Static Discharge / Injury and/or Iliness / Extreme Temperature / Structural Failure /
Corrosion / Any other whichmay 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 foreseenedrleageect 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 accocgawith their seriousness/severity (minor, major, critical, and catastrophic).
KCatastrophic: fatal or serious irreversible injuries, loss of aircraft or of ground facilities or aircraft equipment
KCritical: reversible injuries, the experiment becomes-operational or can affect another experiment's
operations or cause aircraft equipment damages
Aviajor: loss of working means, reduction of safety margins
MMinor: increase of the working loads

Catastrophic hazards should be controlled in such mannenahabmbination 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 combinabn of two hardware failure)R one hardwardailure AND one human erro®R two human
errors.

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

In other word i means that hazard controls have to be iegkuch that a critical event should not occur following a
single hardware failur®R one human error.

2.4.3 HAZARD CONTROL DEFINITION & ASSOC. VERIFICATIONS

Following the hazard identification and classificatigompper 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 havedefined to ensure the control efficiency.

24.4 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 hazaisl 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, itn, wi ||
ways to control this hazard hate 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:
ADo one or more hazards amoistinthesysemAhazard source ch
AAre other hazards preseéntmy design?
Awnhat are the levels of the identified hazards (seriousness)?
Acan | totally get rid of this hazard (e.g. using different material)?
Awnho will be exposed to this hazard: the experiment opesabther persons?
Alf this hazard cannot bsuppressed, can | 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 mdatory Hazard Reports from the ESDP, with one report per hazard (each
line of the tablehazard #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 belongingatadinep@ic,

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
containthe 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 implamted. 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 HhReports 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 baddiohcaddressed in the report.

DESCRIPTION OF THE REQUIRED CONTENT OF AHAZARD REPORT:

The header of a Hazard Report should give a few introductory information:
EXPERIMENT/TEST EQUIPMENT HAZARD REPORT #10

Name: John Smithi Safety engineer
Organiation: European University
Equipment / system:  Test cell

1. HAZARD GROUP

Each hazard report should show the hazard group consic
section.

Hazard Group: Explosion

2. HAZARD CLASSIFICATION
The eperimenter should state trseriousness 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 octhin whe TUDelft premises (workshop, support room,
aircraft on ground, aircraft in flight, é)

Environments where the hazard applies:
TUDelft Setup assembly area / Cessna Citation Il on Groudessna Citation Il 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
ot her staff (other experimenters, organi zer s, TUDel ft
structure and flighsystems. The experimenter should take care to identify the actual hazard as opposed to the hazard
cause. For example, the oymessurization of a tank is a hazard cause, whereas the possible loss of life due to
explosion of the tank (with the potential foatastrophic 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 verificatior tha 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 PrédaiiRediv

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 redupeedsure between 1 to 5 bars.)

5. HAZARD CAUSES
This section of the hazd 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 thellfawving factors:

ATank inadvertently undeadesigned for maximum operating pressure

AOne or more tank weld(s) is/are defective

AOver pressurization of the tank during filling process
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ATank pressure gauge reading incorrectly

ATank failing because of ar in operatingorocedure and/or software

éHuman error: improper handling, mai ntenance, &

é

AOther possible factors not identified above
Each of the hazard causes identified above must be countered by one or more specific Hazard Controls keeging in min
the hazard classification and related tolerance to failures. These controls are discussed in the following section.
Hazard causel Over pressurization (>7 bars) of TC.
Hazard cause2 Failure of TC due to improper TC design

6. HAZARD CONTROLS
Particularemphasis must be placed on thorough development of the contents of this section of the Hazard Report.
Hazard control statements must be:
Aspecific: do not generalize
AExhaustive: identify all controls applicable to the specific hazard
ADefinitive: provide adequate dels 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 opergtimtedures) thawill 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 abuilts drawings, quality assurance inspien 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 firevious page ight be:
Hazard causel Over pressurization (>7 bars) of TC.
Hazard control(s):

1.1Use of Pressure Release Valve (PRV1) right after PRY/.1 is set at 5 bars
1.2Use of Pressure Release Valve (PRV2) on the tesPE2 is set at 7 bars

1.3Use 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. Thisviiatteed 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 @ntrol, 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 Ietexperimenter in satisfying the verification requirements.
These are:
ATest
Alnspection
AAnalysis (both mathematical and data evaluation, such as review of design drawings, schematics, test results,
etc.).
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3 Cessna Citation || INTERFACE DESCRIPTION

This section describes the test area of the Cessna Citation Il. It provides information on electrical power supply,
attachment of experiments to aircraft floor and a description of the other interfaces.

3.1 AIRCRAFT AXES

Y axis

X axis
1e0eefd .“Bv\
=
- -
()
figure 2: Aircraft Axis System
The aircraft axis system is a direct one.
3.2 CABIN LAYOUT
The Cessna Citation Il cabin is divided into 3 sections:
AForward section: cockpit
AcCenter section: seating area
Ref: BIFROST-2016-1 page i 15
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ARear section: fixed experiment setup area

Figure 3: Cabin SectionsBA(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 ssfhtained experiments. These bores neither airnor water tight, and

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

The dimensions of the curver boxes intended foramitained, automated or RC controlled experiments TBD (to be

determired).
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 CrosSection TBA(to be added)

3.3.2 AIRCRAFT LIGHTING

The Cessna Citation Il is lit primarily through its windows. Thisans 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 thecabin 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 cel |l s, accurate mechanical
coolers (to be provided by experimentdysjore or during the flight.

3.5 ELECTRICAL POWER INTERFACE

TBD (to be determined)

3.6 EXPERIMENTS LOADING INTO THE CESSNA CITATION Il

The BIFROST ONE campaign encompasses four flights: four teams of students (with their teacher) will fly with their
experimem, 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 camaidra 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 mfumrg operation. They should also make

sure that battery setfischarge is not an issue. Finally, it should be easy to check proper functioning of the experiment
prior to takeoff (without dismounting the experiment or perturbing other experiments irathg

3.6.1 ACCESS DOOR FOR EXPERIMENT LOADING

The access door used for loading the experiment is located at tharefside of the aircraft, (positiveaxis). The
access door dimensioase TBD (to be determined). Accdssthe door is through gteps (2 on the plane, 2 on the
ground).

-~

Figure 5: Experiment Access Door DimensioﬁB‘A(t be added)
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4 REQUIREMENTS AND GUIDELINES

This section presents the general requirements related to the design of experiments. Guidance is alsongemgfor

these requirements. Said guidance should obviously be adjusted onbg-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 accaunt therisks 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 interpretatibias tobe taken and discussed with the organizreeeded, 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 @ircraft services: electrical power and cabin pressurization.

4.2MECHANICAL DESIGN REQUIREMENTS AND GUIDELINES

Experimenters have to verify and document the structural integrity of each part of the experiment (including structural
hardware and equipment) 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.

42.1 DEFINITIONS AND TERMINOLOGY

FIXED EXPERIMENT SET-UP RACK

Figure 6 Seup rack in the rear of the Cessna CitatioTBA (to be added)
FREE-FLOATING (FF) SET-UP
Some experiments may require to let some test packagdateSuch stand alone devices are also considered as a
rack. Usually, such racks are linked to anottaek for data recording or frdeating module control. The freffoating
package must be covered with foam padding.

Figure 7 Padded box for frefoating experiment¥BA (to be added)

EXPERIMENT MASS

Experiment mass will be limited to 10kg per curvexbMore 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 consieftigitt cyclic loads cases varying frond.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 rd¢kA(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
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experimenter's lap. It is recommended to secure LCD monitors with metallic clamps over the edges of the monitor.
ATTACHMENT OF GAS CYLINDERS

Gas cyinders 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 tatk the cylinder in the remaining direction.

Figure 9: Gas Cylinder AttachmediBA(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 bemeved 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

Vacwm 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 latedaging 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 block&)wever, such structures should be capable of withstanding the

hard landing loads in the takdf and landing phases. So, in addition to a damper device, duringffaked landing a
mechanical device could be added to the structure for counteractipptdrgial hard landing loads. As this type of

safety device could transmit vibrations, it shall be removed afteroffikend put back in place before landing.

EXPERIMENTS WITH MOVING PARTS

Some experiments have moving parts. Depending on the speed phididenof 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 shoulcipecamide 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 flammable 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® {ftemmable polycarbonate, for non structural
parts) instead of glass or normal Rigas.

4.2.6 PRESSURIZATION FOR SEALED EXPERIMENT

As explained in the ACessna Citation 11 I nterface Des
altitude increases. Accordingly, sealed containers, especially those made of polycadbundtebe able to withstand

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

l'imitations related to pressurized vessels on ground a
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4.3 ELECTRICAL DESIGN REQUIREMENTS AND GUIDELINES

43.1 INTRODUCTION TO ELECTRICAL DESIGN

This section introduces the requirements for electrical circuits taking into account the following risks or
issues:
AElectric shock
AElectrical fire
ADamageso aircraft powedistribution system, caused by excessive electrical consumption of experiments
Ainterferences with other experiments and the aircraft systems
All electrical systems have to be designed and built by professional electricians.
As a baseline, all equipmensed 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).
User s manuals of all equi pment included in the experi

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 84.3.8. if the setup
includes a UPS.)

In the event of an emergency, the usa 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.

Thecable 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. &€ non
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 thesomgahize
TUDelft.

4.3.4 ELECTRICAL INSTALLATION

AElectrical wires: All experiment wiring (experiment cables and power cords) must be sized at a current superior or
equal to the fuse value.

AThe stranded wires must not be used whanrigquested to tightendke wires by means of screws.

ALight 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.

AThe voltageconverters must be instedl in safe areas, i.e. away from flammable materials.

AExperiment grounding: experiments shall be adequately grounded to prevent electric shocks. The grounding of the
experiment has to be tested with an ohmmeter, prior to tGe PF

AHigh inrush current agi p me nt (e. g. motor s, heating systems, é),
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.

AAIll DCipowered commercial eqment not used with their own power supply (provided by the equipment
manufacturer) must also be protected by a fuse at the power supply output.

AAll electrical connections shall be covered, protected and clamped.

Awire secumg: all experiment wiring ificluding 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

ADirect skincontact with a stripped wire end should not be possible. Stripped ends shall be wrapped by using insulated
crimp terminals.

Figure 12: Insulated Crimp Terminals

ADo not put multiple outlet power strips in series (plug tmthe other)
AAll the powerdistribution 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

AExtension cords realre prohibited.

Figure 14: Exension 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 theahalesid.

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. Aligbarhester

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.

4.3.6.1BATTERIES IN COMMERCIAL EQUIPMENT

This paragraph deals with battexie al r eady i ntegrated in ACOTS0O devi ces,
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 he dhhrged 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 vedb sit

4.3.6.2BATTERIES 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 experiment8atteries integrated in commerciaduipment 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 pushbutienedgzing all components in the systeim 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 (nof
more than 30% above the experiment consumption measurement and compliant withetlyespatifications). It is

strictly forbidden to charge or to maintain the charge of these batteries on board the Cessna Citation Il, viligther in

or on ground.The use of Lithium Polymer batteries is not allowed aboard the aircraft (to be confirAlked).
requirements and limitationsdling 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
comgiance 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.

44.1 LASER

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

Laser Classifications/Safety Icons &

Class 1
M&m Lasers that are incapable of causing damage when the beam is directed into the eye
under normal operating conditions. These include helium-neon lasers operating at
less than a few microwatts of radiant power.
Class 2 <SR and IR Optics, Some LR
DO NOT STARE INTO BEAM Lasers that can cause harm if viewed directly for ¥: second or longer. This includes
R Y helium-neon lasers with an output up to 1 mW (milliwatt).

Class 3A g Many LR Optics, CWDM GBICS
Lasers that have outputs less than 5 mW. These lasers can cause injury when the
eye is exposed to either the beam or its reflections from mirrors or other shiny

surfaces. As an example, laser pointers typically fall into this class.

Class 3B <= Some LR Optics, Amplifier Outputs

IO EXPOSURE TO B Lasers that have outputs of 5to 500 mW. The argon lasers typically used In laser
[CLASS 30 LasER PROOUCT light shows are of this class. Higher power diode lasers (above 5 mW) from optical
drives and high performance laser printers also fall into this class.
Class 4

Lasers that have outputs exceeding 500 mW. These devices produce a beam that is
hazardous directly or from reflection and can produce skin burn. Many ruby, carbon
dioxide, and neodymium-glass lasers are class 4.

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 cortipdy with
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 (thmcamfess 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, mustataca 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 thecoumio Alt the inner surfaces
of the housing should be laser absorbent to limit the beam reflection.
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GENERAL REQUIREMENTS:

AMaterial inside the protective housing should not be flammable and should be compatiliéesevitheam in order to

avoid fire ortoxic smoke.

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

ASome lasers are using water cooling. Such system shall be compliant with requirements related to liquiceotntainm
AExperimenters should defineckear procedure stating what to do in case of smoke emission or emergency.

AEven when the laser protective housing is open, the laser beam should be as much as possible not in direct view from
operator 6s eyes.

AAlignment of lenses and calibration opesatican 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 expianent 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 iseontlénlaser is in use and
light is off when the laser is off.

ADANGER

Laser light
when open.
AVOID DIRECT
EYE EXPOSURE

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 pabgpending 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. Angnd 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 themselvéscaefballowed.

4.4.4 FREE-FLOATING EXPERIMENTS

Freefloating experiments may be performed in the Cessna Citation Il. The design offlodte® unit should take

into account the risks associated with this type clupetexperimenters injured by the drfloat package, free floating
items in case of damage to the test package ¢é) Note: a
some small variations of-lgvels during the parabola. This residual acceleration results in the driftitite dfee

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

test package should be designed as compact as possible.

There are two types of possible fié@ating experiments:

FREE-FLOAT PACKAGE IN THE CABIN
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The maximum allowable freffoat package weight is 1kg. Often, a fid@at 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 nestvaiméme of

the freefloating 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. Duringftakked landing, the fre#oat

packa@ should be held onto the lap of the PI.

Figure 16: FreeFloat Package Secured to the FIOBBA (to be added)
FREE-FLOAT PACKAGE IN A PROTECTIVE CAGE

In this configuration, the experiment is fully frleating within a protective cage. Based on théstasce of the cage,

the test cell should be strapped for tafeand landing. In all test configurations, the ffteat package and any
handling aids should be capable of withstanding the two 2.5g phases at the beginningpipatie) 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, 8o aid injuring an experimenter. The inadvertent touch
temperature of any potentially exposed surface should be maintained béB¥€esnd 45°C.

4.4.6 HEATING SYSTEMS

Heating systems can be powerful systems that can embody a risk of fire onboard theO@asndl. All the heating
systems that can reach high temperatures have to be designed following these rules:

AThe overheating scenario must be prevented by convenient safety barriers-@héchest h e r ma | fuses, e
addressed by means ofhazard report. (The temperature set for the duration of the experiment and the maximum
heating capacity, i.e. max temperature, must be mentioned)

ATemperature sensors or thermocouples used for the regufatist be located in direct proximity of the rezhtirea.

Aheaters 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 noigenerating equipment. Noise levels above 90db are prohibited.

4.4.8 PUMPS

The use of vibratiomlamping 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 int féghn during hypergravity phases. Nevertheless,
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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 hypergragtg-gravity phases.

Researchers are advised to work either with standard laptops (without -gietétfing device), or to check the proper
functioning of their laptop in the upsidiown position.

4.4.10 IONIZING RADIATION, X -RAYS

AThe use of radioactive neial is strictly forbidden
AThe 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 operatdriha 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

45.1 LIQUIDS AND BIOLOGICAL PREPARATION

For experiment usinliquids the following requirements apply:

AAll biological agents should be stated to the organizers and TUDelft, An MSDS should be provided for each.
AcContainment: All liquids other than wateand water quantities exceeding 1 liter must be enclosedliguid-proof

sealed containment. It is mandatory to perform a waterproofness test of the containments before coming in the TUDelft
facilities. Cryogenic liquids are prohibited.

AMaterial SafetyData Sheets (MSDS): For all liquids other than water agktable 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.

AAll liquid containers shall be labeled with the name of the chemical aiits ofvner (P.1.), as well as the appropriate
hazard warning signs.

AFor each liquid used in flight, the quantity shall be justified and minimized as much as possible for experimental
purposes.

ASo as to have a backup solution in case of spill, the empeters 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 dgsia glove box.

Figure 18: DIYT Glove box

45.2 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 falljrunder this definition are forbidden.

45.3 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 exgesimeid 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.

454 HANDLING OF POWDER OR SMALL PARTICLES

Based on the risk to scatter small particles insige 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.

45.5 HAZARDOUS MATERIALS
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As far as possible, avoid the use of hazardous materials, incliadiltgand 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 @ewmcpeoper 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 anddititersta
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 COundergoes the process of sublimation, transitioning directly frlid 80 gaseous

form. In solid form, its temperature is arow8D°C. Precautions have to be taken to avoid direct skin contact with dry

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

environnment as C@is heavier than air: avoid high CQoncentrations. In addition, it should not be stored in a
2

completely sealed container as overpressure could build up inside the coQiaaéties shall be kept to a minimum.
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46FLI GHT ANDMOBBREG& EP PDORES

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 simp as possible and always available in flight. It is strongly recommended to perform the maximum
number of tasks during 19 flight phases and not to work during 2g phases. During microgravity phases the tasks have to
be easy to perform. For safety and ofieraal reasons, each team shall use cHist& and each task performed shall be
crosschecked. In the event of a researcher becoming unfit, the TUDelft Safety Officer aboard should be able to safely
and efficiently initiate emergency procedures to tuendkperimentintoasalode. A singl e action
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 tgusbriirehend 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 beneitiverasive or be subjected to
approval by the subject, AND his or her @ats or legal guardians, AND the subjects physician. Even so, TftJaDd
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 1l on Ground X | Cessna Citation Il in Flight X

Hazard Description :

Hazard evaluation

Hazard cause 1

Hazard control(s) 1.1

1.2
1.3
1.4
Verification 1.1.1
method(s) / 1.1.2
Verification 1.2.1
status : 1.2.2
1.2.3
é
Hazard cause 2

Hazard control(s) 2.1

2.2

é
Verification 2.1.1
method(s) / 2.1.2
Verification 221
status : 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

Organi smbés type wil/ not give many indications on the
organisms is often required as a first step to search for information in several datgissellesulture collections.

Main culture collection:

http://www.lgcpromocheratcc.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 orgshigfos 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 hames are indicated in plain text.

For exampleEscherichia coliK12

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 orgasims, 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? - biosafetylevel ?

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).
Therefe e a biosafety | evel of 1 is not enough to excl ude
exists.

6) Is it infected by any harmful viruses or microorganisms?
Cell lines can be infected by viruses or other microorganisms. Human and setitimes represent a higher risk since
they may contain harmful viruses for human health. When it is the case these cell lines belong2t@rB8gher

group.

7) Culture collection #

Culture collection number is the number attributed by a culturectiafeto 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 refereficngh 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 accidentalease 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 (thte time i
takes for two given quantites that are thoroughly mixed to-separate) dependent on the gravity vectorgth?

What happens with other immiscible fluid combinations?

1g (Earth) Micro-g (space)

Boiling in Zero-G

'‘Obviously', when water boils the forming bubbles rise to the surface. But the reagalotis because the vcapour has
lower density than the liquid, hence an Archimedes force arises that drives the bubbles 'upwards'. Bgt thererds

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

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

Capillarity in Zero -G

Ref: BIFROST-2016-1 page i 33

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



0% innov

Jeaped,

Chemical gardens
Certain chemicals grow wondrous structures (theadled 'chemical garden’) but here toofediénces in density are the
cause of the structures being formed. What (if any) steapes are formed in zego or under hypergravity?

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