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Abstract

The Blended Wing Body (BWB) configuration has been receiving special attention from aircraft
manufacturers due to the considerable number of advantages that it offers. However, the configuration
presents a number of challenges in terms of stability and control that need to be investigated, initially
through scaled models in order to avoid risks and costs that would otherwise occur from research made
on a full-scale model. The Centre for Aerospace Research from the University of Victoria (UVic CfAR)
is currently designing and building a 16.5% scaled model Flying Test Demonstrator (FTD) of a BWB
configuration to perform a series flight test campaigns dedicated to the its research and development.
Nevertheless, the considerable size and cost of the scaled model makes integration of an Emergency
Recovery System (ERS) a project requirement. The main objective of the present work is to select and
design an ERS to mitigate the risks and collateral damages that can be originated by the FTD’s loss of
control or a system failure. As an outcome, a parachute system was selected and a dynamic model was
developed and analysed. Furthermore, analytic methods were used to determine the opening loads of
the parachute and the results were afterwards compared with data from ground tests and a performed
flight test. Finally, due to the high rates of descent with the parachute, an analysis of a landing impact
attenuation system using retrorockets was carried out.
Keywords:Recovery System for UAVs, Blended Wing Body, Parachute Dynamic Model, Parachute
Landing Impact Attenuation, Retrorockets.

1. Introduction

The Blended Wing Body (BWB) configuration
has been receiving special attention from aircraft
manufacturers due to the considerable number of
advantages that it offers. However, the configura-
tion presents a number of challenges in terms of
stability and control that need to be investigated,
initially made through scaled models in order to
avoid risks and costs that would otherwise occur
from research made on a full-scale model.

The Centre for Aerospace Research from the Uni-
versity of Victoria (UVic CfAR) is currently design-
ing and building a 16.5% scaled model Flying Test
Demonstrator (FTD) of a BWB configuration to
perform a series flight test campaigns dedicated to
the its research and development. Nevertheless, the
considerable size and cost of the scaled model turn
to the integration of an Emergency Recovery Sys-
tem (ERS) a project requirement.

The main objective of the present work is to se-
lect and design an ERS to mitigate the risks and
collateral damages that can be originated by the
FTD’s loss of control or a system failure.

As an outcome, a parachute system was selected
and a dynamic model is developed and analysed.
Furthermore, analytic methods were used to deter-
mine the loads of the parachute opening and results
were afterwards compared with data from ground
tests and a performed flight test. Finally, due to the
high rates of descent with the parachute, an anal-
ysis of a landing impact attenuation system using
retrorockets was carried out.

1.1. Background

The Centre for Aerospace Research from the
University of Victoria was given the task to partially
design and develop two scaled Flying Test Vehicles
(FTVs). The two FTVs, a 7% and 16.5% wing span
scaled from a full-scale BWB aircraft were built in
order to assess the previously referred issues of sta-
bility and control. At present time the 7% FTV
is already built with an integrated recovery system
which was extensively ground tested – flight tested
during the time of this thesis. The next objective is
to design the recovery system for the 16.5% FTV.
The design should take advantages of experimen-
tal research made with the 7% FTV’s ERS, ensur-
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ing personnel safety and avoiding airframe damage.
For brevity ERS will be from now on referred as
recovery system solely.

2. Models and Methods Used
2.1. Parachute Sizing Method

A sizing procedure suggested by Kancke in [1],
simple, yet complete approach to the design pro-
cess, will be presented. The method details the de-
sign criteria and how to use them to size parachutes,
it combines simple mathematical and experimen-
tally based expressions that can provide a size for
a certain parachute. At present date, most of the
developments related to parachutes are pointing to-
wards more refined design aspects than the siz-
ing procedure such as the determination of shock
loads, materials investigation, reefing methods and
descent dynamic models while the sizing procedure
is relatively well established for almost 50 years [1].
Therefore the following material has been used for
the past 5 decades but still applies to today’s mod-
ern developments [2], making proof of its applica-
bility is still up-to-date.

The main parachute sizing is defined by the final
rate of descent that is intended for a certain appli-
cation at a specific altitude. However, the range
of altitudes can vary greatly and consequently the
variation in density. The factor 1/

√
σ is used to

provide an equivalent final rate of descent. (σ)
is called density ratio defined as the local density
ρ over the mean sea level density ρo. If more
than one parachute is to be used the intended
drag area, to satisfy the rate of descent desired,
must be divided by number of parachutes n. The
equivalent rate of descent is defined as the rate of
descent on the ground relative to a specific altitude
and is obtained from the equilibrium conditions
between the parachute drag and the aircraft weight.

Veo = ve
√
ρ/ρo (1) (CDS)o =

Wac

q
(2)

q =
ρ

2
v2 (3)

So =
(CDS)o
CDo

(4)

In equations 1 to 4, So is the nominal area of the
parachute, (CDS)o the nominal drag area, ve the
rate of descent, Veo the equivalent rate of descent
at sea level, ρ the air density and q the dynamic
pressure. After selecting a type of parachute, which
permits to select the drag coefficient from [1, Fig.5-
25], the ratio between the suspension lines length
and nominal diameter Le/Do can be selected. This
ratio translate the effect of the suspension lines on
the canopy inlet flow. After obtaining So from a
eq. 4 the nominal diameter is obtained through
the relation Do =

√
4So/π. The procedure is than

iterative until the user selects a convenient ratio

(Le/Do) which can cause a reduction or increase of
an equivalent drag area, as seen in [1, Fig.5-20].

2.2. Shock Load Methods
Parachute load modelling is the field dedicated

to study of loads occurring during the several phases
of parachute inflation process by means of mathe-
matical representation and experimental validation.
In this section a introduction to the developments
in this field is given with an insight on the most
recent developments.

Since the objective of this work id focused on a
practical application of existing methods, some are
discussed in more detail even though they cannot
be called ”Modern”, they are still heavily applied
[3]–[5] due to large amount of experimental data
from which they are based in, and the numerous
applications that had satisfactory results with their
use.

Load Factor Method
The method is presented by Knacke in [1] and

is based on the drag equilibrium equation, derived
from a steady-state descent situation. It makes use
of two experimentally determined coefficients: the
first Cx is called opening force coefficient at infi-
nite mass and based on wind tunnel experiments
were the mass of airflow going into the canopy
at a constant speed. The other coefficient X1 is
called opening-reduction-factor graphically deter-
mined from [1, Figure 5-48]. Eq. 5 consists on mul-
tiplying the previous factors by the dynamic pres-
sure and parachute drag area (CDS)p.

Fx =
1

2
ρ V 2X1Cx(CDS)p (5)

Pflanz Method
This method was developed by Pflanz and

Knacke during 1940’s [6], [7] and it is based on the
deceleration of a body during an horizontal flight
path parachute opening. It consists in the determi-
nation of the so called Ballistic Coefficient A, made
through Eq. 6 which allows to compute the Open-
ing Force Reduction Factor (X1) through graphical
methods and therefore the opening force (Fp) by
Fp = (CdS)pq1(C1)X1.

A =
2Wt

(CDS)pρgv1tf
(6)

where Wt is the system weight, g acceleration of
gravity, V1 velocity at line stretch, ρ the air density
and tf canopy inflation time, tf = nDo/v where
n is the Canopy Filling Constant determined semi-
empirically for a type of canopy used from [1, Table
5-6]. (CDS)p is the parachute drag area as com-
monly called in other methods or it can be the
reefed area (CDS)r if the parachute is reefed. Fur-
ther reports published by Pflanz extended the above
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results for non-horizontal flight-paths. The predic-
tions made through this method are relatively good
concerning the opening shock loads, mostly due to
the consideration of the canopy inflation time that
nowadays is known to be one the most important
factors.

Ludtke Method
Ludkte Method is named after the author’s

name that presented the method for the first time
in [8]. Ludtke developed this method for cal-
culating parachute opening shock loads based on
wind-tunnel experiments, these made use of the
parachute’s drag area time signatures for a num-
ber of solid cloth parachute types. The method ac-
counts with the canopies’ materials properties and
geometry, to firstly estimate the reference time to.
Once determined, the so called mass ratio M can
be computed used with experimental correlations
from which the maximum shock factor χ1 can be
obtained. After knowing χ1, the same can be mul-
tiplied by the steady state force drag Fs to obtain
the shock load. The necessary data for applying this
method includes: parachute nominal diameter Do;
inflated diameter 2a; canopy nominal drag area So;
canopy mouth area AMO and canopy volume Vo.
An other parameter, also necessary to the compu-
tations is the cloth permeability k, which can be
obtained in [9, Table II].

to =
14W

ρgVsCDSo

e
ρgVo
2W

 CdSo

AMO−ASOk(
CP ρ

2 )
1/2


− 1


(7)

Where CP is the pressure coefficient defined as
∆P/q which is the ratio between the difference in
canopy internal pressure and the pressure around
its exterior outside part over the exterior free flow
dynamic pressure. M and χ1 can be determined
through eq. 8 and Eq.9 and than substitutes X1 in
Eq. 5.

M =
2W

ρgVstoCDSo
(8)

χ1 =
16

49

(
21M

4

)6/7

(9)

Scaling
Scaling the results of parachute experiments is

done according to dynamic similarity conditions
as per [10]. Load, time and accelerations are in-
timately related to the mathematical descriptions
of the physical phenomenons. The works in [11]
started the approach by using dynamic similarity
to the parachute load-time opening history, by ap-
plying the scaling factors based on two parachutes

nominal diameter Do to scale experimental results
from a smaller parachute to a larger one through
equations:

tLarge = tSmall

(
DoLarge

DoSmall

)1/2

(10)

LLarge = LSmall

(
DoLarge

DoSmall

)3

(11)

Nonetheless, the simplicity of the basic model
used by the author in conjunction with the scaling
method proved to be adequate for parachutes with
close dimensions, as experimental results between
full-scale and reduced scale shown.

2.3. Parachute Descent Dynamic Model

The increase in size of 7% FTV to the 16.5%
FTV raised the concern of several design aspects
that were previously disregarded considering the
size and complexity of the 7% relative to the 16.5%.
For an improved understanding of the system sta-
bility during a recovery scenario, a two-dimensional
model of a parachute-payload system was devel-
oped.

Free-Body Diagram

The loads and reference frame are represented in
Figure 1. For ease of comparison and further verifi-
cation of the code, y and z directions were defined
according to reference [12].

Figure 1: Two dimensional free body diagram of
the parachute and aircraft stability model.

Taking the rotational and translational equilib-
rium about the centre of mass and substituting the
aerodynamic loads by the parachute aerodynamic
coefficients and dynamic pressure, the non-linear
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second-order differential Eq.12 is obtained:

d2θ

dt2
= −

[
g

L(1 +mc/ma)

]
sin θ

− CN
[

ρAo
2L(ma +mc)

]
U2

+ CMp

[
mtρAoDo

2L2ma/c(ma +mp)

]
U2

d2z

dt2
=
ρAoU

2

2mt
CN sin θ − ρAoU

2

2mt
CA cos θ

d2y

dt2
= −ρAoU

2

2mt
CN cos θ − ρAoU

2

2mt
CA sin θ

(12)

The term ma is the apparent mass included due
the mass of air enclosed by the parachute canopy.
The added mass has contribution for the inertia of
the system and location for the centre of mass but
does not act as a weight. Estimations of this mass
and more detailed explanations are presented in [1]

Flow Velocity and Angle of Attack

The flow velocity used for computing the aero-
dynamic loads is a combination of the linear ve-
locity relative to the earth, wind velocity and the
air velocity induced by the rotation swinging of the
system. The angle of attack of the parachute is de-
fined relatively to its centreline and positive when
the parachute produces a positive moment accord-
ing to the right hand rule in yz.

Uy =

(
dy

dt

)
−
(
LMs

Mt

)(
dθ

dt

)
cos θ − Vy (13)

Uz =

(
dz

dt

)
+

(
LMs

Mt

)(
dθ

dt

)
sin θ − Vz (14)

αp + θ = arctan

(
Uy
Uz

)
(15)

2.4. Retrorocket Descent Model

A parachute retrorocket landing can be modelled
as a 1D problem if oscillations are disregarded. The
model presented considers a simple approach with
the objective of studying the influence of parame-
ters and the feasibility of the implementation. The
problem considers the vertical descent θ ≈ 0 of the
parachute and aircraft shown in Figure 1. Loads
acting on the system are the drag caused by the
parachute Dp, weight of the system Wt and trust
T (t). The equilibrium condition at the centre of
mass results in the second order differential equa-
tion Eq.16.

mt
∂2z(t)

∂t2
= Wt −Dp − T (t) (16)

mt
∂2z(t)

∂t2
= (ma +mp +mac)g +Dp + T (t)

= (ma +mp +mac)g

+
1

2
Aoρ

(
∂z(t)

∂t

)2

CA |α=0 +T (t)

(17)

For the specific case where the density and rocket
trust are constant and angle of attack is zero:

mt
dz

dt
= (ma +mp +mac)g +

1

2
Aoρz

2CA |α=0 +T

(18)

3. Two-Dimensional Analysis

The implementation of the equations was made
in MATLAB R© software, so a numerical integra-
tion of the equations is carried out. The relative
maximum tolerance was set to 1e− 6, absolute tol-
erance to 1e−5 and maximum step size of 1e−2(s).
A verification with a similar model, which did not
consider altitude variations and moment coefficient,
matched almost exactly the results increasing the
fidelity of the implementation. At high angles of
attack (αp) and close to 0 the system had conver-
gence problems which were already expected due to
the trigonometric functions. Finally a parametric
study was made to understand the qualitative be-
haviour of the system under changes of parameters
Vy, ma and effects of CMp. Results are presented
for the system and aircraft centre of mass.

Horizontal Wind Speed Vy

Results are presented in Figure 2 and 3.

Figure 2: Wind speed Vy = 0 [m/s] rate of descent
and Y velocity.

4



Figure 3: Rate of descent and Y velocity effects. Vy

Added Mass ma

Figure 4: Added mass ma increase effect on the
system.

Parachute Moment Mp

Figure 5: Effects of the moment coefficient CMp.

The results of Figure 2 and Figure 3 show that
the increase of lateral wind speed has a damping ef-
fect on the system and the cause is attributed to the
counter acting moment coming from the additional
horizontal load on the canopy, which in turn coun-
teracts the moment of aircraft weight about the cen-
tre of mass. The added mass, in Figure 4, ma has
the effect of increasing the system angle and lower-
ing the system damping, but this time related to a

greater contribution of the increase in rotational in-
ertia to the centre of mass. The inclusion of CMp in
Figure 5 proved to have considerable effect on stabi-
lizing the system and should be included whenever
available.

4. Ground Test Results - 7% FTV

A series of ground tests previously performed by
CfAR were investigated in order to acquire neces-
sary data to compare the experimental shock loads
with the ones obtained from the discussed models
in 2. The tests were performed by CfAR in August
2017 Victoria, BC, Canada, see Figure 6.

Figure 6: CfAR Truck top test of the parachute.
Parachute model IFC-96-SUL from Fruity Chutes
Inc. Used with permission, Quaternion Aerospace
Inc.

4.1. Opening Load Tests - Results

The parachute force test was performed by
means of mounted spool that replicated the iner-
tia of the moving airplane at a give flight condition.
See Figure 7. The spool was designed with enough
allowance for several masses to adjust the proper
aircraft mass. Testing of the spool inertia was also
performed with a vertical drop and speed camera.
The sampling rate of the load data logger was 1000
[Hz] during the time of measurement and the data
was then post-processed. A model of the parachute
opening was build by CfAR engineers which con-
sisted in a linear evolution of the drag area made to
match the corresponding data, after using that def-
inition of the drag area a load curve of the ground
tests could be obtained, see Figure 8. In this work
the results were used to compare experimental and
theoretical opening shock loads.
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Figure 7: Parachute opening force test performed
at 29 [m/s]. (Used with permission, Quaternion
Aerospace Inc.)

Figure 8: Load profile of the Fruity Chutes, Inc.
parachute model IFC-96-SUL at 29 [m/s]. Mea-
surements of the load from truck top test and math-
ematical model for the average load.

The predictions revealed that the model applied
made a good estimation of the average load, how-
ever a difference of 72.1% from (80.3 [lb] to 111.3
[lb]) exists when compared to the peak load. Fig-
ure 9 shows the reefing system of the IFS-96-SUL
model during the ground test performed at 29 [m/s]
along with a drogue chute.

Figure 9: Reefing ratio at opening phase. Truck top
test at 29 [m/s]

Results and differences obtained are presented in

Figure 10: Altitude and total acceleration between
760 [s] and 810 [s] of flight time. The orange line in-
dicates the instant of the parachute triggering com-
mand sent from the control station.

Table 1 and include the data relative to the flight
test as well. Comparison will be made in section
relative to the flight tests.

5. Flight Test Analysis - 7% FTV
A flight test was conducted with the 7% FTV

during May 2018 with the objective to assess the
successfulness of the parachute deployment on the
7% FTV. Despite the fact that the flight test was
not specifically meant to acquire data for the val-
idation of the model, the data was processed and
analysed with the objective of comparing experi-
mental results with the model developed and the
shock load estimations obtained through the theo-
retical methods and ground tests. The data acqui-
sition of a series of flight parameters are acquired
by the autopilot, with a 1 [kHz] sampling rate. The
data is than filtered and recorded at a 50 [Hz] which
is what is used by the Flight Data Post Processor
V6.1. Considering the high sampling rate of the
data acquisition system relative to the time of the
phenomena ≈ 1 [s] the effects of the discretizition of
the data can be disregarded. During the flight test
a specific path was provided to the aircraft prior to
the deployment of the parachute which was followed
by a manual command to the parachute triggering
system. The flight time of the triggering command
was recorded at 765.08 [s] and the signal sent to the
parachute trigger board activated the wire-released-
spring system, Figure 10 shows the accelerations on
the X direction, parachute triggering and altitude
tracking.

After the triggering time seen in Figure 101, the
parachute pack is ejected from the aircraft bay,
which corresponds to the first positive small peak at
t = 765.3 [s]. This peak physically corresponds to
the sudden change in momentum that the aircraft

1For figures where the data from the flight test is pre-
sented the X axis corresponds to the roll axis of the aircraft
which is equivalent to the Y axis of the model in section 2
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Table 1: Shock load measurements from ground test at 29 [m/s] and flight test, and shock load methods
results

Ground test Flight test

Speed 29.00 [m/s] 23.14 [m/s]
Air density 1.205 [kg/m3] 1.205 [kg/m3]

Mass 29.76 [lb] 28.77 [lb]
Max. load measured 111.4 [lb] 31.01 [m/s2]

Equivalent acc. 3.87 [G] 3.16 [G]

Results from load methods

Ludtke Method [G] Pflanz Method [G] Load Factor [G]
4.09 3.29 0.86

Deviations

Reference Ground test Ludtke Methods Pflanz Method Load Factor
3.16 [G] 22.5% 29.4% 4.1% 72.8%

Figure 11: X acceleration of the flight test during
the inflation process. Identifications of the peak
loads during the eployment process.

lost due to the mass ejection of the pack. The peak
is followed by the unfolding process where another
peak happening at t = 766.25 [s] seen in Figure 11
corresponding to the snatch force. Finally, clearly
visible due to its the magnitude, the highest peak
happening at t = 766.7 [s] indicates the opening
shock of the parachute related the short inflation
time.

5.1. Steady Descent Comparison

The final stage of the descent is composed by
a almost constant descent rate and it can be seen
in Figure 12 for a system angle near zero (θ ≈ 0).
When approaching the equilibrium condition oscil-
lations are clearl y reduced as they are damped
by the aerodynamic loads acting on the parachute.
With the aim of comparing meaningful experimen-
tal data and numerical results, the time frame se-
lected was set from 780 [s] to 795 [s]. Since the mea-
surements were performed at the aircraft centre of
mass the oscillating behaviour is still perceptible,
comparatively to the centre of mass of the system.
The most accessible measurement for comparison

Figure 12: Comparison between the experimental
flight data and the results form dynamic mode of
the 7% FTV. CA was matched at the corresponding
value from 780 [s] to 795 [s].

with the numerical data is the average final rate
of descent and the altitude tracking, which are ob-
tained by the Differential GPS, see Figure 12 and
13.

In terms of the altitude tracking Figure 13 shows
a better agreement between the flight test and the
model. The difference in three probe points are
shown in Table 2. Time difference between the
landing measurement and the one expected by the
model is 0.78 [s], a difference of 2.75 [%]. The small
error is achieved because of the fact that the aerody-
namic coefficient was re-adjusted for αp = 0 so that
the average descent rate between the time frame is
the same in the model and measurement. This was
made in order to reduce the effects of differences re-
lated to the contribution of the aircraft drag which
can not be estimated since Cdalpha is unknown for
high angles of attack, but as it was expected the
rate of descent is lower than the model. However
difference still appear because the oscillations of the
parachute are not zero (θ 6= 0) and reduction of the
angle of attack due to the horizontal air flow veloc-
ity which increases CA according to the behaviour
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Figure 13: Altitude tracking comparison between
the flight test measurements and the 7%FTV dy-
namic parachute model.

of the aerodynamic coefficient from [13].

Table 2: Comparison of the altitude tracking ob-
tained in the model and 7% FTV flight test

Measure. - [m] Model - [m] Diff.

130 130 0.00%
67.69 72.63 7.30%
6.39 0 -100.00%

28.3 27.52 -2.76%

1 The final altitude of the measurement is not 0 [m]
due to the autopilot world reference frame and not
ground, this was accounted in the mathematical model
for proper comparison.

5.2. Opening Shock Load analysis
The ground tests discussed in section 4.1 were

meant to assess the shock loads of the parachute
deployment. This section aims to compare the re-
sults between flight test and ground tests, with the
shock load calculations made according to the three
first methods discussed. The acceleration analysis
measured during the 7% FTV’s flight test is shown
in Figure 14 along with the load peaks. The flight
Time shown is between 765 [s] and 768 [s]. The
maximum measured acceleration was 31.01 [m/s2]
and happened approximately at 1.6 [s] after the be-
ginning of deployment (from the triggering time).
For the Pflanz Method and the Load Factor, the
constant n is set to n = 8 after some iterations,
since no exact match was available in reference [1]
for annular canopies types.

In Table 1, the data used for the calculations
came from different sources, namely: flight data,
author’s input and specifications. The velocity at
line stretch Vs was taken at the snatch load time
and the parachute’s data provided by the manufac-
turer.

A higher load from the ground test result was
already expected since the load observed included
the effects of the drogue chute but more impor-
tant than the last observation is the higher open-
ing speed of the flight test (23.14 [m/s]). If the

Figure 14: Loads during the the deployment of the
7% FTV. Identifications of peak loads. Flight time
range: 765 [s] to 768 [s].

drogue chute effects were disregarded after looking
at Figure 6 and concluding the the drogue chute
load is mostly pulling the parachute to the side, a
scaling estimation made with the square ratio be-
tween the two speed would result in a factor of 1.57
which would mean an increase of 57% instead of
22.5%. Origins of this discrepancies maybe related
to differences in simulating a rotating mass where
aerodynamic loads cannot be represented, the wake
caused by the truck influencing the flow attacking
the canopy. In terms of the theoretical results, the
Pflanz Method appears to match closely, however,
an iterative procedure was taken by changing the
reefing ratio in order to meet the same inflation
time. Confirmation of the reefing ratio (14.3%) to
assess the quality of this result was made through
visualization of footage of the parachute opening.
The video recording of the opening allowed to in-
vestigate the inflation, however, making statements
on the right percentage of reefed drag area is diffi-
cult but an estimate indicates that the reefing ra-
tio was approximately 11% which corresponds to a
very close match relative to the iterative procedure.
On the other hand the results provided by Lud-
kte Method and the Load Factor showed greater
discrepancies. The Ludtke Method, probably due
to a poor estimation of reference time to = 1.109
[s], even though a shorter inflation time should
produce an higher shock load which is not veri-
fied. The method does not include reefing effects
which are the main method to prevent parachute
shock loads therefore heavily affecting the calcula-
tions and probably one of the reasons of being a
poor prediction for reefed parachutes.

6. 16.5% FTV Recovery System
6.1. Conceptual Configuration Selection

The difference in size from the 7% to the 16.5%
required a more detailed analysis and comprehen-
sive design of the recovery system. An direct scal-
ing from the 7% FTV would result in unpractical
application. New integrations concept had to be
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found. A set of four configurations were presented
which consisted in combinations of drogue chutes
deployments. The selection of the final concept was
achieved by means of Analytical Hierarchy Process
(AHP). The preferred configuration is shown in Fig-
ure 15.

Figure 15: Non-independent extraction of the main
parachute through a linkage with the drogue chute.

The configurations consists on two extractions as-
sisted by rockets. The first extraction is relative to
the drogue chute which reduces the aircraft veloc-
ity until a defined threshold is attained. The main
parachute is deployed after the threshold velocity
to bring the aircraft to desired final rate of descent.

6.2. Sizing of the Main Parachute

The sizing of the main parachute followed pro-
cedure described by Knacke [1] and presented in
section 2. The maximum rate of descent allowed
was set to 4.57 [m/s] due to the structural limits of
the landing gear. The calculations from a spread-
sheet provided a nominal diameter Do of 33.37 [ft].
A benchmark also lead to the conclusion that the
integration of a parachute of that size would be
too costly in terms of mass and volume. A smaller
parachute was selected and lead to the need of an
impacting attenuation system. The retrorocket so-
lution was preferred over others and a study to as-
sess its feasibility was requested.

6.3. Shock Loads Determination

The shock loads estimations of the 16.5% FTV
was initially made with the method that provided
better results. Later, a video recorded that pro-
vided experimental data was used as a reference
point for the method to be used. The results lead
to the conclusion that the Load Factor method was
the best to be used.

6.4. Retrorocket Analysis

The conclusion on introducing a retrorocket sys-
tem due to high expected rates of descents was
taken. The analyses of the landing for several sce-
narios was made by the implementation of the equa-
tions in section 2 in MATLAB R© to integrate the

Figure 16: Comparison between the analytical so-
lution of equation 16 and the numerical model.

Figure 17: Results of dynamic analysis for 112 [kg]
and L = 6.8 [m].

equations numerically. A analytical solution of the
equations was compared to the results of using real
rockets. Results are shown in Figure 16.

The obtained results showed that the rocket that
offered greater reduction of rate of descent was the
one with the shortest burning time. The perfect
rocket model showed a conservative figure in terms
of the capability of reaching lower rates of descents.

Descent Analysis
The assessment of the stability of the 16.5%

FTV during a recovery scenario was made with the
model used for the 7% FTV. This time the aerody-
namic coefficients were not adjusted since no data
was available, expect for the axial coefficient CA
which was taken from the provided data. Studies
with the model of section 2 were ran for combina-
tions of aircraft’s masses and distances relating the
centres of mass from the parachute and the aircraft,
length L. A Fast Fourier Transform (FFT) to the
angle system is made in order to know the frequency
of oscillations. The sampling rates were set to 50
[Hz] for the entirety of the calculations. An estima-
tion of the decay is made through the MATLAB R©
function envelope.m which identified the peaks by
using spline interpolation over local maxima sepa-
rated a minimum user specified sample so that a
satisfactory estimation of the decay is obtained.

All the combinations of systems’ mass (in terms
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Figure 18: Results of dynamic analysis for 175 [kg]
and L = 6.8 [m].

of available fuel) plus riser lengths selected (6.4 [m]
and 8.4 [m]) showed that the system was stable in
every scenario.

7. Conclusions
A model of parachute payload system was de-

veloped and results compared with flight data and
showed a good agreement. Shock load of opening
parachute models and a validations with ground
tests was made in order to improve shock load pre-
dictions. Tuning of the aerodynamic coefficients
of the parachute was successfully performed by a
model comparison with experimental results. A
retrorocket model was developed and assessment of
its integration was carried out which resulted in pos-
sibilities of having lighter options for the recovery
system.
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