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ABSTRACT

This paper presents loads computations for the generic UCAV configuration F19, originally devised by
the German Aerospace Center (DLR). Different aerodynamic methods are investigated and their effect
on concentrated structural loads is assessed. Design manoeuvres are defined based on the manoeuvre
authority. Inertia loads are considered for a preliminary mass breakdown provided by DLR. The
loads analysis process is performed both with the DLR and the Airbus Defence and Space (AD&S)
aerodynamic data sets. Finally, total loads are generated and the effect of the different underlying
aerodynamic methods analysed.

1 INTRODUCTION

The process of designing a new aeroplane consists
of many iterative steps. The Loads department
contributes to this process by determining a set
of design loads, which is derived from mission re-
quirements and certification regulations. The goal
of the subsequent sizing process by the Structural
Design department is to find the lightest aircraft
structure which is capable of bearing these loads.
The aircraft’s agility and manoeuvring capabili-
ties are the result of its geometry, aerodynamics,
mass distribution and centre of gravity positions.
The goal of the loads investigation is to determine
which loads the aircraft is required to withstand
when flying within the designated flight regime
with relevant mass configurations influencing the
aircraft’s properties. Obviously, more challenging
requirements apply for aerobatic, fighter or train-
ing aeroplanes compared to aircraft for passenger
transport use.

Figure 1: DLR-F19 geometry and surface paneling
used for panel simulations

The accuracy of the computed loads depends to
a large extent on the accuracy of the predicted
aerodynamic loads. These depend in turn on the
investigated flight regime and the configuration in
question. Numerous methods can be applied for
the generation of aerodynamic data, ranging from
handbook approaches to high-fidelity CFD simu-
lations or wind tunnel experiments. During pre-
liminary design, often linearised potential meth-
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ods are used due to their computational efficiency.
However, blended wing geometries with a large
sweep angle, such as the configuration depicted in
Fig. 1, are expected to produce a pronounced vor-
tex field. Moreover, linearised potential methods
are not valid in transsonic flow conditions or for
higher angles of attack, so it appears desirable to
switch to more sophisticated numerical methods.
Another feature of blended wing aircraft is that
there is no separate fuselage, but rather the entire
geometry contributes to lift generation. In a tradi-
tional aircraft, the total loads in the wing are dom-
inated by the aerodynamic contribution and the
dominating loads in the fuselage are from the in-
ertia contribution, as shown in Fig. 2. In a blended
wing, it is not clear a priori which contribution is
dominant. A strong mutual cancellation of the
local load contributions is to be expected with a
blended wing aircraft, with twofold consequences:
At certain locations, the dominance of the iner-
tia contribution or the aerodynamic contribution
may depend on the mass configuration in ques-
tion. Also, the mutual cancellation compounds
the effect of errors, especially of the aerodynamic
load prediction, potentially up to the point where
the wrong load contribution becomes dominant.
Therefore, the relative accuracy of the various aero-
dynamic calculation methods needs to be assessed.

Figure 2: Load distribution for conventional and
blended wing geometry, [16]

2 METHODS

In the following sections, the methods generally
used for the loads investigation at AD&S are pre-
sented briefly. More details are included in [1] - [3].
A graphical overview of the loads process chain is
provided with the flow chart Fig. 3.

Figure 3: Loads analysis process chain

2.1 Loads at Monitor Stations

For a well-founded structural design of an aircraft,
an investigation of the loads occurring during flight
conditions takes place starting in the early stages
of the preliminary design. These loads must be de-
termined in terms of the magnitude, direction and
the location where forces and moments act on the
structure. At AD&S, the loads analysis is carried
out at specific positions inside the aircraft geome-
try, at so-called monitor stations. These are usu-
ally positioned in points of interest such as wing
attachments or ribs. Therefore, condensed loads
are computed as opposed to the distributed loads
on a Finite Element (FE) mesh. A feature of the
AD&S method is that the number of relevant loads
cases can be reduced via a generation of loads en-
velopes at each monitor station. If one plots the
loads for all loads cases acting at a given monitor
station as a point cloud, then the loads envelope
is the convex hull representing the local load ex-
tremes. Often, only a reduced set of loads compo-
nents is considered, for instanceMx andMy. Only
the loads cases contributing to the loads envelopes
at the observed monitor stations are the cases de-
cisive in the design process to follow. This way,
the loads cases to be considered can be reduced by
several orders of magnitude.

2.2 Loads Contributions

Loads can be introduced by aerodynamic, inertia
and external sources.
For the loads process chain used at AD&S, aerody-
namic data has to be generated and stored in sep-
arate aerodynamic data bases beforehand for each
monitor station to be examined. A monitor station
can be assigned more than one aerodynamic data
base; the results are then added up. The aerody-
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namic data bases depend on the inflow conditions
and control surface (CS) deflections and need to
contain all possible parameter combinations. In-
termediate values are interpolated at a later stage.
The aerodynamic loads are assumed to manifest
themselves instantaneously, so that no transient
effects, for instance due to unsteady control sur-
face deflections, are covered by the aerodynamic
data bases.
The aerodynamic data bases are generated with
progressively accurate methods. At AD&S at pre-
sent, they are initially computed with the panel
method Higher Order Subsonic and Supersonic Sin-
gularity Method (HISSS) [4]. Higher fidelity nu-
merical methods commonly follow at a subsequent
design stage. Experimental measurements, for ex-
ample with scaled wind tunnel models, are useful
for result validation.
Inertia properties are extracted from the prelimi-
nary mass breakdown of the aircraft and include
point masses, their mass moments of inertia with
respect to the component centre of gravity (CG)
and their position relative to the origin of the body-
fixed coordinate system.
If the aircraft is subject to loads other than aerody-
namic and inertia loads, for instance thrust, these
are considered as external loads.
The summation of all loads combinations gives the
total loads at each monitor station in terms of
forces and moments in the coordinate axes speci-
fied for each monitor station.

2.3 Manoeuvre Cases

The computation of design loads at AD&S does
not rely on transient manoeuvres, but rather on
individual manoeuvre cases defined as combina-
tions of linear and angular accelerations as well as
angular rates. These fall into different classes of
manoeuvres which maximise one manoeuvre pa-
rameter at the expense of the others [5]. Aircraft
producers follow international guidelines, such as
the CS-23 [6], CS-25 [7] and USAR [8]. The Certi-
fication Standards CS-23, and USAR respectively,
allow gusts to be translated to static manoeuvre
cases. CS-25 requires dynamic simulation, which
however does not fall into the responsibility of the
Static Loads department.
For each class of manoeuvres, the pertinent ma-
noeuvre parameters need to be permuted to ob-
tain the actual manoeuvre cases. One arrives at a
large number manoeuvre cases, which however are
generic, static and independent of the characteris-

tics of a Flight Control System (FCS). The derived
manoeuvre case set is analysed for different design
mass configurations, altitudes and Mach numbers.

2.4 Quasi-Steady Trim Solution

The dynamic manoeuvring process is simplified for
loads calculations by assuming that each manoeu-
vre can be examined as a quasi-steady state. A
trim solution has to be found for each design ma-
noeuvre case to obtain an equilibrium of forces and
moments of the total aircraft before determining
the loads acting on the structure at the specific
flight condition.
The computation of the quasi-steady trim solution
is performed based on the aerodynamic properties
at predefined altitudes and Mach numbers for dif-
ferent inflow parameters and control surface de-
flections. During the trim procedure, the aerody-
namic loads are interpolated from the previously
obtained aerodynamic data sets.
The goal is to find a combination of inflow con-
ditions and control surface deflections, here as-
sembled to V = {α, η |β, ξ, ζ}T , such that the
summation of forces and moments about the CG
R = {Fz, My, |Fy, Mx, Mz}T is zero. The overall
inertia loads Rinertia for the given mass distribu-
tion result directly from the manoeuvre parame-
ters being investigated, whereas the overall aero-
dynamic loads Raero are a function of V . A lin-
earised trim algorithm is employed, which requires
a derivative matrixM . It is made up of total loads
derivatives with respect to the parameters in V .
With the derivatives, the parameters can be found
incrementally until the residual total loads become
zero:

M ∆V = −Rinertia − Raero(V ) (1)

The force component Fx is generally not included
in the trimming process, as only higher fidelity
aerodynamic methods give reasonable drag predici-
tons and because the longitudinal force is usually
not sizing relevant for aircraft.
In case a trimmed solution for a manoeuvre case
cannot be found in the trim calculation process,
one can conclude that the aircraft does not have
the authority to perform the specific manoeuvre
at the given altitude and Mach number.
For the successfully trimmed loads cases, the loads
at the monitor stations can be computed and ana-
lysed.
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2.5 Pitch Stability

For an aircraft, a quantity of interest is the pitch
stability, which can be evaluated through the in-
vestigation of the neutral point (NP) location with
respect to CG. The static margin K gives a rela-
tionship between the offset from xNP to xCG nor-
malised by the mean aerodynamic chord c̄ and the
pitch moment and lift coefficient slopes. In the
aft-right-up coordinate system:

K =
xNP − xCG

c̄
= −

CMα

CLα

(2)

Given a disturbance introducing a nose-up mo-
ment, an aircraft with CG ahead of NP (K > 0)
will pitch nose down, hence it automatically pro-
duces a counter moment and is said to possess lon-
gitudinal stability. If K < 0, the aircraft is unsta-
ble in pitch and requires control surface deflections
as countermeasures. Ultimately, the position of
the center of gravity relative to the neutral point
determines the stability, control forces, and con-
trollability of the aircraft. According to [17], the
elevator deflection η directly depends on the static
margin:

η = −
1

CMη

[
CMNP

+ CL (−K)

]
(3)

where CMη is the pitch moment coefficient deriva-
tive with respect to η. The zero-lift moment co-
efficient CMNP

about the neutral point, the total
aircraft lift coefficient CL and the static margin
K are the other terms affecting η. Hence, while
the approach presented here for the loads compu-
tation completely ignores aspects of dynamic con-
trol, the loads especially at the control surfaces are
expected to depend on the static margin predicted
by the aerodynamic methods employed.

3 MODEL

The loads calculation process was performed for
the generic F19 configuration shown in Fig. 1, which
was developed by DLR from the SACCON wind
tunnel model [10]. Regarding the loads calculation
performed for this specific configuration, detailed
information is included in the papers by DLR [11,
12]. The general procedures are explained in the
following sections.

3.1 Monitor Stations for F19

Loads were examined at monitor stations in order
to provide information about the loads introduced
to the structural point within the aircraft. This
requires a clear identification of load paths in the
structure, which can be challenging for a blended-
wing configuration such as the F19. Its structural
layout and mass breakdown were defined by DLR.
The monitor stations were defined in accordance
to the suggestions by the Stress Department at
AD&S. Fig. 4 shows mass points and monitor sta-
tions inside the aircraft structure. The analysis
of concentrated monitor station loads cannot con-
sider effects of static overdeterminacy. This lim-
its the feasible monitor station positions on the
wing, since the loads introduced by a control sur-
face need to be included either completely or not
at all at a monitor station.
The monitor stations are positioned at points of in-
terest, for example along the wing centreline and
at the wing root, where structural components in-
tersect. The wing is partitioned into sections, con-
fined by cuts parallel to the inflow vector and con-
trol surface edges. The F19 configuration stabilises
and manoeuvers via two split control surfaces on
the trailing edge. For investigations of the con-
trol surface loads, monitor stations are defined in
the centre of each flap hingeline. The monitor sta-
tion at half wingspan includes the effects intro-
duced by the outer control surface, whereas the
wing root monitor station takes into account the
loads of both control surfaces.
Further monitor stations are located in points only
subject to inertia loads, such as payload and en-
gine. Landing gear loads are usually not included
in the investigation at the Loads Department, since
these fall into the responsibility of the Structural
Dynamics department. The monitor station in
the aircraft CG is an indicator for the accuracy
of the quasi-static trim solution, since the total
loads should add up to zero here.
The forces and moments are monitored in local
coordinate systems which facilitate their interpre-
tation. These are oriented such that moments in
the starboard and portside wing generate the same
effect: the wingtip bends upwards for positive Mx

and the local angle of incidence increases for pos-
itive My.
Since this blended wing kite-shaped geometry lacks
vertical control surfaces, the two horizontal control
surfaces on each side must emulate the effects of
the elevators, ailerons and rudder of conventional
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a) b)

Figure 4: a) DLR-F19 masses and b) Location of monitor stations in the x-y-plane

aircraft. Therefore, the control surfaces must de-
flect in three different combinations to introduce
rolling, pitching and yawing moments. The over-
view of control surface deflection combinations are
shown in Tab. 1.

+20◦ −20◦

η

ξ

ζ

Table 1: Control surface deflections

3.2 Geometry and Mass Configurations

The structural and non-structural masses plotted
in the left image of Fig. 4 were derived from the
NASTRAN structural FE model created by DLR.
The DLR suggests that there are three design mass
configurations for which the aircraft shall be anal-
ysed, which result in different CG positions listed
in Tab. 2. These are expected to be a factor notice-
able in the solution of the trim condition during
the loads calculation.
The origin of the aft-right-up coordinate system
lies in the nose of the aircraft. BFDM, the Ba-
sic Flight Design Mass, is an average flight mass
composed of structural mass, full payload and half
fuel.

Configuration Total Aircraft Centre of
Mass Gravity

Empty 7062 kg 5.58 m
BFDM 12361 kg 5.52 m
MTOW 14202 kg 5.58 m

Table 2: Mass configurations

3.3 Aerodynamics of F19

Since the UCAV investigated here was derived back-
wards from a wind tunnel model for stability and
control investigations, experimental data are avail-
able from measurements conducted by DLR and
are used to corroborate the aerodynamic simula-
tion data obtained at AD&S. Furthermore, differ-
ential pressure coefficient distributions computed
with the Doublet Lattice Method (DLM) imple-
mented in NASTRAN were supplied by DLR, as
well as data obtained with the commercial panel
solver VSAERO.
At AD&S, aerodynamic computations were per-
formed with HISSS and TAU. The mesh required
for HISSS was converted from the mesh used in
VSAERO by DLR. The panel method HISSS pro-
vides the pressure coefficient in each panel of the
surface mesh, from which the forces and moments
are integrated over the surface for individually se-
lected zones via an in-house tool called Aerody-
namic Postprocessing Unit (APU). This tool was
used to retrieve the condensed aerodynamic contri-
bution at each monitor station in terms of dimen-
sionless forces and moments. The same process
was carried out with the DLM data.
The aerodynamic properties which are required to
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determine the aircraft’s trim state were computed
for a range of Mach numbers (0.6, 0.8, 0.9, 0.95),
angles of attack (AoA) (0◦, ±5◦, 10◦, 15◦, 20◦), an-
gles of sideslip (AoS) (0◦, ±5◦, ±10◦) and control
surface deflections (0◦, ±20◦ η/ ξ/ ζ). Additional
comparison data was computed at AD&S using
the Euler branch of the hybrid-unstructured flow
solver TAU developed by DLR. Compared to lin-
earised potential methods, the Euler equations al-
low the prediction of compressibility effects such as
shocks, but cannot capture viscous effects such as
flow separation. Due to lack of time, only the clean
configuration without control surface deflections
was simulated. Computations with deflected con-
trol surfaces require individually discretised grids,
in which the control surfaces are deflected sepa-
rately.
HISSS results exhibited an unexpectedly strong
sensitivity to changes in Mach number, to the wake
discretisation and when switching from a full model
to a half model. In particular for the cases with
deflected control surfaces, the aerodynamic data
was computed via APU by subtraction of appro-
priately selected pressure coefficients to account
for the HISSS anomalies. Control and validation of
the data was necessary before proceeding to loads
calculations.
For the loads analyses, each monitor station is as-
signed four aerodynamic data bases: one for the
clean aircraft without control surface deflections
and one data base each for nonzero η, ξ and ζ.
Interference effects between control surface deflec-
tions are not considered in this additive approach.
Comparison of the different methods was effected
by means of the dimensionless coefficients for the
total aircraft.

3.4 Design Manoeuvres for F19

In a usual design process, the design manoeuvre
parameters are derived from customer’s require-
ments. The aerodynamic shape and the control
surfaces allocation then follow from these require-
ments. In this case, the geometry was already fixed
by the underlying wind tunnel model [11,12], and
reasonable manoeuvre parameters had to be de-
fined for the structural sizing of the scaled configu-
ration. For loads analysis of the F19 configuration,
a set of manoeuvre parameters was defined, which
combine loads factors with angular accelerations
and angular rates, equivalent to pullout, pushover
and rolling manoeuvres. An existing manoeuvre
table, which was used for another UCAV configu-

ration at AD&S previously, was taken as ground-
work. The manoeuvres needed to be adjusted with
respect to the configuration’s maximum load fac-
tors, AoA and AoS range, as well as manoeuvring
authority within a range of flight speeds at given
altitudes and Mach numbers.
The normal load factor is the most influential ma-
noeuvre parameter. Its limits were chosen to ap-
proximately match the values from the static gust
case. The maximum gust accelerations were es-
timated according to the Pratt Formula [9]. The
maximum angluar rates and accelerations were es-
timated drawing upon experimental data published
by DLR. Missing aerodynamic derivatives were ob-
tained from wind tunnel measurements performed
for a comparable configuration at KTH [14, 15].
Depending on the aerodynamic coefficients and aer-
odynamic derivatives, the manoeuvring capacities
were derived from the equations valid in steady-
state manoeuvres [13].
A manoeuvre list containing manoeuvre parame-
ters at different altitudes and Mach numbers was
set up, from which a permutation of loads cases
was performed. Examples for manoeuvre cases
are given in Tab. 5 for selected critical cases. The
highest vertical load factor is 5g, after the addition
of an extra 0.5g to account for dynamic overshoot.
The range of roll rates in which the configuration
is estimated to maintain the manoeuvre author-
ity lies within ±2.5 [rad/s]. Roll accelerations up
to ±5 [rad/s2] are predicted to occur. The Flight
Mechanics Department at AD&S was involved for
verification of the generated manoeuvre table. All
manoeuvre cases are to be applied to the aircraft
with BFDM.

4 RESULTS

In this section, the results from the different aero-
dynamic methods used at DLR and AD&S are
compared in terms of the aerodynamic coefficients
for the total aircraft. In addition, the differences
between the aerodynamic methods are assessed by
investigation of the longitudinal stability. The lift
distribution along the wing is determined for the
different aerodynamic methods. In Sec. 4.4, the
loads envelopes resulting from loads calculations
are compared for a set of manoeuvre cases at a
specific mass configuration with the different aero-
dynamic data, in detail for the loads acting on the
control surfaces.
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4.1 Aerodynamic Coefficients

The aerodynamic coefficients of the total aircraft
were compared for the data provided by DLR ob-
tained with VSAERO, DLM and wind tunnel mea-
surements, as well as those computed at AD&S
with HISSS and TAU. Since the wind tunnel mea-
surements were performed atMa = 0.15, VSAERO
data was generated atMa = 0.15 as well. However
at AD&S, aerodynamic data was computed for a
range of Mach numbers typical for cruise between
Mach 0.6 and Mach 0.95. The lift coefficients for
the total aircraft at different AoAs are plotted in
Fig. 5.

Figure 5: CL vs α for clean configuration

The CL−α curve is practically linear until α = 15◦

in all methods. The results from HISSS are clos-
est to those from VSAERO and the wind tun-
nel, although this data was obtained for Ma =
0.15, whereas the AD&S data is for Ma = 0.6.
Against the expectation, the lift coefficients from
DLM and TAU at Ma = 0.6 are lower than those
from VSAERO and wind tunnel at Ma = 0.15.
What concerns the TAU results, a reason for the
reduced lift at higher AoA might be that the nu-
merical method includes compressiblity effects, not
included in the other methods.
For the cases with deflected control surfaces, only
DLM and HISSS results are available at the mo-
ment due to the necessity of additional grid dis-
cretisation for TAU computations with deflected
control surfaces. In order to display the F19 ma-
noeuvre authority, the pitch and roll moment co-
efficients introduced by the control surface deflec-
tions η and ξ are shown as a function of AoA in
Fig. 6 and Fig. 7, respectively.
In general, the moment coefficients computed with
the different aerodynamic methods at AD&S lie in

the same order of magnitude as the results pro-
vided by DLR. The geometry displays a higher

Figure 6: CMx vs. α for ξ = +20◦

Figure 7: CMy vs. α for η = 0◦ and η = +20◦

roll authority according to DLM and HISSS com-
pared to what the results from VSAERO and the
wind tunnel measurements imply at Ma = 0.15.
Although the trend of the pitch moment coeffi-
cient is different between the HISSS and DLM
data, the CMy values for fully deflected control
surfaces lie between 0.06 and 0.08 for the consid-
ered AoA range for both aerodynamic methods.
The slopes of pitch moment at η = 0◦ reveal pitch
instability for both methods at Ma = 0.8, since
CMy increases with AoA. At greater AoA, the air-
craft would require larger negative countermoment
to ensure pitch stability. For the DLM data at
Ma = 0.8, the AoA for which there is no pitch
moment is 0◦. There is no data available for CMy

from wind tunnel measurements and VSAERO for
validation of results.
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4.2 Neutral Point of F19

As a tailless configuration, the F19 lacks stabilis-
ers with large leverage in longitudinal direction.
Therefore, the static margin predicted by a sim-
ulation method can be expected to be especially
susceptible to modeling errors. The position of
the NP relative to the CG primarily determines
the pitch stability. With the mean aerodynamic
chord c̄ = 4.79 m and xCG = 5.52 m, the static
pitch margins K for different Mach numbers were
obtained as listed in Tab. 3.

method Mach number

0.6 0.8 0.9 0.95

HISSS -2.01 -1.76 -1.34 -0.65
DLM -0.99 -0.44 0.18 0.77
TAU -3.44 2.79 8.42 15.52

Table 3: Static pitch margin [%]

The static margins obtained with HISSS reveal
a longitudinally unstable aircraft, since the pitch
margins K are negative. On the contrary, the air-
craft aerodynamics computed with DLM lead to
a pitch stable aircraft for Ma > 0.8. However,
the degree of stability is low. Nonetheless, the air-
craft is trimmable during loads calculations with
HISSS and DLM data with the appropriate de-
flection limits of the control surfaces. The values
obtained with the aerodynamic coefficients from
TAU result in a stable aircraft for Mach numbers
greater than 0.6. The different stability properties
following from the different aerodynamics will re-
sult in different control surface deflections for the
trim state of the same manoeuvre. These are stud-
ied in Sec. 4.5.

4.3 Lift Distribution

The differences between the results of the various
methods might be explained by a different lift dis-
tribution along the wing. Therefore, an analysis
is performed for the same total aircraft CL. In
TAU, the aircraft with BFDM at Ma = 0.95 gen-
erates CL = 0.194 at α = 5◦ and CL = −0.179
at α = −5◦. The different aerodynamic methods
require different AoAs to obtain the same CL in
clean configuration atMa = 0.95. These are listed
in Tab. 4.
The lift distribution along the wing for the differ-
ent aerodynamic methods with identical lift coeffi-
cients is shown in Fig. 8. They were generated by

method CL = 0.194 CL = −0.179

α [◦] α [◦]

HISSS 3.7 -3.5
DLM 7.2 -5
TAU 5 -5

Table 4: AoA values for same CL for the total
aircraft at Ma = 0.95

cutting the wetted surfaces into sections parallel to
the inflow vector and integrating the pressure dis-
tributions over each of these strips with APU. The
lift distributions were computed for CL = 0.194
(thick curves) and for CL = −0.179 (fine curves).

Figure 8: CL along the upper side of the wing for
clean configuration with same CL for total aircraft
at Ma = 0.95

The greatest lift is generated towards the centre
of the aircraft and reduces towards the wing tip.
Interestingly, in the TAU Euler solution, there is
practically no lift at the wingtip, while this wing
section definitely contributes to lift generation with
HISSS and DLM. Since the total aircraft CL is
equal, the integral area below each CL curve times
the strip area, in which the pressure distribution
is added up, must result in the same value for all
three methods. Although for DLM the aerody-
namic behaviour is computed in a two dimensional
plane instead of 3D, Fig. 8 does not reveal any
major differences in terms of computational accu-
racy for the lower fidelity method in comparison
to HISSS.
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a) b)

Figure 9: Loads envelopes at a) the Outer control surfaces and b) the Inner control surfaces

4.4 Loads Envelopes

Loads envelopes were generated after loads calcu-
lations based on aerodynamic data obtained with
NASTRAN (DLM) at DLR and the panel method
at AD&S (HISSS). One major difference between
the procedures for the two data sets concerns the
quasi-steady trim. DLM is only capable of gener-
ating forces perpendicular to the planform. There-
fore, no balance in Fy and in Mz can be achieved
and the trim variables β and ζ were blocked ac-
cordingly. 3D Loads envelopes were generated for
each of the F19 monitor stations in Fz, Mx and
My for the design CG position at BFDM. In this
paper however, the results of the loads calcula-
tions are exemplified at the monitor stations in
the control surfaces and in the wing roots. Here,
the moments Mx and My are plotted as 2D en-
velopes. The loads envelopes for the outer CS and
the inner CS, are plotted in Fig. 9 a) and b), re-
spectively. The load envelope for the wing roots
are shown in Fig. 10. A combined loads envelope
is generated at each starboard and portside moni-
tor station, so there is one plot for the loads at the
starboard and portside external control surfaces,
one plot for the internal control surfaces and one
plot for both monitor stations in the wing roots,
respectively.
The points of the loads envelopes are color-coded
according to s1 = log2(‖Laero‖/‖Linertia‖), which
acts as an indicator whether at the considered mon-
itor station a load case is dominated by inertia
loads or by aerodynamic loads. The aerodynamic
and inertia loads give the same contribution to the

total loads when s1 is zero. For the case when
s1 = 1, the absolute value of the aerodynamic load
is double the value of the inertia load. If s1 = −1,
then (‖Laero‖ / ‖Linertia‖) equals 0.5.
At the outer control surfaces, the loads envelope
generated from the DLM aerodynamic data gener-
ally overlaps the envelope resulting from the loads
calculations based on the HISSS data, as shown
in Fig. 9 a). The maximum Mx are practically
equal for the two aerodynamic methods (Points1
and 2 ). The inner control surfaces are subject to
noticeably different loads with the different aero-
dynamic data. The maximum total positive mo-
ment Mx for the HISSS data (Point4 ) is double
the maximum Mx for the DLM data (Point3 ).
The loads acting on the monitor station at the in-
ner control surface are far more sensitive to the
aerodynamic computational method in compari-
son with the loads acting at the outer control surface.
Similar investigations were performed for the mon-
itor station in the wing roots, for which the loads
envelope is shown in Fig. 10. The wing attachment
has to withstand loads two orders of magnitude
greater than loads occurring in the hinge attach-
ments of the control surfaces, as it bears the load-
ing of the entire wing. A difference between the
Mx-My envelopes from DLM and HISSS is that
the maximum negative Mx as well as the maxi-
mum positive My acting on the monitor station
with the DLM data (Point5 ) are twice as large
compared to the HISSS moments (Point6 ).
By examining selected points in the loads envelopes
of one monitor station, the influences of the two
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Manoeuvre case Manoeuvre parameters Trim parameters

Aerodynamic h Ma Nz p q ṗ q̇ α β η ξ ζ
Method [ft] [−] [−] [rad/s] [rad/s] [rad/s2] [rad/s2] [◦] [◦] [◦] [◦] [◦]

Point 1 : DLM 0 0.95 -1.8 -0.6 -0.3 5 0 -1.1 0 4.7 -2.5 0
Point 2 : HISSS 0 0.95 -1.8 0.97 -0.3 -1.5 0 -0.7 -0.1 -0.9 -0.7 -0.2

Point 3 : DLM 0 0.95 -1.8 0.6 -0.3 -5 0 -1.1 0 4.7 2.5 0
Point 4 : HISSS 0 0.95 -1.8 0.6 -0.3 -5 0 -0.7 -0.6 -0.9 2.2 -1.8

Point 5 : DLM 0 0.95 -1.8 0.6 -0.3 -5 0 -1.1 0 4.7 2.5 0
Point 6 : HISSS 0 0.8 -3.3 0 0 -2.3 0 -2.4 -0.4 -2.3 1.4 -0.6
Point 6’ : DLM 0 0.8 -3.3 0 0 -2.3 0 -2.3 0 7.4 1.8 0

Pos. Symmetric 0 0.9 5 -0.6 0.5 -5 0
Pullout
PPD : DLM 1.3 0 0.1 2.9 0
PPH : HISSS 3.3 -1.5 2.8 3.7 -2.6

+1g Roll 0 0.95 1 2.5 0 5 0
1GD : DLM -0.6 0 2.8 -2.5 0
1GH : HISSS 0.8 0.5 0.6 -2.4 1.5

Table 5: Manoeuvre parameters at selected corner points for maximum loads at the outer CS (1&2),
the inner CS (3&4) and the wing roots (5&6) and manoeuvre parameters for selected manoeuvre points
(PPD, PPH, 1GD, 1GH)

Figure 10: Loads envelopes at the wing roots

aerodynamic methods on the total loads might be
detected. The manoeuvre parameters for the se-
lected loads cases are listed in Tab. 5.
Points1 and 2 in Fig. 9 a) represent the load case
leading to maximum positive Mx and maximum
negative My acting at the outer control surfaces.
Although the manoeuvres are not identical nor are
the trim parameters, the loads resulting from DLM
and HISSS aerodynamic data achieve their max-
imum values in approximately the same envelope
points. For the other monitor stations however,
the loads cases leading to the maximum moments

in the envelope corners are not identical.
Points3 and 4 in Fig. 9 b) represent the load case
leading to maximum positive Mx and maximum
negative My acting at the inner control surfaces.
Manoeuvre parameters in Points3 and 4 are for
a symmetric pushover with maximum roll acceler-
ation. The manoeuvre case is identical for both
aerodynamic methods and the inertia properties
are the same. However, large differences in the
trim parameters are apparent in Tab. 5, and cor-
respondingly in the loads. As β and ζ are not part
of the trim solution with DLM aerodynamic data,
certain coupling effects do not come into play. For
instance, with such a strongly-swept configuration,
the aileron deflection can be expected to produce
a noticeable side force, and also a yaw moment.
With the HISSS aerodynamic data set, this can be
captured to a certain degree of accuracy, leading to
non-zero values for β and ζ. The trim control sur-
face deflections η computed with the HISSS and
DLM aerodynamic data sets do not even agree in
sign. This correlates with the different static pitch
margins for Ma = 0.95 presented in Tab. 3.
The loads in Point5 are evoked by a pushover ma-
noeuvre with Nz = −1.8 g and maximum roll ac-
celeration of ṗ = −5 rad/s2. On the contrary, the
manoeuvre leading to the loads in Point6 is a gust
case with larger negative Nz = −3.3 g and half the
roll acceleration of the case of Point5 . Interest-
ingly, larger loads act at the monitor station with
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DLM data with the smaller load factor than for
the HISSS data with the larger load factor. Also,
the manoeuvre case underlying Point6 in HISSS is
not contained in the loads envelope for DLM, but
is a non-enveloping loads case (Point6’ ). As was
shown with Fig. 8, the clean configuration com-
puted with DLM and HISSS are very similar and
thus should generate comparable moments at the
wing root.
Concerning the dominant loads contribution color-
coded in Fig. 9 and Fig. 10: for the control sur-
faces, the aerodynamic loads are larger than the
inertia loads. In the wing roots, the contribution
from inertia loads is more dominant compared to
the aerodynamic loads due to the high density of
mass points close to the wing roots monitor sta-
tions. An exception are the cases at maximum
negativeMx and maximum positiveMy with DLM
data (around Points5 and 6 ), which are domi-
nated by aerodynamic loads.

4.5 Critical Cases Analysis

During loads calculations, some manoeuvre cases
turned out to be untrimmable for this present con-
figuration. These were the manoeuvres at high
altitudes and low Mach numbers, for instance at
40 kft andMa = 0.6. Since the DLM data is based
on a 2D model and cannot generate side forces nor
yawing moments, only a reduced set of manoeuvre
cases was considered. For better comparability,
also the HISSS data was examined for this set of
reduced manoeuvre cases. To study to which ex-
tent the aerodynamic methods influence the loads
computed in the aircraft, the inflow parameters
and control surface deflections required to trim
the aircraft in the same manoeuvre case based
on the different aerodynamic data were compared.
For this, critical manoeuvre cases leading to loads
cases appearing in the envelopes of all three mon-
itor stations were assessed and compared for the
two aerodynamic methods. Two example cases are
a symmetric pullout and a 1g rolling manoeuvre.
The trim parameters required for the two manoeu-
vre cases based on the two aerodynamic data set
PPD, PPH, 1GD and 1GH are compared in
Tab. 5.
For the pullout manoeuvre with maximum roll ac-
celeration, the HISSS-aerodynamics based trim re-
quires greater control surface deflections compared
to the trim with the DLM data. This cannot be
justified by the minor differences in control sur-
face effectiveness apparent in Fig. 7. According to

Eq. 3, the magnitude of η depends on the static
pitch margin K. In Sec. 4.2, the static pitch mar-
gin from HISSS was determined to have large nega-
tive values, which explains the large η for the same
cases as with DLM data. In the +1g roll manoeu-
vre, the predicted control surface deflections are
almost the same. Yet with the HISSS data set,
also significant ζ deflection and AoS is needed to
balance the aircraft.
Many factors can have an effect on the differences
between the predicted loads of the aerodynamic
methods, so it is difficult to make conclusions. The
spanwise lift distributions of the clean wing are
very similar. Also, the control surface effective-
ness predicted with HISSS and DLM is compara-
ble. These factors thus should not have major in-
fluence on the results. What remains is the missing
lateral dimension in DLM and the different static
pitch margins. Both have a strong influence on
the trim control surface deflections for the two un-
derlying aerodynamic methods. As a result, the
panel methods DLM and HISSS give significantly
different results in terms of the loads acting at the
control surfaces and the monitor stations in the
wing roots.

5 SUMMARY

Loads analyses were carried out for the generic
UCAV configuration F19. First of all, this in-
volved the generation of a mass model, the defini-
tion of monitor stations and of design manoeuvre
cases. Two aerodynamic data sets were set using
the panel solver HISSS and NASTRAN DLM data
supplied by DLR. Further reference data resulted
from Euler simulations with the flow solver TAU,
as well as from computations with VSAERO and
wind tunnel experiments, both by DLR.
On the one hand, comparison of the global aircraft
coefficients and spanwise lift distributions gener-
ally revealed good agreement between the aerody-
namic methods. Nonetheless, strong variations in
the static pitch margins were identified. On the
other hand, the loads computations carried out
with HISSS and DLM data resulted in large dis-
crepancies in terms of total loads at the control
surfaces and the wing roots. These were traced
to the differences in the trim procedures and to
the static margins predicted with the aerodynamic
methods.
One major difficulty which hampered the inves-
tigations was the lack of robustness of the panel

11



S. Kirchmayr, sarakir@kth.se Master Thesis

solver HISSS. Tuning of its results to the refer-
ence data was necessary, and thus calls the gen-
eral usefulness of HISSS as a design tool for such
aircraft configurations into question. More de-
tailed comparisons with other panel methods such
as VSAERO appear advisable. Aerodynamic com-
putations using high-fidelity CFD simulations with
deflected control surfaces seem necessary in order
to assess the loads in the aircraft structure for the
different manoeuvre cases and to obtain reliable
data before proceeding to the structural design
analysis.
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