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ABSTRACT 

The Cooper-Harper rating of aircraft handling qualities has been adopted as a standard 
for measuring the performance of aircraft. In the present work, the tail plane design for satisfying 
longitudinal handling qualities has been investigated with different tail design for two flight 
conditions based on the Shomber and Gertsen method. Tail plane design is considered as the 
tail/wing area ratio.  Parameters most affecting on the aircraft stability derivative is the tail/wing 
area ratio. The longitudinal handling qualities criteria were introduced in the mathematical 
contributions of stability derivative. This design technique has been applied to the Paris Jet; MS 
760 Morane-Sualnier aircraft. The results show that when the tail/wing area ratio increases the 
aircraft stability derivative increases, the damping ratio and the natural frequency increases and 
the aircraft stability is  improved. Three regions of flight conditions had been presented which 
are satisfactory, acceptable and unacceptable. The optimum tail/wing area ratio satisfying the 
longitudinal handling qualities and stability is (0.025<St/S<0.2).  
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INTRODUCTION 

The link between stick force per (g) and maneuver margin and hence the longitudinal 
short period stability of an aircraft makes it clear that the handling characteristics must still 
dominate the design and that what is required is a new means of presenting satisfactory handling 
characteristics. The tail plane to wing design is often associated with either lifting the nose at the 
required speed during the take off or just before touch down during landing. In both cases with a 
forward center of gravity position a large down load on the tail plane is required at a low 
equivalent airspeed at a time when ground effect can reduce the downwash at the tail to a near 
zero value. 

Handling qualities may be defined as those dynamic and static properties of a vehicle that 
permit the pilot to fully exploit its performance in a variety of missions and roles. Traditionally, 
handling quality is measured using the Cooper-Harper rating (CHR) and done subjectively by the 
human pilot [1]. 

Timothy H. Cox and Dante W. Jackson [2] had presented the most flying qualities 
developed from data in the subsonic flight regime and discovered a good correlation between 
some of the classical handling qualities parameters, such as the control anticipation parameter as 
a function of damping. Timothy H. Cox and Alisa Marshall [3] investigated the longitudinal 
handling qualities of the Tu-144LL Airplane. Here, four flights had been conducted using the 
Tu-144 airplane with the dedicated objective of collecting quantitative data and qualitative pilot 
comment. These data were compared with the longitudinal flying qualities criteria: Neal-Smith, 
short period damping, time delay, control anticipation parameter, phase delay, pitch bandwidth 
as a function of time delay and flight path as a function of pitch bandwidth. The data showed that 
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the approach and landing requirements appear to be applicable to the precision flight control 
required for up and away flight. 

Ilhan Tuzcu [4] studied the dynamic and control of flexible aircraft and he integrated in a 
single mathematical formulation the disciplines pertinent to the flight of flexible aircraft. The 
unified formulation is based on fundamental principles and incorporates in a natural manner both 
rigid body motions of the aircraft as whole and elastic deformations of the flexible components, 
as well as the aerodynamic, propulsion, gravity and control forces. The aircraft motion was 
described in terms of three translations and three rotations of a reference frame attached to the 
undeformed fuselage and acting as aircraft body axes, and elastic displacements of each of the 
flexible components relative to corresponding body axes.  

Phillips Charles [5] had estimated the aerodynamic and handling qualities of the C-130   
a modified with wing tip tanks. This work presented the background, flight testing, and resulting 
change in the aerodynamic and handling qualities of a C-130A Hercules modified with wing tip 
tanks, and showed that the lift benefits of these uniquely designed tip tanks for the C-130A cargo 
transport proved that by capitalizing on the benefits of a combination tip tank and end plate 
design it is possible to generate increased lift without adversely affecting the stability and 
dynamic parameters of the aircraft. 

Methods of presenting of the Cooper-Harper rating (CHR) of handling characteristics 
were depending on the pilot evaluation. The present work is introducing a method based on 
Shomber and Gertsen [6] method of assessing longitudinal handling characteristics. It is assumed 
that the first estimates of weights and measurements are known, including the wing, tailplane 
position and aspect ratio. 
 
EQUATIONS OF LONGITUDINAL MOTION. 

The characteristic modes of stick fixed longitudinal motion for really all airplanes are two 
oscillations, one of long period with poor damping (phugoid mode) and the other of short period 
with heavy damping referred to short period mode. The linearised, Laplace transformed 
longitudinal short period mode Eqn. of motion of aircraft are given by [7]: 
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(1). The characteristic Eqn. of the transfer functions is given as:  
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The expansion of this expression can be written in the form of: 
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If Eq. (3) is divided by (A) and written in the standard form of quadratic ζ and ωn, it results in: 
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In literature the researchers had found that the most parameters affecting on the damping 

ratio and natural frequency of short period are the pitching moment coefficient due to change 

angle of attack (Cm) which is used to determine the static longitudinal stability of aircraft, and 

the pitching moment coefficient due to a pitch rate ( &m
C ). Therefore in this work the study will 

be concerned with the variation of these two parameters. Where:  
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From Figs. (2 and 3) the pitching moment coefficient about the aircraft center of gravity 

can be written as: 
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The stability derivatives will be shown to be a function of the lift coefficient, and the 

slope of the curve of pitching moment coefficient plotted against lift coefficient. The slope can 
be obtained analytically by differentiating Eq. (6) with respect to CL and assuming that the drag 
coefficient is small relative to lift coefficient in all cases: 
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Where (Xa= accgc
x XXa  ) is the distance between the aerodynamic center and the 

aircraft center of gravity in length of the mean chord. In the present work, it is assumed that the 
first estimates of weight and measurement are known and the investigation is done on the 
variation of position and size of wing and tail plane. To introduce the contributions of wing and 
tail Eq. (7) is substituted in Eq. (8), then the stability derivative Eq. becomes: 
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LONGITUDINAL HANDLING CRITERIA 

The Cooper-Harper rating of aircraft handling qualities has been adopted as a standard 
for measuring the performance of aircraft. Aircraft performance, ability to control the aircraft, 
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and the degree of pilot compensation needed are three major key factors used in deciding the 
aircraft handling qualities in the Cooper-Harper rating. The automatic estimate of the system-
level handling quality provides valuable up-to-date information for diagnostics and vehicle 
health management. Analyzing the performance of a controller requires a set of concise design 
requirements and performance criteria. In the case of control systems for a piloted aircraft, 
generally applicable quantitative design criteria are difficult to obtain. The reason for this is that 
the ultimate evaluation of a human-operated control system is necessarily subjective and, with 
aircraft, the pilot evaluates the aircraft in different ways depending on the type of the aircraft and 
the phase of flight. In most aerospace applications (e.g., for flight control systems), performance 
assessment is carried out in terms of handling qualities. 

In this work, a method based on Shomber and Gertsen [6] method of assessing 
longitudinal handling characteristics is introduced. Fig. (4) in reference [6] represents the 

relationship between the aircraft lift per unit moment (L/) and the longitudinal short period 

damping ratio () for values of normal acceleration in (g) units per unit incidence (n) less than 
or equal fifteen, where: 
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Where (n) is the undamped natural frequency of that mode. Fig. (5) in reference [6] 

represents the relationship between the (n/) and (), and is appropriate for flight condition in 

which (n) exceeds fifteen, where: 
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  These two Figures show the boundary between the satisfactory    (region-1), acceptable 

(region-2), and not acceptable (region-3) handling characteristics. 
 The correct wing position is found by loading the aircraft appropriate to the aft center of 

gravity position and then moving the wing group components forward relative to the fuselage 
group until the distance between the aerodynamic center and the center of gravity corresponds to 
the maximum limiting value of (Xa) appropriate to the tailplane selected.  For an equilibrium in a 
given flight condition, to estimate the distance between the center of gravity and the 

aerodynamic center,  the Eqn. in pitch which must sum up to (Cmcg=0 and 
L

mcg

dC

dC
=0), get the 

neutral point. Introducing the longitudinal handling qualities from Fig. (4) of Shomber and 
Gertsen in the (Xa) relation results in: 
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The tail plane design (St/S) can be expressed also by introducing longitudinal handling 

qualities from Figs. (4and 5) of Shomber and Gertsen in stability derivative as: 
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RESULTS AND DISCUSSION  

The design technique has been applied to the Paris Jet, MS 760 Morane-Sualnier aircraft. 
The prototype MS.760A Paris shown in Fig. (6) had a low wing and was powered by two Marbré 
400kg engines, mounted side by side in the fuselage. It was recognizable by its T-shaped vertical 
stabilizer and by its retractable tricycle landing gear. The aircraft had four seats, two in the front 
and two in the back. The airplane specifications are listed in Table (1). 

 
Table (1) 

 Paris Jet, MS 760 Morane-Sualnier aircraft specifications [8].   
   

Length  10.42 m 
Wing span 10.15 m 
Wing area 18 m2 

Height (to top tail fin)  2.6 m 

Stabilizer span 3.35 m 
Maximum take off weight 3924 kg 
Maximum landing weight 3157 kg 
Maximum speed 695 km/hr 
Maximum ceiling 25000 ft 

   
Fig. (7) shows the behavior of the Pitching moment due to angle of attack change 

(longitudinal static stability Cmα) with the variation of tail plane design with different airplane 
center of gravity positions. At neutral point when the center of gravity move most aft and 
coincide with the aerodynamic center (Xa=0), the behavior shows that the longitudinal static 
stability increases in absolute  value with the tail/wing area ratio increases and the airplane 
become more stable rather than neutral stable. Also the two other behavior of the longitudinal 
stability at which the airplane center of gravity most forward show stability derivative increase 
with the area ratio increase, because when the area ratio of tail to wing increases an opposite 
pitching moment produced by the tail lift and drag about the airplane center of gravity is also 
increased. 
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Fig. (8) shows the tail plane design effect on the stability derivatives. When the tail to 
wing area ratio increases the two stability derivatives increase in negative value because this 
ratio is the most dominant parameter in Eq. (9). Fig. (9) presents the variation of natural 
frequency with tail design. With the tail to wing area ratio increase the natural frequency 
increases, the natural frequency and damping ratio were depending on the stability derivatives 
and these derivatives are most dependent on the area ratio as mentioned before in Eq. (4). Also 
Fig. (10) presents the variation of damping ratio with tail design for two flight conditions at CHR 
of 3.5 and 6.5 values, and have more damped aircraft with area ratio increase. Three regions 
were pointed as referred to satisfactory, acceptable and unacceptable regions of flight according 
to the resulting damping ratio. The acceptable region is limited by (0.025<St/S≤0.22). 

Eq. (13) is used to find the corresponding value of (St/S). Thus a pair of values (L/ and 

) from Fig. (1) with different CHR and reference [6], can be used to find a pair of (St/S and 

L/n) corresponding to the constant pilot rating as shown in Fig. (11). Also three regions were 
pointed as referred to the satisfactory, acceptable and unacceptable regions of flight. The 
acceptable region is limited by (0.02<St/S<0.28). 

 Eq. (12) is used to find the corresponding value of (Xa). Thus a pair of values (n/n and 

) from Fig. (2) reference [6] at different CHR can be used to find a pair of (Xa and St/S) 
corresponding to the constant pilot rating as shown in Fig. (12). Also three regions were pointed 
as referred to the satisfactory, acceptable and unacceptable regions of flight. The acceptable 
region is limited by (0.025<St/S<0.2), because out of this region, the airplane center of gravity 
becomes aft of the aerodynamic center and become unstable. 

 
CONCLUSIONS 

  The tail plane design satisfying the airplane longitudinal handling qualities was studied 
with variation of tail to wing area ratio based on Shomber and Gertsen method. The following 
conclusions are drawn: 

1. The longitudinal static stability increased in absolute value with the tail to wing area ratio 
increase and resulted in a more stable airplane.  

2. The natural frequency and damping ratio increased with the tail/wing area ratio increased 
and resulted in a more damped mode. 

3. The stability is satisfying at neutral point with selection of suitable area ratio. 
4.  The optimum design tail/wing area ratio is happened at (0.025<St/S<0.2) for satisfying the 

longitudinal handling qualities. 
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SYMBOLS 
a Lift curve slope. 
c Airfoil chord (m). 
C Coefficient. 
D Drag force (N). 
i Incidence angle (deg). 
Iy Moment of inertia (m4). 

l  Length (m) 
L Lift force (N) 
Lα The aircraft lift per unit moment  
            (1/sec). 
m Aircraft mass (kg). 
q Dynamic pressure (N/m2). 
S Wing area (m2). 
t Time (sec.) 
U Air speed (m/sec). 
Xa  Distance between aerodynamic  
             center and center of gravity(m) 
α Angle of attack (deg). 
δ Elevator angle (deg). 
ε Dawn wash angle (deg). 
ρ Air density (kg/m3). 

 Attitude angle (deg). 

n natural frequency (rad/sec). 

 Efficiency. 

 Damping ratio. 
 
Subscript: 
A Axial. 
ac Aerodynamic center. 
cg Center of gravity. 
L Lift. 
m Moment. 
mά Dawn wash lag on moment. 
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m Moment due to angle of attack. 
mδ Moment due to angle of elevator. 

&m  Moment due damping in pitch. 
N Normal. 
t Tail. 
zδ Normal force due to elevator angle. 

 

 
 

Figure (2): Aircraft attitude [9]. 

 

  G(s) 

Figure (3): Forces and moments in plane of symmetry of aircraft [10]. 

                              δ(s)                          (s) or ά(s) 
 

 
Figure (1): open loop block diagram for the aircraft. 
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Figure (4): Longitudinal short period criteria for (n<15) [6]. 

 
 

0.0 0.4 0.8 1.2 1.6 2.0

0

4

8

12

16

20

n

CHR=3.5

CHR=6.5

Region (1)

Region (2)

Region (3)

--------

 
Figure (5): Longitudinal short period criteria for (n>15) [6] 

Region (1): Satisfactory, Region (2): Acceptable and Region (3): unacceptable  
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Figure (6): 3-view of Paris Jet, MS 760 Morane-Sualnier airplane [8]. 
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Figure (7): Effect of tail plane design on pitching moment due to change in angle of attack. 
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Figure (8): Effect of tail plane design on stability derivatives. 
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Figure (9): Effect of tail plane design on the aircraft natural frequency. 
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Figure (10): Effect of tail plane design on the aircraft damping ratio. 
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Figure. (11): Effect of tail plane design on the longitudinal short period criteria. 
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Figure (12): Effect of tail plane design on the airplane center of gravity travel. 
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يحيى عبدالله فرج  دكتورال                                  لدكتور فرج محل محمدا  
كلية الهندسة -كلية الهندسة                           الجامعة المستنصرية-جامعة الانبار  

 
  الخلاصة

ف-�ع�
� مع�ل ���� ال�ائ�ة.  اداء  ل��اب  الق�اسي  ال"!�لح  ال�ائ�ة ه�  ل"عال'ة خ!ائ$  ه(ا هار��  ي 
�ة معال'ة ال/!ائ$ ال��ل�ة ع�2 ت!ام�0 م/�لفة وحال�ي +��ان  
ال
�8 ت"7 دراسة ت!"�0 ذیل ال�ائ�ة ل�ل
Bالاع�"اد على +�@قة ش�م
� وج���=. ان ت!"�0 ال(یل اخ( ��2
ة م�احة ال(یل الى م�احة ال'2اح. اك�9  

ال(یل الى م�احة ج2اح ال�ائ�ة. ت0 ادخال   ال"�غ��ات تأث��ا على مE�قات الاس�ق�ار@ة ال��ل�ة هي ن�
ة م�احة
ال�ق2�ة  ه(ه   J�
ت� وت0  ال��ل�ة.  للاس�ق�ار@ة  ال�@اض�ة  ال"عادلات  في  ال��ل�ة  ال/!ائ$  معال'ة  م�غ��ات 

�ة على ال�ائ�ة  "�). اPه�ت ال2�ائج ان ز@ادة (Paris Jet; MS 760 Morane-Sualnier aircraftال�!"
'2اح تTدS الى ز@ادة مE�قات الاس�ق�ار@ة ال��ل�ة و�(لR ز@اده ن�
ة ال�/"��  ن�
ة م�احة ال(یل الى م�احة ال

ال�ائ�ة وس�عة الاس�'اBة الى ت���= اس�ق�ار@ة   SدTی  S)عي وال�
ال� ت0 ت�ض�ح ثلاثة   .وال"عال'ة   وال��دد 
مق
�لة.  ��وغ مق
�لة  م��ققة؛  ال��ل�ة  ال"عال'ة  ف�ها  ت�Wن    J+ا  م2ا ال"9لى  ال�2
ة  ان   =�
ت�قJ  وت ل�ي 

  . S<0.2)/t(0.025<Sال"عال'ة والاس�ق�ار@ة ال��ل�ة ال"�ل��ة هي 
 


