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Introduction: 
The tail structure, also called the stabilizers, in the conventional aircraft configuration is normally 
arranged at the rear of the fuselage, providing for trim, stability and control [6,10]. It primarily 
consists of the horizontal tail and the vertical tail as shown in Fig. 1. The horizontal tail looks like a 
little wing and is utilized to balance the aircraft by creating a lift force, which is significant to the 
safety of an aircraft. A horizontal tail structure generally includes ribs, spars, skins and stringers 
which are assembled with mechanical fasteners. In this paper we develop a unified framework for 
designing and analyzing simplified horizontal tails based on iso-geometric analysis [5], which is 
considered to be an advanced numerical method from the perspective of CAD/CAE integration. When 
some basic parameters are given, a horizontal tail can be modeled automatically. Meanwhile the 
number of ribs, spars and their layout could also be regarded as design variables. The designed model 
can be simulated directly using the iso-geometric method under the developed framework. 
 

 
 

Fig. 1: A conventional aircraft configuration and the main parts definitions. 

Horizontal Tail Geometry: 

The geometry parameters of the horizontal tail are preliminarily given as: tail span b = 12.70 m, aspect 
ratio AR = 4.04, taper ratio TR = 0.26, back-ward quarter chord sweep 1/4 = 30, dihedral angle  = 7. 
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Assume that the planform of the horizontal tail is linearly tapered as shown in Fig. 2, then the tail 
reference area SW can be expressed as [6]: 
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, (2.1) 

where the parameters CR and CT denote the root chord and tip chord of the horizontal tail, respectively. 
According to the above equation and predefined parameters, we can easily obtain that CR = 4.9899 m 
and CT = 1.2973 m. Given a reference coordinate system, the relative positions of the root chord and 
tip chord could be defined by the quarter chord sweep.  
 

 
 

Fig. 2: The top view, front view and airfoil profile of a horizontal tail. 

 

As for the airfoil profile of the horizontal tail, we choose the symmetrical NACA-0012 type airfoil, 
which could be explicitly defined by the formula as [8]: 
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in which x  [0, C] and C is the chord length. The calculated zt indicates the half thickness of the airfoil 
at the coordinate x. The parameter t denotes the maximum half thickness and is defined by the last 
two digits in the NACA 4-digits denomination divided by 100. For example, t takes value 0.12 to the 
type NACA-0012. 

Parametric Modeling: 

To avoid dealing with trimming and stitching problems in IGA [2,11], we utilize multiple conforming 
NURBS patches to build the horizontal tail, which is divided into three parts: ribs, spars and skins. In 
the following, we will discuss the parametric modeling of these parts in detail. 

 
Rib Modeling 
Ribs are used to provide the shape and thickness of the tail and are spaced along the tail span 
direction. Assume that the number of the ribs is adjustable and only three spars are designed as 
depicted in Fig. 3. Let nr be the number of ribs and they are equally spaced along the span direction. 
The first rib and the end rib are located at the root and the tip of the tail. Then the distance between 
the i-th rib and the aircraft centerline is expressed as 

 , 0,1, , 1.
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For the i-th rib, its chord length Ci  could be linearly interpolated from CR and CT, written as 
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When the chord length Ci  is obtained, its structural dimensions could be computed with Eqn. (2.2). 
Note that NURBS possesses affine invariance property, we can build NURBS patches for a normalized 
rib structure and map them to specific positions. The global coordinates of the left endpoint Si for the 
i-th rib, as given in Fig. 2, could be expressed as 

 
1/4

1
, , tan , , tan .

4i R i i i ix y z C C d d dS  (3.3) 

Generally, the rib structure is designed with holes to reduce weight. Figure 3 shows an example of the 
rib structure for the designed horizontal tail. The blue lines denote the spars and the red curve 
denotes the airfoil profile. Two holes are designed and radius r = tC/6 and R = tC/4.   
 

 
 

Fig. 3: A rib structure of the horizontal tail and its quad-domain segmentation. 
 

 
 

Fig. 4: The rib structure is built with 20 conforming NURBS patches. 
 

For multi-patch modeling, the rib structure should be first divided into conforming quad subdomains 
as depicted in Fig. 3, where dotted lines denote the interfaces of subdomains. Each sub-domain is 
further re-constructed with a single NURBS patch. The airfoil profile is expressed by an explicit 
function as given in Eqn. (2.2) and should be re-expressed by a series of NURBS curves. In this paper 
the LSPIA method [1,7] is used to fit the airfoil profile. According to the domain segmentation, the 
airfoil profile is divided into seven segments for curve fitting as shown in Fig. 3. The endpoints are 
labeled as di (i = 0,1,2,…,7).  

To construct the patch , as labeled in Fig. 3, we ought to fit the curve segment d0d1, which is 
discretized into m+1 data points Qj (j = 0,1,2,…,m). Using the classical chord length parameterization 
method [9], the data point Qj is assigned a parameter uj. Let n+1 and Pi be the number and coordinates 
of control points, then the fitting curve at the k-th iteration could be generated as  
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At the (k+1)-th iteration, the control points are updated by [1] 
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in which  is a constant and is recommended to take the value 2/M [1]. Let mi be the sum of the i-th 
row elements of ATA and M = max(mi). A is a collocation matrix, written as 
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The iteration process is terminated when the fitting error is lower than the given tolerance. The 
obtained fitting curve is served as one of the boundary curves of the patch . The circular curve 
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segment of the left hole could be exactly represented by a NURBS curve, which is also served as one of 
the boundary curves. Then the patch  can be obtained by linearly interpolating these two boundary 
curves. Similarly, we can construct all the other patches. The final construction of the rib consists of 
20 NURBS patches and is illustrated in Fig. 4. Note that the patches ⑩ and ⑳ are degenerated at the 

right shape edge. 
 
Spar Modeling 
There are two spars designed in the horizontal tail. The blue lines given in Fig. 3 are the intersections 
of spars and ribs, denoted by d3f3 and d6f6 .  For conforming modeling, each spar between adjacent ribs 
is constructed with two NURBS patches. The curve segments d3e3 and e3f3 belong to different patches. 
The coordinates of point d3 in the local system are represented by [0.3C, zt(0.3C)]. For the i-th rib, the 
global coordinates of the point d3 could be represented by 

 
3 0.3 , 0, 0.3 ,i

i i t iC z Cd S  (3.7) 

where zt is calculated by Eqn. (2.2) and Si is given in Eqn. (3.3). The global coordinates of the points e3 

and f3 can be easily recovered from d3. In the same way, point d6 can be obtained by substituting the 
coefficient 0.3 given in Eqn. (3.7) with 0.7. These two position coefficients can also be regarded as 
design variables. 

When the corner points of each spar are calculated, we can construct the intersection lines 
coincided with the rib structure and linearly interpolate the intersection lines between adjacent ribs. 
Eventually, two spars are built with 4(nr-1) NURBS patches.  
 

 
 
Fig. 5: The structural layout of the horizontal tail consisting of 8 ribs, 2 spars and 2 skins. Each rib is 
built with 20 NURBS patches. Each spar is built with 14 NURBS patches and each skin is built with 49 
NURBS patches. 
 

         
 
Fig. 6: The contour plots of vertical displacement of the horizontal tail obtained by using (a) iso-
geometric method and (b) finite element method. The deformation scaling factor takes the value 30. 

 
Skin Modeling 
The skin can be divided into the upper and bottom parts. They can further be modeled by 
interpolating the adjacent rib profiles. Therefore, there are nr-1 skin segments and each skin segment 
is a ruled surface. According to the segmentation of the airfoil profile given in Fig. 3, the upper part of 
the profile is divided into 7 curve segments. As a consequence, the upper skin part between adjacent 
ribs is construed by 7 NURBS patches. Then whole skin model will include 14(nr-1) NURBS patches.  
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Figure 5 shows a designed example of the horizontal tail, which consists of 8 ribs, 2 spars and 2 
skins. Each rib is built with 20 NURBS patches and is rendered in cyan. Each spar is built with 14 
NURBS patches and is rendered in orange. Each skin is built with 49 NURBS patches and is rendered in 
light yellow. Only the bottom skin part is visualized for better observing the inner structures. There is 
a total of 286 NURBS patches used for representing the horizontal tail model. For the tail with nr ribs, 
the number of NURBS patches should be 38nr -18. 

Numerical verification: 

In this section, we will test the linear elastic performance of the designed horizontal tail under the 
framework of iso-geometric analysis. The classical Mindlin shell theory with 6 DOF for each node is 
used. The thickness of all the tail structure sections is set as h = 0.05m and the aluminum alloy 2024-
T3 is assigned to each part with Young’s modulus of E = 73.4GPa, Poisson’s ratio of  = 0.33, the 

density of  = 2780 kg/m3. The upper skin is subjected to a uniformly distributed upward force with 

the magnitude of T = 1105N. The whole horizontal tail model is discretized into 7140 bi-quadratic 
elements for iso-geometric analysis. The contour plot of the obtained vertical displacement is given in 
Fig. 6(a) based on the open-source library NLIGA [3,4]. For comparison, the problem is also solved by 
using the commercial software Abaqus with 69342 STRI65 elements and the result is shown in Fig. 
6(b). It can be found that both results agree very well. The maximum vertical displacements obtained 
by using IGA and FEA are 0.0791m and 0.0792m, respectively. 

Conclusions: 
We developed an iso-geometric framework for parametric modeling and analyzing the aircraft’s 
horizontal tail. Given some necessary geometry parameters, the tail could be automatically constructed 
by a series of conforming NURBS patches. Additionally, the tail structure could be adaptively modified 
according to the number of ribs. The iso-geometric Mindlin shell is employed to study the mechanical 
performance of the tail and the obtained results are verified by comparing them with FEA results. 
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