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Abstract: The fast-online guidance problem of trajectory correction projectile is investigated in this paper. The dynamic 

mathematical model of spin-stability projectile is briefly presented and a simplified process for the nonlinear seven degree of 

freedom model is given in detail. Then a linear approximate model is introduced to calculate trim points along the projectile 

trajectory, and the trajectory characteristics is given through the trim results. A real-time method for calculating the control angle 

of the course correction fuse is also proposed base on the above trim method. Finally, simulation results are given to validate the 

proposed method. 

Key Words: Course correction fuse, trajectory correction, flight control, spin-stability projectile 

Nomenclature 

Angle of attack, Angle of sideslip

Euler pitch and yaw angles

Flight-path angles

Control roll angle

Mass, gravitational accelerate

Pitch and yaw rates

Roll rates of the head and rear

Moment of inertial about the axis frame 

and axes

Reference area, length and diameter of 

projectile

Drag and lift coefficients

Static moment and damping moment 

coefficients

Magnus moment coefficients

Lift and static moment coefficients of 

the canards

Positon vector components of the 

composite center of mass

Magnitude of airspeed

Angular rates vectors of the trajectory 

and axis frame with the respect to base 

frame 

1 Introduction 
The requirements on high deliver accuracy and long range 

of modern weapons are increasingly strict with the 

development of the war. The poor accuracy of the unguided 

shells could reduce the efficiency of combat and even leads 

to damage on friendly sides. Thus, it is necessary to modify 

the existing shells to improve its performance and remain 

inexpensive meanwhile. Course Correction Fuse (CCF) is an 

effective approach to transform the existing unguided shells 

to smart ammunitions. An unguided projectile of howitzer or 

mortar could become a Trajectory Correction Projectile 

(TCP) after simply replace its fuse by CCF. The CCF 

concept is illustrated in Fig. 1. Two pairs of canards are 

installed in the CCF. The canards 1-3 are installed in 

opposed angle to provide control force  while the canards 

2-4 are installed in same angle to provide axial moment. 

Control roll angle  is used to describe the direction of . 

Fig. 1: Concept of the course correction fuse 

The CCF considered in this paper is used in the 155mm 

howitzer which maintains the stability by the gyroscopic 

effect, i.e., a spin-stability projectile. Thus, a structure called 

dual-spin projectile is considered in the design. Dual-spin 

projectile includes two parts, the head part and the rear part,

as shown in the Fig. 2. Motor and Bearings are used to despin 

the canards attached to the head part and keep  in the 

designated direction, while the rear is keep a high spin rate to 

maintain the stability. 

Fig. 2: Dual-spin projectile structure 

The modelling of the TCP are widely studied. An 

important feature of the TCP model is that it has an extra 
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degree of freedom (DOF) compared to common projectiles.

Nicolas [1] study the problem of aerodynamics of TCP by 

calculation fluid dynamic (CFD) methods. Eric [2,3] 

acquires the aerodynamic parameter through the software 

Missile DTACOM. Dr. Cheng [4] builds the mathematical 

model of TCP based on CFD and experiment 

comprehensively, which laid the foundation of simulation 

and analysis. 

The canards 1-3 are fixed on the CCF, so the  control 

both the vertical and lateral sides of the trajectory correction 

simultaneous, which causes serious couple in the vertical and 

lateral moments. More complicatedly, due to the unique 

dynamic characteristic of the spin-stability projectile, the 

direction of control load lags in phases with the . Above 

features make it hard to solve the  accurately when a

designated direction of load is needed. Seve Florian [5] 

simplified the 6 DOF model of shell based on the stability 

assumption and studies the flight characteristic. Philippe 

Wernert [6] and Spilios Theodoulis [7] provide another 

method to simplify the model of TCP and calculate trim 

point of the projectile. Although the CCF considered in this 

paper is different from theirs, the similar method is adopted 

in this paper. Dr. Cheng [4] points that there is an 

approximate phase lag between  and direction of load. 

Nevertheless the systematic error exist in this method as the 

system is time varying. 

A novel method based on the simplified model to solve 

is proposed in this paper, and the calculation is simplified to 

run online of the CCF. 

The article is organized as follows. Section 1 introduce the 

background of the research. Section 2 builds the 7 DOF 

model of the TCP and given the simplified model. Section 3 

details the methods to solve . Section 4 gives the 

simulation results, and the conclusion is drawn in section 5. 

2 TCP modelling and simplify 
Three coordinate systems (CS) are introduced [8] as 

follows: axis CS , base CS , and trajectory CS 

.  are defined to transform the base CS into 

axial CS.  are defined to transform the base CS into

trajectory CS.  are defined to transform the trajectory 

CS into axial CS. 

According to momentum theorem and moment of 

momentum theorem, the kinetic equations is given as Eq.(1). 

(1)

where  denotes the speed vector, denotes momentum 

moment vector, and the aerodynamic coefficients used to 

calculate  and  are obtained with CFD methods. The 

angle  is defined to describe the air speed with respect to 

the canards as the canards despin with the rear of projectile. 

The 7 DOF model of the TCP can be built with the kinetic 

equations (1) and geometric Eq. (2). 

(2)

Spilios Theodoulis [7] states that the spin-stability 

projectile experiences two major phenomena include 

precession and nutation. Precession denotes the low 

frequency motions and nutation denotes the higher ones.

Without loss of generality, we select the lower frequency 

motion states as the parameter vector , the 

higher frequency motion states  as the state 

vector , the acceleration  in axis CS as the output 

vector . Then we could acquire the four-order dynamic Eq. 

(3). 

(3)

where denotes dynamic pressure. 

The nonlinear system reach stable states when condition 

 is satisfied, i.e. the state 

which regards as the trim point could denotes the 

lower-frequency motion approximately. The nonlinear 

equations (3) can be solved by fix-point iteration method. 

Nevertheless, this method is not proper to run online on the 

CCF for its complexity. 

A solution process to solve trim point is proposed based 

on linear equations in this paper, and the linear equations are 

acquired by simplifying the nonlinear Eq. (3). , , ,

, ,  and  can regard as 

small quantities [8] for a normal trajectory, and the 

assumptions ,  also stand. Ignore 

the higher order item in (3) and let , then we can 

acquire the linear equation  and solve the trim point 

through . The analytical formats of  and  are 

as Eq. (4) and Eq. (5). 
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, (4) 

, (5)

where , . 

The output equations are given in Eq. (6).

(6)

Select the parameter vector  from a typical trajectory of 

155mm howitzer at 80s, then we can acquire trim points 

though either linear simplified calculation method (LSCM) 

or nonlinear fix-point iteration method (NFPIM). The 

comparison of the results by two methods are shown as Figs.

3-6.

Fig. 3: Angle of attack at trim points 

Fig. 4: Angle of sideslip at trim points 

Fig. 5: Vertical acceleration at trim points 

Fig. 6: Lateral acceleration at trim points 

The root mean square error (RMSE) of LSCM is shown in 

Table 1. It can be seen from Figs. 3-6 and Table 1 that the 

computational complexity can be reduced by the LSCM with 

the guarantee of accuracy.  

Table 1: RMSE of trim points by LSCM 

Item

RMSE

The effect of the CCF on trajectory can be analyzed from 

the trim results. It can be seen from Fig. 6 that the maximum 

value of lateral accelerate on the opposite side of the axis 

is close to zero under the control of canards at 80s. That 

means origin AOS exists in trajectory of the unguided shell 

due to the magnus and gyroscopic effects. Thus, the CCF can 

only correct the origin lateral shifting at 80s and the trim 

results cannot use for trajectory correction directly.  
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3 Impact correction with trim point 
After we obtain trim points according to different  by 

LSCM, the reflection from  to the direction of load can be 

simply gotten in the trajectory. Nevertheless, the response 

load cannot represent the effect of CCF as the origin AOS 

always exists. 

Without loss of generality, we can suppose that the load 

caused only by CCF add to the origin lateral load of 

unguided shell linearly. Then we have , where 

 denotes the acceleration caused by CCF,  denotes the 

acceleration at trim point,  denotes the origin acceleration.

The  can be obtained by letting the aerodynamic 

coefficients of canards,  and , equal to zero. Then 

the on axis  and axis  can be solved by LSCM, and 

the results are shown in Figs .7-8.

Fig. 7: Vertical acceleration of control canard 

Fig. 8: Lateral acceleration of control canard 

Define the orientation angle of the load caused by CCF as 

, then the reflection from to  can 

be calculated as Fig. 9-10. It can be seen that the reflection 

are approximately linear and an approximate phase lag 

between  and can be assumed. Then a more accurate 

method to calculate the  can be further studied. 

Fig. 9: Reflection from  to 

Fig. 10: The approximate relationship between the load and control 

force 

The vertical load  can be decomposed into  and 

 in trajectory CS, which both have an influence on the 

range of TCP. The positive  or  can increase the 

range in terminal guidance section and vice versa. Thus, we 

have the assumption , . Nevertheless, 

this assumption does not stand in the ascent trajectory. 

CCF need to provide control load in designated direction 

according to the guidance law, which requires corresponding 

being calculated online on the CCF. As is states above, 

there is an approximately linear reflection from  to , so it

is reasonable to calculate some particular trim points in the 

neighborhood of possible orientation and use linear fitting to 

solve the reflection online. 

An possible value of control roll angle  which is 

corresponding the command angle  can be calculated by 

 because of the approximate phase lag. Then 

select  and the corresponding 

 can be solve by LSCM, respectively. It is supposed that a 

linear reflection  exists from  to . A least 

square fitting is used here and the parameters , can be

solved in (7).

(7)

It can be validated by the following simulation that the real 

time fitting calculation method (RTFCM) can obtain a more 

accurate impact correction than the approximate phase lag 

method (APLM). 
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4 Simulation Results 

4.1 Initial condition of simulation 

A 155mm shell model equipped with CCF is used in the 

simulation and its aerodynamic coefficients are acquired by 

CFD methods. The initial conditions are in Table 2. 

Table 2: Initial conditions of the simulation 

Item value

velocity 980m/s

elevation

azimuth

rotation rate 1885rad/s

mass 45kg

polar moment of inertia

altitude

equatorial moment of inertia

4.2 Verification of the trim point 

The axis  of the projectile oscillates around the 

equilibrium axis because of the gyroscope effect of the 

spin-stability projectile, i.e., the nutation process. A

comparison on the airflow angle between 7 DOF model and 

trim points by LSCM is made to validate the correctness of 

the simplified trim point. A fixed control  is given to 

the model at 15s, and the results are shown in Figs. 11-12.

Fig. 11: Compassion between trim point and true value of AOA 

It can be seen in the Fig. 11-12 that the trim points reflect 

the procession progress of the spin-stability projectile, 

especially in the terminal guidance section. This result 

provides a theoretical basis for control and guidance. 

Fig. 12: Compassion between trim point and true value of AOS 

4.3 Simulation for impact correction 

An open-loop guidance is used to correct the impact of 

TCP in this scenario. The position of the impact can be 

controlled with the base of assumption ,

 in the terminal guidance section. Define the 

orientation angle of impact as , i.e., 

denotes the location of guided shell in relation to the 

unguided trajectory. The control of TCP starts at 50s after 

the apogee of trajectory, and a fixed  value is given in the 

simulation. We finally acquire eight typical trajectories as 

we let , where . 

Fig.13-14 show parts of the simulation results and 

,  under the commands , ,

respectively. Other results are listed in the Table 3 and the 

APLM is used as contrast. The RMSE and absolute error 

(AE) are also calculated in the simulation. 

It can be seen from Table 3 and Table 4 that the 

calculated by RTFCM obtains more accurate results than the 

contrast in impact control. In addition, the parameter needed 

for RTFCM include air speed, rotation rate and position can 

be obtained from the GPS directly, thus the method is 

suitable to apply in engineering. 

Fig. 13: Top view of the trajectory with the command 
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Fig. 14: Top view of the trajectory with the command

Table 3: Control results of the  

Command RTFCM AE APLM AE

Table 4: RMSE of the simulation results 

Method RTFCM APLM

RMSE

5 Conclusion 
Based on the simplified linear model of TCP, this paper 

proposes the RTFCM to calculate the according to the 

command loads. Thus, the designated direction of the control 

load can be provided by canards with the effect of the high 

spin rate of howitzer. The RTFCM uses parameters which 

can be obtained from sensors and costs little computation 

time, i.e., it is suitable for online calculation. Future work 

will involve the research of the guidance law such as 

proportion navigation or impact prediction for the TCP, then 

the close-loop control can be realized on the TCP. 
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