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Experimental and Numerical Study on Pitch Attitude Adjustment

of Projectile Implemented by Impulse Lateral Thrust
WANG Xiao, RUAN Wen—jun, WANG Hao

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Experimental and numerical studies were carried out respectively to learn about the pitch atti-
tude adjusting process of the projectile which was launched vertically from the ground and controlled by reaction—
jet control system (RCS) with different output parameters. Firstly, the impulse lateral thruster, a ground launch-
er and a synchronous measurement system were designed for the pitch attitude adjusting experiment. A series of
tests were conducted in the conditions of different charge weights in the thrusters and various ignition interval
time. Based on analysis of the motion pictures captured by high speed cameras, the charge weight and ignition in-
terval time were found to be the two principal factors to determine the final attitude of the projectile and either of
them should be selected a proper value for a target attitude angle. Then, an attitude motion computing model of
the projectile was established considering the interior ballistic of the thruster. After comparing the results ob-
tained from simulation and test, the prediction error of the model was confirmed to be less than 5%. Subsequent-
ly, the variations of the impulse thrust with different charge weights were analyzed according to the computing
model. And it was pointed out that the changing rule of the impulse thrust could be affected significantly by the

charge weight. Therefore, coupling calculation of the thrust and projectile motion is needed for higher accuracy.

*

WimEE: 2020-09-12; f&ITHHA: 2021-01-08.

1EERN. £ 5%, WA, U ALES PR A . E-mail: wangxiao_hn@163.com

BIREE: brcR, fit, BT, e ARE e K MR . E-mail: ruanwj@njust.edu.cn

SImtEX: £ 9, buscfR, W SRRl O R R K 5 0 FUEIE D ] HEEROR , 2021, 42(6) 1 1387-1394.
(WANG Xiao, RUAN Wen—jun, WANG Hao. Experimental and Numerical Study on Pitch Attitude Adjustment of
Projectile Implemented by Impulse Lateral Thrust[ J]. Journal of Propulsion Technology, 2021, 42(6):1387-1394.)



1388 ot

#HoR

2021 4

In the end, the ignition interval time required for a set of target pitch angles with different charge weights was cal-

culated, which will provide meaningful reference data for further researches.

Key words: Projectile; Vertical launching; Posture adjustment; Reaction—jet control system; Impulse

thrust; Interior ballistic; Motion simulation
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Fig. 1 Structure diagram of the projectile

Table 1 Main structural parameters of the projectile

Moment of Moment of Moment of
Total R . . . . .
ciaht/k inertia J,/ inertia inertia
weehite (kg*m?) Jo/(kg-m?) Ji/(kg*m?)
0.997 1.609x1072 1.608x1072 2.983x107*
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Table 2 Property parameters of GATo-3

Parameter Value
Density/(kg-m™) 1750
Characteristic velocity/(m=s™") 1530
Explosion temperature at constant pressure/K 3394
Ratio of specific heat 1.153
Burning—rate coefficient 17.432
Burning-rate index 0.49
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Fig. 2 Picture of the launching device
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Fig. 3 Schematic diagram of the test system
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Table 3 Control variables of the RCS for each test

Test  Main charge of the ~ Main charge of the  Ignition interval

No.  starting thruster/g  stopping thruster/g time/ms
01 0.66 0.66 70
02 0.78 0.78 70
03 0.89 0.89 70
04 0.89 0.89 60
05 0.66 0.66 85
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Fig. 4 Variation of the projectile attitude in test 01 from the front view
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Fig. 5 Variation of the projectile attitude in test 01 from the side view
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Fig. 6 Time histories of the pitch attitude of the projectile

in each test
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