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THE DYNAMICS OF THE GUIDE ARRANGEMENT BEING
AN ELEMENT OF THE LAUNCHER INSTALLED
ON A COMBAT VEHICLE

Z. Dziopa’, M. Nyckowski

Abstract: The guide arrangement is an element of the self-propelled anti-aircraft missile set. The
disturbance which is transferred onto the assembly is generated during the motion of the short-range target
homing missiles along the guide. The aim of the paper is to discuss how the input generated within the
assembly affects the motion of the guide arrangement.
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1. Introduction

The key role in the functioning of the self-propelled anti-aircraft missile set belongs to the arrangement of
guides, Fig. 1. Before and at the initial stage of the launching the missile contacts the guide via two
directing rings. The missiles moves along the guide simultaneously revolving around the longitudinal
axis. At this stage the missile has two points of contact with the launcher guide. These points are
represented by two supports. The placement of the directing rings on the missile body determine the
location of the supports. The structure of the arrangement results from the accepted assumption and
determines missile mobility. The two-point support is binding until the instant the first directing ring of
the missile abandons the guide. From that moment the kinematic pair: guide-missile, previously a set with
a two-degree freedom, becomes a set with a three-degree freedom of movement. The structure of the
arrangement changes as the missile moves along the guide. The support is reduced to one point. In the
general case the support leads to the lack of co-linearity of the points located on the longitudinal axis of
the missile compared to the points located on the longitudinal axis of the guide. This particular property is
characteristic of the arrangement: guide-missile with a three-degree freedom. The fact that the
longitudinal axis of the missile and the longitudinal axis of the guide do not overlap all the time is typical
of the structure.

Fig. 1: Self-propelled anti-aircraft missile set.
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The guide arrangement consists of two guides located one under the other and links the platform and the
missile. It is necessary for the guide arrangement, with maximum efficiency, to insulate the missile
against undesirable platform vibrations and disturbance generated by launching missiles as well as
providing conditions for proper localization of the target by missiles (Dziopa, 2015).

2. Physical model

The model of the self-propelled anti-aircraft missile assembly consists of five elements (Dziopa, et al
2015). These elements are: a combat vehicle, an operator seated in the chair, a launcher and two missiles
and a target. The launcher, which consists of a platform and a set of guides, is installed on the vehicle,
Fig. 2.
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Fig. 2: Physical model of the self-propelled anti-aircraft missile set.

The launcher does not change its configuration after the guide arrangement has been set into the position
of intercepting the target (Dziopa, 2013). At this instant the guide arrangement is turned towards the
platform in accordance with the elevator angle: 4 .. The &, angle is the initial angle of inclination of

the set of guides. The guide arrangement is a perfectly rigid body with mass: m_, and the moment of

pwo * pwo

inertia: (Chatys, 2013). The object is placed on the platform with the use of two passive elastic-

I
pwz

damping elements with linear parameters k ,, and c,,, respectively and k,,, and c,,,. Two independent

generalized coordinates were used to determine the position of the guide arrangement at any moment:

e 'y, - Vertical relocation of the rotation centre O, of the guide arrangement,

e 4 - angle of rotation of the guide arrangement around the O axis.

pw opw z pw

3. Mathematical model

The studied arrangement is described by differential equations with ordinary derivatives represented by
twenty-four independent generalized coordinates (Baranowski et al., 2016). On account of the limited
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number of pages and a lengthy notation of the equations, only the dependences describing the guide
arrangement motion will be presented.

The equations representing the motion of the guide arrangement:

(mpw + mpl + mp2 )ypw +[mpW|03 + mpl('lS - Ioe - |14 + |11)+
+ mpZ (Izs + Ioe + |24 + |21)]gpw + mpl(lll - |14 )‘gpl + mp2(|21 - |24)'§p2 +
+ mpllozgpl + mpZIOZEpZ +[m pWIO4 + mpl(|l6 +los + 1 + 1, )+
+ mpz (Ize - Ios - |23 + Izz )]'9§w - mpl(llz + |13)9§1 - mp2(|22 - |23 )‘952 + (1)
- 2mpl (|13 + |12 )gpw‘gpl + 2mp2(|23 - |22 )gpwlgpz + 2mp1|01'9pw .pl +
+2m 00 E oy + KA = (Poysin &, + P, sin 9, )cos(9,,,, + 9, )+
—(mpw +my + mpz)g

(mpwliWS +1,, +ma, +1,+m a, +1 pz)ﬁpw +[m b +

+ mpl(|15 - Ioe - |14 + |11)+ mp2(|25 - Ioe - |24 + IZl)]pr + (mpla13 +1 pl ”p1+

+ (mp2a23 +1 pZ)ng_mplalzgpl + mpZa‘ZngZ - mp1a14‘9;1 - mp2a2419.;§2 +

. o o . )
- 2mpla'lzllgpwlgpl - 2mp2a24‘9pwlgp2 + 2mp1a1519pwé:pl + 2mp2a‘2519pw§p2 +

+Kuzz Auze = PSSl(é: 1 _IPO )Sin lgpl + PssZ(é: 2 _Ipo )Sin l9p2 +

+ mplg(|06 _|15 + I14 - |11)_ mng(loe + |25 +|24 _IZI)_mprIOS
where:

/lw21 :ypw + ypwst + IOW(lgw + lgwst )_(yw + ywsl )’ /lw22 = 19pW + lgpwst _(lgw +19wst)

l, = cos(lslpw0 + Spw), I, = sin(SPW0 + 19pw), Lo = 1 ous cos(lslpw0 + Spw), los =1 os sin(l9pw0 + 3pw)
ls =d, cos(lslpw0 + Spw), loe =d,, sin(19pw0 + SPW), I, =1 cos(,9pw0 +3,, + Spl)
l, =1, sin(9,0 + 3, +9,), by =d, cos(d, + 3, +8y), 1, =d,sin(,, + 3, +9,)

p
s = (£, —110)c08( 9o +90 ), Lig = (s =110 )5IN( G0 + G ), Ly =1 COS(Re + S, +9,, ),
L, =15 Sin(G 0 + 90+, ), by =d, COS(0e + S, +9,,), Ly =dsin(9,0 + 9, +S,,)
s = (&, —1,0)c0s(F0e + 9 ), Ls = (&, =16 Jsin(S0e +S,)
a, =d’, +d? +12, +(§pl —1 o+ 2d,d, cosd,, — 2dp(§p1 —1 Jsin Jy+2d | sind, +

+ 2Ipsl(§ L —Ipo)cosspl
a, =d, +d cosd, +I,sing,, a,=d, +d cosg, +I

ps2 pwO pwO pwO

psl ps2 sin l9p2

a,=d2+12, +d d cosd, —d (&, ~1,)sing, +d 1 sing +1 (&, ~1)cosd,
a,=d,d singd, +d (&, —1,)cosd, —d |, cosd, +1(5,—1,)sing,
a5 =&, —l,—d sing, +1

o1 COSS,

a, =d2, +d2+12, +(£, -1, J +2d d,cosd, —2d (£, — 1, Jsin 9, +2d 1 ,sin G, +
+2l psz(./;pz =1, )cos.,9pz

a,=d,, +d cosd, +1,sin3,, a,=&,—1,-d sing, +1,cos3,

2 12 . .
a,=d; +1,+d,d cosd, —dp(fp2 =l )sm G, +d l,singd, +Ip52(§p2 —Ip(,)coslslp2
a, =d,d sing, +d (5, -1,)cosd, —d I, cos3, +1,(5,—1,)sin,

4. Numerical simulation

The exemplary courses of linear acceleration variation of the guide arrangement are presented in Figs. 3,
4 (two-degree freedom) and 5, 6 (three-degree freedom). The generated disturbance results from the drive
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of the assembly along a rough road at the speed of 30[km/h] and launching two missiles (Gapinski,

2014). The characteristics for three cases of inclination of the guide arrangement are compared. It is
possible to determine such instants of time which represent physical phenomena of mechanical reaction
nature in the course of three seconds of the assembly operation (Koruba, 2013 and Stefanski, 2012).
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Fig. 5: Take-off missile 1. Fig. 6: Take-off missile 2.

5. Conclusions

The guide arrangement suffers from a distinct induction during the movement of the assembly along an
uneven road and launching both missiles. The dynamic characteristic of the guide arrangement and their
inclination angle determine the level of disturbance which affects the launching missile. A distinct change
in the course of alteration of physical quantities describing the motion of the guide arrangement, e.g. the
abrupt change of linear acceleration, occurs when the structure of the assembly or its mass is changed.
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