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Change of constraints in rope articulated structures

Abstract: In the paper four examples of two-dimensional #mee-dimensional material
systems, in which some of constraints were suddesyoved, are analyzed. A simple
structure consisting of two ropes and a particlespatial structure consisting of three
weightless ropes and a particle, and a beam susgemdtwo ropes and a circular shield, also
suspended on two ropes, were analyzed. In all casesof the ropes was suddenly cut.
Solutions were obtained by the analytical methaingithe properties of the instantaneous
center of acceleration. The obtained results dustibted by diagrams of accelerations,
angular accelerations and forces acting in theidered systems.
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Introduction

A sudden change in constraints in building striegwoften leads to emergency conditions and
catastrophic engineering structures [3]. The sulgéconsiderations in this paper is flat and

spatial material systems. Four sample structuree saved, in which some of the constraints
were suddenly removed. At the initial moment0*, just after the change of constraints,

accelerations were determined, as well as the geraant of all external reactions and

internal forces in unstretched ropes. The taskewelved by an analytical method using the
properties of the temporary acceleration centrel8) It should be emphasized that at the

momentt = 0" there are no velocities and angular velocitiehagystem yet, while there are
accelerations as well as external and internakfin the weakened material system. In such
cases, the momentary centre of rotation (speedjciclas with the momentary centre of
acceleration.

A sudden change of constraints of the particle suspded on two and three ropes

The flat structure shown in Figute with material point C of weighQis considered. Initially
(before removing the bonds), the forces in botresogre equal. We determine them from the
static equilibrium of node C, we have an equatremfwhich we determine the internal static
forces equal in both bars:

Q

2S5..cosa=Q - S, =——.
Stat Stat 20050’

1)
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Immediately after cutting the AC cable, the systdaes not have speed yet, but there is
already an acceleratioaof the material point of weigk@. According to the designations in

Figure2, from the kinetostatic equations of node C, wel fime forces,,, in an uncut bar:

Y F,=0 - S, cosa+2a co{z—aj:Q - den=i( $2 sinj )
g 2 cosy g
We determine the acceleratiarusing the kinetostatic equation of the sum of muef all

forces relative to point B (Fi@) of the horizontal ceiling at the momémt0”:
dMg=0 - leina—galzo - a=gsin (3)
g
The ratio of dynamic force in BC cable to staticcioin this cable can be found as follows:

n:%=2(cosa')2 | (4)

Stat

Graph of the functiom=n(a), at aD<0,%T> is shown in picturé.

Sstat A2 Sstat
C
Q Q

1. Static diagram of a flat structure before cutting AC cable

2. Dynamic diagram of a flat structure after cuttthg AC cable

40



Transportation Overview - Przegl Komunikacyjny 11/2019

_ Qdyn

Qsta[

0,5 1,0 1,5

[0

3. Graph of dynamic coefficient, functiom=n(a), depending on the angteD<O,%T>

We will now consider a spatial structure consistioig three cables, hinged in a rigid
horizontal ceiling at points A, B and C, and comweg to point S, where a particle with mass
mwas suspended. The ropes have the same lgngttile points A, B and C are the vertices
of an equilateral triangle with the given lengthiloé side equé&b, as in Figurel. The system
remains in equilibrium in the Earth's gravitatiotigld. At one point, the SB line was cut
abruptly. We will determine the ratio of dynamiede to static force in each uncut cable.

_H_ Ba?-4b?
cosy =,= a3

SF,=0

3XstatCOSY = mg

mg
Xstat = 3cosy

a3

1
Xstat = 3Mg ———
: 3a% — 4b?

3

4. Spatial rod structure before cutting the BS cable

According to the designations in Figude in the static case, due to the symmetry of the
system relative to the vertical axis passing thlopgint S, the forces from static load in three

ropes are equal and we can determine them froreghation of equilibrium of the cut node
S:

_ _ Q _ mg
F.=0 - 3X_, coy= - X
Z z stat COY Q stat— 3COS}/ 3CO$/
H?’=a [SZbEJ —%\/Baz—%z, cosy—ﬂ——\/ - p (5)
w =1 a3

stat Srrg m
After a sharp cut in the BS cable, as shown in fi@§uthe distribution of forces at the S node
changes. There is still no speed in the systemthieue is already an acceleration of a material
point with a massn, which we will denote by the lettgr. The apparent inertia force of
d'Alembert B=mpis perpendicular to the heigitof the ACS triangle. There are now four
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forces at rope S: two forces,,, on the other two ropes, inertia foige and particle weight
Q =mg. The sum of projections of force measures on #récal axis of symmetry leads to

the following equation of kinetostatic equilibrium.

ZFZZO -

72b
sing=3_2 = by3

h 3@’

_H_ 1 o 3
cosa =g =3 Ba“ — 4b

=\ 3*- D%,

Q=mg
5. Spatial rod structure after cutting the BS cable

co&y———

T .
dyn coy’+mp COEE _ﬁj =mg - ziyn cog+mp Slﬁ =mg

(6)
J3a? - a?
a av3

H=ém

h=a?-b?

a?—b?
a

h
cosa = g, cosa =

cosf3 =

2XF;=0
2Ygyncosy + Bcos(g - )= mg

2Yyyncosy + Bsinp = mg

The acceleratiop missing in formulas (5) and (6) will be determirfedm the kinetostatic

equation of the sum of moments relative to the A perpendicular to the heigttand to
the inertia force vectd . We have therefore:

dM,c=0 - mg= ZJ—:mph -

= 7
3\/a b2 (")

Putting nowp, cosy, sing, into the equation of kinetic-equilibrium ¢@)e will get one
equation with an unknown fordg,,, occurring in each of the other two links, and-¢fiere:

\J3a? - 4b® b?g

2Y +m = ,
RPN CRRET PO B
a3 3a%- 42
Ydyn = mg

3Ja? -b? 2(a* -b?)’

The quotient of dynamic forc¥,,

_ Yo _ 38° - 407
Xstat Z(az_bz)l

In a special case & = 2b, answer (9) gives =—

Beam suspended on ropes

Let a horizontal beamAB of weight mand lengti2l

to static forceX

(8)

in the cable is as follows:

9)

hang on two unstretched cables

converging at a poi@. At one point theDB cable was suddenly cut. Our task will be to
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determine the components of the beam centre aatieler, anda, , the angular acceleration

of the beame and dynamic forceN in the secondFA uncut cable, just after thB B cable is

cut.. The task formulated in this way is includedthe set of tasks by Mieszczerski [4],
repeated in the set of Antoniuk and Kiedrzl [1]. One solution for this task is given in
items [5, 7, 10]. Issues related to the dynamicthefdiscussed systems can also be found in
publications [2, 6, 8, 9].

The solution method given in [7] boils down toaaging three equations of kinetostatic
equilibrium and two geometric equations on the dowtes of the centre of the beam, which
are expressed by two angles of rotation of theec&l# - (/and the angle of rotation of the

beam around the poidt marked ag . As a result, after differentiation and eliminatiof the
angley twice, the equation of constraints is obtainediciviwith the three basic equations of

motion leads to the solution of the problem.

Here we will do a little different, more generallysing the properties of the momentary
acceleration centre, which at the first momentrdfteaking the first line coincides with the
momentary centre of rotation (speed). In additaunr, solution will be valid at any angle value

¢D<0,%T> in which the angleg will be included. According to the markings shown i

Figure®6, the three equations of kinetostatic in the adibpteordinate system when entering a
variable anglep are written as follows:

> F=0 - N sing -ma,_ = 0,
> F,=0 - Ncosgp+ma -mg= 0 (10)
> M.=0 - Ne-J.£=0,

where:

e=lcosg, chc—imlz.

6. Dynamic diagram of the considered rigid beam
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7. Dimensional charts as a function of anglén a rigid beam

In the first three equations (10) there are fouknawnsa,,a,, £andN. The missing

equation of constraints can be determined fromBtler lemma using the properties of the
instant acceleration centse- Q, because the moment just after the intersectictmefcable

DB the instantaneous beam speed and its instantaaegusar velocity are zero. According
to the markings in Figuré we have:

£X=a, H =Xctga-I| ctgp, H=Xtgr=x=, tgr =—=

11
a, | ctgg (11)

a, ctgp-a,’

While solving the system of four equations, whicbliide the kinetostatic equations (10) and

the equation of constraints described in the laghe formulas (11), we get the following
answers:

H=H - X= £Xx=a, - lectgp=a ctgp-a .

o = g cosg _2g(2+cos )
4cosp cp + sip 5 3cos@
__ 6gcos¢ | N = 2mg cosﬁ’ (12)
| (5+3cos ) 5 3cos@
_ 2 2 _ &
= + : a, =—>*—.
2. =y(a,) +(a,) = o
Figure7 shows the graphical answers(12).
In the casep :7—6T:3OO answers (12) are reduced to the following:
3 10 2)/3 9 g
a =—g, a,=—¢g, N=——mg, e=—=. 13
TR AT 139 131 (13)

Circular shiels suspended on ropes
The last task is a circular rigid shield with aalahassmand radiugk, also suspended on two

unstretched cables, converging at the articul&licand forming angles with the vertical axis
of symmetryp . Let the sectioA B be equal toR. At one point the cabl®, Bwas suddenly

cut and the system became a mechanism. Accorditigetdesignations in FiguB we are to
designate four kinematic and one dynamic quaatitya, , £ and N .
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€
a

s=0J
8. Dynamic diagram of a circular shield with the gystof accelerations and forces at the
moment immediately after cutting the calideB

We solve the task in the same way as the previoeset We write the three equations of
motion of kinetostatic in a standard way:

> F.=0 ~  Nsing-ma, =0,

> F,=0 5 N cosp+ma, -mg= 0 (14)
> My=0 - Ne-J,e=0,
where:

e:(gctgqﬂRgJsin¢=—§(co¢+\/_35i|¢) : \]O:—lsz2

We determine the missing equation of constrairtmfthe Euler lemma, using the properties
of the momentary acceleration centre, which coegidith the momentary centre of rotation

just after the intersection of the cable becauksgpaleds at that moment are zero. As shown in
Figure8, we can write the following relationships:

o o R _ g _ o &

ex=a, H=xctgp —— (ctgp+V 3, H=% tgr=x—= , tgr=—= ,

o T 2( ) SRS 3 (15)
H=H - XZRZ(((fit;f):j , EX=a, - sR(ctg¢+\/_3): Z(av Ctgl’-ax)

When solving the system of four equations: (14) @ we get the following answers:
_ 29 cosp _ 2 co&g
a, = —,  a,=¢- —
cos¢(2/_3+ 30tg>)+ 5sig 4-cos2p ++/ 3sind
_29 cos¢( cos¢+x/_35inﬁ) o 2mg cosp
a(4—cosz¢ +\/_35inz) ’ 4-cos2p + 3sinP’

_ 3
cosp

&

(16)
a, = (ax)2 +(ay)2, a,
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In a special cas¢ = T 30° answers (16) are reduced to the following:

V3 7

6

V13

39 1 13
a=—g¢g, a=—¢0, £€=——=, S== 43mgq, =—0. 17
; g g = - Jamg, a, = (17)

10 Y10
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