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Analysis of flexibility of the support and its influence on dynamics
of the grab crane
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Dynamic analysis of the model of the grab crane with the flexibly
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supported base is presented in the paper. The analyzed grab 43309 Bielsko-Biala. Willowa 2. Poland

crane is the structure of the open-loop kinematic chain with rigid
links. Joint coordinates and homogenous transformations are
used in order to describe dynamic behavior of the system. Equa-
tions of the motion of the systems are derived using Lagrange's
equations of the second order and integrated Newmark's method
with iterative procedure. The commercial package MSC.ADAMS
is used in order to verify own program. The range of analysis
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concerns influence of different values of vertical stiffness coeffi-

cients in the supports and means of fixing of the load on its mo-
tion.

Keywords

grab crane, dynamic analysis, flexibility of the support, joint

coordinates, homogenous transformation

1 INTRODUCTION

During the design process of lifting machines flexibility of the support should be taken into spe-
cial consideration [1,2,3,4,5]. It has mainly influence on stability of the system and the same effi-
ciency of reloading work and safety of machine operations. Therefore it has been formulated the
mathematical models which already in the first phase of the project include flexibility of the sup-
port and carried out numerical simulations illustrate phenomenon sometimes undesirable (loss of
stability, uncontrolled balances of the load, unrealization of desired trajectory).

The mathematical model of the grab crane with flexibly supported base and numerical simula-
tions are presented in the paper. The formulated model includes small and large motions of the
flexible platform. In description of dynamics of the system formalism of joint coordinates and
homogenous transformations is used. Equations of the motion are derived using Lagrange's equa-
tions of the second order. Own computer program has been elaborated in which equations are
integrated using Newmark's method with iterative procedure and constant step size. Correctness
of the formulated model has been verified using the commercial program MSC.ADAMS.
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110 A. Urbas / Analysis of flexibility of the support and its influence on dynamics of the grab crane

2 MATHEMATICAL MODEL OF THE GRAB CRANE

The model of the analyzed grab crane is shown in Fig.1. This system consists of seven rigid bod-
ies constituting the structure of the open-loop kinematic chain.

link (4)

link (3)

link (5)

X(ﬁ)
platform (1)

link (7)

sde £
Figure 1 Model of grab crane

In description of geometry of the system Denavit-Hartenberg's notation is used (tab.1).

Table 1 Denavit-Hartenberg's parameters

p link A a1 d® o(»)
2 0 0 @ i)
3 0 270° 0 e
4 3 0 0 e
5 0 90° 20 0
6 0 270° 0 P
7 0 90° (6 ¢(7)

where L") is lenght of p link
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The motion of each link with respect to the previous one is described by vectors of generalized

coordinates:

GO =[z0 0 L0 0 g o (1.1)
q? =[], (1.2)
q =[], (1.3)
a0 =[], (1.4)
q® = [z<5)}, (1.5)
q® = [¢(6)]7 (1.6)
a7 =[] (1.7)

The motion of p link with respect to the reference system { O} is defined by vector of general-

ized coordinates:

where q(l) = (1(1).
Therefore the motion of the analyzed system is described by vector of generalized coordinates:

T
a=q" = colfg}, 1 =[a® 0 0 O g0 L0 g gB g 6 o O )

It is assumed kinematic inputs:

where 7(?) are functions of time.
The local transformation matrices can be written in form:

WWep  epWsp® 5,0 pDes® g O 4 gpg 0 40
~ 51/)(1)69(1) 51/)(1)59(1) sgz:(l) + 61/)(1)04,0(1) sw(l)se(l)ap(l) —czb(l)sap(l) y(l)

a —soW 60(1)390(1) C(‘)(cho(l) P (5.1)
0 0 0 1

B

for large angles ™, 00 oY,
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09(p> _SQ(P) 0 a(p,m
g _ |V Wealr D —salr D —sa D]
e 59(1”)506(1771) CQ(?)Sa(pfl) COé(pil) Ca(pil)duj) 5 p = Ly, (5 3)

where: s = sin, ¢ = cos.

The transformation matrices of coordinates from the local systems to the reference system
{O} are written as follows:

BY) — BPUR® 1.7 (6)

The equations of the motion of the system are formulated using Lagrange's equation of the
second order:

d 9E, 0O,

dt g, g

OE OF
5 P 4 5 sde
4 4

oD,
+ sae — .
aqj QJ (7)

where: E, is the kinetic energy of the links,

Ep is the potential energy of gravity forces of the links,
E

e 1s the potential energy of spring deformation of the spring-damping elements,

D,,, is function of the dissipation of energy of the spring-damping elements,

Qj are non-potential generalized forces,

q;q; are generalized coordinates and velocities.

2.1 Kinetic energy and potential energy of gravity forces

The kinetic energy and the potential energy of gravity forces can be written as follows:

7
B, =S B (8.1)
p=1
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7
E, =% ;w, (8.2)

where: E']gp) = %tr BPH®BWT

E;p) = m® ggsB(p)féI(’g)y

m?) is mass of the links,

g is the acceleration of gravity,

0,=10 0 1 0y,

féf(’z) is vector of coordinates of the center of mass in local coordinate system of p link,
H") is pseudo-inertial matrix [6].

2.2 Potential energy of spring deformation and function of dissipation energy

It is assumed that the analyzed crane is flexibly supported on four supports which are modelled

by means of spring-damping elements (sdes) E¥) (k = 1,2,3,4) - Fig.2.

sde M (k=1,2,3,4) [E"Y

(o grcponbin)

Figure 2 Flexible connections of the crane

The potential energy of spring deformation and function of the dissipation energy can be ex-
pressed by following forms:

4
Esde:kz Z Egm (9.1)

=lac{zy,z}

4

DsdeZZ Z D(Eyw (9.2)

k=1ae{zy,z}
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1
. « Pl «
where: EE(,C) = QCEW dE<k> ,

Do _ lb(r d(v 2
Bk T 92 gk TRk

d;u-) = l;(k-) — lg(k) 0 is deformation of the spring in sde E® in o direction,
)
Z;M = U;E“ ) q"V| is length of strained spring,
£k o
D, 18 length of unstrained spring,
cg(k), b, are stiffness and damping coefficients,
i E*) E®)
100: 0 z;” ) o)
: £k 0 EF) o
(k) : (k) (k)
U =10 1 02" 0 #EY)
BE(A) 0 BEm . BEU“) ,
00 11y (BY) 0
AR Bl

The equations of the motion of the system can be written in matrix form:

AGg+Bq+Cq—-DP=f (10.1)
D' =T (10.2)

A = A(q),

B =B(q,9),

C is stiffness matrix,

where:

D is matrix with constant coefficients,
= T . . .
P= [P(2> PB p& P(‘))} is vector of driving forces and moments,

r:[%@) #3) x(4) %<5>]T7

f is vector of generalized force without driving forces and moments.
Newmark's method with iterative procedure [7] is used to integrate the equations of the mo-

tion. This iterative procedure is necessary because elements of A and B matrices depend on the
generalized coordinates and velocities.
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3 NUMERICAL RESULTS
The geometric parameters of the system are presented in Fig. 3.

link (3) link (4)

I —3m L[Y=2m

0.19m || || 1o 019m

link (2)

@0.30m Jink (5)

platform (1)

0.07m

Figure 3 Parameters of the grab crane

Parameters of sdes are presented in tab. 2.
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Kinematic inputs #?) (for p = 2,...,5) assumed are shown in Fig 4.

i3 "’| [rad 5’3]
p=2,..5

£

max

£, =0

7 8 1, =10s

()
Tnax |

2 3 5 i t[s]

Figure 4 Kinematic input

Maximal values of accelerations Tffgx are calculated by assuming that:

@ =180°, 7 = 270°,
t,=0 t,=10s

@ =180, 7@ = 250°,
t,=0 t,=10s

@ =900, 7 = —50°,
t,=0 t, =10s

T<5)‘ =4m, 70 =—-0.5m.
t,=0 t,=10s

The initial and final positions of the system for following parameters are presented in Fig 5.
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= const

Figure 5 Configuration of the system — initial and final

The comparison of the obtained results using own program with those obtained from

MSC.ADAMS is presented in tab.3. The results were compared for trajectory and z coordinate of

P ,Cc" ,sz points in the case of rigid and flexible support. It was also assumed that the load is

fixed in P, point.

Table 3 Trajectory and 2 coordinate of P, , C(7) ,Pk2 points

8 1
L

-0.1 -

P, . . 0 :
2 trajectory of P, C'V, P, points 29 coordinate
’ >k B,.C".Pp,
2 Ry ®
o) 0 B, ~MSCADAMS ©) 0.6 -
Vi g, (M1 a7, ~own progan Zhcn g, M
<0~ C™ ~MSC.ADAMS| rigid =0« B, ~MSC.ADAMS
&= C™ —own program | support =% B, —0wn program
<= P,, ~MSC.ADAMS 0.5 4 = C"” ~MSC.ADAMS | rigid
&~ R, —own program = % —own program | support
~& B, ~MSC.ADAMS
04 4 =& B, —own program
0.3 4
=]
B0
o
—~ 0.2 A
0.1 4
t[s]
—6 T 1
2 2 4 6 -1 1 3 5 7 9 11 13 15
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y‘o’cm [m] 77 £ B, -MSCADAMS Z:’O)Cm A [m] 06 1
R € R =R, ~ownprogram | e ==, ~MSCADAMS
0= C” ~ MSC.ADAMS | % 2. —own program
6 == C _own program 0.5 - A= ¢ _Msc.ADAMS| e
-~ B, ~MSCADAMS R CO _own program
&= R, —own program R, ~MSC.ADAMS
5 - i
04 1 R, —0wn program
4
0.3
]
— 3 4
S 02
9] .
] 2 A
= ==l ord—-
0.1
1 4
1 1 3 v 7 9 1 13 15
2 2 4 6 8 10
x© [m] t[S]
R C7) Ry -0.1 -

Influence of different values of stiffness coefficients of sdes on trajectory and 2 coordinate of

P1 ,C sz points for different fixing points of the load is shown in tab.4. The results are ob-

tained using own program.

Table 4 Trajectory and z coordinate of Pkl , C ) ,sz points

. . 0 .
trajectory of P, , C'7 P, points P coordinate
ky k, p.cDp
k12 k2

Yo oo, [lr(l)q 2§ o g, IM]
-l =05-10°Nm™ | 7, =c,, =10° Nm* R 1.5 1
-ci,= 10°Nm* k=1234 } “
oG <0810 N ¢t o 107N 1A

g4 =ci= 10°Nm? k=1234 |

-a-cl,, =0.5-10°Nm™ }c;_, ¢, =10°Nm™| . 0.5 A
ac= 10°Nm’ k=1234 | tfs]

ﬁ N 14
4 AN
P \ -
A N\
\\ -1.5 4 . .
\ ‘ :
2 2
\ o Gl <0810 N g2 <, =10 Nm |,
\ 25 1 —eci,= 10°Nm? k=1234 "
| T e e =080 N | —er <10
r © T T T T 1 == 10°Nm™* K=1234
37 e g 0510 Nm ¢, -
-2 2 4 6 8 10 Cew M| G =Ce R,
a = 10°Nm* k=1234

0;
Xaeo s, M1
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©) @)
Vo cop, M 2, 1]
10 4 q
2 =0.5-10°Nm ‘}C;m =cl, =10°Nm 1} h
10°Nm™ k=1234
0.5
=0510°'Nm* |z, ] o
8§41 =c 10°Nm™ r\ N
¢, =05-10°Nm™ | ¢t —6 . 3 - : — : ‘ e
- N
- 10N 1 1 S Y . 9 e g’ s
tfs]
-0.5 -
64
<
14
o2, =05-10° N | ¢r, —c7, ~10° Nm'*
P . 2 o N e ¢l =10°Nm }a,
2 154 - Cy = 10°Nm k=1234
o =05 10N |ox, —p, =10 N
== 10°Nm* k=1234
29 el =05-20°Nm ¢t
scly= 10°Nm
-2.5 A
' : ) 3
2 2 4 6 8 10
©) |
Ko, 1] 35
24
(©) o
Yo, oo g, [M] 2o g, [M]
- 15
G =05-10°NM™ [ or, —cy,, =10 N
- ci,=  10°Nm* k-1234 | " . .
© ¢l =05 10N ez, —e, =107 N A
84 *cw= 10°Nm? k=1234 | X
& ¢l =05-10°Nm™ | ¢, Y, ~10°Nm™*| . 0.5 4
sci, = 10°Nm* k=1234 | @
—6 T T T T T T T 1
6 4 M 11 13 15
- -0.5 B
-1
P3 4 4
.
-1.5 4
24 o
o=y =05-10°Nm™ | x|~ =10° Nm* o
25 ¢ 10°Nm* | k=1234 "
: oty =05-10°Nm* | ¢r, —c,, =10° Nm'* o
" 6 T T : . : - 10°Nm™! K-1234
237 e, -0510Nm | ¢t 5 Nt
2 2 4 6 8 10 Cow =05-20°Nm™ | x| ~c), =10°Nm }p”
© 4 cly= 10°Nm* k=1234
EICLER [m] 3.5 -
24

4 CONCLUSIONS

In the paper the model of the grab crane with flexibly supported base has been presented. The

model of the system has been obtained by means of joint coordinates and homogenous transfor-

mations. The influence of flexibility of the support on dynamic behavior of the system has been

analyzed. Good compatibility of the results of own program with those obtained from

MSC.ADAMS confirms correctness of the formulated mathematical model of the grab crane and

the same any structure with open-loop kinematic chain with flexibly supported base.
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