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MODELLING OF MINING MANIPULATOR IN MOTORS FORMALISM

Summary. In this paper the way of modelling of mining manipulator
based on the motors formalism, as it is understood by Misea, has
been formulated. The range of modelling includes the kinematic ana-
lysis, in the sense of screws velocity and acceleration and the
dynamic analysis, from the description of wrench programs. It has
been pointed out that kinetostatic balance of the manipulator can
be achieved when the central line of wrenoh forces is collinear to
the screw axis of wrench velocity. Graphic representation of recur-
rent procedure of calculations has been achieved by term of wrench
graphs.

1. INTRODUCTION

The increase of mining output from the deeper and deeper deposits cau-
ses the change of methods technology and means of realization, by the use
of automatization and robots, in the mining processes. Modelling the raa—
chines-manipulators is one of the ways of fulfilling complicated mining
works with minimal part of mom-eperator. Such trials have been described
in the work . In that paper great attention has been driven to the
kinematic and dynamic analysis of mining manipulators as on essential
step in the modelling of these machines.

The method of matrix transforraation of co-ordinates so-called matrix
of kinematic pairs transition has been applied in our research conside-
rations. In this paper the way of modelling of mining manipulator with
the use of motors formalism has been formulated £2]. Such an approach
simplifes the kinematic and dynamic analysis of manipulator on the way
of generating analytic algorithms ~3j. The use of wrench reduction graphs
makes easier the organizations in graphic representations.
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2. KINEMATIC ANALYSIS OF MANIPULATOR IN REPRESENTATION OF WRENCHES

The model of mining manipulator has been shown in the diagram 1, The
mechanism of the manipulator consists of the open chain of four links,
the last one being the grab. Leaving out the local mobility of the grab,
the third and the fourth links will be considered as one. The link 0
builds up the frame at the some time being the body of the machine. There
are three spherical Joints in the mechanismi the Joint A has two de-
grees of freedom, the Joint B has three degrees of freedom and the
Joint C again has two degrees of freedom. To eaoh of these links a re-
lative system of co-ordinates has been connected, the system (xq, yo, zq)
is motionless. The chain has mobility seven leaving out the local move-
ments of the grab, because of the spherical Joints, to kinematic and dy-
namic description of manipulator we have taken Euler's angles as general
co-ordinates. They are shown in diagram 2 for each Joint separately with
the lines of nodes. Searching kinematic analysis of manipulator with the
use of motors method, the division of Joint movement has been achieved
into three empty rotary movements, which does not demand the complicated
from of matrix of transition for Joint. In the presented method we have
taken for each Joint a separate (r~-1) links of zero length, where r®
means a degree number of freedom. Such an approach makes possible resear-
ching kinematics of manipulator by the composition of simple rotary move-
ments r links, where r means manipulator mobility.

In the diagram 3 we have shown the graph of the compound motor velo-
city of the mechanism for seven rotary movements as the results of the
divisions of rotary Joint movements into the component rotary movements.

Fig. 1.
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Reducing the graph we determine the motors velocity of pole:

1 VA = {w", O}f :
) { ¥ Wi° = “ ,t*“iS=*01K, * <2>
2) VB = i% °- VB} VB = VA + EAB «, (8)
3) vc = K °- vc3kK ©
(A0 * (2'} I ¥ (0]
a *02 M22 * E02 W23 =W i
i=l
VB + ®BC W2 (11)
«§° = «E° 1'!-“03 531 ¢ k03 **2 |, *2° + A + w2 (12)
VD »K°. v . a3)

@
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where: A5 BB(E’ ap 2are antysymmetrieal matrices of co-ordinates of
points B,C,D in the local system of links co-ordinates,

oo = [o, 0, cpj't <2 = [v 0, o]

(15)
o*=[°, o0, ?3] <2= [> °1
co*3 = [¥V 0. °JT> =31 =[°7*>"7f. 3= V6T °7 7]

Next we determine the motors of pole acceleration on the baseof equa-
tions

aA =° ,

aB =aA + ®B 6l° + °AB  “i° » CAB= ®AB “I ~
aC ="p + ®BC £2° + CGBC W2° * °BCX ®C W *
® =aC +®CD ~3° + °CD “3° ~ CCD= ®CD W3

fi,o« WL * “t2

62° = "Il * We°+ “21 X "22 +W21 X W23 + "22 X "23 (17)

o
w
1

<2° X O©8° + ©°, X was2

and they are:

Aa = {£1°» aAJ9 AB i £2 * “bJ*

(18)
Ac = ((SQQ* ac) " ad

A4 » M) -

The above dependencies and equations are easy to be programmed wit-
hout the necessity of multiplication of materices and writing in compli-
cated expression.
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3. MOTORS IX KINETOSTATICS DESCRIPTION OF MANIPULATOR

The aim of the analysis is to determine the driving moments for links
and the reactions in kinematic pairs. Ve assume that velocities and
acceleration of links, describing the movements of the grab in the space
are known. The kinetostatic analysis is conducted in the conveotion mo-

vement setting of the mechanism.
In the diagram (4) the active and passive power systems and the resis-

mance to motion that work on the each link have been shown.
stand for the instantaneous positions of axis of rotation of links along
which there are situated the vectors of driving moments and moments of

friction in joints.

Q

Fig. 4.

Forces operating on links are described by the corresponding motors
of forces. The analysis begun with the last link of manipulator and is
proved in the local systems of coordinates of links.

1. Link 3
The main motor of active and passive forces in the pole Cis defined

(19)

where 3% 3 3 * |F3, 03 o (20)

@y
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is the moment of inertia counted according to Euler’s formula,
is the absolute angle velocity of the link determined in the system
of coordinates of the link 3, is absolute angle acceleration of the
link.
The motor of reaction in the pole C is determined:

c - 3 (22)

and the relative motor of velocity:

V: =H » ©°)» (23)
where <8 is the relative angle velocity of the link.

The driving moment M of the link we define from the equation of po-
wer:

*3° "3 + (Mc * Mcr) Vc =10 (2«0
from which we have:

«3* = M3* - A3 +rcc3 * V3> »3 * @

M3° = M3° C3 ~ «3 =-3 /1“31 (26)
The reaction in the pole C is:

r£3) = -v3=- ©@3+c3+ f3). @n
The kinematic energy of the link in absolute movement is determined:

E3 - «»5 (VC3 B3 vesy - -»5 <3VC3 « ws scs (28)
where

Ve3 = i3 »Vce3) 29)
is the absolute motor of velocity in the centers of mass,

(30)

c3

is the matrix of inertia of the link.
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On the basis (28) wo count the reduced moment of inertia of the link

* 2 E \Y; B _V
1% . 2\3 = ?° c3 G
By Ty
2. Link 2

We make the reduction of motor (22) to the coordinates system of the
link 2:

*j2) = - K2 A~ 3) =K2W3 =W32) * 32)

mi(@ = - k23m;<3>, k23 = 4 2)- 33)

In the pole B we define the main motor of link 2:

B =W *p) * @0
where

V2 =02 +C2 +Ri2) *@®2 * °2 +V32)* (35)

«B +*p2 + rBCz 1 W2 * rC2C 1 V32) * (36)
where

*b2 = - [Jc2 62 + (Jc2 @GN

In the pole B the motor of reaction is defined:

Mg ={4 2 €3))

WO determine the driving moment of the link using the equation of
power:

M2e<®2 + <MB + MB,> VB = © = (€2))

where

< z{Ke g <°KI<C - (0
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Using tha equation (39) we count:

Me 2 - fhp T ey XV 5+ pege XV §2N. ()
"2&: </|»*| =2

The reaction in the pole B is:
4 2>, -V2=- (B2 *02 4V<2>) . (**3)
We count the kinetic energy of the link by:

E2 = -~5 (Vgl B2 VC2) = -'s (»2VC2 + W2T JC2t°2)* w-)

where

VC2 = {«2* VC2) » B2 = (45)

and the reduced moment of inertia:

r2 (M)

3. Link 1

The kinetostatie analysis of the link 1 is done at the last step. We
make the reduction of motor (38) to the system of coordinates of the
link:

D = Fp g v kY Tl (28)

S
*
N

2 = LpMF2t Kpp = g5 3t g ©9
Ve define the main motor in the pole A:

50
*A = (viF (50)
where

1
ri=®1+°1+v’£)« S — 1 "l (51)
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MA =*bt + rAClI *W1+ *C$BFf ViO (52)

“pbl * - [PC1L £1* W1 X (JCiwi>] (53)

The motor of reaction in thge pole A is determined:

MAr = <5<0

Using the equation of power:

Mls < + (»A + MAr) Vvt = °* (55)

where
Vv* = {cn* , 0}

is the relative motor then we define the driving momennt of link:

M1 = M1 *“ (*S>1 + rAC1l x W1 + ®* * (56)

MI®=MI" ®* ” ®T =W 1/ \w=*\ (CD)
The reaction in the node A is:

Ri) = -w1=" @i +G1+ (58)

The reduced moment of inertia of the link determines dependence:

(59)

v TD V
, ci- uiCa
r = 7 -7 -
1 (<)
where
VCL = "VCI}

is the absolute motor of velocity in the center of mass.

The reduced moments of inertia of links refer to their instantaneous
axis oi rotation. Now we take under the consideration the kinetostatic
balance of the manipulator which will be described on the basis of the
link 1. The main motor is reduced to the wrench of forces:
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F1= iVl * «Sil! <60>

whore

*G81 = * «ViI»il

Ve define the equation of the central line of the wrench of forces:

1, = X + t » (62)

where
X~1 means the coordinates of the arbitrary point of straight line.

In particular we define the point situated nearest to the pole A:
rAQ -1 63)
i

The reduction of the velocity motors of the link to the kinematic
wrench is done, too:

si =1“r vsil» {6k)
where
w1 fv.
VSL = A1V i*t = mjjy . (65)
Because velocity v, =0 wrench S1 isreduced to motor:
si=W 1 (66)

and the wrench line (thewrench axis)overlaps with theinstant axis of
rotation P~

The link si balanced kinetostatically when the central line is parallel
or overlaps with the wrench line, in this case with the instantaneous
axis of rotation of the link. It means that the driving moment of the
link is the reverse vector to the moment of resistance to motion and the
reaction in the node A has the direction of the instantaneous axis of
rotation. The matter of kinetostatic balance of open chain has been
described in details in works F¥, sg].
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CONCLUSIONS

The Formalism of the motors theory makes possible formulating the
kinematic and dynamic analysis method of mining manipulators. It makes
easier the interpretations of balancing of these machines as the arrange-
ment of changeable structure. The presented way of modelling and descri-
bed algorithms can b® use in the designing processes specially in the
mining robotization.
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MODELOWANIE MANIPULATORA GORNICZEGO W FORMALIZMIE MOTOROW

Stroszczenie

W pracy bazujgc na formalizmie motoréw w sensie Misesa, sformutowano
spos6b modelowania manipulatoréw stosowanych w gérnictwie. Zakres modelo-
wania obejmuje analize kinematyczng w ujeciu motoréw predkosci i przy-
spieszen oraz analize dynamiczng w opisie skretnikéw sit az do generowa-
nie algorytmoéw i programéw obliczeniowych. Wpracy ponadto wykazano, ze
wyréwnowazenia klnetostatyczne manipulatora mozna uzyskaé, gdy linia cen-
tralna skretnika sit jest kolinearna z osig S$rubowa skretnika predkosci.
Dzieki zastosowaniu grafow skretow uzyskano graficzng reprezentacje
rekureneyJnej procedury obliczen.
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MOJJUIHPOBAHHE  IFIAXIHOrO MAHHUy jUIOPA
B 10mJFFI3JEE BHHTOB

Peaijoouo

B pa<soie AanibcH cnocoS MOflejiHgoBaHHa maxiHoro ua.mmyxaiopa npa acnojib-
30BaHiuo <popMaliH3Ma bhhtob b CMKClJie M iiaeca. OfijiacTB wuoj;elJiHpoBaHaa npHHHaafei
KHHeMaTHneoKHfl aHalJiH3 UEI0O&OU bhhtob sl onpe;je.neaHs OKcpooiH h ycxopeHHii
a Toata flHHaMHMecKHit ananas a onacainuo bhhtob, KOTopue ¢araicx bo3moschocth
nooTpoeaHH pa3>iaiKHX ajiropHmoB. B paCoTe p£X>ian ycjiosaa KHHetocTaiHHecKoro
ypaBBoBejsMBaHKH. uajoinyjiaT opa. HcnojLb3yab rpa$ bhhtob npH.a.aBa'’Q ibca reoM eipH -

BecKyc HHiepnpaTamuD aaropHTMa pexyioyiK bhhtob.



