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ABSTRACT 
 

The structural optimizing of used mechanisms in the machines construction 
and metallurgy through the further liberty degrees creation is essential projection 
problem, as it enters the closing mechanisms case with sliding case for steel teeming 
ladles.  
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1. The mechanisms structure  

optimizing through the further  
liberty degrees creation 

 
In the fashionable machines construction and 

metallurgy, a distinguished attention must attached 
realization to some installations and machines fiabile, 
because the excited stops failures and bugs sundries, as 
well as the interventions for repairs tend important 
production loss, to extra costs and the labour 
productivity reduction. Therefore, the mechanisms 
structure optimizing through the further liberty degrees 
creation (in meaning Reşetov) it is an essential 
projection problem, as it will reason in the closing 
mechanisms case with case for steel teeming ladles [1].  

Use experience to those in working metallurgical 
behaviour, it manages to the solution necessity to the 
next problems: 

 The mechanisms tun in thermic valir 
behaviour, introducing needed his realization 
with big games; 

 The practice failure of a parallelism faultless of 
joints journals; 

 The fitting mistakes of mechanism in the 
difficult conditions, making failures production 
possibility; 

 The mechanism jams owing to deformability in 
time. 

These problems can solve themselves through the 
further liberty degrees creation, replacing the cylindric 
joints from the points c and d (figure 1), such as it was 
realized mechanism structure in the first stage, with 

round joints. In this case, it appears and a further 
mobility (the turnover tiller 4 around own journal).  

 

 
Fig. 1. Skeleton diagram of spatial mechanism. 

 
At the beginning it is presented, the mechanism 

configurations fixing in this considered situation like a 
spatial mechanism. Further, it entails kinematic and 
kinetostatic mechanism, considering same respect. 

The further tiller mobility to treat as in (1), 
observing as in any other position of tiller 4, must 
tested, generally, the equation: 

0MFCSFCD 44454 =+×+×  (1) 

which, projected on the CD  direction, becomes: 

( ) 0CDMFCS 444 =+×  (2) 
in which: 

4S  is the centre of tiller mass 4, non-collinear 
with the CD direction. In the physical collinearity case, 

 is an arbitrarypoint in which decreases the forces 
torsor applied to the tiller 4. 

4S
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44 M,F  - the torsor elements of the forces system 
(active and of inertia) applied to the tiller. In the 
effected computations considered only the own weight 
of tiller 4G  and, therefore, the relation (1) becomes: 

( ) 0CDGCS 44 =⋅×  (3) 
The torsor inertia rates negligible related the active 

forces through relative creeping mouvements. 
 

2. The spatial mechanism configuration 
fixing 

 
The mechanism reports to a determinate system 

journals of co-ordinate Oxyz, as in figure 1 (axis Oy is 
vertical).  

Structural, the mechanism is constituted from a 
plan linkage and a spatial linkage, the point position D 
being defined of the unit vector components 5u . 

Case guide journal runs through the point E, 
considered stiff with layer and has the evinced direction 
through unit vector 5u . 

The centre of tiller mass 4, S4, has excentricity d 
toward journal CD  of tiller (from the processing 
mistakes and the dilatation owing to thermic field). For 
the space arrangement of tiller 4 is necessary to 
knowledge the point position S4. Therefore, the input 
dates for the positions fixing are the following:: 

ABl , , , , , , 

, 

CBl CCl BCl ( )AAA z,y,xA CDl

( )EEE z,y,xE 5u , (it con-sidered 
4PSd l=

CDPS4 ⊥ , P being the middle of segment CD ). 
The B point coordinates results from the 

equations: 

( ) ( )

0z;0z
yx

Lyyxx

BA

2
OB

2
B

2
B

2
AB

2
AB

2
AB

==
=+

=−+−

l      (4) 

The C point coordinates calculates from the 
equations: 

( ) ( )
( ) ( )

0z
yyxx

yyxx

C

2
OC

2
OC

2
OC

2
BC

2
BC

2
BC

=
=−+−

=−+−

l

l

     (5) 

The D point coordinates entails from the equation: 
( ) ( ) 2

CD
2
D

2
DC

2
DC zyyxx l=+−+−  (6) 

whereupon it adds the relation: 

ED5 LuED ⋅=  (7) 

which, written scalar, results: 

EDz5ED

EDy5ED

EDx5ED

Luzz
Luyy
Luxx

⋅=−

⋅=−
⋅=−

 (7’) 

The P point coordinates results as subtotal to the 
co-ordinated points C şi D, so that: 

2
zzz

2
yyy

2
xxx

DC
P

DC
P

DC
P

+
=

+
=

+
=

 (8) 

The point position S4 results from the equations: 
0PSCP 4 =⋅  (9) 

dPS4 =  (10) 

whereupon it adds the relation (3). 
In this case, the excentricity d appears effective 

through dilatation owing to thermic valid field and of 
processing, considering the execution necessity from 
more catches (also, you see the chamfering for key).  

The relations  (9) and (3), written scalar, become: 
 

( )( )
( )(
( ) 0zzz

yyyy

xxxx

PSP

PSCP

PSCP

4

4

4

=−+

+−−+

+−−

)  (9’) 

( ) ( )
( ) 22

SP

2
SP

2
SP

dzz

yyxx

4

44

=−+

+−+−
 (10’) 

( ) ( )
44 SCDCSD zxxxxz −=−  (3’) 

(G4 has component obly after journal y). 
 

3. The fixing spatial mechanism kinematics 
 

In accelerations and speeds computation were 
considered the kinematic detached parameters, relative 
speed v21 and relative acceleration a21. 

 
3.1 Speeds fixing 

 
For the points B and C they act themselves in 

classic mode: 
2,3B∈  

AB
2113

1BB1BB

L
ABvABOB

or,vvv

+×ω=×ω

+=
 (11) 
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which, expressed numeric, put down themselves: 
( )

( )

( )

( )AB
AB

21

1AB3B

AB
AB

21

1BA3B

yx
L
v

xxx

xx
L
v

yyy

−+

+ω−=ω⋅

−+

+ω−=ω⋅−

 (11’) 

whence it results  and . 1ω 3ω

OCv 3C ×ω=  (12) 
or written numeric 

3CCy

3CCx

xv
yv
ω⋅=
ω⋅−=

 (12’) 

For fixing  and , put down themselves the 
equations: 

Dv CDv

DC35D vOCuv +×ω=⋅  (13) 

0DCvDC =⋅  (14) 
which, for numeric computation, put down themselves 
so: 

DCzz5D

DCy3Cy5D

DCx3Cx5D

v0uv
vxuv

vyuv

+=⋅

+ω⋅=⋅
+ω⋅−=⋅

 (13’) 

(in considered case ) 0u z5 =
( ) ( )

0zv
xxvxxv

DDCz

DCDCyDCDCx

=⋅−

−−+−
 (14’) 

For vector computation 4ω , puts down: 

CDvv

vvv

4CD

DCDCD

×ω+=

+=
 (15) 

from which take either two written numeric equations 
so: 

( )
( )

Dx4

CDz4CyDy

CDz4

y4DCxDx

z
xxvv

yy
zvv

⋅ω−

−−ω+=
−ω−

−ω⋅+=

 (15’) 

whereupon it comb nes differential equation (3) i
( )[ ]
( ) ([ ])
0G

CDCSCSCD

sau,0GCSCD

4

4444

444

=⋅

⋅⋅ω−⋅ω⋅

=⋅××ω

 (16) 

which written numeric, becomes: 

( )
( )
( )

0GCS
CDCDCD

GCD

CSCSCS

4y4

zz4yy4xx4

4y

z4z4y4y4x4x4

=⋅⋅

⋅ω+ω+ω−

−−⋅

⋅ω+ω+ω

 (16’) 

 
3.2 Accelerations fixing 

 
For fixing 1ε  and 3ε puts down the equation: 

c
BBBB

t
B

n
B

t
B

n
B 111 aaaaaa +++=+  (17) 

in which: 

OBa

OBa

3
t
B

2
3

n
B

×ε=

ω−=
 

ABa

ABa

1
t
B

2
1

n
B

1

1

×ε=

⋅ω−=
 

0a 1BB = (deoarece ctv
1BB = ) 

11
BB1

c
BB v2a ×ω⋅=  

Numeric, the equation (17) it expresses so: 
( )

( ) ( )

( )

( ) ( )
AB

211
ABAB1

AB
2
1B3B

2
3

AB

211
ABAB1

AB
2
1B3B

2
3

L
v2xxxx

yyxy

L
v2yyyy

xxyx

⋅ω
−−−ε−

−−ω−=⋅ε−⋅ω−

⋅ω
−−−ε−

−−ω−=⋅ε−⋅ω−

 (17’) 

For the point acceleration computation C puts 
down the equation: 

t
C

n
CC aaa += , or (18) 

C3C
2
3Cy

C3C
2
3Cx

xya

yxa

⋅ε−ω−=

⋅ε−ω−=
 (18’) 

For the angular acceleration computation 4ε  puts 
down the equations: 

DC44CD vCDaa ×ω+×ε+=  (19) 
or 

( )
DCyz4

DCzy4CDz4

y4DCxDx

v
vyy

zaa

⋅ω−

−⋅ω+−ε−

−ε⋅+=
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( )

DCzx4

DCxz4Dx4

CDz4CyDy

v
vz

xxaa

⋅ω−
−⋅ω+⋅ε−

−−ε+=

 (19’) 

( )

DCxz4

DCyx4

CDz4

Dx4CzDz

v
v

xx
zaa

⋅ω−

−⋅ω+
−ε−

−⋅ε+=

 

whereupon it adds the relations: 

z5DDz

y5DDy

x5DDx

uaa
uaa
uaa

⋅=

⋅=
⋅=

 (19”) 

and the auxiliary equation obtained through the relation 
derivation (16) related time: 

( ){
( )[ ]} 0GCSCD

CSCD

444

444

=⋅××ω×

×ω+××ε
 

or (20) 
( ) ( ){

( ) ( )[ }]
0G

CDCSCSCD

CDCSCSCD

4

44444

4444

=⋅

⋅⋅ω−⋅ω×ω+

+⋅ε−⋅ε

 

For  the numeric computation utilizes the relation:   
( ) ( )[

( ) ]
( ) ( )[

( ) ] 0Ezyy

xxyy

zyy

xxyy

yDz4CDy4

CDx4CS

Sz4CSy4

CSx4CD

4

44

4

=−⋅ε+−ε+

+−ε−+

+⋅ε+−ε+

+−ε−−

 (20’) 

in which Ey is the projection on journal y of equation: 
( )[ ( )]CDCSCSCDE 44444 ⋅ω−⋅ω×ω=  

(Maybe I was acting also, via the acceleration 
projection theorem practice, making Da besides the 
computation deploys as it showed). 
 

4. The fixing back strokes 
 

4.1 Poise kinetostatic equations [2] 
 

Pursuant to the journal system of co-ordinate  
Oxyz, the poise kinetostatic equations are: 

3 scalar equations: 
0FFFF 1m2101 =+++  (21) 

0MFASMFAB 1112121 =+×++×  (22) 
4 scalar equations: 

0FFFF 232m21 =++−−  (23) 

0MFBSM 22221 =+×+−  (24) 

0ABF21 =⋅  (25) 
6 scalar equation: 

0MFOS

MFOCFOB

333

034332

=+×+

++×+×−
 (26) 

0FFFF 3034332 =+++−  (27) 
5 scalar equations: 

0FFF 45443 =++−  (28) 

0MFCSFCD 44454 =+×+×  (29) 
7 scalar equations: 

0MFFF 445405 =++−  (30) 

0MFDSM 54505 =+×+  (31) 

0uF 505 =⋅  (32) 
in which: 
 

Si (i = 1÷5) represents the centre of mass of 
elements 1÷5. 

kk M,F (k = 1÷5) represents the torsor of active 
and inertia forces, whence it acts over element k 
calculated in c.d.g.  

In the described equations considered negligible 
scrubs. 

The kinetostatic computation for the element 1 and 
2 can do considering it the coplanar forces systems and, 
therefore, putting down for each element in part, only 
three poise scalar equations. 

The back strokes from joint of A, slyder and the 
joint from B will appear therefore in computation only 
with two unknown scalar. 

Essential, is of observed as the equation (29) is 
equivalent with only two scalar equations and not with 
three, as in the general case. This situation explains in 
that the fact as can entail a direction thereto it is verified 
equal. 

Indeed, it can put down: 
( ) 0CDMFCS 444 =⋅+×  (33) 
This equation constitutes the ground rule of 

method for the kinematic computation, as it saw. 
 

4.2 Fixing static back strokes 
 

In a first approach can entail the back strokes 
without to take inaction, with so more with how the real 
movements of mechanism are dull. In this case,  

kk M,F (k = 1÷5) represents the torsor of active forces 
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(engines force, useful resistance force; it disregards the 
own weights).  

Unknown problem are: 

050505

0303

zyx05050554

,54544343yx0303

0332322121210101m

M,M,M,z,y,x,z

y,x,y,x,M,M,z,y
,x,x,y,M,y,x,y,x,F
 

The ones 25 of unknown entail themselves 
through the system solution of 25 of derived poise 
equations from the relations (21) ÷ (32). 

Considering as the mechanism is made aut from a 
plan kinematic chain and a spatial kinematic chain, 
further, enters a particular solution. 

It solves the elements 1, 2, 3 in the plan xOy. 
From the element poise 1, it was figuring 2 
 

         
 

Fig. 2. The element poise 1. 
 

0FF 01m =+−  (34) 
From the moments equation toward the point of A 

0F21 =  (35) 
From the element poise 2, it was figuring 3 
 

 
Fig. 3. The element poise 2. 

 
M12 (back stroke) = 0, as it sees from the moments 

equation, where . 'BB ≡

m32

32m

FF

0FF

−=

=+  (36) 

The element poise 3 

0FFF
'
4503m =++  (37) 

0FOCFOB
'
43m =×+×  (38) 

where it noted with 
'
43F the force projection 43F in the 

plan xOy. 

For the numeric computation equations (37), (38) 
put down themselves respectively 

0FF
L
AB

F '
4301

AB
m =++  (37’) 

0
0FF
0yx
kji

0yyxx
0yx
kji

L
F

'
y43

'
x43

CC

ABAB

BB
AB

m

=+

+
−−

 (38’) 

From the element poise 4 can put down: 
0FF 3454 =+  (39) 

3443 FF −= ; 4554 FF −=  (40) 

It takes from 45F only and . x45F y45F
0F x45 = , being undertaken structure even joints. 

Therefore, 

0
F
F

F '
y45

'
x45

'
45 =  (41) 

The element 5 solves independent, putting down 
the equations 

0FFF u0545 =++  (42) 
0uF 505 =⋅  (43) 

0MFDE 0505 =+×  (44) 
For the numeric computation equations (42), (43), 

(44) put down themselves respectively: 

0uFF
L
CD

F 5u05
CD

45 =++  (42’) 

0uFuFuF z5z05y5y05x5x05 =⋅+⋅+⋅  (43’) 

0
0
0

M
M
M

FFF
zzyyxx

kji

z05

y05

x05

z05y05x05

DEDEDE

=+

+−−−

 (44’) 

From the equations (42’), (43’), (44’), it results 
, 45F 05F and 05M . The system (34) ÷ (40) also entails 

the others back strokes. 
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4.3 Fixing dynamic back strokes 
 

Taking into account the inaction forces system, 
then in the equation  (29), 4F  and 4M  become: 

 
1444 FGF +=  (45) 

144 MM =  (46) 
For the torsor computation of inaction forces of 

element 4 rates a journal system of co-ordinate joint 
with this: 

 

CDl
CD'i = ; 

d
PS'j 4= ; 'j'i'k ×=  (47) 

It obtains 

4S44i amF ⋅−=  (48) 
And 
 

( )
( )
( )'

11
'
22'y4'x4

'
33'z4

'
33

'
11'z4'x4

'
22'y4

'
22

'
33'z4'y4

'
11'x4

'z4i

'y4i

'x4i
'
4i

JJJ
JJJ
JJJ

M
M
M

M

−ω⋅ω+⋅ε
−ω⋅ω+⋅ε
−ω⋅ω+⋅ε

−=

==

 (49) 

 
In relations (49), the resultant moment of inaction 

forces 4iM , it is expressed through its projections in 
the movable journals system (47), joint with the element 
4. 

The main inaction moments , ,   are 
constants. 

'
11J '

22J '
33J

But, to manage the computations, is needed 
angular speed utterance  and angular acceleration 

 through their projections on movable system 
journals (47). This it obtains through the 
transformations: 

4ω

4ε

4
1'

4 A ω⋅=ω −  (50) 

4
1'

4 A ε⋅=ε −  (51) 

in which 

'kk'jk'ik
'kj'jj'ij
'ki'ji'ii

A
⋅⋅⋅
⋅⋅⋅
⋅⋅⋅

=  (52) 

 
where: k,j,i  are the unit vectors determinate journals 
system. 

To obtain the resultant moment projections  4iM  
on the determinate journals, it used the transformation: 

 
'
4i4i

MAM ⋅=  (53) 

where 
'
4iM  it calculates from the relations (49). 

 
5. The rated programme and test data 

 
The computations were done on a Pentium V 

computer, pursuant to logical draft from figure 4. The 
positions were entailed through method Newton-
Raphson. The equations systems of speeds, 
accelerations and back strokes entail themselves by the 
agency of algorithm Gauss. 

For the accurate values fixing of resultant vector 

4iM developed a iterative process, in which, initial, 
does not take into consideration, the element inaction 4 
( )4GF4 = . 

In next iteration it acquaints the equation (45) the 
torsor of inaction forces of element 4, calculated with 
the determinate acceleration in previous iteration. 

The computation ends when difference among 
concerted point , determinate in two iteration series, 
corresponds rated imposed accuracy.  

4S

In the rated programme, the relative accuracy was 
imposed , being necessary 2-4 iterations for 
each position. The initial solution was found from chart. 

410−=ε

So can entail the dynamic back strokes. 
Further, it enters the rated ISTROM programme, 

for speeds positions fixing, accelerations and of 
mechanism back strokes in spatial variant, trap function 
hydraulic piston for a data input set.  

In figure 5 enters trap function case speed 
variation piston for values sundries of managers 
cosines, while in figure 6 enters case acceleration 
variation, trap function piston for same values of versor 

5u . 

For his values 5u  (  ; 1u x5 = 0u y5 =  ; 

0u z5 = ), the correct assembly case, it distinguishes 
linearity of case speed curve, comparable with variant 
was planning of mechanism with case. The case 
acceleration for same managers cosines gives a 
maximum in the middle region of piston position, the 

-  10  -



 
THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI 

0FASCICLE IX METALLURGY AND MATERIALS SCIENCE, ISSN 1453 – 083X. N . 1 – 2006 
 
 

minimum value filing to fine trap, with positive 
bearings over mechanism functionality.  

Difference of  about 2 m/s2 among maximum and 
the minimum acceleration in curve zone, where it takes 
place the steel debit settlement indicates the possibility 
to an automation of casting with a high accuracy degree.   

Analysing it was influencing the fitting mistakes 
or moves oxing to intensive field temperature, observes 
as running uniformity mechanism to be greatly 
determined of these variances.  

So comparing curve 1 with 4 from figure 6, 
observes as in the curve situation 4 accelerations 
advance in continuous mode, which influences the 
negative automation installation stability.   
 

6. Conclusions 
 

It distinguishes generality, accuracy and perfect 
adaptability of mathematical described pattern in racing 
solution of any concrete appeared problems in 
exploitation, introducing possible automatic analysis of 
all fitting cases in any casting container type, the 
constructive input parameters function.    

It obtain data tables and use charts, which give a 
very distinct image over mechanism parameters 
variation effect and over physical direction much more 
complete and more accurate meaning than whoever can 
be obtained from graphic method.   
 

 
 

Figure 5. The speed variation VD position 
dependency by  hydraulic piston movement. 

 

 
 

Figure 6. The acceleration variation aS position 
dependency by hydraulic piston movement. 
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Fig. 4. Logical draft of main programme – 

ISTROM. 
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