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Abstract: The paper discusses the possibility for creating a pneumatic jet device
for trajectory tracking, implemented as a sharp edge channel. The device is
based on a full bridge circuit principle, with two constant and two variable
throttles. The efficient cross-section of each of the variable throttles blocks
partially the channel. Analytical expressions are derived for the dependence of
the pressure drop on the device displacement against the channel walls. The
static curve is built and the flow parameters are determined for a specific case.
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1. Introduction

The necessity of tracking a given trajectory appears in real processing of large details,
such as electric arc welding of long seams, details covering, etc. The program is
entered in a processing machine and it directs the operating instrument along an apriori
set trajectory, but the real details have different geometric deviations and deformations,
which cause processing errors. The application of a correcting system on the basis of
mechanics, optics or electronics is necessary in this case. Under heavy industrial
conditions like those of electric arc welding, the application of optics is restricted due
to the presence of gases and high temperatures, and the use of inductive sensors is
difficult, due to the considerable electromagnetic disturbances, occurring in the electric
arc. The mechanical guiding is possible, but it implies the presence of large tensions on
the leading element, that is inconvenient.

A tracking system on the basis of fluid elements is an appropriate solution of the
problem. The fluid sensors use air or another gas for their work and their operation
principle is not influenced by most of the industrial disturbances.
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Two variants for this problem solution are possible — a direct and an indirect one.
In the direct variant the trajectory tracking is realized after the direct perception of the
edges and walls by fluid sensors. In the indirect method a flexible mechanic guide is
used to follow a channel or an edge, for example the slot of the future welding. In both
cases the displacement caused by the difference of a given trajectory with respect to
the real one, is sensed by appropriate fluid sensors, it is amplified and input to an
additional actuating mechanism attached to the robot arm or the automata. This directs
the instrument according to the deviation obtained independently on the apriori set
trajectory.

The deviations are reflected by a bridge scheme giving independence to the
system with regard to the alterations in the supply fluid pressure within feasible limits.
The signal obtained from the error is amplified by proportional pneumatic amplifiers,
which move the operating instrument until matching with the desired trajectory.

The direct method is restrained as an application, since it requires guiding along
specific angular surfaces or channel edges, nevertheless it is simple, reliable and exact.
In the indirect method the mechanic guide can be moved along a near or remote
parallel edge, channel or surface. The disadvantage in this is the necessity of a geometric
removal of the guide in front of the instrument path in cases of electric welding, which
leaves the last centimeters of the seam uncontrollable due to the guide leaving the
channel. Figs. 1 and 2 show an indirect and direct fluid tracking systems.
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2. Purpose of the study

The aim is to investigate a direct racking system (Figs. 3 and 4), and define the static
characteristic in an analytical way, i.e., the relation between the pressure drop Ap and
the displacement Ax with respect to the edges, forming the channel. The analysis of
this relation can determine whether the practical use of a similar device in some
practical cases is possible, for example electric arc welding with the help of an industrial
robot.

2.1. Theoretic formulation

The design of the equpment used is shown in Figs. 3 and 4.

lPs
1

d.thr 'Fthr

Fig. 3 Fig. 4

The initial position is this, at which the resistances of the variable throttles are
equal, i.e. A p = 0. The tracking device is on the axis line of the channel. In this case,
the following expression is obtained from the continuality equation for one of bridge
arms:

2 —— 2 — 2 —
(1) 'uthr fthr\/% ps h psO :'uxO fxO\/% pxO +'uhShO\/% pxO

where 1, is the coefficient of the flow through the constant throttle; 1, —the coefficient
of the flow through the opened part of the variable throttle, . — the coefficient of the

flow through the closed part of the variable throttle, fthr =%d2 the transition section

thr

of the constant throttle, fx = bx — the transition section of the opened part of the

0

variable throttle, Sh =[2(a—x0)+b]h — the throttling area of the closed part of the

variable throttle; p, - supply pressure, p,— Over-pressure in the circuit chamber at
X = X,

It can be accepted as first approximation that S = ¢ O = uh, then from equation
(1) it will be obtained:

(2) fthr'\ ps_px :(f0+shj px ’
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Atp =0.5p,, it follows that
fthr - fO + Sh

Hence, it can be written:

® d, = b, +pl-x o)
thr T -

Equation (3) serves to determine the geometric parameters of the two throttles
at given x,. When the initial distance x, from the edge is decreased by Ax, the transition
section of the variable throttle in one arm of the bridge is decreased, while in the other
— decreased. At that the pressure in one chamber is increased by Ap', and in the other
circuit chamber it is decreased by A p".

2.2. Closing of the variable throttle
When the variable throttle is closed, equation (2) gets the form:

s PP, —AP Z(f'xo +S'h0) /pXD TAD

Hence for the pressure drop in the circuit chamber, it is obtained:

fop—(f24xf2
(4) A p': thr ps (thr /pxo .
Zf"2+fﬂfr

2.3. Opening of the variable throttle

In this case equation (2) is of the following type:

f W“:(f:ﬂ +S"hﬂj /pxﬂ +A P,

and the pressure drop in the circuit chamber is:

(242 p —f2p

thr thr ' s

RIRE

thr

The pressure drop along the bridge diagonal is as follows:

( ) ft|'21f pS B <ft|'21r + Zf |2 /px k:f " + fsl2 /px N ft|'21r ps
6 AD = Ap'+Ap"= ; <+ T
P prap >f 2+ fﬂfr >f 2+ fs2

®) Ap

Atp, =0.5p,, itis obtained:
f2-xf2 Xf2-f2
(7 Ap=0.5 + o,
Tfr+fz 24 f2

Having in mind that
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3f'=f' +S' =bx —bAX+S +2hAx=(x b+S )+(2h—b)Ax:k +k AX,
X h 0 hO 0 hO 1 2

0 0

"= f" +S" =bx +bAX+S —2hAx:(bx +$ j—(Zh—b)Ax:k —k AX,
X hO 0 hO 0 hO 1 2

0

equation (7) becomes:
®) z{—Asz -BAX-C  AAx?-BAx+C }
0

+
2AAX?2 +2Bx+D 2AAX?+2BAX+D
where
A=0.5k2 =05(h-b,
B= klk2 ={be +[2(a—xo) +b]h}(2h-b),
4

C=05k?~05f> =0.5{be +pe- xo)b:h}z —0.5%,
o=k 1z = b +pl-x Jon}+ L

2.4. Building of the static characteristic

The static characteristic built in an analytical way, is for a device with x,=0.4 cm,
b=0.05cm,a=0.8cm, h=0.05cm, A=1.3x102cm? C=0, B=3.1x10"2 cm?,
D =7.7x10"% cm?.
The constant throttle is computed from equation (3), its diameter being
d,,, = 0.28 cm. Replacing these values in equation (8), it is obtained:
—1.3Ax? —3.1Ax 1.3Ax? —3.1Ax
9) p { } .

+
2.6AX2 +6.2AX+ 7.7 2.6AX2 —6.2AX+7.7

The relation expressed by equation (9), is shown in Fig. 5a, and the same relation
at supply pressure of 140 kPa — in Fig. 5b. In case the load along the diagonal bridge

m‘sPanM/g 16 %pa b &p . whe

8,16 T 2 8,16 +

@,14 | g,14 |

a,12 + @,12 +

a,18 - @18+

a, 88 + 8,88 +
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Fig.5 Fig. 6
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is a bilateral plunger cylinder, the alteration of the force obtained on the plunger rod in
relation to the displacement, is shown in Fig. 6 at supply pressure of 140 kPa and
different efficient areas of the plunger (f = 18.8 cm? f, = 27.5cm?, f , =
48.5 cm?)

2.5. Parameters of the flow

For the examples discussed at p, = 0.5p, and p,, = 140 kPa, the theoretical value
through the constant throttle, is:

and through the variable throttle is:

P, p |
cC = Z—V— I =256 m/s
t2 V_l px p

X
0

The actual speed through the constant throttle at a coefficient of the speed
¢ =08, isc, = ¢c =187 m/s, and Reynolds number will be Re = ¢,d, /v = 84.5x10°.
It can be obtained for the speed and Re through the variable throttle respectively that
C,=¢c =205m/s, Re= c,b/v=21.4x10% As it is obvious, the flow is turbulent. The
maximal value of the flow consumed at absence of a flapper and with a flow coefficient
p1= 0.7, will be respectively Q =2 abc, =5 m¥/h.

3. Conclusion

The results above considered indicate that the direct scheme discussed can be applied
in creating jet devices for plane trajectories tracking.
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@OynHA CUCTEMH 32 CIIECHE HA TPACKTOPUH

Bnraiixo Ileiiues, bocoan Cmosnos, Mopoan besizos

Hucmumym no ungopmayuonnu mexuonoeuu, 1113 Cogus

(Pe3wme)

[IpencraBen e aHaiaM3 Ha Bh3MOXKHOCTTA 32 M3IOJI3BaHE HAa (IIYWJHU CEH30pHU 32
M3rpakJaHe Ha CHCTeMa 3a CJIC/ICHE Ha TPACKTOPHS TPH eNICKTPOIbIOBO 3aBapsiBaHEe
Ha rosiemu neraiiid. M3mon3BaHa e audepeHnnasHa cxeMa Ha CEH30pHTE C JiBa
IMOCTOsIHHU U IBa ITPOMEHJIMBU ApoOcCeiia. HSBGZ{GHI/I Ca aHAJIMTUYHH 3aBUCUMOCTHU Ha
nmajga Ha HaJISITaHeTO OT M3MECTBAHETO HAa MHCTPYMEHTa CHpPSIMO 3ajajaeHaTa
Tpaekropus. [IpeacTaBeHn ca CTATHYHUTE XapAaKTEPHUCTUKU 33 JUPEKTHA CIIEASIa
cUCTeMa.
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