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TARIFF

Generalities


In three-phasic, given a consumption expressed by the line current IL [A] and approximate cos0,8 (factor of power), if we know the total energy cost ET [KW.h] expressed as  [$/KW.h], the cost is determined by month in the following way


PT  =  ST cos   =  660 IL cos   ~  528 IL
total power permanently [W]








energy cost per hour[$/KW.h]








energy cost per month [$/KW.mes]


PT





total cost per hour [$/h]


PT  =  30 días . 24 h . $/h  = 720 PT

total cost per month [$/mes]

and we should add the monthly fixed cost that we call CFIJO [$/mes]. Consequently then can determine the monthly total cost with the following equation


CTOTAL MENSUAL  =  CFIJO +  PT  =  CFIJO +  720 PT  ~  CFIJO +  380000 IL
Calculation

Be the data of the energy ticket that it sends us the Company of Electricity and we obtain of her


CFIJO [$] = ...


  [$/KW.h] = ...


We measure with a clip amperometer (or if there is him, with an installed instrument) the line current that it enters to the establishment


IL [A] = ...

and we obtain finally


CTOTAL MENSUAL [$] =  CFIJO +  380000 IL = ...

CONDUCTORS

Voltage in a conductor


We will call


V
voltage in the conductor in [V]


L
longitude of the conductor in [m] 


I
effective or continuous current in [A]


S
section of the conductor [mm2]


The voltage approached in copper drivers or aluminum can be with the following expressions


V    ~   0,0172 L I / S

(copper)


V       0,04 L I / S

(aluminum)

Calculation


Be the data


Vmax  = ...   L  = ...   I  = ...   


For the design of the installations it doesn't convenient that the effective voltage of phase is smaller than the 10 [%] of the normal one. That is to say that in uses of 220 [V] they should not diminish of the 200 [V].


We adopt a material according to the economic possibilities. We will choose that it is made preferably of copper, otherwise of aluminum for currents above dozens of ampers —let us keep in mindthat the costs of the cable will be redeemed with the energy savings of heat that are avoided along their longitude..


For example then, if we have chosen copper we find


S  = ...  >   0,0172 L I / Vmax
PROTECTION

Fusible


We will call


In 
nominal current that the maker of the fuse indicates in his capsule in [A]


If 
effective current to which melts in [A]


Ø
diameter of the copper wire in [mm2]


S 
section of the copper wire in [mm2]  (S = Ø2 / 4)


We have the correlations


If  ~  1,8    In
for In among
00/ 10 
[A]


If  ~  1,57  In
for In among
15/ 25 
[A]


If  ~  1,45  In
for In among
35/ 60 
[A]


If  ~  1,45  In
for In among
80/ 200 
[A]

or to remember


If    1,5 In
and in table


Ø
0,4
0,5
0,6
0,7
0,8
0,9
1
1,25
1,50


S
0,1
0,2
0,28
0,38
0,5
0,64
0,78
1,23
1,77


If 
20
30
40
50
60
70
80
110
135

or ecuation


If [A]    80 Diámetro [mm] 1,5




A variant of the common fuses is those denominated ultra-rapids. These consist in fusible of ordinary copper but tensed by the force of a such spring that, in speed, they are very quick. They are usually used in applications of the electronics of the semiconductors.




Termomagnetic


They are switchs that act for the thermal and magnetic principles; the first one slow and the second rapid, they protect short circuits avoiding damage in the installations of the conductors. They don't protect to the equipment but to the installations.





There are them (or there was) of the type G and L. The first ones are applied at motors and the second to the illumination. They change among them for the slopes of the curves.

Insulation


All installation should have connected a switch of differential protection. Usually adjusted at the 0,03 [A], it will be enough to prove it (if it is not trusted the test button that they bring) to connect between the alive one and ground a resistance of 6800 [] (220 [V] / 0,03 [A] = 7333 []) and to check their instantaneous disconnection; it should never be proven with the own human body.


A correct installation (it doesn't in specific uses as laboratories electromedicine, electronic, etc.) it will determine an insulation of at least 1 [K/V] (human currents of the order of the few miliampers: 220 [V] / 220 [K] = 0,001 [A]). To verify this many times the use of a multimeter it is not enough, since the losses only appear with the circulation of the high current (mainly when there are heating loads); for such a reason the following method can be used where it is looked for that for the well-known resistance Rx circulate an intensity the nearest to the real one.


I1  =  VF / Rx  

 VRx1  = ...


I2  =  VF / (Rx + RFUGA)  
 VRx2  = ...


RFUGA  =  Rx (VRx1 - VRx2 ) / VRx2  = ...




Connection to ground


The connection to ground the are essential for all installation. They will protect people and they will grant a correct operation to the electronic equipment.


The frequent use is with the connection of copper javelins of galvanized iron, vertical plates of copper, horizontal meshes of copper, etc., but this many times it is insufficient or of insecure prevention. The author advises, for a connection to excellent ground, the following configuration, that is: to make a well of water until arriving to the next layer, then to place a pipe of previously prepared galvanized iron inside in their inferior extreme with lead and connected to him (submerged in the lead) a naked cable (or braid) of copper.





The resistance of the copper wire is remembered


R [] =  0,0172 L [m] / S [mm2]

to which it will be necessary to add him that of the terrestrial RTIERRA that, very approximately, it can be obtained with the following abacus of vertical javelins of longitude LJABALINA



in which is observed that the depth won't improve the situation. To overcome this then it should be connected several in parallel. Subsequently we see an abacus for longitudinal disposition of «N» vertical javelins of same resistances RTIERRA spaced among them by constant distances «e», and where the resistance effective total is (in the practice, although similar requirements are not completed, the effect will be equally approximate)


RTOTAL TIERRA  =   RTIERRA



Lightning rod


The rays are loaded clouds that are discharged on atmospheres referred to the terrestrial potential. Their contour effluviums make their ramified characteristic —and they are not, indeed, the enormous distances that usually represent the stories of fairies.


To begin, we should know that there is not area sure hundred percent in the covering —f.ex.: the church of Belleville in France was played by a ray to 8 meters of distance of a lightning rod of 10 meters of height, or that in 1936 trees were fulminated to the foot of the Torre Eiffel.


It is really this a complex topic. Difficult to try for their mathematical of propagation of waves and distribution of loads, as well as for the diverse information that is obtained of the different makers —if was not this way, there would not be so many hypothesis in the academic and commercial. They, basically, only design their extremes or tips.


We know that the charges in a metal accumulate to the edges; for this reason the tip Franklin is the better known —simple conical tip. They should always to be placed starting from the 4 meters above the highest part of the build to protect. The following statistic shows the covering


  =  60 [º]  the statistical security is of the98 [%]


  =  90 [º]  the statistical security is of the92 [%]





The erosion of the atmosphere, when also the electric impulsive discharge, goes deteriorating the tips reason why they manufacture them to him disposables and of accessible cost, as they are it those of chromed bronze.


Each maker designs his own tip and, logically, it will have his own empiric content in the making of abacus and tables of protection covering. There are them different as much in their tips as in their base termination —f.ex.: with auto-valve shot to certain voltage.

ASYNCHRONOUS MOTORS

Generalities


We will study the industrial common motors and their installations. These machines are of the asynchronous type with rotor in short circuit.


Being balanced systems of 3 X 380 [V] either star or triangle, we will have in their study the following nomenclature (all subindex with the letter «n» it indicates «nominality» of the electric machine)


VL




effective voltage of line [V]


VF




effective voltage of phase [V]


IL




effective current of line [A]


IF




effective current of phase [A]


ZL




line impedance or triangle []


ZF




phase impedance or star []


ST




total apparent power [VA]


PT




total active power [W]


WT




power reactivates total [VAR]


cos 




factor of power [veces]


fL




line frequency (50 [Hz])


L




2 line frequency (~314 [rad / seg])


s




2 synchronous frequency [rad / seg]


Ns




frequency or synchronous speed [RPM]


m




2 frequency of the rotor [rad / seg]


Nm




frequency or speed of the rotor [RPM]


p




number of even of poles [veces] 







constant of slip [veces]


CT 




total torque in the rotor [N m]

Zeq
equivalent impedance for phase (the coil, is not that of line) []


The relationship between voltages and currents is


VL  =  VF 3  ~  380 [V]


VF  =  VL / 3  ~  220 [V]


IL  =  IF 3   (motor in triangle)

IL  =  IF   (motor in star)

cos  0,8(  37 [º], sen  0,6) 


ZL  =  ZL ej

ZF  =  ZF ej

ST  =  3 VF IL  =  3 VL IL  ~  658 IL


PT  =  S cos 






WT  = S sen 








and like one observes, when being balanced their homo-polar voltage is practically null (that is to say that for the neuter one, if connects it, current would not circulate).


The revolving machine is presented with the following functional drawing. The speed in the mechanical axis of the motor wm depends on its construction and of the friction (it loads useful) that has


m  =  2 L / p


 1 - (m / s)~ <  1


p  =  2 L / s  ~ <2 L / m




When a motor says in its foil that it is of voltage 220/380 it is of connection in star; on the other hand, if it says 380/660 (and nobody truly knows the current reason about this) it will be of connection in triangle. For machines above 5 [HP] the outburst use is always suggested it star to triangle to protect the installations.


Each winding of the motor is as if was a transformer with a secondary resistive that its magnitude of the speed of the rotor depends. This way, from being null when it is braked until a maximum that is always smaller than the magnetic reactance, and therefore


Zeq  ~  
Req + j 0    RROTOR / [(s / m) - 1]  =  RROTOR  / ( - 1)






When we need more accuracy in the obtaining of the line current IL that takes the motor it can be appealed to the following expression


IL [A]  =    Pn    1,5  Pn [CV o bien en HP]




When we have an useful load that demands in a motor of nominal power Pn1 an intensity IL1 with an excessive heating, and it wishes it to him to change for another motor of more power Pn2, it should not be expected that the new current diminishes, but rather it will be the same one practically (sometimes this is approximate due to the different productions and alineality of the electric machines), since the friction (it loads useful) it has not changed. The advantage that one will have, obviously, is that it won't heat, its life will be more useful and it will improve the energy efficiency of the system.

Calculation


Be the characteristic data of the foil of the motor


Pn [CV o bien HP] = ...


Nmn [RPM] = ...


3 X VLn [V] = ...


fLn [Hz] = ... (50 [Hz])


ILn [A] = ...


cos n = ... (~ 0,8)

where


1 [CV]  ~  0,99 [HP]  ~  736 [W]


1 [RPM]  ~  0,0166 [Hz]  ~  0,105 [rad/seg]




and that it considers them to him nominal. This "nominality" characteristic, although in their theory it is founded by the functional optimization of the machine, truly in the practice it is only of commercial optimization; this is, it will be more nominal so much adult it is their sale. This way, anything has to do their foil data with that waited technologically (unless the price is omitted and they are bought of first line), but rather it is this a point of work operation where the motor doesn't heat, its useful life is long and mainly, profitable to the maker. Therefore we conclude that, while the motor is to o.k. temperature (this is that we put our hand and we should not take out it because it burns us) it will be working well in its so much nominality of voltage like of current.


We continue with our calculations


PT  =  Pn  =  3VLILn cos n [ 526 IL (theoretical, to see above) ] = ...


Nm   =  Nmn = ...


VL =  VLn = ...


fL =  fLn  = ...


IL =  ILn  = ...


cos   =  cos n  = ...

and for other work points the case will be studied —question that is not convenient because this always indicates over-heating and, therefore, little time of useful life to the machine. These data will allow to be finally


p = ...    2 L / m  =  120 fL / Nmn  =  6000 / Nmn [RPM]


Ns [RPM] =  s  =  2 L / p  =  120 fL / p =  6000 / p = ...


  =   1 - (Nmn / Ns)  = ...


CTn [Kg cm]  =  PT mn  = 526 IL [A] / Nmn [RPM] =  7028 Pn [CV] / Nmn [RPM] = ...

Protection


All protection should consist of three things, that is:


— guard-motor



- switch termomagnetic



- thermal relay


— protective of asymmetry and low voltage




and never to use fusible common, since one breaks of them and the motor is without a phase.


If we have a circulation for the motor IL, the thermal relay, dedicated to avoid the oover-heating of the winding, will adjust it to him preferably in an experimental way (of high IRELEVO to low until giving with the no-court point) previously measured or calculated its magnitude that will be for the order of the 10 [%] more than this IL —this depends on the load type, because it is not the same fans of constant consumption that extrusors that change its consumption continually.


The switch termomagnetic, preferably of the type G, will only protect short circuits avoiding over-heatings of cables or ignitions. Their magnitude ITERMOM won't have to do with the IL of the motor but only so that in the outburst it doesn't disconnect it for the high consumption, and for it approaches it to it in the order of the 50 [%] or more than this. It is recommended here, for an efficient installation, to appeal to the manuals and leaves of data of the switch.


The protector of asymmetry or low voltage of the phases of the line is very necessary because it avoids periodic over-heatings that they harm to the motor although the system guard-motor works. It is seen that, and mainly in powder atmospheres with humidity that to the few years, when also few months, periodic courts of the relays of the guard-motors finish burning the motor.


Clearing will be that the mentioned group will over-value its cost with respect to which have the small motors, but if one thinks of the losses that produce its inactivity while it is replaced, it is necessary in occasions this investment like future gain.

Connection


As for the disposition of the coils in the motor are




and the connection of the terminals that is given by the maker of the machine having it the following two possible ways




since their armed one should be




and we can suggest this other of output for the box





On the other hand, we can see that in this disposition (common in the practice) both connections are the same thing





To change the rotation sense it will be enough with investing any couple of alimentation conductors
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