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Significance of SCR : 1. For low value of SCR, the value of XS is more hence the dropIaXSis more. Hence the machine requires large changes in the field current (excitation) for the small changes in the load, to keep terminal voltage constant. 2. A low value of SCR indicates smaller air gap and poor regulation due to large IaXS 3. The synchronous
power is inversely proportional to XS. This is the power which keeps alternators in synchronism during parallel operation and maintains the stability. Any disturbances from equilibrium conditions are compensated by synchronizing power. For low value of SCR, XS is very large and synchronizing power is very low. As synchronizing power decreases,
tendency of alternators to remain in synchronism decreases. This decreases the stability. Thus low SCR puts the stability limit. Key Point : Lower the value of SCR, low is the stability limit. 4. The SCR can be increased by increasing the air gap but this needs more to obtain same e.m.f. Hence the pole size increases which increases the overall size and
cost of the machine. 5. Practically the SCR value is selected between 0.5 to 1.2. Example 2.13.1 Show that the short circuit ratio of an alternator is the reciprocal of the per unit value of the synchronous reactance at rated value. Solution : The Short Circuit Ratio (SCR) is defined as the ratio of the field current required to produce rated voltage on
open circuit to the field current required to produce rated armature current with the armature terminals shorted while the machine is mechanically rim at NS. Consider O.C.C and S.C.C. shown in the Fig. 2.13.2. Thus short circuit ratio is reciprocal of XS adjusted to saturation at rated value. Example for Practice Example 2.13.2 A 2200 V, 50 Hz, 3-
phase, star connected alternator has an effective resistance of 0.5 per phase. A field current of 30 A produced the full-load current of 200 A on short circuit and a line to line e.m.f. of 1100 V on open circuit determine. i) The power angle of the alternator when it delivers full-load at 0.8 p.f. (lagging). Ii The SCR of the alternator. [Ans.: S = 14.35, SCR =
0.3189] Review Question 1. Explain the significance of short circuit ratio. Share copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms.
Attribution You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your contributions under the same license
as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are
given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Short Circuit Ratio, or SCR, is the ratio of field current required to generate rated voltage under open circuit condition, to the field current required to
circulate the rated armature current under three phase short circuit condition. It is an important quantity of synchronous machine which helps in estimation of operating characteristics. It is also useful for obtaining the size of machine for a given rating and type.The value of Short Circuit Ratio varies from 0.5 to 0.8 for Turbo Generator, 1 to 1.4 for
Hydro generator and 0.4 to 0.5 for synchronous condenser.CalculationShort Circuit Ratio can easily be obtained from the Open Circuit (OCC) and Short Circuit Characteristics (SCC) of Synchronous machine. Figure below shows the OCC and SCC.From the above figure and definition,SCR = If for rated OC voltage / If for rated SC current = (oa / od)
(1)But triangle oab and ode are similar triangles, thereforeoa/od = ab/deFrom (1),SCR = (ab/de) ..(2)Direct axis reactance Xd of synchronous machine is defined as the ratio of open circuit voltage for a given field current, to the armature short circuit current for the same filed current. Therefore, direct axis reactance Xd for field current oa is given
asXd = (ac/ab) The per unit (p.u) value of direct axis reactance Xd is obtained by dividing it by base impedance.p.u value of Xd = (ac/ab) / Base ImpedanceBut,Base Impedance = Vrated / IratedFrom the Open Circuit and Short Circuit Characteristics, Vrated = ac Volt Irated = de Amp.Therefore, base impedance = (ac/de) P.u value of Xd =
(ac/ab)x(de/ac) = (de/ab)From (2),Xd in p.u = 1/SCRSCR = 1/ Xd in per unitThus, short circuit ratio is equal to the reciprocal of per unit value of direct axis synchronous reactance. The more the value of Xd, the lesser will be the short circuit ratio.Significance of Short Circuit RatioValue of short circuit ratio, or SCR, affects both the size and operating
characteristics of synchronous machine. Significance of SCR can be better understood by considering the following cases:Low SCR:Low value of SCR simply means greater value of Xd. The voltage regulation is greatly affected by direct axis reactance. More the value of Xd, the poor will be the voltage regulation. This means that, the terminal voltage
will widely vary with variation in load. In order to main constant terminal voltage, the field current needs to be varied widely and therefore the load on the excitation system will increase.Greater value of direct axis reactance Xd also affects the stability of synchronous machine. The synchronizing power of synchronous machine is defined as the degree
by which the machine has a tendency to get synchronized with the infinite Grid just after experiencing disturbance. Low value of synchronizing power means, the machine will have fewer tendencies to get synchronized again after recovering from disturbance.Synchronizing Power is inversely proportional to reactance Xd, lower value of short circuit
ratio results in lower stability limit.The only advantage of lower SCR is the lower value of armature current during three phase short circuit.High SCR:High value of short circuit ratio gives improved voltage regulation. Thus the terminal voltage is practically constant during the load variation. It also results in better stability limit due to increased
value of synchronizing power.But the disadvantage of high value of SCR is increased armature current during three phase short circuit and increased machine size.Size and Cost of MachineSCR greatly affects the size and hence the cost of machine. To better understand the effect of Short Circuit Ratio on the size of machine, let us assume that the air
gap length is doubled. The mutual inductance Md, in terms of direct axis (d-axis) synchronous reactance Xd can be written as,Md 1/d-axis reactanceDoubling the air gap length doubles the reluctance. Therefore, the magnetic flux linkage becomes half. Thus the mutual inductance reduces to half of its original value. To main same open circuit terminal
voltage, filed current must be doubled.The short circuit current Isc is given asIsc = Ef/Xd = MdIf / 3Ld = MdIf / 3Ldwhere Ld is direct axis inductance.When air gap length is doubled, mutual inductance Md and self inductance Ld are equally affected. Therefore, the field current required to circulate the rated armature current remains same. It is thus
observed that when air gap length is doubled,Field current is doubled for maintain same open circuit voltageField current remains same for circulating rated armature currentAs per the definition of SCR, doubling the air gap length doubles the short circuit ratio. With double the air gap, the field current required to generate the same open circuit
terminal voltage is doubled. This requires greater cross-section of field winding and hence greater field copper. This increased amount of copper field winding can only be wound if the field pole size is increased. Subsequently, the machine diameter increases and hence overall size, weight and cost of machine increases. In a synchronous machine, the
short-circuit ratio (SCR) is an important factor. The SCR affects the physical size, operating characteristics and cost of the synchronous machine. Low Value of SCR With a low value of SCR, the synchronous machine is very sensitive to the load variations, i.e., the alternator has a large variation in terminal voltage with a change in load. In order to
keep the terminal voltage constant, the field current of the machine is to be varied over a wide range. Also, for a small value of SCR, the synchronising power of the machine is small. The synchronising power keeps the machine in synchronism, thus, the synchronous machine with a low value of SCR has a low stability limit. Therefore, an alternator
with a low SCR is less stable when operating in parallel with other alternators. The armature current of the synchronous machine under short-circuit conditions is small for a low value of SCR With a high value of SCR, a synchronous machine has a better voltage regulation and improved steady-state stability limit, but the armature current under
short-circuit conditions is high. Effect of SCR on the Size, Weight, and Cost of Machine The physical size and cost of the synchronous machine are affected by the short-circuit ratio. The excitation voltage for a synchronous machine is given by, $$\mathrm{\text{Excitation voltage, } \: E_{f} \:=\: 4.44 \: k {w} \: f\: \phi\: T_{f} \:\: \dotso \:(1)}$$
Therefore, $$\mathrm{E {f} \: \propto \: \text{ field flux per pole}}$$ $$\mathrm{E {f} \: \propto \: \frac{\text{Field MMF per pole} } {\text{Reluctance of air gap}} \:\: \dotso \:(2)}$$ Also, $$\mathrm{\text{Synchronous inductance,} \:L._{s}\: \propto\: \frac{1} {\text{Reluctance of air gap} }\:\: \dotso \:(3)}$$ And $$\mathrm{SCR \: \propto \:
\frac{1}{L {s}}\:\: \dotso \:(4)}$$ $$\mathrm{\therefore \: SCR \: \propto \: \text{ Reluctance of air gap or Length of air gap }\:\: \dotso \:(5)}$$ Hence, it is clear from eq. (5) that the SCR of the synchronous machine may be increased by increasing the length of air-gap. With the increased length of air-gap, the field MMF is to be increased for the
same value of Ef . To increase the field MMF, either the field current (If) or the number of turns in field winding (Tf) is to be increased and it requires greater height of the field poles. As a result, the overall diameter of the machine increases. Therefore, a high value of SCR will increase the physical size, weight, and cost of the machine. Typical values
of short-circuit ratio (SCR) of various types of synchronous machine are as follows Cylindrical rotor synchronous machine 0.5 to 0.9 Salient-pole synchronous machine 1.0 to 1.5 Synchronous compensators 0.4 0 ratings0% found this document useful (0 votes)82 viewsThis document discusses short circuit ratio (X/R) and provides two methods for
calculating the X/R ratio of an alternator power source. 1. Method 1 calculates a dynamic X/R ratio that variAl-enhanced title and descriptionSaveSave AGN168 B For Later0%0% found this document useful, undefined When considering the efficiency and losses of an AC generator, crucial information can be found on the nameplate. This
includes:Rated voltageRated kVASpecific power factor and field current.Short-circuit ratioShort-Circuit RatioShort Circuit Ratio (SCR) for the synchronous generator is the ratio of:Field current required for the rated voltage at OPEN circuitTo the field current required for the rated armature current at the SHORT circuit. An indication of the quantity
of copper and iron in the electrical and magnetic parts.Machines with high short-circuit ratios will contain more materials.The standard figure quoted for a turbo-alternator is between 0.8 and 1.0. The effect of a high short-circuit ratio gives an improved generator stability at times of load changes.List of alternator losses:FrictionWindageI2R losses in
the stator and field windingsHysteresis and eddy current losses in the iron of the stator and rotor field circuitsClick on the arrows to learn more about hydrogen windage loss. Reasons Why Generators FailForeign Object DamageProblem:Can come from external sources or failure of internal components, they pick up energy from the spinning rotor
and do extensive damage.Prevention:Inspect on a regular basis all internal parts that are prone to failure or can be dislodged.Inspection tests can be a combination of visual inspection along with ultrasonic or magnetic particle tests on rotating components.Stator Winding VibrationProblem:Primarily a design-related problem.Affects large (>300Mw)
generators that have insufficient end winding bracing to limit the movement of end turns.Prevention:Proper bracing of the end winding is required to limit motion caused by electromagnetic forces.Rotor Winding DistortionProblem:Caused by poor end turn blocking support design or by foreshortening of the rotor coils.Foreshortening is caused by
thermal forces that compress rotor coils.Prevention:Proper design of rotor coils and bracing to support the coils under axial load is essential.Rotors should be tested for turn-to-turn shorts at operating speed.Overheating Stator Or RotorProblem:This can lead to insulation failure, shorting of turns, and ground faults.Overheating can result from blocked
ventilation passages caused by shifting insulation components or slot wedges.Prevention:Inspect on a regular basis to ensure all rotor wedges are locked in place preventing migration and thus blocking cooling passages.Rotor VibrationProblem: Many causes: turn-to-turn shorts, rotor coil foreshortening, electrical grounds, mechanical imbalances,
overheating, etc.Prevention:Comprehensive vibration measuring is effective when combined with a regular maintenance program.ContaminationProblem:Air-cooled machines, dirt, and dust cause tracking which can lead to electrical ground faults.Prevention:Inspect air filters on a regular basis, the filters must be checked and cleaned
regularly.Polarization index (PI) tests give a good indication of the overall cleanliness of the rotor winding.Stator Core DamageProblem:Stator core looseness can occur over time as pre-tensioned bolts relax. A loose core results in insulation wear to coils and laminations resulting in hot spots and core-to-coil failures.Prevention:Inspect bolt tightness
on a regular basis. The Short Circuit Ratio (SCR) of a synchronous machine is defined as the ratio of the field current required to generate rated voltage on an open circuit to the field current required to circulate rated armature current on a short circuit. The short circuit ratio can be calculated from the open-circuit characteristic ( O.C.C) at rated
speed and the short circuit characteristic (S.C.C) of a three-phase synchronous machine as shown in the figure below: From the above figure, the short circuit ratio is given by the equation shown below.Since the triangles Oab and Ode are similar. Therefore, The direct axis synchronous reactance Xd is defined as the ratio of open-circuit voltage for a
given field current to the armature short circuit current for the same field current.For the field current equal to Oa, the direct axis synchronous reactance in ohms is given by the equation shown below:The per-unit value of Xd is given as:But, the base impedance is: Therefore,From equation (1) and equation (6), we get From equation (7) it is clear that
the short circuit ratio is equal to the reciprocal of the per-unit value of the direct axis synchronous reactance.In a saturated magnetic circuit, the value of Xd depends upon the degree of saturation.Significance of Short Circuit Ratio (SCR)Short Circuit Ratio is an important factor of the synchronous machine. It affects the operating characteristics,
physical size, and cost of the machine. The large variation in the terminal voltage with a change in load takes place for the lower value of the short circuit ratio of a synchronous generator. To keep the terminal voltage constant, the field current (If) has to be varied over a wide range.For the small value of the short circuit ratio (SCR), the
synchronizing power is small. As the synchronizing power keeps the machine in synchronism, a lower value of the SCR has a low stability limit. In other words, a machine with a low SCR is less stable when operating in parallel with the other generators.A synchronous machine with a high value of SCR had a better voltage regulation and improved
steady-state stability limit, but the short circuit fault current in the armature is high. It also affects the size and cost of the machine.The excitation voltage of the synchronous machine is given by the equation:For the same value of Tph Excitation voltage is directly proportional to the field flux per pole.The synchronous inductance is given
as:Therefore,Hence, the short circuit ratio is directly proportional to the air gap reluctance or air gap length.If the length of the air gap is increased, the SCR can be increased. With the increase in the air gap length, the field MMF is to be increased for the same value of excitation voltage (Ef). Hence, to increase the value of field MMF either field
current or the number of field turns has to be increased. All this requires a greater height of field poles and, as a result, the overall diameter of the machine increases.Thus, a conclusion is that the large value of SCR will increase the size, weight, and cost of the machine.The typical values of the SCR for different types of machines are as follows:-For
cylindrical rotor machines, the value of SCR lies between 0.5 to 0.9.In the case of the Salient-pole machine, it lies between 1 to 1.5 andFor synchronous compensators, it is 0.4.This is all about Short Circuit Ratio of a Synchronous Machine. Short circuit ratiolt is defined as the ratio of field current required to produce rated voltage on open circuit to
the field current reqd. to circulate rated current on short circuit.ExplanationThe Fig shows open Circuit and short Circuit characteristics of an alternator.According to definition,Effect of SCR on Machine performancel.Voltage regulation2.Stability3.Parallel operation4.Short circuit Current5.Cost and size of the machinel.Voltage Regulation3. Parallel
operation:SCR = 1/ Xs, as SCR Xs IXsV Psync4. Short circuit current5. Cost and size of the machineas SCRXsZs Isc and hence cost of control equipment reducesSize and cost of the machine as SCR Xs Zs Isc and hence cost of control equipment reducesFor salient pole machines SCR value varies from 0.9 to 1.3For turbo alternators SCR value varies
from 0.7 to 1.1 Page 2 Length of the air gap:Length of the air gap is a very important parameter as it greatly affects the performance of the machine. Air gap in synchronous machine affects the value of SCR and hence it influences many other parameters. Hence, choice of air gap length is very critical in case of synchronous machines. Following are
the advantages and disadvantages of larger air gap.Advantages:(i)Stability: Higher value of stability limit(ii)Regulation: Smaller value of inherent regulation(iii)Synchronizing power: Higher value of synchronizing power(iv)Cooling: Better cooling(v)Noise: Reduction in noise(vi)Magnetic pull: Smaller value of unbalanced magnetic pull Disadvantages:
(i)Field mmf: Larger value of field mmf is required(ii)Size: Larger diameter and hence larger size(iii)Magnetic leakage: Increased magnetic leakage(iv)Weight of copper: Higher weight of copper in the field winding(v)Cost: Increase over all cost.Hence length of the air gap must be selected considering the above factors.Calculation of Length of air Gap:
Length of the air gap is usually estimated based on the ampere turns required for the air gap.Armature ampere turns per pole required ATa= 1.35 Tphkw/pWhere Tph= Turns per phase, Iph= Phase current, kw= winding factor, p = pairs of polesNo load field ampere turns per pole ATfo= SCR x Armature ampere turns per pole ATfo= SCR x
ATaSuitable value of SCR must be assumed.Ampere turns required for the air gap will be approximately equal to 70 to 75 % of the no load field ampere turns per pole.ATg= (0.7 to 0.75) ATfoAir gap ampere turns ATg= 796000 BgkglgAir gap coefficient or air gap contraction factor may be assumed varying from 1.12 to 1.18.As a guide line, the
approximate value of air gap length can be expressed in terms of pole pitchFor salient pole alternators:lg= (0.012 to 0.016) x pole pitch For turbo alternators:lg= (0.02 to 0.026) x pole pitchSynchronous machines are generally designed with larger air gap length compared to that of Induction motors. Page 3 Design of stator winding:Stator winding is
made up of former wound coils of high conductivity copper of diamond shape. These windings must be properly arranged such that the induced emf in all the phases of the coils must have the same magnitude and frequency. These emfs must have same wave shape and be displaced by 1200to each other. Single or double layer windings may be used
depending on the requirement. The three phase windings of the synchronous machines are always connected in star with neutral earthed. Star connection of windings eliminates the 3rdharmonics from the line emf.Double layer winding: Stator windings of alternators are generally double layer lap windings either integral slot or fractional slot
windings. Full pitched or short chorded windings may be employed. Following are the advantages and disadvantages of double layer windings.Advantages:(i)Better waveform: by using short pitched coil(ii)Saving in copper: Length of the overhang is reduced by using short pitched coils(iii)Lower cost of coils: saving in copper leads to reduction in
cost(iv)Fractional slot windings: Only in double layer winding, leads to improvement in waveformDisadvantages:(i)Difficulty in repair: difficult to repair lower layer coils(ii)Difficulty in inserting the last coil: Difficulty in inserting the last coil of the windings(iii)Higher Insulation: More insulation is required for double layer winding(iv)Wider slot
opening: increased air gap reluctance and noiseNumber of Slots:The number of slots are to be properly selected because the number of slots affect the cost and performance of the machine. There are no rules for selecting the number of slots. But looking into the advantages and disadvantages of higher number of slots, suitable number of slots per
pole per phase is selected. However the following points are to be considered for the selection of number of slots.(a)Advantages:(i)Reduced leakage reactance(ii)Better cooling(iii)Decreased tooth ripplesDisadvantages:(i)Higher cost(ii)Teeth becomes mechanically weak(iii)Higher flux density in teeth(b)Slot loading must be less than 1500 ac/slot(c)Slot
pitch must be with in the following limitations(i)Low voltage machines3.5 cm(ii)Medium voltage machines up to 6kV5.5 cm(iv)High voltage machines up to 15 kV7.5 cmConsidering all the above points number of slots per pole phase for salient pole machines may be taken as 3 to 4 and for turbo alternators it may be selected as much higher of the
order of 7 to 9 slots per pole per phase In case of fractional slot windings number of slots per pole per phase may be selected as fraction 3.5.Turns per phase:Turns per phase can be calculated from emf equation of the alternator.Induced emf Eph= 4.44 fTphKwHence turns per phase Tph= Eph / 4.44 fKwEph= induced emf per phaseZph= no of
conductors/phase in statorTph= no of turns/phasekw= winding factor may assumed as 0.955Conductor cross section:Area of cross section of stator conductors can be estimated from the statorcurrent per phase and suitably assumed value of current density for the stator windings.Sectional area of the stator conductor as= Is/s wheres is the current
density in stator windingsls is stator current per phaseA suitable value of current density has to be assumed considering the advantages and disadvantages.Advantages of higher value of current density:(i)reduction in cross section(ii)reduction in weight(iii)reduction in costDisadvantages of higher value of current density(i)increase in
resistance(ii)increase in cu loss(iii)increase in temperature rise(iv)reduction in efficiencyHence higher value is assumed for low voltage machines and small machines. Usual value of current density for stator windings is 3 to 5 amps/mm2.Stator coils:Two types of coils are employed in the stator windings of alternators. They are single turn bar coils
and multi turn coils. Comparisons of the two types of coils are as follows(i)Multi turn coil winding allows greater flexibility in the choice of number of slots than single turn bar coils.(ii)Multi turn coils are former wound or machine wound where as the single turn coils are hand made.(iii)Bending of top coils is involved in multi turn coils where as such
bends are not required in single turn coils.(iv)Replacing of multi turn coils difficult compared to single turn coils.(v)Machine made multi turn coils are cheaper than hand made single turn coils.(vi)End connection of multi turn coils are easier than soldering of single turn coils.(vii)Full transposition of the strands of the single turn coils are required to
eliminate the eddy current loss.(viii)Each turn of the multi turn winding is to be properly insulated thus increasing the amount of insulation and reducing the space available for the copper in the slot.From the above discussion it can be concluded that multi turn coils are to be used to reduce the cost of the machine. In case of large generators where
the stator current exceeds 1500 amps single turn coils are employed.Single turn bar windings:The cross section of the conductors is quite large because of larger current. Hence in order to eliminate the eddy current loss in the conductors, stator conductors are to be stranded. Each slot of the stator conductor consists of two stranded conductors as
shown inFig XXX.The dimensions of individual strands are selected based on electrical considerations and the manufacturing requirements. Normally the width of the strands is assumed between 4 mm to 7 mm. The depth of the strands is limited based on the consideration of eddy current losses and hence it should not exceed 3mm. The various
strand of the bar are transposed in such a way as to minimize the circulating current loss.Multi turn coils:Multi turn coils are former wound. These coils are made up of insulated high conductivity copper conductors. Mica paper tape insulations are provided for the portion of coils in the slot and varnished mica tape or cotton tape insulation is provide
on the over hang portion. The thickness of insulation is decided based on the voltage rating of the machine. Multi turn coils are usually arranged in double layer windings in slots as shown in Fig XXX.Dimensions of stator slot:Width of the slot = slot pitch tooth widthThe flux density in the stator tooth should not exceed 1.8 to 2.0 Tesla. In salient pole
alternators internal diameter is quite large and hence the flux density along the depth of the tooth does not vary appreciably. Hence width of the tooth may be estimated corresponding to the permissible flux density at the middle section of the tooth. The flux density should not exceed 1.8 Tesla. However in case of turbo alternators variation of flux
density along the depth of the slot is appreciable and hence the width of the tooth may be estimated corresponding to the flux density at the top section of the tooth or the width of the tooth at the air gap. The flux density at this section should not exceed 1.8 Tesla.For salient pole alternator:Flux density at the middle section =Flux / pole /( width of the
tooth at the middle section x iron length x number of teeth per pole arc) Number of teeth per pole arc = pole arc/slot pitchFor turbo alternators:Flux density at the top section =Flux / pole /( width of the tooth at the top section x iron length x number of teeth per pole pitch) As the 2/3rdpole pitch is slotted the number of teeth per pole pitch =2/3 x pole
pitch/( slot pitch at top section) Slot width = slot pitch at the top section tooth width at the top section.Once the width of the slot is estimated the insulation required width wise and the space available for conductor width wise can be estimated.Slot insulation width wise:(i)Conductor insulation(ii)Mica slot liner(iii)Binding tape over the
coil(iv)Tolerance or clearanceSpace available for the conductor width wise = width of the slot insulation width wiseWe have already calculated the area of cross section of the conductor. Using above data on space available for the conductor width wise depth of the conductor can be estimated. Now the depth of the slot may be estimated as
follows.Depth of the slot:(i)Space occupied by the conductor = depth of each conductor x no. of conductor per slot(ii)Conductor insulation(iii)Mica slot liner(iv)Mica or bituminous layers to separate the insulated conductors(v)Coil separator between the layers(vi)Wedge(vii)Lip(viii)Tolerance or clearanceMean length of the Turn:The length of the mean
turn depends on the following factors(i)Gross length of the stator core: Each turn consists of two times the gross length of stator core.(ii)Pole pitch: The over hang portion of the coils depend upon the coil span which in turn depends upon the pole pitch.(iii)Voltage of the machine: The insulated conductor coming out of the stator slot should have
straight length beyond the stator core which depends upon the voltage rating of the machine.(iv)Slot dimension: Length per turn depends on the average size of the slot.Hence mean length of the turn in double layer windings of synchronous machines is estimated as follows.Ilmt = 21 + 2.5p+ 5 kV+ 15 cm To conduct open circuit and short circuit tests
on a three-phase alternator and predetermine the percentage regulation curve by using the equivalent circuit parameters. NAME PLATE DETAILS APPARATUS REQUIRED THREE PHASE ALTERNATOR CIRCUIT DIAGRAM FOR OPEN CIRCUIT TEST: CIRCUIT DIAGRAM FOR SHORT CIRCUIT TEST: INTRODUCTION The voltage regulation of a
synchronous generator (also known as alternator) is defined as the rise in voltage at the terminals when the load is reduced from full load (rated) value to zero, while the speed and field current are remaining constant at rated values. % Regulation = { (Eo - V) /V } * 100 Eo generated emf of alternator (or excitation voltage per phase) V full load, rated
terminal voltage per phase For small machines the regulation may be found by direct loading. For large machines the voltage regulation is predetermined by using indirect methods like emf method, mmf method, Potier and ASA methods. All these methods require open circuit characteristics and short circuit characteristics. In this experiment open
circuit and short circuit tests will be conducted to determine the equivalent circuit parameters of the alternator and hence the internal voltage drop will be determined this is also termed as EMF method. Open Circuit Characteristics (OCC) The open circuit characteristics (OCC) also called the magnetization curve; it is a plot of no load terminal
voltage (generated emf) versus field excitation with the machine running at rated speed. Short Circuit Characteristics (SCC) The short circuit characteristic (SCC) is a plot between armature current and field excitation with a symmetrical short circuit applied across the three-phase terminals of the alternator. Under these conditions, current in the
armature winding completely depends on the internal impedance consisting of synchronous reactance Xs and the winding resistance Ra. The air gap flux being very small, this operates in linear region (i.e., no saturation occurs). So, SCC is a straight line; only one point on SCC corresponding to ISCL = IFL needs to be determined experimentally.
From O.C.C & S.C.C the synchronous impedance is evaluated as follows: For any value of excitation or field current If, if VOC is the open circuit voltage per phase & Isc is the short circuit current, then synchronous impedance is, Zs = Voc / Isc The value of Zs is calculated for the unsaturated region before the magnetization curve reaches saturation.
For computing the Zs value at rated conditions, get the field current corresponding to rated voltage of the alternator from OCC (If rated); then extrapolate the SCC and get the value of short circuit current corresponding to this If rated. The armature resistance (Ra) is measured using ammeter-voltmeter method or by using a multi-meter. Now, (Zs2
Ra2) = Xs2 Under working conditions, the effective value of Ra is increased due to skin effect and temperature effect. The effective value of Ra is generally taken as 1.3 times the DC value measured using multi-meter. EM LAB SET-UP CONNECTION FOR O.C TEST Supply Positive to 3 Point Starter L. Supply Positive to Voltmeter Terminal (Red) 3
Point Starter F to Rheostat Terminal (Red) Rheostat Terminal (Black) to Ammeter Terminal (Red) Ammeter Terminal (Black) to Field Terminal Z 3 Point Starter L to Motor Terminal A Supply Negative Terminal (Black) to Voltmeter Terminal (Black) Supply Negative Terminal (Black) to Motor Field Terminal ZZ Motor Field Terminal ZZ (Black) to Motor
Armature Terminal AA Field Regulator Supply Terminal (Red) to Ammeter Terminal (Red) Ammeter Terminal (Black) to Alternator Field Terminal F Field Regulator Supply Terminal (Black) to Alternator Field Terminal FF Alternator Terminal R to AC Voltmeter Terminal (Red) Alternator Terminal Y to AC Voltmeter Terminal (Black) Alternator Terminal
Y to Alternator Terminal B Open PROCEDURE FOR O.C. TEST Connect the circuit. Motor field rheostat must be kept in minimum resistance position. Alternator field switch should be kept at off position; field regulator of alternator should be kept in minimum output position. Switch ON the MCB, start the Motor-Alternator set using the 3-point
starter. Adjust the field rheostat of the motor in order to bring the Motor-Alternator set to rated speed i.e., 1500 rpm. Switch on the field supply to the alternator and vary the field regulator (This is a variac connected with a rectifier; so, variac output voltage is to be varied) in steps; note the field current (If) and generated output voltage (VG) until the
VG reaches rated value i.e., 415 V. Bring back the field supply regulator to minimum output position; switch off the field supply to the alternator and keep the rheostat as in step (2). Switch off the MCB. OBSERVATION TABLE FOR O.C TEST: CONNECTION FOR S.C TEST Supply Positive to 3 Point Starter L. Supply Positive to Voltmeter Terminal
(Red) 3 Point Starter F to Rheostat Terminal (Red) Rheostat Terminal (Black) to Ammeter Terminal (Red) Ammeter Terminal (Black) to Field Terminal Z 3 Point Starter L to Motor Terminal A Supply Negative Terminal (Black) to Voltmeter Terminal (Black) Supply Negative Terminal (Black) to Motor Field Terminal ZZ Motor Field Terminal ZZ (Black)
to Motor Armature Terminal AA Field Regulator Supply Terminal (Red) to Ammeter Terminal (Red) Ammeter Terminal (Black) to Alternator Field Terminal F Field Regulator Supply Terminal (Black) to Alternator Terminal FF Alternator Terminal R to AC Ammeter Terminal (Red) Alternator Terminal Y to AC Ammeter Terminal (Black) Alternator
Terminal Y to Alternator Terminal B PROCEDURE FOR S.C TEST Connect the circuit. Motor field rheostat must be kept in minimum resistance position. Alternator field switch should be kept at off position; field regulator of alternator should be kept in minimum output position. Switch ON the MCB, start the Motor-Alternator set using the 3-point
starter. Adjust the field rheostat of the motor in order to bring the Motor-Alternator set to rated speed i.e., 1500 rpm. Switch on the field supply to the alternator and by varying the field regulator in steps, vary the field current; note the field current (If) and short circuit current of the alternator (IG) until IG reaches its rated value of 6.9 A. Bring back
the field supply regulator to minimum output position; switch off the field supply and keep the rheostat as in step (2); switch OFF the MCB. Measure the armature resistance across R and N terminals of the alternator using a multimeter after disconnecting all the extra connections to the alternator. OBSERVATION TABLE FOR S.C TEST Measure DC
armature resistance Ra across R and N terminal of alternator using a multimeter Ra(dc) = ------- Effective resistance Re:-------------—--- =1.3 Ra(dc) SYNCHRONOUS IMPEDANCE FORMULAE: Zs = (Voc/Isc) for the particular If and speed. Xs = (Zs2 Re2) [where Re = AC armature resistance]. For voltage regulation computation, choose the least value of
Zs obtained from the above table. Generated emf of the alternator on full-load is, EO = ((V cos + Ia Re)2 + (V sin Ia Xs)2) where, V = Full-load terminal voltage Ia = Armature current of the alternator cos = Load Power factor(+ sign for lagging PF load and - sign for leading PF load) The percentage regulation of the alternator for a given p.f. is, %
Regulation = (E0 - V) / V * 100 Where, EO - generated emf of alternator (or excitation voltage per phase) V - full load, rated terminal voltage per phase TABLE FOR REGULATION MODEL GRAPHS Plot the OCC and SCC on common \(I f\) as shown in model graph The graphs are drawn between: VOCL vs If ISCL vs If ZS vs If Regulation vs p.f RESULT:
Percentage Regulation at Full-load upf = at Full-load 0.8pf lag = at Full-load 0.8pflead = QUESTIONS: Define synchronous impedance. The voltage regulation will be positive, negative, and zero under which conditions? The regulation is maximum under which load p.f.? What is skin effect? Why is the SCC a straight line? Option 2 : \(SCR =

\Mfrac{{1}}{{X s{(saturated~p.u.)}}}\) Free 20 Questions 20 Marks 20 Mins Short circuit ratio (SCR): The short circuit ratio (SCR) of a synchronous machine is defined as the ratio of the field current required to generate rated voltage on an open circuit to the field current required to circulate rated armature current on a short circuit. \(SCR =
\frac{{{I f}\;for\;rated\;O.C.\;voltage} } {{{I f}\;for\;rated\;S.C.\;current}} = \frac{{Oa}}{{Od}}= \frac{{1}}{{X s{(saturated~p.u.)}}}\) For the small value of the short circuit ratio (SCR), the synchronizing power is small. As the synchronizing power keeps the machine in synchronism, a lower value of the SCR has a low stability limit. Thus, a
machine with a low SCR is less stable when operating in parallel with the other generators. A synchronous machine with the high value of SCR had a better voltage regulation and improved steady-state stability limit, but the short circuit fault current in the armature is high. Indias #1 Learning Platform Start Complete Exam Preparation Daily Live
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Alternator short circuit. What is short circuit ratio. What is short circuit ratio of generator.






