
International Journal of Scientific & Engineering Research, Volume 8, Issue 1, January-2017                                                                                        762 
ISSN 2229-5518 
 

IJSER © 2017 
http://www.ijser.org  

Performance Appraisal of a Direct-Current Motor  
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Curves  
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Abstract— A laboratory dc motor was investigated in terms of its steady-state performance characteristics and parameters. The rotational 
inductances G1 and G2 of the machine were first determined under shunt- and series-connected operational conditions (respectively) as was required. 
Relevant dc motor equations were generated and the values of G1 and G2 duly applied thereto for the realization of the needed performance 
characteristics and parameters. In this paper, the authors present a brief review of the dc motor highlighting areas of advantage over its ac counterpart, 
amongst other things. Details of the no-load test and winding dc resistance test necessary in the experimental determination of G1 and G2 are given. 
Eight relevant graphs each were MATLAB-plotted for both shunt and series operational conditions. Open-circuit characteristics (OCC’s) of the machine 
were similarly plotted for both shunt and series modes of operation. The rotational inductances of the motor were determined as 1.6H and 2.8H, 
respectively. The maximum starting current, net output torque, shaft or output power, overall efficiency and speed regulation of the motor as key 
performance parameters were 111A, 19N-m, 2156W, 78% and 11%, respectively, under shunt operation. Similar manual computations for the series 
case showed the motor gainfully applicable to load currents of 1Amp and below; whereas, the armature circuit was rated 11.4A, 220V. The reason for 
this had to do with the very high field winding resistance which was much more favourable to the shunt than the series operation. From the OCC’s the 
machine was also seen to be markedly prone to saturation under series operation as it exhibited an estimated saturation factor of 3.19 p.u.; whilst, under 
shunt operational condition a very acceptable value of 1.11 p.u. was realized. However, the use of field diverters is suggested for the machine 
performance to be considerably improved under series-connected version of operation.     

 

Index Terms—Inductances, Rotational, Shunt-Series Motor, Performance.   

——————————      —————————— 

1 INTRODUCTION                                                      

HE dc motors in the electrical power laboratory of the 
Federal Polytechnic, Auchi, Nigeria were found to be 
lacking in the necessary documentation as touching 

performance information, besides manufacturer’s name-plate 
details. In view of this deficiency, experimental results could 
not be immediately checked for accuracy, for proper 
instruction of students. There was thus the need to have the 
relevant performance data of a sample laboratory dc motor 
generated, documented and kept as a reference data bank to 
that effect. However, the choice of approach (mostly for ease 
of accomplishment) was by means of the motor rotational 
inductances, which were to be obtained experimentally and 
applied to the significant dc motor equations for the 
realization of the said objective.  
      A dc motor is one of the electromechanical energy 
converting devices in which the energy converts from electric 
to mechanical form [1],[ 2]. Working basically by means of the 
electromagnetic induction principle as enunciated by Michael 
Faraday[3], it possesses armature and field structure/windings 
to which direct current (dc) is applied, i.e. current having 
continuously constant magnitude and the same direction of 
flow.  Fig. 1 shows the principal parts of a dc motor as found 
in [2] and Fig.2 shows the laboratory dc motor in question. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

T 

Fig. 2: The Laboratory DC Machine showing Pairs of  
Winding Terminals: H-HH for the Compole Winding;  

A-AA for the Armature Winding; and Z-ZZ for the Field 
Winding. 

Fig. 1: Longitudinal Section showing the Main  
Components of a Direct Current Motor  
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       Apart from adaptability to power sources and safety 
considerations, the dc motor is often preferred in speed 
control measures to the ac motor due to its simplicity and 
relative cheapness as a control device, especially where wide 
speed range control is required. Also, its high torque 
production ability at low speed makes dc motors a good 
alternative apparatus to gear motors in many applications [4]. 
Hence, dc motors continue to command industrial import to 
date.  
      Inductance, L, is the property of every electrical device 
made up of a core-and-coil arrangement, which is responsible 
for its ability to present a lagging (or conventionally +ve) 
reactive factor (i.e. +sinϕ) when an alternating current (ac) 
flows through its coil or winding [5]. It is important to state 
here that owing to the commutator (a special mechanical 
switch) acting as a frequency changer [6], the dc applied to the 
armature winding  is converted into an alternating current 
(indeed, a current that reverses direction following the speed 
of armature rotation).   
      The nature of inductance exhibited by an 
electromechanical energy converter, as an inductive 
apparatus, will usually depend on its operational condition. 
When under open-circuit or no-load operation, the machine 
will exhibit an inductance arising from the exciting current 
drawn by it. Since this current is informed by the 
electromechanical energy conversion process, which 
culminates in the machine shaft rotation, the consequent 
inductance developed is referred to as rotational or motional 
inductance as in [7], where it is designated, G. By means of 
accurate value of G, duly determined by an open-circuit test 
and whose value will depend as well on the manner of 
armature/field winding connection (i.e. whether shunt or 
series connection), the performance parameters of a dc motor 
can be obtained, via the relevant and related dc machine 
equations.   
      The dc motor under investigation was a 2.5kW, 220V, 1450-
1550rpm, SCOTT motor with armature circuit current of 11.4A 
and field circuit current of 0.7-1.09A. It was designed and 
constructed for use as either a series- or shunt-connected 
motor. 
 
2 MATERIALS AND METHODS 
2.1 Materials  
     Under this sub-section a presentation of the relevant 
performance equations shall be made serving as the necessary 
working materials, amongst other things, towards the 
realization of the objects of this study. Of course, the 
generation of performance equations of an electrical machine 
is often accomplished by means of its equivalent circuit 
parameters. To this end, Fig. 3 (a) and (b) have been provided 
showing the equivalent circuit of the dc motor under shunt- 
and series-connected operational modes, respectively; where 

the compole or commutating pole winding (whose dc 
resistance is rc) is often connected in series with the armature 
to help to ameliorate the effect of armature reaction [8], [9]. 

 
 
The motor performance equations are then generated as 
detailed in the sub-sub-sections that follow. 
Equations for the Rotational Inductances: 
      In the shunt- and series-connected versions of the dc 
motor, the terminal voltage, V, and the input current, I, will 
have the following expressions  

V = Va = Vf and  I = Ia + If (for the shunt-connected 
version); and  

V = Va + Vf and  I = Ia = If (for the series-connected 
version)       (1) 
The q-axis armature rotational e.m.f (Er) of a d.c. motor under 
steady-state operation is generally given (in Volts) as 
 Er = [(Na/π)(p/a)]ωrΦ = KωrΦ  {i.e. K = (Na/π)(p/a)} 
       (2) 
where Φ – Flux per pole; Na – Number of turns of armature 
winding, p – Number of pole-pairs and ‘a’ – Number of 
parallel paths. The flux is usually a nonlinear function of the 
current according to [7]. Thus, the terminal voltage of a d.c. 
motor can be given as 
 V = Er + IaRa  (for the shunt);  and 
                V = Er + I(Ra+Rf)  (for the series)     (3) 
It has to be noted that by neglecting magnetic saturation and 
armature reaction (which amounts to a linearization 
approach), the term KΦ can be replaced by GI f, according to 
[7], [8]. Hence, to satisfy the purpose of this work, “(2)” shall 
now be restated as  
 Er = GIfωr   (Volts)    (4)   

    Fig. 3(a): Shunt-Connected DC Motor  
 Equivalent Circuit 
 

    Fig. 3(b): Series-Connected DC Motor  
 Equivalent Circuit 
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Fig. 4: Apparatus as setup for Open-Circuit and     
            Resistance Tests 

Substituting for Er in “(3)” and differentiating G (into G1 and 
G2) we can write 
 V = G1Ifωr + IaRa (for shunt); and  
               V = I[G2ωr + (Ra+Rf)]  (for series)     (5) 
So that  
 G1 = (V – IaRa)/(Ifωr) (for shunt); and 
 G2 = {V – I(Ra+Rf)}/(Iωr) (for series)   (6) 
Ra and Rf being the total armature and field circuit resistances, 
respectively; {i.e. Ra = (ra + rc) and Rf = rf}. 
Equations reflecting Speed /Current Relationship:  
From “(6)” we have 
         ωr =  (V – IaRa)/(G1If) (for shunt); and 
         ωr = {V – I(Ra+Rf)}/(G2I) (for series)   (7) 
Equations reflecting Torque /Current Relationship: 
The electromagnetic or developed torque, Tdev, of a d.c. motor 
under steady-state operation is given (in N-m) as Tdev = KΦIa 
(generally). Substituting for KΦ as earlier given, we have 
 Tdev = G1If Ia (for shunt); and 
 Tdev = G2IfIa = G2I2 (for series)    (8) 
Equations reflecting Torque/Speed Relationship: 
From “(5)” we can write, respectively 
 Ia = (V – G1Ifωr)/Ra; I = V/{G2ωr + (Ra+Rf)}   
Substituting for Ia and I accordingly in “(8)” gives 
 Tdev = G1If (V – G1Ifωr)/Ra (for shunt) and  
 Tdev = G2[V/{G2ωr + (Ra+Rf)}]2  (for series)  (9) 

Equations reflecting Power /Speed Relationship: 
The converted or developed power, Pdev, of a d.c. motor under 
steady-state operation is generally given in terms of 
electromagnetic or developed torque, Tdev, as  
 Pdev = ωrTdev = ωr[G1If (V – G1Ifωr)/Ra] (for shunt); 
and 
 Pdev = ωr[(G2(V/{G2ωr + (Ra+Rf)})2] (for series)            
(10) 
Equations reflecting Emf/Speed Relationship: 
Also, the developed power is given by 

Pdev = ErIa; meaning ErIa =  ωrTdev; so that  
Er= ωrTdev/Ia (for shunt) and   

 ErI =  ωrTdev; and Er= ωrTdev/I (for series)               (11) 
Other relevant DC Motor equations as in [8] include, 
 Total Copper Loss (Pcu) Equation:   
 Pcu = Pa(cu) + Pf(cu)  
{i.e. Armature copper loss + Field copper loss} 
                Pcu = Ia2 Ra + If2Rf (for shunt); and  
 Pcu = I2(Ra+Rf)  (for the series)                                      
(12)      
Total Motor Losses (Ploss) Equation: 
 Ploss = Pcu + Pmech + Padd                                             (13)   
Pmech is the Total Mechanical Losses (or summarily Rotational 
Losses) comprising Eddy-current, Hysteresis, Bearing Friction & 
Windage Losses and has been seen to be approximately 
proportional to motor speed according to [10]. They also 
include brush-contact frictional loss as in [7] and are essentially 

equal to the power developed by the machine during no-load 
operation. Padd is the stray or additional losses of sundry 
nature rather difficult to evaluate. However, according to [9] 
stray losses are often estimated at 1% output for dc motors of 
150kW & above ratings and are usually neglected for dc 
motors of lower ratings. Thus, as affecting this test motor we 
shall have Padd = 0W. 
Input Power (Pin) Equations: 
 Pin = VIin= Pout + Ploss = Pdev + Pcu                 (14) 
where Iin = I, as in Fig. 3(a) and Fig. 3( b)   
Power Developed (Pdev) & Output (Pout) Equations: 
 Pdev = Pin – Pcu; Pout = Pdev – (Pmech + Padd)              (15) 
Efficiency (η) Equation: 
 η = Pout/Pin = Pout/( Pout + Ploss)  
     = (Pin – Ploss)/Pin = {1 – (Ploss/Pin)} p.u.              (16) 
Speed Regulation (ωreg) Equation: 
  ωreg = {[ωro – ωr]/ωr}*100%                
(17) 
where ωro and ωr are no-load and full-load angular velocity 
values, respectively. 
 
2.2 Methods: 
        No-load test is required in the determination of G1 and G2 
as in [8] (where it is designated as K). And considering “(6)”, 
the values of the total armature and field circuit resistances, Ra 
and Rf, are also required for this purpose. Hence, laboratory 
tests were carried out to that effect in this work. Figure 4 
shows pictorially the apparatus set up for the relevant 
experimental exercise.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tables 1, 2(a) and 2(b) show the results of the no-load test 
carried out. The resistance test was conducted using the 
ammeter-voltmeter method as in [11] and the test data are 
given in Table 3. 
 
           
 
 
 

TABLE 1: Current, Power and Motor Speed on No-load  
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Fig. 8: Graph of Efficiency versus Load Current  
 

 

  Fig 7: Graph of EMF versus Load Current 

Fig. 6: Graph of Torque versus Load Current  
  

Fig. 5: Graph of Speed versus Load Current  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 RESULTS AND DISCUSSION 
3.1 Results: 
The Rotational Inductance Values: 
For the shunt-connected version – 
 If = 220/202 = 1.089A (constant); Iao = Iin(o) – If = 1.58 – 
1.089 = 0.491A 
 Ero = V – IaoRa = 220 – (0.491*2) = 219V.   
 ωro = 2π(Nro/60) = 2π*(1200/60) = 125.7 rad.(elect.)/sec.  
 Pin(o) = Po = 348W (from test) 
     : .    G1 = Ero/(If*ωro) = 219/(1.089*125.7) = 1.6Henry. 
For the series-connected version – 
 Iin(o)= Iao = Ifo = Io = 0.40A 
 Ero = V – Io(Ra + Rf) = 220 – (0.40*204) = 138.4V.   
 ωro = 2π(Nro/60) = 2π*(1178/60) = 123.4 rad.(elect.)/sec.  
 Pin(o) = Po = 88W (from test) 
     : .    G2 = Ero/(Io*ωro) = 138.4/(0.4*123.4) = 2.8Henry. 
The Motor Performance Graphs: 
For the shunt-connected version – 
       The eight selected MATLAB-generated graphs for the 
shunt-connected version are as given in Fig. 5 – 12 that follow.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

TABLE 3: Results of the DC Resistance Tests  
                     on the Motor 
    
 
 
 

TABLE 2(b): Data for Open-Circuit Characteristics  
       (OCC) Plotting (for series connection) 
 
 
 

TABLE 2(a): Data for Open-Circuit Characteristics  
        (OCC) Plotting (for shunt connection) 
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Fig. 14: Graph of Torque versus Current  
  

Fig. 12: Graph of Efficiency versus Power 
Developed  

 

Fig.11: Graphs of Rotational Inductance 
 versus Speed  

 

  Fig 15: Graph of EMF versus Current 

Fig. 13: Graph of Speed versus Current  
  

Fig. 9: Graph of Torque versus Speed  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For the series-connected version –  

See the eight selected MATLAB-generated graphs for the 
series-connected version as given in Fig. 13 – 20 that follow.   
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.10: Graph of Power versus Speed 
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Fig.19 Graphs of G2 versus Speed  
 

Fig. 18: Graph of Power versus Speed 
 

Fig. 17: Graph of Torque versus Speed  
 

Fig. 16: Graph of Efficiency versus Current  
 

Fig. 20: Graph of Efficiency versus Power  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
The Motor Performance Parameters: 
For the shunt-connected version – 
       The performance parameters of the shunt-connected dc 
motor shall be manually computed as presented below.   
 1. Maximum Starting Current (Ist(max)). 
At starting Er = 0Volt for absence of rotation [10], hence the 
armature circuit resistance Ra becomes directly paralleled to 
that of the field circuit, Rf. Consequently, the motor input 
current now assumes the maximum value,   
Ist(m) = V/{RaRf/( Ra + Rf)}  = 220/{2*202/(204)} = 111Amps. 
 2. Torque Developed. 
Under full load, Ia = 11.4A as stipulated by the manufacturers. 
Thus, 
Tdev = GIfIa = 1.6*1.089*11.4 = 20N-m 
 3. Angular Velocity & Power Converted or    
Developed. 
ωr =  (V – IaRa)/[G1If] = (220 – 11.4*2)/[1.6*1.089] = 113.2 rad./s 
 :.   Pdev = ωr*Tdev = 113.2*20 = 2264W  
 4. Total No-Load Copper Losses.  
Pcu(o) = Iao2*Ra + If2*R f = 0.4912*2 + 1.0892*202 = 240W 
 5. Total Mechanical Losses. 
Pmech = Pin(o) – Pcu(o) = 348W – 240W = 108W 
 5. Total Fixed or Constant Losses.  
Pconst = Pf(cu) + Pmech = If2*R f + Pmech = 1.0892*202 + 108 = 347.6W 
 6. Total Variable Losses (i.e. Total Armature Copper 
or Load Losses)  
Pvary = Pa(cu) = Ia2*Ra = 11.42*2 = 259.9W 
 7. Total Machine Losses 
Ploss = Pconst + Pvary = 347.6 + 259.9 = 607.5W 
 8. Rated Output Power or Shaft Power. 
Pout = Pdev – Pmech = 2264 – 108 = 2156W  
 9. Practical Input Power Requirement. 
Pin = Pout + Ploss = 2156 + 607.5 = 2764W 
 10. Rated Output Torque 
 Tout = Pout/ωr = 2156/113.2 = 19N-m 
 11. Efficiency. 
η = Pout/Pin = (2156/2764)*100 = 78% 
 12. Speed Regulation. 
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ωreg = {[ωro – ωr]/ωr}*100% = [(125.7 – 113.2)/113.2]*100 = 11% 
 13. Rated Starting Torque & Starting Current.  
The rated starting torque has been given as 250 – 300% of the 
rated torque [12]. It follows that 
Tst(rated) = 2.5 – 3Tout = 47.5 – 57 N-m 
         It is equally appropriate to stipulate that the rated 
starting current can be in the neighbourhood of 250 – 300% of 
the rated load current {although in [13] it is said to be up to 
200%Ia(rated)}. That is 
Ist(rated) = 2.5 – 3Ia(rated) = 28.5 – 34.2 A 
For the series-connected version – 
        Concerning the performance parameters of the series-
connected dc motor, the computations are equally manually 
executed as presented below. It is important to state here that, 
for reasons of safe operation, the full-load current under series 
condition cannot be more than If = V/Rf = 1.089A or 1.09A 
being the maximum rating of the field winding; whereas, the 
armature winding rating is 11.4A (to which the field winding 
must not be subjected). However, computations are carried 
out with If = 0.895A being the field current for the production 
of the motor nominal rated speed of 1500rpm, which is only 
slightly higher than 2 times the no-load current, under series 
operation.    
 1. Maximum Starting Current (Ist(m)). 
Setting Er = 0Volt at starting (as earlier explained), then Ra is 
directly in series with Rf. Consequently, the motor input 
current now assumes the maximum value,   
Ist(m) = V/( Ra + Rf)} =  220/(2 + 202) = 1.08Amps. 
 2. Torque Developed. 
Tdev = G2IfIa = G2I2 = 2.8*0.8952 = 2.24N-m 
 3. Angular Velocity & Power Converted or 
Developed. 
ωr = {V – I(Ra+Rf)}/(G2I) = {220 – (0.895*204)}/(2.8*0.895) =14.93 
rad./s 
Pdev = ωr*Tdev = 14.93*2.24 = 33.44W  
 4. Total No-Load Copper Losses  
Pcu(o) = Io(Ra + Rf) = 0.4(2 + 202) = 81.6W 
 5. Total Mechanical Losses 
Pmech = Pin(o) – Pcu(o) = 88 – 81.6 = 6.4W 
 6. Total Fixed or Constant Losses.  
Pconst = Pmech = 6.4W 
 7. Total Variable Losses (i.e. Total Copper or Load 
Losses) . 
Pvary = Pcu = I2*(Ra + Rf) = 0.8952*(2 + 202) = 163.4W 
 8. Total Machine Losses 
Ploss = Pconst + Pvary = 6.4 + 163.4 = 169.8W 
 9. Rated Output Power or Shaft Power. 
Pout = Pdev – Pmech = 33.44 – 6.4 = 27.04W  
 10. Practical Input Power Requirement. 
Pin = Pout + Ploss = 27.04 + 169.8 = 196.84W 
 11. Rated Output Torque 
 Tout = Pout/ωr = 27.04/14.93 = 1.81N-m 

 12. Efficiency. 
η = Pout/Pin = (27.04/196.84)*100 = 13.74% 
 13. Speed Regulation 
ωreg = {[ωro – ωr]/ωr}*100% = [(123.4 – 14.93)/14.93]*100 = 727% 
 
Open-Circuit Characteristic (OCC) Plots – 
        The OCC’s of the motor under both operational 
conditions were plotted for further analytical exercise. Tables 
2(a) and 2(b) earlier given show the experimental data for the 
purpose; whilst Fig. 21 and 22 are the plotted OCC’s. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 22: Open-Circuit Characteristic (OCC) of the Test 
DC Motor under Series-Connected Operational Mode 
[where Air-Line Slope = 60/0.25 = 240Ω. Hence, input 
voltage = 216V for nominal rated exciting current of 

0.895A or 0.9A approximately (for 1500rpm). 
However, on the OCC by extrapolation, the input 

voltage required for this exciting current will be 690V].  
    
 

Fig. 21: Open-Circuit Characteristic (OCC) of the 
Test DC Motor under Shunt-Connected 

Operational Mode [where Air-Line Slope = 90/0.5 
= 180Ω. Hence, input voltage = 162V for nominal 

rated exciting current of 0.895A or 0.9A 
approximately (for 1500rpm speed). However, on 

the OCC directly the input voltage required for 
this exciting current is 180V].  
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3.2 Discussion: 
For the shunt-connected version – 
 A tabular discussion of results is provided in this 
work as presented in Table 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the series-connected version – 
        It is of great significance to state at this juncture that 
although the machine was designated for dual application, it 
can safely and practically and directly lend itself more for 
shunt operation than series operation. This is due to the very 
high field resistance that comparatively renders the total 
armature circuit resistance negligible as often the case and 
acceptable for shunt dc motors. Since, the field current is 
1.09/0.7A for 1450/1550 rpm, it is obvious that the field current  
for the nominal or rated speed of 1500 rpm is 0.895A. This 
current was used as the full-load current under series 

operations; whilst the armature full-load current given as 
11.4A was, of course, used as such for computations under 
shunt operations.  
        The high field resistance working in series with the 
armature circuit resistance explains why the losses totaled up 
to 169.8W for an input power of 196.8W (over 86% losses). It 
thus explains why only 33.44W of active power was 
developed or converted (being only 17% of input power). For 
the same reason, the speed regulation assumed an 
astronomical value of 727%. And being a function of the 
square of current, the torque developed (following the very 
low input current requirement) assumed an extra-low value of 
2.24N-m, whilst the shaft or net output torque was 1.8N-m.  
        In terms of saturation property, it has been observed from 
the plotted OCC that the rated exciting field current for the 
nominal speed which is 0.9A approximately requires 216V on 
the air line for emergence, whilst it would require 690V on the 
OCC. Since the two voltage points also produce potential 
differences of 216V and 690V from the reference point, it 
follows from [19] that the motor exhibits a saturation factor of 
690/216 = 3.19 p.u. (an extremely high value) under series 
operational condition. This is very much at variance with the 
180/162 = 1.11 p.u. (considered as slight saturation value) 
under shunt operational condition. 
Improvement of Machine Performance under Series 
Connection – 
         By the use of suitable field diverters the performance of 
the series-connected machine can be significantly improved. 
Field diverters are resistance units connected in parallel with 
the field circuit of a series motor for increase in speed even 
above nominal or rated speed [8], [20, [21].  Table 5 shows the 
result of such application as affecting the dc machine under 
investigation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
 
 
 

TABLE 5: Result of Increase in Motor No-Load  
           Speed using Various Field Diverters 
   
 
 
 

TABLE 4: Summary of Results and Analytical      
         Submissions for the Shunt Version 
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It is to be noted that as power developed, Pdev, is directly 
proportional to speed, increase in the rotor speed, Nr or ωr, 
means an increase in the machine power developed, other 
advantages notwithstanding.    
 
4 CONCLUSION AND RECOMMENDATION 
4.1 Conclusion: 
      The objective of determining the rotational inductances 
of a laboratory dc motor has been accomplished under shunt- 
and series-connected versions of operation. The use of the 
same to generate and document the necessary performance 
parameters and graphs of the machine has much equally been 
realized as the ultimate goal. The machine proved itself 
capable of both laboratory and some industrial applications as 
a shunt-connected dc motor. But, it can only lend itself directly 
or unaided to some laboratory experiments under series-
connected version of operation, such as an open-circuit 
characteristic (OCC) experiment. 
 
4.2 Recommendation: 
       Although, additional cost inevitably comes into play with 
the application of field diverters, it is however obvious that 
provision shall have to be made for them if much gainful use 
is to be derived from the machine under series connection.  
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