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Abstract - This paper illustrates a mathematical analysis 

of AC hoisting electric drive systems (incorporating three-
phase reversible voltage controlled – slip-ring induction 
motors) for determining the main quality parameters of the 
transient processes. The effect of the quality parameters on 
the shape of the system transients is shown using the derived 
mathematical model. A new closed-loop control system to 
enhance the character of transients is suggested. 

 
Index Terms - Quality parameters, cranes, hoisting 

mechanism, transients, AC electric drive, thyristor dual 
converter.  
 

I. INTRODUCTION 
 

It is known that a 3-phase induction motor is a 
complicated interconnected electromagnetic system, the 
response of which is oscillatory in most transients. In the 
case of crane drive applications these motor torque 
oscillations are accompanied by elastic torque oscillations 
in the ropes, long shafts, etc. which, in turn, generate more 
complicated transients in the overall hoisting mechanism 
[1]. Here the shape of the transient depends on both the 
electrical and mechanical parameters. Furthermore, both 
the electrical and mechanical parameters are interconnected 
and affect the system transients in differing manner. This 
paper identifies the relationship between the electrical and 
mechanical parameters of the above mentioned hoisting 
electric drive system in order to attain the optimum 
transient response. Notably it is desired to minimize the 
torque oscillations in the minimum possible transient time.  

For most crane hoisting mechanisms, it is rational to 
use a relatively simple and reliable AC electric drive 
systems, [3,4,5,6] with the ‘three-phase reversible voltage 
controlled – slip-ring induction motor’, most common and 
widespread. The latter motor drive system permits a 
practical range of speed regulation and exhibits smooth 
starting or stopping. Operation of these motors, at low sped 
is effected using motor speed feedback. During low speed 
operation series resistances are connected to the rotor 
circuit to reduce the heat created in the rotor windings. 
 

II. MATHEMATICAL ANALYSIS 
 

Typically hoisting mechanisms can be physically 
modelled as double (two) – mass electromechanical 
systems. Here the first mass (inertia) J1 represents the 
equivalent inertia of the motor rotor and all elements 

rotating on the motor shaft including the brake drum, 
coupling, etc.. On the other hand the second inertia J2 
represents the equivalent inertia of the suspended cargo 
and all elements moving with and at common speed to the 
cargo. The motion is transferred from J1 to J2 via ropes 
with an elastic coefficient C12.  It is obvious, for analysis, 
that both J2 and C12 are referred to the motor shaft.  

Therefore, the electro-mechanical system for the 
hoisting mechanism driven by a ‘three-phase reversible 
voltage-controlled slip-ring induction motor’ can be 
presented using the block-diagram depicted in fig. 1. 
 
Where, in reference to fig. 1, 
Vin- Input system voltage; 
H1(s) – the equivalent transfer function of the following 
proportional elements: 
a) Voltage regulator with a gain of Kreg.; 
b) Three-phase thyristor reversible voltage controller 

(converter) with a gain of KTC; 
c) Equivalent electrical part of the three-phase induction 

motor KM, presenting the ratio of the motor torque 
change to the motor voltage change KM=∆T/∆V. 
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β - Motor speed-torque characteristic rigidity. 
TM1 =J1/β - Motor electromechanical time-constant. 

FBFB )( KsH =  - Motor speed feedback transfer function.  
sCsH /)( 12C = , with C12 defined previously. 
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TL- Load torque; 
Tel.- Elasticity torque. 
 

The block diagram depicted in fig. 1, after effecting 
some mathematical rearrangements, yields the following 
equivalent transfer function: 
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Where, 
K1= Kreg.⋅KTC ⋅KM⋅1/β,                                                         
K=K1⋅KFB. 
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Fig. 1. Block-diagram of the hoisting electric drive mechanism driven by ‘three-phase reversible  
power controller –slip-ring induction motor’. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Speed-torque characteristics during lifting and lowering the 
rated cargo for different Kreg. values:  

1- Kreg.=3.8; 2- Kreg. (opt.)= (1.3; 0.9; 0.75); 3- Kreg.=2.2. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. ξk versus Kreg. for various slip (S) values:  

1- S=0.85; 2- S=1.1; 3- S=1.5. 
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Fig. 4(b). Starting transients with Kreg.= Kreg.(opt.)=1.3 
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Fig. 4(c). Starting transients with Kreg.=2.2 
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The characteristic equation for the system transfer 
function (equation (1)) is: 
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Fig. 4(a). Starting transients with Kreg.=3.8 
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The roots of characteristic equation (2) have negative 
real parts: 
s1 = – α,  s2 = – α2±jΩ0. 

Therefore, with knowledge of the damping ratio ξk 
and the time constant Tk, it is possible to evaluate the 
transient response and system natural frequencies. 

 
III. SIMULATION RESULTS 

 
For a particular hoisting electric drive of a bridge 

crane, with a 3-phase induction motor type 4MTF160LB6 
(P = 15kW), using the specific calculation algorithm for 
three-phase reversible voltage controllers declared in [2], a 
mathematical model was developed in order to evaluate the 
effect of the electrical and mechanical parameters of the 
hoisting electric drive on the system transient behaviour. 
Here different speed-torque characteristics were calculated 
for both the open loop and closed loop systems subject to 
both lifting and lowering modes. 

The effect of changing the voltage regulator gain 
Kreg. on the damping ratio ξk during both lifting and 
lowering the nominal cargo (TL=190.7 Nm) is depicted 
in fig. 3 assuming the speed – torque characteristics 
depicted in fig. 2. 

In fig. 2 three random motor slip (speed) values are 
selected for analysis: S=0.85 for the lifting mode whereas 
S=1.1 and S=1.5 are selected for lowering. For S=0.85 
three different voltage regulator gain values were used in 
order to get different speed-torque characteristic curves as 
follows: Kreg. =3.8 for characteristic 1, Kreg.(opt.) =1.3 for 
characteristic 2 and Kreg. =2.2 for characteristic 3. For S=1.1 
two voltage regulator gain values were used as follows: 
Kreg. =3.8 for characteristic 1 and Kreg.(opt.)=0.9 for 
characteristic 2. For S =1.5 two voltage regulator gain 
values were used as follows: Kreg.=3.8 for characteristic 1 
and Kreg.(opt.)=0.75 for characteristic 2. 

As an examination of fig. 3 reveals there is an 
optimum value of Kreg.=Kreg.(opt.) at which the transient 
mechanical oscillations are minimal. This response occurs 
at ξk = ξk(max.). It is also observed that the specific value of 
ξk(max.) is independent of the motor’s slip S (speed) or 
torque. From fig. 3 it is also noted that as the motor’s slip 
increases the maximum ξk occurs at decreasing Kreg. 
(Kreg.(opt.)). On the other hand, Kreg. is directly proportional 
to the rigidity of the speed-torque characteristic, small 

values of which are undesirable for the above mentioned 
closed loop control system. 

The effect of Kreg., on the transient shape for a starting 
process to a speed ω =0.15 of the rated speed, is shown in 
fig. 4 (a, b & c). An examination of figs 4(a), (b) and (c) 
indicates the optimum transient (i.e. maximum oscillations 
damping in minimum transient time) occurs at 
Kreg.(opt.)=1.3, which corresponds to the motor slip (S) 
identified in fig. 3 at S = 0.85. 

 
Further analysis was conducted to observe the effect 

of varying γ. This analysis, conducted elsewhere but 
omitted for brevity, revealed that increasing γ does increase 
ξk, therefore minimizing the system transients. However, 
for typical actual hoisting mechanisms 1.02 ≤ γ ≤ 1.4, 
suggesting it is difficult to reduce the system’s oscillations 
by increasing γ. 

 
IV. CONCLUSION 

 
As this mathematical analysis and simulation has 

revealed that selection of the optimum value for the supply 
voltage regulator gain Kreg., to the voltage power controller 
of a slip-ring induction motor results in reduced transient 
oscillations. Minimal oscillations are possible by further 
adjustment of the voltage regulator gain Kreg. and 
incorporating negative feedback of the elasticity torque 
into the system [1]. 
 

REFERENCES 
 

[1] Gerasimyak R.P., Aeet A.M., Ramaruvakhuaka A.M. [1996], 
“Synthesis of Minimizing Elasticity Vibrations in Hoisting 
Mechanisms” Electromechanical Engineering and Electrical 
Equipment Vol. 48, pp.: 30-37. [ISBN 966-575-009.7]. 

[2] Dewan S.B., Slemon G.R., Straughen A. [1984], “Power 
Semiconductor Drives” A Wiley-Interscience Publication. John 
Wiley & Sons. 

[3] Mummadi Veerachary. [2002], “Optimal control strategy for a 
current source inverter fed induction motor” Computers and 
Electrical Engineering – Pergamon – Elsevier. Vol. 28, pp.:255-267. 

[4] O’Kelly D., [1991], “Performance and Control of Electrical 
Machines” McGraw-Hill, London. 

[5] Selmon G.R., [1992], “Electric Machines and Drives” Addison-
Wesley, New York. 

[6] Rahman B.E., [1977], “Thyristor and Diode Controlled Voltage 
Drives for 3-phase Induction Motors” Proc. IEE, 124, 9, pp.:784-
790. 

 


