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 ABSTRACT This article explores information technologies for the digital control of conveyor dryer 
transporter drives used in the drying of book blocks. The article analyzes the requirements for automated control 
systems for electric drives, particularly variable-frequency induction motors used in printing production lines. A 
digital control system architecture is proposed, ensuring flexible adjustment of operating modes, energy 
consumption optimization, and increased reliability of drying installations. The study describes advanced control 
algorithms for regulating the speed and torque of the electric drive using modern microcontrollers and sensor 
technologies. These solutions enable real-time adaptive adjustments to technological conditions, thereby 
improving overall system efficiency. Particular attention is paid to the integration of predictive maintenance 
functions and fault detection mechanisms, which enhance system reliability and reduce downtime. Experimental 
studies confirm the effectiveness of the developed approach, demonstrating improved performance and energy 
efficiency. The proposed solutions can be applied to modernize automated control systems in the printing 
industry, contributing to increased productivity, higher drying quality, and lower operational costs. 
 

 KEYWORDS asynchronous motor; printing products; pulse speed sensor; lattice functions; structure; digital 
structural modeling; drying quality; thermodynamic interaction. 
 

I. INTRODUCTION AND PROBLEM STATEMENT 
o optimize the drying processes of printed products, it is 
necessary to develop and implement two interrelated 

control systems: the temperature of the medium and the 
movement of these products in the drying chambers. 

In modern dryers, the spines of book blocks and other 
products are dried at an approximately constant temperature 
and the speed of the continuous movement of conveyors 
carrying the products to be dried. The temperature in the 
dryers and the speed of the conveyors is set by the operator 
based on their own experience, using outdated technical 
equipment with limited capabilities. Other possible drying 
modes—particularly those involving precise pauses of 
bundled printed materials under or between lamp sources of 
infrared radiation and with the corresponding intensity of heat 
energy change [9, 20, 25] have not been studied and are not 
used. To determine and implement rational modes of drying 
printing products in different dryers with different types of 
dehydrated products and methods of their placement on 
conveyors, it is advisable to use computers and digital 
methods and means of coordinated regulation of the thermal 
energy sources and conveyor movement. Relatively cheap 
thyristor converters (TC) are also needed to change the supply 

voltage of the lamps and the frequency of the supply current 
to the induction motors of the conveyors. To achieve this, it is 
sufficient to implement only the temperature and speed 
control functions of only the temperature and speed 
controllers and conveyor movement controllers in software, 
and to use these software tools for control instead of analog 
controllers in typical TCs. Since it is sufficient to change the 
voltage and current frequency within the range of (5÷10):1, 
and it is permissible to regulate the speed of the conveyor 
motor according to the law U/f = const, the use of expensive 
frequency converters (FC), in particular, from foreign 
manufacturers (such as ALTIVAR, MRS-310, etc.), which are 
equipped with dedicated computer units running complex 
software, is impractical for dryers. 

We previously developed a temperature control system for 
book block dryers, as described in [8]. This article proposes 
algorithms and programs for digital setpoints and controllers 
of the conveyor induction motor speed and displacement and 
formulas for engineering calculations of their parameters, 
along with mathematical models and simulation programs for 
analyzing the dynamic properties of the drives based on the 
FC-AM (asynchronous motor) system. 

T
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II. ANALYSIS OF THE RESULTS OF PREVIOUS STUDIES 
AND PUBLICATIONS DEVOTED TO SOLVING THE 
PROBLEM 
Typical drying processes for printed products are described in 
[9, 10, 12], though the methods and modern tools for their 
optimization are not addressed. In [9], the concept of drying 
book blocks using intermittent conveyor movement and 
variable lamp power is merely introduced. In [3, 5, 18, 19] 
and many other literary sources, methods of digital control of 
frequency converters, including vector control, which enable 
wide-range regulation of AM rotational speed under various 
control strategies. Paper [2] describes the TPTR-6.3-400-
200/50 type FC with analog PPCS (pulse-phase control 
system) and digital power, torque, and speed controllers. Mass 
production of digitally controlled frequency converters has 
not yet been established in Ukraine. 

For conveyor systems in printing dryers, it is advisable to 
implement programmatic control of the frequency converter 
and lamp power supply using a single computer. In addition, 
the computer should control fans, dampers, and valves, as 
well as be used for metering, protection, and signaling 
functions. The same computer can collect statistical data to 
support the identification of rational drying modes for printed 
products. 

These works explore the method of laser sensing of paper 
sheets using a variable-power photon beam, as substantiated 
in [11, 13-17, 21-23]. 

III. MATHEMATICAL MODELS AND ENGINEERING 
METHODS FOR SELECTING CONTROL MEANS OF 
DRIVES BASED ON THE FC-AM SYSTEM 
The most advanced and widely used drives are thyristor-based 
DC and AC systems with subordinate control mechanisms of 
such coordinates as voltage, currents, magnetic flux, rotational 
speed, motor torque, and movement of working bodies of 
mechanisms [5, 6, 24]. 

For drives, in particular, DC drives with analog linear and 
linearized components, structural diagrams, and formulas for 
selecting controller types and calculating their parameters that 
optimize circuits and provide stability, permissible overshoot 
within 5–8%, and a control error of ±2–5%, which is 
acceptable for most production mechanisms, and speed are 
theoretically substantiated. Optimization methods for control 
systems of asynchronous drives with frequency converters 
involve more complex algorithms, schemes, software, and 
hardware than those for DC drives [3, 5]. For dryer conveyor 
drives, the simplified control schemes and software for digital 
FCs described below are considered acceptable. 

IV. DEVELOPMENT OF A DIGITAL CONTROL SYSTEM 
FOR A VARIABLE FREQUENCY DRIVE 

The linearized mechanical frequency characteristics of 
drives based on the FC-AM system are presented in Fig. 1. 
Their operational segments can be assumed to be equidistant. 
The natural mechanical characteristic (at the frequency fном 
and the supply voltage of the stator phase winding Uном) is 
depicted with linearized working and start-brake segments 
and is taken as the basis for calculating the parameters of the 
ATS. The characteristics shown in Fig. 1 are inherent in the 
drives when f and Uf change according to the law f/Uf = const, 
which is suitable for regulating conveyor speed. That is, f / fn 
= Uf / Ufn = α. 

In this case, the torque of the asynchronous motor (AM) is 

calculated using the following formula: 
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where 
нf0   is the stator magnetic field rotation 

frequency in rad/s at f = fn; sAM is the rotor slip: 
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where R1, R2, x1 and x2 are the active and inductive 
resistances of the stator and rotor phase windings reduced to 
the stator winding. A more accurate torque calculation 
formula also exists, accounting for winding leakage and 
mutual induction [4]. 

Taking into account the accepted parallelism of the 
working parts of the mechanical characteristics of the AM, in 
the absence of the ω controller, the rotational speed on each 
segment is given by: 

,00  fн
н

ff M

M
               (3) 

where Mn and M are the nominal and operating torque 
values; f0  and f  is the rotational speed of the magnetic 

field and rotor at frequency f; ;0 нfн н
  ωn is the 

nominal rotational speed at fn and Mn. 
In the presence of the regulator ω, the FC changes the 

frequency f (in Fig. 1 f>fn). At the same time, the regulator   
decreases .  The regulator ω can act according to the PI 
and P-law. A block diagram of the drive with an inertial 
encoder 3d and a regulator ω is shown in Fig. 2. In the 
scheme, the FC generates α (in reality, Uf, equal to α·Ufn and 
f, equal to α·fn). The transmission coefficient kα is 
determined by the expression: kα=αном/Ureg ном. 

If Ureg нom=10 V, then αнom=1, i.e. kα=0.1. The scheme in 
Fig. 2 provides for the use of a more accurate PI controller ω. 
The transfer coefficient of the controller ω рk  and the 

feedback coefficient of ω зk  are to be determined. The 

transmission coefficient of the encoder kz is assumed to be 1. 
It is also necessary to determine the time constants of 3d and 
the PI-controller ω. The time constant of the FC inertia is 
relatively small (TFC = 0.001 ÷ 0.005 s). The electromagnetic 
inertia of the AM is insignificant compared to the mechanical 
time constant TM and is not taken into account. 

 

Figure 1. Frequency mechanical characteristics of the drive by 
the FC-AM system 

According to the structural diagram (Fig. 2), in static, the 
magnetic field rotation frequency f0  at a current frequency 

f is equal to  
нff 00 , where  
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Therefore 1/101,0  pk  , and   pk . 

 

Figure 2. Structural diagram of the drive by the FC-AM 
system 

That is, to reduce Δωн by a factor of 10, for example, from 
6 to 0.6 % of 

нf0  , it is necessary that ./10 VVk p   At the 

same time, the feedback coefficient on ω will be equal to : 
./9)1,010/()110()/()1( 000 ннн fffpз kkk     (5) 

We can take  
нfзk 0/10   , which is equivalent to  

нfзнз Uk  / . 

To optimize the dynamic properties of an induction drive 
according to the modular optimum (Betrags optimum [5, 6]), 
a PI controller ω is acceptable. In this case, the FC inertia is 
not compensated. In the structural diagram of the drive, the 
AM and the mechanism can be represented in the form with 
the transfer function  ),1/()(  sТksW MАМмехАМ  where 

номfАМ н
k  /  , and MТ  is the mechanical time constant 

proportional to the total moment of inertia of the drive J  , 

and different in value when the drive moves on the operating 
and starting-braking parts of the mechanical characteristics of 
the AM. The motion of the actuator at  кр   (Fig. 1) is 

described by Eq: 
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where Mn, Mkр and Mon are the starting, critical and 
resistance moments; Mon is assumed to be constant and not 
greater than Mn; Mn and Mkр have different values at different 
values of f and Uf. 

In symbolic form (at s = d/dt), the equation of motion is as 
follows: 

),/()()()1( опкркроппM МММMtsT       (7) 

where Tm = JΣ -ωkp / (Mkp - Mon).  
The equation of motion at ω>ωkp is as follows: 
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where дM  can be expressed as a function of   in the 
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where фзкМ ..  is the dummy torque at  0  (Fig. 1). 
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where ./)( 0 нндм МJT    

The optimization of the automatic adjustment system 
(AAS) contours compensates for the effects of time constants 
of the most inertial elements. In the FC-AM system, such a 
time constant is MT . At least one integrating link is required 

for astatic control in the optimized AAS.  
The transfer function of the drive according to the FC-AM 

system with a PI controller   and an open feedback loop 
according to    (Fig. 2) is as follows: 
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where 1RT   and 2RT  are the time constants of the PI 

controller; 12 RRR TkT    ;  is the time constant of the FC. 

At TR2 = TM, the transfer function of the closed-loop drive 
system is as follows: 
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where еквRT 1 is the equivalent integration constant of the 

controller 
./11  зAMRеквR kkkTT               (12) 

The transient process with 4.3 % overshoot and with a 
time of 4.7 T  to the first steady-state value of the regulated 

parameter is provided in systems if their transfer function is as 
follows [6]: 
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where T  is the uncompensated time constant 

( sT 01,0004,0   ). 

Since the relative damping coefficient    is equal to  

)2/( 11 еквRTPеквR TTT  , it is necessary that TT еквR 21    

and TTTP  . Then  2/1 . The time constant of the FC 

is close to  T . Therefore, the parameters of the PI controller   

 can be determined by the expressions: 
   ;21  зАMTPR kkkTT   MR TT 2 ; ./ 12 RRR TTk         

Given the small value of  TPT , the optimized transfer 

function of the drive can be taken in the form 
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When кр   the AM mechanism is described by the 

transfer function of the aperiodic link, and in transients with 

кр   the function  )1/()(  sTksW MАDМAD . The 

intensity of acceleration of the AM without boosting is large, 

and it can be reduced by an inertial setpoint with  .МЗд ТT   

If it is necessary to regulate the path of the conveyor (in 
the intermittent mode of its movement), the PI controller    
can perform the function of a PI or P-displacement controller. 
In this case, instead of feedback   on the displacement, 
feedback on the displacement is required, which is best 
monitored by a pulse speed AM sensor. A pulse speed sensor, 
for example, one that emits 60 pulses per revolution, as well 
as digital controllers or displacement controllers, improve the 
accuracy of the control. To limit the starting currents of the 
AM during its intermittent movement, it is advisable to use a 
PI current controller, which is subordinated to a P-
displacement controller. 

The block diagram of a conveyor drive with a digital 
setpoint and a PI controller   is similar to the diagram shown 
in Fig. 2. The circuit requires a DAT at the FC input and an 
ADT in the feedback loop for  , if the sensor   is a 
tachogenerator. Integration of the programmable setpoint and 
controller is acceptable by the method of rectangles or 
trapezoids. The same algorithms can be used for digital 
structural modeling of FC and AM. The integration time step 
can be taken during modeling to be the same for all links and 
less than 5-10 times the smallest time constant in the system. 
An 8- or 16-bit encoding of constant and variable parameters 
is acceptable. The following algorithms are recommended for 
the implementation and modeling of the functions of digital 
3D and PI controllers  . 

For the setter: 
)/)/(1 Здззівихівхівихівих ТНkkUUUU     ,  (15) 

Where ZвихZвх UUUU  ;0  (Fig. 2); H  is the 

integration time step. 
For the PI controller  :  
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where 1вихU  is the intermediate value of the output 

voltage of the controller;  NkUU ZNZвх  ; N is the speed of 

the AM ).( N      
The algorithms of the 3d and PI controller, as well as the 

I-link, which models the AM and the mechanism, are 
implemented in the form of subroutines function SAR3, 
function SAR4 and function SAR2 (see code below). 

In this case, it is not necessary to model ADTs and DATs 

with transfer functions  
s

e
sW

ssTD /)(1
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
 , since the inputs 

of the AAS elements during the integration step H maintain 
the constant input values calculated in the previous step. 

Typical microcomputers can be used for in-situ control of 
the drive and thermal energy sources, as well as other dryer 
equipment [7]. 

To evaluate the dynamic properties of the drive with a 
digital controller ω by the analytical method of constructing 
and analyzing lattice functions )( DiTh , we present the 

following discrete transfer functions of the drive and the 

impulse H(z) function, where sTDez  . These functions are 
obtained for the drive system, shown on Fig.2. For simplicity, 
the FC is assumed to be inertial-free and combined with the 
AM and DAT, and the inertial setpoint is not taken into 
account, since )( DiTh  is calculated with a jump-like single 

signal 1(t) at the system input. Then the discrete transfer 
function of the open-loop drive system is equal to 
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where DT  is the time of the period between discrete 

signals. After the transformations [1], we obtain 
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The discrete transfer function of the closed-loop drive 
system is as follows: 
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The impulse )(zH  function is obtained as follows [1]: 
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where   
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Determining the values of the coefficients id  and  jg  and 

dividing the numerator polynomial by the denominator 
polynomial, we obtain 

,......)( 1
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n
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i
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where the coefficients ic  are the ordinates of and DiT   

( ni ...1 ) are discrete abscissa of the lattice function )( DiTh . 

The most complete assessment of the regulatory properties 
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of the actuator can be made by the time characteristics 
)(tf and )(tfM  , obtained as a result of computer 

modeling of the actuator in the acceleration mode, and from 
experimental studies. 

V. RESULTS OF CALCULATING THE PARAMETERS OF 
ELEMENTS AND MODELING THE CONVEYOR DRIVE 
The main program and subroutines for digital structural 
modeling of the drive, based on the scheme shown in Fig. 2, 
are provided in the code below. 

import numpy as np 
def sign(x): 
    if x > 0: 
        return 1 
    elif x < 0: 
        return -1 
    return 0 
def SAR2(x, T1, H, y): 
    return y + x * H / T1 
def SAR3(x, T1, k, H, y): 
    return y + (x - y / k) * k * H / T1 
def SAR4(x, T1, T2, H, y1, y): 
    y1 += x * H / T1, y = y1 + x * T2 / T1 
    return y1, y 
def SAR14(x, y0): 
    return y0 * sign(x) 
def SAR17(x, y0): 
    y = x 
    if abs(y) > y0: 
        y = y0 * sign(y) 
    return y 
# Constants 
L = 100 UZ0 = 10 KZ = 1 TZ = 0.01 TR1 = 0.01 TR2 = 

0.04 UR0 = 12 KZN = 0.0665 KALP = 0.1 TTP = 0.005 UFN 
= 220 NO = 157 R1 = 8 R2 = 4.45 X1 = 5.2 X2 = 8 MO = 2 
JS = 0.03 HI = 0.0001 D0 = 100 TMAX = 1 

# Variables 
UZ = 0 UR11 = 0 UR1 = 0 UR = 0 ALP = 0.05 SAD = 1 

MOP = 0 T = 0 M = 0 N = 0 F = 0 D = 0 
while T < TMAX: 
    UZ = SAR3(UZ0, TZ, KZ, HI, UZ) 
    UR11, UR1 = SAR4(UZ - KZN * N, TR1, TR2, HI, 

UR11, UR1) 
    UR = SAR17(UR1, UR0), ALP = SAR3(UR, TTP, 

KALP, HI, ALP), F = R1 / ALP + R2 / (ALP * SAD) 
    M = 3 * UFN**2 * R2 / (NO * ALP * SAD * (F**2 + 

(X1 + X2)**2)), SAD = 1 - N / (NO * ALP), MOP = 
SAR14(N, MO), N = SAR2(M - MOP, JS, HI, N), T += HI, D 
+= 1 

    if D >= D0: 
        print(f'T: {T}, M: {M}, N: {N}') 
        D = 0 
The following drive parameters were used for modeling 

the conveyor system based on the FC-AM architecture with 
the selected AM type 4A80M4U3 and TP type TPTR-
:6.3_400-200/50 UHL4. Motor: Pн = 1.5 kW; Uн = 380/220 
V; ωn = 150 s-1; ηn = 0.8; cosφn = 0.87; Jд = 0.01 kg-m2; Ip/Iн = 
6; MP/Iн = 2; Mkр/Iн = 2.5; I = 3.3 A; R1 = 8 Ohm; x1 = 5.2 
Ohm; x2 = 8 Ohm; xμ = 1.9; sn = 0.05; scр ≈ 0.22; ωcр = 120 c-

1; Mн = 10 nm; Mp = 20 nm; Mcр = 25 nm; Mop = 8 nm.  Time 
constant of the mechanical TM when moving on the working 
part of the characteristic ω = f (M) and f = 50 Hz - 

,022,0/)( 0 sМJТ ннM     where 

.03,03 2mkgJJ д   

Equation of motion:   
./)(/ 0 нноопM ММdtdТ         (21) 

When moving on the start-brake segments of the 
characteristic Hzf 50  sММJТ пкркрM 7,0)/(   and 

the equation of motion: 
)./()(/ оркркрорпM ММММdtdТ      (22) 

TP parameters: ;/2210/220/. VVUUk нрегнфUTP    

;/510/50/ VHzUfk нрегнfTP        

;//;/ нФфнф UUffconstUf      

;1,010/1/  нрегнALP Uk     

.005,0 sТTP   

3D parameters   :  ;1zk  sTT Mz 1,0 . 

Parameters of the PI controller :    
  ,01,021 skkkTT ZNADALPTPR   

where   
;150/  ннADk  ;0665,0/ sVUk ннрегZN  

;2 мR TT  .       

while   
;04,02 sTR  ;/4/ 12 VVTTk RRR     ;12max0 VUU RR   

;1570 1
0

 sN
нf

 ;30 nmМ  ;220 VUFN   and is the 

integration step: .001,0 sHI     
Acceleration simulation time: ;2,0 sTMAX   number of 

cycles in increments HI  without outputting results .20 D   
The above data are used to model the drive on a computer. 

The time characteristics )(tf   and  )(tfM  , obtained as 
a result of modeling the drive in the acceleration mode, are 
shown in Fig. 3. Their profiles differ from those of the natural 
acceleration characteristics of the asynchronous motor 

),(Mf  because both the frequency f  and voltage фU  are 

variable over time. 

 

Figure 3. Dynamic characteristics of the drive by the FC-AM 
system during acceleration 

VI. CONCLUSIONS 
To improve the accuracy and coordinated control of medium 
temperature and conveyor movement with packages of printed 
products, as well as for controlling the motors of fans, 
dampers, and other dryer equipment, it is advisable to use a 
computer and a special software programs. It is advisable to 
adjust the power of heating lamps and the speed of the 
asynchronous drive of the conveyor with improved standard 
domestic thyristor converters, by replacing analog setpoints 
and regulators with software tools implementing the 
algorithms described in [8] and the current study. 
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The effectiveness of the developed digital automatic 
adjustment system (AAS) for controlling medium temperature 
and conveyor motion was confirmed through digital structural 
modeling. By applying the developed AAS on modern dryers, 
it is possible to experimentally study the dehydration 
processes of glued printed products and to determine the most 
appropriate, and eventually optimal, drying modes. 
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