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ABSTRACT 
BLDC motor also included as synchronous motor, also having permanent magnet. The effective BLDC motor has enhanced 
performance than other motors. Since, it’s having several advantages like earlier torque is high, convenient in size and much  
efficiency. Requirements of BLDC motors for industries like automotive, aerospace and instrumentation fields. These motors 
are well apt for medical field because the structure of BLDC motor is suitable for any critical situation. Diabetes mellitus is an 
illness of metabolic. It’s also named as Diabetes. Type 1, type 2 diabetes and gestational diabetes are the major three types in 
diabetes mellitus. The important factor to categorize the healthiness of patients in clinical field is blood glucose. At a co nstant 
time interval per a day blood glucose insulin level is measured for the patient. In this proposed work, a continuous drug 
infusion for avoids the conventional discrete approaches by automating closed loop control by the way of BLDC motor. Mainly 
the effective couple of controllers were considered in this method for insulin injection during continues mode. For the better 
quality performance of diabetes control two controllers planned in this plant are Fuzzy Logic Controller (FLC) and PID 
controller. Glucose range in the model is given to the FLC and error signal be reduced. A Glucose level of the model is measured 
and given to the FLC for finding error value and how much quantity of insulin additionally injects to the patient model. Afte r 
that, insufficient level of glucose is set as a reference value to the BLDC motor and also, the error can be reduced by PID 
controller. According to required level of glucose value speed of BLDC motor be talented to adjust for infusion. For charging  
and discharging stages also the various glucose levels in the model was simulated in MATLAB Simulink. 

 

KEYWORDS: Brushless DC motor, Pancreas model, Fuzzy logic controller, PID controller, firing system  
 

INTRODUCTION 

 

 Industries applications are like subsequently actuators, CNC machines supply devices, robots in industrial, 

and extruder drives the BLDC motors are expected at present. Speed control is a main key part in the motor 

control process. BLDC motor speed is capable of be effectively controlled via PID controller [1]. The various 

methodologies of PWM controlled for BLDC using PID controller for profitably control the Speed and torque 

are controlled [2]. Compare to Fuzzy and PID controllers FLC with PID controller is giving better performance 

for rising time, damping ratio, peak time, settling time. Also, sustain the constant speed for various load 

condition [3].  

 BLDC motor speed control process highly application for medical field like breathing devices, mobility 

equipment, prevent from the blood clot and etc. Managing diabetes is the foremost factor in the body of human. 

The numerical model of variety types of a diabetes patient is derived and various graphs are obtained for 

diabetes patient and among normal people [4-5]. Approximate stage of glucose in blood is measured by using 

microcontroller 8051. Drop the blood into the strip blood glucose intensity is measured and the truthfulness of 

measurement of BG level is ± 3% [6]. PID controller also proposed for control glucose level in blood based on 

the standard of IOB (insulin on board) for closed loop. Theoretical source for control blood glucose provides by 

the combinations of glucose- insulin mathematical model and control algorithm [7]. Simulation results were 
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demonstrated for FLC and PID controller. The fuzzy controller is given better than PID controller. Because, a 

fuzzy controller is more reliable, safer and consumption of insulin is lesser while compare to the PID controller. 

For that reason, a FLC is well suitable for diabetes patient in critical stage [8].  

  In this paper, to keep away from dangerous we approaches by automating diabetes therapy via continuous 

drug infusion for control the closed loop system. For injection of insulin in continues stage purpose, two 

controllers were considered in this system. The controllers planned for precious control process are PID and 

FLC. Glucose levels of the model are measured and give as a reference value to the FLC. FLC shows an 

insufficient level of glucose. That level of insulin is specified to BLDC motor, and PID controller control the 

error and speed will control for insulin infusion. 

 

Permanent magnet brushless dc motor: 

 According to the various physical configurations BLDC motor can be constructed. These are classified as 

single phase, three phase motors depending on stator winding. Most properly three phase BLDC with permanent 

magnet rotor are used for construction. The construction of BLDC motor also same as that of three phase 

induction motors. BLDC motor stator prepared with laminated by stacked steel for the windings. These 

windings present mainly two kinds of arrangement. There are star or delta connections. Mainly, BLDC motors 

are three phase star connected stator is proposed for industrial application. 48 V or less voltage BLDC motor for 

robotics, automotive, small applications, and 100V or high rating motor are used for industrial applications.  

 The rotor of BLDC motor also incorporates with magnet in stable stage. Depending on the applications of 

equipments the number of poles in the rotor can be adjusted from 2 to 8 poles with alternative south and north 

poles. The density of flux in the substance must be high in the motor for achieving maximum torque. The rotor 

is considered necessary to produce compulsory magnetic field density by a good magnetic material. 

 Hall sensor provides the information related to rotor position. BLDC motor follows similar works of 

convention DC motor and the law of Lorentz force which states that at any time a current carrying conductor 

located in a magnetic field it experiences a force. As an effect of the reaction force, the magnet will experience 

an opposite and equal force. Movement of magnet in BLDC motor was accursed when, current carrying 

conductor was in the condition of inactive. 

 Speed control process is mainly implemented in the industrial application. The speed control units are 

normally implemented by using PID or any other controller. BLDC motors are unique for testing equipment and 

medical machinery that also always system kept cool and plus point of the motor is quiet, and patient feels 

comfortable. For the following ways, applications of BLDC motor were implemented for medical field.  

 Prevention from Blood clot  

 Medical test (Analyze fluid sample) 

 Mobility equipment (Lifts, patient beds) 

 Medical equipment (blowers, compressor, medical pumps, surgical instrument). 

 Breathing devices. 

 

Controllers: 

PID controllers: 

 The usual PID controller is used for control the apparatus by controlling the parameters like speed, 

temperature, pressure and other operating parameters. Fig 3.1 views about major three functions of PID 

controller.  

 

 
 

Fig. 3.1: Basic block diagram of PID Controller. 

 

 Transfer function of PID controller: Kp+KdS+
𝐾𝑖

𝑆
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Fuzzy controllers: 

 Fig 4.2 shows four basic functional building block of fuzzy logic controller specified below. And, the four 

blocks are fuzzification, fuzzy rule, fuzzy interface mechanism and defuzzification. 

  

 
 

Fig. 3.2: Basic function blocks of fuzzy. 

 

Fuzzification:  

 For this process predefined membership function parameters are taking the main place. Fuzzification 

process also having various membership functions parallel to the main shapes are triangular, trapezoidal, 

exponential and sinusoidal. 

 

Rule matrix:  

 Sets of fuzzy and operations of fuzzy are explain in the form of an eligible statement by rule matrix. 

 

Inference mechanism:  

 Operation of mapping between input and output is done by using Fuzzy interface control method. Mamdani 

interface and Sugeno interface mechanisms are most important methods of fuzzy interface systems and 

Mamdani type of fuzzy interface is proposed in this work. 

 

Defuzzification:  

 The required output value is getting from defuzzification process 

 

Diabetes control: 

 Diabetes Mellitus is an assembly of metabolic illness which accurse due to blood sugar level is high for 

long period. DM is also referred as diabetes. This makes affects the capability to produce the insulin in the 

human organization. Always human body converts food energy (sugar and glucose). Releasing of insulin is help 

to move this energy to cell and insulin is act as a “key”. Compare to the normal person level of blood glucose is 

higher for diabetes patient. The three most important methods of diabetes affect the human systems are: Type 1 

(juvenile diabetes), Type 2 (adult-onset diabetes), and Gestational Diabetes. Mutually, first two types of diabetes 

are having same Symptoms are given below: 

 Frequent urination 

 Too much thirst  

 Excessive hunger  

 reduce weight suddenly 

 Irritability of vision 

 

Type 1 diabetes:  

 Human body destroys the beta cells in the pancreas for those who are affected the type 1 diabetes; it will 

produce insulin in the body. Type 1 diabetes is an variety autoimmune disease. This also leads the body to not 

able to produce insulin for long period. 5-10 percentages of people affected by type 1 diabetes. Closed loop 

treatment of type 1 diabetes is shown in Fig 4.1. 

 

 
 

Fig. 4.1: Block diagram of closed loop control of diabetes. 
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Type 2 diabetes: 

 Type 2 diabetes affects the way the body method glucose or blood sugar. Type- 2 diabetes occurs when the 

human body powerless to generate insulin or human body does not produce adequate insulin, also called 

restriction of insulin. Generally, the people affected by Type- 2 diabetes after the age of 45. Also, 90-95 % of 

people affected by type 2 diabetes illness.  

 For these persons, if follows healthy dieting, exercise, insulin therapy, and proper medication will help to 

control. In modern year’s younger people, together with children’s are also affected by type-2 diabetes. Closed 

loop treatment of type 1 diabetes is shown in Fig 4.1. 

 

Gestational diabetes:  

  Gestational diabetes temporally appears during pregnancy stage for women. It is also similar to that of type 

2 diabetes. Gestational diabetes normally develops during third trimesters for pregnant women. It usually 

develops during the third trimester of pregnancy after the delivery blood sugar (Glucose) will return normally. 

Unhappily, a woman whose affected by gestational afterward they have type 2 diabetes. Fig 4.1 shows closed 

loop treatment of type 1 diabetes. 

 

Closed loop diabetes control using bldc motor: 

 A basic operational block of closed loop diabetes control by using BLDC motor drive shows the Fig 5.1. 

Fig 5.2 shows the working circuit diagram of type 1 diabetes control for closed loop. There are two controllers 

are performing the subsequent operations are Fuzzy controllers utilize to find the wanted level of insulin and 

finding the error signal, a PID controller is for dropping the error through the BLDC motor in service stage. 

 

 
 

Fig. 5.1: Block diagram of closed loop control for diabetes 

 

 
 

Fig. 5.2: Circuit diagram of type 1 diabetes control 

 

Pancreas model: 

 Pancreas is defined as artificial insulin devices. Fig 5.2 view the basic functional MATLAB block. 

Percentage of affected level of diabetes in the model is measured and for that insulin level preserve injects to the 

model. That also includes charging and discharging stages of the model.  
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Fig. 5.2: pancreas model. 

 

 Even though the patient takes insulin for a regular period, it will discharge after some particular time 

according to their working level. In this proposed method 0.0175 percent discharging level is fixed. In per unit 

conversion block convert the percentage of diabetes in the unit value. Fuzzy controller effectively controls the 

fault signal and given an accurate value of additional insulin needed for a model with time. And the input 

(required insulin level) is given to the BLDC motor. The simulation diagram of closed loop control of diabetes 

is shows in Fig 5.3.. 

 

 
 

Fig. 5.3: simulation diagram of closed loop control. 

  
Performance Analysis Of Closed Loop Diabetes Control 

 Fig 6.1 shows the percentage of insulin evaluated from the model also defined in per unit value. 

 

 
 

Fig. 6.1: percentage of insulin. 
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 In this work, charging stage of a model were proposed. In particular simulation charging stage is take for 

reference and also 90% affected diabetes patient is taken as a nonlinear model. 

 The fuzzy controller was found the fault signal and required level of insulin is given as a reference signal to 

the BLDC motor speed control. Fig 6.2 shows how much amount of insulin essential for the model.  

 

 
 

Fig. 6.2: required level of insulin. 

 

 Hall detector and PID controller also present in feedback control devices. Firing angle (Ɵ) is given to the 

gate signal for bridge rectifier devices. According to reference insulin level, the speed of the BLDC motor is 

controlled. Fig 6.3 shows the BLDC motor speed for the model affected by 90% diabetes and 0.0175 

discharging stage.  

 

 
 

Fig. 6.3: Speed of the BLDC motor. 

 

Conclusion: 

 In this work, drug insulin infusion for continues stages automatically control the speed of BLDC motor via 

Fuzzy and PID controller. For finding the needed level insulin determined by the fuzzy controller and PID 

controller were used for and reduce the error signals and given as a reference input to BLDC motor rotation. For 

control the glucose level by infusing remote insulin by both controllers. For discharging stages also this model 

applicable. The performance examinations of a closed loop for a various percentage of diabetes affected level 

controlled and were simulated by MATLAB Simulink. 
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