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ABSTRACT At the site of continuous rolling of lithium battery electrode, most of its correction units use
traditional PID control algorithms, coupled with the complex structure of the rolling equipment and the
large number of control system actuators, result in the deviation of the pole piece position being controlled
within 10mm only. In order to avoid the undesirable industrial problems caused by untimely correction and
insufficient control accuracy, this paper proposes a control strategy for lithium battery roll press deflection
device with the introduction of GA(Genetic Algorithm) optimized integral separation PID. For the problems
of poor self-adaptive capability of deflection control and interference with equipment and environment
during the rolling process. Analyze the causes of runout of the pole piece and the structure of the deflection
correction system, establish a mathematical model and an integral separation fuzzy PID controller to realize
the deflection control. Optimize the key parameters of the controller using GA to improve the control
accuracy and performance of the deflection control. Simulations and experiments show that the deviation
control strategy proposed in this paper can reduce the position deviation of the polar strip to within 4mm,
which can effectively improve the deviation correction accuracy and the anti-interference capability of
equipment operation, and also provide a good solution for the deviation control of other large and complex
mechanical equipment.

16 INDEX TERMS Battery roller press, deviation control, genetic optimization, fuzzy PID.

I. INTRODUCTION17

During the operation of the roller press, the pole piece runs18

fast on the drive roll. However, due to the bending and defor-19

mation of the pole piece itself or the influence of roller press20

operation technology, it will cause the deviation of the lithium21

battery pole piece on the drive roll, thus causing damage to the22

rolling unit and other mechanical units of the roller press [1].23

The deviation correction system mainly has the following24

functions in the smooth rolling of the pole piece [2], [3], [4]:25

The associate editor coordinating the review of this manuscript and

approving it for publication was Zhong Wu .

1. Avoid the deviation of the pole piece during the pro- 26

duction process and ensure the smooth running of the 27

pole piece on the main roll and drive roll. 28

2. Realizing the stable winding of the pole piece, avoiding 29

the folding or wrinkling of the pole piece during the 30

winding process; 31

3. Making the traction force of the pole piece parallel to 32

the center line of the driving roller, and ensuring uni- 33

form tension of the winding and unwinding pole piece. 34

The current correction control strategy is more traditional, 35

not only the accuracy method is not high, but also the ability 36

of adaptive adjustment, and the anti-interference ability is 37
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slightly insufficient. Therefore, it is of great significance to38

study the new high-precision and strong anti-interference39

ability correction control method for the deviation control of40

rolling mill.41

In the field of corrective control, many scholars have42

carried out research on the corrective control methods of43

various mechanical equipment, which is of great significance44

for this paper. Kou X Q aimed at the steel strip devia-45

tion, an improved PID control method based on RBF neu-46

ral network is proposed. According to Jacobian information47

identification of RBF neural network combined with incre-48

mental PID algorithm, the self-tuning of parameters is imple-49

mented so that the performance of the system can achieve50

the designed requirements [5]. Wang based on the actual51

running deviation data of some aluminum strip rolling indus-52

try, we analyzed their chaos and fractal character, proposed53

one improved pattern classification based on the fuzzy c-54

average clustering, on basis of this method classified running55

deviation pattern, constructed adding weight zero-order local56

prediction method of strip turning deviation signal [6]. Hui57

found that the nonlinearity and time-variance of electrical-58

hydraulic servo system for steel strip deviation make tradi-59

tional PID control hard to achieve the ideal control effect it.60

The combination of neural networks control and general PID61

can form neural network self-adjusting PID control strategy62

to realize good control of electrical-hydraulic servo system63

for steel strip deviation. To improve the dynamic response64

speed and performance of the system, RBF neural network65

is adopted to indentify and predict the system [5]. The dual-66

chip control system of ‘‘ARM+DSP’’ proposed by Xiao and67

Deng, etc., using the dual-chip architecture and fuzzy PID to68

improve the anti-interference capability of pole piece deflec-69

tion and tension control [7]. However, the control method70

in the overall amplitude of the equipment is too large or71

failure, the traditional PID control will produce the integral72

accumulation phenomenon, resistance to large interference73

signal when the control accuracy and speed is not enough.74

Among them, the initial parameters in the fuzzy PID and75

the selection of fuzzy rules mostly rely on experience, while76

the correction control in the polar piece rolling process is a77

nonlinear system that changes in real time, and the improper78

selection of initial parameters can also affect the control79

accuracy. Deviation between the selected initial parameters80

and the optimal parameters by relying only on experience and81

not in relation to the actual operating conditions of the equip-82

ment. To improve the performance of the PID controller for83

a steel strip deviation control system, an enhanced artificial84

bee colony algorithm is proposed to optimize PID controller85

gains [8]. However, an accurate mathematical model was not86

established in this paper.87

It can be seen that although the authors have adopted a lot88

of different rectification control methods in the rectification89

control of pole piece, there are still certain deficiencies in90

them in combination with the deflection accuracy and the91

deflection effect described in the paper, for the following92

reasons:93

1. Most rectification control strategies are relatively sim- 94

ple and lack good adaptive ability; 95

2. In addition to the position of the pole piece belt, the 96

deviation correction part of the pole piece rolling mill 97

also has a certain coupling relationship with various 98

parameters such as guide rollers, tension and vibration. 99

The existing control method is difficult to solve the 100

interference of the equipment itself and the external 101

environment when the pole piece is rolled, and needs 102

to be further optimized and upgraded; 103

3. Most of the above methods are for the analysis and 104

research of strip steel. 105

The existing deviation control methods are robust control, 106

adaptive control, fuzzy control, neural network and PID con- 107

trol. The PID control method is simple and widely used in 108

industry. With the fuzzy algorithm which does not need to 109

establish an accurate mathematical model and has excellent 110

anti-interference ability, it can be well applied to the tension 111

control process of rolling mill. Therefore, this paper studies 112

and analyzes the rectification mechanism and improvement 113

method of the pole piece in the pole piece rolling mill, and on 114

this basis, designs a kind of rectifying control method suitable 115

for the pole piece rolling mill, that is, the fuzzy PID control 116

method based on genetic algorithm(GA) optimization. On the 117

basis of integral separation PID control algorithm, fuzzy 118

algorithm is introduced to realize on-line adjustment of KP, 119

KI and KD parameters in PID control by using relevant expert 120

knowledge, which can effectively improve the accuracy and 121

anti-interference ability of the control link. In order to avoid 122

the problem that the traditional optimization method is easy 123

to fall into the local optimal solution, the GA is introduced to 124

optimize the PID initial parameters and fuzzy rules. 125

The robust control has good performance against the inter- 126

ference of the internal and external environment of the sys- 127

tem, but its control accuracy is slightly lower than that of other 128

methods. Adaptive control has good performance in dealing 129

with external random interference and lag response method 130

of mechanical equipment, but the lag of mill deviation control 131

is not high, and the interference is not particularly strong in 132

the process of stability control, so this method is not selected 133

in this paper. Neural network has strong performance in self- 134

learning and self optimization, and has good adaptability in 135

rolling mill tension control, but it is not convenient to write 136

the algorithm of the control system. Compared with robust 137

control and adaptive control, the control strategy proposed in 138

this paper can guarantee the control accuracy while counter- 139

ing the internal and environmental interference, and is more 140

suitable for the deviation control of the pole piece. 141

This article takes the pole piece rollingmachine’s deviation 142

correction system and deviation correction flow as the start- 143

ing point, on this basis, it focuses on the genetically optimized 144

fuzzy PID control method [9]. 145

The novelty of this paper lies in the establishment of the 146

model of the deviation correction system and the optimization 147

of the initial parameters and fuzzy rules in the integral sepa- 148

ration fuzzy PID. In the process of genetic optimization, the 149
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initial parameters are optimized first. When the fuzzy rules150

are optimized, the initial parameters of the optimization are151

introduced to obtain the final optimization results. Through152

the establishment of the model and the optimization of the153

parameters, a deviation correction system suitable for the pole154

piece rolling equipment is constructed, which solves the155

problems of low control accuracy and poor anti-interference156

ability in the field of pole strip deviation correction. Aiming157

at the nonlinearity of the rolling mill control system, the158

mathematical model of the deviation correction system is159

established, and the transfer function of the deviation correc-160

tion control is introduced to simulate the real-time deviation161

correction effect, so as to feed back the fitness value under162

different initial parameters to improve the adaptability of the163

genetic algorithm.164

Firstly, the establishment of fuzzy PID controller is165

achieved by establishing the method of correcting fuzzy,166

membership function and related fuzzy rules, combined with167

PID control algorithm [10]. Then the genetic iterative opti-168

mization principle is used to optimize the basic parame-169

ters of PID and the fuzzy rules in the fuzzy controller to170

improve the accuracy and anti-interference ability of the171

control method [11]; Finally, the performance of the algo-172

rithm is verified by means of simulation analysis, experimen-173

tal verification and comparative analysis. In the industrial174

field, the position deviation of the pole piece is less than175

10mm in the traditional PID control algorithm used in the176

rewinding and correcting unit of the polar strip rolling mill.177

The fuzzy PID control algorithm proposed in this paper can178

reduce the position deviation of the polar strip from 10mm to179

4mm, which greatly improves the accuracy and effect of the180

rectification.181

II. CAUSES OF THE DEVIATION OF POLE PIECE182

In the ideal environment of lithium battery pole sheet rolling,183

the running direction of the pole piece is completely perpen-184

dicular to the center line of the guide roll of the production185

line. At this time, the pole piece runs smoothly without186

position deviation, as shown in Fig.1.187

FIGURE 1. Structure diagram of pole piece without offset phenomenon.

However, in the actual rolling process, due to the com-188

plex structure of mechanical equipment, more actuators of189

control system and external uncertain interference factors,190

the pole piece will produce a certain degree of offset, and191

this offset is often difficult to avoid. The main factors are192

as follows.193

A. INFLUENCE OF GUIDE ROLL GEOMETRY 194

In the process of polar strip conveying, the cylindrical guide 195

roll is commonly used, but in the actual production process, 196

the shape of the guide roll may not be standard. Or in the 197

long-term conveying process of the polar strip, the guide 198

roller is worn due to the friction with the polar strip. These 199

factors will lead to the change of the shape of the guide 200

roll, such as bending, bulging or the change of the roll body 201

structure into cone roll. Taking the cone roll as an example, 202

this paper analyzes the impression of the guide roll geometry 203

on the offset of the polar strip: assuming that the roll shape 204

is intact, the polar strip is only subject to the traction force 205

perpendicular to the center line of the guide roll. When the 206

roll shape is conical, as shown in Fig.2, due to the uneven 207

force on both sides of the polar strip, a transverse offset force 208

will be generated on the polar strip from the place with the 209

smaller roll diameter to the place with the larger roll diameter. 210

When the lateral offset force is greater than the maximum 211

static friction between the roll surface and the pole piece, the 212

pole piece will shift to the larger roll diameter. 213

FIGURE 2. Schematic diagram of the influence of guide roll shape on
polar plate offset.

B. INFLUENCE OF INSTALLATION ERROR OF GUIDE 214

ROLLER 215

During the installation of the guide roll, due to the operator’s 216

error, the guide roll and the horizontal line may no longer be 217

parallel, as shown in Fig.3. In this case, compared with the 218

above analysis method of cone roll, a lateral offset force Fx 219

will be generated. The offset force points to the higher side 220

of both sides of the conductor roll, which will cause the pole 221

piece to offset to this side. 222

FIGURE 3. Schematic diagram of the influence of guide roll installation
error on pole piece offset.

C. THE WAVE EDGE LEADS TO UNEVEN TENSION 223

DISTRIBUTION 224

When the wave edge phenomenon occurs in the rolling pro- 225

cess of the pole piece, the force analysis is shown in Fig. 4. 226
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When the pole piece is under constant tension, the force on the227

left and right sides of the pole piece is unbalanced due to the228

wave edge phenomenon, and there will be both longitudinal229

traction force and a transverse deflection force pointing to the230

wave edge on the pole piece, which will cause the pole piece231

to shift to the side with wave edge phenomenon.232

FIGURE 4. Schematic diagram of the influence of wave edge
phenomenon on polar plate migration.

D. THE AXES OF GUIDE ROLLERS ARE NOT PARALLEL233

Sometimes, two or more guide rollers need to be installed234

to realize the stable transmission of polar strip. At this time,235

if the axes of different guide rollers are not parallel, as shown236

in Fig.5, there is a certain angle between the axis of guide237

roller and the transmission direction of polar plate, which will238

lead to the uneven tension received by polar plate belt. At this239

time, the polar plate belt will tilt to one side due to the friction240

component perpendicular to the roller direction.241

FIGURE 5. Schematic diagram of influence of non parallel guide roller
axis on polar plate offset.

E. SECTION THICKNESS OF POLAR STRIP242

After the pole piece is rolled by the rolling mill, the section243

thickness will be compacted to the same thickness. However,244

before rolling, there may be a certain section thickness differ-245

ence in the coarse material of the pole piece discharged from246

the unwinding air expansion shaft. When passing through247

the guide roll in the unwinding device, due to the different248

transverse thickness difference, the force on both sides of the249

pole piece on the guide roll is uneven. The section of the guide250

roll is shown in Fig.6, At this time, there will be a traction251

force on the strip from the thinned part to the thicker part,252

resulting in the offset of the strip before it enters the roll.253

Under the influence of the above factors, the pole piece tape254

will be shifted during the transmission process. These pole255

piece shift phenomena continue to interact and accumulate,256

and may produce tower-shaped rolls, overflow edges and roll257

FIGURE 6. Schematic diagram of the influence of the section thickness of
the polar plate on the polar plate offset.

layer disorder etc.Where the tower roll and roll layer disorder 258

are shown in Fig. 7. 259

FIGURE 7. Adverse phenomena caused by pole displacement.

In addition, during the operation of the equipment, the 260

uneven tension distribution of the pole piece belt has an 261

adverse effect on the deviation correction control of the pole 262

piece belt to a certain extent, which is mostly caused by 263

mechanical structure problems. However, with the use of 264

equipment, the change of mechanical structure is inevitable, 265

so the influence of tension is not considered in the process of 266

rectification. 267

F. STRUCTURE OF DEVIATION CORRECTION SYSTEM 268

In order to avoid the above-mentioned adverse effects, and to 269

ensure that the pole piece strip can accurately pass through the 270

roll when unwinding, and can be neatly passed through the 271

rectification mechanism during rewinding, the edge correc- 272

tion system is often used in pole piece rolling mills to achieve 273

the pole piece The correction is shown in Fig. 8. 274

The electrode strip rectification system is mainly com- 275

posed of rectification detection device, main control system, 276

rectification control device and electric actuator [12]. The 277

photoelectric or ultrasonic sensor is installed on one side of 278

the electrode strip as the reference. When the polar strip is 279

offset, the detection device will measure the offset distance 280

and angle of the strip edge, determine the degree of the strip 281

offset, and transmit the collected information to the main con- 282

trol system. After analysis and processing, the main control 283
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FIGURE 8. Structure diagram of pole piece correction system.

system determines the control strategy, outputs the signal to284

the rectification control device, and then drives the electric285

actuator to drive the rectification mechanism to realize the286

pole piece rectification. When the offset distance of the pole287

piece returns to the set value after correction, the action of288

the electric actuator shall be stopped. During the operation of289

the rolling mill, the above operations shall be continuously290

cycled to make the strip run stably within the set offset range.291

The rectification process of pole piece is shown in Fig.9292

FIGURE 9. Schematic diagram of pole piece correction process.

III. THE ESTABLISHMENT OF MATHEMATICAL MODEL293

OF DEVIATION CORRECTION SYSTEM294

Before the research on the control method of deviation cor-295

rection, it is necessary to confirm the system model of the296

execution and transmission part of the deviation correction297

system, and complete the correct drive signal output. There-298

fore, this section combines the drive motor with the mechan-299

ical actuator to derive the transfer function of the pole piece300

rectification system.301

According to the functional requirements of the model, the302

model can be divided into three parts: detection and compar-303

ison, motor drive and mechanical drive. In the detection and304

comparison part, the strength of the collected sensing signal305

is detected and converted into the offset distance of the actual306

electrode strip by calculation, and the offset information of307

the electrode strip is calculated by comparing the measured308

value with the set offset value; In the motor driving part,309

the driving motor is transformed into a mathematical model,310

and its transfer function is obtained by analyzing its motion311

equation for subsequent analysis. The mechanical transmis-312

sion link drives the mechanical structure through the motor313

to realize the action of the guide roller, which is the last314

link to complete the deviation correction control. Here, the315

transmission model is established for analysis to replace the316

corresponding mechanical structure.317

1. The detection and comparison link mainly involves 318

position detection. Because the detected signal is an analog 319

signal, the analog signal L and the corresponding position 320

information HL can be converted into a proportional link 321

through the proportional coefficient KL. The specific transfer 322

function is shown in (1). Then, by comparing the collected 323

position information Lf with the set value Lc and making a 324

difference, the position deviation information Le is obtained, 325

as shown in (2). 326

HL(s) = KL l (1) 327

Le = Lc − Lf (2) 328

2. Motor drive link. In order to facilitate the subsequent 329

simulation model building and simulation analysis, this paper 330

simplifies the motor model and adopts a simple DC motor 331

model: 332

La
dia
dt
+ Raia = Ua − Ea (3) 333

Ea = Keωa = Ke
dθ
dt

(4) 334

In the equation, Ua is the armature voltage, θ , La and Ra are 335

inductance and resistance of armature winding, Ea is motor 336

back EMF, Ke is motor back EMF coefficient,ωa is the motor 337

speed. 338

The electromagnetic torque of the motor is: 339

Md = Kmia (5) 340

In the Equation: Km is the torque coefficient of the motor. 341

The torque balance equation of the motor is as follows: 342

Md = J
d2θ
dt
+ f0

dθ
dt

(6) 343

In the Equation, J is the moment of inertia of the motor 344

shaft and f0 is the damping coefficient. 345

In combination with the above (3) - (6), ia is eliminated by 346

transformation, and Laplace transformation is carried out to 347

obtain (7) 348

θ (s)
Ua(s)

=
Km

s[JLas2+(JRa+f0La)s+(Raf0+KeKm)]
(7) 349

In the Equation, Kd =
Km

Raf0+KeKm
350

Tm =
JLa

Raf0 + KeKm
Td =

JRa + f0La
Raf0 + KeKm

351

The transfer function of voltage angle can be obtained by 352

simplification: 353

Gm(s) =
θ (s)
Ua(s)

=
Kd

s(Tms2 + Td s+ 1)
(8) 354

Since the motor speed can be regarded as the differential 355

ωa =
dθ
dt of the motor angle, ωa(s) = sθ (s) can be obtained 356

by Laplace transform of the Equation. When y is brought into 357

the motor transfer function obtained above, the voltage speed 358

transfer function Gv(s) as shown in (9) can be obtained. The 359
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obtained transfer function is a typical second-order oscilla-360

tion link.361

Gv(s) =
ωa(s)
Ua(s)

=
sθ (s)
Ua(s)

=
Kd

Tms2 + Td s+ 1
(9)362

[3.] The mechanical transmission link is the action link of363

the mechanical equipment from the output of the servo motor364

to the completion of the deviation correction. In this part, with365

the servo motor driving, the action equipment completes the366

adjustment of the offset distance synchronously. Therefore,367

the adjustment of the motor output and the offset distance can368

be regarded as a proportional link, and the proportional coeffi-369

cient can be set toKS . However, in the process of the mechan-370

ical equipment transmission and control, the adjustment of371

the motor output and the offset distance can be regarded as a372

proportional link. It is necessary to add a delay link in addition373

to the proportional link because of the inherent property of the374

equipment. According to the delay theorem of pull transform,375

we can get that:376

Gd (s) = e−τ0s =
1
eτ0s

(10)377

In the equation: τ0 is the pure delay time.378

By expanding eτ0s according to Taylor series, we can get379

the following results:380

eτ0s = 1+ τ0s+
τ 20 s

2

2!
+
τ 30 s

3

3!
+ · · · (11)381

Becauseτ0 is smaller, so only the first two terms are382

retained for subsequent calculation, that is eτ0s ≈ 1 + τ0s.383

In this case, combined with the proportional coefficient Ks,384

the simplified transfer functionGs(s) of thewholemechanical385

transmission link can be obtained as follows:386

Gs(s) =
Ks

τ0s+ 1
(12)387

The closed-loop transfer function of the rectifying system388

of the lithium battery plate rolling mill can be obtained by389

combining the above three parts of the transfer function:390

G(s) = KL ×
Kd

Tms2 + Tds+ 1
391

Gs(s) =
KLKdKs

(Tms2 + Tds+ 1)(τ0s+ 1)
(13)392

IV. RESEARCH ON CORRECTION FUZZY PID CONTROL393

METHOD394

A. OVERALL SCHEME DESIGN395

In the traditional deflection control of the pole piece rolling396

mill, in order to improve the accuracy of the rectification397

control of the unwinding and unwinding and reduce the398

interference of the equipment or the environment on the399

industrial site, the PID control method with strong adapt-400

ability is mostly used. The position deviation information is401

obtained by making the difference between the collected pole402

piece belt position information and the set value of the pole403

piece belt position, which is used as a deviation signal as404

an input amount in PID control. Then through proportional,405

integral and differential calculation of the deviation signal to 406

output the control signal to control the motor drive device to 407

complete the position correction of the pole piece [13]. When 408

setting the three parameters of the PID controller KP,KI,KD, 409

a lot of relevant expert knowledge is needed, but most of these 410

parameter setting knowledge is a vague experience, which is 411

not conducive to the formation of clear parameters. The fuzzy 412

control is to express the experience of the expert’s ambiguity 413

through the computer, which can effectively optimize the 414

three parameters in the PID controller [14]. 415

In order to avoid the phenomenon that the position devia- 416

tion signal of the pole piece belt is too large during the start, 417

stable operation and stop of the pole piece rolling mill, it will 418

have a greater impact on the integral link of the PID control 419

and produce an integral accumulation phenomenon. This arti- 420

cle introduces the integral separation control method in the 421

PID control process. When the position deviation signal of 422

the pole piece is large, the stability of the system is improved 423

by removing the integral link in the PID control; When the 424

deviation signal decreases and is closer to the set value, the 425

integration link is re-introduced to eliminate the static error 426

in the correction control. At this time, the overall flow of the 427

integral separation fuzzy PID algorithm as shown in Fig.10 is 428

obtained [15]. 429

B. INTEGRAL SEPARATION PID CONTROLLER 430

During the start-up, stable operation and stopping of the 431

lithium mill, the position information of the pole piece is not 432

stable and constant, and there may be excessive deviation 433

of the pole piece position signal. At this time, the position 434

signal of the polar strip will produce a large change in a short 435

period of time, in the process of PID control, this situation 436

will have a large impact on the integration link, resulting in 437

the accumulation of integration phenomenon.Without chang- 438

ing the control strategy, it will cause the corrective control 439

accuracy and speed to be reduced, and even the execution 440

equipment may oscillate under the influence of the output 441

signal, which in turn threatens the mechanical structure of the 442

mill. In order to avoid the possible bad consequences of the 443

above problems, this paper introduces the integral separation 444

control method in the PID control process. Improving the 445

stability of the system by removing the integral link in the PID 446

control when the deviation signal of the pole piece position 447

is large, When the deviation signal decreases and is closer to 448

the set value, the integration link is reintroduced to eliminate 449

the static error in the correction control. The operation flow 450

is shown in Fig.11. 451

When making a judgment on whether to introduce the 452

principle of integral separation, it is first necessary to set the 453

deviation threshold ω according to the actual control object. 454

When the controlled quantity exceeds the set value too much 455

and is greater than the set ω, the integral link in the PID 456

control is eliminated, and conversely when the controlled 457

quantity is close to the set value and is less than the set ω, 458

the integral link is reintroduced to complete the proportional 459

integral differential control. By bringing the parameter β 460
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FIGURE 10. Schematic diagram of application flow of integral separation fuzzy PID algorithm.

FIGURE 11. Schematic diagram of operation flow of integral separation.

obtained from the judgment into the above equation, the461

calculation of integral separation PID control can be obtained.462

The method is as in (14) (15).463

β =

{
1 |error(t)| ≤ ω
0 |error(t)| > ω

(14)464

u(t) = kperror(t)+ βki

∫ t

0
error(t)dt+ kd

derror(t)
dt

(15)465

C. ESTABLISHMENT OF FUZZY CONTROLLER466

Fuzzy control refers to converting the actual operation or467

control experience of experts in related fields into a fuzzy468

language control rule, and using the established database and469

rule base to complete the association of input and output470

through the inference engine [16]. The main components and471

structural block diagram of fuzzy control are shown in Fig.12.472

In the application process of fuzzy algorithm, the fuzzy473

interface is used to realize the transformation from input474

parameters to fuzzy universe, and the proportion relation-475

ship between input parameters and universe is established476

through quantitative factors, and the output accurate param-477

eter value is transformed into fuzzy language value; the478

knowledge base can be divided into a fuzzy database and479

a fuzzy rule base according to different internal functions:480

the database contains the membership functions of all fuzzy481

subsets of the input and output parameters that have been482

set in advance. The rule base expresses expert knowledge483

as language rules in the form of if-then, and establishes the484

mapping relationship between different quantization levels of485

input and output parameters for subsequent fuzzy reasoning;486

the inference engine performs fuzzy inference on the input 487

parameters through the established knowledge base to obtain 488

the fuzzy output; the de-fuzzification interface completes 489

the conversion of the fuzzy parameters to the precise output 490

through the de-fuzzification operations such as the center of 491

gravity method [17]. 492

When constructing a fuzzy correction controller, first of 493

all, the basic domain of input and output parameters in fuzzy 494

inference should be divided, and combined with appropriate 495

quantization factors, the basic domain should be converted 496

into a fuzzy domain that is convenient for fuzzy inference 497

operations. 498

First, we determine the fuzzy subsets of e and ec. For PID 499

control, we choose seven language variables: Negative Big 500

[NB], Negative Medium [NM], Negative Small [NS], Zero 501

[ZO], Positive Small [PS], Positive Medium [PM], and Pos- 502

itive Big [PB] to express their fuzzy subsets with sufficient 503

accuracy. So we define the fuzzy subset of e and ec as {NB, 504

NM, NS, ZO, PS, PM, PB}. Its actual variation range is 505

[−12,12], so its basic domain is determined to be [−12,12]. 506

Increasing the number of elements in the universe can 507

improve the control accuracy, but it increases the amount of 508

calculation, and the improvement of fuzzy control effect is 509

not obvious. When the above fuzzy subset is selected, the 510

universe of e and ec can be selected as {−6,−4,−2,0,2,4,6}. 511

In actual control, the values of input and output are gener- 512

ally not elements in the universe. In this case, it is necessary to 513

transform the universe through quantization factor and scale 514

factor. Generally speaking, the basic universe of the system 515

input is: the error e(t) is [−e, e], the error change rate ec(t) is 516

[−ec, ec], and the basic universe of the output variable is [−u, 517

u]. According to the basic domain and calculation formula of 518

input and output, the quantization factors ke, kec and scale 519

factor ku can be obtained: 520
ke =

n
e

kec =
m
ec

ku =
u
l

(16) 521

where: 522

n-e(t) maximum value of basic domain
m-ec (t) maximum value of basic domain
l-1KP, 1 KI, 1 KD maximum value of basic domain

523
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FIGURE 12. Schematic diagram of application process of fuzzy algorithm.

TABLE 1. The fuzzy theory field and quantitative factors of rectifying deviation.

This article combines the actual change range of each524

parameter in the correction control, and selects some quan-525

tization factors to achieve the transformation of the con-526

trol parameter from the basic domain to the fuzzy domain,527

as shown in Table 1.528

In this paper, the five parameters are divided into 7 parts529

according to the selection range of the fuzzy universe, which530

corresponds to the 7 fuzzy subsets of the fuzzy universe. In the531

selection of the membership function of the rectification con-532

trol, if the rectification control cannot be completed quickly,533

it may cause edge cutting errors or edge folding during the534

winding and unwinding of the pole piece tape. Therefore,535

when the position deviation of the pole piece belt is large, the536

resolution of the fuzzy set of the membership function can be537

set lower to achieve a fast response to correction; and when538

the position deviation is small, the control accuracy needs539

to be improved. At this time, the resolution of the fuzzy set540

should be adjusted appropriately to meet the precise control.541

According to the above analysis, the corresponding member-542

ship function is established. Taking the pole piece position543

deviation as an example, the establishedmembership function544

is shown in Fig.13, where the left and right boundary parts use545

semi-trapezoid membership functions, and the middle five546

quantization levels use triangular membership functions [18].547

When establishing fuzzy rules in the correction control, it is548

necessary to fully consider the overall operation of the pole549

piece rolling mill and the correction control of the winding550

and unwinding. Combined with the experience of on-site551

correction operation, the relationship between the input pole552

piece deviation signal and it‘s rate of change and the three553

parameters in the integral separation PID are given under554

different working conditions. The specific principles are as555

follows:556

1. In the process of rectification control, when the devia-557

tion value e of the pole piece position is large, in order558

to quickly reduce the deviation value, a larger value of559

FIGURE 13. The membership function of the deviation of pole piece
correction.

1KP should be selected so that the deviation correction 560

system can respond quickly; at this time, if the rate of 561

change of the deviation value ec is too large, the 1KD 562

is appropriately reduced to weaken the influence of the 563

differential link [19]. 564

2. When the pole piece deviation e is centered, the value 565

of 1KP can be increased appropriately to increase the 566

effect of the integration link; the value of 1KD should 567

be appropriately reduced to avoid overshoot and oscil- 568

lation; 1KI should be a small value to avoid excessive 569

static errors. 570

3. When the pole piece deviation e is small, in order to 571

avoid the overshoot and oscillation effect caused by 572

the integration link, the value of1KP should be appro- 573

priately reduced. At the same time, the value of 1KI 574

should be appropriately increased to eliminate static 575

errors; at this time, if the error change rate ec of the 576

correction system is small, in order to reach a stable 577

state as soon as possible, the value of the integration 578

coefficient 1KIshould also be appropriately reduced. 579

If the value of ec is medium or large, 1KD takes a 580

moderate value to stabilize the differential link. 581
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TABLE 2. Fuzzy control rules table of 1KP, 1KI and 1KD for deviation correction.

Based on the above principles, combined with reference582

materials and on-site correction and debugging experience,583

the fuzzy rules shown in Table 2 can be established.584

Through MATLAB simulation, the fuzzy relationship sur-585

faces of the pole piece position deviation e and devia-586

tion change rate ec and 1KP,1KI,1KD can be obtained,587

as shown in Fig.14588

FIGURE 14. Fuzzy relation surface.

D. THE CONSTRUCTION OF THE INTEGRAL SEPARATION589

FUZZY PID SIMULATION MODEL FOR DEVIATION590

CORRECTION CONTROL591

In the subsequent analysis and verification of the integral592

separation fuzzy PID correction control method, it is nec-593

essary to introduce a pole piece correction control model.594

By referring to the relevant data and combining the related595

models of motor drive and mechanical transmission in the596

correction control, the transfer model of the correction system597

for the lithium battery pole piece rolling mill shown in (17)598

can be obtained.599

G(s) = KL ×
Kd

Tms2 + Td s+ 1
× Gs(s)600

=
KLKd

Tms2 + Td s+ 1
× e−τ0s (17)601

Combined with actual drive motor parameters, sensor 602

parameters and mechanical structure parameters, appropriate 603

selection of some parameters can convert the second-order 604

correction transfer model with delay link into the mathemati- 605

cal model shown in (18), which is convenient for subsequent 606

algorithm model construction and simulation analysis. 607

G(s) =
3.5

5s2 + 0.8s+ 1
× e−0.1s (18) 608

Combined with the transfer function model of the correc- 609

tion structure obtained by the analysis, the integral separation 610

fuzzy PID simulation model shown in Fig.15 is constructed 611

in Simulink. In the figure, the simulated step signal is used as 612

the input, and the performance of the controller is analyzed by 613

analyzing the response parameters such as the response rate 614

and overshoot of the output waveform. 615

V. GENETIC ALGORITHM OPTIMIZING CORRECTION 616

FUZZY PID PARAMETERS 617

The previous research on the correction control algorithm 618

involved the selection of PID initial parameters and the 619

construction of fuzzy rules. However, in the selection pro- 620

cess of these parameters, most of the application is expert 621

experience combined with simulation debugging, PID ini- 622

tial parameters and fuzzy rules may have certain deviations. 623

Genetic algorithms do not rely on specific inference func- 624

tions, but rather improve the adaptive capacity of their own 625

populations from the perspective of probabilistic and genetic 626

properties by simulating the evolutionary alternation of natu- 627

ral populations [20]. Therefore, in this paper, GA is added 628

to optimize a large number of the above parameters and 629

improve the selection accuracy of PID initial parameters and 630

fuzzy rules. 631

A. OPTIMIZATION SCHEME DESIGN 632

In the application process of GA, first of all, we must deter- 633

mine the problem to be solved, and then build a basic popula- 634

tion by randomly generating individuals; after that, the fitness 635

function is constructed to analyze and evaluate the number 636

of codes in the population, to identify excellent individuals 637

and eliminate the inferior individuals with insufficient fitness; 638

finally, by selecting, crossing and mutating the remaining 639
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FIGURE 15. The model of tension transfer in winding.

individuals, a new population for the next genetic iteration640

is generated [21]. Through the above method, the optimiza-641

tion iteration is continued until the set genetic algebra is642

completed, and the optimal individual is used as the final643

output [22].644

In order to improve the accuracy of the GA to optimize645

the initial PID parameters and fuzzy rules. In this paper, the646

transfer function corresponding to the correction control is647

introduced to simulate the real-time correction effect, in order648

to feedback the fitness value under different initial parameters649

to improve the adaptability of the GA. The optimization650

process of fuzzy rules using GA requires the introduction of651

fuzzy algorithms in addition to the incorporation of transfer652

functions and PID control algorithms, and the continuous653

refreshing of fuzzy rules based on the genetic information654

of different individuals of the population [23]. Fig.16 is the655

operation flow of GA to optimize PID initial parameters and656

fuzzy rules.657

According to the flow chart in Fig16, the optimization658

of PID initial parameters by GA can be divided into the659

following four steps:660

1) DETERMINATION OF INITIAL POPULATION661

When setting different PID initial parameters, the range662

should be expanded to cover the optimal initial parame-663

ters [24]. Here, KP is 0-20, KI is 0-5, and KD is 0-5.664

The floating-point encoding mode is adopted, which can be665

directly substituted into the following error correction sim-666

ulation model Equation in the optimization process, and the667

decoding operation can be omitted at the same time. In order668

to ensure the complexity of the population, the number of669

samples of the population is set to 50, which can not only670

improve the number of samples, but also ensure the operation671

speed.672

Through the above method, a 50∗3 matrix is generated673

to represent the initial population, in which each element674

is a real number. The three values of the same hori-675

zontal axis of the matrix represent the three PID initial676

parameters contained in a single individual, and the ver-677

tical axis represents 50 different population individuals.678

The subsequent genetic operations are based on this basic679

population.680

2) SELECTION OF FITNESS FUNCTION 681

In order to ensure that the optimized parameters can well 682

adapt to the subsequent corresponding deviation correction 683

control process, the pole piece deviation correction transfer 684

function is introduced here, and different individuals in the 685

population are substituted into the deviation correction PID 686

transfer model [25]. In order to compare and analyze the 687

response speed, output error and overshoot of the closed-loop 688

output corresponding to different individuals, the principle 689

of time error integration is introduced. For the error and 690

response speed in the process of deviation correction control, 691

the basic time error integral function is shown in (19). 692

J =
∫
∞

0
t |e(t)| dt (19) 693

In order to ensure the closed-loop control effect, the devia- 694

tion output value of the correctionmodel and the relevant time 695

informationwhich can reflect the response rate are introduced 696

into the above time error integral function, and (20) can 697

be obtained. (20) is obtained by reciprocal transformation 698

of (21). At this point, the lower the fitness, the better the 699

performance. 700

J =
∫
∞

0

(
ω1|e (t) | + ω2u2 (t)

)
dt + ω3tu (20) 701

F =
1
J
=

1∫
∞

0

(
ω1|e (t) | + ω2u2 (t)

)
dt + ω3tu

(21) 702

In the Equation: u(t) is the output of the closed-loop control 703

model in PID control method, e(t) is the closed-loop control 704

error, tu is the rise time, ω1, ω2 and ω3 is the weight coeffi- 705

cient. 706

The fitness function of the above Equation is programmed, 707

in which the weight coefficient ω1, ω2 and ω3 is set to 0.999, 708

0.001 and 2 respectively. 709

3) SELECTION, CROSSOVER AND MUTATION OPERATIONS 710

The selection operation is performed by ranking the values of 711

fitness, retaining the individuals with higher fitness among 712

them, and introducing new individuals for generating new 713

populations for subsequent genetic operations, which are 714

performed here using the betting roulette method. 715

Before performing the crossover and variation opera- 716

tions, the crossover probability Pc and variation probability 717
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FIGURE 16. Diagram of key parameters for GA optimization.

Pm need to be set, usually Pc is set higher, taking values718

between 0.5 and 1, andPm is set lower, taking values between719

0.001 and 0.1. Some adjustments were made to Pm and Pc720

within a certain range for different individual fitness val-721

ues, which helped to retain genes from quality individuals.722

The specific calculation method is as follows. 723

Pc =


k1(fmax − f )
fmax − favg

, f ≥ favg

k2, f < favg
(22) 724

Pm =


k3(fmax − f ′)
fmax − favg

, f ′ ≥ favg

k4, f ′ < favg
(23) 725

where: fmax is the maximum value of population fitness; favg 726

is the mean value of population fitness, f is the larger value 727

of fitness for the two individuals in the crossover, f‘ is the 728

value of fitness for the individual performing the mutation 729

operation, k1, k2, k3 and k4 are constants, and k2 >k1 and 730

k4 >k3 are guaranteed. We set the parameters to k1 = 0.66, 731

k2 = 0.99, k3 = 0.001, k4 = 0.1. 732

4) ESTABLISHMENT AND SUBSTITUTION OF CLOSED LOOP 733

TRANSFER FUNCTION 734

In order to ensure the accuracy of the optimization parame- 735

ters, each individual in the population needs to be introduced 736

into the PID control model of the deviation correction system 737

established in the previous paper. 738

B. OPTIMIZATION OF PID CORRECTION PARAMETERS 739

AND FUZZY RULES 740

The transfer function was established in MATLAB and 741

Z-transformation was carried out. The sampling time was 742

set as 0.005s, and the discretized molecular coefficient is 743

1.0e-05∗{0,0.874 8,0.874 5}, and the discretized denomina- 744

tor coefficient is{1.000 0,−1.999 2,0.999 2}. It is substituted 745

into the winding PID control, and the response condition 746

within 2.5s can be obtained through cyclic iteration for 747

500 times. According to the output of the PID closed- 748

loop control model and the closed-loop control error in the 749

loop, the fitness values of different individuals are obtained. 750

In MATLAB, the genetic operation is carried out through the 751

operation flow described above. In the course of 100 genetic 752

iterations, the change curve of the optimal individual fitness 753

value of each generation is shown in Fig.17. 754

FIGURE 17. Optimal individual fitness of 100 generations of heredity
corresponding to pole rectification.

From the figure we can see that the fitness value reaches 755

stability around 30 generations. Therefore, in order to ensure 756

the output of the optimal PID initial parameters, the optimal 757
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TABLE 3. The optimal solution of PID parameters for pole rectification after 100 genetic iterations.

individual after the population is inherited for 100 generations758

is selected as the initial PID parameter. The initial parameters759

of PID optimized by GA are accurate to 3 decimal places,760

so there will be some differences in the initial parameters761

after the optimization is completed. In this paper, 10 different762

populations are constructed. After multiple iterations of opti-763

mization, 10 sets of KP, KI , and KD parameters are obtained.764

The specific values are shown in Table 3.765

By averaging the values in Table 3, the initial PID parame-766

ters KP,KD and KI of the correction control can be obtained767

as follows: 13.301, 4.678 and 2.629.768

In the genetic optimization of fuzzy rules, the optimized769

PID initial parameters are introduced, and the fuzzy rules770

of the correction control are optimized and iterated after771

200 generations. The fitness value of the best individual in772

each generation is shown in Fig.18(a). The obtained optimal773

individual genome is extracted to obtain the optimized fuzzy774

rule code, and Fig.18(b) is a histogram representation of the775

optimal fuzzy rule code.776

FIGURE 18. Fuzzy rule optimization results.

By extracting the genes in Fig.18(b), it is divided into777

3 groups in sequence, each group contains 49 fuzzy rule data,778

corresponding to the fuzzy rules in the cases where the output779

of the fuzzy controller is KP, KI, KD. By classifying and780

combining the genes represented by the histogram, the fuzzy 781

rules shown in Table 4 can be obtained. 782

VI. SIMULATION ANALYSIS AND EXPERIMENTAL 783

VERIFICATION 784

A. SIMULATION ANALYSIS OF FUZZY CORRECTION PID 785

CONTROL METHOD 786

Before the simulation, we need to confirm the initial param- 787

eter settings of PID control. In this paper, the three initial 788

parameters of PID, KP, KI and KD are obtained by test and 789

comparison. They are 7, 1 and 2 respectively. The parameters 790

of the PID controller were obtained using an intelligent soft 791

computing technique, but are omitted in the paper for typo- 792

graphical and other reasons.In the simulation analysis, the 793

parameters of the PID controller were determined based on 794

the Ziegler-Nichols critical scale factor method using the root 795

trajectory function rlocus as well as the rlocfind command on 796

the basis of the MATLAB platform.Based on this, we carry 797

out the comparative study of the three methods. Taking step 798

signal as input signal, sinusoidal signal and smaller step 799

signal as interference, and setting threshold value to 5, the 800

integral part in PID is eliminated. 801

In this paper, the traditional PID, integral separation PID 802

and integral separation fuzzy PID control methods are com- 803

pared and simulated, as shown in Fig.19. In the simulation 804

comparison of the different control methods, the three initial 805

parameters of the PID are set to be the same. The input signal, 806

the value of the disturbance signal and the time of joining 807

are all the same. Simulation analysis is performed under the 808

premise of ensuring the same conditions. And there is no 809

environmental interference in the simulation analysis, which 810

can ensure the fairness of simulation analysis comparison. 811

At the same time, in the simulation process, a small step 812

signal is introduced at 10ms to simulate the small interfer- 813

ence in the process of deviation correction control. In the 814

actual correction process, large signal interferencemay occur, 815

so this paper introduces a sinusoidal signal to simulate the 816

large interference that may occur in the correction control 817

process. At this time, Fig.20 is obtained. 818

By comparing and analyzing Fig.19 and Fig.20, we can 819

see that under the same control signal, the response rates of 820

the three methods are relatively close. However, by analyzing 821

the subsequent overshoot oscillations and the time to finally 822

reach steady state, we can see that the effect of integral 823
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TABLE 4. The fuzzy control rule table of GA optimization.

FIGURE 19. Simulation curve of small interference signal.

FIGURE 20. Simulation curve of large interference signal.

separation fuzzy PID is the best. Through the simulation824

analysis and research on the interference signal, we can see825

that the three methods have certain anti-interference ability,826

but in the face of the interference of large and small signals,827

the integral separation fuzzy PID shows more excellent anti-828

interference performance829

B. SIMULATION ANALYSIS OF WINDING TENSION830

CONTROL831

The PID initial parameters obtained after optimization832

are brought into the constructed pole piece belt correc-833

tion simulation model, and the response curves before and834

after PID initial parameter optimization can be obtained,835

as shown in Fig.21. At the same time, in order to verify the836

anti-interference ability of the optimized parameters, a small837

disturbance link is introduced at 15ms.838

By analyzing the above figure, we can see that after the839

optimization of PID parameters is introduced, the corre-840

sponding slope of the curve is larger, and the response rate841

FIGURE 21. Comparison simulation diagram of PID parameters before
and after optimization.

to the initial step signal will be faster, at the same time, its 842

overshoot is much smaller than the curve corresponding to the 843

original setting parameters, and it also reaches a stable state 844

more quickly; after the disturbance is introduced, the curve 845

obtained after optimization can also return to the set step sig- 846

nal value more quickly, which has stronger anti-interference 847

ability. 848

In order to verify the performance of optimizing fuzzy 849

rules, the old and new fuzzy rules are substituted into the pole 850

piece correction simulation model, respectively, and Fig.22 is 851

obtained. Fig.22(a) is the response curve corresponding to the 852

two rules under the original PID parameters, and Fig.22(b) 853

is the response curve under the optimized PID parameters. 854

It can be seen from the information in the figure that the initial 855

response rates of the two curves are approximately the same, 856

but in the process of subsequent curves returning to stability, 857

the response curve corresponding to the optimization rule 858

has a smaller overshoot and the curve state is stable faster. 859

Under the two PID parameters, the simulation performance 860

of the optimized fuzzy rules is better than the original fuzzy 861

rules. It can be seen that the optimized fuzzy rules have good 862

adaptability to the changes of PID parameters. 863

VII. EXPERIMENTAL VERIFICATION 864

A. CONSTRUCTION AND TEST OF EXPERIMENTAL 865

PLATFORM 866

The experimental platform adopts the embedded integrated 867

measurement and control system, uses the self-designed 868

embedded control motherboard as the main controller, and 869
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FIGURE 22. Simulation model comparison.

combines the signal acquisition board, motor drive board870

and other main circuit structures, as well as various sensors,871

drivers, transformers and some low-voltage appliances. The872

overall hardware control scheme is shown in Fig.23.873

FIGURE 23. Overall hardware control scheme.

In the process of deviation correction control, the param-874

eter accuracy of information acquisition is very important,875

so the multi-channel real-time information acquisition test876

is carried out on the information acquisition module before877

the experiment. Set the input voltages of the 8 ports of the878

information acquisition module to 3.3V and 1.8V alternately,879

and print the collected voltage values through the serial port.880

The data collected by the 8 channels are shown in Fig.24.881

The 10 groups of measured data are averaged and sorted to882

obtain the data shown in Table v. It can be seen from the table883

that the measured voltage value is basically consistent with884

the original input voltage value. The error of 8 channels can be885

stable within 0.15%, and the accuracy can reach four decimal886

places, which can fully meet the high-precision collection of887

pole piece position information.888

FIGURE 24. Information collection test.

FIGURE 25. Pole piece location information.

B. SENSITIVITY TEST 889

When the main roll speed is set at 30m/min, the experimental 890

equipment can run stably. When the roll speed is more than 891

40 m/min, the electrode strip will break and shake due to 892

the excessive tension, which makes it impossible to control 893

the tension accurately. When the roll speed is lower than 894

10m/min, the strip will be relaxed and wrinkled due to the 895

low tension, and the tension cannot be controlled accurately. 896

Now in the actual industrial environment, the rolling speed 897

of lithium battery is 15∼30m/min, which can fully meet the 898

experimental requirements. 899

C. CONTROL TEST OF UNWINDING AND DEVIATION 900

CORRECTION 901

In the experimental verification, the unwinding correction 902

structure was taken as an example for analysis. In the exper- 903

iment, the position of the correction sensor was aligned, and 904

the alignment position at this time was set as the standard 905

value of the pole piece position, corresponding to the value 906

0. When the position of the pole piece belt changes, the cor- 907

responding standard value is taken to be positive or negative. 908

After the equipment runs stably, collect the edge information 909

of the pole piece in the rectification control and obtain the 910

traditional PID control algorithm. The position information 911

of the unwinding pole piece is shown in Fig.25(a). After intro- 912

ducing this algorithm, the pole piece position information is 913

shown in Fig.25(b). 914
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TABLE 5. Information collection data sheet.

From the unwinding correction curve graphs correspond-915

ing to the two methods, it can be seen that the collected edge916

information of the pole piece fluctuates around the standard917

value 0. In the traditional PID algorithm, the adjustment speed918

is slower and the degree of fluctuation is more severe when919

the position of the pole piece belt fluctuates; in the integral920

separation fuzzy PID algorithm, the adjustment speed is faster921

after the position of the pole piece deviates from the set922

value, and the position information fluctuation is small. In the923

sample data collected by the position information of the pole924

piece, the sampling points are randomly selected, and the925

two methods select 10 sets of position sampling information,926

respectively, to obtain Fig.26. ‘‘+’’ and ‘‘-’’ in the table927

indicate the direction in which the edge of the pole piece is928

shifted relative to the set value.929

FIGURE 26. Unwinding correction error comparison.

By comparing the data in the table, it can be seen that the930

deviation value of the pole piece corresponding to the integral931

separation fuzzy PID algorithm is generally smaller than the932

deviation value corresponding to the traditional PID algo-933

rithm. Comparing the collected datawith the preset correction934

range, it can be seen that the position deviation of the pole935

piece band is within 10mm in the traditional PID algorithm,936

while the position deviation of the pole piece band is within937

4mm in the integral separation fuzzy PID algorithm. It can be938

seen from the above that during the rectification control of the939

algorithm in this paper, the position of the pole piece is more940

stable, the rectification control is stable and reliable, and the941

adverse effects caused by the deviation of the pole piece are942

reduced.943

D. CONTROL TEST OF WINDING AND DEVIATION 944

CORRECTION 945

The initial reference value is also set to 0, and the range of 946

lithium battery pole piece correction is set within±50mm. 947

Under the two control algorithms, 10 groups of tension values 948

are collected respectively, and the measured value of pole 949

position and its error comparison are shown in Fig.27. 950

FIGURE 27. Winding correction error comparison.

Compared with the collected position information of the 951

winding pole piece, it can be seen that the position of the pole 952

piece belt fluctuates greatly in the traditional PID algorithm, 953

so the pole piece position may shift too much in the operation 954

process, thus causing an alarm; In contrast, the position of 955

the pole piece corresponding to this algorithm fluctuates less, 956

there is no sampling point approaching the limit value of the 957

rectification range, and the average position deviation is less 958

than that of the traditional PID algorithm, so the stability and 959

control accuracy are significantly higher. 960

E. DISCUSSION 961

The genetic optimization integral separation fuzzy PID 962

control strategy can greatly improve the stability and 963

anti-interference ability of the system. Compared with the 964

dual chip architecture of ‘ARM+DSP’, the control strategy 965

can achieve the requirements of high accuracy on the premise 966

of using only one main control board for control through 967

the optimization design of the control algorithm, and save 968

more economic costs. While the deviation prediction error 969

proposed by G. Wang was basically maintained at ± 15mm. 970

In contrast, the control strategy proposed in this paper can 971

control the deviation within ± 4mm. Therefore, it has signif- 972

icant advantages in control cost and control accuracy. 973
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If the control strategy is applied to the stability control of974

the tension in the rolling process, according to the control975

results of this paper, the stability and control accuracy of the976

tension can also be improved. And the optimization strategy977

proposed in this paper provides a good solution to the param-978

eter optimization problems involved in the field of automatic979

control, especially the application of PID control method and980

fuzzy control strategy optimization.981

However, due to the experimental conditions, the following982

problems and areas for further improvement still exist:983

1. In the experimental part of this paper, only a small984

number of rolling situations are selected for analysis,985

while in the actual rolling process, the operating state986

of the mill may change to a certain extent, so the actual987

industrial field experiments can be extended to intro-988

duce a variety of pole piece of different materials and989

widths for experimental verification of the deflection990

control.991

2. In order to expand the application scope of the algo-992

rithm, reduce the operation time and improve the qual-993

ity of the solution, the idea of parallel computing can be994

introduced to combine the genetic algorithm with other995

algorithms to accelerate the evolution speed.996

3. IOT technology and operating system can be added997

to the hardware system built in this paper to achieve998

efficient reading and analysis of production data. It pro-999

vides an important technical support for the realization1000

of the intelligence of the control system.1001

VIII. CONCLUSION1002

This paper researches and analyzes the correction control1003

method of pole piece rolling mill, combines multiple algo-1004

rithms, designs the genetically optimized integral separa-1005

tion fuzzy PID correction control method, and verifies the1006

performance of the algorithm through simulation analysis1007

and experimental verification. The following conclusions are1008

drawn:1009

1. This paper studies and analyzes the rectification con-1010

trol system and rectification process of the pole piece1011

rolling mill, establishes the mathematical model of1012

the deflection system, proposes the integral separation1013

fuzzy PID rectification control method, and completes1014

the construction of the rectification fuzzy controller and1015

the rectification simulation model.1016

2. Aiming at the possible problems in PID parameters1017

and fuzzy rules in the fuzzy PID correction control1018

method, a genetic algorithm is introduced. Different1019

genetic optimization processes were established, differ-1020

ent types of initial populations were constructed, and1021

the time error integration function was selected as the1022

fitness function, combined with the correction func-1023

tion model, and genetic optimization was completed1024

through selection, crossover, and mutation operations.1025

After the initial PID parameters and fuzzy rules are1026

optimized, the deviation of the pole strip position is1027

reduced from 10mm to within 4mm.The control accu- 1028

racy has been improved by 60%. 1029

3. Through simulation analysis and experimental verifi- 1030

cation, it is proved that the integral separation fuzzy 1031

PID correction control method has good response rate, 1032

control accuracy and anti-interference ability, so that 1033

the pole piece offset can be stabilized around the set 1034

value and has certain practical application value. It can 1035

ensure that the equipment is rolled in a stable state 1036

and has a certain practical application value, and at the 1037

same time provides a good solution to the problem of 1038

deviation correction for large and complex equipment. 1039
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