/*

* Supplementary information for “Design of Flexible Organic Photovoltaic Fibers.”

* This is version 7 of the SOL program that activates the big motor to ensure constant tension

*in the wire as it progresses along the spool. Additional code was added to the program to ensure the
* bumpers are active during run mode, previously they were only active during the tare state
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*/

/-k
* These constants control the motor
*/

/I* Include the library */
#include "HCMotor.h"

/[Motor 0
#define DIR_PIN_MO 8 //Connect to drive modules ‘direction’ input.
#define CLK_PIN_MO 9 //Connect to drive modules 'step' or 'CLK" input.

/[Motor 1
#define DIR_PIN_M1 10 //Connect to drive modules ‘direction’ input.
#define CLK_PIN_M1 11 //Connect to drive modules 'step’ or '‘CLK" input.

/[Motor 2
#define DIR_PIN_M2 6
#define CLK_PIN_M2 7

//Motor 3
#define DIR_PIN_M3 4
#define CLK_PIN_M3 5

/I Set the analogue pin the potentiometer will be connected to. */
#define POT_PIN AQ
#define POT_PIN_1 Al

/I Set a dead area at the centre of the pot where it crosses from forward to reverse */

#define DEADZONE 20

/I The analogue pin will return values between 0 and 1024 so divide this up between forward and reverse

#define POT_REV_MIN 0

#define POT_REV_MAX (512 - DEADZONE)
#define POT_FWD_MIN (512 + DEADZONE)
#define POT_FWD_MAX 1024

const int distancePin = 22;

int distanceCounter = 0;
int distanceState = 0;
int lastDistanceState = 0;

int initial SpeedState = 0;

int speedStatePrevious = 0;
double setpoint = 3.00;
double tensionBuffer = 0.30;



/I* Create an instance of the library */
HCMotor HCMotor;

/*

* These constants correlate with the buttons that control start/stop, run, tare, tare direction and pause

*/

int powerPin = 52; /I the number of the input pin
int tarePin = 50;

int tareDirectionPin = 48;

int runPin = 49;

int wireWindingPin = 47;

int spoolButtonPin = 53;

int leftMotorRearBumperPin = 22;

int leftMotorFrontBumperPin = 24;

int rightMotorRearBumperPin = 31;

int rightMotorFrontBumperPin = 33;

int spaceDebounce = ; //debounce time

int greenlLed = 34;

int yellowLedOne = 36;
int yellowLedTwo = 38;
int yellowLedThree = 51;
int redLed = 40;

int orangeLed = 42;

int powerState = LOW;  // the current powerState of the output pin
int powerReading; /I the current powerReading from the input pin
int powerPrevious = HIGH; // the powerPrevious powerReading from the input pin

int tareState = LOW;
int tareReading;
int tarePrevious = HIGH;

int tareDirectionState = LOW;
int tareDirectionReading;
int tareDirectionPrevious = HIGH;

int runState = LOW;
int runReading;
int runPrevious = HIGH;

int wireWindingState = LOW;
int wireWindingReading;
int wireWindingPrevious = HIGH;

int spoolButtonState = LOW;
int spoolButtonReading;
int spoolButtonPrevious = HIGH;

/*
* These variables control the bumpers preventing the machine from binding up.
*/



113 int leftMotorRearState = LOW:;

114 int leftMotorRearReading;

115 int leftMotorRearPrevious = HIGH;

116

117 int leftMotorFrontState = LOW;

118 int leftMotorFrontReading;

119 int leftMotorFrontPrevious = HIGH;

120

121 int rightMotorRearState = LOW;

122 int rightMotorRearReading;

123 int rightMotorRearPrevious = HIGH;

124

125 int rightMotorFrontState = LOW;

126 int rightMotorFrontReading;

127 int rightMotorFrontPrevious = HIGH;

128

129 // the follow variables are long's because the powerTime, measured in miliseconds,
130 11 will quickly become a bigger number than can be stored in an int.
131 long powerTime = 0; // the last powerTime the output pin was toggled
1%% long powerDebounce = 200; // the powerDebounce powerTime, increase if the output flickers
1

134 long tareTime = 0;

135 long tareDebounce = 200;

136

137 long tareDirectionTime = 0;

138 long tareDirectionDebounce = 200;

139

140 long runTime = 0;

141 long runDebounce = 200;

142

143 long wirewWindingTime = 0;

144 long wirewWindingDebounce = 200;

145

146 long spoolButtonTime = 0;

147 long spoolButtonDebounce = 200;

148

149 long leftMotorRearTime = 0;

150 long leftMotorRearDebounce = spaceDebounce;
151

152 long leftMotorFrontTime = 0;

153 long leftMotorFrontDebounce = spaceDebounce;
154

155 long rightMotorRearTime = 0;

156 long rightMotorRearDebounce = spaceDebounce;
157

158 long rightMotorFrontTime = 0;

159 long rightMotorFrontDebounce = spaceDebounce;
160

161 *

162 * These constants control the tension sensor

163 */

164 int fsrPin = A2;

165 int fsrReading;

166 float fsrVoltage;

167

168 void setup()



/I Initialise the library */
HCMotor.Init();
Serial.begin( );

/I Attach motor 0 to digital pins 8 & 9. The first parameter specifies the

/I motor number, the second is the motor type, and the third and forth are the
/I digital pins that will control the motor

HCMotor.attach(0, STEPPER, CLK_PIN_MO, DIR_PIN_MO0);
HCMotor.attach(1, STEPPER, CLK_PIN_M1, DIR_PIN_M1);
HCMotor.attach(2, STEPPER, CLK_PIN_M2, DIR_PIN_M2);
HCMotor.attach(3, STEPPER, CLK_PIN_M3, DIR_PIN_MB3);

/* Set the number of steps to continuous so the the motor is always turning while
* not int he dead zone */

HCMotor.Steps(0,CONTINUOUS);

HCMotor.Steps(1,CONTINUOUS);

HCMotor.Steps(2,CONTINUOUS);

HCMotor.Steps(3,CONTINUOUS);

pinMode(powerPin, INPUT);
pinMode(tarePin, INPUT);
pinMode(tareDirectionPin, INPUT);
pinMode(runPin, INPUT);
pinMode(wireWindingPin, INPUT);
pinMode(spoolButtonPin, INPUT);

pinMode(greenLed, OUTPUT);
pinMode(yellowLedOne, OUTPUT);
pinMode(yellowLedTwo, OUTPUT);
pinMode(yellowLedThree, OUTPUT);
pinMode(redLed, OUTPUT);
pinMode(orangeLed, OUTPUT);

pinMode(leftMotorRearBumperPin, INPUT);
pinMode(leftMotorFrontBumperPin, INPUT);
pinMode(rightMotorRearBumperPin, INPUT);
pinMode(rightMotorFrontBumperPin, INPUT);

}

double RPM_0, RPM_2, RPM_3, MRPM_2;
double RPM_Buffer = ;

int rpmCounter;

int rpmCounterBuffer;

int testTimer;

double Speed, Speed_MO, Speed M2;
double wire_dia = * pow(10,-6);

double ACME_Thread = 8 * pow(10,-3);

void loop()

/*
* These parameters control the motor functionality



277
278
279
280

*/
/lint Fast = 50;

int Pot, Pot2;

double PPS_0, PPS_2,PPS_3;

double SM;

static double wire_dia = * pow(10,-6);
double ACME_Thread = 8 * pow(10,-3);
double distance =

static double calcDistance = 0;

static int directionState = 0;

static int spoolPass = 0;

static int initialSpeed = 0;

/*

* These parameters take measurements from the tension sensor
*/

fsrReading = analogRead(fsrPin);

fsr\VVoltage = fsrReading * (5.0 / );

/*

* These parameters control the bumper switches and the the control system switches
*/

powerReading = digitalRead(powerPin);

tareReading = digitalRead(tarePin);

tareDirectionReading = digitalRead(tareDirectionPin);

runReading = digitalRead(runPin);

wireWindingReading = digitalRead(wireWindingPin);

spoolButtonReading = digitalRead(spoolButtonPin);

leftMotorRearReading = digitalRead(leftMotorRearBumperPin);
leftMotorFrontReading = digitalRead(leftMotorFrontBumperPin);
rightMotorRearReading = digitalRead(rightMotorRearBumperPin);
rightMotorFrontReading = digitalRead(rightMotorFrontBumperPin);

/I'if the input just went from LOW and HIGH and we've waited long enough

/I to ignore any noise on the circuit, toggle the output pin and remember

/I the powerTime

if (powerReading == LOW && powerPrevious == HIGH && millis() - powerTime > powerDebounce)

{
if (powerState == HIGH)

{
powerState = LOW;

digitalWrite(greenLed, LOW);

else

{
powerState = HIGH,;

digitalWrite(greenLed, HIGH);

powerTime = millis();

}



if(tareDirectionReading == LOW && tareDirectionPrevious == HIGH && millis() - tareDirectionTime >

tareDirectionDebounce)

{
if(tareDirectionState == HIGH)

{
tareDirectionState = LOW;

digitalWrite(yellowLedTwo, LOW);

}

else
{
tareDirectionState = HIGH;
digitalWrite(yellowLedTwo, HIGH);
}

tareDirectionTime = millis();

}

if(tareReading == LOW && tarePrevious == HIGH && millis() - tareTime > tareDebounce)

{
if(tareState == HIGH)

{
tareState = LOW;

digitalWrite(yellowLedOne, LOW);

else

{
tareState = HIGH;

digitalWrite(yellowLedOne, HIGH);

tareTime = millis();

}

if(runReading == LOW && runPrevious == HIGH && millis() - runTime > runDebounce)

if(runState == HIGH)

runState = LOW,
digitalWrite(redLed, LOW);
}
else
{
runState = HIGH;
digitalWrite(redLed, HIGH);

runTime = millis();

}

if(wireWindingReading == LOW && wireWindingPrevious == HIGH && millis() - wireWindingTime

> wireWindingDebounce)
{
if(wireWindingState == HIGH)
{
wireWindingState = LOW;
digitalWrite(orangeLed, LOW);
}

else



337 {

338 wireWindingState = HIGH;

339 digitalWrite(orangeLed, HIGH);

340 }

341 wirewindingTime = millis();

342 }

343

344 if(spoolButtonReading == LOW && spoolButtonPrevious == HIGH && millis() - spoolButtonTime >

345 spoolButtonDebounce)

346 {

347 if(spoolButtonState == HIGH)

348 {

349 spoolButtonState = LOW;

350 digitalWrite(yellowLedThree, LOW);

351

352 else

353 {

354 spoolButtonState = HIGH;

355 digitalWrite(yellowLedThree, HIGH);

356

357 spoolButtonTime = millis();

358 }

359

360 if(leftMotorRearReading == LOW && leftMotorRearPrevious == HIGH && millis() -

gg% leftMotorRearTime > leftMotorRearDebounce)
{

363 if(leftMotorRearState == HIGH)

364 {

365 leftMotorRearState = LOW;

366 }

367 else

368 {

369 leftMotorRearState = HIGH;

370 }

371 leftMotorRearTime = millis();

372 }

373

374 if(leftMotorFrontReading == LOW && leftMotorFrontPrevious == HIGH && millis() -

375 leftMotorFrontTime > leftMotorFrontDebounce)

376 {

377 if(leftMotorFrontState == HIGH)

378 {

379 leftMotorFrontState = LOW;

380 }

381 else

382 {

383 leftMotorFrontState = HIGH;

384 }

385 leftMotorFrontTime = millis();

386 }

387

388 if(rightMotorRearReading == LOW && rightMotorRearPrevious == HIGH && millis() -

389 rightMotorRearTime > rightMotorRearDebounce)

390 {

391 if(rightMotorRearState == HIGH)

392 {



rightMotorRearState = LOW,

}
else
{
rightMotorRearState = HIGH;
}
rightMotorRearTime = millis();
}

if(rightMotorFrontReading == LOW && rightMotorFrontPrevious == HIGH && millis() -
rightMotorFrontTime > rightMotorFrontDebounce)

{
if(rightMotorFrontState == HIGH)
{
rightMotorFrontState = LOW;
}
else
{
rightMotorFrontState = HIGH;
}
rightMotorFrontTime = millis();
}
if(powerState == HIGH)
{
/*

* Need to detect front bumper sensors

* Small motors turned off

* Tension sensor inactive

*/

if((tareState == HIGH) && (runState == LOW))

if(tareDirectionState == HIGH)

/ldirectionState = 0;

HCMotor.Direction(0, FORWARD);

HCMotor.Direction(1, FORWARD);

HCMotor.DutyCycle(0, ); //Need to put a non variable unit here
HCMotor.DutyCycle(1, ); //Need to put a non variable unit here, same unit as above

Serial.printIn("Motors move back™);

if((leftMotorRearState == HIGH) || (rightMotorRearState == HIGH))
{
digitalWrite(tarePin, LOW);
digitalWrite(leftMotorRearBumperPin, LOW);
digitalWrite(rightMotorRearBumperPin, LOW);
tareState = LOW,
tarePrevious = LOW;
leftMotorRearState = LOW;
leftMotorRearPrevious = LOW;
rightMotorRearState = LOW;
rightMotorRearPrevious = LOW;
HCMotor.DutyCycle(0, 0);
HCMotor.DutyCycle(1, 0);



449 Serial.printIn("Motors moving towards the back stopped");

450 Serial.printIn(tareState);

451 }

452

453

454 I*

455 * Need to detect rear bumper sensors

456 * Small motors turned off

457 * Tension sensor inactive

458 */

459 }

460 else

461 {

462 HCMotor.Direction(0, REVERSE);

463 HCMotor.Direction(1, REVERSE);

464 HCMotor.DutyCycle(0, ); //Need to put a non variable unit here
465 HCMotor.DutyCycle(1, ); //Need to put a non variable unit here, same unit as above
466

467 Serial.printIn("Motors move forward");

468

468 if((leftMotorFrontState == HIGH) || (rightMotorFrontState == HIGH))
47 {

471 digitalWrite(tarePin, LOW);

472 digitalWrite(leftMotorFrontBumperPin, LOW);

473 digitalWrite(rightMotorFrontBumperPin, LOW);

474 tareState = LOW;

475 tarePrevious = LOW;

476 leftMotorFrontState = LOW,;

477 leftMotorFrontPrevious = LOW;

478 rightMotorFrontState = LOW;

479 rightMotorFrontPrevious = LOW;

480

481 HCMotor.DutyCycle(0, 0);

482 HCMotor.DutyCycle(1, 0);

483 Serial.printIn("Motors moving towards the front stopped™);
484 Serial.printIn(tareState);

485 }

486

487 }

488 }

489 else if(tareState == LOW && tarePrevious == HIGH)

490 {

491 HCMotor.DutyCycle(0, 0);

492 HCMotor.DutyCycle(1, 0);

493 }

494

495 if(runState == HIGH && tareState == LOW && wireWindingState == LOW)
496 {

497 I*

498 * Run state goes here

499 * Tension Sensor Active

500 * Optical sensors goes here

501 * Small Motors Active

58% * Big motors moving at a rate that correlates with wire diameter
5 */

504



559
560

[* if tension sensor < 5009 and detect the optical sensors for wire reaching the end of the spool

*

*/

/I The speed is now a user input
Speed = ;

/[There should be a section here once the LCD user input is added to the program

/I Motor 3 PPS and RPM calculations
PPS 3 =1/ (Speed* * pow(10,-6));
RPM_3 = ((1/ (Speed * * pow(10,-6))) / 200) *

/I Calculate the RPM of the tracking motors Motor 0 and Motor 1
RPM_0 = RPM_3 * (wire_dia/ ACME_Thread);

Speed_MO0 =60/ (200 * RPM_0 * * pow(10,-6));

PPS 0=1/(Speed_MO * * pow(10,-6));

/*
* This is the code that controls the main running portion of the program.
*/
if(runState == HIGH)
{
/*
* Bumper controls and optical sensors
*/
if(directionState == 0) // add optical sensor controls to this

HCMotor.Direction(0, FORWARD);

HCMotor.Direction(1, FORWARD);

if((leftMotorRearState == HIGH) || (rightMotorRearState == HIGH))
{

directionState = 1;

}

else if(directionState == 1) // add optical sensor controls to this
{
HCMotor.Direction(0, REVERSE);
HCMotor.Direction(1, REVERSE);
if((leftMotorFrontState == HIGH) || (rightMotorFrontState == HIGH))
{
directionState = 0;
}

}
HCMotor.Direction(2, FORWARD);

HCMotor.Direction(3, FORWARD);

if(initial SpeedState == speedStatePrevious)

{
HCMotor.DutyCycle(3, Speed);
HCMotor.DutyCycle(2, Speed); //Speed_M2
HCMotor.DutyCycle(0, Speed_M0);
HCMotor.DutyCycle(1, Speed_M0);
Speed_M2 = Speed;
PPS 2 =1/ (Speed_M2 * * pow(10,-6));



561 RPM_2 =(( / (Speed_M2 * 100 * pow(10,-6)))/200) *

562

563 initialSpeedState = 1;

564 if (RPM_3 < 3.0)

565 {

566 rpmCounterBuffer = 1;

567 }

568 else if (RPM_3 >=3.0)

569 {

570 romCounterBuffer = 1;

571 }

572 romCounter = 0;

573 testTimer = 0;

574

575 else if((fsrVoltage >= setpoint + tensionBuffer) || (fsrVoltage <= setpoint - tensionBuffer))

576

577 if((fsrVoltage <= setpoint - tensionBuffer) && (rpmCounter == rpmCounterBuffer))

578 {

579 RPM_2 = RPM_2 - RPM_Buffer;

580 rpmCounter = 0;

581

582 else if ((fsrVoltage >= setpoint + tensionBuffer) && (rpmCounter == rpmCounterBuffer) &&

583 (RPM_2 <= (setpoint + 0.04)))

584 {

585 RPM_2 = RPM_2 + RPM_Buffer;

586 rpmCounter = 0;

587

588 else if ((fsrVoltage >= setpoint + tensionBuffer) && (rpmCounter == romCounterBuffer) &&

589 (RPM_2 >= (setpoint + )))

590

591 rpmCounter = 0;

592 }

593 rpomCounter = rpmCounter + 1;

594 Speed_M2 =60/ (200 * RPM_2 * 100 * pow(10,-6));

582 HCMotor.DutyCycle(2, Speed_M2); //Speed_M2

S }

ggg else if ((leftMotorRearState == HIGH) || (rightMotorRearState == HIGH))
{

599 HCMotor.Direction(0, REVERSE);

600 HCMotor.Direction(1, REVERSE);

601 digitalWrite(leftMotorRearBumperPin, LOW);

602 digitalWrite(rightMotorRearBumperPin, LOW);

603 leftMotorRearState = LOW;

604 leftMotorRearPrevious = LOW;

605 rightMotorRearState = LOW;

606 rightMotorRearPrevious = LOW;

607 //Serial.printIn("Cart moving reverse");

608 }

609 if((leftMotorFrontState == HIGH) || (rightMotorFrontState == HIGH))

610

611 HCMotor.Direction(0, FORWARD);

612 HCMotor.Direction(1, FORWARD);

613 digitalWrite(leftMotorFrontBumperPin, LOW);

614 digitalWrite(rightMotorFrontBumperPin, LOW);

615 leftMotorFrontState = LOW;

616 leftMotorFrontPrevious = LOW;
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rightMotorFrontState = LOW;

rightMotorFrontPrevious = LOW;

/ISerial.printIn("Cart moving forward");
}
testTimer = testTimer + 1;
Serial.print(testTimer);
Serial.print("\t");
Serial.print(RPM_2,4);
Serial.print("\t");
Serial.print(RPM_3,4);
Serial.print("\t");
Serial.print(fsrVoltage);

if (testTimer >= )

{
digitalWrite(runPin, LOW);
runState = LOW;
runPrevious = LOW,
HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, 0);
Serial.printIn("in here");

}
else if (Speed_M2 ==

Serial.printIn("never stood a chance");
digitalWrite(runPin, LOW);
runState = LOW;
runPrevious = LOW,
HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, 0);
}
}

}
else if(runPrevious == HIGH && runState == LOW)

HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, 0);
HCMotor.DutyCycle(0, 0)
HCMotor.DutyCycle(1, 0)
}
/*
* Wire tightening state goes here
* Small Motor control
* Tension sensor is active
*/
if(wirewindingState == HIGH && runState == LOW && tareState == LOW)//this needs to have a
wiretightening state added to low to if necessary

if(fsr\Voltage <= setpoint)

{
HCMotor.Direction(2, FORWARD);
HCMotor.Direction(3, FORWARD);
HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, );



else

digitalWrite(wireWindingPin, LOW);
wireWindingState = LOW;
wireWindingPrevious = LOW;
digitalWrite(orangeLed, LOW);
HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, 0);
Serial.printIn("ready");

}
/[Serial.printIn(fsrVVoltage);

if(spoolButtonState == HIGH && wireWindingState == LOW && runState == LOW && tareState ==
LOW)//this needs to have a wiretightening state added to low to if necessary

/[Serial.printin(HCMotor.clockCounter());

/*
* This snippet allows the wire to be spooled twice along the length of the spool creating a buffer layer
*/
if (spoolPass < 100)
{
Speed = ;
if (spoolPass == 0 && initialSpeed ==

HCMotor.Direction(2, REVERSE);
HCMotor.Direction(3, REVERSE);
HCMotor.Direction(1, REVERSE);
HCMotor.DutyCycle(2, Speed);
HCMotor.DutyCycle(3, Speed);
HCMotor.DutyCycle(1, Speed);
initialSpeed = 1;

//spoolPass++;

Serial.printIn("First Phase");

}
else if (HCMotor.clockCounter(1) >= && (spoolPass == 0))
{

HCMotor.Direction(1, FORWARD);

spoolPass++;

Serial.printin("Second Phase");

HCMotor.clearClockCounter(1);

}
else if (HCMotor.clockCounter(1) >= && (((spoolPass % 2) > 0) && (spoolPass < 6)))
{

HCMotor.Direction(1, REVERSE);

HCMotor.DutyCycle(1, Speed * pow(2,spoolPass));

spoolPass++;

Serial.printIn(spoolPass);

HCMotor.clearClockCounter(1);

Serial.printin("Third Phase");

}
else if (HCMotor.clockCounter(1) >= && (((spoolPass % 2) == 0) && (spoolPass < 6)))

{
HCMotor.Direction(1, FORWARD);



HCMotor.DutyCycle(1, Speed * pow(2,spoolPass));
spoolPass++;

Serial.printin(spoolPass);
HCMotor.clearClockCounter(1);
Serial.printin("Fourth Phase™);

}

else if (HCMotor.clockCounter(1) >= && (spoolPass >= 6) && ((spoolPass % 2) > 0))

{
HCMotor.Direction(1, REVERSE);

Speed_MO = bigMotorSpeed(Speed);
HCMotor.DutyCycle(1, Speed_MO);
spoolPass++;
HCMotor.clearClockCounter(1);
//Serial.printIn("Fifth Phase");

}
else if (HCMotor.clockCounter(1) >= && (spoolPass >= 6) && ((spoolPass % 2) == 0))

{
HCMotor.Direction(1, FORWARD);

spoolPass++;
HCMotor.clearClockCounter(1);
//Serial.printIn("Sixth Phase");

Serial.printIn(fsrVoltage);
}

}
else if(spoolButtonPrevious == HIGH && spoolButtonState == LOW)

{
digitalWrite(spoolButtonPin, LOW);

spoolButtonState = LOW;
spoolButtonPrevious = LOW;
digitalWrite(yellowLedThree, LOW);
HCMotor.DutyCycle(2, 0);
HCMotor.DutyCycle(3, 0);
HCMotor.DutyCycle(1, 0);
}
}
else
{
HCMotor.DutyCycle(2, 0)
HCMotor.DutyCycle(3, 0)
HCMotor.DutyCycle(0, 0);
HCMotor.DutyCycle(1, 0)
}
powerPrevious = powerReading;
tarePrevious = tareReading;
tareDirectionPrevious = tareDirectionReading;
runPrevious = runReading;
wireWindingPrevious = wireWindingReading;
spoolButtonPrevious = spoolButtonReading;

leftMotorRearPrevious = leftMotorRearReading;
leftMotorFrontPrevious = leftMotorFrontReading;
rightMotorRearPrevious = rightMotorRearReading;
rightMotorFrontPrevious = rightMotorFrontReading;



}

double bigMotorSpeed(double velocitySmallMotor)

{
double RPM_MO = (60 / (velocitySmallMotor *

ACME_Thread));

Speed_MO0 =60/ (200 * RPM_MO0 * * pow(
return Speed_MO;
}

*(

-6));

* pow(

)

(wire_dia /



