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This project pointed to improving Dynamometer, which is in the Work Shop
Mechanical Engineering Naresuan University Phitsanulok Province, to test Speed,
Torque and Power. The important improvement is checking repairing and testing
and apply board ‘Aduino’, to control devices instead of the Dynamometer board

which be ruined, then written Code to measure Volts, Force and Speed from Loads

Abstract

and use | abVIEW for controlling and calculating.

The test results of improved Dynamometer by using Arduino and LabVIEW.
Overall test result, maximum torque is 5412 Nm when the speed reached to

818.726-952.726 rpm and maximum power is 2920 watt when speed reached to

1086.679 rpm
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2.4.2 Wswnsudlaalw LED

€3 Blink | Arduino 1.6.7
File Edit Sketch Tocls Help

Blink &

1133t arduins

¥l

pIzvd IED gy oa

to di3icsl pin

Thiz gxarple cods 23 1R 1he puelic Somaamn.

rodified £ oMay 013
Ty fcore Firzu=tald
Iy

#/ the aetup functicen runi orce when you presa rcoct or pewer the koard
vold setup{) |

{/f initislize digital pin 13 as an cutput.

olnMode {13, OUTEUT);
1

// thz leep function runa over and over again forever
void leoopf{) {

digitalwWrite{1l3, HIGH); // Turn tre LED an (HIGH 15 the veltage level)

delay {1000} ; /7 wait For a s2cord
digitalWrite {13, LOW}: 4/ rurn cre LED off by making the wvoltage LOW
delay(1000); // wait fer a secord

31]17; 2.19 TUsuwnsy Arduino

N3l 2.19

3

o e . = 8 e = T A
Ads pinMode (13, out); A dslvidyanalwuan sanfisunuadila

'
[

e digitalwrite(13, HIGH); fla &sllwdla

A delay(1000); fio delsimiranan 100058 it

'
@

A& digitalWrite(13, LOW); @i® ﬁqiﬁwqmdﬂalw
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2.4.4 AgmUsunsuUsunnuaitiveswasaly LED
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File Edit View Project Operate Tools Window Help
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Connection Type (USB/Serial)

L
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W 0-255
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U7 2.25 Block Diagram Wiwnsufupruadsveswaanly LED
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2.4.5 Wsunsuitldlunsnadey Dynamometer
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yaalUsunTa LabVIEW gglumpsuan v



Ui 3

YURDUNITANTUIY

%3 L o
et o

lassuilifunoumsiniuinu wiadunmsinumiamueslanluiivesifadeglu

L3

e e ] E=d ﬂl A o 5 ld‘ r 1
omIUjuinisimnssuaiena Anwidyvivesiusunsumhunlivaaauiidililauysol uay

U

- 2 '3
NMsvRAULATpdlaelsnaus

3.1 Unyunazuuanienisusulgdlaunlaiivnes

4 o = | o a
WavhnsAnulassuidluszesusn wuniidywidessuniuniaain Eddy current

4 o

brake L vinnsviaay
3.1.1 Yomlaunludmasiiadeediaszwinnisnageu
1) dnvruzsvasdnmn

ssaeulymhssnnahsaliiuugands wagvihnsmasouindesdsliv 91nns

t ) ot i o E; =y 1 1 25
Weopdsgvinawsiulave  Auvemaawitendh  Tuwagidaniswunoiszwihmeaeulls
Tdflon 2 difiregiiumdues Eddy current brake ¥ilisznitensyuifaauualmen

wrulanggiv veanamilsnivihlvdadesiaiussuimegeau
2) uuameamsuiulse

wilalaonmisiitien 2 sunldndufudumuai wazvagoulnen1sinsaundanuii

‘J -y q!!
VESITHARTULUNRY



3V 3.1 Ugyvidesiiiinain Eddy current brake
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T4lUsunsa LabVIEw

A 1 @ ] -] o
wialilunisaugumsdrensaiulitih lug Eddy current brake wagdbundmnnmm

aannanadaulauluiiines
=
gunsalild

) UaIA Arduino
) vaealvl LED
3)  WK4993 Comparator with Hysteresis
) UW9933 Pulse Width Modulation (PWM)
5) UNIVERSAL PHASE ANGLE TRIGGER MODULE (model Fc11al)
6) Crydom M505012F
7) RC Filter, Voltage follower low pass filter

FBn1svadgau

1) seaedyaIEnIN Arduino, RC Filter, Voltage follower low pass filter,
WH32993 Comparator with Hysteresis Waswia1933 Pulse Width Modulation
(PWM) flaguil 3.2
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Y. d
AN 1
ar ar & 1 ar
NIVLEARIANUFUWUSTZUNN Torque fiu Speed
6 1 1070.029,5.302 ¢ 1895.761,5.302
5 | A
/|987.89,5.302:
£ 4
£
I
- 53
S
BN
1
o
© e §‘ Al b & i ¥ o o & o o & e g
Hr q‘fi)) «Q‘;b «“ﬁ \"9}\ \i\o’\ & o \\“Q_) e i n;b(& i 1‘-"')

Speed (rpm)

= YT ] ar o o
FUN 4.2 A9MUEAIRMUELWUGIEYINE Torque AU Speed AT 1

nnswilugy 4.2 uansanisveseusadnvesinsuiderulaunlufines sy
v o | A 1 ~ v Y ] | =
IfflaiaSessudifiaviivenimgy eussdndldiaznntulnosusniuiniigaie 5.302 Nm
Tutaamunsy 1070.029, 987.89 waz 895.761 rpm
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NTIURAMIAINEUNUSIINTNS Power f1U Speed

3500 .
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T 2000
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z |
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1)) i
= {
& |
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|
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A s L & 1 U 5 A:J
UM 4.2 neluanaaIduGIENINg Power fU Speed A5aH 1

o  aF L3 CJ 1 ) 5 &
inaslugy 4.3 uanswansnageuidaessosusiilodulaulufines ankuls
= o o e o o o s val
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NIIALEAIAIMUFNWUS 219 Torque AU Speed
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‘6 :
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= o e & 1 a & oo
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= A a £
Nnnsnlugl 4.4 wanwman1snegeuussinvassasudidodulaunuiwes aswi
[y | ¢ A a = | = nlllyd & 1 o P A
IadlamIpasudlilainauE) Augsdan AfRzanAulneAs i la N iigade 5.412 Nm

Tugnemnunsa 819.726 - 952,37 ipm
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e 1000 |
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-
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A ar @ [ 1 s 5 dl
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o o i‘—*] 1 Oy 4 i
s HlugY 4.5 tanmansvageuiasassasuidiodulauluilined aswuls

P2 i ¢ o = o Yo w o R
IaLASIEUALALAIILTIIUET 760,342 rpm ﬁ]slwnwaqwaatﬂiaaaumaqw 2710 watt
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/finclude avr library
#include <awrfio.h>

#include <avr/interrupt.h>

#define EXT INT 1 // Uno: D3 pin used to be-EXT INT (1)

volatile uintl6 t ovf count = 0;

ISR{TIMERL OVF_vect) { // overflow rate: every 32768 usec (32.768msec)

ovf_count++;

void timer1 start() {
uint8 t SREG tmp = SREG; // save the status register

ovf_count =0, // reset overflow counter
cli(); // disable interrupts

TIMSK1 = 0;

TCNT1 =0; // reset Timerl count register
TCCRIA = 0

TCCRIB = 0;

// use Timerl in Normal mode

TIMSKY |= (L<<TOIEL),  // Enable Timerl overflow interrupt

TCCRI1B |= (1<<CS11);  // start timer at f CPU/8: 16Mhz/8=2MHz => 0.5usec step,
SREG = SREG_tmp; // restore the status register

volatile uint8_t edge count;
volatile boolean done;
volatile uint32_t prev _ts;

volatile uint32_t period;

uint32_t get_timestamp() { // get current time with 0.5usec precision
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uint8_t SREG_tmp = SREG;
clif);
uintlé_t count value = TCNTI;
// In normal operation the Timer/Counter Overflow Flag (TOV1) will be
// set in the same timer clock cycle as the TCNT1 becomes zero.
if (TIFR1 & _BW(TOV1) ) { // check overflow
TIFRL |= BWTOV1), // clear overflow flag
++ovi count;
}
uint32 (s = ovf count;
ts = ((ts << 16) + count value);
SREG = SREG tmp;
return ts,

void ext isr() {

if (edge_count==1) {
prev_ts = get timestamp();

}

else if (edge count==5) {
// period {usec) = (difference between two timestamps / 4} * 0.5 usec
peiiod = (get_timestamp() - prev_ts) >> 3;
done = true;

]

edge count++;

}

uint32_t period _measure(} {
edge count = 0;
done = false;
uint8 t TCCR2A tmp = TCCR2A;
uint8 t TCCR2B_tmp = TCCR2B;
TCCR2A = G;



TCCR2B = §;

attachinterrupt{ EXT INT, ext isr, FALLING ),
while (Idone} ;

detachinterrupt{ EXT INT ),

TCCR2A = TCCRZA tmp;

TCCR2B = TCCR2B tmp;

retumn period;

daufl 2 Wumsnsusenelasns

char shuf[32];
int freql;
// float dN;  //Speed different

intv=0; //voltage command is set to 0(0 to 255)

// int dv = 10; //Factor for voltage Diff

int Nset=50; //Desired Speed

int Speed;

int fcread; //voltage from force sensor
//float force;  //force from sensor

//float torque; //torque in N.m

float factor = 0.2684; //freq to speed convertor
// float factor2 = 416.925; //radius of retarder
// float FO;

// float F1;

// float F2;

// float F3;

// float P;

// float ratio;

boolean fnsh = false,

int ctrl = 6;  //set voltage command into pin 6

int readf = Ad;  //set reading force into pin 3
int br = 0;
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void setup() {
/fanalogWrite(ctrl, v
Serial.begin( 115200 );
Serial.println(*start testing");
// Serial.println( "Dyno Start" );
// Serial.printtn("Please set engine speed in rpm = "); //Set Nset
// while(Serial.available()==0){ } //Waiting for Nset

// Nset = Serial.parselnt(); //convert ascii into int
// Serial.println("Setting Speed is : ");

// Serial.print{Nset);

// Serial.println(" rpm”);

timerl start();

pinMode(ctrl, OUTPUT);

pinMode(readf, INPUT);

TCCROA = BWCOMOAL) | BV(COMOBI1)} | BVIWGMOL)| BVIWGMOO); //setting register
timer on pin 5,6

TCCROB = BW(CS00); //Setting Register timer on pin 5,6

dauft 4 ssthdmmadotvsunsusasddbilusunsnin Slumsiauesivwuuuguly

(So84

void loop() {
if (Serial.available()X
br=Serial.parselnt();
}
if(or==1)}{v=100;}

else



v=0;}
br=0;

period = period measure();

freql = (1000000ul)/period;

Speed = freql*factor; //factor = freq to speed in ipm convertor
// dN = Speed - Nset,
/7 ratio = dN/Nset;
// v =v+dv *ratio; //algorithm to control voltace

ifSpeed > Nset) {

v=50;
}

iftv > 100) {
v = 100;
}

douf 5 L‘ﬂum‘iLLﬂﬂﬂNﬂﬁWé‘Uﬂﬂﬂ'ﬁﬁ'w’JﬂJ

analogWrite(ctrl, v); //used to be V' try to use 180 for diagnosis

//Printing Output

fcread = analogRead(readf);

/Y FO = (float) fcread;

/Y F1 = fcread®5;

/! F2 = F1/1023,

/o F3=F2-05;

// force =100%F3; //**Convert voltage into Force

// torque = force*factor2;

// P = (torque * Speed)/9535.434;
Serial.printin(");
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Serial.print("v");

Serial.println(v);

Serial.print(rpm”);

Serial. println{Speed);

Serial. print("fc");

Serial.printin{fcread),
// Serial.printin{br);

//Serial.printin("Press any key to restart.. '},

delay(50000);

/* frequency measure
uint32_t period = period measure();
uint32_t freq = (1000000ul)/period;
sprintf( sbuf, "Period = %lu us, Freq. = %lu Hz", period, freq );
Serial.println( sbuf );
delay{1000);
*/
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ﬁ%ﬁﬁ 1
Tpm T power
0 0 0
252.245 |  2.651 909
2855051 2651 1029
785872 2765 1416
707618 | 2651 2550
12042 | 3977 | 2893
1176.73 | 3977 2827
1088.48 | 3.977 2615
949.04 | 3977 2280
1070.03 |  5.302 1928
987.89 | 5.302 1780
895.761 | 5.302 1614
607.719 | 3.977 1460
320.787 | 2.651 1156
282215 |  2.651 1017
2044475 | 2.651 881
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M1 A2 ﬂ']mﬂﬂ']ﬂﬂ'ﬁﬂﬂﬁ@ﬂﬂ'ﬁﬁ'ﬂ 2

ndiil 2
rpm T power
0 0 0
274722 2.651 990
296.922 2.651 1070
314.404 2.651 1133
355.196 2.651 1280
418.743 2.326 1732
610.494 2.651 1342
819.726 5.302 1477
907.416 | 5.302 1635
212.411 5.302 1644
890.766 5412 2140
952.786 5.228 2289
952.37 5.302 1716
915.74 3.971 2200
710.67 2.651 2561
760342 | 2.651 2740
254,742 2.651 918
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adail 3
| rpm T power
0 0 0
265.773 2.651 913
322.864 2.651 976
345879 265t | 1123
689.543 2.786 1563
911.768 3.652 2670
954.654 3.899 2452
962915 3977 2192
912.411 5.008 2427
1086.68 5.302 2920
810.292 3.456 1958
740917 3.986 1623
418.743 2.651 1422
295.812 2.651 1066
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