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#include <SD.h>
#define DAT 8
#define CLK 9
#define PIN_SDCS 4 //SD »F v 7 - 1L 7 k CS(SS)D A
— &5
File file; //SD 7 7 A VD EF%
float offset=0; /77— K& /LD FIHIMEE R
void setup() {
Serial.begin(9600); /315 i Ji 2 9600bps 1Z5% &
pinMode(CLK, OUTPUT); //CLK(9) % H /112 7% &
pinMode(DAT, INPUT); //DAT(8) % A J\Z 7% &
pinMode(2,INPUT); /2 3/ &> & AT E
offset = Read(); //#IHIE D% &
while(SD.begin(PIN_SDCS)==false){ //SD A U % — F
DB bA
delay(1000); /DBl 1T 1 B & & 12#k v 3K L F26E
}
}
void loop() {
if(digitalRead(2) ==LOWW // A A v F R ST
float data; /1 B O & 75 (float)
int Change; /7 5 O & #&(int)
unsigned long time=millis(); /{2 & 7> & O WEH [ms] E 2§
data = ReadQ); //fif EE D% E
Change =(int)-data/5;
Serial.write(H"); //BEA G (~v &) % %(E
Serial.write(-Change/100); //data % %{5
Serial.write(-Change%100); /data % %5
file=SD.open("TEST.CSV",FILE_WRITE); //& & Z %
Ty ANDIF—T
if(file == true){ /14— 7" BETH L2 5HE
/[Serial.println("g");
file.print(time); // 7 7 A WMZE X AR
file.print(",");
file.printIn(-data,2);
file.close();
}
elsel} /I —7 L inkBL L= 54
}
elsel /1 AA v F RS TV IT L
delay(100); //RHRF I 0.1 FPIRAE
}
}
float Read(void){
float volt; //FEEAH D EFE
float gram; //fif B O JE 7
long data=0; //Fi/72 L7- 24 € T — ¥ E#
while(digitalRead(DAT)!=0); //DAT 7% 0 T72W ik v K
j—
for(char i=0;i<24;i++) {
digitalWrite(CLK,1);
delayMicroseconds(1);
digitalWrite(CLK,0);
delayMicroseconds(1);
data = (data<<1) | (digitalRead(DAT));
¥
digitalWrite(CLK,1); //gain=128, PGA o #ig &
delayMicroseconds(1);
digitalWrite(CLK,0);
delayMicroseconds(1);
data = data”0x800000;
volt =data*(4.2987/16777216.0/128);
gram=volt/(0.001%4.2987/20000.0);
return gram-offset; //faf H 7> O HIHME S| & =T

import processing.serial.*;

Serial port;

floatl] data;

void setup(O1{
size(600,500);
port =new Serial(this,"COM3",9600); //if{5 A~ — b & )&
background(255); /15 5 % JK 4
strokeWeight(2); /f# D K & % 2pt
fil1(0,0,255); /3L F Dt %
textSize(24); //3LF DK & X % 24pt
port.clear(; /1Z(ET—4 %27 V7T
port.write('H"); //Arduino (2[5 E R %% 5
data = new float [widthl];

void draw({
int Power;
if(port.available() > 1){
Power = port.read(); //7] & #t A Te
if(Power =="H'){
int Powerl =port.read();
int Power2 =port.read();
int Power3=((Power1*100+Power2)*5);
int Power4=Power3;
float(Power4);
float Power5=(Power4*9.8/1000);
float Power6=Power5+(0.0642*Power5-0.0192);
background(255);
text(nfc(Power6,1)+"[N]",10,40);
for (int i=0; i<data.length-1; i++) {
datali] = datali+1];
}
dataldata.length-1] = Power6;
}
}
Il 7" Z 7 O
stroke(0,0,255); /[# D 4% #
strokeWeight(5); /DK & % 5pt
for (int i=0; i<data.length-1; i++) {
line( i, convToGraphPoint(datalil),
i+1, convToGraphPoint(datali+1]) );
}

stroke(0); //HR D (4% B
fill(0); /35 Dt % B
strokeWeight(2); /DK & % 2pt
for(int i=0; i<8; i++)1
line(0,100+i*50,600,100+i*50);
text(24-1*3,570,100+i*50-10);
}
fill(255,0,0); // 30T D {4 % AR
stroke(255,0,0); //## D % i}
line(0,50,600,50);
text(27,570,50);
fill(0,0,255); /I LT Dt % 75
}
float convToGraphPoint(float value) {
return (500.0 - value*50/3);

}
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ABSTRACT

We had a problem that we were not good enough to be able to push the best power during screwdriver operation.
However, we hadn't taught how to push the best power during screwdriver operation in a junior high school.
Therefore, we developed a simple system recorded and displayed the pushing-power during screwdriver operation .
Our system measures the pushing-power during screwdriver operation with a load cell and records the changes on
an SD card. Moreover, it graphically displays the displacement of the pushing-power during screwdriver operation.
We defined 4 types of the tests (1. Test of graph's point, 2. Test of determining adjusted an equation ,3. Test of Using
the system in a junior high school , 4.Test of Using the system and a motion-capture system at the same time) , and
measure the achievement level of the system. We had students compare the pushing-powers of students and a teacher
during screwdriver operation as they were learning how to electric screwdriver and found that it was easy for
students to understand the difference in the pushing-power between students and teachers. We explored the use of
the system to use a motion-capture system at the same time, as a result, when the developed system recorded the
pushing-power during screwdriver operation on an SD card, the motion-capture system input 3D position of the
fingertips and joints into a computer. We found that it was difficult for students to visualize the same color of graph
and font and the overlap between scale and graph , to check the pushing-power during screwdriver operation ,and
to require 2 PCs for the use of the motion-capture system at the same time .

Keywords
Screwdriver, Pushing-power, Load cell, motion-capture, Junior high school students
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