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oi7te #
A FL FR BL BR
1~ Forward Forward Forward Forward
¢ Backward  Backward  Backward  Backward
£ Backward Forward Forward Backward
- Forward  Backward Backward  Forward
L - Forward Forward -
A Forward - - Forward
4 Backward z £ Backward
N C Backward  Backward -
et Forward  Backward  Forward  Backward
VY Backward Forward Backward Forward
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] A = °F 49N
EEEEE A&
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AAE APt A2 dahd FS AA
Wi el & 44 &

Ats Sa dagt FES Adssien e

REE WA Add £a da seel Basy) gl AW @E Tack drk
SEAsH BastEEas} g BAtEEAS TE] ARNE NS
2 34 A 2§ Taat ATes $8L Tohe] Aol Aol

D AzE] dA FA ¢ 30kg

2) Sl AEE

3 A S
X DX N

- —_— A pr—

|4 1000 of| 5] N=40 rpm
7> 150 <40

p— p— .14

V="To00xe0 — O3l4m/s

<FA 231 3 AEE 2>

3) Weldgd 74 vk 9 1EA
=0t HUB o] Y 1EA, #12Z 1EA

4) BA > A 249 ThEA A= AIE 2%

SHE A (Torque)

\
-
fo
4z

F.(3A3H e ) =puxmxg
= 0.35xX30x9.8
= 1029 N

BSLEA : F, Xr=102.9x0.075

= 771N « m
= 78.67kgf » cm
+~4(78F)19.66 kgf * cm

<FA 232 F8 HIEA AN 4>
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- 2. 98 7}1%EA(Torque)

Fy (7148 A &, At =2%)

« « BV
—m a —m At
=30X%=4.71N

Q75 EA 0 FXr=4.71x0.075

= 0.353N « m
4 (/) 0.088kgf » cm

<54 233 Bo JMEEA AN 4>

- 3. Y /9 &7 EF(Torque)

TEOEF(T)

T, = (F,+ Fy) x o] kA &
= (4.71+102.9) X< 0.075
=8.070 N « m
=82.35kgf * emOlA]

INGZHZYEEEHEA(+4) = 20.58kgf « em

o

PAAG 15588k 0 30.88kgf » em
4

<A 234 BE 1Y &3 E3 A4 A>

-4, 29 19 274 59 (Power)
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=> ZHEA

HER(G)*N T

g 1 WD8S1240 (DC 7lol= ®H)

2 EElE 0 K8GT5C

5

3 kgf*cm
Ve () E

(rpm) : 3000 rpm => 40 rpm

SH(G)=H

0 1.3%75%0.66 = 64.35kgf X cm

- -

*7HEE & ()

- 40%75%0.66 = 1980w

<19 232

<1y 231 %

i
)
Vv

mE =

B A =w>

z2&n)

<719 233
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ole] 7Zo(B) 9 ETExe] (H), ¥TE ZE(Q)E olgste] Tt A4 ATE u

W 0ol A wet PEE Ao el EAXL telatele] Aot Felde & 5

H
|
B
<% 234 FZE AL>
8 H A B 21 1433 2.66 37.34
¢ 0o 0.00 m 2 1498 291 37.09
1 98 001 3999 3 1563 318 3682
T e 25 1690 375 3625
s — - 2% 1753 405 3595
i i 27 1816 436 3564
7 487 0.30 3970 28 1878 4.68 3532
2 557 030 3961 29 1939 502 3498
9 626 049 3351 30 2000 536 3464
10 695 061 3939 31 2060 571 3429
1 763 073 3927 32 2120 608 3392
1 = & Lo 33 2179 645 3355
ol 103 | 3897 34 2237 684 3316
L A 3B 2294 723| 31277
o mm| ass| mes|| B B iel] w2
17 1169 175 3825 L. .
18 1236 196 3804 3| 6l G|  dlad
19 13.02 212 37.87 39 2517 891 31.09
20 1388 241 37.59 40 2571 9.36 30.64

<19 235 HZE Hu zo] A4 >
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7ol o] 235A0l 22 18AHS] HIE ]2 < 4583t F5o] 7esA AA s
@ {312V
@ B A 47A

@ v 4EA : 47x5 = 235A
@ A% oF 45min L

<19 236 WiEE A >

o] g3t dFHwH
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®
@ JHIE 290./\7/771777,2
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®
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FE=170.408 k;gf/cm2
A =2.3076cm”
o=0.295kgf/cm®

c=EXe=e= %: 0.00418¢m

7892.7564 kgf/cm®

00cm? (50em < 50em )

FL Skg+ 47l ) < 40
s=TL_ | 7= 1) 40cm -=0.3077cm
AE  2.3076¢m* < 70.408kgf/cm
<F2A 236 AAZF AL 2>
GEu FHFL  2.7X 10 Ykgf/cm?
w=4.5x4.5x2.7x10" 3—00546k:gf/cm
Z= (a*—b*) +6a = 0.33cm”®
0.0546
M= == —02 % 50° = 17.0625kgf « em
M
o= 7= 51.704kgf/cm?
A RHAE : (¢ —b?) + 12 = 8.25¢m*
/\)\1 237 2z RUE 74]/\]. /\1>
-2 drlE
@ Ad  &FE
® I HHE 1 0.15kgf/cm’
@ =32 1 0.09gf/cm
® w9l 2 - 2kg
@ | ZE+RE T/ =lkg
@® 9] Y¥] 50cm * 50cm
® #o AW A &
T4
aditibiiy .,
‘ Z le EREHZ  EF= 07
a | > Choy =y 4 =25
x ¥
nll?:a:mg: Uniferm loading p = |0.00844 kaffcm~2 |~
Geometry: Le:g:hI if; 22 = =
Thickness h = 5 mm ~
MStaal Your_l(rzsnjlodl..-tusfz 9.6 GPa v
Qutput: umt‘c-l'dusuleltcernen:_n-.'; mm ~
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Displacement

<4
Wonax = W(LI 12,L, ;zjzclm

2
wihere values of oy are listed in the following table.
Max(L /L., L /L) 1.0 1.2 1.4 1.6 1.8 2.0 o
<3z 0.0138 0.0188 0.0226 0.0251 0.0267 0.0277 0.0284

Hence, w_ ., = 0.594895905626 mm s 0.595 mm

The formula is valid for most commonly used metal materials that have Poission’'s ratios around 0.3, In
fact, the Poisson's ratio has a very limited effect on the displacement and the abowve calculation normally
gives a wery good approximation for most practical cases. The coefficient c; is calculated by the

Stress

2
Adir .
[ So— =cr(l:enter of long edge, near surface) =c w

Be
where values of c; are listed in the following table.
Mado{l fr . L SLY 1.0 1.2 1.4 1.6 1.8 2.0 [==]
Ca 0.3078 0.3834 0.4356 0.4680 0.4872 0.4974 0.5000

Hence, o .. = 2.54760291828 MPa == 2.55 MPa

The formula ks valkd for most commonly used metal materials that have Poission's ratios around 0.3.
The coefficient ¢ is calculated by the polynomial least-square curve-fitting. -

<7y 237 GREE el AQL A S

@ I F&dsH

B o
|

2500cm? (50cm X 5ocm)

= g(P 5kg)2 ol A ——

210 *kgf/cm?®

Q

2500

o, _
AR A GG H 1, = > = 1x10 *kgf

o
-

[IL)
oocl\-')n u)

OO 2 (50em < 50em)
Uﬂ

e}%a

o
<
2

l‘>‘I [\3|q

L=6x10 *kgf/cm?

max

<F2 238 Hol ddEeE AL 2>
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A 3% FA= L AF
A18 FA=(Computer work)

1-1. W7kd & (Mechanum Wheel)

<18 3.1.2> catia 3D =4

8 32 2DEWHS 3DE A mGo|th RE 9 viF e =d4d RE S U E B
ol t},
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A 274 A ZH(Manufacture)
1. AF 94 2 AF7gH

A= A A= A

7/3 - 7/15 Hzbdd A7 s

9/4 - 9/11 RIS B

9/12 - 9/15 | Z29Y Fu) 2 A=

9/17 - 9/30 dFrE F AP L

10/1 - 10/30 | H=ZE wd dFrjad s 2 A=

1 vWztd & A4 £ 7

NT-REX

VEX-PRO

744
=27]

A
4735

=Y NS

1 509H (4EA)
D917 1014
&7 &L
: 50kg N
21270

NTAH %3 VEXA =
g Gl sl =S

o o
=z

KeR
=

W NTAEo] ¥ $2 ¥

7hA o 2 Qe VEX O Al
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el HeE A4 s,
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Al 47 Ao
A1d MCU 474

Aduino UNO R3

Aduino MEGA 2560 R3

5V
Input Voltage (recommended)
6-20V

Operating Voltage :
0 7-12V
Input Voltage (limits) :
Digital 1/0 Pins :

PWM output )
Analog Input Pins : 6

14( of which 6 provide

5V

Input Voltage (recommended)

Input Voltage (limits) : 6-20V

Digital I/O Pins : 54 (of which 15
provide PWM output)

Analog Input Pins : 6

Operating Voltage :
0 7-12V

L ==
— = A+

O|EZ2 AtE o}QLC}

DC Current per I/O Pin : 40 mA ]
) DC Current per I/O Pin : 40 mA
DC Current for 3.3V Pin : 50 mA )
DC Current for 3.3V Pin : 50 mA
Flash Memory : 32 KB (ATmega328) of .
) Flash Memory : 256 KB of which 8 KB
which 0.5 KB used
used by bootloader
by bootloader
SRAM : 8 KB
SRAM : 2 KB(ATmega328)
EEPROM : 4 KB
EEPROM : 1 KB(ATmega328)
Clock Speed : 16 MHz
Clock Speed : 16 MHz
Aduino MEGA 2560 M 0| £
PWMA| 0|2t HSHOE 2t2F 47HE SiOfsiA ZEEQ| =7} £F57| =0 7[2HQl
unoECh= mega HISICHD M2t MEASIRACE ot XEXE A MOl & = U

_37_




1.178°

DIAG,EN, (Y
Pwm 0¥

cs
DIAGY/EN,
IN,

+5V (IN)
GND

+ — (motor supply)

<Y 421> EE =dlo]H

i Zﬂ%‘% B4 DCEHY &WaF £% A7l 7Fsd VNH3SP30 ®EH =2}o]
H ICE ©A8 HE=Z 55v ~ 16VollA 2l d& o2 9A A{FE FFo] 7t
Ttk (324 30A)
o Y, AMY, HHY, FHdiel g HEQ BHi7|ss 7HA L Ut
H
al

= A4, AdFA% A, reverse battery 3 E ¢33 FETES #3235}

o A AA 75 VNH3SP30o A= A ¥38hA] ekE=th (VNH2SP30 Al A €1)
INAS} INB= 7749 REjo] WS A of ghrl,
e HEZIA 3|Z&E A&
e PWMHAL REZ on/off A1ZITH PWMA L LOWRE 5ol o], BE =go)
Z8 2o J|R o7 offeu}
INA INB 715
LOW HIGH Al A Hrsko 72 3l A
HIGH LOW WAL A WhgEo 2 3] A
LOW LOW 2E AHXA
HIGH HIGH 2 AA
DY A =E A
<H 421> olFolx T2 AE
HAA oS 98 RE QAo 12Ve] 47A o]7] wjEo] 4A~8A¢] g RE Eglo]

WZE Aol glolA 9AQD o] E¥ =glolm & Mgt = AT
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A3A T3P LA
/8T PWM A5 A4
int inB_chl_pin = 13;
int pwm_chl_pin = 12;
int inA_chl_pin = 11;

int inB_ch2_pin = 10;
int pwm_ch2_pin = 9;
int inA_ch2_pin = §;

int nB_ch3_pin = 7;
int pwm_ch3_pin = 6;
int inA_ch3_pin = 5;

int inB_ch4_pin = 4;
int pwm_ch4_pin = 3;
int inA_ch4_pin = 30;

int inB_lift_pin = 32;
int pwm_lift_pin = 2;
int inA_lift_pin = 34;

//button_pin o}Folx AMS A A
int buttonN_pin = 53;
int buttonS_pin = 51;
int buttonE_pin = 49;
int buttonW_pin = 47;
int buttonT_pin = 45;
int buttonL_pin = 43;

//ButtonState ¥ A A
int buttonStateN;
int buttonStateS;
int buttonStateE;
int buttonStateW;
int buttonStateT;
int buttonStateL,;

2~ = O] & == d =z
//111:1 = ]:1‘:11 'x:{%Lﬂ /}1/(01

void setup({
Serial.begin(9600);//*] ©] &1 L 1] €
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pinMode(pwm_chl_pin, OUTPUT);
pinMode(inA_chl_pin, OUTPUT);
pinMode(inB_chl_pin, OUTPUT);

pinMode(pwm_ch2_pin, OUTPUT);
pinMode(inA_ch2_pin, OUTPUT);
pinMode(inB_ch2_pin, OUTPUT);

pinMode(pwm_ch3_pin, OUTPUT);
pinMode(inA_ch3_pin, OUTPUT);
pinMode(inB_ch3_pin, OUTPUT);

pinMode(pwm_ch4_pin, OUTPUT);
pinMode(inA_ch4_pin, OUTPUT);
pinMode(inB_ch4_pin, OUTPUT);

pinMode(inB_lift_pin, OUTPUT);
pinMode(pwm_lift_pin, OUTPUT);
pinMode(inA_lift_pin, OUTPUT);

pinMode(buttonN_pin, OUTPUT);
pinMode(buttonS_pin, OUTPUT);
pinMode(buttonW_pin, OUTPUT);
pinMode(buttonE_pin, OUTPUT);
pinMode(buttonT_pin, OUTPUT);
pinMode(buttonL._pin, OUTPUT);

//eko & 7hi= WEF goNoll A A chl:9 ch2:9F ch3:9F ch4:¢F
void goNO{
digitalWrite(pwm_ch1_pin, HIGH);
digitalWrite(inA_chl_pin, HIGH);
digitalWrite(inB_chl_pin, LOW);

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, HIGH);
digitalWrite(inB_ch2_pin, LOW);

digitalWrite(pwm_ch3_pin, HIGH);

digitalWrite(inA_ch3_pin, HIGH);
digitalWrite(inB_ch3_pin, LOW);
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digitalWrite(pwm_ch4_pin, HIGH);

digitalWrite(inA_ch4_pin, HIGH);

digitalWrite(inB_ch4_pin, LOW);
}
//QEZ 0 R Jh= "Wk goWoll A& chl:¢ ch2:% ch3:5 ch4:<
void goE({

digitalWrite(pwm_chl_pin, HIGH);

digitalWrite(inA_chl_pin, HIGH);

digitalWrite(inB_chl_pin, LOW);

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, LOW);
digitalWrite(inB_ch2_pin, HIGH);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, LOW);
digitalWrite(inB_ch3_pin, HIGH);

digitalWrite(pwm_ch4_pin, HIGH);
digitalWrite(inA_ch4_pin, HIGH);
digitalWrite(inB_ch4_pin, LOW);
}
/Ao 2 Tk ek goWell A4 chli% ch2:¢k ch3:<k ch4: %
void goW (X
digitalWrite(pwm_ch1_pin, HIGH);
digitalWrite(inA_chl_pin, LOW);
digitalWrite(inB_ch1_pin, HIGH);

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, HIGH);
digitalWrite(inB_ch2_pin, LOW);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, HIGH);
digitalWrite(inB_ch3_pin, LOW);

digitalWrite(pwm_ch4_pin, HIGH);

digitalWrite(inA_ch4_pin, LOW);
digitalWrite(inB_ch4_pin, HIGH);
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/A2 7 W goEel| AA chliF ch2:% ch3:¥ ch4:H
void goS({
digitalWrite(pwm_chl_pin, HIGH);
digitalWrite(inA_chl_pin, LOW);
digitalWrite(inB_ch1_pin, HIGH);

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, LOW);
digitalWrite(inB_ch2_pin, HIGH);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, LOW);
digitalWrite(inB_ch3_pin, HIGH);

digitalWrite(pwm_ch4_pin, HIGH);
digitalWrite(inA_ch4_pin, LOW);
digitalWrite(inB_ch4_pin, HIGH);

//EZE 4 ko g Jhi= WEF goNEO] A4 chl:¥ ch2:X ch3:X ch4:9F
void goNE(O{

digitalWrite(pwm_chl_pin, HIGH);

digitalWrite(inA_chl_pin, HIGH);

digitalWrite(inB_ch1_pin, LOW);

digitalWrite(pwm_ch4_pin, HIGH);
digitalWrite(inA_ch4_pin, HIGH);
digitalWrite(inB_ch4_pin, LOW);

—

/A& A o2 7= Wk goNWeoll A3 chl:X ch2:9F ch3:2
void goNW (){

digitalWrite(pwm_ch2_pin, HIGH);

digitalWrite(inA_ch2_pin, HIGH);

digitalWrite(inB_ch2_pin, LOW);

ch4:X

|

¢

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, HIGH);
digitalWrite(inB_ch3_pin, LOW);
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[/ EE 4 How 7= Wek goSEY AA chl:X ch2:% ch3:% ch4:X
void goSE(){

digitalWrite(pwm_ch2_pin, HIGH);

digitalWrite(inA_ch2_pin, LOW);

digitalWrite(inB_ch2_pin, HIGH);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, LOW);
digitalWrite(inB_ch3_pin, HIGH);

/A% g7l JoZ 7 WEF goSWell A% chl:¥ ch2:X c¢h3:X ch4: 5
void goSW (){

digitalWrite(pwm_chl_pin, HIGH);

digitalWrite(inA_chl_pin, LOW);

digitalWrite(inB_ch1_pin, HIGH);

digitalWrite(pwm_ch4_pin, HIGH);
digitalWrite(inA_ch4_pin, LOW);
digitalWrite(inB_ch4_pin, HIGH);

//Q 2% 3 Hst= W turnRel A2 chl:¢t ch2:% ch3:
void turnRO{
digitalWrite(pwm_chl_pin, HIGH);
digitalWrite(inA_chl_pin, HIGH);
digitalWrite(inB_chl_pin, LOW);

w
<1
o

=
e
i}

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, LOW);
digitalWrite(inB_ch2_pin, HIGH);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, HIGH);
digitalWrite(inB_ch3_pin, LOW);

digitalWrite(pwm_ch4_pin, HIGH);

digitalWrite(inA_ch4_pin, LOW);
digitalWrite(inB_ch4_pin, HIGH);
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/1% B ek=

void turnL (){

H} 3k

o

[e]

turnLell A4 chl:¥ ch2:% ch3:5 ch4:9k

digitalWrite(pwm_chl_pin, HIGH);
digitalWrite(inA_chl_pin, LOW);
digitalWrite(inB_ch1_pin, HIGH);

digitalWrite(pwm_ch2_pin, HIGH);
digitalWrite(inA_ch2_pin, HIGH);
digitalWrite(inB_ch2_pin, LOW);

digitalWrite(pwm_ch3_pin, HIGH);
digitalWrite(inA_ch3_pin, LOW);
digitalWrite(inB_ch3_pin, HIGH);

digitalWrite(pwm_ch4_pin, HIGH);
digitalWrite(inA_ch4_pin, HIGH);
digitalWrite(inB_ch4_pin, LOW);

JREE 97 &

void LiftU(){

g =

ek liftue] A4

digitalWrite(pwm_lift_pin, HIGH);
digitalWrite(inA_lift_pin, LOW);
digitalWrite(inB_lift_pin, HIGH);

/B ZE olglz Yal= ek liftDel] A2 A

void 1iftD({

digitalWrite(pwm_lift_pin, HIGH);
digitalWrite(inA_lift_pin, HIGH);
digitalWrite(inB_lift_pin, LOW);

J/BE HE 117] offd AA

void off(){

digitalWrite(pwm_chl_pin, 0);

digitalWrite(pwm_ch2_pin, 0);

digitalWrite(pwm_ch3_pin, 0);

digitalWrite(pwm_ch4_pin, 0);

digitalWrite(pwm_lift_pin, 0);
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//Q1

SR
—= 3L
=

void loopO{

//button_ping buuonState® A HAA 7 TAEA T2 ¢l=T}
buttonStateN= LOW; buttonStateN= digitalRead(buttonN_pin);
buttonStateS= LOW; buttonStateS= digitalRead(buttonS_pin);
buttonStateE= LOW, buttonStateE= digitalRead(buttonE_pin);
buttonStateW= LOW,; buttonStateW= digitalRead(buttonW_pin);
buttonStateT= LOW; buttonStateT= digitalRead(buttonT_pin);
buttonStateL= LOW; buttonStateL= digitalRead(buttonL_pin);

//AEd BEUE AR
Serial.print(buttonStateN);
Serial.print(buttonStateS);
Serial.print(buttonStateE);
Serial.print(buttonStateW);
Serial.print(buttonStateT);
Serial.println(buttonStateL);

//RYeF AW Ed ZlZEME°] EAA ¥%%E FF goNTgoSWE At

if ( buttonStateT == LOW && buttonStateL == LOW ) {

}

if (

else

else

else

else

else

else

else

buttonStateN == HIGH && buttonStateS == LOW && buttonStateE == LOW

&& buttonStateW == LOW) { goNO); delay(50); off(); }

if ( buttonStateN == LOW && buttonStateS == HIGH && buttonStateE == LOW
&& buttonStateW == LOW ) { goS0); delay(50); off(); }

if ( buttonStateN == LOW && buttonStateS == LOW && buttonStateE == HIGH
&& buttonStateW == LOW ) { goEQ); delay(50); off(); }

if ( buttonStateN == LOW && buttonStateS == LOW && buttonStateE == LOW
&& buttonStateW == HIGH ) { goW(); delay(50); off(); }

if ( buttonStateN == HIGH && buttonStateS == LOW && buttonStateE == HIGH
&& buttonStateW == LOW ) { goNE(); delay(50); off(); }

if ( buttonStateN == HIGH && buttonStateS == LOW && buttonStateE == LOW
&& buttonStateW == HIGH ) { goNW(); delay(50); off(); }

if ( buttonStateN == LOW && buttonStateS == HIGH && buttonStateE == HIGH
&& buttonStateW == LOW ) { goSEQ); delay(50); off(); }

if ( buttonStateN == LOW && buttonStateS == HIGH && buttonStateE == LOW
&& buttonStateW == HIGH ) { goSW(); delay(50); off(); }

J/EeF S E Al A YEZEHELS TEAYE A9 turnl, turnRS A 3 skt
else if ( buttonStateT == HIGH && buttonStateL == LOW) {
if ( buttonStateN == LOW && buttonStateS == LOW && buttonStateE == HIGH

else

&& buttonStateW == LOW ) { turnL(); delay(50); off(); }
if ( buttonStateN == LOW && buttonStateS == LOW && buttonStateE == LOW
&& buttonStateW == HIGH ) { turnR(); delay(50); off(); }
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}
//RPeF FEZEWES AE 7RI IAHE FEAEE
else if ( buttonStateT == LOW && buttonStatel. == HIGH) {
if ( buttonStateN == HIGH && buttonStateS == LOW && buttonStateE == LOW
&& buttonStateW == LOW ) { liftU(Q); delay(50); off(); }
else if ( buttonStateN == LOW && buttonStateS == HIGH && buttonStateE == LOW

&& buttonStateW == LOW) { liftD(); delay(50); off(); }

A% LiftU, LftD< 3 gk}
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