BRI AEL

43
R 55 A% FF 1
AR ES B07502068
£33 B07502054
% 26 &
Bk F B07502077
F 22 g B07502144
Tpe B07502065
L 2L
¥

2021 # 67 18 p




B R L OO 2
R N ) 2

2 L= R g R 3

2. 2L AT . 4

2 2 A 4

2 2 B o 5

D AL R 6
D A2 BB BB 6

3 L B 11
3 Lo T 17

32 b 55 K 3 et 19
3. 271 B St ~ A e 19
3 2 B 20



3. 2-3 B E R B A 20

.24 B BB 21
325k BEF HICE 21
33D 4 B 23
B 3l B 23
.32 B F B B 24
8. 3-3 L A T B 25
3 A I E 25
R I e T 27
B A1 A AR B 28
3. 4-2 HBE RIRIBE S B, 29
3.4-3 PID 4 5 B o 30
B A A P MR 31
B3 235 A T BT oo 37
B A AT oo 37
A1 BREE S A5 37
A1-2 SRS A5 45
B1-3 S AT 51
B4 B A AR 53
42 B LT AL oo 54
A3 38 e nes 55
A.3-1 B RERRA 55
B.3-2 B BRA 55
BABET covvvveeeeevroeee e 60
BA-1 B RS B T 60
B2 S T 61



4.5-1 & e A B . 62
4, 5= b A B . 65
4, D=3 B B b e R . 67
4,54 B BB A R 69
R A L 70
4,56 Rl A 34 R 72
R e A B e o - P 74
4 -8 AT A B 76

4. 5= o R R B 3 L e 78

B0 2 2B et 79
O -l = 79

R = 80
T 8 A oottt ettt 82
5.1 BB % B oottt 82
ARy A 87
5.3 U R T 3EIEAEIE et 89
5.4 F7H] 5 FEAZTAD oottt 90

5.5 T B A T A i 99
D.0-1 Arduino Uno .....otttr e e e 99

5.5-2 MGI0 SErvo MOTOT ..ttt e e e e 100
5.5-3 TCRTDO00 . .ottt e e e e e 101

5.0 BOM 2 oot 103

5.7 955 1 AL coovvvvoeesvee s 105

= ~

\*ﬁy

B s 144



Plendts L F o BAEF - ¥ IR TG EAFE > T RFHES E
PRI D Sk T AF - BAPAL I AWAENE B RS DT ¢
P S YL g o H-B REE AT R BN B h B~ e

S BYRDLREP PN UE G R DL R g e

Y

Y

_$@ﬁﬁﬁﬁﬁﬁéﬁﬁ#ﬁi&ﬂ%’ﬁﬁﬁﬁﬁ&%’?“‘@ﬁ

.“

-\

BABLAG o BAELLT AN LA PR DR b

m

BB R ELAAST I FEEHL Y BRI OB BARE S e

SE DR F
B h Rz BIMA CBRREPLAL O REFEITERF EEF
HoORATRGER A R R WAL A RERAR L PR ko ek
ko PP AP ST o dek B p RN AL W R EITRI LAY
T gL B B R IVEATR A A
1.1-1 3K 34 4% ¢ Pk

() 22 e X, aB B30 RREFZFfERY L a3030
Bogniz B FREE O ST R L RO 3R T Ay o

Q) Fodivwthie o d MRIET > 2 R A Ry PfEw
Fl%&

() FLFH O BT PEFEALARDIFE B H 5
if 7o

(4) FFEEH S A2 2 CPHT R EFE A 0 3D AE S MR

I N



(5) R S ekt AR o PR AR 9 0 ED LA e end 4
S %
~ o ‘r;TFi’ -L
2.1 ®p|EF R
2.1-1 RIFE R
PREAFE PR LE - 0 ENBEITT RO TR FETAE L > BT
PR A HEAEREY AT EREES  WRRGEFE T 1 AR Eir
T AT ACES B B R L F SR
l. FiEg 2k 330cm- F 100cm e RIGEPFRE 10 248 2 w2 p 1 B0 1
b # S oo
. PIRBAE D BT D g AR EY 0 RRIET SIS
NI RIREAEY § 7 ARRFE v A R B E AT A TR B4R
At AT ERICARBEFEFE OB g A Co d AT
AR AR T A R PR 3L -
V. 2 Wiz e %2280 & 4 RARR] LR -
V.  BEPER LA TE ¥ - PR R FIRR B - B R o Er
M(E2) $ 2B F o ARFFTE DR RAD LAY
VI REFEFEAFEENE - 2N B R A 0 B F B LAE -

VIL 2523 00 B % P AR {4 0 BRR T

VI #rddeRl s 10 RT 25K o AFEZS SR -

IX. RFFPEIHPEEZRIALEFEYIRE ) FHE LT ELEYLBERED

X MRIBFEEPARIVERIERFER - PFEIEF A S I AKR TS



i o

XI.

ko

Top view
L REATY

ol MR IS

I LR

100

HRPREL S TALE 100 » BB EFH L EAE 100 » B2 100

F—MEBTaR
11111 5

I FeE R L
=R S i o ]
v
a4 y
( 45 60 45
(=]
m?
LT —
— E—
30 30 30

unit: cm

DREES SRy

1Bk B R TR A B

KRS

i 5 R

15 ki

AR AR A ¥ I

FEORE % - A

20 ki

5 A Tlid R A

35+8*N | &

35+16*N | T:

50+16*N | &

GO+16*N | *0 % = Bk ® p R AER O 3 (GFERAA VID)

2.1-2 # &%

LITEEARY AREBITL G A Th S~ FHEES S ARP2ZT o E

g &

[




B F R TR

Jail Hifd Ll

18
|
7
s

3N
b

3
=N
gy
=F

.
P2

SRR

SR

SN
B
I
®F
=

AR AR LF Al B2 RN b

L T A o

PRI RARR BN AP ADET R FREF KRB
BRFeE  FRt B RN et A AT R R ET R I B2 -
22-1 B A HF

TRRPBEAL B LB e A IR R R Y
FA(250ml 4Rsh e )EMBER X F - X 2B Mco 2 FRE A
RAINFBPAEIFEFHEZ NS S FRBF )
22253 i

FRED I A g o REF AR LR RN R 2ER X T

P S PahE i R e g I Appe & 0 RE IR i g ] e



2.2-3 & i 3L
FiafkiEd Uy e gL AR TUPFEFIN B E I RFRT AT

RKERPHEPPFAEL DIES > HiEkA

heifedd Kih A5EF@EF Y RHET X

=
s
£
2

EORHITIRELFT g @ALFS Hhefa ERIPRFE BT
EAED RERGE  SEAP AR AT RES 0 F
EEL EAFE e FERR ;}f‘f”#ﬂﬂ

mhk eI RER T AR TER Y PR PR s o £

=

AR REARLNEL WA AKEEL BT RAFCEE o {2 A
ﬁﬁ%%mo
2.3-1 5@

B ARPEEELRIIPIE R B LD hEe b FE 0 5
ﬁ@%ﬁ,—mmg@mﬁﬁﬁm%@ﬁﬁI&LQ’—Mﬁ&ﬁﬁﬁ@ﬁﬂﬁ

hoo s A lpch APERERH - o g fp R PR o e AR F]

A

o

ﬁ%“ﬁ%‘;réﬁ?’iii Mh o BEHWRE R Te L RAHES IR L d

REERAE R 4 25 R S S 0 £ LR A B R
ERAEE R IRAE
2.3-2 44

bo5ehet R R G5 R RIRIAE S G h RS > D HEETIE

o FlL A E AR IR AL e A T P TS B A
EEGE AR A RASNHE  BRAAPE ek B A AE 45 B > B

TR ALY EAFRLIDENRS 15kg Wi AR T 29
5



14 PTFE » %% F4L[1]> PTFE # + # Bfeitfic: 004 & BEkdks
0.03 -
S B RE T PE LR B S B A
F, = usN = 0.04 x 1.5 x 9.81 = 0.5886[N] (1)

BRI LR

F, = uN = 0.03 X 1.5 X 9.81/0.707 = 0.6244[N] -—(2)
R BFAEEEAN IR R T R T B o FEATZ 244 B
B b BRAZBEEHHUEIRYE FRRE AR{HEPEE > T RE

4 LF e

247 4 5%
2.4-1 Pr
AR R ERTRE LR FRE L AR, F A
WEEIMESTFE L Nl o U HETRE D R T LA
ke F o BB G A hE FF 0 Flpt i AR R E R e
AL e
2.4-2 * % Pl
%&Lﬂ’&ﬁﬁﬁ%&;%@’ﬂ&@ﬁi&ﬁﬁﬂ%%ﬁﬁ@&%ﬁ
Jhin g B e PR B IR T]T - IEAY o R PE R Rk S W4
- TALR } ’fi_f/ﬁ FAeFlivr > X H R AGEH GRS o d Wty ek AR R

WEK DA SECE SR RERBL B W e L L RNE R

I

RPEARTEE

BAIRA Y PR R REBLFETA SIS R B A 2304



b B R IE N R

hE B ASET o M E A

BEd xRS
LN ER R chh -
R o

3.1 24
3.1-1 2 ‘[ﬂi%ﬁﬁ—r‘ﬁ%_l.

ERTENCS TOER S0

HnT AL R g R

=z & v

KPP R TEE
3

Pl o BB R BHEanR 0 4
jtk o e EERA o G W i e 12

34

Wit o = Wb R R 2
BEom g R eng ) RAPE B

EEE RIS TAUET H Y LR LE I

EE Rl
o S TR R AT R o

PIEE R 0 F N R S e

AR R LR
Y PAE I
FK;{J BT G

g R A enfenl PR Jg (B T A IE

Mg EFETRETA RS

B SR B-E AL A S h N AREINA UZ

TE BB EA LR P ESS

G oA Fl L EEEE

AR BV U SN

™

LR

“3\‘2

& ARt T & o
Tl R ERBY RS
fohige s BEIE > F 5 LPIREFRG
Mg BE R
@ PER A RASE > R L A

Wit EHF RRE ﬁ;‘iiﬁ,%?gﬁfg

G —fh sz dhIE
ERLI RSP S ]

R R TR AR 0 e e kB

R R ERE LR L PR AEE sy Ll EUE R B
e R RPHE R EF P HMEE AR R FEMG T 8L T R
R S 33 fe 203t a3 A aw - - R hEs » e

7



Wik > L A KL PR > AREFL T ARER e DR -

B ORREEA R Y A EEN I FEY o d AR PP AL TF
FABENZ R R ST R RE > FERA S R LR DT uf
P AR S ARE S TR O o Bl R NS e kR D
LB gEGHe RENF SRR P RERFEZFRY FHRERE > F N

PR ek A T RREEHE R G R RGBS SR o

R iz2dWAEDRPFL 2 > L8 RFETEARFEEE G OEHE

ﬁ'*f‘ﬁ\féﬁﬁ&\@]%ﬁ_ﬁ };"TJ\“,,%FKHF; - B ] enpEEE o Fpt A QKT B iR

)\ﬂiﬁ-ﬁll‘;pj’:-—ej %gg—rgf']/l ‘i ’ ?T] % '\*Q jz"]{'pr;/w I‘;vLFIeT °
%”i”’iF%ﬁﬁ@ﬂW%&ﬁiﬁﬁiii’#ﬂﬁﬁéﬁﬁﬁ@

PREZGIFELI A £ 00— B BEBFERER > XA FL BE PR o
B RRS S adT R PR AR T A% K R PRPIRE e
TR BT AP TRAFF - I RPT R R R R R
Bk R RS 4T AR o F AR EAY FIRIE PR T ¢ HRIRSE E
FoRApg A hf B @A R e LA EP HE s A LFEP TR

PREE0T 3 ¥ E 0 R 2EH T EERTPE S RE



CR ST AN 2 FIER ESabts S-S R

1 TREEIFEAES L

BT B RIS > Y RIREEATR I D Ao BT 0 A8
RN R E 3 SR e R
?ﬁﬁ%mT&ﬁ%ﬁﬂﬁ’%&i

PP LR S oA R e i R

B

'&l

rﬁg\;’f%‘,h,_r}i?l&g—‘:u 7;}5—!%1:"

BRI R e A GRER AR L 0 P h LA

SRR A RE L ARPHEBRS IR EPT R T F
SR Bl RF LR RRL R R GRS S HUIE L H

BRI R



ky

7t _:tl—é v drarin e B

\

/\E]

M6 ¢ T R B
a2t BB LR et 2 B R fehiEihe B R
T BT

=5

P
g
4

|

[t

L

2% i 4o arduino F-4 ] ~ LT S E

k4
=

10

r}é‘l

2

5
LL#

‘}b’

ﬁ\w

o>

A

m A
IR e e S
FeEm o> HARF EA D MEIF P ke g LT T
FOFEITESDAR-

b



312 % k3t

Ackerman Parallel

B 7 Ackerman mechanism £7 H s f& & % XLt i% @]

Ao DAY 0 B h RIE BRI L RIB T ARG A B PR A
BE B3 R 6 F A RTERpnL L 5o g3 - (L
¥ Rl ) &S SR A FEDER A LT D HE S
PP AR B Rl AR S R R TR A - sl 4t Y
“7on 0 ipfdk i e ki Ackerman condition 0 E_# fmiE ek SEIZ B AN 0 @ L
e [T A ARIT T S AR R A R i St % Ackerman mechanism - i&f&
PRI EPRILRZ LA I B AR LTS BoRpaie Ftk
< Rl § 5 s phens Y SRR R f A RS R 2

¥ L_fﬁ‘f'% °
A OAEET 0 A RleNTREEMEY F AR 0 - T b gy gD
AR @A Rl A e ONFEAEHEAFE > A AEEATL @B T 4p e

=

SRR LR TR R S LU ST T

11



Steering bov
Drag link

{(a) lever arm steering system {b) rack-and-pinion steering system

-
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4 Draglink Drag link
I
j Dragr link
(c) multi-link steering mechanism (d) trapezoidal steering mechanism
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D2826-6 2200kv Outrunner Motor

Specs:

Rpm/V: 2200kv

Shaft: 3.177mm

Voltage: 25~3S (7.4v to 11.1v)

Weight: 50g

Watts: 342w

Max Current: 34A

ESC: 40A

Suggested Prop: 7x4(2S) ~ 5x5 (3S)
Mounting Hole Bolt Circle: 16mm or 19mm

B 19 D2826-6 2200K, Motor *F g% 33|+
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finclude <Wire.h>

long accelX, accelY, acceli;

float gForceX, gForce¥, gForcef;

long gyroXCalli = 0, gyro¥Calli = 0, gyroZCalli = 0;

long gyroXPresent = 0, gyroY¥Present = 0, gyroZPresent = 0;
long gyroXPast = 0, gyroYPast = 0, gyroZPast = 0;

float rotX, rot¥, roti;

Bl 27 7 2 i3k S #Ae\ g

(2)% = %4 1 A=dp it S 8cZ A 4750
vold setup() {
Serial.begin(9600);
Wire.begin();
setUpMPU () ;
callibrateGyrovValues () ;
timePresent = milli=s();
}
void loop() {
Serial.print (" Accel (g)");
readAndProcessAccelDatal() ;
readAndProcessGyroData() ;
printData () ;
delay (100);
}
B 28 A=4sit SfcE A AR
B F=me TR
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void setUpMPU() {

// power management

Wire.beginTransmission (0b1101000); //
Wire.write (0x6B); //
Wire.write (0b00000000); //

Wire.endTransmission(); //

// configure gyro

Wire.beginTransmission (0b1101000);

Wire.write (0x1B); //
Wire.write (0b00000000) ;
Wire.endTransmission();

// configure accelerometer

Wire.beginTransmission (0b1101000);

Wire.write (0x1C); //
Wire.write (0b00000000) ;
Wire.endTransmission();

Start the communication by using address of MPU
Access the power management register

Set sleep = 0

End the communication

Access the gyro configuration register

Access the accelerometer configuration register

B 29 3% T AR iR ARNAG

vold callibrateGyroValues () {

for (int i=0; i<50
getGyrovValues () ;

gyroxXxcalli

gyro¥calli

gyroZcalli

}
gyroxXxcalli

gyro¥calli

gyrozZCalli

00; i++) {

gyroxXcalll + gyroXPresent;
gyro¥Calli + gyroYPresent;
gyroZCalll + gyroZPresent;

gyroXcalli/5000;
gyro¥calli/5000;
gyroZcalli/5000;

vold readAndProcessAccelData () {
Wire.beginTransmission (0b1101000);

Wire.write (0x3B);
Wire.endTransmission
Wire.requestFrom(0bl

while (Wire.available

()7
101000, €) ;

() < 8);

accelX = Wire.read () <<8|Wire.read();

accelY = Wire.read()<<8|Wire.read();

accel?Z = Wire.read () <<8|Wire.read();

processAccelData () ;

B 30 3 Pdcie 2 4250 75
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void processAccelData() {
gForceX = accelX/16384.0;
gForceY = accely/16384.0;
gForcel = accelz/16384.0;

void readAndProcessGyroData() {

gyroxPast = gyroxXPresent; // Bssign Present gyro reaging to past gyro reading

gyrovPast = gyroYPresent; // Bssign Present gyro reaging to past gyro reading

gyroZPast = gyroZPresent; // BAssign Present gyro reaging to past gyro reading

timePast = timePresent; // Rssign Present time to past time

timePresent = millis(); /] get the current time in milli seconds, it is the present time
getGyroValues(); // get gyro readings

getAngularVelocity(); // get angular velocity

calculateAngle(); // calculate the angle

B 31 3 B~ficid mJd? /25N 75

void getGyrovalues() {

Wire.beginTransmission(0b1101000); // start the communication by using address of MPU
Wire.write (0x43); // Rccess the starting register of gyro readings
Wire.endTransmission();

Wire.requestFrom(0b1101000, 6) ; // Request for 6 bytes from gyro registers (43 - 48
while (Wire.available() < 6); // Wait untill all 6 bytes are available
gyroXPresent = Wire.read()<<8|Wire.read(); // Store first two bytes into gyroXPresent
gyroYPresent = Wire.read()<<8|Wire.read(); // Store next twe bytes into gyro¥Present
gyroZPresent = Wire.read()<<8|Wire.read(); //store last two bytes intoc gyroZPresent

void getAngularVelocity() {
rotX = gyroXPresent / 131.0;
rotY = gyroYPresent / 131.0;
rotZ = gyroZPresent / 131.0;

B 32 3 P iE IR AR 5 4B
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void calculateRngle() {
/! same squation can be written as
/] angelZ = angelZ + ((timePresentZ - timePastZ)*(gyroZPresent + gyroZPast - 2*gyroZCalli)) / (2*1000%131);
/] 1/(1000%2#*131) = 0.00000382
// 1000 --> convert milli seconds into seconds
/] 2 -=> comes when calculation area of trapezium
/! substacted the callibated result two times because there are two gyro readings
angel¥ = angelX + ((timePresent - timePast)* (gyroXPresent + gyroXPast - 2*gyroxCalli)) * 0.00000382;
angzlY = angelY + ((timePresent - timePast)* (gyroYPresent + gyro¥Past - 2*gyro¥Calli)) * 0.00000382;

angel? = angel? + ((timePresent - timePast)* (gyroZPresent + gyroZPast - 2*gyroZCalli)) * 0.00000382;

Bl 33 4eid R3EE AR

(6)% = 3"p :ﬁ%l 41 %% 3 serial monitor

void printData() {
Serial.println("Gyro (deg/sec)");
Serial.print (™ X=");
Serial.print (rotX);
Serial.print ("™ ¥=");
Serial.println(rot¥);
Serial.print ("&ngle (deg)™):
Serial.print ("™ Z=");

Serial.println(rotz) ;

Serial.println("Angular displacemsnt wrt started position (d=g)™);
Serial.print ("angsl of X axis=");

Serial.print{angelX) ;

Serial.print (" angel of ¥ axis=");

Serial.print {angelY¥) ;

Serial.print (" angel of Z axis=");

Serial.println{angelZz) ;

Serial.println("Acceleration (g)"™);
Serial.print ("™ X=");

Serial.print (gForceX) ;
Serial.print ("™ ¥=");

Serial.print (gForceY) ;
Serial.print (™ Z=");

Serial.println(gForceZ) ;

B 34 #-% % $1 3 serial monitor
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Bl 36~ 37 3FFEBRBIENT

% 6 7 k%A% &4 2 Young’s Modulus

Density(g/cm”3) Young's Modulus (GPa)
0.8 3.99
0.82 4.38
0.817 4.049

% 7 9 AR R4 e EEA7 » T 2 Poisson’s Ratio

Orientation

Urr

Urr

HURrT HTR Average

Poisson's Ratio

0.329

0.344

0.410 0.334 0.354

# Orientation:

L: longitudinal; R: Radial; T: Tangential

Upirection of applied stress; Direction of deformation;

# 6 % Wood Handbook * 7 F % & 2. % & 4% 9 Young’s Modulus ° i£ # % &

BARIT 0 B#cdpiE 7P 46 FRIATR gy o

0.817—-0.8

Young's Modulus 0=0.517 = 3.99 + (4.38 — 3.99) X ———— = 4.049
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0.82-0.8

R BEEE A A N ElAR £ T G
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39




159 i g 3R R E WS FPt e 2 L5 RADS o FLt#a s d 3
w #7ip] 1% ¢ Poisson’s ratio T 351% 5 & * chficdy o
d A At b P RREE R BoR PR %‘Tﬁ’ 3 Lj&_ﬂﬁﬁﬁ]ﬂ Hid 43 ETE X

BARIH A S e i) RFRL BRI A B

IS

R AEEAERE B 2R ETRpHFS A BT R

é‘
:%
o3
=
A

Pk ] e N A et s +5 o A Inventor B R eh
Ry A EREE L P onficiE o 48 TR AR TS 0.1 PR wh i
LR FRERALO ] E S 0.025 i 5 sk Mok Hof i

Moo gt th o w BRI B E T HEA A I D TS R4

B

7
~ &

40



% 8 7 ¢ Element size 2. F ek 4758 %

Element Mises Stress Maximum Displacement

size

0.1

0.075

0.05

0.05
(no fan

thrust)
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Average Number of elements | Maximum deformation | Mises stress
element size (mm) (GPa)
0.1 27917 0.3627 8.865
0.075 59053 0.3614 9.621
0.05 82486 0.3636 9.656
0.05 82486 0.2266 4.248
(No fan thrust)

Y755 % ¢ 7 Misesstress #d < BB L X P o AP T g I 7
Pt ] ¥ 8 BB @ Mises stress Pl £ efedicy) > § B =+ 48>
F& (B 38 % Misesstress (73R4 > 5 b B A {EEmied pro 2 W2 b i
45 4GPa; A b BH{EEER A F DAL 2 A R4 95 9.5GPa- F
#1239 Wood Handbook » % %45+ 7" R4 & 18GPa = + » F|p B & ¥
BHARFETOE YRR ART2 0T 2 RE0F Y EAFTLE T 40g 0T
PERGEMDF > R G EEIEREG- B o (ot 2R LA EF
oo s R v ERZEE g o

Analysis result under different mesh size
- Mises Stress
9.8
9.6 e

9.4

9.2

Mises Stress(GPa)

(]
8.8

0 20000 40000 60000 80000 100000
Number of elements
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1 1
8p = (po +30V2) — (0o +3 V)
Thrust = A X ~p(Vi2 = V) (7)
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' |
-

Use Adaptive Sizing No
Growth Rate Default (1.2)
Max Size Default (0.10863 m)
Mesh Defeaturing Yes
Defeature Size Default (2.7157e-004 m)
Capture Curvature Yes
Curvature Min Size Default (5.4314e-004 m)
Curvature Normal Angle | Default (18.0%)
Capture Proximity No
Bounding Box Diagonal 1.0863 m
Average Surface Area 3.6574e-002 m?
Minimum Edge Length 1.5€-003 m
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vertical
radius of
displacement | applied force(N]) moment(N - m)
curvature(mm)
(mm)
17.5 4.7 1.41 513.99
19 5.29 1.58 473.36
26 7.06 2.11 345.71
29.5 8.24 2.47 304.59
33.5 9.17 2.75 268.09
36 10.49 3.14 249.39
44.5 12.4 3.72 201.5
48.5 13.14 3.94 184.75
54 14.37 431 165.75
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Discharge, time: Panasonic NCR18650B 3400mAh (Green)
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1 int sensor = 11;

2 int steps=0;

3 bool pch_state=0;

4 bool pcb_state_old=0;

S unsig int pulsesperturn = 10;

¢ unsigned int rpm; // rpm reading
7 volatile byte pulses; // number of pulses
2 long starttime;

% long duration;

10

11 void setup()

12 {

13 Serial.begin (9600);

14 pinMode (sensor, INPUT_FULLUF) ;
15 pulses = 0; 28 starttime = millis();
16 rpm = 0; 29 stepst+t;

17} Serial.print ("state=");

13 31 Serial.println(pcb_state);
19 void loop() 32 Serial.print("state_old=");
20 { 33 Serial.println(pcb_state_old);
21 if(digitalread(sensor)==0) { 34 Serial.println(duration);
22 pcb_state=0; 35 }

23 } 36 }

24 else{ 7

25 pch state=1; 38 pcb_state old=pcb_ state;

26 if (pch_state_old!=pcb_state) { 38

27 duration = millis() - starttime; 407}
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5.4 F ] % A2 B

#include <Servo.h>

#include <PID v1.h>

Servo esc; / ] LL PWM $2e] 25 4

Servo turner; //iEEEiE

Servo breaker; //ZHiFEE

int sensor = 12; //encoder ##%| 12 5%

double tset, tout, tin, Kd, Kp, Ki; //{E@rsssyymia g /a0
LUTaN

PID trackingPID(&tin, &tout, &tset, Kp, Ki, Kd,

DIRECT); //create PID controller

int ir_pin[]1={A1, A2, A3, A4, A5}; //EZ4L4MNpgE AT

int ir_threshold[5]={100, 80, 140, 155, 180}; //EF4[Y[ %%
FEE

int ir[5]={0, 0, 0, 0O, 0};

int velocity=0; //ZifE2y

int state=0; //FSEXS8 > HhEEFH

int v_high, v_low;

bool bdry=0; //#E54 boolean » H@rEEIrEH 4

bool bdry_ini=0; // F—ZX loop #ybdry - HEig R4k bool EEIE
int steps=0; //&E&HATEREHE

bool pcb_state=0; //HNHIE encoder iE{EEGHINE

bool pcb_state_old=0; //4 §¢t/5 encoder sE{ELUHIELEL

bool break _bool;

bool no_line;

unsigned int rpm; //rpm

long starttime;

long duration;

int angle 1, angle_r;

long no_line_time, stop_time;

void setup() [ 1¥14a EpREL
{
Serial.begin(9600); //zEf%
esc.attach(9);
turner.attach(10); //7EpzEE) 5
breaker.attach (11); / /s
9



velocity=0;

Kp=300; / 15%E PD{H
Kd=300;
Ki=0;

break bool = 0;

tset=180; / /& & PID HHAE S 180

pinMode (sensor,INPUT PULLUP);

state=0;

rpm = 0;

steps = 0;

breaker.write (160

); [ /SEEREREVIGAE

turner.write(90); [ 145 E R E YRS

Serial.print("Setting back to low speed! and wait 4
sec! ");

Serial.println("(hearing beep-beep-beep)");

esc.write(90);

delay(4000);

Serial.print("MOTOR IS READY! ");

Serial.println("(hearing regular beep---beep---beep--
- ")

v_low = 83;

v_high = 80;

angle 1 = 50;

angle r = 130,

void loop(){
/*String ans;

while (Serial.available() == 0) {
}
ans = Serial.readString();
if (ans == "ini"){
initialize();
t
else if(ans == "re"){
r*1
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if(bdry_ini != bdry && bdry == 1){ //#5EF|4HGE state+1
state++;
Serial.print("state=");
Serial.println(state);

}

bdry_ini = bdry; //ECHEHRRELUEEEES

navigate(); //HERSRACHFEEEEE - HEAEAERER - &

(E 1]

tracking();

motor_control();

breaking();

}

void rpm_cal(){
if(digitalRead(sensor)==0){ //&f encoder jkFE
pcb_state=0;
}
else{
pcb _state=1,;
if(pcb_state_old!=pcb_state){ //#1% encoder jREEELTT K
ImECekHY AR E - RS A
duration = millis() - starttime; //iS#Fth R uE/ERs
AR KIE duration 28 E—Mb@asny ez > B ms
starttime = millis();
steps++; //FEE|—ZIE A

}
pcb_state old=pcb_state; //& ¥ encoder jJkfE

void tracking() {
//Serial.println("tracking");
bdry = 0;
no_line=0;
for(int 1 = 0; i<5; i++){
ir[i1] = analogRead(ir_pin[1i]);

} o EEAGLIMEREGHIE
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if((ir[0] > ir_threshold[0] && ir[1] > ir_threshold[1]
&& ir[3] > ir_threshold[3]) || (ir[4] > ir_threshold[4] &&
ir[1] > ir_threshold[1] && ir[3] > ir_threshold[3])){

bdry = 1;
} /I HET RS ARG L EEEEAR AR
else if(state == 0){

tin = 125;

}
else if(ir[0] > ir_threshold[0]){
if(ir[1] <= ir_threshold[1]){

tin = 255;
}
else{

tin = 223;
}

}
else if(ir[1] > ir_threshold[1]){
if(ir[2] <= ir_threshold[2]){

tin = 191;
}
else{

tin = 159;
}

}
else if(ir[2] > ir_threshold[2]){
if(ir[3] <= ir_threshold[3]){

tin = 125;
}
else{

tin = 84,
}

}
else if(ir[3] > ir_threshold[3]){
if(ir[4] <= ir_threshold[3]){
tin = 56;
}

else{
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tin = 28;

}
else if(ir[4] > ir_threshold[4]){
tin = 0;
Vo RIRALA MR EE B T A A
else{
no line = 1;
}
tout=map(tin, 0, 255, angle 1, angle r);
turner.write(tout); //{id PID i E4EEiE G
}

void navigate(){

if (state==1)({
right(17);
straight(21);
left(17);
state++;
vV_high=77;

}

else if(state==3){
Serial.println("accelerate!");
v_high=80;
motor_control();
left(25);
strtra(8);
right(25);
straight(12);
v_high=101;
motor_control();
angle_1 = 90;
angle_r = 90;
no_line_time=millis();
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delay(3000);
v_high = 111;
motor_control();
state++;
}
/*else if(state==4){
no_line time=millis();
state++;
}
/[*else if(state==5&&millis()==stop tim3+3000) {
motor_control();
if(no_line == 1){
Serial.println("6666") ;
motor_control();
no_line time=millis();
state++;
breaking();

}

}*/

/*else if(state==7&&millis()>stop_ time+500) {
v_high = 96;
motor_control();
state++;

}*/

else if(state==7){
v_high=83;
motor_control();
state++;

}

else if(state==8){
delay(500);
v_high=90;
motor_control();

void left(int 1){
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int dis_ini = steps;
int dis = steps;
Serial.println("turning left");
while(dis<dis_ini+i){
motor_control();
rpm_cal();
turner.write(60);
dis = steps;

void right(int 1i){
int dis_ini = steps;
int dis = steps;
Serial.println("turning right");
while(dis<dis_ini+i){
rpm_cal();
motor_control();
turner.write(120);
dis = steps;

void straight(int 1i){
int dis_ini = steps;
int dis = steps;
Serial.println("going straight");
while(dis<dis_ini+i){
motor_control();
rpm_cal();
turner.write(90);
dis = steps;

void strtra(int 1i){
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int dis_ini = steps;
int dis = steps;
Serial.println("going straight");
while(dis<dis_ ini+i){

tracking();

motor_control();

rpm_cal();

turner.write(90);

dis = steps;

void motor _control()({

/*1if (rpm<100| | rpm==0) {
esc.write(v_high);
Serial.print ("rpm=");
Serial.println(rpm);

}

else if(rpm<200){
esc.write(v_low);

}

else{
esc.write(90);

1/

esc.write(v_high);

}
void breaking() {

if (break_bool == true)({
Serial.println("break!");
breaker.write(143);

void initialize(){
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557 & & %306
5.5-1 Arduino Uno

ARDUINO Microcontroller ATmega328P
UNO REV3
Operating Voltage 5V
Input Voltage T
VA
(recommended)
Input Voltage (limit) 6-20V
019,500 pcs |
T isison ]| pea | Digital 1/Q Pins 14 (of which 6 provide PWM output)
{__AREF
PWM Digital 1/0 Pins 6
@ ReseT ) o7 | ees | Analog Input Pins 6
[_+3vs P | ree |
ECHETD DC Current per 1/0 P 20 mA
P urrent per 1/0 Pin 20m
—
v o7 | #o7 ] DC Current for 3.3V Pin 50 mA
T
| rco [FER o014 4 05 | P05 ] 32 KB (ATmega328P) of which 0.5 KB used by
D ECETD Flash Memory bootloader
[Fez I o1 g EE D ;
T G T
| eea [EEN o1 L oy ] eon SRAM 2 KB (ATmega328P)
=
PleEp_surLTIn | PBS ] EEPROM 1KB (ATmega328P)
T oo [ e
L RxLlep | P4 Clock Speed 16 MHz
L Pover
LED_BUILTIN 13
Length 68.6 mm
. Ground . Internal Pin . Digital Pin . Microcontroller’s Port
B Pover B swp Pin || aAnalog Pin Width 3.4 mm
B e [] other Pin Default Weight 5 g
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5.5-2 MG90 servo motor

MG90S

Metal Gear Servo

100

Vcc=Red (+) —

Ground=Brown (=) —

1-2ms
Duty Cycle

48-6V |
Power

and Signal

20 ms (50 Hz)
PWM Period

Specifications

Weight: 13.4 g
Dimension: 22.5 x 12 x 35.5 mm approx.

Operating voltage: 4.8 V-6.0 V
Dead band width: 5 ps

Stall torque: 1.8 kgf-cm (4.8V ), 2.2 kgf-cm (6 V)
Operating speed: 0.1 s/60 degree (4.8 V), 0.08 s/60 degree (6 V)



5.5-3 TCRTS000

Reflective Optical Sensor with Transistor Output

19156_2

C A

E (]

Top view 19156_1
DESCRIPTION

The TCRT5000 and TCRTS5000L are reflective sensors
which include an infrared emitter and phototransistor in a
leaded package which blocks visible light. The package
includes two mounting clips. TCRT5000L is the long lead
version.

101

FEATURES

» Package type: leaded

* Detector type: phototransistor

* Dimensions (Lx W xHinmm): 10.2x5.8x7
* Peak operating distance: 2.5 mm

» Operating range within > 20 % relative collector
current: 0.2 mm to 15 mm

» Typical output current under test: Ic =1 mA
* Daylight blocking filter

» Emitter wavelength: 950 nm

* Lead (Pb)-free soldering released

Pb-free

RoHS

COMPLIANT

e Compliant to RoHS directive 2002/95/EC and in

accordance to WEEE 2002/96/EC

APPLICATIONS
» Position sensor for shaft encoder

* Detection of reflective material such as paper, IBM cards,

magnetic tapes etc.
 Limit switch for mechanical motions in VCR
* General purpose - wherever the space is limited



PACKAGE DIMENSIONS in milimeters, TCRT5000L

1.5:02

90.9:005

Marking area
Vare RT!SOOO\ 3 V4 A\
kS 13 =3
_’_1_:_ = o M 1 4 2.54s05 %
) m| ]
o] il )
i . —
| k4
5.5:05 *¥ o 05 285
=|‘_E =|= - =g:= ==
j ' — 1.2 1
I |
U.95xlu.us | 0.4 0.65 max. |
L6501 | ‘ 25421 X%
5.5:2 ¥¥ Reference plain “A”
Call A * Tolerances related
u\ { to reference plain "A"
\‘}_\ [ \ ¥ ¥ Talerances related
§ on lead end
TN Y s SRS
2 @ technical drawngs
— wmlzsw
.~ TCRT500 /
lum) \

weight: ca. 0.23g

Drawing-No. £.550-5146.01-&
Issue: &; 11.04.02

95 11267

Footprint Top View
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5.6 BOM %

Item Part Number QTY | Unit price | Sum Material Resourse
1 arm fixing plate 1 0 0 [ 3mm MDF Unversal cut
2 battery frame 2 0 0 | 3mm MDF Unversal cut
3 battery-support beam 2 0 0 | 3mm MDF Unversal cut
4 front wheel locking plate 1 0 0 | 3mm MDF Unversal cut
5 motor fixing plate 1 0 0 | 3mm MDF Unversal cut
Chassis | 6 rear support fixing plate 1 0 0 | 3mm MDF Unversal cut
7 rear wheel qr 2 0 0 | 3mm MDF Unversal cut
8 servo support 1 0 0 | 3mm MDF Unversal cut
9 tcrt5000 support 1 0 0 | 3mm MDF Unversal cut
10 wheel-support beam 2 0 0 | 3mm MDF Unversal cut
11 rear axle support 3 0 0 4mm MDF Unversal cut
12 fan cover 2 0 0 | 3mm MDF Unversal cut
fan 13 fan protecting board 2 0 0 | 3mm MDF Unversal cut
assembly 14 motor plate 1 0 0 | 3mm MDF Unversal cut
15 fan support rib 3 0 0 | 3mm MDF Unversal cut
16 fan 1 0 0 | PLA kingssel
17 hex connector 4 0 0 |PLA kingssel
18 pin 4 0 0 | stainless steel | cut by hand
19 | phi_5mm bearing 4 15 60 | bearing steel BN p bk £ 7
as\:;lniilly 20 M35 centerlock wheel nut 4 0 0 | stainless steel | AX#&F iT¢
21 wheel 4 0 0 |PLA kingssel
22 axle fastener 6 0 0 | 3mm MDF Unversal cut
23 wheel skin 1 20 20 | PU WE Y 5
| Item | Part Number | QTY | Unit price | Sum | Material | Resourse
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24 | connector 2 0 0 PLA kingssel
25 | front bearing housing 2 0 0 PLA kingssel
Bought at ~ J §. 442 48 %, machined at [
< 5 F ¥ 1 B Adjust length with a
front | 56 | phi_Smm front wheel axle | 2 1.4 2.8 | aluminum cutting machine, then drill a hole precisely
steering using a mill equipped with a drill chuck.
Finally, create external threads with a circular
die.
27 | servo connector 1 0 0 3mm MDF Unversal cut
28 | arm 1 0 0 PLA kingssel
29 | rear bearing housing 2 50 100 | aluminum B kI £ 7
Bought at ~ J §. 442 48 ¥, machined at [
< #4 5F ¥ 1 B Adjust length with a
rear wheel 30 | phi_5mm rear wheel axle 1 7.3 7.3 | aluminum cuj[ting m?:lchine,‘ then dr‘ill 2 ho}es precisely
using a mill equipped with a drill chuck.
Finally, create external threads with a circular
die.
31 | brake disk 1 0 0 3mm MDF Unversal cut
braking 32 break‘base 1 0 0 3mm MDF Unversal cut
system 33 | breaking plat§ 1 0 0 3mm MDF Unversal cut
34 | brake gear (right) 1 0 0 3mm MDF Unversal cut
35 | brake gear (left) 1 0 0 3mm MDF Unversal cut
36 | encoder sensor support 1 0 0 3mm MDF Unversal cut
encoder 37 Iﬂdn;igjrrggosnigfﬁo dule 1 57 57 Online shopping
38 | encoder sensor holder 1 0 0
Item Part Number QTY | Unit price | Sum Material Resourse
encoder 39 encoder disk 1 0 0 3mm MDF Unversal cut




Panasonic NCR18650B . .
40 battery, 3.6V, 3200mAh 3 280 840 Online shopping
41 | 18650 battery box 1 43 43 Online shopping
battery Panasonic NEO AA
42 | anasomie 4 11 44 R
battery 1.5V
43 | 1.5V battery box 2 6 12 AH T
44 | IRS90 infrared ray sensor 4 50 200 Online shopping
45 | MG90 servo motor 2 170 340 Online shopping
46 | T shaped plug 1 35 35 Online shopping
Arduino Uno
47 Microcontroller Board ! 302 302 Used
sensor 48 | breadboard 1 50 50 Used
49 | scaking 40A double speed | 300 300 Online shopping
control
50 D2826 - Turnigy 2200KV 1 360 360 Used
brushless motor
51 | mpu6050 motion tracker 1 50 50 Mh T
sum 2823.1
5.7 %73 1 42 W
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THF T
BHE | BE R iyl BHE | BE e A g
21 1 |Lm393 Motor Speed Measuring Sensor Module & 1 1 |arm fixing plate REENG
22 2 IMG90 Servo e 2 2 |battery frame RN
23 1 |motor fixing plate REEM 3 2 |battery-support beam (A%==Y 3]
24 1 |motor plate (A=Y 5] 4 2 |bearing housing PLA
25 2 |motor_support (A=Y 5] 5 1 |brake disk RN
26 1 |new arm left PLA 6 1 |brake basel BN
27 1 |new arm right PLA 7 1 |braking gear REENG
28 4 |pin N 8 1 |braking gear2 TR
29 1 |rack connector TREENG 9 1 |braking plate (PA%==Y 3]
30 1 |rack holding plate TN 10 | 2 |connector R EERR
31 1 |rear axle 2 60618aE 11 2 |driver frame REERG
32 3 |rear axle support REERG 12 1 |encoder disk R EERG
33 1 |rear support fixing plate RN 13 1 |encoder holder RN
34 2 |rear wheel qr RN 14 1 |encoder support ARG
35 1 |servo support RN 15 2 |fan cover 2R
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