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Cooperative Title:  Efficiency Improvement and Preventive maintenance standard of

AGV Robot
Student intern name: Mr. Pitipat Kulchaisawat

Faculty: Engineering Department: Industrial Engineering

Advisor name: Dr. Pholchai Chotiprayanakul

Mentor name: Mr. Virat Srisangvorn

Company: General Motors (Thailand) Ltd.
Abstract

This cooperative-study’s report presents “Efficiency Improvement and Preventive
maintenance standard of AGV Robot” which includes improvement the performance of
AGV robots and standardize preventive maintenance plan for AGV. The AGV robots used
in this factory are developed by GMS&IE department in General Motors Thailand factory.
All running AGV robots need continuously improve over the time to have more efficiency
and standard plan for preventive maintenance. According to the data that author has
collected and analyzed can conclude that the project will be 2 main procedures which
are software program sect‘ion and maintenance plan section. In the software program
section, AGV’s driving program is redesien with a new program that have more accuracy in
magnetic strip detection and capable to-operate in-uncertainty factory situation. In the
maintenance plan section, The maintenance plan is designed in 2 part which are daily
maintenance and technical maintenance in order to fix the downtime from component

breakdown and standardize the maintenance task for the AGVs.
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2.2.5 WITUUVUTINNIUIALUT (AGV Light Load Transporter)

Wwedindanwausalunisussnnldussnin 500 Yeualslunisvuasiifivumdnuay
wallaugmveyszsnalslunisvudieseninddaiulaedanuiunfogn 100 Wa/udt Sl

m‘nﬁm 2 vln Begreenwuuaiielglumsiinuluiunddnivumenisusznou mslaluauves
Tswld

2.3 N13AUANLAZFULUUNSIARDUNYRIUBUALA TN

mMswpRauil (Locomotion) manefie asnseyaaemas ieliianiswaauiiondinialy
Fadndindls muLvmjLmeimaaumawuaum RvnTRanwuUn I TngUsyasRveanslda
wavanmnIsinueiusudiludiy ninvuguslalulssvenaivn sy Frudlng
nudvilureuindiia msieReufivewueudflifiaws o Swenuuuliidnuusduiouna
yiladnssodfud wivmnluiuidadisns uasianisa wieilveulanisiuning Lazdes

U

P i o © [ (] 1 U & aly 2
wHounlUgmumnue e 9 AsgeenuuuviueuiiauIsardaunla
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2.3.2 Skid Steer
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2.3.3 Ackermann Steering
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2.3.4 Articulate Drive
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2.3.5 Synchro Drive
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2.3.6 Swirl Drive

= - al v a A 1 s q[ i3 }73 o i

UNTLARDUNARIYNU Synchro Drive #NRNUNTINANNADYBY Swirl Drive @1u1350myu
si’ 2 - 1 s o e A'J | = e 5 5 &
Werliludaserenu Molimaaudlufiala 4 Ala Lasmyusaudaioald Swirl Drive 1Wu Semi-

Holonomic

A A oA . .
JUM 2.6 JULUUNSIAGRUNIRIEEOWUY Swirl Drive

2.3.7 Singularity Drive
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2.3.8 Omni Drive
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2.3.9 Mecanum Drive
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Pulse Width Modulation
0% Duty Cycle - analogWrite(0)
Sv r

Ov

ra

5% Duty Cycle - analogWrite(64)

L nn

Ov

50% Duty Cycle - analogWrite(127)
Sv [

Ov

~

75% Duty Cycle - analogWrite(191)

Sv
pipei="=lingl
100% Duty Cycle - analogWrite(255)

Sv ' : -
Ov { ( J
pow—

U 2.10 fheghamsaugusvernadyaala-Uanidiaiy
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- DL510870I Vy 00U 75% 15 lsvesdynnn HIGH 1 75% wag dugys LOW

25%
- DUT0UIN Vyy 99087 5 1ad (s uUndygal HIGH wua1uiaad

duiuluna PWM 283 Arduino Niini1dagiden 8 bit nie USUL 255 szau aetuen
Fryeyaw 0 Taadiie 5 Taad egnuand Judgaruuuuddnes 9xld 0 fa 255 Fusaunsaiiisy
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2.5 AnuiUesduiianu Arduino
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2.6.5 mﬁﬂﬂ'ga%'nmmﬁiwa (Productive Maintenance)
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2.9 Nguf) Why-Why

nguf Why-why wwaialunsieswimiatendusumgiifausingnisalegaiu
Jpuv wagiivuneu lnen1sanu“vilu” aundiavAunuauneanveslIIngnIsal ialvidmue
wwmamsuilalagmuagldlunisuivdsadseansamn s nuligadiulagvinisanansaruny

s

annmazidalduds dgmuduazliiiat yvinlyvnidiufagr wansiinislasizives

[

LSIUUUIRANIY B39 m%ﬁmdmmﬂmméum 21992 ADIUININITIATIEY InaLAS aadl oty

inSaslienfiussdnsningan wngliasivu Sarudnle uasdinnudnaglunuinuitey

Problems in
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—a Delivery delay
Poor supply
management
Short notice -
o from
L?;:\:ol planning Clianged
matenal ] Customer
Inaccurate Order
Ingredientis | stock control
out of date for due date
Over stock ;‘u?tg\;ﬁ:: Inaccurate
raw material changed plan Forecasting
Matenal is used Extra added Unexpected
L—» for another Changed plan products to Customer
product the schedule Order
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gﬂﬁ 3.2 undl AGV Tulssusgnaurialy (General Assembly Shop)
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soeud  TuaneUsenau anunsowuslaidu 6 1dumne

1. Final line left hand side (\Wupailsdne) 4 B
2. Final line right hand side (nueailean) 4 )
3. Trim line left hand side (v3uilsdne) 4
4. Trim line right hand side (n3uilaw) 4 M
5. Engine line (FRu) 1 §n
6. IP line (lafi) 1 77
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l:‘ o/ = dl =) ¥ L2 1 &
13190 3.2 m‘ma‘uu‘wﬂﬂmmwmm%uﬂmjuaum AGV

Breakdown between 16 May - 15 Aug 2018

No. Issue Frequency Average %
L | - (F) AGV stop working ] 30 | 24, 7§
2 (M) Run off magnet\c tape 16 13.22

A 737 (F) Wrong path - 16 1322
a | (E) Electrical wire break/loose 11 9.09
—__5_” (M) D|d not unLock dolly -~ | 1”0 | 7767%26
6 | (M) Magnetlc ta—pe“rassm_-g“ = 8 6.61
7| (P bidnotwatanother AV atciossioad| 8 | 661
o 8 (P Dld not stop at recelveag;;ot - | _6_ | 4.96
- 797 ]/ (M) AGV stop working - 6 4.96“
10 (M) RFID- é;ﬂ;d_crack /HO;E ;avo}klng 4 3.31

- _1_1_—“ ' (M) Alr wheel ﬂat/puncture \ 75717 3.3177
” 12 ﬁ”(B vELectrtcaL com_;-;;n—e-nt break - _2 1.6:5_

total 121 100.00

3.3 asmUsynamvantunisinguy
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s A v [] & o =1 £4 A a -‘g 1 o oa ot |
nasnfEIavinleviinsiivieyataviiiedu waswuirdymiiialuiu AGY divaiy
Jymiietunailesaanlussezinailunisinyilaseiuinie Sewesnisiiasuidaunana

@
VvV as =1

Aty faaviledenldiadesdle Pareto Chart Iuﬂwsaiﬂmanaﬁmmmﬁmu

U
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AGV downtime

3.4 Myaseamnvaslynl

as a

vaeanfiganilaiinisasutanivdniiaaduiy AGY annsld Pareto Chart oy
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1. AGY ngayinam
2. AGV aanuanidy
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5. AGV liiUanfenmead
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AGV stop working Did not unlock dolly Wrong path Run off magnetic tape E,fﬁ;gf,,a(',r‘f’;f

Programming error

Pin lock dolly is
contorted

AGV run off path

AGV’ can not to take a
turn

Did not check the
electric wire and

connecter
Data from sensor
doesn’t match the Pin lock have been AGV can use only 4
pattern crash with Puller of digits of magnetic Bearing are too tight or Not have

dolly sensor broken maintenance plan

Programmer can't write

all the pattern Current program is Did not adjust the

design to use this torgue for mounting
function to decide unit

which way to go when

it face the crossroad

Drive unit doesn't run
smooth

All pattern from sensor

are about 256 pattern Program was not

support to run
smoothly

Not have regular

Program is not maintenance plan

suitable this working
condition

Program is not
suitable for all
working condition

gﬂﬁ 3.5 Why-Why Chart 'Lumimawmmaaﬂmmﬁﬁmfﬁu
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= w

3111514 Why-Why Chart Tun1snianunpueslavindniiiedudu AGY nasainld
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- Wunsuitlaseglutagtuldmungaunvanwnsidamnlulsan

7 & ar ' " = o
- ﬂ']'ﬂ‘tN'TU‘UEN AGV £ mmxuuaﬂuﬁuwumi Maintenance v19aLaU
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- ildsunsuieenuuulyinnyiuldunulusunsunldeglagiu

352  wwawnslumsadansgrulunisdeudigaun AGY
- hmIeenuuukNuN st TIE MY AGY
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3.6 YURDUNNTATIIDaNALLS

Tsunsuildlunistuindeuueus AGY WuRslusunsy Arduino Inailmnendnues
TUsunsuAenisivinbivusudiduniudunig wisuouwdmanilddmualidewues a5y
Wiwdn (Magnetic Sensor) Tunisasradunavudmanuuiuiiodiniunvueudiiteiansds

Fuarulunisusenausavunlulatnde

3.6.1 nspanuuUlUsHATY

nseenuuulsunsuilfruulivinmaihauie msflwuwe fnsedurauusimanld
dadoyanduluds CPU ¥o1 Arduino Litevinisusziiumdumisvejususuutauusivan lag
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urudsnsvherumedlusunss faguil 3.6 SesnaviBeauasldnisnunuasisunsaamsogls Tu
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| start 3 ).
5 —
Get 8 bits data G

from magnetic
sensor

sensol
find

magnetic

tape

Is data
have bits
that active

No

s
previous
datain
ente!

Calculate distance from

center magnetic lape Vi

Keep running for 3 sec [~

Is
previous
data in left
qand sige

Assign data to turn right | |
3 sec

?BW;J!?:Em Keep data distance 30
pu sem?t u data in array

Average distance from
30 data Assign data to turn left
3sec

Is data in
left hand
side

Calculate
pulse for turn
right
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Mechanical & Electrical downtime compare

No. Issue Before After
— N\ S (&g ___ |(September)|(October)

2 (M) Run off masnetic tape 9 2
4 (E) Electrical wire break/loose 4 0
5 (M) Did not unlock dolly & 2
6 (M) Magnetic tape missing 4 1
9 77 (M) AGV stop working 2 0
10 (M) RFID card crack /not working 2 0
& (M) Air wheel flat/puncture 1 0
12 (E) Electrical component break 1 0

total 22 5
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TUsunsuaruauMsiadeuilidsulay Arduino IDE
int ref=456;

int x=0;

int a=0;

int cout=0;

int cout1=0;

int ON=0;

int OFF=0;

Jpssmennsnns Control panel *emcomR o //
int REV=0;

int STP_1=0;

int STP_2=0;

int SPD_1=0;
int SPD_2=0;
int SPD_3=0;

int SPD_4=0;

int E_STOP=0;
int Mga0=0;
int Mga1=0;
int Mga2=0;
int Mga3=0;
int Mgad=0;

int Mga5=0;
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int Mga6=0;

int Mga7=0;
J/xxssnnes Control panel INPUT *exssxssssssasnnes/
const int Revese = 23;
const int STOP_1 = 25;
const int STOP_2 = 27,
const int Speed_1 = 29;
const int Speed 2 = 31,
const int Speed 3/=33;
const int Speed 4 = 35;
const int Speed 5, = 37;
const int Speed 6 = 39,
const int Speed 7 = 41;
const int STOP 3 =43;
const int Speed_9 =45;
const int AM = 47;
const int FW = 49;
const int RUN_LH = 51;
const int RUN_RH = 53;
[ RS R I \tor Control QUT PUT #esesessemsssstriss //
[ R QI e/
const int IN1R = 34;
const int IN2R = 50;

const int MBR = 52;

a2



const int STOPR= 36,

int PWM R =T7;

J/Rexsn | | sxmemnnns /g

const int INIL = 30;

const int INZL = 46;

const int MBL = 48;

const int STOPL = 32;

int PWM _L = 6;

/R R RROORER S0 Control FRFHRRREHOR R0
int i

float k1 = 100; //Constant Speed 1

float k2 = 143; //Constant Speed 2

float k3 = 97; //Constant Speed 3

float ka4 = 88; //Constant Speed 4

float k2l = 136; //Constant Speed 2 right
float k2r = 136; //Constant Speed 2 left
float L1 = 38.55; //Wheel center to center
float L2 = 24; //Core to sensor

float r = 10; //Wheel radian

float Datasen[30]={ 0 };

int lost = 0;

JErmspemsooons Sional QUTPUT HOOH KOs oo //
const int Lamp1 = 44; //unq

const int Lamp2 = 28; // LG D4

43



const int Lamp3 = 42; // \3o3

const int Lamp12V = 40; //Lamp

J/RRRRRRRRRRRORRER Sansor tackling KRHERERRRRRROXR
int SEN_1 = AQ;

int SEN_2 = A1,

int SEN_3 = A2,

int SEN_4 = A3;

int SEN_5 = Ad;

int SEN_6 = A5;

int SEN_7 = A6;

int SEN_8 = AT;

int sensor[8] = { AQ,A1,AZ A3 Ad A5 A6,AT }; // Pin assignment

int sensorReading[8] ={ 0 }; // Sensor reading array

void setup()

{
pinMode(Revese,INPUT);
pinMode(STOP_1,INPUT);
pinMode(STOP_2,INPUT);
pinMode(Speed 1,INPUT);
pinMode(Speed_2,INPUT);
pinMode(Speed_3,INPUT);
pinMode(Speed_4,INPUT),;

pinMode(Speed_5,INPUT);
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pinMode(Speed_6,INPUT);

pinMode(Speed _7,INPUT);
pinMode(STOP_3,INPUT);
pinMode(Speed_9,INPUT);

pinMode(AM,INPUT);

pinMode(FW,INPUT);

pinMode(RUN_LH,INPUT);
pinMode(RUN_RH,INPUT);
pinMode(SEN_1,INPUT),

pinMode(SEN_2,INPUT);

pinMode(SEN_3,INPUT):;

pinMode(SEN_4,INPUT);

pinMode(SEN_5,INPUT);

pinMode(SEN_6,INPUT);

pinMode(SEN_7,INPUT);
pinMode(IN1R,OUTPUT); digitalWrite{IN1R,HIGH);
pinMode(IN2R,OUTPUT); digitalWrite(IN2R,HIGH);
pinMode(MBR,OUTPUT); digitalWrite(MBR,HIGH);
pinMode(STOPR,OUTPUT);digital Write(STOPR,HIGH);
pinMode(PWM_R,OUTPUT);analogWrite(PWM_R HIGH);
pinMode(IN1L,OUTPUT); digitalWrite{IN1L,HIGH);
pinMode(IN2L,OUTPUT); digitalWrite(IN2L,HIGH);
pinMode(MBL,OUTPUT); digitalWrite(MBL,HIGH);

pinMode(STOPL,OUTPUT);digitalWrite(STOPL,HIGH);
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pinMode(PWM_L,OUTPUT);analogWrite(PWM_L,HIGH);
pinMode(Lamp1,0UTPUT);digitalWrite(Lamp1,HIGH);
pinMode{Lamp2,OUTPUT);digitalWrite(Lamp2,HIGH);
pinMode(Lamp3,0UTPUT);digitalWrite(Lamp3,HIGH);
pinMode(Lamp12V,0UTPUT);digitalWrite(Lamp12V,HIGH);
Serial.begin(9600);

for(int i=0; i<8; i++) {

pinMode(sensor[i], INPUT);}

LTI 1T I LET T T A LA T 7 T

digitalWrite(Lamp1,LOW); //Green ON
digitalWrite(Lamp2,HIGH); //yellow OFF
digitalWrite(Lamp3,HIGH); //Red OFF
digitalwrite(Lamp12V,LOW); //Signal
STOP();

}
e T L e s
void loop()

{

REV=digitalRead(Revese);
STP_1=digitalRead(STOP_1),
STP_2=digitalRead(STOP_2);
SPD_1=digitalRead(Speed 1);

SPD_2=digitalRead(Speed 2);
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SPD_3=digitalRead(Speed_3);
SPD_d=digitalRead(Speed 4},
E_STOP=digitalRead(STOP_3);
iftanalogRead(A0)<ref}{Mgal=1;}else{Mga0=0;}
iflanalogRead(Al)<ref)iiMgal=1;}lelse{Mgal=0;}
iflanalogRead(A2)<ref){Mga2=1;}else{Mga2=0;}
iftanalogRead(A3)<ref){Mga3=1;}lelse{Mga3=0;}
iftanalogRead(Ad)<ref){Mgad=1;}else{Mead=0;}
if@analogRead(Ab)<refl{Mgab=1;}else{Mga5=0;}
iflanalogRead(A6)<ref){Mgab=1;}else{Mgab=0;}
iflanalogRead(AT)<ref){Mga7=1;}else{Mga7=0;}
if (E_STOP==LOW) // 0
{

if((REV==HIGH)&&(STP_1==HIGH)&&(SPD_1==HIGH
)&&(SPD_2==HIGH)&&(SPD_3==HIGH)&&(SPD _4==HIGH))}delay(300);STOP1();}

if((REV==HIGH)&&(STP -1 ==1"OW J&&(SPD_1==HIGH
JR&(SPD_2==HIGH)&&(SPD_3==HIGH)R&(SPD_4==HIGH)){delay(300);STOP1();}

if((REV==LOW )&&{STP_1==HIGH)R&(SPD_1==HIGH)&&(SPD_2==HIGH
J&E{SPD_3==HIGH)&&(SPD_a4==HIGH)}{Backword():;}

if((REV==HIGH)&&(STP_1==HIGH)&&(SPD_1==LLOW )&&(SPD_2==HIGH
JR&(SPD_3==HIGH)R&(SPD_&==HIGH))level_1();}

if((REV==HIGH)&&(STP_1==HIGH)8&(SPD_1==HIGH)&&{SPD_2==LOW
J&&(SPD_3==HIGH)8&(SPD_4==HIGH)){level 20}

if(REV==HIGH)&&(STP_1==HIGH)&&(SPD_1==HIGH )&&(SPD_2==LOW
R&(SPD_3==LOW)R&(SPD_4==HIGH))}level 2L();} //speed 2 + 3(level_2L)
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if((REV==HIGH)&&(STP_1==HIGH)&&(SPD_1==HIGH )&&{SPD_2==HIGH
J&&(SPD_3==LOW)&&(SPD_4==LOW )){level 2R();} //speed 3 + dlevel 2R)

if((REV==HIGH)R&(STP_1==HIGH)&&(SPD_1==HIGH)&&(SPD_2==HIGH J&&(SPD_3==LOW
J&&(SPD_4==HIGH)}{level 3();}

if((REV==HIGH)&&(STP_1==HIGH)&&(SPD_1==HIGH)&&(SPD_2==HIGH
JR&(SPD_3==HIGH)&&(SPD_a==LOW ))level 4();}

}

else if(E_STOP==HIGH)// 1

{

STOP2();
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TUsunsualuanAasudeulag Arduino IDE

void level 1()

{

for (int i=0;i<30;i+4)

Datasen(i] = Datasen(i+1];

}
ifl(Mga0==0)&&(Mga1==0)8&(Mga2==0)8&{Mga3==0)&&Mgad==0)&&(Mga5==0)&&(Mga6==0

)&&(Mga7==0))
{
if (Datasen[28]<0) Datasen[29]=-6;
if (Datasen[28]>0) Datasen[29]=6;
if (Datasen[28]==0) Datasen[29]=0;
lost++;

}

elsef
Datasen[29] = ((Mga0*4)+(Mgal*3)+(Mga2*2)+(Mga3*1)+(Mgad*-1)+(Mea5*-2)+(Mgab*-
3)+{Mga7*-4))/(Mga0+Mgal+Mga2+Mea3+Mgad+Mgas+Mgab+MgaT);

lost=0;
}
float datax=0;
for (int i=0;i<30;i++)

{

datax=datax+Datasen[il;
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}
datax=datax/30;
if(datax>=0){
if(lost<1900) RUN_R(50+((k1*L1*(datax/2))/(r*L.2))), RUN_L(50-((k1*L1*(datax/2)}/(r*L2)}) ;
elsef
RUN_L(0),RUN_R(0);
lost=1900;
}
}
else{
if(lost<1900) RUN_L(50-((k1*L1*(datax/2)/(r*L.2)), RUN_R(50+((k1*L1*(datax/2)/Ar*L2));
elsef
RUN_L(0),RUN_R(0);

lost=1900;
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