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Abstract: Although mechatronics education in a mechanical engineering curriculum is recently recognized as important,
its experimental education has been done generally in the laboratory equipped with all the apparatus and could not be
done at home by students. This paper introduces experimental educations on mechatronics, e.g., digital logic circuits, 7-
segment LED drive, square wave generation, microcontroller programming using assembly and C languages, timer
interrupt, and step motor drive using a small 5 V power supply, a breadboard, various electronic and electric
components, a microcontroller and its programmer, a step motor, and a student’s PC. In the developed mechatronics
course, experimental educations are scheduled in parallel with content’s lectures together, and cheap and economic
experimental environment is prepared for students in which students can easily practice experimental works in advance
or later at home by themselves.

1. M &

Hol|l 71 A&8 wSo A HWIFE =Y 2 (mechatronics) %9 S A4S wWol ¢lAlE gl o}t ot
How Au7h ZrHX APAAMT AP AFuS0] o] FoHaL glof, TSl HelM HEFH = F
= BT o] gk VAIFS A FAEHE WItERY A wSS T2 AVAR8 A V) AL
21 wlo] 2 A EZ 2 (microcontroller)S] TZ 1Y, RE Y FE 5& Fad FAR R rped

§ o] w2015 % e Ags] wSHE FA ) ](2015. 6. 25.-26., o) LE=E9.
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e AAE B PAS B WA, AGIINE A Bl e deld dRag
B4 TEE & Aok olel@ APAH B0l FHHAW, FYEL Yol & FuE A1 A,
AA AL Beigs ARAG ¥+ GE de 2o Bk

A FHelA WZtERY s wEe e dgd FUz olFolAm dul MAERY s FRE )
Mhe shde] teh 2 ShAARH 4 S Aolo] ksl Rxslo] Qow, FadlA GEAG Fx
g3 EASE o Gav. dw I ATHA Y AUAE sl dRse G 9
A QR A7 ARLLS A5 A, hlARAES Y Teady, RE FF 5L 7BA

o= FasH vFa gl UﬂﬂEi"‘*«] olai7t Z1Ag =l A W TaFl = Eetal & o
M A w2d & AEoE el 45 5 fle ofslwo 1 A

FawSq 7 Fa3 AL 7HL,§ Q‘i(concept learning), ! A || ¢l (hands-on experience), L& 3L B2
o] Z7¢(learning joy)oletil A ZETHED oleld WA AA At 10 o d7F AL sfEE L wFtERY
2 R AFAE wge g E =delA w=oletarat gtk gy wtERY A Ahae 380 18
7] §8}7] 3 Hmor NAEM, 14 7o Zrolet AdAE, e ?ﬂj/‘}ﬂ 7| G AR g E o
ATk 71Z2AR WE&HFH ety wie] A AAEo JX| i, A5HESl VAT 1

S e FAolH F Y B5 g AT FdER gt A 4 F= 71*“ 3 /\]71_}94 A A e R
1.5 A7kl Zholel 2 Alzte] Agazor FAEe] Ut ZFolE AwtuldoA] 4
G, AAAGFS AN 2w =i 3 FhE. A T D 7|EaAL 2 35%, 4 Ho
A 10%, 5 He] Lab 20%= A= o] At S3F 9 7|E 3t obd 2 713 & (analog circuit), TR &3] 2
(digital circuit), vlo]|ARAEEY T2, ARy F5dE 5 o242 My ol x¥S FaL
AUTH Aol 8 AAR 4507 FHAAS At vt
2 Aol A & Zhate] AT Aol s Aiskar, 3 dolA tAEw=e] Al i, 4 del A wlol
ARAEEY ZzR Y AFed dis), 5 oA AEY -5 AGel tis] =ostar, 6 HolA AE A

g E g

E
=

2 W7t ERY A Rl A= 7IAlEe A gAAEelA A1AA @AY #E AAE F53F
Al e7] ek, Aelet dEe] AAdSES Hdlstes sl &9 5 A L A%l 28
L5 AZete], bd&3 22 HAAAG EFS ARSI 18a AAAEY Ho4S flste] A=)
Zhabell AA ZHA L od 4 A, ZHS Z7]2] Power supply, H.#l =X = (breadboard), Z~% X E](step
motor) 5 FoHE &A% AAPGHI S 7] AALAE vhe o] mpste] Alestar it

Lab 1: A X 7F+EHE ©o]&3 7 segment LED & 2% (=H]=: Power supply, Breadboard, Color wires, Wire
stripper, 7490 -7}, 74HC451IN -7, 7-LED 71, 330Q A& F71)

Lab 2: 7400 & ©]-&3F t]u}-£4(debouncing) 3|2 A< (7400 F70, 10 kQ A& 71, Toggle 291 3H7H)

Lab 3: 74221 5 A}-8-3F AlZta}(square wave) A TX]E=2] 32 A5 (£HE: 74LS221 3H7H, 15 kQ A&+
THAUN, LED 37H, 10 uF A SiATE =70)

Lab 4 # =2 X (quadrature) 21 & A7} 7128 S 913 UAE=2 32 AF (TYE: 7474 F7), 7404 S
AN, 74192 1)

Lab 5 mlolazxz A ZTzaswya A8 RE] % A&5(FH S PICI6F84 &+ 7, 4 MHz crystal
oscillator 3+ 7§, LED 5 7§, 330 Q thXl/l, ~®lx g, EW:X AF TIP3IC W7, thole. = U7}, PRO
ENGINE Il Programmer 2 A E¢Joj= A3 Ao wled)
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(b)

Fig. 1 Necessary devices and components for (a) Lab 1, and (b) Lab 5.
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e 4 F B WFERY A ou|e} e, AR, WA A}, AXSE7] 3] 2 (operational amplifier
circui) s F-g F, 5 T UAE=EIENY Zelet AEFS wWadsA dvh 2 s A4S ol
71A88HNE 1014 H7)3] 8 A2zbel Q9 U (op amp; operational amplifier)S A58 St S0ty B A=
=Rl Eo] lojA Foj& P Hrt Fig.2 ¢ 3 AN MPH = AFEGS BT

A Ao dAE tgst AR, 5, vlo] AR EE2 Data sheet, C H 1} Ei(compller) o] A 5-2 (assembler),

< 7171 AH8H, OrCAD A Ego] 52 Fig. 4 o 22 FHHAolEE Sl Algatal Slvk AAdS 91
~Wmﬂo§}%MQ~T%3;m ShANE Ao HHS dE A, AT W 58 dshy] dojE 5 A
stal gtk ALl EE Eal EH W

.. 0 " 4 !l Uy
Fig. 2 Teacher’s gmde for Lab practices in the laboratory room of Mechanical Engineering Department
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MECHATRONICS DESIGN (0| 7tE -~ ZH|)

Course Syllabus  spons 2015

Announcements
2015422517 15| BE BT FULETAE +85H FMR

2eIBOIE = T W

2005 61-621 FHA] BRHS 2

Bldg A 303, Lab: Eng Bldg B 170-1, Team groups

Soldering Instraction: Be careful Proced
OrCAD Educational Version (freeware) Program
MPASM Usage (pdf)

Assembler for PIC microcontrollers
Assembly Code Templates 168
[+ 'nmpl]rr for PIC16FE4 and 16F!

am Du waload(zip) MPASM User's Guid
[

sage (pdf)

1O board Driver Program(| #1222 QIED 28 QM) Dovaload
USBEH

Textbook (Introduction to Mechar and Measurament Systems) website

Assignments

 Homewark |
+ Hemework 2
« Homewark 3

» Lab | : Decade counter design  MC 145118 Dasa heet 7.LED (610) Data sheet
« Lab 2 : Debouncing curcuit design
v Lah 3 : Sequensial logic circuit design (Square wave generation using 7
o Lab 4 : Quadrarure signal cousttes design using up/down counter Cha

v Lah § : $tep motor drvving using a mecrocantroller (Capstane design)

1)
e Signal Generation LipDown Counter cireust

Midterm Examination . a2z (Wed), 2015, 3.00-5.:00 pen, Basement Auditorim Hall, Engincering Bldg €
Final EXamination . jue 17 (Wed), 2014, 3.00-5.00 pun, Basensens Auditoriuen Hall, Enigineering Bldg € 9E

Class SCOIeS ey Erun Secres Grase T

182 TTdtemplate nem  pl6FR4 ine

w

- 7HAS Y 1919 150k Ao
o]y & AMg7sd BEl=H =, 5V Power supply, Wire stripper, 2~81 2 E =S A9, 1 <
Eaa=Rl= N

]

™,

[e]

]

oft ol

Fig. 4 Mechatronics course website in which all the course materials are posted during the semester
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T grre 494% 2% flA LED 2 AA MeaEs am dAw, "ad Ae
AP FHNEE 1Y 5 o ol FAF & Y sa Yok FAE B FHAAE ALEAY
[e)

=4
olgZ 132, AID ZAW E(converter), D/A ZAWE T2 o]zt F5sta A5 §lrh

=
Lab 1, 2, 3, 4 © tX &= (digital logic)3] 2 A<5olgta £ 4 At} Z+ Lab 9l A& Lab mission ©] Fig.
6 o FElE FolA L, FAES o] MAS Fdstr] g AA 2 IJREE AL, Asol Aol

i HARE s Edh

Fig. 5 Square wave generation using a microcontroller and output demonstration using a digital oscilloscope

Mechatronics Lab 4

Copyright © 2015 by Chul-Goo Kang

Design of a Quadrature Signal Counter Using an Up/Down Counter Chip

1. Design and implement a digital logic circult 1o generale a quadrature signal with 90°
phase shift using the Lab 3 circuit, 7474 D flip-flops, 7404 inverers.

JuUyUyyYyowy Ll
J 7 b L
I
N S I (N S B B

2. Design and implement a digital logic circuit to convert the quadrature signal into Up
pulse and Down pulse for 74192 Up/Down Counter using 7404 D fip-flops (or 74221
single shol, 7404 NOT gate, and 7400 NAND gate).

N I N

M .

3. Implement 2 digit decade counter using two 74192 Decade Up/Down Counter.

o P S Up polie mn— ]—
_a th I —

e
{ AJ\‘J; glb

| 43444

1 |

<L | | a
_B_e_,___l_(,,.m ok | coumber ] |
R | o g _]

T

Necessary devices and components

Power supply, Bread board, Lab 1 circuit, Lab 3 circuit, two 7474(D fip-fop), one
Ta0a(nverter), two 7419 decade updown counler)

Fig. 6 Handout of Lab 4 that shows Lab mission and necessary devices and components
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Fig. 7 Students’ sample result for Lab 1, which demonstrates two digit counting using two 7-segment LEDs.

HASw=d3z2 45 F2 TTL JS ol&ste] tubd, AHahdA), Azbatz Ry F =24
(quadrature) X & A, A=A S ZEE Up E~/Down H2~ A, Up/Dwon 7H+8 5 253t
ofxI m el gk wE& ntE FA i, gAEe] AAete] =gIeE A7 =5 fFEstal Utk Fig.
7S 7 ] 7-LED FEol tigh stAEC] Labl A MES BT

o=l wHAITAL " Y olstE wiAHT. F, d= FEUNS AFaFo] AALA T

HMiEe] s=dusoe] ¥ tar, B3 o=d stAES I8 A3 d=a4d IHEE Fold

&
5)
aL skar ik

2 AN 71 Fasl Azsle FUEEE slolazAaEge ] #g5olt. & 8 7o
oM wmholARHEZE ] T2 Vel e et ol Hig o R ojilEe TrIHYy C 22
ague AEdn 59, C TR E Brolm B H E(timer interrupt) ] o]t &8-S F539)
w5 gl

Assembly code
020000040000FA

0000000831607 3081000030360083128101360151
11000100000308D 0062308C00811FOC2881018C0B18
F100020000C2862308C 00300880 1FOG1080 1BOGT 464
020030000C 2804

0000000TFF

C code

11000000083010030840034288C0003088301930048
0001000063081 070B110F0S0E04031 010281 1284C
11000200023280018142816281C280610C8308E0007
100030008F0101308006232883120614C8308E00EC
1100040008F0101308D0BE3120F08S0ED40319292831
1000500024282E288E0803198F038E038312130873
10006800083008COEOCCEOS000D3084000E304620ER
110007000830103308200FE3091000E308400103076
11000200044208301F42B04068001 840404060310 20
11000900043280034900055208000840A04081 0068C
H000ADODO31900344B2883129100921B5E2812081A
11000BO00EAD01108910A03199204A82008313121808
(0CO0C00083171108910434000008080062
T100FES00061083168601860181128B168B17FC2B48
‘0307FS00FB2E3428C33400344 7

0000000TFF

Fig. 8 Machine codes of assembly and C program for generating 10 Hz square wave showing the difference of code
length.
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Mechatronics Lab 5

Copyright & 2015 by Chul-Goo Kang

Step Motor Driving Signal Generation & Practice using a Microcontroller

1. Generate a square wave A with 0.1s period, and step motor driving signals T1, T2,
T3 and T4 by C code using PIC16F84 microcontroller.

I [ [ [ ] 1
[ ] [ [ [ [

[ [ ] [ ] [ ] [ 113

[ 1 [ 1 [ ] [ 1 T4

2. Drive a step motor using amplified T1, T2, T3 and T4 signals using four TIP31C

transistors as in the figure below. (Single-phase excitation, Unipolar driving)

| SEP—— WE L8 g2 )
IR
TO-220
T T T A |
i
_ B - BcllE

Necessary devices and components

Power supply, Bread board, PRO ENGINE Il Programmer, one PIC16F84, one 4 MHz
crystal oscillator, five LEDs, five 3302 resistors, PICC Lite C Compiler, Step motor, four
TIP31C (npn transistor, package T0-220), four diodes

__pftel
Vee OVT ,3(_;)_(NC.

a

b of T 2 J---NJ-E :
4MHz '| a | ‘-_L—_-—Ld_'-
1

Fig. 9 Handout of Lab 5 to generate step motor drive signals and to drive an actual step motor

Lab 3 oA TTL 39l 74221 & o] &3 st=gojd oz AAgAss a3 d B8, Lab 5 oA+ ¢
et 22 EdojAQ] Zeagor FHIT A BAEE A ojdEd 2 C ZRIWS
QIR olFatES ofe] W ZA AWe & o]E F&ote] X

AT 10 Hz o Az ASAAEE olAlaE Qdojet C dojr ZraF 3§ o]E oAlE
(assembling) % 73} & (compiling) 3t Fig. 8 ¥ 2 7]AloJ (A LA o] A4 Z 2
A I AolHE EHEA BA gtk S, oA EY ZrIade] AY)s B AR APAE Y
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Al gk 2 ZFFel A= Microchip AFS] PIC mlol A=A EEH S ARE-SFAL,
31 (cross assembler)= Microchip AF2] MPASM, C 73} &= Hi-Tech A}
319]. 744].0131‘— 21-0 _l,j_e _Lilauo]ui J;ﬂ tﬂ-/xg 7_]—;(]._,] TE

X
mlm

5. AEIDE Al

o>

HZAERZ Y 20] mpxut AERA= AHREE Feolth. AFREE Fxeof ey, 18 53
& 7]zl e AeE 3 5, Lab5 AWHFelA AT T1, T2, T3, T4 A& EMALEHE AF 5535
o ~®IREE F&3}A Sk}, Unipolar drive €} Bipolar drive, 1 A &k} 1.5 A oA}, 2 A o=} w4,
Freewheeling diode ©] < &t3}, &3d7FE wa] AAst W F5o] o]Fd 4 A5S A5G

sdY ol E AT AEH WaAste] AYddA APEY FEPS o] &g vty % wloldg~
]33 (microstepping) 75 WHES ol ESF .

Fig. 11 A picture of enrolled class students and the author to memorize the mechatronics class in 2015.
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Lab 7hd 2 ES 23 Folg REo 14
U200V 7S AAW o AL B F gl B4L wEo] Fol SLENE HoEE T
wF AP Mgow WrERYs AFuSe FA £ A FouH, det LA SueA A4

4 o] §X HE% s

A anEA, o=l gAET] "9S S, FHAAEY TANAS A% Jas =Ho| $-g
SAENA B Aol HE AS B F UM
ARE AP 2] ofH He Fo] Ao ogk AR =I5 o et "ol Ao
o "o E ETeta o=l st e] ¢S e AR A= Zlo] ¢ wol Bt
FFALE Fig. 11 2015 W #317] 7| A3 e W7tERY 2~ ZaE £ e FAEH 5Eo] g
49 zo F95 8] H& Aol
= 7|

o] =2 2014 A% AF(wSH)e] APz A AT AYS wol s 7] =A A (No.
2013R1A1A2062374)2] 23} =
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