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Research Title The Development of Training Package on Automatic Mechanical
Control Systems for Teaching of Undergraduate Industrial

Technology Student
Researcher Dr Weerayute Sudsomboon

Program Graduate Program in Industrial Technology,
Faculty of Industrial Technology,
Nakhon Si Thammarat Rajabhat University

Year 2016

ABSTRACT

The objectives of this research were: 1) to construct the training package on
Automatic Mechanical Control Systems (AMCS); 2) to find out the efficiency of the training
package on AMCS; 3) to examine the learning achievements with the training package on
AMCS:; and 4) to find out the learning satisfactions through the training package on AMCS.
The research methodology was research and development. The 30 participants were senior
undergraduate industrial technology students of Faculty of Industrial Technology at Nakhon
Si Thammarat Rajabhat University that studies in the semester of 2/2014. Participants were
collected by systematic sampling with the preliminary test. The research instrumentation
was pre-test and post-test and operation sheets. Data were analyzed by mean, standard
deviation and t-test dependent.

The 1esearch results were as follows:

1. As whole as, the efficiency of the training package on AMCS showed that the
mass-damper-spring was 88.53/81.11 and the automatic water level control system was
92.34/84 89 and the automatic temperature control system was 95.68/85.34. The effects of
AMCS had higher than 80/80.

2 The undergraduate industrial technology students have done the mass-

damper-spring been statistical significantly difference greater than 0.05.



3. The undergraduate industrial technology students have done the automatic
water level control system been statistical significantly difference greater than 0.05.

4. The undergraduate industrial technology students have done the automatic
temperature control system been statistical significantly difference greater than 0.05.

5. The learning satisfactions through the training package on AMCS was at 4.79,

and was at the highest level.

Keywords Training Package / Automatic Mechanical Control Systems / Mechanical

Engineering Laboratory / Industrial Technology / Learning Efficiency
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Yufia vangasgasnIsaTiide Sl 3 smneluladindena  melladlvihgeamns
meluladidnysafinduacinsnamnan anmaluladgaamnysn amineduneiuaseBossuns
Drnsfinm 2557 shwam 30 au memsgauuLiustuy (Systematic sampling) ummesauld

FORNBUIN



6. Renudwiiane

1. SPUnmUgaInakuUSalLT® manefly stuumuaNIILIIE-fmia- a5 Seuy
PILANTEALLY LaysTLRUANgIMnA iddumedasata flqunsoimsusvanana luguuums
"Smswsﬁﬁtytymgﬂﬂﬁlummﬁ uasdlguUnsoinisyham fisnarsnvneulassalsifosnsoanuuy
Fouurhulsuny LabVIEW

2. $OUAANLUL PD  vanefy Meuguuuudadinsantiulinug uaseyius
(Proportional Integral Derivative: PID)

3 e fiof (DAQ) wanefls guUnsoissa AR AATANY GRemaT Aty
dynyoluanuniowidon (Analog) Iianeylugresdynnuitnes (Digital Signa) Wevselom
binsdensmnsuaslflunsmusumiiiveseda fief (Data Acquisition Board)

4 Soygroigunduensd nsnefs qunoildedtygninsusinasy Jeiariauitldlu
mewdbudaygnnitiasensnnngusanalvelugeduems s 93 sremsune Ges
(Fourier Transform)

5. qeiineusy manefly gaiildluniineuss Usneudhy vangaImsnous onas
Usgnatmaineusy gasBasyunmunauuLsa-fine-aUuusn i@ sxuumuamwﬁ’uﬁw
MUUSAMR uazsTILMURNgIMATULLSAlUTR

6 wuuvaFeLaRadunnInsiineusy naneds Lmumaauﬁiﬁ’i’mzﬁummﬁ’

ANNEINNTD 189 iTITUNMRnesH

'3 av
7. Yszlemiuasmsise
1. 1@”@@%nammzuumuammnaLLmJa"miuu"ﬁﬁm%'unﬁaauﬁnﬁnmmﬂTuIaﬁ
gaenTanAUsE AN S MwIar s asuUssnlumsiage
2. ‘1@”%1"@nﬁumsﬁlnamwﬁﬁgﬁ%uuﬁmﬁm‘%uuﬂm"ﬁaUmmm Anmssyandvenmans
& o a [3 a A‘ @
NIUMITFIUIN LWSunInnoNAaes waznsRnUszansmamaluladgasmnssuiiudaanaas
WU real-time doaaanstuamumsyhauaseme luamulsenaums
va P o v oo Adda o v
3 yEuuihunminousausiasanansoha g Yinwe uaziaandifin shidwam
dnannmsieng nsdavilassnumameluladgasmnssy uanhll1flunnisneveinlu
;3
awae e
4. ledoyaduumamalunsimuefiemomaununannmsdansSeumssewiety
sruueuaNsalul 709A0snAlulafigArfnunTTN ATANARTAIRMNTTN LAYIFNTINAEGS U

vegendnmn|iduoenad



unh 2
NFUAZIUITLHNYILB

Tanmisuediil  suldtnmiananidungud véhms ussnisefedastums
WanngeRnousNsruUmUamenauusa wiEdmsumssawihdnmmaluladanamnssy oy
Suunaanduwinda ool

1. neudsuumugamsiennTay

2. TTUUMUANMINALLLING-TUS-FLS

3. swumuqmsﬁuﬁm&ua"sﬂmﬁ

4. sruuenuaNsa iy PID

5. M50 Mlafm (DAQ)

6. \Usunss LabVIEW

7. NwRENRETs

1. NQUfsEULAILANMIIFINTIH

Ogata (2004) Iafmenfionty stuumuguve3anIsn (Control  Systems) laign
han fnudauagaiaulsyifenaasinoaziivangwnng Widwinde stuvsavsemuisims
muauszashiwandrelluduiinsasnasunsiienst ualdvihnmsasnuuussuamuenlagld
wurasmiadiaenaasgnihsnlgiiuasausnlud 1760 loe James Watt lowaanuuuuas
mufunzasinglahuaslneuiueg dmduiamnisvasssuumugs Badiduuaraiedsannis
Tutsdtbssnnulanassisns WewamansyvisUnsaisenlifamhnissmeguds Wanms

1 v (2 -

yasszuumuesuisleiiu 2 yavann e

n) SULAUANAUFN (Classical Control Systems) s umuguiiamTulng s
Aal ° ° a GAI 2 % v £y A' a v .
AnheusTaamuadiaesnshlddudananinan dauqussuofidudodi (Linear

R o : - Yy
Systems) WAYILULN ILUTILREUMNNAT (Time-invariant Systems) WU RRNAGIaFNEaST 1T
dalngfazagluguurasteridunielow (Transfer  Function)  shathswamnuiifeiussuy
mueulugeilain stuumuauiled (PID Controllers) idumadiusn (Root Locus) usmniwlu
(Bode Plot) washammwlueda (Nyquist Plot) iudu
L% 1 4 v g 1
) zuumuquauﬂm (Modem Control Systems) Lﬂmzuumuquﬁwwmwhma
1Y o dl ¥ o w v & a :: a dl o v ‘1 19/ Y

e Swdlossnmndadiialumsdrudamae]] stuumuasuuusaia ismamslldnmiussuy

i a M / . . ) A
fduBady (Linear Systems) warssuudluuthitAsusaa (Time-invariant  Systems) 49



TumelftRudrsrunsinaelsidwdadu (Non-linear  Systems)  ualUsW&Eusau e (Time-
variant  Systems)
a o o fl 5 a v AY o ow ¥ v
loefuuuasimeadiamansnlfussuuauguuuuaadasnfidoialunsldamty
seusunvidsldinmsfeuuuaamadiamaniuariinsetuguqiunvainiun dathedag
vudiferustunmuanlugenldin stuufiodusUuuuressamsamaz (State Variable) lums
AUINSEIUAIUANANNTIMANYEN (Optimal  Control) SULARLANLULLSL 6 Adaptive
Control) seUyMUONgnNaN(Hybrid Control) laswthenssamifies (Artificial Neural Network)

LavaTINFNARIaRIATe (Fuzzy Logic) usdu lawaSinesiusvnausasssuuemuauladanmd 1

Synnausunou

(Disturbance)

!

*UU (Process)
(Reference or Input) (Response or Output)

G NAGDUEUDY

4
MWN 1 §UUTENBUBITEULAILAN

o Hl o a [
1) fenafidrdy lunsdnenssuysueamaisansss Ussnausae
p-] A ] d\l v , ] LA v
n) SLUY (System) ManetadmvIavheflasIsInReien et
9) M3AIWGH (Control) ManefimILsiLmIadms
a a ) a\ly S 0 P

f) SYUUMUAN(Control Systems) Ve MMIOMRENIATWIINRWYN

Frafwie i deduviadimsiie idsledwmiaduluamuanadainis dodadunsesugn
a v ¥ A‘ v dl
ananpiviasiuieSasfuamelunmd 2
PR

o &

gunpfindeans —»  insasiuame QRRIHIYEN

mwH 2 NsmugNgMMNIviaInIBeIaILs UMM

Y



2) guuuysaIMsAILAN

n) $2UUAILANLUYNTBULTA (Open Loop Control)

Ty
(Disturbance)
Process
s T e T
DUNG ! NAagIaUEUDY
I Controller | Plant !
(Response)

Command) E (Input)
[}

MW 3 SuumugauuLsTaude

snwoivaludossumunsiunssaudessdulymanmd 3 lunsenuesiuy
2wsoudasianues (Controller)  axasdrynmitlon (mput) WiuRsfidasmemuna (Plan) aa
FdevSadtyToud19Bs (Command or referent) fsusloefshmueuazauaniidiedsfideams
muaalesudtumdlauidai favnamaniaviananausuas (Response) Tildmadmansae
Tc»wmﬁ\laim”mmmimaaaauﬁ’tytywmmﬁwm‘%a'hLﬁu\lﬁmuﬁwﬁaﬁa\lﬂ

%) TPUUANANUUYATBLTA (Closed Loop Control) %38 NSAILANLLY

saluala {Automatic Control Systems)

BRIl T
(Disturbance)
Process
, jTTTT ST S S S S SESSSssoEEEEESESsmrs mmmmmm- |
s | Sune L NARRUAUDY
. Controller : Plant |
(Command)s (Input) I (Response)
: I
] ]
I ]
| Measurement :
] I
] ]
] ]

e e e e e Aw R Em Aw e = e e Em R R R A e A e = e

MW 4 ssuuaunauuseude
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dnwousi lidassuenunauuasseudassdulomnmi 4 Tumsenugauuy

- Ly wa e o o a ¥ a A

250U v MsenURNILLSAUTA aeuen (Controller) avhmsuSauiisustyo e 98av3e

s (Referent or Command) HUSTYQ DMOYIWN v3anamauauas (Output or Response) 7

Houndusnlaesasiadl (Measurement or Sensor) wahhasisdtynoutlowveduns (Input)
Yo o & v A A v a ¢ a [ Y a Ay

viufsfidasnseaugu wefiarlindaioiwavdansuauasiifulumadynyudisdeidams

(Command or Reference)

srumuaEuusaudeerazEun ladnethaviien sruumuguuuuilaunay

(Feedback Control System) #sfRamseugauuusalusiamnmi 5 stuvtidussuuenueui
(% & 9/ o = 7 ¥ a
wenensdnen output Widmsdtasns leammhiondoyanns output snuReufeutudya ueisss

nll & ¥ o 1 ' L N n: &
14maammmmmmmumﬂmﬁﬂﬂmﬁmuQuﬁryiywmﬁauslwnuﬁmmaamsmuqu

dynnousuniu
(Disturbance)
Co e sl !
MAVTORY I | MEANAR Sygnnutlou |
| ]
91989 + (error) | (Input) | 1 YNev3e
|
(Command or i Controller Plant or E NRADLUEUBY
Reference) X
X Controlled X
Response), :
] System )
!
| ;
! !
! !
X Measurement X
! !
! !

awd 5 ssuumugauuilaunay

PNAMA 5 SNTNILILNTOURKI AR INSLUMTANTINTEUUMUANRUNTIY

DEUS U 6 SNITONEINISTUSDEUGRLE 2 Anwuy D MIMUANKULITOUTR Uarms
a (%} [y a 3

muaNLLLTaLTe VIR TR LA T0 EUF AN MTMUANO NN AT TBITOEUGRE
Fuuvtnsseuda nnshsoaudiasldinsasaduuanlduemsiuasAemesudhrasinasla
Siamzshdanisaeniemas lunslsundsufiemanazdussdmiuidsanusyhiudnuoems
o v ) 2, ) A A a Y Y '
wmumaamaumwaﬁmwLﬁumsmuqmmmﬁauLi‘lmmemﬂwmsmLuauﬂumummmaLLm

LY P 1 12 & o 2R 3 (9 o (-3 Yo e y
AUIUFA A TONHDIA UM UAUITBITN LLﬂ‘Jé’NNﬂvLﬂndﬂ’NNLT)LLﬂZ@']’Q AUIULDIN Lﬁqum AuLayRINS
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logldithmne lumsidumaazemudaiidam sty esmdehema sl dedemmundls

) v a o & v v Zd
MMTVUTD au@ﬂ@ UWATIUN ﬂWIJ‘UL‘IJ’I\lﬂeLWNSB‘Uﬂ’ﬁﬂ"JUQNWJE}LLﬂ"J FEVUUN Lﬂuszuu AIUANLLL

N30l
A1393195
aAuYY m A i3
R R TR LR L DR t il
: . 11 :
Aemuieg ) —aO—>  aquos PIRET M1
I
= +

A

. > } ANuG)

finpams | e e e e :

i 6 MsTuseud
anwoarnaYeMeas DC servo  motor AN 7 { dnwuefidaauwinduns
muguuuesaudedunaldanmsiifmsanaduuazaugaisiwnkiuasa s e mamesiay

v oA vAL v ¢
ﬂ’ﬁﬂ')UQNLlﬁ\j@uﬂ';\]’lﬂw’]ﬂmqma\jualmai

Speed Sensing from Tachogenerator

Speed

Position  —ep

Encoder

2NN 7 N13AIUAN DC servo motor
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A) WULARIMIARAFEATIITILY
wudaasmneediamaaiigmianlflussuuaugsid sguarugiuuy
hor Wuiaridumelow (Transfer  Function) 84MSanTE (State variables) udt wmsieu
Tutuilagnantamemslfivuanimeadiarmnaes udnunceasisrigumalowyntiu
° a &
3)  MIMBULaINIIAaFA1EAT(Mathematical Modeling)

WL IRmRMAnS(Mathematical Modeling) ﬂﬂuszuumauqu
Mugzasszulernansomldan

1) damsanadius mgudassamsdoyiutdasdaulslen uduas

¢ - iaq %
Waglugurduas (s-domain) feFdmsuasatand (Laplace's Transform) &sludiasduaraat
2 .’é v €da Y 2 s Y A A v 6 ' (Y
AN TNNNENMIANNENRU ST IS udvh indassunsamsnnndiWus T s
a (% € & 1 1’; Y A o @ 2 ‘J 1
Sunerewiwatasssuwiniu gaviededa ey luguuoudesiriduchelon
o 1 1 A L%
2) NAFBUNANUAUBITEITEULMEBunaat1elaadanilatiutin
A v v . v €% aa o
HANUAUDIN LAUAN WM aNMITA NN AN RUTA285TN15909N 15U EAIFITEUY (System
Identification) inuwatonfide mmeseussULTENasaUMBY B IaE udnhdoyaildluad
I: U A 1 v 4
WardumhelaulasasieasldnandslumeluvdsuGasasununmlug
) Werduanelaw (Transfer Function)

WaridumelourFetunan  sumsanudaiis ugUdaseansdieyius
wasaumsmaniuliay luguWsrdues dumsuasmwad (Laplace’s Transform) faeenExes
Wuguddaammsanudaius indafsauddaussosd fa dulsdunm (o 101vin 2aeszuy
i Wodumelavdmanele uusmemmedinenansiugnsemadiniutssrnedunnivienine

Tagardramshasonameiusuuiiiuwdaduas i Wiswiasnunaviniusimmd 8

Input Transfer Function Output
1(t)

y(t) @

Input Output
R(s) Transfer Function Y(s)

Gls)

i 8 Warkdurhelou
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2. TTUUAIANNNNAULLNIR-AIMUN-F1I5

Nise (2000) uat Rowell & Wormley (1998) nahnliseuuaiunameng (Mechanical
A A, & o w A o A oA A8 A
system) vianefl suufivhommeldnsriiuviadimsatuisudouuuuunm s Widwndngsams
wadadwlumaanssesrvaelfimadusnlui@ lnosruumenasusnaandu 2 suuuufidity
fia 1) SLUUMNAULLINROuATauWITMIY (Translational system) Wa¥ 2) SYULNNNALLY
L4 4 oy e
\RDUTMNUL MM (Rotational system) aNaasmLaEMatUmaUNIYING TALALNTAILANTDY

SEUUNNANIeotha lumnd 9 it
x(t)
S

f

MR 9 TEULUVINALUUAADUNANLUITEUL Nise (2000)

AN 9 TUSLUUNIB-FnN-§U3 (Mass-Damper-Spring) 9uaaumsianeyt fait
1. Weuddiondeasy (Free-body diagram) {eluwanwas Time domain uay

S domain

x(t) X(s)

Kx(r) KX(s)
S Zf = /(1) JusX(s) F(y)
d2x 2
M Ms<X(s
a2 ()

MWA 10 MIATEALLL AN RBNdUaSL LN T R-§U3e Nise (2000)

2. Aeneidudsiamannst

@, ——(F,~F,~F,) )
m



dF, =k, (2)
F,=bv, 3)

3. dnanms (1-3) lugtuunaumsanae (State Equation)

x—-AX +BU
LfJ'ED de =—1—(—bvm_Fk+Fs) (4)
d m
ar, =kv, (5)
dt

4. dagasms (4-5) I Standard matrix form 16}
) -b -1 1
m: . /nm+/n E@ 6
F k 0 [ £ 0

5. 2 MauMS¥ 6 W Output variable Wwnan y — CX + DU

=[i O{Z]Jr[o] F, )

6. d¢JUaNMT (4-5) 1w Differential equation (D.E.) form 1

d’x -bdx -k
= — —Ft 8
dr? mdt m * © ©)

dalvagflugulasms 2 order DE.

2
e B S o) (9
dt® mdt m m

7. aneismaii 9 40lgU Laplace Transform 6t
[ms2 +bs+k]X(s) =F (s) (10)

8. MNdNNT 10 \L(ﬂ” Transfer function

_X()
G(S)_ F(s) ms*+bs+k o

14



9. emudanlrasunsy (Block diagram) iegy

15

X(s)

. +
m
— X

dl [3 (Y 1
AN 11 Uaaﬂ‘l@ammiwﬂaaiwuma-mwmd-ﬁﬁq

10. MINANTNDLEUDIIITELY

e 9 e F — 20V unueh luaums (11) o

20

X(s)= )
5(200s> +100s + 600)

1
3_6.5(52 +0.55+3)

PNENMTN 12 5®1u§ﬂ Natural Frequency (&

F(S) _ (Uzn

- s(s* +2¢w, 5 + @,

(13)

INENMS 13 ¥ Inverse Laplace Transform 310 F(s) Ww £(7) 11

f()=1- , e~ sin(m, —E&t+¢) (14)

1-¢

o ¢ =tan™

1- &2
g
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. ' d’y L dy ) .
NENMI DE. ugdnenyu Z" +2ba),,d;+a)” y—f(@)
dt t

b 100
2mew,  2(200)(1.732)

ey &

41 0.144°
144

(7 :J/ ' d‘ Lo
AU LL‘VluﬂﬂuﬂNﬂ'ﬁVl 14 1@1@'1@@U

Wl (1) ¢ = tan 81.72

1 ,
x(1) 30.[1-—1.01e’°"“"3’sin(1.714r+81.72)

v
3. iznnmnqmzﬁnﬁmnn&m{uﬁa

Sensor

) PWM
Storage Tank

1 &
MWH 12 STUUAILANTEALILLLTNGN

WULS RSN NAEAFMAASI8ITEIL NMWA 12 NSELRUMSAILANTEALN
v oA A ¢ A o 5 v va ) v o
LmumL@mwg@rﬂizmﬂLwamuqmwuuﬂunﬂwLﬂuiﬂmmaqmimumimuquamwmﬂwamm
gavarhuanawaslwih I@aé’mmm-ﬁ@”mﬁag@u (PWM  Pulse Width Modulation) iflu
(% d: o [ ] @ A @ a F Y €
Synmeuauandinugy eyhmauudussiulihgaiudunm binnssiums uenordne
gassruuiuusadulihnnauwgasanudiu manuuudeesmeediamaniuasganesasmiue

sithuuiaden lasmansnusasulsBunsuasiadnadsnini 13
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_ Tank 1
Q+q ———

R,

C] e

Q_'*"Il

MW 13 wushassssuunugNTzThuuutufen (Ogata, 2004)

a
b

o

H #a seauhfisnmensih (Steady-State) Svanduias
h fe seenhfifouwwdaadnipennanmeasi Smbeaduas
= A o ’: a Y | a A a ]
0 @ sanmslnaranhiianizaei (Mawfamaaunudas) dwbedu
gnuenaseiaiuf
A (¥ L :’ dl dl [ v v o oa 1
g, fa dermsivadmenhidisuwasdnibsanannyah Swbediu
gMnenweseatui
A LY ’: dl AI [+ 4 L = )
g, fo sammsinaeanraaiidiemdasdniasananmeas dwheiiu
gnunenuesaing
R fa mswdunulasseavihiuaneanu Smhadwinfidamnanas

C & mawaunwamanBinoehludeh Srhadummanes

dl Ve g
JNNN 13 LLﬂﬂdLﬁuﬂNﬂ’]‘i\lﬂﬂdu

hl _hz (16)

9, R

q9—4q

1

dh
dt
WNUENMT (16) adlu (17) axle

C1%+h‘ q+h—2 (18)
dt R R



18

Yimsuvasantas (Laplace Transforms) asle
CS+i H (s) =Q0(s) +iH (s)
1 Rl 1 R1 2

Jogulnalazleiarisuchalan (Transfer Function)

RO(s)+ H, s) )

H
\(5) RCs+1

4. szuumuqué’mhﬂ'ﬁwu PID (Proportional-Integral-Derivative Control system)

) ﬁ":muqmmu P (Proportional - action controller) #38 (P - controller)
& U A &l a oy a
Fonh mamunuuuudeadunInugaddinmfuRnswdlsenafenaie
Toelidynaiidudadulesasivamanadoname Wowdusamslanon
M=K,(e)
M(s)= K, E(s)

4

o

m o Bnfduudasildun luansfiewas (Manipulating variable)

(20)
(21)

K, Ap SATIN197ENYDITMUANKULSATIEM (Proportional gain)

e fa ManuAewaeTilAswias (Actuating error)

v

NFNMIT (21) surmidsuvaanlaazunsala

r ¥ e c(t)

c(t)= Kpe(t)

d .
AN 14 NMUANULY P
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[ n.; o [~ %=} & 3
AANBUETIEATaINITMIUONLLLEAEIM R AviNanaLFunIfadtya I
Bune LLLYUA 2wnarauedne uananasiuagiuamarasdygIdune udadsliuiudas
N159818903 1 uaNLUERNdIuILIiu AT Ty I e Az asa LafidaLile
~ a A 1 a ) ol 1) g é
fdnmbunave eenaflenanausingat/luanizashianawhiu (Steady - State Error) 49
whiy (Steady - State: SS) msmuguuuudadiu dasmsanuflanaaiariifiodtygim
enadEUNSELIUNS (Process or Plant) daiudananaled memuguiuudasmllsna
o ] a n.; & & ¥ ] A
mdaeanuRanmeanasssuuiignld euan imuale udiiasnnmseuguuundadunousuag
] a [ @ A& o i ‘& a &y wa
dodtynaduwnauuusiway Sovhidenwblumsaunasauy fefalandumanifisusnsms
QOTGHILTACT o
9) G'hmuﬂutmu D (Derivative-action Controller) s (D-controller)
& 1 w € 4 a a va &
Funh memunauuLayRusidumsasugngedimed fridmsaudlanny
Aewmalaelidpnafidudadulasaseiunsayiussasanuldanaa (Time integral of the

error) Bemduaums lasi

M=K, (e) (22)
M(s)=K_ E(s) (23)
W
m  fo B uuutasiidutlannufewain (Manipulating variable)
K, fa mauenutasdhnuasuuuayius (Derivative gain)
a ] a dl dl .
e fa MmanuAewmaTiAuwitas (Actuating error)

dl a [ 1 %Y ;
PNFANNTN (23) aunidouudan laasunsulaci

r + e c(t)

c(t)= Kpde(t)/dt

Amfl 15 daenugauu D
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msutlasfenma TusenmamenAstaesionatn sﬁ’uf?umsmuqu
wuuawius axlidtuanonendve ﬁ:lﬁ@mnmsmauﬂuaumﬂmﬂﬁ'wuﬂawmé’mnﬁmﬁwm whei
uazar bifinadodtynndunensamenadenmeniadmaAsuuandoayludnmyn o
msmuauLLUUauﬁuﬁﬁw‘lm’%xuummsmﬁwm’ylmmmc‘imwamn’au fiehama
Aonannazdanndu Lwiazvlsi%’ufmsﬁa;immﬂ'wmuﬁ@wm@ﬁa;i‘luam:mﬁs\“uﬂ%’umsmuqu
uveistifsethufmddbimnsaddummunassuy maseedadosdmamildlasldms
AUANLULBUNUSTINTUMIMILANIUUAE W LLazmsmuQuuuuﬂ’%w"uﬁ‘l,v‘ﬁ'aﬁﬂw”Qmﬂuﬂa
Tmmmmmimuqua%u
A) ﬁaﬂwqmwu I (Integral - action controller) %38 (I - controller)
w3afiGund mamugauuuISusdumsmugaiourtsmsfiananaloy b
Fynoududadiulauasaiumsduiing (ntegral) 2asfanadowala (Time integral of the
error) Aewiusamamandiaengns ool
m~ K [edt (24)
M(s) = K,E(s) (25)
m  fe Bunaiidasaaddidlannafewae (Manipulating variable)
K, &o dannmanueasehmuaauuuiuiingg (Integral gain)

e Ao manuRewa nfilauulas (Actuating error)

d‘ = [ s :
INFNMIT (25) SsIndenudan leavinsy laad

r t e c(t)

c(t)=K, [e(t)dt

WA 16 FAUANLLL |

A (3 ! a Ao a
i 16 dygnonerine uisvansasdgnosune  anuledided

a U ! a [ (3 oA X 1 ! p !
fugnodunariamanufienaialnngey meesdyg omeenaasiRalnetaiion Man



21

doueniwaasga A asuayinen i idiafanaRenanaviviugud (Enor - E - 0)
J i3 i 14
AsTIMIRNTLLad e W HWALENAINALINE g TUIMIATEIMANAANA AT U

. . v v a v 6 & v € v
Integral reset time (Ti) MANYMULAINYIBINITMIUANUULUTAUINTaINNITMBYRUT AL LA

dm 1 v a L7 1 o
(Tit_ =K, (e) wana bitiuh sammsunlsenuianaadudedmiueesfianan

sarlushmugauULAWLS Seshansoyimsunlsensfiananngesseiaungena
ra a a v G o8 v v . . A o o

Liflensifioman udluanimfeaiufivivinamouauesasstindiag (Discussion) WWeweniums

. v < LA A v 6 A wa v
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3) Manasauneitvesdinaasiilea (Ziegler Nichols)
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%) TUNANU (K,) 1asauinamesemsuwnie (T)

f) AN (gain) LLaxmunawaanﬁum'aéhﬁ\lm”lﬂLﬂ”ﬂ@@\ﬂﬁammmuﬁ
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1) fhemugauuy PD ddmiumeiiniqonanauauasnaises
svuumugauuLilaunal (Feedback Control System)

2) §hAIWANUWUY P (Proportional Controller) 2¢1/3U1§4 Rise time
2DITLUY

3) §heUAMUUY PD (Proportional-Derivative Controller) %2ei/511/39
Overshoot 9293¢1Y

4) ¢hnIwANWUY PI (Proportional-Integral Controller) 32&ian
Steady-state error 9295¥UU
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_HI/A

PID-Control
it

AW 17 NOINHANSFUEABITaIMILINNULILEN (Nise, 2000)

Mating
ms’?mef?szuumuqué’mhﬁﬁﬁl%ﬁamuau LU Proportional-Integral-

Derivative (PID Controller) v e K=350, K =300, K =50

X(s)

R(s) K+ K, +K,s ,
s s +10s+20

X(s) _ dez+K5+K
F(s) s +(10+K,)s’+(20+K)s+K,

Jeuldsunsy MATLAB
>> k=350;
>> ki=300;
>> kd=50;

>> num=[kd k kiJ;
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>> den={1 10+kd 20+k ki];

>> step(num,den t);grid

WADENTINHAMIAOLEUAITILILTUNTN MATLAB [aesmwil 18

A pituide

Time (seconds)
AW 18 NTINKAMIPBLEUDITAITIALANKUL PID
5. M5 a7 (Data Acquisition : DAQ)

DAQ #o3127n Data Acquisition fifle MiaBMARANG (Card Interface) {Thuvuldh
B4 (Plug-In) Beudilelu Computer Bus meflu Computer Case Fsasihbilaamnugylumsseme
m”asgaga%u T@aﬂﬁ@ﬁmmﬁﬁﬁamﬁaﬁ’mauﬂaL@aéﬁ’uﬁ’zyzymi’@ﬁdwmﬂ Signal Conditioning
Module Wstay miafindslu AENRILART(Computer) a4d 1aALASE (Addressed) Ba3shswaslay
smﬁagﬁlu@hl,mm Input/Output Memory Map

Data Acquisition vhwiifilssanawaramsneviawaoudynnorlusnencamnden
(Analog) Winaglusuasdtynmidnes (Digital Signal) dotselemilumsdanaminenaylflu
msmquﬁwﬁmmuaé@ filaé (Data Acquisition Board) @19auidumssudtygmuewdan (A/D

Conversion) MI&SNETYL MEWAN (D/A Conversion) dounaraudtyn e taandeniu ¢
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auaa M IANTIn Gaamsiedygnasidyyiueentdaran faes uas swden aanidiu
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Yavne 5 1snnfe

n) dygwAdnea  wieenidu 2 %@l ON-OFF Signal w38 TTL

(Transistor to Transistor Logic) 4&¢ Pulse Train Signal UaaInamni 19

ON

TTL

Pulse Train

Al 19 SygIuAInea 2 7ie

dm3l ON-OFF Signal snauiudtygnfifayafiduane (State) 1
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State Detector fu aaa (W 3 LED fimusnuananicamesinla 894 Pulse Train Signal
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Fyoilwas (OC Signal) g mufiiemuateenade dyqnilWady (AC Signal) Stygiefi
Wasuuasatwmasifisuiun (Time Domain) Wa¢ Frequency Domain Signal Sty

Wasaeesmasudiiumeimsinhdyg i enwdleiiussey

DC ADBC/DAC Level
{slow}
Analog Signal Ti e Domain ADC/DAC Shape
{fast)
Frequency Domain  — ADC {fast) Freq. Content
Analysis

] 3 :; o
MNN 20 E’(Zytmmamaaﬂm 3 TUA
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mwi 21 m3a DAQ 4 USB 6009
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Al 4/A1 D
GND
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Al S
GND
Al 2iAL 24
AleA
GNE
A3 A
Al 7:A8 3
GNE
ADD
ATt
GND

PO.O
0
Po2
O3
PO4
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PO&
Po ¥
Py o
P1
P2
LA
PFiO

mwh 22 91989m3A DAQ 4 USB 6009
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. Consider the mechanical system shown in below. An experimental Bode
diagram for this system is shown in below. The ordinate of the magnitude
curve is the amplitude ratio of the output and input measured in dB, that is,

EX(j(o)/P(ja))‘ dB. The dimension of ‘X(j(o)/P(ja)) is m/N. The phase
angle is ZX (jo)/ P(jo)in degrees.

The input is a sinusoidal force of the form
f(t)y Fsmot

where F the amplitude of the sinusoidal input force and the input frequency is
is varied from 0.01 to 100 rad/s. The displacement x is measured from the
equilibrium position before the sinusoidal force is applied.
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Solution

The system equation is
mi+bx+kx f(t) Fsinot

Taking Laplace transform is
(ms® +bs+kx) X (s5) = F(s)

Find the transfer function is
Gs)- X _

CF(s) ms’+bs+k

This mechanical system possesses poles only in the left-half s plane is a
minimum-phase system.

The sinusoidal transfer function is
X(jo)
F(jo) m(jo)’ +bjo+k

From the Bode diagram is
X(j0+)
F(j0+)

-26dB
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Hence

XU _1_ 5648 0.0501

F(jo+) k

k=19.96 N/m w, —‘/E 3.2rad/s
m
Thus
= k2 =19'96-1.949kg
o, 1024

Find the damping ratio £. Check from the Bode diagram of the standard
second-order system & =0.32.

b_ 2w,
m

b-2fw,m—2x0.32x3.2x1.949 —3.992N-s/m

Summarizes:
m=1949kg, b=3.992N-s/m, k=19.96N/m
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2. A level control system is shown in the block diagram.

Actuator Delay Tank
10 Y(s)
1.6
k() Guls)- G(s)= 0
G (s)

(s2/9)+ (s/3)+1

Float

The time delay between the valve adjustment and the fluid outputis 7' =d/v.
Therefore if the flow rate is 5 m?/s, the cross-sectional area of the pipe is 1 m?,
and the distance is equal to 5 m, a time delay 7 1 second. The closed-loop
transfer function is

GH(s)= G ,(s)G(s)G,(s)e™

16 st
T (s+DB0s+D[(s>/9) +(s/3) +1]°

Solution

Fuulisunsy MATLAB ldumasmamsaausuasdennud

GUO) = 01027041

>>num=[1]; den=[0.2 1.2 1 0};
>> sys=tf(num,den);
>> w=logspace(-1,1,400);

>> nichols(sys,w);

>>ngrid



e Nichols chart 16

Nichols Chart

Open-Loop Gain (dB)
S

30
-40
-50

-60
360 ~315 <270 =225 -180 -135 -30

Open-Loop Phase (deg)

WIENMT D07 6.1 unuel iy Transfer function Tasswuyle’

2
GH(s) - 16(2s -6S+12) 2
(s+D@BOs+1)(s°/9+s/3+D)(s” +65+12)
K—16
Beulisunsn MATLAB 1o

>> [np,dp]=pade(1,2);

>> sys=tf(np,dp);

>> num=16;

>>d1=[1 1};,d2=[30 1};d3=[1/9 1/3 1];

>> den=conv(dl,conv(d2,d3));

65



>> sysg=tf(num.den);

>> margin(sys);

Bode Diagram
Gm  4.36 dB (at 0.731 radis} ., Pm  30.9 deg (at 0.485 rad/s)

Magnrtude (dB) (dB)

Phase (deg) (deg)

Frequency (radisec) (rad's)
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G i 9.9 Way Block Diagram Gan il 2.10

U

AW 2.9 AULSENPLIDSEULMUANSE SISl

¢ ourtoller Plux

R E _ 1 _
G Gris)

AW 9.10 Block Diagram #845ULAUANTEILINUULSA UG

FAnA LA

o t - 3
Tsermsivasanh  4x107*m %

aneostah 45cm.
At(t) =0
0.02m*
0 KJH

4x107* m’ o= K 45cm.

K 4x107m"/s\45



K -2.68x107"m.

K =2.68mm.
Steady state #1 45%x107 m’/s

—4
4.5x107* m3/s 4x10 m’
svH

45x107% m’
TR
4x107 m*/s

H - (1.125)?

H - (1.1265)?

ganswdvuinlas 1.265 0.45=0.815m.

r=9 _o0815m.

dQ 4.5x10™" =0.1988x107 s/m’

2JH(1.125-2.25)=21.125 24225

CdH (gi-qo)
dh
C—=gqi-
= gi—qo
Rt
qo
dt R
RCﬂ+h=qu
dt

R - 0.1998x107 s/m*,C - 0.02m*,qi = 0.5x107* m*/s

, dh

(0.1988x10°* s/mz) x 0.02m =

69

+h  (0.1988x107°)x (0.5x107%)
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Laplace Transform

(106,45 + 1) (H (s)) = 074
0.994 1
O~ 0645+ - Y5 51 ap106.0)

h(t) = 0.994(1 - e '**)m.

Kp =0.994 Gp=
(106 45— 1)

H{s)

o . a\l [y .
AN 2.11 Blog Diagram 1i@NMTNUINE



shand@ewlisunsy MATLAB 6
>> num=[1];
>>den=[106.4 1];

>> step(num,den);grid

mpitude

SRl dANMsAw
>> num=20;
>> den=[106.4 20];

>> step(num,den);grid

Ampitude

Tiems (Seconas)

Step Response

Time (seconds)
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RAVAND e—s 2 39 < RBB/PGC
RAT/ANT «—» 3 38 <— RB5
RAZ2/AN2/VREF-/CVREF w—> 4 37 «— RB4
RAJ/ANINREF+ +—» 5§ 36 «— RB3/PGM
RA4TOCKICIOUT «— 6 35 «—» RBZ
RAS/AN4/SSIC20UT =—» 7 g 34 <+— RB1
REORDAANS +—- 8 I~ 33 <— RBO/INT
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RC2/CCP1 +— 17 24 +— RC5/SDO
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RDO/PSPO +— 19 29 «+— RD3/PSP3
RD1/PSP1 «— 20 21 «+—» RD2/PSP2
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1 20faUA 1 Ga% YMNG 3 90 528 30 ALY 1w 3 9 T ludewia

Yo & o
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Ishuuumesounndaasluayasaoy

1. RNMUIUMNAMIRUFUDY (System response) 1897993 RLC LUUaYNIN Ay

Y

V(1) ve (1)

rvadayadell R =100 C=0.02F, L=0.1H nsimnsnimsion
wsnedenliinssuanss 12 Volts  iindnmemnmnssuaiion S capacitor 7i0an
(t 2 0) lasyhmam (10 AEHUw)

1.1 Governing equation

1.2 Differential equation

1.3 Transfer function

1.4 System response

1.5 Block diagram

1.6 wﬁamnmwwamsmauauaﬂu;a‘ml,uu Unit step W% Steady-state error
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2 f\mmmmwwwamwanaummmszunmuaumiﬁmumaﬂwaLma%uﬂnﬁt,galﬁaﬁm-lﬂm
viatlafaaniasndaTanaauss oyl Input WuwUy Unit step function ©4
aNms
(10 eEwU)

d2
dt
2.1 Transfer function

Y, A,y
+2—+y-Su(t

2.2 System Response
2.3 Block diagram

2.4 wﬁamnmwwamsmauauaﬂugmmu Unit step wa¢ Steady-state error

3 amlassewidndnmnasusoumang bendums dssnands swuaueassanmslnaas
shuuusalust® (Water Flow Rate Control System) i seuuuasgmnfilany
WUSalLNR (Temperature Control System for Melting Metals) Tindnwatiieds
nwendverolld  (Windnnidonmavmalassuiiteraangs)  Teesausiatums
T et e e (10 AzliUw)

3.1 vuimIniuaa Ussnaveiy
) UsUnnIsstuumILaN
7)) NRUNMIILON
) FumaumshsIuwa T
3)  mMIETNLLLERIIATiamaRS
A) MIAUATIEATEULNE TR NansaavauaadaIm
%) TYULAILANULL PID Uatirmenaslss Transfer function s
Input NEAULTIREILA 0 - 1.0 TvmaeT9a 0.1
%) w6 Block diagram eLug‘iJLL‘U‘U Close-loop Transfer Function
GGY
Fanaumaiiullsunsa LabVIEW uay MATLAB wioangoansi
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H(s)
O(s) 030s+]1

Wnen s Transfer function @

@enulsunsy MATLAB ot
>> num=[0 1];
>> den=[0.3 1];

>> step(num,den);grid

wanenWHaMInaUaHDsEsIm R 1

H(s) 900.9009

O.(s) 0.30s+1
A A‘ 2/ a a G}

controller) Fsmsilaemlasmslvat ¢, Wiudpdmiuanudanaazas Pump 30 Actuator

NANISAOUAHDIT L6 dudaruquuuudadau (Proportional

wazdiah lWeenuuuldamaislumalmnesdsiuiniidasfinendnseeamnuesuuudndom

K, uasdomoenuromamunn K, lnedowdu Block diagram leifsnmii ¢.1

Unit-Step Response of Water-Level Control System

4 - =
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6.6 0.8 i
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g H(s) 9005009 tudamuguuuudndan (Proportional
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controller) Fsmawldenutamslnad ¢, Wndadmiuanuiowainuas Pump ¥i30 Actuator
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K (1-e,t>0 uae 7= RC 4 h(e0) K

h(?) .
1+K 1+K 1+K

mstiua K Wdnnluwamsnauavandeand (Frequency-Response)

msﬂ%uﬂqdwa**naomsaanLmU‘a‘wumuQu‘a‘zﬁuﬁw (Water level control system) Uaad61d
31 block diagram e %W Wuhilen steady-state error agjmnhmsmaauLﬁamwam‘s@]auauaa
WA (Time-domain system response) ﬁdﬁ?u elumsaanuuuwamwauﬂuaaL%omwﬁll,ﬁ'aﬁnm
WOANTINVDINANITFDUEUDY output IDITLUUSD sinusoidal input FRasmnKanIIRBYaMY
918 (magnitude) UALHAMINOLUABINE (phase) laalatimsaanuuudizeaise (compensator)
Lﬂmwumqumuﬂauna”umumwu@]”aom‘sﬁﬁmmmL%’;aﬁ@mamLﬂ?}laumﬁ (static  velocity

error constant — 20 secrl) fen phase margin 50 L&Y gain margin > 10 dB fuMnA 4.5



10
Q) s(s+1)

(a) Water-level control system

Q,(s) G.(s)

(b) Compensated system

Solution mngﬁuﬂu Closed-loop Transfer function

Gs)=Ka =T
ol +1
1
S+
K. {
S+
al

Wen lusmsgaire Lo
Print screen 13 LaewaoANTHHAMSADUsLBa g
10K
G(s)=KG(s) 7
s(s+1)
La'ja K-K«a
K, =20sec™
K, - lir{} sG.(s)G(s)

10
s(s+1)

H(s)



91

20

18k 2 @em Transter Function sl G,(s) |
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Wenlisunsy MATLAB 16

>> num=[0 0 20];

>>den=[110];

>> w=logspace(-1,2,100);

>> bode(num,den,w);grid
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™

. |-« ] v
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al’)

Bode Diagram of G1(s)=20]8(5+1)]
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b
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AN Transfer function uJtuyy Unit-Step Responses Geulusunsy MATLAB e
>> num1=[0 0 10J;
>> denl=[1 1 10};
>> num?2={0 0 95.238 283.6854}:
>> den2=[1 15.1842 109.4222 283.6854]:
>> 1=0:0.01:6;
>> {c1,x1 t]=step(num! deni.t);
>> [c2,x2 t]=step(num2,den2.t);
>> plot(t,cl.t,¢2);grid

We®9 Unit-Step Responses ’IJ@QitUU‘H@L‘EEJLLﬁﬂSJ‘E@L?SEJ PN 9-7

Unit-Step Responses of Compenstaed and Uncompensated Systemns
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Abstract- In the Mechanical Engineerlng Education (MEE)
sector, students deslre a self-directed learnlng experience Is one
in which the student Is promoted with the essential technicai
qualifications and key professional competences. This paper
aims to design a Project-based Learning (PjBL) is integrated
into the context of experiential learning theory for mechanical
engineering education in “Mechanical Systems Project Design
and Experlmental (MSPDE) course” at the Mechanical
Technology Program, Faculty of Industrial Technology at
Nakhon Si Thammarat Rajabhat  University. The
methodological approach proposes the integrated PjBL and
experiential learning theory have been successful employed in
developing the students’ competency of issues in MSPDE. One
specific experiential learning theory of utilize is Dewey’s
Experiential Learning Theory. The researcher was conducted
the problem-solving procedure to solve mathematical modeling
of translational mechanical systems into MSPDE model. With
the utiiize to conduct in MEE, lecturer have employed a PjBL
through the integration of DELT model as an effective

npetency-based educati that integrates self-directed
iearning, knowiedge, probiem-solving skills and critical thinking
in MEE is discussed.

Keywords: Mechanical Technology Education, Project-based
Leamning, Experiential Learning Theory, Problem-Solving Skills

I INTRODUCTION

In the Mechanical Technology Education (MEE) sector,
students desire a self-directed learning experience is one in
which the student is promoted with the essential technical
qualifications and key professional competences. Currently,
MEE is comprehensive mechanical systems with highly
integrated electronics and information technology. These
includes demand approach for efficient learning are (1) the
ability to efficiently search and make the vast of available
information to design mechanical systems with higher

performarce and lower costs; (2) the ability to work as a key
member of teamwork;, (3) the ability to develop student
engagement and performance in the laboratory; and (4) the
ability to propose approach to MEE for integrating design
methodology, simulation with projects [1].

In order to teach students to embark on mechanical
systems, developing the effective tools attributed through the
usual lecture-tutorial format is limited as effective as it used to
be Although the Project-based Learming (PjBL) were
promoted to the engineering education to the early 1980s [2],
it is relatively now to the Mechanical Technology Program,
Faculty of Industrial Technology at Nakhon Si Thammarat
Rajabhat University, which is pertinent to students’ real
worlds, requiring collaborative investigation and the industrial
demand of a series of project artifacts.

Moreover, students are able to include multidisciptinary
synthesis, teamwork and communication, hands-on skills and
laboratory experiences, open-ended problem formulation and
solving, and doing “best practices” from industrial demands
are emphasized as students’ competency. Research in MEE
highlighted experiential education as a best practice in
multidiscipline and contexts including [3] The researcher
have argued experienced education as discovering,
processing, applying information, and reflection [4], which
have promoted experienced education as a method of linking
“academic knowledge and practical skills. For instance,
integrated a project-based learning and experiential leaming
theory to engage students with the mechanical systems are
utilized.

This paper aims to design a project-based leaming is
integrated into the context of experiential leaming theory for
mechanical engineering education in “Mechanical Systems
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Project Design and Experimental (MSPDE) course” at the
Mechanical Technology Program, Facully of Industna
Technology at Nakhon Si Thammarat Rajabhat University in
semester 2/2014. The organization of this paper. Topic 2 is
design and analytical framework: In Topic 3 presents the
implementation: and Topic 4 presents implications and
conclusion, respectively.

II. DESIGN AND ANALYTICAL FRAMEWORK

The design ofa BIBL through the integration of Dewey s
expertential learning theory

The main idea ofthis paper aims to design a proj ect-based
leaming was integrated into the context of experiential
leaming theory for mechanical engineening education course
in “Mechanical Systems Project Design and Experimental
(MSPDE) course” could be used to promote students’
competency. According to the Buck Institute for Education
[5], PiBL is defined as a systematic teaching method that
engages students in leaming essential knowledge and life
enhancing skills through an extended, student-influenced
inquiry process structured around complex, authentic
questions and carefully designed products and tasks.

In the MSPDE course described here, the students also
acquired the knowledge construction by active learning while
interacting with the lecturer as the researcher, their own

knowledge, their teamwork, experts in the others lecturer in
the faculty, and cother students in the course. The learning
environment in MSPDE course presented is based on inquiry.
Therefore, the lecturer must encourage challenging and open-
ended questions and must, in patticular, discussion,
examining and explaiming them. As designer of learning,
students’ aspire have the following:

® 10 organizing and rationalizing their experience,

e 1o discuss ideas rise to assessment the learning
progress, and examining experience deals rise to
learning.

As a result, the researcher assigned students were required
to present their work to their teamwork in the class
necessitated feedback and analysis of what they had done.

The methodological approach proposes the integrated
PjBL and experiential leamning theory have been successful
employed in developing the students’ competency of issues in
MSPDE. One specific experiential leaming theory of utilize is
Dewey’s Expeniential Learning Theory (DELT). Dewey [6]
described that the DEL T could be served as one the primary
theories when implementing experiential leaming and has
been demonstrated as effective in many teaching strategies
including engineering education [7]. The P{BL through the
integration of DELT model applies around four aspects of
education as shown in Fig 1
as follow as:

Fig.1 Dewey’s experiential learing theory model

e Social environment is a relationship among
lecturers, learners, the curriculum, and community to
organizing their experience.

s Knowledge and content organization is the way

o leamning o ccurs; for example, students should be
placed in learning experiences that allow them to
pose ind solve problems, making meaning,
producing products, and buil ding relationships wath
rattonalizing their expenience.

¢ Learner readiness and experience is the lecturer’s
role must be educative and connect to the real-

world situations to discuss 1deas raise to assessment
the learning progress.

e Learning outcomes is what the student learned and
the student needs to have the ability to acquire more
knowledge through the examining experience deals
rise 10 learning ezpenences than students” knew
prior to the experience into the MSPDE course.

Inquirp-based learning

The teaching approach is generated idsa from the DELT
model, Dewey suggested applying the principles of sc'entific
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research to teaching. Dewey explained that by employing this
approach for promoting students’ to knowledge construction,
rather than being knowledge and content organization to be
merely passive recipients of it.

According to Sudsomboon (8], the effects of using an
inquiry-based leaming environment (IBL) on the
undergraduate mechanical technology students’ achievements
at Faculty of Industrial Technology, Nakhon Si Thammarat
Rajabhat University in failure theories of 5592103
mechanical engineering design course. Two groups of
undergraduate mechanical technology students in the
semester 1/2013 were selected for this study: an experimental

group composed of 18 students; and a control group
composed of 16 students. The students in the experimental
group taught with an IBL, while the students in the control
group received lecture-based direct instruction. An
achievement test was administered as pre-test and post-test in
both groups. The results showed that the r-tests did not
provide sufficient evidence for a difference in the mean
achievement for 3 categories in failure theories were
maximum normal stress theory, maximum shear stress theory
and distortion energy theory of mechanical elements.
Moreover, students in the experimental group showed greater
scores toward learning mechanical elements compared to
those in the control group whom often showed lack of interest
and challenges. Thus, students’ comments during lessons and
tests were more accurate and advanced in the experimental
group as they engage more in the IBL.

Additionally, the researcher is providing the IBL to design
into a PjBL through the integration of DELT model basically
different from traditional teaching, in which the lecturer
presents prepared leaming material to the students. In the
inquiry-based learning approach, students search for the vast
of available information to design mechanical systems with
higher performance and lower costs are involved. They have
been encouraged to find out the translational mechanical
systems into the MSPDE course, answers, explanations, and
make decision to design the project of mass-damper-spring
system with the 5503501 Industrial Technology Research
subject.

First of all, their challenges, cunosity and talents are
satisfied when they construct the mathematical modeling of
the translational mechanical systems as mental frameworks to
derive the continued equation behavior, and thus meaningful
learning is assimilated by computational methods via
MATLAB programming,

With the supporting, a typical inquiry-based leaming is
comprised of the following: defining the problem, proposing
1ypotheses, doing the project/experiment, analyzing the data,
interpreting the results, and conclusions through effective
report. This paper in the MSPDE course described is a mini-
project.

After the researcher outlined the problem and design,
students were required to perform the PjBL through the

integration of DELT model, to select one project of mass-
damper-spring system, and to build an artifact.

Teaching strategies of the mechanical systems on MSPDE
course within a PJBL through the integration of DELT model

Vu and Esfandiari [9] stated that mechanical systems are
either in translational or rotational motion or both
Mechanical elements include mass element, spring element,
and damper element, translational and rotational. The
concepts of equivalence, degrees of freedom, and constraints
are discussed Two important types of constraints are
holonomic and non-holonomic constraints. Newton’s law are
used for translational systems, whereas the moment equations
are for rotation systems. They are used together for modeling
of combined systems of translational and rotational. Gear-
train systems are also included.

The objective of MEE analysis of a mechanical system is
prediction of its behaviour. Since real-world systems are
usually quite complicated when viewed in detail, an “exact”
analysis of any system is often impossible. Thus, simplifying
assumptions must be made to reduce the system to and
idealized version whose behaviour approximates that of the
real system. The process by which a physical system is
simplified to obtain a mathematically tractable situation is
called mathematical modeling. The resulting simplified
version of the real-world mechanical system is called the
mathematical model, or simply the model, of the system.

ITI. IMPLEMENTATION OF A PJBL THROUGH
THE INTEGRATION OF DEL T MODEL

The propose qf conceptual framework within a PjBL
through the integration of DELT model

The conceptual framework within a PjBL through the
integration of DELT model provides a learning effective for
the students’ to apply teaching of the MSPDE course. The
model is to promote undergraduate mechanical technology
students will be employed with the 3" years at the
Mechanical Technology Program, Faculty of Industrial
Technology at Nakhon Si Thammarat Rajabhat University in
semester 2/2014 from three aspects as a competency, i.e.
knowledge, skills and attitudes as shown in Fig.2.

e Knowledge: Addressing how to apply the concepts of
dynamic system and controls to solve real-world problems. In
the MSPDE course point of view, the integration social
environment with knowledge and content organization by
developing the knowledge application in computational
methods  for  engineering, mechatronics,  software
performances and measurement and signal processing to
promote students’ learning in higher performance and lower
costs.

¢ Skills: In order to enhance skills, practical solution
ability within a PjBL through the integration of DELT model
such as teamwork, communication, gather information,
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problem-solving, and solution are also the most important to
promote career’s path.

e Attitudes: Attitudes is the learning outcomes of
personal responsibility of an individual. The social
responsibility, energy conservation, environmental awareness,
safety procedural, and continuous improvement productivity
are important to promote personality.

A PJBL through the integration of DELT model on
mathematical modeling and simulation

The researcher was conducted the problem-solving
procedure to solve mathematical modeling of translational
mechanical systems into MSPDE model. Students’ have been
engaged following:

e The mass-damper-spring is presented by basic

modeling elements.

¢ Knowledge:

(1) System model representation is identifying the
mathematical modeling of translational
mechanical systems;

(2) Govemning equations are derived by dynamic
system modeling and analysis;

(3) Mathematical modeling of translational
mechanical system in state-space representation
form is presented;

(4) State equation is presented as the state-space
representation or state-space form of the system
model.

This form is representing a system model is
particularly useful in the dynamic system modeling and
analysis {8] [10] As a result, this procedure is to obtain
the state-space representation from the goveming
equations to Input-Output (I/O) equation as;

x=Ax+Bu
y Cx+Du

®) Transfer function is derived the different
representations of mathematical models have
been treated extensively in previous step. The
transfer function is the most important to solve
the system response. Because of the transfer
function of a system, show relates the input to
the output in the Laplace transform domain as;

( )= Output(s)
Input(s)
where
Output(s) = L{output(t)}
Input(s) = L{input(t)}

(6) Analysis of the system response is concerned

with the response of dynamic systems
corresponding to specified inputs. Many type of
input signal processing are crucially and
discussed in the experimental. By analytical
determination of the response is possible
through
application of the Laplace transformation, the
transient response and frequency response are
discussed;

(7) Suggestions of dynamic systems as mentioned
earlier of this study, the unit-impulse response
refers to the system’s response to a unit impulse
and is subjected to zero initial conditions (Vu &
Esfandiari, 1998).

(8) Analysis of the mechatronic elements (ie.,
sensors, data processing and actuators) with the
hardware implementation for measurement and
signal processing.

(9) The computational programming namely
MATLAB is employed to analyze the
optimization system.

Skills:

(1) Engage students in real-world system with the
mass-damper-spring.

(2) Requires students to use inquiry, research,
journals, and problem-solving skills.

(3) Convinces students to leamn and perform a PiBL
through the integration of DELT model on
mathematical modeling and simulation.

(4) Provides opportunities for students to practice
interpersonal skills as they work in teamwork,
communication, gather information, problem-
solving, and solution.

Attitudes:

(1) Includes  expectations regarding  social
responsibility and learning outcomes.

(2) End is the learning assessment with a
presentation and thgdemonstration set of mass-
damper-spring covers a competency approach
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Computational methods
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Fig 2. The propose of conceptual framework within a PjBL through the integration of DELT model

Making sure all students have opportunities to interact and
develop problem-solving skills with constrained resources is
THROUGH THE INTEGRATION OF DELT MODEL an essential of a PjBL through the integration of DELT

IV. IMPLICATIONS AND CONCLUSION FOR A PJBL



model. With the utilize to conduct in MEE, lecturer have
employed a PjBL through the integration of DELT model as
an effective competency-based education that integrates self-
directed learning, knowledge, problem-solving skills and
critical thinking in MEE. For example, the mass-damper-
spring is presented by basic modeling elements to an
academic mechanical engineering course.

According to Strobel et al. [11] discussed the role of
authenticity in design-based learning environments found that
the proposed model of authenticity includes two additions to
existing models introducing impacts as follows as: context,
task, impact, and personalivalue Engineering students isin a
unique position to explore different frameworks not just to
decide what to teach (concepts, and processes). The
“authentic” experiences are widely used in all curricular and
across undergraduate engineering standards and curricular.

Consequently, the demonstration of a PjBL through the
integration of DELT model enhances students to develop
engineering competency and increased their motivation to
study.

Specifically, researcher proposes the MSPDE course; the
students should be able to do the following:

e Knowledge: Teaching of the concepts of dynamic
system and controls;

o Knowledge: Demonstrate teaching strategies as the
mathematical modeling of translational
mechanical systems and software performance
within a PjBL through the integration of DELT
model;

o Skills: Work collaboratively across engineering
disciplines (mechanical engineering design,
electronics,  information  technology,  control
systemsand  data acguisition system  for accurate
measurements on leam work:

s Skills: Demonstrate proficiency in the use of
information sources Lo s¢arch and tools to solve real-
world problems;

®  Skills: Gain experience in hands-on skills, problem
solving and tcam interaction;

o Attitudes: Students” presents academic performance.

As a result 1t leads students to progress according to
progress acconding to thetr Jevel while making them enhance
like responsible collaborators in the learning process. The
future research will continue 10 work continued with the 3
years at the Mechanical Technology Program, Faculty of
tndustrial Technology at Nakhon Si Thammarat Rajabhat
Universily. The effects of a PjBL through the integration of
DELT model will be proposed. By examining the relationship
between a PiBL through the integration of DELT model and
learning achievement identifies essential demands for new
instructional approaches for MEE that “students involved
achieving integrated demonstration sets of leaming
achievement-performance objectives. The newly approach
emphasized learning achievements and performance
objectives and parallels problem-solving skills models.

The integration of PjBL approach and DELT model is
successfully employed, according to leaming outcomes
mentioned in the implementation across the competency as a
new instructional approach for implementing in MEE. In
addition to the achievement of the learning outcomes there is
several key success of the experience. The entire experience
allowed students to develop a strong ownership in their
learning which they play an active role in developing the
competency.
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