MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WHBAIAN 2564 QI AZINYIANENT UNNINBIREIIVAIUNTNBY

The Effect of Mechanical Vibration Combined with Static Orthodontic Force
on Tooth Movement in Intra and Contralateral Side

of Maxillary Arch in Rat Models

Porntip Tangtanavvatl, Assoc.Prof.Dr.Chidchanok Leethanakulz, Assoc.Prof.Dr.Srisurang Suttapreyasri3
1Department of Preventive Dentistry Faculty of Dentistry, Prince of Songkla University
Songkhla, Thailand; porntip.tangtanawat@gmail.com
2Department of Preventive Dentistry Faculty of Dentistry, Prince of Songkla University Songkhla, Thailand,;
chidchanok.l@psu.ac.th
3'Department of Oral and Maxillofacial Surgery Faculty of Dentistry, Prince of Songkla University Songkhla, Thailand;

srisurang.s@psu.ac.th

Abstract

Mechanical vibration is one of the several methods to accelerate the orthodontic tooth
movement, which provides the advantages, such as non - invasive, painless, and less complications.
Also, this technique can be home used appliance. Nevertheless, the result of this method is still
controversial because there is no standard protocol in the clinical application of mechanical vibration.
Many experiments have been used the split-mouth model to investigate the effect of vibration.
However, the effect of local mechanical vibration on the contralateral side has not been studied. The
aim of this study was to investigate the effect of high-frequency (125 Hz) vibration on accelerating tooth
movement in intra and contralateral sides of the same maxillary arch. Nine adult Wistar rats, age 10-12
weeks allocated to control (C), tooth movement (TM), and tooth movement combine with high-
frequency (125 Hz) vibration (TMV) groups in the split-mouth experiment design study. The maxillary
first molars were moved mesially by using the Nickel-Titanium (NiTi) close coil spring for 14 days (TM
group). Additional vibration was applied on the occlusal surface of the first molars for 5 minutes per day
(TMV group). The amount of tooth movement was measured by Microcomputed tomography (Micro-
CT). The result showed that by applying high-frequency (125 Hz) vibration for 5 minutes per day, the
intra-arch molar (TMV group) moved 2-fold faster than the TM group. However, the high-frequency
vibration did not affect the tooth movement on the contralateral side of the maxilla.
Keywords : accelerate tooth movement, cross-arch effect, mechanical vibration, orthodontic force,

Wistar rat.

I INTRODUCTION introduced to reduce treatment time. The

Prolonged  orthodontic  treatment time methods can be categorized into biological,
associates with risks of dental caries [1], gingivitis  surgical, and physical approaches.
[2], pulpitis [3], and patient bumn out [4]. The Mechanical vibration isone of the physical

accelerated tooth movement methods were  approaches that provide interesting advantages,
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such as non-invasive, painless, and less
complications. Since lack of evidence supports the
effect of vibration on accelerating tooth
movement. Therefore, mechanical vibration still is
not a technique being used in routine orthodontic
treatment. In several animal studies found that the
high-frequency  vibration  effect  accelerated
orthodontic tooth movement [5-7]. In addition,
there is no previous study in the cross-arch effect
of mechanical high-frequency vibration on tooth
movement.

The optimal orthodontic force is the force
level that has a certain magnitude and
characteristic leading to the maximum rate of
tooth movement without patient discomfort and
periodontal tissue damage [8]. In animal research,
10 grams of force demonstrated the maximum rate
of tooth movement, while increasing the magnitude
of force did not benefit the rate of tooth
movement [9]. Moreover, histomorphometry in the
rat after received 10 grams of force for 14 days
presented a very limited area of hyalinization, the
root resorption was seen only in the cementum
layer[10]. Then, 10 grams of force is the optimal
force in orthodontic tooth movement in the rat,
and was used in the present studly.

The purpose of this study was to investigate
vibration  on

the effect of high-frequency

accelerating tooth movement in intra and

contralateral sides of the same dental arch.

Il.  MATERIALS AND METHODS
A.  Animals and study protocol

This study was approved by the Institutional
Animal Care and Use Committee, Prince of Songkla
6800.11/234). The and

University (MOE care

handling of animals were performed following the

institutional animal care and use committee
(IACUQ) guideline. Nine adult male Wistar rats
(Nomura Siam International, Thailand), aged 10-12
weeks and weighing 300 to 400 grams, were
included in  this randomized  split-mouth
experimental study. The intervention groups (C,
TM, and TMV groups) were circular systematic
sampling into eighteen sides of the maxilla (n=18)
of nine Wistar rats. Therefore, the nine rats have
received three types of matching interventions.
Type | of experiment design: Control (C; no force)
on one side and tooth movement (TM) on another
side; Type Il, Tooth movement combined with
high-frequency vibration (TMV) on one side and the
C on another side; Type Ill, the TM on one side and

the TMV on another side.

Type |
3 rats
6 sides

Type I

3 rats
6 sides

9 rats
18 sides

Type lll

3 rats
6 sides

Fig. 1. Experimental model. A schema of study
design in circular systematic sampling intervention
groups (control, TM, and TMV groups) into eighteen

sides of the maxilla of nine Wistar rats.
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The animals were intraperitoneally
anesthetized by the mixture of 90 mg/ kg of
Ketamine (Calypsol, Gedeon Richter Ltd., Hungary)
and 10 mg/ kg of Xylazine (Xylayet, Thai Meiji
Pharmaceutical Ltd., Thailand). After the TM and
TMV  groups were anesthetized, the ultra-light

(Green) Nickel-Titanium (NiTi) close coil

spring
(Dentos, Dentaplex, USA) was installed between
the incisor and the first molar for 14 days. The
force loaded of NiTi spring to molar was directly
measured by tension gauge.

For applying high-frequency vibration, the rats
were anesthetized with 2% isoflurane. A high-
frequency (125 Hz) vibration was generated by an
adapted  electrical  toothbrush (Oral-8”). The
toothbrush tip without bristle brush was placed on
the occlusal surface of the upper first molar in the
perpendicular direction to the occlusal surface,
which using a central groove as a reference
landmark. The high-frequency vibration was
applied 5 minutes per day for 14 days.

After 14 days, animals were euthanasia by an
overdose of pentobarbital sodium (800 mg/ kg).
The maxillae were collected within 1 hr.,, and

fixation in 4% paraformaldehyde.

B. Measurement of tooth movement

The maxillae were scanned and reconstructed
with Micro-CT (Scanco MCT 35 system; Scanco
Medical,  Bassersdorf,  Switzerland) with  the
condition of 70 kVP and 114 UA with an exposure
time of 256 milliseconds and voxel size of 10 m.
From the sagittal view, the reference level of
height of contour of maxillary 1" and 2 molar
were registered. The amount of tooth movement

was measured from the distance between the 1

and 2" molar at the midpoint of buccal-lingual of

. st . . .
the maxillary 1" molar in transverse dimension.

Fig. 2. The reference point in measurement
distance between the 1" and 2™ a maxillary molar.
(A) Sagittal section of a maxillary molar with
reference at height of contour (* in red color) (B)
Transverse sections of maxilla with a reference
point at the most distal point of 1" molar (* in

yellow color)

C. Statistics

The data were analyzed by IBM SPSS Statistics
16 programs. The results showed as mean and
standard  deviations. Al data was normally
distributed, which was tested by the Shapiro-Wilk
test. The ttest was used to test significantly
differences between experimental groups. The
level of significance was established at 95% (p =
0.05).

All the samples remeasured with the interval
of 4 weeks and intra-observer reliability was done

by using the intra-class correlation coefficient.

Il. ResuLTs

The weight of rats were observed every day to
monitor the animal’s health after orthodontic
appliance attachment. In the early period of the
attached appliance, the animal’s weight was

slightly reduced; afterward, weights were gradually
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increased  throughout the observation period.
Therefore, these data showed the animals were
healthy in all experiment periods.

During the experiment period, all the NiTi close
coil springs remained intact and gave accurate
constant force.

The intraclass correlation coefficients was 0.99

which indicated great reliability.

A. Amount of tooth movement

Overall data, the amount of tooth movement
of the TMV showed significantly greater than the TM
(0.36 + 0.03 mm vs 0.17 + 0.043 mm, p < 0.05). The
high-frequency vibration increased a 2.0-fold amount
of tooth movement.

To evaluate the effect of local vibration on
contralateral side, in type Il of the experimental
model (the TMV vs the TM groups), the amount of
tooth movement of the TMV showed significantly
greater than that of the TM on the contralateral side
(0.36 + 0.07 mm vs 0.17 + 0.06 mm, p < 0.05). The
high-frequency vibration increased a 2.0-fold amount
of tooth movement consistent with the overalls

experimental models.

Group IIl

Overall 3 groups
Groups
Overall
(All three experiment models)

Type I11

BN RTMY of the experiment model

Fig. 3. The amount of tooth movement of the TMV
group showed significantly greater than the TM
group on both overall of experimental models and

in type lll of experimental model. (p < 0.05)

™V ™
group group
Fig. 4. The high-frequency vibration did not

accelerate tooth movement on the 1° molar of the
contralateral maxillary arch. Transverse section of a

maxillary arch in Type lIl of the experimental model.

IV. DISCUSSIONS

Utilizing, the  mechanical vibration on
accelerating orthodontic tooth movement was
controversial since there was no standard protocol
for the clinical application of mechanical vibration in
orthodontic treatment. However, previous animal
studies that used high-frequency vibration (60, 70,
120 Hz) found high-frequency vibration caused
the effect of accelerating tooth movement [5-7].
This  study that

confirming high-frequency

vibration  accelerated tooth  movement. In
addition, the position of applying high-frequency
vibration is the one of an important factors since
the vibration affected tooth movement only on
the same side of the dental arch.
A. Accelerating tooth movement
High-frequency (125 Hz) vibration combined
force accelerated  tooth

with  orthodontic

movement about a 2-foldin this research
conforming with Takano-Yamamoto et al[6]., and
Alikhani et al[7].

Alikhani et al.[7] showed that applying high-

frequency vibration (120 Hz) for 14 days increased
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the rate of tooth movement 2.4-fold. Takano-

Yamamoto et al.[6] applying high-frequency
vibration (70 Hz) once a week increase, a 2-fold

amount of tooth movement on day 21.

B. The cross-arch effect

The high-frequency (125 Hz) vibration caused
accelerating tooth movement on the TMV group
significantly greater than the TM group in type Il
of experimental models, which using the split-
mouth design between the TM and TMV groups.
Therefore, it represented the effect of high-
frequency vibration affected the 1" molar that
applied the vibration directly but not affected the
contralateral side of the maxilla.

The result of this present study was
consistent with the evidence that periodontal
ligament (PDL)is the source of inflammatory
markers during orthodontic treatment(11, 12]. In

addition, the mechanical vibration combined with

compressive  force  synergistically  enhanced
human PDL cells to increase secreted
inflammatory cytokines[ 13]. Since bone

remodeling in tooth movement is the process of
aseptic inflammation then, PDL is an important
part of orthodontic tooth movement. As seen in
clinical observation that in absence of PDL cells
such as ankylosed tooth there is no orthodontic
tooth movement. Therefore, the high-frequency
vibration on the first molar went through the PDL.
In consequence, the vibration stimulated PDL
cells to enhance bone remodeling on the same
side of the maxilla. In contrast, the high-frequency
was unable to accelerated tooth movement of

the first molar tooth on the contralateral side in

this study. As a result of the attenuating vibrations
that, passes through the palate, maxillary suture
including the PDL of the first molar on the
contralateral side. This result is consistent with
Alikhani et al[7]., showed the indirect application
of high-frequency vibration on the adjacent tooth
did not accelerated the tooth movement.

There are some dissimilarities in physiology
and morphology between humans and rats but
the rat model is a suitable model for orthodontic
tooth movement experiments. Because of rats
had a cost-effective and, a short bone remodeling
cycle. Therefore, the rat models showed the
result of intervention outcomes shortly[14, 15].
Moreover, we controlled the confounding factor
of physiologic tooth movement such as age,
weight, and sex.

Due to the difference between rats and
humans (for example bone remodeling rate,
orthodontic mechanics, and appliance), the cross-
arch effect of high-frequency vibration may affect
differently. However, further

investigation in

clinical research should be confirmed this effect.

V. CONCLUSION

The high-frequency (125 Hz) vibration in
combination with static orthodontic force locally
enhanced tooth movement and had no cross-

arch effect.
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Abstract

The objective of this study was to develop two new fire alarm systems which include
integrated wireless fire alarm system and addressable fire alarm system. Both developments followed
the national standard of the Engineering Institute. The integrated fire alarm system was installed with
130 smoke detectors and 15 alarm bells. The wireless addressable fire alarm system was installed
with same amount of wireless smoke detectors and alarm bells with addition of 12 wireless call
points and 8 audibles. The designs of both systems were met the national standard and able to
identify fire’s location precisely. The cost of former system integrated wireless was 648,700 Baht,
while cost of latter system was increased to 919,600 Baht. Despite of higher cost, the wireless
addressable fire alarm system was able to identify the fire location faster.

Keywords : Wireless Addressable Fire Alarm System, Smoke Detector
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M1590 3 51en71skavaunsalkdwenadlndniy

mmg’msuaﬁmmwamm

HEAT MANUAL ALARM
%‘u amuﬁ DETECTOR STATION BELL
W | e | B | e | e | s
1 | ddhaunue 4 8 1 - 1 1
2 | viesousudunun 12 5 1 - 1 1
3 | viesnouiunes 14 5 2 - 2
wefiRnsnia
q . 12 7 1 - 1 1
Ms¥ANITERIMNGTY
HosUuRnng
5 . 14| 5 | 2 2
medannseding
6 | vouTuunuy 12 7 1 - 1 1
7 | vieuSou 12 5 1 - 1 1
8 | maih 3 5 1 - 1
samgunsaivianua 83 | 47 | 10| 0 | 10| 5

1nAMeil 3 agUsenisgunsaivesenans
nsdifAnuidoufisifuniuunsgiuresiaingsy
a01u gunsalngi9duAduTeu (Heat detector)
Wiy 47 dgunsaiudameneiie (Manual station)
71U 0 #7 LLasamﬁaﬂéadaﬁagmmLaau (Alarm
bell) 31U 5

n1susudgeszuuudunmndsindlaeld
walulaguuulng

o

91A1SNTEANLATINITAAAITE UL QY IULA S

o
a o

wispnasinduuusdanedulguiinisindafindau
Faudd 2545 shldanmmesgUnsaifudosannuas
Fomelumuognsldnuieilfssuuudang iy
Wnanuldedivsuasiindeianainlunisldaumane
fqmLsziuizw'%”uéffgfymﬁmiLL%ﬂLaauéﬁumLaﬂ,umq
nflsiansaldaulddeanvgfenaiilofiome
wadlysfaseoraihliAnenugadeilngvasls
ileliinsvhauvesszuuudammmadiundiinany
pg19ilUsedNnSam gAnwr3vinnisusulss uas
ganwuuszuukisnamadnilagldmaluladuuulng
Affe9 szuuudanamadndiviassydumisuuy
Fanedaszuuiianmnsnveniiuiiviesumisnisiin

winlalaense wagdlgunsaliinisnsisduwuuliany

o

(Wireless detecton) ¢ Tnemsidession s udayayo
(Wireless node) #sgunsniluszuviasiinaneiay
Uszdgunsalszynni uarlisiudailinudafio
aunsaszyaUnIaiuaziuULinn1Tn5TulAvI
anunsaidnssummuayenenauenINiuilliogs

<
T30

Firo fllarm Control Panel
2 Loop Up fo 6 Loop.

AN 3 syuukduvenabndviinseysiunus

wuul¥ane (@un: www.newtype.co.th)

nsfnssszuuidamanadiniiagldinalulas
wuuln azyhmsAsuLUaIE UUAIUALNILUULAN
Wuszvuiiausoudanguuudumisld ssuy
gUnsalLdamauuuLAndeaudsunuasain nssu

fueu1aumuseu (Heat detector) undunuusu

A7)

€

[ @

AUUIUAIIAIY (Smoke detector)

A7)

W Lns el
ANULadies ns19duldsinsl wasgnmiunanves
IMNTTUAINU ﬁszqdwdaumslﬁmm@Lwaﬂ"lmﬂﬁ‘ﬂﬂﬁu
il tuintuunneuliave Tnegunsaififadslvsl
awUsznaume gunsalnsIaduaiuazgnuiuaey
Wuszuuitannsaszyiumisnaifamalduuuliang
(Wireless smoke detector) aunsaiudaiindslug
meilawuuansaszysuviale (Wireless manual
call point) flazRsusnamaiu wargunsaldades
”zycymaauﬁaﬁﬁﬁgﬂaaﬁzwﬁa wuualng (Audible
alarm) wazuuUN3s (Alarm bell) Fsirgunsaifenn

Aa O &, % <
WW@WQQ%LUULLU‘Ulﬁa']EJWQVINW
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waluladlsaewuulvl

WIRELESS | WIRELESS
2 r AUDIBLE | ALARM
Ju aanud SMOKE | MANUAL
ALARM | BELL
DETECTOR | CALL POINT
1 | dvnanuane 12 1 1 2
2 | espusuduLw 17 1 1 2
3 | viesmouiunes 19 2 1 2
WoeufuRnsnia
q N 19 2 1 2
MITNTYREMNTIU
WosUumnig
5 . 19 2 1 2
medannsednd
6 | vioadiounuy 19 2 1 2
7 | viouseu 17 1 1 2
8 | aniin 8 1 1 1
smgUnIaivianun 130 12 8 15

v
o

NN 4 WaTImveINsAnAsgUnsalsEUY
wdsuaunasivduuulng loun  Wireless  smoke
detector 37w 130 69, Wireless manual call
point 41U 12 §7, Audible Alarm 1Uu 8 flay
Alarm bell 1171 15 673

Wisuiiisunisasulunisufuudsussuy
wdamamdsludinnuuinsgudsinssuaniun

Tunsusuugessuuudamsmdalngdlnduluany
19sgIuYDsIAInTINanIuT a1 U TIn
wasgIuiimsimnssuaniu wisliinisdudy
wazn1sUTulessuUlngldmaluladuuulng uweides

aglunanunIgIUAivUn

M13199 5 doyasuuszanalun1suiuusassuunds

WGl AN ImNTTHEa W

COST (BAHT)

NO. DESCRIPTION
UNIT PRICE QTY UNITE TOTAL

7 | Other Installation
25,000 1 Pc. 25,000

equipment

8 |Installationcost 230,000 1 job 170,000
TOTAL COST 648,700
A‘Lu@?ﬁ?ﬂﬁ 5 LﬂUﬂﬁiﬁEUﬂUﬂiﬁﬂJ']ELJA‘LUﬂﬁiﬁQV!u
Anmvaunsalszuukdaanasinduuuiiuiide s

didndgunsalnudeivuauiniguvesifIngsy

an1um Feanlgineludugunsaivaz A1 dung

a

v
Y

FINFL

Yusuau 648,700 um

A15199 6 TayatuUsanalunsUTUYTITEUULLS

wigndslndilagldinalulagssvuwd e ndalnd

gilpszysiunisuuliang

COST (BAHT)
NO. DESCRIPTION
UNIT PRICE| QTY UNIT TOTAL
1 | Fire alarm control
260,000 1 Pc. 260,000
Panel (6 Loop)
2 | Alarm control
12,000 8 Pcs. 96,000
module
3 | Wireless node 2,800 8 Pcs. 22,400
4 | Wireless smoke
2,200 130 Pcs. 286,000
detector
5 | Wireless manual
1,900 12 Pcs. 22,800
call point
6 | Audible bell 1,100 8 Pcs. 8,800
7 | Alarm bell 1,700 15 Pcs. 25,500
8 | Conduit pipe 50 450 meters 22,500
9 | Signal cable
32 300 meters 9,600
2.5 sgmm.
10 | Other Installation
16,000 1 Pc. 16,000
equipment
11 [Installationcost 150,000 1 job 150,000
TOTAL COST 919,600

COST (BAHT)
NO. DESCRIPTION
UNIT PRICE QTY UNITE TOTAL
1 | Fire alarm control
110,500 1 Pc. 110,500
panel(4 Zone)
2 | Smoke detector 1,900 130 Pcs. 24,7000
3 | Alarm bell 1,700 15 Pcs. 25,500
4 | Conduit pipe 50 600 | meters | 30,000
5 | Zone cable
25 1,500 | meters 37,500
1.5 sq.mm.
6 |Signal cable
32 100 meters 3,200
2.5 sgq.mm.

m3d 6 Wunsaguaulszanalunmsamuing

gunsalsvuuudsvamasindvuulndyiinsydumus

wuulSanenuderinuaNInsgINTeIAINTILA L]

'
=

PIA

U9 919,600 UM
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Amnssuaauildsuuszanalunisuiudsadudiuou
648,700 U1 kavsyuukIsvsnasludviassy
dundsuuulaeldgndosmundnunsgiuves
Fmanssuaniualdevdszanalunisindasiuau
919,600 undsdndufesas 70 YIIUNITANR
FTUULUULANINAISIUT 8 ULlB uaud seuaulae

=2 v

sULUUNSTEUURITE VUNIAR MU LB AN w1 LA

o '

denltalulagszuuudavaudalvdivlinssydumi
wuulianelufnstuonasnsdfnwlaenaiildiu
aunsnaneuidssuazainnuiulasonisldsyuy
Iﬁﬁusﬂ%’mmﬁﬂﬁ%mmmL%maﬁ’mswmuau

91A5anluliRkasnIuaninGlngle

n53deluauian
31nN150eAUAIN T UM ST UULT LY

wdslnl dunewndiaduuulnsdnislotie el vgly

fuluormsanansaiunmudeyaniaudavnumadlng

Ieoeniuriaed
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AMENUANIAIAINTINUALIATIET1998N1AVRIABUNTAUTUUTIAEUNE19NI T
Engineering Properties and Microstructure of Para-Rubber

Latex Modified Concrete

o 1 o £ a 2
Y51 WANBY, A1ENI19138 A3.avdUR efiyade
'anuiviienssulesuasnTuSMsNuneass unneaumealulagasus; patcharawong@ku.th

2 a a °o v a a a Y = q
anaieIrnssulest dindvimnssueans MW']’JWEJ']@?JLVMI‘IAI@EJE‘}?U’]S; suksun@g.sut.ac.th

v

unAnga

mifeddnvdvinavenissnaiiinaderidauashdsiniuiesazvesUinaniosuiieo
Yudiuud (/) sfamsfinundvnavesihonsmnaififinasonumumusolsfoudamnvesaouninnami
samslagldineunindiiviina v fovar 0 fa 5 TastmiinldSnmanhdeuTinayuiiuug (w/o) wihiy
0.3, 0.4 uay 0.5 Fauansliiuihdsdavesneundanauthenmnsfidananie wc uasr/c i uway
Tusnsduferfunuiahdafnuesneuninnamiorsisdaniutuny e unseitaiednadand
L‘vmwamﬁv‘iﬂﬁﬁwé’qﬁmﬁmqaqmmﬂﬁu’umammmmmﬁﬁumm r/c waw w/c ailludurenisAnunaving
vonhenamnniiinarernununusslnfeudamaresneunianauthenmmuiinnithe e ey
lunouniaviliinuduiiduindouitvesutasiunazfuiuludesinessninaufisenlawstudsdamali
ApuNIATUSUUFethenm A saufdsauaridsinldgeninneuninsssunaneldanenisin
nIouIMLBALLTALINN

AEARY : ABUNTA, WIE1INNTT, 1ATIATNRaNTA, AEI8R, Adann

Abstract

This research studies the influence of rubber which affects compressive, flexural strength,
and the percentage of dry rubber content on cement(r/c) plus porosity and sodium sulfate tolerance
of para-rubber latex modified concrete.The study shows that the compressive strength of modified
concrete is reduced when w/c and r/c ratio was increased. Moreover, the longer curing is, the more
compressive has gone high. And in the same ratio, we found that the bending strength of modified
concrete is also increased while pushing r/c ratio up until reaching the proper ratio that provides the
maximum strength. After that, Furthermore, the later study also shows that mixing of latex in
concrete that makes the film coating of the aggregate and increase the free space in the hydration
reaction process helps reducing the porosity and prevents the infiltration of sodium sulfate into the
concrete which leads to the conclusion that concrete that was modified by para-rubber latex can
withstand higher compression more than regular concrete under the corrosion from sodium sulfate.

Keywords : Concrete, Para-rubber, Microstructure, Compressive strength, Flexural strength
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1. Uni
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g1am1518usU 1 veslngldfiuunltufiavveneiui
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Faduheannildnndusnsdnvagidudinenadn o

V1

nsrgegluiildnuagvesiienanslinddnuoe

a

& a a & ¢ a
Wuveanaltavnidaninidunsaassn dUsunwu

vpudeusvuudonay 30-40 pH  6.5-7 lagiin
g19N5198dANURLILLLUTENN 0.975-0.980 U
sladlaaans[1]

drutsznovluhenanuisesnldiiu 2 dwde
duiduiesnaardiuiifuiensandahensan
%mmmmamwmmLﬂuﬂfwmqagﬂﬁlﬁlﬁu 6 $alu9
esanuuaiidslusiniAwazainudenvesduens
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NAINLUATILSBAUFITOIMISARITIAAN T UDUEAY
Iadufedinang 9 wu Arearsusulasenlaniie
ﬁmmﬁmmsgﬂLﬂWLLaxdaﬂ?{umﬁumsﬁﬁﬂsm
#szingdeluthenmnsfifivuntuavdanalian

pH vasthenawisulasullasiiarfanas Ay

iietlastunisgadsaninvesniioraniandadiosd
nsldansiediasluifioiudnunienasnsiliasann
Duveanailnwasaifildlunsfivsnenienmns
139171 @15U937UN159UF (Anticoagulant)  lauwn
wonluflelefvudalndnesuralandusuiiod
$numbenanslalidegapdoan 4]
Tueuiudmnssumsiieramnsseiiens
sssuvIfuUszendldiuiiuasuniniedniu
madenuisiiarunsariuyalfiuenamsves
Usenelnglddaihessssumfariinnudavguuas
AU T8 AUTLUUALINEY (Cement

v '
[ =

saufledunvszandldiunisneadisfazaiunsa
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Waundursunsanale1snisIlaenstansuau
Fuitumanisyhauumsdeuusmauudududlfifiui
mslhensuiifusinaenauis Ory rubber content)
$ouaz 2.0 vesminyudiudifinaanunien
(Ductility) vasnounialalaglivinlinassuns s

wazidsdunsisanadiowioufisusunounin
Alainaning1sm1sganisie 1w sunas v
AOUNAA9TaILSaT IR Tuden1sAnuilaseadng
agaﬂ'1ﬂsumﬂaun%'mmuﬁwmquswﬁﬁmumauﬁmmzau
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Fnzanazylvinisdostunsiduvesildiuas
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Tuuluanasd1InsuAINIaIn AN UINARAIUTEU

a a

Sevay 10 WodndUe19NISIReTIUA (P/C) MALYU
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Y
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WNEAUNUTASES IS UL AL N UA B IMINY
AuaUg L LTINS BN T UUABUN T AUA RN NS U

i o aa 1Y) Y]
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meluresreunIanauiienansdeI i
lassainauugania (Microstructure analysis) waati
Foyaiildluiianevinanmsvaasy
2. ngUszasAvan1sIdeY

1. lefnwianuduiussendnaidedauas
& niudesarvesiienans

2. LilB@NYIALNTULATAIIUNUNIUAD
T9LAuNgaLNAUDIADUNTANANIININITIAIBIENS

WATINLATIATIUUUTANA

3. 35auiiun133dy

wUIMNSANE1ITY

il 1 msfnananiRmamnss Taonsi
fhegsneunImnALt eI TIAFe U S sSAuLay
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1. Nde99anssAUBLANATIULUUEDINTIA
(Scanning electron microscopy: SEM)

2. m%laﬁt,mwﬁﬁmt,%dwé'wu (Energy
Dispersive X-Ray Spectrometer: EDS

3. pRednTERMs s EEng (X-Ray
Diffract meter:XRD) lnein15115sdons (X-ray) 11l

Anngilassairendnuazsryriaasusznauiiilog
Tudegaisludnanim (Qualitative) waiTnunn
(Quantitative)

4. Lﬂ%‘laﬁmiwﬁﬁuﬁaLLazmquu (Surface
Area and Pore Size Analyzer)

Fumaumssiiunside
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analysis) Tneflirdosiionsi
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(Scanning electron microscopy: SEM)

2. MTIATWAT WS (Energy Dispersive
X-Ray Spectrometer: EDS)
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Ray Diffract meter: XRD)
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Area and Pore Size Analyzer)
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n1seanuuUkariRuIgUnsalangessuulndmiusatleaunng

The Design and Develop of Electric Towing for Wheelchair

2 Y4

v & W a 1* o a s i a 3
DIUINY AUNIUY , WUIUNT YU Lazinyase) vinnay
L1 . 2 . 3
Aroonrak Tunpanit , Patcharin Bunnoon™ and Taksuriya Madsa

winendemalulagsvusaariidy Inededngl

aroonrak.t@rmutsv.ac.th

UNANED

U‘wm’mﬁLﬁuﬁauwﬁaﬁuaNm%’m%qmiaaﬂLLUULLazW@uquﬂizﬁmﬂ@,ﬁm%uﬁm%ﬁqamq
ﬁi’mqﬂizaaﬁlﬁa 1. LﬁaaaﬂLL‘U‘ULLazﬁmmqﬂﬂiaiamgwswiﬂﬁwﬁm%’umﬁmuﬁmi 2. \ilouseiiiu
UstdvBnmuasanufissladegunsalangeszuuliihdmiusatsauiinig Insunngusieesdie fuaassld
gUnsaln BmsdusnegauuuieiedodlelflunsesnuuuienquiuiamidassivsAnfulazainuinn sy
nsoonuuumslusunsuwesnesuazelnd Inlnvey awiid iewaungunsaiaingessuuluindmsy
sotlamufinng mﬂﬁﬂﬂﬂizLﬁuﬂizam%mwmﬂﬁﬁmmm U 5 AU LLasLLUUUizLﬁummﬁawdaﬁiaﬁﬁié’f
vaasligunsal S1uau 20 ey aRRRlFlFLA Aade Sovar wazdulonuuinnsgu Haimungunsainudy
fulasease duseanSamluseauann (X= 4.12, SD. = 0.09) LazA1un1508nwUudANUANIvaEl
UsganBnmluszAuinn (X= 444, SD. = 0.55) wansusziivanuiianelaangnaaeddgunsalsiunisia
gunsalluldusslevdeglusedun (X = 4.07, SD. = 0.11)
AFNALY : NSO ULLAZTAIL, sondsaufinns, suuladh
Abstract

This article is part of a research paper on the design and development of wheelchair towing
equipment for the elderly. The purpose of this research was to 1. To design and develop electric
towing equipment for disabled vehicles 2. To assess the efficiency and satisfaction of electric towing
equipment for wheelchair. In which the sample group is the people who test the equipment Simple
sampling method Tool used in design theory, problem solving, invention and creation of innovation.
The designing with Power point and Adobe Photoshop 3D Programs to Develop Electric Vehicle
Towing Devices for People with Disabilities The efficiency was assessed by 5 experts and a satisfaction
assessment of 20 people who tested the device. The statistics used were mean, percentage and
standard deviation. The development of the device was found that Structural aspect It was effective
at a high level (X = 4.12, SD = 0.09), and the design was suitable, at a high level of efficiency (X =
4.44, SD = 0.55). To be utilized at a high level (X = 4.07, SD = 0.11)

Keywords : Design and development, Wheelchair, Electric system

-567-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

1. uni
Qqﬁmquaxﬁﬁm‘aLﬂmq'uﬁ'é’{aq@juaqmmw
at13lndTn esndadonanienmiivdsuulas
Tuvilvnnsiedoulmlindesda saudenisaiuay
svuuUsvamuasndnuiioldannsarhauldeddl
Usgavsnm mnlailasunsauaenadenalviaunasu
nsiadeulmunnsesinlidesldgunsaifiannse
Prelifgeengnieffinisansnsatadoulnaiiols
fsaiinUszsTulddemues Fegunsaisndsauiing
Hugunsaifitisanuisafiuyiraneuasislatuay
Tunseun$als Tnsanusautadulssinnsatanufing
wuulwihuazsadanuiinisiiduindeudaeiduau (8]
Fapadn1sanussmmAlaimunng Standard Rules
on the Equalization of Opportunities for Persons
with Disabilities, the Convention on the Rights of
Persons with Disabilities and World Health
Assembly resolution WHAS58.23 dafeadesiiv
fasenguazdfinissumstlesiunasiiuganssnn
TaudrAuessatsauinsuazgunsaidiesng
dieladeulmldmuanuaiunsalunisdismie
ALY [6]  uazaRnARBITUBYHNIIIAIEENT VRN
AUfins mu9m 20 LAgafun1siadeuiivesyana
wieliauinmsanunsaedeuiildesnadiudaszanniian
wilaeiduld aufinisanansandeudediduar
DONFIUAULDIMIDANITNATOUATITIBA DA BLATUTIA
Hldsasnuiinistianuiisisanuazaindanio
dwsuauiinisuazliiinludsnuldognsund [5]
NEDAvDINTUANASURRUIAUANTINAUNNTT
Ynwsdns1y 2560 dagudruauada Aufin1silésu
N1589nUA5UTEI1EI91UIY 1,756,849 AU AnLdu
Youaz 2.66 vosUszansinUstimauUady idve
d1uau 928,594 au Antdusesar 52.86 LaginANGS
d1uau 828,255 AU Anllu Seway 47.14  saudwa
N15819299938010U ﬁ%uﬁﬁLﬁaﬂwsWyuyjauiianww

PRNSANS AN AN UINAURNSD TS uiTadlduIu

61,944 Ay WasIMUTEYINTHae0 g dyniau
guamidmaliafoulmsuneldagainuasdosld

satapunnsiiaslglunisiedaulnlsianie Javinle

'
=

Iuugldsatenuin1siduuiudy [1] Zaiinng

v

sfolifgualunmsiduiiewioun winagiiiesai

[

wazduginisiidwuulifdaensdenisindoudn [4]

Y

& a

Mnmpatina3dlaTdndady quindnniegunsal
1A30918ANANT & un1Inedoinalulad
s1vsRanTIde Inerdeingd dwminaswan daldvin
AuTwiledmiuysannsivaniauAuin1sdamin
aswanluniswdnniggunsniiniestaonudfinng
novaussiaulousvesiminasvardiuualiufisiy
oghasiailes [3] anunsaitnfegunsaidmiunisiiug
aussanmgifinnefafisauisafiuvionsszdy
AMUNAINITaluN1TANS @Y sEd1Tunseidniau
Aanssunedanuliognaun

PnmaradinagIdedediuuiAniiiowaun
gunsalanngemesyuulihdwiuneadsenauiuse
thaeufinng InsnstmguiuidamisUssaugandu
wazasuInnssy (TRIZ) [2] dwsudnidenauauds
fifluszloviuazanauduldosiidulnesands
Fansziasnsiaunfidunuiilaeddafaniy
Uaondouaznauauasdedudninniogunsal
\n3eatieAnuiingg dwmiuiandugunsalaings
sotfsnuiinslaglindsauliiniidugunsaldunuy
dwsuilugunsaimiadendmiugiinisaiuise
Tuindeusntisaufimasne sy uussuulii
2. InQUILENAYaINITITY

1. iilesonuuuuazimuigunsalaingsssuy
Tihdmiusadanudfinns

2. ieuszfiuuszAvsnmuazanufienelase

gunsalangeszuuliihdmiusadanuiinng

-568-



MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

3. 35auiun1339Y
Uszrnsuaznguiegig

Usvrnsfie Jiinsmmeaedldgunsalsatisruiinis

Y

2 v =

nquiietafe fasengiilisadsaufinisiled
naaasld ann1sduuuulildnguianuiiazdu
(Non-probability Sampling) lagld35n15gusiieeng
9819918 (Convenience Sampling) 91U 20 AU

suusAldlunisade

AuUsau Ae gunsalaingaszuulniidnsy
satanufinng

Auwlsny A wausvidudssdnininuas
anufisneladegunsalangeszuulnindmiusos
AUNNIS

1m5a9dlaNlYlun1sIve

wiasdlefldlunsinuidenss Ussneuse

1. nguinswidgmideuinngsy (TRIZ) dmsu
panNLUUABIUILNTN Power Point tazlUsunsu
Adobe Photoshop 3Ddm5UUsELTUNARIUINAY
N9V

2. wuuusgiuuszansainanngieavigy
913U 5 M wazkuuUssliuanuianlasnegunsal
mﬂ@q'ﬁwulﬂ/\lﬁwﬁm%’maﬁmuﬂmi INFFBIYIN
Audndnniegunsaiidestismnuiinig fminasuan
U 20 AY

aad

d0an lglun153e

v '
o a A ' a v

adanldlunsidensed Ao Anade Sovas uas
drudonuumasgu dwiuussdulssansamuas
ANURanala

sumauAsEEUNTISY

m3Adumyide senuuukasinugUnsalaings
szuulnihdwsusatdenufinisuisoandy 2 szay
Usznousy szl 1 AIUNERNKUULAYHAQUN 0l
mﬂgqizuulv\lﬁwﬁm%“maﬁmuﬂmiLLamzﬂsﬁ 2

frun1sUsEiuUseansainwazainufianelane

gunsalangeszuulnindniusateaufinng Tned
Twawdon il
Aaudl 1 #un1seenuuunazWau1gunsal
angaszuulnindwmiusateauiinis Uszneuse
6 Sunoudall
1. Anwnguuuusatisuiinisuazgunsaliaiy
2. Tduanuulrfanguinisuddeyniids
winnssu (TRIZ)
MR wEemdaugeiu (Contradiction)

e

#38ldnawd) TRIZ ves Altshuller [2] dwsumsAum
usilym laverde 40 ndnnisiugiuuaz (40
Fundamental inventive principles) \ioan
AU TALENAY (Contradiction) d1%SUN199NLUY
wagiaundauseiug tedmuadiuusiiinade
nanAgiansaiutuiu Tneeide 39 fauds (39

Engineering Parameters) AIRNIT199 1

A15199 1 NSHALANUTARE I BNATA

pansEnudily

flaans

ihuinvasingadoud

[
a

40. HaNas

sULUUT

o
i

Aoy

NUNVBDIIRVILAFDUN

¥
1.
*%
&
4.
*%

wWasunlas

1. wanidn
V9317 Mg

i =i
LARBUN

*%

19. WA991U q
Audne 19

WAARUT

*%

39. HAWAS

-569-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

Uil 22 WeEATAY 2564 0 ANINBIANEAT UNINRETITAYTUNIINBY

a

910015799 1 §iTedaimunnudnvasidu
Usglovluarnadinuaeidomsasuilas Tnguans
<) o [ v v a
Wuasidmsuudladymanudaudainianaia
Tnerimuanadnuarlidulsslosdmmadanusasy
494 Altshuller 9871 4 Wunvesingiiadiouiiuas
AudNvrNfeINIsWasy (Audauds) Tai 19

'
o =

NAIUAU IR NARDUN

q

3. sanuuuNagunsalatngeszuulniifae
TUsunsu Power Point wazlusunsa Photoshop

giduldeanuuulagldniniaiialvazain

sonsivunULUUNaennediy

Muil 1 nseanwuvgunsaiaingeszuulniidmsy

sauaAuNn1SA8lUsHkNSY Power Point

delasuuuundaau Jsldnmunruievesgunsal
Tnelaunndnaodnieluswnsy Adobe Photoshop

Wunm 3 TRieazmndenisuilvdIuluuInass

ox
L4
e
2 7
L4
o
H @
T /
P ¥

®

AT 2 NsEFwuUIIaes 3 IAUnsalaingasyuu

g msusadeauinnis

4. wangUnsalangaszuulwindwiusails
AUNNT
nsfiugUnsaluszneusesntinuiinng
uazfasesaganeilnedounsalifinifndssons
soluil
4.1 unuwdnasmun 2 i ieidunnunang
4.2 wénunuUsznusudaiedeady
nslenvaizduindou
4.3 wnulanisrdmsuuszneudananes
fusaifsnuiing
4.4 wawasluiiiids 250 Taduavaunsal
Fuimdeunieuszuuiusnluih
4.5 wumaosliihuuuaiBeslesey 18650
WUUNANTIWIY 6 Aoy Maaln10.4AH
5. vagauaunsal

fRdsldvinnsneaeuiugeongfunlduinng

 AUGHAANI8UNTAIAT039IBAUTNTT Fanin

]

awan Miileny 60 Yauly Tnedndadiennuazanlufn

msldaudmiunen-Usznaugunsalaingesatlanu

v
o o '

i3 uaghiumiinuinndi 100 Alanfu ienadeu

LIRs-UsaurasgUnTaly

= o ¢
AINN 3 ﬂ’]i‘ﬂi%ﬂ@‘ULLa%Wﬂa@Q‘UUQUﬂﬁUﬁWﬂQQ

syuulnindmsusatfapunnig

-570-



MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

6. n1sUsziliudszansninuazanunanela

siegunsalanngeszuulnihdmusatisaufing
dmfuindesiiodduldunisuseiiiu

Uszansamaniioavigdiwau 5 viulagldsy
Torauouuzlruuusafetuisnaiieliduindou
I@ine8ady andusailuussiduanufielaain
Fldu3nns a quindnniogunsaliniestisanuiing
INIAFIVAT 971U 20 AU

paudl 2 msUssfivlszavsnuazanufianele
firagunsalanngeszuulniindmiusatisauiinns

daufi 2.1 nan1sUsziulszansnm Tnsuuy
Uszifiuwvseonidu 3 neu ldun 1. Yeyasily
2. WUUUTEuUsEavan I wag 3. Talausiuy lngai

nldrorsosay AafewasdIulsLuuInIgIu

M197199 1 Toyaniluvesiussiliudseansan

Hoyaly Fu(AY) Sovaz
LNAYY 5 100
21TN 919158 5 100

AUNUINIGIVINTG
HYIEAEaNT1A75E 3 60
919158 2 40

NNA5199 1 Teyarluvessssdiulsydnsam
< < & o o
Wumawie uazidue1315d 91w 5 au lagdiss
Funiaemansiansd $1uou 3 au Anduiosas

60 wazdue13158 3w 2 au Anvdudeway 40

A15197 2 wan1sUsEiuUsEANS AN

nauszIius1eRIU X | SD. | wlawa
AULATIAS 4.12 | 0.09 170
AIUAT T 420 | 0.20 170

NN 2 HaNSUSHEUUSEENTA WA
ulaseasne duseansanluseavinn X = 4.12,

S.D. = 0.09) diefiasandusesunuii Jangunsal

Aldfianumunzandszansaiwluseduuniian
(X = 4.60, S.D. = 0.55) 599A9UIAD AIUNITBBNWUY
fanumanzauussansanluseavann X = 4.44,
S.D. = 0.55) dwnnsaumunisidau duszdnsam
Tusyauann (X = 4.20, S.D. = 0.20) wiefiasandu
ea1unudl arunsanendszneugunsalldedng
$raneUszanianluszduainiign (X = 4.80,
$.0.20.45) sos5uthmiingldld S uumnUssAvsamn
lusgsivann (X = 4.40, SD. = 0.45)

dauit 2.2 wanisUszifiunufianelavesdi
eaesligunsaiaingeszuulniihdmiusatnuiing

Ya o

Havelaastanuuseiuanunanela Tngun

Y
LUUUSEL UL NN AN UADAAADIYBITDAI DY
InggIfuazidondediniuiiial I0C  wInnimie

Wi 0.6 UagUSUUTImUAIUMNTRLAUB UL YR

Y

N3AA 313U 3 v dvsuadanlthedTeuay

e

Anadsuarddonuumnsgu
wan13AnwIAufianelaangiilinaaeld
17U 20 AU wuuUsEEiuAuianelawuseanduy
3 mau laun 1. %a;ga‘t?ﬁlﬂ 2. wuulszdluanufianela
way 3. Uolausluy lnauUsnausyiiiuanuiieanela

ANUASNRIRe LUT

M19199 3 Teyamluvesdilavaasddaunsalt

doya F1u(AY) Sovaz
WA
Ll 13 65
N 7 35
218
45-50 U 4 20
51-60 U 9 45
111N 60 U 7 35
GLRUMTH
Hase 7 35
HN1S 10 50
AU 9 3 15

-571-




MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

NN 3 Jneaaddgunsaiangssuulnd
dmsusaanuiingg $1uau 20 au Jumee 13 Ay
e 7 e Inetaseng e Ly 51-60 U ddmausnniian

Andudesas 45 wazimaaeddidunguifinisiianunse
Frendonuiadld 31uiu 10 Ay Andudesay 50
sosawndedaseny S1uau 7 au Amdufesay 35
wazyaraThlufsmaaesiiuau 3 au Anduiesas
15 aaanau
TnggIdelainuanuudssidiuanuiianela
11031d2UUTEUIUAT (Rating Scale) 5 5¢AU Wag
WU UUUIEEINIIAN 3 AU FaRaN15UTEENAIN

AN5197 4

A135197 4 nausziluanuiianelagiildnaassld

wausziuauiawela | X | S.D. | wulawa
9. 11uraNTUNFIAW 3.75 | 0.55 17N
10. ANUALAINADNNT 400 | 0.82 | wn
indeutewioldny

394 4.08 | 0.14 | a1
3. drun1sihaunsalluldussTavl

11. aunsalindy 3.97 | 0.76 110
WangauranITsEuIuAY

UgesnwmenuLes

12. gunsanunsodlld | 445 ] 060 | N
nulAa3

394 4.04 | 0.13 q4n

gunInim

nalsztiuanunawela | x | S.D. | wlawa
L.aulaseadng

1.qﬂmzﬁ1§mﬁmmmz 425|072 | wn
HAumuzay

2. gunsaifimnuudauss [ 4.10 [ 097 | wn
3. ATOBNULUUIAIM 4.00 | 0.73 | an
LALNZ A

4. FaranunmesIuas 3.40 | 0.75 | Yunang
sruulnihdlanumsnya

5. Yandavgusiansldan | 4.60 | 0.68 | winfian
fusaifenudinisi

nannale

394 407|011 | N
2. arunslgeu

6. M3neaUsznaugunsel | 4.70 | 0.47 s,nﬂﬁqm
aunsailaeg1einenie

7. mmimaﬁuﬁmﬁﬂﬁ 395|069 | 1
Tolgdruauuin

8. gunsailmnaaendy | 4.00 | 0.73 | wn
dusuldau

9nA9197 4 wamsUsEEuARswelasefld
vaaedldgunsaiaingeszuuliiindmiusatenufing
wud dulaseadne luamsausanddiiiudngid
naaedligunsalvianufianalalaeiueglusyiuunn
(X =4.07,SD. = 0.11)Imawaﬂimﬁuﬁﬁﬂmuuqaqﬂ
fio JanBavgusiomsldnuiusatdsnufinisiivanvans
ﬁmmﬁawaiﬂagiftuszﬁumﬂﬁqm X =4.60, S.D. = 0.68)
Aun1sida luamsiulissauanuiianela lngsu
agfluszAuinn (X = 4.04, S.D. = 0.13) lngwauseiily
fiflezuuugean Ao mIneaUsznevgUnsaiananzat
fogrsdreaeiinnuianelasglusedvuinign
(X =470, SD. = 0.47) uazsinumsungunsal lUlduselew
Tunmsiiszauanufianelalagsimegluseauunn
(X = 4.07, SD. = 0.11) Ingmausziuiiinzuuugaan
Ao gunsanunsadnlvldaulaass anuiawelaegly
s¥AULN (X = 4.45, S.D. = 0.60)

wansliiuingunsalaingassuulniidmsu
satdspufingg aunsathlulfifugunsaliatudniu
satlanufinng WesunemNazmndmiugiianunsn
Fremdenuesiionumsldmenuedusvezmedy q
annsaifugUnsaiifotismdeillefifdauvugoud

"\]’1ﬂﬂ?iL%UﬁﬂﬁQﬂuﬁﬂﬂﬁﬁ’lﬁmuLaﬂ wazUszudnan

-572-




MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

Aldsnsansainufinissyuulniinaenndasiu [7]
Chi-Sheng Cien and etc, 2014. nsldsatlsnuiinig
ﬁm%’uuﬂﬂaﬁnwwamw VARNUSATAURNITUUY
wuuwafdfunudeudaitaenadosroninuies
dmsunisiadeudionuiesiazdaduidsnnsid

Uszansnn

Jaduanuzlunisive
nsfinwvideadtelugifoasussgndssuy
wFunaniodsudundulaiiduindou
qﬂﬂiajmﬂgamﬁ’muﬁmi \Hosannanuazaan
Tunstdanuannismsalniwazsidunduazenn
farursonigunsaliaduiiielsiiAinUszdnsua

UINPTU

AnAnssuUsENA
VDUDUANALINEANIHUNTAIAT BT AN
Janinasvan dmsuayiasisian unuazyAaIng

naugaeguazyiinig dmiunageugunsalv wag

Y 9

Usglimnueynsigivssiliunaniuiianela 8

¥

Kn3enaainyseidiulse@nsninveunieciawas

q

e

TaugUS N wazuuinedemalulad svuana

v a [

AIte Inendesngil Naduaunsailiunsidel

LONES91999
[1] wsAS 29na. (2561). MIsTmuazIiAsIeana Iy

$19n18vevg 9oL dude. arm13viningsy

o a

9NN, dfndvniainssumians:
NURANUUNITITY un1dnerduinalulad

AUNS.

1

1 v & a o

2] Sueyn WaeuuA, 1TJYT LUYITAUINS Loy

U5 fagdzuny.  (2554). TRIZ 40 %anns

FINATIAUIANTI. NTUVN:  AUIANELETY

wilulad (ne-guw)

[3] adivian lnwd. (2563). Inenaesngd uns. ATITY
Y9 8.AUNNI58998 (UAFUINAATT 19V YUTY
Hanni1ggUnsalinieavign1ungg.

370 http://www.samilatimes.co.th/?p=62034

P '
aa v o K °

[4] a3m1 AsEATTaun uazundng inean. (2556).
NITNAUIUBUATALYSAIUANAIELFEINIY
gunsailiane. 2999753910719 3ne1A1a05,
UNIINYIAYTIVATUNTIAWY,

SUNAN 2561), 17-22.

28,4(nanAu-

[5] gudasussiiensHuyaussnnImmnIsnIsunmeg

WA, (2014). wangmseusun1sliUInITInU

1y

AUINIT.  AleUs¥naun1souTUTEAUNUSIY,
Published by the World Health Organization
2012.

a 3

(6] dUAYNYIIIAIEANTAUNNITUBIDIANT

7

ANUTLYNVIR DU IINNLENTAUNNITVD

9 o o

99AN15a%U5319% (The  United  Nations

Convention on the Rights of Persons with a

Disability; UNCRPD)  Usznaeldiiletuii 3
NOWAAN W.A. 2551 (A.A. 2008).

[7]1 Chi-Sheng Chien, at el. (2014). Design and
development of sola power-assisted manual/
electric Wheelchair. JRRD, 51(9), 1411-1426.

[8] Janssen TW.,, van Qers CA, van der Woude
LH., Hollander AP. (1994). Physical strain in
daily life of wheelchair users with spinal
cord injuries. Medicine and Science in Sports

and Exercise, 26(6), 661-70. Netherlands.

-573-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

nsusulsemawalvdiidulausanilaganaisasuausi
The Renovation of commercial buildings into home offices

to low-carbon buildings

537330 JuAIATIY

Ruchiwan Ansongkhram
ANLANNURUNTTUANERSLAZNITEBNLUUNMINGNS YT IVUINANTEUAT

ruchiwan.a@rmutp.ac.th

UNANE

A15398ATIL

o

npusrasdiieidusiuuuunsUfu e smdudliduleueenfialugudu 1 dely
Wieidunnihenasindusloneenilafiuiulsuduniadinisdesaniveuresoramsmidvdleseils
Tasnsidenarmsmidvdiiniieglugtugudnansgsiaveansamms 3o Central Business District (CBD)
wvsulpldulausenfianundnnisniseanuuuliuungan wdnhudwausuiansveulunisly
wFsnulusormshiunnlusunsnadosdiof e iveuaniuresesdmsuimsianisiedounszan
@) Aasulsunalunistaesnisfinuiseunszan 5.93 duasueulaeenleniisuwinsel a1nnsfnm
nsideasimsuansalienlndidssquiviefuaudzdadunaifuaunndey msisuiisuaiads

'
=

nsusesfingdeunszanilSeuiieuduiu o el wWiallunsmsatawazaununginssuiiioannising

Sounszanduduannmiliinlaniou iemulusgfidsiu

B

[

AdAey : NsUTuUTIeAsINdled, leueenila, A1susun, §1uAuiNa1NgIna

Abstract

This research aims to be a model for the renovation of a commercial building to be a home
office in other areas in the future.To be used to measure the carbon footprint of commercial
buildings and home offices to measure the carbon footprint of commercial buildings and home
offices. Selecting old commercial buildings in the central business district of Bangkok or Central
Business District (CBD). To improve to be a home office according to the design principles to suit And
only be used to calculate the amount of carbon in energy consumption in the building From the
Carbon Footprint Calculation Tool of the Public Greenhouse Gas Management Organization (Public).
From the study, the research should A near zero or zero display value is more beneficial for the
environment. The mean of greenhouse gas emissions should be compared by day, month or year to
measure and control behavior in order to reduce greenhouse gas emissions that cause global
warming. For sustainable living
Keywords : the renovation of a commercial building, home offices, low-carbon buildings, Central

Business District (CBD)
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Abstract

This paper presents the design and construction of an automatic piggy bank machine using
microcontroller. From the experiment, it was found that the machine can count coins and banknotes.
It classifies counterfeit coins which made of wood and plastic. The total amount money is displayed
through the LCD screen. In the case of restart the machine, the money must be removed and
pressing the reset button. The accuracy of coin separation is 100% of real and counterfeit coins. The
error value of 1, 2, 5 and 10-baht coin separation are totally 0%. The 20 and 100-baht banknote
separation have the error value with 6% and 7%, respectively.

Keywords : microcontroller, automatic bank machine, piggy bank
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Abstract

The purposes of this research were to (1) survey and evaluate the office in Building 7 Faculty
of Science and Technology, Sakon Nakhon Rajabhat University according to the green office
evaluation criteria and (2) proposed Guidelines for Improving. The green office evaluation criteria are
divided into 6 categories for the consideration, e.g., policy formulation planning operations and
constant updates, communication and awareness raising, the use of resource and energy, waste
management, environment and safety and procurement and employment. From the assessment of
the current building condition showed building 7, sakon nakhon rajabhat university get 252 points
from all points, accounted for 20.63 percent which is at a level that is not approved. In which each

category has a very low rating especially category 1 scored 0 points out of a total of 76 points and
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category 6 scored 0 points out of a total of 24 points. Which, if wanting the building to pass the green

building criteria university administrators should policies obviously to appoint an operating

committee, define objectives and measure action measures to be a green building.

Keywords: Green Office, Green Office Standard, Global Warming
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Abstract

This research studies the method to optimize the utilization of paper core storage space for
the filling of the paper rolls of the kraft paper reel factory. This factory has several SKUs in inventory.
And it has a large volume and this factory doesn’t have a proper inventory management. As a result,
there are many product problems that do not have shelves. Under the resources available, this
research looks at how to store inventory down the shelves to maximize space utilization, place them
in storage areas. To solve this problem, we have created a method for finding mathematical storage
formats in conjunction with Heuristic. It places the layout of the entire inventory on the shelves

under the condition of individual storage and inventory. The solution to this problem, presented it as
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a Mixed Integer Non-Linear Programs (MINLP) model and developed heuristics. In a small problem,

the results of the Dynamic Optimization method with Gekko package in Python language compared

with Genetic Algorithm in Excel. Dynamic Optimization method varies greatly and take much faster

processing time than the Genetic Algorithm. And this heuristic is designed to solve large problems.

The result can be used as the input data of the next step, it is the input data of the Multiple

Knapsack Problem (MKP) model. The result is an inventory sorting format that uses space based on

the guidelines provided by MKP. It can provide a storage compartment for every current inventory

that uses the least amount of storage space.

Keywords : Maximize Space Utilization, Mixed Integer Non-Linear Programs (MINLP), Dynamic

Optimization
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Abstract

The purpose of this research was to study solvents suitable for extraction of antioxidants
from Gac seed coat and analyze the physical and chemical properties of Gac extracts and lotion
products. There were studies of suitable solvents for extracting antioxidants from the gac seed coat in
four solvents: coconut oil, krabok oil, palm oil and propylene glycol. Most carotene which was 1.821
+ 0.135 mg / g, and krabok oil gave the highest lycopene content. which is 1.005 + 0.171 mg / g. The
researcher then selected coconut oil as a solvent for extracting antioxidants from Gac seed coat by
soaking to find the optimum extraction time at 1, 2, and 3 hours. The highest amount of beta-
carotene and lycopene which is equal to 1.736 + 0.093 and 0.899 + 0.073 Milligrams per gram. In
addition, extracts from Gac seed coat were developed into lotion. Lotion containing 1.5 ml Gac
extract and 2.5 ml Gac extract lotion with white flesh. Homogeneous Smells the same When the
lotions were analyzed for heavy metals such as lead, arsenic and mercury by Atomic Absorption
Spectroscopy (AAS), the base lotion had good stability and pH value of 3.84-4.08. Lotion had lead
content of 0.0001, 0.0020, and 0.0037 mg / |, respectively, arsenic values were 0.00201, 0.00208,
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0.00193 respectively and mercury values were 0.00366, 0.01116., 0.00419 mg / |, respectively, which

these valuesdo not exceed TIS 15-2561 standard.

Keywords : Gac, ﬂcarotene, Lycopene, extract, Lotion
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Abstract

This research study focused on the effects of time-dependent material properties on the
tension forces in cables and dynamic behaviors of the Rama VIl cable stayed bridge. Three finite
element models were developed, including stage construction models with and without time-
dependent material properties and a model without the considerations of stage construction and
time-dependent material properties. The time-dependent material properties, i.e. creep, shrinkage,
and stress relaxation, specified in CEB-FIP were used in the analysis. The analytical results revealed
that the time dependent material properties did not have a significant effect on the tension forces in
cables during the construction period. However, they had a significant effect on the cable forces and
dynamic responses during the first year in service. These effects gradually decreased up to 10 years in
service and were insignificant for the time greater than 10 years.

Keywords : cable stayed bridge, creep, shrinkage, steel relaxation
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parameters main structural elements
material anchor back
pylon cable
properties span span
concrete | concrete | concrete tendon
isotopic isotopic isotopic uni-axial
time dependent | elasticity modulus v v v -
properties creep v v v -
shrinkage v v v -
creep analysis type full full full -
cement type
coefficient _ ) ) )
relative humidity 80 80 80 -
notational size 0.29-0.40 0.29-0.60 | 0.60-2.00 -
shrinkage coefficient 5 5 5 -
shrinkage start age 0 0 0 -
steel relaxation - - - v
full
relaxation analysis type _ ) ) integration
CEB-FIP class - - - 1
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natural frequency of rama 8 bridge, Hz
. FEA Model
kRl — ~z ~z — average ratio
d - 319 UVUNDU HUYUABUNIINDEAINY o
no. | #NUVIRN | L mo da sUsuunsdulm | (1)/(2), (1)/(3),
LLaLEd3a | N1INDEAINY Ltazmaqwumi
[6] (1) o (1)/(4)
2 (3) wWagunuan (4)
bending (vertical
1 0.30 0.34 0.31 0.31 0.88, 0.97, 0.97
translation)
bending (vertical
2 0.46 0.51 0.47 0.48 0.90, 0.98, 0.96
translation)
bending (vertical
3 0.61 0.63 0.55 0.56 0.97, 1.10, 1.09
translation)
a 0.78 0.77 0.72 0.72 torsional 1.01, 1.08, 1.08

ﬂl L 1 o (3 a 3
299 2 Megranvuiaeslnludiedisuivesaynunsesiu 8

5. NANISANYILATNIBAUTIENE
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AR50 3 Feanansoaguladn asnudansesiy 8
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=

Faguuvumsdulmiin azfinisiadeudives main
span Tuwiafsnmsiedeuiivesaluwuizang (pylon
sway) wagnsiadeuiives main span ludnwazdn
(8] Tneuwuslaaed

1. sUnvunisdulmivesazniuiiiadoud
Tunwads Wun Wuedl 1, 3, 4, 6, 8 way 10 fanndl

3,5 Uy 6

2. sUuvunsdulmvesaznuiladeuvaLan
Tuuwv e (pylon sway) lunluueit 2 fanmii 4

3. sUnvunisdulamvesagwiufiiadoud
Tudnwuede loun Tvuedl 5,7 uag 9 fannd 7

NNSANNUTIELINUTINTETIH 8 nTiaNTan
Funeunsneadsvesgunuunisdulmlvund 1 e
Tvundl 10 axdidanudsssumnioglugis 0.31Hz
0.97 Hz MnfiasuINIdasNIUASIUaNaTIV0S
sUuvumsdulmnuned 1 fslvuadl 10 sgsiriaud

553U ARg U 0.34Hz s 1.03Hz

M19199 3 N1sIguLTieuAIADSITIYIRYEAENIUTINTETI 8 TlAnLuUTIaeia 3 JUkUY

natural frequency of rama 8 bridge, Hz
FEA model
4 fitunounsioadne | Ivunauntsieatns | Sdumeunisnestas
mode 5 ; ; , .
a¥euda| Hvumay wazdYanidl wazYanidl uazdannd sUuuunsEulng
No. < y 4 4 "
Lei33 13198319 | n1sidsumiuian | n1swasuniuian | nasiasuniuiian
t=19) (t=109) (t=30%)
bending (vertical
1 0.34 0.31 0.31 0.31 0.31
translation)
2 0.43 0.39 0.44 0.44 0.44 pylon sway
bending (vertical
3 0.51 0.47 0.48 0.48 0.48
translation)
bending (vertical
a4 0.63 0.55 0.56 0.56 0.56
translation)
5 0.63 0.62 0.62 0.63 0.63 torsional
bending (vertical
6 0.75 0.66 0.67 0.67 0.67
translation)
7 0.77 0.72 0.72 0.72 0.72 torsional
bending (vertical
8 0.88 0.79 0.79 0.79 0.79
translation)
9 0.92 0.91 0.91 0.91 0.91 torsional
bending (vertical
10 1.03 0.97 0.97 0.97 0.97
translation)
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A 3 1" mode shape (f1 = 0.31Hz)

A 5 3° mode shape (f3 = 0.47Hz)

A 6 4" mode shape (fd = 0.55Hz)

amd 7 5" mode shape (f5 = 0.62Hz)
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Feasibility Study onUtilization of Paper Labelling Waste
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Abstract

This research aimed to study the feasibility of fuel briquettes production made from flake
paper and plate paper derived from bottle-labelling waste of the liquor industry. 2 Types of the
labelling waste were mixed with pasty slue as binder then hand-molded by cylindrical plastic with
diameter and height of 4.5 and 4 cm. Dried at ambient air until completely dry then analyzed the
properties.It was found that both types of paper labelling waste had the capability to be developed
as fuel briquettes. However, the comparison of briquettes was taken the results were indicated that
plate labelling waste was more suitable for utilization. Assessed from gross heat of combustion as
received equaled 3,172 cal/g that was higher than the properties criteria of fuel briquette’s heating
value from industrial waste which was prescribed as higher than 3,000 cal/g. Hydrogen content on dry

basis equaled 4.85%. Dry period equaled 8 days. Dried weight and density equaled 38.43 + 2.47 g
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and0.76 + 0.05 g/cm3 respectively. The moisture content of fuel briquettes from plate labelling waste

as 4.45 +

0.26% corresponded to the TISI standard of charcoal briquettes that stipulated the

humidity should not be higher than 8 %. Besides, physical properties were determined also it such

obviously represented the fuel briquettes were sturdy and could not be shattered easily.

Keywords : Briquettes, Industrial waste, Paper
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Tests for the thermal efficiency of various types of wood

from the prototype biomass burner
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Abstract

This research is to study the biomass thermal efficiency from the prototype biomass burner
Including rambutan, jackfruit, and rubber wood by using the amount of each type of wood for
burning were used 5 kilograms. The collecting data for thermal efficiency with infrared thermometer
was measured every 5 minutes for 30 minutes. The optimal Biomass burning experiments were
repeated 5 times. The results showed that a various type of woods was possible for burning biomass.
The highest temperature of biomass thermal efficiency was rambutan with 684.3 °C, The second
highest temperature of biomass thermal efficiency was jackfruit and rubber wood were 650, and
632.1 °C, respectively. Biomass derived from wood chip could be provided the highest thermal
efficiency. It is suitable for further application to create the burner reactor for biomass charcoal with
high thermal efficiency.

Keywords : Thermal efficiency, Biomass, Biomass burner
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Abstract

To create Hausa potato (Coleus parvifolius) washing machine by using a power motor 1/2 HP
(0.4 kw) with 1 phase 220 Volts of electric pressure and 1,450 rpm of speed as power source. The
torque can be easily controlled and use the belt and the pulley to transmit the power to the tank of

Hausa potato. It was operated by switch breaker as control to test for the efficiency of Hausa potato
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washing machine. Experimental designs were to vary duration time for washing Hausa potato (1, 2, 3,

and 4 minutes) and to compare manual and operating machine. Results showed that manual washing

Hausa potato was taken time for 20 minutes per a kilogram. The satisfaction questionnaire of

machines found that Hausa potato was still dirty for 1 minute of washing, with 55% of satisfaction.

Washing Hausa potato for 2 minutes could clean it well, which was 80% satisfaction. Washing Hausa

potato for 3 minutes could clean it but damage some surface of Hausa potato with 85% of

satisfaction. Washing Hausa potato for 4 minutes could clean and it was suitable for cooking. But, it

was more damage than of that 3 minutes.

Keywords : Hausa potato, Motor speed, Pulley
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Automatic Parking Building Design Case Study Research:
SI MUM MURANG Market
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Abstract

Si Mum Mueang Market is a large market. There are circulation of 6,000 cars in and out per day.
The major problem is parking space. And the market owner wants to solve this problem with the
Automatic parking project. From open area of 4,000 Sgm with capacities of 190 cars increase the ability to
300 cars with a budget of 120 million baht to build. The purpose of this research is to select the
appropriate to the project objectives, costing comparison and design before presentation to the owner We
have also interviewed and entered the survey area and studied legal regulations, including exploring the
technology of the current commercial automated parking buildings, before design according to the theory
of the engineering design process. We found that the automatic parking building is appropriate for the
purpose and in accordance with the law there are 3 systems, 1 rotary parking system, 2 puzzle parking
systems and 3 stack parking systems. The researcher has done an in-depth study by comparing technical
advantage and disadvantage and budget. The puzzle parking system is suitable for this project.

Keywords : Automatic car parking building. Mechanical system to move the car
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Improve productivity and reduce costs
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LAZYINNISAIUINIIATDIN Balance Sheet, Financial Statement, Income Statement, Cash Flow, Cost of

goods sold

Abstract

This project therefore aims to analyze the feasibility of buying new machinery to increase the
opportunity to make profits for the factory as well. The new machine that the factory will purchase
will result in maximum utilization. By the number of workers without memory and hope that the final
wages will be reduced by studying the factors that are expected to result in the factory being able to
produce more quality products. The authors therefore brought this problem to study and improve by
analyzing problems from using wage ration and calculate the value from Balance Sheet, Financial
Statement, Income Statement, Cash Flow, Cost of goods sold.
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Abstract

The objectives of this research are to 1) develop a series of experimental circuits of series
and parallel circuits for DC circuit subjects using augmented reality technology and 2) to assess the
suitability of the developed experiments. The sample used in this research was 15 experts. The
research instruments included series and parallel circuit experiments for DC circuit subjects using
augmented reality technology and a suitability assessment. To collect data with the sample The data
was analyzed by fundamental statistics including mean and standard deviation. The results of the
research were as follows: 1) an experimental set of series and parallel circuits for DC circuit subjects

using augmented reality technology developed. The Android application can display the electronic
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model, display questions, select the correct electronic device, and display questions for serial and

parallel circuits, and develop an experimental kit with Unity program and Vuforia Engine. Designing an

experimental page with Adobe Photoshop CC and designing 3D models with Autodesk Maya and 2)

The design suitability was at the highest level (X = 70.4, S.D. = (49.0. The suitability for use was at the

highest level (X = 66.4, S.D. = (51.0. The suitability of the application is at a high level (X = 46.4, S.D.

= (75.0, and the experimental kit can also help ensure user safety. And to develop even more skills

in the field of electrical circuit studies.

Keywords : Experiment, Circuit, Augmented Reality
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