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Prototyping of Automatic Dispensing Machine for Diluents

and Liquid Media in Test Tubes
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Abstract

Loading diluted solutions and liquid media into test tubes is typically done using plastic
syringes or semi-automatic dispensers. However, these methods become problematic when
preparing large amount of solutions, causing fatigue for the operator as the small size of the
dispensing equipment leads to time-consuming preparations and inaccurate dispensing
volumes. Additionally, the dispenser is an expensive and short lifespan of only 1-2 years,
when we use it in the microbiology laboratory work, it is presented on error and showed less
of accuracy and it was not suitable with the routine laboratory work. Therefore, the aims of
this study were to design and create a prototype automatic liquid dispensing machine
for pipetting the diluent solutions and liquid culture media packaging in test tubes with
volumes of 9.00 and 10.00 mL, test tube size 16x160 mm with a total number of 100 tubes.
The machine was designed and consisted of 3 parts: 1) a storage tank and a pump to pipette
the diluent solutions and liquid culture media, 2) a movement mechanism to distribute the
liquid and 3) a control unit for the pump and movement mechanism. The principle of using
working volume was used a drive mechanism similar to an industrial CNC machine that moved
along the %, y and z axes to distribute liquid into the designated location with precisely special
volume by a peristaltic pump, that was used the G code command program to control the
machine via MACH 3 software has two operating programs: (1) 9.00 mL 100 tubes and (2) 10.00 mL
100 tubes. The control of the liquid dispensing volume used the pulse with modulation (PWM),
which was set by the speed controller and dispensed time with the G code program for a
target volume of 9.00 mL, an optimal PWM value of 72%, and a dispense time of 1.4 seconds.

Similarly, a target volume of 10.00 ml necessitated a PWM value of 83% while maintaining a
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dispense time of 1.4 seconds. The accuracy test results demonstrated that the average
dispensed volumes for the target volumes of 9.00 mL and 10.00 mL were 8.89+0.7 ml and
9.99+0.7 ml, respectively. It was shown high accuracy, with relative standard deviations (%RSD)
of 0.76 and 0.70 at n=10, respectively. A t-Test revealed no significant difference between the
mean values of volume 9.00 mL and 10.00 mL (95% confidence level). Compared with the
principle of calibration for preparing diluted solutions and culture media at a volume of
9.00+£0.2 mL and 10.00+0.1 mL was found within the acceptance criteria. The results of this
study indicated that the Automated Dispensing Machine (ADM) was highly capable for
preparing diluent solutions and liquid culture media by using test tubes. The data showed the
accuracy and reliability of the ADM. It could help the worker in laboratories with the
convenience condition and reduce costs. Moreover, it could apply to the other field of works

as well.
Keywords: automatic dispensing machine, diluents, liquid culture media, mini CNC machine
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Tns MACH 3 10U software 7ildlunisdslusunsudids G code luaruaun1syinawases ADM 3

a11150AUANN1SYINNULATILUUERTWIR (automatic) wazkuULULEIA (manual) dusulusunsy

o

A9 G code dsnuliiasos ADM Inevsanalasiilunasannassuin 16x160 Sadiuns auusuiu

Atniue 8 2 TWswnsy aunsadente 2 USues Ae 9.00 war 10.00 1addns 31147 100 viaan

G-code Sample

M190 S60 ; walit for bed temp
M109 s215 ; wait for extruder temp
G29 ; mesh bed leveling

Gl X10 ¥-3.0 Z0.5 F6000.0

G92 E0.0

Gl X60.0 E9.0 F1000.0 ; intro line

Gl X100.0 E12.5 F1000.0 ; intro line

G92 EO0.0

©

Ani 11 §9819 G code

S0P TMARE IRCORPORATED] :;2 - (:)
www.artofcne.ca -

CNC Controller for Windows XP & 2000

unmnemmuﬁua.unnsunﬁ!!=;:;;=i(

AR 12 MACH 3 software

@ Wack3 NG Demo

Fle Config_Function Cfy's View Waards Operator _Plugin Control_ Hep

A 13 1199AIUANNTYINNILLATEY ADM W1UMe MACH 3 software
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3.2 NSVARBUNIIINAILYBILATBIgATN8YBUMAISATLIR

MsNAFRUNISYNLTENA3EY ANN1senRUUIUTINTINSYULE 2 TWsunsu Ae (1) wuu
9.00 3iadans 100 nasn waz (2) LWuU 10.00 Jadans 91U 100 naen urazluswnsuvinnisaounis
An83 WU 10 %1 (U311913 9.00 Wag 10.00 faddns Wulinasiiesufifnislfndenasazas
Benauaremnsisstedulses) Somasnvnaevaadiuseliasu 100 vasn (1 Wi x 100 vaen)
AUMABANARBILUVLANE (purposive sampling) I1UU 20 viaan muswseiannd 14 T
dilyin3es ADM viamumnalusunsuiideants wagimasanaassfiussgansazaioiieniuago1ms
deadeiidonduluinimn thanhuinfildluaufuaeansasadanasldarutingss dufinuans

Nnasy

= a a = = & & A
N 14 aannAaRITLIa 16x160 Hadluns (a) A15avaleldednviseemadsudenusigluvaen

VARD9 AILLATES ADM 91131 100 viaen wae (b) N1FFULUULRIEI (purposive sampling)

3.3 MIIIATIRINENNEDA

mnnsnwadsildadalunisiinssidoya loun dnade (mean) Audouuuinsgiu
(standard deviation) ANtTeaiuuNIAIgILELTNS (%RSD) waziFeuiisuiuinasinssensudmsiu
nswdenansazateiienauazemadsntefiusung 9.00£0.2 fiaddns (APHA et al, 2022) uay
10.000.1 faddns Tnszsideyaliouifisumnugniesesteyanisadife t-Test vosUiaungils

MNiATes ADM lnailSeuiisuraisvesdayailiainnisaasduansamioseusuegraltodd

el melusunsu excel analysis data

4. NaN1339Y

4.1 HaN13AIUANUINIATNITINEVBUNAT

mMshauveaniegaineveunasalusiA senuuudiuau 2 TUsunsa (1) wuv 9.00 fadans
100 n@en Uag (2) WUy 10.00 Jaddng 100 #aen NadauNIsUTULATAIUANUSIINTNNTINLVBUYAD
Tenvasidudnisanglnlifuuemes (pulse with modulation: PWM) U5ufi speed controller wag

A1 time USululusunsy G code anuan1svnaauU3nmsg 9.00 Haddns A1n15USU speed controller
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(PWM Wiy 72%) naniaUansdngveavian (time: 1.4 sec) Seezia1adeveunad 5.17 uiii/lusunsy
wazUIu1ns 10.00 faddns AIN15UTU speed controller (PWM winfu 83%) 11alatdanisane
YoV (time: 1.4 sec) 5¥82LIA19ATIBVRLMET 5.17 U1/ IUsunsy

4.2 HAN1INTIAFIUANQNFADIUEN

mMavinuresaieagainereavaIsnlusid senuuusiuau 2 Tusunsu (1) wuu 9.00 Jadans
100 waen kaw (2) LUU 10.00 §aAAns 100 viaen urarlusunsuvhnsmadey 10 91 Tasfiddlivinay
a¥say 100 Masn (1 U¥LIIX100 MADA) LAYFUTADANAABILUUIAIZAN (purposive sampling) $1u7u
20 viaen aunmi 14 dludadminuasniinaneds wuiies 9.00 mL feuadewiniu 8.89
ANTEaULIATEIUYNAY 0.07 wazA1ANAWNEVTAY 0.76 uazU3ams 10.00 mL faadewiniu
9.99 ANTENUUIIATEIUAL 0.07 LagAATALIEWNRY 0.70 Fam19il 2 nan1snaaeudl Tunns

NAFBUANNYNADIVDIUTUNTTIAIINIATEIATIBVRUMAIBNLULR Fn15197 1 uag 2

M5NN 1 HANSNARDUANNYNABIMIUTINAS 9.00 way 10.00 Haddns 3niATesAdteveuvaIdnlulia

LA3D99NI18VRUNAIBALUIA

n IUIULT

Usu1n35 9.00 dadans Usu1935 10.00 Uaaans
YBINTNAGDU
(parameter control: (parameter control:
(n=10) PMW 72%, time 0.4 sec) PMW 84%, time 0.4 sec)
1 8.97 10.07
2 8.93 9.93
3 9.03 10.00
4 9.04 9.89
5 9.06 9.94
6 9.05 9.88
7 8.99 10.01
8 8.97 10.05
9 8.93 10.03
10 8.84 10.05
mean (Aiade) 8.89 9.99
S.D. (Andeauusnmsgn) 0.07 0.07
%RSD (mLﬁmmummgmé’uﬁué, 0.76 0.70

A LUUEN)
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M990 2 wansiUSeuiguALaieiuUsIIng 9.00 1adins ANLATEIRATIEUDLNAISALUTR

py t-Test 1neld excel TUsunsuadd data analysis

t-Test: one-sample

AMNSERR \3esgnTneveumaITATLITA
mean 8.981
variance 0.005
observations 10.000
hypothesized mean difference 9.000
df 9.000
t stat -0.877
P(T<=t) one-tail 0.202
t critical one-tail 1.833
P(T<=t) two-tail 0.404
t critical two-tail 2.262

M19199 3 wan1siUTeuBuARaeiuUIINS 10.00 Iadans NIRRTV SRR

fy t-Test Ineld excel TUsunsuadd data analysis

t-Test: one-sample

AMSEDRA \3esgnTNE v IaISATLIR
mean 9.985
variance 0.005
observations 10.000
hypothesized mean difference 10.000
df 9.000
t stat -0.681
P(T<=t) one-tail 0.256
t critical one-tail 1.833
P(T<=t) two-tail 0.513

t critical two-tail 2.262




’J’]iﬁﬂi’m”lﬂ’ﬁ?ﬂ&l’]ﬂﬂﬁﬂiLLauL‘V]ﬂILIIaEJ iJW]'JVIEﬂaEJiWJﬂQUﬂSﬁ’JSSﬂ 90

SN ENLE
= i 16 avuil 24 NINYIAN — SUIAN 2567

4.3 WAN1TDRNUUULAZATINATIINATIBVBUNAIDNLULIR

31INANTPRNLUVKATATILATRIAEIAENANNITEONKUULATEY TUTENOUME 3 dIU A
1) dafuwaslugediearsavateiieaisuazamisideadeviames 2) nalnnsindeunludreveuvan
waz 3) gaAruAunIsiulusaznalnnisideud nannisvinuldnalnnistuirdeunuuifeniu

a4 o o a ' - & a - o %

wsaednsgeaInngsu Msendt 1n3es CNC unalnfianmnsawmdeuilumuiuiuny x, y way z ey
04N FanalnAsnanvzinfouilluinevesnadwinumianivun waslituuuuiniednevesmaia
TunaeanaassnuUinnsfinmun lasasaasesiuwuusenuiluiniomndnevounal dannwd 15

wazlansnaNURveAToIATeveunaIenluli mumsei 4

q' - ] 1Y) wa ' - o = !
AN 15 msaﬂ@jﬂmmmmmamium (a) @uUTrNaUTBIATDY kag (b) MMINNIUTDUATDINAY

Younadnludfnusseadlunasanaass 31U 100 viaen

M1999 4 AuanTRveATeINATEvR ARl UL

Tsunsu auautAvauaTas
working area : 30x40 cm
controller : 4 wnu /O Port 4 Channel, 100KHz 24 VDC
stepper motor drive  : U TB6600
stepper motor : U NEMA 17
peristaltic pump . B¥e Kamoer iu KHM-SV3N40 (DC Motor) 24VDC10W, 550 mL/min
software : MACH 3
TUsunsu : G code

FTUUAIUAN : AIUANNTINNUMIEABUNIIADT UARAIKAGILNIITN



'mmi'rmmsmjwmammauLwﬂiuiaa iJM’]’JVIEJ’]ﬁEJi’]“UﬂQUﬂiﬁ’]i%ﬂ 91

S IYENLE

16 Q‘U‘U‘ﬂ 24 nInNyHIAd — SUIAL 2567

M1399 4 AuaudRvenAIRIATIeTRuNA IR (o)

Tusunsy qmauﬂ'ﬁwmm’%m
mMseuse : USB port
PNAFIATOS : 38x60x45 cm
WA : 220VAC/50Hz
AUYUNITHER : 30,000 UM

YY)

INMUTEULTEULATRIRATIEYDLAIsRluTATI T UAT 09N I e Ve eI RSN lUTANHER

NAUTENA TUAIUIVUTEUID NSYIIIUYDLAT D AT Uagnsusendaia AHIAN519N 5

1Y a

M3eil 5 nsFeuliisuieiesgaaneveanadnluiAideiundogaineveavaifednlulii finde

NANUTENA
dawTyuiiisy \nsesgadnevenadnluli  1sesgednevaumadssaluli

uUsganauare1enIshda 30,000 vm/10 Y 10,000 vw/1-2 ¥

A5 Wswnsa (1) wuu 9.00 faddns  T4nanaede 11.18+1.53 wiil/
100 1000 uae (2) WUU 10.00 100 viaen (Tusgiufuiiinu
1iaddns 100 viaan THaan usinEUAAR LarAINATRIN
Yo 517 wilsunsu e USinasany)
2 TUsunsu

GRIVAPNPITY anunsndetuduesind lifleylvdlasu uag
melulsznels Tylanansagenls Fosdelm

Useudnrannisinde poNLUULATAS1NElY 2 ey Aesvesulszinauseanl

yilrdliaaeldanuiuundu (vraUssauneas 1 V)

5. aAUs1BRANTTIRBLATTDLEUBLUSL

5.1 aAUs1ENaN15IY

Namsmnaa‘ummgﬂﬁamiué’wmm%mmhmaamm’é"miuﬁa Fgiauntunldiy e
R3I9EBUANYNABLUETIUTHAS 9.00 WAz 10.00 Haddns wud1 9.00 Haddns fiAaduwinfy

8.89+0.07 fiadans uay 10.00 fadans SAaaswinfu 9.99+0.07 fadans n1sNAEEUANLLLILE

4 va aa

wann AN TEAVUNINTFIUAUNUS Wudwaﬁlé’mﬂm'%ammiwsuaammﬁmium FAgTuTany

a

LLuummwm{meUimm 9.00 §iadans (RSD=0.76%, n=10) waz 10.00 {addns (RSD =0.70%,

o

n=10) mﬂmwmmumm%mamwu fiAtesnansinuududvewanisnagey thaaagliy
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Wigugudunuan1seouFuMINNINTEIU APHA et al. (2023) 1U3u1aS 9.00+0.2 1addns uay

10.00+0.1 Haddns wuegluinaeiniseeuiu uaziiluSeuiieuiuinusinnuaininvetaiany

a1

WMSFI ISO 7128:2017 (Amd.1/2013) veniuliiaiosgadneveaaianannls 29% vesUumsfiany
U3u195 9.00 Faddns Aanatala 0.18 Haddns egluvie 8.82-9.18 Haddns uaz 10.00 Haddns
Anwannld 0.20 faddns eglurae 9.80-10.20 faddns thanadsuazandsavunsgulufiansan
wazifleutunasinuidulumunasinasyutdenEinns uansdiduindetmdnnsedes min ONC

= k% '

wszgndldlunmsaiinntosndnevesnaisnludd nan1snaasuinnugndesiugraunsatluly

Y

silda3s aenndesiun1siduues Ertekin Wag Chiou (2013) in3efiifidudvuinidninalnnisaugy
Ausiugn Audn wazfiuseansain anunsauszgndldfvauluavidig 4 wu nsdanisfiegimis
Fanm mslaTzsifegmdunden WAZNNTNARBININBTYVING
ﬁwﬁWLaﬁamaamaﬂWimmaaumanLﬂ%mmwmaammﬁmhﬂa WisuieuAuuTuing 9.00 wag
10.00 iadans 13’1maﬁlﬁm’iLﬂswﬁ%y‘amaaﬁaﬁwmsmaau t-Test fisgfunrundesiufi 95% tneld
excel Wsunsuadn data analysis NansAaeURUTIIAS 9.00 fiaddns Wui1en tstat (Fuaay) = -0.877
fiAntfaunin t-critical (115719) = 2.262 uagKan1INAABUAUTUIAS 10.00 Haddns WuinA1 t-stat
(Frurew) = -0.681 TAtforndn t-critical (AN519) = 2.262 agUIMANTNAGDY ANlABVDINITYATY

'
o v a o

98941a7MUSuIMS 9.00 way 10.00 Tadans luwnnsisainaAasaeg el dedfuiseauanudatiu 95%

o

¥ ¥
a A A

aguldiedesgaineveavasaluiflfinionansaransidensuaremsiasadeiiusselunasnvaass
I Huegradiiuzums 9.00 wag 10.00 fadans sinrwgniesusiug) undede Tresusauazan
ansveznatlunsiey Yssninsutszanu laglddndudesdogunsaivesaiauasiisinunaain
iaUszma anAldaeliiuios fins warannsailuussgndlifunududu o 6ense

5.2 YaLaunuug

9InNNseRNLULLATaT AT uLUUgAT B umAddalulA ilelddmiunsnen
asazasifonware I sasuteviamatlunasanaas tieenuuulvsunsulidmsuruavaen
nnaes 16x160 Tadans Asileulusunsy G code liisasfuvasanaaesuuindy 9 T ielildom
Ienarnvaneifiuuinty wararswauiuiisevewnaslfuntuiioansyeviarlunisnien
asavarsdenuazemnnidsatelunsdliidonssomdudnauinn muideiliaduluiiniseenuuy
uazafraniesgaitsveunarsnluli annisesnuvuiiaiesldesnuuulfannsaiimuidesen
Welddmumssnemsidswtevinudiidesnsaudasadeadduamumedelfiguiy Tnewam
yailudisveuvauaraedalauiinuanufouannsnindueiesisaindeld uazdinisitnuya

Fuipdauneva sl luNIsS eI UL Wudu
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6. inAnssuUszne

muATeilFSunuatuayudnaiunisifonemuite uinnisy wazuin1sivinig Ane
Ingremans umiingrdoveuniu Useseuuseana we. 2566 veveunm se.ATTunIu qrisiay 1y
fusnwliaudiomie duusiuaziiddds ndeuieihuiianivgaiine auzinermans
unTInedveuLiy .03 33nR auf fatuayuuazeyessianiuiininuise veveunmmniui
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