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n
ani Z
S,(2)=2.1"7" zeC  |z/<1,n=012,.. uav S@)=1=
= -

o

FIADAARDINUANUAUNUS I LU AR AL FITNUINISITINGTIA Fatl

n(n
S.u(2)=S,(2)+)] (|5@8(®)  n=012.. wsw k=012
k=0

7 n-1 n
Lay Sn(Z)=— 1+Z Sk(Z) ,n=12.3,.. usr k=0,12,...,n
1_2 k=0 k

Adfey: Tgndady dinunsdnmsdn anuduiusisuindady

Abstract
This article presents the discrete linear and combinatorial convolutions with the purpose of
explaining the sum of generalized arithmetic-geometric series that corresponds to the linear recurrence
relation and combinatorial convolutions can be summarized as follows

The sum of generalized arithmetic-geometric series is given by the formula:

n
o z
S,(2)=2,i"7", zeC ,|zJ<1, n=012,.. and So(2)=1—
i1 -

which corresponds to the recurrence relation and combinatorial convolutions as follows

nn
Sn+1(z):Sn(Z)+Z K S(2)S,.(2) ,n=012,.. uar k=0,12,..,n
k=0

Vol 8 NO 2 Jul — Dec 2024


mailto:munee.j@hotmail.com

2 Journal of Science and Technology Thonburi University

7 n-1 n
and S((2)=——|1+>| |S(2)| ., n=1,23,... uar k=0,1,2,...,n
1-z| &=\k

Keywords : Discrete linear, Combinatorial convolutions, Linear recurrence relation
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v
o

UnedlneansvINsuAate  Augustin-Louis Cauchy Falagniluldunsuaneluduueanda  wazsiuvialudu

Aaandn (1193 yaluis, 2563) avdudmsdewhanuidnuwifauaznguiun iduidletudeneudai
Hanalad (Cauchy Products)
0 0 0
] b4 b 1< v I3 v a C LY (3 O’j ldq}
mvualv 2 a, way h WUusunsuedud udinanlad n VesaUNIUBUANIARIT gn
n=0 n=0 n=0
v

@

Tnedeinuinisign fail

0 ) s} n
Zan ® an :ch Tasil C, =Zakbn,k dmsunn n e N U {0}
n=0 n=0 n=0 k=0

nguiunvesuasinud (Mertens Theorem) (Wikipedia, 2024)

00 00
1o Zan 38 an Jueynsugidn Taegudng A uaz B audau
n=0 n=0
0

0
waz 2,8, quihduysal udnanulad ch gund AB
n=0 n=0

NAUINVDIDYNTULAYAUA-LTUIAIA
HAUINTBIDYNTUATARIA-L3YIARIRTNETALY (Cimu M1, 2011) Sadiuszuiilidnuisadl

n
_ ingj o o o w .
Sn(Z)—ZJ 2’ 7eC e C Juswudadeu | |Z|<1, n=0,12,..uwe j=123,..,n ..
i
wenanilfaduilsiduneddevesswuidsias (", j=1,2,3,...) dmsu n=0
n (1) Jsanguluguavinvesnisinimiinsvinde
$,(2)=Y 2 =2
o(2)=)1 =1 (2
= —Z
1. AMUFUNUSIEUAANUFIIAUINITTINITIN
ngeun 1 dmiu zeC |Z|<1 wavan S, (2) faenrdeinuenuduiuslouiafudeinunniadanisin

Muuslag

n(n
$,.4(2)=S,(2)+), |S@50 (@) n=012.... sax k=012,..,1 -(3)
k=0
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wgad  dudunsdsudell g = j—i wazldnquiunmIumvssiiafu (Whitman College, 2024)
_ ntl, |
Sn+1(z) - Z |
1

=1"7'+2.2" 7" +3.3" I’ +4.4" 1" 1.,
="' +2"2 43" +4" 2+, )+ (2" P+ 3P+ 4 1)
+(3" 2 +4" 2 45" +.)+ (8" +5" 46" +.) +..

:ijnzj+i(i+1)nZi+1+i(i+2)nZi+2+i(i+3)nzi+3+m
=1 i=1 i=1 =1

Y 52 LD 7 (422 4 (43) 2 4]
-1 i1

0 X 00 o0 .
=+ Y
= i=L j=itl

=S, @) +).> ([i+a)"7"  q=j-i

i=1 g=1

:Sn(z)+ii2(n]ikq” “7'7°
i=1 gq=1 k=0 k

=S,(2)+) n]iikz'iq”‘kzq
o\ K )T q=1

v s n
ﬁﬂﬁu Sn+1(z) = Sn (Z) + (kj Sk (Z)Sn—k (Z)

k=0

g Tnensldians (2) uax (3) dwSuz e C aei |z <1 Aldan

dle n=0; 31(2) = SO(Z) "‘ZO:(E)Sk(Z)SOk (Z)

:so(z)+[8jso(z>so(z)
-5,(2)+5:()

)
=—F4| —
1-z \1-z
_(l-2)+7°
(1-2)*
z

(L-2)’

Sty S1(2) =
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o n=1; S,(2) =5,(2) + le[lkjsk (2)S.4(2)

=sl(z){f)]so(z)sl(z)+@sl(z>so(z)

= Sl(z) + SO(Z)Sl(Z) + Sl(Z)SO(Z)
= Sl(z) + 280(2)51(2)

1 +2(zj z
-2 \1-z)| @-2)

_2(l-2)+27°
-2
7’41
(1-2)°

o n=2; 5,(2) =5,(2) +i[ij3k(2)32_k(2)

St S,(2)=

2 2 2
=5,(2)+ [0] So(2)S,(2) + (1 ] 5,(2)8,(2) + (2] $,(2)8,(2)

= 5,(2) +5,(2)5,(2) +25,(2)5,(2) + 5,(2)S,(2)
= 5,(2)+25,(2)5,(2) + 252(2)

7’ +1 ( z j{ zz+z} 27°
= +2 +
-2 U-z)|(1-2*| @1-2)*

_1(1-7%)+22(2% +7) + 22

(1-2)°
3 2
y "+471°+12
R S,(2)=————F7—
U 3( ) (1_2)4
ununsn dwiu zeC, |7 <1
1
F1uou xn(2)=mSn(Z), n=123,..

FIADAAADINNUANUFUNUSISUNAMITFITAUINTITTINTIA H9T

(N +1)%,.(2) =%, (2)+ Y % (D%, (2) . n=01.2,..

k=0

, , z
wazidoulusudude X, (2) = 17
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wgad  laeiwua (4) unuily (3)

21N S,u(2)=S,(2)+ Zn:[rk]] S (2)S,.(2)

=S, 411 8.0 8,0

S1a(2)=S,(z)+n !Z X (2%, (7)
l n+1(z) S (Z) +Zxk (Z)Xn k(z)
o (N+D)x,.4(2) =%, (n) + Zxk (2%, (2)

an (1) waz (4) Falen n!xn(z):Sn(z):Zj"Zj

=1

dmsu n=0 synsudinanazansUludrauinvasmumavtisuadio

%(D)=5,0)=

y 1
AT D1 Xn(Z) = msn(z), n=123,..

[

FaflANudUNUS e AnMEFITIUINITIRINITIA A9l

(N+1)%,.,(2) =%, () + Y % (D% (1) n=0,12,..

, . z
wazideulvisudude X (Z) = l_
2. AMUFUNUSIEUNALTLEY

dmsu zeC |Z| <1 wwanslsmdiuan

- © 1
G(z,p) =D %, (2)p" =D =S, ()", wpec, |p|<1 A7)

=0 - n!

=]

flafdunafuiaves X, (2) wiloutufuilsidunesuiaavtmdmesdiwu S, (2)
naufiun 2 faiduderuiniavdid G(z, p) vesdwuS,(z), n=0,1,2,...
p

gnivualagEns G(z,p) =1_ > . VzZ,pEC, |Z| <1, |p|<1 ..(8)
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figad a0 (5); (n+1)xn+1(2)ZXn(Z)Jan:Xk(Z)Xn_k(Z)
k=0

lpgnsamuANLFITUS () e P" yagrasandmzu N=012,
W > (%, P ‘ZX P+ 3 3% 0%, (" (9)
n=0 n=0 k=0

fison i(” +1)xX ., (2)p" = X, (2) +2%,(2) p+3%,(2) p* +...
n=0
d 2 3 B d 0 .
:—dp(Xo(Z)+X1(Z)p+X2(Z)p +X%,(2)p +"')__dpnz_(;x”(z)p

s DX =dipe(z, ) o)

n=0

0

o N 1

wazRansan szk(z o ( Z (2)%4(2) p’ "‘Z X (2)%, (2)p’
=0 k=0 k=0
2

+Zxk X (2)p "‘ZX X (2)p "‘ZX

‘Xo(Z) (Z)+(Xo(2)><1(2)+X1(Z)X (Z))p

H0%(2)% (2) + % (2)% (2) + %,(2)% (2)) P

H6(2)% (2) 4% (2)% (2) + %, ()% (2) + X,(2)% (2)) P°

(% (2)%, (2) + %, (2)%;(2) + %, (2) %, (2) + X3 (2)%,(2) + X, (2) % (2)) p* +...
:(xo<z)+x1(z)p+x2<z)p2+x3(z)p3+...>2=[ixn(z>p“j

n=0

0 n

i DD % (D)%, (2)p" =G*(z,p) (9.2)

n=0 k=0

310 (9), (9.2) way (9.2) Feaenndeiungufunlad-wesinud (Cauchy-Mertens) (Kumaresan S., 2020)
Mgteaiunmsaneseynsuidsluanuduius (9) Jwmaguludaunmadeuius (10)

£.6(2,7)=G6(z,p) +G7(2, ) -(10)
p
d—G(z, p)-G(z,p) =G*(z, p)
p
G™(z, p) G(z p)-G7(z,p) =1 ..(10.2)
T v(z,p)=G(z,p) ..(10.2)
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d d
a2ld —V(z, p)=-G*(z, p)—G(z, p)
dp dp

910 (10.1), (10.2) waz (10.3) Flein
d
—d—V(Z, p)-v(z,p)=1
P
d
—V(z,p)+Vv(z,p)=-1
dp
ef iv(z, p)+e’v(z, p) =—€"
dp

d p p
d—p(e v(z, p))=-e

e’v(z,p)=—e"+¢
V(z,p)=-1+ce™®

+1=ce™”
G(z, p)
1+6@P) _ope
G(z, p)
Gz p) _ o
G(z,p)+1
G(z, p)=e"G(z, p) +e™*

(1-e")G(z,p) =€

G ep+c
2,p)=

eC
G(z,0) = . p=
(20)=1—5: p=0

FeldiAndusasin zeC 9n (6),(7) waz (11) lueuduiudaniing

YA e
dwsu p =0 Fslduadu G(z,0)=x,(2) = TR

910 (11) waz (12) azla G(z,p)= 1_ze?

..(10.3)

(11)

.(12)
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sallisavihiandunandaaudnae manuduiusDeuindadu sl

ngeun 3 dwmsu zeC, |Z| <1 &S, (2) aenndesfuanudisiudiiouinBaduniidulssansilusuds

S (Z)——{HZ( ]Sk(Z)} . n=12.3,.. .(13)

wgad 210 (8) ; G(z, p) =1_ 27

asld G(z, p)e—epj:ep

uazamseANEuRus (7) ?’Nﬂmmﬁu

1& 1 : JETUAE
n=0 '«

o N! o N! oo N!

fansan il S, (Z)p”i% p’

o n!

( S,2)P°+ 38, P+ 5 S, +. j[;’lp +%pl+%p2+...j
— S, (" Wsup %sup %S()p ﬁS(z)p ..

+os S (P ES()p ﬁs()p ﬁs‘()p TR

oS, ﬁsup b8, 2,—3,8()p isa)p b
bSO S (D o S (DP S S,

Fs S, )P S, ()P ls<)|o 15()p lS(z)|o+...

ot mi)k'—S()pk*m
- S, (WS()p msupj (sz,S()p S %S()pj
S @ TS OP oS, 4 oo S,
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[ﬁs (z)p* +%S (z)p* +%S (2)p* +@S @)p* +ﬁ8 (2)p° j

0

Zk|(0 K)! S, (2)p" Zk'(l )1 S, (2)p’ zk'(Z 0! S, (2)p°
+i . S.(2)p’+ Z—i—smmum

= k1(3—-k)! = k!(4-k)!
ot iismwiiw:ii . (2)p"
n=0 n! " n=0 n! n=0 k=0 kl(n_k)l

Inglimguijunves Cauchy-Mertens BNATAABIAUNIAMYDIDUYNTUAIAS
LLﬁﬁaLUﬁﬂuiUmmé’mﬁuﬁ‘ (14) 1adu

—Z y S.(2)p" szl( Y S, (2)p" :ilpn,VpEC,|p|<l ...(15)

n=0 k=0 o N!

910 (15) Adudsyansves p" %ﬂlﬁmmﬂué’fﬂ

S,(2)- Zk|( T S(2)== n=012,. .(16)

Tnensaa (16) e n! isnagldnnuduiusidy

1 nn
;sn(z)—kzz;(k]sk(zm

1 n-1 n n
ty0-3 s (o
1‘—an(z>—”_1(”jsk(z)=1

Z k

k=0

‘ ~

v & S.(2)=

ho]
Z
=
=
H

Z{ E[Ejsk(z)} ,n=123,.
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fed1e Taensligns (2) way (13) dmiu zeC, |z]<1 w5naeld

n=1;

ANUY

Vol 8 NO 2 Jul -

()=

Sz (Z) =

5,(2) =

ol

L(2
e8]
i Z\JS (Z)+( js (Z):| (1+S (Z)-I-ZS (Z))

l—z_ 0
_ 1 _l+ z 21 } {(1 7) +z(1- z)+22}
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Abstract
In this work, we give some conditions for the non-existence of solutions of the Diophantine
equation 9* +9Y 4+ n* =w?, where n is a positive integer and x,y,z,w are non-negative integers.

Moreover, we find all solutions of this equation for some positive integer n.

Keywords: Diophantine equation, Integer solution, Congruence

Introduction

The Diophantine equation is a well-known concept in number theory with numerous variations.
One notable form is an exponential Diophantine equation a* + bY = w2. Many authors study this equation
by giving a and b as explicit positive integers, see (Asthana & Singh, 2020), (Sroysang, 2014). Moreover, a or
b are given as variables under certain condition in various articles, see (Chotchaisthit, 2012), (Siraworakun &
Tadee, 2023), (Tadee, 2023) and (Tangjai & Chubthaisong, 2021).

The Diophantine equation a* + b + ¢ = w? , where a,b and ¢ are positive integers, has been
formulated and analyzed in subsequent studies. For example, Bacani and Rabago (2014) solved the
Diophantine equation 3* +5Y 4+ 7% = w?, when x,y,z,w are non-negative integers. Analogously, a, b and
¢ can be considered as variables subjected to certain conditions.

In addition, the non-negative integer solution of the equation a* + b¥ + ¢ = w? is investigated,
when all exponents are 1 or 2. For example, Burshtein (2020) showed all solutions of the equation p* +
(p+1)Y + (p+2)? =M? for primes p=>2 when 1<x,y,z<2. Pandichelvi and Sandhya (2022)
investigated integer solutions to the Diophantine equation pf + py + p% = M2, where py, p,, p; are prime
numbers and x,y,z € {1,2}.

In this research, we investigate some conditions regarding the non-existence of non-negative
integer solutions of the Diophantine equation

9% 4+ 9Y + n? = w?, (1)

where n is a positive integer and x, y, z, w are non-negative integers. Furthermore, we explore all solutions

of this equation for some positive integer n. Without loss of generality, we may assume that x < y.

Main Results
In the beginning, we provide some conditions for the non-existence of non-negative integer
solutions of the Diophantine equation (1).
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Theorem 1. The Diophantine equation (1) has no non-negative integer solution if
1. n=0,1(mod4) or
2. n=2(mod4)andz# lor
3. n=3(mod4)and z is even.
Proof. It is easy to see that w? = 0,1 (mod 4) and 9% = 9Y = 1 (mod 4).
1. Assume that n = 0,1 (mod 4). Suppose that (1) has a non-negative integer solution. We obtain
that w? = 2,3 (mod 4). It is a contradiction. Thus, (1) has no non-negative integer solution.
2. Assume that n = 2 (mod 4) and z # 1. Suppose that (1) has a non-negative integer solution.
Since z # 1, we get z = 0 or z = 2. From (1), we have w? = 3 (mod 4) or w? = 2 (mod 4), respectively. It
is a contradiction. Thus, (1) has no non-negative integer solution.
3. Assume that n = 3 (mod 4) and z is even. Suppose that (1) has a non-negative integer
solution. Then, n? = 1 (mod 4). From (1), we have w? = 3 (mod 4). It is a contradiction. Thus, (1) has no

non-negative integer solution. M

Next, we give some results about the Diophantine equation (1), when z = 1.
Theorem 2. Let x = y = 0 and z = 1. The Diophantine equation (1) has no non-negative integer solution if
n = 0 (mod 3).
Proof. Assume that n = 0 (mod 3). Suppose that (1) has a non-negative integer solution. Then w? =
2 (mod 3). It is a contradiction since w? = 0,1(mod 3). B

Theorem 3. Let x,y = 1 and z = 1. The Diophantine equation (1) has no non-negative integer solution if

1. n=2(mod3)or

2. n=3,6(mod9).
Proof. 1. Assume that n = 2 (mod 3). Suppose that (1) has a non-negative integer solution. It implies that
w? = 2 (mod 3). It is a contradiction since w? = 0, 1(mod 3).

2. Assume that n = 3,6 (mod 9). Suppose that (1) has a non-negative integer solution. Since n =

3,6 (mod 9), we have 3|n. From (1), we have 3|w, 3|(w — 3%) and 3|(w + 3%). Then 9|(w — 3*)(w + 3%)
and 9[(9” + n). Thus 9|n. It is a contradiction. H

Theorem 4. Let x = 0 and y = 0 and z = 1. Then the equation (1) has a non-negative integer solution if
and only if 1 +n = a(2-3™ + a) for some positive integer a and non-negative integer m. Moreover, if the
equation (1) has a non-negative integer solution, then (n,x,y,z,w) = (a(2:-3™ +a) —1,0,m,1,a + 3™).
Proof. First, assume that (1) has a non-negative integer solution. Then 1+mn= w?—3% =
(w—3")(w+3%). Choosea =w —3Y and m =y. Thus, 1 + n = a(2 - 3™ + a). Conversely, assume that
14+n=a(2-3™+ a) for some positive integer a and non-negative integer m. Then

149" +n=a(2:3"+a)+ 9™ =a?+2-3ma +3?™ = (a+3™)%

Thus, (1) has a non-negative integer solution, which is (n,x,y,z,w) = (a(2-3™+a) —1,0,m,1,a + 3™).
|
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From Theorem 1, it remains to study 2 cases: 1) n =2 (mod 4) and z =1, 2)n =3 (mod 4) and
z is odd. Next, we investigate the non-negative integer solutions of the Diophantine equation (1) for n =
2 (mod 4) and z = 1.

Theorem 5. Let x,y = 1 and z = 1. If n = 2 (mod 12), then the Diophantine equation (1) has no non-
negative integer solution.
Proof. Assume that n = 2 (mod 12). Then n = 2 (mod 3). By Theorem 3(1), we can conclude that (1) has

no non-negative integer solution. M

By Theorem 1(2), Theorem 4 and Theorem 5, we found all solutions of the Diophantine equation
(1) for some positive integer n.
Example 6. The Diophantine equation 9% + 9¥ + 22 = w? has only one non-negative integer solution, i.e.,
(x,y,z,w) =(0,0,1,2).

Example 7. The Diophantine equation 9% + 9¥ + 147 = w? has only one non-negative integer solution,
ie, (x,y,z,w) =(0,0,1,4).

Example 8. The Diophantine equation 9% + 9 + 267 = w? has only one non-negative integer solution,
ie., (x,y,z,w) =(0,1,1,6).

Theorem 9. Let x,y =1 andz = 1. If n = 12k + 6 for some non-negative integer k with k =
0,2 (mod 3), then the Diophantine equation (1) has no non-negative integer solution.
Proof. Assume that n = 12k + 6 for some non-negative integer k with k = 0,2 (mod 3). Therefore n =

3,6 (mod 9). By Theorem 3(2), we can conclude that (1) has no non-negative integer solution. W

By Theorem 1(2), Theorem 4 and Theorem 9, we found all solutions of the Diophantine equation

(1) for some positive integer n with above conditions.

Example 10. The Diophantine equation 9% + 9¥ + 67 = w? has only one non-negative integer solution, i.e.,
(x,y,z,w) =(0,1,1,4).

Example 11. The Diophantine equations 9% + 9 4+ 307 = w?, 9¥ + 9¥ 4+ 427 = w? and 9* + 9¥ + 667 =

w? have no non-negative integer solution.

We can ensure that the Diophantine equation (1) has no non-negative solution in the following

theorem.

Theorem 12. Letz = 1. If n=4"-3% + 2, where k > 2, then the Diophantine equation (1) has no non-
negative integer solution.

Proof. Assume that n = 4 - 3% + 2, where k > 2. Suppose that (1) has a non-negative integer solution. Then
n = 2 (mod 12). By Theorem 5, we obtain that x = 0 and y = 0. Assume that y = 1. From (1), we get 3| w,
3] (w — 3%) and 3| (w + 3%). This implies that 9|(4 - 3% + 3). It is a contradiction with the fact that k > 2.

Therefore y = 0. From (1), we have 3% = (g - 1) (g + 1). There exists a non-negative integer u such that
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%— 1=3% and %+ 1=3F% Thus 2=3%3*2-1). Thenu=0and k=1. It is a contradiction.

Therefore, (1) has no non-negative integer solution. M

By Theorem 1(2) and Theorem 12, we have the following example.
Example 13. The Diophantine equations 9% + 9¥ + 387 = w2, 9* + 9¥ + 1107 = w? and 9* + 97 +

3267 = w? have no non-negative integer solution.

For another cases of n , we cannot guarantee all solution. However, we show that the Diophantine
equation (1) has the unique non-negative integer solution, when x < 1 and n = 10.

Theorem 14. If x <1 and n = 10, then the Diophantine equation (1) has the unique non-negative integer
solution, i.e., (x,y,z,w) = (1,2,1,10).
Proof. Since n = 10 and Theorem 1(2), we have z = 1. We consider the following cases.
Case 1. x = 0 and y = 0. From (1), we have w? = 12. This is impossible.

Case2.x=0andy = 1.From(1),wehave 11 = (w —3Y)(w +3%). Thenw —-3Y =1, w+3¥ =
11 and 2-3Y = 10. Thus 3¥ = 5. It is a contradiction since y is an integer.

Case 3. x = 1 and y > 1. From (1), we get w? = 9¥ + 19. It implies that w? = (—1)? — 1(mod 10).
Since w? =0,1,4,5,6,9 (mod 10), we obtain that y is even. There exists a positive integer k such that y =
2k. Therefore 19 = (W —99)(w + 9¥) andsow — 9 =1 and w + 9% = 19. Then 2-9%¥ =18. Thus k = 1
and y = 2. Hence (x,y,z,w) = (1,2,1,10). &

Finally, we consider n = 3 (mod 4). Then n = 3,7 (mod 8).

Theorem 15. If n = 3 (mod 8), then the Diophantine equation (1) has no non-negative integer solution.
Proof. Assume that (1) has a non-negative integer solution. Since n = 3 (mod 8), we get n = 3 (mod 4). By
Theorem 1(3), it implies that z is odd. Then n? = 3 (mod 8). From (1), w? = 5 (mod 8). It is a contradiction
since w? =0,1,4 (mod 8). ®

Forn = 7 (mod 8) and z is odd, the existence of the solutions cannot be confirmed. However, we
show the solutions of the Diophantine equation (1), when z = 1.
Theorem 16. Let x,y = 1 and z = 1. If n = 23 (mod 24), then the Diophantine equation (1) has no non-
negative integer solution.
Proof. Assume that n = 23 (mod 24). Then n = 2 (mod 3). By Theorem 3(1), we can conclude that (1) has

no non-negative integer solution. M

By Theorem 4 and Theorem 16, we found all solutions of the Diophantine equation (1) for z = 1
and some positive integer n.
Example 17. The Diophantine equation 9* + 9 + 23 = w? has only one non-negative integer solution, i.e.,
(x,y,w) =(0,0,5).
Example 18. The Diophantine equation 9% + 9Y + 47 = w? has only one non-negative integer solution, i.e.,
(x,y,w) =(0,0,7).
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Example 19. The Diophantine equation 9% + 97 + 71 = w? has only one non-negative integer solution, i.e.,
(x,y,w) =(0,1,9).
Example 20. The Diophantine equation 9% + 97 + 95 = w? has no non-negative integer solution.

Theorem 21. Llet x,y =1 and z=1. If n =24k + 15 for some non-negative integer k with k =
0,1 (mod 3), then the Diophantine equation (1) has no non-negative integer solution.
Proof. Assume that n = 24k + 15 for some non-negative integer k with k = 0,1 (mod 3). Therefore, n =

3,6 (mod 9). By Theorem 3(2), we can conclude that (1) has no non-negative integer solution. B

By Theorem 4 and Theorem 21, we found all solutions of the Diophantine equation (1) for z =1
and some positive integer n with above conditions.
Example 22. The Diophantine equation 9% + 9¥ 4+ 15 = w? has only one non-negative integer solution, i.e.,
(x,y,w) =(0,1,5).

Example 23. The Diophantine equation 9% + 9% + 39 = w? only two non-negative integer solutions. That
are (x,y,w) € {(0,1,7),(0,2,11)}.

Conclusions

This research demonstrates some conditions for the non-existence of non-negative integer solution
of the Diophantine equation 9% +9Y + n? = w?, where n is a positive integer and x,y,z,w are non-
negative integers, and investigates all solutions of this equation for some positive integer n. However, the
results of this work cannot cover all cases. For example, when n = 18 and n = 54 . This unsolved problem

remains an interesting topic for further investigation.
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Abstract

The objective of this study is to reduce the time required for the production model changeover
process for Model A, a critical automotive component. Model A, which constitutes the vehicle floor, is
produced in nine variants, each differing primarily in the placement of drilled holes. The existing process
lacks equipment to assist with the changeover, and workers manually perform the changeover in the molds
of stamping machines 3 and 4, taking 230 seconds and covering a distance of 73 meters. To improve this
process, the researcher applied the ECRS (Eliminate, Combine, Rearrange and Simplify) theory and the 7
Wastes principles. Method 1 involved increasing the workforce and optimizing the walking route during the
changeover, while Method 2 incorporated a PLC-based automation system. Post-improvement results show
that Method 1 reduced the time to 200 seconds (a 13.04% reduction) and the distance to 53 meters (a
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27.4% reduction). Method 2 resulted in a time reduction to 145 seconds (a 36.96% decrease) and a distance
reduction to 3 meters (a 95.89% decrease).

Keywords: Automation, Production model change processes, Model A
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HYBRID ELECTRIC POWER USAGE OF THE STC-4 SOLAR ELECTRIC VEHICLE FOR
THE BWSC-2023 CRUISER CLASS COMPETITION
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UNANED

At fagusrasdiielinszinislindnulnihuuukauesalwihndsnuuasefing STC-a aun
4 i3 dmiunnsutiedu Bridgestone World Solar Challenge 2023 u Cruiser Class Tngldndanuuaseniingidu
wdsdngliisufuuunmeiuaznadaunslingnuluannenisldanusss Fesduindgliuednana thuinse
2,010 kg LLasﬁmﬁﬂimwﬁmﬁﬂmmﬂwhﬁ“u 2,330 kg Tiszogmautsiuianunsamsauszauunnedls 1,000 km
THuawmesliinszuansauuuldudssdruaiaguaunn 12 kw fussiulii 96 V §1uau 2 §o ileduindoudends
druuasigluiiliunavaduaseniinddaneuuvundnidsanuusousaldifivuadidaaslniigean 756 W i
ussiulin 79.8 V iileUszaliinliuuniaed NMC vuia 97 kwh fiussiuluiln 96 v wanmavaaeunisldndanu
Tl vesmomasTund sudsLunmeI st uwad et findlaaiunansldndnulurasis1saunisu ey
Bridgestone World Solar Challenge 2023 ﬁgdl,wifqm%uéfuﬁl,ﬁad Darwin fa1ileg Katherine 1usgagng 322 km
Tnondsulninilddundsunawed 44,554.20 Wh wdsaulwihildluselafimdsnunaseniing 1,032.44 Wh
saundssulni Al uianun 45,586.64 Wh Aadunisldndsnulsiiianuunne’ 42,299.40 Wh uazndesu
TfhanasLatefing 3,287.30 Wh aamdendsnulwiiluwummes 54,700.60 Wh usdrmnldndsaulniingn
WURLADS 42,299.40 Wh 1iieszuuduindsusaliimdinunasendingiissegraisrsalniimd sunaseniing
anunsaduedouldiduszasmeUszanas 280 km
AdAey: nasuuaseiing, uawesliinszuansauuliuusiamuniingu, BWSC-2023 u Cruiser Class

Abstract
The objective of this research is to analyze the combined electrical energy consumption of the 4-
seat STC-4 solar electric vehicle for the Bridgestone World Solar Challenge 2023 Cruiser Class competition.
It utilizes solar energy as an electrical source together with batteries, and to test energy use under actual
operating conditions. The body is made of fiberglass with a weight of 2,010 kg for the car. The total weight

of the car, including the cargo, is 2,330 ke. It can cover a racing distance that allows battery charging for up
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to 1,000 km. It uses a brushless direct current electric motor with a power of 12 kW at an electrical voltage
of 96 V. The vehicle has 2 wheels and is rear-wheel drive. The power supply section utilizes a single, flexible
monocrystalline silicon solar panels with a maximum power ranging of 756 W. The electrical voltage of this
solar panel is 79.8 V. It charges an NMC battery with a capacity of 97 kWh, operating at an electrical voltage
of 96 V. The test results of using electric power for a motor powered by a combination of batteries and
solar cells during the Bridgestone World Solar Challenge 2023 from the starting point in Darwin to Katherine,
a distance of 322 km. The electric power used to drive the motor was 44,554.20 Wh, the electric power
used in the solar electric vehicle was 1,032.44 kWh, and the total electric power used was 45,586.64 Wh,
which was calculated as electric power consumption from the battery was 42,299.40 Wh and electric power
from the solar cell was 3,287.30 Wh, leaving 54,700.60 Wh of electric power in the battery. However, if the
electric power from the 42,299.40 Wh battery is used only for the solar electric vehicle driving system, the
solar electric vehicle can drive a distance of about 280 km.

Keywords: Solar Energy, Brushless DC Hub Motor, BWSC-2023 Cruiser Class Model
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9.00 40 5,498.5 5,609.0 507 342.09 5,845.5 5,790.6 160.44
9.30 59 6,679.7 8,402.5 523 602.07 7,042.7 | 8,764.12 | 240.44
10.00 | 80 8,104.4 10,672.3 523 863.57 8,467.4 | 11,2154 | 320.44
10.30 | 103 7,965.5 14,980.5 531 1,128.60 | 8,336.5 | 15,708.6 | 400.44
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14.27 | 322 413.7 42,299.4 507 3,287.30 760.7 44,554.2 |1,032.44
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INVESTIGATION OF FACTORS AFFECTING FRICTION COEFFICIENT AND WEAR
CHARACTERISTICS OF HVOF-SPRAYED COATINGS ON RICE HARVESTER BLADES
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Falunsneaeuivmidnng 3 seéu ldun 20, 40 war 60 T2y ahui’ammé‘auﬁi% loun IuﬁmLﬁaa%quLuuiﬁ
LABBURD LLaﬂwmﬂmmamaauma NiSICrFeB, WC-Co/NiSiCrFeB, WC-Co waz WC-CrsCo-Ni @aupdausaens
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Abstract
The objective of this research was to investigate factors affecting wear and friction coefficient of
rice harvester blades. The studied factors included loading weight and coating materials. Wear testing was
conducted using the pin-on-disc method (ASTM G99) with three loading weight levels: 20, 40, and 60 N.
The coating materials consisted of uncoated rice harvester blades and blades coated with NiSiCrFeB,
WC-Co/NiSiCrFeB, WC-Co, and WC-CrsCo-Ni using High-Velocity Oxygen Fuel (HVOF) thermal spray coating
process. The results indicated that coating surfaces significantly affected the friction coefficient and wear
rate of rice harvester blades (p-value < 0.05), with a higher f-value compared to the loading weight factor.
This demonstrates that coating surfaces had a significantly greater impact than loading weight on both
friction coefficient and wear rate of rice harvester blades.
Keywords: rice harvester blades, wear, friction coefficient
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Abstract

This article presents the design and development of a UV-C germicidal device emphasizing
efficiency in bacterial elimination and operational safety. The proposed system integrates Arduino Uno R3
microcontroller technology with dual operating modes: manual and automatic. The device features four
6W UV-C lamps and a safety mechanism utilizing limit switches to prevent unintended exposure to UV
radiation. Experimental results demonstrate the device's ability to effectively eliminate coliform bacteria
and Escherichia coli, reducing bacterial counts to 0 CFU/ml within 60 minutes. The average UV-C intensity
was measured at 3,466.16 pW/cm?. This innovation focuses on enhancing sterilization performance across
various material types, simplifying usability, and establishing new standards for UV-C sterilization devices
suitable for general and community use.

Keywords: UV-C lamps, coliform bacteria, escherichia coli, arduino board, automatic control system
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nsgeafian nelusseziian 60 Wi

Vol 8 NO 2 Jul - Dec 2024



58  Journal of Science and Technology Thonburi University

AnAnTIuUIENA
AEEIRTIYRvRUNTEAMKNTTd AL TamnuluneRnuuuLarasuaTee el AT BA e SFLIT 7

]
=)

l¥anuemdenavatuayuaunuildifagaisiiei veveunsyanan oy A NTYBIMTING 18EsUYS
flisUinuuazdaiauonugiifnuailunsduiunut wasvoveunszaalsmenaduaiugunwiuanuesuou
uns Sunethuds Sminvays Mlimnusudeussativayulunismaaouuazysyifiulssansnmueandos saufs
mssuueuiedeaiiethluldnulunisquagunmvesyuy

LONE1981989

nsuounsy. (2562). Tndwesunuaiize dngiiie udsdunseluihla. gudouilongumiug meveuuazuses
PI0Y8 (A9%.). @UAUIN https://multimedia.anamai.moph.go.th/infographics/coliform-bacteria-in-
drinking-water/

NG e32adw. (2560). M15Anwisasans1lalaanainnierindiigaIlinideindvesmniinerdeaatng
JandauasUgy. neninusUSyayrumduda)l. anIne1defaling, uasugy. SUAuan http:/ithesis-
ir.su.ac.th/dspace/bitstream/123456789/1581/1/58306203.pdf

g1fien FuAsiuud. (2563). Auuziddmiunsld “vasnyd” ianedelaia 19, aortuunsIng urerd
NSENTNNITAANANYT TNYIMIFAT TgUaruInnTs. AUAUIIN https//www.nimt.or.th/main/
2p=31767

unnses lwana. (2563). mssiTese3ady3s (UVO). mmdvigadaine) asundvmans uniivedeuiing. Aufu
970 https://pharmacy.mahidol.ac.th/th/knowledge

WAUATUNT Auutunid, Igeu Wueasena, a1lsy ywdl, sue Bua, vug willers, WS unung way ¥iAs Yz
10, (2564). N5 uLYUIAS9es e lasauazuuaTiSedreauas UV-C yuImidn. (31e41u
HANNTIY). UMINGIRYTIVNUMATATL.

e vy, ysudasuiin Foun uay eyl wvug (2563). msiwuIuInTTIeTovs el sadieuaays uuy
indouil vaendeuasiuyusy Ingnsdaiusuesgury. (80UNaNTITe). Anzywvemansuas
Fapurans, unnInenduinge.

Fan AT, naNILaENITaIEeanaN Nl uTTUUIN e TR, AUFURIN http//www.mcc.cmu.ac.th/

graduate/Agro723/Reading_Materials/Energy%202.html

uastudmesd. Seddansililotan LaznanTENUADIIINIY. AUAUIIN https://www.sangchaimeter.com
/support_detail/Ultraviolet_Radiation_ UV

lowgns Inefiandna. 2562, u13¥ndedlale. pavzunvemiansdssivneivia. Auduain
https://www.si.mahidol.ac.th/Th/healthdetail.asp?aid=1399

Translated Thai References

Department of Health. (2019). Coliform bacteria: Hidden danger in clear water. Center for Ethnic Health,
Marginalized  Groups, and Migrant Workers. Retrieved from https://multimedia.anamai.
moph.go.th/infographics/coliform-bacteria-in-drinking-water/

Sriwongsa, J. (2017). A study of ultraviolet radiation from the sun at the solar radiation measurement station,
Silpakorn University, Nakhon Pathom Province. [Master's thesis]. Silpakomn University, Nakhon Pathom.
Retrieved from http://ithesis-ir.su.ac.th/dspace/ bitstream/123456789  /1581/1/58306203.pdf

Kamphiranan, T. (2020). Guidelines for using "UV lamps" to destroy COVID-19. National Institute of
Metrology, Ministry of Higher Education, Science, Research, and Innovation. Retrieved from
https://www.nimt.or.th/main/?p=31767

Vol 8 NO 2 Jul - Dec 2024


https://multimedia.anamai.moph.go.th/infographics/coliform-bacteria-in-drinking-water/
https://multimedia.anamai.moph.go.th/infographics/coliform-bacteria-in-drinking-water/
http://ithesis-ir.su.ac.th/dspace/bitstream/123456789/1581/1/58306203.pdf
http://ithesis-ir.su.ac.th/dspace/bitstream/123456789/1581/1/58306203.pdf
https://www.sangchaimeter.com/
https://multimedia.anamai.moph.go.th/infographics/coliform-bacteria-in-drinking-water/
http://ithesis-ir.su.ac.th/dspace/bitstream/123456789/1581/1/58306203.pdf

Journal of Science and Technology Thonburi University 59

Wanpaisin, P. (2020). Disinfection with UVC. Department of Microbiology, Faculty of Pharmacy, Mahidol
University. Retrieved from https://pharmacy.mahidol.ac.th/th/knowledge

Limpinan, P., Monatakul, W., Boonmee, S., Yuensuk, T., Nuasri, C., Kaewmatya, P. & Pookapark, C. (2021).
Development of a small prototype UV-C light disinfection device for viruses and bacteria
(Research Report). Mahasarakham Rajabhat University.

Noonnun, W., Sueamae, M.A., Dechana, A. (2020). Development of a mobile UV disinfection innovation:
Safe and low-cost with community participation (Research Report). Faculty of Humanities and
Social Sciences, Thaksin University.

Sakda Jongkaewwattana. Energy and energy transfer in agroecological systems. Retrieved from
http://www.mcc.cmu.ac.th/graduate/Agro723/Reading Materials/Energy%202.html

Sangchai Meter. Ultraviolet radiation and its effects on the human body. Retrievedmfrom
https://www.sangchaimeter.com/support_detail/Ultraviolet Radiation UV

Thaipisutthikul, I. (2019). Understanding E. coli bacteria. Faculty of Medicine, Siriraj Hospital. Retrieved
from https://www.si.mahidol.ac.th/Th/healthdetail.asp?aid=1399

Vol 8 NO 2 Jul — Dec 2024


http://www.mcc.cmu.ac.th/graduate/Agro723/Reading_Materials/Energy%202.html

60  Journal of Science and Technology Thonburi University

Received: Dec 16, 2024 Revised: Dec 24, 2024 Accepted: Dec 26, 2024

msAeszamniinesivunzaulunszusunsnsmzidendautie
ANALYSIS OF OPTIMAL PARAMETER IN DRY SHRIMP PEELING PROCESS
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unAnga

mAfeiidumsiinnzitadeiiisninadesninisunsdifaresdontuiuasiomamisfine i
wanzanlunszuaunsiauenivdendauranngldnmsmaaeuselrsesnsimeidendausi lasussandléinadans
poNLUUNMTVIARRLdIuNAnNaEsaLUY 3 sefU ielngiaivmussmnumihdgmuardansesdladofininineedl
SvswaslenadnsiiAnTy nmsszauauedldtmuailadeiliinw 3 Hade udastladed 3 sedu Ao auidaseu
Tunau wiAU 115-120, 145-150 uag 175-180 RPM A1ANTY <19, 19-21, >21 % wargunsaluniu 3 wuy
1o wuumamsenszuen wuUAmAsiu wuRaLNaT INNaNTITewUT SrdsnsATinesimnzan
flgan3ersnsnsunzdsaveatausisinniianiindy y = 292.33 PCS msimuadmsiimesuiedadouas
sefuvastiadeddl Ao Anuidseulunuegluianiiiu 145-150 RPM. AAuBusglutiaviniu 19-21 % uas
sunsslunumsliuuud 3 Ao wuusaunaiu Tnedardrvesnruideriu 95% C1 anmtazduvesdadenn
gnsmsunzdusavesiauiazaneglugia 280.83 - 303.84 winiu 95%
ANENARY: ALY, N1TDBNKUUNITNAGDY, NTTUIUNMITNEMEUTDNAII

Abstract

This research aims to analyze the factors influencing the peeling efficiency of dried shrimp shells
and determines the optimal parameters for the shell separation process using a dried shrimp peeling
machine. A 3-level factorial experimental design was applied to identify root causes and screen factors
potentially affecting the outcomes. Based on brainstorming, three factors were selected for investigation,
each with three levels: impeller speed at 115-120, 145-150, and 175-180 RPM; moisture content at
<19%, 19-21%, and >21%; and three impeller shapes, namely cylindrical, rectangular, and hybrid designs.
The research findings show that the highest peeling efficiency of dried shrimp, at y = 292.33 PCS, can be
achieved with the following optimal parameters: motor speed (Sp) of 145-150 RPM, moisture content
(Mo) of 19-21%, and impeller shape (Sh) type 3 (hybrid design). The 95% confidence interval (Cl) indicates
that the mean peeling efficiency is likely to fall within the range of 280.83 to 303.84, with a 95%
probability.
Keywords: dried shrimp, experimental design, dry shrimp peeling process
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umin

Hagtufauiadundnfasissasiudosfiddyduiunaslaalulssnauazdiesn Tnglull 2566 s
deoandawivadlnefiusunasiu 109,663 du Anduyadi 36,284 d1uum lnenatndeeanndn liwn iﬁﬁu
anigewint seamsids sednauazuALInT Usinanisdasesnanas 9% wagyarianas 14% weifisuiud 2565
aumgudnuanassgialaniivzasi uagnautstulusaalanfiyuusatu ndeyansulssnugpannssusyin
lssnuulssufauiaungdoululssmalne 79 wis wiagwieiininauiaie 40-50 au Tssmumariidiodia
yaAiiundnduafwazatvayunainlulseimalazdionn In1snantaniausaulasunisseus uazaienen
MnusTygy lifinesguniswdaiiuiueu vilifausdaaunwliaduane faituindntusiazdudiogl
AsENaiiu3f (Penaeidae) wagnnaludi (Palaemolide) WWuffsifivuinidn A minemlunuviemaiad 2
wuuAsuuuusnFenuaruuulsiueniddon mandndauidlulszmelng asfudduinieauszann 10 unit dslag
wiaSaudanafudsasliuiuou (Sun wagany, 2022) Tuogiutsuafsiilifuutassounisnn neusuutavde
inlumnuanlagagligaumgilutag 60-100 ssriwaidea (Om uazanz, 2019) Fsn1endaInnszuIunisan
anudulvidofus axdmaorarutudsiamtuivazaudmiunsunsdendausts asegiivszana 18-
22% ielFondaruudaveming annsousneenainideldine ngldviliudenumnazdeniuluniedons
Hosaudee franuduiidenit 18% fusdidnuuzuiussunzndionanauantinendonisuenuazsiliie
wiwdn 9 Ugtu Turmefidhanatiugandn 229 ofssy Waenoafeduidevilvunsenuasdems Taodn
ArwduiiasnamamYesnEn Sus fsngandmiutauisogfivssann 20-25% laeviniin sidestuagiu
Snwagnsldanu wu msuilnalaeass Aanutuamsiiniy 25% iedestunmsuiideniensifndesniens
wUssUifianiu o19fesanmNduasiing 20% welifsdanunsoumniusasngdmsunswdsulududaly

nsfanenvienInemzUdendusiduuurussnuuuifsasinieduislusaueniuientaeisng
q‘UIG]‘c’JGU‘uGla‘u‘VN‘WJ,JW\]‘”61ENIGULLiN’mmﬂﬂm‘Uuﬁ’JuiMm wliaailunisjifnugs wielyiiudendauiavgaeen 8n
fagainnindemedugadens mszmnldusdunisuainnifuly asiilidedaunneenanduldmnily
Swnhgenaarldmmiumasdadeliiiu nilugnuivsuasiamndueionamendenduduliagty

@

Fauanadanind 1 wazamd 2 Wuedesdnsiimwiiesnuuuaniievilfnszuiunisnsmizidendadululng
Soluifh SeeifiuuszAvsninuaravounifelugramnssuudsglemmeialdediann imeluladiifatudieo
povauswoANFassflsgUifiunntusar auimefiAsadeatuiinis nemzidenuuudaudld
WIIUAY ImmawwuamammsmmﬁmnzwnzLﬂaaﬂQaamiummﬂmzmamawamqwuuamunumﬁmLuumu
anas (Nananiazaniy, 2023) ( Alfiya wazani, 2022) usiilesaniaieafanandududedivinug anud Ay
L%S’J‘tﬂmﬂ’]ﬂEﬂﬂumiﬂ%ug?ﬂﬁ’lwﬁﬂﬁLG]?J%G]"NS] Toun audaseulunau (Speed of spindle) 3 szdiu leln 115-
120, 145-150, 175-180 RPM @sdnnisnzimziFendslunsiasadadldnnuifisevguivlvaglisuieduiu
arundene uithanusiseusiluashlnudendslaingaoendrauiu (Moisture) 3 seéfu Téud <19, 19-21,
>21 Gadrimuneemiuveateddliimnyanfunsihvausuiuandnsdonanaunninendomsusnuazsil
Aawawdn use uazgunssluniu (Shape of the impeller) 3 wuu dudenldmunzauvzdinanssnunodnsnig

unzd3a (Peeling Efficiency) (Gringer uayag, 2018)
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AT 2 LATRINZIMNELURBNN LI

Frowmilmanedide Safesnisinmeidafeiifavinadequnimvesiiiasiitevnaimnanfinosd
wanglunszuaunisdnueniddendauis Insmsuszyndliiedesiensiuimnssuuaznsdszgndldimaians
onUUUNIMAABIdsulAmaiF saLUUaSERY ( 3 Factorial Design) Whsndelumsiinszvinazdansesiladod
pndrasiidvEnarodnmmaunzaniaresiaui (Peeling Efficiency) loanunsadaslfusnilofseananiudents
athaflusEvBnnuayiiuseavsuasiely
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ngUsTaIAYRINTITY

Wiediasziiladenidninanednsinisunzdnimesiuiiazmamisimesiuuizlunszuiunisdn
wenwaenfaui

YIULVAVBINITINY
it duiiidvnanesnsnisunsdidevesfuianaziitevdmnniivesimanglunszuiuns
Sausndendauts fvoumuesmsifouseneudeneasdondall
1. in3eanzimziudentiausia vuin 0.8 x 1.0 x 1.50 m Fuuadeusngluniunszuaadusuin 90 e
H1ufsvasauYwIn 1 : 7.5 neimsiudenieuwinigssuunsidendseninagnluniu (Shape of the
impeller) Waanfauiafudinunazidiawddeniuisfineimzudeeniniaiesieluneivun
20 ol
2. Yadmageutsznaudie 3 tade fawazBeadsil Ao
Ao A = mundaseuluniu (Speed of spindle ; Sp)
syAiuveIMInadey 3 level laln 115-120, 145-150, 175-180 RPM
B = AT (Moisture . Mo) sesuveansnadau 3 level lawn <19, 19-21, >21 %
C = 3Unsdluniu (Shape of the impeller ; Sh) seduvesnsvaaay 3 level I 1, 2, 3
Y = 8n9msunzdn5avesauia (Peeling Efficiency ; y)
Sruumsngaut (Replicates ; n) = 3 a¥q
3. Anwdmsmsunzdisavesiauisneldinmaaeuseiniesnsimedendaua Tasmuauuinaves
fawksithanmageulusazseunmaaeudiuiu 300 pes/kg wazdlallinzmiziudendauriseen
4. Mlusunsudniagy Minitab 19 ingaglunisdniunsesnuuunisvaasaduvneiiea

3Bantiunside
1. spaueuAniuiiorvundady
nsszauauAniuilormundadsuasseduvestadsangifdufeidesiunszuiunisudn ans
poNLUL NMaTuTIteyauazmsAnmanmiymiintu wuidhsinsungdnsavesiouria (Peeling Efficiency)
\inandvznavestlade 3 Yade Ao Aamsaseuluniu (Speed of spindle) 3 szau laun 115-120, 145-150 wag
175-180 RPM  @nAuaiu (Moisture) 3 seéiu TduA <19, 19-21, >21 wargUnssluniu (Shape of the impeller)
3 uuu THUA LUumaMsInNszUen WUUAMABKIUN WUUNALHEURPNTT 1 wazasnedl 2
nsususmadmeitanadumitlind Fuldanmisevguiuluashliideduinamdems
withAnaseuslvazvinlmudendslivanoon Tastadesnarudusuusmilsfidmansznudenmunimvesis
Wi Baidenosiinmatinuamisiwesludnuauriinyus nsaesfinassgn (Trial and Error ) v3en1sldnas
naaasUiufeA1wasnszUILNITiazA (One Factor At a Time ) 91n{AauAuatsn1sHamfiolidunuiinanim
(Muralidharan uazmgg, 2019) iwamﬁamamﬁqmiwﬁ 1 LLazmiwﬁ 2
LWiﬂzasﬁuﬁﬁﬁﬂ?jaiﬁﬁﬁ]ﬁaﬁﬂﬂénuﬂfﬂumiaaﬂLLUUmwmaau%mﬂwaﬁaaqummzﬁu €
Factorial Design) L‘ﬁﬂmszhEﬂ,umﬁLmﬂsﬁu,azﬁ’mﬂiaq{]ﬁaﬁmmwsﬁﬁmﬁwaﬁawaﬁwéﬁlﬁm%ﬂﬁaéwgﬂé’m Tu
fumeuiias fmuailatefinininneisnswadedamnisunzdiiavesdauia (Peeling Efficiency) Tneldlusunsa
d11593U Minitab 19 antglunisanfiunisesniuuunsvaaesdauwnnneseauuauszau (3 Factorial Design)
Wenuendadeilifiveddyeanly

k
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A15199 1 wanstadeuayseruvastadenla@ne

Factor Units Level

Low Medium High
ﬂ'ﬂllL%’JiE)‘UFL‘Uﬂ'Ju RPM A B C
(Speed of spindle ; Sp) (115-120) (145-150) (175-180)
ey % D E F
(Moisture ; Mo) (<18) (19-21) (>22)
sunsaluniu Type 1 2 3
(Shape of the impeller ; Sh)

a15197 2 Snwaurlunau (Shape of the impeller ; Sh)

WUUT 1 WUUN 2

gl

il
&

©4 ? QO3 9 /A
LI 03 b6 X
e sn::rghzna __J-?-_ }
o
< = 3 = S o
& a & -
L BT sz :

276 | 288 276
300 300 [ 300

2. MIMAUAFLUAFIUNITNINRDS

nsssaunfgiuiuazdolaelindnnismeedn Ssazdinmeitiafondn (Main Effect) wazdfausitus
sewinstladeniedadusau (Interaction) AfnaneuaussiednsINIsunzduIavasiausis (Peeling Efficiency) 7
seduTaddun1eadn 0.05 TneanunsaRansanuuuiiaein1sinszdnuwlsusau 3 Jade WisseEunsi 1

Yie = u+0li+8j+Yk+(aB)ij +@yik +By)ik +: (aBy)ijk (1)

lngfl y fio dns1n1sunzdniavesiauis y AoAadesau (Grand mean) o fie Ausiseuluniu Bj
Ao Auty Yk fe dnwaizlunau was (@B)ij, (@p)ik, By @Bk #e Jadsumseufduiussmszning

P TIRTF
1 auufgnd 1 dvidwavesnuiseulumuiinadedmnsinisunzdnsaveariaui
Ho: QUi = 0 9N9A1 i dloi=12,..,a :Jads Sp lulflnasie ¥
Hi: Qli # 0 ®g1stloy 1 @1 i Uady Sp flwase Y

2. auufgiudl 2 vdnavesrrnutuiinasednsinisunzdniavesiui
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Ho: B = 0 NN<)FAN | dloj = 1,2,...b : Y98 Mo laliiwasie v
Hi: B # 0 agneties 1 A1 j : Jade Mo dnasie Y
3. aundgiuil 3 dvdnavesdnvarluniuiinadednainmaunzduiueaiauiis
Ho: Yk = 0 9n9A1 k e k = 1,2,......c : Uade Sh lsidinasie Y
Hi: Yk # 0 9g3Ues 1 A1 k : Uade Sh dinasio Y
4. awigiud 4 dvdwaresiumesrnuiseulumuiazmauduinatesnsinisungdisaves
NI
Ho : (OB = 0vnqen iuaz jile i=12.auazj=12.b
Hi (@) * 0 9gnatiey 1 AN i WY |
5. awnfgiudl 5 dvBwavesiamvesauifiseulununardnunrlumuiinadesnsnisungdifaves
fawvia
Ho : (QY)ik = Ovngeniuaz k 1o i=12,.auazk=12...c
Hi: (Qy)ik # 0 og9tae 1 A1 taz k
6. auuRgIuil 6 Svsnavesiumesmautuiardnuurlumuinadedammaunedisavesdous
Ho: (By)ik = 0 NN9AN j Uag k Lﬁaj =12,...b war k=12,...c
Hi: (By)jk # 0 athatios 1 A1 j wag k
7. aundgiuil 7 dvdwavesiamvesanuifiseuluniu Aatusazdnvalumuinadesasnsuns
GRSOUGNG IR
Ho: (@Bylik = 0 MN9A i, j waz k
Hi: (@Byik = 0 eehatios 1 Ani | juag k

3. ﬂ’]iE]E]ﬂLL‘U‘UﬂWiMﬂaENLLa%ﬂWiLﬁU‘ﬁ@Nﬂﬁ

65

nMseenuuUNINAaLdainresaiiafumsediuvasiiafefimungauainnsesnuuunsnaaends
wnveISawuUaNTEAU (3¢ Factorial Design) fiusznaudie k Yase Tusziuresdadeildlunisvaaey Tnelads
flflunsmaaeuazgnuiseenidu 3 sty Tnethilademdn (Main Effect) iilnasodnsnisunzdavesdausis an
FNTVARBITLA 3x3x3x3x...x3 = 3 MINAABINITEBNKULNINAABT Tnafwiualitade (Factors) Aewiiiu
3 Jade wiazladedl 3 vy nevhnsveansdn 3 adq (Replicates) Igiamun (Total runs) Wiy 81 Ay wanad

i 3 lnedinaainnsiasigisaglusunsudsagyu Minitab 19 wanadunisisdeyadaning 3

Multilevel Factorial Design

Design Surnmary

Factors: 3 Replicates: 3
Base runs: 27 Total runs: 81
Base blocks: 1 Total blocks: 1

Number of levels: 3, 3, 3

A 3 Multilevel Factorial Design
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A15199 3 LLﬁﬂﬂNa%@%aﬁ]’]ﬂﬂﬁ@aﬂLL‘U‘UﬂWi‘VIﬂa@ﬂ

StdOrder RunOrder | PtType | Blocks Sp Mo Sh y
1 1 1 1 A D 1 238
2 2 1 1 A D 2 238
3 3 1 1 A D 3 263
4 4 1 1 A E 1 252
5 5 1 1 A E 2 226
6 6 1 1 A E 3 235
7 7 1 1 A F 1 245
8 8 1 1 A F 2 253
74 74 1 1 C D 2 251
75 75 1 1 C D 3 259
76 76 1 1 C E 1 232
77 77 1 1 C E 2 256
78 78 1 1 C E 3 248
79 79 1 1 C F 1 254
80 80 1 1 C F 2 251
81 81 1 1 C F 3 243
NANTIDDNLLUUNTIIVINADN

N13MII9ABUANLYNABIVBIFULUUNITNAABY (Model Adequacy Checking) 3iastziiiouly
ANuweLiesnns il Msiiseianuweiissvestoyaainnsi 4 Tu 1 (Four in one) fauansniwd 4
1NNT1MN1303¥218 (Normal Probability Plot) vesrrdiunnaelagfiansaniainnisnseateiivestoya GR
nsnszanefvesdeyaiinsnszanefseudunsuuUnd Sauansldidrunndedinsnszareduuuund
91nn51 (Versus Fits) Lanin1snsraadoumududasz(independent) 310 wuannsNsEaefIvesdIy
anfnafimsnszanediiduuudass ML‘flug‘ULLUULL‘Li‘LlEJ‘uLLZ‘MﬂﬁLﬁuﬂ’lﬁ’Ju@ﬂﬁ’Nﬁﬂ’J’mL‘ﬁu@ﬁi%@iaﬁuﬁzﬂ
suvinuazsuauliidudnvazveaguuuudlnanesulasunis Seeglunamialidoyafiansunls
s mBalaunsy (Histogram) uansdnuagdoyatiogivaestedaiunanszanedluzuuuuund lngaed
dnwauzfuguiuumsnseasuuusydiniuansldifeyadildiinsnszanesinuuund 9innswinisnszang
fauuudu (Versus Orden) ldnvanseudoyadriinmansyaednuudunioll andnvazvesteyaiina

ﬂmmﬂaaumimvmamm LuaqmﬂLuaqmﬂaamﬂmmsmummLLamqwamauaﬂwvaLwau
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Residual Plots for y
Normal Probability Plot Versus Fits
E‘;: - a0 - L]
i"li' * : L
- 0 L ]
E /' é Ty e VO .t
2 - o--* e e o Ty e
. A LT
-, 10 . Yo Te %
1 _.-i‘ - . .
01— a0
n 10 o i m 2 40 260 28D
Residual Fitted Value
Histogram Versus Order
16 — n . .
& ’ ror |
12 - o A '.;ll | . | 7
g 3 P ol o I01 0,
i (IS e W 18 s !
E- [ E oig R 4* "'El h',"**'.‘.‘: H-"“lh-f_‘?;'ﬁ
w o, 10 . d 4 i-':;';..ﬁ e
T . *
i 0 l
16 B o ] 16 i Mmoo I 40 S0 &0 T ED
Residual Observation Order

AW 4 nsl 4T 1 (Four in one)

A153LA12AULUSUSIU (ANOVA)

nnsideyanisesniuunsnaaedlldlunisusudsdiasesnsinisiudonieuia lievaaam
gnsnsunzdnIavesiuis (Peeling Efficiency) meldiioulanisnaassudidshundinszianundsusiu
(ANOVA) N1536A5199iA 210 U5UTIU (ANOVA) 981U P-value lia1na1519a3U ANOVA Lagdndn P-

value > 0L (0.05) 98ouTUANNAFIU Ho WasUfiasauufgiu Hi aseiudiugna Pvalue <= O (0.05)

WU ATAUUAFIUANNAFIU Ho karIveauSUANNRAZIU Hy

INIFIATIEIHANITNAADUILYNANIIUNAVBIINTWavealadenan (Main Effect) waztadasiu

(Interaction) Aiflwasiodns1n1sunzdi5avesfieui (Peeling Efficiency) Waga1u1303LAI18RMT2 AUV
Uadeiimunzauiianliainni1sinsieiain Main Effect wag Interaction Plot tani1szauvealaden

Wingauian lanudeInis Inednaainnisie (ANOVA) Asil

M13°99 4 UaReUayaIINN1TRBNUUUNITNAGDY

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 26 27491.4 1057.4 10.57 0.000
Linear 6 23037.5 3839.6 38.38 0.000
Sp 2 22268.5 11134.2 111.29 0.000
Mo 2 484.2 242.1 242 0.099
Sh 2 284.8 142.4 1.42 0.250
2-Way Interactions 12 2180.9 181.7 1.82 0.069
Sp*Mo 4 11535 288.4 2.88 0.031
Sp*Sh 4 91.9 23.0 0.23 0.921
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Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Mo*Sh 4 935.5 233.9 2.34 0.067
3-Way Interactions 8 2273.0 284.1 2.84 0.010
Sp*Mo*Sh 8 2273.0 284.1 2.84 0.010
Error 54 5402.7 100.0
Total 80 32894.0
Model Summary

S R-sq R-sq(adj) R-sq(pred)

10.0025 83.58% 75.67% 63.04%

99171319 ANOVA wu31 Jade Sp fiAn P-value < 0.05 wanainfidvznanednsinisunzdniavesiuia
wazidlefiansansiufunuy 2 Yade wud Sp*Mo (2-way Interaction) @A P-value = 0.031 uanei1iidnina
yossmasuiiseulunuazaeutulnadosninsunzdniivestuds wasdlefinnsandiuiu
wuu 3 Yade WU Sp*Mo*Sh (3-way Interaction) &A1 P-value = 0.010 LEAIINDNBNATBITINVBIAIUGITOU
Tumuemufuuasdnuuglumuinadesnsnsunzdusavestauks uandefinrsan Model Summary wu
Hadeits 3 fBnwadesnsinmsunsdniavesfauisdnidu 83.58% an R ivsuudrAnilu 75.67 % evoenis
neNsaidnSNasednTIN1sLNEdISlENAY 63.04% uazanawdl 5 nudiusnaduingauanddiifiuin
{Ja38 A, AB, ABC finanauausaninni1tase B, C, BC way AC

Pareto Chart of the Standardized Effects Interaction Plot fory
(response is y, ¢ = 0.05) Fitted Means
Term 2 Sp .Mo Mo
280 Y D
Factor MName 7
A 270 = E
A Sp - 7/ Npt o - F
ABC B Mo Ry, e
C sh > 250 o/ 3
AB L
‘E 240 :
B = Sp *sh Mo * Sh h
s 280 PN * 10
g 270 o / 8, .. =20
c - 260 A AN P S 430
Critical Line 250 Vi ] . -1
AC 240

> mes

0 1 2 3 4 H 6 7 2 a

Standardized Effect Sp Mo

mwﬁ 5 Pareto Chart and Interaction Plot

91nn579 interaction Plot WaRBVENATINALIENINGEMUT InednuuzvoudunsmIiANIGe
funanaididviwasiutusznineius fifedamamemniwesfimnzaufianfidmadnsnisung
d159vasiautis (Peeling Efficiency) #ensld Response Optimizer 31vmsiszsititeBudiunasin
TWswnsudn5a3umeinuadia Minitab Version 19

M990 5 Uanelayaannn1snnaes

Response Optimization: y
Parameters
Response Goal Lower Target Upper Weight Importance
y Maximum 220 297 1 1
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Solution
Solution Sp Mo Sh y Fit Composite Desirability
1 B E 3 292.333 0.939394
Multiple Response Prediction
Variable | Setting
Sp B
Mo E
Sh 3
Response Fit SE Fit 95% ClI 95% PI
y 292.33 574 (280.83, 303.84) (269.32, 315.34)

91NM1579 Parameters kandAIN15LE 8N IMLNEARBINISTINAGNSVBINISAaVALBI WAL Ap 9ns1A1S

wned 159039 (Peeling Efficiency) InedayaliAngsgn (Maximum) fia 297 fifs1dn (Lower) fio 220

INAN5 Solution wammadnstatefimunzay fe amnudseuluniu (Speed of spindle ; Sp) Wi
145-150 RPM  AAa"a1u (Moisture ; Mo) Wiy 19-21 % war3unssluniu (Shape of the impeller ; Sh)
mslduuuit 3 Tneflrtamwesnudedu (Confidence Interval) 95% CI AefinsmaasswuuiAusgfudsyanns
nauin ez duiiiadevessadndazeglutag 280.83 - 303.84 Wiy 95%

7l 95% Pl 1@utaansvinng (Prediction Interval) @ 5mmaaqt,wm§w§1ﬂﬁ’uﬂsmﬂsmjmﬁummﬁ’m
\Huiezldnadwsazmneglutag 269.32 - 315.30 winfu 95%

Optimal

D:gg3ga an

Cur
Lones

Comnposite
Diesirabiliny
D: 0.9394

Maxinmum
y = 2023333
d = 093939

ST m o

L
=

—t Ll

‘— Dlll'ﬂg
L

Al 5 Response Optimizer
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NAMT 5 WuiInHaNITIATIEITE Response Optimizer ffesnsAminosfmnyaufigavio
msammsunzduiavesiauis (Peeling Efficiency) funndign Wiy y = 292.33 PCS msimuaammsfines
viseladouarsziuvesadosi fe Arudiseuluniu (Speed of spindle ; Sp) aglugaaminiu 145-150 RPM ¢
AMITY (Moisture ; Mo) aglugianiniu 19-21 % uar3unssluniu (Shape of the impeller ; Sh) mslauuud 3

D WUUNENNEULEAIRININT 6

DETAIL A
SCALE2:5

A

AWl 6 SnuaurlunIuLUUNENNETY

dsduazanusiena

ATl dumalieseitaduiiisninarodnainisunsdniavesious (Peeling Efficiency) uaziilev
Amsimesiunglunszuiunmsdausniudondenegldnmeasufeinionsimeildendauis lngdseyndld
mAdlan1sonuuuNITIAaeuduavadsanuy 3 sedu ellnseilazdansastadefianinagidninase
wadwsiAnty lnensusegndldindesdiontsiuimnssuuaznistssgndldinadanisesnuuunismaasis
wianai3eaintisinged fennnsszeumnuAadiuiiodmuaiatouazszduvedtiods nuidnsmungduta
Yo41jauia (Peeling Efficiency) iinaindninavesdade 3 Jade flo anudaseuluniulunau (Speed of spindle)
3 sty du 115-120, 145-150 waw 175-180 RPM A1 sy (Moisture) 3 sty léiur <19, 19-21, >21 uae
sUnssluniu (Shape of the impeller) 3 wuu lawn wuumaIMsINTEURN wuuAmasu i AIdeialaldmatianis
gankuuNIsVAaeuduinneiiauuy 3 szau ngldlusunsudniazy Minitab 19 dvualiiade (Factors) fie
Wiy 3 Jade urazdladedl 3 seau Tnevihnsmnassd 3 ads (Replicates) e (Total runs) Wiy 81 ads
1n8dnan1500NkUUNITVIAABY AB 21nA1579 ANOVA wuin Uade Sp diAn P-value < 0.05 ua@nsinildvsnasodns
nsunzdndavesdauis uazilofiansansaudunuy 2 Yads wuin Sp*Mo (2-way Interaction) i1 P-value =
0.031 LLamdwﬁSm'ﬁwammiamaqmmL%qiaiﬂ,‘umuLLa3ﬂ"1ﬂmu%uﬁmasiaé“mwmmﬂzﬁwL%ﬁ]sumﬁmﬁﬂ Laziile
N5 9AY WUy 3 Yade WUt Sp*Mo*Sh (3-way Interaction) HA1 P-value = 0.010 LAAIINBNTNAVDITI
vosnrunasovluniumanutuiesdnuurlunuinasodnsnaungdisavestauis uasidofinnsun Model
Summary wudiiladeiis 3 Savisnaresnrnisunzdisavesdeusisnidu 83.58% e R iusuudafnlu 75.67 %
ANTBINNITNEINTAIBNENARENsINTUNd NS LAIAY 63.04%

Haduiflvinasiodnmsunsdisavesiausi

nnmsUszgndlfiasesiiomeinimnssutaznsUszgndldinadanseenuuunisaasadsunave ua
WUUANTZRU (3K Factorial Design) antnelunishnssinazdansesilade wuirladendn (Main Effect) 7
dndnadodnsinisunzdnsevasiuis fe Jaduarusisevluniu wazdadesauduwuu 2 Y93y (2-way
Interaction) wui1 Hafearuiiisevluniunazaanutuinadesnsnisungdiiavesiauis uazidlefinnsan
$auffu wuu 3 Yo (3-way Interaction) wut Yadeannuidaseuluniu manutuessunssuinasosnins
unzdnavestauis fssdudloddymeada 0.05
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§17IN15AMNI1 TN 0INTA8RIINTUNEENTIVe e U (Peeling Efficiency) ﬁumﬁqm Wi y =
292.33 PCS. mstmvuammimessteladouarsyiuvastladessl Ae anuidiseuluniu (Speed of spindle ;
Sp) oglutaavinfu 145-150 RPM ArAaiu (Moisture ; Mo) agllutaaiiniu 19-21 9% wazgumsdluniu (Shape
of the impeller ; Sh) aslduuud 3 Ao wuunauHaY

dalauatug

\3eanzimzildendauisasnsamsiunaluladwmelulad Uy g useAngiinnussondlilfazsaoiia
musadlunsufoRnu anfunuussnusminsmuaundsny Weliaienihnuldedsduduazannis
éuLﬂﬁaqwﬁanwuLLawﬂisﬁU@mmwmémﬁm%
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