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Application of Goal Programming on
Engineering Design Process: A Case Study
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BRIGRVAIFERY

Abstract Goal Programming is a decision making support tool in order to select the
critical specifications in an engineering design process of industrial goods. This article
presents a case study on engineering design process of a pressure tank and an agitator to
produce the essence of chicken. This decision making is difficult to make an appropriate
design of product with multiple conflict objectives such as type of chamber, cost, heating
capacity, stream capacity, stream density, stream mass flow rate, heat up rate, tank
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volume, etc. The result aids decision making for best solutions without bias and it
supports communication manner among designers, producers and users.

Keywords: Goal Programming, Engineering Design Process, Specification of Industrial

Goods
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v Vv
Diluted chi ' o
e M3197 1 fSouNeuaNITOULYOITTUUNADIDINT
Grinded Cooker tank " .
{chlcken 600 kg 1,200 L m TYPE Heating Heating Steam Mass
Capacity Capacity Flow Rate
(KW) (Minute) (Kg/Hr)
a a ~
31]7] 1 NITUVIUNMTHNANNTUANY

SPIRAL 81.20 81.04 136.88
@3BarG

CHAMBER 78.20 84.07 131.92
@3BarG

HALF TUBE 33.87 161.09 5185
_— @3 BarG

b DIMPLE 3553 187.77 53.95
U\ : @3BarG

\
i DIMPLE 54.00 100.23 9236
|

= @ 6BarG

SPIRAL 73.90 70.96 125.00
@ 3 Bar G

CHAMBER 68.50 7657 116.00
@3BarG

HALF TUBE 33.04 159.96 54.00
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Ao 1o o
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Dismeter () (7.1 ¢f b tent

Tank Helght (o) (7 564 c| Shat
Uiquid Level (m) (77377 ¢| HellcalCoil
= Stralght Draft Tube

Top Stye [Eiipsoidal <! Tank HexRegion
Delete Current Object |

Top Stte Parameters
Graphics Display e St

Top Ellipse Height (m) 5,259 c

Bottom Style Eilipsoidal
Bottom Style Parameters_
Bottom Elipse Height () 249 ¢

Initial Mesh Size (m) 3,955 c

Front| Top| Side Mesh Strategy [ CurvOnly

__Moply | Asetoutts | LostApplicd|  Close |  Welp_

o

37 3 dredramstaesgluuumsway

M3190 2 wamsaesgluuumsway

Item | Case 1 | Case 2 | Case 3

Boundary conditions

Tank volume 1,200 1,200 1,200
(liters)
Impeller type Pitched Blade Pitched Blade Helical

4 4 1
Speed of 16 20 16
Agitator (rpm)

Report

Turbulent Max2.98x10° Max3.02x10° Max9.76x10”
kinetic energy
(mz/sz)
Flow rate (m’/s) 0.0406 0.0508 -
Shaft torque(n-m) 50.44 63.43 149.39
Shaft power (w) 84.51 132.84 250.30
Impeller torque (n-m)
Number_1 12.88 16.20 149.39
Number_2 12.74 16.03 -
Number_3 12.38 15.57 -
Number_4 12.42 15.63 -
Total Impeller 50.42 63.43 149.39
torque (n-m)
Impeller power (w)
Number_1 21.59 33.92 250.30
Number_2 21.35 33.57 -
Number_3 20.75 32.62 -
Number_4 20.82 32.73 -
Total impeller 84.51 132.89 250.30
power (w)
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Goal 1 NAMIIABAHAUTIH
=) A [ o
Sub-Goal 1.1 Aon15:a0nY52ANUDIDINLTIAU I
Y
FIUVOITEUUHADIRLINT
Tav xj=dwlsdadulon j
fvuald joidu 12345 awsiiavesgluny
Y
F2UUNABLALINY spiral, chamber, haft tube, dimple (3
bar), dimple (6 bar) @Na19y vinTisunsuiaen
gUnvpdsdenanlddiadlsaadule mino 1
A Y 1 1w

wazyn ludenlila iy o
t; = target value Yo uhvnoih i
di =andlsawunisdrudinindinuie ves
1T1anef § (Negative Deviation Variable)
df =audsuvunisdruganindivuie veq
whviwed i (Positive Deviation Variable)
o Y
Mruald

i = 1 hvaneneItusIn (Cost) Yo

i = 2 1ThWueNeINY Heating Capacity (KW)

i = 3 1ThnINeINeINY Heating Capacity (Min.)

i = 4 1ThMeneINY Tank Volume (Liter)

i =5 17M18NeINY Heat Up Rate (L/Min

i = 6 1TM318NeINY Production Rate (L/Min)

i =7 1WhManenedIt Steam Mass Flow

Rate (Kg/Hr)
i = 8 1TMINeNBINY Steam Pressure (Bar g)

i = 9 1Whyanenedty Steam Density (Kg/m3)

aumshming (Objective Function)

Minimize Z = ?zl (tl) (dl_ + d:-) @)
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Taeiitou'ly:

890,000x, + 850,000, + 900,000x; + 910,000x,
4950,000x5 + di + dif = 850,000 (8)
81.2x; + 78.2x, + 33.87x; + 35.53x, + 54x5 + d;
+df =76 9)
81.04x, + 84.07x, + 161.09x; + 187.77x,

+100.23x5 + d3 + di =80 (10)
1,200x; + 1,200x, + 1,200x5 + 1,200x,

+1,200x5 + dy + d} = 1,200 (11)
14.27x; + 14.81x, + 7.45x; + 6.49x, + 11.97x,

+ds + df =15 (12)
1.69x; + 1.69x, + 1.47x; + 1.42x, + 1.64x5 + dg

+d} = 1.69 (13)
136.88x; + 131.92x, + 51.85x5 + 53.95x, + 92.36x;
+d; + dy =130 (14)
3x; 4+ 3x, +3x3 +3x, +6x5 +dg + df =3 (15)
2.16x; + 2.16x, + 2.16x3 + 2.16x, + 3.67x5 + dg

+df =25 (16)
X1, %, X3, %4, X5, d7, df, d3, d3, d5,d], dy, df, d5, dE,
dg,dt,d;,df,dg,dE,d5,ds =0 (17)

A =) 3 3
Sub-Goal 1.2 AoN1staentlssnnusnusaau Ty
FIUANTTOTMITNINUVDIDT
Tag xj=dunlsdadulon |
Taa j m1fv 6,7,8,9,10 M0 uaanay spiral,
chamber, haft tube, dimple (3 bar), dimple (6 bar)
o w A v @ 1 YA
auday minTdsunsudengdunuaiaina 19
mdlsdadula midu 1 wazvin ludenlwian
A 0
o Y
Mnualn
i =10 WhvneneIny Steam Volume Flow
rate (m3/Hr)
i = 11 1Thvmnemedfy Velocity Steam Supply
(m/s)
i = 12 1WThvueMeIny Steam Supply Surface
Area (m?)

i =13 WhvineneIny Steam Tube Size
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Standard (Inch)
=14 LﬂTﬁiﬂﬂlIfﬁﬂ’Jf‘ﬁJ Water Density (Kg/m®)
i = 15 ThueReay Water Volume Flow
Rate (m’/Hr)
i = 16 ThueReITy Condensate Outlet
Velocity (m/s)
i = 17 ThueReay Condensate Surface
Area (m?)
=18 LﬂTHMfJ!?;fJ’JﬁJ’U Condensate Tube size
Standard (Inch)
aum31TM318 (Objective Function)
Minimize z = Y18, ( ) di +df) v

TaeTiaen lu:
63.1x + 60.82x, + 23.9% + 24.87x5 + 25.15x,

+di, + di, =60 (19)
18.15x¢ + 17.49x, + 19.25xg + 20.03x4 + 20.26x4,
+dy; + df; =18 (20)
0.000966x4 + 0.00097x, + 0.000345x5 + 0.00035x,
+0.00035x,, + di, + df, = 0.0009 (21)
1.25x¢ + 1.25x, + 0.75xg + 0.75x9 + 0.75x,5 + d 3
+df; =1.25 (22)
920.79x4 + 920.79x, + 920.79xg + 920.79x,
+895.4x,, + di, + df, =920 (23)
0.15x4 + 0.14x, + 0.06xg + 0.06x4 + 0.10x;, + d 5
+dfs =0.14 (24)
0.18x4 + 0.17x; + 0.10xg + 0.11xg + 0.13x1, + di,
+dfs =0.15 (25)
0.000229x4 + 0.00023x, + 0.00015xg + 0.00015x,
+0.00023x;, + di; + di; = 0.00025 (26)
0.5x¢ + 0.5x; + 0.375x5 + 0.375x4 + 0.375x;,

+dg+ dig =05 27)
Xe, X7, Xg, X9, X10, A1, A0, A1y, A1, A1z, Ay, dis, dfs, diy,
dfy, dis, dfs, die, dis, di7, 17, dig, dis 2 0 (28)
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Goal 2 AloM31aenluNIY
oy x;= Fulsdaduled j
Taoan j midy 11,12,13 amkanisdiasanisHanly
Tunauuaazgiuu 18U case 1, case 2 Hag case 3
awday minTsunswdengduvudaanan 1
adusaaaule miny 1 uazvinliidenlnian
MY 0
fMvuali
i = 19 fhnedeaty Speed of Agitator (rpm)
i =20 1 vINeMReITY Turbulent Kinetic
Energy (m’/s’)
i =21 1fnemedty Flow Rate (m’s)
i =22 WhyaneiReIty Shaft Torque (n-m)
i =23 1hneMeaty Total Shaft & Impeller
Power (w)
i=24 LﬂTVimmﬁfJ’JfT‘U Total Impeller Torque

(n-m)

aumshming (Objective Function)
Minimize Z = 1_19( )(d + d+) 29)

Tagtioulu:

16x;; + 16x1, + 20x,5 + dig + diy = (30)
0.0000298x,, + 0.0000302x,, + 0.0000976x,5 + d3,
+ d3, = 0.00003 @31)
0.0406x,; + 0.0508x;, + Mx,5 + d5; + d¥;

=0.04 (32)
50.44x,, + 63.43x,, + 149.39x,; + d3, + d3,

=50 (33)
84.51xy, + 132.84x, + 250.30x5 + d3; + dj;

=90 (34)
50.42x;; + 63.43x;, + 149.39x,; + d3, + di,

=55 (35)

- g+ J- g+ J= g+ J— J+ J-
X11) X12) X13, A10, Ao, d30, d30, d31, d31, d33, d35, d33,

d3s,dz,d3, 20 (36)
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3. NaN13328
WoN MU UTIaeIAM AMIAASYDINTT
Fa
Tsunsudauthvunena 3 ga lilhmsadegluuy
NITUINALRNAY Iﬂt’l%’f} Microsoft excel solver 'lﬁ'wa

yoamsaadulalumsdengluuuimuzauiga

oA

H v ' v
wufe Idnaswvesandouuuminga dell wanis
Aurmvouthvuie@ond sy (Goal 1.1 1ag
Goal 1.2) M3 1sunsuFuihvmsdenglunuds

Chamber NUAUANTAUAAIAINITIIN 4

M3197 4 HANTIABNTALTIAY
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Tagnuirldnmasivvesnnuidioa
(1% 119 (A1 minimize z) 1TV 0.176946 1 Goal
1.1 ag 0.33353 11 Goal 1.2 HaZHAMIAIUINYD
whvwedenluniu (Goal 2) 15 115U UIF
whvanedenluniuuyy Pitched Blade 4 Type (16
rpm) fieglumsiaesgduvumsnaunuyi 1 &
Aaautialuaised s Taswui118amasuves
A g aw w1111 (A1 minimize 2) B

0.423468

M A o
MINN 5 wamimaﬂgﬂuuumwﬁmmﬂumuIﬂﬂ

I5ms Tsunsumathnine

Chamber Type Ae3e | auvdsawy | authwane
@ HH VY Pitched Blade 1939 Audeavy | Audhnune
Cost (Baht) 850,000 0 850,000 4 Type (16 rpm) d’,d) ala
Heating Capacity (KW) 78.2 +0.2 78 Speed of Agitator (rpm) 16 0 16
Heating Capacity (Minute) 84.07 -0.93 85 Turbulent Kinetic Energy 0.0000298 0.0000002 0.000030
Tank Volume (Litre) 1,200 0 1,200 (m’/s%)
Heat Rate Up (L/Min) 14.81 -0.19 15 Flow Rate (m/s) 0.0406 +0.0006 0.04
Production Rate (L/Min) 1.69 0 1.69 Shaft Torque (n-m) 50.44 +0.44 50
Steam Mass Flow Rate 131.92 +1.92 130 Total Shaft & Impeller 84.51 -5.49 90
(Kg/Hr) Power (w)
Steam Pressure (Bar g) 3 0 3 Total Impeller Torque 50.42 -4.58 55
Steam Density (Kg/m’) 2.16 -0.34 2.5 (n-m)
Steam Volume Flow Rate 60.82 +0.82 60
(m*/Hr)
=)
Velocity Steam Supply 17.49 -0.51 18 4‘ ﬁ‘jﬂ!!ag@ﬂﬂ‘j]ﬂwa
a
(m/s)
a0 &g ° a
Steam Supply Surface Area 0.00097 0.00087 0.00010 JI1UIVYU “_] UNITUID I ]_] JUDTUIV
- i szgndl$hunss J
Steam Tube Size Standard 125 o 125 WYY NUTSYNA LY EUNTSUIUNITDDNUD DI
(Inch) o al A al o a al A
WNEUUAZ LUNIU INDFIYIUNITAAT U LAADNNIT
Water Density (Kg/m’) 920.79 +0.79 920 \
= wa
Water Volume Flow o1a 0 014 DONUVVMNNITTUIINM AU TUIA valey
Rate(m*/Hr) ﬂ A A ﬂ
YUY UASaanNITNANUIV IV UINNIUINUIY
Condensate Outlet Velocity 0.17 +0.02 0.15 . .
9 [l
() TagsauoeNga ANEINUBINITOONUDUOGATIN
Condensate Surface Area 0.00023 -0.00002 0.00025 a Y o ' o A ~ Y a a 9
) AUAIAINDNINNNTIN magmmﬂimm uaguaya
- A A ' o a A A dad
Condensate Tube Size 0.50 0 0.50 NNAUA ‘I/'IEﬂﬂ@]’ﬂﬂ'liﬁﬂﬁuiﬂm@ﬂﬁﬂ‘ﬂﬂ‘ﬂq@
Standard (Inch)

a9 ° =
NIITNVDYAIUIUNIN !Lﬁgﬂﬁ']fllﬂ'lﬁil']ﬂ N9




UNANNIREY

I a =t @ a @ o 1
Aulluieamafernunielinnudaudenu wu
Ao < v o =
silnuuAfisinign nevvzlaugudanyue
Yy Y g a1 Ay A Y
woldldua ludmifdoonuuuniognaidesnis
Y o 2 o o 1 [
#3190 1d)szgndainared1anises nuuudINANIDY
lunudmSudwsaunaagl Inanavuia 1,200
a = Y o o A o Y a 9
ans 3aldimstmuatagmimnldlumsnaald
I l =5 a s
Auldedramuizay uandesiiarsaiosnlsznon
A 9 ' U4 ' a s
dudae wuglnsaidsznen Amsimesnee
v v
ATINADVITUINHEN OATINITHAN NIUDIINUY
= ' ° o A Y A
sawdennuendielunmsthzsnuuies: Ididen
C s .
ponuuuliangaminazilullldnieldsinin
9
muzay Tuauisel lalinisisuinndeya
e laun wiiave s sdu ¥u1ADTIY 510
AudnyazaaNuamnsalumsutazmsniem
Y
anuiou auanvauzaunsiuuseaule das
o <3| 9
ms lvanazqudnyauzms navesvounad ifudu
A ' a Y A
panisidennuIldsunsuFuiivuieldiden
gUuuuveslunIuLYY Pitched Blade 4 Type (16
rpm) Noglunssiaosgluvumsnaunuui 1 uag

o % P °
1@0n31uDUHY Chamber @ 3 Bar G Hafidumudn

=

hga asenunmsdaduludenlaedeonuuy uag
v A A a oA & o &
gnd1 uaianfenNuu I lunaaniveans
A a v X v A& ax
wengluuududa it drearmyeiuluisnig
o A Ay 14 o a e Y
Aadeni lanuaudealummizmasin1adiu
TMuaieea1Ren
nnwaveamsdaaulalagldnis Tsunsy
@t ivure wudiaivisetilddeseaunay
S J 4 {1 o A
Uszgnd 1 unsesdonsslumsdadulelaalu
niseenuuumalulagimivizanlussyy

A a do 9 Y
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