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s 210( B)

AP,

(8)

AL = 27R fA4(for 90 bend) o
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AP gpena— O P z(totallength)y X AL, (10)

-1.15
Kn

(11)

AP g(Solid) =

D
AP (gas)= AP (totallength X 40 X D) (12)

Sototal AP = AP g(Solid)+ AP g(gas) (13)

R AL C relar
71N A7) TP @RR wAE, TUs 233 o), 2% gelmelel H7ol
(6) wAlolFA=E ] ohe &4 AlEeolA

e A do] mE Aol AT ] AlE e o]

goz slo], dolxEiele] AW Input ol WE oY &
71Hko 2= MATLAB/SimulinkE F3] AlEZo]AE AAS 3T
ok

H

2

2
EE, £ 3e ¥ 3ge] A4 oo me @Al el

a2 A go]lZake] AL Inlet ¢
Hol whet Y AL Case W2 F344 mayL n NEdel e AN en, A input AHEE

H
Table 13} Zt}.

F 1
Table 1 Basic Specification of bulk transfer svstem
Contents Value
Supply pressure 3.8bar
Tempurture 0°C
Air Density L17kg/m
Material Density 2400kg/m3
(Apparent Specific Gravity) (Barite)
Diameter of pipe 0.13m
Total horizontal length of pipe 1275m
Total vertical length of pipe 26.2m
Radian of bending nipe o0°, 457
Radius of bending pipe (fom
Total length of pipe 161.6m
T 45 B dyel HA oo mE AlEHeld REE &8st EA|o]FA| el x| uto] =kl (Pipe line)oll
g ke £ Ang vehdr,
% 404 H= mpel o] Air booster®] ¥ wjA|slaL AlEHE oS AR o =] (Compressor) ol A
FF3ke Input pressure’b 3.8bar= A|Ztste] 2 FolZ F3ro| A FAT] A, T olF £ P F7HE
FRo|A v ZFA ZFAE o] 1.14bar £24o] WSt AH o2 2. 66bar? Outlet pressure’} YER}E=
Ag BAT & U
o9} o], B ol AA] oo wlE EFo]HA| A8 (Bulk transfer system)olA FA7F HE= o 43S o
sh= sholxetel (Pipeline) ] 9hd &4 A%ol Wl 784 g 0 AFeolde oA @ AlEeeld 2
7 3 AlddelHee vl A5S T ¢ de 5] Advk
Lok, = 55 x|, B ol gE AA] dois v EA oA ~H (Bulk transfer system)ol &= <+
&4 dgon AW B v % 3

o
>
d
=X
ol
x
0%
N
Shd
M
o
ofx
>
>
i)
=)
=,
~
—
=
fobl
=]
17
Z
@
=
»
<
1%
@
@
g
Lo,
—
i)
b
i
o
fz
o
ol
ol
N
Ho
)
x
[
O
_1
=

of o] -2
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El(Air Booster)7} FAld2 AXHH, 7] oo
e EAS FHase, oo 2Ee HXx et 1H4

F2HE B3 &8 &4o] As 44 mo|x Fite] gk
4 =
Global Optimization Toolbox& &3 FHA dud|&S A&

2 FA3}3Er] YA E= MATLAB/Simulink 2019b /
3 =
S0 w1 W % 6 Fzde], B \:ﬂ—tﬂ_q AN Ao A= A7) BEA o)A A~ (Bulk transfer system)® <

A= o] EA A2 GAS zh=

[
et
=
=

[aN
o

(e}

=]

=%
S

2
w

<

w

<4
a@

i
1o
[Sult
e,
o,
S
>
i
&
)
[
o
4
o
ofr
o
rlr

T 6% FxoH, & gl AA] oo mE o]FEFA| 2B (Mud Control System), 7] A o]5A 28 (Bulk
transfer system)® Fbell AAHo] AX =™, EAo|FA A olFH EAE *17\]%3_(Surge tank)oll H
et oA Xy 2355 (Mud mixing hopper) 5& AX HFHo 2 oA 483 (Mud Storage tank)9} o]
HNE]H R I (Mud active tank) = MEMud)7F dE=™, A7) ddd #WE=s wwkr](Agitator)ol Al gk E 7]
=4 S e

714 7] o] EFAI~E (Mud Control System)2] o](Mud)i=, sl AlFol A& = AAAde] gl =
Ay FAODrilling fluid)ol®, ZAAAA Y GAS AAS AL AFEe] FES Aojshs 5o B2 o
s Y

gk, o] Al oo mE o] FE A ~H(Mud control system)©] REEE thEa At

o] %

T T3S A E A olFERALEY FACdA B vket Zo], 94 #ABulkE AT H EFE]
3 (1) X8 (Surge tank) ek o] (Mud) S wHE7] 93 (2)o] A8 A (Mud storage tank), ol &£ A
WS 9g ()W A (Agitation tank)ol ek REPS Fagivt. 28l 4 AR &E& Ao
gk () AP EWMH (Gate Valve)9t (B AEHZ(Jet Pump)ol] tieh el SGA] dasiu),

)

FE 3 (Bulk storage tank)o|™, EA(Bulk)®] A$ mAo|== 31

s
o]
PEIE A2UE BEF NG mass Rolvl, B4 &

ofx
=2
x

F ATehs dl 29E Folok smz, T A% 93w Ay FA BAle Folw 4 (14)%}

29 Qg FAsE e ddel 7F ANe H4s 92 gEe AP FAsE solrh. Bael
i £F wE Fe ASHo Zgsbsa.

N
o
"
&
[
o%,
1
1o,
.{
2
N
AN
ot
=
19)
e
@
=
@
=
(@]
@
o
=]
)
oy
5
=3
o
=
w
o)
=
w
o
T
to
2
s
=
jincs
-
:10
é
I
&,
ol
ol
a2
ﬂl_u
0_1_4
]

(s)*i[Kmsrgf(s) mw(s) m ()]
18)
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T4 TFAA ditH o R ALEEE E UE AAL A Al2RGA B2 B wjdy) 2 oldZROE A
o] AMgelH] =T, BAe e uAE z2tE= B2 9 B (Blow tank) £ Y B (Transfer tank)E o]
ZEl U2 83 dolZels B3 TAE o3ty H8l stdE 4 .
webaA] B4 (Bulk) 9 2e A9 E4d4%](Balance of solids): olefj¢} Zo] Td=E 4 Qr}.

dm;

dr -

B, 4% 2AAE B 29 592 ASHow S45W oF A5 ot go] 44T & 9

msw_ref_ L (20)

wd, gAY Fe fe AXe A% F3 488 ghel weh t2s] Wi of @y 4Y =3
$3hW ofelsh 2ol E719h,

o
>
>

mxm:O!'mJJrBPTank (21)

EG, Pae] e ofdsh ge ma Alojo] s o A

fol
o
=
r
i)
4
%0,
i)

mpref_ mpo:) (22)

1 b b
ms(s):m[ms(O)-BK( mmref(s)_ msm(s))] (24)

o714 s BEEks WE ¥7]Y9S YeERdT
(2) o)A (Mud storage tank) Z@#

A7) o)A B (Mud storage tank):, ©|F(mud) AA|7F AAoj=z M A48T (Liquid storage tank)®]
A T Bde Ao nELAHAY QAN ER o|Fox R BEHFAAL A BES WA u}

]
g 42z TP Huo od 9AsA FAETL 7R
— (!

=, AlZke] me %aﬂ%k% TR Nz e fzae TP g g ag g wge g5

d
E(pV):q,-p-qop
(25)

asd, PoA ol m amg A 9ysoe 42602 Bdol s,

d
AE(ph):q,-p-qop
(26)
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O

ARtz A= 2 (28) ez F3o] 7Hssitt.

(28)
wb Aestd A (29)0 7 AT £ g},

PR
. T qGi~qs
it (29)

(3) nwre g (Agitation tank) ZE®

Fzae) e WELD g g e A9 )

Algrel e & AU AY

d
dr

w3, NEews 0% su Azt wE §9 oux %S

Cow (10 quane Haar duAage 2, A Be oyxgel s

i
2 ®do] AFsait. webd oluA FAAE thev) 2ol Fojxin,

rir

d
dr {CpPV(T'To)} =C,w i(Ti'To)'CpW(T'T0)+Q (31)

A4, 471 e aa Lo magne 9 49 gug oA 2a

{CPPV(T T}y=C(T- To) (PV) CpPV (T Ty) (32)
32
o2 xdo] Jhssit. o7)A, A(32)S o]&3tH
d dr
E{CppV(T-TO)}:CP(T-TO)(wj-w)JGCpV? (5
o= A BET 4tk A9l BAs 4 (33) 2

dr
Cppl——

dr :pr i(Ti_TO)_CPW(T_T0)+Q_CP(T_T0)(W ,-‘W)

=Cw (T-T1+Q

o2 %8 fu. AGHeE AR s beEl
w X}l 93] HAHFE o] &3t I
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dr
C PV

dr O AT 3= T Xw mw  )HC ow (T =T )

_pr ix(T_ Ts)+(Q_Qs) (35)

oz wdol Absala, AolA ol i sk AAAEE Jrldd. BAUFE o gaw

C pV— 2C (T ~Tow,+Cow, T/-C w, T+Q'
(36)

1 & 2
WV ZCmO
Col’= -
c (37)
o714, € = =% (Concentration). = 5= (Mean Concentration)©]Th.
satre (1-ColD) 1006 o gygu. agua CoVge o2 56 0.1 9% 322 Yehyz, 0.01

2 99%°] £ EE eI

T3, = 28 Fxele, B dwol A deME Ar] A o]sA 4~ (Bulk Transfer System)¥} o]4EFA| A~
El(Mud Control System)e] F3Alo] A& o]AHS ¢ HILS(Hardware In the Loop Simulation) 7]‘&94 nas
TE53e A3 GAE ZeT.

B2 odbgo]l AA] oo whE 437] HILS(Hardware In the Loop Simulation) 7]Wke
o719 Aoz el 1/09F HIL Simulator 1/0 7+e] AoALS 93 A o]~
Ao1715 o] g3sle] HILS ZH o] 2"},

AR
AnS

kA B 78 FeE, B dyol HA] Ao EAlo]FA~E o] EA A B3 HILS REI AlE
Ho]Xd AxE 7|¥ke & National Instrument PXI, PLC Z8]a PC SimulatorE ¢%3dle] ofdz1 9 txd
NEE E3F 7124 dolg $A HAEES 93l A|2E op7|¥x)E A%t}

2 ko] AA] oo wE 7] EAO|FAILTY o|FEFA A FEAlo] AlEH IS $le HILS(Hardware
In the Loop Simulation) 7]¥ke] =¥l F1%S& 3l ©]f+, SILO Tank, Surge Tank, Pressure Sensor, “On” /
“Off” Valve, Purge Valve B2 % A% AZFo FHE Fil HAEE AATGo2H . “Bulk to Bulk”
°]%, Bulk to Surge °©|F AlUHLE F3 EAO|EAI VT o]FEIA| Y] FHIE9 HILS d5 A5 +
go] 7}sslrt.

Teh, & 8% FxotH, & Uy HA de wE FAo|FA LM o]FEFA| TS HILS Platforme, A%

Edel(S/W)ek st=glol (H/W) 84 vpo] €.

<, MATLAB/SimulinkE ARE3F EAo|SA| ~H 3} 0]—’.‘—€§}/\le E'_*E‘% HIL simulatore] ®Ai3}aL
Input/Output H°oJHE2 &4l Q| 2E AX Ao7|e} FAeESE FAHAEY. B T4 AJ&Edold Ed9
AANZE 8L 9al 4= National Instrument®] LabVIEWS} VeriStand= /\}063_, Ao it Al=EQ1 A 0]

SA| 23 o]fEIAIAE 7k EAS 9ela]:= OPC UA(Open Platform Communications Unified
Architecture) 7|WFo.2 S&3}SIT}.

wdlk lego] 84E AWlA PLC ASS 98 NI PXle-81352. 2 F33&ta, o]ty (Ethernet) £41S ¥3H3H
ofd2a 4% P gAY 259 G Salo] FhsstEE 1/0 QIE el A28 FA5HAT.
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a8a E 95 x|, B el AA] oolME Veristand 20155 ©]-&3le] FA3F HIL Simulator UI(User
Interface)E YeElH | UIE B4 o]% A 2~®9 Tank level ¥} Pressures <18 4+ Q2 A9 0H, F

THOR o]FEFA2HY o] FX(Density)E FAT F AEF FAEAT.

npxgto g = 13 = 9 2 & 108 Fxshe, B dygeol A ddAE Al A3 d@Ae FEdE
HILS(Hardware In the Loop Simulation) R&& 7]wto g A7] o]&EShA| A8 (Mud Control System)®] HAE
Alygl e wE HILS AS5S st A4 dAE 2=

.
o) HaE AvE el wE LS A% PEe ged 2

[>

A7) 2= HILS REe slmoz Aby] o]FEEHA
o},
WA Ao]7]<el PLC(Programmable Logic Controller)el]l ©A4%¥ o9 HMI(Human Machine Interface)E %3}
|FEFAIAE ] Aoz E AR

[}

2, 7] AAE AJAlEE PLCE AA Ethernet BA41S ©]83te] PXIS AA HIL Simulatorell $1& NI
OPC Sever® HYHT},

w3, A7) Agre Ao] A5 E upgo ® HIL Simulatord] ZF Rdo] FEEth,
aga 7] FEE BaEe] 5 AE A Ethernet BAICE PXIE A# PLCE #g¥),

& PUES AAP QolE Aeirlel 45 AE, 4F, 3
FYs7) olele NF 20e ANE WE FAo] Abssth. BAIEA 2N o5 E

A 2~E] A F O] 23 Table 20 UERAAT.

2
Q9
N
N
B
{12
24
[«0
ol
(1t
)
2

X2

Table 2 Bulle transter system & mud mixing systenm component spec

Component Spec

- - 1
Bulk Tank-1 (P Tank) (e i s

. & F]
Bulk Tank-2 (Transfer Tark) Bigifiii ) gg;t

Capacity @ 7T

Surge Tank Quantity © lset

Dry material capacity - 211.68m/h
Tt jpump Liquid flow capacity @ 493.92m'/h
Capacity @ 58.8m’

Quantity © Zset

Mud active tank

OnfOff Valve DC 24V pate valve
Pressure Sensor 4 ~ 20mA Analog Pressure Sensor
Density Sensor 4 ~ 20mA Analog Density Sensor
lotor 380V 5.5kw Notor

wek, B owkwe] AA] oo wE Ao}r]et HIL SimulatordlA] o]€¥E Al /0= 237|Z Table 3 ¢l
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[0168]

[0170]

[0171]

[0173]

s==4

¥ 3

Table 3 Siganl components of mud control system and HIL simulator

10-2357504

No. Component Type Unit
1 Inlet pressure Numerical Value bar
2 Outlet Pressure Numerical VYalue bar
3 P-tank Inlet wvalve True/False on/off
4 P—tank outlet valve True/False on/off
5 Surge-tank Inlet valve True/False on/oftf
5 Surge—tank outlet valwve True/False on/off
T Water tank inlet valve True/False on/off
8 Water tank outlet wvalve True/False on/off
] Sub tank inlet valve True/False on/off
10 Sub tank outlet valve True/False on/oftf
¥ Jet Punp inflow 1 Numerical Value ke/s
12 Jet Punp inflow 2 Mumerical Value ke/s
13 Jet Pump outflow Numerical Value ke/s
14 P-tank wolums Numerical Value o
ih Surge tank wvolume Mumerical Yalue n°
16 Water tank volume Numerical Value o
17 Active tank volume Numerical Value o’
18 Sub tank volume Nunerical Yalue n°
19 Moter speed Numerical Value ropm
20 Power Coeifficient Numerical Value =
21 Flow Coeifficient Nunmerical Yalue =
b Mud Density Numerical Yalue kg/ma
23 Emergency stop True/False on/off

FEg A28 (Mud Control System)@] HIL B]ZEZS 93] 11714
/\E

AU 2= Table 4 o] YERIQIT.
7% 4

Table 4 HIL test scenario of bulk transfer system & mud mixing svstem

o Atel e

HIL Test gcenario

=
o

Pressure loss check during conveving bulk

Mud density, mixing time check by motor RPM

futo off signal check after conveying bulk to P-tank

futo off signal check after conveving bulk to surge tank

Auto off signal check after conveying bulk to active tank

futo off signal check after conveying water to active tank

Entering valve off signal during conveving hbulk to P-tank

Entering valve off signal during conveving bulk to surge tank

O o) =3 O O f= | DO DD —

Entering valve off signal during conveying bulk to active tank

Entering valve off signal during conveving water to active tank

—] —
=IO

Check sub tank module operation at emergency stop

9 Case 3, 4, 55 A3 Y x]9] 9= Normal conditionol A2l o] &3 Alx~Ele] AnlkA ]

AeIet. AT AW, Case 18 24 o1 A F8 £4% tehlL, Case 291 2T

291 SlE|n. o] wuby] R RPMe] ohE =

9] gLk W= BASo] YA Zo 2+ BIe HAT

o] Boltl. Case 6, 7, 8, 99 #A$ EA¢}

o] wke-S seldt}t, Case 119 Z-¢ HlA
ab

HAE Avged e 23E T

AR WE 0ff AT E
H =

le 5 o YeERHATE
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s=s5

# 5
Test case
Normal operation
Normal operation
Normal operation
MNormal operation
Normal operation
Normal operation
Normal operation
Normal operation

Mixing time increase at 30RPM, Mixing time increase at J0CRPM, Mormal operation
Sub tank module not working at emergency stop

Table 5 Result of test cases for bulk transfer svstem & mud mixing system

No
11

[0174]

F Ar}. Case 299 AL HIL

e

¢ HIL H2E AlYgle 1~11

simulator®] RPM

[0176]

of whet Alo}z]e] wyky] REf o] RPMO]

3

=

=

o] A% Itt. Case 3, 4, 5, 69

7} Off2 wp¥ L

z

ax

739~ HMIell hE}

KN
=

off= =

o

Zzke] WAz of
olol we} Ao}l

2~
<5

4], Case 119 7% HIL simulatorelA

Z}
A

Case 1104 oAt
o] Aol 7] o] HMINA

==
3

o

a

]
A=

]

, HIL HIZ2E Avg

)

H-9r

ol HIL HXAEE o]

1 4A BES
°| 7k

TC

[0177]
[0178]

F7h g glo] 53

&5 O
B AYe

s

junt

o

5

o

bl e 7] A

S

] P-Tank, Surge Tank, Active tank, Water tank, Gate valve, Agitator motor %

°

E
=

[0179]

g]

7A
o

D3
H

o] =3%tel HILS =9-& Veristand

2~ El
—w

]

e
FEFA

[e}

I HlE glol

27

o=

=0

el

o] HILS A&
2015ver. 2.2 +3

€l
™

[0180]

[0181]

Algdolds 43

m
=

13

s

tA|2®lo] F3F HILS

©

=

HILS

=

.

he] el ut

2E X

&k Aoj~]e) A

S

Z|Hko. 2 |
o)A 2Bl 3} o] =& ghA| 28 o] HILS 74

oS
==
BTt 8ol

stglom, olo] uteh FA|olEA 28} o] 4

[e)

[0182]

0
odl
Tk

g

o~
T4

ki3

Oo]:

olA wolubA ek Wgleln o

Zolt. wpehs B o] JhAlE AA] oE

fs13
=

L

7Fs

o)

te, st
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k1
N2

F1

g

SE=S0d 10-2357504

100

SH 0l SAIAR(Bulk transfer system)OllAl SXI2F &= 2t afal2 ol
0l ekl (Pipeline)e] et &A1 M Z0f| CHSE 4=5Ha! @Azl ol Al S0l
5= M CHA|

N ;J'; 200
A7 20| BAARY AAE = 0| FZYHMN AH(Mud control system)2] 2A |/~
{42 B2 0l A= 0lAE sdol= M2 S
. - J’ = = o o = 300
A7 2AMOIEAAEY O|+EZAAYY MO A=doHdE et
HILS(Hardware In the Loop Simulation) 2|8te] DA S x=gl= HI3 EH|
— = — 400
47| & HLS 2d S J|802 5101 47| 0l +ZHA A HAE AlLRI2 |~
O 2 HLS A5 & sdol= M4 B
=82
'
AP,
AP; Surge tank

AP

/\
——st N AP,
AP,
AP,
AP = AP, + APy + AP, + AP; + AP,

Horizontal and bending section

Vertical section S A5

Length
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——Simulation model
—e— Experimental data

il | [eed .| |0t
- o e ﬁ_.a @

qHER ganl |l o
IS | (R | B |l
I ) I g WF
..__..fﬂ.., . 558 bt o

EUNIE

[ 117

~ rﬂwsﬁs_

o

100 120 140 160
— 19 —

Length{m]}

20

24
2.2

26
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Optimization for Pressure loss
using Genetic Algorithm

P-tank Surge tank

& Air booster .

EH6

| Bulk Transfer System >—1
AR |

L

ottt L e Mud Treatment System

Surge tank i -

Mud Adlr tank Mud Storage tank

Agitator

oppe

-- ---[ Mud Treatment System_>
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PC Simulator

Digital, Analog Digital, Analog

Real time simulation

MATLAB/Simulink
NI VenStand
NI OPC Server

PC Operator
(HIL Simulator)

1t 1

+ 44

IR}

1

ﬂ- L] IIO.."'D.
1/0 Interface
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o T
R
u
T
{ Model Controller T - | oE
i e Pressure Indicator
i = i : o= ‘I Yuarge Lank lrerd - (= A
! (I i ppe—
e B i
-~ i P
| [} "
: :
: s | P
o ]
(O :
! i
i Pl ! L
- =
i : Wl Acthew Tark - Wik fracticey -
i o g P i
- -
i
I Py vl [ ] [—— par———
fain ° - ~h
| Surge in vabve ] .
| Suwgeoutvahe @ = s
| Wi vl @ 3 1
| W um v & | |
A i valve L ] ! " i
I Motor Sooed RPN
1 AW v : L i 0] :
i ' k i
et eee g o ; !
Tank, Valve H|0{ Q& . Molor Fowes :
! ]
! i
! |
! i
. < -
EHI0
Sorse Tusk v - Concemian =
S
Al i X
-

Surpe In vishve
Surgeoubvaive
W N vahe

W out vaive

A In valve

AN valve

Emargentcy

_—

—
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