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P A T T R A  T A N G S O M B U T V I S I T  : E V A L U A T I N G  D Y N A M I C S  A N D

P L A N T W I D E  C O N T R O L  O F  H Y D R O D E A L K Y L A T I O N  P R O C E S S .  T H E S IS

A D V I S O R  : M O N T R E E  W O N G S R I ,  D . S c .,  1 0 2  p p . I S B N  9 7 4 - 1 7 - 4 3 0 9 - 2 .

W i t h  th e  in c r e a s in g  in te r e s t  in  a n d  th e  n e e d  f o r  p la n t - w id e  d e s ig n  a n d  c o n t r o l ,  i t  is  

d e s i r a b le  t o  d e v e lo p  r ig o r o u s  m o d e ls  f o r  r e a l is t ic  w i t h  r e c y c le  s t r e a m s ,  e n e r g y  in t e g r a t io n  

a n d  n o n - id e a l  s y s te m s ,  a n d  u s e  th e m  f o r  e v a lu a t in g  p la n tw id e  c o n t r o l  s c h e m e s .  In  t h is  

s tu d y ,  a  r ig o r o u s  m o d e l f o r  th e  h y d r o d e a lk y la t io n  o f  to lu e n e  ( H D A )  p r o c e s s  is  d e v e lo p e d  

u s in g  th e  c o m m e r c ia l  s o f tw a r e ,  H Y S Y S .P L A N T .  A  s im u la t io n - b a s e d  m e t h o d o lo g y  f o r  

e v a lu a t in g  th e s e  p h e n o m e n a  a n d  f i n d in g  th e  b e s t c o n t r o l  s t r u c tu r e  is  r e p o r t e d  f r o m  a  

c o n t r o l l a b i l i t y  p o in t  o f  v ie w .  S ta e d y -s ta te  a n d  d y n a m ic  s im u la t io n s  a re  c o m b in e d  w i t h  

c o n t r o l l a b i l i t y  a n a ly s is  t o o ls ,  b o th  s te a d y - s ta te  a n d  in  th e  f r e q u e n c y  d o m a in ,  w h ic h  

e x t r a c t s  m o r e  v a lu e  f r o m  s im u la t io n  th a n  th e  u s u a l s e n s i t i v i t y  s tu d ie s .  T h e  c a s e  o f  H D A  

p ro c e s s ,  T h e  r e fe r e n c e  c o n t r o l  s t r u c tu r e  d e s ig n e d  b y  L u y b e n  ( 1 9 9 8 )  a n d  th e  tw o  c o n t r o l  

s t r u c tu r e s  d e s ig n e d  b y  K ie t a w a r in  ( 2 0 0 2 )  a re  c o n s id e re d .  T h e  s te a d y - s ta te  a n a ly s is  is  

c o n f i r m e d  t h a t  th e  s e c o n d  c o n t r o l  s t r u c tu r e  s h o u ld  b e  c o n t r o l le d .  F o r  u s in g  th e  

c o n t r o l l a b i l i t y  a n a ly s is  i t  a p p e a re d  th a t  th e  p r o b le m s  m a in ly  c o m e  f r o m  th e  in t e r a c t io n  

b e tw e e n  th e  d i f f e r e n t  u n i t s  in  th e  f lo w s h e e t .  C o n t r o l l a b i l i t y  a n a ly s is  d e s c r ib e d  b y  P R G A  

a n d  C L D G .  F o r  P R G A ,  th e  re s p o n s e  o f  th e  c o n t r o l  S t r u c tu r e 2  c a n  g iv e  th e  r e s u l t  in t o  

s a t is f ie d  b o u n d .  T h a t  m e a n s  th e  e f f e c t  o f  c h a n g in g  s e tp o in t  is  le s s  th a n  th e  r e fe r e n c e  

s t r u c t u r e  a n d  th e  f i r s t  o n e .  H o w e v e r ,  f o r  C L D G  g iv e s  th e  r e s u l t  t h a t  th e  r e fe r e n c e  

s t r u c tu r e  a n d  th e  c o n t r o l  s t r u c t u r e l  c a n  r e je c t  th e  d is tu r b a n c e  b e t te r  th a n  th e  s e c o n d  o n e .  

T h e  c o n s id e r e d  d is t u r b a n c e s  a re  th e  te m p e ra tu r e  o f  F F to lu e n e  s t r e a m  a n d  p re s s u re  o f  

F F H 2  s t r e a m .

D e p a r tm e n t .......... C h e m ic a l  E n g in e e r in g . . .  S tu d e n t ’ s s ig n a tu r e .

F ie ld  o f  s t u d y . . .  C h e m ic a l  E n g in e e r in g . . .  A d v i s o r ’ s s ig n a tu r e  

A c a d e m ic  y e a r ..................... 2 0 0 3 ............................

P/a I I t a  J . . .  ! A h a  

1 c

''รุ, ท' b y f  ง \



VI

A C K N O W L E D G E M E N T

T h e  a u t h o r  w o u ld  l i k e  t o  th a n k s  a n d  e x p re s s  h e r  g r a t i t u d e  t o  h e r  a d v is o r ,  D r .  

M o n t r e e  W o n g s r i ,  f o r  h is  s u p e r v is io n ,  a d v ic e ,  d is c u s s io n  a n d  h e lp f u l  s u g g e s t io n s  

t h r o u g h o u t  th e  c o u r s e  o f  t h is  M a s t e r  D e g re e  s tu d y .  F u r t h e rm o r e ,  s h e  is  a ls o  g r a t e fu l  to  

P r o fe s s o r  P iy a s a n  P r a s e r th d a m ,  A s s o c ia te  P ro fe s s o r  P a is a n  K i t t i s u p a k o m ,  a n d  D r .  

S u p o j P a t th a n a s r i  f o r  s e r v in g  as c h a i rm a n  a n d  m e m b e r  o f  th e s is  c o m m it te e s ,  

r e s p e c t iv e ly .

M a n y  t h a n k s  to  p r o c e s s  c o n t r o l  la b o r a t o r y  m e m b e r s ,  f r ie n d s ,  a n d  a l l  th o s e  

w h o  e n c o u r a g e d  h e r  o v e r  th e  y e a rs  o f  h e r  s tu d y .

M o s t  o f  a l l ,  th e  a u t h o r  w o u ld  l i k e  to  e x p re s s  th e  h ig h e s t  g r a t i t u d e  t o  h e r  

p a re n ts ,  a n d  a l l  o f  f a m i l y  f o r  t h e i r  lo v e ,  in s p i r a t io n ,  e n c o u r a g e m e n t  a n d  f in a n c ia l  

s u p p o r t  t h r o u g h o u t  t h is  s tu d y .



CO NTENTS

A B S T R A C T  ( I N  T H A I ) ................................................................................................................................................ i v

A B S T R A C T  ( I N  E N G L I S H ) .......................................................................................................................................V

A C K N O W L E D G E M E N T S ...................................................................................................................................... v i

C O N T E N T ........................................................................................................................................................................... v i i

L I S T  O F  T A B L E S ............................................................................................................................................................... X

L I S T  O F  F I G U R E S ...........................................................................................................................................................x i

N O M E N C L A T U R E .................................................................................................................................................... x i i i

C H A P T E R

I .  I N T R O D U C T I O N .................. .................................................................................................................... 1

1.1 R e s e a rc h  O b je c t iv e s ......................................................................................................................2

1 .2  S c o p e  o f  R e s e a r c h .......................................................................................................................... 2

1 .3  C o n t r i b u t i o n  o f  R e s e a r c h ..........................................................................................................3

1 .4  R e s e a rc h  P r o c e d u r e s .....................................................................................................................3

I I .  L I T E R A T U R E  R E V I E W .................................................................................................................... 4

2 .1  P la n tw id e  C o n t r o l ...........................................................................................................................4

2 .2  H D A  P ro c e s s .....................................................................................................................................7

2 .3 .  P ro c e s s  C o n t r o l l a b i l i t y  A n a l y s i s ................................................................................... 9

I I I .  T H E O R Y ..................................................................................................................................................... 16

3 .1  P la n tw id e  C o n t r o l ........................................................................................................................16

3 .1 .1  I n t r o d u c t i o n ........................................................................................................................ 16

3 .1 .2  G e n e r a l R e v ie w a  a n d  B o o k s  o n  P la n tw id e  C o n t r o l ........................... 18

3 .1 .3  D e c o m p o s i t io n  o f  T h e  P r o b le m ........................................................................ 2 0

3 .1 .3 .1  T h e  U n i t  B a s e d  A p p r o a c h ............................................................... 21

3 .1 .3 .2  H ie r a r c h ic a l  D e c o m p o s i t io n  B a s e d  o n  P ro c e s s

PAGE

Structure 22



vin

CO NTENTS  (C ontinued)

PAGE

C H A P T E R

3 .1 .3 .3  H ie r a r c h ic a l  D e c o m p o s i t io n  B a s e d  o n  C o n t r o l

o b je c t i v e s ....................................................................................................2 3

3 . 1 .3 . 4  H ie r a r c h ic a l  D e c o m p o s i t io n  B a s e d  o n  T im e

S c a le s .............................................................................................................2 4

3 .2  I n t e r a c t io n  A n a ly s is  a n d  M u l t i p l e  S in g le  L o o p  D e s ig n s ............................2 5

3 .2 .1  P r e l im in a r y  C o n s id e r a t io n s  o f  I n t e r a c t io n  A n a ly s is  a n d  L o o p

P a i r i n g ....................................................................................................................................2 5

3 .2 .1 .1  A  M e a s u r e  o f  C o n t r o l  L o o p  I n t e r a c t io n s ..............................2 5

3 .2 .1 .2  L o o p  P a i r in g  o n  T h e  B a s is  o f  I n t e r a c t io n

A n a l y s i s ..........................................................................................................2 9

3 .2 .2  T h e  R e la t i v e  G a in  A r r a y  ( R G A ) ....................................................................... 3 0

3 .2 .2 .1  P r o p e r t ie s  o f  T h e  R G A ....................................................................... 31

3 .2 .2 .2  I n t e r p r e t in g  T h e  R G A  E le m a n t s ..................................................3 2

3 .2 .3  S in g u la r  V a lu e  A n a l y s i s ...........................................................................................3 4

3 .2 .4  C o n d i t i o n  N u m b e r ........................................................................................................ 3 6

3 .2 .5  S c a l i n g ....................................................................................................................................3 8

3 .3 .  D e c e n t r a l iz e d  F e e d b a c k  C o n t r o l ..................................................................................3 9

3 .3 .1  R G A  as I n t e r a c t io n  m e a s u re  f o r  D e c e n t r a l iz e d  C o n t r o l ............... 41

3 .3 .2  P e r f o rm a n c e  o f  D e c a n t r a l iz e d  C o n t r o l  S y s t e m ...................................4 3

3 .3 .3  S u m m a r y :C o n t r o l l a b i l i t y  A n a ly s is  f o r  D e c e n t r a l iz e d

C o n t r o l ..................................................................................................................................4 5

I V .  H Y D R O D E A L K Y L A T I O N  P R O C E S S ............................................................................4 8

4 .1  P ro c e s s  D e s c r i p t i o n ..................................................................................................................4 8

4 .1 .1  M o d e l i n g  H D A  P ro c e s s .......................................................................................... 4 8

4 . 1 .2  S te a d y -S ta te  M o d e l i n g ..............................................................................................5 0



IX

CHAPTER
4.1.3 Dynamic Modeling.................................................................... 52

4.2 Control Objective....................................................................................56
4.3 Steady-State Controllability Analysis................................................... 60

4.3.1 Static Gains.................................................................................. 60
4.3.2 RGA Analysis.............................................................................. 61

4.4 Dynamic Simulation.............................................................................. 64
4.5 Dynamic Controllability Analysis........................................................ 74

4.5.1 RGA Number............................................................................... 74
4.5.2 Diagonal Controller Performance............................................... 80

4.5.2.1 Performance Relative Gain Array, PRGA................. 80
4.5.2.2 Close Loop Disturbance Gain, CLDG ....................... 82

V. CONCLUSIONS AND REC O M M EN D ATIO N S.....................................86
5.1 Conclusion............................................................................................... 86
5.2 Recommendations.................................................................................. 88

REFERENCES..................................................................................................................89

APPENDICES..................................................................................................................93
Appendix A .......................................................................................................... 94
Appendix B .......................................................................................................... 98
Appendix c .........................................................................................................101

C O N T E N T S  ( C o n t in u e d )

PAGE

V I T A 10 2



L I S T  O F  T A B L E S

Table 4.1 Equipment data and specifications...............................................................50
Table 4.2 Column Specifications.................................................................................... 51
Table 4.3 Manipulated and Process variables for reference control structure

of HD A Process..............................................................................................57
Table 4.4 Manipulated and Process variables for control structure 1

of HDA Process..............................................................................................58
Table 4.5 Manipulated and Process variables for control structure 2

o f HDA Process.............................................................................................. 59
Table 4.6 Static gain matrix for reference control structure.........................................60
Table 4.7 Static gain matrix for alternative control structure 1.................................... 61
Table 4.8 Static gain matrix for alternative control structure 2 .................................... 61
Table 4.9 Steady-state RGA for reference control structure........................................ 62
Table 4.10 Steady-state RGA for alternative control structure 1.................................63
Table 4.11 Steady-state RGA for alternative control structure 2................................. 63

PAGE



L I S T  O F  F I G U R E S

Figure 3.1 L o o p  I n te r a c t io n s  f o r  A  2  X 2  S y s t e m .....................................................................................2 6

Figure 3.2 D e c e n t r a l iz e d  D ia g o n a l  C o n t r o l  o f  A  2  X 2  P la n t .......................................................... 3 9

Figure 4.1 H D A  p r o c e s s ..............................................................................................................................................4 9

Figure 4.2 F lo w s h e e t  o f  s im u la t e d  H D A  p ro c e s s  b y  H Y S Y S . P L A N T ................................5 2

Figure 4.3 F lo w s h e e t  o f  s im u la t e d  HDA p ro c e s s  a t d y n a m ic s  m o d e  a n d  a d d in g

c o n t r o l l e r ...................................................................................................................................................... 5 4

Figure 4.4 R e s p o n s e s  o f  p r o c e s s  v a r ia b le  t o  a s te p  c h a n g e  in  R e a c t o r  I n le t  T e m p .

f r o m  1 1 5 0  t o  1 1 51  ° F ............................................................................. ...........................................5 5

Figure 4.5 F lo w s h e e t  o f  th e  H D A  p ro c e s s  w i t h  th e  7 x 7  r e fe r e n c e  c o n t r o l

s t r u c t u r e ...................... ................................................................................................................................. 5 7

Figure 4 .6  F lo w s h e e t  o f  th e  H D A  p ro c e s s  w i t h  th e  7 x 7  c o n t r o l  s t r u c t u r e l ................ 5 8

Figure 4.7 F lo w s h e e t  o f  th e  H D A  p ro c e s s  w i t h  th e  7 x 7  c o n t r o l  S t r u c t u r e 2 ................ 5 9

Figure 4.8 a) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F F H2. f o r  r e fe r e n c e  c o n t r o l  s t r u c t u r e ....................................................................6 4

Figure 4.8 b) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F F H2. f o r  a l t e r n a t iv e  c o n t r o l  s t r u c tu r e  1 ............................................................ 6 5

Figure 4.8 c) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F F h2 . f o r  a l t e r n a t iv e  c o n t r o l  s t r u c tu r e  2 ............................................................ 6 5

Figure 4.9 a) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a s te p  c h a n g e  in

f l o w  o f  F F t0|. f o r  r e fe r e n c e  c o n t r o l  s t r u c t u r e ..................................................................... 6 6

Figure 4.9 b) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F F to i. f o r  a l t e r n a t iv e  c o n t r o l  s t r u c tu r e  1 ............................................................ 6 6

Figure 4.9 c) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F F to i. f o r  a l t e r n a t iv e  c o n t r o l  s t r u c tu r e  2 ..............................................................6 7

Figure 4.10 a) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F q u e n c h .  f o r  r e fe r e n c e  c o n t r o l  s t r u c t u r e .............................................................6 8

Figure 4.10 b) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F q u e n c h .  f o r  a l t e r n a t iv e  c o n t r o l  s t r u c t u r e  1 .................................................... 6 8

Figure 4.10 c) D y n a m ic  re s p o n s e  o f  th e  c o n t r o l le d  v a r ia b le s  a f t e r  a  s te p  c h a n g e  in

f l o w  o f  F q u e n c h .  f o r  a l t e r n a t iv e  c o n t r o l  s t r u c tu r e  2 .....................................................6 9

PAGE



Xll

Figure 4.11 a) Dynamic response of the controlled variables after a step change in
duty o f cooling 1 for reference control structure.....................................70

Figure 4.11 b) Dynamic response o f the controlled variables after a step change in
duty o f cooling 1 for alternative control structure 1................................ 70

Figure 4.11 c) Dynamic response of the controlled variables after a step change in
duty o f coolingl for alternative control structure 2, b)........................... 71

Figure 4.12 a) Dynamic response o f the controlled variables after a step change in
flow o f purge stream for reference control structure............................. 72

Figure 4.12 b) Dynamic response o f the controlled variables after a step change in
flow o f purge stream for alternative control structure 1......................... 72

Figure 4.12 c) Dynamic response o f the controlled variables after a step change in
flow o f purge stream for alternative control structure 2......................... 73

Figure 4.13 RGA number versus frequency for reference control structure...............75
Figure 4.14 RGA number versus frequency for alternative control structurel.......... 75
Figure 4.15 RGA number versus frequency for alternative control structure 2..........76
Figure 4.16 RGA number of FFn2-Sep.Press, loop of three control structures.......... 76
Figure 4.17 RGA number of F,0,.,0!-F,ot-toi for reference control structures and FF,0|-

F,ot-ioi- loop o f two alternative control structures..................................... 77
Figure 4.18 RGA number of Qfuei-Treactor-iniet loop of three control structures........... 77
Figure 4.19 RGA number of Fquench-Thot-in- loop for reference control

structures and alternative control structures 1, Qcooiing2-Thoi-in loop
for alternative control Structure2............................................................... 78

Figure 4.20 RGA number of Qcooling-Sep.Temp. loop o f three control structures...78 
Figure 4.21 RGA number of Fnio-coiumn-Sep.Level, loop of three control structures...79 
Figure 4.22 RGA number of Fpurge-Methane in recycle gas. loop o f three control

structures.....................................................................................................79

L I S T  O F  F I G U R E S  ( C o n t in u e )

PAGE

Figure 4.23 Performance relative gain array elements for the effect o f a reference
change on the outputs for reference control structure............................. 81



Xlll

Figure 4.24 P e r fo rm a n c e  r e la t iv e  g a in  a r r a y  e le m e n ts  f o r  th e  e f f e c t  o f  a  r e fe r e n c e

c h a n g e  o n  th e  o u tp u ts  f o r  a l t e r n a t iv e  c o n t r o l  s t r u c t u r e  1.....................................81

Figure 4.25 P e r fo rm a n c e  r e la t iv e  g a in  a r r a y  e le m e n ts  f o r  th e  e f f e c t  o f  a  r e fe r e n c e

c h a n g e  o n  th e  o u tp u ts  f o r  a l t e r n a t iv e  c o n t r o l  S t r u c tu r e 2 .....................................8 2

Figure 4.26 C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  p r e s s u re  d is t u r b a n c e  P f f h 2 o n

o u t p u t  o f  r e fe r e n c e  c o n t r o l  s tu c t u r e ......................................................................................8 3

Figure 4.27 C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  p r e s s u re  d is t u r b a n c e  P f f h 2 o n

o u tp u t  o f  a l t e r n a t iv e  c o n t r o l  s tu c tu r e  1 ................................................................................8 3

Figure 4 .2 8  C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  p r e s s u re  d is t u r b a n c e  P f f h 2 o n

o u tp u t  o f  a l t e r n a t iv e  c o n t r o l  S tu c tu r e 2 ................................................................................8 4

Figure 4 .2 9  C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  te m p e r a tu r e  d is t u r b a n c e  TpFtoiuene

o n  o u t p u t  o f  r e fe r e n c e  c o n t r o l  s tu c tu r e .............................................................................. 8 4

Figure 4 .3 0  C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  te m p e r a tu r e  d is t u r b a n c e  TFFtoluene

o n  o u t p u t  o f  a l t e r n a t iv e  c o n t r o l  s tu c tu r e  1 ........................................................................ 8 5

Figure 4.31 C lo s e - lo o p  d is t u r b a n c e  g a in s  f o r  th e  te m p e r a tu r e  d is t u r b a n c e  TFFtoluene

o n  o u t p u t  o f  a l t e r n a t iv e  c o n t r o l  S tu c tu r e 2 .......................................................................8 5

L I S T  O F  F I G U R E S  ( C o n t in u e )

PAGE


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


