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ABSTRACT

This thesis presents the improving venting time of retort process in food canning
manufacturing. In order to minimize the energy costs, the optimal steam flow is applied to control
the desired temperature of retort process. The proposed control technique is based on the look-up
table in combination with the PID control. At the beginning of venting period, the appropriate
opening position of steam control valve is obtained from the look-up table technique. If the
temperature of the retort process nearly achieves the target, the steam control valve is then
controlled using the PID technique. The performances of the proposed control technique were
observed using three canned food plants as the illustrative examples. The experimental results are

given to support the saving in energy costs without quality and standard detriments of the retort

process.
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max min |
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Tuwriuszuy
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Q,\: = 'E"(Tl = Tz) 2.9)
ﬁ?ﬂ x=L
Qx =h, A(T, _TmZ) (2.10)
A9
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X))/ o AA (2.11)
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2 02 T th x (2.13)
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] (2.16)

Tavfi R__ Sunhanudmmuaemsmanuiou finiwiu kw
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(2.20)

4 4 < 4 - & v &
QFeu'lyveulai 1 (BC 1): T="T,, % r=r,, Qou lvvouiuai 2 (BC 2) : T= T, N r=r, AU

T, =CInn+C,

Lpselomlitint O

) Tsl '“Tsz
2 ‘ln(r,/rz)

T = T\'l—'TsZ 1117'+T;2— xl—TvZ 11'1?‘2
In(r, /1,) n( /r,)
reta=log, 1 @,

ln(rl /rz) o
S5 1MSIIAMNNSDURIUMITINTINTZUBN

0 = ~prie= -k(sz)d—T
dr

dr

0, =—k(2ml) =12 (1]

ln(r, /rz) r

(L-Ty) @ -Ty)
In(r,/r)/22Lk R

Qr=

cond

Tau@ R Apanudiumiumahanudousumimsinszuen indniiu K/w

cond

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)
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_In(r /1) (2.30)
cond Z?TLk

o a
2.2 NYEYPNUINVITVUAIVYY
o s wa 3 o 3 = =t = J 1 1
aanuguen IuianldlussvuniuguezsimihnySoumsumeainnuuanais (A1
ANUANIAINADY) TTNINAIVBAUDIANAITIVOITTUUAUAIUDIBUNAD1IB (A1NdBINTS)
o Y @ J 4 A o Yy & ISP o
vinduszadedygrunruguinieisg li ldmanuaaiandeulinanassuiugud
' 14
nselianioviiqa dnymuzvsamsadudyyruniuguuesdiniuguea luliatiszisonil A

]
ey

N15A2URY (Control  action) THAIUTIZNA1IDINITAIUAUUUVEA TuTAR 1dAny1 Ty

= Y d dy by 1
Inoriinusauil ldun

2.2.1 MINTUAUEAIUNAUUAILY

Fannusa Tudaildlunugammnssuannsaswunoon lmudnumzvoenson
msmm]nﬁaﬁ
i ﬁ'aﬂfmﬂmmnﬁmﬁmmh (Two-position) NS0 on-off
2. A7ATVANIVY Proportional
3. AINANUVY Integral

ﬁ"amnﬂmmu Proportional + Integral M3oUVY PI

“ oo

AINIVAUIUY Proportion + Derivative H3BULL PD

6. ﬁamuammn Proportion + Integral + Derivative W3oLLY PID

2.2.1.1 MIAINRNUVUABIAHHINIBUUY on-off
. o v ]
Tuszuuaanguuuyaesdwnuaiy Aanszieg i ludunianasniiiseaes
b4 ¥ .
Ay Tuu1ensateii¥eisundieg 11 on 10Y off AIATUANUVUADIAUNUINGD

b4 L
WUV on-off Hvzilumsniunuuundeg iagsia liuwe dniudetiouldiuediandneuaadu

NUAIVANNNYATINNTTY

g u

o o L4 o 4
ﬂ‘]ﬂLIﬂ17#?!'@@‘]3“8‘]ﬂﬂ.ﬂﬂﬂQﬁﬂﬂ?Uﬂﬂlﬂu m(t) HASTUYIUATINIINAD AN ﬁﬂm“ﬂu

o o

¥ . b
e(t) At lumsaruguuuudssf iy dyana m() selimegiiuamgagatasafiga

' o 1

' e,a' J Y A a “ﬂ | ﬂ oA
miniu Tagszyuegdundygramanuamamniouinuiuuinniouamive

m(t)= M, §m3V () >0
(2.31)

m(t)= M, d s e® <0
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Tavh M, uag M, iflusinadi
Ll ci

] ¥ '
mntesiiga M, wWuTavin hsziianiluguansofinumiiy -M, daruguiuudes

¥ ]
gumiaiida Injezidlugunsel I #flon9iuunn 18un Solenoid valve u T

2.2.1.2 AINIVRNUVY Proportional
o [ ictaa o : o o o ' o
FMTUAINIVANNALATYINIIAIVAUUVY Proportion WU ANUFUWUTTEH TN

AN (DIANAVBININIVAN) m(t) AU TYYIUAINMUANIAADDU e(t) AD

m(t)= K ,e(t) (2.32)
ED)
M(s)
K .
6% (2.33)

Tauii K, 9304 1umenves Proportional sensitivity 130 Gain

FIAUANLUY Proportional Ssdpaiiuiewydvareiiannsodivves Gain 14 gUn

g S § - ¥
2.7 uaAIdeUAon 1ABELATVUBIRINIURULIVL Proportional NN

E(s) M(s)
Kp 3

51/ 2.7 vdenlnezuNINUDIRINIVAULLY proportional

2.2.1.3 fINIUYNIVY Integral

14
@ LY 1 a v v dw 1
TufInIUAUIUY Integral TUAIUBADINHAVBIAINILAN m(t) deiANUTURUTAVAT

d’l ol dv
ANUADIAANDU e(t) AU

im(t)= K.elr) (2.34)

m(t)= K, rIe(f)df (2.35)
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Tao# K Wumasiifianniolfunld

7 4 A as dyd
‘Waﬂ‘uumuiau (Transfer function) ¥9ININIUAUUUVUAD

..

(2.36)

5

—
Ln

—
(]

¥ 1
A3UIN15AIVANULY Integral THUNATUTUNI1 Reset  control  FUIfi 2.8 uerasdla

o o
Uﬁﬂfﬂﬂﬂﬂ“ﬂﬁ UUDIAINIVAULVY integral

E(s) M(s)

K/is R

; p 5
51/ 2.8 vApn lneZININVBIRIN IV Integral

2.2.1.4 MIMIVYNUVY Proportional + Integral (PT)

¥
R309M15AIUANYBIRIAIVAUIVY Proportional + Integral M MI0IEITRATAGIY

aumsdolil
K
mit)=K ,elt —T—I 2.37)
N30
M(s) 1
=K |1+——=
£(5) [ X r,(s)J 238)

Taon K, Husves Proportional sensitivity 30 Gain

T, (U194 Integral time

¥ ] ] b4
via K waz T, umifidiuald TasimsSua T, viwszilumsdsuaseins
by
ATUANLVY Integral AIMMTUTVAIWDI K WuvziinanedIn Proportional LAY Integral
¥ v
Y0IfTIMIAIUAY LAV IUAAVYBA T, HI2TONT1 Reset rate 311 2.9 uaaedanIs

AIUAVLUY PI
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E(s) M(s)
KO+76) |
T(s)
(a)
e(t) |
1 Unit step
0 -
(b)
m(t)

PI control action

3\ %)
511 2.9 (2) véon lnozUATHYBIRIATLANLLY PI

e o £ .
(b) BunavesdAUANGFUTUNIY Unit step

(4 s 4 a -
(0) 1O HAVDIAINILANILY PI ilfoBuwaiiu Unit step

2.2.1.5 AIAILUANUVY Proportional + Derivative (PD)

A50I1MIAIVANUBIRIAIIRUIVY Proportional + Derivative 920G luglvemums

o'l

d
mlt) = K elt)+ K ,T, ;,;e(f) (2.39)
Harsuaio Touveaszuuie
M(s) 1
=K | 1+——
E(s) [ *f:(s)J 249

Tauhn K, Wurves Proportional sensitivity 1350 Gain

T, iuA1U99 Derivative time

¥ ] ¥
Y0 K, oy T, yvzumnansedsua 1A uazlupenisezisond Ans

¥y ¥
' o - o o o
AIUANLUUY Derivative 1 Rate control NIUINIIUUIAVOITYYIUIDIANAVDIAIATUANIS



22

Wudadufudanmssunlasvesdyanumnnuaaianion 3UN 2.10 uaadans

AIVAULLY PD

E(s) M(s)
K0T

(a)

et

Unit ramp

(b)

PD control action

m(t) A

>

.~ Proportion only

rd
”
”
4
”

(c)
3111 2.10 (2) vionlaezinsuvaIRIAILANILLLY PD
- & & :
(b) BUNAVBIAINUANFUTULUY Unit ramp

(c) 1 HAVBAINIVAUILY PD

2 o s

1 aa 4
faufiifTe1n13AUANIYY Derivative  daafolinudnyuzyoInITAIANTTO]

1da y

aranth usntdeiiufovzunodyanaTunIuL (Noise) uazenssiduaungliiiansduda
¥
(Saturation) ludanszirld uenv1ndidinlguuuY Derivative 81 liauisazlddufen

STy o =

¥
Taaq 1Ams1zAseInsnIunUYe itz iHARNIZYI Transient (111U

2.2.1.6 ﬁaﬂmqmwu Proportional + Integral + Derivative (PID)
F
AT0IN15AVANIVY Proportional + Integral + Derivative H38I38n4109 31 PID 11U 14

¥ ¥
MINMITIMBINTMsAIUgTRImuIIhdeiu aunseszuanluglvesaumsao lui

K !
m(t)=K elt)+K,T, %e(t)+ T” [ee)ar (2.41)
i 0

a'n'a 1
HadFuoroTouveiszuuie

M(s) _ Kp(l +T!(S)+LJ (2.42)
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E(s) M(s)
K, (| +Ts+ r,r,,sz) o
Tis
(a)
e(t)
Unit ramp
0 ’t
(b)
m(t)‘ PD control action

PDI control actio/n/

| o N
51 2.11 (a) viion lavzunsuvBIRIAILANLUY PID

s _

(b) AYWIUOUNA Unit ramp

o g

QYIUIDIANAYDIRINIUAVUVY PID

o

(c) Ay

v

222 nnmuqmmuﬂau‘lﬂ&’fuw% (Feed Forward Control)
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(Time Constant) W30A1IAIMUII (Delay Time) W09 TAUIRWIZNTHNTITUNIY
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sp + ~
—’%i Gm(S) %
¥

Gc(s) Gd(s)

C + + y,
G(s) GP(S) » é} ’

i 2.15 fadyanaszuuauguuuuionludmimieugunseinig

Y

Y

finsangud 2.10 musadoumumsisndaveadadyanassusnugu 14 Yaft
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TV G Gf 4 (S) (2.47)
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1. Supply Pressure Gauge 11.Screw

2. Set Pointer 12.Pen arm Screw

3. Pen 13.Micrometer Screw
4. Reference Arc 14. Adjusting Screw
5. Locking Tab 15.Nozzle

6. Movement Plate 16.Connecting Link
7. Pen movement Arm 17. Take-off Arm

8. Knob 18.Screw

9, - 19.Screw

10.Nozzle Tip 20.Manifold
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21.0Orifice Nut
22.Orifice Nut
23.Screws

24.Relay Valve
25.Four Screws
26.Screw

27.Pull Knob
28.Chart Plate
29.Capsular Chamber

30.Output Pressure Gauge
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U7 3.23 i waziBuadail

1. Bulb 11. Gear 21. Orifice

2. Supply pressure gauge 12. Circular baffle 22. Relay valve seat

3. Set pointer 13. Micrometer screw 23. Air relay ball

4. Recording arm 14. Nozzle 24. Relay valve seat

5. Bourdon spring 15. Small gear 25. Pin

6. Movement plate 16. Pivot 26. Capsular chamber

7. Pen movement arm 17. Adjusting screw 27. Output pressure gauge
8 - 18. - 28. Remove chart plate

9. = 19. Nozzle tube 29. Valve disc

10. Moving arm 20. Pneumatic relay 30. Seat valve
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® 052904 (Cans)
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® Fmioaiudo (Shell)
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® azn$r30ilu (Trolleys)
T,=T,,+ (T, -, Ji- e (3.11)
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k= fhanmmahanuieuvssiag (Wm*K)
h, =dudszdnimsnumanudenan (Wm'*K)
P, =fmnumumuvesiag (kg/em’)
¥
annsamuumag 1aaad

9
-

Mg (md)

>
II

si

4 da 2
., = NunEd MU (m)

>

m =17 aﬂmmﬁﬂ (kg)

5



2
= [?TDL +2x DTJxIO“"
2
4, {Jr(D +24,,)(L +2A M) 27 (—Q%f”—)}xm‘ﬁ

m Zs (A k3 Aso XAs/rell )X1 0_3

(EJ -2l 00
m) " hd

$70

=)

¥
Toyadunndmivmssnnunsnfisod (Troltey) hider

m =0v8nEn s (ke)

] £ <1
number' = VIUIUAZNINTOIVY

' ° o
mnnuiouiumsusanznirsaiiy (ke*K)

G,
¥ '

A, = WuiRvenznisodiu (md)
) a o o

h =dudsz@nimsmomanudounsnisasy (W/m**K)

1
3
annsafmumang 1aaed

Y o
m = WIANTINVDIASNITITOUU (kg)

13

e *
m, numbep; m,

m,C
[mc) —4 7. x10°
a2

(4

Vv

Toyadunndmiumsfnnszdlos (Can) fuden
number, = $1UIUATED

D = idurugudna1aveenseilos (mm)

c

3] = AN19909n521/99 (mm)
%Weont = lesiFumilunszies
p. = AnnunuiuveInsiles (kg/em’)
h, = dulszAnimsmomanudounssiles (W/m™*K)
amsafmanaeg 148
v, =1Suwmsvensziles (m)
= USumssauvesnsyiles (m)

m, = uIaTmvensziles (kg)
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(3.12)

313

(3.14)

(3.15)

(3.16)

(3.17)



¥y oo
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WUAAv9InTE 09 (m)
-~

1

¥

AC
A, = WA MY8InIT09 (M)
Cpc

= Mnnusousumizunanszile (kI/kg*K)
7ID2
ch e (-TC](LC)XIO_Q

— E
I/;C VC number;

mlC :ytc*pc

A, =|7D.L +2

hd). " hA,

Qou'lunsEUINNIT (Process Conditions)

T\ - qungiisuAuveInsziles ()

= gungiiuduvesiant (o)
T - QUi uduvesnn sy (C0)
P = Ao lerh (bar)

} = Anoumatveslorh
Heating = a1 1vianudou (min)
Increment= 132 UANY99n15 1AL TON (min)
Time,m =781 (min)

Time,h  =1781 (hr)

A = gunivensziles (°c)

T = qaingilvesdamsioainie (c)
T = gangilvesnsniisaiiu (c)
T, = qangillevhdudh co)

T,  =gunpiidesnts (o)

= AuSouveInseiloe (kw)

2
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(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)
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Q = Anwudouvoainge (kw)

Q, = anuouveanznfrisoifu (kw)
Que  =0w3ouTouthy (cw)

Sum = anufousiy kw)

M = 8ATIMI IMauuuNIa (ke/h)

Heating = —(EJ In [1 - %’TI;T%)_):I /60 (3.24)

hA st = c.0
Heatin
Increment = L]O—g (3.25)
Waumsi 3.9,3.10,3.11 unuuaunisi 3.1 9518
QC = hCA'e (TI‘ N TC) (3l26)
Q: & h.IA-Y (T.\'l oy Tr) (327)
Qr 7 hrAﬂ (T:f —'T:) (328)
ﬂl’ﬂ’]ﬁﬂ‘lid’lﬂl‘nﬂj'lngﬂuﬂ1ﬂﬂ1Uﬂﬂﬂfiﬂ1U1U!ﬁu
— Tlrr - Tﬂul’
Qmm: < 1 = 5.mel 4 1 (329)
h in Aln k:fcen' A.r:eef ham A out
@ o
JHU
Sl =, T, T (3.30)

1
mamqmsﬁmmﬂszmu ﬂ'liﬂﬁﬂ‘ﬂ']!‘]?ﬂ (Retort Simulation)

1. fmiioaiude (Shell)

durgudnan (o) = 1,200 mm,
AN (L) = 3,000 mm.
Anumu (A, =38 mm,
Fi1ﬂ'nu§’aus‘iummaaﬂszﬂm(cm) =0.5 kJ/kg*K

manmmnhanuieu () 2934 W/m*K



dulszd@nimsdomanuiou (h) =50

MANUUUNNIU (D) =17,850
nindoyadandrni s noamuaumsi 3.2 - 3.15 1d8
14 ]
WuhAd Iy (A = 13.56
WuhAIdmuen (A = 13.84
WI0v097a9 (m,) = 860.43
mc
—] = 634.31
na ),
¥ o
2. PENIITUY (Trolley)
NI0V0379) (m,) =20
UMALNIT (number,) =4

fhmm%’au1‘i1tw1wmﬂszﬂm(cm) =05
' 4 ¥
Wunfwewznii(a) =10

- q' "
dulszdnsmsamanuion (h) =so

nnteyadsnaradr s munuansi 3.16 - 3.17 188
110903399 (m,) =80
s L
3. n32ileq (Cans)
11191521109 (number,) = 9,240
i@usugudna (o) =100
AW (L,) =30

Y
Weoswuamilunseileg (%Wcont) =78

Mnnumumiu(p,) =900

durlszAnnsdromaiudon (h) =25
nndoyadandimi s umunmaunsi 318 - 3.23 185

Pmasvoanszdles (v) = 0.0002355

Usnassavesnseilea (v,) =2.18

105 Y0n52 109 (m,) = 1,962

fufifnvoansedles (A) = 0.02512

AT mveanseiles (A) =232.1

mc

— = 1,221
=

W/m™*K

kg/cm3

2

H
m

m

¥
ATNI

kJ/kg*K

W/m*K

fI
kg

nseileg
mm.

mim.

kg/ch
W/m’*K
1l

m
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4. [Aoulvveanszuaums (Process conditions)

QumTis Ay =30
Anudulor (P, ) o8

gaingillerhmaidh (T,) = 165
gungiliidoems (1) =102
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DIFUYAT U
I-cg/cmJ
DIANY AU

DIF AT U

] ¥
nndoyadsndrni I mamnwaunisi 3.24 - 3.5 188448

nmIdnwiou (Heating) = 15.51

FRNNQUNYTAY (Increment) = 0.78

=
HIN

=
HIN

¥ ¥
vindeyarianuaih lihimssiaestu Tusuns Microsoft excel 1égaro |1/
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Temperature [C)
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(= =y
madansilanisig

MAIAMTIANI519 (Look-up Table) 1‘f1umﬂﬁﬂmsmuqnﬁﬁmmmnmimuau
uuufloudasmi (Feed Forward Control) Taomisdamavesdaudsnissans (Manipulate
Variable) Lﬁaﬁ'nmfhﬁmﬂsmsmuqu (Controlled Variable) muauthnuie (Set Point) Taw
14nQaunandaaIu (Energy Balance Law) éqmmsnm'Iﬂﬂs:qnﬁﬁmzuumuqu'lﬁ'
MAINNAY 19U MIAIVANIZAY, MIAUANSATINT Ina iTudy

“lu5‘71011771uﬁnﬁ’uﬁ”zﬂuﬂﬁﬂdnﬁm'ﬁ1%’mﬂﬁﬂmsﬁ]ﬂmiN's'fmﬁ'um'mmﬂuuuu
#leAluszuunsugueungidmivnssuiunrndoaiuie c'fm‘i‘lum*smmj:mm’ilr.fa
AumisgagavesndmuauluguiEuduvesms laomaludumisiinnzay 2114
Annaugandsunnmssenuyszyuamdeudfinauiwds luund 3. gnduluuni

J 4 g ° % ! 5w
wnantindnuguilfitiudanssih (Action) Tunszvaumsilududny

d
4.1 a3AIVAN (Control Valve)
3 =t o o = Y o o
Namuauin @ Rgnlumsauguaszuaumsian 1y Tdauideanis
a wa 4 1 ] a 3 o o ar ey 3/ 3 3
“lu‘maﬂgumm'amuf]uﬁau'lmgasmmﬂmsumimuf]nawium Tagldmaauuu Indy

‘J‘lﬁ,'lﬁﬁﬂ’llﬁm (Single Seat) 'H?El‘lhfj (Double Seat) ﬁdgﬂﬁ 4.1

=
HuyuIaed

3 4.1 hmdilFanTlavdmlng
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o Y 1 1 [ ¢ o o 1 1 9 Y = T o
MMITVVOUANANTEN NN UL NG1g SrdeamsTaliainudniings

= ’ " @ e @ o

ez Tada 1daindng uddideans Timdasuvesiavunds (Actator) @1 112182898

= ! y aao A o J o :
And ileannusalfisniifinanvinanuduasms nadesnhmumuganald

Y o

dmivusinguanndinuguilddmsunszuaunmsemisnsetloafinuludszms

Inudmng uaasdagii 4.2

Taylor Yamatake-Honeywell Samson Spirax sarco
d' ar i aw gy a o ) a 1 n'ﬁv
3 42 Mednviindndandingudmivnszuaumashidesmsnszio

dnuaz Inssadavesndimunulaoia liaasdeguldl 4.3 dmfunsiosanms
donlFnundiniuguludaves Taoialal vt oz Saquosiaieund Hazdaansudng
fiifadadede il
" anusnldiugegavosweslua
" s33umAYeIved Inaldun anzianien anmuidluiy uazgmauAnsaalu
" anudul1dvesvosdavaunosluves nanasmsaz audvosvoudeil
iMooy
» Ay lY18vesnsifanesle (Cavitations) Tudanareves nadiduveama
= anudiu ) 1dvesmsidaune (Flashing) Tudanavesves inafidiuveanas
" yilnveamsAnd
" Auandavesveslna 1wy aoruzvesveslua aAnunuuniv aAnunila uas
anuaule
n w’wé’mmﬁ”lﬂaﬁ?’fmmsmmu

" AWABINITANTIOULIFINATA (Dynamic Performance)



1. Body 9. Yoke Nut

2. Bonnet 10. York

3. Bottom Cover 11, Diaphragm Case
4. Plug Valve 12. Diaphragm Cover
5. Seat Ring 13. Diaphragm Stem
6. Valve Stem 14. Diaphragm Plate
7. Stud Bolts 15. Diaphragm

8. Nuts - 16. Spring

3N 43 Taseadravesndningy

4.1.1 ¥HAVLINAINIAN (Valve types)

1%
18.
19.
20.
2L
Q2
23.
24.

63

Spring Seat

Adjust Screw
Socket
Stopper
Stroke Scale
Number Plate
Cover Bolts

Cover Nut

' : i o : ¢ a
'J‘lf{’.lﬂ']‘l.lfjﬂﬂ"m'liE]LLING"I"IiJﬂ'IilﬂﬁEluﬁ‘UﬂQﬂ'li‘ljvlﬂﬁﬂu'ﬂﬁﬂ TWTYNTUAUDY

N laezunsusagzili 4.4

" yuuiFadu (Linear Motion) iilumsindeniiiuduns (Rectilinear)

" UUUMYY (Rotary) iumsimdeuiiuiuumyy
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Single Soated
Globe Double Sealed
" Spiit Bodied

Linoar Motion — Globo Angl
3-Way
Diaphragm
Pinch or Camp
Gate

Control Valve —
Eccentric Plug

Swing-Through
Lined
Eccentric

Segmoniod
Ball ————— Full
V-Notch

Rotary Motion Buttorfly

U0 4.4 TaozunsuuaasriiauesndnIugy

4.1.2 MAFUNANUYY (Valve actuator)
@ o o :r ) a ¢ o a '
AMUFBIMTVDITUNTINUANIUDYAUFHAUDINTINILTIINTAVAN UNAIBEI

s e 4 { 4 | 3 4 P
Tndundanzaeinsmsinaouiithuiduass vaznnditnAidevzdeanismsinaouiuuy

vy HuAu

{ s d
4.1.2.1 Hadenmneaveslunmsteniitiua
3 e [ bl ﬁ:ly yﬂ & @ A o
Yon1sande 1w laniluuuamalunisiaonaiduna?
@ W v o o ' 3 - & 4 T 1

" GoahiudanaunuuseR It AR M1A7 (Valve Positioner) F3y1DY1

vTRenunasdy Mo ls

Y s o o A aan A ) e o o
" Foadutiauseidisane lumsiosuzusnlfasvmioussimnszilasnm
B Fpunyzaunuanzindonyean1sniau

] o a  a d 9 9 ar 9 o 9 o
B 91390 (Stroke) YBIRIWUIAN AT INU AN UAINABDINTYDINAD
» FeadlulUmuamudmdesmslumsnouanes
» Fosldeslindregluaniziinadszasduiniiga minunaandsnunielvina

vatoalunissiuigs

' aan
4.1.2.2 unaavensalfnsm
aaa “sw oo d 9 LY o 3 a A:i’
el §Asnidavunaideunsuz lumsdunds Tdud usenindaso Tyl
- 4 , Cooad o dw & d
" hminuazANuRey (Weight and Inertia) Amihmiiny liaugauazanuieni
- qy ' | 4 P cf v o o
@S udnnvesdudauiindouninnuresndwazdavundi sndunavue

Tnausaon lulyiledenddguinin
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" AMWIFuAMIM (Friction) Apnsefiifionninmsnszyveshsadi iefu
g uazenfavesdasundueaday

" A2wAuve 1M (Fluid Pressure) ApUTIAMAUVBIVDS IMadeY SN (B
147) au'n"l'jﬁmuusaﬁymmmﬂ%'uaﬂm‘lﬁﬁaumsﬁ'gﬂuuuﬁmﬁ"aﬂ

" qi3elaozunsy (Diaphragm Spring) ﬁamaﬁﬂ?af-‘?ﬂ%‘luﬂﬁﬁﬂﬁﬂﬁﬂﬁ'ﬂd
Sumislmiveanduilodygmmstundianns frdudanlngezimiTuiy
adamsznevsyay

Air control

Gl

<

P

=

Airto Close Air to Open

VvV

Air control

3N 4.5 mahavesndmugu

4.1.2.3 ¥HAVDINIVY
@ o o " [ d.y
AduIInaugueINitun Idhsiana e deil
= il laezursuinnudisiiuuin
= o 9 o = =1 =
" giiagnguiniudluiiauninuse laasodn
a ad =3
" yapanniolansodn
a o
" yiaes haussousge
" gimnsedna Wi

" giadenyuinnudiuie

4.1.3 qmﬁ'ﬂymxmﬂ’lmmmﬁa (Inherent Characteristic)
o W U ' o ] 8
Aenuduiuisznitmsina (Q mundauazdunivesnds (szezmans
&4 a 4 L3 & 4 s -t o ' 3 P a '
wapunveldnnamiedundd) laslinnuduanaseunalnail iieannanuduanas e
¢ - -] s ' ¥ o @ Y Y o @ Y
e hinsiidiondegluseninlfou dnfugudnuazmoludoaiinmsianioldaniiz
P 1 1 e i‘J 1 qv o Qs P - ]
nageumwi @uzlinvean Wi ldiuegiugiUnsevesdunas fagli 4.6 Aedaetia
2 ' o o o s ) i
vosaunaz iAW NdnuaziilFoulania ly lundiniugu daugid 4.7 uansgluuy

o A 1
yosanuuznwludaldunnmsnageunduuuaieg
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HuulosIFUAININY (Equal percentage)

3 4.6 Aredrvve)dnndrlumsaugums Inauvueeg
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100"

5%

Flow POS2ITN e
3

25%

Percem L H
Travel 0% 5% 50% 5% 82% 100%
Signal nput 3 palig Spsig 9paig 12psig 15peig
4Ams 8ma 12ma 16ma 20ma

Stem Position s—————

4 LYY ' ' o~ o ] 13
31U 4.7 nsmluamsanuduiussendnms Inarundatudmunisvesnd

Aaanue a3 (Quick Opening) 1 Ansidouniasdasinisinansasaunn
H 1 o H ay o =1 (] a 4

vauznnsdasundasdmmrsvesdundansaantisolusasusn Wamsudunduiaila
= o A ¢ o d
navInImsilanssilanaingag,

AUANUUTUVVIBAUTY (Linear) n30M15 Tnanuunedl Wmsulavumlaadnsins lna
o Lt 1O R AV fay - v o
nasnvmznalasuudasdunisvesduds luszuundesnmsIiaiusuanvesszyy
AWWINANATBUNAUTUN AN

paanyazuuuesidfudmiig (Equal Percentage) itudnusziidadiunisdiy
a P as d o s o aA 9/ ar - 3/ 9 s
WUN50aa0AI1IMs IMauvuwesidudnen Taonald1Faususzuuiidesnislinuduaa

YDITTUUANAT DU NAARBITAd M oY

4.1.4 M31ONYHINIIAINAVAN (Valve Sizing)
¥ ]
msdmuannandnuge dedluduaeumedmnssulumssmuavinadigndes
ar o o 'V a o al L4
¥939211a7 Tauia ldszszyeenuuiunrdudse@ninis Inavesnda (vaive  Flow
Coefficient) 1¥dnydnuei C, od1lsAmuMsivannuves c, orudsiaonlyluudas
Qawv 3y a ' o ° J w ' 4 d &0 ar '
UIENGnan us laona lsgimuaiunudasims narundulladuidennusuanaiou
d

A a; L. = o = n'a 1) s
M3 Waums ¢, Iwagivuiingnannds Tavi lszinianudinars (Medium) voavea

Ina
g ar ﬂy { ' 4 dl ar ot
Tuanoiinus il 188198sqas i 19181 C, Y09 Nakakita Faiilugasioonsudu

Tagna Tvosarmiiunruguuesna (Fluid Control Institute : FCI) amnsoutiagasiuns

Aum ¢, 1anemsan 4.1
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Pressure
Fluids C, Formulas Legend
Condition
Incompressible . 1.17+/ G
Fluid Y /
Hes Ap V : Max. Flow Rate
Where p, > ' /h)
0.5p, = 0 Gl (£ +273) [Incompressible
v
(or Ap< 289\ Ap(p, + p,) Fluids]
Ailr Coas 1 : Max. Flow Rate
Where p, = (kg/h)
0.5p, 2 = Q'\/ G] (t+273) [Steam, Vapours]
(or Ap = A 250 P, Q : Max. Flow Rate
0:5p,) (m’/h)
Where p, > [Air, Gas]
0.5p, L 4 x K p, * Inlet Pr:ssure
(or Ap - 13.54/ Ap(pl B pz) (kgf/cm abs)
0.5p,) p, : Output Pressure
Steam 5
Where p, S (kgf/emabs)
w G : Specific Gravi
0.5p, 3 2 peciiic Gravity
(or Ap A 11.7* P, t: Fluid Temperature
0.5p,) (0
Where p, > K : Correction
0.5p, - W Vl + VZ Coefficient to
ot Ap < v 1210 Ap Superheat
= 1+40. 1
; 0.5p,) k=1+40.0013 x C of
HRRUES Superheat
Where p, < g
V : Specific Volume
0.5p, A 7 >
= (cm'/g)
(or Ap > "ogs6\ Ap
0.5p,)
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4.2 M5PRNUVUMINIVYN

wasaue1vey ldnawg)) iwu anudeu wisamear! nasamunil wdaaudnd g
wonnasanuusiazedeanuh I8 lldudenin Tumsulsglemsndinuiinedealuns
uisgomns 1aun anufeunds (Latent Heat) nazaaufouduria (Sensible Heat) 1130w
udadhiSinennudeuidoms lumswfouannranveudaiiuveamad voanauiiy
e nievesudaiiufe a qungdiined daunmudeududmihiuSnanudoudideiy
nieereennnemsmadzimsnlavuasgungi

Tuhuesdeafufuangavesna, augandsam uszuui lifmsatrandanuung

Hd
Tifimsldndeauae vz ldaumsdene Ty
MdnuNgszuY) - wdsnmiisenvnszuw) = wdanuiazayluszuw)

Y { o = o o
mAAMIITANI319 (Look-up Table) Whumatiamsnuguitinaueluineinusg
ar ‘i\l adq 3 a d‘ o u’: 4 1 a g/
a1iuil Taoissgnaldngaugandsanuioinnainsdagagavesnasnugulugiasudu
Y0913 laomredrunmizay sndinanuudaluuni 3. mldnsudins 1dwdea
d’ 14 Y o n’: Q. o 1 [ P o = = ar o
eannvenszuIums I Aniusiinhamasaui tdh IS oufeufugasmsfiuon
' A o : ' 3 d &
1 C, ¥9921397n 0w Feaz I wmiwesmsdlageqafimmzauimuiivsdoaila 100% &
dumsgadandsnmiunimduiiy
] ¥
VNFATNIANIUAT C, AIm5199 4.1 dmFuvasinadiulerinozainnudu

Y ' & & [ 3 1 ar n:ty
Tl'NE)Elﬂ‘NElCIﬂ’J'Iﬂ'NHHQ"U?NF]’J'IUWNWNWWS1ﬂﬁllﬂ1'iﬂ\3‘u

w

C,=m——*K
TR 4.1)

¥ '
o W : 8n5ms Inagegavesleriy misniu Alansudeda Tu

¥
;- AnwEnve lohdudh misodhu Alansudemsurufiuns

P
K : Correction Coefficient to Superheat (= 1+ 0.0013 x “C of Superheat)

) ¥
iWoannmynAtonveIa K Iadeown 39dszuneuniiy 1 uazainnudulew

¥ '
madiin 7 AlansudeamsusuRiugs aniunnaunsi 4.1 1218

W ~81.9%C, (4.2)
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90 >

u

N\

% :1—---» ) / // / (1) Equal Percentage
g i // / / (2) Parabolic
& FiWic
| ot / | // (e (3) Modified Parabolic
) @
0 A \\/ /1 — (4) Linear
JAVANZS dE
8 / A7 @ (5) Quick Opening
10 _{ @

0 110 20 30 4 5 60 70 8- 51 100
— Valve travel (%)

31]‘?! 4.8 Inherent flow characteristics

Tuaneriwusa tui ¥ dyenanasgnialdfodyaa iy 420 mA. uas
Foymanily 315 psi $191579 Look-up table 111 1&a R dRLFsE M 319501 C, uaz
Ysinalor#tld (w) uansdaanisd 4.2 fahidedems ¢, verndnlduazmic, i
annsoniuidnuSimdnannds Susiesldinaleihiduituifuediug ¢, T
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No. Set point | Current (mA) Valve travel (%) Cyv value (%) Steam (kg/hr)

1 4.000 0 0.0 0.0

2 5.067 6 1.3 26.6
3 6.134 13 2.8 57.3
4 7.201 20 4.6 94.2
5 8.268 26 6.3 129.0
6 9.335 33 8.2 167.9
7 10.402 40 10.7 219.1
8 11.469 46 13.5 276.4
9 12.536 53 17.6 360.4
10 13.603 60 22.9 468.9
11 14.670 66 29.2 597.9
12 | Y 73 - Ty 771.9
13 16.804 80 48.1 984.8
14 17.871 86 62.6 1281.7
15 18.938 93 79.3 1623.7
16 20.005 100 100.0 2047.5
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5.1 unsaltazinfesileildluniamanos

1. ’J1ﬁ,’Jﬂ’JUﬂ1J181{"I (Steam Control Valve)

VIR 1(1/2) ff':, Input : 3-15 psi, Output : 0-100% éaﬁmﬁamuauﬁaﬁ"iu
MInAABIARBAR IMUTINE Tasilnadnuuznis lnailuuny Equal Percentage
uaziin C, iy 25 deyamarins I nnusimdnan
2, ﬁ'aﬂmauqmﬂqﬁ (Temperature Controller)

?'lﬁ’ﬂ Nippo (Japan), Input : Universal, Output ; 4-20 mA LﬂuﬁaﬂouQuqanﬁ

AfarFn13 19 aunnsgunia 1l 151 Auto-tuning, Manual Control ludu
#, ﬁmﬂmﬂs:uﬂ'lﬂﬁui‘luan (Current to Pressure Transducer)
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mA.91NAINIVANYUN LA e TRy I 3-15 psi vl'lJ‘ff‘]J!.ﬂﬁEJuﬂﬁ')ﬂ'mﬂll‘lE)‘lfT
4. Unsains29iuQuUNYN (RTD)
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ﬁuﬁﬂqmﬂqﬁ (Data Logger)

5. ;ﬂ‘s"'mﬁ"‘mm (Timer Relay)

ymdhisunar lunszuaums
6. insoetiuiingaumgdl (Data Logger)
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annsouts 18ty 2 daufe daufuiindeya (Model : RishMulti SI232)Tagniuluil
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niduaNudmsuuindoya uazdiunsiadeua (Model : RishMulti 155) 1
LY o 3y ] =) Y . 2 as [ 3 d'l i
NIty uIALINY Multi Meter 9M1550-d99oyal¥nau Infared tiazmsoy
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- 13
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Bulletin No. PAX-X
Drawing No. LP0545
Effective 4/02

Tel +1 (717) 767-6511
Fax +1 (717) 764-0839
www.redlion-controls.com

MODEL PAX —1/8 DIN ANALOG INPUT PANEL METERS

psP PAR Fla F2¥ RST

C€

UL Recognized Component,
File # E179259

s

® PROCESS, VOLTAGE, CURRENT, TEMPERATURE, AND STRAIN
GAGE INPUTS

5-DIGIT 0.56" RED SUNLIGHT READABLE DISPLAY
VARIABLE INTENSITY DISPLAY

16 POINT SCALING FOR NON-LINEAR PROCESSES
PROGRAMMABLE FUNCTION KEYS/USER INPUTS

9 DIGIT TOTALIZER (INTEGRATOR) WITH BATCHING
OPTIONAL CUSTOM UNITS OVERLAY W/BACKLIGHT
FOUR SETPOINT ALARM OUTPUTS (W/OPTION CARD)
COMMUNICATION AND BUS CAPABILITIES (W/OPTION CARD)
RETRANSMITTED ANALOG OUTPUT (W/OPTION CARD)
PC SOFTWARE AVAILABLE FOR METER CONFIGURATION
NEMA 4X/IP65 SEALED FRONT BEZEL

GENERAL DESCRIPTION

The PAX Analog Panel Meters offer many features and performance
capabilities to suit a wide range of industrial applications. Available in five
different models to handle various analog inputs, including DC Voltage/Current,
AC Voltage/Current, Process, Temperature, and Strain Gage Inputs, Refer to
pages 4 through 6 for the details on the specific models. The optional plug-in
output cards allow the opportunity to configure the meter for present
applications, while providing easy upgrades for future needs. /

The meters employ a bright 0.56" LED display. The unit is available with a
red sunlight readable or a standard green LED. The intensity of display can be
adjusted from dark room applications up to sunlight readable, making it ideal
for viewing in bright light applications.

The meters provide a MAX and MIN reading memory with programmable
capture time. The capture time is used to prevent detection of false max or min
readings which may occur during start-up or unusual process events.

The signal totalizer (integrator) can be used to compute a time-input product.
This can be used to provide a readout of totalized flow, calculate service
intervals of motors or pumps, etc. The totalizer can also accumulate batch
weighing operations.

The meters have four setpoint outputs, implemented on Plug-in option cards.
The Plug-in cards provide dual FORM-C relays (5A), quad FORM-A (3A), or
either quad sinking or quad sourcing open collector logic outputs, The setpoint
alarms can be configured to suit a variety of control and alarm requirements.

Communication and Bus Capabilities are also available as option cards.
These include RS232, RS485, Modbus, DeviceNet, and Profibus-DP. Readout
values and setpoint alarm values can be controlled through the bus.
Additionally, the meters have a feature that allows a remote computer to directly
control the outputs of the meter. With an RS$232 or RS485 card installed, it is
possible to configure the meter using a Windows® based program. The
configuration data can be saved to a file for later recall.

DIMENSIONS In inches (mm)

A linear DC output signal is available as an optional Plug-in card. The card
provides either 20 mA or 10 V signals. The output can be scaled independent of
the input range and can track either the input, totalizer, max or min readings.

Once the meters have been initially configured, the parameter list may be
locked out from further modification in its entirety or only the setpoint values
can be made accessible.

The meters have been specifically designed for harsh industrial environments.
With NEMA 4X/IP65 sealed bezel and extensive testing of noise effects to CE
requirements, the meter provides a tough yet reliable application solution.

SAFETY SUMMARY

All safety related regulations, local codes and instructions that appear in this
literature or on equipment must be observed to ensure personal safety and to
prevent damage to either the instrument or equipment connected to it. If
equipment is used in a manner not specified by the manufacturer, the protection
provided by the equipment may be impaired.

Do not use this unit to directly command motors, valves, or other actuators
not equipped with safeguards. To do so can be potentially harmful to persons or
equipment in the event of a fault to the unit.

7AN

CAUTION: Read complete
Instructions pricr to installation
and operaticn of the unit.

CAUTION: Risk of electric shock.

Note: Recommended minimum clearance (behind the panel) for mounting dip installation Is
21" (53.4) Hx 5.0" (127) W.

SP1 SP2 SP3 SP4

(49.5)
(o=2) (PAR) (Fa) (Fzv) (ms7)

EBBBBB ¥ 1.!;5 % %g[][ 1.L5 ]— , b
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GENERAL METER SPECIFICATIONS

. DISPLAY: 5 digit, 0.56" (14.2 mm) red sunlight readable or standard green
LEDs, (-19999 to 99999)
2, POWER:
AC Versions:
AC Power: 85 to 250 VAC, 50/60 Hz, 15 VA
[solation: 2300 Vrms for | min. to all inputs and outputs.
DC Versions (Not available on PAXH):
DC Power: 11 to 36 VDC, 11 W
(derate operating temperature to 40° C if operating <15 VDC and three
plug-in option cards are installed)
AC Power: 24 VAC, + 10%, 50/60 Hz, 15 VA
[solation: 500 Vrms for | min. to all inputs and outputs (50 V working).
. ANNUNCIATORS:
MAX - maximum readout selected
MIN - minimum readout selected
TOT - totalizer readout selected, flashes when total overflows
SPI - setpoint alarm 1 is active
SP2 - setpoint alarm 2 is active
SP3 - setpoint alarm 3 is active
SP4 - setpoint alarm 4 is active
Units Label - optional units label backlight
KEYPAD: 3 programmable function keys, 5 keys total
A/D CONVERTER: 16 bit resolution
. UPDATE RATES:
AJ/D conversion rate: 20 readings/sec.
Step response: 200 msec. max. to within 99% of final readout value
(digital filter and internal zero correction disabled)
700 msec. max. (digital filter disabled, internal zero correction enabled)
. PAXH Only: I'sec max. o wnhm 99% ofﬁnal reuduutvalue (dlglul l'!tq
-disabled). i Rl 3 TP
Dlsplay update rate: 1 to 20 updatcs!scc
Setpoint output on/off delay time: 0 to 3275 sec.
Analog output update rate: 0 to 10 sec
Max./Min. capture delay time; 0 to 3275 sec.
DISPLAY MESSAGES:
“OLOL" - Appears when measurement exceeds + signal range.
“ULUL" - Appears when measurement exceeds - signal range

sensor 'detected.(RIDonly}x' b

w

o v

=~

" PAXT: “SHrt? = Appears. whe:uﬁmtectr
PAX‘P “OPEN" - Appears when open sensor is detected.
*...." - Appears when display values exceed + display range.
“-..."” - Appears when display values exceed - display range.

8. INPUT CAPABILITIES: See specific product specifications, pages 4-6

9. EXCITATION POWER: See specific product specifications, pages 4-6

10. LOW FREQUENCY NOISE REJECTION: (Does not apply to PAXH)
Normal Mode: > 60 dB @ 50 or 60 Hz +1%, digital filter off
Common Mode: >100 dB, DC to 120 Hz

11. USER INPUTS: Three programmable user inputs
Max. Continuous Input: 30 VDC
Isolation To Sensor Input Common: Not isolated. (Not PAXH)

PAXH: Isolation to Sensor Input Common: 1400 Vrms for | min.
Working Voltage: 125V
Response Time: 50 msec. max.
Logic State; Jumper selectable for sink/source logic
SINKING INPUTS SOURCING INPUTS

INFLIT STATE 22 KQ pull-up to +5 V 22 K0 pull-down
Active Vi < 0.9 VDC Vi > 3.6 VDC
Inactive Viy > 3.8 VDC Viy <0.9VDC
12. TOTALIZER;
Function:

Time Base: second, minute, hour, or day
Batch: Can accumulate (gate) input display from a user input
Time Accuracy: 0.01% typical
Decimal Point; 0 to 0.0000
Scale Factor: 0.001 to 65.000
Low Signal Cut-out: -19,999 to 99,999
Total: 9 digits, display alternates between high order and low order readouts

13. CUSTOM LINEARIZATION:
Data Point Pairs: Selectable from 2 to 16
Display Range: -19,999 1o 99,999
Decimal Point: 0 to 0.0000
PAXT: Ice Point Compensation; user value (0.00 to 650.00 pV/°C)
14. MEMORY: Nonvolatile E2PROM retains all programmable parameters
and display values.
15. ENVIRONMENTAL CONDITIONS:
Operating Temperature Range: 0 to 50°C (0 to 45°C with all three plug-in
cards installed)
Storage Temperature Range: -40 to 60°C
Operating and Storage Humidity: 0 to 85% max. RH non-condensing
Altitude: Up to 2000 meters
16. CERTIFICATIONS AND COMPLIANCES;

SAFETY
UL Recognized Component, File #£179259, UL3101-1, CSA 22.2 No.
1010-1
PAXT Only: File# E156876, UL873, CSA 22.2 No, 24/ s it

Recognized to U.S. and Canadian requirements under the Component
Recognition Program of Underwriters Laboratories, Inc.
Type 4X Enclosure rating (Face only), UL50
IECEE CB Scheme Test Certificate #UL/5854/UL
CB Scheme Test Report #02ME04503-04 122002
Issued by Underwriters Laboratories, Inc.
IEC 1010-1, EN 61010-1: Safety requirements for electrical equipment
for measurement, control, and laboratory use, Part |
IP65 Enclosure rating (Face only), IEC 529
P20 Enclosure rating (Rear of unit), [EC 529
ELECTROMAGNETIC COMPATIBILITY
Immunity to EN 50082-2
Electrostatic discharge EN 61000-4-2 Level 2; 4 Kv contact
Level 3; 8 Kv air
EN 61000-4-3 Level 3; 10 V/m !
80 MHz - 1 GHz
EN 61000-4-4 Level 4;: 2 Kv I/0
Level 3; 2 Kv power
EN 61000-4-6 Level 3; 10 V/rms
150 KHz - 80 MHz
Simulation of cordless telephones  ENV 50204 Level 3; 10 V/m
900 MHz +5 MHz
200 Hz, 50% duty cycle

Electromagnetic RF ficlds
Fast transients (burst)

RF conducted interference

Emissions to EN 50081-2

RF interference Enclosure class A

Power mains class A

EN 55011

Notes:
1. Self-recoveruble loss of performance durng EMI disturbance at 10 Vim:
Measurement input and/or analog owtput signal may deviate during
EMI disturbance,
For operation without loss of performance:
Unit is mounted in a metal enclosure (Buckeye SM7013-0 or equivalent)
10 and power cables are rowted in metal conduit connected to earth
ground,
Refer to EMC Installation Guidelines section of the bulletin for additional
information.

17. CONNECTIONS: High compression cage-clamp terminal block
Wire Strip Length: 0.3" (7.5 mm)

Wire Gauge Capacity: One 14 AWG (2.55 mm) solid, two 18 AWG (1.02
mm) or four 20 AWG (0.61 mm)

18. CONSTRUCTION: This unit is rated for NEMA 4X/IP65 indoor use. [P20
Touch safe. Installation Category II, Pollution Degree 2. One piece
bezel/case. Flame resistant. Synthetic rubber keypad. Panel gasket and
mounting clip included.

19. WEIGHT: 10.4 oz (295 g)
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5.1 MODULE 1 - S1GNAL INPUT PARAMETERS ( {- /P)

PAXH
ONLY

PAR |

PAX PARAMETER MENU Pro

| ANGE [——{COUPL [—dECPY |—round [—F ILkr |—| bANd |— e |—{sesLe P x|—Jasp x

Input Input Display Display Filter Filter Scaling Scoling [nput x Display x
Range Couple Decimal Point  Rounding Setting Band Points Style Value Value
[1- 107 ] PAXT PARAMETER MENU Pra
PAR
EYPE ] SCALE|—] dELPL [ round | DFFSk |~ F ILkr |~ bANd}— (LE} PSP x|{d5P x}—
Input Temperature Display Display Disploy Filter Filter | Ice Point  Scaling Input x  Display x |
Type Scale Decimal Point Rounding Offset Setting Bond. | Slope Points Value Value |
! i R Custom Scaling Only = — —— —— J
Refer to the appropriate Input Range for the selected PAXS INPUT RANGE
meter. Use only one Input Range, then proceed to Display
Decimal Point. rANBE| % seLEcTon eSO on

'PAXD INPUT RANGE
FRMBE| % seuecnon (S5 smeonow  SAYCE
Z200uR  +200.00 pA 2u +2.0000 V
Q:) 0002R 2.0000 mA 20 +20000V
002R  £20.000 mA 300, £300.00V
O2A  £200.00 mA {00a  100.00 ohm
2R +2.0000 A {000a 1000.0 chm

02y  £200.00 mV {OPo 10000 ohm

Select the input range that corresponds to the external signal. This selection
should be high enough to avoid input signal overload but low enough for the
desired input resolution. This selection and the position of the Input Range
Jumper must match.

PAXP INPUT RANGE

RANGE
SELECTION ' pesoLUTION

002R  +20.000 mA
0y +10.000 V

Select the input range that corresponds to the external signal.

PAXH INPUT RANGE

SELECTION Hssgct‘t?ﬁon SELECTION RE:SEL?TEION
02,  200.00 mV Op02A  2.0000 mA
Zu  2.0000V 002R  20.000 mA
20uv  20.000V 02R 200.00 mA
300, 3000V [1;] 5.000 A

200uR 200.00 pA
Select the input range that corresponds to the external signal. This selection
should be high enough to avoid input signal overload but low enough for the
desired input resolution. This selection and the position of the Input Range
Jumper must match.

[OUPL
o

The input signal can be either AC coupled (rejecting the DC components of
the signal) or DC coupled {measures both the AC and DC components of the
signal). The coupling jumper and the setting of this parameter must match.

INPUT COUPLE
RC or dl

S[mm2) e
02y 240 mV

Select the input range that corresponds to the external signal. This selection

should be high enough to avoid input signal overload but low enough for the

desired input resolution. This selection and the position of the Input Range
Jumper must match.

PAXT INPUT TYPE

SELECTION  TYPE SELECTION TYPE
ket TTC ke-c cTC
ke-E ETC PL3BS RTD platinum 385
Ee-14'\ JTC PL332 RTD platinum 392
kc-¥ KTC N2  RTD nickel 672
ke=r RTC LuY21 RTD copper 100
Ec <5 =6 TC. [S-te Custom TC
kc-h BTC [S-rH Custom RTD High
kc-n NTC [S-rL Custom RTD Low

Select the input type that corresponds to the input sensor. For RTD types,
check the RTD Input Jumper for matching selection. For custom types, the
Temperature Scale parameter is not available, the Display Decimal Point is
expanded, and Custom Sensor Scaling must be completed.

TEMPERATURE SCALE
of or

Select the temperature scale. This selection applies for Input, MAX, MIN,
and TOT displays. This does not change the user installed Custom Units
Overlay display. If changed, those parameters that relate to the temperature
scale should be checked. This selection is not available for custom sensor types.

DISPLAY DECIMAL POINT

0 on ooo popo  ooooo
\ =
v
For tha PAXT, these are only

available with Custom Scaling.

Select the decimal point location for the Input, MAX and MIN displays. (The
TOT display decimal point is a separate parameter.) This selection also affects
round, d5P I and d5P2 parameters and setpoint values.



DISPLAY ROUNDING*

| 2 S
10 20 50 i)
L J
N
These bottom selections are not
available for the PAXT.

Rounding selections other than one, cause the Input Display to ‘round’ to the
nearest rounding increment selected (ie. rounding of ‘5" causes 122 to round to
120 and 123 to round to 125). Rounding starts at the least significant digit of
the Input Display. Remaining parameter entries (scaling point values, setpoint
values, etc.) are not automatically adjusted to this display rounding selection.

PAXT: TEMPERATURE DISPLAY OFFSET*
OFFSE

: The temperature display can be corrected with an offset value, This can be
used to compensate for probe errors, errors due to variances in probe placement
or adjusting the readout to a reference thermometer, This value is automatically
updated after a Zero Display to show how far the display is offset. A value of
zero will remove the affects of offset.

- 19939 to0 99933

FILTER SETTING*
0D to 250 seconds

The input filter setting is a time constant expressed in tenths of a second. The
filter settles to 99% of the final display value within approximately 3 time
constants. This is an Adaptive Digital Filter which is designed to steady the
Input Display reading. A value of ‘0" disables filtering.

FILTER BAND*
00to 250 display units

S0

The digital filter will adapt to variations in the input signal. When the
variation exceeds the input filter band value, the digital filter disengages. When
the variation becomes less than the band value, the filter engages again. This
allows for a stable readout, but permits the display to settle rapidly after a large
process change. The value of the band is in display units, independent of the
Display Decimal Point position. A band setting of '0’ keeps the digital filter
permanently engaged.

For the PAXT, the following parameters only apply to Custom
Sensor Scaling.

PAXT: ICE POINT SLOPE

Dto 55000 pV/°C

This parameter sets the slope value for ice point compensation for the
Custom TC range (L5-tc) only. The fixed thermocouple ranges are
automatically compensated by the meter and do not require this setting. To
calculate this slope, use PV data obtained from thermocouple manufacturers’
tables for two points between 0°C and 50°C. Place this corresponding LV and
°C information into the equation:

slope = (uV, - WV M(°C, - °C)).

Due to the nonlinear output of thermocouples, the compensation may show
a small offset error at roomn temperatures, This can be compensated by the oftset
parameter. A value of 0 disables internal compensation when the thermocouple
is externally compensated.

* Factory Setting can be used without affecting busic start-up.
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SCALING POINTS*
dto IB

Linear - Scaling Points (2)

For linear processes, only 2 scaling points are necessary. It is recommended
that the 2 scaling points be at opposite ends of the input signal being applied.
The points do not have to be the signal limits. Display scaling will be linear
between and continue past the entered points up to the limits of the Input Signal
Jumper position. Each scaling point has a coordinate-pair of Input Value ( I1P)
and an associated desired Display Value (d5P).

Nonlinear - Scaling Points (Greater than 2)

For non-linear processes, up to 16 scaling points may be used to provide a
piece-wise linear approximation. (The greater the number of scaling points
used, the greater the conformity accuracy.) The Input Display will be linear
between scaling points that are sequential in program order. Each scaling point
has a coordinate-pair of Input Value ( /1P) and an associated desired Display
Value (d5P). Data from tables or equations, or empirical data could be used to
derive the required number of segments and data values for the coordinate pairs.
In the SFPAX software, several lincarization equations are available,

SCALING STYLE

This parameter does not apply for the PAXT. Scaling values for the PAXT
must be keyed-in.

If Input Values and corresponding Display Values are known, the Key-in
(MEY) scaling style can be used. This allows scaling without the presence or

changing of the input signal, If Input Values have to be derived from the actual
input signal source or simulator, the Apply (APLY) scaling style must be used.

YEY key-in data
RPLY  apply signal

INPUT VALUE FOR SCALING POINT 1

%[ 080

For Key-in (PEY), enter the known first Input Value by using the arrow keys.
(The Input Range selection sets up the decimal location for the Input Value).
For Apply (RPLY), apply the input signal to the meter, adjust the signal source
cxternally until the desired Input Value appears. In cither method, press the
PAR key to cnter the value being displayed. The DSP key can be pressed
without changing the previously stored (AP | value in the APLY style,

- 19999 to 19999

DISPLAY VALUE FOR SCALING POINT 1
- 19339 to 133933

Enter the first coordinating Display Value by using the arrow keys. This is
the same for YEY and RPL Y scaling styles. The decimal point follows the JELPE
selection.

INPUT VALUE FOR SCALING POINT 2

- 13399 to 13939

10600

For Key-in (VEY), enter the known second Input Value by using the arrow
keys. For Apply (RPLY), adjust the signal source externally until the next
desired Input Value appears. (Follow the same procedure it using more than 2
scaling points.)



DISPLAY VALUE FOR SCALING POINT 2

(dSP 2|% - 1999910 19399
S| 10000

Enter the second coordinating Display Value by using the arrow keys. This
is the same for PEY and RPLY scaling styles. (Follow the same procedure if
using more than 2 scaling points.)

General Notes on Scaling

1. Input Values for scaling points should be confined to the limits of the Input
Range Jumper position.

2. The same Input Value should not correspond to more than one Display Value.
(Example: 20 mA can not equal 0 and 10.)
This is referred to as read out jumps (vertical scaled segments).

3. The same Display Value can correspond to more than one Input Value.
(Example: 0 mA and 20 mA can equal 10.)
This is referred to as readout dead zones (horizontal scaled segments).
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4. The maximum scaled Display Value spread between range maximum and
minimum is limited to 65,535. For example using +20 mA range the
maximum +20 mA can be scaled to is 32,767 with 0 mA being 0 and Display
Rounding of 1. (Decimal points are ignored.) The other half of 65,535 is for
the lower half of the range 0 to -20 mA even if it is not used. With Display
Rounding of 2, +20 mA can be scaled for 65,535 (32,767 x 2) but with even
Input Display values shown.

. For input levels beyond the first programmed Input Value, the meter extends
the Display Value by calculating the slope from the first two coordinate pairs
(INP 1/ dSP1 & NP2/ d5P2). If INP | =4 mA and d5P ! =0, then 0 mA
would be some negative Display Value. This could be prevented by making
INP1=0mA/d5P1=0, INP2 =4 mA /d5P2 = 0, with INP3 =20 mA /
d5P3 = the desired high Display Value. The calculations stop at the limits of
the Input Range Jumper position.

. For input levels beyond the last programmed Input Value, the meter extends
the Display Value by calculating the slope from the last two sequential
coordinate pairs, If three coordinate pair scaling points were entered, then the
Display Value calculation would be between (1P2 / d5P2 & INP3 / dSP3.
The calculations stop at the limits of the Input Range Jumper position.

wn
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5 2 MODULE 2 - USER INPUT AND FRONT PANEL FUNCTION KEY
\PARAMETERS (2-FAC). o

¢-FAL

AR

]

PARAMETER MENU Pra

Usr-2 USr-3 Fi

USr- 1

Sc-Fe —-]

Fe rSE Sc-F1I

FUNCTION KEYS

USER INPUTS | [

The three user inputs are individually programmable to perform specific
meter control functions. While in the Display Mode or Program Mode, the
function is executed the instant the user input transitions to the active state.

The front panel function keys are also individually programmable to perform
specific meter control functions. While in the Display Mode, the primary
function is executed the instant the key is pressed. Holding the function key for
three seconds executes a secondary function. It is possible to program a
secondary function without a primary function.

In most cases, if more than one user input and/or function key is programmed
for the same function, the maintained (level trigger) actions will be performed
while at least one of those user inputs or function keys are activated. The
momentary (edge trigger) actions will be performed every time any of those
user inputs or function keys transition to the active state.

Note: In the following explanations, not all selections are available for both
user inputs and front panel function keys. Alternating displays are shown
with each selection. Those selections showing both displays are available for
both. If a display is not shown, it is not available for that selection. USr- |
will represent all three user inputs. F | will represent all five function keys.

NO FUNCTION

No function is performed if activated. This is the factory setting for all user
inputs and function keys. No function can be selected without affecting basic
start-up.

PROGRAMMING MODE LOCK-OUT

Programming Mode is locked-out, as long as activated
(maintained action). A security code can be configured to
allow programming access during lock-out.

ZERO (TARE) DISPLAY

The Zero (Tare) Display provides a way to zero the Input Display value at
various input levels, causing future Display readings to be offset. This function
is useful in weighing applications where the container or material on the scale
should not be included in the next measurement value. When activated
(momentary action), rESEE flashes and the Display is set to zero. At the same
time, the Display value (that was on the display before the Zero Display) is
subtracted from the Display Offset Value and is automatically stored as the new
Display Offset Value (DFF5L). If another Zero (tare) Display is performed, the
display will again change to zero and the Display reading will shift accordingly.

RELATIVE/ABSOLUTE DISPLAY

This function will switch the Input Display between Relative and Absolute.
The Relative is a net value that includes the Display Offset Value. The Input
Display will normally show the Relative unless switched by this function.
Regardless of the display selected, all meter functions continue to operate based
on relative values. The Absolute is a gross value (based on Module 1 DSP and
INP entries) without the Display Offset Value. The Absolute display is selected
as long as the user input is activated (maintained action) or at the transition of
the function key (momentary action). When the user input is released, or the
function key is pressed again, the input display switches back to Relative
display. AbS (absolute) or ~EL (relative) is momentarily displayed at transition
to indicate which display is active.



HOLD DISPLAY

The shown display is held but all other meter functions
continue as long as activated (maintained action).

HOLD ALL FUNCTIONS

The meter disables processing the input, holds all display
contents, and locks the state of all outputs as long as activated
(maintained action). The serial port continues data transfer.

SYNCHRONIZE METER READING

The meter suspends all functions as long as activated
(maintained action). When the user input is released, the
meter synchronizes the restart of the A/D with other
processes or timing events.

STORE BATCH READING IN TOTALIZER

The Input Display value is one time added (batched) to the Totalizer at
transition to activate (momentary action). The Totalizer retains a running sum of
cach batch operation until the Totalizer is reset. When this function is selected,
the normal operation of the Totalizer is overridden.

SELECT TOTALIZER DISPLAY

The Totalizer display is selected as long as activated
(maintained action). When the user input is released, the
Input Display is returned. The DSP key overrides the active
user input. The Totalizer continues to function including
associated outputs independent of being displayed.

RESET TOTALIZER

When activated (momentary action), »ESEE flashes and the Totalizer resets to
zero. The Totalizer then continues to operate as it is configured. This selection
functions independent of the selected display.

RESET AND ENABLE TOTALIZER

When activated (momentary action), rESEE flashes and
the Totalizer resets to zero. The Totalizer continues to
operate while active (maintained action). When the user
input is released, the Totalizer stops and holds its value. This
selection functions independent of the selected display.

ENABLE TOTALIZER

The Totalizer continues to operate as long as activated
(maintained action). When the user input is released, the
Totalizer stops and holds its value. This selection functions
independent of the selected display.

SELECT MAXIMUM DISPLAY

us - ‘ % The Maximum display is selected as long as activated

r (maintained action). When the user input is released, the

qb d_H ‘ Input Display returns. The DSP key overrides the active
user input. The Maximum continues to function
independent of being displayed.
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RESET MAXIMUM

When activated (momentary action), rESEE flashes and
the Maximum resets to the present Input Display value. The
Maximum function then continues from that value. This
selection functions independent of the selected display.

RESET, SELECT, ENABLE MAXIMUM DISPLAY

When activated (momentary action), the Maximum value
is set to the present Input Display value. Maximum continues
from that value while active (maintained action). When the
user input is released, Maximum detection stops and holds its
value. This selection functions independent of the selected display. The DSP key
overrides the active user input display but not the Maximum function.

SELECT MINIMUM DISPLAY

The Minimum display is selected as long as activated
(maintained action). When the user input is released, the
Input Display is returned. The DSP key overrides the active
user input. The Minimum continues to function
independent of being displayed.

RESET MINIMUM

When activated (momentary action), rESEL flashes and
the Minimum reading is set to the present Input Display
value. The Minimum function then continues from that value.
This selection functions independent of the selected display.

%

RESET, SELECT, ENABLE MINIMUM DISPLAY

When activated (momentary action), the Minimum value
is set to the present Input Display value. Minimum continues
from that value while active (maintained action). When the
user input is released, Minimum detection stops and holds
its value. This selection functions independent of the selected display. The DSP
key overrides the active user input display but not the Minimum function.

RESET MAXIMUM AND MINIMUM

& 7 -AL

When activated (momentary action), rESEE flashes and the Maximum and
Minimum readings are set to the present Input Display value. The Maximum
and Minimum function then continues from that value. This selection functions
independent of the selected display.

CHANGE DISPLAY INTENSITY LEVEL

When activated (momentary action), the display intensity changes to the next
intensity level (of 4). The four levels correspond to Display Intensity Level (d+
LEu) settings of 0, 3, 8, and 15. The intensity level, when changed via the User
Input/ Function Key, is not retained at power-down, unless Quick Programming
or Full Programming mode is entered and exited. The meter will power-up at the
last saved intensity level.



SETPOINT SELECTIONS
The following selections are accessible only with the Setpoint plug-in card
installed. Refer to the Setpoint Card Bulletin shipped with the Setpoint plug-in
card for an explanation of their operation.

L I5k - Select main or alternate setpoints
r- | = Reset Setpoint 1 (Alarm 1)

Setpoint r-2 - Reset Setpoint 2 (Alarm 2)
Card r-3 = Reset Setpoint 3 (Alarm 3)
r-Y - Reset Setpoint 4 (Alarm 4)

Only r-3Y4 - Reset Setpoint 3 & 4 (Alarm 3 & 4)

r-234 - Reset Setpoint 2, 3 & 4 (Alarm 2, 3 & 4)
r-ALL - Reset Setpoint All (Alarm All)
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PRINT REQUEST

The meter issues a block print through the serial port when activated. The
data transmitted during a print request is programmed in Module 7. If the user
input is still active afier the transmission is complete (about 100 msec), an
additional transmission occurs. As long as the user input is held active,
continuous transmissions occur.

5 3 MODULE 3 - DISPLAY AND PrROGRAM Lock-ouT
e s PARAMETERS (3-LOL)

3-L0C PARAMETER MENU Pra
PAR
Hi Lo EOE SP-1 SP-2 5P-3 SP-y LodE
Max Display Min Display Total Display Setpoint 1. Setpoint 2 ~ Setpoint 3 Setpoint 4 Security
Lock—out  Lock—out  Lock—out Access Access Access Access Code
Module 3 is the programming for Display lock-out and “Full” and “Quick” MAXIMUM DISPLAY LOCK-OUT*

Program lock-out.

When in the Display Mode, the available displays can be read consecutively
by repeatedly pressing the DSP key. An annunciator indicates the display being
shown. These displays can be locked from being visible. It is recommended that
the display be set to LOL when the corresponding function is not used.

SELECTION | DESCRIPTION
rEd Visible in Display Mode
Lot Not visible in Display Mode

“Full” Programming Mode permits all parameters to be viewed and
modified. This Programming Mode can be locked with a security code and/or
user input. When locked and the PAR key is pressed, the meter enters a Quick
Programming Mode. In this mode, the setpoint values can still be read and/or
changed per the selections below. The Display Intensity Level (d-LEV)
parameter also appears whenever Quick Programming Mode is enabled and the
security code is greater than zero.

SELECTION | DESCRIPTION
rEd Visible but not changeable in Quick Programming Mode
ENt Visible and changeable in Quick Programming Mode

Lot Not visible in Quick Programming Mode

* Factory Setting can be used without affecting basic start-up.

PROGRAMMING MODE ACCESS

MINIMUM DISPLAY LOCK-OUT*
TOTALIZER DISPLAY LOCK-OUT*

e [ta  [EEEa
Sto)  S[tog S Lo

These displays can be programmed for LOL or rEd. When programmed for
LDL, the display will not be shown when the DSP key is pressed regardless of
Program Lock-out status. It is suggested to lock-out the display if it is not needed.
The associated function will continue to operate even if its display is locked-out.

SP-1 SP-2 SP-3 SP-4 SETPOINT ACCESS*

% SP-2|% [ 5P-3|% [ SP-4%
S o0 [ Lo S Lo

The setpoint displays can be programmed for LOL, rEd or ENE (See the
following table). Accessible only with the Setpoint plug-in card installed.

PROGRAM MODE SECURITY CODE*
Dto 250

By entering any non-zero value, the prompt LodE 0 will appear when trying
to access the Program Mode. Access will only be allowed after entering a
matching security code or universal code of 22¢. With this lock-out, a user input
would not have to be configured for Program Lock-out. However, this lock-out
is overridden by an inactive user input configured for Program Lock-out.

| [ e e UL PROGRANMING WODE AGGESS
0 not PLOC “Full* Programming Immediate access.
>0 not PLOC Quick Programming w/Display Intensity After Quick Programming with correct code # at [0JE prompt.
>0 PLOC Active Quick Programming w/Display Intensity After Quick Programming with correct code # at [04E prompt.
>0 PLOC Not Active “Full” Programming Immediate access.
PLOC Aclive Quick Programming No access
0 PLOC Not Active “Full” Programming Immediate access.

Throughout this document, Programming Mode (without Quick in front) always refers to “Full” Programming (all meter parameters are accessible).
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5.4 MODULE 4 - SECONDARY FUNCTION PARAMETERS (- 5E[)

PARAMETER MENU

-5EL PAXS PAXS NOT PAXT
PAR ONLY ONLY PAXT ONLY
Hi-t |— LO-k—dSP-t Rk -k f——1 Rk-bl——b-L (t|— DFFSE ILE
Max. Capture Min. Copture Display Update Auto=Zero Auto-Zero Units Label Display Offset Ice Point
Delay Time Delay Time Time Truck.:‘_qg Delay Tracking Band BackLight Value Compensation
ime

MAX CAPTURE DELAY TIME*

| HI-E %
oo

When the Input Display is above the present MAX value for the entered
delay time, the meter will capture that display value as the new MAX reading.
A delay time helps to avoid false captures of sudden short spikes.

00 to 32750 sec.

MIN CAPTURE DELAY TIME*

| LO-E[%
| o)

When the Input Display is below the present MIN value for the entered delay
time, the meter will capture that display value as the new MIN reading. A delay
time helps to avoid false captures of sudden short spikes.

00 to 32750 sec.

DISPLAY UPDATE RATE*

l é S 0 20 updates/sec.

This parameter determines the rate of display update. When set to 20
updates/second, the internal re-zero compensation is disabled, allowing for the
fastest possible output response.

PAXS: AUTO-ZERO TRACKING

S0

PAXS: AUTO-ZERO BAND

| RE-b|S (1o unss
I

The meter can be programmed to automatically compensate for zero drift.
Drift may be caused by changes in the transducers or electronics, or
accumulation of material on weight systems.

Auto-zero tracking operates when the readout remains within the tracking
band for a period of time equal to the tracking delay time. When these
conditions are met, the meter re-zeroes the readout. After the re-zero operation,
the meter resets and continues to auto-zero track.

The auto-zero tracking band should be set large enough to track normal zero
drift, but small enough to not interfere with small process inputs.

For filling operations, the fill rate must exceed the auto-zero tracking rate.
This avoids false tracking at the start of the filling operation,

Fill Rate 2 tracking band
tracking time

Auto-zero tracking is disabled by setting the tracking band parameter = 0.

D to 250 sec.

UNITS LABEL BACKLIGHT*

b-L [E]%
S OFF

The Units Label Kit Accessory contains a sheet of custom unit overlays
which can be installed in to the meter’s bezel display assembly. The backlight
for these custom units is activated by this parameter.

OFF

DISPLAY OFFSET VALUE*
This parameter does not apply for the PAXT.

OFFSE

Unless a Zero Display was performed or an offset from Module 1 scaling is
desired, this parameter can be skipped. The Display Offset Value is the
difference from the Absolute (gross) Display value to the Relative (net) Display
value for the same input level. The meter will automatically update this Display
Offset Value after each Zero Display. The Display Offset Value can be directly
keyed-in to intentionally add or remove display offset. See Relative / Absolute
Display and Zero Display explanations in Module 2.

- 133353 t0 13339

PAXT: ICE POINT COMPENSATION*

| _{EES
SL__0A

This parameter turns the internal ice point compensation on or off. Normally,
the ice point compensation is on. If using external compensation, set this
parameter to off. In this case, use copper leads from the external compensation
point to the meter. If using Custom TC range, the ice point compensation can
be adjusted by a value in Module 1 when this is yes.

on OFF

* Factory Setting can be used without affecting basic start-up.
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5.5 MODULE 5 - ToTALIZER (INTEGRATOR) PARAMETERS (5-t0t)

S5-E0E

o

PARAMETER MENU Pro

AR }

dELPL EbRASE

SCFRLC

P-Up —J

Locut

Totalizer
Time Base

Totalizer
Decimal Point

Totalizer
Scaole Factor

Totaolizer Power
Up Reset

Totalizer Low
Cut Value

The totalizer accumulates (integrates) the Input Display value using one of
two modes. The first is using a time base. This can be used to compute a time-
temperature product. The second is through a user input or function key
programmed for Batch (one time add on demand). This can be used to provide
a readout of temperature integration, useful in curing and sterilization
applications. If the Totalizer is not needed, its display can be locked-out and this
module can be skipped during programming.

TOTALIZER DECIMAL POINT*
dELPE| S
000

For most applications, this matches the Input Display Decimal Point
(dELPE). If a different location is desired, refer to Totalizer Scale Factor.

o oo opo opoo  ooooo

TOTALIZER TIME BASE

SEL -seconds (+ 1) howr -hours (+ 3600)
.M - minutes (+ 60) dAY - days (+ 86400)

This is the time base used in Totalizer accumulations. If the Totalizer is being
accumulated through a user input programmed for Batch, then this parameter
does not apply.

TOTALIZER SCALE FACTOR*

HGI
“[_tooo]

For most applications, the Totalizer reflects the same decimal point location
and engineering units as the Input Display. In these cases, the Totalizer Scale
Factor is 1.000. The Totalizer Scale Factor can be used to scale the Totalizer to
a different value than the [nput Display. Common possibilities are:

1. Changing decimal point location (example tenths to whole)

2. Average over a controlled time frame.

Details on calculating the scale factor are shown later.

If the Totalizer is being accumulated through a user input programmed for
Batch, then this parameter does not apply.

000 i to 65000

TOTALIZER LOW CUT VALUE*
- 13939 to 399939

A low cut value disables Totalizer when the Input Display value falls below
the value programmed.

TOTALIZER POWER UP RESET*

ng Do not reset buffer
r5k  Resetbuffer

The Totalizer can be reset to zero on each meter power-up by setting this
parameter 1o reset. :

* Faciory Setting can be used without affecting basic start-up.

TOTALIZER HIGH ORDER DISPLAY

When the total exceeds 5 digits, the front panel annunciator TOT flashes. [n
this case, the meter continues to totalize up to a 9 digit value. The high order 4
digits and the low order 5 digits of the total are displayed alternately. The letter
“h" denotes the high order display.

TOTALIZER BATCHING

The Totalizer Time Base and scale factor are overridden when a user input or
function key is programmed for store batch (bAL). In this mode, when the user
input or function key is activated, the Input Display reading is one time added
to the Totalizer (batch). The Totalizer retains a running sum of each batch
operation until the Totalizer is reset. This is useful in weighing operations, when
the value to be added is not based on time but after a filling event.

TOTALIZER USING TIME BASE
Totalizer accumulates as defined by:

Totalizer Time Base

Where:
Input Display - the present input reading
Totalizer Scale Factor - 0.001 to 65.000
Totalizer Time Base - (the division factor of EbRSE)

Example: The input reading is at an average of 10.0°C per hour. The Totalizer
is used to verify this average reading in a controlled time frame of 4 hours.
Because the Input Display and Totalizer are both in tenths of °C, the Totalizer
Scale Factor is |. However, the Totalizer Time Base is hours (3600) divided
by the 4 hours in the controlled time frame to yicld a Totalizer Scale Factor
of 0.250. By placing these values in the equation, the Totalizer will
accumulate every second as follows:

10.0 X 0250 =0.00069 accumulates each second
3600
This results in:
0.04167 accumulates each minute
2.5 accumulates each hour
10.0 reached at the end of 4 hours

TOTALIZER SCALE FACTOR CALCULATION EXAMPLES

1. When changing the Totalizer Decimal Point (dELPL) location from the
Input Display Decimal Point (dELPL), the required Totalizer Scale Factor is
multiplied by a power of ten.

Example: Input (dELPE)=0.0 Input (dECPE) = 0.00

Totalizer Scale Totalizer Scale
dELPE Factor dECPE Factor
0.00 10 0.000 10
0.0 1 0.00 1
0 A 0.0 A
x10 .01 0 .01
x100 .001 x10 .001

x - Totalizer display s round by rens or hundreds)

2. To obtain an average reading within a controlled time frame, the selected
Totalizer Time Base is divided by the given time period expressed in the same
timing units.

Example: Average temperature per hour in a 4 hour period, the scale factor
would be 0.250. To achieve a controlled time frame, connect an external timer
to a user input programmed for rtok2 The timer will control the start (reset)
and the stopping (hold) of the totalizer.
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Modules 6, 7, and 8 are accessible only with the appropriate plug-in cards installed. A quick overview of each Module is
listed below. Refer to the corresponding plug-in card bulletin for a more detailed explanation of each parameter selection.

5.6 MODULE 6 - SETPOINT (ALARM) PARAMETERS (5-5Pt)
PARAMETER MENU st |_Peal
PAR ONLY
SPSEL[—|RLk-n{—| SP-n{—|NYS-n{—| kON-nf{—] EDF -al— auk-a}— 5k -al{ Stb-n}—{L it-a}—]brn-n
Setpoint  Setpoint Setpoint Setpoint  On Time  Off Time Output Reset Stondby Setpoint Burn —out
Select Action Value Hysteresis Delay Delay Logic Action Operation Annunciators Action
Repeat programming for each setpoint. EON-n - ON TIME DELAY 00 to 32750 sec
SPSEL - SELECT SETPOINT no sp-1 5P-3 EOF -n - OFF TIME DELAY 00 to 32150 sec
- 5P-2 3P-4 Tauk-n - OUTPUT LOGIC nar rEu
ALE -n - SETPOINT ACTION aFE dE-H1l ISk -n -RESET ACTION Alka  LAELZ
moea oMl IEFE-n - STANDBY OPERATION 0 YES
RU-LO . - EobM! L {k -n - SETPOINT ANNUNCIATORS OFF n;g;
P-n- - 19339 [] nar
5P -n - SETPOINT VALUE o BFn-n - PROBE BURN-OUT ACTION - —
HYS-n - SETPOINT HYSTERESIS ! to 65000 PAXT ONLY

5.7 MODULE 7 - SERIAL COMMUNICATIONS PARAMETERS (1-5rL)
PARAMETER MENU

PAXS PAXS m

PAR ONLY ONLY
bRV [~ dRLR [— PRr [—| Rddr {— Rbru |~ 0Pk —{fraSS|—tRcE |-{ P} tok |- Wiuo}— sPme
Boud Data Parity Meter  Abbreviated  Print Gross Tare Print Input Print Total Print Max Print Setpoint
Rate Bit Bit Address Printing Optiona Value Value & Min Values Volues

This module is for RS232 and RS485.

bRlUd - BAUD RATE 300 Ya00 Rddr - METER ADDRESS Oto 59
500 3600 Rbru - ABBREVIATED PRINTING no YES
a’ﬁgg 132001 I'DPE - PRINT OPTIONS no
- DATA BITS np HiLD
PRr - PARITY BIT 0dd no Lok SPAL
EUER ~These two options are for.the PAXS ONLY.
5.8 MODULE 8 - ANALOG OUTPUT PARAMETERS (8- 0ut)
B-Duk PARAMETER MENU — Prg
PAR | _ ONLY 1
LYPE RS N AN-L0 RN-H 1 wdk burn
Analog Analog Analog Low Analog High Analog Burn—out
Type Assignment Scale Volue Scale Value Update Time Action
EYPE - ANALOG TYPE 0-20 o- 10 RAN-L0 - ANALOG LOW SCALE VALUE | - 19999 to 999939
y-20 RAN-H | - ANALOG HIGH SCALE VALUE| - 19999 to 99999
RS 1N - ANALOG ASSIGNMENT inp Lo udk - ANALOG UPDATE TIME 00 to 100 sec.
Hi kok  burn - PROBE BURN-OUT ACTION Wi L0
PAXT ONLY
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5.9 MODULE 9 - FACTORY SERVICE OPERATIONS (3-FL5)

PAR y
d-LEu [odE
Display Factory

Intensity Level Service Code

9+FLS Pro PARAMETER MENU

DISPLAY INTENSITY LEVEL

Enter the desired Display Intensity Level (0-15) by
using the arrow keys. The display will actively dim or
brighten as the levels are changed. This parameter also
appears in Quick Programming Mode when enabled.

RESTORE FACTORY DEFAULTS
Use the arrow keys to display LodE BB and press PAR,
The meter will display rESEE and then return to [adE 50,
Press DSP key to return to Display Mode. This will
overwrite all user settings with the factory settings.

CALIBRATION

The meter has been fully calibrated at the factory,
Scaling to convert the input signal to a desired display
value is performed in Module 1. If the meter appears to be
indicating incorrectly or inaccurately, refer to
Troubleshooting before attempting to calibrate the meter.

When recalibration is required (generally every 2 years), it should only be
performed by qualified technicians using appropriate equipment. Calibration
does not change any user programmed parameters. However, it may affect the
accuracy of the input signal values previously stored using the Apply (RPLY)
Scaling Style.

Calibration may be aborted by disconnecting power to the meter before
exiting Module 9. In this case, the existing calibration settings remain in effect.

PAXD - Input Calibration

accuracy of 0.01% or better and an external meter with an accuracy
of 0.005% or better. Resistance inputls require a resistance

f WARNING: Calibration of this meter requires a signal source with an
substitution device with an accuracy of 0.01% or better.

Before starting, verify that the Input Ranger Jumper is set for the range to be
calibrated. Also verify that the precision signal source is connected and ready.
Allow a 30 minute warm-up period before calibrating the meter. no and PAR
can be chosen to exit the calibration mode without any changes taking place.

Then perform the following procedure:

1. Use the arrow keys to display LadE Y8 and press PAR.

2. Choose the range to be calibrated by using the arrow keys and press PAR.
3. When the zero range limit appears on the display, apply the appropriate:

- Voltage ranges: dead short applied

- Current ranges: open circuit

- Resistance ranges: dead short with current source connected

Press PAR and - - - - will appear on the display for about 10 seconds.

- When the top range limit appears on the display, apply the appropriate:

- Voltage ranges: top range value applied (The 300 V range is the exception.

It is calibrated with a 100 V signal.)

- Current ranges: top range value

- Resistance ranges: top range value (The ohms calibration requires
connection of the internal current source through a resistance substitution
device and the proper voltage range selection.)

Press PAR and - - - - will appear on the display for about 10 seconds.

. When no appears, press PAR twice.

- If the meter is not field scaled, then the input display should match the value

of the input signal.
9. Repeat the above procedure for each input range to be calibrated.

e

M“-I_a\

PAXP - Input Calibration

WARNING: Calibration of this meter requires a signal source with an
accuracy of 0.01% or better and an external meter with an accuracy
of 0.005% or better.

Before starting, verify that the precision signal source is connected to the
correct terminals and ready. Allow a 30 minute warm-up period before
calibrating the meter. na and PAR can be chosen to exit the calibration mode
without any changes taking place.

Then perform the following procedure:

1. Use the arrow keys to display [odE Y8 and press PAR.
2, Choose the range to be calibrated by using the arrow keys and press PAR.
(ne and PAR can be chosen to exit the calibration mode without any changes
taking place.)
When the zero range limit appears on the display, apply the appropriate:
- Voltage range: dead short applied
- Current range: open circuit
4. Press PAR and == - - will appear on the display for about 10 seconds.
5. When the top range limit appears on the display, apply the appropriate:
- Voltage range: 10 VDC
- Current range: 20 mADC
6. Press PAR and = === will appear on the display for about 10 seconds.
When no appears, press PAR twice.
If the meter is not field scaled, then the input display should match the value
of the input signal.
9. Repeat the above procedure for each input range to be calibrated.

o

w ~

PAXH - Input Calibration

WARNING: In the PAXH, DC signals are used to calibrate the AC
ranges. Calibration of the PAXH requires a DC voltmeter with an
accuracy of 0.025% and u precision DC signal source capuble of:

1. + 1% of full scale, DC

2. -1% of full scale, DC

3.~ 100% of full scale, DC; (300 V range = + 100 V calibration)
4. -100% of full scale, DC; (300 V range = -100 V calibration)

Before starting, verify the Input Range and Signal Jumpers are set for the
range to be calibrated and the Couple jumper is installed for DC. Also verify
the DC signal source is connected and ready. Allow a 30 minute warm-up
period before calibrating the meter. na and PAR can be chosen to exit the
calibration mode without any changes taking place.

Then perform the following procedure:

. Press the arrow keys to display CodE 4B and press PAR.

The meter displays [AL. Use the arrow keys to select the range that matches

the Signal Jumper setting, Press PAR

. Apply the signal matching the meter prompt.

Press PAR and ----- will appear on the display, wait for next prompt.

. Repeat steps 3 and 4 for the remaining three prompts.

When N0 appears, press PAR twice.

If the meter is scaled to show input signal, the Input Display should match

the value of the input signal in the Display Mode.

8. Repeat the above procedure for each range to be calibrated or to recalibrate
the same range. It is only necessary to calibrate the input ranges being used.

9. When all desired calibrations are completed, remove the external signal
source and restore original configuration and jumper settings. If AC is being
measured, continue with AC Couple Offset Calibration.

D o—

N LW
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Optimal Energy Costs based on Improving Retort Process
In Food Canning Manufacturing

Supawut Saredchapan, Amphawan Chaikla, Ruedee Masuchun,
Thanit Trisuwannawat, and Prasit Julsereewong

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, Bangkok, Thailand
(Tel: +66-2-739-2406-7; E-mail: kjprasit@kmitl.ac.th)

Abstract: This paper presents the minimization of the energy costs based on energy saving for industrial retort process of canned
food. The approved proposed method is related the optimal steam or hot water flow control to achieve desired temperature of retort
process. The smooth response and zero steady state error can be also achieved. The performances of the proposed control technique
were observed using a small tuna canned food plant in Thailand as an illustrative example. The experimental results are given to
support the saving in energy costs and some benefits of the proposed technique.

Keywords: energy costs minimization, retort process, temperature control, pressure control

1. INTRODUCTION

The food processing industry is the consequence of
Thailand's extensive agriculture. Canned food processing is
responsible for most of the past growth in the agro-industry.
Products include fruits and vegetables, tunas, pincapples and
seafood. The combined export value for these four items in
1998 was Bt 89.6 billions (23% of all prepared food
exported) [1]. After the calamitous financial crash during
1997, Thailand’s existing food processing industries have
been in a period of consolidation and industrial upgrading.
There are several characterization, such as

- Greater recognition and need to confirm to global

standards and practices

- Using new methods of preservation

- New packaging materials and techniques

- Process technology upgrading

- Automation of production processes for improved

throughput and reduced contamination
to become more competitive in the international market,

The energy cost minimization is one of the most important
problems to be solved [2]. Accordingly, there has been much
effort to reduce the dissipated energy of industrial process
[3-5]. The purpose of this paper is to present a technique to
minimize of the energy costs based on energy saving for
industrial retort process of canned foods.

Usually, industrial sterilization retorts work at a constant
temperature during a certain time and then cans are cooled
using water. The relation time-temperature of this procedure
can be optimal with state constrains [6-7]. However, the aim
of the retort process of canned food is to reach the
sterilization with respect to the most unyielding
microorganisms damaged. Therefore, it is important to secure
the food sterilization without detriment of the quality. In this
paper, an approved method for optimal steam or hot water
flow control is presented to achieve target temperature of
retort process. The proposed control technique is based on the
look-up table in combination with the PID control to set the
appropriate opening position of steam control valve. In
addition, the smoothness of response and zero steady state
error can be also achieved.

The small tuna canned food plant, Keat Chareon Foods
Co., LTD, Thailand, was studied as an illustrative example,
The experimental results demonstrating the optimal energy
costs based on energy saving for industrial retort process and
some benefitsl of the proposed technique are obtained.

2. RETORT PROCESS

2.1 Basic concept of retort process

In batch retort process (in-can sterilization) [8], foods to
be sterilized is first filled and hermetically sealed in rigid,
flexible, or semi-rigid containers such as metal cans, glass
jars, retort pouches, or plastic bowls. It is then placed within
steam retort, large industrial-sized pressure vessel or cooker,
as shown in Fig.l. The horizontal still retort is widely
accepted type for small and medium food canning
manufacturing in Thailand.

Fig. | Horizontal still retort

The relation time-temperature of the retort process is
shown in Fig.2. During venting period, the retort is filled
with containers to be sterilized, the retort door is closed
tightly and the air is then replaced by the hot steam under
pressure to achieve temperatures above the atmospheric
boiling point of water. Next during cooking period, the
canned foods are then heated under steam pressure at the
temperatures of 116-121°C (240-250°F). The amount of time
needed for processing is different for each food, depending
on the food’s acidity, density and ability to transfer heat.
After the containers have been exposed to the sterilizing
temperature for sufficient time to achieve the desired level of
sterilization, the steam control valve is shut off and the
cooling water is then brought in to cool the containers and
reduce the pressure, thus ending the process in cooling
period.

Once the retort pressure has brought back to atmosphere,
the door can be opened, and the processed containers are
removed for labeling, case packing, and warehousing to await
distribution to the market place.
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Fig. 2 The relation time-temperature of retort process

Processing conditions are chosen to minimum needed to
ensure that foods are commercially sterile, yet retain the
greatest flavor and nutrition. All processes must be approved
by the Food and Drug Administration (FDA). In addition,
most processed foods are closely monitored, using a system
called Hazard Analysis and Critical Control Point, or
HACCP. A HACCP system identifics areas of potential
contamination within the food process and builds check
points to ensure that highest possible safety standards are
maintained at all times.

2.2 Principle of temperature control of retort process

Temperature control is important because the objective of
the sterilization process is to produce a condition called
“commercial sterility” [9]. The recommended sterilization
processes are not designed to kill all microorganisms in
canned foods. The still retort sketched in Fig.3 is used to
sterilize canned food. The objective is to maintain the
sterilization temperature at its desired value or set point in the
presence of variations of the steam fluid flow. The still retort
is heated by steam spraying through a pipe. A proportional-
integral-derivative (PID) controller is used to control the
temperature in the still retort by manipulating the steam valve
position,

VENT STEAM
‘ SUPPLY
Y

su'%'l*@@ h @ @ im‘“om

DRAIN F b By Pass

Fig. 3 Temperature control loop of still retort

The temperature control scheme works as follows: the
temperature and pressure of still retort are monitored with a
thermometer (TI) and pressure gauge (PI), respectively. The
still retort temperature or controlled variable is measured
with a sensor RTD (TEIl). The temperature-proportional
measured signal is sent to the controller (TIC) where it is
compared to the set point. The function of the controller is
generated an output signal or manipulated variable, on the
basis of the error or difference between the measurement and
the set point. The controller output signal is then connected to
the actuator of the steam control valve through a current-to-
pressure transducer (I/P). The function of the valve actuator
is to position the valve in proportional to the controller output
signal. Thus the steam flow is a function of the valve
position.

2.3 The proposed technique

This paper proposes the optimal steam flow rate control
during venting and cooking periods by technique called
“look-up table” in combination with PID controller. Look-up
table technique develops feed forward control within the
calculation of the required value of the manipulated variable
to maintain the controlled variable at its set point. If the
calculation is performed correctly, the controlled variable
should remain undisturbed [10]. The proposed technique as
shown in Fig.4 can be explained as follow.

From the temperature control loop in Fig. 3, the still retort
temperature measured signal (pv) is sent to the controller
(TIC) where it is compared to the set point (sp). The
manipulated variable (mv) is generated by the controller,
which is based on the magnitude of error (¢) or difference
between the measurement and the set point. [f the magnitude
of calculated error is greater than the preset value (=t
10%), the lookup table technique is applied to control.
Otherwise the temperature control will be operated by PID

mode.

Input desired temperature
(sp)
¥

Still retort temperature
(pv)
¥

Calcutate level error (¢)
e=5p-pv

,

PID Mode LDekup_Tablc
Technique

]

Control Valve

Still retort

Sensor RTD
I

Fig. 4 Proposed system operation flowchart
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At the begining of venting period, the position of steam
valve is 80% opening for energy saving, when the retort
temperature (pv) reaches the desired temperature or set point
(sp), the lookup table technique is applied to set the
appropriate percent open of stcam control valve. After that
the retort temperature during cooking period is controlled
using the PID control mode.

3. EXPERIMENTAL RESULTS

The performances of the proposed control technique for
retort process were observed using the small tuna canned
food plant, Keat Chareon Foods Co., LTD, Thailand, as an
illustrative example. The experimental still retort is shown in
Fig. 5, which uses the steam control valve as equal
percentage type. The comparison result in circular chart
between temperature controlled using the proposed technique
and using only PID control, is shown in Fig. 6. It is clearly
seen that the proposed control technique provides the better
performances.

The basic inherent flow characteristics of various control
valves are shown in Fig. 7, which are determined by the valve
plug configurations or cage port configurations. The inherent-
flow characteristic defined as the relationship between the
percentage of valve flow coefficient value (%Cv) and the
percentage of valve position or valve travel, where the
maximum value of Cv is about 25. From experimenting, the
80% opening position of steam valve is the appropriate value
for energy saving without product quality detriment.

Fig. 5 Experimental still retort

Using Only PID Control

Using Proposed Technique

Fig. 6 Temperature responses of retort process
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Fig. 7 Inherent flow characteristics
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4. OPTIMIZATION RESULTS

In order to calculate the energy saving, Nakakita's Cv
formula for steam fluid [11], which is based on the widely
accepted formula of Fluid Control Institute (FCI), is applied
as

4

Cv=———xk 1
11.7 % p, M
where W is the maximum flow rate (kg/hr)
pi is the inlet pressure (kgffcm? abs)
k is the correction coefficient to superheat

In this paper, the assumed correction coefficient k is
approximately 1 and the maximum inlet pressure of the
experimental still retort is approximately 7 kgf/cm? abs.
Based on Eq. (1), the maximum flow rate of steam W can be
stated as

W ~81.9xCv 2)

Considering the equal percentage flow characteristic in
Fig. 7, the minimization of the energy costs based on energy
saving can be discussed as follow:

Before the improving: the position of steam valve or the
valve travel is 100%, the Cv value is 100% of the maximum
Cv value, then Cv value = (100/100) * 25 =25

After the improving: the position of steam valve or the
valve travel is 80%, the C, value is 48% of the maximum Cv
value, then Cv value = (48/100) * 25 =12

The result from the proposed technique;
The decreasing of the Cv value =25 -12=13
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The decreasing of the maximum flow rate of steam or the
saving in steam = 81.9 * 13 = 1064.7 kg/hr = 1.0647 tons/hr
It is clearly seen that the saving in energy can be
performed using the proposed technique.
The true energy costs saving based on the amount of fuel
for six batches retort process (928.7 tonnage) occurred in
April 2002, can be calculated as

Before the improving:
The amount of fuel =~ 55.46 liter/tonnage

After the improving:
The amount of fuel » 50.657 liter/tonnage

The result from the proposed technique:
Saving in energy costs ~ (55.46-50.657)*928.7

~ 4460.55 liter/month
The fuel costs ~ 7.75 Bt/liter

Total saving in energy costs
~ 4460.55%7.75 ~ 34569.26 Bt/month
~ 34569.26*12 ~ 414831 Bt/yr

The optimization results show that the energy costs drops
to 8.66% and annual energy cost savings is about Bt 415,000.

5. CONCLUSION

This paper has described the saving energy costs of retort
process in food canning manufacturing. In order to save the
energy, the optimal steam flow is applied to control the target
temperature. The proposed technique is based on the look-up
table in combination with PID control to set the appropriate
position of steam control valve. The experimental results
show that the proposed technique can reduce the amount of
steam during retort venting period. In addition, the
smoothness of response and zero steady state error can be
also achieved.
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