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ABSTRACT

The purposes of this research were; 1) to find the obvious correlative equation for explaining
the kinetic dehydration process of decreasing humidity in the municipal solid waste in the batch
dryer, 2) to determine the performance of dehydration of the batch dryer, and 3) to find out the cost of
producing and the return in terms of economic evaluation. The pressure inside the batch dryer while
decreasing humidity was lower than the outside normal pressure. The operation was on the build up
laboratory scale drying machine, batch dryer, the drying used 10 kilograms municipal solid waste
under the normal vacuum in each batching, while measured temperatures, pressures and weights of
water which was condensed in every 15 minutes until the weight was unchanged.

The research results; 1) the kinetic of municipal solid waste dehydration process can be

QP QM
explained by empirical equation MR(P,T,t) S kL , 2) the performance of
3 3 c c’

municipal solid waste batch drying, which the condition of drying pressure was lower than that of the
prototype, was lead to the result of increasing in dehydration rate when the pressure was declining,
moreover, the temperature also rised to the highest when the pressure was decrease to the level of -80
mmHg and when the hot air temperature at the moment is 60°C, in the case of specific energy
consumption was likely to lessen to 60°C while the pressure decreased in the range of - 50 to - 70
mmHg, however, it increased if the temperature increased, and in addition, 3) there is an economic
evaluation for calculating the cost of expenses and the return, during five years of the calculated pay-
back period this project the result took only three years ten months and fourteen days, net present
value was equal to 31,016.27 bath, and internal rate of return was equal to 15.04 %, so this project is
interesting investment.

Keywords : municipal solid waste, batch drying system, normal vacuum
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% Torr microns  psia (abs) inHg inHg kPa
Vacuum mmHg (Ib/in”2)  Absolute Guage abs
0 760 760000 14.7 29.92 0 101.4
1.3 750 750000 14.5 29.5 0.42 99.9
1.9 735.6 735600 14.2 28.9 1.02 97.7
7.9 700 700000 13.5 27.6 2.32 93.5
21 600 600000 11.6 23.6 6.32 79.9
34 500 500000 9.7 19.7 10.22 66.7
47 400 400000 7.7 15.7 14.22 53.2
50 380 380000 7.3 15 14.92 50.8
61 300 300000 5.8 11.8 18.12 40
74 200 200000 3.9 7.85 22.07 26.6
87 100 100000 1.93 3.94 25.98 13.3
88 90 90000 1.74 3.54 26.38 12
89.5 80 80000 1.55 3.15 26.77 10.7
90.8 70 70000 1.35 2.76 27.16 9.3
92.1 60 60000 1.16 2.36 27.56 8
93 51.7 51700 1 2.03 27.89 6.9
93.5 50 50000 0.97 1.97 27.95 6.7
94.8 40 40000 0.77 1.57 28.35 53
96.1 30 30000 0.58 1.18 28.74 4
96.6 25.4 25400 0.49 1 28.92 3.4
97.4 20 20000 0.39 0.785 29.14 2.7
98.7 10 10000 0.193 0.394 29.53 1.3
99 7.6 7600 0.147 0.299 29.62 1
99.9 1 1000 0.01934 0.03937 29.88 0.13
99.9 0.75 750 0.0145 0.0295 29.89 0.1
99.99 0.1 100 0.00193 0.00394 29916 0.013
99.999 0.01 10 0.000193  0.000394  29.9196 0.0013
100 0 0 0 0 29.92 0

110 1 psi (Ib/in’) = 6,894.8 Pa (N/m’) = 6.895x10” N/mm’ = 6.895x10" bar

(EngineeringToolBox, 2001)
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(EngineeringToolBox, 2001)
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au'1313lu 3 5@y (Bannwarth, 2005)

v 9
aaraaslunini 6 1aun (1) Basic 1150 Normal Vacuum 8¢ 1U519A1MUAUALA 760 019 25 mmHg

(2) Fine %30 Medium Vacuum 8144292108 UALA 25 019 0.000 975 mmHg (3) High Vacuum

g TUFIIANUAUAILA 0.000 975 D4 0.000 000 975 09 mmHg

+100 \
Normal vacuum| Fine vacuum High vacuum
\
Rough vacuum Intermediate
| vacuum
2
@ Hg
Water S
(=8
[y
[t20 _ _N &
0 \ \
{
above undercooled water
-20 1
e —— — e — e
o | viscous flow range Transition range iz molecular flow range
Ej; acc. to Poiseuille € (Knudsen flow range) \
3 =
® ©
g £
; 2
# L77 _ Millibar -2 Y Nanobar | Picobar
-100 L 4 (6,11 " 4 1 L
103 lo? hoi hee  ho'  ho? 103 hot hos ho® o7 [mbar]
750 100 10! 458 10° 107 107 103 104 10% 10¢ 107 [Torr|
~am— \acuum
Y v v d ] (Y] (Y]
MWD 6 ANNANHUFIZHINIQUHANIAZYINITZAVANNAY 3 336D
(Bannwarth, 2005)
IﬂEJ?hLliJ1ﬂllé}3\11u§§’mﬁEJ’Jfo‘UﬂWiGULLﬁQSWUiﬁIﬁﬂW?%ﬂ’J']NﬁluﬁWﬂ'jWﬂ’J'liJﬁu‘iJﬁiﬁl']ﬂWﬁ
W30 INIA 1NIZINToUNRINTZAUTYYINIATZAY Basic H30 Normal Vacuum 9¢11U%74
9
ANVAUAILLA 760 D4 25 Torrs H3© mmHg (Drouzas and Schubert, 1996); Zhangjingand and Lamb,

2007; Liu et al., 2009; Stanish ef al., 1986; Taniguchi and Nishio, 1991)
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MINARDIN 1
Tin = 50 OC
Vin
P =-50 mmHg

mInaaedi 2
Tin = 50 OC
Vin
P =-60 mmHg

AINAADIN 3
Tin = 50 OC
Vin
P =-70 mmHg

mInaaesii 4
Tin = 50 OC
Vin
P =-80 mmHg

msnna@ﬁi 5
Tin =60°C
Vin
P =-50 mmHg

minnamﬁ 6
Tin =60°C
Vin
P60 mmHg

mInaaesii 7
Tin =60°C
Vin
P =-70 mmHg

minnamﬁ 8
T, =60°C
Vin
P =-80 mmHg

N1INAABIN 9
Tin = 70 OC
Vin
P =-50 mmHg

INAABIN 10
Tin = 70 OC
Vin
P =-60 mmHg

NINAABIN 11
Tin = 70 OC
Vin
P =-70 mmHg

MINAABIN 12
Tin = 70 oC
Vin
P =-80 mmHg

AINARDIN 13
Tin=80°C
Vin
P =-50 mmHg

MINAADIN 14
Tin=80°C
Vin
P =-60 mmHg

MINAADAN 15
Tin =80°C
Vin
P =-70 mmHg

mMInaaedi 16
Tin=80°C
Vin
P =-80 mmHg
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HEAOUUNUMTAINUUDITATINITYAA1991TUgNT (Net Present Value : NPV) HagnN13A14I94A1

onTINaNDULUNUAE 1Y (Internal Rate of Return : IRR)
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——T=700C,P =060 mmHg ——Linear(T=700C, P =60 mmHg)
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—4—T=700C,P=80mmHg ——Linear (T =700C, P =80 mmHg)
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en]

-100 -80 -60 -40 -20 0

=0.000053x3+ 0.010854x2+ 0.728132x+ 15.02
R? = 1.000000

063227x+1.091303

{log cMR)/log t

Pressure, P(Torrs)

=—&—Pressure(P), Moisture Ratio(MR) and Time(t)

Poly. (Pressure(P), Moisture Ratio(MR) and Time(t))

Poly. (Pressure(P), Moisture Ratio(MR) and Time(t))

H (Y v [y 1 z; [y
MNA 43 anudiusszrNnNuaulurisseuegluanzdinnanNauUssSEIMA

VULNARDINUOATIAIUAT log VYBIBATIEIUANNTHIAZIA

Y '
¥ @

A .y log cMR
NUHU WBLUNUAT Y A8 —

naz x ae P az'ld
logt

t
MR = ElUQ(PJ (11)

A 2 3 &2 3 ' d'd'd%' o
o Q(P) = 15.023928 + 0.728132P + 0.010854P" + 0.000053P FUYUAININNVUND

[ [ ~ 9 Y I 1 Ad'd'dy @ 1 9
AITUAY ﬁﬂ’lW']@IQ‘VIGl‘]f’E]UHWQ wae ¢ \WUAAINNUYUAUM P, MR lag t fT’lil’lﬁﬂW’lulﬂfl]'lﬂﬂ'lﬁ

naao



a U o w oA
M3197 6 WINTUMAID1IN 16 MINAADY OEN] 5-8

64

ngun | MINAaeefl | ANNAY (P:mmHg) | QmHgi (°C) Wandumas R’
1 - 50 y, =0.15072x """ R,’=0.90449
2 - 60 y,=1.16861x " R,’=0.82163
5 50 -0.56130 2
3 - 70 y, = 0.09800x " R,’= 0.83400
4 - 80 y,= 0.84195x " R,’=0.92991
5 - 50 y, =0.13531x" R,’=0.83259
6 - 60 y, = L40442x 7" R,’=0.92031
6 60 -1.16754 2
7 - 70 y, = 1.17705x" R,’=0.93360
8 -80 v, = 0.59259x " R, = 0.95904
9 - 50 y, = 1.96755¢ """ R,’=0.87236
10 - 60 ¥, = 1.14813x ™ R,,’=0.8840
7 70 -1.26379 2
11 - 70 y,, =2.00072x " R,,’=0.93524
-0.97331 2 *
12 -80 ¥, = 0.36458x R,,’=0.97213
-1.10256 2 ok
13 -50 ¥, = 0.50287x R ;= 0.98166
-1.13030 2
14 - 60 ¥, = 0.59012x R,=
8 80 0.98202
-1.21520 2
15 -70 y,s = 1.25996x R,,’=0.95663
-1.14261 2 ok
16 - 80 ¥, = 0.61531x R, = 0.97896

Tuhueudeanueidedoyaninaisei 6 nqui

a

[
=1

5-8 ™ QuUNQNAIN

N 50 °C AU

ANVAUFININUTTINAN -50, -60, -70 1AL -80 mmHg 1ATUMIANUFURUTIZNIN MR 1ag t

[

N

e

1 P =-50 Torrs

=).

P =-60 Torrs
ﬁ P=-70 Torrs

71 P = -80 Torrs

log MR
log MR
log MR

log MR

Y
1NN 4 AUMTIZ A

A
"o

4 log MR

log MR

-0.68549 log t + log 0.15072

-1.03404 log t + log 1.16861

-0.56130 log t + log 0.09800

-1.08268 log t + log 0.84195

-3.36351 log t + log 0.014532919

-0.8408775 log t + log 0.34726793

(12)




65

2 QUUANAINT 60 °C 2AVANUAUAINITVTTEINAN —50, -60, -70 1AL -80 mmHg 18

AUMIANVFUNUTIZNI MR 1Ay

=)

P=-50 mmHg
1 P = -60 mmHg
NAP=-70 mmHg

NAP=-80 mmHg

o P
1NN 4 AUNITI 19

A
1Io

W QUHYNAINTN 70

v o J 1
TUNTANUTUNUIIEHIN MR U

NP=-50 mmHg

=)

P=-60 mmHg

=).

P =-70 mmHg

NP=-80 mmHg

[

log MR
log MR
log MR

log MR

4 log MR

log MR

[

log MR
log MR
log MR

log MR

g v
21NN 4 AUNITIE 1A

A
139

4 log MR

log MR

t A

t A

-0.67620 log t + log 0.31531
-1.17792 log t + log 1.40442
-1.16754 log t + log 1.17705

-1.05797 log t + log 0.59259

-4.07963 log t + log 0.014532919

-1.0199075 log t + log 0.345983518

-1.18144 log t + log 1.96755
-1.00184 log t + log 1.14813
-1.26379 log t + log 2.00079

-0.97331 log t + log 0.36458

-4.42038 log t + log 1.647825394

-1.105095 log t + log 1.13299449

(13)

C F2AUANUAUMANVITTENNAN —50, -60, -70 LAY -80 mmHg 18

(14)

oz o gUKNNAINTM 80 °'C 38AUANUAUAINIVITEINAN 50, -60, 70 11aZ -80 mmHg

1 P =-50 mmHg

NP=-60 mmHg

1 P=-70 mmHg

2

1 P =-80 mmHg

TaaumInNUFURUETZHI19 MR 1A t

log MR
log MR
log MR

log MR

Y
119 4 aumsaz'lg

A
nio

4 log MR

log MR

&
U

-1.10256 log t + log 0.50287
-1.13030 log t + log 0.59012
-1.21520 log t + log 1.25996

-1.14261 log t + log 0.61531

-4.59067 log t + log 0.230063007

-1.1476675 log t + log 0.692566847

(15)



66

o v o 4 1 @
TuiueuaeINUaus (12) (13) (14) uag (15) FWITDVNIANVANNUDTICHINANUAY
1 ] o 1 @ [ ' ' X
1uﬁ)ﬂﬁﬂﬂﬁ@Eﬂ,uE‘Tﬂ13345]1ﬂ'J"Iﬂ'J"Illﬂ‘L!‘U'53EJ"Iﬂ"Iﬁ"Umgﬂﬂai’NﬂUﬂ@i"lﬁ’Juﬂ”l log UDIANUTULIAE

@ { 9 o Y Y ' 1 @ Y
nmmuﬁm”lﬂumawﬁ 7 "l,ﬂmﬂm‘iﬂ‘imﬁuTﬂ\‘iGUENﬂ‘i11/\|‘i$1mwmmnmmmmﬁum‘iﬂnmm

[ 9 A

auaIn i 44 nazidunsidnglladnudeya Ao y = 0.000341x - 0.054404x + 1.023915 Taei)

U

a v

A1 R = 0.997627 FIHN1EANNI x (ANUAUNTO P) HNTNane y [6AT18IUVB9AT log VDI

o 1 X 'y a v ] "o o A
DATIFIUANUTULASIIAN] E)gﬁ@ﬁlaz 99.76 ®9NIvYNT 0.24 ﬂJuE)QﬂiJﬂﬁ]i]EJ@u

M3190 7 gangilutieseuianuauegluan1izd@InANNAUYIIIINAYHZNARRINY

dM31EIUA log VOINNNTUIAZHA) VOINGNT 5-8

;

1l (C) log cMR
log t

50 -0.8408775

60 -1.0199075

70 -1.1050950

80 -1.1476675

Temperature(T),Moisture Ratio(MR) and Time(t) are related
0
10 20 30 a0 S0 80 70 80 o]
-0.2
-0.4
En y =0.000341x2-0.054404x+ 1.023
< 06 R% =0.997629
e
=
o 0.8
g
-1
-1.2
-14
Temperature(T oC)
=== Temperature(T),Moisture Ratio(MR),Time(t)
Poly. (Temperature(T),Moisture Ratio{(MR), Time(t))

Y v v d ! [ o 1Y
MNA 44 ANNTRUSIZHNQamIursseuinNNaUedl T IZMNNANNAY

UITNMAVULNABDINVIATIAIUAT log VOIBATIEIUANUT AR



67

% gj 4 1 !
Wi deunum y a1 B MR g ¢ dae P agld
log t
t
MR = —109M (16)
cr

A

o Q'(T) =  1.023915 — 0. 054404T + 0.000341T° Fuiumpeinvunuguugiinas

o ~Aq ¥ Y ' <3 1 d’d’d’f o J Yy
ﬁﬂTW’JﬁﬂTIKIGU@ULLWQ waze  \WumnInnvunual T, MR gt 'ﬁTllTiﬂ‘Vﬁ“lﬂﬁl”Iﬂﬂ15Vlﬂﬁf‘J\1

Q

HAZITINANMS (6), (11) taz (16) ;Jﬂl,mmmmimammiauuﬁ’wﬂwuaNaﬂﬂ;u%mmmmiu

v o ! |
AHNNCANUAUATINNUITUINA %QL‘]J“L!

(17)

att t {102P)  19Q"(D)
3 3 c c

MR(t, T,P) = —+—( + —

< I a o Ay Y Y ax
qunN1g (17) Lﬂuﬁﬂ\lﬂ1iﬂauﬁ1ﬁﬁilﬂﬂﬂ‘igi]ﬂ’]el‘ﬂhl@lﬂiﬂﬂNa%Wﬂﬂ1iﬂﬂaﬂﬁﬂ’)ﬂﬂa’JﬁLm$

v Yy
A Ay KA o

4 ° Ao a {4 g o 2 J
Lﬂ%@\iu@ﬂ TNUUINDADUAIDTNIIYUDINTIU fJ‘f! %QL‘IJULL‘U‘U%']'L?@Q (Model) NINAUAAITATUDY

mMsounRIvEzyadosuaLuUUMa luaazaANUa UM DT SMALNA

) [ ' o a £ o o a o
AUSUMANYTZaNTNTIIMUIEMUIUUTIAIN NANAMTATTUNS 17) Llﬁﬂ\ill’ﬁu@ﬂiN
A 9) Ay ¥ Ay Y o o
N8 Lm%fﬂll15ﬂllﬁﬂ\1ﬂ§1wﬂlﬂﬂﬂlﬂllva‘ﬂhlﬂ%1ﬂﬂ1§ﬂﬂﬁ@QLLZ‘ISﬂiTI/\IVIllﬂinﬂﬂTi‘imu"IEJ@nllLL‘]J”]Jﬁ]Tﬁi’N
a Jd o 1 A ] v o 1 1% '
VINﬂﬂl@]ﬁ"lﬁﬁiﬂﬂﬂfITJLLfTﬂQ]l'ﬂHﬂTWTI 45, 46, 47 ag 48 FUYUANVTUNUTIENINOATITIY
& 0 {
mmwuaznaﬂuﬂ”|sa‘uuﬁ'wm%’m&a%mmamaamazmﬂmimmﬂmmmimamﬁ 14, 13,

a

16 waz 12 My Weluesonligumngil 80 °C AUAY -60 mmHg, qungil 80 'C ANWAY -50

Y

mmHg, NN 80 ‘C ANUAY -80 mmHg Haz guHal 70 °C ANUAY -60 mmHg AN

M990 8 manszansvesaumsinnednimssuniavazyares T HIUUIATHANIZANN

Sudniwssemalnd
, 4 ﬂ‘li‘ﬂﬂﬁﬂﬂ‘ﬁ 14 mi‘ﬂﬂaﬂi‘ﬁ 13 ﬂ‘li‘l/lﬂﬁ?]i‘ﬁ 16 mmﬂam‘ﬁ 12
i (P =-60mmHg,T=80°C (P =-50mmHg, T=80°C) (P =-80mmHg, T=80"C) (P =-80mmHg, T=70"C)
a 1.23668 1.23657 0.46111 0.58622
b -1.08782 -1.09069 -0.80197 -0.84397
¢ -11.09296 -11.09431 -8.32983 -5.44835
¢ -11.09296 -11.09431 -8.32983 -5.44835
Q(P) 6.25188 6.25246 5.05187 3.79746
QM 6.25188 6.25246 5.05187 3.79746
R’ 0.98202 0.98166 0.97896 0.97213




68

2.50E-02
2.00E-02
1.50E-02
-4 2|1
g R =0.98202
1.00E-02 RMSE = 0.00296
5.00E-03
0.00E+00 1 t ; T T T ;
0 100 200 300 400 500 600 700 800
Time(min)
=== Experiment == Predict

4 (Y} v d (Y} X
MW 45 ANNFNNUSIZHNWDANTIUANNTUsAzNAN UM UIHIVBITEYAIN
PINABDWMAZIINMINMBVYDININAARIT 14 1H0]utio 0V gaurigii 80 °C

ANAY -60 mmHg

< ' < 0
ﬂglﬁl(l']']waﬂ'liwaﬂﬂﬂ'ﬁ’lﬂﬂlﬁ]ﬂ‘ﬁlﬁ]ﬂﬁ%']ﬂﬂ']'iﬂﬂa@\i (Experiment) 4a$310N1IN1UY

a

(Prediction) ¥99MINAADIN 14 awaums (17) luvazivesouliguuni 80 °C uazlinuau -60

QU

Y x
A A

mmHg 1dA1 R® = 0.98202 1aga1 RMSE = 0.00296 aananismuiaiiienSeuisununanis

-1.13030 < .
M99, 9141 Power function

189n11 Model fitting {411 Nonlinear Curve Fits laauns y =0.59012 x

) 2 A 2 Yy 9 P A A &2 @ 1 a v & oA

“]N!,"’U']gﬂﬂ Hagun1 R mmﬂummﬂﬂa Lunngane 0.98202 FUUUAVALINY UUADTUNST (17)
o Y < o a J J Y

ﬁWiJ"Iﬁﬂ‘I/]'IHTEJllﬂﬂ !LﬁzL‘]JuLL‘]J‘UﬁﬂﬁENVINﬂﬂ!@ﬁWﬁGITU@Q%ﬁuﬁ']ﬁﬁisllﬂﬁﬂ?i@‘ﬂl!ﬁﬁﬂﬂlﬂggaﬂﬂEJ

guauluannganuaudinianuussemalng lagndes



69

2.50E-02

2.00E-02

1.50E-02

MR

R*=0.98166

1.00E-02 RMSE = 0.00297

5.00E-03

0.00E+00 T T T T T 1
0 100 200 300 400 500 600 700 800

Time(min)

== Experiment === Predict

H (Y] v d Y] X
MNT 46 ANUFNRUTIZHBANTIUANNT Az UM IO DITIIVE YA IN
o 4‘ Ad' Y a o
NINABDWAZIINMINMILVDINIINARDIT 13 110U 0Y Qautigii 80 °C

ANAY -50 mmHg

N d o . .
ﬂﬁﬂﬁwaamm%gamﬂNamimimam (Experiment) 18£910N13N1UNY (Prediction)

a

A 9y Ay = o = [ Y
YDINITNAADIN 13 AWAUNIT (17) Glummzwwmaunqmwm 80 C lazuaNuAY -50 mmHg ]lﬂ

U

Y )
AR’ = 0.98166 tazA1 RMSE = 0.00297 31nHansmiulIsiiiionfSounsununanisdeniii

- d ;
1.102564 L‘ﬂu Power function “?N

Model fitting 11U Nonlinear Curve Fits nldaums y = 0.502867 x
1 { v I 1 % o
gl naziinn R HuuaTdwdr1nd 1 uinfigade 0.98166 Fuiluandedn wudedaunis (17)
o Y I A o Y
awnsoinelda nagiluaumsvaumaniizalszindvesmsouuisvez yadosguauluaning

anuausInANuUITMalna lagndea
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2.00E-02
1.80E-02
1.60E-02 ]
1.40E-02 ﬁ
1.20E-02 \
2
\# RMSE =0.00252
8.00E-03 \
6.00E-03
4.00E-03
2.00E-03
TV
0.00E+00 T I I I I
0 100 200 300 400 500 600 700 800
Time(min)
—4—Experiment === Predict

Y v v d (Y3 L
MW 47 anuEuussznNEan@IMANNTUIRz A UM se LN IR IR3aIN
o d’ Aﬁ' Y a o
N3NABRABZINMINHIBVRIMINAADIT 16 13101 UFiRDY QauTigi 80 'C

ANAY -80 mmHg

< o ..
wamﬁwammﬁwsuaqaﬁ’au”a%1ﬂﬂ15mﬂaaa (Experiment) 422910013 N1U18 (Prediction) VD

= Y Ay A a o =~ o Y
N1INAQBDIN 16 AWTUNT (17) Glummmwmauuqmwﬂu 80 C 1agunINuAY -80 mmHg IJl@]i“]'l

U

Y
R’ = 0.97896 Laz A1 RMSE = 0.00252 naransmulaiienfSsuRsununanisiaeni Model

=

1. S . .
1142600 13)U Power function c?mﬁﬁﬁg 1)@

fitting 14U Nonlinear Curve Fits ldaums y = 0.615309 x
1 { X I 1 @ @

pagdian R’ duualdudlnd 1 unfigade 0.97896 Fuiluaudednu udedunis (17) awiso

o Y I J a v Y o

e lda nazidluaumsvaumansizalszdndvesmsounisvezyarosguruluanizanuau

o ' ay 9 Y
@nﬂ’J”lﬂ’J”lllUiiﬂiﬂWﬁﬂﬂﬁqﬂgﬂﬁﬂﬁ
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2.50E-02
2.00E-02
1.50E-02
o R’ =0.97213
=
RMSE =0.00290
1.00E-02
5.00E-03
0.00E+00 T T T T T
0 100 200 300 400 500 600 700 800
Time(min)
—&4—Experiment === Predict

3 v v d [ X
ﬂ]‘Wﬁ 48 ﬂ'J1NﬁNW‘I—!ﬁ53‘?1'51\399]51&31!?\3111%1—!!!ﬁz!'Jﬁlﬂuﬂ]iﬂU!!ﬁﬂﬂlﬂﬂ%@Haﬂ1ﬂ
N3NAALWAZINMINHIBYEININAGR 14 tile]utiosey gaumigil 70 °C

ANAY -80 mmHg

I~ 1 o . . {
ﬂzmuwﬁ’ay’amﬂﬂﬁmam (Experiment) 812 910N1TN1UNY (Prediction) VDINTNADDIN

Y < Y ~ a ° ~ o
12 Agdagun1s (17) NaSUENﬂTiWﬂfJGIﬂiﬂ/\'cluellmzﬂﬂﬁliﬁ)ﬂhqmﬂﬂh 70 C uagunNuAY -80 mmHg

u
Y 1

18A1 R® = 0.97213 uagaA1 RMSE = 0.00290 910#amsfuIailiionfeuneununanisaoniii

-0.973311 & . =
111 Power function %9

. . . q ¥
Model fitting t4U1 Nonlinear Curve Fits Alaauns y = 0.364584 x
9 ' ) v { L g ' v @
1Wh31a vagdian R HuwaTdudlng 1 wnfigane 097213 suuanfernu undeaums (17)
o Y I J A v J Y
awnsorine laa nazitluaumsvaumansiFalszandvesmsovuisvezyadosguaulugniig

v o ' ay ¥ Y
ﬂ’J’ljJﬂu@']ﬂj’]ﬂq’luﬂiiﬂ’]ﬂ']ﬁﬂﬂ@]lﬂgﬂﬁ@\j
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AuIsaurMsoULHIANIIYEITaYsiu 1dA1889517150 VLU (Drying Rate, DR)

v Y
aauaaalun1sen 9 uazmﬂamamﬂﬁmwawmiﬁ’uww(Speciﬁc Energy Consumption, SEC)

uaraa 13 uasnen 10

A15199 9 BN INITOUNTS

doulumsonurta , , namiai 1 lunns
. . nmmindpgnousuke)  UminIagraIaU(ke) a3 uuiakg/hr)
32AUANNAY(mmHg) quuniic) aUUR(hr)
50 12.5 11.1 12 0.11667
60 12.5 11.6 12 0.07500
-50
70 12.4 12 12 0.03333
80 12.5 12.3 12 0.01667
50 12.5 11.9 12 0.05000
60 12.5 11.4 12 0.09167
-60
70 12.5 11.5 12 0.08333
80 12.3 11 12 0.10833
50 12.5 10.9 12 0.13333
60 12.5 11.3 12 0.10000
-70
70 12.4 11.3 12 0.09167
80 12.3 10.6 12 0.14167*
50 12.5 10.3 12 0.18000
60 12.4 10 12 0.20000
-80
70 12.5 11.1 12 0.11667
80 12.5 10.4 12 0.17500"

~ a o Y =~ y A X A o 5
A1NATITNN 9 LUATHINN 49 — 52 09I 1MTOUMTINLUU THMNVV U BANUAUAAAIAY 1

YULIAGINUYUHYNUAIG

q £

Y 1 [ [
Yuuazliamniga (0.20 kg/hr) tHoANAUN -80 mmHg 2UHYUVD

0 . . . { <
audeu 60 °C  1AaLIINNFIABNYI Model fitting 1111 Nonlinear Curve Fits 7 laaunsiilunyy

1 . @ I oA @
Polynomial function ttaza1 R Huud I 1nd 1 Fadhsdanumamisnaass uazitluaineenso'la

Y
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T=500C

V= 0000292%2 0. 035085% + 1. 1232549

y 13254 0.20000
\ R2=0.815263

Dryning Rate {(kg/hr)
s
0
[an]
[en]
L5 ]

-60 -40 -20 0
P (mmHg)

[
=
o
o
|
co
o

=—4—T=500C

Poly. (T =500C)

%4

H [y} Jd [y [y H [y
MU 49 ANNFHARUFIZHIIOATIMTOUIRWAZANNAUNSZATAS

Tuvaziiviosougamgii 50 °C

< 1w 9y A 9 2 ds! A 1% o A
“’l]%Wi‘L!'J'l@@]i’lﬂ'li@‘LILL‘VI\HJLL‘L!’JIUNLWM“IJUL?J@?]’HMQH@@WHEN 1ag1nN13La0nN Model
. . . Ay v 2 <
fitting £411 Nonlinear Curve Fits Alaaums y = 1.1332549 + 0.035085x + 0.000292x 13]

% o 1 X <
Polynomial function #41i3UARUNANITNABDY taza1 R: Huud T 1nd 1 fv 0.815263 Failu

U

VA @ 4
mneansula
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T=600Oc
0.25000
= y=0.000208x%+0.023249x+0.721635 430000
= ’ (v pravivivv]
B \ R?=0.947813
= 0.15000
L]
=
[
°= 0.10000
< :
£
e 0.05000
(a]
O-00000
UOUUOUU

[
=
o
o
|
co
o

-60 -40 -20 0
P (mmHg)

=—4—T =60 0c

Poly. (T = 60 Oc)

¥ v v ¢ (Y] (Y] Y (Y]
ﬂ]‘l"lﬁ 50 ﬂ’J13»1ﬂN‘W‘HTJ'5511'31\1@ﬂﬁ1ﬂ15i’)ﬂ!!ﬁﬂl!ﬁ$ﬂ31ﬂﬂuﬁi%ﬂ‘ﬂﬁh\‘l 9

Tuvauznviosougaungi 60 °C

H 1 Y H v
1NNTINN 50 amwmieuuﬁ’qmmﬂﬁ’ume‘fu “lummzﬂmwmuaﬂﬁmq Iﬂﬂﬂ"li!,a@ﬂ
Model fitting 1111 Nonlinear Curve Fits @137 1dA8 y = 0.721635 + 0.023249x + 0.000208x" 111

. - a o oA Yy 9 YA =
Polynomial function “ﬁﬂlﬂl?gﬂﬂm1ﬂﬂﬂwaﬂ15ﬂﬂﬁ@\‘] HagA1 R M!LU'JIL!NL"U']slﬂa 1 A9 0.947815 %3

Flusnsousu'ld
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T=700C

- y = -0.000060x2- 0.010464x - 0.335828 ¢ 17000
% R>=0.953001 T
b 0.08000
=

o O-0&a000
m e meieiviviv]
ED O0-0A000
.E. ‘ AU UUY
5 6-02000
1100 80 -60 -40 20 0

P (mmHg)
=—4—T =70 0C Poly. (T =70 oC)

¥ v v ¢ (Y] (Y] Y (Y]
J'ITWﬁ 51 ﬂ’J13»1ﬂN‘W‘HTJ'5511'31\1@ﬂﬁ1ﬂ15i’)ﬂ!!ﬁﬂl!ﬁ$ﬂ313~lﬂuﬁi%ﬂ‘ﬂﬁh\‘l 9

Tuvauznviosougaungii 70 °C

A dy Y I J A o ° o Y A Y A tg
aid 51 Fldnunvuzianuduasdias dasimsouuieluu Tdumuau tazenms
180N Model fitting (LUY Nonlinear Curve Fits aumsnlane y = 0.335828 + 0.010464x +
& . . : o '
0.000060x 1] Polynomial function Fui13UANINAVRANITNARDS azA1 R’ HuuaTiddrInd 1

79 0.953001 Huaneensu'ld
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T=800C
_ y=-0.000146%>- 0.&24041X—0.817 B79
= RZ =10.987805 A-1S000
S LV iv v v
£
% 0.10000
m
o
=11}
£ A-NSON0
E' \ o3t
(]
-100 -80 -60 -40 -20 0
P (mmHg)
=4=—T=800C Poly. (T =800C)

¥ v v ¢ (Y] (Y] Y (Y]
ﬂ]‘l"lﬁ 52 ﬂ’J13»1ﬂN‘W‘HTJ'5511'31\1@ﬂﬁ1ﬂ15i’)ﬂ!!ﬁﬂl!ﬁ$ﬂ31ﬂﬂuﬁi%ﬂ‘ﬂﬁh\‘l 9

Tuvauznviosougaungi 80 °C

' ' P} v
NNINN 52 ’éumwmiauuﬁ’ammﬂﬁ’mwuﬁu YULANNAUAAFIAL 111N Model fitting
1YY Nonlinear Curve Fits Hlﬁlﬁllﬂﬁy — 0.817879 + 0.024041x + 0.000146x" 11 Polynomial

$ o 1 I J § @
function Fud3UANIMADRANTNARD wazaA1 R’ Huua Tl Ind 1 Av 0.987805 1iluaineonsy

18
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A

o [ 1 cgj A 1Y = 9 d‘ d' 0 [ [
RV TR R FUGATIS TR (NN RLT! (SEC) mmﬂuuaﬂamqmwgmm 60 C3zaunuay

' a0 A2 A PR | o A =
aﬂa\iclusb'jﬂ -50 — - 70 mmHg UagIcUAUNIUY WogUUYUINUIU ﬂqvlllﬁﬂﬂ§18a$!ﬂﬂﬂ"lﬂu

Q13199 10 azNINA 53 — 56

3190 10 ANNEHaRINAINUIUMIZ(Specific Energy Consumption, SEC)

doulumsenuia WUNAINU HUINE I : B L N Y
waaithdly  dhwinvenii
Tihreueuuwts il wmdseuuta nFUT Y
FZAUANNAU(Torrs) QUHI(C) Tus2DUEW-hr) semio(kg)
(kW-hr) (kW-hr) (kW-hr/kg)
50 294 305 11.00 0.48 22.92
60 330 339 9.99 0.48 18.75
-50
70 339 362 23.00 1.88 12.23
80 306 329 23.00 2.45 9.39
50 275 294 19.00 1.30 14.62
60 255 275 20.00 1.65 12.12
-60
70 236.5 255 18.50 1.51 12.25
80 217 326 19.00 2.54 7.48
50 208.5 216.5 8.00 0.30 26.67
60 190 207.5 17.50 1.87 9.36
-70
70 172 190 18.00 2.13 8.45
80 150 171 21.00 2.23 9.42
50 137 150 13.00 1.41 9.22
60 109 137 28.00 1.58 17.72
-80
70 80 108 28.00 1.53 18.30

80 363 385 22.00 2.66 8.27




w
jsn]

f
l

SEC (kW/hr)
‘\i
5 B

y=-0.0229%2- 2 6833%-56.548
R*=0.3369

Sal

an)

-100 -80 -60 -40 -20 0
P (mmHg)

=4=—T=500C Poly. (T =500C)

¥ v v d 2 v o v Y Y]
M 53 anudiusszrneanudulasandsnudumnzsazanuauiszAuma q

TuvauzNvioseugmmgii 50 °C

T=600C

< \ 15
g
S 10
o y =0.0375x2+4.9303x+ 171.94

RZ=0.9566 2
100 80 60 40 20 0

P (mmHg)

=—4—T=600C

Poly. (T =60 0C)

3 v v d X v ° o A LY
M 54 anuFiusszreanudulassndsnudumnzrazanuauiszAuma 9

TuvauzNvioseugmmgii 60 °C
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en]

SEC (kW/hr)
h

[HEY
<

v =0.0246x*+3.0506x+ 1042 5
R2=[0.6936
-100 -80 -60 -40 -20 0
P (mmHg)

=4=T=700C Poly. (T=700C)

¥ v v d 2 (Y] o (Y] Y (Y]
Mnd 55 anuFuiusszreanudulasandsnudumnzsazanuauiszAumMa 9

TuvauzNvioseugmmgii 70 °C

T=800C
L—/‘\ -
W fo)
—_ v [*]
£
'%... 6
= ¥y =0.0011x2+ 0.1604x+ 14.361
o A
9 RZ=0.1005 =
v
?
-100 -80 -60 -40 -20 0
P (mmHg)
=4=—T=800C Poly. (T =800C)

Y v v d a (v o o [y
anﬁ 56 ﬂ')1ZJETNWHﬁ5Z‘ﬂ'h\‘lﬂ'313»1'GT‘H!‘IJa'ﬂ\‘l‘wﬂ\‘iQ1“I»!‘i]1!W1$llﬂ$ﬂ31uﬂuﬁi$ﬂﬂﬁ1ﬂ 9

Tuvaziiviosougannii 80 'C
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a d
msmldnemazanouumulnBussygaansvesszuy

o Ia 4 v A {
N LATTATMIMUIN NS ATHFMEAs IenTTy tiensaadulalunsauinly
18un nisdszuimnissield msdszuanisa1s1e91e ArszezIa1AUNU (Payback Period)
HARDUUNUNTAINUYDITATINITYAAITIYLUGNT (Net Present Value) HAaZAIDATIHANDULNY
ey (Internal Rate of Return)
Y o Y 9 @ a a
1. msdszainamsngld lumsduiuneldezdeserdegiumsaannilsuavezya
o A ~ dy = 1A a g
dosgusuen 150 Aumdou Nanusullszuin 23% wasgiudlon lumu 30%wb gwnsonaaiiu
tg a 1 [ a A 1 9 (% A
1%®MAI RDF 110U RDF-3 (52 UUNQUansgomsn1) wio -RDF (szuunguglsl) 18 15 dusdou
o 1 o 4 I a Fal
Tags 1151118 1,000 /AU (Fudnanuilu@aniesdudanaa, 2552) tazainmisnianisel 3 lul)
A A 1 = @ A 9 = o o [ o
2558 a3 UVBLADTUD 49,680 AU 3D 17.9 AIUAUA] (NTUWANHAINUNAUNULAZOYITNY
WA, 2555) TIAWTONAN F-RDF 141521181 4,900 AUAD U HAANNAINITDVDIUATBIA UL
A a 49! Aav dy Y a o a Y A % 1w a ) Y
wnanvulsluanuitoll 1naanainganIdiies 0.12 duae i uazaunsanamilu RDF-3 Tdifio
Y] 1 [ o 1 [ 1 . I 4
0.012 duaeiu MINTe18 120 vInaeiu w3 43,200 vnael) FelHiugiulunsnernsel

v v ) v 4 2
510 ldTuewiaadn s Udran (wa. 2557 Judu'll) mindeyanmamiviuvesvezgmanilsz

o ¥y

9 @ a 9| ' Y A Y
I080g 3.3 UBNNN 9 ?J azonsINlesovay 10 G]’E]TJ muumamiw”lmwdamiﬂizmmmiiw”l@

U

’(,’f'lllﬁml,ﬁﬂilulﬂuﬁﬁ'lﬁﬁ 11

H &
ms19i 11 elaanmasnennsalludn 5 Ydravin

T4 A wer 518 1d@Wm)
1 2557 43,200.00
2 2558 48,945.60
3 2559 55,455.36
4 2560 62,830.93
5 2561 71,187.44
(HamIMuUIDY)

a 2 <
2. msidszanamlfnensedunu (Cos) Usznouais Ruasuisuusnitludunulums
[ v d' A 1 Y 1 FA o a
Tanfadenanvsen 19918 1un15099Y (Investment Cost) taza1lgaralunmsduiiumsuazms

[ 3 g v @ o 1 k4
1An13 (Operating and Administration Cost) tHuaunulunssethtoduuilsasseazideaas 11
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1 2l
aldaalumsanu

a Y. a a o ¥ 1 [
Liuﬁﬁnu]’lﬁ}NWﬂWﬂﬂWngNLQH%Wﬂ‘ﬁUTﬂWﬁWWH% ons1aeniey 0.9% A0l sTELIa1INTHOU
o A I a
FrszAuduEu 50,000.00 U
2 < 1 1 4 @ { A [ a
msasnuisuusntualgaelunssededoasin hidunls ldawvuianisnan uay

=S 9 d‘ o a a = d’
mmu‘lmwammumiwaﬁ i?ﬁlﬁ&@ﬁlﬂllﬁﬂ\‘lhl’ﬂuﬁﬁNﬂ 12

m319n 12 mlFneglumsasnu

319019 TIUIUEU (VD)
] ,ﬁ' A =Y 1 (% o %
aunsosieldluminansauaimssaIszuumsia 10,000
[ 4 [ a g
mqﬂﬂimmiamgazmmu 0NV WoULUY tazlsenouAnna 15,000
1 Y
s lsoelumsaamu 25,000

(i1m°ﬁ«§ammnﬂamﬂaammmz%mmmmmzﬁﬂumﬂngam‘w dlsmgﬂ%umma)

alFnelumsautiumsuazmsaams
nugeondu 3 aau ldun mldaelunszurumanaa ussan uag i daaas 13y

=
A1TNN 13

M3197 13 enelunszuiunsnan 1sanu uaz lwih

318013 TIUIUERY (UIN/AADY) IUIUERY (WINA))
mvezyareoy 30 360
A lihmanaaoan 14) 208 2.496
ALY 3,000 36,000
samalgne 38.856

* v X = A yra a ¢
i1ﬂ1§‘U“Iﬁ’)"’llfJ$l‘1JfJﬂﬂ’ﬂ&l‘lﬁﬂﬂ!ﬂ‘i«! 50 %wb 100 kg 5 V1N (SA.AT.TNUA NHNTNE)

v d

Y Aa wvAa A
i1ﬂ"lﬂ!ﬁiﬂ(iﬂ.ﬂi.a’3l‘ljﬂ NUNINE)

3. msf‘imamdﬁzﬂmmﬁunu (PB)

<3 A ~ 1 Yo a Ad a 1 Y
Lﬂuﬁ%ﬂ%nﬁWﬂL‘WEl\‘leJT]ﬂ1ﬂ’J1ﬁ]$ulﬂ’§‘]Jﬂ5$LLETN‘L!ﬁﬂﬁ]ﬂ‘ﬁﬂlﬂﬂ%Wﬂﬂﬁﬁ\iﬂUﬂEJN’L!’E)EJ
9 H '
sffmmm‘uw%mﬂmmuamumwmﬂm"hﬂuﬁeuuiﬂ iﬂﬂ"lﬁl}’é)gasluﬁﬁ%ﬁ/] 14 UDINTSUTNUTA

gaznsTuaRUaadzay a1u1satuImuIauaziTounen Ineo1duHU LU0 Microsoft Excel
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. . . '
2010 TaeNun Cash in flow us1e1an lannmsdszuasieldaude (1) ¥l 80 a2u99 Cash
3 oAy Y ' ] ] 9 o
out flow 1Hus1e91en Ida1nn151szaasienienIute (2) Wi 80 - 81 uazd@ SO Net cash
flow N 1491NA1YDY Cash in flow aUAIY Cash out flow VoILAaz) W.a. luuaINTLUTIUAATS T
) T Aa a =i k) v S v '
Tannmituueaninszuauaaazanluilneu audle AU Net cash flow Tuildau sy
AszuaRuaaazaylul) w.a. 2556 Av -50,000.00 V1N HASAI1UDALDI Net cash flow 113l W.¢1. 2557
A I L a A v = <3
A9 434400 VN Wwaans luualnszuauaaazayluildau1duiy -45656.00 V1N wagul
' a Y A = o a T A g
amnszuaRuaadzayluildaniios q nnil we. sunseismnszuaSuaadzanluildauiiauiu
' = 1 a ~ ~ o a
V20w 1udl w.e. 2560 AveduaINTTuARUAAALEY 2,897.05 VN TIuvE N0 UASINUYDIY)
a1 =< v A I A A == A ]
w.A. 2559 Taniluay Feasanuili 3 wesmsasu naziluszeznadinaunu uandliwufouoy
dnaeauson 1dan mduysalves -20,019.29 113820 22,91635 1A1MIAY 0.873581 LAz
o o o’d” 9 < Yo A A A 13 o A @ = = Y o a A
Anaunaansidle 12 Naglasiwdoudo 10 Wow uandatimyiuegdn 19 ldaavgansaiionno

o < Yo v A A @
0.48298 aaind 30 ﬂi]z'lmmau’m 0 14.4894 1159 14 I

M1 14 MIMUIVMIZEZINAUNY

2 < ' A v 1 = A @
NEUU fﬂzmmﬁzaxnmﬂunu@giumq 39 10 e U 14 MW

4. WanRUUNUMIAINHYRdlATIMIYamTagliugns (NPV)

3 w.q. 2556 2557 2558 2559 2560 2561

Cash in flow 43,200.00 | 48,945.60 | 55,455.36 | 62,830.93 | 71,187.44
i 0 1 2 3 4 5

Cash out flow -50,000.00 | 38,856.00 | 39,205.70 | 39,558.56 | 39,914.58 | 40,273.81
Net cash flow -50,000.00 4,344.00 9,739.90 | 15,896.81 | 22,916.35 | 30,913.63
NSTUTRUAAT T -50,000.00 | -45,656.00 | -35,916.10 | -20,019.29 | 2,897.05 | 33,810.68
37| 0.873581 | 0.48298
10.48298 14.4894
10 Hou 147U

(HamIMmuInY)

o = v 9 I ~ Y J ' o
ﬂﬁﬂﬂ!flmﬁ"ﬁgEJSLTJﬁTﬂlW}‘Lﬂ‘L!ﬁTJﬂJE’J 3) L‘]JL!LWENﬂﬁ‘]JE’Jﬂiﬂﬂﬁ‘ﬂ’ﬂu1umﬂiﬁ]$%1

Tieldnamsduiiumssuiuiamu ldmidu Fezldlumadlunadmiumsdaduloiey

[
v A 1

A Y o =t v & ga ' = o v A Ay 9 IS Y v
asnuwse liudd luiisane auiugitsAaainieeltisedouidelnilumegiuwalidnule

A X ' ' o a < A o
fNﬁu ﬂTﬁ‘VIﬁTUﬂTNa@]@ULLV]Uﬂ’]ﬁaQnuﬂlﬂQTﬂi\iﬂ'ﬁHaﬂ’]ﬁﬁ]i}ﬂuﬁm‘ﬁ %Qlﬂuﬂwﬁlwuﬂj']lllluclﬁ]%ﬂ

a

o

o & o g YYR = ' a 4 4 2 P} a A
TEAVTUN LW'i']g‘WT(lVfgﬁﬂﬂﬁ%laﬂ1“]]f’]\?ﬂﬁ]ﬂTi‘ﬂ!Wllﬁllu’ﬂTﬂﬂ'liaQVlu 1/lﬂmnimﬂimﬁmuﬁmn
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Forteanananalngans taznadinsuaniulunaifisad aaeaIuNs 1A NUAIIV
nszuaiiuaalueunadls sanaaslunmd 15 m3lduesiaarlugesdie Fludail fauuna
Net cash flow AoaN1l 1) W.A. 2556 A9 -50,000.00 Lﬂuﬁ1m@qﬁuamuﬂ§’QLLiﬂ Aoau1l 1 w.a. 2557
2558 2559 2560 taz 2561 l1aa1naaavluia Cash in flow aua28 #av1uia7 Cash out flow AD
4,344.00 9,739.90 15,896.81 22,916.35iag 30,913.63 A1ua19U g luualInszuaRuan
dzey avanil 1 w.e. 2556 Av -50,000.00 ﬁJuﬁwmﬁuamuﬂgmiﬂ ADdU 1) W.A. 2557 2558
2559 2560 tag 2561 lannduavlutodnssuaRuaaazaunoauyl 1 w.e. 2556 vIndle danavly

1197 Net cash flow Aoan] 1l W.A. 2557 Ao (-50,000.00 + 4,344.00) -45,656.00 (-45,656.00 +
9,739.90) -35,916.10 (-35,916.10 + 15,896.81) -20,019.29 (-20,019.29 + 22,916.35) 2,897.05

(2,897.05 + 30,913.63) 33,810.68 luualdasiaeniie (1+)" Aoanil 1 w.a. 2556 An 1 11910
(1+0.009)0 ﬂﬂﬁuﬂ’ﬂ WA, 2557 2558 2559 2560 1AL 2561 AD 1.0090, 1.0181, 1.0272, 1.0365 uag
1.0458 11910 (1+0.009)", (1+0.009)°, (1+0.009)’, (1+0.009) 118z (1+0.009)° muaray @avluund

NCF/(1+)" aodu1l 1 w.a. 2556 Ao -50,000.00 11910 @2av 11107 Cash out flow (-50,000.00) 113

Frefaavluund sasaeniie (1+)" aeduaf T w.e. 2557 2558 2559 2560 1Az 2561 Ao 4,305.25
9,566.92 15,475.21 22,109.591a¢ 29,559.30 w1911 4,344.00 9,739.90 15,896.81 22,916.35 110y
30,913.63 uAngAIM15A20 1.0090, 1.0181, 1.0272, 1.0365 1A 1.0458 awaidu d115ua1 NPV =
31,016.27 1811910 wasINVDa -50,000.00 +4,305.25+9,566.92+15,475.21+22,109.59+29,559.30

a

M3197 15 MIMUINHaNLINUMTAINUYRIATINSYyamTagiivgns

Q

3l w.a. 2556 2557 2558 2559 2560 2561
Cash in flow 43,200.00 | 48,945.60 | 55,455.36 | 62,830.93 | 71,187.44
4 () 0 1 2 3 4 5
Cash out flow -50,000.00 | 38,856.00 | 39,205.70 | 39,558.56 | 39,914.58 | 40,273.81
Net cash flow(NCF) | -50,000.00 4,344.00 9,739.90 | 15,896.81 | 22,916.35 | 30,913.63
nszudRuaaazay | -50,000.00 | -45,656.00 | -35,916.10 | -20,019.29 | 2,897.05 | 33,810.68
sasmeniiy (1+) 1 1.0090 1.0181 1.0272 1.0365 1.0458
NCF/(1+i)" -50,000.00 4,305.25 9,566.92 | 15,475.21 | 22,109.59 | 29,559.30
NPV = 31,016.27 150 31,016.27
(HaMIMUIN)

J Ay Ya 1 & a0 ' R dy
1071 NPV = 31,016.27 1IN 14"lﬂum!,ﬂummmzmmmmw 0 uﬁmmﬂumsamuu

kY ' A AN Yo = 1Ty A a dy =)
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5. mMaminamonswanauIMuMaly (IRR)

< [ { o ' o a o & 1w 1
Wudaswaneuununyi liyamdegin vesnszuatuaasunuaminuyan

) a 1 g’; = 1 a3 [ 9 ~ = a ~ 1 Y a
PJagiinveaiudanenaing deilusasiesasiuanininnuaInIsnveuduny Nzne 1vina

9
v A Y 1w <

510 lanunutuainuueslanganisiu mimaisaswansuununieluveslnganis naens
MUIUMIAIATIAIUAA (Discount Rate: r) NI 15999z 1yamlagiuvesnanouunugnd

a1 1w 4 = [ A
Vo91ATINT (NPV) NAUMNUFUY 519az9eAAdAd 1 UA1519N 16

a

M3197 16 MIMNUINHANLINUMIAINUYRIIATINMSYamTagliugns

Q

A wa. 2556 2557 2558 2559 2560 2561
Cash in flow 43200 | 48,945.60 | 55,455.36 | 62,830.93 | 71,187.44
I3 () 0 1 2 3 4 5
Cash out flow -50,000.00 | 38,856.00 | 39,205.70 | 39,558.56 | 39,914.58 | 40,273.81
Net cash flow - 50,000.00 4,344.00 | 9,739.90 | 15,896.81 | 22,916.35 | 30,913.63

AIRRN | Saswmonies (i) = | 0.150427949 | %30 15.0427949 | %

(1+i)" 1.150 1.323 1.523 1.752 2.015
R - 50,000.00 3.775.99 | 735928 | 10,440.75 | 13,083.01 | 15,340.97
A1 Sum(R) = 0.00

AMIRRN | oa51@enlle = | 0.150427949 | %39 15.0427949 | %

(HaNMIMUINY)

A . = g ' S = o

11184910 Microsoft Excel 2010 &1y Tilsunsuunuaiunianuanisog asidanyu
o a 9 o 1Y g‘/ Y o R 9 I U o ]
MsmuIun e sdu 13 weanuazaIn augitedels lsuunsuaenandiuimunmal IRR
amudoyalua1snd 16 uazanmanismuIn lasMMuaAnI8ATINAADUUNUAIEA (Minimum
Y

. 1T W a [ a Y o 1
Attractive Rate of Return : MARR) 1111 0.9% Tage198991noas1aenidiodug wanisauam lan
A = ¥y I 2

IRR = 0.150427949 ¥30 15.04 % @3 IRR (15.04%) > MARR (0.9%) uaadlviiuinlnsanisi

auaasasnula
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FRENIC-Mini Series Concepts
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High starting torque, at 150% or more

Optimum performance for traversing conveyors

ompact Inverter FRENIC-Mini Series

Trip-free operation

Equipped with Fuji’s original simplified torque-vector control
system and the automatic torque boost function, the inverter
provides consistent powerful operation (when automatic torque
boost is ON, slip compensation control is ON, and when
running at 5Hz or more).

Torque [%]

200

100

500 1000 1500 2000
P Motor speed [r/min]
[Torque characteristics]

¥ Short-time operation torque 100% output torque refers to

150 " the rated torque of the motor
: driven at 60 Hz.
100 |
Output | & Continuous operation
torque i allowable range
[%] 50 e
0
6 60 120
(5) (50) Output frequency [Hz]  (100)

[Output torque characteristic data]

*k The above graph shows an of torque characteristics obtained when FRENIC-Mini is
combined one-to-one with Fuji’s standard three-phase motor (8-type series: 4 poles).

Braking resistor connectable to the inverter

Owing to a built-in braking transistor (0.4kW or larger), an optional
braking resistor can be connected to increase the regenerative
braking capacity for conveyance and transportation machinery that
require large braking power. For inverters of 1.5kW or larger, it is
possible to select the model that incorporates a braking resistor.

Automatic energy-saving provided
as a standard function

By controlling the motor loss to a minimum, FRENIC-Mini
further saves electric power when applied to fans or pumps.
*kEnergy saving rate varies with the motor characteristics.

PID control function

Permits motor operation while controlling temperature,
pressure, or flow rate without using an external device such as
temperature controller.

Cooling fan ON/OFF control function

The inverter’s cooling fan can be turned off while the fan or
pump is stopped for noise reduction and energy savings.

Motor speed T

Output current

The highly used functions for fans and pumps

The remarkably improved current limiting function (stall
prevention) allows trip-free operation even for an impact load.

Load torque L I —

0Os 2.5s 5s 7.5s 10s 12.5s8
Time

Stable operation even for a step load

The slip compensation function permits stable operation even
when the motor load fluctuates (step load).

Load torque —I I—
Motor speed \— T
Output current
Os 2.5s 5s 7.5s 10s 12.5s
Time

Reduced motor instability at low speed

Fuji's unique control method improves voltage control
performance and reduces motor instability at low speed to about a
half or less (at 1Hz) compared with that of conventional inverters.

FRENIC-Mini

Motor speed [r/min]

Conventional Fuji inverter

“I“A“l“l‘ll“l‘xl“thl“A“”ll“
I

[Instability characteristics]

110

100
90

80 When damper or valve is used —b,

70

Required power P
[%] 60

50
40
30
20

0 10 20 30 40 50 60 70 80 90 100
Air or liquid flow rate Q [%]

[Energy savings effect]
sk Energy savings rate varies with the motor characteristics.

A\

Safety Precautions

1. The contents of this catalog are provided to help you select the product model that is best for you. Before actual use, be sure
to read the Instruction Manual/User’s Manual thoroughly to assure correct operation.

2. This product is not designed and manufactured for use in machines or systems which human life is dependent upon. If you
are studying use of the products in this brochure for special purposes such as for control of nuclear power stations, in sea, air
or space craft, in medical or land transportation equipment, or any related systems, please contact the business office of Fuji
Electric. If these products are to be used in any equipment in which there is a risk to human life or the possibility of a major
loss in the event of failure, be sure to install the appropriate safety equipment.
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Compatible with a wide range of
frequency settings

The ideal functions to serve a multiplicity of needs for small-capacity inverters

The output frequency can be set to a
maximum of 400Hz.

The optimum frequency setting method can be selected to
match your machine or equipment. Setting can be done by
keypad panel (@ @ keys, potentiometer), analog input (4 to
20mA, 0 to +10V, 0 to 5V, 1 to 5V), multistep speed settings (8
steps) etc.

A transistor output is provided.

The inverter can be used for equipment that requires a high
motor speed such as centrifugal separator. In this case, check
the operation in combination with the motor.

Two points can be set for a non-linear
V/f pattern.

This enables an overload early warning, lifetime forecast or
other information signals to be output during operation.

o

One point for the non-linear V/f pattern, which can be set as
desired, has been added (making a total of 2 points), and so
the V/f pattern can be adjusted to match the application.

T Compact

Side-by-side mounting is possible.

Multiple inverter units can be mounted side-by-side inside a
panel. This features helps to minimize the space used for
installation. (Ambient temperature: 40°C or less)

120

80 ‘ 80 80

|
1
1
(Units: mm)
(Three-phase 200V, 0.75kW or less)

RS485 communications card (option)
can be installed internally.

Size interchangeability with Fuji’s
FVR-C11S series is provided.

FVR-C11S FRENIC-Mini

A model with built-in braking resistor is
available on order.

This card can be installed inside the inverter’s body without
changing the dimensions. RS-485 communications are
available as option.

RS485
communications card

(Three-phase 200V, 0.75kW or less)

For inverters of 1.5kW or larger, a built-in braking resistor type
can be selected.

Since installation and wiring of a separate braking resistor is
not required, the total mounting space is reduced.

]

(Three-phase 200V, 1.5kW)



Frequency setting potentiometer is
standard equipment.

Simple operation and wiring

ompact Inverter FRENIC-Mini Series

All types of data can be displayed on
the keypad.

The frequency can be adjusted easily by hand.

The control circuit terminal block cover
and main circuit terminal block cover
can be quickly removed.

(
o

Control circuit terminal block cover

Main circuit terminal block cover

The output frequency, set frequency, load shaft speed, output
current, output voltage, alarm history, input power etc. can be
displayed.

A menu mode is included in the keypad.

The menu items include the “function menu” for checking or
changing function codes, “operation monitor”,“1/0 check”,

“maintenance info.” and “alarm info” See the FRENIC-Mini
User’s Manual for details.

Maintenance

The lifetime of the DC bus capacitor can
be estimated.

The alarm history for the 4 latest
alarms is recorded.

The capacitor’s condition compared with its initial state can be
confirmed.

A long-life cooling fan is included.

Use of a long-life cooling fan (design life: 7 years with an
ambient temperature: 40°C) reduces maintenance work.

Cumulative running time is recorded and displayed.

The inverter records and displays the cumulative running time
(lifetime) of the inverter itself, PCB, and cooling fan.

All models are equipped with an inrush
current suppression circuit.

An inrush current suppression circuit is provided as standard
in all models, so the cost of peripheral devices such as input
magnetic contactors can be reduced.

A DC reactor (DCR) connection terminal
is provided as standard.

A terminal for connection of a DCR, necessary for suppressing
harmonics, is provided in all models.

Interface for peripheral devices and comprehensive protective functions

Detailed information from back as far as the 4 latest alarms
can also be checked.

It is possible to output lifetime forecast
signal to the transistor output.

This signal is output when the capacitors in the DC bus circuit,
the electrolytic capacitors on the PCB or the cooling fans are
nearing the end of their service life.

Input/output phase loss protective function

It is possible to detect output phase loss at all times during
starting and operation.

Sink/Source can be switched.

The input/output mode (Sink/Source) of the digital input terminals
can be switched by means of an internal jumper switch.

The motor can be protected by a PTC thermistor.

In addition to the protection by an electronic thermal relay, the
motor is protected by a PTC thermistor input.

_5_



Flexible through optionals

Function code copy function Remote operation is possible.
The optional remote keypad panel includes a built-in copy Remote operation can be done easily using the optional
function, so function codes can be set easily in duplicate units. RS-485 communications card, remote keypad and remote

operation extension cable.

Inverter support loader software is
available.

The inverter support loader program (Windows based), which
simplifies setting of function codes, is provided.

The optional RS-485 communications card, remote operation
extension cable and USB-RS-485 converter are necessary.

RS-485
communications

. . s
Mounting on DIN rail car

Using the rail mounting base (option), the inverter can be
easily mounted on a DIN rail (35mm wide).

Replacement of older models

with new ones is simple. Extension cable for remote operation

Remote keypad

The latest models can be mounted without drilling additional
holes by use of the mouting adapter (option).

Wide variations

@A 400V series, in addition to the 200V series (Three-phase, single-phase), is available.

@®Models with EMC filter built-in, with braking resistor built-in and with RS-485

communications-compliant are also available on order.
*The RS-485 communications is applicable on the standard model with using the RS-485 communications card (optional accessory).

@®Type1 (NEMA1) conformed model is available by attaching optional parts.

Global products

All standard models comply with the EC Directive (CE marking), UL standards and
Canadian standards (cUL certification).

All standard FRENIC-Mini inverters comply with European and North American/Canadian standards, enabling standardization of the
specifications for machines and equipment used at home and abroad.

If the model with built-in EMC filter is used, the model conforms to the European
EMC Directive.

EC Directives (CE making), TUV

North America/Canada
UL standard (cUL certification) (H l®l|- uUs LISTED

BAUART
GEPRUFT
TYPE

TOV Rheinland | APPROVED




The contents of this catalog are provided to help you select the

- - i product model that is best for you. Before actual use, be sure to read *
a rl a I o n > the User's Manual thoroughly to assure correct operation.

r

In addition to the three-phase 200V and single-phase 200V, three-phase 400V
series has been newly introduced, broadening the model selection range.
Model variations include EMC filter built-in type and braking resistor built-in
type on order.

Applicable Three-phase Three-phase Single-phase

motor rating 200V series 400V series 200V series

Standard specifications

( 0.1 +{_ FRN0.1C1S-2A ) { FRNO.1C1S-7A )
( 0.2 +{_ FRN0.2C1S-2A ) { FRN0.2C1S-7TA )
( 0.4 - FRNo0.4Cc1S-2A —{_  FRN0.4C1S-4A < FRN0.4C1S-7A )
( 0.75 - FRN0.75C1S-2A }—_ FRN0.75C1S-4A }—_ FRN0.75C1S-7A )
( 1.5 - FRN1.5C1s-2A —{  FRN1.5C1S-4A < FRN1.5C1S-7A )
( 2.2 - FRN2.2c1s-2A —{  FRN2.2C1S-4A < FRN2.2C1S-7A )
( 3.7 - FRN3.7C1S-2A - FRN3.7C1S-4A )

Semi-standard specifications

( 0.1 -  FRNO.1C1E-2A  } { FRNO.1C1E-7TA )
( 0.2 -  FRNO0.2C1E-2A  } { FRNO0.2C1E-7TA )
( 0.4 - FRN0.4C1E-2A  —{_  FRN0.4C1E-4A - FRNO.4C1E-7TA )
( 0.75 - FRN0.75C1E-2A —{_ FRN0.75C1E-4A }— FRN0.75C1E-7TA )

( 1.5 - FRN1.5C1E-2A  —{_ FRN1.5C1E-4A _}— FRN1.5C1E-7TA )
( 2.2 - FRN2.2C1E-2A  —{_ FRN2.2C1E-4A _}— FRN2.2C1E-7TA )
( 3.7 - FRN3.7C1E-2A —{_  FRN3.7C1E-4A )

| Braking resistor built-in type (Onorder)
( 1.5 - FRN1.5C1S-2A21 —{_ FRN1.5C1S-4A21 )

( 2.2 - FRN2.2c1S-2A21 —{_ FRN2.2C1S-4A21 )

( 3.7 - FRN3.7C1S-2A21 —{_ FRN3.7C1S-4A21 )

~ IPd0enclosuretype
( 0.1 - FRN0.1C1J2A )

( 0.2 - FRN0.2C1J2A )

( 0.4 -  FRN0.4C1J2A < FRN0.4C1J4A )

( 0.75 - FRN0.75C1J-2A < FRN0.75C1J-4A )

( 1.5 -  FRN1.5C1J2A < FRN1.5C1J4A )

( 2.2 - FRN2.2Cc1J2A  —{_  FRN2.2C1J4A )

( 3.7 - FRN3.7C1J2A  —{_  FRN3.7C1J4A )

Type1(NEMA1)conformed model is available by attaching optional parts.

@ How to read the model number Tio Gampact Invertor FRENIC-Mini

Code Applicable motor rating [kw] Code Brake
5 Blank,1 Standard

[ Code I Series name \ F R N 1 5 C 1 - 2 A 2 1 [ Code I Built-in option \
[ FRN | FRENIC series | . Blank,1 | None |
— p—
0.1 0.1
0.2 0.2 2 Braking resistor built-in type
0.4 0.4
0.75 0.75 [ Code I Version/Manual \
T 15 A Asia/English |
22 22 Code Input power source
3.7 3.7 2 Three-phase 200V
[ Code I Application range \ : ;’_hrele—pr;ase :(())?)\\i
[ (9] | Compact ‘ ingle-phase
[ Code I Developed inverter series \ Cosde St Er;d%s:':zo)
1 1 andar
l | ‘ E} EMC filter built-in type (IP20)
J P40 enclosure type

Note) If “Built-in option” is “None” and “Brake” is “Standard”, the model numbers are indicated in the same format as those of the above standard specifications.

_7_



Standard Specifications

o Standard speCifications The Compact Inverter FRENIC-Mini

B Three-phase series

Item Specifications
Input power source Three-phase 200V Three-phase 400V
Type (FRNOOOC1S-TIA) FRNO.1 | FRNO.2 | FRN0.4 | FRN0.75| FRN1.5 | FRN2.2 | FRN3.7 | FRN0.4 | FRN0.75] FRN1.5 | FRN2.2 | FRN3.7
C1S-2A | C1S-2A | C1S-2A | C1S-2A | C1S-2A | C1S-2A | C1S-2A | C1S-4A | C1S-4A | C1S-4A | C1S-4A | C1S-4A
Applicable motor rating *1) kw| 0.1 0.2 0.4 0.75 1.5 2.2 3.7 0.4 0.75 1.5 22 3.7
Rated capacity *2) kVA| 0.3 0.57 1.1 1.9 3.0 4.2 6.5 1.1 1.9 2.8 4.1 6.8
é Rated voltage *3) V| Three-phase, 200V/50Hz, 200, 220, 230V/60Hz Three-phase, 380, 400, 415V/50Hz, 380, 400, 440, 460V/60Hz
; Rated current *4) A (8:3) (1 :i) (g:g) (i:g) (gjg) (1:)'.?)) (14732) 18 25 ‘ 37 ‘ 5o ‘ %0
3 Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Three-phase, 200 to 240V, 50/60Hz ‘ Three-phase, 380 to 480V, 50/60Hz
Voltage/frequency variations Voltage: +10 to -15% (Voltage unbalance *10) : 2% or less) Frequency: +5 to -5%
& When the input voltage is 165V or more, the inverter continues operation. | When the input voltage is 300V or more, the
-% Momentary voltage dip capability *5) If it drops below 165V, the inverter operates for 15ms. inverter continues operation. If it drops below 300V,
.; the inverter operates for 15ms.
g (with DCR) 0.57 0.93 1.6 3.0 oN7 8.3 14.0 0.85 1.6 3.0 4.4 7.3
Rated current *6) A
(without DCR) | 1.1 1.8 3 5.3 GI5 13.2 22.2 1.7 3.1 519 8.2 13.0
Required power supply capacity *7) kVA| 0.2 0.3 0.6 1.1 2.0 29 4.9 0.6 1.1 2.0 29 49
o | Torque *8) % | 150 100 50 30 100 50 30
% Torque *9) %| — 150 150
@ DC injection braking Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) 1P20, UL open type *11)
Cooling method Natural cooling Fan cooling Natural cooling Fan cooling
Weight / Mass kg| 0.6 ‘ 0.6 ‘ 0.6 ‘ 0.7 17 ‘ 1.7 ‘ 23 1.1 1.2 17 ‘ 17 ‘ 23
M Single-phase series
Item Specifications
Input power source Single-phase 200V
U0 (i C1s7A CistA | cisA | cisTA | cisTa C157A
Applicable motor rating *1) kw| 0.1 0.2 0.4 0.75 1.5 22
Rated capacity *2) kVA| 0.3 0.57 1.1 1.9 3.0 4.1
_E’ Rated voltage *3) V| Three-phase, 200V/50Hz, 200, 220, 230V/60Hz
g
i ST GHICBY - (8:3) (1}51) (g:g) (3:2) (3:8) (12)'.?))
3 Overload capability 150% of rated current for 1 min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Single-phase, 200 to 240V, 50/60Hz
3 Voltage/frequency variations Voltage: +10 to -10% Frequency: +5 to -5%
c . . . . . .
':E: Momentary voltage dip capability *5) Yt\{g?r?vtehrfelpg:te:aotgasgfirlj ;g]SSV or more, the inverter continues operation. If it drops below 165V,
_§' (with DCR) 1.1 2.0 35 6.4 116 17.5
Rated current *6) A
(without DCR) | 1.8 33 54 9.7 16.4 248
Required power supply capacity *7) kVA| 0.3 0.4 0.7 1.3 24 35
o | Torque *8) % | 150 100 50 30
% Torque *9) % | — 150
@ DC injection braking Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s  Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) IP20, UL open type *11)
Cooling method Natural cooling Fan cooling
Weight / Mass kg| 0.6 0.6 0.6 0.8 1.7 23

*7) Obtained when a DC REACTOR (option) is used.

*8) Average braking torque obtained with AVR control OFF (Varies with the efficiency of the motor.)

*9) Average braking torque obtained by use of external braking resistor (standard type available as option)

Max voltage [V] - Min voltage [V]

Three-phase average voltage [V] (IEC 61800-3 (5.2.3))
If this value is 2 to 3%, use AC REACTOR (ACR).

*11) NEMA1 kit (option) is required for the enclosure conforming to the UL standard TYPE1 (NEMA1).
Use the inverter in the ambient temperature range from -10 to +40°C.

_8_

*1) Fuji's 4-pole standard motor

*2) Rated capacity is calculated by regarding the output rated voltage as 220V for three-phase 200V
and single-phase 200V series, and as 440V for three-phase 400V series.

*3) Output voltage cannot exceed the power supply voltage.

*4) Use the inverter at the current given in () or below when the carrier frequency setting is higher
than 4kHz (F25:4 toi5 ) or the ambient temperature is 40°C or higher.

*5) Tested under the standard load condition (85% load for nominal applied motor).

*6) Calculated under Fuji-specified conditions.

*10) Voltage unbalance [%] = x 67



Semi-standard Specif QIS Pt tnvertersnentcovtm series -

g EMC filter bUiIt-in type The Compact Inverter FRENIC-Mini

B Three-phase series

Item Specifications

Input power source Three-phase 200V Three-phase 400V

FRNO.1 | FRN0.2 | FRNO.4 | FRN0.75 FRN1.5 | FRN2.2 | FRN3.7 | FRN0.4 | FRN0.75| FRN1.5 | FRN2.2 | FRN3.7

UED (GHEEEEEEn C1E-2A | C1E-2A | C1E-2A | C1E-2A | C1E-2A | C1E-2A | C1E-2A | C1E4A | C1E-4A | C1E-4A | CIE-4A | C1E4A

Applicable motor rating *1) kw| 0.1 0.2 0.4 0.75 1.5 2.2 3.7 0.4 0.75 1.5 2.2 3.7
Rated capacity *2) kVA | 0.3 0.57 1.1 1.9 3.0 4.2 6.5 1.1 1.9 2.8 4.1 6.8
§ Rated voltage *3) V| Three-phase, 200V/50Hz, 200, 220, 230V/60Hz Three-phase, 380, 400, 415V/50Hz, 380, 400, 440, 460V/60Hz
§ - Al 08 1.5 3.0 5.0 8.0 11.0 17.0 15 25 ‘ 3.7 ‘ 55 ‘ 9.0
5 0.7) (1.4) (2.5) 4.2) (7.0) (10.0)  |(16.5)
8 Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Three-phase, 200 to 240V, 50/60Hz ‘ Three-phase, 380 to 480V, 50/60Hz
Voltage/frequency variations Voltage: +10 to -15% (Voltage unbalance *10) : 2% or less) Frequency: +5 to -5%
§ When the input voltage is 165V or more, the inverter continues operation. | When the input voltage is 300V or more, the
= Momentary voltage dip capability *5) If it drops below 165V, the inverter operates for 15ms. inverter continues operation. If it drops below
.; 300V, the inverter operates for 15ms.
g (with DCR) 0.57 0.93 1.6 3.0 57 8.3 14.0 0.85 1.6 3.0 44 7.3
Rated current *6) A
(without DCR) | 1.1 1.8 3.1 5.3 9.5 13.2 22.2 1.7 31 519 8.2 13.0
Required power supply capacity *7) kVA | 0.2 0.3 0.6 11 2.0 29 4.9 0.6 11 2.0 29 4.9
= Torque *8) % | 150 100 50 30 100 50 30
% Torque *9) % | — 150 150
@ DC injection braking Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s  Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) IP20, UL open type *11)
Cooling method Natural cooling Fan cooling Natural cooling Fan cooling
Weight / Mass kg| 0.7 ‘ 0.7 ‘ 0.7 ‘ 0.8 2.4 ‘ 24 ‘ 29 1.5 1.6 25 ‘ 25 ‘ 3.0

M Single-phase series

Item Specifications
Input power source Single-phase 200V
Type (micaer) Tl gz medwens e e
Applicable motor rating *1) kw| 0.1 0.2 0.4 0.75 1.5 2.2
Rated capacity *2) kVA | 0.3 0.57 1.1 1.9 3.0 4.1
é’ Rated voltage *3) Three-phase, 200V/50Hz, 200, 220, 230V/60Hz
©
‘::i:_ Rated current *4) A (823) (1 :2) (gig) (i:g) (3:8) (1:)'.?))
g Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Single-phase, 200 to 240V, 50/60Hz
) Voltage/frequency variations Voltage: +10 to -10%, Frequency: +5 to -5%
c . . . . . .
'cg? Momentary voltage dip capability *5) m?:v:fé:g:g;g%iﬁggg or more, the inverter continues operation. If it drops below 165V,
é‘ (with DCR) 1.1 2.0 3.5 6.4 11.6 17.5
Rated current *6) A
(without DCR) [ 1.8 3.3 54 9.7 16.4 248
Required power supply capacity *7) kVA | 0.3 0.4 0.7 1.3 2.4 3.5
o | Torque *8) % | 150 100 50 30
% Torque *9) % | — 150
@ DC injection braking Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s  Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) IP20, UL open type *11)
Cooling method Natural cooling Fan cooling
Weight / Mass kg | 0.7 0.7 0.7 1.2 24 29
*1) Fuji's 4-pole standard motor *7) Obtained when a DC REACTOR (option) is used.
*2) Rated capacity is calculated by regarding the output rated voltage as 220V for three-phase 200V *8) Average braking torque obtained with AVR control OFF (Varies with the efficiency of the motor.)
and single-phase 200V series, and as 440V for three-phase 400V series. *9) Average braking torque obtained by use of external braking resistor (standard type available as option)

Max voltage [V] - Min voltage [V]
Three-phase average voltage [V]

*3) Output voltage cannot exceed the power supply voltage.

*10) Volt; bal %] =
*4) Use the inverter at the current given in () or below when the carrier frequency setting is higher ) Voltage unbalance [%]

x67  (IEC 61800-3 (5.2.3))

than 4kHz (F25:4 to/5 ) or the ambient temperature is 40°C or higher. If this value is 2 to 3%, use AC REACTOR (ACR).
*5) Tested under the standard load condition (85% load for nominal applied motor). *11) NEMA1 kit (option) is required for the enclosure conforming to the UL standard TYPE1 (NEMA1).
*6) Calculated under Fuji-specified conditions. Use the inverter in the ambient temperature range from -10 to +40°C.

_9_



Semi-standard Specifications

@ Braking resistor built-in type The Gompact Inverter FRENIC-Mini
Item Specifications
Input power source Three-phase 200V Three-phase 400V
U722 (T BRI B E18.5.21 £182021 E182021 E15a21 E18421 E184u21
Applicable motor rating *1) kW | 1.5 22 3.7 15 22 37
Rated capacity *2) kVA | 3.0 4.2 6.5 2.8 4.1 6.8
_é Rated voltage *3) V | Three-phase, 200V/50Hz, 200, 220, 230V/60Hz Three-phase, 380, 400, 415V/50Hz, 380, 400, 440, 460V/60Hz
-g Rated current *4) A (g:g) (12)(())) (lgg) &y 9 e
g Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Three-phase, 200 to 240V, 50/60Hz Three-phase, 380 to 480V, 50/60Hz
Voltage/frequency variations Voltage: +10 to -15% (Voltage unbalance *10) : 2% or less) Frequency: +5 to -5%
é’ Momentary voltage dip capability *5) When .the input voltage is 165V or more, the inverter continues | When lthe inPut voltage is 300V or more, the inverter continues
© operation. If it drops below 165V, the inverter operates for 15ms. | operation. If it drops below 300V, the inverter operates for 15ms.
‘g‘. (with DCR) 5.7 8.3 14.0 3.0 4.4 7.3
£ | Rated current*6) A
(without DCR) | 9.5 13.2 222 5.9 8.2 13.0
Required power supply capacity *7) kVA | 2.0 29 4.9 2.0 29 4.9
Torque *8) % | 150 100 100 150 100 100
g’ Braking time s| 18 12 8 18 12 8
E Duty cycle % | 3 2 1.5 3 2 1.5
DC injection braking Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s  Braking level: 0 to 100% of rated current
Enclosure (IEC 60529) 1P20, UL open type *11)
Cooling method Fan cooling
Weight / Mass kg | 1.8 1.8 2:5 1.8 1.8 2:5)
@ IP40 enclosure type The Compact nverter FRENIC-Mini
Item Specifications
Input power source Three-phase 200V Three-phase 400V
Type (oo P A e A B For AP e e P B
Applicable motor rating *1) kW | 0.1 0.2 0.4 0.75 1.5 2.2 3.7 0.4 0.75 1.5 2.2 3.7
Rated capacity *2) kVA | 0.30 0.57 11 1.9 3.0 4.2 6.5 1.1 1.9 2.8 4.1 6.8
o Rated voltage *3) V | Three-phase, 200V/50Hz, 200, 220, 230V/60Hz Three-phase, 380, 400, 415V/50Hz, 380, 400, 440, 460V/60Hz
'.i_:.; High carrier (4-15kHz) | 0.7 14 25 4.2 7.0 10.0 16.5
~ | Rated current A 1.5 25 3.7 515 9.0
E_ Low carrier (-3kHz) | 0.8 1.5 3.0 5.0 8.0 11.0 17.0
8 Overload capability 150% of rated current for 1min, 200% of rated current for 0.5s
Rated frequency 50, 60Hz
Phases, voltage, frequency Three-phase, 200 to 240V, 50/60Hz Three-phase, 380 to 480V, 50/60Hz
Voltage/frequency variations Voltage: +10 to -15% (Voltage unbalance : 2% or less *10) ) Frequency: +5 to -5%
_g’ Momentary voltage dip capability *5) When the input voltage is 1_65V or more, the inverter continues operation. | When lthe input voltage is 300V or more, the inverter continues
[ If it drops below 165V, the inverter operates for 15ms. operation. If it drops below 300V, the inverter operates for 15ms.
‘:5:. (with DCR) 0.57 0.93 1.6 3.0 37/ 8.3 14.0 0.85 1.6 3.0 4.4 73!
£ | Rated input current *6) A
(without DCR) 11 1.8 3.1 5.3 9.5 13.2 222 1.7 3.1 5.9 8.2 13.0
Required power supply capacity *7) kVA | 0.2 0.3 0.6 1.1 2.0 29 49 0.6 1.1 2.0 29 49
> Torque *8) % | 150 100 50 30 100 50 30
% Torque *9) % | — 150 150
@ DC injection braking % | Starting frequency: 0.0 to 60.0Hz Braking time: 0.0 to 30.0s  Braking level: 0 to 100% of rated current
Applicable safety standards UL508C, C22.2No.14, EN50178:1997 or equivalent
Enclosure (IEC 60529) IP 40
Cooling method Natural cooling Fan cooling Natural cooling Fan cooling
Weight / Mass kg | 0.7 ‘ 0.7 ‘ 0.7 ‘ 0.8 1.8 ‘ 1.8 ‘ 24 1.2 1.3 1.8 ‘ 1.8 ‘ 24
*1) When adapting the Fuiji's 4-pole standard motor *7) Obtained when a DC reactor (DCR) is used.
*2) Rated capacity is calculated by regarding the output rated voltage as 220V for three-phase 200V *8) Average braking torque obtained with AVR control OFF (Varies with the efficiency of the motor.)
series, and as 440V for three-phase 400V series. *9) Average braking torque obtained by use of external braking resistor (optional)

Max voltage [V] - Min voltage [V]
Three-phase average voltage [V]

*3) Output voltage cannot exceed the power supply voltage.

x67  (Refer to IEC 61800-3.
*4) Use the inverter at the current given in () or below when the carrier frequency setting is higher ( )

*10) Voltage unbalance [%] =

than 4kHz (725:4 to/5 ) or the ambient temperature is 40°C or higher. If this value is 2 to 3%, use AC reactor (option).
*5) Calculated under the standard overload conditions by JEMA committee (about 85% of overload *11) NEMA1 kit (option) is required for the enclosure conforming to the UL standard TYPE1 (NEMA1).
by the standard applicable motor.) Use the inverter in the ambient temperature range from -10 to +40°C.

*6) Calculated under Fuji-specified conditions.



Product data sheet ATV312H037M2
Characteristics variable speed drive ATV312 - 0.37kW - 1kVA -
41 W - 200..240 V - 1-phase supply

Main
Range of product Altivar 312
Product or component Variable speed drive
type
Product destination Asynchronous motors
Product specific Simple machine
application
Assembly style With heat sink
Component name ATV312
Motor power kW 0.37 kW
Motor power hp 0.5 hp
[Us] rated supply 200...240 V (- 5...5 %)
voltage “
[
Supply frequency 50...60 Hz (- 5...5 %) 2
Network number of Single phase g
phases 5
S
Line current 4.4 Afor 240V g
5.3 Afor 200 V, 1 kA 2
©
EMC filter Integrated <
[
Apparent power 1 kVA @
Maximum transient 5Afor60s § § g
current £5
Q= C
Power dissipation in W 41 W at nominal load § §§
Speed range 1..50 S8 g’
238
Asynchronous motor Factory set : constant torque % <
control profile Sensorless flux vector control with PWM type motor ’qd) ? z
control signal £2%
S35 8
Electrical connection Al1, A2, AI3, AOV, AOC, R1A, R1B, R1C, R2A, §§ q%
R2B, LI1...LI6 terminal 2.5 mm? AWG 14 g85
L1, L2, L3, U, V, W, PA, PB, PA/+, PC/- terminal 25 & & §,
mmz AWG 14 5
2o¢
Supply Internal supply for logic inputs at 19...30 V<= 100 A 5 £
for overload and short-circuit protection g2
Internal supply for reference potentiometer (2.2 to 2L
10 kOhm) at 10...10.8 V <= 10 A for overload and ‘g:g
short-circuit protection g S
Communication port CANopen g g_g
protocol Modbus g< 2
IP degree of protection IP20 on upper part without cover plate g ;‘-j %
IP21 on connection terminals 5] g F
IP31 on upper part £=38
IP41 on upper part 2822
23
Option card CANopen daisy chain communication card §§§
DeviceNet communication card g'é g
Fipio communication card 82§
Modbus TCP communication card 2 §§
Profibus DP communication card 28E
gee
c28
Complementary o
Supply voltage limits 170...264 V g % 2
Network frequency limits 47.5...63 Hz Eé ;
Prospective line Isc 1kA é g g
Continuous output current 3.3Aat4kHz 852
Speed drive output frequency 0.5...500 Hz % %E
Nominal switching frequency 4 kHz é g g
o .2 ;
FiE=

10/8/2011 .
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Switching frequency

2...16 kHz adjustable

Transient overtorque

150...170 % of nominal motor torque

Braking torque

<= 150 % with braking resistor for 60 s
100 % with braking resistor continuously
150 % without braking resistor

Regulation loop

Frequency PI regulator

Motor slip compensation

Output voltage

Adjustable
Automatic whatever the load
Suppressable

<= power supply voltage

Tightening torque

0.6 N.m Al1, A2, AI3, AOV, AOC, R1A, R1B, R1C, R2A, R2B, LI1...LI6
0.8 N.m L1, L2, L3, U,V, W, PA, PB, PA/+, PC/-

Insulation

Electrical between power and control

Analogue input number

3

Analogue input type

Al1 configurable voltage 0...10 V, input voltage 30 V max, impedance 30000
Ohm

Al2 configurable voltage +/- 10 V, input voltage 30 V max, impedance 30000
Ohm

AlI3 configurable current 0...20 mA, impedance 250 Ohm

Sampling duration

Al1, Al2, AI3 8 ms for analog
LI1...LI6 4 ms for discrete

Response time

Linearity error

AQV, AOC 8 ms for analog
R1A, R1B, R1C, R2A, R2B 8 ms for discrete

+/- 0.2 % for output

Analogue output number

2

Analogue output type

Discrete input logic

AOC configurable current 0...20 mA, impedance 800 Ohm, resolution 8 bits
AQV configurable voltage 0...10 V, impedance 470 Ohm, resolution 8 bits

LI1...L14 logic input not wired , < 13 V (state 1)
LI1...LI6 negative logic (source), > 19 V (state 0)
LI1...LI6 positive logic (source), < 5V (state 0), > 11 V (state 1)

Discrete output number

2

Discrete output type

R1A, R1B, R1C configurable relay logic 1 NO + 1 NC, electrical durability 100000

cycles
R2A, R2B configurable relay logic NC, electrical durability 100000 cycles

Minimum switching current

Maximum switching current

R1-R210 mAat5V DC

R1-R2 on inductive load, 2 A at 250 V AC, cos phi=0.4,L/IR=7 ms
R1-R2 on inductive load, 2 A at 30 V DC, cos phi =0.4,L/R=7 ms
R1-R2 on resistive load, 5 A at 250 V AC, cos phi=1,L/R=0ms
R1-R2 on resistive load, 5 A at 30 V DC, cos phi=1,L/R=0ms

Discrete input number

6

Discrete input type

Acceleration and deceleration ramps

LI1...LI6 programmable 24 V 0...100 mA with PLC, impedance 3500 Ohm

Linear adjustable separately from 0.1 to 999.9 s
S, U or customized

Braking to standstill

By DC injection

Protection type

Input phase breaks drive

Line supply overvoltage and undervoltage safety circuits drive

Line supply phase loss safety function, for three phases supply drive
Motor phase breaks drive

Overcurrent between output phases and earth (on power up only) drive
Overheating protection drive

Short-circuit between motor phases drive

Thermal protection motor

Insulation resistance

>= 500 MOhm at 500 V DC for 1 minute

Local signalling

1 LED red for drive voltage
Four 7-segment display units for CANopen bus status

Time constant

5 ms for reference change

Frequency resolution

Type of connector

Analog input 0.1...100 Hz
Display unit 0.1 Hz

1 RJ45 Modbus/CANopen

Physical interface

RS485 multidrop serial link

Transmission frame

RTU

Transmission rate

10, 20, 50, 125, 250, 500 kbps or 1 Mbps CANopen
4800, 9600 or 19200 bps Modbus

Number of addresses

1...127 CANopen
1...247 Modbus

ScbrlFeide_r
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Number of drive

127 CANopen

31 Modbus
Marking CE
Operating position Vertical +/- 10 degree
Product weight 1.5 kg

Environment

Dielectric strength

2040 V DC between earth and power terminals
2880 V AC between control and power terminals

Electromagnetic compatibility

1.2/50 ps - 8/20 ps surge immunity test conforming to IEC 61000-4-5 level 3
Electrical fast transient/burst immunity test conforming to IEC 61000-4-4 level 4
Electrostatic discharge immunity test conforming to IEC 61000-4-2 level 3
Radiated radio-frequency electromagnetic field immunity test conforming to IEC
61000-4-3 level 3

Standards IEC 61800-5-1
Product certifications CSA
C-Tick
GOST
NOM
UL
Pollution degree 2
Protective treatment TC

Vibration resistance

Shock resistance

1 gn (f=13...150 Hz) conforming to EN/IEC 60068-2-6
1.5 mm (f = 3...13 Hz) conforming to EN/IEC 60068-2-6

15 gn for 11 ms conforming to EN/IEC 60068-2-27

Relative humidity

5...95 % without condensation conforming to IEC 60068-2-3
5...95 % without dripping water conforming to IEC 60068-2-3

Ambient air temperature for storage

-25..70 °C

Ambient air temperature for operation

Operating altitude

-10...50 °C without derating with protective cover on top of the drive
-10...60 °C with derating factor without protective cover on top of the drive

<= 1000 m without derating
>= 1000 m with current derating 1 % per 100 m

RoHS EUR status

Compliant

RoHS EUR conformity date

0913

Schpeider
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Consequently. higher
will be obtained at

the discharge slot

The Iimpeller mounted
directly on the motor shaft
is rotating smoothly
without friction and thus no
lubrication is necessary.

The pressure difference
course remains steady

The Ring Compressors are widely
used on : Pneumatic conveying

systems / Textile machines

machines / PCB process / Dust collection
/ Fish ponds [ SPA / Dental suction devices /
Paper sorting and delivery / Lifting and holding /

Packaging machines.

of

/ Printing

- mcwmsonz\
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Casing and impellers are made of
aluminum afloy and have excelient
features on mechanic strength ‘durability’
light weight and smooth exterlor.

RB series Ring Compressors are designed
to comply with the safety requirements of
IEC / UL / CSA and have attained their
Type Approval.

Meet CE Norm -
89/336. 73/23. ENGO204-1.
ENSQOBI-2. ENSO082-2
Degree of pratection . 1PS4
Insulation class . F (155 °C)

Voltage range :
| Phase 100~120 ' 200240 VOLT
3 Phase. 200240 / 3B0-440 VOLT
3 Phase. 230-460 VOLT

Frequency - SO ' 60 Hz

Installation : Any aspect.

SFATION] Dl Sradl

Rated Rated Max. Max. Noise
Phase Voitage Model Hz Output Current Pressure Airflow Level
Kw Amps mbar m'h dB

RB20-510 50 022 Zai12 65 ] 52 64
100-120 RB30-510 50 038 j6/18 100 75 _ Y
Single ' RB40-510 50 080 128164 160 144 59
200-240 RB40-610 50 110 149/74 190 _ 144 69
RB50-510 50 150 213/107 200 | 20 | ‘T2
RB20-520 50 022 11106 65 ) 52 64
RB30-520 50 038 19711 100 75 60
RBAD-420 50 076 18122 140 _ 144 69
RBA0-520 50 080 43125 180 ] 144 69
NN RB40-620 50 110 52130 200 _ 144 69
5 4 : 50 150 74143 220 210 72
B 2:::3 50 220 80/46 2710 S 210 72
RBGE0-520 50 220 98157 220 306 7%
RBE0-620 50 300 120169 280 _ 06 76
RB60-720 50 400 160/92 340 | :I-DG 78
200-240 1 RB80-520 50 55 12 310 - 500 73
345415 RBB0-620 50 75 2861165 400 510 73

- MCWMMEDHZ\

Fiow (m*'h)
-

Pressure (mbac)




|
et Lt iC 0| Fle(ul[1L]m N | 01 02 weightKgs
RB205. & 255 & 2286 @238 @ 218 | @7 a2l % w2 1 S 10.0
 RBXNS. | 258 | 2% 257 | % | w | s |z 205 100 | 3 [ 12 w0 | rw | rie 130
SON0S. L W01 L 306 | 03 | 298 | e | 98 | 258 | 225 | its 8 | s ["wo ! re | e | 155
 RBAOS., 262 | 206 303 | 238 g8 B 2 | 15 | 8 | 3 1m0 | 1'w iR | 16.0
RB40-6 . 281 286 300 | 238 68 L 25 | 25 | ns | 46 3 10 | 112 | 1"12 18.2
a8 L 38 32 W s | 2 | 0 ||| 4w » | 2 | 2
RBSOS. | 317 | 333 | MS | M1 W3 | 15 206 | 280 | 120 | 48 | 4 | 155 3 z 260
RB60-5.. 364 382 383 are 129 140 @ 325 290 | 125 53 45 180 r (a 360
RB60-6. M4 L %2 |38 | W | 129 | w | 2 | 20 | 18| m 48| w0 7 T 373
RBSO7. 394 382 383 379 129 a0 L 325 20 | 125 53 | 45 w0 | 2z r a5
RB8OS. | 479 | 486 498 477 119 | 217 420 | 385 | s | s .24 38 G2\ G212 120
| _RB806_ 479 466 498 arr 179 217 a0 Bl _| 24 38 G212 G212 123
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Mm.mmmmmmmmmmmw
Lowest cost and excellent performance contributes to the best choise for lots applications vacyum.
of middle
¢ Structurs is designed for sasy installation and maintenance S
*  Multi stage filtration system ensures minimum leakage (less 0.%) of lubrication oil
. mwnmtummmmmmwmqwmwmmm
. umnmmmmmmm.mmwmmw
*  The pumps are widely used in food processing. packaging. hospital. thermoforming. printing. PCB testing. vacuum handling.

atma R atad
Phase| Voltage | Model |Hz | Owew | < _ Max. | Max. | Nolse
o Amps e posv L"'"“‘
100120 | cPwaro |50 | ore | 1307038 20 20 o -
]
200240 | cPrwoswo (50| ore | vaornoas | 20 2 | nllz
Single I il 0 ] i
CPiD4s0 | S0 | oM 65 20 20 2
l-
CPo-58% | S0 om ns 20 20 2
cP10420 |s0| o078 322 20 w | !
CPI0520 |50 | 076 Iv22 20 20 T2
-
Three ! cP0420 |s0| 110 | Tvae n w | 72
Indat Presaure (mbar|
CP20.870 | 50 110 T V492 0os 40 70
cPI0620 | 0| 150 641768 0s 61 74
[4) \ o
L] _ A "
=)
- ' 4 3 a - 3
o‘ W ._‘1{\ 1 ‘il 11 ". r ?‘I x
2 1l
. {2[‘;{;;;.’ rl 1 i 'ﬂ? '
\&4 o) sl
Ny Jv_“‘} ”:'-‘,P.
T 0 W
Lz J\r )
Model A B c D E F G
CcP10 1 425 285 0 m N M8 PRI
cP10) 475 240 70 m N M8 PR 10
cP20 638 7% 90 20 00 Mg PF114 PFIIA
1.1/4
CPX0 830 06 325 24 186 aM8 PF114  PF
HEAD OFFICE : |
H nmmmmrss.smma-m
Telp (031) 848 7070 (Hunting) Fax. (031) 842 0212. 842 0390
Emu:mm.mmn
Branch Office : "
JI Raya : maumm.zs.m-rmmmzs-mmesm
Telp.(021)5591 0055 -9 Fax. (021)5591 0155, 5591 0255
) :
PT INTERJAYA SURYA MEGAH Komlek Lippo camc e ) 1150

Tup(oznmmq,égwuae Fax. (021) 8990 1486




DIMENS IOND

1V CHARACTERISTIC CURVES
— FREQUENCY (Hz) 80 PHASE 3 T 1 6 | 1 supix 1:80cT108 | [
MAX IMUM VOLUME (ofm)| 110.0 POLES 2 : - SUFIX 2:DISCHARGE
(m*/min) | (3.1) | STANDARD VOLTAGE (V) | 200-230/460 60 ! —— MAX. OPERATING
B MAX. OPBRATING DISCHAGE("H,0)| §1.0 | INSULATION CLASS B (2.2) k=1 PRESSURE B
(Psi)| (1.8) WEIGHT (LBS) 48.5 N TS 1 |
MAX. OPERATING VACUUM (*H.0) | 47.0 (kg) (22.0) 4 ub#f _ !
=4 (Psi) | (1.7) [OUTPUT (VACUUM) (HP/kV)| 0.98/0.72 I I -
11.30 (287) - mm., /_r N
ROTATION 3.27 _..uu; ’ [N LA
! Lt R CLARLE TTIN N Ll °
- i 30 LT LIN —
i — 81 EEmE NN |
a1y _ 0 NN L1
: IR e aneaaaza. e snnzanas
2 3 2 T T T | T
T 52| o 1 - : = , ] _ 3 _ 1
IIIIIII - FE I O | > 10— —t S
] b = SeE . IR ) 5 M0 A B PR | !
: 2 =l . . s OO ] EEEEE
—en | | o R
- Sl | | l | L
 £<i [ - ﬂL \ =—=l0 20 40 60 80 100 120
. i 4 22l @ @y an 2y @8 @4
| = 2o VOLUME: ¢ fm (m’/min)
[| 1 <  FLANGB/ i _ a2 =l(Notes)
_ Bal N o | s @ | L Atmorpharie sonditions squel 20C(68°Plat 29.92°Hg
_ : [ \= 4HOL $0.47/ _ _ = = | L Mewsnroms :
‘ ; | (p12) 1441 (112) <2 3.Continuens operstion showld be maintained wader the
||,_sseczzs) || \ERECLIA 8.19(208) [3.30(88) €S| mex.opersting pressure.
m_ 10.04 (256) 0.98 11.57 (204) . ﬁlﬂl:ﬁl
= (28] - o=
v ACORBBORY
WOTI1OR Indoor installation
arY. | ORDES Ne. VORK No.
' | N
ML h Hitachi WARASHING WORKS 00 No.
“8| DIMENSIONS industriel Bquipmant 52,3 F 30266
i) ~ Sywtems Co, Lt
| 2 | 3 . I :




CONTROILLERS
RKC Temperature Controllers COMPACTRON Digital Display L
CB series AF5
* 1/16 DIN (CB100), 1/8 DIN (CB400/500), +  Programmable voltage/current inputs
Y DIN (CBO0O) 4-20 mA, 15 Vdc, +0-5 Vidc, +0-10 Vo
- oot (1% &A1) 24\ o 24Ve it
. nput, currentvoltage input 24V or 24 Ve excitation optional
. mmug}.m +  Extemal supply 24 Vdc QRONORU
. o for transmitter
+ Heating/cooling model avallabls «  User configurable with front panel keypad
. IP§5 face * Big LED § dighs display, 0.56" high, red, green or yellow
« Supply 85 to 264 Vac or optional 24 Vdc/ac * 1/8 DIN, fush mount (3.6" x 1.7 opening)
« CE UL, CSA Code  Description Price
AF5/0.56/420/ 000120 Display with 4-20mA input, 1288
medels ; Price oooor=engineering nits,
o ; M"‘me B | s 120 Vac, red digits o
CO100-FOOT-MANNUAY  Gorfroler 1/16 DI, 420mA bput,  $269 W mmmﬁﬂ b
relay output, 1 alarm, P 56 120 Vea, red dights,
CR1O0-FIAS-S*AN-NINY  Controller 1/16 DIV, tamperature input,  $.818 24 Vdc excitation
4-20mA output, 1 alarm, IP 66
CBAOO-FJAS-MN*AN-NT/AY  Controllar 1/8 DIN verfical, e | NS /056 input/ range / supply / color / options
temperature input, relay output, )
s RKC Multizone Temperature Controllers
CBAO0-WJAS-MM*AN-N1/AY  Controkler 178 DIN vertical B I
temperature input, Ve lime and Money With ona
e A bty coarg T
CBSO0-FIAS-MN*AN-NT/AY  Controdler 1/8 DIN horizontal, $a | m‘"’ummc vollage
temperature input, relay output, § :
1 alarm, IP 65 mmw
CBO00-FUAS-MN*AN-NT/AY  Controller % DIN, temperatura input, ~ $460 R
relay output, 1 alarm, 1P 65 « Avallable with heating/coaiing outputs
CBOOO-WJAS-MMAN-NAY  Controller % DIN, terperature input, ~~ §4gg | *  Mulk-memory area - p o B ses of vaues
s Bt
e ' _ + 9010 264 Vac, 24 Vac/de
models, configurations and options avallable  Aporowed CE. UL CSA. €Tk
RKC Temperature Controllers +  Communication RS-232, RS-422A or RS-485 avaiable
« Y DIN (36 x 96 x 100 mm)
. ggz:mmw sy
. . Description Price
+  Temperature (T/C & RTD) input, current/voltage input Wﬁ]ﬁiﬁmﬁ 4 zones controler, thermocouple | §040
«  Qutput 3A relay or cument/voitage input, 4 relay outputs heating/
« Aarm output (1 or 2) coaling with one akarm outpit
+  Heating/cooling model available MADO0-4-FDAT-MN-4*ANN-NN/1/Y 4 zones controller RTD input, §840
+ IP66 face 4 relay outputs with one
«  Supply 85 to 264 Vac or optional 24 Vdc/ac alarm output
«  Optional RS 485 communication MAD00-4-WJAZ-MN-4*ANN-NN/1/Y 4 zones controller, thermocouple 6848
« CE, UL, CSA - input, 4 relay outputs
Papular madels Description heating/cooing
SAZ00-FJAS-MN-4*AN-NTATY Controller temperature input, 27080 with one alarm output
relay output, 1 alarm, IP 66 MASO1-8-FJAZ-MN-4"ANN-NN/1/Y 4 z0nes cortroller, thermocouple.  § 1374
AR A Shinie it i s o o
OnE alarm
mhiedl MASQ1-8-FDA1-MN-4*ANN-NN/1/Y 4 zones cortroller, RTD input, ~ § 1374
8 relay outputs with one alarm output
& mwl W‘ GE{U‘E."SOFU'W].EME?
RTD or cument/voltage outputs with one alarm output
Digta communicaton (o) "RKC Slim Solid State ﬂ
Up to 4 alarm 1A outputs (option) S . Relay

Analogical signal retransmission (option)

Supply 85..264 Vac (standard) or 24 Vac/dc (option)
Horizontal case 1/8 DIN 96 x 48 x 100 mm

100/240 Vac, wmwoumtaca
AE500-JA3-4*HINN-N1/A'Y Indicator with thermocouple or RTD input
100/240Vac, 2 alarm outputs 1A,
waterproof |P65 face
AE500-501-4*NNNN-N1/AY Indicator with current/voltage input,

m
e
5

model
DIN rail mount, only 21.5 mm wide (for Instance: 8 SSN
models are only 172 mm wide compared to reqular models
that would be 352 mm!) - infegrated heat sink
Max load: 15A ac or 25 Aac, min load: 100 mAac
Signal: pulsed voltage (dc), low (stop): 0 V; high (starf): 4510 30V
Supply 50 to 264 Vac
Size: 78 % 21.5 x 100 mm
DEL to Indicate relay status

- & & & &

100/240 Vca,waterproof IP65 face

Code _Description Price
$SN-15F Siim solid state relay 154 $5.70
SSN-25F Siim sofid state relay 25A $76.50

www.chevrierinstruments.
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Digital Controller

CB100/CB400/CB500/CB700/CB900
INSTRUCTION MANUAL

IMCB25-E3
Thenk you for purchasing the RKC instrument In order to achieve maximim

for
and ansure oparation of your new instrument, read ol the
: h.hl\lmmm& lina Yeargraen 4 for sasy

A\ [warnin |

« An external protection device must be installed if failure of this
instrument could result

i . in damage to the instrument, equipment or
« All must be completed before power is tumed event
oloct!lc ﬂuuﬁnmwimmm-muqtmm:w

« This instrument must be used in accordance with the specifications
to prevent fire or damage to instrument and equipment

« This instrument Is not intended for use in locations subject to
flammabie or explosive gases

Maifunction can occur and warranty is void under these conditions.

« This is a Class A instrument In a domestic environment, this
instrument may cause radio interference, in which case the user

loads.
. sure to provide an appropriate surge control circult respectively
for the followt
—Hmumq:r?ormlmmnmwdngammwmmao

- If input or signal lines leave the builldng, regardiess the
« Ths Instrument Is for Iinstallaton in an enclosed
instrumentation panel. All connections such as power

terminals must be enclosed in the instrumentation panel to
electric shock by operating
» All precautions bed in this manual should be taken to avoid

agai
« To prevent instrument damage fallure, protect the power line and
the immw\mmmaummm
such as fuse, drcuit breaker, elc _
« Provent metal fragments or lead wire scraps from falling inside
instrument case to avoid electric shock, fire or malfunction.
-Wmmwmmmmwfwwmtﬂa
manual to avoid electric shock, fire or mal
« For proper operation of this instrument provide adequate
ventifation for heat n - .
-Dondmnmdwhutommdtmnd!ummmmﬁuam

?’ off pwd::;ii before cleaning the instrument

e jum y ng
-mwmsvummmmmmwmn@mm
instrument. Deformation or discoloration will occur Use a soft, diy

material or push front panel with a
« Do not connect connectors to telephone line
NOTICE
that the reader has a fundamental

« This manual assumes
d&umndﬂnp!domdw.mmnﬂd.mmpmrmm
and communications. .
-WMM.meMWMmMmmwm
for of illustration. »

.%h#ﬂmmcmdﬁafwm_mmuwwmmuumﬂua
result of using this instrument, instrument failure or indirect damage
-Pnﬂodcmnmbmdradfoudenndmmopem}anot
I!iaiuthSunooommonhhuealim service life, or

of
is subject to change withaut prior notice.
document be modified, copied,
e Mmly mpgr%wodmmwaw
mw.dmmmmrmmm«m
approval from RKC.

g e o o 8 RCnSTNET e RIKE s RKC INSTRUMENT INC.

1. PRODUCT CHECK o

cBa100

C
ces0 OOIOO-0001 OO - OOVOVY
gm MR (3) @(S) @@ (8 (9 (109

(1) Control action

F. PID action with autotuning (Reverse action)

D PID action with autotuning (Direct action)

W Heat/cool PID action with autotuning (Water cooling) '

A : Heat/cool PID action with autotuning (Air cooling) '
(2) Input type, (3) Range code:

See "9. INPUT RANGE TABLE."
(4) First control output [QUT1] (Heat-side)

M Relay contact T: Triac V: Voltage puise

8: Current (4 to 20 mA DC) G: Trigger (for triac driving)
(5) Second control output [OUT2] (Cool-side)

No symbol: When control actionis F or D.  M: Relay contact

T: Triac V. Voltage pulse B Current (4 to 20 mA DC)
(6) Alarm 1 [ALM1], (7) Alarm 2 [ALM2]

N: No alarm H: Process high alarm

A Deviation high alarm J: Process low alarm

B Deviation low alarm K: Process high alarm with hold action

C. Deviation highow alarm L Process low alarm with hold action

D: Band alarm P Heater break alarm (CTL-8)*
E Devigtion highalarm  S: Heater break alarm (CTL-12)*
with hold action R Control loop break alarm *

F: Daviation low alarm V' 8V high alarm
with hold action W. SV low alarm

G. Deviation highflow alarm with hold action
(8) Communication function

N No communication function 5. RS-485 (2-wire system)
(9) Waterproof/dustproof

N:  No waterproof/dustproof 1: Waterproafidustproof
(10) Case color
N White A Black

' No saif-tuning function is provided in the W or A conirol action type

2 Heater break alarm cannat be specified in case of ALM1. Also, it isn't
possible to specify when control oulput is current output.

? As control loop break alarm, only either the ALM1 or ALM2 s selected.

| Mmmwwhmm‘mumw
when ordering

<Accessories>
e Mounting frame (CB100) 1
® Mounting brackets B400/CB500/CBTO0/CES00): 2*
® Instruction manual B25-E3) 1
*CBO00 welerproolidusiprool option. 4 pieces

2. MOUNTING

2.1 Mounting Cautions

(1) This instrument is intended to be used under the following
environmental conditions. (IEC81010-1)
(OVERVOLTAGE CATEGORY I, POLLUTION DEGREE 2]

(2) Use this instrument within the followming ambient temperature and
bient et

« Allowable ambient temperature: 0 to 50 °C
« Allowable ambient humidity: 5t0 85 % RH

{Absolute humidity: MAX_ W. C 28 g/m’ dry air at 101.3 kPa)
(3) Avoid the following when selecting the mounting location.
« Rapid changes in ambient temperature which may cause
condensation.
Corrosive or inflammable gases.
Direct vibration or shock to the mainframe
Water, oil, chemicals, vapor or steam splashes
Excessive dust, salt or iron particles.
Excessive induction noise, static electricity, magnetic fields or noise.
Direct air flow from an air conditioner
Exposure to direct sunlight
« Excessive heat accumulation




n Nurrber of controlers (2505 6)

imoanig |
i

-

]
L :‘;:;' d] controliers (250 56)

*1 Rubber (option)

‘!lbhmmmmhud-

® For mounting of the instrument, pane! thickness
mm;&bmmﬂ-
checkod to ensure propef support.)

must be between 1 to 10 mm.
the pane! strength should be

2.3 Mounting Procedures

® CB100

Prepare the panel cutout as specified in 2.2 Dimensions.
Insert the instrument through the panel cutout

Insert the mounting frame into the mounting from the rear of the
instrument.

Push the mounting frame forward unil the frame is firmly secured
to the panel. (Fig.1)

Fix the instrument to the panel by using the two screws. (Fig.2)

by Yk
the screw

114

I SR

I:LJ The waterprooffdustproof option on the front of the instrument

conforms to IP66 when mounted on the panel. For effective
waterproofidustproof, the gasket must be securely placed
between instrument and panel without any gap. If the gasket is
damaged, please contact RIKC sales office or the agent.
If the hook in the mounting frame is
disengaged from the case, the mounling
frame can be removed (Fig.3). If the
instrument is fixed to the panel by
fightening the screws, first loosen the
SCrew.

= CB400/CBS00/CB700/CB900

Prepare the panel cutout as specified in 2.2 Dimensions.

Insert the instrument through the panel cutout.

Insert the mounting bracket into the mounting groove of the
instrument. (Fig.1)

Pull il click sounds to the direction shown by the arrow. (Fig.2)
Tighten up the screw. (Fig.3)

The other mounting bracket should be installed the same way
deacribed in 3. to &

ama Lpm

{1} When the instrument is mounted, ahways secure with two
mwﬂmmmsnwwwammmmmmm
are positionad diagonally.
The waterproafidustproof option (CBO00: meunting bracket 4
m}mmemmhimmmmmlmwen
mmdmmmFmeﬂmwmmm,me
mwmummmmimmwm
mlmympﬂgmhﬂwdunamd.ﬂmmdeKc
sales office or the agent.
L1} tthe hookin the mounting bracket is
' from the case, the
mounting bracket can be removed
(Fig. 4). )
If tha mounting bracket is fixed with
gcrew, loosen these screws.

AR]




3. WIRING 15

3.1 Wiring Cautions

. mmmmmmwm
= mmmmmmmmmmmmwhmmmmmm
.anddnnbcmnﬂnn,keepmmndwiemyﬂomll\ﬂanpmum,mMeeandpowerlinesolomelwmc
.nmummﬁmmwo{ﬁmmmmmmmm' noise filter
- Shorten the distance between the twisted power supply wire e .
Twist these leadwires

piches to achieve the most effective noise reduction e
- Always Install the noise fiter on a grounded panel. Minimize L@z@mmm h‘.;’_.
the distance between ' “Minir

wiring the noise fiter output and the Shorten distance batween ——T— Minimize

instrument power supply terminals to achieve the =
effective noisa reduction - a— -
-mmmmwmlummﬂmmmSmmllreducameeﬂecﬂvmmow‘enoisem.

« Power supply wiring must be twisted and have a low voltage drop.

= About four seconds are required as preparation time for contact output every time the instrument is turned on. Use a delay relay
when the output line, s used for an external interlock circuit

« This instrument is not furnished with a power supply switch or fuses. Therefore, if a fuse or power supply switch is required, install
close to the instrument.
- Fuse type: Time-lag fuse
- Recommended fuse rating: Rated voltage 250 V. Rated current: 1 A

« For the current input specification, a resistor of 250 Q (+0.02 % +10 ppm, 0.25 W or more) must be connected between the input
terminals. This resistor must be provided by the customer

= Use the solderiess terminal appropriate to the screw size.
- Screw size: M3 x 6
- Recommended tightening torque: 0.4 N'm [4 kgf-cm)

« For an Instrument with 24 \V power supply, supply power from a SELV circult.

3.2 Terminal Configuration

CB100

N Dbaﬂmi
o 4 0mADC |

— & i +

heads) do not touch the communication terminal luge. Especially when "L’?; H l:'j..
terminai for the use of mulidrop connection, much care should be exercised natto | .. < {63 |

Power supply

— e

CB400 €, 1) E=m)| L0y
247 MV 100 to 240V |

— ) = — w2

oSN s W=

g s oA i
-

-
-

-
T

g
—

Input — - -
TCrpa | Curwnt ot [Votage e |
Dle20mADC | DBSVIC [

input

A |4 20mADC i‘lo!\l'l.'c |

.m% | jid i «_11', !
™

8y 7 (‘L‘l“; i L {
_@.3‘ _¢§_=_>_L__'—-- & |

A4




CB700 i > e 116
'!:—r—*-{T) o r Alarm output
e T o[ [ e
Cortrolouput — | D) | —D 5 :;]" il P
Trec | Volsge pulse | Relsy conseer ] 5] io\'llﬂ" 0
) i s wl (Bl
Trme oum -r'ru}'] ;': ::J | e
L@ | “@| @ Communication ——— CT input
om o - wm o]
| - =@ |
B ~B| 0 RSN
Triss sl ouTy |'° ] |'mm ‘
@] €| @] | |
W_ A action types | unad
Trgow | Teac | Volage pube | Reley cortact oy
L ‘@]' o gg) [Cwme I —{4 npug =———
oum | Trise ot {oum
b | “@| @ 1' A\FG-
La o T -
F Dacioniypes = gwm
CB200 I ... . ..
| &, L= m] e, m)
T L T
Control euiput — 52| ) 52
Trme iwp- Hllrun-f“-l
R
ol LS B 1
Cal ta| @l — el 1
oun oum | “I""" | _E:L{E
= Y o
Lo pa] ] SRS {
L@! @] @ E—
[ W Aactontypes | —
| 2@ | ot ie L | —{@ M e T e i |
| foum | e o [ | e [ P |
'[n E L {5 :._{5] . “ 5_@: | “3_{ [4m2mADC | 1e3VOC i
| | am | \W | i 1 S T
ela | Yl =] (OS5 |00
R aeen—— 1 (@Y e &t @ |
@ Specifications Performance:
Input: mmumwwat:z«cx
leput type: tmaﬂ:dmmu i) or +2°C (4
Thermocouple: K, J, R, S, B, E, T, N, PLIl, WSRe/W26Re, U, L Whichev er is greater A
Input impedance. Approx. 1 MG RS and B input: 0 to 399 °C [0 to 799 °F]
RTD: Pt100, JP1100 Accuracy is not guaranteed
Voltage 0”;’0"3&“5V2'g°"-‘:'&‘°v°°ﬂ“°‘°’ TandUinpt  -199.9ta-1000°C 199910 1580 ]
Current Oto 4to0 ' Z '
' Accuracy is not guaranteed.
Sampling cycle: 0.5 seconds RTD: + (0.3 % of display value + 1 digit) or + 0.8 °C [1.6 °F]
Input range: See Input range table \Whichever is greater
v nt:
Control method: PID control +{0.3 % of span + 1 digit)
ONJOFF, P, P\, or PD actions is available Uamary beokesp:
Control cutput: Backed up by Nonvolatile Memory
Relay contact output: Number of write imes: Approx. 1,000,000 times

250 V AC, 3A (Resistive load)
Electrical life: m.mﬁmmnm(mdhed}

Voltage pulse output:
W12VDC(Lmdmm6mnnrmm}

Current output: dm!OmADC(Lnadmlmuwnorm}

Trigger output (for triac driving): _
Zero cross mathod for medium capaciy triac
driving (100 A of less) _
Load voltage used: 100 V AC line, 200 V AC line
Load used Resistive load

Triac output o.satmmpumwm’com-_a}

Alarm output:

Relay contact output.

250 V AC, 1A (Resistive load)
Electrical life: saoooarmummmmm

Data storage period:  Approx. 10 years

Power:
Power supply voltage:
85 to 264 V AC (Power supply voltage range), 50/80 Hz
Rating: 100 to 240 VAC
216 to 26.4 V AC (Power supply voitage range), 50/80 Hz
Rating: 24 V AC
21.6 to 26.4 V DC (Power supply voitage rangs)
Rating: 24 VDC
Power consumption:
7 VA max. (at 100 V AC) 10 VA max. (at 240 V AC)
5 VA max. (at 24 V AC) 160 mA max. (at 24 V DC)

CB100: Approx. 170g  CB700: Approx. 200 g
CB400/CB500: Approx. 250 g CBS00: Approx. 340g

IMCB25-E3




(1) Measured value (PV) display [Green]
Displays PV or various parameter symbols.

Set value (SV) display [Orange]
SV or various parameter set values (or
CT input value).

(3) Indication lamps
Alarm output lamps (ALM1,ALM2) [Red]

ALM1: Lights when alarm 1 output Is turned on.

ALM2: Lights when alarm 2 output is turned on
Autotuning (AT) lamp [Green)

Flashes when autotuning is activated. (After
autotuning is completed: AT lamp will become

4. PARTSrD_ESCRIPTION 17
CB100 CB400 CB500 CB700, CBI0O

gegg|-"|6888 bsss | wml}m
" [BEEgle |BIETVIA ) | e
e ) @ ©& © m _Eﬁﬁl ::
® +via @[ V[A]
tr 1t g NG B

@) 6 6) (7) @ B ©

Control output lamps (OUT1, OUT?) [Green]  (5) RIS (Shift & RIS key)
OUT1: Lights when control output is tumed on.*  Shift digits when settings are changed.
OUTZ: Lights when cool-side control output s Select the RUN/STOP function.

turned on.*
* Lamp indication becomes as follows for (6) v (DOWN key)
current output. Decrease numerals.
For an output of less than 0 %: Exti

(7} #\ (UP key)

Increase numerals.

For an output of more than 100 %: Lit
For an output of more than 0 % but less than

100 %: Dimly lit.
(4) GED (Set key) L} To avoid damage to the
Used for parameter calling up and set value instrument, never use a
registration. sharp object to press keys.

L Unt for input and SV display

5.1 Operation Menu
oN e Parameter Seffing Mode
— - | This mode Is used to set the paramelers such as alarms, PID constards, elc, (See page 6.)
input type and Input range Display | The foliowing parameter symbos are displayed as the SET key is pressed
|
B e ‘ AP |Autotuning (AT)
| PViSVOuplayMode |
The controller will display the measured
| value (PV) and the set vaiue (SV)
[ The controlier can be switched to RUN or
STOP mode (Factory set value: RUN). e
[ PV | PW/SV monitor
v | (RUN mode)
¢mummm1m.
FoP | STOP character dispiay
| | (STOR mode)
P —— =
| Press the SET key
[ susemgMods |
This is the mode used to set the SV. |
L ; :
i%mwn?‘ﬁwwiﬂ ' D) Parameters which are not related to existing functions on the controlier are not displayed.
st hondnos Biioell bk Sl . L L ——
[L] Tnis instrument retums to the PVISV T, s used 1o set the communication parameters when specified. For details on protocall
display mode if no key operation is imw setting mode, see the Communication Instruction Manual (IMCBO3-E0J).
performed for more than one minute. |
® Input type and input range display _ ,
miMMiMMmﬁmmmmemmmewmon
W:WWWM'DMEKMWW' * Input Type Symbol Table
T wararanvan [omee el SIBIEI ][ ]G [UlLiPIA] o
T e el i R
N |mwx.:ns_a_e_]*rn nimiu!L 21| curen

i 1
shown)  (*) Ths mpit type is not dispiayedt in the 2-1021 specfication

(Celsiss: C. het F,
IMCB25-E3



5.2 Parameter List

118
m_ Parameter symbols which are not refated to existing functions on the controller are not displayed.
""‘:‘ Name Setting range Description Factory set value
Current transformer| 0.0 to 100.0 A Display input value from the cument
l'_-l l' (CT) input value 1 | [Display only] transformer. [Displayed only when the
monkos instrument has the heater break alarm |
Alarm 1 set Temperature input Set the alarm 1 set 4 alarm 2 set | Temperature input:
HL Vol (ALMT) | Deviaon alam, Process iam, o L L e s
1999 to +9999 “C [F] or BB For the alarm action type, see page 10 [Voltage/ current inputs:
~199.9 to +899.9 * C [F) and 11. 50
] E Alarm 2 set Ubho-bu_ rent inputs: Alarm differential gap:
= value (ALM2) Dwmnhahm: _e Temperature input 2 or 20 °C [*F)
-span o +span 8999) Voltage/current inputs:  0.2% of
Process atarm, SV atarm: -
Same as input range
Heater break | 0.0t 100.0 A Alarm value Is st by referring to input value 0.0
HbH ’ thn'ntlﬂ'AH from the cument transformer (CT).
set value Used only for single-phase.
1 Controlloop | 0.1 to 200.0 minutes Set control loop break alarm set value. 80
| breal alarm
(LBA) time *
] bd LBA s Temperature input Set the area of not outputting LBA 0
L deadband 0 to 9999 °C [*F] No LBA deadband functions with 0 set.
Voltage/cument inputs: Differantial gap :
0o 100 % of span Temperature input 0.8 °C [F ]
Voltagefourrent inputs: 0.8 % of span
HI—U Q: AT end or cancel Tums the autotuning ON/OFF. 0
(AT) 1: AT start or execution
SFU Self-tuning 0: Self-tning OFF Tums the self-tuning ON/OFF. 0
(ST 1: Self-tuning ON
Proportional Temperature input Sat when PI, PD or PID control is performed. |Temperature input:
P band 1(01)t Heat/cool PID ection: Proportional band | 30 (30.0)
span or 9939 (899.9) °C [°F] setting on the hest-sids. .
Voltage/current inputs: ONIOFF action control when set 10 0 (0.0). | Voltage/ourrent input:
0.1 to 100.0 % of span ON/OFF action differential gap: 30
Temperature inputt 2 (02) °C [°F ]
Voltage/current inputs: 0.2 % of span
{ | Integral tme 1 to 3600 seconds Setﬂleﬁrmnfiubgu!adipnhd#ﬂmh 240
I (0 second: PD action) the offset occurring in proportional control.
Derivative ime | 1 to 3600 seconds Set the time of derivative action to improve 60
(0 second: Pl action) control stability by preparing for output
changes.
H Anti-reset 1 to 100 % of heatside proportional ing and undershooting are 100
windup (ARW) | band restricted by the integral effect
r~ i (0 %: Integral action OFF)
100 seconds Set control output cycle. |Reiay contact output: 20
r Heat-side 11010 . ; iz Voltage pulse output/
proportioning | (Not displayed if the control outputis Heat/cool PID action:
d cycle cument output ) Heat-side proportioning cycle mrbom
Cool-side 1 o 1000 % of heat-side proportional | Set cool-side proportional band when 100
PC proporbonal | band. heat/cool PID action.
band
T rature input Set control action dnwmd betwean Dor0.0
db Deadbe .w,ﬂooc[-pla heat-side and cool-side proportional bands.
~10.010 +10.0 °C [F] Minus (~) seting resuits in overiap.
inputs:
~10.0 to +10.0 % of span
z 100 seconds Set control cool-side output cycle for |Relay contact output 20
L_ Cool-side Z&J;daummn heaticool PID acton. Votage pue ot
cycle current output) ng i 00100
= T Sensor comection is made by adding biss or 0.
Pl el 1999 1o 49999 °C [*F]or value to measured value (PV).
-199.9 to +999.9 °C [°F]
Voltage/current inputs:
-gpan to +8pan
Set data lock Performs set data change enable/disable. 0000
VY | | Paramaters and Alarms
Ll (LCK) ! "9 Unlock -l
,L.\m
| 0 Unlock 1: Lack
W unock  1:Lock
0 Lock 1: Unlock
IMCB25-E3




' Heater Break Alarm (HBA) function
The HBA function monitors the current flowing through the load
by a dedicated current transformer (CT), compares the measured

value with the H i
BAsatvalue,anddetedaaraunmtheheatu\g

Low or No current flow (Heater break, malfu

control device, etc.): { . R
When the control output is ON and the current transformer input
gltaew is equatl to orbl:ss fthar'a the heater break determination point

preset number of consecutive sam cycle, an al

activated e i
Over current or short-circuit:

When the control output is OFF and the current transformer Input
value is equal to or greater than the heater break determination

point for the preset number of consecutive sampling cycle, an
alarm is activated.

m Precaution for HBA selting

« Displayed only for when HBA Is selected as Alarm 2.

« HBA is not available on a current output

« Sel the set value to approximately B5 % of the maximum
reading of the CT input.

= Set the set value to a slightly smaller value to prevent a faise
alarm if the power supply may become unstable.

» When more than one heater is connected in parallel, it may be
necessary to increase the HBA set value to detect a single
heater failure.

« When the current transformer s not conneclted, the HBA 15
turned on.

2 Control Loop Break Alarm (LBA) function

The LBA function is used to detect a load (heater) break or a
failure in the external actuator (power controller, magnet relay,
etc.), or a failure in the control loop caused by an input (sensor)
break The LBA function is activated when control output reaches
0 % (low fimit with output fimit function) or 100 % (high limit with
output limit function) LBA monitors variation of the measured
value (PV) for the length of LBA time When the LBA time has
elapsed and the PV is still within the alarm determination range,
the LBA will be ON

L1} Precaution for LBA setting:

« Displayed only for when LSA is selected as Aiarm 1 or Atarm 2

« No control loop break alarm can be used at heat/cool PID
control action

« The LBA function can not be activated when AT function is
turned on.

« The LBA function Is activated when control output reaches 0 %
or 100 % The time required for the LBA output to turn on
includes both the time from the initial occurrence of loap failure
and the LBA setting time. Recommended setting for LBA is for
the set value of the LBA to be twice the value of the integral
time (1).

« If LBA setting lime does not match the controlied object
requirements, the LBA selling time should be lengthened.

If setting time is not correct, the LBA will malfunction by turning
on or off at inappropriate times or not turning on at all.

! LBA Deadband function
The LBA may malfunction due to
t malfunctioning due to external

external disturbances. To
disturbance, LBA

deadband (LBD) sets a neutral zone in which LBA is not activated.

When the measured value (PV) is within the LBD area, LBA will
not be activated. If the LBD setling is not correct, the LBA will not

work correctly.
- ial L —
rLBDdrl'bmm gap :* :

e

Alarm area  8A glarm area B4 Alarm area
Low FaS FHagh
Set value (SV) LBD set vaiue

B tempevature Alanm sisa B Duiing tampersture nse. Non-alerm area
2 mw: Nor-alanm ares  During temperstusafal - Alaim ares

+ TG and RTD inputs: 08 C [F] {fwed) Voltage/Current inputs: 0 8 % of span (Ted)
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8.3 Changing Parameter Settings 119
Procedures to change parameter settings are shown below.

To store a new value for the parameter, always press the SET
key. The display changes to the next parameter and the new
value will be stored.

- A new value will not be stored without pressing SET key after
the new velue is displayed on the display.

- After a new value has been displayed by using the UP and
DOWN keys, the SET key must be pressed within one minute,
or the new value (8 not stored and the display will return to the
PVISV monitor screen.

® Change the set value (SV)
Change the set vaiue (SV) from 0 *C to 200 “C

1. Select the SV setting mode

Press the SET key at PV/SV monitor screen until SV setting
screen is displayed

2. Shift the high-lighted digit
Press the <R/S key to high-light the hundreds digit.
The high-lighted digit indicates which digit can be set

=

3. Change the set value
Press the UP key to change the number to 2

4. Store the set value
Press the SET key to store the new set value. The display returns

to the PV/SV monitor screen.
30

oeodll = IIF | 200
DL O sai e G At g b | DN O A e Gy
(@ v A EEV A

PV/SV monfior
(FV/SY daspiay mode)

@ Change parameters other than the set value (SV)

The changing procedures are the same as those of example 2 to
4 in the above "® Change the set value (SV)". Pressing the SET
key after the setting end shifts to the next parameter. When no
parameter setting is required, return the instrument to the PV/SY
display mode.



6. OPERATIONS
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«Downscale  Thermocouple input
Current input (4 to 20 mA DC)

zero value)

* Z-1010 specification
- Outputs:

of the following actions taken (

existed prior to shut down.

CAUTIONS

before the power is turned on. If the input signal wiring is disconnected or

& All mounting and wiring must be completed
short-circuited (RTD input only), the instrument determines that burnout has occurred.
~ Displays:
. Um

Thermocouple input, RTD input (when input break)
specify when ordering), RTD input (when short-circuited), Voltage input (1to 5V DC),

» For the voitage (0 to 5 V DC, 0 to 10 V DC*) or current (0 to 20 mA DC) input, the display becomes indefinite (display of about

« Control output: OFF (Heat/Cool control: the control output on both heat-side and cool-side is turned off)
= Alarm output: Both of the Alarm 1 and Alarm 2 outputs of this instrument are turned on when bumout occurs regardiess of any
High alarm, low alarm, elc.). In addition, when used for any purposes other than
these alarms (event, etc ), spacify the Z-124 specification (not to be forcibly turned on).
® A power fallure of 20 ms or less will not affect the control action. When a i
. ! power failure of more than 20 ms occurs, the
nstmntmumasthalttnpomrhasbeentumdoﬁ.Whenmmmmemnmﬂuuﬁllretainmemndit%mm

@ The alarm hold action is activated when not only the power s turned on, but also the SV is changed.

6.1 Operation Procedures

1. Prior to starting operation, check that the mounting and wiring
have been finished, and that the SV and various parameters
have been set.

2. A power supply switch is not furnished with this instrument. It
is ready to operate as soon as the power i3 tumned on.
(Factory sel value:. RUN),

mTh‘a instrument holds the conditions that exist just before

the power is turned on. For example, if the power is turned
off in STOP mode, the instrument starts in STOP mode
when the power is turned on again.

= RUN/STOP

Each time the <R/S key is pressed for 1 second, RUN/STOP
mode changes from RUN to STOP or STOP to RUN. If the
instrument is switched to STOP mode, its display, output, etc
become as follows

Display.  The PV display shows G/ oP (STOP)

Qutput: Control output OFF, Alarm output OFF

« Autotuning: AT canceled (The PID constants are not updated.)

= RUN/STOP display (Z-1018 specification)

When operation is changed to the STOP mode by RUN/STOP
selection, a parameter symbol to indicate the STOP mode s
displayed on the SV display. Pressing the SET key with the STOP
mode displayed can also check and change the set value (SV).

6.2 Set Data Lock (LCK) Function

The set data lock restricts parameter setting changes by key
operation. This function prevents the operator from making errors
during operation. There are 8 set data lock levels. (see below)
Sat value Parametars which can be changed

0000 |AN [Factory set value]

0001 | SV, Alarms (ALM1, ALM2) _ e

0010 | All parameters except for Alarms (ALM1, ALM2)

0011 |SV

0100 |All parameters except for SV

0101 | Alanms (ALM1, ALM2)

0110 Mwmhsvwmm1,m1

0111 | No paramsters (All Looked)

WmW

D111 is set

msu Data Lock can be changed in both RUN and STOP
mode.

mParamdsmpmtededvae!DataLodﬂumﬂonareaﬁu
displayed for monitoring.

6.3 Autotuning (AT) Function .

AT) automatically measures, calculates and :
mi:::n 1‘0 ) &/ LBA constants. The following conditions are
mrylowwoulamwmingandmmmomwhwhuu
cause the autotuning to stop.

m Caution for using the Autotuning (AT)
When a temperature change (UP and/or Down) is 1°C or
less per minute during Autotuning, Autotuning may be
cancelled before PID values. In that case,
adjust the PID values manually. It is possible to happen
when the set value is around the ambient temperature or
is close to the maximum temperature achieved by the

£

® Requirements for AT start

Start the autotuning when all following conditions are satisfied:

« Prior to starting the AT function, end all the parameter settings
other than PID and LBA '

« Confirm the LCK function has not been engaged.

L‘;} When the autotuning is finished, the controller will
automatically returns to PID control.

= Requirements for AT cancellation

The autotuning is canceled if any of the following conditions exist.
= When the set value (SV) is changed.

« When the PV bias value is changed.

« When the RUN/STOP mode is changed to the STOP made.

« \When the PV becomes abnormal due to burnout.

s When the power is turned off.

s When power failure longer than 20 ms occurs.

« When the AT does not end in 8 hours after autotuning started

[Q if the AT is canceled, the confroller immediately changes to

" PID control. The PID values will be the same as before AT
was activated.

L—L‘L When AT is completed, the controller immediately changes
to PID control. If the control system does not allow the AT
cycling process, set each PID constant manually to meet
the needs of the application.

6.4 Self-tuning (ST) Function

The ST function is used to automatically calculate and set
adaptive PID constants anytime the power is tuned on, the SV is
changed or the controller detects unstable contro! conditions.

m The ST function shouid be turned off when the controlled
system is affected by rippling that occurs due fo periodic
external disturbances.

mmmmhmmmum must be turned on
before the power to the instrument s turned on or SV is
changed. This is required when ST function is on.

EQ To activate the ST function, the following parameters must
not be set to zero: P20, 120, D20, ARW=0.

“T% When heat/cool PID action is selected, the ST function can
not be activated.

m When the AT function is activated, the ST function can not
be turned on.

mmnﬂ\GSThmwonlsadivated.ﬂwPiDsruARw
settings can be monitored, but not changed.
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7.

INITIAL SETTING

121

A

WARNING |

Parameters in the Initialization mode should be set accordin i i

g to the application before setting an r
related to operation. Once the PaMnmunhﬁMnMemmwmur.MNmym
necessary to be changed for the same application under normal conditions. If they are changed unnecessarily,
it may result in malfunction or failure of the instrument. RKC will not bear any responsibility for malfunction or
failure as a result of improper changes in the Initialization mode.

7.1 Go to Initialization Mode

1,

Tum on the power to this controller. The instrument goes to
the PV/SV display after confirming input type symbol and
inpul range.

Press the SET key for two seconds to go to the Parameter
Setting Mode from the PV/SV display.

3. Press the SET key until "LCK" (Set Data Lock display) will be

.!

displayed.

The high-lighted digit indicates which digit can be set. Press
<RJS key to high-light the thousands digit. (The [ _]section in
each image of the controller shows the digits which are not
high-lighted )

ZD'I"?'?":]'I
LI

O Dan L auDmeoNS |

Sﬂdﬂbckfumnmnhlv

Press the UP key to change Oto 1.

Set value
0 Initmlization mode
locked

[ 1000
s oo 22l | 1: Initialization mode
== uniocked

Press the SET key to store the new set value. The display
goes to the next parameter, and the Initialization mode is
uniocked.

2l
The parameter displayed
varias on the instrument
specification.

[0s Do caspawgase

CT1 input valus desplay

PrmtmcﬂfSkevarmmndswwprwdngrheSET
key to go to the Initialization Mode. When the controller goes
to the Initialization Mode, “Cod" will be displayed.

1.

(A

7.2 Exit Initialization Mode
m When any parameter setting is changed in the Initialization

Mode, check all parameter set values In SV Setting Mode
and Parameter Setting Mode.
Press the <R/S key for two seconds while pressing the SET
key from any display in the Initialization Mode, The controller
gees back to the operation mode and the PV/SV dispiay will
be displayed.
Press the SET key for two seconds in the PV/SV display.
Press the SET key until “LCK" (Set Data Lock display) will be
displayed.
The high-lighted digit indicates which digit can be set. Press
<RJS key to high-light the thousands digit. (The[—]section in
each image of the controlier shows the digits which are not
high-lighted.) _
Press the DOWN key to change 110 0.

LCP

Press the SET key to store the new set value. The display
goes to the next parameter, and the Initialization mode is
locked.

|| The parameter displayed
={| varies on the instrument

CT1 input value cespiay

7.3 Initial Setting Menu

The “Cod" display will be dispiayed when the controlier goes to
the Initialization Mode.

m

Do nat change to any parameter in the Initialization Mode
which is not described in the initial setting menu above.
It may result in malfunction or failure of the instrument.

| PV/SV display mode or Parameter setting mode |

Press the <RIS key while pressing the SET

- ey for 2 seconds with the uniocked
':: 0000 wSet Cod to 0001
[Sevin [ 5L H o™
--:. L__..._—-—
CT1 input valus display mn:-mwy M i
Cod sumupaubcﬁm) See P. 10 Decimal point
0000 mnmmmmmwm) Sea P. 10 position
su(n.mﬂvpeuhcﬂon) Seolf.in *
SL5 (Alarm 2 type selection) See P. 10 To PVISV
SL11 (SV alarm type selection) Bee P. 11 - display mode
Cod | SLH (Satting limiter [high]) Sea P. 11 ¥
0001 | SLL (Setting limiter low}) ScoP.11 | | ToPVISV display mode Efﬁﬂ inkiakzation codo select
PGAP (Decimal point position) Sea P. 11 Press the SET key, of press the SET key several times.
- i:mummmmummuzm
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7.4 Input Type Selection (SL1)

When any parameter setting is changed in the Initial
Mode, check all parameter set o
st values in SV Setting Mode

Factory set value varies depending on the input type.

7.6 Alarm 1 [ALM1] Type Selection (SU4}
Alarm 2 [ALM2] Type Selection (SLS5)

If the alarm function is not provided with the instrument when
shipped from the factory, no alarm output is available by changing

Set value !E:I'Hﬂ! SL4 and/or SLS.
_m‘ K E13 L4 is set to 0000 in the following cases.
% « When the instrument does not have ALM1 output
— L = When Control Loop Break Alarm (LBA) Is provided and
|00 E assigned to ALM1
0100 =N = When the 8V alarm is provided and assigned to ALM1
oMt R Thermocouple '
1000 s P 1) su5is set to 0000 in the cases.
1001 B = When the instrument does not have AL M2 output
1010 WS5ReMW26Re * « When Control Loop Break Alarm (LBA) is provided and
1011 PL I assigned to ALM2
0101 T « When the SV alarm is provided and assigned to ALM2
0110 1] * When the Heater Break Alarm (HBA) is provided
11 0 c : « When the instrument has Z-168 specification
1101 JPI00 O (JIS) RTD ks
1110 B105V DG ry set value varies depending on the instrument epecification.
1110 Oto 10V DC 7 Voltage' Set valie Details of setting
1111 1toSVDC 0000 No alarm
1110 0o 20 mA DC 0001 Deviation high alarm
1111 aiwm DC Current ? oi01 Mﬁm?ullrm
Any input change in TC&RTD Group Is possible. change in 0010 Deviation highflow alarm
mumwmmuwmvmm?mnmm o110 Band alarm
change between TC&RTD Group and voltage&cumrent Group s possible. 0011 ey ala
2 The input type of Z-1010 specification is fixed to 0 to 10 V DC due to the S A
hardware differance. o111 Process low alamm
* For the current input specification, a resistor of 250 0 must be connected 1001 Devtation high alam with hold action *
y between the input tarminals. 1101 Deviation low alarm with hold action *
WS5Re/W26Re and B are not avaiiable with Z-1021 specification (Modbus 1010 Deviation high/low alarm with hold action *
communication). 1011 | Process high alarm with hoid action *
® Change m“ﬁ‘ 1111 Procees low alarm with hold action *
* Hold action:

Example: Change the input type from “K" to “J"
1. Set "Cod’ to 0000, and press the SET key. The display will

When Hold action is ON, the alarm aclion s suppressed at starl-up or the
control set value change until tha measured value enters the non-alarm range.

to SL1.
s j 7 1 @ Alarm action type
l SL | Both of the Alarm 1 and Alarm 2 outputs of this instrument are
e R T fumed on when burout aceurs regardiess of any of the following
| ooog|| actions taken (High alarm, low alarm, etc). In addition, when
Initisiize code selection dspay Input type selection used for any purposes other than these alarms (event, efc.),
2. Press the UP key to change the number to 1. specify the Z-124 specification (not to be forcibly turmed on).
== Deviation high alam (A SV A Aamwivaive)
{Asarm set valus is greater than 0 )
OFF oN i
Lo A [ High ¥
[Alsrm o valus is less than 0.}
3. Press the SET key to store the new set value. The display OFF £ 1 oN Sov
Low Hign
goes to the next parameter. ket i i
(Al et vals /s greater than 0)
m G—F .
7.5 Temperature Unit and Cooling Type — ; 1y -
Algrm el v lasmthan0)
Selection (SL2) e - .
1 iate may result in maifunction. toe A A b T
m mlnmll“m mmugommmm cannot be Deviation high/iow alarm
changed by this parameter. _ = on o:r A on —»
Factory set value varies depending on the instrument specification. Band alarm
“Description OFF o b
“ T [T i e
value m‘“‘“ Cooling type selection Process hghatam -
0000 —<C Alr cooling (A type) or Heat only type (F, D type) = & b oY
0001 ;3 Alr caaling (A type) or Heat only type (F. D type) Process low alarm
0010 < Water cooling (W type) N oft .
0011 F Water cooling (W type)
® Change Settings ® Change Settings Do b atar
2 Wmummunitoﬂhuﬂutonlywpa Example: Change the ALM1 type from “ Iaﬂo:lhlp alarm
Exliapie tc "G (0000)" to "°F (0001)" (0001)" to “Deviation low alarm (0101)

3. PrmtheSETkeytostoremenew_selvalue. The display
goes to the next parameter.

10

1. Press the SET key three limes at SL1 until SL4 is displayed.
2. Press the <R/S key to high-light the hundreds digit
3. Press the UP key to change the nu_rjnbef to 1.

5L 4|
W

L s )| Lt :
4. Press the SET key to store the new set value. The display
goes to the next parameter.

IMCB25-E2



7.7 SV Alarm Type Selection (SL11)

h‘"m“““"‘mmﬂmthmbw

« When the instrument does ALM1
. m“u'mb&wm%
band alarm or Loop Break Alarm (LBA).

R For ALM2 the
hhhlumum third digit from the right is set to “0”

.mmmmhmmm
band m, Heater Break Alarm

Alarm (LB (HBA) or Loop Break
« When Z-168 Is specified.

L1 To make SV alarm setting effective, set SL4 to “0000"

when using ALM1 for SV alarm, or set SLS to “0000” when
mmmwmmmmwmapwu

SL11 setting.
Factory set value varies depending on the instrument specification.

L1 1 0] SValam not provided
Aam1 |« 1 1| SVaiarm provided
Mt} |7 T0! | SVhighalam
" 11+ | SViowalam
1B SV alarm not provided
Alarm 2 i1 5 alarm provided
Az e v high alarm
1, 4 1 | SViowalarm
e SV alarm action type
SV high alarm A Alarm set vaive)
OFF oN ”
[r= A oy
SV low alarm -
on OFF
Low A "“‘:—w
® Change Settings

Example: Change the SV alarm type of the ALM1 from “SV high
alarm (0001)" to “SV low alarm (0011)"

1. Press the SET key ten times at SL1 until SL11 is displayed

2 Press the <R/S key to high-light the tens digit Next, press
the UP key to change the number to 1

3. Press the SET key to store the new set value. The display
goes to the initialize code parameter

7.8 Setting Limiter [High] (SLH)
Setting Limiter [Low] (SLL)
For voitage or current input, set scaling within the input range.
&~ See Input range table (P. 12)
Factory set value varies depending _oil inslrument specification.

memmmmh'mm&%ﬁn

Setting range
Input type fimiter Setting limiter
K SLLto 1372°C Oto SLH'C
SLL to 2502 °F Oto SLH“F
J SLL fo 1200 G Dto SLHC
SLL to 2192 -F Oto SLH °F
R SLLto 1788 °C OtoSLHC
) SLL to 3216 °F 0lo SLH *F
B SLL1o 1820 °C Oto SLHC
SLL o 3308 'F 0to SLH “F
TC E ~SLL to 1000 C Oto SLHC
SLLto 1832 °F Oto SLH *F
N SLL to 1300 °C Ot SLH C
SLLIo 2372 °F 010 SLH °F
T SLL104000°C 199910 5LH ‘C
SLLto 752.0 °F -189.8 10 SLH °F
—WEReNUZoRe | SLLIo 2320 C Oto SLH'C
i sui‘:unaes 0t SLH F
P | SLLto1390°C Oto SLHC
SLL to 2534 °F Oto SLH °F

IMCB25-E3

range
Input type {imiter Setting limiter
] ;L;gﬁ% 198910 gﬁi ©
TC SLL 1o 999.9°F -189.9to SLH F
L SLL1o 900 C OtoSLHC |
o SLL to 1652 °F 0to SLH F
RTD PL100 SLLin B490°C ~198910 SLH '€
JPHI00 SLL1G999°F | -1999to SLHF
Voge [OGSVDC |
Dis 10V DC* SLL o 5880 -1989 o SLH
1to5V DC (Programmable
Cument | Oto 20mA DC scale) scale)
410 20 mA DC
* Z-1010 spacification
® Change Settings
Example: When the display range is scaled to 0.0 to 400.0 for
a voltage inputof 1 to 5V DC.
1{\: 5::
Factory setvalue — 0.0 100.0
Scaling » 00 400.0

1. Set Cod to 0001, and press the SET key. The display will go
to SLH.

*I Epai

[ - f
Initwiize code selection depiay

| S— p—— |

Seling v gH) Gaslay
The high-lighted digit indicates which digit can be set. Press
<R/S key to high-light the first digit from the left

e

2

™

| FLILALs ]
e s

3. Press the UP key to change the number to 4.
RS Tl
SLHI
mrnr ‘
g ] (i ]
Press the SET key to store the new set value. The display
goes fo SLL.
Set SLL 10 0.0.

Press the SET key to store the new set value. The display
goes to the next parameter

a

oo

7.9 Decimal Point Position (PGdP)

Use to select a decimal point position of the input range (voltage
input and current input). PGdP is displayed only for voltage or
current input.

£1) inappropriate settings may result in malfunction.

Two decimal places (00.00)
Three decimal places (C1.0O0I0)

Set
I Description
0000 Ho decimal place {0000)
0001 One decimal place  (O000.0) [Factory set value]
0002
0003

® Change Settings

Example: Change the decimal point position from “One
decimal place (0001)" to “No decimal place (0000)"

1. Press the SET key two times at SLH until PGdP is displayed

2. Press the DOWN key to change the number to 0.

FLdb o

{ JLUIL)
=

PLdP|

3. Press the SET key to store the new set value. The display
goes to the next parameler.

=3

1



8. ERROR DISPLAYS

124

B Error display

E RAM failure (Incorrect set data write, etc.) Turn off the power once. If an error occurs
' after the power is tumed on again, please
contact RKC sales office or the agent.
® Overscale and Underscale
Measured value (PV) | PV is outside of input range.
o000 Overscale: To prevent elactric shock, always
\ashing] PV is above the high input display range fimit. tum off the power before replacing
¥ .. the sensor.
oo Underscale: -
in|
[Flashing] | PV 1o below thelow input displey range mit. | Gorec) CE YRS, Pt onge, sensor and
9. INPUT RANGE TABLE
\nput type gt typa
W 400 °C [K 02 0 o 1600 °F |J Az
s T
1 i - J1
o K 5 o;—#?%
0 w1200 'C K 08 0w ts00 L0
0w 3w G K e 4 0w 3w °F [r'ar
0 o 450 C [K 17 . I R, A2
0 o _so 'C |K > Bl w1800 'C 18,0
0D w so0 | |KiAl | 175 1
0w woo °F [kazll S 0 s TA1
0 lo 202 K“'ﬂl D o X weRe |
M w7 F |K, A9 400 w 1200 'C |8,01 || weshe
ow 20C|Jmn]| 84 ©w mC s
0 1o 400 J 2|l (3) | 800 w 300 F |aTAl o
0w 60Cli o 4 o0 1 3ws'F [8 A2 1 [
0 w 120 C |J o]l E o 1w e F |EAl] A Z
b o350 °C |37 %0] 9 Jo e b JeiAz|| U Calieee o teno Clulm [me o ¥amo?r] oja]

4 Qo 399°C M to 788" F Accumcy ‘s rok guererieed. *2 -1909 to-100.0°C + 1909 to- 16RU°F: Accurscy s rot gusrsrtoed.

“3 This inpd fype can not be seleciod in the & 1021 apeofication.

10. REMOVING THE INTERNAL ASSEMBLY

Usually, this instrument is not necessary to remove the internal assembly from the case. When removing the internal assembly without
disconnecting the external wiring, take the following steps.

/\ | WARNING

@ To prevent electiic shock or instrument failure, only qualified personnel should be allowed to pull out the internal

assembly.
@ To prevent electric shack or instrument failure, always tumn off the power before puliing out the internal assembly.
@ To prevent injury or instrument failure, do not touch the internal printed wiring board.

Lock (upper) L1 Apply pressure very carefully when removing Internal assembly
—1 1o avold damage to the frame.
IL] To conform to IEC61010-1 requirements for protection from electric
i shock, the intemal assembly of this instrument can only be removed
Q:/ : with an appropriate tool
| | Recommendedtoot | 1} Unlocking points (marked with *Q") depend on the model as follows:
\ | Blade screwxriver CB400 CB100  cagoo
| 6 mm or less) | —— I :
Lock (lower) « >~ | CIK | - I
Unlock using such a blade screwdriver lay | o Lol
Gently press down on handie for the upper lock and
ift up for the lower lock The fistediion:  DEC. 2002 IMQOG}

The third edition:  AUG. 2004 IMQO0]

HEADQUARTERS: 16-6, KUGAHARA 5-CHOME, OHTA-KU TOKYO 146-8515 JAPAN

m RKC INSTRUMENT INC. PHONE03-3751.0790 (46133751 6766)  E-mai:info@rkcnstcojp
= FAX:

03-3751-8585 (+81 3 3751 8585) ™
IMCB25-€3 AUG. 2004
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Faculty of Education

Certificate of Participation

awarded to

Mr. Bodinchat Sukbot

ACADEMIC ENGLISH FOR
RESEARCH SEMINAR

Brisbane, 14-18 April 2008

e

Associate Professar Bob Elliott

Assistant Dean (International & Engagement)
Faculty of Education
18 April 2008

Queensiand University of Technology
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