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ABSTRACT

The objective of this project was to design plastic extrusion machine for making plastic line of 4 mm in

diameter .The material used for extrusion system must be digested by digest machine. Plastic used for this machine

must be thermoplastic and type of polymer is Polyethylene (PE). The plastic extrusion was driven by 3 phase AC

motor. Firstly, The motor power was transmitted by V-belt at 1,450 rpm though to gearbox in order to reduce speed to

75 rpm. Secondly, coupling is used for transmitting power from gearbox to rotating feed screw in housing of barrel. The

barrel was divided into 3 zones: it is feed zone, transition zone and metering zone. Barrel is consisted of thermocouple

and sensor for checking band heater. The barrel temperature was controlled by temperature controller. The melt plastic

is feed to plastic extrusion die and the plastic line flow from the outlet continuously.
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Mdendesmsas I, = lkw
1Ina1519 0.7 dadszneu e Ny =1.3

ATUINTNNT

W,N, =0.746 x1.3 = 0.9698
NN N N6 La@ﬂﬁWUW'lu'ﬂﬁ'lﬁﬂ A

. n 1410
auMIVewRIINe m.. = — = —— = 0.881

" n, 1600
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RenvIAIdUR TUg LI deaeWIUTY 91AA1319 0.2
Wd, =80mm .

fuiu D, =m ,d, =0.881(80) = 70.5mm .

° ' ' Jd
ﬂTiﬂ"l‘u’Jiu‘HWSZEJ%‘HNi%‘,ﬁ’JNﬁi‘lﬂﬂﬁNé’@ﬂWWTqucl"PgT/

Cow =2(d, +dp) =2(80+70.5) =301mm .

max

Cun =0.7(d, +D,) =0.7(80 + 70.5) =105.35mm .

min
naaeudenly C = 200mm .

MIANNOINAS 1asd 50N TUNTS

(D, ~-d,)’
Ly =2C +1.57(D, +d,) + L
BAUAIVDITNNIT
(70.5 - 80)°

L, =2(200) +1.57(70.5 + 80) +
» =2(200) ( ) 2(200)

L, =636.40mm .
1INA1519 n.8 1A 1T oWIY L, +L =742mm . (L, =30mm )

zuzvi sz Ieguinaedmna ldanauns

C=p+p’-q
p =0.25L, -0.393(D, +d,)
HNUAIVDITNNIT
P =0.25(662) — 0.393(70.5 +80) =106.35
g =0.125(D, —a’P)2

ENUAIUDITNNT

W.5




g =0.125(70.5 —80)% =11.28

BNUAIVDIANNIT

C =106.35 ++/(106.35)> =11.28 =212.65

HNUAAUNIT VD IA U AT U
D, -d, 70.5-80
C 212.65

= 0.04467

3INM1514 .6 dsznouud luau TAsdure

1NM1319 1.6 AUTENRVLA lvaNueIT eI

N, =0.82
dmsudemowy 80mm . dasma m, 1810.9698 uaz 1 11410 rpm

11INA1519 n.8 3z 1A

P, =1.02kw saoidu
M UFU TR IUINGUAS
W, N,

z = ———
Py N, N,

S (e ) B
T 1.02(1)(0.82)

Auiuidenmewiusin 4 0 742mm . w2 du

VINTUMIYUFUATUBIANEWIY
D, -d
P
a =x-2sin" | —=—2= jad
2C

HNUANUDITNNT

o, =x—2sin™ 10910 rad =182.56
2(213)

<
TUATANMLIITIYNWIY

W.6




V =md ,n

HAUAIUBITNAIT

Vo=a o0 J1410] 5607
1000 A 60 s
ﬁiJﬂﬁLLiQﬁﬂiuﬁWUWWHﬂlmZﬁtﬂﬁWﬁﬂ

F=e
V

HAUMVBITNATT
- _ 1(1000)
5.90

=169 .50N

1na1s1eng 1dm K, =1.5

Mneens 1da K, =0.217

sin-;i = 0.99975

V? =34.81

iﬂﬂﬁhﬂ'ﬁuiQﬁ\?%}ué{uiuﬁ'IUW'lu
1y . O
F‘i = (le +Zk2V ~)SIHE

PNUAIUBIANNTT
F, =(1.3(169.50) + 2(0.217)(34.81))0.99975

F.=235.40N
NszUON

v {m, & w PR s o
ﬂTiT‘Hﬂ'ﬂMlﬁu J] LAagANUIAU O"2 ﬁkﬂﬂmuﬂl}ﬂﬁzﬂaﬂﬂuWﬂLﬁuNWﬂﬂuUﬂaN 90mm .nanwu

M

' Y [

w1 32.5mm . egnelannuey 30 —
] M2

aa & o
ANUALTAATUAILNY O, aunsiaal

Pr

W.7




pnua luaNNNg

30 4@(0.0451\4) N
e =20.77 2=
2(0.0325M) M-
A LA TR SAd o, aunsidad
Pr
o, =—
14
unum luguns
30 M (0.045M) Iy
o, =M L
) (0.0325M) M-
Aruns uaifadun i adurigudnats Saunsdail
e =2
E
pnua luauns
MN
41.54 M5
o = G]X[ =2.0x10"*
20 =
duiiruinansiidaeen fGemmsdiad
Ad = (&d)d

wnua luaung
Ad =(2.0x107)0.0578 m. =11.56 x107°

' Vv
nsannsziinmelunssuen Jaunisaeil

F=P.A
pnua luauns

W.8




F =30 M7 0.0256%) = 15.4KN
M?’ 4

ngannsgimwlunszueniaumiu 15.4KN

nInsznwgmnNimelunszuen

111019319 110 [lszneumimwesmsnsgaelunszuenlasfngumgiinisuamniny

400 °C
v
NINTLWRNMYT NeaunIgAell

1
qo . » 2y qor, "
T =T, + 12 -r?)- In(=
2 o ) g G
pnuA luaNnIg
kw B 3
150@3 150=5(0.045m™ |
T =673k +| —— ™ 40.045> —0.0128%)m * - L h{o 'OD‘SJ
4(37.148) 237.148 %) 012
mk m.k

T =669.74k or 396.74°C

v

aniuagyIdnd Idgamngd Advesnszuen 400 °C wiligungiinelunszueniviny

396.74°C

M.9




MIN N1 ANFURTIgUNaIgavewideowIuAa (Auwemeduass wazBoaautATeHILAD

v o o , <
(HUVNIATFIUTITUAT) (YUAUAT 140", 9ATIHIUAIINEITOV 2.04)

447
AtuaANNIRaENEWIL Td (nn./
A (W) ANUNIY ﬁﬂﬁ‘dﬂm\‘l RMIUANENY,) - |
A | A ledeansia
(KW) | nansfies (0 [panundne | dnsoz | 41uou | eeses | defdeans | sosmnewiud
an) (gagm) | ey | anewu fanemu e @ewusulmi | dediin |
0.2 67 20 A 1 10 0.4-0.45 0.3-04 |
0.4 75 20 A 1 10 0.7-0.8 0.5-0.7 |
0.75 80 20 A 1 10 1.1-1.3 0.9-11 E
1 80 35 A 2 17.5 0.8-1.0 06-0.8
1.5 80 35 A 2 17.5 1.2-13 09-1.2
2.2 100 35 A 2 17.5 1.4-15 1.1-14
3.7 112 50 A 3 25 1.4-16 1.1-1.4
5.5 125 63 B 3 31.5 1.9-21 1.5-1.9
7.5 150 63 B 3 31.5 22-25 1.7-2.2
11 160 82 B 4 41 22-26 1.8-2.2
15 170 101 B 5 50.5 2.3-27 1.8-23
18.5 170 120 B 6 60 2.4-27 1.9-24
22 190 120 B 6 60 26«29 20-26
30 224 136 C 5 68 4.0-4.6 3.1-4.0
37 224 162 C 6 81 4.1-47 3.2-4.1
45 265 162 C 6 81 45-51 35 4.5
55 265 187 C 7 93.5 46-53 3.6-46
75 300 213 C 8 107 5.1-59 4.0-51
90 315 264 C 10 132 50-58 3.9-50
110 - - - - - -
132 - - - - -
160 . - - -
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VLY 1.

M1719 N.2 ﬂJUWQﬁWﬂWWHSNLLazgﬂﬁTUWWH AUNINTIU

ISO/R 52-1957(E)ae ISO/R 526-1962(E)

MINFAaEWIL Y Z A B C D E
| 53 8.3 I 14 19 27 32
h 4 8 8 1 14 19 25
b, 53 85 1 14 19 27 32
b, B3 9.7 12.7 16.3 2 32 40
¢ 1.6 2 2.8 35 48 8.1 12
¢ 8§03 122023 1503 19+04 | 25505 | 37206 | 44507
r 6305 8§06 10£06 | 125%0.8 17 £ 1 24 £ 2 2902
L 7 1 14 18 24 28 33
32° | gdmsy <63 - - - - - -
3/ '
34° | TuRU - 63 — 80 90—118 | 140-190 | 224-315 - =
o
36° | quEnaN 63 o - - - <500 <630
a 4
38° WeD - > 80 >118 > 190 >315 > 500 > 630
I 12 16 20 25 34 48 58
2 20 28 35 44 595 85 102.5
3 28 40 50 63 85 122 147
il 4 36 52 65 82 110.5 159 1915
UIU i
5 44 64 80 101 136 196 236
504
. 6 52 76 95 120 161.5 233 2805
bl au
} 7 60 88 110 139 187 270 325
&0
8 100 125 158 212.5 307 2695
(AAL]
9 112 140 177 238 344 41
I
10 124 155 196 263.5 381 4585
1 136 170 215 289 418 503
12 148 185 234 3145 455 5475
28 50 80 125 200 355 500

pin




159 A3VUIAdURIUgUINa1eRag d vesdomonunn
ANNIATFIU [SO/R 52-1975(E) 1ag [SO/R 253-1962(E)

SIRTRIISIRETET

25 60 100 170 280 500 900 1900
28 63 106 180 300 830 1000 2000
315 67 112 190 315 560 1060 2240
355 71 118 200 355 600 1120 2500
40 75 125 212 375 630 1250

45 80 132 224 400 670 1400

50 85 140 236 425 710 1500

33 90 150 250 450 750 1600

56 9s 160 265 475 800 1800

A1314 .4 F1szAounIs danu

KL _ aN1ITMININY 7
1.3 A1 Fruned
13 ; nuthunas
2.0 i Auniln usansean Waiatiow

W.12




M13149 n.5 Muszneumsm K,

nAATIIWIL K,
Y 0.049
Z 0.126
A 0.217
B 0.385
C 0.637
D 1.332

71313 n.6 farlsznauud lvauIdsduda N, dAmiumeniuay

D, -d, daulfeduda N,
C o ~
0 180 I
0.15 170 0.98
0.35 160 0.95
05 150 0.92
0.7 140 0.89
0.85 130 0.86
10 120 0.82
115 110 0.78
13 100 0.73
145 90 0.68

winog A ey luszrndneminige e1emm laedssuna lagldmsdszunamuuady
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IRWIZYI

a = o
YUAVDIPUNINNADY

o £ a2 a
ﬂ?ﬂﬁSﬂ@ﬂJﬂﬁ1“ﬁNﬂuWﬂﬁiﬂ1

VU

v

1519 n.7 dadsznev 14 N WS UMONIIAN

a o
yiiaveagUnIoivy

yoIBS NI AR

ERGRERY

o e w e 4 4
LU‘HW‘H AJUUDIVNWNAIUU

AT AUNLAY

2 .
DU 1ATBINIUATBULAY,
1T DIBAALLASVBUND, 1T I

[

v a o =t
na1lsnunazyiiavesgilng s

ug iR teatuan1Izn13i19IU

Froo1uru i luannzundon

1A Tu

NORMALTOQUE,SQUIRREL
CAGE,SYNCHRONOUSE AND
SPLITPHASE

UBIABINTLUARNTS : SHUNT
WOUND
i

4 o Sa
asesdua1nely : Nlivawgngu

AISIZIN 600 0UABUT

K}

F7Tu9n15R19uA0 U

UOINBINTLUAAAY -
HIGH TORQUE, HIGH SLIP.
REPULSION-INDUCTION.
SINGLE PHASE, SERIES WOUND
AND SLIP RING
UDINBINTLUART : SERIES
WOUND 1182 COMPOUND

WOUND

2 7o E S &
Lﬂi@ﬂﬂu@]ﬁu@?ﬂﬂWUl‘u CNUURUR

g o ' .
ﬂﬂQUﬂ’JnJL’i’MWﬂ’N 600 99UND

UIN

WAUNUATAS

<10

10-16 > 16

< 10

3 TuaNsiauee

10-16 > 16

nuuvionlag, Weaunimdegy 7.5
KW, #10W1ua 1au99114i0

NUIUNRAE  EWIUAUABINT 1Y

Waaunnig.

4 2 oA A Y] ~
HIDNWANY AATDINTUVDIVUIT U,
nmdagan

17.5 KW 1ATD4
o a v & o Y
Autia Tvdq, iwanu, 1S eedni,

1309502 PUNCHES

PRESSESHEARS, 1A30IWuH

POSITIVE DISPLACEMENT

ROTARRY PUMPS, 173091061
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UL - m“sﬂ'aaﬁw@@, BUCKET
ELEVATIONS, EXITERS, 130980
a;uuazl.ﬂ%"aaqmmv@ﬂqu, AW
A1003, HAMMER MILLS, PAPER

MILL BEATERS, POSITIVE
DISPLACMENT BLOWERS, 17584
VA, InSeuAouazis eeinInag

0 v 4 Y]
13 1mT0anef

UMINTeY - CHUSHERS
(GYRATORY — JAWROLL),
MILLS.
(BALLROB - TUBE) son’lul#h
RUBBER CALENDERS —

EXTRUDERS - MALLS

1.74

1.8
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1 o w a o i =
A1319 n.8 aussauz Tumsdaddswesmewiuduniihg “a” derdu P, (U kw)

dmfumeninen L, = 1732 mm uagdlfsdudi oL = 180°

d, AsIseuvesdemenIu Py (kw)
m.,, | 400 | 700 | 800 | 950 | 1200 | 1450 [ 1800 | 2400 | 2850 | 320 | 3600
Sl aussouzlumsdahdsaoduP, (kw)

1.00 0.29 0.45 0.50 0.56 0.67 0.76 0.88 1.05 1.16 1.22 1.28

1.05 0.30 0.46 0.51 0.59 0.69 0.80 0.92 1.11 1.22 1.30 1.36

71 1.20 0.32 0.50 0.55 0.63 0.75 0.86 1.00 1.22 1.35 .44 .32
1.50 0.33 0.52 0.58 0.66 0.79 0.91 1.07 1.30 1.45 1.35 1.65

>3.00| 034 | 054 | 060 | 069 | 082 | 095 | 1.1 | 137 | 1.53| 164 | 1.74

100 | 037 059 | 065| 074 | 089 | 1.02 | 120 | 145 | 161 | 171 | 18

1.05 0.38 0.60 0.67 0.77 0.92 1.06 1.24 1.51 1.68 1.79 1.89

80 1.20 0.40 0.63 0.71 0.81 0.97 1.12 1.32 1.62 1.81 1.93 2.05
1.50 0.42 0.66 0.73 0.84 1.01 1.17 1.38 1.70 1.91 2.25 2.10

>3.00 0.43 0.68 0.75 0.87 1.04 1.21 1.43 1.76 1.98 2.28 2,27

1.00 0.47 0.74 0.82 0.94 1.13 1:31 1.54 1.88 2.10 2.24 2.36

105 | 047 | 075 | 084 | 096 | 116 | 134 | 1.58 | 194 | 206 | 231 | 245

90 120 | 049 | 078 | 087 | 101 | 121 | 141 | 1.66 | 205 | 229 | 245 | 26l
150 | 051 | 081 | 090 | 1.04 | 126 | 146 | 1.73 | 213 | 239 | 257 | 274

23.00 0.52 0.83 0.92 1.06 1.29 1.50 1.77 2.19 2.47 2.65 2.83

1.00 0.56 0.88 0.99 1.14 1.37 1.59 1.88 2.30 2.56 2.73 2.88

1.05 0.56 0.90 1.01 1.16 1.40 1.62 1.92 2.36 2.63 2.80 2.97

100 120 | 058 | 093 | 1.04 | 120 | 145 | 1.69 | 200 | 246 | 276 | 295 | 3.13
1.50 0.60 0.96 1.07 1.24 1.50 1.74 2.06 2.55 2.86 3.035 3.26

>3.00 0.61 0.98 1.07 1.26 1.53 1.78 2.11 2.61 2.93 3.14 3.:35

1.00 0.66 1.06 1.19 1.37 1.65 1.92 2.27 2.78 3.09 3.29 3.460

1.05 0.67 1.08 1.20 1.39 1.68 1.96 2.31 2.84 3.16 3.36 3.54

12 1.20 0.69 111 1.24 1.43 1.74 2.02 2.39 2.95 3.29 3.51 3.70
1.50 0.70 1.13 1.27 1.47 1.78 2.07 2.46 3.03 339 3.62 3.83

2300 071 | 115 | 129 | 149 | 181 | 211 | 250 | 3.09 | 346 | 370 | 3.92

1.00 0.78 125 1.40 1.61 1.95 221 2.68 3.28 3.63 3.84 4.01

1.05 0.79 1:27 1.42 1.64 1.98 2431 2.73 3.34 3.70 3.92 4.09

125 1.20 0.80 1.30 1.45 1.68 2.04 2.37 2.81 3.44 3.83 4.06 4.26
1.50 0.82 1:32 1.48 1.71 2.08 242 2.87 3.53 3.93 4.18 4.39

>3.00 0.83 1.34 1.50 1.74 2.1 2.46 2.92 3.59 4.00 4.26 4.48




100 | 091 | 147 | 164 | 1.89 | 230 | 267 | 3.15 | 3.83 | 421 | 442 | 456
105 | 092 | 148 | 1.66 | 192 | 232 | 270 | 3.19 | 3.88 | 427 | 4.49 | 464
140 1.20 0.93 1.51 1.69 1.96 2.38 2.71 3:27 3.99 4.40 4.54 4.80
150 | 095 | 154 | 172 | 199 | 242 | 282 | 333 | 408 | 450 | 475 | 493
2300 096 | 1.56 | 174 | 202 | 245 | 28 | 3.38 | 414 | 458 | 4.8 | 502
Atlsznauud luamend e N,
L, 662 | 742 | 832 | 932 | 1032 | 1152 | 1282 | 1432 | 1632 | 1732 | 1832 | 1032
N, 0.81 | 082 | 0.85 | 087 | 089 | 091 | 093 | 096 | 099 | 100 | 101 | 1.03
|
L, 2272 | 2532 | 2832 | 3182 | 4032 | 5032
N, 106 | 1.09 | LIl | 113 | 120 | 1.25
a Jdaag 9y
ANNEINAIAL1Y L, = L, + 30 (mm)
L. 483 | 535 | 560 | 580 | 600 | 630 | 655 | 670 | 690 | 710 | 730 | 750
780 | 787 | 800 | 813 | 825 | 838 | 850 | 855 | 875 | 889 | 900 | 914
925 | 950 | 965 | 975 | 1000 | 1016 | 1041 | 1060 | 1090 | 1105 | 1120 | 1143
1168 | 1180 | 1200 | 1220 | 1250 | 1270 | 1300 | 1320 | 1346 | 1372 | 1400 | 1422
1448 | 1475 | 1500 | 1525 | 1550 | 1575 | 1600 | 1625 | 1651 | 1676 | 1700 | 1725
1750 | 1780 | 1800 | 1854 | 1900 | 1980 | 2000 | 2030 | 2057 | 2083 | 2100 | 2120
2150 | 2200 | 2240 | 2285 | 2360 | 2435 | 2475 | 2500 | 2650 | 2730 | 2800 | 2840
3000 | 3050 | 3150 | 3250 | 3550 | 3650 | 4000
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A1519 N.9 m%umug{uﬁnaNﬁmﬂwa@dmawmﬁﬁ (BMLRINDBT) 11AZIIVAZIDIAT TN

o =t @ o w \ <
77 (WUDUINTIIUTITNAD) (YUAUAT 140°, 9ANTIUANULIIITOU 2.04)

J
44 !
A Wia (W) AR gAnanang A1 THaadaEN Td (/3 e |
(kw) RIGEUER i)
durigud | anwnde | drwez | dwou | menu dlededaay | ieusudnn s |
nawwAs | (gege) | mewu | @ewiu | () vodulmi | vesmionwiilfog |
(cﬁ;wqm nou
02 67 20 A 1 10 0.4-045 0304
0.4 75 20 A 1 10 0.7-0.8 0.5-0.7
0.75 80 20 A 1 10 11-13 0.9 1.1
| 80 35 A 2 175 0.8-1.0 0.6 0.8
15 80 35 A 2 175 12-1.3 09-12
22 100 35 A 2 175 14-1.5 i L4
37 112 50 A 3 25 14-1.6 114
55 125 63 B 3 315 19 -2.1 13- 19 |
7.5 150 63 B 3 315 2225 1.7-22 |
¥ 160 82 B 4 41 22-26 1§23
15 170 101 B 5 505 23-27 1.8-23
18.5 170 120 B 6 60 2427 19-24
22 190 120 B 6 60 26-2.9 20-26
30 224 136 C 5 68 40-4.6 3.0 -4.0
37 224 162 C 6 81 4.1-4.7 32-4.1
45 265 162 C 6 81 45-5.1 35-45
55 265 187 C 7 935 4653 36-4.6
75 300 213 C 8 1065 51-5.9 40-5.1
90 315 264 C 10 132 50—5.8 3950
110 - - - - - - - |
160 = =2 = = = .- = i
S |
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wva ara <
@195 n.10 qudaneidnduazaiwseuveslane (U9 I9)

K(W/m.k)
auriAf 300 K fgamgiiaie (k)
yiavoslany D C, k a2 % 105
(kg/m’) (Jkg.K) (W/m.K) (m%/s) 400 | 600 800
aggﬁxﬁaw‘%qm? 2702 903 287 97.1 240 | 231 218
TR 7160 449 93.7 29.1 909 | 807 | 71.3
maax.umu?qw“’ 8933 385 401 117 393 379 366
Az 11340 129 353 24.1 340 | 314 -
mﬁmﬁqwﬁ 7870 447 80.2 23.1 69.5 | 547 | 433
WEANET C = 0.5% 7833 465 54 14.7 509 | 442 | 376
C=1.0% 7801 473 43 11.7 427 | 389 | 341
C=15% 7753 486 36 9.7 36.0 | 345 | 317
widanean Tasidioy
Cr=0.65% 7822 444 37.7 10.9 382 | 367 | 33.3
Cr=1.0% 7858 442 423 12.2 420 | 391 | 345
Cr=1.02% 7836 443 48.9 14.1 468 | 421 | 36
W ANHALTANDY
L 0.1% < Si < 0.6% 7817 446 51.9 14.9 498 | 440 | 374
manna ldati
A1SI 302 8055 480 15.1 3.97 173 | 200 | 228
A1SI 304 7900 477 14.9 3.95 166 | 198 | 226
AISI 316 8238 468 13.2 3.48 152 | 183 | 213
| AISI 347 7978 480 14.2 3.71 158 | 189 | 219
U 10500 235 429 174 425 412 396
muaﬁﬁm?mﬁ 21450 133 71.6 25.1 718 | 732 | 756
Ayn 7310 227 66.6 40.1 62.2 - -
daned 7140 389 116 41.8 11 103 -
HUNTLTON 1740 1024 156 87.6 153 149 146 :
| Fanou 2330 721 148 89.2 989 | 619 | 422 J




wva < @
M3 N.11 ﬂm’ﬁﬂ'ﬂﬁ‘ui’NL‘Hﬁﬂﬂé]TQWNNTﬁﬁjTNLE}@SNN (DIN)

Material Elastic modulus Tensile Yield Shear Modulus of
MN/m’ Strength Strength Strength Rigidity
g, o, MN/m’ MN/m’
MN/m’ MN/m’
St37 210 000 370 240 140 80 000
| St 42 210 000 420 250 160 80 000
SUs0 210 000 500 300 200 80 000
St 52 210 000 520 320 200 80 000
St 60 210000 600 360 220 80 000 |
St 70 210 000 700 420 260 80 000
37MnSi’s 210 000 1000 750 280 80 000 [
Al Cu Mg 72 000 420 280 130 28 000 i
A1519 n.12 mdudszansanudeamu lnedszua
Fulszantanuidoaniu
o ada f dou f, |
e on 1T Aon
manndiumanndl 0.15—0.20 0.10 0.10—0.15 0.05
manndfumanide
Ty T — 0.18 —0.25 0.10 0.15-0.20 0.05
mannasiuManrae
5 UECITELITEY 0.22—0.26 0.16 0.15-0.20 0.10 ‘
| JanzAuli 0.50 —0.60 0.10 0.20 - 0.50 0.08
i 0.50 —0.70 0.20 0.20 —0.40 0.005 015 |
Mo U AN ae
NI oMANHABINTIL 0.50 — 0.60 030 030 —0.50 0.20
Yeifufulang 0.60 0.25 0.25 0.12
LA s AfUAS AT
nnlerufumannd
MAnMaBIMTeINs o
SrRidE - - 0.30 —0.50 0.15—0.30
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®1979 N.13 Typical metering type extrusion screw

Screw
Diameter (D)

Inches, (mm)

Feed zone
Depth (h )

Inches, (mm)

Metering zone
Depth (h,)

Inches, (mm)

0.250 (6.35)
0.320 (8.13)
0.380 (9.65)
0.400 (10.16)

0.080(2.03)
0.100 (2.54)
0.125(2.79)

0.125(3.17)

#1319 N.14 Hypothetical designs for various plastics

i Dimension Rigid Impact Low-density High-density Nylon Cellulose

| PVC Polystyrene | Polyethylene Polyethylene Acel/ Butyrate
Dimension 4% 4 4y 4 4y 4
Total length 90 90 90 90 90 90
Feed zone (F) 13)4 27 221 36 67 Y% 0 \
Compression zone 76 )4 18 45 18 4y 90 |
Metering zone (M) | 0 45 22 % 36 18 0
Depth in (M) 0.200 0.140 0.125 0.155 0.125 0.125
Depth in (F) 0.600 0.600 0.600 0.650 0.650 0.600
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MANUIN U

1

N v A . i
fitenslyinTea Plastic Extrusion

AMIMINUYDIUAT D9
Iuanatiiaiila Mai 4
" luanaritodla Motor
Switch
Zone | .
\ Zon;f 3-4 Main Switch
\

\ \

/ / \
/ / \

Zone 2 Stop Motor  Start Motor

o & ' > 2 o v q 9 =g a
TN NUVDUATDINBUNIZITUTIINUIEAB Y a9 Tu Barrel "lmma@‘wmﬁmﬂ
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Guide Values for temperature settings in Extrusion Blow Molding.

MATERIAL TEMPERATURE IN ¢ °
FEED ZONE| CENTRE | FRONT DIE(Z4) MELT
(Z1)  |BARREL(Z2)|BARREL (Z3)

LDPE 70 155 170 170 |+ 170
HDP.E 70 175 185 170 | 170
H.M.N- 70 195 205 200 | T 200
HD.P.E

Polypropylenc 180 195 200 200 |T 210
Polycarbonate| 280 270 270 260 |T 280
PV.C. 145 160 170 165  |T 185

3. Yaoul¥nuden1n Heater Bands 3oUauM11MTe Barrel tazi1ulUaunaia@nie

Barrel Uszunm o - 1 ..
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install the 9900 controller in panel see 10.2

©

G

Wire up connections see 10.1

Step i

POWER LP
Selt check sequence

Ster 2

2ERQ FLASHES ON LEFT
ndicating no sensor
seiecled

Nete
Burtons ooly adjust flashing digits
(shown green)
Step 2

&
FRESS % T SELECT
SENSOR eg Type K = 2
Sensor options:
(For ful 1oble see 8)

i} ! Ra E ¥4 RID ¢
K 2 S 8 L & PIOO
N 3 L B 0

METoR

3 _ .
S¢ 1O ENTER

QR INTO MEMIORY
Jislay shows precess
temoercture eq. Ambient

dlep ¢

PRESS AND HOLD 3y

Outoul turns on ond temperalure rises

“he contrcller is now
speraticnct with
tactory PID settings:

Prop tand 2.5%
Prop time 20 sec
Derivative 25 sec
intagral S min
DAC approach
control 1.5

b If required adjust: Range. Hi-res O.1°,
Negatve temperoture ranging, see 8
Proportional cycie-time: 20 sec factory
sel it unsuitatie change now or use
Autotune calculated value after tuning
runsoa 6

3 For past results use normai set point

and locd conditions
4 Starl Autofune AT with the lood cool

Stan 7

START AUTOTUNE "AY
NEATR ANBIENT

The CAL 9900 microprocessor based

'+ temperature controller provides precise
- control with a minimum of setting up, the
advanced Autotune algorithm tunes all

five control parameters automatically.

The simple setting up procedure below is

Step 8

PRESS |2 TO ACCESS
PROGRAM MODE
Function O flashes
on right

Step @

press ¥ 1O CHANGE
TO OPTION SELECTION
Option O flashes

on left

Step 10

PRESS 4\ TO SELECT
AUTOTUNE ‘AT
Option 1

Step 1

press I 10 sTarT
AUTOTUNE "AT

AT and Process
temperature displayed
alternately during
Autotune

Two fypes of Autotune are provided to
ensure optimum control of a wide range
of applications

AUTOTUNE AT - Normal method, tunes
during warm up

AUTOTUNE PT - (Push-to-Tune) ~ For
difficult applications. funes at set point

AUTOTUNE AT

Start Autofune AT with the load cool. A short
tuning cycle occurs at 76% set point during
warm up. New PID values are automatically
en!e'red and the temperature rises to set
[ele}ia]

W.26

normally sufficient, specialised applic-
ations may need the comprehensive
9900 features covered In this manual.

w

Process
- -femperotyre
Pl ] ot set point
loVv

View set point
v Decrease
* A Increase

Autotuned parameters  Autotune limits

Entered auromatically:

Proportional band/Gain C.5 - 2« c/tanga
Integral time/Reset Q.2 - 435 min
Derivative time/Rate 10 - 255 sec

DAC approach control  C.5 - 9.C x gain
Proportional cycle time Q.8 - 819 sec

Calculated but for safety reasons neads
manual acceptance see 6

terno

t
i

sat Dom*;- &
i
AT turing |
5% SF |

Pdaic

/7 1 oniott
/7 tuning cveks
/" . ’ “@-opphics

\, entared ang
OUtUL W

'

Start AT

s

GI=oE)

= ==
{100% cutput powor

Fig. 1 Autotune AT

~» AUTOTUNE PT (Push-1o-Tune)

Select Opt 2 at 2 step 10

Used to fine tune difficult applications at set
point. Usetut if the set point or thermal
conditions are substantially changed. During
PT tuning some overshoot will occur. If this
is unacceptable, tempotarily reduce sat
point. PT tunes the parameters listad above
except DAC. Proportional cycle time is re-
calculated but needs manual acceptance

temp
}

overshoo!
dunng
funing

Stort FT

new PID valuas

band Paonsot
| tunmg cveles | OnTered
1 i
B SRS ORI - tima

(CO% cul;\:l cowév}
Fig. 2 Autotune PT
OVERIDING AUTOTUNE VALUES

Atlar Al/P1 any Autotuned parameter may
be changed to an Option from the table
The original Autotuned value is retained in
memory.

Note Subsequent Autotune AT or P1 run
replaces manual selections with new
calculated values (except Cycle time)




4 CONTROLLER FUNCTIONS
DISPLAY AND SELECTION PROCEDURE

;ns and Ophions Table
mmaode
1) - The avaiable conlrolier

The avaiable values for
eqQ Function 5 Cption O
SP1Prep band of 25%
Note ! ghnuld aitticulty occur in aguusting
Options check the Pr‘rommfav iock see \4

nmences with new
now entered in memary

B - TUNCTHCN/OQOPTION DISPLAY

i
=,

5.1 Autotune error messages see 11 (EES-7)

(Lalched: PRESS ¥ 4 10 resel)

AT/PT tunes most applications satistactorily,
but if tuning fails and error messages
repeatedly occur, the appiication has
urusuol characteristics requiring manual
tuning see 21

2 Tuning with set point near ambient

Difficult both 1o control and Autotune. Use
PT.if runing fails try with Fn 5/0pt 1, other
wise increase set peint or tune manually

£ Ir High Resolution (O 1°)

Should error message EES occur during
tuning, select normat resolution (Fn 18/

Ot O) then Autotune and cfterwards
re-select Hi-res. (check ronge setting Fn 24)

5.4 AUTOTUNE VALUE DISPLAY

At the end of an Autotune run the AT volue
is automatically entered and may be
disployed in Functions:

5 Prop band/Gain

o) Derivative time/Rate
7 DAC apprcach contral
& Inlegral tme/Reset

PRESS & TO INDEX
10 FUNCTION

.. Function 5 Prop band /
AT value = 35% /

6.1 t\utofuned cycle time

Autatune calcuiates the optimum vaolue but
for safety reasons doas not cutomgctically
implement it

& .7 if the cycle time needed is known

Applications known to require shorter times
than the 20 sec tactory setting, including
SSR drive (1 sec), linear outputs (O.05 sec)
should select the appropriate Option in
Function 4 using the procedure see 4.

This setting will not be changed. but may
be replaced with the calculated AT value
if oreferred after the Autotune run

Normal procedure

w

Run Autetune AT see 2. When complete
(alternating AT display stops) display the AT
calculoled cycle time and accept if
suitable. this will then replace the 20 sec
tactory setting

Step 1

Index to Function 4
For procedure see 4
Option O: 20 sec
factory setting

Step 2

press AT T0 CHANGE
1C) GPTION SELECTION

Step 3

PRESS 10 DISPLAY
CALCULATED AT \“\LUE
ag 98 sec
Note Flashing bar =~
shows calculated AT
volue s displayed

W.27

Step 4
iF AT VALUE SUITABLE
PRESS ' 1O ACCEPT

AT VALUE
NOW OPERATIONAL

=
OR IF AT VALUE UNSUITABLE
PRESS 4 TO SELECT A
SUITABLE OFTION

FROM TABLE
eg. Ogtion &: 30 sec

<3
£

AT Cycle time voluzs in Funct

Two Al cycle time values are sioied
enable the current operaticnal valu
retained, untii a new vaiue from a s
sequent Autotune run is consi
Example of two AT cycie time vo
a subsaquent Autolune run:

Step &

Index to Funciion 4

Operational AT valye- 9.8 sec

As accepted praviously

(Step 47 Note D's QN
tep &

¥

PRESS W T

O CHANGE TO OPTICN S
Step 7
PRESS
eg 7.2 sec

Note Flashing bar .~
Step 8 C
Alternative actions:

PRESS £ 1o accept Ihe lotes! calcuialec

AT value - 7.2 sec which replaces 9.8 sac

as the operational AT value

OR PRESS ¥ to gisplay current operationai
AT value. Then PRESS § 1o retain 93 se

QR PRESS

A& 10 select Option from Teble

T aurms
7.1 $P2 Operating mode
The operching rmode must be selecrad o
Function 19 before adjusting 5F2 at Tunation 7
7.2 Alarm outoul operation
The atarm cutput is failsafe, 5
de-energised and SP2 red
alarm condition (Not with SP2 in Progortic
mode)

7.3 LBA - Loop break alanm see Fig. 3
LBA detects a contral icop fault, and
displays an error message (EE3). The aiarm
relay may be configurad to oot als
LBA operates it the controller [ails 1o 1e
the correct response e the output wiini
set time, technicaily:
LBA occurs when SP1 output 15 saturated
O% o 1COX and the process femperature
fails to move a minimum 5% prop Hand in
the LBA time 3PY output stote i urotie
by LBA alarm condilion

W reae

NSt e waeeen e et
Fig. 3 Typical faullts detected by LBA
7.4 Selecting LBA - EEJ message only

1 Index 1o Function 12 - LBA time
Qption & - LBA OUT, disptoyed

2 PRESS 10 change to ootion seiaction

3 PRESS¥ 1o salect Option 14
The recommeanded initial setting
(2 x Integral time in use)

4 (BA alarm condihon EES disploved,
alternating with pracess temperature
display latches, to reset PRESS ¥ & tagethe:

To contigure Alarm relay SP2 to LBA 5 H

Qptior & in Function 1@ (Relay latches

alarm condihion. to reset PRESS W &

Note Use LBA with SP2 ON/OFF moage anly

(Fn1Q/0pt Q). Reset EE3/Reiay betoie any

other program changes




8 FUNCTIONS AND OPT ONS TABLE

¥

Please tead the'se'Important. not'o‘s firs

Factory setting: is Option O
fxcept Funclions 2 and 22)

. Initial conliguration:

Functions 16-24 must be selected first then
entered info memory by exiling Progrom
moce - see 4 then Autotune ond other
Functions may be selected

,52. Sg' Parameter

OPERATING MODE .. Protected

O Operating mode

(6] Normal Operation
Stort Autctune AT

ot Autetune PT
Purk mode

4 - X2 hMaonual neat %

USER SETIINGS _.Ungrotectad
1 Manual Resel (CUT IN PIDY
¢ steps (mox +127° /50% pron band)

2 SP2 Adjust

19 steps Facrary set
SP2 moce must be se!
Functen 19 before adjust: nf bP”

S e A T -~ Opton | function
2 mode (FRgy NG 2 range
Zevianon olam V=g o -127¢

scale ciarm & Ooo*
Toolstratagy 7 1070

(% Sensor range * Fn 16}

3 SP1 lock

(0] Unlocked

1 Lockaa

OPERATIONAL PARAMETERS . Profaciad

4 SP1 Proportional cycie time

O 20 sec 10 3sec

1 =] 11 7sec

2 5 12 W sec

3 ¢ 13 45:sec

4 30 sec ES

e e & ‘perelioat

6 QQCbsec w

7  ON/OFF Latest

8 O3sec 15 ;% calculated

9  ?2seac Al value
5 SP1 Proportional SP1 Hysteresis

band/Gain in ON/OFF mode

O 25% CR 1.25%

I O5% 0.25%

2 1% Q5%

3 2% 1%

4 3% 15%

5 5% 25%

6 0% 5%

7 20% 0%

8 15% Q75%

9 &% 2%

10 5% 3%

n % 3.5%

12 5% 4%

13 14% 7%

4 10C% SO%

15 Al value

¥

25 sec
o
‘) sec

. Protected Functions:

Al Functions, except User Settings (Functions
L 2. 3) may ve locked in memory cfter
setting 1o prevent tampering.

See 14 Parameter lock

A
. Al values (marked f§ Y

A4
As calculated on the latest AT or PT run

,58 Sg' Parameter

OPERATIONAL PARAMETERS .. continusd

7 SP1 DAC approach control

O 1.5 x prop band 5 3.0

1 O& 40

2 10 A

3 20 7 B ATvalue
4 25 ¥

8 SP1 Integral time

O 5min 8 O2min

1 out 9 7mn

2 Ob5min 10 13 min

3 Imin 11 25 min

4 2min 12 33 min

5 3min 13 43 min

6 10 min &

7 18 min 14 w AT value
v

9 Sensor error correction
1¢ steps (£127° max)

10 SP2 Proporional cycle time

O ON/OFF 9 Jsec

1 lsec 10 7 sec

2 Ssec 11 M sec

3 10sec 12 45 sec

4 20sec Non linear ranges

5 &Osec for Cool strategy

6 Q.05 sec 13 0.15-10 sec

7 30sec 14 Q15-20 sec

8 2sec 15 O.06-15 sec
1 SP2 Proporlonal SP2 Hysleresis

band/Gain in ON/OFF mode

O 25% CR 1.25%

1 0O5% Q25%

2 1% 0.5%

3 2% 1%

4 3% 15%

5 5% 2.5%

6 10% 5%

7 20% 10%

8 15% 0.75%

9 4% 2%

10 6% 3%

1 7% 35%

12 8% &%

13 14% 7%

14 100% 50%

12 LBA .. Loop break atarm - time

o our 9 30 min

1 1 min 10 40 min

2 2min 11 50 min

3 4min 12 70 min

4  4Hmin 13 9O min

5 8min Recommended

6 10 min initial sefting:

7 15 min 14 2 x Operational:

8 2Cmin Integral time
15 Reset Functions O - 24 to factory

settings

O Normal

I Reset (Function 22 not reset)

Abbreviations:

Fn - Function

Opt - Option

SR - Sensor ra

CR - Configured range

M.28

5. Locating Functions:
Functicn O is the Program mcde entry point

Pressing & increments

¥ moves airact to Function 13
for occess to higher Functions

Hold pressed to auto index through tooie
(Functions 13, 14. 25 are unusec}

19

20

22

23
24

Fn Opt
N No

Parameter

Sensor Select and Range Table

Range Table

Sensor

Type Factory set range (SR)

e “¢ °F °c °F
T 400 BQC  BOO 7O
2 X 400 3CO 1200 1999
3 N 400 8CO 1200 1999
4 R 1600 199¢ 1600 1v9%
§ § 1600 1996 1600 1997
6 T 250 50C 250
7 E 500 100Q 600
8 L 400 8CO 800
10 B 1600 190¢ 1800

RTD

9 PNOC 200 400 400 750

Range minimum: O°C/32°¢
Except T/ETIOC

Factory set O°C/32°¢F

Minimum cvaoiabie -20G° Crof

Linear process inpuls  Display

1 \) - 20mV O - CO
12 - 20mv C

13 O 20mVv O -

14 4 -20mvVv Q-

15 O -20mv Q-

Negative temperature ranging

O Disabled
1 Enabled (range min -20X0 <)

Display resotution

O Normal (1°)

I Hires (O1°) +1990°
1° seftings become C1°
Ranged O - 2C0° on selecton
of Hi-res, (reset with Fn 24)

$P2 Operating mode
Select and enter Function 12 befare
adjusting SP2 ir Function 2

out

Deviation alorm - Figh
Deviation alorm - Low
Deviation band aiarm
Full scale c:arm - Hign
Full scale ciarm - Low
LBA - Lecep break alarm
Cool strateqy

NoAwWwN—O

SP1 Sensor break

O Upscale
1 Downscaie

SP2 Sensor break

O Upscale
1 Downscaie

°C/°F (Note Change top fascia)

o °C Factory se:
1 OF rot reset by Function 13

Software versicn numiber
Conflgured range (CR) adjustment
12 steps

Mode B adjustment see 4.2
(See Range Table in Functionr 16)




 (COOL STRATEG

APPUCATIONS

Cool strolegy A change in toad causes
movemen?t
tands

——

of the linked hea!l and cool prop

tirner

ETSRe

Lintegral ccusas linked prop bands 1o
move up

2 Sticbises eg. 30% heat

3 Exatnermic ioaa change causes infegral
¢ move prep bands down mirimising
disturbonce

4 Minimur offset ochieved (4a = offset
without cool sirategy integral action)

& Stabiises 2.g. $0% ccol

& Censistent cead band throughout

SETIING UP ROUTINE FOR-HEAT COOL
(Single zone procedurse)
Step
‘. Run Autotune AT: (Set normal
opercting temp) Accept Al
propaorticnal cycle fime Fn 4/0pt 15
Note  SP1/SP2 cycle times must be
compatibie with switching devices used
{SP2 cool output is OFF at tris stage)
2. When temperaiure stable at
sol point:
e Select cool strategy  Fn 19/0pt 7
e Select cool prop band option
value from table nearest to Heat
prop bend value (view Fn 5) - Fnll

e Selec! cool cycle time option
vaiue nearest 1o Heat cycle time
value (view Fn 4) Fn 10
e Adjust SP2 cead band tc O°
(Foctory set 5°) Fn 2

3. Run with normal background/
exothermic thermal conditlons,
Qood resutts should be achieved and
provide the basis for fine tuning

4. Further adjustments: e.g Water
cooling. Should oscillation occur try
(in order)
< Double cool prop band value  Fn 11
ond reduce Integral time vaiue Fn 8
e Haive cool cycle fime Fn 10
e Intraduce cool overiap  Fn 2/(-)ve
5. Non-linear cooling
For weter cooling above 100 °C where
flash to steam occurs Selzct non-linear
ranges in
cool cycle time
6. Fine tuning
If overshoot (into cool) or
undershoot (into hectg occurs, slowly
makea the following adjustments,
observing the results.

Fn 10/0pt 1315

e Incregse cool overlap Fn 2/(-)ve
& Apply SP2 cool limit,
progressively Fn 27/0pt 1

It ncedac: SPY heat limit Fn 26/0pt |

7. Contact CAl for mare application
advice and daia I required

NOTES ON OTHER FUNCTIONS

Functlon ltem

Fn O Park mode (Opt 3)
Temporarlly turns outputs off

&

i ond Process temperature
o

Useful in commissioning and trouble

shooting. 9. Multizone applications

Manual heat % (Cpt 4-10Q)

If sensor break occurs (EE1/2) SP1

output (heater powear) may be

manually controlled 4-100%

(Not in ON/OFF moda)

Display

Oisplay: § XXH (XX = % output)

¥

Fn3 SP1 Set point lock
Stops unauthorised adjustmeant

FnS Retransmission:
with 1I0O% prop band. accuracy
5% configuration range using
near input/output

ey
AINGIO A REMOIE AN
To enable the 9900 calibration 10 match

an external meter. data logger etc.
(ie. 'Remote’ reading)

SENSOR ERROR CORRECTION: Fn @
Provides correction at one single
{emperciure

Exémplo Readl-
900

404°
‘Remote’ AQO o
Error +4° Set (-4) correction at Fn @

Note Error polarity applies to 9900
correction

Sensor span adjust: Fn 35

Provides correction where two
temperatures require differing amounts
of adjustment

1. Choose a temperature towards the
bottom of the normal operating range
and one at the top

2 Run at the lower temperature T1, note
the error E1 betwaen 990C and ‘Remote’
reading

3. Repect at upper temperature T2 and
note error €2

Example T1reads T2 reads
900 60° 200°
‘Remote’  58° 205°
Error Bl = +2° E2=- -5°

4. Calculation of span adjusiment
for Fn 35
- El

E
F la: -
ormula: Fn 35 o

x CR (as Fn 24)

(-5°) - (+2°)  x250°
A
Example: 1 35 = 55 =60° (Fn 24 CR)
<3

E X25O

Fn 35 = -5° Set (-5°)in Fn 35

5. A span error entered in Fn 35 immediately
changes the reading, allow time o
stabilise at T2, if an error exists correct
with Fn 9. Then check at T\, If an error
exists check readings and calculations;
rapaat if necessary

Fn 16 Unear process inputs
Optional 920O0-PIM Process inter-
face module (Data from CAL)
This remote module p(ovides
reater versatility when using the
with linear inputs

Fn 17 Negative temperature ranging
es type T/RTD-PTIOQ to be
used below O°C/32°F
Note Increased range,to -200Q° C/F.
may effect PID values

Fn 18 Display resolution
Note Eftect on set point and other
values set in °C/°F eg. 100.0° in
hi-res = 1000° in normal

Fn 26 SP1 Heat power limit
Limits maximum heater power
during warm up. Useful if heaters
oversizad

Fn 27 SP2 Cool power limif

Limits maximum cooling power
outside prop band in heat-coal

W.29

Proportional cycle time: Fns 4/10
Determines the cycle rate of the output
device

Qutput device Recommendaed
time

9200 Infernal 10 sec minimum

reiqys (5 sec with derctad
contacts & snuboar)

SSR 1 s5C

Linear output 0.05 sec

(mA/Vdc)

i et L NN

P : /;

Ideal Too long

(cscillates)

Proportional band/Galn: Fn 5/11
Smooths out ascilicton occurng in
ON/CFF controt

2 - B i ooy

7 it ¢

/ /

Too narrow Too wide

(oscilates) (siow worm up and
respansa)

Integral time /Reset: Fn 8
Automatically corrects offset arors
caused by proportional controi

Too long
(ovarshcots anc {slow warm up and

Too short
oscillates) response)
Derlvallve time/Rate: Fn 6

Suppressas ovarshoc! and speeaacs
response to disturbances

C\\_W\_,,.,\ !

384 2
L———f—————«} distursance
Too long Too short

(oscilates and
over corrects)

{slow warm up ard
fesponse under
corrects)

DAC approach control: Fn 7

Tunes warm up characteristics
independant of normal operating
conditions. Controls when derivative
action starts on warrm up. {smallet
setling = closer 1o set point) Jsaful
when sensor very remote frcm haater

Too small

Too targe
(overshoot) {slow steppad

warm up)

UIDE

For unusual applications producing error
messages (EES/6) on Autotune AT/P]

inltial settings:

Fn 5/0pt O

(or Reset funtions: Fn 15/Qct 1)
Fn 4/0pt 7 (ON/OFF Mode)
Normal operating set point
sThen allow process to stabilisa)
ake several readings of:

Amplitude A
Time period T

(Diagnostics Fns 38/39 may help)

Set PID values: Set opt value
Fn 4 Popcycle T  sec Neares!
time (Ensure 20

compatible with

output device)

Fn 5 Prop Ax15x100% Noxr
band/Gain config range larger s
Fn 6 Derivative T  sec Nex!
time/Rate 10 shorter

Fn 8 Integral T min Noxt
time/Reset &0 longer

fn 7 DAC 15 [T

Approach factory set 20.5

control
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- ELECTIRICAL INSTALLATION

11 ERROR MESSAGE!

INSTALLATION: IMPORTANT SAFETY. INFORMAT}

Designed for usa: UL 873 - only in

products where the acceptability is
determined by Undenwriters

lacoarornes inc.
ENG1010-1-Within Instcllation
C dfﬁ("("(‘es il and lli environment and
roivtion degree 2
To aveid cossible hazords accessible
congucive zarts of final installation
e

ass |

inel. Sensor sheaths
DRIEC O ground o not be

i3 not be accessinio

INSTALLATION

CAUTION RISK OF ELECTRICAL
SHOCK.

Check conncller label is the
supsly voliage tor your

cre snown on tha

on to sccket use, 280
cles provided in

e lor

Nraredto 6 /‘r

r*/ wira RTD an external
: between connections

s recommended that
uppressors are fitted
coniacts te prelong relay

1715 the responsibility of the instaliation
engineer to ensure that this
equipment’s compliance to EN61010 is
not impaired when fitted o the final
inslallalion and to use this equipment as
specified in this manual. failure to do so
may impair the protection provided.
Follow wiring diagrams and regulations.

e Fuses: 250VAC rated time lag type to IEC 127.

AH( 'N FAL; T<

APE T

EEY Yensor Checy sanser Self
Laroou’

EE2 i3 PTG Check smnscn
Neeln

EE3 LRA {DOR K
hreoak

AUTOTUNE A37PT TUNING CYCLE FAULTS

Autotune runis aborted:
Pravious values are relained

EES Outside tima limit Latchas Reset

EE6 O/shoot exceads imit  Lalches: Reset

EE7 Unable o run Aulctune. Lolches: Resel
551 in ON/OFF mode

teplace unit

v together to resel lalched

WARRANTY -
CAL Confrols arrani this'product
free of defects In.workmanship a
materials forthree (3) yearsfrom:
daie of purcha;el SRl

1 3hauwd the unit malfunchion. retum it
ra factory if defective it wii be
r raplaced ot na charge
-serviceanle parts
Aty 5 void | the
Cws egvidence ot being

red with of subected to

J hcot MOISTUra, COoMnesion

OO f“\ w'\l(‘h weaor.
Wi h misuse are axchu 16!‘
c

¢ Jamage

hthis warranty the

use must be Dy

fRd personnel

cntrois Ltd or

:r" wis inc snall oe respansible
121 any gamags of loss 1o other aquip-
ment howsoever caused. which may
Lo axporienced as a result of the
instoliation ar use of this praduct

CAL Controls liailty for any breach of
this agreemant shall not exceed the
purchase price paid

Dasigned by BOC Tachnical Senvces, Baicock. UK

INPUTS
See 8 Function 16 for Range Table
Thermocouple - ¢ types

T Copper/Con

J lron/Constantan
[ R Pt-13% Rh/Pt

Chromel/ Alumel

—

. CONFIGURATION
All functions are front key selecicble.
it is the responsibility of the instaling
engineer to ensure that the
configurction is safe. Remove the
function lock iink to protect criticcl
functions from tcmpering.

2. ULTIMATE SAFETY ALARMS

Normal safety advice: Do net use SP2

as the sole alarm where personc!

injury or damage may be coused by

equipment fcilure.

MECHANICAL

1. Prepare a 1/16 DIN panet
45 x 45mm +0.6 -0
V777 x 1,777 +0.02 -C

2 Remove the socket, oressing in the
lock bultons

3. Slide the controlier into the cut ou?

4. Fit the rnounting Clko see fg. oressing
it firmly against the ponel.jacking
screws optional

5. Plug on the sccket

&. Afterinstaliation remove end discard
the protective frent window label

7. Cleaning - if required wipe with
damp clcth (water only)

cut out:

Oohonat inSd
anear N
.

Nopael oot

fig. &

CONTROL CHARACTERISTICS
SPIPID Parameters Field selectable
Prop band/Gair 0.5-100% CR

L Fa/Konst S Pt-10% Rh/Pt Prop cycie-time 0.05-81s or ON/CF-

N NIiCroSil/ NiSil B Pt-30% Rh/ integral time/Reset 0.2-43m or SUT

i Chromel/Con Pt - 6% Rh Dernvative time/Rate 1.0-255¢ or 2UT
DAC cpproach control - 0.5-2.0 x PB

Standards:  1PTS 68/DIN 43710 (ON/OFF Hysteresis 0.25-502CR)

tnearity: 5 - 95% sensor range see 8 GENERAL

JIRILINZE £1°C. T £2°C, B £6°C>500°C gp01y Voltage: 15V or 230V £15%

R/S O-300°C +5°C, 300-1600°C +2°C ¥ 50-60Hz GVA

CJC Rejection: 2011 (0.05° 7 °C) typical
External resistance: 100 Q maximum

Resistance thermomaters
RTD/PTIOQ 2 wire (optional 3 wire
DIN 43760 100 2 ©O°C/138.5 Q 100°C Pt

Linear process Inputs: O-20mV/4-20mV
Linearity: £15% Impedence 10Ok Q min

Applicable to all Inputs

SR=sensor range. CR=configured range
Calibration accuracy: +0.25% SR +1°C
Sampling frequency: Input 3Rz, CJC Ssec
Common mode rejection: Negligible
effect up to 140dB, 240V, Hz
Series mode rejection: 60dB, 5O-60OHz
Temperatura coefficient: 150ppm/ °C SR
Reference conditions: 22°C +2°C,
N6/230V t 5%, after 30m settiing time

OUTPUTS

QUTPUT MODULE - Dual standard

Maln output: §P

Relay standard:  5A/250Vac resistive
SPDT/Form C

SSd-optional: SV/25mA non-isolated

Alarm/Cool channel output: SP2

Relay-standard: 3A/250Vac resistive
SPOT/Form C
SSd-optional: 5V/25mA non-isolated

9900 Controller output moduie - types
SP1 output $P2 115V code 230V

Relay Relay  9QLNC/F  QLI2C/F
Relay S5d I2AC/F  91.22C/F
SSd Relay 9Q2UC/F  99212C/F
S8d SSd 9RAC/F  992.22C/F
Relay - 10IC/F  99102C/F
$5d - 99201C/F  992.02C/F

W.30

(Link selectable)
Digital LED Display: 3'% digit 10mm high.
High brightness areen.

Errcringicator: 3 step LED

Qutput LEDs SP Green SP2 Amber

Keypad: Elostomeric Butions

ENVIRONMENTAL

Humidity: NMax. 80%

Altitude: Up o 2000M

Installation Categories Il and i

Pollution: Degree Il

Sofety: ULB73. CSA 22.2/142-87.
ENGI0I0

Protection: IP54 (with gasket)

EMC Emission:  ENS0081-1

FCC Rules 15 Sub-part J Class A
EN5S0C82-1, RF Fnetc =2% FS
0.50°C (32-
Fame l<etorden. Powvcarbonate

EMC tmmunity
Ambient:
Mouidings:

CAL Controls Lid
Bury Mead Road, Hitchin, Herts. SG3
Tel: +44 (0) 1462-436161  Fax: =44 (0) 1462-<

CAL Controls Inc
1580 S.Milwaukee Avenue, Libertyvilie. il 60048
Tel: (847)680-7080 Fax: H4/ 315-685¢

CAL Controls policy of centinuous development
mMAy cause detail changes to the enclosed
Information. £ & OF

4011294




13 IMPORTANT: 36  SP2Latch alarms 13.4 MONITOR OPERATION (PM/DCM)

ADVANCED. FUNCTIONS SECURITY

: O Normal Step Selecl
he advanced functions are intended for 1 Lateh 1 To starr monotor: 3%
OFEMs and process angineers. Access is 2 Toreturn 1o normal
theretore oru.ec'e/* in the Funchion mole for: JOFF mode, Fn 19/0pt 1-5 opercticn i
- Only:foriSe2 ON/ O m oe 3 To view readings (PM/DTH ¢
PRES! together to reset (in non 4 Tostop moniter
dqms‘ 3@%@”‘6 trassr e {Readings are retairey;
5 Resel

37 Spare Recdings reset on next
menitor stert.
Maonitor and readings rasa

13,

-

FUNCTIONS

DIAGNOSTICS
Sep Read only Functions 39-49 Mode 8 ; s
aress £ 1o ENTER display see 4.2 14 - PROGRAM SECURITY LOCK
PROGRA) )
RS e PERFORMANCE MONITOR (PM) o be made by qualified fecni
power contralier cefore proce
38 Start monitor (Entry point from Fn 13) screw ariver at side of bezel
tascia containing push 2
O OFF excep! user seftings - Fus
dop 2 b Stard protected against 1urr.)f>r.
e tunction settings chonge
eress W IO GO DIRFCTIY Readings are reset on subsequent from unlocked o iccked pv,unr*
O FUNCTION 32 maonitor start or de-powering
[Z] «  LCCKED (or rermnove ank;
39  Read temperature variance (0.1°)
ole o UNLOCKED
40 Read maximum tempercture (°C/°F) ) o
Step 3 41 Read minimum temperature (°C/°F) 15 [INTERNALLINK.CHANGES
UESS & H Lo # 42 Read Duty Cycle Monitor (DCM) These operational madidc ot ;
0y ACCESS AD um( £ % heat (SP1 % ON time) made Dy a gualified tecrn

SUNCT ,,.‘,\ S instailation

nn oll X

ey epin Far30) AUTOTUNE TUNING DATA Fig. 8 TG remove fhe S900A oz

1. First removethe outpd’ modc

Overshoot/Undershoot (°C/°F) lever the retaining clios fro

Max 255° /Hi-res 255° the moduie cover w-th a sra
screvedriver

13.2 ADVANCED FUNCTIONS .. Protectad -

43 0% 45 Us v
Fn Opt 44 082 mocuie cover
No. No. Parameter

Quarter cycle times (sec)
Min 2 sec/max 1800 sec {30 min)

26 SP1 Heat Power limit

- 46 SCT 48 QCT3 2 Tap module cover on ta
P .L?ch fi,‘u. g L:?-Z“ 47 QC12 49 QCra Sjl()w;\.lu release Ine W
5 o o Cargfully remove voard
g :E%‘;? :? 5825 50 Spare PRESSAs to Fn O COMPONENts On PIDITLGING 0
i 309, 12 40% e o G e TOOOR DO
5 TE% 13 30% S el
6  J0% 14 20% - . X .
7 a5 15 1C% To assist with machine development, _
commissioning and trouble shooting - —-
Ngilin 523 ONIOFFimeds PERFORMANCE MONITOR (PM) 15.1 To convert to 3 wire RTD/PTI00
27 $P2 Cool limit {inhibits thermocounle operchicn)
. Monitors and displays minimum and E,Ofel';l:" = P Q}E‘,X R e R
0 100% mox 4 40% maximum temperatures, and variance Fit solder iinks LK1, LKZ using 228WC wrz
1 30% aulout 5 30% (deviation) to O.1°C/ °F
2 0% 6 20% Disployad temperatures are measured
3 80% 7 0% values. independant of set point. This
high sensilivity monitor may be offected
NOt I SP2 ON/DFF mode by interterence. (Fit snubber o minimise
disturbance)
Direct/Reverse mode selection e 3
OFF when e
Normal  logically ON _ .
28 SP1 Quiput la) 1 152 Sugply Voltage Conversion ¢
29 iPl IFD ) 1 IMPORTANT - check your +
30 O | operating voitcge betore orox
3 O 1 Wrongful conversion coud damay
unit,
32 trrorindicatar resolution For 115 Vo't =15% operation fit bwo finks
s oL {spare link in ac Dagy in postans
O  Nommal {2% range/segmeant} Fig 7 Performance monitor (PM) fns 38-41 115 end 115, For 230 Volit - 15%, nn»,’:‘lm-w )
= NES) one link in pasition 230,
2 CES DUTY CYCLE MONITOR (DCM)
: & /
33 Temperature display sensitivity Monitars percentage power usadin the te - 9900 FUNCTION/OPTION RECORD
previous propertioning cycle. Avelage Custome:
O Normal savetal readings for a more accuate result Ref:
1 High Power requirements outside the range S—
2 ow 2C% - BO% may be difficult to control = —_—
and autotune 2900
34 Derivative polling ratio
AUTOTUNE TUNING DATA (Fris 43.49) function J
O 0.5 xwenvalve ime R . e hurmoer | dare 4
1 O ) 1 T
2 5 : : !
3 10 !
35 Sensor span adjust 755 : j
% steps (+15° /062 max) : '
Note ‘Hidden' Fn 15/0pt 5 resets ALL sroycelimal e e L | :

functions, except Fn 22 Fig 8

W.31
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