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Abstract 

J ~ \( 

industry"of the value of rheometers, in terms'pf improving 

There ~ a growing recognition in the pQlymer processing 
" 

.,., ~ , 
process efficiency and product quality, when they are used as 

sensors for~ro~~ss control. Commércial process r~eometers now 

available are un§uitable for use in many applications because 

their response is quite slow. Thus, there is a demand for a 

robust, versatile melt process rh~ometer having a fast res-
6 

~/ 

ponse; the McGi11 ~line process 

called a shear stress transducer, 

rheometer, based on a device 

seeks to meet this demande 

This project deals with additional developments in the deslgn 

of a prototype rheometervl and the constructiol) of an extruder 

system with which to test this prototype. 

Modification Qf the previously developed shear stress 
, 

trapsducer resulted in a marked improvement in the shear'stress 

signal response due to less damping by the polymer melt. 

Dynamic calibration ni'ethods were used t0 determine the effect 

of an elastomer seal in the transducer on the signal response. 

The rheometer~was fed polyme~ mel~ by a 20:1 LlO, one inch 

diameter ext~ four PID controlled te~perature ,zones 

and a microprocessor governed control ~ data acquisition 

system. Tests were performed to determine the accuracy of the 

rheometer in measuring the vlscosity and storage and 1055 

moduli of a linear low density polyethylene. Noise problems 

were encountered with the rheometer motion control system whicrr 
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intérfered'~ith te!,Ung and may have • i'lf~k"Cé~ the results, 

which we\e t;he correct "ordeJ!:rof magnitu~e '~~t 'did
D 

not mé,itc;;:h 
'r 

values fo~nd in ~iterature. -
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Un des instru~ents le,plus souvent reqqis dans l'industr e 
\ \ ~ - p. ~ 

de transformation des 

Cndustr,iel capabl~ de 

oh linéa,ires avec un . 

polymères consiste_ en ':un rhéomètre "~" __ 

mesurer des propriétés 

temps ge réponse assez rapide pour 

pouvoir être,utilisé comme capteur de côntrole de procédé. Le 
, 

rhéomètre- industriel de McGill, construit à partir d'un capteur 

de contraintes en c~saillement et placé dans l'écoulement, a 

pour but de répondre à cette demande. Le présent projet ét~die 

les possibilités de dév~loppement additionnel concernant la 

conception du rhéomètre d'origine et la mise 'au point d'un 

système d'extrusion permett~nt de tester ce prototype. 

Des modifications du capteur de contraintes en cisaille­

ment ont abouti à une remarquable amélioration de la réponse au 

signal du capteur en réduisant l'atténuation que provoquait le 

polymère fondu. L'~tilisation de méthodes de calibrage dyna­

mique a permis de déterminer l'influence d'un joint elastomère 
1 -

du capteur sur la réponse au signal. L'acheminem~poly~ 

~ère fondu dans le rhéomètre est réalisé par une extru~euse 

d'un pouce de diamètre et de rapport L/D égal à 20,possédant 

quatre zones de température controllées (pro). Cette extreu-

deuse est en outre reliée à un système de contrôle et .d'acquis-. , 

ition de données gérés par un microprocesseur. Des' mesures de 

viscosité "et des modules éla~tique et de perte ont été réali-

sées sur un polyéthylène à' basse densité afin de vérifier l'ex­
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.. actitude du rhéomètre. Des Qr~~~~ fond générés par le 

système ae contrôle du rhéomètre a~pa~aissant dans' les réponses 

pourraient avoir eu une influence ~ur les rés~ltttS. Ceci 

devraiu expliquer les légères variations entre les résultats 

relevés dans la littérat'u~e, et'· les valeurs expérimentales 
... ....:' 

.... 

obtenues qui possèdent,' Tl}a.lgré tout, )te ~êrne ordre de grandeur. 
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\ l'. INTROPUCTION 

~ Polymer ~rocess cont~ol systems ava~lable today çan be 

extremely sophisticated, but they still depend on témperature, 
.-; 

1 

'pressure and posi,tional' variablès ,for their primar~ inputs. · Jo 

The~e variables define the state of the syltem, "but contain ,n~' 
\ , 

direct information about the physical' quaTities of the, polymer 

.melt being processed. To obtain such information, a melt rheo-

meter can be used. Due to the strong nonlinear nature of rnost 

melts, -Most simple viscometers suitable for use with Newtonian 

fluids are not suitable for use with these materials. Sorne 
1 ,- . 

melt rheometers can rneasure non-Newtonian vi~cosity, but very 

few rheometers, process or labor~tory, can make elastic proper-

ty measurements, especially outside of the linear viscoelastic , 
t 

range. Fu~tharmore, Most mèlt rheometers are used-only for- , 
,~ 

quality control, since they 9ave delay time~ of up to fifteen 

minutes and are not fast enough for use as process control 
"\ 

sensors. A new rheorneter has been develdped at McGill that is 

cap~ble of measuring nonlinear rheological properties with a 

much shorter delay tirne [6-, 7]. A prototype in-line process 

rheometer has been.designed and built [8, 9] which has a 
~i 

response time on the order of seconds instead of minutes. 

Improvements to this rheometer,' and the constructipn of an .. 
J,? . 

extruder apparatus with which to test it are the subject o~ 

this work. 
, 

The specifications of an ideal process control rheometer 

are demanding. since melts are highly non-Newtonian, 'both' the 

) 

.. \ 
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stress-and the strain must be known to calculate shear proper­

ties. Good motor speed control is ~ecessary to gene~te 

2 

strains and strain rates accu~ateiy. The instrument must be ~ 

able to operate at nigh temperàture and must have~a uniform 

tempe rature distribution throughout the fluid being tested (in 

spite of viscous dissipation). An ideal rheometer must also be 
~ 

very robust, to function wèll in a plant env~ronment and to 
o \ ,. 

withstand the large forces needed te deform polymérsi instru-
" 

ment compliance due to these forces can be a significant source 

of error. The geometry must be such that a controllable flow 

is achieved (i.e. one that is the same for aIl fluids), and 

disassembly and ~eaning mu~t be faJrly ~ick and simple, since 

any trapped pol ymer will degrade at high temperature and clog 

the instrument. The response time must be short~ough for the 

rheometer to be used as a feedback (or feed-forward) sensor. 

Needless to say, melt rheometers now commercially available 
• Q 

,~ . 
fall short of this id~al in at least one and usually more than~ 

orie '~f the se area~ J 

1,1~CQrnmercial Process Rheometers 

Capillary process viscometers measure the pressure drop of 

a fluid flowing through a small diameter tube. A gear pump is 

used to provide the controlled flow, and the sample stream is 

usually conditioned to a standard tempe rature before measure-

ments are taken. For Newtonian fluids, the pressure drop is 

assumed to be e?tirely due to viscous stresses at the wall and 



1 

o 

3 

is thus proportional to viscosity. For a non~Newtonian fluid 
. , 

the capillary viscometer measures an apparent viscosity; to'get 

meaningful results the data must be manipulated to calculate 
)~j 

act~l ~all shear~rate from the ~parent wall shear rate. 

These rheometers are not sui table for viscoel,astic measure- \ 
D 

ments, giving only the viscosity at high shear rates. The 

Seiscor/Han Slit Rheometer, in addition to measuring viscosity, 
• l 

measures the eXlt pressure ~f a melt flow as it leaves the , . , .. 
slit. This exit ~ressure is theoretically related to the first 

normal stress difference, althou~h some assumptions in the 

derivation of this relationship have not y~t been satisfacto~­

ily verified. Other process rheometers, such as the faIltng 

cylinde~ viscomete~,. aiso evaluate only viscosity, and have no 

'mechanism for elastic property measurement. 

Rotational rheometers tenJ to have problems generating a 
- 1 

uniform flow. Cone and plate rheometers have a sample sand­
( 

wiched,between a fIat ~late and a rotating c~ne. oscillatory 

shear measurements can be made and the results used to deter-

mine the linear viscoelastic p;operties of a melt. However, 

irregular flow-occurs at 1;~dge of the sample when the shear .. 
~ stress exceeds rather modest levels, and this limits the rh~o­

~ 

meter to use at small strains or low shear rates. Thu5, 
\,. 

viscosity can only be measured at ;ow shear rates . . 
~ Other problem5,occur with other types of rotationai rheo­

meters, such as the Rheometrics On-Une concen~ric cylin~er \ 

Rheometer. Here a gear pump i5 used to remove a sample stream 

\.. 

L 

• 
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from ~ process 1ine and fee? the me1t into a ~ap between two 

cy1inders, 9ne of which oscil1ates. This rheometer can be used 
. 

to measure linear viscoelastic variables such as storage and 
(f ., " 

10ss modu1i. However, there is a signifi~ant signal de1ay due 

. to"the use of a side stream and gear pump. AIso, the rheomete~ 

is'difficu1t to c1ean and cannot be easily adapted to an .. 
'existing process. 

, 

A1mos~ aIl co~ercia1 process melt rheometers are highly 

sophisticated, complex and cost1y. , For example, both the 

Goettfert capillary rheometer and the Rheometrics On-line 

Rh~ometer sell for ove~ $100,000 (U.S.). They are on-l~e, as 

opposed to in-line, and the sample stream is usually condition-

ed before entering the rheometer, greatly increasing the 

response time. Gear pumps used toOremove sample streams can 

affect the shear history of the melt being tested, an~ this Can 

result in systematic errors,in the properties being measured. 
1 

What i8 needed i8 a relatively inexpensive in-line process 

rheometer with a fast response time that is capable of measur­
( 

ing elastic properties, p~eferably at large as weIl as small , 

shear rates. This rheometer should be robust and as sim~le as 

possible in design to aid disassembly and repair. 
~ . 

The McGi11 p~ocess rheometer promises improvements in a11 

of the above-mentioned areas.-hlt can measure linear and. 

nonlinear viscoelastic shear properties over a wide range of 

shear rates with a response time on'the order of 'seconds. 

Viscoelastic 'shear properties caQ often be correlated with 
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material characteristics such as the extent of reac~ion or 

molecu,lar weight distributions in rea~t'ive extrusion 'o~~'poly- " 

merization proce~ses, or the composition or stdte of mixedness 

~ [Of a' ~tream in blend~ng and compounding operations. Control 

variables such a~ resin composition can be used much more 

effectivel~ when their effect on a system can be monitored 

directly rather than indirectly (i.e. by m~asuring viscosity 

,instead of monitoring only die pressure). Processes such as 

precision molding (with close tolerances for swelling or \ 

shrinking) or continuous blending couid use the rheometèr as a 
~ 

control sens or to counteract disturbances such as feed resin 
() 

quality variations and changing backfiow due to screw wear ln 

an extruder. The in-line process rheometer~uld find a~PIi­
cations in Many areas of polyfuer processing as both a process 

\ 
control sensor and a quality control monitor. 

1.2 Obi ecti ves l 

The objectives for this project were as follows: 
, 

1) To make'improvements in the rheometer, specificaIIy in the 

design of the transducer, and to incorpor~te an internaI gap 
) 

sensor to monitor fluctuation~ in the shear gap. If necessary ., , , 

. ~ i a new·rheometer prototypè was to be deslgned .and bu It. 
-.Ii" , .. 

2) ~o specify components for, assemble and evaluate a new 

extruder system, with aIl necessary'control apparatus, employ-

ing computer 'data acquisition an~control, and to interface 
f 

this extruder with the rheometer. 
,,-

5 



< 

c 

, , 
~ 

3) To use the rheometer to measure viscoeiastic shear p~oper-

ties under static and flow conditions, and to determine the 

effect"s of flow on these measurements. 
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2. IN-LINE PRQCESS RHEQMETER 

2.1 Principles of Ooeration 
. 

The in-line process rheometer is designed around a device 

developed at McGill called a shear stress transducer [10]. 

This transducer (see figure 2.1) is capable of measuring the . . 
local shear stress exerted by the polymer on a solid surface. 

'] 

A cantilever beam, one end of which forms a disk on the trans­

ducer face ~Figure 2.2), is deflected when the polymer exèrts rt 

r 
shear stress on the disk face. A capacitance probe meas~res 

• 

CD CAPACITANCE PROBE 

® CALIBRA TIDN HODK 

@ BEAM FACE 

(1) Q-RING SEAL 

® ANNULAR GAP T' IP 
ARDUND BEAM 

~ TRANSDUCER BEAM , 

f 

Shear stress Transducer with)o-ring Seal 
Figure 2.1 

7 

the size of the deflection, sending out a signal that ls 

proportional to the shear s~ress acting on the end 'face of the 
" 

-
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beam. The process rheometer transduc~r, which must work with 

pOlyfer urtder pressure, utilizes an O-ring seal té stop polymer 

from flowing up into the transduce~ body. 
~ 

The first application of the shear stress transducer was 

to Mount it in the stationary plate of a Iaboratory sliding 

plate rheometer [6, 7]. A sample is placed in the gap between 
~ 

the two rheometer pIat1s 'and is sheared up against the trans-

ducer by moving the sliding plate. The transducer measures the~ 

local shear stress on a relatively small ar~a (the beam face is 

. Iess than l cm in diameter) near the center):pf the sample; 

errors due to edge effects are therefore eliminated as long as 

the sample i5 not strained so much that the beam face approach-

es the sample edge. 

·ù 
<----

\-
SHEARING rDRCEvDIRECTIDNS 

<DUE Ta SHEARlNG DJSIO 
POL YMER F"L[]\v" DIRECTION 

<DUE' TD PRESSURE FUJV) 

~-rRANsDUCER FACE 
..---..oIt--~~ANTILEVER BEAM <BEHIND) 

,,--~_+-~~EAM FACE (DIA.= 7MM) 

~~~~_006 Inch GAP AROUND BEAM. 
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The process rheometer operates on the same basic pri,nciple 

, , 

as the sliding plate model. The shear stress transduçer is 

mounted in the top wall of the main cavity in the rheometer , 

body. ~A ~lat shearing disk, fixed to a shaft, generates the 
1 

desired,shear deformation in pl~ce of the sliding parallel 

plate used in the laboratory instrument (see figures 2.3 and 

2.4). The entire shearing mechanism is immersed in the polymer 

process stream, with ~ost of the polymer in the cavity flo~ing 
\ 

< beneath the shearing disk. Only a small amount flo\l{s through , 

, the narrow gap at the top; enough to constantly renew the 
l_, 

polymer being tested (giving,the rhepmeter a fast response 
l' 

time), but flowing slowly enough not to interfere with shear 

stress readings. Thé rectangular transducer beam i~ wide (and 

POL YMER IN 

MELT . 
t---~ _' ___ :~_-_-_-~-=-THERMOCDUPLE 

,.---+-_RHEDMETER 
CAVITY -".-

300 DEGREE 
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_____ ~..,-,..----t--T RANSDUCER 
BEAM FACE 

,~ 

1 
1 
1 

POLYMER OUT 

( 

,. 
Top View of Rheometer with Top Plate Removed 

Figure 2.4 
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therefore stiff) in the direction of melt flow and narrow and 

'more-flexible in the direction of the shearing force • 
.. 

T~e nonidealities introduced by using a rotating disk in 

place of a sliding plate are negligible. Due to the high 

viscosity of polymer melts, the Reynolds number for flow caused 

by rotation of the shearing disk is very low e~ at hig~ shear 

rate~ (Re~lxlo-5n, where n is the angular velocity of the 

shearing disk in radians/second). Also, the edge effects that 

generate instabilities in cone and plate flow are not present 

because the shearing disk is immersed in polymer, so ~here ls 

no free surface boundary. Anoth~r problem is that the shear 

rate is not constant across the beam face. Calculations shpw, 

however, that negligible errors are incurred when the shear 

stress measured.is associated with the·shear rate calculated at 

the beam fàce midpoint [8]. 
• 

The shaft to which the shearing disk is coupled is driven 

by a DC servo-motor, which can produce a range of preprogrammed 

movements and waveforms including sinusoidal, ramp and steady 

shear motions. This allows a ~ide range of measurements ta be 

made in-line with a relatively simple, compact machine, with a 
, \ 

response ~e fast enough to be useful in process corit~ol ap-

plications. 

f 

/ 2.1.1 Limitations of previous Apparatus 

Several improvements have been made to the original rheo­

meter. The problems addressed involve improved motor control, 

( -

'. 



c 

c 

" ,. 

\ 12 
a 

a proximity sens or for gap width detection inside the rheo-. , 

meter, and improving the' response of the she~r stress 

cer. 

An im~roved motor cdntrol system was designed and assembl­

ed by stevédDragan [14]. The previous motor system1 [8] was 
. .. , 

useful-for steady and 1nterrupted shear but could not produce a 

sinusoidal motion. The m~1'imum shear rate possib.l~ was about 

40 s-l and preblems with positional drifting also occurred. 

AIso, while the old motor control system was microprocessor 
~ 

controlled, it could not be interfaced with other microcompu-

ters, making automation and data collection and st orage very 

difficult. 

. A proximi ty pro~ is need~d· to detect any fluctuations in 

gap width inside the rheomet~r. 'The original prpbe, supplied 

by Bentley Navada, Has not designed te withstand the high 

tempera~ures to whjch it was exposed. 

Some problems were encountered with the transducer when 

shear tests were undertaken While polymer was flowing. The 

signal from the transducer deteriorated very quickly as polymer 

melt worked"its w?y ~nside up to the a-ring seal •. It was also 
" -' 

noticeq that flow st'artup caused the transducer' s baseline to 
. . 

wander, although it would return to normal af~er about two 

minutes ·of continuous flow. 

1 -- \:e previaus matar system used ta drive the shearing 
disk was a mic~oprocessor controlled EG&G' Torque System. While 
it was possible to program complex .lineqr movements with this 
system's motion control, no provis~on was matle for sinusoidal 
movements • "\ 

" , 

... 

1 
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Severe restrictions were plaéed on the kinds of testing 
, 

possible by the previous extruder system itself. It was part 

.of a small blow molding machine, with a 3/4 inch, 15:1 ~arrel, 
'. 

one Qn/off c?ntr~lled heat zone, and a single-speed motor. A 

more flexible extruder, with multiple, PID-controlled heat 

zones and a"variable speed motor, wa{ neede~ to test the 

rheometer's process control sUitabili~ ~lso, computer 
~ ~ 

control and data ~cquisition systems w~re necessary ta aid in 

system automation. 

2.2 Improveme~ts to the Shear Stress Transduc~r 

Several improvements have been made to t~e transducer, 

including a decreased response time and increased sensitivity. 
/ , 

The effect of the o-ring pressure seal on the transducer 

response was also examined, and a gap measurement probe was 
# • • installed in the rheometer to check for any s~gnif1cant gap 

size fluctuations during shear measurements. 

2.2.1 Gap size Measurement 

A proximity probe was installed in the top plate of the 

rheometer to monitor for any gap size fluctuations due to disk 

wobble. This newly developed probe from Helm Instruments1 , 
''\, 

--~ 
designeci' to w~ with" polymer melts at temperatures of up to 

.... 

'-250°C, was damaged by the high shear rates generated in the gap 

and was unable to provide any reliable information. Care was 

1 
{Ç; 

Helm Instrument Co., Maumee, Ohio 

\ 

\ 

.. 
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taken when assembling the rheometer to ensure that the shearing 

disk was parallel to the top plate; the wobble in the disk,was . 
me~sured to be ±.25 mil ovér a 26 mil gap, measured using an 

ASP-5 capac!tance probe (see section 2.2.3) at the outside edge 

of the disk. It is assumed that the effects of any gap size 

fluctuations are negl~gible, s~nce the st~y state shear 

signa! measured ~y the rheometer is le~l tf!gure 2.~, level 

line~ after transient overshoot) . 

2.2.2 st~tic Steady Shear Response 

In the~early stages of this project one m~jor problem with 

the transducer was the damping of i ts steady shear s1gnal. 

Since the O-ring seal was sorne distance from the face of the 

beam~ polymer would flow up into the 6 mil gap between the beam , 

and the,transducer housing. The motion of the beam was thus 

damped due to the squeezing flow occurring each time the beam 

moved. From figure 2.5, it can be seen that the "response 

amplitude was lowered and the response time increased as the 

transducer fills with polymer. Once completely-filled, the 

response was so badly distorted that no useful informa~ion 
'"", 

could be obtainèd from it. 

The stephan equation, 
31l'R4 UC-dh/dtl Q 

FO = ahJ ... -
gives the damping force exerted by a,polymer squeezed between 

two parallel discs. R is -the disc radius, h is "the gap width, 

~ is the polymer viscosity and FD is the damping force. In the 
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transducer the geometry is more complex, but the equation sug-

" 'b gests that FD varies approximately with 1/h3 . 1 

It was therefore decided to widen the annulus around the 

beam (figure 2.7) to reduce damping. Figure 2:6 shows the , 

improvement in ~he response; the signal was cleaner and had a 

larger amplitude, aven after 7 minutes of extrusion, by which 

time the annulus was completely filled with polymer. The 
, . 

steady shear response shown in figure 2.6 has an initial over-, 

shoot (slightly darnpened when the transducer is dirty) and an 

e~onential relaxation of stress after cessation of shear. 

Some degraded polymer was later found on the shearing disk, , 

which is why the response wasn't'perfectly smooth once steady 

etate was achieved. 

BEFDRE: AFTER: 
6 MIL ANNULAR GAP 30 MIL ANNULAR GAP 

Modifications to Transducer 
Figure 2.7 

'\ 

The data were collected using a digitizing storage oscil­

loscope with a GPIB (General Purpose Interface Bus) computer 
---'>.. 

... intefface: An IBM p~ was used to read the data from the 

oscilloscope, filter it for noise, and transfer it to the Lotus 

123 Spreadsheet program, which was used ta print graphs. 

, originally noise reduction was" achieved using a 5 point averag-
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ing scheme, where 5 data points were aver~ged"to 9ive a single 

9raph point. This '}esulted in ~ slight distortion of"~he graph. 

A program was written in BASIC (see Appendix A) incorporating 

Savitsky-Golay 5 point data smoothing techniques [15,16]. For 

each point on the graph, the data point and two points before 

and after are fitted to a quadratic equation using'a least-

squares criterion; this equation is then used to calculate the 

smoothed value çf the data point. The implementation of the 
J' 

Savitsky and Golay technique is s~mple; a weighted aver~ge is 

taken around each data point to get the smoothed value a~ that 

point. The smoothed derivative 01 a functi~n can also be 

easily computed emPIOyi~g this. ~oc,edure. Better peaks and 

less signal distortion are some'of the benefits of using this 

method. 

2.2.3 New Capacitance Probe -
\ . 

A new, more sensitive capacitance probe was obtained for 

beam deflection measurements in the shear stress transducer. 

The previous probe, an ASP-5 probe-from ~TI1, had an output 

sensitivity of 2 v/mll. 
1) 

The new ASP-1 probe is five ti~ more 

sensitive, at 10 V/mil. A useful range for the transducer 15 

from about .005 MPa to .5 MPa. The calculated range, uslng the 

new prob~, is from .0002 to .1 MPa (see Appendix B). The 

actual range, from .001 MPa to .1 MPa, is somewhat less sensi-

1 -- MTI Instruments, a Division of Mechanicàl Technology 
Ince, Latham, N.Y . 

. \ 
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~ive at the low end due to noise in the probe signal. Th~ is 

a good range for the transducer, especially if storage and loss 

moduli measurements are to be taken in the low shear linear 

viscoelastic region. It may also be desirable to stiffen the 

beam somewbat; less deflection means less damping due to the 0-

ring and polyrner. AIso, mechanical vibrations would tend to 

have a higher frequency and lower amplitude, making them easier 

to filter out. 

and Callbratin ansducer 

since the rheometer operates u der pressure, the shear 

stress transduc~r must be sealed to prevent polymer leakage. 

Currently, a Viton a-ring is used (see figure 2.7) as a seal, 
, 

with a 6 mil axial squeeze, to hold it in place. This O-ring 

causes problems with the dynamic response of the transducèr and 

leaves a stagnant volume around the tip of the beam where 

polymer will become trapped and degrade. _Ideally, the transdu­

cer should be sealed at the beam face. 

In order to determine the effects of the o-ring'on the, 

transducer response, dynamic and static calibrations were 

required at operating temperatures. These calibrations involve 

applying known forces to the transducer beam through the 

calibration hook to simulate a shear stress at the beam face 

(see figure 2.8). Bearn deflections are monitored with the 

capacitance probe. After app~opriate beam calcul~tions, static 

tests yield a relationship between signal voltage and shear . 
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~ 

stress at the~beam face, while dynam~c tests provide the phase 

lag between the shear stress and the strain caused by the 

transducer. A calibration br~ce was construsted (see figure 

2.9) that allowed the shear stress transducer to be mounted 

inside the oven of a laboratory sliding plate rheometer1 (6, 

7]. The hydraulic actuator for the moving plate was connected 

,to the calibration ho ok of the transducer through a spring wi th 

a known Hooke's law constant, and then oscillated to provide 

the sinusoidal force required to perform adynamie çalibration. 

Known weights were suspended from the calibration hook ta 

f 

l -- The entire sliding plate rheometer 15 mounted inside 
an oven to avoid temperature gradients. 

-
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determine the static ,calibration. Si~ce the whole appafatus ls 

mounted in an oven, calibrations can be performed over a wide 

range of temperatures. They can also be perforrned with and .. 
Wit\out the a-ring, and with and without polymer inside the 

gap Il to d~terrnine the ,effect each of these has on the transdu­

~er ~esponse. Originally the calibration hook was attached to 

the iransducer beâm directly opposite to the location of the 
. 

capacitance probe. It was later moved as close to the end of 

'" the beam as possible to minimize any nonidealities in the 

cantilever beam deflection equations caused by the presence of 

;f' the o-ring. The transducer bearn is no longer a true cantilever 

bearn because the end is no longer able to deflect freely. 

When cal ibrating the transducer for use in the rheomet'er, 

. polymer should be present in the annular gap at tne beam tip, 

as it' will probably have a srna~~ damping effect. As weIl, an 

absolute calibration for the shear strain will be provided by 

steve Dragan [14J. The overall calibration (involving both 

atress and str'ain) can be tested by ... taking measurements of a 

polyrner with known rheological properties. 

The first static calibration was perforrned with the ho ok 

in its original position, using an ASP-l capacitance probe and 

the process rheorneter's probe signal conditioning unit. The 

purpose of this calibration was to ascertain the effect of the 

O-ring on the m~nitude of the beam's deflection and to deter­

mine how best to theoretically account ,for the O-ring's pre­

sence when using the standard cantilever beam equations ta 
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j 

calculate final calibration values in terms of signal'volts per 

unit-shear stress. 

The calibration results in figure 2.10) expressed as 

output voltage vs kilogram suspended mass" show that the mag- J 

nitude of the beam deflection ls decreased for a given forée by 

the presence of the a-ring. However, the force vs deflection1 

relationship is still linear, which means that the cantilever 

beam equations are still valid if an effective modulus for the 

beam is used. This effective modulus can be calculated employ-

ing th~ results from the calibration procedure (See Appendix 

B) • The a-ring appears to approximately double the- effective . -

1 -- Deflection is expressed in terms of signal voltage 
from the capacitance probe. 
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modulus, and this result is insensitive to temperatu~e varia-

tions in the range tested (~rom 27°C to l8S·C). 

The second test was a preliminary dynamic calibration, 

22 

performed at room temperature, to get an approximate value for 

the phase lag caused by the O-ring. A second static calibra­

tion was performed as well, since the laboratory rheometer's 
, 

MTS systeml and POP computer 'were used for data acquisition and 
<> 

,,-

1 -- Th~ MTS system is a computer motion contfolled 
hydraulic drive system used to drive the sliding plate. 
able to produce a wide range of mot,ions (even very small 

servo­
It is 
strain 
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analysis. It was found that the MTS system~mplifies the 

cap~citance probe signal by' a factor of 1.496 when it condi­

tions the signal for the POP computer (see calculations in 

Appendix B). The calibration value calculated for th~~transdu­

cer was 2.11x10-5 V/Pa shear stress~ or 1.41X10-5 v/Ja whèn 
J 

uslng the probe electronics for tpe process rheometer. 
• 4 

# 
Dynamic tests were performed at two frequencies, 1 a~d 

~ Hz. -The first results, at low shear stress (small amplitude 
, t 

forces on the calibration hook) and 1 Hz, were sinusoidal 

responses with negligible higher harmonies, as shown when 

FFT'sl were performed. Results obtained at 2 Hz were nct very 

good; for a simulated shear stress of .02 MPa some harm~nics 

" were pr~duced. The time domain response of the transd~cer 'for 

2 Hz and .005 MPa is displayed in figure 2.11. Repe~trexperi-

ments at l Hz produced no better results. 

It is hypothesized that the O-ring remained stationary 

during the first tests at 1 Hz, but began slip-stick motion7 

during the first test at 2 Hz. The O-ring would stretch until 

a certain stress was reaëhed, 'and the initial friction provided 

by the 6 mil squeeze was ov~rcome, whereupon it would start tà 
slip. Since the O-ring response was no longer elastic, harmon­

ies were introduced that di~rted the transducer response to 

thejpoint where analysis became impossible. 

· motions) and i5 equipped with data acquisition el~ments, which 
are connected to the POP comput~r. 

1 __ Fast Fourier Transforms were used to analyze dynamic 
responses in the frequency domaine 

f 

( 

~ " 
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1 

Analysis of the first tests, before a-ring slippage, show 

an average S· phase lag in the transducer (see table 2.1). 
~ 

This is a relatively large value since the laboratory rheome-

ter, with no a-ring seal, introduc~s a phase lag of much less 

• 
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than 1-. AIso, the presence of polymer in the annulus around 

the beam tip will tend to increase this value • 
.. 

These tests show,that while the shear stress transducer 

performs reasonably weIl for steady shear, the a-ring inter-
" 

~ féres wit~ the response of an oscillatory shear experiment. 
. 

The a-ring seems to slip under certain circumstances; as long 'J 

~ 

as it slip~ the sarne distance each time, steady state values of 

viscosity will not be affected. The oscillatory response will 

be distorted, however, sa that this transducer may not be 

suitable for these~kinds of measurements. One possible altera-

tion that may alleviate this problem would be to ~ake a seat 

for the a-ring where it is squeezed against the transducer 

housing. 

2.3 The Rheometer Drive and Control 'Hardware 
J' 

The motor us~d to drive the in-line rheometer is an Indus-

trial Drives A.C. Synchronous Torque Mator rated for six horse­

power at maximum output (peak, not continuous). This ls a high 
' . .. 

perfo~ance brushless permanent magnet motor capable of high 

"torque output, high speeds and high accel~rations. It has 

motor~windings mounted on the.stator instead the rotor, result­
\ 

.':" ing in a low inertia shaft capable of generating high frequency 

oscillatory motidns'with less difficulty than other motors of 
, <:\ 

the sama power~r~ting. The speed control system employed, 
• u 

called sinusoidal motor control, gives no torque pul~ations at 

! 

l 
1 
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low speed; th~$ combined with high acceleration and high torque 

outputs make the motor ideal for this application. 

The motor comes with an internally mounted brushless 

resolver for position and velocity feedback. The analog 

tachometer output ,is used as feedback for the velocity control" 

loop supplied by the manufacturer for motor control. In orf 
~ . 

to control problems with positional drifting that arise when i 

using velocity control loops alone for motion control, it was 

'decided to implement a position control loop. The resolver 
, , 

suppries position infor.mation in th~ form of a 1.2 bit digita~ . 

signal, but it was found that 12 bits did not prov.ide suffi-~ 

cient resolution ta control small strain oscillations without 

introducing harmfuI,harmonics. Ideally, 1.6 bit resolution was 

called for, but this required too much computer powèr to be 

practical. , An analog position control loop was chosen, to be 

built by steve Dragan [14], using an integrated velocity signal 
,l 

from the motor for positional feedback. Figure 2.12 shows how 

the control loops were configured for· position control. 

MDTDR 

. PUSmIlN 
P'tDUCX VElJ.1ClTY P'D:DACX ','-

~--~~.~--------~~----~--------------~ 

Black Diagram of Mator Control Algorithm 
Figure 2.12 

r 
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"" The position control board uses a POF (Pseudo DifferentiaI . 
Feedback) control algorithm [19] to provide the setpoint for 

the ve~ocity control loop. Several useful signaIs, such- as 
.p 

position error or the reference position signal are available 

to the operator for trouble shooting and tuning purposes. The 

position control board is only used for oscillatory shear 

experiments, to prevent drift during sxperimentsi the velocity 
~ 

control loop is used by itself for steady shear experiments, 

since only the velocity of the shearing surface is impo~tant. . r-
The reference position signal for oscillatory shear 

• 
testing is supplied by a Wavetek Arbitrary1.waveform Generator, 

model 75. This waveform generator is fully computer control-. 
labl~; a waveform can be programmed into the instrument through 

the RS232 port of an IBM PC computer, and the instrument will 

wait/for a digital trigger signal before generating its signal. 

For the purposes of data acquisition, a Data Tran~lation 

model 2801A board was insta~led in the rh~ometer control c~m-, 

puter2 • This bo~rd is capable of reading up to 16 single enqed 
J 

or 8 differential analog inputs at sampling speeds ot up to 
~ 

27 kHz. It also has 16 digital ,1/0 ports and two, 12 bit 
/ 

digital to analog outputs. The current configuration of the 

1 -- This is an arbitrary wavefo~ generator because in 
addition te standard waveforms, such as a sine wave or triangu­
lar signal, this generator can be programmed point by point to 
produce any waveform desired (such as an exponential cur-ve for 
exp~nential shear measurèments) . 

-
2 __ Note that the rheometer control cpmputer discussed 

here and the extrùder control computer discussed later are two 
diff\rent computers. Both are IBM PC compatible . 

"1 /' 
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board uses two of the single ended analog inputs, one to read 

thè actual po~ition (strain) ~ignal from the position control 

board and the other to record the shear stress response from 

. the shear stress' transducêr. Three of the digital I/O ports 

are also used (as outputs); two are connected to electronic 

29 

switches in the position control board, allowing the comput~r~ 

to turn the position control loop on or off, and one is used to 

, . . 
send a trlg~er filgnal to the waveform generator at the start 01 

-a'test. 
~ / 

Though the 12 bit pOfition signal from the resolver in the 

motor is not precise~enough for position control feedback, it 

can still be used ta give the operator a good idea of where the 

shearing disk is located. 
\ 

The 12 bit siqnal has been connected 
-. 

to 12 LED's (Light Emitting Diodes), which the operaror can 

w~t~h to See how the shearing disk is moving. This Is useful 

for tuning and calibration procedures, where it is necessary te 

"zero" the shearing disk (i. e. move the shearing disk to the 

~ zer9 or home positl0n). 

Figure 2.13 is a block diagram of the rheometer control 

, system, showing the connections between the yarious component~. 

The experiments perforrned are completely computer controlled. 

The computer can program the waveform generator to produce a 

desired waveform at a desired frequency and amplitude for a 

designated number of cycles, startin4" when it receivês the 

triggering signal. The electronic switches controlled by the 

computer also allow the comp~ter to specify to which control 

(, = 
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\ 

loop to send the command waveform, the position contrôl loop 

for oscillatory tes~s or the velocity control loop for steady 

shear tests. Control software has been written (see saction 

<4.3) that makes mo~t of the hardware control invisible to the 

30 

us~r. Jumpers have also been installed in the position control 

board that allow the computer to be disconnected for manual 

operation if desired (usually for operations such as control 

lo,?p ,tuning). 

) 
',' 

1 

-, 
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3. NEW EXTRUDER EQUIPMENT 

A new extruder system was required for the testing of the 

process rheometer, to replace the much simpler single-speed, 
o 

single-zone system previously available. A barrel, heaters and 

a screw were obtained second-hand from tha Ecole Polytechnique 

of Montreal, while an SM-Cyclo motor and Carotron motor control . , 

system were purchased from Relcon Inc., also of Montreal. A 

MACO 8000 extruder control system was supplied by the Barber 

Colman Company of Rockford, Illinois. 
~ 

3.1 The New Extruder 

The e~truder barrel has a one inch diameter and a 20:1 LlO 
o 

ratio. It has four heating zones, with holes drilled and 

tapped for up to eight thermocouples along the top (only four 

holes are currently being used). There is also a, hole on the 
f" 

bottom, just befor~ the end of the barrel, that goes right 

through to the screw and could be used for a melt temperature 

thermocouple or a pressure transducer. It is not currently 

being used and has been plugged. The screw itself is a typical 

meterfhg screw, slightly marred in one or two places, but 

adequate for the intended purposes. 

The heaters supplied with the barrel are 800 W each at 

240 V, and they will deliver approximately 790 W each at 208 V. 

Cooling fans and a shroud are to be added at a later date; 

currently the barrel is wrapped with fiberglass insulation. 

J-type thermocouples have been used throughoot. 
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A resin happer with a water-caoled thraat was fabricated 

by the Chemical Engineering Machine Shap, as weil as an adapte! 
'. 

that allaws the existing rheometer to be attached to the end of 

the new extruder. The adapter reduces the flow from the one 

inch barrel diameter to the 5/8 ihch diameter required far 

entry lnto the rheameter. 

3.2 Extruder Matar and Soeed Control System 

~he drive matar is an SM-cy~lo three-harsepower direct 

current matar with an 11.67:1 gear reducer, g~v~ng a final 

\ 
speed range of 0-150 RPM. A thrust bearl~g assembly (figure 

3.2) is necessary between the extruder screw and the gear 

TRUDER SCREY 

CDUPLING 

l, ,{",II"I. " 
a 123 4 

INCHES 

Axial Thrust Bearing Unit 
Figure 3.2 



( 

.. 

( 

J 34 

reducer to absorb the axial thrust from the screw. The redQcer 

ls rated at oniy Ido psi axial thrust, but the fxtruder can be 

expected to generate over 1000 psi working at high pressures. 

The thrust bearing used here is rated for over 1500 psi, so 

there should be an adequate safety margin. 

The motor contro~ system uses armature feedback to control 

the speed to ±2% of the full scale,RPM. A digital tachometer, 

also oëtained from Relcon Inc., has been installed on the 
1 

motor, and its 0-10 V output is used by ~he MACQ(8000 drive 

module for speed rnqnitoring. It cannot currently be used to 

supply a feedback signal for motor control (which would result 

in regulation to ±.5% of full scale RPM) because the motor 

control requires a 0-12:25 V signal, ~o the output from the 

tachometer would have to be amplified. The drive module 

\ mbni tors armature cu'rrent by measuring the voltage across a 

shunt resis~or consisting of a length of 14 gauge wire with a 

resistance of .007 ohms. Operator control is from a control 

box mounted on the extruder table and consists of start and 

stop buttons, an auto/manual switch and a potentiometer for 

manual speed control. When switched to automatic, the motor 

control accepts a 4-20 mA signal from the MACO ~OOO drive ~ 

module as ~ speed setpoint. (See figure 3.3 for block dia-

gram. ) 

Power for the motor is supplied from a 208 V, 30 Aline. 

An isolation transformer converts this to'230 V. While the 

motor specifications say that the motor draws a maximum of 
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15 A, startup surges can cause the controller to draw 22 A at 

230 V, or 24 A at 208 Vi this is why a 30 A circu~t is used 

instead of a 20 A circuit. The motor requires only a single 

36 

'phase, so th~ extruder heaters are wire~ to the other two 

phases (two heaters apiece) to balance Jhe current load across 

the phases. Each heater draws about 4 A. 

3.3 Extruder Control Hardware 

The Barber Colman MACO 8000 is a modular, distributed 
\ 

control system in which each module has its bwn microproçessor. 

AlI of the modules are li~ked to a system module ~sing a two 

wlre communication bus, and setpoint changes and process 

monitoring are all performed using a single, touch-sensitive 
. 

CRT. Five modules and a CRT are used and they are briefly 

described below: (See figure 3.3 for an overall block diagram.) 

i) Insta-Set Module -- This module contains the system 

hardware and sOftwfre and controls the communication bus. The 

system software ii stored in EEPROM (Electrically Erasable 
• 

Programable Read Only Memory) and will remain in memory even in 

the case of a system power failure, until it is era~ed and new 

software is read in on top of it. The Insta-Set module has 

RS232 connections for communicating~th an IBM PC, and slots 

for memory cartridges that are used to store system setpoints 

and logic programming. This module also controls the CRT. 

ii) Touch-sensitive CRT -- This screen is used bath to 

display data and to accept operator commands (setpoint changes, 

l 
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process stop-start, etc.). An infra-'red light matljix la uaed 

to sense the proximity of a finger~to the screen, so that no 

other keypad or keyboard is necessary. The screens displayed 
.~ 
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by the system are fully programmable: an IBM PC is used for 

editing and then the screens are traI1sferred th,rough the RS232 

connection in the Insta-Set module. 

" iii) Sequence Module -- The sequence module contains 1/0 

-terminals for external switches, timing and counting functions, 

EEPROM for the 10gic programming, and additional system elec-

tronics. Each MACO 8000 system must have at 1east one Lnsta­
r 

Set module, one CRT and one sequence module in order to func-

tion. 
'" 

iv)· Heat/cool Module 
. 

This module provides six zones of 

automatically tuned PlO tempe rature control. It can hand1e 
-

both heating and coo1ing for each zone, and uses time-propor-

tioning triacs te turn the ~~er and/or ceoler relaya on and 

off. The temperature inputs are calibrated for J-type thermo­

couples, and setpoints and process values are displayed-1'n 
o 

degrees Celsius. Four zones are used to control barrel temper-

atures, and one zone is used ta monitof melt temperature. 

v) Pressure Control Module -- currently, this module ia 

being used only to monitor the melt pressure in the rheometer. 

It is capable, however, of prbviding 'four zones of open or 

closed loop pressure control, normally using screw speed as the 

manipulated variable. It is also possible to configure two 
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pressure inputs to act as a single differen~ 
38 

monitor. 

vi)~Drive Module This module supplies isola~control 
signaIs to up to three ~motor drives for open loop sp~on­
trol. It ls capable of accepting control signaIs fro~ other 

modules (i.e. the pressure control module) or out~ide sources, 

and of linking its drives together in a cascade configuration. 

~ It.monitors mot or speed (0-10 V input) and armature current (by 

means of a 100 mV shunt resistor), and us~s these values to 

calculate horsepower and torque. Only one zone is currently in 
./ 

u~, supplying a 4-20 mA Si~ to c;o~trol t~~ extruder motor. 

The MACO 8000 requires ~-;l120 V power ,supply-, so it is 

1 

plU9g~d into a wall receptacle on a .sepaiate circuit from the 

extruder motor and heatersi this helps to reduce system noise . 

A common grounding point is used for aIl modules to avoid 

o 

ground loops (and reduce noise), and this point is grounded 

directly to the fusebox. AlI five modules and the touch ~cre~n 

hav~ t\een panel mounted in a steel ca,binet, which is also 

grounded to ~he fusebox. 

The extruder control system is capable of controlling six 
\ 

heat/cooi zones and three electric motors, and has four closed 
" 

loop pressure control zo e available. Five of the 'temper~ture 

control zone's -are used by e extruder (4 barrel ~nes and one .1 

thermocouple to monitor t e melt temperature). The sixth zone 

will likely be used to contiol the rheometer tempe rature , which 

ls currently controlled by a separate temperature controiler. 
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Only one of the drive control z?nes'is currently in use, but if 

.. extruder ,takejPff equipme~t o~ a ~ontrolled resin feed system 

is added at a later date-, the control system will be able to 
l '1 '\ . 

'1:. , 

(. 

.... 

'- . 
accommodate them. ~o( tne four closed loop press~re con 01 

) ~ 

zones, only one is be!ng used; jo 'monitor the me~.t in 

the rheometer. Frequently bhese control loops use screw speed 
( , , 

a~Armanipulated variable to maintain a constant extruder die 

pressure, giving (assuming-constant melt viscosity) a constant 

'" melt flowrate through an extruder. In the future it may be 

desired ta compare this method of coritrolling fl~w with rheome­

ter control of t~ same situation. The rheometer would contin­
'P' 

uously update the value of the viscosity and the melt pressure 

setpoint for more precise control of melt flow through a die. 

') 

( \ ' 

/ 
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4. SOFTWARE 

4.1 MACO 8000 Software 

The MACe 8000 is programmed using an IBM PC with editor 

and compiler software kits supplied by Barber Colman. Once 

suitable code has been generated by the PC, it is downloaded ta 

the MAce system through the RS232 connection. The programming 

can be divided into two sections; screen~editing and sequence 

logic programming. Barber Colman sUPPlies~ separate kit for 

each of these. Note that the working files for the two kits 

must be kept in separate directories. 

The control system may be thought to consist of 3 separate 

,layers (see figure 4. 1) : 

SeREtN EDlTDR 

SCREEN 
RLD PRCGRAM 

CONTROL 
HARD\JARE 

. Three Levels çf the Control.t System 
Figure 4.1 

i) Screens These screens are displayed on the MACO 
~ 

-touch-sensitive CRT and act like an operator control panel for 
" 

the system. Information is displayed for the operator, and the 

screens contain TSA's (Touch-Sensitive Areas) that act like 

push buttons and multi-positlon switches. Setpoints can be 
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adjusted and ai~rms monitored. The screens are used as the , 
interface with the outside world (process- operators and engi­

neers) • , 
ii)'control Electronics This refers to the hardware and 

.. 
low-Ievel system software t~t actually rnakes up the control 

relays, tirners, counters, etc. that are used by the MACO 8000. 

-iii) RLD program'-- The sequential logic prograrn for the 

MACO 800~ system is programmed using Relay Ladder Diagrams. 

Its function is'to link switches and toggles that appear on the 
1 

screens to the proper hardware or memory locations in the 

correct module. The logic program can react to alarm condi­

tions, flash messages, and take èorrective actions, as well as 

supervise the order and duration of events occurring in the 

process. ~e screens do have sorne direct connections with the 
J 

_ contr<?l hardware, formed in the screen editor and bypassing the 

loqic program, usually involving process setpoints and values. 

All other screen functions are linked to control circuitry 
" using the logic programming, allowing a'qreat deal of flexibil-

ity in the system çonfiguration. 
'" \ 

LI 

\. 

Sample Line from RLD program 
Figure. 4.2 

, 4 
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Figure 4.2 shows an e~ample of how the RLD program works. 

Pushing the button completes a circuit, energizing the control 
. 

relaye . The button is a touch-sensitive area on the. screen, the - ,\ 

control re1ay represents a memory location, and the 10gic 

program is th~ ;ircuit that connects the two e1ements. A 

microprocessor will check theO status of the memory element and 

perform the appropriate operation 

é 
~.l,l The MACO SOOO Screen Configuration 

The MACO SOOO Screen Editor Kit is available with several 

sets of standard screens, depending on the application. These 

screens cover most of the" standard operatio~s performed by the 

system and can be modified using the editor software, or new 

scfeens can be devised from scratch to suit particular applic-

ations. Once the screens are arranged in the desired configur-

\ ation within the editor, a linker routine is used to translate 

the screens into cede suitable for the MACO 8000. The screens 
" 

are menu selected, meaning that each screen is chosen by 

touching a T$A from a menu on a previous screen. Each screen 
\ 

must have at least one'path leading to it or it will be inac-
~ 

~c~~sible. The compiler routine ls called a linker because it 
, 

sorts through aIl of the paths between screens and links them 
• 

together. After linking, a transfer program downloads the 

screens to the MACO 8000 through the RS232 seriaI communica-

tions connection to the Insta-Set module . . 

, 

l' 
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The Standard Extrusion Screen package has been used as the 

basis eo~ ~he current screen configuration. Many screens, su ch 
• 

as thase dealing with modules not in our ,system, have been 

deleted; athers have been slightly modified ta provide better 
, , 

servi'ce. ~ list of the screens" currently in use is in the , 
Appendix C' along Wi th some sample printauts of specifie ,screens 

and their contents. From the main men~ screen, an operator can 

select menu screens for each of the modules in the system, and 

from these menus go to specifie screens (Figure 4.3). For 

example, ta get ta the screen monitoring barrel temperatures 

fram the main menu, select the HeatjCool module, a'nd then 

select the setpaintsjvalues screen. The MACO 8000 also has 

diagnostic screens available to help debug the lagic program-

ming. It is possible ta display the state o~ any control relay 

in the system using these screens, and ta change the state of 

any of the op~tar control relays (those used as togg-xC and 
,/ 

push buttons on the screens) . . 

'- ~MODULEOMENUS 

TEMP. CONTROL ~ ~ , 
DRIVE CONTRDL~ SPECIFIC 

~t~~~---t> PRESSURE CONTROL-~ FUNCTION 
INST A-SET MODULE ~ SCREENS 
SEQUENCE MODULE-4 

Screen Menu Configuration 
Figure 4.3 
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The MACO 8000 has a security syst~m built into it with 16 

different 1evels of security, each with a different 4 digit 
~ 

numerical code. Currently, only four levels are being used: 

1) Super user -- no restrictions 

2) User -- can do anYthi~~ except 
, 

passwords 

3) Restricted u~r -- ca cannot 

enable or disable outputs or change any calibrations 

4) No security -- can l~ok at values, can't changeo~ny-. 

thing 

4.1.2 Sequence Logic Programming • 

. 
The sequence logic program is the program that"provides 

• overall control for the MACO 8000 system. Each~odül~ is 

capable of handling its own local control tasks. The logic 
p 

• 
program is responsible for turning control zones on and off, 

\ 

monitoring for alarm conditionl, and controllirig the order and 

timing of process operations (i.e. ~njection mold open ~nd 

close timing). One thing the logic program cannot change is 

process 'setpoints. These can only be changed by the process 

operator using the touch-sensitive CRT. 

\ ' 

The sequential 10gic program'is encoded using Relay Ladde~ . , 
Diagrams (RLD's). The RLD is popular in industry and simple to 

.' -. 
understand; it is based on the symbols used in drawing diag~ams 

of the traditional electro-mechanical systems used before elec-

tronic control was available. AlI manuals and programming 

guides supp1ied with the MACO 8000 assume programmer familiar-

• t 
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~ NaD. PUSH BUTTDN 
0 0 6 

'0'1 0 N.c. PUSH BUTTDN 

-0- GENERAL. OUTPUT DEVIeE 

a) oSome Basic Symbols 

1 S't'HIm..S' 

0-0 0--- N.D. CIJNT ACT -II-
\. NaC. CDNT ACT -;11-

il CDNTRCl. RELAV-@-
DE-ENERGIZED 

b) De-energized Control Relay 

Nell CDNT ACTS CLose: 

--0 ~ N.C. CDNTACTS OPEN ~ 

UCOU ENERŒZED 

~) Energized Control Relay --
RLD Symbols and Control Relays 

Figure 4.4 
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ity with RLD sequence logic. Since this is not true in most 

cases, a brief explanation of how RLD programs function fol-

lows. 

The basic unit in these circuits is called a control 

relay(see figure 4.4). When the relay's coils are energized, 

" the solenoid moves, breaking the N.C. (normally closed) con-

tacts and connecting the N.O. (normally open) contacts. 

Control relay~ can usually handle only a small current through 
-' 

their contacts; larger relays are needed to switch heavy 

current applications such as motors on and off. 

The basic symbols shown in figure 4.4 can be us~ to 

creàte circuits to control events. In figure 4.2, a simplé 

1 \ 
1~1 

STOP 

ST ART 

lCR-2 2R 

RLD Rep~esentation of an Interlock Circuit 
Figure 4.5 

Il 
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circuit is shown in an RLD format. There is a 110 V potential 

difference across"t1 and L2; to complete the circuit and 

energize the output device (which may be, for example, d 

control relay, a solenoid or a motor starting relay) the push 

button PB must be depressed. If the output device is a control 

relay, then it will close N.O. co~tacts and open N.C. contacts, 

causing other circuits to be either completed ,or broken, or 
f) 

turning on or off sorne different output device. 
l.) 

A very common circuit, the interlock. circuit, is presented 

in figure 4.5. This is used for the push button startjstop 

control of motors, lights, or just about any circuit. When the 

start button is pushed, the top circuit is conpleted and 

control relay 1CR is energized. This accomplishes two things: 

i) Contact 1CR-1, normally open, is closed. This ensures 

that 1CR will remain energized even after the start button 15 

released. 

ii) In the second circuit, lCR-2 also closes, energizing 

2R, which is a much heavier dut Y motor-starting relay. 
~ . 

Relays 1CR and 2R will remain energized until the stop 

button, which is n<;>rmally closed, is pushed. 'rhis breaks the 

first circuit,~opening contacts lC~l and 1CR-2. 2R 15 de-

energized, turning off the motor, and 1CR will remain de-ener­

'gized after the stop button is released because 1CR-l is no 

longer closed. 

When programming the MACO 8000, the RLD editor software 

and an IBM PC are used. The edi tor uses graphies tf1'-all ow the 

-
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user to enter the RLD exactly as i t a'ppears drawn on paper. 

There are a few simple rules ta follaw when enter'ing the RLD~ ., 
anly one output device is allowed per line, and it must be in 

the ~st position before L2. Also, the logic flows only from 

left to right through contacts (figure 4.6). Once the RLD is 

u 

) 

.... 

c 
L1 

H 
INCORRECT CORRECT 

Praper Logic Flow in RLD Diagrams ' 
Figure 4.6 

L2 

entered, it is compiled into MACO 8000 machine code and down-

loaded through the RS232 connection to the control system, 

48 

where it is stored in EEPROM in the sequence module. Note that 

the MACO 8~ refers to the compiled code as TlMESLOT, so that 
.-

any system messages to do with TIMES LOT refer to the sequence 

logic program. 
.' 

The current control system uses RLD's mostly to link 

button and switch TSA's on the screens to the proper mod~le 
b 

control relays. (More complex systems, such as one required ta 

control an;injection mOlding process, would require much more 

complicated logic programs, making full use of the counters, 
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timers and other advlnce.d features available.) Sorne TSA' sare 

like buttons, staying on only as long as they are touched; most 

TSA's act like toggles, changing their state from off to on or 

on to off each time they are activated. Figure 4.7 shows how a ), 

TSA is connected with a module control relay, using Drive 
) 

Output Enable as an example. The Drive Enable TSA, which acts 

as a toggle, is connected to an operator CR (control relay) by 

the screen edito~. The Insta-Set module contains 256 ff these 

relays, most of which are used as in this example, tO/duPlicate 

switches and buttons. While the TSA is on, the operator CR is 

energized and its N.O. contacts will close. CR-l 0/111 there­

fore close, energizing the Drive Output Enable C§ in the drive 

module. 

The module CR can be directly connected to the TSA using 

the scr~en editor, instead of using the operator CR as an 

intermediary. This is very rigid, however, allowing for no 

programming flexibility. In figure 4.7, ALM-l, an N.C. con­

~ tact, has been inserted in the circuit. ALM-l may be, for 

example, an alarm CR monitoring tne current in the extruder 

motor; if the alarm relay is energized, meaning the motor i6 

drawing too much current, the N.C. contact will open and de­

energize the Drive,oùtput Enable CR (shutting off the motor), 

even though the TSA is still on and CR-l is still energized. 
J 

Another example of a safety interlock on the Drive Enable CR 

would be one that- de-energized the circuit if the barrel 

temperature was too low, prèventing anyone from running the 

'\ 
• 
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motor while polymer was frozen in the barrel. These safety 

interlocks are not possible if direct connections from the 

'screen editor are used. 

The RLD program in use at thi~ime ls listed in the 

Appendix 0 along with a catalog of the labels used to name the 

various control relays. Its main function ïs to link enable j 

~ disable TSA's with the proper module eR's. It is very simple 

t----ili----4 
o 0 

TSA ('toQgle) 

CR-l Al.H-l DRIVE OUTPUT 
ENA BLE CR 

MS RELATttINSHIP 
~ Jlü1HEDI'BY , 
~ SCREEN EDla UR 

nus APPEARS 
Â- IN THE 
~ RLD PRDGRAM 

~onnecting the Drive Output Enable with the RLD 
Figure 4.7 

and straight-forward, sinee it is only a basic RLD; when alarm 

functions and 1Safety interlocks are later programmed in, ,i t 

will become much more complexe 

4.1.3 Debugging the MACO 8000 
-

Very few pro,blems were encountered while debugging the 

MACO 8000 hardware. The temperature module displayed tempera­

tures in degrees Fahrenheit; taking the module apart and 

removing jumper four from the main ~oard ehanged ~he display to 

degrees Celsius. The only other problem involv~~ the RS232 
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cable. The MACO 8000 manuàl indicated that a normal RS232 
. 

ueable should be used to connect the IBM PC computer to the 

Insta-Set module. The Insta-Set unit was actually configured 

to"accept a null modem cable, with the cable lines c~ossed as 
, 

shown in figure 4.8. 
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A few problems were encountered while debugging the soft­

ware. The first RLD programs written would not compile; thè 

compiler would crash and non-sense results were obtained. It 

UlM! pt 1 NULL MODEM ~ABLE 1 ~ BDQQrRAME GROUND 
2 1 1 2 RX -- RECEIVE SIGNAL 
3 3 TX -- TRANSMIT SIGNAL 

5
4 1 1 4 crs CLEAR TD SEND 

~ 5 RTS -- REQUEST TO SEND 
6~6 DSR -- DATA SE:T READY 
7 7 SIGNAL GROUND 
8 ---j f- 8 DeD DA TA CARRIER DETECT 

2D êO DTR -- DATA TERMINAL READY 
PIN a NJl' usa 

Configuration of Null Modem Cable [20] 
Figure 4.8 

~ , 
was thought at first that the compiler was out of date; it did 

not recognize the existence of either the pressure control 

module or'the drive module, since it had been written belore 

these modules had been introduced. An update~ compiler was 

obtained from Barber Colman, but the problems persisted. It 

turned out to be a mix up with the compiler work files. They 

were located in the same directory as work files for the screen ( 

"editor and there was sorne overlap (both programs used files 

wi th the salUe names ,~" but differe,nt contents). 011ce the RLO 

• 
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~ work files were separated into a different directory, the 

~compiler worked with no problems. 

More difficulties were experienced once the compiled RLD 
J 
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program was loaded into the MACO 8000. TIMES LOT (as the logic 

program is called by the MACO 8000 system sof~ware) refused to 

run due to setpoint limit errors. s~tpoints have maximum and 
. 

minimum limits set by the control system softw~re. If any 
~ 

setpoints are set outside of these limits, TIMESLOT will not 

~n (i.e. the control system completely shuts down and aIl 

control zones are disabled). Since the system was just being 

initialized, Most of the setpoints in the system were set to 

zero, which is outside thetmax~min limits for some setpoints. 

AlI of the system setpoint~~~ to be checked, even if they 
~ 

were in control zones that were riot being used, and set to 

acceptable values before the logic program would function. 
ç 

The manuals supplied with the MACO 8000 a~e very thorough 

and complete as far as instructions for system set up are con-

cerned, but are wea~ when it cornes to trouble shooting. While 
~ 

possible compiler errors are listed in the manuals, nowhere 

, does it explain what the errors Mean; or how to go about 

correcting them. The safefY feature that disables TIMESLOT 

when there is a setPoin~imit ~rror is also not mentioned in 

any of the manuals. 

~ 
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4.~2 The PC System MORitor 

The Barber Colman PC System Monitor runs on an IBM PC or 
, ' 

compatible computer coupled with the MACO 8000 ~stem using the 

RS232 connection to the Insta-Set module. It can be used to 

monitor the value of anything the MACO 89Q0 can me~sure, and " 

can be used to change any setpoint. . . 
It" acts 11ke a remote 

screen, except that a keyboard is used for input lnstead of 

TSA's. Using a built-in editor, the Monitor screens can be 

programmed to display up to 54 values or setpoints at a time, 

and can save these values to diskette at prearranged sample 

times. 

Unfortunately, the PC Monitor is more suitable for an 1 

industrial environment than ~or a laborato~tim~ 

,,'sav~ to disk" operation is per;Eormed a f~file ls created 

into which the entire screen contents, fi bel~inclUded, are 

trànsferred. This,..is very wasteful of / isk ~pace, and a 
! 

maximum of 100 files may be saved befo#e information begins to 
f/ \ 

over-write ',;itself. This is acceptable in industry, whe,re a 

process engineer may wish to check recent performance, but not 
. 

in a labora~ory, where archivaI files are needed. AIso, it is 

not possible to communicate with this program u'sing another 

computer program. The monitàr cannot be usêd to close a 

process control loop becaùse aIl setpoint cha~ges must be , 
entered manually. 

Since the Process Monitor is~nqt suitabl~ for this appli­

cation, Barber Colman is supplying the protocols~used to access 

1 _ 

\ 
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the MACO 800,0, sa that custom software can be written ta close 

the control loop. _ 

~ 

4,3 Rbeometer Data Acquisition and control Software 

The motion control and data acquisition software for the 

pro?ess rheometer, has bee~ written. in BASIC by steve Dragan 

[14], and performs three main functions: 

i) Rheometer drive motion' control. 

ii) Shear stress and strain data collection from the 

rheometer. 

iii) Analysis of this data, calculating either vis-

cosity or storage, and 10ss moduli depending on the 

type of test. , 
..... " The software runs on an IBM PC compatible computer and has been 

<6 

divided into two programs, one for steady shear experiments and 

one for oscill~tory shea~ experiments: 

The programs start by ask~g the operator for test para-
v 1 

meters; shear rate and test length (in seconds) for steady 
, 

shear testing, and the'frequency, strain amplitude and number .. 
" ' 

of cycles for oscillatory shear testing. (The pro~ram also 

gi~es the operator a chance to calibrate the position control 

loop ff he so desires.) From this information, the programs 
\\ 

calculate control parameter!l~'and configure the' data acquisition 

board and position control loop (through digital switches). 

The Waveform Generator is also sent the information it needs to ~ 

produce the appropriate wavefo~s. with everything set, the. 
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programs trigger the wavetek and start data acquisition at the 

same time, performing the experiment. 
" -When the experiment is finished, the programs' automatica1-

ly begin data analysis. The resu1ts from the test are firet 

displayed on the sereen in the form of time-domain graphs of 
u 

the shear stres~ and strain signaIs. Th~ steady shear program 
, . 

stops here, but' the osci1latory shear program does further 
.-' 

analysis. FFT' sare .caleuiated for both the strain and the 

Shear stress response, with th~ resulting spectra plotted on 

the computer sereen (frequency domain). The phase angles for 

the first harmonies of each of these spectra ~ calculated and 

used to determine pha'se 1ag between the stress ~d the strain 

(since these tests are performed in the linear viseoelastic 

ragion, ",nly the first harmonies of these s~tra are assumed 

significant). G' and G" (storage and loss m1dUli) are ca1cu-

1ated ~ the phase 1ag and 'the amplitudes of the first 

harmonies of the two signaIs., The Annino-Driver version of the 

Cooley-Tuckey FFT a1gorithm is used {25] 1 with a sampling rate 

,of 128 times the frêqueney of the experiment. 128 data points 

(one cycle) are taken from a window in the midd1e of a test so 

that the last po~nt taken is two seconds from the end of the 

experiment. 

The use of FFT's to ana1yze osci11atory Signal~great1Y 

'enhances the sensitivity of the system, beeause aIl of the high 

frequency noise is separated away from the lower frequency -response wh en the signal is split' into ~ eomponent harmonies. 
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The frequency of the desired response is known (the same as the 

frequency of the applied strain), so only the amplitude of the 

harmonie at that frequency is important; everything else is 

noise. This allows the extraction of data from a very noisy 
1 

signal, even when the signal amplitude is of the same order of 

magnitude af the noise itself. . 

The rheameter software programs will save test results to 

a disk file in raw form (values read from the dat~ acquis~t\on 
card) if desired~ It is also possible to,get a hard copy of 

the graphs displayed on the computer screen by loading a DOS1 

utility program ealled graphics.com2 before running the t~st 
.eJI 

programs, and then pushing the <SHI FT> and <Print Screen> keys 

"" simultaneously when the desired graph is displayed. 

, 

~ \ 

1 -- DOS stands for Disk Ope~ating System; in this. case 
the IBM DOS Version 3.1 is utilized. 

2 -- Graphies.com will allow the computer to prin1 the 
contents of a graphies sereen display to a dot matrix printer. 
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5. OPERATING PROCEDURES AND RESULTS 

5.1 Hardware Setup Procedures 

Care must be taken when working with the extrudér and 

rheometer equipment that everything is fully up to temperature 

before commencing Any experiments. There are currently no 

safety interlocks programmed into the extruder control system, 

-~o that it is possible, for example, to attempt to' run the 

extruder drive motor with polyrner frozen in the barrel (likely 

resulting in a sheared off screw). 

The following steps should be followed to bring the equip-

ment up to temperature: 

1) Turn on the main power to the drive motor and the 
~ 

barrel heaters at the fuse box. The MACO 8000 control system 

is left continuously powered up, so it need not be switched on. 

2) Go to the security screen of the control system and 

~nter the correct security code; This will allow access to the 

screens that control the barrel heaters and the drive motor. 

3) Move to the "SETPOINT/VALUES" screen of the hpat/cool 

module and ensure that tempe rature setpoints have been set to 

the desired values. ThEm move to the "DIS/ENABLE" screen and 

enable the heater outputs; this allows the control system ta 

turn on the relays that are used to regulate the heaters. 

4) ~The temperature of the rheometer is regulated by a 

separate controller. Turn this controller on (the heater power -
'roJf 
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cornes on with the cont~ol power), and ensure that the correct 

setpoi~t has been set. 

Once aIl of the heaters hav~ been switched on, at least 

half an ho ur (preferably closer to an hour) should be allowed , r 
for the control zones ta come up to temperature and stabilize 

themselves. 

When both the rheometer and the extruder are up to op~rat-

ing temperature, use th~ following procedure to extrude poly~ 

mer: 

1) Move ta the drive control menu and choose the "DRIVE 

SPEED 1" screen. Make sure that bath drive speed setpoints are 

turned off (there are two setpoints, A and B, to allow the 

operator to effect a st~p chang~ between two speeds) • 

2) Move ta the "DRIVE ENABLE" screen and enable the output 

for drive one (this allows the drive module ta send a 4-20 mA 

signal ta the extruder motor speed control). 

3) Return to the "DRIVE SPEED 1" screen. Turn on the 

drive motor at the operator control box and ensure that the 

motor 15 set for automatic control. After checking that there 

is polymer in the feed happer, enable one of the drive set-

poi~ts and the extruder will pump polymer. , To monitor the 

extruder drive (armatu~e current, RPM, etc.) during operation, 

choose the "MONITOR" screen from the drive control menu. 

The melt pressure in the rheometer is measured by a melt 

transducer connected ta the pressure control module. Ta see 

the pressure choose "PRESSURE CONTROL" from the main menu, then 

1 

/l 
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select the "PRESSURE ZONE 1" screen. The pressure value is 

displayed on this screen in psig. 

The control hardware f,or the rheonl'eter motion contt"ol is 

brought on-line in the following fashion: 

1) Turn on the rheometer control computer and initialize 

the DOS system. 

2) Switch power on to these components in the following 
{ 

order: 

i) waveform generator 

59 

ii) control board po~er (velocity and position loops) . 
iii) ~ED position indicators 

3) Switch on the main power to the rheometer motor (208 y) 

using the motor starter box mounted on the wall. 
-

The control pardware should be left on for at least a half 
'\ 

an hour ~o have a chance to reach its steady state operating 

temperature (at which temperature the data acquisition board 

was calibrated). 

5.2 Oscillatory Shear Testing 

with both the rheometer and the control hardware warmed 

up, run the oscillatory shear test software. The following 

- procedure is used,!)to perform an oscillatory shear experiment: , 

1} Before performing each exp~r;ment, the position control 

loop must reset. The shearing disk tends to wander away from 

the zero position and superimpose a steady shear motion on the 

-
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control waveform sent by the W:Llform generator if the motion 

control is not periodic~lIY~~ alibrated. 

i) Choose r~itiOn loop calibration routine 

in the êontrol software. 

ii) Ground the position control loop. There is 

a switc~"provided on the position control board for 

this purpose which shorts the control loop input to 

ground. 

Iii) Use the velocity control loop o~fset 

potentiometer to move the shearing disk until it is 

at the zero posi~on. Use the position LED' s to 

monitor the dis~ation. 
iv) Once the loop is zeroed, reconnect the posi­

tion loop, which is now recalibràted. 

The oscillatory test should be~performed immediately after -, 

zeroing the position loop, as the loop will destabilize and 

start to drift after a few moments. 

2) After running the recalibration routine, choose one of 

the oscill~ry te;t modes from the control program menu. 

Trian~ular waveforms are available, but usually sine waves are 

chosen, so that an FFT analysis can-be performed. The program 
1 

will then ask for the desired strain amplitude, frequency and 

number of cycles in the test. ~ 
J 

3) The program w~ll 'now run the test and perform the FFT 
~ 

analysis on the resul ts. Graphs of bath the shear stres,s and 

the ~train vs time will be generated on the computer screen, 

-

~-~~._-----_ ....... 
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followed by frequency spectra for both stress and strain data. 

The phase difference between the stress and strain will be 

calculated (based on the first harmonies) and dispIayed along 

with the st orage and loss moduli, in units of MPa. Hard copies 

of each graph are available by pressing <shift><print screen> 

while the graph is being displayed. 

Results from a trial experiment run at .5 Hz with a straill 

amplitude of 3 are presented in figUre 5.1. See Appendix E for 

~information on polymer used). It can be seen that the time 

domain signaIs for both the shear stress (dots) and the strain 

(lines) aré noisy. Noise has caused problems with the control 

electronics because many low level signaIs are used. 
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There are many sources of noise in the immediate environment of 

the control hardware; the rheometer heat control relay, the 

control computer and the power bus for the rheometer 'drive 
.") 

motor are likely sorne of the worst contributors. Extra foil 
1 

shielding was installed around wires wi th low level -signaIs and 
, 

placed around the heat control relay in an effort tG) reduce 

noise. While this seerned to help, there were still times when 

the noise in the transducer signal reached 400 mV peak'to peak 

(with signal responses on the order of 50 to 200 mV), going 

back down to 50 mV during the next day. Another source of 

problerns was the Wavetek waveform generator, which was not 

functioning correctly. Sometimes it produced the wrong wave­

forms, while at 'other times it would not trigger. Usually 

manual adjustment of the Wavetek would get it to work correct-

ly, but the remote prograwning function was not always' reli-

able. Also, noise in the trigger signal was sometimes 50 bad 

that the waveform generator would trigger without a command 

from the computer. 

Figure 5.2 shows the results of the FFT analysis of both 

the strain and the shear stress data. It can be seen that the 

strain signal has no major peaks in the higher harmonies (the 

,plot is in declbels and the highest peak is at about -30 db 

relative to the first harmonie). The stress signal picks up 

rnuch more noise from the capacitance probe signal, and so has 

larger amplitudes in its higher harmonies. These are still 

almost 20 db below the primary frequency amplitude, meaning 
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that the linear response is elearly distinguishable ~rom the 

system noise. Any higher harmonies due to nonl~nearities in 

the total polymer response, however, are mixed i'n wi th the 

noise and are lost. 
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Literature values of G'=.0074 MPa and G'(E.0125 MPa [17] 

were obtained for this polymer at .5 "HZ, with a ~in ampli- " 

tude of .1. Sinee a much higher strain amplitude Of~ was used 
1 

for this t~st, likely sorne higher harmonies of a nonlinear 

polymer response were lost in the system noise. The analysis 

program assumes linearity and calculated the results displayed 

in figure 5.2b. The magnitude of the complex modulus of the 

polymer' can be calcula'ted from these results, 

IG*l r heo=.0178 MPa. A difference of 23% is noted from the 

corresponding value calculated from the litérature modul'i, 

IG*llit=.0145 MPa. possible sources of error include any 

inaceuracies in the transducer or motor control calibrations, 

O-ring distortion of the response, and non-linearity in the 

polymer response. 

One major diserepancy is that th~ relative magnitudes of 

G' and G" are reversed; for the rheometer, G' is larger than 

G" whereas the literature values show that actually G" is ' 

greater than G'. It is suspeeted that the FFT routine is not 

fully debugged and is not correctly performing the phase 

determinations. Anottier factor is the response lag due to the 
/ 

transduçer, which was shown in section 2.2.4 to be around 8°. 
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Some problems were experienced in tryinq to pertorm small 

strain experiments below a strain amplitude of .8. The amp1i-

tude of the commanded position signal to the position control 

loop is on the same order of magnitude as that of the noise so 

that the results, as can be seen in figures 5.3 and 5.4, are 

extre 1y noisy. The FFT plots for this test show that many of 

the high harmonies for the shear stress resPonri-"<',re the saroe 

order of m gnitude as the first harmonie, making the ca1culated 

values of G' and G" meaningless . 
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5.3 Steady Shear Testing 

J Some problems were experienced with the rheomater when it 

was being reassembledl for final testing with the new motion 

control system. The" edges of the square ~ey used ta lock the 

shearing disk in plaGe on the end of th~ motor shaft wore down, 

so that the disk was held only 100se1y and wou1d not t~rn witW 

the shaft. In order ta save time and shop effort (aince a new' \ 

rheometer prototype is p1anned for the near future), it was 

decided'to fasten the disk in place using pins rather,than have 

\. 

a new moter shaft machined. Three 1/16 inch hales were drilled ~ 

HOLDING' PINS ~ J" SHEARlING DISK 

MOTOR SHAFT 
Pins Oséd ta Prevent Shearing Disk' trem Slipping 

Figure 5.5 

through the disk into the sha,ft, and 1/16 diameter metal pins 
0 

were inserted to hold the disk in place (see figure 5.5) . 

While this quick fix allowed final test~ ta be run on the . 
rheometer, it also placed sOIDe restrictions on the kinds of , 

-

-) 

testing pos9ible. The drilling operations left the dise with a ) 

±2 mil wobble in a 26 mil 'gap (±8%). This did not affect the 
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low strain oscillatory shear measurements, which only use a 

small portion of the shearing disc surface. Large stra~n 

steady shear measureménts, however, would not 'he able to 
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achieve steady state values due to the fluctuations in the gap. 

Unfortunately, though the pins functioned for the oscil-

latory shear tests tbey broke early, into the preliminary shear 

t~sts, before the data acquisition s9ftware was fully debugged, 

sb no shear stress results were available at the time of 

) writing of this thesis. 
~. 

The procedure to run à steady shear test, is mu~h the same 

as that of the oscillatory shear tests. 

1) Zero the veloeity control loop, as in step 1-iii for 

the oscillatory tests. The position control loop need not he 

tuned sinee it is not used for steady shear testing. Eleetron-
. 

le switches controlled by the computer switch off the loop and 

feed the waveforrn signal (a simple DC level) straight into the 

( veloci ty control loop. 

2) Specify the steady shear parameters: shear r~te, ~ 

of revolutions and shearing direction. The computer wil~ then 

display the aetual test parameters (calculated allowing for 

round off errors) and perforrn the test. Results in-the form of 

,a, g~aph of both shear stress and shearing disk velocity vs time 
o 

are displayed on the eomputer'screen and can be saved on a 

floppy dïsk~ 

, During the preliminary testing ~t was noticed that noise, 

as with the oscill,atory testing, constituted a major problem • 

.... .. 
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The noise was of approximately the same magnitude as with 
... 

~scillatory tes~s, but could not be filtered out using FFT's 

sinee the signal was not periodic. This means that low shear 

rate tests espeeially ar~ going to be difficult to perform 

> until the noise in the control system lS redueed. 

, 
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6; CONCLUSIONS AND RECOMMENpATIqNS 

No problems were experienced with the extruder system 

constructed to test the rheometer. The MAcq 8000 control 
~ ~r1..a-.. 
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system is~apable of expanding ~ with any future needs, and 
) 

while currently only basic RLD software has been written for 

it, many safety interlocks can added at a later date. One 
\ 

problem still to be addressed is that of closing the loop 
• between the extruder control system and the rheometer control 

computer. Barber Colman has a new auxiliary monitor module 

available that may help in this regard, but its exact capabili-

ties are not yet known. The RS232 protocols are available for 

the Insta-Set module as a last resort 50 that custorn software 

can be written to perform the necessary interfacing. 

The shear stress transducer needs much more work in the 

area of the seal. While tests show the cantilever beam equa~ 

tions, used with an apparent bearn modulus, still hold for 

calculation purposes, the dynamic calibration shows that the 
~ 

D-ring can distort a sinusoidal response. Degraded polymer 
e 

'trapped around the tip of the beam will cause further distor-

tions once the transducer has been in use for an extended 

period of time. Work is currently u~derway to find a method of 

sealing the transducer at the beam face. 

Ma~?r noise Pfoblems i~ the rheometer motion control and 

data acqu~'si tion systems were experienced. Means must pe found 
1 

to reduce this noise 50 that small strain ,tests, with their 
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corresponding low signal llevels, are possible. More insulation 

shoUld be ~n1ployed, us:i:ng metai foil to give extrà protection-~ 

to low level signaIs, and noise generating elements such as th~ 

rheometer heat~r contro~rrelay should be moved as far away as 

~ practical from the immediate rheometer environment. 

The results presented, in chapter 5 are from a series of 

trial runs to determine the rheometer ' s capabilities: 'rhese 
~I 

tests show that the system works for large strain experiments 

but encounters problems due mostly to noise when at~empting low 

strain measurements. The results for the oscillatory shear 

tests are the correct arder of magnitude but do not match 

literature values due ta prablems with the phase difference 

calculations. possible sources of error include system noise, 

\ o-ring distortion, and nonlinear polymer properties (sinee 

viscoelasticity is assumed, but is not likely correct for large 

strain experiments). Early experiments to test for the effects 

of flow shawed that the baseline wavered slightly during 

changes in flow set~oint; tests on the new apparatus were not 

performed due ta the noise problems experienced. 

+rThe McGill in-line process rheometer contihues to show 
\ 

much promise as a prototype for a commercial rheameter,: A 

better method of sealing the transducer, along with signal 

noise reduction, are the two most important problems ât the 

moment; solvinq these would result in a very versatile, easy to 

use rheometer . 
. ' 

/, 
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10 CLEAR 
20 REM 
30 .REM 
40 REM 

prograrn to Convert Oscilloscope Output Files ta 
Struetured Files for Lotus Graphies 

50 DIM RSS (1024) 
60 bIM SSS (1024) 
70 PI=3.1415926535# 
80 INPUT"DATA FILE NAME";T$ 
85 GOTO 115 
90 IN'PUT "Veloei ty=" ,RPM 
100 INPUT "Volts/Div=", VPD 
110 INPUT "Time/Div=", TPD 
115 RPM=200:VPD=.05:TPD=2 

'" 

120 GAP=.652:CAL=.001 'CHANGE READINGS TO MILLIVOLTS 
130 N=~:VAR1=VPD/CAL/100:VAR2=TPD/100 
135 REM CALCULATE SAVITSKY-GOLAY 5 POINT COEFFICIENTS 
140 SGO=17/3S*VAR1:SG1=12/35*VAR1:SG2=-3/3S*VAR1 
150 OPEN T$ FOR INPUT AS #1 'stress data 
160 INPUT # l, TAU 
170 N=N+1 
180 RSS (N) =TAU 
190 IF EOF(l) THEN GOTO 210 
200 GOTO 160 
210 CLOSE:T$="C:"+T$+".PRN" 
220 OPEN T$ FOR OUTPUT AS #1 ' eombined SMOOTHED data 
230 PRINT "NUMBER OF READINGS=",N 
240 SR=PI*RPM/GAP/50 
250 PRINT "Shear rate=",SR,"(l/s)" 
260 OFFSET=O 
270 FOR K=976 TO 1000 
280 OFFSET=OFFSET+RSS(K) 
290 NEXT K 
300 OFFSET=OFFSET/25*VAR1 
310 FOR J=3 TO N-2 '5 POINT SMOOTHING PERFQRMED 
320 SSS(J)=RSS(J-2)*SG2+RSS(J-1)*SG1+RSS(J)*SGO+RSS(J+1)*SG1+RSS(J//)* 
SG2-0FFSET 4 

330 PRINT #1, (J-1)*VAR2,SSS(J) 
340 NEXT J . 
350 CLOSE 
360 GOTO 10 

.... 
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REPORT ON ,DU1:BRK1.DAT 

NONE (T= 30 C)BEAM BURKES, PGM: DYN1Q 
SPRING RATE: 1.22 N/MM. BY : TS 
F- 1.00023 HZ, ESSA=5. 00000E-03 MPA D~P .AMP. =7: 50478E-0311" 
CYCLES 1, 21-40, 512 PPC RS: 10-100-100 
NOISE(4S P-P): .477048N, 1.75424E-03 MPA, .51419E-03 EMPA 
DATE: 87-9-18 TIME: 19:21:29 
LVDT CAL= 4.93811 IN @ 10 V. 
LOAD CAL= .121451 V/KG HUNG MASS @ RS 100% 
SST CAL= 9.14052 V/KG HUNG MASS @ RS=100% 
BEAM DEFLECTION CONST= .2107 MPA/KG 
CAPACITANCE PROBE? ASP1-HT 
ATTENUATION METHOD? GREG~S 
SPRING #? 1.22N/MM 
SPRING POSITION? 2.68 

NONE, SOURCE FILE: DU1:BRK1.DAT 
~12 POINTS, FREQ = 1.00023 HZ, 20 CYCLES. 
N.F.= 12.8029 HZ, DF=.0500115 HZ. 
PGM: FSTR50 BY A.J.GIACOMIN, P.ENG. 
DATE: 87-9-18, TIME: 20 :,4: 24 
S/N= 50 

FREQ,HZ 

o 
Pl.00023 

2.00046 
4.00092 
8.00184 
9.00207 
10.0023 

REAL,STR 

3.12446E-03 
-1.27123E-03 
-6.47937E-05 
-7.08324E-05 

1.02821E-04 
-5.94079E-05 
-6.83843E-05 

IMAG, STR 

o 
-6. 62626E-0 5 
-9.30288E-06 
-4 . 89625E -07 

3.90068E-05 
-2.75822E-05 
-4.22710E-05 

NONE, SOURCE FILE: DU1:BRK1.DAT 
~12 POINTS, F.REQ = 1.00023 HZ, 20 CYCLES. 
N.F.= 12.8029 HZ, DF=.0500115 HZ. 
PGM: FSST50 BY A.J.GIACOMIN, P.ENG. 
DATE: 87-9-18, TIME: 20:18:31 
S/N- 50 

FREQ,HZ 

o 
1.00023 
11.8027 

F~T OF- S TeesS 

REAL,MPA 

3.27964E-03 
-8.05087E-04 
-2.13180E-05 

IMAG,MPA 

o 
7.77774E-05 
1. 5239OE-04 ~ 

AMP,STR 

·6. 24892E-03 
/2.54591E-03 
'1. 30 916E'-04 
1.41668E-04 
2.19943E-04 
1.30997E-04 
1. 60 789E -04 

AMP,MPA 

6.55929E-03 
1. 61 767E -03 
3.0.7748E-04 

PH1?SG' D(A=~ 'Co '3.lq3~7 - 3.t>t5"'2.5 

-=- • 1 cf 13er ~A-J) 

:: '1.5° 

PHASE, Rh. 

o 
C3 .19361:-
3.2842 
3.14851 
.362592 0 

3.57626 
3.69524 

PHASE, RA~ 
0 __ 

th045W 
1.70979 
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LIST Of SCiIDiS CURRrBTLY USED 11/ HAro 8000 

scmJi NAIŒ Scm:H IlEADEi LI STE!) Qi 22: 09: 02.25 01 ~V 198r ~gé 

o SCR8 00 HACO 3000 PO.,ER-UP SCm:Ji 
1 m 01 SEMITY ACCESS SCRm 
2 SCU 02 STSTn! INfOiMATIOII 
3 sm 03 SYSTD4 DIAGNOSTICS 
~ m 04 AUXILIARY lŒl/IJ 2 
5 SCRH 05 RESERVEO SCRD:li 
6 m 06 RS-m TRAHSFER 
T sm 01 "ATCH lJJlE1S AliD STATUS SCREEIl 
3 m 08 PRlORlTY ~ SCmH t.-
g SCRR 09 PRIOiITY Al.ARH SCimi 2 
10 SCRH 10 PRIORlTY Al.ARH scm 3 
Il sCRH 1 j PRIORITY AWH scm ~ 
12 sm 12 PRIORITY ALARI4 SCREEH ~ 
13 SCRH 13 PRIORITY AWH SCREEII 6 

~ .... • ",' 'ltSCRli .. !i, PRlORlTY AWII SClIEEN 1 '-') 
1 ~ sCiH 15 'jIYfôRf1'1i /J;ARM 'SCill!l-t.,. . , . 0 ., _. 

'1 

o Î6 SCRli 16 HAIH SYSTDf HEHIl 
:-- I1 cSCRH If ,AUXII.IARY Hnlli' j 
1 f ~ .. l 

18 sm 16" iESERVED SCR[[!/ 
19 SCiH 19 SCRlIN, KESSA~ Rit> CARTRIIlGES " 
20 SCRH 20 IIISTA-SET scm 
21 SCU 21 BAUD RATE SELECTION sem 
22 SCRli 22 CO/lTROI. mAl ACCESS 
23 SCRH 23 OPWTOR CR'S AliD SWITCIlES lŒHlJ 
24 seiN 24 SET-UP CONTROL RE1.AYS HO 
25 SCRH 25 SET-UP CONTROL mAYS 41-6~, 
26 SCi8 26 ÔPERATOR CR'S 1-40 \ 
2r SCRH 2T OPWTOR CR'S 41-80 
28 SCRH 26 SETUP SlliCTOR smcm:s 
29 SCRH 29 OPERATOR SELECTOR SVITCIlES 
30 SCRII 36 HLAT ICOOL l!IllII 
31 SCiH 39 nlC l SETPOIHTS ARD VAUJES 
32 SCRB 40 HIC 1 JWlUAL Z SETPOI/lTS/Doo.HDS 
33 SCiH 41 HIC 1 DISABLE/ElIABLE/RETIlNE 
34 SCiM 51 HLAT/COOL PROCESS ALAiMS 
35 SCiII 52 HEAT(COOL DEVIATION AWKS 
36 SCiII 53 HEAT/COOL CYc.Jt AIlD HBO TIMES 
31 SCIK 54 HIC TU8E *IDES AllO COIiSTAliTS 
36 SCiII 55 HIC GAIN RATIO/DEADBAND/~D 
39 SCD 56 HIC COOLIRG MODES AllO LIHITS 
40 SCiH 5T DiIVE COI/TROI. t HEHU 
41 SCiIi 58 DRIVE comol. 1 KOTOR SPECS 

,/"" 4Z SCRIi 59 DRIVE CONTROl. 1 MONITOR 
43 SCRB 60 DRIVE CONTROL 1 GAINS 
" SCiH 61 DRIVE COHTROL 1 AIJ.RHS 

545 SCiH 62 DRIVE comaL 1 COIIFlGURATIOH 
16 SCRIi 63 DRIVE CONTROL 1 CALIBiATIOH 
4f SCRII 6~ DRIVE CO/lTROL 1 Sl'EEO 1 
" SCRIi 65 DRIVE COIITROL 1 SPEED Z 
49 SCiS 66 DiIVE CONTROL 1 SPŒD 3 
50 SCIIH 6T HELP FOR DRIVE COIIFIGURATIOH 

( 

... 

>Jo 

y ,. 01 ... 

•• ' ." 't:. '<:' -

.. " 
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LIST or SCitEIIS ClIRRDm.V USED IN HACO 8000 

, " " 

SCiEJJ lWfI SCimi HEADEi Llsm 0Jj 22: 09:02.25 01 lm 1987 2 
i' ! 

pate '\-! 
'. 

,1 

( 51 SCiII 68 DRIVE COllTROL EllABI.E 
52 SC1II 69 SEQUFllCE IŒHU 
53 SCiIi fO SEQ tllllS"B 
54 SCO 11 S TJ)!EiS 9-16 

A 

55 SCiH Tl SE COIJllrERS 1-8 ' "Cl li 
56 SCRli Tl SEQ ~ 9-,6 

.v 

# 

5T SCRl! 14 SEQ EV SH 
1 

58 SCRH '15 SEO HOOOIJ: 1/0 ( 
59 SCRH '16' SEQ 1 TCR'S HO '1 . 
60 SCiN TT SEQ'I TCR'S 11-80 ,) "- f #. 

61 SCIIH 34 HIC HELT TD4PERATURE CONTROL ~. 
\ 

62 SCiN 85 HIC USER DD'! tlro A1ARHS .... \ 
~ 

63 SeiN 86 PRESSUIŒ CONTiOL 1 IŒH\J 
b4 seiN 8T )PRESSUIŒ CONTROL 1 CALIBRATION 
65 SCIIH 88 PRESS\lIŒ CONTROL 1 AWHS ", ~ .J • 

1 • j; , r -"HI'" Al> • .. , 

66 SCiH 89 PR~. CONTROl. ZOIIE 1 SETPOIHTS 

'.' 

6T SCIIH 90 PRES. COHTROL ZONE 2 SrTPOINTS 
, 

68 SCiH 91 PiES. COHTiOl; UlllE l SETPOINTS 
,"" 1 

/ '.< 69' scRrd~ PRUrl.ooHm~ ZONE 4 SETPOINTS \ -
TO SCiH 93 PRESm CONTROI:'tlürÔ~At~ t ':. " c .. .. 

"" vt~~.~ TI SCiN 94; PRESSURE CONTROL 1 CONFIGURATION . ~ ... ' 
,.~ ..... 

Tl SCill 95 PiESSUiE CONTROL 1 MING 
'v ~ .. ~~~ 

• l' 

T3 SCiJI 96 HELT l'RESSUiE CONTROL 

" 

. \ 

\ 

) 
\ 

,( 



StREEN NAHE IS ~5CRN 16 HAIN SYSTE" HENU l!STED OH 18:27:02.89 

FlLE-) b:screen.4 POSITION IN FILE-} 0 LlNK" TIlle: M SECURITY LEVa" 1 

2 
3 

4 

S 

6 

7 

8 

'1 

10 

11 

12 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 

~ ______ , ___ I __ , __ , .. , __ ,~ __ () _________________ ~_-_,~_-__ ~ ____ ~~~~:3 __ () ____ ~ ______ ~ __ ~,4~1~; 

MEN U §'I:?C.,u!J ::.Jïi ~~J l: MÀIN SYSTEM 
\ w 

", 

se:;.:il:.; éf'..$;;:e'l::.1 3i.iii?l .... ,;: lîï :t :.X<>]!i!!!GI _W=Ù'J>:4ï -. 'ilIq! ur;;, ;~~~~AiIm 

) 

CALIBRATION STA~US ( 

~'~'~'~':t'r;; RES~C-~~ 
VALUES EE~ORE RUN' t 

<====<RE~~RVED FOR SVSTEI'1 MESSAGES->===~ .~ 

~0 20 '\) 30 

PATH ta NEil SCREEN 
ROll COL lENSTH PATH 

1 32 B SUlN 01 SECURITY ACtESS StREEM 
3 2 18 SCRH 69 SEQUENCE HENU 
3 22 18 SeRN 20 INSTA-SET SeREEM 
5 2 l8 SeRN 57 DRIVE CONTROL 1 HENU 
5 22 18 SCRN 38 HEAT/COOL HENU ~ 
1 2 18 SeRN 86 PRESSURE CONTRO EMU r 

7 ~022 18 SCRti 17 AUXILlARY IIEtiU L 

la Ja 5 SCRN 87 PRESSURE CONTROl 1 CALIBRATION '" 

MESSAGES 
ROW Cal WŒTH TYPE MODULE NAHE & HUMBER 

. 
CONTROL RElAY HESiaW... 

1. 9 22 7 "ODULE CONTROL RELA~ Pressure Cantral1 Zan. 1 Cillbrtd ON ~ESSAGE: IICAlft 
OFF ~SSA6E: NOT CAL 

BRDADCAST FUNCTIDNS 
ROll COL lENSTH BROADCAST FUNCTION 

1. 9 J2 4 CALIBRATIOH O.K. , 



) 

( 
d' 

S~PLE SCrtEE~ LISTiNGS 

SCREE!' 'lAME fS :SCRII 39 HIC 1 SE7POI1HS ~HD VALUES , LlSTEil ON 18:29:27.72' IS ~OV 1997 " page 

FILE-, b:screen.9 ?OSITlOH IN FILE-; 3 LINK TlHE: N SECURITV <lEVa:: 1 
20 

, • , t 1 1 
1.0 

1 

2 

3 

4 

5 

6 

7 

B 

'1 

10 

1-fEAT /COOL SETP OINTS/VALUES IQ'§ii!i!LOEi.t 

: SËTP OINT <rnJ> VAL.LlE [:j!l.lôt:l::.Ji7d§ < < rn::r:'@i4;::S!lCi 1èl>:!2!..]" 
Z 0 NE :1 IC}4'h4!f5'lE-4/i:; 11$ a ::;;3 ::;a ::JI *J 1 j:j Il:! n:p té n:Wti • Ci 1 Ci 1 T / C : 1î:.jIj::'; !i':m~ e ti m 1-

2 s:::ii~-"!§I:;;::Hw'H;;:;;a ::;JJ ::oB::JJ:::;J 1 üI j::; 1 tê 1 f:j Ij:a té 1 Ci miE ALe 0 , ~~ 

:3 Q-4§il'-......... -q t:j 1;::;;::;; :J!::J=l::U m;::;! ;:;ii:i Ij";î l;:ï 1; li':i 1 :1 0 r<AV : rIDJn~i~ 

4-
5 
6. 

<' 

!iJ"'k--s;::...'4f':.~ 1 Q S:;;:J :-003 ;J ::J 

Ij!HÎ:a;:;!jm~O:;ICiI~ 2 OKAV: un:wI~;l 
rM 0:; B:w:m:; n:; 1 ;:; i 1% ~ 1 :;si ::;;;1 #JI::otl ::;[;;;; f..l 
~:m:tm.At j";î 1 ;:; 1 ;:'j Il:! t!!!!§Ç $II GSt-w ~,: J' , r. 

Il 

12 

DEFINITIONS: L=LO~~ ~ ~~ ~~~~ 

H.;:rHIOH .. -=DEV'- ., ..... =DEV-+., T =TCB 1 ~ :: :.3: 
E=HBO .. A=AUTO-COMP., M=MANUAL y.IIRo?a~I'~=;' 

<====<:RE~ERVED FOR SYSTEM MES5AOES>====.>*·, 

PATH ta NEW SCREEH 
ROW COL lEHSTH 

1. 1 2 4 
2. 1 J7 4 
3. 4 n 6 
4. 2 32 9 

KEY PAO 
KEYPAD mLE 

CUSTDrI 
<1 

SETPDINTS 
ROll COL 

1. 3 B 
2. ~ B 
J. !! 8 
4. !. B 
~. 7 B 
6. 8 B 

VALUES 
ROll COL 

1. l 15 
IS 

3. 15 
4. 15 

tfN6TH 
~ 

~ 

S 
5 
5 
~ 

LEllSTH 
5 
5 
5 
5 

. ~ 

PATH 
SCRN 40 
SCRN 38 
SC RN 51 
SCRN lb 

:10 

\. 

HIC 1 "A NU AL t SETPOINTS/D~ANDS 
MEAT/COOL "ENU 
HEAT/COOL PROCESS AlARnS 
"AIN SYSTEM mu 

"DDULS HAl!~ ~ NUrlBER SETPOINT DESCRP LOW um 
Heat/Caol' 1 Procus SPI 1 0 
Heat/Cooi 1 Protess S P Z 2 Q 

HeatlCool f Proees! S P Z l 0 
Hut/Cool Proees! S P Z 4 0 
Heat/Cooi Proees5 S P Z 5 0' 
Heat/Cooi Proeess S P Z 6 0 

HISH Ulm 
1300 
mo 

.-J 
1300 
1300 , 

1300 
1300 

HO OULE NAHE ~ NUMBE~ VALUE DESCRIPTH DECI ML PLACES 
Heat/Cool 1 Proces5 Val Z 1 0 
Heat/Caol 1 Proeess Val l 2 Q 

Heat/Cool Process Val Z 3 0 
Heat/Cooi 0 

30 

ALT. 
N 
H 
N 
N 
N , 
H 

'. 
1.~ 

Proees! Vat Z 4 
/,7 15 :1 IHI1~Çèol Process Val Z 5 0 

b. S IS :1 Hea /Caol 1. Proeess Val Z 6 0 .. 
/ 

."f' 
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'41iio> SHftfLE 5CREEN lISTINGS 
, , 

5CREEN !tAllE IS 'SCRN 39 HIC 1 SEiPfrINTS AND VALUES LISiED ON IB::9:2Q,72 1~ NOV 1997 pa91 
HESSASES 

ROll- COL mSTH TYPE ~OOUL! ~A"E ~ NUHBER CONTROL "REL:\Y msASES 
l, 2 12 1 "DDULE CONTROL REL~Y HeatiCoo! l , Tlp UnIt C or F ON :lE55AGE: b 7 'C' 

OFF I!ESSASE: 70 'r' or 

2, 3 13. 1 "ODUlt CONTROL RELAY Heat/Coa! Heah!\g Z 1 ON MESSASE: 94 ,., 
OFF MESSASE: 32 ' , 

3. 3 14 naDULE CONTROL RELAY HeatiCoa! Coa!lng Z 1 OH MESSASE: 86 'V' 
OFF MESSAGE: 32 ' , 

1 

4. 3 22 nODULE CONTROL RELAY HeatiCao! 1 LOIl Alirl Z 1 ON MESSAGE: 76 'l' 
~, OFF MESSAGE: 32 1 • 

5. '3 23 110DULE COhTROL'RELAY Hèat/Coa! High Alar, Z 1 ON MESSAGE: 72 'H' 
'\ OFF MESSAGE: 32 ' , 

" 6. 3 24 I1DDULE L~NTROL RElA~ Heat/Caal Dev - Alar. Z 1 OH MESSAGE: 4~ '-' 
OFF IiESSASE: 32 ' , 

7. 3 25 "ODULE CONTROL RELAY Heàtltocl Dev + Alar. Z 1 ON tlESSAGE: n '+' ( 
\1 OFF MESSAGE: 32 · , 

B. 3 26 nODUlE CONTROl'RELAY Heat/Caal Tca Alar. Z 1 OH IiESSAEE: B4 'P 
'f 

OFF MESSAGE: 32 ' , 
-

9, 3 27 1 "aDULE CONTROL RElAY HeatiCaal HBO Alar. Z 1 ON /lESSA6E: b6 'B' 
- OFF HESS~SE: 32 ' , 

\ 10. l 28 ~DDULE CONTROL RELAY HeatlCQol Ata CIO Act Z 1 ON ItESSAGE: 6~ 'A' 
OFF mSASE: 32 ' , 

~~LE CONTROL RELAY 
"U 

U. 3 29 HeatlCool , /lanual Zone 1 ON IIESSA6E: n 'II' 
OFF ~ESSASE: 32 ' . 

12. l 35 l 1I0DULE'CONTROl RELAY Heat/Cool UC Type J' ,NBS ON MESSAGE: NBS 
OFF ~ESSASE: - r-13. 3 38 3 /lODUlE CONTROL RElAY Heat/Cooi TIC Type J DIH - OH MESSAGE: DIN 
OFF MESSASE: 

14. 4 13 KODULE CONTROL RELAY Heat/Caol Heatlng Z 2 ON IIESSAGE: 94 ,., 
.J 

OFF MESSAGE: 32 ' , 

15', 4 14 /lODUlE CONTROL RELAY Heat/Cool Coallnq Z 2 ON MESSAGE: 8b 'V' 
OFF IIESSASE: 32 h' , 

16. 4 22 "aDULE CONTROL RELAY HeatlCoal lON Alarll Z 2 OH I1ESSA6E: 76 'l' 
OFf MESSASE: 32 ' . 

\7. 4 23 /lDDUlE CONTROL nELAY HeatiCool High Al ir. Z 2 ON liES SAGE : 72 'H' 
-- OFF MESSAGE: 32 ' . ! 0 

lB. 4 24 /lODUlE CONTROL RELqy Heat/Coal Dev - Alir. Z 2 ON /lESSASE: 45 '.' 
OFF ~E5mE: 32 ' , 

19. 4. 2S MODULE CONTROL RELA'{ Heat/Coal Dev t Alars Z 2 OK MESSAGE: 43 'f' 

OFF IIESSAGE: 32 · , 
( 20. 4 26 nODULE CONTROL RELAY HeatiCoal l' TCD' Al ars Z 2 OH HESSAGE: 84 'l' 

OFF ~ESSASE: 32 ' , 
21. 4 27 IIODULE CONTROL RElAY HeatlCoal HOO Al aria Z 2 OH ~mA6E: 66 'B' 

OFF MESSAGE: :;2 ' . 
'" 4 28 MODULE CONTROL RELAY HeatiCoa! Ata -C~p A~t Z 2 ON MESSAGE: 65 'A' "' .. 

OFF nESSAGE: 32 ' . 
23. 4 29 MODULE CONTROL RELAY KeatlCaal Manual Zone 2 aN ItESSAGE: :n '/l' 

OFF ~ES5ME: 32 • • 
24.'- 5 Il MODULE CONTROL RElAY Heat/Coal Heatlng Z 3 011 MESSAGE: 94 'A' 

OFF "ESSM::: ~2 ' . 
25. 5 '14 MODULE CONTROL ~ELAY Heat/Coal Coollng Z J ON IIE55AGE: Sb "J' 

0 OFF MESS~GE: 32 · . 
0f~ -

\( 

l 

~ 

,,~: 
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SAKPLE StREEN LISTINGS 
. 0 

() 

SCREEff HAllE rs ·'seRlf :9 HfC ! SEiPO'IIiTS' ,;rID VALUES LISTED ON 18:29:27.72 ' 1~ ,troll !987 pliqe :; ,. 
~;. 

tlESSH6ES (con' tl 
ROll COL LEH6TH TYPE MODULE ~A"E ~ HUMBER CGNTROL RELAY limAGES 

26. s Z2 1 "DDULE CONTROL RELAY HeatlCaol 1 LON AJar. Z 3 CN ~ESEASf: 76 'L' .. 
OFF MESSNGE: 32 r' 

27. 5 n KODULE CONTROL RELAY HeatfCoal 1 Hlqh AI ari!l Z 3 ON MESSAGE: 72 'H' 
~ 

,', <~ OFF nESSM1E: 32 ' , 

28. ~ 24 MODULE CONTROL RELAY HeaUCool 1 Dev - Alarll Z 3 ON KESSAGE: 45 '-' 

KODUlE CONTROL RELAyj~eatlCaal' 
, OFF MESSAGE: 32 ' , ~ 

29. 5 25 llev + AI ariJ~ l j Olf IfE55AGE: 43 't' 
OFF IIES5A6E: 32 ' , 

lO. S 26 MODULE CONTROL RElAY Haat/CotU TCB AImt Z 3 ON MESËAGE: 84 'T' 

" 
OFF MESSA6E: 32 ' , 

lI. ~ 27 ~ODULE CONTROL RElAY HeatlCaol HBD ALml Z 3 ON /fESSASE: bb 'S" 
OFF HESS~6E: 32 ' 1 

32. S 2~ "ODULE CONTROL RELAY Heat/toal Ata Cl!p Act Z 3 ON I1ESSAâE: 65 'A' 
(J OFF ~ESSASE: 32 ' , 

33. 5 29 /fODULE CONTROL RELAY HeatlCoDI "anual Zone 3 UN HESSAGE: n 'K' 
OFF nESSASE: 32 l , 

34. 5 38 nODULE CONTROL RELAV HeatlCoal Baleo t1 ON MESSAGE: NO 
OFF nESSAGE: VES 

35. 6 13 - MODULE CONTROL RElAY HeatlCool Heatlng Z 4 ON nESSA6E: 94 'u 

OFF mSASE: 32 ' . 
36. g 14 "aDUlE CONTROL RELAY Heat/Cool Caol1ng Z 4 - ON IfESSri6E: B6 'Y' 

OFF MESSAGE: 32 ' . 
l1. b 22 "aDUlE CONTROL RELAY Heat/Caal LOI! AIar. Z 4 ON MESSAGE: 76 'l' 

OFF ItESSA6E: 32 ' , 

3B. 0 23 "aDULE CONTROL RELAY Hflat/Cool L Hlqh Marc Z 4 on /fESSit6E: 72 'H' 
OFF I1ESS~6E: 32 ' , 

39. 6 24 nODULE CONTROL RELAY HeatiCool Dev - AI ar. Z 4 ON ItESS;,SE: 45 '.' 
OFF mSt1liE: 32 · , 

40. b 25 "ODULE CONTROL RElAY HeatlCool Dev + Alarl Z 4 ON "EESASE: 43 't" 
OFF "ESSA6E: ~2 ' . 

H. b 26 ~ODUlE CONTROL RELAY Heat/Coal TeB Alar. Z 4 ON IfESSA6E: 84- 'T' 
OFF ~SSA6E: 32 " • 

42. 1. 27 "ODULE CONTROL RElAY Heat/Caol HeO Alar. Z 4 ON "E53A6E: 6b 'B' 
/, OFF HESSitSE: 32 ' , 

43. ô 28 ~OnUlE CONTROL RElAV Heat/Coo! At~ Cap Act Z 4 OH MESSAGE: 65 'A" 
OFF, MESSA6E: 32 ' , 

44. 4 29 MODULE CONTROL RELAY Heat/Caol ~anual Zone 4 ON HESStiÔË: n '~" ! 

\. OFF :-!ESSA6E: :;2 ' . 
45. ô 38 l NODULE CONTROL RElAY HeatiCao! Balc:o .2 ON NESSiillE: HO 

OFF ~ESSH6E: YES l 

46. "7 13 NODULE CONTROL RELAY Heat/Coal Heat! ng Z 5 ON HESSH6E: 94 , ... 
~ 

OFF ~ESS~:iE: 32 ' . 
47. 14 NODULE CONTROL RELriV Heat/Coal Cool1ng Z 5 ON ~ES5tiGE: 81. 'V' 

OFF ~E5SA6&: 3Z · , 
~8. 2: MODULE CONTROL RELAY Heat/Cool LaI! Alare Z 5 ON MESSAGE: 76 'L" 

OFF /!ESSA6E: 32 ' . 
49. 7 23 nODULE "CONTROL RELAY HeatiCool Hlgh ~larll Z 5 ON ItESSAGE: 72 'H' 

" / OFF nESSA6E: 3~ • • 
" 

~" 

-t ~ 
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SAr.PLE SCREEN LISi!NSS 

.u. - r· ,. 
SCREEN ~A~E rs 'SCRN 39 H/C 1 smoms ;'110 VALUES L1SiEll ON lB: :9: 2:'. -: ~ ~OV 1987 o pil}e:. L 

~ 
, I1ESSASES (ccn' tI 

ROil! COL LEN6Ta TYPE MODULE ~A"E ~ ~U"8ER CONTROL qELAY lIESS~SES 

50. 7 24 1 ~OOULE CONTROL RELAY Heat/Cooi 1 Dev • Alarl : 5 ON ~E5SriGE; 45 -.' 
OFF '!~SSASE: 32 ' , 

51. 7 25 110DUlE CONTROL RElAY He.t/Ccol Oev + Alar. Z ~ ON ~mm: 43 '+ ' 
OFF ~E5SASE: 32 ' , 

~ 

52. 7 2b - "aDULE CONTROL RELAY HeatlCaol TeH ~lar!l Z 5 ON IIESSilSE: 84 'T' 
OFF I1ESSAGE: 32 ' , 

53. ( 27 MODULE CONTROL RELAY HeatlCaol _ 1 HBO AJarll Z 5 ON ~ESS~SE: 66 'u' 
OFF MESSAGE: 32 ' , 

54. 7 29 "ODUlE CONTROL RELAY Heat/Caol Ato CoIO Act Z S ON IIESSti6E: 65 'A' 
OFF IIESSASE: 32 ' , 

55. 7 29 MODULE CONTROL RElAY Heat/Cooi 1 0 lIanual Zone 5 ON IIESSti6E: n 'II' 
OFF "ESEAGE: :2 ' , 

56. a 13 MODULE CONTROL RELAY Heat/Cooi Heatlng Z .l ON IIESSrlSE: 94 .. , 
OFF I1ESSAGË: 32 " f ... 

57. a 14 MODULE CONTROL RELAY Heat/Cooi ' 1 Coollng Z a ON t!ESSAGE: B6 'V' 
,..". OFF IIESSA6E: 32 ' , 

58. 8 22 1I0DUlE CONTROL RELAY Haat/Cooi LaM Alma Z a ' ON l'IESSAGE: 76 'L' 
.~FF MESSAGE: 32 ' , 

59. '8 23 MaD, CONTROl RELAY Heat/Cooi High Alarll Z 6 • OH MESSAGE: 72 '~ 
OFF t!ESSAGE: 32 ' 

60. 8 24 110PULE,CONTROl RÈLAY Heat/Caol Dev • 'Al ara Z 6 ON ~ESS';GE: 45 '.' 
OFF I1ESSAGE: 32 ' , 

61. 8 2S MODULE CONTROL RELAY Heat/Caol 
, 

1 Dev + AJarf Z 6 ON IIES3riGE: 43 't' 
OFF t!ESSA6E: 32 ' , , 

62. U 26 "ODUlE CONTROL RELAY Heat/Cooi TCll Ahr. Z b ON mEriSE: 84 'T', 
1) OFF IIESSAGE: ~2 ' , 

63. S 27 "ODUlE CONTROL RELAY Heat/Caol HBC Aljrl Z ô ON t!ES5tiGE: oa 'B' 
OFF ~ES5AGE: 32 ' , 

64. S 28 1 \ 110DULE CONTROL<RElAY Heatli:aol Ata CIO "ct Z ô ON t!E:~SE: ô~ 'A' , , 
O~F MESSAGE: 32 ' , 

65. 8" 29. "ODUlE CONTROL RELAY H~tlCaDI 4r l'tanuil Zene 6 ON l'IESSr1SE: 77 't!' 
-IIIF ~SSASE: 320 ' , 

, 1 

.. 

.., 
) , 

.. 
.' 
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~SIC RLD 'PRpGRAII- INO AURI! TRAPPING OR SAFETY IIiTERLOCKSI 
\ 02 Nov 1987 12103:59.91 

t .. ftt LINK HIC "DDULE EHABLE TD PREDEFINED SCREEH TSA 

StREENI H/t '\ 

<r OUTPUT ENABlE 
1 .... , 

TSR JA7m4 
• ft fit 

~ 
LINK HIC 110 OULE ZONE OISABlES TO PREOEFINEO seREEN TSA', 

( SCREENI HIC 
1 ZONE 1 

, 

DISABlE 
2 rI\ 

1 TSR H'O 12912 

StREENI HIC 
ZONE 2 

DISABLE 
3 1 1 

j TSR ~c 112911 . 
6tREENI H/t 

ZONO 
DISABtE 

4 1 1 
-~SA ~D 12910 - , 

StREENI HIC ., 
- ZONE 4 

DISABLE 
1 , 1 

1 TBR ~E (12909 

SCREENI HIC 
ZONE ~ 

Ol9ABlE . 
1 \. 

TSA ~F I290B 0 . 
6 

SCREENI HIC c 
1 ZONE 6 

DISABLE 
1 1 -

TBR Js 12907 

7 

" 

• fi If. LINK HIC MODULE RETUNE CR', TO PREDEFINED SCREEN TSA', 

seREENI HIC ; 

ZONE 1 RETUNE 
1 1 

TSR ~H 12940 
.. 8 

StREE"1 HIC 
ZONE 2 RETUNE 

TSA JI, l, 2939 

/ 9 

• 

tft 
, 

. 

,ft 

Q 

-

'" 

... 
1'> 

,.. 

PIQ' 
, 
ft t 

Hlt OU1 
ENAB 

HCENABLI 

Il -t 

. 

ft 

HIC lO ~E 1 1 

f DISABl 
C) l 

NCZI 

HIC la 
DISAD 

flCZ2 

1 J,';f:t' 

Hl '; 
LE 

, 42B'; 

HIC Z OHE ~ 1 
'DISAD 

HCIl 

HIC ID 
DISAB 

HCH 

HIC ZO 
DISAS 

Hm 

HIC lU 
DIS AD 

Herb 

• 

LE ! 
o l, 
1 4l~(1 l, 

NE 4 , 

lE : 
0-- \ 
429) r 1 

NE ~ 
LE 

0:: 
142~1 

1 

HIC ID 
RETU 

NE 1 
HE 
0,-

HCRTNZlI 4200 

HIC la 
RETU 

HE 2 
NE 

0--
HCRTNZ2. 42R! 

7 



f 
BASle RLO PROSRAII (NO AlARII TRAPP!HS OR SAFEW INTERLOCKS! . , 

02 H()V I~B7 1210ll~9. 91 

\ seREEHI HIC 
ZONE l RETU/IE 

10 1 1 

~ T811' ~J 1129lB 

BCREEN' HIC 
lONe 4 RETUNE .. 

l ' " 1 7 
TBA Jrt 12937 

'Il-
BeREEMI H/t . 

ZO/Œ S RETUHE 
2 

TSA JL 112936 
p -

BeREEM, HIC 
v 

ZONE 6 RETUNE 
l 1 1 

TS" Jlfl,~m , 

• Il tH LINK HIC MELT TEMPERATURE ENABeE CR TD PREDEFINED seREEM TSA tn 

8CREEMI HIC . . 
IIELT 

TEMPERATURE , 
tEHABLE r \ 4 -- l , ""'" 

TSA JN 1,29~5 

• fi Il' EHABlE HIC AUTO COIIPEHSATIGH FEATURE ftt 

J 

- , 
t .t fit PRESSURE CONTROL nODULE tH 

• ft ln - tlt 
t Il Ott LINK PRESSURE CALIBRATION EHABLE AND YES/HO RESPONSES TD PREDEFIHED TSA', .11 

SCREEMI 
PRESSURE 

CALIBRATION ----- ~ - ----- -

EHABLE 
16 lJ 

TSA ~À i2941 . 
. 

. BCREEM • 
PRESSURE YE9 . 

" 
RESPDMSE - ~ . 

17 

TSA Ja\m2 

" SCREEH • . 
PRESSURE. HO 

RESPONSE 
II ~ 

TSA ~c .294l f 

lB 

( 

./ 

1~ 
~CRTlIZ 

plq, 2 

OHE 3 ! UNE 

0--1 3.42f;~ , 

NE ~ " 
NE ' 

HIC ID 
RETU 

HCRTHI 41429.1 
0--

1

1 -

HIC ID NE 3 
UHE RET 

. 1 
1C)- • 

HCRTNZ~ 

HIC la 
RElU 

HCRTHZé 

1t.,,~1. 

NE b 
NE 

r428:l 

H 1 

ft 

HIC Il EU 
TUR~ 
LE 

TEMPERA 
ENAB 

,Q-J 
/lmPEH ,47lj~ t 

t 

HfC A 
CD"PENS 

ENAB 

f 
uro t 
ATl(Jk 1 
lE 1 

ACDMPEN ~, 
ft • n' t 
ft • 

1 " 
PRESS URt, 1 

rIO!; 1 
u; 1 

CAlIBRA 
ENAR 

PCALEN 

PRESSUR 
RESPD 

PYES 

PRE9SUR 
RESPO 

0 1 
l:Sl2~ 1 

Em:~ 
MSE 1 

r 

~ 
E Hn 1 
NSE i 
0-. 
5~(l7 r PNa . . 
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BASIC RlD PRDBRA" (ND -AtM" TIIAPPIN8 OR SAFETY INTERLOCKS) 

19 
.... 

20 

21 

1 

22 

23 

24 

. 
n 

• 

26 

02 NDY 1987 121031~9.91 pag' 

1 
, f 

f 

( 

l" , 

• . 
, 

1 

f 

~, 

--- -- --

~ 

- -
ft UI DRIVE CONTR DL NODULE ... ft • ,It If 1 

,.. If , 
If Ifl 
ft Ifl LIHK DRIVE "ODUlE CALIBRATION ENABlE AND YES/IIO RESPONSES TO rREDEFINED TSA', 

, 

SCREEN 1 DRIVE DRIVE' 
CALlD RAn ON CAL 18 RAll 01. ' 

EN ABLE ENABLE 
1 

A 112e" ~()" l TSA J ~w DCAlEN\I~7'\' ~ 

SCREEN 1 DRIVE DRI~E m ' 
YES R 

1 
ESPONSE RESPONSE t 
81-112-a~-6--1------------------DY-ES-~1~" , 

TSA J 
SCREEN 

110 RE 
1 DRIVE 
SPOHSE 
1 

TSA ~I C 12B~7 

DRIVl:!/li ' 
RESPOH!i[ 

ONO 1~7Bl 

Il ftl EHABLE iONE 1 OUTPUT OlllY AFTER IONE 19 CALIBRATED (DCALZIY EHERBIZEDI 

SCREEHI DRIVE 

tU If • 
- --

DRIVE ZONE 1 
CALIBRATED ZONE 1 OUTPUT DRIVE lUNE , 

CONFIRIIATION 

DCALllL7BB 

EHABlE OUTPUT ENAHI 1 

----T-SA·~jHI~12-B4T------------------~------- C) 
U ~ DEHli I~ni 1 

ft UI llNK "ANUAL SETPOINT AND INCREASE/DECREASE CR', TD PREDEFINED TSA', lU If 1 f 

SCREEH. DRIV( 
ZONE 1 

rNCREASE 

SCREEN 1 DRIYE DRIVE IIP,U. 
"AN. S maiNT SETPOINT ft 1 

A " ! EHABLE 
1 

TSA J. /---------------------------------------~' cr· 1 

D,2948 ~ D"9PAZlI~m r 
SCREENI DRIVE 

~TCOINT 
8 

"AN. 

1 

DRIVE "AN. 
SETPOINT ,.a 
, fHABLE 

1 

TSA d' E \'2949 
I----------..:..-.-------"C)-

DKS;Ol, 11 ~7~1:' l, 

SCREENI DRIVE 
ZONE 1 ./ DRIY~ lUtlL , 1 

J) DECREA6E [NCREAS( 
SETPT - SETPT ____ ~ amOllir 

1 1 
TSA JF 12859 TSA 018'*1-2B-60--------~----.;..<I --0 f 

DINeZI 1~n.1 ! 
SCREElh CRJYE 

ZONE 1 
SCREENI DRIVE 

ZONE 1 DRIVE ZOIlL ( , 
DECREASE 

J INCREASE DECREASE 
- SETPT 

1 1 
TSA dB 12860 

SETPT SETPOINT 1 

---,..\-NI--, ----------,...-0- 1---
TSA OF 129S9 DDECZI 1~7~7 r. 

1 
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BASle RLD PROeRA" 'NO ALAR" TRAPPIHS OR SAFETY INTE1lLOCK~1 , 
02 HOV t987 1210J.~9.91 

f 

• 
(~) 

ft 1ft ENA BLE CONTROL RELAY9 TO ALLON FOR REIroTE ACCESSINS _. TlfE PRoeEES I!OHITOR 
ft ftf PROSRAI! IN THE IB"-PC ' \ 

SCREENI 
EHABLE RE"OTf: 

ACCESS 

-plg. r, , 

tft It , ' 
H' ft 1 

EMABLE REnon 
'ACCESS 

27r-____________ ~ ~I ~I--------------~,--~------------------0= 
TBA RA 12842 REPIACC 12M~ 

, 
ENA BLE REMTF 

INBTrt-SET 
RECORD 

28~----------------------------------------------~--------------~ .1 . 
RE/'IREC 12643 

r: EHABLE REIIOTE 
INSTA-SET 

READ 

29~--+----------------------------------------------------------~ 
REI1READI2M~ 

EHABLE R~OT[, 
\ SETPDIIU 

CHANGE 

JO~---------------------------------------------------L----------~ .. ~ 
• 

, ' . ... 

1 

, 
! ' 

.. 
p 

. -
, , 

\ 

REI1SPT 12Mè ~ 
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RLD LABELS LISTING , 
02 NOV 1987 12140119.8:5 ,. p.ÇlR . \,. . 

Ae~~~kN- AD~~§~S -~ -STATE -,H/ë-AQJëi-ëOMPEN~~~~a~N~NAijLË---7--':'--__ , 

DCALEN 5779 0 DRIVE CALI8RATI9N ENA8Lg - . ' , .-

'DCALZ1 V :!i788 ---\ 1_ ~IÙVE ZONE 1 CALIBRATED CONfIR!1~N '. 

DDECZ1 5757 <:) DRIVE ZONE "1 DECREASE ~INT _ 

DENZ! 

DINCZ1 

DmSPAZl 

DMSP8Z1 

DNO 

nVES 

HCENA8L 

5752 --0 
5756 --0 

\ 

5754 ,-, --t(:J 
'5755 

5781 

5780 

4287 

--<=> 
--,0 

--<=> 
--0 

HCRTNZ 1 ' 4280 
o <=> 

--(:J HCRTNZ2 

HCRTNZ3 

HCRTNZ4 

HCRTNZ5 

HCRTNZé! 

.HCZl 

HCZ2 

HCZ:S 
'\ 

HCZ4 

HCZ5 

HCZ6 

MLTMPEN 

PCALEN 

PNO 

PVES 

4281 

4282 --0 
4283 --0 
4284 --0 
4285 --;-C) 
4288 -....,0 
4289 --0 
4290 --(::> 
4291 --0 
4292 ----c) 

4293 ---(:J 
4294 --0 
5324 ---c) 
5307 --0 
5306 ----10 

r 

.. DRIVE ZONE 1 OUTPUT ENABLE 

-ÔRIVE ZONE 1 INCREASE S~TPOINT 

DRIVE MAN. SETPOINT A ENABLE 

DRIVE MAN. SETPOINT B ENA8LE 

DRIVE NO RESPONSE 

DRIVE YES ~ÉSPONSE 

HIC OUTPUT ENA8LE 

HIC ZONE 1 RETUNE 

HIC ZONE 2 RETUNE 

HIC ZONE 3 RETUNE -

HIC ZONE 4 RETUNE 

HIC ZONE 5 RETUNE 

HIC ZONE 6 RETUNE 

HIC ZONE 1 DISA8LE 

HIC ZONE 2 DISABLE 

HIC ZONE :5 QISABLE 

HIC ZONE 4 DISA8LE 

HIC ZONE 5 D!SA8LE 

HIC ZONE 6 DI9ABLE 
'; 

HIC MELT TEMPERATURE ENA8LE 

PRESSURE CALIBRATION ENA8LE 

PRESSURE NO RESPONSE 

PRESSURE VES RESPONSE 
) 

• • 

1 , 

7 
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RLD LABELS LI5TING 
02 N V 1987 12140119.0 8~ p~ge 

-~~SF.;L-- AO~RE9S -DEVICE-- -STATE -----------------COMMENT--------------
R ACC 645 (:) ENA BLE REMOTE.ACCESS 

REMREAD 2644 0 ENA BLE REMOTE INSTA-SET READ ~ 

REMREC 2643 (:) ENABLE REMOTE INSTA-SET RECORD 

fEMSPT l, ",~646 <:) ENA BLE REMOTE SETPOINT CHANGE 
~'/ 

" 2~55 TSA DA --1 1- SCREENI DRIVE CALIBRATION ENA BLE 

TSA OS 28!56 --i 1- SCREEN: DRIVE YES RESPONSE . 
'" 

TSA --.nC 2857 , =-l (,\- SCREENr DRIVf NO RESPONSE 

Il TSA DO 2948 ---1 1- SCREENI DRIVE MAN. SETPOINT A 

TSA DE 2949 --1 1- SCREEN: DRIVE "MAN. SETCOINT B 

TSA OF 2859 -1 ,-,- SCREEN: DRIVE ZONE 1 INCREASE SETPT 

TSA DG 2860 --i \- SCRE~NI DRIVE ZONE 1 DECREASE SETPT 

r. TSA OH 2843 --i 1- SCREEN: DRIVE ZONE 1 OUTPUT ENA BLE 
J.-.... 

TSA HA 2934 ---f*- SCREEN: HIC OUTPUT ENABLE 

TSA HB 2912 --1 1- SCREEN: HIC ZONE 1 DISABLE 

TS~ HC 2911 --1 '- SCREENI HIC ZONE 2 OISABLE 
1 , 

TSA HO 2910 -1 1- SCREEN: HIC ZONE 3 OISABLE 

" TSA HE 2909 --1 1- SCREEN: HIC ZONE 4 OISABLE 

TSA HF 2908 -1 1- SCREEN. HIC ZONE 5 DISABLE . 
TSA HG 2907 --1 1- SCREENI HIC ZONE 6 OISABLE 

TSA HH 2940 --i 1- SCREEN: HIC ZONE 1 RETUNE ..... 
rSA HI 2939 

'l~ SCREENI HIC ZONE 2 RETUNE --1 t---
TSA HJ 2938 -1 1- SCREEN: HIC ZONE 3 RETUNE -, 

TSA HK 2937 -1 1- SCREENI HIC ZONE 4 RET~NE 
li 

TSA HL 2936 --i 1- SCREEN: t(/C ZONE 5 RETUNE 

TSA HM 2935 -1 1- SCREENI HIC ZONE 6 RETUNE 

'"( TSA HN 2955 -1 1- SCREEN: HIC MELT TEMPERATI,JRE ENA BLE ~ 

/ ~ 
TSA PA ::941 -1 \- SCREEN~ PRESSURE CALIBRATION ENA BLE \ Il 

( \J' 



\ 

RLD LABELS LISTING " 
02 NOV 1987 12:40,19.8~ p.Q. 

T§~B~§-- AD~~~~S -~IC~ -STATE -SëRËEN;-PRËSSÜRËC~~~E~~spëNSË----~---

TSA PC 

TSA RA 

, , 

2943 ---1 /-
2842 --t \-

~--, 

. . , 

SCREENz PRESSURE NO RESPON9E 

SCREENz ENABLE REMOTE ACCESS 

.. 
1 

\ 

.. -

l 

'1 

" 

-
:3 
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Appendix E 

Information on LLDPE Used in 

i 

• 

, 



" 

1 

.l, 

-The po1ymer used for the trial runs on the rheometer was a 

linear low density.polyethylene with the following character-
\ 

istics: 

Powe~ Law 

e~ 

CoefficiE>~ts : 

~ 
~.;.. 

( correlation coefficient) 

, 

at 190·C 

11~= .1121 

K = 6.3333 

t = -.851 .. 

storage Modulus, Gr, at 190·C Pa 

290 

strain Amplitude =.1 . 1700 
, -

15600 

/ . 
80000 

'(po 

" Loss Modulus, G'I, at 190"C Pa 
• 

875 

strain Ampl i tude = • 1 .. 6150 

31600 

100000 

" . 

.. 
s.\:t 20Q"C 

,,", 

n = .2351 
~ 

K = 5.7484 

r -.975 

"1 
fiequency (radis ) 

.1 

1 

10 
,~ 

100 

Freguency (radIs) 

.1 

1 
1i4. 

10 

1.00 ~ 

" 

/ 


