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It was difficult to adjust gob weights from a stirred, molten glass delivery System. The difficulty decreased when rotation of the 
gobbing stirrer was stopped. However, this was not a satisfactory Solution as it left objectional striations in the glass items being 
produced. The weight changes were due to the superposition of several effects, each of which by itself would have been acceptable. 
Small temperature fluctuations and spontaneous changes in the stirrer's position and stroke were found but they were not the major 
causes of the weight fluctuations. Cyclic variations in weight with an amplitude of about 1% and a period of about 11 min were 
due to the stirrer's rotation. It became clear that close but approximate matching of the gobbing and rotational rates was inadequate 
and that synchronization of these two rates had to be perfect to eliminate this cyclic weight Variation. The inevitable conclusion was 
that run-out associated with stirring was the cause of this problem. Α second cyclic Variation with a period of 20 min and an 
amphtude of about 0.4% was associated with tank reversals of the cross-fired melter with its regenerative checkers. This was the 
first time that weight changes due to tank reversals were noted. 

Α composite weight Variation curve was synthesized, with one component representing an 11 min cycle and a second component 
representing a 20 min cycle formed by a ramp with a linear decay Α comparison of the synthesized and actual weight curves revealed 
many similarities and strengthened the conclusion that most of the actual weight run changes resulted from the stirrer and from 
tank reversals. 

Schwankungen des Tropfengewichtes durch einen Rührer und durch Feuerwechsel beim Glasschmelzen 

Die Schwierigkeiten bei der Einstellung der Tropfengewichte aus einem Rinnensystem mit gerührter Glasschmelze nahmen ab, wenn 
die Rotation des Rührers angehalten wurde. Dies war jedoch keine befriedigende Lösung, da sie störende Schlierenbildungen in den 
fertigen Gegenständen hinterließ. Grund für die Änderungen des Tropfengewichtes war die Überlagerung mehrerer Einflüsse, von 
denen jeder für sich durchaus akzeptabel wäre. Geringfügige Temperaturschwankungen sowie plötzliche Änderungen der Position 
und des Taktes des Rührers wurden festgestellt, sie waren aber nicht die entscheidenden Ursachen für die Gewichtsabweichungen. 
Zyklische Gewichtsveränderungen mit einer Amplitude von ungefähr 1 % und einer Dauer von etwa 11 min waren auf die Rührer
rotation zurückzuführen. Es wurde klar, daß eine begrenzte, lediglich angenäherte Anpassung der Tropfenzuführungs- und Rota
tionsraten nicht ausreichend war und daß die Synchronisierung dieser beiden Geschwindigkeiten vollkommen sein mußte, um die 
zyklische Gewichtsveränderung auszuschließen. Die zwangsläufige Schlußfolgerung war, daß diese Abweichung in Verbindung mit 
dem Rühren der Grund für das Problem war. Eine zweite zyklische Änderung mit einer Dauer von 20 min und einer Amplitude 
von etwa 0,4% wurde in Verbindung gebracht mit dem Feuerwechsel der Querbrennerwanne mit ihrer Regenerativkammeraus-
gitterung. Damit wurden erstmals Gewichtsveränderungen festgestellt, die durch Feuerwechsel verursacht waren. 

Eine zusammengesetzte Gewichtsvariantenfunktion wurde erstellt, bei der eine Komponente den Uminütigen Zyklus repräsen
tiert und eine zweite Komponente den 20minütigen Zyklus darstellt, der sich aus einer linear ansteigenden Rampenfunktion ergibt. 
Ein Vergleich der theoretischen und der realen Gewichtskurven zeigt viele Ähnlichkeiten auf und stützt den Schluß, daß sich die 
meisten der auftretenden Gewichtsschwankungen auf den Rührer und auf die Flammenwechsel zurückführen lassen. 

1. Introduction 
Forming machine operators were complaining that it 
was difficult to decide when to adjust gob weights 
especially when the weights were changing spontane
ously and other condi t ions appeared to be stable. The 
complaints were about a stirred System (figure 1) de-
livering 48.0 oz ((48.0/16) · 0.454 = 1.362 kg) gobs at 
12.5 gobs/min. Over-weight gobs are objectionable as 
they often produce wäre which is rejectable because of 
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r im checks. O n the o ther h a n d , gobs which are t o o light 
a re also object ionable as they d o n o t have e n o u g h glass 
to fill the mo lds a n d result in increased losses. C o n s e -
quently, gob weights are often specified to wi th in ± 1 %. 

P a r t of the difficulty was due to changes in weight 
be tween successive gobs. This difficulty decreased when 
ro ta t ion of the gobbing stirrer was s topped . However , 
this was no t a satisfactory Solution as it left ob jec t iona l 
s t r ia t ions in the glass i tems being p roduced [1]. B r u n s [2] 
h a d also observed this type of p rob lem. H e was one of 
the first to conc lude that ro ta t ion of st irrers was respon
sible for weight f luctuat ions be tween successive gobs o b 
ta ined f r o m a s t i r r e d glass delivery S y s t e m . H e conc luded 
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Figure 1 . Sketch of a gobbing stirrer, its dehvery System and its 
gobbing mechanism. The head (H) is the depth of the glass 
above the orifice. 
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Figure 2. Position of the stirrer relative to the orifice. 

tha t this weight f luctuat ion could be eliminated if the 
stirrer 's ro ta t iona l speed was m a d e equa l t o the gobbing 
rate. In an a t t empt to synchronize these two rates, the 
stirrer 's ro ta t iona l speed was adjusted to equal the 
gobb ing ra te to within 0 . 1 5 % . 

For this investigation two weight runs were made. Α 
weight r u n consists of keeping t rack of the weight and 
o the r per t inen t da t a associated wi th the wäre being 
made . T h e da t a were ob ta ined wi th the opera tor making 
n o ad jus tments to the stirrer 's pos i t ion except as noted 
in figure 2. T h e delivery System was a n out le t for a con-
vent ional , fossil fuel-heated, regenerat ive glass melter. 
D u r i n g the first run , pieces were t aken from the press 
at 1/2 m i n intervals. D u r i n g the second run , consecutive 
pieces were kept in order, annealed , collected at the end 
of the Hne a n d then weighed. 

2. First weight run 
2.1 Hartford mechanical feeder 
As the problem appeared to be due to gobbing, a (crude) 
a t tempt was m a d e to get data on the posit ion and stroke 
of the stirrer. These da ta were obta ined at 5 min inter
vals. As it was ha rd to get reliable numbers and to gain 
some experience, the measurements were s tar ted before 
the weight run. After a mold change, the forming press 
machine opera tor found that the gob weight was un-
expectedly quite low He had to crank the weight-con-
trolling screw twice to get the correct weight. H e was 
then asked no t to change the weight and the weight run 
was started. Gobb ing appeared normal , bu t the data 
suggested a somewhat cycle change in stroke and near 
the end of the run showed an unexpected change in the 
Position of the stirrer (figure 2). The change in posi t ion 
occurred because the weight screw vibrated loose from 
its set Position. 

As usual the vertical mot ion of the gobber was con
trolled by a cam follower mechanism. The cam follower 
is a roller which rides against a gobbing cam which con-
verts the rotary mot ion of the driving m o t o r into the 
desired vertical mot ion for the stroke (figure 1). Varia
tion of the stroke was explained when it was observed 
that the gobbing cam follower did not remain in contact 
with the cam on the downstroke of the gobbing cycle. 
This meant , of course, that the resistance on the down
stroke could Vary from gob to gob. Variations of the 
stroke are undesirable as they can result in cyclic weight 
variations. These da ta showed that the feeder's Per
formance had to be improved. 

2.2 Temperature 
It is known that glasses in delivery Systems have variable 
temperature distr ibutions [3 and 4]. F r o m past ex
perience with the borosilicate glass for this investigation 
it was known that the core glass entering a bowl could 
be as much as 50 Κ hot ter than the outer layers [5]. Ro
tat ion by stirring caused mixing of all the glass in the 
bowl and the temperature variations were further 
smoothed ou t by a recording temperature Controller. 
This Controller was activated by an under-glass bowl 
spout thermocouple assembly which projected into the 
bowl (figure 1). The Controller had a 700 Κ span and a 
sensitivity of ±0.1 %. Thus, it could control temperatures 
to (700K · ±0 .001=) ± 0.7 K. In other words, as the 
temperature at the control thermocouple reached either 
limit of the control ränge, power was automatical ly 
adjusted in the electrically heated bowl. Thus, the In
s t rument kept the measured temperature in a ±0.7 Κ 
wide band about the control point. F r o m previous 
experience [5], it was known that this "control b a n d " 
could result in a weight V a r i a t i o n of about ± 0 . 7 % . Wi th 
this recorder it was not possible to get adequate da ta . 
Therefore, a high-speed, more sensitive recorder was pu t 
in parallel with the Controller. With this Instrument 
temperatures were recorded in millivolts and were ac-



curate to ±0.1 K. Remarkably, during this weight run 
the Overall temperature varied by only 0.6 K. As a result 
the Controller neither added nor decreased power. 

The high-speed recorder disclosed a cyclic tempera
ture Variation which was t oo small to activate the Con
troller. Even if power had been changed, the Controller 
probably could not have altered the temperature as fast 
or with the observed cycles shown in figure 3. Thus, it 
was concluded that the cyclic temperature resulted from 
a different amoun t of core glass moving past the control 
thermocouple . It was assumed tha t the temperature cycle 
also occurred in the gobs as they left the orifice. As the 
control thermocouple was under-glass in the front of the 
bowl, this assumption caused the belief that the stroke 
influenced the temperature from the orifice and up and 
actually into the bowl. It was concluded that the cyclic 
temperature variations resulted from gobbing. In ad
dit ion this meant that there was no (appreciable) t ime 
lag between gob weight and bowl nose temperature^^ 

It is remarkable that the in-glass bowl thermocouple 
was able to respond to such fast temperature changes. 
This is especially t rue when its structure is considered. 
Its two leads were separated by a double bore refractory 
tube which extended to the thermocouple 's junct ion. 
This structure was inserted in a closed-end refractory 
tube which was sheathed in plat inum. Wi thout the 
sheath and insertion into the glass in the bowl, the 
couple could not have responded to the small and rapid 
temperature changes. 

2.3 Gob weight and cycle times 
D a t a for a weight run of about 50 min disclosed a bi-
cyclic Variation in gob weights with a maximum devia
tion of about 1 % from the desired weight of 1362 g (fig
ure 4). If the excursion at Pi in figure 4 represented a 
complete cycle, its t ime would have been 7.5 min. The 
time intervals for the other cycles P2, P 3 , P4 and P5 were 
12.5, 9.0, 12.0, and 8.6 min, respectively. Including Pi 
the average for these five cycles was about 10 min. Thus, 
on the average, the number of gobs cut between adjacent 
peaks was (10 min) (12.5 gobs/min) —125 gobs. 

Thus, if only one type of cycle were present, weights 
would repeat approximately every 125 gobs. The time 
between peaks Pi and P3 (7.5/2 + 12.5 4- 9/2 = 20.75) 
was about 21 min, that between peaks P2 and P4 
(12.5/2 + 9.0 + 12.0/2 = 21.25) was also approximate
ly 21 min while that between peaks P3 and P5 was 

This was an important conclusion [6]. In a subsequent experi
ment carried out at Corning Inc. the peak temperature of in
dividual gobs was determined with an optical pyrometer. The 
lens was cleaned and then focused on a gob as it was being 
formed. After each reading the lens was recleaned and the tem
perature of another gob taken. In this way it was possible to 
determine the temperature of alternate gobs. Twenty tempera
ture determinations were made. The values were compared with 
the corresponding gob weights. One value did not agree, the 
other nineteen correlated. 
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Figure 3. Voltage of the bowl's thermocouple versus time from 
the suppressed-range, high-speed recorded. 
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Figure 4. Gob weight deviations from the target value of 
1.362 kg versus time. R indicates the tank reversal time. 

(9.0/2 -h 12.0 + 8.6/2 = 20.8) approximate ly the same. 
W i t h a 21 min per iod, weights would be approx imate ly 
the same every (21 min) (12.5 gobs /min = ) 263 gobs. 

F r o m figure 4 the deviat ions of the g o b weights at 
p e a k s F i to P 5 were 3.99, 8.87, 1.77, 6.21 a n d - 0 . 8 9 g, 
respectively. T h e absolute or posit ive differences be tween 
the g o b weights for the adjacent peaks were 4 .88 , 7.10, 
4.44 a n d 7.10 g, respectively. Divis ion of these n u m b e r s 
by 1362 g a n d mult ipl icat ion by 1 0 0 % yielded 0.36, 0.52, 
0.33 a n d 0 .52%, respectively. T h e average of these four 
percentages is 0 . 4 % which is the average percent weight 
Variation between the adjacent peaks . 

I t was conc luded that two cyclic events wou ld ex
pla in the Variation in peaks. T h e m o r e rap id cycles were 
d u e t o the stirrer 's ro ta t ion. T h e longer pe r iod cycle was 
effective in ei ther increasing or decreasing the a p p a r e n t 
amp l i t ude of the faster cycle. 



2.4 Tank reversal (cross-fired, regenerative 
furnace) 
T h e only k n o w n cycles with per iods in the 20 min ränge 
were associated with t a n k reversals. In n o r m a l Operation 
fuel entered from one side of the mel ter a n d combust ion 
air, hea ted on its passage th rough checkers, also entered 
from the same side. T h e exhaus t gases left via checkers 
o n the o the r side heat ing t h e m before exiting th rough 
the Blowknox valve a n d vent ing u p the Stack and into 
the a tmosphere . A t 20 min intervals, the tank 's pressure 
Controller was inactivated, the burne r s were turned off 
a n d the Blowknox valve was reversed. Reversal of this 
valve in te rchanged the pa ths of the combus t ion air and 
the exhaus t gases t h rough the checkers. This move 
forced "co ld" combus t ion air t h r o u g h the ho t checkers 
o n the o the r side of the melter. Fue l was then admit ted 
t h r o u g h burners on this same side a n d the exhaust gases 
exited t h rough the opposi te , cooler checkers. Possibly 
this whole procedure required less t h a n 1 min . Changes 
in the direct ion of air flow h a d to be accompanied by 
surges in pressure a n d dur ing p a r t of this cycle the 
mel ter could even have been u n d e r suct ion. The pressure 
Controller was again activated a n d the gauge pressure 
above the surface of the melt was readjus ted to 0.06" of 
water (0.15 ba r ) . This comple ted the reversal cycle. 

F r o m the au thor ' s a n d from Kotch ' s [7] past ex
perience it was k n o w n tha t the glass level in many bowl 
instal lat ions could show changes of 1/16" (0.16 cm) or 
m o r e dur ing a reversal per iod. As the melter and its 
delivery system(s) act like a manome te r , the levels in the 
two zones would vary inversely in a ra t io equal to the 
ra t io of their areas. Assuming a 1/16" (0.0625") level 
change in a 20 ' (6.1 m) · 40 ' (12.2 m ) t a n k with five 
delivery Systems each wi th an a rea equa l to about 
20 ft^ (6.1 m^) requires the t ank ' s level change to be 
[(0.0625") (5 · 20 f t2) / (20 · 40 ft^) = ] 0.008" (0.02 cm). 
This small change in the melter 's level was not meas-
urable even t h o u g h water in an inclined glass tube is 
used to measure gauge pressure. To raise the bowl's 
level by 1/16" requires a pressure o n the surface of 
the melt end of the t a n k also t o 1/16" of mol ten 
glass. A s the glass melt has a densi ty 2.25 times that of 
water, the equivalent gauge pressure wou ld have to be 
(0.0625 · 2.25 = ) 0.14" (0.36 cm) of water. Α surge in the 
pressure of this magn i tude du r ing the actual reversal 
t ime interval does no t seem to be unreasonable . 

F r o m figure 4 the percent difference in peak values 
be tween adjacent cycles was calculated earlier to be 
a b o u t 0 . 4 % . If this difference is due t o a change in the 
h e a d of glass, it can be used t o es t imate it. F rom figure 
1 it is clear tha t head is the pressure at the orifice due to 
the level of the glass in the bowl . A s s u m e that gob 
weight is p ropor t iona l to h e a d a n d keep all the other 
variables cons tan t , then, logar i thmic differentiation 
yields 

AWIW= AH/H. 

In this equat ion AW/Wis the fractional change in gob 
weight and is equal to 0.004 while Η is the head of glass 
above the orifice and AH is its change. Drawdown (this 
means the loss in glass level between the furnace and the 
surface of the glass in the bowl spout) was 1" (2.54 cm) 
so the actual head was 1 5 - 3 / 8 " (39.1 cm). Substi tuting 
these values in the above equat ion yields 0.06" or about 
1/16" (0.16 cm) for Δ ^ . This agrees with the difference 
sometimes observed at combust ion reversals. 

3. Second weight run (data not shown) 
For the second run, variations in the posi t ion of the 
weight control screw and drift of the stroke remained 
smaller t han those found earlier. Contro l temperature 
was even bet ter t han in the first run as it held within 
0.3 K. The bicyclic weight Variation again was evident 
and the per iod appeared to remain unchanged with the 
peaks between the highs and the lows repeating about 
every 140 gobs. The cycles now appeared very b road as 
more da ta were plot ted for the same time interval. The 
ampli tudes were 1.03 and 0.62 for a difference equal to 
0 .4%, in agreement with the value found earlier. The 
total weight Variation was 1.2%. Thus, the second 
weight run confirmed the eadier da ta but did no t yield 
any new results. 

4. Stirrer's weight cycle 
With a fixed design the pumping action of a stirrer 
depends on its posit ion, direction and speed of rotat ion 
(rpm). The posi t ion controls the coupHng or the in
fluence of the vertical and radial gaps between the 
stirrer's blades and the stirring well. If the rotat ional 
speed of a stirrer that pumps down is increased, then, 
for the same gob weight with the same stroke, the 
stirrer must be raised in its normally tapered stirring 
well. This decreases the coupling by increasing the size 
of the gaps between the blades and the wall 
and thus decreases weight Variation. As long as the 
other variables are kept constant , gob weights repeat 
when a stirrer is in the exact same angular posi t ion 
at the b o t t o m of its down-stroke. The number of pieces 
required to complete a weight cycle and re turn to the 
original weight can be calculated as follows provided 
the actual gobbing and rpm rates are known. Experi
mentally it was known that the number of gobs per 
second was: 100 gobs/480.0 s = 0.20833 gobs / s or 
12.50 gobs /min . This number was in agreement with the 
setting of the press operator. In addi t ion by actual meas
urements the rotat ions per second were determined to 
be 100 revolut ions/482.75 s = 0.20715 ro ta t ions /s or 
12.429 rpm. 

Thus, 
(gobs /s ) / ( ro ta t ions /s ) = 0.20833/0.20715 = 1.0057 gobs 
per rotat ion. 

When the ratio (gobs/s / rota t ions/s) is (or a lmost is) 
equal to unity, means that gobs are cut when the stirrer 
is (or a lmost is) in the same angular posit ion a n d the 



gob weights will (or a lmost will) repeat. Thus, this last 
equat ion can be used to fmd the integral number of gobs 
for a weight cycle. In equat ion form 
(integral number of gobs) / ( in tegral number of rota
tions) = 1.0057. 

By trial and error, that is by trying various com
binat ions of integers, it was shown that 
(integral number of gobs)/( integral number of rota
tions) = 140/139 = 1.0072. This was the doses t approxi-
mat ion of integers to the desired ratio of 1.0057. There
fore, the weight should a lmost repeat every 140 gobs in 
agreement with section 3. The error in the above ratios 
is (1 .0072-1.0057) /1 .0057 = 0.0015 or 0 . 1 5 % as men
t ioned in section 1. Thus, even though the rotat ional 
speed was almost synchronized with the gobbing rate, 
the small difference between their rates still resulted in a 
comparatively fast (140 gobs/12.5 gobs /min = ) 11.2 min 
weight Variation cycle and the weight nearly repeated 
every 140 gobs. These numbers agree with those from the 
first weight run. This agrees with the Statement that syn
chronization must be perfect to eliminate this type of 
weight V a r i a t i o n . 

5. Discussion 
5.1 Gobbing and friction 
The failure of the cam follower to remain in contact with 
the gobbing cam indicated that the driving force needed to 
eject gobs was insufficient to overcome the opposing 
forces. (This defect can be overcome by changes in the 
gobbing assembly.) The driving force was the weight of the 
stirrer and its associated reciprocating parts . The op
posing forces were due to the shearing forces occurring 
while the molten glass was being extruded and to friction 
in the gobbing assembly. The cyclic na ture of the gob 
weights and temperature showed that the opposing forces 
had to be sensitive to the angular posi t ion of the stirrer 
when gobs were cut. The inevitable conclusion was that 
the stirrer wobbled while rotat ing. Thus , synchronization 
of the gobbing and rotat ional rates would eliminate much 
of the weight problem. In addi t ion, the cyclic problem led 
to the speculation that the friction in the gobbing 
assembly might be sensitive to the different radial forces 
associated with any run out of the stirrer. If this was true 
then this friction could help explain why the cam follower 
did not always remain in contact with its cam. 

5.2 Synclironization 
At synchronization all gobs would be cut when the stirrer 
had exactly the same angular posit ion, so no weight varia
tions would occur. It was also postulated that gobs would 
have almost the same weight provided they were cut then 
the stirrer was close to any chosen angular posit ion. This 
meant (and it was observed) that turning off and restart-
ing the stirrer at a different angular posi t ion relative to the 
stroke would result in a different gob weight. If the stirrer's 
runou t or wobble was the only variable influencing gob 
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Figures 5a to c. Synthesized percent weight Variation versus 
time curves, a) for a 20 min period, linear ramp; b) for a sym
metrical 11 min period with a sinus-shaped cycle; c) for the 
combined action of the 11 and 20 min cycles. 

weights, then the weight cycles be complete ly symmet r i ca l 
wi th equa l positive a n d negative ampl i tudes . T h e cycles 
cou ld be in terpre ted as pa r t of a symmetr ica l wave w i th a 
fixed ampl i t ude a n d per iod. 

5.3 Tank reversal 
A t t a n k reversal a positive surge in the melter 's p ressure 
wou ld also result in a surge of glass in to the bowl . Th i s 
in rush would increase the head a n d be a c c o m p a n i e d by a 
slight increase in the t empera tu re of the incoming surge of 
glass. B o t h of these changes would increase g o b weights 
which would re tu rn back to n o r m a l as the surge decayed. 
T h e ne t result would be a 20 min repetit ive cycle s t a r t ing 
wi th a surge. Thus , weight changes d u e to reversals cou ld 
also be considered to be a wave whose shape is u n k n o w n . 
Weight Variation due to t a n k reversals will always occur 
in any regenerative melter unless pressure surges a re 
negligible. 

5.4 Synthesis of a weight Variation curve 
F r o m optics [8] it is k n o w n tha t two waves in terac t t o fo rm 
a final wave. Fo r the present case this is a weight Variation 
wave o r curve. I t is also k n o w n tha t the shape of the 
compos i t e wave (curve) depends on the ampl i tudes , the 
pe r iods a n d the relative s tar t ing po in t s (phase angles) of 
the two waves. To be definite a r a m p s tar t ing wi th a 0.5 % 
step a n d a 20 min linear decay will be a s sumed t o be d u e 
to t a n k reversals (figure 5a). It is also a s sumed tha t a sym
metr ica l wave wi th a 1 % ampl i tude a n d wi th a n 11 m i n 
pe r iod represents weight Variation d u e to st irrer wobble 
(figure 5b). T h e s tar t ing po in t for figure 5b is a s s u m e d to 
be n e a r the tail end of a r amp. Poin t by p o i n t a lgebraic 
add i t i on of co r respond ing ordinates of these two waves 
results in the compos i t e weight Variation curve (figure 5c). 
(It is n o w also emphas ized tha t m a n y "general ly s imi la r" 
curves will result if differently shaped r a m p s are used a n d 



also if the relative s tar t ing poin ts are changed . The t ru th 
of this Statement is evident from a c o m p a r i s o n of figures 
5b wi th 5a menta l ly revised for different step-like in
creases a n d decays a n d s tar t ing points .) 

These p rograms resulted in minimizing the to ta l 
weight variat ions to less than 1 %. 

5.5 Comparison 
Α c o m p a r i s o n of figures 4 a n d 5c reveals many similari
ties. They b o t h have a l ternate h igh a n d low peaks, irre
gulär shapes a n d j u m p s in weight a n d spikes. 

This synthesis s t rengthened the conclus ion that most 
of the ac tua l weight r u n changes resul ted from the inter
ac t ion of an 11 min cycle due to the st irrer and a 20 min 
r a m p due to t a n k reversals even t h o u g h the exact shape of 
the r a m p is u n k n o w n . 

5.6 Results 
This investigation resulted in five p r o g r a m s whose final 
o u t c o m e s were 

a) T h e t empera tu re contro l for the delivery Systems was 
improved. 

b) T a n k reversal was upgraded . 

c) Drif t in pos i t ion a n d stroke of the stirrers were eli
mina ted . 

d) R u n o u t o r wobble of stirrers was decreased. 

e) Improvemen t s in the gobbing assembly and syn
chroniza t ion el iminated weight var ia t ions d u e to stirring. 
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