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Resu l t s  a r e  shown of m e a s u r e m e n t s  which have  been made  for  the pu rpose  of de te rmin ing  
the work  of ex terna l  fo rces  r equ i red  to fill a r ec t angu la r  channel with p o l y m e r  me l t  under  
constant  p r e s s u r e  or  pe r iod ica l ly  va r i ab le  p r e s s u r e  (at a f requency of 6-17 Hz). It  has been  
es tab l i shed  that  filling a channel under  pulsat ing p r e s s u r e  r equ i r e s  1.5-1.7 t imes  l e s s  
energy  than filling it  under  s teady flow conditions.  

Per iod ic  s h e a r  de fo rmat ion  of mol ten  p o l y m e r s  produces  s t ruc tu ra l  changes during the i r  flow, and 
the r e su l t  i s  a th ixotropic  d e c r e a s e  in both the i r  v i scos i ty  and e las t ic i ty  [1, 2]. This  d e c r e a s e  in the e f fec-  
t ive  values  of v i scoe la s t i c  p r o p e r t i e s  becomes  m o r e  apprec iab le  as the v ib ra to ry  act ion is intensified,  i . e . ,  
as  the ampli tude of the pe r iod ica l ly  vary ing  shea r  r a t e  is i nc reased .  Such a phenomenon has  been  obse rved  
a lso  during v ibra t ions  under  s teady flow conditions. In that  case  the v i scoe las t i c  p r o p e r t i e s  depend on the 
s teady s h e a r  r a t e  as  well  as  on the ampl i tude  of the per iod ica l ly  vary ing  s h e a r  r a t e  [3, 4]. 

This  c h a r a c t e r i s t i c  of p o l y m e r s  can be ut i l ized for  improving  the p roces s ing  of such m a t e r i a l s  [5- 
l : t ] .  

P r e l i m i n a r y  s tudies  made  by the authors  have shown that a 2.0-2.5 t imes  deepe r  r ec tangu la r  channel 
can be fil led with p o l y m e r  mel t ,  if  the inlet p r e s s u r e  is f luctuated.  

The  pu rpose  of this study was a c o m p a r a t i v e  ana lys i s  of the  energy  economy involved in extending 
the fill depth of p o l y m e r  me l t  in a r ec t angu la r  channel by e i ther  fluctuating the p r e s s u r e  or  r a i s ing  the 
p r e s s u r e  level .  

It  was n e c e s s a r y ,  for  such an ana lys i s ,  to de t e rmine  the work  of ex terna l  f o r c e s  (constant or  pe r iod -  
ica l ly  varying) expended, under  v i b r a t o r y  conditions, on filling a channel of the cor responding  m a x i m u m  
depth and to c o m p a r e  it  with the work  expended on fil l ing the s a m e  channel depth without v i b r a t o r y  act ion.  
The t e m p e r a t u r e  had to be  mainta ined the s a m e  in both ca se s .  

The  work of ex terna l  fo rces  throughout the per iod  of filling a channel with mol ten  m a t e r i a l  is ca l -  
culated as follows: 

A =,[ N (1) dt = [q (t) -~ (0 all. 

In o rde r  to d e t e r m i n e  the quanti t ies in this equality,  we have  a s s e m b l e d  a t e s t  appara tus  shown 
schemat i ca l ly  in Fig. 1. In an indus t r ia l  model  T P - 6 3  molding machine  was insta l led a spec ia l  nozzle  
with an osci l la t ing plunger ,  the l a t t e r  being actuated by a v ib ra to r  through an eccen t r i c .  The inlet  p r e s -  
s u r e  to the channel was m e a s u r e d  with a d i a p h r a g m - t y p e  s t r a i n - g a g e  p r e s s u r e  t r a n s d u c e r  built  into the 
nozzle  casing.  Signals f r o m  this t r a n s d u c e r  we re  t r a n s m i t t e d  to a model  8ANCh ampl i f i e r  and f r o m  the re  
to a model  N102 osc i l lograph.  

The  cavity to be filled was made  in the shape  of a channel with a r ec t angu la r  c ro s s  sec t ion  and 
c losed at one end, i ts  d imensions  were  200 • 35 • 2. Through the open end of this  channel was inse r t ed  a 
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Fig. I. Schematic diagram of the test apparatus: i) oscillat- 
ing plunger, 2) differential thermocouple, 3) injection cylinder 
of the molding machine, 4) injection ram, 5) differential ther- 
mocouple, 6) strain-gage pressure transducer, 7) flat-faced 
plunger, 8) mold, 9) and i0) rheostat-type displacement trans- 
ducers, 11) model 8ANCh strain-gage instrument amplifier, 
12) model N102 oscillograph, 13) model KSP-4 potentiometer, 
14) voltage divider, 15) model F359 compensating dc amplifier. 

plunger made of Textolite, which during the filling of the mold was moving together with the front of the 
molten mass. The apparatus was first checked out and the drag due to this plunger was found to amount 
to 0.2-0.3 kgf, quite insignificant as compared to the total flow head (150-200 kgf) and thus to have no ap- 
preciable effect on the mode of mold filling. In order to study the kinetics of a fiat-faced plunger and thus 
of the moving front of polymer mass, we had installed on the former the sliders of two rheostat-type dis- 
placement transducers. Transducer I0 was designed for a continuous plotting of the polymer front dis- 
placement along the entire fill path and, therefore, it was a low-sensitivity but long-travel device. Trans- 
ducer 9, on the other hand, was a short-travel but high-sensitivity device, with which a large-scale graph 
of the melt front displacement along discrete small segments of the channel could be plotted. 

The melt temperature was measured with two fast-response differential thermoeouples in the nozzle 
region of the molding machine. 

The purpose of the first thermocouple was to measure the temperature variations in the zone of vi- 
bratory action. For this, one of its junctions had been placed in the melt directly at the oscillating plunger 
and its other junction had been placed 5 mm away in the nozzle casing. 

The purpose of the second thermocouple was to measure the temperature variations in the polymer 
melt after the latter had passed through the zone of maximum shear deformation, i.e., at the nozzle out- 
let. For this, its one junction had been placed at the nozzle inlet and the other junction 20 mm away from 
the nozzle outlet (total length of the nozzle channel was 100 ram, its diameter was 3 ram). 

Signals from the differential thermocouples were fed through a de amplifier to a model KSP-4 re- 
cording potentiometer. With this measuring system the temperature could be read accurately within •176 

The tests were performed as follows. The molding pressure, the melt temperature, and the vibra- 
tion parameters (amplitude and frequency) were set at definite levels, whereupon the channel was filled to 
the maximum depth possible under given test conditions. While the mold was being filled, signals from a 
displacement transducer and the pressure transducer were continuously recorded by the oscillograph on 
photographic film moving at a speed of 100 ram/see, while signals from the thermocouples were recorded 
on the potentiometer strip chart moving at a speed of 7200 mm/h. 
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Fig. 2. Variation of inlet pressure P(t) (N/m2), fill depth S 
(m), and melt temperature &T(~ as functions of time, during 
mold filling with polystyrene melt at T = 250~ measured at 
a distance of 0.14 m under a molding pressure periodically 
varying at a frequency of I0 Hz (curves 1, 3, 5, 7) and under a 
constant molding pressure (curves 2, 4, 6, 8). 

In order  to plot the motion of the melt  front through the entire fill depth, we pe r fo rmed  a ser ies  of 
repeti t ive tes ts  with the pickup element of the high-sensi t ivi ty  displacement  t r ansducer  in different posi-  
tions along the channel f rom test  to test .  

An analogous ser ies  of tes ts  was pe r fo rmed  with the v ibra tor  shut off but with the injection p r e s s u r e  
ra i sed  to such a level as to make the maximum fill depth in the channel the same as before with the v ibra-  
tor  on. The t empera tu res  in all zones of the molding machine were  held constant throughout all these 
tes ts .  Each tes t  in this se r i e s  was repeated three  t imes.  

The tes ts  were  per formed with impact  res is tant  polys tyrene  and with high-densi ty polyethylene at 
t empera tures  of 160, 180, and 220~ over a range of molding p r e s s u r e s  f rom 250 to 600 kgf /cm 2. The 
vibration frequency was 10 Hz, the oscillating plunger was 12 mm in d iameter  and its t ravel  was 8 mm. 

As a resul t  of these tests ,  we have obtained osc i l lograms of p r e s s u r e  and tempera tu re  variat ions in 
t he  melt  at the channel inlet during cavity fillout under either a constant or a per iodical ly  varying force,  
also detail graphs of the melt  front displacement along the entire flow path. 

The tes t  resul ts  shown in Fig. 2 per ta in  to impact  res is tant  polystyrene filling a channel 140 mm 
deep at a t empera tu re  of 250~C under either v ibra tory  or steady flow conditions. According to the graph, 
v ibra tory  action produced p r e s s u r e  fluctuations with an amplitude of 120 kgf /cm 2 at the cavity inlet. The 
peak p r e s s u r e  during these fluctuations did not exceed the constant p r e s s u r e  level during steady flow to 
the same  tilt depth. 

The curve of the melt  front displacement during the v ibra tory  mode of filling (curve 3) ref lects  a 
stepwise attenuation, indicating velocity fluctuations in the polymer  mass .  The t ime required for filling 
the cavity to a given depth was 15-20~o shor te r  than under steady flow conditions. 

The curves  in Fig. 3 (curves 3 and 4) are  based on the displacement  tes t  curves .  On the same dia- 
g ram have been plotted corresponding osci l lograms of p r e s s u r e  variat ion at the channel inlet (curves 1 
and 2), F rom these data and according to the equation shown ear l ier ,  we have plotted curves of instantan- 
eous power as a function of t ime (Fig. 3, curves 5 and 6) and then calculated the total work of external 
forces  necessa ry  for filling the channel under a constant or  a per iodical ly  varying injection p r e s su re .  
These calculations have shown that this work is 1.5-1.7 t imes less in the v ibra tory  mode than in the steady 
mode of cavity filling. 
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Fig. 3. Variation of bulk velocity q(t) (m3/sec), power N(t) 
(W), and inlet pressure  P(t) (N/m 2) as functions of time, dur- 
ing mold filling by the vibratory method (curves 1, 3, 5) and by 
the conventional method (curves 2,4, 6). 

Finally, it is necessary to establish whether this energy gain is a consequence of a lower viscosity 
at an extra higher temperature, the additional temperature rise being due to the heat generated during vi- 
bration. In order to establish this, we turn to the test data on the variation of the melt temperature with- 
in the vibration zone (Fig. 2, curves 5 and 6) and at the exit from the zone of maximum shear deformation 
(curves 7 and 8). According to the curves, during conventional molding the melt temperature rises by 
0.8~ and the temperature at the nozzle outlet rises by 6.5~ as a result of the heat generated and dissipa- 
ted in the channel zone before vibrations occur in the cavity. In the ease of vibratory molding the temper- 
ature rises by 0.4-0.6~ more at the same points of measurement. Such a temperature rise causes the 
viscosity of the melt to drop by not more than 1-2%o 

Thus, our experimental studies have demonstrated that, when a channel is filled by the vibratory 
method, the total work of external forces may be reduced to 1.5-1.7 times less than under steady condi- 
tions. This energy gain is not associated with the drop in viscosity due to a higher temperature, but 
rather is a consequence of reduced viscoelastic parameters in the melt during periodic deformation. This 
phenomenon can be advantageously utilized for reducing the energy requirement inpressure molding of 
polymer materials. 

NOTATION 

A is the work of external forces necessary for filling a mold cavity, J; 
N is the instantaneous power of external forces, W; 
P(t) is the instantaneous pressure at the mold inlet, N/m2; 
q(t) is the instantaneous bulk velocity of the polymer mass during mold filling, m3/sec; 
S is the instantaneous fill depth, m; 
tl,t 2 are the beginning and the end of the molding, sec; 
T is the temperature of the polymer melt, ~ 
AT is the variation of the melt temperature, ~ 
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