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Abstract

Results of an investigation d methods of controlli ng flash
and the gpplications of ared-time dosed-loop shat control
system to control impad presauure ae presented. The
process of making various parts using the high-presaire
die cating process was examined using a wmprehensive
processmonitoring system and controlled by a seven-phase
red-time dosed-loop shaot control system. The
requirements and lkenefits of the low-impaa control
system are described.

I ntroduction

“During the fast shat velocity, the moving parts of the
system contain considerable kinetic enrgy. The hydraulic
fluid, hydraulic cylinder piston, dunger, plunger rod and
molten metal all have massand are moving at high speeds.
When the cavity fill s, these masses must stop moving. The
energy is disgpated by creaing a very high presaure spike
(Impad Presaure) and elasticdly deforming madine and
die members.” (1)

The impad presare pe&k is the caise of many
problems in the high-presaure die cating process The
impad pressure pesk causes excesgve stresses on bah the
madine and de, shortening the life of ead. The high
cavity presaure & impad is the primary cause of flash. An
example of an impad presare spike is iown in Fig. 1.
The magnitude of the impad presaure spike is affeded by
several fadors, including madine design, punger size,
plunger velocity, mass of the moving parts, and the time
required to stop the movement.

Plunger velocity is the most significant fador in
determining impad presaure. According to E. A. Herman,
“The anount of energy, and hence the magnitude of the
presaurre spike is propational to the square of the
velocity.” (2) Therefore, if one reduces the fast shot
velocity by 50%, then the impad ped presaure shoud
deaease to only 25% of its former vaue. One of the
simplifying assumptions underlying the relationship stated
is that the distance over which the energy is absorbed is
constant, regardless of velocity.

However, measurements taken of adual production de
casting process parameters $howed that, in the asence of
gross flashing, this distance atually increased as plunger
velocity is deaeased, as dwown in Fig. 5. The pe&
presaure reduction appeaed to be greder than that
propased by Mr. Herman. The increase in peek presaure,
and consequently the required clamping cgpadty of the
madine, increased even more than the ratio of velocities
squared in olservations, as e in Fig. 5. Therefore,
impad presaure was foundto be very sensitive to plunger
velocity at the instant of cavity and overflow filling.

Other fadors which determine impad presaure,
including madine design, the mass of moving madine
injedion comporents, and the anourt of metal in the shot
are important fadors to consider. However, there is very
little that can be dore to effed significant change in
reducing impad presaure using these methods.
Consideration d major aterations in madine design are
not within the scope of this paper. Only minor reductions
in the mass of the moving injedion comporents are
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Fig. 1. Example of impact pressure peak profiles.

pradicad. The anourt of metal being cast for a given part
can only be slightly reduced, if at all.

M ethods of Eliminating Excess Impact Pressure

Another method d reducing impad presaure is increasing
plunger diameter. Increasing plunger diameter permits the
use of alower velocity while maintaining the same cavity
filling time. For example, increasing the plunger diameter
by 10% deaeases the required plunger velocity by 21%.
This can be a useful approach to reduce the impad
presaure. However, with the larger plunger, the machine
may not be aleto develop enough presaure in the metal to
force it through the in-gate a& sufficient flow rates to
achieve the optimum fill time. Increasing the plunger
diameter also reduces the maximum metal presaire the
machine is able to suppy, paosshly resulting in casting
defects such as increased porosity.

In the cae of cold-chamber macdhines, larger plunger
and sleeve diameters usually incresse metal hed lossto the
machine. The larger plunger usualy lowers the percentage
of the cld chamber fill ed by the metal, thereby increasing
the potential for gas entrapment, uriess the injedion
system in cgoable of varying wvelocity during the
cold-chamber filli ng phase. Increasing plunger diameter is
frequenty nat a feaible gproach to impad presaire
reduction, and, in any event, canna completely eliminate
the excess impact pressure.
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Fig. 2. Example of impact pressure control profiles.

Simply reducing the filli ng velocity will i ncrease fill ti me
and may not achieve aomized flow at the in-gate, resulting
in lower-quality castings. Impad pressure dso limits the
size of the cating that can be produced on a given
machine. “Since the impad presaure occurs at the instant
of cavity filli ng, it will be the forceto be cnsidered when
computing maciine damping force if it is large.”(3)
Impad presaure not only affeds the anourt of clamping
force required to prevent flash, but also determines if the
core slides will remain closed.

A pradicd and reliable method d reducing or
eliminating the excess presaure & impad is desirable.
Investigation began by monitoring the presaure die cating
process of a variety of hat- and cold-chamber machines
and applications. Suitable die cating process monitors
were used to measure the processvariables and recrd the
data. A closed-loop control system provided a flexible
method d experimentally testing the dfeds of various
techniques for controlling impad presre. The
seven-phase dosed-loop control system allowed control of
the following phases: Lift-Off, Close Pour Hole, Slow
Approach, Fast Shot, Low Impad, Fina Fill, and Final
Squeeze (Intensificdion). Fig. 3 shows a simplified
hydraulic schematic of atypicd red-time velocity control
system.
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The results of experiments on parts representative of
the hot-chamber and cold-chamber presaure die casting
process are presented in Table 1.

The representative hot-chamber part studied was a
thin-wall zinc automotive side mirror bradket. This part
required an excdlent surface finish in preparation for
powder-coating and baking. It was produced ona 650-ton
hot-chamber die cating machine of recent maufadure, and
utilized complex movable wres. Calculations indicaed
that a minimum plunger velocity of 32ips was required in
order to achieve the shat fill time necessary to oltain
accetable quality. However, at this velocity, the wre
dides could na withstand the impad presaire, averaging
4757, and caused excessve flashing. Lowering the
velocity to the degree required to eliminate the flash
resulted in unacceptable surface finish.

A compromise was readed at a velocity of 19ips,
which resulted in flashing ranging from 0.011to 0.013in
thickness  Scrap rates averaged abou 14%, and a

Table 1. Comparison of un-controlled vs. controlled impact
_pressures.

Impact Pressure

Variable Uncontrolled Controlled
System Pressure 1471 PSI 1472 PSI
Plunger Velocity 32.0IPS 32.2IPS
Cavity Pressure 4757 PSI 3400 PSI
at Impact

Rod Pressure 1006 PSI 2663 PSI
at Impact

substantial amourt of buffing was required to oltain an
aceptable surfacefinish. In addition, metal and de surface
temperatures were devated to help compensate for the
slow fill time, and limited the cycle rate to 109 per hour.

Initialy, a series of tests were performed at various
plunger velocities, withou modificaion in the macine's
conventional injedion pocess Plunger veocity was
reduced in small increments, while part quality was
monitored. The velocity had to be reduced by 10% before
a significant amourt of flash was eliminated. However,
part quality suffered. Defeds included poa fills and
surface finish. The other method d reducing impad
presaure - increasing plunger size - was rejeded because it
would have resulted in insufficient presaure. The analysis
of these dternatives showed that both o the traditional
solutions to reducing impad pressure were ineffedive in
this application.

It was essential to maintain the plunger velocity and
final cavity presaure while reducing the impad presaire.
The dosed-loop velocity control system was used to
achieve this objedive. It was programmed to maintain the
optimum velocity while filling the caity, bu aso to
rapidly decderate the plunger an instant before impad.
This decderation was achieved by suddenly restricting the
flow from the exhaust (rod) side of the shat cylinder. The
build-up of presaure in the rod side of the ¢qlinder
disgpated the energy of the moving massof the macdine,
cushioning the impact.

The reduced cavity presaure & impad was measured as
3400, which preventer the flash from forming around
the aores. The velocity whil e filli ng the cavity remained at
32ips and final cavity presaure remained high to prevent
blisters and paosity. Since introdwcing control of the
impad presaire, the process - which was produwcing 109
castings per hou with a scrap rate of 14% - has
consistently produced 150parts per hour with a2.3% scrap
rate including start-up shaots. The amunt of buffing

Table 2. Productivity gained by controlling impact pressure.

Productivity
Uncontrolled Controlled Gain
Production 109 150 38%
(rate/hour)
Scrap Rate 14% 2.3% 1%
Acceptable 93 146 56%
Parts/hour
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Fig. 4. Excessive back pressure causing ineffective intensification.

required to clean up the parts was aso significantly
reduced. Control of impad presaure succealed withou the
adverse side dfeds of the traditional methods of
controlling impad presaire. The productivity
improvements asociated with control of impad presaure
are shown in table 2.

Additional testing was performed ona 750ton (metric)
cold-chamber presaure die cating machine operating with
an intensifier (multiplier). Velocities were much higher
than in the cae of the 650ton hd-chamber machine. As
in the case of the hot-chamber madine, deaeasing plunger
velocity, while it reduced flash, resulted in poa surface
finish, and incomplete parts. As before, maintaining high
fill velocity throughou approximately 95% of the
cavity-filling stroke, followed by rapid decderation just
before impad, resulted in acceptable surface quality and
complete fills withou the flash experienced with the
un-controlled conventional process However, athough
the parts appeaed visualy superior, interna porosity
actually increased.

Careful analysis of injedion metal presaure profiles
disclosed that as a result of the programmed decderation,
the nealy-closed valve antinued to restrict flow from the
rod side of the olinder long after cavity fill.
Consequently, while the intensifier was increasing the
presaure on the head side of the injedion cylinder in avery
short time (approximately 12msec), the presaure incresse
onthe metal itself was delayed by the bad presaure onthe
rod side caised by the restriction. A sample profile
showing the dfeds of excessve badck presaure is provided
(see Fig. 4).

This analysis also demonstrates the importance of
monitoring the dynamic presaure on bdh sides of the
injedion cylinder piston when the machine is designed for
regulating the velocity by restricting the rod-side flow
(“Meter Out Cortrol”). Since the head-side presaure is

Table 3. Summary of real-time closed-loop control phases.

Real-Time Control Phases

1. “Lift-Off” - absorbs initial oil surge from
the accumulator to prevent a shock
wave in the metal.

2. “Close Pour Hole” - advances plunger
past pour hole.

3. Slow Approach - “Critical Slow Shot
Speed” is maintained to reduce gas
entrapment.

4. “Fast Shot” - fast velocities while the
cavity is being filled.

5. “Low Impact” - extremely rapid
deceleration in a small final fraction of
the cavity plunger stroke so as to
maintain an overall cavity fill time at
least as short as in the uncontrolled,
conventional process.

6. “Final Fill” - extremely rapid re-opening
of the control valve to permit
unrestricted rapid intensification.

7. “Final Squeeze” - application of
intensifier.

increased by the intensifier withou delay, ore wmuld na
deted a delay in the increese in metal presaure merely by
looking at the head presaure profile. In addition to the
head- and rod-side presare profiles, a profile of the
equivalent dynamic metal presaure was obtained by using a
combination d eledronic drcuitry and software. This
automated and simplified the process of monitoring the
adual dynamic presaure of the metal during all phases of
the shot.

A New Method of Controlling I mpact

Once the caise of the ineffedive intensificaion was
identified, the solution was apparent. The dosed-loop
control system was smply re-programmed to cause the
valve to aimost completely close in order to achieve the
desired decderation. It was then commanded to very
quickly re-open just in time to permit unrestricted
intensification. Of course, this requires very fast response
in oder to be dfedive. Actua measured injedion
parameter profiles are shown in Fig. 2.
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Table 3 summarizes the 7 pheses of a red-time
closed-loop control system including the threelow-impad
control phases numbered 4, 5 and 6.

This method permitted the maintenance of short fill
times, which promoted good surfacefinish and complete
fills, eliminated the major cause of flash, and responced
fast enough to avoid interfering with rapid intensification
in order to reduce porosity and increase casting density.

However, it must be understood that successul
application d this method is dependent on acdiieving
extremely fast injedion velocity resporse times while
using very large flow cgpadty control hydraulics.
Although the resporse time of the velocity control valveis
ohbviously a aiticd fador, it is not sufficient to merely be
able to open and close the velocity control valve in a few
msec.

The ntrol valve must aso have sufficient flow
cgpadty to permit the fast speals desired in the
cavity-filling phase. The cntrol hydraulics, eledronics,
and software must be designed to match the injedion
cylinder charaderistics in order to achieve the required
injedion cylinder velocities, accderations, and
decderations which are necessary for a succesdul
application d the method. Prior attempts to uilize
red-time dosed-loop control in the presare die cagting

process were often ursuccessul becaise of slow overal
response time, insufficient flow capacity, or both.

The Effects of Dosage Variation

Studies of the dfed of variation in metal dosage showed
that when the metal dosage (amourt ladled), or in the cae
of the hot-chamber process the level of meta in the
hoding pat, was aibjed to wide variation, dfficulties
were sometimes experienced when attempting to eliminate
the excess impad presaure. For example, in injedion
systems which depended orly on mechanicd means to
reduce velocity at a fixed stroke position, the plunger
always decderated at the same pasition, even though the
position at which the cavity is filled varied.

Under this method, the plunger continued to decderate
further as the stroke @ntinued. Therefore, the velocity at
the instant of cavity fill was even more sensitive to
variation in metal dosage (or metal level) than a
conventiona injedion system. Consequently, high metal
dasage resulted in filli ng of the cavity before decderation
took place and the tendency to flash was increased. Low
metal dosage resulted in decderation to an excessvely low
velocity, and the tendency toward misfills, poa surface
finish, and porosity was increased.

In contrast, the red-time dosed-loop velocity control
systern studied was programmed to decderate to a fixed
velocity which was a fradion d the fill velocity, rather
than zero. This provided the advantage of making the final
velocity at impact independent of dosage variation.

Although improvements have been made over the yeas,
in pradicd presaure die cating, metal dosage and levels
cortinue to vary from shat to shat. An approach which
automaticdly compensates for this variation is desirable,
and would reduce the complexity of setting up the machine
process However, to be succesdul, the solution would
have be caable of compensating completely within the
injedion pocessitself, sincethe exad amourt dosed is not
known until after it is ladled.

An approach which was tried experimentally by the Die
Casting Reseach Foundhtion o the American Die Casting
Ingtitute in the ealy 19805, used a sensor mounted in the
runrer to deted the presence of metal. Today, such a
sensor could be used by a computerized control system to
cdculate the optimum decderation paition to control
impad presare. The mputer would command a
red-time dosed-loop velocity control system to decderate
at that stroke position, automaticadly compensating for
dosage variation. However, the ast of providing a sensor
in every die - and dfficulties in maintaining it - have been
significant obstacles.



As a result of observing metal presaure profiles for a
wide variety of parts, ancther solution which compensates
for dosage variation automaticdly and within the injedion
was conceved. Ead de has a daraderistic metal fill
presaure profile, beginning when the metal reades the
in-gate. A brief study of injedion velocity, pasition, and
metal presaure profiles of various parts permitted the
experimenter to identify a place on ead part's metal
presaure airve which consistently exhibited a sharp
increase in metal pressure.

In some cases the best locaion was at the point when
the metal readed the in-gate, particularly for parts cast
with relatively small gate aeas and short fill ti mes, such as
is commonly foundin thin-wall die designs. In the other
instances, a sharp rise in presaure was found consistently
nea the end o cavity fill. Oncethe desired presaure rise
was locaed, the low-impad decderation was programmed
to automaticdly occur a fixed stroke length after the
presaire rise was deteded. The injedion control system
was required to read¢ very quickly. This method
compensated automaticdly for variation in metal dosage
within the shat itself, and has been succesul in achieving
consistent flash elimination, while preventing premature
deceleration when dosage is less.

The mntrol system must med several requirements to
succesgully control impad. It must respondvery quickly,
within 5to 10 msecg or in some gplications even less to
cushion impad and pevent interference with the
intensifier. The system must also operate in red time to
deted the metal presaure build-up so that impad control is
applied at the correct time.

Conclusions

Various methods of controlling and reducing or
eliminating the excessimpad presaure which accurs at the
end d cavity filling in the high-presare die cating
process were investigated and evaluated. A new method
based on a red-time dosed-loop controlled injedion
velocity and resaure profile system eliminated the excess
presaure in a variety of hot and cold chamber applications,
withou interference with desirable rapid increases in final
cavity pressure or intensification.

A novel approach to initiating low-impad decderation
based on meta presare incresse  @mpensated
automatically for dosage variation.

Elimination d the excessimpad presaure increased the
effedive damping capadty of the machines, permitting the
casting of larger parts for a given size madine.
Substantia reduction a elimination d flash was acieved
withou deterioration in surface finish o increasing

porosity defeds. As a result, substantia reductions in
scrap rates and higher prodiction rates were adieved in a
wide variety of applications.

In some @plicdions, large reductions in hdding
furnace temperature were possble, while adualy
improving surface finish. For example, for a zinc
automotive side mirror bradket, the dimination d the
excessimpad permitted an increase in fill velocity of 68%,
and allowed the lowering of pot temperature from 800 to
745 F, while increasing cycle rate by 37%. The
elimination d flash, combined with colder metal reading
the in-gate, has reduced derdated downtime by
approximately  24%. These @mbined process
improvements shoud theoreticdly result in improved de
life. Aninvestigation d the long-term effeds on de life
would be of interest.

Today, impad presaure ad its detrimental effeds on
casting quality and de life need nolonger uncortroll ably
affea the process Rather, it is now a measurable and
programmable variable which can be @ntrolled
consistently as ancther means to achieve maximum quality
and eliminate one of the major causes of die maintenance
problems and defects.
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