
The posit ion/ velocity t ransducer
provides the in it ial data for any type of
process monitor ing or process control on a die
cast ing machine.  The speed, accu racy, and
reli abili ty of th is device determ ines the quali ty
of the monitor ing or process control funct ion
for the machine.  On a closed-loop controll ed
die cast ing machine, the quali ty of inpu t from
this t ransducer can effect ively determ ine the
product ivity of the machine as well as the
quali ty of the parts produced on it .  This
article
has been researched and wr itt en with the
intent ion of bett er understanding th is cr it ical
inpu t t echn ology and the hardware
implementation of that technology.

Many different designs and types of
posit ion/ velocity encoding units have been
evaluated b ecause these devices provide that
fundamental i npu t data to all types of systems

that we manu factu re and service.  We needed
to determ ine the best posit ion/ velocity inpu t
device because the speed, accu racy, and
reli abili ty of the velocity/ posit ion data inpu t
direct ly affects the perform ance of all of ou r
products.  We defined three cr iter ia for
evaluat ion of different velocity/ posit ion
encoding units:

1. The sensor m ust be fast and accu rate over
a wide range of condit ions.  It must be able
to handle both long and short st roke
lengths, and p lunger speeds exceeding 500
inches per second (ips).

2. The sensor design must be simple and easy
to access.  A complex sensor is both
diff icu lt t o repair , and expensive to
maintain.

3. The sensor m ust be reli able in the
demanding die casting plant environment.

In the ear ly 1980 s, st r ing potent iometers
(str ing pots) were used for posit ion/ velocity
inpu t , and they showed p oor perform ance, as
they were easil y broken when the cable was
freed for any reason.  Reali zing the need for a
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bett er alternat ive, we tested every known
alternat ive inpu t t echn ology, including
magnetorestr ict ive sensors, rack-and-pin ion
encoders, and p iston-rod encoders, and found
that t he posit ion/ velocity encoder techn ology
that best meets ou r three cr iter ia is the
Cable-Actuated Di gital Posit ion Encoder.  All
other types and d esigns of sensing units have
been found lack ing in one or m ore of the
criteria.

The Cable-Actuated Digital Encoder -
How It Works

The digital encoder converts analog signals
corr esponding to the phase of li ght in tensity
sensed b y an opt ical encoder to provide two
signal ou tpu ts.  These two signal ou tpu ts are
commonly used to determine position, speed
and d irect ion.  The digital signals are in the
form of square waves or "on and off" pu lses.
The number of pu lses du r ing a given t ime
per iod renders the velocity inpu t , and
comparing the relat ive phase of the two signal
ou tpu ts provides the direct ion of the
movement, and the position input.

The two signal ou tpu ts are produced b y
an encoder disk , a li ght sou rce, and two li ght
detectors.  The encoder disk is a small metal
wheel with slots cu t in to the circumference at
defined in tervals (see ill ustrat ion).  In the case
of the newly-designed encoder, the standard
disk is approximately 1.5 inches in diameter
and has 1000 slots around the disk
circumference.  The li ght sou rce is a small
semiconductor device li ke a Light Emitt ing
Di ode (LED).  The li ght sou rce detector is also
a semiconductor device that senses the
analog ampli tude of the li ght , which var ies
with the phase angle corr esponding to
position.

In operat ion, when a die cast machine
plunger m oves, it pu ll s the cable, and that
"actuat ing" cable causes the encoder disk to
rotate.  The small slots on the encoder disk
act much the same as a venet ian bli nd,
varying the li ght in tensity to the detector.  As
each slot passes between the li ght sou rce and
the li ght detector, the detector sees the li ght
through the slot .  A converter converts the

analog signal to a digital signal, and a pu lse is
generated.  One fu ll revolu t ion of the disk
provides 1000 p u lses.  A second d etector is
mounted sli ght ly offset from the first , and it
also generates 1000 p u lses per complete disk
revolu t ion, bu t its pu lses are either ahead of
or behind the pr imary detector ’s pu lses.  The
phase shift between the two sets of pu lses
provides direction information.

Unli ke other velocity sensors, the digital
encoder has no contact ing parts.  The
encoding disk is a ball -bear ing-mounted,
free-spinning wheel.  It spins between the light
source and the li ght sensor withou t t ouching.
Also, unli ke old str ing pot sensors, the digital
encoder has no mechanical li mitat ions or
stops.  Thus, it is impossible to make a digital
encoder fail by mechanicall y overwinding, or
fast-stopp ing the unit .  In fact , the new digital
encoder can withstand over 50 Gs of
accelerat ion.  A device with n o contact ing
parts cann ot wear ou t , and th is is a significant
factor in the reliability of the unit.

Speed and Accuracy 

The velocity/ posit ion measurement encoder is
the t rue heart of any modern DCM process
monitor ing or process control system.  This
sensor t racks the posit ion and speed of the
shot plunger du r ing the course of the DCM
shot, and these measurements are the key
references to which other  process var iables
are compared and d isplayed.  A small
var iat ion in plunger speed can be the
difference between a good p art and scrap.  If
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the velocity/ posit ion encoder is incapable of
measur ing that small var iat ion, the data
coll ected from both the good  shot and the
scrap shot wou ld look the same.  Accuracy
and h igh resolu t ion of th is cr it ical i npu t is the
basis for all monitor ing and p rocess control i n
the die cast ing process.  Thus, resolu t ion (the
number of readings sensed p er inch of plunger
travel) i s a major determ inant of accu racy as
well as overall system effectiveness.
 The cable-actuated d igital encoder has a
sensor r esponse of 800 p u lses per inch.  In
other words, it coll ects a reading of shot
perform ance data every 0.00125 inches of
plunger t ravel for the du rat ion of the DCM
shot cycle.  This sensor r esponse gives very
high resolu t ion for both data coll ect ion and
velocity feedback , and in fact t he combined
resolu t ion and response t ime of the
cable-actuated d igital encoder is unequaled b y
any other avail able die cast ing instrument
technology today.

Simplified Design

The diecast ing plant environment presents a
grueli ng operat ing chall enge to any
electromechanical hardware.  Monitor ing
systems, shot control systems, and shot end
units are no except ions.  The posit ion/ velocity
sensor m ust be du rable as well as versat il e
enough to maintain accu racy and reli abili ty in
the elevated temperatu res, at extreme
velocit ies, and with the punishing shocks
comm only found in the plant .  Also, the
posit ion/ velocity sensor m ust all ow easy

install at ion and min imum downt ime on a wide
variety of die casting machines.

The new cable-actuated d igital encoder
represents a simple and cost-effect ive solu t ion
for th is demanding environment.  A special
aircraft -grade stain less-steel-strand cable and
a pu ll ey form the design used to actuate, or
rotate, the digital encoder as the shot plunger
moves forward.  A torsion spr ing is used to
ensure that t he cable does not come off the
pu ll ey, to prevent any whipsaw effect , and to
rewind the cable du r ing shot retu rn.  The
accuracy of the sensor is even more cr it ical
when the process control system provides
real-t ime closed-loop control.  A key
requ irement of effect ive real-t ime closed-loop
shot control i s the extremely accu rate
measurement data.  Extremely accu rate and
qu ick measurement of the shot velocity is
needed for the control system to maintain or
change speeds accu rately with in the short
duration of a DCM shot injection.

The pu lse cycle of the new
cable-actuated d igital encoder is one pu lse
every 0.00125 inches of shot plunger t ravel, or
abou t 800 p u lses per inch of shot plunger
travel.  This resu lts in a resolu t ion and
response t ime of TEN TIMES the accu racy of
the next fastest avail able posit ion/ velocity
input device on the market.

Given the cable-and-pu ll ey actuator
design of th is encoder, i t is the speciall y
designed stain less-steel cable component t hat
absorbs all wear and tear r esu lt ing from the
die cast ing process.  The digital encoder itself
is insu lated.  This stain less-steel cable has
been tested, and it does take the punishment
of 50 G accelerat ions, even in extreme
temperatu res.  So, when the demanding die
cast ing environment u lt imately takes a toll , i t
is the inexpensive and readil y accessible cable
that fail s and must be replaced.  Typicall y,
replacing the actuat ing cable takes less than
10 minu tes.  Cable replacement is usuall y pu t
on the plant ’s preventat ive maintenance
schedu le to eli minate unn ecessary downt ime
and unscheduled maintenance.

The cable-actuated d igital encoder
design also gives th is unit a compact size that
provides great flexibili ty when installi ng it on a
die cast machine.  This flexibili ty all ows the
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encoder to reli ably perform on perm anent die
cast machine install at ions as well as on
portable machine monitors, where ease of
installation and use are mandatory.

Reliability

When measured as a percentage of
att r ibu table downt ime hours, the
cable-actuated d igital encoder is the most
reli able velocity/ posit ion encoder device
avail able to the die cast ing industry today.
Like any other die cast ing machine
component, something is going to break , and
over 92% of fail u res with these devices are
att r ibu ted to breakage of the actuator cable.
As previously discussed, mak ing cable
replacement a preventat ive maintenance item
will all bu t eli minate fail u res.  Less than 2% of
all fail u res of cable-actuated d igital encoders
involves fail u re of the digital encoder itself,
bu t complete replacement of the digital
encoder t ransducer is also easil y
accompli shed with in less than an h our.  It
involves no significant machine disassembly,
nor appreciable downt ime, and the
replacement unit costs are extremely low.

The cable used with the encoder is the
resu lt of 15 years of lab test ing and field
test ing involving all alternat ives known to us.
It is the toughest composite cable that we
have found, and under norm al die cast plant
condit ions, we have seen cables last over 1
milli on DCM shots.  Due to their low lost , we
recomm end replacement fou r t ime a year.
Assuming a generous 15 minu tes to change
the cable each t ime, th is amounts to one hour
of machine downt ime per year, in retu rn for
near-perfect reliability.

Conclusion

This new cable-actuated d igital encoder is
beli eved to be the fastest , most accu rate, and
most reli able encoder device cu rr ent ly
avail able to the die cast ing industry.  It is the
only avail able encoding device that reli ably
gives resolu t ion of 0.00125 in., or 800 counts
per in ., in both short or long stroke lengths, at
both fast and slow plunger speeds.

Install at ion is easy due to the simple
design of the encoder unit .  Maintenance is
perform ed with absolu tely no downt ime
penalty when schedu led in to regu lar
preventat ive maintenance procedures.  Both
install at ion and maintenance of these
posit ion/ velocity encoders is low-cost , and
users need never worr y abou t disassembly of
the cyli nder for install at ion, maintenance, or
repair , nor damage to the sensor due to
cylinder rod runout  or metal flakes.

Anyone consider ing an alternat ive
posit ion/ velocity encoding device wou ld d o
well to accu rately compare perform ance data,
maintenance cost data, and reli abili ty
stat ist ics from companies that have used
cable-actuated d igital encoders in product ion
for m any years, to those of any alternat ive
encoder.  The cable-actuated d igital encoder is
beli eved to have no r ival i n perform ance,
operat ing cost , nor simpli city of design for
maintenance.
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