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THE DYNAMIC CONTROLS OF A HYDRAULIC PRESS

BY CONTROLLING THE PUMP MOTOR

Chapter 1 : Introduction

With the increasing demand for, the accurate control of
power, recent studies in the area of modern control theory
have concentrated on the design, and application of
contral systems. This desire to control power has produced

interest in hydrauliqs,\igsrrit, 1967, p. l)gespecially in

the field of manufacturing.

There are many unique features of hydraulic systems as
compared to electromechanical systems. Hydraulic systems
are dynamically stiff when compared to electromechanical
drives. This stiffness leads to little drop in the speed
of the ram as loads are applied. Using closed-loop
systems, this stiffness leads to better position contro¥;
(Merrit, 1967, p. 2). si—lydraulic systems afe also supe}i;}
to mechanical and electrical systems in that the hydraulic
fluid of the system carries away the heat generated by
internal losses. This heat is a basic limitation of any
machine since it causes lubricants to deteriorate,

mechanical parts to seize, and insulation to break down as

temperature increases. This feature also permits lighter

R O AR AT T TR N |
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components to be wused since they do not have to withstand
the heat as well as the stress applied by the system. The
hydraulic fluid even acts as a lubricant and makes possible
long component life (Merrit, 1967, p.1). Hydraulic systems
introduce possibilities that, otherwise, may not exist
using electromechanical systems.

MHowever, hydraulics systems do have several significant
disadvantages that limit their use. For adequate
performance, hydraulic components must have small allowable
tolerances resulting in high costs. Hydraulic systems are
messy since it is difficult to maintain a system free from
leaks. If a leak is large enough, total loss of fluid may
occur resulting in a complete loss of power and a great
deal of d;mage as well. This fact is the primary reason
for constant inspections of critical hydraulic systems in
such applications as aircraft systems. Contamination and
dirt within the hydraulic fluid can cause serious problems
by clogging valves and actuators resulting in severe loss
in performance and/or failure. Hydraulic control systems
are also limited in their sophistication because of the
complexity of hydraulic control analysis. Hydraulic
resistors, for instance, do not obey any simple law such as
Ohm’s Law. There are endless details to consider with a
hydraulic resistor such as the Reynold’s number, laminar or
turbulent flow, passage geometry, friction factors, and

discharge coefficients. Hydraulic systems are not very

2 O AR S e A
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flexible, nor are they linear, and they are expensive at
low power ratings. Hydraulic control systems, on the
whole, are attractive control systems for significant power
levels and are often the only way to generate large,
controllable forces and pressures (Merrit, 1967, p.2-3.)

One manufacturing process particularly dependent on

hydraulics 1is press—-forging. The process of press-forging
/

e

| ——

is an important operation for both shaping metals into
useful objects and manipulating the desired microstructure
of the object. While hammer-forging has been in use since
prehistoric times, it was mnot wuntil 1861 that the first
successful hydraulic press,; developed in Austria by the
Englishman John Haswell, was applied toc press-forging
{Kobayashi, Herzog, Lapsley, & Thomsen, 19358). Since then
press-forgings have become a very integral part of
manufacturing such components as wings for aircraft.
Although press—-forging has become a successful
manufacturing technigque, the mechanics of the process are
still not completely known (Kobayashi,Herzog, et al.
1938). However, much work has been done to formulate
mathematical relationships to analyze the press-forging
process. Work done by Prandtl (1923), and later reexamined
by Hill (1950), Green (1951), Alexander (1955), and Bishop
(1958), analyzed the compression of an ideal plastic solid

in plane strain between rough dies and obtained & solution

for the stress distribution and average forging pressure.
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Further analysies was conducted on press-forging consisting
of a flat plate or solid disk which, from the results, was
appare;tly applicable to the forging flash of the press-
forging rather than the forging itself by Siebel (1953),
Nadai (193%9), Sachs (1931), Schroeder and Webster (1949},
Hofman and Sachs (i953), and Stone (1933). Though, much
work and understanding has come from these investigations,
much more still needs to be learned (Kiuchi, 1986).

The process of press—-forging requires constant
monitoring to produce both accurate shaping and the desired
waork hardening and grain structure. This suggests computer
control for the process. This need for careful process
control has prompted this research project which |is
concerned with developing computer control for a twenty-
five ton Walbash Hydraulic Press, model # 25-1212-2TMBACX.

The Walbash Hydraulic Press is a single speed, vertical

hydraulic press with heated platens. In the original

configuration, the o0il 1is delivered to the cylinder by a
constant speed piston pump driven by a 3-phase AC motor.
This drive system produces a constant speed press which
makes it unacceptable for use in testing procedures since
variable speeds are needed to analyze the process of press-
forging.

There are two general schemes used to produce variable
speed hydraulic systems: servo valve control and pump-

motor control. Servo valve control is the most popular
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scheme of the two. The schematic for a typical servo valve
control system is presented in Figure 1. The control
system consists of a hydraulic pump, which pumps with
constant flow from a reservoir to two pressure
compensators, one acting as a relief valve to prevent over
loading of ¢the pump and the other which compensates for
variations in pressure due to the load. The relief valve,
which 1is normally closed, exhausts into the reservoir. The
compensator, which is normally open, is in line with the

proportional flow control valve and receives its feedback

signal from the outlet of the control valve. The
proportional flow control valve meters the flow of fluid to
the directional control wvalve whichs in turn, feeds the
cylinder. The directional control valve is responsible for
directing the flow to either retract or extend the

cylinder (Reed & Larman, 1985).

The pump-motor contrel scheme has many of the same
components as the servo valve control scheme but the flow
is governed by the output of the variable flow pump. A
schematic for this typical pump-motor control system is
shown .in Figure 2. The flow 1is varied either through
mechanical means within the pump, by controlling the length
of its input stroke, or by varying the speed of the pump
(Yeaple, 1966, p.131-139). The flow then leaves the pump
and enters a relief valve, which exhausts to the reservoir

on overload, and & directional control valve. The flow,

A R AR AP RS T R S8 Sy i e Ny 3
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after being directed for either extension or retraction of
the ram, enters the cylinder where the work is performed
(Read et al. 1985).

The decision as to which system ¢to implement for
control of the Walbash press involved many parameters such
as the present system’s adaptability to the control system,
cost, and response time. System adaptability 1is an
extremely important aspect of this design. If the press
wi:l not easily accommodate the changes required for this
modification then serious problems may occur with the
systems performance. If, for example, a servo valve was to
have been introduced into the system, the entire system
would have to have been renovated; hydraulic hoses would
have to have been cut, relief valves would have needed to
be installed, and the press would have to be physically
expanded since the servo valve would be much too large to
be caontained within the original unit. Implementing
control of the pump-motors on the other hand, merely meant
replacing the existing AC motor with an equivalent DC motor
and speed controlier. The original pump for the system
could still be wused since the pump has the characteristic
that, at a given pressure, the pump’s delivery rate (CIPM)
was directly proportional to the shaft speed (RPM) of the
pump over a range of 3500 to 4000 rpm, according to the
Barme Industrial Piston Pump Performance Data from the

Walbash Hydraulic Press Instruction/Service Manual.
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The cost of the control system was also a major
contributing factor to the sglection of the control scheme
discussed in this thesis. Computer controlliable servo
valves are extremely expensive for the pressure valves
W required within a hydraulic press. This cost is on the
o order of thousands of dollars. The pump-motor combination

is relatively inexpensive. A system that could be employed
& on the Walbash Press, for example, would cost about seven
) hundred dollars.

However, the response time of the proposed system is

significantly less than that possible with servo valve

control. This response time is the primary reason why the
' servo valve is more common in the control of hydraulic
: : Ncolet Storage Osdlloscope
O i< ™
e Load - ,
. BM Signal
o P/C
: roniecy, TSFE
~ O >
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Y MTS Centrol |Load and 1 AN Furnace
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i Command Signal
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Figure 2 hright State University Variable Speed Hydrauk Press Block Diagram
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systems. A hydraulic press with variable platen speed
using servo valve control is in operation at Wright State
University. Tests performed with this press showed servo
contrel to be an effective hydraulic control scheme. A
block diagram of this sgsystem is presented in Figure 3.
Also, in a paper on ‘"Pneumatic Controllers" (Berends &
Tal’s, 1968), a control scheme was presented that used a
servo valve and an integral action controller which
provided an even more effective control strategy. Both of
these systems used large servo valves to control the flow,
which made the response inversely proportional to the time
constant of the valve (Berends & Tal’s, 1968).

However, the hydraulic press at Wright State University
took up approximately ten times the space of the Walbash
Press and was considerably more expensive. The Wright
State Hydraulic Press did have a number of extra components
and the heating system but the hydraulic system was still
considerably larger than the Walbash Press. Dr. Raghu
Srinivasan, a research associate at Wright State, said the
hydraulic press with the servo control and without the
heating system cost approximately thirty-five thousand
dollars.

For all of these reasons it was decided to explore the
design of a pump-motor control scheme. Controlling the
hydraulic pump’s output has not been a popular control

scheme because of the system’s large time constant. The

P R A S
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unnecessary variables into the test. Cost, on the other
’ hand, must also be examined to ultimately present a
; practical manufacturing process, after testing of the
t

process is complete. Thus, a test apparatus was set up to
d study press-forgings. Two control schemes were considered,
G servo valve and pump motor control. After a brief cost-
benefit analysis, the pump-mptor control system was
selected as a possible control system for this process.

An analytical study of the system using block diagrams

p

: and numerical technigques will be presented in chapter 2. A
l suitable system was designed and installed on the Walbash
gi hydraulic press. The performance of this system was
‘ measured and the results are presented in chapter 3. A
. discussion of the results are presented in chapter 4. In
i addition some final conclusions about the pump—-motor

control system are also presented.
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Chapter 2 : Analytical Analysis

R

The time-domain response of a pump-motor controlled

% hydraulic press was studied to predict its typical output
K
X and control characteristics. The pump-motor controlled
K press used the velocity of the ram compared with the
,}l
ﬁ proposed velocity of the ram to calculate the speed of the
t
&
%
ﬂ_ DC motor mounted to the hydraulic pump. A block diagram of
o the press is presented in figure 4.
b
k)
"
R
i
b
i Position
f Sensor
U
N Cyinder
) v
§
5
® - Directiona! Contro!
Valve
Y )
: — cPU
@ Relef Control
5’ Valve ines
" Variable Speed Pune —Motor
"
. 1 Reservoir

l: Figure 4t Block Disgras Hudraulic Contro! Suetes
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To analysis this system, the following parameters were

identified:

DC Motor Torque Tm(t)
Torque Constant of Motor Ki=0.554 N-m/A
Inductance of Armature La= Negligible

Resistance of Armature Ra=1.09 Ohms

Armature Voltage ea(t)
Armature Current Ia(t)
Back EMF Voltage eb(t)
Angular Velocity of Motor wm(t)

Inertia of System J=1.0 N-m-sec:

Friction of System B= Negligible

These parameters were found and calculated in a number
of ways. The torque constant of the motor was found using
a prony brake setup. The motor was mounted to the praony
brake, which measures the stall torque, and voltage was put
across the armature of the motor. Measuring the current
going into the armature, and using the following formula
the stall torque constant can be determined (Kuo, 1987,

p.328):

L}
x
—

T (%) (t) £11
m a

SO P L Vo R R T W S TR
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Using equation [1], table 1 was setup:

! Stall Torque [N-m]l] Amperes [A] Ki [N-m/A]

0.602 1.0 0.602
o 0.842 1.6 0.526

1.203 2.2 0.547
A 1.234 2.3 0.536
N 1.534 2.8 0.548
R 1.805 3.4 0.531
4 Ave Ki = 0.544 [N-m/Al

Table 1 : Torque Constant Calculations

“

The inductance of the motor was assumed negligible because

- - e~

the effect of the inductance on the system is generally

small. Therefore, for simplistic reasons, the inductance of

-
™

the motor was assumed negligible (Thaler & Wilcox, 1966,

o o~

e

pP.95-150) (Kuo, 1987, p.328). The resistance of the
armature was found using @ multimeter across the windings.
W The back emf constant 1is exactly the same, dimensionally
W and numerically, as the torque constant of the motor if Sl
unite are used (Thaler & Wilcox, 1966, p.10B). The inertia
of the system was found experimentally by comparing the
press performance resultes and the Analytical data. The

friction of the system was also a difficult quantity to

% find. The forces created by friction, however, are
$ negligible when compared to the forces created by the
; torque of the motor and the force of the press. Thus, the
; frictional effects were neglected.

i With the basic system parameters defined, the equations
v of the system had to be formulated. The permanent magnet
)

Q. DC motor has four primary equations to describe 1ts

W o m e e
\"‘ NP e,
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(4

performance (Kuo, 1987, p.328).
]
\J
L]
T (¢) = K, 1_(t) (11 Y
m 1 a W
L 9 I e "
a E—;————-= Ra Ia(t) - ea(t) + eb(t) [21l :
U
= )
eb(t) kb wm(t) {31 5
d w (t) N
J ———— = -B w_ (t) + T (t) (4] v

gt m m

Combining these egquations and dropping the negligible s
{
'
terms, the differential equation that describes the ;
)
permanent magnet DC motor is: W
:i
O
d w (t) kyt ky '-:
J - + R wm(t) =R ea(t) [S1] $
a a s
o
The motor controller was simulated next. The primary .

characteristic of the motor controller is its ability to
output a voltage to the motor proportional to the input ;

reference voltage; see appendix S for the specifics on the

motor controller used for this control system. This ?
proportionality constant would also be affected by the u
amplification of the motor controller reference input §
within the computer controlling the entire system. Thus, g
the equation for the motor controller is: g

e (t) = K e . (t) [&]
where
Kp = Proportionality Constant of Motor

Controller

™ » L LTS A I - - - e B PRSP P . . .- - . - - P
e . " ~ o ~ T AR TR R R T T O R S U
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ei(t) = Input reference voltage

The hydraulic press is an extremely complicated system
compared to the electrical system. Viscous friction of the
hydraulic fluid, sliding friction produced by the cylinder
and pump, and the fluid compressibility cause serious
nonlinearities and inconsistencies (Olson, 1980). However,
for the purpose of simplicity, the velocity of the ram is
assumed ¢to be proportional to the angular velocity of the
motor and the difference between the actual velocity and
the velocity predicted using this assumption is the error
of the assumption, which will be neglected for simplistic
reasons. Thus, the equation of the hydraulic press

performance was assumed to be:

V (t) = K_w (t) = E(t) [71
r m
where
Vr(t) = Velocity of the ram
Kh = Proportionality constant

E(t) = Error caused by inconsistencies and

nonlinearities (Assume zero)

The proportionality constant of the hydraulic system was
found simply by measuring the velocity of the ram versus
the angular velocity of the motor. It was found to be

approximately 0.01 [in/radl.

AN L VLSS SO ISP N NN N I P LR TR LN C g o W A T AT o, LI 2N
A2l Pl Lo T o TR e T QT AT e AT AT AT O 0 W T



Hydraulic Press Control
Page 20

Te adequately control the system, feedback must be
'y present. The velocity of the ram is, therefore, fed back
to the input using negative feedback. This feedback must be

scaled and fine tuned, for stability, by means of a

]
e proportionality constant. The equations for the feedback
o
o,

" were:

1‘ /
e
f: ef(t) = K1 Vr(t) [83
e e.(t) = e(t) - e (t) 92
0 i f

where

(W]
R
B ef(t) = feedback signal

N
4

? K1 = Scaling-tuning proportionality

i
. constant
n’:

f‘ e(t) = Input signal to the control system

"

"
" After applying equations [6] through [9] to equation
l"
? [53, the differential equation which describes the dynamics
)

()
k of the entire hydraulic press control system is:
s

e J gV () Ki KD K1 Ki2 K, K

id — c———— - =
i K ot 5 . V() ————ER e(t) [10]
W g} a a h a
K
? This equation describes the control system but does not
¥

? take into account the slower time response of hydraulics as

opposed to electrical systems since for simplistic reasons

vy
? we assumed linear characteristics for the hydraulic
N}

4

"

i}

“.
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components. The motor controller is also a time limiting
component. Therefore, within the numerical analysis, a

time delay was installed to compensate for this time lag.
The amount of time delay was computed experimentally by
comparing plots of the numerical analysis versus plots of
the output from the press.

A control system design packages TUTSIM, was used to
simulate the response of this control system and to examine
its performance. The output of a simulation is presented
in figure 35 which displays the velocity of the ram versus
time.

The proportionality constants, Kl and Kp, were computed
through comparison of the TUTSIM cutput toc the output of
the control system installed on the press. Figure 6 shows
a typical output from the sensors attached to the actual
hydraulic press control system. TUTSIM was run in
conjunction with the control system in order to find the
optimum values for l<1 and Kp. The final values for K1 and
Kp were approximately 100.0 and 12.0, respectively.

This control system is greatly simplified. It does not
include the inconsistencies or nonlinearities of the
hydraulic system,; or the nonlinearities of the electrical
system, However, these errors should not introduce so

large an error into the system that the feedback control

system cannot compensate for it.
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Figure S: TUTSIM Control System Simulation Output

i
Y1: TUTSIN !
0.8689608 ! L " R
8.7200086 | 11

8.6400088 | |\ ;

8.5008888 «= | \l T

A
8.4886880 ' | 1
L LN

8.4988888 1 (1 /1 A 3 1

2] 2 2 Av/ N g My By i

9.3200000 | 1 /{ \/ \/ ]

9.2460008 | \Ur ]

8.1688880 | ]

0.6880888 | 1

0.08008 | 1 1 1 1 1 S | 1 1
8.9080 Time 18.8009
|
L |
T A AR 0 0 A OB D ¥, 2 by = W B ¥ N S STNTNL E a  a ENET T

I RO o

o

* - -_dn o

o I e ar

d*

Sy |

4

‘V:lv""'

P, A AN |

0

P



Hydraulic Press Control
Page 23 .

Figure 6: Walbash Hydraulic Press Control Output
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) Chapter 3: The Control System

-

The control system for the Walbash hydraulic press was
¢ developed at the same time as the numerical analysis of the
i‘ system was evaluated. The control system had certain

physical constraints that had to be considered within the

s numerical analysis such as the motor controller

propartionality constant, the hydraulic system time
constant and any other factors which effect both analyses.

However, before the analysis of the system could be

performed, the control system components had to be ordered

. and set up. The Walbash hydraulic press originally had a
L
a one horsepower, 1725 rpm, AC motor driving the hydraulic
1
i)
¢ pump. The control strategy to be employed on this press

called for a variable speed pump-motor combination. Since
b the pump was a piston pump and had the characteristic that
i the output flow rate was proportional to the input speed

and for reasons of control and ease of adaptability to the

- -

present press set up, the AC motor was replaced with an

e e - v

equivalent DC motor, a one horsepower, 1725 rpm, Electrol

series M-46 permanent magnet DC motor. A picture of the DC

P I
- e . -

motor installed on the press is presented in figure 7. To

-
™

control this motor, the manufacturer suggested its Electrol

D-Trol series 754, single phase, adjustable speed DC motor

) control with the A-42 option to which allows interfacing to

"

*
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Figure 7: Electrol Series M-46 Permanent Magnet DC Motor

Installed on the Walbash Press.
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a computer. The specifications and various other features
of this motor and motor controller are contained in

Appendix 6é.

To incorporate feedback into the control system to
accurately control the speed of the press, the position and
velocity of the ram had to be monitored. Thus, a position
transducer, a Houston Scientific International series 1850
was selected to complete this task. The postion of the ram
was measured while the velocity was calculated by
performing a differentiation within the computer. The
specifications for this transducer are located in Appendix
S. As purchased, the position sensor was not directly
interfaceable with the computer, the signal output was too
small (millivolts) for precise results, and there was a
considerable amount of electrical noise within the sensor.
So, a filter-amplification circuit was designed and built
to filter out the noise in the sensor as well as amplify
the output voltage for greater precision. A schematic of
the circuit is located in Figure 8. The circuit makes use
of two operational amplifiers: ane to filter the input
signal by decreasing the output voltage of the signals as
the frequency of the signals increase making it ideal for
DC applicationss and another to amplify the signal to a

voltage the computer can interpret with greater precision.
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A Houston Scientific International load cell was also
installed for later testing. It also uses the circuit in
Figure B8 for filtering and amplification of its output
signal.

For the computer to communicate with these devices,
analog to digital (A/D) and digital to analog (D/A)
converters were installed in the computer controlling the
process. MetraByte’s Dash~8 A/D converter and DAC-02 D/A
converter were selected for the conversions. Part of the
manual for the Dash-B is located in appendix 7 which gives
instructions for software used to control the A/D converter
as well as specifications about the A/D converter. The

manual for the DAC-02 D/A converter is presented in

b PR I I P .

VS AT, PSS L Lo . - K] | -
R G N A S A A Y O y "ol -.fs!\ :\'\,"- LAY LT LN




Hydraulic Press Control
Page 2B

Appendix 8. This manual also gives specifications and
programming instructions to control the D/A converter.

The motor controller, D/A converter, A/D converter, and
position sensor and filter circuit were connected to an IBM
compatible computer for central control of the system.
Before the computer could control the process, a number of
other programs had to be developed and deployed to find
particular control variables required for the press control
program. A program named "STEADY.BAS" found the
proportionality constant of the no load velocity of the ram
as a function of the input wvoltage to the motor
controller. The program listing is located in Appendix 3.
This program was used to analyze data from which the steady
no load wvelocity / voltage constant was calculated. The
value was found to be approximately 12 [volts-sec/inl.
Another program, "CALIBRAT.BAS", was run to find the linear
function that converted the signal from the position
transducer into the signal required for the 1linear
displacement of the ram using the method of least squares.
The program listing and sample output are presented in
Appendix &, From the output, the actual function for the
distance between platens (H) versus the input signal from

the position transducer read by the A/D converter (AD) was:

H [inl = 0.01092075 % AD - 1.18604 {111

-
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Figure 9: Walbash Hydraulic Press Set Up
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Both of these programs produce key variables for the
central control program of the entire press. A picture of
the Walbash hydraulic press with the control system is
presented in Figure 9. The source code for the cantrol
program has been documented and is located in Appendix 1
along with a sample of the output. Within the program, the

constante for calibration and fine tuning are initialized

first. The program then asks the user to input the control
algorithm, either a constant velocity function,
exponentially decaying function, or an arbitrary function

from a data file. If a constant velocity or exponentially
decaying function 1is selected then the user inputs the
function constants. If an arbitrary function from a data
file 1s chosen, the user is asked to supply the name of the
data file. This data file can be created using a data file
creator program, "DATAFILE.BAS",; documented in Appendix 2.
The data 1is then read from the data file and the control
function is set up.

The initialization of the A/D converter is next. The
Dash-8 A/D converter comes with a basic subroutine which
can be used to control the A/D conversion. This software,
however, must be loaded as a binary file. Using this
subroutine, the A/D converter is initialized, the channels
being used are selecteds, and the A/D converter is set up

for conversion. For more information on this software,

consult the software manual, Appendix 7.
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The user 1is then asked to turn the press on by pulling
the red start/stop button on the press and is informed that
the ram can be moved into position on the billet. By
pressing any key the operation can toggle the position of
the ram prior to rumning a test.

The press is now ready to complete 1its task of
compressing the billet at the desired velocity. The test
will begin at the press of a key. Anytime during the test,
the press can be stopped by pressing any key. The control
loop is now executed. The time is read off the computer’s
internal <clock. The position and load are then read by the
A/D converter with adjustments added from the calibration
variables from the position calibration program. The
velocity 1is then calculated using finite differencing. The
ideal velocity is also calculated from the control function
and the error in the response of the press is estimated.
This error is amplified by a feedback constant and added to
the ideal velocity so that if, for example, the error is
negative, which means the velocity is too large, the output
signal to the motor controller will reflect this error.
This ad justed velocity 1is then output to the motor
controller through the D/A converter. For more information
on the DAC-02 D/A converter software, consult the manual
located in Appendix B8. The position of the press is then
checked to see if it is less thanm the minimum platen

distance. 1f it is not and no key has been pressed, the
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control loop continues and starts over again by reading the
computer’s internal clock and reading the position and load
of the ram. It takes the computer approximately 100
milliseconds to perform one control cycle.

When the control loop eventually ends, the user is told
to hit any key to return the ram, and then told to push the
start/stop button to turn off the press.

Graphing the results is important and must be accurate
for testing of materials. The plots constructed by the
system software are the displacement versus time, the
velocity versus time, and the load versus time graphs. In
each case the boarders of the graph are set up, then the
magnitude of each scale are calculated and linear functions
are defined to plot the data. The data read by the A/D
conver ter is plotted using small circles to show its
experimental origin. A best fit curve is then constructed
by means of the least squares technique ard then plotted.
For the position and the velocity curves, the proposed
curve 1is then plotted ¢to compare the results to that
obtained in the experiment. Samples of each graph are
located in Appendix 1 along with the documented source code
for the central control program (the load cell is presently
malfunctioning). After each graph 1is plotted there is a
pause and if a hard copy is desired, the "Prt Sc" key 1is
used. I1f not, hitting any key clears the screer. and the

next graph will be plotted. At the conclusicon of tne
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program the user is asked if he/she wants to continue. If

yes, the entire program is rerun. \
This control system makes use of much of the existing

hardware of the hydraulic press. The close ram button has

been replaced by a relay controlled by the computer and ”

the open ram button has been bypassed by the computer.

This allows the computer tc control the direction the ram

travels. When the relay i1s closed the ram is closing and

will continue in that direction until the relay is opened

> 9 8. v = =

which will cause a change in direction opening the ram.
The start/stop button was not computer controlled in case
of emergency and the press had to be shut down and/or
stopped. All the other functions, such as the heater

controls, have not been disturbed and can still be used on

Y

an uncontrolled basis. ¥
.l

The control system is versatile and can, with a few )

.

minor adjustments, be converted to any other pump-motor A
controlled hydraulic system. K
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Chapter 4: Error Analysis and Conclusion

The control system moved the ram at the specified
velocity but not without a number of problems. The
calculation of the velocity using numerical differentiation
caused serious instability problems. The magnitude of the
velocity also effected the performance of the press. And,
the imperfections within the press produced errors within
the feedback loop.

The calculation of the velocity was a very important
part to the control of the system. Initially, the velocity
was calculated using an ordinary finite difference
technique with delta T equal to the time between retrieving

data from the A/D converter.

Vit) = {X(t) = X(t-1)2) 7 {(T(t) = T(t-11)) {121

The results of this control technique are graphically
displayed in a plot of the velocity versus time located 1in
Figure 10. As can be seen from the graph, the velocity
appeared to be extremely inconsistent. But, if the
displacement curve is examined, Figure 11, the plot shows a
better correlation with the proposed data. This erratic
behavior on the part of the velocity is not all from the

press movement, as can be seen, but primarily from the
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| Figure 10: Ordinary Finite Difference Control Results
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({ Position vs Time )
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Finite Difference Control Results
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numerical differentiation. The numerical derivative

calculation used such a small step size that a small change

in position produced a large change in velocity. Thus, the

step size was increased by using previous positions along

with the most recent position to calculate the velocity.

V(t) = {X(t) = X(t=5)2 /7 {(T(t) = T(t-5)2 (131

The previous position results used to finally control this

press were the positions five readings before the most

recent reading. Results of this control technique are

located in Figure 12. The graph improved but couid be even

better if the sensor measuring the position was a velocity

transducer because there still is considerable error within

the numerical differentiation. Also, the position sensor

makes use of a cable whichs; when the ram starts to move,

"snaps" and causes a glitch which can be seen on the

displacement versus time graph in figure 13. This glitch

causes severe velocity calculation errors which could be

corrected by a velocity transducer.

The magnitude of the velocity also causes problems in

the performance of the press. The ram wvelocity is

extremely limited because of the characteristics of the DC

motor. At <slow ram speeds, below 0.3 [in/gl), the DC motor

controller 1limits the current to the motor producing not

enough

torque tc effectively move the press at the control
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Figure 13: Example of Press Start Up "Srap"
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Figure 14: Example of Low Speed Ram Oscillations

LYo e v 19

| Velocity [in/s) (x18°-1 ) Proposed Control Curve ;
4.5 7 Actual Control Curve

; - - - - -

4.80 -

YRS

3.56 -

e T §A

3.08 R
o s e == -
O PPV

2.58 ° oo o _G —o —* J
: 1.cer——5 O~ 0 oy

o 00 o %0 ’
0 ° o o)

2.08 | . :
o iy

¢ -

-.

1.56

A
5"',

1.688

v 1’*

8.58 -

o
-'_A'.
.

' i . 1 :
! 8 5 18 15
Time (sec)

a1

N

-
2

rex,
o

AN )

.

L P P A e S S S gl SR S P

~ . - B B e T e
t’_‘" PLEE AN PSP PR PR PR P N PRI R R




st ad i A (R ARV L ARt

Hydraulic Press Contrcl
Page &1

Figure 15: Example of an Intermediate Glitch
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K

s speed. Thus, the feedback causes the motor speed to
-

3‘ oscillate as can be seen in figure 14. The motor should
L]

{

L either be replaced with a motor with more low end torque or
WL

a gear box should be installed to increase the torque at

lower output speeds. A similar result occurs during the

application of a load. The billet being tested by the

press produces a variable load which causes the oscillation

‘: of the platen of the press. The magnitude of ¢this
;z oscillation is dependent on the linearity of the load and
i the magnitude of force required by the press to accomplish
12 the test. Once the maximum force of the press is reached,
P
; the speed decreases or stops completely with the attempted
o

continuation of the test. This error is dependent on the
‘E hydraulic system’s capacity and the motor selected. This
-S present DC motor and controller were chosen wusing the

' specifications of the original AC motor which was not

bi designed to operate at such slow speeds or at overload
-

2 conditions.

)

' The velocity of ¢the ram 1is also affected by the
g imperfections of the press. Glitches caused by the main
)

'é cylinder hanging up and the motor overcompensating for the
;a increase in resistance causes serious velocity problems.
o Figure 15 shows an example of this intermediate glitch. Asg
é' the press warms up these glitches tend to disappear but the
f B

: 0il temperature increases causi1ii] changes in the physical
: characteristics of the system. The motor velocity to ram
Y
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velocity ratio changes slightly due toc the decrease in the
viscosity of the oil. If a multigrade hydraulic o0il could
be used, this change could be diminished.

Overall, the performahce of the press is satisfactory.
If a wvelocity transducer was used, the feedback signal
would be of better quality thus increasing the accuracy of
the press’s velocity profile. The TUTSIM output shows no
stability problems but it also showed that the response
could be 1mproved. 1f more transducers were available to
measure the velocity, position, and acceleration a
proportional-integral~derivative (PID) controller could be
utilized. This control scheme could decrease response time
and the amount of overshoot. The future of this press is

consigned to the user and to the allowable error for the

tests which the user will be conducting.
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1S CLEAR, 49152

20 ' variaole initialization

3¢

40 KEY QOFF

SO START=0: VA=].,C92075E-0C2 : VB=-1.18604 : FACT=.03
I%=0: J%=2: XMIN= 4.9 VDMAX=0: STEADY=12! : XMAX=0 : K=.1
:PRE=0 : DELAY=10

50 LMAX=0 :1VYMAX=0

70 DIM T(2C00), V(2000', ARRAY%(Z2), LTu(2),
X{200C),L{2000)

830 CLS : LOCATE 5,25 : PRINT "HYDRAULIC PRESS CONTRCL™
?0 LGCATE 10,25 : PRINT "Select Control! Algcrithm:"
120 LOCATE 12,30 : PRINT "(1) Vout = A * exg(-B + t)"
116 LOCATE 13,30 : PRINT "(2) Vcut from a Data File."
120 LOCATE 154,15 ¢ PRINT “Note - For congstant velocity.
e@nter (1) with B=0."

130 LOCATE 17,25 : INFUT A%

140 ON A% GGTC 160, 210

1SC LOCATE 15,85 :PRINT "REENTER | or 2 " : 3CTO <90
150 LOCATE 20,25 : INPUT "Input function Constarts A,B8";A,B
172 DEF FNVOUT(X)=A*EXP(-R*X

180 DEF FNXOUT(T)=ABS(A/B=-X(1)-A/B*EXP(~B*T) "

190 IF (B=-.00001)<=0 THEM DEF FNXCQUT(T)I=X{(1)-&=T

cc0 GOTD 270

210 LCCATE 20.25 : INPUT "Irnput Data File name":1D%

22Z¢ CPEN "1",#1,D%

23C INFPUT #1,L% 3 DIM TDoY) <D ILY)

2ad FCOR Z%=1 TO L%

250 INPUT #1.,.,TD(2%),D/2%) ¢ [F VDMAXVDU(Z%) THEN
YDMAX=VD(2%)

200 NEXT

q.'-_‘ . l. o, A ..
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AANPINS

272 DEF SEG=0 .
Z80 SG=256#PEEK (&HS11+PEE<IAHS10O) y
290 SG=4%152!/16+506 o
300 DEF SEG=SG ~
313 3LCAD "dash8.Eirm" .2

320 DZF SEG=SG

Z3T DARSHE=YD

EE TR

3S¢ ini1<1ali1ze Routire and Scar Limlts

30

270 MDu=C

360 BRZSACRU=LH3ZO e,
29% CAlLtL DASHB (MDY .BASALDFRY . FLAGW) S
“CD IR FLAGN O THEM PERIMT "Ini1tialization Error TiFLAGR ;
3T7T3R ;
-1 MEU=1 ™
“2C LT e v =a

Lz LT L= o
w4 TALL DAZ~E MOuL T T RGN -
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STOR
460 CLLS : LCCATE 10,10 : PRINT "Pull start/stag button on
the press then hit any key to continue."
470 IF INKEv$="" THEN 470
420 CLS : LOCATE 10,20 : PRINT "Move press 1nto pesitian by
pressing any key."
490 1IF INKEVY$="" THEN 490
SO0 OUT &H270,240 : OUT &H271,255
51V CLS : LOCATE 10,30 : PRINT "Hit arv weyvy to stop press.”
S20 IF INKEvY$="" THEN S20
S30 2QUT &H270,0 : OUT &H271,0
540 CLS : LOCATE 10,30 : PRINT "Hit any key to begin test”
5SSO0 IF INKEYs="" THEN 350
560 CLS : LOCATE 10,25 : PRINT "Hit any key t2 stop press”
572 START=TIMER : MD%=13 : 0OP%=1
S80 CrLL DASHB (MDY ,.OPY%,FLAGY)
590 IF FLAG%<.,0 THEN PRINT "Press starrt Er-rror "3FLAGY :

STOP

&00 MD%=

619

£2C ° Contral Laap
530 7

640 1hA=1%+1

&350 FOR II=1 TO DELAY

560 NEXT 11

570 T(I%)=TIMER-START

580 CALL DASHBMDY%,ARRAY%L(Q) .FLAGY:» : TALL

CASHB (MD%,ARRAY% (1) ,FLAG%)

520 IF FLABY%(>0 THEN PRINT "Conversion Zr-or "jFLAG% : STOF
700 IF %=1 THEN L(1)=(-,00244%2.941435E~
O34ARRAYY%(1)+.01)%1000%19000 : X1=VA*AESrARRAYYN (D) +VvB
X(I%ry=X1 : v(1)=0 : GOTO &40

710 X2=VA*ABS(ARRAYZ(0))+VB : X (I% =2 : [F XMALIX(IY%) THEN
AMAX=X(T%)

720 VI =(X2~-X1Y/(T(I%y=TI%=-1))

T30 1% I%>3 THEN ZU=Z2%+1 1 V(Z%)=A4ABS (7 2% =X{ZW+3 T 2% -

TrZU+T )

T35 IF Z2%y3 THEN ZZ2U=22%+1 @ (I=xI+TrZ2%, ¢ (I2=4]12+T.2% "2
YI=v I+ 0G(VIZ%r e XE=XY+T /2% +I_CGe /(2%

740 IF UMAXAABSIVIY))Y THEN YMAX=AES (W%

TSC L(I% i=(-.0024u4#2 .44 43E-03+ARRAYY (L 1+, 2] +1000*137CCo
7O IF LMAXLOI%) THEN LMAX=L(I%

-7 X1=xX2

780 IF AY¥%=1 THEN VvOUT=FNVOUT(T¢[%)/s1.83: ¢ BOTO 3CO

TO0 IF TOIN-13<TDJ%) THEN VOUT=/VD«I"%)=D %=1 «TD 2% -

DEJU~=1) =T (I =D T = (DTN =YD SU -1y - e TD( Ty =700 I -
Lo TDOTY ) E_SE JU=ln+l o IF J% =Rt THEN TSSO ELSE JoUT=C
Ce="stop "’

S0 FACT=FACT+PRE ¢ CU T T FAC T LT T e T

210 ERE=s e Ty I

z&s LDLT = JCUT #sTZéADY
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IF VOUT>10 THEN VvCuT=!1o
I[F VvOUT<KO THEN VvCUT=
D%=INT(4095/10%vCUT)
DH%=INT(D%/ 16>
DL%A=D%-1&#DHY%
DL%=16+DLY%

QuUT &H270C,DL%

QuUT &H271,DH%

IF ((X2>XMIN) AND (C®<>"stoe")' AND (INKEY®="")

QuUT &H270,0 : CUT &H271,9

CLS ¢ LOCATE 1C,20 : PRINT "mit an. key %o return

s."
IF INKEYS®="" THEN 940

>

return and stop gress

’

MD%=13 : 0OP%=0
CALL DASHB(MD%,0P%.FLAG:?

IF FLAGB%.<>0 THEM PRINT "Press raturn errar 'iFLA

D%=409%9S5
DHY%=INT(D%/14&)
DL%=D%-1&+DH%
DL%A=1&+DL"%
OUT &H270,CL%
CuUT &H271,DH%

n

N

CLS : LOCATE 19,12 ¢ PRINT ‘'Push start/stop buttcn

s then hit any key to continue."”
IF INKEY$="" THEN 1080
TMAX=T(1%)+5

’

Set up Graph - Displacement vs Tine
SCREEN 3

LINE (100,0)-(100,340)

LINE (0,300)=(700,300)

LINE (O’O)‘(?OO,BQO)»\B

LOCATE 23,10 : FRINT "nv

LOCATE 24,44 : PRINT "Time fgec. i
N%=2 :(NN%=0 : F¥=S

MAUA=NY%-1

IF XMAX<{10™N% THEN (1200

NINZ=MNNY+

IF NNAC INTOxMAx* L (=N%Y y THEN 1220 ELSE
[F NN%<=3 TrEN $S=.25 ELSE IF NNY =46 TREN
YSCTALE=NMNY%* 1D N%

vS=v3S+3
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LCCATE {(v%,368+25+.5),5 : PREINT USING "“#.8# ;Y

IF INT{YS+S+ .0001) NNY THEN 1250

LCCATE 242 : PRINT "Cigplacemenrt 1.l g " gMus "
XSA=KURQQO/ TMAX+100

LINE XS%,300)-(¥S%,30%)

LOCATE 23,XS%s/720#80C : PRINT USING "#8" ik

Ku=KY%+S

IF K%aTMAax THEM 132%

FOR Ju=1 T0O 1%

ToIu=T 1% ea0C  TMAX+120

Xt JY% = YSCALE-}C J% 1 +300, YSCALE

IF Ju=1 THEN LINE 120,300 (TiJ%) 4 X{(J%)) s XnFF22

LE (T(J%) X< TJ%,y 3 : (QT0 430

LINE -(TlJ%).K(J%)),,a&HFFOO

CIRCLE «T(3%) ¢ X J%):,2

X {J% 1 =YSCALE-X(1J%; «YSCALE /300

NEXT T

J%=110 ¢ CINE (T(1) . YSCALE-X{1) r*3CO rveCAaLE -

CYSCALE-FNAQUT({3%-100)*TMAX . 500 ) #3300, 7SCALE

Ju=J%+1 : LINE =(J%. YSCALE-FMXxJLUT/20-

*TVOX 8005 ) 300/ YSCALE?

[F J7.7C0 TREN (460

LOCATE 2,40 : PRINT "Propose= Di:spglacemnt Curve'

LOCATE 3440 : PRINT "Actual Cigplacement Z.orve”
INE (SEE.28. -te75.280

LINE (SBE,4Z21-06T5,48 " v g AEFFOG

CIRCLE +8630.42/,2

7 INKEYS="" THEMN 1330

Set up Grapn - Velaocity s Tine

SCREEN 2

CLS @ ¢S=0

LIMNE (120,00 =-0100,34C

LINE 72.300 0 =i70G,300)

LINE (CuJ =(7T0C 340 ,.,E

LCZATE 23,09 @ PRINT *ov

LOCATE 2a,4a 1 PRINT "Time - zeg s
=2 O aNNY =l k=S

N =NY -

TEOUMAK L LLTNY e TREN LSS
NP =N -

IR NN MT O MA Cel )T =N

1
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IF ™t =2 ThEMN Z=.2S ELSE D
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1760 LOCATE 2,2 : PRINT "Velocity [in/gl (x10°" iN%us3")"
1770 XS%U=K%U#600/TMAX+100

1780 LINE (XS%,300)-(XS%,305)

1790 LOCATE 23,XS5%/720%#80 : PRINT USING "##" ;K%
1800 K%=K%+5

1810 IF K%<TMAX THEN 1770

1820 FOR J%=1 TO 2%

1830 V(J%)=(YSCALE-V(J%))*300/YSCALE

1840 CIRCLE (T(J%)sV(J%)),3

1850 NEXT J%

1860 C=(Z22%*XY-XI#Y1)/(22%%X12-X1"2)

1870 D=(YI*XIZ2-XY*XI)/(22%*XI2-XI~2) : D=EXP(D)
1880 DEF FNEEXP(X)=(YSCALE-D#EXP(C#* (X~
100)%#TMAX/600) ) #300/YSCALE

1885 J%=110 : LINE (J%,FNEEXP(J%))~-(J%4,FNEEXP(J%))
1890 J%=J%+20 : LINE -(J%,FNEEXP(J%)),,,&HFFOO
189S IF J%<700 THEN 1890

1910 IF A%=2 THEN 1960

1920 J%4=101 : LINE (100,300)—(J%,s (YSCALE-FNVOUT ((J%-
100)%#TMAX/600) ) %#300/YSCALE)

1930 J%=J%+1 : LINE —-(J%, (YSCALE-FNVOUT((J%~-
100)*TMAX/&00) ) #300/YSCALE)

1940 IF J%4<700 THEN 1930

1950 GOTO 2030

1960 J%=2

1970 FOR M=1 TO L%

1980 TD(M)Y=TD(M)*#600/TMAX +100

1990 VD(M)=(YSCALE-VD (M) )*#300/YSCALE

2000 IF M=1 THEN LINE(100,300)—-(TD(M),VD(M)) : GOTO 2020
2010 LINE -(TD(M),VvD(M))

2020 NEXT M

2030 LOCATE 2,40 : PRINT "Proposed Control Curve"
2040 LOCATE 3,40 : PRINT "Actual Control Curve"
2050 LINE (58B5,28B)-(675,28)

2060 LINE (585,42)-(675,42),,,&HFFO00

2070 CIRCLE (630,42),3

2080 IF INKEY$="" THEN 2080

2090

2100 Graph - load vs time

2110 °

2120 SCREEN 3

2130 CLS

2140 LINE (100,0)-(100,340)

2150 LINE (0,300)-(700,300)

2160 LINE (0,0)-(700,340),,B

2170 LOCATE 23,10 : PRINT "O"

2180 LOCATE 24,44 : PRINT “"time [secl';

2190 N%=6 : NN%=0 : K%=5 : Y¥S=0

2200 N%=N%-1
2210 IF LMAX<(107N%) THEN 2200
2220 NNY=NNY%+1
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Hvdraulic Press Control
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MNY% < INTLMAX+12 (=N%) ) THEN 2220 ELSE NNYW=NNYU+1

2230 IF
IF NN%<=3 THEN €=.25 ELSE IF NN%<=& THEN 5=.3 ELSE

i 2240
S=11
2230 YSCALE=NNY%+*10"N%

2260 YS=VYE+S

2270 Y%=(NN%-YS)#300/NN%

22B0 LINE (9S,Y%4)=(100,Y%)

2290 LOCATE (v%/3u4B8%25+.5,,S : PRINT USING "#.8%"3YS
2300 I[F INT(Y¥S+S+.00C1) < NNY THEN 2260

2310 LOCATE 242 : PRINT “"Loaa [lof.] (<1077 5MNYs "
2320 XSUSKY%U*600/TMAX+100

22330 LINE (Xx8%,300)-(45%.335:

2340 LOCATE 23,XS%/722#30 : PRINT USING "#8" iK%

23S0 KY%U=KY%+5

232460 IF K%U<TMAX THEN 23290

2370 FCR M=1 70 1%

E38C L(My=(¥YSCALE-L (M} }*20C/YSCALE

229C IF M=1 THEN LINE(1D00,300'=(T(M),_(M;):G0T3 2410
24C0 LINE -(T(M),L(M

2410 CIRCLE «(T(MY, LMY .2

C4H420 NMEXT ™M

26430 JUT AHETO,O

Zaa0 JUT &HE271.0

Z4S0O IF INkKEY®s="" THEN 24350

Z400 SCREEN 0.15,0

-

Z2a”0 LOCATE 10,19 @ INPUT "Would vou lixe anotner ~un

R S ¥ 4
26430 IF As="," THEN |
ca4=0 END

[
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>

Data File Creator

CLS :LOCATE 10,30 : PRINT "Data File Creator”

PRINT : INPUT "Name of Data File" ;A%

OPEN "0",H#2,A%

INPUT "Enter number of paoints to be used";L

PRINT #2,L

FOR I=1 TO L

CLS : LOCATE 10,30 : PRINT "Group #"3l:¢": “j5: INPUT

"Enter T,L,V"3T.V
100 PRINT #2,7T,V
110 NEXT I

120 CLOSE &2

BT EL I

FEELET

WA

s .t" l.‘ o e

[

T

»
-

SN T Y Yy
, s ]

PESORSAT -

g v

" ," -'.J.. LN -

’

o

a

.'.f't' .

A

s e

, 5 &%

&4

a_ e




Hydraulic Prazss Control
Page S8

SN

%
ot )-r

v o4y

Ve

Appendix 3

Steady State Velocity Pragram
"Steady.bas”




PR

. ’._"

Pl d L]

‘l"J‘)

-.;-‘-x‘a w2,

C -y

I

N4

ot P W AR cavan et b ATA AN
A AN T G 05 (S NSNS 8 R QL B X A R G (N A G P8 LG PRt s g

R v gt AL L A, L) 18 %8 V4 208 J0R AV4° ALY U VY WUV U Ty vy * a \J - A W < f glth [N )

Hydraulic Press Control
Page 39

10 ’ Steady state velocity vs Input voltage

20 KEY QOFF

30 CLEAR,42152!

40 N=GC: XY¥=0: X=0: ¥=0: X2=0: ADMAX=0: HMAX=0

SO0 DIM H(3000), AD(3000), LT%(2), ARRAYY%(2)

&6C DIM V(3000

70

80 ’ Load and Initialize A/D Converter

Q0

100 DEF SEG=0

110 SG=2S6+PEEK(&HS1 1) +PEEK(&HEL10)

120 SG=49152!'/16+S06

130 DEF SEG=SG

140 BLOAD"dash8.bin",0

150 DEF SEG=SG

1650 DASHB=0

170 MD%=0

180 BASADRY%=&H330

190 CALL DASHB(MD%,BASADRY%,FLAGY

200 [F FLAGY<K>0O THEN PRINT “Initi1alizatron error “;FLAGY

STQOR

210 MD%=

220 LT%(D)=0

23C LT%tl)r=1

240 CALL DASHB(MDYU,LTU (D) ,FLAGBY

290 IF FLAGAX>O THEN PRINT "Mult:plexer Scan Ervror "3FLAGY
STOF

260 CLE : LOCATE 10,10 :PRINT "Pull start/stop buttcn an

press then hit any key tao caontinue"”

270 IF INKEY$="" THEN 270

280 MD%=13 : 0OP%=1 : CALL DASHB(MD%,0P%,FLAG%Y)

290 IF FLAGA<C»0O THEN PRINT "Press start error ";FLAGY

STOP

300 MD%=4 : I%u=1

310 INPUT "volts'"3iV :1V=V*#4(09S/10

320 DHY%=INT(V/1&)

330 DLU=INT (V-1&*DH%)

240 DL%U=16+DLY%

3SC QUT 4H270,DL%

360 0QUT &H271,DHY%

370 START=TIMER : TOLD=0 : I%U=0

380 TNEW=TIMER-START

390 CALL DASHE (MD%U,ARRAYN (D) ,FLAG%: : CALL

DASHB (MD“,ARRAYY% (1) ,FLAG%)

400 XNEW=ARRAY'! Q)

410 IF TCLD=O THEN XOLD=ANMEW : TCSLD=TMNEW : ECT2 3890

“cU IW=Il%+1

@30 VI o =ABS T (HEWN~XGLD., TrNEWN-TCLD
watl D = ME N

‘(‘E‘, '..JL_—'=T\]E1V

“mt (MEW=L L IZ2ZIETE-IE.ABS . NE N - e”

ko' op bop o
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470 PRINT XNEW
o 480 IF XNEW>10.5 THEN 380
"y 490 MD%=13 : OP%=0 : CALL DASHEB(MD%,0P%,FLAGY)
iy S00 wv=0
Y, S10 FOR J=! TO 1%
" S20 VV=wV+v ()
S30 NEXT
w S40 VW=V /1%
SSO PRINT VV/V
S60 IF INKEY$®="" THEN S&0
S70 CUT &H270,0
S80 OUT &H271,0

Sl i Ry R 4

ot
4
]
?
)

1}

! » PRIAT R R B2 Y & P PRI
e N A o S o S




[T P L AR R T AN AR AR RS AR NN WU UL Y P 98 0@ £ 8.8 0.8 0.0 .0 .8 Ao o8 Sat v al Tk *ab " JVIVEUSE ¥ T ™ Vo R

Hydraulic Press Zontrol
Page 51

L

e - - -

R R SR N

i

Appendix & D'

Position Calibration Program
"Calibrat.bas" with Sample Qutput

%

s L

¥ re.w -

B

PN

T T S AN R R I i N A P T R S N e
s TS YLIIA TR A Y, ?:A - y D YA O S & '.‘7.; ‘_n',‘:n:\_pﬁ_n\'_n\'m‘_'lb'.p ‘JS}.JR




vt vidugh G

t
[}
)

> g oy - e -

- -
-

--- -
fec ™l N

e

S iy

el

b Yol 24l 3

%

5]
b
“
0
S
4

N N W A I R R R R B R R R T T IR T Y
o . .

Hydraulic Press Control
Page 62
10 ° Position Calibration Using Least Squares
20 KEY (OFF

30 CLEAR,;49132!

40 N=0: XY=0: X=0: Y=0: X2=0: ADMAX=0: HMAX=0

S0 DIM H(3000), AD(3000), LT4(2),s ARRAY%4(2)

&0

70 ’ Load and Initialize A/D Converter

g0

?0 DEF SEG=0C

100 SG=25S&*PEEK (&HS11)+PEEK(&HS10)

110 SG=49152!/16+56G

120 DEF SEG=SG

130 BLOAD"dash8.bin",0

140 DEF SEG=SG

150 DASHB8=0

160 MD4A=0

170 BASADRY=3H33C

180 CALL DASHB(MD%,BASADRY,FLAGHX)

120 IF FLAG%<>0 THEN PRINT "Initializaticn error ";FLAGY
STOP

200 MDY%=1

210 LTA(0)=0

220 LT#4(1)=1

230 CALL DASHEMDY,LTW(0) ,FLAGY)

240 IF FLAG%<>O0 THEN PRINT "Multiplexer Scan Error "iFLAG%
: STOP

23C CLS : LOCATE 10,10 :PRINT "Pull gtarts/stop button on
press then hit any key to continue"”

260 IF INKEY$="" THEN 260

270 MD%=13 : QOP%=1 : CALL DASHB(MD*%,aP%,F_AG%)

280 IF FLAG%< >0 THEN PRINT "Press start error ";FLAGY% :

STCP

2920 MD%=4 : 1%=1

300 °

310 ’ Calibration Loop

320 °

330 CALL DASHB(MD%U,ARRAY%.(0) .FLAGY : CALL

DASHB (MDY, ARRAYY (1) ,FLAGY)

340 IF FLAGU>O THEN PRINT "Conversicn Error "iFLAGUYY on
step "3I% ¢ STOP

350 CLS : LOCATE 10,10

360 INPUT “Enter Distance betweer PiLatens [(in]l"iH(I%)
370 IF RHOIZAI>HMAX THEN HMAX=H(I%)

380 AD(I%)=ABS (ARRAY%(0))

390 [F AD(I%4)> ADMAX THEN ADMAX=ADC[Y)

400 XY=XY+H(IW)IY*AD (I

4l0 X=X+AD( I

G420 Y=VY+H(I1%)

430 Xxg2=xa@+AbIn -2

wal DHUA=IMT 2ClS /1=

4E0 DLU=WQPS -1 5+DHY

-------- ¢ - ) AN . S % e

BTN _A\A DAL

S A
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460 DLA=16*DL%

470 QUT &H270,DL%

48C QUT &H271,DH%

490 FOR J=1 TO 1000

SO0 NEXT J

S10 DL%A=0 : DH%=0

S20 QUT &H27C,DL%

S30 0OUT &Ha71,DH%

S40 Iu=I%4+1

S50 LOCATE 20,11

S60 INPUT "Check the clamp light. Is 1t cn (y/n)"iA%
570 IF As="n" THEN 330

380

390 ’ return press

500 7’

510 MD%=13 : QOP%=0 4
&£20 CALL DASHB(MDY%,0P%,FLAG%)

630 IF FLAG%<>0 THEN PRINT "Press return error "3;FLAGY% :

STOP

&40 DH%.U=INT(4095/16)

&S0 DLA=4095-16+0HY%

660 DLY%=16%#DL%

670 QUT &H270,DL%

&80 QUT LH271.DH%

520 CLS : LCCATE 10,190 \
700 PRINT "Push stop/start button on press then hit any kay

to cantinue.” ’
710 IF INKEYS®="" THEN 710

72C 7

730 ’ Plot Graph

740 7 .
730 SCREEN 3 t

760 LINE (100,0)-(100,360)
770 LINE (0,300)-(700,300) y
780 LINE (0,0)-(700,340}),,8 :

IF NNUIINT(HMAX*1O0™(-N%)» THEN 830 EiLL3E MN"=MNNY%+]

IF NNW<=3 THEN 35=.25 ELSE [F NN%<=& THEN S=.5 EZL3E &=1-
YSCTALE=NNY%*10"N%

YS=v5S+5

835 VU= (NNY%-YS ) «300/NNY%

SC;C/ LINE {95!‘.”/9)_( l{)()ﬂY:’o‘ !
P00 LOCATE (/%/3268+%2S+.5) .95 ¢ BPRINT USING "s. 88" (VS

oGO

790 LOCATE 23,10 : PRINT "O"

SCC NY%=3 : NN%=0 : Y¥S=0 |
10 NA=NY-L :
BEC 175 HMAK <(LO7N%Y THEN 310 \
83C NNY%=NNY%+] :
a L)
3

g2

3

M e W
s

()

S0 IF IMTIYS+S+, 200100 MDY TREMN BTO
SEC _OQCATE 2.2 2 RFRINT 'Rilatean Distanc2. ~ a 7
SIOOoMM=EE s NNYE0 o v3Eg
1
.

.
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G40 N%=N%-1

P50 IF ADMAX<C(LIONY) THEMN 61

F60 NN%U=NNZ%+1

970 IF NN%U<INT{ADMAX#{d" (=N ) THEN 940 ELSE NMNNY%=NNY+]

P80 IF NN%<=3 THEN S=.25 ELSE [F NN%.=5 THEN ==.35 ELSE S=1"

P90 XSCALE=NNY%*10"N%

1000 YS=YS+S

1010 Y%=YS#K00/NN%+100

10280 LINE (Y%,:30C)r=-(Y%,309)

1030 LOCATE 23.(Y%/720%80C) : PRINT USING ‘'#.#8":YS
1040 IF INT(YS+S+.00C01) NNY% THEN 100G

1050 LOCATE 24,40 : PRINT "A/D Converter (Cutput
(XIO™"IN%T )"

1060 FOR J=1 TO I[%-1

1070 H{J)=(YSCALE-H(J)1)+300/YSCALE

1080 AD(J)»=AD(J) #6000/ XSCALE+1Q0O

1090 CIRCLE (AD(J: . .H(J).,3

1100 NEXT 7

1110
1120 ° Least Sguares Technigue
1130

1160 YAS((IY%—1 1#XY=XeY)/{(I%=—1)12X2-X"2"
11SO VB=(X2#Y—XY#X)/ (([U-11#X2=-X"2)

1160 DEF FNF (X)) =(/3CALE—- (VA#XSCALE 200+ K-
100 +YB) )y #3007/ YSCALE

1170 YisFNFCADCL Y 2 /2=FNF(AD I
1130 LINE (ADC1y Y1) ~"AD{{M~1) .Y
1192 LCCATE Z,4C @ PRINT "W = "jyat" »+ 4D + 1.8
1200 LOCATE «.~0 : PRINT "Using the Least Equares
Tecnnique"

1210 IF INKEYE="" THEN 1210C

12280 OUT &H270,0

1230 JUT &HE7L .0

1240 SCREEN 2,0,0

10
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j |
' i Plater Distance [in) (x18° 1)
1.7 . = -4 776222E-82 » AaD + 10.81222

i é stng the Least Squares Technigque f
158 :
| | !
SRR .

1.8¢ .

LT - e |
858 . f
1 \i

8.25 .
i i ]
4 ! 'z
| e' 858 199 15 288 250 3.8 156 |

| f-0 Corverter Cutprs (x'€° 2}
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POSITION TRANSDUCER
1850 SERIES

The Solution is obvious!

Houston Scientific has the solution for
dsplacement measurement problems with a
OGevice whose history spans 25 years From the
vory first design 1o the very iatest, the Ongir~
Position Transducer has led the way 10 become
the Indgustry Standard. Through years of
eNQINSeTINg experuise in appiication and gdesign,
Houston Scientific can provide the fingst cabie
sctuated dispiacermnent transducers availadie.
one that stands as the modes! 107 the competition.

The Model 1850 Spwrator Motor Module (SMM)
SONSS I8 COsIONEY with pertormance in mung. All
components are carefully designed for precision
and iong lite service. The hybrid-conductive
plastic potentiometer provides infinite resolution
and linegrity of better than 0.1% of full scale as
stancard and optional hnearity of better tha-s
0.05% The A circuit contiguration s a voltage
divider which provides a high level output in voits
The optionsl B circuil. provides a low level
gifierestial outpul n millivolts for compaiadility
when used with other ditferential transducers

The Houston Scientitic 1850 SMM series Position
transgucers have seen wide use with peeriess
performance in such markets a5 Oil lechnology.
Automotive. Robotics. Die casting. Fool
processing. Medical, Nuclear, Rail
transporation. Aircraft, Hydraulics. and Process
control Demanding service has aiso beer
reqQuired 1n Many greas of the Nations Detens::
Programs. Such service sShowing the reliability o:
the product has ranged from mrcraft controt

surtace measurement, orainance handiing and
wsting. weapons depioyment. isunch vehicle
stage separation and attitude control
measurement. The Manned Space Program has
empioyed rouston Scientfic Mode! 1850 SMM
Puaition transJucers emong INstrumentation
used in suppon of the Shuttie Program . It 15 used
in suCh areas as research and development solhid
fuel core msermon. engmne tesung. gQiMbie
monitorng., launch umbiica!l retraction and
langing gear postioning

In mdependent taborstory tests the 1850 SMM
senes was found t0 Mmeet and excesd shock
loaging of 100 G's for 11 miliseconds and
vibration testing ot 10 pesk G's at 2000 Hz without
deviation. In humidity tests. it was tound to meet
95% RH at 75° F_ and the maximum safe operating
temperature range was determined (o be -67° F
to +257° F without deviation Terminal velocities
are precissly Caiculateo and repeatedly verified
on sach dispiacement length through the use of
an optically sensitive chronograph

When having to make a choice consigder thys — A
step by step evolulionary change has brought
about the most duradbie and the most depencable
service svaiadie The average service life s ten
years or more. Enclosures are avasilabie 10 survive
the most abusive anvironments  along with
opuons t0 ht mMos! applications Houston
Scientific’s proven service and calibration
depanments provide the highest degree of
accuracy resolution repeatabihity all with NBS
traceabiiity in a design that facilitates in tield
serviceabiity The choice 18 obvious!
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SPICIFICATIONS:

General
Range" (see note 1)
Weight: (see note 2)
Case:
Sensing Element-

Connector
Mating Connector: (optional)
Electncal
input Resistance
Circuit A
Circunt B
Output Resistance:
Circuit A
Ciwcunt B
Excitation Voltage-
tnsulation Resistance’
Pertormance
Resolution:
Sensitivity:
Thermai Eftects' (see note 3)
Zeto
Span
Environmentat
Temperature renge:
Humidity:
Shock.
Vibration:

0-2 to 0-500 inches
18 oz. (to 60 inches)
Aluminum
Hybrid-Conductive
Plastic Polentiometer
(K) PTO2A-10-6P

(K) PTO6A-10-6S

1000 Ohms
1.2K Ohms

0-1000 Onms (variabie)

0.99K Ohms

20 voits max. AC or DC

50 meg ohms (mwin.) at 50 VOC

Essentially intinite
{refer to table)

0.002% * F
0.002%/ * F

-67 10 +257° F
95% RH at 75° F
100 Gs tor 11 ms
10 G's at 2000 Hz

1 Reter 10 wWbie 10¢ 8181ASC Cisplacements

For auplacements gresier than those S1ated consult (actory
FCr s08Csic wesghts. Consult tactory

Over lemperature range from 67 10 +257° F

HSi reasrvas the nght 10 change any and il spech -ty
sgvancement of the proouct 10r the customer

aALN

10f the PUrposes of WCHMCH! OF SVOluLONAry

OPTIONS: (add 10 base price)
-01 Environmental Configurations
(D) Dustproot
(R) Ruggeaized
<02 Cable Exits:
(SE) S«de exit
(BE) Bottom exit
<03 Precision Linearity
(PL) Better than 05% FS.
-04 Circuit Contiguration:
Ditterential brigge
(B) Bottom ena zero
{C) Center zero
(D) Top enda zero
05 Acceleration:
(S0G) High G acceleration
<06 Connector Position
(CT) Connector 10p
(CB) Connector bottom
(CE) Connector erd

-10 Fiying Lead Cabie
(FL) Uil supphed with
hard wireg cable to
specified length
(leas connector)

-11 Dispiacement Lengtn-

(DL User specification

-12 Break-Away Cable Kt
(BC) Over extension
damage prevention
(not for use on
nigh G units)

-13 Bellows-Cabie Protection
(BP) Cabte reioase
camage prevention

-14 Explosion Proot
{EP) Consult factory

-15 Two Wire Transmitter:

(420) 4-20mA signal output

e (_..,‘

.-\.""'
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PERFORMANCE W
',
»oDEL. | TRAVEL oUTeUT CABLE | TEmamesAL iy
0. | (mohes) e Aoty TOMION | VELOCITY g
Cy A (-2 ] (oss.) n/emc.) | LY L3 3 ey | W A [ [ ] v :::
188002 2 440 400 D 31 825 fe? {a00 [ 200 j 242 ] Y08 | 132 | 257 | 243 | 2% J
[, mp— prem—
1850 0% L 184 47 24 76 525 | 475 | 400 | 200 | 262 {100 | 132 | 2 [ 243 2
3188010 10 8 223 41 13 $2% (67 J 400 J 200 } 262 108 | 132 | 25 24l 28 }q
1850 15 15 o 160 24 21 826 |ars Jaow V2o (26 [ 100 [v32 25y f2a3 | 24 S
1880-20 20 “ 108 21 20 325 1ars jaoo [2a0 j2w2 {105 {132 ] 297 240 ] 28 _-:
1850- 30 k) x 072 16 % 526 147 Jaoo |20 26 ] s 132 j2sr i) -~
1850-40 «0 25 088 10 s; 1825 lars lacw 200 (2@ | s {132 [ 267 [2a3 | 28 .‘_"_J
1830 50 80 19 042 [ “ $25 (a7 Jaoo {200 [2@@ | 85 {132 {257 |24 ] s
R 1060- 80 [ 1 038 s [ 525 Jats lao0 |700 j2a2 | 88 1132 128" fae0 | (L
195080 80 12 o026 % 116 650 1575 1800 1337 Jars | s8 {170 | 257 g0 | =
1850-100 00 9 022 33 142 450 (75 [s00 337 Jars | 0 [ 179 ] 287 j3m0 ]
1850123 128 75 017 ) 19 880 1 7% Jos0 | 312 )52 fay Jreu 287 (s | 28
1850- 150 180 84 014 42 224 $90 [ 780 1080 | 312 | 52 J a2y jves ] 257 |Sv | 28
1850180 180 52 AR 3 277 8§50 } 750 1680 | 312 [ 312 [ 42y [ 147 | 287 | 88 »
1850- 200 0 Y} 010 24 305 980 ] 875 (a0 425 525 jvo6 lava | 28 (a0 | 2
1850 2%0 20 3o 008 24 312 930 [87¢ (800 {425 [ S2s {108 {456 | 237 JeaD | 2
1840-300 20 31 Q0?7 32 31 950 {878 1 aoc 1425 | 525 | so8 jaow ! 257 o0 | 2=
1850 350 »0 27 006 3N 332 950 |87y [aop 1425 1525 Lros | 812} 260 laso ) 2
1880-400 ©0 24 005 n 340 980 | 875 80D {e2¢ | 520 | 108 | sas | 287 {828 | 29
1880- 900 300 19 [ 32 ar 980 |87 {a00 Je2s 1525 {vop {700 ) 287 {e2s | 2
- - — — — —————  — e e ctm e ————————
A CIRCUIT B CIRCUIT
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ONDERING INFORMATION:

Position transducers may be ordered from Houston Scientific by stating the Mode! number. the
displacement length. and the parenthesisad notstions from the options hist for any aaditional option
reguirements. See exampie below:

1850- 1SADR-PL -50G-FL-SMM {oenotes Mmotor type)

i {option) Fiying iead cabie
(option) Acceleration
{option) Precision hnearity
(option} Ruggedized
(option) Dustproof
A crreutt (B. C & D opuionat)
Dispiscement iength

Mode! number
NOTE
A Pese CONBUIt with (4CIOrY WREN Oroenng MUtIDIe ODHONS 10 SvONd CONMICING rAqUIeMents
B8 Mating connecior (KIPTOBA-10-6S s0i0 separately
cCSs gns eno ¢ upON 1eQuest
D Metrc woon 1
E Al Ofgers are subect 10 terms and conaitions of HS) only

STATEMENT OF QUALITY ASSURANCE:

Houston Scientific is traceable 10 the National Buresu of Standards. Houston Scientific is alsc in
compliance with the United Siates Government Military Standards MIL-1-45208. for Inspection systems.
, and MIL-C-45662. for Calibration systems, for the purpases of providing the highest possible qQuality t0
OUr CUSIOMErS.

Mouston Scientific aiso provides the 10llowing precision products and Services:

FORCE MEASUREMENT SPECIAL SERVICES

Compression load calls Systems and appications engineering
Sub-minwature force washers Custom gesign services

Tension load cells Digital readouls ang ingicators
Precision losd cells O.EM. production

Low capacity load washers CALIBRATION SERVICES

LINEAR MEASUREMENT Analysis and repair

Velocity transducers Compression

Position/velocity trensducers Tenson

Digitat transgucers Linear displacement

NBS traceability

r—————- - v

A\
"&'- ouston scientific
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- - '
- epe 4202 Osractors Row
oustion scientifie / voson 1nsusa nm
INTERNATIONAL. INC 16066 TLx RN
- ]
i CALIBRATION CERTIFICATION
v A
Ef» " 1850 POSITION TRANSDUCER o= .
’ 4;31‘ 1150 POSITION VELOCITY TRANSDUCER
p e 1855 VELOCITY TRANSDUCER |
Al : [
e ) . .
! #IMWER E ! : udl S CIRCUITA (__ B ,
k. M00EL NUMBER LS (u=/7 o Npra] OATE L2t 2005 L TESTED BY 2
T .
o d-PARTUUMBER ALLC 20 -Oliliame o 088 X 2=t/ — APPROVED BY —
CsemaLwuMBER 2/ -0l 3 POTENTIOMETER NO £ LA i~ 25 C
3 : MAXHIUM CABLE TRAVEL L le INCHES ~ TACHOMETERNO . /. _ TACH OUTPUT 22 0L
'MOMINAL RESISTANCE Q OHMS INPUT Lol L - OHMS OUTPUT
o | - MAXIMUM EXCITATION VOLTAGE D25 VOLTS a¢ —— 0/ 0¢ oo TESTEDAT 22 /227 _VOLISODC
- LY
'}!t—"‘
ri{s DISPLACEMENT °. OF
I P FULL SCALE IN INCHES INDICATED READINGS
. Nlay SV ?.'-7» 2
X p ‘
- 0% o DR ANAAICEE
LA .-
L x : RN, TIATAS ki
(4. e el Sl Ko lgp) ™
&—i ol Lo ~il>g 21zl *on '
i " anpl
: '1"] ® < 1443 Ll 3
I S - - . Sth PT
J 100 % yy7 L‘- e o122
* are (TN '
C ] sensmviTy 202 2 MILLIVOLTS / VOLT ¢ INCH (FULL SCALE — ZERG DISPLACEMENT — INPUT VOLTAGE +

4 - FULL DISPLACEMENT)
LWONUNEARITY 22/ o

* e

- L

? BT 10 END POTENTIOMETER RESISTANCE — PINS 183 L. L) >F& 3L , )
T * CAUTION K / {

: DO NOT Ri LEASE THE ACTUATING CABLE FOR FREE TRAVEL RETURN P {

MAXIMUM RATED CABLE ACCELERATION IS %/~7G N - :
DAMAGL 10 THE TRANSDUCER MAY RESUL T IF THIS LIMIT IS HOT 0BSERVLD

STATEMENT OF CERTIFICATION

THIS IS TO CERTIFY THE FOLLOWING DISPT ACTMENT MEASUREMENT DEVICE WAS CALIBRATED ON THIS DATE AND DEYEAMINED 10
MEET OR EXCEED Twt STATED PRODUCT SPLCIFICATIONS

“LALIBRATION INSTRUMENTS USED ARt TRACEABLE TO THE NATIONAL BUREAU 0% STANDARI:!
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SHUNT CALIBRATIUN #:

& HUINI

AFFLIED FOS1TIOUN

O, OO0 INCHES.
YR LHCHHLS.
4,000 INCHES.
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CELECTROL)

SERIES M-46
PERMANENT MAGNET DC MOTORS
1/8 - 1 HP

oAb Recognized under Component Program of
Underwriters Laboratories, Inc.

=

SERIES M46 - 1/8 10 1 HP - 80 AND 180V. ARM. - 586C FLANGE WITH REMOVABLE BASE

Foll
Armatere Sase Lesd Longth we
o Part No. HP Voits RPM Amps Duty Enclosure | ins. AG Max | Lbs.
i 1°M4610NY /8 g0 _ | 1728 145 | CONT TENY 712 &
YT, /6 20 1725 1.7 ONT TENV 719 15
5 T V48128 1/ 90 1725 | 285 | CONT TEFC B2 17
o 1 Ma8128NY | 1/4 20 1725 285 | CONT JENV 2 1?
"y 1 MA812ABNYV 1/4 180 1725 1.41 CONT TENV 1.88 17
s 1 M46138 1/3 80 1725 35 CONT TEEC 10.56 25
Vs t MAGI3BNV_ | ¢ 90 1725 35 CONT TENV 8.69 £
A 1 M.461348 1/3 180 1725 1.71 GONT TEFC 1056 25
1 M-46168 142 90 1725 $35 | CONT TEEC 10.56 e
1 M4GIBANV | 172 80 1728 £35 | CONT TENV 1).69 25
N T M-461648 /2 180 1725 285 [ CONT TEFC 10.56 25
) t M48108 314 80 1726 | 8.1 _CONT TEFC 12.56 2
N t M-461948 3/ 180 1725 35 CONT TEFC 12.56 32 L
\ (0 [ 72 [ a0a ] T -
1 M-4621A8 1 180 1725 535 | CONT TEFC 14 56 29
*Not supplied with base, base can be pirchased sederstely.
. !
::, —é’f-_%— ELECTROL CO.. INC. « P.O. 80X 28 + 321 DEWEYST. - YORK,PA 17405 « (717)848.1722
A
§
"
;
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OPERATING INSTRUCTIONS FOR OPTION AL2
Procan Conwrel inmrtas Beard
P/N 8004 #1001 Cirumit

Decomber 31, 1984

ELECTROL process contro! werh speed profile capebitines has stonderd
npur command o! 0 - 10VDC, or 4 - 20 MA DC. Other inputs trom
0 - 200VDC o’ 0 - 45 MADC asre selectable vis dip swnch snd rwm
sdiustment pots. lsoletion is provided as standard. Outdut is sdpustable
1 - 12.5vVDC and AC powe mput 1 selectadie tor 11SVAC or 2J0VAC
for edsy 1ield 30DICIOr Input Impedence Cusremt 475 ohm, voltage
10K - 200K ohm

Yool requwed.

1. Very small straght Dlage screwriver
2. Dwptal volimeter st on 2 t0 20VDC xale

The process control P.C. Boerd n o very precinion control. Resdings are
ot in 01 of a voit. Precise messurements are reouired to oot tha P C.
Boerd wo By foliowing the procedure below . vou will find an euact
set-up 1 relatively gos,
1. Pot Dacripnio-

Entry Pot

Exn Por

Entry Speeo

Exnnt Soeed

Sct Point Py

Ser Pomnt Hysteresns Por

Gen Por

ELECTROL CO.,INC. - 321 DEWEY ST « YORK. PA 17404 « (717) 0081722

-

AN N NN N

A S ] - - A | AL O NS S T e J% ) ..\ .‘ A" .\
M N A A A A A AT

ARG R AR T T U T A e o e

LA 4 A

AL

5 e
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INSTALLATION & MAINTAINENCE MANUAL
DC MOTON CONTROLLER ~ D-TROL

MODEL C-MH-W/O-754.8

MODEL C-MH-13-734-CM

.Jrf'_—? 1 -»—T
= = -
R

. <. C !

- e i"*: P f
'»__._ e =T

o Dusl inpwt Vehage - 115/230V AC, 50/80 Mz, Single Phase/
sdjustable with two PC mounted fanen connecton

o Dusli Ovwowt Veltage —~ 0-90/0-100V DC MM or Shum Wound

Motors (Freld Voltage 100/200V DC)

Horsspower Range - Multi-MP 1/8 - | HP S0V, 178 - 2 HP 180V

Soend Reguistion = 2N of Base Soeed

Spemd Rarpe ~ 20:1 Constant Toreue

Full Wave Rectification

Minonum

Spoul Adiumtmemt ~ Sons low ord Wpesd kiewit

Magirvnsm

Sosnd Adivmmem — Sets high ord Ipeed lmit

o IR Compenastion — Adjustable No Loed 1o Full Losd Moror RPM

o Towwe ({Currem Limit) — Adiustable meximum rurrent cuto®

o Built-in Tronsient snd Surge Pretestion

o Builktin Lme Voltage Companmtion

o Fum Provestion — Line ong memwr ' R

o OnOfN Swieh .

o Master Speud Pur :

o Power “On”’ induwnwr Lagint N

s NEMA 12 Emiousry — Arvectiv plaste Hd with mewl bottom ~
A

ELECTROL CO., INC. « XX OEWEY ST. « YORK. PA 17484 . (717) 0481722 %
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Chapter 1

INTRODUCTION

1.1 SUMMARY OF DASH~B8 FUNCTIONS.

MetraByte's DASH-8 is an 8 channel 12 bit high speed A/D

converter and timer/counter board for the IBM P.C.1 The DASH~8 board
1s 5° long and can be fitted in a "half® slot. All connections are
made through a standard 37 pin D male connector that projects through
the rear of the computer. The following functions are implemented on
the DASH-8:~ :

l. An 8 channel, 12 bit successive approximation A/D converter with
sample/hold. The full scale input of each channel is «/=5 volts
with a resolution of 0.00244 volts (2.44 millivolts). Inputs are
single ended with a common ground and can withstand a continuous
overload of +/-30 volts and brief transients of several hundred
volts. All inputs are fail safe i.e. open circuit when the
computer power is off. A/D conversion time is typically 25
microseconds (35 microseconds max.) and depending on the speed
of the software driver, throughputs of up to 30,000 channels/sec
are attainable.

2. An 8253 programmable counter timer provides periodic interrupts
for the A/D converter and can additionally be used for event
counting, pulse and waveform generation, frequency and period
measurement etc. There are three separate 16 bit down counters
in the 8253. One of these is connected to a submultiple of the
system clock, and all 1/0 functions of the remaining two are
accessible to the user. Input frequencies up to 2MHz can be

handled by the 82532

3. 7 bits of TTL digital 1/0 are provided composed of one output
port of 4 bits and one input port of 3 bits.

1. Registered trademark of International Business Machines
Corporation.

2. Contact MetraByte for higher input frequency reguirements
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4. 1 precision +10.00v (+/=0.1lv) reference voltage output is derived '
from the A/D converter reference. This output can source/sink
mA.

S. An external interrupt input is provided that can select any of
the IBM P.C. interrupt 1levels 2-7 and allow user programmed
interrupt routines to provide background data acquisition or
interrupt driven control. The DASH-8 includes status and control
registers that make interrupt handshaking a simple procedure.
The interrupt input may be externally connected to the
timer/counter or any other trigger source,

P €

6. IBM P.C. buss power (+5, *12 § =1l2v) is provided along with all
other 1/0 connections on the rear connector. This makes for
simple addition of user designed interfaces, input signal
conditioning circuits, expansion multiplexers etc.

£ 0 T 8 v o o amg

The following utility software for DASH~8 is provided on a
single sided PC-DOS 1.10 format S-1/4" floppy disk (upward compatible
with DOS 2.0):-

1) A machine language 1/0 driver (DASH8.BIN) for control of A/D, timer N
and digital 1/0 channel functions via BASIC CALL. The 1/0 driver rf
can select multiplexer channels, set scan limits, perform software Y.
commanded A/D conversions, interrupt driven conversions and scans, ]
set and read the timer counter and wmeasure frequency and period. N
A source listing is available as an optional item (SLD-08) for the ~ 35
assembly language programmer. "}

2) Data linearization. =J

3) Initial setup and installation aids. N

4) Graphics package for display of processed dataJ.

5) Calibration and test programs.

6] Examples and demonstration programs. :1
Using state of the art data conversion components, the ﬁ

DASH~8 has been designed to provide a powerful and inexpensive >
analog/digital interface on a single half slot board. 1t is ideally -
suited to any application requiring high speed 12 bit data - )
acquisition at the lowest possible cost. The freedom from complexity 3
and the 1/0 mapped control make programming straightforward. >
Applications include data logging, process control, signal analysis, )
robotics, energy management, product testing, digitizers and touch }
screens, laboratory and medical instrumentation etc. A system block t
diagram appears in Fig. 1.1. \
To extend the capabilities of DASH-8 the following X

expansion modules can be connected via flat insulation displacement

cable to the main 37 pin D 1/0 connector:- N
.

X

cemcccanaa 3
2. Color graphics board required. .§
-2- "

o

i
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SCREW TERMINAL CONNECTOR BOARD == All I/0 lines on
the rear connector are connected to m®miniature screw
terminal connectors. The digital 1/0 port lines are
monitored by L.E.D.'s and a small] breadboard area with
«/=12v & *Sv power is available for amplifiers, filters,
and other user supplied circuits. The screw terminal
connector board is MetraByte part number STA-08.

EXPANSION MULTIPLEXER AND INSTRUMENTATION AMPLIFIER The
EXP-16 multiplexes 16 differential inputs to a single
analog ocutput suitable for connection to any of the
analog input channels of DASH-8. EXP-16 boards are
cascadable s0 that up to 8 EXP-16 boards can be attached
to a single DASH-8 providing a total of 128 channels.
The expansion multiplexer board includes a low drift
instrumentation amplifier with preselected switchable
gains of 0.5,1,2,10,50,100,200 or 1000 (other gains can
be resistor programmed). A cold junction correction
sensor i6 also included for software compensation of
thermocouples which can be directly connected to EXP-1l6.
Open thermocouple detection hardvare is also included.

THERMOLAB - This is a software package intended for use
with DASH~8 and up to 7 EXP~16('s) that provides up to
112 channels of thermocouple temperature measurement. The
temperature measurement system can accomodate J,K,T,E.S,
B, and R type thermocouples and different types may be
connected to different EXP-16 expanders and in some cases
to the same expander. The supplied software and hardware
performs cold junction compensation, linearization and
open thermocouple detection.

LABTECH NOTEBOOK - A powerful software package that
allows you to perform many functions of the laboratory
using a single set of tools. Data acquisition and process
control, storage and screen diaplay of experimental data,
data manipulation and curve fitting are all placed at
your fingertips. All commands are menu driven and there
1s nc need to remember command names or sequences. Data

files generated by LABTECH NOTEBOOK4 are formatted for
direct link to LOTUS 1-2-3° providing the full analytical

power and graphing functions of LOTUS to your data
reduction. LABTECH NOTEBOOK is strongly recommended for
anyone involved in repetitive experimental data recording
and analysis, or those who wish to minimise programming

4.

S. LOUS 1-2-3 1s & trademark of Lotus Development Corporation

A s

INTRODUCTION

LABTECH NOTEBOOK is a trademark of Laboratory Technologies
Corporation, 328 Broadway, Cambridge, Mass. 02137
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Chapter 2

INSTALLATION

2.1 BACKING UP THE DISK

The software supplied with DASH-8 is in DOS 1.10 single
sided (160K) format which is compatible with double sided and DOS
2.0. It is good practice to make a back up copy before using the
software. You can make a straight back up using DISKCOPY but since
you require Basic & PC-DOS to run the programs, it will save time if
you start with your DOS disk and format a new disk with the FORMAT /S
option. Next copy BASICA.COM onto the backup from your 1.B.M. DOS
disk using COPY and finally use COPY *.* to copy the DASH-8 disk
files onto the backup.

In step by step sequence:-
Insert DOS disk in drive A. Type:-
A> FORMAT /S
Insert new disk for backup copy as prompted by format.
Next when the DOS prompt returns, (on single drive
system replace back up with DOS disk) type:-
A> COPY BASICA.COM B:
Insert DASCON~1 master disk and type:-

A> COPY *.* B:

2.2 HARDWARE INSTALLATION

DASH-8 requires 8 consecutive address locations in 1/0
space. Some 1/0 address locations will be occupied by internal 1/0
and your other peripheral cards, 80 to provide flexibility in
avoiding conflict with these devices DASH-8's 1/0 address can be set
by the Base Address D.l1.P. switch to be on an B8 bit boundary
anywhere 1n the 1.B.M, P.C. decoded 1/0 space. This 1/0 address

R A A AT H R
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space extends from decimal 256-1023 (Hex 100-3FF) which is many times
larger than is ever likely to be fully occupied. Such a large space
also allows use of more than one DASH-8 in & single computer.
Summarising the I/0 address map on page 2-23 of the °“1BM Technical
Reference Manual®:-

ADRESS HEX RANGE DEVICE
000~0FF All used by internal 1/0
200-20F Game 1/0 adapter
278=27F Reserved
2F8=-2FF Reserved
320-32F Hard disk drive (P.C. XT only)
378=-37F Parallel prainter port
3B0-3BF IBM monochrome display
& parallel printer adapter
3F0-3F7 S 1/4in. disk drive adapter
3F8-I3FF Asynchronous communications
adapter.

This covers the standard 1/0 options, but if you have other
]J/0._ peripherals e.g. . hard Qdisk drives, special graphics boards,
prototype cards etc. they will also be sharing /0 address space.
MNemory addressing is separate from 1/0 addressing so there is no
possible conflict with any add-on memory.

Usually, a good choices is to put the DASH-8 at base
address Hex &H300,4H308 or &H)10 (Decimal 768,776,784). (Note if you
are using an IBM prototype board, it uses the Hex 300-31F address
space and would conflict, &H330 or &H340 would be a good cheoice 1in
this case). As an aid to setting the base address D.]l.P. switch
lJocated just to the left above the gold plated edge connector, type:-

A> BASICA INSTALL

When you get the "Desired base address?" prompt, type in your choice
in decimal or IBM &H-=-- format and press return. The program will
round your address to the nearest 8 bit boundary, check for possible
conflicts with standard IBM 1/0 devices (and warn you if so) and draw
a picture of the correct positions of the toggles on the basge address
DiP switch. 1If you like to understand the details, see Fig. 2.1 for
an explanaticn of base address switch settings.

INSTALL.BAS performs one further optional function. You
can generate a file named DASHB.ADR which contains the base /0
address that you have selected. If your application programs read
this file instead of declaring the address in each program (list
LOADCALL.BAS to see how it's done), then should you wish to change
the board address in the future, all you have to do is alter the
DASHB.ADR file instead of altering dozens of application programs.
Your DASH8 disk comes with a DASHB.ADR file loaded with decimal 768
(Hex 300) which of course will be overwritten if you choose to
generate another address file when you run INSTALL.
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The next step 16 to remove the DASH-8 Dboard from 1its
protective electrostatic packaging and set the base address DIP
switch. It is a good precaution to discharge any electrostatic
charge you may have accumulated by touching the metal frame of your
computer. Also, at this stage, check that the interrupt Jlevel
selection jumper on header J2 1s 1n the rightmost (X s 1nactive)
pesition.This makes certain that the DASH-8 cannot 1nitiate an
anterrupt until you are fully familiar with the requirements of
interrupt operation (see Chapter 13).

LN

JAJ)J;‘)

TURN OFF THE POWER on your computer and remove the case
(See IBM "Guide to Operations®™ pages 5.5 & 5.6 if you are not already
expert at this maneuver). Remove a vacant back plate by undoing the
screw at the top and plug the DASH-8 in and secure the backplate.
DASH-8 will fit in any of the regular full depth slots of the IBM
P.C. or the "half" slots of the IBM X.T. or Portable computer.
Installation is now complete. You may plug any of the DASH-8
accessories oOr your own cable into the 37 pin D connector on the
rear.

-

FPLLlY

§ %

Remember, TURN OFF THE POWER whenever installing or
remsoving any peripheral board including the DASH-8. Failing to
observe this precaution can cause cost)y damage to the electronics of
your computer and/or the DASH-8 board.

¥

o
RS

1f for any reason You later remove the DASH-8 board,
MetraByte recommends that you retain the special electrostatically
shielded packaging and use it for storage.

BASE ADDRESS
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Chapter 13
PROGRAMNMI NG

3.1 PROGRAMMING DASH-8

At the lowest level, DASH-8 1is programmed using 1/0 input
and output instructions. 1In BASIC these are the INP (X) and OUT X,Y
functions. Assembly language and most other high level languages
have equivalent 1nstructions. Use of these functions usually
involves formatting data and dealing with absolute /0 addresses.
Although not demanding, this can require many lines of code and
necessitates an understanding of the devices, data formsat and
architecture of the DASH-8. To simplify program generation, a
special 1/0 driver routine °“DASH8.BIN" is incCcluded in the DASH-8
software package. This may be accessed from BASIC by a single line
CALL statement. The various oOperating modes of the CALL routine
select all the functions of the DASH-8, format and error check data,
and perform frequently used sequences of instructions. An example is
Mode 4 which performs a sequence of operations required to perform an
A/D conversion, check A/D status, read data and increment the
multiplexer, checking whether the upper scan limit has been exceeded
and if so, restoring the lower limit. A routine to perform this
operation in BASIC using INP's and OUT's would require many lines of
code, be rather slow and very tedious to program. All these problems
can be circumvented by:-

xxx1l0 MDA = 4 ‘select mode

xxx20 CALL DASH8 (MD%, D108, FLAGS) 'does A/D conversion
and returns data in
DIOA, errors in FLAGA

Obviously the DASHB.BIN driver greatly reduces programming time and
effort. The driver also supports data collection on interrupt from
an external source or the DASH-8 timer/counter. Note that BASIC has
no interrupt processing functions and interrupt (or background) data
collection is only available using the CALL routine.

Both methods of programming using INP and OUT functions and
the CALL routine are described and you are free to choose either
although usually the BASIC ptoqranner will find the CALL routine much
simpler to implement.
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3.1.1 1/0 ADDRESS MAP OF DASH-8

First of all let's take a look at the /0 address map of
the DASH~-8:-

ADDRESS READ WRITE
Base Address + 0 A/D Lo byte Start 8 bit A/D conversion
« 1 A/D Hi byte Start 12 bit A/D conversion
+ 2 Read status Write control register
¢ 3 - -
+ 4 Read Counter 0 Load Counter 0
+ 5 Read Counter 1 Load Counter 1
v 6 Read Counter 2 Load Counter 2
. 7 - Counter control

Since the A/D provides 12 bits of data, it requires 2 bytes to handle
each word of data. These are arranged in the order lo byte/hi byte
which is mainly a convenience for assembly language programmers since
the the 8088 processor in the 1BM PC accesses data in this sequence.
Now we know what's where, let's examine the data format of the
registers and how data can be transferred using INP's and OUT's.

3.1.2 STARTING THE A/D CONVERTER

An A/D conversion is initiated by writing to location BASE
ADDRESS + 0 or BASE ADDRESS + 1. If you write to BASE ADDRESS + 1, a
full 12 bit A/D conversion 1s performed. Writing to BASE ADDRESS + 0
initiates a short cycle B bit conversion. A 12 bit conversion takes
ne¢ more than 35 microseconds to complete, a short cycle 8 bit
conversion takes less time and will not exceed 25 microseconds.
‘These times are dependent on the type and manufacturer of ADS74 A/D
converter used in your DASH~8 and may be less, but will not exceed
the durations specified).

Starting an A/D conversion:-
12 bats xXxx10 OUT BASADRS + 1, 0

8 bits xxx10 OUT BASADRS, 0

AN Y
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The data written to these locations is irrelevant and is lost, the .‘::-
decoded address write pulse is in fact what starts the A/D. O
2

u\.

3.1.3 READING THE A/D DATA -
After the end of conversion the data from the A/D may be \
read from locations BASE ADDRESS ¢ 0 and BASE ADDRESS ¢+ 1. Data r o

follows the usual Intel low byte/high byte sequence. BASE ADDRESS +

1l contains the most significant 8 bits from the conversion:- .‘-'
K

| o)
BIT POSITION D7 D6 DbS D4 D3 D2 DI DO )
LI A T IRYL L AL
co
(BASE ADDRESS + 1) Bl B2 B3 B4 BS B6 B7 BS N
(MSB) >
The remaining 4 least significant bits followed by 4 zeroes are read t:"
from BASE ADDRESS + 0 :- .
BIT POSITION DI D6 D5 D4 D3 D2 DI DO NS
—_— -
{BASE ADDRESS + 0) B9 B10 Bll B12 0 0 0 0 T
(1LSB)

The A/D data bits Bl-Bl2 correspond to an offset b:inary code:- o
BINARY HEX ANALOG INPUT VOLTAGE 2
0000 0000 0000 000 =5.0000 v (~Full scale)’ o A
0000 0000 0001 001 -4.9976 v -
0100 0000 0000 400 -2.5000 v (~1/2 scale) ‘:'_-
. . X =
1000 0000 0000 800 +/=0 v (zero) i
1000 0000 0001 801 +0.0024 v \»
. - ] - L ‘*
-y

1100 0000 0000 co0 +2.5000 v (+1/2 scale) :::
. . . - . ‘-:

L] L] L] . - \'
1111 1111 1111 FFPP +4.9976 v (+Full scale) o
A sequence of BASIC INP instructions to read the data would :"‘

be:- -
N

A

R/

! - 10 - e
; ..‘:J
} ¢

a -
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xxx10 INP(BASADRY), Xl.» ‘read low byte
xxx20 INP(BASADRN « 1), XHW ‘read high byte
xxx30 X% = XHS*16 + XL8/16 ‘combine bytes, X\ = data

From this point you can turn the data in bits into volts or other
engineering units (start using re:l variables!):~

xxx40 V = X3*10/4096 ‘output * span/resolution
xxXx50 V = V - § ‘subtract zerc cffset, =5.0000 v

If we were using an input amplifier or attenuator with gain
G, we ¢could add another line to provide scaling:~

xxx60 V = V * (G

3.1.4 THE DASH-8 STATUS REGISTER

The status register provides information on the operation
of DASH~B8. It is a read only register at 1/0 location BASE ADDRESS «
2 and has the following format:-

BIT POSITION D? D6 D5 D4 D3 D2 DI DO
{BASE ADDRESS + 2) EOC IP3 IP2 1Pl IRQ MA2 MAl MAD

The bits have thc following significance:-

EOC: End of Conversion. 1f BOC is high (Logic 1) the
A/D is busy performing a conversion. Data should
not be read in this condition as it will Dbe
invalid. Wait for the EOC to return to logic 0
signifying valid data available.

IP3 - IP1: These bits correspond to the three digital input
port lines 1pP3,1P2 and IPl. They may be used for
any digital data input.

1RQ: After generation of an interrupt to the
processor IRQ is set to logic high (1). 1t s
reset to logic low (0) by a write to the contro:
register. This provides a means of a4Cknow)eds.rc
or “"handshaking®™ DASH-~8 interrupts.

-11—
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MA2=MAOD: These Dbits provide the curzent analog

sultiplexer channel address as follows:-

MA2 MAl MAOD CHANNEL

oY X-X-X-}
OO ~OO
HOHOHOMO
NOVNAWN=O

3.1.5 THE DASH=-8 CONTROL REGISTER

The control register sets the multiplexer (channel)
address, enables and disables interrupts and provides output data to
the ¢ general purpose digital outputs OP1-OP4. The control register
is a write only register located at 1/0 address BASE ADDRESS + 2
(same location as status register). The data format of the control
register is:~

BIT POSITION D7 D6 DS D4 D3 D2 D1 DO
(BASE ADDRESS + 2) OP4 OP3 OP2 OP1 INTE MA2 HMAl MNAO
The bits have the following significance:-

OP4-0P1: These Dbits correspond to the four general
purpose digital output lines OPl thru OP4. These
lines can be used for external control functions
e.g. driving an input sub-multiplexer to
increase the number of analog input channels. A
16 channel mux. on each of DASH-8's 8 analog
channels can expand the system to 128 Channels.

INTE: DASH-8 generated interrupts are enabled onto any
of the selected IBM P.C. interrupt levels 2=7
if INTE = } (logic high). Interrupts are

disabled if INTE = 0 (logic low). Interrupts
from the INT.IN input (pin 24) are passed
through to the selected level and are positive
edge triggered. It is the programmer’'s
responsibility to set up a&n interrupt handling
routine, interrupt vectors and initialize the
82%9 interrupt controller on the IBMN P.C.
processor board. Wrating to the control
reqgister will clear the IRQ bit of the status
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Tegister.
MA2=MAD: These bits select the current analog multiplexer
channel address as follows:-

MA2 MA1l MAO CEANNEL

Yoy Y-Y-X-
N Y- - )
HOMOMOMOD
NOVAWNMO

The sultiplexer channel address can be
determined at any time by reading the status
register.

One further note about the control register. During power
up of the IBM P.C. when the RESET line of the IBM P.C. is asserted,
the DASH-8 control register is cleared. This insures that DASH-8
interrupts are disabled, sets digital outputs OPl-¢ to 20r0 and sets
the multiplexer channel address to zero.

3.1.6 THE COUNTER TIMER REGISTERS

An 8253-5 programmable interval timer is used on DASR-S§.
This is a very flexible device consisting of 3 separately
programmable 16 bit down counters that may be operated in a variety
of modes. A fuller description of the capabilities is in Chapter 4
{Counter Timer Opezation).Por additional technical informstion on

this device, consult the "Intel Component Data Catllog" or
equivalent manufacturer's data sheet.

From a programming standpoint addressing counter timer
functions is straightforward. The counter registers themselves are
read write and located at 1/0 addresses:~

BASE ADDRESS » 4 : Counter 0
BASE ADDRESS « S5 : Counter 1
BASE ADDRESS + 6 : Counter 2
Before reading or writing to the counter registers, you should write

6. Available from Intel Corporation, 3065 Bowers Avenue, Santa Clara,
CA. 95051. Phone [408)-987-8080
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to the counter timer control register to define the operating mode of
each counter and the type of data transfer that you intend to make.
The counter timer control register is write only and located st BASE
ADDRESS ¢ 7. 1t has the following format:-

BASE ADDRESS + 7 : 8253 Control (wWrite only)

BIT POSITION D? D6 D5 Dp4 D3I D2 DI DO

(BASE ADDRESS + 7) SC1 SCO RL1 RLO m2 Ml N0 BCD
§C1=0: These are the "select counter®” bits that control

which counter the following configuration bits
will operate on. The format for the SCi=0 bits

ig:~
sCl SCo Addressed Counter
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Invalid
RL1-0: These are the “"read/load™ configuration bits
that control the form of the data transfer to
the selected counter. The format for the RL1-D
bits is:~
RL1 RLO Data Xfer Operation
0 0 Counter latching operation
0 1 Read/lcad high byte
1 0 Read/load low byte
b b Read/load low then high byte

(2 byte transfer)
See Chapter 4 on Counter Timer Operation for a
fuller description of these data transfer modes.

M2-0: These are the gselected counter operating mode
control bits. Their format is:-
K2 M1 MO Counter Mode

] 0 0 0 - Change on terminal count
0 0 1 1 - Programmable one-shot

0 1 0 2 - Rate generator

0 1 1 3 - Square wave generator

b} 0 0 4 - Software triggered strobe
1 0 1 S -« Hardware triggered strobe

See Chapter 4 on Counter Timer Operation for a
fuller description of these operating modes.

BCD: This bat controls whether the selected counter
will count in binary or binary coded decimal

- 14 -
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(6,4,2,1 BCD) code.
BCD Counting Code
0 16 bit binary (65,535 max.count)
1 4 decade BCD (9,999 max. count)

3.1.7 SOME BASIC PROGRAMMING T1PS

Some BASIC commands which you may not have used freguently
in the course of ordinary programming, but that are useful with
DASH=-8 are:-

1. WALIT port, nl.m)

Data read at the port is exclusive-or‘ed (XORed) with integer
expression *m® and ANDed with *n®. I1f the result is zero,
BASIC loops back and tests the port again until a non-zero
result is obtained. This is an excellent way of saking your
program wait until some desired input condition is attained.

2. " ON TIMER (n) GOSUB line

This command is only available in DOS 2.0. In effect it
provides you with a pseudo-interrupt. After execution of each
BASIC statement, BASIC checks the timer to see if the
condition >n (1 < n < 86,400 seconds ) is satisfied. 1If it
is, control passes to the subroutine, otherwvise the next line
is executed. This polling of the timer is called trapping
and is activated by:~-

TIMER ON
- - Trapping is disabled by:-
TIMER OPF

Note that trapping only occurs while your BASIC program is
executing (unlike a true interrupt) and can be slightly
delayed by statements that require a lot of execution time.
1f you need to sample at long intervals the ON TIMER command
is an alternative to using the internal DASH-8 counter
timer.

3. If you wish to program an A/D conversion using BASIC INP and
OUT rather than the more powerful CALL routine, the following
sequence should be followed:-

xxXx10 OUT BASADRA+2, MAY ‘NAS = channel number, 9-7.

xxx20 OUT BASADRS+1l, O ‘start 12 bit A/D conversion
xxx30 IF INP(BASADRS+2)>2128 GOTO xxx30 ‘status test loop ’

- 1§ -
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2xx40 XLA=INP(BASADRAL) :XHO=INP (BASADRA+1) ‘read A/D data
xxxS50 DIOY = 16°XHY + XLW/16 ‘combine bytes

Note that 1looping while the A/D converter is still busy
(line xxx30) is not required in interpreted BASIC as the
interpreter execution time greatly exceeds the A/D conversion
time of 235 microseconds max. However, if the program is
subsequently compiled using the BASIC COMPILER, the execution
time is reduced to a point where the status test of line
xxx30 is essential to avoid returning erronecus data in line
xxx40.

3.2 LOADING THE MACHINE LANGUAGE CALL ROUTINE "DASHS8.BIN®

* As you probably now realise, direct 1/0 using BASIC INP and
OUT can be somewhat tedious to implement although a lot of the
required prograsming could be handled in subroutines. Use of the
CALL routine described in the this section avoids these probleas,
cizcumvents some of the execution time delays of interpreted or

compiled BASIC, and also peramits interrupt driven operations which
BASIC does not support.

In order to make use of the CALL routine “"DASH8.BIN®, it
sust first be loaded into memory. You must avoid loading it over any
part of memory that is being used by another program e.9. BASIC,
print spoolers or “"Disk-RAM*. If you do interfere with another
program’'s use of memory, the CALL routine will not work and your PC
will most likely hang up (Turn off power and wait a few seconds
before turning on again). Note that the information given in this
section is general and would apply to loading any CALL or USR routine
and supplements the limited information in Appendix C of the “I.B.NM.

BASIC MANUAL®.’

You have two options depending on the size of your
available memory. The maximuwm memory segment that BASIC is able to
use is 64X bytes. If BASIC 1s using its maximum 64X you will get the
following message on power up or from DOS by entering A> BASIC(A) :-

CASSETTE The 1BM Personal Computer Basic
BASIC Version C1.00 Copyright IBM Corp 1981
62940 Bytes free
Ok
BASIC The IBM Personal Computer Basic
! (DOS 1.1) Version D1.10 Copyright 1BM Corp. 1981, 1982

7. Por turther enlightenment on this subject see "The 8086
Connection® by Dan Rollins, page 398 of "Byte® magazine, July 1963.
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61807 Bytes free
Ok
BASICA The 1IBM Personal Computer Basic
(D0S 1.1) Version Al.10 Copyright IBM Corp. 1981, 1982
61502 Bytes free
Ok
BASICA The IBM Personal Computer Basic
(DOS 2.0) Version A2.0 Copyright IBM Corp. 1981, 1982, 1983
60865 Bytes free
Ok

When the number of memory bytes free is less than that shown above
for the version of BASIC in use, then your PC's mesmory is already
fully utilised and BASIC adjusts to this condition by using less than
its possible 64K maximum. If this is the case, you must load the
CALL routine by further forced contraction of the BASIC workspace and
loading the routine at the end of the newly defined workspace.
DASH-8.BIN will occupy about 1.8K bytes but to keep things simple,
let's clear a 2K space for it.

Step 1 is to work out how much memory BASIC is actually
using. Let's assume you see “"XXXXX Bytes free” after loading BASIC
as above. The amount of memory BASIC is using is then:-

XXXXX ¢ (65535 = 62940) bytes for CASSETTE BASIC
XXXXX ¢ (65535 - 61807) bytes for BASIC {DOS 1.1)
XXXXX ¢ (65535 = 61502) bytes for BASICA (DOS 1.1)
XXXXX « (65535 - 60865) bytes for BASICA (DOS 2.0)

Now subtract 2048 (2K) from the above number. The result is the
maximum amount of working space that can be allocated to BASIC with
the CALL routine loaded. (You always have the option to allocate
less working space if you wish.) Let's call the size ©of the
workspace WS. This space can be allocated either when loading BASIC
from DOS e€.G.:-

A> BASIC(A) /M:WS

or usually more conveniently at the beginning of a program by CLEAR
e.g.:-

xxx10 CLEAR, WS

Next, we need to know what segment BASIC is occupying in msemory.
This can be found from the contents of memory locations &HS1l and

&H510 which hold the current BASIC segment which we can call §G. SG
can be determined as follows:-

xxx20 DEF SEG = 0 ;define current segment = 0000

before reading absolute
addresses 0000:0510 & 0000:0511

- 17 -
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xxx30 SG = 256*PEEK(4HS21) + PEEK(&HS10)

The segment address at which we can can now load the CALL routine
will samply be at the end of the working space i.e.:=-

xxx40 SG s W5/16 + SG ;remember segment addresses
are on 16 bit boundaries

The routine can now be loaded as follows:-

xxx50 DEF SEG = S§G
xxx60 BLOAD ®"DASHS8.BIN®,0 ;loads routine at §G:0000

A BLOAD must be used as we are loading a binary (machine

. language) program. Once loaded, the CALL can be entered as many

times as needed in the program after initializing the call parameters
MDA, D108, FLAGS prior to the CALL sequence as follows:-

xxx70 DEF SEG = §G
xxx80 DASH8 = 0
xxx90 CALL DASHE (MDV, DIOS, FLAGS)

Note that DASHE is a variable that specifies the memory offset of the
starting adéress of the CALL routine from the current BASIC segment.
We have chosen DASHE as a nhame as it makes CALL DASHE easy to
rempsmber and would distinguish it from any other CALL to sose other
routine that might be in the same program. This is purely a matter
of choice and programming style, just easier to remember than writing
CALL X (eesss) ©Or CALL AB(3) (.....) etc.. The variable DASHB is
the offset (actually zero) from the current segment as defined by the
last DEF SEG statement that tells your BASIC interpreter where the
CALL routine 15 located. Be careful that you do not inadvertently
redefine the current segment somewvhere in a program before entering
the CALL. It is good practice to immediately precede the CALL
statement Dby the appropriate DEF SEG statement (the same one you
preceded your BLOAD with) even at the cost of duplication. This
precaution can save a Jot of wasted time and frustration from
crashing your computer!

Another important detail to understand is that CLEAR sets
working space from the bottom of the BASIC working area up wvhereas we
must set aside space for our subroutine from the top of available
semory down. 1f we attempt to CLEAR more space than is actually
available, we will end up loading our routine over the end of the
BASiIiC program, data space and stack and will hang up the computer.
Be careful this does not happen inadvertently if{ you are memory
limited and later load BASIC with DEBUG or some other coresident
program without making a compensating reduction in the workspace (WS)
declaration in the CLEAR statement. 1f possible, setting up a
workspace that is a considerable amount 1less than the maxisum
avajllable is a simple precaution. This all sounds a little on the
complex sidc¢, but like all things it really isn't once you understand
what you are doing. To further assist you, run and list the file

- 18 -

PUSLSETS K IRV N e IS ) » "y AT . . P
R L R et L o N S S T IR ST

1P A N 0, o et gy



DASH=8 MANUAL

Hydraulic Press Control
Page 104

PROGRAMKING

LOADCALL.BAS. This gives you ar examples ©f loacding and using the
CALL routine and ready made loaciny and initializing code that you
Can merge into your Own pPrograms.

The second option is somewhat simpler to follow and applies
when you have plenty of memory and you are able to load the CALL
routine outside the BASIC workspace. 1n this case choose a segment
that has 2K bytes clear at its beginning. For example we wmight
choose &H1700 which is at 52K on a machine with a minimum of 96K
memory. Then proceed as follows:-

xxx10 DEF SEG = &H1700 ‘'Sets up load segment
xxx20 BLOAD *"DASH8.BIN",0 ‘Loads at 1700:0000
xxx30 DASHB = 0 .

xxxxx DEF SEG = &H1700
xxxyy CALL DASH8 (MD3, DIOV, FLAGS)
xXxxz2 etc.

An example ©0f this approach is alsoc contained in file LOADCALL.BAS.
Before you try loading outside the workspace, be sure you really have
an unused 2K of memory at 92K. You can change the DEF SEG statements
in Jine 2010 and experiment with loading the CAlL routine at other
locations. Usually any clash with another program's use of the same
memory results in obliteration of some of the routine code and a
failure to exit and return from the routine. The compuater hangs up,
and the only cure is to switch off, wait a few seconds and turn on
the power again.

3.3 FORMAT OF THE CALL STATEMENT

1f you are new to using CALL statements, this explanation
may a#ssist you in understanding how the CALL transfers execution to
the machine language (binary) driver routine. Prior to entering the
CALL, the DEF SEG = SG statement sets the segment address at which
the CALL subroutine is located. The CALL statement for the DASHB.BIN
driver must be of the form:-

xxxxx CALL DASH8 (MDs, DI1ON, FLAGHS)

As explained in the previous section, DASHB is the address offset
from the current segment of memory as defined in the last DEF SEG
statement. In all of our examples, we have chosen to define the
current segment to correspond with the starting address of the CALL
routine, therefore this offset is zero and DASHE = 0.

The three variables within brackets are known as the CALL
paramcters. On executing the CALL, the addresses 0of the variables

- 19 -

IS AR WAL W P WL WP TN SO O DR A ™ 0 L U A AGANS AR MO KRN I AR M RN BMEM A s 4 &4 0806 nensss

W P,

e
foNN

2



Hydraulic Press Control
Page 105

PROGRAMMING DASH=-8 MANUAL

(pointers) are passed in the sequence written to BASIC's stack. The
CALL routine unloads these pointers from the stack and uses them to
locate the variables in BASIC's data space 80 dats can be sexchanged
with them. Three important format requirements must be met:-

1. = The CALL parameters are positional. The subroutine knows
nothing of the names of the variables, 3just their
locations from the order of their pointers on the stack.
1f you write:~-

xxxxx CALL DASH8 (D1OS, MDA, PLAGS)

you will mix up the CALL routine, since it will
interpret DIOS as the mode number, the mode MDV as
the data etc.. The parameters msust always be written
in the correct order:-

(mode, data, errors)

2. = The CALL routine expects its parameters to be integer
type variables and will write and read to the variables
on this assumption. lf you slip up and use a non-integer
(real single or double precision) variable in the CALL
parameters, the routine will not function correctly.

3. = You cannot perform any arithmetic functions within the
parameter list brackets of the CALL statement e.g:-

CALL DASHE® (MDS + 2, DIOVN * B, FLAGS)
is illegal and will produce a syntax error.

4. = You cannot use constants for any of the parameters in the
CALL statement. The following is illegal:-

CALL DASHE (7, 2, FTLAGA)
This must be programmed as:-

xxx1l0 MDS = 7
xxx20 DIO§ = 2
xxx30 CALL DASH8 (MDV, DIOS, FLAGH)

Apart from these restrictions, you can name the integer variables
what you want, the names in the examples are just convenient
‘Anemonics. Strictly, you should declare the variables before
executing the CALL. 1I1f you do not, the simple variables will be
declared by default on execution, but array variable obviously cannot
be dimensioned by default and must be dimensioned before the CALL to
pass data correctly if used as a CALL parameter. Some modes of the
CALL routine require that data is passed in an array. 1n this case
DIOV (0) should be specified as the data variable so that the CALL
routine can locate the position of the array.

- 20 -
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1

You Can use some elegant techniques with the CALL
parameters. let's say we wanted to record or output a whole series
of data in a FOR . . . JNEXT loop. You can disension your DIO%
Aarray as a two or more éimension array, for example:-

xxx00 DIM D108 (2,100)

xxx10 DEF SEG = SG

xxx20 POR 1 = 0 to 100

xxx30 CALL DASHB (MDS, DIOS(0,1), FLAGN)
xxx40 NEXT I

Likewise any of the other CALL parameters may be integer array
variables if regquired, and you can name any number of different
integer data arrays for output and imnput. It is O.K. to dimension
arrays with more elements than will be used by the CALL, unused
elements will be unchanged and as an example could be used for
tagging data with time, date or other information. JIf you wish to
transfer data into a particular element of an array then specify it
in the CALL parameter list> For example:-

xxxxx CALL DASH8 (MDA, NUTH(5,4), FLAGH)

would transfer the data to element 9,4 of'nt:cy NUTS.

3.4 EXAMPLES OF THE USE OF THE CALL ROUTINE

The following subsections g¢give detail information and
examplies of the use ©of the CALL routine in all .17 modes. The modes
are selected by the MDA parameter in the CALL as follows:-

MODE FUNCTION
] “ e . Initialize, input DASH-8 base address.
1 . .o Set multiplexer low & high scan limits.
2 e s » Set multipiexer (channel] address.
3 e s . Read multiplexer (channel]l address.
4 e o o Perform a single A/D conversion
Return data and increment multiplexer address.
5 o s . Perform an N conversion scan after trigger.
Scan rate set by Counter 2 or external strobe.
6 PN Enable interrupt operation.
7 e . . Disable interrupt operation.
- 21 -
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] o o o Perform conversions on N interrupts and
dump data in segment § of semory.
(Packground operation).
S « s e Unload data from segrant S and transfer
to BASIC array variable.
10 « o Set timer/counter configuration.
b B N Load timer/counter.
12 « o o Read timer/counter.
13 « s e Read djgital inputs IP1-3.
14 o o o Output to digital outputs OPl-4.
15 o o o Measure frequency with timer/counter.
16 . o o Measure period vwith timer/counter.
1?7 o o o Tag lower nybble of data with channel number.

3.4.1 MODE 0 = INITIALIZE

Before using any other mode of the CALL routine, you sust
acquaint the routine with the 1/0 location, or BASE ADDRESS, o©of the
DASH-8 board. Failure to provide this information will cause an
error flag (FLAGYS = 1, base address unknown) if any other mode of the
CALL is selected. This need only be done once in the initializatiorn
section of your prograam.

On entry the following parameters should be initialized:-

Moy = 0 (mode)
BASADRS = §H3I00 ‘'for example (1/0 address)
FLAGS = X (value does not msatter)

then:~
CALL DASHS (MDA, BASADRS, FLAGS)

On return the variables contain data as follows:-

Mo = 0 {(unchanged)
BASADRS = §H300 (unchanged)

The following error codes apply to mode 0:-

FLAGS = 0 . {no error, o.k.)
. 2 {mode number out of range, <0 or >17)
= 3 (base address out of range <255 or >1016)

Note that error 3 will occur if you have specified an 1/0 address
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that is less than 255 (Hex PPF) cr greater than 1016 (Hex 3F8). 1/0

addresses belov Hex FP are all used internally by devices on the IBM

P.C. system board and would always cause an address conflict with
" DASH~B &nd addresses above Hex JIFF are not decoded on the IBM P.C.

3.4.2 MODE 1 - SET MULTIPLEXER SCAN LIMITS

Mode 1 is used to set the scan limits of the multiplexer
prior to performing conversions. Two Jlimits are passed in a 2
element array variable LT8(1l). LT8(0) contains the lower limit and
LTs (1) the higher limit. If mode 1 is not entered, the lower and
higher limits default to O and 7 respectively.

To illustrate the action of mode 1 assume we set LT (0) = 3
and LTV (1) = 6. The first conversion (commanded by modes 4 or 7)
would be performed on channel 3, data returned and the channel
incremented to 4. The next conversion wouléd be performed on channel
4, Gata returned and the channel incremsented to 5 etc.. This would
continue until the conversion had been performed on channel 6 in
which case the multiplexer address would be reset to 3 ready for the
cycle to repeat. Scanning of channels would always be stepped
between and including channels 3 and 6.

1f we wish to perform continuous conversions on one
S channel, then set the low and high limits equal to each other and the
desired channel number e.g. setting LTV(0) = 1 and LTV(1l) = 1 would
perform continuous conversions oh channel 1.

Note that the starting channel number defaults to LT$(0),
the lower limit. 1f for example we had set our lower limit LTS (0) =
2 and our higher limit LT8(l) = S and we wished to start scanning on
channel 4, then we would use mode 2 to set the multiplexer address
after setting the scan limits.

On entry the following parameters should be initialized:-

MDA = ] {mode)

LT8(0) = 0 thru 7 (lower scan limit)

LT (1) = 0 thru 7 (upper scan limit)
FLAGY = X (value does not matter)

then:~
CALL DASHB (MDS, LT8(0), FLAGN)

Note that specifying the first
element of the array will pass
all other required array
parameters.

On return the variables contain data as follows:~
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MDy = ) (unchanged)
LT (0) = 0 thru 7 (unuchanged)
LT8(1) = 0 thru 7 (unchanged)
The following error codes apply to mode l:-
PLAGS = O {no error, ©.k.)
« 1 (base address unknown)
s 2 (mode number out of range, <0 or »17)
- 4 {scan limits out of range)

Error code 4 will be returned if either or both of the scan limits is
out of range i.e. <0 or >7 or their order is reversed i.e. lower
limit > upper limit.

3.4.3 MODE 2 - SET MULTIPLEXER ADDRESS

Mode 2 sets the starting multiplexer address ready for the
next conversion. Default value is zerc.

On entry the following parameters should be initialized:-

MDA = 2 {mode)
CHS = 0 thru 7 (channel number)
PLAGS = X (value does not matter)

then:-
CALL DASHE (MDY, CH&, PLAGS)

On return the variables contain data as follows:-

MDA = 2 (unchanged)
CHA = 0 thru 7 (unchanged)

The following error codes apply to mode 2:~

PLAGY = O (nho error, o.k.)
-1 (base address unknown)
s 2 (mode number out of range, <0 or >17)
= 5 (channel number out of range)

Error code S will be returned if you attempt to set the channel
address outside the scan limits. 1f mode 1 has not been used to make
an explicit declaration of these limits prior to entering mode 2,
they will default to 0 and 7. I{f limits were set by mode 1, then
these limits will apply.
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3.4.4 MODE 3 = READ MULTIPLEXER ADDRESS

Mode 3 allows you to determine the current multiplexer
{(channel) address.

On entry the following parameters should be initialized:-

MD% s 3 (mode)
CHS = X (value does not matter)
FTLAGA = X (value does not matter)

then:=
CALL DASHE (MDS, CHS, PFLAGN)

On return the variables contain data as follows:-

MDDy = 23 (unchanged)
CHS = 0 thru 7 (current channel number)

The following error codes apply to mode 3:-

FLAGS = 0 (nho error, o.k.)
s ] (base address unknown)
s 2 {mode humber out of range, <0 or >17)

Note that if you are using any of the auto-incrementing modes ¢.,5 or
8., the multiplexer is incremented after the A/D conversion has been
started (while the sample/hold is in hold) and the EOC (busy) signa)
of the A/D is high. Reading the multiplexer address while a
conversion is in progress may yield an unexpected result. Before
reading the multiplexer address, it is good practice to check the

DASH~E8 status register EOC bit if there is any doubt about the A/D
activity.

3.4.5 MODE 4 —~ COMMAND SINGLE A/D CONVERSION AND INCREMENT

NULTIPLEYER

Mode 4 initiates a sequence of actions:-

1l - Starts a 12 bit A/D conversion.

2 = After A/D has started and sample/hold is in hold, increments
multiplexer and checks whether scan limit exceeded. 1f so
Sets to lower scan limit.

3 - Polls status to determine if A/D finished.

4 - Returns data in variable.

The A/D will perform conversions on channels in accordance with the
conditions set in modes 1 & 2. 1f modes 1 & 2 have not been entered
prior to mode 4, conversions will start on channel 0 and the upper
scan limit will be channel 7.
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Oon entry the following parameters should be initialized:-

MDA = 4 (mode)
DIOs s X (value does not matter)
PLAGA = X (value does not matter)

then:~
CALL DASHE (MDS, DIOS., FLAGS)

On return the variables contain data as follows:-

MDY = 4 (unchanged)
DIOs = data (converted data)

dote that if mode 17 has been enabled prior to entering mode 4,
returned data wil)l be "tagged®™ with the channel address (see mode

17).
The following error codes apply to mode 4:~
FLAGS = O {no error, o.k.)
LI | (base address unknown)
s 2 (mode number out of range, <0 or >17)
= 6 (A/D timeout)

Error code 6 will only occur if the end of conversion signal (EO.,
from the A/D remains nigh for more than 100 microseconds or stays low
after a conversion has been jinitiated. Either of these conditions is
indicative ©f a hardware fault and it is recommended that users
replace the A/D converter 1.C. (AD574A) as a first step in attempting
correction. A normal A/D conversion should not take more than 35
microseconds.

3.4.6 MODE 5 = DO N CONVERSIONS ON TRIGGER AND TRANSFER TO ARRAY
VARTXBLE

Mode S is an expanded version of mode ¢ except that a
whole sequence or scan of conversions is initiated by a high input on
IPl. Once the scan has been started, the rate at which conversions
are performed is set by Counter 2. A number (N) conversions specified
at entrance to the CALL are performed and transferred to any
specified integer array ARRAYS (N) which should be dimensioned to have
4 number of elements not less than N. No error checking is performed
to determine whether sufficient elements of the array exist to absorbd

the number of conversions prograsmed. If this is not so, bizarre
Tesults may ensue!

The interrupt handshake flip-flop on the DASH-8 board is
used to acknowledge trigger inputs in this w®mode although the
conversions are not interrupt driven. MNode 5 will perform a maximum
of about 4000 conversions/sec. although some conversions may be
delayed by the timer interrupt of the IBM P.C.. 1f you wish to
trigger at a programmable time interval set by Counter 2 then:~-

- 26 =
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DASH=8 MANUAL CALIBRATION AND TEST

8.2 CALIBRATING THE A/D

The only user adjustments On DASH-8 are 2 trimmer
potentiometers that control the A/D - and « Pull Scale. The A/D
output shoulé be observed (CALDASHB.BAS does this) while applying a
known calibration voltage to any or all analog input channels.
Briefly the adjustment sequence is:-

1. Apply an analog input of -4.9988v and adjust the ~F.S5. pot
so that the output flickers betwesn =2048 & -2047. This
pot is marked R2 on the DASH~8 board and the righthand one.

2. Apply an analog input of «0.0012v and adjust the +F.S. pot
s0 that the output flickers between 0 and «1. This pot is
is marked Rl and is the lefthand. You can check the <F.S.
with & +4.9963v input which should produce a reading of
«2046/2047. 1f there is a slight error e.g. 1 count Yyou
can alternate between +0.0012 & +4.9963v inputs and adjust
for the best compromise.

Adjustments are done on "half®” bit intervals to obtain a
reading flickering about 50/50 between two adjacent values. This is
more precise than applying center bit values such as -5.0000v,
0.0000v etc. and performs a better calibration.

- 75 -




Hydraulic Press Control
Page 113

APPERMDIX A: CONMMECTIONS DASH=8 MANUAL

COMMBCTIONS

A.1l MAIN 1/0 COMNNECTOR

The main analog and digital 1/0 4s via a 37 pin D type
connector that projects through the computer case at the rear of the
board. The pin functions are as follows (see Fig A.) for
locations):~

PIN NAME PUNCTION
b} *12v *l12v power supply froe P.C.
buss (cbeserve loading
lisits)
2 c1x0 8253 Counter b clock input
3 ouTo 8253 Counter 0 output
4 cLx1 8253 Counter 1 clock input
5 ouTl 8253 Counter 1 output
T ovT2 8253 Counter 2 output
7 orl Digital output §1
8 OoP2 Digital output $§2
9 or3 Digital output 43

10 OP4 Digital output #4

1 D1G.COM, Digital Common. Return
for all logic signals and
power supply currents.
Connected to computer fraee.

12 L.
13 L

I

L.GND.
. L. “D L]

'.‘,1

X

3

u

X

\4

N - - - \4



20

21
22
23
24

25
26
27
28

29

30
3
32
k)
34
35
36
37

L.L.GRD.
L.L.GND.
L.L.GNRD.
L.L.GND.
L.L.GND.

VREF

-12v

GATEO
GATEL
GATE2
INRT. IN.

1Pl
P2
1P3
D1G. Cox.

[ =]
1
N W e v 9

IN 1
IN O
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APPERNDIX A: COMMECTIONMS

Low level grounds.

These are common returns
and shields for the analog
input channels.

«10.00v(+/~0.1v) precision
reference voltage from A/D.

=12v power from P.C. buss.
(observe loading limits).

8253 Counter 0 gate input
8253 Counter 1 gate input
8253 Counter 2 gate input

Interrupt input. Positive
edge triggerred input.

Digital input 41
Digital input $§2
Digital input §3

Digita)l common. (same as
pin 11).

+Sv power from P.C. buss
(observe loading limits).

Channel €7 analog input
Channel $6 analog input
Channel ¢5 analog input
Channel $#4 analog input
Channel 43 analog input
Channel §2 analog input
Channel ¢1 analog input

Channel] ¢0 analog input

The mating connector for DASCON-1 is a standard 37 pin D
type female such as ITT/Cannon #DC-37§ for soldered connections.

Insulation displacement

e.9. ”P $745242-1.

. -
MAOCOUONTAN RN AN N 4 M OWIO0 MM My,

WO .s.l'l . .Ol‘l. * 7%

(flat cable)

types are readily available
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APPENDIX A: COMMECTIONS DASE-8 MANUAL
A.2 REAR VIEW OF DASH-8 CONNECTOR
v q:\\\
ref 37| avaLoc v 0 )
L.L.GND. {18
36| aNALOG IN )
L.L.GND. |17
35| ANALOG IN 2
L.L.GND. |16
34{ ANALOG IN 3 ‘
L.L.GND. {15 > Anslog signal inputs
33{ ANALOG IN & (use L.L.GND.'s for return)
— L.L.GID. |14 1
32| AMALOG IK S
L.L.GND. |13
31| AMALOG IN 6
L.L.GND. |12
30; ANALOG IN 7
pIG. COM. {11
29} oSv
OP&s |10
28| DIG. COM.
oP. 9
Bigital > 27, 1P
outputs
op2 s 26| 1P2 Digital
o |7 inputs
. 25 1Pl
CIR. 2 OUT 6
24; INTERRUPT INPUT dote:
CIR. 1 OUT S *Sv,¢12v & ~12v
23| CTR. 2 GATE are outputs from
CTR. 1 CLOCX : 4 computer power
., 22| CTe. ) GATE and should mot
Cre.ooUT | 3 be overloaded.
2)| CTk. O GATE
CTR. O CLOCX . 2
20 -l2v
*l2v l 1 /
_-
Fig. A.1: Rewr view of 170 connector (37 pin D" type mwle)
- 7. -
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B.1 POWER CONSUMPTION

|

$ *Sv supply -
‘ +12v supply -
) «12v supply -
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APPENDIX B: SPECIFICATIONS

Appendix B
SPECIPICATIONS

107mA typ. / 180mA max.
6mA typ. / 10mA max.
10mA typ. / 16mA max.

B.2 ANALOG INPUT SPECIFICATIONS

8 analog input channels each with the following specification:-

Resolution -
Accuracy -
Pul) scale -
Coding -
Overvoltage -
Configuration -
Input current -

Temperaure -
Coefficient

12 bits. (2.4mV/bit)

0.01% of reading +/-1 bit.

*/«S volts

Offset binary

Continuous single channel to «/=35v
Single ended.

100nA max at 25 deg.C.

Gain or F.S8., ¢/-25ppm/deg.C. max.
2er0, +/-10 microvolt/deg.C. max.

-7 -
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APPEMD1X B: SPECIPICATIONS DASH=8 MANUAL
B.3 A/D SPECIFICATION

Type - Successive approximation.

Resolution - 12 bits

Conversion - 25 microseconds typ.

time. 35 microseconds max.

Monotonicity - Guaranteed over operating temperature range.

Linearity - */=1 bit.

2ero dArift - 10ppm/deg. C. max.

Gain drift - SO ppa/deg. C max.

(30 ppm/deg C. available to spocial order)

B.4 SANPLE HOLD AMPLIPIER

Acgquisition - 15 microsecs to 0.018 typ.

time for full scale step input

Dynamic - 1 bit (2.44mV) @ 2000v/sec.

sampling error

|
E B.5 REFERENCE VOLTAGE OUTPUT

i Reference - *10.0v /= 0.1v
voltage
Temperature - 50 ppw/deg.C max.
coefficient (30 ppm/deqg.C available to special ordwer)
Load current - ¢/=2mA max.
- 80 -
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B.6 DIGITAL 1/0

OPl1-4 output
low voltage

OPl~4 output
high voltage

IP1-3 input
low voltage

IPl1-3 input
low current

IP1-3 input
high voltage

I1P1-3 input
current

B.7 INTERRUPT INPUTS

Type
level
Enable

Hydraulic Press Control
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APPEIDIX B: SPECIPICATIONS

0.5v max at Isink = 8.0mA
2.7v min at lsource = =0.4mA
0.8v max

=0.4mA max

2.0v min

20uA max. @ 2.7v

Positive edge triggered
2 = 7 jumper selectadble
Via INTE of COMTROL register

Interrupts are latched in an internal flip-flop
on the DASH-8 board. The state of this flip-flop
corresponds to the INT bit in the STATUS register.
Flip-flop is cleared by a write to the CONTROL
register. Service routines should acknowledge

and re-enable interrupt flop.
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APPENDIX B: SPECIPICATIONS

B.8 COUNTER/TIMER

Type -

Counters -

Output drive -
capability

Input, gate -
& clock load

Max. input -
clock freq.

Active count -~
edge

Minimum clock -
pulse widths

For additional information on programming

see Chapter 4.

B.9 POWER OUTPUTS

IBs P.C. buss -

supplies
Tolerance -
Loading -

-y

-
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DASH=-8 MANDAL

8253-5 programmable interval
timer

3 down counters, 16 bit.

2.2mA € 0.45v
{5 LSTTL loads)

TTL/DTL/CMOS compatible
+/=10 uh current

Not less than 2.6MH2z
(may vary with sanufacturer)

Regative

230nS high / 150nS low

*5v § o/=12v

*+S5v +/=58
+12v +/=5%
=12v +/=10%

Dependent on other peripherals
(see Section 7.7)

- 82 -
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DASH=8 MANUAL APPERNDIX B: SPECIFICATIONS

B.10 GENERAL ENVIRONMENTAL

= Operating 0 to 50 deg. C.
K temperature

range.

<t Storage - =20 to <70 deg.C.
temperature
"W range

' Humidity 0 to 908 non—-condensing.

Weight - 4 oz. (120 gm.)

X - 83 =

AR
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APPFERDIX C: IRTEGER VARIABLE STORAGE DASH-8 MANUAL

Appendix C
STORAGE OF INTEGER VARIABLES

Data is stored in integer variables (8 type) in 2's
Sl cosplement fors. Each integer variable uses 16 bits or 2 bytes of
memory. 16 bits of data is equivalent to values from 0 to 65,535
decimal, but the 2°'s complement convention Iinterprets the most
significant bit as a sign bit so the actual range becomes -32,768 to
*32,767 (a span of 6€5,535). Numbers are represented as follows:-

High byte Low byte
D7 D6 DS D4 DI D2 DI DO D7 D6 DS D4 D3 D2 D1 DO
+32,767 0 1 1 1 1 1 1 1 1011 111 11
410,000 0 0 3 0 © 31 1 2 © 00310000
e 000000 O O 00 0000 0 1
0 © 6 000 0 0 O © 0000 OO0 O
-1 113111 1 11 111111311311
-10,000 1 1 0 11 0 0 0 11110000
-32,7%6 1 0 0 0 0 0 0 0 © 00000 GO0 O
Sign bit

1 if negative, 0 if positive

Integer variables are the most compact form of storage for the 12 bit
data from the A/D converter and 16 bit data of the 8253 interval
timer and so to conserve memory and disk space and optimise execution
speed, all data exchange via the CALL is through integer type
variables. This poses a programming problem when handling unsigned
nuabers in the range 32,768 to 65,5135,

1f you wish to input or output an unsigned integer greater
than 32,767 then it is necessary to work out what its 2's compliment
signed equivalent is. As an example, assume we want to load a 16 bit
counter with 50,000 decimal. An easy way of turning this to binary
is to enter BASIC and execute PRINT MEXS(50000). This returns C350
or binary:-
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Appendix B

DAC-02 Manual




SN I TCRAR ARA N L WRV X R WY R LS LMW IS LS U T U UV R KN RN SRR N UKL ¢ AP WU ST W WU WP W WA WP W AWK T *

o -,

Hydraulic Press Control
Page 123 ,

Y

DAC-02
MANUAL

© COPYRIGHT BY METRABYTE CORPORATION 1984

7/84

»

A
e P T A S S A A o N L B S R A N S S S (S S N LY



Hydraulic Press Control
Page 12«

DAC=02 MANUAL

The DAC=-02 consists of 2 separate double buffered 12 bit
multiplying D/A channels plus interface circuitry. The D/A
converters mey be used with a fixed D.C. reference as
conventional) D/A's. On board references of -5v and ~10v are
provide output ranges of 0-5v, 0=10v, +/~5v and «/-10v and 4-20mA
for process control current loops. Alternatively, the D/A's may
be operated with a variable or A.C. reference signal as
multiplying D/A's, the output is the product of reference and
digital inputs. With an A.C. reference, the unipolar outputs
provide 2 gquadrant multiplication and the bipolar outputs provide
4 quadrant operation. 12 bit accuracy is maintained up to 1KHz.

Since data is 12 bits, data is written to each D/A in 2
consecutive bytes. The first byte is the least significant and
contains the 4 least significant bits of data (see Section 1.4
for format). The second byte is the most significant and contains
the most significant 8 bits of data. The least significant byte
is usually written first and is stored in an intermediate
register in the D/A, having no effect on the output. When the
most significant byte is written, its data is added to the stored
least significant data ané presented “"broadside” to the D/A
converter thus assuring a single step update. This process is
known as double buffering.

The DAC-02 is packaged on a 5" long “"halfe-slot® board
suitable for use in all models of IBM P.C.'s (including the
portable) and all compatibles including the T.1. Professional.
The DAC-02 is addressed as an 1/0 device using 8 1/0 locations
and may have its 1/0 address set by means of an on-board DIP
switch to any 8 bit boundary in the 255-1023 (decimal) 1/0
address space. The board uses the internal +5v, <«l12v and -12v
computer supplies and consumes 850 milli~-watts of power.

1.2 1/0 map

The DAC-02 requires 8 consecutive addresses in 1/0 address
space. The locations of the D/A registers is as fol lows:-

Base Address ¢+ 0 - D/A 40 Low byte
® . + 1 - D/A 80 High byte
- . . 2 - D/A ¢1 Low byte
. . *« 3 - D/A 61 High byte

The next 4 addresses are redundant and repeat the above
pattern and can be ignored in programming:-

Base Address + 4 - D/A ¢0 Low byte
. - +« 5 - D/A 00 High byte
. . + 6 - D/A ¢1 Low byte
. . ~ 7 - D/A #)1 High byte

.

> L

CRARARR

CEFTELL
- ab

(51'
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1.3 Installation

Before installing the DAC=02 in your computer's peripheral
expansion slots, set the BASE ADDRESS switch to a suitable 1/0
address that will not conflict with any of your othar peripheral
boards. Certain 1/0_addresses have been reserved by 1BM and say
be in use in your cofputer. These are as follows:-

Address Hex Range Device
000 - OFF Internal system board 1/0
200 - 20F Game 1/0 adapter
278 - 27F Reserved
2FE - 2FF Reserved
320 - 32F Hard disk controller (XT only)
378 - 37F Parallel printer port
3By -~ 3BF Monochrome display
3F0 .- 3F7 ‘Fisuppy disk controller
AF8 - 3FF Asynchronous communications 1/0

Unless you are using the IBM prototype board which uses
acddresses in the range 300 - 31F hex, a simple choice of base
address for the DAC-02 would be 300 hex. The DAC-02 board will
then occupy 1/0 addresses 300 - 307. The setting for the BASE
ADDKESS switch is shown below:-

BASE ADDRESS
9 B 7 6 5 4 3

Base address shown

ON
™ = =l set to &H300
l@%%@ wi (768 decimal)

Address Decimal
Line Equivalent

A3 8

M 16

AS 32

A6 64

'y 128

A8 256

A9 512

Note that a switch in the ON position corresponds to a zero, and
in the OFF position corresponds to the binary weight of the
corresponding address bit (512, 256, 1286, 64, 32, 16, 8). The
bagse 1/0 address is the sum of all the OFF switch address bits.

PR L A &
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After setting the BASE ADDRESS switch the bpard should be
installed in the computer. Turs 0ff the power on your coaputer
before removing or installing any board. Remove a vacant back
plate, engage and push home the DAC-02 in the 62 pin edge
connector and secure the back plate with the screw that you just

| removed. Turn On the computer power and boot-up should be normal.
I1f there is any problem with boot-up ©Or subsequent operation
of the DAC-02 or other peripheral boards, most likely you chose
an 1/0 address that conflicts with another peripheral device. In
this case, change the BASE ADDRESS switCh setting and try egain.

The program INSTALL.BAS on the DAC-02 software disk will
assist you in setting the BASE ADDRESS switch correctly. Load
BASICA and then type RUN"INSTALL.

1.4 Data Format

Data format for the D/A registers is as follows:-

Low byte: D7 D6 DS D¢ DP3 D2 D1 DO
Base + 0 or 2 BY Bl0 Bl} Bl2 «x x x x
(LSB} (x = don't care)
High byte: D7 P pS P4 p3 D2 Pi PO
Base « 1 or 3 Bl B2 B) B4 BS5 DB6 B7 B8

(MSB)

Writing the low byte stores it in an intersedjate register.
Writing the high byte loads the D/A with both the high byte and
the stored low byte data. For 8 bit operation, first write zero
to the low byte and all further operations may then be perforsed
with the high byte only.

Assembly language programsers s8hould note that if data is left
justified, 16 bit output operations may be used (e.g. OUT DX, AX)
as the data sequence is conventional Intel Low/Nigh byte.

1.5 Programming

No special software is provided with the DAC-02 as
programming is simple with 1/0 output instructions in whatever
application language i1s used.

The following example shows how to output data in BASIC. It
is readily “"translatadble® to other languages. Since the D/A's
have 12 bit resolution, data D should be in the range 0~ 4095
decimal. Pirst split the data into 2 bytes DL (low) and
DHS (hagh) : =

xxx00 DHS = INT(D/16) ‘generate high byte

xxxJ0 DLs = D - 16°DHV 'derive remainder in low byte
xxx20 DLA = 16 * DLW% ‘shift low nybbled places left
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Next write the dats to the D/A. The example assumes D/A ¢0 with s
board base address of Mex 300:-
xxx30 OULT &¢HI00, DLS ‘low byte
xxx40 OUT &H3I01, DHA ‘high byte and load
For & working example of programming in BASIC, list and run the
program PROG.BAS on the DAC-02 software disk.
An assemdbly lagnguage routine is even simpler. Assume AX
contains the data and DX has the board 1/0 sddress. To write to
D/A §0:~
MOV CL. 4 1set up for 4 left shifts
SAL AX,CL ileft jJustify data
OUT DX, AX swrite to D/A ¢0 ..
LI
1.6 Selecting Output Ranges ¥
.
The operating output range is selected by jumpering pins on {

the rear D connector mating half. The various ranges are selected
as follows:-

’,
RANGE JUMPER PINS oUTPUT ’
0 - *5v D/A 00: 21 to 22 Pin 24 bt
D/A #1: 15 to 16 Pin 18 -
0 - +10v  D/A 00: 20 to 22 Pin 24 N
D/A #1: 14 to 16 Pin 18 X
~/e5v D/A #0: 21 to 22 Pin 23 "
D/A #1: 15 to 16 Pin 17 g
=/+10v D/A $0: 20 to 22 Pin 23 >
D/A #1: 14 to 16 Pin 17 :
4-20mA D/A #0: 21 to 22 Pin 25
D/A 03: 15 to 16 Pin 19
A.C. Ref. D/A 40: Input on pan 22 Pin 24 (2 quadrant)
® Pin 18 (4 quadrant)
e D/A $1: Input on pin 16 Pin 23 (2 quadrant)
L ]

Pin 17 (4 qQuadrant)

Low level ground connections {(common) can be made to any of the
Pins 2 thru 12.

Por unipolar outputs 0 - Sv, 0 - 10v and ¢ - 20mA data coding is
true banary. Due to the analog inversion in the bipolar output
ranges, -/+5v and -/+10v, data coding is complementary offset
binary i.e. zero digital corresponds to «Pull Scale analog and
4095 digital corresponds to -Full scale analog.
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1.7 4-20mA Current lLoop Output

The 4 - 20aA curzrent Joop output consists of a precision ‘
current sink formed by a VNOS power F.E.T. and reverse protection .
diode as shown below:-

@ 4 - 20mA output
Unipolar output (pin 19 & 25)
lé i_——e L.L- GND.
(pin 2 - 12)

A minimsum voltage of 8 volts must be maintained across this
output circuit to insure correct operation. The maximum voltage
should not exceed 36 volts for power dissipation reasons. A 24v
or J6v loop supply is ideal. There are 2 ways of connecting the
process loop, grounded load with floating supply or floating load
with grounded supply. Obviously the second methoéd al lows many
loops to be powered by the same supply but constrains the load to
be 2 wire floating. The alternative connections are shown below:-

To
other
| Floatimg | - loops
supply - oating
load
+
by
- Loop
b~20mA Sepply
1> -
L.L. ONC
Grounded
v load $

]
Frame & line gnd.

R .‘. _'--.‘. ot e S \- N T e AT L
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1.8 Use with A.C. Reference (Digital Attenuator)

Apart from its uses as a stancerc v.C. output D/A, the DAC~-
02 can be used with a bipolar or A.C. reference signal. The
equivalent circuit when used in this mode is shown below:-

" 1
%ﬂ -}1
Bipolsr Iy
output o
Vase L ' :
44
T '
1
] —)
: Unipoler
- output

DATA LATCHLS AND SWITCH BIUVERS j

wWith an A.C. reference, the customary terminclogy of
operation is somewvhat different. If the output is taken from the
unipolar outputs, 2 quadrant operation is obtained since the
reference which may be positive or negative is multiplied with a
positive only digital signal. If the output is taken from the
bipolar output, the offset digital input can effectively be
positive or negative which together with the possible positive or
negative states Oof the reference results in 4 quadrant operation.

Two other parameters are of interest in A.C. operation. The
first is feedthrough, the amount of residual signal at digital
zero. The feedthrough which is mainly a function of stray
capacitance rises with frequency. At 10KH2 )t is typically 5mv
peak - peak with a «/=Sv reference. The second paramseter that is
a limit at a lover frequency, is the accuracy/frequency
characteristic. Due to distributed capacitance in the R-2R ladder
network, the full 12 bit performance of the D/A falils off as the
frequency rises. Above about lKkH:z the dynamic performsance of the
D/A will be less than 12 bit accurate.

The DAC-02 will perform well in synchro-digital and resolver
applications for sine/cosine generation with 400 Hz reference.
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1.9 Connections

A Tear view of the 25 pin D connector is shown below. The
DAC-02 board has a female DB2S socket and a DB25P solder cup plug
is required to make connections (NetraByte part ¢ SNC-28).
Usually only 3 or 4 wires {(D/A outputs and ground) will be
required for connections, #0 that a multi-wire flat cable is not
required. (Note: 25 pin D connectors are identical to RS-=232C
connectors). Output range selection is controlled by Jumspering
Pins on the plug body as described in Section 1.6.

Dig. Com. F;\\\\
F 14; ~10v. Reference
2
15/ =S5v. Reference
3
16, D/A §1 Reference Input
4
17{ D/A ¢#1 Bipolar Output
S
18] D/A ¢1 Unipolar Output
[
Low 19/ D/A ¢1 4-20mA Output
Level 117
Grounds 20} ~10v. Reference
8
21! -Sv. Reference
9
22| D/A $0 Reference lnput
10
23| D/h 90 Bipolar Output
11
24| D/A 40 Unipolar Output
12
L 25/ D/A 60 4-20maA Output
*Sv ").11’/)

* 5v power froe the computer is supplied on Pin 13. 1f you
use this power avoid shorting or overloading of the coaputer
pover supply.




2.0 Specifications

POWER SUPPLIES
+Sv  supply:
=Sv supply:
*12v supply:
=12v supply:
Total power dassipation:

OUTPOT RANGES
Channels:

1/0 address:
Resolution:

Relative accuracy:
Differential linearity:

Fixed reference ranges:

variable reference ranges:
Reference input resistance:
Voltage output impedance:

Voltage output:
drive current

4-20mA compliance:
(for current loop)

ENV I ROMMNENTAL

Temperature coefficient:
of gain

Zero drife:

Operating temperature:
Storage temperature:
Humidaty:

Weight:

-p g
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N
' A
75mA typ., 100mA max. <
Not used d
15mA typ., 258A max.
25mA typ., ISmA max. \
0.85 watt typaical.
2
DIP switch selected on any 8 bit )
boundary.
12 bits (1 part in 4095)
1/2 LSB (0.01%) max. .

1/2 LSB max.

0 to 5v (unipolar)

0 to «10v (unipolar) -
«/=Sv (bipolar) )
+/=-10v (bipolar}

4-20mA current loop t

¢/=10v (2 or 4 quadrant)

7Kkohm min., llkohm typ., 20Koha max.

2 0 a4 o a

< 0.1 ohms max.

¢/=-SmA main.

8 - 36v \

«/=-25 ppM/deq.C.(with reference)
¢/=5 ppM/deq.C. (external ref.)

+/=3 ppit/deg.C

¢ - 70 deg.C.

-5% to +125 deg.C.

0 - 95 non-condensing

4 oz. (120 @) .
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Effrece, Frank Jr., 2Lt, USAF, M5., June 1987, Mech. Engr.
Ohio University

The Dynamic Controls of a Hydraulic Press by Contrclling
the Pump Motor. (132pp.)

Director of Thesis: Dr. Kenneth R. Halliday

Because of the need to control power, a research
project to contrcl a 25 tonr Walbash hydraulic press was
undertaken. A pump-motor control scheme was selected to
control this press, after considering adaptability. cost,
and time response of the systems over a servo valve control
system.

The analytical analysis of the pump-motor contrgl
scheme assumed linear <characteristics for the press anc

motor which lead to a differential eguation to describe the

system:
3 gV ) { kKoK K, K, K
—_— —— - [ S o)
KTd t R R« Vet s ety 1]
* a a [l 3

where J is the inertia, Ra 1e the armature recistance. kl

1 the stall torque of the motor. kr 15 the proportional:t,

constant of the press, Kp is the motor controller constant.

Kl is the position transducer constant, vr is the velozitv
of the ram, and e(t) 15 the input signal to the contrcl
system.

The actual control system was 1ncstalled on the Walbagh

.

precs us:ing aralog to d:gital! and digital te analc

oy
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converters for computer linking. The control system
produced a completely computer controlled press, except for
the extra functions of the press, such as temperature
control, which were not disturbed.

The control system worked satisfactory but not without
a number of problems: numerical differentistion errores,
magnitude of the velocity instabilities, and hydraulic
inconsistencies. The press’s futures is dependent on the

user’s tclerance to these errors.

Approved oo 25 L. &uﬁﬂaﬁ
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