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ABSTRACT

Mobile scaffolding units are used extensively for both building construction and
maintainance. Work on a scaffolding unit is both dangerous and time-consuming and
given one of the highest risk ratings in the construction industry and any alternative method
for working on the outside of buildings would be welcomed.

Most buildings built today have tracks which allow platforms to be suspended
from the roof and to move up and down accurately. However, horizontal motion involves
dismantling the unit and reassembling it on the next set of tracks. For this reason, we have
decided to design a system whereby a platform could be moved simultaneously in both the
horizontal and vertical directions. It would have to be able to position itself anywhere on
the building facade with a high degree of accuracy. In this manner we hope that it will be
possible to replace the human workers on the platform with robotic devices..

In order to ensure high accuracy and to prevent swaying,Professor Alex Slocum
developed a new cable configuration suspending the platform which was predicted to give
the platform extremely high lateral stiffness. To test the feasibility of the concept and the
cable dynamics, we built a working 1/20th scale model of a complete scaffolding system
with integrated computer control.

The system is fully functional and preliminary tests have shown that the cable
configuration prevents the platform from swaying and allows it to be positioned
accurately. Although simple control software has been written, more complex work is
under way and until it is fully developed, the exact accuracy of the system cannot be
determined. However, it is expected that we will be able to position the platform to within
five thousandths of an inch of the desired position.

This thesis includes a detailed description of the existing model and the control
problems encountered as well as recommendations for a possible prototype design.

Thesis Supervisor: Professor Alex Slocum

Title: Assistant Professor of Civil Engineering
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L Introduction

A new and untested cable configuration (see figure 1) was tested using a scale
model of a servo-controlled scaffolding unit for operation on large buildings. The
buildings for which this unit is designed are aproximately 100 ft wide and 200 ft high. A
1/20th scale model of such a building measures 5 ft by 10 ft. and this represents a feasible
scaling for our purposes.

Since the primary purpose of this project is to test the cable configuration, the exact
scaling of the motors and other components is unimportant. However, the cable
characteristics must be scaled down. The use of 1/16 in aircraft cable is adequate; this
gives a full-scale cable diameter of 1.25 in. The feasibility of a surveying Electronic

Distance Meter (EDM) for a full-scale model was also tested.

building

cart

platform

Figure 1: new cable configuration.

It was clear that a cart of some sort would have to be able to move horizontally and

motors and drums mounted on the cart would coil up the cables as shown in figure 2.



An IBM PC AT is used to control Scafbot and this presented several challenges
early on in the project. The choice of feedback systems and interfacing devices was
important since we are trying to model the cable dynamics under various cart operations.
We decided to use of a special Digital Input/Outpt PC plug-in card and a Digital/Analog

converter board.

2 Technical Discusion

2.1 Mechanical system

2.1.1 Cart construction

Figure 2 shows the complete mechanical system as built. The top view of the cart is
shown in figure 3. Figures 4 through 8 show the part diagrams used during construction.
A large plate of aluminium is used as the base of the cart The motors, drums, encoders,
and brakes are all mounted on the cart, as are three 1.25 inch diameter grooved 'wheels’
which ride on a set of tracks (see figure 9). These tracks are screwed into a 4x4 inch x8 ft

aluminum box section.

platform

flat stock

Figure 9 : track system



The wheels have very low rolling friction but high static friction coefficients with the
track. This enables us to use one of them as a drive motor, moving the cart horizontally.
(see figure 6 for details on the drive motor). Two idler journals and one fixed journal are
required to support the cart. The drive motor was placed on one of the top two journals
such that the weight of the cart and platform would increase the contact force between the
journal and track. thus increasing the drive traction. The third journal was mounted using
an ecentric mount so that the force between the journals and track could be varied.

The platform is raised and lowered by winding the cables up or down on two 2
inch diameter grooved drums driven by two motors (with gear reductions of 52.9:1). The
weight of the platform suspended by the cables is about 10 lbs. This results in an
approximate tension of 2.5 lbs and a torque on the drums of 5 inlbs. This is sufficent to
slowly back-drive the motors. In order to avoid this and avoiding the necessitity of reverse-
torquing the motors with controlled applied voltages, small friction power-off brakes are
mounted on the drum shafts. This provides a type of fail-safe so that, in the event of an
electrical power failure, the platform will not unwind the cables. It also locks the system
up when it is not in use.The motors are connected to the drum shafts using HeliCal flexible
couplings which eliminate the need for absolute accuracy when lining up the motors and

drum shafts.

Three small optical encoders are mounted on the cart near the drive motor and two
drum motors. They are connected to the shafts via 1 inch timing pulleys and belts. There is
no mechanical gain between the encoder shaft and the drum shaft . Figure 3 shows the cart
layout. The encoders are mounted using L-shaped brakets with slots in them. These slots
allow the tension in the timing belt to be varried. The encoder and mount are shown in
figure 7.

The motors operate on +-24 vdc and draw a current of approximately 0.5 amps.

They produce a torque of 834 ozin and the maximum speed (at 24 v) under loaded
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conditions is about 2 rev per second. This produces a horizontal velocity of 6 in per
second, and a vertical velocity of 12 in per second. However, the vertical velocity was
limited to 5-6 in per second in order to make it possible to keep the platform level.. The
motors and drums are all mounted using mounts and 1/4 inch ID, 1/8 in thick bearings.
Figure 8 shows the drum and mount. The drums were lightly threaded at 14 threads per
inch with a customised tool in order to facilitate the ordered coiling of the cables. Had the
cables been left to coil randomly on their own, one rotation of the drum would not
necessarily coil up the same amount of cable and the platform would not always be level.
The drums are secured to the shaft with recessed set screws. The cable is attached through
a small hole at an angle to the drum by a set screw. The power-off brakes are mounted on
the drum mounting brackets and are secured using two set screws.

Once all of the components had been built, their positions were marked on a large
piece of 3/8 in aluminium plate using figure 10 as a template. Mounting holes were drilled
and then tapped and the components mounted. One side of a piece of 1 in square box
section was was partially removed and a piece of 1 in wide aluminium plate machined with
grooves such that it can slide over the box section as a cover, see figure 11. This was

mounted on the cart , and all of the cables were routed through

/ t°p

box section

wires

Figure 11: wiring housing

All of the wiring leads from the wiring housing to a set of 9-pin connectors

mounted on the connector panel on the side of the cart (see figure 12).

9



2.1.2 Platform construction

The platform which is suspended by the cables is shown in figure 13, and the
pulley system is shown in figure 4 . Originally the cable coming from the drum and the
one attached to the extension arm were not in the same vertical plane. For this reason, the
pulley system rotates about the base. However, the cables were later made to be in the
same plane and the pulley system does not need to rotate. Rather than removing the press-
fit bearing, the large bolt arrangement was tightened and the pulley system is no longer able
to rotate.

The original cable configuration specified that the cables have to be firmly fixed to
the platform when the platform was not moving. In a full-scale operation this would
involve magnetic particle brakes around the cables. However, the size brake that our model
needed do not exist. It was decided that we could simulate the effects of such a brake by
mounting a small electrically powered friction brake, similar to the ones used to brake the
drums on the cart, to brake the pulley around which the cables run. Power-off brakes were
selected because of their fail-safe operation. A braking torque of 3 inlb was deemed to be
sufficient. Figure 4 shows the mounting of the brake. The power to the brakes comes from
a long ribbon cable reaching from the platform to the connector panel on the cart.

Three large bicycle reflectors were mounted horizontally on the platform. They are
used to reflect the infra-red signal from the EDM back to a large mirror mounted on the cart

at 45 degrees to the vertical plane and then back to the EDM.

2.2 Electrical system - hardware

10



Figure 14 shows a schematic of the interfacing of Scafbot with the IBM PC.

2.2.1 Interfacing the encoders

The encoders produce two pulses 1000 times per shaft revolution. One of the

pulses leads the other one by 90 degrees, thus indicating direction of rotation.

1/1000 revolution
1 pulse

B o -__I_

Figure 14a : encoder output

The A and B signals from the encoders are connected to the inputs of three 'A QUAD B’
boards which interpret the data and count either up or down depending on the direction of
the encoder shaft rotation. In this way, the A QUAD B board produces a 22 - bit number
representing the absolute position of the encoder. The board analyses both the A and B
encoder signals and produces four counts per ' pulse’ of the encoder and thus increases the
accuracy of the encoder by a factor of 4. Thus one revolution of the encoder produces
4,000 counts, which for the drive motor results in 4.71 inches of travel horizontally. This
resolution results in one A QUAD B board count representing 0.0012 inches of motion.

The A QUAD B board requires several signals to operate. They are as follows;

11



CLR - asignal telling the board to reset itself to O - active low

CLK - a 2 MHz square wave clock signal

READ/LATCH - normally low, but set high when a reading is desired
Only the lowest 16 bits of the 22 bits produced are read, resulting in 40,000

divisions in the 4ft horizontal track (in 0.0012 inch steps) - perfectly adequate for our

purposes.

2.2.2 Interfacing the EDM

The EDM has an RS232 adapter and can be plugged directly into one of the
computer's serial ports. In its tracking mode, the EDM takes measurements every 0.5

seconds, and in its more accurate mode takes measurements every 4 seconds.

2.2.3 Powering the motors

The motors run on +- 24 vdc at 0.5 amps peak but the Data Translation Digital to
Analog (DT2815) board only produces +-5 vdc at 20 mA. It is therefore necessary to
amplify the the DT2815 signal using a high-power amplifier. The simplest type of
amplifier is the non-inverting op-amp circuit. Three 3573am op-amps are used to power the
three motors. Figure 15 shows the circuit diagram for the amplifiers. By using op-amps,
the voltage to the motors can be varied between -24 v and +24 v in infinetly small steps.
However, the DT2815 can only vary its output with 12-bit resolution. The output of the
amplifiers cannot have a higher resolution than its input, thus the voltage to the motors can

be varied in steps of 0.0117 v.
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2.2.4 Powering the brakes

The brakes operate on +24 vdc . The larger cart brakes require 0.37 amps and the
smaller platform ones need 0.18 amps and when power is aplied to them, they release.
Since they are controlled by the same DT2815 board as the motors, they need amplification
of the signals to operate. However, since they either need 0 v to be on or 24 v to release,
the use of an op-amp is not required - simple relays can be used. The relays must be able
to handle up to 0.4 A yet be able to switch with less 20 mA across the coil. Ideally, solid-
state relays should be used for this operation, however, miniture mechanical ones seem to
work. The switching time of a mechanical relay, though slower than that of a solid-state

one , is small enough when used with a component such as a brake.

2.2.5 Power requirements of the system

Assuming that all three motors and all brakes are powered at the same time, the

current requirements of the system would be;

I =3*0.5) +(2*0.37) + (2*0.18)
I =26A
The power supplies used are only rated at 2.4 A, however, the controlling software limits

the number of motors on at one time to two and so the power requirements are satisfied.
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2.3 Interfacing of the IBM PC

2.3.1 Using the Data Translation DT2815 board

The DT2815 is a general purpose Digital to Analog (D/A) converter which plugs
into one of the expansion slots of an IBM PC. It can be used as either a current or voltage
source, or a mixture of both. It can be used in a bipolar (-5 to +5) or unipolar (0 to 5) .
mode. Its resolution is 12-bit (decimal 4,096) and its current output is limited to 20 mA.
Figure 16 shows the pin connections between the DT2815 and the outside world. The
motors require 3 voltage outputs and the brakes 4 voltage outputs. The DT2815 has 8
channels of voltage output organised in two sets of 4 (J1 and J2).

Before the board can be used for anything it must be configured to the users needs.
Since the motors expect -24 to +24 vdc from the amplifiers and they expect -5 to +5 vdc,
the DT2815 was configured to operate in its bipolar mode (although the brakes need only
+24 vdc, their channels were set for bipolar operation for simplicity).

When using any extra plug in cards in the IBM PC, the base address of the board
must be set so as not to coincide with othe existing boards. The base address is set by
changing various 'jumpers' around the board. The DT2815 was set up for an address of

$224 (hex224). The mode was set to bipolar by changing another jumper.

2.3.2 Using the Scientific Solutions BASEBOARD

14



The BASEBOARD is a 96-line digital input/output controller. It has 4 ports of 24
lines each. Each port is subdivided into 3 bytes (8 lines each). Figure 17 shows the
connection to one of the ports. The BASEBOARD is used as an interface between the A
QUAD B boards and the IBM PC. The 3 bytes can be configured in any one of 9
combinations of input and output. Since the A QUAD B board produces 16 bits of useful
information and requires 2 bits of control (CLR and READ/LATCH, CLK comes from
another circuit), two of the bytes have to be input and the other one output. The base adress

of the BASEBOARD is set at 1040.

2.3.3 The Electronics board

This board was built as a simple connection board between the DT2815 , the
BASEBOARD and Scafbot. Figure 18 is a diagram of the set up of the board. The power
supplies, op-amps and circuits, relays and A QUAD B boards are all mounted on this
board. The left hand side of the board is output and the right is input (apart from the A
QUAD B board-BASEBOARD connections).

2.4 Electrical - software

2.4.1. Software control of the DT2815

The software control of the DT2815 is fairly straightforward. The base address of
the board is $224. The board has to be reset before it can be used as a voltage source. In
order to do this, address $225 has to be checked that it contains the value $4. If it does not,
then $0 has to be sent to it.

Once the DT2815 has been reset, the process for obtaining a voltage at one of the

channels begins. First of all, the number , between 0 and 4096, to be sent to the channel

15



must be separated into its high order byte and low order nibble (half a byte). The low
order bits are then shifted by 16 and the channel address and mode select added to it. The
mode select is 1 for voltage output. The channel address represents the channel (0-7) to

which the voltage is to be sent. Figure 19 shows the data format,

HIGH BYTE LOW BYTE

7 |6 |5 (4 (3 |2 |1 |0 7 16 |5 14 |13 12 |1 |0
D11 |D10]| D9| p8| D7| D6 |Ds | D4a|] D3 | D2 |D1|{D0 [A2]A1 |AD |M

I MODE

CHANNEL
ADDRESS

DATA BITS l
MSB LSB

Figure 19: data register format for DT2815

Before sending the low byte, the address must be checked to see if the board is ready to
accept the low byte. This is done by waiting until address $225 = 0, at which point the low
byte is sent. The board must then be checked whether it is ready to accepet the high byte, if
it is then send it. If the board does not want to accept any bytes then a timeout error occurs

and the program is halted.

2.4.2 Software control of the BASEBOARD

The base address of the BASEBOARD is set at 1040. Each of the 4 24-line ports is
subdivided into 4 bytes : CONTROL WORD, PORT C DATA, PORT B DATA, PORT
C DATA. The control word is used to configure ports A,B and C for any combination of

input/output . Data is then sent to or received from the ports using the PASCAL command

16



PORTI..] :=xx to output onto the port, or,
xx := PORT]..] to input from the port.

2.4.3 Software control of the EDM

The EDM continually sends serial data into the RS232 serial port of the IBM PC.
Information about the pressure, temperature and humdity settings as input by the user are
sent as well as the distance recorder. Since we are only interested in the actual distance
measured, the rest of the information is screened out by realising that the distance begins
with a '+' and ends with an 'm'. For example, the data may appear as follows;

xxxxx xx +2307m x Xxx Xxx
The distance is 2307 mm. A short software routine is used to only record the characters

between the '+' and 'm'.

2.5 PASCAL control of Scafbot

A PASCAL program was written in a modualr form to implement PD-seriec control

of Scafbot. Figure 20 is the flowchart of the main program. Figure 21 is the flowchart of
the PD implementation. Appendix A contains the entire PASCAL program.

17



3 Conclusion

Scafbot has been completely built and is controllable from the IBM PC. It is
currently possible to position the cart to within 0.005 inch of a desired location. The
optimal parameters of the PD control system have not yet been found and a PID control
system is currently being developed.

The EDM's accuracy of 1 mm renders it rather useless since the encoders are
providing accuracy of 0.001 inch. However, it would be necessary in a full scale model
where an acuracy of 1mm over a range of 100 m is required. Although qualitative tests of
the new cable configuration have not yet been carried out, the system appears to be very
promising.

A full scale model would have to use magnetic particle brakes on the cables rather
than friction brakes on the pulleys since the friction between the pulley and cable is the

limiting factor in determining the lateral stiffness of the cable configuration.
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Figures

All dimensions given are in inches
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Figure 2: complete Scafbot system
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Drive motor essembly

3434 1/8bor

2x1n1/8bo

AR R s,
o

e 4.240"

—
.580" :
L i

LR R R S T T T N A
PR N A AR R R AN
LR S T U L W T R N
I NI RIS

<&

qn

[I

|

1.21 dia

0.75 dia
1 ®.5 slot

1/4 mounting hole

.5 bearing hole

drive motor assembly

Figure 6

24



7L e/78B ¢ =~ DUNT

1.45 >

1.210 dia

3 holes
equally
spaced

1/4 dia —/

shaft

1:1.173

3 holes equally

O.Iﬁ—bi |<—
e sapced on circle

H A of 1.21 dia
S -
)
[ N - —_—— -
:I A
nr: 2.325
l \
S U A {8 -
= 0.75 dia hole
0.250
Lo Y v

|

Encoder and Moeumni
Figure 7: encoder and mount

25



2.125 dia
0.5 dia hole

0.625—» - 1.25 —po H——o_ﬁzs ld-—-1.375—h
«—1.25 —>
t 2.50 >
cable holder with set screw set screw hole
«—3.00 =

- -
' o 4

1/4 bore

3/29/87 - built

Figure 8: drum and mount

26



8.280°

e 3
- )
1 -— - m_ !
1 o ° 1 1
] | Le- m_ 1
" 1 © |
1 ] ] 5 1
1 1 i ] 3
1 ) M
] ] |
" 1ot ] ] 1
o ] ] ]
i 1 ] - t.
! 1o ] ) 1
) | 1
. 1 ] 5
! | I ' s
1o 1 ] | |
1 o 1 ] 1 |
| —
_ 1 P D S . [ o -
] 1 1 1 | f
1 b | | 1 !
] b | i 1 |
| o 1 i 1 |
o ) ! 1 i
|||||||||| Y TS B PP DR
1 A 17
1 1 |
] o 1 1 1 ]
1 ] 1 | i ]
“ v | ! | ]
L& &IIIIIIIIIZeIIC®IIIINIIIL: - 1"
“ i Bnfindiiiii Seindhatiey i W S T
1o ' ] | ] ]
1 ' 1 ' ] ] R
" ] - | ]
_ 1 I - | | E
1 ' ] '
" 1 | s 2
! Im_Y llllllllllll @.l .m...u..
]
1 | 5 .ﬂ
1 I b
l ! g
' 1 1
R _
s 125 _ a
2 ;
2 . _Nﬂﬂ 1
g 16° | | 2
is ",/@ .@_ 4
S A I B
— o
1 | 2
) 773
|
_ " ] I
| | °
|1 " } 1 i
P - S A T P F _ w
mvu e ey vttt sttt tiet g aiatabets R B a
v X . B -1 T
o | " |
1 I
L i 1 ]
“ 1 ) T ]
! “ 1 v |
||||||||||||| _ _1
it |||I_l|lm.|_ ||||||||||||||||| e
C rE
! o I
1 ) 1o !
" " “ 1o 1
! _ ! P R el 2l il L
1o !
S Vo
o L 2
o 1 1 ! L.
" i 1 1 e 3
1 ! o M
o I ) b
| i
o
1 e
— 1]
1

10.160"

Figure 10: layout of cart mounting holes
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Connections between cart and outside world
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'« panel
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left encoder
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right encoder connections
connector to power to platform
drive motor 6 brakes

encoder

Figure 12: connector panel on the side of cart
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Figure 13: drawing of platform
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Wiring of 3573am amplifiers
Burr-Brown 3573 am high-power op-amp

view of bottomn ofchip

Simple op-amp non-inverting amplifier circuit

+24 v

—1* 3

= 273 output

input from 5 6 8 to motor
D/A board
-24 v

| % 80 k
%22 k
Figure 15: op-amp circuit
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Interfacing of the Data Translation

DT 2815 Digital/Analog board
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15| 16

L GND
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Figure 16: connections to DT2815 board
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Connections between the H'QUHD B _BOARDS
and the IBM PC BASEBOARD

A QUAD B BASEBOARD BASEBOARD A QUAD B
GND — GND 1 21 p———— Ao —— D4
— -5 2 |22 — A1 — DS
+5U '3 [23 b—— A2 — D6
+12U 4 [24 |/ A3 — D7
-12u 5 [25 ——— A4 - DO
GND 6 |26 —— @5 —_— DI
GND ?7 {27 ——— A6 — D2
———— GND 8 [28 —m— A7 —_ D3
READ — (€4 9 [29 —— 5 — CLR
- €6 —M—1i10|30 —— 7 — CLR
€0 —11 31— 1 _—
—_— 2 M—0 J12 (32 ——— 3
pg — B0 —— 13 [33 |———— GND
D9 —m8780Fo— Bl 74 |34d o GND
pilo —m— B2 — 15|35 |——— GND
D11 ——— B3} —— 16 [36 — -121
D1z —m/ B4 ——— 1?7 |3? b———— 121
D13 — BS — 18 |38 [——— .51
D14 — B6 — 19 [39 —— _s5p
D15 ————— B? ———20[40 ———— GND ———— GND

The A QUAD B boards have 16 output data bits (D0O- D15)

The board requires a 2 Meg clock and a CLEAR and READ/LATCH signal

Figure 17: connections to BASEBOARD
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Figure 18: electronics board
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Variable Set
Set D/A Board: Port(224)=$f

y

All Brakes on:

@rukes 1 ihrough@
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autocontrol,
EDM feedback

fill brakes on
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on/off

Exit Program

All brakes off —

Figure 20: main program flowchart
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Clear Screen.
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Set Default
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Figure 21: PD-control flowchart
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pirogram dtcontrols

typa ¢ define data types used globally in prngram !
nexstr-ingtype = stringlads

var ¢ define global variables ¥
a s b s wvoltage : reals
sendvoltage: ba : integers
wEEFDaY1Zero.yrzera » reals

akes sbooleani

winchasyineh : raals
chamnmel sCy»ilsQaV : integers
hexvoltage : Hexstringtype:’
Ibyte i integer:
hbvte 3 integer:
choice 3 chars
motor adiv 1 integers
edm « # » Times total 5 imtegers
average,startdistance : reals

» gauto shoanleans

gwivg 9 _ sinteger i

horizontal., leftups rightup sinteger s

acmelrate,déaccalrate, valtsdistance ireals
{******************************************************************}

procedura lowbytei

Var
10 « FO » statd 3 integer:
begini

1O a=03
FOa=0 &
repeats
statOi=portl$225135
1F statO=%0 then =13
piye=i 0+l s
kil (A0=E0) or {fo = 123
iF FO=0 then writel’ ERROR in LOW BYTE" )3
ends £l

L RERppREERE * ¥ %**-*%%*'*%****%*%**%***%‘* **%**%*%*‘*'********% BHERBREERGERER B

procedura Highbytes
VET
11 « 1 « statl = integers
BEginsi :
; 1 ‘zf_"
fi-m H
repasts
ztatli=portisR22514
if stati=%10 then flz=1
313=31141
until (11=20) of (FL = 133
1F Fi=0 then write( "ERROR in HIGH GYTE™ ) &
g’ ‘

{papred® e P B R RE TR RRR ***%*&****-}t-ﬁ--ﬁ-‘%-ﬁ-'ﬁ'%’%*%**‘Yr‘%%‘{'%%*-ﬁ-%‘***%%%**%%%%%%& g

precedura reanat’
YET

count » I8 « F2 o ek = AVNEQET R



F2a=01%
repeat
count:=count+ls;
repeat
i2:=i2+13
testi=port[$2231;
if test=%4 then f2:=13:
until (i2=20) or {(f2 = 1
if f2=0 then portl$2251:

until {count =
it f2 =

end 3

b

=%03
2y or {(f2=1);
O then writeln("RESET ERROR™)

£ %% 3 NN RN XX HEERRRER REREEXEFERERE RS RELXSEEREREEERELEERFRRRETRR &

: hedstringtypes

etringllsl:

23456739ABCDEF ™ §

temp = concatd copy (hexvalua, { {num mod 1&y+1)s1) & templs

function hex{ num @ integer)

vair

hexvalue » temp :
bBegin

hexsvalue = “01

temp = T3

repeat

rium 5= num div 1863

until num div 16 = O3

temp := concat! copyih

Hex := copyltemp.l.4)3
arid 3

uvaluas (num+1)s31) o

temp) i

£ *****%**-K-*******%**%%**%*****-!\'--Ké-!-*****%%**&%**ﬁ-*%*%*******%-ﬁ****%*%* a

functian getabsolvolitage |
begin

lim %

real ¥ ¥

intaeger:

getabsolveltage = round ( ({SHnum A 1OR40F5Y ) 3

ancl 3

% ************************%%***************%***-@E*%%*%*%%% KFRXEBHREXDRE T

procedure power{channel:intager

ivoltage:reall s

begin:
spndvoltage := getabsclveltagel(-voltage);
lbyte = {(loi{sendvoltage*ls) + {channels®2) + 135
hbvte := hifsendvoltage#*16)3
lownytes techeck if ready for low byvtel
portig22ali=loytas {zend low byiel
Highbytes check iT ready for high byted
portL$E2411=hbytai fasend high bytel
e
{*%%ﬁ*%%%*%*%%**%%%******%*%%%**%*%*%%%%%*%**%%%%%%%**%%%%%%%%%%%%%%%}
procedure readedms
W
asbsc i strumgllds
(= - ~Aamg LRG3
deagats Tl lpspr @ rezls
Beagin
gtridslseid
e e 39
F1 oem= 03
goh s =i



=g

repeat
read{auxal s
di=d+13%

if ( fl=1) awnd (a="m") then

begin
fl == 03
val (e.edmaiu) i
goti=1
and s
if f1 =1 then gi=a+al

1F (a="+") and (fl = 1) then er=""3
iF a="+" then fl:i=l;
until (get=1) or (d = 104
end s fand of readedm’
{***%%%***********%********%**%***%%**********%******%%*******}

procedure merasures
begin

time 1= 03
total 1= QF

for H
beginsi
time := time + 13
readedms’
total:=total+redms
ands

average:=total/times

if noct auto then
begins

gatoxy(l,ED};

writel Average is ")i
writelntaverage) i
ernds

H

&1a

{***%*%*%**%%**%*%**%**%**%****%***%***%*%%***********%%******%}
procedure prakecontrols

begin

clrscrs

wiritelni®ly Cart - left brake on 2y Cart - left brake aff’)é
writeln(®3) Cart - right bvaks on 4y Cart — right brake eff* )
wiriteln(*S) Flatvorm = left brake on &)y Flatform - 1aft brake of f’

weitelnd 7y Platform = right brake on 2) Flatform — right brake off’
writelni* "3

wiritelnl{"A) ALl bralkes om 0y o411 brakes ofT i3
wiritelnd*R) FRead EDM™)3

wiriteln( M) Return to motar control T

writ=Inl(® )3
viri kel "Enter cholze >3 B
repeal s

1f kevpressec then readibbdcholica)
i choice = #4929 then power (0]
F choice = #5E0 then power (a5

¥ choilce = #31 then pnwgr(lyﬂ):

£



fl

i choice
i¥ choice
if choice
if choice

i¥ cholice

l

il

if choice = #32 then
#53 than
#£54 then
#55 then
#56 then

if choice = #1095 then

begins
repeats

wiriteln(®™ Enter

readln{volt)

puwel(a.vmlt)
until volt = —1.
ends

34 fERaice = #27) or

begins

v orE Db

g = O3

if choice = #97
repeats

- power (QaV
g &= g ¥
urtil g = &1
ends
until choice = #1093
end;
procedure accels
begins
iF abs{volt) <
begin
if mot
= hegi
@nd s

if abs
poweET

[ {a i w

235

thia

i)
o
<

)i
11

5 then

puwzrfmnuas_EnS}
pouerfmutmnnauﬂ)
powerfmotar—ﬁqEB
power (mobtor— ~3a5?

8

{volt) =

1F (motor SE4)

= up/downd

go ing
eid i
end

procedure deaccell
begins
if absivolt
begin

|

I BLO5

POWEY L 1w
power (2,07
powar {2,5)
powar (3.0)
powerﬁa,ﬁ}
#114 then measure:

voltage ™)

s5m tam CEE ‘ER 8

EE

(choice = #1110 than

or S 4 then

sz ‘#E B S3

vealt = volt +idir¥acczlrata’
= bhen wolt 57 ( *a
—ye it o

and t then power

then

volt 3= volt - {div¥deacc

1

e

{ivolt

begim:
volt 3= 03
going = O35
if

moebor S 4 then

LEgin
pcucrfmn4m.-m.UJ

[ Coat e fmosor=>5%

1F brakbes then p
mewer tmotor

3F hvakas then

{

5

*za x3

mot

i
e [ OwWeET to
ar+ls

@lvate)s
sdir) = O ) then

GuEr (mohor

v brakes ar

werlh ) s

Lo | el
Satd
- a b

g off)

mobor 2
otk motor

;o
g

-
3

41



erid

elsea
begin
going 3= OF
valt = 03
if motor < 4 then
begin
power(mmtur—ﬁ,@); fensure brakes are ond
if brakes then power (moctor—3.0)%
1f brakes then pmwer(mmtarwe,ﬁ);
pcwer(matcr—Q,O);
evid s
and

end s
{*******%*%%*%*%*****%%**%***%**%*%**%***%**********%******%***%*%%%}

orocedure autccontrol: {clesed locop controll
Var
wdes,ydes, pos.Yypos ivreal s
startu.starty rreall

hegins

clvrscras

gotoxy (1,523

writeln(’fute Control Mode (Closed Loop Controll™)s
gotoxy(1a7)3

write! Enter desired x position =35
readln{xdes) s

write( Enter desired y position )i
readlnivdes) i

wiritel "Enter acc=l rate  T)i
readlni{accelratz)}

writel *Enter deaccel rate *)3
readlnideaccelratae)

gotoxy (1,150
writeln({ 'Setting coordinates®):
{measuresy

starty 1= averages

wpos = 0§

- = iR
\},"pl__li‘:'_{‘ HE-IR B

repeatl
" " )

8 MEaaAsWrg: s

4 { ioTm = T aHpGS S
motor 3= 43 felrive motor — u— Fivrsbd
41y 1= roundi{abs{xdes-upos) B b
accalrate = abs(xdes-wpas)i
caccslrate = accelrates
to abB(FOUHd((HdﬂE"HDﬁE)%ED}) do accels flaccereratel

42



writeln(®Y position = T.yposii

mobor = O

t = trues

dir 2= round{{abs{ydes-ypo s) / tydes—ypos+. OUUOHI Y

accelrate := absi{ydes—ypos =35

deaccelrate 1= accelra ates ’

Ffor time 1= 0O to abs {round{ (yde s—ypos) #20)) do accels

repeat

deaccel}

until gaoing = Ui
until abs(yvdes—-ypos) < L5118 4
wiriteln({ 0k, Y position set™ )i
readlnicholice)

ard i

[u

4 ***-}&%*:‘-’r*%**-’i&*-ﬁ'i’r%*%%*%%-ﬁ-****%*%%*****%*%-Fr-!'-}’r%i"]i'-)l':*%**%%%-?%*v“é%-*%%%%%**%** *

£ ******%****%%%%%**-‘:(-%%%*%*%%****%%*%%%%*%%%%*%".--‘,(-%:-~‘.-E--‘fé-*%*%-**ﬁ-%%%%%*%%%%-%'&-?’C--‘:i—ﬁ- ¥

procedure encoder (num: integer) i
VAT
thasreadinga.readin ngh s integers
Hiba.lobshiasloasreals
anawe1.1ﬁanEruﬂit:vaal;
begiln
tha:=hatnum#ad
poutﬂtba+1j.ﬂl
delayiD)i
port Ctba +11: p= i 2R3

DE+3R+14]

:}ny(q 3 fibe data comes in as
readingaz=portltbha +3713 mmahn..n.,.nu“...n.lzb}
hia r=round( (readinga arnd $FOY/16)3 fhib.s.lob...loa...hial
loa 1= readinga and 0T 5

readingb:=partlths +i2
hib:=readingb and $fD
lohe= :adlngb and $OT
answer-:= (({hib + lob) * pEm) + loaw®lsd + hiadd
1¥ nam = hmrizontal then inchperuniti=minch elee inchperunit:=yinchi
diﬁtaﬂca:=iﬂchﬁeruﬁit E{answer )i

ed |

2w E3 LJ

£ B kol —-}?‘1"%%%-‘%P”-J-%-#-&-%%*%L*%-ﬁ'%%-)ﬁm**".":-)e-i-»h'-"--'!»-‘ﬂ.—-ﬁ-* >

procedure motorocontrall

AT
by sohanr:
choice selhars y

DEgin




w23

wy L Eelnd

2

writeln(® s—-stap @verything

writelnl?

p-read EDM

aﬂ:ader(hmrizoﬂtal);

writelﬂ(’Harizaﬁtal encoder
encoder (leftup)s
writeln(*Left vertica

encoder (rightup)s

writeln(*Right vertical encoder
wiritslni{Voeltage
writelni mctar

PavoltsSas)
¥ gllTlC(tC‘r . =

if not t then writeln( Mode =
elze writeln( Mode : platform motors in SYNC

wiriteln(?
writslnd?®
writelnd?

gotouy(1:1)3
if geing = O then writeln( STOFFED and ERAKES AFPFLIEDT )

read{kbd.cholica) s
gutgﬂytlgi);

caze choice of

#

#97:begins
writeln(®AUTO CONTROL
auto 3= tirues
auvtocontrols

ends

#108:writelni  moving left.

#1i4:writeln{ moving right.

#117writeln(*platform up.

#100rwritelni*platform Faful b

ﬁliﬁ:writaln{“EMERBEﬂY STOF.

Bitd: £t o= not b

#ii2:beain

gotoxy (12004

t-change from indspenoent

[ UL B R peg e oy e

g-brake control®) s
a—-futo Control Mode

control platfo

poccel rats = “,accelrate:5=
Deaccel rate = ’,deacaalrate
‘);

"
u
-

’,distance:ﬁ:ﬁ);

1‘);

: E]
iy
A
— vt W

wirite{ "Enter nsw deacceleration rate

readlﬁ(deaccelrate);

wirite{ "Enter new acceleratian Pake T

readlnl{acocelrate) s
gotosxy (12005
wiritelni’®
writelng®

ends

101l:begin

gataxy(igla);

writeln! "READING EDM® 24

MESSWUTES

gotoxny (1,183

wiritelnt?®

end s
erds
1F (choice 4 #1135 and (going
aratel
ElsE
ase choices of
#1008 beEgin
mohor & &8
going = 1§
dir o s= 1 3
kay = cheolg=:

=1)

ard

(choice

Facoel

1 encoder ’,distance:ﬁ:ﬁ);

’,distaﬁce:ﬁ:ﬁ);

|
B
&8 cxm B cEu CEE

"):

k@y)

LS iy

Y

(]
ik

P e T I e e

then

+m LEFT MOTOR ORNLY T3

'l
e czi
w1

L

o

(=

-
i
O

a3

HY

oo

1

i

—

weE 3w

-
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#114: beging
mobtor =
dir = —13%
going == 13
key = cholces
accels

evnd i

#117: beginsi {move up’

moetor 1= 33

+
o
]
n
r
m
—
i
-
il
b
Ll
L S

going:= i}
key := cholces
accels
end s
#1001 begind {move downd

#1153: begini
For 1= O too & do

begins
powar (&—1,0)F {stop sverything...motors first>
end s\
volt = 03
a@nd 3
ends
until choice = #1133 {guitl
endi

< -§-**-§&-ﬁ-*'*-‘15.-*%-?i—~)€--:‘%-*-‘.i’:-***ﬁ--*ﬁ-*%%%%%*******%*%%*ﬁ-%%*%**%*—)&****%*%%%%%***-’i—**%{-* ¥

procedure setencodersl

Var

penumE . num. tha iinteqgers
begin

for num:=0 to 2 do begin
thar=hba +num#ss
portithal = +923 feomtrol word a=ivs bEeivs c—outt
dalay (5023
portitha+ld = 128+32s
dlay(30)3 {delay of S0 msr
portltba +13:=03%
delay (30753

—**-?%*%*-}"*‘*F*%‘-ﬁ“vﬁ-**r%*i—%*,“%%4*%%4—**-“-%4 >

procedurs zercset?’




yvizero:=distances
encoder (rightup)s
yirzera:=distances
writeln{xzerao)s
writelnf{ylzeroa)
writeln(yrzeros)

ram ‘38

end s

£ -****************ﬁ-***%*****'ﬁb************-)'-'.-*%i-*****-ﬁ'%***********%******* >

procedure propcontrol i
S
Hay reals
volt.uerrorsylerrorseldvaeltage: x,cy,bx,by,kx3hy,yrerrar901dxerrmr:real;
Dldylerrnr,xmamerror,ymaxerrmr:real;
voltleft, voltrightavi.vEireals
Gldyrerrur,mldylvoltage,c1dyrvoltage, wdistance. ydistance:reals
diffl.diff2. differrarpolddifferror,gaina iyeals
sign & integers
i rel @ stringlllds
begin
clrscrs
wiriteln("F-D Control Mode (closed loop control) L
gobony(1.9)3
write{ Would you like absclute or relative coordinates (a/r) 713

& readlni{rel)
if orel = "a’ then
bBagin
vizero := O3
yrzaro = 0F
HMIETO a= 03

& @rd
gl=e
beginsi
gncoder(horizontal )
wrero 3= distances
‘ grcoderileftup’s
cC ylzero := distance;
encoder {(rightup?:
Yyirzero = distances
end i

gotoxy (1.7231
writel "Would veu like to change gain parameters and acCuracy {y/ ) "33
readlnichoice)§

if choice = "y* then

begin
wirite{ "Enter k for ® motion *¥s
readlnil)s
writel{ "Enter b for moticy T3

readlnibx? i
wWrite ( "Enter o for
readlnicH) i
wirite ( "Enter maidlmum Firal ervor Ffor = TYi
roadlnl{amaxarror |

motion T)A

-

s e
woonmm 0
AN - ed
et - Cl

witital” ¢ For v motion T¥E
raacd Ly
( "Enter b for oy oo T

-

Jlmdlav s



wiritel( *Enter « for y motion -/
readlnicy)s
writel{ Enter maximum final error for y 7)i
eadlnivm Herrard) s
writelEnter gain 2 ")3§
readlnigain2);
end

glse
begin

wo1= 0.2
cx :=0.13

ke 1= & H
wmaxerror = 0.013%

by := Q.13

cy = 0.023%

gaing = l.2%

by = 0.6

ymaxrervor 2w 0,055
Ehd:

gotoxy(1,18) 3
mldvalfage.mn:
cldyerror = ©

oldyrervor 2
cldylerror
cldylvoltage
cldyrvaltaags

=

[l
T s e
HEEFT T IRrT |
[

i
o

wirite! "Enter desived x position ")
readlnt=) s
writel Enter desired vy pesition 73
readlnly )i

clrscri

repeat
encoder (horizontal )l
werror = ¢ — (distance —m@Ero) 8
valt = —cu¥oldvoltage + kui{br+id#derror + pus{cu=hu)ecldrerrors
aldvoltage:= volts
clduerror = HETUovr

1F wolt <@ 0 then

begin

voalt 1= volt + 0.9 J*fabfivn]t)fvmlf)g

w LY
iF abzmi{volt) * ) =1L VLIL‘;ﬂ*Kab$»VGIt)/V01ﬁ);
gnd i fen as to avoid div by =ero @riroT

an

pawer (4 =yl

until abséﬁerrmr) 2 HMAaHerror
{ measures
r oudistance
pnwer.qu
writeln?® X position is ,distance:S
writelni® Error 1SSl 5

ot

-
by

r=gaverage - startdistances s

—f’il

5

im TaHEerToridnads’ )
wirittelnt® EDM position reading (meteirs) s ucistance) s
cturn off brakss for vy

power (0a3) 3
pewer (123
ﬁmweriﬁyiﬁ
=

iy

‘e c3z cEd 23

nower (3
aldvaltage &= L




diffl =:= distance;
erncoder (rightupis

diffa:=

distances

differror 1= —diffe+diffls
yrerror 1= y —{(distance -y ZETrQ)S

voltleft i
oldylvoltage
cldylerror 3
{ differvror
L vaoltiright :

il

il

if woltleft
valtleft

3F absi{voltlsft) =

voltright =

L

r= yvoltleft +
2 then voitleTt:= 2e{abs{voltleft)

voltlefts
vierrors
*ylerrnr+yrerr0r;}

= —cy¥oldylvoltage + ky¥t{cy—by) *cldylerror

—cy*oldyrvoltage + ky*(by+1)*differraor

0O then voltleft ==
Q.13

gain2 # differvor

owldyrvoltage:= valtrights

clddifferrar

1= differvori
voltright := voltright + voltlef

w0 then voltright
then voltri

L if wveoltright
if abs{valtright) > S
power (S,-voltleti)s
power (Gavoltright)s
until fabs{vlerror)

powar (0,005
power (1,003

it brakes then
if brakes then
powar (4,005
{ mEasureir

Symaxerror)

power (2.0
pawar(B,D)

wa ea

vdistancer=average —-udistances’

gotoxy (1,180

grcoder (leftup)
writeln{ ' Done™?
writelni’ ¥ o left
encoder {rightup) s
writeln(® ¥ right

mw SR

gotoxy {12128
wirite("Hit RETURN

leftup:=23

rightup:s=13

accelrate o

deacoelrate 1=
= Ha

= =

gdistance

is

distance is

to continue’ )l

ihas
f=z@tting port

voltleft

and (abs{yrerror) <

2 I T
sdistancerDios

*udistancerSaiD’ i
wiriteln(® EDM v pusition readin {meters) 1 axdistancs=!
7 ¥

-z address fTor
kY

-0.93

+ voltlaefts

voltright + 0.457%
hts=S#{abs(voltright)/voeltright)s

2 . a
ot ®

Error

Ervror

{_:'._‘.F
3

"
3

YMEHETTor )

+ (hy+li¥ylerrors

+ ky#(cy-by)*olddifferr

/voltleft)s

or hkeypressedi

v om

vierror:S:s 0

=Y om

fayrervorsDeTig

i s
s 17T RoTT e
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repeat
pawer(c,ﬂ);
e 3= ¢ + 1
until ¢ = 7 &

Sturm 11 brakes onki

waltage:=u;
wolta=03
winch:=0.01887310/163
yinch:=0.01QSEBBSBE/1&; fzetting inches per unit of encoder movemantd
zetencoderss
repeats
clrscyi
gotoxy (1,303
writeln( "SCAFEOT MAIM MENUT) S
wiritelns
wiriteln(® A) Open loop keyboard comtrol.’ s
wiriteln(® B) Closed loop comtral with EDM.T)
writeln(® C) Froportional control with encoders. " 03

writelnt® D) Independant braks contral. ™)

writeln{® E) Zero zet coordinates o platfmrm.’);
wiritelni® F)Y Turn platform brakes aff.” )i
writelnd® G Turn platform hrakes . )3

wiritelnl® X)) exit.”)i
read{kbd. choice)s
case cholce of
#o7: motorcontrols
#93: antocontrals
#99: preopoontiroll
Hiohihrakecontrols
#10tizerossts
#1021 begin
trakes 1= falsss
pgwmrﬁE,5>;
power (2,531
ard s
H10Zrhegin
Birakoss 3= Lrues
;Dwartenm}g
pﬁweriﬁpﬁ);

@rd §
@ricl |
urtil choice = #1E0 {u- =itk

et .

CiwBRADNERICH
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