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SECTION I

INTRODUCTION

Immediately following Boeing-Vertol's confirmation that rotor
blades made from advanced compcsites as their primary materials
of construction were demonstrably more efficient than counter-
part blades made from conventional metals, it became apparent
that a method was needed whereby these blades could be manu-~
factured on & production machine. Since those initial proto-
type and test blades had been fabricated by hand, a theoretically
correct orientation and geometric arrangement of each lamella
layer had, thereby, been reasonably well established. 1t |

remained only to develop a workable conocept for an automated

machine to reproduce, exactly, that pattern, or any similar
planar orientation needed to fabricate structures from these g
materials. In particular, helicopter rotcr blades/spars and

other aircraft structures having configurations incorperating
) J bs J

LTSS

surfaces of compound curvature.

ey G ILIsSE N4 ex

Cerience in having laid up rotor blades

Bl

trom advanced composites, Boeing-Vertol was able to translate

the multiplicity of movements needed to place composite tapes
1 their respective position and bi-axial orientation into the
schematic representation of an automated production machine

e of reproducing essentially the same basic movements.
During the design phase immediately proceding this machine-
building phase, Boeing-Vertol's concepts and performance
specifications were transposed by this Contractor into detailed
drawings of the complete production machinc. Certain of the

°5 were subsequently modified in order to present

%
21

initial param

a more complete all=-around capability.
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The objective of 'this program was to fabricate the Automated
Tape Layup sSystem (ATLAS) machine. The program would be
successfully accomplished when the ATLAS machine, installed
at the Boeing-Vertol facility, had shown its ability to layup
3 inch wide glass epoxy tapes on flat and compound curved

surfaces to a required degree of repeatability and reliability.

Successful demonstration of ATLAS at the Boeing~Vertol facility
showed the versatility of the machine. Final acceptance tests
showed the machine to fully meet its required performance within
the limitations imposed by available composite tape specifications

and tape placement unit developments.
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SUMMARY
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SECTION II

SUMMARY
This final report presents information on the complete
fabrication and testing of the ATLAS machine.

The program was planned in two phases. Table 1 shows the

program of these two phases.

The first phase was the complete fabrication, assembly and

N test of the machine at the Contractor's facility, Goldsworthy
Engineering, Inc., Torrance, California. The phase ended with
the disassembly and shipment of the machine to the Boeing-

Vertol Company facility.

The second phase was the installation, test and demonstration
of the ATLAS machine, at the Boeing-Vertol Company facility

in Philadelphia, Pa.

Development work on the tape dispensing head placement system
was a significant part of the second phase. The ATLAS machine
was successfully demonstrated as a complete, reliable system,

meeting the requirements of the Contract.

Further development work will continue to improve the placement
3 units versatility in order to utilize the full potential of the
ATLAS machine.

1184
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SECTION III

MACHINE DESCRIPTION

3=1 GENERAL DESCRIPTICN

The Automated Tape Layup System (ATLAS) is a completely
integrated six axis numerically controlled Tape Placement

Machine.

The basic units of the machine are shown in Figure 1

and are as follows:

3-1.1 Cast 1iron modular base sections with aluminum tooling

plate work surface.

3-1.2 Moving gantry ("X" axis) unit with vertical ("Z" axis),
transverse ("Y" axis) motions on it.
3=1=3 Tape dispensing head, with rotary motion ("C" axis),

mounted to the ("A" axis)tilting carriage.

3=1.4 Powered rotary headstock ("D" axis) and opposing

tailstock unit.

3=1.5 Two steady rest units synchronized rotationally to
the headstock ("D" axis) and linearly to the gantry motion
("X" axis).

=16 Numerical contreol system with associated teletype-

writer and tape punch, used for self-programming.

14
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3~-1 General Description (cont.)
3= 7 Motor control center.
3=1 .8 The general specifications are given in Table 2.

Table 2. ATLAS Ceneral Specifications
AXIS MOTION MOVEMENT (MAX.)FEED RATE (MAX.)
pid Longitudinal 432 inches 720 inches/minute
Y Transverse 94 inches 720 inches/minute
Z Vertical 36 inches 150 inches/minute
€ Rotation of Tapehead 405 degrees 10 RPM
D kotation of Headstock Infinite 10 RPM
A Tapehead Tilt +45 degrees 3 RPM
MAXIMUM OUTLINE DIMENSIONS
Length 672 inches {56 feet)
Widtn 204 inches (17 feet)
Height 132 inches (11 feet)
! &
fE




3~2 DESIGN SPECIFICATIONS

‘ ' The design of the ATLAS machine, was done by Goldsworthy

Engineering, I[nc, under a preceding Contract,

3=2 5.1 Tecinical Specification which was the basis for
the design was prepared by the Boeiny Company, Vertol Division
in their documeunt EES-7-376, which appears in Appendix I of

this report.

3-2.2 Design of the machine follows the Specifications

closely, with a few deviations.

3-2.3 A certain amount of re-design was done during this
Contract, in particular:
=221 Bas> castings modified to allow for steady rest

vays and driving gear rack.

SN2 2 number of sub-assemblies 1n the Tape Head unit

were modified. A decision was made to use 3 inch net width
composite tapes, eliminating the original requirement to be

able to use the 3 inch wide tapes on 4 inch wide paper backing.

& =233 Complete development of the Line Follower unit
1 required basic design and detailing.
i

3~2 .4 Design of the Stecady Rest units was done from

Specifications received from Beoeing Vertol, during the Fab-

rication Phase of the Contract.

-.7’ A s MPAINTL ut
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3=13 BASE SECTIONS AND WAYS
Design considerations had been given to the possibility of
using a minimum of structure for the work table of the machine,
by mounting the way rails and table top to a rigid foundation.
However, since the machine was to be fabricated and tested at

y the Contractor's facility, then shipped to the Boeing Vertol x
facility, construction of two special foundations were not

feasible.

The base sections werc theretore designed as self supporting
units with enough height to give good rigidity and heavy
enough to stand in a {ree state without the need for hold

down bolts.

Figure 2 shows the gygeneral layout of the base sections at
the headstock end of the machine. Location of the gantry
,

support ways, and driving gear rack, as well as the steady

rest ways are shown.

3-3.1 Base Castings
£ To achieve the 36 ft. of gantry travel the base of the machine
is 56 feet long, and consists of four pairs of castings, each
g 14 feet long and welighing 8,700 lbs.
g

The castings are of open construction, with the table surface

being formed by 1 inch thick aluminum tooling plate.

=342 Thz 1 inch thick aluminum tooling plate work surface

provides the ability to drill and tap holes, for workpiece

£ B hak

location. Damaged sections are easily replaceable.

=33 Two continuous tee slots, located either side of the

center reference slot, provide means of clamping #he fixed head-

stock and the re-positionable tailstock units.
-
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3-3.4 The main gantry support ways are mounted to the base.
3-3.4.1 The main guidance way is a hardened 3 1inch diameter

bar located on a continuous supporting section.

3~3. 4.2 On the opposite side of the base is the supporting
- wvay, on which the support side carriage of the gantry rides.

The way, made up of a number of butting sections, is a steel

section with hard faces at the bearing surfaces.

3-3.5 Also mounted to the base are the driving gear rack
sections together with the precision feedback rack, used for
the gantry ("X" axis) drive.

3-3.5: 1 The driving gear rack is 6 D.P.*with 3 inch fare
width. The rack 1s mounted with the tecth facing downwards

to prevent dirt from being trapped in the teeth. Also it puts
the reacting gear loads directly onto the round ways, mounted

beneatn the rack sections.

3=3.5.2 The feedback rack consists of many short sections
of 1/10 inch pitch. The rack is located aginst the main drive
: racks.

=
“
-

* Diametral 2Pitch
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3-4 GANTRY UNTT

The machine specifications (Appondix 1) made recommendations

for the gantry constyruction,; under Appendix T secticus 3.5.2
and 3.5.3, anticipating the use of aluminum or magnesium

structural member s.

During the preceding desiun contract, consideration had been

given to aluminum and to & lightweight steel construction f{or ]

the gantry.

The feasibility of a composite structure was investigated and
some static deflection calculations done for a preliminary design
~ A

layout. The gantry layout, with guidance and drive from one side

only, had already keen established.

Calculations showed that a composite structure using glass/

polyester resin skins and rigid foam corc sandwich would be
stable enough to achieve the required machine alignments and

positional reveatability.

1 The advantages and disadvantages of metal and composite gantry

constructicon were evaluated.

: Metal structurcs would require welding, stress relieving, machinin
onh large machincs, considerable amount of firishing, apart fros

£ weighing more and therefore regquiring a more powexrful drive.

3

i The composite gantry would require a full size mock-up,

] female moulds, fabrication as a one piece unit complete with

L}

i gel-coat finish surface,

he knowledge that there would be a future regquirement for more
mrchines made the composite vantry structure economicallv more

feasible, since the female moulds would be used acain,

21
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v

'v minimize the number of attachment points to the composite
gantry, the design utilized the gantry as the main structural
menber spanning the machine and mounting the smaller detail
parts such as bearings and drive gearbox units to two cast

aluminum carriages located under the gantry.

Since the gantry is a hollow structure all wiring and air lines
were able to be routed through it.

=41 The composite gantry, laid up as a one pliece lmoulding,
consists of .180 inch thick glass fabric with polyester resin
outer skin, three inch thick rigid urethane foam core, and an

inner skin of .125 inch thickness.
Tne overall dimensions are:
9¢ inches high by 164 inches wide (across 1ts span)

by 93 inches deep (along the main support side).

3Gk More details on its construction are contained in

Section 4=2 of -this repvort.

[o9)
=

i The main supporting carriage, on the driving side of

the gantry, is an aluminum casting.

Attaciied to it are the anti-~friction way bearings as well as the

"X" amxis gearbox and motor assembly.

e composite gantry, with attached aluminum interface jlate, 1s
located on the top machined surface of the carriage and 153

tastened with screws tapped into the gantry assembly.
Figure 3 shows the gantry mounted on the carriage assembly.

LY e T | A supporting casting forms the attach point for the
main wiring power track which brings all the wires intc the

terminal strips mounted ¢ a hinged pane! on the carriave.
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3=4.3 brive, for the gantry, is througah the “"X' azis
gearbox, shown in PFigure 4. The gearbox Las o ratio ot
10.2 to ) using a Sp:roid Skew axis gear set. The gearhcx

was designoed for maximum rigidity with minimunm backlash.

Twin output spur gears, meshine with the gear rack on the
machine base, are preloaded using a harmonic gear phasina

i

Ltors.on bar to eliminate backlash.

nut and inner
3=4.3.10 A permanent magnet D.C. drive motor is coupled

to the invut of the gecarbox through a flexible disc coupling.

34302 The "X" axis feedback is by a 2000 Iines/rev. encoder. ‘[
The encoder has a spur gcear on its shaft which meshes with the

precision feedback gear rack mounted on the bhase sections.
|

The resolution of the encoder is .001 inch. |

| 4
|
5
|
| X
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3-5 "y", "Z" AND "A" AXIS MOTIONS

The design requirements for 96 inches of “Y" axis travel,
36 inches of "Z" axis travel and the + or - 45°¢ tilting of
the "A" axis, dictated the basic configuration, of these

motions.

The design was done to achieve simple lightweight structures
for these machine elements, without losing the stiffness

required to meet the alignment and repeatability requirements.

For simplicity, a single "2" axis drive unit is used, overcoming
the need for dual drives and their synchronizing problems.

The "Y" axis drive 1s a D.C. motor coupled directly to a

backlash free recirculating ball screw.

For lightness, the large cross beam is of composite glass fiber,

rigid foam sandwich construction.

Aluminum castings are used throughout for gearboxes and moving
carriage assemblies.
Figure 5 shows the main machine elements for the "y", "z"

and "A" axes drives, located on the adantry assembly.

x>
S S=5a L The two "Z" axis way tubes consist of 6 inch diameter
E L steel tubing with one inch diameter hardened way shafting

4 located on either side.
| %
; S Lyl The tubes contain liners which act as cylinders for
' the pneumatic counterbalancing .sctem. DPluastic coated flexible

cables, connected to the top of the cross beam unit, pass over

pulleys to the pistons in the c¢ylinders.
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3=5.0; 2 Pressure regulators are sect to provide 35 p.s.i.
pressure to each cylinder, resulting in a total counterbalance

force fo 1113 lbs.

8=5.1.3 The way tubes are located at thelr lower ends to the
two gantry support carriages. At their upper ends they are
located in two supporting castings which also house right angle
drives and bearing support for the two "Z" axis recirculating

ball screws.

3=-5.1.4 The upper supporting castings are fastented to the
interface plates which are bonded and through-bolted to the

front surface of the composite gantry.

3=5.2 The "2" axis drive 1s a permanent magnet D.C. motor,

coupled via a flexible disc coupling to a Helicon gearbox.

=521 A torque tube cross drive shaft transmits the drive

to the ballscrew mounted on the support side of the gantry. A
phasing adjustment, or the cross shaft flexible coupling, allows
relative motion between the ballscrews, to adjust the cross

beam level.

3=562 .2 Feed back for the !'"Z" axis is by a 1000 lines/rev.
encoder mounted on top of the Helicon gearbox in line with the

output shaft, at a 1 to 1 ratio to the ballscrews.

=503 The composite cross beam 1s fabricated from 6 inch
thick panel sections. Each panel section comprises .180 inch
thick outer skins of glass fabric and polyester resin, with 2

lb/ft3 density urethane foam core.
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3=5. 3.1 The outside edges of the panels are closed by
5/16 inch thick pultruded channel sections specifically

designed as a closure for 6 inch thick panels.

3-5.3.2 Aluminum facing strips on the upper and lower
surfaces of the beam provide location for the upper and lower

ways for the "Y" axis carriage.

3=5:343 The upper way is a 2 inch diameter hardened and
ground way shaft, hollow for lightness. The way is mounted
on a tee shaped supporting section fastened to the top surface

of the beam.

3=5..3 .4 The lower way is a 1 inch square steel bar with

hardened surfaces.

3=54345 Aluminum weldments fastened to the cross beam carry
the recirculating roller guides for the "Z" axis motion and

also locate the flanges of the "Z" ball screw nuts.

3-5.4 The "Y" axis drive motor is the same as the "Z" axis,
a permanent magnet type, with integral tach. generator. The
motor mounts to an aluminum casting, which also houses the

two bearings supporting one end of the recirculating ball screw.

3=5.4.1 The other end of the 1 inch pitch thread ball screw
is located in a housing that also carries the 1000 lines/rev.
digital feedback encoder for the "Y" axis motion. This is

shown in Figure 6.

3%9.: 9 The "Y" carriage assembly comprises an aluminum
casting to which 1s mounted the segment gear and curved way

for the "A" axis motion.
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35,51 The carriage runs on recirculating ball bushings
on the upper round way, and is located with cam follower

rollers bearing on the lower square section way.

3=5.5.2 A bracket mounted to the rear of the "Y" carriage
casting is attached to the flange of the recirculating

ball screw nut, providing the drive to the carriage.

32545453 The gear segment drive for the "A" axis also provides

the upper way guidance for the "A" carriage.

3=5.5.4 Weight of the "A" carriage, with attached tape 1

placement head, is carried on the curved lower way.

3=51./6 The "A" axis drive is by a permanent magnet D.C.
motor through a skew axis gearbox to a spur gear meshing
with the segment gear, on the face of the "Y" carriage.

Figure 7 shows the motor and gearbox unit.

3-5.6.1 Feedback is provided by a 1000 lines/rev. encoder

driven from the input shaft of the gearbox through anti-backlash

gearing.

e A ——————
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3-6 TAPE PLACEMENT HEAD

The Tape Placement Head (Figure 8) consists of a frame

attached to the "A" Axis Carriage of the ATLAS and on which

are mounted the various component assemblies. These include the ‘
the Payoff Reel, the Takeup Reel, the Placement Roller, the %
Tape Shear, the Infrared Heater, the Tape Slitting Assembly,
the Guide Shoe and the Loop Box (dancer arms). In addition to
these components the Tape Placement Head contains drive motors,
encoders, pneumatic regulators and valves, control devices and

all required electronics.

The head is a self-contained unit requiring only power, air, ?

and command signals from the numerical control system.

This section of the report covers the various features of the

Head, from the pay-off reel down to the placement roller.

>

3-6.1 Main Frames and "C" Axis Drive E

The main frame of the tape head is mounted to a ring assembly
which rotates within the supporting tape head bracket. A pair
of cross roller bearings provide the rotational support, and

a ring gear, shown in Figure.g, mounted underneath, is

driven by the "C" axis motor assembly.
I=6.Ls L The "C" axis motor assembly consists of a permanent
magnet D.C. torgue motor with integral tach. generator, which

drives the ring gear through a set of spur reduction gears.

356 L2 The feedback device, a 2000 lines/rev. encoder 1s

mounted on the top of the motor assembly and protrudes through

the bracket casting for ease of access. Figure 10 shows the

o 2 B

encoder, and the "C" axis rotational stops.
33
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3=6.2.3 The positive rotational stops are arranged to limit
the tape head rotation to 405°.

3-6.1.4 The limit switch assembly, shown in Figure 9, is
geared from the ring gear, to provide overtravel and emergency
stop signal at each end of the travel, as well as a switch for
setting the home position in conjunction with a reference signal

from the encoder.

3.6.1.5 The maximum speed of rotation, of the tape head,

is 10 rpm. This gives a 180° rotation time of 3 seconds.
36,2 The Payoff Reel

The payoff reel (Figure l1) includes the spindle, flanges

and a magnetic particle clutch. The detachable 24-inch

reel can accomodate up to 3500 feet of 3-mil paper-backed
composite tape in three inch widths on a 3 -inch core. An
adapter is supplied with the tape head assembly to permit the

use of an 8-inch core, usually used with boron-filament impreg-

nated tapes.

I~ 621 The flanges are faced with teflon sheet to prevent
excessive drag when the tape.is unspooling, and is readily

* cleaned to remove resin deposits.

3=6 42«2 The payoff reel load sensor consists of a pivotted
5 arm which bears against the tape spool contained on the reel.

When the spool diameter decreases to a size equivalent to 25

..

lineal feet of tape, the arm position triggers a limit switch
which energizes an audible alarm mounted on the numerical

control panel.

37
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3=6.3 The paper takeup reel (Figure 12) includes a

spindle, a reel sub-assembly and a gear motor and clutch.

The detachable 12-inch reel can accomodate up to 3500 feet of 3-mil
paper backing/liner in three inch widths on a 3-inch core or

with no core. (The reel hub is slotted to accept paper.)

S=6r sl The reel drive two speed gear box 1s used to generate
more torgue during the "comb-out" cycle following a tape slitting

pass.

3=6.302 The reel drive motor runs at a constant speed and
the amount of tension in the paper being wound up is adjustable

via the variable tordque clutch.

=61, 3008 Also as a part of the paper takeup system, a rubber
bladed "chicken plucker" paddle wheel opposed by a teflon roller,
creates a pulling force on the individual slit paper strips
leaving the placement unit. The slit strips are then guided
through a roller system before being spooled up on the takeup

reel.

3-6.4 The Tape Shear Unit, shown in Figure 13, is mounted

in the placement assembly fork. Since the shear and the placement
roller are both mounted on the fork, relative positions of the

two are not changed when the placement assembly moves. (It has

a travel of + or - 1/2 inch.)

3=6.4.1 The tape shear consists of a supporting frame which is
mounted to a spindle. The supporting frame has two air cylinders
attached to it and a replaceable teflon shear anvil. The shear
blade is mounted to a platen driven by the air cylinder.
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3=6.4.2 The centerline of the spindle, seen in Figure 14,
coincides with the center of the anvil and shear blade. The
shear spindle, mounted in bearings through the placement assembly

fork, is driven by means of a small D.C. geared motor.

3-6.4.3 A 10 turn potentiometer, geared to the shear spindle:

provides analogue feedback for positioning the spindle angle.

3-6.4.4 Shear angle commands, programmed by "S" words in the
numerical control, are conveyed in binary coded form to the
decoder which sets up the appropriate analogue signals for the
shear angle drive. The angles can be set in one degree increments
+ or - 45° from a horizontal position of the shear, which

corresponds to a straight cut across the tape.

3=6.4 .5 A straignt cut is programmed by either a S0 or S50
command to the control. A +45° cut is programmed S95 and a
-45° cut is programmed S5. The "S"” word program goes from S5

thru S95.

3~6.4.6 The shear is designed to cut the filament tapes without
cutting the backing paper. Use of the correct backing paper, green
in color, (Ref. No. RM 5250 3M Co.) ensures reliable performance.

f = 3-6.4.7 The air pressure to the air cylinders and the length
, ’ of time the cylinders are pressurized are both variable settings

used to set up the shear for different material conditions.

&7 3=6.5 The infrared tape heater, shown in Figure 14, is

used to preheat the tape prior to the point of placement.

42
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3=6.5.1 The parabolic reflector unit is mounted on a powered
rotating housing. On command, when tape is starting to feed
through the tape head, the housing rotates 180° to aim the

heater at the tape. At the same time the heater is turned on.

3=6.5.2 The amount of heat is controlled by a variable controller

with a hand operated potentiometer setting.

3=65.3 As soon as the tape ceases to feed through the head

the heater rotates back and the heat 1s simultaneously turned off.

3-6.6 The Tape Slitting Asseubly shown in Figure 15 and

16, is a unique feature of this Tape Placement Head.
The purpose of the unit is to slit the 3 inch wide tape into
equal width strips, and to control the tension in the individual

slit strips by means of a Tape Loop Dancer System.

When the tape head starts to lay tape on a compound curved
surface, the Tape Slitter is activated. When the slit width tape
starts to be laid up on the compound curved surface, some of the
strips will have a greater length demand then others. This
differential between the strips is taken up by the Tape Loop

Dancers.

3=6:6s 1 The Slitting Knives consist of two sets of discs with
equal thickness spacers 1in between. One set of knives 1s driven

by means of a D.C. motor and a variable torgque clutch.

3=0 /6.2 The discs are hardened and precision ground tool steel,
as are the spacers. The two knife units are brought into
engagement by an air cylinder. The knives on one coincide with
thé disc spacers on the other set. Minimum clearance between the

knives ensures clean cutting of all fibers.
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3-6.6.3 Urethane rings, with teflon outer surface covering,
surround the spacer discs acting as strippers to prevent cut

strips from adhering to the knives when slitting ceases.

3-6.6.4 The Tape Loop Dancers consist of aluminum frames

with curved edges covered with teflon. The frames are located
on free running bearings, giving them frictionless sliding
motion. Air c¢ylinders, behind the frames, force them to move
inwards on command. Alr pressure to the cylinders is regulated
to set the tension of the tapes passing over the face of the

dancers.

=6 The Placement Roller shown in Figure 17, was

designed to meet the reguirement of the tape head to be able to
layup on surfaces of 2 inch radius. The inflatable tire, mounted
on an aluminum hub with securing flanges is able to rotate

freely on bearings mounted on an axle.

3=6 .7 The axle registers in a tapered location at each end
and is held by two easilly removeable retaining pins. This same
location is used by the line follower unit described in Section

4-5.

3=6.7.2 A report on the inflatable tire performance is given

in Appendix II.

3=6.743 bevelopment of other placement units was done during
the Contract. These are covered in Sections 5-3.3 through
5~3.6. The placement units, using the same axle location points,

replaced the roller and shoe described in this section.

3=6.7.4 Associated with the placement roller is the Guide
Shoe, shown in Figure 17. This unit, powered by two air

cylinders, guides the tapes, particularly boron, around the
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front of the placement roller. At the end of a tape layup
pass the guide shoe 1s clamped to the placement roller preventing

its rotation and holding the tape in place.

3-6.8 The Tensiometer (Figure 18) provides a means of
controlling the drag torque existing on the Payoff Reel magnetic
particle clutch. Included in the mechanism is a Tachometer
Generator which provides a speed sensitive signal to the head

electronic control system.
3=16.19 Tape Head Controls

The self contained controls for the Tape Head functions are

contained in three places on the Head:

Main Control Panel
Auxiliary Control Panel

Pneumatic Control Panel

3=6.9. 1 The Main Control Panel for the Tape Placement Head
(Figure 19) provides those controls most frequently used

for both manual and automatic (procgrammed) operations.

3-6.9.1.1 Payoff Reel Torque'- This three-position, center OFF
device enables the operaﬁor to place control of the Payoff
Reel Drag Torque under automatic tape tension control (AUTO
position) or set it at a fixed value (ON position) by using
the Payoff Reel Drag Torque Knob located on the Auxiliary
Control Panel (Paragraph3.6.9.2.2.)

3-6.9.1.2 Shoe - This three-position device enables the operator
to cause the pneumatically actuated Guide Shoe to retract by
selecting the OUT position or to "clamp" by selecting the IN
position. In the AUTO position, the Shoe will retract and clang
in accordance with programmed instructions.

49
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3-6.9.1.3 Placement Roller Pressure - This three-position,

center OFF device enables the operator to turn the Placement
Roller pressure ON or OFF manually or to select the AUTO mode
for production runs. The pressure is variable and may be

controlled with the bottom regulator on the Pneumatic Control

Panel.

3-6.9.1.4 Paper Takeup - Thls three-position, center OFF device

en

ables the operator to power the Takeup Reel by selecting the
ON position. In the AUTO position, the Takeup Reel will synch-
ronize with the Placement Roller and in the OFF position, it is

disabled.

5 Slitter - This three-position, center OFF device
enables the operator to cause the pneumatically actuated
slitting discs to converge and slit the tape and paper liner
into strips of equal width. In the AUTO position, the Slitter
will actuate in accordance with programmed instructions; in

the OFF position it is disabled.

3-6.9.1.6 Comb-out - This two-position, spring return-to-center
device enables the operator to initiate the (backing paper)
combout cycle by holding the selector in the COMB-OUT position.
It is the function of the comb-out cycle to enable the machine
to again continuye its programmed path with unslit tape. In the
AUTO position, the comb-out cycle follows fhe slitting operation

in accerdance with programmed instructions.

3-6.9.1.7 shear - This three-position, spring return device
enables the operator to actuate the pneumatically controlled

¥ mechanism by selecting the spring-loaded CUT position. In

she

e

> AUTO position, the shear operation is done in accordance

with programmed instructions; in the OFF position it is disabled.
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3-6.9.1.8 Emergency Stop - This momentary-on device parallels
all other emergency stop circuits within the system and

accomplishes the same results; the immediate and complete shut-
1% I

down of the system. It is rescet from the MCU* main control panel

by depressing the E-STOP RESET push button and resetting the
BUZZER.

3-6.9.2 The Auxiliary Control Panel (Figure 20) contains
six continuously variable resistors which are seldom used
regulatory devices which regulate the Paper Takeup, Shear
Control and Slitting devices and, in addition, provide a

means of regulating the output of the Infrared Heater.

3-6.9.2.1 Heat - This continuously variable resistor enables
the operator to vary the output of the Infrared Heater to

cbtain the desired amount of "Tackiness".

3-6.9.2.2 Payoff Reel Drag Torque - This continuously variable
resistor enables the operator to vary the amount of drag being

applied to the Payoff Reel by the Magnetic Particle Clutch.

3-6.9.2.3 Shear Time - This continuously variable resistor
enables the operator to vary ‘the application time of the Shear
Blade. Shearing is accomplished by exerting a given amount of
force for a given period of time. These factors will vary
according to the ambient temperature and the compositiocn of

the tape.

3-6.9.2.4 Comb-Out Time - This continuously variable resistor
enables the operator to adjust the length of time during which

the comb-out operation is functioning.

* MCU = Master Control Unit
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3-6.9.2.5 Takeup Torque - This continously variable resistor

enables the operator to vary the amount of torgue being applied

to the Paper Takeup Reel by the Magnetic Particle Clutch.

3-6.9.2.6 Slitter Torque - This continuously variable resistor
enables the operator to adjust the driving torgue of the
Slitting Rolls in accordance with tlie needs of the various types

of tape that can be run on this machine.

3=6'8 e 3 The Pneumatic Control Panel (Figure 21) contains
three pressure regqgulators, each with accompanying gauge, which
control those assemblies requiring fregquent adjustment due to
the different types of composite tape that can be used on the
ATLAS.

3-6.9.3.1 Dancer Force - This pressure regulator enables the
operator to vary the air pressure supplied to the Loop Box air
cylinders. The setting of the regulator 1is a function of the

type of tape used.

3-6.9.3.2 Shear Force - This pressure regulator enables the
E ! operator to vary the air pressure supplied to the Shear

Assembly actuating cylinhders. ‘The setting of the regulator is

a function of the "boardiness" of the tape being used.

3-6.9.3.3 Roller Force - This pressure regulator enables the
| ﬂ operator to vary the force applied to the Placement Roller or
Placement Unit. Design parameters are such that the maximum

force is 100 pounds at 32 PSIG. All other settings are directly

proportional.
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3-7 Headstock and Tail§tock Units

The Headstock and Tailstock Units have a number of similarities,
and were designed to use a number of identical parts. The main
frame, an iron casting, and the adjustable vertical slide units

are common to both.

Each has a three jaw chuck to hold workpiece mandrels.

The two units are located by keys from the central keyway along

the centerline of the machine base, and are clamped to the two
tee slots mounted below the table surface, Figure 22 shows

the headstock in position on the machine.

Elevation of the chucks from 10" centerline height above the
table top to 30" height 1is by manually operated handle. Integral
rotating indicators, in the handles, give the position of the

slides.

3=7.1 The Headstock, shown in Figure 22 is a powered

unit forming the "D" axis of control in the ATLAS system.

S=d ol sl The drive and gearbox consist of a permanent magnet
D.C. motor coupled to a 80:1 reduction ratio Harmonic Drive

gearbox. The gearbox was constructed with a minimum of backlash

S

to the flexible spline unit.
i 3l 2 The feedback for the "D" axis is provided by an
. Inductosyn Scale unit, shown in Figure 23. The rotating
g scale 1s mounted to the output shaft of the gearbox.
B '
e g=faled The three jaw self-centering chuck mounts to an
.
z adaptor flange attached to the output shaft of the gearbox.

The maximum speed of the drive is 10 rpm of the chuck.
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3-7.1.4 The main cast 1ron frame of the headstock carries

the vertical ways, faced with filled leflon strips to reduce
sliding friction. Elevation of the sliding carriage is by a

twin jack screw arrangement, shown in Figure 24.

3=F SEU5 The rear of the D.C. motor and integral tach. generator,
carries a 250 line/rev. optical encoder geared to the motor shaft.
This is shown in Figure 24. The output from the encoder is fed

to the electronic control system used to synchronize the rotation

of the Steady Rests to the "D" axis.

3-7.2 The Tailstock is shown in Figure 25. As in the
Headstock unit, the vertical moving slide, guided by the anti-
friction ways, has 20 inches of travel. Figure 26 shows the
front of the tailstock with the covers removed, showing the
ways and moving carriage unit. Figure 27 shows a rear view

giving a layout of the twin elevating jack screws and the quill

unLt.

=T e2 51 The chuck is mounted to a hollow freely rotating shaft.
The shaft is hollow to allow a vacuum line to be fed through it
for use with blade tooling. The shaft and bearings rotate

within a quill unit, which has 6 inches of travel.

=722 Drive to the guill motor is Ly a rack and pinion,
manually driven from an external handle through a gearbox and

splined shaft. Figure 28 shows the rack drive arrangement. |

F=tnidie D To assist in re-positioning the Tailstock unit at
different positions along the machine base, four air cushion

lift pads are mounted under the main frame. These units are

regulated by the four pressure regulator units shown in Figure
29. A quick release air line fitting, mounted on the rear of

the tailstock, brings air from a flexible airline to the four

units.
60
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3-8 STEADY RESTS

Design of the Steady Rests was done during the Contract covered
by this report. The Steady Rests were designed to meet the
requirements of the helicopter blade spar tooling being fabricated

by Boeing-Vertol Company.

The specific tooling support requirement for the Steady Rests

requires rotational as well as linear control of the units.

3=8.1 The tooling consists of an aluminum mandrel, with shafts

at each end corresponding to the pitch axis of the blade. The

mandrel is a D shape for most of 1ts length. Along the D shape
section a strongback is fitted. The strongback carries locating
ways to be supported by the Steady Rest units. Figure 30 shows
a diagrammatic layout of the tooling together with the Headstock,

Tailstock and two Steady Rests.

g=8kel ok Layup of torsional plies in the strongback D section

only takes place from one side to the other, with a wrapping

motion over the leading edge. In the root-end section the

torsional plies reqguire a continuous wrapping motion for 2-1/2

revolutions of the tool.

3 | * |

3=l 2 Supporting rollers, mounted inside the Steady Rest Rings,

TN are located on the strongback ways to give support to the tool.

when a Steady Rest unit moves to a parking position, clear of

i

| X the tool, the supporting rollers disengage from the strongback
' ways. Rotational synchronization is maintained, so that they
3 re-engage when the Steady Rest moves back to support the tool

again.
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3=8.0003 The shafts from the pitch axis of the tool engage
in the chucks of the Headstock and Tailstock. The rotary
motion of the Steady Rests is synchronized with the "D" axis

at all times.

3-8.1.4 The linear movements of the Steady Rests are controlled
from the relative position of the gantry. A Steady Rest is
positioned either side of the tape placement head, so that at

least one unit is giving support to the strongback at all times.

3-8.2 The Steady Rest showi in Figure 31 1is positioned at

the Tailstock end of the ATLAS machine.

3=8:.2.1 The base frame is a steel weldment and has a set of
anti-friction rollers which locate it on the hardened circular
ways set into the base of the machine. Four heavy duty cam
rollers, mounted on the base frame, support the weight of the

ring assembly.

S=8io 252 Two adjustable and rcemovecable support frames carry
sets of cam follower rollers to give added support to the

rotating ring.

3-8 2043 The drive is by a D.C. motor to a dual output gearbox,
via two toothed timing belts. The two output pinions from the
gearbox mesh with the 50 inch pitch diameter ring gear. Anti-
packlash through the gearbox is achieved by rotating the two
toothed timing pulleys, on the motor side, relative to one
another, thus creating opposite pre-load in the timing belts

and spur gearing.

3Rl Rotational feedback is by a tach. generator and digital

encoder unit mounted on the end of the D.C. drive motor.
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3~8.2.5 The ring assembly, with ring gear, carries the anti-
friction supporting rollers which engage with the strongback

ways on the spar tooling.

3-8.2.6 Linear motion is provided by a 3/4 H.P.D.C. motor
driving through a worm reduction gearbox to a spur gear meshing
with lengths of gear rack located along the center groove of the

base of the machine.

3=8.2.7 Analogue position foédback is used to sense linear
motion. A 10 turn potentiometer unit is driven from the gear
rack with two trimming potentiometers varving the character-
istics, to provide adjustable motion control of the Steady Rests

along the machine bed.

3=8 .2 .8 All the control and power wiring to the Steady Rests,
which have 40 ft. travel, is brought to them by flat section,

12 conductor cables, attached to 6 inch wide stainless steel strips.
Teflon sheet coating on the back of the strips provides less

sliding friction between the moving and stationary surfaces.

3= CONTROLS

During the preceding design éontract for the ATLAS machine, the
requirements for the numerical control system were established.
Discussions at that time with three manufacturers of numerical
control equipment, Bendix Corp., General Electric and Allen-

Bradley, established the type of controls currently available.

The control requirements for six simultaneous axes motions, as
well as the self-programming or digitizing capability, were only

available as one package in a "soft-wired" control.

The control system chosen capable of meeting these requirements

was the Allen-Bradley 7300,
71



This section covers a description of the Numerical Control
System together with the associated Drives for the axes

motions.

Information relating to Data Preparation for the Control are

covered in the Programming Section 5-5.

F=9 .k The Allen-Bradley 7300 control is shown in Figure 32
The unit 1s self contained and housed in a two bay free standing
cabinet. Hinged, electrically interlocked doors provide
complete access to the inside at the front and rear. Figure

33 shows the units inside the Control.

3= JL L The Hewlett-Packard computer, containing 24K of
memory core, 1s a complete slide-out unit. Illuminated push
buttons on its front surface enable manual set-up and input to
the computer, as well as visual indication of the contents of

any selected memory location.

3=9 .12 The interface modules are the "hard-wired" portion
of the control. They form the link between the incoming
feedback signals to the computer and the interface of the

outputs to the drives.

3=9.1.3 The CRT display has a 1000 character capability.

Information displayed on it is divided into three basic areas.

‘ i‘ 3=9.1.3.1 The upper section, of four lines, is used for display

of information entered by the manual keyboard (MDI).

;‘ 3-9.1.3.2 The middle section displays the readouts of the axes

positions and feedrate settings.
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3-9.1.3.3 The lower half is used to display the information
being read from the tape reader. Eight blocks of information
are read at a time, and displayed. An asterisk indicates the

"active" block of information.

During digitizing the blocks of information are displayed 1in
the lower half, prior to being transferred to the tape punch

and teletypewriter.

3-9.1.4 The Manual Data Insert (MDI) keyboard is used to enter

information to the control manually.

Completely programmed moves may be entered by this keyboard and
displayed on the CRT.

The keyboard is also used for creating additional information
for transferring to the tape punch and teletypewriter during a

digitizing operation.

3=9.1.5 The tape reader 1is a photo-optic device using a single

light source.

3 =9 4106 The tape spocler has a capability of taking 19-1/2
. inch diameter spools. )
N
A 39,2 7300 Control Panels
bi
? :' The following are the functions of the Control Panels on the
§ 7300 system.
; J=Qs el The Main Control Panel - Figure 34 provides those
?§ conﬁrol devices most frequently used for operation of the basic
% system.
75
| B
!5
f A
>

BN R TR W - Y ey g —~a




L
R

> 2

AN

TN BRI

L

34 o Main Control

Figure




3-9.2.1.11 OPT STOP - A two position device to discriminate
against an M@l code. in the OFF position, the M@l code is
ignorad. In the ON position, the M@l code will cause the Numer-
ical Control Unit to come to an orderly, programmed stop as evid-
enced by the illumination of the red PROG STOP annunciator.
3-9.2.1.12 CYCLE START - A non-annunciliating and guarded
momentary-on device Lo enable operator to initiate a cycle

or restart an interrupted one.

3=9.2.1.13 CYCLE STOP - A red, mushroom head momentary-on
device to enable operator to temporarily halt a cycle when

the system is in AUTO mode.

3-9.2.1.14 INDICATORS - A group of 24 annunciators used to
signal the status of given system functions. These indicators

are detailed in Table 3 and illustrated in Figure 35.

3=9.2:2 The Secondary Control Panel - Figure 36 plctures
those control devices less frequently used for operation of

the basic system.

3-9.2.2.1 MACH ZERO - A toggle switch and an accompanying red
annunciator provided to enable operator to return any or all of
the axes to a predetermined "home" position by using the "JOG"
switches on the Machine Tool Panel., When the MACH ZERO switch

is in the ON position, the adjacent red annunciator will be
illuminated, and if the MODE SELECT switch is in the MAN position.
the various axes will seek a predetermined Zero position when
selected by the AXIS JOG SELECT switch and activated by the

"JOG EXECUTE" switch. Only one axis at a time may be zeroed

and;, when selected, will return to its home limit switch and

synchronize with its true "home" position.

3=8,2.2,2 SET ZERO = A momentary=ch device Lo enable cperator
to establish a zero position at any point along any axis.
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TABLE 3.

Annunciators

Left Panel rcading from left to right and from top to bottom

Annunciator Color Meaning
MCU TEMP Red Control Overtcmperature
OVER TRAVEL ] Red Axis Overtravel
RDR NOT READY Red Tape Reader Not Ready
EXCESS ERROR Red Exc¢ess Servo Exrror
PROG END Red M@#2 or M3f# Decoded - Program End
PROG STOP Red M@F or M@l Decoded - Program Stop
READ ERROR Red Tape Reader Error/Tape Error
SIGN REV Amber Any Axis Sign Reversed
CONTR MODE Green Contour Mode
ABS MODE Green Absolute Programming

Right Panel reading from left to right ind from top to bottom

Annunciator Codionr Meaning

A IN POS Green “A" Axis In Position

D IN POS Green “DY Axis In Pesition

A RDR ON Amber "A" Tape Reader Is ON

DIG MODE Green Digitizer Control

¥ IN POS Green  "Y" Axis In Position

X 1IN POS Green "X" Axis In Position

2 IN POS Green "Z" Axis In Position
3 C IN POS Green "C" Axis In Position
- AXIS LAG LIMIT Red Feed Rate Supressor Activated
$ PUNCH BUSY Green Tape Punch Cannot Accept Data
; TTY BUSY Green Teletypwriter Cannot Accept Data
—! PUNCH LAG Red Tape Punch Lagging Machine
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When a Zero position other than "hame 15 desired, the

SET ZERO push button is used to transmit its coordinate (s)

to the computer by either of the following methods:

switch to KEYBOARD positian

e Set MGDE SELECT
and input desired data with MDI Keyboard. Select
appropriate axis on AXIS JOG SELECT switch and
switch MODE SELECT to MAN position before depressing

SET ZERO push button.

bis Depress CYCLE STOP push button and switch MODE
SELECT to MAN, Select appropriate axis on AXIS JOG
SELECT switch and depress SET ZERO push button. To
continue vrogrammed path, switch MODE SELECT to AUTO

and depress CYCLE START push button.

3-9.2.2.3 LAMP TEST - A momentary-on device to cause the
computer to run through a systematic check of all the
annunciators on all contrel panels to verify circuit
operation.

3-9.2.2.4 FEEDRATE BYPASS -~ A toggle switch to enable the

NCU to ignore all feedrate codes, forcing it into a rapid
traverse for faster cycling of test tapes and program

checkouts.

3-9.2.2.5 READOUT - A two position selector which gives the

relative to a given offset (CAR position) or a display of

the ABSOLUTE position including all offsets (ABS position).

3-9.2.2.6 RESET - A group of three momentary-on devices

bling operator to:

o
i

X5 Clear data firom ACTIVE storage.

81

Bl Ll i Son R

operator the option of monitoring the positions of the axes
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b Clear the MCU (Master Control Unit) to a start-uj

condition.

(o Clear the tape READER in the event of a programming
EEEOr

When the system is in a Cycle Stop condition, all data may
be cleared from the current Active storage block by
depressing the ACTIVE Reset push button. Whenever all data
is to be cleared so a new program can be started, the MCU
Reset push button is depressed which clears the control to
a start-up condition only if an Emergency Stop mode or an
ECB condition exists. If the tape reader malfunctions due
to a programning error which does not cause a shutdown to
occur, the operator may clear the reader by depressing the
READER Reset push button.

3-9.2.2,.,7 AXIS SIGN SELECT - A group of six 2-positon selectors,
one for each axis, to enable operator to perform mirror runs on
the same tape. The amber SIGN REV annunciator on the sub-panel
will illuminate if one or more of these switches is in the
REVERSE positon.

3-9.2.2.8 JOG RETRACT - A clear annunciating push button that
enables the operator to Jog any selected axis away from its

point of contact with the work piece after first having depressed
the CYCLE STOP push button with the system in the Automatic

mode. The selected axis will continue to move for so long as

the JOG RETRACT push button is held depressed. Depressing

the CYCLE START push button causes the retracted axis to

return to the last programmed point before retraction and to

continue its programmed path.
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3.9,2.2.9 The MD1 (Manual Dbata Insert Keyboard, consisting

of 36 characters, provides the means of manually entering data

into the computer to supplement that which is programmed on tape.
The MpI information is immediately displayed on the first four

lines of the CRT to permit operator verification and/or modification
before the data is transferred to the computer. The MDI keyboard

consists of 36 keys arranged as follows:

a. The following alpha characters:

A St uNG, S d M N RSy T K Y and: G

b Numerics # thru 9

C Arithmetic plus (+) and minus (-) signs

el A comma (,) and a space (SPACE) key

e. A transmit (XMIT) key for transferring data

to the computer
f. A carriage Return (CR) key for inputting an
EOB code [(#)

A left cursor or back space ( +) key

Q

[
=
.

A right cursor or forward space (= ) key

‘ To repeat a character, hold the appropriate key depressed until
the desired number of repetitions have been made. All data

must be prefixed with a type code before being transmitted to

the computer. Examples of these codes are listed below:

T

J Manual Data Input MI
B & . 4 i va
Sequence Search NS

P = Tool Length Offset S
: FPixture Offset FA

b Cutter Compensation 90
L) Block Edit BE

P oy onees s waw N n w —

Ty



e e s

3-9.2.1.1 NC POWER - A spring loaded, kKeylocked device for

applying AC power to the NCU and for actuating a contactor
to enable the MCC drive solenoids, provided the Main Disconnect

for the MCC has been closed.

3-9.2.1.2 BUZZLER - A computer activated audible alarm device to
signal an emergency shutdown or any other condition requiring

immediate operator action.

3-9.2.1.3 BUZZER SLLECTOR - A spring loaded, three position
device to acknowledge an alarm condition and to disable the
Buzzer and reset the buzzer circuitry. In the OFF position, the
NCU will be forced into a Feed Hold condition as evidenced by

the illumination of the FEED HOLD annunciator.

3-9.2.1.4 EMERGENCY STOP - A red, mushroom head momentary-on
device which, when depressed, de-energizes all drive contactors
and causes all brakes to be applied, bringing the Tape Layup

Machine to an abrupt halt.

3-9.2.1.5 E-STOP RESET - A red annunciating and guarded momentary-
on device to de-energize and "safe" the Emergency Stop relay and
to restore the system to an operational condition.

3-9.2.1.6 DATA SOURCE SELECT - A four position rotary device to
enable operator to select the desired data source for use as a
computer input, as applied to the ATLAS, the switch must always

be at the Reader A position.

3-9.2.1.7 MMODE SELECT- A four position rotary device to enable
operator to select the desired mode of operation. Selecting

the AUTO position of the MODE SELECT switch causes the control to
operate in a continuously cycling mode , reading and executing

data in accordance with its programmed instructions. Selectinc
E J

(o]
(5]




this mode will cause the green annunciator below and to the

left of the selector knob to illuminate. Selecting the SINGLE
BLK position causes information in the next accessible buffer
area to be transferred to ACTIVE and executed. If no data is
present in buffer storage, selecting this mode will cause reader
to read 8 blocks of data into the buffer and to execute one
block. In the KEYBOARD position, the Manual Data Insert key-
board is enabled to allow the operator to manually input data
into a buffer storage area and to execute it. The MAN position
is used for any operation requiring motion of the axes, other
than from tape or from keyboard command, such as JOG or MACH
,ERO. Selection of this mode will cause the blue annunciator

below and to the right of the selector knob to illuminate.

3-9.2.1.8 MANUAL TYPL - Two control devices combine to enable
operator to select the type of tape search desired and the
direction of the tape travel.

a. "Search Mode Selector" - A four position rotary

device to enable operator to select the desired search mode.

b. "Tape Direction Selector" - A three position,
spring return-to-center device to enable operator to select
the desired search direction and to activate the capstan drive.
In the EOB REF position of the "Search Mod Selector", the

reader will move one block in the direction selected by the

"Tape Direction Selector" which must be turned to the desired

i : direction and released when the MODE SELECT switch 1is in the

; MAN position. In the N SEARCH mode, which can be enabled only
; < when the MODE SELECT switch is in the KEYBOARD position and
j :' is activated by the CYCLE START push button, the computer
; j choocses the direction of search after being told what number to
f look for by the Manual Data Insert (MDI) Keyboard. The computer
E ?f assumes that the desired number is in the forward direction and

QE will always read forward to the next number on the tape. At
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this point, the computer compares the N nunber on the tape
with the desired N number and decides by the magnitude of

the number whether to continue in the forward direction or

to reverse. Whenever the rcader cannot find the exact block
called for,an "N NOT ON TAPE" message will be displayed on

on the CRT. If, when searching forward, an M@2 or M3f@ code
is encountered or, when searching reverse, an EOR (EIA) or

a % (ASCII) code is encountered, the search operation will

be halted. In the SLEW position, which will be enabled only
when the MODE SELECT switch is in MAN position, the reader
will continuously move at read speed in the selected directicn
for as long as the "Tape Direction Selector" is held in
position. When the direction switch is released, the reader
will stop on the next EOB. I1f, when Slewing, an Mf@2, an M3g,
a %, or an EOR code is encountered, the reader will stop.
When the reader is Slewing in the forward direction, data is
read into buffer storage and cleared at each EOB. When
Slewing in the reverse direction, no data is read into buffer
storage until the direction switch 1s released, at which time
the reader stops on the next EOB, reverses itself, and reads
forward one block, inserting it into buffer storage. When in
the N REF position, enabled only when the MODE SELECT switch
is in MAN position, the reader will move back in the selected

direction to the next sequence number on the tape.

3-9.2.1.9 BLOCK STOP - A red annuncilating and guarded momentary=
on device to enable operator to halt an automatic cycle at the

end of the block being processed.

3:9.2.1.10 BLK DELETE - A two position device to discriminate
against data blocks preceded by a slash code. In the OFF
position, slash code blocks are ingored but are displayed on the
CRT for information only. 1In the ON position, slash code blocks

are executed.
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3-9.2.3 The Machine Tool Panel (Figure 37) provides those

control devices peculiar to the operation of the ATLAS Tape Layup

Machine.

3-9.2.3.1 The FEEDRATE selector permits modification of the
programmed feed rate in 10% increments from 0% (FEED HOLD) to
120% but never greater than the maximum allowable axis velocity.
It will override the programmed feed rate when the system is

in AUTO mode. When the system is in MAN mode it will control
the rate of the MACH ZERO movement and override the continuous
JOG mode.

3-9.2.3.2 The AXIS JOG SELECT permits the sel on of an
axis for a JOG, MACH ZERO or SET ZERO move when the system 1s
in the MAN mode.

3-9.2.3.3 The JOG SELECT permits the selection of any of the
continuous JOG modes; 1.5 IPM (LO), 15 IPM (MED), or 150 IPM
(HI) or any of the six incremental JOG modes at a fixed rate of
10T EPMC

Note: Feed rate override is disabled when

the JOG SELECT is set'to any one of the

incremental modes.
3-9.2.3.4 The "JOG Execute" switch selects the + direction the

selected axis will move and initiates the movement.

this device will initiate the MACH ZERO operation.
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3-9.2.4 The Tape Reader/Spooler Panel (Figure 38) provides

those control devices required for operation of the Tape Reader/

Spooler.

The ATLAS configuration has one tape reader. It is enabled by

the NC POWER switch as evidenced by the illumination of the
capstan. The toggle switch at the left end of the capstan will
enable the capstan brake when in the RUN position. On a subpanel
at the bottom of the tape reader panel are four devices; a selector
an annunciator, and twc push buttons. The selector enables the
READER ONLY mode, in the left position, only when the DATA SOURCE
SELECT switch is in one of the three reader positions. The READER
SPOOLER mode, in the right position, is functional any time the
tape reader is enabled. The tape drive 1is turned OFF in the center
position. The clear POWER annunciator will illuminate only in the
READER SPOOLER mode and the two push buttons, one in each lower
corner, determine the direction of travel of the Spooler. The

tape reader normally feeds from left to right and is loaded with

the sprocket holes toward the back of the panel.

3-9.2.5 The Dbigitizexr Panel (Figure 39) provides those control

devices required for operation of the accessory line follower

equipment.

3-9.2.5.1 "Mode Select" - A three position rotary device to
enable operator to select the desired control mode. The "Control
Mode Selector" selects between the CNC (Computerized Numerical
Control) mode (to the left), the DIGITIZER MODE (to the right) and
OFF (center). The CNC position puts the system under the control

of the Numerical Control Unit.

3-9.2.5.2 The "Printout Selector" selects which peripheral
device will be utilized for the Digitizer printout; the TAPE PUNCH,

the TTY or BOTH.

R
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Figure 38. Tape Reader/Spooler Panel
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3-9.2.5.3 MANUAL EXECUTE - an amber annunciating and guarded

moementary-on device to enable operator to cause a desired block

of data to be transferred to the selected printout device.

-9.2.6 Steady Rest Conlrol Pancl (FPigure 40) provides those

ntrol devices required for operation of the two accessory

Steady Rests.

3-9.2.6.1 STEADY REST ROTARY CONTROL -~ Two self-centering, left
and right momentary-on devices are provided to jog either Steady

Rest in the desired rotational direction.

3-9.2.6.2 STEADY REST LINEAR CONTROL - A two position device 1is
provided for each Steady Rest to allow the operator to select

elither the manual or automatic control mode to be effective.

When either Steady Rest is in the manual control mode, it can be
moved by rotation of the knob located beneath the effective

selector device.

When either Steady Rest is in the automatic mode it will remain
stationary until the Gantry enters a preset proximity zone at
which time the Steady Rest will move in such a manner as to

maintain the distance between itself and the Gantry.

S=Y L2 a3 'APE HEAD REEL LOAD - An audible annunciator and control
device are provided to announce to the operator that the Payoff
Reel contains no more than 20 feet of Tape. The operator can
silence the audible alarm by depressing the control device but

the lamp within the device will remain enabled until a new tape

spool is placed on the Payoff Reel.
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3-9.2.7 Motor Control Centcr Panel (Figure 41) provides those

control devices required to disable the "A", "C" and "D" axes as
well as the linear and rotary control of the two Steady Rests.

3-9.2.7.1 AXIS CONTROL - A two position device is provided to
enable or disable the "A" and "D" axis drive motors. A similar

device is provided to control the "C" axis drive motor.

3-9.2.7.2 STEADY REST CONTROL - A two position device is provided
to enable or disable the rotational drive motors for both Steady
Rests. A three position device is provided to disable both linear
drive motors, enable the 'A' drive motor and enable both the 'A'

and 'B' drive motors.

3-9.3 Motor Control Units - The two cabinets housing the motor
drive amplifiers are shown in Figure 42. The cabinets are

positioned adjacent to the Allen-Bradley 7300 control.

3-9.3.1 Main 3 phase power enters the left hand cabinet via a
main disconnect, which is operated by a lever mounted on the

door of the cabinet.

3-9.3.2 The left hand cabinet also contains a 3 axis (for "X",
"Y", "Z") and a 2 axis (“"A","D") hyperloop drive amplifiers with

associated inductors.

=
3-9.3.3 The right hand cabinet contains a 2 axis hyperloop drive
i for the rotary steady rests and 3 Westamp drive amplifiers con-
3 trolling the "C" axis and the two linear motions of the steady
Ly rests.

3-9.3.4 Fuses, relays, overload trip contactors associated with

the drivers, are located in both cabinets.
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SECT LON IV
MACHINE FPABRICATION

This section covers the complete fabrication program of the
ATLAS machine at the Contractors Facility in Torrance, California.
It covers various aspects of the fabrication of the machine sub -
assemblies: design and development worlk on the line follower and
steady rests:

General Assembly and Alignments

Machine/Numerical Control Integration

.

Preliminary Tests and Demonstrations

Dis-assembly and Shipping to the Boeing
Vertol facility in Philadelphia, PA.

In terms of time span it covers the period between May 1972 and
December 1973.
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4-1 Base Sections - The progyram scheduling showed that the

; maln base sections would be pacing items in the fabrication
of the machine. Some minor e-design was done to allow for
additional ways to be sel down below the working surface, for
the traveling stecady rests.
4-1.1 The design of the cast iron bed sections had been done E
so that they were of modular box section form, in 2 ft. increments.
4-1.2 To achieve the 56 ft. bed length reguired for a gantry
movement of 36 ft., four 14 ft. long bed sections were used
with another set of four along side with the join on the machine
centerline.
4-1.3 To obviate the need for precise machining of the ends of
the 14 ft. sections to make them exactly to length and square
with the sides, the design was made to group the bed sections

- in four pairs. Each pair was joined along the machined surfaces
on the machine centerline. The pairs were then butted together

e at thelr ends, and machined spacers used to set up the exact
alignment between them.

ol 4-1.4 Casting of the base sections was done locally, using a
40,000 psi iron. Each section weighed 8,750 lbs.
4-1.5 Figure 43 shows the first bed sections being positioned

X for assembly.
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4-2 Composite Gantry - In the preceding design contract it
had been decided to use a composite fabricated gantry. Studies
showed that it would be adequately stiff enough for a tape
layup machine, and that the fabrication cost, when compared to

metal structures, would be lower.

The fabrication of the gantry was achieved in four phases;

(a) Scale model development of shape.

(b) Full scale wooden mock-up.

{e) Female molds made on wooden mock-up.

(d) Fabrication of one piece gantry structure,

in the molds.

4-2.1 Scale Model of Gantry - A 1/8 scalc model of the gantry
was made so that the cémpound curved surfaces and corner radii
proportions could be more easily developed. It also provided a
very useful tool in the discussions with prospective fabrications
as mold parting lines and fabrication sequences could be worked
out.

Figures 44 and 45 show two views of the scale model, including

the front eye-brow cover, also to be molded in glass fiber.

4-2.2 Full Scale Wooden Mock-up - The basic plywood structure
for this mock-up had been constructed during the previocus design

contract.

Using the 1/8 scale model as a guide, the fabricator built up the

mock-up using wood and plaster.

The surfaces were painted and prepared to take the glass fiber
molds from it. Figures 46 and 47 show the mock-up during

its construction.
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4.2.3 Gantry Molds - The femalec mold was made in three sections.

Each mold section was heavily reinforced to ensure minimum
distortion. The sections are shown in Figures 48, 49 and
50. The molding surfaces were polished and suitably prepared

for construction of the one piece gantry.

4-2.4 Gantry Construction - The basic parameters for the design
of the gantry were that it would be a one-piece structure having
.180" thick polyester resin impregnated glass fabric skins backed
with 2 and 4 pound density urethane foam, with an inner skin of
.125" thickness. Interconnecting ribs at 6 inch intervals to

tie the inner and outer skins together.

The basic design policy of the machine had been to minimize the
number of load bearing mechanical interface points on the gantry

structure.

4-2.4.1 There are only four interface connection points on

the gantry.
4-2.4.1.1 Large underneath surface on the main support side.

4-2.4.1.2 Smaller underneath surface on the outboard supporting -

leg side.

4-2.4.1.3 Two surfaces on the upper part of the front face where

the vertical tubular way structures are located.

4-2.4.2 Positive metal to metal surface interface was achieved
by fastening external aluminum plates through to insert plates
laminated into the structure. The outer skin at these points
is being sandwiched between the two plates. Figure 51 shows a

typical section through the gantry.
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Figure 51. Typical Section Through Composite Gantry




4-2.4.3 The outer skin was make up of:

a gel coat

surfacing mat

1-1/2 oz. chopped strand mat
woven fabric

24 oz. woven roving interspersed with mat

all to make up the .180 inch thickness.

4-2.4.4 The interconnecting webs, between the outer and inner
skins were achieved by wrapping the foam "logs", 3" thick by

6" wide, in resin impregnated glass cloth and setting against
the outer skin in the mold. The wrapped "logs" were placed

side by side to make up the complete structure prior to layup

" of the inner skin.

4-2.4.5 The one-piece construction was achieved by layup of
the outer skin and foam core in the three mold sections, but
leaving the core away from the joining edges of the molds. The
three sections were then brought together. The joining edges
were bridged across with additional layers of glass cloth, to
tie the outer skins together. The remainder of the foam cores
were then put in place and tlie inner skin laid up to complete
the structure.

4-2.4.6 Access to the inside of the gantry is by means of a
rectangular hole in the top surface.

PP r—————




x i, WA Poey ~
4 » .

Y S

3
i~
k.

4-3 Composite Cross Beam

In keeping with the policy for having the machine structure
as light as possible, the use of a glass fiber composite

structure for the large cross beam proved to be successful.

4-3.1 Construction of the beam was from three 6" foam cored
panels. Each panel consisted of .180" thick polyester resin
with 2 .Lb./ft.3 density urethane foam core and interconnecting

ribs between the skins at 6 inch intervals.

g =312 2 The edges of the panels were closed in by pultruded
channel sections of 5/16 inch nominal thickness, made by the

Contractor.

4—3.3 Aluminum strips, on the lower and upper surfaces,
bonded with epoxy adhesive and fastened to the pultruded channel
with screws and metal inserts, provided surfaces for attaching

the ways for the "Y" axis carriage.

4-3.4 Figure 52 shows a plan view part section of the

beam cut away to show the skins and interconnecting webs.

4.3..5 The effectiveness of this fabrication technique is
porne out by the lightness of the bea. (465 pounds) in comparison

to its size (18 inches thick, 24 inches wide and 186 inches long.)
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Figure 52. Part Section of Cross Beam
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4-4 Tape Placement lead

The Tape Placement Head was fabricated and assembled on a free
standing supporting frame, prior to attaching to the completed

machine structure.

The Tape Placement Head, as described in Section 3-6, has a
number of sub units incorporated in it, enabling them to be
pre-assembled and tested before being attached to the head

itself.

This section of the Report outlines the fabrication, testing,

and assembly of the Tape Placement Head.

4-4.1 Main Supporting Frames- Pattern making and casting

of the two main tape head members werc accomplished early in
the schedule. The design of these two castings in aluminum

had been concerned with lightness as well as rigidity. Figures
53 and 54 show the main supporting ring and the main tape

head frame to which all the sub-units are attached.

4-4 .2 Tape Slitting Unit- The function of the tape slitting
unit has been described earlier in Section 3-6.6. During the
fabrication and testing of the unit, a certain amount of develop-
ment work was done to ensure continuous, clean, accurate slitting
of monofilament glass epoxy tape. The basic principles of the

slitting had been established during the preceding design contract.

4-4.2.1 The first task was to achieve the required setup of
the knives to give clean cutting to glass epoxy filament tape.
t Each set of cutters has spacers between the cutting discs. By
i varying the thickness of the spacers, the clearance between the

{ sides of the meshing knife discs was adjusted.
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4-4.2.2 When first assembled, the clearance between the knife
discs had been set at .005". This was found to be excessive, as
a number of uncut fibers bridged across between the slit tapes.
The clearance was reduced to 0 to .001", which produced the

desired clean cutting.

4-4.2.3 With virtually no clearance between the knife discs,
accurate position of the two sets of cutters became more significant.

4-4.2.4 The other development work was concerned with the depth

of mesh between the cutters and preventing the tacky side of the

tapes from adhering to the spacers and pulling away from the
backing paper. Clean break-away from the cutters was also a
requirement so that on release of the cutters, the tapes would pull

away cleanly.
4-4.2.5 To achieve these requirements, entrance rings were made
up and fitted to the outside of the spacers so that the diameter

of the rings was less than that of the cutting discs.

4-4.2.6 When slitting the entrance discs were slightly deformed

and thus pushed the strips away on release of the cutters.

Sl ol oo et i b s

} 5 ! Teflon shrink tubing was used to cover the entrance discs to

! prevent adhesion of the tacky.filament tapes.

» 4-4.3 Tape Shear Unit - The basic principles of the Tape Shear

» had been developed by the contractor on previous tape placement

H heads. A bench mounted test rig was used to evaluate the shearing

;_ characteristics of different tape systems, and more significantly,

%1 with different types of backing paper.

-

L Y The main effort during the fabrication and assembly phase was

gf involved in setting up the automatic positioning system, which sets

the shear unit angle, prior to the cutting action.

LT




4-4.3.1 The use of an in-line D.C. torgue motor, initially,
was found to be unable to achieve stable positioning to the
+ or - 1/2 degree angle tolerance. By mounting a small geared
D.C. motor to drive the shear spindle via a bevel gear segment,

the required positioning accuracy was achieved.

4-4.3.2 Figurc 55 shows the shear rotary drive system, with
the motor and bevel gear, and the feedback by means of a precision

gear driven potentiometer.

4-4.4 Tape Placement Head Rotation, "C" Axis Drive - The rotatiocnal
control of the head is an integral part of it. The drive motor

and gearing unit is a cartridge type assembly, easily removeable.
The drive 1s to a 24" dia bronze gear, mounted under the rotational

supporting ring.

4-4.4.1 During the initial testing phase of the whole assembly,

it was found that although the drive motor produced sufficient
torque to rotate the tape head, it would be insufficient to hold
the head in a continuous high torque condition. Such a condition
would occur when the "A" axis would be set over to more than 30°
and the head positioned to lay tape in line with the Y axis motion.
4-4.4.2 The drive and gearing unit was modified to give a higher
gear reduction and a higher torque D.C. motor was fitted. These
proved to be capable of full control of the head under the highest

torque condition.

4-4.5 Placement Roller - The design of the Placement Roller, using
an inflatable reinforced tire, had been dcveloped from previous
experience with other tape placement heads. The requirement of this

roller tc conform to 2 inch radius surfaces resulted in a thin

section tread.
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4-4.5.1 The tire was molded in rubber, with transverse reinforcing
of glass fibers to prevent the trcad from spreading sideways

under load. This would displace laid strips of tape.

4-4.5.2 Figure 56 shows the tire, together with the hub and

attaching flanges. Also shown is the axle.

4-4.5.3 The tire was assembled to the aluminum hub and after
initial air leakage problems, caused by porous casting, were

corrected, it was able to hold air pressure.

4-4.5.4 A series of tests was done to evaluate the ability of the
placement roller to conform to the 2 inch radius requirement. The

report on these tests appears in Appendix 1I.

4-4.5.5 The report concludes that the roller did meet the design

regquirements.

4-4.5.6 At this stage of the machine build, the tape placement
head was a separate unit sitting on its assembly stand. It was
not possible to test the lay-down performance of the placement

roller.

4-4.5.7 During the machine check-out and test phase, the performance

of the placement roller was evaluated.

Tests done and subsequent design changes in the placement area are

covered later in this report.
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4-5 Digitizing Line Follower

The digitizing line follower system is a five axis tracer unit

mounted under the tape placement. head.

A survey of available electrical and photo-electric tracers showed

that there were none capable of performing the required motions.

The complete development of the unit was therefore undertaken as

part of the contract, and took place during the Fabrication Phase.

4-5.1. Requirements - The basic requirement was that the unit
should control the five fundamental axis of the machine to follow

a reference line placed on the surface of the layup tool.

Thus it would control "X" or "Y" and "C" axis by following the
line, as well as "Z" and "A" axis by following the undulations

of the tool surface.

4-5.1.1 The unit should fit into the space left when the place-
ment roller is removed, so that the point of reference coincides
with the central point of the tape placement path. This point

is on the center of rotation of the tape placement head, "C" axis,

as well as the center of rotation of the head tilt, "A" axis.

4-5.1.2. Electrical outputs from the unit's amplifiers will con-
trol the corresponding axis drives instead of the numerical control

system.

4-5.2 Development Work - The major task was the development of the
optical line sensing unit so that it would give outputs of both
axial motion, as well as rotary, with a positional accuracy

in the order of + .0025 inches. This had to be accomplished both
on flat as well as curved surfaces and with varying ambient light

conditions.
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4-5.2.1 Closely allied to the optical line sensing system

were the design parameters for the reference line tape.
Certain physical constraints dictated the final dimensions.

On compound curved surfaces, it is not possible to lay wide
tapes to conform to the desired fiber orientation. For this
reason the tape placement head has the slitting system to

slit the tape into widths of .270 inches.

For this same recason, ihe width of roference tapes placed on
these same surfaces must be limited to the narrow width, namely,

.270 inches. Any wrinkles or unneccessary undulations in the
reference tape would give erroneous outputs from the line

follower unit.

4-5.2.1.1 The reference tape was designed using a white back-

ground with a black reference line.

The black line width was chosen to be .070" so that on a .270
wide tape there would be at least .10" of white background on

each side of 1it.

4-5.2.1.2 The following is the specifications for the Digitizing

Reference Tape in the 3" wide form.

The Digitizing Reference Tape is to be 3.000 + .005 inch wide
matte white finish lithograph stock, 3 to 5 mils thick, having
a pressure sensitive adhesive backing and with a printed black
line .070 + .005 inch wide centered on the paper so that the
centerline of the line is coincident with the centerline of the
paper to within .005. The pressure sensitive adhesive backing
must be of a type which allows easy removal of the paper tape
after use without damage to the surface it adheres to. The

printed line shall be opaque black and of uniform density.
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Figure 57 shows a reel of the 3 inch wide reference tape.

4-5.2.2 Two photo-optical sensing systems were evaluated.

(a) A guadrant photo-cell and lense focusing system.

(b) Two "bow-tie" shaped fiber-optic sensing devices.

4-5.2.2.1 Figure 58 shows the basic principles of the two

systems.

4-5.2.2.2 Quadrant Photo Cell Sensor - The principle of this

unit was to focus the image of the black reference line on to

the photo cell. By looking at the outputs from the four cells
differentially the displacement of the cell unit from true positiocon
along the reference line could be determined and appropriate
amplified signals sent to the corresponding axes drives to correct

the error.

This system required good illumination of the reference tape in

order to get a clear reflected image.

4-5.2.2.3 Fiber Optic Line Sensor - In the fiber optic systenm,
three bundles of fibers were brought to two triangular shapes,
touching at the apex of the triangles. The three bundles of
fibers were connected at their other ends to two photo cells
and a light source. The fibers in each triangle were arranged
so that there were an equal dispersion of fibers going to one

of the photo-cells as well as the light source.

With the unit in contact with the reference tape, outputs from
the two photo-cells were looked at differentially to give the

amount of displacement from the true center of the line.
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One "bow-tie" unit would be sufficient to give output signals
to correct for side to side errors. To get rotational sensing,
two units would be needed. The X and Y signal unit would be
mounted on the center line of the "C" axis rotation, and the
sensor for rotational guidance would be trailing behind it at

a given radius.

4-5.2.3 Tests were done to evaluate the line sensing systems,
using a test rig with a micrometer adjusted movable platform,

with the reference line on 1it.

4-5.2.3.1 Both systems were found to give sufficient output

to meet the * .0025" position tolerance.

4-5.2.3.2 It was decided to use the quadrant cell system,

since the fiber-optic units would involve more mechanical motions
in order to keep them in close contact at all times with the

reference tape laid on compound carved surfaces.

4-5.3 Design of the Line Follower Unit - In order to give

output signals to the "Z"axis and "A" axis, two mechanically

compounded motions were built into the Line Follower Unit.

4-5.3.1 The photo-optic unit, éand light source were mounted to
a carriage which moved in an arc, with the center of the arc

being the line sensing reference point. Free running wheels

L

d on either side of the unit maintain it normal to the surface
< at all times.

iﬁ 4-5.3.2 Figure 59 shows the motions of the Digitizer.

Y

; 4-5.3.3 The motion giving the output signal to the 2 axis,

consists of pivoting the photo cell block about a neutral point

to produce an up or down displacement.
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4-5.3.4 Signals to the A and Z axis drives are produced
similarly. Lach has a pair of photo-cells recciving light

from two small in-line lamps. Movement of the axis of the

line follower causes one cell to receive more light and the
other less. Outputs from the cells give the required direction

of motion for the corrective action by the respective drive.

4-5.4 The completed line follower unit is shown in Figure

60. Also shown is the hand held control pendant used to
control the machine in conjunction with the line follower unit.
Figure 61 shows the unit in position under the tape placement

head.

4-5.5 The Hand Held control pendant shown in Figure 62

has the following controlling functions.

4.5.5.1 FE-STOP - A red momentary-on device capabhle of shutting

off all machine power.

4.5.5.2 AXIS STOP LOCK- A blue momentary-on device used to stop

and hold all machine motions.

4.5.5.3 CYCLE STOP - A yellow momentary-on device used to halt
all machine motions. Note: Axis will continue to drift until

the Feed Hold button is depressed.
1.5.5.4 REMOTE EXECUTE - A blue momentary-on device which, when

depressed, triggers the N/C tape punch to write the position

of all axes at that instant. It is uscd when manually digitizing,.
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Remote Digitizer Panel
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4.5.5.5 < @YCLE START - A green momentary-on device used to

inltiate the movement of all axis. Prior to the control system
locking on to the printed line the button must be held depressed
until the two Rollers located on the underside of the line follow-
ing assembly are in contact with the work piece. Once tnhe system
is enabled by the Rollers contacting the workpiece, the button

may be released.

4.5.5.6 SPEED CONTROL - A rotary device which controls the
velocity of the "x", "Y" and "2" axis after the control system

nas been enabled by the line follower "seeing" the line.

b

.5.5.7 X-AXIS - A combination of a rotary device and a lever
device which provide control over the machine movements in the

+ X direction. when the lever is in the MAN position, the
rotary knob can be moved in either direction away from the center
position and the machine will follow at a rate commensurate with
the amount of knob rotation. Clockwise motion of the knob pro-

vides + X machine movement.

Once the line following system is enabled, the lever is placed
in the AUTO position, placing tne X axis drive under automatic

contrall:

4.5.5,8 Y-AXIS - A combination of a rotary device and a lever
device which provide control over the machine movements in + Y
direction. They perform identical functions as described for

the X axis.

4.5.5.9 2-AX1IS - A rotary device which controls the machine move-
ments in the + Z direction. Clockwise knob movement drives the
macnine upward at a rate commensurate witih tne knob rotation.
Countér—clockwisv movement drives the machine downward. Once

the line follower Rollers contact the workpiece, the "Z" axis
movement is controlled autcomatically by the workpiece surface.
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4-5.5.10 A-AXIS - A combination of a rotary device and a lever

device which provide contrul over the machine in the + A direction.
Clockwise rotation of the knob causes clockwise rotation of the

axis.

The lever has three positions. The center position provides the
manual control function while the lower position provides automatic
control when the tape head 1s pointed anywhere within the 6 o'clock
to 12 o'clock guadrants, when viewed from above (+180° to +0°).
The upper auto position is used when the Tape Head is pointed any-
where within the 12 o'clock to 6 o'clock quadrants (-0° to -180°).

Note: If the wrong position on the lever were to

be chosen, the axis drive will receive a "hard over"

signal and drive the Head to either the + or - 45°

position.

4-5.5.11 C-AXIS - A rotary device which provides control of the
speed and direction of rotation of the D Axis. It is used in

conjunction with the Speed Control device during the digitizing
operation. Basically it can be set at a convenient rotational
speed and left there while the position of the other axis can be
controlled with the Speed Control device, but there may be places
on the workpiece where it will be desirable to manipulate the "D"

Axis while varying the overall machine speed.
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4-6 Steady Kests

The design, as well as the manufacture and assembly of the
Steady Rests, was done during the Fabrication Phase of the
ATLAS machine.

The design and description of the function of the steady rests

has been covered in Section 3-8.

As the design was being done during the machine fabrication,
scheduling of the fabrication of the steady rests was of

importance.

In order to keep the fabrication on schedule, the design of the
steady rests eliminated the requirement of any long lead

delivery items, such as skew axis gears.

4-6.1 Fabrication of the steady rests was done using mostly

"shelf item" components. By using a dual drive anti-backlash

system, the gear box was built of standard spur gears to commercial

tolerances.

4-6.2 The only major non-standard items were the two 50 inch

pitch diameter gears.
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4-7 Machine Assembly

This sub-section covers the assembly cof the machine from
the alignment of the base sections to the time of integration

of the control system.

4-7.1 Base Section and Ways - The base castings were positioned
and roughly aligned as each one arrived at the plant. Leveling
was achieved by a number of jacking screws bearing onto stecel

plates placed on the floor.

4-7.1.1 The main guidance ways and drive side of the base
sections were used as the datum side to obtain alignment along
the base. With the base sections in position and basically
aligned, the 3 inch diameter way sections and support were

attached. The flat ways on the support side were also attached.

4-7.1.2 An alignment carriage, shown in Figures 63 and 64,
was used to provide fine adjustments of the base and ways. A
target, mounted to the carriage, was observed by an optical

transit.

A maximum deviation from a straight line motor in both planes

of ,015" was achicved at this'stage of the machine assembly.

4-7.2 Gantry and Carriages - The composite gantry was received

from the fabricator without the aluminum interface plates attached.

4-7.2.1 The two cast aluminum gantry support carriages with
anti-friction bearings attached were positioned on the bed ways.
Rigid support was given to the carriages and adjustments made

to bring their top surfaces horizontal.
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A=~ 22 The under surfaces of the gantry and the aluminum

interface plates were prepared for bonding.

4=F .23 With the interface plates positioned on top of the
carriages and coated with filled epoxy adhesive, the gantry

was lowered into position, creating a bond to the plates.

After cure of the adhesive, all the locating and holding screws

were put in place.

4-7.2.4 The gantry, on its carriages, was then mobile and

was easily pushed along the. ways.

4-7.3 Vertical Ways and Ballscrews - The vertical ways,
ballscrew and gearbox units were positioned, and the interface
plates between the two upper gearboxes and the gantry front
surface bonded in position. Figures 65 and 66 show the

two assemblies in position.

4-7.4 Cross Beam = The composite cross beam had been pre -
assembled with the upper and lower Y axis ways mounted to it,
as well as the aluminum weldments carrying the anti-friction

vertical way rollers.

4=754.1 With the two ballscrew nuts at the same level, the

beam was positioned and fastened in place.

4-7.4.2 True horizontal alignment of the Y Axis ways was
achieved by adjustments of the phasing device on the cross
torque tube, which changes the relationship between the two

ballscrews.

4= S "Y" carriage and "A" carriage assembly. The Y carriage
carries the curved way and gear sector for the "A" axis carriage

to ride on.
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4-7.5.1 The curved way and gear sector were pre-assembled

to the Y carriage casting. A certain amount of distortion had
occurred to the lower way during processing. By clamping it
to the machine register on the Y carriage casting a true

curved way was achieved.

4=7.5.2 The A carriage and gearbox was assembled to the

Y carriage and the complete unit mounted on the cross beam.

4-7.6 Y Axls Drive Assembly - The ballscrew had been
assembled to the two end bearing units as a sub-assembly.
It was then positioned under the cross beam and located
parallel to the Y axis motion, with the ball nut supporting

bracket fastened to the rear of the Y carriage.

4-7.7 Tape Head - With the gantry positioned at the extreme
end of the machine, the tape head was attached to its location

on the "A" axis carriage.

4-7.8 Drive Motors - The "X" motor and gearbox, the Y motor
and Z motor units were located. Using a D.C. power supply,
each motor was run to check the individual motoring for free
running. Also, further alignment checks were made.

4-7.9 Wiring - With the Numerical Control system, and Driver

fos cabinets in position, complete wiring of the machine was done.

i 4=7.9.1 The primary harness was from the control cabinets
through the large power track to a hinged terminal panel on
the side of the gantry drive carriage. Figure 67 shows the

position of the power track.

b=1e9:2 A secondary harness runs from the terminal panel up

through the inside of the gantry and down in a loop, to the cross

beam. On the cross beam, a smaller power track takes the wires
to the Y carriage, as shown in Figure 68.
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4-7.9.3 Wires to the tape head were conducted through the
upright conduit unit, which allows for the 405° of rotation
required by the tape head.

4-7.9.4 Earlier problems with broken conductors in some of
the moving multi-conductor cables were overcome by changing
the type of wires used, and also by reducing the number of

wires required by eliminating two stepper motor drives in
the tape head.
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4-8 Control Integration

This sub-section covers the integration of the Allen-Bradley

7300 Control to the machine.
4

Part of the integration work was concerned with the development
of ACCEL/DECEL requirements and with the trials of the digitizing

system.

Installaticon and set-up of the multi-axis drives are also

covered.

4-8.1 Motor Drives - The two drives control cabinets contain

a total of ten SCR* drive amplifiers contrnilina all the D.C.
motors on the ATLAS machine.

Initial installation and testing of these drives was concerned
with tuning them with velocity feedback only, prior to connecting

the digital positioning control from the 7300 system.

4-8.2 The Allen-Bradley 7300 Numerical Control System, as
described in Section 3-9, being "soft-wired" is adaptable to
any type of machine and therefore relies on specific software

set-up to suit a partiecular nmachine during integration.

4-8.2.1 After the control had been wired up and checked for

correct connections, it was put through a number of diagnostic
tests to ensure that everything within the control was functioning

correctly. For example, tests for tape reader, crT display, etc.

4-8.2.2 Following these tests, the System Tape was loaded. This
system tape was made specifically for the ATLAS machine, and in

its final form contains all the software information.

®* SCR stands for Silicon Controlled Rectifier.
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4-8.2.3 Being controlled by a computer, changes to the system
are fairly easily made. With the system tape information in
the core storage memory, changes to it can be made via the
computer front panel buttons. The changes, or "patches" inside
during the set-up, were recorded for inclusion on the next

edition of the System Tape.

4-8.2.4 Each of the six machine axis was put under control
in turn. Changes were made to adjust the "gain" as well as to

set-up the maximum speed of each axis to its correct value.

4-8.2.5 Initially the X and Y axis had been set-up to have

four (4) servo bits for each increment of resolution (.001").
When running the machine in tests, it was found that the
acceleration and deceleration was too abrupt. The "following
error" on X and Y axes had been extended to the maximum capacity
of the system. In order to double the "following error", the

servo bit was changed to two (2) for each increment of resolution.

4-8.2.6 The start and stop characteristics were still not
smooth enough, with the extended "following error" showing the
need for a controlled acceleration and deceleration. Further

information on this is in 4-8.3

4-8.2.7 The ability of changing various characteristics of

the control by "patching" into the computer proved to be a

useful feature. However, time was lost due to sudden, unexplained,
loss of system software within the computer. Overheating in the
control due to lack of an air conditioning system caused a number
of components to function incorrectly. An air conditioning

system was fitted to rectify this.
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4-8.3 Acceleration/Deceleration - The need for controlled
acceleration and deceleration of the prime axes (X and YY) of
the machine had been anticipated during the preceding design
contract. Since the machine elements were designed to be
lighter in weight and less stiff than normal N.C. machine

tools, a lower natural frequency was expected.

More 1mportant was the detrimental effect on the tape laying
system caused by sudden acceleration. Good adhesion of the compos-
ite tape to the tool surface is essential, particularly at

the start of a lay down pass. The tape has to reel off the

large pay-off spool and therefore transmits forces needed to

accelerate the spool rotation.

4-8.3.1 Even with the increased servo bit size and maximum
cxtended following error, the accelerator characteristic of
the X axis, in particular, was too abrupt. By looking at the
velocity trace produced by the output from the tach. generator
on the "X" axis motor, the shape of the acceleration curve

was observed. Figure 69 (a) shows, typically, the velocity

trace obtained. The sharp change at the beginning of the

move 1s the undesirable feature.

4~8), 3.2 A preferred velocity trace is shown in Figure 39 (b)-
This was the type of acceleration required with a steady constant

F . motion.

4=8.3%3 Acceleration/Deceleration Software - Development of

the Acceleration/Deceleration Software was done by the control

S

manufacturer Allen-Bradley Company.
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The major problem in developing the software was the complexity
of the six axis of controlled motion, particularly where short
"blocks" of information occur, coinciding with an acceleration or
deceleration condition. The need for velocity matching between
the end of one block and the start of the next block would result

in some axis being brought to a zero velocity.

4-8.3.3.2 By considering the velocity of only the X and Y axis,

the situation becomes less complicated.

4-8.3.3.3 The software produced gives acceleration/deceleration
whenever there is a controlled move, with the control in automatic

or keyboard mode.

4-8.3.3.4 There are two variables which can be changed in the
computer. One is the acceleration/deceleration rate and the other
is the creep speed rate, which is reached at the end of a deceler-
ation before dropping to zero speed.

4-8.3.4 During the final machine check out at the Boeing-Vertol
facility, various settings for the Acceleration/Deceleration and
creep speed were tried. Velocity traces were recorded on a

hot pen chart recorder run at a paper speed of 100 mm/sec. A
series of 30 inch moves, in pdsitioning mode (GCO), were programmed

for the "X" axis, with a feedrate of 720 ipm.

4-8.3.4.1 The final traces are shown in Figure 70. The accel-
eration and the deceleration both show a time of 1.7 secs. to go
from 0 to 720 ipm and back to 0. The crecep speed setting for this

final set up was 60 ipm. The trace shows it occurring for a very

short time.
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4.8.3.4.2 Visual observation of the machine moving with these

acceleration/deceleration characteristics show them to be very

smooth, even with repecated 30 inch positioning moves at 720 ipm.

4.8.4 Dilgitizing - Part of the control integration was the
check out of the digitizing software. Digitized inférmation in
the form of punched tape and printed format is produced on the
nigh speed tape punch and tne teletypewriter units positioned
beside the 7300 control, and connected to it with plug-in cables.
Digitized information is produced in two modes, either manually
or in automatic. The punched tape output, from both modes, is

in machine language (ASCI1 coded) and can be replayed through

the control tape reader to reproduce the machine motions. All

digitized information is in absolute coordinates.

4.8.4.1 Manual Digitizing - The manual digitizing mode does not
reguire much software. When in this mode, depressing the Manual
Execute button causes all the position information of the six
axis to be outputted to the teletypewriter, or tape punch. It
is also possible to transfer information entered on the first
four lines of the CRT, by the MDI keyboard, to the digitizing
nardware equipment.

4.8.4.1.1 Check out of digitizing in this mode was done and

found to be working correctly from the initial software received.

4.8.4.2 Automatic Digitizing - The automatic digitizing feature
prints out positional information as the machine travels along
the part. The digitizing software analyzes the information being
received from each axis looking for a change in the path vector

slope. When the change exceeds the slope deviation constant,
that point 1s digitized.
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4-8.4.2.1. Before starting to digitize, the slope deviation
constant is manually entered by the keyboard and is displayed
on the CRT.

4-8.4,2.2 The basic principle of this slope deviation computation

is shown in Figure 71.

4-8.4.2.3 Considering just two axis, X and Y and their moves from

X1 Yl to X2 Y2 and then to X3 Y3. The computer calculates the deviation
which is the height of the traingle formed by Xy Y1 and Xy ¥, and

X3 Yq, and if it is greater than the preset amount causes the point

X3 Y3 to be digitized. This basic calculation is done by looking

at every combination of pairs of axis of the machine.

4-8.4.2.4 To check the performance of the automatic digitizing,
a pen trace technique was used. A hall point pen, spring loaded
vertically, was mounted in the placement roller location under

the tape head.

The machine axis (X, Y and 7) were put under control from the line
follower manual control box and a random trace done on a bocard

placed on the table surface. Punched digitized tape was_produced

by the tape punch during the trace.

4-8,4.2,.5 The machine was put back under numerical control and
the digitized tape fed into the tape reader. Exact reproduction
of the original trace was achieved, within the limits of the ball

point pen system.
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4-9 Tests and Demonstrations

It had been the original intention to have the machine in a
completely developed and tested condition, able to meet the
requirements of the Plan of Performance Test Plan. (Appendix III),

during this Phase uf the Contract.

A number of continuing malfunctions, primarily in the control
system, delayed the schedule, and shortened the amount of
development work done at this time. This section of the Report
covers testing and demonstration work done at the Contractors

facility,

=S Machine Motion Checks - The first tests done to check
the performance of the machine's coordinated motions, were done by
pen traces. These would show the interpolation ability and repeat-

ability of the X and Y axis.

4=~ L L A ball point pen mounted vertically under the tape
placement hecad was used to do a number of programmed traces on

a piece of flat board positioned on the table of the machine.

4=2.1v2 The program was written to test the repeatability of
the X and Y axes as well as acrturacy of interpolation. Figure 72

shows the programmed pattern.

g=Sil =3 The angled lines were designed to show the straight
line interpolation of the X and Y axis. The two circles demonstrate
the circular interpolation as well as any lost motion in the

machine drives at the reversal points.

4-9,1:4 Results showed that the machine and control were working
within the specified tolerances. True circular traces, with no
flat spots at the four quadrant points, showed the interpolation
and drives to be working correctly. A repeated run showed that
repeatability was like the resolution of the pen trace, in the

order of +.005".
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4=-9,.1.5 Traces were run at a speed of 100 ipm. With further

runs done at 150 and 200 ipm, the traces of the circular shapes
reduced in diameter, due to the "following error" jinherent in
servo driven equipment. Repeatability and dimensions of the

straight line traces were not affected by the higher speeds.

4= .1 U6 This type of pen trace system was used to demonstrate
the basic capabilities of the machine to do coordinated, accurate

motions.

4-9 .2 Flat Pattern Layup.- The first task in the flat
pattern layup program was to establish the exact "cut-off" length.
This 1s the distance travelled by the placement unit from the
position where it stops to do the shearing operation, to the end
of a laydown pass. This distance has to correspond to the length
of tape from the point of shearing to the centerline contact
point under the placement roller. Inaccuracy of "cut-off" length
becomes easily visible when one pass is completed and the head
rotated 180° and a return pass made. The two ends of the passes
will not be level if the "“cut-off" length programmed is too

Long or too short.

4d=9 2.1 By making successive adjustments to the program, a
"cut-off" length was established for the placement roller set-up.
The allowable tolerance on a laid tape length is + .060. This
gives an allowable tolerance at the end of + .030, assuming the

machine axes move accurately measured distances.

4=9.2.2 With the "cut-off" length established the program

for the flat pattern performance test (Appendix III) was written.

The purpose of this pattern was to demonstrate flat layup in the
X and Y directions, as well as 45° passes. The performance of
the shear on the 45° passes could also be evaluated. The program
was written to nroduce a no-overlap condition on side by side

passes with 3 inch wide tape.




4-9.2.3 Due to a number of factors, this layup pattern was
not successfully demonstrated during this phase of the program.
Problems with the condition of the glass epoxy tapes, and the
run-out of the surface of the inflatable placement roller made
the laying of long (120 inches) straight passes to a reasocnable

degree of accuracy difficult to achieve.

4-9.2.4 Fuller investigation of lay-up on flat surfaces
was done during the next Phase of the Contract, at the Boeing-

Vertol facility, and is covered in Section 5-3.

4-9.3 Root End Mock-up - Part of the final performance
test was the demonstration of the machine's ability to do a
series of lay-up wraps on the root end mock-up of a helicopter
blade spar.

4-9.3.1 This mock-up, shown in IFigure 73 in a supporting
stand, was made up from aluminum templates and faired in with
plaster. To prevent the surface plaster from cracking, a skin

of glass fiber cloth was put over the mock-up.

4-9.3.2 Test 2 of the Performance Test Plan (Appendix III)

outlines the type of wraps to be done on the mock-up.

4=9.3:3 Development of the program for one of these wraps
was done by digitizing techniques as described in Section 4.5

from reference tape hand laid on the surface in the desired path.
4-9.3.4 Lay-up of tape on this programmed path was not demon-

strated at this time. The coordinated six axis machine motions

required to follow the programmed path were demonstrated.
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4-9.4 Steady Rests - The steady rests described in Section
3-8 were designed to give controlled support to helicopter blade
spar tooling. To demonstrate their function and ability to do

this, a simulated spar tooling set-up was made.

4-9.4.1 The tooling set-up consisted of an alloy steel
helicopter blade spar to which was attached an aluminum strong-
back. The strongback had 1" diameter steel way strips mounted
along it. Recirculating roller units, mounted within the two

steady rest rings located on the strongback ways, gave support
to the spar.

4-9.4.2 The spar tooling, set-up between the headstock and

tailstock and supported by the two steady rests, demonstrated
the principles of the system.
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4-10 Shipping

The disassembly of the ATLAS machine marked the end of the

Fabrication phase of the Contract at the Contractor's facility.

4=10.1 The machine was broken down into units small enough

to be loaded on to trucks for shipment to Philadelphia.

4-10, 2 The Allen-Bradley 7300 control unit was shipped to
their facility for complete testing, prior to sending on to
Boeing-Vertol.

4-10.3 Table 4 gives the shipping configuration for the
component subassemblies.
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SHIPPING CONFIGURATION FOR COMPONENT SUBASSEMBLIES
TABLE 4
WEIGHT APPROX. SIZE
RESCREREION Y. (LBS. EA.) (INCHES)
Bed and Table Top 8 9,000 16 x 53 x 168 ;
Rectangular Way 7 235 L5 x 5.5 x 96 j
| Round Way 4 510 3 dia. x 168
: Gear Rack 14 65 1.5 x 3 x 48
Head Stock 1 1,500 24 x 45 x 46
Tail Stock i 1,500 24 x 45 % 46
Gantry i 1,505 94 x 102 x 164
X—Ax@s Drive 1 1l o] 200 x 211 x. 108
Carriage
X-Axis Support 1L 345 16 x 21 x 40
Carriage
Y-Axis Assembly il 1,690 26 x 48 x 198
Z-Axis Drive 2 450 12 x 12 x 9¢C
Assembly
Tape Head 1 900 24 x 24 x 60
Assembly
Gantry Cover 1 ) 100 14 x 24 x 160
Motor Control 2 3,000 36 x 72 x 84
o Center
Control Console x 1,200 30 x 52 x 72
i Steady Rests 2 1,500 60 x 60 x 30
Z{ Crates containing attaching hardware and miscellaneous
? small parts.
= ‘ SRR FEU TN RS |
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SECTION V

INSTALLATION OF ATLAS

AT BOEING=VERTOL
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SECTION v

INSTALLATION OF ATLAS AT BOLING-VERTOL

This section covers the (inal installation of ATLAS at the
Boeing-Vertol Company facility, from the initial setup through
to the successful demonstration and acceptance. Development
work on placement units and details of programming techniques

are also contained in this section.

5-1 Installatien

The machine, shipped by trucks from tne Contractor's
facility, was re-assembled in the Boeing-Vertol plant. Re-
assembly followed similar procedures to the original assembly.

(covered in Section 4).

Base sections were positioned and leveled on steel pads placed

on the floor. No special foundations were provided.

Final alignment checks and adjustments were made after the
control system had been installed.

'

L5 W ¢ The Allen-Bradley 7300 Numerical Control unit, which

had been shipped via the vendors facility for complete check-
out, was installed and wired to the machine. Complete check-out
was done after installation and before controlling any of the
machine axes. The diagnostié routines confirmed that everything

was working satisfactorily.

5.1.1.1 Setting of the following error for the machine axes
was facilitated by the use of a program manually entered into
the control computer. This program displayed the "following
error” of the axis under control on the CRT. By programming the

axis to run at maximum velocity, the "following error" was displayed
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allowing accurate tuning of the axis to bring the "following
error" to the desired value. When stationary, the number
displayed represented the "standing error". This allowed

balance adjustments of the drives to be optimized.

5-1.1.2 Tuning of the Rotary Inductosyn Scale wave form

was assisted by a routine entered into the computer.

The rotary inductosyn scale is the feed back device pounted

on the leadstock for the "D axi wotion.

5-1.1.2.1 Alignment of the rotating scale with respect to

the fixed scale is critical for both concentricity and air
gap. It was discovered that excessive loading on the head-
stock chuck would cause the rotating scale to tilt. By
mechanically adjusting the scales and optimizing the waveforms

being generated, the "D" axis was set-up.

S=Eod 3 Part of the final set-up was the optimization of
the Acceleration/Deceleration characteristics for the X and

Y axis. Velocity traces done on a chart recorder provided the
information required to select the desired rates and creep
speed settings. The Accelerator/Decelerator finally set-up

is shown in Figure 70.

=il ik o4 The digitizing software performance was checked

in both manual and automatic modes.

5-1.1.4.1 1In automatic mode, a random shape per trace was done
by moving the X and Y axis under manual control from the line
follower hand held control box.

The punched tape was re-played to give a precise reproduction

of the original trace.
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5-1.1.4.2 To check the mirror image feature of the control,

the same program was run through four times.

a)
L)
c)
a)

with X and Y in normal setting
with X reversed
with only Y reversed

with X and Y reversed

The resulting trace showed the pattern to be accurately produced

in the four guadrant images.
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5-2 ALIGNMENT AND RFPEATALILITY CUECES

The machine axis alignment checks and repeatability tests
are outlined in the coordinated test plan in Appendix III.
The test plan formed the basis for the checks done during

the installation at the Boeing-Vertol facility.

In the Repeatability tests, the major interest was in the
performance of the composite gantry structure relative to

positional repeatability in the X axis direction.

5=2 .k Motion in the "X'" direction - A precision transit

was used to sight a target scale mounted on the tape head.

The gantry was moved in 4 ft. increments. A series of read-
ings were taken showing side to side deviations of motion of

the gantry alcng its supporting and guiding way.

Results are shown in Table 5 (a).

5-2.2 Vertical Alignments in “X" Direction -A
precision transit was used to sight a target scale mounted on
the tape head, to look at ve;tical deviations in motion when

the gantry was moved in 4 ft. increments.

F & The resulting readings are shown in Table 5 (b).
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(a)

Horizontal Deviations

Gantry Position

Distance in feet

-— o —» +

Deviation in

.001" increments

X 0
4

8

12

16

20

24

28

36

Home Position

+6

+12

+4

+2

+7

+6

—
o
~—

Vertical Deviations

Gantry Position

Distance in feet

¢ - >

Deviation in

.001" increments

X 0

12

16

20

24

28

32

36

Home Position . 0

Table 5.

=12

+6

X Axis Alignment

TR A T TR
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§-2.3 Horizontal Alignments of Y Axis - A target scalce
was positioned under the tape placewment head in the placement

roller location.

A transit was set up in line with the Y axis motor positioned

at the Y direction end.

The Y carriage was programmed to move in 10" increments. The
initial reading was taken at Y 0 or Home position. The results

are shown in Table ¢ (a).

5-2.4 Vertical Alignment of Y axis Motor - With a scale
mounted on the Y carriage, a transit level, located at the head-
stock end of the machine, was used to obtain changes in the
height of the Y carriage, moved in 10" increments.

The gantry remained stationary at a position X-192.00.

The results are shown in Table 6 (b).




(a) Horizontal Deviations - & —p+
Gantry Position Deviation in
Distance in feet .001" increments
T
X 0 Home Position 0
10 +1
20 +5
30 37
40 +2
50 +5
60 =1
70 =1
80 -1.5 ;
90 0 ]
: + |
(b) Vertical Deviations j
Y carriage position ¢ g Deviation in
Distance in inches .001" increments

¥ 0 0
v ‘ i
10 i -4
20 y -9 1
e
‘ 30 -12
3 40 =2
£, 50 =12
ﬁ 60 =i
§1
& 80 ~2
e .
90 0
Table 6. Y Axis Alignment
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5-2.5 Y Axis Squareness with X Axis - To check the square-

ness of the Y Axis motion with the X motion, two precision

transits were used.

The first was aligned along the length of the machine parallel

with the center line.

A tooling plate 48" square, with four round tooling pins
accurately set to form a sguare pattern, was mounted on the

table surface with two of the pins parallel to the first transit.

The second transit was then set-up to be in line with the other

pair of pins.

The layout is shown in Figure 74. The target was mounted under

the tape head, and the Y carriage moved in 10" increments.

Readings, taken with the transit along the Y axis, are shown
in Table 7.

The results show the straightness of motion of the Y axis at
the tape placement point, superimposed on the general squareness

of the Y axis to the X axis direction.
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Y Axls Squareness to X Axis

Y Carriage Position

Distance

in inches

Deviation in

aned

AR T

L4

.001" increments

0 Home position 0
10 0
20 —6
30 =l
40 =116
50 ~16
60 =16
70 =
80 -18
90 =20

I "y S -
2 > Sa e - ‘

Y to X Axls Squareness




52 .6 Z Axis Squareness to X Axls - The Z axis way
tubular structures mounted on the two gantry carriages

were checked for sqguareness to the “X" Axis. Since it is
the motion of the placement point under the tape head which
effects placement accuracy, most alignment checks were done

by observing targets positioned there.

For the two 2 way checks, the tape head was first positioned
at full Y+ travel, on the main support side of the gantry.
The second set of readings was taken with the Y carriage at

home position.

A precision transit, set in a true level condition, was
used to sight, 1in a vertical plane, a target positioned under

the tape head.

The results of the two sets of readings are shown in Table

8 (a).

5=2.7 Z Axis Squarenss to Y Axis - The transit was set
up at the headstock end of the machine. The target mounted
on the cross beam, was sighted at five vertical positions of

the cross beam.

The readings are shown in Table 8 (b).




T W e
o ‘

(a) Z Squareness to X Axis + & > =
Z Position Deviation in
Distance in inches .001" increments
NI
Gantry Drive Side Support Side
2 Top of Travel ¢] i g
]
=5 =il ) 0
b
-15 ' -3 ‘ +1
-25 -5 : -6
)
-32 -6 : -8
(b) Z Sgquareness to Y Axis

Z Position

Deviation in

Distance in inches .001"” increments
Z Top of Travel 0
= =
-~ 15 +4
=95 +6
=37 +10
Table 8. 2 Axis Squareness to "X" and "Y" Axes
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5=2.7 Repeatability and Lost Motion of "X" Axis - Of

particular interest were the repecatability and lost motion

checks made in the X Axis directilon.

Since the gantry is driven and guided from one side, any
blacklash in the drive and play 1n the guiding bearings
would show up in these checks. Also the checks reflect
the stiffness of the supporting gantry and its ability to

maintain critical alignments.

G=2 ok A finger type of dial indicator, graduated in
.0001" increments, was set up above the working surface of
the machine, and positioned 12" in. from the edge of the base

cn the gantry supporting leg side.
A dowel pin was located under the tape placement head.

52 7.2 The X axis was moved to bring the dowel pin against
the indicator and a zero established.

The X axis was then programmed to make ten excursions of 5"
moves, going in a + direction at first then returning to contact

the indicator.
5220 7. 3 The readings taken are shown in Table 9.

They show very good repeatability, well within the + or - .0025"
of the specification.

S=Zeled Lost motion check - The next check was for repeat-
ability of X axis from the other direction, as well as showing
the lost motion. The dial indicator set up was unchanged from

the‘repcatability checks preceding.
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Readings taken with X axis approaching from the:

+ Direction - Direction
]
!
° |
=i OO } +.002"
- 0012 E +.0018
= 0013 i +.:002
-.0016 +,10019
=:0013 +.001.9
-.0014 +.002
~. 0013 +.0017
=41000.2 +.0016
= 0013 +.0018
The ( - ) sign indicates

the pin is short of the

original 0 setting.

T ——

Table 9.

X Axlis Repeatability

oy

-

. ———
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2nd set of
readings from
opposite direction

showling lost motion




5-2.7.5 A program was written which first moved the Y

Axis to take the indicator away from the pin.

The X axis then made an excursion moving first in the «
direction followed by returning the Y axis to its original

position.

5=2.. 7.6 The readings shown in Table 9 show a similar
pattern to the repeatability readings shown from the other

direction.

The results show a total spread of lost motion and repeatability
of .0036" or + .0018".

Vv
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5-2.8 Repeatability and Lost Motion of Y Axis - These

checks were done in the same manner as the X Axis.

5=2.8<1 First the repeatability checks moving Y + then

- in 5" excursions.

5~2.8%2 Then, repeatability and lost motion in the other
direction was checked by first moving X axis to clear the

pin from the indicator.

5~2.8-3 The results, shown in Table 10, show a high degree

of repeatability and virtually no lost motion.
5-2.8.4 The design of the Y axis drive using an anti-
blacklash recirculating ball screw drive mounted under the cross

beam close to the work surface resulted in the precision of

this axis.

g

e B hade £ o oAt -
‘




o

Readings taken with Y axis approaching from the

+ Direction -~ Direction

0

-.0001" +.0001

-. 0001 +.00015

= 00015 +.00013

= 0001 +.00012 2nd set of readings

-.0001 +.00014 showing lost motion
from the original

=, 00015 +.00015 oy
zero position.

= 0003 +.0001

-.00014 ! +.0001

-.0001 l +.00015

( = ) sign indicates

the pin is short of
the dial indicator

original zero setting.

Table 10. Y Axis Repeatability
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=3 PAPE PLACEMENT DEVELOPMENTS

Development of a placement system to place and compact tapes
on flat and compound curved surfaces became a significant
part of the ATLAS Contract.

The inability of the first pneumatic placement roller to lay
long straight pass with the required degree of control resulted
in a number of different systems being tried. These ranged

from rollers to a flexing pressure foot.

This section of the Report covers the development work done
on placement systems as well as some obscrvations on the

glass epoxy tapes used.

5—=3 .1 The first pneumatic placement roller, as described
in earlier sections of the Report and in Appendix II, had
been designed to lay tapes on compound curved surfaces. The
basic philosophy was to use the pneumatic feature to give a
more uniform pressure distribution than a solid tire, and the
ability to change the size of the foot-print, for a given down

force, by varying the inflation pressure.

53001 This placement roller was unable to lay long passes

on a flat surface with sufficient accuracy due to the flexability
of the tread, with resulting lack of truve running ability. To
improve on this condition, another tire was made up with a flatter

and stiffer tread.

=3 o2 The placement roller tire with the flatter and stiffer
rim, or tread, was the one used in the initial tape placement

trials at the Boeing-Vertol facility.

The basic construction of the tire was similar to the original

softer one, except that it had a thicker and stiffer layer of

glass fiber reinforcing.




After moulding, the tire had been mounted on a mandrel and

the outside diameter ground.

Inspite of this, inspection of the outer surface after mounting
to the hub and axle assembly showed a degree of run-out, which

was to prove unsatisfactory lor flat lay up work.

5=3.2.1 With the roller mounted in position under the tape
head, a dial indicator was positioned against the rim and a
series of readings taken to ciheck the run-out. The indicater
was positioned in three places; on the center line and 3/8"

? from each edge. The roller was rotated to take run out readings

all around.

5-3.2.1.1 Readings were taken for two different inflation
pressures, 15 psi and 25 psi. The results are shown in Table

12 and Table 12.

§=3 . 20l 2 The change in inflation pressure did not make

| much difference to the run-out characteristics.

7
-

! ‘?;r“&' ?' 773 ;.
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Indicator Position

Indicator Readings in Inches.

Rotation
Position Right Center Left
| T
5 -.003 | .000 +.009
2 -.002 + .001 +.010
% -.000 + .001 +.005
4. g -.003 - .002 +.005
5. g -.002 - .003 +.003
6 i -.002 - .00l +.003
7. § -.003 - .009 -.002
8. ! -.003 - .015 | ~.010
| |
9. ! -.0075 ~ .015 =, 010
10. § -.0185 - 016 E -.009
11. : ~.014 ‘ - .018 5 -.014
T : -.010 ; - 017 | -.016
13. ; -.010 I - .o14 P -.o12
14. ' =. 007 i - .o008 é ~.002
15. : -.002 ? - .009 - -.003
16. : -.000 ; - .000 +.002
Inflation pressure 15 psi.
Table 11, Placement Roller Run-out
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Indicator Position

Rotation
Position Right Center Left
!
|
1. -.0075 | 0 +.011
!
2 [ ~.005 ! +.003 +.014
‘ .
3. : -.002 i +.005 +.014
4. } -.006 0 } +.010
5 | -.007 : -.002 +.005
]
l
6. | -.008 -.002 ! +.005
1
7. § -.014 -.012 b -.005
8. i -.015 -, 018 } -.010
9. -.014 -.015 i =, 010
10. -.019 -.013 ; -.005
il. ! -.012 -.010 ! -.002
)
12. i -.007 -.007 ! -.002
| i
13, ! -.003 -.003 3 +.005
A 14. ; -.004 0 3 +.008
i 15. : +.002 -.002 ! +.001
E 44
{ < 16. i 0 0 +.004
P
b ;; Inflation Pressure 25 psi.
b
“
=%
Q Table 12. Placement Roller Run-out
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§=3.2.01.3 The most significant aspect of the run-out was
the difference between the two outer edges. For example, at
reading No. 4 on the 25 psi checks, Table 12, a variation
from -.006" on one side to +.010" on the other side created
a "wobble" action totallinyg .0l6", which was to show up

during placement tests.

513, 2.2 Placement Tests with Roller - A 12 x 4 ft. sheet
of 1/4" thick aluminum was used as the working surface to
lay up 3 inch wide glass epoxy tape during tests with the
placement roller. Initial lay up was in short passes (24")
in the Y axis direction. Placement accuracy on these short
passes was within + .025". When longer passes (100") were

made in the X direction, placement errors became more apparent.

By doing numerous lay up passes, consuming over 500 yd. of
glass epoxy tape, the following factors were found to have

effect on the lay down performance of the roller.

a) Run out of the placement roller
b) Tilt of the A axis
c) Skewing of the C axis
d) Condition, particularly temperature, of
the tape.
S P The Run out of the Placement Roller Surface -

The run out showed up during side by side lay ups in the X
direction. The program was written to lay 110" long passes,

side by side, starting always from one end and moving X axis

ps in a + direction.
After the return of the gantry at the end of each pass, the Y axis

was moved 3.050". This would give a theoretical gap between

passes of .050" for 3.000" width tape. The width of the tape varied

N

-

=¥
|

‘ but was 3.020" on average.
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SR 2 2L ol Eight passes werce made. The gaps varied from

.010" to .080". Also the gaps were not parallel along cach

pass showing a wandering type of path.

A repeating pattern in the gaps was cbserved. This pattern

was thought to be caused by the run out of the roller surface.

5-3.2.2.,L.1 The program was re-written so that the length
of the passes were exactly four (4) revolutions of the place-
ment roller (a length of 98.017").

§-3.2.2.1.3 Lay ups done with this program showed that the
gaps were now uniform, so that each pass was behaving in the
same way and following a similar path. This program was used

in all the following investigations on the roller.




5=3.2.2,1.4 To check if the variation in placement load
had any cffect on the placement performance of the roller,
a series of 8 pass side by side lay ups werec done with vary-
ing placement force. The gaps were measured across the same
points after cach setting lay up. The results are shown in

Table 13.

5=, 2.,2.5L 5 The results indicate that changes in load on the

placement roller did not vary the lay up accuracy.

5-302.2:.2 Effect of "AY axis Tilt - The effect of tilting
the "A" axis on the accuracy of tape placement using the

roller was briefly investigated.

D= 2 g 2 2l Using the same programmed lay up length, passes
were made with different positions of the "A" axis. The "A"
axis rotates about the center point of the placement roller,
and therefore, tilting will cause one side of the roller to

compress more and the other less.

By making one pass then tilting the A axis 1/2 degree for the
next pass, a run out of .100" was observed at the end of the
second pass. Bringing the "A" axis back to its initial position

brought the lay ups back in line after the third pass.

S5=3.2.d.2.2 Angular settings as critical as this would make

accurate digitizing and programming essential.

% 5-3.2.2.3 The Effect of C Axis Skewing - Some lay ups were
done to sece the magnitude of the placement errors caused when

¥ the "C" Axis was skewed from a true in-line position.

S A
e

7 %)
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DIRECTION OF LAYUP

PASS # ¥ i e e 5 e S — | ﬂ |
[
§2 | b 8 2
‘ §
#3 ¢ #3
| 4
# 4 | ’ # 4
|
85 b s s
i kY <
6 | . # 6
i 4
87 | v # 7
i A |
# 8 | l
- PROGRAMMED LENGTH 98.017" -—
* Pressure setting on placement force
GAP NO IS5 PST ¥ 20 PSI 30 PSI \ 40 PSI gl
i 7 i =i i
1 | as | 30 45 30 i Gaps !
| | measured ‘
2 .40 | 40 20 25 ] in 001" l
| | |
; ; |
3 45 35 45 20 ‘ {
4 v 20 20 35 35 | !
, |
5 B 45 g 45 45 | i
i § | i
6 r 30 ; 35 i 30 35 i |
i . ‘ ; i
7 . 50 ; 35 & 45 ? 45 -
: l i | I
| i | e - S ;
Note: Pressure setting of 32 PSI = 100 lbs. of placement force.

TABLE 13

~ EFFECT OF COMPACTION
PLACEMENT ACCURACY.

LOAD ON ROLLER
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The machine was programmed to lay some 30" passes with the

Placement Roller moving in the Y direction.

Passes werae made with "C" at 270.00°, then changed by 1/2 degree
to 270.50°. With the 1/2 deygrce change, the tape ran out by
.060" in the 30" pass length. Returning "C" to 270.00° brought

successive passes back to a parallel condition.

5=32 .2 .4 The Effect of Tape Condition - Poor layup accuracy was
observed when some layup passes were done with tape in a too cold

condition. The tape, in a 500 yd. roll, had been in a cold storage
room at O0°F and brought into the controlled 70°F ambient condition

area and allowed to stabilize for 45 minutes.

523.252:4 .1 The machine was programmed to lay successive 98.017"
long strips on top of each other, and all laid in the same direction.
The second pass was seen to be out of line compared to the first

one beneath it. Successive passes showed a random pattern in

terms of misplacement.

5=3.2,2.4.2 Six passes were made and measurements taken to
evaluate the placement errors. At the worst position, the total
band width was found to be 3.630 inches. The tape was 3.020
wide, thus giving a maximum placement error of .610 inches or

+ .305 inches.

=3 a2 a20dn 3 The tape was allowed to stabilize for a further
60 minutes. The same layup was then repeated. This time the
maximum laid width was 3.125, given a placement error of .105

inches.

5=3.:2.2.4.4 Subsequent lay ups were always done with tape stabilized

to room temperature for 24 hours before.



5-3.3 So0lid Rubber Rim Roller - It was decided to fabricate
a solid rubber rim placement roller to investigate its performance,

particularly its ability to conform to a 2 inch radius surface.

S5=3.3.1 The 1 1/2" thick x 4" wide rubber rim was molded on
to an aluminum hub in an accurately machined concentric mold.
The material used was RTV silicone rubber, white in color. The

hardness was found to be 45 shore.

5=3113 .2 To test its ability to conform to a 2 inch radius,

it was positioned over a 4 inch dia cylinder with its axis at

right angles to the cylinder and Jloads with a force of 150 1lbs.

The width of the footprint was mecasured and found to be 1.75 inches.

5=3.3.3 A much softer rubber would be required to give a full
3 inch wide footprint.

5=3- 3i=4 One disadvantage with a solid tire is the uneven pressure
distribution which would lead to uneven compaction of a composite

layup.

5=3:3:5 While this roller was being fabricated, other placement
systems were being evaluated which showed promise of being able
to do the accurate tape placement. Consequently, the solid rim

tire was not further developed.

S5=3.4 Spatula Type Placement Unit - The first non-rotating
placement device tried out was a form of spatula. Made of .030"
thick stainless steel sheet, the spatula formed a curved guide

to bring the tape from its vertical path round to the point of
placement. A roll of rubber sheet, mounted under a rigid support
in the axle location of the tape head, provided the compaction
force to the spatula. Figure 75 (a) shows the principle of the
system.
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BACKING PAPER
| + TO TAKEUP
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LAYUP SURFACE

TAPE
FEED
LOCATING
AXLE
? EgrgAcnom ! / BACKING PAPER TO
I + TAKEUP SPOOL
STAINLESS SOFT RUBBER /
STEEL  —0 (ails LOADEAD -
SPATULA .
LAYUP \
SURFACE \
(a) SPATULA TYPE PLACEMENT UNIT
TAPE LOCATING
FEED \' ' / AXLE

AIR OPERATED

TAPE CLAMP
=]
I
\ |
GUIDE SEGMENT _,- | /

- 7

WITH SIDE ~
FLANGES

TP 2P PPN P27 7
TEFLON FACED RIGID
PLACEMENT FOOT

{b) RIGID TEFLON FOOT PLACEMENT UNIT

Figure 75. Non-Rotating Placement Units
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5-3.4.1 A number of lay-up passes were made to evaluate the
placement accuracy. S5ide by side passes showed better placement

than had been achieved with the roller.

5-3.4.2 To check its compaction ability a 10 ply lay up was
done. The height of the 10 ply was mecasured with a depth
micrometer and found to be .106". The tape thickness was

measured at .0105".

5=3.4.3 The major disadvantage of the spatula device is the
difficulty in making it conform to compound curved surfaces

since it already has curvature in the opposite plane.

5-3.4.4 The system showed that placement with a sliding type

of unit would work.

5-3.5 Rigid Placement Foot - The second sliding type placement
unit tried consisted of an aluminum strip 3/4" wide, faced with

rigid teflon. The object was to investigate this narrow place-

ment foot with the idea that the principle could develop into

a flexible device capable of conforming to curved surfaces.

5-3.5.1 Trial layups with a simple teflon faced pressure

foot showed that the principle would work.

5=3.5.2 A complete unit was designed and fabricated. Figure

75 (b) shows the features of the unit.

5=3.543 The tape feeds down past a clamp which is actuated by
two air cylinders (previously used for the shoe on the Roller
system). The air cylinders are actuated by "M" function commands
from the numerical control. The purpose of the clamp is to

hold the tape in position when lifting off at the end of a pass

until the next lay down pass is started.
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5=3.5.4 The tape is then guided round a curved guide which

has side flanges on it. . The flanges help to guide the tape
providing accurate sideways location close to the placement
point. The initial guide had a dimension of 3.025" between

the flanges.

S=3%5.5 The placement foot, teflon faced with a chamfered

leading edge, is rigidly mounted as part of the unit.

5-3.5.6 This placement unit was fabricated, assembled and
lined up in true position in the axle location under the tape
head. Adjustments were made to position the flanges on the
tape guide equally about the centerline of rotation of the

tape head.

S=3 455 7 The "cut-off" length from the tape shear to the
center of the placement foot was established by measurement

and by successive trial lay ups.

=3 9«8 This placement unit was used for the ATLAS Demonstra-
tion, and for the Flat Pattern Acceptance Tests. Reports of

its performance are covered in Sections 5-4.2 and 5-6.

5=3 46 Flexible Placement Féot - A flexible placement foot

unit was designed and fabricated. Its design was based on the
same configuration as the previous rigid foot unit and uses

a number of the same components. The clamping system and flanged

tape guidance segment are common to both.

L93




523061 The flexible foot consists of a piece of rigid teflon
attached at its center and allowed to flex at its ends through
a linkage system. The linkage system is connected to an air
cylinder. When the air cylinder retracts, the ends of the

flexible foot are forced downwards.
Figures 76 and 77 show the unit with foot flat and flexed.

5-3<6.2 The unit was mounted to the tape head and the tape
guide flanges located accurately. A solenoid valve was connected
to the numerical control system and set up to switch "on" and

"off" by "M" function commands.

5~3.6.3 Tests showed that the flex foot would conform to a
3 inch radius.

5-3.6.4 A program was written to lay up a pass on the root
end mock up mandrel along the centerline starting at the almost

flat section and finishing on the 6.75 diameter section.

5=3.6.5 Successive lay up passes done with the program showed
the flex foot unit to be able to lay tape with good repeatability
on flat and curved surfaces. Observation of the laid tape showed

that the pressure distributign on the foot had not been uniform.

5-3.6.6 This unit was used during lay up tests discussed later
in the Report. In particular, it was used for the root end

wrap Acceptance Test passes.

9=3:6«7 Experience gained in using this flexing foot placement
unit showed that the basic principles are sound. A second gener-

ation unit will be designed and tested.
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5-4 ATLAS DEMONSTRATIUN

Part of this Phase of the ATLAS program was the demonstration |
of the machine to AVSCOM and other personnel. The demonstration
was designed to show the machine's reliability, repeatability,

and potential for lay up of composite structures.

This section covers the preparation work done, and the various

aspects of the demonstration.

5-4.1 Six axes coordinated motions - This part of the demon-
stration was to show the six axes of the machine in motion,

individually, and moving all to ether. A short program was

written to do this and run through repeatedly before the demon-
stration to test the reliability of the machine being exercised

at top speed.

5-4.2 Flat Pattern Lay up - The rigid teflon faced placement
foot unit was the one used for lay up of a demonstration flat
pattern. To demonstrate the flat pattern ability laying at
different angles with different path lengths, a program was
written to lay up the word ATLAS using 3 inch wide tape. The
letters of the word ATLAS were programmed to be 31 inches high
by 22 inches wide. .

The program to lay up the letter "A" is shown in Table 1l4.

More information on programming the ATLAS machine is contained

in Section 5-5.

Some points in the letter "A" program are worth noting at this

stage.
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S R | The program was written 1nn both absolute and incremental
coordinate data. The code ¢Y0 sets it into absolute coordinates

to establish the starting point in block N1 and N2. then switches
into incremental mode (G91) for the lay up ¢f the letter. By

this means the position of the letter could be repositioned with-

out changing the coordinate information in it.

5-4.2. 2= The "S"words 8 30 and S 70 are used to set the shear

angle to -20° and +20° respectively.

5-4.2.3 The M62, M74, M75, M63, commands are used to turn the
tape head automatic functions "on" and "off" and to "unclamp"

and "clamp" the tape on the placement unit.

5-4.2.4 Demonstration of the ATLAS flat pattern was successfully
accomplished. A second ply was laid up to demonstrate the high

degree of repeatability.

5=4.3 Root End Wrap - A length of black line reference tape
1/2" wide was placed on the root end mock up in a path starting
at the flat portion and spirally wrapping in towards the root

cnd attach section.

This path was then digitized to develop the program for the
j g prog

machine motions.

Part of the program involved developing a path so that the tape
head would leave the surface of the part and in a series of
smoothed coordinated moves, wrap the tape over the edge sections,
instead of contact placing, This type of combined placement and
wrapping had not been done before. Development of this type of

program is covered more fully in Section 5-5,3.
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B3N] At the time of the demonstration only the rigid

placement foot unit was available. As this

was not suited to
placement on the root-end spiral wrap, actual tape placement
was not demonstrated. The machine was shown to make the six

axis coordinated moves following the digitized reference path.
5-4.4 Torsional Ply Wrap - To demonstrate the combined
placement and wrapping operaticn, on the root-end mock up, a
program was developed to do a single 45° torsicnal ply wrap
on the flatter portion.

By selecting almost flat surfaces for the start and end of

the wrap, the rigid placement foot was able to place the tape
satisfactorily.

The digitizing techniques used for this type of program are
covered in Section 5-5.

5-4.4.1 Demonstration of this Torsion Wrap using 3" wide

glass epoxy tape was satisfactorily achieved. A slow, 60 ipm

feedrate was used so that the wrapping operation could be
closely observed.
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55 P ROGRAMMING

Development of programming techniques for the ATLAS machine

presents a continuing effort.

Programming for this typc of machine presents different approaches
than those used for conventional machining operations. For
instance, in the combined placement and wrapping operation, the
placement unit leaves the surface. The path it must take in

space must keep the tape following behind it on the right path

as well as keeping the tape head rotation at right angles to

that path. The programming for this is, therefore, similar to

filament winding.

This section covers the Numerical Control programming format

and covers the digitizing and programning techniques used during
the final phase of the contract. A section on programming
optimization looks at ways of simplifying the tasks involved in
the programming of lay up on spar secctions.

5=i5tekdl Following is a description of the coding used for the
ATLAS. These codes will be used for all data inputted to this

system.

B =WerNoul Word Format - All inputted data will be formatted as

follows: WNA4.G2.X+43.Y+43.2+43.A+43.C+52.D+43.143.J43.F43.82.M2
(A); where the alpha character denotes the type of instruction

and the numeric indicates the maynitude of the quantity and the
number of significant figures required (i.e. N4 is a 4 digit

sequence or block number and I43 is an arc center offset xXXXX.XXX).

=Gl 2 Word Descriptions - Following are descriptions of the

types of instructions to be inputted to accomplish specific tasks.
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S=h. a2l Sequence/Block Number (N4) - A four digit whole
number used to designate a porticn of a program as a specific
sequence as defined by the programmed sequence number. This
code 1s used for program statement definition only and does

not affect machine motions c¢r operations.

=8 dl s Plics Preparatory Functions (C2) - A two digit whole

number used to establish a mode of operation, as follows:

GgY - (modal) Positioning Mode
Multi-Axis moves will be made vectorially at
the programmed feedrate. When operating in
this mode, the active block will close out
following error to the in position band before
the next block is transferred to active. This
mode of operation 1s not recommended for con-

touring. Cancels G@gl, G@g2, or Gg3.

Ggl - (modal) Linear Interpolation Mode
This mode is the turn-on or reset mode and 1is
the recommended mode for slope contouring.
Cancels Gg@gg, G@2, or G@3.

Gg2 - (modal) Circular Interpolation Clockwise
An arc generated by the coordinated motion
of 2 axes in which the curvature of the path
with respect to the workpiece is clockwise
when viewing the plane of motion in the negative
direction of the perpendicular axis.
Ggg, Ggl, or Gg3.

Cancels
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g - Gl7

r : Gl8

G1l9

G9g

Gg3 -

Gg4 -

S=5.73.2.2 (cont)

(modal) Circular Interpolation Counterclockwise
An arc generated by the coordinated motion of

2 axis in which the curvature of the path of the
tool with respect to the workpiece is counter-
clockwise when viewing the plane of motion in
the negative direction of the perpendicular

axis. Cancels G@g, Ggl, or Gg2.

(non-modal) Dwcll

This code establishes a dwell in conjunction

with a programmed F-word. The F-word is pro-
grammed in seconds (F32 format) allowing dwell up
to 327.67 seconds. At completion of the dwell,
the program resumes automatically. A previously
programmed F—word.will be reinstated and no other

G-codes are cancelled. o

(modal) XY Plane Selection for circular interpolation.

This mode is the turn-on reset mode. Cancels
G18 or G1l9.

(modal) ZzX Plane Selection for circular interpolation.

Cancels Gl17 or G19

(modal) YZ Plane Seclection for circular interpolation.

Cancels Gl17 or G18.

(modal) Absolute Proyramming Mode. This mode is

turn-on or reset mode. This code cancels G91l.
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55 1E.2:2 (cont)

G91
G93
G94
G98

e

i |
G99

(modal) Incremental Programming Mode. This

cancels G9¢.

(modal) V/bD Feedrate Coding. Allows feedrate
coding by programming an F-word designating

V/D (inverse time).

(modal) IPM Fecdrate Coding. This mode is the
turn-on or reset mode. Allows feedrate coding
in IPM for any combination of the X-Y-Z axis
or degrecs per minute for any combination of
the A-C-D axis.

(non-modal) Insert Absolute Offset. This code
shall be used to preset any axis position to

any desired absolute dimension. The machine
slide will not move and absolute offsets may

be entered on tape or thru MDI. The absolute
position of the slide relative to machine zero
at the time a G98 offsct is inserted and stored.
(NOTE: It is assumed that after power turn-on,

a machine zecro synchronization procedure had
been performed.) The G98 block then establishes
a new absolute position for the same slide
physical position. G98 does not cancel any
other G codes. and the inserted offsets are
cleared by programming the actual slide physical
locations relative to machine zero along with
another G98, by resynchronizing the axiswith a
Machine Zero operation, by programming a G99
cancelling code, and by MCU RESET. It should be
noted that the G98/sct zero offsets are accumula-

tive and mutually inclusive.

(non-modal) Cancels Absolute Offsct. G99 will
cancel the accunulation of G98 presets and set

zerxo offsets.
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5-5.1.2.3 Miscellancous Functions (M2) - A two digit whole
number.

Key: A - Activated (After) interpolation of the
block in which stored.

I - Activated (Immediately) upon transfer into
active storage.

M@@ - (A) Program Stop

This code initiates a program stop.

M@l - (A) Optional Program Stop.
This code has the same function as M@Q except
that it is ignored if not enabled by a manual
switch on the Main Control Panel. (Switch must

be returned to the ON position.)

M@2 - (A) End of Program.
This code has the same eftiects as M@QJ except
that it indicates an End of Program condition.
Additionally, this code insures that all the
active storage registers are cleared, cancels
parity check until the first EOB is read in the
forward direction, and sets up the control logic
to begin a new program when the Cycle Start button
is depressed. All M codes and S§ codes are
cancelled by M@g2.
M25 -« (1) Z Retract.
This code causes the 2 axis to move to home
s position. Axis data programmed in a M25 block
! will be ignored.

% M3g - (A) End of Program - Rewind.

? This code has the same function as M@2 except
g that it also commands a tape rewind to the End
i of Record (EOR) code.

i;
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5-5.1.2.3 (cont.)

M62

M6 3

M64

M65

M66

M67

M68

M69

M70
M71
M72
M73

M74

(I) Auto Head Control ON. This code 1s reset
by M@2, M38, M63, M79 and M89.

(A) Auto Head Control OFF.
This code is reset by Mé62.

(A) This code turns ON the Slitting Rolls. This
code is reset by M@2, M3g, M65, M79 and M§9.

(A) This code turns OFF the Slitting Rolls.
This code 1s reset by M64.

(A) Pay-off Reel, Full Torque ON.

This code is reset by M@2, M3¢g, Mé67, M79 and M89.

(A) Pay-off Reel, Full Torque OFF.
This code is reset by M66.

(A) Take-Up Reel Low Torque ON.

This code is reset by Mg@2, M3g, M69, M79 and M89.

(A) Take-Up Reel Low Torque OFF.

This code is reset by M68.
(A) Unassigned
(A) Unassigned
(I) Flexing Céﬁpactor ON.
(1) Fléxing Compactor OFF.

(I) Tape Clamp OFF.
This code is reset by M@2 M3¢, M75, M79 and MS89.
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5-5.1.2.3 (cont.)

] M75 - (A) Tape Clamp ON.
k| : ‘ This code is resect by M74.

M76 - (A) Unassigned.
This code is active only while the block of
information in which it is programmed is in

‘ active storage.

M77 - (Ai Unassigned.
This code is active only while the block of
information in which it is programmed is in

active storage.

M78 - (I) Unassigned.
This code is active only while the block of
information in which it is programmed is in

active storage.

M79 - (A) Reset all MDI M Codes.
This code is active only while the block of
information in which it is programmed is in

active storage.
L MB0 - (A) SHEAR ON.

This code is active only while the block of

information in which it is programmed is in
active storage. This code inhibits transfer
of the next block of information to active
until the machine signals the shear operation

is complcte.

M81 - (A) COMB OUT START.
This code is reset by Mg2, M3g, M82 (and
inhibit removed), M79 and M89.

0T Sk e 7 e
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5-5.1.2.4

" plus is assumed), and a command dimension in inches.

5=9.be2s9

T ety A e 5

(cont.)

M82 - (A) COMB QUT STOPr.
This code will cause a COMB OUT STOP if
the COMB OUT STOP inhibit is removed by
the machine. When a Mg2 code is active
and the inhibit is present the next block
of information is inhibited to active until
the COMB OUT inhibit is removed.

M83 - (A) Unassigned
M84 - (A) Unassigned

M89 - (A) This code cancels all MDS M Codes. Upon
output of M89 all MDS M codes will be cancelled
and transfer will be inhibited until the inhibit

is removed by a signal from the machine.

Lincar Motion Dimension Words (X243, Y+43 & 2343 format) -
All dimension words consist of a letter address (X, Y

or Z axis), a direction sign (minus is programmed,

All linear motion dimension words have leading zero
suppression. A linear axis is programmable to .001
inch resolution and will have a maximum programmable
departurc per block of 9999.999 inches even if this is
beyond the machine capability. Any linear command

which exceeds the physical capability of a particular

axis will actuate an Overtravel limit switch and

cause the system to shutdown.

Rotary Motion Dimension Words (A+43, Ct52 &D+43 format) - |
All rotary axis dimension words consist of a letter |
address (A, C or D axis), a direction sign, and a
command dimension in inches. All rotary dimension

words have leading zero supression. A rotary axis is

programmable t¢ 0.01° rosclution. The maximum program- j
mable departure in onc block could be 99999.99° in the
G91 (incremental) input mode. In the G91 mode, the

position counter and display will essentially roll
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5=5.1.2.5 {(cont,)

over at 359.99° such that incremental moves are really
converted absolute positions. If G9J 1is in effect and the
pragram meove is greater than 359.99°, a Cycle Stop will occuxr |
and an ILLECAL TAPE FORMAT message will appear on the CRT.
If in Keyboard mode,the error will be denoted by an asterisk
(*) in column one, ,line one of the CRT. This condition can

be removed by depressing Active Resct.

5-5.1.2.6 Feedrate (F-word) Coding -
Feedrate characteristics vary with the function code it is

associated with.

: 5-5.1.2.6.1 F-word coding (r'43) in G94 (LPM) Mode -

! In the G94 Mode, the F-word designates inches per minute for
the linear axis from .001 IPM to 720.0 1PPM. Feedrate can be
programmed directly in IPM in the G@gf (positioning) mode and
also when contouring (Ggl, G@2, G@¥3) with any combination of

. \
the three linear axes. The rotary axes should not be programmed

in combination with the linear axis while contouring in the G94
mode. If programmed this way, linear and rotary motion will ]
complete their move at the same time as the linear axis. However,
the feedrate along the contoured path is not equal to the pro-
grammed IPM value. Large rotary departures combined with smaill
linear departures will cause'large feedrates. 1If these departures

cause the rotary feedrates to exceed the value at the gain \

: break point, the correct contour will noc be generated. The

f F-word in conjunction with a G94 designates degrees per minute

- (DPM) when the rotary axis are programmed without linear axis

i’ movement while in the G@@ or the G91 mode. The F-word is ‘

modal for the G94 mode.

5=5.L«2+6.2 F=wordéd Coding (F43) In G393 (V/D] Mode =
in the GY93 (V/B) mode, the M=yord 15 egtual to the velocity
in IPM divided by the distance in inches.

. v . Inchss/Min. ' :
B B inches. 1/Min. = 1/t (Min.)




5-5.1.2.6.2 (cont.)

The range of the F-word in inverse time mode is .001 to
9999.999. The F-Word is non-modal for the G93 state and must
be programmed in every block; otherwise, an illegal tape format
will result.

5-5.1.2.6.3 F-word Coding (F32) in G@g4 (Dwell) Mode. - The F-

M,y A 4% T

word, when programmed in the same block with a G® 4, will cause a
programmed dwell from 00.01 to 327.67 scconds. The G@g4 dwell

is. programmable with a G93 or G94 in effect in either positioning
or contouring mode. The program rcsumes automatically upon
completion of the dwell and a previously programmed F-word is
reinstated. The F-word is non-modal when used with a G@4 dwell.

The dwell must be programmed in a separate block.

5-5.1.2.6.4 F@ Rapid Traverse Code - An F@ programmed in either
positioning or contouring modec with either a G93 or a G94 in

0 3 b A AR P W7 T

effect will cause rapid traverse. At least one zero must be
programmed. In either the G@@ or the G@l mode, a programmed
Fg will cause all linear slides to move at a rate necessary to
give a vector velocity equal to the rapid traverse rate. If
an F@ is programmed with both linear and rotary axis in the
block in either the G93 or G%4 modes, the feedrate of the
programmed axis with the slowest fecdrate will be used. The
rotary axis will be followers if programned with linear. axis.

An F@ programmed for a combination of two rotary axes will give

5 a vector velocity equal to the maximum velocity of the slowest

} axis. An F@ programmed in the G@2 or G@3 modes will cause the
E respective slides to move at a rate necessary to give a vector
by velocity equal to the rapid traverse rate. The Ff@ code is modal
2 | in either the G93 or G94 modes respectively. Ff@ replaces a

previously programmed F-word.
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5-5.1.2.6.5 Feedrate Coding Gencral Characteristics

a. Feedrate Suppression. Each servo controlled axis

will lag the commnand by an amount proportional to
velocity. This position lag is called following
error (FE). The System 7300 control continuously
nonitors following error. If iI'll increases above a
set limit, the control automatically reduces by
half the-command. This allows FE to diminish.

This feature 1s known as Feedrate Suppression.

b. Four, Five, or SixX Axes FRW* Calulation, Calculating

the FRN for programs involving four, five or six axes
involves special consideration of the orientation of

the rotary axis with respect to the conventional axis.
During a movement, a FRN should be representative to

the actual length of the maximum lateral path of any
point on the 0.D. of the tape head roller. The necessity
of simultaneous rotary motion with conventional linear
motions may result in a swept out path which is either
considerably longer or shorter than the vector described

by X Y, and iz,

5=5.La2.7 Shear Spindle Angle (S2)- This code provides 2 digits

for shear spindle angle coding.

5-5.1.2.8 Arc Center Offsets (I43, J43, K43) - The arc center
offsets entries, I, J and K define the distance between the
center of the arc and the starting position of the arc. The I
entry is the distance parallel to thc X-axis from the starting
position of the arc to the arc center. The J entry is the
distance parallel to the Y-axis from the starting position of
the arc to the arc center. The K entry is the distance parallel
to the Z-axis from the starting position of the arc to the arc
center. Sighs (+ or =) must not be entered with are center off=
set entries. 1, J3¢g or KF wvalues necd not be programmed when

they occur.

* FRN = PFeed Rate Number
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5-5.1.3.1 Circular Interpolation - Single Plane. This feature
allows the gencration of up te a full quadrant of a circular
arc in onc block of tape. Circular is possible in any of the
three planes defined in the X-Y-2Z coordinate system. Because
of plane selection, two blocks of tape may be necessary to
generate the first quadrant. The block scquence and required

content are as follows:

1st Block - G117, (G1l8 or Gl9). This entry defines the plane 1

of operation. Gl7 defines the XY plane, Gl8 defines
the 2X plane, and Gl19 defines the YZ plane. A plane
- once selected is modal and remains in effect until a
complementary cancelling plane is selected or an MCU
RESET manual pushbutton function is performed. The
Gl7 plane is the turn-on or reset plane and is the

plane in effect when control power is turned on.

2nd Block - G@2 (G@g3). Defines whether the arc is to be
generated in the clockwise or counterclockwise
direction respectively. Direction conventions are
as defined in Paragraph 5-5.1.2.2.

Note: At the discretion of the programmer, multiple G codes

may be programmed in one block (i.e. Gl17, G@g2).

X Dimension -
Defines the X-axis distance from the beginning of
the arc to the end of the arc. Minus (-) sign must

only be entered; plus (+) sign is understood: (NOTE:

Sign entry requirement applies also to Y and 2
dimensions.)

b £ Iid

I Dimension -

Defines the incremental distance parallel to the
x-axis from the center of the arc to the beginning
of the arc.
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5=5 :1.3.1 (cont.)

Y Dimension -
Defines the Y-axis distance from the beginning of

the arc¢ to the end of the arc.

J Dimension -
Definces the incremental distance parallel to the
Y-axis from the center of the arc to the beginning

of the arc.

Z Dimension -
Defines the 7Z-axis distance from the beginning of

the arc to the end of the arc.

! K Dimension -
Defines the incremental distance parallel to the
Z-axis from the center of the arc to the beginning

of the arec.

F Feedrate Value -

The feed function in c{rcular interpolation mode
can be programmed in cither direct IPM or Inverse
Time Feedrate Number. In the G%4 (IPM) mode of
operation, feed can be programmed as described
under Paragraph 5—5:1.2.6.1 and will be tangential

feedrate. 1In the G93 1/t mode of operation, feedrate

5 as an inverse time number is expressed as:

L ' F = % where Y = Feedrate number ranging from

k: 001 to 9999.9%9

&, V = desired tangential feedrate in IPM
h. . . .

R4 R = radius in inches 9999.999"

thus F = l/T (minutes)

The maximum tangential fecdrate permitted is 720 IPM
although in some applications of this control, this
capability will be limited to some lower value.
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5=5 . ),.3.2 Circular lntérpolat¢on conbined with 3rd Axis
Linear Movement. It is possible to program a third linear
axis movement to occur while the other two lincar axis are
performing circular interpolation. This operation permits
the generation of helix-type contours. The third axis move-
ment can not be rotary. Programming this feature is similar
to the method used for circular intcrpolation alone with two

exceptions:

a. The departure command for the third linear
axis movement must be programmed. This command

is signed.

b. The rate of movement for the third lincar axis

is a function of a rise per radian command which is
programmed with the appropriate letter address (I,

J or K) corresponding to the third axis departure.
The I, J and K words in this.application are defined
as follows:

I - x departure G1l9
Y2 arc in radians

J - y departure o G18
ZX arc 1in radians

K - 2z departure G17
XY arc in radians

The I-J-K values are unsigned and are formatted as

described in paragraph 5-5.1.2.8.

5-5.1.3.3 Block Delete - A block of data programmed on tape
and preceded by a slash code(/) will be ignored by the system
if the "block delete" function has becen enabled by a switch on
the Main Control Panel. Turning the "block delete" two-

position selector to the ON position enables the function.

\
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5-5.1.3.4 Optional Stop - An M@l programmed on tape will
cause a "program stop" condition if the "optional stop"

function has bcecen enabled by a switch on the Main Control
Pancl. Turning the "optional stop" two position selector

to the ON position enables the function.

5-5.1.3.5 Mirror Image - Sign Reversal Switches - Each servo
controlled axis has assoclated with it a sign reversal switch.
When in the NORMAL position, this switch will allow axis
movement in the directicns as programmed. When in the REVERSE
direction, axis movement will be in the directions opposite to

that progranmed.

5-5.1.3.6 Programmed Dwell - Dwells up to 327.67 seconds can
be programmed with a G@4 code and appropriate F number. Dwell
should be programmed as a separatce block without axis dimension

commands . Refer to Para. 5-5.,1.2.2 for additional information-
5-5.1.3.7 Block Format and Tape Format Considerations -

5-5.1.3.7.1 1Initial Tape Code Assignments - Every tape shall
begin in the following sequence: EOR-EORB-FIRST BLOCK. Each
additional part program should commence with EOB - FIRST BLOCK.
5-5.1.3.7.2 End of Record - The "end of record" (LOR) character
serves as a tape rewind stop.and must appear at the beginning

of a tape.

5-5.1.3.7.3 End of Block - The "end of block" (EOB) character must

be used after the last character in each block of infcrmation.
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5-5.1.3.7.4 RS-244 (EIA) and RS-358 (ASCII) Coding - The
particular type of tape coding is determined automatically

by the control. It does this by decoding the first EOB on
tape to determine its coding. Once determined, the coding
remains in effect until an End of Program condition exists.
(An End of Program condition exists after power turn-on,

after a M@2 or M3¢.) The decoding and code setup procedure
will again occur at the beginning of the next program when the
first intended EOB is rcad. The tape leader must not contain
an EOB of the EIA or ASCIL set.

5-5.1.3.7.5 Address Sequence and Block Content - Words within

a block may follow any convenient sequence. Redundant

letter addresses are not allowed in a block. The only exception
to this constraint are G codes which can be multiple per block.
Should redundant letter addresscs appear in one block, the one
nearest, the EL* and its associative numerics will be recongnized
by the System 7300. Decimal point, tab characters and other
non-functional characters programmed will cause a decode error

(displayed on the CRT). All words have leading zero suppression.

5-5.1.3.7.6 Man-Readable Information - Man-Recadable descriptive
information may be included at the beginning of a tape prior to
the first intended EOB. This information must not contain a
character with the same hole .configuration as the RS-244 or
RS-358 defined EOB.

? [N
R § 5-5.1.3.7.7 M@2 - M@3 Code Reset Effects - These codes have
E @ the following reset effects:

1; a. Cancels parity check.

b. Cancels all active and temporary storage registers.
c. Sets up the control to recad and decode the first
intended EOB.

Note: These roset cffects allow the insertion of
Man-Rcadable information between tapes which are

spliced together.

* B, = End of Line
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5-5.1.3.7.8 CRT Display Messages Using Control In/Control Out -
A message on tape bracketed by control in ("and control out")
characters as defined by RS-348 will be displayed on the CRT
along with the normal data in the block in which 1t occurs.

This feature can be used for operator instruction in conjunction
with a PROGRAM STOP. It is recommended that the total number

of characters in a block using this feature be limited to 84

as this is the maximum number alloctted per block for CRT display.
If more than 84 characters are programmed, the remainder will

not be looked at or acted upon.

5-5.1.3.7.9 Block Times of Tape Reader - Since the System 7300
control has an eight block buffer which is replenished four
blocks at a time, block read time is not normally a problem

with this system.

5-5.1.3.7.10 Minimum Interpolation Time - The minimum interpolation

time for a block of data in active storage is 60 milliseconds.

5-5.1.3.7.11 Delete Codes - The System 7300 will recognize
punches in tracks 1-7 or 1-8 as being delcte codes regardless
of the coding being used. Thus, an 8 hole delete code in RS-

1 244 can be used to delete EOB character without giving a parity

error. With RS-358, the 8 hole delete code is the ncrmal delete.
5-5.1.3.7.12 Block Length - Block length is 84 character maximum.

s R dats Directions of Travel - The directions of travel

are in accordance withh EIA standard RS-267A.

& 5= nEud 9 Acceleration and Deceleration Timing - There are
no limitations in regard to the minimum block length for a
given step input. The minimum block length may be programmed

at the maximum velocity step.
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5=5. 1.3 10 Set Zero Manual Operation-  An operator pushbutton,
located on the Secondary Control Pancl, when depressed will cause
on a per axis basis, the present axis position to be defined

as the AXIS ZERO position. No slide movement will occur.

=511 . 3,11 Machine Zero Manual Operation - This operator
initiated function is the synchronization procedure performed
at power Turn-On to establish the normal MACHINE ZERO or GRID

positions.

5=5-1C 3012 Feedrate Override - This control is equipped with
an axis feedrate override switch. The feedrate override ranges
from 0-120% in 10% steps. System software interlocking insures
that no fced above the recommended maximums can occur because

of these switch settings.

5-5¢1:3.13 Active Storage Resct Capability - An operator
pushbutton on the MCU front panel provides an active storage
reset feature. This button, when depressed, clears the axis
active storage registers and aborts any machine dependent

function in the process of execution. This function is only

possible in a Cycle Stop condition.




5=5/.2 Flat Layup Program - The program used to layup the
letter L, taken from the ATLAS demonstration, is an examnple
of a flat layup program.

5-5.2.1 The letter L program is as toullows:

G90
N4X6@500Y43509C9000 (Letter L)
G91
Y-20p072-2p09
2-509
M6 2
174

’ GP4F1pp
Y-1685¢
M8¢'
Y-1415@
M75
M6 3

K 2509
Y-200022000
X-50pY3509Co000
X288872-2899%
Z2-509
M62

- M7 4

: GP4F1gg

X4850

M8

X14158

M75

M6 3

2509

x2p0022000
Gog

|
l
1
|
|
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5-5.2.2 Analizing this program shows the movements of the
X,Y,Z and C axis, as well as the operation of the required
4 M functions. Taking it block by block, as follows:

§=8.2.3

G9g puts the control into absolute mode prior to the
next block.

N4X6@500 - contains the absclute coordinates of the X Y
axis and the tape head direction, C, for the first

pass.

G91 puts the control back into incremental departures.

Y-20002-2000 - is a combined Y and Z move which brings the
placement unit in a 45° "glide path" to the position
of the start of the pass. This "glide path” is used

i to prevent wrinkling of any tape that might have
separated from the backing paper.

Z-500 brings the placement foot down to the surface.
’ i
M62 is Auto head ON. This turns on the head functions
= and in particular pressurises the placement load

cylinder.
M74 releases the tape clamp.

GPg4Frlpg@ gives a one second time delay to ensure good adhesion

of the tape to the work surface.

BELE? T

Y-16850 1is the first part of the pass. The machine then stops
to do the tape shear operation.
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M8¢ the tape shear is actuated for a given time set
by the timing control on the tape head. Any movement

of the machine 1s inhibited during this time.

Y-1415¢ the pass is completed by a Y axis move which 1s the
Yeuk=-off" length 14.15%0".

M75 Puts the tape clamp ON.
M63 turns the Auto Head OFF.
2508 gives a short lirt off.

Y-200022009@¢ is a pull away move.

X-509 moves the head to start the next pass, rotating the

head “C" to bring it in line.

X200092-29p@ the 1lift off and away at the end of the pass.

G9g puts the control back into absolute departure mode

ready to move to the next letter of the layup program.
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5=5.3 Multi-axis Programming Using Digitizing Techniques -

Two basic digitizing techniques werc developed to produce programs

for multi-axis layup work.

5-5.3.1 The line follower device, with the hand held control
box (described in Section 4-5) was developed for use when the
unit 1is in contact with the surface of the part being digitized.
It has a self seeking Z axis motion that brings the unit down
until it stabilizes on contact with the surface.

On a helicopter blade layup, this line follower will be used to
digitize the long tape paths going from the tip down to the
root-end attach point.

To digitize a typical path using the line follower, the procedure

would be as follows.

=5 301 The black line reference tape would be positioned
along the desired path. Marks put on it would indicate the
points at which other information, such as tape shear (M80)

would be put.

5=523.%.2 With the line follower positioned at the start of
the pass, the M functions to operate the tape head would be entered
by the MDI keyboard and the Manual Execute button. (The slope

deviation number would have been entered at turn-on of the control.)

S5=5.3+ 1.3 The line follower would be initiated by pushing the
Cycle Start button on the hand held control box. The gantry
would then start moving in the X direction, under speed control
from the control box, and the line follower keep tracking the

line in Y axis and C axis, with "A" and "Z" following the surface.
The éape punch would be producing digitized punched tape as the

follower moves along the line.
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5-5.3.1.4 At a point requiring extra input information, the
follower is stopped by pushing the Cycle stop and Axis Lock
buttons. This holds all axes under servo position by the numerical

control while information is c¢ntered by the MDI keyboard .and

transfered to punched tape by thic Manual Ixecute button, while

in Manual control mode.

5=5.300.5 The Jine would be traced to the end of the pass,
then position locked again for entry of the extra control

information.

5=5..30.2 The development of techniques to do both tape placement
and tape wrapping, particularly on torsion ply wraps, required .
some different digitizing hardware other than the line follower

anit.

On a typical torsion wrap pass developed, a total of 16 digitized
positions was required. Seven of these positions occured with

the placement foot not in contact with the surface of the part.

S=G 4 321 The digitizing aid developed to do this task (shown

in Figure 58) consists of a holder which is located in place of
the placement unit. A strip of mylar 1" wide with a black line
down its center iIs located centrally, with the line oriented to
be in the direction of laydown of the tape head. A short piece

of mylar leads the unit and a ‘longer tail trails it.

At the center of the holder is located the "bow-tie" fiber optic

- device (described in Section 4-5.2.2). Outputs from this device

are displayed on the hand held jog box meter.

v 3«5.3.2.2 The "bow tie" unit is used to aid positioning on

.
E
3
a4
&

the black reference line tape when digitizing with the unit in

contact with the surface. X and Y axis can be jogged to null

the meter with a repeatability of + .001".

223




e

=
r~:
i
3
4
H

‘Point 2 Intermediate point on surface.
Point 3 Final point on surface before wrap. i
Point 4 Head lifted to release pressure on placement
foot.
Point 5 Placement foot moves out: No rotation of D at

B=5.3.2:3 To obtain the rotary position of the head, the
black line on the mylar tape is usually lined up with the black
reference line on the part surface, by jogging the "C" axis.
Positional accuracy of .1 degree is casily detectable, since it
represents a movement of .014" at the¢ end of the 8 inch long

mylar tail.

5=543:2.4 Digitizing a 'torsional Wrap - Figure 78 shows the-
sequence of digitized points required to do one torsional wrap

on the spar tooling.

Point 1 Start of thc pass. Bow-tie in contact with

surface. Leading mylar strxip gives "C" angle.

this point.

Point 6 Wrapping operation. Mylar tail used to line
through up X, Y and C. D is moved in 30° increments
10 between points.
Point 11 Contact with surface.
roapt 12 Placement foot brought down 1/2" to provide
pressure on surface.
Point 13 End of pass.
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Figure 78. Digitized Points for Cross-Ply Wrap
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5=8.3.2.5 After the axis have been lined up at each point,
the coordinate axis positions are digitized by means of the

Manual Execute button on the numerical control panel.

Output can be to the teletypewriter as well as the tape punch,
if required.

5= 5 32 o6 The print out of a leading edge torsion wrap program
is shown in Table 15, This program was made using the digi-

tizing techniques just described in 5-5.3.2.1.

Analysis of the program is as tollows:

5=5.3:2.7
Gd1l G9g Information entered by the keyboard and CRT
sats the system in contouring mode with absolute
coordinate departures.
X63239Y Position of the head above the surface at the
start of the pass.
228700 Position of the head at the start on the surface.
B GO4F200 Two second time delay to ensure that the Z axis
' has completed its move prior to the M functions.
4 M62 Auto head ON.
i% M74 Tape clamp OFF.
M72 Flexing placement foot ON.
Gp4ar1pp One second time delay to allow good adhesion

of tape to surface.
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GALBSA
¥537239Y4934472.31%75A9C12529D179459
?OKLTAA
GA4F2A%
M52

M74

Mz
372471727
X66159Y45344728652C12619A1D-17835%
¥5R059Y41774722%952C12619A9C=-1772725
M73

M66
X6%959Y417737209S1C12510A1D=-1772725
X¥TIASKAY3IRTTLUZR0ASICI2619AID=-1772724
¥7P7246Y3R7947.32351C12519A1D=-14%%76
¥73125Y416R4734371C12619A1D-17%9944
Y734%6VA5344734371C1257 1 A1 D-RA232
¥TI726V486647.339T71C12STIA I D=537A23

NTUACEVERTIG 4734 TICL287AALD=2%21 0

X74537V82674724X7 1125291 D-283K
¥Y74535Y876747.2%571C12520A1D-953¢2
MDD

) \
Mo
Mg 7
70307V 46T7R7DKITAC 2501 AL D-%25
¥e2e27v39675728372C12592A1D-350155
Vg .
hﬂf_)‘j
¥20a217v39575228%79CY 250241 D359165

YAK477V34575233872C12592A1.D359155
MA0

TABLE 15, - PRINT OUT' OF
LEADING EDGE WRAP PROGRAM.
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X 66159

M66

X 68959
2]

X 74536

M72

M80

M67

X 79097

X 82807

M75

Flexing placement foot OFF

Pay off rcel full torgue ON. These are
entered just prior to lifting off the surface.
The pay off real full torque gives good back
tension for the wrap operation, but is not

desirable at the start of the pass.

1s the wrapping done in a series of digitized
points with approximately 30° of rotation of

the D axis between cach.

Turns flexing placement foot ON now that it

is back on the surface.

Tape shear. On this pass it happened to

coincide with the touch down point.

Turns pay-c¢ff reel full torgue OFF. Too much
back tension will prevent the tape from feeding
through at the end of the pass, to bring the
cut edge to the center of the placement foot,

ready to start the next pass.

Starts movement to run out cut length of tape.

Bring the placement foot to the end of the pass.

Tape clamp ON.

Auto Head OFF'.

Lifts the placement foot from the surface.

End of Program.
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S=5.3.2.8 To summarize this wrap program, it can be seen
that the one wrap has needed 31 blocks of information. A
blade lay-up program will need to repeat this type of pass
many times over. Some digitizing and programming short cuts

will be regquired,

5-5.14 Programming Optimization - A number of programmingy
J ] LI i
short cuts became evident during the final phase of this

Contrackts.

The leading edge torsion ply wrap described in 5-5.3.2.7 is

a typical path which will be repeated many times.

5=5. 4.1 By digitizing and proaramming with machine axis
zero positions coinciding with the blade axis, use of the
mirror image facility of the control! would reduce the amount

of digitizing reguired. Also by using the G98 off-set feature,
a number of adjacent wraps could be achieved from one digitized

path without extensive program editing.

5~5.4 .2 Figure 79 shows helicopter blade tooling requiring

45° torsional wraps in both directions.

It is assumed that the tooling dimensions in wraps 1, 2 and 3

are similar and that mirror image wraps 1n the opposite direction,

“
1M, 2M and 3M can be achieved with the same program since the

p amount of movement (+ 1/2") of the placement unit, under the tape

&1 head, will compensate for small dimensional differencies.

< : o : .

‘ 9=5ede sl Axls zero positions are c¢stablished as shown in

. Figure 79 with "X" 0 at Station 0 of the blade. This would

be done using a G98 off-set.
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pass 1 2 3

RN ﬁ\\\\}

i PASS 1
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STATION 0 X 150.000
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Figure 79. Torsion Wrap Programming
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5-5.4.2.2 The path of wrap No. 1 is digitized.

By using the same program, with the same absolute coordinates
but prefixing each pass with a G98 "X" axis off-set, wraps

No. 2 and No. 3 can be achieved.

S5=5.4.2.3 Similarly the opposite hand wraps 1M, 2M, and 3M
X L E ’
can be done by changing the "Y","C","A" and D axis sign

reversal switches.

5-5.4.3 This sort of program optimisation should reduce

the time taken to set up programs for new tooling.

5-5.4.4 Another proaramming simplification would be the

grouping of "M" functions to reduce the number of blocks requiring

to be entered during digitizing. For example, in the torsion
wrap in 5-5.3.2.7, a group of M62,M74,M72 occures. By having
one M function operate these three, in sequence if neccessary,
and also put the G04F100 time delay in at the end, digitizing
time would decrease, and the amount of program proofing would be

reduced.

These M function grouping routines could be done in the control

by developing the required software.

.

i
-
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5-6 ACCEPTANCE TESTS
The reliability and capabilities of the ATLAS machine had
been shown at the Demonstration (covered in Scction 5-4).
Final gualification of the machine was subject to running
the tests, as stated in the Pcrformance Test Plan, Appendir
I1I. The two significant tests, the Flat Pattern Lay up and

the Spiral Wrap on the helicopter blade mock up were done.

S5=6.1 Flat Pattern Layup - The basic layup pattern used

1s shown in Appendix TII1, Figure 95. The absolute coordinates
for this pattern were changed slightly. Due to the + 1/32"
tolerance of the 3" wide glass epoxy tape, the programmed dimern-
sion between successive passes was increased to 3.050 to ensurc

that there would be no overlaps in the layup.

S5=6. 1.1 The rigid teflon faced placement unit was used to
do this layup. To check the repeatability of the system, the
program was run through two times. Measurements were made to
check the dimensional changes between the {irst and cecond

layups.

Figures 80 and 81 show the layups.
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5-6.).2 Measurements of the repeatability between the two

layups were made using a graduated magnitying glass.

The measurements were done at the ends of each of the 31 passes.
Where the second ply was shorter than the first, the difference

measurement was given a - vox sign. (* end variance)

Repeatability of location in sideways direction between the first
and second layup was also mcasured at points one inch from the

start and end of cach pass.
5-6.1.3 The results are shown in Table 16.

Table 17 is an analysis of the results, showina that on average

the repeatability is in the order of %+ .010",

The higher degree of repeatability of the END CUTS is due to
the fact that the machine stops while the shear cuts the tape.
then moves on by the programmed cut-off length to complete the

pass. The tape remains in a tensioned and guided state.

5-6.1.4 Placement errors are created at lift-off at the
end of a pass and replacement at the start of a pass in a new

direction.

3=6.L:5 Complete uniformity of the gaps between the passes
had not been expected. With tape width tolerances of 3" + 1/32
as a commercial standard, the ability to layup with no overlaps

to .020" gaps is not possible.

=6l 51 Figure 82 shows the possible layup accuracy of
both the tape and the tape guidance systems taken to their

extreme range.

If the tape can be 3.030" wide, then the tape guidance must be

made to 3.030" to suit.
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May 29, 1974 - ATLAS REPEATABILITY CHECKS. TWO PLY ON FLAT PATTERN

LAYUP
E PASS NO. START END START I1.0C. END LOC,
1 -15 =20 1O 20
2 +15 0 15 20
| 3 +15 -15 10 10
E 4 +10 0 5 5
: 5 0 0 0 10
6 0 0 5 10
7 +10 0 0 0 Numbers represent
8 = 5 0 0 10 difference in .001"
9 -20 0 0 5 ;
i 10 0 0 0 o between first and
11 = 5 0 0 g second ply at the en
12 -15 0 5 0 of each laydown pass
13 -30 0 0 0
14 0 0 0 10
15 +10 0 5 0
16 0 0 5 10
17 + 5 0 5 5
18 0 0 0 0
19 +10 0 0 0
20 -10 0 10 0
21 +10 0 5 10
22 0 0 5 0
23 +10 0 0 10
L 24 0 0 0] 5
25 +10 0 10 0
26 -10 0 0 0
27 +15 0 0 0
28 -15 0 15 20
] 29 & 5 -20 0 20
30 +10 -10 35 0
r 31 0 +10 0 IS5
& '
g
Ei " SN
p . w7 ettt iat ettt
F L Loc. Error 1st Ply
I oy TABLE 1l6.
4 - -ve End/Start 236
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May 29, 1974 - REPEATABILITY CHECKS. TWO PLY ON FLAT PATTERN LAYUP

BEGINNING
END

+
END
cuT

4
BEGINNING
Lec.,
END
LOC.

25
20
L5,
10

10
15
20
25

20
L5
10

10
5
20

25
20
RS
10

25
20
L5

10

XXX
XXKXKXXX
XX
XXXXXXXXX
X

XX

XXX

X

X

X

0,0.0,0,0.0,0.9.0:0,9.0,0.9,0,0.9.0,0.0.0.0.0.0.0.0.4

X
X
XX

X

XX

XXX

XXX XX
),0,0.0.0.9,0,0,0.0,0.0.9.9,9,0.¢

AXXX

XXKXXXKX

XXXXX
)19,0.9.9.0,0,0.0.0.0.0.0.¢

Numbers represent difference
in .001" between first and
second ply at the ends of
each laydown pass.

74% within +10

94% within +10

94% within +10

84% within +10

TABLE 17.




Figure 82 shows two passes donec using tape on 1ts lower width

limit 2.970". The tape favors one side of the placement guidance.

On turn-around for the second pass, the tape 1s assumed to remain

in contact with the same guidance tlange.

56152 The resulting gap between the two passes would be

.12". Also this assumes no allowable inaccuracies in the rotation

of the tape placement head or in positioning accuracy of the

machines motions.

5-6.2 Root-End Wrap - A new program was developed to make a
single wrap towards the root-end of the mock up mandrel. The
program was digitized using the "bow-tie" and mylar strip unit
described previously, and included "M" functions to operate the

flexing placement foot.

The program for the 2 1/2 revolutions of the mandrel had 65
blocks of axis coordinates and 18 blocks of other information.
It was interesting to note that the program punched tape was
over 2 times the length of the tape path of the 2 1/2 revolution

wrap layup.

5=6a2ls 1 The wrapping of two passes on the digitized path was {

witnessed by AVSCOM personnel. )

Slitting of the tape, using the slitter and dancer system, was

- done throughout the layup. Figure 83 shows the slit tape in
position on the mock-up. The tape was accurately located with
i reference to the black line tape remaining under it, showing that

the method of digitizing produced accurate layup.

S=6«2s Lkl The second ply of the layup showed good repeatibility,

similar to that achieved on the Flat Pattern Layup.
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j 3.030

1

ST AT 2.970 e

LOW LIMIT TOLERANCE
WIDTH TAPE

|
FIRST PASS T

t—— 0.12 GAP

SECOND PASS

[e—— 1.515 —

t@————— 3.030 BETWEEN —y

PLACEMENT UNIT GUIDE
FLANGES

Figure 82. Effect of Tape Width Tolerance
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Slit Tape On Root End Mockup

Figure 83.
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5~6.2.1.2 The inability of the flexing placement foot to
properly conform to the surface at the end of each pass resulted

in some torn backing paper strips of the slit tape.

5-6:2.2 [t was concluded that the ATLAS machine had adequately
demonstrated its ability to perform the root-end wrap within the
limitations of the placement unit. Murther development work on

placement devices would be reguired in order to fully utilize the

ATLAS machines potential.
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APPENL I

TECHNICAL SPECIFLCAYTONS

FOR A

NUMERICALLY CONTROLLED TAPE
LAYUP MACUINE FOR MONO-
FILAMENT FIBER STRUCTURES
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INTRODUCTION

This specification defines a multi-axis numerically
controlled machine for the automated layup of pre-
impregnated monofilament fiber tapes in prescribed
paths over complex contoured surfaces. The tape will
be applied by means of a dispensing head automatically
oriented to a position normal to the work surface and
carried through the prescribed path as a result of
coordinated machine functions.

Iln addition, auxiliary machine functions are to be
provided to automatically shear tape to predetermined
lengths.

The anticipated applications, on both a developmental
and a production basis, 1nclude helicopter rotor blade
spars, V/STOL blade spars, and a variety of airframe
structures.

Drawing EE-1331 is included in this specification to
indicate the overall concept of the machine and to
identify the principal machine assemblies, required
motions and axes of travel and rotation, lengths of
required motions, parking requirements, and associated
tooling concepts.

These specifications and the above referenced drawing
are not intended to be restrictive. Alternate concepts
are solicited providing that they will meet the intent
of these specifications, are within a reasocnably
attainable state of the art, are coordinaied with
Boeing-Vertol prior to submittal of the proposal, and
are included in writing as a part of the bidder's
proposal.

REQUIREMENTS

The machine shall apply and cut preimpregnated fiber
tape in programmed paths onto work surfaces having
contours varying from flat sections to compound curva-
tures with minimum radius of two inches.

The feed, application, and shear mechanisms shall be
on a tape dispensing head carried on a moving machine
member.

The application head shall be maintained normal to the
work surface along the path of application.
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2.4 The machine shall be capable of applying tape in
infinitely variable programmed paths in any direction
by means of coordinated moticns of up tc fiye numeri-
cally controllcd axes.

2.5 Application of the tape shall be possible on both the
forward and rcturn motions of the moving machine
mnember.

2.6 Support tooling such as mandrels and molds will be

furnished by Boeing-Vertol as tooling and 1is excluded
from the scope of this specification.

3.0 DESCRIPTION
3 Configuration
3 Subject to the alternate concepts discussed in section

1.3, the machine shall be similar to a light duty,
high speed gantry head vertical profile mill or router
with multi-axis numerical control.

3.1.2 The machine shall include the following principal
assemblies:

Bk 2l A fixed horizontal work table approximately 12" above
the floor line and including longitudinal ways for
the gantry head.

3.Y.2.2 A horizontally driven gantry head having vertical ways
and a cross rail moving in the vertical direction.
The cross rail shall have ways and a saddle to provide
transverse travel.

s

Joke2e3 A tape dispensing head mounted on a rotary mechanism
attached to the cross rail saddle.

3ula2.4 A powered rotary headstock attached to one end of the
bed and having a manually adjustable distance between

" the centerline of the hcacstock spindle and the top

[ of the bed.

v-r....-,‘.
¥

3aXa2 o5 An idler rotary tailstock manually adjustable along

3 the horizontal gantry head ways and having a manually
adjustable distance between the centerline of the
tailstock spindle and the top of the bed.

.

3.3:2.8 Three removable concave roller steady rests to align
and support long tooling mandrels attached to the
headstock and tailstock.




e N Zs? A multi1 -axis contouring numerical control system, and
assoclated other controls, mounted on un operator's
platform attachea to and moving horizontally with
the gantry head, to provide continuous operator
surveillance.

, . PFrogrammed Machline FMunctions
i, 50 N | Longirtudinal travel (X axis):

432 1nches of working travel plus parking space for
the gantry head. Feed rate range to be from 72 to
720 inches per minute with programmed acceleration
and deceleration. Provisions shall be included to
allow future tield modular length extensions to
approximately 600" travel.

3.2.2 Transverse travel (Y axis):

96 inches of working travel plus parking space for
the cross rail saddle with the tape dispensing head
in the normal vertical position. Feed range to be
from 72 to 7.0 inches per minute with programmed
acceleration and deceleration.

3.2:3 Vertical travel (2 axis):
36 inches of working travel plus parking space for
the cross rail. Feed rate ranges to be from 15 to
150 inche per minute with programmed acceleration
ANl deCt rat

3.2.4 Headstock rotation (A axis) and vertical adjustment:
360 degrecs of rotation around the longitudinal (X)

1x1s with a speed range of 1 to 10 R.P.M. The center-
line of the neadstock shall be manually adjustable
from 10 to 30 inches above the bed. To be shared

A axis with A,.

Jided Tape head tilting (A, axis):
E - Plus or minus 45 degrees of rotation around the
f longitudinal (X) axis with reference to the normal
: vertical position of the tape head. To be a shared
b axis with Aj.
8 3:2+6 Tape head rotation (C axis):
&

360 degrees of rotation around the Z axis with a
speed range of 1 to 10 R.P.M. The rotation shall be
in both directions.

Y
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3.3.10

3.3.11

S

Tape dispensing head

The tape to be dispensed will be monofilament fiberglass
boron, carbon, or advanced fiber materials in the uni-
directional configuration. 7Tt will be mounted on back::
material and packaged on reels.

Tape thickness will! range from .005 to.020 inches.
Tape widths will range from 1/2 to 3 inches.

The design effort shall investigate the feasibility of
providing interchangeable heads or sub-assemblies to
accommodate tapes ranging from 3 to 12 inches in width.

The head assembly shall tilt in the A, axis around the
longitudinal (X axis) as described in section 3.2.5. The
center of rotation shall be about the centerline of the
application roll in order to reduce the programming effort

The head assembly shall be rotatable in the X axis around
the vertical (2 axis) as described in section 3.2.6.

A cutter blade assembly shall be provided to shear the
tape by auxiliary control function commands. The
cutter blade shall be preset and locked in place in one
degree increments to plus or minus 60 degrees from the
longitudinal axis of the tape.

The design effort shall investigate the feasibility of
providing an adjustable tape cutter blade assembly which
will cut the tape from square to 45° in both directions
with respect to the longitudinal axis. Activation, 1in
one degree increments, shall be by an auxiliary function
of the numerical control system.

A variable pressure shall be applied to the application
roll by means of an air cylinder or equivalent electro-
mechanical device.

A positive feed mechanism shall be provided to dispense
and apply the tape to the work surface.

Provisions shall be made to minimize the effects of
resin pickup on the various head components.

The design effort shall investigate the feasibility of
compensating for tape inaccuracies bv sensing the edage
of the last tape laid and overring the programmed path
to maintain the gap between adjacent tape edges within
allowable tolerances.
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The design effort shall investigate the feasibility
of a means of locally heating the tape i1mmediately
prior to the application roll to improve the adhesion
of the tapce to the work surface.

Controls

The machine functions shall be controlled and coordi-
nated by means of a multi-axis contouring (continuous
path) numerical control system.

The required axes, travels, feed and rotational rates,
and auxiliary control functions are specified in
section 3.2.

It is anticipated that the required control system
resolution will be 001 inch or coarser in order to
achieve the high positioning speeds required.

Dual tape readers shall be provided to accommodate
the anticipated long length progrems.

The control system shall be provided by Bendix, Bunker-
Ramo, or General Eiectric. Specific determination of
make, model, features, and accessories will be
accomplished under the design phase of this program.

The design proposal shall include a line item for the
furnishing of an APT III, Fortran IV post processor,
compatible with the I.I.T. Research Institute post
processor guideline, and conforming to NAS 938, 943,
and 955 as applicable. The post processor shall be
capable of out-putting machine motions and function
commands which allow the machine to be operated in an
optimum manner. An I.B.M. 360-65 computer will be
used by Boeing-Vertol for N.C. tape preparation.

The design effort shall investigate the substitution
or provisions for future retrofitting of direct
numerical control (D.N.C.) as an alternate to the
specified conventional numerical control in order to
minimize the problem of excessive tape lengths. Other
areas to be investigated will include self programming
and tape preparation from actual machine operations.

Construction

All equipment proposed against this specification shall
be of the high guality associated with aerospace
numerical control equipment, and shall be designed for
continuous service, long life, and case of maintenance
and rcplacement.

- ——————




3.5.2 Consideration shall be given .o the fact that the
extreme rigidity and positioning accuracy of =
typical aerospace gantry head profile mill 1s :.0t
required in this application.

3/<5+3 The gantry head shall bhe designed to provide the
) required rigidity, maximum obtainable positioning
speed, and minimum practical accelera-ion-deceleration
times using minimum welght. .iiuminum or magnesium
construction 1s anticipated.

3544 The machine ways shall be designed for minimum
friction by the use of recirculating ball bushings,
ball or roller packs, or similar methods.

3:5:5 Any o0il leakage, or film, or ©il mist in the working
zone of the machine will be unacceptable because of
possible contamination of the tape. The use of
hydraulic systems shall be avoided if at all possible.
Alr operated components requiring oil mist lubrication
are equally undesirable. The use of electric servo-
drives, electro-mechanical actunators, and non-lubri-
cated air components is highly desirable.

3.5.6 Wiring and similar connections to the major moving
machine assemblies shall be by Gleason Reel "Power-
Traks" or equivalent.

3-5:.7 Interconnecting wiring, wire troughs, hoses, and
similar items shall be provided for in the design
so as to minimize on-site fabrication during installa-

tionis
3.6 Operating environment and available utilities:
3.6.1 The machine will be installed in an adhesive layup

area having a controlled environment. The nominal
temperature will be 70 degrees, relative humidity
40%, and air filtration will be used.

o
34642 The available utilities will include 460-3-60
E - electrical power having allowable voltage fluctu-
i ations of + 10%, compressed air at 80 P.S.I1. minimum
i pressure and domestic water at 6€5°-85°F. depending
| ¥ upon the season.
‘? 3l Electrical requirements:
Selolk All motors 1/2 H.P. and over shall be 230/460-3-60,

initially wired for 460 volts.
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Equipment shall include motor starters and disconnec
switches.

Motors 15 H.P. and over shall be provided with power
factor correcting capacitors.

Applicable specifications:

MIL-D-1000 Drawing standards.
NAS 938 Machine axis and motion noumenclature.
NAS 943 Continuous path numerical control

systems.
NAS 958 Puniched tape standards.
E.1.A. Electrical construction standards.
E.I.A. Bulletin SP621 - tape standarcds.
I.I.T. Research Institute Post Processor Guideline.
N.M.T.B.A. Mechanical standards.
N.M.T.B.A. and N.E.M.A. electrical standards.

J.I1.C. Hydraulic and Pnuematic standards, as applicable.

PERFORMANCE

Positioning accuracy, in the X axis, shall not exceed
plus or minus .0025 inches per foot deviation from

the tape command, with a maximum cumulative error of
plus or minus .050 inches, and a repeatability of plus
or minus .0025 inches.

Positioning accuracies, in the Y and Z axes, shall not
exceed plus or minus .0025 inches per foot deviation
from the tape command, with a maximum cumulative error
of plus or minus .010 inches, and a repeatability of
plus or minus .0025 inches.

The gap between adjacent tape edges shall not exceed
.020 inch. Unless specifically programmed, any overlap
between adjacent tapes 1s unacceptable.




5.0 ACCEPTANCE TESTING:

ST The machine will be checked out by Boeing -
Vertol personnel at the manufacturer's plant
for compliance with these specifications prior
to shipment.

5.2 A complete checkout will be repeated after
installation at Boeing - Vertol.

53 Details of the checkout procedure will be
developed as part of the design effort. It
is anticipated that the checkout will fall into
the following two categories:

SR Dimensional and performance checks of the machine
proper to the requirements defined 1in sections
3.2 and 4.0, measured from a suitable reference
point on the tape head assembly.

5 3a 2 A check of actual tape layup on a mandrel or
mandrels to be furnished by Boeing-Vertol, using
either selected production tape or higher accuracy
tape of another type, to be furnished by Boeing-
Vertol.

6.0 SUPPORTING DOCUMENTATION

In addition to the drawings required for th
fabrication and assembly of the machine, the

following supporting documentation will be
reguired:

6.1 Operator's manual
(e Maintenance manual, including maintenance instruct-

ions, replacement parts lists, recommended spare
parts lists, preventative maintenance schedules,
data on purchased components principal drawings,

P and wiring and piping diagrams.

- 6+ _Installation drawings and specifications including
£ accurate utility requirements, weights, and

i shipping information.

e




6.4 Detailed test procedures for acceptance testing.
6.5 Six coples. or one reproducible master of each of

the above documents will be required.

6.6 The bidder's proposal shall i1nclude a sketch showing
the principal assemblies and overall dimensions. It
shall include unusual installation requilrements, such
as pits or special foundations. The types and approxi-
mate quantities of required utilities shall be indicatec,
together with special utilily requirements, such as

; instrumentation dry air.
t !
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APPEND L X o
TEST REPORT
EVALUATION OF PHNEUMATIC PLACEMENT ROLLER
CONTOUR COMPLIANCE CHARACTERISTICS

L SO

&3

b/

3
g

A ——— - —




w

A s o5 LN A e —

Project 4302
Dec,. 1., 1972

Evaluation of Pneumatic Pla cat Roller Contour Compliance

Characteristics.

Purpose
——— e

The purpose of the tests is to provide gqualitative data concerning
the ability of the roller to assume the shape of the surface it is
bearing against. By specification, the roller must be able to
comply to a minimum radius of two inches, Tt 4s felt that this
represents the worst case that the roller will see in service,
therefore it was decided to design a test fixture wherein it

* would be possible to visually observe the contact patch of the
roller when subjected to a combination of varying inflation
pressures and roller loadings while bearing against a curved
surface with a two inch radius. The test fixture as it finally

evolved is shown in Figure 84.

Test Setgﬁ

4 =
A welded steel frame is provided with a pair of plywood supports

IS through which passes a 4 inch diameter clear acrylic tube. A

: lever type support structure is pivotally mounted beneath and

] parallel to the acrylic tube so that its frame is horizontal

. when the roller bears against the lower surface to the tube.

w

b

% The tube has its upper half removed for some distance in order
to eliminate distortion when viewing the roller/tube interface.
The roller support structure is arranged to provide a 5: 1 ratio

[

k

5 between the center of the roller contact patch and the loading

s 45

b

>




platform at the opposite end of the frame. The frame weight

bias provides an initial 25 pound force at the roller contact

patch when the frame platform is unladen.

Test Procedure

In order to provide data ranging across the roller operating
spectrum, a series of eight tests were performed. These were
broken down into two sets of four each. The first set was
conducted using 10 PSIG inflation pressure while the second

set was run using 20 PSIG inflation pressure. In order to
insure that the pressures remained constant throughout the test,
the valve core was removed and a pressure reqgulator connected

to the valve stem.

Each set of tests consisted of loading the roller in increments
of 25 pounds. Thus the first test in the series had the roller
loaded to 25 pounds and the fourth in the series had it lcaded

to 100 pounds.

‘Yellow water based paint was applied to the portion of the roller

. that would be in contact with the acrylic tube. As the roller

F was brought to bear against the tube, the paint was displaced

; allowing the black rubber surface to appear. The paint formed
.

a halo around the periphery of the contact patch thereby high-

lighting it and providing a clearly defined boundary to the

patch.

b

o Test Results

i

i 3

;F The results of the tests are shown in photographs Fig. 85 through

ol

: 92. As can be seen, the contact patch area increases linearly
with increased roller load the pressure at the patch remaining

2]

i

4

3




constant, being approximately ecqual to the roller inflation

pressure plus 2 PSI.

The amount of crowning ov bulging of the roller 90° away
from the contact patch reached a maximum of approximately
0.18 inches during test 4 (10 psi inflation pressure, 100

pounds load ).

The roller did not exhibit any reaction to the imposed loads
that would 1indicate the existence of one or more problem areas.
Figures 93 and 94 show the roller under maximum compression

(10 psi inflation pressure, lCO pounds load) and as can be seen,
the transitions are smooth and gentle so that the tape and liner
paper can be expected to follow the roller contour providing

reasonable tension can be maintained on the tape/liner.

Conclusions

The tests proved the ability of the roller to comply with a two

inch radial surface over a three inch width. Further, they

o1}
ps
(oF

showed the relationship between load and inflation pressure

their cumulative effect on roller compliance.
It can be concluded from the tests that using an inflation
pressure of approximately 15 PSIG and a load between 50 and 75

pounds will provide reasonable compaction with good surface

compliance in all but the most severe cases.
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Test No. 8 Contact Patch

Figure 92.
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APPENDILX HET

PERFORMANCE TEST PLAN
U.S5. ARMY AUTOMATED
TAPE LAYUP SYSTEM
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PERFORMANCE TESY PLAN Rev. A 8/21/73
U.S. AKMY AUTOMATED
TAPE LAYUD' SYSTEM

PURPOSE

The purpose of this plan is to describe a series of
functional tests to be performed by the Automated Tape
Layup System. These tests have been designed to demonstrate
the ability of the system to lay three inch wide tape

i 3y £
within specified tolerances during all modes of operation

wille under full numerical control.

TEEISIE Bl Flat Pattern Layup (keference - FPigure 95
Y e J

Program the machine to perform the functions described
in the Table of Absolute Coourdinates. 1e values listed
provide a .030 inch gyap between adjacent passes of three

inch wide tape.

Upon completion of the pattern, inspect the spacing
between adjacent passes for adhercnce with the specification
requirements of 0 to .020 inch gups with no overlapping

allowed.

If an overlapping condition should be found, check the tape
width to ascertain that it is no greater than 3.010 inches
wide. 1If it should be found that the tape is running over
width, then the condition is beyond tlie control of the
machine and should not be considered as cause for rejection
of the pattern. The same case will be true if the tape is
running less than 2.990 inches in width and the gap between

adjacent passes is running grecater than .020 inches.
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Helicopter Blade Wrap (Reference - Figure 96.)

Mount the plaster blade in the Head and Tailstock chucks
with the blade's pitch line in a horizontal position.
Mount a spoo! of preimpregnated fiberglass tape and run
the pattern dictated by a numerical- control program tape
which has been developed by the line following/digitizing
attacliment supplied with the machine. The desired path
will have been established by a paper tape applied to the
blade surface in such a manner as to provide 45° + 3°
helical wraps starting outboard and running into the root

of tne blade.

Inspect the applied tape for gyaps and overlaps between
adjacent slit widths of tape as well as adjacent passes
and observe the coincidence of centerline of the fiber-
glass tape to the pre-established theoretical path. If
excessive gaps or overlaps occur, check the tape widtl
to determine if out-of-tolerance tape 1s causing the

problem.

As a general rule, the strips of tape formed by the slitting
operation should be applied to the blade surface in such a
mannexr as to present the appearance of a full width (3.000
inch) tape having been applied to the surface with only

minor gaps discernible to the eye. The exception to this
occurs in locations of rapidly changing surface area such

as the blade root end. 1In this type of surface configuration
the strips of tape will find some equilibrium line which

will create an overlapping condition, either within the three
inch width or between adjacent tape lays. Since it is beyond
the scope of the machine to adjust to such a condition,

"shingling" of some form must be accepted.
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4.0 qa. SRESI e Steady Rest Performance 'fest
Position the dantry so that it 15 belween the two Steady
Rest Assemblies. IHount Lhe Steady lost Ring sub-asscmblies,
slide the blade-spar check fixture through them and grip
the spar en with the lead and Tailstock chuck jaws. \djus ¢
the Steady lests to provide reasonable Gantry movement and
proper support for the spar.
Using manual controls, drive the 'D' axis in increments of VAN
20, 40 and 60% of full speed and observe the ability of the
Steady Rests to rotate synchronously with the "D' axis.
There should be no visible deformation of the spar due to
following error on the part of either Steady Rest.
Drive the Cantry along the 'X' axis at 720 inches per minute. A
Observe the longitudinal motion of the Steady Rests to
insure that each one maintains adegquate clearance between it
and the Gantry.
5.0 TEST 4: Machine High Spced Capability
Program the machine to lay five successive, 8 foot lenqgths
of tape 1n the X direction and five su 6 foot
lengths in the Y direction. Tape to be laid in a flat
pattern, directly on or parallel to the machine's primary
% worksurface. Each pPase s to be made 1n ()pp()_’.:{’(ig,“ to
the previous pass and with a nominal .020 inch gap between i
them. All passes are to be made at a speed of 720 inches 1
per minute.
),1
.
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ABSOLUTE COOCOMATES FHEET 1
FLAT PATTERAN LAVOUT

REF. : FIGURE 1 o

PASS %X | 4 | &2 | A | ¢ | D |pasio
NE. | C1vCHES) | (IWCHES) | (INCHES) (DEGREES) (DEGREES) (DEGREES) (DEGREES,
2B B S22 000 e o0 ow
2 "23;2222 ';ﬁ? ‘ 0.00% . 0.00
3 f-/zgf;)?g 'jjg E +/50.oo; * 0.00

i | | ‘
4 i”g:%g ;igf_ | 0.00 0w
|
5 Lizoioro + 508 +80.00 | 0.00
o 55N
7 f./zgj%) oy | f+/ao.oo; 0.00
: ' i !
o prmminm | || | o | e
9 ':3;;2’2; _*Z/j;gi‘;: ;—/35.001 #45.00
o YBBE || e || e
"o ,‘;f:jz _"2/;_"2‘352 ‘ |-A3x5.00i ir‘45.00
12 'f’?iﬁié;fﬁﬁ;@ + 45,00 | 0.00
| |

13 _'i::ggj sz’:gfg ' ~135.00 :7‘45.00
e f;f:g;g \ | \ gs00 | | 0.0




ABSOLUTE COORDINATES

!

SHEET 2

SHEAR
D | POSITION

((IWCHES) |(DEGREES) (DEGREES) (DEGREES) (DEGREES)

I

FLAT PAT TERLN LAYOUT
REF. : FIGURE /
PASS X | Y RN N SN R
N 8. \(INCHES) (INCHES)
e AR R
| e
o LSS 85,00
i
17 :’;;'_;i,; I: 2?227‘2! +45.00
B e
Sl
w Bl ||| pesoo
2 pEemers || Lass
2 [T ||| ese
z !
Bl Lo B
24 [TomizEare | || lasoo
; |
ol e o 4500
e
o [PSEG | | | [eeer

0.00 {7‘45.00
0.00
*45.00
0.00

-45.00

0.00

45,00

|
|
|
. 0.00
|
-45.00

0.00
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PASS
ME.

ABSOLUTE COORDINATES SHEET 3

29

30

3/

-63.495 +22.670,

FLAT PATTERN LAYOUT
RPEF. : FIGURE 1 S

x | Yy | E2 I A 5 | D |\ POSITION
(IWCHES) (INCHES) (INCHES) (DEGREES) (DEGREES)' (DEGREES) (DEGPEES)
-57.475-22.670  0.00 1
_57'4751*22.67% 0.00 ©:00 #9000 0.00! 0,00
-60.485 +22.670
-60.485 -22.670 ~¥0.00 0.00

| |

'634%'22.670 *90.00 0’00
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APPENDIX IV
COORDINATED TEST PLARN
U.S5. ARMY AUTOMATLD
TAPE LAYUP SYSTEM
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Rev. A 6/26/73
(delete 2.4)

COORDINATED TLEST PLAN
U.5. ARMY AUTOMATED
TAPE LAYUP SYSTEM

ALIGNMENT TES'I'S

Work Surface Flatness /XL_J

Tl dUe Method

Inspect surface at 10.00 inch increments along both

X & Y axes for a total of 430 points.

e e Allowable Deviation
= .012/12 inches with a cumulative error no greater

than +.020 in the total Bed length or width.

Straightness, Flatness & Parallelism of Bed Ways [5 []

Lol Method

Inspect the Master (round) Way optically in the vertical
and horizontal planes at 6.00 inch intervals. Inspect
the flat Way using a combination of the bridge type
inspection fixture and optical equipment for vertical
straightness, flatness and parallelism, then switching
to the bridge equipped with a dial indicator to inspect

horizontal straightness and parallelism.
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The bridge 1s cqgmpped with round way bearings to
allow it to ride the Master Way accurately. Adjustable
cam followers are fitted at the other end which allow
it to straddle the flat Way. As the bridge is rolled
the length of the Bed, the end of the bridge directly
above the Way will duplicate the vertical movement of

the Way.

Positioning a Larget on the extremity of the bridge
and sighting intce it with a transit will provide a
reference line from which the rise and fall of the Way
can be determined. Readings should be taken at 6.00
inch intervals corresponding to the points taken for
the Master Way so that the relative position of both

Ways to a datum line can be established

Mount a dial indicator on the bridge to bear
against the outer edge of the flat Way. Readings should
be taken at 6.00 inch intervals corresponding to the
points taken for Lhé Master Way so that the runout of

the flat Way relative to the Master Way can be defined.
1,2.2 Allowable Deviation

+ .002/12 inches with a cumulative error no greater

than .018 in the full Way length.
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Transverse Movement Sqguare with Longitudinal Movement. [B[j

.31 Method

A. Establish a line of sight along the X axis by
locating a transit so that it focuses on a Gantry
mounted target. Locate the base of a 48 inch precision
square along the optical reference line. Relocate the
transit and establish a second reference along tne blade
of the square. Mount a target on the machine Cross Slide
and establish a zero setting at one end of the Y axis
travel. Drive the Slide the length of the ¥ axis taking

readings in 6.00 inch increments.

B. Alternate Method.

Mount a dial indicator on the Gantry base. Lay a 48

inch precision sguare on its side, on the table, so that the
the dial indicator can be used to set the base of the

square parallel to the Gantry travel (X axis).

Attach a dial indicator to the machine Cross Slide and
bearing against the blade of the square. Drive the Cross
Slide the length of the blade, taking readings in 6.00

inch increments.

Reposition the square so that the scecond half of the Y

axls travel can be checked using the same method as

outlined.
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P32 Allowable Deviation

+ .005/12 inches with a cumulative error no greater than

015 in the total ¥ axXis travel.

Head Movement Square with Work Mounting Surface[}ﬂ:j

Yol 1 Method

Locate the Cross Slide at the center of the Beam with
the Head at its upper limit of travel. Attach a dial
indicator to some portion of the Head and position

the blade of a 48 inch precision square so that the
indicator plunger bears against the blade edge. The
base of the square should lay along the X axis. Drive
the Head to its lower travel limit taking readings at
6.00 inch 1ntervals. Repeat the procedure with the

base of the square along the Y axis.

Tedio? Allowable Deviation

+ ,010/12 inches with a cumulative error no greater than

.015 in the full travel.

Rotation of Head around Pivot Point[l

kSl Method

Replace tire assembly with tooling fixture. Mount dial
indicator to bear against tooling ball located in the
lower end of the fixture. Rotate the Head through 360°.
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RS2 Allowable Deviation
<006 TIR runout.

Head Angular Positioning /X[;J

1 ai6ia Method

Insert two .3750 diameter pins into the bushings
located in the Roller Yoke and measure their center
distance. Set the head at 1its 0° position and locate
an accurate straight edge at least 3.00 inches from
each pin. Rotate the Head 1n 30° increments, measuring
the distance from each pin to the straight edge.
Mathematically determine the actual angular position of

the head.

L «6is 2 Allowable Deviation

«02° of arec.

| +

Positioning Accuracy and Lost Motion in X & Y Axes[l[j

o Lk Method

Manually command the machine to travel 30 inches in the
+ X direction. At the end of the travel, locate a

dial indicator to bear against the Gantry base. Command
the machine to travel 30 inches in the - X direction,
then travel 30 inches in the + X direction. Note the
itidicator readinig. Repeat these motions at least thriee

times.
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P i (cont.)

Perform the same task using the Y axis motion.

1L 7o Allowable bLewvialtion
+ .005 positioning accuracy in both axes.

+ .003 repeatability in both axes.
Longitudinal Movement Straightness /\

Rl Method

Position the Gantry at the end of its travel and
position the Cross-Slide at the midpoint of its travel.
Attach a target on the Guide Shoe of the Tape Head and

center a transit to 1t and parallel to the Master Way.

Drive the Gantry to the extreme of its travel noting the

shift of the target center in 12.00 inch increments.

B2 Allowable Deviation
+ ,002/12 inches, + .009 maximun.

Mirror Image Function[]

L w9ial Me thod

Replace the Placement Roller with the tooling fixture
containing a ball point pen. Tape a 3 foot square

sheet of paper to the table and locate the ball of the
pen in contact with the paper so that the ball is located
at the center of the paper.
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.91 (cont o)

Instruct the machine to move 15.000 (-X), and
15.000 (+Y¥). Return to center and flip the ¥ axis
reverse switch. Repeat the travel instructions and
return to zero. Flip the X axis reverse switch,
repeat the travel instructions and return to zero.
Flip the Y axis to its normal position, repeat the

travel 1nstructions and return to zero.

The resulting pattern should be checked to insure
that each line drawn 1is 90° away from the adjacent

lines.

1 ad <2 Allowable Deviation

Not applicable.

X & ¥ Axes Reliability Test E]

Lo Lot Method

Program 10 separately interpolated trips of the
Head between a start point located within a 12 inch
square at one corner of the Table and an end point
located within a 12 inch square diagonally opposite

the first square, at the other end of the Table.
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1.18.1 (cont.)

Mount the tooling ball fixture in place of the roller

and adjust two dial indicators to read zero at the
starting point. The indicators should be attached
to heavy angle plates and located so as to read the
X & Y coordinates of the ball position. Locate two

indicators in the same manner at the end point.

1.10.2 Allowable DbDeviation

+ .003 in X direction and + .003 in Y direction.

A Axis Positionlng Accuracy

1.kL.1 Method

Locate and clamp a 1.000 diameter by 18.000 long

ground anl polished bar into the Roller Axle retaining

notches in the lower end of the Yoke.

Position a ground flat bar (24 to 30 inches long)

approximately 12 inches below the round bar. Mount a

dial indicator on the round bar and adjust it to bear

against the upper surface of the flat bar. Run the

machine back and forth along the Y axis, adjusting

the level of the flat bar to read zero on the indicator.

A RS I S wrwey ™ ™ e - = e




h 9 2 [ (cont.)

Once the flat bar 1s level, rotate the A axis in )

increments taking readings with a height gage at the

extreme ends of the round bar. Subtract the shorter
distance from the larger and compare the results with

the tabular value.

A Axis Positicn Height Reading

e

i 15° 4.6588
. 30° 9.0000
! 450 12.7280

1.11.2 Allowable Deviation

+ .15¢ @ 15, £ 0030 4 30° & .10 -8 45°

EiZ D Axis Positioning Accuracy

1.12.1 Method

~

5 ehelad I L o 4

Fabricate a "T" shaped gage bar by taking a 2 inch
diameter bar approximately 9 inches long and
accurately locating a 1.000 diameter hole transversely

through the center approximately 2 inches from one end.
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The hole should provide a slip fit

for an L8 inch long,

1.000 inch diameter bar. Provide a tapped hole in the

end of the

bar. Insert the 1

2 inch bar

for a set screw to lock the 1 inch

inch bar into the 2 inch bar, accurately

center it and lock it 1n position with the set screw.

Insert the

end of the

2 1inch bar into the chuck so

that approximately 0.5 inches clearance exists between

the end of

the chuck

jaws and | inch diameter bar.

Position a ground flat bar, 24 to 30 inches long,

approximately 12 inches below the round bar.

Level the

flat bar optically and rotate the chuck until the round

bar is parallel to the flat bar within .00l inches.

Rotate the D axis through + 45° in 15° increments

taking height readings from the

of the 18 inch long round bar.

Subtract the

flat bar to extreme ends

shorter

distance from the longer and compare the result with

the tabular value.

—

D Axis Position

Height Reading

L
!
|
x

4.6588

9.0000

j 12.7280




.y ,..,.L:? ~iy

1.12.2 Allowable Deviation

+.150 @ 15°, + .130 @ 30°, + .110 @ 45°.

IR E Machine Reliability Test [_]

1.13.1 Method
Program a complete machine cycle consisting of

the following actions:

1S Machine goes to start position

(X ¥ 2 e A D)
OO Ol OO O

2. Machine proceeds with pattern 1
(Xa YO Zd LO Ao DO)

3% Machine proceeds with pattern 2
(xa Yb Zb Q)O Ao Do )

4, Machine proceeds with pattern 3

L T

5 Machine proceeds with pattern 4
(Xc Yo Za CZDAO Do )

6. Machine proceeds with pattern 5
(Xo Yo Zo CLBOAO Do )

Repeat patterns for at least four hours.

1.13.2 Allowable Deviation

None
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PERFORMANCE TESTS

Shearing Angle éﬁ[:]

2.1.1 Method
Mount a roll of fiberylass tape on the Payoff
Reel and string it through the system until the free
end has passed through the Guide rolls located beneath
the shear. Rotate the Shear to the zero angular position

and make a cut.

Pull the tape down approximately 6 inches, rotate

the Shear to the +15° angle and make a cut.

Pull the tape down another 6 inches, rotate the

Shear to the +30° position and make a cut.

Repeat the procedure at +45° and again at -15°,
-30°, -45°. Following the final cut, remove the tape
from the machine and lay it, paper liner down, on a
flat surface. Measure the angles cut with an accurate

protractor using the tape edge as the reference edge.

289




BV

doles 4

T T T R T T ST

2.1.2 Allowable Deviation

+ 0.5°

2.2 Sheared Length A D

2.2.1 Method

String fiberglass tape through the system until
the end of the tape is centered beneath the Placement
Roll. Drive the Tape Head down contacting the working
surface. Continue downward until the Placement Roll
has been displaced 0.5 inches with the air pressure
reqgulator set at 16 PS1G. (equivalent to a compaction

load of 50 pounds).

Rotate the Shear to the zero angle setting and
cut the tape. Instruct the machine to travel 18.000
inches, stop and shear, then travel an additional 30.000

inches. Measure the distance between the two cut lines.

Fn SRS |

f 2.2.2 Allowable Deviation
23 + .060 inches

£

4

;i 2«3 Gap Controi []

2.3.1 Method

Program the machine to lay four - 48.00 inch long
290
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passes along the X-axis, indexing in the Y direction

3.010 inches between cach pass. Subsequent passes are
to be made in the opposite direction to the previous i
one, i.e., first pass in the -X direction, second pass

in the +X direction and so forth.

Instruct the machine to move to a location beyond
the aforementioned laydown pattern and make four passes

in the Y direction, each one 48.000 inches in length. 3

Index in the X direction 3.010 inches between each pass.
Subsequent passes are to be made in the opposite direction

to the previous one.

Measure the gap between adjacent tape strips at 6

inch intervals.

2.3.2 Allowable Deviation

0 to .020 inches with no overlapping.

The symbols: /) & [J indicate those tests which conform
generally to either the AIAA Specification NAS 990 (D) or
the Air Force Materials Laboratory Specification AFML-TR-
Fi=71 ([]). In certain instances both specifications were

used as a basis for a given test.
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