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1.0 GENERAL DESCRIPTION

A Triad-Series motion datform consists of atriangular base frame with threehydrauli cdly aduated
legs supparting asimil ar triangular sted moving frame & its threevertices. The extension d the
threelegs determines the pitch, roll, and heave ndtion d the moving frame. Ead leg consists of
two parts hinged at the middle, with a hydraulic cylinder controlli ng flexure & the kneejoint. The
bottom of ead leg is attached to a vertex of the base frame by atrunnon, and to the correspondng
vertex of themoving frame by aball joint. Thetrunnonand kreejoint configuration constrains eat
leg to remain in the vertica plane defined by its correspondng vertex and the center of the base
frame.

The frames and legs are @nstructed of sted box beam with welded joints for strength and rigidity.
The base trunnons and kreejoints are sufficiently massve to provide rigidity against torque due to
the inertia of the platform and its load.

The hydraulic cylinders are cntrolled by high bandwidth servo valves. The g/linders are standard
stock models sleded to med the requirements of the gplicaion.

The system is powered by a hydraulic pumping unit (HPU) sized to med the astomer's
requirements. A separate manual is provided for the HPU.

Leg positionis controlled by an eledronic servo controller, which isin turn controlled by a standard
PC type computer. Leg positionisreal by arotary feedbadk patentiometer mounted at the Rod
Clevisof ead leg.

There are threetypes of controllers currently in use. The Sarnicola Dual-Mode Driver (DMAD)
Card is a full-length PC card that resides in the host computer and interfaces to it by way of a
commercia six-channel DAC card, also howsed in the control computer cabinet. This arrangement
isnow considered obsolete. Users are referred to Rev 1aof this document for information on wsing
the DMAD system. The aurrent standard controller is a stand-alone box that interfaces to the
computer viathe paralle port (PAO). SSSalso dfersasix-channel controll er that interfaces viathe
USB port. Although this controller, the HexUSB, is intended primarily for the Hexad series of
motion platforms, it works quite dfedively for the Triad series, and is espedally useful for
computers that do nd suppat the parallel port, or which run NT-based operating systems.

Software for genera test and demonstration is provided. In addition, software for playing badk
entertainment ridesisalso available. SSScan provide astom softwareto med any application reed.

2.0 GENERAL TEST SOFTWARE
2.1 Getting Started with TriTest
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The program TriTest.exeisagenera purposetest and operation program for all Triad-Series motion
platforms. The program all ows keyboard and mouse cntrol of the platform and povides dandard
test profil es useful for demonstration and aignment. All functions of the program areindicaed on
the screen.

To install the program, run the familiar setup.exe program from the distribution media. To make
TriTest work with a spedfic platform, you must update the TriTest.ini file. From within TriTest,
pressthe “e” key onthe keyboard. Youwill see asetup windowv. Seled the platform type and
controll er type from the two drop-down baxes and click Save. Note that you will have to restart
TriTest for the changes to take dfed. (Whenever Tri-Test.ini is updated, the previous versionis
saved as TriTest.bak.)

TriTest will runreliably from Windowvs95 and Windowvs98, bu it will not work with WindowsNT.
(It is untested with Windows2000, WindonvsME, and WindowsXP.) Always dart TriTest first
before starting the platform hydraulic pump. The platform is uncontrolled it the software is not
runnng.

2.2 Using TriTest

Launch TriTest by doulde-clicking itsicon. (Do na start the HPU until TriTest isrunning and the
platform is sttled.) The main screen provides a complete description d the state of the platform
and controls for operating it manually or running standard test profil es.

Usage shoud be obviousif you knov afew definitions:

Settled means that the platform is lowered all the way down, so that al threelegs are oll apsed.
TriTest always initiali zes in the settled pasition, and aways ttles before quitting.

Homed means that the platform isinits mid pasition and level. (Pitch, Roll, Heave, and Yaw are
all zero.)

Extended means that all threelegs are completely extended.

Pitch isthe angle of the "nose" from the horizontal. The program displays pitch in degrees up from
horizontal.

Roll isthe angle of the "wings' from the harizontal. The program displaysroll in degrees, with roll
to theright (rising left "wing") positive.

Heave is the height of the center of the platform. The zero of heaveis a the midpant of its total
heave excursion (the homed pasitionif pitch and roll are dso zero). Heaveisdisplayed in inches
from the midpant. Positive heave is DOWN; negative heave is UP (there aetednicd reasons for
this peadli arity).
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2.2.1 General Commands

a. State Vector. The system motion stateis given in the two frames labeled "Attitude" and " State
Vedor." Youmay adjust the state manually by entering state vedor values diredly or by using the
scroll barson ead field.

b. Settle Button. Clicking Settle caisesthe system to settle, that isto moveto its lowest state with
all legsfully retraded.

c. Home Button. Clicking Home causes the system to hame, that isto move to alevel attitude &
the midpant of its heave range.

d. Extend Button. Clicking Extend causes the system to extend, that isto move to it's highest state
with all | egs fully extended.

e. Quit Button. Clicking Quit causesthe platform to settle, and then terminates the program. With
no cata updates to the antroll er, the wntroller will continue to command a settled condtion.

f. Freeze Button. Clicking Freeze caisesthe platform to stopmoving. The Freeze button kecomes
the UnFreeze button. In the Freeze state, all controls except the UnFreeze button are disabled.

2.2.2 Profiles

In order to fadlit ate testing, TriTest provides four oscill atory test profil es, seleded using the option
buttonsin the Profilesframe. The Heave profil e, for example, is sSmply asinusoidal oscill ationin
heare. The Quad profileisa mmbination d asinusoid in pitch andin roll, with the two axes out
of phase by 90 degrees. The Test profil e isthe Automated ReadinessChedk described in sedion 33
below.

To start aprofile, smply click the Start buttonin the Profilesframe. To stopit, click Stop. Iteration
rate isthe framerate & which the controller isupdated in Hz. Form Frequency is the frequency of
the profile oscill ationin Hz. Amplitudeis the anplitude of oscill ationin percent of maximum.

When Form Frequency is %t to zero, the test profile changes from a sinusoid to a step function d
the seleded amplitude in the seleded axis.

2.2.3 Using the Automated Readiness Check

The Automated ReadinessChed feaure only operates with the HexUSB controll er.
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With TriTest running, select the Test option button in the Profiles frame. Click Start. The test will
proceed automatically from this point. Click Quit when the test is complete.

The Automated Readiness Check savesits datain thefile c:\TriTest\TestLog.txt. Thisfile may be
used to analyze system performance. Thefileisin ASCII format and islaid out asin the following
example:

Motion System Readiness Check <-------------- Title
18Feb02 1946 <--------mmmmmmmm e Date and Time
Frame Rate = 30 Hz <--------mmmmmmmmmm - Frame Rate
Scale Factor = 124 counts/inch at mid-step <---Scaling of data
Step starts at frame = 1250 <---------ommemo- Location of Step Data
] S Frame Number
2048 2048 2048 <---mmmmmmm oo Commanded DAC Number (1,2,3)
2051 2044 2060 <---------mmmmmmmmmmmee e Actual DAC Number
2 Etc.
2.3 Ride Files

A Ride Fileisadatafile cmntaining aframe-by-frame description d platform motion. TriTest does
not suppat ridefile playbad. For ride playbadk, SSSprovides a mmplete entertainment ride system
cdled TriRide.

3.0 CONTROL HARDWARE
3.1 Basic Hardware Configuration

Conreding the TriadPR motion controller isvery easy. The controller has two DB-25 conredors,
onelabded “Platform” and orelabeled “ Computer.” Using astraight-through wired cabled with DB-
25P conredors on bdh ends, conred the computer’s Printer Port to the @wnredor labeled
“Platform” on the controller. This cable shoud na be more than five fed in length. Using a
straight-through wired cable with a DB-25P on ore end and a DB-25S on the other, conred the
platform to the connedor labeled “Platform” onthe wntroller. This cable may be upto 100fed

long.
The DE-9 conredor onthe controller isfor digital 1/0 in spedal applicaions.

The controll er plugsin to standard 115/ 50-60 Hz power. The power input wiring onthe drcuit
board may be modified easily to acaommodate 220 vdt power.
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3.2 Tuning

This procedure applies specifically to the TriadPPI controller. Tuning of the HexUSB controller
isvery smilar. For information about tuning of the DMAD controller, please refer to Version 1a
of this document.

The controller circuit board is laid out with the three servo controllers on the right side of the board
as seen from the front. At the extreme right if each channel are three trimpots used for tuning the
legs. The pots are labeled Zn, Dn, and Gn, where n is the leg number, and Z isfor Zero, D isfor
Damping and G isfor Gain. These are 25-turn pots; clockwise increases the value of the controlled
parameter. Use the following procedure to tune the system. The legs are numbered clockwise as
seen from above, starting with the front leg.

a. If starting from a completely unconfigured board, preset the pots to the following values (from
full CCW):

Zero: 10 turns
Damping: 4 turns
Gain: 20turns

b. With the pots preset, start TriTest and energize the HPU.

c. With TriTest commanding settle, adjust the Zero pots so that each leg isjust off the stopsin the
settled position. This adjustment requires some care because the cylinders are operating in the
cushion range and will be somewhat duggish. A good strategy is to move the cylinder off the stop
and then incrementally move the leg towards fully retracted. A good final setting leavesthe cylinder
about 1/8 inch extended.

d. The gain setting is about right at 20 turns. Increasing gain may be useful if particularly rapid
response is necessary.

e. Homethe platform with TriTest, and observe any performance differencesfrom leg to leg. The
best performance will be had with the damping adjusted just enough for zero overshoot, although
some applications may require more damping to limit performance. Inthe Profilesframeon TriTest,
set Amplitude at 30 percent, and Form Frequency at "Step" (zero). Click Start, and observe the
behavior of thelegs. Adjust the damping pot for each leg to get identical behavior and the desired
performance. Clockwise increases damping.
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4.0 SOFTWARE CONTROL

Software control of the Triad platform requires a transformation from an expression of the desired
platform attitude in some convenient coordinate system to the leg fold angles as measured by the
position feedback pots. Given the leg fold angles, the computer then commands a voltage analog
for pot position on each leg, and the Controller controls the valves to drive each leg to its
commanded extension.

4.1 Coordinate Systems

The standard coordinate system
used nearly universally in vehicle
simulation is a right-handed
cartesian system with the x-axis in y
a cardina direction, the y-axis to © y o y=l3 x
the right, and the z-axis down. For

the vehicle coordinate system, the

x-axisisforward in the vehicle, the 23| \]
y-axis is out the right side, and the /2 XY T~
z-axisisdown. Mnemonically, this K © </ s
coordinate system is often called the 7
"nose-wing-down" or "NWD" \
system. Similarly, the Earth Frame ©) NRAER
istypically x-axis north, y-axis east,
and z-axis down. The mnemonicis
"north-east-down" or "NED." (The
fact that the z-axisis down can take Y

some getting used to, but it is Figure 4-1. Plan view of platform layout showing
necessary to keep the system right coordinate systems and frame dimensions.

handed while placing the x-axis on

the axis of symmetry.)

GHB 9AUG96

z down

Conforming to this standard, the Fixed Frame for the Sarnicola Motion Platform hasits origin at the
centroid of the triangle formed by the three of lower joints. The x-y plane liesin the plane of this
lower triangle. The x-axis projects out the front of the platform, the y-axis projects out the right side,
and the z-axis points down. The x-y plane of the Moving Frame liesin the plane of the upper joints
of the platform, with its origin directly above the origin of the Fixed Frame when the platform is
settled. Similarly, its x-axis projects forward, its y-axis projects out the right side, and its z-axis
points down.

Figure 4-1 shows a schematic plan view of the platform, indicating the arrangements of the
coordinate systems and the naming of the variousjoints. Inthisview, the three Fixed Frame (base)
vertices (called F1, F2, and F3) are exactly covered by the three moving vertices (called M1, M2,
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and M3). Theverticesare labeled simply 1, 2, and 3. Note that the M1 vertex is on the positive x-
axis of the Moving Frame, and the F1 vertex is on the positive x-axis of the Fixed Frame. Each of
the three legs are identified with the number of the associated moving and fixed vertices. Since the
platform is based on an equilateral triangle, only asingle dimension is required to specify its size.
That value isthe vertex radius, given by g. The coordinates of the three base vertices (in the Fixed
Frame) are easily computed knowing the value of g.

Figure 4-2 shows an isometric view
of the coordinate system,
illustrating the relationship of the
M3 moving and fixed frames. The leg
M1 X\ extensions R1, R2, and R3 are
simply the distances between the
. trunnions (the fixed vertices) on the
/7 base frame and the ball joints (the
M2 moving vertices) on the moving
- XF frame. The valve control channels
for each leg are numbered 1 through
Fo 3 starting with Leg 1 on the x-axis
and proceeding clockwise around
the platform.

R2

Y'M

Yr Figure 4-3 shows a schematic

elevation with the Settled, Home,
Figure 4-2. Geometrical relationship between the and Extended platform positions
Moving and Fixed Frames, showing leg extensions. illustrated. The Settled position is

the position in which the platform is
settled onto the lower hard stops of all three legs, that iswith all three legs retracted. The Extended
position isthe position in which the platform isas high asit will go against all three hard stops, that
is, with all three legs completely extended. In the Home position, the platform is level and midway
between Settled and Extended. In the Home position, the legs are said to be at mid-extension, but
it isimportant to realize that mid-extension is not halfway between retracted and extended. Mid-
extension on all six legs divides the full Heave (z) excursion in half. The full Heave excursion is
caled DZ. Itisconvenient to express the attitude of the platform in afixed coordinate system with
its origin at the origin of the Moving Frame in the Home position. This frame is called the
Command Frame. For acommanded value of Heave of, say, +3.7 inches, the platform would be 3.7
inches below Home position. The commanded value of Heave for the Settled position is therefore
+DZ/2.

ZF
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The Fixed-Frame z-coordinate of SMP ELEVATION SCHEMATIC YJB 10AUG96
the origin of the Command Frameis
called Z0 when the platform is
homed (z=0); and ZS when the ¢« ]
platform is settled (z=+DZ/2). The DZT/E

|

I

Z=-Dz/2  Zp = ZMAX

values of these critical geometrical
constants are tabulated in Table 4-1.

HOME | ]

SET ] Z = +DZ/2 Zp = 1S

The values of ZS, Z0, and DZ are
determined by the geometric |

constants (the coordinates of the — **F "
joints) and by the retracted Ze

extension of thelegsRmin, and by ) . .
their fully extended length, Rmax. Figure 4-3. Schematic elevation showing platform

cardinal positions.

4.2 Expressing the Attitude

The attitude of the platform may be expressed using conventional Euler Angles and Cartesian
position coordinates. Given the commanded Roll, Pitch, and Heave of the platform, it is
straightforward to compute the rotation matrix and translation vector for the platform, and from
those, the three leg extensions. Figure 4-2 shows how the two triangular frames of the platform
relate to the two coordinate systems, and how the attitude of the platform is completely determined
by the three leg extensions. The control software takes the commanded Roll, Pitch, and Heave, and
uses them to compute the rotation matrix (Lij) and the translation vector (O, O, Hev). It then uses
these to compute the positions of each moving vertex in the Fixed Frame coordinate system. The
leg extensions are then the distances between the fixed vertices and their corresponding moving
vertices.

Since yaw, surge, and sway are not involved in computing leg extensions, the rotation matrix and
trandation vector are quite smple. Note that the rotation produced by the Y aw Table, if installed,
is rotation about the moving z-axis, rather than the fixed z-axis, in the conventiona order of
rotations. It is probably best to consider Y aw separately from the other rotations.

4.3 Leg Geometry

Leg extensions are computed from a detailed analysis of the geometry of the folded leg. The
geometric constants needed for these computations are included in the initialization file TriTest.ini.
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Once the leg extensions (R1, R2,
R3) have been computed, the
software finds the fold angles
(Alphal, Alpha2, Alpha3) for the
three legs. Figure 4-4 shows the
geometry of asingleleg, illustrating
the relationships among the fixed
distances between components (A-
F), the leg extension (R), and the
pot angle (o). The position pot is
located at the Rod Clevis where it
pivots on the upper leg. Figure 4-5
shows how the leg articulates.

Control of the Yaw motor is more
straightforward since the yaw
position potentiometer reads yaw
angle directly. The yaw pot is
active over +160 degrees of

BALL JOINT
(MOVING VERTEX>

CYLINDER
CLEVIS

KNEE

Y
TRUNNION
(FIXED VERTEX>

Figure 4-4. Leg geometry for a single leg.

rotation, but the actual yaw excursion should be limited to +140 degrees of rotation. Alphafor Yaw
is simply the commanded value of Y aw.

UT SETTLED

Figure 4-5. Articulation of the SMP leg.
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4.4 DAC Control

Once the pot angles (Alphal, Alpha2, Alpha3, Alphad) have been computed, then all that remains
is to compute an appropriate DAC number for each leg and transmit it to the DAC card. This
computation depends upon the details of the input circuits of the controller in use and the specific
wiring of the leg feedback pots.

Triad: Application Notes
Rev 3290ct02 YJB p.11



