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ARMATRON:
A STUDY IN
ARM ENGINEERING

e — s, T
Photo §. Complete Ac-
matron from Tomy
Tovws. Al included
wigh the @arm ars
wATIOS - HAps - amd
formes used For practice
manipulaticns, Two B
cell batteries {nol in-
cluded) provide the
NEMEVE POwer

Plaia T, Afmalfon
iovstick conined plat-
form. These shafis
naowve gears in amd oot
of meeh within the
baase.
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Mark Robillard

3 Peach Lane, Townsand, Massachiysets 01468

Anvone who has read my articles over the course | has capabilities usually found only in much more ex-

of this vear has probably noticed that, when it comes
to supplving a starting point for robotics, 1 tend Lo
support the local toy merchant. Toys, although in-
tended For children, are designed by adults, More
often than not the designer must surmount many
engineering difficulties 1o accomplish the necessary
prices performance ratio. Since Lhis is the beginning
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of the holiday season and toy advertisements are
becoming the most popular show on TV, I find it on-
Iv Titing that we investigate a new robotics tov,
The toy is called Armatron (see photo 1) Tomy
Toys of California bas imported a highly functional
miniature robot manipulator from Japan. Armatron
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pensive experimental arms, You mansuver Ar-
matron using two jovsticks. These contrals allow the
whole arm to rotate left or right, to raise and lower,
o bend af the elbow lefi and right, and 1o raise or
lower the hand assembly. Turning the joystick shafis
rotates the wrist and opens and closes the hand. Mat
bad for $348.47 at a local discount toy store!

That price puts it &t about one-tenth the cost of the
Closest experimental arm. This does nol mean you
get one-tenth the capabilities. I have lifted eight
punces straight up with the arm. Its reach & 12
inches, fully extended, yet it can fold back on itself
and pick up anvthing close tois base, Iuis addictive
after you first flip the power switch. If you buy one
Tor vourself, either got another for the kids or don'™t
let them see .

Mechanics. Photo 2is a view of the joystick control
assembly. These shafis position gears within the unit
and have no relationship to the type of control wsed
in compater games. Photo 3 shows how the joystick
interacts with the gear mechamsm. The large gear in
the background iz actually a series of independent
gears seated into each other, This is called a planetary
gear system because the gears rotate like the planets.
Each joint has  separate gear.

FPhotos 3 through 7 show each joint. Photo 6 also
provides 8 complete view of the hand, which is
equipped with rubber anti-glip grippers. All these
Joinis are controlled by one rather small motor which
i5 located in the base and powered by two [ cell
batteries.

Figure 1 depicts the gearing action used to raize
and lower the shoulder. The gear ratio increases
iorgue. AL the elbow are four-shafts with gears.
Figure 2 illustrates the interaction and purpose of
each gear. Figure 3 explains the gear mechanism of
the wrist/hand assembly. The two-pincer hand
desizgn uses 3 unigque spring-loaded coupling beiwesn
its.drive gears and the finger mechanisms as shown
in figure 4.
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Figure 1. Gearing ac-
tion of shoubder
mechanizm,

Dirive Gear

Automatic Control, Joysticks are fun, but I s00n
started to think abowt the possibility of controlling
Armateon with a computer. To avoid the complica-
tion of cufting up the device’s internal mechanizms,
I chose to emulate a hand controlling the joysticks
rather than replacing them. This approach is not
without its problems. What must be accomplizhed
is lincar motion, forward and back, left and right;

don'i forget the turning action (o rotate the wrist and - |

operate the hand.
There are a number of possible approaches to the

problem, but some are severely limited because of the |

lack of space in the iowvstick control ares. The first
mechanism [ built converts the rotary motion of a
mrodor into linear motion. Figure 5 depicts the design,
My design imitates the inside of a conventional
resistor joystick.

The typical resistar joystick contains two mech-
anical guideways called bails. These bails guide the
stick keft or right, depending on which direction the
motor is furning, The skot in the bail allows the stick
to travel forward and backward as a result of the
other motor's action. Two motors provide four
directions. | should mention that turning off all
power to the motor allows the built-in spring to
return the Armatron jovstick to the center, or off,
position.

Fhoto 8 shows a wooden frame [ constructed 1o
hold the motors and the bails in place. | used heavy
wire, such as the kind used tohang drop ceilings, (o
form the bails. The motor must produce a fair
amount of torgue. | used Mabuchi RE-56 slod car
maotors, which aré available in most electronics or
surplus stores. They mount from the front and are
only 1 174 inches in diameter,

Motor Interface. Figure 6is a schemaric of a typical .
motor control circuil which can be used for each |

inotor, The circait is compatible with standard TTL
levels. Refer to the article *“Inexpensive Arm-Hand
Svstemn'” (Roborics Age, May/June 1982, page 20}
for an explanation of motor circuit operation. This
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Pho 3, Jeysiick -
tion of gear meshitg.
The large cylinder con-
Lain & mubtide of
gears. Moving the
Fowstick causes a small
painter to mave at the
pear eviinder, allowing
cerinin pears 10 mesh,

[EET o Sl AT
Phodo 4. Clpsesap view
of shaalder joint with
decorative cover
remaoved,

=
Phoda &, This view of
e ¢lowe oint shows
the four gears wsed 1o
pravide matien from
eibow [0 kand. Figuse 7
expliting each gear.

e
Fhoto &, Closeaup view
of Band wrist assembly,
The hand is capable of

| OPening I 40 Twe
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imchied while keeping the

{ jaws paradlel af #ll
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et
Pleoto 7. Inssl view of
the main gear bax
bocared in the Base,

That little modor maoves
everything, The
plasciary gear arrange-
mient &5 wisible in centey
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Figure 1. Elbow gear
#&Abon, Thi boarom gear
mioves the athow lefi
.and right. The {op gear
transfers Che wrisd rajse
ansd lowes power. The
nexh o the bodtom gear
roLates the weist, The
remaining gear fransiers
open amd ¢lose power 1o
the hand.
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Flgure 3, Wrisi2hand

iisechanical action. The

CENIUT @EAr opend amd

Cloats the hamd. The

left genr Taises Amd

lowers the wrist. The ro-

MBI goar ratiabes the
wrist.
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circuit is somewhat different, however, since [ have |

used a specific motor control IC{TPOR002). This IC
has both PN and PNP transistors in i so that only
one package is required per motor. [t is very inexpen-
sive and 15 readily available,

Solencid Control. Another control possibility 15 to
use solenoids. These devices perform lingar motion
but can only provide one direction of movement, It
is necessary, therefore, to wse @ght solenoids.

Because of space limitations on the jovstick housing, |

they must be mounted on a separate platform.

Figure 7 depicts a tvpical way of mounfing the
solenoids. An elastic control cable is connected o
cach of the solenoid plungers, then ta the jovstick
shafl. A means of stopping the shafis from pulling
out when they are not energized is also necded.

Solenoid conirel is by far the more exact method,
but it requires more mechanical pieces. The interface
1o the solenoids is extremely simple, as shown in
figure 8. Using high-current peripheral driver 1€
simplifies the process quite a bit.

Botary motion for hand and wrist movements is
the toughest part of the emulation. Although the
Jovsticks turn only a few degrees ineither direction,
they do require quite a strong force to move. 1 sug-
gest vou cement a gear on the top of each stick, then
attach a motor with a smaller gear sothat it meshes
with the firsd. Thiz increases the torque. Mounmt the
motor so that 1t travels with the stick.

After all this mechanical effort, you will see thas
the only disadvantage of Armatron from an exter-
nal control standpoint is that it is all mechanical in-
side. [ wish that it was programmable like the Milton
Bradley Big-Trak,

Computer Control. The computer can control
whichever mechanical intesrface you choose. A
parallel port can connect the motor or solenoid
drivers and the computer, Each code controls one
direction device, All you need @5 a teach-and-learn
program.

I have chozen the following keys to control
Armatron:

Funcrion
Rinise eniire arm
Lower entire arm
Turm entire arm right
Turn entire arm left
Turn elbow right
Turn elbow left
Raize wrist
Lower wrisi
Rotate wrist right
Ratate wrist kefl
Oipen hand

Close hand

I'!-Ejﬂﬂﬁq-imuhww—'g
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Worm gear deive —— Hond opan/close driva
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Rubber —
anfi-slip pods

There are fourcommand keys associated with the

PEORTAN.
Key Command
S| Set manual mede — w0 Memory
A et autormictic mode — memorize cach
Keypress
B Begin recall Team memory
5 Stop recall from memory

Mate: The program listing shown on page 45 is a
mire advanced version that will prompt the user
for commands,

After stopping Armatron in che middle of a
memory recall sequeence, push B again to reset and
start the sequence from the beginning., Be sure,
before vou start a memory recall sequence, that Ar-

Texi countinied on page 46,
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Gaar epuplad la
1 fingar bar
wla spring
mechanizsm

i
/? Free turning joinis
|

Figure 4. Hand design.
T b wasrme gear in rhe
cuder &f Lhe haed
mashes with gears
mananded om eack finger
jaw. Turming e wodm
pear opens arcloses the
lingers vin & spring
cxnapding.

T
Fhouo & Using modars
I proaduce bnsar ac-
lidm. Thas assembly &
miade up of feur RE-56
nssdors with atizched
wire Frails,
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Figure . Damatls of hail
ConMrRCFG and msMor
placement. Mororized
bniks provide lingar
IO,

===
Figure 6. Schemdlic of
md or driver sysiem.
Commands in the form
Of 4 Toar-Bil mumber
energire ong diredion
AL A i,

Baal — s ]
E - deysticks ‘——_h‘——\
WEPET P iy Frr
e HE D o=
CW s LOWER CW s RBISE
o —— i
Ew s RARSE b P o CEW =LOWER
ELEOW ARA
MOres MEreR
LW= LEFT CW e LEFT
CCW=RIGHT CowsRIGHT
_— Bail haldar
Aerion Motar
| +EW Tronsistor pagk
| 'i' Sprogue TPQEOGZ
I
|
|
|
|1'|.|;|l A
I
H.C |
ARM BRISE CW | =
i
ARM LOWER GCW |+
]
i et e i i i e i T DR
oo i3 T aRM BIGHT COwW RATATION OF MOTDR
Bl I:}—”B ~-KRM LEFT CW ROTATION OF MOTGR
WD—E-II-{: Y ELBOW RIGHT GCW RGTATION OF MOTOR
o3 [C—2Hp ~ ELBOW LEFT CW ROTATION OF MOTOR

WRIST AKIGE CCW EOTATION OF MOTOR

WRIST LOWER CW ROTATION OF METOR

WHIET ROTATE COW ROTATIDN OF MOTDR

WRIST AQTATE CW ROTATION OF NOTOR
HAND OPEM COW ROTATION OF WOTOR
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WRIST ELBOW WRIST ELBDW
LOWER LEFT RAISE &I GHT

ARM Py Anld AF
LEFT RKISE RIGHT LOWER

S lameids

AN B

]
| INTTIALIZE
!
1

B CLEAR 2000

9 ARMOUT=491%2

1 DM OODESS (25} = DEM DINTTON [25) < T0RE ARMOOT, 0
0 PLACESD TTMESD -CLS - KRR L]

30 PRIHTTSELRCT THE! POLLOWYHG"

40 FRINT™L] MAMUAL MODE"

50 PRINT®Z] RUTOMATIC WIE"

£l AS=TNFEC [IF Adw"" THEN GOTO. &0

70 IF h="1" THEN QDTO L00

80 IF AS="2" THER GOFO0 150

40 CL51 @OmD- 0

ﬁl'
a5 !
97 1
“I
100 CLS; PRINTSMAMEL DNEUT Mt

110 ASsTHEEYS ¢ IF AS="" THEN GIP0 150

120 IF AS="5" THEN FOKE ARMONT,0:PRINT*STONFED® : GO0 20

MANUEAL MODE

13 Gl 430 COFPVERT DGR
140 GO0 110

145 ¢

Lt ! ALITCMRTIC MOEE

147

148 *

150 CLS: PRINT"AUTCMATIC MODES

160 FRENTSELECT ™E FolLowne:®

1M FRINT®1) TRAIN®

180 PRONTY) RECALL FROM MmOy

18 PRINT®3) RETURN TO MAAL"

200 AGeDEEYS: IF Aja"" THEN GOTO 200

N0 IF hp=RLt THEW GO0 249 STONE SUBFROGIRM
220 IF Rg="1" THEN GOTD 319 ' BECALL, SFEPROGRMY
230 IF RS="3" THEN GOTD LOD F HRITRL HOCE

240 GG 150

FL L

m []
247 "
2448 OIS PRINTTHAINIRG®

250 AS=THERYES (F AS="" THEM G 350

200 GEm 430 ¢ CORMUERT R S
2H CODESS [PLACE) "AS

250 AG=TMEYS

M IF A%="" THEN TIME=TIME & LiGOTD 200
300 DORRTICN [PLACE) =TINE

A0 PLACE=PLACE + 1

330 IF PLATE < 25 THPM GOm0.330

322 PRANTTMENORY FULL®

320 POR Tel W0 I60-HENT 7

324 GOT0 20

A3 TIMESOI0T0 260

315
m 3
m v
118 OIS PRINTEECALL FROM MEAR™

) AS=CTDESS {PLACE]

150 GosUE 430 ! CINVERT. N =B

360 TIMESDIHATION [PLACE)

A0 IF TIME < O THEN TIME = TIME - 1:0OF0 370

175 POR Tal B0 T:MEXT T

380 PLACR=PLACY 4 1

330 IF PLACE = 25 THEN GOTO 400

33 PRINT" D OF PROGRAH"

1 POR Tml B0 200-{00F T

T POHE ARMOUT, 02COTO 20

40 AF=THEEVE

4100 TF A5"" THEN POEE AROUTT, (s FRENTSSTOPREL 000 20
43 GO0 M0

425 T
426!
[ Fr i
g2g. 1
4300 1P AS=TO" THEM RENELIRE = Lndmn 470
HO TP ASEOe TEEY KEVVALOE = 110 490
450 TF AS="(" THEN FETVELIE = 12000 470
AE] KENMLIE = YL (&5}

470 PFE ARMDUT, EEYNRLLE - fRINT FEYVALLE
480 BETIAH

CTCORE SUSFROGRM

FECALL, SUEFROCTRN

COBVERT MDD SEND ST PROGRERM

Figure 7. Sobennitls can
be used fo provide
lineas modion, Energlz-
ing a solenoid moses
e joyskek in the
desired directisn. Turn-
ingof power 1o ihe
sibepodl aliows the
Joystick vooretare bo s
cemier posithon,

T N
Listing |, BASIC listing
of AMATRON program-
minble pontrol pragram
written |a Microsaft
BASIC, ARMOLUT i sep
e @ known control
learion.
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Flgure &, Schematic of
solendicl inferface asing
samis Four-hif number
swlern a4 Che motorized
circii.
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Bf— 8, L. " Sateneid
2 ARM RAISE
3 ARM LOWER
e = Frovdal o ploces
TaAISE e S e r e e e e
b2 ARM RIGHT
P S AAM LEFT
P P ] UURGm RIGHT
o[ m——— s
ol i le X ELEOW LEFT
Bt [t &
nE[T— 281y b WRIZT RAISE
3
B WEIAT LawiR
.10 *,
. | WHIST ROTATE CoW M sl
1o 'I WRIST ROTATE CW Flymri:A
—d 13 +!
HAND QLN COW T
] 1 _i e Mgtor Clrcuit
- I
1 isllt { HAND CLOSE Cw AR
i |

meatron is positioned where vou want it tobegin, The
conirel program accepts up 1o 25 different com-
mands In 4 sequence. You can change cthis number
Lo suit different memory requirsmeants.

The Program. The Armatron control program
(listing 1) begins with an initialization routine. This
part of the program sets all variables and memory
fecations (o known values, The system is initialized
in- manuil mode. Any movement key simply ag-
fivates the appropriate solenoid or motor.
Movements are not remembered until the automaric
[A) keyis pressed. Enter the key scanning portion

next. Here the use af the Microsoft BASIC command |

INKEY iscritical. IT vour version of BASIC does not
have this command, you can substitute INFUT A%,
bt every command key vou hit must be followed by
acarrigge return or ENTER.

- Omee a key is detected, the command interpreter
takes oveér, IL systematically compares what it re-
ceived with the list of available command buttons,

When in autoimatic, a steing array that contains
cach entered movement command is formed. First,
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the key leteer; then the duration of activation is
stored. When a diffecent Key is struck, 4 mew arcay
location is opened. Pauses between commands are
nat stored,

The B command tells the program toostart at the
topof the array and begin pulling values of key codes
and their lenglhs, thén send them to the operation
handler for execution, This is not as simple as it
sounds. Study the listing for specific program aclion
and modify to-customize if.

This program allows almost the degree of pro-
grammability of the motion platform [ described in
““Constructing An Intellipent Mobile Platform™
(R odarics Age, Tulv/ August 1982, page 41 but i sill
does not allow total local control. Consider taking
the simple Z8 computer system and adapting i for
use here s Almost the same parallel interface could ex-
ist: ondy the program would change. How about it-
ting the motion platform with Armatron, then ad-
ding veite command conirol from last issue? Sian
working onil, Drop me aline with vour results, and
in & future article, I will disclose my efforts at fitting
it all together, i
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