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AN INGENIOUS CALCULATING MACHINE

A Machine Which with Any Digit Multiplier Requires but One Tumn of the Crank 1o Obtin
the Product—Mechsnism not so Complex as it Appears

When & machise desigeed b perfors
tha foor clementary arithmetical opesu-
tons with eapidity and armeracy, med ca-
gabie of hamling & preety good-sised siring

brass, steel, aluminum wed ires, it Josks
1o the unlnitiated like & sonewsat formid-
able fosk to usravel the complicatst rela-
ticas between aX t2ase parts, snd to fnd
out bow they perform operations whick

BY HENRY J. KENWEDY
At L Y -lnd] of the mechani-
eal enmtnees comidesing all the
oy ATt interlosking and
sadety feviess. 10 should be pessembered
that the appearance of complexity i in
part dow ta the reperition in the saching,
several times over, of cemain sets of parts,
wxactly alike sod pecforming exactly the
same functioes fn their particular places.

The standerd siee of the “Midliogwme™
calealating maching, shown in Fige. 1 and
3, i capsble nf maltipying tngether fac-
e ench Disving eight places of fgures

v 1
afe memally accomplished by (he human

it s difficult to avoid meking the expoad
shin st Formadabie in apgearance, with its
dhagrums, details, numerous relerenee let
sers, ete. m the mackine itself; in fact, of
the twa, e weisee amice i likely o
look less imviting. However, anyone who
B interested i eieulating mackines, or
who derives a pleasure from the msemal
exereiss, will ke well tepid i he har 2
bittle patiemce and dollows through the
movements n the genioss machine which
is the subject of this article; an effort will
be made b make the principles deas, using
& few shuple sxzmples. without entering

MILLI AIGE CALCILATIHG MASHINE WITH 56 PLATES EF THE FROMUCT

and ghing & prodect having 16 fgeres
Lasgrr anid smaller sizes are also made

he largest one can nac 0 phaess
lier and muttiplicand, and 2o
faces in the produst, The mackines can
alsn ad, subtracs apd div

GESERAL VIEW F THE MACHINE

Fig. 7 is a view looking down on top of
he smachi, shine Tandles for
operating it and all the ndicatoes of Sg-
urgs. Fig. 3 s a line drawing giving o
simllar  view with roference  letiers,
This is 2 porton of the machine with
which everyone must beoose familir,
evem H he desires caly fo cperate the ma.
ching without unds it inbernal
mechanism, The fodlowing ire the parts
refereed fo:

K. the crask which sets the machime

motion after all the settings have been
made for any desived operstiom, Tt should
Ze stated thot the muchine illenroed is
cpetated by band powsr. Dee tamm of
the erank sbour ks vertical axls, in a
slockwise direction, is made for sach
operation, and the erisk i noemadly in
the gosition shown, which we shall call
Wt Bome” Mo cther pan should e
mowed or Bve 4 ndjuatment changed, e
eept when e erusds K |5 a1 home.
2 Thlru are four

o = ane

cording to whethes it is deired
the machine perform addition, mahipliea-
tion, diviion or swbtraction.

o the middle of the back partes of
the oover s & row of shois extending
from back vowand the front, with figures
from o to g, ad extouding Ihlv!l:h k.
skt i u Banlle i peistes or “mrker’
5 Inmnludl)cm:m openings
€] throngh which appess the figures
corresponding to the positions of the
mnrkess, e object of these belng 1 per

i mt sel up oo o
ght line inseesd of 4
The markers ¢ ¢ are used to

the
smbtrabesd I subtraction, the muhtipl-
cand, or the divises,

1, which may be called the mwitipli-
lever, s set in the pasition corres-
e the waillipller o quotient: in
=ddmon anil eetraction it is plared ot
the figere T,

Wa now come to the sraveling paris
I e front partion of tle coves tssre are
Yoeg ots, chrongh the back one of which

partin of the dravcing carviage
having npenings Ff. Throngh these are
shermen Bgures e 4l indiestor dals, which
show autamatically the multiplier or the
qotient.  This is a_canveniesce, not an
ahsalute necessity, for the operator could
carry these Eguews i his Besd, ar write
them down with a penell. It is 2 useful
eheek egon the movements he bas gone
thrcugh i operating the machine.

Shoswing theough the fromt shot i  very
Imporant row of dhls, iz, the result
dals gg Upon thess apocar the amomt
= uddition, the Temuisder b sul
and the prodnct in meltiplication. In di-
wision the dividend iz set up on them,
maally by twming the stems of the dial
spindles individually by band.

¥ is & kmab for shiffing the carviage by
hand.

€ and R wre the “effacing knobs" by



556
the liding of which 10 the right, the dials  which cosmect the cross-head 5 w0 the

AMERICAN MACHINIBT

I &nd g respectively, are all set w0, pusher frume, & o groep of pine diding
Butweem the indivi

idusl dals of the
three rows ¢, f and g are holes for res
movable stads, oved dor marking the
ecimal polms.
2un DTN

Upan opening the machia wg, we find  pites Thers arm nine harizantal ries of
psiber plates of yaryieg limghi, an shewn
i Fige & and 5.

tn the Fronr the tmavelizg csrrisge spon
which she fF and gz dials sre momand,

racks Z; and back of them coe flxed rack.
These racks all have the same number of
teeth, and with the excrption of the fxed
one are jubjest 1o vardag amounts of

Yy action of

WL s VIEW SHEWING T 08 THE BHEACE
v Shlls 3 sed ] with pearing, chiches,
ams, e Fig 4 it from 4 photogragh
showieg the mecharise Ieft afier rrmr
ng the tep plate and the merksrs ¢ ¢, the
feimt, Back and ends ci the case, the
traveling carriage amd the front shaft 3,
In the tack lefi-hand commer i the
“'pusher frame,” 1he positicn vertically of
which depends upom the posizion of the
bever M, this frame has & small tramse
were motion produced by the cam 4 on
the left-hand end of the shaft 2, and has
a stroke back and forth prodwced by it
cosscerion 10 & croasbead 5 which
tumn i caused tn reciprocate by the crank:
& and connecting rod ¥ i the right-fand
back corner. (E![!r also to the Sagram,
Fig £} Lying between twn long bars B

Fattsi, Hi-eLACE FRAIUCY, MAEWEHE

In the middia of the leagth of fhe ma-
caine, fust above the racks, are sereral
horisntl squmre shafes 4, having pinioms
10 which skl cu them uader the control ot
the markars ¢ ¢, 5o ihat any of thes may
mesh with any eme of the rahs. In Fig.
21 is shown one of the shafts with s
plulons. Whes the maskers ¢ ¢ are set a
o, the pinions are in mesh with the fixed
sack, which serves merely to hold them
i their normal positions. The shais have
ar theie back ends rose-wheels with ten
motches, and pawls, 50 as to make them
tip 1z held temm 3t the proper divisioeal
points of their revolution. Ta the feft of
the sgeare shafts is & roond ehefe o
{Fig. 4), with a ginicn always in mesh
with the No. ¢ sk, tat i, the

Tatk-grosbar
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ek Tartbest back, This shalt i
for delving the indicating dials {1, as =il
be expliined biber. The front ends of the
shafts exiend w the carviage,
whm they servt to drive the glals of the

rriags by means to be explained heer
e he ght-hasd ced of the machine s
& vertheal shafz carrying the hand crank K,
which, as already stated. deivim the whale
mschine. The method by which it drives
the horizontal axis crank 6 and mnnecting
rod 7 wre peetly well sdicated In Figs
o ind 19, The bevel grars by whick &t
drivar iba shadt 3 arg well showa in Figs
4. % ond 1p The method by which the
shafs 3 romming slang just inside the from
1 12 box &5 driven s spparent In Fig
The foliowing table is given foe refer
e, t siake it caicr b understand the
relative modions: it shows the sumber of
revaluticns. made by the principal shafts
1o one revolution of the crank X,
g b callied oue crcle of movements

]
| S| me
pec Cyle.

I [

| w3

H

The effecs of the vasiations i the posi-
sign of the regulsior lever U and the
uechanism which bt comruls will be de-
scribed later,

Fig 5 shows e travening carnage
avd b cam-cylindes shaft 3 semncd
trgem the machive, The openings for the
8 ain el e o\
plte, als the projoeting "ell
 and . and the carriage -m...a. ",
At th Tedt 5 4 ball which eings. when the
machice has reached its limit or when &
mistake is made i divieien, anl in ot
an the st 3 is e cam eylindsr, the oh-
et of which is te. “carry the tene” in the

wtion of the ¢ 2 dials, a5 wl be e
plained later

L] a &
E | &
3 g
n
@ @
Fut DSy wMillionir

PG L FLAN OF TOC OF MACHINE, SIOWING OFBATING MANDLES, [XDICATING TOALS, ETC
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FIG g RASE-TLATE ARS WECHANINM | TRAVELING CAREIAGE AND FRONT SIAFT MEMOVER

TUE FRINCIPAL CRIETE OF MECHANEY

[t 3 balieyed that the action of the
ssechinioe con be sest readily made clear
by 1aking np coe group at a time and ex-
amining 5 perloemince durig (e dife
ferent arithmerical operations,

and 3w, frst, 3 mechanical msdtiplication
wable, which I8 one of the mose prominent
Frabiras of the mackise, and which con-
sims of & series af verieal souied o
stepped plates, here called rack-gusher
platis; ber cach maltiplie these are twn
plates—one for the tens and ane for the
uniti—whicl uet e afier the othes. The
Fange of this tabde is from 030 16 9K g,
inclusiv. This part of the mechamism alsa
inchudes the meses for goving the reguired
muticas to the peber plates.  Second, a
translesrisg mechinism, which tramsfers
the partial prodecrs to the third mechan-
fam. The second soschits ol the racks,
vinioms and square shafts, The
the cambastug anid regstering mianlim,
which is mostly carried by the sfiding car-
sagr, Thia ke the partial jroducts
froes the trasalerring mechaniam asd com-
bines chem 5o that the resolt is exhibited
on & row of sl There s, faribermare,
the indicating mechaniem which has al-
ready been referred 10 o3 o useful sl
.

THE SACE IUSEER FLATES.
Fig 7 i 2 scrims of horizgstal sections
tirough the battery of pusher plates,
which are arfanged vertically in pairs, the
tena plate of sach palr belng
buck of the mackine, snd heing imdicared
om the dagrm by erosshatding  The

FIG. 5. THAYELCNG CASRIAGE AND FRONT
smAFT

wnite plate of each gair & toword the
front uf the mackine, and is dSeated by
being it without section-liniog. The tans
and units notches dor ek prodoet ase
on the same bevel. Tt will be seen that ar
e leveis (ks plateg ase in some plaos
mosched Back o the datum line, 20 thar
o samgoes project; for instance, & the
so raw, whese U metilplier is ane, thess
are e bans tomgens 3t all, wkich of ooures
hﬂM from the fact that the highest
e prodect here in @ 3 £ =9, hncs

tewasd the

r

0 Lem are required. The ruck pushers
are all fixed igether fike one bedy, and
make s outward {wward the right-
Band end) strokes per cycle. During the
first stroke the tens platss are opgosite
the racks and push them, i there is any
pushing 10 be done; dering the secand
stroke the battery of peshers is shiftad
over by the cam 4, Figs, 3 sl & 50 tha
the weits plates come npposite the racks
il push them. The shifting = 3 tieed
thet it occnrs when the pushers ars nat
touching the i The meckanism by
which the crauk &f regulates tse hight of the
Eattery of pusher plates amd therefore tee
level (Fig, 7} which comes into action
with the racks, is parly vishle in Figs
4 and g, eonsisting of hevel gears and two
pinions on a horioneal i, driv-
ing w0 perallel verteal racks. A

he:d & Fig g, aliding through the notches
= 4 vertiend sguare-teatbed ruck, which
rises amd folls with the pusher frame.
This prevents vyertical smction of the
pusher frame except when the erask K
@ at o or @0 degrens; of course there @
wery Untde chesee of an atempt being
mdq v mona U handie H in the Taster

lt is believed that the explanation of the
action of the pushers will sew be intel-
ligihle. This will be followed by tracing
action theough the racks, pisions, wed
simarw shafls 1o e carriage mechanism,
untid the result is shown on the deals g2
As way be seen from Fig. # and Fig
3 whes i is desired to nu—[urm ardities
iam the hanile H i placed st
the Fa, ¢ hale, 40 that the bsstery of ruk
pushers s in the next to Jowest position.
W wiZ speak of the twn cutward strokes
which pcrur in il fiest and second re-
valutions of the erank 643 the “Gest pesh”
and the “seeond pesh® respeetlvely,
asarmes
The sper romw of pushars,
shown in Pig 7 & the oot-mitiplier sow,
is oppeoite the racks  As thers are no
tens lnn:ue- ot this fewel oo racks are
pudhe
Se(um pei—The pusher

trame &

Hi & DIAGRAMN e

F "B LEPELT), THE TRAMEFEEND MECRAKIEM, AXD THE
AFCHAEAYS OF THE BRAISTERISG MICTIANIZS



e with the racks, s
Mo, 1 mck it peshed o the right
one tooth,
Mo. 9 rack i peshed fo the right
twe teeh,
Mo, 3 rack s pushed to the right
three teeth,
ate, 10
Ne. g gk b pushed to the right
ine

The racks ressin i thee positions
mmtil the crose-head 5, upon M3 return
motion fo the Jeft, hity kh! wight-hand ends
of the racks, starting with No g, which
i sticking omt the fartbest, and pushes
them all back to their norsal pusitices.
ACTION OF THE BACK FINIEE, SQUAME
SHAFTS, AWD THEIR ek okims
o PRI AnSTION

Whmhmmio{mrmmncr,ﬂw
pleioas 10 bave Bemn n angage-
ment with any of the soving n:h n-.u-
ase, om 13 wwsend
ummhummﬂhwhw
they musied hewe s3d. This, of coorse,
cuwses the square ahaft ¢ and the two
miter gears om it (see 12 and 13, Fige &
asd £0) bo turn the seme wmoumt.
Wormally, the vertical miter gears 12
and 13 are mot in engegeent with the
bmmlmmuuummgmn
between them, val',h
a‘ﬁlun o multiplleatis,
camsed, twice In the eyﬂqwslldz lur-
ward on the suare shaft, that is towasd
the front of the ease, wo that the back
miter gear 13, meshes whb the Borizntal

a=d hencs no recation; during the secand
hedf the rotatisn which the square shafi
reccives from the rack i communicstcd
to the vertieal ghefi and ramses an in

pesitions
and thus thrown out of mesh with the
berizanul miter gear T4, 5o that the backs
ward motion is not communiested 1o the
dials 5. This aliding moticn of the =iter

Fuand end shis rock shaft carrles & pocer
asm 16, Fig, 10, with two cam ralli. For
adilizinn and mulspieation the oo on the

ledt i in with the cam 17
fie divisiom wnd wbtrastion the aze oo
the dght in in t with the cam

engagemn
o, anil these ren camy sre shifted along

AMERICAK MACHINIZT

the shaft with e cluich 19, by the move-
ment of the lever U, The left-kand slovs-
thom b Fig 1o i an ened vhew of the am
|? and indicates the direction of engagng
the miter geens i3, whea
-uim or multipicatios i being per-
formed. It will be remembered that the
shafs upon which thess two cams am
mounted ane revoltion per c.lﬂ!
or i nther W ite motiom is
chronous with that of the hand (rlnl .=
During the first quarser tors of K, the grars
13 e 14 are brought into esgmgement by
the action of the cm shows ; daring the
mek qunrler turn the tam etmies them tn
e disengaged ; and during the third and
Toutth quisters e meshing and unmesh
ing is repeated.
Duuring

sinn oo suliection e twe

Hiowemizer 17, 1006,

lever arms make twa round trips per cydle
it the cppasite dirsction, betause this time
they derive their motion from the cam 8
Thut it is, this e, the front miter pears
ﬂwﬁ.lf.hmwhmmuhdﬁth

wier gears 14, s that the turn-
lﬂiod!hedllhllllhmrmd.l
rection, or backwend,

FIL 7 BOMZONTAL SECTIONS (LOGKTSG DOWNWARD) TRKOUGH TITE RACK-TUSTERS

AT THE BIFFEGNT LESRLG

* BIFFERENT (85T
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rubtraction. The secomt elevation in Fig.
10 i an end view of the cam 18, which
produces this sction. It will ba noticed
that the rolle of the two cams are not in
lime: with each other.
ACTICH OF THE FUSHTE BAVS AWD SUCERKD-
140 FANTE T EETAACTING

The misuend & idicited un fhe g8
wither having remained there from
same previous aperation or being placed
there by turning the prajecting hasdies ar

AMERICAN MACHINIST

o 4w third amdl domrth mpuare shafty, 5
thit the third pisien meshes with the He.
4 rack and the fourth pinion with the No.
& rack. Thiwli!ﬂlnniedmﬁnl
faddition and subtraction) notch. Upon
lnrmnz&ewwkﬂlhendumnmhd
exacily as in addition, bat since i i the
=ier grare 13 that are bn mesh this dme,

counting mechasism being throws Inte

DD DOols o %

m -+

Ll

P b}

D006 006 e mEED
BERRRORORIERRODE m =

e
Bkl

s s 2 g AL Framme——

i

=
¥i B FLAN 0F MACMINK AFTIN NEMOVAL OF TOF FLATE B, SHOWING
TRAVELING CARRIANE

stems om the g ¢ shafts. The subirahend,
ar number 1 be wbizactad, 4 indicated
oy the markers ¢ ¢, which shide the pnkons
tn the aquare vhadis The carrisge is
pliced 1o being the decimal poiets. zor-
rectly in line one a'bw! the ather. The
Jever U oi eoumse ix at *5.

A1z —. We will set
e 413 on the thind, foarth asd fth £
diaks, manting from the beft, and the 46

action & the change from o to 0, s that

the semaieder the ed of the opera-

tom reads 476, which s changed, when ths.

cams un Ue cam drum 9% come arsend

and hit the two pins 30 corvespanding to

tha third and feurth g g duls o 366 The
decim; ting m:

action of this schanism
of ten-carrying rechaniom will bo ex-
plained In nua!nmenn. The | &l
shows 1"

s

ACTION OF THR PUNIER BARS ANT SUCCEED-
19 FANTE 1 ACCLTEFLICATION
To illwstrate the working of the machine,
e will atart at the simplest gossibile case
and ndvanee to more complissted ones,
all of them, however, much simpler than
the machize would ever be used for, bt
eing sulliclsn for thls purpose.
Example: 131, Carriage 2t W
sight.  Lefhund alidng pinion. &
with rack 1. Pushers ruised 1o Ie(rmd
motch m the wistiesl pwck,
laater gart of the first kalf-revalation Ihl

avel,

Diwring the second Rali-revaletion the
pushers are shifted over by the cam g,
Figs. ¢ and & so fhat the bop row of
pushers is in lise with the racks, and the
r-:h e y..mn Juie a5 = addmion or

1
M:mwt‘hnshu—w&.
Back 2 mowes 1o the sight twa beeth,

eyt
Mamanmemnlneuﬂh

in line with the
round u'hﬁ{ nf the THali I’n.
enil dt i potated ome unit during the
Mﬂmnﬂlhemkl.hndﬂml

s
3
g
E
7

ST IT R ST
T

IS G LORGITUTIMAL SECTION WEAR M9, 0 BACK, SNDWISG FUSMERS, BACE, CRANK, AR CIS5S-HEM,
BUUARE SHAFTE AND FINIORS, MARKESS, BTG




5o

time aomething bmppem om (e frst hall
revolution, or first cutward stroke of the
eshars, Thlmb]lnl-llﬂvndnllvt
u\epulhui eotch to ihe right bak

equivalent, i 1 et o the reading of
tan renult dialy, i tem fter the carrage
moves. However, as no ploions are mesh-
g with thess racks {ths multiglicssd

the_right, causing the ledi-hand f disl
to be twrmed fo 3, thus indiciking te
muitiplier. Simuollanesusly, the second g
Sal from the left is tarmed 1o show the
figure # thramgh the eound apening above
i, thus idicasing che prodoct The fal-
lowing are the amounts of sovesens of
the rucks ot the sscond pash
# woszee
t s
i x
§ 0] aen saea oo i
Ehing e
Hmuxvﬂklmﬂulwl&]imu
valest movement af any rack, wien
e amdtpler it %, 1 twiea an ey hesth
as the mumber 10 which that rack cor-
responds.

AMERICAN MACHINIET

Rack Mo t being the only one mmbiag
with ese of the pinkes oo the sgeare
shafts, that pinion & rorned three notches,
snd the corn diad shows the.
figure 3 3k the produst, The [ Sl sl
hewh 3 a5 the mahipiler.

A lirtke svedy of a table Gke the above
throws mech light == the peincisie al ihe
ma.

ple: 1 %9 Compare the table
nl&mlulu(bmmnwu(whr
vangnes in Fig 7

il
il
e | s
3 [
i
s
s | b
Ak
As btefore, the second g dial shows the

peoduct, in this case 5 and the et f

il shows the multiger 0
Exangle: 3 v Left-hand pmace in
roash with rack 3 Pasliers raied wp m
second ("r"jostich. Firat halk-revabutioe,
on racks pushed; casage shifts over
e m,n Srmnd half-rovnlution,
wme g i esanple

1}(1 dﬂtk e:d: ome is poshed to the

st 3
2 v g Sl

22 Hawnd nitin, abidien srty

b 1,

[ )
IMVEETED PLAN FEZAR LEFT RND OF CNIM‘, SEIOWING MELICAL CAM WILH

GRS TIIE CANRIAGE LS

Example: 133
MOVENEST OF RACHS EIPNRSHED TH
NEMHER GF TEETIL

1!

Tpstrae

SERTEZacs

right s many teeth os the wamber w
sehich it corresponds - Rack 2 i iheres
fere mioved two. teeth, and tarns the pinion
twa teeth, which tume the disl g 5o the
Figers 2, the prodoct. Back 1 meves one
tooth, which furns the pimion om the Toumd
aheft ane tooth, whish wms the dial { to
1. the multipier.

Example- g3 Lefihisd pasion i
mesh with rack 3 Pushers mised up o
testh {97} Aped, The movements of the
rcks are the same o3 B the el
Exn Asthe pinios of the s slhal
i il tame in mesh wiah rack 9, which i
pusbed eight teath in_the firet hadl revals-
e by (b tens pashers, the Iefthand £

November 13, 1906
dial which uialnwuhnhhnhﬂh

rack moves nine teath to the n
e example 13 g t0 the f dial is cansed

to tarm to & indicsting she swhiplies
an Belore.

Example: 12 % 2. Carmage at the ex-
treme right.

First cyche: Binker on fiest {Jeft-haad)
syunre shafe i mesh with rack 1. Pin-
Fon om yecond square shalt i mesds with
rack 2.

First we moltiply by 3; puskers we
Tained wp to = molek.

Firsi half revalutiin, tacka § ta g lne
elusive ure pushed one ok to the right.
as in the emample 132 As nothing
@ = meab with them, na disks ae turmed,
The carrage shif.

Secomd half-revolution, the rocks are
shifted agnin as in sxamgls 132 ax
Mo 2 moves twa teeth before Nowt starts
to move, the third 2 diul it :wun w
& AL this pem N

alsa, and Ho, 1 and W6, & multsacounly
move two tecth. The first of these makes
& thind g dial move to "3 while the sec-
aed g dal moves 1o “2." The next tooth
makes the third g dial move fo "6 amd
the wecsd ane 1o M2 Alio the twom
tooth motion of ek 1 cawses the Jeft-
mand f dial bo turn b "7 The retuen of

o rut the gushers ap o g0 notch by

mavement of the mltijlics lever H.
TTERCENT 07 RACHA PR TICE WIRGSE

ErELE, MULTIRLER = 4,

Apgraguie. |

Firn Fuk,
Bgaratens. ||

I e

LR E
EEEEEE R

3
"
i
]
»

A8 the twa Tacks with which the pinions
are emgaged sre mor moved during the
First Talf-revalnticn, there i =0 =h‘m on
the dials  The caringe staps
Teagiug the fonrth ¢ dial in lne whk the
second square shafs, that is, the one hav-
ing #n pininn in meih with Ko 2 sack

Duaying the secand half revolation No, 2
sack moves sight teeth, so the fourth g
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dialisturned 003" No. | rack moves four
tosth, the shaft whose pinlon is meshing
with this rack is pow in Ilmilthhhnhmi
 dinl, which was shewing %4
mwmﬂlmmﬁnﬁlmnw
wets makes it read 4 4 4, 0f "B The sece
ond ¢ dial remaing ar The produmct
shown is therefors 288 Thgmﬂlﬂ
i in bme with the second [ dial, which
tusns s the same figure as the mesber of
teeth mowed by No. 1 rack, vie, “4," ths,
resd in comnection with (b= firs
disl, cousing the multipher 24 to be
s shrough the Faer of the mackine
The completion of the crank rotation se-
tums the prehers and racks home.
Whenever the movement of 5 g dial, ad-
ded m the amount which it had airesdy
tamnd, caumes it b turn from g 1o o. the
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that they sow read 1 and 5 and the new

dividend 133 shews o fhe gg Boe. At the

umiﬁ'lnihlﬁmfdil.lilmmadbo!.
guctiens.

Smag,elg By mpmuwm
use of the comvenient table mside the
cover ol the machine, we ses that the
prodabic fgpare of the quitlent & aow 6
We set the pushers w the "6 hole notch,
turs the erask, end the sesult of the twe
pushes of the racks i to tem the diake
48 backward, sublrest 6 times 22 from 13,
It & thus
combate ol
multglication and suberastion. The sec-
and £ &al is turned {0 G, thes indicatng
16 as the guotient.

Tt ib mvident thet the lever 5 may b sst
a2 the No 1 hole, and division performed

R
Flertims o igbend Ead f Carings

e

I ]
IO, £y Pl Barstih CamigeFeed a8k

o o

EE—

SEEAILS OF THE TRAVELING CARSUAGE

desicral counting meckanism {“earsiers uf

ben™) is caused to act in 3 masner which

will b described under thet headsg.

ACTION- 96 THE PUBIER BAKS 4D SUCLEED-
e oy

The regulatar lever 7 on "0 the div
dend on fine pg, the first figone o the
et g0 b on the sezoeed dial g, earrisge 10
the extreme right, and divisor indicated
by che markers ¢, starting at the left

———

Firs: cycle. We take for the t7ial quo-
themt 1 by inspectios, set e pushiers &t the

© hed by the lever Mo oand tarn he
crak During the S Eali-revelstion,
the cady affect is 1o advance the cazrage
oo siep. Durig the scstd hall pevelo
tlon, the second and third g dials (figures
3 and § of the dividend} are turned back-
ward two testh by motien of rack 2. s

by succosive sulbsracion,
orly way possitle in some machines; ow-
eves, the mehod dewcribed will wausdly be
fund mure ragid,

TRE CANKAGE TRATRL
Dwfsa addition or subtraction the car
iage does pot travel
Dnmmulu;lxm or division [t tray-
ks ome plyce to the left for wach ol of

[—

ad 1, & & cluch
the control uf the lever U
through the arm 20, which it mounted an
the aame ghalt an [, The clutch, Hes the
lever, has four positions. When it &s i
either of the twn exicese pasiions, the

which camses the
disecgped. When

carriage

o intermedizte positions,
the carringe s defvee by the helical cam
o2, Figs. 11 004 17 1n Fig 17 0 shown

o

the helical cam developed. Fig, 11 shews
the positic af the parts when the ca

@ ab ke right-hasd -»d af it
o and the crank X

view is & phn, k»k'ﬂl up tarcugh
the boctom of the machine, smd i@
shows the bar L {detailed in Fig. 14) whu
b cam rolls, the center to cenber
of which s eml 0 the distances canter b
center aof the squere harissotal shafis o
and as the carrige b ol o e Lok one

Erar-
This.

she gz dals ons place to che sight of the
ones with which they wese frst in fine. The
ehalt 3 makms one reeolution per cyele
and the eam o0, whick was In the central
gortim  of the groove, remine w
sest bl be Inclimed portios of the
groove reackes it when it dn camesd
tn move s the left a distance equal
to the distance betwee the  centérs
of the cam rulls on tie tar L AL the
w3 cime che pext roll t the vight subers
the cighthand inclined groovs, s thit
when the sevolitios of the shaft ceases,
the first rofl bar emerged to the leit of the
eam, s the second mow snds in the b
portion of the groove, the smn a3 the firn
une did st the stare The eorrlge travel
takes place dering the laster pact of the
first. Bali-revolution of the crask X, the

carriage resaining statiosary durmz L
second half-revolution,

WANS TRARL 0F THE EARALAE
This is affreted by preshing dows o the
mwmﬂmn:ﬂnmummv

s pasition.  The actios i
nlein by sefersing to Fig 12 The hnh
¥ is sorewed to the upper snd of » square

lamving the carrisgs fres to be traversel
by hand.

THE MECHARIEM oK CARNVING TEWS
Thia cceaists of means by which at the

upom by vams s the cplindrical. smrface
of the drum 21 as they come aroand.
The mechanlsm can be seen in vertical
aecticn = Fig 17; Fig 20 & a plan of
pant of it with the eorresponding mme
raprasented in the same borloutal phine
in order to Mostrate theiz oction on the
pin in the swiging rockes arm. Figs. 12,
13 15, 16 and 73 alwo show same deiads
Whes o diel g changes frem 5 10 0,
the wiig 25 on the spindle of the dial ¢
swings the arm 25 ever and this swings
the arm 33 which is om the same shaft



s

o fhat the teech o 23 are eearly in mesh
with the gesr wheel 25 an the next g
spindle.  Then when the beos eim 28
comes wrond, i@ meves the gin 30 over 3
little farther and with it the rock shaft zg
and Bee segmenial gear &, coosing the
uw&l:mmmm Whes
ihe restecleyg cxm 23 eomes along, the pin
30, the mek shaft, ssd jta sr=e, are -
ateeid 1o normal position, but in the
meantime the tame T earpisg e ek
shafts iy raived up 5o that the segmeat 23
s not in mesh with the gear 37 dering
‘the backward motion.
The ssisg sed Salling of the auxiary
carriage T, Fig. of, and the mechanism
pest deseribed which it carries (consining
of fhe rock shals, srms and segments, their
jowln, click wpeings, siop pins, #e), ls
effeeted buwiee ger cycls by meame af the
trurmiams g wnd g, which are embraced by
the ends of the Jevers 38, Figa. 15 13 and
17, at the ends of the carrisge, which have
ar their

arm ot of mmi with (be grar wheels o7
The fratee & raised up abed the begin-

AMERICAN MACHINIST

ning of the revolution of the cam drum
wnd stays up for o litle over omedald re-
nlum and thes drops down, stavicg
near the el of the perlution,
whm it sarts p agaim, hmg it way
when the erunk X is
m-dram shaft makes two mohulmlw
eyele, the Erame, ax stated sbove, rises and

9 o 07 and the arms of the rock shafis
are gwuryp & the opparitn direction, the
cems 7 and the working seriiees of the

tha center lines, 50 a5 10 make full pro-
vislon Bar weenmplishing this

wams #fl ame ot arranged in a
stralght line perallel to the axls of the
cylindor, bt are Iocated along a hefical
line on ity suelice, This bas tme advan-
tages: it reduces the emount of power re-
uired 1 aparate thy maching as e rock
shafts wre swung coe n & time. msead
uf all ax once; and it p Fareyin
& ten Ehrough an i vt of Figures,

FIG. 1 Chuon e tne Carns whieh
wersesly

e the fraem T

FIu17 Frasosuass Sustce s
=14 Develapeant of Habed £m

Trardling Cartags:

= |
I 30 RAST OF THE MECHANEIN PR
CANKTING TANS 0% THE TOALS g

coe aftor anutber, m would be requined,
fnr inszance, when the temsfereing mech-
anism 2dd b0 3 s R0 dresdy
o0 the et dials.
THE $RIVE 0F T MALS £
Tu the leit of the sgmirc shafis is 3
round shalt 11, Fiz 4 (ot shown in
Fige. framd ), baving nese irs buck end 3
inis ity moshing il 2k =
This pinian vise snesles w
i Sarallel shaft 5 nbave I, which carries
on its forwurd ead & ear 34 driving an-
ocher o 38 balow & mommied en the
e of e short spusse shaft in line

ol i i oo e
Rears 12 wnd 13 on fhe square shafts
which drive £ iz dn this esse the miter
genra are farther bock, w0 03 to be helow

carriage

The moticn of the ruck 1 &
s cammunictee o the disd £, 50 hat i
addiion or subtraction f & caused b term
o unit for wach cpre, and i multiplica-
tion F turns as mony enlts 45 are in the
mullplier, ar in division a5 many wmits s
are in the parelal quotlear. Tn the Tacter
ease the carriage siope forward one place
for each eyele of tum ol lhe ermmk K,
Bemer the mme f dial i not temsed twiee
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i mucomsion.  This tuming of the f dial
i doe. dusing the seeond bald-revalation
of the crank K, as during the first half
revalution the Mo 1 rack i not moved.
‘The dial f does not move backward when
the rack i pushed back by the croas-head,
Because by that tise the miter gear on the
whors quare thaft Fae hees moved cut af
engagemsent with the Borizontal miter gear
om the f shaft. The motion of these two
ears back sad dorts e their short
wqare raaﬂ is exactly the same, synchro-
nou and produced by the ause
mﬁnnnlum # the mation of the miter
iprems 12 and 13 om the sgmee @afie 0,
which acenares the disls £ g, and which &
deecrited under the hud “Action of the
Rask Pisioss, wnd thelr
Beul Gears," so Ihl during Mlun -
Zals ff are umed in

ame direction ud durmg division or sab-
traction ey are lursed I the ather di
eection. The dish #{ are graduaced from
0t 5, and them bk agan s thet 1y, every
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the register works, Shifting of the multis
plieitive-talile stractarn

o degrees Lo 270 degrea—Trasder of
the unit valws and commencement of the
action of the registering mechanism.

Disengagemezs cf tha bevel gy from
the register woeks.

am degress o 360 degroes—Remm i
ileness of the tacks; combination of the
units valnes with the tems values by the
regissering sechuniom,
. Shifting of the mulnpl.mmum
siracture ur pusher plates fn the arigial
posizion.

AERERCE eARKS

To felitate referenes to the Tlestra-
thos, the follawisg table of the spmbsls
esployed theoughow il the euts s iven
hiese:

& Tap plate, froat

C Effueing lnob for dials {,
£ Tep glate, lelr back,

£ Tap plate, center back.

1
Square Shodt Panon,ond A | Geos

i

28 2
% 26
|_feur of cams fra
it Tyl
o fite Zylinder
2

val g and
W Spind
14 Spindie. Rock-shafl 24

for Sorrying Tena :

1 Festor ngCgm?
FIG 3L A TEW G THE FAWTN OF THE EALCULATING MACHINE

figure excegt o and g i duplicsted on the
dinl, becawse 0f its motion in opposite di-
reetions during maltiplication and i,
som, The dials gp o menly from
own
TaBLE oF pvenTy
Tha Exticrwing parsilel shows the reia-
tive suecession of the different fmsctions
durimg one urn of the

o degrees—Engagement of the beval
weien ef the trasalerring mechanism with
she regisaer mechanism

tien of the ropisterisg sechissie.
Disengagesserd of the bevel pears from
tha ragirter warke
o degrees o degress—Revern i
iillemess of the racks: shifting of the car-
riage and the ragister wocks b the lefc
Completion of the registering of the tens
Eugagement of the bevel gears with

GTvallﬂ!.l'!Mbm.

L Carriage-feed cam-roll bar.
R Efacing knob for dinls g,
T Ausiliary drame

U Regulatir lover

¥ Carriage-shifiing knoh

sty
4 Fuihee-shifting cam s end of shaft
@
5 Crass-heat,
6 Crank ¢m shafe 1.
7 Cormecting rod.

B Bars comnecting crees-head 1 gusher
rame.

Squars or pision shafls.
=0 Sliding pinions.
o1 Indieator shadt,
£2 Froot mitar gear on squsre shafe.
13 Black micer gear oo square shaft
“ ::Imm:] iter pear on whatt of g

i Horimontal sack shafe

6 Rocker arm on 15,

17 Additionemultglication tam

=B Diivisiom-ssbisaction cam,
Cluldl

- rn cyliedar or Srm
3 Helleal cam for feadieg carrisgn.
MESSLANISN P CoRKFIRG TENg
23 Racker-amm =4 sur-geir sgment.
2y Rock shaft
:g Wing an g dal spingle.
“arm amd mig-wheel segmens.
q' Spur gear on g dial spindin
 Cam for e.rryll\a teny,
25 Restoring
P T rehe .
3t Lever for liftieg auxiliary cari
3 Com for liting swxiliry sarriage,
23 Shadt deiven from n..n .
34 Gear un front end
35 Gear driven by 34
 Gitas oo lower sod of  spindle.
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