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THE STRENGT- OF SIIAFINCJ.

Soàdn PACTS AND RULES GOV R5121 IT.
in considering the strength cf shafting. thc enJgincer ought ta

lceep in minci several important facts. One is. that a shaht inceases
in strength vcry much (aster thaz its diameter. its strength bcing
in the proportion of the cube of the dimseter. Men %vtt oftca sa>y
«a 2-inch shaît ought te do it. but %c %viii put in a size larger to be
on the sale side." By> doing se they allow a much largqr factor of
safety than they thought of. because a sinall increase in dlarter
incans a large increase in strength. If we assume that a i.inch
shaht wttl safely drive at a certain speed 3-hOrst pav-er, a 2ic
shaht under the saine conditions %vould drive 24.horse powerr. and a
3-illch shaît Si-herse pav-er. Their streagths vary as the cube of
their diaincters vary. The cube of i is i X i x t =i. the cube
of 2is=X 2X2 = . ad thcacbeof jis 3 x 3 x3=27. Ia
x-inch shaht will drive 3-horst poWtYr. the 2-bath shaft -wttl drive as
mnuch more as the cube of ils diameter is ini excess of the cube cf
i. The cube of 2 is S. andi therefore ils comparative pourer is
8 X 3 = a-horse paver. and the cube Of 3 beiag =7. ils power in
ibis eis 3 X 27 = S-horse paver. Te use ashaft Of 3 inches
diameter. iustead of a iuches. v.-ould have givea in this case a shaft
capable of driving Si-host power. instead o! 24. On ibis hasis a
x-inch shaht having a strcngth cf i. a 2-iach shaht uiould have a
strength of S. a 3-inch shaît a strength cf =7. a .itih shaft a
s:rength of 6.. a 5-inch shaft a s:rength cf z25. snd so an. as the
cube of the diamecter. Thfis fact of the rapid lucrease- in the
strength of shashing with a smafl increase iu di.Zmeter. mast bc
borne in mind. snd that this sirength varies as the cube of the
dlameter.

The second fact is. that the power a shaft will drive is in
direct proportion as its speed. If a shaht drives 3-horst pawer at
zoo revolatiaus per minute. ai 200 revolations it vlll drive 6-horst
pawez. and ai 3oo revolutions 9-horst po=ez. and se on. Thert-
fore. the fastr a shaft ruas tht d-traeter may bc smaller in propor-
tion in order te drive a given herse pawer.

The third fac is, that shaIts break more ofien (rom bending
titan framt the torsional straia put upon thent. and therefore that
shafts must bc cf suf5cient size te pi-ent hending or tise mas%
bave tht hans;crs se near to tacit other that tht>- w~ill bend ver>-
tittte. To bend a shaft therc is the wreight cf the shaft iLscli be-_
tween the points cf support. snd aise the weight cf tht palicys and
the weight cf the s:ress andI load, on tht belts. The 'weight cf tht
pality and shaft Is downavard, sud the pol cf the belts ma>- bc up
or down or a:an>- angle. It follows.then, that ashah loaded with
palîtys mast bavc a larger mamber cf biaugers titan an unloaded
shaf:. and that the palic.)s must be placed as near te the baugers as
possible. Tht btnding; of a shaht brings about a considerable los$
la paver front tht friction cf the shafh' in las beariags. beside tht
tendent>- cf tht shaIt te break. The beudiag and t%%issing cf tht
shaît bath contribate to breal it. but the bcndlng bias ost te do
witit it. Shaftz, therefome shoald bc cf secit sizc abat tht>- viii
not beaod more than 1.1 of an Sncb per foot la lcugth

Tht fourth fact is. that beavy Uines cf shafcing: eoe more
mont>- t put up aud cosi more mont>- %oran lten. Tht condition
cf the sarfaces cf shaft and beaxings a y hc tht same ia tht case
of tht sinali sud large shahLts, and titis woald malte tht co-cifcient
cf friczion tht saine. Tht pav-ex reqalrcd te &rÎ& tht shaft alont
beiag, tht product cf the u-eighî of tht shaft. tht I!isancc tht sur-
facc cf the shaft mores titroagi, and tht oe>-eýent of fiiction. tht
larger shaIt wUIi take more pavez- te tamn it. becziuse it is heavier
and las surface moses through a greater distance Tslct the case
of a z-iach sud ç.incb shafh. Tht q-incls shaft weighs four timts
as mach as tht =-luch shaft, and this weigit la mosvel titrough

lsaacostly proccclng fronttht ccai-ples sadpoin:. tepot lu
heas-ler shalting than is rncessay te do the seori with tht lest
btnding and tsaisting.

Shahts ar subjecto -a torsions straiu te twist thcm. sud ia
long shafts or Unes cf shafhing this hecom=e an importantt factor.

Ashaht sbeuld bc strongý eneugit to lirait the twistI te, 1in0

diameters. For instance, a 2-intit shaft should net twist more than
il' in everY 40 inches. This shaf t woulci have ta be Goo fecet long
to twvist hli a circle. chat is. for ane endi cf tht shaft te bc ont-
half a tura behiaci the driving end. Wlitre tht povçer is tzkea off
tht endi cf a long line cf shafting th.- twisting cf tht shaît %viii bc
more noticeable. and give trouble by oscillating so that a balance
%Vhtel is ntcessar3-.

Tht fi fti fact is. that shafts are designated b>- tht character cf
their vwork. as first movers. second mavers and third movers. The
first, or prime mover. is the engine-cr..nk shah,. and the jick shaht
rcciving tha Io2d. The second movers arc the long lines cf dis-
trlbuting shaiting, and tht third movers art the sitorter lines o!
countershafting. Tht prime mever is made much stronger ta do a
certain amount cf %vork than a second mover, and the third mover
is of still lessened strength.

Havlag these lacts in minci. the folio%%ing ruies are given-
To fiud power a shaht %ill saftly transmit ;Cubc the diameter.

znultipl>- by revolutions pier minute. andi by z for prime mover. 2
for second muver. sud 3 for third movcr. Divide product by zoo.

Te finit dismeter cf shaft for given horst paver. Multipli-
liorst powe-r b>- zoo. divide b>' revolutions per minute, sud thi;
quotient b>- i* or j.accrdiug as shalt lac tbe ased as first. second
or third sauver. £xtract tht cube root cf quotient.

To fiud greattst permissible distance btweeu hangers for
loadeci shafa - Square the di2meter. maltip>- b>- zo, sud extract
cube root of product.

%Vhce tht slah has ne pultys betwten hangers. ins:tad of
maltipl>-ing by oo use Sou. sud proced as bz-forc.

Taking examples: %%hat power ivili a 3-inch shaft. as a second
inover, transmit at 2z5 revolatiaus pier mnate?

3 XC 3 X 3 - 27 XC 223 = 6.075 X 2 =12.150 -î- 100 = 121J_4

horst pavuer.
WVhat is diaineter cf shaht used as second ancrer te transmit

75-hor.ic paver at z75 res-clations?
73 XC 100 = 7.500 - z7.5 = 42-86 ït- 2 =21i-S3 . Cube root cf

=z-83 ts =7j. eqas dismneter cf shaÇt.
%Vhat distance apazi shah bhangera bieon 3 -intai shaits, palie)-s

sud helts an ?
3 X 3 = 9 % u 1.800. Cube rcg of i.Soo uzequah;

greatest distante la feet beturren baugera.
What distance apart =ya haugers bc te suplport a 3.ineh shaft

%iline puicys beivecen supports?
3 X 3 =9 X 500 =4.5m0 Cuabe root of 4 j.5 16+t. eqais

prestes: distance betuten hangers
la %=y> long Unes cf shafting tht bearings shoald bc r.tarcr

tagetiter tavard tht end cf the Une, and shaîts rauaning at a high
spced shoald have tht hsng, -rs nearer togeahers to Sive a greatez
bearlng surf-ate te prc-cn: hcating. la cases whert thesc rates are
used tht pulteys shoulci bc placod near the hauger or tise tht
dWkance hetwec haugers, rtdaeed. Tht rai-s; gire tht maximum
lu cithez' direction.-Boston _7oirrmal of Commrcer.

ANTIQUITV 0F .STEAM iIEATING.

Stcan htatiug la not new. %%'h= at Pompeli. Geo. H. l3ab-
cockt fund that tht aId Roman batis therc: u-ee heateci by steant,
and heated la a bette- aud mare sdientific mnaar than is: pratsed
ai tht pre.sent time. Thc aIls verc: doable, and tht stant. cf
course an: above atuzospheric pressure. vas carried up through
tites- 'rails ai r.aul tht foutu. Tht %çslls %merthus heatd to a
temperr approimating te that of tht steant. and tht occupants
cf thz raon -r-e cxposed Io a radiation froin ail directions This.
3fr- Babecitk held. is tht truc %hery- cf heating. sud the systeux
cf stcam heating b>- inlsrect radiation, or hesang tht ens-eloplng
air cal>-. is unscientifie. expessic and uacornfortahle.

It is cf iuterct te add here tina: the late jcseph Harrison. Jr..
cf l'hiladlptia. in dei-erittg a lectare before tht Frankinu lasri-
tale sereral years agi. sali that bc had aczu iu tht Muscum at
Naples a boiter sabatsntially of the saine construction as tht
mue le:ra. .ertical, tubular boiler. Titis boller 'ras fotmd a: pont-
peui. and wus made of copter.

TIEIIOWINIONLE&THER BOARDOOu, MVONTRERL
-LEÂATHER BOARD AND STIFENERS

ASBESTOS MILL BOARD AND FRICTION PULLEY BOARD
PROPRIETORS OF. SAULT AU RECOLLET PAPER MILLS
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