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PUTTING UP SHAFTIRG.s
The writer once had the puttiug up of considerable shafting,

ani the following are some of the data respecting the same, the
miles and formulas found in text-books being insufficient to forni
a coriect opinion by. The writer fouud that 800 pouuds,ýactiug
on the exîd of at 12,inch lever,. would twist off a wrought.irou
shaft one inch in diarneter. The length of the shaft had no lu.
fluence on the breaking or twisting-off force, or torsional'
streugth of the shaft, though ou the length depended the tor-
sianal elasticity. The speed of a shaft controls its size, that is,
if a one-inchi shaft is large enoughi ta transmit a given force at
50 revolutions per minute, a shaft running at 100 revolutions
per minute will transmit the same force, its arca being one-haîf
of the one-inchi shaft. This is plain enough when one remeru-
bers that the surface of a pulley on the smaller shaft travels
1wice as far lu the saine time that a similar surface on a similar
pulley an the lower shiaft travels, sud hence needs transmit but
haîf the force, ta equal the force through haîf the distance.

Suppose we have a factor of safety of 4, this will allow of our
continuing s force of 200 lbs. (800 -~4 = 200) ou the end of aur
12-inch lever. That is, 200 will be a safe load. Now, if we wish
ta find the area of a shaft, ta transmit 10 H. P. at a speed of 300
revolutians per minute, over a -24-incli pulley, we multiply
33,000 feet (one H. P.) by 10 H. P., obtaitning 330,000, which,
divided by the number of feet the runi of the pulley passes
through per minute (6.28 ft. + 300 revolutions), 'will equal the
strain on the eud of a lever equal ta the radius of the pulley. Lu
the case supposed, the radius of the pulley equals 12 luches, the
size of the one for comparison. If it had not it would have been
necessary ta reduce it ta 12 inches, that is, the effect the farce
wauld have at 12 inches. This force, whstever it may be, then
being divided by 200 (the safe 1usd on a oue-inch Bhatt) will
equal the ares af the ueeded shaft, that is, it will equal the area
in units of the ares of s raund shsft otte inch in diameter-
7,854-10,OOOths af s square inch.

To reduce the radins of the pulley, whatever it xuay be, ta the
standard of the unit of conîparison-12 inches-uppose the
pulley wus 40 luches in diameter, the radius is 20 luches. If the
farce as found were 50 lbs., we would multiply the 20 inches by
50, snd divide the product by the leugth of aur standard lever,
12 iuches. Thc result being the weight necessary at the end of
a 12-inch lever that would be equal ta the force or strain on the
helt over the l)ulley. For instance, let us take the conditions of
the case given :Number af fect raised one foot high iii one H. P.
x 10 =330,000. Circumfereuce of pulley = 6.28 feet, which
multiplied by 300 = 1,884 feet per minute, that the rim of the
pulley moves throughi; 300,000 -L 1,884 = 175.15, that is
175.15 Ibs. la the constant atrain ou the belt, because 175.15 Iba.
throughi 1,884 feet = 10 H. P.= 330,000.

This stesm is transmitted ta the pulley which acta as a lever,
equal ta the radius of the pulley, teuding to twist off the shaft.
The radius of the lever lu this cane la 12 inches, which happens
ta be the samne as aur lever Of camparison.

Thus we have s force of 175.15 Iba. acting ou the end of a 12-
incli lever ; 200 1bs. on the end of a 12-iucli lever was, as pre-
viausly ststed, a safe load for s one-iuchi round shaft ; 175.15
200 = . 875 = 7 of the ares of s shaft anc inch in diameter=
.6872 of a square inch, sud would be a trifie over nine-tenths of
an inch in diameter.

Thus, so far as torsional streugth is cancerned, a one-inchi
round iran shaft will transmit with safety 10 H. P. ; but there is
another feature of the question ta be looked after, sud that is the
lateral stiffuess qf the shaft.

A one-inch shaft, five feet between hanèers, will be defiected
fromn s straight hune 9-64ths of au inch by a pull of 28 pounds
midway between haugers, while a pull of 56 pounds will cause s
deflection of j of au inch. However, there are few shafts of twa
inches sud under that are not coustauthy deflected j wheu tran.
smitting power, especislly if the pulley is midway between the
hanqg rs. The'deflection of shafting is approximately represeuted
by the general law that deflection increases as the cube of the
leugth, and iuversely as the cube of the dismeter. Thus, if we
should leave but 2ý feet between haugers, the deflectian would
be (2j>3 = 15.6 sud 53 = 125, sud 125 -- 15.6 = 8, therefore
the deflection at 2j feet between haugers would be 8 times less
than it wouhd be 5feet betweeu haugers. A 1ý-inch round shaft,
10 feet betweeu haugers, will be deflected 9-1ôths at the c'wnter
by 56 pau.nds.

A three-inch ahaft, 10 feet between centres, woulld be deflected

trifle more than 1-16tli at the centre by a pull of 56 pounds.
rhe reniedy for deflection is more bearings, setting the puilcys as
lose as possible to bearings, and speeding the shaft up. Smiall
hafting will not break, nor twist off wheu put up in accordauce
vith the above data.

Many dollars have been thrown away in puttiug up large and
low.riiniing shaftiug, which is so expensive at first cost, liable
~o break for want of alignment aU excessive weight. The
ighter shaftiug is by far the most economical in every respect-
irst cost is lesa, exnense of putting up and keeping up is lesb,
nd has a longer life, and runs with less friction.

How many of your readers would be surprised to see a two-inch
haft taking off 1000 indicated H. P. ? A great many, 1 tliink.
3till, 1 have in mine Just such a shaft, which lias been doing the
bove amornît of work for eleven years, and which was put in to

ake the place of a four-inchi shaft, which had broken repeatedly.
believe I arn correct in saying that there is no necessity for a

mne shaft larger than two, or two and one-half inches in aiiy
;hop or manufactory in the United States. The shaft mentioned
ibove as taking off 100 H. P. made less, I thiuk, than 200 re-
volutions per minute. The shaft miglit easily be reduced in area,
)ne-half and more by doubling the speed. There are a great
nsny shops, now runrning with three sud four-inchi shaftiug, that
night make a few dollars by selliug the saine and replacing it

siith one snd three-fourth and twa-inch shaftiug. Lt will be
well to remember the following : Neyer put up a slow-revolving
shaft when a faut one will do as well (and that is nine cases ont
of ten). Increase, the bearings, as sucli increase does not affect
the friction, and increases the life of the shafting.- V. Hook in'
A4rnerican Machinist.

HABDENIXG AND TIXPERIX AT ONE OPEBATION.

Steel hardens when suddenly cooled from a red heat, aud
whether the heat be extracted by immersion in .water or other
miatter, is of no consequeuce, so long as it is extracted with suffi-
cien t rapidity to effect the hardneas. The degree of hardness
depends first upon the temperature to which the heated steel la
rsised; and, secondly, upon the rapidity with which the heat is
extracted. Water is the medium mostly used 'for this purpose,
but it is a wel.known fact t)iat if water of a sufficient degree of
soapiness is not employed, the steel will not harden.

Lt is obvions, however, that the degree of soapiuess may be so
varied as to either prevent the steel fromn hardening or to have
no practical eflect upon the hardeuiug. Lt is also obvious that
it is possible to obtain a degree of soapiness that shahl give to
the steel any required degree of temper, and thus teinper the
tool without having ta harden it at one operation and temper it
at another, which would dispense with the hardening pruceas
and thus save both time sud fuel, as well as oul or other ma-
terial ordiuarily used for the tempering. That tempering pro-
cesses will ultimately be based u Il this prl'iiple there can be
no doubt, the difficulties (which will be explaiued preseutly)
beiug s0 slight as to be easily overcome.

.In my last communication I described one rnethod of temper-
ing at one operation, sud 1 have uow ta describe another
method which has beeu employed by the Monitor Sewiug Ma-
chine Company ta temper theix aniail spiral spriugs.

In this proces8 the steel is heated to the usual degree sud
cooled in a mixture of milk and water. The proper proportions
of milk ta water would undoubtedly vary with the quality of the
milk, hence it must be arrived at by trial. -The more milk the
lower the temper, ail other thinga being equal, and conversely
the lesa milk (in a given quantity of wster) the higher the tem.-
per. The proper mixture once attaiued, the tempering cau be
carried on very expeditiously, but it is apparent that sucli a pro-
cess is more suitable for tempering in quantîties than for single
pieces, especially wheu the grades of steel may be variable.

The difficulty in obtainiug uniform. results lies in the difficulty
of heating the pieces to au exactly equal. temperature before
dipping them, for it is found that a very simahl difference in the
heat of the steel makes a wide difference in the degree of temper
obtained, but it may be stated positively that with a uniformity
of heat the best of spring tempering may be obtained.

Lu this connection, there arises the question whether 4 good
spriug teuiper may not be obtained by heating the steel ta a loW
red heat sud mixing a lesser quantity of milk therein (the re-
quisite qusutity ta be determined by experimeut>. If such 18
the case, as accrus highly probable, the proceas is expedient inl
the heating part of it. This would leave the steel toughery
while, at the samne time, it would obviate the liability of burni
ing the steel,
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