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he Hammer Blow from Incorrect

B Counterbalance.
Y H g ELis s
S H. Paugha.n, Assistant to the Vice-
The President, C.P.R.
ey oenerally accepted solution of a con-

Cuntrainl-‘)“ of the action on the rail of a wheel
ihle U8 counterbalance is that of a vari-
Whe, pressurf‘ between the rail and the
Whee) “qualling the static weight on the
forge *,dded to or reduced by the vertical
ingeq 1€ tO the action of the unbal-

if oy Veight. Thys in fig. 1 (pg. 159),

effect of an actual fall of the wheel on the
rail.

In the early part of 1908 a serious case of
damaged Tails occurred. on the C.P.R., the
rails being sharply bent for about a mile,
on hoth sides at intervals about equal to
the circumference of a driving wheel. The
damaged spots were -carefully measured
over a considerable distance, averaged, and
the diameter of the wheel so found corres-
ponded with that of an engine which had

general disbelief in the calculations of the
forces caused by the unbalanced weights
on the wheels was the natural result. It
then occurred to the writer to investigate
the action of the wheel when lifted from
the rail by the upward force caused by the
overbalance, with results that are interest-
ing and to a large extent explain the action
which takes place.

The wheel is taken as a mass of 3,200 1bs.
weight, pressed down by the spring with a
force equal to the static weight on the
rail, less its own weight, running on a

Ol :e‘])reﬁems the time of one rev-
il g 3C the pressure between the
On e the wheel due to the weight
Yertjcy) '1€el, OB and ODAE the
Werhap, OfC€ due to the action of the
ince, the resuit and pressure
) .the rail and the wheel is shown
Ule op 1€ BEG and equals the ordin-
Shoyyy” Shaded area at any time.
Sive nd the overbalance be exces-
,\V"‘“ical the speed so high that the
‘:“Ce exe Orce caused by the overhal-
there mfe’ds the weight on the wheel,
(Wt‘en ti) b€ a negative pressure he-
k’lher “.le wheel and the rail, or in
ihe “'he(e);-ds' a force tending to lift
l’.‘ﬁ o Which condition is shown
r‘ﬂn hel'o“f lere the cross hatched por-
a‘)rc wh}h OA represents an upward
”?d attailch tends to lift the wheel
ige insla:llts a maximum value TP at
: jertican when the cum}terbal:mce
a] gy Y upwards. For a nu-
. Wheg] E,‘m{;)Ie suppose the weight on
is‘l‘). Vertils 20,000 1bs. and the maxi-
000 cal Eﬂegt of the overbalance
[)r:il will | S.  The pressure on the
ot § come 45,000 lbs. at the
w}:@e of svz)hlle at T there will be a
e 00 Ibs. tending to lift the
e, 20d that the wheel does lift
re action of this force is well
My T OM the experiments on the
& o 30d St Louis testing plants.
the rail

s
wlrs Atest pressure on
the counterbalance is

When

rigid track and acted upon by the
forces caused by the overbalance. As
an example, the speed was assumed
to be 300 revolutions per minute,
the weight on the rail 20,000 1bs.
and the force due to the overbal-
ance 25,000 1bs., so. that the force
tending to lift the wheel attained a
maximum of 5,000 lbs. The mathe-
matical discussion which applies to
any set of conditions is given below,
and the results are shown in fig. 3
for this particular example.

The horizontal dimensions in this
diagram indicate the movement of
the wheel in degrees, 0° being the
position of the wheel when the coun-
terbalance is vertically upwards, while
the vertical dimensions indicate to
three different scales, the forces act-
ing on the wheel, the velocity of the
wheel upwards and its upward move-
ment. Thus, at about — 3714°, or
when the centre line of the counter-
balance makes that angle with the
vertical, the upward force due to the
overbalance equals the weight on
the wheel, and beyond that exerts an
upward force on the  wheel, tending
to lift it, which becomes a maximum
of 5,000 lbs. at 0° and zero again
when the counterbalance has moved
37%4° past the centre. The wheel
then commences to be acted upon by
a downward force due to its weight
and the force of the spring which

Qna{ly CZ doanards, and as this in
1 heg reSes of improperly balanced
s 0000 *Ches such figures as 50,000

W}?si‘“lall S, the damage that has

higehn Sthy been caused to the rail,
d“w Speeds €ngines have run at specially
iy "Ward . 1as been ascribed to this great
[ﬁrgfarns orce. A consideration of the

entQ.Q Mgy, ?)hOWS that however great this

re] € at this point, its application is
fa]]r.take ngraduul, and it cannot possibly

e‘ﬂ o e nature of a blow given by a
g’adpreSSurg]t' however high the speed, as
Pay., Jal] ie between the rail and the wheel
ulaa.tlvely Ocreases from nothing or a com-
the’:"nhm Small amount until it reaches its
blowef‘)re > And then decreases, and it has

°°un’ So Oftcol'ne usual to regard the hammer
the tey

balaen mentioned in connection with
dam n
Teg

Ce, as a misnomer, and to ascribe
that may occur, to the high

age
Which exist, rather than to’ the

EDSON J. CHAMBERLIN

Vice-President and General Manager Grand Trunk Pacific Railway.

made a very fast run over the damaged
track the day previous. The wheels of this
engine were taken out and the main drivers
found to contain an excessive amount of
overbalance, actually amounting to about
1,000 lbs. As the weight on these wheels
was 22,000 lbs., the force on the rail at the
speed estimated varied from 57,000 lbs. to
an upward force of 13,000 lbs. A portion
of the rail was experimented with in a test-
ing machine, and it was found impossible
to bend it in the same manner as had oc-
curred on the track, with different centres
of supports and with loads as high as 200,-
000 lbs. While the cause of the damage
was thus located, the method by which it
was effected was still not apparent, and a

becomes greater than the effect of
the counterbalance. Since the latter
continues to decrease, and at 90°
becomes zero, and later in its turn
acts downward, this force increases
rapidly. Further consideration indicates
that the upward velocity of the wheel, zero
at — 37°, gradually increases until the wheel
has turned to 37°, when its upward velocity
is a maximum, since, while the forces acting
on it upward have been decreasing from 0°,
they have still been acting to increase its
upward velocity. As the downward forces
become reversed, they first destroy this
upward velocity, which becomes zero at
about 75° -after which they impress on it
an increasing downward velocity until the
wheel reaches the rail. To find the point
at which this takes place, it is necessary
to plot the space line or that showing the
movement of the wheel vertically upwards
from thé rail. This commences with zero



