ARROW SPEED ESTIMATION

The speed of an arrow reduces continuoudy from the time it leaves the bow and an gpproximation to
the rate of reduction has been derived to be u = upexpi—kx where u is the instantaneous speed at a
distance x from launch and u, isthe initial speed. k isthe drag factor (estimated to be 0.00375m™).
Thusif theinitial speed is known the speed at any other distance can be estimated.

There are three basic ways to estimate initiad arrow speed: measure it directly with aradar or smilar
device, estimateit by consdering energy transfer from bow to arrow and estimate it from measurements
taken in arrow flight tests. Speed measuring devices can be found a some archery shops but amore
convenient gpproach isto use one or other of the estimation methods since this gives some ingght into
how the speed changes when bow or arrow specifications are changed. 1n one case there is no need
even to shoot arrows!

Energy Considerations

At full draw the bow has a potentia energy which can be caculated. Thisenergy istransferred to the
arrow as kinetic energy abait with some loss due to the inefficiency of the trandfer. Energy iswagted in
the movement of the limbs and string and is ultimately dissipated by vibration in the bow, stabilisers,
dampers etc.

Recurve bows and longbows are essentialy springs where the bow poundage increases roughly linearly
from zero at the bracing height to amaximum at full draw. If the spring stiffnessis p and the drawn
distance is b then the poundage Pg is pb (the acceleration due to gravity, g, converts the draw weight to
aforce). Thetotal energy at full draw isthe area of the draw-force curve (roughly triangular for these
bows).

b

The area of the triangle is%pb2 = %Pgb. The kinetic energy of the arrow when it findly leaves the string
is%mug where misthe arrow mass and u,, isitsinitial speed. Equeting the potentia energy and the
kinetic energy we may draw two conclusons:

1. At condant efficiency theinitia speed is proportiond to the drawn length of the bow

2. The velocity may be estimated from ug = qln%gb , = isdimensionless so it may be expressed in any
consgtent units (e.g. Ib/lb or kg/kg), 1 isthe efficiency of energy trandfer and isdso dimensonless. To
be consistent with the other notes u,, b and g are measured in MK S units. P can be measured with a



bowscale, b with aruler and m with kitchen scaes (use dl you have and divide by that number). g and
1 aretypicad vaues.
Asan example, if g istaken as9.81 m/sec?, P = 40lb, m = 0.70z, b = 50cm and i = 80% then

Up = Jo.s « 4046 . 989, 0.5 = 60M/sec or 196 f/sec.

0.7
Arrow Flight Considerations

In the note on Sight cdlibration two versons of the equation were discussed, one based on asmplified
theory and the other based on measurements. For reference the two equations are:

s=so+ % +;TiR(1+§kF{

5= 5+ %L + AR+ 2kR)
It was suggested that s, and A may be determined by measuring the sight setting at two ranges (as far
apart as possible for best accuracy). Using g and d the distance from eye (or pegp sight) to sight pin, u,

isgiven by
gd
Up = J;
Asan example, with g = 9.81 m/sec?, d = 900mm, A = 1.2mm/m, u, turns out to be 60m/sec.

Using this method of caculating the arrow speed no assumptions are necessary about bow efficiency or
the draw-force curve, thus, the equation appliesto all types of bow.
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