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GEAR, SPEED, REVOLUTIONS

This note links the end gear ratio with speed, engine revolutions,
and wheel size.

Definitions

Time
One hour h has 60 minutes m.

1
1h =60 Im = —h
i e S e

Distance

One mile ms has 63360 inches in. One kilometer km has 100000 centimeters
cm.

1
Lmi — . Lin — .
me = 63360:n or lin —63360mz
1
km 00000em  or lem 100000 km

Wheel size

Wheel size is expressed by its radius d, diameter D (D = 2d), or circumfe-
rence (2rd = D), either in inches in or centimeters cm. The circumference
is actually the travelled distance during one wheel turn wt.

lwt = 27d

Speed
mph (kmh) expresses travelled miles (kilometers) per hour.
km

mi
mph = 17 and kmh = Th
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rpm expresses the engine revolutions r per minute.

-
rom = —
p 1m

The end gear ratio egr is the combination of differential and transmission
gear ratios. egr gives the engine revolutions needed per wheel turn. It is
expressed as r : 1, r being the engine revolutions for one wheel turn.

r

eqr = ——
g lwt

The driving gear (i.e. engine) turns r times for each turn of the driven gear
(i.e. wheel). For r > 1, and with respect to the engine rotations, this results
in a speed reduction and a torque increase. Put in other words, the output
speed is r times slower than the input speed, but the output torque is r times
more than the input torque.

The higher the ratio number, the lower the gear ratio. For example, a 10:1
gear ratio is higher numerically, but in terms of speed of the driven gear it
is a lower gear ratio than 2:1. A low numbered ratio (i.e. a tall or high gear
ratio) provides a high speed. A high numbered ratio (i.e. a short or low gear
ratio) provides high torque and fast acceleration. Put in other words: the
lower the number, the faster the car goes with the same number of engine
revolutions; the higher the number, the better the car accelerates, but at the
expense of high speed cruising.

Putting together the definitions of egr and rpm, egr x lwt = r and rpm X
1Im = r, and eliminating r, egr x lwt = rpm X 1m, we get the number of
wheel turns per minute (or per hour).

wt rom wt rom
we_rmmo W gt

m eqgr h eqgr
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To get the travelled distance in inches (miles), the formula is adapted using
the travelled distance during a wheel turn.

Z;: — ord" (60W> e g (60

Tpm>
eqgr h 63360

eqgr

The relation can be simplified for speed and engine revolutions.

528

Wdin

wd™ rpm
528 egr

rpm = mph X egr

mph =

A car drives fast with a high running engine, large wheels, and a tall or high
gear ratio. Put in other words, to achieve a given speed, an engine has to
run particularly fast in case of small wheels and/or a low or short gear ratio.

The relation can also be written using the diameter D and getting rid of .
For example for the speed

D™ rpm N D™ rpm
2 x 528 egr 336 egr

mph =

By analogy, the equivalent equations are the following:

T orgem (60”’””) S (60“0 m) .
h eqr h 100000 eqgr

The relation can be simplified for speed and engine revolutions.

833.3
71-dc’m

_ wd™ rpm .
kmh = g5 o rpm = kmh X egr

Assume an egr=1 and engine rotations of rpm=1000. Moreover, the wheel
has a circumference of two meters, i.e. 200cm (d“" ~ 32). Therefore, due to
the unity gear ratio, the vehicle travels 200000 centimeters per minute, or 2
kilometers per minute, or 120 kilometers per hour.

200
200 ¢
kb = FO TP ek = ax 1000
8333 egr 8333 1
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In case of a lower gear ratio, i.e. egr = 5 or egr = 10, the vehicle drives more
slowly.

722 1000 22 1000

kmh = —="— =24 d kmh = ———— =12
T 8333 5 e A = 8333710
In case of smaller wheels, still with unity gear ratio, d" = % ~ 16 or
dm = % ~ 8, the vehicle drives more slowly.
200 200
m=— 1000 m%— 1000
kmh = —37_——— = 60 d kmh= 3"~ =
T 8333 1 andhmh =ga337 1 =W
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Figure 1: kmh as a function of rpm for different egr (d" = 22).
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Figure 2: kmh as a function of rpm for different wheel size d“" (egr = 1).

Disclaimer: All the information on this note is published in good faith and for general information purpose
only. The authors do not make any warranties about the completeness, reliability, and accuracy of this in-
formation. Any action you take with the information you find on this note is strictly at your own risk. The
authors are not liable for any losses and/or damages in connection with the use of this note. Contact us for
any comments and/or corrections you may have: heritageautomobile@cuche.net, https://cuche.net.
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