
When purchasing fire apparatus, some of the unwary persons
responsible for the acquisition are under the assumption that
“Bigger is Better”. This myth often will provide an apparatus or
piece of equipment that is prone to problems and reduced perfor-
mance. One such problem encountered is in the foundation
brakes of a truck chassis.

It is not uncommon for the fire apparatus committee to discuss
with a manufacturer or group of manufacturers the selection of
components for an apparatus. From these discussions a set of
purchase specifications are drafted for the apparatus.

There is a possibility that because of prior problems with a
piece of equipment the specifications are “beefed up” to the point
of overkill without regard to or knowledge of the consequences.
Since the apparatus will likely be in service for some 10 to 20
years a specification committee sometimes asks that the design
allow for the possibility of extra capacity for future expansion.
We may want to carry this or that in the future so let’s have
“growing room”.

Let’s create an example:

A fire department works with manufacturer ABC to
develop a bid specification. Manufacturer ABC’s speci-
fication was selected for publication since in prelimi-
nary findings this manufacturer could provide an appa-
ratus within the price range or with the features that the
department liked.

The published specification was left open for the bid-
der to make the material selection for the apparatus
body and water tank. Why was the material selection
left open? Manufacturer ABC proposed a galvaneal
body with a galvanized water tank, but the department
realized that an aluminum body and/or poly tank would
be more desirable. With the equipment required on the
apparatus by NFPA and the department’s idea of “grow-
ing room” the apparatus designed with manufacturer
ABC required an 18,000 front GAWR and 27,000 rear
GAWR. Several responses to the call for bid were
received. During evaluation of the bids the department
accepts and awards the contract to a bidder that provides
an aluminum body with a poly water tank.

During the pre-construction process of ordering the
apparatus the department is adamant that it needs the
18,000 front GAWR and 27,000 rear GAWR.

The apparatus is built. The department accepts the

piece of equipment and is proud of the purchase they
made. Some time later the apparatus starts to develop
brake noise.

Sound familiar? Let’s examine the potential cause for the brake
noise. The apparatus as delivered met the department’s specifica-
tion that included an 18,000 front GAWR and 27,000 rear
GAWR.

The apparatus is purchased, and at the time of delivery,
includes all of the specified features and equipment except there
is an aluminum body and poly tank reducing the in-service
weight of the apparatus. Oh yea, don’t forget the department
wanted “growing room”. With the lighter apparatus design and
“growing room” the apparatus in-service only weights 15,800
pounds on the front axle and 21,000 pounds on the rear axle. This
is a problem!

Author’s note - Several rebuttals, I am sure, are coming to
mind as to why the department should have purchased the truck
from manufacturer ABC, but, we will leave that for another day.
In fact, send your rebuttals into Mail Call!

According to a leading axle manufacturer for the fire service,
if the in-service laden weight of an axle is greater than 10% less
than the certified GVWR there is a likelihood of brake noise due
to glazing of the brake shoe and brake drum. Why? Emergency
vehicles are designed with a different brake lining compound
than a highway truck. Due to the performance requirements
established by axle manufacturers for the fire service the lining is
more aggressive with a higher coefficient of friction to reduce
brake fade. In dynamometer testing, a requirement of FMVSS-
121, brakes are tested at their rated load. When the brakes are not
worked to the design criteria by having a reduced weight the fric-
tion surfaces of the lining, and sometimes the drum, will not
properly heat causing surface glaze rather than burn or wear. The
effect of surface glazing can be equated to having ice on your
windshield and trying to use the wipers to eliminate it. As in the
case of the windshield the surface needs to be scraped off (cut
off) of the lining and drum removing the crystallized layer.

How do we solve the problem? Properly size the brake actuat-
ing system for the in-service weight of the apparatus. To get there
we need to have a basic understanding of brake forces and brake
operation.

The energy required to stop a 45,000 pound apparatus from a
speed of 30 MPH within 75 feet with all tires having a 20 loaded
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radius is calculated from the following formula:

First we’ll calculate the deceleration rate necessary to stop
within the distance:

V2

SD = ————————- + (t) (v)
(2) (32.2 x Kr)

[(30)(1.467)]2

75 = ————————- + (.2)(30)(1.467)
(2)(32.2 x Kr)

1,936.88
75 = —————————— + 8.802

64.4 x 2 Kr

1,936.88
2Kr = ——————- + 8.802

64.4
——————————

75

30.076 + 8.802
2Kr = ————————— = 0.518

75

Kr = .259 deceleration rate in G’s

Next, we’ll calculate the Brake System Deceleration Rate
Required:

Kb = Kr – RR - Ar + G

Kb = .259 - .015 - .003 + 0

Kb = .241

The final calculation provides the brake torque necessary to
stop the load at the 30 MPH speed within 75 feet:

BTr = CW x LR x Kb
BTr = 45,000 x 20 x .241

BTr = 216,900 in-lbs total braking capacity

This is brake torque required for our sample vehicle for brake
certification and compliance to 49 CFR 571.121 at a 45,000
pound GVWR. If we calculate the same torque necessary for the
identical conditions except change the weight to the vehicle in-
service weight we find:

BTr = 36,800 x 20 x .241

BTr = 177,376 in-lbs total braking capacity

SD – Stopping Distance
V – Velocity (ft./sec.)
T – Brake System Response
Kr – Deceleration rate Necessary to meet stop

` ping distance (in G’s)
Kb – Brake System Deceleration Rate

RR – Rolling Resistance of the vehicle
(expressed in # / 1000)

Ar - Air Resistance of the vehicle (expressed in #

/ 1000)
LR – Loaded Tire Radius
G - Effective Deceleration (Acceleration) Rate of

Grade = (Sin-1 tan % Grade)
BTr – Brake Torque Required to Meet Stopping

Distance
CW – Weight of the loaded apparatus
GVWR – Gross vehicle weight rating
1.467 = ft / sec / MPH

Energy / Heat Dissipation Duty Cycle

Energy required to bring the vehicle to a complete stop at
GVWR:

1

Ev = ——- MV2

2

1 45,000

Ev = ——- x ————— x 302 = 628,882 ft-lbs

2 32.2

Ev = 628,882 / 778 = 808 BTU per stop

Ev – Energy vehicle in ft-lbs

M – Mass of vehicle in slugs (1 slug = 1

pound / (ft/sec2)
V – initial velocity in ft / sec
1 BTU = 778 ft-lbs

Energy required to bring the vehicle to a complete stop at
in-service weight:

1 36,800

Ev = ——- x ———x 302 = 514,286 ft-lbs

2 32.2

Ev = 514,286 / 778 = 661 BTU per stop

Continued on next page



Energy Dissipated by the Brake Drum

The most common S-Cam brake found in a fire apparatus is a
16-1/2” x 6” front and 16-1/2” x 7” rear. This is where the com-
monality stops! The brake size is only a single part in the foun-
dation brake system.

The input power to the brake shoes is developed by the
mechanical actuating system. The mechanical actuating compo-
nents of the brake system include the brake chamber size (area)
and the slack adjuster (S-Cam lever) length. Let’s look at a basic
comparison of these components.

Calculating the Brake Power developed into the camshaft we
use the following formula:

Pb = C x SL x BPSI
Pb = 30 x 6 x 30

Pb = 5,400 in-lbs

Brake chamber size – 30 square inch
Slack Adjuster length – 6”
Brake air pressure with brakes applied – 30 psi

Where:
C – Brake Chamber Area in Square Inches
SL – Slack Adjuster length

BPSI – Brake Application Pressure

The chamber type is the nominal area of the piston or
diaphragm in square inches. One thing to note is that all cham-
bers are not alike. There are variances in the output forces of
chambers of the same size due to internal design differences.
Investigation into chamber forces should be examined on an
individual part number basis by comparing manufacturers pub-
lished output charts.

Some of the aspects we did not discuss in the process of over
spec’ing an apparatus are the facets of increased weight, increas-
ing the initial purchase price and a probable increase in mainte-
nance cost. For another time!
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