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SERIES PREFACE

This manual is one of a series written to make available designs of basic equipment intended
to be made by institutions for their own use in teaching and research in agricultural
engineering and associated technologies.  They are directed at the study of the functional
performance of various machines and items of equipment and particularly at the important
elements which determine that performance.

As well as providing drawings showing the main dimensions of the equipment, the manuals
also include basic theory, design considerations, and techniques for their calibration and use.
The designs are based, as far as possible, on the use of  industrial components. In addition to
specifying part numbers and sources of supply for purchased components, the latter have
also been specified, where possible, in terms of size / capacity / performance so that suitable
alternatives may be used.

A range of types of transducer from simple manually read  devices to more complex
electronic units may be used with the designs. In this way the latter can serve a range of users
and can remain in use as the level of instrumentation grows.

The designs  have been provided by individuals who have had experience in their
development and use. We would value comment, criticism, and suggestions for
improvements.

The assistance of the Australian International Development Assistance Bureau in providing
financial support for the original preparation of the material for publication is gratefully
acknowledged. They were originally printed and distributed to interested people by the Editor
in 1991.

They are but are now being made available to a wider readership by being republished in a
slightly amended form on the ePrints Repository of the University of Melbourne and can be
down loaded free of charge at: http://eprints.unimelb.edu.au/

The manuals and associated drawings may be freely copied for non-commercial purposes.
However acknowledgement of the source of the designs is requested in any publications
resulting from their use.
                                                             R.H. Macmillan
                                                                               Editor

Senior Fellow
International Development Technologies Centre
Department of Civil and Environmental Engineering
University of Melbourne
Parkville Victoria  3010 Australia

r.macmillan@devtech.unimelb.edu.au

October 2003
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Table 1  -  Glossary of terms

Brake A member, the rotation of which is impeded by a clamp; it absorbs energy
and generates a torque load against which the power source operates and
which can thereby be measured.

Calibration The relationship between a series of measured values (e.g. the force in
the load cell on  the dynamometer) and the desired value (e.g. the
draught).

Draught (load) The horizontal component of the load; equal and opposite to the drawbar
pull.

Drawbar pull The horizontal component of the force exerted by the power source
(tractor); equal and opposite to the draught.

Load The (total or resultant ) force exerted by an implement or (in this
manual) by the  dynamometer.

More generally it is the magnitude of the task.

Power The rate of working  =  speed x force  in the direction of the motion.

Power source A device (tractor) that generates power by generating a moving force.

Performance Generally  the magnitude or capacity of a machine  to achieve its
function under various conditions.

Torque The turning effect of a force; equal to the magnitude of the force x the
(perpendicular) radius.
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TRACTOR  DYNAMOMETER

SUMMARY

This manual, which is one of a series on locally made equipment for teaching and research in
agricultural engineering, describes a  dynamometer for testing small tractors on soft and firm
surface conditions.

The dynamometer is stationary and the tractor operates via a rope and drum against the action
of the disc brake in a 'pull-out mode'.  The frictional force generated between the brake pads
and the disc is used to determine the draught.

The dynamometer is specified by construction drawings and an associated parts list;  sources
of supply are provided for the major parts to be purchased.  The method of calibration and
use of the dynamometer are described.

A vehicle suitable for testing small tractors and animals on firm surfaces (and based on the
same loading system) is described in Manual No 2.1.

Key words: Equipment, teaching,  research, agricultural engineering, dynamometer, brake,
small tractor, pull, speed, power, performance.

'The majority of all men who have ever lived have been bound to drudgery on the land - we
are breaking away from that servitude.'

USDA Yearbook 1960

1.0  INTRODUCTION

1.1 Background

Tractors and animals are both used to pull implements and other equipment in agricultural
operations.  In the following discussion, they are initially considered together as "power
sources".

In using such power sources, it is desirable to know their capacity and limitations (generally
termed their performance), so that they may be:

(a) set up and managed in the most effective manner;

(b) operated within these limitations.

Their performance cannot be accurately predicted and it is therefore necessary to measure it
under various conditions.  The management of a tractor and of animal will of course be
different due to the differences in their nature and inherent characteristics.  However, the
measurement of their performance has much in common and, in some circumstances, a
similar measurement device is suitable for evaluation of both.

A vehicle that is suitable for testing small tractors on both soft and firm surfaces is described
in this manual.

Note:  Terms in bold type are defined in the Glossary of Terms, Table 1
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1.2 Performance testing

In determining the performance of a power source, it is necessary to explore this by varying
the output demand (commonly called the 'load') on the source and by measuring how it (the
source) responds, as represented by other measured parameters.  For example, it is usual to
vary the draught from zero up to a maximum and to measure how the speed varies.

The simplest arrangement for measuring the performance of a mobile power source such as a
tractor or animal is to use a pulling or a 'drawbar' test.  This has sometimes been
accomplished while the source has been pulling an attached implement.  It involves the
measurement of implement draught load and the speed of the power source, as well as any
other parameters such as, for example, wheel slip or fuel consumption for a tractor or the
body temperature for an animal.

The use of an agricultural implement for generating a load in this way during tractor or
animal testing is generally unsatisfactory, for the following reasons:

(a) The draught of the implement must be varied, for example by varying the implement
depth. The variation required may be of such a magnitude that the range required for
exploring the capacity of the source cannot be achieved.

With a small implement, it may be possible to provide the required minimum draught,
but its maximum will not reach the maximum capacity of the source.  On the other
hand, a bigger implement may be capable of reaching the maximum draught, but not the
minimum.  In summary,  the  implement draught must be able to be varied from a value
greater than the maximum pull of the source to a minimum that is a small proportion of
the latter.

(b) The second problem is associated with the control of the load at a constant value.  The
load developed using, for example, a cultivation implement, will be determined by the
working depth and, in effect, by the strength of the soil.  Under field conditions, it may
be possible to maintain a reasonably uniform depth, but the draught load will still  vary
with the normal variations in the strength of the soil within the test area.  Hence, the
fluctuating load makes data collection difficult.

Given these problems in testing power sources using implements, it has been common to use
purpose-built load vehicles for this work. This manual describes and provides specification
for such a device for testing small tractors on both soft and firm surfaces.
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2.0 CHARACTERISTICS OF POWER SOURCES

The characteristics of tractors and animals as power sources may be listed and compared as follows.

2.1 Tractors

A tractor is essentially an engine and
associated transmission driving two or
more wheels.  It therefore has the
characteristics of many such mechanisms:

(a) Travel speed is the fundamental
parameter for the tractor;  it
essentially is set by the engine speed
and the gear ratio chosen by the
operator.  It will, however, vary
somewhat with draught due to
wheelslip.

(b) Its performance, in any given
circumstances, is essentially constant,
i.e. it does not vary with time due to
tiring (as for an animal) or
significantly due to wear.  Hence
measurement can be made over a
short period of time;  it can be
assumed that the tractor could go on
operating in that way indefinitely.

(c) Its performance is determined by
and limited by the capacity of:
(i) the engine;
(ii) the transmission;
(iii) the wheels or tracks;
and by external factors such as the
strength of the soil on which it is
operating.

(d)  Its performance may be measured
by and represented in terms of
fundamental parameters of
mechanics such as force, speed,
torque, power, fuel consumption,
etc.  It is not necessary to specify an
implement or an operation being
undertaken.

 (e) It is assumed that its capacity is not
limited by the malfunction of
internal mechanical systems such as
slipping of the clutch or breakage of
transmission components.

2.2 Animals

An animal is quite different to a
mechanical system such as a tractor and
hence its performance must be measured
under different testing arrangements.

(a) Speed is the fundamental parameter
for the animal and is essentially
constant  for one type of gait (e.g.
walking).  It will, however, vary
somewhat with the draught load.

(b) Its performance will vary with time as
the animal tires and becomes hungry.
Hence it is necessary to test the
animal in a controlled way for a long
period of time, so that the effect of
tiring is included in the performance.
It will also vary with the extent of
urging (e.g. shouting or even
beating);  if resorted to, its effect
would be  difficult to measure.

(c) Its performance will be determined by
and limited by internal factors such
as:
(i)   the strength of the animal, hence
(ii)  size (weight),
(iii) feeding, and by external factors
such as:
(i)  the surface on which it is working,
(ii) temperature, humidity, etc.

(d) Its performance may be measured by
and represented in terms of
fundamental parameters of mechanics
such as force, speed, power, and
physiological parameters, such as
body temperature, heart rate, air
consumption, etc.  It is not necessary
to specify an implement or an
operation being undertaken.

(e) Its performance is not mechanically
determined and may vary from time to
time according to various
physiological changes.
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3.0 LOADING  SYSTEM

It is well known that the performance of a power source in drawbar work depends on the
surface on which it is operating.  The form of the most suitable loading device will also be
determined by  the surface.

With a soft surface, a towed vehicle would sink and control of the load would not be
possible.  An alternative form of loading is therefore required and, for tractors, this can be
achieved with the 'pull-out' dynamometer discussed below.

As noted above, the testing of animals usually takes place over relatively long periods of time.
This dynamometer using the pull-out system is not suitable to determine their performance,
because there is a relatively short length of rope on the drum (e.g. 40 metres) and this is
insufficient to take into account the effect of tiring, hunger, increasing body temperature and
other physiological changes.

For testing tractors and animals on firm surfaces, a towed vehicle is suitable.  Such a vehicle
is described in Manual 2.1.

3.1 Requirements

The requirements for a loading device for testing power sources may be stated generally, as
follows. It should:

(a) generate a mobile draught load up to the maximum capacity (drawbar pull) of the
power source;

(b) provide a minimum draught load which is a small proportion of the maximum, e.g. not
more than say 10%;

(c) allow precise adjustment of the load, either in small finite steps or in a continuously
varying manner;

(d) provide a constant load at any setting, irrespective of minor speed variation;

(e) allow measurement of the load.

3.2 Energy absorbtion

The essential element of any load vehicle is an energy absorbing mechanism, driven in some
way by the power source.  As the energy is being absorbed, the draught force can be
measured.

The energy absorbing mechanism described in this manual consists of a disc brake mounted
on an axle.  Other forms of brake are possible, but the disc type is considered superior
because of its ease of adjustment and of its better heat dissipation characteristics.

3.3 Draught load measurement   

In general, loads on the power source do not act horizontally, but also have a vertical
component. However, we are usually interested in measuring the performance of the power
source in terms of the horizontal component (the draught), since this is the component
against which work is done. In the dynamometer described here, a horizontal (strictly parallel
to the slope) draught can be achieved.



Locally Made Equipment for Teaching & Research in Agricultural Engineering : R.H. Macmillan

8

F
ig

ur
e 

1:
 G

en
er

al
 a

rr
an

ge
m

en
t 

of
 d

yn
am

om
et

er



Locally Made Equipment for Teaching & Research in Agricultural Engineering : R.H. Macmillan

9

4.0  DYNAMOMETER

4.1 Introduction

As noted above, the testing of tractors on a soft surface by towing a wheeled vehicle is not
possible because of the excessive sinkage.  The pull-out system, shown in Figure 1, may
therefore be used for this purpose, as well as for testing tractors on firm surfaces.

The use of a horizontal load does not simulate the effect of a tractor supporting an implement
and it is not intended to.  If the intention is to test the performance of the tractor under
different wheel loads, this can best be achieved by putting various static weights on the rear
wheels of the tractor and measuring the performance with a horizontal draught load.

A load cell is fitted to the end of the brake linkage to measure the reaction force on the brake
pads. This produces a reading corresponding to the brake torque, which in turn relates to the
draught generated by the dynamometer.  By varying the clamping force between the brake
pads and the disc, the torque and therefore the draught load can be varied from test to test to
explore the performance of the power source.

The friction torque in the main bearings that support the brake and drum is not measured, but
because they are ball bearings, this torque is negligible.

The maximum draught capacity of the dynamometer will depend on the capacity of the brake
to generate the torque and absorb the energy.  The minimum will be zero when the brake is
fully released for the reason given in the preceding paragraph;  hence the requirement in
Section 3.1 (b) can be met.

4.2 Set up and Use

(a) General

The  dynamometer is designed to be mounted on the three-point linkage of a supporting
anchor  tractor.  The drawing shows the components necessary to do this on a tractor with
Category 1 linkage system . Alternatively, the dynamometer may be mounted on a separate
set of wheels as a trailer;  details of such an arrangement are not provided.  The trailer would
need to be prevented from slipping sideways.

(b) Drum, cable and brake

The dynamometer includes a drum mounted together with the brake on the main shaft.  A
cord is wrapped around this drum and is then connected to the drawbar of the test tractor.  As
the latter moves across the test surface, it unwinds the cord from the drum and is subject to a
draught load generated by the brake, the rotation of which is opposed by the action of the
brake pads and associated clamp bars.  The force on the latter is reacted through and
measured by the load cell, which in turn is anchored to the frame of the dynamometer.

(c) Brake adjustment.

The load on the power source (the draught) is altered by varying the clamping force of the
brake pads on the disc.  This should be changed in steps, beginning at 'zero' load, to fully
explore the capacity of the source.  It may also be necessary to vary the brake pad clamping
force slightly during a test to keep the draught load constant.

Before beginning a series of tests, it is also desirable to use the dynamometer with the brake
operating for some time to clean any rust or other material from the disc surface.
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Figure 2: Plan view of layout of test site

(d) Load cell

This Manual does not specify the type or capacity of the load cell to be fitted to the
dynamometer.  This may be chosen according to existing instrumentation systems and local
circumstances.  Its maximum capacity should be greater than the brake force corresponding
to the maximum drawbar pull of the source (with some allowance for overload).   By
substituting the dimensions of the dynamometer (drum + cord radius and mean brake pad
radius) and the expected maximum draught into Equation 1, in Section 4.4, the capacity of the
load cell required may be calculated.

Manual No 1 describes one type of load cell, based on a hydraulic cylinder, which proved
satisfactory in a dynamometer such as this.

It is necessary that the attachment and adjustment of the load cell to the anchor using items
G2 and G3 be such that the support links E1 appear to be at right angles to the clamp bars
(D1), in the side view, when measurements are being taken. Failure to maintain this
relationship during measurement will result in incorrect readings.

(e) Location

In using the dynamometer, it is necessary to locate it so that it can be moved along one side
of the test area and allow the test tractor to operate back and forth, as shown in Figure 2.  It is
also necessary to arrange the height of the dynamometer so that the cord is horizontal when
the test is being conducted.

(f) Period of test

Because of its mechanical nature, the performance of a tractor does not vary significantly with
time.  Hence on a uniform test area, it is only necessary to measure the performance of the
tractor over a short period of time (a minute or two) for each setting, e.g. for each gear.
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Figure 3: Analysis of the rig

0

500

1000

1500

2000

2500

0 200 400 600 800 1000

Force in load cell, N

D
ra

w
b
ar

 p
ul

l, 
N

Ideal

F

D

Actual

Figure 4: Typical calibration of the dynamometer



Locally Made Equipment for Teaching & Research in Agricultural Engineering : R.H. Macmillan

12

4.3 Construction details

The construction details of the dynamometer are shown in Drawings No 2.2/1, 2.2/2 and the
associated Parts List, Table 3 (Appendix 1).  Sources of supply are shown in Appendix 2.  A
description of the various aspects of the construction of the dynamometer is given in
Appendix 3.

4.4 Calibration of the dynamometer

The use of the dynamometer involves the measurement of the reaction force on the brake
pads using a load cell and the calculation of the draught load.

The calibration of the dynamometer shows the relationship between the draught load (the
tension force in the cord) and the reading of the output from the load-cell (in whatever
particular form it may be arranged).

For the brake, we can calculate a theoretical relationship as follows  -  see Figure 3.

Taking moments about the centre of the drum/brake shaft, we have:

Draught x (rad. of drum +  rad. of cord)  =  Force in load cell x mean radius of brake pads

Draught  =  
force in load cell x mean radius of brake pads

(rad. of drum +  rad. of cord)  (1)

Assuming that the load cell has a linear output, this relationship will also be linear because all
of the terms are constant.  Thus:

Draught  =  constant x force in load cell (2)

The objective of the calibration procedure is to check this relationship. A typical result will
appear as shown in Figure 4.  The difference between the actual and ideal calibration was due
to gland friction in the hydraulic cylinder type load cell used.

From this, it will be possible to enter the graph, for example, at a measured force in the load
cell (e.g. at F), and read off the draught (e.g. at D).
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APPENDIX 1

Table 1 – Parts List

                                 PARTS   LI ST             
Item Name Material or description Reqd.

A Main Frame Group
A1 Main frame Mild steel (MS) angle, 50x50x6 1
A2 Brace MS flat 50x6x400 2
A3 Anchor MS angle, 50x50x6 1
A4 Tie MS flat, 50x3 1
A5 Cover MS flat, 50x3 1
A6 Pivot, brake pad group support MS angle, 50x50x6 4
A7 Linkage bracket MS angle, 50x50x6 2
A8 Pin MS flat, 22 D 2
A9 Pedestal (1 RH, 1LH) MS angle, 50x50x6 2
A10 Stay MS flat, 50x6 2
A11 Joiner MS flat, 50x6x48long 1

B Brake Group
B1 Brake, disc with hub See Appendix 2 1
B2 Bush, QD (quick detach) Size E, to suit items B1 and C1 1
B3 Bolts, bush to hub To suit items B1 & B2 or M10 x 50 long 3

C Axle Group
C1 Axle Bright MS shaft, 50 (or 2 inch) D, 830 long 1
C2 Bearing, ball in pillow block 50 (or 2 inch) D bore to suit item C1 2
C3 Bolts, bearing to main frame To suit item C2 4
C4 Drum cylinder MS plate, 3 thick; roll 230 OD (approx) 1
C5 End plate, drum MS plate, 6 thick; 250 D  2
C6 Centre plate,drum MS plate, 3 thick; 224 D  1
C7 Bolt, drum to disc M10 x 25 long 4
C8 Hand ring MS rod,12 D, roll 250 ID 1

 
D Brake Pad Group
D1 Clamp bar MS angle, 50x50x6 2
D2 Brake pad Automotive type lining, 6x50x200 long 2
D3 Brake pad attachment screws Brass, countersunk, M6  w/- nuts 10
D4 Clamp bolt, rear M16 x150 long w/- nut & flat washer 1
D5 Clamp bolt, front M12  x150 long w/- nut & flat washer 1
D6 Spindle, extension 12 D x 150 long 2
D7 Hand wheel MS plate,100 D x 12 thick 2

E Brake Pad Support Group  
E1 Support link MS flat, 38x3 4
E2 Pivot pin, short, upper Bright MS; 12 D 2
E3 Pivot pin, long, lower Bright MS; 12 D 2
E4 Flat washer 12 ID 10
E5 Split pin 3 D 8
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APPENDIX 1

Parts List (contd)

                                 PARTS   LI ST (Continued)            
Item Name Material or description Reqd.

F Cover Group
F1 Cover, top Galv. MS. sheet, 0.45 (26 Ga) 1
F2 Attachment screws 6 D, self tapping (pref. cad. plated) 8
F3 Cover, bottom Galv. MS sheet, 1.2 (18Ga.) 1
F4 Attachment bolts M10 x 6 long (pref. galv.) 4
F5 Drain Bolt, M10,15 long; half nut (pref Galv.) 1

G Load Cell Group
G1 Load cell Local supply or refer Manual No1.1 1
G2 Anchor rod MS rod, M16  thread, length to suit G1; 2 nuts 1
G3 Clevis plates MS flat, 38x6 2
G4 Load cell pins MS rod, D to suit load cell; split pins 2

H Miscellaneous
H1 Protective coating Cold galv. or metal primer & 2 finish coats   - 
H2 Cord Nylon 5 D x 40 m long 1

APPENDIX 2

SOURCES  OF  SUPPLY

1. Brake components

The parts are available from the following:

Item No Description                                                  Part  Nos

B1 Brake, disc (16inch, SG iron) cpte w/- hub AT1234A
B2 QD (Quick Detach, taperlock) bushing NGC 2517

(as shown on the drawing)

• Norman G. Clark (A/Asia) Pty Ltd,
44 Kylta Road, West Heidelberg,
Victoria, 3081,  Australia.
info@ngclark.com.au
www.ngclark.com.au

B1 Disc (without hub or bushing)        683 0138
(requires flange to suit disc)

• Twiflex Ltd,
104 The Green, Twickenham,
Middlesex,  England.
sales@ twiflex.com
http://www.twiflex.co.uk

Equivalent parts are also available from a range of other suppliers/ manufacturers.

A disc made from a motor truck disc brake may also be adapted for use in this
application.
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APPENDIX 3

DESCRIPTION  OF  DYNAMOMETER

This description of the constructional features of the dynamometer is made with reference to
the Drawings No 2.2/1 and 2.2/2 and the Parts List, Table 3, Appendix 1.

* Main Frame Group  -  Item A.
The main frame (A1) is made from 50 x 50 x 6 angle, but alternative sections (such as
rectangular hollow) with similar strength and rigidity would also be suitable.  The anchor
(A3) is also made from similar material welded to form a box.  It has a tension tie to resist
load cell force and a cover (A5) (to prevent water entry) made from  50 x 3 flat.  Four short
pieces of 50 x 50 x 6 angle (A6)  welded to the cross angles form the lower support for the
brake pad group (D).

The linkage attachment components are suitable for mounting the dynamometer on a tractor
with Category 1 three-point linkage.  Alternatively, the dynamometer may be mounted on a
suitable trailer;  some form of anchorage may be necessary to resist the drawbar pull of the
test tractor.

*  Brake Group  -  Item B.
An industrial type 406 (16inch) diameter, 12.7 (1/2 inch) thick cast iron disc and associated
hub (B1) is specified, as this was found satisfactory during the testing of animals and small
tractors with a dynamometer similar to the one described here.  However, other sizes of disc
or other types of brake may also be suitable.  Space has been left to fit a 457(18) diameter
disc if desired.  If such a disc is used the clamp bars (D1) should be raised.

The drawing shows a hub and a tapered 'quick detach' (QD) bushing (B2) to clamp the disc
and its associated hub to the axle (C1).  No key is necessary, as no torque is transmitted
through item B2. If the disc is bought without hub and bush, a flange can be used to attach it
to the shaft.

*  Axle Group  -  Item C
Any pillow block type ball bearing of 50 shaft (2) diameter should be suitable.  The drum
diameter is not critical, provided allowance is made for it in the calibration.  However, it is
desirable that it be near circular and concentric with the axle;  to assist this, the end plates
have been machined to locate the drum prior to welding.

The hand ring on the end plate is to assist in rewinding of the cord.  A short radial slot in the
end plate allows the cord to be anchored to the drum with a knot, but to slip out if the test
tractor travels a greater distance than the length of the cord.

*  Brake Pad Group  -  Item D
Each of the two clamp bars is made from 50 x 50 x 6 angle intermittently welded (75 mm
weld, 75 mm space) toe to toe to form a box section  50 x 56.  The screws holding the brake
pads to the bars should be recessed approx. 1.5 below the outer surface of the pad.

If there is a noticeable cyclical variation in the braking force as the disc rotates, it will
probably be due to the small variation in the thickness of the disc.  These variations will be
reduced if some flexibility is introduced into the clamping system.  This may be achieved by
fitting rubber washers  (or other very stiff springs such as Bellville washers) between the
head of the clamp bolts (D4 & D5) and the clamp bars.

Rubber washers, 32 (1 1/2) diameter, cut from an automotive tube to make up a thickness of
13 (1/2) may be fitted using a 32 (1 1/2)  diameter steel washer and the heads of each
adjusting bolt.  Alternatively, the disc may be ground to a constant thickness.
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When the dynamometer is being used, it is suggested that initially the rear clamp bolt (D4)
should be tightened so that the pads bear against the disc over their full length.  The smaller
front clamp bolt (D5) can then be used to give a fine control of the load.  If necessary,
suitable bars can be welded across the clamp bolt hand wheels (D7) to make adjustment
easier.

*  Brake Pad Support Group  -  Item E
The holes in the support links (E1) and the pivots (A6) may bind unless clearance is adequate
-  0.5 mm larger than the pin diameter is recommended.  Flat washers can be fitted in any
position on the pivot pins to ensure that the support links are held in a nominally vertical
position.

*  Cover Group  -  Item F
The semi-cylindrical top cover (F1) over the clamp bars is intended to protect the disc from
rain.  The bottom cover (F3) is to protect the disc from water splashing off the cord if the
dynamometer is used in flooded soil conditions and to prevent the disc from damage if the
dynamometer is placed on the ground.  If these occurrences can be avoided, both covers may
be omitted.

*  Load Cell Group  -  Item G
The dynamometer operates by the calculation of the draught load based on the measurement
of the tangential force on the clamp bars.  A load cell has not been specified because any
suitable cell may be used.  The capacity needed can be determined by calculation of the force
in the cell, based on the estimated maximum drawbar pull and the dimensions of the
dynamometer using Equation 1, Section 4.4.

It is necessary that the attachment and adjustment of the load cell to the anchor, using items
G2 and G3, be such that the support links E1 appear to be at right angles to the clamp bars
(D1), in the side view, when measurements are being taken.

Failure to maintain this relationship during measurement will result in an error in the
readings.

*  Miscellaneous
To protect the dynamometer, it should be painted with either cold galvanising paint or metal
primer and two finishing coats.  Moving parts should be assembled with grease.


