The Engineering Soclet SURFACE CAN-
oA EFore Aggagi%gglwo%‘iliet}y VEHICLE S, 1262 CELLED
Land Sea Air and Space JUL1999
INTERNATIONAL STANDARD oo 1979.04 E—

400 Commonwealth Drive, Warrendale, PA 15096-0001
e Cancelled  1990-10

Superseding J1262 DEC85

Sound Measurement—Trenching Machines

1. Scope—ThH SAE Standard specifies procedures for measuring operator and exterior sound levels emitted by
self-powered| trenching machines regardless of engine size. This procedure does not.coyer operation of
devices such|as backup alarms, horns, or accessories such as paving breakers.

sound levels |generated by machines under actual field operating conditions, butydo not necegsarily represent
the average gound level over a field use cycle. Measurement and calculation.of the operator's sound exposure
should follow|SAE J1166.

The sound I}vels obtained using this procedure are repeatable and representative of the higher range of

2. References
2.1 Applicable Rublications
2.1.1  SAE PusLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096:0001.

SAE J184 AUG87—Qualifying a Sound Data Acquisition System
SAE J732 FEB80—Specification Definitions - Loaders
SAE J833 MAY89—USA Human Physical Dimensions
SAE J1164 MAY90—Sound Measurement=Earthmoving Machinery - Operator - Work Cycle
SAE J1349 JUN90O—EnNgine Power Test.Code - Spark Ignition and Diesel
SAE J1384 AUG85—Classification,. Nomenclature and Specification Definitions for Trenching Machines

2.1.2 ANSI DocUMENTS—AVvailable from the American National Standards Institute, Inc., 11 West 42nd Street,
New York, NY 10036-8002.

ANSI $1.4{1983—Specifications for Sound Level Meters

3. Definitions

3.1 Trenching Machine—An off-road machine used primarily to produce trench in a continuous operation by

means of a digging chain, wheel, disk, plow blade, or other functionally similar device (see SAE J1382).

3.2 Trench—A narrow excavation. In general, the depth is greater than the width.

SAE Technical Standards Board Rules provide that: “This reportis published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8512 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS http//www._sae.org
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Instrumentation

A sound level

meter which meets the Type 1 requirements of the ANSI S1.4.

As an alternative to making direct measurements using a sound level meter, a microphone or sound level
meter may be used with a magnetic tape recorder and/or graphic level recorder or indicating instrument,
providing the system meets the requirements of SAE J184 for the frequency range that is of primary concern.
The deviations in the magnetic tape recorder frequency response from flat response, especially at lower
frequencies, must not affect the overall reading by more than £0.5 dB(A).

An acoustical

The use of a
providing tha
dB(A), under

calibrator (accuracy within £0.5 dB). (see 6.2.4).

it does not affect the A-weighted sound level of the source being measured by
zero wind speed conditions. (see 6.2.2).

vindscreen may be required under some test conditions (see 5.1.3), otherwiseitg

use is optional,
more than £0.5

An anemometer or other device for measurement of ambient wind speed and direction (accuracy within £10%

at the highest
A power sour
A thermomet
A barometer
Procedure

Test Site—T
snow or tall g
m of either tH

machine for ¢

The minimy
formed by

sealed asp
moving tes
should be |

microphoné¢ location‘and line AB and planes encompassed by points A, B, C, F, E, and

continuous

recommended wind speed). (see 6.2.2).
ce speed indicator (accuracy within £2% of the indicated reading).

br for measurement of ambient temperature (accuracywijthin £1 °C).

ne test area shall consist of a flat open space free of acoustically absorptive m
rass, and any large reflecting surfaces, such as a signboard, building, or hillside, |

perator station measurements:..See Figure 1.

m measurement area for operator station measurements (Figure 1), shall consist
points A, B, C, and D;

halt or a similar hard and smooth surface. The rectangle formed by points C, O
s on crawler-machines and shall consist of hard-packed earth or gravel. The i
pw enougho-prevent the material from sticking to the tracks. The planes betw

uniform plane. It should not have over +1% grade in the direction of travel.

exterior m

measuring |during the stationary exterior tests, and the moving exterior tests will have t

asUrement area is used, it will require reorientation of the machine for eac

In addition, exterior measurements require the triangII
microphong location and points"A and B. Both designated areas shall be smooth concret

or measuring atmospheric pressure (accuracy within +1.1 kPa of the indicated rgading).

aterial, such as
bcated within 30

e microphone or the machine being measured for exterior measurements or within 15 m of the

of the rectangle
formed by the
or smooth and
, E, and Fis for
noisture content
een the exterior
D shall form a
If the minimum
N major surface

b be run in two

opposite directions.

The other option is to enlarge the exterior measurement area a

nd relocate the

microphone with the machine in one position for stationary tests and for driving by in only one direction for
moving tests.

Because bystanders may have an appreciable influence on the meter response when they are in the vicinity
of the machine or microphone during exterior measurements, not more than one person, other than the
observer reading the meter, shall be within 17 m of the trenching machine or within 2 m of the measuring
microphone, and that person shall be directly behind the observer who is reading the meter, on a line through
the microphone and the observer. (See Figure 1.) No person other than the operator shall be in the operator
station area of the machine during operator station measurements.
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NOTE: R=30 (98.4) RADIUS MINIMUM FOR EXTERIOR MEASUREMENTS
R=15 (49.2) RADIUS MINIMUM FOR OPERATOR STATION MEASUREMENTS
DIMENSIONS ARE IN M (FT)

FIGURE 1—TEST SITE CONFIGURATION
5.1.3 The ambient sound level due to sources(other than the trenching machine being measured (including wind
effects) shall be at least 10 dB(A) lowenthan the sound level of the machine being tested at that microphone
location (sge 5.6.3).

5.1.4 STATIONARY TESTS—The machine shall be located on the hard surface area formed by points A, B, C, and D
in Figure 1

5.1.5 MOVING TES$TS

5.1.5.1 For all rupbertired machines, the path of travel shall be across the area defined by points A, B, C, and D in
the directions'shown in Figure 1.

5.1.5.2 For all track-type machines the path of travel shall be across the area defined by points C, D, E, and F in
the directions shown in Figure 1.

5.2 The machine shall be at a stabilized operating temperature during the test and must be operated in a manner
such that the break-in procedure specified by the manufacturer is not violated.
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5.3 Operator Station Measurements

5.3.1

5.3.2

5.3.3

An operator shall be selected whose physical dimensions are as close as possible to a 50th percentile
person (Reference SAE J833):

a. Standing height: with shoes 1715 mm (5th percentile - 1550 mm and 95th percentile - 1880 mm)
b. Sitting height: 880 mm (5th percentile - 800 mm and 95th percentile - 960 mm)

An operator with physical dimensions that fall outside the 5th percentile to the 95th percentile range should
not be permitted to operate the machine during this sound evaluation test.

The microphone shall be located 180 to 220 mm to the right of the centerline of the operator's head unless

side of the

perator, the microphone shall be located on the left side. The face of the microg

hone shall be in

the engineEf the machine is located on the left side of the operator. For machines with the gngine on the left

line with th
(head mou
mounted m
machine sh

NOTE—A

ear canal. The face of the microphone shall either point in the direction-ofthe
hted) or upwards (shoulder mounted). It is envisioned that for a head/mounte
icrophone, the microphone will be remote mounted via a cable. Microphones
all point in the forward travel direction.

3 mm nominal diameter microphone is recommended.

When the

st machine has a fully enclosed operator station, meastirements are to be take

bperator's vision
d or a shoulder
mounted on the

n with windows,

doors, and|vents in a fully closed position and the appropriate)climatizing accessories tumed on. For air
circulation fan(s) with two speeds, the high speed shall be.used. On fan(s) with three
positions, intermediate speed shall be used. (Intermediate.is defined as the third highest

speed posi
doors, wind
accessory

jon arrangement.) The test machine shall also be tested under a fully open ¢
ows, and vents open if they are designed\to be open during machinery operat
ans shall be off for the latter test.

5.4 Exterior Megsurements

5.4.1

5.4.2

5.4.3

The microphone shall be located 1.2 m:above the ground plane.

or more speed
of a four or five
onfiguration - all
jon. Climatizing

For stationary tests, record the sound level obtained at a distance of 15 m normal to the cgnters of the four

major surfd
rear, and s
such items
excluding S
center of rq
imaginary

considered

ces of the machine-at'the microphone height. Generally, four major surfaces r
des of an imaginary-box that would just enclose the prime mover (and auxiliary ¢
as the outside\surfaces of tires or tracks, cross conveyor (as it affects machine
uch items as-the backfill blade (if so equipped), digging boom (or wheel) protr

box defined above. These attachments should not be removed for the te
in defining major surfaces (see SAE J1382).

pfer to the front,
ngine) including
length only) but
ision beyond its

ptation, plow, backhoe boom, loader bucket, broom, and reel carrier, if they prottude beyond the

sts, but are not

For moving tests, take measurements at a distance of 15 m measured in a direction normal to both major
side surfaces, which are parallel to the machine path, as shown in Figure 1. Operate the machine in a
manner specified in 5.5.2.

5.5 Machine Operating Conditions

NOTE—Machines with an auxiliary engine shall have the main engine and auxiliary engine run separately

during tests in 5.5.1.1, 5.5.1.2, and 5.5.1.3 with the other engine shut down. During the testin 5.5.1.4
only the auxiliary engine shall be run, and only the main propulsion engine shall be run during the test
prescribed in 5.5.2.
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5.5.1

5.5.1.1

55.1.2

5.5.1.3

5.5.1.4

5.5.2

5.5.3

STATIONARY TESTS WITH GROUND PROPULSION TRANSMISSION SHIFT SELECTOR IN NEUTRAL POSITION

Operate engine at no load and maximum governed speed (high idle at no load) at a stabilized condition
with all component drive systems in neutral position.

Operate engine at no load and rated speed with all component drive systems in neutral position. Rated
speed is defined per SAE J1349.

It is recommended that care be taken to ensure stabilized combustion chamber surface temperatures prior
to this test sequence. Repeatability of sound levels may be affected with some types of engines, such as
those with precombustion chambers A cool down period of 5 mln in recommended. Operate engine at no
load with_all majo ow idle - maximum
governed speed (high idle) - low idle, this shall be accomplished as rapidly as possible, |but allowing the

engine tq stabilize for at least 10 s at the maximum governed speed (high idle) before
return to Jow idle.

With the|engine at the maximum governed speed (high idle) or manufacturer's recom

t is permitted to

mended engine

operating speed at no load in a stabilized condition, activate the appropriate hydraulic circuits, or

mechanigal, electrical, hydrostatic, or torque converter drive systems to cycle the major
component from the most retracted and/or lowered position to the fully ‘extended and/or

components or
maximum height

position and then back to the original position. Components that may be cycled are: digging boom, wheel

or plow lift, backhoe swing, loader or backfill blade lift, or steering;" as appropriate. The cg
must have controls at the operator's station. This cycling should be done as fast as pra
consideration all the pertinent safety factors and be accomplished without activating relief

mponent cycled
ctical taking into
valves.

For shorf cycle hydraulic operation, the system may.be feathered. For units such as no

riding trenching

machines without power steering or hydraulic controls, this section shall be omitted. In no case shall the
digging chain (wheel) or vibratory plow drives be’engaged for this test or other tests in thig document.

CONSTANT BPEED MovING TEST—Self-propelled trenching machines shall be operated in a forward
intermediate gear ratio at no load at a location as specified in 5.1.5.1 or 5.1.5.2. The powef source shall be
operated af maximum governed speed\(high idle). Intermediate is intended to mean secopd gear ratio for
machines with three or four gear ratios, third gear ratio for machines with five or six gear rgtios, fourth gear
ratio for mdchines with seven or.gight gear ratios, etc. (Gear ratio refers to overall gear redlictions.) If there
is a problern with the transmission shifting up or down in this phase of the test, one gear lowgr or higher may
be used tp eliminate the ‘problem. Machines with hydrostatic or electric drives will be operated at
approximatgly one-half its\maximum ground speed with the governor control set in its maximum (high idle)
position at o load. [ this operating condition cannot be attained because of the interactign of engine and
drive contrpls, then\the ground speed may be increased or decreased so as to still pgrmit the engine
governor c¢ntrolto,.be set in the maximum position.

Trenching machines-having-amajor-attachment- that | function shall be
equipped with this attachment Examples of this are backfill blade, digging boom (wheel), direct burial plow
and backhoe, as appropriate. For all tests these attachments shall be in their transport position, for example,
backfill blade fully raised; plow, boom, or wheel fully raised and restrained (if appropriate). Units with loaders
shall use carry position as specified by SAE J732.

1. For safety reasons and the undesirability of changing the location of a major noise source in retation to other major components of the machine,
steering that moves a major noise source relative to the operator station shall not be used in this test.

-5-
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5.6 Measurements

5.6.1

56.2

5.6.3

56.4

5.6.5

5.6.6

56.7

6.1

6.2

6.2.1

6.2.2

The microphone shall be located as stated in 5.3.2 and 5.4 for all operating conditions.
The sound level meter shall be set for slow response and the A-weighting network.

The ambient temperature, atmospheric pressure, and A-weighted sound level shall be measured and
recorded at the operator's station and at one exterior measurement location with the machine shut down. If
the machine has a fully enclosed operator's station, these measurements shall be taken in the same
enclosure configuration as operator tests are run. The ambient wind speed and direction shall be measured
for all tests except those operator tests that only have a closed configuration - doors and/or windows not

designed to be open during machine operation.

The stabilized maximum governed engine speed (high idle) at no load shall be measurediar

The rated éngine speed shall be monitored during the rated speed test per 5.5.1.2.

The gear ratio and approximate ground speed used during the moving test shall'be recorded.

The sound|level meter needle movement, digital readout, or graphic lévehrecorded trace s
during each test sequence at the specified microphone location. [The’highest value obser
disregarding sounds of short duration that are out of character\with the test on the m
recorded fgr each test sequence. For a digital type readout, the meter must be frequently

out-of-charpcter sound levels for the test sequence are not included if the max hold mode is
the stabilized test condition of maximum governed speed (high idle) or rated engine speed,
shall be re¢orded. For engine cycling, component cyclirig, and constant speed moving tes
5.5.1.3, 5.
each specific test mode, none of the readings are within 2 dB of each other, then additional

taken until there are two that are within 2 dB of -each other. The reported value shall be the
two values(that are within 2 dB of each otherl If there are two pairs of readings that are wit
other, report the average of the higher pair- The final report shall include a sound level rez
the five test modes and cab configuration(s) in the format as shown in Appendix A. Repor
shall be the arithmetical average of the-recorded sound levels from the exterior tests and the
levels for each test mode and cab\configuration from the operator tests.

General Comments

It is recommlended thafpersons technically trained and experienced in the current techrn
measuremengts select.the instrumentation and conduct the tests. Dedicated attention to detai

d recorded.

hall be observed
ved for all tests,
achine, shall be
reset so that the
being used. For
a single reading
conditions (see

.1.4, and 5.5.2) a minimum of three valid\readings shall be taken for each meaering point. If for

adings shall be
hverage of those
hin 2 dB of each
iding for each of
ted sound levels
recorded sound

iques of sound
and a thorough

understandinjg of the ' machine and test instrumentation operational requirements shall be a prerequisite of all

personnel attached to the evaluation program.

Proper use of all test instrumentation is essential to obtain valid measurements. Operating manuals or other
literature furnished by the instrument manufacturer should be referred to for both recommended operation of

the instrument and precautions to be observed.

The effects of ambient weather conditions on the performance of all instruments (for example: temperature,

humidity, barometric pressure, and stray magnetic fields) should be known.

Instrumentation can be

influenced by low temperature, or significant changes in temperature, and caution should be exercised.

Itis recommended that the wind speed of the air over the microphone not exceed 20 km/h.
be used in making measurements with higher wind speeds.)

(Caution should
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6.2.3 Proper signal levels, terminating impedances, and cable lengths on multi-instrument systems should be
known.

6.2.4 Proper acoustical calibration procedure, to include the influence of extension cables, etc., should be
performed. Field acoustical calibration shall be made immediately before and after the testing of each
trenching machine or at least every 4 h. The calibration before and after shall not vary by more than 0.5 dB
for the tests to be valid.

6.2.5 The overall effect due to an alternate test environment on the sound level measurement shall not exceed
+1.0 dB(A) from the sound level measurement made at the test site described in 5.1.1.

6.3 It should be recognized that variations in measured sound levels may occur due to variations in test site,
ambient weather differences (temperature, wind and their gradients), test equipment differences, and inherent
differences between nominally identical machines.

PREPARED BY THE SAE CONSTRUCTION AND AGRICULTURAL SOUND LEVEL COMMITTEE
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