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FOREWORD :

This report was prepared by the staff of the Fluid Power Research iif
Center of the School of Mechanical and Aerospace Engineering at Okla- *
homa State University of Agriculture and Applied Science. The study
was initiated by the Mobility Equipment Research and Development Cen-
ter, Fort Belvoir, Virginia. Authorization for the study reported here-
in was granted under Contract No. DAAKQ2-72~C-0172. The time period
covered by this report is from 9 November 1972 to 8 November 1973.

The Contracting Officer's Representative was Mr. Hansel Y. Smith,
and Mr. John Karhnak served as the Contracting Otricer's Technical
Representative, In addition, Mr. Paul Hopler has effectively repre~-
sented the Contracting Officer both administratively and technically
in various phases of this contract. Tne active participation of Messrts.

\ Smith, Karhnak, and Hopler during critical phases of this work con-
tributed significantly to the overall success of the program. Project
1 members are grateful for the assistance of Mr. Sam Wehr, U.S. Army MERDC,

and Mr. John Hufeld, Caterpillar Tractor Co.

In addition to pursuing the goals and objectives of this contract
to fruition, members of the Fluid Power Research Center (FPRC) staff
have also participated with MERDC personnel in various activities not
supported by the program. These efforts were financed through the Basic
r Fluid Power Research (BFPR) Program, which is a consortium of some 35

industrial fluid power users and suppliers who have sponsored work at
the FPRC for the past seven years. These companies have recognized the
merits and the derivable benefits of this Hydraulic Specification Study
Program and have readily contributed both time and money to its success.

A great many fluid power component test procedures have been develop-

;-4( ed and verified as a result of this program. The guidance and advice

of the fluid power industry were heavily relied upon during all phases
’ of this development and verification work. However,true industrial ac-
ceptance can only be achicved when such test procedures receive national
and international adoption by recognized standard-making bodies of the
. fluid power industry. To this end, members of the FPRC staff have worked
! closely with the National Fluid Power Association (NFPA), the society
1 of Automotive Engineers (SAE), the American National Standards Institute

(ANSI), and the International Standards Organization (ISO).

Specifically, in behalf of MEKDC and the fluid power industry, the
FPRC has played an active role in tne activities of the following com-

mittees and sub-committees:

-

‘ * Filter and Separator Section of NFPA
* Contamination Coordinating Committee of NFPA

' _._..} n “‘A‘— i, oo




Pump Section of NFPA

Valve Section of NFPA

Sound Measurement Coordinating Committee
Sub-Committee IV (hydraulic Components) of SAE
Sub-Committee 6 of TC 131 (Fluid and Contamination y
Control) of ISO

Sub-Committee 8 of TC 131 (Component Testing) of ISO

* % ¥ X %

P's

* Working Group 1 of SC-6 (Filter Performance Testing) -

I1S0/TC 131 \
* Working Group 1 of SC-8 (Sound Measurement) ISO/TC 131 '

During the reporting period of this document , the main efforts
in technical information transfer have been directed toward the areas
of filter performance, pump contaminant sensitivity, valve performance,
and sound measurement. The vesults of this work, to date, served as
the basis for eight nationally and internationally accepted test proce-
dures. The fruits of such accomplishements shculd prove very bereficial
to MERDC in theiy quest for adequate component control in the procure-
ment of commercial equipment.

The FPRC team has also assisted MERDC in their effort to effect-
ively monitor and evaluate the results of tests using test procedures
developed under this program. For example, a computer program was
developed which rigorously examines the data accumulated during a multi-
pass filter performance test. This program not only reduces the data
to a usable form bu:t also evaluates the recorded data to see that all
of the test requirements have been met. The success of this computer
program together with the industrial acceptance of the filter test pro-
cedures has allowed MERDC to issue a military filter specification and
establish a well received QPL program.

This report represents only one of four major sections of the annual
report on the Hydraulic Specification Program. The titlies of the various
sections are listed below:

SECTION 1I: Hydraulic Cylinder and Seals Specification Study
SECTION II: Hydraulic System Controls itudy

SECTION II1: Hydraulic System Noise Study

SECTIOw IV: Hydraulic Hose Specification Study

The study represented by this report wes conducted under the gen-
eral guidance of Dr. E. C. Fitch, Program Divecior. Mr. L. R. Elliott
served as Projeét Engineer for the noise study and was commencably guided
by Mr. G.E. Maroney, Program Manager. Dr. Fitch, Mr. Maroney, ard Mr.
Elliott were ably supported by the Fluid Power Research Center's Acous-
tics Laboratory, experimentally by Mr. T. G. Snyder, Mr. J. R. Wells,
and Mr. S. E. Smith, and in general coordination by Mr. R. K. Tessmann.

This report preseunts & detailed account of the experimental veri-
fication part of the hydraulic noise study. Test procedures for the
measurement of hydraulic component noise deveioped under this contract
are presented and experimentally verified. A summary of the work per-




formed on measurement facility verification is presented. The acousti-
cal properties of selected military fluid power components are presented
and compared to a spectrum of current production components from indus-
try. Specific recommendations are made for continuing the effort to

understand and control hydraulic noise.
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Chapter 1
INTRODUCTION

The impertance of understanding the generation, transmission, and
radiation of acoustic fuergy within and from fluid power systems s in-
creasing as the engineer in industry solves the non-fluld power oriented
noise problems on current production mobile equipment. The noise prob-
lems associated with fluid power systems can be somewhat more complex
than other noise problems on mobile equipment, due to the high concentra-
tion of energy within a relatively small volume and the necessity to
distribute that small volume and, hence, the energy to all parts of a
machine. The magnitude of the difficulties that are to be encountered
during the solution of any fluid power system problem is evident only af-
ter one realizes that fluid power sy-~tems are not point sources of noise.
They are highly distributed and interact with other systems and the
total machine. A knowledge of the interactions betwee: components with-
in a given system and the interattions of total systems is mandatory for
proper solution of noise problems in complex machines. The starting
point to und:rstanding these interactions is, logically, the measurement
of the acoustical characteristics of the components that make up fluid
power systems and the systems which might interact with the fluid power
system. The intelligible acquisition of this type of information is
based to a large degree upon the validity of the data acquisition method
used.,

The development of acceptable measurement techniques is a necessary
and desirable by-product of the program objectives that are diazgrammed
in Fig. 1-1. The combination of basic acoustical theory into a usable
and reliable form of test procedure was the initial and has been a con-
tinuing effort at the Fluid Power Re¢-earch Center. Discussion of the
current status of the proposed airborne and fluid-borne noise measure-
ment procedures is presented in Chapter II of this report. Drafts of
the airborne and fluid-bornme test procedures are found in Appendices F
and G respectively.

Prior to implementing the test prccedures discyssed in Chapter II,
the test environmeat in which the measurements are to be obtained must
be evaluated to determine its sulitabllity as an acoustical test facility.
A discussion of the International Organization for Standardization (IS0)
Recommended Techniques for verifying the measurement properties of acous-
tical test facilities and an experimental technique for optimizing rever-
berant environment diffusivity are presented in Chapter III of this re-
port. The results of the application of both the optimization procedure
and the proper verification procedure on the Fluid Power Research Center's
reverberant test facility are discussed in detail.

Preceding page biank
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Fig. 1-1. 1972-1974 Hydraulic System Noise Study Program Objectives.




The ace stical evaluation of specific components from the military
D7F Crawler Tractor (DV29) and the .omparison of their properties with ot-
her production components from the fluid power industry have been major
objectives of the 1972-73 program. These objectives are graphically ill-
ustrated in Fig. 1-2. An extensive set of tests were performed on pump
group 5R714 from the D7F. The pump group was acoustically evaluated be-
fore and after contamination testing. The results of the contaminant
test, acoustic tests, and acoustical comparison of pump group 5R714
with 22 other fluid power pumps are presented in Chapter IV.

It has become evident that a great deal of acoustical energy is con-
tained in and radiated from the conduits of fluid power systems. The
fluid-borne noise (pressure ripple) in the working fluid functions as =
driving force for conduit vibrations. Vibration of the outer surface of
conduits can excite any structural member to which they are attached
or radiate pressure waves (sound) directly into the air. It is possible
to derive transfer functions that will predict the amount of airborme
noise that can be expected from a given number of feet of a particular
type of conduit for a known fluid-borne noise forcing function. This
type of information is necessary if one of the ultimate objectives is the
prediction of fluid power system noise levels. The deriviation of con=
duit transfer functions and a comparison of the predicted and experimental
results of tests performed on two 54" sections of 3/4" Caterpillar flex-
ible conduit and two 54" sections of l" Caterpillar flexible conduit are

presented in Chapter V.

Two versions of the military relief valve 5R717 were examined to de-
termine their acoustical output. The housings for the two relief valves
were different. The military version (5R717) is built within a large
manifold, and the commercial version (6J1746) contains standard pipe-
threaded ports. The pressure-flow characteristics of the 6J7146 relief
valve are presented with the results of the airborne noise measurements in

Chapter VI.

Chapter VII contains a discussion of the progress that has been
accomplished on the contract extension which started June 1973. The final
chapter contains a brief summary of the material presented in this report,
conclusions that may be drawn from the material present herein, and spec-
ific recommendations based on the results contained in this report.
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CHAPTER II
TEST PROCEDURE DEVELOPMENT & UTILIZATION

The goals of the '72-'73 project and the '73-'74 project are pre-
dicated on the availabllity and use of acceptable acoustical test proce-
dures. The industrial acceptance of an airborne test procedure for
pump noise during the past year adds validity to the data presented in
this report, since the reported data were obtained using a test code |
which complies with the accepted method. Because of the dynamic status
of noise test codes for fluid power components, it Is imperative that |
project personnel actively participate in the development and verifica-
tion of those procedures., The active participation of project members
will insure the proper interpretation of the data acquired on this pro-
ject.

This chapter summarizes the development of test codes for measuring
hydraulic component airborne noise (ABN) and fluid-borne noise (FBN).
Structure-borne noise (SBN) measulrement methods are also discussed in
this chapter. Proposed procedures for measuring fluid component air-
borne and fluid-borne noise are presented in Appendices F and G respec-
tively. Specific methods used to obtain the results reported in this
document are compared to the recommended procedures.

-TEST CODE -- AIRBORNE NOISE -

The 1972 Annual Report, '"Hydraulic System Noise Study,'" (AD 757776)
presented a "Test Code for Measuring and Reporting Airborne Noise Emit-
ted By Hydraulic Fluid Power Pumps," which was developed by a Tri-Level
Conference on Noise. The Tri-Level Conference was convened by the
American National Standards Institute, the U.S. Technical Advisory Group
(USTAG) to the International Organization for Standardization (ISO), and
the National Fiuid Power Association. One project member participated
in the Tri-Level Conference and subsequently was elected as a U.S. member
of ISO Working Group I to Sub-Committee 8, Technical Committee 131
(IS0/TC 131/SC8/WGL).

Appendix F presents a 'Test Code for Measuring and Reporting Sound
Generated by Hydraulic Pumps,' which is a draft of the thinking outlined
by ISO/TC 131/SC8/WGl during their first meeting of 3-4 May 1973, The
document developed by the Tri-Level Conference served as a starting point
for the WG1 document. WGl members established excellent rapport during
their first meeting. It is anticipated that the document they develop




v

will be realistic and practical. The schedule established by WGl in- {
cludes forwarding a final draft document to SC8 by June 1974. !

The basic approach outlined in the WGl test code can reac .ly be
extended to hydraulic motors, valves, and conduits. The procedure is
consistent with previous NFPA documents and thus should be well accepted {
by the U.S. fluid power industry.

For a given cperating condition, the WGl test code requires the re- 4
porting of sound power level at each octave center frequency between 125
Hz and 8000 Hz plus the weightcd sound power of the pump in dBA.

All of the airborne noise data presented in this report were ob-
tained using a test method which is consistent with the requirements
presented in Appendix F. The data obtained using a test facility which
meets the ISO performance requiremerts of a precision reverberant en-
vironment.

Project personnel plan to follow the development of the airborne
noise test code by participating in WGl. The WGl meeting is scheduled
for May 1974, It is anticipated that WGl will be able to extend the
basic test code to airborne noise test codes for other hydraulic com-
ponents.

- TEST CODE -- FLUID-BORNE NOISE -

Development of a test code for measuring and reporting the fluid-
borne noise generated by hydraulic pumps appears to have been relegated
to a secondary position by the industxy. This 1is probably due to the
fact that the industry has more experience with airborne test code devel-
opment.

Appendix G presents one approach to measuring pump fluid-borne
noise, The basic approach. represented by the document in Appendix G is -
to install an attenuator downstream of the pump which attenuates the
pump ripple such that no acoustic energy is reflected back to the pump.
This approach "eliminates' standing waves in the high pressure line,
creating essentially a "free-field" environment for pressure measure-
ments. Resultant pressure measurements between the pump and the at-
tenuator could be related to the pump flow ripple given the apparent
bulk modulus in the high-pressure line and the volume of the line.

Another approach recommended for measuring pump flow ripple effects
is based on locating the load device directly adjacent to the pump. This
approach would minimize the effects of standing waves if the connecting
line were short enough so that the first standing wave frequency was
well above the fundamental frequency of the pump.

The first method requires the use of an "anechoic termination" 1in
each each facility. One project objective for next year is the evalua-
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tion of an attenuator which is advertised to provide a fluid-borne noise

anechoic termination.

The second method requires the use of a relatively short (3" or
less) outlet Tubing. The small volume of the outlet conduit could make
it difficult to accurately determine an "apparent" bulk modulus. One
solution to this problem might be a standard test fixture. This approach

will be studied during next year's investigations.

It is anticipated that NFPA will initiate a fluid-borne noise test
code development effort during the next year. Project members will co-
operate in every possible manner to help insure that this important area
progresses at a reasonable rate. Regardless of industrial efforts, the
project will be used for future fluid-borne measurements.

Th fluid-borge noise data reported in this document are reported
relative to 20uN/M~. The pump data were obtained using basically the
same fluid circuit for each test. For the pump tests, a pressure trans-
ducer was located adjacent to the pump outlet. The measurements are
relative but should not be considered absolute, since they would, in gen-
eral, be different in a different hydraulic circuit. The performance
parameter of interest relative to the pump is the flow ripple as a
function of pressure, viscosity, shaft speed, etc.

The fluid-borne noise reported for the relief valves was recorded
using one transducer in the high-pressure line adjacent to the valve.
These measurements are a function of the pump and the circuit. But, the
resultant spectra of level versus frequence should show any special noise

contributions due to the valve.

The measurements of fluid-borne noise associated with the hydraulic
conduits were made using three transducer locations. The three measure-
ments were averaged to establish the correlations between fluid--borne
noise and airborne noise for the conduits.

- TEST CODE -~ STRUCTURE-BORNE NOISE -

The structure-borne noise data prerented in this report were obtaln-
ed using the guidelines presented in Mil-Std-740B. All measurements on
the pumps and valves were made using a magnetic attaching device. The
measurements on the conduits were made by fastening the transducer to
a threaded stud, which was welded to a hose clamp fastened to the conduit.

Single-point measurements at various locations on the pumps and
valves were made for comparison purposes only. A direct correlation be-
tween structure-borne measurements and airborne measurements would nor-
mally require a large amount of structure-borne data.

structure~borne measurements on the conduits were the result of an
average of three measurements at cach axial location. Each of the three

Reprcduced from
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measurements at one axial positicn was made at a different angular orien-
tation on the surface of the conduit.

Component airborne noise is the integrated result of structure-borne
noise, which In turn causes airborne noise. In both cases, structure-
borne noise is the intermediate vibration. Because of the importance of
fluid-borne and airborne noise test codes, project personnel have concen-
trated on these areas. No major development effort on a structure-borne
test code is anticipated until the airborne and fluid-borne procedures
are completed.




CHAPTER I11
FACILITY VERIFICATION
- INTRODUCTION -

Through growing concern and legislation on noise ocntrol, it has be- !
come essential that acoustical test facilities can be able to produce ac- ‘
curate and repeatable acoustical measurements. Before testing programs
can be initiated which yield reproducible results, the performance of ac-
oustical environments must be evalvated. Meaningful comparison of data
produced by different measurement facilities is dependent on the accuracy
obtained within each facility. Guidelines have been set forth by the
International Organization for Standardization (ISO) for the verification
of acoustical environments. The ISO procedurcs allow precision measure-
ments to be made in anechoic, semi-anechoic, and reverberant environments
which meet specific requirements. In accordance with these puidelines, a
verification of the measurement properties of the OSU-FPRC reverberant
environment has been performed.

Diffusivity is a measure of the variation of sound level in a
reverberant envircnment [l1]. The repeatability that can be achieved
in a reverberant facility is directly related to the diffusivity that is
attained in the environment. Diffusivity modification in reverberant
environments can be attained through the use of rotating planes and mov-
ing microphones. Three diffusers are used in the Fluid Power Research
Center's Reverberant Room to improve its diffusivity. Fig. 3-1 shows the
effect of the three diffusers on measurement standard deviation for dif-
ferent pure tone sounds and varying diffuser RPM. Figs. 3-1a and 3-1b
are two-dimensional planes, and Fig. 3-lc is a three dimensional diffuser.

From Figs. 3-la and 3-lb, it is seen that the large two-dimensional
diffusers are very effective in dispersing low-frequency standing waves.
Large two-dimensional diffusers are practical for several reasons. One
reason being simplicity of design. A thorough discussion of the advant-
ages and disadvantages of both types of diffusers is presented in Ref. [2].

- DIFFUSIVITY OPTIMIZATION -

There are several guildelines that can be used to optimize the dif-
fusivity of acoustical environments [2]. The recommended sound source to
be used in determining the optimal diffuser speed is pure tone, since the
largest variation in sound occurs with this type of signal. The sound-
nroducing equipwent should not be a significant source of noise variation.
With the microphone at one position and without diffusers in operation, the
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the stability of the source and instrumentation will be indicated by the
amount of variation of the measured sound level. Fig. 3-2 shows the dif-
ference in standard deviation that should occur for several measurements
at one position and one measurement at several positions.

The first step in diffusivity optimization is locating the frequency
with the largest standard deviation for a given facility. This frequency
will normally be the lowest frequency of interest. This critical fre—
quency may be located experimentally by measuring the sound level at six
or more positions in the room for each 1/3 octave center frequency with-
out the diffuserc operating. The standard deviation may be approximated
with the equation:

J = standard deviation
range of the measurements
constant from Table 3-1

< X
wou

TABLE 3-1: Constant Factors for Standard Deviation Approximation

Number of Measurements g/R = X
2 0.886
8 0.591
4 0.486
5 0.430
6 0.395

Optimal diffuser speeds are determined using curves of standard de-
viation versus diffuser rpm, such as shown in Fig. 3-1. Once the diff-
user speeds are selected, facility verification can begin. Fig. 3-3 shows
the magnitude of standard deviation without diffusers in operation and
with diffusers operating in the OSU-FPRC or acoustical test facility. The
standard deviations shown in Fig. 3-~3 were obtained using 10 and 6 micro-
phone positions for the no-diffuser and diffuser curves respectively.

- REVERBERANT FACILITY VERIFICATION AT OSU FPRC -

The latest ISO recommended procedures for verification of the mea-
surement properties of acoustical test facilities contain techniques for
broad-band and pure-tone noise sources. A minimum of six measurements
are required at each center frequency of interest. The standard dev-.ation
is computed with the following equation:
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N - 9 1/2 -1/2
s=0y & -% ] (N - 1)
i=1
Where: § = standard deviation oy
Xi = gound level measurement at i position in decibels
X = arithmetic mean of N measurements {a decibels

Fig. 3-4 shows verificatien results as standard deviation versus frequency
for broad-band sources. Fig. 3-5 showa the verification results for a
pure-tone source. The standard deviation of an acoustical measurement
facility must be less than the maximum allowable standard deviation shown
in the two figures to be used as a precision measurement facility accord-
ing to the recommendations fo the International Organization for Standard-
ization.

—~ CONCLUSION -

Verification of measurement facilities is a must in order tm obtain
repeatable and reprcducible data. The ISO recommendations proviae a prac-
ticle analysis of acoustical properties of measurement facilities., Ac-
cording to ISO recommended test procedures the OSU-FPRC Acoustical Test
Facility is a precision environment.
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CHAPTER 1V
EXPERIMENTAL EVALUATION OF THE NOISE PRODUCED BY FLUID POWER PUMPS
~ INTRODUCTION -

A major portion of the total effort in acoustics at the Fluid Power
Research Center has been directed toward measurement of the noise generat-
ed by fluid power pumps. All three types of noise (ABN, FBN, and SBN)
have been considered, with the greater advances being attained in the area
of ABN measurement. The experimental evaluation presented in this chap-
ter serves two purposes. The airborne noise data obtained during the
measurement of the survey pumps provides an indication of the rankorder-
ing capability of tue airborne noise test procedure which is discussed in
Chapter II. The data compiled during the measurement cf a spectrum of
fluid power pumps provides a basis for comparing the 5R714 pump group for
the military crawler tracter D7F(DV29) with the noise levels produced by
comparable fluid power pumps.

Th-: 5R714 pump group which consists of one dual pump was subjected to
a series of tests that are outlined in Table 4-1. Each of the five num-
bered tests is a series of tests designed to provide information about the
pump group through out its operating range. All of the tests were per-
formed on the same pump group. The series of tests indicated by Tests 1,
2, 4, and 5 were conducted in the OSU-FPRC acoustics laboratory reverber-
ant facility. Test number 3 was carried out in accordance with OSU-P-7
(the latest version of the contaminant sensitivity test for fluid power

pumps) .

TABLE 4-1

TEST SEQUENCE AND CODING FOR PUMP GROUP 5R714 FOR THE MILITARY D7F(DV29)

Test Test Code Test Load

No. 0SU-NP- Pump Group Configuration Type Device
1 21 As Received ABN, FEN,SBN Needle Valve
2 97 As Received ABN,FBN,SBN Relief Valve
3 21 As Received Contamination Needle Valve
4 98 After Contamination Test ABN,FBN,SBN Needle Valve
5 99 After Contamination Test ABN, FBN,SBN Relief Valve
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- ACOUSTICAL EVALUATION OF MILITARY PUMP GROUP S5R714 AS RECEIVED -

The acoustical characteristics of the pump group (in its new con-
dition) were determined by Tests 1 and 2. Airborne and fluid-borne noise
measurements were obtained at each of the four sets of operating condi-
tions shown in Table 4-2. Unless otherwise stated, the operating pressu-e I8
of the pump group was the same for both pump outlets. Structure-borne
measurements were made at 2080 RPM and 1875 PSI.

TABLE 4-2

TEST CONDITIONS FOR PUMP GROUP 5R714 ACOUSTICAL EVALUATION !

Test Shaft Speed System Pressure
Condition (RPM) (PS1)
1 2080 1875
2z 2080 200
3 600 1875
b 600 60

The results of the Test Number 1 from Table 4-1 are shown in Figs.
4-1 and 4~2. The airborne noise levels are presented in Fig. 4-1, and the
fluid-boime noise levels are contained in Fig. 4-2., It is evident from
Fig. 4-1 that the airborne noise is more adversely dependent upon the shaft
speed than system pressure. The same trend can be seen in the fluid-borme
noise plot (Fig. 4-2). The fluid-borne noise level is significantly more
dependent upon the shaft speed of the pump that on the operating pressure
of the system. This trend has been observed to be true for all of the -
pumps tested thus far at the Fluid Power Research Center. A more thorough
discussion of this phenomena will be presented later in this chapter.

- CONTAMINANT SENSITIVITY TEST OF MILITARY PUMP GROUP 5R714 -

After Tests 1 and 2 from Table 4~1 were completed, the 5R714 pump
group was removed from the acoustical test facility and installed in the
Fluid Power Research Center's pump contaminant sensitivity test stand. The
results of the contaminant sensitivity test performed according to OSU-
P-7 are shown in Table 4-3 and plotted in Fig. 4-3. A lengthy discus-
sion of component contaminant testing will not be presented in this text;
the subject is more than adequately covered in Ref. [3].




TABLE 4-

3

CONTAMINANT TOLERANCE PROFILE OF PUMP GROUP 5R714 FOR 1000 HOUR LIFE

Size No. > Size
200.00 2.6375E-02
160.00 5.1375E-02
120.00 1.2309E-01
100.00 2.0512E-01

80.00 3.7700E-01

70.00 5.3325E-01

60.00 8.0669E-01

50.00 1.5567E-00

40.00 3.7442E Q0

30.00 1.1682E 01

20.00 5.5557E 01

15.00 1.5774E 02

10.00 6.5774E 02

5.00 4.1952E 03
4.00 7.0702E 03
3.00 1.2476E 04
2.00 2.3414E 04
1.00 3.7789E 04

- ACOUSTICAI. EVALUATION OF MILITARY PUMP GROUP 5R714
AFTER CONTAMINANT TESTING -

The 5R714 pump group was installed in the reverberant test facility
after completion of the contaminant testing, and a second series of acous-
tical tests were performed. The second series of tests was identical in
every way to the tests performed on the pump group before contaminant test-
ing. The results of those tests are nlotted in Figs. 4-4 and 4-5. Fig.
4-4 contains the results of the airborne noise evaluation, while the fluid-
borne noise data are plotted in Fig. 4-5.

Comparison of Figs. 4-1 and 4-4 indicates the airborne noise level
of the pump group at the lowest horsepower test condition increased 15
dBA after contamination testing. The two intermediate horsepower points
inverted with one increasing 5 dBA and the other decreasing 3 dBA. The
maximum horsepower point was essentially unaffected by the degradation
caused by contaminant testing.

Similar results are evident upon comparison of the fluid-borne noise
data in Figs. 4-2 and 4-5. The low horsepower point increased 10 dBA, and
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tested as received. Pressures shown are the same for both
pump ouXputs. Point (A) 2080 RPM, shaft side pump 200 PSI,
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the maximum horsepower condition remained unchanged. The two intermediate
points alternately increased 11 dBA and decreased 3.5 dBA. l

The data compiled during the examination of one pump or any small
number of pumps does not provide sufficient information upon which broad
generalities may be based. It is for this reason that a theory of cause
and effect concerning the noise level changes before and after contami-
nation testing of pump group 5SR714 will not be presented to any extent | B
other than to note that the changes were consistent in both direction and
magnitude for fluid-borne and airborne noise.

- STRUCTURE-BORNE NOISE LEVELS FOR MILITARY PUMP GROUP 5R174 -

As discussed in Chapter II, the fluid power industry does not
possess an acceptable procedure for the measurement of structure-borne
noise (SBN). There are several reasons that preculde the development of
an easily irplemented SBN measurement procedure. One of these reasons in-
cludes the number of measurements that must be taken to provide an ac-
curate estimate of the vibration level of any surface. Due to the lack
of an acceptable SBN test procedure and the difficulties involved with
the development of such a procedure, very little structure-borne noise
data have been accumulated at the Fluid Power Research Center. The
data presented in Table 4-4 were obtained by placing the measurement
transducer (magnetically held accelerometer) at the same position on the
pump for each test condition. The reference vlues for computation of
decibel structure-borne noise levels are shown at the bottom of Table
L4,

- ACOUSTICAL COMPARISON OF PUMP GROUP 5R71l4
WITH A SURVEY OF FLUID POWER PUMPS -

One of the major objectives of the acoustical evaluation program
for 1973 has been the comparison of the acoustical characteristics of
military pump group 5R714 with a survey of the acoustical characteristics
of current production fluid power pumps. The greatest difficulty en-
countered throughout the program is that of determining a meaningful
basis of comparison. If pumps are compared on total sound power alone,
only the directly radiated airborne noise 1s considered during the com-
parison. It is conceivable that a very quiet pump, with respect to the
directly radiated energy, could possess a very high fluid-borne noise
level. The high fluid-borne noise level would produce high fluid power
system noise levels, which could not be predicted from the airborne
noise radiated from the pump. It should be pointed out that a pump that
has a high airborne noise level generally has a high fluid-borne noise
level, see Fig. 4-6. Therefore, fluid power pumps cannot be compared by
anyv one measurement to determine which pump is best to minimize noisc
in a given fluid power system.
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TABLE 4-4

SBN LEVELS FOR PUMP GROUP 5R714

Total Levels (dBA)

Configuration Location Acc Vel Dis
New N.V. Load Right Side 131.8 122.1 124 .4
Rear 135.4 126.5 133.1
Rear 136.9 127.9 131.2
Mounting
Flange
Right Side 132.8 125.5 131.1
New R.V. Load Right Side 132.0 122.3 125.3
Worn* N.X. Load Rear 134.0 126.2 133.0
Right Side 132.4 124 .8 133.4
Mounting
Flange
Right Side 133.8 126.5 134.3
Worn* R.V. Load Right Side 134.7 130.7 140.2
Rear 132.5 127.4 136.6
REFERENCE LEVELS 107 a/s? 108 /s 107 o

All vibration levels measured at 2080 RPM, 1875 PSI.

*After contamination testing.

If it s desired to provide a comparison that will indicate which
of two pumps will minimize the sound level of a given fluid power system,
all of the acoustical noise levels(ABN, FBN, SBN) must be measured for
the components to be compared. As mentioned previously, structure-borme
noise levels were not measured at all fcr the survey pumps due to the

lack of an acceptable measurement procedure. Hence, only the airborne and
fluid-borne noise levels will be compared in this report.

The airborne noise data taken on military pump group 5R714 before
contamination testing and with needle valve loading is compared with the
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data obtained from a survey of the airborne noise levels of fluid power
pumps in Fig. 4-7. The pump survey data is presentcd in the form of
histograme for each test condition. The noise level of pump group 5R714
is marked by (21) on the abscissa for each test condition. For the com-
parison shown in Fig. 4-7, pump group 5R714 appears to be slightly high-
er in directly radiated sound than the mean of the pumps in the survey.
It should be noted that the flow rate, hence the output horsepower, is
considerably higher for pump group 5R714 than the mean horsepower of the
survey pumps. Recognizing this fact, a plot of total sound power (dBA)
per horsepower would rate pump group 5R714 below the mean (dBA/HP) for
the survey pumps. Fig. 4-8 contains histograms of (dBA/HP) for the sur-
vey pumps with the (dBA/HP) level for pump group 5R714 marked on the ab-
scissa by (21).

The same type of plots are presented for fluid-borne noise in Figs.
4-9 and 4-10. The fluid-borne noise (FBN) and the FBN/HP level of pump
group 5R714 is slightly below the mean fluid-borne noise level and mean
FBN/HP for the survey pumps. Agaln, the comparison of both noise level
and noise level per horsepower are necessary to adequately rate the pump.

A third method of comparison contrasts the slopes of the sound
power versus horsepower graph shown in Fig. 4-1 with the mean of the
slopes generated by the survey pumps. The mean slopes of the survey pumps
are represented by Eqs. 4-1 and 4-2:

ASPL = 2.0 log,, (AP) (4-1)

ASPL = 4.2 log, (AN) (4-2)

AP = change in pump output pressure
AN change in pump shaft speed
ASPL = change in sound power level

In contrast, the same type of equations for pump group 5R71l4 are:

ASPL

It

4.25 log10 (apP)

ASPL

4.75 loglO (AN)

It is evident from tne coefficient of the log term that the sound pressure
level of pump group 5R714 decreases more rapidly with deecreasing horse-
power than the average of the survey pumps.

The overall survey results are presented in Table 4-5.
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- CHAPTER V
CONDUIT EVALUATION

Prediction of fluid power system sound levels is dependent upon the
accuracy with which one can estimate the sound level of the components
that make up the system. Systems consist of both active and passive com-
ponents with respect to acoustic energy generation. Fluid power pumps
and valves can be considered active acoustic components because they us-
ually generate noise. Reservoirs and conduits are usually passive acous-
tic components because they do not normally generate noise as a by-product
of their normal function within the system. Passive components must be

forced by some form of energy transmission to produce noise. This chap-
k ter considers the airborne noise produced by two types of fluid power
L conduit for a known fluid-borne noise forcing function. The conduits used
curing this evaluation were supplied by Caterpillar Tractor Co. and are
hose assemblies from the military D7F(DV29). Two 54" hose assemblies
connected together were used during the experimental phase of this portion
of the program. Two diameters of hose (1" = #1 and 3/4" = #2) were test-
ed.

The fluid-borne noise level was measured at three positions in the
? cenduit. The use of three transducer positions allows the computation of
the maximum dynamic pressure level in the conduit by using Eq. (5-1):

i L L
1/10+lO 3/10 - 2/10 1

2 cos2K4$10 °810 I-cos 7K6

Lx = 10 loglo(lO )y +1 (5-1)

Where: = frequency/phase velocity

= measured level at conduit iniet

L.,= measured level at condult midsectian
= measured level at conduit outlet

= distance between measurement posi-
tions

By measuring the ABN, FBN, and SBN of each conduit for a particular
set of operating conditions, the investigators were able to derive trans-
r fer functions that allow the accurate prediction of ABN for a known FBN
level. A detailed discussion of the techniques used to derive the trans-
fer functions will not be presented in this text but may be found in Ref.
F. [4). What is of more direct interest at this time is the overall sound
output that may be expected from a given length of conduit. The overall
results of the experimental evaluation are shown in Table 5-1. It should
be noted that the only source of sound in the measrement environment was
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the conduit.

A diagram of the test facility is shown in Fig. 5-1. The pressure
transducer locations are numbered in the diagram. '

- TRANSFFER FUNCTIONS - |

Two types of transfer function were developed for each conduit 'K
tested. The two methods relate the fluid-borne noise to the resultant
airborne noise in different ways. The transfer function, G,, relates
fluid-borne noise directly to airborne noise as shown in Fig. 5-2a. Sur-
prisingly accurate results were obtained from this rather simple model.
The second technique involves the transformation of energy from fluid-
borne to structure-borne and finally to airborne noise as showr in Fig.
5-2b. The transfer functions for both conduits are presented .n Ref-
erence [4]. A comparison of the predicted and measured sound levils for
each test condition is shown in Table 5-2.

ABN levels between 70 and 80 dB were found to be produced by 8 feet
k of flexible hydraulic conduit. Comparison of these levels to ABN levels
produced by hydraulic pumps and motors indicated that the hydraulic con-
duit does contribute a significant amount of ABN.

Average pressure, pump speed, and downstream impedance were found
to have significant influence on the ABN output of a hydraulic conduit.
A reduction of the average operating pressure from 2000 to 1000 psi
caused a substantial increase in both SBN and ABN total levels. Reduc-
tion of pump speed shifts the FBN profile toward lower frequencies
resulting in a large increase of SBN amplitudes in the low-frequency
range. A relief valve was found to increase the total ABN level of the
conduits tested 3 to 6 dB above the levels produced by a needle valve.

The transformation of FBN into SBN by the hydraulic conduits invest-
igated can be described as dynamic system which exhibits relatively high
sensitivity to low-frequency FBN. The transformation of SBN into A3N i -
can be basically described as a system with relative high sensitivity to
high-frequency SBN.

This investigation establiches substantial evidence that correlations
describing the relationship between FBN, SBN, and ABN can be developed.
Models based on total dB levels provide the best overall effectiveness in
predicting total ABN levels for both conduits tested. Only tne one inch
conduit was considered to be effectively described by models developed
fom frequency analysis techniques. Even though models developed from fre-
quen«:y analysis did not adequately describe Conduit #2, it is thought
that digital models describing the complete transformation of FBN into
ABN in two separate steps has the greatest potential for accurate pre-
diction of ABN levels. A more complete discussion of this topic can be
found in Reference [4].
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CHAPTER VI
ACOUSTICAL MEASUREMENTS OF RELIEF VALVES

- INTRODUCTION -

Very little literature is available regarding relief valve noise.
Relief valve noise has become more important because of governmental
regulations on noise pollution and the concern for e¢mployee environment.
This chapter presents a summary of relief valve noise tests conducted
at the OSU~FPRC acoustics laboratory and provides guidelines for future
tests.

The noise from relief valves originates primarily in three domains:
fluid-borne noise, structure-borne noise, and airborne noise [5]. The
measurement of structure-borne noise is a problem because many points
over the surface of the valve must be measured to provide an accurate
estimate of the level of the valve surface. The difficulties involved
with SBN measurement preclude the luxury of a great deal of SBN data in
this report. Fluid-borne noise is easily measured with a piezoelectric
transducer. The measurements presented in this chapter were made on the
high-pressure side of the relief valve. Fluid-borne noise in relief
valves is the result of turbulence, cavitation, and interaction with other
components. The directly radiated airborne noise was measured in the
OSU-FPRC reverberant facility in accordance with the ABN measurement
procedure presented in Appendix F.

- TESTS AT THE OSU-FPRC ACOUSTICS LABORATORY -

The relief valve testing at the OSU-FPRC laboratory included two
pilot operated relief valves. Both were identical in functional design
and specifications. Relief Valve #2 (RV2) 1is built into a manifold for
bolting directly to a hydraulic system. RVZ is the military version
(5R717) of relief valve group 6J1746 supplied by Caterpillar. It is con-
siderably larger physically than RV1, which was ported for standard
hydraulic conduits. Both valves were connected to the controlling
system using flexible hydraulic conduit, which was wrapped with 2" foam
rubber. The line was then covered completely with a layer of leaded
vinyl material, overlapped, and sealed with duct tape. All connecting
lines were treated this way to attenuate as much system noise as possible
for a more accurate noise measurement from the relief valve.

The testing was conducted in the OSU-FPRC sound reverberation room.
This room is equipped with rotating plane diffusers and is certified
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-

according to ISO recommended procedures [6,7].

All data (ABN, FBN, SBN) was acquired through the use of a third-
octave analyzer, which average the input signal at 1/3 octave center
frequencies between 100 and 10,000 Hz. All of the output data were
corrected and put into usable form with a computer program designed
for this purpose. (See Appendix E)

Both valves were tested under a constant pressure of 2000 psi and
65.5°C. RV1 was tested only at 20 gpm flow rate because, when higher
rates were applied, it had high internal leakage. RV2 was tested at
flow rates of 20, 40, and 60 gpm. The noise levels are tabulated in
Table 6-1 with corresponding horsepower levels at each flow rate. RV2
shows a critical flow rate at about 40 gpm, where the ABN begins to in-
crease noticeably. At about 60 gpm, a chatter developed within the valve.
The flow rate was increased momentarily, and the valve was found to chat-
ter at higher flow rates. The rated flow for this valve was 80 gpm,
which was much higher than the flow at the onset of chattering. Fig. 6-1
shows the approximate relationship between airborne noise and horsepower.
The almost vertical trend emphasizes how critical the flow rate is for
the valve tested.

A comparison of the fluid-borne noise output with the airborne
noise output reveals an increase in airborne noise with an increase of
fluid-borne noice. This is shown graphically versus flow rate in Fig.
6-2. Typical spectrums for relief valve and pump noise are shown in
Fig. 6-3. The relief valve emlts predominently high frequency noise
caused by flow and the pump is a low frequency source. 1In Fig. 6-4,
the fluid-borne noise appears to increase as the logarithm of horse-
power.

It would seem that the structure-borne noise would also increase as
the fluid-borne and airborne noise increases. The structure-borne noise
ouvcput is tabulated in Table 6-~1 and decreases with an increase in flow
rate. This is illustrated graphically in Fig. 6-5. Note that the struc-
ture-borne noise measurement was taken at only one point on the relief
valve surface, and the point tested may have been in a nodal region.

The pressure-flow characteristics for RVl are shown in Fig. 6-6.
Data 1s presented for both increasing and decreasing flow rates. The
data was obtained in FPRC systems laboratory.

- FUTURE TESTING -

The main objectives of any testing program should include accuracy
and repeatability. The facility in which a relief valve 1s tested for
airborne noise should be certified for acoustical testing according to
accepted procedures. For an accurate measurement of the sound power
output of a valve all other noise-producing apparatus should be cover-
ed with acoustical attenuating material.
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The recommended frequency range at which measurements should be made
is between 100 and 10,000 Hz. This should include all relevant noise
data for the relief valve and has been accepted by the NFPA for other
acoustical testing procedures.

All relief valves should be tested at their specified working
pressure and flow rates relevant to actual use up to the rated flow.
As is evident from the data given, there is always the possibility of
instability before reaching rated flow.
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TABLE (-1:

AIRBORNE SOUND POWER

SOUND POWER RESULTS

OF RELIEF VALVES

Valve Pressure Flow Horsepower dBA
(psi) (gpm)
1 2000 20.0 23.3 84.2
2 2000 20.0 23,3 81.9
2 2000 40.0 46.7 79.4
2 2400 60.0 84.0 91.8
FLUID~BORNE NOISE LEVELS
Valve Sressure Flow dorsepower dBA
(psi) (gpm)
1 2000 20.0 23.3 240.8
1 2000 30.8 35.9 235.0
2 2000 20.0 23.3 229.9
2 2000 40.0 46.7 234.7
2 2000 60.0 70.0 240 .6
STRUCTURE-BORNE NOISE LEVELS
Valve Pressure Flow Horsepower dBA
(psi) (gpm)
1 2000 20.0 23.3 135.2
2 2000 20.0 23.3 123.5
2 2000 40.0 46.7 124.9
2 2000 60.0 70.0 114.8
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VALVE NOISE CHART

FLUID POWER RESEARCH CENTER
OKLAHOMA STATE UNIVERSITY
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CHAPTER VII

PRACTICAL METHODS FOR REDUCING FLUID POWER SYSTEM NOISE

The material presented thus far in this report is the result of a
study initiated by Oklahoma State University, Proposal No. ER 72-R-101,
entitied '"Proposal for a Study to Evaluate the Acoustical Characteristics
of Selectsd Components in a Fluid Power System.'" This study ended on
1l June 1973. The noise program was extended from June 1 1973 to May
1974 under the same contract number. The proposed effort for this time
period is cont: ined in Oklahoma State University Proposal No. ER-73-R-54,
"Proposal for a Study to Evaluate Practical Methods for Reducing and
Predicting Fluid Power Svstem Noise." This chapter contains a brief
discussion of the proposed effort for the 1973-74 year and a tentative
schedule for the individual areas of investigation. Table 7-1 lists the
general areas that are to be studied, and figure 7-1 relates a proposed
time schedule for each area.

Measurement of fluid-borne noise is a critical area of investigation
for the next year. Several of the system oriented noise control efforts
that are to be performed rely on the accurate and repeatible measurement
of fluid-borne noise. New lnstrumentation has been obtained to aid dur-
ing the measurement of fluid-borne noise. This instrumentation, when
used with the theory mentioned in Chapter V and discussed in [9], shows
promise of providing the accuracy and repeatability that must be at-
tained to make a fluid-borne noise measurement procedure feasible. This
instrumentation will be used during the evaluation of several fluid-
borne noise attenuation devices. Both accumulator and "muffler" type
fluid-borne noise attenuators have been purchased for evaluation and
are projected to be tested in early December 1973.

TABLE 7-1: SUMMARY OF PROPOSED EVALUATIONS

Topic
Number Title
1 . Fluid-borne Noise Measurement
2 Fluid-borne Noise Attenuation
3 Pump Sound Vs, %Z Alr in Fluid
4 Reservoir Noise
5 Airborne Conduit Noise Isclation
6 Airborne Pump Noise Isolation
7 Pump Airborne Noise Model
8 System Airborne Noise Model
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Air in hydraulic oil is a major problem in fluid power systems [3].
Due to its effect on the fluid properties of the oil, a change in the
fluid properties can subject parts of the system to cavitation, causing
them to fall prematurely. System control can be altered due to varia-
tions in compressibility of the fluid. And, the acoustical characteris-
tics of the system can deviate from those expected from a system with-
out air in the oil. Noticeable increases in the sound power of pumps have
been observed upon introduction of air into the system. A quantitive
analysis of this phenomenon will be intiated during the current fiscal
year.

Large radiating surfaces provide efficient couplings to air for
structure-borne and fluid-borne noise in fluid power systems. Hydraulic
reservoirs provide the surface area necessary to act as an acoustic
radiator. A reservoir from the 6000 1b rough terrain forklift has been
obtained for testing at the Fluid Power Research Center. The reservoir
will be evaluated to determine its acoustic radiation and modified to
minimize that radiation. All modifications to the reservoir will be
examined for their practicality as retrofit-type modifications to exist-
ting machines as well as production changes.

Recent investigations have shown that a great deal of airborme
acoustic energy is radiated from the conduits in fluid power systems
due mainly to the fluid-borne noise in the conduits. Until the fluid-
borne noise can be reduced to an acceptable level, more expedient
methods must be used to minimize the airborne noise radiated from the
system. Several types of conduit isolation are being produced by in-
dustry. Those which appear to be suitable for use with hydraulic systems
will be evaluated and compared with the laboratory isolation techniques
and will be investigated for minimizing the directly radiated airborne
noise from fluid power pumps.

The final area of investigation involves acoustically modeling both
fluid power components and fluid power systems. This particular section
of the overall program will be studied continually due to the applicab-
ility of each phase of the overall program on component and system model-
ing.
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CHAPTER VII1

) SUMMARY, CONCLUSIONS, & RECOMMENDATIONS

The results of this project provide the fluid power industry and | !
the U.S. Army with several necessary tools for the control of fluid power +
system noise. Considerable importance has been given to th2 development iy -
of standard test procedures for the measurement of noise generated by
fluid power systems. All three types of noise (ABN,FBN, & SBN) have been
considered thus far in the OSU-MERDC Program. As mentioned previously,
the most significant advances have been attained in the area of airborne
| noise measurement. An airborne noise test procedure has been developed

by industry wicth the aid of project personnel and is belng verified by

’ project personnel.

The sound level ordering ability of this procedure has been evalu-
ated for various fluid power components in the OSU-FPRC reverberant

k measurement facility. A program to determine the reproducibility of
| measurements taken in different facilities using the previously mentioned
b test procedure has been initiated. This program includes over 30 dif-

ferent facilities in the United States, Europe, and Japan. Fundamental
invesitgations have been initiated to determine thc most reliable measure-
ment techniques to be used in subsequent fluid-borne and structure-borme
noise measurement procedures.

A draft fluid-borne noise measurement procedure (Appendix G) is the
% result of these investigations.

Facility verification has been a necessary area of investigation to
insure the accuracy and repeatability of acoustical measurements. The ISO
procedures, when used as recommended, will provide repeatable measure-~
ments in a given facility. The reproducibility between facilities is be-
ing examined at present through the OSU-FPRC acoustical facility survey.

! (See Appendix D).

The components that have been successfully examined for this pro-
ject include pumps, valves, and conduits. The program outlined for 1973-
74 will extend the investigation of airborne noise emitted by fluid
power components to hydraulic reservoirs.

' S

Several conclusicns may be drawn from the various areas investi- '
gated during the 1972-73 MERDC Program in acoustics: )

r 1. An industrial accepted procedure for the measurement of direct-
ly emitted airborne noise from fluid power pumps has been dev-
eloped and is being verified with the aid of project personnel.
f- The procedure provides the capability of rank ordering fluid
power components on an airborne noise basis.

Preceding page blank




2. The airborne noise measurement procedure for fluid power
pumps can be extended for use with other fluid power com-
ponents with proper engineering judgment.

3. The sound level radiated from an average pump out of the
spectrum of fluid power pumps evaluated at the Fluid Power
Research Center is comparable to the sound level radiated
from an eight foot length of hydraulic hose. This indi-
cates that the reduction and/or elimination of the fluid-
borne noise in fluid power systems will produce signifi-
cant decreases in fluid power system sound levels.

4. The use of a properly employed three-transducer measurement
array should negate the standing wave deterrent to fluid-
borne noise measurement.

5. The relief valve tested at the Fluid Power Research cent-
er produced total sound power levels in excess of 90 dBA
when operating 25% below its rated flow rate. This ex-
cessive noise production has been observed to be common-
place for both relief valves and needle valves.

One of the major objectives of the rPRC-MERDC Acoustics Program is
the development of fluid power acoustics to such a degree that component
specifications for the purpose of fluid power system sound level reduc-
tion is practical. Many of the necessary building blocks to reach this
objective have been constructed and discussed in this report. There
are, however, several areas that must be investigated before reliable
component specifications are realized. The following recommendations
are directed toward reaching two objectives: 1) to make practical the
specification of fluid power components based on their acoustical char-
acteristics, and 2) to provide the fluid power industry with the tools
that are necessary to produce quiet fluid power components and systems.

1. The current airborne test procedure should be examined to de-
termine its ability to produce reproducible measurements be~
tween laboratories.

2. Continued effort should be concentrated on the development of a
fluid-borne noise measurement procedure.

3. Isolation mechanisme which minimize ABN, FBN, and SBN paths
should be investigated and evaluated for their applicability
in fluid power systems.

4. The development of fluld power component noise models must be
extended to all fluid power components.

5. The acoustical interaction of fluid power components should be
investigated.

6. The results of recommendations 4 and 5 suould be implemented




e

rrr

to produce a technique for predicting fluid power system
sound levels from the acoustical characteristics of fluid
power components or predicting the change in system sound
level that can be expected from changing a given component.
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INSTRUMENTAT 10N
I. GENERAL RADIO
Ao I5Z1=Acoo00o0c0000000000000a000000 eerees.Strip Chart Recorder
B 1528000 000000000000000000000000006000000 Level Recorder
Co L5BI=PNccocoo0000000n000000000aa ¢vess...Preamplifier Plug In
D. 1523-P3............ boooooC 000000000000 1/3 Octave band Analyzer
E. 1523-9621............. 0000000000000 DGDG 25 dB Potentiometer
1523-9622. ... vttt 00000000 50 dB Potentiometer
[ { 15239024 . 00 ii it it nanans poooao 100 dB Potentiometer
F. 1560-9531.......0000tveienncsnnssesss..Microphone
G, 1560-9580..0cuercercrncrecncrcrarsnnnss Tripod
H., 1560-9666....c0c0veinrnncannns 50000000 Microphone Cable
lo L1350=P83c00000000000000000000000000000¢ Vibration Pickup System
Jo 1560-PA42. ... itiiienninnnnnnnns ¢ee.eso.Microphone Preamplifier
» K. 1562-A....c.iiiiiiiiniecnnns boboooooooc Sound Level Calibrator
L L. 1382....... DE000000000000D0000AD00000AQ Random Noise Generator
7 M. 1910A........cccvuunns 000000000 D DoooD DG Recording Wave Analyzer
Mo L933coo00o00000 6000000 000000 D000G0O0DOGE Precisior Sound Level Meter
and Octave Band Analyzer
0. 135A......... 600000 000000000 900000000 X-Y Recorder
Wo LUBRoo0000000a000000000000000000 0o0Gooaq Oscilloscope
Q. 400 LR.....uvennns 000000000 000606000000 4 .Vacuum Tube Voltmeter
IT. HEWLETT PACKARD
A. 3300-A..... 5 000000000000000000000000000 Function Generator
B. 205AG........ 800000 0000000 tievesssasss.Signal Generator
©o 202CRcocooooooooo0aooo0 500000000 00000 00G Signal Generator
D. 410B....cveeurinonanns eevreriaeesssssss.Vacuum Tube Voltmeter
ag ITI.BRUEL & KJAER
A. 2107, .. iveennenan. 0000000000 ++.v.0..Frequency Analyzer
IV. BOGEN
A CH13-35A. .0 ciueeennunnens P e Amplifier
V. TEKTRONIX
A, 502... . i, 500000000G 5000000 Duai-Beam Oscilloscope
B. RM3LA............ 0000D0ODO000D0000T «+..0acilloscope
VI. PCB PIEZOTRONICS, INC.
A, 118A02.......c00ueen 00000000000000000G Quartz Crystal Pressure
Transducer
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Bo A0ZMAcococococo00000000000000000a000000000000¢ Pressure Amplifier

Bo &B82=Rcoocococoonononoooaooo0000anoocoanoc ICP Power Supply

Mo &B302o0o00c00000000000000000060000000000 ICP Power Supply
VII.BELL & HOWELL

A, 4-402-0001....c0iiiivniennns 0000D00GDGD . .Pressure Transducer

YITI .DAYTRONIC

Ac TYPB 9N occooo000000000000000000000000000a0 Strain Gauge Transducer
Input Module
B. Model 300....cit it inieneninnnnennnnssnnn Transducer Amplifier
Indicator
Co 92 Poo00000000000000000000000000000000 Galvanometer Driver Output
Module
IX. KENWOOD
A. KA-4004........ 5000000 0000000000000 0000 Amplifier
X. TEAC
A, 1230....c.000 0000000000000 0000000D0GA Tape Deck
X{. BECKMAN
Ao Y3VUORooooo000000000000a00000060000a0000 o universal EPJT Meter

A, G4CAR. ... .. it it innnnns et et n ey Oscillator
XIII.RUTHERFORD
A, B7B....vivevnn. 5000000000 00000000000 000G Pulse Generator

XIV.ACTION LABORATORIES, INC.

Ao 32BNooconcoocooaovaoonac DooaooocnobooaooDC Phase Angle Meter
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ISOLATION MATERIAL

The following materiuls are being used to acousitcally treat fluid
lines, pump mounts, pump drive systems, and the drive support system:

1.

"Duct Board" -- Rigid fiberglass with aluminum back.
Owens-Corning Type 475-FR(SD)

Leaded Vinyl -- John Schneller & Associates, Sound/Eaze
TLB-M, TLB-L

Leaded Vinyl -- Singer Partitions, Inc.; Super Sound Stopper

Aluminum Foil Reinforced3Insulation ~~ Supplier, L. A. King
Co.; Type MRA; 0.6 1b/ft”, 1 in insulation with foil scrim
kraft, light duty, NFRU rated, manufactured by Certainteed

~-- St. Gobain
Foamrubber -- 2 in Thick, 21 oz/ft3 (21,000 gm/m3)

High Temperature Damping Compound {#70305 -- Sound Solutions
% Ponto Sales Engineers, Tulsa

Pipe and Valve Covering l#/ft2 -~ Sound Solutions % Ponto
Sales Engineers, Tulsa

Sound Off (Damping Material) -- Sound Solutions % Ponto
Sales Engineers, Tulsa

Dee Bee Dropper #20221 -- Sound Solutions % Ponto Sales
Engineers, Tuls:.
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ACOUSTICAL FACILITY SURVEY

Concurrent operation of two acoustical surveys has taken place
during the last year at Fluid Power Research Center. The survey of !
fluid power pump sound levels is presented in Chapter IV. This appen-
dix deals with the second survey, which will prcvide data that will
describe the amount of correlation tha. can be expected from measure:-
ments of the same source in different labovatiories. An electronic
source has been designed and constructed at .ne Fluid Power Rerearch
Center to be used as the common source to be tested by all survey

participants.

The function of the electronic noise source (ENS) is to produce a
constant sound level in three different modes; namely, broad band,
pure tone, and oscillating pure tone. The electronic stability for the
source has been evaluated to be approximately 1.127. A list of elec-
tronic components for the ENS and a schematic have been provided in this

appendix.

The acoustical facility survey participants include organizations
from Japan, Germany, England, Scotland, and France Data that have
been received shows the white noise standard deviation to be 0.36 dBA,
and the pure tone standard deviation to be 2.1 dB.




LIST OF ELECTRONIC COMPONENTS

Component

Power Supply

Power Supply

White Noise Generator
Low Frequency Oscillator

Voltage Controlled
Oscillator

Operational Amplifiers
Audio Amplifier

Speaker

ROy, ™ 4144&_.‘4‘

Manufacturer

ACDE Electronics, Inc.

Elgenco
Elgenco
W. H. Ferwalt, Inc.

W. H. Ferwalt, Inc.

Analog Devices
Arvee Engineering

Altec Lansing

Model Number

0Al15D1 .1-1
3609-A

3606A55124
SpP01088

VC068513

144A

202

755-E




CORRESPONDENCE LIST FOR ACOUSTIC FACILITY SURVEY

Dr. D. Unruh

Cessna Fluid Power Division
P. 0. Box 1028

Hutchinson, Kansas 67501

Mr. B. Coats

Vehicle Components Division
Technical Center, Bldg. G
Caterpillar Tractor Co.

100 N. E. Adams Street
Peoria, Illinois 61602

Mr. J. Bolinger

Sundstrand Hydro-Transmission
2800 East 13th Street

Ames, Iowa 50010

Mr. T. A. Klausing
Denison Research Center
P. 0. Box 1230
Columbus, Ohio 43216

Mr. C. T. Caliri
Cincinnati Milacron, Inc.
4701 Marburg Avenue
Cincinnati, Ohio 45209

Mr. G. A. Morrell

Clark Equipment Co.

P. O. Box 188

Cassopolis, Michigan 49031

Mr. H. N. Underwood
Borg-Warner Corporation

Roy C. Ingersoll Research Center

Wolf and Algonquin Roads
Des Plaines, Illinois 60018

Mr. Z. J. Lansky
Parker-Hannifin Corporation
17325 Euclid Avenue
Cleveland, Obfo 44112

Mr. W. R. Brown

Eaton Corporation

Research Center

26201 Northwestern Highway
Southfield, Michigan 48076

Mr. T. Kostek

Commercial Shearing, Inc.
1775 Logan Avenue
Youngstown, Ohio 44501

Mr. J. Harris

J. I. Case Company

CC 124

Environmental & Electric Labor-
atory

Corporate Test Center

24th & Center Streets

Racine, Wisconsin 53403

Mr. W. C. Smith

IBM Corporation

Dept. 447, Bldg. 030-1
Rochester, Minnesota 55901

Mr. J. Hayes

Cummings Engine Co.
Technical Center

1900 McKinley Avenue
Columbus, Indiana 47201

Mr., F.A.M. Willekens

afd. Werktuigbouwkunde
Technische Hogeschool
Eindhoven, The Netherlands

Mr. F. W. Baggett

Serck Developments
Gloucester Trading Estate
Hucclecote

Gloucester GL3 4XE
England




Correspondence List for Acoustic Facility Survey

Professor D. McCandlish
Bath University
Bath, England

Mr. J. Currie

Special Projects Division
Department of Trade & Industry
National Fngineering Laboratory
East Kilbride

Glasgow G75 0QU

Scotland

Professor H. K. Miller
University of Stuttgart
Stuttgart

German Federal Republic

Dr. Wilhelm Gro-heer
Robert Bosch GmbH

Techisch-Wissenschaftlicher Mitarbeiter

Leiter der Abteilung ARustik
7016 Gerlingen-Schillerhohe
Robert-Bosch-Platz 1

German Federal Republic

Mr. G. /eMontille
GETIM

2 Av. Felix Louat 60304
Senlis, France

Dr. Shigen Tsuji

Professor of Engineering
Tokyo Institute of Technology
12-2 Ookayama

Meguro-Ku, Tokyo, Japan

Mr. Kendall McBroom

Project Engineer

Advance Products

CORAD Division

Donaldson Company, Inc.

1400 West 94th Street
Minneapolis, Minnesota 55440

Mr. James R. McBurnett
Chief Analytical Engineer
Tyrone Hydraulics, Inc.
P.0. Box 511

Corinth, Miss. 38834

Mr. J. W. Broome

Vice President of Engineering
Racine Hydraulics & Machinery Inc.
2000 Albert Street

Racine, Wisconsin 53404
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APPENDIX E
. A USER'S GUIDE TO THE ACOUSTICAL DATA REDUCTION PROGRAMS
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A USER'S GULDE TO THE ACOUSTICAL DATA REDUCTION PROGRAMS

Calculations in acoustical data reduction require many detailed
and repetitive steps to be accurate. Because of the tremendous flow of
noise data through the OSU-FPRC acoustices laboratory, the vse of the \
computer in this capacity has become a necessity.

Three programs are given in this user's guide -- one for each of
fluid-borne, structure-borne, and airborne noise. The input data to be
used consist of noise levels taken from a third-octave band analyzer at
the 21 center frequencies between 100 and 10,000 Hz. The program will
average, on a power basis, up to ten sets of measured source levels and
up to tens sets of reference or background data. The programs are con-
sistent with each other in general form and appearance of output. Each

program is written i.i the FORTRAN IV language for use on the IBM 360/65
system.

The airborne noise data reduction program is longer than the other
two due to the large number of background corrections necessary. The
procedure it uses complies to the current ISO proposed test codes for
reverberant environment testing. The airborne noise program computes the
corrected values for sound power, total A-weighted sound power, and A-
welghted sound pressures at three feet from the source in a free field
over a reflecting plane.

The fluid-borne noise program corrects the measured noise levels
with instrumentation background noise data and the correction factos for
the dynamic pressure transducer. This program then computes A-weighted
power and pressure levels relative to 20uN/m”~. This is consistent with
the techniques for airborne noise data reduction and aids in the deriva-
tion of transfer functions from fluid-borne to airborme noise.

The structure-borne noise program also uses instrumentation back-
ground noise and transducer correction factors to correct the input.
Acceleration levels are read into the program to compute displacement,
velocity, and acceleration for each 1/3 octave frequency, as well as
total vibrational levels.

- COMPUTATIONAL PROCEDURE -

The method of data reduction for airborne and fluid-borne noise is
illustrated and explained in detaill along with similar programs in Ref.
[8] and will not be discussed here.

The input for the structure-borne noise program consists of acceler-




ation levels taken from 1/3 octave band analyzer, correction factors
for the transducer at each frequency, and a conversion factor of the
transducer for converting output voltage to meters/second . The acceler-
ation levels are first converted from decibels to an output voltage level
using the formula

A= (5 x 10%10%/%0
acceleration output voltage from transducer
acceleration input level from 1/3 octave analyzer
in decibels

Where: A

3]
n

The levels for the vibrational source and background noise are both con-
verted to power. Then, the vibrational source levels are corrected using
the noise levels and transducer and correction factors with:

CA = (1L + UP) (VIB - B)
Where: CA = corrected acceleration output voltage
UP = transducer correction factor
VIB = vibrational source acceleration output voltage
from transducer
B = background acceleration output voltage from trans-
ducer

If the background noise level is greater than or equal to the vib-
rational source level, then CA is set to the minimum measurable accei-
eration level, The voltage-to-acceleration transducer factor is then
divided into these values. Then, using the basic formula for converting
vibrational acceleration to velocity and displacement, the values are
divided by their frequency, once for velocity and twige for displacement.
The decibel quantities are then found relative to 10 ~ m/s~ for accelera-
tion, 10°8 m/s for velocity, and 10~11 m for displacement.

- PROGRAM MODIFICATIONS -

All of the programs can be modified to reduce noise data frum any
source as long as the input data are of the right form. For example, if
one were reducing airborne noise data from a relief valve, the appropriate
correcticn factors in the data file, such as drive shaft noise, should be
set to zero.

The structure-borne noise program uses a 'voltage-to-acceleration"
transducer correction factor. If a transducer is used which reads direct-
ly in acceleration on the 1/3 octave analyzer, this factor should be set
to unity.

- PROGRAM IMPLEMENTATION -

Each program has two main parts —-- the program and the data file.




The ‘ata file can be stored at the end of the program, or it can be stor-
ed separately and run together with the program. This is more acceptable |
if many runs are to be made with limited storage space. If disc storage
is available, all comment cards should be removed and the program modified
so that the data file will automatically call the program when it is run.
The data file for this purpose is named a '"calling program" and is a
regular data file with the job control statements preceding the data. If
a great quantity of data needs to be reduced regularly, this is by far the
most ecomonical way.

The programs used at the OSU-FPRC acoustics laboratory are used main-
ly with a disc-stored program and calling program. However, the same pro-
grams with separate data files are stored in the library for occasional
modifications and listings. The relationships of the programs anc rthe
name of the programs are shown in Table E-1. Note that the programs on
disc are not worked with after they are stored but are called by their
respective calling program.

Listings of all of the programs and data files are presented in the
remainder of this appendix. A listing of the disc-loading routine and
disc-calling program are also irciuded.

T S——
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TABLE E-1

ACOUSTICAL DATA REDUCTION ROUTINES AND CALLING PROGRAMS

Purpose Main Program Data File Main Program Calling i
of Stored in Stored in Library on Disc Program

Program Library For Main Program
i *

Alrborne NOISY abn AIR air ##
Noise

Fluld-borne  p; oy fbn PSI psi
Noise

Structure-
borne SHAKY sbn VIB vib
Noise

*The suffix "##" stands for the RPM of the system (in hundreds) on which
the data file should be used. The data files will be different for
different speeds because of the drive system background noise data and
correction factors.
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NOISY
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ABN Data Reduction
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a A

DIMENSION A(21,121,LUBE21,12),L28(21,100,CL200,0¢21), T2 (21},
1VC(21) yBOL2Y) 4L0(21) ,80PE211 4HP(21) ,LP(?)},CPI(2Y),CN(2" ),D0(21),
20P L 2114020l 1y EXE21 ) FPE2L) ,FPE21) D1 211,B112Y),B1P(21),0D1P(21)
F4GPI21 ),GUIL21 )y HCI2Y )y HPL21 )y DAP L2100, T 10210, T1IP( 21),0P(21)},00(21
41 P21 4PPL21Y, BAPEZ21) 4QPI2YT 437021 ) API21) RD(21),RP(2Y},5P(21
5) S0021),8A0(21),504(21),S0P(21),xP{21),XN(21),82P(21),

SRZDI21 ), R2DP{21) 4yKPI21 ), KO(21},2S5(21)

DOU3LE PRECISICN 4,LUB,LRB,C,P,TO,v0D,3L,L0,R0P,6P,LP,CP,CO,
10N, OP,02,EN,EP,FP,D1,81,R1P,01P GP 4G 41D HP,DAP,T], TP ,NP,00,
2P04PP  BAPUP sy AP, RCHRP,SP,S0,8BAC,540,5UP,XxP,x0, B2P,SPT, DR,
3TP, DBT.R2D4R 2DP4KP (KD 4R S

SFAD THE  1/3 DCTave CENTER FREQUENIZIES TD BE
JSFD I[N THIS PRIGRAM

REAC(S5,200{A(1,1),0=1,211)
FOURMAT({TF1U.3)
CONT INUE

THE NEXT 21 NUMBERS ARE THF SOUN) POWER CALIBRATICN
VALUES. A(l,4) BEING THOSE USED FOR CORRECTING THE UNCKNOWN,
AND RS({1) BEING THOSE USED TO CURRECT ALL OTHER MEASURFMENTS,

READ(5,2C){A(],44),1=1,21)
CONT INUE
REAU(5,20) (RSUI) 4121 ,21)

THE NEAT 21 NUMBERS ARF THE CORRECTION FACTOIRS
USED TO CONVERT TO DBA

READ(S,2001C(I),1=1,21)
CONT [NUE

KEAD IN (N} AND (M) WHERE (N) IS THE NUMBER OF
MEASUKMENTS OF THE UNKNOWN SOURCE TO BE AVERAGED AND
(M) IS THE NUMRER NF MFASURMENTS OF THE REFEKFNCE
SOURCE TN BF AVFRAGED

READ THE VALUES FOR THE fFLUID FP'IWER SYSTEM PARAMET ERS
NP=0OSU PUMP NUMBER, NPR=SYSTEM PRESSUTE, NI aINLET
PRESSURE, NS= SYSTEM RPM, FA=FLiII4 RATE, TFM= SYSTEM
TE MPE RATURF

READ(S 25 NP
READI 5S¢ 25)NPR
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00000050
00002060
00000070
0u0Quvos0
00000090
000030100
00Quotllo
00000120
00000130
00000140
00000150
00000160
0u000170
00000180
00000} 90
00320290
0009U210
00000220
20000230
00000240
000004130

000230450
00000+«60
30000461

000004380
00000490
00022503
0000051V
00020792
00000710
00VV0T20
000007130
000007<0
00000750
00000760
00000770
0000097y
00000990
00000999
00001040
00001010
00001020
00001030
00001040
00001050
90031v6v
00001070
00001080
90001090
00001100
00001110
0000t120
00001130
00001140
00001159
00001160
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READ( 5, 25IN1 00001170
READ(5,25INS 00001180 ' r
READ(S,28)FR 00001190
QEAD(5,28) TEM 00001200 '
25 FIORMAT (15) 000012; 0

28 FORMAT(FS5, 1) C000' 220 ‘
26 FORMAT (25X, 29HSYSTEM PARAME TERS FOR OSU-NP=-,f2) 00001230

10 FOPMAT(215) 00001240 )
¢ 00001250
€ mmmmmem e e e me—emc—mee— o 00001260
C REAU THE VALUES FOR THE UNKNOWN SOURCE (LUB) 00001270
[ et i 00001280
C 00001290
HEAD{5,20 ) ({LUBLY, 2V, 1=1,21),J21,N) 00001300
IF{N.EQ. 116D 1L 21 00001320
C 00001330
[ S e e il bt it 00001340
C COMPUTE THE AVERAGE OF (N} MEASURMENTS OF {LuB3) 00001350
€ mem e e e e e memm—ee—eo 00001360
C 00001370
0 40 1=1,21 06001380
av=0,0 00001390
30 30 J31,N 00001400
Av=AVeLUB(T,J)} 00001410
310 CONT INUE 00001420
All,2)=AV/N 00U01430
40 CONTINLE 00001640
G 10 45 00001450
21 9C 22 1=1,21 00001460
A(T,2)=LUBLT,1) 00001470
22 CONT INUE 00001480
d 00001490
e e e L L EE L L b T 00001500
C @Al THE VALUES FDR THE REFERENCE SOWRCE (LRB) | 00001510
[ et R LT L L P e V0001520
c 00001230
45 READIS,20) (ALRBUI,J1,1=1,21),Ja1,M} 00001540
d 00001550
[ e L L L LR P PR e Lt 00001560
C REAC THE VALUES FOR THE OUTSIDE SOUND LEVEL (T1) 00001570
[ e etk e 0V001580
C 00001590
READ(S,200(T1 {1}, 1=1,21) 00001600
IF(M.EQ 1IGOD TO 23 0000:610
C 00001620
D e e e 00001630
C COMPUTE THE AVERAGE UF (M) MEASURMENTS OF (LRB) 03001540
, [ e L L L L P P P PP PP P LS LR 00001650
C 00001 660
D0 7C I=1,21 00001670
AB=0.0 00001680
DO 60 J=1 .M 00001690
AB=ABOLRB(],J) 20001700
60 CONT INUE 00001710
Al143)=A8/M . 00001720
70 CONTINLE 00001730

GO TO 75 00001740 4
23 N0 24 1=1,21 00001150
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A{l,3)=LRul1,1)

24 CONTINUE
C
C ______________________________________________________
¢ IEAD THE TRANSMISSON LOSS F IR THE ROCH wALL (T0)
C ______________________________________________________
c
75 READ(S5,2CH(TOM1) 41=1,21)

c
C -------------------------------------------------------
C IEAD THE VANE BACKGROUND (V)
c ------------------------------------------------------
C

AEADLS,200(VOITH,1=1,21)
C
{ 3 mmemm e e e e e e meeenn
C REA) THE HUILDING RACKULRCUND (B}
c ------------------------------------------------------
c

REAGLS,200(BOLT),1=1,21)
C
C ------------------------------------------------------
C READ THE REFERENCE SOURCE FOR CIPHECTING {VO) AND (B0)
c ———————————————————————————————————————————————————————
C

READ(S5,20i (LOI1) 1=1,21)
C
C e e o - T = = - - = > ™ = - = =
C READ THE DRIVE BACKGROUND [+ THE ROOM {02)
c ------------------------------------------------------
c

READE5,200(D2(1),1=1,21)
c
< B L T e T T T R R
¢ READ THt DRIVE BACKGROUND Ci*iSluc JF THE XOOM (01)
C ------------------------------------------------------

READIS, 200401011 ,1=1,21)
c
c ------------------------------------------------------
C READ THE BUILDING WACKGRUUKD OUTSIDE OF THE ROOM (811
c -----------------------------------------------------
c

READ(5,20)(BL{1),151,21)
c
c ——————————————————————————————————————————————————————
c READ THE REFERENCE SOUNCE FIR CIKREZTINS (D2)
C ----------------------------------------------------
c

READIS,201(R20(1),1=1,21)
c
o T gyt
C COMPU"E THE SOUNO PIWER DOF THE UNAKNOWN SOURCE IN 0B84a
C -------------------------------------------------------
d

on 8o [a],21
WD20P(1)=l0*e({R20(1)-T¢.)/10.}
BIPLTh=pOLI)¢RSETNI=LO(])
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00001760
00001770
00001780
00001790
J00018V0
00001819
uouul1B20
00001830
00001440
00001850
30001860
00001870
000v198u
noooLRr90
000Vl 900
00J01°10
32001923
00001930
00001940
00001950
00001960
ou001970
20001980
00001990
00002000V
00002010
00002020
00002030
30002940
00002050
00002060
00002070
00002080
00V02030
32692100
00092110
00002129
00002130
000021490
00002159
00002160
00002170
000021R0
00002190
00002200
20002210
29022220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
000232300
000v2310
00002320
000023130
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BP (T )=10.00((BOP(1}=T6,)/10.) 000023540
KPLT)=RZDP(1)-BP (1) 00002350
LPEL)=1g s ({LO(I)-T4.$/10.) 00002360
CPLII=LP(I)-BPIL) 00002370
TECOP (11 GELLPILNICPLTII=1,0/10.903,.5 J0002380
COL11=10.%0L0GLALCPITN)*T4, . 0JUU2390
DI avILL)eRS{T)-COLT) 20002400
NPE11=10 «*o((DOf1)=T4.1/10.) 00002410
A2P(11=DP(]} 00002420
XPLL)=LP(1)-B2P(1) v00024 30
TF(B2P (1) . GELLPIINIXP(1)=1,0/10.923,5 00002440
XU(1)=10,*DLOGIVIXP(T1)¢Ta, VUV02450
KO(1)=10.%0L0GLO{KPLT I )¢ T4, 00002450
ENELI=C2 (1) +RS(II-nO (1) 000026 70
FPUI =1u.es ({EDIT)=Ta.)/104) 00002480
FO( 1)z 0 (1)-B2P( 1) 00002490
TF 82P (1) GELEPLIIIFPI1)=1,0/10.2¢3,5 00002500
NLPET)=10.#8((D11-T4,) 7104} 32032510
BIP(T)=10,0e((BL(I)~T4,1710.1} 00002520
WPILE=01PLI)-B1PLT) QUUV2539
TFESIP(T ) GF.DIP{INIGPIT)=1.0/10.%¢3,5 00002540
GO01)=10 .*0LOGII LGP L 1)) ¢4, 000V2550
ML) =GULT I =TO( T Ju002569
HP L1 )=10.02{ [HOI1) =74.) /10, } 3000210
DAP(1)=FPL1)=HPLT]) 0002540
LF{HP(])oGELFPIIIIDAPILI)=1,0/10,%¢3,5 00002590
TIP{II=10.00((T1L1)-T6.)/710.) 00002500
CPLTI=TLPLII=RIP (L) 00002610
TFUBIPUI YL GE.TIPLTINIOPIT =] . 0710,%3,5 V02620
“HCL)=10.%DLOC1IOPLT) )+ T4, 000025130
OO =00 (1)1=-TC(L) 00002640
PPITI=10.2¢((POLLI=T& ) /T UL) 00002650
Aud(1)=PP(T1+DAP ([ )¢B2P( 1) 00002660
AP(L) =10 0® ([A(1,3V-Ta, )/ 0.} 00392670
PULIAP(1)-82P( 1) 90002680
TFUU2P(1)e ELAPLTIDIGP(T}=1,0/10.9¢3,5 00002690
Q01 =10 e OLCGILUP LT b eTa, 00002700
RO(II=ACT, 2V eAL1, 41 =0011} 00002710
AP(11=1d e 2o ((RO{1)1=-T6,)/10,) 00002729
SPI1)=RP (1) -BAPLT) 00002732
IF(BAPIT).GELRPIIIISPII)=1,0/10.%3,5 00002740
ACT,50=A01,41-00(1) 00002750
SO(I1=10.2DLOGLUISPLT)) ¢T4, 00002760
A(T1,6)=50(1) 00002770
RAO(T)=1U0.*0LOGLI(RAPLT)) ¢T4, 200022740
ALT,Th=RAD(T) 00002790
PUI)=Al1,6)-7.0 00002800
ACT,10)=A01,604C01) 00002810
At1,9)=010.2(AT1,10)/10.)1/10.%212, 20002420

ag AU1,81=0001) 00002830
AL 411D =A01,1) 00002840
SOA()=SO(T)+C(]) 00002850
SOP([)=(10.#0(SNA(T1)/10.))/10.%¢12, 00002860

HO CONTINUE 00002870
P=0.0 , 000028830
$PT=0,0 00002890
08 20.0 000029430
DO 90 I=1,21 00002910
‘ 87
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SPY=SPT+SP(IT) 00002920
NR=0Bea{ 1,10) 0V002 30
TP=TPe SOP{1)} 30002740
90 CUNT INUF Uv002950
CRT=10.*0L0G10(SPT )¢Ts, 009902950
DBAL=)1C,#DLOGLO( TPe) U, o2, ) 00002970
BT7=0B8+1-T7 .0 00032980
PPS=NPR 00002934
HPR=(DRS®FR) /1714, 30002945
000U2990
---------------------------------------------------- [FIIVIV IR RERV )
PRINT THE QUTPUT TABLE F(CR THE UNKNOWN SOURCE (LUBR) ooou3olo
"""""""""""""""""""""""""""""""""" 00003020
00003V130
wRITEL6,150) 00003042
APITEL6,150) 00003050
WR1 T {oy160) 00uu 3060
W I TEL 6, 170} JJ003070
WRITE(6,120) 000030R0
wRITELO6,130) 0000309
wh17706,1200 00003100
WAITE(O, 100 LLALT D 0=y LD, 0=, 21) 00003110
w1 TF{6,120) 00003120
WRITF( 6, 1351087 00003130
wHITE(6,133)TP 00003140
WRi TE L 6,140) DBAY 00003150
WRITE( 6y 136)0R7 00003160
WRITE(6,120) 00003170
WRITF(6420)NP 00303180
WRITE( &, 201 )HPR 000923185
ARITE(6 2T INPRGNT (NS FR,TFN 00003190
ART TE(6,120) 00003200
WRITE(6, 125) 00003210
10U FORMAT (1 X oF6 .0 23 FT 1o Fb. ¢ 3FT.143X,08.2,F7.1,2X,Fb6.0) 0u00322v
120 CONMAT{ L AyBUH- == - r e e e e e e e r e e e e e m e r e - m—— - —— - - - JJ)0J32130
I e e e e S a e e e e S EttsS b ) 00003240
125 FOIMAYL///77) 00003250
130 FORMATI2X,BOHFREY LuB LRB LR CORR Ly Ba VA 00003260
1 PwWK CHaA FREQ ) 00003270
139 FORMAT (1 XySTHTCTAL "A" WEIGHTED POWER -===---c--cccoccmcmcnan oo 0000328V
I--- ,08.2) 00003290
136 FNRMAT (9X,63H"ACTUAL LEVELS ARE LESS '+HAN OR FQUAL TO THISE PRESFNODOO33V0
17¢D BELUW") 03003310
135 FORMAT(IX, 35SHUNWE[GHTED SOLND POWER --=--c-e---- WF6.2,41X92H0B) 00003320
136 FORMAT(IX,67THTHREF FEET FQOM THE SOURCE IN A HEMISPHERICALLY DIVERQOO003330
1GENT FIELD *9,F6.2,1X,0HDBA #9) 00003340
140 FORMATUIX,bTH'AN aF IGHTED SJOUND PIWER --------=-c-cccrcccnaccana --00003350
}| cocoooemacocos vFeo?241X,3HDBAY [TV R YY)
150 FORMAT(/) 00033370
160 FORMAY (37X,8HNSJ-FPRC) 60003380
170 FORMAT (26X ,29HACCUSTICS LABCRATJORY DATA LOG) 0J003390
27 FORMAT( 1 X, 9HPRE SSURE =164 3HP S 42X ,6HINLET= 412 ,3HPSIT, 00003400
12Xy 6HS PEED=, 14 s 3HRPY, 2X, 1OHFLUW RATE=,Fé&.l, IHG, 2X, 00003410
2V2HTEMPE KATURE=,F& 1l 41 HC) 000013420
201 FORMAT(32Xy 12HHIRSE PQOWER = ,F 5,2, 2HHP) 00003425
STop 00003420
END 000023440
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WP

- DATA FILE STRUCTURE FOR AIRBORNE NOISE WITH PARAMETERS

ORDER OF OCCURRENCE IN DATA FILE -

third-octave center frequencies at which measure-
re taken (7F10.3).

values of reference source output to be used for

environmental correction (7F10.3).

LISTED 1IN
A(L,1) The 21
ments a
A(1,4) The 21
RS(1) The 21
C(1) The 21
(7F10.3
N &M N is th
average
data to
NP Pump id
NPKR System
NI Inlet p
NS System
FR Flow ra
TEM System
LUB(I,N) N sets
LRB(I,M) M sets
T(I) The 21
TO(I) The 21
room (.
VvO(l) The 21
BO(1) The 21
LO(1) The 21
VO and

— e~ M

values of reference scurce used with R2D(I).

correction tactors for converting dB to dBA

)

e number of sets of unknown source data to be

d. M 1s the number of sets of reference source
be averaged (2I5).

entification number (IS5).

pressure (I5).

ressure (I5).

rpm (L5).

te in gpm (F5.1).

temperature (F5.1).

of unknown source output data (7F10.1).

of reference source output data (7F10.1).

outside sound level values (7Fl10.1,.

values of transmission loss for the reverberaut
tr'0.1).

values of diffuser noise backgrounc.
values of building noise bacl:round.

values of the reference source - ecting
BO.
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D1(I)

BLI(I)

R2D(I)

The 21
room.

The 21
room.

The 21
room.

The 21
D2.

values

values

values

values

e o -‘ﬂ-"'/“v—"l_*n,.___,__ q‘;’ =S
of drive system background inside the

of drive system background outside the

o, building background outside of the

of the reference source for correcting

90
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60. 00NN0NAKD
70. nononnzo
80. n0N0NNAR0D
90. nononcan
100. nonon100
110. nononl1lo
120. 00000120

130. nononI3o
140, nonon_uo
150. nonon1so
160, 00000160
170, 0onnon1zon
180, 000001RT
190. nnoon1an

200. 0onon2nn
210. 00000210
220. 00000220
230. nannnzio
240, annno2u0
250. nonon2so
260, 00000260
270. 00000270
280, 00000280
290, nn0on290

300. nononn3oo
310, 00000310
320. 0nononi2o
330, nonnas3o
340, 0ononN3uo
350. 00n003s0
360. nonon3InRo0
370. uonons70
380. noonnN3R0O
390. nnno0390
400. nononuno
410. nononL10
420, nononL20
u30. nonoou3o
Lo, 00000LLO

u50. nonooLs0
460, N0N0NLAKD

470. nnoonL7o
uWao. 000NOLAN
490, nonoNnLan
500, 0nononsno

510. 00000510

520, nonnns20
530, nnnnns3n
540, anannsL0
550, onnnnss

560, nonnasGo
570. nonnns70
san. nononnsan

N,

100,
500,
2500,
71.9
16.3
75.8
72.
76.
76.
-19.1
-3.3

2000
n

600

6.0
3R.0
65.9
57.5%
45.9
6R.3
73.R
75.9
85,
G3.3
h1.8
20,
4.5
34,5
WR. 4
19,
39,
ub.R
39,
39,
69,3
73,6
75,
St.
SIS
52.6
69,3

51.9
46,3
19,

70,
73.5
75.5
1/

TABLE E-2: Data File ABN ##.

125.
630,
3150,
75.1
75.8
74.9
75.5
75.5
75.58
-16.1
-1.1
1.2

SR.H
57.8
45.%
71.7
73.2
75.6
T4,
fR.7
58.2
21,5
34,5
34,5
na.R
39,
3q,
bR, S
34,
59,
70.8
73.7
4.6
55.8
56,2
51,7
64,3
60,
49,
LR, 6
3q,
39,
7.7
74,2
15.

160,
ann,
unnn.
75.0
75.4
4,6
75.5
76.
75.
-1%,2
-0.8
1.0

57.
53.2
49,2
74,
T4,
74,2
7.9
2.8
56,9
24,
AL
16,
wn,2
W,
i,
39,
39,

73.3%
73.8
73.2
53.2
0.9
45.R
0.2
62.3%
%2,

W3, >
3q,

39,

7,2
73.9
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200,
1000,
5000,
75.3
75.0
75.1
75.5
75.5
75.
-10.R8
0,0
n.5

64,

51.3
45,4
75.3
75.8
7.
fa,5
60,5
57.8
26,

34.5

u2.2

W3, h

75.8
74,2
7%.5

250,
1260
6300
74,9
74,8
M, 5
75.5
75.5
72.5
-R.h

-Nn.2

58.6
51.
L6, 2
77.6
75.1%
T4,
GR.R
60.2
57.
34,5
h2.
19,
AL

AL
AL
39,
738
74,9
13,
§7.7
56, A
.3
(1]
58.8
51,
30,

34,

76.1
75.?
7L

3156,
1600,
gnnn,
76,2
75
75.0
76,
76,

-h.5
1.0
-1

76,7

nnn,
2000,
10000,
75.2
.7
7.6
75,
15.5
7.5
-h,R
1.2
-2.4

ht.

hWh, 2
n,2
716.3

£%.2
/n.1
61.
Sh.h
32.5
34,5
Wi,
39,
39,
in,
3a,
39,

73%.2
4.3
67,
57,
52.1
h2.
RS.4
54,7
7.3
39,
3a,
39,
75.
75.
fR.3}
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Main Program
PULSY
For

FBN Data Reduction
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N e el W A OO A D [aNaEaNaNa el s XaiaEaNaNal

AN e N el Nl

alal

2U

DIMENS TUN A(21 4,30, 20812, L0y Pnd4 0214 101, CH21) L 21,
VAP z{ 21, AP 3(21),CP(21) ,uP(2Y)
MUUBLE PARECTISTIUN A PUo w0 or P2, AP, 2P, D0, UP, TP, DAL, DR

ICAD THE 21 172 D2TAvE (ENTER FRreoUUNIIES
T BE USEu IN Tdili PROGRAM

REAULS 200 (AL 410,021,211
FORMAT(TF 10,11
« ONT TNUE

THE NEXT 21 NUMBERS AkbF 1w CORLECTION FACTORS
UStu TO CONVERT Y0 DBA

PEADCS, 20002010 ,121,2Y)
CINT INUE

SEAD IN THE NJMJER JF MEASURMENTS T) € AVERAGED--( N
MFASURMENTS FOR THF PRFSSUYNE SGURCE, M FUQ THF
sACKGRUUNG NUTSE, FIRMATI215)

“TAD(S 1IN, M
LLAIMATL2T5)

SEAU LN THE TRANSDUCFR (JARSCTIIN rACTOR
FOKMAT{F10.2)

READIS I 1T X
FORMATIF10.2 1

FAD IN THE VALUERS E3w "WFE rFL)ID POMER SYSTEM PARA~
AFTERS, NP=PUMP NUMBER, NPIaPUMP QUTLET PRESSURF,
IP=INLET PRFSSUYE, NS=SYSTEY qPY, F2= FLIW RATE,
TFM=SYSTEM TEMPFRATYLE

READIS,12INP

FAD(5,12INPH

SEADLS, 12 EF

JEAULS L1 200 S

SrADLS, 110 kR

ALED(5, 11 )TEN

FIRMAT (1S)

1D =P

POz ((H2e7P) /1T w,)

READ IN THE MELSURED VALUES FOR THE PRFSSURE SNURCE
FORMAT(TFYIO0. 1)

94

00900050

330230hY .
00032970

00UYJLO0BO |
19033290
03027100
JUOJVL 10
30020120 |
000001 30

0UJIUL 40

33292150

00000160

JOUUU3SY

00032362

00000370

J3022380

00030399 |
000UV&UY

32000410 |
0003062
00000520
40021630
000V0540
0UUVUE5Y J
00070552 |
3300670

230335R) [
00000690

30000700 ]
23033791

00000702

300337073

02030704

JUOUATYE

33033708

00030719

0UV00720

93030721

00020722 J
90UV T2

0002072¢ §
3000725

00000726

00030727

00000770

QU0 0140

0U022750

0000075y

23000770

0300J780 )
00000790

32000795

0302079+~

0LO0UC IO

00090A10 +
0002082¢

00300834

00020860
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C

alaRaNaXall

NAC A0

adOOoA0 YA, OO OO A

e XalalaNel

lalel

30

40

50

70

READ(S5,20) ({PUBLT,J)s1=14210sd=1sN)

FIND TrE AVERAGS JDF N MEASURMENTS FIR EACH 1/3 JITAVE
BAND FOR THE PRESSURE SOURCE

00 «0 I=1,2}
av=0.0

N0 30 J=1,N
AV=AVePUBIL +J)
CONTINWE
AlTy2)=AV/N
CONTINUE

READ IN THE MEASURED VALUES FOR THE BACKGROUND,
FORMAT(TF10. 1)

FIND YH: AVERAGE OF M MEASURMENTS FOR EACH 1/3 DCTAVE
BAND FOR THE BACKGROUND

0'70 I=1,21
At =0. 0

B0 60 J=14M
AB=AB+PRBI!,J)
CONTINUE

all, 3)=a8/M
CONY INUE

AP (1)=10.*((AL[,2)-74.)/10.])
API(I1=10.*e((ALT,3)=-T6.)/10.1)
CPLT)I=AP2( 1)-AP3LT)

[FLAPI LI ).GE.AP2LTNICP(T)=1/10.%%3.5

COMPUTE THE “A"™ WEIGHTED PRESSURE LEVELS

00020852

00000860
J000U830
00000890
00000900

00V00910
03030920

00000930
00000940
00000950

03000960

00000970
00000980
00000990
0ud010u0
00021010
00001020
00001030
077010460
0uu21050
009001usbV
30001070
00001080
00001040
33021100
01,0011t0
0001120
J0001130
00001140
00001150
00001162
00001170
00001180
00001190
00001200
Jooul210
J00v1220
000012130
00001240
00001259
00001260
00001270
00001282
000012990
30001300
30031310
00001220
00021330
00001340
000011350
30021360
00001370
000011380
00001390
00001400
00001410
00001420
00001430




=2 EE}
' C COMPUT E THE PInER ASSOCIATED wlTH THE ™AM JEIGHTED 00001440
4 PRF SSURE LEVELS 00001450
A e T e 9G031460 .
c 00001470
D ACL6) =01, e (ALT,51 /1000801 ./20.%%12.) QU001 480
> ¢ 00001490 '
€ oo e e 00001500
¢ COMPUTE THE PGWER ASSOCIATED WITH THE UNWE [GRTED 00001519 |
C PRESSURE LFVELS 00001520
T T 00001510 !
C 20001540
UPCII=10.8%0(ALT1,6)-76.1/10.1 00001559
C 00001560
e e oo e e 30021570
¢ COMPUTF THE "AM WEIGHTFOD PRESSUIE LEVFLS RELATIVE T9 00091580
C 20 MN/ Ns s 00001590
£ e mm e e 90001400
¢ 02021512
ACLeT)=A01,5)eTX 00001620
A(L,81=a01,1) 30001630 l
80 CONT INUE 00001640
TP=0.0 00001650
PB=3.0 20001660
DO 90 1= 1,21 00001670
DB=DB+ Al ,6) 00001680
TP=TPeCP (1) 20001690
90 CUNT INUE 60001700
c 00001710
§ [ mmm e e e V0Vl 720
¢ COMPUTE THE TOTAL UNWEIGHTEJD PrESSURE LEVEL 03001730
o e 00001740
@ 00001750
NB1=10.¢DLOGLOL TP} 74, 00001760
¢ 00031770
€ mmemmm e e e e o 23001789
4 COMPUTE THE TOTAL 8" wEIGHTED PRE SSURE LEVEL 00001790
S 00001800
c 00001810
CAA=10 .¢DLUGLO(DB*{ 10.¢*12. 1) 00001820
h C 000018130
€ e e oo eeemcememeoeeae 0000840
c COMPUTE THE TOTAL "A" wFIGHTED 2R%SSURE LEVEL RZLATIVE 00001350
c TO 20 "MN/Mve2 00001860
T 70031870
C 00001830
080827 JBA+TX 00001870
C 00021900
, L mmm e e 00001910 -
c PRINT THE OUTPUT TaKLES 00001920
v E  ocomcommmoocooooomoscoooonasmen commeame oS 02001930
AR ITE( Gy 169) 00001940
| WRITE(6,120) 00001950
WRT TE( 6,130] 00001960
) WR[TE( b, 150 00001970
WRITE(6,140) . ¢0001980
WRITF{ 6,150) 20001990
WRITZ(6,100) ({ACT,J)yd=1,8),121,21) 00002000
WR ITE( 6, 1501 00002010
<d
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WR1TE(6,1011081 00002020
WRITE({6,102)0BA 00002030
00002040

WRITE( &, 103108 00002050
WRITE(6,106)0D08A2 000020450

WE 1 TS0 £, 1508 00002070
WRITE(G, LTOINP n0002080
WRITEL6,105)P0" 00002085
WRITE( 6, 175INPR [P NS ,FR,TEN 20032090
WRITE(6,150) 00002100

WwHI TE(6,169) goov2llo

100 an:m1x.Fe.o.z.Ho.2.4x.oe.2.Flo.z.Fn.0| 00002120
101 FORMAT (1X,30HTOTAL PRESSURE -=-=<==-=="""°7 W he2,01X,2HI8) 00002130
102 FORMAT (L X, 60H"AY WEIGHTED PRESSURE —=-==-==-=--=m===="" VF 642y 4H DBANOD0OO2140
103 FORMATI{1X, 4QHTCTAL "A" WEIGHTED POWER —-——===-—-=s-ss-ossosTeo 00002150
108,.2) 00002160
104 FORMAT (1 Xy 61HYAM WEIGHTED PRESSURET RELATIVE TO 20 MN/M®#2 -occoc=w- 03002170
| ~mmmmm - yFT 42444 DBAY} 00022189
105 FORMAT (32%,1 2HHORSE POWER= g Fb 42y 2HHP } 00002185
110 FORMAT(4F10.1) 02002190
120 FORMAT (37X, 8HOSU-FPRC) 00022200
130 FORMAT (26X J29HACOUSTICS LAB JRATQRY DATA LOG) 0Qvo2210
140 FORMAT{2X, 4HFREQy 6Xy SHPRESS,6X ¢ 3IHBKG 46 X 4 4HCORR e T K G IHMAY  BX, 00002220
1SHPOWER, 6%, 6 HREL -20¢ 6 X, 4HFREQ) 00002230
15J FORMATY {B0H =t===========-=====nl:===:==:==::::::::::=:I==r=xl===::000022§0
lc::::n::a:::z::::::n::l:] 000322%0
169 FCRMAT(///7) 00002260
170 FNRMAT (25442 9HSYSTEM PARAKETERS FOR QSU-NP=,12) 00002270
175 FORMAT(1X, GHPRESSURE = cl, HPST 2 X 0HINLET=,11 PINPST 42X, 00002280
leSPEEO=.IQ.BHPOW,ZX,IOHH_DH RAT E=xgFasly iHG,y 2X, 00002290
J12HTEMPERATURE=,F&4,! WLHC) 00032300
sTOP 00002310

END 00002320




-~ DATA FILE STRUCTURE FOR FLUID-BORNE NOISE WITH PARAMETERS

AL, D

C(L,1)

TX

NPR
193
NS
FR
TEM

PUB(I,N)

PRB(I,M)

R — e

LISTED IN ORDER OF OCCURRENCE IN DATA FILE -
The 21 third-octave center fraquencies to be used in
the program (7F10.1).
The 21 correction factors to convert dB to dBA.

N - The number of sets of unknown source measurements
to be averaged.

M - The number of instrumentation background noise
measurements to be averaged (215).

Transducer correction factor (I5).
Pump identification number (I5).

System pressure (15).

System rpm (I5).
Flow rate in gpm (F5.1).
System temperature (F5.1).

The N sets of 21 measured values for the unknown noise
source.

The M sets of 21 measured values for the background noise
measurements.
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*0e¢
"01¢
*00c
061
‘081
‘0Lt
091
*0st
*ont
“0gl
YA
‘011
‘001
‘06

‘08

‘0L

‘09

99

. o o

—



TABLE E-5: FBN Sample Output.

JSU-FPRC

ACUUSTICS LABNDRATQRY DATA LUG

]
"
"
"
1l
"
"
"
"
"
"
"
"
1
I
"
]
"
]
"
]
it
n
"
1]
1t
"
1]
"
1
]
"
1
]
1
]
1]
n
1]
"
]
"
]
]
"

(30)
L

"AN PIWER REL-2D

CURR

BKG

FREC

i
1]
"
n
"
"
n
n
n
]
]
]
i
]
n

"
1}
"
]
"
1]
[
]
L]
"
1
"
]
]

1}
1
0]
"
n
"
]
it

100,

179.20

Oo 53)—06
J.320-07
J.IQD-\)'/

55.20
45,07
42.838

T4430
61 .17

39.0G
39.00
51.20
51 .40
44,60

T4.30

61.20

100.

125.
16).

169,07

1

125.
160

h2.38

171.37

56, 08

58.17

57.3J
56.J30
4G, 30

n
)

550-97
U.9490-u3
0.130-07

Y
-e

47.37
39.72

200.

ll.:k_...

259.
315,

163.72

49,32

4 00.
500,
5390,

164,20
171. 39
163.53
160424

0.550-07
Ue2bD-uR
J.&20-J8
Je56D=-08

U.940-J3

49,20
47.39
316.63
36.24

@b, 70

52.19
39. 93
39,14

52.10
44,70
39. G2
19,00
36.00

53.29
52.90
42.50
41.60

315.
«00.
SC0.
630.

PO —

ROJ.
1002 .

(oY}

.62‘
143.75

)

Ly

33

35 .00
33.75
39.18
36,00

2

3G,J0
42,40

42.10

3C0.
1300.
12%0.
16C0.
PAVEVIVIN
2500.

39,75

3G, LU
39.00

39,0V

1250,

(VIS
207 .
25UJ.

1~3.68
164 .00

1

0.930-08
0.10D0-97
Jdei6l-08
J.1l0D-07
JetuN=-37
JelU0-U7
J.330-04

39.68

14

5591
164.20

40«00
3le. 91

0,71
29,390

38,430
39 .00

36,00
39,5V
39,00

100

40,20
4J.2J

LAV ISRV

2150,
4)00.

164 .2)

39.J0

39, 00

39,00

i)

[
-

31
‘0000 L ]

los,.J0

319.00 319,40

39,00

39,390

SU UU.
6100,
8000.
10000,

163.50
162.89

J o7b D—L)q
Ue520-08
J.170-013

39,50
38.8u

319,00
BQ. JU

19. 0C

.O\)
2G4, 00
36,09
L0e 4V

QP

161. 30

37.90
32.49

39.00

2

39,00
3Q.,Jvu

L
o0
o O
oS C
mn O
pa—y

156.40

4 .80

74.72 DB

FRESSURE

T0T AL

57 .87 CuA
e —— - 0L 610-06

WwEIGHTED PRESSURE

(IA 1]
a7

NEIGHTED PIWER
ACTGHT £ DPRESSUVE RFLATIVE T3

AN

L

”

s

151.87 Y34

MN /M

20

"AU

3

FOR OSuU-NP-

SYSTFM PARAME TERS

0.73HP

POWER

HURS E
SPEED=

TEMPERAT JRE=35,0C

330

FLOWw RATE

5JURPM

INLE T=0PSI

= 200pPSI

PRE SSURE

n
"
]
n
0]
il
]
]
"
"
"
i
'l
]
n
1]
1]
n
n
n
i
]
ll
"
"
I
1t
h
"
1]
1]
}
i
1]
1l
i
n
H

"
1}
n
i}
it
"
L}
1}
i
H
il
"
1
H
"
"
"
"
"
"
It
1}
]
1l
It
]
il
fl
it
1}
"
"
fl
[}
It
]




Main Program
SHAKY
For

SBN Data Reduction



[ DIMENS TON A(21,10) VUR( 21, 100, ¥33(021,100,C(21),38(21), 00000050
YAP2(21) ,AP3(21) ,CP(21),UP(2V) 00000060 {
ODUBLE PRECISION A, VUR,VRY,C,AP2,4P3,2P,08,UP,TP,0BY ,CuBA, 00000079
1ACVE, Dt 00000080 |
C Ju00uU090
A ekt e bt 20000100 (
C READ THE 21 1/3 UCTAVF CENTER FREJUENCIES TO BE 00000110
C USED IN THIS PRIGRAM, FORMAT{7FLO.1} 0V0V0129
L e T L LT LS S e 000001130
c 00000140
QEAD(S, 200 (A{T, 1) ,1=1,21} UV 0VO01 50
20 FORMATITF10.1) 00000160 3
CCNTINUE 00000170
c 000006130
e e R 00000640
C READ IN THE NUMAER NF MEASURMENTS TO 8BS AVERAGED--{ N 000U0650
@ MEASURMENTS FCR THE VIBRATICN SUURCE, M FOR THF 00000660
4 BACKGRUND NOISE, FORMAT(215) 00000670
A et e e e T TP TP 00000680
c 00000690
READIS, 100N, M 00000691
k 10 FCKMAT(?2:5) 0000U692
c 00030593
L e et L LR P L e 000UU6 94
C AFA) [N THE "VGLTAGE U ACCELERATION" TRANSODUCER 0VYIVEIS
€ COR~ECTION FACTIE (F10.8) 00000696
[ e D 00000697
c 00000698
RFACIS,99)TX 00003699
99 FURMAT (F10.8} 00000701
r 0000711
L 00000712
I 4€AC IN THE SYSTEM PARAMETERS. NP=PUMP NUMBER, 00000713
C NPR=SYSTEM DUTLET PRESSURE, [P=SYSTEM INLET PRESSURE, 00000714
C NS=SYSTEM IPM, FJ=SYSTEM FL)W RATE, TEM=SYSTEM 00000715
? C TEMPLRATUNE 00000716
C  mmmemm e e e es 23030717
C 00000718
READIS 12 14P 00000720
READ( 5,1 2)NPR 000007120
RFADIS,12)1P 00000740
QEAD(5 412 INS 00000750
REAU(S,111FR J0000760U
' RFADIS,11ITFH 00000770 -
b - s 11 FORMAT(FS.1) J000UT BV
12 FORMAT(I 5) 00000790
C 00000800
A e e E E  E LR e PP o0ouvVBLN
d READ IN THE MEASURED VALUES FUR THE ViBRATION SOURCFE 00000820
C FORMAT (TF10.1) 00000830
e T T P S 00000840
C . 00000850
READ(5,20) L IVUBGT JbyF=142%0,d21,N) 00000860
¢ 00000860
A i L T P S A 00000890
C FIND TRE AVERAGE JF N MEASURMENTS FJ1 EACH 1/3 0T Tt VE 00000900
C HAND FOR THE VIRRAT[CN SOURCE 00000910
S L T L e e T T T PP 00000920

102




AN AOD

[aNaNaRaNalal

aEkalalisiakal

[a¥aXaKaNalal

EL]

40

&9

70

RO

0C +9 I=1,2!
AV=0. 4y

DO 30 J=1,N
Av=AvevuBll, )
CONTINUE

Aty 2)=aVv/N
CONT INUE

READ IN THE MEASYRFD VALUES FOR THE BALKGROUNL,

FUYMAT{TFlU. 1)

FIND THE AVERAGH NF M MEASURMENTS FUR EACH 1/13 GCTAvVE

NAND FUK THE BACKGROUND

0J T I=1,21
Anzu,.d

160 J=1 WM
Ad=AB+VRB{ 1,4J)
CONT INUc
CBI1)=AB /M
CUNT INUYF

PCAD [N ThE TRAISDUCER CNWRECTION FACTORS AT
FACH 1/3 OCTAVF CENTER FREQUEHCY

COMPUTE THE ACCELFRATIUN, VELOCITY, AND
OTSPLACEMENT

DO 80 1=1,21

APPLTI=(S e/ 1026 ) 9 10.%2(A{142)720.))
AP (1) =(5./10.%¢6)¢(10.*={08(1)/20.))
CPUII=aP 20V -aP3(T)euP (1) o(AP2(I)=-AP3(]))
IFLAPI(I)LGEAP2UTNICPITD=1,/710.%%3,5
00,30 =CPLLY /T

A{l,S)=all,3)1/7401, 1)
AlLeTh=a01,5)74011,1)

A(L +4) =2C.* (DLUGYILA(T,3))¢5,)
A01,61=20.,2(LLGCGLOLA(T,5))¢8,.)
M1,81320.¢(0LOGI0O(ACT, 7)) el

Al ,92=a(01,1)

CONT IMUF

AC=0.0

vVE=0.0

01=0.0

no A1 1=t,21

0000uU930
90000940
0v0V0950
J0000962
206300970
00J00940
00000990
00001000
90001010
70001020
00001030
000Vl 040
000014950
00001260
0000107y
000010R0
000010 :0
[(IVEVIVE & RVIV)
N0001110
ooool120
000011130
00001140
00001150
33001160
00001170
U000l 180
00001190
0000120
00u012N
00001202
00val120?
000012 J4
V001205
00021 .06
0v0oL 210
000231211
J0ool1212
0000121
00001214
0000121+
VU121 4
0J)9)1220
0Jd0Jt 239
J0Vul240
JJI0Ngli 260
QUUJ1 255
000012¢5
00UUl2 7
00001240
JU0J129)
000u1320
voLol e
30001320
0V00133y
00U0134)
J00013%)
00001360
0JdIu1270




: 5

AC=AC+Al],3) 000011380
VE=VES+AL],5) 300011390
DI=DI+A( 1,47 00001 «00

8) CONTINUE 00uU0l1 41V
ACC=20.¢(ULOGIOLAZ )¢5, ) 30901420
VEL=20.¢{0LOG10(VE)¢B,) 00001430
D15=20.¢(0L0GLO(NT} Y1) 000Ul 440
ARITE( 6y 169) 00601430
WRITElo,1201 0C001490

WRI TF (6,130) 000U15J0
ARITE( & 150) 00001513
WRITF(6,140: 00001520
WRITE(6,101) J0VJ15130
WRITEL Gy 150) 0030t 540
WRITELOL 100 LLALT J) od=143 0,121, 21) 00001550

wWRI TEL 64150) 00001500

wP ITE(6,9001ACC,VFL,DIS 00001570
aRITF(6,951AC,VE, 0! 00001580
WRITEL6,150) 03001590
WRITE(6,170)NP 00001690

AL TECG )1 TISINPR TP NS FRyTEM 00u0l1610

AT TELE, 150) 00001620

R ITE(L,169) 0000t 630

G0 FORMATIIX 1 7THTOT AL LEVELS (DR}, 3Ky F5,1,13X,Fb6ely 153X, Fb6.1) 000J164v
95 FORMAT(1X, L2HTUTAL LEVELS 5X,EBe2 11 X4EB2,11X,FB,2} 00001650
100 FOURMAY (1XyFOe0sFT7aly F12424FTolsE12424FT.14E12.2/FT741,F9.0) 00001660
101 FURMAT(LUX,2HDB bR bHM/S®32 ,5X ,2 HDB o TX y3HM/S 47X,y 2HOB, Bxy 1 HM, 8X, 2HOQ0VO16TO
181 00001590
120 FCRMAT(37X,8HOSU-FPRC)} 00001690
130 FORMAT(26X:25HACOUSTICS LARORATORY UATA LOG) 00001700
160 FORMAT(2XyoHFRFJ 33Xy SHINPU 15Xy 1 2HACCELERATION,,SXyB4AVELOCI TY,9X,1200001710
THDISPLACEMENT 46X & HFREC) ’ 00091720
L50 FORMAT(UBCH #800at00sstdntsastsntssdosdssdsdortnssscrstsatsectstese00001750
1H8GHEEP0 PSR SEREEBISLTES) 00001 740
169 FORMATL(////) 00001750
170 EOQMATL 25X, 29HSYSTEM PARAMETERS FOR OSU=-NP=4Ic) 20001760
175 FORMAT (LX, 9HPRESSURF=,4 145 3HOST, 2Xy 6HINLE T2 41 1,434P St 2X, 00001770
16oHSPEEN= 41 4,3HRPM, 21, lUHFLCA RATE=,Fa.l 1HGy2A, 00001780
212HTEMPERATURE =y F&. 1,4 1HC) 00001730
s’'op 00uol1 800

END 00uo1810Q




- DATA FILE STRUCTURE FOR STRUCTURE-BORNE NOISE WITH PARAMETERS

A(I, 1)

NPR
\ v

NS
FR
TEM

* VUB(I,N)
VBR(I,M)

UP (1)

e e o

- s

2 :L._.-N-_,A't.'f:_‘:,‘“‘ DY .

LISTED IN ORDER OF OCCURRENCE IN DATA FILE -~

The 21 third-octave crnter frequencies to be used (7F10.1).

N - The number of sets of unknown noise source measurements
to be averaged.

M - The numbe. of sets of instrumentation background noise
to be averaged (2I5).

Pump identification number (I5).

System pressure (I5).

System rpm (I5).
Flow rate in gpm (F5.1).
System temperature (F5.1).

The N sets of 21 measured values for the unknown source
(7F10.1).

The M sets cf 21 instrumentation backgrouad noise measure-
ments (7F10.1).

The 21 transducer correction factors.
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NOTE:

APPENDIX F

TEST CODE FOR MEASURING AND REPORTING SOUND

GENERATED BY HYDRAULIC PUMPS

This document represents the project staff's interpretation of
the guidelines outlined at the May 1973 meeting of ISO/TC 131/
SC8/WGl. Supplementary information has been added, when it was
thought that such information would help to clarify the intent
of the document. A draft document from ISO/TC 131/SC8/WG1
should be completed by mid-1974.
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TEST CODE FOR MEASURING AND REPORTING SOUND
GENERATED BY HYDRAULIC PUMPS

1.0 INTRODUCTIONl

In hydraulic fluid power systems, power 1s transmitted and controll-
ed through a liquid under pressure within ar enclosed circuit. Pumps
convert mechanical power into hydraulic fluid power. Some noise is created
during the power conversion process. The sound level which results be-
cause of noise emitted by the pump is an important consideration in com~

ponent sel- :tion.
2.0 SCOPE

To prescribe procedures for the determination of the sound power
level of a hydraulic pump under controlled conditions of installation
and operation suitable for providing a basis for comparing the airborne

nolse levels of pumps:

2.1 1in terms of A-weighted sound power level.
2.2 1in terms of octave-band, sound-power levels. For
general purposes, the frequency range of interest
includes the octave bands with center frequencies
from 125 to 800C Hz.
2.3 excludes the determination of directivity characteristics
of the accustic radiations.

3.0 FIELD OF APPLICATION

This document is applicable to all types of hydraulic fluid power
pumps operating under stated steady-state conditions, irrespective of
size except for limitation imposed by size of test environment.

4.0 MEASUREMENT UNCERTAINTY

Measurements made in accordance with this international standard
tend to result in standard deviations which are equal tec or less than
those given in Table I. The standard deviations taken into account the
cumulative effect of all causes of measurement uncertainty, excluding
variations in the sound power of the source from test to test. For a
source which emits nuvise with a relatively flat spectrum in the 100 to
10,000 Hz frequency range, the A-weighted sound power level is determined
with a standard deviation not more than 2 dBa.

5.0 TERMS AND DEFINITIONS2

lText will be modified by WGl 2To be completed by WGl
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TABLE I: STANDARD DEVIATION (IN dB) OF SOUND POWER LEVEL DETERMINATION
Test

Environment Grade of Octave Band fm

(See Section 8) Measurement 125 750 500 10004000 8000
Anechoic Precision 1.0 1.0 1.0 G.5 1.0
Semi-Anechoic Precision 1.5 1.5 1.5 1.0 1.5
Reverberant Precision 3.0 2.0 1.5 1.5 3.0
Semi-Anechoic Engineering| 3.0 2.0 2.0 1.5 2.5
Semi~Reverberant Engineeringl| 5.0 3.0 2.0 2.0 3.0

TABLE II: DOCUMENTS TO BE USED FOR TEST FACILITY PERFORMANCE QUALIFICATION
Environment
in Grade of
Facility Measurement Applicable Document
Anechoic Precision Annex A of DISxxx (Part V document)
Semi-~Anechoic Precision Annex A of DISxxx (Part V document)
Reverberant Precision See Annex to LIS 2946
Semi-Anechoic Engineering Annex A of DISxxxx Part IV
Semi-Reverberant| Engineering See Section 3 of DISxxxxx (part III
document
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6.0 SYMBOLS®

7.0 REFERENCESl

8.0 TEST ENVIRONMENT

Tests are to be made using one of the acoustical environments listed
in Table II. The test facility must meet the measurement performance
requirements (standard deviation limits) indicated in the appropriate doc-
ument .

9.0 INSTRUMENTATION

9.1 Instrumentation to measure oil flow, o0il pressure, pump speed,
and oil temperature is to be in accordance with the proposed
SC6 pump testing document for 'industrial class' accuracy of
testing.

9.2 Instrumentstion of the acoustical measurements shall comply
with Section 4 of the ISO/TC 43 documents on the "Determination
of Sound Power Emitted By Noise Sources."

10.0 INSTALLATION

10.1 The hydriulic circuit is to include oil filter, oil cuoler,
and reservoir and restrictor valves as required to meet the
pump hydraulic test conditions.

10.2 The test fluid and filtration leQel shall be in accordance
with manufacturer's recommendations.

10.3 1Inlet and discharge line diameters shall be to the manufac-
turer's recommended installation practice.

10.4 Exercise extra care in assembling inlet lines to prevent air
leakage into the circuit.

10.5 Locate inlet restrictor valwves required as far as is pracci-
cal upstream of the pump to minimize aeration to pump inlet
port.

10.6 Locate the inlet pressure gauge at the same héight as the in-
ler: fitting or calivrate gauge for height difference.

11.0 MECHANICAL EQUIPMENT

11.1 Wrap all fluid lines and load valves in the test space with
acoustical barrier material as desired. A suitable material
will have at least 10 dB transmission loss at 100 Hz and
higher frequencies.
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12.

11.2 Locate the drive motor outside the test space and drive the

pump through a loug shaft or isolate the motor in an enclosure.

Construct the pump mounting so that it will minimize the sound
radiated by it due to pump vibrations. Vibration isolation
techniques can be employed even if the pump is usually solidly
mou..ted.

11.4 The size of flange mountings shall be as small as pructical
to minimize interference with radiction of sound towards the
shaft end of the pump.

OPERATING CONDITIONS & TEST PROCEDURE

12.1 Background Measurements

12.1.1

12.1.2

12.1.3

Disconnect the drive shaft coupling at the pump.

Operate the pump drive system at the speeds at
which pump will be tested. )

Obtain the background mean levels in each octave
band of interest and the "A" weighted total leve)

or linear total level in dB.

NOTE: It is recommended that the background levels
be obtained while the system is operating under test
conditions with the pump covered by a sound isolator
with a noticeable transmission loss. If, after pro-
perly covering the oump, the recorder sound level
does not noticeably decrease, then it is highly pro-
bable that the measured level is not associated with
cthe pump, and the test should *.: rejected.

12.2 Pump Measurements

12.2.1

12.2.2

12.2.3

Connect the pump drive coupling.

The pump should be operated for a sufficient time to
purge air from the system.

Operate the pump at conditions specified for the
test. Stabilize all variables including fluid
condition. Maintain conditions within limits spe-
cified in Table III.

TABLE III
Test Parameter Maintain Within+
Flow 27
Pressure 27
Speed 2%
Temperature 3°C.
116
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12.2.4

12.2.6

Veasure temperatures and pressures at pump inlet and
discharge fittings or at test station provided by
manufacturer,

Measure pump mean sound pressure levels in each octave
of interest and the "A" weighted total level or linear
total level in dB.

Near the end of a test series; or after one hour of test-
ing, repeat the conditions run early in the series. In-
validate the test series it the measured sound level does
not duplicate that ot the earlier test within 2 dBA,
uncorrected.

NOTE: Some pumps must wear-in before their sound levels
become stabilized. Step 12.2.6 is only necessary with
new or rebuilt pumps.

10.3 Calculation of Scund Power Levels

12.3.1

12.3.2

12.3.3

Correct octave band pressure levels and "A" weighted
sound levels for backgroudn noise in accordance with
the appropriate section of the ISO/TC 43 documents on
the "Determination of Sound Power Emitted By Noise
Sources."

Void the test if the difference between the pump and
background levels is less than 4 dBA. Exception: A
manufacturer can use such data where the error prejud-
icial to his product is deemed acceptable.

Calculate octave band power levels and A-weighted sound
power in accordance with the appropriate section of the
ISO/TC 43 documents on the "Determination of Sound Power
Emitted By Noise Sources,'" which applies to the space
being used for the measurements.

1

13.0 METHODS OF ACOUNSTICAL MEASUREMENT AND POSITION OF MEASURING POINTS

13.1 When measurements are made under free field, free field over
a reflecting surface or semi-reverberant conditions, the
mtcrophone positions shall be arranged over a hemispherical
surface centered about the center of the projection of the
pump on the reflecting plane.

13.1.1 The radius of the hemispherical surgace shall be

more than twice the maximum dimension of the pump
(ignoring minor projections such as the shaft) but
no less than one meter.

lFinal recommendations to be prepared by Dr. Brownsey, Chairman WG-1.
Notes are from previous document.s.
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13.1.2. Use at least four positions located central to equal
areas of the hemispherical surface. (See Table IV
and Fig. 4.

TABLE IV: COORDINATES FOR FOUR-FOINT MICROPHONE ARRAY

RS ¥

r r ?
.40 .74 .53
-.40 -.74 .53

.84 0 .53

0 0 1.00

13.2 For measurements made under reverberant conditions, a single
microphone position can be used if adequate diffusion has been
siown to exist in accordance with Paragraph 8.0.

14.0 QUANTITIES TO BE MEASURED2

15.0 CALCULATION AND INTERPRETATION OF RESULTS2

16.0 TEST REPORT

16.1 An A-weighted sound power level and actave band sound power
levels for the bands of interest shall be repoxted for each
set of operating conditions specified.

16.2 A complete set of operating conditions consists of:

16.2.1 Shaft Speed

16.2.2 Discharge Pressure

16.2.3 1Inlet Pressure

16.2.4 1Inlet Temperature

16.2.5 Fluid Viscosity (cs, SUS)
16.2.6 Output Flow (%Displacement)
16.2.7 Case Pressure

16.3 The following data shall also be recorded for each pump tested:

16.3.1 Pump Description
16.3.2 Date of Test
16.3.3 Type of Fluid
16 3.4 Compensator Pressure Setting
.3.5 Location of Test
.3.6 Type df T'st Space
16 3.7 Results of Test Space Verificatiom

2Paragraph 14.0 to be prepared by UK delegation to WGl., Paragraph 15.0
to be prepared by French delegation to WGl.
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TABLE V-A:

Pump Description

EXAMPLE DATA FOR EACH PUMP TESTED

Fluid

Location of Test

Results of Test Facility Verification

Date of Test

Compensator Pressure Setting

Type of Test Facility

TABLE V-B:

Shaft Speed

EXAMPLE DATA SUMMARY

Inlet Temperature

Fluid Viscosity

Cace Pressure

FOR ONE OPERATING CONDITION

Discharge Pressure

Inlet Pressure

Qutput Flow

% Displacement

Octave Band
Center Frequency

(Hz)

125

250

500

1000 2000 4000 8000

Sound Power
Level
(dB)

Sound Power

dBA
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NOTE:

APPENDIX G

TEST CODE FOR MEASURING AND REPORTING FLUID-BORNE NQISE

EMITTED BY HYDRAULIC FLUID POWER PUMPS

This document is a rough draft of one basic approach to measuring
pump fluid-borne noise. It is intended only as a guide for the
development of a test code. Another basic approach is outlined
in Chapter II.
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TEST CODE FOR MEASURING AND REPORTING FLUID-BORNE NOISE
EMITTED BY HYDRAULIC FLUID POWER PUMPS

~ INTRODUCTION -

In hydraulic fluid power systems, power is transmitted and controll=
ed through a liquid under pressure within an enclosed circuit. Pumps
convert mechanical power into hydraulic fluid power. Pressure pulsations
are created in the hydraulic fluld during the power conversion process.
These pressure pulsations transmit vibrational energy to fluid conduits
and other components. The transmitted pulsations may ultimately cause
airborne noise. A pump's potential for directly causing airborne noise
is an important consideration in component selection. The results of this
procedure might be used to compare the pressure pulsations caused by two
different pumps.

1.0 SCOPE

To include the measurement and reporting of the pressure pulsations
caused by any hydraulic fluid power pump.

2.0 PURPOSE

To provide a means of comparing pressure pulsations associated with
hydraulic fluid power pumps where the comparable data have been measured
and reported according to a specific test procedure.

3.0 TERMS AND DEFINITIONS

4.0 UNITS

4.1 The International System of Units (SI) is used in accordance
with Ref. No. 3.

4.2 Approximate conversions to "Customary U.S." units are give for
informational purposes.. These appear in parenthesis after their

SI counterparts.

5.0 LETTER SYMBOLS

6.0 GENERAL
6.1 Set up and maintain apparatus per sections 7 and 8.

6.2 Run all tests per Section 9.
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6.3 Present data from Section 9 per Section 10.

7.0 TEST EQUIPMENT

7.1 Hydraulic Equipment

7.1.1 The hydraulic circuit is to include oil filter, oil l
cooler, and reservoir and restrictor valves as re- i
quired to meet the pump hydraulic test conditions.

7.1.2 The test fluid and filtration level shall be in ac-
cordance with manufacturer's recommendations.

7.1.3 Exercise extra care in assembling inlet lines to pre-
vent air leaking into the circuit,

7.1.4 Locate inlet restrictor valves upstream of the pump as
far as practical to minimize aeration to pump inlet port.

7.1.5. Locate the inlet pressure gauge at the same height as
the inlet fitting or calibrate gauge for height dif-
ference.

7.1.6 Use a needle valve (load valve) to create the required
pump outlet pressure.

7.1.7 Locate the load valve at least 25 feet downstream of
the pump outlet.

7.1.8 Lcrate a plezometer tube, constructed per Ref. 5 and
of the same tube size as the pump outlet, as close as
practical to the pump outlet.

7.1.9 1Inst:’l a pressure pulsation attenuator, which dampens
20 db at 100 Hz and higher frequencies, downstream

of the piezometer tube but upstream of the load valve.

7.2 Mechanical Equipment

7.2.1 Construct the pump mount so that it will not add to or
detract from the pressure pulsations.

7.3 Test Circuit

7.3.1 Verify the suitability of the test circuit per the
appropriate procedure.

7.4 Measuring Instruments

7.4.1 Acoustical Analysis Instruments I

¢ 7.4.1.1 Secure instrumentation that complies with the
measuring instrument requirements of Ref. 4.

125 - o




. 4

o o

7.4.1.2 Calibrate the measuring instruments per Ref. 4.

7.4.2 Measure temperatures and pressures at the pump inlet and
discharge fittings.

7.4.3 Pressure Instrumantation

7.4.3.1 Secure a dynamic pressure transducer and associated
conditioning equipment which has an output volt-
age linearally proportional to pressure within + 4%
over a frequency range of 100 Hz to 10,000 Hz and
a time constant of less than 15 seconds.

7.4.3.2 Insure that each unit in the pressure instrument-

ation system is calibrated at least every six months.

8.0 TEST CONDITIONS ACCURACY

Set up and maintain equipment accuracy within the limits of Table I.

TABLE I: TEST CONDITIONS ACCURACY

Test Conditions SI Unit U.S. Unit Maintain Within
g
Flow 2/min U.S. GPM 2%
Pressure, Pump (Positive) bar psig 27
Inlet (Negative)mm Hg 1in Hg 2%
Pressure bar psig 2%
Speed RPM RPM 2%
Temperature °C °F 3°C(5°F)

9.0 TEST PROCEDURE

9.1 Transducer Preparations

9.1.1 Attach pressure transducer to pilezometer tube with a
minimum of tubing.

9.1.2 Insure that no alr is trapped in the connecting line
between the transducer and the piezometer tube.

9.2 Pulsation Measurements

9.2.1 Operate the pump at conditions specified in the cest
requirement.
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9.2.2 Insure that the pump has been operated at test conditions i
for one hour previously or operate at specified conditions
for one hour.

9.2.3 Stabilize all test conditions.

9.2.4 Wait 60 seconds after reaching a stabilized operating l
condition before proceeding to Clause 9.2.5. |

9.2.5 Obtain measured pulsation mean levels in dB at each oc-
tave band center frequency between 125 Hz and 8000 Hz.

9.2.6 Convert measuregents of Clause 9.2.6 to dB values rel-
L ative to 20uN/M.

9.2.7 Record the results of Clause 9.2.6 (See Table 11.) \

10. DATA PRESENTATION

10.1 Prepare a data summary using the results of Section 9.

10.

(%)

Use Table II1 as an example summary.

10.3 Include the following information on the summary:

10.3.1 Pump Description

10.3.2 Fluid Visccsity (cSt, SUS)

10.3.3 Date of Test

10.3.4 Location of Test

10.3.5 Shaft Speed

10.3.6 Discharge Pressure.

10.3.7 Inlet Pressu.e

10.3.8 Inlet Temper~.ure

10.3.9 Type of Fluid

10.3.10 Output Flow (for variable displacement units; also
state percentage displacements, i.e. 90Z, 5%, etc.)

10.3.11 Case Pressure
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10.3.12 Compensator Setting
10.3.13 Type of Pressure Transducer
10.3.14 Results of Test Circuit Verification

JUSTIFICATION STATEMENT

(To be included following completion of the review process.)
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TABLE 11-A: EXAMPLE DATA FOR EACH PUMP TEST

g Pump Description Date of Test
Fluid Compensator Pressure Setting
? Location of Test Type of Test Circuit

Results of Test Circuit Verification

TABLE II-B: EXAMPLE DATA SUMMARY FOR ONE OPERATING CONDITION

)

L Shaft Speed Discharge Pressure
Inlet Temperature Inlet Pressure
Fluid Viscosity Output Flow B
Case Pressure % Displacement

Octave Band
Center Frequency
(Hz) 125 250 500 1000 2000 4000 8000

Sound Pressure
Level
(dB)

Fluid-borne Noise Level dBA (re ZOuN/M%
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