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FOREWORD

This report was prepared by the Fluid Power Research Center of the
School of Mechanical and Aerospace Fgineering, Oklahoma State University
of Agricultural and Applied Science. The study was initiated by the Mo-
bility Equipment Research and Development Cei.er, Fort Belvoir, Virginia.
Authorization for the study reported herein was originally grar:ted by
Contract No. DAA02-71-C-0074 and continued under Contract No. DAAKQ02-72-
C-0172. The effective period for the first contract was modified to be
October 1, 1970, to September 30, 1972. The effective period for the
second contract was November 9, 1971, to November 8, 1972.

The Contracting Officer's Representative was Mr. Hansel Y. Smith,
and Mr. John Karhnak served a- the Contracting Officer's Technical Repre-
sentatlve. Mr. Paul Hopler has effectively represented the Contracting
Officer both administratively and technically throughout both phases of
this contract. The active participation of Messrs. Smith, Karhnak, and

Hopler during critical phases of the work contributed significantly to
the overall success of the program.

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

1. Section I. Hydraulic Cylinder and Seals Specification
Study.

2. Section II. Hydraulic System Controls Study.
3. Section III. Hydraulic System Hoise Study.
4, Lsection IV, Hydraulic Hose Specification Study.

The study represented by this report was conducted under the general guid-
ance of Dr. E. C. Fitch, Program Director. Mr. G. E. Maroney served as
the Project Engineer for thae noise study. Dr. Fitch and Mr. Maroney were
ably supported by the FPRC Acoustics Labhoratory; technically and experi-
mentally by Mr. L. R. Elliott; experimentally bv *ir. J. R. Wells; in sta.-

istical control by Mr. G. A. Roberts; and in general coordination by Mr.
R. K. Tessmann.

This report presents a detailed account of the experimental verifica-
tion part of the hydraulic noise study. Test procedures for hydraulic
component noise, developed under this contract, are presented and experi-
mentally verified. The preliminary results of a measurement survey of




airborne pump noise, supported by an extension of the contract, are pre~

sented and compared with published sound power levels for pumps. Speci-

fic recommendations are made for continuing the effort to understand and
control hydraulic noise. :




CHAPTER 1
INTRODUCTION

Recent legislation has stimulated industrial interest in the prob-

lem of noise [1]). For this report, "noise" is any vibration which is or
can cause airb.rne vibrations between 100 Hz. and 10,000 Hz Now, more
than ever before, users of all types of components and systems must con-
sider component sound power output when they write specifications. The
primary cbjective of the project reported in this document is the estab-
lishment of noise requirements for fluid power components. A secondary
objective, actually supplemental to the primary objective, is the actual

measurement of selected fluid power components from a piece of mobile
equipment.

Fig. 1-1 illustrates the program objective and some of the prelimin-
ary objectives associated with the project. The rational specification
ot realistic noise requirements for fluid power components must be based
on a thorough understending of several factors which include: 1) basic
acoustical theory, 2) practical means for reducing noise, 3) the relation-
ship between component noise and total system noise, 4) the present capa-
bility of the industry to produce '"quiet" components, and 5) the accuracy

and repeatability which can be obtained with test methods for measuring
sound power levels.

Basic acoustical theory serves as the basis fc wunderstanding all of
the factors associated with fluid power noise. Unfortunately, all of the
impiications of basic theory have not been applied to fluid power compon-
ents and systems. But, enough is known about airborne noise measurements
and the treatment of airborne noise to serve as a guide for attacking
noise problems in fluid systems. Merging the basic characteristics of
fluid systems and basic acoustical theory leads to the realization that
three types of noise are associated with fluid systems (See Fig. 1-2).

The three types of noise are: airborne, structureborne, and fluid-
borne.

During the past decade, procedures have been written for measuring
the airborne noise emitted by fluid power pumps and motors (2, 3]. How-
ever, no industrially accepted test procedures exist for the measurement
of structureborne or fluidborne noise. 1In fact, there does not seem
to be any published data which estabiishes the accuracy or repeatability

of the industrially accepted test methods for measuring the airborne noise
of pumps and motors.

Several manufacturers have published sound power levels or sound pres-
sure levels for components. Since reported sound levels are generally
greater than or equa. to the actual output level (airborne noise) of the com-
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ponent, these publiched values might be used for an upper limit. However,
since little was published prior to this report regarding the standard
deviation of sound level measurements for fluid power compenents, there
has been a great deal of uncertainty associated with making any assumptions
about true sound levels of modern fluid components. Many advertisements
of fluid power components might lead the reader to believe that fluid
pump noise is not a problem. This can occur because the published sound
levels, for airborne noise only, are considerably less than the upper
noise limits established by legislation.

Recent tests have shown that 100 feet of high-pressure hose can pro-
duce over 90dBA sound pressure level at three feet in a hemispherically
divergen’ field. The energy for this noise originates as pressure pul-
sations in the pump. Thus, even if the equivalent hose length were re-
duced from that in the test, it is conceivable that a total system noise
picture such as that illustrated in Fig. 1-3 might be obtained. It can

i be seen that, even though none of the individual sources of noise for
{ the total system exceeds 86dB, the total system level is in excess of
90dB. The importance of measuring, reporting, and limiting fluidborne
noise has been verified by tests reported in this document.

During this project, several objectives were pursued simultaneously.
A major effort was oriented toward developing a rrliable test method for
, the measurement of airborne noise directly emitted from fluid power pumps.
b Preliminary techniques for measuring fluidborne noise were discussed with
; members of the industry. The latter discussions led to the development
of a fluidborne noise document, which is currently being evaluated. The-
oretical evaluation of the measurement of airborne noise yielded equations

which will allow accurate measurement in industrial environments previously
thought unacceptable.

PR AT

An experimental evaluation of airborne measurement methods for fluid
power pumps has pointed the way to procedure modifications which can yield
acceptable repeatability within and between laboratories. A new approach
to the measurement of background noise offers the potential for reducing

the uncertainty associated with the measurement of the airborne noise of
fluid power components.
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Both published airborne sound levels for pumps and the results of an
experimental survey conducted under controlled test conditions are re-

ported in this document. The results of fluidborne noise measurements
are also reported in this document.

¥
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The final chapter of this report makes specific recommendations
based on the results of actual tests. These recommendations include
K practical objectives of both a developmental and research nature which
;% would allow attacking the principal causes of noise in fluid power sy-
i stems as well as establishing realistic limitations for airborne, fluid-
7 borne, and structureborne noise in component and system specification.
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CHAPTER 11

TEST PROCEDURE DEVELOPMENT

The objective of this phase of the project is the acquisition of
acoustical test methods which are acceptable to the fluid power indus-
. try. Three test methods are needed, one method for each of the three
types of noise found in fluid power systems. During this project per-
ivd, project members participated in the development of an industrially
: recognized airborne noise test procedure. With the guidance of the in-
3 dustry, a preliminary test method for measuring and reporting fluidborne
‘ noise was developed. Both ot the recently developed test methods are
discussed in this chapter.

. - TEST METHOD -- AIRBORNE NOISE -

The prodigious task of developing an improved test method for the
measurement and repdorting of airborne noise was facilitated by current
events in the fluid power industry. The first airborne test methods pro-
posed to the industry by the FPRC were discussed during meetings at Okla-
homa State University. After these meetings, project personnel modified
the original proposed test method for airborne noise. While project per-
sonnel were evaluating the FPRC proposal, current events in the fluid
power industry prompted the formation of a Tri-Level Conference on noise.

2 The Tri-Level Conference on noise was convened by the American National
1 Standards Institute, the U. S. Technical Advisory Group (USTAG) to the
i International Standards Organization (1SO), and the National Fluid Power
‘ Association (NFPA). FPRC personnel were active in the Conference and
f worked diligently to insure that the resultant airborne noise document
' represented the latest accepted thinking in fluid power industry. Mem-
bers of the Tri-Level Conference who participated in the development of
] the NFPA test procedures for airborne noise indicated that the new docu-
I ment represented a significant advancement for the industry. The new
“i Test Method for Airborne Noise is presented in Appendix G.

*z The reader is encouraged to review Appendix G. It should be recog-
E nized that the test method in Appendix G relies on accepted ISO acousti-
T” cal documents for the major acoustical requirements. From a fluid power

14 point of view, the important feature of Lhe jocument is the recognition
[ of the numerous items which contribute to the overall sound power level
[ 1 in a sound measurement environment.

The document presented in Appendix G can be extended to any type of

e
E
3

e




fluid power component. As illustrated in Fig. 2-1, airborne noise mea-
surements can be made on fluid power pumps, motors, valves, and conduits.

4 The airborne noise document (AND) was directed toward hydraulic pumps
i with the understanding that it could be extended to the other fluid power
k- components.

The center portion of Fig. 2-1 directs the reader's attention to the
characteristics of the test facility, and instrumentation, and the instal-
lation of the component. The AND allows measurements to be taken in any
acceptable acoustical environment. The test environment must be certified
by the appropriate procedure contained in ISO R-1680 [41. 1SO R-1680 also
recomm.nds tolerances for the instrumentation. Those characteristics of
the noise source installation that are peculiar to fluid power systems
are recognized in the AND.

One of the principle topics of this report is the proper installation
of fluid power compcunents in the measurement environments. Although more
is presented later about component installation in the sound wmeasurement
environment, it is well to recognize at this point that the addition of
drive shafts, pump mounts, mount supports, and fluid lines complicates the
determination of the actual sound power level of a fluid power pump.

There are several possible ways of presenting the results of a sound
level measurement. A [ew of these methods are presented in Fig. 2-1.
2 The AND requires a presentation of octave sound levels versus frequency
E and an "A" weighted total sound power level.

| - TEST METHOD -- FLUIDBORNE NOISE -

The proposed test method for measuring and reporting fluidborne noise
3 is presented in Appendix H. The intent of the document is to parallel the
; AND as closely a3 possible. 1t is anticipated that both the airborne and
fluidborne noise measurements can be obtained using the same test set-up,
if it is desired to do so.

L SR

It is shown in Chapter IV that fluidborne noise is a significant con-
tributor to the overall sound power level in fluid systems. Although other
i data exist to verify the importance of fluidborne noise 5], no known stan-

3 dard exists in the fluid power industry for the mcasurement and reporting
2 of this phenomenon.

The general consensus at the Tri-Level Conference was that fluidborne
' noise is a significant contributor to system noise There are some mem-
i bers of the industry who contend that pump fluidborne noise is more impor-
3 tnat than directly-emitted, airborne pump noise. The limited dJdotz that
1 is available supports this contention. It is questionable that the in-

dustry hes been measuring and reporting the most important fluid power
nolise.

The fluldborne data presented in this report was obtained in a man-
ner similar to that recommended by the proposcd test procedure for measur-

. 4 7
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ing tluidborne noise. It is reasonable to expect that a large degree of
confidence can be attached to component comparisons based on the data.
However, the exact degree of confidence associated with any reported fluid-

borne measurements will not be known until idequate controlled testing is
accomplished.

The document in Appendix H is a teasonable starting point for the
development of a fluidborne measurement procedure. Numerous members in

the industry have suggested proceeding with investigations based on the
proposed method.




CHAPTER 111

THEORETICAL EVALUATION OF ALRBORNE NOISE MEASUREMUNT PROCEDURE

Test method evaluation has been a continuous project objective.
The true nerit of any test method becomes apparent once the procedures
are implemented in the laboratory. The alrborne test method proposed
by the Tri-Level Cenference was examined both theoretically and experi-
mentally.  This chepter discusses the theoretical evaluation ot the
procedure.  Chapter 1V presents the results of the experimental evalua-
tion ot the recommended procedure. The results of the theoretical cval-
vation were used throughout the experimental evaluation. The data re-
¢urticn techniques developed in this chapter extend the capabilities
ot practical measurement environments and allow accurate and repeatable
measurement s.

Fig. 3-1 diagrommatically {llustrates a reverberant measurement
facility. A reverberant facility ‘s used for an example, but the resul-
tant techniques can be applied to any measurement facility. For the pur-
poses of using a realistic example, assuzme that a flu’'d pover pusp is
the test unit, or unknovwn source, whose sound pover level s destired.

As shown in Fig. J-1, the test environzent contains: a diffuser,
a reference source, a pressure transducer (microphonc). a drive and sup-
pert system, and the test unit. The outside environment {ncluder fnstru-
mentation, controls, and a dri.c »ystem, or pover supply, for the pump
to be tested.

It the test environment were {deal and the drive and support syveten
for the pump made no nofse, then the diffuser and reference source could
be removed from the test environment! and measurceenls could be made which
would accurately reflect the characterintics of the pump. Unfortunately,
the real vorld precludes thes lusury.

The first step tovwsrd dealing with the real world might be to recog-
nize that the drive and support will make so=c nolsc. 1! (t doen, and
they do, then (U {6 a relatively stople matter to seasure the bachpground
notne from the drive and support and subtract (U from the eeanures=ents

made while the pump in operating under tenst conditions. Thus, It {0 ob-
vious that any practical environment will have nocme background noine level
which will affect aound ceantrements The mere $deal the test syates

and envitonsenl, the more negligible the backpgrouny effectn.

Extending the {dea ot background nofne a 1ittle further alloun an
accounting to be made for nolne frea diffusers and the outsfde environe
ment 1f (he diffuner does nol make any nolase and no nofse enters Lhe
seanurement environment {roa the oulride, then the data teducilon procenp

10
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1s stmplitied. Bat, in gencral, background nofse from the ditfuser and

the outside environment must be considered in the data reductien proce-
Jure

The apparent backpground (B ) that exists during a test {s o function
ol several neise sources.  The background sources for the example include:
the building background (B), the sound outpat of the diffusers or vanes
(V), the output of drive and support system (Dv). and the notse that is
transmitted through the walls from the outside environment.

Pricr to detining data reduction expressions, {t {5 necessary to con-

s1der the purpose of the reference source. A calibrated sound reference
source allows notse data to be corrected for the fmperfections of the
test faciltity. A correction for measured data {6 determined by compar-
tng the tertiticd levels (R ) for the reference source to measured sound
levels tor the reterence source. Fach time a data run {5 made on an un-

POMn Sources a run {s made on the reference source.

For example, {1 {t {8 desired to deteraine the background {n the
test environmenl due to the surroundings, then a measurement would be
=ade ir the tes?l room (Bv); and subscquently, the reference source would
be measured (Rv,) fn the test roma.  An 1LC Reference Source has an out -
put above JO04E ot most 1/3 octave center trequencies between 100 Hz and
10,uC0 Hz. 1§ the =casured level tn the roem (B) (s 5%dB or less, then

U 18 reasonable to assuv=e¢ that B did not affect the meassurecents R1

b
This reasontng allows tl definition of the background B as:
= +R,_"(Q; '%]
E) {B'l b (3-1)
The brackets 7] tn Eq  (3-1) indicate that an operation on powers in 1c-

18 fequited.

qutted; th: braces & ! indicate that an vpetation in declibels
than a

in the case o! g, (J3-1), 1! B vere signtftcant relative to By, c
)

pover correctton of the ceasurezent R, would be necesnary. TLv difler-
ence between the ceftifled relerence level, R, and the seasure=ent va
]

C 4
ts a cotrection tor the facility tn dB and can be 1dded directly to a
dB reading for B’.

-~

Given the bacepground scund pouer (B) {n the rocs, o measutesent of

the vane notae (V,). and an anncciatled feference Seasulement (R7 ), it

s o 0 oV
in peasibic to delerzine the sound poucr ¢f the vane, V. Eq. (3:2) showun
the gelatieonahip betucen V, the meanurementla, and the bachground.

V= {Vz?zg‘(ﬁw"gﬁ)'% 10299

Since the sound level in an §adustrial tupe nound measutemen! envifon-

level, Lt i tmportant to exa-
zine the attenuation of the walle of the test

“ent can be infiuenced by the oulride sound

cenvitonment One ocasutresuent

vhiach 1 needed for thie czamination of the wall attenuation of franpmia-




ston loss (7 ), is the background outside (B,) of the test environment.
Data nceden to complete the evaluation of T, include a measurement out-
side durinpg the test (T,,), o measurement inside the environuent during
the test (T, ), and an ossociated measurement of the reference source
(R2L)' Thi% data can be combined according to Eq. (3-3) to yield TL.

T - [het e g v-e] o,

Once V, B, and T, are available, tests can be conducted to determine
the sound power outpuk of the drive and support system. One recommended
approach {or obtaining background measurements {nvolves disconnecting
the drive coupling at the test pump and then measuring the noise output
when the drive ‘{8 operating at test speed. For this test condition, three
weasurements arce needed:  the level outside the environment, D,; the iev-
¢l in the test environment, D,. and a reference measurcment, RZ(' The
sound power output of the drite and support system, Ds. can be Jctcrmined
trom the following expression:

D, » (R -Ruy-B V-B-{r 81T .

The apparent background, Ba, that exists during a test can be cal-
culated using Eq. (3-5)

B~= ({_ETQ-BA_T\:§+D+V+B] (3-5)

The zeasurczment Tl fs the level outside the test room during the test nf
the pump.

The =casurcezent of the pusp operating at test conditions {s S_.
The relerence scasure=ent associated with S, io R, . With thene measure-
zents, T, and Eq. (3-5) for B , {t (s posalble lbﬂoxprcas the sound level
o! the source an: a

s¢ [{rre-revel-e) o

It s {=zportant to point out that Eqs. (3-1) through (3-0) represent man-
tpulations of the ecanurceents at a single center frequency. These equa-
tionn apply to lincar combinations of {ndividual leveln, but they do not
apply in geacral to the coobinattion of weighted levele. For example,
thede equations cannot be uaed to directly correct dBA meanurementns. The
teportant point ta that the ecquations do apply prior to weighting levels.
Aftervards, they can be coabined for "A" wvelipghted total leveln.

In an itdeal focility, neplecting the fluld lincs andg pusp mount, it
vould be possible to make one measuresent and have the pound level for a

13
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pump. In an industrial measurement facility, it would be best to use the
complete set of Eqs. (3-1) through (3-6). The use of equations such as
those presented will reduce the measurement variation between laboratories.

Table 3-1 is a complete worksheet for computing the sound level of
a component. Once initial values are established for the background mea-
surements, the worksheet can be reduced. Table 3-2 shows a reduced work-
sheet for calculating the sound power level of a component. For a given
test, a maximum of three measurements would have tuo be made and recorded
in the latter table. The remaining five rows of the first eight rows
would alrecady be completed based on previous tests. The table could be
readily completed using a8 hand calculator or a set of tables. Of course,
the data could be entered directly into a digital computer, which would
do the computations and present the results of the data reduction.

The remaining section of this chapter discusses a computer program
for implementing the data reduction technique presented in Eqs. (3-1)
through (3-6).

- AIRBORNE NOISE-COMPUTER PROGRAM -

The airborne noise-computer program presented in Appendix B {s writ-
ten in the rfortran IV langiage. The data reduction procedure is outlined
in the first section of this chapter. The program inputs are the measured
sound levels in dB of the backgrounds, reference source, and component
being measured. The values for the transmission loss of the reverberant
room wall are not calculated by the computer. The same tramsmission loss
opplies to all tests in a given room. The transmission loss results ob-
tained from Eq. (3-3) are used as inputs to the computer. The program
corrects the measured levels for a component using the background data.
The correction procedure requires the proper addition and subtraction of
the measured levels.

The linear addition snd subtractinn of sound levels is not accurate
for levels measured in decibels. A simple 'ransformation to power makes
ft possible to perform these calculations. For example, if the measure-
ment level in a given 1/3 octave band is 7udB and the background level
{s 72dB, how {s the acrual level of the source corrected to account for
the background? First, the dB levels must be converted to power. This
may be accomplished with the expression [7]):

(de1d) Ao
POWER = 10 (3-7)

The power associated with 76dB {s 1.58, and the power assoclated with
7248 ta 0.63. The beckground-corrected power for the source is:

PWR (B) = PWR (16) - PWR(12)
Pwe(8)=s 0.95

(3-8)

la
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TABLE 3-1

COMPLETE WORKSHEET FOR SOUND POWER LEVEL (dBA)

C 3= ADD AS POWERS it = ADD AS dB

o Ay O
2 %:%53%
w ’ o 4'0‘)? 126 250 500 1,000 |2,000 |4,000 | 8,000
§ <€. '6&7 (HZ) (M2} (HZ) (HZ) (HZ) (HZ) (HZ®
i By .
2 Bp
3 D)
4 D2
5 Re
6 R2p
7 R2p
8 Rag
9 L
10 Rav
I Ss
12 T
13 TiL
14 TaL
15 V2
16
17 ] c£8-62
18 §2+173
9] Clo0-183
20| €65+415-19]
21 C-18+203]
22| C-1+133
23 | cie+213
24 | C£9-2317
25| §5+14-24%
26 | C-23+2351
27| rea2-2621
28 TL(G)
29 | €£7-233
30| 34+45-2912
3l C-1+32
32 §31-287
33 | rC-234+30-323
34| C-14122
35 | §34-283 L
36 | r23+33+359
37| c£e-2323
38 | $5+i1-37%
39 | c-36+382
40 dBA CORR.
41 £39+ 40}




E TABLE 3-2

: REDUCED WORKSHEET FOR
¢ SOUND POWER LEVEL (dBA)

C J=PWR DRIVE SPEED________RPM 98 :zdB

_ CENTER
) FREOUE;CY
- i25 250 500 1,000 | 2,000 | 4,000 | 8,000
z (HZ) (H2) (HZ) (HZ) (H2) (HZ) (W)
3 |VARIABLE
| a|
2 g
3 Re
4 Ras
5 S,
L
8 vV+8
9| C-1+62
0| §-7+¢3
L ] £248+102 Ba , APPARENT BACKGROUND
12| ca-e3
13| g§3+5-123
14| C-1+133 |S, SOURCE LEVEL
?; IS | dBA CORR.
3 l6 | §14+153 |Ly,CORRECTED LEVEL
7
2 [16;]=_______ dBA TOTAL POWER
’ i
16
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The background corrected source level in dB may then be computed using the
expression:

dB = 10 106Gy, (PuR)) + 74 6

For the example, the corrected sound level is 73.8dB for the source.
This method of adding and subtracting sound levels is used exten-
sively in the computer program and provides significantly more accurate

results than other techniques.

The program output is shown in Table 3-3. Columns 1 and 10 are
the 1/3 octave band center frequencies used by the program. The other
output columns are described below.

TABLE 3-4

DESCRIPTION OF AIRBORNE NOISE PROGRAM OUTPUT PARAMETERS

LUB Measured Level of the Unknown Source

LRB Measured Level of the Reference Source

LR Calibrated Level for the Reference Source

CORR Correction of LUB Dur to Inconsistencies in
Temperature, Humidity, and Room Design

LU Corrected Sound Level of the Unknown Source
(component)

BA Background Level in the Measurement Envivonment

VA Background Level Dur to the Acoustic Diffusers

PWR dBA Weighted Power

DBA DBA Levels for the Unknown Source (Component)

The program also prints total unweighted sound power, '"A" weighted
power, dBA weighted sound power, and dBA weighted sound power three feet
from the source in a hemispherically divergent field. The system para-
meters are self-explanatory. The values for the system parameters are
read into the computer at the beginning of the program.

17
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CHAPTER IV

EXPERIMENTAL EVALUATION OF AIRBORNE NOISE

MEASUREMENT PROCEDURE FOR FLUID POWER PUMPS

The primary objective of experimentally evaluating the airborne noise
test method is to determine the degree of confidence which can be associ-
ated with the reported measurements. The degree of confidence associated
with a set of data can be established statistically. Statistically, the
degree of confidence is related to the standard deviation. Small standard
deviations, or variations bestween measurements, allow a high degree of
confidence. Large variations between measurements reduce the degree of
confidence in those measurements. There are five major areas for varia-
tion in the airborne noise test: 1) variations in installation of the
component and its support equipment, 2) variations in measurements due to
the test facility, 3) variations in the measurement procedure, 4) varia-
tions in the procedure for reducing the test data, and 5) variations to
the actual output of the device under test.

The importance of minimizing each possible variation can be emphasiz-
ed by reviewing a method for predicting the total error caused by a group
of errors. Total tolerances or errors are often predicted by taking the
square root of the sum of the squares of the individual errors. If each
of the five possible variations is 1dB, then the total predicted variation
3 is 2.24dB. However, if each variation is controlled to 0.5dB, then the
i predicted total variation is 1.12dB.1 1f a component mar..facturer or user
is looking for differences in the sound power levels of components, then

the test errors must be minimal in order for the differences to be appar-
ent.

TR

T SRR

Variations in the sound output of the unit to be tested should be

R averaged during the test. It was impractical to control these variations
y which are due to normal component characteristics.

No formal attempt has been made to evaluate the insignificant vari--
ations which can occur due to the techniques used for data reduction.

The three principal sources of variation between measurements examin-
ed are: 1) varations due to the test facility, 2) variations due to

For the purposes of the example, arithmetic operations on dB are accept-
able. In general, arithmetic operations should not be performed on dB.
“ Consider the case of averaging. If two levels that differ by 6dB are
2 averaged arithmetically, the resultant average is 1dB in error.

19




the installation of the component, and 3) variations due to mecasurement

procedure. Each of these variables is discussed in the following para-
graphs.

=~ FACILITY VERIFICATION -

Introduction

One primary concern of this developmental investigation is the ac-
quisition of test results which allow confidernt differentiation between
measured sound power levels. 7The immediate goal is to provide measure-
ment techniques that allow accurate distinction between fluid power com-
ponents for specification purposes. Considering the vyast number of en-
vironments, types of instrumentation, and fluid power component support
systems that can be grouped to provide a measurement facility, the task
of accurately and repeatably measuring a given source is formidable.

Even the proper combination of environment, instrumentation, and support
system will not supply meaningful information without proper verificaction
of the facility's capabilities. This section is concerned with methods
of facility verification and means through which the accuracy and repeat-
ability of sound measurements can be improved.

Environment

The test environment plays a dominant role in the overall credibil-
ity of measurements obtained in a given facility. Although there are
many suitable types of measurement environments, the measurement charac-
teristics of a reverberant environment will be considered in detail for
two reasons -- l) its ease of implementation with respect to fluid power
component measurement and 2) the availability of this type of environment
for testing by the Fluid Power Research Center.

The ultimate reverberant environment is capable of producing a to-
tally diffuse field. A diifuse sound field is defined as a aound field
where a great number of reflected waves from all directions combine in
such a way that the average sound energy deusity is uniform everywhere
in the field [5]). A perfectly diffuse sound field is an idealization
and unattainable for all practical purposes. Thus, discussions of rever-
berant environments are constrained to defining how closely a given room
approaches diffusivity.

It is well known that the inherent lack of diffusivity within a re-
verberant environment results from the combination of many reflected
sound waves into distinct patterns known as standing waves. The stand-
ing wave phenomenon causes areas of varying sound intensity within the
measurement field, which renders the field non-diffuse. Without proper
modification of the measurement field, errors of five decibels or more
can occur for a pure tone source. A pure-tone source radiates sound

waves of only one frequency. Fluid power component frequency spectrums
often contain dominant pure tones.
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Proper verification using a pure-tone test insures repeataoility.
Jt is well known that the repeatabllity of any measurement obtained in
a reverberant cnvironment is equal tv or better than the repeatability
{or the measurcment of a pure tone. Therefore, modification of u rever-
serant room to produce the best possible measurement of a pure-tone sig-
nal insures the best possible measurement of any source. Acoustical dif-
fusers are one type of modification which evenly distributes the sound
energy within the measurcment field.

There are two general types of diffusers used to modify the measure-
ment characteristics of reverberant environments -- the moving or rotating
plane (vane) and rotating cone or cylinder. Both types are shown in Fig.
4-1. The rotating vane has been installed and tested in the Fluid Power
Research Center's reverberant room.

The improvement of measurcment repeatability by 1otating vanes is
demonstrated in Tables 4-1 and 4-2. Table 4-1 shows the {pprovement with
respect to vane speed (RPM) for one vane. Table 4-2 deronstrates the
repeatability improvement realized by using more than one vane. These
two tables are shown graphically in Figs. 4-2 and 4-3 respectively. Fig.
4-3 shows that, as the rotational speed increises, the sample deviation
decreases drastically. The addition of a sccond vane further decreases
the sample deviaticn of the measurements.

The result of using vanes in the measurement environment is the re-
duction of the sample deviation by an order of magnitude. The design of
vanes and the determination of the proper rotational speed will not be
discussed in this report. Full consideratioa of these topics {s present-
ed in the BFPR Annual Report 72 AV-2B [5]). The significance of the re-
ported sample deviations can be understood bv considering recommended
sample deviations. The Acoustical Society of America (ASA) has published
values for the maximum allowable standard deviations. Maximum values are
published [6] for buth broad-band and pure-tone sources. Fig. 4-4 con-
tains a plot of the maximum allowable standard deviation versus frequency
for a broad-tand source. A broad-band source emits equal power in all fre-
quency bands. Fig. 4-4 {ndicatec that the Fluid Power Research Center's
reverberant room has excellent diffusivity.

According to the ASA, the measured standard deviation of a 315 Hz,
pure tone can be as large as 2.0dB. The standard deviation of a 315 Hz.
signal in OSU's reverberant facility is .95dB. The recomendatiocns of
the ASA do uot apprear stringent enough to produce repeatable results.  The

last statement may require clarification. A short example will be present-
ed.

ASSUME : Broad-band noise is being meanured in a4 veverberant
room.

GIVEN: For the 315 Hz. 1/3 octave band, the ASA allowable
standard deviation for measurements s 1.0dB (See
Fig. 4-4).
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SAMPLE

TABLE -]

DEVIATION(S) TMPROVEMENT

DUE TO INCREASING VANE SPEED

FOR FURE TONE MEASUREMENTS

M erhonv
Po.ftion

re

e an

- ——— e - —

B Vane Speced (RPM)

0 4.3 9.1 16.1
97.80 93.10 92.90 91.4%0
84.10 96.25 93.20 89.55
87.50 96.75 96.295 93.00 |
89.62 94.70 94.11 91.31

8.07 2.16 1.98 2.04

TABLE &-2

SAHPLE DEVIATION(S) IMPROVEMENT

DUE TO INCREASING THE NUMBER OF VANES

FOR PURE TONYL MEASUREMENTS

Mi{crophone

Vane #) Vane | & Vane 0
forftion e Vane lo.1 RPM 6.5 BPM & & RPN
1 97.80 91.40 93.5%6
5 B4.15 89.5% 94.10
] B7.952 93.00 92.%0
Mar an 89.82 91.31 93.3%
S 8.07 2.04 0.95
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The above Information yileldns a 997 confidence that the actual level
te within ¢ 3.0dB of the =casured level, For the Flutd Power Research
Center's reverberant facility, the atandatd deviatton at J1% Mz, ts 0.2dB.
Ihin ecans that tn the latter case the 995 conftdence level  tu ¢ 0,64b.

Thia example has been alomplificd to one /) octave band, but, the
same analysis bolds true for the total spectrum of (lutd powet components.
The saz=ple deviation o! an individual ~rasurement cust be sigatficantly
less then the sound powet deviation assoctated with all components.

Exanple: 1! the sasple deviation of an individual escasuresment in not
signtficantly leas than the deviation assoctated with all components,
distinction betueen cozponents s not posatbdle This fact v shown grap-
hically 40 Flg. -5 The deviatlon of the meoadutements for coz=ponents
A and B s too lartge to say with any degfee of confidence that the actual
sounnd levels of A and 8 afe nol the same.

1¢ the sanple devtation of an individual @casurement 18 sipgniit-
cantly leas than the deviation assoclated with all components, disline-
tion beluween components 8 possible with a great deal of confidence This
ts ahown In ¥Yig -0,

There arce various =methods o! vertiying the prescace of a ¢i!fusc
fleld.  One generally accepled method of facility certification s pre-
senled §n [50 Hecoomendation RloB0 and summarized as follows: Using a
broad-b. .¢ naY; ¢, take mcasurcmeants at no? less than 10 points on a
ractus 1/3(V)" Tfrom the source, vhere V (s the volume of the room.

Take an cqual number of mcasufemcents on a radius 273N/ 3 treem the source.
Fuctage the measufements Lasen on cach racdlus for cach ficequency bang ol
intcrent 1 in any bance the diffcrence of the averaged valuce §¢ greater
than 1d8, the ocasutemen? ficld 1o non-dtffuse :%}

This zethod of factlity certiftication provides a confidence of 957
that the actual level tn every band fs within ¢ 1.7d3. More accurate
zeasutement can he (nsuted by requiring that the ¢ilfecrence in the aver-
aged leveles be leas than 1d8,

nel fruzentalion

S

anglrumentation =aus! be consideled an integral patt of the mcasure-

ment facility. lnstrumentation averages the {nput signal te produce an
out put The length of time the instrumentalicn avetapes the inpul wip-
nal to deternine the output §s known as the averaging tize In penceral,
the longer the averaging time, the mote accurate the oulput. long aver-

CEIng Ulzens fot acoustical scasutements fequite lengthy tents., There-
tare, the {ndivicdual 2wl optimize the leol time (averaging time) uwith
feapect to the accuracy dealred.

1t a tevertborant toom §is uted a8 the mwasufement envitonment, vith
totating vancs te (mprove the diffusivitly, the signal level {n one fte-
quency band will appear zuch like the one showm in Fig, «-7. The

T o P DY T
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variation in the signal level shown is a result of the variation of the
source and the variation in the sound level at the microphone face due
to the rotation of the vanes. The rotating vanes cause the standing
waves in the room to move across the face of the microphone. The vari-
ation of the signal level from the mean demonstrates the error that can
be obtained with measurements taken in a reverberant room without the
vanes present. The instrumentation must average this signal to provide
an accurate estimate of the mean. The mean of this signal is the sound
level within the frequency band. One general rule is: average for at
least one complete cycle of the slowest vane in the measurement field.
This rule couples the instrumentation averaging time with the vanes speed.
Thus, averaging time should be considered in conjection with the selec-
tion of proper vane speed to provide maximum diffusion.

P R T T L o i Pt T L G vk

Repeatability of Component Measuremeats Within a Facility

Proper certification of the measurement ernvironment will not in-
sure repeatability of measurements if the source output varies drastic-
ally over long periods of time. Also, the certification does not insure
that a given component will produce repeatable sound levels. In order
to examine the repeatability of component measurements in a certified
environment, a test was conducted. A fluid power pump was installed
in the reverberant facility. Measurements on this component were made
on two consecutive days. The standard deviation of the resultant dBA

levels was 0.3dBA. This test shows that excellent repeatability can
be obtained on a dBA basis.

Repeatability of Measurements Between Facilities

Absolutely no data is available from the fluid power industry to in-
dicate how repeatably a component can be measured by more than one facil-
ity. Without a knowledge of the repeatability that can be expected bet-
ween acoustical measurement facilities, comparison of the data produced
by these facilities is impractical.

The Fluid Power Research Center has proposed a measurement survey
which will provide the necessary data to indicate the practicability of
the comparison of sound level measurements taken in different fluid power
laboratories. The survey is divided into two phases. Phase I will be
the measurement of the electronic acoustical reference source discussed
in Appendix D. The data acquired from the measurement of this source
will indicate how repeatably different facilities can measure a source
that is not affected by the fluid power support system. Phase II will
be the measurement of a given fluid power component and will indicate

what effects the fluid power support system has on the repeatability
between laboratories.

i

Conclusions

The implementation of the recommendations presented in this section
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can provide accurate and repeatable sound power measurements of fluid

power components. Some type of facility certification must be conducted

to verify the repeatibility of measurements within a facility. Data

must also be obtained that indicates the repeatability that can be expected
from measurements in different laboratories.

- ISOLATING COMPONENT NOISE -

There are several variables introduced into the measurement envir-
onment by the support system necessary to operate a hydraulic pump. These
variables include: airborne drive shaft noise, structureborne drive shaft
noise, fluid conduit noise, pump mount noise, drive support noise, and
load valve noise. In order to document the variation which can typically
occur because of these factors, several experimental results are presented
below. During the tests discussed in the following paragraphs, only one
variable was changed at a time.

Airborne Drive Shaft Noise

A pump test was conducted without a cover over the drive shaft sup-
plying power to the pump. Afterwards, a cover was installed over the
drive shaft and taped to the pump mount and wall of the test chamber.
Table 4-3 shows that the variation in measurements which occurred was
2.1dB in total sound power and 3.1dBA in total "A'" weighted sound power.

i
ACh

Structureborne Drive Shaft Noise

In one test facility, it was determined that the drive shaft was
transmitting an unusual amount of structureborne noise to the pump.
This occurred because the drive shaft was supported externally by a bear-
ing which was mechanically coupled to the power supply (Fig. 4~8). Al-
though a flexible coupling was located between the power supply and the
drive shaft, the same mount held the power supply and a drive shaft bear-
ing. A rigid coupling was used to connect the pump to the drive shaft.
It was extremely difficult to isolate the problem because when the back-
ground measurements were made in the conventional manner of disconnecting
the pump at the drive shaft in the room, the structureborne path was also
scvered. Once the problem was isolated and the bearing uncoupled from the
power supply, a decrease of 5.8dBA was observed in the measured apparent
sound power level for the pump under test. Table 4-4 shows the results of
the tests before and after modification of the drive svystem.

:L‘F'-‘\-g:' i

R e,

S

Fluid Conduit Noise

T

Controlled measurements were made of a pump and the support system
with the fluid conduits to the pump uncovered. Each of the fluid lines
to the pump was covered individually and a measurement made after each
modification. Table 4-5 shows the changes that resulted in total dBA

31
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TABLE 4-3 ;
Effects of Drive Shaft Cover. 1
Test Condition Sound Power Level ]
No Cover 93.1dB 91.5dBA E
With Cover 91.0aB 88.4dBA E
{
TABLE 4-4 y
Effects of Structureborne Drive Shaft Noise. 5.
Test Condition Sound Power Level A
Before Modification 85.4dBA
g
After Modification 79.6dBA
TABLE 4-5
Effects of Wrapping Fluid Lines.
Test Conditions Sound Power Level
Before Wrapping Lines 90.3dBA
After Wrapping Suction Line 88.8dBA 4
After Wrapping Suction & T
Qutlet Lines 85.5dBA .
33
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after the fluid conduits in the measurement environment were wrapped
with a layer of foam rubber covered with leaded vinyl. The total de-
crecase in sound level with the f{luid lire treatment was 4.8dBA.

Fbed Saiat

Pump Mount Noise

Pump mount noise can be reduced two ways. First, the basic con-
struction of the mount can be altered. Second, acoustical material can
be placed on the mount to attenuate its sound power output. Table 4-6
shiows the results obtained by modifying the mount and covering the mount.
l3 Each of these changes was made individually. The total reduction in the
3 "apparent' sound level of the pump was 2.b6dBA.

Drive Support Noise

Acoustical trcatment was used to cover the support for the pump

3 drive in order to minimize the background effects due tc the support
and the fluid lines embedded in the support. Table 4-7 shows that

3 this treatment produced a total reduction of 3.3dBA. The treatments

3 for drive support noise and pump mount noise were accomplished in se-
quence with only one change being made at a time. The total reduction
due to these treatments was 5.9dBA, which means that approximately four
times as much power was coming from the untreated portions of the sup-
port system as was emanating from the pump.

Load Valve Noise

ESA R,

tind

In some facilities, it is tempting to install the load valve for
the pump in the test environment. Table 4-8 shows that, in one in-
4 stance, removing the load valve from the test environment dropped the
i measured sound power level by 4.0dBA. Although a load valve could %e
! acoustically treated, it is recommended that the number of circuit
'; components in the test environment be minimized.

It is apparent, after considering the results of the tests re-
viewed in this section, that the measurement of a background for cor-
recting the measured sound level of a pump is a critical part of the
proposed test procedure.

i - BACKGROUND MEASUREMENTS -

E The current industrial recommended procedu-e for the measurement

3 of fluid power component noise suggests the measured sound power level

' ot a pump (L') be corrected by subtracting a background measured with
the drive difconnccted. The background is subtracted, in the proper
manner, from the measurement of the component to obtain the actual sound
power level. This method corrects for nofse generated by sources un-
related to the fluid power system in the measurement environment and
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Measurement Variations Due to Mount Configuration and Covering Mount.

TABLE 4-6

TOTAL SOUND POWER (dBA)

__ Conditions Mount w/Braces __Mount w/o Braces
Mount Covered 85.4 84 .6
Mount Uncovered 87.2 86.3

TOTAL SOUND POWER (dB)

Conditions Mount w/Braces Mount w/o Braces
Mount Covered 88.7 86.3
Mount Uncovered 88.6 86.0

TABLE 4-7

Noise Reduction

Due to Acoustically Treating Drive Support.

__Test Condition

Sound Power Level

Support Untreated

84 .6dBA

86 .3dB

Support Covered

81.3dBA

83.9dB
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TABLE

4-8

Noise Reduction Due to Taking Load Valve Out of Test Environment.

Test Condition

Sound Power level

Valve {n Rooam

B4.5dBA

Valve Removed

B0.5dBA
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notse transferred into the envitonment troa outstde. 1! the factlity

has been verificd, the corrected sound level ta an accurate seasurezent
0! the pump, tlutd lines, puap oount, and other varfables. 1! the

notase produced by the “iner or the pump mount or both ol these sources

le pgreacer than the notse produced by the pump, the sound pover level ob-
tained 18 an accurate ccasurement of nezelhing other than the pump. n
this canc, the actual sound power level of the puzmp {u toss than the oea-
sured level. 1§ (Lhe sound enitted trom the extrancous sources eentioned
s conniderably less than the sound radtated from the puzp, the sound
pover level obtafned by correctiag with the disconnected drive zathod

{s cqual to the actual sound poser of the pump. A eaxisus level (L )
vwill be obtatned by subtracting the sound power ilevel obtained i the *cea-
surement trcility, while the drive to the pump fs disconnected (L))

from the sound poves level obtatned in the meanutceoent ftactlity wfitle the
drive to the pump {e connected (L'). The actual sound pover level of

the puap (Lo) 18 less than or cqugl te the level obtatned (Lmnx). Then:

\..P‘: \.-‘m.\x‘\..‘l)"-é (4-1)

A second proposed =ethod for meaguring the sound power oculpul ol
a puz=p suppesls that the sound povwer level measured tor the component
(L") be corrected by subtraction of the sound power level (L) obtain-
cd' by covering the puzmp with a "box' (acoustical isolator). 1f the
“"box" i8 4 perfect acoustical tsolator, all notse that is not directly
radiated into tne "box" will be accounted for during the subtraction of
the twvo levels:

/
\—-F)= \-‘; "\.!5 (4-2)

Aspuz=ing that only pump noise enters the "box" the resultant level (L)
vill be the actual sound power level of the puzmp. P

Conversely, tf the "box'" (s not a perfect acoustical {solator,
some of the noise radiated from the punp will be measurcd during the
tice the "box"™ (s (nstalled. The corrected result would be a sound
power level which {8 less than the actual sound power o! the component.,

Subtraction of the sound pover level obtained, n e measurceesent
factlity, vhile a "box" ta fsolating the nolse radiated from the pump;

{rom the scanured sound power of the pump, vields o oinfmus level (L ")
ol
for the actual nsound pover of the cooponent:

L.p ?. \-\Mm = \-p -Lb (-3,

whete (L) ta the actual sound povwer level of the pump.
P

If both of the methodn that have been dincusnacd are uted during
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the weasurement ol a coaponent, the actual sound power level of the
coaponent will be bounded on both sfdesn Then:

L
Lw\\n -‘:- Lp — LM&){ (-4)

vhere: L vas obtatned vith the "box" method, and L vars obteined
abn oax
using the drive disconnccting method,

The suggpented "bracketing’” procedure wan applicd to a puzp at OSU.
The reaults are shoun o Table -9,

TABLE 4-9

Results of Bracketing Procedure.

sackprouns Used for Calculations Sound Powet
Disconnecting Drive Shatt 81.2¢hA
Covering Pump 19.1aBA

From the previous discussion, 1t may be concluded that the actual
sound power (L ) of OSU-XP-12 s greater than or cqgual to 79.1¢8A anc
less than or c@ual to B1.2¢8A.

19.1 £ Lp {82 (a-3)

It {5 reasonable to assu=c that the "box" 18 not a perfe.l acoustical
{solator. Then (L ) will be greater than 79.1dBA. 1t is also rcason-
able to assuz=c that the backpround nolace produced by the fluld lines

and puz=p sount have an {ncreasing effect on the sound level =casure=cnt
of the puzmp. Disconnecting the drive shaft and cortecting tix pus=p

sound povcer docs not account {or nofee produced by sources other than

the puap. Ther, the actual sound pover of the puz=p ts less thon 81.2d8A,
ang :

19‘ ( LPL 81.2 Lep)

The uae of both correction methods in a certi{led tent facility
provides knovn lieits for the sound power level of a cosponent,

)8
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CHAPTER V

PUBLISHED NOISE LEVRLS OF FLUID PUWER PUMPS

One manner In which the notace leweln of commercially avatlable
hydraulic pumpe can be surveyed 42 to teview notee levels repotted by
component manufactlurers Valucs of the atiborne pusp nolsc afe {re-
Guently published in magazines and advefliscement literatute. Projedt
peraonnel wete unable to find any advettised valuces of atructluredorne
ot flutdborae notace for hydravlic puzmpa. Published socune levels for
{lule pouer pumps ate presented In this fedot! o provide a fefefence

to which the results of the cxperimental zeasurementes can be compared.

The sound levels tncluded §n this chapler are ftom tvo soufces
Sceveral of the sound levels were fepostcd (2 natlonal publicationa

Sceue 0! the sound levels wefe reported to the Flule Pouer Hescarch Cen-

ter by participants in a meddulezent survey. In gencral, these levels
vere oeblalned by various procedures (n different cenvifonments 1t o

apsumcd, where It was not specificd, that the reporied sound prfessure
level 18 the level which vould occur at three feet froe the source

in a free-ficld above 2 reflecting plan (hemiaphesically divergent
environment ),

Tadle 5-1 15 « summary of the survey resulls. 1o zinizmize the
nuzber of vatrtables, sound levels were selected tor the sazme operating
speet, 800 rp, and the same pregaure, 1035 bar Ihe fesultant sound

levels can be plotted an a funcllon of horsepover, knowing that the
pregsure and specd are approxizately the same.

Fags  5-1 ane 5-2 praphically display the renultes o! the survey.
The number of occusrences of a given level 18 plotted veraus the level
1o Fig (5-1). 1t can be seen that the majority of the reported ‘evels
are belwcen T9¢BA and BIdBA.  The levelns vary free GlaBA to BJIGRA, a
range o! 22¢HA.

The sound pressure levels versus pusp hossepower are plotted in
Fig. 9-2. Although pusp types are known, 1t wap not poseidble to ob-
ferve any defintte trends as a function of basic pu=p denlpn, §.e¢.,
gear, wane, or piston. 1t ins known that pusps G and H uere teated in
the saze laboratory, usfapg the sase tesl method. 1t s recasonable to
assu=ec thet the majority of the rematning pu=ps (A-F) vere tented In
the U, S, using concntially the same procedure but different cnviton-
Lentn,

i

3 - - g

A more cosplete ditcugsion of this (nfor=ation can be found in fef. 757, 3
#
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REPORTED MAXIMUM SOUND LEVELS FOR VARIOUS PUNPS

! FUNP SPEED
(RPH)
A 1800

B 1800
c 1800
D 1760
E 1790
: F 1790
c 1800

(] 1800

TABLE 5-1.

10).

10},

10).

103.

103.

101.

101.

103,

PRESSURE
{Lar)

p)

b)

40

FLOW
(LIT/MIN)

817.
183.
238.
189.

50.

13.

2

7

[

SOUND LEVEL
(dBA)

70

82

8}

05

61
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Fig. 5-1. Frequency Plot for Pumps {n Table 1.
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Fig. 5-2. Sound Levels Versus Pusp Output Pover (From Table I).
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The results of the survey of published sound level data can be
compared with the experimental mcasurcments of sound levels presented
in the following chapter.
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CHAPTER VI

EXPERIMENTAL SURVEY OF NOISE LEVELS

FOR FLUID POWER PUMPS

The objective of this phase of the project is to establish the air-
borne sound power levels of several fluid power pumps. The results of
an accurate experimental survey of the souund power levels of commercial
hydraulic pumps will aid in establishing the realistic limits for speci-
fications. The prediction of fluid power system noise will be enchanced
if the variations in pump sound level as a function of pressure and speed
are available.

The experimental survey required first establishing a repeatable
measurement procedare. A procedure was developed as reported in Chapters
IT and I11. Projzct personnel are confident that repeatable results are
being obtained. The measurement results presented in this chapter repre-
sent only a portion of the measurements that will be made. Remaining
measurements will be conducted according to the same procedure used to
obtain the results presented in this chapter. Complete results of the
survey will be presented in a subsequent report.

Table 6-1 lists the total sound power level for each of the units
tested. Three test conditions were established. One test condition was
2000 rpm, 2000 psi (138.0 bar). A second test condition was speed 2000
rpm, operating pressure reduced to 200 psi (13.8 bar). For the third
test condition the speed was reduced to 600 rpm and the pressure de-
creased to €0 psi (4.1 bar). The first condition was selected to sim-
ulate full speed operation under full load, the second condition was
intended to simulate full speed operation with reduced system pressure,
and the third condition was requested by some manufacturers to simulate
idle operation. The inlet pressure was maintained at 0 psi for three
of the four units. One fixed displacement unit has excessive outlet
pressure fluctuation with zero inlet pressure. For this unit the inlet
pressure was set a 2 psi. The test temperature was 65.5 degrees C. for
the "full load" test. For the reduced horsepower tests the temperature
was maintained at 38 degrees C.

In Fig. 6-1 the results of the mecsurement survey are compared with 7
the reported levels presented in Chapter V. The test pumps include a 5

piston unit, two external gear pumps, and a vane pump. With the excep-
tion of the piston unit the controlled measurements appear to be about
6dBA lower than the published sound power levels. 1In view of the fact
that the controlled measurements were taken at 2000 rpm (instead of 1800
rpm) and 2000 psi (instead of 1500 psi), the generally lower sound lev-
els at the same horsepower are somewhat surprising, assuming the pub-
lished values are accurate.
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TABLE 6-1

EXPERIMENTAL TEST RESULTS TOTAL SOUND POWER

PUMP SPEED PRESSURE FLOW SOUND

(0SU-NP) (RPM) (BAR) (LIT/MTN) POWER
(dBA)
\

10V 2000 138.0 87.1 80.4

11GE 2000 138.0 98.0 81.2

12GE 2000 138.0 97.6 81.2

13P 2000 138.0 93.9 87.6

10V 2000 13.8 101.4 76.2

3 11GE 2000 13.8 113.6 75.2

1 12GE 2000 13.8 107.9 72.2

i 13P 2000 13.8 90.1 79.0
4 10V 600 4.1 230.4 56.3 .28
A 11GE 600 4.1 x34.1 62.3 .31
. 12GE 600 4.1 432.4 57.4 .30

3 13P 600 4.1 ~27.0 62.9 .25
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Fig. 6-1. Comparison of Measured and Reported
Sound Levels on Two Different Graphs.
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More data acquired under controlled conditions will be needed to
make any definite conclusions but so far indications are that the pub-
lished sound levels are too high. If this is true, it is consistent
with the philosophy of some pump manufacturers. Certain component
manufacturers have indicated that it is acceptable to report a sound
level higher than the actual level of the component. This approach is
reflected in the test code discussed in Chapter I.

The measurements shown on the graphs in Fig. 6-1 are total sound
power level. To convert these total sound levels to an equivalent pres-
sure level three feet from the source in a free field above a reflect-
ing plane, 7dBA should be subtracted from the values shown. The lat-

ter reference to sound pressure level is frequently used for reporting
airborne noise.

General trends for the change of the sound power of a pump can be
seen on Fig. 6-2. The graph of Fig. 6-2 shows the relative change of
sound power of a component for varying speed and pressure. The data
from Table 6-1 is plotted in Fig. 6-2 to produce a rough indication of

the slopes (or sensitivities) of sound power output versus speed and
pressure changes.

The importance of fluidborne noise was discussed in Chapter IV
and other chapters. The results of fluidborne noise measurements
made during the survey are presentec in the following chapter.
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Fig. 6-2. Plot of Measured Sound Levels Versus
- Pump Output Power.
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EVALUATION OF FLUIDBORNE NOISE

Pressure pulsations within a fluid power system provide the poten-
tial for increased system sound levels. At the present time, no stan-
dard procedure exists for the measurement of fluidborne noise. The
measurement procedure presented in Apperdix H is a first draft ot a
fluidborne noise test method. 1t can be used as a guide for the mea-
surement of fluidborne noise. It will not guarantce repeatible results
if any parameter other than the component being tested i{s changed.

- FLUIDRORNE NOISE MEASUREMENTS -

A suries of fluidborne noise measurements has been iritiated at OSU.
A modification of the test procedure presented in Appendix H has been
implimented for this series of tests. Procedural errors are mirnimized
by maintaining both the measurement and fluid power systems in the same
configuration for each test. The component under test is the only para-
meter that is changed. The results for two pumps, OSU-NP-10 and 0OSU-
NE¥-13, are shown in Fig. 7-1. For purposes of identification, OSU-NP-
10 is a vane pump, and OSU-NP-13 is a piston pump. The piston pump has
significantly higher tluidborne noise levels. The data indicates that
in the same system the vane pump would produce lower fluidborne noise
levels than the piston pump.

The same recording instrumentation was used for both airborne and
fluidborne noise measurements. The pressure transducer for fluidborne
noise measurements is a Piezotronics crystal pressure transducer and
power supply. The piezo transducer affords the possibility of high fre-
quency pressure pulsation measurement in fluid power systems. The trans-
ducer may be inserted directly into the fluid system, therby reducing
considerations of dynamic coupling of the transducer to the system. As

indicated previously, the pressure data is anslyzed using a 1/3 cctave
band analyzer.

- DATA REDUCTION -

The 1/3 octave analysis is reduced with the aid of the computer and
the program presented in Appendix E. A sample output from the computer

is shown in Table 7-1. An explanation of the output terms is provided
in Table 7-2,

2 :
Reported pressure levels are referenced to 20 uN/m . This procedure ]
48 ¢
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TABLE 7-2

LISTING OF TERMS USED 1IN FLUIDBORNE DATA OUTPUT

3 Column Heading Parameter
: FREQ 1/3 octave center frequency
b PRESS dB levels in 1/3 octaves for pressure

analysis

BKG 1/3 octave analyuis of system back-
pround noise

?: CORR corrected pressure (f{.c. PRESS - BKG)
YA dBA weighted pressure in 1/3 octave
bands
POWER power associated with dBA weighted
pressure
REL-20 dBA uc1§htcd pressure relative to
= 20 uN/m
‘ i
] '.‘ 3
g !
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be o deviation from normal high frequency {lufd
Fig 7-2 deptlcta Rraphically why the same reference s usicd for both
tutdborne and afrborne nofge measurements.  The use of a common refer-
ency allows the comparison of tlutdborne and afrborne noise with cogven-
ttonal units. The conversion from the measurement units to 20 un/m" (sn
a tunction of the pressure transducer and analyzer used. For the data
presented in this report, the converafon ig 124.0dBA.  Fig. 7-3 may be
used to obtain "peak to peak" pressure ripple (f.c. flutdborne notse)

tor any 1/3 octave band or the total spectrum.  The scaling of the axes
ot the pressure versus dB graph fa a functfon of the

Her e, Fig 7-3 (s not applicable for all fluidborne

pulsation analynis.

measurement system.
nolsce measurcments.
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FLUIDBORNE
> NOISE
re 204N/ m?

PUMP

A4
FLUID LINE

ATTENUATION
ds

r v 1

AIRBORNE NOISE AIRBORNE NOISE
re 20 4N/ M2 re 204 N/ M?

.

BOTH LEVELS ARE
re 420 N/M2

Fig. 7-2. Relationship Between Afrborne And
Fluidborne Nolse Measurements Referenced
To Same Levels.
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Fig. 7-3. dB vs. Peak to Peak Pressure.
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3 GENERAL DISCUSSION

4 Two project objectives are discussed in this report. The first ob-
k jective was the development of nolse measurement test methods. The second
objective {5 the acoustical measurement of selected flufd power components.

This report concludes the noise test method development cffort cov-
I ered by this contractural agreement. The objective of measuring compo-

nent nofse {8 scheduled to continue through May 1973. Both of these ob-
Jectives will assist in cstablishing realistic nofsc specifications for

flufd power components.

The following paragraphs of this chapter discuss various aspects of
the two project objectives. A complete listing of conclusions and recom-
mendations s included in chapters reserved for those subjects.

- TEST METHOD DEVELOPMENT -

The objective of develeoping nolse measurement test methods was
~riginally scheduled as a minor effort for this contract year. Two
circumstances necessitaced that it become a major effort. First, the
Industry formed u Tri-Level Conference (NFPA, ANS1, USTAG) to make
specific recommendations to ISO regarding the measurement of airb rne
noise from pumps. Second, the mcasurement of airborne noisc emitted
by selected components could only be meaningful i{f the measurements
were based on the best test method avuilable.

Project personiel contributed fully and openly to the efforts of the
Tri-Level Conference. Three of the four rough drafts considered by the
Conference and the final drafts were written by project personnel. Th.
approved test methods that resulted from the Conference are the basis
for all noisc measurements being made in the FPRC Acoustics Laboratory.

The consensus of the Tri-Level Conference participants was that the
Airborne Test Method represented the best guidance available. The Con-
ference participants who had helped in the development of the earlier
NFPA test methods for pumps and motors oagreed that significant improve-
ments were incorporated into the Conference recommendations.

A test method for measuring fluidborne noise was introduced at the
Conference by Project personnel. The urgency of completing the airborne
test method precluded extensive development of the fluidhorne test method.
There was generol agreement among participants that a test method for mea-
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suring fluidborne noise was needed. Although specific guidance for the
fluidborne test method was sought, only general comments about the need
for such a document and the difficulties invelved were discussed.

The evaluation of the airborne test procedure shows that the impor-
tant test system parameters are considered in the Recommended Airborne
Test Method. 1t also shows that the guidance regarding those system
parameters are inadequate to insure reasonable repeatability. Over 5dBA
sound power reduction was obtained by treating only the mount and drive
support for one test. In another set of tests on one unit, over 4dBA re-
duction in total sound power was obtained by treating only the fluid lines.

There was not time available to completely evaluate the fluidborne
test method. The present method being used to evaluate fluidborne noise
parallels the recommended test method. Presently all of the system para-
meters are held constant between tests, the only major variable being
the pump under test. The results of four measurements of the fluid-
borne noise associated with one pump yielded a sample standard devia-
tion of less than YdBA.

There are no known industrialily approved test procedures for the
measurement of structureborne noise. Structureborne noise measurements
were obtained, in certain instances, to assist in isolating airborne
noise sources in the test environment. These measurements of structure-
borne noise were not taken according to any particular procedure or tast
method. Structureborne noise represents another aspect of fluid power
component roise that warrants investigation.

- COMPONENT NOISE MEASUREMENT -

Accurate measurement of the airborne noise emitted by fluid power
components is dependent on the complete isolation of all noise sources
in the test environment except the test unit. Since the perfect isola-
tion of the test system associated with a component is not practical,
the resultant airborne noise measurement for & component represents an
upper limit of the actual sound power level of the unit. Before pro-
ceeding with airborne measurements of fluid power pumps, each poussible
source of error was considered and minimized.

Once a treatment method was obtained for a given source of air-
borne noise, the same treatment was used during each subsequent measure-
ment. The only major variable between airborne noise measurements was
the test unit.

The remainder of the fluidborne noise measurements, which are to
be taken for this project, will be made keeping as many system parameters
constant as possible. I1f fluidborne test methods are investigated, and
it becomes apparent that the mecasurement process can be improved, then
the new method will be utilized.
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Structureborie measurements wil. . made on selected compcnents.
The procedure for these measurements will be recorded. But, it is not
anticipated at this time that a parametric study will be conducted in
conjunction with these measurements.

The test methods used for the component noise measurements will be
recorded in the final report on this contractual agreement.

The two operational difficulties associated with the measurement
objective of this project have been: 1) the lack of verified ‘ect meth-
ods, and 2) the one pump specifically selected by Project Monitors for
noise measurements has an output flow rate which required major changes
in the facility support system. Neither of these difficulties has cre-
ated any major problems. Project personnel are confident that the objec-
tives of this phase of the project can be met by the end of May 1973,
which is the scheduled completion date.

57

T T T e




PR ARSI

=

)

NI R

O S A SRS LA MR A S

SEA v

SRS

N
e

¢+

A T
TRV L

WO e R TERAS

L doe LTR AN LT b i L Sk A AN L

CHAPTER IX
CONCLUSIONS

The conclusions outlined in this chapter are a summary of the major
conclusions resulting from this project to date. Thus, the conclusions
resulting from the noise measurement test method development effort and
the actual noise measurement effort are included in this chapter. The
conclusions are divided into the three categories of fluid power component
noise: airborne, fluidborne, and structureborne.

- ATRBORNE NOISE -

The procedure developed by the Tri-Level Conference on Noise in Fluid
Power Systems can be considered to represent the most recent industrially
endorsed measurement test method for airborne noise emitted by fluid power
pumps. It is reasonable to expect that, since it is based on acoustically
valid test method, the measurement accuracy will be reasonable. This
means that the measurements will be an accurate indication of the sound
power in the environment, which may include more than just the test unit.
In order to achieve repeatability between measurement facilities, it will

be necessary to more clearly define isolation procedures for support sy-
stems.

For any airborne noise measurement test method, it is important to
insure: 1) that the measurement facility is verified, 2) that the compo-
nent beilng tested is the major source of the noise being measured, and 3)
that background levels be taken in such a way that those noises not asso-~

ciated with the test unit can be subtracted from the sound measurements for
the test unit.

The technique of measuring a background by rotating the drive shaft
while it is not under load is not realistic, since there is no fluid flow
and the system is not loaded in the same manner as it is under actual test
conditioi s. The technique of obtaining a background measurement by cover-
ing the test unit with an acoustical isolator is very attractive. The use
of the isolator combined with the information obtained by disconnecting
the drive allows a prediction of the upper and lower limits of the :ound
power of a component. The acoustical treatment of fluid lines, pump mounts,

drive shafts, and other system support elements should be specified in de-
tail in the test method.

Specifying that the background level in dBA must be at least 6dBA
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less than the reported component level in dBA can lead to the erroneous
assumption that if the difference is greater than 6 dBA then the re-
ported sound level is accurate.

From the point of view of designing a quiet fluid power system it
is desirable that the actual sound level of each component be known.
There is a tendency for component manufacturers to only show that a
given compunent is below a certain level. Manufacturers should be en-
couraged to report the sound level of a component as accurately as pos-
sible since the system designer would then be able to make confident
predictions of the system sound level rather than just being able to

predict that the level of the system is less than or equal to a calcul-
ated level.

Very little information is available regarding the variation in
sound measurements that can be expected between fluid power acoustics
measurement facilities.

The pump noise measurement survey being conducted at the FPRC
Acoustics Laboratory will yield a comparative set of airborne noise

measurements where the only major variable between tests is the unit
being measured.

- FLUIDBORNE NOISE -

Fluidborne noise is a significant contributor to fluid power system
noise. Not only the results of the airborne test method verification,
but other referenced studies have shown that this is true.

The industry is generally aware that an industrially accepted test
method for fluidborne noise is needed.

There has not been a major effort within the industry to develop a
test method for measuring fluidborne noise.

The most reasonable method for reporting fluidborne noise is to
reference it to ZO;LN/mZ, since this reference is compatable for cal-

culating system noise once a transmission loss for the fluid lines is
determined.

As with any test method, any recommended test method for measu:ing
fluidborne noise should be supported by actual test results.

- STRUCTUREBORNE NOISE -

This source of noise has received very little published attention
by the fluid power industry.

The measurement of structureborne noise can assist in isolating
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undesired noise sources in acoustical test environments.

There are no known structureborne test methods accepted by the
fluid power industry.
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4 CHAPYTER X

RECOMMENDATIONS

Realistic sound level specifications for fluid power components
will be based on performance characteristics of the various types of
components. For example, the maximum sound level of pumps may be some
functicn of the pump displacement and operating pressure. In the case
of fluid lines a minimum reduction of pressure pulses through the con-
duit walls to the air (2 minimum transmission loss) may be the best
parametet to specify. Perhaps a maximum level of fluidborne noise can
be specified for pumps operating in a verified test system. The fol-
lowing recommendations are based on the results presented in this re-
port coupled with other experiences of project personnel. The recom-
mendations are directed toward reaching two objectives: 1) realistic
performance noise parameters and parameter limits for component speci-
fications, and 2) fundamental knowledge that can be used to assist in
designing quiet fluid power systems.

i 1. An airborne te : method should be written and submitted
;5 to the industry the: specifies the isolation teckniques to
| be used for reducing the background noise associated with
component noise tests.

2. The results of the controlled airborne noise tests on
pumps at the FPRC should be carefully analyzed and coupled

to basic theory in order to isolate the critical noise para-
meters for pumps.

1R e

G 3. A survey of noise test facilities should be conducted
3 to establish the variation within and between laboratories

that can be expected in noise measurements within the fluid
power industry.

5 4, Once the variation befween laboratories for a reference
R source is established, a fluid power pump should be used in
i a survey between laboratories in order to establish the vari-
ation that can be expe:ted for actual pump measurements.

5. A practical theory tor fluidborne noise needs to be
4 developed and verified. The verification of the theory
. should lead to a practical test method which would yield
g accurate and repeatable results. Once a fluidborne test
method is developed, the method needs to be used in various

labs with a reference source to verify the validity of the
method.

e ey

6. Basic studies need to be initiated to determine the re-
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lative importance of structureborne noise in fluid power
systems. Any resultant concepts should be veritied experimen-
tally. The verification should be directed toward the develop-

ment of a realistic test method for structureborne noise in
fluid power systems.

7. A systematic method for predicting fluid power system
noise needs to be developed. The development of an accurate
noise prediction technique would be partially dependent on

the successful completion of the studies of airborne, struc-
4 tureborne and fluidborne noise.

8. Inherent in predicting fluid power system noise is the
requirement of properly describing the important acoustical
characteristics of fluid power conduits. The acoustical

characteristics of fluid conduits should be mathematically
modeled and experimentally measured.

It is recommended that the modeling and measurement of fluidborne
noise be the next major objective for fluid power noise studies. Fluid-
borne noise is probably the major contributor to fluid power system
sound levels. Until the time that fluidborne noise is adequately under-
3 stood, can be measured practically, and can be confidently predicted

and controlled, fluid power systems will plague designers of quiet
systems.
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APPENDIX B
t AIRBORNE NOLSE COMPUTER PROGRAM

: This appendix consists of a listing of the airborne noise computer
A program discussed in Chapter III. A da‘*a listing is provided as well as
2 the control statements and calling program used for loading and executing

3 a Fortran program on the IBM 360 system.
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DI N in e B e B}

DIOHYOOH DO R Ee e Be N DO OHO DO NS OHYN

e e B-e)

n
un
2

22

Fn
m
23
24

758

Avan, n

ro 30 a1, N
AVepvertngy, .y
CONTIMNE
AL],2)aAvyr
COVTIrIF

(1A HANN S

rno272 1=y,
FOL,2)m 1RO, 1
corY I NuIFE

-------------------------------------------------

PEARCS, 20)(T1(1),1e],91)
IF(M,FA, NG TN o

nO70 1=1,21
AR=q,

PO RA a1, m
AR=ARCI RR( 1, )
COMTIMIE

AL, 3)=An p
COMTIMHE

60 TH 75

no 26 121,91
ACI,3)=1RR(T, D)
COMTINUF

ittt d kel Ll T SR

It i T

FEAD THF DRIVF RBACKGROUMD IM THE pAnm (n?)
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Srisbatea s it b b S i

rnno1n9n
ronn2000
cong201ce
00002020
ronn2nsn
cono2nue
nann20s50
ronn20fo
noon2n7o
N0no020R0
ronp2nan
ronazino
rann02110
£enn2120
connz13o
00002140
0nno2150
00N021F0
tnno2170
c00021R0
conn21ag
fnno2200
£enn2210
nnna62220
£nnnz230
conn2240
0ennN22s0
conn226c0
cono227¢0
€oen22c0
cano229c
cnno2iron
connz23io
onnn2z320
caono2330
0n0023L0
onna2350
f00023¢€0
conn2370n
cnno23g8o0
£0n02310
conna2u00
COn02410
cono2420
onno2u3n
roNa24u40
oono2u50
CONN24ED
o0no2u7n
Cono2480
cono2u9n
oonn2s5ne
conn251n
0onNn2520
oonn2s53n
20002540
ngnon2s5s50
cono2srn
30002570
cnnnzsean
non02590
nnnoz2600
nennzeln
ronn2e62n
oonn2r30
00002640

L e gt Sl dal g s hlrd Sgosta b po gule e s a i i iiin

e T |

b Thar 2he ey v |

ro 80 1=, 21
RIPP( 1V, e ((RO2PC1)=7L,0/17,)
POP(1)=RO(1 )2 (1, =10(1)
PP(1)=aln,ee((BOAP(1)-T7L,)/10,)
KP{1)=aP2DP(1)-TP()

LP(1)=30, se(CI0(1)=7U,)/10,)
CP(I)sLP(1)-RP(1)

TF{RF(1) .GT,LP(I))ICP(1)=1,0/1N,ae% 5
CALL) =10, «DLOARICICP(1)) 470,
PACLYsVR(1)+A (), B)~PN (1)
PPLI)=1n, 2 ( (NN ()="L,N/10,)
P2P(1)=PP(1)

XP(1)=LPL1)~P2P(1)

FR(R2PODY AT LPLIIXP(I)=),0/10, %03 5
YO()=IN, «DLARINEXPOI Y)Y+ 70,

Yo(1)=3in, «D[NRINCKP(]))+70,
FOCLY=P201)+A(1,U)=-¥n(1)

FPOI)=1Nn wa((FN(I)=74,)/10,)
FPC1Y=FPLI)=-R2P(I)

TECR2PLL) ,GTLFPCI)IFP(1)=) . 0/10, %35
MPCl)=1n »«((N2CI)-74,)/710 )
RIP(1)=2N, »wa((BYlL1)=70L,)/1N,)
CP(1)=PIP(1)=-RB1P(I)

LF(RIPCI) LGT.PIP(1))GPEL)=Y  0/10 ew3 T
COCIY =10, «PLNCINIGP(I))Y+7h,

HO (L) =6n(1)=-TN(1)

HE(I) =)0, e ((HOC1) =74, 1/10,)
DAP(L)=FP(1)-HP(1)

LE(HP ()Y, GT,FP(INV)INAP (1) =1, N/10, #e3,5
TIPIY=DN wa((TLLI)=70L,)/10,)
APPCI)=TIP(1)=-R1P(1)

IF(BIP(1) BT, TIP(I))OP(])=1,0/10, %3 5
CO(1)=10 «DLNCIN(PP(1))+7,,
paCl)=nn{1)-TO(1)
PPCL)=20, 2« ((PN(1)-7L,)/10,)
PAP(1)apPP(1)+PNAP(1)+R2P (1)
AP(LY=00 =« ((A(1,3)~74,)/10,)
NP(1)=AP(1)=-P2P(1)
VECR2P(1) AT APCI)

) Y=l 0/10, we3 5
ANCE) =10, «DLOGINCOP

ap( ) ;
(1)) +70, ;

o P R
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e

~ann2rse
fON02RED
ronNn2e70
fON026R0
a0nn2690
r0a027r0
rono2z10
00002720
conn273c
c0n02740
00002750
nonn2760
00002770
00002780
00n02790
00002800
00002810
00n02820
60002830
60002840
c0NN2850
00002860
conn2870
"0002880
rono2’ac
cnno2900
20002910
£0Nn02920
neno2930
00N02940
"002950
0002960
nonn2970
cono29380
€c0nn299¢
cono3nnn
6ono3ntn
conn3n2o
nann3nzn
600o3nuo
00003050
conn3neo
nono3nzn
60N03080
cono3ngn
£ennzino
6ono3rin
cono31ae
20003130
rON03140
cnon3isn
eonn3len
£ono3lzo
nonosleo
ronn3lag
ConNo3200
£nnon321o0
00nn3220
£nnn323n
060003240
00N03250
CONn03260
cono3270
C0n03280
60003290
conn3zon

Pﬂ(I)!A(l,?)*A(l,b)-“P(l)
WPLI)=10, «n((RNC1)-74,1/10,)
EP(1)=RPI1)-RAPLI)
FECRAPCI) BT, PPCI))SP(1)=1,0/10, %3, 5
AL1,5Y=A(1,4)-nn(])
Fﬂ(l)=19.'PI“P1"(S"(I))+7b.
ACI,R)=S0(1)
PAD(C 1) =10, «PLAGINCRAP(I)) 474,
ALY, TY=RAO())
PCIY=A(l,RY=-7,0
ACL, I =A(L,R)+C( 1)
A(l,9)-10."((A(l,1ﬂ)-7h.)/10.)
ACL,RY=PN(I)
ACL,11)=A(1,1)
SOAC1)=S0(1)+C())
SnP(I)=lﬂ."((SnA(l)-7u.)/10.)
80 CONTINUF
TP, n
SPT=0,n
NR=0, N
nn an y=1,21
SPT=SPT+SP(1)
NR=PR+A(},1N)
TP=TP+SNP(1)
ar cneTirF
NRT=10,*PLNGIN(SPT)+7L,
PRAI-IO.'DLGGIO(TP)*7U.
PR7=NRAL-7.0

WRITFE(F,150)
YRITE(R,150)
PRITE(R,1E0)
YMITE(R,170)
VWRITE(R,120)
VRITE(R,130)
VRITE(A,120)
wanE(R,Inn)((A(|,J),J=1,11),|=1,71>
VRITE(R,120)
VRITE(6,135)NRT
VRITE(R,133)TP
VIRITE(6,1L0)DRAL
YRITE(R, 13R)DRY
YMITEC(R,12N)
VIRITE(R,2R)MP
V“ITF(6,27)NPN,NS,TFM,FR,NI
VRITE(R,120)
VRITE(5,125)
100 FORMAT(IX,FR.0, TFT.1,1X,F8.4,F7,7,3%, F6.0)

120 FORPAT(L1X, RH=mmecaacaacoo il LZl200 e D al T T PR
L LT S )

125 FORMAT(////)

130 FORMAT(2X, RNHEREN LUR Lrg Lr conR L BA VA
1 PR NRA FRFN )

133 FORMAT(1X,S7HTOTAL "“an WFIGHTED POWFR cccceau-a B LT T yup
1----,F7.4)

134 FORMAT(OX, RINMACTUAL LEVFLS ARF LESS THAN nn ENUAL Tn THOSF PRESFEN
1ITED BELOWT")

135 FORMAT(L1X,3FHUNWFIGHTER SPIIMP PALIFR m-cmmcceenea. +F6.2,1X,2HPR)

136 FORMAT(1X, RRHTHREE FFET Fnnm THF SOURCE IM A HEMISPHEPICALLY DIVER
1GENT FIELDw®wa FR,2,1X, 7HNRA wws)

140 FORMAT(1X, REH"A" WEIGHTED SOUND PAMED m oo mmcmoec e oo oo
lemmcmmmaaas +FR.2,1X,3HDRA)
70
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00003310 150 FORMAT(/)

C0003320 160 FORMAT(37X, RHNSU-EPRC)

CNBO03330 170 FORMAT(2RX,29HACOUSTICS [ ARORATARY DATA LA%)

£0003340 27 FORMAT(1X, QUPRESSIIRF=, 14, "HPS1,2X, RHSPEEN=, 11, 3HNPM, 2, 1 JHTEMPERAT
00003350 1URE=, Fl 1, JHC, 2X, LAMFLOW RATE=, FL,1,108,2X, FHIN{ET=, 17, 3HPS | )
00003360 sTNP

0003370 END

CONO3380 //GO.SYSIN DD »

i - INPFUT DATA -
2 000033490 1 1
: 0on03400 10 200 N 2000 26,9 38,0 7
¢ nona3L1o 57.3 62.7 56,8 50,9 4.2 6R,° 61,3 E
3 00N03420 63,9 71.1 71.4 fL, 8 5q, 58,7 5,7 ;
a conn3L30 S8, 57, SR, 57.3 58.3 51, S§F,3 E
3 00003440 Re,7 71.7 72.8 75,0 75.7 75,7 74,7 &
€0N03450 73,3 73.7 74,2 74,2 4,7 751 74,9 2
00N03L60 75,2 74,9 73,6 73.1 73,3 72.0 £7.3 ’%
nono3L70 1.7 L, 5 F1,5 0.1 RE. 78.° 67, 3
00N03480 77,9 74,7 B1.R en,3 78,° 71, fa, 8 :
£on03490 £9.5 Rf. RR,7 Fa.p 70,3 £A, 6.3 ;
n0no3sno 20, 21.5 2, 7F, 29, 29.° 32,5
£0N03510 34,5 3,5 34,5 34,5 34,5 3h,° 34,5
00003520 34,5 3L, 8 3R, 30, 42, 54, < w7,
00003530 52,9 5R,7 57, LA, 50, 53,0 58,3
00003540 57.6 54,5 51, 51,2 50,3 51, R, 2
CoNn3550 51,9 A, 46, 6 L5, 45,97 5,0 n1,7
000035S€EN 47,2 3q, 3n, 3n, 3a, an, 30,
i 0000357y 39, 3n, 30, 30, 30, 30, 30,
d £OND3580 30, 39, 39, 39, 30, 3n, 3e,
n0NO3590 72, 77, 74, 76,3 77. 77,73 75.7
1 SCno3600 74, 75, 74,2 74,73 75, 75, 70,0
: t0003F10 75,1 74,5 73.1 72.F 77.8 72.4 fE,7
¥ 00003620 F0.8 A9, 61.3 5R,7 1,3 60, F 58, ;
8 CON03630 R1.AR 5a, F2,8 sa, 57.F £3,P 54,P 3
; CONN3ELN Su, 8 Sh.F LR, R 50,7 42,2 us,7 43,5 3
! 0CNN3650 r1,2 RE.F 64,2 71.5 75.° 70, 71,3 5
b CONO3FRC R3.F 76,3 79,2 70,7 76,1 73,7 73,7 3
- GNN03670 72.% fa, FA,FR 75.1 75.2 72.9 RS.7
i rONDZFR0 LR, 3 uR,f 43,3 57,6 39, 7N, 39, i
1 C6N03690 34, 3q, 39, z0, 31, zq, 39, i
i £0no37n0 30, 10, 3q, In, 3n, 30, 3, _
29003710 70,9 71.1 73.5 75.F 75.9 76,4 74,0 3
B 00003720 73,5 74,9 74,6 74,6 75,2 75,3 75, ;
i £onn3730 75,7 75,2 74, 73,8 70,7 73,0 68,3

: ' 71




G AR Y

£00n0nn1o
00000011
60nnon2o
00n0N030
connonyo
eono0oso

connzugn
conn2499

//NOISFewe JnR (
!/ CLASS=B
/*ROUTE PRINT RJN
/] EXEC FORTHCL
//FORT SYSIN PP o
DIMENS ION

+1), 'NNISE? ,MSGLEVEL=(0,0),

- MAIN PROGRAM -

//LXED.SYSLMAD pp DSNAME-GSU.A0712887.FPRC,DISP-HLF

/1), "ELLIOTT', MSELEVEL=(0, 0)

CONO2500 //1LKED,SYSIN PP o
CONN2510  MAME PRA(R)
tNnn2520 7/

- CALLING PROGRAM -
00000030 //PRAXXXXX JOB (
00000020 /«ROUTE PRINT RJD
00000030 // EXEC PGM=DRA
00000040 //CTEPLIB PN NSNAME=NSIt ACT126R7, FPRC, N1 SP=SHR
00600050 //FTOSFADL PD »
nononnen 1 1
ann00n7o 10 200 n 2000 26,8 38,0
nonnnnso 57,3 k2.7 S5R.R 59,9 4,2
00n006I0 R3,0 71.1 7.4 LY ] 59,
N0NN0100 58.F 57. 5f,9 57.3 SK.3
70000110 £8.7 73.7 72.8 75.9 75,7
connar20 73,3 73.7 74,2 T4,2 4,7
£enno13n 75.2 74,9 73.8 73.1 73.3
06000140 R1,7 64.5 €1,.5 70.9 86,
£on0n1so 77,9 Th,2 81.8 80,3 78,8
CononiFo ra,S A6, 6R,7 69,8 70,3
0000170 20, 21,5 24, 2f, 28,
connnigsn 34,5 34,5 34,5 3h,5 34,5
0an00190 34,5 34,8 3R, 39, 42,
conon200 52.% 56,2 52, 49, 50,
eonn0210 57,6 54,5 5L, 51,2 50,3
20000220 §1,0 49, 46h.R 45, h5.2
€0000230 47,2 3a, 39, 3q, 34,
£on00240 39, 39, 3e, 3q, 39,
rtonno2s50 3o, 39, 39, 39, 39,
00000260 72, 72, 4, 76,3 77,
50000270 74, 74, 4.2 74,3 15,
cononzan 75,1 74,5 73,1 72.6 72.8
cononzan ko,.s Fq, 61,1 SR, 7. £1,1
00000300 F1.6 59, 63.8 59, 57.6
00000310 54,8 SU.R uRr,R 50,2 LR,2
Chnooizn A1,2 FE,.6 64,2 71,5 75.8
00000330 R3,F 76,3 78,2 78,7 76,1
00N00340 72,3 €9, 69,H 75.) 75.2
(0n00350 ue,3 L8, 6 43.3 L3.6 39,
Conoo3en 39, 39, 39, 39, 39,
00noo0370 3a, 30, 39, a9, 39,
nonnoz80 70,9 71.1 73.5 75,8 75,8
£0000390 73,6 4.2 Th,f Th,f 75,2
20000400 75,3 75,2 7%, 73.8 74,2
ONDOOLLO //FTORFONY DR SYSOUT=A
eonoou20 //

72

6R. R
58.2
59,
75.7
75.1
72.9
78,8
71,
69,
zqﬂs
34,5
b4,5
53,0
51,
45,9
39,
30,
3q,
77.3
75.
72,4
60,€
63.8
b5,7
70,
73.2
72.9
34q,
39,
3ql
7164
75.3
73.8

61.3
5F,.7
56,3
.7
74,9
67,3
6R.

69,8
64,3
32,5
34,5
47,

58.3
48,2
b1,7
39,

39,
75,7
74,9
66,7
SR,
54,8
43,5
71.3
73.3
65,7
39,
39,
3".
74,9
75,
€8.3
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APPENDIX C

INSTRUMENTATION
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RES)



i adael botbbkpaniahl

; RIS
e

I.

1I.

III.

1v.

VI,

INSTRUMENTATION

GENERAL RADIO

1521-A . . . . . . . ¢« ¢ ¢« .+ « « « .« . Strip Chart Recorder
1523 . . . . ¢ v« ¢+« <+ « « « + .« Level Recorder

1523-p1 . . . . ... ... ... .. Preamplifier Plug In
1523-P3 . . v 4 v e e e 1/3 Octave Band Analyzer

1523-9621 . . . v 4 v e e e e e e e 25dB Potentiometer
1523-9822 &« v v i vt e e e e e e e 50dB Potentiometer
1523-9624 v v ¢ v v 4 e e e e e e e 100dB Potentiometer

1560-9531 . .. . .. ¢+« « . .+ .. Mecrophone

1560-9580 . . . . . .. ... ... Tripod

1560-9666 . . . . . . . o 00 0 0. Microphone Cable
1560-P13 . . . . « « « « « » « « s+ « » Vibration Pickup System

1560-P42 . . . . . . . .+ .+ .« .+« .+« . . Microphone Preamplifier
1562-4A .

Mmoo o W o>

0 Sound Level Calibrator

= RN G oH - @ o=

1382 & 0 i s e e e e e e e e e e e Random No.se Generator
HEWLETT PACKARD
A, 3300-A . . & ¢ v i e e e e e e e e e Function Generator

BRUEL + KJAER

A. 2107 .+ « v « v « « 4+ + « « &« & o « « Frequency Analyzer
BOGEN

A, CHIZ-35A .. . . . .« ¢+ v+ e « .+ . Anmplifier

TEKTRONIX

A. 502 . . . . . .. .+ v 4o 4 s e s 2o+ Dual-Beam Oscilloscope
PCB PIEZOTRONICS, INC.

A. 118A02 . . . . . + + + 4« ¢« « 4« « « « « Quartz Crystal Pressure
Transducer

B. 402A e+ + 4 « s s s 4 a4 s s s s « o Pressure Amplifier

[FLa

sy

D PR =]




C. 482-4 . . .
VII. BELL + HOWELL
A. 4-402-0001 . ,

VIII. DAYTRONIC

A. Type 91 . .. .. . ...

B. Model 300 . .

; C. Type P 5 0 c 0 0o 0o 0 o0 o

R T e

P

=

75

ICP Power Supply

Pressure Transducer

Strain Gage Transducer
Input Module

Transducer Amplifier-
Indicator

Galvanometer Driver
Output Module

R i e S e e

1T ST TR UL I SRy
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APPENDIX D

ELECTRONIC ACOUSTICAL TEST FACILITY REFERENCE SOURCE

A schematic and listing of the components used in the construction
of the electronic reference source discussed in Chapter IV are presented
in this appendix. The source's electronic stability is estimated to be
approximately 1.12%. Its primary function is the production of ultra-

stable sound leveis in three different modes of operation. The various
outputs are:

IR A

e el

PRYT

1. Broad-Band Noise

2. 500 Hz. Pure Tone

3. 500 Hz. Center Frequency Pure Tone Which Oscillates +
10% in Frequencv Over a 10 Second Period

3 All three modes will be used during the proposed survey of the fluid power
- industry's acoustical test facilities.

- 76
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% LIST OF ELECTRONIC COMPONENTS

%’ Component Manufacturer Model Number.

f Power Supply ACDC Electronics, Inc. 0Al15D1.1-1

' Power Supply Elgenco 3609-A
White Noise Generator Elgenco 3606455124
Low Frequency Oscillator W. H. Ferwalt, Inc. SP01088

Voltage Controlled
Oscillator W. H. Ferwalt, Inc. VC068513

Operational Amplifjers Analog Devices 144A
Audio Amplifier Arvee Engineering 202

Speaker Altec Lansing 755-E
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APPENDIX E

COMPUTER PROGRAM FOR FLUIDBORNE NOISE REDUCTION

This appendix provides a listing of the computer program discussed
in Chapter VII. The program inputs are (PUB), the fluidborne noise level,
and (PRB), the background noise in the system. Both (PUB) and (PRB) are
pressure levels in the 1/3 octave bands between 100 Hz. and 10,000 Hz. The
program corrects {(PUB) to account for the background noise (PRB). The out-
put includes the total pressure, dBA weighted pressure, and dBA weighted
pressure relative to 20 micro-neutrons per meter squared.

Lot Ot i e it fa g £ 1AL
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00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
6onoo0180
00000190
00000200
060000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00060310
000006320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
canons3o
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
0000N620
CON0NE30
00no00640
00000650
00000660

//PSlessss JOR ( . ,1), "ELLIOTT® ,MSGLFVEL=(0,N)
/*ROUTE PRINT RuJN

// EXEC FORTGEG
//FORT,SYSIN DN »

DOIDOHOHD

DIOHDHOHDO

DIMENSION A(21,9),PUB(21,10),PRR(21,10),6(21),P(21),
1AP2(21),AP3(21),CP(21),UP(21)
DOUBLE PRFCISION A,PUR,PRB,C,P,AP2,AP3,CP,NB,UP,TP,NB1,NRA

o e e e G e Y 4 T Y o G R e P e e e e

THE FOLLOWING 21 MUMBERS ARF THE 1/3 OCTAVE CENTER
FREQUENCIES THAT ARE USED IN THIS PRNGRAM

e - T e e O e D e e e v e v B e

A(1,1)=100
A(2,1)=125
A(3,1)e160
A, 1)=200
A(5,1)=250
A(6,1)=315
A(7,1)at00
A(8,1)=500
A(9,1)=630
A(10,1)=800
A(11,1)=1000
A(12,1)=1250
A(13,1)=1600
A(14,1)=2000
A(15,1)=2500
A(16,1)=3150
A(17,1)=4000
A(18,1)=5000
A(19,1)=6300
A(20,1)=8000
A(21,1)=10000

THE NEXT 21 NUMRERS ARE THFE CORRECTION FACTORS
USFD TO CONVERT T0 DRA

--------------------------- B L T e T L)

€(1)=-19,1
€(2)=-16,1
€(3)=-13,2
C(4)=-10,8
C(5)=-8,F
C{6)=-6,5
C(7)=-4,8
C(R)=~3,3
€(9)=-1.9
C(10)=-0,R
c(11)=n.0
£(12)=0.5
€(13)=1.n
C(14)=1,2
€(15)=1.2
c{16)=1.2
CC17)=1.0
€(18)=9.,5
€(19)=-0,2
€(20)=-1,1
€(21)=-2.4

READ IN THE NUMRER OF MEASURMENYS TO BE AVERAGED--( N
MEASURMENTS FOR THE PRESSURE SOURCE, M FOR THE ;
BACKGROUND NOISFE, FORMAT(2!15)

80
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00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00n008LO
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
000009490
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001150
00001160
60001170
00001180
00001190
€0001200
00001210
00001220
00001230
00001240
00001250
00001260
60001270
00001280
00001290
00001300
00001310
00001320

REAN(S,10)N,M
FORMAT(215)

READ(S5,11)TX
FORMAT(F10,2)
READ(S,12)ND
READ(5,12)0P
REAN(S5,12) 1P
REAN(5,12)18
READ(S5,11)FR
READ(S,Y1)TE
FORMAT(15)

READ [N THE MFAQURFD VALUES FOR THE PRESSURE SOURCE
FORMAT(7F10.0)

READ(5,20)((PUB(I,J),1=1,21),d=1,N)
FORMAT(7F10,0)

FIND THE AVERAGE OF N MFASURMFNTS FOR EACH 1/3 OCTAVE
BAND FOR THE PRESSURE SOURCE

DO 40 1=1,21
AV=0,0

DO 39 J=1,N
AV=AVS "UB( L, J)
CONT I NUE
ACL,2)=AV/N
CONTINUE

READ IN THE MEASURED VALUFG FOR THE BACKGROUND,
FORMAT(7F10.0)

READ(5,20) ((PRB(I,J),1=1,21),d=1,M)

FIND THE AVERAGE OF M MFASURMENTS FOR FACH 1/3 OCTAVE
BAND FOR THE BACKGROUND

PO 70 t=1,21
AR=0, 0

DO 60 d=1,M
AR=AB+PRR (|,
CONTINUE
A(1,3)=AR/M
CONT INUE

no 80 1=1,21

- e e e O T S S R An G e e W = e

AP2(1)=10,#«((A(1,2)-74,)/10,)
AP3(1)=10,~«((A(l,3)-74,)/10,)
CP(1)=AP2(1)-AP3(1)

VFCAP3(1) GELAP2(1))CP(1 ) =1 /10, %3, 5

COMPUTE THE CORRFCTED PRESSURE L'VEL§




00001330
00001340 ¢
00001350
00001360 ¢
00001370 ¢
00001380 ¢
00001390 ¢
00001400
00001410
000016420 ¢
00001430 ¢
00001440 ¢
00001450 ¢
00001460 ¢
00001470 ¢
00001480
00001490 ¢
00001500
00001510 ¢
00001520 ¢
00001530 ¢
00001540 ¢
00001550
00001560 ¢
00001570 ¢
00001580 ¢
00001590 ¢
00001600 ¢
00001610 ¢
00001620
00001630
k 00001640 g0
4 00001650
& 00001660

: 00001670
00001680
00001690
00001700  9n
00001710 ¢
00001720 ¢
00001730
00001740
00001750 ¢
00001760
00001770 ¢
00001780 ¢
00001790 ¢
00001800 ¢
00001810
00001820
00001830 ¢
00001840 ¢
00001850 ¢
00001860 C
00001870 ¢
u 00001880 ¢
R 00001890
E 00001900 ¢
e 00001910 ¢
‘ 00001920
00001930 ¢
00001940
: 00001950
i 00001960
00001970
00001980

It R L L X Vpvup,

ACL,5)=ACH,8)+C())

S e e e e e s R e rc e e e n .- -

COMPUTE THE POWER ASSONCIATED WITH THF "A" WEIGHTED

PRESSURF LEVELS

e e E RS —- .. »---

COMPUTE THE POWFR ASSOCIATED WITH THE UMWFIGHTED

PRESSURFE LEVELS

COMPUTE THE "A"
20 MN/Mww2

e e crC e re c - --

ACL,7)=AC1,5)+TX
AC1,8)=A(1,1)
CONTINUE

TP=0.0

DB=0,0

DO 90 1=1,21
DR=NE+A(],6)
TP=TP+CP(1)
CONTINUE

_---—---------m--

COMPUTE THE TOTAL

TO 20 MN/Mew2

WRITE(R,169)
WRITE(6,).20)
WRITF(f,130)
WRITE(6,150)
WRITE(H,140)

WEIGHTED PRFGSURE LFVFLS RELATIVE 7Tn

el de I T e SV
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00001990 WRITE(G,15n)

00002000 WRITE(G,IOO)((A(!,d),dvl,ﬂ),I=1,21)

00002010 WRITE(R,150)

00002020 WRITE(6,101)DB1

00002030 WRITE(6,102)DBA

00002040 ¢

00002050 WRITE(A,103)DB

00002060 WRITE(S6,104)DRA?

00002070 WRITE(H,150)

00002080 VRITE(6,170)NO

00062090 WRITE(K,175)0P,1P,IS,FR,TE

00002100 WRITE(R,150)

00002110 WRITE(6A,169)

00002120 100 FORMAT(IX,FS.0,hF10.2,5X,Fﬁ.h,lX,Fln.Z,Fll.O)

00002130 101 FORMAT(1X,30HTOTAL PRESSURF =-ececcoccmoen—- +FA,2,1X,2HPR)
00002140 102 FORMAT(1X,U0H":" WEIGHTED PRESSURE =meccmcmmnanecaas +FAR, 2,44 DBA)
00002150 103 FORMAT(1X,50HTOTAL "AM WEIGHTED POWER mmcemmm e Lol ’
00002160 1F7.4)

00002170 104 FORMAT(1X,61H"A" WEIGHTED PRFSSURE RELATIVF Tn 20 MN/M#2) ~aecaao.
00002180 lemwecna- +F7.2,4H DBRA)

00002190 110 FORMAT(4F10,3)

6ono022n0 120 FORMAT (36X, BHOSH-FPRC)

00002210 130 FORMAT (26X, 29HACOUSTICS LABORATORY DATA LNG)

00002220 140 FORMAT(2X,hHFREO,ﬁX,SHPRESS,SX,SHBKG,SX,hHCﬂRR,7X,3H"A",GX,
00002230 15HPOWER,ﬁX,SHREL-ZO,BX,hHFRFO)

00002240 150 FORMAT(8/NH --t-ttawtatt.\nnt-tttnttntttaatt.--aatnt.a't:-atnotn---
00002250 1-antt-tntttn-ﬁ--t-tttaat)

00002260 189 FORMAT(////)

00002270 170 FORMAT(25X,29HSYSTEM PARAMETERS FOR 0SU=-NP-, 12)

00002280 175 FORMAT(IX,QHPRESSURE-,lh,}HPSI,?X,GHINLETa,ll,3HPSI,2X,
00002290 15HSPEFD=,Ih,BHRPM,ZX,lnHFan RATF=,Fu,1,1HG, 2X,

00002300 212HTEMPERATURE=,Fh.l,lHC)

00002310 STop

00002320 END

00002330 //GN,SYSIN DD «

00002340 1 1

00002350 124,

00002360 0

00002370 2000

00002380 0

00002390 2000

00002400 n.n

00002410 65.5

00002420 52, 57.5 52.2 59.1 74,3 72.5 6n.9
00002430 57,8 73.7 64.3 62,2 62.9 63. 60.9
00002440 58,8 60,1 54,2 43.5 42.5 42.3 43,9
00002450 46,5 46,2 51.5 52.5 45, 49,6 39,
00002460 39, 39, 39, 3a, 39, 39, 39,
00002470 39, 39, 39, 3a, 39, 39, 39,

00002480 //
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The following materials are being used to acoustically treat fluid
lines, pump mounts, pump drive systems, and the drive support system:

1.

APPENDIX F

LSOLATION MATERIALS

"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 Reinforced_Insulation —- Supplier, L. A. King
Co.; Type MRA; 0.6 1b/ft”, 1 in, insulation with foil scrim

kraft, light duty, NFBU rated, manufactured by Certainteed
-~ St. Gobain

Foamrubber -- 2 inch thick, 21 oz/ft.3, (21,000 gm/m3)
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APPENDIX G

TEST CODE FOR MEASURING AND REPORTING ATRBORNE NOISE
k. EMITTED BY HYDRAULIC FLUID POWER PUMPS

VQ NOTE: This document was developed with the guidance of the fluid power

4 industry and a Tri-level Conference or noise attended by representatives
i from the NFPA, ANSI, and USTAG.

;
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TEST CODE FuR MEASURING AND REPORTING AIRBORNE NOISE

EMYTTED BY HYDRAULIC FLUID POWER PUMPS

INTRODUCTION

Pumps con-
to hydraulic fluid power. Some noise is created
lon pracess, The Bound level Uhieh resules betause
Pump is-an [mportont cuneldarasion in componane

The results of this procedure are fntendod [or comparing the
8 of differeont pumps .

vert mechanical power in
during the power convers
of nolse omitced by the
aelecrion.
sound level

Jl. SCOPE

To include the measurement

and reporting of the airborne noise emit-
ted by any hydraulic fluid power

pump:
1.1 In terns of A-weighted sound power level,

1.2 In terms of octave-band, sound-power levels.

1.3 Excludes the determination of directivity characteristics
of the acoustic radiations,

1.4 Does not exclude the measurement of fluid or structure-borne

forms of sound inducing energy when standards for such mea-
Surements are promulgated.

2. PURPOSE

To establish a uniform basgis for measuring,

reporting, eand accurately
comparing the sound levels of hydraulic fluid pow

er pumps.

3. TERMS AND DEFINITIONS

4. UNITS

ST e

4.1 The Intermational System o

f Unfts (SI) g used iy accord-
ance with Ref. No. 3

4.2 Approximrce conversions to "customary US" ynitg are given
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for informational purposes. These appear in parenthesis
after their SI counterpart.

LETTER SYMBOLS

The following letter symbols are used in this document:

(This portion to be completed later.)

s i i Lk

OUTLINE OF PROCEDURES

6.1 Set up and maintain apparatus per Sections 7, 8, and 9.

6.2 Run ell tests par Section 10,

6.3 Present data from Section 10 per Section 1l1.

GENERAL

Tests are to be made in rooms providing a free-field over a reflect-

ing plane, reverberant field, or a semi-reverberant field, in conformance
with F «rt II, Ref. 4, except for the following exceptions.

NOTE: FUTURE I1SO RECOMMENDATIONS THAT SUPERSSDE REF. 4 ARE TO
BE USED AS THEY BECOME AVAILABLE.

7.1 When measurements are made under free field over a reflect-
ing surface or semi-reverberant conditions, the micraphone
positions shall be arranged over a hemispherical surface

centered about the center of the projection of the pump on
the reflecting plane.

7.1.1 The radius of the hemispherical surface shall
be more than twice the maximum dimension of the
pump (ignoring minor projections such as the
shaft) but no less than one meter.

v 1.2 Usc at least 4 positiones located central te cqual
arcas of the hemispherical surface (Sce Table 1)V,

TABLE 1: COORDINATES FOR 4-POINT MICROPHONE ARRAY

X L £
r 1
.40 .13 .53
40 -.13 .53
.84 0 .53

0 0 1




Shaft at -x,y=0: Z is vertical.

7.1.3 Sound power level shall be computed from the

b

? following equation:
3 = +2 £
Lpa (or Lp) Lp(m) 0 loglO r+ 8+ Kl
i» where: r is cthe radius (meters) of the semihemi-
1 spher and other terms as given in Ref. 4. For
Kl, see paragraph 13.1.9 of Ref. 4.
7.2 Measurements may be made under reverberant conditions, although
the pump noise spectra contain discrete frequencies, when mov-
_ ing vanes or a traversing microphone are used to provide addi-
E: tional diffusion or an array of at least 3 microphones is used
£ to provide a space average. A single microphone position can
3 be used if adequate diffusion has been shown to exist in accord-
3 ance with paragraph 13.2.2 of Ref. 4.
b 8. TEST EQUIPMENT
i 8.1 Hydraulic Equipment.
8.1.1 Use a fluid conditioning circuit to provide speci-
] fied conditions, temperature, filtration, and aer-
1 ation.
; 8.1.2 Use a control filter which will limit the total
: number of particles in the system to 1500 part-
: icles per milliliter greater than 10 micrometers.
_ 8.1.3 Use a test fluid as specified by the test require-
3 ments.
g 8.1.4 Use the largest practical line size.

3 8.1.5 Exercise extra care in assembling inle. lines to
¥ prevent air leaking into the circuit.

8.1.6 Locate inlet restrictor valves upstream of the
pump as far as practical to minimize out-gassing
Al due to turbulence.

8.1.7 Wrap all fluid lines and load valves in the test
space with acoustical barrier material as desired.
A suitable material will have at lcast a 10dB trans-
mission loss at 100 Hz. and higher frequencies.
Sce Ref. 6.




8.1.8 Locate the inlet pressure 8age at the same height
as the inlet fitting or calibrate gage for height
difference.

8.2 Mechanical Equipment.

8.2.1 Either locate the drive motor outside the tegt
space and drive the Pump through a long shaft or
isolate the motor in an enclosure.

8.2.2 Coustruct the pump mount so that it will not add
to or detract from the pump noise.

8.3 Test Space.

8.3.1 Verify the suitability of the test space per the
appropriate procedure in Ref. 4.

8.4 Acoustical Instruments.

8.4.1 Secure instrumentation that complies with the
measuring instrument requirements of Ref. 4,

8.4.2 cCalibrate the measuring instrumentg per Ref. 4,

TEST CONDITIONS ACCURACY

Set up and maintain equipment accuracy within the limitg in Table 2.

TEST PROCEDURE

10.1 Background Measurements,

10.1.1 Disconnect the drive shaft coupling at the pump.

10.1.2 oOperate the Pump drive system at the speed speci-
fied in the test requirements,

J0.1.3 oObtain the background mean levels at each octave
band cen.er frequency between 125 Hz. and 8000 Kz.
per Ref. 4,

10.1.4 Record the results of Clauge 10.1.3 (See Table 3).

NOTE: IT 1S RECOMMENDED THAT THE BAGKGROUND LEVELS BE OBTAINED
AHILE THE SYSTEM Ig OPERATING UNDER TEST CONDITIONS WITH THE
PUMP COVERED BY A SOUND ISOLATOR WITH A NOTICEABLE TRANSMISSION
LOSS. IF, AFTER PROPERLY COVERING THE PUMP, THE SOUND LEVEL
DOES NOT NOTICEABLY DECREASE, THEN IT IS HIGHLY PROBABLE THAT
THE MEASURED LEVEL |g NOT ASSOCIATED WITH THE PUMP AND THE TEST
SHOULD BE REJECTED.




TABLE 2: TEST CONDITIONS ACCURACY

Test Condition SI Unit US Unit Maintain Within +
Flow liters/min. USGPM 2%
Pressure, Pump Inlet (Positive) bar psig 27

Pressure
Speed

Temperature

(Negative) mmHg m lig

bar psig 27
RPM RPM 27
°C °F 3°C (5°F)

10.2 Pump Measurements.

10.2.1

10.2.2

10.2.3

10.2.4

10.2.5

10.2.6

10.2.7

Connect the pump drive shaft coupling.

Measure temperatures and pressures at the pump
inlet and discharge fittings or test station
provided by the manufacturer.

Operate the pump at conditions specified in the
test requirement.

Insure that the pump has been "broken-in' per
manufacturer's recommended procedure or operate
for a minimum of one hour at specified conditions.

The test circuit should be operated for sufficient
time to establish a stabilized conditinn of all
variables including fluid condition. Maintain con-
ditions within specified limits irn Table 2.

Obtain meascred pump mean levels at each octave
band center frequency between 125 Hz. and 8000 Hz.
per Ref. 4.

Record the results of Clause 10.2.6 {See Table 3).

10.7 Corrected Pump Mcasurcoents.

b ek g e s 2k P it d L AN s A ki achieES Sl i




Pump Description

TABLE 3

Example Data Summary

Test Location

Test Date

Discharge Pressure

Inlet Pressure

mm
In

(bar/psig)
bar
) (oot

Case Pressure

o
in

J

( bar
pel

Type of Test Space

Results of Test Space Verification _

%

Fluid

Temp. (Inlet)

(°C/°F)

Viscosity

(cSt, SUS)

Shaft Speed

RPM

Output Flow

(1/min;USGPM)

% Displacement

%

Compensatur Setting

Date Test Space Verified

l Measured
Background
Mean Pressure
Level (dB)

Measured
Pump
Mean Pressure
Level (dB)

Correction
To Pump
Measurements

(dB)

Pump
Mean Pressure
Level (dB)

Octave Band

Centered On 125

(Hz)

250

500 1000 | 2000

4000 8000

Sound Power Level

dBA
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10.3.1 Correct the pump measurements of Clause 10 relative
to the background results of Clause 10.1 per Ref. 4
and Clause 10.3.2 (See Table 3).
10.3.2 Void the test if the difference between pump and
background levels of Clause 10.3.1 is less than 6
dBA sound pressure. Exception: A manufacturer
can use such data with a maximum of 1dB background
correction where the error prejudicial to his pro-
duct is deemed acceptable.
a2 10.3.3 Record the results of Clause 10.3.1 (See Table 3).
(R
3 10.4 (A) Weighted Sound Power Level.
;; 10.4.1 Calculate per Ref. 4, the (A) weighted sound power

level using the results of Clause 10.3.

10.4.2 Record the results of Clause 10.4.1 (See Table 3).

11. DATA PRESENTATION

E 11.1 Prepare a data summary using the results of Section 9.
11.2 Use Table 5 as an example summary.
11.3 Include the following inforwation on the summary.
‘; 11.3.1 Pump description.
11.3.2 Fluid viscosity (cSt, SUS).
11.3.3 Date of test.
11.3.4 Location of test.
E 11.3.5 Shaft speed.
11.3.6 Discharge pressure.
i 11.3.7 1Inlet pressure.
11.5.8 Inlet temperature.
11.3.9 Type of fluid.

11.3.10 Output flow for variable displacement units also ¢tate
percentage displacements, {.c. 901, 5%, ctc.

11.3.11 Case pressurc. 1




11.3.12 Compensator setting.

11.3.13 Type of test space.

11.3.14 Results of test space verification.

12.  JUSTIFICATION STATEMENT -

(To be includea following the review process.) 5

¢
'.V'

é

| |
1 1
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APPENDIX H

1? TEST CODE FOR MEASURING AND REPORTING FLUIDBORNE NOISE

EMITTED BY HYDRAULIC FLUID POWER PUMPS

NOTE: This document is rot considered complete,

i serve as a guide for the development of a test me
k' noise.

but it {s intended to
thod for fluidborne

96
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TEST CODE FOR MEASURXLI'G AND REPORTING FLUIDBORNE NOISE

EMITTED BY HYDR:ULIC FLUID POWER PUMPS
INTRODUCTIUN

In hydraulic fluid power systems, power is transmitted and controll-
ed through a liquid under pressure within an enclosed circuit. Pumps con-
vert mechanical power into hydraulic fluid power. Pressure pulsations are
created in the hydraulic fluid 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 potentia. for directly causing airborne noise is an important con-
sideration in component selection. The results of this procedure might be
used to compare the pressure pulsations caused by two different pumps.

1. 3COPE

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

2. PURPOSE

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

3. TERMS AND DEFINITIONS

4. UNITS

4.1 7The Interuational System of Units (SI) is used in accordance
with Ref. No. 3.

A 4.2 Approximate conversions to '"Customary U.S.' units are given
' for {nformational purposes. These appear in parenthesis after
their SI counterpart.

5. LETTER SYMBOLS

(This portion to be completed later.)



el e
i ey b S b i R o e

F et

e

e ey e e

HL 3

6.

7.

GENERAL
6.1 Set up and maintain apparatus per Sections 7 and 8.
6.2 Run all tests per Section 9.

6.3 Present data from Section 9 per Section 10,

TEST EQUIPMENT

7.1 Hydraulic Equipment.

7.1.1 Use a fluin conditioning circuit as required.

7.1.2 Use a control filter which will limit the total
number of particles in the system to 1500 part-
icles per milliliter greater than 10 micrometers.

7.1.3 Use a test fluid as specified by the test require-
ments.

7.1.4

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

7.1.5 locate inlet restrictor valves upstream of the pump

as far as practical to minimize out-gassing due to
turbulence.

7.1.6 Locate the inlet pressure gage at the same height

as the inlet fitting or calibrate gage for height
difference.

7.1.7 Use a needle valve (load valve

) to creat the requir-
ed pump outlet pressure.

7.1.8 Locate the load valve at least 25 feet downstream
of the pump outlet,

7.1.9 Locate a piezometer tube, constructed per Ref. 5
and of the same tube size as the pump outlet, as
cloae as practical to the pump outlet.

7.1.10

Install a pressure pulsation attenuator, which
dampens 20dB at 100 Hz. and higher frequencies,
dovnstream of the piezometer tube.

7.2 Mechanical Equipment.

7.2.1 Construct the pump mount s0 that it will not add

to or detract from the pressure pulsationg.
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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.

7.4.2

7.4.3

7.4.1.,1

7.4.1.2

Secure instrumentation that complies
with the measuring instrument require-
ments of Ref. 4.

Calibrate the measuring instruments
per Ref. 4.

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

Pressure Instrumentation,

7.4.3.1

7.4.3.2

Securc a dynamic pressure transducer and
assoclated condi{tioning (quipment which
has an output voltage linearally propor-
tional to pressure within + 4% over a
frequency range of 100 Hz. to 10,000 Hz.
and u tiue constant of less than 15
snconds .

Insure that each unit in the pressure (n-

struzentat fon syste= {u calibrated at lcast
cvery 8ix monthu,

8. TEST COXNDITIONS ACCURACY

Set up and maintaln cquipment accuracy within tiw lizits of Table ).

Table 1: Teut Conditions Accuracy.

Teust Conditions SI Unit U.S. Unit ﬂnlntaln Within
Flow liters/ein. U.S. CpY 2z
Preanure, Pusp (Positive) bar palig 22

Inlet (Negative)em Hg in Ng 22
Prennure bar pelg 2z
Spocd RPH i 22
Tempe rature ‘c °F 3°C (5°F)
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TEST PROCEDURE

9.1 Transducer Preparations.

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

9.1.2 Insure that no air is trapped in the connecting linc
between the transducer and the piezometer tube.

9.2 Pulsation Mcasurements.

9.2.1 Operate the pump at conditions specified in the test
requirement.

9.2.

o

'nsure that the pump has been operated at test condi-
tions for one hour previously or opevate at specified
conditions for onec hour.

9.2.3 Stabilize all ctest conditions.

9.2.4 Wait 60 scconds after rcaching a stabilized operating
condition before proceeding to Clause 9.2.5.

9.2.5 Obtain measured pulsation eean levels in dB at ecach
octave band center frequency hetween 125 Hz. and 8000
Hz.

9.2.6 Convert measurczents of Clause 9.2.6 to dB values
relative to 20y N/M°.

9.2.7 PRecord the results of Clause 9.2.6 (Seec Table 2).
9.3 (A) Weighted Pressure Power Level.

9.3.1 Calculate 1, per Ref. &, the (A) weighted pressure
power level using the resulta of Clause 9.2,

9.3.2 BPacord the reault of Clause 9.3.1 (See Table 2).

DATA PRESENTATION

10.1 Prepare a data sunzary uvasing the reasults of Section 9.

10.2 Use Tablo 2 as an exazple suamary,

10.) 1Include the follovwing information on the sunmary!
10.3.) Puzp deacription.

10.3.2 Fluid viacoatty (cSt, SUS).
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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 1Inlet pressurc.
10.3.8 Inlet temperature.
10.3.9 Type of fluid.

10.3.10 Output flow (for variable displacement units, also
statce percentage displacements, {.e. 90Z, 5%, ctc.).

10.3.1]1 Case pressure.

10.3.12 Compensator setting.

10.3.13 Type of pressure transducer.

10.3.14 Results of test circult veriffcation.

11.  JUSTIFICATION STATEMENT

(To be facluded tollowing coapletion of the revicw process.)




TABLE 2

Example Data Sucmary

Fluid

Temperature (Inlet) (°c/°y)

? Purap Description
a

3

]

Ef Test Location

Tes*® Date

Viscosity (cSt, SUs)

Shaft Speed RPM

Discharge Pressure (bar/psig) Output Flow (1/min; USG)
= bar

In'et Pressure in psig X Displacement Z
m Hg bar

Casc Pressure in paig Comipensator Setting

Tyge of Pressure Transducer ___ Datc Test Circuit Verified _

Results of Test Circuit Verification

Mean Pressure
Level (dB)

Octave Band
Centered On 125

(Hz)

250 500 1000 2000 4000 8000

Pressure Power level




