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SOUND POWER MEASUREMENT
ON THE M1E1 ENGINE
AND TOTAL POWER PACK

1 INTRODUCTION

Background

The MIEI tank’s power plant, a turbo-shaft engine,
is very different from the traditional diesel or gasoline
reciprocating engine, and represents a departure in
Army technology for overground vehicles. One of the
factors inherent in the turboshaft engine as compared
to the diesel engine is increased noise levels. As such,
engine construction, rework, and training facilities
require degrees of acoustical treatment not required for
the more traditional diesel engine.

Purpose

The purpose of this study was to (1) determin=
acoustic sound-power emission levels versus frequency
for the MIEI engine as it operates within a training-
type facility (a) loaded on a water break (dyna-
mometer-type device) and (b) unloaded, but with
transmission engaged: and (2) develop options and
directions for the appropriate acoustical design of
engine test and training facilities.
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2 APPROACH

The sound power in watts (P) is simply the integral
of the acoustic intensity (I) over some surface (S)
enclosing the source:

P=J 1ds [Eq 1]

This integral can be approximated.arbitrarily closely by
the summation of the average acoustic intensity over
a set of finite areas multiplied by each area:

where li
ASI. is its

Eq 2 becomes Eq 1.) In practice. these discrete areas
should be flat rectangular surfaces with areas ranging
up to 2 m?.

Figure 1 shows a hypothetical, six-sided. box-like
surface enclosing a noise source. The *“floor™ is a hard
reflecting surface which absorbs no power. The sum-
mation of the average acoustic intensity over the other
five surfaces multiplied by the surface area of each sur-
face yields the power output of this device in watts.
The sixth surface, the floor, is considered an ideal
reflector.

reflected

the other five surfaces.

‘ MEASUREMENT SURFACES

P=~Z 1A, |Eq 2]

is the intensity on the i™ discrete area, and
surface area. (In the limit as AS -~ 0 and i — oo,

Power emitted downwards by the device is
by the floor and so exists through one of




MEASUREMENT SURFACES

Figure 2. The sound “rays” from any external source enter the near measurement surface (negative power flow out
of the surface) and exit through another face of the overall measurement surface (positive power flow
out). The net result over the entire measurement surface is zero.

Figure 2 shows the effect of an external noise source
in the vicinity of the measurement. As long as there is
no significant absorption within the cube, sound
entering one surface must exist within that surface or

MEASUREMENT SURFACE

Ty >

another surface so the net acoustic power from the
external source flowing outward through the surface
is zero. Similarly since the net flow is zero, reflections
off a wall or other nearby objects (Figure 3) also fail to

REFLECTED ""RAY”

HARD FLOOR

/

Figure 3. Sound “ray™ from the source which reflects off the nearby surface may enter (negative power flow out)
and exit (positive power flow out) the measurement surface. The net contribution of the reflected “ray™

over the entire measurement surface is zero.

REFLECTING
SURFACE
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add to the acoustic power measurement. (The reflec-
tion off the wall can also be thought of as a mirror
image source; hence, its contribution is zero.)

Thus, the measurement of acoustic intensity over a
surface enclosing only the acoustic source of interest
offers a relatively simple and economic means to
develop the acoustic sound power output of a device
while (1} in actual use and (2) in the presence of
other noise sources and reflecting surfaces. The ma-
jor requirement for these measurements is a sound
intensjty meter.

Recently, the U.S. Army Construction Engineering
Research Laboratory (CERL) purchased a newly
developed Bruel and Kijaer sound intensity meter.
Intensity is defined as the product of the scaler
acoustic pressure and the vector acoustic velocity.
In this intensity meter, the acoustic pressure is approxi-
mated by the average of two microphones spaced
front-to-front at typically 12 mm (Figure 4). The
sound velocity (V) is related to the pressure (p)
by Eq 3, where the partial derivative of velocity
with respect to time is proportional to the pres-
sure gradient

&V —
pog"*-gradp {Eq 3]

where p is the density of uir. The acoustic velocity is
approximated as the integral of the pressure differ-
ence (between the two microphones) with respect
to time (t).

So, in this meter, the intensity is approximated as:

I=k (m(t);pz(t)) (%_0/7 Pn(t)‘;sl?z(t) dt)
{Eq 4]

where p, and p; sre the pressures measured by the two
mictophones separated by the small distance (typically
12 mm), and k is a proportional constant.

This sound intensity meter was used to measure the
sound power output in one-third octave frequencies
for the MIE] engine and transmission operated in its
training mode at Aberdeen Proving Ground, MD and
for the MIEl engine operating with a water break
(dynamometer-type of device) at the Stratford Army
Engine plant, CT (where they are built). Two engines
were measured at the Stratford plant, one outdoors
and one indoors. In all three cases, complex rectan-

MIKE 1
SPACE 4 {

-

Figure 4. Two-microphone sensor. The space between
the two microphones is A, typically 12 mm.
The pressure is the average

p: () + pa(t)
—

The velocity (v) in the direction of the
arrow is

1 P —pa(t)
o m

where p | is the density of air.

gular surfaces were mapped out over the engine, the
average intensity within each rectangle of the surface
was measured, and the acoustic power developed.

3 MEASUREMENTS AND RESULTS

The current MIE] engine repair training facility at
Aberdeen Proving Ground is a large, open, garage-type
structure. The power pack (i.¢., the engine complete
with transmission and other auxiliary equipment) is
removed as a unit from the tank chassis, and students




are taught vanous ways to tuncup the power pack m
the tield  Inoats nonstest mode. the engine operates at
rated speed with the transmisaion engaged. but with
no doad on the vansmission At Aberdeen wand at
anyonew tacility ) an exbaust hood s 1t over the
enginie exhaost to duct the hot exitmg gases up o
stach and out through the oot At Aberdeen. the
root e s about 25 tt (7.0 m) above the flom. The
exhaust duct s made from heavy gauge steel.

At both Aberdeen and Stuattord. CERL budt a
rectangular surface over the engine and transmission
pack (Figure 3 using thin-wall conduit and stiing.
This construction was done i two phases. Fist. ihe
engine and transmssion were enclosed. mapped. and
measuted. Second., the exhaust stack was enclosed and
measuied tFigwie 0). Figure 7 shows the set of surtace
areas CERL used to develop the acoustical intensity tor
the main engine. chassis. and stack at Aberdeen. This
tigure also shows the labeling scheme and dimensions.

The average intensity over any rectangle was devel-
oped by sweeping the sensor over the surface, while

i ——

Figure 5. Mumn gud at

the

10

holding the sensor normal 1o the suituce (Figwie N
This averagig was done at least three tmes by thiee
different persons tor 32 seconds dunng cach averaging
operation. Thus. g vers good average was sutomaticaih
developed by what amounts 1o at least o Yo-econd
ntegral. Thiee ditfferent persons were used 10 average
out potential individoal buas.

Two measurement problems were encountered ot
Aberdeen. First. the transmussion and the suxihan
equipment includes two lage cooling tans. the large
having a capaity of 6000 cfm (2.8m°
impossible to muake measurements m the piesence of
this high-velocity tlow (the noise generated by the an
turbulence at the mucrophone leads 1o erroneous 1e-
sults). a batthing device was constiucted entirely within

s). Because it s

the measurement enclosure to detlect and channel the
atr while it gradually slowed in veloaity (Figure 9
Since this battle device was entiely within the enclo-
sure. the net power measured over the closed suitace
still must represent the sound power output ot the
device (a further indication of how vigorous and robust
acoustic intensity is as a measurement method).

Abcrdeen measurements




A second problem was the height, location and
temperature ot the exhaust exit. The exit was located
high in the air. The exhaust temperatures were greater
than those temperatures the microphone intensity
sensor could withstand (the exhaust temperature near
the engine is 9G0°F {477°C{). In terms of the interior
design for a new training tacility. the lack of data

for the exhaust does not represent a problem. since
it is the acoustic power internal to the structure which
dictates the structure’s design. The exhaust represents
a separate problem. since it will not contribute sig-
nificantly to the interna! acoustic levels. In the case
of Aberdeen. external noise in no way represents an
environmental problem. Thus. the entire design 1

L%

Figure 6. Stack grid at the Aberdeen measurements (note the analyzer and display in the foreground and the ply-

wood baffle in the backy ound).

o e e .

I

PV o+ alarar



Q. Main Grid Layout

Plon
Side 0 [
Side A |12 Engine Pack
—_
24'

b.

C.

Side B \_
Grid

Wooden Batfie

Side C

Numbering of Side A or C (From Qutside Viewing)

Tuzs

9 L} L] 6
l 4 s 9
12

] 1 2 3 4 5 6

] 7 [} 9 0 " 12

l 13 - 18 [ ] )4 8
24'

ANl Side Rectongies Are 3' High By &' Wide

Figure 7. Aberdeen test configuration.
12

ks ol it -




PR

d. Yop of Main Grid
(View Down From Above)

i
24’ -] |
. §
' 2 3 2 s & .
7 X
) 7 (] //g 10 N 2 Botrte |
|
3 14 15 [ 17 8
\—smu Areo

Al Top Rectangles Are 4'Squares

e. Stack Grid Layout
(Located Above Section 9 of Main :

Grid Top) |
Side D Imn Bottie
T 11 _
| ! l ' '
] . ! | |
_____’_____ISIOO 00 S [____‘
' \
Sde A 12)4 | o0 AA Stack |Swe CC | ) Side C
W, S S S
1 [Si0e 08 | i i
|
{ { ! e
1 J | 1 i
oo 28 -
Side B
ot Row | A~
e ROw 2 AA-2

r'-——"‘ Row 3 AA-3 j

£ AN S100n Rectengion Are 3" High By &' Wide

Figure 7. (Cont'd.)
13




Figure 8. *‘Sweeping™ a section of the stack grid at the Aberdeen measurements.

dictated by the sound power data developed by this
study.

Table 1 lists the sound power level (PWL) in deci-
bels developed by one-third octave bands (re: 10™!2
watts)* for the engine and transmission at Aberdeen.
Figure 10 plots these results. Table 1 also lists the data
by side (Figure 7). Appendix A explains the calculation
of the data in Table 1 and contains the entire data set.!

Two MIE] engines were measured at the Stratford
Army Engine Plant, one outdoors in the development
test area and one indoors in an existing production test
cell. Similar, although not identical, areas were mapped
for the outside and inside measurements. The outdoor
measurements ducted through a short section of pipe

*The power (P) in watts equals 10(FWL/10)  1o-12

T‘l‘lle data for two squares per side at Aberdeen included
frequencies down to 25 Hz. These generally “tailed of™ and
were so low in level relative to the higher frequencies that only
data from 100 Hz up were generally gathered and reported.

14

into the open air. The indoor measurements ducted
through a vertical stack which rose about 20 ft (6 m)
above the roof level. The outside engine was well worn
and could only develop 900 hp (666 kW). The inside
engine was new and was tested at 1350 hp (999 kW).
The exhaust temperature directly off the engine is
1400°F (752°C), and at high velocity. Hence, it was
impossible to directly measure the exhaust.

Similar, but not identical rectangular enclosures
were built for the outside and inside measurements
(Figures 11 and 12, respectively). Table 2 lists the
sound power levels emitted by each of the engines
in the various one-third octave bands. (Appendix B
contains the entire data set.) Figure 13 shows these
same data. The main contribution to the sound power
for both the outdoor and indoor engine test came
through Square 1, the square facing the engine air inlet.
The data for Square 1 are tabulated in Table 3 and
illustrated in Figure 14. In each case, all of the other
squares contributed substantially less acoustic power
(at least 10 dB less). No other areas predominated.

s g




Figure 9. Plywood baftle (background) used at Aberdeen to deflect air stream from power pack fans.
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Table 1
Aberdeen Sound Power Levels by Side and Total (Re: 107"? watts)
Location: Test: Date: i5 Sep 82
Box A B C D E AA to DD Total
Mike/Spacer
Band/Freq N
! 20 100 89.1 85.8 87.2 92.8 80.2 834 96.0
21 125 87.5 84.5 78.7 93.1 83.7 78.7 95.1
22 160 87.1 -90.5 —84.2 89.2 --91.6 —88.8 —935
23 200 90.1 91.9 80.8 95.1 92.6 90.2 994
24 250 91.2 91.0 79.7 95.4 91.2 85.7 99.0
25 330 91.6 87.5 —-81.2 95.4 844 —-81.6 97.4
26 400 96.2 96.5 85.7 99.5 96.9 934 104.0
27 500 94.1 94.2 86.4 98.8 95.3 90.1 102.5
28 630 98.5 98.4 89.3 102.1 98.6 92.0 106.0
29 800 97.6 99.1 92.6 1024 994 934 106.4
30 1K 99.6 100.7 89.3 104.4 101.4 939 108.1
31 1.2 K 111.6 1149 98.5 115.6 115.1 106.5 120.8
32 16K 104.2 104.8 92.0 109.3 105.2 98.2 112.7
33 2K 100.5 100.0 87.0 105.0 100.2 94.1 108.2
34 25K 104.6 103.8 84.2 108.1 105.0 97.7 111.9
35 3.2K 100.3 98.5 82.5 104.6 98.6 94.1 107.5
36 4K 100.3 98.4 ~76.1 105.5 97.2 948 107.8
37 SK 98.3 93.7 —76.9 103.1 93.8 91.4 104.9
38 63K 96.3 90.3 69.2 100.7 92.7 89.1 1029
39 8K 94.7 86.2 —63.0 98.4 89.7 87.3 100.7
40 10K 949 85.2 72.2 97.5 89.6 859 100.2
Total 114.5 116.3 101.5 118.7 116.6 109.0 123.0
Table 2 Table 3
Stratford Inside and Outside Tests— Stratford “Box 1" Inside and Outside Test
Total PWL (Re: 1072 watts) (PWL Re: 1072 watts)
Location: Test: Date: Location: Test: Date:
Box Inside Outside Box Inside Qutside
Mike/Spacer Mike/Spacer
Band/Freq N Band/Freq N
20 100 104.8 103.7 20 100 ~100.9 0
21 128 95.8 99.2 21 125 0 0
22 160 ~89.0 91.8 22 160 0 0
23 200 94.4 98.1 23 200 0 0
24 250 90.7 99.8 24 250 0 96.0
25 320 95.7 1024 25 320 0 0
26 400 104.1 107.3 26 400 0 100.0
27 500 94.8 105.6 27 500 0 103.5
28 630 98.5 108.7 28 630 0 104.5
29 800 100.8 106.7 29 800 92.0 1023
30 1K 100.9 105.9 30 1K 96.7 103.3
3 1.25K 106.5 107.4 3 1.25 K 104.5 105.4
32 16 K 112.7 110.9 32 16K 111.8 110.2
33 2K 116.5 1154 33 2K 116.2 116.3
34 25K 1104 1129 34 25K 109.4 113.0
3s 3.2K 113.1 119.9 35 3.2K 112.6 121.0
36 4K 1149 1159 36 4K 114.4 116.0
» sK 109.1 1142 37 5K 108.4 1135
38 63K 110.9 119.7 k1] 63K 1104 120.5
39 8K 112.9 1145 39 8K 112.8 113.7
40 10K 113.1 118.7 40 10K 113.0 115.6
Totsl 123.0 126.3 Total 122.3 124.7
16
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4 ACOUSTICAL DESIGN

Interior Acoustic Design

The sound pressure level (SPL) in an inclosed space
is given in terms of the sound power level (PWL)
emitted by a source (in SI units):

SPL = PWL + 10 log (I%,-»f—;—) (Eq 5]
T

In this Eq 5, Q represents a directivity index of the
source. It can be thought of as the ratio of the specific
emissions in a given direction as compared with an
omnidirectional source of the same power. The dis-
tance from the source is r. R is commonly known as
the room constant and is defined by:

__5a
RT—]-E [Eq6]

In Eq 6. S is the surface area in square meters and g is
the average absorption coefficient. Basically, the first
term in Eq 5 represents the source strength. The
second term in Eq 5 describes the constituents of the
interior sound field. It incorporates two terms, the
direct field and the reverberant fiefd. The direct
field term takes into account the source’s directivity,
Q, and the } sound decay with distance. The latter
term (4/RT) represents the reverberant field contribu-
tion. It builds up in an enclosed space and is a func-
tion of the surface area and average absorption in

the room. Basically, the larger the surface area and
the greater the absorption, the lower the reverberant
sound field.

At any point in a room, the total sound field is the
sum of the direct field and the reverberant field. Figure
15 illustrates the sound fields in a room as one moves
radially from a source. The direct field decays as %: the
reverberant field is a constant. “Near™ the source. the
direct field predominates. Where the reverberant field
(in energy density) is much smaliler than the direct
field, it can be ignored when calculating the resulting
total field, with no significant loss in accuracy. “Far”
from the source, the reverberant field predominates
and the direct field can be ignored when calculating the
resulting total field.

Figure 15 also indicates the total sound field level.
Note that the two fields, expressed as levels in decibels,
are added logarithmically by:

L. L
Direct Reverb.
LyopaL = 1010g (10 10 + 10 0 )

(Eq 7|

“Near” and “far” are controlled by the source size,
room size, and room absorption.

A typical engine test cell for new construction or
maintenance will have a surface area on the order of
80 m?. Since hard concrete might have an absorption
coefficient of 0.025, the resulting room constant (R )

= w= oo DIRECT FIELD LEVEL
e REVERBERANT FIELD LEVEL

RESULTING TOTAL LEVEL

-6dB PER DOUBLING OF DISTANCE FROM THE SOURCE
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Figure 18, Description of sound field around sound source in reverberant room.
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is on the order of 2. Normally, a test cell is not occu-
pied in a production or maintenance facility. If an
occupant were internal, he or she might be I to 2 m
from the source. With these types of dimensions (and
an average directivity factor Q of 1), the direct source
field contributes a term on the order of %, and the
reverberant. field contributes a term on the order of
2. Qlearly, in this instance, the reverberant field pre-
dominates and is the main factor contributing to the
sound pressure in the inclosed space. Since energy
leaving the test cell for other parts of the facility is
directly proportional to the average sound level in the
test cell itself, the reverberant field is also the primary
factor contributing to power radiated through the test
cell walls and doors to other parts of the facility.

The reverberant field in the test cell is easily
reduced by using sound-absorbing material. For
example, an average absorption coefficient @ of 0.2 will
change the room constant from 2 to 20. This will yield
a 10-dB reduction in the reverberant sound field. An
average absorption coefficient of 0.5 results in a room
constant of 80, and the reverberant sound field is less-
ened by 16 dB as compared with the hard concrete
case. At this point, the direct and reverberant field will
be almost the same, so there is no point in adding more
absorption to the room. In fact, an average absorption
d of about 0.2 is probably about the best bargain,
since 10 dB area gained in going from what is essen-
tially hard walls to walls with an average absorption of
0.2. Only another 6 dB are gained by more than dou-
bling the average absorption from 0.2 to 0.5.

Interior Acoustic Design Options

As noted, the primary sound source measured at the
Stratford Army Engine Plant was the engine air outlet.
The test cell already requires a large air inlet opening to
the outdoors to provide the air needed to run and cool
the engine. If an acoustically lined and muffled duct
were run from the outdoor inlet to the air inlet on the
engine, the initial sound power in the test cell could be
reduced by about 10 dB. Adding sound-absorbing
materials with an absorption coefficient of 0.2 to the
walls will lower the cell noise levels by another 10 dB.
Thus, the total level in the test ceil can be reduced by
20 dB over the present hard-surface, no-duct case.

Indoor levels in a control room next to the test cells
_should be kept to about 60 dB(A), or less. Without
treating the test cells, special heavy doors, walls, and
windows are needed to provide 60 to 70 dB of isola-
tion. If wall absorption and an inlet duct can lower the
level 20 dB, the walls and doors of the control room
would only need to attenuate the sound by 40 to 50
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dB instead of the 60 to 70 dB required without an inlet
ducting or wall absorption in the test cell. So it be-
comes a tradeoff between better sound reducing doors
and walls or absorption in the room and a duct to the
air inlet. In either case, some kind of muffler section
may be required between the outside and the test cell,
both for the inlet and the exhaust.

The engine test cells at the training faciliy 10 be
built at Aberdeen Proving Ground will regularly have
personnel within the cell. This is because Aberdeen is a
teaching facility, rather than a constiuction or rework
facility. At the training facility, the main noise source
appears to be related to the transmission. Unlike the
engine alone, there are no predominant “hot spots”
which radiate noise. The noise levels are high and duct-
ing the inlet does not appear to be an effective method
for lowering the overall noise level. As with the test
cells, acoustical absorbing materials on the wall will
lower the ambient noise level. However, there is no
reason to have an average absorption coefficient greater
than about 0.2, since the direct field at distances of
about 1 m will begin to predominate over the reverber-
ant field if greater absorption is included. Adding
absorption material will lower the reverberant field by
about 10 dB. With an 80 m? cell surface and no ab-
sorbing material. the SPL in the cell will be on the
order of 128 dB. The absorbing materials will lower
this level to 118 dB, which is definitely an improve-
ment both for personnel in the test cell and in terms of
sound isolation requirements to adjacent parts of the
facility. Nevertheless, hearing protection devices will
still clearly be required and communications will rely
on electronic hardware.

Exterior/Environmental Acoustic Design

Since exhaust noise could not be measured near the
engines because of the high-flow velocities and elevated
temperatures, an outdoor free-field measurement must
be used to obtain these data, as required.

Department of Defense guidance on environmental
noise indicates that daytime average levels should be
kept below about 65 dB(A) for a continuous source.
Nighttime levels need to be reduced by about 10 dB.
to 55 dB(A). However, the MIE|l engine produces
substantial low-frequency energy. This low-frequency
energy may cause walls to vibrate noticeably. This
vibration can result in a significant community reaction
not totally accounted for in the A-weighted measure.

In most cases, the required noise reduction (if any)
needed for environmental purposes should be relatively
modest and achievable by lining the exhaust duct and
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putting two 90° bends in the exhaust duct. Materials
such as those used in jet-¢ . ine nacelles will withstand
the temperatures and flows present in the cell.

5 CONCLUSIONS

This study developed the required sound power data
for interior acoustic design. In the process, sound in-

tensity measurement has been demonstrated as a very
powerful technique for determining design options.
In particular:

1. An average absorption on test cell surfaces of
0.2 will lower interior levels by 10 dB.

2. For an engine plant, inlet ducting can achieve an
additional 10-dB reduction in cell interior noise levels.
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APPENDIX A:
ABERDEEN DATA
(See Figure 7 for locations)

The power (P) is derived from the measured inten-
sity levels (L, ) using Eq 2. Intensity levels are con-
verted to units propomoned to intensity (La IOL"/“’)
multiplied by their respective area in square meters S;.
and summed:

HMipo x §, X 10712

P=Z 10 [Eq Al]

The power is converted to sound power ievel (PWL) by

PWL = 10 log (P X 10'2),

=10 log (P) + 120. (Eq A2}

For the data in Appendices A and B, a number of
averages. N, were made on euch rectangular surface so
Eq Al becomes

P=% — 10"
LI

lifo X 8, X 1072  [Eq A3)

where N, is given at the top of each column in the ap-

Location:

Box A-l - A-3
Mike/Spacer %-12 %-12
4

88.0
85.4
82.2
87.0
87.4
89.1
91.9
89.9
95.4
94.9
96.1
1084
100.1
96.0
98.8
93.4
89.6
-87.7
—84.1
779
798

104.8

Test: Aberdeen

pendices. For example the power radiated through side
A in the 160 Hz, one-third octave band is:

P= (%x 10%% X l.n—%x 10%%° X 1.11

1

—%x 108 X 1.11 +§x 10 X .11

+1X10% x 11+

3 X 1085 X .11

+%x 107 X 1.11 +%x 10854 X .11

+%x 10 x l.n) X 10712

= 509 mW

where 1.11 is the area in square meters of a 3 ft. by
4 ft. surface. Had the surface areas been different.
then each Si (currently 1.11) would have been differ-
ent. The power level radiated through side A in the
160 Hz, one-third octave band is given by Eq 2. It is

Pi0-a ™

=-329+120

10 log (.509 X 10~%) + 120

= 87.1dB

Date: 14 July 82

A4 A A6 A A-8 A9
“-12 %-50 %-12 %-12
3 3

80.0 X . X . 824
814 . X . g 83.0
78.0 X . . . 85.4
85.7
88.3
88.1




Location: Test: Aberdeen Date: 14 Suly 82
Box 8-t »-2 B-3 B4 B-S B-6 B-7 B-§ #-9

Mike/Spaces 12 h- 12 %12 ¥“h-12 Y12 %-12 %h-12 % 50 B 12
Band/Freq N 3 3 3 3 3 3 3 4 3
20 100 80.0 0 0 (4] —83.4 0 0 87.0 0
¢ 21 128 0 0 0 0 0 0 79.0 84.0 (i}

§- 22 160 - 82.7 Ri.9 ~82.7 —83.4 83.4 -79.7 ~81.9 0 ~90.9
23 200 81.4 794 824 83.5 85.1 81.0 78.0 87.3 0
i 24 250 77.0 77.8 81.1 79.5 8t .4 77.0 0 88.6 ]

25 330 0 (] 0 0 0 -78.9 76.7 89.6 879

26 400 84.1 88.1 88.2 87.6 86.3 82.7 84.0 94.6 90.7

27 500 80.4 824 84.0 84.9 83.9 80.4 80.6 92.7 84.0

28 630 85.0 88.0 88.2 88.8 87.0 82.9 84.1 98.5 83.8

29 800 86.0 88.2 90.0 89.3 88.9 86.3 86.0 97.2 91.3

30 1K 87.1 89.1 91.0 90.9 89.2 86.5 87.8 99.2 926

3 1.2 K 99.5 102.1 106.6 1044 102.0 98.3 99.5 115.1 108.0

32 16K 90.8 92.5 95.3 94.3 929 89.6 89.7 104.7 96.9

33 2K 86.2 87.7 89.7 88.5 87.0 83.8 85.3 100.0 90.2

34 25K 88.1 914 95.9 92.6 924 85.7 88.9 103.9 94.9

3s 32K 85.1 87.2 89.6 874 86.6 83.1 84.4 98.0 92.2

36 4K 84.5 87.5 91.1 87.9 86.5 829 83.0 974 934

37 SK 83.2 85.0 873 84.1 83.1 76.6 79.2 93.2 88.0

38 6.3K 81.8 83.4 83.7 80.0 79.3 74.9 79.9 86.9 88.4

39 8K 80.4 81.4 80.3 75.3 73.2 70.0 771 824 82.5

40 10K 80.5 81.6 79.6 73.2 70.0 70.0 71.9 80.0 81.4

Total 97.2 99.6 103.6 101.5 99.6 95.8 96.9 110.8 104.8

Location: Test: Aberdeen Date: 14 July 82

Box B-10 B-11 B-12 B-13 B-14 B-15 B-16 B-17 B-18

Mike/Spacer %-12 %h-12 $%-12 %12 %12 ¥%-12 1% -50 %B-12 %“-12
Band/Freq N 3 3 3 3 3 2 4 3 4
20 100 80.0 0 0 0 0 81.0 88.0 0 0
2 128 0 0 0 79.0 0 0 87.4 0 0

22 160 —82.7 —834 —80.9 —82.7 —83.4 -79.7 86.4 —819 —82.7

23 200 84.6 84.0 78.0 81.0 81.4 824 91.9 83.0 81.8

b2 ] 250 804 81.1 78.4 78.4 79.0 784 93.0 825 80.0

28 330 79.0 8.5 0 -77.9 0 —76.7 93.4 76.8 --76.7

26 400 87.1 86.7 81.6 86.1 88.9 84.9 94.8 87.0 85.6

27 $00 84.6 849 80.0 82.4 83.9 83.0 94.8 849 823

28 630 90.0 88.7 829 87.6 88.9 88.8 97.4 89.4 86.4

29 800 89.5 89.7 86.1 871 88.3 87.9 99.3 89.6 825

30 1K 92.1 91.4 86.9 87.7 89.0 89.4 101.3 90.9 88.5

3 1.28K 106.9 104.3 98.4 101.3 104.4 105.7 113.7 103.3 101.1

32 16K 94.0 94.9 90.3 91.2 94.1 T4.4 105.5 94.2 91.5

33 2K 89.3 88.9 84.0 8s.1 87.7 88.0 101.1 884 85.6

k') 25K 94.8 93.7 85.5 87.9 90.4 92.8 104.1 93.5 889

3s 3.2K 88.3 884 834 84.1 86.1 87.1 98.6 878 849

36 4K 89.0 89.8 82,5 83.1 86.1 88.4 974 89.1 849

kY 5K 85.7 86.0 723 4.9 82.6 844 89.7 83.9 799

k! 63K 81.0 82.7 754 78.1 79.5 80.3 80.0 80.6 71.0

39 8K 76.1 7.4 70.0 74.7 74.7 75.3 80.0 4.1 70.5

40 10K 733 738 70.0 75.7 74.1 3.2 80.0 70.0 70.1

' Total 103.6 101.7 98.9 98.4 101.3 103.9 110.1 100.9 971
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Locatioa:
Box -1
Mike/Spacer b 12
Band/Freq N 6
20 100 85.7
21 128 81.4
2 . 160 -79.7
2 200 827
24 250 80.0
25 330 —84.4
26 400 0
27 500 874
28 630 84.3
29 800 83.0
30 1K —~78.4
n 1L.25K 99.4
32 16K -81.0
33 2K ~78.4
k7 ) 28K 839
3s 3.2K —82.1
36 4K —84.5
37 5K -76.3
38 63K -72.9
39 8K -76.1
40 10K —76.1
Total 92.5
Location:
Box D-1
Mike/Spacer %—-12
Band/Freq N 3
20 100 824
21 125 0
22 160 0
23 200 83.3
b’} 250 82.0
28 330 85.0
26 400 86.5
2?7 500 86.9
28 630 894
2 800 91.1
30 1K 93.0
n 1L.2SK 1080
32 16K 99.1
33 2K 93.8
k) 25K 976
s 3.2k 93.1
k ) 4K 94.5
k1 5K 90.9
38 63K 864
39 8K 82.)
40 10K 79.5

Total 105.3

D-2
¥%-12

80.0

79.8
88.4

88.9
90.4
92.1
95.2
94.2
97.1
1124
102.9
97.7
100.5
96.6
98.0

91.1
8.5
85.9

109.6

Test: Aberdesn
C-3 C4
“-50 %-12
4 3
84.1 0
79.5 0

826 —819
820 0
81.7 0
79.3 —-71.9
80.6 81.2
84.9 78.4
88.8 81.3
89.4 84.1
84.7 84.4
—96.1 96.3
90.1 88.0
89.0 81.3
799 86.9
75.5 80.4
—85.7 789
—824 0
—-75.3 0
70.0 0
70.0 70.0
82.1 93.5
Test: Aberdeen
D-3 D4
%h-12 %-12
3 3
0 0
0 0
—89.7 0
89.4 88.0
88.4 86.0
0 0
91.9 90.0
92.9 92.0
939 95.0
9s.1 94.9
97.8 96.0
1094 108.5
102.9 102,0
98.6 98.0
102.3 101.1
98.4 99.3
94 9.4
96.7 98.9
93.5 97.3
90.9 95.2
89.1 94.7
108.0 107.6

C-s
%-~12
3

—81.9
780
0

-77.9
78.8
77.8
79.8
83.9
84.3
94.5
879
81.1
79.0
79.9
78.2
70.0

C6
%-12

D6
%-12

w

93.7
101.6

D-7
K12
3

0

0

0
81.4
83.0
85.4
89.7
88.9
90.7
92.4
96.8
107.2
100.9
96.1
99.6
96.2
9.4
94.9
90.8
86.8
83.9

106.0

Dste: 14 Juiy 82

C-8
%-50
4

—86.0
0
—74.9

720
74.0
0
843
—73.4
-70.4
—82.7
~79.1
—86.4
—81.3
—78.0
—84.7
—79.0
—80.8
—74.5
70.0
70.0
70.0

—86.3

Date: 14 July 82

D-8
“B-12
3

85.7
84.7
79.8
84.9
879
90.0
91.9
92.4
95.1
95.5
99.3
111.1
102.9
98.4
101.4
97.7
100.0
95.6
91.9
88.3
86.1

109.0

Cc-9
%-12
3

0
0
—82.7
80.5
0
-178.9
829
80.4
89.0
84.9
85.5
95.3
88.9
82.4
82.0
81.0
79.1
70.0
70.0
0
0

93.7

D9
%12
3

85.4
87.7
82.0
88.4
89.4
89.5
92.6
92.0
96.1
96.8
98.1
107.1
103.5
99.4
101.7
98.3
98.2
954
929
90.4
88.3

107.2

.
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Location: Test: Aberdecn Date: 14 July 82
Box D-10 D-11 D-12 D-13 D-14 D-15 D-16 D-17 D-18
Mike/Spacer %B-12 12 %4--12 %-12 %-12 11-50 h-12 %- 12 Y% 12
Band/Freq N 3 3 3 3 3 4 3 3 3
20 100 86.3 0 80.0 81.0 88.1 91.0 89.3 88.4 80.0 |
21 125 84.7 80.8 0 82.0 89.6 92.1 89.2 87.7 80.0 :
22 160 81.5 0 0 84.5 89.9 89.9 854 82.8 78.0 ;
23 200 873 83.0 82.1 85.3 90.3 91.9 87.8 87.8 84.4 !
24 250 8.4 R4 .4 %3.4 84.1 89.2 929 89.7 BK.6 R4 7
2 330 87.6 K5.9 824 85.9 #9.5 93.1 89.3 EER] 850 !
26 400 90.6 91.5 85.4 94.2 93.6 94.2 92.5 921 916 !
27 500 92.2 89.3 86.3 89.6 92.2 93.9 90.8 89.9 86.4
28 630 95.9 934 91.8 93.6 95.1 96.6 94.5 94.9 89.8
29 800 96.9 923 88.4 93.9 96.5 97.8 94.8 93.2 89.5
30 1K 97.5 93.7 89.6 97.0 99.2 98.9 96.2 926 88.3
3 1.25 K 106.% 104.4 102.6 106.7 107.4 107.2 105.1 104.4 102.7
32 16K 103.0 98.4 95.1 100.9 1024 103.5 102.0 99.1 94.7
33 2K 98.8 95.9 92.6 96.8 98.0 98.9 97.9 95.9 9.1
34 25K 100.9 9741 95.8 102.5 103.2 100.1 99.5 97.4 95.1
3s 3.2K 98.4 95.5 93.5 97.4 978 94.5 96.9 94 4 9L.5
36 4K 98.4 95.9 94.3 99.9 98.9 914 96.6 94.7 934
37 SK 96.9 95.7 92.6 96.9 95.9 80.4 93.7 92.5 91.0
38 63K 9s.5 94.4 91.0 92.1 92.1 -79.2 921 90.7 89.0
39 8K 93.2 92.8 89.4 87.9 88.0 —72.5 90.1 89.4 87.1
40 10K 91.6 92.2 89.9 85.0 85.8 no 88.5 90.2 879
Total 106.9 104.2 102.4 106.5 107.3 105.6 105.5 104.] 101.5
Location: Test: Aberdeen Date: 14 July 82
Box E-1 E-2 E-3 E-4 E-§ E-6 E-7 E-8
Mike/Spacer ¥h-12 412 ¥B—-12 1%-50 %-12 \-12 %-12 1%B-12
Band/Freq N 3 3 3 3 3 3 3 3
20 100 0 0 0 —83.5 80.0 0 0 0
21 128 0 0 0 83.3 0 0 —80.9 0
22 160 —81.9 ~82.7 -82.7 84.1 —81.9 —81.9 78.0 —89.7
23 200 78.8 78.8 84.2 88.8 82.7 78.0 0 0
24 250 0 71.0 79.0 89.8 718 0 —-78.9 0
25 330 —~78.9 —-77.9 —~76.7 88.9 0 0 82.3 -81.9
26 400 81.4 834 85.1 91.3 87.4 834 78.7 89.0
27 500 79.0 81.9 82.3 92.2 829 81.3 84.1 1]
28 630 840 86.4 86.7 95.0 88.2 84.7 85.3 83.7
29 800 84.9 86.4 874 94.9 88.4 87.0 85.9 8.8
30 1K 85.0 86.1 874 96.7 88.6 86.8 95.9 854
3 125K 94.8 96.0 96.6 108.1 98.6 96.7 89.3 94.6
32 16K 88.4 90.4 91.4 101.1 91.0 89.9 83.4 90.4
33 2K 825 85.0 85.1 96.4 85.3 83.1 84.1 83.5
k1) 25K 81.6 85.3 85.9 99.1 87.5 834 84.1 84.7
3s 32Kk 829 85.2 84.9 93.8 839 81.7 84.3 86.8 4
3 4K 83.1 84.5 834 92.7 82.6 80.6 82.7 87.1
37 SK 81.3 84.5 814 89.1 719 70.0 82.8 88.1
k] ] 63K 82.7 84.8 824 78.7 75.5 70.0 80.2 89.3
39 8K 78.6 83.2 80.1 70.6 70.0 0 81.1 86.6
40 10K 78.5 83.6 79.8 70.3 70.0 70.6 0 89.0

94.6 107.4




Location: Test: Aberdeen Date: 14 July 82
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Box E-10 E-11 E-12 E-13 E-14 E-15 E-16 E-17 E-18
Mike/Spacer “-12 %-12 1%-12 %-12 %-12 %-50 %-12 %-12 %-12
Band/Freq N 3 3 3 3 3 4 3 3 3
] 20 100 0 0 0 0 0 85.0 0 80.0 0
1 21 128 79.0 0 0 0 0 86.0 0 0 0
i 22 160 —82.7 -834 —82.7 —80.9 -80.9 0 ~83.4 —84.4 —819
23 200 849 83.5 0 794 814 89.9 86.3 81.0 82.7
24 250 81.4 80.0 0 0 76.0 91.0 80.4 80.8 81.4
5 330 Q 0 —78.9 -71.9 ~719 91.0 0 ~-77.9 76.8
26 400 88.6 87.1 83.5 83.5 854 96.0 87.0 8S.8 836
27 500 85.3 85.0 80.4 80.4 81.6 94.9 85.3 84.6 83.0
28 630 88.4 89.2 84.1 84.1 86.9 98.2 88.5 87.7 85.6
29 800 90.0 89.1 86.3 85.7 87.9 98.9 89.1 88.4 88.4
30 1K 90.9 90.6 86.6 86.4 88.9 101.3 90.7 89.1 87.7
31 1.2SK 101.8 100.7 96.0 97.1 100.8 117.9 104.7 100.8 100.0
32 16 K 939 93.1 89.1 89.6 924 106.5 944 92.1 929
33 2K 89.5 87.7 833 84.3 88.0 101.5 88.5 86.7 87.2
M4 25K 92.1 90.9 84.5 86.1 91.1 107.7 92.9 89.9 91.1
35 3.2K 87.7 86.4 82.7 84.2 87.7 99.5 87.3 85.8 88.4
36 4K 874 85.6 81.5 839 87.5 96.4 879 85.4 89.5
37 5K 83.7 81.7 72.5 82.5 87.1 90.0 84.3 81.9 85.6
38 63K 80.4 789 74.1 83.5 86.9 89.9 80.9 78.7 82.1
39 8K 74.3 718 70.0 80.4 85.7 854 75.6 71.8 77.1
40 10K 70.0 70.0 70.0 80.2 85.8 80.0 72.5 70.0 70.0
Total 101.1 100.0 95.3 96.6 100.2 114.7 103.0 99.7 99.6
|
Locsation: Test: Aberdeen Date: 18 July 82
Box AA-1 AA-2 AA-3 BB-1 BB-2 BB-3
Mike/Spacer %-12 1%-12 %12 %-12 %-12 ¥%-12
Band/Freq N 3 3 3 3 3 3
20 100 83.0 —80.9 0 83.5 0 83.0
21 125 0 0 0 0 0 0
22 160 ~84.4 —82.7 -82.7 —82.7 -81.9 —82.7
23 200 814 79.4 78.0 78.8 78.8 87.8
24 250 76.0 78.4 79.5 77.8 79.0 80.4
25 330 -17.9 --18.9 0 -711.9 -76.7 -719
2% 400 83.3 839 87.3 829 84.2 86.0
27 500 79.3 80.6 83.0 79.5 81.7 83.0
28 630 81.0 79.8 85.4 80.4 84.3 85.9
b 800 833 85.2 87.9 834 86.4 88.3
30 1K 83.1 84.3 86.5 83.5 86.3 88.4
31 1.25K 94.8 96.6 97.7 95.4 97.7 994
32 16K 87.3 88.1 90.2 88.0 89.5 91.4
3 2K 80.2 81.6 83.0 81.1 84.3 86.3
M 25K 78.1 84.9 88.1 824 87.3 90.4
38 3.2K 80.7 82.6 85.4 81.7 83.6 85.1
36 4K 79.6 83.0 85.7 814 83.1 84.4
» 5K 74.9 80.6 844 78.7 785 798
k1] 63K 75.3 80.1 83.3 74.5 76.8 78.2
39 8K na 78.7 82.1 70.0 72.2 74.7
40 10K -76.6 75.8 82.2 70.0 70.0 71.8
Total 926 94.3 96.3 93.3 95.6 97.9
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Location:

Band/Freq

20
2]
22

Box

Mike/Spacer

N

CC-1
%12
3

80.0
0
—81.9
82.1
79.5
—78.9
84.0
78.7
80.1
83.6
83.2
93.5
874
80.3
75.7
80.3
78.9
70.0
71.5
70.0
70.0

91.9

Test: Aberdeen

CC-2 CC-3

Ya- 12 %B-12
3 3
0 80.0
0 8J.0

-83.4 —80.9
83.3 86.3
82.0 81.1
0 0
85.7 84.7
82.7 84.2
85.1 86.2
86.1 88.4
87.0 88.4
97.8 100.3
90.2 92.0
84.8 86.3
86.9 88.4
83.6 84.4
83.0 83.7
76.9 77.1
75.3 75.4
70.0 70.5
70.0 70.0

98.0

DD-1
%12

80.0
—82.7
83.0
79.0

84.7
80.9
83.3
83.7
83.3
94.5
87.7
80.9
-76.5
80.4
74.0
70.0
713
70.0
71.3

92.7

Date: 15 July 82
DD-2 DD-3
¥%-12 Y- 12

3 3
—80.9 ¢

0 0
-82.7 0

84.6 88.8

80.0 0

0 0

85.5 93.9

83.9 90.2

86.5 91.8

82.0 91.5

86.7 93.7

97.4 108.0

894 99.1

84.3 96.3

86.2 100.6

83.4 96.6

82.5 917.9

71.2 94.7

75.5 91.9

70.0 90.3

70.0 89.1

95.5 106.3




APPENDIX B:
STRATFORD ARMY ENGINE PLANT DATA
{See Figures 11 and 12 for locations)

Location: Test: Inside Date: 19 Aug 82 i
Box 1 2 3 4 5 6 7 8 9 .
Mike/Spacer Ya-12 Y%-12 Y%—12 Y%-12 %-12 Y%-12 Y12 Y%--12 Ya- 12 "
Band/Freq N 2 2 4 2 2 2 2 4 4 ,
20 100 - 100.9 93.5 -100.6 101.4 -99.7 93.2 -96.4 -89.0 101.2 ;
21 12§ 0 ~95.9 -99.5 94.4 ~95.9 -85.6 93.4 100.3 99.1 \
22 160 0 --88.2 -87.7 0 —86.5 -789 -90.4 -94.4 0
23 200 0 -81.7 81.0 0 0 0 0 -86.3 88.8
3 24 250 0 0 82.5 80.0 0 79.5 0 ~-82.5 0 {
.' 25 330 0 86.3 90.5 82.8 89.4 85.1 0 87.9 89.4 1
26 400 0 94.4 98.1 924 95.5 92.5 90.7 95.0 98.7 !
27 500 0 84.6 88.0 82.6 84.8 84.1 88.1 77.7 83.0 i
28 630 0 91.2 924 87.4 90.6 85.4 82.0 86.9 90.1
29 800 92.0 89.6 94.3 90.8 93.3 89.5 83.4 94.1 90.3
30 1K 96.7 88.6 92.9 87.7 89.9 88.4 89.3 82.6 89.7 !
31 1.25K 104.5 96.1 95.7 89.4 88.9 949 98.0 94.0 -91.4 |
., 32 16K 111.8 100.9 96.9 -78.2 —-80.5 99.1 102.5 97.7 -974 1
) 33 2K 116.2 99.6 94.0 91.5 -89.0 98.8 100.4 929 -979
34 25K 109.4 97.4 92.0 92.3 -87.0 98.0 101.9 94.0 -95.2 ;
3s 3.2K 112.6 98.7 93.2 91.9 -91.3 98.0 102.1 95.9 -97.0
36 4K 1144 100.6 ~-87.5 90.9 -93.5 99.5 103.9 96.4 -954 '
37 5K 108.4 94.1 894 91.0 839 95.0 98.5 94.7 -89.4
38 63K 1104 93.9 929 90.8 89.7 94.3 98.3 96.0 -91.9
39 8K 112.8 94.0 82.5 85.0 —-86.3 93.8 97.8 90.9 -97.6
40 10K 113.0 95.0 -81.0 78.7 -88.1 94.7 99.3 920 ~98.0
Total 122.3 108.1 97.5 1048  -994 1076  109.0 987  _945
Location: Test: Inside Date: 19 Aug 82
Box 10 11 12 13 14
Mike/Spacer Y%-12 Ya—12 %-12 Y%-12 %—12
Band/Freq N 2 4 2 4 4
20 100 100.3 96.7 101.7 101.7 90.0
21 128 -934 98.0 -87.7 97.9 97.6
22 160 87.9 89.0 83.7 0 89.8
23 200 85.1 91.8 87.3 87.0 914
24 250 83.8 86.0 83.0 87.8 0
25 330 86.3 0 86.1 0 0
26 400 93.0 90.5 95.3 93.1 91.8
27 500 83.9 84.0 85.1 86.0 86.5
28 630 86.8 87.1 87.9 88.7 90.6
29 800 88.7 90.4 89.5 90.0 89.4
30 1K 88.5 90.0 88.4 89.6 89.9
3n 1.2 K 85.5 90.9 88.3 —~89.2 90.4
32 1.6 K -178.7 93.9 88.9 ~96.0 934
3 33 2K 90.9 88.5 92.3 -~96.0 92.5
| 34 25K 88.3 92.1 84.5 -934 91.5
3s 32K 92.0 84.7 83.4 -96.5 89.0
36 4K 90.4 80.0 -87.3 -98.7 84.9
37 5K 86.1 85.4 82.6 -91.9 0
38 63K 86.7 87.3 85.5 -94.2 86.4
39 8K 829 86.2 88.3 -97.1 0
40 0K 84.6 85.7 88.7 -97.3 85.3
Total 103.1 101.1 104.2 -971 100.5




Location: Test: Outside Date: 14 Aug K2
Box 1} 2 3 4 S 6 7 X 9
Mike/Spacer % 12 %12 %-12 %12 %12 %-12 Yo 12 “% 12 o 12
Band/Freq N 3 3 3 2 2 2 4 2 4
20 100 0 93.3 939 92.1 95.6 934 --102.9 - 103.0 103.9
21 128 1) 89.5 941.7 90.9 91.3 90.4 - 999 100.5 101.2
22 160 [}] £7.3 R6.7 8S.( 85.4 87.9 101.9 95.1 96.4
23 200 ) 849.5 R4.9 86.4 849 89.7 98.7 909 319
24 250 96.0) 90,2 86.1 84.4 H#4.6 N4 90 4 910 B9.N
25 330 0 92.2 89.7 85.8 94,2 92.3 100.0 9K, 1 79.8
26 400 100.0 96.0 98.9 94.3 104.5 98.5 98.3 103.7 912
27 500 103.5 97.1 90.0 86.9 88.1 96.1 99.9 [\l 86.1
28 630 104.5 100.6 99.3 920 95.3 98.9 99.6 102.) 97.4
29 800 102.3 98.4 917.2 91.3 95.3 96.9 0 98.4 95.5
30 1K 103.3 97.5 96.5 89.2 94.1 95.4 -98.4 94.6 88.1
3 1.25 K 1054 98.9 96.5 89.2 95.8 96.6 0 90.1 90.0
32 16K 110.2 102.3 96.0 89.7 949 99.8 103.4 92.9 91.2
33 2K 116.3 104.1 95.0 90.7 93.7 98.7 104.9 93.7 91.9 j
34 25K 1130 101.2 95.2 935 921 97.9 106.7 98.8 89.7 !
3s 3.2K 1210 107.0 98.1 94.4 939 101.9 1109 99.6 91.4 :
36 4K 116.0 1029 94.5 923 934 102.8 1113 98.5 90.6
37 SK 113.5 102.5 95.4 92.0 934 100.2 1 99.8 88.6
38 63K 120.5 107.6 98.0 94 8 96.5 102.7 1129 101.0 98.4
39 8K 113.7 101.2 93.0 89.1 90.0 98.7 1124 98.1 73.6 .
40 10K 115.6 100.6 91.2 87.1 894 97.1 1127 98.1 834 i
Total 124.7 112.6 106.7 101.2 107.5 111.4 116.8 98.9 -97.1 ]
Locaton: Test: Outside Date: 18 Aug 82
Box 10 H 12 15 16 17 18
Mike/Spacer Ya 12 Ve <12 Y%-12 Ye12 Y%-12 Ye-12 Yo 32
Band/Freq N 2 2 2 2 2 2 2
20 100 {010 97.9 99.6 105.7 106.0 105.4 §05.3
2 125 98.6 90.9 93.6 102.5 101.6 101.4 101.7
22 160 -95.1 0 0 99.8 96.4 103.4 94.5
23 200 -91.3 71.9 83.0 103.7 96.4 97.9 94.4
24 250 -88.4 87.1 87.9 105.1 93.0 92.7 92.0
25 330 924 97.5 1029 108.7 101.6 100.3 937
26 400 91.7 105.0 96.4 107.4 96.9 98.3 94 4
27 500 RS 4 91.5 LRt 108.0 9318 910 LAY
24 630 979 868 93.7 108.4 97.4 444 R
; 29 800 989 91.4 901.40 107.7 94.9 9%.0 4.9
! 30 1K 90.7 91.5 95.2 1071 9s.7 94.5 w4 2
i 31 1.25K 89.8 90.3 BS.1 106.9 95.9 Y28 94.7
32 16K 919 949 82.7 107.0 96.3 93.1 95.9
: 33 2K 93.7 87.5 90.3 107.3 97.7 93.1 96.5
' 4 25K 89.0 83.4 87.1 107.9 99.1 934 97.0
' 38 3.2K 95.1 -85.3 91.9 108.6 999 93.9 98.5
36 4K 948 89.7 82.1 108.3 999 93.7 98.5
37 5K 944 -179.7 87.6 108.1 100.4 93.6 98.7
k1) 63K 97.2 88.7 90.1 109.0 101.8 94.8 100.4
39 8K 96.8 ~-74.3 79.8 108.7 97.0 925 96.7
40 10K 95.8 -19.9 -789 109.5 95.3 92.0 94.9
Total 93.2 89.1 88.4 1144 105.4 105.0 104.}
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Chiet of Engyneers
ATTN:  Tech Monitor
ATTN:  OAEN-AST-L {2}
ATTM:  OAEN-(CP
ATIN:  OAEN-C
ATTN:  OAER-CWE
ATTN:  QAEN-CWM-R
ATTN:  DAEN-40
ATTN:  JAEN-CWP
ATTN:  DAEN-EC
ATTN:  JAEN-£CC
ATTN:  OaEN-gCE
ATTN:  OAEN-ICF
ATTN: DAEN-€CB
ATTN:  DAEN-AD
ATTN: DAEN-RDC
ATTN: DAEM-ROM
ATTN:  DAEN~RM
ATTN:  DAEN-ICI
ATTN:  DAEN-ZCE
ATTN:  DAEN~ICI
ATTN:  DAEN-ZCM

FESA, ATTN: tibrary 22060
FESA, ATTN: OET [(I 79906

uS Arwy tngineer Jtstricts
ATTN:  Libraecy
Alaska 99501

< A} Battn Q9616
Albuguergue 87103
Jaltimore 21203
Buffala 14207
Charlescon 29402
Zhicago 50604
Jetroit 48231
Far East 96301
Fort 4orth 76102
Galveston 77550
Huntingron 25721
Jacksonville 32232
Janan
xansas City 64106
Little Rock 72201
L0s Angeles 90053
Loyisville 40201
Memonis 38103
Mobile 16620
Nashville 37202
dew England Q2154
vew Orieans 70160
ew forx  LOOO7
Norfoik 23510
Imana 68102
Philadeiphia 19106
?ittsbyrgh 15222
Portiand 97208
2tyash 09038
Rack (slana 61201
Sacrsments 95814
San Francisco 34108
Sdvannah 11402
tattle 98124
5t. Louis 6310t
St. Paul 55101
Tulsa 74102
vicksburg 19180
dalia 4alla 99362
4ilmington 28401

JS Army Engineer Jivisions
A\TTN:  Library

Euroge 29757
Huntsville 15807
Lower “1s31331ppi Valley 39180
Middle €ast 09038
Middle Cast (Rear) 22601
Missourt River 68101
vorth Atlantic 10007
Nartn Central 60605
Noren Pacific 97208
Gh1g 2tver 45201
?ecific Ocean 96858
Soutn Atlantic 30303
South Pactfic 94111
Soutmwestern 75202

S Army Europe

HO, 7th Army Yrunlnz Commend 09114
ATTN: AE

WO, Ten Army wCS/EnV 09403
ATTN:  AEAEM-EW (4

V. Corps Q9079
ATTN: AETYOEM (S)

vii. Corps 09154
ATTN: AETSDEM (5}

218t Support Commend 09325
ATTN:  AEREW ($)

Jeriin 09742
ATTN:  ACBA-EN (2)

Southern furopean Task Force 09168
ATTN: AESE-EMG (3)

Instailation Suoport Activity 09403
ATTN:  ACUES-RP

atn uSA rores
ATTN:  EAFE (8) 96301
Ann EAPE-Y 96358
ATTN:  EAFE-ID 96224
ATTN:  CAFE-4M 96208

CERL DISTRIBUTION

8th USA, Kores
ATTN: EAFE-n 96271
ATTN: EAFE-P 96259
ATTN: EAFE-T 96212

ROK/US Combined Farces Cosmand 98301
ATTN: EUSA-HMC-CFC/Engr

USA Japan (USARJ)
Ch, FE Div, AJEN-FE 96343
Fac Engr (Monshu) 96343
Fac Engr {Okinaws) 96331

Rocky Mt. Ares 80903

Ares Enginesr, AEOC-Ares Qfftce
Arnold Atr Force Station, W 137189

western Ares Otfice, CE
Vanderbarg AFS, CA 93437

416th Engineer Commang 60623
ATTN: Facilities Engineer

US Wilitary Acadewy 10996
ATTE: Factlities Engtneer
ATTH: Oept of Geography &

Comuter Sclence
ATTN: OSCPER/MAEN-A

Engr. Studies Cencer 2011
ATTN: Library

AWRC, ATTN: ORUR-w 02172

USA ARRCOM  $1299
ATTN: ORCIS-RI-I
ATT™: DASAR-IS

OARCOM - D¥r., inst., & Swes.
ATTN: Facilities Enginear

ARRAODCON 07901
Aberdeen Proving Grownd 21005
Army Matls. and Mechenics Res. Ctr.
Corpus Christi Army Depot 78419
Harry Diamond Loboratories 20783
Dugway Proving Ground 84022
Jefferson Pryving Groynd 47250
Fort Mormowth 07703
Lettarkenny Arwy Depot 17201
Naticy RA40 Ctr. 01760
New Cusberiand Army Oepot 17070
Pueblo Army Depot 81001
Red River Army Oepot 75501
Redstone Arsens! 3500%
Rock [sland Arseng! 61299
Savanna Arwy Oe9ot 61074
Sharps Army Oepot 95331
Seneca Army Depot 14541
Tobyhanha Arwmy Oepot 18486
Toosle Army Depot 34074
Waterviiet Arsenal 12189
Tume Proving Ground 85364
Whits Sands Missile Range 88002

OLA ATTN: OLA-Wl 22314

FORSCOM
FORSCOM Engineer, ATTM: AFEN-FT
ATTH: Facilities Enginesr
Fort Buchanan 00934
Fart Sragg 28307
Fore Campbell 42223
Fort Carson 20913
Fort Jevens 01433

Fore [ndtantown Gap 17003
Fort frwin 92311

Fort Sam Houston 78234
Fort Lewfs 398433

Fort Mctoy 54654

Fare McPherson 30330

Fort George G. Meade 20735
Fort Ord 93941

Fort Palk 71489

Fort Richardson 99405
fort Riley 66442

Presidio of San Francisco 94129
Fore Sheridan 60037

Fort Stawart 31313

fort Watmeright 9970)
Yancouver Bks. 90440

NSC
ATTH: WSLO-F 78334
ATTN: Factlities Enﬂmr
Fivzsimens MK
valter Reed AN zom

INSCOM - Ch, Instl, Div.
ATTN: Facitities Enginger
Ariington Hall Seation {2) 22212
¥int Hi1) Farms Statton 22186

MOW
ATIN: Facilities Engineer
Cameron Station 22314
Fort Lestey J. Menatr 20319
Fart Nyer 22210

MTNC
ATIN: MTMC-SA 20018
ATTN: Facilities Enginger
Oakleng Army Base 94626
Bayonng MOT 07002
Sunny Point MOT 28461

NARADCOM, ATTN: OJROMA-F 071160
TARCOM, Fac. Dtv. 48090

TRADOGC

HQ, TRADOC, ATTN: ATENSFE

ATIN: Factlities Engineer
Fort Belvoir 22060
Fart Benning 11908
Fort 81133 79916
Carlisle Barracks 17011
Fart Chaffee 72902
Fort 01z 08640
Fort Eustis 23604
Fort Gordon
Fort Namflton 11252
Fort Benjamin Harrison 46216
Fart Jackson 29207
Fort Xnox 40121
fort Leavenworth 66027
Fort Lee 23801
Fort Metlellan 36205
Fort Nonroe 22651
Fort Rucker 16362
Fort SH11 73503
Fo.t Leonard wood §5472

TSARCOM, ATTM: STSAS-F 63120

ATTN: Factiltties Engineer
Fort Neachuca 85613
Fort Ritchie 21719

MESTCOM
ATIN: Facilities Engineer
Fort Shafter 96858
ATTN:  APEN-IN

SHAPE 09058

ATTM: Servivadility Section, “(B-0PS

Infrastructure Sranch, LANDA

L] US!UCUI 09128
TT™: ECJ &/7-L0E

Fort Selvotr, VA 22060
ATTH:  ATZA-OTE-EM
ATTN: m.wn-
ATTI: gru-r!“
H . Libra
ATYN: c”ﬂ"“'“ Liaswn Office (2)
ATTH:  1¥R L{brary

Cold Regtons Resesarch Engineering Lad
AT Lidrary

€L, ATTN: Library 22060

Materwsys fxperiment Station 19180
ATTN:  Lidrary

HQ, XY11l Afrdorne Corps and 28307
Ft. Bragg
ATTN: AFZA-FE-EE

Chanute AFB, IL 61868
3345 CES/DE, Stap 27

Norton AFS 92409
ATTM:  AFRCE-MX/OEE

Tyndall AFS, FL 32403
AFESC/Engtneering & Service Lab

NAFEC

ATTN: ROTAE Liatson Office
Atlontic Divigion 23511
Chasapeske Division 20374
Southern Division 29411
Pacific Division 96860
wortharn Oivigdon 19112
Western Diviston 64066

ATTN: Sr. Tech, FAC-03T 22332

ATTN: Asst. COR RAD, FAC-03 22332

MCEL 93041
ATTN: Librery (Code LOBA)

Oefense Technical Info. Cemter 22314
ATTN: DOA (12}

Engingering Societies Library 10017
New Yort, WY

Nationa) Guard Burssn 20310
Instaltation Divigton

US Govermment Printing Gffice 22204
Recerving Section/Depository lopres 12)

188
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e

ENA Team Distribution

Chief of Engineers
ATTN: DAEN-ECC-E
ATTN: DAEN-ECE-B
ATTN: DAEN-ECE-1 (2)
ATTIN: DAEN-2CF-8
ATYN: DAEN-ECZ-A
ATTN: DAEN-2CE-D (2)

yS Army Engineer District

New York 10007

ATTN: Chief, Design Br
Philadeiphia 19106

ATTN: Chief, NAPEN-E
Saltimore 21203

ATTN: Chief, Engr Div
Norfolk 23510

ATTN: Chief, NADEN-D
Huntiangton 25721

ATTN: Chief, ORMED
Wilmington 28401

ATTN: Chief, SAWEN-D
Savannah 11402

ATIN: Chief, SASAS-L
Mobile 36628

ATTN: Chief, SAMEN-D
Louisville 40201

ATTN: Chief, Engr Div
St. Paul 55101

ATTN: Chief, €0-0
Chicago 60604

ATTN: Chief, NCCPE-PES
Rock [sland 61201

ATTN: Chief, Engr Gfy
St. Louis 63101

ATTN: Chief, ED-O
Omaha 68102

ATTN: Chief, Engr Div

New Orleans 70160

ATTN: Chief, LMNED-DG
Little Rock 72203

ATTN: Chief, Engr Div
Tulsa 74102 .

ATTN: Chief, Engr Div
Ft. worth 76102 (3)

ATIN: Chief, SWFED-D
San Francisco 94105

ATTN: Chief, Engr Div
Sacramento 95814

ATTN: Chief, SPKED-D
Far East 96301

ATIN: Chief, Engr Div
Seattle 98124

ATTN: Chief, EN-08-ST
wWallta walla 99362

ATTN: Chief, Engr Div
Alaska 99501

ATTN: Chief, NPASA-R

Us Army Engtneer Giviston
New Englang 02154
ATTN: Chief, NEDED-T
North Atlantic 10007
ATTN: Chief, NADEN-T
Middie East (Rear) 22601
ATTN: Chief, MEDED-T
South Atlantic 30303
ATTN: Chief, SADEN-TS
Huntsville 35807
ATTN: Chief, HNDED~CS
ATTN: Chief, MNDED-SR
Ohfo River 45201
ATIN: Chief, EnYr Ofv
Migsouri River 68101
ATTN: Chief, MROEOD-T
Southwestern 75202
ATTN: Chief, SWOED-T
South Pacific 94111
ATTN: (hief, SPDED-TG
Pacific Ncean
ATTN: inhtef, Engr Div
North Pactfic 97208

6th US Army 94129
ATIN: AFKC-EN

Nationa) Bureau of Standards 20234

7th Army Comdbined Arms Trag. Cntr. 09407
ATTN: AETTM-HRO-EHD

ATTN:
Armament 4 Dev. Command 21005
ATTN: DRDAR-BLY

USA ARRADCOM 07801
ATTN: DRDAR-LCA-OK

DARCOM 22333
ATTN: DRCPA-E
ATTN. DRCIS-A

NASA 23365 (2)

0ffice of Noise Abatement 20590

Off{ce of Secretary

USA Logistics Management Center 23801

Airports and Construction Services Dir
Ottawa, Ontarfo, Canade K1A ONO

Division of Buflding Research
Ottawa, Ontarfo, Canada KIA ORS

Nstional Defense HQDA

TRADOC Ottawa, Ontario, Canada KIA OK2

Ft. Monroe, VA 23651

Ft. Clayton, Canal Zone 34004
ATTN: DFAE

Ft. Detrfck, M0 21701

Ft. Leavenworth, KS 66027
ATTN: ATZLCA-SA

Ft. McPherson, GA 30330 (2)

Ft, Monroe, YA 23651 (6)

Ft. Rucker, AL 36360 (2)

Aberdeen Proving Ground, MO 2100S
ATTN: DORDAR-BLL

ATTN: STEAP-NT-E

Human Engineering Lab. 21005 (2)
USA-WES 39181 '

Army Environmental Hygiene Agency 21005

Naval Afr Statfon 92135
ATTN: Code 661

NAVFAC 22332 (2)
Naval Air Systems Command 20360
US Naval Oceanographic Dffice 39522

Naval Surface Weapons Center 22485
ATTN: N-43

Nava) Underses Center, Code 401 92152 (2}

Bolling AFB, OC 20332
AF /LEEEY

Patrick AFB, FL 32925
ATTN: XRQ

Tyndall AFB, FL 32403
AFESC/TST

Wright-Patterson AFB, OH 45433 (3)
Buflding Research Advisory Board 20418
Transportation Resesrch Board 20418

Dept of Housing and Urban Development 20410
Dept of Transportation Library 20590
111inots EPA 62706 (2)

Federal Aviation Administretion 20591

tederal Highway Administration 22201
Region 15

101
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Schomer, Paul D.

Sound pover measurements on the MIE]l engine and total power pack, ==
Champaign, I11 : Conscruction Engineering Resesrch Laboratory ; available
from NT1S, 1983,

33 p. (Technical report / Construction Engineering Research Laboratory ;
N-150)

1. Tanks (military science) -~ noise. I. Title. II. Series:
Technical report (Comstruction Engineering Research Laboratoery) ; N=150.
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