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Saab Aerosystems AB: Per Vatz Title: Exterior noise measurements of

Gripen NG demonstrator

SUMMARY

To investigate the Gripen NG exterior noise emissj@ back-to-back noise
test has been performed, comprising measuremeristarthe Gripen NG
demonstrator and Gripen C. The measurements aivinaircraft versions
back-to-back has allowed for the difference in mead A-weighted sound
pressure levels to be deduced. Knowing the deltarig valuable information,
since application of this delta on the comprehensl?D database for the
current Gripen versions A-D is possible.

Noise has been recorded on ground at Saab airfiglshkdping, Sweden,
during take off with military thrust and flyover thithrust for level flight. The
measurements were performed in less than 40 minager excellent
comparable conditions.

The main conclusion of this back-to-back test & the noise levels are the
same at Military Power and slightly lower for thegg&n NG demonstrator
when the power is reduced. Actual measured noigdde@ppear in Table 1.
The presented levels have been corrected to 18006fte ground to allow for a
descent comparison.

Table1  A-weighted noise levels of Gripen C and Gripen NG demonstrator.

: . . Difference in dB
Fligth condition | Aircraft LAmax Gripen C — Gripen NG
A/C 39-227, Gripen C 80.1
Flyover* 0.9
A/C 39-7, Gripen NG demonstrator 79.2
A/C 39-227, Gripen C 108.1
T/O MIL** : 0.1
A/C 39-7, Gripen NG demonstrator 108.0

* Flyover with thrust for level flight at 1000find approximately 300kts.
**  Take off with military thrust at 1000ft and appdmately 240kts.

Another important conclusion is that a slight ndeeel increase was measured
at Military Power compared to the NPD databaséd@th aircraft versions.
Earlier recommendation of adding 1 dB to the NPEablase for the Gripen NG
is therefore still judged to be a good assumptior required only for Military
Power. This recommendation is then also applicebtae current Gripen A-D.
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1 INTRODUCTION

This report comprises the documentation of a badiaick noise test where the
Gripen NG demonstrator is compared to Gripen C.mbkasurements of the
two aircraft versions back-to-back allow for th&elience in measured A-
weighted sound pressure levels to be deduced. dltee chn then be added to
the current comprehensive Noise Power Distance (MREabase available for
the Gripen A-D aircraft, ref. [1].

2 BACKGROUND

The new Gripen NG is equipped with the more powesit F414G engine
compared to the current GE F404/RM12 engine. Estimsion the impact on
the new engine noise emissions as compared taithent engine has been
done based on static noise data from the enginefactarer, ref. [2]. The
estimated noise increase with the new engine waslated to 0.6 dB.

On the request from Saab Aerosystems AB, measutsraogéactual noise
emissions during flight with the demonstrator aftfor Gripen NG has been
accomplished. The assignment has been performest padchase order
number 1390076551 based on A2Zound quotation|3Ef.

3 TEST PROGRAMME

3.1 General

Noise measurements were performed 2008-11-17 dmAseeld in

Linkoping, Sweden. Recordings were taken for flysvat TFLF and simulated
take offs at military thrust both for JAS 39 Gripérand the Gripen NG
demonstrator. Take off tests using the afterbuwese not included. The
demonstrator aircraft was representative for thered

Gripen NG.

All measurements were completed as back-to-batkvigsn less than 40
minutes under stable weather conditions. This igrgoortant fact since
minimizing potential causes of dispersion betwdmnrepeated measurements
of the two aircraft versions gives more preciselltss

" Thurst For Level Flight
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3.2 Test aircraft
Noise measurements were performed on:
. Gripen no. 39-227, C-version.

. Gripen NG demonstrator no. 39-7.

3.3 Flight conditions
Noise measurements were performed under the fallpflight conditions:

. Flyover at TFLF. Height approximately 1000 ft above
microphones and speed approximately 300 kts.

. Simulated take-off at military thrust (MIL). Heighpproximately
1000 ft above microphones and resulting speed 24prkts.

A third flight condition, simulated landings, weptanned but had to be
abandoned.

For both aircraft three flyovers and two simulatakie-offs were captured. One
complete take off from brake release was also meddor the NG
demonstrator.

Details on aircraft data, including height, speed RLA', are given in Table 2
below.

3.4 Test site

The measurements were performed at the beginninghefay 29 at Saab
Airfield in Linkodping according to Figure 1.

Microphones were located at the locations markeB And C. Microphones A
and B were positioned on tripods 1.2 m above groilihd tripods were located
on grass which was approximately 10 cm long. Thasguvas a little
wet/frozen.

Microphone C was located on the asphalt, which alta®st dry.

All microphones were equipped with 90 mm windscseeéior microphone C
this implied that the membrane of the microphone agproximately 45 mm
above the asphalt surface.

" Power Lever Angle
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Data acquisition syste './ 220V power suppl

Yy

Figure 1 Test site.
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A photo from the test site is shown in Figure 2witicrophone A close to the
camera position. Of particular interest to notiaghhbe the surface conditions
and the nice and stable weather.

fib

Figure 2  Photo from test site.

35 Measurement equipment

The following instrumentation was used for the rdissts:

* Three Norsonic ¥2” 1220/1201 IEC type 0 microphones
* Two Norsonic type 324 2-channel microphone frordsen
* One Briel and Kjeer 4230 microphone calibrator

* One 8 channel LMS Scadas Mobile front-end

Electric power supply was arranged at the testpsitearily in order to make it
possible to have the pre-heat turned on for theapiones. This implied that
condensation on the microphone membranes couklferbe avoided in the
rather cold weather.

The polarization voltage on the microphone ampbfiwas set to 200 V for
microphones A and C and to 28 V for microphone BisTmplied a lower
sensitivity of microphone B allowing for recordin@higher noise levels
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compared to microphones A and C. The differenceemsitivity due to the
lower polarization voltage was 18.2 dB.

The input range of the measurement system wastadjts maximum range,
12 V, for all measurement runs. Given that the apbone nominal sensitivity
was 50 mV/Pa and that the output voltage of theapitone preamplifier was
35V, the maximum peak sound pressure level passiblecord without over-
load on the measurement system was approximatélglB4or microphones A
and C and approximately 159 dB for microphone B.

3.6 Calibration

Calibration was performed prior and after measurgmghowing very small
differences; in the order of 1%.

4 DATA ACQUISITION AND SIGNAL PROCESSING

Data acquisition was done with an LMS Scadas Mdbilet-end equipped
with one V8 input module, providing 8 simultanegqusampled 24-bit analog
input channels. All data were saved to disk oncthv&rolling computer using
the LMS Test.Lab Signature Acquisition softwarejisen 8B. The data was
acquired with a sample rate of 51 200 Hz. Thisvedid for an effective
bandwidth of 20 480 Hz, taking into account that émti-aliasing filters were
applied at 80% of the total bandwidth.

One-third octave bands and overall A-weighted squredsure levels, LA,
were calculated in-line with the measurements ugied-MS Test.Lab
Signature Throughput Processing software, versirr@e one-third octave
bands were calculated with time domain filters adicw to ANSI S1.11-2004
class 1. A-weighting was also done in the time daraacording to ANSI
S1.42.

The overall sound pressure levels were calculatehld time domain,
compliant to ANSI S1.4.

All analyses were performed using an integratioretof one second.

The interval between successive sound pressurkdangles was set to 0.5
seconds.
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5 MEASUREMENT RESULTS

51 General

Based on the noise recordings, the delta betweeaitbraft versions in A-
weighted sound pressure level, LAmax, has beenadedikKnowing the delta is
very valuable information, since application ofstdielta on the comprehensive
NPD database for the current Gripen versions A-possible. Representative
figures from the NPD database are given in se&i8r2 of the report.

Additional information is also given on the spettrantents of the two aircraft
versions, based on the 1/3 octave band analysesinférmation is valuable
for e.g. sound propagation calculations.

It should also be mentioned that further analysediding e.g. calculation of
Sound Exposure Level (SEL), are possible on theiead| noise data.

5.2 Meteorological data

Meteorological data was taken at three occasionsmjunction with the noise
measurements, see Table 2. The noise test perad 80-227 was between
10:03-10:19 and the similar test period for a/c73®as between 10:25-10:40.

Table 2  Meteorological data.

Time

Wind dir.
Deg.

Wind speed
kts

Temperature
C

Rel. humidity
%

Airpressure
Pa

09:51

290

5

62

1018

10:18

290

6

63

1017

10:30

290

5

2
2
2

64

1017

All meteorological data, except wind speed anddiiioa, was taken 2 m above
ground, 600 m from the noise test site. The wind maasured 10 m above

ground.

One additional meteorological measurement wastaksan 10:40 at 1000 ft
height. The wind direction and speed was 340 degaad 15 kts respectively.

Temperature aloft at aircraft height varied betwtA"-12 to ISA-15 C

during noise measurements.

" International Standard Atmosphere

A2Z 2008-02-27 Word



Dokumentslag/Type of document Reg-nr/Reg. No.
%28%1%%}—? Report A2Z-R-08-033
Utfardare (tj-st-bet, namn)/Issued by Telefon/Phone Datum/Date Utgava/lssue Sida/Page
Lennart Ericsson +46 13 70609 2008-11-21 1 9(17)

+46 13 290365 Infoklass/Info. class
I

Niklas Osterstrom

53 Noise data

5.3.1 A-weighted sound pressure level

In Figure 3 and 4 the A-weighted sound pressurel |&A, variation with time
is shown for the flyovers and the simulated take.d&n additional curve
representing the complete take off for Gripen N@destrator is also shown in
Figure 4. The curves include no corrections foedinng aircraft data between
flights or aircraft.

The legend for test run number, “r”, in the figuoes be found in Table 3
below.

It is noted in the figures that the noise levela@on with time looks quite
similar for the two aircraft. Note also that zeirog is arbitrary chosen.

A-weighted SPL, LA, variation with time
Flyover at appr. 1000 ft and 300 kts

=—39-227 FlyOver r 1, LAmax: 79.9 dB(A)
==39-227 FlyOver r 2, LAmax: 81.6 dB(A)
39-227 FlyOver r 3, LAmax: 80.2 dB(A)
39-7 FlyOver r 9, LAmax: 76.5 dB(A)
=39-7 FlyOver r 10, LAmax: 83.2 dB(A)
—39—7 FIyngr rii, LAmax: 78.3 dB(A)

dB(A)

Figure 3  A-weighted sound pressure level during flyovers at TFLF for microphone A.
Three flyovers with a/c 39-227 and three flyovers with a/c 39-7.
Maximum levels are indicated in the legend of the graph.
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A-weighted SPL, LA, variation with time
T/O MIL

120

115

110 ~

T i e i A

100 f-------m-mmmmmbem e N NG N NG

dB(A)

—39-227 SimStart r 5, LAmax: 108.4 dB(A)

==39-227 SimStart r 6, LAmax: 107.5 dB(A)
39-7 SimStart r 12, LAmax: 107.9 dB(A) o
39-7 SimStart r 13, LAmax: 107.5 dB(A) -

—3‘9-7 TakeOff ‘r 8, LAmax: 1‘14.3 dB(A) ‘

L0 o o o
™ < <t o

Figure 4  A-weighted sound pressure level during simulated take offs at military
thrust (MIL) for microphone A. Two simulated take-offs at military thrust
(MIL) with a/c 39-227 and two simulated take-offs (MIL) with a/c 39-7
Maximum levels are indicated in the legend of the graph.

The maximum A-weighted sound pressure levels, sedna the figures above,
were determined for each flyover and simulated-takease. In conjunction
with the noise measurements, the aircraft heigtitspreed and engine power
setting (PLA), when abeam the microphone site, wetained via recorded
data from the aircraft instrumentation system. &bl€ 3 the maximum noise
levels, LAmax, of microphones A and B, the averagmber of the
microphones A and B and the corresponding engirveédi data is given. The
average LAmax is used for further analysis herngishould be noted that for
the presentation of the results, focus has beeniommphones A and B and data
on microphone C will not be shown.

A quick examination of the engine power data fer filgover cases reveals a
difference in PLA between the two aircraft, botHawel and in variation. This
is not primarily due to difference in thrust reqdrat 300 kts aircraft speed but
due to different characteristics of the thrustergjine PLA relationship (same
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thrust level requires a higher PLA in the NG dentiater). The thrust level
would have been the correct information on engim&gy but was not available
when releasing this report. Note, however, thaintleasured LAmax for the
NG demonstrator correlates well with measured PLA.

According to Table 3, the height of aircraft wheasgping the microphone site
for both flyovers and simulated take offs is abb@®Oft. To get an apple-to-
apple comparison of noise levels for the two aftorarsions, the maximum
noise levels are adjusted to 1000ft by simply agl@® times the logarithm of
height divided by 1000. Averaging the numbers fgovers and simulated take
offs yield finally noise levels for comparison bkttwo aircraft. As can be seen
the noise levels are almost identical at Militapwer and slightly lower for the
Gripen NG demonstrator during level flyovers at 8@aircraft speed.

Thus, the conclusions of this back-to-back testopeed under excellent
comparable conditions, are that the noise levelster same at Military Power
and slightly lower for the Gripen NG when the povgreduced. This tendency
could well mean that Gripen NG will have lower reisvels also at thrust
levels required for landing.

These conclusions imply that the currently avaddPD database for the
Gripen A-D versions is directly applicable alsdhie Gripen NG.
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Table 3 Noise levels, LAmax, and aircraft datadibflyovers and take offs.

A/C's 39-227 and 39/7.

Aircraft/Engine Data when passing

Correction to 1000ft

mic site
MicA | MicB (/X{Ig') (Ag‘fg') Avg.
LA,max | LAmax | LA,max | Mission Engine Height | Speed | Delta | LA,max | LA,max
Run Time Test pos dB(A) dB(A) dB(A) Time Power ft kts dB dB(A) dB(A)
A/C 39-227, Gripen C:
1 10:03 | Flyover with TFLF 79.9 79.2 79.6 - PLA 45 948 300 -0.46 79.1
2 10:05 | Flyover with TFLF 81.6 81.3 81.5 - PLA 45 955 297 -0.40 81.1 80.1 Flyover
3 10:07 | Flyover with TFLF 80.2 80.6 80.4 - PLA 45 961 299 -0.35 80.1
5 10:12 | Simulated Takeoff, Mil. Power 108.4 108.5 108.5 1983.7 | Mil. Power 1013 226 0.11 108.6
6 10:17 | Simulated Takeoff, Mil. Power 107.5 108.4 108.0 2201.3 | Mil. Power 962 226 -0.34 107.6 108.1 | Mil. Pwr
A/C 39-7, NG demonstrator:
8 10:25 | Complete takeoff 114.3 115.2 114.8 33895 | Mil. Power 491 228 - -
9 10:26 | Flyover with TFLF 76.5 76.1 76.3 33992 | PLAS0 918 288 -0.40 75.9
10 10:28 | Flyover with TFLF 83.2 83.8 83.5 34109 | PLA59 898 296 -0.35 83.2 79.2 Flyover
11 10:30 | Flyover with TFLF 78.3 78.7 78.5 34237 | PLA52 932 302 0.16 78.7
12 10:36 Simulated takeoff, Mil. Power 107.9 109.2 108.6 34529 | Mil. Power 1044 244 0.11 108.7
13 10:38 Simulated takeoff, Mil. Power 107.5 107.9 107.7 34693 | Mil. Power 991 252 -0.34 107.4 108.0 | Mil. Pwr

Note: Run 4, simulated take off was not analyzeldt Retarded the throttle too early.
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5.3.2 Measurements compared to the NPD database

A comparison between the measured maximum noisdsleiVAmax, for the
Gripen NG demonstrator and the corresponding vadagsesent in the NPD
database (ref. [1]) for the Gripen A-D versionsiiade below, Figure 5 and 6.

LAmax for JAS 39 at Flyover
NPD database compared to measurements

Ref. ACDA-03.62
130

T T T T
—3114/245 ft/kts
==1600/300

CO550
C0800
110 A ® Meast'ts NG demo at 300 kts

120 A

100 -

90 ~

80

LAmax - dB(A)

70

60

50 H

40
100 1000 10000
Distance - m

Figure 5 Noise level, LAmax, variation with distance to aircraft for flyover. Measured
LAmax for Gripen NG demonstrator shown as black dots.

The upper and lower curves in Figure 5 show the gpaoise levels to be
expected between Military Power and power or thimstevel flight (TFLF).
The yellow and cyan curves (the second and thirdectrom bottom) represent
noise levels, LAmax, measured earlier with the &mni flying on different
heights at 300 (CO550) and 430 kts (CO800), regpmdgt The NG
demonstrator noise data can be compared to thewyelirve labeled CO550. It
is noted that the NG demonstrator is giving slightlwer noise levels
compared to the previous measurements with Gripen A
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Figure 6 below displays the predicted A-weighteds@wersus distance
database at Military Power. This database was oatl by the earlier noise
tests of Gripen A, ref. [1]. The upper curve reprgs static conditions and the
lower curves increasing flight speeds. Note thekedeffect on noise when
leaving zero conditions. The measured maximum Heisas for simulated
take-offs with the NG demonstrator, plotted at mmnm distance to the flight
path, appear slightly higher compared to the da@bR@emember this applies
also to the result for the Gripen C, since the messnoise level at Military
Power was almost identical (Table 3). The slighilyher noise level could well
be an effect of ambient temperature. Zero temperatompared to 8-15 deg C
in previous tests with the Gripen A means higheghand more generation of
jet noise. But the effect of temperature, if args Imot been investigated further.

If the reason to the higher noise levels at MilitBower is not due to
temperature, it might be an indication to an actliférence to the NPD
database. This implies that the current NPD databaMilitary Power might
need to be updated to mirror actual noise emissidb@ipen A-D and NG.

LAmax for JAS 39 at Military Power
NPD database compared to measurements
Ref. ACDA-03.062

130

—0/0 ft/kts
395/190
3114/245

® Meast'ts NG demo at 230-250 kts

T
|
|
|
l
|
120 + o5 ------- R
|
|
|
|

T T
| |
| |
| |
| |
l l
| - - —
; ' | —6300/300
| |
| |
| |
| |
|
[

110 +

100 +

LAmax - dB(A)

90 A

80 -

70 T
100 1000 10000

Distance - m

Figure 6 Noise level, LAmax, variation with distance to aircraft at military thrust.
Measured LAmax for Gripen NG demonstrator shown as black dots.
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5.3.3 1/3 octave bands

The 1/3 octave band sound pressure levels corrdsppto the event of
maximum achieved A-weighted sound pressure levaiax, was analyzed
for all test cases. Figure 7 and 8 show the resuitsiicrophone A for the
flyovers and simulated take-offs. It is noted tthet spectral contents look very
similar for both aircraft versions. Note, howeuerFigure 8, that the 1/3
octave band spectrum at 1000 ft have lost somefleginency contents
compared to the spectrum for the complete takeviblf peak noise occurring
at lower height.

1/3 Octave Bands at LAmax
Flyovers at appr. 1000ft and 300 kts

dB(A)

—4—39-227 FlyOver r128.5s 79.9 dB(A) | |
—8—39-227 FlyOver r240.5s 816 dB(A) | |
39-227 FlyOver r 3 15s 80.2 dB(A) T

Frequency, Hz

Figure 7 1/3 octave bands for repeated flyover runs with a/c 39-227 and 39-7 for
microphone A. The actual time stamp in the recording for calculation of the

1/3 octave bands are shown in the legend together with the LAmax value.
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1/3 Octave Bands at LAmax
Simulated starts at appr. 1000ft and 240 kts

One complete take off with a/c 39-7 at 491ft and 228 kts
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1/3 octave bands for repeated simulated starts with a/c 39-227 and

Figure 8

39-7. The 1/3 octave bands for one complete take off for a/c 39-7 is also
shown. The actual time stamp in the recording for calculation of the

1/3 octave bands are shown in the legend together with the LAmax value.
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6 CONCLUSIONS

The main conclusion from the performed noise measants is that the
difference in noise level between the Gripen NG aiestrator and Gripen C is
minor. The difference was measured to 0.9 dB atvly and 0.1 dB at take off,
Gripen C giving the higher levels.

At Military Power a slight noise level increase wasasured compared to the
NPD database for both aircraft versions. Earlieoremendation of adding 1
dB to the NPD database for the Gripen NG is theeeftill judged to be a good
assumption, but required only for Military Powehi§ recommendation is then
also applicable to the current Gripen A-D.
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