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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatjen cor
onal electrotechnical committees (IEC National Committees). The object of IEC is to promotetintern
ration on all questions concerning standardization in the electrical and electronic fieldst ‘T0" this ¢
ition to other activities, IEC publishes International Standards, Technical Specifications,* Technicg
licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC “Publication(
baration is entrusted to technical committees; any IEC National Committee interested-in the subject
participate in this preparatory work. International, governmental and non-governmental organizatid
the IEC also participate in this preparation. IEC collaborates closely with the_International Orgar
hdardization (ISO) in accordance with conditions determined by agreement bétween the two organiza

formal decisions or agreements of IEC on technical matters express,.as nearly as possible, an in|
sensus of opinion on the relevant subjects since each technical, commmittee has representatio
rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IE
hmittees in that sense. While all reasonable efforts are made to ensure that the technical cont
lications is accurate, IEC cannot be held responsible £0x“the way in which they are used
nterpretation by any end user.

brder to promote international uniformity, IEC National Committees undertake to apply IEC P
sparently to the maximum extent possible in their national and regional publications. Any divergeng
IEC Publication and the corresponding national orregional publication shall be clearly indicated in th

itself does not provide any attestation of cenformity. Independent certification bodies provide
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsij
ices carried out by independent certificatién bodies.

isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual e
nbers of its technical committees;\and IEC National Committees for any personal injury, property

br damage of any nature whatseever, whether direct or indirect, or for costs (including legal fees) and
ing out of the publication, use-of, or reliance upon, this IEC Publication or any other IEC Publications

ntion is drawn to the.Nermative references cited in this publication. Use of the referenced pub

indispensable for the corfect application of this publication.

Attd
righ

The n
techn
of a

exam

ntion is drawn to thé possibility that some of the elements of this IEC Publication may be the subjed
ts. IEC shall not'be held responsible for identifying any or all such patent rights.

nain task of IEC technical committees is to prepare International Standards. Ho
cal committee may propose the publication of a technical report when it has colleqg
different kind from that which is normally published as an International Stan
ple‘State of the art".
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IEC TR 62131-7, which is a Technical Report, has been prepared by IEC technical committee
104: Environmental conditions, classification and methods of test.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
104/839/DTR 104/854/RVDTR

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62131 series, published under the general title Environmental
conditions — Vibration and shock of electrotechnical equipment, can be found on the IEC
website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

° replaced h‘,’ a revised nr*lifinn, ar

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indjcates
that it contains colours which are considered to be “useful for the cprrect
undlerstanding of its contents. Users should therefore print this document usging a
collour printer.
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technical equipment by rotorcraft (helicopters). The intent is that from all the
n environmental description will be generated and compared to that set ouf\in”Ig
rts) [16]1.

ach of the sources identified the quality of the data is reviewed and che
bnsistency. The process used to undertake this check of data-quality and that
ically categorize the various data sources is set out in IEC TR 62131-1 [21].

hable confidence exist in its quality and validity. This deciment also reviews somg
the quality and validity cannot realistically be verified.“These data are included to

ation in this latter category.

of data in these exercises varies gonsiderably as does the range of c
npassed.

in this assessment, a quantity of the original (non-electronic) data has been
ed.

are no normatjve_references in this document.

prms and/definitions

ms ‘and definitions are listed in this document.

tation of
available
C 60721

cked for
used to

ocument primarily addresses data extracted from a numben of different sources for which
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facilitate
utilizing
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manually

ISO and IEC maintain terminological databases for use in standardization at the following

addre

o |E

SSses:

C Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

1 Numbers in square brackets refer to the bibliography.
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4 Data source and quality

4.1 Vibration of Boeing CH-47 rotorcraft

A number of measurement exercises have been undertaken on the Boeing CH-472 rotorcraft, of
those the measurements presented in [1] and [2] are typical. Many measurement exercises have
focused on the vibration responses of carried goods, passengers and crew. However, the
measurements of [1] and [2] were made specifically to characterize the vibration responses of
the payload deck area within the rotorcraft.

The Boeing CH-47 rotorcraft is a twin rotor, twin engine heavy lift aircraft which first entered
servige T 196 T Afthough it 15 designedas a mititary aircraft, a number of commercial] variants
exists| and those versions are widely used for the transportation of large or heavyyeguipment.
They fare also typically used to transport items to locations difficult to access by‘\othe[ means.
The CH-47 is known by a number of different names including Chinooky -Model R34 and
Mode| 414. Also different designations arise indicating variants of the original desjgn. The
particular rotorcraft used in the measurement exercise was typical of ‘most Boeing CH-47
variarlts with twin rotors each comprising three blades. The rotor shaft speed is around|225 rpm
(3,75 Hz) giving a rotor blade passing frequency of 11,25 Hz.

The Boeing CH-47 was one of the fastest rotorcraft available when it first entered service and
even [today it is still amongst the fastest rotorcraft in commercial use. As rotorcraft |vibration
severfties are strongly related to aircraft speed, an aspect which will be discussed later, the
Boeing CH-47 is often used to set rotorcraft vibration(severities for the transporiation of
equipment.

The cprgo bay area of the Boeing CH-47 extends ftem frame 120 which is located just aft of the
plane|of the forward rotor to frame 482 which is*located just forward of the plane of the| aft rotor
and aftachment location of the twin engine. Frame 320 is located approximately in the gentre of
the lepgth of the cargo bay area.

Rotorgraft generate a dominant vibratioh severity which commonly coincides with sensitivity of
the hpman body to vibration. Indeed prolonged exposure to some rotorcraft vibratlons can
excegd recommended daily dosage to such vibrations. As a consequence, many fotorcraft
vibratlon measurement exercisés’are aimed at quantifying human body exposure. Howgver, the
sensiflivity of the human body-to vibrations is predominantly biased towards the low frequencies,
which|are well below the frequency range normally considered for the testing of electroiechnical
equipfment. As such, meéasurement exercises made to quantifying human body exposure are
mostly unsuitable for the purpose of this document. Moreover, a rotorcraft of concern [from the
viewppint of human -body exposure may not necessarily be of concern from the viewpoint of
electrptechnical’equipment. This is because the sensitivity of the human body is biased towards
certaip low fréquencies.

easurements of [1] and [2] on the Boe|ng CH-47 rotorcraft comprlsed twelve p|e2) -electric
accelé - . = 2ast A cbrded on
a 14- channel FM recorder The system prowded an effectlve measurement frequency range of
2,5 Hz to 2 500 Hz. The accelerometers were arranged in four mostly tri-axial groups placed on
the cargo bay floor, along its length on the starboard side. Separate flights vibration
measurements were additionally made on two payloads, each of approximately two tonne,
carried within the cargo bay area. All the transducers were internally mounted on relatively stiff
airframe locations.

Measurements were made during several flights and during a range of different flight conditions.
Typically, vibration measurements on rotorcraft are made during a range of different steady state
conditions. Such steady state conditions include hover and a variety of straight and level flight
speeds at different altitudes. Additionally, vibration measurements are commonly made during a

2 Boeing CH-47 is the trade name of a product supplied by Boeing. This information is given for the convenience of
users of this document and does not constitute an endorsement by IEC of the product named.
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variety of transient flight conditions. Such transient conditions include take-off, landing, transition
to hover as well as transition to autorotation. Some of these transient conditions occur at some
time on most flights whereas other conditions (such as transition to autorotation) may only be
used in emergency or training situations. Transient conditions can be difficult to measure but can
give rise to quite severe vibration severities. Steady state and transient vibration conditions can
arise due to a number of mechanisms which are addressed in Clause 7.

The measurements of [1] and [2] on the Boeing CH-47 rotorcraft were analysed mostly in the
form of acceleration power spectral densities (PSDs), although very few of these are presented
in the reports referenced. Neither of the two reports indicates the record duration used for the
power spectral density analysis. However, the analysis durations, typically used by the agency
that rprade—these—measurements—is—around—30-s—for—steadystate—conditions—With—that said,

duratipns will be more limited for the transient flight conditions and usually limited to.the|duration
of the|events, some of which only occur for a few seconds.

The approach used to quantify the vibration amplitudes at the rotor shaft; blade| passing
frequency and their harmonics, is a particular data analysis issue encountéred when addressing
rotorcraft vibration data. In this case the frequency analysis bandwidth ds around 2,5 Hg. Whilst
this i$ adequate to describe the broadband background vibration inducCed by rotorcpaft, it is
generplly regarded as inadequate to quantify, in terms of power spectral density amplifude, the
tones| arising from the rotor blade passing frequency and the associated harmonics.|For this
reason the tones arising from the rotor blade passing frequency and subsequent agsociated
harmqgnics, are quantified in terms of root mean square (RMS).wvalues. The usual approach used
by th|s measurement agency, was to compute the tonal>component root mean square by
integrption of the power spectral density amplitudes foreach tonal component. Report$ [1] and
[2] indicate that peak hold spectra were used (ratherthan the "average" power spectral density
values) to estimate the amplitudes at rotor and blade passing frequencies.

Repoits [1] and [2] present power spectral denSities for selected flight conditions only. A number
of thgse are reproduced in Figure 1 to Figure 4. These include straight and level flight at the
rotorcraft's typical best sustained flight spged, during hover as well as during transient ¢vents of
transition to hover and transition to autorotation. The reports mostly present severities|in terms
of rogt mean square values at rotorspeed (3,75 Hz), the first harmonic of rotor speed (7,5 Hz),
rotor plade passing frequency (11,25 Hz) and the next seven harmonics of rotor blade passing
frequency (22,5 Hz, 33,75 Hz, 45 Hz, 56,25 Hz, 67,25 Hz, 78,5 Hz, 90 Hz). The reports also present the
overa|l of root mean square values (2,5 Hz to 2 000 Hz). Some of this information is presented in
this dpcument as Figure 5 to Figure 14.

Complared in Figure 5 to’Figure 10 are root mean square values for different flight condifions and
for thfee locationsyalong the floor of the cargo bay floor. The figures separately illusfrate and
compare the values of the overall of root mean square (2,5 Hz to 2 000 Hz), at rotgr speed,
blade|passing~as well as the second, third and fourth harmonic of blade passing. It should be
noted|that the-overall root mean square value is that with the primary tonal values remgved, i.e.
it is al|measure of the broadband background vibration.

Compared in Figure 11 to Figure 14 are root mean square values for different cargo bay floor
locations and axes. The comparisons are made for the same four selected flight conditions for
which power spectral densities are presented in Figure 1 to Figure 4.

Although the information in this document is limited, the quality of the information is reasonable
and meets the required validation criteria for data quality (single data item).

4.2 Set down of underslung cargo from a Boeing CH-47 rotorcraft

Although the Boeing CH-47 rotorcraft has a significant sized internal cargo area, it is not
uncommon to transport bulky items as underslung loads. In such cases the load may be attached
by cables or nets to release hooks on the underside of the rotorcraft. Although the Boeing CH-47
rotorcraft has several such release hooks, it is common to utilize a single hook for most single
items.
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It should be noted that when underslung loads are carried by smaller rotorcraft they may use
two, three or even four point attachments. In all cases, it is possible for the dynamic responses
of the cargo and its suspension arrangement to interact with the dynamics of the rotorcraft
inducing increased dynamic loads in the attachment arrangement and hence the cargo/rotorcraft.
It is not unknown for failure of such arrangements to occur during flight.

Following the measurement exercise described in 4.1, further work [2] was undertaken to
establish set down shock conditions of underslung loads. For the purpose of this work an air
portable ISO container was suspended (at its upper attachments) by four cables to a single point
payload release hook under the rotorcraft fuselage. The air portable ISO container was a 10-
foot-(3 m) Iong umt (i.e. haIf the length of a standard TFU contalner) holdlng a two-tonne
payloge—FhepHotinrstructions—were—toperfermreprese ‘ irer. It was
set dcwn onto a hard concrete surface as far as practlcable on |ts four corner stack| g points
using|['realistic" rotorcraft decent velocities.

The spuspended load was instrumented using the same equipment as described in 4.1. However,
in thi§ case the two trial-axial accelerometers were located at each of theflgwer four corners of
the air portable ISO container. The system provided an effective measurement frequengy range
of 2 Hz to 250 Hz with a subsequent acquisition rate of 1 000 samples per second (sps).
Measyurements were made throughout the set down and the ,specific event subgequently
extragted for shock analysis.

The analysis was in the form of time histories (which are nat suitable for reproduction here) and
shock| response spectra (SRS). The time histories used for the shock response $pectrum
calculations were of approximately 1 s duration and adepted a resonant gain or Q of |16,66 to
facilitate comparison with some historic US datav Although the measurement |exercise
encompassed twelve separate set downs of the underslung payload, not all of these |provided
data ¢f suitable quality for subsequent analysis.

Figure 15 show the shock response spectra-for six set downs. The figure includes the vertical
respopses from both instrumented lowerscorners of the air transportable 1SO contaiper. The
shock| response spectra for six set downs imply that the set down velocities were in the|range of
approkimately 0,2 m/s to 1 m/s. This broadly aligns with broader experience of setting down
underglung loads on land or stationary vehicles. The set down velocities would typjcally be
greatgr when setting down undefslung loads onto ships.

Althouygh the information in this document is limited in quantity and frequency range, the quality
of the|information is reasenable and meets the required validation criteria for data qualify (single
data ifem).

4.3 |Supplementary data

The sjupplementary data, detailed below, comprises information arising from reputable |sources,
but fof which the data quality could not be adequately verified.

A study, [3] and [4], was undertaken to identify parameters and methodologies by which
estimates could be established of the vibration severities experienced by weapons carried on
rotorcraft. Although the objective of this work related to externally carried weapons, it did first
need to consider the vibration severities of the rotorcraft itself. The work did not present
measured rotorcraft data directly, hence its consideration as supplementary data. However, the
work did present information related to parameters which influence vibration severity for several
rotorcraft types. Figure 16 to Figure 18 show the relative vibration amplitude at blade passing
frequency for different airspeeds (referenced to 100 kn) and for three different rotorcraft i.e. the
Lynx, Seaking and Chinook (CH-47). These are respectively small, medium and large rotorcraft.
This information indicates that whilst the most severe vibrations occur at the highest speed for
the CH-47, that is not necessarily the case for the other types. The study also presented (see
Figure 19) aircraft to aircraft variations that occur between different airframes of the Lynx
rotorcraft.
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Early editions of UK Defence Standard 00-35 [5] presented some of the information from the
study [3] and [4] addressed in the preceding paragraph. Later editions have replaced the
rotorcraft to rotorcraft information shown here in Figure 19 with more extensive information from
a more modern rotorcraft. The data shown in Figure 20 arises from more than a thousand
measurements made on 36 different airframes of the same rotorcraft type and build standard.
These measurements, made as part of a fleet maintenance activity, are made at the same
aircraft reference location (a hard point on the cockpit floor). Although the original measurements
were made in terms of vibration amplitude at the blade passing frequency, they have been
converted to variations about the average amplitude. The most severe amplitudes are over three
times the average amplitude and six times the most benign observed.

produgced in China where it is known as the Z-8. Power spectral density measurements are
presepted for three axes and nine flight conditions in Figure 21 to Figure 23 for'the X,|Y and Z
axes fespectively. The orientation of the axes and the location of the measurements is inknown
but i§ presumed to be the cargo bay floor with the Z axis vertical. [The duration of the
measyirements used in the analysis and the analysis frequency bandwidth are pnknown
(although it appears likely that a resolution of better than 1 Hz was, ladopted). Thg military
stand@rd indicates the rotorcraft take-off weight to be 12 900 kg,«the mass on landing to be
12 10D kg and the unladen mass of the rotorcraft to be 7 925 kg.\The ten flight condijions are
indicated to be: on ground rotor not turning, rolling take-off, stationary ground effect, ag¢celerate
to a fprward speed of 70 kn, straight and level flight at 85 kny 410 kn and 130 kn all at a flight
level of 500 ft (150 m), as well as deceleration in forward spéed followed by transition to|hover.

As pgrt of an exercise, in the early 1970s, to authenticate test severities for the US military
specification Mil Std 810, J.T. Foley [7] at the US_Sandia National Laboratories undertook an
extengive exercise to establish transportation severities on a number of platforms including some
information on transportation in an (unknown), rotorcraft. Unfortunately, the analysis| process
used [by Foley throughout his work is relatively unique and not directly comparable |with the
information presented in this document.

The $RETS study (see [8]) was undéertaken during 1998 and reviewed both meaSlrJT[ed data
sources and test severities for a_yariety of methods of transportation. It contained no measured
data from transportation in rotorcraft although it did refer to rotorcraft test severities. However,
those| appear in NATO STANAG 4370 AECTP 400 [10] and as such are already considered
within| this document.

A number of environmental test standards include test severities for equipment either
transpgorted or installed in rotorcraft. These test standards adopt differently shaped rgndom or
composite profilestand they are not particularly consistent with respect to amplitude. Moreover,
the dlifference~\between measured severities and test severities can be quite marked for
rotorcraft. Test severities for equipment installed in rotorcraft do tend to have a notably higher

amplijudelthan observed in the measured data. This seems to be because the tests|typically
encompass installation for the entire life of the rotorcraft airframe. As a consequence sulich tests
often INcorporate increased amplitudes o facilitate a degree of accelerated testing. 1he need for

accelerated testing is less important for equipment transported in rotorcraft as exposure to this
environment is generally limited to a few hours. This is a consequence of the limited range of a
rotorcraft as well as the relatively high cost of this method of transport. For these reasons, it is
worthwhile considering the test severities of a number of representative standards.

Over the years the US defence equipment test standard Mil Std 810 [9], has included a number
of different vibration test types and severities for equipment transported and installed in
rotorcraft. The latest version of this standard uses sinusoidal tones on a shaped random
vibration background. The standard sets out separate advice on the vibration severities for
equipment transported by rotorcraft and those for equipment installed in rotorcraft. However, in

3 SA 321 Super Frelon is the trade name of a product supplied by Aérospatiale. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the product named.
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reality the two sets of severity guidance are essentially identical. Within each set of guidance
four severity levels are provided of which three are very location specific (instrument panel, on or
near drive system elements and external stores). A single severity level is used for all the
remaining airframe locations and is applicable to both transported and installed equipment. The
standard requires that the severities are tailored to a specific rotorcraft type and for that purpose
supplies information on main and tail rotor speeds as well as the number of blades on each.
Figure 24 shows the vibration test severity derived for the CH-47 rotorcraft using the severity
derivation approach set out in Mil Std 810 [9]. It should be noted that for comparison purposes
the tone components in Figure 24 have been converted to narrowbands of frequency bandwidth
15 % of the narrowband centre frequency.

in NATO
idresses
the two
test deverities are different. Figure 25 shows the vibration test severity derived from the
appropch set out in Method 401 Annex D for equipment transported in the CH-47. Method 401
Annex D also contains vibration test severities for equipment carried as underslung loads carried

rotorcraft uses four harmonically related tones which are swept acrpss frequency bands (of
20 HZz, 40 Hz, 60 Hz and 80 Hz respectively for the tones). The width of each of thege swept
bandqg approximately relates to the range that may be encountered\by a wide range of fotorcraft
types] It should be noted that again for comparison purposes thejtone components in Higure 36
have [been converted to narrowbands of frequency bandwidik, +5 % of the narrowband centre

The latest UK Def Stan 00-35 [5] environmental test;standard for defence equipment [contains
four vjbration test severities for transportation of eguipment in rotorcraft. Three of thesg are for
specific rotorcraft types and one is a generic test for underslung loads (although the standard
does pot include a shock test specifically for sef down of loads). Previous issues of this standard
included a test for multi-rotorcraft types. However, this has been removed in the latest igsue as it
was fpund its severities produced unrealistic test failures. The rotorcraft specific vibrgtion test
severities relate to Chinook (CH-47), Mgrlin and Lynx/Wildcat rotorcraft and are shown |n Figure
27, Figure 28 and Figure 29 respectively. The first two types are both large transport$ but the
latter [is a small rotorcraft which isxincluded only for man portable equipment. Figure 30 shows
the vipration test severity for underslung loads. It should be noted that the standard allows the
use of both tones and narrowbands to replicate the blade passing harmonics. The sevarities for
the bJade passing harmonics” are defined in terms of root mean square values from which
narroyvband amplitudes may ‘be calculated using multiples of the frequency bandwidth adhievable
by thg vibration test cantroller. In this case, the amplitude shown in the figures are based upon a
narroyband frequenc€y bandwidth of 2 Hz (which is reasonably representative).

US standard REKCA/DO-160 [11] and EUROCAE/ED-14 [12], which are identically wornded, are
applidable tonequipment installed within aircraft and rotorcraft. These standards specify [vibration
test sleverities for five different locations within the rotorcraft (fuselage, instrument panel and
everities
verities are
constructed to allow rotorcraft speC|f|c severltles to be used as well as generlc severities when
the rotorcraft blade passing frequencies are unknown. Figure 31 shows the test severities for
equipment located in the fuselage of a rotorcraft with known blade passing frequencies, i.e.
those for the CH-47. Two severities are supplied, one is used when the performance of
equipment is evaluated, the other is the endurance severity used to demonstrate the equipment
life. It should be noted that again for comparison purposes the tone components in Figure 31
have been converted to narrowbands of frequency bandwidth 5 % of the narrowband centre
frequency.
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5 Intra data source comparison

5.1 General

The purpose of the discussions addressed within Clause 5 is to review each data source for
self-consistency.

5.2 Vibration of Boeing CH-47 rotorcraft

The purpose of the vibration measurements on the CH-47 rotorcraft [1] was to supply information
for a UK military standard on the vibration environment experienced by cargo transported by
rotor . = ; fronment,
it was| the rotorcraft most likely to be used to transport cargo on land.

time that this measurement work was undertaken, a number of nationalhand intefnational
standards represented the vibration severities for rotorcraft in a variety of different ways. Many
of thege were not comparable with the test spectrum typically used to repreg'sent transpontation by
road, [rail and other types of aircraft. As a consequence doubt existed as)to whether the generic
transgortation tests, which existed at that time, encompassed transportation within rptorcraft.
This doubt was exacerbated because some tests using rotorcraft¢séverities resulted ih certain
types|of container and equipment failures, which were not generated by tests for other|types of
transport.

The vjbration measurements from the cargo bay area of the CH-47 rotorcraft, especially during
straight and level flight, did prove to be somewhat lowerthan expected. It was observed that the
most gevere vibration conditions occurred during transitory events. Those events occufred, not
only fpr very short periods, but also only occasionally during a typical flight. Also somé events,
notably transition to autorotation, mostly only occurred in emergencies.

The \jibration measurements from the cargo bay area of the CH-47 rotorcraft do illiistrate a
number of characteristics which seem. to;"be typical of larger (transport) rotorcraft. Figure 1 to
Figurg 4 illustrate that the vibration spectral responses occurring at blade passing frequency
(11,2% Hz in this case) is generally.the most severe. The spectral amplitudes of the harmonics of
the blpde passing frequency progressively decrease in amplitude, but only at a modest rate. As a
consgquence the amplitudes_at.even high harmonic orders are still strongly apparent.{In some
cases|, especially for transient’events, the vibration responses occurring at the second or third
harmg@nic may be particularly significant. Figure 11 to Figure 14 illustrate that the mogt severe
vibratlon responses of-the cargo bay floor occur in the vertical axis. Moreover, althpugh the
vibratlon severities are-indicated to be marginally more severe at the forward end of the cargo
bay qrea, generally .the variations along the length of the cargo bay are not that dgreat (for
example, companed to the variations observed in propeller aircraft).

The eitent-of the vibration information, presented in the measurement report on the vibnations in
the c%rgo bay area of the Boeing CH-47 rotorcraft, does have some limitations. Neverthgless, the
repor - i s which

are largely within expectations. As a consequence the data meets the required validation criteria
for quality against the intra data source comparison criteria.

5.3 Set down of underslung cargo from a Boeing CH-47 rotorcraft

The underslung cargo set down shock measurements [2] are the only data of this type reviewed
here. Nevertheless, the amplitude and characteristic of the shock response spectra are those
that would be expected from the type of event considered here. The shock response spectra
illustrated in Figure 15 would not be well represented by a half sine shock pulse. However, the
amplitude in the vertical axis could, in part, be represented by a half sine pulse of around 12 g
with a velocity change corresponding to a value of around 1 m/s.
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Overall, the data appears self-consistent, showing trends and values that are largely within
expectations. The data meets the required validation criteria for quality against the intra data
source comparison criteria.

5.4 Supplementary data

The UK supplementary data from [3], [4] and [5] extend the UK information on the Boeing CH-47
to other rotorcraft. Although this supplementary data largely supports other data, it does suggest
the variations in vibration severity with airspeed are more complicated than a simple
proportionality relationship. Indeed the supplementary data would suggest the relationship
between vibration severity and airspeed, particularly at blade passing frequency, could be
aircraft type specific_The UK supplementary data also provides information on the variability of
vibratlon between airframes and changes in vibration over time on the same airframé-(although
these| aspects cannot be separated in the data supplied). Although variability~ in |vibration
betwelen airframes and over time is reasonably well known (in that modern rotorcraft girframes
are cqmmonly fitted with systems to monitor the vibrations), little real information, is published.

Frelon

The supplementary vibration data from GAM-EG-13 [6] on the AerospatialesSA 321 Supér
b Boeing

rotorcraft is, as far as would be expected, consistent with the measued data from th
CH-4T7.

Consideration of the information on rotorcraft vibration test severities from different sfandards
[9], [10], [11] and [12], is not strictly within the scope of this\series of documents. However, in
this cpse the existing test severities are helpful in that they indicate the factors that have been
appligd, by different agencies, to accommodate variability between aircraft. The test geverities
also ipdicate that those other standards utilize compasite vibration testing i.e. using either fixed
frequency sinusoidal tones superimposed on broad band random or fixed centre frequency
narroyvbands superimposed on broad band randem:

6

nter data source comparison

For the most part, the data from-the various sources indicated a reasonable degree of
self-cpnsistency and agreement acress sources. As such the data meets the required validation
criterip for quality against the inter data source comparison criteria.

7 Environmental description

71 Physical sources producing mechanical vibrations

The primary dynamic excitations affecting equipment transported in rotorcraft arise from [the main
rotor blades.\Fhe excitations from the rotor blades originate from the flow effect, the mgchanical
vibratlon eémanating from the blades, the engine shaft rotation and the transmission system. For
singlg rotor rotorcraft the tail rotor and its transmission system will also contribute notational

comperents—to—the—materie—mechanical—envirenment—For—dual—reter—retererafi—significant
dynamic responses can occur due to the interaction between the two sets of blades, at twice the
blade passing frequency. All of these rotational components appear as a complex interaction of
tonal dynamic responses. The aerodynamic flow over the airframe from flight and from the
downwash of the rotor blades, also contributes to the overall mechanical dynamic response in
the form of a broadband dynamic response. The dynamic response at any point on a rotary wing
aircraft will be the sum of several sources and excitation mechanisms.

A description of the main sources of mechanical vibration on rotary wing aircraft and the
mechanisms producing them are set out below.

a) Direct mechanical excitation from the main rotor: The vibration from this source produces the
largest low frequency dynamic excitation component. In addition, it also produces the largest
dynamic response displacement amplitudes. The cause of this dynamic excitation is the
change of the angle of incidence of each blade as the helicopter advances through the air,
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dynamically exciting the blade. This process is controlled by the application of cyclic pitch
and results in large periodic forces at the rotor hub.

b) Indirect excitation from the rotor blades: The rotating rotor blades produce an acoustic
pressure field which can excite the aircraft structure. The resultant dynamic responses of the
structure occur at a higher frequency than the preceding source. The excitation of the
structural modes of the airframe is generally low, due to relatively inefficient coupling with the
structure.

c) Vibrations arising from the gearbox: The gearbox is an important source of vibration within a
helicopter. Vibrations arise as a result of fluctuating forces within the gearbox and gear mesh
interactions.

d) Vipbratiers—arising or—the—tat—rotor—Fhe—tal—+roteor—usus broduees ‘ dynamic
excitation than the main rotor. However, in a limited number of cases, interaction can occur

use extraneous dynamic excitations. Their magnitude will depend largely on the distance of
thé payload from the excitation source.

As alfeady observed, significant vibration responses occur at the miain rotor blade| passing
frequency, which is apparent at low frequency. A notation system has-evolved for descrjbing the
varioys rotational frequencies. If R is the rotational speed of the rotor and » is the number of
blade$ on the main rotor, then the blade passing frequency is’given by nR, and the sulbsequent
harmagnics are 2xnR, 3 nR, etc. Similarly, for the tail rotor, bladevpassing frequencies are|denoted
by nT| 2nT, etc., where T is the rotational speed of the tail'rotor and » denotes the number of
blade$. Typical structural dynamic excitation frequencies.and their sources are shown in|{Table 1.

Table 1 — Typical structural dynamic excitation frequencies and their source

Source Frequency range (Hz)
Rid¢ motions, effects of turbulence Oto3

Maip rotor (R) 3to7
Fusplage bending modes 5t0 8

Rigid body modes of external stores en-their carriers 6 to 20

Maip rotor blade passing (nR) 10 to 25
Tail|rotor (7), multiples of (nR), tail drive shaft, pumps, gearboxes 20 to 80
Tail|rotor blade passing (n7), pumps, engines and gearbox, output shafts 80 to 160
Maip gearbox toothimeshing 450 to 700
Hydfaulic pumpfpiston frequencies 500 to 1 000
Further gearboX tooth meshing frequencies 700 to 10 000
Engfne’turbine blades passing 10 000 plus

The main rotors are normally driven at a constant speed, as a consequence a single rotorcraft
type will have a vibration frequency response characteristic related to the rotor speed and the
number of rotor blades. This frequency response characteristic will occur largely regardless of
flight condition, although the response amplitudes will vary. The rotor speed and number of rotor
blades is generally well known for a particular rotorcraft type. As a consequence the blade
passing frequency can easily be determined for most rotorcraft types. Typically, the blade
passing frequency will be in the 10 Hz to 25 Hz region. Although traditional designs of tail rotor
will have a tail rotor blade passing frequency in the 80 Hz to 160 Hz region, some modern
designs may have tail blade passing frequencies as high as 4 000 Hz.

The excitation sources, associated with rotary wing aircraft, typically produce vibrations of a
complex nature. Moreover, the flight conditions producing the worst case vibration severities vary
with aircraft type. Nevertheless, the worst case vibration severities mostly occur during transient
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flight conditions and manoeuvres. Such transient flight conditions include transition to hover,
transition to and from auto-rotation and in-ground hover and flight. Of these the transition to
hover from forward flight manoeuvre is commonly the most severe flight condition. The vibration
severities arising from transient flight conditions typically exceed, by a significant margin, those
occurring during steady state straight and level flight. Additionally, the vibration severities,
occurring during straight and level flight conditions, do not necessarily follow a simple
relationship with air speed. This is because at some flight speeds (and particularly at higher
flight speeds) an advancing rotor blade may encounter turbulent air from the preceding blade.
Also, due to the rotational direction of the main rotor, turns to port or starboard may produce
different vibration responses for otherwise similar flight conditions.

The p orielwithina—+rete HroRmen nditions,
howeyer not to a significant extent. T likely to
be d ely light

weight construction. As a consequence, the dynamic response can be influenced by the mass
and fpotprint of the attached equipment. Similarly, there is no clear distinction between the
vibratlon response amplitudes in the different axes, although the greatest tonal |dynamic
response levels on cargo bay floors tend to be in the vertical axis.

At rotpr, engine and gearbox locations the dynamic responses will‘be- predominantly influenced
by the mechanical inputs from these components. In some cases, active vibration supgpression
systefns are installed between the excitation source and the‘airframe, which will modify the
vibratlon responses of the airframe. Active vibration suppression systems are usually gmployed
to improve aircrew/passenger comfort and as a consequence mostly operate at lower
frequegncies. Generally, active vibration suppression systems will supress vibration responses at
blade|passing frequency and possibly a few subsequent harmonics.

Generally, it can be considered that the greaterkthe payload mass carried by the rotorgraft, the
greatgr the vibration level response. This is because of the increased demand from the power
sources during high demand flight conditions, such as take-off.

Unlikg fixed wing aircraft, the vibration\responses of a rotary wing aircraft can be quite pensitive
to thg maintenance condition of the)rotors, rotor drive and engine systems. Moreover, quite
significant changes in the vibratien_response environment can occur during the life of a particular
airframe. In particular, the vibration severity of a particular rotorcraft is known to| depend
significantly upon its state of potor track and balance. For this reason, rotor track and| balance
measyirements are commonly taken either during the course of an airframes lifetime| or by a
continuously operating health and usage monitoring system (HUMS).

The data shown_in-Figure 20 arises from more than a thousand measurements made on
36 different airffames of the same rotorcraft type and build standard. These measurements,
made|as part(ofi a fleet maintenance activity, are made at the same aircraft reference logation (a
hard point-'en* the cockpit floor). Although the original measurements were made in fterms of
vibratlonr amplitude at the blade passing frequency, they have been converted to variations about
the aperdge amplitude. As can be seen, the distribution of amplitudes approximajes to a
Gaussian distribution. The most severe amplitudes are over three times the average amplitude
and six times the most benign observed.

7.2 Environmental characteristics and severities

The vibration responses experienced by equipment transported within rotorcraft are generally
characterised as Gaussian broadband random motions, with superimposed periodic tonal
components. A typical rotorcraft vibration response spectrum is dominated by tonal peaks at the
main rotor blade passing frequency and its associated harmonics. The broadband random
element arises from both aerodynamic and power plant sources. The relatively light weight
construction of rotorcraft cargo bay floors can produce responses apparent in the broadband
random spectral characteristics.

Historically, the vibration responses experienced by equipment installed within the rotorcraft
were defined in terms of sinusoidal severities. These severities enveloped the tonal components
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arising at the blade passing frequency and its harmonics. Typically the sinusoidal response
envelope was defined as a constant displacement amplitude from 5 Hz to around 20 Hz above
which it would be defined as a constant acceleration amplitude. Such an envelope has the
advantage that it could encompass a range of different rotorcraft types, i.e. with different blade
passing frequencies. The main disadvantage was that the sinusoidal response envelope usually
represented a far more severe condition than was actually experienced by a single rotorcraft
type. Another issue with this type of description arose when it was converted into a test severity.
Representing the sinusoidal response envelope as a sine sweep test would not necessarily
create the same fatigue damage, at the blade passing frequency and its harmonics, as actually
occurs. For this reason the sinusoidal response envelope was typically represented by a mix of
sine sweep and sine dwell tests. Today few extant specifications use the sinusoidal response
envelope as a means of defining the rotorcraft vibration environment. However, for some older
rotorcraft designs it is not uncommon to find such a definition in the requirements for [installed
equipment.

The dpproach used by most current specifications for equipment installed or transporte¢d within
rotorcraft use a definition based upon broadband random vibrations, with superimposed| periodic
tonal |components. Some specifications utilize narrowbands to represent and quantify the
periodic components, others use sinusoidal components.

As previously indicated, the engine/transmission/rotor of a rotorcraft are mostly fixed speed.
Althoygh some small variations in speed can arise when an.aerodynamic load is suddenly
appligd to the engine/transmission/rotor assembly, for the yast’'majority of a flight the [speed is
constant and variations are small.

When| setting a rotorcraft vibration severity from measured data, it should be noted|that the
spectfal amplitude (in g2/Hz) of the tonal components on an acceleration power spectrgl density
arising from rotors is dependent upon the analyser’s resolution and therefore should not| be used
quant|tatively. It is generally considered to be @,more accurate approach to quantify the| periodic
comppnents as sinusoidal components, i.ex by their root mean square values. If najrowband
comppnents need to be used for testing purposes, the conversion from sinusoidal ampljtudes to
narroyvband amplitudes should only be&’ made after the actual frequency bandwidth of the
vibratlon test control system is known and can be used in the conversion calculation. This is
becayse the typical frequency bandwidth of the vibration test control system may only be one
tenth that of the blade passing frequency. As a consequence small differences in the ffrequency
bandwidth which may occur ;between different vibration test control systems can| have a
significant effect on conversion from sinusoidal amplitudes to narrowband amplitudes.

7.3 Derived test severities

The type of vibration test severity adopted to represent the conditions within rotorcraft, have
varieq somewhat over the years. Historically, the test type adopted (typically a s|nusoidal
sweep/dwell test) arose due to the lack of test facilities able to reproduce actual cdnditions.
Howeyer, (itywas also partly to facilitate a single test which encompassed a range of fotorcraft
types| The effect of the rotors is to introduce significant tonal components the frequency|of which
may beumniquetoa particutaraircraft-type—Fromthe viewpointof mechanicat—vibration testing,
the test specifier has a choice of either considering each rotorcraft variant separately or
attempting to generate a test which encompasses all likely rotorcraft variants. The latter can
have the disadvantage that the resultant test severity can be far more severe than would be
experienced on any single rotorcraft type considered.

The broadband random components of rotorcraft vibration are relatively low and can be easily
encompassed with a conventional broadband random vibration test schedule. However, this
situation is not so easily addressed for the tonal components. If these tones are to be included
within a conventional broadband random vibration test, then high amplitudes are needed to
encompass them. Attempting to utilize such amplitudes across the entire test frequency range
clearly increases the overall vibration root mean square to a very high degree.

A more usual approach is to utilize either a shaped broadband random vibration test severity or a
composite vibration test. The former option typically adopts a test procedure such as that set out
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in [EC 60068-2-64, Test Fh [13]. This still increases the overall vibration root mean square but
not to such a significant extent as attempting to envelope the entire test. This approach is in use
by many specifications setting out rotorcraft vibration test requirements because it can be
undertaken at a wide range of test facilities. The composite vibration test approach, such as that
set out in I[EC 60068-2-80, Test Fi [14], superimposes either narrowbands or sinusoidal tones
onto a broadband background random vibration. This allows the test severity to more closely
shape the vibration profile around the tones for a single rotorcraft. This approach is also used by
many specifications setting out rotorcraft vibration test requirements. Whilst facilities to
undertake such tests are becoming more widely available, in some locations this type of test may
not be economically viable.

The apeve-netwithstanding—reitherthe-shaped-broadbandrandom—vibrationtestseverity nor the
compgsite vibration test are consistent with existing severities of IEC 60068 (all parts) [15] or
IEC 6p721 (all parts) [16]. However, as indicated, a suitable test procedure isv\avgilable in
IEC 6PD068-2-80,Test Fi [14].

Rotorg¢raft vibration severities are not specifically specified in IEC 60721 (all pants) [16].
Howeyer, it does contain both random and sinusoidal descriptions ofcvibration conditions for
transportation. As already indicated the use of a sine sweep/dwell test to replicate fotorcraft
vibratjon has been adopted historically, but has not found favour for/some years. In this case a
sine gweep is likely to be less representative than a narrow band random test. Traditionally, the
random and sinusoidal descriptions contained in IEC 60724, \(all parts) [16] are considered
alternptive descriptions.

Creating a rotorcraft vibration test severity, from the environmental severities presentgd in this
document requires the inclusion of appropriate test facters or margins, as well as establishing an
appropriate test duration. General considerations, «telating to both these aspects, are oufside the
scope of this document. However, rotorcraft do introduce some additional specific considerations
which|are worthy of note here.

a) hen setting appropriate test factors~or margins, for rotorcraft vibration tests, the |potential
ariability of vibration severities occurring; between aircraft types, between airframepg as well
5 the change of vibration sevgrity over time, need to be considered. Some information on

his was provided earlier in A,

< <<

—

b)

=

hen setting test durations, the occurrence of the most severe rotorcraft |vibration
mplitudes arising asta consequence of transient conditions, needs to be considerg¢d. If the
test severities are/based upon the most severe amplitudes, the test duration may only need
to be relatively( short to ensure a similar level of equivalent fatigue damage.| Specific
rocedures toestablish the test durations for rotorcraft vibration testing haye been
bveloped (INATO STANAG 4370 AECTP 2410 and DEF STAN 00-035 Issue 5 Part 5
hapter.12:01), although a number of other more general procedures can also be pdopted.
In either Case it may be necessary to consider the flight usage of the rotorcraft whejn setting
tast’durations.

Q

0O QT

8 Comparison with IEC 60721 (all parts) [16]

The purpose of Clause 8 is to compare the severities identified within this document with those
set out in IEC 60721 (all parts). To ensure consistency with the previous documents in
IEC TR 62131 (all parts) [21], [22], [23], [24] and [25], this comparison is specifically undertaken
using the severities set out in IEC 60721-3-2:1997 [17]. As a result of the comparisons
undertaken within the IEC TR 62131 (all parts), IEC 60721-3-2:1997 [17] is to be updated with
new categories and severities. These changes are not addressed within this document, but will
be addressed in a separate document.

No environmental test severities exist in IEC 60721 (all parts) [16] specifically related to
transportation in rotorcraft conditions. Rather the shock and vibration conditions are assumed to
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be encompassed by those from general transportation. This is also intrinsically the case for the
test severities of IEC 60068 (all parts) [15].

The three “transport” categories set out in IEC 60721-3-2:1997 [17] are designated 2M1, 2M2
and 2M3. Only a brief explanation is given as to the conditions these represent but seem to be
essentially:

— 2M1 - mechanical loading as well as transportation in aircraft, lorries and air-cushioned
trucks and trailers;

— 2M2 - transportation in all kinds of lorries and trailers in areas with well-developed road
systems;

— 2N13 — other kinds of transportation, also in areas without well-developed road systenhs.

The felevant environmental severities of IEC 60721-3-2:1997 [17], Table 5 are-intended to
encompass all forms of transport but are mostly related to road transport/\NO durations or
number of applications are specified. The three relevant categories in IEC 60721-3-2:1D97 [17],
Table|5 (2M1, 2M2 and 2M3) apply to four environmental parameters;

— category a) — stationary vibration sinusoidal, (illustrated in Figure 34),

— cadtegory b) — stationary vibration random (illustrated in Figure 32);

— category ¢) — non-stationary vibration including shock (illustrated in Figure 36),

— category d) — steady state acceleration (not illustrated but 2,0 g for all categories).

Some| years ago it was identified that the amplitudes~of IEC 60721-3 (all parts) diffefed from
those|of IEC 60068-2 (all parts). As a consequence ¢fl these differences a reconciliation|exercise
was undertaken between the two documents. The recommendations from that recopciliation
exercise are set out in IEC TR 60721-4-2:2004> [18]. For the stationary random |vibration
condifion, IEC TR 60721-4-2:2001 [18] recomimends the amplitudes of IEC 60068-2t64:1995
(see [[13] and illustrated in Figure 33). ‘Rer the stationary sinusoidal vibration dondition,
IEC TR 60721-4-2:2001 [18] recommendsithe amplitudes illustrated in Figure 35. With regard to
; the nearest identified severity was that of IEC 60068-2-27:1993, Ea shock (see|[19] and
illustrated in Figure 35) but the reeommended severity was that of IEC 60068-2-29:(1987 Eb
bump| (see [20] and illustrated in, Figure 37). Since the recommendations of IEC TR 0721-4-
[18] were published, . I[EC 60068-2-29:1987 [20], Eb bump has been merged with
IEC 6P068-2-27:2009 [19], Ea shock. Nevertheless, for consistency with the recommendations of
IEC TR 60721-4-2:2001 [18], TEC 60068-2-29:1987 [20], Eb bump is referenced whenever the
severities of that procedure are intended. When applicable, the duration of vibration tegting and
number of shock applications are quoted in the figures.

The dccelerationypower spectral densities from IEC 60721-3-2:1997 [17] are compared|with the
corregponding—measured vibrations in Figure 39 to Figure 42. These overlaid comparisons
include all the available vibration information from the Boeing CH-47 (Figure 39) and the Super
Frelon flight measurements (Figure 40 to Figure 41).

The overlaid power spectral densities from the Boeing CH-47 (Figure 39) are examples of the
conditions occurring from four flight conditions. Other data presented in this document suggest
these are some of the most severe conditions and arise from the most severe location and axis.
Nevertheless the overlaid power spectral densities may not represent the most severe condition
that can arise as it is not possible to place these measurements within the distribution of
variations that arise from the maintenance state of the rotorcraft. Additionally, the frequency
resolution of the data analysis used in this case may not necessarily give rise to the highest
power spectral density amplitudes at the blade passing frequency or its harmonics.

It will be seen that the measured severities for the Boeing CH-47 (Figure 39) are well below the
severities of |IEC 60721-3-2:1997 [17]. However, the peak amplitudes of the blade passing
components are marginally less than the 2M1 and 2M2 category severities, but are well below
those for the 2M3 category. In this case the frequency analysis bandwidths used were all around
2,5 Hz which is a little wider than would be used in a random vibration test today. A more typical
random vibration test bandwidth today would be closer to 1,5 Hz. If the original data had been
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analysed with such a bandwidth then, assuming the tonal components are sinusoidal, the tonal
amplitudes would be around double those indicated.

The peak amplitudes of the blade passing tonal component for the Boeing CH-47 can also be
compared with the stationary vibration sinusoidal severities of IEC 60721-3-2:1997 [17]. In this
case the severities presented in Figure 5 to Figure 10 can be compared with the stationary
vibration sinusoidal severities of IEC 60721-3-2:1997 [17] (Figure 34). However, in undertaking
this comparison it should be remembered that the severities presented in Figure 5 to Figure 10
are root mean square values whilst those in Figure 34 are peak values (and are consequently
one time greater). On that basis the most severe component indicated in Figure 5 to Figure 10 is
due to blade passmg during autorotatlon (W|th a root mean square amplltude of 0,7 g) and is
and 2M2
categpries (with a peak amplltude of 19). The most severe component |nd|cated is exceeded by
the sgverity for the 2M3 category by a margin of 2. It needs to be observed that the.random and
sinusgidal descriptions contained in IEC 60721-3-2:1997 [17] are historic alternative degcriptions
and there is no implication that testing using both random and sinusoidal severities is negessary.

The qverlaid power spectral densities from the Super Frelon rotorcraft ‘are examplgs of the
condifions occurring from nine flight conditions. Again the overlaid power’spectral densities may
not represent the most severe condition that can arise as it is,hot possible to plage these
meastrements within the distribution of variations that arise from the maintenance stage of the
rotorcraft. The frequency resolution of the data analysis used ,in/this case is not known and it
may not be sufficient to give rise to the highest power spectral’density amplitudes at the blade
passing frequency or its harmonics.

It will be seen from Figure 40 to Figure 42, that the measured vibration amplitudes for the Super
Frelon rotorcraft are mostly well below the severities' of IEC 60721-3-2:1997 [17]. However, the
peak amplitudes of the blade passing componentare only marginally less than the 2M1 and 2M2
categpry severities for the X axis and exceed’them in the Z axis. The peak amplitudg¢s of the
blade|passing component have essentially the same severity as the 2M3 category. In this case
the frequency analysis bandwidths used appear to be less than 1 Hz which is about that which
would| typically be used in a random vibration test.

Althoygh the measured vibration severities presented in this document do not appear to
significantly exceed the severities of IEC 60721-3-2:1997 [17], it should be noted |that the
measyirements do not incorporate any margins for measurement error, uncertainty or variations
between rotorcraft. It is worthy of note that (with the exception of underslung loads) all the
vibratlon test severitiesifor equipment transported by rotorcraft reviewed within this document
have |components which significantly exceed the severities of IEC 60721-3-2:1997 [[17] (see
Figure 43 to Figure 46). In some cases the test severities relating to blade passing frefjuencies
and slome harmaonics, exceed the measured severities by margins of over 20 times gqn power
spectral density,"amplitude or around 13 dB. Typically, test severities margins of around 3 dB to
6 dB jare utilized to encompass measurement, testing and material variations. Such| a large
margih in(this case would appear to indicate that margins, of between 6 dB and 10 dB have been
used ftoaccommodate variations between aircraft. These values would seem to align|with the
information of Figure 20, which would suggest the need for a margin of a littie under 6 dB to
encompass the most severe condition if the vibration measurement severities are "average" and
up to 10 dB if the vibration measurement severities are at the lower end of the distribution.

Compared in Figure 47 are test severities for underslung loads compared with the severities of
IEC 60721-3-2:1997 [17]. The comparison indicates that the severities of IEC 60721-3-2:1997
[17] easily exceed specified test severities for underslung loads. With that said, the conditions
experienced by loads underslung on rotorcraft can vary depending on the methods of attachment
and the occurrence of dynamic interaction between the payload and the dynamic flight
characteristics of the rotorcraft. The loss of underslung loads due to excessive dynamic
interaction loads on the suspension cable system on rotorcraft is not unknown.

The shock response spectra severities from IEC 60721-3-2:1997 [17] and IEC TR 60721-4-
2:2001 [18] (half sine shock pulse) can be compared with the measured set down shock for an
air transportable ISO underslung on the Boeing CH-47 (Figure 48). The overlaid shock response
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spectra indicate the peak amplitudes of the measured set down shocks are less than those of the
two severities for the 2M3 category, but only just in one case. However, the measured set down
shocks do exceed that for the 2M1 category and both severities for the 2M2 category.

9 Recommendations

Although a number of measurement exercises have been undertaken on rotorcraft, many of
these are not applicable to the purposes of this document. In particular only rotorcraft credibly
likely to transport electrotechnical equipment have been considered. This criterion excludes most
small rotorcraft which would not generally be used for the transport of goods. Additionally many
vibration measurements in rotorcraft are undertaken to establish conditions that may affect the
humap body (of crew or passengers). Mostly such measurements are restricted to\quite low
frequgncies and are of little value to the purposes of this document. With that said, /gpod data
have |been identified from a modest number of sources, which encompass & |representative
transport rotorcraft.

The vjbration data from the various sources indicate a good degree of self<Consistency jand also
a reagonable degree of consistency across the various sources. None ofjthe data sourcgs are so
obviouisly significantly different from the remainder, to question théXvalidity of the comparison
exercise. It is clear from the information reviewed that the characteristic of the fotorcraft
vibratjons varies with flight condition, aircraft type and maintenance state of the rotor,
transmission and engines. Generally the most severe cargo bay/vibrations occur during ftransient
flight )/manoeuvres which may occur only for brief periods-in a typical flight. Moreovér, some
condifions may only occur in emergency situations or during crew training. During thg normal,
long duration flight, the most severe vibration conditions that electrotechnical equipment would
exper|lence during transportation, usually arise at.the highest flight speed. Although the most
severge vibration conditions generally arise at lower altitudes, the effect of altitude is|not that
significant. The exception would be when the_rotorcraft is operating very close to the ground.
Typically, the greater the rotorcraft payload-the more severe the vibration conditiong. These
aspedts notwithstanding, vibration levels will commonly vary depending upon the maintenance
state pf the rotor, transmission and engines. Such conditions are frequently monitored gither by
mean$ of continuous HUMS, specific intermittent measurements or by pilot reports.

The npost severe blade passing tones of rotorcraft vibrations occur for protracted periodls at low
frequencies. Those low frequency excitations have the potential to generate significant relative
displdcements which can result in a number of types of degradation and failure not encpuntered
with qther methods of trahsportation. Such conditions can be exacerbated if the low fiequency
excitations coincide with' the lower modes of natural vibration of packaged electrojechnical
equipment. Such coingidence is not uncommon especially if the packaging is primarily designed
to mipimize vibration and shock from road transportation. In such cases the lower modes of
naturgl vibration/of packaged electrotechnical equipment would typically be set to occur slightly
abovdg the primary road vehicle suspension modes. That typically puts the lower modes qf natural
vibratlon of packaged electrotechnical equipment close to the blade passing tones of rotorcraft.

Damage—to pab'r\agca and pabi\agcu' uquiplllcllt cam—often—occur; dwillg rotorcraft—vibration
testing, when the equipment packaged response modes are lightly damped. In such cases
rotorcraft vibration excitations have the potential to cause build-up responses to significant
levels. Additionally, some care may need to be taken to ensure packages are able to
accommodate the large internal displacements of the equipment that can occur during rotorcraft
vibration testing. The damping of well-designed packaging should have the ability to limit the
amplitude of such excitations (to typically less than to five times the excitation). However, a
poorly-designed package (with low damping and/or adequate internal clearances) may well
produce equipment responses significantly in excess of five times the excitation. In such cases
damage to the packaged electrotechnical equipment may result.
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Figure 5 — Comparison of CH-47 vibration overall RMS for different flight conditions [1]
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https://iecnorm.com/api/?name=dcee8aee828878a2888cc2998b2d7167

IEC 62131-7:2020 © |IEC 2020 - 27 -

Tone RMS acceleration (g)
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

LIS S S S B B B B B B B B T T T T T T T T T T T T T T T T T -

- O

1

Pre-flight ground checks

Taxi
root mean square around second

blade passing frequency (2nr)
| | |

\ [ [
O Frame E160 Stbd vertical

Hover

70 kn straight and level at 50 ft

Transition to hover B Frame E280 Stbd vertical

80 kn forward climb B Frame E440 Stbd vertical

80 kn straight and level at 7 000 ft

90 kn straight and level at 7 000 ft

00 kn straight and level at 7 000 ft

20 kn straight and level at 7 000 ft

30 kn straight and level at 7 000 ft

Ll B

!

40 kn straight and level at 7 000 ft

1

!

Descent

|

.I

Autorotation

120 kn straight and level at 500 ft

140 kn straight and level at 500 ft

150 kn straight and level at 500 ft

"]

—

160 kn straight and level at 500 ft

|

—

Banked turn (right) 110 kn

Nl

Banked turn (left) 110 kn

|

Transition to hover

90 kn low level

100’%kn low level

!Hl[

—

Highspeed low level turn

Running landing

Taxi

ikl

IEC

Figure 8 — Comparison of CH-47 vibration RMS severities at second rotor
blade passing frequency (2nr) for different flight conditions [1]
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blade passing frequency (4nr) for different flight conditions [1]
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Figure 13 — Comparison of CH-47 vibration RMS severities across
cargo bay floor during a transition to autorotation manoeuvre [1]
? A CH - 47 cargo bayfloor during 160 kn straight and level flight
B 0sT | | | | } |
I M Overall RMS (2,5 Hz to 2 000 Hz) Rotor (r)
g @OBlade passing (nr) O 2nd blade passing (2nr)
¢ 0,4 T— O3rd blade passing (3nr) @ 4th blade passing (4nr)
F [
0,3 ]
0,2 1 u |
0,1 1 d —
i sl
D120 D120 E160 E160 E160 E280 E280 E360 E440 E44D
al
Cargo floor frame location and measurement IEC

Figure 14 — Comparison of CH-47 vibration RMS severities across
cargo bay floor during straight and level flight [1]
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Figure 16 — Relative amplitude variations with airspeed for the Lynx rotorcraft [3]
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