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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL CONDITIONS -
VIBRATION AND SHOCK OF ELECTROTECHNICAL EQUIPMENT -

Part 4: Equipment transported in road vehicles
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International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘eon
national electrotechnical committees (IEC National Committees). The object of IEC s\ to p
rnational co-operation on all questions concerning standardization in the electrical and electrohic fig

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter~referred to a
lication(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee int
he subject dealt with may participate in this preparatory work. International,) governmental an
ernmental organizations liaising with the IEC also participate in this preparatiofy“IEC collaborates
the International Organization for Standardization (ISO) in accordance <with conditions determi
bement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interr
sensus of opinion on the relevant subjects since each technical «committee has representation f
rested IEC National Committees.

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

brder to promote international uniformity, IEC Natiehal Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divs
een any IEC Publication and the corresponding(hational or regional publication shall be clearly indid
latter.

itself does not provide any attestation-of’conformity. Independent certification bodies provide con

ices carried out by independent certification bodies.
isers should ensure that they have-the latest edition of this publication.

liability shall attach to IEC pr its directors, employees, servants or agents including individual expe]
mbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fed
enses arising out of ‘the* publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn ¢o ‘the Normative references cited in this publication. Use of the referenced publica

ntion is drawn to the possibility that some of the elements of this IEC Publication may be the su
bnt rights$WMEC shall not be held responsible for identifying any or all such patent rights.
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 62131-4, 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
104/509/DTR 104/538/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

* reconfirmed,

* wifhdrawn,

* replaced by a revised edition, or
* amended.

A bilirjgual version of this standard may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this-publication indig¢ates
that if contains colours which are considered to be useful for the correct understanding
of its|contents. Users should therefore print this document,using a colour printer.
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consigstency. The process used to undertake this check of data quality and that usg
intringically categorize the various data sources is set out in IEC/TR 62131-1.

This t
which

for which the quality and validity cannot realistically be reviewed. These data are includ

IEC/:F 62131-4, which is a technical report, reviews the available dynamic data relat
b

ENVIRONMENTAL CONDITIONS -
VIBRATION AND SHOCK OF ELECTROTECHNICAL EQUIPMENT -

Part 4: Equipment transported in road vehicles

cope

technical equipment transported by road vehicles. The intent is that from. 3
le data an environmental description will be generated and compared to that-set
D721 [25]1.

hch of the sources identified the quality of the data is reviewed anhd-checked fq

echnical report primarily addresses data extracted from a,number of different sourc
reasonable confidence exists as to the quality and validity./ The report also present

ng to
Il the
out in

r self
ed to

es for
5 data
ed to

facilitate validation of information from other sources. The report clearly indicates when ufilizing

information in this latter category.

This t
and q
track)
is bel

severf{ties. However, review of that data ifidicates the inclusion of some quite old vehicles

Relati
comp
been

2 N

The following referenced documents are indispensable for the application of this documer
references, only the edition cited applies. For undated references, the latest edition of

dated
the re

IEC 6
group

echnical report addresses data from a number of data gathering exercises. The qu
pality of data in these exercises varies considerably as does the range of road (an
conditions covered. The vast majority ‘of. the road conditions are from Western Eur
eved that one of the data sources considered is that used to set the current IEC

Vely little of the data reviewed were made available in electronic form. To
brison to be made in this assessment, a quantity of the original (non-electronic) datg
manually digitized.

lormative referénces

ferenced-document (including any amendments) applies.

D721-3-2:1997, Classification of environmental conditions — Part 3: Classificat

antity
d test
bpe. It
50721

bermit
have

t. For

on of

s of environmental parameters and their severities — Section 2: Transportation

3 Data source and quality

3.1

SRETS road and test track measurements

The Source Reduction by European Testing Schedules (SRETS) study ([1]), part-funded by the
European Union, was a collaborative venture undertaken by 10 European agencies and
companies. The purpose of the study was to establish new vibration and shock test severities
for equipment subject to road transportation. These test severities were destined for a new

1 References in square brackets refer to the bibliography.
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CEN and ISO test procedure for packaged equipment. The three year study was completed in
1999 and the final report (see ([1]) published by the EU.

The vibration and shock measurement phase of the work focused on two separate exercises
(see Table 1).

The first exercise, undertaken in the UK, was to establish the vibration and shock experienced
by typical goods in real road conditions. To that end, measurements were made without the
knowledge of the vehicle driver at the payload to vehicle interface during transportation of the
same goods over similar (550 km) routes on 19 separate occasions, using different vehicles of
a similar class (38 tonne articulated HGV’s). The vehicles (commercial haulers) and drivers
were ;

By contrast, in the second exercise, the measurements made with the full knowledge pf the
driver, used two specific vehicles on controlled German test tracks” empjoying
profegsional test track drivers. This second exercise was aimed at comparing nehicles, trailers,
payloads and road surfaces. The second set of measurements adopted two different trugks in
three | configurations (one with trailer) at different speeds on different)surfaces. Summary
information on the various vehicles and trailer is shown in Table 2. The measurement locptions
utilized for the three vehicles are shown in Figure 1.

Both measurement exercises used solid state digital recorders.”Whilst the second exgrcise
facilitated the use of continuous recording, the lengthy“duration of the first exprcise
necessitated the use of intermittent recording. The latter~were undertaken in both “signal
triggered” mode (storing the 500 blocks of 2 048 points containing the largest amplitude
measyrements) and “time triggered” mode (storing a block of 2 048 points every 3 min). The
recorder sample rate was 5 500 sps with a low pass butterworth filter set to 1 000 Hz.| Each
block |of data comprised 2 048 data points and represents an event duration of 0,372 s.

The fifrst measurements adopted a single triaxial transducer located on the bottom of a pgllet of
packdged, bottled whisky. The vehicle was-oaded to full capacity with 16 similar pallets. As the
pallets were not stacked (one pallet height only) this payload filled the volume of the veh|cle at
90 % of its maximum weight) capacity. The use of measurements made withopt the
knowledge of the vehicle driver, has the advantage that it potentially reflects real |world
condifions. However, it has the.disadvantage that the validity of the data is difficult to yerify.

19 separate runs) and with the test track work using several techniques such as comparing

RETS studyvadopted a variety of different data analysis procedures including power
spectral density(PSD), amplitude probability density (APD) and fatigue damage spectra (FDS).
I, three )different methods of establishing vibration and shock test severities| were
adopted. The* resultant test schedules were verified by using them to test four diJNrerent

products’ ,and comparing the resultant damage with those experienced in the real world. These
exercises’demonstrated that the tests induced similar damage to that occurring in practice at a
slightly accelerated rate. However, the rate of damage appeared more representative than
some existing tests. The SRETS study also addressed a number of practical testing limitations
and addressed some novel testing strategies.

The measurements from the SRETS are stored digitally; however, intellectual property rights
limit the extent this data can be circulated. Summary information is included here in Figure 2 to
Figure 17.

3.2 CEEES ‘round robin’ 10 tonne truck measurements

Although the CEEES ‘round robin’ exercise (see [2]) was not a measurement exercise, it did
subject the same piece of real world road transportation measurements to analysis by a
number of different methods and by a range of agencies. The vibration data used for the
CEEES work (Figure 18, Figure 19 and Figure 20) was some 55 min of continuously recorded
vibration measurements. These data were supplied to some 20 different agencies in Europe for
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analysis. These participants made independent analysis of this data (Figure 21, Figure 22 and
Figure 23).

The data used in the CEEES exercise measurements were only part of a larger measurement
exercise, undertaken by Cranfield University, the major part of which involved continuously
recorded vibration measurements (see [3]) on a journey from central UK to central Germany
(Figure 24 and Figure 25). The exercise involved 12 channels of measurement (plus vehicle
velocity) on two payloads with a single triaxial measurement at the cargo bed. The vehicle used
was a 10 tonne vehicle, of early 1970’s design, able to operate on and off-road (it had 4 x 4
capability). Though it was a military vehicle it was based upon a commercial chassis and
mcluded commercial modlflcatlons (an integral hydraulic h0|st) In addition to the contmuous
6 and
6 27) at the maximum speed the driver considered safe The contmuous and degraded
easurements for the basis for environmental information contained in the UK“dgfence
standard 00-35 Part 5 (see [17]) as well as contributing to the NATO document STANAG 4370.

The apalysis undertaken on the measured data was in the form of PSD and APD, eachofa 1 h
journgy segment and combined for the complete journey. Additionally’ APD analysis was
underfaken of the vehicle velocity measurement to establish a realisticyusage profile. Whilst
of some interest, it has limited application to this work as the upper speed limit pf the
was somewhat less than that imposed of commercial vehicles.

Measyirements were recorded on an analogue recorder (with calibration equipment} The
measyrement frequency range was up to 500 Hz. The PSD"analysis was undertaken with a
frequgncy resolution of 1 Hz and the APD analysis with.‘ah amplitude resolution of 0,002 g. In
both ¢ases, the analysis duration was typically in 1h\segments with the composite analysis
cover|ng a period of over 7 h. As a consequence, of the latter duration, the APD from the
compgpsite measurement has good statistical accuracy down to very low levels of probabil(ty.

3.3 |Various vehicle measurements by Hoppe and Gerock

Work |by Hoppe and Gerock was underdaken in the early 1970’s and the resultant daja are
reprodluced in a number of publications (see [4] and [5]). These data appear to be the basis for
the sgverities in a number of national’standards and, as far as can be identified, are prgbably
the orfiginal basis for the severitiesin IEC 600721-3-2. Although the vibration data presernted is
very limited, the scope of thehock data is sufficient to justify its inclusion here.

The work by Hoppe andSGerock involved some nine vehicle and trailers; these are detalled in
Table| 3. The vehicles.are mostly of leaf suspension designs, reflecting the vehicles’| ages
ranging between 1946 and 1970. All the test drives were made on dry roads on a ¢losed
circular route of 25:kKm consisting of

— 70]% concrete and asphalt,

— 18[%,damaged and repaired roads,

— 10L%rough unpnaved roads
#—FoHgR-HHRPaVea+oaass

2 % cobble stones.

In addition to the above, four level crossings were included in the route. Vehicle speeds varied
between 35 km/h and 45 km/h within town limits and up to 70 km/h on open roads. On rough
parts of the route, speeds were reduced to between 10 km/h and 20 km/h. The test drives were
made with the vehicles loaded to different degrees.

Little vibration data are presented in the reference, with information limited to a typical spectra
(Figure 28) and an envelope of the measurements (Figure 29) broken into trucks and semi-
trailer/pull trailers. However, the reference contains some useful shock data reproduced in
Table 4, Table 5 and Figure 30.

Triaxial acceleration measurements were made above the rear axle, vertically in the centre of
the load platform, vertically at the side of the platform at the rear and vertically at the front of
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the platform in the centre. All six measurements were recorded simultaneously and
continuously on an analogue FM recorder. The frequency range covered was 1 Hz to 1250 Hz.
All PSD analysis was undertaken using a 3 Hz frequency resolution and a record duration of
32 s. The shocks were classified into eight amplitude levels and sixteen time increments.

3.4 Millbrook measurements on Landrover Defender

This 1998 measurement exercise (see [6]) was undertaken at the UK Millbrook test track by
Millbrook test engineers for Hunting Engineering Ltd. The measurements were made as part of
a proving exercise on electronic equipment installed in Landrover Defender model LR10 (SVIC
34 / C112) registration CD 70 AA. As implied by the registration, it was a military registered

vehicle_hut had only cosmetic maodifications from the commercial variant

The measurement configuration was 4 triaxial accelerometers and a optical tachemeter to
determine vehicle velocity. All the measurements were recorded on a Millbrook supplied
analogue tape recorder using fully calibrated and traceable equipment. Three df the
measyirement locations were on equipment shelves and on the rear floor of the cargo|area.
Recondings were made on the following tracks at Millbrook:

— Tept 1: high speed circuit at 48 km/h (30 mph) and record duration.130 s;
— Tept 2: rough road test at 16 km/h (10 mph) and record duration 46 s;

— Tept 3: pave at 40 km/h (25 mph) and record duration 266.;

— Tept 4: hill route at normal speeds and record duration 366 s;

— Tept 5: random waves and record duration 56 s;

— Tept 6: severe waves at 16 km/hr (10 mph) and record duration 30 s;

— Tept 7: cross country at normal speed and record duration 673 s.

All the results are presented in [6]. All analysis was undertaken using the same analysis
software presenting data from each channel in a consistent way. Essential for|each
measyirement channel and track, a typi¢al time history is presented along with an APD and
PSD. [The sample rate was 1 024 sps_producing a frequency resolution of approximatly 0[5 Hz.
The record durations varied according to track surface and are indicated in the list abovg. The
data is summarized here in terms of variations in vibration r.m.s. with road surface in Figlire 31
and the variation in shock amplitude in Figure 32. The spectra for the vertical axis are shgown in
Figurg 33.

3.5 Millbrook measurements on Ford transit van

This 1996 measurement exercise (see [7]) was undertaken at the UK Millbrook test trgck by
Millbrpok test engineers for Hunting Engineering Ltd. The measurements were made as part of
a proying exercise on a communication installation in a (new) Ford Transit Van regisfration
M639|BTl: Fhe loading on the front axle was 1 248 kg, on the rear axle 969 Kg, giving a total
of 2 21 KKg-

The measurement configuration was 3 triaxial accelerometers, 3 uni-axial accelerometers and
a vehicle speed transducer. All the measurements were recorded on a Millbrook supplied
analogue tape recorder using fully calibrated and traceable equipment. Most of the
measurement locations were on equipment shelves but two triaxial measurements were in the
cargo area (one over the rear axle and one in the centre of cargo area). Recordings were made
on the following tracks at Millbrook:
a) Vibration

high speed circuit at 85 km/h and record duration 376 s;

gravel road test at 48 km/h (30 mph) and record duration 157 s;

B Class road (incl. level crossing) at 64 km/h (40 mph) and record duration 192 s;
b) Shocks

pot hole “A” and “B” at 16 km/h (10 mph);
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Millbrook cat’s eyes at 48 km/h (30 mph);
railway level crossing at 32 km/h (20 mph).

Analysis was undertaken for each measurement channel and surface and a typical time history

presented along with an APD and PSD. The sample rate was 1 024 sps, producing a freq
resolution of approximatly 0,5 Hz. The record durations varied according to track surfac
are indicated in the list above. The data is summarized here in terms of variations in vib
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r.m.s. with road surface in Figure 34, in terms of peak spectral value in Figure 35 and the

variation in shock amplitude in Figure 36. The spectra for the vertical axis are sho
Figure 40.
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3.6 [Mittbrook measurements onm Renmault Magmum

This 1996 measurement exercise (see [8]) was undertaken at the UK Millbrook test tra
Millbrpok test engineers for Hunting Engineering Ltd. The measurements were made as {
a proying exercise on a communication installation in a (new) Renault AE 385ti‘Magnum
trailerfwith a box trailer equipped as a command and communication centre.(The loading
front axle was 5 764 kg, on the rear axle 8 985 Kg, giving a total of 14 749.Kg-

The measurement configuration was 1 triaxial accelerometer, 4 bi-axial accelerometers,

ck by
art of
semi
bn the

2 uni-

axial accelerometers and a vehicle speed transducer. All the measurements were recorded on

a Millprook supplied analogue tape recorder using fully calibrated and traceable equip
Most [of the measurement locations were on equipment shelves but some (2 bi-axial)
directly mounted on the van sides of the trailer. All ofCthe remainder had a very
transrpission path to the van sides of the trailer. Recordifigs were made on the following
at Millbrook:

a) vibyation;

b) high speed circuit at 85 km/h and record duration 347 s;

c) grgvel road test at 32 and 48 km/h (20 and*30 mph) and record duration 197 s;

d) B glass road at 48 and 64 km/h (30 and’40 mph) and record duration 254 s;

e) shocks;

f) Millbrook pot hole “A” and “B” at16 km/h (10 mph) ;

g) Millbrook cat’s eyes at 48 km/h (30 mph);

h) Rajlway level crossing at 32 km/h (20 mph).

Analysis was undertaken for each measurement channel and surface, with a typica
history presented along with an APD and PSD. The sample rate was 1 024 sps, produ
frequgncy resolution of approximately 0,5 Hz. The record durations varied according to
surfage and afe)indicated in the list above. The data is summarized here in terms of vari
in vibrations=m.s. with road surface in Figure 37, in terms of peak spectral value in Figy

and the variation in shock amplitude in Figure 39. The spectra for the vertical axis are shq
Figure 40«
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3.7 Supplementary data

The data collection exercise which preceded this assessment identified several relevant sets of
information, which come from reputable sources, but for which the data quality could not be
adequately verified. Although, they are included here to facilitate validation of data from other
sources, care should be taken when utilizing information in this category.2

Renault Trafic (1,9 tonne) and TRM 1000 (20 tonne). Information is contained within the
French military specification GAM EG 13 (see [9] from two different vehicles. The 4 x 2 Renault
Trafic was loaded to an all up mass of 1 950 Kg and triaxial acceleration measurements made
at two locations designated only as “central platform” and less specifically “longeron ArG”. The

eleration measuremer o] Ne RV i mad r Ne Na The

theselare real road surfaces or test tracks is not known). All the data are presented\in the form
of PSD’s of 1 Hz (or better) frequency resolution. The duration of the records‘used fpr the
analysis is unknown and hence the analysis random error cannot be determined<"A summiary of
the r.in.s. variations with road surface and vehicle speed are presented in Tiable 6 and Table 7
for the Renault Trafic and TRM 1000 respectively. Overlaid spectra forthe two vehiclgs are
also presented in Figure 41 and Figure 42.

Various US road vehicles circa 1970. As part of an exereise, in the early 197Q0’s, to
authepticate severities for the US military specification Mil Std'810, J.T. Foley (see [10]) at
Sandip National Laboratories in the US undertook an cextensive exercise to estpblish
transportation requirements on a number of platforms including several road vehicles. As [far as
can be determined, the vehicles used real US roads and-conditions. The vehicles included

a) Wwell used tractor — flatbed trailer with leaf springs suspension,
b) re¢newed tractor — flatbed trailer with leaf spring suspension,

c) Well used tractor van trailer with air ride sdspension,

d) new tractor — van trailer with air ride suspension,

e) cprefully driven tractor — van trailer\with leaf spring suspension,
f) 25 tonne flatbed truck of conventional commercial design,

g) 2}5 tonne van truck modified-to carry explosives.

The measurements encompassed seven road vehicles but the process adopted does not allow
information from individualvehicles to be identified. Moreover, the analysis process Foley used
throughout his work jis\relatively unique and not immediately compatible with other information
presepted in this assessment. Foley generated test spectra (Figure 43) which can be usefully
compared with those from other methods and sources.

Various US:-road vehicles circa mid 1980°’s. As part of an exercise, in the mid 1980’s, to
authepticate test severities for the US military specification Mil Std 810, William Connon (see
[11]) at\the US Army Aberdeen proving ground, undertook an extensive exercise to estpblish
severities on a number of platforms including several road vehicles. The measurements were
entirely made on the special test tracks at the Aberdeen proving ground. The (essentially
military) vehicles included

(1) M127 12 tonne semi-trailer,
(2) M813 5 tonne truck,
(3) M814 5 tonne truck,
(4) M36 2,5 tonne truck,

2 Landrover Defender Model LR10 (SVIC 34 / C112) Registration CD 70 AA, Ford Transit Van Registration M639
BTL, Renault AE 385ti Magnum Semi Trailer, Renault Trafic (1,9 tonne), Renault TRM 1000 (20 tonne), as well
as various US Military road vehicles, are the trade names of products supplied by Renault, Ford and the US
Military, respectively. This information is given for the convenience of users of this technical report and does not
constitute an endorsement by IEC of the products named.
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5) CUCV M1009 1,5 tonne truck,

6) HMMWYV M998 1,25 tonne truck,
HEMTT M985 10 tonne truck,

8) M416 0,25 tonne 2 wheeled trailer,
9) M105A2 1,5 tonne 2 wheeled trailer.

~
~ ~

~

(
(
(
(
(

The measurements encompassed nine different vehicles but the process adopted does not
allow information from individual vehicles to be identified. Moreover, the analysis process used
throughout the work is relatively unique and not immediately compatible with other information
presented in this assessment. Connon generated test spectra (Figure 44) which can be usefully
compgred-withthosefromrother methods and Sources:.

Miscgllaneous data. During the course of the data search a number of possible data squrces
were [identified for which the data were not traceable to any reasonable extent.” Theqe are
included here for completeness because they may help support information from |more
tracegble sources. Most of these sources are courtesy of Dr Ulrich Braunmiller and the SRETS
work.|Vertical responses from several road surfaces presented in ASTM|D4728-91 (seg [12])
are shown in Figure 45. Multi-axis responses from a trailer originating‘from ASTM D47]28-95
(see [13]) are shown in Figure 46 and for a semi-trailer in Figurec<49-™ The vertical vibrptions
from @ 15 tonne truck originating from EXACT DK 1-237 ([14]) are shown in Figune 47.
Information from a trailer with leaf springs ([15]) are shown if‘Figure 48. Lastly information
from an intermodal study ([16]) are shown in Figure 50.

4

ntra data source comparison

4.1 General remark

The durpose of the following paragraphs is<to review each data source for self consistency.
The grocess for evaluating the vibration.data takes into account the variations arisind from
vehicle type, road surface, vehicle velogity and vehicle loading. Whilst historical evifdence
sugg€gsts that all of these have somge influence on vibration severity, the same evidence also
suggdsts an even bigger influence may be the way the vehicle is driven.

4.2 SRETS road and testitrack measurements

The §RETS work specifically undertook an intra and inter data source comparison to ver{fy the
quality of the data acquired. For the overtly acquired data specific comparisons were [made
between vehicle type-(Figure 8), road types (Figure 9) and vehicle load (not included). These
information are ,also summarized in Figure 5. The entire basis for the covertly acquired data
was tp maintaind{practically similar vehicle class, road route and vehicle load conditiong. The
very gurpose\was to quantify the variations arising from any other practical influence incjuding
the wpy the“vehicle is driven. Shown in Figure 2 and Figure 3 are the variations frgm 18
journgys<f which 16 (journeys 4 to 19) were nominally identical.

Analysis of variance (ANOVA) calculations between the various data sets indicated that the
covertly and overtly data sets are not significantly different to a level of confidence of 95 %,
provided data acquired in a similar manner are compared. That is provided real road data are
compared and the overtly acquired test track data are excluded (Figure 6). This appears
reasonable as ANOVA calculations between the overtly acquired road data and overtly
acquired test track data are significantly different. The other difference identified was between
the covertly acquired “signal triggered” data and “time triggered” data. The difference between
these two acquisition strategies are shown in Figure 10, Figure 11, Figure 12 and Figure 13.
These figures also illustrate other aspects of covert measured environment. The SRETS
workers observed a markedly greater variance in the covertly acquired data from similar overtly
acquired data. This would appear to support the use of covert measurements.

The trends indicated by the SRETS assessment are summarized as follows:
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Relative severity due to road type. The SRETS assessment indicated that good ordinary
roads and motorways were not significantly different. However, test tracks produced vibration
some 2 to 3 times greater than ordinary roads.

Relative severity of measurement axes. The SRETS data generally indicated that the
horizontal measurements (lateral and fore/aft) to be statistically similar. However, the vertical
measurements were marginally greater than the horizontal measurements by between 10 %
and 40 %.

Relative severity due to vehicle type. The SRETS assessment suggested that the truck was
slightly more severe than its trailer which in turn was slightly worse than the semi-trailer.
Howefer, 1t has to be said difference were relatively modest.

Relatjve severity due to vehicle load. The SRETS assessment indicated severities-increased
with reduced payload that is a full vehicle is better than an empty one.

Relatjve severity of signal triggered and time triggered data. The difference between signal
and time triggered data is relevant to modern measurement strategiescwhich frequently [adopt
signaIF[riggered digital recorders. Essentially signal triggered datasresult in slightly greater
amplifude responses than is the case for time triggered data. However, the characteris{ics of
both the spectra and probability densities are broadly similar.

4.3 CEEES ‘round robin’ 10 tonne truck measurements

This measurement exercise included a measure of vehicle speed allowing the relationship with
vibratjon and shock to be quantified for this vehicle. Additionally, the very lengthy measurgment
allowed probability densities, to a very low level of\probability, to be determined with staffistical
confidence.

Vibrafion severity with vehicle speed. The analysis indicated a clear relationship of vehicle
speed with vibration severity (Figure :19). The indicated relationship was not linear| with
vibratljon amplitudes increasing at a greater rate at higher speeds. The latter SRETS work also
indicated a relationship with vehicle*speed but could not quantify it.

Shock severity with vehicle speed. The analysis indicated no clear relationship of vehicle
speed with shock severity (Figure 20). Rather the shock amplitudes appeared to occur ¢ver a
broad|range of vehicle speéds.

Relatjonship between vibration and shock. The extensive APD analysis indicated thpt the
shockis produce-a clear amplitude distribution which, with sufficient data, appears to be bfoadly
Gaussian (Figure 25). The APD’s also show that the amplitude distribution of the shockg is an
extengion of-the vibration distribution. In effect the APD suggests that previously asqumed
distingtions Jbetween vibration and shock may be arbitrary. The later SRETS work came to
similaf ‘conclusions.

4.4 Various vehicle measurements by Hoppe and Gerock

Insufficient data are available to allow an intra measurement comparison of the Hoppe and
Gerock vibration data. Indeed, information is lacking to ascertain any basis for the vibration
levels. More extensive information on the shocks is available from which it is possible to
identify and compare the effects of different vehicles. As a consequence of the lack of
traceability of the vibration data the Hoppe and Gerock fails the data verification tests set for
uncaveated consideration of information in this assessment. The continued inclusion of the
Hoppe and Gerock measurements is only a consequence of the fact it appears to be the
source for the existing IEC 60721 severities.
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4.5 Millbrook measurements on Landrover Defender, Ford Transit Van and Renault
Magnum

Although no published results are available for the intra measurement comparison exercise,
the data summaries presented in this report were originally compiled to demonstrate the
credible data. The main concern at the time were that the severities appeared a little lower than
anticipated particularly for the landrover which is a relatively small vehicle. However, all the
vehicles indicated a relatively consistent variation between road surfaces, none of which were
particularly bad. Both the Ford Transit van and the Renault Magnum also indicated relatively
low vibration amplitudes but both were modern vehicles clearly designed to have good ride
characteristics.

4.6 |Renault Trafic (1,9 tonne) and TRM 1000 (20 Tonne)

Thesg GAM EG 13 data were presented solely as PSD plots with apparently no further
assesisment or data verification. The summary information presented here appears to inficate
a betfer degree of consistency than is first apparent from the GAM EG ™3 preseniation.
Althoygh one or two measurements from the TRM 1000 are slightly incensistent with the
remaipder, the variations are not particularly greater than observed in-other data. Datd from
surfages designed as metal strips at 23,5 km/h and small pot holes are*~13,5 km/h are greater
than the remainder and have a spectra (not included in the datafpresented) different o the
remaipder.

4.7 |Various US road vehicles circa 1970 and circa mid-1980’s

Althoygh both of these US exercises where intrinsically different, they both adopt¢d an
“automated” approach which do not readily allow intra’source comparison. It is known that the
Foley|approach only utilized to the highest 10 %:(amplitude) measured data. Howevdr, the
mannger in which the various vehicles contributed*to the final values is unclear. Similafly the
Connon approach of adopting a mean plus on€ standard deviation meant that the autgmatic
compllation of data was undertaken. With thisvsaid it is understood that the final computafion of
mean| plus one standard deviation (thatsbetween vehicle types) was only undertaken|when
Conngn was satisfied that the inclusion\'of information on that vehicle was not going to disrupt
the d$ta ensemble. In neither case s it possible to undertake an intra data comparison here
from fhe information available nor are any comparisons published.

5

nter data source comparison

For the most part, the-data from the various sources indicated a reasonable degree of self
consigtency at least between the vibration responses. However, it is clear some differenges do
exist petween saurces and more significantly within individual measurement exercises| This
could[be an indicator of the inclusion of inconsistent or invalid data, but, it appears more] likely
to be fa consequence of the variations of arising from real world roads and drivers. Howeyver, a
number of broad trends can be identified within the various data sources and the broad {rends
are egsentially consistent for all the vehicles addressed.

Generally the highest vibration response amplitudes occur at low frequency (typically 6 Hz to
10 Hz) which appears to be the effect of vehicle suspension. The next highest amplitudes
typically occur in the 100 Hz to 300 Hz region and these responses appear to be related to
vehicle dynamic characteristics. On vehicles with good suspension on reasonable roads the
amplitude of the low and mid frequencies are broadly similar. However, on vehicles with older
suspensions and/or poor roads (and particularly test tracks) the responses at the low frequency
suspension modes rise markedly in amplitude.

Other than the above, the spectral content of the vibrations from a particular vehicle appear to
be remarkably consistent. As such, several workers have postulated that variations in
amplitude (due to speed, driver road surface) can be quantified in terms of the variations in
overall r.m.s. alone. A few workers have extended this further by assuming spectra of similar
shape also occur between different vehicles. However, only limited success is evident in this
regard.
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The data sources indicate that responses in the vertical axis are greater than the two horizontal
axes. Insufficient data are available to identify a definitive trend with regard to location in the
vehicle. Work presented in UK defence standard 00-35, (see [17]), but not reproduced here,
indicates worst case condition exist over the rear axle and (for semi-trailer) over the fifth wheel.
Several of the workers whose data are presented here appear have assumed this in setting up
their measurement exercises.

Having established a number of underlying trends, these were used to determine whether any
of the vibration databases were inconsistent with others. Generally the vibration databases
align reasonably well. However, this is not entirely the case for the measurements by Hoppe
and Gerock which seem to be different in both spectra and amplitude. The measurements by
Hopp
availaple to determine whether the Hoppe and Gerock results are dominated by specific
vehicles. For these reasons some doubt exists as to the applicability of the Hoppe and Gerock
results. It is also observed that US Army Aberdeen proving ground database seenis to prpduce
a very strong low frequency response at the suspension mode. This is out of ling: with thie real
road nunning information and seems likely to arise from the exclusive use of severetest tracks.

Some| differences exist in the way shock severities were obtained and othef differences ekist in
how f{he shocks were described and quantified. Essentially, some-shock severities| were
obtairled by deliberate encounters with severe obstacles. Others. shocks responses| were
quant|fied from peak acceleration levels observed during ‘actual during road rygnning
(reprgsenting the effects of real road obstacles). The information derived from the|latter
appropch has advantage that the shock occurrence rate can be quantified. Also if sufficient
information is processed the extreme values of the lattef.should (in theory at least) apgroach
the leyels from the former approach (provided sensibleéspéeds and obstacles are chosen).

Broadly, the shocks from the two acquisition approaches do tend to converge. Most pf the
exceptions seem to originate from unrealistic obstacles (i.e. head on into a 300 mm height
kerbstone) or from severe test track conditions. Again, the measurements by Hoppe and
Gerodk again seem out of line with the<body of the data reviewed here. Specifically, the
amplijudes are consistently of much greater than from other data sources. In this cpse a
reasopable breakdown of data exist which seems to suggest the main reason is the includion of
some|quite old vehicles (and also*the approach of making measurements on almost gmpty
vehicles). The limited information\from “newer” air suspension vehicles are relatively simijilar to
the bEdy of the data reviewed here. However, it should be noted that even these “newer”
vehicles are comparatively old-

All the¢ data sources, Wwith one exception, have utilized acceleration power spectral dengity as
the mpans of analysing the vibration data. This approach appears to be used for the analysis of
vibratlons as theyshave a broad band random characteristic, However, some care is needed as
the viprations from real road conditions are clearly non-stationary. Given that power spgectral
density analysis is essentially an averaging process, the amplitudes could vary due fo this

A o ; ohk” or
“mean plus one standard deviation” power spectral denS|ty values be observed as weII as the

spectral densmes W|th amplltude probablllty denS|ty values. None of the workers whose data
are presented in this report indicated the use of a specific stationarity check but on the CEEES
‘round robin’ a few did.

Several different approaches were used to identify shocks. One reason for this appears to be
how the shocks conditions were obtained. Shocks occurring during lengthy vibration conditions
appear difficult to identify by simple methods (again the CEEES ‘round robin’ found this to be a
problem). The most common approaches adopted were based on amplitude probability density
methods or simple level crossing approaches (on older data). Exercises which have
deliberately induced shocks by including vehicle encounters with specific obstacles in the
measurement exercise have commonly used shock response spectra.
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6 Identified test severities

In addition to the various descriptions of the road transportation dynamic environment, a
number of documents present test vibration spectra. A number of these were compared by
Dr Ulrich Braunmiller as part of the SRETS work. His investigation (see [1]) indicated
considerable variation in existing test severities.

The SRETS work itself generated four different sets of test spectra along with recommended
durations of application. Essentially, the spectra originated from four different strategies for
transforming the measured data into test severities. Two of the sets of test severity have been
subsequently put forward as more representative of actual conditions.

One det of severities were derived from the PSD analysis alone. The vibration spectra‘from this
appropch are presented in Figure 51 and Figure 52 for the vertical and transverse-axeg. The
vibratlon severities are intended to be augmented by a shock test program set olt.in Table 8. It
will bg noted that different vibration amplitudes are recommended for good, peor and very bad
road gonditions.

cond set of severities were based upon the PSD as well as the observed variatipns in
nd r.m.s. Essentially they are intended to better represent the variations in vghicle

speed, actual road surface conditions and driver. The derived spectra are intended to
encompass shock conditions. The derived test spectra aré{presented in Figure 53 and
Figurg 54 for the vertical and transverse axes. The severities are intended for all conditions
except very poor road surfaces.

As addressed previously both the Foley and Connon‘work was used to generate two different
sets ¢f severity in Mil Std 810. In that specification the severities are referred to as [basic

vibratjon” (from Foley — Figure 43) and “composite vibration” (from Connon — Figure 44). The
Foley|based severities are similar to a number of other test severities presented herq. The
Conngn severities are markedly different from almost all others. This is partly becauge the
Conno¢n severities are intended for military vehicles used in bad and degraded road condjtions.
Howeyer, it also seems to be a consequence of deliberately including the amplitudes grising
from the low frequency suspension<modes. These induce quite large displacements requiring
so called “long stroke” vibration:generators and they cannot be done on more conventional
vibratfon generators.

The tgst severities from twe other military standards (see [17] and [18]) are presented in figure
55 anfd Figure 56. Both these are similar to each other and to the Foley based severities|of Mil
10. Similarity( of severity also exists with that of Elektrotechnische Apparale (or
technical lnstruments) specification (see [19]) shown in Figure 58, as well as with ETS
300-0[19-2-2 (see-{20]) shown in Figure 60.

Test ppectra from ASTM D4728-95 (see [13]) are presented in Figure 57. Lastly spectra
propoged by CEN TC 261 and ISO TC 122 are shown in Figure 59.

7 Environmental description

Ideally an environmental description should quantify all aspects of an environmental condition.
Practically it is usually sufficient to quantify the aspects that may induce damage and failure to
any equipment that may subject to it. For some environments this is easy to achieve, for others
it is quite difficult. The vibration and shock conditions arising from road transport undoubtedly
fall into the latter category. Historically, the conditions occurring during road transportation
have been defined by a few tests (typically vibration, shock and bounce). These tests appear to
have been set based upon limitation on testing facilities (in the 1950’s and 60’s), rather than for
their ability to exercise all potential equipment damage and failure modes.

The poor definition of the road transportation environment is exacerbated by the very wide
range of strategies adopted for the protection (packaging) of equipment during transportation.
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This has become an issue in recent years with considerations of speed and cost of package
handling becoming important issues. Failure and damage modes of packaged equipment are
diverse, a factor illustrated in the recent SRETS study see [21]).

The road transport environment is made difficult to describe by the many variables that affect
it. Not only do conditions such as road surface and vehicle speed have an influence on the
environment, these effects are synergistic. In this particular case the extent to which they are
related is controlled almost entirely by the actions of a third influence — the vehicle driver.

The most predominant feature of the vibration environment is the low frequency responses that
occur at vehicle suspensron modes. These responses frequently generate the highest

be ejpected from a mode arising from vehicle suspension, the response amplitud s are
affected by considerations such as vehicle speed and road surface. By design, hicle
suspension systems are intended to limit dynamic magnification (by modestly, high levels of
dampl|ng) and attenuate much of the shock and vibration conditions that are_imposed ¢n the
vehicle (by setting a low suspension mode frequency and consequently acting, as “filter” for the
highef frequency excitations). Modern air suspension systems are able to-achieve these design
aims |better than older leaf spring suspension systems as they allow” a lower freguency
suspgnsion mode to be established almost independent of payload.

The dominance of a single (suspension) frequency in the vibration responses lead somd early
workdrs to believe the vibration motions to be predominately“sinusoids. However, the yse of
modefn analysis techniques has extensively proven that the vibration motions are random and
predominantly Gaussian when a sufficient stretch of ‘teal road” is considered. However,
quant|fying the Gaussian distribution is complicated by\the amplitude variations that occdr due
to varjations in road speed. The effects of the centrallimit theorem is such that, with sufficient
data, [the resultant distribution of Gaussian distributions should eventually also bgcome
Gaussian. One influence sometimes seen to limit this occurrence is the existence of non{linear
charagteristics in the (usually) vehicle suspension system.

The pcceleration PSD values at the“~frequency suspension are generally the hjghest
exper|lenced. However, the loading effects on the equipment of this acceleration are npt the
only potential means of damaging equipment. The velocities and displacements arisind from
this r¢sponse also have the potential to produce damage to certain equipment. With that said,
high |velocities and displacenments are of concern for another reason. Specifically, the
imposition of such conditions on equipment which are not perfectly constrained to the mptions
of thel vehicle can give rise to an entirely different dynamic environment with its own dgmage
potential. Essentially,.in)such conditions the equipment lifts off the vehicle and subseqyently,
under| the effects of'‘gravity, impacts with it. The kinetic energy of the equipment just pfior to
impadt should besrelated to velocity imparted to the equipment by the vehicle. However, it|is the
charagteristics-(arainly stiffness) of the impacting faces (typically the vehicle and equipment)
that Will influence how this kinetic energy is transferred to strain energy. Generally, the| more
rapid [thectransfer of kinetic energy to strain energy the greater the acceleration ghock
amplijudes. This cond|t|on is frequently referred to as “bounce” and has its own test prodedure
thould
not be confused W|th the shocks |mparted by the vehlcle from the road surface The two are
caused by different mechanisms and the severities are influenced by different factors.

Quantifying the enveloping amplitude of the low frequency suspension mode is not entirely
straightforward. The problem is made more difficult by the inadequacy of the frequency
resolution of the majority of vibration analysis undertaken. However, it appears that an
amplitude of 0,001 g2/Hz would encompass the vast majority of vibration occurring (at the
vehicle suspension mode) from reasonable vehicles on reasonable roads. In those cases, but
for brief periods, the amplitude could rise to be encompassed by an envelope of 0,01 g2/Hz. In
less able vehicles on poor roads the enveloping value for the majority of conditions would be
0,01 g2/Hz rising to an enveloping condition of 0,1 g2/Hz for short periods. Based entirely upon
the unvalidated Mil Std 810 composite wheeled vehicle spectra it is suggested in extremely
poor road conditions that the envelope of the vehicle suspension mode response could be up
to 0,7 g2/Hz. All of the above figures relate to the vertical axis only. The typical frequency range
for the dominant vehicle suspension mode is 1 Hz (usually air suspension) to a little over 10 Hz
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(usually a lightly loaded leaf sprung vehicle). The vehicle displacements arising as a
consequence of the vehicle suspension mode may exceed 100 mm even for a reasonable
vehicle on reasonable roads.

Currently the random vibration severities of IEC 60068 [23] and IEC 60721 [25] have a lower
frequency of 5 Hz. This is only slightly below the low suspension mode frequency of vehicles
with leaf spring suspension. However, it is commonly above the suspension mode frequency of
vehicles with air suspension. The reason for a 5 Hz lower frequency is a consequence of the
limitations on displacements and velocity imposed by electro-magnetic vibration exciters. The
majority of these are limited to 25 mm stroke with others limited to a stroke of 50 mm. Above
that displacement the use of hydraulic excitation generators is generally necessary, this brings

furtherproblems as such devices have a limited upper excitation frequency
L Ll ot 1 7

The ibration responses occurring above the vehicle suspension mode, mostly oceur jn the
100 Hz to 200 Hz region. These appear to be a result of the vehicle dynamic characteristjcs as
well ds the effects and condition of the engine and transmission system. The‘amplitudes of
these|responses seem far less affected by vehicle speed and road condition, than the vghicle
suspegnsion modes. Moreover, vibration analysis is almost always~adequate at [these
frequgncies. Typically these conditions are enveloped by an amplitudé;of 0,001 g2/Hz with a
(very)| few occurrences approaching 0,01 g2/Hz (which appears to,4&hicles with poor quality
enging and transmission). Typically above around 200 Hz the responses fall at (approximately)
6 db/|octave. A similar roll off can be observed above the vehicle suspension mode [up to
nearly 100 Hz. The vast majority of r.m.s. values are below 0y2.9, a number occur up t0[0,4 g
and a|very few up to 1,0 g.

Quite|a variation exists in the severities of the shocks“occurring due to the vehicle traversing
real rpads. As set out earlier, this is partly a consequence of the different methods uged to
quant|fy the shocks and partly due to the differentyways used to acquire the information. The
ability| to undertake analysis for records spanning very long durations of real road running, has
indicated that shocks appear to occur witha distinct distribution which logic suggesis will
probaply tends towards Gaussian. The characteristics of the “shocks” seem to be thgse of
transignt vibrations rather than of a sh@ck pulse (see Figure 16 and Figure 17). This was
demopstrated by some of the SRETS+transients arising from impacts with speed bunps. A
speed bump essentially imposed axfixed displacement half sine pulse on the vehicle wheels.
Thesg appeared, on the cargo bed; as a series of overlapping decaying transients. The {iming
betwelen the transients arising~as a function of the distance between sets of wheels and the
speed of the vehicle. The shoek response spectra of almost all the shocks were very similar to
those|from high amplitudetrahdom vibration.

The s$hocks amplitudes from real road conditions acquired overtly and from deliherate
encounters with realistic obstacles are enveloped by an amplitude of 2 g. However, some [of the
SRET[S measureéments exceed this value. A significant issue here appears to be that|these
higher amplitudes were from covert measurements. This would support a logical surmisge that
driverp have\a significant effect on shock amplitude, encountering obstacles at higher speeds
than would be the case overtly. Another reason the SRETS are high is that the measurenents
were made immediately below a loose pallet—Under most conditionsthesestayed-incontact
with the payload bed. However, under high displacements the pallets “bounced”. If those
occurrences are disregarded the vehicle induced shock were enveloped by an amplitude of 8 g.

As indicated previously the amplitude of shocks arising from cargo bounce are influenced by
the (mostly stiffness) characteristics of the impacting faces (equipment and cargo bed) rather
than any other influence. Whilst the SRETS measurements indicate that bounce can occur
during commercial transportation on real roads, it does so at a very low rate (for apparently
less than 0,000 1 % of the transport duration). This occurrence rate is almost certainly far
exceeded during military transport in combat zones. This is almost certainly why simulating the
bounce condition is a common requirement for off-road (military) equipment but rarely adopted
for on-road commercial (non-defence) equipment. Quantifying the range of shock amplitudes
for bounce would require consideration of a vast range of equipment and vehicles as well as
combination. That is well beyond the scope of this assessment and data collection exercise.
However, the values already set out previously do quantify the conditions inducing bounce.
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8 Comparison with IEC 60721 and IEC 60068

The environmental severities of IEC 60721-3-2:1997, Table 5, environmental category b)
(stationary vibration random), Table 5, environmental category a) (stationary vibration
sinusoidal)and Table 5, environmental category c) (non-stationary vibration including shock),
are illustrated in Figure 61, Figure 63 and Figure 65, respectively. These are intended for
“transport” in general and not specifically for road transport. No durations or number of
applications are specified.

The test procedures of IEC 60068-2 contain vibration and shock severities related to transport.
These are different to those of IEC 60721-3. The severities for stationary vibration random,
statiofhary vibration sinusoidal and Shock, are iusirated in Figure 62, Figure 64 and Figlire 66
respeftively. In these cases the duration of vibration testing and number of shock applicgations
is qugted.

As th¢ amplitudes of IEC 60721-3 differ from those of IEC 60068-2, reconciliation betwegn the
two dpcuments is set out in IEC 60721-4-2 [27]. For the two vibration conditions, IEC 60721-4-
2 redommends the IEC 60068-2 amplitudes. However, for the shotk a third option is
reconmended those are illustrated in Figure 67.

2M3. Only a brief explanation is given as to the conditions thése represent but seem|to be

The ”(-]lree “transport” categories set out in IEC 60721-3-2:1997 are designated 2M1, 2M2 and
esse

ially:

M1 — air cushioned trucks and trailer;

2
—  2M2 — lorries and trailers on well developed road'systems;
2

M3 — road vehicles in areas without well deteloped road systems.

When| the spectra from IEC 60068 [23] sand IEC 60721 [25] are reviewed againgt the
information surveyed for this assessment;ya number of significant issues arise. Thegde are
addrepsed in the following paragraphs.

Of particular concern is that the IEC 60721 spectra do not have the potential to exerc|se all
potential damage mechanisms;: The IEC 60721 recommendations are split into three hegdings
viz. sfationary vibration random, stationary vibration sinusoidal and non-stationary vibration
including shock; these are ‘in fact the different test procedures of IEC 60068. It is prequmed
that the two stationaryswibration categories (sinusoidal and random) are intended [tfo be
tives. IEC 60721-3-2 does not mention the IEC 60068 bounce although IEC 60721-4-2
does pse the IEC 60068 bump test to undertake shock testing. No information is availaple to
deter

""" AS—SHEA & S e6—o0 € ettot eSSt g—Ctatregories—againS urrent

understanding of the actual dynamic road transport environment and testing facilities.

Random vibration. The dynamic environment is predominantly Gaussian random and this is the
most realistic of the two vibration severities. However, the lowest frequency of the spectra is at
the top of the range in which vehicle suspension modes generally occur. The amplitudes at the
lowest frequency are such that displacements and velocities are very low compared with those
that can actually occur. As such, the test does not have the ability to exercise all potential
failure modes associated with either displacement or velocity. When the spectra were originally
derived the capability existed to achieve greater displacements and velocities than those
adopted. Today even greater displacements are possible and a number of test standards have
made use of this increase to better replicate the dynamic road transport environment. It is not
clear why the IEC 60721 random vibration spectra extended the excitations up to 2 000 Hz
which is not strongly supported by the information presented in this assessment.
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Shock. All the IEC 60721 transportation shock definitions are half sine pulses. These are not
representative of the transient responses actually occurring. It is appreciated that at the time
the severities were originally derived only a limited capability existed to undertake anything
other than basic pulse shock testing. However, today facilities commonly exist to undertake
transient vibration testing on the same excitation equipment as the vibration test. These are
able to more closely replicate actual conditions, require less facilities (no separate shock test
machine) and can mean more economic testing (no re-rigging of equipment from vibration to
shock test). Some industries have taken the use of a vibration generator to replicate road
transportation shocks even further by adopting short durations of high amplitude random
vibrations to replicate the distribution of shocks observed in real road conditions. Other
industries have included transient vibrations within the stationary vibrations. Unfortunately,
IEC 600721 entirely fails to accommodate any of these more accurate, and cost effective,
simulations of actual conditions.

Sinuspidal vibration. The sinusoidal severity almost certainly pre-dates the randony severity and
no attempt appears to have been made to ensure compatibility between the two.llt’is like|y that
the sinusoidal sweep severity was only retained to allow continued use_of\older fadjlities.
Neventheless, continued inclusion of the sinusoidal sweep severity is difficult'to justify when it
is so dlifferent from the random severity. The frequency ranges of the two.severities are eptirely
differgnt (random 5 Hz to 2000 Hz and sinusoidal 1 Hz to 500 Hz). The lowest frequency [of the
sinusgidal sweep results in displacements and velocities far more ‘'severe than the rgndom
severfty. If the effects of the two severities are compared using ¢echniques such as maxXimum
response spectra (Figure 68 and Figure 69) and fatigue damage’spectra (Figure 70), it is|found
that the damage potential of the two are remarkably differentxThe two severities only prodqucing
similar damage effects for a very small range of resonator‘frequencies. Today it seems| likely
that few test facilities are constrained to a sinusoidal\sweep. As such no real justification
appedrs to exists for keeping the sinusoidal severity{However, if the option is kept it shquld at
least match the damage inducing potentials of the random severity.

Bounge (loose cargo). Although not currentlycrequired from within IEC 60721-3-2, the bpunce
or loogse cargo environment is relevant and for completeness included here. The bounce test
machine currently specified in IEC 600682 is a mechanical device intended to give 26 mm
sinusgidal motion of a table at approximately 4,5 Hz. By using two cams running at sflightly
differint frequencies, both heave afid pitching motion is induced. The equipment is lposely
placed upon the table and allowed to bounce. As the motion is fixed the only severity
paranjeter the user is able tesadjust is test duration. This machine broadly replicatgs the
vertical vehicle suspension ‘mode. However, it is debatable whether the large amouint of
pitching motion induced by the bounce machine actually occurs. Some test facilities undg¢rtake
bounge testing using long stroke hydraulic vibration generators, others on long stroke electro-
dynanpic vibrators. These generators allow the user to control the amplitudes and frequéncies
of exgitation. A few, facilities undertake combined random vibration and bounce testing by not
fixing [the equipment to the vibrator table. These approaches are not without problems and no
specific and appropriate test procedure exists within IEC 60028-2.

To summarize the above, the damage potential of the dynamic road transport environmient is
inadegquately replicated by the current way it is split by IEC 60721 into different test procgdures
of IEC 60068-2. Moreover, the specification of out of date techniques is preventing the use of
more rigorous and potentially more cost effective techniques. Current day techniques would
permit the entire dynamic road transport environment to be simulated with a single test.

The environmental and test severities set out in IEC 60721 and IEC 60068 do not appear
particularly representative of actual condition nor do they replicate all aspects of the
environment exercising potential equipment failure modes. The problem as already explained is
encompassing the full range of vehicle suspension modes. Only a moderate number of
equipment will have failure modes sensitive to the conditions induced by the vehicle
suspension modes. The most commonly encountered mode will arise when the motions are
sufficient to cause impacting between parts of the equipment. In such cases the severity of
impact will be characterized by the applied velocities. As currently indicated, the velocities
arising from the severities of IEC 60721 and IEC 60068 are below those of actual conditions.
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It has to be acknowledged that not all equipment will be sensitive to the motions induced by the
suspension modes. However, the decision whether equipment is sensitive should be made by
the equipment manufacturer and not by IEC 60721 and IEC 60068. The equipment
manufacturer should decide on the need for including severities to replicate the motions of the
vehicle suspension mode and IEC 60721 should offer advice and assistance.

Even for equipment not sensitive to the motions of the vehicle suspension, the amplitudes of
the suspension responses still have an influence. This is because the suspension mode is the
dominant influence on responses up to nearly 100 Hz. Essentially above the suspension mode
the responses are “rolling off” at around 6 db per octave up to around 100 Hz when vehicle and
transmission responses become dominant. Previously set severities are a constant amplitude
in thi frnqnnnr\\ll rnginn and appearto have been set based on the s\mlr_\lihlrh:\ at around 10 Hz.
The implications of this are the derived test amplitudes are very sensitive to a signjficant
number of variables.

The id frequency amplitudes appear to be set by vehicle dynamics and transmijssion
charagteristics. Variations appear to be more related to the condition of the wehicle engine and
transmission. The amplitudes appear to be 0,001 g2/Hz with a (very) few occurrgences
appropching 0,01 g2/Hz (which appears to arise from vehicles with poor quality enging and
transrission). The current IEC 60068 amplitudes fall in the sameé- mid frequency fegion
althoygh the severities are still above those occurring.

It is noticeable that significant variations exist in the upper test’frequency adopted by various
test specifications. This variation exists even within IEC 60721 and IEC 60068 as the rgndom
and sjne tests adopt markedly different frequency rangés. The reason for this appears|to be
that measurements dominated by the suspension mede’ appear to “roll off” from 10 Hz|or so
and cpnsequently by 500 Hz are of relatively low amplitude. Conversely, where the suspgnsion
mode| is not such a significant feature (good vehicles and good roads) the mid frequency
vehicle responses become significant features. n that case the responses only start to “roll off”
again|from around 200 Hz. In those cases.it*is only above 1 000 Hz or so that the [evels
become significantly lower. This variation«in upper frequency may be further complicated by
equipment packaging which will usually.éffer increasing protection against higher frequepcies.
The sglection of an unnecessarily high~upper test frequency may restrict test facilities (sych as
makinlg the use of hydraulic vibrators impractical) and reduce control resolution 3t low
frequgncy. With that said some equipment may be sensitive to higher frequencies. Again,|it has
to be| acknowledged that theé.equipment manufacturer is in the best position to assess
equipment damage sensitivity-frequencies above 500 Hz. As such, the decision as to whether
equipment shalltested to\frequencies above 500 Hz should be made by the equipment
manufacturer and not byylEC 60721 and IEC 60068. However, IEC 60721 needs to offer advice
and apsistance to thé equipment manufacturer on this matter.

The overall r.m:s~of the IEC 60721 and IEC 60068 random vibration severities is at least 8 to
10 tinpes greater than from corresponding measurements. Some of this is a consequence of
the tgst frequency range extending up to 2 000 Hz. However, even without this the argin

the IEC 60721 and IEC 60068 random V|brat|on seventles are so much greater than the
corresponding measurements is the spectral shape is not particularly representative of the vast
majority of actual measurements. A more representative spectrum shape which would produce
an r.m.s. more closely matched to actual conditions has been discussed previously in this
report.

Significant evidence exists that the actual road transportation dynamic environment exhibits
considerable variability. Currently this extensive variability appears to have been accounted for
by simply enveloping all conditions. This approach is unlikely to create a test which appears
credible to the majority of informed users. Several specifications, generated more recently than
IEC 60721, have adopted strategies specifically for dealing with this variability. Currently no
single strategy appears to have predominance. The situation is further complicated by the fact
that users subject equipment to transportation vibration testing for different reasons. Not all
users require a test that will ensure equipment survival in real conditions. This is because such
confidence frequently comes at a significant cost in terms of packaging and protection that has
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to be incorporated. This latter aspect can be overcome by use of an environmental description
incorporating amplitude probabilities. This would allowing the user to select a severity level (or
levels) at an appropriate degree of confidence for their application and purpose. However, this
would require a more accurate environmental description for road transportation to be included
in IEC 60721.

The amplitudes of the shocks require further consideration and are addressed in the following
paragraphs. As already indicated, equipment may experience shocks originating from the road
surface or from vehicle/equipment impacts. As these originate from different sources they are
addressed separately in the following paragraphs. Currently IEC 60721 appears to deal with
both aspects as a smgle shock descrlptlon This does not appear approprlate as bounce can

acknwledge that in terms of severity.

Road|shocks. The currently specified shocks in IEC 60721 and IEC 60068 seem to be pased
upon the Hoppe and Gerock identified levels. Mostly those levels do not seem compatible with
condifions arising in modern vehicles. The SRETS and CEEES exercises suggest a distripution
of shpck amplitudes actually occur. For that reason an environmental ‘description ghould
preferably include amplitude probabilities allowing the user to select a seyeérity level (or Ipvels)
at an fappropriate degree of confidence for their application and purpose. For current vehicles,
and afdressing road shocks only, it is suggested the 2M1 levels should be reduced by a [factor
of 2 o better encompass actual conditions. The 2M2 levels should be the same as 2M1 to
refleci that that air suspension and good ride characteristics.afe now the norm. Insufficient
information is available to propose a value for the 2M3 levels with confidence but np real
evidence exists for them exceeding the current 2M2 levels. Even at that level they are well in
excesis of much of the test track conditions reviewed here: It is suggested that the current 2M3
levels| have no firm basis and exceed even the_severities specified for off road njilitary
condifions.

Bounge. The current bounce test seems to be based mostly to replicate military conditions, for
this r¢ason it is not surprising the test isvrarely used for commercial transport and cqrgo’s.
Evidepce does suggest impacting does :@ecur between the vehicle cargo bed and equipment (or
more jusually its package). Today many‘commercial cargos are carried with either no or I[mited
verticgl restraints and, because of this, in certain circumstances impacting between the vehicle
cargo| bed and equipment can eccur. Whilst the covert SRETS measurements indicatg that
such |events occur, the measurements also indicate they are relatively infrequent (the
occurfence is probably related’to driver quality). The amplitude of the shocks will be primarily
relatef to package stiffness and mass. The SRETS measurements were made on a relatively
highly| loaded and stiff ‘pallet. This would result in relatively high amplitude, short-dyration
shock| pulses, whilst{_a lightly loaded soft package would produce much lower amplitude and
longer duration shock pulses. Bounce may occur from either the highest amplitude vibratipns or
the shocks. In_gither case, an environment including amplitude probabilities would allowipg the
user fo select_a severity level (or levels) at an appropriate degree of confidence forl their
applidation-'and purpose. Converting these conditions into a bounce impact severity pheeds
considleration of the package stiffness and mass. As these vary significantly for different
packdges’and equipment. it would be entirely inappropriate to quote a generic value. Pragtically
the best that IEC 60721 can achieve is to specify the conditions that may cause vehicle cargo
bed and equipment impacting.

When the SRETS work started, no explanation was apparent as to why so much variation
existed between the various test specifications. However, the SRETS work indicated a variation
in measurements not that different from the variation in test severities. The data assembled for
this report indicates an essential identical finding to the SRETS work. Another consideration
not so far addressed is that most test severities include a test conservatism factor to account
for measurement variations, etc. Only for a few of the test severities presented here is
information available as to the size of the factors included. Moreover, even in those few cases,
no real consistency of factor or even strategy exists.

Although no detailed work in this assessment has been undertaken to establish equivalent test
durations, a basic review indicates that tests durations should be much shorter than actual
conditions. This is a consequence of the variations that exist in the actual conditions rather
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any deliberate attempt to accelerate the test duration. The SRETS work suggested that

periods of significant vibrations occur for no more than 8 % of the time. Two items of data
analysis, used to quantify the road transportation environment, are particularly useful in
establishing “equivalent durations”. The first is amplitude probability density analysis which can
be used to effectively quantify the number of times the amplitudes are at a particular amplitude.
If the APD analysis encompasses a sufficient duration and mix of real conditions, then a good
estimate of equivalent duration can be established. The other form of analysis is fatigue
damage spectra. This allows an equivalent test duration to be established based upon
equivalent fatigue damage. Both the SRETS and CEEES exercises used both methods to
derive test durations.

9

commendations

Good|data have been identified from three sources, for which a considerablé) amouint of
information is available and by which data validity can be established. The \three squrces
include seven, largely modern vehicles covering a significant weight range."The information

from

hese sources was acquired on both public roads and test tracks and -include oveft and

covert measurements. Three additional data sources have been identified which comqg from
reputgble sources but for which the available information is insufficientfor the data quglity to

be a

the bgsis for the existing IEC 60721 severities.

dequately verified. Lastly information has been reviewed from-a‘source which is probably

For the most part, the data from the various sources not onlysindicates a reasonable degfee of
self cpnsistency but also a fairly good degree of consisteficy’across the various sources.[None

of th

e|data sources are so obviously significantly differenf'from the remainder to the extent that

the vglidity of this assessment exercise is called into«question. It is clear from the information
reviewed that the road transportation dynamic envitonment is complicated and sensitivg to a
considlerable number of variables. However, some broad trends are consistent for the majority

of velhicles addressed.

The
rand

severities of IEC 60721-3-2:1997, Table 5, environmental category b) (stationary vibration
om) encompass a variety of transportation conditions as well a transportation by road

vehicles. However, it seems likely that the dynamic environment arising from| road
transpgortation will be the main condition setting the IEC 60721-3-2:1997, Table 5,
envirgnmental severities. Thél\basis for the severities of IEC 60721-3-2:1997, Table 5,
envirgnmental category a) (stationary vibration sinusoidal) is uncertain and are in any cage not
repregsentative of actual conditions. The shocks of IEC 60721-3-2:1997, Table 5, environmental
categpry c) (non-statiemary vibration including shock) also encompass a varidty of
transportation conditions although it seems likely that the dynamic environment arising from

road

severfties.

transportation, will be the main condition setting the IEC 60721-3-2:1997, Talble 5,

Utilizing the data identified in this assessment has found a significant number of deficiengies in
the current” IEC 60721 conditions and the IEC 60721 and IEC 60068 severities. The| most

signifi ant deficiencies are set aut below

a)

b)

The current severities in IEC 60721 do not constitute a full description of the dynamic road
transport environment. A full dynamic road transport environmental description would be
relatively complicated but would allow users to set severities best able to exercise
potential damage conditions for their equipment.

The current description in IEC 60721 is inadequate as it does not represent the entire
damage inducing potential of the dynamic road transport environment. Whilst, it is
acknowledged that not all users will need to exercise all potential damage mechanism,
IEC 60721 should not be unnecessarily restricting the scope of the test. This is particularly
relevant for transportation where a vast range of packaged equipment needs to be
encompassed.


https://iecnorm.com/api/?name=b7d5e9dd4299f49655e74d5db8b71941

TR 62131-4 © IEC:2011(E) - 25—

c) The division of the dynamic road transportation environment into random and shock tests
appears to be based upon the capabilities of old test facilities and are not representative of
modern capabilities. Not only is it now possible to more closely replicate actual conditions,
they require fewer facilities and can result in more economic testing. However, a
fundamental revision of the strategy behind IEC 60721 would be required to implement
such advances.

d) The severities in IEC 60721-3-2 and IEC 60721-4-2 appear to be envelopes of absolute
worst cases. With the variabilities inherent in the road transportation dynamic environment,
many users consider such a high level of confidence to be unnecessary and expensive. A
number of recently derived road transportation spectra take better account of such

\"

riabilities. This would be nossible here also if g full environmental descrintion
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cluded.

egard to the definition of the categories in IEC 60721-3-2, only category 2M¥ app
spension vehicles which today constitute the vast majority of the transport fleet.

pjority of vehicles are either air cushioned trucks and trailer or comprise, vehicles wj
ride characteristics than older vehicles. This has reduced suspension frequencieq

andom vibration spectra set out in IEC 60721-3-2 and AEC 60721-4-2 are ma
nt from the vast majority of actual conditions and the/majority of correspondin
a developed in recent years. The spectra do not cnclude the predominant v
nsion mode (as the frequency range does not go low €nough) and consequently do

frequency limit is unnecessarily high for mostyequipment. The overall r.m.s. is
than actual conditions and markedly greater than the corresponding values for
ly developed road transportation test spectray Also, the actual spectral shape and
reflect particularly well actual conditions.

htly, IEC 60721 appears to deal with shock in terms of a single shock descr
ber, equipment may experience~shocks originating from the road surface or

ssed separately from vehicle/equipment impacts; such shocks can be intrin

of severity.

Road surface shocks. The information reviewed would suggest that shocks arising
the road surfage-alone are around half the current 2M1 levels. It is suggested th
2M2 levels shodld be the same as 2M1 to reflect that air suspension and goo
characteristics are now the norm. The 2M3 levels appear excessively high and are

off roadumilitary conditions.
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ted by good equipment/package design and the current tests do not acknowledge {hat in
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excess of\eonditions reviewed here. Indeed they exceed even the severities specified for

Vehicle/equipment impacts. Whilst the covert measurements indicated that such 4

vents

occur, the measurements also indicate that they are relatively infrequent (the occurrence
is probably related to driver quality). Establishing the severity of these shocks requires
consideration of the package stiffness and mass. As these vary significantly for different
packages and equipment it would be entirely inappropriate for IEC 60721 to quote a

generic value. However, it can properly quantify the conditions causing the event
offer guidance on how to derive a severity.
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Table 1 — Summary of SRETS journeys

Journey Transport Appro_ximate Tota_l number
method total distance of journeys

UK 19

Road 550 km . -
Dumbarton to Daventry (6 time triggered)
European
Dumbarton/Greenock Road
Greenock/Bilbao Sea 1920 km 1
Bilparofivtadrid Rait @O0k by =it
Madrid railhead/depot Road
Dumbarton/Dover Road
Doyer/Calais Sea 1935 km 1
Calais/Madrid Road
Dumbarton/Dover Road
Doyer/Calais Sea 2 325 km 1
Calais/Lisbon Road

Table 2 — Summary of measurements made by'.Bosch using a number
of vehicles and under different-test conditions

Vehicle 1 (V1) Vehicle 2 (V2) Vehicle 3 (V3
Road category Speed load faétor load factor load factor
km/h
50 % 100 % 30 % 40 % 80 %o
Test frack R1 30 23 2° 2 3 ~
(bumpy road) 50 nalb pab 2 3 3
Test frack R2 30 2° 2° 2 2 5
(road bumps) 50 P o a 2 2 2
50 1°¢ - 1°¢ 1 -
Ordinary road R3
60 4° - 4° 4 -
Motofway R4 70 5°¢ - 5° 5 -
@ Triick without trajlér,
® Tritaxial meastrement at all points.
® Tr{ick with trailer, measurement only at point M3.
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Vehicle V1 — Fixed Vehicle | |
I _._._._._._._._._._._._._._._)(_A4_ ..................................
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2600 2950
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L
XA8 ........................................... Jd ...
X A6 Y
3400 L 3700
Vehic¢le V3 — Articulated Vehicle ] T I
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1200 | 12660 6930 1200

Figure 1 — Schematic of SRETS vehicles
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Comparison of Root Mean Square Values From
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Figure 2 — Effective values of all runs,from covert SRETS measurements
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Figure 3 — All PSD form covert SRETS measurements
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Figure 4 — Comparison of SRETS amplitudes in the 3 axis
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Figure 5 — Comparison of SRETS measurements made with driver’s knowledge
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Figure 6 — Comparison of SRETS PSDs-of different vehicles (v1, v2,v3) and road
categories made with driver’s knowledge
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Figure 7 — Comparison of SRETS measurements made without driver’s knowledge
(covert) and with driver’s knowledge (overt) on different roads
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Figure 8 — Comparison of different SRETS vehicles at the load platform —
Measurements madewith driver’s knowledge
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Figure 9 — Comparison of SRETS measurements with different road categories —
Made with driver’s knowledge
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Figure 10 — Comparison of vertical SRETS time and signal triggered data
made without'driver’s knowledge
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Figure 11 — Comparison of fore/aft SRETS time and signal triggered data
made without driver’s knowledge
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Figure 13 — Peak hold PSD of SRETS time and signal triggered data
made without driver’s knowledge
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Figure 14 — APD of the SRETS measured data made without driver’s knowledge
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Figure 15 — Fitting of SRETS APD with multiple gaussian distributions
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Figure 16 — Vertical SRS of SRETS measured amplitudes greater than 5 g —
Made without. driver’s knowledge
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Figure 17 — Lateral SRS of SRETS measured amplitudes greater than 5 g —
Made without driver’s knowledge
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Figure 19 — Vibration r.m.s. against vehicle velocity for CEEES analysis
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Figure 21 — Vibration PSD analysis from CEEES ‘round robin’ exercise
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Figure 22 — Shock SRS analysis from/CEEES ‘round robin’ exercise
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Figure 23 — Vibration test severities from CEEES ‘round robin’ exercise
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Figure 24 — Composite vibration’'PSD of CEEES measurements
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Figure 25 — Composite vibration APD from CEEES measurements
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Figure 26 — Vibration PSD from degraded roads on CEEES measurements
1000 r———"—"——"——"———-— T———Ts———————- - ——————= 1
C Shock Response Spgetra I I
i Q=10 : :
5 | |
| |
r | |
| |
! |
10.0 r Severe Kerbyimpact (head on) : !
C Traffic Calming Hump at 21 km/h
1.0 A
0.1

1 10 100 1000
Resonator Frequency (Hz)

Figure 27 — Shocks from CEEES measurements
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Table 3 — Vehicles included in Hoppe and Gerock measurements

In service Max total Empty Platform Suspension
Vehicle Manufacturer Type since weight weight dimension tvpe
Kg Kg m x m yp
Small van VW 1970 2,2 1,25 1,6 x 1,5 Torsion bar
4 tonne truck Daimler-Benz L405 1964 3,9 1,9 3,0x2,0 Leaf
t1° tonne MAN 520H 1962 10,2 45 55X 2,2 Leaf
ruck
22 tonne Daimler-Benz LP2224 1970 22 8.4 71x2,4 Leaf
truck G
:6.t°””9 PUll | Moessbauer 1961 16 4.4 7.0 x 2,4 Lbaf
railer
t25.t°””9 Pull | Kaessbohrer 1946 25 6.0 11,0 x 2,4 Lbaf
railer
Semi-trhiler 520F/6
tractor Henschel R 1964 16 6,1 Leaf
1215F
22 tonng Buessing BS22L 1971 22 9.0 71x2,4 Air
truck
12 tonng pull | A ckermann 1970 16 37 71x2,4 Air
trailer
0.010000 ¢
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Figure 28 — Typical vibration PSD from Hoppe and Gerock measurements
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Table 4 — Shock occurrences from Hoppe and Gerock measurements

Degree of No of Shocks at Shock Level
Vehicle loading
% >3 g >5¢g >10 g >12 g >15¢g
M 80 400 90 4 6
Small van
E 80 3 000 700 50
M 65 10 000 200 150 40 1
4 tonne truck
E 65 40 000 6 000 50 150 6
M 20 20 000 2 000 100 40 1
E 20 50 000 6 000 400 150 5
10 tonnfe truck
M 55 6 000 50
E 55 20 000 200 1
M 10 2 000 20 5
E 10 6 000 70 15 1
22 tonne truck
M 90 800 40
E 90 1 000 100
M 6 20 000 2 000 100 30 1
E 6 70 000 10 000 450 90 2
Semi trpiler
M 50 5000 500 5
E 50 20 000 1500 15 1
M 0 7 000 000 20 000 450 150 30
E 0 5 000000 50 000 1500 500 130
25 tonne pull trailer
M 70 3000 3 000 900 500 5
E 70 10 000 2 500 400 150 20
M 7 800 90 1
E 7 1 500 170 3
Truck with air suspension
M 89 2
E 89 6
Y 0 60 000 7000 270 100 8
Pull traller with air E 0 160 000 22 000 800 100 30
suspengion M 57 2200 110 15 5
E 57 20 000 700 3
M Mean reading of 6 accelerometers.
E Extrleme reading of 6 accelerometers.

Table 5 — Probable” shock durations from Hoppe and Gerock measurements

Percentage distribution of shock durations

Vehicle > 1ms >10 ms > 50 ms >80 ms
Small van 25 3 0,1 0,03
Truck 57 10 1 0,2
Semi-trailer 64 27 6 4
Pull trailer 33 10 6 2
Yool i a o :



https://iecnorm.com/api/?name=b7d5e9dd4299f49655e74d5db8b71941

TR 62131-4 © IEC:2011(E) - 43 -

1.00000 € ‘
F Envelope of Vibrations
N I Semi-Trailer & Pull Trailer
% 0.10000 + A
2 : —/
= -
@ [
8 i Truck
© 0.01000 +
Q L
» [ Vi
g 0.00100
c ANANY
S s
"é o
< 0.00010 + Y
(6} =
Q »
< [
000001 1 1 L1 1 111 1 1 L1 1 1 i 1 1 L1 1 111
1.0 10.0 100.0 1000}0
Frequency«(Hz)

Figure 29 — Envelope of vibration PSD from Hoppe and Gerock measurements
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Figure 30 — Number of shocks per 100 km FROM Hoppe and Gerock measurements
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Figure 31 — Vibration r.m.s. from*Millbrook measurements on landrover
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Figure 32 — Shock peaks from Millborook measurements on landrover



https://iecnorm.com/api/?name=b7d5e9dd4299f49655e74d5db8b71941

TR 6

Acceleration Power Spectral Density (g%/Hz)

0.

Root Mean Square (g)

2131-4 © IEC:2011(E) — 45 —
L I B A 1
| | |
| | |
| |
| |
o1 +<F=—+-—-\—--—-——-—————-— —|+ —————————————— -:
| |
| |
| |
0.01 +~——————2-A-Jl———————--- 1= 1
Pave @40 km/h : :
| |
|
0.007 T — ] 1
Cross Country I
: Random Waves :
| |
0.0001 — AV 1
ni |
| |
|
00001 N ]
010000 I B :
l |
| u |
(00001 . — 1
1 10 100
Frequency, (Hz)
Figure 33 — Vibration PSD from Millbrook measurements on landrover
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Figure 34 — Vibration r.m.s. from Millbrook measurements on transit van

Gravel Track
48 km/h

Track Type

B Road 64 km/h


https://iecnorm.com/api/?name=b7d5e9dd4299f49655e74d5db8b71941

Maximum PSD Value (g%Hz)

Peak Acceleration Value (g)

— 46 —

TR 62131-4 © IEC:2011(E)

0.0035
Ford Transit Van B Floor Mounting Plate Fore/aft
0.0030 | B Floor Mounting Plate Lateral |
[ OFloor Mounting Plate Vertical
[ O Anchor point Fore/aft
0.0025 T B Anchor point Lateral i
[ B Anchor point Vertical
00020 """~~~ T T T T T T T T T T T ————]
0015 f——————————————————— B ol
.0010 f————————mmmm M A
N _j ____________ e
.0000 __ { T _d_l
High Speed Track Gravel Jrack B Road
85 km/h 48 kni/h 64 km/h
Jrack Type

Figure 35 — Maximum PSD values FROM Millbrook measurements on transit van
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Figure 36 — Shock amplitudes from Millbrook measurements on transit van
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Figure 37 — Vibration r.m.s. from Millg\eok measurements on Renault Magnum
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Figure 38 — Maximum PSD values from Millbrook measurements on Renault Magnum
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igure 39 — Shock amplitudes from Millbrook measurements on Renault Magnum
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Figure 40 — Maximum PSD values from Millbrook measurements on Renault Magnum
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Table 6 — Vibration r.m.s. from GAM EG 13 measurements on Renault Traffic
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Acceleration r.m.s.

Road surface 9
X axis Y axis (vzeft?((jzl)
Autoroute 130 km/h 0,15 0,19 0,23
Secondary route 90 km/h 0,08 0,10 0,11
Secondary route 60 km/h 0,06 0,09 0,08
Good route 90 km/h 0,11 0,12 0,20
Good route 60 km/h 0,09 0,09 0,15
Village 0,05 0,06 0,08
Belgium pave 0,11 0,10 0,14
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Figure 41 — Vibration PSD from GAM EG 13 measurements on Renault Traffic
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Table 7 — Vibration r.m.s. from GAM EG 13 measurements on RVI TRM 1000

Acceleration r.m.s.
Road surface 9
X axis Y AXIS Z Axis
(fore-aft) (transverse) (vertical)
Good road 60 km/h 0,11 0,16 0,17
Good road 75 km/h 0,14 0,21 0,25
Very good road 0,16 0,26 0,26
General road driving full speed 0,08 0,12 0,17
Genefal road driving 80 % full speed 0,13 0,19 0,40
Genefal road driving full speed 0,09 0,14 0,28
Genefal road driving 80 % full speed 0,08 0,13 0,18
Genefal road driving full speed 0,10 0,15 0,26
Genefal road driving 80 % full speed 0,07 0,10 0,15
Genefal road driving full speed 0,11 017 0,29
Genefal road driving 80 % full speed 0,08 0,13 0,20
Genefal road driving full speed 0,14 0,22 0,30
Genefal road driving 80 % full speed 0,10 0,16 0,22
Genefal road driving 23,5 km/h 0,41 0,31 0,61
Genefal road driving 13,5 km/h 016 0,19 0,44
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Figure 42 — Vibration PSD from GAM EG 13 measurements on RVI TRM 1000
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Figure 43 — Vibration severities from Mil Std 810 (Foley)
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Figure 44 - Vibration severities from Mil Std 810 (Connon)
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Figure 45 — Datafrom ASTM 4728-91
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Figure 46 — Data from ASTM D4278-95
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Figure 47 — Data from EXACT DK 1 — 237
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Figure 48 — Data from reference 15
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Figure 50 — Data from reference 16
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Figure 52 — SRETS test severity from PSD
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