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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmentar, I _faison with 1SU, also take part i the WOrk. SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
The main thsk of technical committees is to prepare International Standards. Draft Interiational Standards
adopted byl the technical committees are circulated to the member bodies for voting-“Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting avote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. 1ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 289276 was prepared by Technical Committee ISO/TC 118, .Compressors and pneumatic tqols,
machines and equipment, Subcommittee SC 3, Pneumatic tools and machines.

This first edlition of 1ISO 29827-6 cancels and replaces 1SO 8662-9:1996, of which it constitutes a technical
revision. The most important changes are

— vibratign measurement in three axes and at both handositions,
— new trgnsducer positions, and
— improvgd definition of transducer positions and orientation.

ISO 28927 |consists of the following pasts, under the general titte Hand-held portable power tools — [est
methods fof evaluation of vibration emissjon:

— Part 1:|\Angle and vertical grinders")
— Part 2:|Wrenches, nutrtunners and screwdrivers?)
— Part 3:|Polishers-and rotary, orbital and random orbital sanders3)

—  Part 4:|Straight grinders®)

1) Together with Part 4, replaces ISO 8662-4, Hand-held portable power tools — Measurement of vibrations at the
handle — Part 4: Grinders.

2) Replaces 1SO 8662-7, Hand-held portable power tools — Measurement of vibrations at the handle —
Part 7: Wrenches, screwdrivers nut runners with impact, impulse and ratcheting action. All screwdrivers and nutrunners
except for one-shot tools now covered.

3) Replaces SO 8662-8, Hand-held portable power tools — Measurement of vibrations at the handle —
Part 8: Polishers and rotary, orbital and random orbital sanders.

4) Together with Part 1, replaces ISO 8662-4, Hand-held portable power tools — Measurement of vibrations at the
handle — Part 4: Grinders.

iv © 1SO 2009 - All rights reserved
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— Part 5: Drills and impact drills®)
— Part 6: Rammers
— Part 7: Nibblers and shears®)

— Part 8: Saws, polishing and filing machines with reciprocating action and small saws with oscillating or
rotating action”)

— Part 9: Scaling hammers and needle scalers®)

— | Part 10: Percussive drills, hammers and breakers®)

— | Part 11: Stone hammers10)

5) Replaces\ISO 8662-6, Hand-held portable power tools — Measurement of vibrations at the handle — Rart 6: Impact
drill§. Non<impacting drills now covered.

6) Replaces SO 8662-10, Hand-held portable power tools — Measurement of vibrations at thq handle —
Parfl10=Nibblers and shears.

7) Replaces ISO 8662-12, Hand-held portable power tools — Measurement of vibrations at the handle — Part 12: Saws
and files with reciprocating action and saws with oscillating or rotating action.

8) Together with Part 11, replaces 1SO 8662-14, Hand-held portable power tools — Measurement of vibrations at the
handle — Part 14: Stone-working tools and needle scalers.

9) Replaces ISO 8662-2, Hand-held portable power tools — Measurement of vibrations at the handle — Part 2: Chipping
hammers and riveting hammers, 1SO 8662-3, Hand-held portable power tools — Measurement of vibrations at the handle
— Part 3: Rock drills and rotary hammers, and ISO 8662-5, Hand-held portable power tools — Measurement of vibrations
at the handle — Part 5: Pavement breakers and hammers for construction work. Chipping and riveting hammers, rock
drills and rotary hammers all covered.

10) Together with Part 9, replaces ISO 8662-14, Hand-held portable power tools — Measurement of vibrations at the
handle — Part 14: Stone-working tools and needle scalers.
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Introduction

This docum

ent is a type-C standard as stated in ISO 12100.

When requirements of this type-C standard are different from those which are stated in type-A or -B standards,
the requirements of this type-C standard take precedence over the requirements of the other standards for

machines tfiat have been designed and bullt according 10 the requirements of this type-C standard.

The vibratig
gives gene
machinery.
requiremen
ISO 20643.

The basic g
followed, rg
positioned
disturbance

It has been
percussion
rammer anq

In order to
working prd
that will be
is to be ass

The values

typical vibration magnitudes in real-world use“of the machines. However, the actual magnitudes will

considerabl
tool or cong
working cor
It is therefd
magnitude
estimating {

If accurate
work situati
or lower thg

n test codes for portable hand-held machines given in ISO 28927 are based on ISO 20643, w
ral specifications for the measurement of the vibration emission of hand-held and-hand-gu
ISO 28927 specifies the operation of the machines under type-test conditions’ and 9
s for the performance of type tests. The structure/numbering of its clausés  follows thg

rinciple for transducer positioning first introduced in the EN 60745 series\of European standarg
presenting a deviation from 1SO 20643 for reasons of consistency. The/transducers are prim
next to the hand in the area between the thumb and the index finger, where they give the |
to the operator gripping the machine.

found that vibrations generated by rammers vary considerably in typical use. For rammers,
action is the source of vibration, and the variation is largely-due to variations in the handling of
the damping characteristics of the material worked on,

cess where the rammer is used on an energy;absorber, thereby giving damping characteris
constant over time. The procedures of ISO 5349 are required whenever exposure at the workp
essed.

obtained are type-test values intendedto be representative of the average of the upper quarti

y from time to time and depend.on many factors, including the operator, the task and the inse
umable. The state of maintenance of the machine itself might also be of importance. Under
ditions the influences of the ©perator and process can be particularly important at low magnitu
re not recommended(that emission values below 2,5 m/s2 be used for estimating the vibrg
inder real working conditions. In such cases, 2,5 m/s2 is the recommended vibration magnituds
he machine vibration.

values for a-specific work place are required, then measurements (according to ISO 5349) in
bn could H& necessary. Vibration values measured in real working conditions can be either hi
n the values obtained using this part of ISO 28927.

Higher vibra'ation magnitudes can easily occur in real work situations, caused by an improper combinatio

hich
ded
ther
t of
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arily
bast

the
the

provide a method that gives good measurement reproducibility, this part of 1SO 28927 uses a

stics
ace

e of
vary
rted
real
Hes.
tion
b for

that
gjher

n of

butt and rarnmed matertaf.

The vibration test codes given in ISO 28927 supersede those given in ISO 8662, whose parts have been
replaced by the corresponding parts of ISO 28927 (see Foreword).

NOTE

ISO 8662-11, Hand-held portable power tools — Measurement of vibrations at the handle — Part 11: Fastener

driving tools, and 1SO 8662-13, Hand-held portable power tools — Measurement of vibrations at the handle —
Part 13: Die grinders, could be replaced by future parts of ISO 28927.

Vi
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Hand-held portable power tools — Test methods for evaluation

of vibration emission —

Part 6:

Rammers

1 |Scope

Thig part of ISO 28927 specifies a laboratory method for measuring hand-transmitted vibration emission at the
hanfles of hand-held, power-driven rammers. It is a type-test procedure~fer establishing the magnitude of
vibrtion in the gripping areas of a machine run under specified test conditions. It is intended thaf the results
be ysed to compare different models of the same type of machine.

Thig part of ISO 28927 is applicable to rammers, back-fill rammers, pawing rammers, sand rammers and
stampers (see Clause 5), driven pneumatically or by other means, intended for use in foundries,|{on building
site$, etc., and with, for example, butts or peens made of,.cast iron or rubber, used for ramming of casting
sanfl or in stamping work.

NOTE To avoid confusion with the terms “power tool*.and “inserted tool”, machine is used for the form¢r throughout
this Hocument.

2 [Normative references

Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited\*applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO|2787:1984, Rotary and percussive pneumatic tools — Performance tests

ISO[5349:2001 (all~parts), Mechanical vibration — Measurement and evaluation of human exposure to
hang-transmitted/vibration

ISO

ISO

5391:2003; Pneumatic tools and machines — Vocabulary

17066:2007, Hydraulic tools — Vocabulary

ISO 20643:2005, Mechanical vibration — Hand-held and hand-guided machinery — Principles for evaluation
of vibration emission

EN

12096:1997, Mechanical vibration — Declaration and verification of vibration emission values

© 1SO 2009 - All rights reserved
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3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 5391, ISO 17066 and ISO 20643,

and the following terms, definitions and symbols, apply.

3.1 Terms and definitions

3.141
rammer
backfill tamper

perCuSSiVe ||auh;| < fUI CUITTITMI UOO;I N Ualth, uaot;l Y oal Id, Ut\l.

NOTE Adapted from ISO 5391:2003, definition 2.2.8.

3.2 Sympols
Symbo Description Unit
A root-mean-square (r.m.s.) single-axis acceleration value of the frequency- m/s2
weighted hand-transmitted vibration
Apy vibration total value of frequency-weighted r.m.s. acceleration; root sum of m/s2
squares of a,,, values for the three measured axes of vibration
m arithmetic mean value of ay,, values of runs for single-operator using one m/s2
hand position
ap, arithmetic mean value of m values for all operators for one hand position m/s2
a arithmetic mean value of a, values for onehand position on several m/s?
machines
pg declared vibration emission value m/s2
Sp_1 standard deviation for a test series (for a sample, s) m/s2
OR standard deviation of reproducibility (for a population, o) m/s2
C, coefficient of variation for a test series
uncertainty m/s2

4 Basid standards<and vibration test codes

This part of|ISO 28297 is based on the requirements of ISO 20643 and corresponds to its structure in res

of clause sybjectsiand numbering except for the annexes.

bect

Annex A presents a model test report, ANnNex B the means for determining the uncertainty, K, and Annex C

the design of energy absorbers for rammers.

5 Description of the family of machines

This part of ISO 29827 applies to hand-held machines intended for ramming casting sand or in stamping work.

Figures 1 and 2 show examples of typical rammers covered by this part of ISO 29827.

2 © 1SO 2009 - All rights reserved
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Figure 2 — Rammer for use on benches
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6 Characterization of vibration

6.1

Direction of measurement

The vibration transmitted to the hand shall be measured and reported for three directions of an orthogonal
coordinate system. At each hand position, the vibration shall be measured simultaneously in the three
directions shown in Figures 3 and 4.

6.2 Location of measurements

Measuremg
applies the
single point

The prescri
finger. This
possible, m

A seconda
handle whe
secondary |

The prescri

Figures 3 4
positions ng

nts shall be made at the gripping zones, where the operator normally holds the machine
feed force. For machines intended for one-handed operation, it is only necessary to measure

bed transducer location shall be as close as possible to the hand between the thumb and in
shall apply to both hand positions, with the machine held as in normal operation. When
casurements shall be made at the prescribed locations.

y location is defined as being on the side of, and as close as possible.to, the inner end of
re the prescribed location is found. If the prescribed location of the transducer cannot be used,
pcation shall be used instead.

bed or secondary location shall also be used on anti-vibration-handles.

nd 4 show the prescribed and secondary locations and*measurement directions for the Hh
rmally used for the different types of machines in this family.

and
at a

dex
bver

the
this

and

Key
1

2 seconda

prescribed location

ry location

Figure 3 — Measurement locations — Rammer for use on floors
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Figure 4 — Measurement locations — Rammer for use-on’benches

Magnitude of vibration

definitions for the magnitude of vibration given in ISO 20643:2005, 6.3, apply.

Combination of vibration directions

vibration total value defined in ISO 20643:2005, 6.4, shall be reported for both hand pos
icable. It is acceptable to report on and carry out tests on the hand position having the high
vibration total value at that hand position shall-be at least 30 % higher than the other. This re|
ined during a preliminary test carried out,by)a single operator during five test runs.

pbtain the vibration total value, a;,,, for-each test run, the results in each direction shall be com
ation (1):

2 2 2
ahv=\/ahwx T ahwy T Zhwz

Instrumentation requirements

General

instramentation shall be in accordance with ISO 20643:2005, 7.1.

tions when
bst reading.
sult may be

bined using

(1)

7.2

—Mounting-of-transdtcers

7.2.1 Specification of transducer

The

specification of the transducer given in ISO 20643:2005, 7.2.1, applies.

The total mass of the transducers and mounting device shall be small enough, compared with that of the
machine, handle, etc., so as not to influence the measurement result.

This is particularly important for low-mass plastic handles (see ISO 5349-2).

© 1SO 2009 - All rights reserved
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7.2.2 Fastening of transducers

The transducer or mounting block used shall be rigidly attached to the surface of the handle.

If three single-axis transducers are used, these shall be attached to three sides of a suitable mounting block.

For the two axes aligned parallel to the vibrating surface, the measurement axes of the two transducers — or

the two transducer elements in a triaxial transducer — shall be at a maximum of 10 mm from the surface.

It is strongly recommended that mechanical filters be used for the measurements.

7.3 Frequency weighting filter

7.4 Integration time

shall be at [past 16 s, so as to be consistent with the duration of machine operation.defined in 8.4.

7.5 Auxiliary equipment

For pneumatic machines, the air pressure shall be measured using a pressure gauge with an accuracy e
to or better than 0,1 bar?).

For hydraulic machines, the flow shall be measured using a flowymeter with an accuracy equal to or bg
than 0,25 I/min.

For electrical machines, the voltage shall be measured using a volt meter with accuracy equal to or better
3 % of the gctual value.

The feed fofce shall be measured with an accuracy better than 1 — for example, with the operator standing
scale.

7.6 Calibration

The specifi¢ations for calibration given in ISO 2064 3:2005, 7.6, apply.

8 Testing and operating conditions of the machinery

8.1 General

run

nual

ptter

han

bn a

for some types of machlnes a warmlng up perlod is specrfled by the manufacturer thrs shaII be undertaken

prior to the start of the test.

Rammers are tested by ramming on an energy absorber. During testing, the feed force shall be monitored

while the rammer is moved over the surface of the energy absorber. See 8.4.

During testing, the energy supply to the machine shall be at rated conditions, as specified by the manufacturer.

The operation shall be stable.

11) 1 bar =0,1 MPa = 0,1 N/mm?2 = 105 N/m2.
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Operating conditions

Pneumatic machines

During testing, the machine shall be operated at the rated air pressure, in accordance with the manufacturer’s
specifications. The operation shall be stable and smooth. The air pressure shall be measured and reported.

Air shall be supplied to the machine by means of a hose of the diameter recommended by the machine
manufacturer. The test hose shall be attached to the machine via a threaded hose connector, preferably the
one supplied with the machine. The length of the test hose shall be 3 m. The test hose shall be secured with a

hos

clin._ Quick-counlinas shall not be used _since their mass willinfluence the vibration maanitud
™ Lag N Y J .

The]
mai
the

8.2.
Dur
ina
peri
repq

8.2.
Dur

mair
repq

8.3

The

8.4
The)

Moy
ram
smq
han

Mor
feeq

air pressure of pneumatically powered machines shall be measured in accordance with-1S
htained as specified by the manufacturer. During testing, the air pressure measured .immedi
est hose shall not drop more than 0,2 bar below the pressure recommended by the manufactu

P Hydraulic machines

ccordance with the manufacturer’s specifications. The operation shall be_stable and smooth. A
bd of about 10 min should be allowed before starting the measuremeénts. The flow shall be me
rted.

B Electrical machines
ng testing, the machine shall be operated at the rateg voltage, and shall be used in accordar

ufacturer’s specifications. The operation shall be stable and smooth. The voltage shall be me
rted.

Other quantities to be specified

feed force used shall be measured and reported.

Attached equipment, work piece and task
test shall be performed an anh energy absorber of a design in accordance with Annex C.

nt the energy absofber at a height allowing the operator to work with (90 + 10)° at the elboy
mer over the surface approximately +100 mm in both directions. The operation shall be
oth. The mounted energy absorber shall not have any resonances within the frequenc
d-arm vibratiof that could influence the test result.

itor thecvertical feed force during the test — for example, by having the operator stand on 3
force(is then the operator’'s own mass minus the reading on the scale. See Figures 5 and 6.

D 2787 and
btely before
rer.

ng testing, the machine shall be operated at the rated power supply, i.e.(the rated flow, and shall be used

warming up
asured and

ce with the
asured and

V. Move the
stable and
range for

scale. The

At

SU Series Sliadll CONSISU O TIive 1esl TUns on the energy absorper. vvnen Stable operatio

has been

established, the reading shall be obtained from a signal of not less than 16 s duration in each test run.
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Figure 5 — Operator working position -— Rammer for use on floors
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Figure 6 — Operator working position — Rammer for use on benches
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8.5 Operators

Three different operators shall operate the machine during testing. The vibration of the machine is influenced
by the operators. They shall therefore be skilled enough to be able to hold and operate the machine correctly.

9 Measurement procedure and validity

9.1 Reported vibration values

ThrIe Series of five consecufive tests shall be carried out on each machine fested, using a differént operator
for ¢ach series.

The|values (see also 6.4) should be reported as in Annex A.
The coefficient of variation, C,, and the standard deviation, s,,_4, shall be calculated.for each hand|position for

each of the three operators. The C, of a test series is defined as the ratio of sf>4-to the mean yalue of the
serigs:

S
c, == (2)
Ahy

with| s,,_4 identical to s (see Annex B) and where the standard déviation of the i" value, ay,;, is

St =\/4i(ahw —ane)’ @)

n=13
whdre

any is the mean value of the series.in m/s2;

n is equal to 5, the number.of measured values.

If C{, is greater than 0,15 or s;,»/is greater than 0,3 m/s2, then the measurements shall be checKed for error
befgre data are accepted.

9.2 Declaration and verification of the vibration emission value
The) R value for'each operator shall be calculated as the arithmetic mean of 4y, values for the fiVle test runs.

For|each'hand position, the result from the three operators should be combined into one value, g}, using the
arithmetic mean of the three a;,, values.

For tests using only one machine, the declared value, a4, is the highest of the 4, values reported for the two
hand positions.

For tests using three or more machines, a values for each hand position shall be calculated as the arithmetic
mean of the a,, values for the different machines on that hand position. The declared value, a4, is the highest
of the ay, values reported for the two hand positions.

© 1SO 2009 - All rights reserved 9
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Both a4 and the uncertainty, X, shall be presented with a precision determined in accordance with EN 12096.
The value of g4 is to be given in m/s2 and presented by using two and a half significant digits for numbers
starting with 1 (e.g. 1,20 m/s2, 14,5 m/s2); otherwise, two significant digits are sufficient (e.g. 0,93 m/s2,
8,9 m/s2). The value of K shall be presented with the same number of decimals as a;4.

K shall be determined in accordance with EN 12096, based on the standard deviation of reproducibility, og.
The value of K shall be calculated in accordance with Annex B.

10 Measurement report

The followir
a) referen
b) name ¢
c) date of

d) specific
e) declare
f) attachg

g) energy

h) instrum

i) position and fastening of transducers, measuring directions and individual vibration values;

j) operati
k) detaile
If transducg

shall be cle
be inserted

g information shall be given in the test report:

ce to this part of ISO 28927 (i.e. ISO 28927-6);

f the measuring laboratory;

measurement and name of the person responsible for the test;

ation of the hand-held machine (manufacturer, type, serial number. etc);

d emission value a4 and uncertainty X;

d or inserted tools;
supply (air pressure/input voltage, etc., as applicable);

entation (accelerometer, recording system, hardware, software, etc.);

hg conditions, and other quantities to be:specified according to 8.2 and 8.3;
i results of the test (see Annex A).
r positions or measurements,other than those specified in this part of 1ISO 29827 are used, they

arly defined and an explanpation of the reason for the change in the position of the transducer shall
in the test report.

10
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Annex A
(informative)

Model test report for vibration emission of rammers

See Tables A.1 and A.2.

Table A.1 — General information and reported results

Thq test has been carried out in accordance with ISO 28927-6: Hand-held portable power toolscs~-Tesl method for
evguation of vibration emission — Part 6: Rammers.

Teqter:

Mejisured by (company/laboratory): Tested by:
Reported by:
Date:

Tegt object and declared value:

Mag¢hine tested (power supply and machine type,|Declared vibration emission value, anq and uncertainty, K:
mafufacturer, machine model and name):

Megsuring equipment:

Trahsducers (manufacturer, type, positioning, fastening method, photos, mechanical filters if used):

Vibfation instrumentation: Auxiliary equipment:

Operating and test conditions and results:

Test conditions (type and weight of pad and/or abrasive material, work piece, hand position, photos):

Measured feed force: Power supply:(air pressure, hydraulic flow, voltgge)

Anyf other quantities to report: Speed setting when applicable:
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B.1

ISO 28927-6:2009(E)

Annex B
(normative)

Determination of uncertainty

General

The

casg of batches, production variations of machinery. It is expressed in m/s’.

The)

a specified large proportion of the vibration emission values of a batch of machines; are stated to

mad

B.2

For[tests made on only a single machine, K shall be given as

whd

a)

or

b)

whig¢hever is the greater.

NOT

The

uncertainty value, K, represents the uncertainty of the declared vibration emission value (a4

and, in the

sum of a4 and K indicates the limit below which the vibration emission value of &\single machine, and/or

hines are new.

Tests on single machines

K = 1,650'R

re og is the standard deviation of reproducibility, estimated by the value sg, given by

2 2
SR =4/Srec. T Sop

SR = 0,06ahd +0,3,

E1 Formula b) is empirical, based on experience giving a lower limit for sg.

calculations are)performed on the hand position giving the highest value of a,, where

is.the arithmetic mean value of the standard deviation from the results of five tes
Operator j, identical to s,_4 according to 9.2, and with the srecj2 value for each operatg
using

Srec

ie when the

IS, Srecj for
r calculated

n
2 _ 1 —2
Sreci = 1 z(ahvji _ahvj)
i=1

where
n is 5, the number of measured values;
apy; is the vibration total value for the i*" test with the ;' operator;

Ay, is the average vibration total value of measurements on the ;i operator;
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