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Forewprd

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing {nternational
Standards |is normally carried out through 1SO technical committees. Each member
body intergsted in a subject for which a technical committee has been established has
the right t¢ be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work. 1ISO
collaborates closely with the International Electrotechnical Commission (IEC) on afi
matters of [electrotechnical standardization.

Draft Interhational Standards adopted by the technical committees are circulated to
the membpr bodies for voting. Publication as an International Standard requires
approval by at least 75 % of the member bodies casting a vote.

internationp! Standard 1SO 9518 was prepared by Technical Committee-1SO/TC 23,
Tractors annd machinery for agriculture and forestry, Sub-Committee SC 17, Manually
portable farest machinery.

Annex A forms an integral part of this International Standard. Annex B is for infor-
mation only.
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The movement of a chain-saw during kickback can be simulated|
model. Through application of sound engineering principles, vert
rotational components of the chain-saw’s movement(are predi
presented in this International Standard in the fofm of a compy
predicts the peak position of the chain-saw, upward and backwar
This is called the ""computed kickback angle’’(and is illustrated in

The computer program uses standard engineering force-motion ¢
the path of the saw based on kickback energy, physical characte

9518 : 1992 (E)

by a mathematical
ical, horizontal and
ted. The model is
ter program which
H towards the user.
figure 1.

quations to predict
ristics of the chain-

saw and simulated operator reaction’ forces. User reaction forcds were determined

through analysis of high-speed ‘motion pictures of actual hand-hel

Input data for the computeér program is obtained from physical
from kickback energy tests performed on a completely assembled
powerhead, guide bar'and saw chain.

Kickback energy of a chain-saw is measured on an apparatus (
machine} developed specifically for this purpose. Kickbacks are g¢
ing the\flat surface of a fibreboard test specimen into contact wi
contfolled conditions. This apparatus and standardized specimen
yield)a realistic measurement of kickback energy of any specific s
bination.

The test procedure requires testing over a range of conditions t
kickback energy for the particular saw/bar/chain combination on

When the rotating parts of a chain-saw are stopped by a chain |
generated that tends to reduce the kickback angle. The procedur
effect.

Annex A is a flow diagram of the computer program used to deterl

kickback angle. Annex B contains a BASIC language progra
examples) to make these computations.

d kickbacks. "

imeasurements and
thain-saw including

called the kickback
enerated by deliver-
h the bar tip under
ave been found to
aw / bar/chain com-

b ensure that peak
test is determined.

rake, a moment is
e accounts for this

mine the computed
m (complete with

1

For additional details see QOverview of the KICKBACK Computer Program — Contents

and Development, available from the Portable Power Equipment Manufacturer's Association,

4720 Montgomery Lane, Suite 514, Bethesda, MD 20814, USA.
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INTERNATIONAL STANDARD

1ISO

9518 : 1992 (E)

Forestry machinery — Portable chain-saws —

Kickback test

1 Scope

This InterInationaI Standard specifies the methodology for
determining the kickback potential of a gasoline-powered
chain-saw|, complete with guide bar and saw chain.

Although [this International Standard is an accurate method of
measurenient for evaluating computed kickback angles and
energy aspociated with chain-saw kickback, it is not intended
to evaluatg automatic chain brake performance on a chain-saw
with a chdin brake which can be activated independently of the
operator, pr to chain-saws with an engine capacity of 62 cm3
and abovg.

NOTE — Research is being conducted to extend the scope of the Stan-
dard to chdin-saws of capacity larger than 62 cm3.

2 Normative references

The following standards contain provisions which;" through
reference |n this text, constitute provisions of this International
Standard.| At the time of publication, the_editions indicated
were valid, All standards are subject to revision, and parties to
agreements based on this International Standard are encour-
aged to investigate the possibility of applying the mast recent
editions of the standards indicated betow. Members of IEC and
ISO maintain registers of currently valid International Stan-
dards. :

ISO 6535 { 1983, Forestrymachinery — Portable chain saws —
Chain brake — Performance.

BOM-010Q, Kickback machine — Bill of materials.V)

3.2 chain brake lever: Device, \usuall
guard, used to activate the chaintbrake.

of the reaction of a hand-held chain-saw,

) the front hand

ackward and up-

3.3 computed kickback angle: Angle «Fed as a measure

ward toward the user; When subjected to a
under simulated ¢onditions. (See figure 1.)

3.4 conftact angle: Angle between the §
specimen and a perpendicular to the guide

3.50 data set: Group of data points, all tak
conditions.

3.6 horizontal system: Portion of the
used to measure the horizontal energy
reaction.

3.7
into contact with the moving saw chain at t
create a simulated kickback reaction.

3.8 kickback; rotational kickback: R
backward motion of the saw which can occu

otational kickback

urface of the test
bar centreline.

bn at the same test

kickback machine
of the kickback

impact: Test sequence involving relegsing the specimen

he guide bar tip to

apid upward ‘and
when the moving

saw chain near the upper portion of the tip of the guide bar

contacts an object such as a log or branch.

3.9 kickback machine: Apparatus use
energy generated by a chain-saw kickback
conditions.

| to measure _thé
under controlled

210
LA

3 Definitions

For the purposes of this International Standard, the foﬂowing
definitions apply. .

3.1 bar tip guard: Shield that prevents contact with the
chain at the tip of the.guide bar and which may be. removable
and replaceable.

L F

powerhead—Chainsaw—without—tH
chain.

)e guide bar and

3.11 rotary system: Portion of the kickback machine used
to measure the rotary energy of theﬂ kickback reaction.

3.12 specimen; test specimen: Block of medium density
fibreboard 38 mm x 38 mm X 250 mm used as an object for
the saw chain to engage in a simulated kickback.

1) The bill of materials and engineering drawings des’cribin’g the kickback machine are available from the Portable Power Equipment Manufacturer's
Association, 4720 Montgomery Lane, Suite 514, Bethesda, MD 20814, USA.
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4 Test method 4.4.1 Physical measurements

The following physical measurements are to be made with the
guide bar and saw chain attached in proper working position
and with oil and fuel tanks full. The saw chain shall be prepared

4.1 Principle

The flat surface of a wood-like specimen is thrust into contact
with the moving saw chain at the tip of a chain-saw guide bar,
in order to produce a simulated kickback reaction. This takes
place under controlled conditions in apparatus designed to
measure the magnitude of rotary and horizontal energies
generated during the resulting kickback reaction. A step-by-
step search, covering a range of critical test conditions, deter-
mines the peak energy values to be used in computing kickback
angle. This peak value is intended to simulate the most severe

in accordance with 4.4.2 prior to taking measurements.

4.41.1 Chain saw mass, in kilograms. An accuracy of + 50 ¢

is acceptable for this measurement.

4.4.1.2 Llocation of axis of rotation, through the centre of
gravity, perpendicular to the plane of the guide bar. It is to be
marked on the saw body. An accuracy of * 6 mm is accept-

conditions
users. Singe there may be some variability, several impacts are
made undgr each set of conditions and the results averaged.

4.2 Malerials

Calibrated test samples, 38 mm x 38 mm x 250 mm, con-
sisting of| medium-density fibreboard. Samples shall be
oriented wiith the rough side {end grain} facing the bar tip.

NOTE — Because kickback energy measurements are sensitive to the
consistency| of the fibreboard, careful control of these specimens is
essential. in order for test results to be reproducible over time and for
comparisons with resuits from other laboratories, the test specimens
need to be iflibrated against “known’’ specimens. Calibration requires
kickback tebting with samples from batch lots using & “standard”
saw/chain/par combination for which the kickback energies have been
established| A calibration factor can then be applied to the energy
values befofe they are used in the computer mode!.

4.3 Apparatus

4.31 Cl;Ein-saw kickback machine BOM-0100 for energy
level measurements. (See clause 2.}

4.3.2 Engine speed indicator with a rotational frequency
reading accuracy of + 1,5 % of the-measured value.

4.3.3 Cafriage velocity-timing device, including probes
with an agcuracy of . 1'ms and a holding circuit to prevent
unwanted [re-triggering.

4.3.4 Chpin brake timing device, including probes having
an accuragy(of, 3 ms.

able Tor this measurement.

4.4.1.3 Chain-saw moment of inertia-aboult an axis through
the centre of gravity and perpendieular to the plane of the guide

bar, in kilograms metre squared:

4.4.1.4 Chain-saw bar/tip, front handle

and rear  handie

locations relative to thé.centre of gravity expressed as x, y co-
ordinates, in millimetres. An accuracy of = 3|mm is acceptable

for these measurements (see figure 2).

4.4.2 Saw chain preparation

4.4.2:1 The saw chain shall be new and shal! be prepared for.

thetest by cutting clean or debarked wood
5'min.

for approximately

4422 Saw chain tension shall be set in| accordance with
figure 3. The chain should move freely on the bar.

4.4.3 Chain-saw preparation

4.4.3.1 The chain-saw shall be in functionajly new condition.

4.4.3.2 The saw shall be run-in according to the manufac-

turer’'s recommendations.

4433
remove the bar tip guard for testing.

4.4.3.4 If the saw is equipped with a chain

mechanism if necessary to prevent activation.

If the saw is equipped with a removable bar tip guard,

brake, disable the

4435 Remove the front handle grip cover|in the area where

the saw handle clamp will be attached and

435 Chain brake testing apparatus in accordance with
1SO 6535.

43.6 Computer and kickback program to compute the
kickback angle.

4.4 Preparation

NOTE — Record all measurements on the kickback test record {(see
figures 9 and 10).

Construct a clamp

insert to fit the saw handle. Attach the saw handle clamp to the
front handle so that it is as nearly parallel to the guide bar
centreline as possible {see figure 4). Tighten securely.

4.4.3.6 Attach the cradle to the saw-clamp assembly. Do not

tighten.
4.44 Kickback machine preparation

4441

If the chain-saw mass (see 4.4.1.1) is less than the

standard carriage (4 kg), the standard carriage may be replaced

with the lightweight carriage.
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4442 Insert a fibreboard test specimen in the carriage
clamp. The specimen shall be oriented with the rough side {end
grain) facing the guide bar tip.

4.4.4.3 If necessary, add weight to the carriage until the car-
riage mass (including fibreboard specimen) equals the mass of
the saw + 100 g.

445 Chain-saw installation and alignhment

4.45.1 Install the saw/clamp/cradle assembly in the kickback
machine in accordance with figure 4, and align the guide bar

1SO 9518 : 1992 (E)

a force of 2,2 N applied to the rotary pulley, the source(s) of
friction shall be located and reduced.

NOTE — In saws with soft isolator systems, the centre of gravity shifts
as the saw and cradle rotate. If shifting of the centre of gravity of the
saw prevents accurate friction measurements, a substitute saw of
about the same mass may be used for friction measurements.

4.48 Restraining systems alignment

4.48.1 The specimen contact angle shall be set to 30°. Pos-
ition the carriage so that the specimen contacts the saw chain.

with the gentreline-of-the-fibreboard-specimen———————————————Adjust-thepositiormrof-therackthorizontatrestraining assembly

4452 Adjust the chain-saw, clamp and cradle in the
kickback jmachine so that the centre of gravity of the saw is
aligned t¢ within £ 3 mm of the rotary axis. Make this adjust-
ment by rfotating the saw/clamp/assembly where it attaches to
the cradi¢ and by sliding the cradle in the support blocks.

NOTE — Do not rotate the clamp where it attaches to the saw handle:
this was afljusted in 4.4.3.5.

4.45.3 Attach a brace assembly between the chain-saw
handle and either leg of the cradle as near as possible to the
rotary axis. The brace attachment may be located on either side
of the rotary axis. A second brace may be installed if needed to
maintain saw position during testing.

4.4.6 Saw/clamp/cradle assembly balance

4.4.6.1 fFuel and oil tanks shall be filled.

NOTE — Hxternal fuel and oil supplies to maintain full tanks aré accept-
able.

4.4.6.2 The system shall be balanced-using the minimum
amount of mass located as close to the retary axis as possible
(see figurp 4).

4.46.3 pAcceptable initial balance is achieved when the
- saw/clamp/cradle assembly will not rotate at the “"horizontal”
or “vertidal” positions or/when a 60 g mass hung from the
rotary puiley will counterany observed rotation. If the centre of
gravity ofl the saw-shifts due to soft isolators, a compromise
between the horizental and vertical positions is permissible.

4.4.7 Friction measurement

so that the cable from the Carriage to thée pyilley is vertical {see
figure 5).

4.4.8.2 With the guide bac centreline hofizontal, install the
cable attachment pin on the.rotary pulley and adjust the turn-
buckle to bring the 0,9-kg-weight on thq rotary restraining
system to the zero position (see figure 6).

4.4.9 Impact velocity adjustment

Adjust the/carriage release point to achieve @ velocity (just prior
to contact of the specimen with the bar tip) of 0,76 m/s.

4.5 Test requirements and procedures

NOTE — Record data on the kickback test recotd, figure 9.

4.5.1 Test requirements

4.5.1.1 Adjust the specimen contact angle|to the value shown
for data set 1A in table 1. For subsequent |[data sets, readjust
the angle as specified.

4.5.1.2 After each impact the chain-saw sl\ou|d be inspected
for unusual conditions and reset for the ngxt impact. Do not
operate a damaged saw.

4.5.1.3 The centrifugal clutch shall be buned at the start of
the test and after each 12 impacts.

To burn the vclutch, clamp the saw chain td the guide bar and
run the saw for 5 s with full throttle. Measpre and record the

4.4.7.1 Horizontal friction shall be measured prior to and after
kickback energy tests. Measurements shall be made with the
ratchet pawl in its activated position: they shall be made over a
distance of at least 300 mm. If the horizontal friction in the
direction of travel away from the powerhead exceeds 2,2 N the
source(s) of friction shall be located and corrected.

4.A7.2 Rotary friction shall be measured prior to and after
kickback energy tésts. Measurements shall be made with the
ratchet pawl in its activated position: they shall be made
through an angle from 0° to 180°. If the rotary friction exceeds

ship speed in reciprocal seconds (s~ ).

If the slip speed varies by more than 8 s~ during the test,
replace the clutch.

4.5.1.4 Saw chain tension shall be set initially and adjusted
during the test in accordance with 4.4.2.2.

45.1.5 On occasion, the balance of the saw/clamp/cradle
may change. Check and reset balance if imbalance exceeds
60 g as specified in 4.4.6.3. If imbalance of more than 60 g
occurs, data from the previous impact is invalid.
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45.1.6 The specimen is to be clamped in the carriage with a
rough face (end grain} presented to the saw chain.

45.1.7 Make only two impacts on each specimen (one on
each rough face).

45.1.8 The specimen should be examined and changed after
each impact.

The orientation of the specimen shall be adjusted so that the
kerf from the chain will not intersect the upper edge of the
specimen face. All saw chain cuts shall start within the middle
25 mm on ecimen, If any kerf runs off the

45.2.8 Repeat the steps in 4.5.2.1 to 4.5.2.7 for the remain-
ing data sets as specified in the test sequence of table 1 or 2.

45.2.9 The test sequence may be discontinued if, at both
engine speeds

a) there is a 50 % reduction in average rotary energy be-
tween measurements at two consecutive contact angfes, or

b) there is a decrease in average rotary energy for two
consecutive contact angies.

specimen of if the specimen splits, do not use the energy
readings in fthe computations. Repeat the impact on another
specimen.

Specimen splitting may be overcome by adding a C-clamp. Ifa
C-clamp is 4o used, the carriage mass shall be compensated.

45.1.9 Ugon completion of the test, horizontal and rotary
friction levels are to be measured as described in 4.4.7. The
greater meapured level is to be used for energy computations. If
friction at the end of the test program exceeds the specifi-
cations of 4.4.7, the test shall be repeated.

45.2 Kickback testing

Using the following procedure, perform impacts at the test
conditions gpecified in the test sequence of table 1. if it is more
convenient | the test sequence in table 2 may be used instead.

4.5.2.1 Wijth the barrier bar in position, start the chain-saw.
Adijust the dngine speed to the value specified for data set A in
the test sequence.

45.2.2 Rdise the barrier bar and stand clear of the kickback
machine.

45.2.3 Radlease the carriage, observing the engine speed just
as the specjmen contacts the moving chain at the bar 1ip.

4524 Tdrn off the chain-saw.

45.25 Rdcord the vertical displacement, in millimetres, of
the horizonftal restraining weight and the horizontal displace-
ment, in millimetres, of the carriage {see figure 5).

Table 1 — Test sequence

Contact Impact Engine speed !
Datta angle velocity s—1

se degrees m/s +3s~!

1A 0 183

18 0 150

2A 5 183

28 5 150

3A 10 183

3B 10 150

4A 15 183

4B 15 0.76 150

5A 20 183

58 20 150

6A 25 183

6B 25 150

7A 30 183

7B 30 150
1) | a speed of 183 s— 1 cannot be reached, the A-series tests
shall be carried out at the highest possible speed|and the B-series
tests at the highest possible speed less 33 s~ 1.

Table 2 — Optional test sequgnce

4.5.2.6 Record the vertical displacement, in millimetres, of
the upper and lower rotary restraining weights (see figure 6).

NOTE — The horizontal and rotary restraining systems may have
separate calibrations to permit direct readings.

45.2.7 Complete data set 1A by repeating the steps in 4521
to 4.5.2.6. Each repetition is considered one “impact”. Each
data set consists of either three or six impacts depending on the
outcome of calculations specified in 4.5.3.

Data Contact impact Engine speed
angle velocity s—1

set degrees m/s +3s-1

1A 0 183

2A 5 183

3A 10 183

4A 15 183

5A 20 183

6A 25 183

7A 30 183

8,76

18 0 150

2B 5 150

38 10 150

4B 15 150

5B 20 150

6B 25 150

78 30 150
1) If a speed of 183 s—1 cannot be reached, the A-series tests
shall be carried out at the highest possible speed and the B-series
tests at the highest possible speed less 33 s—1.
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45.3 Kickback energy determination

4.5.3.1 Compute the horizontal energy, W, for each impact:
W, = [19,8 G,) (S) + (F)(S)] x 10-3

where
W, is the horizontal energy, in joules;

G,, is the mass of the horizontal restraining weight, in
kilograms;

ISO 9518 : 1992 (E)

45.4.1 At the conclusion of the test sequence specified in
4.5.2, remove the means used to prevent the chain brake from
actuating and perform three additional impacts at peak rotary
energy conditions. If the rotary energy values are not within
10 % of the average, perform three additional impacts and
compute the average of all six impacts.

45.4.2 If the chain brake actuates each time, the energy
value that is put into the computer model as rotary energy with
the chain brake operating, W, is taken as the average of the
rotary energy values. If the chain brake does not actuate each

time, proceed 10 4.5.4.3.

S, ig the displacement of the carriage, in millimetres.

Campute the rotary energy, W,, for each impact:

W, =|l98G, + F) (S, + (98G) (S)] x 10-3

W_ ik the rotary energy, in joules;

G, is the mass of the upper rotary weight, in kilograms;

u

G, iqthe mass of the lower rotary weight, in kilograms;

S, the displacement of the upper rotary weight, in
millimptres;

S, is| the displacement of the lower rotary \weight, in
millimetres;

F

. is|the rotary friction force, in newtaons.

4533 After performing three (impacts at the conditions
specified [for a data set, compute(the average of the three rotary
energy values and the average-of the three horizontal energy
values.

45.3.4 |f the rotary énergy values are each within 10 % of the
average rptary valué, ‘use the average of the three values.

4.5.3.5 |f'any of the rotary energy values is not within 10 % of

4.5.4.3 Mount the brake actuator on the I
frame column of the kickback maching:

454.4 Set the spring-loaded lever so thg
hand guard contact each other at or immed
where the saw exits from)the test speci
and 8).

45.45 Setthe spring-loaded lever of the ¢
in the set position-so that its centreline inter:
centre of gravity as shown in figure 7.

4.5.4.6. Adjust the position of the spring-
set position) so that the contact point of th
(hand guard) with the spring-loaded lever
pivot point of the spring-loaded lever (see

4547 Recheck steps4.5.4.4,4.5.4.5 and
necessary.

4548 Measure the chain brake release

ft side of the main-

t the lever and the
ately past the point
men (see figures 7

hain brake actuator
Gects the chain-saw

loaded lever (in its
e chain brake lever
is 90 mm from the
igure 7).

4.5.4.6. Readjust if

force, in newtons,

with the engine not running. The brake release force shall be

measured with a spring scale accurate to
shall be applied at a uniform rate at the cent

+ 1 N. The force
re of the top part of

the brake lever. The force shall be meastred in a direction

which is normal to the centreline of the
when the saw is in the position shown i
spring-loaded lever is set as shown in figur|

pring-loaded lever
h figure 7 and the
b 7.

4.5.4.9 Adjust the release force of the spri

g-loaded leverto a

value equal to the chain brake release force plus 10 N. Measure
the release force of the spring-loaded lever [by placing a spring
scale at a point 90 mm from the pivot point ¢f the spring-loaded
lever and puliing normal to the centreline of the lever.

the average, perform three additional impacis and use the
average of all six rotary energy values. Similarly, use the
average of the six horizontal energy values.

4.56.3.6 The peak rotary energy without a chain brake, W,, is
taken as the highest of the average rotary energies found in the
test sequence.

454 Chain brake energy determination

NOTE — At the discretion of the manufacturer, 4.5.4.1 to 4.5.4.3 may
be omitted.

4.5.4.10 Position the chain-saw so that the guide bar is
horizontal, and set the contact angle and engine speed at the
settings determined to give the highest average rotary energy in
4.53.

4.5.411 All tests performed in accordance with 4.5.4.12 and
4.5.4.13 shall be conducted at the contact angle and engine
speed determined to give the highest average rotary energy.

4.56.4.12 Conduct the chain brake actuation test to determine
the rotary energy with both the chain brake and the chain brake

actuator operating, W_,. Using the procedures detailed in
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4.5.2, conduct the kickback test with both the actuator and
chain brake operating. Repeat for a totai of three impacts. If the
rotary energy values are not within 10 % of the average, per-
form three additional impacts and use the average of the six
values. If the chain brake activates on each impact, W, is
taken as the average of the rotary values. If the brake does not

activate on each impact, compute the kickback angte using

values calculated in accordance with 4.5.3.

NOTE — If the brake activates but does not trip the spring-loaded
lever, record that the lever did not trip and continue calculations and
test as though the lever did trip.

4.5.5.2 |If the rotary energy, W,, was determined in accord-
ance with 4.5.4.2, then the actuation angle A2 is one-half of
the specimen exit angle.

4.5.5.3 I[f the rotary energy, W, was determined in accord-
ance with 4.5.4.14, the chain brake actuation angle A2 is taken
as the specimen exit angle.

4.5.6 Chain brake stopping time measurement

The chain brake stopping time test shall be conducted at the
engine speed setting of the peak rotary energy condition deter-
mined in 4.5.3. Use the pendulum test technique specified in

4.5.4.13

WMWE the Totary
energy with the chain brake actuator operating, W, but

without the chain brake operating.

By a suitaljle means, such as taping or wiring the chain brake
handie to the saw handle, disable the chain brake so that it will
not activatp. Using the procedures detailed in 4.5.2, conduct
the kickbagk test with the chain brake actuator operating and
the chain Hrake disabled.

Repeat for|a total of three impacts. If the rotary energy values
are not within 10 % of the average, perfom three additional im-
pacts and dise the average of the six values. W, is taken as the
average of [the rotary energy values.

45.4.14 Calculate IV, the rotary energy with the chain brake
operating. [This is the energy value which is input to the com-

puter modt/:
W.=W, - W, + W,

c

where

W, is [the peak rotary energy without a chain brake as

determihed in 4.5.3, in joules;
W, is|the rotary energy with the chain brake actuator
operatirjg, but without the chain/brake operating, as deter-
mined in 4.5.4.13, in joules;

W, i the rotary energy with both the chain brake and the
chain biake actuator operating, as determined in4.5.4.12, in
joules.

455 Chain brake actuation angle measurement

15U 0950,

4.5.6.1 The chain-saw shall be adjhsted for| best cutting per-
formance in accordance with the ‘chain-sayv manufacturer’'s

recommendations.

45.6.2 The chain-saw shall"be solidly mo
test.

unted during the

4.5.6.3 No adjustment of the brake is permitted during the

test.

4.5.6.4 “Jnitially, the brake shall be in a dry
condition.

4.5.6.5 The chain brake shall be activated

and unlubricated

en times without

recording data. Then activate the brake threel times and record

the average stopping time. Refer to ISO 6535
details and test technique.

4.6 Kickback angle computation

The computed kickback angle, defined as shq
used as a measure of the reaction of a han
when subjected to a rotational kickback und
ditions. Annex A is a flow diagram of the ¢
used to determine the computed kickback ar

4.6.1 Input data

4.6.1.1 Chain-saw mass, in kilograms, in
44.1.1.

for test apparatus

wn in figure 1, is
d-held chain-saw
er simulated con-
bmputer program
gle. !

accordance with

kilograms metre

4.6.1.2 Chain;saw moment of inertia, in

45.5.1 Measure the angles where the guide bar ip exils irom
the fibreboard specimens at peak rotary energy conditions as
determined in 4.5.3 and compute the average. This is the
specimen exit angle {see figure 8).

sotared—in-aceordance-with-4-4- 13—

4.6.1.3 Bar tip and handle locations, in millimetres, in accord-

ance with 4.4.1.4.

1) A fist of suppliers of computer programs to make these computations is available from the ISO Central Secretariat.

A FORTRAN version of this program may be found in ANSI B175.1, available from the American National Standards Institute, Inc., 11 West 42nd

Street, New York, NY 10036, USA.
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4.6.1.4 Energy levels established at the peak rotary conditions
in accordance with 4.5.3:

a) horizontal energy, W, , in joules;
b) rotary energy, W,, in joules.

NOTE — If the average rotary energies measured at other sets of con-
ditions are within 10 % of the peak rotary value, calculate the com-
puted kickback angle for each of these sets of conditions and use the
highest computed kickback angle.

ISO 9518 : 1992 (E)

4.6.2 BASIC computer program

NOTE — The BASIC computer program was developed to run on a
Tektronix 4052 microcomputer. If a different computer is used, some
of the commands may have to be modified.

For the purposes of this International Standard, a simulation
time increment, 79, of 0,001 s (1 ms) shall be used.

CAUTION: If the time increment at line 210 is changed,
incorrect values of chain stop angle may resulit.

4.6.3 Results

4.6.1.5 |Chain brake rotary energy, W,

<+ in joules, in accord-
ance with 4.5.4.

4.6.1.6 |Chain brake actuation angle, A2, in degrees, in ac-
cordancg with 4.5.5.

4.6.1.7 |Saw chain stopping time, in milliseconds, in accord-
ance with 4.5.6.5.

NOTE — Before input to the computer program, energy values shouid
be adjusted to account for any fibreboard specimen lot variations.

Record the results on the test record, figure 9:
a) computed kickback angle (with_or without brake);

b) chain stop angle (if appropriate).

NOTE — The analytical model.i§ unproven aboye about 70° and com-
puted kickback angles above this should be tregited as speculative.

4.7 Test report

The test report shall include the test reford (figure 9), the
chain-sawdnstallation and balancing record (figure 10) and the
computér’ printout {see annex B).

Peak saw positio|
as determined by
o mathematical

/ N simulation

=

Computed
kickback
angle
— ‘1 puem— a - — ——
|
EJ;

Initial saw position

Figure 1 — Computed kickback angle
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(BTX)

{FHX,FHY) r-—— /—— Centre of gravity
(BTX,BTY) ‘ \ {RHX,RHY)

(RHY)

(FHY)
)

- X -t Y s p— 4

)
, A

i
]
)
)

I
C(
¥

Centreline of guide bar -Y (RHX,RHY)
to be horizontai

NOTES Left side view 25mm

1 Observe siin convention carefully.
2 Chain-saw|bar tip and handle locations to be measured from the centre of gravity,

3 (BTX,BTY): Bar tip coordinates, with the chain adjusted so that maximum X _dimension is obtained. Measure to the tip of the chain on the
guide bar locdted along the projected centreline of the guide bar. For asymmetrical bars, it is Jocated along a iine through the centre of the upper
quadrant nosg radius and parallel to the guide bar centreline.

4 (FHX,FHY): Front handle coordinates, measured to the centre of the front handle bar. If the handle is angled in any plane or dirgction, use the
midpoint of the grip area.

5 (RHX,RHY): Rear handle coordinates measured 25 mm behind the rear edge of the throttie trigger on the underside of tne hpndle surface.

Figure 2-— Coordinate measurements

%

Rotate chain
to tightest
condition

Maximum 0,017 x usable
cutting length

Figure 3 — Saw chain tension adjustment
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: Clamp
Support block —/ /\ — /

Brace
assembly

A

Kickback machine
upport block

Fotary axis

0.

~——

One brace prefefred:
second brace optional.
Brace to be atta¢hed
as close 10 suppprt
Balancing weights blocks as possible.

Figure 4 — Installation of saw/clamp/cradle assembly
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10

This section of cable
is vertical

Wood carriage is 5 cm to 10 cm

. to the right of the point at (D
A which the weight will lift '
| ;! i
S A AAAALLAALA AL AARRANMRRS RN Ao
{ 0 25 20 15 10 S 0 £5) V10
[ 25 Contact angle 30°
F 20
13
10
3 Horizontal restraining weight will just swing
free with carriage pointer at “‘0” {a larger
weight may be Used only if necessary)
+,5 kg

Groundline

Figure 5 — Adjustment of rack/horizontal restraining system
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Turnbuckle t
Fis
Adjust the location of cable - Guide b
attachment pin in rotary b centreli ar
pulley and adjust turnbuckle 10 i horizme ial
so that this section of cable r onta
is horizontal. (This is the LS QO
“zero” position of the 0,9 kg u E
weight.) . IYFo
0,9 o
oo O,
;
s
¥
Upper restraining F o
weight E

Lower restraining
weight'}

1) A larger weight may belused only if necessary.

Figure 6 — Adjustment of rotary restraining system

Rotary pulley

Calyle
attgchment pin

1"
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12

Position locking lever

Lever setting mechanism —

6
N3

Spring-loaded lever
Contact point

)

2 Measure lever release
3 AN
e force in this direction

Measure brake release / \

force in this direction
' Power head ‘
Guide bar ‘

Bar centreline

Specimen
exit angle

\
- () —
T
' Centre of gravity

Figure 7 — Adjustment of chain brake actuator
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. Measure exit angle with
chain in contact at

Horizontal

i int in cut :
area. lgndre any following
Ignore tracks tracks)whpre cutters

may have |hit.

Guide bar centreline

Figure 8 — Specimen exit angle measurement

13
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Kickback test record

Test combination

Laboratory

Date

Technician

Test number

Saw model/manufacturer:

Chain type/manufacturer: D.L. count:
Serial No.: Cutter type:
Displacement: Sequence:
Saw mass: Condition: D.G. setting:
Carriage mass: Matching mass: Pitch: Gauge:
Inertia: Guide bar:
Rotary friction : Tip type: Gauge:
Horizontal [friction : Bar part No./manufacturer: :
Clutch slip|speed: Drive sprocket type: Tooth count:
Chain-saw handle and bar tip coordinates. Left side view. .y Centre of .
BTX I FHX RHX (BTX) A (RHX) |/ gravity
(FHX)
BTY FHY RHY (FHX,FHY) e
~ (BTX,BTY) i (RHX,RHY)
>-
I — {RHY}
Chain brake summary = r H .
X - - — 1 SN -+
Release forfe N W ] P/LJ
Release force + 10 N N Wea: = (BTY) j
Angle of agtuation A2 °| | Wa: Centreline of guide bar _VY
Chain stopping time 73 s We: 10 be horizontal
Data sumnpary
. . Average |Average . . . Average | Avdrage .
s § Co:t::ct Englnde horizontal | rotary chkbrck s é Contz;\ct Engmde horizontal| rofary chkblack
8 v angle spee: energy energy angle & 2 angle spee energy enbrgy angle
* ° s—1 J J ° €N ° s 1 J ) °
|
Peak average rotary energy J Average rotary energy at peak CKA J
Computed kickback angle:
Without brake ° With brake o
Chainstopangle _______°

Comments

14

Figure 9 — Kickback test record
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Laboratory:

Technician:

Record brace .
location Date:
Project:

Issue:

Record brace
location

Powerhead:
Bar:
Chain:
Balancing
weights
Right brace Left brace
4 L
N
Cradie Counterbalance Counterbalancd
megsurements measurements measurements
A: mm E: mm G- mm
B: mm E: MM (if necessary)
C:
D:
Comments:

Figure 10 — Chain-saw installation and balancing test record

15
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Annex A
(normative)

Computer program flowchart

START

!

READ INPUT DATA

Time increment (A}, simulation time (772},
saw weight (W), saw inertia {1},

saw handle coordinates (L1, L2, L3, L4),
bar tip coordinates (B1, B2},

kickback machine linear energy (KBMLE) and
rotary energy (KBMRE); chain brake:

rotary energy (R4), actuation angle (42},
stopping time {7'3).

Calculate horizontal, vertical, ‘and rotational energies

Horizontal E1 = KBMLE
Vertical E2 = E1 or143 KBMRE, whichever is smaller
Rotational E0 = KBMRE - E2
Rotational with ( \)
chain brake E3= R4 - |———|R4
KBMRE

1

Calculate torque produced by chain brake

M5 = /2D (VEO — VE3)/(T3 — 0,01)

Calculate sum of moment arms of handiebars

A1 = AILN2 + (122 + V(1312 + (142

Calculate maximum reaction moment
M4 = 15 x A1l

16
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Calculate initial velocities

It

2 (E0Q) .
-\ — Rotational

2 (E1
Vy = 221 Horizontal
W
2(E2
Vy = —(——) Vertical
W
V1,1 = W
V2,1 = Vx
V3,1 = Vy

Calculate intercepts of hand force equations

Force intercepts

S = QLIEOOSB(\(L12+(L22  + [(L32+(L4)2)1/2
/1386401

JZ = =3,614 [(WNE1)]02 + 6,012
J8' = 0,0713UJ1) + 3,047W — 5,215E2 + 2,989

Time intercepts:

K1 = 0,107
K3 =0,1128
Offset:

01 =0

03 = 0,327 64W + 2,063

Print out
Input data

17
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Set initial displacements and forces

6=0

Xeg =0

Yeg =0

Py =0;Py=0;,P37=0

Py, = tan—? B______Z - L4
41 = Bl — 13

F3,1 = J1;F1’1 = JZ;FZ,1 = J3

Initialize flags
and counters
N =1
C =20
etc:

Initialize time
T=0

18

Calculate rotational moment, M¢g, and movement, ¢
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Is
there a

No

chain brake

ISO 9518 : 1992 (E)

Is

673 x 9 > A2
?

FLAG = 1

T4 =T + 0,01 — Af
C=1

Yes

Yes

Is
T> (T4 + 713

- 0,01 - Ap
?

19
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20

Yes Mcg = O1 + 174UT1) - 278,56 + M6
No
Is
Meg < M4 No
Is Y, ?
T > K1 £ Mg = O1 + M6
?
Yes
—
No '
MCG = M4 + MG
T1\2 T1
Meg = - (01 = [=) + 2001 =gn|—) + 11 + Me
K1 K1
i e

During the current timé increment, A¢, caiculate
change in rotational velocity, Aw, and
average rotational velocity, @

Mcht
a):
1
_ +Aw
w = W -
2

Calculate new angular position, ;¢
and new rotational velocity, w; 1

0i+'| = 9,' + WAt

Wiy = 0,' + Aw
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Calculate horizontal force, F,, and movement X¢g

Fy = J2 — 200(T1) |+ 36

Fy = J2 + 200(T1) — 36

Is
N
2 F >
?
Yes
ﬁes
No
)
Fy=0 F,=0

During current time increment, ¢, calculate change in horizontal velocity,
AVy-and average horizontal velocity, Vy

Fy At
AV, =

w
_ AV,
V=V +—
X X 2

Calculate new horizontal position, (X¢g); 4 1, and new horizontal velocity (Vdivq

(Xcghivt = (Xeghi + Vi At

it = V)i + AV,

21
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Calculate vertical force, Fy, and movement Ycg

H, = 03 - 200(T") + 30

< s
F,>0
Yy
?

F,

T1\2 71
y = —03 - 13)(—-—) + 2003 - J3) (—) +J3
K3 K3

!

During current time increment, At, calculate change in vertical velocity,
AV, and-average vertical velocity, Vy

At
AV, = (F, - W'g)—u;‘
7 ooy s 2
y= Wty

Calculate new vertical position, (Y¢g)i+ 1. and new vertical velocity (Vy); 1

(Yegliv1 = (Yeah + Vy A2

Wyip1 = (V) + AV,
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Calculate bar tip coordinates (Xp, Yg)

Xg = Xcg + {B1) cos 0 — (B2) sin §
Yg = Yog + (B sin 8 + (B2) cos 6

Calculate kickback angle, P4

Is

Yes (Xg — L3) < 0
?

Yg — L4
P4 = tan Y{———
Xp — L3

No

Yg - L4
PA=n+tan | ———
Xg - L3

Yg —- L4
PA= — 7+ tan~ |\—
Xg — L3

Store time and angle of chain stop

!

Increment time by At
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Store velocities, displacements, and
forces in arrays

Pinir =0
Ponv+1 = Xca
Pan+1 = TYeo
Pyn+1 = P4
MN+1 =@
V2,N +1 = ¥y
Van+1 =Yy
Fan+1 = Mcg
FinN +1 = Fy
Fon+1  oF
CBMIN+ P, = M6
Time(N+Y =T
N =N+1

Has

bar peaked Yes
? /
No
/ Print peak kickback

24

angle {time and angle
of bar peak)
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Is
kickback

Yes

1SO 9518 : 1992 (E)

200
T

angte
? /

No

Print_‘fthe Kickback
angie 'has exceeded
70%at time of ___s”

Has
simulation

No

time been
exceeded
?

Print “‘no bar peak
during the simulation
timeof ____s"
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Is
there a

chain brake
?

Has

the chain stopped
?

Yes

Print
. “’no chain stop during
the simulation”

Print time and
angle of chain
stop

Print displacements
and kickback angle at
0,01 s intervals

STOP

26
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