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SR1 LANKA STANDARD
oreCIFICATION FOR-AUTOMOTIVE BRAKE LININGS

FOREWORD

This Sri Lanka Standard was suthorised for adoption and publlcatlon by
the Council of the Sri Lanka Standards Institution on 1989- 07-25, after
the draft finalized by the Drafting Committee on Automotive Brake Linings,
had been approved by the Mechanical Engineering Divisional Commlttee.

Frictlonal brakes are used on all automotive vehicles where the braklng

- effect is achieved by frictional resistance offered by brake shoes or pads
on a rotating metallic drum or disc. The braking effect results in a rise
‘in. temperature of the system and also causes:wear, mostly on the brake -
lining, For the safe operation of an automobile, it is therefore
"necessary that the braking effect is uniform and is not noticeably reduced
by a rise in temperature or humidity.

The tests and coefficient of friction have .been included in this standard
with a view to establishing control over the guality, The purpose of

this standard is to establish minimum coefficient of friction require-
ments for brake linings used on the service brake system of automotive
vehicles, It should however, be noted that there may be variations’
depending on the type of brake design and application.

. This standard is intended chiefly to cover the technical provisions
relating to automptive brake linings, and it does not include all the
necessary provisions of a contract :

All standard values given in this specification axe in SI units.

For the purpose of deciding whether a particular requirement of this''
standard is complied with, the final value, observed or calculated, .
expressing the result of a test or an analysis, shall be rounded off . in
accordance w1th SLS 102. The number of significant places retained in the
rounded off value shall be the same as ‘that of the sp801fied value in ’
this standard. :

. The-asslstance derived from the relevant publications of the‘InternationaL
Organization fox Standardization, the British Standards.Inetitutipn, the
Bureau of Indian Standards, the Japanese Standards Association and the
Society of Automotive Engineers in United State of America 1n the preparation
of -this standard is gratefully acknowledged,
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1 SCOPE

This standard covers terminology, dlmen51ons and other general requlrements

- for automotive brake linings. It also covers various tests and the =
coefficient of friction for different types and classes of brake . 1inings
dealt at clause 4.

2  REFERENCES

“vSLSv,102" Presentation of numerical values,
SLS 145  Rockwell hardness test.

SLS 146  Brinell hardness test,

SLS 428 Random sampling methods.

SLS 783 = Part 1 ~Method for measurement of compressibllity of
o S lining material.

SLS 783 Part 2 vMethod for measurement of 1nternal shear strength
' of lining material.

SLS 783 Patt‘S. Method ‘for determlnlng resistance to water,
' * saline solution, oil and brake fluid of the
brake llnlng material.

3 DEFINITIONS

Foxr the purposes of thlS standard, the following definltlons shall app;y :

3.1  brake lining : A piece of frlctlon materlal made to a specifled
shape. . »
3.2 flexible lining : Lining which is adoptable to brake,drums of

different diameters,

3.3 rigid lining : Lining which is formed to fit a speciflc drum
diameter.‘It may be moulded or woven.

3.4 moulded lining : Lining which is made with asbestos/non-asbestos
fibre mixed with suitable fillers and bonding agents and approprlately
processed. :

3.5 woven lining : Lining which is made with woven asbestos/non-
asbestos fabric as a base with suitable filler and bondlng agents, It may
be rlgid or flex1ble.
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4 TYPES AND CLASSES

This standard spe01f1es two types of brake linings, each classified into
two’ classes as follow . -

RIGID MOULDED BETS,

f I

_CLASS A

TYPE 1 ———- | FLEXIBLE MOULDED ROLLS MEDIUM FRICTION
e oR SERS.C CLASS B - HIGH FRICTION
.. | RIGID WOVEN SETS, RS |
TYPE 2 ——— | FLEXIBLE WOVEN ROLLS <:::::CLASS A - MEDIUM FRICTION
4 OR SETS CLASS B - HIGH FRICTION

5 DESIGNATION

Brake linings shall be designated by type, claes, width and thickness in
millimetres.

EXAMPLE :

Automotive Brake Lining Type 1, Class B, 80 x 6,3, or

Automotive Brake Lining 1B 80 x 6.3

6  REQUIREMENTS

6,1 General

6,1.1 The frictional characteristics of the linlng shall be unlform
throughout the material and its life span, , :

~6.1,2 The lining shall have sufficient mechanical strength to permlt it
|t BE” assembled either by reveting or other means on to the lining
carxier and to- prevent shearing, slipping ox cracking during use,’,

6 1 3 The brake lining shall conform to the requirements of this standard

even after one year of normal bin storage in tropical climate.

\

6.2 Einish ' » n

' 6.2.1 - The finished brake liping shall be free from defetts, such as

cracks, scorings, indentations, unevenness or other defects affecting its
life and serviceability,
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6.3

6.3.1
Table

1989

Tolerance

1

.

-.'The allowable tolerance on. width and thickness shall be as in -

TABLE 1 - Allowable tolerances on width*gndvthickgegs

Tolerance

‘ - 00 | miqevsnia e
Thickness width ‘.T°i::z:z:s:p‘
@ | @ TN
Up to and including 5 mm ‘r‘g‘e_“ + 8 2
OvervSme. + + p Lo
" - 0.8 f.0.3.
6.4 Properties

. 6.4.1

Frictional

The coefficient of friction shall be calculated by. the following

formula.

Besides,

the latter half of overall frictional force recorded

where,

i -

m is coefficient of friction ;
£ is frictional force, in kgf;
F

is total press force on test specimen,

and

Cdefficient of friction shall be as . in Table 2,

3

| TABLE 2 - Coefficient of friction

"u" is calculated from average. frictional force for

Type Class “100% | 180°¢ 200% 250°%C 300 c
(1) (2 (3) (4) ROE @ |
- a S o : SN 2 .
1 and 2 Medium | 0,30-0,60| 0.25-0.60 | 0.20~0.60 | —=— e
friction ’ . . A ‘ .
’ friction 1 B ISR R
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| | The tolerance for designated coeff1c1ent of friction shall be as in
| Tevle 3. o ¢

TABLE 3 .. Tolérahce qu desigﬁated qdef#iciént'ot tr&qfton

—— -

3 Type Class 100% | 150% ' |- 200°% | 250%"
’ (1) S 2) B &) ISR SR €3 ) By | . (68) .
- o ' a ' +
: 1 and 2 | Medium friction T +0.10 - 0.12
Lo B : -+ + o+ +
1 and 2 |High friction ~~ .| 7 0,08 - 0,10 .=0,12 = 0,12

6.4.2  Wear rate o _ ‘ L
The wear rate shall be calculated using the following formula,

R S Y 4, - d
Vo= 1&6( -_)(.1; 2
: .\ N - f

m,
where,
© W - is wear rate- (wear volume per unit work-done) in cm3/kgm;
N '.is total revolutions of disc during the wearing test;
" A is total frictlonal area of test specimen in cm<;
d1»'is average th;ckness of specimen before test in cm'
d2 is average thickness of specimpn after test in cm; and
fm is Lotal average frlctlonal force during test in kg.
NOTE o ‘ N Lo ‘:‘ R L ’ . o - ‘ - ..

'1.06 is =ﬂ=1/2 R , and

' R is distance from test 3pe01men centre to. rotor shaft
' centre (0.15 m).

- "6}4{2.1 . Wear rate shall be'as in Table 4, L Sy
S N | o L tT 3
. ‘ : ‘ : . Unit .10 "em™/ k
- R TABLE 4 « Wear rate . il b
Type Class -1 100°C 150°c |. 200°C 250 °C 300 C
(. (2) - 1€ R N € (5 . (6) ' (7)
‘ | " ,‘ ‘.: i s  ; ~
1 and 2 Medium | 10.0 <| 15,0 < | 20,0 max, | ~—— | ——
- friction. ‘ b ’
‘ B o e | B EE : . :
1 and 2 High 5.0 < 7.5 < }|10.0 < -20,0max, | 35.0max.
cee T friction ‘ |
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7  MARKING

Brake lining shall be marked as follows :

(a) © Manufacturer's name or trade mark;
(b) Date of manufacture;

(c) Type, class and size; and

(a) Asbestos orx non- asbestos

8  PACKING

‘The brake lining shall be packed in accordance with the best trade
practice. A package shall contaln a set of lininqs for cne axle only.‘

9 'TEST METHODS

9.1  From the sample selected, test Specimens shall be cut. for conducting
the tests spec;fled below : :

9.1.1 Frlctlon test (see Appendix A)
9.1.2 Wear test (see Appendix A)
9.1.3  wet friction test

After the completion of the test described in Appendix A the test pieces
shall be placed in water for two hours and then removed and the normal
test carried out as in Appendix A.The average value of coefficient of
frlction for wet test shall be 90 per cent. of the original value.

9.1.4 Oven test

The lining shall not show any evidence of bl1stering, swelling or
distortion when heated-in an oven for 2. hours at 200°C. The change
in thickness shall not be more than 0.25" mm' when measured at this
‘temperature S

9.2 The tests given below may be carried out as agreed between the .
purchaser and the manufacturer. : ;

8.2.1 Hardness test
Hardness testing shall be in accordance with SLS 145 or SLS§ 146.

1

9.2.2 Compressibility test

Test for compressibility of lining material shall be in accordance with'
S8LS 783 : Part 1,

t

9.2, 3 Internal shear strength test v _
Test for internal shear strength of lining material shall be in acccrdance

;with SLS 783 : Part 2. ‘ » ~
9.2,4 Resistance Test

Test for resistance to water, salintlsolution; oil and brake iluid,ot
brake lining material shall be in accordance with SLS 783 Plrtvﬂ,-
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10 SAMPLING
10.1 Lot

All brake linings of the same type, class, w1dth thickness and belonglng
to one batch of manufacture or supply shall constltute a lot.

10.2 Scale of sampling

10.2.1 Samples shall be tested from each lot for ascertaining’conformity
of the lot to the requirements of this specification,

10.2.2 The number of sets of brake linings to be selected from a lot shall
be in accordance with Column 2 of Table 5,

TABLE 5 - Scale of sampling

_Number of sets of brake Number of sets of Number of éets of
linings in a 1ot ' brake linings to be Brake lining to be
. ' selected , select for sub sample
(1) T (2) - - (3) '
- Up to 25 2 1
26 to .+ B0 3 1
51 to - 100 4 1
101 to 150 5 2 '
151 and above 4 f 2

10.2.3 Sets of brake linings shall be selected at random. In oxder to
ensure randomness of selection random number tables as given in SLS 428
'shall be used.

10.3  Number of tests

10,3.1 Each set of brake linlng selecLed as in. 10 2 2 shall be lnspected
for marking. » :

.. 10.3.2 Each set of brake lining selected as in 10.2.2 shall be inspected
for defects glven in 6,2.1,
i
10.3.3 A sub sample of size given in Columd 3 of Table 5 shall be selected.
from the ‘sample selected as in 10.2.2 and each set of brake llning of the
sub sample shall be subjected to friction test, wear test, wet friction
test and oven test.

NOTE

The test pieces shall be prepared in accordance with the relevant test
method.
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10.3.4 If the purchaser and manufacturer agreed another sub sample of
$rze @b given lu column 3 of Table 5 shall be selected,

and each set of brake lining of ‘the sub sample shall be subjected to tests
glven in 9.2,

11 CRITERIA FOR CONFORMITY

A lot shall be declared as .conforming to the requlrements of thlS
specification if the follow1ng conditions are satisfied.

11.1 Each set of brake lining inspected as in 10{3.1 satisfies the
marking requirement. '

11.2 'Each set of brake lining inspected for defects as in 10. 3 2 contains
no defects. .

11.3  Each set of brake 11n1ng tested as in 10 3 3 satlsfles the relevant
. property requirements.

"11.4 Each set of brake lining tested as in 10 ‘3.4 satlsfles the relevant
property requirements. -

APPENDIX A .
TEST FOR ASSESSMENT OF FRICTION AND WEAR

4.1  PURPOSE

The purpose of this to obtain data on frictional and wear
characteristic of brake linings for 1n—plant quality control by
manufacturers and for the quality assessment of incoming shlpments
by the purchaser »

A.2  EQUIPMENT
The machine shown in Figs 1 and 2 shall be equlpped with su1table
means for ‘
(a) Measuring  the drum'teﬁperature;
(b)  Heating the dtuﬁ;
‘(c) Contrelling the drum heating rate; .
(d)  Cooling the drumgv ‘ ‘
(e) - Controlling the drum cooling raté{
(£) Measuring‘the friction force;:andat
(g) Measuring the drum rotational speed.

10
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Means shall alsc be provided for measurlng specimen thlckness and
mass.

' The means for heating the drum shall be capable of ensuring that the

'free running' temperature rlse of the drum follows the heatlng curve
in Fig. 3 within ¥ 14 oc,

The means for cooling the drum shall be capable of ensuring that the
maximum dxrum temperature of 93 OC specified in A.4.3 is not exceeded,
and that the "free running' cooling curve of the drum follows the
cooling curve in Fig. 4 within ¥ 14 ©c.

€ondition of test specimens

The temperature measuring system shall have ¥ 2 per cent full scale
accuracy. The friction force measuring system shall have % 2 per

cent full scale accuracy. The drum speed measuring. system shall have
1 2 per cent full scale accuracy. The drum dlameter shall be between
the limits of 277.4 mm and 279.9 mm.

TEST CONDITIQNS

Actual tests for performance shall be started when preliminary
preparations and lining bedding given in A.4 have been completed.

All drum speeds, in rey/min, are based on a nominal 280 mm dlameter
drum with the specified loads applied to the specimen. »

PROCEDURE

Preparation of test specimen

 The tests specimen shall be taken from the centre of the selected
lining segment equidistant from each end. (In case of rolls the .

segment may be the selected from one end of the roll)

The specimen shall be-25 mm square and flat on the bottom, the

radius of the working surface shall conform to the rxadius of the test
drum. Not less than 0.25 mm nor more than 0.50 mm shall be removed
from the working surface of a curved specimen. The specimen thickness
(or specimen plus shim) shall be approximately 6 mm measured in the

.centre of the specimen. Excess of material shall be removed 'from
~ bottom. side of the specimen cut from 6.3 mm or greater nominal

thickness linings. In cases where nominal 'lining thickness is less
than 5,3 mm remove a minimum amount of material from the bottom

_surface to prodnce flatness,

The working surface of the specimen should not be handled and should
be kept free of foreign mattsy.

11
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han Etectrical
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v f_o ree -
1. Load cell. ' \{“‘d‘b'e S SN |
2. Air pressure recorder.. °°.
.3, Pressure regulator — ! .
Fe Jflhef gauge. o [ e I . 4 s Air
" 4. Solenoid air valve. ! = .
%7 Air cylinder. b r | @ o
- 6. Cycle timer. 5 ! ,
. 7. Auxiliary drum heater. e
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Fig.l. Schematic diagram of typical friction materials test ‘machine
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Preparation of test drum surface

After grinding the drum surface of new'or‘resurfaced drums (in
position on the test machine), remove all grinder marks and finish
with No, 320 grit (wet or Ary) abrasive paper or cloth. Remove
dust from the drum with clean dry air and/or wiping w1th a clean
cheese cloth or equivalent,

Complete the surface‘pregaratlon by runnlng a reference speqimen
continuously at 7 kgf/cm®, 417 rev/min (6 metres/second) ‘and at not
over 93 OC until the coefticlent of friction has stabllized : ‘

"Prior to each test, finish the drum surface with No. 320 grit (wet
~.or dry) abrasive paper or cloth. Remove dust from the. drum with
‘¢lean dry air and/or wipe it with clean cheese cloth or equivalent.

Conditibning of test specimen

The specimen is run-in at 7 kgf/cm ,. 312 rev/min (4.5 m/s) and at a
maximum drum temperature of 93 °C, for 20 minutes. If the specimen
does not show at least 95 per cent contact after 20 mlnutes, the

- specimen is to be dlscarded and another prepared

Measurements of initial thickness and mass

Specimen thickness measurements»shali taken in three places along
the axis parallel to the drum axis (open centre and closed edges)

~and recorded, Weligh (in grames ) to 0,001 mg and record. Regeat

the specimen by running continuously for 5 min at 3.5 kgf. cm?. and 208
rev/min (3 m/s). The initial clearance between the’ specimen and the
drum should be 0.25 mm to 0.38 mm in the OFF. posltion.

Initial vear measurement

| With the drum statlonary and at 93 C and with 10.5 kgf/cm 1oading

on the specimen, obtain an indicator readlng of height of speclmen
holder, and record. :

TEST RUNS

Base iibe run

Run for 10 seconds ON (lgad applied) and for 20 seconds OFF (load
removed) , at 10.5 kgf/cm® and 417 rev/min (6 m/s) for 20 applications.

Start the run at a drum temperature of 93 ¥ 11 ©C and maintain within
these limits during this part of the test.

13
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A.5.2  First fade run . T "“g’ T '"‘”'7‘§_ R

¢ With the hegter voltage adjusted so that the \free running L
’“‘F’”t{empe«ﬁature ‘rige curve Of the' drum follows the. heﬂting curye " fn
o PEG"S within #714°°¢ ‘yun under a ‘continuous load of 10, 5 kgf/cm
“ﬁ¥é14fﬁ rev/min (6 m/s} with the heatex’ ON ‘and cooling ‘aeans OFF. .
Start the run at 93 °C and run for either 10.minutes or untii~288. °c
obtained, whichever occurs first. Take 31multaneous readlngs Qf
- TofEtdor force ‘and drum temperature at 30 second lntervals and -
Fon vfecord the ’me requlred to reach 288 0C :

'A 5.3 First recovery run
Jew » b : : S .
‘ﬁhmedia%ely following completlon of first fade run is’ ‘A5, 2 “turn
3f“96£ﬁﬂheater and tirn on cooling nmeans (adjusted so that the ~9rég
runnlng coollng curve of the drum follows the copling cyrve in
Fig. 4 with ¥ 14 OC and make a 10 second appllcatxon atfeach 55 c
interval durlng coollng from 260 °C to 93 oc,
8 d5 Do o Vo o : ‘ ‘
'A 5. 4iom §ﬁ9qnd wear vmeaaurement
ot Lt o ‘ N
Repeat the 1n1t;al wear measurement in. A, 4 5

© A.5.5 Woar run ﬂ S T T T L TP T T R S PP R 0

p”RW’l fon 20. seq@nd ON and 10 second QFF, at 10.5 kgf/cm and 417
m%av/mlau(G m/s) for 100 applications. Start the run at a drum’
s 4emperature of 205 * 11 9¢ and maintain the average of the maximun
g6¢ bn@nﬂwmln;mum temperature for each appllcation at 205 T Oc 2
codd bﬂfi R . :

A.5.6 'Third wear measurement

Immedlately upon completion of the wear run in’ A 5 5, cool to f

23 £¢ and repeat the 1nlt1al wear measurement in A 4 5.
i, mm [ A

oo .Jﬁ et g S B _ e
A.5.7 Second fade run ' ‘ : _ ST e ey

Tmmediately upen cqmpletion of the third wear measurement in. A45 6 Ak

-and with the heater voltage adjusted, as specified in the first fade

run in A.5.2, run at a continuous load of 10,5 kgf/c:mz at: 44%%ev/iné_ﬁ b

(6 m/s) with the heater ON and the cooling means OFF., Start the run
pp8E;93:.9C andorun: foxr: either 10 minutes or drtdl 343 OC is reached,
,enorm“ﬂlichevex ocgurs first. Take simultanecus readings of fribtion force
it 1 waRQ, drum: tgmperatﬁre at 30 second intervals and record time requxr A
. te reach 343 °c¢, - ‘ . Puate g L

cAd gy
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8:33 dia that botiom hoie Analysis. ot iron%: -
for “thermcocuple Total carbon 3-30t0 3-50
M_anqanuc 55 to 7§
\. : Silicon (80 to 210
i T Sulphyr 020 max.
;\ Phosthorus . 0:20 max
" "5'1 ; Nicket 0:6010 0-70

Chromium = 015 t0 025
Molybdenum 0:-20to 0-30
Brinell hardness: 17910229
2tapped holes tor Pearlno grain structun

22 22 thermocouple
e v ) mountmg
{
A oot V@ !
95 di
x'o é i é)«— Note:
105 % * Diameter operating -
// limits: 27739 new
‘ ? 27991 discard
Z
326 Z/)
“die ”
A
§ ;///'
120:72
s T 120-57 PC-de
Al B2 68 .
I M 8265 9
4-3 H
B &

Fig.2. Typical friction materials test drum
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A.5. 8 Second recovary run
- Immediately follow1ng the completlon of the second fade run in
A.5,7, turn off the heater, turn on the cooling means (adjusted
as spe01f1ed for the first recovery run in A.5.3) and make a 10 o 1
secondbapplicatlon at each 55 C 1ntexVal during cooling from 315 c
to 93 “c. .- v
A.5.9 Baseline re~run
Repeat the base line run in A.5.1,
A.5.10 Final wear measurement
Repeat the initial wear measurement in A;4,5. o
A.5.11 Measurement,of‘final’thickness'and mass- .
Measure and weigh' as described inkA;4.4;

A.6 SELECTION OF PLOT POINT FOR COEFFICIENT‘QF”FRicTrdN vAhuE

During the intermittent application runs, the coefflcient of
friction values are taken at the end of each: appllcatlon.

A7 PRESEETATION OF TEST DATA

AL7.1 Fig.5 shows a recommended form of plot sheet for " unlformlty
' in the prosentat1on of test data, o

A.7.2 Fig. 6 shows a recommended form of data sheet for use by the
test operator.

16
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MATERIAL o “lio8 Ne
LoY o TEST Nae.
REFERENCH T I DATE
ERENC SR T
e | _WEIGHT THICKNESS [INDICATOR "READING
INITIAL - : S e e
FINAL S enm e e . -
LOSS - ‘ , ‘
| ITEM _4:8.1. BASELINE REMARKS: ATEM 489, BASE
BRI . {Aret.NolGAUGE [ c oF s \PPL. Nel'GAUGE |
o ‘ A T i
R i e R . v e
T T e e T e o
20 | i N 20 : o o
ITEM 4.8, FIrgY radt ITEM 4,87 SECOND 'FADE
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SRI LANKA STANDARDS INSTITUTION

The Sri Lanka Standards Institution (SLSI) is the National Standards Organization of Sri Lanka
established under the Sri Lanka Standards Institution Act No. 6 of 1984 which repealed and
replaced the Bureau of Ceylon Standards Act No. 38 of 1964. The Institution functions under
the Ministry of Science & Technology.

The principal objects of the Institution as set out in the Act are to prepare standards and
promote their adoption, to provide facilities for examination and testing of products, to operate
a Certification Marks Scheme, to certify the quality of products meant for local consumption
or exports and to promote standardization and quality control by educational, consultancy

and research activity.

The Institution is financed by Government grants, and by the income from the sale of its
publications and other services offered for Industry and Business Sector. Financial and

administrative control is vested in a Council appointed in accordance with the provisions of

the Act.

The development and formulation of National Standards is carried out by Technical Experts
and representatives of other interest groups, assisted by the permanent officers of the Institution.
These Technical Committees are appointed under the purview of the Sectoral Committees
which in turn are appointed by the Council. The Sectoral Committees give the final Technical
approval for the Draft National Standards prior to the approval by the Council of the SLSI.

All members of the Technical and Sectoral Committees render their services in an honorary
capacity. In this process the Institution endeavours to ensure adequate representation of all

view points.

In the International field the Institution represents Sri Lanka in the International Organization
for Standardization (ISO), and participates in such fields of standardization as are of special

interest to Sri Lanka.

Printed at the Sri Lanka Standards Institution, 17, Victoria Place, Elvitigala Mawatha,
Colombo 08.
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SLS CERTIFICATION MARK

The Sri Lanka Standards Institution is the owner of the
registered certification mark shown below. Beneath the mark,
the number of the Sri Lanka Standard relevant to the product
is indicated. This mark may be used only by those who have
obtained permits under the SLS certification marks scheme.
The presence of this mark on or in relation to a product
conveys the assurance that they have been produced to comply
with the requirements of the relevant Sri Lanka Standard
under a well designed system of quality control inspection
and testing operated by the manufacturer and supervised by
the SLSI which includes surveillance inspection of the factory,
testing of both factory and market samples.

Further particulars thhe terms and conditions cyrthe permit
may be obtained from the Sri Lanka Standards Institution,
17, Victoria Place, Elvitigala Mawatha, Colombo 08.

Printed at SLSI (Printing Unit)
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	Spread about 25 g  of the sample in a petri dish or any suitable dish and dry by the method given in B.2. The dried material shall be referred to as the dried sample and shall be used in the tests where so indicated.
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	D.1      APPARATUS
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	E.1APPARATUS


	E.1.6Other laboratory equipment
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	DETERMINATION OF FREE FATTY ACIDS OF THE EXTRACTED OIL
	
	
	G.1APPARATUS
	G.3PROCEDURE



	APPENDIX H
	
	
	Gently invert the sample six times and prepare serial decimal dilutions immediately.
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