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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Horology — Procedure for evaluating the accuracy of
quartz watches

1 Scope

This document specifies the procedure for evaluating the accuracy of quartz watches, individually and

by 1
relat

It ap
indig

jonship between the accuracy tested and the accuracy classification given by the many

plies to quartz watches having accompanying documents on which the accuracy clag
ated.

2 Normative references

The
cons
unda

ISO 3

ISO
inter

Fort
[SO 4
— 1
— 1
3.1

following documents are referred to in the text in such a waykthat some or all of t
fitutes requirements of this document. For dated references,‘enly the edition cited
ted references, the latest edition of the referenced document(including any amendme

158, Timekeeping instruments — Symbolization of contrel positions

16269-6:2014, Statistical interpretation of data —&,Part 6: Determination of statistid
vals

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological ddtabases for use in standardization at the following g

SO Online browsing platferm: available at https://www.iso.org/obp

EC Electropedia: availabte at http://www.electropedia.org/

quartz watch with-accuracy indication

quar
oper

3.2
disp

tz watch, thé.aecuracy classification of which is indicated in its accompanying documg
hting instructions, prospectus and, labels

ay

lot), and the
iIfacturer.

sification is

heir content
applies. For
hts) applies.

al tolerance

ddresses:

bnts, such as

accu

displ

Note

racy classification indications showing the hours and minutes and having at least and
aying the seconds to enable the state to be checked

1 to entry: The accuracy classification is expressed in seconds.

4 Symbols and units

component

The symbols and units for ageing, temperature simulation and accuracy are given in Table 1.
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Table 1 — Symbols and units of measurement

Symbol | Unit | Term
Ageing
a d-1 coefficient of the logarithmic function applied
s/d coefficient of the logarithmic function applied

tq d time interval
Mg s/d average daily rate for the first three days of the ageing test (stage II)
My s/d average daily rate for the middle three days of the ageing test (stage V)
Mg s averagedatty ratefor-thetastthreedaysof theageingtest{stage V)
Vy S variation in state over one year due to ageing

Temperature simulation

Mp s/d average daily rate in simulation of spring

Mg s/d average daily rate in simulation of summer

Ma s/d average daily rate in simulation of autumn

My s/d average daily rate in simulation of winter

Vr S variation in state over one year due to seasonal changes in temperatiire
Accuracy

My s/m monthly rate

My s/a annual rate

5 Practical factors affecting accuracy

5.1 Genefal

The main factors affecting the operating accuracy of quartz watches are temperature and ageing.
Accordingly} these two factors are taken inte‘account when evaluating the accuracy. The influerce of
other factorf, such as mechanical impacts, magnetic fields, humidity and supply voltage is low.

5.2 Accuracy

The accuraqy of quartz watches-depends upon temperature variations due to the climatic conditions in
the places of use.

5.3 Influence of temperature on accuracy

Watches ar¢ subjectsto the influence of the ambient temperature, which is variable according tp the
seasons and| geagraphical location of the wearer.

nnnnnnnnn

nan £ 1 loting o ariationc 1 o] 1 Th
vadr racrott S arr rotactrors. e

It is not possibletespeeifyabselutelytemperaturessimulating seasona
effects of temperature on accuracy are calculated arbitrarily at levels corresponding to the average
seasonal temperature in temperate climates.

(s

5.4 Accidents or abnormal environment

Accidents which quartz watches may suffer such as dropping, exposure to a strong magnetic field or
extremely high or low temperatures are not covered by this document.

6 Types of measurement

To evaluate the accuracy of quartz watches in accordance with the procedure described in Clause 7, the
condition of the component which displays the seconds shall be measured (this measuring procedure

2 © ISO 2018 - All rights reserved
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has the advantage of taking the oscillator variance into consideration and of checking the display
kinematic chain).

7 Test methods
7.1 General test conditions

7.1.1 The average daily rate is obtained by calculating the difference between two successive states
divided by the number of days of observation according to the test programmes described in 7.2 and 7.3.

7.1.21 The position of the timepieces throughout all the test programmes shall be with thIe dial facing
upwards (CH), in accordance with ISO 3158.

7.1.3 In order to eliminate any residual influence of temperature in the initidhageing tesf, the ageing
test ghall be performed first followed by the temperature simulation test.

7.1.4 The number of samples from each batch should be greater than/or equal to 30. Th¢ confidence
interpal of standard deviation requires a minimum lot size.

7.2 | Ageing test programme

The test specified in Table 2 shall only apply to watches having an indicated accuracy included between
*3 s/ja and 30 s/a.

© ISO 2018 - All rights reserved 3
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Table 2 — Ageing test

Symbol Test conditions
Stage Test Days State Rate Temperature Relat_i‘{e hu-
S s/d °C midity
%
1
[ Stabilization (3 d) 2 23+0,5 50+5
3 E
-
4 V3
1 AVETAge daily Tate 5 M. — V6 _TV3 53205 S0m
3d) B tap ’
6
7 «Eve
11 Rest (24 d) etc. 23+5 50+ 20
30
31
v Stabilization (3 d) 32 23.+0,5 50+5
33 £
-
| 34 V33 . .
v |[Averagedailyrate 35 My =-V36 “EVS[T 53405 50 +
(3 d) tam
36 E
e
37 V36
VI Rest (24 d) etc. 23+5 50+ 20
60
61
VII Stabilization (3 d) 62 23+0,5 50+ 5
63 3
F
o4 V63
i 65 E -E
VIII Average daily rate My _Eves ~Lves 23+0,5 50 + 9
(3d) 66 tag
<Evee
NOTE tq represents the period’between the measurements of two states, equivalent to about 3 d; it is rounded to the
nearest 1/1 4{0th of a day.
The following measurentents shall be taken if the actual temperature variations during stages II, ¥ and
VIII influenge the ageing measurements.
a) Measurg the temperature characteristics of the watch at 23 °C.
b) Correct the daily rates measured during stages II, V and VIIT on the basis of actual temperatures

and temperature characteristics given in Table 2 for each phase.

7.3 Temperature simulation test programme

The temperature simulation test programme is given in Table 3.

The temperature gradient shall be greater than 0,5 °C/min.

© ISO 2018 - All rights reserved
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Symbol Test conditions
Stage Test Days State Rate Temperature Rela_tiye
S s/d °C humidity
%
I Stabilization (1 d) 1 £ 25+0,5
P
2 T1 - ;i
11 Simulation (3 d) 3 Mp=—T4 "TL 25+0,5
4 tap
El‘l-
5
E E
[1 Simulation (3 d) 6 Mg =—17_"T4 35+ 0,5
- tas
3 «ET17 <60
. . Ety0 —E17
[V Simulation (3 d) 9 My = 25+0,5
10 fas
«E
11 T10
12 Eti3 7 F
\ Simulation (3 d) e My, =—132°T0 15+0,5
t
<ET13 W
NOTE tq represents the period between the measurements of twig\states, equivalent to about 3 d; it is rpunded to the
near¢st 1/1 440th of a day.

7.4

Uncertainty of measurement

The methods used for the measurement of~state shall satisfy the following criteria cohcerning an

unceftainty of measurement as specified.in Table 4.

Table 4 — Criteria for uncertainty of measurement

Accuracy classification indicated

Monthly accuracy Annual accuracy
s/d s/d
<10-2 <10-3

© ISO 2018 - All rights reserved
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8 Calculation of accuracy

8.1 General

The accuracy calculated shall be expressed in terms of monthly rates (monthly difference) or annual
rates (annual difference).

The units are seconds per month (s/m) or seconds per year (s/a).

A month sha

1l be taken as 30 d, and a year as 360 d.

8.2 Calcu
For |Mg - M
a (d-1) shall

8| <5 x 10-3 s/d, Vy shall be considered as equal to 0 s.

lation of the effect of ageing on accuracy

be calculated using Formula (1):

My —Mg  In(1+30a)
Mg —-Mp  In(1+60a)
where

My S

ageing test (stage V);
Mg id

ageing test (stage I1);
Mg id

ageing test (stage VIII);
a is

See Annex B

c (s/d) shall

the average daily rate, expressed in seconds per day (s/d), for the middle three days o

the average daily rate, expressed in seconds-per day (s/d), for the last three days of th

the coefficient of the logarithmic function applied, expressed in 1 per day (d-1).
for an alternative definition of the coefficient value a.
be calculated using Formala*(2):

_MB
+600)

the coefficient of the logarithmic function applied, expressed in seconds per day (s/d)

the average daily rate, expressed in seconds per day (s/d), for the first three days of the

)

f the

(2)

thé\average daily rate, expressed in seconds per day (s/d), for the first three days of t

peing test (stage 11):

llle

ageing test (stage VIII);

M

=Mk
In(1

where
c i
Mg iS
a

Mg

a

is the coefficient of the logarithmic function applied, expressed in 1 per day (d-1).

See Annex B for an alternative definition of the coefficient value c.

Vv (s) shall be calculated using Formula (3):

wel;

60
cln(l+at)dt

is the average daily rate, expressed in seconds per day (s/d), for the last three days of the

(3)

© ISO 2018 - All rights reserved
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47,
c

a
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is the variation in state, expressed in seconds (s), over one year due to ageing;

is the coefficient of the logarithmic function applied, expressed in seconds per day (s/d);

is the coefficient of the logarithmic function applied, expressed in 1 per day (d-1).

The effect of seasonal changes in temperature on accuracy, VT (s), shall be calculated using Formula (4):

W

wherte

Ma

The monthly rate, My, (s/m) (monthly accuracy), shall be calculated using Formula (5):

where

|6y

The annual rate, My (§/a), (annual accuracy), shall be calculated using Formula (6):

My

where

Mw is the average daily rate, expressed in seconds‘per day (s/d), in simulation of wintgr.

My =|Vr|/12

M, is the monthly rate, expressed in seconds per month (s/m);

Mp+Mqg+Mp+M

is the variation in state, expressed in seconds (s), over one year due'to seasonal changes in

temperature;
is the average daily rate, expressed in seconds per day (s/d),{in simulation of sprinig;
is the average daily rate, expressed in seconds per day(s/d), in simulation of sumrer;

is the average daily rate, expressed in seconds per:day (s/d), in simulation of autuinn;

is the variation in state, expressed in seconds (s), over one year due to seasonal chgnges in

temperature.

:|Vv +VT|

nnnnnn i PPN g 4 zagxe (o /o)

1t 4 Sz3nan i oo ¥ar-x
TSTCarmradar 1 atCy CAPTCSSCU T SCCUTIOS pPeTyoar (57 a7,

is the variation in state, expressed in seconds (s), over one year due to ageing;

is the variation in state, expressed in seconds (s), over one year due to seasonal changes in

temperature.

© ISO 2018 - All rights reserved
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9 Relationship between the calculated accuracy and the accuracy classification
indicated

The relationship between the calculated accuracy and the accuracy classification indicated as defined
in Clause 10 is as follows.

a) For the indication of the average monthly rate, My, (s/m) shall be within the limits of the accuracy
classification indicated.

b) For the indication of the average annual rate, My (s/a) shall be within the limits of the accuracy
classification indicated.

10 Indication of the accuracy classification
The accurady classification shall be indicated on the basis of the values defined in Clause 9.

The accuragy classification shall be indicated as + x seconds per month (s/m) or'as +x secondp per
year (s/a).

The accuragy classification indication shall be chosen among the following'values: +3, 5, £10,| 15,
+20, £30.

EXAMPLES Monthly accuracy classification evaluated in accordance withthis document 15 s/m.

Annual accuracy classification evaluated in accordance with this document +20 s/a.

11 Reliability

Reliability i explained in Annex C.

8 © ISO 2018 - All rights reserved
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Annex A
(normative)

Statistical evaluation of accuracy

A.1 Field of application

This|Annex specifies the methods for statistical evaluation of accuracy by lot.

A.2 | Explanation of symbols

A.2.1 Accuracy by lot

The $ymbols and units relative to accuracy per lot are given in Table Al

Table A.1 — Accuracy by lot

Symbol Unit Term
%4 S Total variation in state over one year
Am s/m Menthly accuracy for the lot
Ay s/a Annual accuracy for the lot

A.2.2 Average values and standard deyviations of Vr(; and Vy(;
The §ymbols and units relative to averagevalues and standard deviations of Vr(;) and Vy(;) are

The qverage value of Vr(;) is given by Formula (A.1):

— 1 n
b =NV
T ngl, (i)

wherte

=

i indicatesthe watch number;

n indicates the total number of watches.

given below.

(A1)

© ISO 2018 - All rights reserved
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The average value of Vy(;) is given by Formula (A.2):

Vy == Vi)
i=1

The total average value is given by Formula (A.3):

V=Vp+Vy

The standard deviation of Vr(;) is given by Formula (A.4):

(A.2)

(A.3)

N 2
(V1 =V1(iy)
1

The standarn

n-1
d deviation of Vy(;) is given by Formula (A.5):

Y (g —Vy(i))?

i+

1

1

SV:

The standarn

_ [ 2
S=4/ST

A.3 Test

The test me

A.4 Accu

A.4.1 Nor

If the variat
the annual 3

‘17
A =1

m

n-1
d deviation of the total average value is given by Forinula (A.6):

+5y°

methods

thods are specified in Clause 7.

racy evaluation methad by lot

mal distribution

jons of accuragy,values follow the normal distribution, then the monthly accuracy, Ay
ccuracy, Ay, for'the lot tested shall be calculated using Formula (A.7):

[“+k2'ST

12

(A4)

(A.5)

(A.6)

, and

A, =‘17‘
where
ko isa
n

Details conc

The sample

10

1‘K2’D

coefficient with a confidence level of 0,95;

is the number of watches tested.

erning n and k; are specified in ISO 16269-6:2014, Table C.2.

plan is given in Table A.2.

A7)
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n ko n ko n ko

5 4,21 17 2,49 50 2,07
6 3,71 18 2,45 60 2,02
7 3,40 19 2,42 70 1,99
8 3,19 20 2,40 80 1,97
9 3,03 22 2,35 90 1,94
10 2,91 24 2,31 100 1,93
12 2,74 28 2,24 200 1,84
13 2,67 30 2,22 250 1,81
14 2,61 35 2,17 300 1,80
15 2,57 40 2,13 400 1,78
16 2,52 45 2,09 500 1,76

A.4.2 Abnormal distribution

If the accuracy values do not follow the normal distribution, then Ap, or Ay shall be calcpilated using

Formula (A.7) in accordance with ISO 16269-6:2014, Annex G¢

wherte

Am is the maximum value of Vr(;)/12;

4y is the maximum value of V() + Vy(p).

The size of the sample shall be calculated in‘accordance with ISO 16269-6:2014, Tables E.1 aind E.2.

A.5 | Relationship between the-calculated accuracy and the accuracy classification

indicated

The rrelationship between the.calculated accuracy and the accuracy classification indicated is as follows:

— {for the indication efthe average monthly rate: 24,

— for the indicatien of the average annual rate: 24y

A.6 | Indieations

The gccuracy classification shall be indicated in accordance with the values specified in A.J.

The accuracy classification shall be indicated as +x seconds per month (s/m) or as *x seconds per

year (s/a).

The accuracy classification indication shall be chosen among the following values: +3, +5, £10, *15,

+ 20, £30.

EXAMPLES Monthly accuracy classification evaluated in accordance with this document +15 s/m.

Annual accuracy classification evaluated in accordance with this document +20 s/a.

© ISO 2018 - All rights reserved
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(informative)

Evaluation of coefficients a and ¢ from the differences of rates

The evaluation of coefficients a and c from the differences of rates is found by using Formula (B.1):

_ My[FMg
Mg |-Mpg

u (B.1)

aand y are dletermined from Figures B.1 and B.2 respectively.

c is obtained by using Formula (B.2):
c=y-(Mg—-Mp) (B.2)

s 100

10 4

0,01 |

0,001

0,5 0,6 0,7 0,8 0,9 1

Key
u  the differences of rates
a  coefficient of the logarithmic function applied

Figure B.1 — Determination of «

12 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0cc78d915bdcd03666485d63b552500b

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and units
	5 Practical factors affecting accuracy
	5.1 General
	5.2 Accuracy
	5.3 Influence of temperature on accuracy
	5.4 Accidents or abnormal environment
	6 Types of measurement
	7 Test methods
	7.1 General test conditions
	7.2 Ageing test programme
	7.3 Temperature simulation test programme
	7.4 Uncertainty of measurement
	8 Calculation of accuracy
	8.1 General
	8.2 Calculation of the effect of ageing on accuracy
	9 Relationship between the calculated accuracy and the accuracy classification indicated
	10 Indication of the accuracy classification
	11 Reliability
	Annex A (normative)  Statistical evaluation of accuracy
	Annex B (informative)  Evaluation of coefficients α and c from the differences of rates
	Annex C (informative)  Reliability
	Bibliography

