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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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Introduction

A superseded edition of this document was developed in the mechanical-shutters-only era. The scope
of this edition has been changed as many digital still cameras with non-mechanical shutters are now
introduced to the market.
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INTERNATIONAL STANDARD ISO 516:2019(E)

Camera shutters — Timing — General definition and
mechanical shutter measurements

1 Scope

This document provides a uniform basis for determining the exposure times for all types of shutters
used in still cameras and contains suitable definitions of the terms used.

It spedifies the exposure-time markings for all types of shutters and their tolerances.

The characteristics of all types of mechanical shutters, which are mounted in still\cametas and affect
the coptrol of exposure, motion-stopping ability and synchronization with a photoflash light source are
also defined.

The tglerances specified are the target values for the shutter performance that can b¢ expected to
give gpod results. They are not intended for application as a general inspection standard fin controlling
the performance of mechanical shutters, since tolerances may vary with the feature and|price class of
camerp tested.

Test mlethods are described for routine manufacturing testing and quality control. These|test methods
requirfe access to the focal plane of the camera and cantherefore not be applied to assgmbled digital
still cdmeras.

2 Nprmative references

Therelfare no normative references in this decument.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISP Online browgsitig platform: available at https://www.iso.org/obp

— IEC Electropegdia: available at http://www.electropedia.org/

3.1
front shutter
any shutter in the vicinity of the lens

Note 1 to entry: The front shutter can be in front of, behind or between the lens elements and can consist of
rotating discs, rotating slats, sliding blades, oscillating blades, etc. Programmed shutters are also included.

Note 2 to entry: The common characteristic for the front shutter is that the entire picture area is exposed almost
simultaneously.

Note 3 to entry: When the shutter and diaphragm are located too far apart, both exposure and shutter speed may
vary at different points in the picture area.

3.2
focal-plane shutter
any shutter in the vicinity of the focal plane

Note 1 to entry: The focal-plane shutter can consist of fixed or variable slit curtains, rotating discs, sliding
blades, etc.

© IS0 2019 - All rights reserved 1
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Note 2 to entry: The essential feature of the focal-plane shutter is that the picture area is exposed incrementally,
in such a way that the time required to expose the entire picture area is greater than the exposure time of any

one point.

3.3

effective time

te
best measure

of the amount of light falling on the picture area

Note 1 to entry: Effective time is defined by the following formula:

. H

= —
Eg

Note 2 to entr

shutters when
to entry can b

t,=— (f
1%

C

The formula in|

3.4

exposure time

teo
effective time

3.5

total time
to

the time for w

Note 1 to entry
front shutters.

Note 2 to entry
completely exq

following form
d
W+ —
),
ty, = v

Note 3 to entry

hcal plane shutter)

Note 2 to entry can only be applied under the condition of w = ds /4«

measured at the centre of the picture area

rhich any given point in the picture atea is exposed to light

ula:

To7

: Thisfermula can be inexact in the presence of vignetting.

See Figure 1.

y: At any point on the picture area, te is generally the same for the entire picture drea fdr front
vignetting is not severe. For focal-plane shutters, t. will vary with w and v.. The formula infNote 1
approximated with the below formula for convenience in measurement:

: At any point on the picture area, te_is generally the same, or almost, on the entire picture drea for

: For a focal-plane shutter,hoewever, to is dependent on w, 4, ds and V.. The curtain displacement to
ose one point becomes w“ds /A, which can be converted to ¢, if the velocity is known, uging the
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a  Taking lens.
b Cyrtain.
c Fofal lens.

Figure 1 — Total time for a focal-plane shutter

3.6
shutter efficiency

n
ratio df effective time to total tilne

Note 1[to entry: The shutter efficiency is given by:

t

n * —e
tO
3.7
fluctulation-of exposure time

p
the value-of p is determined by the following formula

|

2P +0

I

-0
where x and o are the mean and standard deviation of the values of five successive measurements

3.8
ratio of two adjacent exposure times

q
ratio of the mean values of two adjacent shutter speed settings obtained from values of five successive
measurements

Note 1 to entry: The ratio is expressed by the following formula:
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teo (1)

b —_ €OV
teo (n+1)

Note 2 to entry: teo (1) and teo (n + 1) are the exposure times of two adjacent shutter speed settings represented
by (n) and (n + 1).

3.9

non-uniformity of exposure

r

characteristic which may be found during any single exposure due to lack of coincidence with the
principal plane (front shutter) or to variations in curtain velocity or slit width (focal-plane shutters)

Note 1 to entry: Such non-uniformity is expressed as the ratio of the maximum and minimum effe¢tiye time
found by explofing the picture area, and is derived from the following formula:

r_ temag
temin
3.10
overall time
T

elapsed time for exposure of all points in the entire picture area
Note 1 to entryf: For front shutters, T = t,.

3.11
photoflash synchronization delay time
td
time interval|from the initial closing of the shutter synchronization contacts to the moment at{which
the shutter elpment moves to the specified position (see 5.2)

Note 1 to entry: For details of ignition circuits of syrichronizers, see 1SO 10330.

3.12
X contact
synchronizat{on contact for an electrenie flash unit

Note 1 to entry}: The contact closes while the shutter is fully opened to enable reception of the reflected light from
the object thrqugh the aperture, of.the lens or for total illumination of the camera aperture. The X contpct can
sometimes be fised for the M or-MF class of photoflash lamp at the slower shutter speeds.

3.13
M contact
synchronizatjon centact for M class of photoflash lamp

3.14
FP contact
synchronization contact for FP class of photoflash lamp

Note 1 to entry: This contact is provided only in the focal plane shutter and can be used for M or MF class of
photoflash lamp at the slower shutter speeds.

4 Symbols

A f-number of the lens

b exposure time error

c tolerance for exposure time

4 © IS0 2019 - All rights reserved
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tolerance for stop

distance between focal plane and curtain
maximum illuminance (full open shutter)
exposure value in units

tolerance for exposure meter

tolerance for film sensitivity

exposure (time-integral of 1lluminance)

film latitude

magnification factor

positive or negative integer, or zero

fluctuation of exposure time, expressed in Ey

ratio of two adjacent exposure times, expressed in Ey
non-uniformity of exposure, expressed in Ey

width of the mask slit in drum tester

overall time, in seconds (see Figure 3)

minimum contact duration, in seconds

delay time, in seconds (see Figures 2 and 3)

theoretical exposure time, in seconds [see Formula (1)]
effective time, in seconds((see Figure A.2)

exposure time, in seconds (effective time measured at the centre of the picture are
total time, in seconds (see Figure A.2)

average linedr velocity of curtain

linear velocity of rotating drum periphery

width of the focal-plane curtain slit

shutter efficiency

Required characteristics and their tolerances

5.1 Exposure time

Theoretical exposure times that form a series are given, in seconds, by the following formula:

tE:

1
2"

@)

Shutters shall be designed to provide exposure times selected from the series below, subject to the
tolerances specified in 5.1.2.

© IS0 2019 - All rights reserved
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..8,4,2,1,1/2,1/4,1/8,1/16,1/32,1/64,1/128,1/256,1/512,1/1 024,1/2 048...

NOTE 1

Timing of the shutters need be measured at the appropriate aperture of the lens used (see Figures 4

and 5). In the case of cameras that have interchangeable lenses, the standard lens is used for exposure-time

measuring.

NOTE 2

to be equivalent to the requirements of this document.

NOTE 3

A change in n by one unit needs a change in time by a factor of 2. This unit is called Ey, or a step.

5.1.1 Exposure time marking

In evaluating shutters without lenses, exposure times are measured under the conditions fixed so as

The exposursg
of the series s
numbers, but

..84,2,1,2,4,4

The highest
beginning wi
progressing &

-time marking shall be marked as the following rounded-off values of reciprocaln

should be made evident by colour or some other means of identification.
, 15,30, 60, 125, 250, 500,1 000, 2 000...

marking, however, need not necessarily be selected from thisCseries, but the
th the next lower number should be selected from this series, whenever practicab
s far as is required in the particular application.

mbers
pecified in 5.1. Exposure times longer than 1 s shall not, however, be marked as recuilprocal

series
e, and

5.1.2 Tolerjances
The tolerancgs of exposure time error, fluctuation of exposure times, ratio of two adjacent exposure
times and ngnuniformity of exposure should be as shownjin-Table 1 (see also 7.1). The following
Formula (2), in seconds, is applicable to the tolerance of the.gxposure time:
1
= | 2
Leo 2(n+b) (2)
Table 1 — Talerances for b, p, g and r
Unit: Ey
. Quantity
Exposure fime
ba p q

1/125 and longer +053 <0,3 1+0,45 i
shorter than 1j/125 +045 <0,45 1+0,65 <0,

a  The admis{

ible values for individual exposure times are calculated and tabulated in Annex A.

Over the rang
exception of {
Furthermore

e of —10~°C to 40 °C, the tolerances specified in Table 1 should not be exceeded, w
he tolerance for b which may be exceeded by +0,25 E;, over the range of -10 °C t
the relative humidity between -10 °C and 0 °C should be not more than 50 % and be

th the
b 0 °C.
tween

0 °C and 40 °Grotmorethanr 8696

5.2 Delay time

5.2.1 Front shutters

Delay time and minimum contact duration for synchronization shall be as given in Table 2.

© ISO 2019 - All rights reserved
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Table 2 — Delay time of front shutter
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Type of contact

Delay time of the synchronization contact

td

Remarks

Minimum contact dura-
tion

te

ms

Closing of the contacts shall take place
between the moment (B) at which

tllc a}luttc1 Cldlllitb GG nU Ulc t}lC llsllt
admitted at the maximum aperture of
the lens used and the moment (C) which
is the halfway point of the fully open
time of the shortest exposure time (see

Figure 2).

In spite of the above provision, closing
of the contacts may take place after
the moment (C) as long as the shutter
admits more than 80 % of thedight
admitted at the maximum aperture of
the lens used.

16 + 3b

The time lapse from the)closing of the
contacts (A) to the moment (B) at which
the shutter admits 80 % of the light
admitted at theumaximum aperture of
the lens used:,(See Figure 2.)

a  Thie contact duration shall be 2,5 ms minimum for.those ranges of shutter speeds listed in the instruftion manual as

suitable for use with any class of photoflash lamps. Sée }SO 10330 for use with the electronic flash.

b Ndtapplicable to those shutters having a mech@nism which changes the delay time in accordance with th¢ exposure time.

© IS0 2019 - All rights reserved
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v

—
A

L

Key
X time
Y illuminande

Figure 2 — Front-shutter delay time

5.2.2 Focal-plane shutters

Delay time anjd minimum contact duration for syfichronization shall be as given in Table 3.

Table 3 — Delay time of focal-plane shutter

Type of ¢ontact Delay time’of the synchronization contact Minimum contact dura-
tion
te
ms
td Remarks
ms
X — Closing of contacts shall take place a
while the shutter is fully opened [after
the moment (R) and not later than
0,5 ms before the moment (S) [shown in
Figure 3 a)]
FP 45 The time laps from the closing of the 2,5
1023 contacts (O) to the moment (P) at
which the shutter begins to open [see
Figure 3 b)].
a  The contact duration shall be 2,5 ms minimum for those ranges of shutter speeds listed in the instruction manual as
suitable for use with any class of photoflash lamps. See ISO 10330 for use with the electronic flash.

© ISO 2019 - All rights reserved
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A
v
{=4
~

v

< »> <
(for FP contact)

vo
vl

Y=
wn

a) For X-type contact b) For FP-type contact

X  tirpe

Y cuftain stroke

Figure 3 — Focal-plane-shutter delay time

6 Test methods

6.1

Feneral

The mlethod described for each type of shutter, based on digital readout, is rapid and ea
manuffacturing testing and quality control. As a rule, this method is applicable only to ¢
the character of the time-illuminance curve of the shutter has been proved consistent and

graph
6.2

6.2.1

The li
diffus

c methods such asthose described in Annex A.
Apparatus

Apparatus

rht Source shall consist of a lamp and a diffuser. Luminance at any point on the

Ky for routine
hses in which
acceptable by

urface of the

br 9measnred pm‘ppndim]]nr to the surface, shall be more than 95 9% of the maximi

m luminance

and the fluctuation of luminance shall not exceed +5 %. Luminance of the diffuser, measured at any
angle to the diffuser up to 60° from the normal, shall not be less than 85 % of the luminance measured

perpe

6.2.2

ndicular to the surface.

Detector

The frequency response of the combination of detector, cables and recording equipment shall be within
+3 dB from D.C. to 100/¢,: for example for a total time of 1 ms, the frequency response shall be at least
100 kHz (50 % output power, i.e. 70 % output voltage, with sinusoidal input). This combination shall
have a linear sensitivity characteristic between 1 % and 100 % of E,. The sensitive area of the detector
shall be large enough to receive all the light passing through the entrance aperture. (See Figure 4).
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(S

Key

1 lamp

2 light sourd

3 diffuser (
sensitive

4 shutter wi

5 focal plang

6  auxiliary n

7  detector

a  Entrance 3

6.2.3 Time

he one in front of the detector is removable if the detector has/uniform sensitivity over the
ea)

h taking lens
hask
perture (area < detector sensitive area).

Figure 4 — Test assembly for front-shutter timing measurement

-interval meter

A meter shall have an internal-time base, a selection of ranges and an adjustable sensitivit

frequency of
minimum effg

6.3 Front-

ctive time to beymneasured.

shutterdest

6.3.1 Test Tssembly

entire

y. The
the time base shall'be sufficiently high for at least 100 samples to be taken during the

The test assembly is shown in Figure 4. The fully opened standard lens shall be used as a taking lens.

6.3.2 Procedure

Pass a uniform light bundle through the shutter and into the detector (6.2.2) whose output is used to
control the time-interval meter (6.2.3). Adjust the sensitivity of the meter to start and stop measurement
when the detector output is at the level corresponding to the time (t, or te) measured as in 6.3.2.1 and

6.3.2.2.

6.3.2.1 Total time, ¢,

Adjust the light intensity and meter sensitivity so that gating occurs at 1 % * 0,5 % E,.

10
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https://standardsiso.com/api/?name=3c041b8f7b96bfc02194fe74c6a99a61

ISO 516:2019(E)

6.3.2.2 Effective time, t.

Adjust the light intensity and meter sensitivity so that gating occurs at the fraction of E, that yields a
time measurement, which is identical to effective time.

Determine the fraction as follows:

a) determine t, and te as in A.3;

b) read the height, E, above the baseline at which the rising and falling positions of the curve are
separated by t;

c) th

hpighf E divided by E_ is the fraction of illuminance at which the time measurem

ent is started

anld stopped.

NOTE |

If the trace is trapezoidal, te can be measured at 0,5 E.

NOTE 2  For front shutters, effective time varies with the aperture of the lens. Therefore, the fully opened lens

shall b

b used for the measurement.

NOTE § For programmed shutters, effective time shall be measured at“th€ aperture dete
prograjnming of the shutter.

6.3.2.3 Delay time, t4

To me
meter
the de

hsure the delay time of a M contact of the synchronization mechanism, adjust the
to start the measurement with the closing of the@ynchronization contacts and ta
fector output is at 0,8 E.

To chelck the closing time of an X contact, adjust thétime-interval meter to start the measy

the de

tector output reaches 0,8 E, and to stop-it'with the closing of the synchronization

measured value is compared with the time interval BC in Figure 2.

6.4

6.4.1

Focal-plane-shutter test

Test assembly

The test assembly is shown'in Figure 5 (see also 7.2).

©IS0 2
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time-interval
stop it when

rement when
contacts. The
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p—

Key
lamp

NCRN

light sourde

w

diffuser (the ones in front of the detector are removable if the detector has whiform sensitivity over th¢ entire
sensitive area)

taking len
auxiliary mask with entrance slit A, B, C (focal plane)
detectors

curtain

VI O U1

Travel.

Figure 5 — Test assembly for focal-plane shutter timing measurement

6.4.2 Proce¢dure

Check the effpctive time by timing the passage of the shutter slit past a parallel entrance slit, ysing a
technique sinpilar to the method.for the front shutters. Stop down the taking lens to the extent that the
output of the fhutter trace atthe highest shutter speed setting forms a trapezoid.

Care shall be faken to ensure that the width of entrance slit is less than w. Use the standard lens|as the
taking lens.

Adjust the time<nterval meter (6.2.3) to start the measurement when the detector (6.2.2) putput
corresponds §0-0)5 E, (when one-half of the entrance slit is exposed) and to stop it when the outplit falls
to 0,5 E, (when one-half of the entrance slit is again covered). Care shall also be taken, as in 6.3.2, when
adjusting the meter sensitivity.

After the shutter design has been qualified, and consistency of operation proved by the method given
in A.4, measurement in production line work may be carried out by digital methods, provided effective
times are measured at three points (the centre and two points of about 45 % of the picture width from
the centre) when r is to be measured. Some examples are shown in Table 4.

12 © IS0 2019 - All rights reserved
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Table 4 — Examples of measuring points for non-uniformity of exposure

Dimensions in millimetres

Distance from the centre of the pic- Picture size along shutter travel
ture area
10,5 24
16 36
25 56

6.4.2.1 Effective time, t,

Read

6.4.2.

e effective time, te, independently for each slit point.

Non-uniformity of exposure, r

Calculpte the non-uniformity of exposure, r, as the ratio of the extremes using formufla in 3.9. The

extremes usually occur at each end of the picture area.

6.4.2.
Deter

a) Fj

SY
at

thle picture area and the slit A from the measured time.

b) X

thle detector behind the slit C is at 0,5, afid to stop it upon closing of the synchroniz

C4
ed

Also a
when
time t

Both d

7 E

7.1

If tolej

Delay time, ¢4
ine the delay time of each contact as follows:

contact: Adjust the time-interval meter (6.2.3) to.start measurement upon d
nchronization contacts and to stop it when the output of the detector (6.2.2) behif
0,5E,. Calculate the delay time by subtracting thetime that the curtain runs betwe

contact: To check the closing time, adjust\the meter to start measurement when

lculate the delay time by subtracting-the time that the curtain runs between the
ge of the picture area from the measured time.

Hjust the meter to start measurement upon closing of the synchronization contacts
he output of the detector/beliind the slit A is at 0,5E,. Calculate the delay time by st
nat the curtain runs between the edge of the picture area and the slit A from the m¢

elay times shall be¢ositive.

cplanatory/notes

lolerance

losing of the
d the slit A is
bn the edge of

the output of
ation contact.
slit C and the

and to stop it
[btracting the
asured time.

anges are given for

— exposure time: c,

— stop:d,

— exposure meter: e,

— fil

©IS0 2

m sensitivity: f.
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and those elements are controlled to show a normal distribution, the relationship of these tolerances
and the film latitude L, to ensure good results, is as follows:

\/c2+d2+e2+f2 <L

However, as the scope of this document is limited to only the tolerance of exposure time, the tolerance of
exposure time that has been conventionally employed is used in this document. At the low temperature
range of =10 °C to 0 °C, a change of t. up to 0,25Ey is allowed.

The value q is obtained if ¢t,, at each time setting, is controlled to make a normal distribution within the
tolerance. For b = 0,45

q=1/0,45F +0,452
= 0,636

Hence, the royinded-off number 0,65 is used herein.

7.2 Test method

In general, mpst focal-plane shutters have front and rear curtains that cannot run on the same|plane.
Therefore, the value te measured with the parallel ray of light deviates from the value measured with
an oblique ray of light (see Figure 6).

The test assemnbly as shown in Figure 5 represents the actual situation.
1 1

N N
——
1S ol

4 4
Key
1 rear curtain
2 detector
3 slit
4 front curtain
5 focal plane

Figure 6 — Measurement of t, with parallel ray of light and oblique ray of light
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Annex A
(normative)

Graphic test methods

A.1 General
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Apparatus

ethods for each shutter type described in this annex are graphic in nature, provi
bte information about the shutter and providing a permanent record if desired-.Ele
so be used to provide measurements of exposure and peak illuminance with high p

Cathode-ray tube oscilloscope.

trument with DC input is recommended for all times longétythan 0,01 s. It is also 1
an oscilloscope with an internally calibrated horizontallinear sweep velocity; hd
ation with an audio oscillator may be used but with\the risk of inferior accura
Ity in counting dots that are too closely spaced foran adequate time-resolution
scope is used, photography is required only to provide a permanent record.

Camera.

hce recording camera shall introduce no-error (such as parallax or distortion) great
asured quantity.

Connecting leads.

associated with the detéctor and the connections to the meter or scope s
ximately 6 mm in diameter), shielded coaxial cable, kept as short as possible. Ot}
rement may result because of excessive capacitance or induced pick-up.

Revolving-dram tester (for focal-plane shutters).

cal tester ‘tensists of a cylindrical drum having a diameter of approximately ]

hs of tightly securing a strip of sensitized film or paper to the circumference of t

s enclosed in a light-tight housing and driven by a motor. A variable-speed drive b

um‘shall permit a variation of drum speed between 300 r/min and 150 r/min. The
aslit less than 5 mm wide, parallel to the drum axis.

ling the most
tronic means
recision.

ecommended
wever, Z-axis
Cy due to the
. If a storage

br than 3 % of

hall be large
nerwise, false

00 mm with
he drum. The
btween motor
housing shall

A.3 Front-shutter test

A.3.1
The te

©IS0 2

Test assembly

st assembly is shown in Figures 4 and A.1.
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@)17 5

Key
1  delay circyit
2 detector
3  amplifier
4  single swefp generator
5 timemaker
6  oscilloscope
Figure A.1 — Test assembly for front shutters
A.3.2 Proce¢dure

Pass a uniforin light bundle through the shutter and into the detector whose output is used to drjve the

vertical ampl

Use the delay]
most conveni

The resulting
viewing by a

fier of the oscilloscope (A.2.1) set tg single-sweep mode.

ed signal of the closing of the M Contact to start sweeping. Set

storage oscilloscope, (Typical traces are shown in Figure A.2.

t t

€ e

ent calibrated value, for example 0,5 ms per division for an effective time of 1 ms.

the sweep velocity|to the

trace and the illuminated gratitude may be recorded photographically or retairjed for

0,5 E,

e

16

0,01E,

Figure A.2 — Typical shutter traces
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A.3.2.1 Effective time, t,

Read the effective time in the following way:

a) Ifthe trace is trapezoidal, measure directly between the mid-intensity points on the trace.

b) If the trace is irregular, use a plainmeter or other method of measuring area in conjunction with a
photographic recording of the trace.

A.3.2.2  Total time, £,

Read directly from the trace, at a level of 0,01 E,.

A.3.2.

Comp4
equati

2= max.

Move {
of the

B Non-uniformity of exposure, r

ire the area of an off-axis trace with that of the on-axis trace obtained in this cla

he mask to the point at which it is desired to check off*axis performance and adjug
Hetector to pick up light in the correct spot. Adjust the light level or the oscilloscope

ise, using the

t the position
sensitivity, or

both, o obtain the same maximum oscilloscope deflection used in the on-axis trace. Compare the areas

of the

A.3.2.

Measu
Add th
the trd

A4

A4.1
The te

fwo traces.

I Delay time, tg

e delayed time generated by thedelay circuit to the measured time. To check the X
ce at a certain rate upon closing of the synchronization contacts.

Focal-plane-shutter_test

Test assembly

5t assembly {S.shown in Figure A.3.

re directly between the starting point of the sweep and the point on the trace at a Jevel of 0,8 E.

Contact, move
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~
)
<

lamp

condenser]
taking len
entrance s

travel
curtain

X N O Ul s W N

mask with

A.4.2 Proc

Place the shuf
to the slitas g

Secure a piec
the drum to g
focus the slit
exposure of t

Figures A4 o

lens

it

revolving dlrum

slit

bdure

Figure A.3 — Graphic methgod for focal plane shutter

ter to be tested in front ofthe mask with slit so that the active shutter element is a
ossible and the shutter ravel is parallel to the slit and the axis of drum rotation.

e of photographic film-o0r paper to the drum, and with all extraneous light excluded
known speed suitable for the run-down time of the shutter. Use a suitable taking
on the photographic film or paper on the drum. With sufficient illumination for
he recordingdmnedium used, trip the shutter, producing a record similar to that sh¢wn in

5 close

bring
ens to
broper
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