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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3:

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

International Standard ISO 516 was prepared by Technical Committee ISO/TC 42, Photography.

This third edition cancels and replaces the second edition (ISO 516:1986), ,of_ Which it constitutes|a technical
revision.

Annex A formg a normative part of this International Standard.
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Introduction

This International Standard is intended to provide a uniform basis for determining the timing and marking of
exposure times of all types of shutters used in still cameras, and to give suitable definitions of the terms used.
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1 Scope

This Interng
and affect th

It also speci

The toleran
results. The
shutters, sir

Test method

2 Normai

The followin
this Internat
not apply. H
possibility o
the latest e
currently va

ISO 10330:
units — Ele

3 Terms

For the purg
NOTE

3.1
front shutter

The meanirgs)of symbols used in this clause are given in clause 4.

tional Standard defines the characteristics of all types of shutters which are mountedi
e control of exposure, motion-stopping ability and synchronization with a photoflashlight

fies the exposure-time markings for the shutters and their tolerances.
ces specified are the target values for the shutter performance that_can be expecteq
y are not intended for application as a general inspection standard «n_controlling the
ce tolerances may vary with the feature and price class of camera tested.

Is are described for routine manufacturing testing and quality control.

ive reference

onal Standard. For dated references, subsequéent amendments to, or revisions of, such
owever, parties to agreements based on this*International Standard are encouraged to
f applying the most recent edition of the hormative document indicated below. For undat
Hition of the normative document referred to applies. Members of ISO and IEC maintg
id International Standards.

1992, Photography — Synchrenizers, ignition circuits and connectors for cameras a
Cirical characteristics and teStymethods.

hnd definitions

oses of this International Standard the following terms and definitions apply:

h still cameras
source.

to give good
erformance of

0 normative document contains provisions, which,\through reference in this text, constitute provisions of

bublications do
nvestigate the
ed references,
in registers of

and photoflash

any shutter

NOTE 1
slats, sliding

NOTE 2

In the vicinity of the lens

blades, oscillating blades, etc. Programmed shutters are also included.

The front shutter may be in front of, behind or between the lens elements and may consist of rotating discs, rotating

The common characteristic for the front shutter is that the entire picture area is exposed almost simultaneously.

NOTE 3 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

NOTE 1

in the vicinity of the focal plane

The focal-plane shutter may consist of fixed or variable slit curtains, rotating discs, sliding blades, etc.
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NOTE 2 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
the best measure of the amount of light falling on the picture area as defined by the following equation

te =— 1)

NOTE At any point on the picture area, t, is generally the same for the entire picture area for front shutters when vignetting
is not severe. Fpr focal-plane shutters, T, will vary with w and V.. Equation (1) may be approximated with the equation (2) for
convenience in measurement:

te = Vﬂ (focal-plane shutter) 2

Cc
Equation (2) may only be applied under the condition of w = d /A.

3.4
exposure time

teo
effective time measured at the centre of the picture area

3.5

total time
tO

the time for which any given point in the picture area is exposéd to light

See Figure 1.
NOTE 1 Atany point on the picture area, t, is generallythe same, or almost, on the entire picture area for front $hutters.

NOTE 2 For @ focal-plane shutter, however, t\is ‘dependent on w, A, dg and V.. The curtain displacement {fo completely
expose one poift becomes w + dg /A, which caf*be converted to t,, if the velocity is known, using the following eqyation:

w+
to = ©)

|
o
[>T

NOTE 3 This|equation may’be inexact in the presence of vignetting.

l«—— Focal plane
i
- 2
A
Taking lens d,
Curtain

Figure 1 — Total time for a focal-plane shutter
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3.6
shutter effici

n

ISO 516:1999(E)

ency

ratio of effective time to total time

te

t

’n:

3.7

fluctuation of exposure time

p
the value of

p is determined by the following equation

(4)

2P

I | I

+0

-0

Where X amd o are the mean and standard deviation of the values of five successive measurements

3.8
ratio of two

q
ratio of the

measureme

29 =

A

NOTE t

e

3.9
non-uniform
r

characterist|
(front shutte

NOTE S
picture area,

Adjacent exposure times

mean values of two adjacent shutter speed settings obtained from values of fi
nts, expressed by the following equation:

eo (M)

b (N+1)

(M and to, (" * 1) are the exposure times of two adjacent shutter speed settings represented by (

ity of exposure

¢ which may be found during any single exposure due to lack of coincidence with the
r) or to variations in curtain velacity or slit width (focal-plane shutters)

ch non-uniformity is expressed as the ratio of the maximum and minimum effective time found
and is derived from the.following equation:

®)

/e successive

(6)

) and (n+ 1).

principal plane

by exploring the

™

of = 1o [max
te|min

3.10
overall time
T
e|apsed timé-fot exposute of all pninfc inthe entire pi{"flll"n area
NOTE For front shutters, T =t
3.11

photoflash synchronization delay time

ty

time interval from the initial closing of the shutter synchronization contacts to the moment at which the shutter
element moves to the specified position (see 5.2)

NOTE

For details of ignition circuits of synchronizers, refer to ISO 10330.
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3.12
X contact

synchronization contact for an electronic flash unit

NOTE

©1SO

The contact closes while the shutter is fully opened to enable reception of the reflected light from the object through

the aperture of the lens or for total illumination of the camera aperture. The X contact may sometimes be used for the M or MF
class of photoflash lamp at the slower shutter speeds.

3.13
M contact

synchronization contact for M class of photoflash lamp

3.14

FP contact
synchronizatio

NOTE This
slower shutter s|

4 Symbols

A =f-numbe
b =exposure
c =tolerancy
d =tolerancg

ds = distance
E, = maximur]

E, = exposurg

h contact for FP class of photoflash lamp

contact is provided only in the focal plane shutter and may be used for M or MF class afphotoflag
peeds.

of the lens

 time error

 for exposure time

 for stop

between focal plane and curtain
h illuminance (full open shutter)
e value in units

 for exposure meter

 for film sensitivity
 (time-integral of itliminance)
de

ption factor

h lamp at the

P Ornegative integer or zero

e =tolerancd
f =tolerance
H = exposurg
L = film latity
m = magnific
n = a positiv
p
q
r
s
T
tC
ty

= fluctuation of exposure time, expressed in E,

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

= 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)
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te = theoretical exposure time In seconds [see equation(8)]

to = effective time in seconds (see Figure A.2)

teo = exposure time in seconds (effective time measured at the centre of the picture area)
t, = total time In seconds (see Figure A.2)

Ve = average linear velocity of curtain

Vq = linear velocity of rotating drum periphery

ISO 516:1999(E)

- 1 fthao £ | | tal Lit
w = width pHhefecat-plane-curtai-sht

n = shutter efficiency

5 Required characteristics and their tolerances

5.1 Expodure time

Theoretical pxposure times that form a series are given, in seconds, by the following equation:

(8)

Shutters shpll be designed to provide exposure times selectéd:from the series below, subject to [the tolerances

specified in p.1.2.

...8,4,2,1,12,1/4,1/8,1/16,1/32, 1/64,1/128,1/256, 1/512, 1/1024,1/2048...

NOTE 1 Timing of the shutters should be measured at,the appropriate aperture of the lens used (see Figureq 4 and 5). In the
case of camgras that have interchangeable lensesthe'standard lens should be used for exposure-time measuting.

NOTE 2 In| evaluating shutters without lenses, éxposure times should be measured under the conditions fiked so as to be

equivalent to|the requirements of this International Standard.

NOTE 3 A|change in n by one unit requires a change in time by a factor of 2. This unit is called Ey or a step.

5.1.1 Expopgure time marking

The exposufe-time markigg-shall be marked as the following rounded-off values of reciprocal numbers of the series
specified in|5.1. Exposure times longer than 1 s shall not, however, be marked as reciprocal numbegrs, but should

be made evjdent by color or some other means of identification.

...8,4,2,1,214,8 15,30, 60, 125, 250, 500,1 000, 2 000...

The highest marking, however, need not necessarily be selected from this series, but the series beginning with the
next lower number should be selected from this series, whenever practicable, and progressing as far as is required

in the particular application.

5.1.2 Tolerances

The tolerances of exposure time error, fluctuation of exposure times, ratio of two adjacent exposure times and non-
uniformity of exposure should be as shown in Table 1 (see also 7.1). The following equation, in seconds, is

applicable to the tolerance of the exposure time:

= 1
)

(9)
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Over the rangg
the tolerance

Table 1 — Tolerances for b, p,gand r
Unit: E,
Quantity
b2 p q r
Exp_osure
time

1/125 and longer +0,3 0,3max. | 1+0,45 | 0,2 max.
shorter than 1/125 +045 |045max| 1+ 0,65 | 0,6 max.

4 The admissible values ftor individual exposure times are calculated and
tabulated in annex A.

e of — 10 °C to 40 °C, tie tolerances specified in Table 1 should not be exceeded, with the
for b which may be exceeded by = 0,25 E, over the range of — 10 °C_t0 @ °C. Furth

©1SO

exception of
ermore, the

relative humidity between — 10 °C and 0 °C should be not more than 50 % and between/0 °C and 40 {C not more
than 80 %.
5.2 Delay time
5.2.1 Front shutters
Delay time and minimum contact duration for synchronization shall be>as given in Table 2.
Table 2 — Delay time of;front shutter
Mipimum
Delay time of theSynchronization contact ¢ )nté_‘Ct
Type dyration
of contact t.(ms)
ty(ms) Remarks
X — Closing of the contacts shall take place between the moment a
(B).at which the shutter admits 80 % of the light 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 the light admitted at the maximum
aperture of the lens used.
M 16 + 3b [ The time lapse from the closing of the contacts (A) to the 2,5

moment (B) at which the shutter admits 80 % of the light
admitted at the maximum aperture of the lens used. (See
Figure 2.)

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.

b Not applicable to those shutters having a mechanism which changes the delay time in accordance with the exposure time.



https://standardsiso.com/api/?name=e3047705b1fc6c6fbc7802a90da8b2f5

©1S0 ISO 516:1999(E)

lluminance —=

>

——Time

Figure-2—Front=shutterdetay-time
5.2.2 Focal-plane shutters

Delay time and minimum contact duration for synchronization shall be as given in Table 3.

Table 3 — Delay time of focal-plane shutter

Minimum
Type of coptact Delay time of the synchronization contaet contact
duration
ty (Ms) Remarks t. (Ms)
X — Closing of contacts shall take place while the shutter is fully a
opened [after the moment (R)and not later than 0,5 ms before
the moment (S) [shown inFigure 3 a)]
FP 103 The time laps from the closing of the contacts (O) to the 2,5
moment (P) at which the shutter begins to open [see
Figure 3 b)].
a The conta¢t duration shall be 2,5 ms minimumfor those ranges of shutter speeds listed in the instruction manual as suitable
for use with pny class of photoflash lamps( See 1SO 10330 for use with the electronic flash.

i B Ly L T _
05 (for FP contact)
IVEFNIISVNIINI NN VINNNYI T NN YN NNNNNNY) 1“111/:1/[111/ K Ld
T / Q
2 =
o @
3 £
‘© S
£ b, o
3 FrT7T7] 77777
N R s 5
—Time o P ——Time
a) For X-type contact b) For FP-type contact

Figure 3 — Focal-plane-shutter delay time
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6 Test methods

6.1 General

The method described for each type of shutter, based on digital readout, is rapid and easy for routine manufacturing
testing and quality control. As a rule, this method is applicable only to cases in which the character of the time-
illuminance curve of the shutter has been proved consistent and acceptable by graphic methods such as those
described in annex A.

6.2 Apparatus

6.2.1 Light source
The light source shall consist of a lamp and a diffuser. Luminance at any point on the surface_of the diffuser,
measured perpendicular to the surface, shall be more than 95 % of the maximum luminance and-the fluctuation of
luminance shdll not exceed = 5 %. Luminance of the diffuser, measured at any angle to the diffuser ug to 60° from
the normal, shgll not be less than 85 % of the luminance measured perpendicular to the surface.
6.2.2 Detectof
The frequency|response of the combination of detector, cables and recording equipment shall be within[+ 3 dB from
D.C. to 100/t,] for example for a total time of 1 ms, the frequency response shall be at least 100 kHz (50 % output
power, i.e. 70 P6 output voltage, with sinusoidal input). This combination shalkhave a linear sensitivity characteristic
between 1 % pnd 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.)
Light source
AL ~+——— Focal plane
r N\
Diffuser Shatter with Auxiliary mask
taking lens
Lamp Detector
Y n[
SpE=ril

Entrance aperture / Oiffuser

(area < detector (removable if the detector has uniform

sensitive area) sensitivity over the entire sensitive area)

Figure 4 — Test assembly for front-shutter timing measurement

6.2.3 Time-intervalimeter
A meter shall have an internal time base, a selection of ranges and an adjustable sensitivity. The freqiency of the

time base shall be sufficiently high for at least 100 samples to be taken during the minimum effective time to be
measured.

6.3 Front-shutter test

6.3.1 Test assembly

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 tg) measured as in 6.3.2.1 and 6.3.2.2.
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6.3.2.1 Tot

ISO

al time, t,

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

6.3.2.2 Effective time, tg

516:1999(E)

Adjust the light intensity and meter sensitivity so that gating occurs at the fraction of Ey that yields a time

measureme

nt, which is identical to effective time.

Determine the fraction as follows :

a) determine t; and tg as in clause A.3 of annex A;

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

c) the heipht (E) divided by E, is the fraction of illuminance at which the time measurement [is started and
stopped.

NOTE 1 Ifthe trace is trapezoidal, t, 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 leps shall be used

for the measiirement.

NOTE 3
shutter.

F

6.3.2.3 Del
To measurs
the measur
0,8 E,.

To check t
detector ou
is compared
6.4 Focal
6.4.1 Test

The test asq

o

py time, ty
the delay time of a M contact of the synchronization mechanism, adjust the time-intervaj
bment with the closing of the synchronization(Contacts and to stop it when the detect]

e closing time of an X contact, adjust-the time-interval meter to start the measuren
ut reaches 0,8 E, and to stop it withithe closing of the synchronization contacts. The n
with the time interval BC in Figure*2.
plane-shutter test

hssembly

embly is shown in-Figure 5 (see also 7.2).

r programmed shutters, effective time shall be measured at the aperture determined by the programming of the

meter to start
pr output is at

nent when the
easured value
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Light source Auxiliary mask with entrance
~ N N slit A, B, C (focal plane)
Taking lens
Diffuser

f-<— Lamp
I -

O

i\ Detectors

L

VR

6.4.2 Proced|

p.

Check the effd

similar to the method for the front shutters. Stop down the taking.lens to the extent that the output o

trace at the hig

Care shall be {
Adjust the timg

0,5 E, (when @
the entrance s

After the shutt
of annex A, m
are measured
is to be measu

aken to ensure that the width of entrance slit is less than w. Use the standard lens as the|

A
R
Travel

Curtain

Diffuser

(removable if the detector has-uhiform
sensitivity over the entire(Sensitive area)

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

re

ctive time by timing the passage of the shutter slit past a parallel entrance slit, using

hest shutter speed setting forms a trapezoid.

-interval meter (6.2.3) to start the measurement when the detector (6.2.2) output correspq

ne-half of the entrance slit is exposed) and to stop it when the output falls to 0,5 E, (whe

©1SO

a technique
the shutter

taking lens.
nds to

h one-half of

it is again covered). Care shall alsobe taken, as in 6.3.2, when adjusting the meter sensifivity.

Table 4 <~Examples of measuring points for non-uniformity of exposure

Dimensions in millimetres

Picture size along shutter travel 24 36 56

br design has been qualified, and consistency of operation proved by the method given in clause A.4
pasurement in production. line work may be carried out by digital methods, provided eff
at three points (the centre and two points of about 45 % of the picture width from the ce
red. Some examplesZare shown in Table 4.

ective times
ntre) when r

6.4.2.1 Effecti

Distance from the centre of the picture area 10,5 10 25

ve time, tg

Read the effective time, t,, independently for each slit point.

6.4.2.2 Non-u

niformity of exposure, r

Calculate the non-uniformity of exposure r as the ratio of the extremes using equation (7) in 3.9. The extremes
usually occur at each end of the picture area.

10
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ISO

6.4.2.3 Delay time, ty

Determine the delay time of each contact as follows:

516:1999(E)

FP contact: Adjust the time-interval meter (6.2.3) to start measurement upon closing of the synchronization

contacts and to stop it when the output of the detector (6.2.2) behind the slit A is at 0,5 E,. Calculate the delay
time by subtracting the time that the curtain runs between the edge of the picture area and the slit A from the

X contact: To check the closing time, adjust the meter to start measurement when the output of the detector

behind the slit C is at 0,5 E, and to stop it upon closing of the synchronization contact. Calculate the delay time
by subtracting the time that the curtain runs between the slit C and the edge of the picture area from the

a)

measured time.
b)

measured-time:
Also adjust

output of thq
runs betwes

Both delay imes shall be positive.

7 Explan
7.1 Tolerg

If tolerances

the meter to start measurement upon closing of the synchronization contacts and’to’st

n the edge of the picture area and the slit A from the measured time.

atory notes
nce

are given for

pp it when the

e detector behind the slit A is at 0,5 E,. Calculate the delay time by subtracting the\time {hat the curtain

bs and the film

, the tolerance

tolerance. For

O exposufe time: c,
0 stop:d,
O exposure meter: e,
0 film sensitivity: f,
and those glements are controlled to show a normal distribution, the relationship of these tolerancs
latitude L, tq ensure good results, is as follows:

J2+ @2+ @+ P <L
However, a$ the scope of/this International Standard is limited to only the tolerance of exposure timg
of exposurg time that\has been conventionally employed is used in this International Standafnd. At the low
temperaturg range.0f~10 °C to 0 °C, a change of t; up to 0,25 E, is allowed.
The value gfis-obtained if t,, at each time setting, is controlled to make a normal distribution within the]
b=0,45

q=4/0,45° + 0,452

=0,636

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

7.2 Test method

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

Figure 6).

11
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The test assembly as shown in Figure 5 represents the actual situation.

Rear curtain Rear curtain

a Detector
—_—l

ll 2z Shit A ill Ft——Focal-plane—
i ﬁ/ Front curtain
Front curtain

Figure 6 — Measurement of t, with parallel ray of light and oblique ray,ef light

12
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Annex A
(normative)

Graphic test methods

A.1 General

Test metho
information
provide med

A.2 Apparatus

A.2.1 Cat

An instrumg
oscilloscopd

oscillator may be used but with the risk of inferior accuracy due to theXdifficulty in counting dots that
spaced for an adequate time-resolution. If a storage oscilloscope i8,used, photography is required on
permanent fecord.

A.2.2 Carmera

The trace tecording camera shall introduce no error (such as parallax or distortion) greater th
measured guantity.

A.2.3 Connecting leads

Leads assogiated with the detector and.the connections to the meter or scope shall be large (appro
diameter), shielded coaxial cable, kept'as short as possible. Otherwise, false measurement may res
excessive cppacitance or induced'pick-up.

A.2.4 Reyolving-drum tester (for focal-plane shutters)

A typical tegter consistsof a cylindrical drum having a diameter of approximately 100 mm with a
securing a strip of sensitized film or paper to the circumference of the drum. The drum is enclosed
housing, angd driven-by a motor. A variable-speed drive between motor and drum shall permit a va
speed betwgen 300 and 150 r/min. The housing shall contain a slit less than 5 mm wide, parallel to th

s for each shutter type described in this annex are graphic in nature, providing the
about the shutter and providing a permanent record if desired. Electronic means, may a
\Isurements of exposure and peak illuminance with high precision.

hode-ray tube oscilloscope

nt with DC input is recommended for all times longer than 0;0¥'s. It is also recommen
with an internally calibrated horizontal linear sweep velogcity; ‘however, Z-axis modulatior

most complete
so be used to

led to use an
with an audio
are too closely
ly to provide a

an 3 % of the

Ximately 6 mm
ult because of

eans of tightly
in a light-tight
riation of drum
2 drum axis.

A.3 Fron

t-shutter test

A.3.1 Test assembly

The test assembly is shown in Figures 4 and A.1.
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Oscilloscope

A.3.2 Procedure

Pass a uniform light bundle through the shutter and into the detector whose output is uSed to drive|the vertical

amplifier of thg

Use the delay
convenient cal

oscilloscope (A.2.1) set to single-sweep mode.

ed signal of the closing of the M contact to start sweeping. Set-the sweep velocity fo the most
brated value, for example 0,5 ms per division for an effective time,of "1 ms.

The resulting frace and the illuminated gratitude may be recorded photographically or retained for viewing by a
storage oscilloscope. Typical traces are shown in Figure A.2.

A.3.2.1 Effec

fe

te

A

A \

05E

—
-

Lo

0,01E,

Figure A.2 — Typical shutter traces

ivedime, tg

Y

Read the effe

a) If the 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

Ive time In the 1ollowing way.

photographic recording of the trace.

A.3.2.2 Total

Read directly f
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time, t,

rom the trace, at a level of 0,01 E,,

conjunction with a
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