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ISO/IEC

Foreword

8441-1:1991(E)

ISO (the International Organization for Standardjzatio
International Electrotechnical Commission) form the’sp¢q
for worldwide standardization. National bodies’that are

or |IEC participate in the development of Intefnational St4
technical committees established by the respective orga
with particular fields of technical actiVity. ISO and IEC]
mittees collaborate in fields of mutual,interest. Other

ganizations, governmental and nom-governmental, in |
and IEC, also take part in the work.

In the field of information teehnology, ISO and IEC hay
joint technical committee ASO/IEC JTC 1. Draft Internat
adopted by the joint teehnical committee are circulated
ies for voting. Publi€ation as an International Standa
proval by at least 75 of the national bodies casting a

International Stardard ISO/IEC 8441-1 was prepared by
Committee ISO/IEC JTC 1, Information technology.

ISO/IEC 8441 consists of the following parts, under the
formation technology — High density digital recording (K

L) Part 1: Unrecorded magnetic tape for (HDDR) appl

— Part 2: Guide for interchange practice

Annexes A, B, C, D, E, F and G of this part of ISO/IEC 84
mation only.

n) and IEC (the
cialized system
members of ISO
indards through
nization to deal
technical com-
nternational or-
iaison with ISO

e established a
jonal Standards
to national bod-
rd requires ap-
vote.

Joint Technical
general title In-

{DDR):

cations

41 are for infor-
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Introduction

This part of ISQ/IEC 8441 gives guidance on the performance levels of
unrecorded tap¢ suitable for high density digital recording for inter-
change purposes. It should be noted that the performance levels speci-
fied may differ ffom those attained at the time of purchase of the tape.

Vi
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INTERNATIONAL STANDARD

ISO/IEC

8441-1:1991(E)

Information technology — High density digital recording

(HDDR) —

Part 1:
Unrecorded

1 Scope

This part|of ISO/IEC 8441 specifies requirements for
unrecordeéd magnetic tape designed for high density
digital recording (HDDR) having the following
characterfistics:

a) nominjal thickness 25,4 um (0,001 in);
b) longitlidinal magnetic orientation;

c) coercivity 72 kA/m (900 Oe) max.

These tapes are suitable for interchange in accord-
ance with ISO/IEC 8441-2.

Requirements for packaging’/are also included.

NOTE 1 [Tapes of coercivity above 32 kA/m (400 Oe) are
usually clgssified as-high energy tapes and users should
establish fompatibility with equipment used for driving
them.

Annex Algiv€s gquidance on glass and metal-flanged

magnetic tape for (HDDR) applications

3 Various tests\and procedures herein

refer to recording

with a.c. HE-bias. In practice, certain HDDR systems do
not use bias’ The use of bias in this part of ISO/IEC 8441

does notyimply that the tape so tested
suitable for a biasless system.

2 Normative references

The following standards contain pr

s in any way un-

bvisions which,

through reference in this text, constjitute provisions

of this part of ISO/IEC 8441. At the
tion, the editions indicated were vali
are subject to revision, and parties
based on this part of ISO/IEC 8441
to investigate the possibility of ap

ime of publica-
d. All standards
to agreements
hre encouraged
plying the most

recent editions of the standards ipdicated below.

Members of IEC and ISO maintain
rently valid International Standards.

ISO 1184:1983, Plastics — Determin
properties of films.

ISO 1860:1986, Information processi
reels for magnetic tape used in intg
mentation applications

egisters of cur-

ation of tensile

ng — Precision
rchange instru-

reels. Annex B gives information on the wear of re-
cording heads. Different categories of environmental
conditions and their effects on tape are dealt with in
annex C. Severe operating conditions are con-
sidered in annex D. Surface electrical resistance
testing is dealt with in annex E. A tape abrasivity
testing technique is described in annex F. A list of
bibliographical references is given in annex G.

NOTES

2 It is recognized that archival interchange tapes, or
those produced by systems in use prior to the publication
of this part of ISO/IEC 8441, may not comply with the re-
quirements and/or recommendations herein.

3 Definitions

For the purpose of this part of ISO/IEC 8441, the fol-

lowing definitions apply.

NOTE 4
unless otherwise stated.

Tape speed is taken to be 3048 m/s (120 in/s),

3.1 abrasivity: The propensity of a magnetic tape to

cause wear of a recording head, by
the tape over the head.

the passage of
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NOTES

5 It may be expressed as micrometres of head wear per
metre of tape passed (microinches per inch), or as a value
relative to a given reference tape.

6 The actual wear produced in the recording head will
also depend on the tape speed and tension (see
annex B).

3.2 durability: The ability of a tape to maintain its
output uniformity and dropout characteristics after
a given number of passes on the reference test re-

duration, in microseconds, for a tape speed of 3048 m/s
(120 in/s) (for a general definition, see ISO/IEC 8441-2).

3.8 operating bias current: That bias current
through the recording head which gives a 2 dB fall-
off (overbias peak) of the peak output from the ref-
erence tape when a 2,0 MHz signal is recorded at
reference level (see 3.13), at a tape speed of
3048 m/s (120 in/s).

3.9 output level uniformity (long term): The differ-
ence between the maximum and minimum peak
output levels, the peak value in either case peing the

corder.

3.3 ease of ergsure: The ability of a specified eras-
ing field to effeft a specified reduction in the level
of a signal recofded on a tape.

3.4 electrical gurface resistance: The surface re-
sistance, in ohnps per square, of the magnetic coat-
ing or the back purface of a tape, as appropriate.

NOTE 7  The Si unit of surface resistivity is the ohm, al-
though ohms per [square is used in practice.

3.5 elongation [under stress: The increase in the
distance betwegn reference lines on the test piece
due to a tensile|load, expressed as a percentage of
the initial distarjce between the reference lines.

3.6 E value: Th
flanges extend
wound on a ree
+ 0,033 N/mm @
tape width).

NOTE 8
282 gf/in + 85 gf/i

3.7 instantaned
tape defect whi

e radial distance by which the reel
beyond the outermost layer of tape
under a tensile force of 0,109 N/mm
f tape width (10 ozf/in + 3 ozf/in, of

0,109 N/mm + 0,033 N/mm is equivalent to

n.

us nonuniformities " (dropouts): A
ch causes a reduction in the repro-

duced signal amplitude sufficient to jeopardize or
impair data recgvery.

For the purpose

of this;part of ISO/IEC 8441, the on-

set of a dropodt event is denoted by a 12 dB re-

duction in the o

tput’level from a 0,635 mm (0,025 in)

value that contains 95 % of the peaks (sep figure 1
and 8.4).

— 95 % probability band

Replayed frequency 1 MHz
Tape speed 1,524 m/s (60 in/s)

Envelope ' of, peak amplitudgs

Vi

|
|
|
I

Va

Baseline

Short-term uniformity (see 8.5): 10 s
Long-term uniformity (see 8.6): entire tape

Measurement time, ¢

Vs
Deviation from uniformity = 20 logqq “‘72' dB

Figure 1 — Replayed waveform for output
uniformity test

wide track of a 1,524 pm (60 pin) wavelength test

signal recorded
saturation level

as a square wave slightly above
(see 8.5.1). The end of a dropout

event is denoted by recovery of the signal to within

9 dB of the aver

NOTES

age level.

9 The dropout count associated with each dropout event
is the duration of the event expressed as one-half of the
number of test signal periods occurring during the dropout
event.

10 For a tape speed of 3048 m/s (120 in/s) the test signal
period is 0,5 ps. Hence, the dropout count is equal to the

310 reference tape: An unrecorded length of tape
used as a reference.

NOTE 11 The reference tape should be one adopted by
agreement between the interchange parties. When abso-
lute quantitative performance levels and an international
source of standard reference tapes have been estab-
lished, such agreements may be replaced by reference to
standard reference tapes.

3.11 reference head: A head used in conjunction
with the reference tape.

NOTE 12 The reference head should be agreed on be-
tween the interchange parties.
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3.12 reference output level: The reproduce level of
a 200 kHz signal recorded on the reference tape at
6 dB below standard record level 3048 m/s
(120 in/s) and with operating bias current.

3.13 reference record level

3.13.1 with a.c. bias: The input fevel of a 200 kHz
signal recorded on the reference tape at 3048 m/s
(120 in/s), with operating bias current such that on
play back, the output signal has 1 % third-harmonic
distortion as measured with a wave analyser.

ISO/IEC 8441-1:1991(E)

ries B and C (see ISO 8441-2, annex A) because they are
known to give improved performance and greater pro-

tection against dropouts, especially if combined with pro-

tecting collars.

4.3 Tape wind

The tape shall be wound with the magnetic coated

surface innermost.
NOTE 14 This is sometimes called “A’

V. . | Doolcaceinee
Ol

" wind.

3.13.2 wijthout a.c. bias: The record head reference
current Igvel without a.c. bias (generally expressed
in millianperes peak-to-peak) is established in ac-
cordance| with ISO/IEC 8441-2. The same current
level (in |milliamperes) established at the record
head to |200 kHz and for tape speed 3084 m/s
(120 in/s)[is defined as the reference record level.

3.14 secpndary reference tape: An unrecorded
length of| tape, the magnetic characteristics (i.e.
sensitivity, wavelength response, bias character-
istic, distortion characteristics), of which have been
calibrated against the reference tape.

der test gompared to that from the reference tape
expressed as a ratio, normally quoted in decibels,
the frequgncy being 200 kHz in both cases.

315 sen{itivity: The output of the tape sample un-

3.16 signal-to-noise ratio: The ratio of the trepro-
duced signal power from a tape and the wideband
noise power (tape and equipment) measured over
the system bandwidth.

3.17 wayelength response: The Output voltage fre-
quency characteristic of the tape when normalized

to a specjfic wavelength compared to the response
of the ref¢rence tape.

4 General

4.1 Materials

caonsist of a uniform laver of

The tapd—shall

ravnaymy

Each reel shall be enclosed byyan individual wrap-

per (e.g. polyethylene) packaged in

an appropriate

container which provides support ¢f the enclosed

reel at the hub. Ify Windowless
wraparound bands arefused, the w
be necessary.

5 Test conditions

flanges with
fapper may not

5.1 General

For>{all procedures described in| this part of
ISO/IEC 8441, conditioning shall be|as specified in
512, and in the test environment as specified in 5.3.

5.2 Conditioning

Conditioning shall be carried out

n the test en-

vironment (see 5.3). The tape may be|tissue cleaned.
It shall be wound and rewound with a tensile force

of 0,108 N/mm + 0,33 N/mm of tape

+ 3 ozf/in of tape width). The tapsg

stored, unwrapped, for a minimum
it to stabilize.

NOTE 15 0,109 N/mm + 0,033 N/mm
282 gf/in + 85 gf/in.

5.3 Test environment
The test environment shall be as foll

a) Temperature: + 23 °C + 3 °C (+

width (10 ozf/in
shall then be
bf 24 h to allow

is equivalent to

OWS:

73 °F + 5 °F)

ferromagnetic material held in a flexible binder me-
dium on a suitable continuous and splice-free, flex-
ible base material with a conductive back coating.

4.2 Tape reels

The tape shall be wound on reels in accordance with
ISO 1860.

NOTE 13  Glass-flanged reels are preferable to reels
with metal flanges, with or without window slots (see an-
nex A), particularly for recorders in performance catego-

b) Relative humidity: 45 % to 55 %

6 Dimensions

6.1 Tape width

The tape width shall be one of
table 1.

NOTE 16
exact conversions.

those given in

The metric and imperial dimensions are not
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in case of doubt or dispute, the imperial values shall
be used to determine compliance with this part of
ISO/IEC 8441.

Table 1 — Tape widths

Millimetres Inches
12,65 + 0,025 0,498 + 0,001
25,35 + 0,025 0,998 + 0,001
50,75 + 0,025 1,998 + 0,001

7 Physical properties

7.1 Yield strength

7.11 Procedure

Test five samples in accordance with 1SO 1184, ex-
cept that

a) the minimum tape length is 200 mm (8 in);

6.2 Tape length

The tape length|shall be as given in table 2 for the
appropriate reelldiameter.

6.3 Tape thickness

The tape thickngss is controlled by, and specified in
terms of, the “E] value (see 3.6). The nominal thick-
ness of the magnetic coating is 5 pm (200 pin), and
the nominal tapp thickness is 25 pm (0,001 in). The
“E” value shall pe at least 2,54 mm (0,1 in) for reels
having a diametgr up to and including 203 mm (8 in),
and shall be afl least 3,18 mm (0,125 in) for reels
having a diameter greater than 203 mm (8 in).

Tqble 2 — Tape lengths

Nominal reel

diameter m ft
. . 670
203 mm (8 in) Minimum length!) 674 2210
. - 1400
267 mm (10,5 in Minignum length") 1410 4625
2200

318 mm (12,5 in Minimum length") | S, , | 7230

b) the initial jaw separation is 100 mm{4 in);

c) the rate of jaw separation is 0,8 mm/s (4 in/min).

7.1.2 Requirement

The tensile load at the/1'% offset yield poirnt (as de-
fined in 1SO 1184) shall"not be less than 2,10 N/mm
(12 Ibf/in) of tape,width, even if the tape bregks prior
to reaching the '\ % offset yield point.

NOTE 17  Z2,10'N/mm is equivalent to 5,44 kgf/in.

3

7.2.Elongation under stress

7.2.1 Procedure

Test at least five sample lengths of each type of
tape. Select sample lengths of 600 mm (24(in) mini-
mum. Clamp each sample at one end and make a
transverse length reference mark apprgximately
500 mm (20 in) from the point of clamping. Allow the
samples to hang freely in the test environnment (see
5.3) for at least 24 h.

Attach a 50 g (2 oz) weight to the free end of each
sample. Measure the distance between the clamp-
ing point and the reference mark with an Fccuracy
of + 0,25 mm (0,010 in), taking care that thle tape is
tensioned only by the 50 g (2 oz) weight. Note this

length for each sample. This is the pre-streps length
measurement

2800

. L :
356 mm (14 in) Minimum length!) 2815 9235
. . 3290
|
381 mm (15 in) Minimum length!) 3303 10795

3800

. - |
406 mm (16 in) Minimum length") 3822 12440

1) The minimum lengths are specified on the basis
of tapes with a nominal thickness of 25 pm (0,001 in),
and the “E” values given in 6.3. “E” values less than
those given in 6.3 will result in longer tapes.

Remove the 50 g (2 oz) weight and attach a weight
corresponding to a tension of 1,75 N/mm (10 Ibf/in)
of tape width to each sample below the reference
mark. Note the time of attachment to each sample.
Allow the stressed samples to hang undisturbed for
180 min + 3 min. Attach a 50 g (2 oz) weight to each
sample and measure the distance between the
clamping point and the reference mark with an ac-
curacy of + 0,25 mm (0,010 in), noting the length for
each sample as before. This is the post-stress length
measurement.

NOTE 18 1,75 N/mm is equivalent to 4,53 kgf/in.
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7.2.2 Requirement

The difference between the pre-stress and post-
stress lengths for each sample shall not exceed

ISO/IEC 8441-1:1991(E)

ISO 8441-2 [14 tracks on 12,7 mm (0,5 in), or
28 tracks on 25,4 mm (1,0in), using head seg-
ments with a track of 0,635 mm + 0,025 mm
(0,025 in 4+ 0,001 in)].

0,5 %.
d) Perform the measurements at a tape speed of
7.2.3 Full reel moment of inertia 3048 m/s (120 in/s), except where another speed
is specified.
The maximum moments of inertia for full reels of
tape are given in table 3. e) Ensure that the recorder electronics are properly
terminated.
8 Performance §— Specify all tast signals-

8.1

8.1.1 System components

The refe

ence tape and

Reflerence test system

8.2 Sensitivity

8.2.1 Procedure

ence test system shall consist of a refer-

reference head mounted on a For each type of tape\to be tested, ¢

plicable reference output level to d

stablish the ap-
alibrate the ref-

:Zgg:gg:’ r;mggusche;l" ;eaf\?errzdwtige§Zntdhe2,0re|\;e}-;’§nccae- erence recorder, for the sensitivity measurement.

pability af 3,048 m/s (120 in/s) tape speed as defined A 200 kHz_sighal shall be recordeq at 6 dB below
in 1ISO 8‘{‘7‘1‘2, and preferably a facility to clean the referencetrecord level (see 3.13). Note the equaliz-
tape duripg recording and playback. ation séttings and the reproduce amplifier gain set-

8.1.2 Pr

The referlence recorder shall be set up as follows:

a) Thoro
and 3

tings when establishing the referen
Reproduce the tape and measure t
put.

ce output level.

bparation of recorder for testing he recorder out-

8.2.2 Requirement
ughly clean and demagnetize the recordet

djust the heads for correct azimuth (see

The output from a test sample, exgluding the first

ISO 8441-2). and last 2 % of its length, shall not|vary throughout
) R\ its length from the reference outpyt level by more
NOTE |19 Cleanliness is particularly criticalin drop-
than + 2 dB.
out asgessment (see 3.7).
b) Set [the tape tension of 0,109 N/mm 8.3 Wavelength response
+ 0,083 N/mm of tape width (40 ozf/in + 3 ozf/in
of taple width). (See 3.17)
NOTE[20  0,0109 N/mm ;40,033 N/mm is equivalent 8.3.1 Procedure
to 282 gf/in + 85 gf/in,
Repeat the procedure described in 8.2.1 at each
c) Ensure that thesrecord and reproduce head seg- frequency given in table 4 for each type of tape being
ment$ andthe’head configuration comply with tested, avoiding the use of edge tragks, and ignoring
the dimensjons given in table2 or tabled4 of the first and last 2 % of the tape length.
Table 3 — Maximum moments of inertia for full reels
Nominal reel diameter
Nominal tape width 203 mm 266 mm 318 mm 355 mm 381 mm 406 mm
P (8,0 in) (10,5 in) (12,5 in) (14,0 in) (15,0 in) (16,0 in)
gm? | Ibft? gm? 1b-ft2 g-m? 1b-ft2 gm? Ib-ft2 g'm? 1b-ft2 gm? 1b-ft2
6,30 mm (0,25 in) 2,78 | 0,066 | 10,16 | 0241 | 19,72 | 0,468 29,81 0,707 41,75 0,989 54,27 1,29
12,70 mm (0,50 in) 377 | 0,089 | 1457 | 0345 | 28,14 | 0,667 43,21 1,02 59,78 1,42 77,79 1,84
25,40 mm (1,00 in) 573 | 0136 | 23,37 | 0554 | 44,97 1,07 69,99 1,66 95,82 2,27 1248 2,96
50,80 mm (2,00 in) 966 | 0229 | 4097 | 0971 | 7863 1,86 123,55 2,03 167,92 3,08 218,86 | 5,19
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8.3.2 Requirement

The output at each frequency, when normalized to
the output at 15 pm (600 pin) and compared to the
response of the reference tape, shall be within the
limits given in table 4.

Table 4 — Wavelength response

8.5 Instantaneous nonuniformity (dropouts)

8.5.1 Procedure

On at least every other track (seven tracks) of either
the odd or the even head of a 28 track assembly,
record either a 2 MHz square wave signal at
3048 m/s (120 in/s), or a 1 MHz squarewave signal
at 1,52 m/s (60 in/s) throughout the entire tape
length. Set the reference record level (see 3.13). For
play back, use a reproduce amplifier (with no AGC

Test frequency Requirement
o304 mis | wavelength | Variation from
(120 in/s) P
kHz um (in-10-3 ) dB
0,8 3810 (150) +2
12 254 (10) + 2
120 25,4 (1,00) +2
480 6,35 (0,250) +2
960 3,18 (0,125) +25
1200 2,54 (0,100) +25
1500 2,03 (0,080) +3
2000 1,52 (0,060) +3

8.4 Output leviel uniformity (long term)

(See 3.9)

8.41 Procedure

For each type of {ape, perform measurements.on‘the
following tracks:

a) 12,7 mm (0,5|in) tape tracks 1, 7, .8, 14 (see
table 2 of ISO(8441-2);

b) 25,4 mm (1in) tape tracks ™/ 15, 16, 28 (see
table 4 of ISO(8441-2).

At a tape speed| of 3048 m/s (120 in/s) record the
1 MHz test frequency-at.reference record level (see
3.13), with the| bias” current adjusted as rec-
ommended by thesrecorder manufacturer as opti-

dcv;\,c) ard—a—threshotd—detector—wih—hyisteresis
able to monitor the output signal and-defect any
amplitude loss and recovery to the limit dtated in
3.7. The signal-to-noise ratio of the test signpl at the
input to the threshold detector should be [at least
25 dB. The reference level fer “dropout detection
shall be established by avetaging the tedt signal
output amplitude over 10 m {33 ft) tape length in the
vicinity of any dropout.

For each of the seven\tracks tested, note the accu-
mulated dropout (eetint, where the count fpr each
dropout corresponds to one-half the numbgr of pe-
riods of the tesb frequency affected (see 3.7)

NOTE 22)“Results obtained from this test shall state
whether or not a.c. bias was used.

8.5.2 Requirement

The accumulated dropout count on any tested track
shall be less than 1 per 10 m (1 per 32,8 ft) of tape
length averaged along the entire length of the tape.
The performance of the first and last 2 % of the tape
length shall be ignored.

NOTE 23 A different dropout requirement |may be
agreed on between interchange parties to suit garticular
system requirements.

8.6 Signal-to-noise ratio

(See 3.16.)

861 Procedure

mum for the tape on test. Record this signal along
the entire tape length.

Determine the tape output uniformity as defined
in 3.9.

NOTE 21 The results obtained from this test shall spec-
ify whether or not a.c. bias was used.

8.4.2 Requirement

The value, expressed in decibels, shall not exceed
+ 2 dB. The performance of the first and last 2 %
of the tape length shall be ignored.

The appropriate centreline or reference tape shall
be optimized to the reference recorder for the par-
ticular tape to be tested. A 200 kHz signal shall be
recorded at reference record level. The reproduced
signal output shall be noted. The tape shall be ex-
ternally erased in a bulk degausser. The tape shall
be re-recorded with no input signal but with the re-
corder inputs terminated with their proper im-
pedance. The reproduced signal output noise shall
be noted.

The instrument used for these measurements shall
have no more than 3 dB attenuation at the reference
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recorder band-edge frequency for the record speed
specified, and an 18 dB per octave roll-off charac-
teristic. The signal-to-noise ratio of this tape is the
value, in decibels, of the reproduced signal output
minus the reproduced signal noise. The tape to be
evaluated shall be tested in the same manner, ex-
cept that no re-adjustment of the reference recorder
shall be made.

8.6.2 Requirement

The difference between the signal-to-noise ratio of

ISO/IEC 8441-1:1991(E)

8.8.2 Requirement

The surface electrical resistance of the magnetic
coating shall not exceed the value specified in
table 5.

8.8.3 Procedure

8.8.3.1 Apparatus. The apparatus for this test shall
consist of a temperature and humidity chamber and
the apparatus as specified in annex E, or equiv-
alent.

the centrgline or reference tape, and the tape being
tested shall not exceed 4 dB.

8.7 Easp of erasure

(See 3.3)

8.7.1 Prqcedure

The tapel shall be externally erased in a bulk
degaussilr. A signal of 1 kHz shall be recorded at

standard Jrecord level (see 3.13) at 15 in/s. The re-
produce @ain and equalization shall be set for tape
optimizat{on. The input signal level shall be meas-
ured and|noted. The input signal level shall be in-
creased Qy 10 dB and this signal level recorded. The
tape shal| be rewound, and placed in a chambey ‘at
66 °C + 3/ °C (150 °F + 5 °F), (20 + 5) % relatiye hu-
midity for[4 h. The tape shall be played back\and the
output measured through a properly, terminated
1 kHz filtdr with a passband of 10 Hz.Jjhe tape shall
be externjally erased in a bulk degausser producing
a 50 Hz pr 60 Hz a.c. field of 30kA/m (1000 Oe)
(peak vallie). The tape shall bg played back and the
output me¢asured again through'the filter network.

8.7.2 Repuirement

The diffefence between the recorded signal level
and the residgaksignal level shall be 60 dB min.

8.8.3.2 Preparation of samples. Simples of tape

shall be prepared as specified-un
conditioning (see 5.2). Lengths of ta

this test shall be unwound from the r|

in a standard test enyirohment (s

er preliminary
pe sufficient for
eels and placed
be 5.2) without

kinks or bends and allewed to remjain for at least
24 h before test. A thinimum of twg samples shall

be taken from eachjreel of tape bein

g tested.

8.8.3.3 Procedure. Following pre-conditioning (see
8.8.3.2) two-12,7 mm (0,5 in) wide laylers of the sam-

ple tapé_shall be placed back-to-ba

kck between the

strip. electrodes, as shown in figurg2 and figure 3,

so-that the recording surfaces are in
the/ electrodes. In mounting the t

measurement it is important that
paths exist between the electrode
through the test portion. To ensure
of tape held between each pair of st
the same, the test portion shall b

22N 4+ 05N (0,5 Ibf + 0,1 Ibf) tensig

clamped.

contact with all
est portion for
no conduction
5 except those
that the length
ip electrodes is
b placed under
n as it is being

The width of the test portion shall be 12,7 mm

(0,5in). If the sample tape is less

(0,5 in) wide [e.g. 6,3 mm (0,25 in)
more sample tapes shall be placed

make up a 12,7 mm (0,5 in) test por
wide, it m|

is 254 mm (1,0in)
longitudinally with the recording su

than 12,7 mm
wide], two or
side-by-side to
tion. If the tape
ay be folded
rface outermost

to make a 12,7 mm (0,5 in) back-to-bjack test portion
for measurement. Test portions obtafined from wider
tapes must be cut down to 12,7 mm or 254 mm
(0,5in or 1,0 in) width and mounted as described
above.

8.8 Electrical surface resistance

8.8.1 Definition

8.8.1.1 electrical surface resistance: The surface
resistance, in ohms, of the magnetic coating of the
tape as measured between opposite sides of a
square area.

NOTE 24 Neither the test portion nor the insulating
surfaces should be handled with the bare fingers. The use
of clean lint-free gloves is recommended.

Measurement shall be made between each pair of
adjacent electrodes. This will produce a total of five
readings per test portion. The resistance of the
coating shall be determined by means of a guarded
circuit, as shown in figure 3, using 500 V + 10 V po-
tential.
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I

/— Bolt — Brass or stainless steel

6 5 L 3 2 Electrode 1
I ; : I . . .
B /2 } I 12 o 12 | 12
| I i ] 1l i ~— Test portion
| ! | | | Plastic material
i | i | | I
. Ly
N/ ] N/ N/ N/ NV N ]
4 14 I 1 L Il [ 1
o/ / \/ / v/ \/
AL Side view
Metal support arjd guard
ﬂ % Brass, copper, or stainless steel electrodes
Iz [ |
B A |
p 2!
= ] !
i

Figure 2 — Tape‘resistance measurement electrodes
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|

1

IR . .
|1 l——Plasllc material
I

NV N\ %
End view Metal support afdrguard
A-A
Dimension | Inches (>Millimetres
i (x 24) 0,250, 6,35
ip (x B) 1,000 25,40

Test portion: 4
Back-to-back tape] samples

Electrode No.|2

e Electrode No. 1

—=— d.c. potential
L_\ Mol —

STBRTRRRY
Vo eIy

Insulated supports

G_ T -
I Current-measuring

device

Metal support and guard

Figure 3 — Tape resistance measurement circuit
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The average value of the five surface resistance
measurements shall not exceed the limit shown in
table 5.

8.9 Environmental performance

8.9.1 Procedure

Record the tape under the conditions described in
8.4.1. Subject the tape to a temperature of 55°C
+ 3°C (131 °F + 5°F), and a relative humidity of
90 % min. to 95 % max. for a period of 24 h. Upon

ISO/IEC 8441-1:1991(E)

8.10 Durabllity

8.10.1 Procedure

Subject a section of tape at least 1000 m (3280 f1)
long, to 50 forward/reverse cycles at a speed of
1,524 m/s (60 in/s). After reconditioning the tape in
accordance with 5.2, perform the long-term uni-
formity and dropout tests in accordance with 8.4 and
8.5.

removal [from this environmeni, rewind the tape
once, and keep in the test environment specified in
5.3 for a [minimum of 24 h. Test the tape for output
uniformity (see 8.4) to determine compliance with
8.4.2. Folljowing these tests, subject the tape to a
temperatfire of —12°C + 3°C (10 °F + 5 °F) and a
relative Humidity of less than 10 % for a period of
24 h. Updn removal from this environment, rewind
the tape|once, and keep in the test environment
specified|in 5.3 for a minimum of 24 h. Again test the
tape for putput uniformity to determine compliance
with 8.4.2.

8.9.2 Refquirement

The tape|shall comply with the output uniformity re-
quirements in 8.4.2, when subjected to the specified
temperatlire and humidity conditions.

8.10.2 Requirement

After 50 forward/reversg” passes
lifters), the tape shall Umeet the o
formity and dropoutlrate requireme
8.5.2, undegraded.

8.11 Abrasivity

Abrasivity measurements may be n
ways. The method of measuremen

(without tape
itput level uni-
nts of 8.4.2 and

hade in several
should be se-

lected by agreement between the tape manufacturer

and the interchange parties.

Table 5 —‘Performance requirements

Characteristic Limit Unitg

Sensitivity " 0+2 Decibel
Wavelengith response) See 8.3.2
Output lgvel uniformity Class E1 Class E2

Short ferm — edge tracks 3,0 2,5 max. Decilel

Short erm — centre tracks 2,5 2,5 max. Decifel

Long term — edge tracks 3,0 2,5 max. Decilel

Long term — centre-tracks 2,5 2,5 max. Deciljel
Instantaneous pnon=dniformity (dropouts)

Centrel tracks 49 (15) 33 (10) max. Dropout pegr 100 m

(Dropout pgr 100 ft)
Edge tracks 131 (40) 49 (15) max. Dropout per 100 m
(Dropout per 100 ft)

Harmonic distortion" 2,0 max. Percent
Signal-to-noise ratio!) 4 (see 8.6) Decibel
Layer-to-layer signal transfer 40 Decibel
Ease of erasure 60 min. Decibel
Electrical resistance 200 max. Megohm
Environmental extremes See 8.9.2
1) Indicates items calibrated using the reference tape.
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Annex A
(informative)

Glass- and metal-flanged tape reels

It has been reported that tapes spooled on conven-
tional metal-flanged reels, with “windows” in the

It has been found that tapes spooled on win

dowless

metal reels or glass-flanged reels do not suffer from

flanges, suffer a
ing temperature

H H 1 Al 1 Eockl
e Trcastc i Uropuut 1CvVeTs TUTTUWS

cycling or bulk erasure. The pro-

posed explanatipn for this phenomenon is that the

presence of the
duces variationg

windows in the metal flanges intro-

in the tape wind tension around

each layer, accprding to whether that part of the
layer is exposed in a window or enclosed by the
metal flange. Slhbsequent temperature cycling or

bulk erasure the
even out the loc
generates coati

n promotes interlayer tape slip to
I tension differences. This slippage
g wear debris and a consequent

increase in the tppe dropout level.

s H : 1l " el . 1 1
S 1T dstT 1T UToOpoOutls 10HOwWITYy  UuiR

This supports the above explanation.

erasure.

The windows in metal flanges allowsthe dvenness

of the tape pack to be inspected ‘and clea

ly show

how much tape is on a reel. Glass-flanged r¢els also

offer these advantages and\ '‘Obviate the
problem described above. Where data integ
great importance, glassflanged reels 4§

window
rity is of
re rec-

ommended as a standard product which ayoids the

possible adverse effect of windows.

10
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Wear of

ISO/IEC

Annex B
(informative)

Wear of recording heads

recording heads depends on a number of

factors, including tape speed, relative humidity, tape

will be in the same ranking (i.e.
greater amount of wear for mu-meta

8441-1:1991(E)

tapes causing
I heads will also

tension, {
ume of nj

High tap
aerodyng
contact
the tape
passes g
dynamic
crease

amount g
the tape
crease th

Abrasivit
ther speg
of as thqd
scratchin

The wea
the head
etc.). Ing
magnetid

nd abrasivilty, and 15 measured as the voi-
aterial removed.

e speeds tend to lift the tape off the head
mically, thus reducing the pressure at the
oint and reducing head wear. The higher
speed, the greater the length of tape that
ver a head in unit time, so despite aero-
effects, the head wear in unit time may in-
vith increasing tape speed. Again, the
f head wear will be directly proportional to
tension, as an increase in tension will in-
e pressure at the contact point.

y is a property of the tape itself, and is nei-
d nor tension dependent. It can be thought
b average number of potential cutting or
g edges per unit length of tape.

of the recording head will also depend on
material (mu-metal, Al/Fe/Si, Cr/Cu, ferrite,
eneral, however, the relative tendengiges for
tapes to abrade or wear recording heads

Tause retativety greater wear for
heads).

The abrasivity of a magnetic'tape g
using the Fulmer Thin Fim Wed{
annex F). This is a thip, electrically
film deposited on a teramic subst
the tape is run. The(passage of the

other types of

an be assessed
r Sensor (see
resistive metal
ate over which
tape wears the

film, causing an ingrease in its electrical resistance.

The rate of change of the resistang
continuously )*monitored by the
Abrasivity"Meter. This meter prov
currentxinput through the thin film,
acress-the sensor is monitored H
frequency converter. This frequen
using a Rockwell 6502 microproces
The processor is programmed to coj
of 40 consecutive frequency readin
urement of the rate of change of

which the tape abrasivity is calculat

NOTE 25 See annex G Bl for furthg
measuring the abrasivity of magnetic ta

e of the film is

Fulmer Tape
des a constant
and the voltage
y a voltage-to-
Ly is measured
sor every 0,5 s.
nvert the values
js into a meas-
esistance, from
ed.

tr information on
pe.

"
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C.1 General

Annex C
(informative)

Environmental conditions

C.6 Extended shipping and short-term
storage?

The following inf

s ] il 3
pritiativilt yive s yuiuanittc Ut Sturayt

and operating cgnditions for HDDR tape.

C.2 Normal ¢operating conditions

Temperature range"

Relative humidity range?

Barometric presgure

10 °C to 40 °C (50 °F to
104 °F)

40 % to 60 %
50 kPa to 106 kPa

C.3 Extended operating conditions”

Temperature range"

Relative humidity range?

Barometric presgure

0°C to 55°C (32 °F to
131 °F)

25 % to 95 %
5 kPa to 106 kPa

C.4 Severe gperating conditions®

Annex D provid
tapes for use in

borne recording)|

ps guidelines for~instrumentation
severe conditions,(for example, air-

C.5 Shipping and short-term storage

Temperature range

Relative humidity range?

Barometric pressure

10 °C to 40 °C (50 °F to

— 60 °C to +,60|°C
(— 76 °F 0247140 °F)

Temperature range

Relative humidity range 0 % t0,95 %

Barometric pressure 5 kPa to 106 kP4

C.7 Recommended long-term storage

15 °C to 25 °C
77 °F)

Temperature range 59 °F to

Relativeshumidity range? 10 % to 20 %

Barometric pressure 50 kPa to 106 kFa

C.8 Deterioration of tape arising fram
exposure to adverse environmental
conditions

Environmental deterioration of tape from gxposure
to atmospheric conditions of relative humidity and
temperature occurs principally through g¢hemical
breakdown of the polymeric polyester urethane ox-
ide binder. The mechanism of deterioratiop of the
binder results from chemical reaction witf atmos-
pheric moisture (hydrolysis).

The nature of this reaction is such that there are
levels of relative humidity and temperature (rep-
resented by the boundary between zones 2 [and 3 in

104 °F)
10 % to 40 %
5 kPa to 106 kPa

figure C.T) above which deferiorafion from this
chemical reaction results in a level of binder break-
down which may give rise to tape problems such as
layer-to-layer adhesion, tape squeal, increased tape
drag and friction and liberation of gummy and
stricky head deposits.

1) These temperatures apply to the air in the immediate vicinity of the tape within the tape transport.

2) Relative humidity values should be maintained under noncondensing conditions.

3) The purchaser and supplier should liaise on performance under severe operating conditions. Extended environments

may require component qualification for tape and transport.

4) The deterioration of tape under adverse conditions is progressive (see clause C.8). Tapes subjected to such conditions
for long periods may need additional restrictions (see recommended long-term storage conditions in clause C.7).

12
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For environmental conditions within zone 3, the
rates of binder breakdown from hydrolysis are re-
lated to the initial chemical condition of the binder,
and the levels of temperature and relative humidity.
The rate of breakdown is such that incipient tape
problems can manifest themselves following a cu-
mulative exposure of tapes to atmospheric moisture
for 24 h. The deterioration can be slowed or stopped
by limiting the exposure of tapes to, or isolating
tapes from, atmospheric moisture. On the other
hand, the environmental conditions within zone 1 of
figure C.1 are benign, and the “Recommended stor-

ISO/IEC 8441-1:1991(E)

age and eperaton—area—isrecommendeditorbolh
general {ape use and long-term storage. It is also
recommgnded that tapes be periodically taken from
storage, |conditioned for 24 h in a benign environ-
ment, sufh as specified in 5.3, and rewound in that
environnment before returning to storage. When
transporting a tape from storage environment to
operating environment, the tape must be stabilized
at operating environment for a minimum of 24 h.

l | I | | [
100 <
\
90 \ ZONE 3 -
80 — AN ““Unacceptable” -
ZONE 2 \ for tape storage
X 70— ““Marginal” AN —
z N\ for tape storage '\
= | N AN |
£ ° N ~
2 50 zonE1 N ~ |
% Acceptable ~
§ 4o forpe |4 )~ SOk
o — =
30 — NN -
S~ - -
20 — Recommended'storage ahd operation: ~t—
69 ° + 3°F (18 °C + 2[°C),
40 % *+ 9 %'RH
10 — |
0
51T 1T 1171 1
(°C) & 100 18 21 27 32| 36 43 49
Temperature_(2€)
(°F) 40 500 60 70 80 90| 100 110

Temperature'(°F)

Figure 'C.1 — Contours of constant long-term

storage environmenf

13
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Annex D
(informative)

Severe operating conditions

(This annex is based on ISO 6371:1988, annex C.)

DA

D.3 Environmental performance tests for
limited duration recording under severe

Applicatipn

This annex defines additional tests which are rec-

ommended as
used in applica

uidelines for instrumentation tape
ons involving limited-duration re-

cording (but not| playback) under severe environ-

mental condition
For the purpose

5 (for example, airborne recording).
of this annex, these conditions are

defined as follows:

a) Temperature:
+ 170 °F)

b) Relative hum

c) Barometric p

—20°C to +77°C (-4°F to

dity: 25 % to 95 %

essure: 5 kPa to 105 kPa

d) Maximum dufation of use: 2 h in extreme con-

ditions

Ideally, the tape
0 °C because O
exudation. If tH

temperature should not fall below
f the possibility of tape lubricant
e tape has been subjected~to

temperatures bdlow 0 °C, it may be advantageous

to tissue clean it
viate any chang
build-up of tape

D.2 Conditio

prior to recovering the data;to ob-
e of tape/head separation® due to
ubricant deposits on the heads.

ns

The set-up condj

ISO/IEC 8441 ap
current should
bias peak) of t
tape when a 1,0

erence record |éve

tions defined in 8.1 of this part of
bly, exceplithat the operating bias
orrespond to a 2 dB fall-off (over
e peéak output from the reference
MHz signal is recorded at the ref-

1,524 m/s (60 in/s).

NOTES

26 This test is applicable to tapes used in either 1,5 MHz
or 2,0 MHz wideband or DR equipment.

27 The tape tension of the recording transport may re-
quire reduction to accommodate the reduced strength of
the tape base film at elevated temperatures as shown in
figureD.1.

14

conditions

D.3.1 Definition of severe conditions
For the purpose of this annex, severe condit;ons are
those extremes of tempetatire, humidity, and
barometric pressure which,“Wwhen applied fgr a lim-
ited duration, do not cause any unacceptable de-
gradation in tape peHermance in the re¢cording
mode.

D.3.2 Requirement

When subjected to the specified environmental con-
ditions‘during recording, the tape shall meet the re-
quirements agreed on between the interchange
parties for the intended application, with relspect to
Qutput level uniformity (long-term and shgrt-term),
wavelength response, sensitivity, and sfignal-to-
noise ratio when played back in the test [environ-
ment specified in 5.3.

WARNING — It may be necessary to adopt|require-
ments more relaxed than those in clause 8.

D.3.3 Test procedure

D.3.31 Low temperature test
a) Prerecording conditioning. Condition the|tape for
48 h under environmental conditions of [~ 20 °C,
20 % relative humidity, and 100 kPa [+ 5 kPa
barometric pressure.

ording 3 8—=0 2 eptal con-
ditions in accordance with D.3.3.1 a) in the re-
corder tape path, and carry out the recording
procedures as specified in 8.2.1, 8.3.1, 8.4.1 and
8.5.1.

c) Postrecording conditioning. Condition the tape
for 48 h in the test environment specified in 4.3.

d) Playback. Maintain the environment specified in
4.3 in the recorder tape path. Play back the tape
and determine the extent of compliance as
specified in 8.2.2, 8.3.2, 8.4.2 and 8.5.2.
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D.3.3.2 High temperature test

a) Prerecording conditioning. Condition the tape for

c)

d)

D.3.3.3

a)

b)

16 h under environmental conditions of 77 °C,
95 % relative humidity, and 100 kPa + 5 kPa
barometric pressure.

Recording. Maintain the environmental con-
ditions in accordance with D.3.3.2 a) in the re-
corder path, and carry out the recording
procedures as specified in 8.2.1, 8.3.1, 8.4.1 and
8.5.1. The total recording duration should not ex-

c)

d)

ISO/IEC 8441-1:1991(E)

temperature of 77 °C in the tape path. Carry out
the recording procedures as specified in 8.2.1,
8.3.1,8.4.1 and 8.5.1.

Postrecording conditioning. As defined in D.3.3.1
c).

Playback. As defined in D.3.3.1 d).

Temperature, °F

32 77 122 162 212 257 3(?2 3l|o7 392
' I 1 1 ' 1 . il 0 ' '

[ |

ceed gO MM,
NOTE[28  Ferric oxide (Fe,O,) tape requires, on av-
erage| about 1 dB less record current at 77 °C. High
energy tape can require about 3 dB (30 %) less cur-
rent than normal for optimum recording at high
temperatures. Users should establish the optimum
current for themselves.

Postrecording conditioning. As defined in D.3.3.1
c).

Playbpck. As defined in D.3.3.1 d).
|_ow pressure test

Prerefording conditioning. Condition the tape for
48 h pn a tape transport under environmental
condifions of 23 °C, 50 % relative humidity, and
5 kPa| + 0,5 kPa barometric pressure. Executela
high-gpeed, full-length forward and rewindpass
every|2 h.

Recornding. Maintain the relative humidity and
pressure specified in D.3.3.3 a), but establish a

6000

20004
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e
5
<

Modulus of elasticity, kibf/in2

1000+ -
800

600

400+

200+

L
[°N
S

!
N
o

100+

10

T T
0 25 50 75 100 125 190 175 200
Temperature, °C

Figure D.1 — Temperature dependence of elastic

modulus of polyester-basp film

15


https://iecnorm.com/api/?name=869ea55ae344d85210a215e18485ee21

ISO/IEC 8441-1:1991(E)

Surface electrical resistance testing

E.1 Scope

electrode No. 2 shall be in the form of a ring sur-
rounding electrode No. 1 as shown in figure E.4. in

These methods are designed for use in determining
insulation and vglume resistance and approximate
surface resistande of electrical insulating materials
together with mefins of converting the latter two into
terms of volume fnd surface resistivities.

E.2 Test spegimens

Dimensions for dolid insulating materials: for insu-
lation resistance |measurements, the specimen may
have any practical form but is usually in the form of
a sheet, a bar, altape, a rod, or a tube. For volume
and surface registance measurements, the test
specimen shall e in the form of a flat plate or a
tube, having dihensions in accordance with the
specifications.

E.3 Apparatus

The apparatus shall consist of suitable electrodes,

a source of diregt-current potential, a suitable curs

rent indicating anlifier, and a voltmeter. The latter
|

role may be filled by a galvanometer with suitable
shunts and a caflibrating resistance, or a:megohm
bridge, together With suitable switches afidyKeys.

E.3.1 Electrodgs for testing insatation
resistance

It is important that good and:complete contact be
made between the electrodes and the surface of the
material on test.|For repeated tests at high reiative
humidities it is elssential that the electrode metal(s)
be protected ag mst tarnlshlng For msuiatlon re-
sistance determiha e

most commonly used for solid materlals are shown
in figureE.1 (binding posts), figureE.2 (bar, thin
sheets and tapes), and figure E.3 (tapered pins).

E.3.2 Electrodes for testing volume and
surface resistance

When both the volume and surface resistances are
to be measured, there shall be applied to each solid
specimen three electrodes designated, respectively,
as electrode No. 1, electrode No. 2, and electrode
No. 3 (see figure E.4). In the case of a flat specimen,

16

thecase of tubutarspecimens—the—etectrodes shall
be applied as shown in figureE.5. For-ligyid ma-
terials the cell should have a guard electrode. How-
ever, a two-terminai ceii may be used,\provifed it is
established that the insulation resistance of the in-
sulation between the electrodes.is at least 100 times
the resistance through the ligid.

E.3.3 Electrode materials

The electrode matetrials shall be corrosion-riesistant
under the condijtions of test.

E.3.3.1 Contact or specimen electrode matgrial

Specimén electrodes as shown in figurpE4 to
figureE:7 may be made of silver conductiye paint
(provided its solvent does not attack the material
ohder test), sprayed metal (provided satisfactory
adhesion can be obtained), evaporated metal, metal
foil applied with a thin film of petrolatum |silicone
grease, or silicone oil (provided the gap|can be
properly cleaned without disturbing the edg¢s of the
adjacent electrodes when surface resistange is to
be measured), colloidal graphite (provided it will
adhere to the specimen, the specimen doeg not ab-
sorb water readily, and the test is to be made in a
dry atmosphere), conductive rubber or mercury
(provided care can be taken to eliminate possible
toxic effects).

NOTE 29 Conductive paint for specimen electrpdes has
“esirable characteristics, such as giving intimatg surface
contact with the test surface, and often being sufficiently
porous to moisture to permit conditioning. Eagh appli-
cation must be considered for proper choice of [material.

q the ma-
terial and its vehicle, that is, solvent attack etc. The film
must adhere properly to the test surface to give good
electrical contact.

E.3.3.2 Backing or cell electrode material

The electrode material shall be free of insulating
and semi-conducting oxide films. Gold- or silver-
plated brass, preferably with a surface flash of
rhodium, is highly satisfactory. Nickel is usually sat-
isfactory, but chromium should be avoided. Stain-
less steel electrodes, above 304 in the type 300
series, are satisfactory.
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E.3.4 Direct-current potential

The direct current potential source may be a dry or
storage battery or a rectified alternating-current
voltage supply. When the alternating-current voltage
supply is employed, precautions must be observed
to maintain a sufficiently constant direct-current
voltage with negligible ripple. Unless otherwise
specified, the potential shall be 100 V 4+ 10 V.

E.3.5 Measuring equipment

ISO/IEC 8441-1:1991(E)

E.3.6 Switches and keys

All switches and keys shall be suitably insulated and
guarded.

E.4 Procedure

E.4.1 Conditioning of specimens
Determinations of insulation resistance of solid

dielectrics shall be made only on specimens which
have been kept for a specified time in air at a

specified humidity and temperatufre. These con-

electro

E.3.5.1 {oltmeter and current indicating amplifier,
m

ter, or microammeter

The voltmeter shall have a reading error less than

i2°/00

full scale and have a range such that the

test voltgge reading is greater than one-third of full

scale. If
electrom
tivity an
measure

possible, the current indicating amplifier,
bter, or microammeter shall have a sensi-
i ranges such that the reading during
ment shall be greater than one-third full

scale. THe most sensitive current indicating ampli-
fiers or g¢lectrometers have full scale deflection for
10—-18. THus a resistance as high as 5 times 1015 Q
can be measured with an accuracy of 10 % using
100 V. Careful static shielding will be required when

using an
sistance

instrument of this sensitivity. For lower re-
a calibrated galvanometer or microam:

meter cap be used to measure the current.

E.3.5.2

Salvanometer and calibrated resistance

A galvanometer with proper shunts can'be used to

compare

an unknown resistance with-a calibrated

resistande. The galvanometer shallhave as high a
sensitivitly as is consistent with reasonable stability

of zero.

A\ sensitivity of 10-10A/mrad (1 mm at 1 m

scale digtance) is sufficientto measure resistance

as high
should b
is the ty]
whereby
passes t
without

calibrate

as 101" with an-accuracy of + 10 %. It
e well damped. .The most convenient shunt
pe knownsas.*a universal or Ayrton shunt
that fraction of the total current which
hrough-thie galvanometer may be changed
thanging the galvanometer damping. The
d.resistance shall be at least 100000 Q. A

ditions shall be in accordance-with the specifica-

tions. The specimen shall 'be’ ke

pt in the same

conditions during the determination. The measure-

ments shall be made without open

ng the humidity

chamber. Where electrode leads ppss through the

walls of the chambegty care shall be

taken to ensure

against current leakage at these points by suitable

guarding or by<{passing leads thro
wax or othernonwetting materials.

NOTE 30 “Coaxial cables such as Uni

igh bushings of

adio RG-6A/u (up

to 85 °C) or RG-143 (up to 250 °C) mgy be used for all

leads, the braids to be properly termin

ted at the instru-

ment ground to minimize errors arisipg from stray ca-
pacities to ground, operator, and equiprpent.

E.4.2 Precautions in mounting $pecimens

In mounting the specimens for me

asurement, it is

important that there shall be no cpnductive paths
between the electrodes except thase through the
specimen. For example, the specimens shown in

figureE.1, figureE.2, figure E.3 and fi

gure E.4 shall be

held by one or both edges so that rjone of the elec-

trodes touches the supports.

E.4.3 Method of measuring res

E.4.3.1 Voltmeter-ammeter method

The test potential is applied to th

stance

e specimen and

current measuring instrument (cyrrent indicating

amplifier, electrometer, or microam
The potential is measured with a s

meter) in series.
itable voltmeter

T of Q) rsutated

resistan fs—preferred—AN
guarded switch is needed for shorting the specimen.

E.3.5.3 Bridge

A bridge method of measuring insulation resist-
ances up to 10" Q@ may be used if a high-resistance
balance detector, such as a vacuum tube voltmeter,
is employed, and the necessary guarding require-
ments are observed.

(see E.3.5.1) and the currenf flowing at the end of a
specified electrification time is measured by the
current measuring instrument. The value of the re-
sistance, (R), is obtained from the equation

E
R= I/
where

I’ is the value of the potential applied to the
specimen,;

| is the current flow through the specimen at
the specified electrification time.

17
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E.4.3.2 Comparison method

E.4.3.21 Galvanometer with calibrated resistance.
The test potential is applied to the specimen, the
calibrated resistance and the galvanometer, all
connected in series. The shunt is adjusted to give
an adequate deflection of the galvanometer and this
deflection and the shunt ratio are noted. After setting
the shunt ratio to the proper value, the switch across
the specimen is closed, leaving only the calibrated
resistance in the circuit. The galvanometer de-
flection and the shunt ratio are then noted. The

value of the resistanrce—)—is—computedfrom the
equation
D k
R=M— +-M
d S
where

M is the vallue of the calibrated resistance;

D is the ddfiection of the galvanometer when
the calibfated resistance only is in the cir-
cuit;

d is the ddflection of the galvanometer when
the calibfated resistance and the specimen
are in the circuit;

S is the shlint ratio when the calibrated resist-
ance only is in the circuit;

s is the shynt ratio when the calibrated resist-
ance and the specimen are in the circuit.

Or, if the shunt sptting is given in multiplying factors)
the formula becdmes
D

_m D
R=M 17 =M

where

F is the shunt multiplying~faetor for the cali-
brating resistance;

f is the shjunt multjplying factor for the speci-
men.

If the calibrating|resistance is so small that the po-
tential source w ion of the
galvanometer with the smallest shunt ratio (or larg-
est multiplying factor), it is then necessary to cali-
brate by means of a low potential source. The same
measurements shall be made as in the previous
cases, but it is now necessary to know the voltage
of the calibrating potential, I, and of the measuring
potential, e. Then

18

or
I

ML Le
R=M -7 7 M

=

E.4.3.2.2 Bridge. The specimen is connected to the
measuring terminals of the bridge and the proper
potential is applied. The bridge shall be continuously
adjusted so that it is in balance at the end of the
specified electrification time. The reading of the
bridge is then the resistance of the specimen.

ng high resistances

In measuring very high resistances it.is)important
that all apparatus between the guard\€lectrpde and
the terminal of the current measuring instrument be
guarded and adequately insulated from gufard and
ground. The resistance to ground of all contwections
and apparatus between the~current measuring in-
strument and the guardéd, electrode, incluging the
surface resistance between the guarded ejectrode
and the guard electrode, must be high engugh not
to form an appre€iable shunt on the current meas-
uring instrument."This means it should be mpre than
100 times the (pput resistance of the instrument. For
the most-sénsitive indicating amplifiers pr elec-
trometers\this input resistance may be 1013 Q to
1014 Q. For a galvanometer it may be only 1 [MQ. For
a bridge it should be 100 times the value of the ratio
resistance. These values include the resista:llce from
the guarded electrode to the guard electrogle when
volume and surface resistances are being meas-
ured.

NOTE 31 The insulating supports with assembled cables
should be periodically measured for leakage between the
measuring electrode and ground. This may |be con-
veniently done by temporarily disconnecting fhe cable
shield and guard electrode from ground and njeasuring
the current flow through the apparatus when [the high
voltage is connected to the measuring electrogle. If the
leakage resistance obtained is not beyond the|range of
the apparatus, the reason for the low value should be
determined and corrected.

If it is necessary that one side of the specimens be
grounded, then either the potential sourc¢ or the
current measuring instrument must be wegll insu-
; 7 ; fstance to
ground must be more than 100 times the resistance
to be measured.

E.4.3.4 Electrification time

Unless otherwise specified, the electrification time
(the elapsed time between the application of the
potential and the measurement of the current or re-
sistance) shall be 60 s.
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E.4.4 Insulation resistance determination

E.4.41 Method

The insulation resistance shall be determined as
follows: Connect the measuring leads to adjacent
terminals on the specimen and measure the resist-
ance at the specified electrification time. If needed,
short the specimen for at least 2 min, reverse the
polarity of the potential source and remeasure the
resistance.

ISO/IEC 8441-1:1991(E)

E.4.5 Volume and surface resistance
determination

E.4.51 Method

The volume resistance shall be measured using a
completely guarded circuit. Electrode No. 1 shall be
used as the guarded electrode and shall be con-
nected to the current measuring instrument,
electrode No. 2 shall be used as the guard electrode
and shall be connected to the junction between the
current measuring instrument and the potential

E.4.4.2 Neasurementis for Insulafion resistance

The folloyving measurements shall be made when
insulation| resistance is to be determined:

E.4.4.21 |Dimensions of the electrodes (figureE.1,
figure E.2 [and figure E.3).

E.4.4.2.2 |Distance between or spacing of the elec-
trodes.
E.4.4.2.3 |The insulation resistance between the

electrodes.

E.4.4.2.4 |The temperature of the material under
test.
E.4.4.2.5 [The relative humidity of the atmosphere

surroundipg the material under test.

E.4.4.2.6 |Voltage used in measuring.

E.4.4.3 Qalculations for insulation resistance

The insullation resistance is thélresistance as
measured between any two adjacent binding posts
of figure §.1, between any twotadjacent metal strips
of figurelg.2, or between~the tapered pins of
figure E.3| This value should be expressed merely
as “insulation resistante’” In the case of the metal
strips thg surface gesistance per square may be
calculated by the following formula:

source, the electrode No. 3 shall be Jused as the un-
guarded electrode and shall be)cdgnnected to the
other terminal of the potential‘sourde. If a bridge is
used, electrodes Nos. 1 and 3 shall be connected to

the measuring terminals_and electjode No. 2 con-

nected to the guard terfinal.

E.4.5.2 Precautions in measuring vd
resistance

In measuring-the volume resistance

lume

it is important

that the current flow between the guprded electrode

and theyguard electrode shall be
current through the specimen dividd

negligible. The
s between this

paih and that through the current measuring instru-

ment, and only the flow through thdg

current meas-

uring instrument is measured. In order that the error

resulting from this source shall be
the insulation resistance betweer]
electrode and the guard electrode
than 100 times the resistance of the

less than 1 %,
the guarded
shall be more
current meas-

uring instrument. For the most sengitive indicating

amplifiers a resistance of 1014 Q) m)|

ay be required

between the guard and the guarded flectrodes.

E.4.5.3 Measurements for volume r¢

sistivity

The following measurements shall be made when
volume resistivity is to be determingd by means of
the specimen shown in figure E.4 to figureE.7.

E.4.5.3.1 Areas of guarded electrpdes corrected
with sufficient accuracy for gap widih between the

G:_@Q guard and guarded electrodes fo
L electrode system are shown in
where figure-E—-

R" is twice the surface resistance as meas-
ured;

b is the average length of electrodes;

L. is the distance between the electrodes.

E.4.5.3.1.1
figure E.5) the effective area is

T 2
Acttective = 4 (derective)
desrective = Dy + g (if g<1,66¢) or
=D, + 1,66¢ (if g>1,66¢)

the following
figureE.4 to

For flat circular electrodes (figure E.4 or
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where

Aeffective IS

:1991(E)

the effective area of the measuring
ectrode No. 1;

the effective diameter of the meas-

uring electrode No. 1;

the gap or linear separation be-

tween measuring and guard elec-
trodes (between Nos. 1 and 2);

el
deffective 1S
g is
t is
D is

el

the thickness of the specimen;

E.4.5.3.8 Volume resistivity, p, which shall be cal-
culated from the volume resistance and reported in
terms of ohms per centimetre as follows:

t is the average thickness of the specimen;

R, is the volume resistance as measured by
the instrument;

the outside diameter of measuring
¢ctrode No. 1.

E.4.5.3.1.2 For flat rectangular electrodes (figure E.4
or figure E.5) the|effective area is

Aettective = (L{+ (W + g) (if g<1,66¢) or

= (L + 1,66¢

where

(W + 1,661) (if g > 1,660)

L is the length of measuring electrode No. 1;

W is the wi

E.4.53.1.3 For

ith of measuring electrode No. 1.

tubular electrodes (figureE.6 and

figure E.7) the width becomes the effective circum-
ference of the tube (figure E.B):

Aeffeotive = ({+ g)(ﬂiDo) (if g<1 ,661) or

= (L + 1,66t

(nDy) (if g > 1,660)

D, = effectie diameter of the tube

where

D, is equa

D+ D,

] to 5 ;

D, is the average inside diamelfer of the tube;

D, isthea

erage outside diameter of the tube.

E.4.5.3.2 Thickness of the{specimen.

E.45.3.3 Condi

specimen was €

jonipg~ treatment to which the

xposed.

A Is the eflective area, calculaled_ap shown
for the electrode system.

E.4.6 Surface resistance detenmination
E.4.6.1 Method

The surface resistance shall be measured Using the
completely guarded cifeuit. Electrode No. 1|shall be
used as the guarded-glectrode and connectgd to the
current measuring-instrument; electrode Ng. 3 shall
be used as thecguard electrode and connected to the
junction betwéen the current measuring inftrument
and the pdtential source; electrode No. 2 |shall be
used asythe unguarded electrode and connected to
the othér terminal of the potential source. Iffa bridge
is used, electrodes No. 1 and 2 shall be cpnnected
to.the measuring terminals and electrode N¢. 3 shall
be connected to the guard terminal.

E.4.6.2 Precautions in measuring surface
resistance

The precautions needed for measuring sufface re-
sistance are the same as for measuring volume re-
sistance (see E.4.5.2).

E.4.6.3 Measurements for surface resistivify
The following measurement shall be mage when

surface resistivity is to be determined by means of
the specimens shown in figure E.4 to figureE.7.

E.4.6.3.1 Surface resistance. The effectjve per-
imeter and gap are given with sufficient accruracy for

E.4.5.3.4 Applied voltage.

E.45.3.5 Volume resistance.

E.4.5.3.6 Temperature of the material under test.

E.4.5.3.7 Relative humidity of the air surrounding
the material under test.

20

the Tollowing electrode systems DY

E.4.6.3.1.1 Flat circular electrodes (figure E.4 or fig-
ure E.5):

P =nD,
where

P is the effective diameter of the electrode
system;

D, is the effective diameter of
D, + D,

electrode No. 1 = 7

=D, +g
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D, is the outside diameter of electrode No. 1;
D, is the inside diameter of electrode No. 2;

g is the gap or linear distance between elec-
trodes No. 1 and No. 2 (twice the specimen
thickness but not exceeding 1/4 in).

E.4.6.3.1.2 Flat rectangular electrodes (figureE.4 or
figure E.5):

P=2L+g) +2W+g)

ISO/IEC 8441-1:1991(E)

E.4.6.3.7 Applied voltage.

E.4.6.3.8 Surface resistivity, o, which shall be cal-
culated from the surface resistance and supported
in ohms, as follows:

P is the effective perimeter, calculated as
shown for the electrode system;

where L pnd— W are the fengthand—widt, Tespect=
ively, of the measuring electrode No. 1.

E.4.6.31.3 Tubular electrodes (figureE6 or
figure E.7}:

P=2nD,
where

D, is the average outside diameter of the tube;

g s the gap or linear distance between elec-
rodes No. 1 and No. 2 twice the specimen
hickness but not exceeding 1/6 in.

OTE 32 When the tube is tapered, the per-
imeters shall be calculated separately for each
gap, and the values added to give the total
perimeter P.

E.4.6.3.2 |Distance between electrodes No. 1. and
No. 2.

E.4.6.3.3 | Average perimeter.

E.4.6.3.4 | Conditioning treatment\to which the
specimen was exposed.

E.4.6.3.5 | Temperature of thg'material under test.

E.4.6.3.6 |Relative humidity of air surrounding the
material yinder test«

g is the gap;

R, is the surface resistance s measured by
the instrument.

E.5 Report

The report shall in¢lude the data specified in E.4.6,
and the following:

a) the medsured resistance, in ohmg;

b) thetype and dimensions of the |electrodes with
their spacing if determined;

c) the volume resistivity, in ohms|per centimetre
units, if determined;

d) the surface resistivity, in ohms, if determined;
e) the duration and type of conditipning (tempera-
ture and relative humidity) to whig¢h the specimen

was subjected prior to measurement;

f) the temperature of the specimen at the time of
test;

g) the relative humidity of the air gurrounding the
specimen at the time of measurement;

h) the voltage used.
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Dimensions in decimetres
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Figure E.1 — Application of binding-post electrodes to flat, solid specimens
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NOTE — For rigid specimens, the metal support and accompanying
methyl methacrylate insulators may be eliminated and the specimen
supported by its leads. The bars shall have tinfoil wrapped around
them and, after the bars have been clamped on to the specimen, tin-
foil shall be pressed down with a thin tool along the edge of the bar to
ensure intimate contact with the insulation.

Figure E.2 — Application of strip electrodes to flexible tapes and flat solid surfaces
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