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Foreword

ISO (the International Organization for Standardization) a
International Electrotechnical Commission) form thé speciali
for worldwide standardization. National bodies that are mem
or |IEC participate in the development of Intefnational Standa
technical committees established by the respective organizs
with particular fields of technical activity."ISO and IEC tec
mittees collaborate in fields of mutualinterest. Other inter
ganizations, governmental and non-governmental, in liaisg
and IEC, also take part in the work:

In the field of information téchnology, ISO and IEC have es
joint technical committee 1ISO/IEC JTC 1. Draft Internationa
adopted by the joint technical committee are circulated to n
ies for voting. Publication as an International Standard r
proval by at least 75.% of the national bodies casting a vote

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

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

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

— Part 2: Guide for interchange practice

hd IEC (the
zed system
bers of ISO
rds through
tion to deal
hnical com-
hational or-
n with ISO

tablished a
| Standards
htional bod-
bquires ap-

t Technical
bral title In-

)

pns

Annexes A, B, C, D, E, F and G of this part of ISO/IEC 8441 gre for infor-

mation only.
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Introduct

This part of
unrecorded

on

ISO/IEC 8441 gives guidance on the performance levels of
tape suitable for high density digital recording for inter-

change purposes. It should be noted that the performance levels speci-
fied may differ from those attained at the time of purchase of the tape.

Vi
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Information technology — High density digital recording

(HDDR)—

Part 1:
Unrecorded

1 Scope

This part of ISO/IEC 8441 specifies requirements for
unreg¢orded magnetic tape designed for high density
digitdl recording (HDDR) having the following
characteristics:

a) nominal thickness 25,4 um (0,001 in);
b) Igngitudinal magnetic orientation;

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

Thesp 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 classified as-high energy tapes and users should
establish compatibility with equipment used for driving
them)

Anndx A giveés guidance on glass and metal-flanged
reels| Annex B gives information on the wear of re-

magnetic tape for (HDDR) applications

3 Various tests;and procedures herein refer
with a.c. HR bias. In practice, certain HDDR
not use bias. The use of bias in this part of

does_riot)imply that the tape so tested is in

suitable for a biasless system.

2 Normative references

The following standards contain provis

to recording
systems do
SO/IEC 8441
any way un-

ons which,

through reference in this text, constitute] provisions

of this part of ISO/IEC 8441. At the time

of publica-

tion, the editions indicated were valid. All standards
are subject to revision, and parties to agreements

based on this part of ISO/IEC 8441 are
to investigate the possibility of applyin

encouraged
g the most

recent editions of the standards indicgted below.
Members of IEC and ISO maintain registers of cur-

rently valid International Standards.

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

ISO 1860:1986, Information processing -
reels for magnetic tape used in intercha
mentation applications.

of tensile

—- Precision
nge instru-

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 8
lowing definitions apply.

NOTE 4
unless otherwise stated.

441, the fol-

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
the tape over the head.

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

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-

a given number of passes on the reference test re-
corder.

3.3 ease of erasure: The ability of a specified eras-
ing field to|effect a specified reduction in the level
of a signal fecorded on a tape.

3.4 electrical surface resistance: The surface re-
sistance, infohms per square, of the magnetic coat-
ing or the bjack surface of a tape, as appropriate.

NOTE 7  THe Si unit of surface resistivity is the ohm, al-
though ohm¢g per square is used in practice.

output levels, the peak value in either case_bejnp the
value that contains 95 % of the peaks (see figure 1
and 8.4).

ence between the maximum and minimum Eeak

— 95 % probability band Envelope-0f peak amplitudes

Vi

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

distance b

ween reference lines on the test piece

3.5 elong%tion under stress: The increase in the
t

due to a te
the initial d

sile load, expressed as a percentage of
stance between the reference lines.

Baseline

3.6 E value: The radial distance by which the reel
flanges extend beyond the outermost layer of tape
wound on a[reel under a tensile force of 0,109 N/mm
+ 0,033 N/mim of tape width (10 ozf/in 4+ 3 ozf/invof
tape width),

NOTE 8

0109 N/mm + 0,033 N/mm is equivalent to
282 gf/in + 8

5 gf/in.

3.7 instantaneous nonuniformities: (dropouts): A
tape defect|which causes a reduction in the repro-
duced signal amplitude suffiejient to jeopardize or
impair data|recovery.

For the purpose of this\part of ISO/IEC 8441, the on-
set of a drppout event is denoted by a 12 dB re-
duction in tHe output level from a 0,635 mm (0,025 in)
wide track jof-a\1,524 pm (60 pin) wavelength test
signal recotded as a square wave slightly above

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

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

saturation level (see 8.5.1). The end of a dropout
event is denoted by recovery of the signal to within
9 dB of the average level.

NOTES

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

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.


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

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

4.0 iy hatmaaoanio

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 magn
surface innermost.

NOTE 14

etic coated

This is sometimes called "A" wind.

I [l FY S i H L =i
p ay patrG e outTpuT STgaTTiasS—y o tHH T o aT o

distoftion as measured with a wave analyser.

3.13.1 without a.c. bias: The record head reference
currert level without a.c. bias (generally expressed
in mijliamperes peak-to-peak) is established in ac-
cordgnce 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 |secondary 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.

3.15 | sensitivity: The output of the tape sample un-
der tpst compared to that from the reference tape
exprgssed as a ratio, normally quoted in decibels,
the frlequency being 200 kHz in both cases.

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

3.17 | wavelength response: The.Quiput voltage fre-
quenty characteristic of the tape*when normalized
to a g$pecific wavelength compared to the response
of thg reference tape.

4 General

4.1 |Materials

The |tape \(shall consist of a uniform layer of

f tic material held in a flexible binder me-
i vl Fe oo fron s b) Relative humidity: 45 % to 55 %

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-

4.4 Packaging

Each reel shall be enclosed by“an indiv
per (e.g. polyethylene) packaged in an
container which providespsdpport of th
reel at the hub. If “windowless
wraparound bands are jused, the wrapp
be necessary.

5 Test conditions

5.1 General
For “all procedures described in th

ISO/IEC 8441, conditioning shall be as §
52, and in the test environment as speci

5.2 Conditioning

Conditioning shall be carried out in th
vironment (see 5.3). The tape may be tiss

of 0,109 N/mm + 0,33 N/mm of tape wid

flgnges

dual wrap-
bppropriate
e enclosed
with
er may not

s part of
pecified in
fied in 5.3.

e test en-
e cleaned.

h (10 ozf/in

It shall be wound and rewound with a tInsile force

+ 3 ozf/in of tape width). The tape sh
stored, unwrapped, for a minimum of 24
it to stabilize.

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

5.3 Test environment
The test environment shall be as follows

a) Temperature: + 23°C +3°C(+ 73

Il then be
h to allow

quivalent to

F+5°F)

6 Dimensions

6.1 Tape width

The tape width shall be one of those given in

table 1.

NOTE 16
exact conversions.

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

7 Physical properties

7.1 Yield strength

6.2 Tape |ength

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

6.3 Tape thickness

The tape thickness 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 tape thickness is 25 pm (0,001 in). The
“E” value shall be at least 2,54 mm (0,1 in) for reels
having a digmeter up to and including 203 mm (8 in),
and shall He at least 3,18 mm (0,125 in) for reels
having a digmeter greater than 203 mm (8 in).

Table 2 — Tape lengths

Millimetres Inches 711 Procedure
12,65 + 0,025 0,498 + 0,001 Test five samples in accordance with ISO 1184, ex-
25,35 + 0,025 0,998 + 0,001 cept that
50,75 |+ 0,025 1,998 + 0,001 . .
a) the minimum tape length is 200 mm (8 in),

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

c) the rate of jaw separation is 0,8.mm/s (2 in/mpin).

7.1.2 Requirement

The tensile load at the d % offset yield point (ag de-
fined in 1SO 1184) shall not be less than 2,10 Nfmm
(12 Ibf/in) of tape width, even if the tape breaks prior
to reaching the’1 % offset yield point.

NOTE 17  2A0"N/mm is equivalent to 5,44 kgf/in.

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) vl:ini-
mum. Clamp each sample at one end and make a
transverse length reference mark approximately
500 mm (20 in) from the point of clamping. Alloy the
samples to hang freely in the test environment|(see
5.3) for at least 24 h.

Attach a 50 g (2 oz) weight to the free end of gach
sample. Measure the distance between the clamp-
ing point and the reference mark with an accyracy
of + 0,25 mm (0,010 in), taking care that the tape is
tensioned only by the 50 g (2 oz) weight. Note| this
length for each sample. This is the pre-stress lgngth
measurement.

Remaove the 50 g (2 oz) weight and attach a weight

Nominal feel
diameter m ft
L. 670
203 mm (8 |n) Minimum length!) 674 2210
. - 1400
267 mm (10,5 in) | Minimium length!) 1410 4625
. - 2200
1
318 mm (13,5 in) Sf=Minimum length!) 2204 7230
i 2800
356 mm (14 in) Minimum fength 5815 9735
. - 3290
1
381 mm (15 in) Minimum length!) 3303 10795
406 mm (16 in) | Minimum length? | 2890 | 12440
3822
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.

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
0,5 %.

7.2.3 Full reel moment of inertia

The maximum moments of inertia for full reels of
tape are given in table 3.

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)].

d) Perform the measurements at a tape speed of
3048 m/s (120 in/s), except where another speed

is specified.

e) Ensure that the recorder electronics are properly

terminated

8 Il'erformance

8.1 |Reference test system

8.1.1] System components

The feference test system shall consist of a refer-
encel tape and reference head mounted on a
recofder/reproducer, referred to as the reference
recotder, which shall have a wideband 2,0 MHz ca-
pability at 3,048 m/s (120 in/s) tape speed as defined
in IS0 8441-2, and preferably a facility to clean the
tape|during recording and playback.

8.1.2| Preparation of recorder for testing

The feference recorder shall be set up as follows:

a) Thoroughly clean and demagnetize the recordex
apd adjust the heads for correct azimuth (sée

f) Specify all test signals.

8.2 Sensitivity

8.2.1 Procedure

For each type of tape\to be tested, estaflish the ap-
plicable referenceoutput level to calibrjate the ref-

erence recorder for the sensitivity measfirement.
A 200 kHz signal shall be recorded at |6 dB below
reference kecord level (see 3.13). Note the equaliz-

ation settings and the reproduce amplifi

ler gain set-

tings)when establishing the reference gqutput level.
Réproduce the tape and measure the recorder out-

put.
8.2.2 Requirement

The output from a test sample, exclud

ng the first

1$0O 8441-2). and last 2 % of its length, shall not vary throughout
N its length from the reference output leyel by more
NIOTE 19  Cleanliness is particularly critical in drop-
than + 2 dB.
opit assessment (see 3.7).
b) Set the tape tension of 0,109 N/mm 8.3 Wavelength response
0,033 N/mm of tape width-{10 ozf/in + 3 ozf/in
tape width). (See 3.17)
NOTE 20  0,0109 N/mm 4 0,033 N/mm is equivalent 8.3.1 Procedure
te 282 gf/in + 85 gf/im
Repeat the procedure described in 8p.1 at each
c) Hnsure that the record and reproduce head seg- frequency given in table 4 for each type gf tape being
ents and the head configuration comply with tested, avoiding the use of edge tracks, and ignoring
the dimehsions 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

Test frequency Reauirement
at tape speed Recorded
variation from
of 3,048 m|s wavelength
(120 in/s reference tape
kHz pum (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) + 2,5
1500 2,03 (0,080) +3
2000 1,52 (0,060) +3

8.4 Output level uniformity (long term)

(See 3.9)

8.41 Procefdure

For each typg of tape, perform measurements/oirthe
following tragks:

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*J, 15, 16, 28 (see
table 4 of[ISO 8441-2).

At a tape speed of 30484n/s (120 in/s) record the
1 MHz test frequencysatireference record level (see
3.13), with [the bjas¥ current adjusted as rec-
ommended py the~recorder manufacturer as opti-
mum for the| tapé on test. Record this signal along

length Set the reference record level (see 3.13) For
play back, use a reproduce amplifier (with nnAGC
device) and a threshold detector with hystergsis
able to monitor the output signal and detect [any
amplitude loss and recovery to the limjt stategl in
3.7. The signal-to-noise ratio of the test signal at[the
input to the threshold detector sheuld be at lgast
25 dB. The reference level for(:dropout detection
shall be established by averaging the test signal
output amplitude over 10 m(33 ft) tape length in[the
vicinity of any dropout.

For each of the seventracks tested, note the agcu-
mulated dropout ¢€ount, where the count for elach
dropout corresponds to one-half the number of|pe-
riods of the test/ frequency affected (see 3.7).

NOTE 22.“\'Results obtained from this test shall gtate
whether or not a.c. bias was used.

8:5.2 Requirement

The accumulated dropout count on any tested tfack
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 partiqular
system requirements.

8.6 Signal-to-noise ratio

(See 3.16.)

8.6.1 Procedure

the entire tapedength

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.

Thc GPPIU’J!;O:C \,CH:IC“VIC T ICI‘CICI!\/C ‘ldpc o a”
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

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-

The {ifference between the signal-to-noise ratio of
the centreline or reference tape, and the tape being
testeql shall not exceed 4 dB.

8.7 |Ease of erasure

(See B.3)

8.7.1| Procedure

The fape shall be externally erased in a bulk
degalisser. A signal of 1 kHz shall be recorded at
standard record level (see 3.13) at 15 in/s. The re-
prodiice gain and equalization shall be set for tape
optinjization. The input signal level shall be meas-
ured [and noted. The input signal level shall be in-
creaded by 10 dB and this signal level recorded. The
tape ghall be rewound, and placed in a chambet\at
66 °Q + 3 °C (150 °F + 5 °F), (20 + 5) % relative hu-
midity for 4 h. The tape shall be played back and the
outpyt measured through a properly. terminated
1 kH3 filter with a passband of 10 Hz. (The tape shall
be externally erased in a bulk degausser producing
a 50|Hz or 60 Hz a.c. field of 30°kA/m (1000 QOe)
(peak value). The tape shall be played back and the
outpyt measured again through the filter network.

8.7.2| Requirement

The Hifference between the recorded signal level
and the residual'signal level shall be 60 dB min.

8.8

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.

alent.

8.8.3.2 Preparation of samples. \Samples of tape
shall be prepared as specified 'under preliminary
conditioning (see 5.2). Lengths-of tape spfficient for
this test shall be unwound from the reels|and placed
in a standard test environment (see §.2) without
kinks or bends and allowed to remain for at least

24 h before test. A<minimum of two sa
be taken from eaeh reel of tape being te

ples shall
sted.

8.8.3.3 Procedure. Following pre-conditjoning (see

8.8.3.2) two(12,7 mm (0,5 in) wide layers

bf the sam-

ple tapé¢hall be placed back-to-back between the

strip-electrodes, as shown in figure?2 a
sasthat the recording surfaces are in con
the" electrodes. In mounting the test
measurement it is important that no

nd figure 3,
act with all
portion for
conduction

paths exist between the electrodes except those
through the test portion. To ensure thaf the length

of tape held between each pair of strip e
the same, the test portion shall be pl

ectrodes is
hced under

22N 405N (0,5 Ibf + 0,1 Ibf) tension asg it is being

clamped.

The width of the test portion shall He 12,7 mm
(0,5in). If the sample tape is less thgn 12,7 mm
(0,5in) wide [e.g. 6,3 mm (0,25 in) wide], two or
more sample tapes shall be placed sidg-by-side to

make up a 12,7 mm (0,5 in) test portion
is 254 mm (10in) wide, it may

If the tape
be folded

longitudinally with the recording surfacg outermost

to make a 12,7 mm (0,5 in) back-to-back

test portion

for measurement. Test portions obtained| from wider

tapes must be cut down to 12,7 mm

br 25,4 mm

(0,5in or 1,0 in) width and mounted ag described

above.

NOTE 24

of clean lint-free gloves is recommended.

Neither the test portion nor the insulating

ers. The use

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
A /— Bolt — Brass or stainless steel
6 } 5 L 3 2 Electrode 1
¥ . . |1 . . .
B /2 } I 12 o 12 | 12
[ I i ] |l i ~~— Test portion
| ! || J i i Plastic material
T T T T T
I I f | | l/
| | 1] | 1] L] [ i ] i
4 11 Lt
o/ | / \/ / v/ \/
A Side view
Metal support and guard
ﬂ % Brass, copper, or stainless steel electrodes
T T
< [ 1 |
HHZ A
T
= 1 i I
- H
0T ll; y
[ } : il i I l——Plaslic material
' ) I 1
o NV
NV NV
End view Metal support anduard
A-A
Dimension | Inches \Millimetres
i (x 24) 0,250, 6,35
ip (x B) 1,000 25,40
Figure 2 — Tape resistance measurement electrodes
Test portior}: _ 4
Back-to-bagk tape samples
Electrogle No. 2 Electrode No. 1 ——— d.c. potentfal
_\ E Voltmeter source
—_—— .
S5 5SS S ] ) Current-measuring

=

|
I
Insulated supports :
|

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

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

+ 3 32— 5 F—amd—aretative—hrumidity—of
90 %| min. to 95 % max. for a period of 24 h. Upon
remagval from this environment, 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
unifofmity (see 8.4) to determine compliance with
8.4.2] Following these tests, subject the tape to a
templerature of —12°C + 3°C (10 °F + 5 °F) and a
relative humidity of less than 10 % for a period of
24 h.|Upon removal from this environment, rewind
the tape once, and keep in the test environment
specffied in 5.3 for a minimum of 24 h. Again test the
tape [for output uniformity to determine compliance
with B.4.2 .

8.9.2( Requirement

The fape shall comply with the output uniformity re-
quirdments in 8.4.2, when subjected to the specified
templerature and humidity conditions.

8.5.

8.10.2 Requirement

After 50 forward/reverse™ passes (without tape
lifters), the tape shall meet the outpul level uni-
formity and dropout.rate requirements ¢f 8.4.2 and
8.5.2, undegraded.

8.11 (Abrasivity

Abtrasivity measurements may be maddg in several
ways. The method of measurement should be se-
lected by agreement between the tape mjanufacturer
and the interchange parties.

Table 5 — ‘Performance requirements

Characteristic Limit Units

Sengitivity ) 0+2 Decibel
Wayelength response) See 8.3.2
Output level uniformity Class E1 Class E2

Short term — edge tracks 3,0 2,5 max. Decibel

Short term — centre tracks 2,5 2,5 max. Decibel

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

Long term — centre tracks 2,5 2,5 max. Decibel
Insthntaneous nop=uniformity (dropouts)

Centre tracks 49 (15) 33 (10) max. Dropout per 100 m

(Dropout per 100 ft)
E(lige tracks 131 (40) 49 (15) max. Dropout per 100 m
{Brepettper—+od 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
tional meta

ing temper

-flanged reels, with

ture cycling or bulk erasure. The pro-

flanges, sufger an increase in dropout levels follow-

posed expl
presence of
duces varia
each layer,

nation for this phenomenon is that the
the windows in the metal flanges intro-
ions in the tape wind tension around
according to whether that part of the

metal reels or glass-flanged reels do not suffex
this increase in dropouts following bulk~eras
This supports the above explanation.

The windows in metal flanges allow the evennmess

of the tape pack to be inspected.and clearly s
how much tape is on a reel. Glags‘flanged reels
offer these advantages and pbviate the win

how
also
dow

layer is exgosed in a window or enclosed by the - ) v
metal flangg. Subsequent temperature cycling or problem described above.Where data integrity |s of
bulk erasur¢ then promotes interlayer tape slip to great importance, glass:flanged reels are [rec-

even out theg

local tension differences. This slippage

generates qoating wear debris and a consequent

increase in {

he tape dropout level.

ommended as a standard product which avoids
possible adverse effest of windows.

the

10
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Annex B
(informative)

Wear of recording heads

£

b B—thao—cor randa VAN in
\ARAI T

1-1:1991(E)

facto
tensi
ume

High
aero
cont
the
pass

of ICbUld;HU heads dcpcudo o—a—Habe+r—of
rs, including tape speed, relative humidity, tape
on, and abrasivity, and is measured as the vol-
of material removed.

tape speeds tend to lift the tape off the head
Hynamically, thus reducing the pressure at the
nct point and reducing head wear. The higher
ape speed, the greater the length of tape that
es over a head in unit time, so despite aero-

dynamic effects, the head wear in unit time may in-

crea
amo

be  with increasing tape speed. Again, the
int of head wear will be directly proportional to

the fape tension, as an increase in tension will in-

crea

Abra
ther
of a
scral

The

the h
etc))
mag

e the pressure at the contact point.

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

wear of the recording head will also depend on
ead material (mu-metal, Al/Fe/Si, Cr/Cu, fervite,
In general, however, the relative tendencies for
hetic tapes to abrade or wear recording heads

o o o no
o C— Tt C—ST < sy (ot

greater amount of wear for mu-metal he
cause relatively greater wear foryoth
heads).

The abrasivity of a magnetic\tape can b
using the Fulmer Thin (Film Wear S
annex F). This is a thint/€lectrically res
film deposited on a (ceramic substrate
the tape is run. The{passage of the tap
film, causing ansincrease in its electrica
The rate of change of the resistance o
continuously “monitored by the Fu
Abrasivity (Meter. This meter provides
curreptinput through the thin film, and
acrgssvthe sensor is monitored by a
fréquency converter. This frequency is
using a Rockwell 6502 microprocessor
The processor is programmed to conver
of 40 consecutive frequency readings ir

es causing
nds will also
pr types of

e assessed
ensor (see
istive metal
over which
b wears the
resistance.
the film is
mer Tape
a constant
the voltage
voltage-to-

measured
every 0,5 s.
t the values
to a meas-

urement of the rate of change of resistance, from

which the tape abrasivity is calculated.

NOTE 25 See annex G Bl for further in
measuring the abrasivity of magnetic tape.

‘ormation on

"
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Annex C
(informative)

Environmental conditions

CA1 Gengral
The followinT:ﬁormation gives guidance on storage
and operating conditions for HDDR tape.

C.2 Normal operating conditions

Temperaturg range" 10 °C to 40 °C (50 °F to

104 °F)
Relative humidity range? 40 % to 60 %
rI 50 kPa to 106 kPa

Barometric pressure

C.3 Extended operating conditions”

Temperatur¢ range" 0°C to 55°C (32 °F to

131 °F)
Relative hunpidity range? 25 % to 95 %
rI 5 kPa to 106 kPa

Barometric pressure

C.4 Severe operating conditions®
Annex D provides guidelines for, instrumentation

tapes for usg in severe conditions-{for example, air-
borne recording).

C.5 Shipping and-short-term storage

10 °C to 40 °C (50 °F to
104 °F)

Temperature range

C.6__Extended shipping-and short-term

storage?

— 60 °C to +.'60°C
(— 76 °F to,+ 140 °F

Temperature range

Relative humidity range? 0 % t0.95 %

Barometric pressure 5(Ra to 106 kPa

C.7 Recommended long-term storage

T

Temperature range 15 °C to 25 °C (59 °F to

77 °F)
Relative humidity range? 10 % to 20 %

Barometric pressure 50 kPa to 106 kPa

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

Environmental deterioration of tape from expogure
to atmospheric conditions of relative humidity [and
temperature occurs principally through chenfical
breakdown of the polymeric polyester urethane| ox-
ide binder. The mechanism of deterioration of|the
binder results from chemical reaction with atmos-
pheric moisture (hydrolysis).

The nature of this reaction is such that there|are
levels of relative humidity and temperature (fep-
resented by the boundary between zones 2 and |3 in
figure C.1) above which deterioration from [this
chemical reaction results in a level of binder bre¢ak-

Relative humidity range? 10 % to 40 %

Barometric pressure 5 kPa to 106 kPa

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

ISO/IEC 8441-1:1991(E)

figure C.1 are benign, and the “Recommended stor-
age [and operation” area is recommended for both
gengral tape use and long-term storage. It is also
recommended that tapes be periodically taken from
storgge, conditioned for 24 h in a benign environ-
menf, such as specified in 5.3, and rewound in that
envitonment before returning to storage. When
trangporting a tape from storage environment to
operpting environment, the tape must be stabilized
at ofjerating environment for a minimum of 24 h.

l | | | | [
100 <
\
90 \ ZONE 3 -
80 — AN ““Unacceptable” -
ZONE 2 \ for tape storage
X 70— ““Marginal” AN —
g N\ for tape storage '\
= | N AN |
£ ° N ~
2 50 zonE1 N ~ |
2 Acceptable ~
© _| for tape . |
K 40 storage ~ ~
~
30— N < -
S~ - -
20 — Recommendeg, storage and opgration: ~t—
69 © + 3 °R\(18°C + 2 °C),
40 % + 9% RH
10— —
0
.17 1T 1T 1711
(°C) & 10-\18 21 27 32 36|43 49
Temperature (°€)
(°F) &0 50 60 70 80 90 100|110 120

Temperature* (°F)

Figure C.1 — Contours of constant ipng-term

storage environment

13
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(This annex is

DA

This annex
ommended

Annex D
(informative)

Severe operating conditions

Application

jefines additional tests which are rec-
hs guidelines for instrumentation tape

used in apglications involving limited-duration re-

cording (but

mental cond

not playback) under severe environ-
tions (for example, airborne recording).

For the purpose of this annex, these conditions are
defined as fqllows:

a) Temperafure: —20°C to + 77°C (—~4°F to
+ 170 °F
b) Relative humidity: 25 % to 95 %

c) Baromet

ic pressure: 5 kPa to 105 kPa

d) Maximunph duration of use: 2 h in extreme con-

ditions

Ideally, the

ape temperature should not fall below

0 °C becauge of the possibility of tape lubricant

exudation.
temperature

f the tape has been subjected-to
5 below 0 °C, it may be advantagecus

to tissue clefan it prior to recovering the data~o ob-

viate any c
build-up of t

nance of tape/head separation due to
hpe lubricant deposits on thevheads.

D.2 Conditions

The set-up

ISO/IEC 844
current sho
bias peak)

tape when 3
erence reco
1,524 m/s (b

NOTES

26 This test

conditions definedVin 8.1 of this part of
apply, exceptithat the operating bias
ild correspond to a 2 dB fall-off (over
bf the péak’ output from the reference
1,0 MHZ signal is recorded at the ref-
rd Jevel (see 3.13), at a tape speed of
D (in/s).

limited duration recording under severe
conditions

D.3.1 Definition of severe condjtions
For the purpose of this annex, severe conditions|are
those extremes of tempefature, humidity, [and
barometric pressure whichixwhen applied for a [im-
ited duration, do not gause any unacceptable|de-
gradation in tape pérformance in the recorgliing
mode.

D.3.2 Requirement

When subjected to the specified environmental ¢on-
ditions ‘duting recording, the tape shall meet the re-
quiretents agreed on between the interchange
parties for the intended application, with respegt to
output level uniformity (long-term and short-teym),
wavelength response, sensitivity, and signaf-to-
noise ratio when played back in the test envifon-
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 tap¢ for
48 h under environmental conditions of — 20 °C,
20 % relative humidity, and 100 kPa + 5|kPa
barometric pressure.

b) Recording. Maintain the environmental fon-
ditions in accordance with D.3.3.1 a) in the re-

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

cordet tape path and—catrry—out—the—recot Ing
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)

16 h under environmental conditions of 77 °C,

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.

95 % relative humidity, and 100 kPa + 5 kPa c) Postrecording conditioning. As defined in D.3.3.1

barometric pressure. c).

Recording. Maintain the environmental con- d) Playback. As defined in D.3.3.1 d).

ditions in accordance with D.3.3.2 a) in the re-

corder path, and carry out the recording

lUdeUICD [eRv] opcpiﬂcd ;II 821, 331, 341 Glld Tnm'r_\nr:i Ire, OF

815.1. The total recording duration should not ex- . 3001 2 62 212 257 302 TSLY 392 oy

ceed 90 min. £ 000 B
= -0 =

NOTE 28  Ferric oxide (Fe,O,) tape requires, on av- ?g 4000~ - 588 £

erage, about 1 dB less record current at 77 °C. High o 400 @

ehergy tape can require about 3 dB (30 %) less cur- 5 ~ 300 S

rent than normal for optimum recording at high g 20007 _ -

temperatures. Users should establish the optimum é zooé

clirrent for themselves. = 2

Postrecording conditioning. As defined in D.3.3.1
).

Playback. As defined in D.3.3.1 d).

D.3.3.3 Low pressure test

b)

Prerecording conditioning. Condition the tape for
48 h on a tape transport under environmental
cpnditions of 23 °C, 50 % relative humidity, and
5|kPa + 0,5 kPa barometric pressure. Executera
high-speed, full-length forward and rewind-pass
epery 2 h.

=X

ecording. Maintain the relative humiidity and
ressure specified in D.3.3.3 a), but establish a

°

1000 -
800

600

4007

200+

L
[°N
S

!
N
o

100+

T T T T T 10

T T T
0 25 50 75 100 125 150 17p 200
Temperatyire, °C

Figure D.1 — Temperature dependence of elastic

modulus of polyester-base filin
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E.1 Scop
These methdds are designed for use in determining
insulation and volume resistance and approximate
surface resigtance of electrical insulating materials
together witH means of converting the latter two into
terms of volyme and surface resistivities.

E.2 Test gpecimens

Dimensions for solid insulating materials: for insu-
lation resistqnce measurements, the specimen may
have any prdctical form but is usually in the form of
a sheet, a bar, a tape, a rod, or a tube. For volume
and surfacel resistance measurements, the test
specimen shall be in the form of a flat plate or a
tube, havindg dimensions in accordance with the
specification

[

E.3 Apparatus

The apparatjus shall consist of suitable electrodes,
a source of direct-current potential, a suitable cuy-
rent indicating amplifier, and a voltmeter. The latter
role may be|filled by a galvanometer with sgitable
shunts and p calibrating resistance, or a megohm
bridge, togetfher with suitable switches and\keys.

E.3.1 Electrodes for testing insulation
resistance

It is importgnt that good and_tomplete contact be
made betwepn the electrodes and the surface of the
material on test. For reépeated tests at high reiative
humidities it| is essedtial that the electrode metal(s)
be protecteq against tarnishing. For insulation re-
sistance detérminations the electrode arrangements
most comma@rily)used for solid materials are shown
in figureE.1 g ; . i
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

alactrada No—2 chall bha in thg form of 9 ring
eteeH SHO—NO—~ H— g

..... ur-
rounding electrode No. 1 as shown in figure &4| in
the case of tubular specimens, the electrodes spall
be applied as shown in figureE.5. For liquid ma-
terials the cell should have a guard elettrode. Hpw-
ever, a two-terminai ceii may be usgdy. provided Jt is
established that the insulation resistance of the|in-
sulation between the electrodes'is at least 100 times
the resistance through the liquid.

E.3.3 Electrode materiais

The electrode matetials shall be corrosion-resisjant
under the conditions of test.

E.3.3.1 Contact or specimen electrode material

Specimén’ electrodes as shown in figureE.4 to
figurel®.7 may be made of silver conductive ppint
(provided its solvent does not attack the matgrial
gnder test), sprayed metal (provided satisfacfory
adhesion can be obtained), evaporated metal, metal
foil applied with a thin film of petrolatum silicpne
grease, or silicone oil (provided the gap can| be
properly cleaned without disturbing the edges of|the
adjacent electrodes when surface resistance i$ to
be measured), colloidal graphite (provided it |will
adhere to the specimen, the specimen does not|ab-
sorb water readily, and the test is to be made |n a
dry atmosphere), conductive rubber or mergqury
(provided care can be taken to eliminate posgfible
toxic effects).

NOTE 29 Conductive paint for specimen electrodes| has
“esirable characteristics, such as giving intimate surfface
contact with the test surface, and often being sufficigntly
porous to moisture to permit conditioning. Each appli-
cation must be considered for proper choice of matgrial.
There should be no adverse interaction between the[ma-
terial and its vehicle, that is, solvent attack, etc. Thelfilm

T ood

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.

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

E.3.5 Measuring equipment

E.3.
elec

1 Voltmeter and current indicating amplifier,
ometer, or microammeter

The poltmeter shall have a reading error less than
+ 2 P of full scale and have a range such that the
test poltage reading is greater than one-third of full
scal@. If possible, the current indicating amplifier,
elecfrometer, or microammeter shall have a sensi-
tivityy and ranges such that the reading during
meapurement shall be greater than one-third full
scal¢. The most sensitive current indicating ampli-
fiers|or electrometers have full scale deflection for
10—'p. Thus a resistance as high as 5 times 1015 Q
can pe measured with an accuracy of 10 % using
100 Y. Careful static shielding will be required when
using an instrument of this sensitivity. For lower re-
sistance a calibrated galvanometer or microam-
metgr can be used to measure the current.

E.3.8.2 Galvanometer and calibrated resistance

A gdlvanometer with proper shunts can'be used to
compare an unknown resistance with)a calibrated
resiqtance. The galvanometer shall’ have as high a
sendlitivity as is consistent with_tedasonable stability
of zgro. A sensitivity of 10—19-A/mrad (1 mm at 1 m
scale¢ distance) is sufficient to measure resistance
as high as 10" with aan_ accuracy of + 10 %. It
shoyld be well damped.The most convenient shunt
is the type known,as-a universal or Ayrton shunt
whefeby that frdgtion of the total current which
pasdes through\the galvanometer may be changed
withput changing the galvanometer damping. The
calijrated-resistance shall be at least 100000 2. A
resigtance’ of 1 MQ is preferred. An insulated
guatded switch is needed for shorting the specimen.

dielectrics shall be made only on speci
have been kept for a specified time
specified humidity and temperature.
ditions shall be in accordance with th

tions. The specimen shall phbe kept in

mens which
in air at a
These con-
e specifica-

the same

conditions during the determination. The measure-
ments shall be made wijthiout opening the humidity

chamber. Where electrode leads pass

through the

walls of the chamber, care shall be taken to ensure

against current leakage at these points
guarding or by.passing leads through
wax or other nhonwetting materials.

NOTE 30/ Coaxial cables such as Uniradio

by suitable
bushings of

RG-6A/u (up

to 85.2C) or RG-143 (up to 250 °C) may beg used for all

leads; the braids to be properly terminated
menht ground to minimize errors arising fr
pacities to ground, operator, and equipment.

At the instru-
bm stray ca-

E.4.2 Precautions in mounting spedimens

In mounting the specimens for measurement, it is

important that there shall be no cond
between the electrodes except those
specimen. For example, the specimen

ictive paths
hrough the
s shown in

figureE.1, figure E.2, figure E.3 and figure|E.4 shall be

held by one or both edges so that none
trodes touches the supports.

of the elec-

E.4.3 Method of measuring resistance

E.4.3.1 Voltmeter-ammeter method

The test potential is applied to the sp
current measuring instrument (curren

ecimen and
it indicating

amplifier, electrometer, or microammetagr) in series.

The potential is measured with a suitab|
(see E.3.5.1) and the current flowing at
specified electrification time is meas

e voltmeter
he end of a
red by the

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.

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-

or

R=M

D F e
p M

r

=

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.

flection and|the shunt ratio are then noted. The
value of the|resistance, (R), is computed from the
equation

R=M - M

U

.S
S
where
M is the¢ value of the calibrated resistance;

D is the deflection of the galvanometer when
the galibrated resistance only is in the cir-
cuit;

d is the deflection of the galvanometer when
the qalibrated resistance and the specimen
are ip the circuit;

S is th¢ shunt ratio when the calibrated resist-
ancg only is in the circuit;

s is the shunt ratio when the calibrated resist-
anceg and the specimen are in the circuit.

Or, if the shynt setting is given in multiplying factors,
the formula pecomes

PR I

d f
where

I is thE shunt multiplying- factor for the cali-
brating resistance;

f is thp shunt multiplying factor for the speci-
men

If the calibrgting resistance is so small that the po-
tential sourde willygive too large a deflection of the
galvanometei‘r with the smallest shunt ratio (or larg-

E.4.3.3 Precautions in measuring high resistandes

In measuring very high resistances it)is.important
that all apparatus between the guard electrode jand
the terminal of the current measuring instrument be
guarded and adequately insulated"from guard jand
ground. The resistance to grgund of all connectjons
and apparatus between the’ current measuringl in-
strument and the guarded “electrode, including|the
surface resistance between the guarded electrode
and the guard electrede, must be high enough|not
to form an appreciable shunt on the current meas-
uring instrument, This means it should be more fhan
100 times theNipput resistance of the instrument|For
the most. sénsitive indicating amplifiers or ¢lec-
trometersythis input resistance may be 1013 (p to
1014 Q. For a galvanometer it may be only 1 MQ |For
a bridge it should be 100 times the value of the fatio
resistance. These values include the resistance ffom
the guarded electrode to the guard electrode 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 the dable
shield and guard electrode from ground and measyring
the current flow through the apparatus when the fhigh
voltage is connected to the measuring electrode. If the
leakage resistance obtained is not beyond the rande of
the apparatus, the reason for the low value shouldl be
determined and corrected.

If it is necessary that one side of the specimen$ be
grounded, then either the potential source or|the
current measuring instrument must be well ipsu-
lated from ground. In either case the resistancp to
ground must be more than 100 times the resistgnce

est mu|t|p|y| 1 far\fnr)! it—is—then RECeSSatky io 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

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

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

resistance-
E.4.42 Measurements for insulation resistance

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

E.4.4P1 Dimensions of the electrodes (figureE.1,
figurg E.2 and figure E.3).

E.4.4p.2 Distance between or spacing of the elec-
trodeg.
E.4.4R.3 The insulation resistance between the
electrodes.

E.4.4PR.4 The temperature of the material under
test.

E.4.4Pp.5 The relative humidity of the atmosphere
surrounding the material under test.

E.4.4p.6 Voltage used in measuring.
E.4.4.p Calculations for insulation resistance

The [insulation resistance is the resistance as
measgured between any two adjagent binding posts
of figlire E.1, between any twe-adjacent metal strips
of figureE.2, or betweep- the tapered pins of
figurg E.3. This value should be expressed merely
as “ipsulation resistapce™ In the case of the metal

stripq the surface gesistance per square may be
calcujated by the {fglowing formula:
_Rb
L

wher

amd-stratt—beconmected—tothejumnction
current measuring instrument and-.th
source, the electrode No. 3 shall béuseqd
guarded electrode and shall be. conne
other terminal of the potential source. If
used, electrodes Nos. 1 andi\3 shall be c(
the measuring terminals, and electrode
nected to the guard terminal.

E.4.5.2 Precautions ih measuring volume

resistance

In measuripg.the volume resistance it i
that the current flow between the guarde

etween the
e potential
as the un-
tted to the
a bridge is
bnnected to
No. 2 con-

5 important
d electrode

and the)guard electrode shall be neg

igible. The

current through the specimen divides bgtween this
path and that through the current measuring instru-
ment, and only the flow through the cunrent meas-

uring instrument is measured. In order th
resulting from this source shall be less|
the insulation resistance between th

t the error
than 1 %,
e guarded

electrode and the guard electrode shajl be more

than 100 times the resistance of the cun
uring instrument. For the most sensitive
amplifiers a resistance of 1014 3 may |
between the guard and the guarded elec

E.4.5.3 Measurements for volume resisti

The following measurements shall be 1
volume resistivity is to be determined b
the specimen shown in figure E.4 to figur

E.4.5.3.1 Areas of guarded electrodes
with sufficient accuracy for gap width b
guard and guarded electrodes for thg
electrode system are shown in fig
figureE.7.

K 1s twice Ihe suriace resisiance as meas-
ured;

b is the average length of electrodes;

L. is the distance between the electrodes.

rent meas-
indicating

e required
rodes.

vity

nade when
y means of
P E.7.

corrected
etween the
e following
ureE4 to

figure E.5) the effective area is

i3 2
Aeftective = 4 (detective)

deffec\ive = ,)1 +g (ifg<1,661) or
=D, + 1,66¢ (if g>1,66¢)

gureE.4 or

19
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where E.4.5.3.8 Volume resistivity, p, which shall be cal-
) ) i culated from the volume resistance and reported in
Aetrective 1S the effective area of the measuring terms of ohms per centimetre as follows:
electrode No. 1;
ARV
dyrective 15 the effective diameter of the meas- p=-7
uring electrode No. 1;
where
g is the gap or linear separation be-
tween measuring and guard elec- t is the average thickness of the specimen;
trodes (between Nos. 1 and 2); ) i
° (be ) R, is the volume resistance as measured by
t is the thickness of the specimen; the instrument;
D, is the outside diameter of measuring A is the effective area, calculated @s-shpwn
electrode No. 1. for the electrode system.
E.4.5.3.1.2 For flat rectangular electrodes (figure E.4 E.4.6 Surface resistance determination
or figure E.5] the effective area is
. 461 M
Antectve [ (L + &)W + g) (if g<1,660) or £46.1 Method
= (L + 1.660)(W + 1,66¢) (if g > 1,660) The surface resistance shall’be measured using the
o completely guarded circuit. Electrode No. 1 shall be
where

L is thE length of measuring electrode No. 1;

W is th

E.4.5.31.3
figureE.7) t
ference of t

A effective

:(14—*-

width of measuring electrode No. 1.

For tubular electrodes (figureE.6 and
:re width becomes the effective circum-
e tube (figure E.6):

= (L + g)(nD,) (if g<1,667) or
,660)(nD,) (if g > 1,661)

D, = effective diameter of the tube

where

D, is ¢qual to

D+ D,
—

D, is Ie average inside diameéter of the tube;

D, is

E4532 T

E.4.5.3.3 Cpnditioning

e average outsidecdiameter of the tube.
hickness of the(specimen.

treatment to which the

specimen was exposed.

E.4.5.3.4 Applied voltage.

E4535 V

used as the guarded‘electrode and connected tq the
current measuring-instrument; electrode No. 3 ghall
be used as theguard electrode and connected 1g¢ the
junction between the current measuring instrument
and the potéential source; electrode No. 2 shall be
used as_the unguarded electrode and connectqd to
the other terminal of the potential source. If a brfjdge
is .uséd, electrodes No. 1 and 2 shall be connected
to the measuring terminals and electrode No. 3 shall
be connected to the guard terminal.

E.4.6.2 Precautions in measuring surface
resistance

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

E.4.6.3 Measurements for surface resistivity

The following measurement shall be made when
surface resistivity is to be determined by means of
the specimens shown in figure E.4 to figure E.7.

E.4.6.3.1 Surface resistance. The effective [per-
imeter and gap are given with sufficient accuraqy for
the following electrode systems by

olume resistance.

E.4.5.3.6 Temperature of the material under test.

E.4.5.3.7 Relative humidity of the air surrounding

the materia

20

| under test.

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):

DL

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

=22+
where L and W are the length and width, respect-

ively| of the measuring electrode No. 1.

E.4.6/3.1.3 Tubular electrodes (figureE6 or

figure E.7):
P =2nD,
wherp

PP, is the average outside diameter of the tube;

4 is the gap or linear distance between elec-
trodes No. 1 and No. 2 twice the specimen
thickness but not exceeding 1/6 in.

NOTE 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 the.material under test.

E.4.6/3.6 Relative humidity of air surrounding the
matefrial under tests

shown for the electrode system
g is the gap;

is the surface resisfance as mieasured by
the instrument.

E.5 Report

The report shallrinclude the data specified in E.4.6,
and the following:

a) the measured resistance, in ohms;

b) thestype and dimensions of the eledtrodes 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 conditioningr;(tempera-
ture and relative humidity) to which 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 surrgounding the
specimen at the time of measurement;

h) the voltage used.
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Dimensions in decimetres
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3 0,
i e

Electrodes

Figure E.1 — Application of binding-post electrodes to flat, solid specimens
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ng'n g electrodes
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l ] i L i | liPlastic material
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End view
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NOTE — For rigid specimens, the metal support and accompanying
methyl methacrylate insulators may be effminated 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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