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ERRATA

Page 72
Subclause 8.117.1

First paragraph, the heading and line 2, replace “Resistance of board to bending”
with “Resistance to board bending”

Remarks:This errata is for correcting the first edition of this Standard.
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JAPANESE INDUSTRIAL STANDARD JIS

Test methods of fixed capacitors for C 5102-1994
use in electronic equipment

1. Scope This Japanese Industrial Standard specifies the test methods of fix-
ed capacitors (hereafter referred to as "capacitors") used mainly for electronic
equipment. If any difference in the specifications between this Standard and the
detail specification arises, the detail specification applies.

Remarks: The cited standards and the corresponding International stan-
dards are listed in Attached Table 1.

2. Definitions For the purpose of this Standard, in addition to the defini-
tions given in JIS C 0010, JIS C 5101 and JIS C 5602, the following principal
definitions apply:

(1) test (wide sense) This is a series of procedures to examine the perfor-
mance of specimens, and consists of the following items. Each item is
applied in the case of being specified.

(a) preconditioning

(b) initial measurement

(¢) test (narrow sense) or measurement (including intermediate measure-
ment)

(d) recovery

(e) final measurement

(2) preconditioning This is the treatment applied to specimens for increasing
accuracy of tests, to avoid questions in the test results, as shown in the
following:

(a) To eliminate the influence of past history.
(b) To stabilize the characteristics under test conditions.
(¢) To eliminate partially the past history.

(3) test (narrow sense) or measurement This means to locate specimens under
the specified conditions and/or to examine the appearance, electrical and
mechanical performances, for the purpose of examining the influence of test
conditions to the specimens.

There is a case of including intermediate measurements.

(4) recovery This means to carry out such treatment that is to allow the
specimen to stand as it is or to dry the specimen before the final measure-
ment, for the purpose of stabilizing the characteristics of specimens. The
standing time in this recovery is sometimes called the recovery time.

(5) temperature stability (thermal equilibrium) The conditions that the capa-
citances of specimen measured twice consecutively at intervals of 5 min on
the specimen kept at a specified temperature, become nearly equal.
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(6) insulated type capacitor A capacitor in which the specified voltage can be
applied between all the terminations and the enclosure.

Remarks: The enclosure dealt with here includes a metal case on which
insulation treatment is applied such as covering of insulation
sleeve.

(7) non-insulated type capacitor A capacitor in which the specified voltage can
not be applied between all the terminations and the enclosure.

(8) ambient temperature The temperature of air in the free space at the posi-
tion which is far enough from the specimen and where the effect of heat
radiation is negligible.

(9) rated temperature (upper category temperature at rated voltage) The
maximum ambient temperature at which the rated voltage can be applied
continuously to the capacitor.

Remarks: In capacitors for which temperature derated voltage is not appli-
cable, the rated temperature is equal to the upper category
temperature,

(10) rated voltage (symbol: Ug) The maximum value of peak voltage (the sum
of d.c. voltage and permissible a.c. peak voltage) which can be applied con-
tinuously to a capacitor at the rated temperature.

Remarks 1. In capacitors for a.c., the rated voltage is the r.m.s. value of
continuously applicable a.c. voltage of a specified frequency.

2. In capacitors for pulse, the rated voltage is the maximum
value of continuously applicable a.c. voltage of a specified
frequency and waveform.

(11) temperature derated voltage The maximum voltage which can be applied
continuously to a capacitor at a temperature exceeding its rated temperature
(within its upper category temperature).

(12) category voltage (symbol: Uc) The maximum voltage which can be applied
continuously to a capacitor at its upper category temperature.

(18) variation of capacitance due to temperature This is expressed by any of
the following:

(a) Temperature characteristic of capacitance

(b) Temperature coefficient of capacitance and temperature cycle drift of
capacitance

(14) temperature characteristic of capacitance The relative variation of capaci-
tance at a temperature in category temperature range from that at reference
temperature (20°C). It is expressed in percent (%).

Remarks: The above is applicable to a capacitor the capacitance of which
changes nonlinearly to the temperature.

(15) temperature coefficient of capacitance  The relative capacitance change
per 1°C between the reference temperature (20°C) and a specified tempera-
ture within the category temperature range of a capacitor.

Remarks 1. The above is applied to a capacitor in which the capacitance
change due to temperature is linear or almost linear.
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2. The temperature coefficient of capacitance is expressed in the
unit of ppm/°C (10-¢/°C).

(16) temperature cyclic drift of capacitance The difference between the capaci-
tances at 20°C in the steps 1, 3 and 5 each other, when a capacitor is sub-
jected once to the temperature cycle specified in the following table.

Remarks 1. The difference in capacitance is expressed as a rate (%) of drift
or an amount of drift.

2. When it is expressed as an amount of drift, the amount is the
difference between the maximum and minimum values of
capacitances in the steps 1, 3 and 5.

3. When it is expressed as a rate of drift (%), unless otherwise
specified, the rate is the value of the drift specified in the
above 2 divided by the capacitance in the step 3.

Step Temperature °C
1 20
2 Lower category temperature
3 20
4 Upper category temperature
5 20

(17) test reverse voltage The value of reverse voltage used for reverse voltage
test. This is applied to an electrolytic capacitor.

(18) rated reverse voltage The maximum value of reverse voltage which a
capacitor can withstand in a specified temperature range. This is applied to
an electrolytic capacitor.

(19) climatic category This definition indicates the conditions of climatic tests
of capacitors in common terms throughout relevant standards. It means a
combination of test temperature for cold-proof, test temperature for heat-
proof and test days for damp-proof (steady state) which the capacitor can
withstand.

Remarks: The category is expressed as follows:
XX/YYY/ZZ

where,

XX : test temperature for cold-proof, normally the lower
category temperature (example: —40°C)

YYY : test temperature for heat-proof, normally the upper
category temperature (example: 85°C)

Z7Z : test days for damp-proof (steady state 40°C) (example:
10 days)

Example: 40/085/10

(20) chip capacitors Small capacitors of square or cylindrical shape which are
suitable for surface mounting by providing capacitor elements with elec-
trodes or terminals.
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In this Standard, this may be sometimes called SMD (surface mounting
devices).

(21) polarizing voltage D.C. voltage applied across a capacitor with its terminal
as a positive pole and with its mounting fixture as a negative pole. The
purpose is to examine whether electrolysis accelerates deterioration of insu-
lation of insulators of capacitors.

Informative reference: The above words are the same as those in IEC.

3. Test conditions

3.1 Standard conditions The test shall, unless otherwise specified, be carried
out under the standard conditions as shown in Table 1. If any doubt arises on
the judgement based on the measured values under this standard conditions, or
when especially required, the condition of 3.3 shall be applied.

If the specimens are large, or if the maintenance of temperature in the test-
ing place is difficult, the test may be carried out under conditions other than the
standard conditions in accordance with relevant detail specifications. In such
case, the temperature shall be in the range of 5°C to 40°C.

Table 1. Standard conditions

Temperature 15 °C to 35°C

Relative humidity 45 % to 75 %
Air pressure 86 kPa to 106 kPa

Remarks 1. The relative humidity may be neglected if it does not affect the
tests and measurement results.

2. The temperature in the standard conditions is occasionally
called ordinary temperature.

3.2 Reference conditions The reference conditions shall be based on 5.1 of JIS
C 0010 and given in Table 2. However, the reference conditions may be specified
by temperature only.

Table 2. Reference conditions

Temperature 20°C

Air pressure 101.3 kPa

Remarks: It is generally impossible to correct the performance values
against the relative humidity by means of calculation. Therefore,

the relative humidity is not specified. 3

3.3 Referee conditions The referee conditions shall be based on 5.2 of JIS
C 0010 and selected among Table 3 as specified by the relevant detail specifica-
tion.

Unless otherwise specified, the grade 2 of symbol A in Table 3 shall apply.
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Table 3. Referee conditions

Symbol Grade 1 Grade 2
Temperature °C | Relative humidity % Temperature C | Relative humidity %
A 201 63 to 67 20 £ 2 60 to 70
B 23+1 48 to 52 23 £2 45 to 55
C 25+ 1 25+ 2
D 271 63 to 67 27+ 2 60 to 70

Remarks: Air pressure is 86 kPa to 106 kPa.

3.4 Matters to be cared  Sun light, heat radiation from other heat sources,
and other factors which may affect the results of measurement on the specimens,
shall be avoided throughout the test.

4. 'Treatment before and after test

4.1 Preconditioning At the test or measurement, the specimens shall be
allowed to stand at the testing or measuring temperature for 30 min or more, and
discharged completely.

4.2 Recovery Before the final measurement, the specimens shall be allowed to
stand under the standard conditions for 1 h to 2 h.

4.3 Forced drying Before the initial or final measurement, the specimens
shall be dried under the conditions specified in the detail specification.

The conditions specified in the detail specification shall be selected from
Table 4.

After drying, the specimens shall be cooled in a desiccator with the activated
alumina, silica-gel or other desiccants, or in the atmosphere of relative humidity
20 % or less.

Table 4. Conditions for forced drying

Condition Condition 1 Condition 2
Temperature 55+ 2°C
Relative humidity 20 % max.
Air pressure 86 kPa to 106 kPa
Duration of standing 6+05h 96+ 4h

Informative reference: Condition 2 corresponds to the con-
dition specified by IEC 384-1.

4.4 Voltage treatment Before the initial or final measurement, the protective
resistor of about 1 kQ shall be connected in series to the specimen. A d.c. voltage
which is equal to the rated voltage is applied for 1 h. Next, the specimens shall
be discharged through the resistor of about 1 Q/V. Then, it shall be allowed to
stand under the standard conditions for 12 h to 48 h.
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4.5 Heat treatment Before the initial or final measurement, the specimen
shall be allowed to stand for about 1 h at the upper category temperature. Then,
it shall be allowed to stand for 24 + 1 h in the normal condition.

5. Test apparatus and equipment

5.1 Direct current power supply The d.c. power supply shall, unless otherwise
specified, be of the two kinds shown in Table 5.

Table 5. D. C. power supply

Kind of d.c. Ripple content (1) % Stability of d.c.
voltage (%) .
50, 60 Hz 100, 120 Hz %
A 2 or less 1 orless +3
B 0.1 or less 0.1 or less 0.1

Notes (!) Ripple content is the ratio of peak a.c. voltage superposed on
d.c. voltage to the d.c. voltage.

(2) Stability of d.c. voltage is the relative variation of d.c. out-
put voltage in use to the initial set value of d.c. output
voltage.

5.2 Alternating current power supply The a.c. power supply shall have sub-
stantially sinusoidal waveform at a frequency of 50 Hz or 60 Hz. The power
capacity shall be 500 VA or more which can withstand the test current.

5.3 Test chamber The test chamber shall be capable of maintaining the speci-
fied testing temperature and relative humidity. It shall be so constructed that
the specimens will not receive heat radiation directly from the heat sources wher-
ever the specimens are placed.

Damp-proof test chamber shall be so constructed that the condensed water
does not drip on to the specimens from the ceiling or wall of chamber.

Test chamber other than damp-proof testing shall be so designed that the
damp does not condense during the test on the specimens or their measurement
terminations.

5.4 Other test apparatus and equipment Other test apparatus and equipment
shall be adequate and have sufficient accuracy for respective tests.

6. Appearance and dimension test

6.1 Equipment The equipment shall be those prescribed below, unless
particularly specified. If no doubt arises on the judgement, other appropriate
equipment may also be used.

(1) The vernier callipers specified in JIS B 7507

(2) The micrometer callipers for external measurement specified in JIS B 7502
(3) The limit gauges for metric coarse screw threads specified in JIS B 0251
(4) The limit gauges for metric fine screw threads specified in JIS B 0252

(5) The gauges specified in Fig. 1 (applied to capacitors with unidirectional
terminations)
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(6) The gauges specified in Fig. 4 or Fig. 5 (applied to cylindrical capacitors
with two axial terminations)

(7) Projectors or magnifiers of suitable magnification (applied when specified in
the relevant detail specification. If not specified, the magnification shall be
10.)

6.2 Test
6.2.1 Appearance The appearance shall be tested by visual check.

6.2.2 Marking The marking shall be tested by visual check, and if specifi-
ed in the detail specification, examine the solvent resistance in accordance with
the specification of 8.7.

6.2.3 Dimensions The dimensions specified in the detail specification shall be
tested using the equipments specified in 6.1 If specified in the detail specifica-
tion, the tests for capacitors with unidirectional terminations and cylindrical
capacitors with two axial terminations shall be made as given in 6.2.4 and 6.2.5,
respectively.

6.2.4 Dimensions of capacitors with unidirectional terminations (informative
reference: This corresponds to IEC 717) The terminations of specimen shall be
inserted into the gauge shown in Fig. 1, and the dimensions of specimen shall be

measured.
Fig. 1. Dimension gauge for unidirectional terminations
Unit: mm
(1) (2)
#D Cross section of
A-part of gauge l
. ) LA pirect.ion of
. Y ‘¢—¢' H \.!; Y o $D +0.05 insertion 8
A % R
0 N
& S
o D o d O d
\‘ W/ \ \ ~ N " A
DU EIAL . "
o000 O }\\) | 4 =
T
25| 25 25| 25| 25] 25|25 N
Tolerance of hole position * 0.02
Hole diameter of gauge (D) as a function of nominal diameter
of wire termination
Diameter of 0.5 max. | 0.6 0.7, 0.8 1.0 | 1.2
wire termination
Hole diameter 0.8 1.0 1.3 1.6 | 18
of gauge
Remarks: Rectangular terminations shall, unless otherwise specified
in the detail specification, be taken as cylindrical termina-
tions, the nearest nominal diameter of which is equal to or
greater than the diagonal of the cross-section.
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(1) Insertion of specimen into gauge Excess force shall not be applied to
insert the specimen into the gauge.

(2) Width and thickness of capacitor body and spacing of wire terminations As
shown in Fig. 2, the distances shall be measured between two planes which
are parallel to the center lines in two directions (X and Y) of grid holes of
the gauge and tangential to the corresponding pair of sides of the specimen.
These are width (W) and thickness (7).

The distance shall be measured between holes of gauge into which lead
wires are inserted. This is spacing (F) of wire terminations.

Fig. 2. Width and thickness of capacitor body
and spacing of wire terminations

(1) (2)

0 O o\o © 0O 00O0O0O0O0
o oo edo 0o ~ o@*o*o)ok
d o &lo o ood;oc!)oo
® 000 0|0 O olo & o ¢ oo
F F
W 74

(3) Height of capacitor body As shown in Fig. 3, the distance and height (H)
from the face of gauge to the top of specimen shall be measured.

Fig. 3. Height of capacitor body and length of wire termination
(1) (2) (3) (4) (5)

i, oo\ |\ AlA) v A

~ ~

(4) Length of wire termination The length (I) of wire termination shall be
measured as shown in Fig. 3.

(5) Sagging of coating The sagging of coating shall be examined in accordance
with the relevant detail specification.

6.2.5 Dimensions of cylindrical capacitors with two axial terminations (informa-
tive reference: This corresponds to IEC 294.)

6.2.5.1 Method 1 The method 1 is as follows:
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Insertion of specimen into gauge The specimen shall be inserted into two
gauge plates as shown in Fig. 4, and these two gauge plates shall be brought
close in parallel to each other without deforming the body or terminations.

Length of body and length of wire termination The length (L) of body and
the length (1) of wire termination shall be measured as shown in Fig. 4.

Sagging of coating The sagging of coating shall be examined in accordance
with the detail specification.

Diameter of body Hold a cylindrical gauge vertically whose internal diam-
eter 1s 0.1 mm (tolerance = 0.05 mm) larger than the maximum diameter of
the body specified in the detail specification and which is as long as the
maximum length of the body specified in the detail specification. Then,
examine whether the specimen can pass through the cylindrical gauge by its
own weight.

Fig. 4. Dimension gauge for cylindrical capacitors
with two axial wire terminations (Method 1)

Unit: mm

(1) (2)
Detail drawing of
A-part of gauge

@ 7
—( YU g Bmaeer g L L
=S

A (/]

0.20+0.05

45

$D

N\l

T(3%)

Note (3) This dimension is 1.50 + 0.05 mm for capacitors used in printed
wiring board and 4.00 + 0.05 mm for others.

Diameter of gauge hole (D) as a function of diameter
of wire termination

Nominal diameter Diameter of Nominal diameter Diameter of
of wire gauge hole (D) of wire gauge hole (D)

0.45 max. 0.80+£0.02 Over 0.9 up to and incl. 1.15 1.50 £ 0.02

Over 0.45 up to and inel. 0.7 1.00+0.02 Over 1.15 up to and incl. 1.32] 1.80 £0.02

Over 0.7 up to and incl. 0.9 1.20 £ 0.02 Over 1.32 up to and incl. 2.0 3.00 £ 0.02
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6.2.5.2 Method 2 This test method shall be applied to the following capacitors
with a body diameter not less than 5 mm.

(a) Capacitors with glass-sealed wire terminations
(b) Capacitors with wire terminations having welded points
(¢) Others which are not suitable to apply the gauge given in Fig. 4

(1) Insertion of specimen into gauge The specimen shall be inserted into two
gauge plates as shown in Fig. 5, and these two gauge plates shall be
brought close in parallel each other without deforming the body.

(2) Length of body and length of wire termination The length (L) of body and
the length (I) of wire termination shall be measured as shown in Fig. 5.

(8) Sagging of coating The sagging of coating shall be examined in accordance
with the detail specification.

(4) Diameter of body The diameter of body shall be measured in accordance
with 6.2.5.1 (4).

Fig. 5. Dimension gauge for cylindrical capacitors
with two axial wire terminations (Method 2)

Unit; mm
(1) (2)

Detail drawing of
A-part of gauge

{ L {
Yoo
Y
oy
..é \ o S
S Direction of S
—= i < insertion —> -
H S
< S
2 K :
A

- i

0.20+0.05

T(%)

Note (3) This dimension is 1.50 + 0.05 mm for capacitors used in printed
wiring board and 4.00 + 0.05 mm for others.

6.3 Ttems to be specified in detail specification  The relevant detail specifica-
tion shall prescribe the following:

(1) Test equipment (when other equipment than 6.1 is specified)

(2) Application of projectors or magnifiers and their magnification (when use of
a projector or magnifier is specified, or when magnification is other than 10)
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(3) Method of dimension test (when 6.2.4 or 6.2.5 is employed)

(4) Sagging of coating [when specified, refer to 6.2.4 (5), 6.2.5.1 (3) and 6.2.5.2
(3]

7. Electrical performance test

7.1 Voltage proof (d.c. voltage)

7.1.1 Equipment The equipment shall be as follows:

(1) Power supply The power supply shall be the type A of d.c. power supply
specified in 5.1. If no doubt arises on the judgement, other power supplies
may be used.

(2) Test circuit and apparatus

(a) Test circuit As a rule, the test circuit shall be as given in Fig. 6 (1)
or (2). However, Fig. 6 (1) is recommended.

(b) Voltmeter Internal resistance of the voltmeter shall be 10 kQ or more
per 1V,

(¢c) Protective resistor The protective resistor shall have resistance which
satisfies the time constant or the charging currents specified in the
detail specification.

{(d) Capacitance of C, in Fig. 6 (1) The capacitance of C, shall be 10
times or more larger than that of C,, and shall satisfy the following
equation, unless particularly specified in the detail specification.

Ri(C, + Cy S1s
R. (C. + C,) $1s

where, R, : protective resistor (including internal resistance
of power supply) ()

R : protective resistor (Q)
C, : capacitance of C, (F)

C, : nominal capacitance of specimen (F)

Fig. 6. Voltage-proof test circuit
(1) (Informative reference: circuit specified in IEC 384-1)

R,, R,: protective resistors

Ri 1S
r MWy 0«0 i ! C, . capacitor
2 3 l i : d.c. voltmeter
D.C. power Co c @ d
supply A Rz s switch
C, . specimen capacitor
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Fig. 6. (continued)

(2)
Switch position
‘\/T/l\ﬁ 1 2 1. test voltage application
-0 o
2. discharge
S 3. short circuit

D.C. powe v Rz § 1
suppllj)f)}xv i C_D % {only for Fig. 6 (1)]

S
CX

7.1.2 Preconditioning Before the test, the preconditioning of 4.1 shall be
carried out.

7.1.3 Test The test voltage specified in the relevant detail specification shall
be applied, using the equipment of 7.1.1, in accordance with the method of (1) to
(3) unless particularly specified in the detail specification, to the portions of
capacitor shown in Table 6. The voltage of d.c. power supply shall be previously
set to the test voltage at the switch position 2 or 3 in Fig. 6. Then, the switch
shall be turned to position 1 in Fig. 6, and after the reading of voltméter has
reached the specified test voltage, this condition shall be kept as it is for the
specified time. During the test, check for flashover or dielectric breakdown.
Then, the specimen shall be completely discharged by turning the switch to posi-
tion 2 [in the case of Fig. 6 (1), until the reading of voltmeter drops to zero, and
then by turning the switch to position 3], and removed from the circuit. Its
appearance shall be examined.

Table 6. Points of voltage application

Classi- | Applicable Points of voltage application
fication | capacitor
by Single section Multiple section Multiple section
voltage capacitor capacitor with capacitor without
apply- common terminations | common terminations
ing
portion 1 — fb— 1—]}—>2

b2 | s | o

3 —{— s—{—e
Be- All capaci- |(la) Between termi- {(2a) Between each |(3a) Between termi-
tween | tors nations of terminations nations of each
termi- Example: and common section
nations Between 1-2 termination Example:
(A) Example: Between 1-2, 3-4, 5-6
Between 1-4, 2-4, 3-4
Inter- | Insulated (1b) (2b) (8b)
nal type capaci- Between all terminations connected together and case
insula- | tor with Example: Example: Example:
tion metal case | Between termina- Between termina- Between termina-
(B) tions 1, 2 connected |tions 1, 2, 3,4 tions 1, 2,3, 4,5, 6
together and metal | connected together connected together
case and metal case and metal case
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Classi- { Applicable Points of voltage application
fication | capacitor
by Single section Multiple section Multiple section
voltage capacitor capacitor with capacitor without
apply- common terminations | common terminations
ing
portion 11— — 1—fb—2
t—] 2 2 —{p—4- 4 3—{b—4
s — s—{b—s
Inter- | Multiple — (2¢) Between non- (3¢c) Between two
nal section common termi- terminations of
insula- | insulated nations of each each section
tion and non- section, and connected
(B) insulated terminations of together and all
(contin-| type capaci- other section the other
ued) tor and commeon terminations
terminations connected
connected together
together Example:
Example: In the case of section
In the case of section | 1-2, between termi-
2-4, between termi- nations 1, 2 con-
nation 2 and termi- nected together and
nations 1, 3, 4 terminations 3, 4, 5,
connected together 6 connected together
Exter- | Insulated {1c) (2d) (3d)
nal type capaci- Between all terminations connected together and metal foil,
insula- | tors with metal plate, metal V block, metal small ball or metal block
tion non-metallic
(©) case, non-
metal enclo-
sure, or
insulated
metal case
Capacitors | (1d) (2e) (3e)
with metal Between case and metal foil, metal plate or metal V block
case having
insulation | (1e) 2 (30
sleeve Between bare wires wound on insulation sleeve

Informatie reference:

(1

This table is based on Table 1 of IEC 384-1. However, the
following methods are added: insulation sleeve test methods,
(1d), (1e), (2e), (3e), (2f) and (3f) for capacitors with metal
case having insulation sleeve of external insulation (C).

Between terminations (Type A in classification by voltage applying portion)

The test voltage shall be applied between the terminations of the specimen
[(1a), (2a) or (3a) in Table 6].
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In the case of multiple section capacitor in (2a) or (3a) in Table 6, if no
doubt arises on the judgement, capacitors may be tested with each termina-
tion connected together.

Example: In the case of (3a) in Table 6, the test voltage shall be applied
between terminations 1, 3, 5 connected together and termina-
tions 2, 4, 6 connected together.

(2) Internal insulation (Type B in classification by voltage applying portion)

(a) Insulated type capacitors with metal case The test voltage shall be
applied between the metal case and the terminations connected to-
gether of the specimen [(1b), (2b) or (3b) in Table 6].

(b) Multiple section capacitor The test voltage shall be applied between
terminations each other of the specimen (or the sections each other)
[(2¢) or (3c) in Table 6].

(3) External insulation (Type C in classification by voltage applying portion)
{applied to insulated type capacitor) The test voltage shall be applied to
the specimens, in accordance with any method prescribed in the following
(3.1) to (3.6), at the portion specified in (1c), (1d), (1e), (2d), (2e), (2D, (3d),
(3e), or (3f) in Table 6.

(3.1) V block method Each termination of the specimen is connected together.
The body of specimen is placed in the bottom of V block. The test voltage
is applied between the terminations and V block.

The capacitor is kept in moderate contact with the face of V block and
arranged as specified in the following (a) or (b). However, the capacitor
with two axial terminations shall be arranged with the out-of-center posi-
tioning of emergence of the terminations ignored, i.e. the terminations are
considered being located at the center of the body.

The V block shall be longer than the body of capacitor, and made of
metal. The angle of V is 90 degrees.

(a) Cylindrical capacitor The most distant termination from the center
axis of capacitor shall be arranged nearest to the face of V block.

(b) Rectangular capacitor The nearest termination to the edge of
capacitor shall be arranged nearest to the face of V block.

(3.2) Metal foil method As shown in Fig. 7 (1), metal foil shall be wound
firmly on the body of capacitor with at least 5 mm in width, apart from the
terminations by about at least 1 mm per 1 kV of test voltage (however, at
least 1 mm). The test voltage shall be applied between the foil and all the
terminations connected together. If the metal foil cannot be far from the
termination by 1 mm or longer per 1 kV, the width of foil may be nar-
rowed.

(3.3) Metal small ball method The specimen with its all terminations con-
nected together, shall be put into a container filled with metal small balls
of about 1 mm in diameter, 2 mm apart from the surface of balls as shown
in Fig. 7 (2). The test voltage shall be applied between all the termina-
tions of capacitor connected together and the metallic small balls.

(3.4) Metal plate method (applied to capacitors with metal fittings) The
capacitor shall be mounted in its normal manner on a metal plate which is
at least 12.7 mm wide from the mounting face of the capacitor. The test
voltage shall be applied between all the terminations of capacitor con-
nected together and the metal plate.
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Bare wire method (applied to capacitor with insulation sleeve) Bare
copper wire of about 1 mm diameter shall be tightly wound around the
insulation sleeve by 3 turns in each of the 2 parts approximately 13 mm
apart. The test voltage (d.c. 4 kV) shall be applied between them for about
1s.

Metal block method (applied to chip capacitor)

(a) Square chip capacitor Using method 1 of Fig. 7 (3), apply the test
voltage between the metal V block and the metal plate.
(b) Cylindrical chip capacitor Using method 2 of Fig. 7 (4), apply the

test voltage between the metal V block and the metal plate.

Fig. 7. Method of voltage application for external insulation

(1) Metal foil method (2) Small metal ball method

g
g
5 mm min. %
Metal foil ) 2
O
11 - Y OOO%O o‘gJo Ogoo
Metallic fe) Oo )
small bais\\oooooogoo %6 oo 8 gog
O o]
1 mm or more per 1 kV o Ooooc?oo 00" 0 0o

(3) Metal block Method 1 (4) Metal block Method 2

Loadl Metal V block

Metal block Metal plate
> 2\
LJ A \"‘Q‘\, 1i,7
L AN Pressed by Metal }————-¥m—=~-1
; ~

Insulated /R0O.5 mm a spring plate 0
enclosure Specimen

surface

7.1.4 Final measurement

The electrical performances shall be measured

according to the relevant detail specification, and the appearance shall be also

inspected.

7.1.5 Items to be specified in detail specification The relevant detail specifica-

tion shall prescribe the following:

(1) The test circuit (if different from 7.1.1)

(2) The positions of voltage application (refer to Table 6)

(3) The test voltage and the duration of application (refer to 7.1.3)

(4) The limits of charging and discharging current, the time constant or the
protective resistance (refer to 7.1.1)

(5) The method of test voltage application for external insulation [refer to (3.1)

to (3.6) of 7.1.3 (3)]
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7.2 Voltage proof (1) (mainly applied to capacitors conforming to JIS C 5150)

7.2.1 Equipment

The equipment is as follows:

The power supply shall be the a.c. power supply as specified

(1) Power supply
in 5.2.
(2) Test circuit

7.2.2 Preconditioning

The test circuit shall be as shown in Fig. 6 (2). However, an
a.c. voltmeter shall be used for the voltmeter and the protection resistor Ry,
shall be omitted. The value of protection resistor R. is not particularly
specified.

The preconditioning of 4.1 shall be performed before the

test.
7.2.3 Test The test is as follows:
(1) Application method of test voltage At first, approximately %of the speci-

(2)

(3)

fied test voltage shall be applied and then the voltage shall be gradually
increased to reach the test voltage within 10 s. After maintaining this
condition for the specified duration, the voltage shall be decreased quickly,
and the specimen shall be taken out.

Test between terminations The test voltage specified in Table 7 shall be
applied for 1 min across the terminations of specimen to check if any abnor-
mality exists.

Between terminations connected together and case or enclosure The test
voltage specified in Table 7 shall be applied for 1 min between the termina-
tions connected together and the case or enclosure of specimen to check if
any abnormality exists.

If the case of specimen is made of insulating materials, comply with
7.1.8 (3), (3.2) or (3.3).

Table 7. Test voltage and position of application for voltage-proof (1)

Test voltage Remarks (%)
Between terminations Between termina- Type Safety
tions connected performance
together and case or
enclosure (%)
Voltage equal to 2.3 times rated | For rated voltage CQs, CFS, Al, A2
voltage (%) 150 Vrms or less: CCS, CKS,
1 kVrms CMS
For rated voltage 150 Vrms or B1, B2
less: 1 kVrms (°) For rated voltage
For rated voltage over 150 Vrms: | over 150 Vrms:
1.5 kVrms (%) 1.5 kVrms
Voltage equal to 2.3 times rated cQSs Cl1, C2
voltage
Voltage equal to 1.75 times CFS
rated voltage

Notes (*) Type and safety performance are expressed with symbols specified in
JIS C 5150.
() When the test voltage is 1.2 times the specified value, duration of

application may be 1 s.
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7.2.4 Final measurement The electrical performances shall be measured in
accordance with the detail specification, and the appearance shall be inspected.

7.2.5 Items to be specified in detail specification The relevant detail specifica-
tion shall prescribe the following:

(1) Test voltage and duration of application (refer to 7.2.3)

(2) Applying method of test voltage (in the case of specimen is made of insulat-
ing materials) (refer to 7.2.3)

7.3  Voltage proof (2) (applied mainly to capacitors of safety performance C2 in
JIS C 5150)

7.3.1 Equipment The equipment is as follows:

(1) D.C. power supply for preconditioning It shall be the type A of d.c. power
supply specified in 5.1. If no doubt arises on the judgement, other power
supplies may be used.

(2) Test chamber The test chamber shall be as specified in 5.3.

(3) Test circuit The test circuit shall be as given in Fig. 8.

(a) A.C. power supply The capacity of a.c. power supply shall be such
that the short circuit current is 300 A or over.

(b) Rated current of fuse The rated current of fuse shall be 20 A or 10
times the rated current of specimen, whichever is larger.

Fig. 8. Test circuit of voltage proof (2)

@ . a.c. power supply

5 © QJFF ' S : switch
_T__ F  fuse
50Hz _
or 60Hz I-Cx @ . a.c. voltmeter
C, . specimen

7.3.2 Preconditioning, preparation and test

7.3.2.1 For plastic film capacitors They shall be specified as follows:

(1) Preconditioning and preparation A d.c. voltage of 2.5 kV shall be applied
between the terminations of specimen for 1 min. Then, the d.c. voltage is
removed, and the specimen is discharged. The specimen shall be wound
with gauze (the Japanese Pharmacopoeia) by one turn and put into the test
chamber at a temperature of 85 + 3°C.

(2) Test After the specimen has reached the temperature of test chamber,
apply an a.c. voltage equal to 1.3 times the rated voltage across the termina-
tions for 5 h continuously. Check for any abnormality.

7.3.2.2 For metallized plastic film capacitors They shall be specified as fol-
lows:
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(1) Preconditioning and preparation A d.c. voltage equal to 2 times the rated
voltage shall be applied between the terminations of specimen for 10 min.
In this period, the capacitor is discharged 5 times by instantaneously short
circuiting the terminations at an interval of about 2 min. The specimen
finally discharged shall be wound with gauze (the Japanese Pharmacopoeia)
by one turn and put into the test chamber at a temperature of 85 + 3°C.

(2) Test After the specimen has reached the temperature of test chamber,
apply an a.c. voltage equal to 1.6 times the rated voltage for 8 h continu-
ously across the terminations. If there is no abnormality, apply an a.c.
voltage equal to twice the rated voltage further for 8 h. If the fuse breaks
during the application of voltages equal to 1.6 and 2 times the rated voltage,
the fuse may be replaced up to 3 times. But when the breaking exceeds 3
times, the voltage application shall be stopped.

During and after the test, check for any abnormality of the specimen.

7.3.3 Final measurement The electrical performances shall be measured in
accordance with the relevant detail specification, and the appearance shall be
inspected.

7.3.4 Items to be specified in detail specification  The relevant detail specifica-
tion shall prescribe the following:

Test method (if different from those specified in 7.3.2.1 or 7.3.2.2)

7.4 Voltage proof (3) (applied mainly to capacitors of safety performance A2 in
JIS C 5150)

7.4.1 Equipment The equipment shall be the following test circuit.

Test circuit  The test circuit shall be as shown in Fig. 9.
Fig. 9. Test circuit for voltage-proof (3)

T F S

1
NP ' -0

2
o—

[ ]

Ur Es

50Hz or VooV, D.C. power
60 Hz @ 3 H E QXD e Cx ——Cs supply A

. _insulating transformer of 3 kVA
© a.c. power supply T : or more for blocking pulse

. a.c. voltmeter . : voltage of d.c. power supply A

glele

: 3 mH, 0.03 Q

E
. rated voltage L
C, capacitor for accumulating shock energy
¥
S

(refer to Table 8)
. fuse, rated current 30 A
: high voltage switch

Cx ! specimen
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7.4.2 Preparation The preparation is as follows:

(1) Gauze (the Japanese Pharmacopoeia) shall be wound around the specimen
by one turn.

(2) The specimen shall be fixed in a regular way. If the capacitor can be fixed
by its wire, the length of wire termination shall be as long as possible.

(3) D.C. voltage to be applied to the capacitor for accumulating shock energy
shall be calculated from the following formula:

The relation between specimen and capacitor for accumulating shock
energy shall be as shown in Table 8.

5000 (Cs + Cs)

Es = Cd

where, E, : applied d.c. voltage (V)

C. : capacitance of capacitor for accumulating shock
energy (F)

C, : capacitance of specimen (F)

Table 8. Relation between specimen and capacitor
for accumulating shock energy

Measured capacitance Capcacitance of capacitor C4 Dielectric loss tangent of
of specimen C, for accumulating shock energy | capacitor Cq for accumu-
uF uF lating shock energy
0.0047 and under 0.005 to 0.0055 0.005 and under
Over 0.0047 to 0.047 0.05 to 0.055
Over 0.047 to 0.47 0.5 to 0.55

7.4.3 Preconditioning Before the test, the preconditioning specified in 4.1
shall be carried out.

7.4.4 Test The test is as follows:

(1) The capacitor for accumulating shock energy shall be charged by applying
the voltage specified in (3) of 7.4.2 by turning the high voltage switch to side
2.

(2) The charged voltage of the capacitor for accumulating shock energy shall
then be discharged for 1 s to the specimen on which the rated voltage being
applied by means of the high voltage switch. This operation shall be con-
tinuously carried out 4 times at intervals of 5 s.

(8) If the specimen does not cause dielectric breakdown during this test, the
rated voltage shall be continuously applied for 30 s after the fourth dis-
charge.

During and after the test, check for any abnormality of the specimen.
7.4.5 Final measurement The electrical performances shall be measured in

accordance with the relevant detail specification, and the appearance shall be
inspected.
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7.5 Voltage proof (4) (applied mainly to safety performance B2 in JIS C 5150)

7.5.1 Equipment The equipment is as follows:

(1) Power supply The power supply shall be the type A specified in 5.1. If no
doubt arises on the judgement, other power supplies may be used.

(2) Test circuit The test circuit shall be as shown in Fig. 10.

Fig. 10. Test circuit for voltage-proof (4)

R, S R,
AN/ —O l o AN~
D.C. power 1
£ | supply A CD — —{ Cx ng

C4 . capacitor for accumulating energy 1000 pF £ 10 %
R, : protective resistor

R, : current-limiting resistor 1 kQ + 10 %

R, : discharge resistor 4 MQ + 10 %
E
S

™

s . d.c. power supply 10 kV
- high voltage switch
@: d.c. voltmeter

C, . specimen

7.5.2 Preparation The preparation is as follows:

(1) Gauze (the Japanese Pharmacopoeia) shall be wound around specimen by
one turn.

(2) The specimen shall be fixed in the regular method. If the specimen can be
fixed by its wire terminations, the length of wire termination should be as
long as possible.

7.5.3 Preconditioning Before the test, the preconditioning specified in 4.1
shall be carried out.

7.5.4 Test A d.c. voltage of 10 kV shall be applied to charge the capacitor for
accumulating energy. Then, the voltage of the capacitor for accumulating energy
shall be discharged to the specimen for about 1 s by means of the high voltage
switch. This operation is continuously carried out 50 times at intervals of 5 s.

During and after the test, check for any abnormality.

7.5.5 Final measurement The electrical performances shall be measured in
accordance with the detail specification, and the appearance shall be inspected.

7.6 Insulation resistance

7.6.1 Equipment The high insulation resistance meter specified in JIS C 1303
or at least equivalent shall be used.
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7.6.2 Preconditioning Before the test, the preconditioning specified in 4.1
shall be carried out.

7.6.3 Measurement Apply the measuring voltage specified in Table 9, using
the equipment of 7.6.1, in accordance with the methods of (1) to (3) unless par-
ticularly specified, to the portion of specimen shown in Table 6. The indicated
value after 60 + 5 s shall be read. However, when the reading of instrument
stabilizes or tends to increase exceeding the specified insulation resistance within
the specified time, the decision may be made by such behavior.

When the measurement is carried out at a temperature other than the tem-
perature specified as the reference conditions (hereafter called "reference tem-
perature"), if any doubt arises on the judgement, the measured value shall be
multiplied by the temperature compensation factor specified in the relevant detail
specification. They shall be converted to those at the reference temperature.

Table 9. Measuring voltage of insulation resistance

Unit: V
Condition| Measuring voltage Rated voltage of specimen
1 Rated voltage £ 10 % Under 10
2 10 £+ 1% 10 and over to and excl. 100
3 100 + 15 100 and over to and excl. 500
4 500 + 50 500 and over

Note (6) If no doubt arises on the measurement results, the
rated voltage may be used as the measuring volt-
age.

Remarks: For measurement at the upper category tempera-
ture, the rated voltage in Table 9 shall be
replaced by the category voltage.

(1) Between terminations (voltage applying portion A) The measuring voltage
shall be applied between the terminations of specimen [Table 6 (1la), (2a) or

(3a)].
(2) Internal insulation (voltage applying portion B)

(a) Insulated type capacitor with metal case = The measuring voltage shall
be applied between metal case and terminations connected together of
the specimen [Table 6 (1b), (2b) or (3b)].

When the measurement is made between the terminations connected
together and the case, the insulation resistance is obtained by multiply-
ing the measured value by the number of terminations.

(b) Multiple-section capacitor = The measuring voltage shall be applied
between the terminations of the specimen each other (between sections

each other) [Table 6 (2¢) or (3¢)].

(3) External insulation (voltage applying portion C) (applied to insulated type
capacitor) The measuring voltage shall be applied, in accordance with one
of the following methods (3.1) to (38.6), to the part of specimen specified as
(1e), (1d), (1e), (2d), (2e), (20), (3d), (3e) or (3f) in Table 6.
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(3.1) V block method The body of specimen is placed in the bottom of V block
with all the sections connected together. The measuring voltage is applied
between the terminations and V block.

The capacitor shall be kept in moderate contact with the face of V
block and arranged as specified in the following (a) or (b). However, the
capacitor with two axial terminations shall be arranged with the out-of
center positioning of emergence of the terminations ignored, i.e. the termi-
nations are considered being located at the center of the body.

The V block shall be longer than the body of capacitor. The angle of V
shall be 90 degrees. It shall be made of metal.

(a) Cpylindrical capacitor —The most distant termination from the center
axis of capacitor shall be arranged nearest to the face of V block.

(b) Rectangular capacitor The nearest termination to the edge of ca-
pacitor shall be arranged nearest to the face of V block.

(3.2) Metal foil method Metal foil shall be wound tightly on the body of
capacitor apart from the terminations by 1 mm or more, and 5 mm or more
in width as shown in Fig. 7 (1). The measuring voltage shall be applied
between the foil and all the terminations connected together. If the metal
foil cannot be far from the termination by 1 mm or more, the width of foil
may be narrowed and intervals between the metal foil and termination
shall be 1 mm or more.

Likewise, intervals between metal foils and terminations shall be
apart 1 mm or more for unidirectional capacitors.

(3.3) Metal small ball method The specimen with its terminations connected
together, shall be put into a container filled with metal pellets of about
1 mm in diameter, about 2 mm apart as shown in Fig. 7 (2) unless particu-
larly specified. Then, the measuring voltage shall be applied between all
the terminations of capacitor connected together and the small metal balls.

(3.4) Metal plate method (applied to capacitors with metal fittings) The speci-
men shall be mounted in its normal manner on a metal plate which is at
least 12.7 mm wider than the mounting face of the capacitor. The measur-
ing voltage shall be applied between all the terminations of capacitor
connected together and the metal plate.

(3.5) Bare wire method (applied to capacitor with insulation sleeve) Bare
copper wire of 1 mm diameter shall be tightly wound around the insulation
sleeve by 3 turns in each of the 2 parts about 13 mm apart. The measur-
ing voltage shall be applied between the two parts.

(3.6) Metal block method (applied to chip capacitor)

(a) Square chip capacitor Using Fig. 7 (3) method 1, apply the measur-
ing voltage between the metal block and the metal plate.

(b) Cylindrical chip capacitor Using Fig. 7 (4) method 2, apply the
measuring voltage between the metal V block and the metal plate.

7.6.4 Ttems to be specified in detail specification The relevant detail specifica-
tion shall prescribe the following:

(1) Preconditioning (if different from 7.6.2)
(2) Measuring voltage (if different from Table 9)
(3) The positions of voltage application (if different from 7.6.3)

(4) Duration of measuring voltage application (if different from 7.6.3)
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(5) Temperature compensating factor (if applied) (refer to 7.6.3)
7.7 Leakage current (applied to electrolytic capacitor)

7.7.1 Equipment The equipment is as follows:

(1) Power supply The power supply shall be the type B of d.c. power supply
specified in 5.1. If no doubt arises on the judgement, other power supplies
may be used.

(2) Measuring circuit and apparatus

(a) Measuring circuit The measuring circuit shall be as shown in Fig. 11
(1) or Fig. 11 (2). If no doubt arises on the judgement, other circuits
may be used.

(b) D.C. ammeter The impedance of ammeters shall be sufficiently low
as compared with that of the specimen.

(c) D.C. voltmeter The impedance of d.c. voltmeter (¥) in Fig. 11 (1) and
@ in Fig. 11 (2) shall be sufficiently high as compared with that of the
specimen. The impedance of d.c. voltmeter (@) in Fig. 11 (2) shall be
sufficiently high as compared with the standard resistor.

(d) Series protective resistor The resistance of this resistor shall be
about 1 kQ unless specified.

(e) Standard resistor The resistance of this resistor shall be as specified
in the relevant detail specification.

(f) Accuracy of measuring equipment The accuracy shall be within 5 %
of the specified value or 0.1 pA, whichever is larger.

Fig. 11. Measuring circuit of leakage current
(1) Current method circuit

. protective resistor

E—] > d.c. ammeter
+ )
DT sower . d.c. voltmeter
supply B . switch
. protective switch for d.c. ammeter
. specimen
(2) Voltage drop method circuit
R, : standard resistor
S2
@) : d.c. voltmeter
——° @ . d.c. voltmeter
+ —
D.C. power oz C, : switch
supply B S, . protective switch for d.c. voltmeter

S
I C, . specimen
7.7.2 Preconditioning Before the test, the voltage treatment of 4.4 and the
preconditioning of 4.1 shall be carried out. If no doubt arises on the judgement,
the voltage treatment may be omitted.
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7.7.3 Measurement The voltage shall be applied between the terminations of
specimen, using the equipment shown in 7.7.1 at such rate that the voltage across
terminations reaches the rated voltage within 1 min. Make measurement 5 min
after the voltage has reached the rated voltage.

When the current method circuit in Fig. 11 (1) is employed, measure the cur-
rent of d.c. ammeter(®).

When the voltage drop method circuit in Fig. 11 (2) is employed, measure the
voltage of d.c. voltmeter (¥). However, when the current falls below the specified
leakage current within the specified time, and the reading of instrument stabi-
lizes or tends to fall down, the judgement may be made by such behavior.

The protective switch S for d.c. ammeter in Fig. 11 (1) and the protective
switch S; for d.c. voltmeter in Fig. 11 (2) protect the instruments from damage
due to the initial charging current at the voltage application. Short circuit the
instrument (d.c ammeter), or open-circuited the instrument (d.c. voltmeter) at the
initial stage of voltage application.

When the measurement is carried out at a temperature other than the refer-
ence temperature and if any doubt arises on the judgement, the measured value
shall be multiplied by the temperature compensation factor specified in the detail
specification. It shall be converted to that at the reference temperature.

7.7.4 Calculation In the case of Fig. 11 (2), the leakage current shall be calcu-
lated from the following equation, based on the measured values obtained in
7.7.8.

E

I= R;

where, I : leakage current value (A)
E : voltage value (V) of d.c. voltmeter )
Rs : resistance value (Q2) of standard resistor

7.7.5 Ttems to be specified in detail specification = The relevant detail specifica-
tion shall prescribe the following:

(1) Resistance of protective resistor (if different from about 1 kQ, refer to 7.7.1)
(2) Resistance of standard resistor (refer to 7.7.1)

(8) Preconditioning (if different from 7.7.2)

(4) Applied voltage (if different from 7.7.3)

(5) Duration of voltage application (if different from 7.7.3)

(6) Measuring temperature other than standard condition (if applied) (refer to
7.7.3)

(7) Temperature compensation factor (if applied) (refer to 7.7.3)

7.8 Capacitance

7.8.1 Equipment The equipment shall be the one which allows the measure-
ment under the conditions shown in Table 10.

At the measurement, attention shall be paid to minimize the measurement
error due to stray capacitance or the like.
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The preconditioning of 4.1 shall be carried out before

The measurements shall be carried out under the condi-
tions shown in Table 10. The measuring voltage shall, unless any doubt arises on
the judgement, be as low as possible.

When a d.c. voltage is superposed, this voltage shall be larger than the peak
a.c. voltage. The sum of the peak a.c. voltage and the d.c. voltage shall not ex-

ceed the rated voltage or the category voltage of the specimen.

Table 10. Measuring condition of capacitance

Measur-| Measuring Nominal Measuring Accuracy of Remarks
ing frequency capacitance| voltage instrument

condi- (tolerance range

tion + 20 %)

1 50 Hz or 60 Over 20 % of rated | In the case of mea- |Capacitors other than
Hz, 100 Hz() | 10 uF voltage or 70 | suring absolute electrolytic capacitor
or 120 Hz or 1 Vrms, which- | value, 10 % of tol-
kHz () ever is erance or 2 % of

smaller measured value of
the capacitance,
whichever is
smaller

2 1 kHz or 10 Over 39 of rated | IR t.he case of mea-
kHz(") (recom-| 1000 pF voltage or 5 suring variable, 10
mended 1 up to and | Vrms, which- % or less of t’},le
kHz) incl. 10 uF | ever is spegﬁed maximum

smaller variable

3 1 kHz (%), 100 | 1000 pF or
kHz("), 1 MHz{ less
or 10 MHz(")

(recommended
1 MHz)

4 100 Hz(") or -— 0.5 Vrms or Electrolytic capacitor
120 Hz less For measuring circuit,
{recommended +21Vto 25 use the series equiva-
120 Hz) Vde (¥ lent circuit.

(o——ﬁ-—'\/w——o )

Notes (") This is applied when specified in detail specification.
(®) If there is no doubt on judgement, the d.c. voltage may be 1.5 V to 2.0
V, or superposition may be omitted.

7.8.4 Items to be specified in detail specification The relevant detail specifica-

tion shall prescribe the following:

(1) Preconditioning (if different from 7.8.2)

(2) Measuring conditions (refer to 7.8.3)

(8) Measuring temperature other than that in the standard conditions (if ap-
plied) (refer to 3.1 and 7.8.3)
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(4) Measuring frequency [if different from Table 10 and if the frequency of Note
(") is applied]

(5) Measuring voltage (if different from Table 10)
(6) Superimposed d.c. voltage (if applied) (refer to 7.8.3)

7.9 Tangent of loss angle

79.1 Equipment The equipment shall be the one which allows the measure-
ment under the conditions shown in Table 10.

Accuracy of the instrument shall be 10 % of the specified value or 1 x 1074,
whichever is larger.

At the measurement, attention shall be paid to minimize the measurement
error due to stray capacitance or the like.

7.9.2 Preconditioning Before the test, the preconditioning of 4.1 shall be
carried out.

7.9.3 Measurement The measurement shall be carried out under the condition
shown in Table 10. The measuring voltage shall, unless any doubt arises on the
judgement, be as low as possible.

When a d.c. voltage is superimposed, this voltage shall be larger than the peak
a.c. voltage. The sum of the peak a.c. voltage and the d.c. voltage shall not ex-
ceed the rated voltage of the specimen.

Remarks: When it is expressed in Q, inverse dielectric tangent is used.

7.9.4 Ttems to be specified in detail specification The relevant detail specifica-
tion shall prescribe the following:

(1) Preconditioning (if different from 7.9.2)
(2) Measuring condition (refer to 7.9.3)

(3) Measuring temperature other than that in the standard conditions (if ap-
plied) (refer to 3.1 and 7.9.3)

(4) Measuring frequency [if different from Table 10 and if the frequency of Note
(") is applied]

(5) Measuring voltage (if different from Table 10)
(6) Superimposed d.c voltage (if applied) (refer to 7.9.3)

7.10 Connection between sections

7.10.1 Equipment The equipment is as follows:
(1) Test circuit The test circuit shall be as shown in Fig. 12.
Fig. 12. Test circuit for connection between sections

@ . oscillator
j’_ T : transformer

T
”% R : series detector
-
@ . detector
R

U : 100 mV (peak value) or less

¢ C, . specimen
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(2) Series detector The resistance of the series detector shall be as follows:

150
R==F

Where, R : resistance of series detector (Q2)
C : nominal capacitance of specimen C, (uF)

(3) Detector Impedance of the detector shall be sufficiently large as compared
with that of the specimen.

(4) Output voltage of the transformer It shall be 100 mV (peak value) or less
in any condition of the test.

7.10.2 Preconditioning Before the test, the preconditioning of 4.1 shall be
carried out.

7.10.3 Test Using the equipment of 7.10.1, an a.c. voltage of 100 mV (peak
value) or less shall be applied to the specimen through the series resistor. A
light shock shall be applied to the specimen, and defective connection or discon-
nection between the sections shall be examined from the change in the condition
of indication of detector.

7.10.4 Items to be specified in detail specification The relevant detail specifi-
cation shall prescribe the following:

(1) Test voltage [if different from 7.10.1 (4)]

(2) Measuring frequency
7.11 Impedance
7.11.1 Equipment The equipment is as follows:

(1) Measuring circuit and apparatus

(a) Measuring circuit The measuring circuit shall be as shown in Fig. 13
(1) or Fig. 13 (2).

At the measurement, attention shall be paid to minimize the mea-
surement error due to stray capacitance or the like.

Fig. 13. Measuring circuit of impedance

(1)

I Ok

N7 : a.c. ammeter
@ :
C,

L ] _T_ | a.c. voltmeter
S TO

oscillator

. specimen
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Fig. 13. (continued)
(2)

@: oscillator
| : l R : standard resistor
—\ N\,

’ @ - a.c. voltmeter

C, . specimen
® L %b

(b) A.C. voltmeter The impedances of the a.c. voltmeter shall be suffi-
ciently large as compared with that of the specimen.

(¢) Standard resistor Standard resistor of Fig. 13 (2) shall be non-
inductive type. Unless otherwise specified, the resistance shall be 10

(d) A.C. ammeter The impedance of a.c. ammeter shall be sufficiently
small as compared with that of the specimen.

(2) Accuracy of measuring apparatus The accuracy shall be within 10 % the
specified value.

7.11.2 Preconditioning Before the measurement, the preconditioning of 4.1
shall be carried out.

7.11.8 Measurement The measurement is as follows:

(1) Measuring frequency The measuring frequency shall be the value specified
in the detail specification selected from among the frequencies in Table 11.

Table 11. Measuring frequency of impedance

Measuring frequency Tolerance

50 Hz, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz, 10 MHz +10%

(2) Measuring voltage or current The measuring voltage or the current flow-
ing through the specimen shall be such that the measured value does not
change during the continuous application for 1 min.

However, for the case of a polarized capacitor, the measuring voltage
shall not exceed 0.5 Vrms.

(8) Measuring method After the specimen has reached the temperature stabil-
ity (thermal balance) at the specified temperature, a voltage shall be ap-
plied. When the reading of the a.c. voltmeter and/or a.c. ammeter becomes
stable, they shall be read.

7.11.4 Calculation  Calculate the impedance as follows:
(1) In the case of Fig. 13 (1)

_U
Z=-7
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where, Z ; impedance of specimen (Q)
U : voltage of a.c. voltmeter (Vrms)

I : current of a.c. ammeter (Arms)

(2) In the case of Fig. 13 (2)

U,-R
Z = it
U:
where, Z . impedance of specimen (Q)

U, : voltage of a.c. voltmeter connected across termi-
nations of specimen (Vrms)

U. : voltage of a.c. voltmeter connected across the
terminations of standard resistor (Vrms)

R : measured resistance of standard resistor (Q)

7.11.5 Items to be specified in detail specification The relevant detail specifi-
cation shall prescribe the following:

(1) Measuring circuit [if different from 7.11.1 (1) (a)]

(2) Accuracy of measuring apparatus [if different from 7.11.1 (2)]
(3) Preconditioning (if different from 7.11.2)

(4) Measuring frequency [refer to 7.11.3 (1)]

(5) Measuring temperature [refer to 7.11.3 (3)]

7.12 Variation of characteristics by temperature

7.12.1 Equipment The equipment is as follows:
(1) Test chamber The test chamber shall be that specified in 5.3.

When dynamic method is employed, the intermediate temperatures
between each step of Table 12 can also change continuously.

(2) Measuring circuit and apparatus

(a) Measuring circuit For measurement of capacitance, comply with the
conditions shown in 7.8.1 and 7.8.3. For other cases, comply with the
detail specification.

Attention shall be paid to minimize the measurement error in
whole equipment due to stray capacitance or the like.

(b) Fixture The fixtures shall be specified in the relevant detail specifi-
cation.

If it is not specified in the detail specification, an appropriate
fixture may be used.

(3) Equipment for dynamic method The equipment shall be such that the
same result as that from the static method can be obtained.

The test results may be displayed in a graph.

(4) Accuracy of measuring equipment The accuracy shall be sufficient for the
specified values.
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7.12.2 Preconditioning The preconditioning of 4.1 shall be carried out before
the test.

7.12.3 Measurement The measurement is as follows:

(1) Application of measuring method There are two kinds of measuring meth-
ods as follows. Apply, in principle, the static method. Apply the dynamic
method only when it is so specified by the relevant detail specification and
when the same test result as the static method is expected.

(2) Static method The specimen shall be kept at the temperatures and in the
sequence specified in Table 12. After the specimen has reached thermal
equilibrium at each specified temperature, the electrical performances speci-
fied in the relevant detail specification shall be measured in each step.

Table 12. Condition of temperature change

Steps Temperature °C
1 20+ 2
2 Lower category temperature + 3
3 20 + 2
4 Upper category temperature + 2
5 20 + 2

(8) Dynamic method The temperature of the specimen shall be changed slowly
and continuously in the order from steps 1 to 5 specified in Table 12. Such
operation shall be repeated 2 cycles. During these cycles, the electrical
performances specified in the detail specification shall be continuously mea-
sured.

When the capacitance or the relative capacitance change is measured
and displayed in a graph as a function of temperature, the output of the
bridge or comparison unit shall be connected to Y axis, and the output of the
temperature sensor, to X axis.

Measure the temperatures by placing the sensing part of temperature
sensor into a container having the same heat capacity as the specimen. This
is to keep the temperature sensor and the specimen at the same tempera-

ture.

7.12.4 Calculation When capacitance change due to temperature was mea-
sured, uSe the capacitance at each temperature obtained in 7.12.3 (2) or (3), and
calculate the relative capacitance change (temperature characteristic of capaci-
tance), the temperature coefficient of capacitance and the drift of capacitance.

(1) Relative capacitance change (temperature characteristic of capacitance)

C C:

where, -éc—?— : temperature characteristic of capacitance (%)
C, : capacitance at step 3 (F)
C: . capacitance at step 2 or step 4 (F)
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(2) Temperature coefficient of capacitance
C2 - Cl o
a; = x 10
C\ (T, - Ty
where, o; : temperature coefficient of capacitance (ppm/°C)

C: : capacitance at step 3 (F)
C, : capacitance at step 2 or step 4 (F)
T: : temperature at measurement of step 3 (°C)

T, : temperature at measurement of step 2 or step 4

°C)
(3) Drift of capacitance
Cmax - Cmin
0, (%) = — e X 100
or
6ij (F) = Cmax hd Cmin
where, &; : drift of capacitance (% or F)
Crex : maximum value of 3 measured values at steps 1,
3 and 5 (F)
Cpix : minimum value of 3 measured values at steps 1,
3 and 5 (F)

C, : capacitance at step 3 (F)

7.12.5 Items to be specified in detail specification The relevant detail specifi-
cation shall prescribe the following:

(1) Fixture (if specified) [refer to 7.12.1 (2) (b)]
(2) Preconditioning (if different from 7.12.2)

(3) Measuring method (if dynamic method is applied) (refer to 7.12.3)

(4) The reference temperature, if a temperature other than the temperature 20
+ 2°C of step 3 is specified (refer to 7.12.3 and Table 12)

(5) Lower category temperature and upper category temperature (refer to Table
12)

(6) Measuring temperature other than that specified in this Standard (if speci-
fied) (refer to Table 12)

(7) Rising rate and falling rate of temperature (if specified) [refer to Table 12
and 7.12.3 (3)]

(8) Holding time at measuring temperature (if different from 7.12.3)
(9) Electrical measuring items [refer to 7.12.3 (2) and (3)]
7.13 Dielectric absorption

7.13.1 Equipment The equipment is as follows:
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