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| Avention This invention relates to a saf ety test equipfent tRepLa@EHT OF M5
automatically a nunber of safety tests to diagnose
designing printed circuit boards. The printed circuit boards n
though they are not particularly problematical when used undgﬁ‘sz&rﬁqp\‘j
conditions as products with electrical devices nounted, are conpelled to

undergo the safety tests basedrp e p# sicammdas to

j TITLE OF THE INVENTION

SAFETY TEST EQUIPMENT FOR PRINTED CIRCUIT BOARD

-‘BACKGROUND OF THE INVENTION

(1) Field 6f the Invention
This invention relates to a safety test equipment
- that performs automatically a number of .safety tests to
diagnose any defects in designing printed circuit boards.
The printed circuit boards, even though they are not
particularly problematical when used under normal conditions
as products with electrical devices mounted, are compelled
to undergo the safety tests based on the safety standards to
see if they remain safe against the defects arising in the
designing, that is, when interpart and/or interpattern short-
circuits are - enforced. This invention relates more
particularly to an equipment that can perform automatically
several safety tests all by itself.
(2) Description of tfle Priorx Art
In general, the safety test of the printed circuit
board with electrical devices mounted includes mainly the
interpart short-circuit, spacing and interpattern short-
circuit tests.
The subjects of _géid short-circuit test between the
parts are .such parts that "are made to act at a fixed voltage
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of the Prior Art In general, the safety test of the printed'circuit board

with electrical
short-circuit,

devi ces nounted includes nainly the interpart
spacing and interpattern short- circuit tests. The

subjects of saigl SROEHerCl I Clhbr{ RS cBE WEEN dallBe@itbS d¥chir S WellwBE t Enbhat

are made to act at a fixed voltage

terminals of said parts to see if there be any fuming or
firing produced and, at the same time, to verify possible
existence of two or more pieces of parts that are heated red.

The spacing test is intended to check if the distance
between the patterns of the printed circuit boards satisfies
the specified insulating c¢learance.

The purpose of‘ the short-circuit test between the
patterns is to check the existence of fuming and/or firing by
causing a short—circuit to be produced between such patterns
as have not turned out to meet the prescribed insulating
distance as a result of said spacing test.

_ Conventionally, a sole equipment c¢ould in no way
perform automatically such safety tests as interpart short-
circuit, spacing, and interpattern short-circuit tests.
Almost all testers of this sort were manually operated. They
were therefore problematical in that the more numerous the
parts and patterns that constitute the circuitry, not only
more enormous the labor and time become required for such
tests, but more frequently the parts are overlooked that form
the subjects of the tésts.

In the Japanese patent Application No. 163372/1981
(Priority: GB80.10.13 80 8033007). disc}osed has been an
automatic tester that examines possible disconnection and
short-circuit of printed c¢ircuit boards in some mass
production lines.

This test equipment however is intended only to check
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2 or higher. Short-circuit 1is caused to occur between the term nals of

said parts to see if there be any fumng or firing profftced an H %Eﬁ
same time, to verify possible existence of two or nDrE'Bﬂgéﬁggaéc ? S
that are heated red. The spacing test is intended to chleck i Ep

bet ween the patterns of the printed circuit boards satisfies the specified
I nsul ating cl earance. The purpose of the short-circuit test between the

any disconnection and short-circuit of the printed circuit
boards when assembling some parts, not to be regarded as what

can be called “safety equipment, ” objects of our invention.

BRIEF SUMMARY OF THE INVENTION

(1) The primary object of this invention is to furnish an
equipment that can perform all the interpart short-circuit,
spacing, interpattern short-circuit and other safety tests by

itself without recourse to any personal attendance.

(2) The second purpose of this invention is to provide such
an equipment that can work out the tests precisely and within
a limited time despite increased number of parts and patterns
that constitute the circuitry.

To achieve these objectives, this invention supplies,
in a safety test that performs the interpart short-circuit
test, spacing test and interpattern short-circuit test, an
automatic tester that carries on said safety tests receiving
the printed circuit boards, a control unit that regulates the
automatic tester, a detecting means that can detect both the
results of the fuming and firing tests by short-circuiting
between the terminals of the pérts and the results of the
test aiming at_the verification of possible red heating of
two or more pieces of parts, a memory that stores the data
concerned, a displaying means that display the test results,
and finally a recording means tﬁat can record these samé

results.
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patterns is to check the existence of fum ng and/or fg
short-circuit to be produced between such patterns ag
to neet the prescribed insulating distance as a resul
test. Conventionally, a sole equipnment could in &
automatically such safety tests as interpart short- CIrCUIt spaC|ng,
and interpattern short-circuit tests. Alnpbst all testers of this sort
were manual | y operated. They were therefore problematical in.-that the nore
nunmerous the parts and patterns that constitute the circuitry, not only
nore enornous the | abor and tinme becone required for such tests, but nore
frequently the (rts ang overdrmoolbdettintesf oo this invention will be
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understood referring to the following detailed description

and to the working examples explained later in this text.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram that shows an example of
the safety test equipment for ©printed ciicuit boards
according to this invention.

FIGURE 2 is a flow chart of an interpart short-
circuit test by the tester according to this invention.

FIGURE 3 .is another flow chart that shows the
automatic short-circuit test between the parts and patterns
by the.tester of this invention.

FIGURE 4 is yet another flow chart that shows the

" spacing test using the tester according to this invention.

FIGURE 5 represents another flow <chart that

illustrates the interpattern short-circuit test using the

tester by this invention.

DETAILED DESCRIPTION

Referring now to the drawings, the following example
serves to depict in detail the .safety test equipment of
printed circuit boards according to this invention. .

The safety test equipment for printed circuit board
by this invention, shown in FIGURE 1, is provided with a

robot 2 functioning as an automatic tester that receives a
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t he subjects of the tests. In the Japanese patent App § CE
163372/ 1981 (Priority: GB80.10.13 80 8033007). di ity éﬁﬁifgéﬁ e

automatic tester that exam nes possible disconnefiiion

short-circuit of printed circuit boards in some nass production
lines. This test equi pmrent however is intended only to check 3 any
di sconnection and short-circuit of the printed circuit

printed circuit board 1 to be tested. The robot 2 has a
photosensor 3, a. flame sensor 4, an infrared sensor 20, and a
current sensor 21, all intended to monitor the test results
of said printed circuit board 1 by several differing means.

The photosensor'3 for distinguishing any abnormality
of display unit that monitors the operation of the printed
circuit board 1 and other subjects to be tested, including
CRT, consists of a CdS., a §hototransistor, a photodiode, and
so forth. The flame sensor 4 is to detect possible ignition,
while the infrared sensor 20 is used to detect possible red
heat. The current sensor 21 is intended to detect the
eleétric current that flows through the parts and the
patterns. The fuming sensor 6 to detect ény fuming comprises
a CCD camera.

Qut of these components, the photosensor 3, the flame
sensor 4, the infrared sensor 20, and the current sensor 21
are connected to a personal computer 8 via a switch box 5.
The fuming sensor 6, on the other hand, is linked directly
with the personal computer 8.

-The electrical characteristics manifested by the
printed circuit board.l, for instance the voltage information
and any other information causing the variations of wvoltage
value, is detected at the level of a measuring apparatus 7
through a probe 14, and then transferred to the switch box 5
and to the peréonal computer 8 to be displayed on the monitor
9 for data display.

Connected to the personal computer 8 are a keyboard
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boards when assenbling sone parts, not .to be regarded
"safety equi pnent," objects of our invention. BRI EF SU
I'NVENTI ON (1) The primary object of this invention i S=to=fur
equi pnent that can performall the interpart short-circuit, spacing,
interpattern short-circuit and other safety tests by itself w thout
recourse to any personal attendance. (2) The second purpose of this
invention is to provide such an equi pnent that can work out the tests
preci sely and v, hiah @D i tadnaickali 18, daspdlevifivreasead Iunber d@isglagtisgand
patterns that constitute the circuitry. To achieve these objectives, this
i nventi on suppldiespres, a printer 12, and finally a robot controller 13,

ST 7H - | &
%@%&ﬁ?gﬁ@e@éﬁ I

which is connected with the robot 2.

Connected to the switch box 5 are a power supply
control unit 22 that controls the power supply of the printed
circuit board 1 in order for testing, a probe drive unit 23
that drives the probe 14, a relay drive unit 24 that drives a
relay 16 for opening/closing the probe, and an abnormality
display drive unit 25 that drives the abnormality display 17
by means of 1light, sound and the 1like to alarm the
abnormality.

Now we attempt to explain the operation of the safety
test equipment of such a construction as above for printed
circuii boards according to this invention.

(1) Interpart Short-Circuit Test

Based upon the information about the printed circuit
boards stored in the personal computer 8 wvia the
communication with the CAD terminal 15, the printed circuit
board 1 is fixed on the rectangular coordinate type robot 2
as an automatic tester for testing such particular parts in
the board 1 that wiil be made to act at the prescribed
voltage or higher. Tégether with the robot 2, the printed
circuit board 1 is femoved up to a fixed position on a plane.

Projected just under the printed circuit 1 thus displaced to
the fixed position are two probes 14 to short-circuit between
the two terminals of the part within the printed circuit

board 1. Then the existence of the fume and/or fire is
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in a safety test that perfornms the interpart short-cirif Q#@ LesL  SpacTh
test and interpattern short-circuit test, an autonmatiltc %ter RN illes
oh said safety tests receiving the printed circuit bo uni f
that regulates the automatic tester, a detecting nmeans that can detect both
the results of the fumng and firing tests by short-circuiting between the
termnals of the parts and the results of the test aimng at the
verification of possible red heating of two or nore pieces of parts, a

menory that stQeaihd® Qét el QNGRS NESksindedirthl BIMInFEYES &AL oMi 2BEQY the
test results, and finally a recording nmeans that can record these sane

results. pieces of parts. .

The existence of the fume, if any, is detected by the
fuming sensor 6, while that of fire, by the flame sensor 4
with the data of respective results transferred to the
persohal computer 8 via the switch box 5 to be stored into
the incorporated memory and displaved on the monitor 9.

FIGURES 2 and 3 are the flow charts of the interpart
short-circuit tests by the above procedures.

Started at the stage STQ is the interpart short-
.circuit test.

The stage ST1 registers the data that includes the
part symbols, pin nﬁmbers, pin position coordinates (X, Y),
outside dimensions of the printed circuit boards, and pattern
data (starting points, end points, line thickness, line types
(circles, straight lines, circular arcs, etc.)).

At ST2, the short-circuit combinations are
automatically made in terms of the part symbols and pin
numbers, setting, for example, such conditions as resistance
(1-2 pins), capacitor (1-2 pins), transistor (1-2 pins, 2-3
pins, and 1-3 pins), énd IC (power supply, ground, etc.}.

At the stage ST3 positioning is made of the printed
circuit board 1 and the robot 2.

ST4 stage will check the operation of the switch box
5, and if any abnormality is detected at the level of this
box, the test will stop at ST22. |

If there be no abnormality at the switch box 5, ST5

| . .
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(é) Any

other objectives of this invention wl
referring to the follow ng detail ed description and t
explained later in this text. BRI EF DESCRI PTION OF TH

a bl ock diagramthat shows an exanple of the safety test equipnent
printed circuit boards according to this invention. FIGURE 2 is a fl ow
chart of an interpart short- circuit test by the tester according to this

i nventi on.

stage will measure the normal value before the short-circuit
at the posiﬁion considered to be faulty.

One measures the normal voltage and resistance values
of the table for trouble analysis at the stage STS.

One evaluates, at the stage ST7, if it matters or not
the automatic sorting (automatic sequencing of the parts to
be tested), and if there is no automatic sortiﬁg, the parts
will undergo the short-circuit testing at ST12 las will be
described later in this text.

If it matters the automatic sorting, the voltage will
be measured at ST8, and the resistance value, at ST9.

ST10 will calculate the power consumption based on
these measurements.

At ST11 the parts will be rearranged depending upon
their power consumption, in the priority order of their
testing, for instance, in the increasing or decreasing order
of the power intensity.

At ST 12 the robot 2 will be displaced to make the
probe enter into contact with the fixed position of the part.

-The picture under normal conditions for detection of
fuming will be input ét the stage ST13.

The relay 16 for short-circuit will be put on at the
stage ST14. |

ST15 is the stage where the short-circuit current

will be measured.

One 3judges, at the stage ST16, if the electric

current has reached its stationary state. If the current has
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FIGURE 3 is another flow chart that shows the i -
short-circuit test between the parts and patterns by théHiSeSHErF dAS BFEY
imvention. FIGURE 4 is yet another flow chart that sh t hBEEBACERg t es
using the tester according to this invention. FIGURE ~5 represents
another - flow chart that illustrates the interpattern short-circuit
test using the tester by this invention. DETAI LED DESCRI PTI ON Referring
now to the draw ngs, the foll ow ng exanple serves to depict in detail the
safety test equhptreRetofatvalinb@d ikisl CotidadOagtthiteqCColidgli Qftéspdrti Sshort-

i nventi on.

circuit test will be commenced at ST17 as will be described
later.

When the current has become stable, the timer will
start, at 8T23, with 10 minutes if the current is 1A or
higher, and with 5 minutes if it is less than 1A for example,
in order to judge the péssible existence of fume at ST17.

If there is no fuming detected, then an attempt will
be made to detect poséible flame at ST18.

If no flame is found out there, then one will try to
detect the red heating, if any.

If there is no red heating, then one will check
timeover at ST20.

~If it is not timeover, ST15 is returned to, and the
short-circuit current will be measured again.

In the event that any one of the flaming at AT17, the
flaming at ST18 and the read heating at ST19 is detected,
then the abnormality end is recognized at 8ST24, and the
abnormality displa& unit 17 will announce the abnormality by
way of alert sound and light of the lamp, for instance., using
at ST50 a speech syntﬂesis device.

Checked at the stage ST51 will be the key-in entry by
operator, and if there is no entry by keyboard, the
abno;mality as under the preceding stage ST50 will be
announéed.

If there is any key-in input by the operator, ﬁhe

announcement of abnormality will end there.
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The safety test equipnent for printed circuit board b _ A
shown in FIGURE 1, is provided with a robot 2 functi dhi'hi aSE&hHAGRRRAY il
tester that receives a 5 printed circuit board 1 tqg{be t SHLACED The
robot 2 has a photosensor 3, a flanme sensor. 4, an infrared sensor 20, and a
current sensor 21, all intended to nonitor the test results of said printed
circuit board 1 by several differing neans. The photosensor 3 for

di stingui shing any abnormality

One will decide whether or not any trouble analysis

should be made by the robot 2 to find out the failed point.
' If the analysis is to be worked out, it will be done

at the stage ST54.

If this analysis is not to be performed, the test
will terminate there.

If the timeover is found out at the foregoing stage
ST20, the operation of the switch box 5 will be checked at
ST25; if there is no abnormality found, the stage ST12 will
be returned to and the robot 2 will be removed to proceed to
the checking of the following part and make the probe come in

contact with the position of the next part.

(2) Spacing Test

The spacing test is intended to measure and confirm
if the distance between the patterns of the printed circuit
board satisfies the prescribed insulating clearance. In this
'testing, first retrieved are any adjoining patterns out of
the printed circuit board information given beforehand in the
personal computer by way of the communication with the CAb
terminal 15. - Based ﬁpon the results of this retrieval, the
printed circuit boardl is displaced on a plane together with
the robot 2. The two probes 14 are projected Jjust under the
adjoining patterns in the printed circuit board 1 to measure
the potential difference between said adjbining patterns by

means of such measuring apparatus 7 as an oscilloscope

connected to said two probes 14. The potential difference
. This Sheet Has Been Repllaced :
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of display unit that nonitors the operation of the prinfed—cFrcut—heard

and ot her subjects to be tested, including CRT, consi g - SHEEOIBASBEEN

phototransi stor, a photodi ode, and so forth. The fl amg| sens&®EPAACED o

detect possible ignition, while the infrared sensor 20 TS USed tO0 detect

possi bl e red heat. The current sensor 21 is intended to detect

~the electric current that flows through the parts and the patterns.
The fum ng sensor 6 to detect any fum ng conprises a CCD canera. Qut of

these conmponent gy, d b BRPLPSANO0be SprddiE el 8d®er s Q'%%O befsoddl® cbﬂ{aﬁ@ére@.

sensor 20, and the current sensor 21 are connected to a personal conputer 8
via a switch boghivh will convert the difference into as much distance to be

stored in the memory and displaved on the monitor 9. FIGURE
4 represents the flow diagram of the spacing test following
the procedures as above.

Read out from the CAD terminal 14 at the stage ST33
will be the Gerber data concerning the patterns of the
printed c¢ircuit board 1.

Read in at ST34 will be the INS (insert) data
concerning the insertion of parts to register such respective
data as part numbers, pin numbers, pin position coordinates
(X, Y), outside dimensions of the board, and the data
relatiye to the patterns (supporting point, end point, 1line
thickness, line type (circle, straight 1line, c¢ircular arc,
etc.)).

The region to be tested is set at ST35, while at ST36
margins for production dispérsions will be set in terms of
such safety standards as UL, CSA and TUV.

At ST37, any unnecessary data will be deleted.

-At  ST38, pattern numbering is conducted, and
continuous patterns ére calculated out based on the'pattern
data to automatically assign the pattern numbers.

At ST 39 combination of adjoining patterns is
calculated out from said pattern data to detect such largest
land out of one pattern that will be-takén as the point of
voltage measurement.

Data file is made at ST40.
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The fum ng sensor 6, on the other hand, is linked directly with the

per sonal

conputer 8. The electrical characteristic i
printed circuit board 1, for instance the voltage in OFESEH%%§}£§§%§%NC

i nformation causing the variations of voltage value,:

t he
her

at -t

-

| evel of a neasuring apparatus 7 through a probe 14, and then transferred

to the swwtch box 5 and to the personal

nonitor 9 for data display. Connected to the personal conputer 8 are a

keyboar d

At ST41 automatic voltage is prepared.

The spacing test is then conducted at ST 42 to ensure,
by calculation, that the distance between patterns
corresponding to the voltage is secured, and any location is
detected that cannot secure the distance.

The results of these operations will be output at the

stage ST43.

(3) Interpattern Short-circuit Test

After the completion of the spacing test at ST42, the
interpattern short testing will be performed. In this test.
short-circuit is made for prescribed time between the
patterqs that do not meét the fixed insuiating ¢learance by
means of the relay for short;circuit 16 connected to said
probes 14 to see the existence of fuming and firing. Now
referring to FIGURE 5 we attempt to explain the procedures of
this interpattern short-circuit testing.

The interpattern short-circuit test will start at the
stage ST60.

-At ST61 such patterns that the foregoing spacing test
revealed to have not'met the standards will be discriminated
and extracted.

At ST62 the patterns that underwent the interpattern
short-circuit testing as shown in FIGURES 2 and 3 will be
withdrawn.

AT ST63 the interpattern short-circuit testing will

be conducted for the remaining patterns, the procedures of
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6 10, a CAD termnal 15, a television set 11 for ﬂ I, 1] EEE sn
printer 12, and finally a robot controller 13, mhlcEﬁSﬁﬁiF%h <§ggm h the
robot 2. Connected to the switch box 5 are a powe it 22

that controls the power supply of the printed circuit board 1 in order for
testing, a probe drive unit 23 that drives the probe 14, a relay drive unit
24 that drives a relay 16 for opening/closing the probe, and an
abnormality display drive unit 25 that drives the abnormality display 17 by

means of |ighfhichs@uBdthé@néhmet B8 ihi KBe imterphat MhdtScircuit test as

shown in FIGURES.2 and 3.

| In this interpattern short—circﬁit testing made at
ST63, the following special measures are taken so that fuming
detection should be able to find out even the weakest fume.

A CCD camera is used as the fuming sensor 6, and the
background for photographing shall be uniform, blackout
curtain, black in level. . Any fuming shall be identified by
light then. The data of the images photographed by the
fuming sensor 6 is stored in the work area of the buffer
memory of the personal computer 8, and compared with the
image _data of the Dblack-leveled blackout curtain as
background to discriminate the differential results. For
instance, the Iluminance will be divided into 0 to 256
gradations with 50 as threshold. If a gradation higher than
50 is found out in any portion of the image data, that
portion will be assigned as high luminance part. Provided
however that the neighboring portion of 1level 50 must be
withdrawn from the evaluation because there a possibility
exists that the luminance may vary in a delicate fashion. If
any luminance exceeding the threshold 50 comes out from the
picture, the subject of the evaluation, the image data will
be input once again for comparison purpose. When said
differential luminance is detected with prescribed frequency,
it will be judged as fuming.

The screen of the monito;: 9 will display a wide.

variety of defects. PFor instance, such a dynamic information
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abnormality. Now we attenpt to explain the operati tast
equi pnent of such a construction as above for prin et 8 iSHEET tHASOBE RN

atcording to this invention. (1) Interpart Short-(CircuiRERIAGEBased |upon
the information about the printed circuit boards stored T the—
per sonal conput er 8 via the communication with the CAD term nal 15,

the printed circuit board 1 is fixed on the rectangul ar coordi nate type
robot 2 as an automatic tester for testing such particular parts in the

board 1 that wid|-fg nBdg £ansst r8§ metﬁaeé%wﬁd ¥o! { agEko0" Whlighelis
Together with the robot 2, the printed

relatively high when compared with the normal value, * will be
displayed as ”"R10, 1l.06kQ, H,” while the information that ”
There exists a short-circuit at the positions identified as

position referential numbers 100 and 102" will be displayed

s "Short, 100, 102.~"
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circuit board 1 is renoved up to a fixed positio an gted
just under the prin hus di spl aced t% fﬁ%eﬁFgégé é%l n are
two probes 14 to short. Uit between the two tejfm nal 1 Wi t hin
the printed circuit d@ﬂ"ﬂ@” ﬂ” mre exi stence©of the funme and/or fire
S 7 exam ned as red heating of two or nore pieces of
parts. The exi stence of the fune, i f° any, is detected by the

WHAT IS CLAIMED IS:

(1) In a comprehensive safety test for the parts made
to act at a prescribed voltage or higher in a printed circuit
board 1, iﬁcluding an interpart short-circuit test that tries
to find out the existence of fuming and firing of the parts
and red heating of two or more pieces of parts by short-
circuiting between these parts, a.spacing test that.sees if
the distance between the patterns of said printed circuit
board 1 meets the prescribed insulating clearance, and
finally including an interpattern short-circuit test that
sees the existence of fuming and firing of the patterns that
do not satisfy said prescribed insulating distance by short-
circuiting between said patferns, a safety test equipment
used for the printed circuit board characterized in that the
equipment comprises an automatic tester that performs said
safety test receiving said printed circuit board 1, a control
unit that emits a signal to control this automatic tester and
inputs the data obtained from the results of said test, a
detecting means that detect the test results of the existence
of said fuming and fifing as well as the red heat of at least
said two parts, a memory provided at the control unit that
stores the daﬁa. a displaying means that displaﬁs the test
results, and finally a recording means that records the same

test results.
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fum ng sensor 6, while that of fire, by the fla
of respective r1esults transferred to the p

siwitch box 5t he i ncor por at ed plLa

"monitor 9. FI G?HN'E mrnﬂmm ml he fl ow charts of inter part
short-circuit tests® by tMe &boVe procedures. Started at the stage STOis
the interpart short- circuit test. The stage STl registers the data that
includes the part synbols, pin nunbers, pin position coordinates (X V),
out si de di nensi ons of2)t henersideag @éé@teéulbaaﬁﬁi%oza@émeéd &itcddt Bboard
(starting points, end points, line thickness, line types

as claimed in Claim (1) with a means, facing to the automatic

tester, to detect possible interruption of display function
of the displaying unit that illustrates the printed circuit
board, characterized in that a photoelectric conversion

device is used as said detecting means.

(3) The.safety test equipment for printed circuit board
as claimed in Claim (1) characterized in that it has a
displavying means that selects prescribed portion of the
printed circuit board 1 to make said displaving unit display
visually the image corresponding to the actual parts and
patterns, subjects of the tests, in a distinct and clear

fashion.

(4) The safety test equipment for printed circuit board
as claimed in Claim (1) characteriéed in that said displaying
unit that displays visually in a clear and distinct fashion
can display enlargedly the actual devices and patterns,

subjects of the tests.

(5) The safety test equipment for printed circuit board
as claimed in Claim (1) characterized in that the control at
the level of the control unit allows the parts and patterns,
subjects of the tests for the printed circuit board 1, to be
displaved on the displaying unit one after another.

—_—
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(circles, stralgh%~+fﬁes——e++eﬂ+aF—arcs etc.)) .|l AHis siFTRr HasHeN

short-circuit aut omati cal | yfjf made ggpnabepns of ||t he part
synbol s and pi n mﬁm E“IM m for exanple, = =t al
resi stance (1-2 p 1-2 pins), transistor (1-2 pins, 2-3

pins, and 1-3 pins), and | C (power supply, ground, etc.). At the stage ST3
positioni ng i s nmade of the printed circuit board 1 and the robot 2. ST4
stage will- check the operation of the switch box 5, and if any abnormality
is detected at the (@yvelTref shbhesy hst bhgipmRat Vbt | psindRdatiszhAZ. bbhrd here
be no abnormality at the switch box 5, ST5

as claimed in Claim (1) characterized in that the outer

diameter of the image corresponding to that of the printed
circuit board 1 can be displayed so that not mefely the parts
of the printed circuit board 1 should be able to be displayed
but the portions of'the parts and patterns thus displayed can

be readily found out.

(7) The safety test equipment for printed circuit board
as claimed in Claim (1) characterized in that the detecting
means that detects the fuming has a monitoring camefa that
converts the photographed optical image into electrical image

signal to output, a buffer memory that stores temporarily
the image signal of the monitoring camera, a comparing unit
that compares the data of the buffer memory with the data
stored in the referential image memory, and finally a
discriminating unit that evalu;tes the results of the
comparison by comparing unit in such é way that the fume
detecting signal may be output on the basis of the results of

said discrimination.

(8) The safety test equipment for printed circuit board
as claimed in Claim (1) characterized in that said detecting
means that detects the existence of fuminé is provided with a
threshold setting portion in such a way that the results of
the comparison by said c¢omparing unit can be compared with
the thresholds of said threshold setting portion.

[
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8 stage will neasurerlbg’ggLﬂaL_MaLue before the T t—Hhe
position considered to be fault One neasures t&sﬂﬂ%ﬁ E% Efﬁﬁyemd
resi stance val ues “m‘““‘“ﬂ‘mﬁl t roubl e anal ygis _at 6. One
eval uates, at the $

rratters or not the automatlc sorting
(automatlc sequenci ng &f the" parts to be tested), and if there is no
automatic sorting, the parts will undergo the short-circuit testing at ST12
as will be

(9) The safety test equipment for printed circuit board
as claimed in Claim (1) characterized in that the maximum
threshold is set at the threshold setting pértion and the
area of such data as surpasses' the maximum threshold is
excluded from the data of the referential image memory so
that the luminance dispersion of the referential image by the

picture of high luminance object may be excluded.

(10) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that the
minimum threshold is éet at the threshold setting portion to
discriminate the comparison results of optical images so that
a fuming detect signal may be emitted when said minimum

threshold is surpassed.

{11) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that the
discriminating operation of the minimum threshold is repeated

t least twice.

(12) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that an

infrared sensor is used as a firing detection means.

i Isiiiiniliiliaeenllﬂilaced
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described later in this text. it matters thesautematic sorting, the

voltage wll be measured at ST8, and the resist HDHS%ﬁtﬁﬁﬁi@§B§E§T ST10

will calculate th mu“'mmmm ‘lon based on these rmsmweEEns. At ST11
the parts wll bef“ I di ng upon t herf=—=pawet eRsHEptl on, in
the priority order ®of' thei

r testing, for instance, in the inbreasing or
decreasing order of the power intensity. At ST 12 the robot 2 will be
di spl aced to nmake the probe enter into contact with the fixed position of

the part. -The pictygr®) undefe Neafely Cosut t bQuipnbat dReCididtedl circuit
board as claimed in Claim (1) characterized in that the
interpart short-circuit test can be performed in conformity
with the sequential arrangement of the patterns that are
arranged according to the order of largeness of their power

consumption as calculated.

(14) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that the
interpart short-circuit test can be performed in such a
fashion that the combination of the parts to be shorted may
be automatically made based on the registered input of the

CAD data.

(15) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that the
combination of the parts to be shorted utilzies the power

consumption of the parts as registered in the CAD data.

-
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fumng wll

current will

not

yet

be input at the stage ST13. The r ekay=36—
be, put on at the stage ST14. ST15 is the staneThWkﬁ%FqT
be neasured. One judges, at t e 58
electric current has reached its stationary st3
attained its steady state, the interpart short-

ircuit
i the

the current has

SAFETY TEST EQUIPMENT FOR PRINTED CIRCUIT BOARD

ABSTRACT OF THE DISCLOSURE

When one performs an interpart short-circuit test where
short-circuit is made between the terminals of the parts
mounted on the printed circuit board 1 to find out the
existence of fuming, firing and red heating, a spacing test

that verifies if the distance between the patterns of the

'printed circuit board meets the prescribed insulating

clearance, and an interpattern short-circuit test that
verifies the existence of fuming and fifing by shorting
between the patterns that do not satisfy the prescribed
insulating distance, an automatic tester receives the printed
circuit board 1 to carry on the safety test, a control unit
outputs the signal that controls said automatic tester and
inputs the data of the test results, a detecting means
detects the respective test-results of fuming, firing and red
heating, the memory incorporated into the control unit stores

the data, and a recording means records the test results.

‘This Sheet Has Been Replaced
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circuit test wll
current has becone stabl e,
mnutes if the current is
than 1A for exanple,
ST17. If there is no fum ng detected,
detect possible flanme at ST18.

1A or hi gher,

be commenced at ST17 as wil |
the tinmer wll start
and mnth 5 nﬁﬁﬁ?éghpf it
in order to judge the possi
then an attenpt wll

| no.flane is found out there,

exrstence of fuhe at
be made to
t hen one

Drive Unith\"24

will try to detect the red heating, if any. If there is no red heating,
then one will check tineover at ST20.
Fig. 1
21
\—
Current <
[ Sensor 1
3~ Vi 14
T ,r 7{_/
——{Photosensorislp iyted Circuit ol probe |-
4') s Board [
N ¥
Flame Sensor T 2 -
1 }’ Measurlngﬁ*\_,7
20 Robot Apparatus
‘ nfrared / (Automatic Tester) _
1 Sensor FZ
W
6"1? S 13~} Robot liPower Supply - 93
ume Sensorptd e hvrolierd[Control Unit
L 8 T Probe
_ b’ : ¢ l Drive Unit
12—~ Printer f B -
: Rela |
X A 16
elevis101 Persona Switc
H~ Set Computeﬁ | Box Relay
>
-
=)

15—~  CAD

10~ Keyboard

l

. Abnormality
Mon¥tor Display ’k"25
‘S Drive Unit
9 v
Abnormality
Display —117
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If it is not tinmeover, ST15 is returned to, gjt current
wi |l be measured again. In the event that ani qn@ gﬂFE‘hBA&SI%#Nn at AT17,
the flam ng at ST18 and the read heating at tjen the
abnormality end is recognized at ST24, 2232 y displ ay
unit 17 will announce the abnormality by way of alert sound and | i ght of
the lanp, for instance, using at ST50 a speech synthesis device. Checked at
the stage ST51 will be phe key.in entry by operator, and if there is
no entry by keyboardf 1 @he/Zabnormality as under the preceding
stage ST50 will be announhced. '

Starting STO j ST6
the Interpart
Short-Circuit Test Measuring the Normal
|

Voltage/Resistance

ST1
Registering }—
the Data
ST2
Setting r~/
the Conditions
ST3
Positioningf~ Heasuring | ST8
' the Voltagel—/
|
ST
$T22 Measuring P )
. o ) ST4 the Resistance
Abnormality s the Switc
End NO Box Normal ?
Calculating] STI10
the Power |—
STH
Measuring
the Normal Value ST11
at Points Judged Rearrangement p—
as Fallen of Parts
- into Trouble according to
the Testing
Sequence
mi]ﬁiiﬁliﬁlrlfﬂ"lﬁﬁ'ace




If there is any key-in input by the operator,
abnormality w
troubl e analy
poi nt .

ST54.

t here.

InmeTTe f
. end her e. 10 One wi |l ded|i H&ISWHEHSIADBERNL ([ any
d be made by the robot #_to fBRRBLYGEPt he flhil ed
If the an SIS is to be worked out, it wTT Dbe done at the stage
If this anaIyS|s s not to be perforned, the test wll term nate
| ST14
|
Short Relay
On
From ST11
Measuring ST13
the Shortr‘/
Displacingk_s_ﬁ12 current
the Robot
© %M s113
H _ ST16
Input of the Image s the Curren
Under Normal Conditions ahi i 9
for Detecting the Fume tabilized : YES ST23
L
| Setting
the Timer
ST24 ST17
Abnormality |/
End
ST50
S
Abnormality
Announcement
| Abmormality /5352
Announcement '
‘Abnormality—’§T2?
End
Execution of
the Abnormality Analysis]| This Sheet Has Been R

U
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If the tinmeover is found out at the foregoi fEstage=SF26+- per at.i on of
the switch box 5 will be checked at ST25; i{ THErSHEE ae BlBRrfal ity found,
the stage ST12 will be returned to and the fjobot BERLACEDe renpved to

' e cone in

proceed to the checking gp-tgf fpol | owi ng pa
contact with the positio df & heétnext part. (2) Spacing Test The spacing

test is intended to neasure and confirn1if t he di stance between the
patterns of the printed cisST@@it b tlsfles th rescribed insulating
clearance. In this testing, %ed an adj oi ning patterns

out of the printed circuit board ?%ﬁp forehand in the

ST33 Read1ng In
“~ the Gerber Data

1
ST34\_~\ Reading In

the INS(Insert) Data

|

ST3Q\¢~\ Setting the Area

|

ST36 Setting

the Safety Standard/Margin

ST37 .
_ \d—wDeletlng

the Unnecessary data

ST38 ' Numbering
N the Pattern

ST39

Combining
~the Adjoining Patterns
ST40 Preparing the Data File
ST41 :
—— Voltage Measuring
ST42 Execution of
~ the Spacing Test
ST43 Output of

N the Results: This Sheet Has Been Re[i!aced .
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per son?l coﬁputer by way of the conmunication er-A) nal 15.
Based upon the results of this retrieval, t }m@dnﬁgt%ﬂseutﬁ poardl is
di spl aced on a plane together with the robot }j2. ThgptmoEmrobes 14 are
proj ected just under the adjoining patterns ila=—the—pgrrIre it board 1

to measure the potential difference between said ad10|n|ng patterns by
means of such nmeasuring apparatus 7 as an oscilloscope connected to
said two probes 14. The potential difference t hus nmeasured will be
transferred to the personal conputer 8,

Fig. 5

STH0 Starting
the Interpattern
Short-Circuit Test

ST61 Singling Out
~——Jthe Patterns Not Satisfying
the Standards

ST62 Excluding the Patterns Tested
“~—~{ by the Interpart
Short-Circuit Test

ST63 Interpattern Short-Circuit Test
\~—~w(Same as in the Interpart
Short-Circuit Test)

\\“
This Sheet Has Been
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Mich will. convert the difference into as nuch distan to—=be—storet—ix

neyror y and di spl ayed on the nmonitor 9. FIGURE 4 reprgsBEPEACHEEENT GNEET
diragram of the spacing test following the procedures gs ab

hea

fromthe CAD terminal 14 at the stagq ST33 will be
concerning - the patterns of the printed circuit bo

\ —t

ard Ir—rReat——Fr—at>

nggpﬁﬁdala?i'

he

ST34 will be the INS (|nsert) data concerning the i nsertion of parts

to register such respective dat
position coordinates (X, YY),

nunbers, pin-
t hée board and

_the data relatlve to the patterns (supportingﬁpoiht, end point, -1line

TITLE OF THE INVENTION

SAFETY TEST EQUIPMENT FOR PRINTED 'CIRCUIT BOARD

. BACKGROUND OF THE INVENTION

" (1) Field of the Invention

"This invention"reiates to a safety test equipment
that  performs automatically a number of 'safety' tests to

diagnose any defects in designing printed circuit boards.

*The printed circuit boards, even though they are not

particularly problematical when used under normal conditions
as products with electrical devices mounted, are compelled

to undergo the'safet?.tests based on the safety standards'to_

esee if they remain safe against the defects arising 1n _the

designing, that-is. when interpart and/or interpattern short-

" ¢ircuits are enforced ~This invention relates more

particularly to an equipment that can perform automatically

- geveral safety tests all by itself

“(2) Description of the Prior Art

In general, the safety test of the printed CerUlt

board with electrical devices mounted includes _mainly the

.. interpart short—circuit, spacinc ‘and .interoattern short-

circuit tests.

The subjects of said short-circuit test between the

 parts are such parts that are made to act at a fixed voltage



thickness, line type (circle, straight line, circd C ) e
region to be tested.is set at ST35, while at- ST36 nard ﬁgPﬁgﬁEwﬁ 3&%@%5 _
ditspersions will be set in terms of such safety standa*g§ ai BM%AR}ﬁlﬁhnd
TWV. At ST37, any unnecessary data wigl | be deleted. At Eipag “pattern:
nunbering . is conducted, and continuous patterns are calcula ed out
based on the pattern data to autonatlcally aSS|gn the pattern numbers. At
ST 39 conbinatio : i ni-n atterns -is calculated out from said
pattern data to°%|egé€’?ersuch 5 QFB ‘g{ qp“&ﬁd ’(?utc?}fse&net%a??@%‘h P?l%ﬂe% I‘?heoe

taken as the-potl-.enrtm:.%];ls of sa:l.d parts to see 1f there be any fum:.ng or

'fJ.r;Lng produced and_. at the same tlme, to verlfy' poss:.b]__.e
exietehce of two or more pieces o£ parts that are heated red.

7Ihe spacing test is intended,to check if the dietance
:between the patterns of the printed circuit_boards SatiSfies
the specified insulatihg c;earahce. |

The purpose _ofl the short-circuit test between .the'
patterns is to cheCK the e#istehce of fuming and/or firing-b§
causing a short-circuit to be-produced betweeh'such.patterns
as have not tu:ned. out to meet the prescribed insulating
distance as a result of said.spacing'test.

_Conventicnatly. a sole 'equipment fcould 'ih no way
oerform automatically euch safety tests as interpart short-
circuit, 'spacihg; and ihterpattern _short—circuit-.tests;,
‘Almost ail testers of this eort were manoally operated. Thef
were'therefore oroblematicel in that the mors numerous the
parts and patterns that cohetitute'the_circuitr§[ not only
more ehormous the .labor and time. become required for euch_
teSts. but more frequently the parts are overlooked that form
the subjects of the tests ‘ _

In the Japanese patent Application No. 163372/:1981
(Priority. GBBO 10 13 80 8033007). dlsclosed has been an
automatic tester that examines possible dlsconnectzon and
ShOtt-CerUIt of prlnted clrcuit boards in some mass

' productlon llnes. | |

This test equlpment however lS lntended only to check



N
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vol tage neasurenent. Data file is nade at ST40. 12 (A= ST —aurorase)
voltage is prepared. The spacing test is then conduct gd*aRLAGEMENT SHERE S e,
by calculation, - that the .dist ance bet ween pat terpg M -
corresponding to the voltage is secured, and-any | oc gt PR -i-s- deeected tihat
cannot secure the di stance. The resuﬁts of these operations W be output
at the _ ' o a

any disconnection and short-circuit of ‘the printed circuit
boards when assembling some parts, not to be regarded as what

can be called “"safety equipment, ” objects of our invention.

BRIEF SUMMARY OF TﬁEfINVENTION..

(1) 1 Thelprimary'object of this invention is to furnish an
.equipment that can perform_ali the_interpart shortécircuit,
.spacigg; interpattern short-circuit_add other safety tests.by

itself without recourse'tg any personal attendance-

(2) The second pﬁrpose ef this invention is to provide such

‘an equipment that can work.eut the tests precisely and withid |
a’limited'time despite increased number of parts and patterns
that constitute the qircuitry..

T aehiere these objectives, this inVention supplies,
in'a.safety test that performs the interpart short-circuit
test, Spaciné test and interpattern short-circuit test; an
automatic tester that carries on said safety tests receiving
the printed circuit boards, a control unit that régulates'the
automatic tester. a detecting means that can detect both the
results of the fuming and firing tests by short-01rcu1t1ng
‘between the terminals of the parts and the results of the'
test aiming at the verification of possible red heating of
two or more pieces of parts, a-memory that stores the data
concerned, a displaying means that.display the test results.
and finally .a recording means that_ can record these' same

: resdlts.



stage ‘ST43. (3) Interpattern Short- circuit Test Afte pl-a
the spacing test at ST42, the |nterpattern short test
1A this test, short-circuit is made for prescrlbe
patterns that do not neet the fixed jnsulating clear
relay for short-circuit 16 connectee—to sai d. probes 1 e—the—exist

~of fumng and firing. hbM/referrlng to FIGURE 5 we attenpt to explaln t he
procedures of this interpattern short-circuit testing. The |nterpattern '
short-circui't test will start at the stage ST60.

(3) Any other 'obJectives of this invention will_ be_“

understood referring to ‘the following detailed description

and to the ﬁorking examples explained later in this text.

| BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram that shows an example of
_the safety test 'equipment 'for' printed circuit boards
'according to this invention

FIGURE 2 is a flow chart of an interpart short—
Circuit test by the tester according to this invention '

FIGURE 3 _is_ another flow"chart_ that shows the
autonatic shert-circuit test between the.parts and patterns
by the tester of this 1nvention. o | |

FIGURE 4 is yet another flow chart that shows the
spacing test using the tester according to this_invention.
| FIGURE 5§ represents. another flow chart that
illustrates' the interpattern short-circuit test using the

‘tester by this invention.

DETAlLED DESCRIPTION
| .Referring'now to the drawings, the following example
serves to .depict in detailf the .safety. test .equipment er
printed circuit boards accerding to this invention.'
| 'The safety test equipment for printed circuit board
by ._this. invention, shown in FIGURE 1, is provided ,wit.h. a

robot 2 functioning as an automatic tester that receives a



At ST61 such patterns that the foregoi ng spacing testi mEPeACERENT SHEET fot

nmet the standards will be discrimnated and extracted] At ﬁg&i t patt ¢rns
~tRat underwent the interpattern short-circuit testing anm& Ri 991 curiis 2
and 3 will be withdrawn. AT ST63 the jnterpattern showt : '
wi |l be conducted for the remaining patterns, the procedures of = 13

pr:.nted c1rcu1t board 1 to be tested ) The robot 2 has a
photosensor 3 a. flame sensor 4 an 1nfrared ‘sensor 20 and a
'current sensor 21 all 1ntended to monltor the test results
of said prlnted circult board 1 by several dszerlng means

The photosensor 3 for dlStngUlShlng any abnormallty
of display unit that monitors theioperation of the printed
circhit.board 1 and other subjects to'be'tested. including
'CRT.”consists'of a CdS a phototransistor. a pnotodiode;.and
so'forth The flame sensor 4 is to detect poss1ble 1gn1tlon,
while the 1nfrared sensor 20 is used to detect poss1ble red
heat. The current _sensor 21 is intended to detect the
electric current that flows .through the parts and the
patterns. The fuming sensor's'to detect any fnming.comprises
a CCD camera | |

Out of ‘these components. theiphotosensor 3, the flame
sensor 4, the 1nfrared sensor 20, and the current sensor 21
are connected to a personal computer 8 via a.switch_box S:
The.fuming sensor 6., on the other hand, is linked directiy'
with the personal conputer_a, |

'-The electrical characteristics manifested by the

_printed circuit board 1, for instance the voltage information
and any other.dnformation causing the variations of voltage
value, is.detected'atpthe level of a measuring'apparatus 7
throngh a probe 14, and then transferred to the switch box 5
and to the personal computer 8 to be displayed on the monltor
9 for data dlsplay. '_' o . . ;

: Connected to ‘the personal computer 8 are a keyboard

.-
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which are the same as in the interpart short-circuit|[T85], < - "é
FIGURES 2 and 3. In this interpattern short-circuit
- ST63, the foll-owi ng special neasures are taken so that_. um'l Mﬁ&éﬂ% or]

shoul d he able to find out even t he akest- fune. A | & ey ‘s rused jas
the fum ng sensor 6, and the backgroumd .for photographing - shall. be
uni form bl ackout curtain, black in level. - Any fum ng shall "be

i denti fied by 1b ?25&%\?’2 rernidff 4818, QbiLhosidimass nh%&gr@mqu?ﬁgthe

fum ng sensor wor k "area o uffer nmenory o

personal  conpy % xﬁes, %‘dpﬁmér ‘i‘i WahB: tfliﬁalf@gﬁ rd@&a c&{trotlmér 13,

“black-leveled curtain
T which is connected with the robot 2.

Connected to the sw1tch box ‘5 are a power supply _
. control unit 22 that controls the power - supply of the printed
cirCuit board l:1n order for testing, a probe drive unit 23
that dripes the'probe'l4, a relay drive unit 24 that drives a

relay 16 for opening/closing the probe, and an abnormality

display drive unit 75 that drives'the'abnormalit;mdi f&?“i?
by means of Llight, :sound and the like to ,aiarm the
ahnormality. o :

Now we attempt'to,enplain the operation of_the safety
test equipment of such a'construction as ahove for printed
circuit boards accordino_tolthisiinvention. |
'(i) 'Interpart Short-Circuit Test

Based upon the information about the printed circuit
'boards stored 'in the personal computer 8 wvia the
communication with the CAD terminal 15, the printed circuit
board 1 is fixed on the rectangular coordinate type "robot 2
as an automatic tester for teSting such particular parts in'
the board 1 that will be made to ‘act at the prescribed

'tvoltage'or higher, .1@gether.with:the robot 2; the printed

_ circuit?hoard 1 is_removed up to a fixed position on a piane;

Projected just under thelprinted circnit 1 thus displaced to
the fixed poSition_are_two probes 14 to short-circuit between

_ the two terminals of the'.part: within the printed circuit

- board 1. Then the existence of the fume and/or fire is



'ba,ckground to discrininate the differential results

the lumnance wll be 'divided into 0 to . 256 gridpaEtF]i Waa
t hreshol d. | f a gradation higher than 50 is found oft |n1aﬂﬂﬂ f
the inmage data, - that portion will Qe assigned as hi gf I NANCES " HARE .
Provi ded however that the neighborir ortion of level 50 nust be withdrawn.
fromthe eval uation because there a possibility exists that ‘the |uni nance
may vary in a deilcate fashion. |f any, |uninance exceeding the threshold
50 comes out frefARIREdpias uYetl (AR §GSF€&Jte ofef hBeabinuaPf otwo t9%e TRRye
data will be i ut- opce _.again for comparison purpose. When sald
differenti al ?ﬁﬁﬁcg i %2 ected with prescrlbed frequency '

The existence of the fume, ;f any,  is detected by the .
fuming:sensor 6, while that of fire, by the £lame sensor 4
with the' data"oﬁ "respective resuits transferred_'tc 'the_
epersonal computer 8 via the switch box 5 to be'stored'into"
the inCOrporated memory and displayed_on the monitor 9.

FIGURES 2 and 3 are the flow charts of the interpart
'short c1rcu1t tests by the above procedures

Started at the stage STO is the 1nterpart short--
‘c1rcu1t test.

?he staee ST1 registers the data'that.includes the
part syhbels. p;h nuﬁhers, cih pcSiticn ccordinates X, Y).
outside dimensions of the printed'circuit boards, and pattern
.data Kstarting'poihts; endzpoints, line thickness. line types
(circies; straight lines, circﬁlar arcs, stc.)).

At  ST2,  the short-circuit | combinatiohs are
automatically made inl terms -of the_-part symbols and pin
'numbers,lsettihe. for'example,'such conditions as resistance
(Ifz.pins). capacitor (1-2 pinsg), trahsistor,(lfz.pins, 2-3
~§ins, and 1-3 pinS),'and IC (power supply. ground, etc.).

At the stage ST3 positlonlng is made of - the prlnted
:CirCUIt board 1 and the robot 2

. 8T4 stage w1ll check the operatlon of the swztch box_
5,_and_1f any abnormality is detected at the_level of this
box, the test will stop at sT22.

If there be no"abnormaiity at the switch box 5, ST5-



it wll be judged as fum ng. The screen of the noni
wi de variety of defects. For instance, such a dynam
"The. resistance R1O in the circuit is [err], which

conpared with the normal value,"™ will be displayed a

Herrprmeng SHeET,
gl al iB/MAR 1836h

.i.-r.e...t.h-e-..

information that There exists a shord-circuit at the positions identifred
‘as. position referential nunbers 100 and 102" will be displayed as "Short,

100, 102.

stége will measure the hbrmal value before the short-circuit
at the position considered to be faulty.

One measures the normal voltage and resistance values

of the table for trouble'énalyéis at the stage STS.

One evaluates, at the stage ST?7, if it matters or not

the automatic sdrting_(automatic séquencing'of the parts to

be tested), and if there is no-éUtomatic sorting, the parts

~will undergo the short-circuit testing at ST12 as will be

déscribedllater in this text.
If it matters the automatic sbrting; the voltage will
be measured at STB. and the resistance vélue._at ST9.
ST10 will calculate the power .consumptibn based on
these qeaéu:eﬁents. | .
| At ST11 tﬁe parts will be.rearranged depending upon
thair power consﬁmption, in ﬁhe_ priority Orde: of their

testing, for instance, in the increasing'or decreasing order

of the power intqnsity.

At ST 12 the robot 2'will bé displacéd.to.make the
probe enter into 6§ntaét'with the fixed position of thé_pért. 

-The picture under normal conditibns_f§r detection of
fuming will be input at the stage STI3.

- The relay 16 for short-circuit will be put on at the

" stage ST14.

ST15 is the stage where the short-circuit current

will be measured.

One judges, at the stage ST16, if the electric

current has reachéd its stationary state. If_the current has



15 WHAT 1S CLAI MED TS;_(l) In a conprehensive safety t sh EEEGE@EN?%#&@
made to act at a prescribed voltage or higher in a print & circurt boa g

i hcluding an interpart short-circuit test that tries tqg bh d1oBtMA%

exi stence of fumng and firing. of -the parts and red headtBg-of "t wo ar pi)
pi eces of parts by short-circuiting pbt ween t hese parts, a spacing test
that sees if the distance between the patterns of said printed circuit.

board 1 neets: tgg%pr‘ﬁ&crgp@&r{ gsuhagl Qgeg&;g%@?Egh n@ggn?}*ﬂe%ggpatsth%&g_

short-circuit t t 86es the existence

‘patterns that da;poliSaldst! %i32 BePE6ffddduad a‘tn%‘ﬂ‘?‘t hggwmft@&%é&lbaa

short-circuiting between said patterns,.- a safe y
1ater

When the eurrent_has beceme.stable. the timer will
start, at ST23. with 10 minutes if ftné eurrent.lis 1A or
 higher, and withx$ minutes if it is less than 1A for example,
in order to judge the poseibie existence of fume at ST17.
If there is no fuming detected, thea an attempt will
be made to detect possible flame at ST18. |
If no flame is found out - there,.then one_wiil try to
' 'detect the red heating. if any. |
If there is do red heatine, then 'one will.'check
tlmeover at STZO | | |
| If it is not txmeover, ST15 is returned to, end the
hshort c1rcu1t current wzll be measured agazn. | -
In the event that any one of the flamlng at AT17, thel
.flamlng at ST18 and- the read heat1ng at ST19 is detected
then the abnormality end 15 recognlzed at ST24, and the
. abnormallty display un1t 17 will announce the abnormallty by
way of alert sound and light of the lamp, for instance, using
at'STSOla speech synthesis device. | '_
Checked.at the stage ST51 will be the key-in ehtry by
operator, _and. if chere is ne ;entry-'hy 'keyboerd,"the
abnormality as under the preceding stage'.STSO ﬁill_ be
announced. | _ | | | |
| If there is any key-in input .hy the' operator, the

annbuncemeht of abnormality will end there.



t est eqU|pnent

.equi pment conprises: an automatic tester that perforn

———— .

used for the printed circuit board ch

receiving said printed circuit board 1, a control unijt th

to control this automatic tester andgg nputs the dat ajlQf
results of said test, a detecting . néans that detects t e

the exi stence of said fum ng and flrlng as wel | as the.red heat of at

'said two parts,

.automatic tester,

t he di spl ayi ng

phot oel ectric conversion

e Interruptio ay f

uni t thad A-Jel Uhi ¢4 £ téﬁeo%enusék&-i "dut, t 1ROQEth Bb done

evice is used as said detectlng means.
at the stage ST54.

Ieast
ores the data,

ded I
2 i splayi ng. means e Ea EotAE ¥ %fr?e‘ﬁrzic{ﬁ‘)trgo%“;a%véc%%a% RReheiehar
records the Samsohid'nd ﬁgag{tﬁgsa{;blr@bgetfccto' B9 d=ANS vhb 264110 Baldi

ncti1on of

If thlS analysis is not to be performed the test

will terminate there,

1f the.timeover is found cut at the foregoinghstage

STZO. the operation of the switch box 5 will be checked at
ST25 if there is nolabnormality'found. the stage ST12 will
be returned to and the robot 2 will be removed to proceed to
the checklng of the follow1ng part and make the probe come in

contact with the 9051t10n of the next part.

(2) Spacing Test

The spacing test is'intended to measure and confirm
if the distance between the patterns of the prlnted circuit
board satlsfles the prescrlbed insulatlng clearance. ‘In thlS

testing, first retrieved are any.ad301ning_patterns out of

the printed circuit board information given'beforehand in the

terminal 15. Based upon the results of"thisjretrieéal, the
printed circuit boardi is displaced on a plane together with
the'robot 2. The two probes 14 are projected just under the

adjo1ning patterns in the printed circuit board 1 to measure

_personal-computer by way of the communicationIWith the CAD

the potentlal dlfference between sa1d adj01n1ng patterns by

means of such measurlng apparatus 7 as -an osc1lloscope

connected_to sald two probes 14, The_potential ‘difference

o



(2) In a conprehensive safety test for the parts nmadg t —at—a -

prescribed voltage or higher in a printed circuit boafl REBLACEMENH SHEESN
interpart. short-circuit test that.tries to find out tlhe exigt ~f U
and firing of the parts and red heating of two or_nnr=cpkﬁc éfgﬁﬁpgpp '

short-circuiting between these parts, a spacing test % .
di stance between the patterns of said printed circuit board 1 neets the

prescr bed | nsuLghl g £.53h%068 A4 - el ALRUPEL! PES WIChat Efliegk e8!
nd: oF ﬁ%patterns t‘ﬁw

that sees the exist

ence or fumng

satisfy said pregageh hed 1 Renbatd %edaikmclay 18P0 {s GuchUllstuhdackvesa

said patterns,

a safety test equipnent used for the printed circuit board

characterized i gtbhed iheHRueREBNakDWikbseFsd Bh AlONBALtor @5t eIFIGURE |

perforns said safety test

data obtained fromthe results of said test;

the procedures as above.

. Read out from the CAD* termlnal 14 at the stage ST33

will be"the_ Gerber- data concerning the’ patterns-'of the

printed circuit board Ll. -
‘Read in at sT34' will be the INS (insert) data

concernlng the 1nsertlon of parts to reglster such respective

- data as part numbers, p1n numbers, pin 9051tlon coordlnates

(X, Y).. outside_ dimenslons_ of' the board, and the,_data

relative to the patterns (supportlng point, end point.'line
thickness, line type (clrcle. straight lzne,-:circularf.arc,
ete.)).

The region to be tested is set at'ST35. while at ST36

" margins for production diSperSions'will be set in terms of

such safety standards as UL, CSA and TUV.

‘At ST37 any unnecessary data will be deleted.

-At ST38, pattern " numbering is conducted, and
continuous patterns are calculated out'based on the.pattern
data to automatlcally assign the pattern numbers.

- At ‘ST 39 comblnatlon of adj01ning patterns is

calculated out from said pattern data to detect such largest

'land out of one pattern that will be taken as the poznt of

voltage measurement.

Data file is made at ST40.

o not_'

receiving said printed circuit board 1, a control
unit that em ts4arspgesdntiso thenttrlow uhagxanndﬂnﬁhe:spasteg tmstlfqiamslnue



16 a detecting neans that detects the test results of WM®Lchg@gmgg5§} ai d
fumng and firing as well as the red heat of at |east|fsaid 4 r .
menory provided at the control unit that stores the dhbate J aoﬁgf;ﬁﬁﬁg
nmeans that displays the test .resultgp.a recordi ng neahls=that—reecords th
same test results, and a displayi ngTeans that sel ects prescribed portion
of the printed CiTCUIt ‘board 1 to nmake said displaying unit display.

visually the inmage. cor din t.he actual parts and patterns, subjects
of the tests, in a di é‘? }gm &ﬁagzéf YaLH9Sn 18 (ByenaRe g conpr ehensi ve

‘safety test for t he paf‘k{es s'}%gfn& Q:e%(tt 1 8tefboPk 838&&&%’ a¥ Obt é.ﬂzetgrerisure.

by . calculation, that_ the' distance between patterns

corresponding to the voltage is secured, and any location is.
detected that cannot secure the distance.
The results of these operations will be output at the _

stage ST43.

(3) InterpatternlShort —circuit Test
After the completion of the spacing test at ST42, the
' interpattern short testing will be performed._ In_this test,
short-circuit is made for prescribed time betwsen the
_patterns.thatido not meet the fixed insulating clearance'by.
means .of the' relay for’_short?circuitt 16 connected to said
probes.14 to see the existence_of fuming and firing. Now
referring to FIGURE 5 ue atteﬁpt to explain thehprocedures of-
'this interpattern short-c1rcu1t testing.
The interpattern shcrt—circuit test Wlll start at the
stage ST60. _ | |
_At.SIGI such patterns that the foregoing spacing test
revealed to.have not met thepstandards wili be discriminated
and ‘extracted.
At ST62 the patterns that underwent the interpattern
. sh’ort-_-circuit testing as shown in FIGURES '2 and 3 will be
.withdrawn ._ |
xr ST63 the interpattern short-circuit testing Wlll.

'-_be conducted for the remaining patterns; the procedures of



hi gher in a pri
test that tries
and red heating
these parts, a
~of said printed

and an interpattern short-circuit test that sees the existence of fum ng

“and firing of t
~di stance by sho
- used for the pr
conprises: an a
said printed ci
this autonmatic

nted circuit board 1, including an int T e
to find out the eX|stence of fum ng and&%Fépﬁqgﬁﬁe ﬁﬁ%[
of two or nore pieces of parts by shdf b@vl ﬂc&lMAmmtV\Ra

spacing test’ that seegsif the di st anc en-thepatte

t
rts
en
ns

circuit board 1 neetS the prescribed Tnsulating clearance_

h atterns that do npot satisfy said prescribed insul ating
Ppigh SRPEPREE b

B A 1579 SAREWAR N R af Pt
| characterized in that the equi pment
ﬁﬁéﬁgtﬁncFﬁeg%Eé)c?hg‘fi ‘gerforms sai d safety test receiving

reuit baar dplig all'&%{!}.‘éggl:? %hé&it a‘?:?lr;%é gostanal éPeC pt

tester and I nput's tal ne

or L 8t U st e8huPPnent

r ol

n1t e.resu sai d

test, a detecti BgsiEallR té&@lo@'@&gegp%cwﬁ hEtturb8Sud Scakbnt 86 %tStf%Hu‘iﬁgOf

said fum.ng and

flrlng as well as the red heat of at |east said two part
detection should be able to find out even the weakest fume.

A,CCD camera is used as the fuming sensor 6, and the

_background-_for photographing shall be uniform. blackout -

S

ICurtain, black iu level. Any fuming shall be identified by

'image data'_'of_' the black-leveled blackout _curtain as

light then. - The data of the images'_photographed by the
fuming sensor 6 is stored in the work area of the buffer

memory of the-'peréonal computer 8, and compared with ‘the

background to discriminate the differential results. For

1nstance. the 'luminance w111 ‘be divided into 0 to -256

-gradations with_SO-es threshold. Ifde gradation’higher than

50 is found out in any portion of the image data, that

portion will be assigned as high lumiuance'part. Provided

however 'that the neighboring portion of 1level 50 must be
withdrawn from the evaluation because there a possibility
exists that the luminance'maY'vary in a delicate fashion. If

any luminance exceeding the threshold 50 comes out from the

picture, the subject of'the evaluatiou, the image data will

be input once again for comparison purpose. When said_
differential luminance is detected with prescribed frequency,d
1t will be judged as fuming. | |

‘The screen of the momitor 9 will display a wide

variety of defects. For instance, such a dynamic information



a nmenory provided at .the control unit that stores th n HSpayrap
nmeans that displays the test results, a recording mefrRERUAGEMENIOSIIEET e
sane test results, and said displaying unit that displays glasga | n g
clear and distinct fashion can di splﬁy enl ar gedl y 't hp R&R ual-devi-ces--arn
patterns, subjects of the tests. (4r—n a conprehensi” . -
parts made to act at a prescribed voltage or higher in a printed circuit

board 1, including an interpart short-circuit test that tries to find out
the existence oPsf((FbAgraadstanaen Rl imethfareirenid rddd hofkPngvwbich wdsSor
‘nmore pieces of parts, by short-circuitin et.ween, these part a S i
test that sees FRIAFES 'Ysgéﬂgewrtf‘é‘[ \ﬁgé‘ﬁ??ﬁg”ﬁ Epf sigrme, ai"af'ﬁ?‘i ntwgggcﬁgcuit

‘board 1 meets the Bf Ghd | ACHRIBSUL2b6RY B,52\HIGE tA0UiAPormation that -

There exists a short-circuit at the positions identified as _

t he

position referential numbers 100 and 102~ will be displayed '

as "Short, 100, 102.~"



17 i ”t__‘?iﬁét_t_?iﬂ_ih_gr_i_m_tcwt VY exi st efee=ot—tfu
firing of the:gatterns that d Abis %’35}‘?? rescri @EHLWENWEET
t wee BESY

di Stanjﬂ‘ﬁ“ﬂ“ﬂﬂm‘ﬂuj ting Hs, a spfety ¢ u’h me
used f cuit board characterized in thaj et leg A@&M
conprises: @n faut'onBiti ¢ tester that -perforns said safetyt B -
said printed circuit board 1, a control unit that emts a signal to contro
this autonatic ﬁ@éﬁéﬁﬁgﬂgggggggs the data obtained fromthe results of said
test, a detecti ; 8fects the test results of the existence of
said fumng.and firing as well as the red heat of at |east said two parts,

a menory provided at the control unit -that stores the data, a dlsplaylng

nmeans that dlsplays(ﬁ@e H%St @%ﬁﬂtéﬁhn51ve safety test for the parts made

to act at a prescribed voltage or higher in a printed c1rcu1t'
"~ board 1, inoluding an 1nterpart short-czrcuit test tbat tries
to find_out_the'eXistence_of fuming and firing of the parts'
and red heating of two or more _pieces' of parts 'by short-
cirouiting between these parts, a'spaoing test:that_sees ifz
the distanse between the patterns_ of said printgsiioirouit
board 1 meets'.tne prescribed insulating. clearance, and
finally 1ncluding an interpattern short -circuit  test that
sees the existence of fuming and firing of the patterns that
do not satisfy said prescribed insulating distance by short- -
circuiting between said patterns, a safety test -equipment
'used for the printed circuit'board'characterized in that the
tequipment conprises an automatic tester that perforns.'said
safety test.reoeiVing'said printed oircuit'board l, a controll
unit tnat emits a signal to oontrollthis automatic tester and
inputs the data Obtained.from the results of said test, a
detecting means that detect the test results of the existence
nof said.fuming and firino as well as the red heat of at least
said two parts,:a memory provided'at the control_unit that
stores the-data{.a'displaying:neans tnat displayssthe test
results. and.finaliy a reoording means that records_the'samei_

test results.

This Sheet Has Been Re laced
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ults, amne=tFe—corTot

a r ecording—eans—that—r ecor dg=t e
d patt ¢r REPLAGENENT SHEET

the | ol unit AHIS SIEER &Y Iy
t-he tmﬂ“,m”f.ﬂﬁmﬂ!”t ed cirfuit DY gl di spl ayled on phﬁ
di spl ayl ng wn! th ter.ano?ﬁEF?zzgi‘Tﬁ'a conpr ehensi eD@aLe-yuﬁ%s$m-op
the parts nade to act at a prescri vol t age or hi gher 5= r—a prrnted
~circuit board 1, including an interpart short-circuit test that tries to
find out the existence of funing and-firins of the parts and red heating of
two or nore pieces: é8) paFitss SRFedKoFesiciqIUaPReRHy fost \Rééﬂtﬁqawlééécﬁé\‘t%",arg o
-spacing test .that sees (f,the distance between the patterns.of said printed
circuit board ,13%3@“‘?‘?.@%:53?&% g)d W%Eu?a??ﬁ?'c%@gﬁﬁﬁc%? gﬁdagﬁ"ma e
interpattern short-cirguit 1SEES, ARG f ' and.
Tt erpattern Sholdebi (o bekgst BiRluASCStiE-RShente Alealupl Plbdln
di stance by shord -Eild C&ﬂstp'lagilg%tm'ﬁ?dtd NALELEA s AneAgRlike b SE1 SIiPTENT

used'for t he printed circui ard characterized in.that the equipnent
conprises: an PYLERLI ndRRit@ritd! RET tARES #aifhotdbebytdRS! coRFEE 1dH]

said printed circuit board 1,
 device is used as said detecting means.

(3) The.safety test ééuipmeht for printed éiréuit boérd
as claimed in ‘Claim (1) characterized in that it _hés al
displaying .means ‘that selects prescribed portion of the-

B priﬁfed-dircuit boa?d 1 tb make said displa&ing unit display
visually the image corresponding to the actual parts .and
_.lpatterns; .subjects of thé tests, in a distinct and-.glear_

fashion.

(4) The.safety téét'equipmgnt for printed circuit board
as'¢laimed.in Claim (1) characterized in that said displaying
ﬁnit.that displays visﬁally in a clear and distinct fashion

can display ehla;gedly the actual devices and patterns,

sﬁbjects of”the tgsts.

() The_safety test. equipment for printed_circuit board
as claimed in Claim (1) charaqte?ized:in that the control at
the level of-thé control unit allows the parts ahd patterﬁs.
sdbjects of the testé for the érinted ci;cuiﬁ bbaid 1, to.be

. displayed onithe displaying unit one afte: another,

This Sheet Has Been Re‘ilac'ed '
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outer diameter of. the i'mage corresponding to that of the printed circuit

rt@-ho QCEDhtt\BcBEEtN‘n %l

board 1 can be di spk@yedlhso siafiaty nststmeauipmenie foar pointied Rérpwiththogrd
circuit board-1 should be able to be displayed but the portions of the
_parts and patt@rsnsctmddls‘bl §§/é§“ cdh) behagagtenizegunth ofifat the outer

‘diameter of the image- correspondlng to that of the prlnted'
'-c1rcu1t board 1. can be dlsplayed so that not merely the parts

| of the prlnted circuit board 1 should be able to be dlsplayed

but the pcrtions of the parts and patterns thus displayed can

be readily found out.

(7) The safaty test éguipment_for printed circuit board
as ciaimed in Claim (1) charadterized in that the'detecting

means that detects the fuming has a monitoring camera that

~converts the photbgraphed optical'image-into electrical image

signal to output, a buffer memory that stores'tempOrarily

the image signal of the mbﬁitpring camera, a comparing unit

that compares the data of the buffer memory with the data

storéd in the referential image memory,.

discriminating unit that evaluates the results

coﬁpariSon by comparing' unit in such a way that the fume

detecting signal may be output on the basis of the results of

said discrimination.

(8) The safety test equipment for printed circuit board
as clalmed in Claim (1) characterlzed 1n that sazd detectlng
means that detects the existence of fuming is provzded w1th a
threshold settlng port1on in such.a way that the results of

the'cdmparison by said compatiné unit can be compared with

'the_threSholds of_said threshold_settiné portion.

and finally a

of tha-
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a conf_mJ that enits a si S autip
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wel | as | east salgtwo parts, a mern nrn‘i ol The
control unit that stores t he data, é—dlspl ayi ng neans that -di spl ays. the -
‘test results, a recording neans that records the sane test results, and the
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and firing “of Lt he partts and red heat g9 of two or nor eces DATTS
short-circuiting between these parts——a spaci ng test that sees if the
di stance between the patterns of said printed circuit board- 1 neets the"

prescri bed |nsulat|3% clearance, and an .interpattern short-circuit test
that. sees the existdfe 3Fefiﬁﬁe|’f§ éﬁﬁtf??qlﬁg‘eﬁ fore pranted meiaowat Beatbt

ai hi&f??ﬁf%ﬁé@%ﬁ’ﬁ ol Blalp by BREatbrieTe B hheh ePPCaRkBER o
characteri ze_d 'ﬂ?eﬁ,%%tghe easug_’p\r;rapcgttlge Irrgﬁ es%so da%g%?%ugﬁgé tlongtel{d ttg:g

perfornms said s st+5r ¢t g.sa printe [ 13%% eont r ol

unit that em tsa?eas' gPalalR Coltlal Ohs't Qh?pé‘ége%ma{ﬁ& &1 fim a@ﬂ:é&f&‘ihs the

dat a obtalned

Q-\LZ

excluded from the data of the referentlal 1mage memory S0
that the luminance dispersion of the referential image by the -

picture of high luminance object may be excluded.

_'(10) The safety. test equlpmentl for prlnted circuit
board as elalmed 1n_ Claim (1) characterlzed in that the
minimum threshold is set at the‘threshold.settlng portion to
discriminate the comearison results of obtical images so that
a fumipg' detect 'signal_ may be .emitted 2yhen said minimum

threshold is surpassed.

(11)  The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that the
dlscrlmlnatlng operatlon of the mlnlmum threshold is repeated

"t least twice.

(12) The safety test equipment for printed circuit
board as claimed in Claim (1) characterized in that an

infrared sensor is used as a firing detection means.

een Replaced
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fromthe—results of said test, P%ma—n%&_.é_that e REPLACEENT SHEET

resul ce of . saidTHedswErangds Bechng as vwel | as the rmheat
of at lﬂﬂwmﬁ“m““m“ rts, a nor YREPDACHPd at fhe c 11;3@@;

stores« he dat a? a‘dlsplaylng = the t "*AW
“recordi ng neans that records the san’e—t est results, and the detecting neans
that detects the funming has a nonitoring canera that converts the

phot ogr aphed opt i caI hfmge.m{t Qaﬁéﬁ?t goeel ehﬁ%'}% gﬁ@g n%gl&gé)u&lralit%uffer

menory that stores tenporari e I mage signa nitoring canera, a
Gonparing unit gl cmats:smédtelﬂatha@tl thg beH{rRtBIRY vht RnbRe at a
stored in the referential inmage nenory, and finally a discrimnating unit
that eval uat es idtRrpast! tRoWf-cibeucOnNpedt sean e CHEERITBE URI CohPofmidly a
way that the fume detecting signal may be output -on the basis of the
resul ts of sai dvitihscthen paquential arrangement of the patterns that are

arrangéd acéording fo the'brder_of largeness of their power

- consumption as calculated.

- (14) The s#fetf. test. equipment for printed ciréuit
board as claimed _in Claim (1) characterized in that the
interpart short-circuit test can be perforﬁed in such a
fashion that the combihatiqn of the parts tozbe shorted ﬁay
b_e automatically madel_l baéed on the f'egist'ered"input of the

- CAD data.

(15) The safety test equipment for printed circuit
board as claimed in Claim (1) - characterized in that the
combination of the parts to be shorted utilzies the power

consumption of the parts as registered in the CAD data.

" This Sheet Has Been R :
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(7) I'n a conprehensive safety test for the parts nade t{p e Tt at
prescribed voltage or higher in a printed circuit board ft Fﬁ@ M&ﬁﬁ&ﬁﬁ?T
interpart short-circuit test that tries to find out the eX|st na é @pq?'g
and firing of the parts and red heatipg of two or nore qﬁg 't
short-circuiting between these parts;™a spacing test-that_sees I'T the-

di stance between the patterns of said printed circuit board 1 nmeéts the

prescribed insul ating §AI an @B?Pﬁlﬁ @bﬁrgﬁﬁ rbncfgtﬁ i %bgg%ui t test

that sees the existence ofr—ont t do not .
sati'sfy said prescribed lnsulatlng di stance by short-circuiting between
said patterns, a safety test equipnment used for the printed circuit board
characterized in that the equi pnent conprises: an automatic tester that
perforns said safety test receiving said printed circuit board 1, a contro
unit that emts a signal to corgpseRACHIGF THEODESGLOSURELer and i nputs the
dat a obt ai ned ' _ _ :

5b

When 6ne performé an intgrpaft shdrt-circuiﬁ'teéﬁ where -
.shqrt—gitcuit is made 'between the terminals of the parts
~.mounted on the lp;inted .circuit board 1 to find out the
existeﬁée of  fuming, fi;ing and red-heating, a spacing test
that 'verifies if- the distance between the patterns' ofl the
" printed circﬁit .board _meets the 'prescribed insulating
blearaﬂce. and an’ interpattern short-c1rcuit test that
verifies the existence of fuming and- flrlng by shorting
between the patterns “that do not satisfy the prescribed
insulatiﬁg diétanqe, an automaticltester receives the:printed
cifcuit board 1 to carry on the safety tesﬁ, a control unit
_outputs the signal thaticontrOIS'said automatic tester and
inputs .the data of the test results, a deiecting means
detects the,respectivé test.resu1t§ of fuming, firing and'féd
heéting. the memory incorpérated intb the control unit stores

‘the data, and a recording means records the test results.

. Figure 1 :




19 fromthe results of said test, a detecting neans that ts the test
.results of the existence of said fumng and firing as wellg Abﬁﬁéi QEEF
of at least said two parts, a nenory provided at the conjfro Xﬂ$

stores the data, a di.splaying neans that displays the tepipaf£SW S 3
recording neans that records the san® test results, and &akd-detecting
means that detects the existence of fumng i's provided with a threshold
setting portion in such a way that the results of the conparison by said.
conparing unit can be conpared with the threshol ds of said threshold
setting portion. (8) In a conprehen5|ve safety test for the parts nade to
act at a prescribed vol tage or _

Fig. 1
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higher in a printed circuit board 1, including an int
test that tries to find out the existence of fumng a
and red heating of two or nore pieces of parts by shor
- these parts, a spacing test that sees 2f the distance lékﬂken “thepaAft ey
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data obtained fromthe results of said tést, a detecting neans that detects
'WHAT IS GLAIMEDeIS: st ence of said fuming and firing as well as the
red heat of at least said two parts, a nmenory provided at the control unit
that stores the data, a displaying neans that displays the test results,

the test

(1) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
"test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

a detecting means, facing to the automatic tester, to detect possible interruption of display
function of the displaying unit that illustrates the printed circuit board,

a photoelectric conversion device is used as said detecting means.

(2) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed’ insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

-an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,
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said displaying unit display visually the image corresponding to the actual parts and patterns,
subjects of the tests, in a distinct and clear fashion.

(3) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at ﬁe control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

. said displaying unit that displays visually in a clear and distinct fashion can display
enlargedly the actal devices and patterns, subjects of the tests.

(4) In a comprehensive safety test for the parts made to act at a prescribed voimge or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the

patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an



a‘control unit thaf emits a signal to control this automaf|i BERAGEMENTGHEET
I nputs the dat ined fromthe results of said test, alldeteg@t

that detects t EIILHHEHINE!W t he existence of said fufi eandrpgq I@
wel | as the redy t said two parts, a nenory provi ded at
control unit that stores the dat a, a di @I ayi ng neans that displays the

test results, a recording neans that records the sane test results, and an

infrared sﬁmmttemshuneﬁcﬂsm thatrseesghel@ditaice o fuiling and ﬁﬁ;@ of! the Patterns that do
conpr ehensi ve s& efy test for the parts nade to act at prescri bed voI t age
r

or hi gher HOhSais RIgSCEPeinsylating Yﬂ&rhfdmﬁgmaﬁewf%s% patterns, a safety
short - ci r Gt badifmbnt ub&d fof fhk PPinfed cfréd?ﬂbdﬂi'& cHafiRteF%ddSih ¥ fhe Rfui ph’l@ht‘?ﬂnﬁgge

firing of the parts and red heating of two or nore pieces o arts
short - ci r cui 2h agtomatioiesigr that performstsgid safetypigsti raepiving sald brinted seemt boardaé

di stance bet %gﬁ'tr& f&%‘t that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,
a detecting means that detects the test results of the existence of said fuming and firing as

well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the control at the level of the control unit allows the parts and patterns, subjects of the tests
for the printed circuit board 1, to be displayed on the displaying unit one after énother.

(5) In a comprehensive safety test for the parts made to act at a prescribed voltage or
-higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the outer diameter of the image corresponding to that of the printed circuit board 1 can be
displayed so that not merely the parts of the printed circuit board 1 should be able to be
displayed but the portions of the parts and patterns thus displayed can be readily found out.
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by short-circuiting between these parts, a spacing test that sees if the distance between the

patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
.interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test, '

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts, .

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the detecting means that detects the fuming has a monitoring camera that converts the
photographed optical image into electrical image signal to output, a buffer memory that stores
temporarily the image signal of the monitoring camera, a comparing unit that compares the data
‘of the buffer memory with the data stored in the referential image memory, and finally a
discriminating unit that evaluates the results of the comparison by comparing unit in such a way
that the fume detecting signal may be output on the basis of the results of said discrimination.

(7) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts |
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
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a recording means that records the same test results, and
said detecting means that detects the existence of fuming is provided with a threshold

setting portion in such a way that the results of the comparison by said comparing unit can be
_compared with the thresholds of said threshold setting portion.

(8) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a confrol unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as

“well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the maximum threshold is set at the threshold sefting portion and the area of such data as
surpasses the maximum threshold is excluded from the data of the referential image memory
so that the luminance dispersion of the referential image by the picture of high luminance object

may be excluded.

(9) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
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test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the minimum threshold is set at the threshold setting portion to discriminate the comparison
results of optical images so that a fuming detect signal may be emitted when said minimum
threshold is surpassed.

(10) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
“test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,
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(11) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
_froni the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

an infrared sensor is used as a firing detection means.

(12) Ina cbmprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
'not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester thaf performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
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“arrangement of the patterns that are arranged according to the order of largeness of their power

consumption as calculated.

(13) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
by short-circuiting between these parts, a spacing test that sees if the distance between the
patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do
not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
.from the results of said test, _

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that displays the test results,

a recording means that records the same test results, and

the interpart short-circuit test can be performed in such a fashion that the combination of
the parts to be shorted may be automatically made based on the registered input of the CAD
data.

(14) In a comprehensive safety test for the parts made to act at a prescribed voltage or
higher in a printed circuit board 1, including an interpart short-circuit test that tries to find out
the existence of fuming and firing of the parts and red heating of two or more pieces of parts
.by short-circuiting between these parts, a spacing test that sees if the distance between the

patterns of said printed circuit board 1 meets the prescribed insulating clearance, and an
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" interpattern short-circuit test that sees the existence of fuming and firing of the patterns that do

not satisfy said prescribed insulating distance by short-circuiting between said patterns, a safety
test equipment used for the printed circuit board characterized in that the equipment comprises:

an automatic tester that performs said safety test receiving said printed circuit board 1,

a control unit that emits a signal to control this automatic tester and inputs the data obtained
from the results of said test,

a detecting means that detects the test results of the existence of said fuming and firing as
well as the red heat of at least said two parts,

a memory provided at the control unit that stores the data,

a displaying means that diéplays the test results,

a recording means that records the same test results, and

the combination of the parts to be shorted utilzies the power consumption of the parts as
registered in the CAD data.



