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(54) Test apparatus

(67) There is disclosed is a load carrier 10 for use with a an environmental test chamber (11). Such carrier
includes an insertion portion 43 having a length about equal to the thickness of a chamber wall 17, a carrier
portion 41 extending away from the chamber and a flange 45 interposed between the portions for sealing
contact with the wall 17. The insertion portion 43 extends through an opening 25 in a chamber wall 17 to
connect to a rack 77 holding printed circuit boards 53. The carrier portion 41 holds a test device connected to
the circuit boards 53 through the load carrier 53. The load carrier 10 is removable and can operate in
"standalone"” fashion or be tested at a location remote from the chamber while another load carrier is
substituted therefor. Chamber backplane wiring is eliminated or substantially eliminated.
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TEST APPARATUS
This invention relates generally to electrical

measuring and testing and, more particularly, to testing
of electrical components under load.

Most types of electronic equipment, e.qg., aircraft
navigation devices and the like, incorporate circuit
?boards made of a thin, flat dielectric sheet. The sheet
has resistors, capacitors, integrated circuits and other
components mounted on it. While some boards are entirely
"hard-wired" using conventional soldered wiring, printed
circuit boards (or "PC keards") are now much more common.
Such PC boards employ flat foil strips (applied to the
dielectric sheet by a process akin to printing) as the
"wiring" for component interconnection.

Many applications for circuit boards involve hostile
operating environments particularly including temperature
extremes and, sometimes, rapid excursions between such
extremes. Unless recognized in board construction and
testing, such environments can cause premature failure of
the board per se and /for of the components mounted
thereon. For example, radios used in mobile equipment
such as military vehicles often experience extremes of
heat and cold. And aircraft electronic gear similarly
experiences such extremes -- but over a much shorter time
span. For example, a military aircraft may be at summer
desert temperatures and at subzero temperature at high
altitude only a few minutes later.

Also of course, PC boards are used in other, less
"dramatic" applications such as TV sets, automotive air
bag release circuits and the like, but even such
equipment can be subjected to harsh environmental
conditions from time to time.

To help ensure that circuit boards provide the
requisite degree of reliability in such applications,
board manufacturers often subject them to temperature
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tests by placing them within environmental chambers
capable of producing rapid and extreme changes in
temperature. For example, such a chamber might provide a
temperature change of from -40°F. to over 200°F. in about
30 minutes. A prominent designer and manufacturer of
such environmental test chambers is Thermotron
Industries, Inc., of Holland, Michigan.

A significant concern of manufacturers of circuit
boards (or of products containing such circuit boards) is
the relative ease or difficulty with which the
configuration of the test apparatus can be modified.
"Short run" testing (sequential testing of a relatively
small quantity of boards of each of several different
types) requires that the circuitry used to impose load on
the boards and to record test results be changed.

Even when testing a single type of circuit board, it
may be necessary to change the test procedure and/or to
modify the instrumentation used in the test. Such
changes can involve substantial "down time" when the
environmental chamber cannot be used -- idle capital
equipment adds to cost.

Yet another aspect of known environmental chambers
involves what is known as "back plane" connectors and
"through-the-wall" wiring. The interior surface of the
chamber rear wall is often referred to as the back plane.
Several multi-prong electrical connectors are mounted on
such rear wall and wires extend from such connectors
through the rear wall and to test instrumentation located
somewhat remotely from the chamber itself. Installation
of such connectors and related wiring represents a cost
to the chamber manufacturer and once installed, is very
difficult to "re-configure" with, for example, other
types of connectors and/or other wiring arrangements.

Further, the aforementioned type of arrangement
requires that the electronic equipment used to load and
test the circuit boards be remotely mounted on a bench or
the like. When so mounted, the equipment has to be
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"hard-wired" (physically connected to) the "through-the-
wall" wiring mentioned above. Such wiring takes time to
put into place and is somewhat difficult to change or
repair.

Patents generally related to electrical measuring
and testing include U.S. Patents Nos. 4,145,620 (Dice)
and 4,949,031 (Szasz et al.). The Dice patent involves a
burn-in chamber and a separate standalone power supply,
one module of which is a sequencer having a programming
card that plugs in through a front slot. The chamber
contains two "bay modules," each of which has a number of
horizontally~arranged cards mounted for test. The bay
modules are inserted into the chamber from the rear and a
number of socket cards are plugged in from the chamber
front. The patent suggests that the number of socket
cards and the number of cards to be tested are equal.
When a socket card is plugged to a card which is to
undergo test, both cards are confined completely inside
the closed chamber.

The Szasz et al. patent depicts a test chamber which
has front doors and a large rear opening which is
rectangular in shape. A product carrier pallet is front-
loaded into the chamber using a transport cart. The rear
side of the pallet has an integrally-constructed
rectangular rear chamber plug which fits into and seals
the rear opening when the pallet is properly positioned.
In effect, the rear plug becomes a large part of the
backplane when the pallet is in place.

Removable feedthrough boards are on the rear plug
and connect to a load board module through zero-force
connectors. It is the load board module which includes
the test electronics.

A load carrier and related test apparatus which can
substantially reduce chamber downtime, which offers
dramatic improvements in application flexibility, which
substantially eliminates back plane connectors and
through-the-wall wiring and which closely "couples"
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circuit boards and electronic equipment used to test such
boards and which is very easy to modify would be an
important advance in the art.
According to one aspect of the present invention,
there is provided a test apparatus comprising:
(a) a load carrier; and
(b) a test chamber having:
(i) an interior wall;
(ii) an exterior wall; and
(iii) at least one product carrier located in
the chamber and capable of holding
products to be tested,
the load carrier including:
- a carrier portion intended to be
located outside the chamber and
containing a test device capable of
imposing a load on the products;
- an insertion portion extending from
the carrier portion toward the interior
wall; and
- a flange interposed between the
carrier and insertion portions for
sealing contact with the exterior wall.
Preferably:
- the products to be tested include printed
circuit boards;
- the product carrier includes a plug assembly
and wiring extending from the plug assembly to
the circuit boards;
- the insertion portion includes an electrical
connector capable of being joined to the plug
assembly; and
- electrical conductors extend between the
connector and the test device.
Conveniently the carrier portion includes a slide
rack and the test device is mounted on the slide rack.
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The apparatus may include a work cell computer
mounted remotely from the test chamber and wherein the
products to be tested are connected to the computer
through the load carrier.
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Conveniently:
- the products to be tested are connected to
the insertion portion;
- the insertion portion is connected to the
test device; and
- the test device is connected to the computer.
The insertion portion and the carrier portion may be

coupled to the flange.

According to another aspect of the present

invention, there is provided a test apparatus including:

- a chamber having an interior cavity and a wall
with an opening therethrough; and

- a load carrier for connection to a product carrier
in the interior cavity, such load carrier having an
insertion portion and a carrier portion attached to

one another;

and wherein

- the insertion portion extends into the opening
toward the chamber cavity; and

~ the carrier portion extends outward from the wall
and is outside the chamber interior cavity.

In one embodiment of such apparatus:

- the wall is an interior wall; and

- the insertion portion has an end panel which is
substantially coplanar with the interior wall and
which includes a connector mounted thereon.
Conveniently in such an embodiment:

- the connector is a first electrical connector; and
- the chamber contains a rack for holding printed
circuit boards, such rack including a second
electrical connector coupled to the circuit boards
and to the first electrical connect,
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whereby the circuit boards in the rack are electrically
connected to the load carrier.

In another embodiment of such apparatus:

- the chamber is surrounded by ambient air;

- the carrier portion is in the ambient air;

- the wall is an exterior wall;

- the load carrier includes a surface sealing

against the exterior wall; and

- the surface is on a flange between the insertion

portion and the carrier portion.

The test apparatus of the present invention having
an improved load carrier can overcome some of the
problems and shortcomings of the prior art, and in
particular can substantially reduce chamber downtime.

The test apparatus of the present invention can be
made to provide some or all of the following advantages,
namely:-

- the dramatic improvements in application

flexibility;

- substantial elimination of back plane connectors

and through-the-wall wiring; and

- the close "coupling" of circuit boards and

electronic equipment used to test such boards.

The different aspects of the invention involve a
load carrier for use with an enclosed test chamber such
as an environmental chamber used for testing printed
circuit boards. Such circuit boards are tested under
1oad and the term "load carrier" is apt since it
ncarries" the circuitry used to impose a load upon the
circuit boards during board testing.

The carrier includes a carrier portion an insertion
portion, the latter having a length about equal to the
thickness of a chamber wall. Each portion is generally
rectangular in shape. The insertion portion has a cross-
sectional area and the carrier portion has a cross-
sectional area greater than that of the insertion

portion. A flange is interposed between the portions and
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its surface provides sealing contact with the chamber
wall so that moisture is substantially prevented from
migrating between the chamber interior cavity and the
ambient air surrounding the chamber.

In another aspect of the invention, the insertion
portion includes an end panel on which is mounted a male
multi-prong electrical connector. The carrier portion
(which juts "cantilever-fashion" outward away from the
chamber wall) contains a test device such as
instrumentation and board-loading circuitry. Wires
extend between the connector and the test device and,
preferably, the carrier portion includes a slide rack for
mounting the test device.

Environmental chambers are often used with a "work
cell" computer remotely mounted from the test chamber.
The circuit boards are connected to the computer through
the load carrier. More specifically, the circuit boards
are mounted in a drawer-like rack, sometimes also
referred to as a "carrier." The rack has edge connectors
to "interface" the rack with the boards and such edge
connectors are wired to a female multi-prong electrical
connector on the end of the rack.

When the rack is in place in the chamber, the
circuit boards are connected to the male connector on the
insertion portion, the insertion portion is connected to
the test device and the test device is connected to the
computer. Thus, the innovative load carrier "links" the
circuit boards under test to the work cell computer.

Other aspects of the invention include a test
apparatus comprising the chamber and the load carrier.
Such chamber has a wall with an opening through it and
the insertion portion extends into such opening. The
length of the insertion portion is about equal to the
thickness of the chamber wall. Thus, when the load
carrier is fully inserted into the chamber wall, the
insertion portion end panel is substantially coplanar
with the interior surface of such wall and the male
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fitting on such panel protrudes slightly for easy
engagement with the female fitting on the rack. The
circuit boards are thereby electrically connected to the
load carrier.

The new load carrier eliminates or substantially
eliminates so-called "back plane" wiring, i.e., wiring
installed on the interior surface of a chamber wall,
usually the back wall. The load carrier is very easy to
"plug" into the opening in the chamber wall and to remove
for easy maintenance of the load carrier itself. And, of
course, the load carrier is taken "off line" very readily
(by simply unplugging such carrier) for "bench-testing"
or modifying the test device in such carrier. One need
only remove one load carrier and plug in a substitute
load carrier in its place.

For a better understanding of the present invention
and to show how the same may be carried into effect,
reference will now to be made, by way of example, to the
accompanying drawings, in which:-

FIGURE 1 is a representative side elevation view
showing an environmental test chamber equipped with load
carriers and showing related electronic test equipment.
Certain surfaces are shown in dashed outline;

FIGURE 2 is a perspective view of a partitioning
frame used to make the rear wall of the test chamber
shown in FIGURE 1. Certain surfaces are shown in dashed
outline;

FIGURE 3 is a perspective view of an exterior panel
and a gasket section used with the partitioning frame of
FIGURE 2 to make the rear wall of the test chamber shown
in FIGURE 1;

FIGURE 4 is a perspective view of the frame, gasket
section and exterior panel of FIGURES 2 and 3 assembled
to form the test chamber rear wall. A load carrier is
shown partly in phantom in solid outline and another load
carrier is shown in dashed outline. Certain surfaces are

also shown in dashed outline;
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FIGURE 5 is a front elevation view taken generally
along the viewing axis VA 5 of FIGURE 2 and showing
insulation between webs used in the partitioning frame of
FIGURE 2;

FIGURE 6 is a perspective view showing a load
carrier and a circuit board rack in position to be
plugged together. Parts are broken away. The rear
chamber wall, with parts broken away, 1is shown in dashed
outline as are certain other surfaces;

FIGURE 7 is a top plan view of a load carrier taken
generally along the viewing axis VA 7 of FIGURE 1. The
carrier top cover is removed;

FIGURE 8 is a representative front elevation view of
a load carrier taken generally along the viewing axis va
8 of FIGURE 7.

In this specification, terms like "front," "rear,"
"inside" and the like are used. Such terms are based
upon, e.dg., the front and rear of an exemplary chamber
and upon the relationship of parts to the chamber or to
parts of the chamber. And such terms are for ease of
explanation and are not intended to limit the invention.

Referring first to FIGURE 1, the new "through-port"
load carrier 10 is shown in conjunction with an
environmental test chamber 11 and electronic equipment 13
used to gather data and otherwise carry out testing of,
for example, printed circuit boards contained within the
chamber 11. The carrier 10 and the equipment 13 are
connected together by wires 15. A typical chamber 11 is
equipped with heating and refrigeration equipment and,
often, humidification equipment (not shown) permitting
rapid and dramatic excursions of the temperature and
humidity in the chamber 11.

Before describing the new carrier 10, it will be
helpful to have an understanding of certain aspects of
the chamber 11. Referring also to FIGURES 2, 3 and 4,
the rear chamber wall 17 includes a partitioning frame
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19, an exterior panel 21 and a gasket section 23
interposed between the frame 19 and the panel 21. FIGURE
4 shows the frame 19, and the panel 21 assembled to one
another and shows how those parts 25 define ports for
mounting load carriers 10.

The frame 19 includes an interior panel 27 having
apertures 29 therethrough and the purpose of such
apertures 29 is explained below. Several elongate,
horizontally-disposed divider menmbers 31 are attached to
the panel 27 and are vertically spaced from one another.
Each pair of members 31, e.g., members 3la and 31b, has
one or more pairs of vertically-arranged webs 33 mounted
and extending therebetween and each web 33 has a pair of
threaded studs 35 protruding rearward from it. As will
be appreciated from the following description, the studs
35 are used to mount carriers 10 on the rear chamber wall
17. As shown in FIGURE 5, insulation 37 is packed in the
space between the webs 33 comprising a web pair 39.

Referring also to FIGURES 6 and 7, the new load
carrier 10 has a carrier portion 41, an insertion portion
43 and a flange 45 interposed between the portions 41, 43
for sealing contact with the rear chamber wall 17. The
carrier portion 41 is divided into a load compartment 47
and a barrier compartment 49 and in use, the compartment
47 contains one or more test devices such as a printed
circuit "card" 51 used to impose a load, e.g., a
resistive and/or inductive load, upon the printed circuit
poards 53 under test in the chamber 11. And the carrier
10 may also hold some electronic circuitry 55, e.g., a
computer board, "linking" the cards 51 and the equipment
13.

Each such card 51 is supported "tongue-and-groove"
fashion by spaced, generally parallel, channel-like top
and bottom card guides 57, 59, respectively, mounted in
the carrier 10. Edge connectors are mounted in each of
spaced vertical slits 61 formed in the barrier panel 63

and such connectors are "hard-wired" through the barrier
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compartment 49, through the opening 65 in the panel 67
and through the insertion portion 43. Such edge
connectors are thereby electrically coupled to a multi-
prong male connector 69 at the forward part of the
insertion portion 43. Like the space between the webs
33, the barrier compartment 49 is packed with insulation.

The barrier compartment 49 constitutes what may be
termed an "atmospheric barrier." Specifically, such
compartment 49 (which is not tightly sealed) prevents
moisture from migrating through the insertion portion 43
to the load compartment 47.

Stud-receiving openings 71 are formed in the flange
45 and open into the barrier compartment 49. Such
openings 71 and the studs 35 are cooperatively sized and
located so that respective studs 35 and openings 71 are
in registry with one another when a carrier 10 is mounted
to the rear wall 17. The carrier 10 is secured in place
by wing nuts or the like threaded onto the studs 35.

From the foregoing, it is to be appreciated that the
insertion portion 43 of each carrier 10 has a length "Lv
which substantially equal to the thickness "T" of the
rear chamber wall 17. Thus, when a carrier 10 is
mounted, its male connector 69 is about flush with the
interior panel 27 and is accessible from within the
chamber 11.

It is also to be appreciated that the area of the
front face 73 of the insertion portion 43 is less than
the area of the rear face 75 of the carrier portion 41.
The difference between such areas constitutes the area of
the flange 43. FIGURE 8 helps appreciate this
relationship. 1In a highly preferred embodiment, the area
of the front face 73 is in the range of about 30% to 80%
of the area of the rear face 75. To put it another way,
the preferred area of the flange 45 is in the range of
about 20% to 70% of the area of the rear face 75.

Referring particularly to FIGURE 6, circuit boards
53 undergoing test are edge-mounted within one or more
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drawer-like racks 77 using guides 57, 59 for the purpose.
Each board 53 is plugged into one or more edge connectors
hard-wired to the multi-pin female connector 79 at the
rearward end of the rack 77. 1In practice, there are a
number of racks 77 within a particular chamber 11 and in
the exemplary illustrated embodiment there are twelve
racks 77 and a corresponding number of load carriers 10.

In use, appropriate test devices such as card(s) 51
and, perhaps, electronic test circuitry 55 are installed
in the load carriers 10. Such carriers 10 are then
mounted to the chamber 11 by extending their insertion
portions 43 into the ports 25 in the rear chamber wall
17. Each load carrier 10 is secured in place using the
appropriate studs 35.

Printed circuit boards 53 to undergo test are
mounted in racks 77 and the latter placed within the
chamber 11 using suitable frames, shelves, carts or the
1ike. The racks 77 are pushed rearward so that the
female connector 79 on each rack 77 engages with the male
connector 69 on the respective load carrier 10. While
racks 77 may be manipulated individually in sequence,
such racks 77 may also be "gang" mounted on a cart or the
1ike and drawn simultaneously into engagement with the
load carriers 10 using a powered loading mechanism.
Thereupon, the circuit boards 53 are tested.

From the foregoing, the several advantages of the
new load carrier 10 will now be appreciated. The load
carriers 10 of a particular chamber 11 can have differing
types of cards 51 for load-testing different types of
circuit boards 53. Such cards 51 may be quickly and
easily changed to accommodate different types of circuit
pboards 53 to be tested. And if a connector 69 or 79
malfunctions, it is a simple matter to remove that rack
77 or load carrier 10 (as the case may be) from service
and replace it with a substitute pending connector repair

or replacement.
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While the principles of the invention have been
disclosed in connection with specific embodiments, it is
to be understood clearly that such embodiments are
exemplary and not limiting.
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CLAIMS
1. A test apparatus comprising:

(a) a load carrier; and

(b) a test chamber having:

(i) an interior wall;
(ii) an exterior wall; and
(1ii) at least one product carrier located in

the chamber and capable of holding
products to be tested,
the load carrier including:
- a carrier portion intended to be
located outside the chamber and
containing a test device capable of
imposing a load on the products;
- an insertion portion extending from
the carrier portion toward the interior
wall; and
- a flange interposed between the
carrier and insertion portions for
sealing contact with the exterior wall.
2. The test apparatus according to claim 1 wherein:
- the products to be tested include printed
circuit boards;
- the product carrier includes a plug assembly
and wiring extending from the plug assembly to
the circuit boards;
- the insertion portion includes an electrical
connector capable of being joined to the plug
assembly; and
- electrical conductors extend between the
connector and the test device.
3. The test apparatus of claim 1 or 2, wherein the
carrier portion includes a slide rack and the test device

is mounted on the slide rack.
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4. The test apparatus according to claim 1, 2 or 3,
which includes a work cell computer mounted remotely from
the test chamber and wherein the products to be tested
are connected to the computer through the load carrier.

5. The test apparatus according to claim 4,
wherein:

- the products to be tested are connected to the

insertion portion;

- the insertion portion is connected to the test

device; and

- the test device is connected to the computer.

6. The test apparatus according to any preceding
claim, wherein:

- the insertion portion and the carrier portion may

be coupled to the flange.

7. A test apparatus including:

- a chamber having an interior cavity and a wall

with an opening therethrough; and

- a load carrier for connection to a product carrier

in the interior cavity, such load carrier having an

insertion portion and a carrier portion attached to
one another;
and wherein

- the insertion portion extends into the opening

toward the chamber cavity; and

- the carrier portion extends outward from the wall

and is outside the chamber interior cavity.

8. The apparatus according to claim 7, wherein:

- the wall is an interior wall; and

- the insertion portion has an end panel which is

substantially coplanar with the interior wall and

which includes a connector mounted thereon.

9. The apparatus according to claim 8, wherein:

- the connector is a first electrical connector; and

- the chamber contains a rack for holding printed

circuit boards, such rack including a second
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electrical connector coupled to the circuit boards
and to the first electrical connect,
whereby the circuit boards in the rack are electrically
connected to the load carrier.
5 10. The apparatus according to claim 7, wherein:
- the chamber is surrounded by ambient air;
- the carrier portion is in the ambient air;
- the wall is an exterior wall;
- the load carrier includes a surface sealing
10 against the exterior wall; and
- the surface is on a flange between the insertion
portion and the carrier portion.
11. A test apparatus substantially as hereinbefore
described with reference to, and as illustrated in, the

15 accompanying drawings.
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