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Description

[0001] The present disclosure relates to a heat transfer
device, and more particularly to a cold plate assembly.
[0002] Operation of high speed electronic components
such as microprocessors, graphics processors and other
modules produces heat which may need to be removed
for efficient operation. Heat removal provides, for exam-
ple, lower operating temperatures, higher operating
speeds, greater computing power and higher reliability.
[0003] Cold plates are liquid cooled structures with nu-
merous closely spaced fluid passages which provide a
heat transfer function for components mounted thereto.
For relatively long cold plates, the fluid passages may be
gun drilled from opposite ends.
[0004] Although effective, current inspection tech-
niques which measure drill wander include ultrasonic and
x-ray inspection which may be time consuming and
somewhat subj ective.

SUMMARY

[0005] A cold plate assembly according to an exem-
plary aspect of the present disclosure includes a mono-
lithic cold plate which defines a trough located to intersect
a fluid path.
[0006] A cold plate assembly according to an exem-
plary aspect of the present disclosure includes a mono-
lithic cold plate which defines a trough located to intersect
a fluid path that includes a multiple of parallel passages,
each of the parallel passages defined by a first gun drilled
passage and a second gun drilled passage which inter-
sect the trough, the trough defines a generally toothed
configuration with a multiple of open areas, each of the
multiple of open areas corresponds with one of the mul-
tiple of parallel passages to separate the respective first
gun drilled passage and the second gun drilled passage.
A cap receivable within the trough, the cap defines a mul-
tiple of cap teeth which fit within the respective multiple
of open areas, each of the multiple of cap teeth defines
an orifice which provides fluid communication between
the respective first gun drilled passage and the second
gun drilled passage.
[0007] A method of manufacturing a cold plate accord-
ing to an exemplary aspect of the present disclosure in-
cludes gun drilling a first passage from one side of a
monolithic plate into a trough and gun drilling a second
passage opposed to the first passage from an opposite
side of the monolithic plate into the trough.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various features will become apparent to those
skilled in the art from the following detailed description
of the disclosed non-limiting embodiment. The drawings
that accompany the detailed description can be briefly
described as follows:

Figure 1A is a general perspective phantom view of
a cold plate assembly;
Figure 1B is a general top phantom view of the cold
plate assembly;
Figure 2 is a sectional view along line 2-2 in Figure
1A through a fluid manifold of the cold plate assem-
bly;
Figure 3 is a sectional view along line 3-3 in Figure
1A to illustrate a first and second fluid path, each
with numerous parallel oriented individual fluid pas-
sages within the cold plate assembly;
Figure 4 is a general perspective bottom view of the
cold plate assembly;
Figure 5 is an exploded view of the cold plate as-
sembly;
Figure 6 is an expanded bottom view of the cold plate
assembly illustrating a trough which intersects the
fluid paths;
Figure 7 is a sectional view along line 7-7 in Figure
6 to illustrate the troughs;
Figure 8 is an expanded sectional view along line
8-8 in Figure 6 to illustrate an open area formed by
the trough which intersects an individual fluid pas-
sage;
Figure 9 is a sectional view along line 9-9 in Figure
8 to illustrate the gun drilled passages which form
the individual fluid passages;
Figure 10 is an expanded sectional view along line
10-10 in Figure 4 to illustrate the open area formed
by the trough which intersects an individual fluid pas-
sage and a cap tooth which defines an orifice therein;
Figure 11 is a perspective view of a cap which closes
the trough of the cold plate assembly; and
Figure 12 is an expanded sectional view along line
12-12 in Figure 4 to illustrate the cap which closes
the trough and the location of the orifices within the
individual gun drilled fluid passages.

DETAILED DESCRIPTION

[0009] Figure 1A schematically illustrates a cold plate
assembly 20. The cold plate assembly 20 as disclosed
herein is a redundant fluid monolithic cold plate assembly
which provides structural rigidity and may be manufac-
tured of, for example, an aluminum alloy. It should be
understood that other structures with gun drilled passag-
es may additionally benefit herefrom.
[0010] The cold plate assembly 20 generally includes
a plate 22 with a first inlet port 24-1 and a second inlet
port 24-2 that communicates fluid into a respective first
inlet fluid manifold 26-1 and second inlet fluid manifold
26-2. Fluid is communicated through the respective inlet
fluid manifolds 26-1, 26-2 then into a respective first fluid
path 28-1 and second fluid path 28-2 which extend trans-
verse to the inlet fluid manifolds 26-1, 26-2 and across
the plate 22. From the first fluid path 28-1 and second
fluid path 28-2, the fluid is collected in outlet fluid mani-
folds 30-1, 30-2 for communication out of the cold plate
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assembly 20 through a respect first outlet port 32-1 and
second outlet port 32-2 to thereby provide fluid circulation
therethrough.
[0011] The inlet fluid manifolds 26-1, 26-2, outlet fluid
manifolds 30-1, 30-2 and the fluid paths 28-1, 28-2 are
machined in the plate 22 then closed with various plugs
(not specifically shown). The inlet fluid manifolds 26-1,
26-2 and outlet fluid manifolds 30-1, 30-2 are generally
transverse to the first fluid path 28-1 and second fluid
path 28-2 which extend therebetween. That is, the inlet
fluid manifold 26-1 communicates with the outlet fluid
manifold 30-1 through the first fluid path 28-1 and the
inlet fluid manifold 26-2 communicates with the outlet flu-
id manifold 30-2 through the second fluid path 28-2.
[0012] The first fluid path 28-1 and second fluid path
28-2 each respectively include numerous parallel orient-
ed individual fluid passages 28-1a-n and 28-2a-n. The
fluid passages 28-1a-n typically alternate with the second
fluid passages 28-2a-n and communicate with their re-
spective inlet fluid manifolds 26-1, 26-2 and outlet fluid
manifolds 30-1, 30-2 through respective transverse pas-
sages 27-1a-n, 27-2a-n and 29-1a-n, 29-2a-n (Figure
1B).
[0013] With Reference to Figure 2, each passage
28-1a-n and 28-2a-n are individually gun drilled from op-
posite sides 22A, 22B of the plate 22 by gun drilled pas-
sages P1, P2 which meet generally at an intersection
22M of the plate 22 (Figures 3 and 4). It should be un-
derstood that the intersection 22M is generally located
at the middle section of the plate 22 to minimize each
gun drill passage P1, P2 length; however, other design
considerations may result in locating the intersection 22M
at other positions within the plate 22.
[0014] With Reference to Figure 5, a trough 34-1, 34-2
is located at the intersection 22M. That is, trough 34-1 is
located at the gun drill intersection which defines each
passage 28-1a-n of the first fluid path 28-1 and trough
34-2 is located at the gun drill intersection which defines
each passage 28-2a-n of the second fluid path 28-2.
[0015] Each trough 34-1, 34-2 is of a generally toothed
configuration. The first trough 34-1 defines an open area
36-1 between each trough tooth 38-1 at the gun drill in-
tersection of the gun drilled passages P1, P2 for each
individual fluid passage 28-1an of the first fluid path 28-1
while the trough teeth 38-1 allow passage of the individual
fluid passages 28-2a-n of the second fluid path 28-2 to
the second trough 34-2 (Figure 6). Likewise, the second
trough 34-2 defines an open area 36-2 between each
trough tooth 38-2 at the gun drill intersection of the gun
drilled passages P1, P2 for each individual fluid passages
28-2a-n of the second fluid path 28-2 while the trough
teeth 38-2 allow passage of the individual fluid passages
28-1a-n of the first fluid path 28-1 to the first trough 34-2
(Figure 7). That is, the teeth 38-1, 38-2 are offset and in
alignment with the opposite respective fluid passages
28-1a-n and 28-2an. The troughs 34-1, 34-2 thereby re-
move the location at which the two gun drilled passages
P1, P2 intersect and thereby eliminate any potential mis-

match (Figure 8). Also, direct access is provided to each
individual fluid passages 28-1a-n and 28-2a-n for direct
inspection of any drill wander (Figure 9).
[0016] A cap 40-1, 40-2 is respectively used to close
the troughs 34-1, 34-2. The cap 40-1, 40-2 may be brazed
or otherwise welded into position as typical with the mul-
tiple of plugs used to close other passages within the
monolithic plate 22.
[0017] With reference to Figure 10, each cap 40-1,
40-2 includes a multiple of cap teeth 42-1, 42-2 (Figure
11) which are each received within the respective open
area 36-1,36-2 of the troughs 34-1, 34-2. Each of the cap
teeth 42-1, 42-2 define a respective fluid path orifice 44-1,
44-2 which provide fluid passage control therethrough.
[0018] Each of the fluid path orifices 44-1, 44-2 are
sized to be generally smaller than the gun drilled pas-
sages P1, P2 of the respective individual fluid passages
28-1a-n, 28-2a-n to control fluid flow and distribution with-
in the fluid paths 28-1, 28-2 (Figure 12). That is, the fluid
path orifices 44-1, 44-2 provide proper fluid distribution
through each individual fluid passage 28-1a-n, 28-2a-n
of the respective first fluid path 28-1 and second fluid
path 28-2 without the heretofore required separate indi-
vidual orifice insertions which are individually secured.
[0019] It should be understood that each fluid path or-
ifice 44-1, 44-2 within the respective cap 40-1, 40-2 may
be of a different size to control fluid flow distribution there-
through. That is, one end of each cap 44-1, 44-2 may
provide a relatively small fluid path orifice 44-1, 44-2 while
the opposite end of the cap 40-1, 40-2 may have a slightly
larger fluid path orifice 44-1, 44-2 with a gradient of sizes
therebetween. Although discreet fluid path orifices 44-1,
44-2 are illustrated in the disclosed non-limiting embod-
iment, it should be understood that fluid control may al-
ternatively or additionally be provided through, for exam-
ple, a gap between cap teeth and the trough teeth.
[0020] The cap and trough arrangement disclosed
herein assures that any mismatch within the numerous
parallel oriented individual fluid passages 28-1a-n and
28-2a-n which are each gun drilled from opposite sides
of the monolithic plate 22 is eliminated and any actual
drill wander is readily measureable. Integral incorpora-
tion of the fluid path orifices 44-1, 44-2 into the caps 40-1,
40-2 also eliminates individual orifices and assembly re-
quirements such that overall parts count and cost is sig-
nificantly reduced.
[0021] It should be understood that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be un-
derstood that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.
[0022] Although particular step sequences are shown,
described, and claimed, it should be understood that
steps may be performed in any order, separated or com-
bined unless otherwise indicated and will still benefit from
the present disclosure.
[0023] The foregoing description is exemplary rather
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than defined by the limitations within. Various non-limiting
embodiments are disclosed herein, however, one of or-
dinary skill in the art would recognize that various mod-
ifications and variations in light of the above teachings
will fall within the scope of the appended claims. It is
therefore to be understood that within the scope of the
appended claims, the disclosure may be practiced other
than as specifically described. For that reason the ap-
pended claims should be studied to determine true scope
and content.

Claims

1. A cold plate assembly comprising:

a monolithic cold plate (20) which defines a
trough (34-1) located to intersect a fluid path.

2. The cold plate assembly as recited in claim 1, where-
in said fluid path includes a multiple of parallel pas-
sages (28-1a-n), each of said parallel passages de-
fined by a first gun drilled passage (P1) which inter-
sects said trough and a second gun drilled passage
(P2) which opposes said first passage which inter-
sects said trough.

3. The cold plate assembly as recited in claim 2, where-
in said trough is of a generally toothed configuration
with a multiple of open areas (36-1), each of said
multiple of open areas corresponds with one of said
multiple of parallel passages.

4. The cold plate assembly as recited in claim 3, further
comprising a cap (40-1) which is receivable within
said trough, said cap defines a multiple of cap teeth
(42-1), each of which fit within one of said respective
multiple of open areas.

5. The cold plate assembly as recited in claim 4, where-
in each of said multiple of cap teeth define an orifice
(44-1) which provide fluid communication between
said first gun drilled passage and said second gun
drilled passage.

6. The cold plate assembly as recited in claim 5, where-
in each of said orifices is smaller than said respective
first gun drilled passage and said second gun drilled
passage.

7. The cold plate assembly as recited in any of claims
2 to 6, wherein said trough is of a generally toothed
configuration with a multiple of trough teeth (38-1)
which separate said multiple of parallel passages.

8. The cold plate assembly as recited in claim 7, where-
in said multiple of trough teeth intersect a second
fluid path parallel to said fluid path.

9. The cold plate assembly as recited in claim 8, where-
in said second fluid path includes a second multiple
of parallel passages, each of said second multiple
of parallel passages defined by a first gun drilled pas-
sage and a second gun drilled passage which inter-
sect said trough, one of said opposed first gun drilled
passage and said second gun drilled passage pen-
etrate through a respective one of said multiple of
trough teeth.

10. The cold plate assembly as recited in claim 9, further
comprising a second cap (40-2) parallel to and offset
from said cap, said second cap receivable within a
second trough (34-2) parallel to and offset from said
trough, said second cap defines a second multiple
of cap teeth (42-2), each of said second multiple of
cap teeth adjacent to each of said multiple of trough
teeth, each of said second multiple of cap teeth de-
fine an orifice (44-2) which provides fluid communi-
cation between each of said first gun drilled passage
and said second gun drilled passage of said second
fluid path.

11. A method of manufacturing a cold plate (20) com-
prising:

gun drilling a first passage (P 1) from one side
of a monolithic plate into a trough (34-1); and
gun drilling a second passage (P2) opposed to
the first passage from an opposite side of the
monolithic plate into the trough.

12. The method as recited in claim 11, further compris-
ing:

closing the trough with a cap (40-1), the cap de-
fining at least one cap tooth (42-1) that defines
an orifice (44-1) which provides fluid communi-
cation between the first passage and the second
passage, the orifice being of a smaller diameter
than the first passage and the second passage.

13. The method as recited in claim 12, further compris-
ing:

closing the trough such that the at least one cap
tooth fits within a respective open area (36-1)
between a first trough tooth and a second trough
tooth.

14. The method as recited in claim 13, further compris-
ing:

gun drilling a third passage from one side of the
monolithic plate into the trough; and
gun drilling a fourth passage opposed to the third
passage from the opposite side of the monolithic
plate into the trough, wherein one of the third
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passage and the fourth passage penetrates
through the first trough tooth.

15. The method as recited in claim 14, wherein:

the first passage and the second passage at
least partially define a first fluid path; and
the third passage and the fourth passage at least
partially define a second fluid path.
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