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(54) Linearly actuated connector mating interface

(57) A connector assembly (120) comprises a hous-
ing (200) extending from a front end (212) to a back end
(214), and a connector interface (216) joined with the
front end (212) of the housing (200). The connector in-
terface (216) is configured to be electrically joined with
a circuit board when the connector interface (216) is
moved away from the front end (212) and mates with the
circuit board. The housing (200) includes an elongated
channel (300) extending through the housing (200) along

an actuation axis (206) disposed between the front and
back ends (212,214). An actuator (228) is disposed in
the channel (300). The actuator (228) includes a ramp
(308) angled toward the connector interface (216). The
connector interface (216) mates with the circuit board by
moving the actuator (228) along the actuation axis (206)
to engage the ramp (308) with the connector interface
(216) and move the connector interface (216) toward the
circuit board.



EP 2 346 117 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The invention relates to electrical connectors
that electrically couple circuit boards with one another.
[0002] Blade server systems may include several
blade server circuit boards that are mounted to a back-
plane board. In some known blade server systems, the
blade server circuit boards are loaded into a server box
in a parallel relationship. For example, the blade server
circuit boards are loaded into the server box through a
front face of the box so that the blade server circuit boards
are approximately parallel with respect to one another.
A backplane board may be provided in the server box
and may engage the blade server circuit boards when
the circuit boards are loaded into the box.
[0003] Connectors may be mounted to the backplane
board to mate with the blade server circuit boards and
electrically couple the backplane board with the blade
server circuit boards. The connectors may be disposed
along a back side of the box that opposes the front face
of the box such that the blade server circuit boards are
loaded into the housing in an insertion direction that is
the same direction in which the blade server circuit
boards are moved to mate with the backplane board. The
backplane may impede the flow of air through the box
from the front face to the back side of the box. For ex-
ample, the backplane may block air that passes through
the box along the insertion direction. Blocking this air may
prevent the blade server circuit boards and electrical
components mounted thereto from being adequately
cooled during operation.
[0004] Some known server systems include a mother-
board located along a bottom side of the box. The moth-
erboard includes connectors that mate with the blade
server circuit boards such that the motherboard and
blade circuit server boards are oriented perpendicular to
one another. These connectors mate with the blade serv-
er circuit boards in directions that are perpendicular to
the loading direction of the blade server circuit boards.
But, the known connectors require twisting or rotation of
one or more components of the connectors to mate the
connectors with the blade server circuit boards. These
connectors may be fairly complex and involve several
interconnected components working together. If one or
more components fail or become misaligned with one or
more other components, the connectors may be unable
to mate with the blade server circuit boards.
[0005] There is a need for a simpler connector assem-
bly that interconnects two circuit boards disposed in a
perpendicular relationship without significantly restricting
the airflow through the housing in which the circuit boards
are located.
[0006] This problem is solved by a connector assembly
according to claim 1.
[0007] According to the invention, a connector assem-
bly comprises a housing extending from a front end to a
back end, and a connector interface joined with the front
end of the housing. The connector interface is configured

to be electrically joined with a circuit board when the con-
nector interface is moved away from the front end and
mates with the circuit board. The housing includes an
elongated channel extending through the housing along
an actuation axis disposed between the front and back
ends. An actuator is disposed in the channel. The actu-
ator includes a ramp angled toward the connector inter-
face. The connector interface mates with the circuit board
by moving the actuator along the actuation axis to engage
the ramp with the connector interface and move the con-
nector interface toward the circuit board.
[0008] The invention will now be described by way of
example with reference to the accompanying drawings
wherein:
[0009] Figure 1 is a perspective view of a blade server
system in accordance with one embodiment of the
present disclosure.
[0010] Figure 2 is a perspective view of a connector
assembly shown in Figure 1 in accordance with one em-
bodiment of the present disclosure.
[0011] Figure 3 is a cross-sectional view of the con-
nector assembly shown in Figure 1 taken along line A-A
in Figure 2 in an open state in accordance with one em-
bodiment of the present disclosure.
[0012] Figure 4 is a cross-sectional view of the con-
nector assembly shown in Figure 1 taken along line A-A
in Figure 2 in a partially advanced state in accordance
with one embodiment of the present disclosure.
[0013] Figure 5 is a cross-sectional view of the con-
nector assembly shown in Figure 1 taken along line A-A
in Figure 2 in a closed state in accordance with one em-
bodiment of the present disclosure.
[0014] Figure 6 is a cross-sectional view of a connector
system in accordance with one embodiment of the
present disclosure.
[0015] Figure 7 is a cross-sectional view of a connector
system in accordance with another embodiment of the
present disclosure.
[0016] Figure 8 is a perspective view of a linear actu-
ation device in an open state in accordance with one
embodiment of the present disclosure.
[0017] Figure 9 is a perspective view of the linear ac-
tuation device shown in Figure 8 in closed state in ac-
cordance with one embodiment of the present disclosure.
[0018] Figure 10 is a perspective view of linear actua-
tion devices in accordance with another embodiment of
the present disclosure.
[0019] Figure 1 is a perspective view of a blade server
system 100 in accordance with one embodiment of the
present disclosure. While the description provided herein
focuses on a blade server system, the embodiments de-
scribed herein may be used in one or more other types
of systems, such as rack-mount server systems, other
non-server based systems, other connector systems that
mate with circuit boards, and connector systems that
mate with connectors other than circuit boards. The blade
server system 100 includes a housing 102 that has op-
posite front and back faces 104, 106, opposite top and
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bottom faces 108, 110, and opposite side faces 112, 114.
The housing 102 has a shape of a right rectangular prism,
or a rectangular cuboid. For example, the opposite faces
104/106, 108/110, and 112/114 of the housing 102 are
approximately equal in size and the angles between in-
tersecting faces are perpendicular, or at least approxi-
mately perpendicular. Alternatively, the housing 102 may
have a different shape.
[0020] Several removable circuit boards 116 may be
loaded into and removed from the housing 102 through
the front face 104. For example, the front face 104 may
include one or more openings 824 (shown in Figure 8)
through which the circuit boards 116 may be inserted and
removed from the housing 102. In the illustrated embod-
iment, the removable circuit boards 116 are blade server
boards held in a parallel relationship with respect to one
another. The removable circuit boards 116 are capable
of being loaded into and removed from the housing 102
multiple times without damaging or otherwise decon-
structing the system 100. Each of the removable circuit
boards 116 may be a printed circuit board having one or
more electronic components (not shown) mounted ther-
eon. The electronic components may include, by way of
example only, hard drives, power supplies, network con-
nectors, input/output devices and connectors, integrated
circuits and processors, and the like.
[0021] A circuit board, or motherboard, 118 is disposed
within the housing 102 in a location proximate to the bot-
tom face 110. For example, the motherboard 118 may
be located in the housing 102 in a position that is approx-
imately parallel to the bottom face 110 and that is closer
to the bottom face 110 than the top face 108. In the illus-
trated embodiment, the motherboard 118 is disposed in
a non-parallel relationship with respect to the removable
circuit boards 116. For example, the motherboard 118
may be approximately perpendicular with respect to the
removable circuit boards 116.
[0022] A connector assembly 120 may be mounted to
the motherboard 118. Alternatively, the connector as-
sembly 120 may be mounted to one of the circuit boards
116. The connector assembly 120 is electrically coupled
with the motherboard 118 and may mate with one or more
of the removable circuit boards 116 to electrically couple
the removable circuit boards 116 with the motherboard
118. In one embodiment, a single connector assembly
120 may be mounted to the motherboard 118 for each
of the circuit boards 116. Alternatively, several connector
assemblies 120 may be mounted to the motherboard 118
for each of the circuit boards 116. In another embodiment,
a single connector assembly 120 may be mounted to the
motherboard 118 for two or more of the circuit boards
116. Data signals and/or electric power may be commu-
nicated between the circuit boards 116 and the mother-
board 118 via one or more of the connector assemblies
120. The housing 102 may permit air to flow through the
housing 102 from the front face 104 to the back face 106,
and vice-versa. The connector assemblies 120 may be
mounted to the motherboard 118 or the circuit board 116

to eliminate the need for a backplane circuit board (not
shown) that is oriented perpendicular to both the moth-
erboard 118 and the circuit boards 116. Eliminating the
backplane circuit board permits air to flow more easily
through the housing 102 when compared to housings
102 that include a backplane board.
[0023] Figure 2 is a perspective view of the connector
assembly 120 in accordance with one embodiment of the
present disclosure. The connector assembly 120 in-
cludes a housing 200 that is elongated between opposite
sides 202, 204 along an actuation axis 206. The housing
200 includes a top side 208 disposed opposite of a
mounting side 210, and a front end 212 oriented opposite
of a back end 214. In the illustrated embodiment, the
actuation axis 206 is disposed in a region bounded by
the top side 208, the mounting side 210, the front end
212 and the back end 214.
[0024] A connector interface 216 is joined with the front
end 212 of the housing 200. The connector interface 216
shown in Figure 2 is an approximately planar body with
several contacts 218 disposed thereon. The contacts 218
mate with contacts (not shown) on the removable circuit
board 116 (shown in Figure 1) with which the connector
assembly 120 mates. The mounting side 210 of the hous-
ing 200 may include contacts (not shown) that are elec-
trically coupled with the motherboard 118 (shown in Fig-
ure 1) when the connector assembly 120 is mounted to
the motherboard 118. The contacts on the mounting side
210 are electrically joined with the contacts 218 via a
circuit member 232. For example, the circuit member 232
may extend from the front end 212 of the housing 200,
across the top side 208 and the back end 214 to the
mounting side 210. The circuit member 232 may include
conductive traces 222 that electrically couple the con-
tacts 218 with the contacts on the mounting side 210.
The mating of the contacts 218 with the circuit board 116
electrically couples the circuit board 116 with the moth-
erboard 118 (shown in Figure 1).
[0025] A bearing housing 224 is located between the
connector interface 216 and the front end 212 of the hous-
ing 200. The bearing housing 224 moves away from the
front end 212 of the housing 200 in a mating direction
226 to move the connector interface 216 away from the
housing 200. For example, the bearing housing 224 may
be pushed along the mating direction 226 to move the
connector interface 216 in the mating direction 226 and
cause the connector interface 216 to engage the circuit
board 116. The bearing housing 224 may retreat toward
the front end 212 of the housing 200 in a direction op-
posed to the mating direction 226. The bearing housing
224 may move toward the housing 200 to decouple the
connector interface 216 from the circuit board 116 to
which the connector interface 216 is mated.
[0026] An actuator 228 is held in the housing 200 and
protrudes from the side 204 in the illustrated embodi-
ment. The actuator 228 may have a handle 230 on one
end of the actuator 228. The actuator 228 moves within
the housing 200 in opposite directions along the actuation
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axis 206 relative to the housing 200. The handle 230 may
be manually operated by a user to move the handle 230
toward or away from the side 204 of the housing 200 to
move the actuator 228 in corresponding directions along
the actuation axis 206. In one embodiment, movement
of the handle 230 toward the side 204 along the actuation
axis 206 causes the actuator 228 to engage the bearing
housing 224 and drive the bearing housing 224 and the
connector interface 216 in the mating direction 226.
Movement of the handle 230 away from the side 204
along the actuation axis 206 causes the actuator 228 to
engage the bearing housing 224 in such a way to retreat
the bearing housing 224 and connector interface 216 in
a direction toward the housing 200. In one embodiment,
moving the handle 230 away from the side 204 allows a
return member 502 (shown in Figure 5) in the connector
assembly 120 to draw the bearing housing 224 and con-
nector interface 216 back to an open position with the
connector interface 216 disengaged from the circuit
board 116.
[0027] Figure 3 is a cross-sectional view of the con-
nector assembly 120 along line A-A in Figure 2 in an open
state in accordance with one embodiment of the present
disclosure. The connector assembly 120 is shown in the
open state with the connector interface 216 being drawn
inward toward the front end 212 of the housing 200. For
example, the connector interface 216 does not project
away from the front end 212 to mate with a circuit board
116 (shown in Figure 1) in the open state shown in Figure
3.
[0028] The housing 200 of the connector assembly 120
includes an elongated channel 300 that is oriented along
the actuation axis 206. In the illustrated embodiment, the
channel 300 extends through the housing 200 from one
side 202 to the other side 204. Alternatively, the channel
300 may extend from the side 204 toward the side 202,
but not all the way through the housing 200. The housing
200 includes a recess 302 extending into the housing
200 from the front end 212 toward the back end 214 in
a direction oriented opposite to the mating direction 226.
The recess 302 extends inward from the front end 212
to the channel 300. The recess 302 extends in directions
parallel to the actuation axis 206 between opposing inner
surfaces 304, 306. As shown, the inner surfaces 304,
306 are oriented approximately parallel to one another
and to the sides 202, 204.
[0029] The actuator 228 is disposed within the channel
300 of the housing 200. The actuator 228 includes an
elongated shaft that includes ramps 308 angled toward
the connector interface 216. The actuator 228 includes
two ramps 308 in the illustrated embodiment, but alter-
natively may include a single ramp 308 or three or more
ramps 308. The ramps 308 are angled away from the
front end 212 of the housing 200 and toward the connec-
tor interface 216. For example, the ramps 308 include
exterior angled surfaces 310 that are angled from the
actuator 228 toward the connector interface 216 and
away from the front end 212 of the housing 200. The

angled surfaces 310 are oriented at oblique angles with
respect to the actuation axis 206. For example, the an-
gled surface 310 may be oriented at an acute angle with
respect to the actuation axis 206.
[0030] The actuator 228 also includes exterior resting
surfaces 312 that extend from the angled surfaces 310.
The resting surface 312 may be an approximately planar
surface that is oriented approximately parallel to the ac-
tuation axis 206. In another embodiment, the resting sur-
face 312 may include an arcuate surface that is recessed
inward in a direction that opposes the mating direction
226. As shown, the angled surface 310 intersects the
resting surface 312 and extends between the actuator
228 and the resting surface 312. In the illustrated em-
bodiment, the angled surfaces 310 are angled away from
the actuation axis 206 in a direction that extends from
the side 202 to the side 204 of the housing 200. For ex-
ample, the end of each angled surface 310 that is closer
to the side 202 is closer to the actuation axis 206 than
the opposite end of the angled surface 310 that intersects
the resting surface 312. A stopping surface 314 of the
actuator 228 intersects the resting surface 312 and ex-
tends from the resting surface 312 to the actuator 228.
The stopping surface 314 may be oriented approximately
perpendicular to the resting surface 312.
[0031] The connector assembly 120 includes bearings
316 disposed between the housing 200 and the bearing
housing 224. For example, the bearing housing 224 may
include a first recess 322 that defines a recess extending
into the bearing housing 224 in a direction parallel to the
mating direction 226. The first recess 322 is a recess
extending into the bearing housing 224 away from the
housing 200. One or more of the bearings 316 is disposed
within the first recess 322 between the bearing housing
224 and the housing 200. The first recess 322 confines
the bearing 316 between the bearing housing 224 and
the housing 200 to prevent the bearing 316 from moving
outside of the first recess 322 between the bearing hous-
ing 224 and the housing 200.
[0032] The bearing housing 224 may include a second
recess 324 that extends into the bearing housing 224 in
a direction parallel to the mating direction 226. The sec-
ond recess 324 extends into the bearing housing 224
away from the housing 200. One or more of the bearings
316 is disposed within the second recess 324 between
the bearing housing 224 and the housing 200. The bear-
ing 316 in the second recess 324 is confined to an area
within the second recess 324 that is bounded on one side
by the inner surface 306 of the housing 200.
[0033] The bearings 316 are rotatably coupled with the
connector assembly 120 such that the bearings 316 may
rotate relative to the housing 200. In the illustrated em-
bodiment, the bearings 316 include tubular bodies 318
mounted to the bearing housing 224 and rotatably joined
with posts 320. The posts 320 may be fixed to the bearing
housing 224 such that the posts 320 do not move relative
to the bearing housing 224. The tubular bodies 318 rotate
around the posts 320 between the housing 200 and the
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bearing housing 224. For example, the posts 320 may
remain stationary with respect to the bearing housing 224
while the tubular bodies 318 rotate relative to the housing
200 and the bearing housing 224. Alternatively, the bear-
ings 316 may be spherical bodies, such as ball bearings,
that rotate relative to the housing 200 between the hous-
ing 200 and the bearing housing 224. As described be-
low, movement of the actuator 228 along the actuation
axis 206 rotates the bearings 316 relative to the actuator
228 and moves the bearings 316 along the angled sur-
faces 310 away from the front end 212 of the housing
200. The movement of the bearings 316 along the angled
surfaces 310 moves the connector interface 216 toward
or away from the front end 212 of the housing 200.
[0034] Figure 4 is a cross-sectional view of the con-
nector assembly 120 along line A-A in Figure 2 in a par-
tially advanced state in accordance with one embodiment
of the present disclosure. The connector assembly 120
is shown in the partially advanced state with the connec-
tor interface 216 being partially separated from the front
end 212 of the housing 200. For example, the connector
interface 216 is separated from the front end 212 of the
housing 200 by a distance that is greater than any sep-
aration distance between the connector interface 216
and the housing 200 in the open state shown in Figure
3, but by a distance that may be insufficient to mate the
connector interface 216 with a circuit board 116 (shown
in Figure 1).
[0035] In order to move the connector interface 216 in
the mating direction 226 to couple the connector interface
216 with a circuit board 116, the actuator 228 is moved
in an advancing direction 400 along the actuation axis
206. The actuator 228 may be moved in the advancing
direction 400 by manually pushing the actuator 228 along
the actuation axis 206 such that the actuator 228 slides
within the channel 300 of the housing 200. The actuator
228 moves within the channel 300 relative to the housing
200, the bearing housing 224, and the bearings 316. For
example, in the open state shown in Figure 3, the stop-
ping surface 314 of one of the ramps 308 abuts the inner
surface 306 of the housing 200. In the partially advanced
state shown in Figure 4, the actuator 228 has been lat-
erally moved within the housing 200 in the advancing
direction 400 such that the stopping surface 314 of the
ramp 308 is separated from the inner surface 306 of the
housing 200.
[0036] The bearings 316 may rotate along the actuator
228 as the actuator 228 moves along the advancing di-
rection 400. The bearings 316 engage the ramps 308
and may rotate along the angled surfaces 310 of the
ramps 308. For example, as the actuator 228 is moved
in the advancing direction 400, the bearings 316 may roll
up along the angled surfaces 310. As the bearings 316
roll along the angled surfaces 310, the bearings 316 may
drive the bearing housing 224 away from the housing
200. For example, the posts 320 may be fixed to the
bearing housing 224 such that the bearings 316 may ro-
tate along the ramps 308. The rotation or rolling of the

bearings 316 up along the angled surfaces 310 moves
the bearings 316 farther from the front end 212 of the
housing 200. The movement of the bearing housing 224
away from the housing 200 advances the connector in-
terface 216 away from the housing 200 in the mating
direction 226.
[0037] In another embodiment, the ramps 308 may be
oriented in a different direction. For example, the angled
surfaces 310 of the ramps 308 may be flipped such that
the resting surface 312 is located closer to the side 202
than the side 204 of the connector assembly 120. In such
an embodiment, the actuator 228 may be pulled along
the actuation axis 206 in a direction that is opposite to
the advancing direction 400 to move the connector inter-
face 216 away from the housing 200.
[0038] Figure 5 is a cross-sectional view of the con-
nector assembly 120 along line A-A in Figure 2 in a closed
state in accordance with one embodiment of the present
disclosure. The connector assembly 120 is shown in the
closed state with the connector interface 216 being sep-
arated from the front end 212 of the housing 200 by a
distance that is greater than the separation distance be-
tween the connector interface 216 and the front end 212
in either the open or partially advanced states shown in
Figures 3 and 4. The separation between the connector
interface 216 and the housing 200 in the closed state
shown in Figure 4 may be sufficiently far to mate the
connector interface 216 with a circuit board 116 (shown
in Figure 1).
[0039] Between the partially advanced and closed
states of Figures 4 and 5, the actuator 228 is moved
farther in the advancing direction 400 along the actuation
axis 206 relative to the partially advanced state shown
in Figure 4. The actuator 228 may be moved to the closed
state by manually pushing the actuator 228 along the
actuation axis 206 until the handle 230 engages the side
204 of the housing 200. As the actuator 228 is moved in
the advancing direction 400, the bearings 316 roll up the
ramps 308. The continued movement of the bearings 316
up the ramps 308 continues to drive the bearing housing
224 and the connector interface 216 in the mating direc-
tion 226 away from the front end 212 of the housing 200.
[0040] The angle of the ramps 308 may be adjusted
to change the mechanical advantage provided by the
connector assembly 120 in mating the connector assem-
bly 120 with the circuit board 116. For example, the angle
of ramps 308 with respect to the actuation axis 206 may
be decreased to require lesser force exerted on the ac-
tuator 228 to drive the bearings 316 along the ramps 308.
The smaller the angle of the ramps 308, however, the
longer distance the actuator 228 may need to be moved
to mate the connector assembly 120 with the circuit board
116. Conversely, the angle of the ramps 308 with respect
to the actuation axis 206 may be increased to require a
greater force exerted on the actuator 228 to drive the
bearings 316 along the ramps 308. The greater the angle
of the ramps 308, however, the shorter distance the ac-
tuator 228 may need to be moved to mate the connector
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assembly 120 with the circuit board 116.
[0041] The bearings 316 may rotate along the angled
surfaces 310 to the resting surfaces 312 of the ramps
308. The handle 230 may be positioned on the actuator
228 relative to the angled surfaces 310 and the resting
surfaces 312 such that the bearings 316 engage the rest-
ing surfaces 312 when the handle 230 is pushed up
against the side 204 of the housing 200. The bearings
316 stop advancing the bearing housing 224 and con-
nector interface 216 in the mating direction 226 when the
bearings 316 engage the resting surfaces 312. For ex-
ample, as the resting surfaces 312 may be parallel to the
front end 212 of the housing 200, the advancement of
the bearings 316 onto the resting surfaces 312 may not
further move the connector interface 216 farther from the
front end 212. As described above, in an alternative em-
bodiment, the resting surfaces 312 may include a recess
or other features that capture the bearings 316 onto the
resting surfaces 312 such that the bearings 316 may not
roll off of the resting surfaces 312 without manual move-
ment of the actuator 228.
[0042] Movement of the actuator 228 in an opening
direction 500 may draw the connector interface 216 back
toward the front end 212 of the housing 200. As shown,
the opening direction 500 may be oriented along the ac-
tuation axis 206 and opposite to the advancing direction
400. For example, pulling the actuator 228 along the
opening direction 500 within the channel 300 may rotate
the bearings 316 down the ramps 308 in a direction op-
posite that the bearings 316 rotate up the ramps 308.
Rotation of the bearings 316 down the ramps 308 moves
the bearings 316 and the connector interface 216 toward
the front end 212 of the housing 200. The actuator 228
may be pulled in the opening direction 500 until the stop-
ping surface 314 of the ramp 308 engages the inner sur-
face 306 of the housing 200.
[0043] In one embodiment, the connector assembly
120 includes return members 502 that pull the connector
interface 216 back toward the front end 212 of the hous-
ing 200 when the bearings 316 rotate down the ramps
308. The return members 502 may be bodies that extend
from the housing 200 to the bearing housing 224 and that
impart a force on the bearing housing 224 when the return
members 502 are stretched. For example, the return
members 502 may be springs that are stretched when
the bearings 316 roll up the ramps 308 to drive the con-
nector interface 216 away from the housing 200. The
return members 502 may impart a force on the connector
interface 216 in a direction that opposes the mating di-
rection 226 when the return members 502 are stretched.
When the actuator 228 is pulled in the opening direction
500 to cause the bearings 316 roll down the ramps 308,
the return members 502 pull the connector interface 216
back toward the front end 212 of the housing 200 to with-
draw the connector interface 216 away from the circuit
board 116 to which the connector interface 216 was mat-
ed.
[0044] Figure 6 is a cross-sectional view of a connector

system 600 in accordance with one embodiment of the
present disclosure. The cross-sectional view of the sys-
tem 600 is similar to the cross-sectional view of the con-
nector assembly 120 shown in Figure 3. The connector
system 600 includes several connector assemblies 602
disposed in series with one another. Each of the connec-
tor assemblies 602 may be similar to the connector as-
sembly 120. For example, the connector assemblies 602
may include respective housings 604, bearing housings
606, connector interfaces 608, and bearings 610 that are
similar to the housing 200 (shown in Figure 2), the bearing
housing 224 (shown in Figure 2), the connector interface
216 (shown in Figure 2), and the bearings 316 (shown
in Figure 3). The connector assemblies 602 may be
mounted to a single motherboard such as the mother-
board 118 (shown in Figure 1) to mate with one or more
of the circuit boards 116 (shown in Figure 1).
[0045] The connector assemblies 602 are joined in se-
ries with one another such that the connector assemblies
602 are disposed end-to-end along an actuation axis 612.
For example, the connector assemblies 602 are elongat-
ed in approximately the same direction along the actua-
tion axis 612. The connector system 600 includes an ac-
tuator 614 that extends through the connector assem-
blies 602 in a manner that may be similar to the actuator
228 (shown in Figure 2) extending through the connector
assembly 120 (shown in Figure 2). For example, the
housings 604 may include elongated channels 616 that
are similar to the channel 300 (shown in Figure 3). The
actuator 614 may be a single, unitary, and elongated
body that extends through the channels 616 of the con-
nector assemblies 602. Alternatively, the actuator 614
may include several individual actuators that are coupled
end-to-end with one another.
[0046] The actuator 614 includes several ramps 618
disposed between the housing 604 and the connector
interface 608 of each connector assembly 602. In the
illustrated embodiment, the actuator 614 includes two
ramps 618 located between the housing 604 and the con-
nector interface 608 of each connector assembly 602.
Each of the ramps 618 intersects a resting surface 628.
The actuator 614 is moved along the actuation axis 612
to simultaneously or concurrently move the connector
interfaces 608 away from the housings 604 in mating
direction 620. For example, the actuator 614 may be
moved in an advancing direction 622 along the actuation
axis 612 to rotate the bearings 610 up along the ramps
618 to drive the connector interfaces 608 and bearing
housings 606 away from the housings 604 at approxi-
mately the same time.
[0047] Alternatively, the ramps 618 may be spaced
along the length of the actuator 614 such that movement
of the actuator 614 in the advancing direction 622 se-
quentially drives the connector interfaces 608 away from
the housings 604. A pitch 624 between adjacent ramps
618 along the length of the actuator 614 may be varied
along the length of the actuator 614 to cause the con-
nector interface 608 of one connector assembly 602 to
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move away from the housing 604 before one or more
other connector interfaces 608. The pitch 624 represents
a distance measured along the actuation axis 612 that
extends between the same or similar features of adjacent
ramps 618. By way of example only, the pitch 624 be-
tween consecutive ramps 618 disposed within one pair
connector assemblies 602 may be greater than the pitch
624 between consecutive ramps 618 disposed within a
different pair of connector assemblies 602. The different
pitch 624 among the ramps 618 may cause the connector
interface 608 of one assembly 602 to move away from
the housing 604 before the connector interface 608 of
another assembly 602 when the actuator 614 is moved
along the actuation axis 612. Depending on the location
of the ramps 618, the size of the resting surfaces 628
may be lengthened or shortened for the ramps 618 of
one or more of the connector assemblies 602. For ex-
ample, the resting surfaces 628 of one connector assem-
bly 602 may be longer than the resting surfaces 628 of
another connector assembly 602 such that the bearings
316 may roll along the longer resting surfaces 628 over
a greater distance than along the shorter resting surfaces
628.
[0048] Figure 7 is a cross-sectional view of a connector
system 700 in accordance with another embodiment of
the present disclosure. The connector system 700 may
be similar to the connector system 600 (shown in Figure
6). For example, the connector system 700 may include
several connector assemblies 702, 726, 728 joined in
series with one another. Each of the connector assem-
blies 702, 726, 728 may be similar to the connector as-
sembly 120 (shown in Figure 1). For example, the con-
nector assemblies 702, 726, 728 may include respective
housings 704, bearing housings 706, connector interfac-
es 708, and bearings 710 that are approximately similar
to the housing 200 (shown in Figure 2), the bearing hous-
ing 224 (shown in Figure 2), the connector interface 216
(shown in Figure 2), and the bearings 316 (shown in Fig-
ure 3). The connector assemblies 702, 726, 728 may be
mounted to a single motherboard such as the mother-
board 118 (shown in Figure 1) to mate with one or more
of the circuit boards 116 (shown in Figure 1).
[0049] The housings 704 of the connector assemblies
702, 726, 728 include multiple channels 712-716. For
example, in contrast to the housings 200 (shown in Figure
3), 604 (shown in Figure 6), the housings 704 may include
multiple elongated channels 712, 714, 716 extending
through the housings 704. The channels 712-716 are
oriented along respective actuation axes 730, 732, 734.
The channels 712-716 may extend through the respec-
tive housings 704 between opposite sides 736, 742 of
each housing 704. In the illustrated embodiment, the ac-
tuation axes 730-734 and channels 712-716 are oriented
approximately parallel to one another. While three chan-
nels 712-716 and actuation axes 730-734 are shown in
each housing 704, alternatively a different number of
channels 712-716 and/or actuation axes 730-734 may
be provided.

[0050] The connector system 700 includes several ac-
tuators 718, 720, 722 disposed in the channels 712-716.
The actuators 718-722 include ramps 724 that are similar
to the ramps 308 (shown in Figure 3), 618 (shown in
Figure 6). For example, the ramps 724 may engage the
bearings 710 to move the connector interfaces 708 away
from the respective housings 704. Each of the actuators
718-722 moves along a corresponding one of the actu-
ation axes 730-734 to advance a different one of the con-
nector interfaces 708. For example, the actuator 718 may
be moved along the actuation axis 730 to move the con-
nector interface 708 away from the respective housing
704 of the connector assembly 728. The actuator 720
may be moved along the actuation axis 732 to advance
the connector interface 708 away from the housing 704
of the connector assembly 726. The actuator 722 may
be moved along the actuation axis 734 to move the con-
nector interface 708 away from the housing 704 of the
connector assembly 702.
[0051] The actuators 718-722 may be independently
operated to separately move the different connector in-
terfaces 708 away from the corresponding housing 704.
For example, the actuator 718 may be moved to move
the connector interface 708 away from the housing 704
of the connector assembly 728 while the connector in-
terfaces 708 of the connector assemblies 702, 726 do
not move. As another example, two of the actuators 720,
722 may be moved along the actuation axes 732, 734 to
move the connector interfaces 708 away from the hous-
ings 704 of the connector assemblies 702, 726 while the
connector interface 708 of the connector assembly 728
does not move.
[0052] The actuators 718-722 protrude from the side
742 of the connector assembly 702 such that an operator
may manually move the actuators 718-722 independent
of one another from one location. As shown, the actuators
718, 720 have a stair step shape while the actuator 722
has an approximately linear shape similar to the actuator
228 (shown in Figure 3). For example, the actuator 718
may have a staggered shape in that the actuator 718
linearly extends through the channel 712 in the right most
connector assembly 702 and the middle connector as-
sembly 726 but extends through the channel 716 in the
left most connector assembly 728. The actuator 718 in-
cludes a bridge portion 738 disposed between the con-
nector assemblies 726, 728. The bridge portion 738 is
oriented in a direction that is approximately perpendicular
to the actuation axes 730-734 to shift the actuator 718
from extending through the channel 712 in the connector
assembly 726 to the channel 716 in the connector as-
sembly 728. The actuator 720 includes a bridge portion
740 disposed between the connector assemblies 702,
726. The bridge portion 740 is oriented in a direction ap-
proximately parallel to the bridge portion 738. The bridge
portion 740 shifts the actuator 720 from extending
through the channel 714 in the connector assembly 702
to the channel 716 in the connector assembly 726.
[0053] Figure 8 is a perspective view of a linear actu-
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ation device 800 in an open state in accordance with one
embodiment of the present disclosure. Figure 9 is a per-
spective view of the linear actuation device 800 in a
closed state in accordance with one embodiment of the
present disclosure. The device 800 may be used to move
one or more of the actuators 228 (shown in Figure 2),
614 (shown in Figure 6), 718-722 (shown in Figure 7)
along the respective actuation axis 206 (shown in Figure
2), 612 (shown in Figure 6), 730-734 (shown in Figure
7). The device 800 includes a handle 802 that may be
rotated to linearly move one or more of the actuators 228,
614, 718-722 along the actuation axes 206, 612,
730-734, as described above.
[0054] In the illustrated embodiment, the handle 802
is joined with an elongated shaft 804. The handle 802
may be disposed on the exterior side of the front face
104 of the blade server system 100 (shown in Figure 1).
As shown in Figures 8 and 9, the front face 104 includes
openings 824 through which the circuit boards 116
(shown in Figure 1) may be loaded into the system 100
(shown in Figure 1). The handle 802 may be coupled with
the shaft 804 through an opening 806 that extends
through the front face 104. Rotation of the handle 802
about a rotation axis 808 that is defined by the shaft 804
also rotates the shaft 804 about the rotation axis 808.
The shaft 804 is received within a housing 810. The hous-
ing 810 may be a partially enclosed container that re-
ceives the shaft 804 through one side 816 of the housing
810. The housing 810 may be mounted to the mother-
board 118 (shown in Figure 1) in the system 100. The
portion of the shaft 804 within the housing 810 includes
a geared interface 812. In the illustrated embodiment,
the geared interface 812 is an external threaded surface.
[0055] An actuator 814 is received into the housing
810 through a side 818 that is opposite of the side 816.
The actuator 814 may be similar to one or more of the
actuators 228 (shown in Figure 2), 614 (shown in Figure
6), 718-722 (shown in Figure 7). For example, the actu-
ator 814 may be elongated along an actuation axis 820.
As described above, movement of the actuator 814 along
the actuation axis 820 may drive one or more connector
interfaces such as the connector interface 216 (shown
in Figure 2), 608 (shown in Figure 6), 708 (shown in Fig-
ure 7) toward or away from one or more circuit boards
116 (shown in Figure 1) to mate the connector interface
with the circuit boards 116.
[0056] The portion of the actuator 814 that is disposed
within the housing 810 includes a geared interface 822.
In the illustrated embodiment, the geared interface 822
is an external threaded surface. The geared interfaces
812, 822 of the shaft 804 and the actuator 814 engage
one another such that rotation of the handle 802 and
shaft 804 causes the geared interfaces 812, 822 to mesh
with one another and translate the rotation of the shaft
804 into linear motion of the actuator 814 along the ac-
tuation axis 820. In the illustrated embodiment, the han-
dle 802 is rotated from the open state shown in Figure 8
to the closed state shown in Figure 9 to move the actuator

814 in an advancing direction 900 along the actuation
axis 820. Conversely, the handle 802 may be rotated
from the closed state to the open state to move the ac-
tuator 814 in an opposite direction along the actuation
axis 820. As described above, movement of the actuator
814 to and fro along the actuation axis 820 may move
one or more connector interfaces such as the connector
interface 216 (shown in Figure 2), 608 (shown in Figure
6), 708 (shown in Figure 7) toward or away from one or
more circuit boards 116 (shown in Figure 1) to mate the
connector interface with the circuit boards 116.
[0057] Figure 10 is a perspective view of linear actua-
tion devices 1000, 1002, 1004 in accordance with one
embodiment of the present disclosure. The devices
1000-1004 may be used to move one or more of the
actuators 228 (shown in Figure 2), 614 (shown in Figure
6), 718-722 (shown in Figure 7) along the respective ac-
tuation axis 206 (shown in Figure 2), 612 (shown in Figure
6), 730-734 (shown in Figure 7). Each of the devices
1000-1004 includes a handle 1006 that may be rotated
to linearly move one or more of the actuators 228, 614,
718-722 along the actuation axes 206, 612, 730-734, as
described above.
[0058] In the illustrated embodiment, the handles 1006
are joined with gears 1008. The handles 1006 are cou-
pled with the gears 1008 such that the handles 1006 may
be moved in a downward direction 1010 to rotate the
gears 1008 in an opening direction 1012, or the handles
1006 may be moved in an opposite upward direction 1014
to rotate the gears 1008 in a closing direction 1016. For
example, one end 1018 of the handles 1006 may extend
into a center opening 1020 of the gears 1008 with an
opposite end 1022 of the handles 1006 being moveable
by a user in the upward and downward directions 1014,
1010. The ends 1022 of the handles 1006 may be dis-
posed on the exterior side of the front face 104 of the
blade server system 100 (shown in Figure 1).
[0059] The gears 1008 include teeth 1024 radially pro-
truding from the outer periphery of the gears 1008. Sev-
eral actuators 1026 may be provided that each include
an outer end 1028 coupled with a corresponding gear
1008. As shown, the outer ends 1028 of the actuators
1026 include teeth 1030 that mesh with, or otherwise
engage, the teeth 1024 of the gears 1008. The actuators
1026 may be similar to one or more of the actuators 228
(shown in Figure 2), 614 (shown in Figure 6), 718-722
(shown in Figure 7). For example, the actuators 1026
may be elongated along respective actuation axes 1032,
1034, 1036. As described above, movement of the actu-
ators 1026 along the respective actuation axes
1032-1036 may drive one or more connector interfaces
such as the connector interface 216 (shown in Figure 2),
608 (shown in Figure 6), 708 (shown in Figure 7) toward
or away from one or more circuit boards 116 (shown in
Figure 1) to mate the connector interface with the circuit
boards 116.
[0060] The teeth 1024 of the gears 1008 and the teeth
1030 of the actuators 1026 engage one another such
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that movement of the handles 1006 in the upward or
downward directions 1014, 1010 causes the teeth 1024,
1030 to mesh with one another and translate the move-
ment of the handles 1006 into linear motion of the actu-
ator 1026 along a corresponding actuation axis
1032-1036. In the illustrated embodiment, the handle
1006 may be moved in the upward direction 1014 to ro-
tate the corresponding gear 1008 in the closing direction
1016. As the gear 1008 rotates in the closing direction
1016, the gear 1008 drives the actuator 1026 in a linear
advancing direction 1038 along the respective actuation
axis 1032-1036. Conversely, movement of the handle
1006 in the downward direction 1010 may cause the cor-
responding gear 1008 to rotate in the opening direction
1012. As the gear 1008 rotates in the opening direction
1012, the gear 1008 pulls the actuator 1026 in a linear
retreating direction 1040 along the respective actuation
axis 1032-1036. As described above, movement of the
actuators 1026 to and fro along the actuation axes
1032-1036 may move one or more connector interfaces
such as the connector interface 216 (shown in Figure 2),
608 (shown in Figure 6), 708 (shown in Figure 7) toward
or away from one or more circuit boards 116 (shown in
Figure 1) to mate the connector interface with the circuit
boards 116.

Claims

1. A connector assembly (120) comprising a housing
(200) extending from a front end (212) to a back end
(214), a connector interface (216) joined with the
front end (212) of the housing (200), the connector
interface (216) configured to be electrically joined
with a circuit board (116) when the connector inter-
face (216) is moved away from the front end (212)
and mates with the circuit board (116), character-
ized in that:

the housing (200) includes an elongated chan-
nel (300) extending through the housing (200)
along an actuation axis (206) disposed between
the front and back ends (212,214), an actuator
(228) is disposed in the channel (300), and the
actuator (228) includes a ramp (308) angled to-
ward the connector interface (216), wherein the
connector interface (216) mates with the circuit
board (116) by moving the actuator (228) along
the actuation axis (206) to engage the ramp
(308) with the connector interface (216) and
move the connector interface (216) toward the
circuit board (116).

2. The connector assembly (120) of claim 1, wherein
the actuator (228) is moved in an advancing direction
(400) along the actuation axis (206) to move the con-
nector interface (216) away from the front end (212)
of the housing (200) and in an opposite opening di-

rection (500) along the actuation axis (206) to move
the connector interface (216) toward the front end
(212).

3. The connector assembly (120) of claim 1 or 2, further
comprising a rotatable bearing (316) disposed be-
tween the connector interface (216) and the actuator
(228), the bearing (316) rotating along an exterior
surface of the ramp (308) and moving the connector
interface (216) away from the housing (200) when
the actuator (228) is moved along the actuation axis
(206).

4. The connector assembly (120) of claim 3, wherein
the rotatable bearing (316) comprises a tubular body
(318) rotatably joined with a post (320).

5. The connector assembly (120) of any preceding
claim, wherein the actuator (228) comprises an elon-
gated body having a handle (230) joined to the body
and projecting outside of the housing (200), the han-
dle (230) configured to be manually moved to trans-
late the actuator (228) along the actuation axis (206).

6. The connector assembly (120) of any preceding
claim, further comprising a bearing housing (224)
disposed between the housing (200) and the con-
nector interface (216) and a bearing (316) disposed
between the bearing housing (224) and the connec-
tor interface (216), the bearing housing (224) includ-
ing a slot (322) extending into the bearing housing
(224) in a direction extending away from the front
end (212) of the housing (200), wherein the bearing
(316) rotates along the ramp (308) of the actuator
(228) within the slot (322) and moves the connector
interface (216) toward the circuit board (116).

7. The connector assembly (600) of claim 1, wherein
the housing is a first housing (604), the connector
interface is a first connector interface (608), and the
ramp is a first ramp (618), further comprising a sec-
ond housing (604) and a second connector interface
(608) joined in series with the first housing (604) and
the first connector interface (608), further wherein
the actuator (614) includes a second ramp (618) an-
gled toward the front end of the second housing
(604), the actuator (614) moving along the actuation
axis (612) to move the first and second connector
interfaces (608) away from the first and second hous-
ings (604).

8. The connector assembly (600) of claim 7, wherein
the actuator (614) moves along the actuation axis
(612) to simultaneously move the first and second
connector interfaces (608) away from the respective
first and second housings (604).

9. The connector assembly (700) of claim 1, wherein
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the housing is a first housing (704), the connector
interface is a first connector interface (708), and the
actuator is a first actuator (730), further comprising
a second housing (704) and a second connector in-
terface (708) joined in series with the first housing
(704) and the first connector interface (708) and a
second actuator (732) comprising a second ramp
(724) angled toward the second connector interface
(708), further wherein the first and second actuators
(730,732) extend through the channels
(712,714,716) of the first and second housings (704)
and are moveable along the actuation axis to inde-
pendently move the first and second connector in-
terfaces (708) away from the respective first and sec-
ond housings (704).

10. The connector assembly of claim 1, wherein the ac-
tuator comprises an elongated body (814,1026) hav-
ing a geared interface (822,1030) and a handle
(802,1006) having a geared interface (812,1024)
that engages the geared interface (822,1030) of the
actuator (814,1026), the handle (802,1006) being ro-
tatable to move the actuator (814,1026) along the
actuation axis (820,1032,1034,1036).
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