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[57] ABSTRACT

A multi-pin electrical connector is integrated with a
structural alignment pin to produce an electro-
structural coupling assembly. The assembly is em-
ployed for mechanically and structurally aligning and
electrically linking a plurality of assemblies with each
other.

5 Claims, 4 Drawing Figures
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1
STRUCTURAL ALIGNMENT PIN AND ',
"ELECTRICAL CONNECTOR AQSEMBLY

BACKGROUND v
The present invention relates to electrical connecting
and structural aligning devices or assemblies.
In many instances there is a nced to both mechani-

cally or structuratly align two or more structures and

provide electrical signal wiring th;:r(:bi:twccn. For ¢x-
ample, assemblies such as aircraft engines, various
types of auxiliary cquipment, etc., are frequently me-
chanjcally or structurally mounted on a supporting
structure whcrcby thcy are mechanically readily sepa-
ratable the.rcfrom for servicing, replacement, etc.
When the asscmbly includes clectrical equipment it is
also desirable to provide some form of electrical cir-
cuitry which can also be readily (.onnected and/or dis-
connected. This form of electrical connection has usu-
ally been provided by somc form of rcadlly separable
clectrical connector.

Heretofore, in order to msure propcr mating of the
assembly when it is being mounted it has been custom-
ary to employ some form of an zllignmcnt pin or pins.
Such pins are effective to commence engagement even
though there may be a substantial amount of initial mis-
salignment. As the assembly. advances into the fully
mated position the pin guides the assembly into exact
alignment.

After the asscmblv is fully mated the various electri-

cal circuits may be completed by joining tht,rvarl()us
electrical connectors. This of course requires a sepa-
rate operation-at the time the assembly is mated and at
the time it is unmated. In order to avoid this difficulty
it has been proposed to provide pairs of electrical con-
nectors which are positioned.to mate with cach other
as the assembly is brought into the mounting position
and to separate from each other as the assembly is sep-
arated. :

Although such an arrangement has been found satis-
factory for some purposes it has been found objection-
able for many purposes. For example, since the mating
electrical ¢ontacts must be exposed -they- are likely to
be damaged durmg handling of the assembly and-par-
ticularly "during the ‘structural mating -thereof. One
cause ‘of damage is-attributed to the lack of the simulta-
neous alignment or reglstratlon between the structural
components and the electrical connector components.
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~In addition to the problem of providing physical re-

gistration of the clectrical contact components in the
foregoing environments, the body of the electrical con-
nector must sometimes serve as an environmental seal.
For example. when the connector is employed to ex-
tend-electrical wiring to a jet engine or between missile
stages ctc., each section of the connector is usually
mounted to extend through an exterior wall which is
cxposed to the environment. Such an arrangement is
necessary to permit engagement with-a complementary
connector section similarly mounted on the other mat-
ing structure. Under such circumstance the connector
must provide a seal around the electrical contacts to
protect the electric wiring from external environmental
hazards. The seal must also provide for electrically in-
sulating the various contact terminals. Thus, proper
construction of the seal and electrical insulation associ-
ated with such connectors is crucial to successful oper-
ation.’

SUMMARY

['he present invention overcomes the foregoing diffi-
culties. More particularly, in the embodiment of the in-
vention disclosed herein a combination, integral struc-
tural alignment pin and electrical connector assembly
are provided for overcoming the above-mentioned dis-
advantages associated with prior mechanical alignment
and:electrical connecting systems. A disengagable cou-
pling assembly is provided including mated. structural
alignment means which may be mounted on separate
assemblies, such as aircraft cngines, auxiliary equip-
ment and/or on the various stages of a missile system,

- etc., for structurally aligning and releasably coupling
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Since the electrical connectors and particularly the -

electrical contacts therein are relatively very small and

very ‘tragile rclatlve to the large mass of the assembly:

even a very sllght mlsreglstratlon of connector sections
will dlmost always résult in"damage, complete distruc-
tion and/or fallurc to LlCCtl’lCdlly mate: Bending of the
pin contacts is one common form of damage.

The foregoing type of mating problems are particu-

larly acute when the assembly being mated is-a very:

large bulky and/or heavy structure such as a large air-
craft jet engine, the stages of a missile, etc. In addition
with structures_of this riature the matmg is frcqucntly
a “blind” operation, i.e., the opcrdtor cannot’ visually
observe the mating of the various parts and particulurly
the CILCtrlCdl contacts. Accordingly adjustments’ can-
not be rcadlly made to avoid any damage. It is only
after the mating is complctcd that a check can be made
to determine whether the mating was a successful oper:
ation or whether it was a failure.

50,

such assemblies together. Such structural alignment
means is embodied in a structural alignment pin and a
complementary structural alignment socket which may
be individually mounted on the separate. structures.

Mated electrical contact means are integrally pro-
vided with the structural alignment pin and socket for
automatically connecting electrical leads between the
structural bod‘ies' when coupled. Depending upon the
application, a plurality of pin and socket structural
alignment means may be employed. Each such means
includes a structural pin and socket capable-of accom-
modating a plurality of separate electrical contacts for
4 multi-wire connection.

The present embodiment provides such electrical
contact means in the form of electrical pin and comple-
mentary electrical socket terminals. These terminals

' are arranged within the structural alignment members

- in‘a manner which protects the more fragile electrical

contacts at all times. The electrical contacts are. auto-

" matically physically aligned by the structural pin and

60

socket during movement of the structural bodies into
and out of coupled alignment. This avoids circum-
stances which in the past have resulted in damage to
the electrical terminals, particularly the contact pins.
Environmental seals together with electrical insula-
tion capable of meeting rigorous specifications are pro-
vided in this ‘electrical-structural coupling assembly.
Theé insulator parts are specially formed in the present
embodiment of the invention to work with structural
alighment members to guide the clectrical contacts into

proper alignmént before they engage.

DRAWINGS

" FIG. 1 is a perspective view, partly in section, show-
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ing a set of four coupling assemblics in accordance with
the present embodiment of the invention for structur-
ally aligning and electrically connecting a pair of mis-
sile stages indicated in phantom.

FIG. 2 is an enlarged perspective view, partly in sec-
tion, illustrating one of the coupling assemblies of FIG.
1, although here shown in an engaged or coupled con-
dition.

FIG. 3 is an enlarged perspective view, partly in sec-
tion, illustrating the structural pin and associated clee-
trical contact terminals of the assembly shown in FIGS.
1 and 2.

. FIG. 4 is an enlarged perspective view, again partly
in section, illustrating the complement of the structural
pin of FIG. 3, and herein identificd as the structural
alignment socket and its associated electrical contacts.

DESCRIPTION

The present invention may be embodied in a cou-
pling assembly for structurally aligning and electrically
linking two or more structural bodies. Such bodies may
be equipped with clectrical control wiring adapted to
be extended therebetween as electrical control linkage.
Primarily, such structures will form components of a
larger system and they will be rclatively movable into
and out of coupling engagement.

The present invention may be utilized with a wide va-
riety of equipment for interconnecting them mechani-
cally and electrically. Although it may be used in con-
nection with aircraft engines, etc., in the present in-
stance the invention is particularly adapted for physi-
cally aligning and electrically interconnecting two or
more stages of a missile system. A missile system may
involve one or more booster or rocket stages connected
together for lifting a vehicle stage or satellite into
space. The stages must be structurally’ coupled and
aligned with each other while on the launching pad.

The various stages typically include clectrical con-

trols, such as sensors, servomechanisms, ignition sys-
tem, etc. which are operated from a central control
point within the missile. This requires the connection
of electrical control and power wiring between the vari-
ous missile stages.

To facilitate the alignment of the missile stages and
to provide interstage electrical communication, the
coupling assemblies in accordance with the present em-
bodiment each include structural alignment pin and
socket members and electrical connector terminals in-
tegrally mounted within the structural members. This
arrangement is illustrated in the drawings by a plurality
of coupling assemblies 10, 10, 10’ and 10"’’’ mounted
as shown in FIG. 1 at abutting axial ends of a pair of
missile stages 11 and 12. Each coupling assembly is
provided by a structural alignment pin 13 and a com-

-
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‘mg flight. Reliable decoupling in response to stage sep-

aration forces, such as provided by rockets, is of course
essential to successful operation of the missile.

Integrally incorporated within each of the structural
pins and associated sockets of these assemblies are one
or more electrical contacts, such as contacts 16 and 17
carriéd within structural pin 13 and socket 14 respec-
tively. In the present embodiment a plurality of such
clectrical pin and socket terminals are provided within
each coupling assembly. Thus cach assembly includes
a multi-wire connector for extending the electrical con-
trol wires between the coupled rocket stages.

The structural and electrical components of each
coupling assembly are constructed to effect structural
alignment of the massive missile stages and in so doing
automatically physically align the electrical contacts
for positive and reliable engagement. In other words,
the structural alignment provided by pin 13 and its as-
sactated socket 14 scrves to guide the electrical com-
ponents during movement thereof into and out of phys-
ical engagement with their counterparts.

With reference to coupling 10, a rounded head por-
tion 21 of structural alignment pin 13 (FIG. 3) is
formed with a plurality of recesses, such as recess 22.
Each of the recesses extends longitudinally or axially
inwardly from head portion 21 of the structural pin.
One or more clectrical contacts, preferably male or pin
contact terminals are mounted within each of these re-
cesses. For examplt, pin terminal 16 is mounted within
recess 22.

The electrical contact pins serving as thc terminals
are protectively mounted within the various recesses
and are preferably fully recessed relative to the sur-
rounding surface of hcad portion 21, The forward con-
tacting portions, such as portion 23 of pin terminal 16,
extend longitudinally with the body of structural pin 13
so that they may be inserted endwisc into similarly lon-
gitudinally disposed electrical socket terminals, such as
terminal 17, carried by structural socket 14.

To provide insultaion for the various electrical termi-
nals and to assist in the guiding of these terminals into
régistration, structural socket 14 includes an insulating
sheath 24 shown in FIG. 4. Sheath 24 provides a means
for both insulating and mounting of each of the electri-
cal socket terminals, such as terminal 17. It is formed
with a plurality of longitudinally extending forward end
portions, such as portion 26, each matingly cooperating
with one of the recesses, such as recess 22 of structural
pin 13.

More particularly, the forward end portions of sheath
24 each carry one or more electrical socket terminals

- lengthwise therein as shown for terminal 17. These

plementary structural alignment socket 14 individually ~

affixed to stages 11 and 12 respectively.

Here a set of four coupling assemblies 10, 10’, 10"
and 10’ are provided. Each assembly includes a struc-
tural alignment pin 13 and a complementary structural
socket 14. In some applications a single coupling as-
sembly may be employed such as where no substantial
- rotational force is applied to the coupling. In this in-
stance, at least 3 assemblies are used to properly align
the rocket stages 11 and 12 and prevent relative rota-
tion thercbetween.

The coupling assemblies afford smooth, reliable dls-
engagement upon separation of the missile stages dur-

6(
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sheath portions are thus matingly removably insertable
into the recesses of the structural pin. This disposes the
contacting portions of the clectrical socket terminals
inwardly of the pin 13 recesses for engaging the com-
plementary contacting portions of the recessed pin ter-
minals as shown in FIG. 2. For example, contacting
portion 27 of clectrical socket terminal 17 is disposed
inwardly of recess 22 for receiving contacting portion
23 of male pin terminal 16.

‘Sheath 24 including the plurality of forward end por-
tions, such as portion 26, is recessed within pin receiv-
ing cavity 28 of structural socket 14, In this manner all
of the eleetrical contact terminals and their supporting
insulation arc protectively recessed within the struc-
tural alignment members.
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Moreover, the electrical contacts, such as terminals
16 and 17, are disposed so that the structural compo-
nents of the assembly engage first and disengage last
upon moving ‘into and out of coupling engagement.
This insures that the more fragile electrical pins and
sockets"dre properly aligned before engagement and
during disengagement.

The assembly of the missile stages 11 and 12 may en-
tail vertical stacking of the missile sections on the
faunch pad. For this purpose the massive body of mis-
sile stage 12 may be lifted to a position overlying stage
11 and thereupon slowly lowered into place. The set of
four coupling assemblies shown here facilitates the
structural alignment. The first engagement between the
stages will involve the seating of the structural pin head
portions, such as portion 21 of pin 13, within the open-
ings of the structural sockets, such as socket 14.

A certain amount of forced structural alignment will
take place as the structural pins engage and center
themselves within the openings to the various socket
cavities. However, this structural alignment mode takes
place prior to any physical contact between the various
eléctrical contacts. Only after a lower circumferential
edge 31 of head portion 21 has fully seated within its
associated socket cavity, herein cavity 28, will there be
any engagement of the electrical terminals. |

In the present embodiment each of the structural
alignment pins is provided with a circumferentially ex-
‘tending recess 32, sometimes called a “roli-off”. This
roll-off facilitates the engagement and disengagement
of a cylindrical pin having only a slight clearance fit in-
side a hollow cylindrical body. In effect, rounded head
. sportion 21 of pin 13 may roll or rotate into and out of
.~the.cylindrical opening defined by cavity 28 of socket
- 14,

Each of the structural pin and socket members of as-
semblies 10, 10', 10’' and 10""' may be provided with
radially outwardly extending mounting flanges for se-
curing these members to missile stages 11 and 12. For
example, suitable mounting flanges 33 and 34 are
shown for structural pin 13 and its associated socket 14
of coupling assembly 10. The flanges in turn may be
fastened to the missile structure by suitable means (not
shown) such as by bolts, welding, etc. Generally the pin
andsocket of the coupling assembly will be mounted in
registration with openings formed within the axial end
wall of missile stages 11 and 12 through which the lead
wires to the various electrical connectors may extend.

In the present embodiment, the structural pin 13 and
socket 14 of each of the coupling assemblies do not
function to carry any substantial vertical loading. The
weight of missile stage 12, which may be exceedingly
heavy, will be substantially if not altogether carried by
structural portions of missile stages 11 and 12 other
than assemblies 10, 10, 10’' and 10""’. For example, an
upwardly facing annular edge portion 36 of stage 11
may be used to support the weight of stage 12 with the
various structural pins and sockets serving to axially
align the stages. In other embodiments however, the
coupling assemblies may be designed to support axial
compression loads as well.

A longitudinally extending keyway 37 may be pro-
vided on each of the structural alignment pins for re-
ceiving a complmentary key portion (not shown) dis-
posed on an interior wall surface of the cavity 28 of
each of the structural sockets. The key and associated
keyway 37 may serve to set the angular relationship be-
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tween the complementary structural and electrical
components forming each coupling assembly.

The pin receiving cavity, such as cavity 28, of each
of the structural sockets may be provided with circum-
ferentially disposed inwardly biased spring fingers 39
adjacent the opening to cavity 28. This increases the
frictional holding force between the pin and socket and
may be used to take up any play caused by a loose fit
therebetween.

As the structural pin and socket must provide an ex-
tremely strong mechanical interaction, the provision of

_the electrical contacts integral with the structural mem-

bers should not lessen the strength and ruggedness of
the structural part. Because of this, the plurality of re-
cesses, such as recess 22, are symmetrically placed
within an intermediate radial region of pin 13. These
recesses thus extend longitudinally of the pin body in
this intermediate radial region lying between a solid
central region 41 of the pin and a solid outer circumfer-
ential region thereof. The solid portions of the pin sur-
rounding the recesses provide a strong structural net-
work including region 41 connected to a solid struc-
tural shell 42 by a plurality of radially extending ribs
43.

In this instance, each of the recesses like recess 22
has a generally triangular cross section narrowing adja-
cent the solid central region 41 of the pin body and
widening adjacent the extérior circumference. Here,
each structural pin is formed with six recesses like re-
cess 22.

Sheath 24 and its plurality of forward end portions,
such as portion 26, is shaped so as to cooperatively
mate with these symmetrical recesses. Thus, each
socket sheath is here formed with a plurality of six for-
ward end sections or portions, like portion 26 (FIG. 4).
These forward end portions have a generally triangular
cross section, each mated to a correspondingly dis-
posed axial recess of the structural pin. As indicated
above, the forward end portions of the sheath are con-
structed to assist in guiding the electrical contacts into
registration prior to engagement therebetween.

Additionally, these elongated triangular cross-section
portions of sheath 24 serve to enter and completely fill
the free space regions defined by the recesses and sur-
rounding the contacting portions of the electrical pin
terminals. This function is illustrated in FIG. 2 in which
a forward end portion 26 of sheath 24 has been fully in-
serted within recess 22 so as to seat against an insulat-
ing member supporting pin terminal 16 within the
structural pin recess. The entire region surrounding the
contacting portions 23 and 27 of terminals 16 and 17
is thus filled with an insulating material having a suit-
ably selected dielectric constant. Among other things,
this will prevent arcing between adjacent contact ter-
minals, when, as in the case of the present embodiment,
two or more electrical contacts are disposed within one
recess 22. Also, electrical breakdown between the
contacts and the adjacent walls of the structural mem-
bers is inhibited.

To retain sheath 24 within structural socket 14, the
socket may be provided with an open axial end 46 at
the rear of the socket. A radially extending interior wall
section 47 separates open end 46 from cavity 28. Wall
section 47 may be formed with a plurality of triangular
shaped openings, such as opening 48 symmetrically
spaced about the central axis of the body through
which the triangular cross-section forward end portions
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of sheath 24 may extend. A rear annular base portion
49 of sheath 24 may fit against a rear surface 50 of wall
47.

"To the rear of annular base portion 49, a body of
yieldable insulating material may be provided with suit-
able electrical lead openings formed therein. Finally, a
rear pressure plate 52 of relatively rigid material is pro-
vided. Pressure plate 52 is provided with a plurality of
lead through openings 53. To retain these various
structures in place, an axially extending bolt or screw
54 extends through central openings provided in pres-
sure plate 52, insulator body 51, and base 49 of sheath
24 and is threadedly engaged within an axial bore pro-
vided in wall 47.

Screw 54 may be employed to apply compressive
pressure against insulator body 51 by forcing pressure
plate 52 forward of the assembly so as to cause the in-
sulating material of body 51 to crowd around and seal
the electrical leads and contacts extending there-
through. = = .

Each of the electrical socket terminals, such as termi-
nal 17, may be retained within sheath 24 by suitable
means. Here, a known type of spring biased retention
finger assembly 56 is employed for this purpose.
Briefly, assembly 56 provides spring biased retention
fingers vr"e‘léasably locking on a rearwardly facing shoul-
der of the electrical terminal.

_Fot “structural “alignment pin 13, the electrical
coh't‘.fgcfit(é,}minals are retained therein in the following
mah’ﬁei‘f‘A‘n ‘Open axial end 58 is provided adjacent the
rear of structural pin 13. Each of the longitudinally ex-
ter}dilflg _réce’ssés, such as recess 22, is extended in-
wardly of the pin body so as to communicate with open
end 58 as illustrated in FIG. 3.

An insulator structure 61 is provided for insertion
into the open axial end 58 of structural pin 13 for re-
taining the various electrical pin terminals therein. For
this purpose insulator structure 61 includes an annular
base portion 62 and a plurality of longitudinally and
forwardly. extending triangular cross-section portions.
For example one of these portions is shown as matingly
seated within recess 22 of the structural pin. Annular
base portion 62 of structure 61 may abut against a rear-
wardly.facing axial wall surface 65 defined by the axial
extent of open end 58.

A yieldable electrical insulating body 66 having suit-
able electrical lead through openings therein may be
compressed between a rear pressure plate 67, having
similar openings, and the back of insulator structure 61
by a spring bias assembly 68.

Assembly 68 may be provided by an axially extending
bolt or screw 69 passing through suitable central open-
ings in rear pressure plate 67, body 66 and structure 61
and threadedly engaged within an axial bore of the
solid central region 41 of pin 13. Mounted in compres-
sion between a rear surface of pressure plate 67 and a
head 71 of screw 69 is a coiled spring 72.

In this manner spring 72 is arranged to provide spring
bias means continuously urging insulator means pro-
vided by body 66 and insulator structure 61 forwardly
and toward the head of structural pin 13. Thus spring
72 may function to subject the yieldable material of in-
sulator body 66 to a constant compressive force.

In addition, and if desired, spring bias assembly 68
may serve to accommodate some axial overrun in the
mating of the structural and electrical components.
This overrun is provided in the following manner. With
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reference to FIG. 2 the forward end portions 26 and 63
respectively of structural socket 14 and structural pin
13 may abut before the structural bodies become fully
coupled. In the environment of the missile system as
shown in FIG. 1, the relative axial coupling is limited
primarily by abutment of the actual missile stage struc-
tures with one another.

The portions 26 and 63 of the coupling assemblies
may however engage before abutment of the structures
on which the coupling assemblies are mounted. Ac-
cordingly, the electrical contact terminals and their
surrounding insulation may become fully engaged and
cotipled before the axial limit of the structural coupling
is attained. In other words, the electrical components
may overrun one another before the axial coupling mo-
tion is stopped by engagement of the structural bodies,
such as the missile stages. The arrangement of insulator
structure 61 within structural pin 13 and the provision
of spring bias assembly 68 accommodates this overrun.

If forward end portions 26 and 63 respectively of the
socket and pin structures engage prior to reaching the
axial coupling limit, the insulation means formed by
structure 61, body 66 and plate 67 are forced rear-
wardly of the pin body against the biasing force of as-
sembly 68. This allows the contact terminals, such as
terminals 16 and 17, and the surrounding insulation
provided by portions 26 and 63 to remain firmly and
positively engaged at all times. In the event of an over-
run the rearward axial movement afforded by the
spring bias assembly 68 prevents any damage to the
electrical or insulating parts.

Although the present embodiment of the coupling
assembly has been described in conjunction with a mul-
ti-stage missile system, it is apparent that it may be em-
ployed in other environments. For example, the cou-
pling assembly may be employed to facilitate the
mounting and removal of aircraft engines. The massive
aircraft engine must of course be structurally aligned
with the aircraft frame. Electrical communication be-
tween the control center of the aircarft and sensors and
other electrically operated devices on the engine is de-
visable if not essential. It will be appreciated that the
present coupling assembly is well suited for structurally
aligning the engine with respect to the aircraft frame
and connecting electrical leads to and from the engine.

In general, the electrical and structural coupling dis-
closed herein may be employed for structurally aligning
any two or more structural bodies in which electrical
signal communication therebetween is required.

Since numerous changes can be made in the above
described embodiment of the invention and other em-
bodiments can be realized without departing from the
scope of the invention, it is intended that the foregoing
descriptive material and accompanying drawings shall
be interpreted as illustrative and not in a limiting sense.

I claim:

1. A coupling including:

a structural alignment socket,

a structural alignment pin matingly removably insert-

able in said socket,

said structural pin having a recess extending axiaily

inwardly of a forward end thereof,

an electrical contact pin mounted within said struc-

tural pin recess and extending longitudinally there-
with,

a sheath means mounted within said structural socket

and having a forward end extending longitudinally
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therewith matingly removably insertable into said
structural pin recess, and

an electrical contact socket carried longitudinally
within said sheath member and matingly receiving
said contact pin, whereby a combined structural
alignment and electrical connection is achieved,

said structural pin having a forward axial end in the
shape of a hemisphere for easy entry into said
structural socket, said structural pin having a plu-
rality of said recesses extending inwardly of said
head and symmetrically spaced about the center
thereof, at least one said electrical contact pin
mounted in each of said. recesses, said sheath
means having a plurality of said forward ends sym-
metrically spaced about the axis of said socket and
matingly removably insertable within separate said
recesses, at least one said electrical socket longitu-
dinally carried within each of said forward ends of
said sheath means for matingly receiving said elec-
trical pins.

2. The coupling of claim 1, wherein said pin recesses
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erally triangular shaped in cross section.

3. The coupling of claim 1, said structural pin having
an open axial end at the rear thereof communicating
with said recesses, electrical pin insulator means dis-
posed in said open axial end for retaining said electrical
pins in said recesses and for passing electrical wire
leads thereto, said structural socket having an open
axial end at the rear thereof communicating with said
sheath means for passing electrical wire leads to said
electrical sockets therein.

4. The coupling of claim 3, said electrical pin insula-
tor means having forwardly extending portions extend-

‘ing into said recesses, and spring bias means continu-

ously urging said insulator means forwardly of said
structural pin.

5. The coupling of claim 4, said insulator-means in-
cluding a pressure plate, and said spring bias means in-
cluding a screw threadedly engaged with an axially
aligned bore in said structural pin and a spring disposed
on said screw so as to urge said pressure plate means

forwardly in said structural pin.
* * * * *



