US 20150229088A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2015/0229088 A1

Johnson 43) Pub. Date: Aug. 13, 2015
(54) ROBOTIC WIRE TERMINATION SYSTEM (52) US.CL
) o CPC ........ HOIR 43/0235 (2013.01); HOIR 43/0221
(71)  Applicant: Onanon, Inc., Milpitas, CA (US) (2013.01); B23K 37/04 (2013.01); Y10S 901/42
. o (2013.01)
(72) Inventor: Dennis J. Johnson, Milpitas, CA (US)
(73) Assignee: Omnanon, Inc.
57 ABSTRACT
(21) Appl. No.: 14/693,292
(22) Filed: Apr. 22, 2015
A robotic wire termination system for efficiently connecting
Related U.S. Application Data a plurality of wires to an electrical connector. The robotic wire
(63) Continuation-in-part of application No. 14/060,852, termination system generally includes a fr.ame, 4 comector
support attached to the frame, a robot manipulator having at
filed on Oct. 23, 2013. . .
least one arm, a heating device attached to the at least one arm
Publication Classification and a control unit in communication with the robot manipu-
lator to control the operation of the robot manipulator. The
(51) Int.CL arm of the robot manipulator is adapted to move the heating
HOIR 43/02 (2006.01) device so that the heating device can apply heat to a selected
B23K 37/04 (2006.01) connector pin of the electrical connector.

14

5 bﬂ\
g5
-‘
o

R
=
bighz

Z

\>



Patent Application Publication  Aug. 13,2015 Sheet 1 of 49 US 2015/0229088 A1

FIG. 1a



Patent Application Publication  Aug. 13, 2015 Sheet 2 of 49 US 2015/0229088 A1

10\

FIG. 1b



Patent Application Publication  Aug. 13, 2015 Sheet 3 of 49 US 2015/0229088 A1

FIG. 2



Patent Application Publication  Aug. 13, 2015 Sheet 4 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13, 2015 Sheet S of 49 US 2015/0229088 A1

24b

24a

24g

239

23a

23b




Patent Application Publication  Aug. 13,2015 Sheet 6 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13, 2015 Sheet 7 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13, 2015 Sheet 8 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 9 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 10 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 11 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 12 of 49 US 2015/0229088 A1

484 48f FIG. 5f



Patent Application Publication  Aug. 13,2015 Sheet 13 of 49 US 2015/0229088 A1

/\/
> ‘
50b —~ b \ - 50e




Patent Application Publication  Aug. 13,2015 Sheet 14 of 49 US 2015/0229088 A1

16¢




Patent Application Publication  Aug. 13,2015 Sheet 15 of 49 US 2015/0229088 A1

/<_/_16

23

I44

/

/46

[ FIG. 6




Patent Application Publication  Aug. 13,2015 Sheet 16 of 49 US 2015/0229088 A1

FIG. 7



Patent Application Publication  Aug. 13,2015 Sheet 17 of 49 US 2015/0229088 A1

_/—16

A
|
—~

[

R e el

47 — 1~ 47

-
U

]

/46

FIG. 8a



Patent Application Publication  Aug. 13,2015 Sheet 18 of 49 US 2015/0229088 A1

BN
/.

~

12 —

L\ T
\’

D

D

A7 - 23

7
/ 46

&

FIG. 8b



US 2015/0229088 A1

Aug. 13,2015 Sheet 19 of 49

Patent Application Publication

’\/23

\, \, )
N /ﬁu /

N,
N NI

44

O
<
y //_ /

S S S
S
S S

)|

>

NN\
SO /// AN

/ OO //U

//_

™~
<
)
%
™~
<

FIG. 8c



Patent Application Publication  Aug. 13,2015 Sheet 20 of 49 US 2015/0229088 A1

FIG. 9



Patent Application Publication  Aug. 13,2015 Sheet 21 of 49 US 2015/0229088 A1

FIG. 10a



Patent Application Publication  Aug. 13,2015 Sheet 22 of 49 US 2015/0229088 A1

10c ——{J

44

f46

/50

FIG. 10b



Patent Application Publication  Aug. 13,2015 Sheet 23 of 49 US 2015/0229088 A1

FIG. 10c



Patent Application Publication  Aug. 13,2015 Sheet 24 of 49 US 2015/0229088 A1

441

46 ~_—_

FIG. 11a



Patent Application Publication  Aug. 13,2015 Sheet 25 of 49 US 2015/0229088 A1

FIG. 11b



Patent Application Publication  Aug. 13,2015 Sheet 26 of 49 US 2015/0229088 A1

44
\ M
IR

FIG. 12a



Patent Application Publication  Aug. 13,2015 Sheet 27 of 49 US 2015/0229088 A1

}<7 12c
47 =]
&

44
12
}% ¢ FIG. 12b
47 44 z
47

FIG. 12c¢



Patent Application Publication  Aug. 13,2015 Sheet 28 of 49 US 2015/0229088 A1

‘ /’\/23

FIG. 13a



Patent Application Publication  Aug. 13,2015 Sheet 29 of 49 US 2015/0229088 A1

45

44

45

FIG. 13b



Patent Application Publication  Aug. 13,2015 Sheet 30 of 49 US 2015/0229088 A1

FIG. 13c



Patent Application Publication  Aug. 13,2015 Sheet 31 of 49 US 2015/0229088 A1

52\ -

FIG. 14



Patent Application Publication  Aug. 13,2015 Sheet 32 of 49 US 2015/0229088 A1

FIG. 15



Patent Application Publication  Aug. 13,2015 Sheet 33 of 49 US 2015/0229088 A1

FIG. 16



Patent Application Publication

Aug. 13,2015 Sheet 34 of 49

US 2015/0229088 A1

Electrical Connector Positioned
On Heat Applicator Device

Y

Heat Applicator Device Applies
Heat to First Connector Pin

Y

Notification Provided to Technician
of First Connector Receptacle to
Insert First Wire

Y

Technician Inserts First Wire into
First Connector Receptacle

Y

Heat Removed From First
Connector Pin

—

Y

Heat Fixture Applies Heat
to Next Connector Pin

Y

Notification Provided to
Technician of Next Connector
Receptacle to Insert Next Wire

Y

Technician Inserts Next Wire into
Next Connector Receptacle

Y

Heat Removed From

Connector Pin

Yes

Remaining Wire(s)
to Connect?

FIG. 17



US 2015/0229088 A1

Aug. 13,2015 Sheet 35 of 49

Patent Application Publication

8T 'Ol

6gtv
jusws|3

189 UjuaAas

18t o8P
us W3 Juswa|3g
1eaH YIS 1224 Y114

P8t
juawo|g

JesH yunod

WSEVIET =
1eaH pAiyL

a8t

Juswa|3
Je2H puodas

egy
Juswog
jesH 3s.i4

Iz3 09 1€
YoIMS |0J3u0D lun |oJ3uo) YoIMS JomOod
0]
29
uun Aeidsig




Patent Application Publication  Aug. 13,2015 Sheet 36 of 49 US 2015/0229088 A1

L~ 14




Patent Application Publication  Aug. 13,2015 Sheet 37 of 49 US 2015/0229088 A1

14

h,

=
L

— i

\\"\ﬁ 2
=)
i r-

—
{1

g \dlg__

| .é!.=

=
B
‘?‘:=

i
\\
»

FIG. 20



Patent Application Publication  Aug. 13,2015 Sheet 38 of 49 US 2015/0229088 A1

23n
140 134
rﬁ ~ 84
] |

T 82
| §f114

122 LL M
120 N-116
i
L 120 - 102
Nl
100 LIl 100

FIG. 21



Patent Application Publication  Aug. 13,2015 Sheet 39 of 49 US 2015/0229088 A1

24n

FIG. 22



Patent Application Publication  Aug. 13,2015 Sheet 40 of 49 US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 41 of 49 US 2015/0229088 A1

FIG. 24



Patent Application Publication  Aug. 13,2015 Sheet 42 of 49 US 2015/0229088 A1

140

FIG. 25a

140

FIG. 25b



Patent Application Publication  Aug. 13,2015 Sheet 43 of 49 US 2015/0229088 A1

122

[T

(o

FIG. 26



Patent Application Publication  Aug. 13,2015 Sheet 44 of 49 US 2015/0229088 A1

FIG. 27



Patent Application Publication  Aug. 13,2015 Sheet 45 of 49 US 2015/0229088 A1

FIG. 28



Patent Application Publication

1st End Switch
118

Aug. 13,2015 Sheet 46 of 49

2nd End Switch

Heating Device
136

3rd End Switch

118 118
] Temperature
Contgo(; Unit Measuring Device
60 134

1st Drive Motor
110

2nd Drive Motor
110

3rd Drive Motor
110

FIG. 29

US 2015/0229088 A1




Patent Application Publication  Aug. 13,2015 Sheet 47 of 49 US 2015/0229088 A1

14
23n
16 { 140 134
n
13|2 I i /Cﬁl—/ 84
\‘ | i ‘ 5
[ Il
130 — ] L~ 127
@] PES)
120 N\ 150
| | 150
: °
| [

FIG. 30



Patent Application Publication  Aug. 13,2015 Sheet 48 of 49 US 2015/0229088 A1

. . . Temperature
Heatlnl%lgewce Contréool Unit Measuring Device
- —_ 134
1st Actuator 2nd Actuator 3rd Actuator
150 150 150

FIG. 31



Patent Application Publication  Aug. 13,2015 Sheet 49 of 49 US 2015/0229088 A1

23n

140 _-134
%/84
>,82

FIG. 32



US 2015/0229088 Al

ROBOTIC WIRE TERMINATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Thereby claim benefit under Title 35, United States
Code, Section 120 of U.S. patent application Ser. No. 14/060,
852 filed Oct. 23, 2013 (Attorney Docket No. ONAN-001).
This application is a continuation-in-part of the Ser. No.
14/060,852 application. The Ser. No. 14/060,852 application
is currently pending. The Ser. No. 14/060,852 application is
hereby incorporated by reference into this application.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable to this application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates generally to wire ter-
mination and more specifically it relates to a wire termination
system for efficiently connecting a plurality of wires to an
electrical connector.

[0005] 2. Description of the Related Art

[0006] Any discussion of the related art throughout the
specification should in no way be considered as an admission
that such related art is widely known or forms part of common
general knowledge in the field.

[0007] There are various types of electrical connectors used
today including but not limited to fine wire terminations,
pinned connectors, terminal blocks, plug and socket connec-
tors, medical connectors, transition devices and custom con-
nectors. Conventional electrical connectors include a plural-
ity of connector pins that have a corresponding plurality of
wires from a cable that must be soldered together according to
a pinout which cross-references the wires to the connector
pins. Today, technicians manually connect each individual
wire to a corresponding connector pin on the electrical con-
nector. The number of connector pins on a connector range
from 2 to greater than 100 connector pins which receive a
corresponding number of wires.

[0008] Medical probes typically have numerous connector
pins within an electrical connector that require a correspond-
ing number of fine wires to be connected to. For example,
modern catheters may contain more than 120 40-gauge wires
connecting medical transducers. A skilled technician manu-
ally connects each of the fine wires to a corresponding con-
nector pin on the electrical connector utilizing a soldering
device (e.g. soldering iron or soldering gun). The technician
must identify a fine wire and a corresponding connector pin
where the fine wire will be connected to. After identifying the
proper connection point for the fine wire, the technician then
must position the fine wire adjacent to the connector pin and
then heats the solder with the soldering device to melt upon
both the fine wire and the connector pin. Once the technician
removes the soldering device, the melted solder solidifies
thereby physically and electrically connecting the fine wire to
the connector pin. The technician manually repeats this pro-
cess for each individual fine wire until all of the fine wires are
connected.

[0009] As can be appreciated, the manual process of sol-
dering a plurality of wires to an electrical connector is labor
intensive, time consuming, costly and creates a significant
amount of discarded material. Errors by technicians soldering
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wires to electrical connectors are common with error rates
approaching 25% with some medical connectors where the
wires are very thin and where a single mistake typically
results in the complete loss of the connector. For example,
technicians may mistakenly connect a wire to an incorrect
connector pin thereby resulting in a defective electrical con-
nector being produced thereby requiring additional time to fix
or the complete loss of the electrical connector. Errors by
technicians are further compounded by the increasingly
smaller wires used in electrical connectors today, particularly
in the medical industry, where some devices require 100 or
more connector pins within a square centimeter. To make
matters worse for technicians, they must often times connect
extremely fine wires having a 40-gauge or 50-gauge size.

[0010] Because ofthe inherent problems with conventional
wire termination systems, there is a need for a new and
improved wire termination system for efficiently connecting
a plurality of wires to an electrical connector.

BRIEF SUMMARY OF THE INVENTION

[0011] Theinvention generally relates to a wire termination
system which includes a heat applicator device that selec-
tively applies heat to a specific connector pin within an elec-
trical connector so that a corresponding wire may be soldered
to the connector pin. The heat applicator device applies heat
to a first connector pin for a period of time for soldering of a
first wire to the first connector pin and then the heat is
removed. The heat applicator device then applies heat to the
next connector pin for soldering a next wire to the next con-
nector with the process continuing until all of the wires are
soldered to their corresponding connector pins on the electri-
cal connector.

[0012] There has thus been outlined, rather broadly, some
of the features of the invention in order that the detailed
description thereof may be better understood, and in order
that the present contribution to the art may be better appreci-
ated. There are additional features of the invention that will be
described hereinafter and that will form the subject matter of
the claims appended hereto. In this respect, before explaining
at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application
to the details of construction or to the arrangements of the
components set forth in the following description or illus-
trated in the drawings. The invention is capable of other
embodiments and of being practiced and carried out in vari-
ous ways. Also, it is to be understood that the phraseology and
terminology employed herein are for the purpose of the
description and should not be regarded as limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Various other objects, features and attendant advan-
tages of the present invention will become fully appreciated
as the same becomes better understood when considered in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the several views, and wherein:

[0014] FIG. 1a is an upper perspective view of the present
invention with an electrical connector positioned within the
heat unit.

[0015] FIG. 15 is an upper perspective view of the present
invention with a portion of the housing removed and the
electrical connector removed from the heat unit.
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[0016] FIG. 2 is an upper perspective view of the heat unit
with the electrical connector removed.

[0017] FIG.3aisanexplodedupper perspective view of the
heat applicator device, the electrical connector and the wires
of a cable to be connected to the connector pins within the
electrical connector.

[0018] FIG. 35 is a top view of an exemplary electrical
connector.
[0019] FIG. 3¢ is a bottom view of an exemplary electrical
connector.
[0020] FIG. 4 is a cross sectional view taken along line 4-4
of FIG. 3a.
[0021] FIG. 54 is an upper perspective view with the elec-

trical connector positioned upon the heat unit.

[0022] FIG.5b1s anupper perspective view of the electrical
connector positioned upon the heat unit with a first wire
inserted into a first connector receptacle.

[0023] FIG.5cis an upper perspective view of the electrical
connector positioned upon the heat unit with a second wire
inserted into a second connector receptacle.

[0024] FIG.5dis anupper perspective view of the electrical
connector positioned upon the heat unit with a third wire
inserted into a third connector receptacle.

[0025] FIG.5eis an upper perspective view of the electrical
connector positioned upon the heat unit with a fourth wire
inserted into a fourth connector receptacle.

[0026] FIG. 5fis an upper perspective view of the electrical
connector positioned upon the heat unit with a fifth wire
inserted into a fifth connector receptacle.

[0027] FIG.5gis anupper perspective view of the electrical
connector positioned upon the heat unit with a sixth wire
inserted into a sixth connector receptacle.

[0028] FIG.5%1s anupper perspective view of the electrical
connector positioned upon the heat unit with a seventh wire
inserted into a seventh connector receptacle.

[0029] FIG. 6 is an exploded upper perspective view of a
wire with respect to a connector pin and a heat receptacle.
[0030] FIG. 7 is an exploded upper perspective cutaway
view of FIG. 6 showing the solder within the connector recep-
tacle of the connector pin.

[0031] FIG. 8a is an upper perspective cutaway view of the
connector pin positioned within the heat receptacle to melt
the solder.

[0032] FIG. 84 is an upper perspective cutaway view of the
wire inserted into the connector receptacle and the melted
solder.

[0033] FIG. 8¢ is an upper perspective cutaway view of the
wire connected within the connector pin and the connector
pin removed from the heat receptacle.

[0034] FIG. 9 is an upper perspective view of a plurality of
heat devices that apply heat to selected connector pins of the
electrical connector from a distance without direct physical
contact.

[0035] FIG.10a is aside view of aheat conductor thermally
connected between a tubular thermal connector and a heat
receptacle.

[0036] FIG. 105 is front view of the heat conductor ther-
mally connected between the tubular thermal connector and
the heat receptacle.

[0037] FIG. 10c¢ is a cross sectional view taken along line
10c-10c of FIG. 105.

[0038] FIG. 11a is a side view of a heat receptacle.

[0039] FIG. 115 is a cross sectional view taken along line
115-115 of FIG. 11a.
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[0040] FIG. 12a is an exploded upper perspective view of a
heat receptacle with contact clips.

[0041] FIG. 125 is an end view of a heat receptacle having
a plurality of contact clips.

[0042] FIG. 12c¢ is a cross sectional view taken along line
12¢-12¢ of FIG. 126b.

[0043] FIG. 13a is an upper perspective view of another
variation of the heat receptacle.

[0044] FIG. 135 is an end view of the variation of the heat
receptacle shown in FIG. 13a.

[0045] FIG. 13¢ is an upper perspective view of the varia-
tion of the heat receptacle shown in FIG. 134 with additional
cutouts.

[0046] FIG.141sanupper perspective view ofa heat device
having a telescoping pin.

[0047] FIG. 151s an upper perspective view of a heat recep-
tacle having a pair of prongs.

[0048] FIG. 16 is a side cross sectional view of another
variation of the heat receptacle having contact clips and a
hood.

[0049] FIG. 17 is a flowchart illustrating the overall func-
tionality of the present invention.

[0050] FIG. 18 is a block diagram illustrating the control
unit in communication with the display unit and the heat
applicator device.

[0051] FIG. 19 is an upper perspective view of a second
embodiment of the present invention with the electrical con-
nector and the wires in exploded view.

[0052] FIG. 20 is an upper perspective view of the second
embodiment with the electrical connector seated within the
present invention and the wires inserted into the electrical
connector.

[0053] FIG. 21 is a side view of the second embodiment
illustrating the robotic heater.

[0054] FIG. 22 is a side cutaway view of the second
embodiment.
[0055] FIG. 23 is a side cutaway view of the second

embodiment with the heating element moved upwardly to
physically contact one of the connector pins of the electrical
connector.

[0056] FIG. 24 is a top view of the present invention with
the wires inserted into the electrical connector.

[0057] FIG. 25a is a top view of the alignment plate show-
ing the retention member moved outwardly away from the
electrical connector to release or insert the electrical connec-
tor into the receiver opening in the alignment plate.

[0058] FIG. 255 is a top view of the alignment plate show-
ing the retention member moved inwardly toward the electri-
cal connector to secure the electrical connector within the
receiver opening.

[0059] FIG. 26 is a top cutaway view of the second embodi-
ment.
[0060] FIG. 27 is atop cutaway view of the second embodi-

ment moving the heating element in a first direction.

[0061] FIG. 28 is a top cutaway view of the second embodi-
ment moving the heating element in a second direction.
[0062] FIG. 29 is a block diagram of the second embodi-
ment illustrating the communications with the control unit
and the elements of the second embodiment.

[0063] FIG. 30 is a side view of a third embodiment of the
present invention using actuators to move the heating element
for the robotic heater.
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[0064] FIG. 311is a block diagram of the third embodiment
illustrating the communications with the control unit and the
elements of the third embodiment.

[0065] FIG.32isaside view of a fourth embodiment of the
present invention using a robotic arm to move the heating
element for the robotic heater.

DETAILED DESCRIPTION OF THE INVENTION

A. Overview of Invention

[0066] FIGS. 1 through 18 illustrate the present invention
comprised of the wire termination system 10. FIGS. 19
through 29 illustrate a second embodiment for a robotic wire
termination system and FIGS. 30 through 31 illustrate a third
embodiment for a robotic wire termination system. FIG. 32
illustrates a fourth embodiment for a robotic wire termination
system.

[0067] Thewireterminationsystem 10 generally includes a
heat applicator device 30 that selectively applies heat to a
specific connector pin within an electrical connector 20 so
that a corresponding wire may be soldered to the connector
pin. The heat applicator device 30 applies heat to a first
connector pin for a period of time for soldering of a first wire
to the first connector pin and then the heat is removed. The
heat applicator device 30 then applies heat to the next con-
nector pin for soldering a next wire to the next connector with
the process continuing until all of the wires 16a-g are soldered
to their corresponding connector pins 23a-g on the electrical
connector 20.

B. Electrical Connector

[0068] The electrical connector 20 may be comprised of
any device where electrical wires 16a-g are terminated at.
There are various types of electrical connectors 20 used today
including but not limited to fine wire terminations, pinned
connectors, terminal blocks, plug and socket connectors,
medical connectors, transition devices and custom connec-
tors. The electrical connector 20 may be for various types of
industries such as but not limited to the medical industry.

[0069] Asillustrated in FIGS. 15 through 4 of the drawings,
the electrical connector 20 includes a plurality of connector
pins 23a-g that extend through an insulator housing 22. The
connector pins 23a-g are comprised of an electrical conduc-
tive material such as metal. The insulator housing 22 electri-
cally insulates the respective connector pins 23a-g and also
supports the connector pins 23a-g. The insulator housing 22
may have various shapes (e.g. circular as illustrated in FIGS.
354 and 3c¢), thicknesses and sizes.

[0070] The connector pins 23a-g are typically parallel with
one another and may form various types of shapes and pat-
terns. Also, the number of connector pins 23a-g on a connec-
tor 20 may range from 2 connector pins 23a-g to greater than
100 connector pins 23a-g.

[0071] The connector pins 23a-g have a male connecting
end that typically has a tapered end or pointed end used to
electrically connect the electrical connector 20 to a corre-
sponding electrical socket or the like as best illustrated in
FIGS. 3a and 3¢ of the drawings. The connecting end typi-
cally is comprised of a solid pin structure as illustrated in FIG.
4 of the drawings. The male connecting end of the connector
pins 23a-g extends outwardly from a first side of the insulator
housing 22 as illustrated in FIGS. 2, 3¢ and 4 of the drawings.
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[0072] The connector pins 23a-g each include a corre-
sponding connector receptacle 24a-g that is positioned oppo-
site of the male connecting end of the connector pins 23a-g.
The distal ends of the wires 16a-g are soldered to the connec-
tor receptacles 24a-g according to a pinout to form a physical
and electrical connection between the same.

[0073] FIGS. 3a, 35 and 4 illustrate a preferred embodi-
ment of the connector receptacles 24a-g comprised of a
female connecting end having a tubular structure. The con-
nector receptacles 24a-g may have a non-tubular structure as
long as the connector receptacles 24a-g allow for the solder-
ing of the wires 16a-g. The connector receptacles 24a-g pref-
erably extend outwardly from a second side of the insulator
housing 22 of the electrical connector 20 which is opposite of
the first side. The connector receptacles 24a-g preferably
have an upper opening that may be flush with, recessed or
extending past the second side of the insulator housing 22 of
the electrical connector 20 as best illustrated in FIG. 4 of the
drawings. The connector receptacles 24a-g may all extend the
same distance from the second side of the electrical connector
20 as illustrated in FIGS. 3a and 5a of the drawings or the
connector receptacles 24a-g may extend outwardly from the
second side at different distances (e.g. central located recep-
tacles may extend outwardly further than outer located recep-
tacles).

[0074] The connector receptacles 24a-g are preferably pre-
filled with a solder 12 prior to attaching the electrical connec-
tor 20 to the heat applicator device 30 or applying heat to any
of the connector pins 23a-g. For example, the interior cavity
of the connector receptacles 24a-g may be at least partially
filled with solder balls. The prefilling of the connector recep-
tacles 24a-g with solder 12 allows for the electrical connector
20 to be positioned within the heat applicator device 30 and
heat to be selectively applied to the connector pins 23a-g
without the operator having to manually apply solder 12 to
secure the wires 16a-g to the connector receptacles 24a-g.
[0075] Various types of solder 12 may be utilized such as
but not limited to lead solder, lead-free solder, solder balls,
solder paste and flux-core solder. The solder 12 may be com-
prised of various fusible metal alloys that have a relatively
low melting point capable of physically and electrically con-
necting the wires 16a-g to the connector pins 23a-g of the
electrical connector 20.

C. Cable and Wires

[0076] FIG. 3a illustrates a cable 14 with a plurality of
wires 16a-g extending from the tubular insulation of the cable
14. It can be appreciated that the wires 16a-g to be connected
to the electrical connector 20 do not have to be part of an
insulated cable 14 and instead may be separate of one another
without a common sheathing. The wires 16a-g may have
various lengths and sizes.

[0077] The plurality of wires 16a-g from the cable 14 are
soldered to the respective connector pins 23a-g according to
a pinout which cross-references the wires 16a-g to the corre-
sponding connector pins 23a-g. The pinout may be a diagram
or chart used to reference the specific connector pins 23a-g
and corresponding wires 16a-g. The pinout may be color
coded, numbered or otherwise coded to assist a technician in
positioning the wires 16a-g adjacent to and upon their respec-
tive connector pins 23a-g for proper connection of the wires
16a-g to the connector pins 23a-g. Incorrect connection of
any wire to the electrical connector 20 can result in the com-
plete loss of the electrical connector 20.
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D. Heat Applicator Device

[0078] FIGS. 1a through 5/ and 9 illustrate an exemplary
heat applicator device 30 utilized to apply heat to the indi-
vidual connector pins 23a-g sufficient to melt the solder 12
(e.g. 190 degrees F. or greater) into a liquid state and thereby
resulting in the soldering of the wires 16a-g to the connector
pins 23a-g. The heat applicator device 30 may be a portable
device or a non-movable fixture.

[0079] The heat applicator device 30 includes a power
switch 31 that a user uses to turn the heat applicator device 30
on/off as illustrated in FIG. 1a of the drawings. The heat
applicator device 30 further preferably includes a control
switch 34 that the technician manipulates to control which
connector pin 23a-g is heated and for how long.

[0080] Asillustrated in FIGS. 14 through 2 of the drawings,
the heat applicator device 30 is comprised of an upper support
member 32 (e.g. platform) that supports a heating unit 40 that
the electrical connector 20 physically and thermally connects
to. The heat applicator device 30 further is comprised of a
lower support member 41 that supports the heat elements
48a-g. The upper support member 32 and the lower support
member 41 preferably are comprised of a heat resistant mate-
rial. The upper support member 32 is supported above the
lower support member 41 with a plurality of support members
extending between the upper support member 32 and the
lower support member 41. The heat elements 48a-g are elec-
trically connected to the heat applicator device 30 and the
control unit 60 as illustrated in FIGS. 154, 2 and 18 of the
drawings.

[0081] The heat elements 48a-g used in the present inven-
tion are comprised of any device capable of generating heat
sufficient to melt solder 12 such as but not limited to ceramic
heating elements. The heat elements 48a-g may generate heat
via electricity or other heating option. The heat elements
48a-g pass through the lower support member 41 and
upwardly as best illustrated in FIG. 4 of the drawings.
[0082] A corresponding plurality of thermal connectors
50a-g are in thermal contact with the heat elements 48a-g to
conduct the heat generated by the heat elements 48a-g. The
thermal connectors 50a-g are preferably comprised of a heat
conductive metal such as copper. The thermal connectors
50a-g are further preferably comprised of a tubular structure
that snugly surrounds the heat elements 48a-g to increase the
surface area contact with the heat elements 48a-g as best
illustrated in FIGS. 4 and 10c¢ of the drawings.

[0083] A plurality of heat conductors 46a-g are physically
and thermally connected to the thermal connectors 50a-g as
shown in FIGS. 2, 3a, 4 and 5a of the drawings. The heat
conductors 46a-g are also preferably comprised of a heat
conductive metal such as copper to transfer the heat con-
ducted by the thermal connectors 50a-g to the heat recep-
tacles 44a-g within the heating unit 40. The heat conductors
46a-g are further preferably comprised of an elongated bend-
able structure to allow for forming of the path of the heat
conductors 46a-g to fit with the heating unit 40 of the heat
applicator device 30. FIGS. 2, 3a, 4 and 5a best illustrate how
the heat conductors 46a-g are bent inwardly toward the lower
end of the heating unit 40 to thermally connect to correspond-
ing heat receptacles 44a-g within the heating unit 40. This
allows for larger sized heating elements and thermal connec-
tors 50a-g to be used while providing the flexibility required
to create the desired pattern of heat receptacles 44a-g within
the heating unit 40 to match smaller sized electrical connec-
tors 20.
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[0084] The heat receptacles 44a-g are physically and ther-
mally connected to the heat conductors 46a-g opposite of the
thermal connectors 50a-g as illustrated in FIG. 4 of the draw-
ings. Each of the heat receptacles 44a-g is preferably con-
nected to only one of the heat conductors 46a-g. The heat
receptacles 44a-g are preferably comprised of a heat conduc-
tive metal such as copper to effectively transfer the heat from
the heat conductors 46a-g to the connector pins 23a-g of the
electrical connector 20 positioned within the heating unit 40.
The plurality of heat receptacles 44a-g are each preferably
concentrically aligned with a corresponding connector pin of
the plurality of connector pins 23a-g.

[0085] The heat receptacles 44a-g preferably are com-
prised of a tubular structure adapted to receive the connector
pins 23a-g of the electrical connector 20. The heat receptacles
44a-g may have various cross sectional shapes such as circu-
lar, square, rectangular or oval. The heat receptacles 44a-g
may be comprised of a non-tubular structure (e.g. flat, con-
cave, etc.). The heating unit 40 further preferably includes an
insulated housing 42 that the heat receptacles 44a-g are posi-
tioned within, however, the heat receptacles 44a-g may also
be directly positioned within the upper support member 32.

[0086] The pattern for the heat receptacles 44a-g matches
the pattern of the connector pins 23a-g so that the electrical
connector 20 may be connected to the heating unit 40 by the
connector pins 23a-g. As can be appreciated, the heat recep-
tacles 44a-g within the heating unit 40 may be comprised of
any type of pattern and any number. For example, FIG. 3a
illustrates seven heat receptacles 44a-g within the heating
unit 40 with a center heat receptacle 44a surrounded in a
circular pattern by the other receptacles 44b-g. It is preferable
that the heat receptacles 44a-g, the corresponding heat con-
ductors 46a-g and the corresponding thermal connectors
50a-g are each comprised of a unitary structure without any
thermal barriers comprised of the same material such as metal
(e.g. copper) as best illustrated in FIGS. 4 and 10¢ of the
drawings.

[0087] Theheatreceptacles 44a-g may have atubular struc-
ture wherein the interior passage of the heat receptacles 44a-g
is slightly larger than the outer diameter/width of the connec-
tor pins 23a-g to allow for physical engagement of the con-
nector pins 23a-g by the interior surface of the heat recep-
tacles 44a-g. In addition, the heat receptacles 44a-g may
include one or more contact clips 47 that extend inwardly
from the interior wall of the heat receptacles 44a-g as illus-
trated in FIGS. 2 through 8¢, 124,126 and 12¢. The distal ends
and/or the cross sectional shape of the contact clips 47 may
also have an inwardly curved structure to increase the surface
contact of the contact clips 47 with the connector pins 23a-g
as best illustrated in FIG. 125 of the drawings. The contact
clips 47 are preferably angled downwardly away from the
opening of the heat receptacles 44a-g as illustrated in FI1G. 4
of'the drawings. When the connector pins 23a-g are inserted
into the heat receptacles 44a-g, the contact clips 47 flex
towards the inner wall of each of the heat receptacles 44a-g
while ensuring a constant thermal connection with each ofthe
connector pins 23a-g of the electrical connector 20.

[0088] As a related embodiment, the contact clips 47 may
be connected to a tubular structure that is positioned over the
heat conductor 46 with ahood 72 having a concentric opening
positioned over the contact clips 47 as illustrated in FIG. 16.
As another related embodiment, FIG. 15 illustrates a pair of
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prongs 70 extending outwardly from the heat receptacle
instead of using contact clips 47 within the interior of the heat
receptacle.

[0089] FIGS. 10a through 115 illustrate an alternative heat
receptacle 44 in thermal communication with the heat con-
ductor 46, wherein the heat conductor 46 is in thermal com-
munication with the corresponding thermal connector. The
heat receptacle 44 illustrated in FIGS. 10a through 115 and
13a through 13¢ includes one or more cutouts 45 that extend
longitudinally within the tubular structure of the heat recep-
tacle 44 thereby allowing the distal portion of the heat recep-
tacle 44 to physically and thermally engage the outer surface
of the connector pin while providing sufficient expansion of
the heat receptacle 44. The distal portion of the heat recep-
tacle 44 may be straight as shown in FIGS. 104 through 114
or tapered inwardly as illustrated in FIGS. 134 through 13c.
The cutouts 45 preferably only extend partially along the
length of the heat receptacle 44 from the distal end thereof,
however, the cutouts 45 may extend along the entire length of
the heat receptacle 44.

[0090] FIG. 14 illustrates wherein the heat receptacles
44a-g are comprised of heat devices 52 having a pogo-pin
structure that utilizes a telescoping pin 49 that is biased
upwardly and that physically engages the connector pin. Each
of the heat receptacles 44a-g is comprised of the structure of
the heat device 52 and are positioned beneath the connector
pins 23a-g of the electrical connector 20 to ensure direct
physical and thermal contact for each of the connector pins
23a-g despite any difference in length for the connector pins
23a-g.

[0091] FIG. 9 illustrates a plurality of heat devices 52 that
do not physically connect with the connector pins 23a-g but
direct heat to specific opposing connector pins 23a-g. For
example, the heat devices 52 may be comprised of alaser (e.g.
nitrogen laser) that directs laser light to a specific one of the
connector pins 23a-g to heat the same.

E. Control Unit

[0092] The control unit 60 may be comprised of any type of
circuit board or computer for practicing the various aspects of
the present invention. For example, the control unit 60 can be
a personal computer (e.g. APPLE® based computer, an IBM
based computer, or compatible thereof) or tablet computer
(e.g. IPAD®). The control unit 60 may also be comprised of
various other electronic devices capable of sending and
receiving electronic data including but not limited to smart-
phones, mobile phones, telephones, personal digital assis-
tants (PDAs), mobile electronic devices, handheld wireless
devices, smart phones and video viewing units.

[0093] The control unit 60 controls the operation of the
present invention. In particular, the control unit 60 controls
which of the heat elements 48a-g is turned on or off. The
control unit 60 is in communication with a power switch 31
which turns the present invention on/off as illustrated in FIG.
18. The control unit 60 further is preferably in communica-
tion with a control switch 34 which allows the user to manu-
ally control which of the heat elements 48a-g is activated to
produce heat.

[0094] FIG. 1a illustrates an exemplary control switch 34
comprised of a turn-knob electrical switch having a plurality
of positions that each represent the activation of one of the
heat elements 48a-g and an off position. For example, FIG. 1a
illustrates 8 positions for the control switch 34: OFF, 1, 2, 3,
4,5, 6 and 7. Position “Off” deactivates electrical power to all
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of the heat elements 48a-g, position 1 activates the first heat
element 48a, position 2 activates the second heat element
48b, position 3 activates the third heat element 48c, position
4 activates the fourth heat element 484, position 5 activates
the fifth heat element 48¢, position 6 activates the sixth heat
element 48/ and position 7 activates the seventh heat element
48g. As can be appreciated, the number of positions for the
control switch 34 corresponds to the number of heat elements
48a-g to be controlled.

[0095] The control switch 34 may also be comprised of a
toggle device or a foot pedal that simply advances the heating
of'the heat elements 48a-g each time the control switch 34 is
depressed. For example, in the initial state the control unit 60
is oftuntil the user depresses the control switch 34 which then
activates the first heat element 48a. When the user releases the
control switch 34, the first heat element 48a is deactivated.
When the user depresses the control switch 34 a second time,
the second heat element 485 is activated and when the user
thereafter releases the control switch 34 the second heat ele-
ment 48 is deactivated and so forth until all of the heat ele-
ments 48a-g have been activated to heat the corresponding
connector pins 23a-g.

[0096] Instead of operating manually via a control switch
34, the control unit 60 may operate automatically by auto-
matically controlling which of the heat elements 48a-g are
activated. For example, the control unit 60 may automatically
activate the first heat element 484 for a period of time (e.g. 5
seconds) and/or until a specific temperature is reached suffi-
cient to heat the corresponding heat receptacle sufficiently to
melt the solder 12 within the corresponding connector recep-
tacle and allow the technician to insert the corresponding first
wire 16a into the first connector receptacle 24a. After the
period of time, the control unit 60 automatically deactivates
the first heat element 484 and then automatically activates the
second heat element 485 for a period of time and/or a specific
temperature is reached similar to the first heat element 48a
and then deactivates the second heat element 485 after a
period of time. This process continues for the remaining heat
elements 48a-g until all of the wires 16a-g are fully inserted
and connected within the electrical connector 20. It is prefer-
able that visual and/or audio indicators are provided to the
technician indicating when to insert a specific wire 16a-g into
a corresponding connector receptacle 24a-g.

[0097] Various sensors may be in communication with the
control unit 60 such as but not limited to temperature sensors
that detect the temperature of the heat elements 48a-g, the
thermal connectors 50a-g, the heat conductors 46a-g, the heat
receptacles 44a-g, the connector pins 23a-g, the connector
receptacles 24a-g, solder 12 within the connector receptacles
24a-g and/or the wires 16a-g. The control unit 60 may use the
datareceived by the sensors in controlling the operation of the
present invention and may display the same on the display
unit 62.

[0098] The control unit 60 is further preferably in commu-
nication with a display unit 62 (e.g. display screen or monitor)
to display various types of information. For example, the
control unit 60 may display the following types of informa-
tion on the display unit 62: status of the heat applicator device
30 (e.g. On, Off), the position of the control switch 34, an
indication of which connector pin is being heated, the con-
nector pin within the electrical connector 20 that has heat
applied thereto, a graphical representation of the connector
pin having heat applied thereto, a graphical representation of
a selected wire for the technician to insert into a selected
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heated connector pin, the amount of time heat has been
applied to a connector pin, the temperature of a heat recep-
tacle, the temperature of a connector pin and the like.

[0099] The control unit 60 may be comprised of any con-
ventional computer or similar electronic device. A conven-
tional computer preferably includes a printer, a hard disk
drive, a network interface, and a keyboard. A conventional
computer also includes a microprocessor, a memory bus,
random access memory (RAM), read only memory (ROM), a
peripheral bus, and a keyboard controller. The microproces-
sor is a general-purpose digital processor that controls the
operation of the computer. The microprocessor can be a
single-chip processor or implemented with multiple compo-
nents. Using instructions retrieved from memory, the micro-
processor controls the reception and manipulations of input
data and the output and display of data on output devices. The
memory bus is utilized by the microprocessor to access the
RAM and the ROM. RAM is used by microprocessor as a
general storage area and as scratch-pad memory, and can also
be used to store input data and processed data. ROM can be
used to store instructions or program code followed by micro-
processor as well as other data. A peripheral bus is used to
access the input, output and storage devices used by the
computer. In the described embodiments, these devices
include a display screen, a printer device, a hard disk drive,
and a network interface. A keyboard controller is used to
receive input from the keyboard and send decoded symbols
for each pressed key to microprocessor over bus. The key-
board is used by a user to input commands and other instruc-
tions to the computer system. Other types of user input
devices can also be used in conjunction with the present
invention. For example, pointing devices such as a computer
mouse, a track ball, a stylus, or atablet to manipulate a pointer
on a screen of the computer system. The display screen is an
output device that displays images of data provided by the
microprocessor via the peripheral bus or provided by other
components in the computer. The printer device when oper-
ating as a printer provides an image on a sheet of paper or a
similar surface. The hard disk drive can be utilized to store
various types of data. The microprocessor, together with an
operating system, operate to execute computer code and pro-
duce and use data. The computer code and data may reside on
RAM, ROM, or hard disk drive. The computer code and data
can also reside on a removable program medium and loaded
or installed onto computer system when needed. Removable
program mediums include, for example, CD-ROM,
PC-CARD, USB drives, floppy disk and magnetic tape. The
network interface circuit is utilized to send and receive data
over a network connected to other computer systems. An
interface card or similar device and appropriate software
implemented by microprocessor can be utilized to connect
the computer system to an existing network and transfer data
according to standard protocols.

F. Operation of 1 Embodiment

[0100] FIG. 17 provides an overview of the present inven-
tion. As illustrated in FIGS. 1a and 5a of the drawings, the
technician first connects the electrical connector 20 to the
heat applicator device 30 by inserting the connector pins
23a-g into the heat receptacles 44a-g of the heating unit 40.
Once the electrical connector 20 is properly connected to the
heat applicator device 30, the user then turns on the heat
applicator device 30.
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[0101] Heat is first applied to the first connector pin 23a of
the plurality of connector pins 23a-g by the heat applicator
device 30 thereby melting a first solder 12 within a first
connector receptacle 24a of the first connector pin 23a. The
technician then inserts a first wire 16a of the plurality of wires
16a-g into the first connector receptacle 24a and the melted
solder 12 as illustrated in FIG. 54 of the drawings. The heat is
removed from the first connector pin 23a thereby allowing the
first solder 12 to harden thereby physically securing and
electrically coupling the first wire 16a within the first con-
nector receptacle 24a. Heat is then applied to the second
connector pin 235 of the plurality of connector pins 23a-g by
the heat applicator device 30 thereby melting a second solder
12 within a second connector receptacle 246 of the second
connector pin 235. The technician then inserts a second wire
165 of the plurality of wires 164-g into the second connector
receptacle 24b and the melted solder 12 as illustrated in
Figure Sc of the drawings. The heat is removed from the
second connector pin 235 thereby allowing the second solder
12 to harden thereby physically securing and electrically
coupling the second wire 165 within the second connector
receptacle 245. The above process of heating a connector pin
and inserting a corresponding wire is repeated until all of the
wires 16a-g are soldered to their respective connector recep-
tacles 24a-g as illustrated in FIGS. 5¢ through 5/ and 17 of the
drawings. The heat applicator device 30 is not moved relative
to the electrical connector 20 during or between the applica-
tion of heat to the first connector pin or subsequent connector
pins 23a-g.

[0102] To further illustrate the operation of the present
invention as shown in FIG. 1a of the drawings, the technician
moves the control switch 34 to position 1 after positioning the
electrical connector 20 within the heating unit 40. When the
control switch 34 is in position 1, the first heating element 48a
is activated thereby heating the first thermal connector 50a
which thereby heats the first heat conductor 46a which
thereby heats the first heat receptacle 44a which thereby heats
the first connector pin 23a. When the first connector pin 23«
is heated, the heat is conducted through the length of the first
connector pin 23a upwardly to the first connector receptacle
24a thereby melting the first solder 12 within the first con-
nector receptacle 24a. The first wire 16q is inserted into the
first connector receptacle 24a and the liquefied first solder 12
within by the technician.

[0103] After the first wire 16a is properly inserted, the
technician then turns the control switch 34 to position 2 which
then deactivates the first heat element 48a thereby allowing
the first solder 12 to cool and harden to retain the first wire 16a
within the first connector receptacle 24a. Also, when the
control switch 34 is in position 2, the second heat element 485
is activated so the same process may be applied for connect-
ing the second wire 165 within the second connector recep-
tacle 24b. When the control switch 34 is in position 2, the
second heating element 485 is activated thereby heating the
second thermal connector 505 which thereby heats the second
heat conductor 465 which thereby heats the second heat
receptacle 445 which thereby heats the second connector pin
23b. When the second connector pin 235 is heated, the heat is
conducted through the length of the second connector pin 235
upwardly to the second connector receptacle 245 thereby
melting the second solder 12 within the second connector
receptacle 24b. The second wire 165 is inserted into the
second connector receptacle 245 and the liquefied second
solder 12 within by the technician.
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[0104] This process continues with position 3 for the third
wire 16¢, the fourth wire 164, the fifth wire 16e, the sixth wire
16/ and the seventh wire 16g until all of the wires 16a-g are
properly terminated within the electrical connector 20. After
the wires 16a-g are properly terminated within the electrical
connector 20, the electrical connector 20 is removed from the
heating unit 40 of the heat applicator device 30 and then tested
to ensure that the wires 16a-g are connected according to the
proper pinout.

[0105] It is preferable that heat is applied to the connector
pins 23a-g to the portion (the male connecting portion) of the
connector pins 23a-g extending outwardly from the first side
of'the electrical connector 20 opposite of the connector recep-
tacles 24a-g and wherein heat is not applied directly to the
connector receptacles 24a-g by the heat applicator device 30
(i.e. the heat is conducted from the male connecting portion of
the connector pins 23a-g upwardly through to the connector
receptacles 24a-g). In addition, it is preferable that the control
unit 60 notifies the technician that a specific wire is ready to
be inserted into a corresponding connector receptacle after a
period of time or other condition is sensed (e.g. temperature
of the heating element or heat receptacle). It is further pref-
erable that notification of the technician includes visually
indicating on the display unit 62 where the selected connector
pin is located on the electrical connector 20 for the wire to be
inserted into. It is further preferable that all of the steps of
soldering the wires 16a-g to the electrical connector 20 occur
without utilizing a soldering hand tool (e.g. a soldering gun or
soldering iron).

G. Robotic Wire Termination System

[0106] FIGS. 19 through 32 illustrate a robotic heater that
moves a heating device 136 selectively to heat one or more
connector pins 23» of the electrical connector 20. The robotic
heater may be comprised of various types of robot manipu-
lators capable of moving the heating device 136 with respect
to a selected single selected connector pin 23z within the
electrical connector 20 that is selected to be heated. The
control unit 60 is programmed to control the robotic heater to
apply heat to the selected connector pin 23x. The robotic
heater includes at least one arm that moves the heating device
136 to a desired location near or in contact with the selected
connector pin 23z to be heated.

[0107] Therobotic heater preferably applies heat directly to
the connector pins 23# of the electrical connector 20, how-
ever, the robotic heater may apply heat indirectly to the con-
nector pins 23#. For example, the electrical connector 20 may
be positioned within a heating unit 40 having a plurality of
heat receptacles 44 that receive the plurality of connector pins
23r wherein the heat receptacles 44 are thermally coupled to
aplurality of heat conductors 46 similar to the heating unit 40
illustrated in FI1G. 3a. The robotic heater can apply heat to the
connector pins 237z and the corresponding connector recep-
tacles 24n to melt solder 12 within the receptacles 24 by
applying the heat to a selected heat conductor 46 extending
from the heating unit 40. It is preferable that the robotic heater
apply heat directly to the connector pins 23 to efficiently heat
the connector pins 23.

[0108] The robotic wire termination system includes a
frame and a connector support 86 attached to the frame. The
frame includes a base 80 and an intermediate support 82
attached to the base 80 having a central opening as illustrated
in FIGS. 19, 26 through 28 of the drawings. The central
opening is large enough to allow for movement of a portion of
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the robotic heater including the heating device 136 in both
vertical and horizontal manners. An upper support 84 is
attached to the intermediate support 82 to removably support
the electrical connector 20 during soldering of the wires 16»
within the corresponding receptacles 24n of the electrical
connector 20.

[0109] The connector support 86 is adapted to receive and
support an electrical connector 20 having a plurality of con-
nector pins 23 and a plurality of connector receptacles 24. As
illustrated in FIG. 19, the connector support 86 includes a
receiver opening 88 having a shape and size corresponding to
the electrical connector 20 thereby removably receiving the
electrical connector 20. A key portion may extend inwardly
into the receiver opening 88 that corresponds to a cutout
within the edge of the electrical connector 20 as illustrated in
FIGS. 254 and 255 of the drawings.

[0110] As shown in FIGS. 19, 20, 24 through 255, the
connector support 86 further includes a retention member 140
attached to the connector support 86 adapted to selectively
engage the electrical connector 20 to prevent removal of the
electrical connector 20 from the receiver opening 88 during
the heating of the selected connector pins 23x. The retention
member 140 selectively engages an outer edge of the electri-
cal connector 20 in a frictional manner thereby allowing the
electrical connector 20 to be released from the receiver open-
ing 88 if an accidental significant force is applied to the
electrical connector 20 by the robotic heater during operation
thereof. The retention member 140 has an engaging edge
having a shape corresponding to a portion of the edge of the
electrical connector 20 to be engaged. The retention member
140 is also preferably spring biased towards the electrical
connector 20 by a spring (e.g. compression spring) thereby
maintaining a constant force upon the electrical connector 20
during the entire process to ensure the electrical connector 20
is not accidentally discharged from the receiver opening 88.
The retention member 140 preferably includes a handle por-
tion extending upwardly for a user to manually engage with
their fingers to pull the retention member 140 away from the
electrical connector 20 thereby allowing the electrical con-
nector 20 be removed and also allowing for the insertion of a
new electrical connector 20 to have the wires 167 soldered to.

[0111] The connector support 86 may be non-movably or
movably positioned within the upper support 84. The connec-
tor support 86 is preferably rotatably positioned within the
upper support 84 to allow for adjustment of the position of the
connector pins 23 with respect to the robotic heater. Angle
markings 87 are imprinted upon the surface of the upper
support 84 and the connector support 86 to indicate the angu-
lar movement of the connector support 86 with respect to the
upper support 84. as best illustrated in FIG. 24 of the draw-
ings.

[0112] The robotic heater includes a robot manipulator to
manipulate the position (horizontal position, vertical position
and/or attitude) of the heating device 136 to selectively heat
individual connector pins 237 of the electrical connector 20.
The robot manipulator includes at least one arm that the
heating device 136 is attached to. Utilizing a robotic heater
has many advantages over the static system illustrated in
FIGS. 1 through 18 in that various types of electrical connec-
tors 20 may have the wires 16z connected without a physical
change in the configuration of the robotic heater because the
robotic heater may be programmed to apply heat to various
types of electrical connectors 20 in various patterns, tempera-
tures, timing and manners.
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[0113] The robot manipulator is preferably comprised of a
programmable robot which is programmed to selectively
apply heat to each of the connector pins 23 in a preselected
pattern thereby allowing the worker to insert the correspond-
ing wire 167 into the currently heated connector receptacle
24p similar to the process discussed above except where the
robot manipulator moves the heating device 136 to the indi-
vidual connector pin 237 to be heated.

[0114] The robot manipulator may be comprised of various
types of robots and robotic arms capable of moving the heat-
ing device 136 in a position required to heat a selected indi-
vidual connector pin 237. Examples of preferred robots suit-
able for usage within the present invention include an
articulated robot 152 (FIG. 32), a parallel robot (FIGS. 19
through 23, 30), a Cartesian coordinate robot (a.k.a. linear
robot). One example of a preferred parallel robot for the robot
manipulator is a delta robot as illustrated in FIGS. 19 through
23, 30.

[0115] The at least one arm of the robot manipulator is
adapted to move the heating device 136 to be aligned (pref-
erably concentrically aligned) with the selected connector pin
23n of the electrical connector 20 for selective heating. The
robot manipulator is further adapted to move the heating
device 136 transversely with respect to a longitudinal axis of
the selected connector pin (i.e. the heating device 136 moves
along a plane that is transverse with respect to the longitudinal
axis of the selected connector pin) as illustrated in FIGS. 27
and 28 of the drawings. The robot manipulator is further
adapted to move the heating device 136 inwardly and out-
wardly with respect to the selected connector pin as illustrated
in FIGS. 22 and 23 of the drawings. For example, when the
electrical connector 20 is positioned above the robot manipu-
lator and the heating device 136 as shown in FIGS. 19 through
23, the robot manipulator is capable of moving the heating
device 136 upwardly, downwardly, and/or horizontally (e.g.
forwardly, rearwardly, left, right) thereby aligning the heating
device 136 with the selected connector pin to be heated.
[0116] The delta robot preferably includes three control
arms 120 (each control arm 120 may have a two or three arms
for added stability during operation). The first ends of the
three control arms 120 are movably connected to the heating
device 136 (or a support member 122 that supports the heat-
ing device 136) via corresponding first universal joints. The
opposing second ends of the three control arms 120 are mov-
ably connected to motorized devices via corresponding sec-
ond universal joints. The motorized devices may be com-
prised of any device adapted to move the second ends of the
control arms 120 independently upwardly, downwardly and/
or horizontally thereby manipulating the position of the heat-
ing unit correspondingly.

[0117] FIGS. 19 through 23 illustrate an exemplary delta
robot having motorized devices each comprised of a guide
member 90 attached to the frame, a drive motor 110 (e.g.
stepper motor), a drive belt 116 connected to the drive motor
110 and an idler pulley 114, and an arm carrier 100 slidably
positioned upon the guide member 90. Each of the motorized
devices preferably includes an end switch 118 which detects
when the arm carrier 100 is positioned at the bottom of the
guide members 90. The end switch 118 communicates the
detection of the arm carrier to the controlunit 60 which makes
any adjustments required based on the expected location of
the arm carrier 100. It is preferable to have two guide mem-
bers 90 extending vertically between the base 80 and the
intermediate support 82 with each of the guide members 90

Aug. 13,2015

comprised of rods. The drive belt 116 has a first run and a
second run between the drive motor 110 and the idler pulley
114. The arm carrier 100 includes a belt connector 102 non-
movably attached to the first run of the drive belt 116 as
illustrated in FIGS. 19 and 20 of the drawings. The drive belt
116 preferably includes teeth and the drive pulley 112 on the
drive motor 110 also includes corresponding teeth to prevent
slippage and to ensure the location of the heating device 136
is known at all times by the control unit 60 for controlling
purposes. The control arms 120 are movably connected to
their corresponding arm carrier 100 by universal joints. The
upward or downward movement of each arm carrier 100
determines the position of the heating device 136. The control
arms 120 are preferably adjustable in length to allow for fine
tuning of the robot manipulator by having threaded ends as
shown in FIGS. 19 through 23 of the drawings.

[0118] FIG. 30 illustrates the usage of three linear actuators
150 for the delta robot. Each of the linear actuators 150 is
controlled by the control unit 60 as illustrated in FIG. 31 of the
drawings. The linear actuators 150 may be electrically pow-
ered or hydraulically powered actuators 150.

[0119] The heating device 136 attached to the arm of the
robot manipulator as discussed previously. The arm of the
robot manipulator is adapted to move the heating device 136
so that the heating device 136 can apply heat to a selected
connector pin 237 of the electrical connector 20 as also dis-
cussed. The heating device 136 may be comprised of any
device capable of producing heat sufficient to be thermally
conducted by the connector pins 237 to melt solder 12 in the
connector receptacles 24n of the electrical connector 20.
[0120] Theheating device 136 may be comprised of a tech-
nology that requires direct physical contact with the connec-
tor pin 23z being heated to transfer heat from the heating
device 136 to the selected connector pin. One example of a
heating device 136 that requires direct or indirect physical
contact to transfer heat is comprised of an electrical heating
element that includes a heat transfer portion 132 adapted to
removably connect to a single connector pin 23z to be heated.
The electrical heating element is housed within an insulator
130 (e.g. ceramic) with the heat transfer portion 132 extend-
ing outwardly. As discussed previously herein, there are many
types of physical devices capable of physically connecting to
the connector pins 23% to transfer heat from the heating
device 136 to the connector pins 23z. For example, the heat-
ing device 136 includes a heat transfer portion 132 that at least
partially surrounds the selected connector pin during heating
of'the selected connector pin (e.g. a tubular structure). FIGS.
6 through 8c illustrate examples of suitable heat transfer
portions 132 that allow for removable physical and thermal
connections between the heating device 136 and the connec-
tor pins 23n.

[0121] The heating device 136 may also be comprised of a
heating technology where no physical contact between the
heating device 136 and the connector pin 23r during the
heating of the selected connector pin 23% is required. An
example of a suitable heating device 136 that does not require
direct physical contact with the selected connector pin during
heating is a laser that directs a laser light towards the selected
connector pin to heat the selected connector pin. With no
physical contact (direct or indirect) between the heating
device 136 and the connector pins 237, the heating device 136
is preferably concentrically aligned with the corresponding
connector pin 237 to be heated in a distally spaced manner as
illustrated in FIG. 9 of the drawings.
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[0122] A temperature measuring device 134 is thermally
connected to the heating device 136 to measure a temperature
of the heating device 136 to determine the amount of heat
being produced by the heating device 136 thereby allowing
the controlunit 60 to determine when to deactivate the heating
unit 40. The temperature measuring device 134 is in commu-
nication with the control unit 60 to transmit temperature data
to the control unit 60 measured by the temperature measuring
device 134. The temperature measuring device 134 may be
comprised of any device capable of measuring high tempera-
tures such as, but not limited to, a thermocouple.

[0123] The control unit 60 is programmable and in com-
munication with the robot manipulator to control the opera-
tion of the robot manipulator. The control unit 60 is further in
communication with the temperature measuring device 134
and the heating device 136 to control the application of heat
by the heating device 136 during operation. The control unit
60 is programmed to control the position and movement of
the arm and the heating device 136 of the robot manipulator to
ensure efficient heating of the connector pins 23#%. Based on
the feedback from the temperature measuring device 134, the
control unit 60 determines how much electrical power to be
provided to the heating device 136 to achieve the desired
temperature output to the heat transfer portion 132 at any
particular time.

[0124] Inoperation, the user inserts an electrical connector
20 into the receiver opening 88 and releases the retention
member 140 which retains the electrical connector 20 within
the receiver opening 88. The electrical connector 20 rests
upon a lower lip 89 within the receiver opening 88 as best
illustrated in F1G. 23 of the drawings. The connector pins 23»
of'the electrical connector 20 are exposed through the bottom
of the receiver opening 88 wherein the heating device 136
may selective heat individual connector pins 23#. The control
unit 60 is programmed for the specific type of electrical
connector 20 including the first connector pin 23# to heat to
the last connector pin 23% to heat along with the specific
connector pins 23x to be heated therebetween and in the
desired order.

[0125] Once the electrical connector 20 is properly seated
in the receiver opening 88, the control unit 60 activates the
robot manipulator to manipulate the position of the heating
device 136 to heat the first connector pin 237 as prepro-
grammed wherein solder within the corresponding first con-
nector receptacle 24» is melted and the user inserts a corre-
sponding first wire 167 into the first connector receptacle 24x.
When the heating device 136 is directly or indirectly heating
the connector pin 237, the robot manipulator positions the
heat transfer portion 132 of the heating device 136 in physical
and thermal contact with the connector pin 23z as illustrated
in FIG. 23 of the drawings. The control unit 60 deactivates the
heating device 136 and then removes the heat transfer portion
132 from contacting the first connector pin 237. The control
unit 60 then activates the robot manipulator to position the
heat transfer portion 132 to the second connector pin 237 to be
heated and the above process is repeated for the second con-
nector pin 23#z. The process continues for the third, fourth,
fifth and remaining connector pins 23# until all of the wires
16n are secured within their respective connector receptacles
24. Once the wires 16% are properly attached physically and
electrically within the electrical connector 20, the user then
moves the retention member 140 to allow release of the elec-
trical connector 20 from the receiver opening 88. The entire
process is then repeated with the next electrical connector 20.
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[0126] Any and all headings are for convenience only and
have no limiting effect. Unless otherwise defined, all techni-
cal and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Although specific terms are
employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation. All publica-
tions, patent applications, patents, and other references men-
tioned herein are incorporated by reference in their entirety to
the extent allowed by applicable law and regulations.

[0127] The data structures and code described in this
detailed description are typically stored on a computer read-
able storage medium, which may be any device or medium
that can store code and/or data for use by a computer system.
This includes, but is not limited to, magnetic and optical
storage devices such as disk drives, magnetic tape, CDs (com-
pactdiscs), DVDs (digital video discs), and computer instruc-
tion signals embodied in a transmission medium (with or
without a carrier wave upon which the signals are modulated).
For example, the transmission medium may include a tele-
communications network, such as the Internet.

[0128] The invention is described above with reference to
block and flow diagrams of systems, methods, apparatuses,
and/or computer program products according to example
embodiments of the invention. It will be understood that one
or more blocks of the block diagrams and flow diagrams, and
combinations of blocks in the block diagrams and flow dia-
grams, respectively, can be implemented by computer-ex-
ecutable program instructions. Likewise, some blocks of the
block diagrams and flow diagrams may not necessarily need
to be performed in the order presented, or may not necessarily
need to be performed at all, according to some embodiments
of the invention. These computer-executable program
instructions may be loaded onto a general-purpose computer,
a special-purpose computer, a processor, or other program-
mable data processing apparatus to produce a particular
machine, such that the instructions that execute on the com-
puter, processor, or other programmable data processing
apparatus create means for implementing one or more func-
tions specified in the flow diagram block or blocks. These
computer program instructions may also be stored in a com-
puter-readable memory that can direct a computer or other
programmable data processing apparatus to function in a
particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufac-
ture including instruction means that implement one or more
functions specified in the flow diagram block or blocks. As an
example, embodiments of the invention may provide for a
computer program product, comprising a computer usable
medium having a computer-readable program code or pro-
gram instructions embodied therein, said computer-readable
program code adapted to be executed to implement one or
more functions specified in the flow diagram block or blocks.
The computer program instructions may also be loaded onto
acomputer or other programmable data processing apparatus
to cause a series of operational elements or steps to be per-
formed on the computer or other programmable apparatus to
produce a computer-implemented process such that the
instructions that execute on the computer or other program-
mable apparatus provide elements or steps for implementing
the functions specified in the flow diagram block or blocks.
Accordingly, blocks of the block diagrams and flow diagrams
support combinations of means for performing the specified
functions, combinations of elements or steps for performing
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the specified functions, and program instruction means for
performing the specified functions. It will also be understood
that each block of the block diagrams and flow diagrams, and
combinations of blocks in the block diagrams and flow dia-
grams, can be implemented by special-purpose, hardware-
based computer systems that perform the specified functions,
elements or steps, or combinations of special-purpose hard-
ware and computer instructions.

[0129] The present invention may be embodied in other
specific forms without departing from the spirit or essential
attributes thereof, and it is therefore desired that the present
embodiment be considered in all respects as illustrative and
not restrictive. Many modifications and other embodiments
of the invention will come to mind to one skilled in the art to
which this invention pertains and having the benefit of the
teachings presented in the foregoing description and the asso-
ciated drawings. Therefore, it is to be understood that the
invention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although methods and materials similar to or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, suitable methods and mate-
rials are described above. Thus, the present invention is not
intended to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

The invention claimed is:

1. A robotic wire termination system for connecting a
plurality of wires to an electrical connector, comprising:

a frame;

a connector support attached to said frame, wherein said
connector support is adapted to removably receive and
support an electrical connector having a plurality of
connector pins and a plurality of connector receptacles;

a robot manipulator having at least one arm;

a heating device attached to said at least one arm, wherein
said at least one arm is adapted to move said heating
device so that said heating device can apply heat to a
selected connector pin of said electrical connector; and

a control unit in communication with said robot manipu-
lator, wherein said control unit is programmed to control
the position and movement of said at least one arm and
said heating device of said robot manipulator.

2. The robotic wire termination system of claim 1, wherein
said at least one arm is adapted to move said heating device to
be aligned with said selected connector pin of said electrical
connector.

3. The robotic wire termination system of claim 1, wherein
said at least one arm is adapted to move said heating device to
be concentrically aligned with said selected connector pin of
said electrical connector.

4. The robotic wire termination system of claim 1, includ-
ing a temperature measuring device connected to said heating
device to measure a temperature of said heating device,
wherein said temperature measuring device is in communi-
cation with said control unit to transmit temperature data to
said control unit measured by said temperature measuring
device.

5. The robotic wire termination system of claim 4, wherein
said temperature measuring device is comprised of a thermo-
couple.
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6. The robotic wire termination system of claim 1, wherein
said heating device physically contacts said selected connec-
tor pin to transfer heat from said heating device to said
selected connector pin.

7. The robotic wire termination system of claim 6, wherein
said heating device is comprised of an electrical heating ele-
ment.

8. The robotic wire termination system of claim 6, wherein
said heating device includes a heat transfer portion that at
least partially surrounds said selected connector pin during
heating of said selected connector pin.

9. The robotic wire termination system of claim 1, wherein
said heating device does not physically contact said selected
connector pin during heating of said selected connector pin.

10. The robotic wire termination system of claim 9,
wherein said heating device is comprised of a laser that
directs a laser light towards said selected connector pin to heat
said selected connector pin.

11. The robotic wire termination system of claim 1,
wherein said robot manipulator is adapted to move said heat-
ing device transversely with respect to a longitudinal axis of
said selected connector pin.

12. The robotic wire termination system of claim 11,
wherein said robot manipulator is adapted to move said heat-
ing device inwardly and outwardly with respect to said
selected connector pin.

13. The robotic wire termination system of claim 1,
wherein said connector support includes a receiver opening
adapted to removably receive said electrical connector and a
retention member attached to said connector support adapted
to selectively engage said electrical connector to prevent
removal of said electrical connector from said receiver open-
ing.

14. The robotic wire termination system of claim 13,
wherein said retention member selectively engages an outer
edge of said electrical connector in a frictional manner.

15. The robotic wire termination system of claim 1,
wherein said robot manipulator is comprised of an articulated
robot.

16. The robotic wire termination system of claim 1,
wherein said robot manipulator is comprised of a parallel
robot.

17. The robotic wire termination system of claim 16,
wherein said robot manipulator is comprised of a delta robot.

18. The robotic wire termination system of claim 17,
wherein said delta robot includes three control arms, wherein
first ends of said three control arms are movably connected to
said heating device via corresponding first universal joints.

19. The robotic wire termination system of claim 18,
wherein second ends of said three control arms are movably
connected to motorized devices via corresponding second
universal joints.

20. The robotic wire termination system of claim 19,
wherein said motorized devices are each comprised of:

a guide member attached to said frame;

a drive motor;

a drive belt connected to said drive motor and an idler
pulley, wherein said drive belt has a first run and a second
run between said drive motor and said idler pulley; and

anarm carrier slidably positioned upon said guide member,
wherein said arm carrier includes a belt connector
attached to said first run of said drive belt.
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