ECI FI CATI ON ZERO | NSERTI ON FORCE ELECTRI CAL CONNECTOR FOR FLAT
CABLE
v 95-210 SG

SPECIFICATION

ZERO INSERTION FORCE ELECTRICAL CONNECTOR FOR FLAT CABLE

Field of the Invention
This invention generally relates to the art of
electrical connectors and, particularly, to an electrical
5 connector for terminating a flat cable, such as a flat
flexible cable, without requiring any insertion force.

Background of the Invention
There are a wide variety of zero insertion force

electrical connectors particularly adapted for terminating

10 flat cables, such as flexible flat cables. These
electrical connectors conventionally use actuators to push
the flexible flat cables, flexible printed circuit boards
or the like against resilient contacts or terminals which
are mounted in the connector housings.

15 Heretofore, the actuators have been designed to
be pushed in and pulled out of the connector housings.
Such deéigns require the application of insertion forces to
the flat cables. In addition, such designs have inevitably
resulted in an increase in the overall size of the

20 connectors.

Consequently, some zero insertion force
electrical connectors for flat cables have been designed
with actuators which are pivotable between first, open
positions allowing free insertion of the cables into the

25 connector housings, and second, closed positions for
clamping the flat cables against the terminals. In some
such connectors, lock means are provided to hold the
actuators in locked condition relative to the connector
housing. -

30 The present invention is directed to a new and
improved zero insertion force electrical connector for flat
cables of the character described above, wherein the
actuator is pivotally mounted on the connector housing by

1
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Field of the Invention This invention generally relates to
the art of el ectrical connectors and, particularly, to an electrical
5 connector for termnating a flat cable, such as a flat flexible
cabl e, without requiring any insertion force. BacRBralfAdSef the

| nventi on There are a wide variety of zero insertion force
means of a floating-pivot means and allows for increased

linear or translational movement of the actuator in pushing
the cable into the connector.

Summary of the Invention

5 An object, therefore, of the invention is to
provide a new and improved zero insertion force electrical
connector for flat electrical cables, of the character
described.

In the exemplary embodiment of the invention, the

10 zero insertion force electrical connector includes a
dielectric housing mounting a plurality of terminals in a
generally parallel array. The housing has opposite sides
and a front end with an opening between the sides for
receiving an end of the flat cable in engagement with

15 contact portions of the terminals. An actuator in the form
of a pressure plate is pivotally mounted relative to the
housing for floating movement between a first position
allowing free insertion of the flat cable into the opening,
and a second position biasing the cable against the

20 terminals. The actuator or pressure plate has an extension
on its rearward end for movement beneath an overhanging
shelf means on the housing. A forwardly facing cam surface
is provided on the pressure plate for abutting a rearwardly
facing cam surface on the housing as the pressure plate is

25 rotated about a moving pivot from its first position to its
second position causing the extension of the pressure plate
to advance beneath the overhanging shelf means on the
housing, thereby sandwiching the end of the flat cable
between the contact portions of the terminals and the

30 pressure plate.

As disclosed herein, each of the terminals is
bifurcated to define a contact branch and a support branch
between which the flat cable is insertable. The support
branches of the parallel array of terminals form the

35 overhanging shelf means on the housing. The cam surfaces
have cam profiles to allow substantial pivoting movement of
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el ectrical connectors particularly adapted for termnating 10 flat

cables, such as flexible flat cables. These el ectri cal
connectors conventionally use actuators to push the flexible flat
cables, flexible printed circuit boards or the |iké&%@dinseG
resilient contacts or term nals which are mounted in the connector

housi ngs. 15 the pressure plakefsedative d@ ubher Hongiadbdenl krwsednby t o

be pushed in eaﬂs@ahtﬁdlOukaﬁélahﬁoﬁann%h@ﬁeheusifn%e press$Héhpilgekgns
require the a g%catlon of insertjon forces to the flat cables. In

addi ti on, suc t1¥RstaatRe PRNSIRS v resulted in an increase in the
overal |l size of the Other objects, features and advantages of the

5 invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.
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20 connect ors. Consequently, sone zero I nsertion
force el ectrical connectors for flat cables have been designed

wi th actuators which are pivotable between first, open positions
allowing free insertion of the cables into the 25 connes-@10 Is®uSsi ngs,
and second, closed p05|t|ons for clanplng the flat cabl es agai nst
t he ternlnals-rlr e | ock means are provided to

hol d the act uat Or'fhér%éﬁd&"é% %‘%“@h&lsof'né}&ké‘{égé( %n{ﬂ:r{ '&%e%@'i‘%b%

housi ng. 30 resent invention is dir
to be novel are set forth with partlcularlty 1n the append-

ed claims. The invention, together with its objects and
5 the advantages thereof, may be best understood by reference

to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:
FIGURE 1 is a vertical front-to-rear section
10 through an electrical connector according to the invention;
FIGURE 2 is a top plan view of the housing for
the connector;
FIGURE 3 is a front elevational view of the
housing;
15 FIGURE 4 is a side elevational view of the
housing;
FIGURE 5 is a top plan view of the actuator or
pressure plate of the connector;
FIGURE 6 is a front elevational view of the
20 pressure plate;
FIGURE 7 is a side elevational view of the
pressure plate;
FIGURE 8 is an enlarged section taken generally
alone line H-H in Figure 6;
25 FIGURE ¢ is an enlarged section taken generally
along line K-K in Figure 6;
FIGURE 10 is an enlarged section taken generally
along line J-J in Figure 6;
FIGURE 11 is a side elevational view of the
30 connector, with the pressure plate in its open position;
FIGURE 12 is a vertical section through the
connector, with the pressure plate in its open position and
with a flat cable inserted into the connector;
FIGURE 13 is a side elevational view of the
35 connector, with the pressure plate beginning to be rotated
toward its closed position;
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fnproved zero insertion force electrical connector for flat cabl es of
the character described above, wherein the actuator is pivotally

pount ed on the connector housing by
95-210 SG

FIGURE 14 is a vertical section through the
connector in the condition of Figure 13;

FIGURE 15 is a side elevational view of the
connector, with the cam surfaces just beginning to engage;

5 FIGURE 16 is a vertical section through the
connector in the condition of Figure 15;

FIGURE 17 is a side elevational view of the
connector, with the pressure plate beginning to move
linearly or translationally of the housing;

10 FIGURE 18 is a vertical section through the
connector in the condition of Figqure 17;

FIGURE 19 is a side elevational view of the
connector, with the pressure plate near its final position;

FIGURE 20 is a vertical section through the

15 connector in the condition of Figure 19;

FIGURE 21 is a side elevational view of the
connector with the pressure plate in its final closed
position;

FIGURE 22 is a vertical section through the

20 connector in the condition of Figure 21; and

FIGURE 23 is a fragmented, somewhat schematic
view of.various contact points on the pressure plate in its
final closed position.
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means of a floating-pivot neans and allows for increased

| inear or translational novenent of the actuator in pushing the cabl e
i,nto the connector. Summary of the Invention 5 An

obj ect, therefore, of the invention is to provi de a FEve EhdPG nproved
Zero |nsert|on force el ectrical connector for flat electrical cables,

of the char acRgtailed Description of the Preferred Embodiment

10

15

20

25

30

35

Referring to the drawings in greater detail,
Figure 1 shows an electrical connector for flat electrical
cables according to the present invention. The connector
includes a housing, generally designated 1, mounting a
plurality of terminals, generally designated 2, and an
actuator or pressure plate, generally designated 3.
Figures 2-4 show further details of housing 1, and Figures
5-10 show details of the actuator or pressure plate 3.

Housing 1 is unitarily molded of dielectric
material such as plastic or the like. The housing includes
a bottom plate S5 having a plurality of slots 4 to
accommodate terminals 3. The housing further includes
opposite side walls 6 and a ceiling or top wall 7 which
covers the top and approximately the rear one-half of the
interior of the housing. Top wall 7 leaves an opening 8 in
the front one-half of the housing and the front face of the
housing for receiving the flat cable. As seen in Figures
1 and 4, each side wall 6 has a counter cam surface 9
facing in a rearward direction generally toward top wall 7.
The counter cam surface cooperates with a cam surface on
pressure plate 3 for gquiding the pressure plate during its
rotational and translational movements, as described
hereinafter.

As seen best in Figure 1, each terminal 2 is
stamped and formed of sheet metal material and in a
generally bifurcated configuration to define a relatively
long, lower contact branch 11 and a relatively short, upper
support branch 10. The upper support branch includes a
triangular barb 12 that bites into the plastic material of
the housing to establish an interference fit therewith and,
thereby, fix the terminal in the housing. Lower contact
branch 11 of each terminal 2 is vertically flexible and
includes an upwardly projecting contact portion 13 at its
forward distal end and an L-shaped tail 14 at its rear end.
Tail 14 is adapted for soldering to a circuit trace on a
printed circuit board (not shown), and the bottom of tail

6
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descri bed. In the exenplary enbodi nent of the invention,

the 10 zero insertion force electrical connector includes a

dielectric housing nounting a plurality of termnals in a general ly
parallel array. The housi ng has opposite sides and &5fF2d8t Sénd with
an openi ng between the sides for receiving an end of the flat cable

i n engagementl4i t§ fiush sdihgdheyokavemsswriasr o&r fhRaM@ll & @kt theor in

the form howsing pr asfditerpliakesi areincimtdy imuangederahayi j{ysﬂmébe
housi ng for floating novenent. between a first allowing free

i nsertion of THE2¥| a?ﬁﬁﬁ%??*ﬁc??rﬁ}QﬁiﬁﬂWﬁidéM§¥1€h%hh°“5in .

Referring to Figures 5-7, <the actuator or
5 pressure plate 3 is unitarily molded of dielectric material
such as plastic or the like. The pressure plate includes
a major transverse flat plate 15 large enough to cover the
opening or space 8 at the top front of housing 1. A pair
of flanges 16 are integrally formed with opposite sides of
10 the transverse flat plate 15. Each flange 16 is generally
triangular and has a forwardly facing cam surface 17. Cam
surfaces 17 on opposite flanges 16 of pressure plate 3

confront counter cam surfaces 9 on housing 1.
Each flange 6 of pressure plate 3 has a laterally
15 outwardly extending projection 18 on its outer surface.
Each lateral projection 18 is movably fitted in an L-shaped
slot 19 (Fig. 2) on the inner surface of a respective one
of the side walls 6 of housing 1. In addition, the
transverse flat plate 15 of the pressure plate has lateral
20 projections 20 at its opposite sides and which extend
beneath inwardly-projecting lateral extensions 21 (Fig. 3)

inside opposite side walls 6 of housing 1.

As seen best in Fiqure 1, counter cam surface 9

on housing 1 includes a vertically linear cam section 22,
25 a slanted cam section 23 and a curved cam section 24

consecutively or seriatim from the top to the bottom of cam

surface 9. Cam surface 17 on pressure plate 3 includes a

curved cam section 25, an angled cam section 26 and a

vertically linear cam section 27 as viewed from bottom to
30 top of cam surface 17.

As pressure plate 3 is rotated from its open
position shown in Figures 11 and 12 toward its closed
position shown in Figures 21 and 22, a forward extension
15a of transverse flat plate 15 of pressure plate 3

35 advances into housing 1 such that the upper surface of
forward extension 15a engages and moves under a comb-like
lower bearing surface or shelf 28 defined by the underside

' 7
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and a second position biasing the cable against the 20 termnals. The

actuator or pressure plate has an extension on its rearward end for
novenent beneath an over hangi ng shel f means on the housing. A
forwardly facing cam surface I's provided on the pre®sudaopisate for
abutting a rearwardly facing cam surface on the housing as the

pressure pl atef isupmEert branckes ab@uef athevoepepalily pavadlel array of
position to i¢seminals SECoOnNd position causing the extension of the pressure

pl ate to advance beneath the overhangi ng shel f_ neagns on the
housi ng, thereby sandwiTHIWES hdlendngf FHesequentagir@wings gbofeckhene

contact portiminé®f imeHidhrprakssueedplite 3 moves in a floating action

5 (i.e. like a floating pivot) with respect to housing 1.

Referring to Figures 11 and 12, pressure plate 3 is shown

in its fully opened position in which a flat flexible cable

29 can be inserted into the housing. It should be noted

that the flat cable is inserted into the housing without

10 requiring any insertion force. It can be seen in Figure 12

that the flat cable rests on top of contact portions 13 of

flexible contact branches 11 of terminals 2. Thereafter,

pressure plate 3 is rotated in the direction of arrows 30

until cam surfaces 17 on the pressure plate begins to abut

15 the counter cam surfaces 9 on the housing, as shown in
Figures 13, 14, 15 and 16.

As seen in Figures 17 and 18, curved cam section

25 of cam surface 17 on pressure plate 3 abuts slanted cam

section 23 of counter cam surface 9 on housing 1. At this

20 point, pressure plate 3 begins to be pushed forward as a

counter action relative to the housing in the direction of

arrows 31. This causes forward extension 15a of transverse

plate 15 to advance under the lower bearing surface or

shelf means 28 defined by support branches 10 of terminals

25 2. The distal ends of support branches 10 have angled,

straight surfaces 10a (Fig. 1) which confront the top flat

surface of forward extension 15a, and this engagement,

along with the counter action between the cam surfaces of

the housing and the pressure plate, expedite the forward

30 advancing of forward extension 15a of the transverse plate

15 into the housing as seen in Figures 1, 19 and 20.

During this pivoting and translational movement of pressure

plate 3 relative to housing 1, a pressure point "P" on the

underside of forward extension 15a near the end of

35 transverse plate 15 pushes flat cable 29 against contacts

13 of the underlying contact branches 11 of terminals 2.

This Sheet Has Been Replaced

RIGR

THIS $i .ET HAS BEEN
REPLACED




30 pressure plate. As di scl osed herein, each of the
termnals is bi furcated to define a contact branch and a support
branch bet ween which the flat cable is insertable. The support
branches of the parallel array of terminals formthe 35 950@&0h&8gi ng
shel f neans on the housing. The cam surfaces have cam profiles to
al | ow subst arRMeasyie oboigtiolBlermoves downwardly and forwardly as

indicated by broken line "Q" in Figure 1.
Figures 21 and 22 show the final position of
actuator or pressure plate 3 relative to housing 1. In the
5 final position, vertically linear cam section 27 of cam
surface 17 of pressure plate 3 abuts vertically linear cam
section 22 of cam surface 9 on housing 1, while forward
extension 15a of the transverse plate 15 of pressure plate
3 is positioned fully under the shelf means formed by

10 support branches 10 of terminals 2. In this position, flat
cable 29 is sandwiched between the lower surface of forward
extension 15a and contact portions 13 of contact branches
11 of terminals 2, with each exposed conductor on the
underside of the flat cable contacting a contact portion 13

15 of a respective one of the terminals.

Figure 23 is a schematic illustration to show a
horizontal distance "L" between a final center of rotation
"O" of pressure plate 3 and the point of pressure "P" in
the final position of the pressure plate.

20 As can be understood from the above, pressure
plate 3 1is pushed forwardly while being rotated in a
floating pivoting manner, as a counter action to housing 1
caused by the cooperation between cam surface 17 on the
pressure plate and counter cam surface 9 on the housing.

25 This provides an increased horizontal distance "L" (Fig.
23)  from the final center of rotation to the pressure
point, compared to prior art actuators that rotate about a
fixed pivot. In addition, increased resistance is provided
against the flat cable from slipping out of the connector

30 when subjected to undesirable pulling forces which might
tend to rotate pressure plate 3 toward its open position.
In other words, it can be understood that pressure point
"P" moves from the left-hand side of center of rotation “OY
to the right-hand side as viewed in Figure 23 to form a

35 type of toggle arrangement as the pressure plate rotates
and translates toward its final position. Therefore, no
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t he pressure plate relative to the housing foll owed by substanti al
transl ati onal novenent of the pressure plate relative to the housing.
Ot her objects, features and advantages of the invention will be apparent
fromthe follow ng detail ed 95-210 SG
latching mechanism is necessitated because pulling on the
cable only tightens its clamped engagement.
As seen in Figure 2, inward lateral extensions 21
of the side walls of housing 1 overhang the opposite
5 longitudinal edges of flat cable 29. These overhanging
extensions tend +to absorb at 1least a part of any
undesirable pulling force applied to the- flat cable,
thereby reducing transmission of the pulling force to
pressure plate 3 in the opening direction of the pressure

10 pPlate. |

In order to remove flat cable 29 from the
electrical connector, pressure plate 3 is rotated in the
direction of arrow 32 (Fig. 22) to cause a pulling force on
the pressure plate in the direction of arrow 33. The

15 pressure plate then can be rotated about its floating or
moving pivot back to its fully open position as shown in
Figures 11 and 12 to permit easy removal of the flat cable.

Lastly, housing 1 may be designed to have a
horizontal extension on the inside thereof to provide a

20 shelf means or bearing surface 28 rather than providing the
bearing surface by means of support branches 10 of
terminals 3. In addition, L-shaped tails 14 of terminals
2 may be replaced by pin-like tails which can be inserted
into holes in a printed circuit board.

25 It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and

30 the invention is not to be limited to the details given
herein.
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description taken in connection wth—the—acconmpanyrg draw ngs.

. RN VAV R R

CLAIMS:

SG

1. A zero insertion force electrical connector
for a flat cable (29), comprising:
a dielectric housing (1) mounting a plurality of
5 terminals (2) in a genérally parallel array, the housing
having opposite sides (6) and a front end with an opening
(8) between - the sides for receiving an end of the flat
cable (29) in engagement with contact portions (13) of the
terminals (2);

10 a pressure plate (3) plvotally mounted relative
to the housing (1) for floating movement between a first
position allowing free insertion of the flat cable (29)
into the opening (8) and a second position biasing the
cable against the terminals (2), the pressure plate having

15 an extension (15a) on its rearward end for movement beneath
an overhanging shelf means (28) on the housing; and

a forwardly facing cam surface (17) on the
pressure plate (3) for abutting a rearwardly facing cam
surface (9) on the housing (1) as the pressure plate is

20 rotated about a moving pivot from its first position to its
second position causing the extension (15a) of the pfessure
plate to advance beneath the overhanging shelf means (28)
on the housing, sandwiching the end of the flat cable (29)
between the contact portions (13) of the terminals (2) and

25 the pressure plate (3).

2. The zero insertion force electrical connector

of claim 1 wherein each of said terminals (2) is bifurcated

to define a contact branch (11) and a support branch (10),

the support branches (10) of the parallel array of

30 terminals forming said overhanging shelf means (28) on the
housing.
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S 4 - Brief Description of the Draw ngs The features
of this invention which are believed to be novel are set forth with

particularity in the append- ed clains. The invention, together
its objects and 5 t he advant ages thereof, may be best @1 &&d by
reference to the foll ow ng descrlptlon taken in conjunction with
acconpanyi ng drawi ngs, #n Whec Berpk énserbienctomuerelgcirical cpypaetpy

elements in tge &jgimes xﬁﬂﬂ'éﬁ‘l Whi §Bast one of said canl s@R&Ecks $9217)

vertical front-to-rear sectio
has a cam proflle (22-27) to effect substantial pivoting

movement of the pressure plate (3) relative to the housing
5 (1) followed by substantial translational movement of the
pressure plate relative to the housing.

4, The zero insertion force electrical connector

of claim 3 wherein at least one of said cam surfaces (9,17)

has a plurality of discrete cam sections (22-27) to define

10 said cam profile to effect said pivoting and translational
movements.
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10 t hrough an el ectrical connector according to the invention,

FIGURE 2 is a top plan view of the housing for t he connector;

FIGURE 3 is a front elevational view of the housi ng; 15

FIGURE 4 is a side el evational view of the housi ng; 95-210 SG

FIGURE 5 is a %APlan view of the actuator or pressure plate of the
connect or; ABST CT: FIGURE 6 is a front elevational view of the 20

pressure pl at@o INSERTION FORCE ELECTRICAL CONNECTOR FOR FLAT CABLE

A zero insertion force electrical connector is

provided for a flat cable (29). The connector includes a

5 dielectric housing (1) mounting a plurality of terminals

(2). The housing has a front end with an opening (8) for

receiving an end of the flat cable (29) in engagement with

contact portions (13) of the terminals (2). An actuator

(3) is pivotally mounted relative to the housing (1) for

10 floating movement between a first position allowing free

insertion of the flat cable (29) into the opening (8) and

a second position biasing the cable against the terminals

(2). A cam surface (17) on the actuator (3) abuts a

counter cam surface (2) on the housing (1) as the actuator

15 rotates and translates about a moving pivot from its first

position to its second position sandwiching the end of the

flat cable (29) between the contact portions (13) of the
terminals (2) and the actuator (3).
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FIGURE 7 is a side elevational view of the pressure plate;
FIGURE 8 is an enl arged section taken generally alone line HH in
Figure 6; 25 FIGURE 9 is an enlarged section taken generally

along line K-Kin Figure 6; 1-11) FIGURE 10 is an enl arged

section taken generally al ong flne J-J in Figure 6;
FIGQURE 11 is a side elevational view of the 30 connector, with the

pressure plate in its open position; FIGURE 12 is a
vertical section through the

FIG. 1

/;?
N
AN

/!
/
p\

10

MMM

15a

N
:

AN

(20}
o ~— Q.
\ o
~ <

26
|7

— N\

27
25

mSSheet ch

[T




connector, with the pressure plate in its open position and with a

flat cable inserted into the connector; FIGURE 13 is a side
el evational view of the 35 connector, with the pressure plate beginning
to be rotated toward its cl ose?zpﬁltlon

FIG. 2 . r
61 [ 11— () -6
19— f ' | T B
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5 - FIGURE 14 is a vertical section through the

connector in the condition of Figure 13; FIGURE 15 is a
si de el evational view of the connector, with the cam surfaces just
%eginning to engage; 5 E%SU E 16 is a vertical section

t hrough t he connector in the c i t4 on of Figure 15;

FIGQURE 17 is a side elevational view of the

18
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connector,

translationally of the housing; 10

section through the

connect or

FIGURE 19 is a side el evational V|em1ﬁf qu
pressure plate near its final p05|t|d 1

vertical section through the 15

FIGQURE 21 is a side elevational view of the

pressure plate inits fina

FIG. 8

FIG. 9

FIG. 10
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with the pressure plate beginning to nove

linearly or

FIGQJRE 18 is a vertical

in the condition of Figure 17;
connect or,

with the
FIGURE 20 is a

connector in the condition of Figure 19;

connector with the

|5 posijig on;
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FIGURE 22 is a vertical section through the 20 connector in the

condition of Figure 21; and FI GURE 23 is a fragnented,
spmewhat schematic vi ew of various contact points on the pressure
plate inits final closed position.
(5-11)
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FIG. 11 k//3
g7
9
i 1l:<-~ \‘ ”l’,
A% )
“—
— P
! 14

FIG. 12 | \(30
3
e

This Sheet Has Been Replaced

T

REPLACED




- 6- Det ai | ed Description of the Preferred Enbodi nent

Referring to the drawi ngs in greater detail, Figure 1 shows an
ekectrical connector for , flat electrical cabl es according to the
present invention. The connector 5 i ncl udes a housing, generally
designated 1, nounting a plural {(6y1®%) terminals, generally designated
2, and an actuator or pressure plate, generally designated 3.

FIG. 13

(4

FIG. 14 o3
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Figures 2-4 show further details of housing 1, and Figures 5-10 show

details of the actuator or pressure plate 3. 10 Housing 1 is
upitarily nolded of dielectric mat erial such as plastic or the like.
The housi ng i ncl udes a bottomplate 5 having a plurality of slots 4
to accomodate term nals 3. Thé7hb&%ing further includes

opposite side walls 6 and a ceiling or top wall 7 which 15 covers the
top and approxi mately the rear one-hal.f of the interior of the
housing. Top wall 7 | eaves an opening 8 in the front one-half of the
housi ng and the front face of the housing for receiving the flat

cable. As seen in Figures

FIG. 15

FIG. 16
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1 and 4, each side wall 6 has a counter cam surface 9 20 facing in a

rearward direction generally toward top wall 7. The counter cam
surface cooperates with a cam surface on pressure plate 3 for guiding
the pressure plate during its rf§e¥¥fnal and transl ati onal novenents,
as descri bed hereinafter. 25 As seen best in Figure 1
each termnal 2 is stanped and forned of sheet netal material and in
a generally bifurcated configuration to define a relatively

| ong, | ower contact branch 11 and a relatively short, upper support

branch 10. The upper support branch includes a

3
FIG. 17 S
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30 triangular barb 12 that bites into the plastic material of t he

housing to establish an interference fit therewith and, t hereby, fix
the terminal in the housing. Lower contact branch 11 of each
termnal 2 is vertically flexible and i ncl udes an upwardly projecting
contact portion 13 at its 35 forwaf@-tfldtal end and an L-shaped tail 14
at its rear end. Tail 14 is adapted for soldering to a circuit trace
on a printed circuit board (not shown), and the bottom of tai
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7 14 is flush with the |ower surface of the wall 5 of the

housing. The termnals are nounted in a generally parallel array
tyansversely or side-to-side of the housing. Referring to
Fi -7 h
I gures 5-7, the actuator or (10-11)
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5 pressure plate 3;is unitarily nolded of dielectric materi al such
as plastic or the like. The pressure plate includes a nmaj or
tyansverse flat plate 15 | arge enough to cover the openi ng or space 8
at the top front of housing 1. A pair of flanges 16 are integrally
formed wth opposite sid?s of 10 {hd-dMdnsverse flat pl ate 15. Each
flange 16 is generally triangular and has a forwardly facing cam
surface 17. Cam surfaces 17 on opposite flanges 16 of pressure plate
3 confront counter cam surfaces 9 on housing 1. Each
flange 6 of pressure plate 3 has a laterally 15 out war dl y extendi ng
projection 18 on its outer surface. -

“This Sheet Has Been Replaced
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Each lateral projection 18 is nnvably‘fptﬂg@EMnsan“L sh'ped ; slot 19
<(Fid." 2) on the inner surface of a regp “one of t b%ikﬁ? lls 6
“of housi ng 1. In addition, the tiplat 5 of
pressure plate has lateral 20 proj e pposi ?@@w@d
whi ch ext end beneat h i nwardl y- pr 9] xt ensi on (Fig
3) i nsi de opposite side wall sgg . As seen
best in Figure 1, counter cam surface ousing 1 includes a
vertically linear cam section 22, 25 a slanted cam section 23 and a

curved cam se{RRD) IASERTION FORDEC BLECTRYCAL, SONNBCTOR FORY FHAT tOXBLE t he
bott om of cam

Field of the Invention

This invention generally relates to the art of

electrical connectors and, particularly, to an electrical

5 connector for terminating a flat cable, such as a flat
flexible cable, without requiring any insertion force.

Background of the Invention

There are a wide variety of zero insertion force
electrical connectors particularly adapted for terminating
10 flat cables, such as flexible flat cables. These
electrical connectors conventionally use actuators to push
the flexible flat cables, flexible printed circuit boards
or the like against resilient contacts or terminals which

are mounted in the connector héusings.
15 Heretofore, the actuators have been designed to
be pushed in and pulled out of the connector housings.
Such designs require the application of insertion forces to
the flat cables. In addition, such designs have inevitably
resulted in an increase in the overall size of the

20 connectors.

Consequently, some zero insertion force
Nt electrical connectors for flat cables have been designed
with actuators which are pivotable between first, open
positions allowing free insertion of the cables into the

25 connector housings, and second, closed positions for
clamping the flat cables against the terminals. In some
such connectors, lock means are provided to hold the
actuators in locked condition relative to the connector
housing.

30 _ The present invention is directed to a new and
improvéd zero insertion force electrical connector for flat
cables of the character described above, wherein the
actuator is pivotally mounted on the connector housing by



surface 9. Camsurface 17 on pressure plate 3 includes a

gection 25, an angled cam section 26 and a vertical lly

section 27 as viewed frombottomto 30 top of cam surface 17

As pressure plate 3 is rotated fromits open posi ti op sh&%ﬁg:g%a
Figures 11 and 12 toward its cl osed - 2 position shown i il gures 21 _and
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Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved zero insertion force electrical
connector for flat electrical cables, of the character
described.

In the exemplary embodiment of the invention, the
zero insertion force electrical connector includes a
dielectric housing mounting a plurality of terminals in a
generally parallel array. The housing has opposite sides
and a front end with an opening between the sides for
receiving an end of the flat cable in engagement with
contact portions of the terminals. An actuator in the form
of a pressure plate is pivotally mounted relative to the
housing for floating movement between a first position
allowing free insertion of the flat cable into the opening,
and a second position biasing the cable against the
terminals. The actuator or pressure plate has an extension
on its rearward end for movement beneath an overhanging
shelf means on the housing. A forwardly facing cam surface
is provided on the pressure plate for abutting a rearwardiy
facing cam surface on the housing as the pressure plate is.
rotated about a moving pivot from its first position to its
second position causing the extension of the pressure plate
to advance beneath the overhanging shelf means on the
housing, thereby sandwiching the end of the flat cable
between the contact portions of the terminals and the
pressure plate.

As disclosed herein, each of the terminals is
bifurcated to define a contact branch and a support branch
between which the flat cable is insertable. The support
branches of the parallel array of terminals form the
overhanging shelf means on the housing. The cam surfaces

have cam profiles to allow substantial pivoting movement of

iabkrpagesgure




of support branches 10 of the generally parallel array of
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the pressure plate relative to the housing
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substantial translational movement of the pressure plate

relative to the housing.

s e

Other objects, features and advantages of the
5 invention will be apparent from the following detailed

description taken in connection with the accompanying

drawings.

¢



termnals 2. Figures 11 and subsequent dramﬁngﬁ?UﬁﬁNﬁNTﬁﬁFE(
manner in which pressure plate 3 noves in a floating action 5 e

Tike a floating pivot) with respect to housing 1. Ref er r}i ng

Figures 11 and 12, pressure plate 3 is shown inits fulljy opeﬁéﬁgg‘@gé
position in which a flat flexible cable 4 - 29 can be insertied_into.the.
housing. It $hquledpgcp9pedon of tﬁaaérmgn'gat cable is insgrted into the
housi ng wi t hoQ requiring any 1nsertion force. Seen

Figure 12 t hat th@hFI Eeatures qledhd s inyen b‘?nc"gﬁt%tarﬁopfaﬁ 393 of

flexi bl e cont agt pBrAeeEEsard sft trerthnelith2pafhibrekdrtry in the append-
ed claims. The invention, together with its objects and
5 the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals

identify like elements in the figures and in which:
FIGURE 1 is a vertical front-to-rear section
10 through an electrical connector according to the invention;
FIGURE 2 is a top plan view of the housing for

the connector;

FIGURE 3 is a front elevational view of the

N :
housing;
15 FIGURE 4 is a side elevational view of the
housing;
FIGURE 5 is a top plan view of the actuator or
pressure plate of the connector;
FIGURE 6 is a front elevational view of the
20 pressure plate;
FIGURE 7 is a side elevational view of the
pressure plate;
FIGURE 8 is an enlarged section taken generally
alone line H-H in Figure 6;
25 FIGURE 9 is an enlarged section taken generally
'xg along line K-K in Figure 6;

FIGURE 10 is an enlarged section taken generally
along line J-J in Figure 6;
FIGURE 11 is a side elevational view of the
30 connector, with the pressure plate in its open position;
FIGURE 12 is a vertical section through the
connector, with the pressure plate in its open position and
with a flat cable inserted into the connector;
FIGURE 13 is a side elevational view of the
35 connector, with the pressure plate beginning to be rotated

toward its closed position;



pressure plate 3 is rotated in the direction of arrows 30 tHt-t-t--Tarm
surfaces 17 on the pressure plate begins to abut 15 t hej clount e £
surfaces 9 on the housing, as shown in Figures 13, 14, ’aﬁg %@%

As seen in Figures 17 and 18, curved cam section 25 pficam.surface-~17

I REPLAIEMENT SHEET |

on pressure plate 3 abuts slanted cam - 5 - section 23 of founter cam

surface 9 on housing 1. pAbuRll S1£20 i RO Hpt iULSSHeetRbat Fhieo—e=
pushed forward as a counter action relative to the housing in the

directi on of
transver se

10

15

20

connecorow® Fhe vrrditigBeefs BrYRF® L3iension 15a of
pl ate Fycurpadyenge uadeyideheelovetideal i vdesur dficeher

connector, with the cam surfaces just beginning to engage;

FIGURE 16 is a vertical section through the
connector in the condition of Figure 15;

FIGURE 17 is a side elevational view of the
connector, with the pressure plate beginning to move
linearly or translationally of the housing;

FIGURE 18 is a vertical section through the
connector in the condition of Figure 17;

FIGURE 19 is a side elevational view of the
connector, with the pressure plate near its final position;

FIGURE 20 is a vertical section through the
connector in the condition of Figure 19;

FIGURE 21 is a side elevational view of the
connector with the pressure plate in its final closed
position;

FIGURE 22 is a .vertical section through the
connector in the condition of Figure 21; and

FIGURE 23 is a fragmented, somewhat schematic
view of.various contact points on the pressure plate in its

final closed position.
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di.stal' ends of support branches 10 have angl ed, S
10a (Fig. 1) which confront the top flat surface
extension 15a, and this engagenent, along with th
bet ween the cam surfaces of
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transverse plate
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es acco ing to gie present invention. The connector
includes a housing, generally designated 1, mounting a
plurality of terminals, generally designated 2, and an
actuator or pressure plate, generally designated 3.
Figures 2-4 show further details of housing 1, and Figures
5~10 show details of the actuator or pressure plate 3.
Housing 1 is unitarily molded of dielectric
material such as plastic or the like. The housing includes
a bottom plate 5 having a plurality of slots 4 to
accommodate terminals 3. The housing further includes
opposite side walls 6 and a ceiling or top wall 7 which
covers the top and approximately the rear one-half of the
interior of the housing. Top wall 7 leaves an opening 8 in
the front one-half of the housing and the front face of the
housing for receiving the flat cable. As seen in Figures
1 and 4, each side wall 6 has a counter cam surface 9
facing in a rearward direction generally toward top wall 7.
The counter cam surface cooperates with a cam surface on
pressure plate 3 for guiding the pressure plate during its
rotational and translational movements, as described
hereinafter.
As seen best in Figure 1, each terminal 2 is
stamped and formed of sheet metal material and in a
generally bifurcated configuration to define a relatively
long, lower contact branch 11 and a relatively short, upper
support branch 10. The upper support branch includes a
triangular barb 12 that bites into the plastic material of
the housing to establish an interference fit therewith and,
thereby, fix the terminal in the housing. Lower contact
branch 11 of each terminal 2 is vertically flexible and
includes an upwardly projecting contact portion 13 at its
forward distal end and an L-shaped tail 14 at its rear end.
Tail 14 is adapted for soldering to a circuit trace on a
printed circuit board (not shown), and the bottom of tail



35 transverse plate 15 pushes flat cable 29 agai nst cont cBEPLAGEMENT T3ELT
of. the underlying contact branches 11 of termnals 2. -
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14 is flush with the lower surface of the wall 5 of the
housing. The terminals are mounted in a generally parallel

array transversely or side-to-side of the housing.
Referring to Figqures 5-7, the actuator or
5 pressure plate 3 is unitarily molded of dielectric material
such as plastic or the like. The pressure plate includes
a major transverse flat plate 15 large enough to cover the
opening or space 8 at the top front of housing 1. A pair
of flanges 16 are integrally formed with opposite sides of
10 the transverse flat plate 15. Each flange 16 is generally
triangular and has a forwardly facing cam surface 17. .Cam
surfaces 17 on opposite flanges 16 of pressure plate 3
confront counter cam surfaces 9 on housing 1.
Each flange 6 of pressure plate 3 has a laterally
15 outwardly extending projection 18 on its outer surface.
Each lateral projection 18 is movably fitted in an L-shaped
slot 19 (Fig. 2) on the inner surface of a respective one
of the side walls 6 of housing 1. In addition, the
transverse flat plate 15 of the pressure plate has lateral
20 projections 20 at its opposite sides and which extend
beneath inwardly-projecting lateral extensions 21 (Fig. 3)
inside opposite side walls 6 of housing 1.

As seen best in Figure 1, counter cam surface 9

on housing 1 includes a vertically linear cam section 22,
25 a slanted cam section 23 and a curved cam section 24
W consecutively or seriatim from the top to the bottom of cam
surface 9. Canm surface 17 on pressure plate 3 includes a
curved cam section 25, an angled cam section 26 and a
vertically linear cam section 27 as viewed from bottom to

30 top of cam surface 17.

As pressure plate 3 is rotated from its open
position shown in Figures 11 and 12 toward its closed
position shown in Figures 21 and 22, a forward extension
15a of transverse flat plate 15 of pressure plate 3

35 advances into housing 1 such that the upper surface of
forward extension 15a engages and moves under a comb-like
lower bearing surface or shelf 28 defined by the underside




Pressure point "p" noves downwardly and forwardly as

broken line "Q in Figure 1. Figures 21 an 2GRS -t-e
final position of actuator or pressure plate 3 relatijve t i 1
In the 5 final position, vertically linear cam section 27 oﬁ?%gﬁﬁfﬁ%%
surface 17 of pressure plate 3 abuts vertd eally linear camj {_____section 2P
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flat Flgures 11 and subsequent drawings show the

manner in which pressure plate 3 moves in a floating action
(i.e. like a floating pivot) with respect to housing 1.
Referring to Figures 11 and 12, pressure plate 3 is shown
in its fully opened position in which a flat flexible cable
29 can be inserted into the housing. It should be noted
that the flat cable is inserted into the housing without
requiring any insertion force. It can be seen in Figure 12
that the flat cable rests on top of contact portions 13 of
flexible contact branches 11 of terminals 2. Thereafter,
pressure plate 3 is rotated in the direction of arrows 30
until cam surfaces 17 on the pressure plate begins to abut
the counter cam surfaces 9 on the housing, as shown in
Figures 13, 14, 15 and 16.

As seen in Figures 17 and 18, curved cam section
25 of cam surface 17 on pressure plate 3 abuts slanted cam
section 23 of counter cam surface 9 on housing 1. At this
point, pressure plate 3 begins to be pushed forward as a
counter action relative to the housing in the direction of
arrows 31. This causes forward extension 15a of transverse
plate 15 to advance under the lower bearing surface or
shelf means 28 defined by support branches 10 of terminals
2. The distal ends of support branches 10 have angled,
straight surfaces 10a (Fig. 1) which confront the top flat
surface of forward extension 15a, and this engagement,
along with the counter action between the cam surfaces of
the housing and the pressure plate, expedite the forward
advancing of forward extension 15a of the transverse plate
15 into the housing as seen in Figures 1, 19 and 20.
During this pivoting and translational movement of pressure
plate 3 relative to housing 1, a pressure point "P" on the
underside of forward extension 15a near the end of
transverse plate 15 pushes flat cable 29 against contacts
13 of the underlying contact branches 11 of terminals 2.



cable 29 is sandw ched between the | ower surface of forward; ext

15a and contact portions 13 of contact branches 11 of; ﬁﬁ?hﬁ@uMENTZSHFFT
W th each exposed conductor on the undersi de of the f t caole
contacting a contact portion 13 15 of a respective one o gt
flgure 23 is a schematic illustration [09show a hor i Zo ta J§%¢;§%£

L between a gl diluePpBin®l phalddbs  downwBrady PaRgs.r Br-3aand_.f |
t he point of pressure psition of tHe pressure 5

plate. 20 indicated hy kxoksa &H&@r H“fgbﬁy¥ﬁe Labove, —pressure - S
plate 3 is pushed forwamdqhﬁ&yIznbehagzznsmed ithea final position of

actuator or pressure plate 3 relative to housing 1. In the
5 final position, vertically linear cam section 27 of cam
surface 17 of pressure plate 3 abuts vertically linear cam
section 22 of cam surface 9 on housing 1, while forward
extension 15a of the transverse plate 15 of pressure plate
3 is positioned fully under the shelf means formed by

10 support branches 10 of terminals 2. In this position, flat
cable 29 is sandwiched between the lower surface of forward
extension 15a and contact portions 13 of contact branches
11 of terminals 2, with each exposed conductor on the
underside of the flat cable contacting a contact portion 13

15 of a respective one of the terminals.

Figure 23 is a schematic illustration to show a
horizontal distance "L" between a final center of rotation
"o" of préssure plate 3 and the point of pressure "P" in
the final position of the pressure plate.

20 As can be understood from the above, pressure
plate 3 is pushed forwardly while being rotated in a
floating pivoting manner, as a counter action to housing 1
caused by the cooperation between cam surface 17 on the
préssure plate and counter cam surface 9 on the housing.

25 This provides an increased horizontal distance "L" (Fig.

) 23) from the final center of rotation to the pressure

point, compared to prior art actuators that rotate about a
fixed pivot. 1In addition, increased resistance is provided
against the flat cable from slipping out of the connector
30 when subjected to undesirable pulling forces which might
tend to rotate pressure plate 3 toward its open position.
In other words, it can be understood that pressure point
"pr" moves from the left-hand side of center of rotation "O"
to the right-hand side as viewed in Figure 23 to form a
35 type of toggle arrangement as the pressure plate rotates
and translates toward its final position. Therefore, no



floating pivoting manner, as a counter action to housing 1 oy
the cooperation between cam surface 17 on the pressufeB ‘f s o
tounter cam surface 9 on the housing. 25 Thi s provi des FRCr ea

hori zontal distance "L" (Fig. 23) fromthe final cenye eﬂ%@gg g!E"on
to the pressure point, conpared-tmprior art actuatofsithat

about a Fi%]gp \éQ:than Lr2qd He@Zss'ﬂﬁrt%aS%@caagbsbm

agai nst the fI ron1s I ppi.ng out of _the connector 30
subj ect ed t0|9ﬁhi§ oaBYe tightens ﬂ&ﬁcgéamﬁﬁéheﬂﬂiﬁﬁmen -~ temarTo rotate

pressure plate 3 towardas! §e8fein PRS2, inward latetdkrextmrdsions 2dan be
under st ood that pressure 0|n&
the sid 1s of housing 1 overhang the opposite
5 longitudinal edges of flat cable 29. These overhanging
extensions tend to absorb at 1least a part of any

undesirable pulling force applied to the flat cable,

thereby reducing transmission of the pulling force to
pressure plate 3 in the opening direction of the pressure
10 plate.

In order to remove flat cable 29 from the
electrical connector, pressure plate 3 is rotated in the
direction of arrow 32 (Fig. 22) to cause a pulling force on
the pressure plate in the direction of arrow 33. The

15 pressure plate then can be rotated about its floating or
moving pivot back to its fully open position as shown in
Figures 11 and 12 to permit easy removal of the flat cable.

Lastly, housing 1 may be designed to have a

horizontal extension on the inside thereof to provide a
20 shelf means or bearing surface 28 rather than providing the
bearing surface by means of support branches 10 of
terminals 3. In addition, L-shaped tails 14 of terminals
2 may be replaced by pin-like tails which can be inserted

into holes in a printed circuit board.
25 It will be understood that the invention may be
NS embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and
30 the invention is not to be limited to the details given

herein.
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CLATMS:

1. A zero insertion force electrical connector
for a flat cable (29), comprising:
a dielectric housing (1) mounting a plurality of
5 terminals (2) in a generally parallel array, the housing
having opposite sides (6) and a front end with an opening
(8) between the sides for receiving an end of the flat
cable (29) in engagement with contact portions (13) of the
terminals (2);

10 a pressure plate (3) pivotally mounted relative
to the housing (1) for floating movement between a first
position allowing free insertion of the flat cable (29)
into the opening (8) and a second position biasing the
cable against the terminals (2), the pressure plate having

15 an extension (15a) on its rearward end for movement beneath
an overhanging shelf means (28) on the housing; and

a forwardly facing cam surface (17) on the
pressure plate (3) for abutting a rearwardly facing cam
surface (9) on the housing (1) as the pressure plate is

20 rotated about a moving pivot from its first position to its
second position causing the extension (15a) of the pressure
plate to advance beneath the overhanging shelf means (28)
on the housing, sandwiching the end of the flat cable (29)
between the contact portions (13) of the terminals (2) and

25 the pressure plate (3).

2. The zero insertion force electrical connector

of claim 1 wherein each of said terminals (2) is bifurcated

to define a contact branch (11) and a support branch (10},

the support branches (10) of the parallel array of

30 terminals forming said overhanging shelf means (28) on the
housing.



-10- | at chi ng mechani smis necessitated because pulllmgmymHMﬁNTSHEEf
.cable only tightens its cl anped engagenent.

Figure 2, inward |l ateral extensions 21 of the side
over hang the opposite 5 | ongi t udi nal edges of flat cab
over hangi ng extensions tend to absmrb at |east a par

undesirabl e pulling forge |§é1:3 q_ntslgg.tf;gﬁt £&RBL 1ectri
transm ssion of the pulling force
of claim 1 wherein at least one of said cam surfaces (9,17)

has a cam profile (22-27) to effect substantial pivoting
movement of the pressure plate (3) relative to the housing

5 (1) followed by substantial translational movement of the
pressure plate relative to the housing.

4. The zero insertion force electrical connector

of claim 3 wherein at least one of said cam surfaces (9,17)

has a plurality of discrete cam sections (22-27) to define

10 said cam profile to effect said pivoting and translational
movements.

AR



pressure plate 3 in the opening direction of the pressure 10gsp| ADERERT SHEET
-ln order to renove flat cable 29 fromthe el ectrical |coaneeter
‘pressure plate 3 is rotated in the direction of arrow 32 EH%% %%% tp
cause a pulling force on the pressure plate in the dijrdcti % §(NN
33. The 15 pressure plate then can 13e-rotated about itisifloating or i
movi ng pivot Raekpierits fully open posSTtion as shown in Figures 11
Lact la

and 12 to per nt eas ]
housi ng 1 mayZERQ :

reanaI of the flat cable
R g ELECTRICA

i nsi de thereof to prOVlﬂezéro 1nsert10n force electrical connector is

10

15

provided for a flat cable (29). The connector includes a
dielectric housing (1) mounting a plurality of terminals
(2). The housing has a front end with an opening (8) for
receiving an end of the flat cable (29) in engagement with
contact portions (13) of the terminals (2). An actuator
(3) is pivotally mounted relative to the housing (1) for
floating movement between a first position allowing free
insertion of the flat cable (29) into the opening (8) and
a second position biasing the cable against the terminals
(2). A cam surface (17) on the actuator (3) abuts a
counter cam surface (9) on the housing (1) as the actuator
rotates and translates about a moving pivot from its first
position to its second position sandwiching the end of the
flat cable (29) between the contact portions (13) of the
terminals (2) and the actuator (3).

FIG. 16
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beari'ng surface by neans of support branches 10 of

. shelf means or bearing surface 28 rather than providing the
termnals 3.
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CLAI MV5B: 1. A zero insertion force electrical connector

for a‘flat cable (29), conprising: a dielectric housing (1)
founting a plurality of 5 terminals (2) in a generally parallel array,

t he housi ng havi ng opposite sides (6) and a front end™w L'i.rrclrf., opeRt-Ag
(8) between the sides for receiving ag.end of the flat R«E&bﬂé!‘x‘ﬁﬂ%)SHEﬁT
engagenent with contact portions (13)=ef the termnalis j(2); I0

a pressure plate (3) pivotally nmounted rel ative to the hqygimé@%
for floating novenent between a first
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position allowing free insertion of the flat cable (29) into the

opening (8) and a second position biasing the cabl e agai nst the
termnals (2), the pressure plate having 15 an extension (15a)—-0R—ii-8.
rearward end for novenent beneath an over hangi ng shel fi ri@RhACKMERNT BHEET
t he housi ng; and a forwagdly facing cam surfhc e
pressure plate (3) for abutting a rearwardly facing cam uggﬁgg (@%é
on the housing (1) as the pressure plate is 20 rotated abput a pn
pivot fromits first position to its _ second position cpusing.the
extension (15a) of the pressure pgate to [@lvance beneafh the
over hangi ng shel f neans (28)
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on the housing, sandwi ching the end of the flat cable (29) bet-ween e
E;gf)a contact portions (1:;,) '(I)'L the termi na!(; (2]2 and 2|5 t t he REPLA - | S
: : e zero insertion force electrica ect or
of claim1l wherein each of said termnals (2) is bifurcated ¢ prdefoone
a contact branch (11) and a support brsnch (10), the sup orgt branches i
(10) of the parallel array of 30 tefm nals form ng sai d oyekhangag i
shel f means (28) on the housi ng. Mi
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-12: . 7 3. The zero insertion force electrical
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of claim1 wherein at |east one of said camsurfaces (9, 17) has a cam
profile (22-27) to effect substantial pivoting movenent of the
pressure plate (3) relative to the housing 5 (1) followed by

substantial translational novenent of the pressure plate relative to
t he housi ng. 4. Theazgro i nsertion force electrical
connect or of claim3 wherein at ast one of said cam surfaces (9,17)
has a plurality of discrete camsections (22-27) to define 10 said cam
profile to effect said pivoting and transl ati onal
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FIG. 21
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