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PIN TUNBLEB_QXLLNDEB_LQCK________ . W TH SHEARABLE ASSEMBLY Pl NS
AND METHOD AND APPARATUS OP MANUFACTURE Background of

t he Inventlon 5 Prior cylinder l.ocks have included a plurality of
tunblier i pwb9eesds al i gned driver pins urged by springs ag®oraissétisikey.

: The pins are separately manufactured to selected | engths prior to |l ock

| assenbly. 10 It has al so been proposed to install one-piece pins in
' a ‘cylinder; acconplish sel ect%'ENél' ER) CYIANDER I?PﬁE using a not ched
- key and thereafter shear ea WIIE ; 5-’-*&3 . Qi‘ggl on by the

' notched key, into two | ock FFHS iz NS 535) . Such prior
;nethod has t he di sadvant age t hat

Background of the Invention

5 Prior cylinder locks have included a plurality of tumbler
pins and aligned driver pins urged by springs against the key.
The pins are separately manufactured to selected lengths prior
to lock assembly.

4

10 It has also been proposed to install one-piece pins in a
cylinder; accomplish selected elevation of the pins using a
notched key and thereafter shear each pin, as held in such
elevation by the notched key, into two lock pins (U. S. Patent
No. 1,953,535). Such prior method has the disadvantage that

15 any second randomly-selected insertable key would be capable

_ of elevating the pins and, if torqued, would again shear the
pins thus compromising security.

Summary of the Invention
20 Broadly, the present invention comprises a cylinder

having a body, a turnable plug, a shear line therebetween, and
a plurality of selectively weakened assembly pins for initial
positioning by a notched key. The assembly pins are sheared
by the manufacturer or locksmith using special machinery to

25 thereafter function as both driver and'tumbler pins. Such
assembly pins are strong enough so that torquing or otherwise
forcing with an insertable key by the lock user or person with
an unauthorized key or similar tool will not shear them.

30 It is a feature of the invention that the assembly pins
have a plurality of selectively weakened portions or zones to
control shearings at selected points provided sufficient
shearing force is applied.

35 It is a further feature of the invention that the driver
and tumbler pins, though sufficiently weakened, are strong
enough so that torguing of a key by hand or with a tool will
cause the key or toocl to fail before the pins shear.



15 any second randonl y-sel ected insertable key would be capable of
eleyatlng the pins and, .if torqued _woul d agai n shear the pi ns thus

conproni’si ng security. . Summary of the Invention 20 Broadly, the
present invention conprises a cylinder having a body, a turnable plug, a
sheari | i ne t herwboesmessen, and a plurality of selectively weaRCHUSI6HISI?
assenbly pins for initial positioning by a notched key. The assenbly
pins are sheared _ , by the nufact ) | ocksmi th using special

machi nery to 25 tBRiehLReScriptd h?ﬁﬁ#%%r and tumbl er pins. Such

assenbly pins are st rcmgg.eaoughaseldhaelemt]mm cutawayr wiew of theclomk of
Wi th an insertabl gk gt diertdn@hk 1UACEneTu@fhg Whet, N plug?Ant 'Ry [ #efbnea

key or simlar t ear t i's a feature of
i nvention that tk&§%ﬁﬂk§ﬁﬂﬂ}ﬁ&'ns have a plurality of selectively weakened
portions or zongs to control shearings at sel ected points provided

sufficient  shearing Efl%c 1% ngkhgdgl?\r%gfonal Jilew B2 ahUhkR F%fgélﬁ $°f

of” the invention that river pi ns, though su
weakened, are strig) present invention;

Fig. 3 is a view similar to Fig. 1 in which the pins have
10 been sheared by relative lateral movement between the shell
and plug;

Fig. 4 is a plan view of the apparatus for shearing the
assembly pins and crimping the shell and plug together;

15
Fig. 5 is an elevational view . of the .apparatus of Fig. 4;
Fig. 6 is a partial sectional view along line 6-6 of Fig.
1;
20
Fig. 7 is a partial sectional view along line 7-7 of Fig.
6;

Fig. B8 is an elevational view of the pin of a second
25 embodiment;

Fig. 8a is an enlarged view of a pin groove of the pin of
Fig. 8;

30 Fig. 9 is a sectional view perpendicular to the
horizontal axis of the plug without pins;

Fig. 9a is a sectional view similar to Fig. 9 with pins
and with the plug slightly turned;
35
Fig. 10 is a plan view of a second shearing mechanisnm,
with a longitudinal axis A, for use at retail locations;
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enough so that torquing of a key by hand or with a tool wll cause the
key_or tool to fajl before the pins shear W0 96/ 5574

PCT/ US96/ 01519 Brief Description of the Draw ngs Fig. 1is a
side el evational cutaway view of the |ock of t he present invention

I ncl udi ng :she¥g96r8$Mg and key-positioned assenbly pins; BCTUSI0ISI9Fi Q.
2 is a side elevational view of an assenbly pin of t he present

i nvention; Fig. 3,isaviewsimlar to Fig. .1.in_which the pins
have 10 been shear e&iﬂngéI s 9es??a?£{?%ﬂ{nmﬁk%’gt’\ﬁeé*'ﬁﬂet§ﬁ@‘9h P

longitudinal axis A of the mechanism of Fig. 10;

Fig. 12 is a front elevational view of a key-operated
§ padlock which is a further embodiment of the invention with
the plug of the shell-plug assembly protruding;

Fig. 13 is a side elevational view of the shell-plug
assembly removed from the padlock of Fig. 12;
10
Fig. 13a is a sectional view along 13a-13a of Fig. 13;

Fig. 14 is a view similar to Fig. 13 in which the plug
has been translated in direction Y;
15
Fig. 15 is a view similar to Fig. 12 in which the shell-
plug assembly, after tfanslation, has been placed in the
padlock; and

20 Fig. 16 is an enlarged sectional view along line 16-16 of
Fig. 14.

Description of the Preferred Embodiment
In Figs. 1-3, lock 10 includes a shell-plug assembly

25 comprised of a cylinder shell 11, turnable cylinder plug 13,
with plug collar 13c, and five (5) vertical pin passageways
l14a-e extending up into shell as shell passageways 11 and down
into plug 13 as plug passageways. Also shown are five
assembly pins 15a-e, plug tail 12, brass key 16, cylinder

30 shear line 18 and pin springs 20a-e for the assembly pins 15a-
e. . Each assembly pin 15a-e has eight (8) circumferential
weakened zones defined by notches or grooves 17. Pins 15a-e
are made of selected material and their grooves 17 are shaped
and proportioned to accomplish assembly pin shearing by the

35 manufacturer or locksmith while preventing compromise in
security while the lock is in service through use of an
unauthorized key or other instrument. Different manufacturers
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and pl ug;

Fig. 4 is a plan view of the apparatus for shearing the

assenbly,plns and crinping.the shell and plug together; 15 Fig. 5

i s 'an el’evational view of the apparatus of Fig. 4; Fig. 6is a

partial sectional view along line 6-6 of Fig. 20 Fig. 7is a

partiial secti oRphosissy¥ al ong line 7-7 of Fig. 6; PCHUSIB01SI9 an
el evational view of- the pin of a second 25 enbodi nent; Fig. Bais
~an_enl arged view of a pin groove of the pin of Fi

10

15

20

25

35

8;
have differirig non-notch key configurgtlons which allow the
keys of a given manufacturer to be inserted in locks of that
manufacturer.

Assembly pins of the invention are notched or otherwise
selectively weakened to reduce the force taken to shear such
pins; however, they are not weakened such that an insertable
key (a key with the same keyway configuration on the lock key)
with a different cut could be torqued by hand or by a tool to
cause the driver and tumbler pins to shear prior to key or
tool failure. The pin notches have a depth and shape such
that only the force of factory or locksmith equipment applied
to portions of the plug, and not applied to the key, can shear
the pins. Porces applied to the key or directly to plug
collar 13c in a direction parallel to the axis of rotation of
plug 13 are resisted and -absorbed by c¢collar 13c engaging shell
11.

The following assembly pins, with varying notch
diameters, were tested:

Inner Notch Average Force Per
Diameter Pin To Shear
0.060 inch 95 lbs.
0.062 inch 105 1lbs.
0.065 inch 120 1bs.
0.070 inch 140 1lbs.
0.074 inch 155 1lbs.
0.079 inch 180 1lbs.
0.084 inch 205 1bs.

Inner notch diameter . (ND) was less than overall diameter
or outside diameter D (see Fig. 2). An inner notch diameter
of 0.062 inch is preferred for padlock pins. In the above
tests D was 0.094 inch. Notch angle (C) was 20° (degrees)
(Fig. 2). The ratio of ND to D is preferably in the range
63%-74%. The present invention also includes door hardware



30 . Fig. 9 is a sectional view perpendicular to the hori zontal axis

of the plug wthout pins: Fig. 9a is_a sectional viewsinmlar to
Fig. 9 with pins and with the plug slightly turned; 35 Fig. 10
is a plan view of a second shearing nmechani sm with a | ongitudinal axis
A, for use aiygéiimils | Ocations; PCT/US96/81519
Fig. 11 is a sectional view taken at 11-11 through |ongitudinal axis A of

" the mechani sm of Fig. .10; Fig. 12 is a front

el evational vi pinsf whereyanpiiiner nekeh shiamgherh ofs 0a074r ingh is preferred
| for pins having an outside diameter (D) of 0.114 inch.

In the manufacture of cylinder 10, assembly pins 15a-e,

s each with eight (8) weakened zones defined by circumferential
grooves 17, are fabricated for use in making a quantity of
locks. In the present system, preferably keys have eight (8)
different cut depths and five pin cylinders, creating thirty-
two thousand (32,000) combinations. Each groove 17 has a

10 width w (Fig. 2) of about .0060-0.010 inches and the series of
grooves 17 are spaced vertically (as shown in Fig. 2) about
0.0156 inch apart. In the assembly of lock 10, assembly pins
15a-e (each of which is the same within a tolerance of +
0.0005) are placed into passageways l4a-e and then sheared.

15 The series of spaced-apart grooves 17 are located in the
assembly pins 15a-e such that they are positioned at the shear
line 18 by a family of insertable keys.

Fig. 3 illustrates plug 13 being driven to the right to
20 shear pins l15a~-e as further explained below. As sheared, each
assembly pin 15a-e breaks into an upper drive section 15u to
function as a driver pin and aligned lower tumbler section 151
to function as a tumbler pin. Cylinder shell 11 has end ring
portion 20 and plug 13 has angled portion 13a (Fig. 1). &
25 segment 20p (Figs. 6 and 7) of ring portion 20 is crimped
against portion 13a as later described.

Turning to Figs. 4-5, the pin shearing and crimping

apparatus 30 includes lock fixture 31 with a configured

30 aperture defining a lock holder recess 32. Lock 10, with its
shell 11 and plug 13 and unsheared assembly pins 15a-e, is
placed in aperture 32 with shell 11 abutting wall 32w. Plug
tail 12 is engageable with shiftable shear pin 41. Shift
shear pin 41 is shown in its rest position biased to the right

35 as viewed in Fig. 4 by spring 42. Also included in apparatus
30 is shearing plunger 36 mounted in a cylindrical apening 37
of a stationary mount block 38, spaced from fixture 31.
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5 enbodi nent of the invention with the plug of the shell-plug assenbly
proIrudlng —Fig 13 is a side elevational view of the
she1|-p|ug assenbly renoved fromthe padl ock of Fig. 12; 10

Fig. 13a is a sectional view along 13a-13a of Fig. 13;

Fig. 14 is a Viwgeshed®d ar to Fig. 13 in which the plug has beepctosssisnded
cin direction Y, 15 Fig. 15 is aviewsimlar to Fig.
12 in which the shell-plug assenbly, after transl ati on, has been
pl aced in the padipparatasi30 further includesg crigpes BRinbar dngluding a

sectional view a'&.‘!ﬂnﬂ:.dée rhér 50 Gi-:ﬁéﬂ b}14a sol?ého:.d uAd%C L Pt cBEmpf shift pin -

Pr ef erred Enbodi

shel | - pl ug assenggg s fhevRe 47 itg E?f?nﬂ%gl ’bxé%éﬁ %%a% L#ﬁ?ﬁgﬁ|%yllnder

cyl i nder plug 13
passageways

,sheXlh 13 &y @mumarpiacsp:wmgfssua (5) vertical pin
l4a-e extending up into the shell 11 as shel

passageways and down into

10

15

20

30

In O e&%%i%%,aiogkugo, including shell 11, plug 13, plug
tail 12 and key 16, as an assembly, is placed in aperture 32
of fixture 31. Shear pin 41 is hit by shearing plunger 36 to
apply force F to cylinder plug tail 12 to move plug 13 in
direction Y. Pins 15a-e are thereby sheared (Fig. 3). Plug
13 is pushed back by hand, using key 16, to the original
position. Next, crimper unit 50 drives crimp shift pin 54 to
crimp ring portion segment 20p of shell 11 against plug
portion 13a (see Figs. 1, 6 and 7).

‘Turning to Figs. 8, 8a, 9 and 9a, a further embodiment of

‘the invention is shown in which pins have a certain notch

configuration and the plug is shaped to facilitate shearing
and rotation. Each pin 60 of this embodiment has grooves or
notches 61, for example, the ten (10) circumferential grooves
6la-j (shown in Fig. 8). Each groove 61 has beveled surface
areas or chamfers 63 to facilitate plug rotation and to make
picking of the lock more difficult. Each chamfer 63 is sloped
at angle C to a plane perpendicular to pin 60’s longitudinal
axis LA (Fig. 8a). The slope of chamfer 63 is parallel to
tangent line T which is perpendicular to radius R of plug 64
of shell-plug assembly 65 at the entrance edge of the plug pin
passageway 71u (Fig. 9). The selection of such a chamfer
slope optimizes the ease of plug rotation. Distances from the
bottom key-engaged end 60b of pin 60 to the center of each
groove is set out in Table 1 (see also Fig. 8).

35
-6 =
This Sheet Has Been Replaced :
HII T ﬂll T ST T B
REPLACED




‘passageways. Also shown are five assenbly pins 15a-e, plug tail 12, brass
key_16. .25 cvlinder shear line 18 and pin_springs 2?0a-e_for t he

aséenbl? pi ns 15a-e. Each assenbly pin 15a-e has eight (8)
circunferential weakened zones defined by notches or grooves 17.
Pins .15a-e akfoogisof sel ected material and their "grooves l1FcHuUsssmisied

and proportioned to acconplish assenbly pin shearing by the
manuf acturer or |locksmth while preventing conprom se in security
while the lock is in service through use @big 30 unaut hori zed key or
other instrunment. Different npagta@gturers ~ Distance in Inches
-3 - WD 96/ 25574 A 166
PCT/ US96/ 01519 B 181
) c .196
5 D .211
E .226
F 241
G «256
H .272
I .286
3 .301
10

Each notch 61 is comprised of a portion of a notch a
above plane Z perpendicular to longitudinal pin axis LA and a
notch portion b below line Z.

15 Plug 64 of shell-plug assembly 65 has a flat surface 66
‘positioned adjacent the upper shell section 67u of shell 67 to
"define a plug shear line. After shearing, and with the key

(hot shown) inserted, the formed tumbler pin 60t is raised
vhich in turn raises the driver pin 60d. As plug 64 is turned

20 in either direction (such as the counterclockwise direction;
'Fig. 9a), groove chamfer surfaces 63 assist in free turning
when the lower tumbler pin 60t is too high or the bottom of
the upper drivef pin 604 too low. Chamfer surfaces 63 reduce
the likelihood that pins will catch the sides of shell and

25 plug passageways 71lu, 711 in either the shell or in the plug.

Turning to Figs. 10 and 11, a pin shearing mechanism 78
is shown having body 79, housing cavity 81, a turnable drive
unit 82 mounted in cavity 81 for rotation about the

30 longitudinal axis A (Fig. 11). Turnable unit 82 includes hand
wheel 83 and nut 84 mounted in rotatable drive body 80. Nut
84 is turnable by a wrench (not shown) toc turn drive unit 82.
As drive unit 82 is turned it translates plunger 87 through
mating threads 88 on body 80 of unit 82 and threads 89 on

35 plunger 87. Plunger 87 moves linearly in direction aA.
Plunger 87 is held from turning by indentation 91 having flat
surface 92 and by vertical post 93 which engages surface 92 to
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have differing non-notch key configurations which allow the keys of a

gi ven mapufacturer to be inserted in |ocks of that manuf act urer. 5
Assenbly pins of the invention are notched or otherw se sel ectively
weakened to reduce the force taken to shear such pi ns; however, they are

not weakened su®bobsats an i nsertabl e key (a key with the saperisywsio
configuration on the | ock key) with a different cut could be torqued by

hand or by a tool to 10 cause ithe driver and tunbler pins to shear prior to
key or t ool faPrevent reEakipmot Mechanase aadbmw&ﬁi atpholden recepsto4

only the force of iheTiding GhdllC Isuppoiteqalpneat wApEh iffslids the Rbelllcpsugf

the plug, and not | t y | For c 1 ed
to the key or di r%%?%ﬁ_f’g %#)uaé%%qﬁggg}gg?% %ndaljfkgec%io%%i ﬁaAr'aI ﬁgl %ﬁg t he
axis of rotation eperapier of’ machandsns78d Bhe shebltring\assembly 68cis

engagi ng shell s placed in holdebeekelkovisNUpdERgaP| 87 Pid) adviiridedy an¥indit
notch 20 di aneter re test

) d: Langr tch
Aver age Force Perébuc &5 the plug B fBfe? wrench'is then us8s tho KR put 84
"0.060 inch to translate pla® |64srelative to its shell until the assembly

pins 60 shear. After the pins have been sheared, handwheel 83
can be turned in the appropriate direction to rotate drive

10 unit 82 and thereby translate plunger 87 in a direction
opposite direction AA. This releases the shell-plug assembly
65 for removal from the mechanism 78.

Example

15 A door lock constructed of five (5) assembly pin
-péssageways'71u, 711, defined by aligned shell and plug
passageways and assembly pins 60 will, as explained, have each
pin 60 sheared to form a pin set (a tumbler pin 60t and driver
pin 604 in tandem). Each assembly pin 60 has an outside

20 diameter D of .114 inches and a reduced weakened notch
diameter (ND) in the grooves of .076 inches (see Fig. 8).
Each assembly pin 60 has ten (10) grooves 6la-j prior to
shearing to create the tumbler-driver pin sets.

25 Prior to shearing the door lock cylinder is shipped to a
locksmith. A customer of the locksmith provides the locksmith
with a key used by the customer in operating other locks of
the customer. The locksmith inserts the customer’s key in the
lock, places the lock in the mechanism 78 and shears the

30 assembly pins 60. The customer then installs the door lock in
his home, which lock can be served by the customer’s existing
key.

35
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0.062 inch 105 | bs. 25 . 0. 065 inch

120_1I bs. 0.070_inch . 140 | bs

0. 074 inkch 155 | bs. 0. 079 inch

180 | bs. 0.084 inch 205 I bs. 30

| nner: not'ch W«?ﬁg&?ﬁ (ND) was | ess than overall dianeter ECT/0SY6@151e
dianeter D (see Fig. 2). An inner notch dianeter of 0.062 inch is

preferred for padlock pins. In the above tests D was 0.094 inch. Notch
angle (C was 20[err] (degrees) 35 (Fig. 2abl&h2 ratio of NDto Dis

preferably in the range 63% 74% pihcchhfaeBbrigvesgi on al so includes
door hardware -4-

~ Outside Notch In Line F Torque To
Type Diameter Diameter To Shear Shear

5 (D) (ND)
Padlock .094 in. .076 in. 210 1b. 200 in 1b.
Door Lock .114 in. .076 in. 210 1b. 200 in 1lb.

The pin notch diameter ND of each of the grooves is

selected to provide sufficient strength so that the assembly

10 pins 60 will not fail when a key (or tool of cross section to
permit penetration into the keyhole) is torqued. The key (or
tool) will fail through breaking, shearing or twisting before
the pins 60 shear. As an example, a hardened steel key was
inserted into the keyhole of a lock of the present invention

15 and a torque of 240 1lb/in was applied to the key. The tool
‘broke without shearing the pins 60. The pin grooves 6la-j are
also shaped to create. fracture or shear surfaces on both
tumbler and driver pins which are non-flat and which
facilitate lock operation. Finally, grooves 6la-j are shaped

20 go that upon fracturing during manufacture or customizing by a
locksmith, tumbler and driver pins 60 having end
configurations including chamfer surfaces 63 are formed which
assist in plug rotation during subsequent operation.

25 Turning to the embodiment as shown in Figs. 12-16,
padlock 103 includes lock body 104 having shell-plug assembly
104a comprised of plug 105 and shell 106. Also shown is
shackle 107, key 108 and serrated assembly pins 110.

30 Plug 105 includes collar 105c, plug circumferential
undercut 109, plug surface 105s, and plug tail 111. Undercut
109, having bottom 109b and sides 109s, circumscribes plug 105
(see Fig. 13a). Shell 106 includes upper housing portion 113
and lower housing portion 114. Upper housing portion 113

35 jncludes five shell pin passageways 116. Plug pin passagewvays
117 in the lower housing portion are aligned with shell



WD 96/ 25574 PCT/ US96/ 01519 pi ns
mhere an i nner notch dianeter._of 0.074 inch is preferred for pins having
an ‘out si'de di aneter (D) of 0.114 inch. In the manufacture of
cylinder 10, assenbly pins 15a-e, 5 each with eight (8) weakened zones

defined by circyghgsan i al grooves 17, are fabricated for upermuspenEstds ng
a quantity of | ocks. In the present system preferably keys have eight
(8) different cut depths and five pin cylinders, creating thirt

t housand (32, 000)PassrgewAYSodd6 - Eadhegferratay BARE 2100 axeded sRPEF%gm 2§h‘%ﬁe
about . 0060- 0. 01Gpdgidpswaiisd t kReyseosesnoiudes gfaunyeE )l hotthespaoesd, which

|1 h h
vertically (52 UGG B vore 6108 GO iy Lish EISRR
t ol erance of [errifnserﬂ?d)d@'&)" &he ke¥vway ehtthe kg didys The- élﬁﬁéln@%en

sheared. 15 Thes sgdtserPllatitr@adyanaihcéhtvestdr’s U padsagedays ﬂ\e and 117,
assenbly pins 1l5a-e uch t.ha thex3ar <Pgs! élone atAfuas ear . fg
by a fanily of ifers ? stance so shown in 1gs.

and 14 are springs 112 engaging the tops of the pins 110 and

urging them downwardly toward the key 109.

10 Turning to Fig. 14, plug 105 has been translated in
direction ¥ by a force necessary to shear pins 110 at selected
serrations 115 along shear line (SL). By such shearing upper
driver pins 119a-e and lower tumbler pins 12la-e are formed.
In addition, the four lower tumbler pins l12la-d nearest the

15 keyhole entrance are each moved a distance X to align with the

. four upper driver pins 119b-e. Upper driver pin 119a drops
down into plug undercut 109 where it is held against undercut
bottom 109b by spring 112a. With upper driver pin 119a so
positioned, plug 105 can turn but cannot be withdrawn from

20 shell 106 because sides 109s engage upper driver pin 119a.
This anti-withdrawal feature adds to the security of padlock
103. Lower tumbler pin l1l2le becomes inactive in its plug
passageway 117, which serves as pin section entrapment hole.

25 As is seen in the Figures, passageways 116 and 117 have
diameter dimensions of d. Pins 110 are substantially the same
but slightly less in diameter than the passageways. The
spacing between the passageways is small enough so that an
adjacent pin, such as tumbler pin 12l1a supports an upper

30 driver pin such as driver pin 119b before tumbler pin 121b has
moved out from under driver pin 119b (see Fig. 14).

Alternatively, the anti-withdrawal feature of the present
invention is also useful in conventional pin tumbler locks
35 where tumbler and driver pins are first formed and then
assembled. In such a lock an additional shell passageway and
aligned plug passageway are formed into which is placed a

- 10 -



Fig. 3 illustrates plug 13 being driven to the right to 20 shear pins 15a-e
as further explained below As sheared,—each —assenbly pin-15a-e-breaks—
into an upper drive section 15u to function as a driver pin and aligned
| ower tunbler section 151 to function as a tunbler pin. Cylinder shell
11 has end r wag9er2ssq@orti on 20 and plug 13 has angl ed porti onPCHESIERESES 1) .
A 25 segnent 20p (Figs. 6 and 7) of ring portion 20 is crinped agai nst

portion 13a as |ater_descki nin to Fl In
shearing and crs#’r?ﬁf e péﬁpa?gl?ﬁsp]\’s"tgllr&?]t}%f 25 RR ?H’r‘é B%Wtﬁhg plug
configured 30 apdrausbedléf anengsaembkﬁdhdﬂuemmmmareﬂoandla pertiont s
shel | 11 and plgngeld eRd Hﬂﬁeeﬂﬁﬁgr@@@%@ Vet 1 %gewﬂtﬁdrawﬂhaﬁﬁﬂlé”

aperture 32 with shell 11 abutti . Plu tail 12 i s engageabl e
wi't h shiftabl epﬁ’r'é‘g?;tﬁf‘ﬂ B Pgsﬁ?ggtl° & ishe g’i‘ ‘is shown in its rest
position biaged to the right 35 as vi evved in Fig. 4 by spring 42. Al so
i ncl uded i n appar at us 30 is shearing plunger 36 nounted in a cylindrical
openi ng 37 of a stationary nount block 38, spaced fromfixture 31.
-5-
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Apparatus 30 further includes a Hlll IJu““ I HI ncI uding a crinping ram

52 'driven by a solenoid unit E: 54 is shown in its rest
er

position biased away fromthe cylln She 11 by crinmp pin spring 55.
5 . In opwodsmssm | ock 10, including shel | 11, 'plug 13, PECTAIS96/01%14i |
12 and key 16, as an assenbly, is placed in aperture 32 of fixture 31.

Shear pin 41 is hit b shearlng pl unger 36 to apply force F to cylinder
plug tail 12 to ﬁ%ﬁécgh ¥ 13 in 10 direction Y. Pins 15a-e are thereby

sheared (Fig. 3). Plugi. IiBa Tylinded beck hyviamdy arsillgwieh &6lohgltheina1
o0l ng por A e, o SRR )38 Mol 1Ml s Sk
Fi-gs. 1, 6 and 7)roq§;1on about said shell ax15, a keyho e in the plug, Sald
5 keyhole extending along said shell axis, a plurality of
aligned pin passageways in the shell and said plug, said
passageways communicating with said keyhole, assembly pins
slidable positioned in the passageways, said assembly pins
each'having a longitudinal pin axis and a series of weakened
10 zones spaced along said longitudinal pin axis, each of said
assembiy pins being shearable along said weakened zones into
an upper driver pin and a lower tumbler pin upon application
of a shearing force applied to said assembly pin, the
improvement wherein:
1is a) said assembly pins have a strength sufficient to
prevent said shearing thereof by the application of
the greatest rotative force that can be applied to
said plug through said keyhole by a key-like tool
inserted into said keyhole.

20
2. The cylinder lock of claim 1 wherein:
a) said plug has an outer surface through which
said pin passageways in the plug extend; and
b) the outer surface of the plug through which said
25 pin passageways extend is flat.
3. The cylinder lock of claim 2 in which:
a) each weakened zone is shaped to define, after
shearing, a driver pin with a lower end having a
30 chamfered outer edge.

4. The cylinder lock of claim 1 wherein:
a) said passageways in said plug are spaced along
said longitudinal shell axis; |
35 b) the outer surface of said plug, laterally of
said longitudinal shell axis and said passageways
therealong, defines a cylindrical shape;

— - 12 -
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Turning to Figs. 8, 8a, 9 and 9a, a further enbodi nent of the invention
is shown in which pins have confiquration and the plug is
shaped to facilitate sheari “ulﬂfmuﬂ“u)mn:lm Each pin 60 of this

enmbodi ment has grooves or 20"notches "61,° foér exanple, the ten (10)

ci rcunf er entyyglosHsPPVES 6la-j (shown in Fig. 8). Each gr eerashde1sss
bevel ed surface areas or chanfers 63 to facilitate plug rotation and to
make pi cking of the lock nore difficult. Each chanfer 63 is sl oped at
angle Cto a plane perpesidi mach weakenedo@opel dagshapedato Mekine, aLYeE g.
8a). The slope of ChadSInd3 d &mﬂﬂ eJmt Qith hANGEPer! éRE Ha gcfa s
perpendi cul ar to ra | US Faiér#%té} shel | -plug assenbly 65 at the

entrance edge of t heh 71u (Fig. 9). The selection of
such a chanfer sl ope dpt |sazzb$=ltalmfee:a§eontepl edgeoist ovientad taboads from

the 30 bottog key- fwr% llg;aqig N 18t egttaﬁecsﬁisf Sr 88 of YV
Is set out in Table see, al's
- plug which is cylindrically shaped and immediately
adjacent to said pin passageways.

5. The cylinder lock of claim 4 in which the weakening
10 zones are each defined by a notch having shearable portions
lying in a plane perpendicular to said pin axis.

6. In a cylinder lock having a shell with a longitudinal
shell axis, a turnable plug mounted within the shell for
15 rotation about said shell axis, a keyhole in the plug, said
~keyhole extending along said shell axis, a plurality of
aligned ‘pin passageways in the shell and the plug, said
passageways communicating with said keyhole, assembly pins
slidable positioned in the passageways, said assembly pins
20 each having a longitudinal pin axis and a series of weakened
zones spaced along said longitudinal pin axis, each of said
assembly pins being shearable along said weakened zones into
an upper driver pin and a lower tumbler pin upon application
of a shearing force applied to said assembly pin, the
25 improvement wherein:
a) said plug has an outer surface through which
said pin passageways in the plug extend; and
b) the outer surface of the plug through which said
pin passageways extend is flat.

30
7. The cylinder lock of claim 6 in which:
a) each weakened zone is shaped to define, after
shearing, a driver pin with a lower end having a
chamfered outer edge.
35

8. 1In a cylinder lock having a shell with a longitudinal
shell axis, a turnable plug mounted within the shell for

[ - 13 -
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. 256 rotation pbout said shell axis, a Keyholq in the plug, said
| keyhole exterddfng along said shell axis, a plurality of
-, 301

aligned pin passageways in the shell and the plug, said
passageways communicating with said keyhole, pins slidable
positioned in the passageways for movement toward and away
from said keyhole, said pins each having a 1ongitudina1 pin
axis and a series of weakened zones spaced along said
longitudinal pin axis, each of said pins being shearable along
any of said weakened zones and being sheared along one of said
weakened zones into an upper driver pin and a lower tumbler
pin, the improvement wherein:

a) said driver and tumbler pins have a strength
sufficient to prevent shearing thereof along said
weakened zones by the application of the greatest
rotative force that can be applied to said plug through
said keyhole by a key-like tool inserted into said
keyhole.

9. A method for manufacturing a lock having a shell, a
turnable plug rotatably mounted within said shell and having a
keyhole for insertion of a key which fails structurally when
torqued by application of a first force, a shear line between
the shell and plug, and a plurality of aligned shell and plug
passageways, comprising the steps of:

a) assembling the shell and plug with the shell
passageways aligned with the plug passageways;

b) positioning within each aligned shell and plug
passageway an assembly pin having a series of spaced
weakened zones and a strength such that application of a
second shearing force to said assembly pins equal to or
less than the first force will not shear said assembly
pins along said weakened zones;

c) aligning a selected weakened zone of each
assembly pin with each other for shearing; and

d) thereafter shearing said assembly pins along
said selected weakened zones by application of a third
shearing force larger than the first force along the
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10- nprised of a portion of a notch a- above
planﬂ_Z_peLpe “ﬁ@ “'I "“E tudi nal_pin axis LA and a notch portion b..

bel'ow |l i'ne Z. of shell-plug assenbly 65 has a flat surface
66 posi ti oned adjacent t he upper shell section 67u of shell 67 to

define a pl ugodgRgdrsl i Nne. After shearing, and with the key pdwusecsIsmwn)

I nserted, the fornmed tunbler pin 60t is raised which in turn raises the
driver pin 60d. As plug 64 is turned 20 in either direction (such as the
count ercl ockwi se di sbegroAine tﬁughe@a)eagh(ﬁﬁﬁ@m@ﬂahpén inEPab¥e BN ass| st
in free turning weetibhg.! ower tunbler pin 60t is too high or the bottom
of the upper driver pin 60d too | ow. Chanfer surfaces 63 reduce t he

| i kel i hood that pins will catch the sides of shell and 25 plug passageways
7tu, 711 in either tlioe sibel method eficckriny 9 in which ther pilng hasRegblat(

and 11, a pi s e %%aeﬁ%mau&ﬁ wh:.éﬁ SdHVp i Yaddabediys9inhensi piiug

cavity 81, a turnable rive nounted in cavity 81 for rotation

about the 30 | &kheGai Fhe §?F§°§‘Y¥?ﬁelﬁl) Turnabl e unit 82 includes hand
wheel 83 and nut 84 nount¢d saidothindl £orxbke \is applied allong sald fiat
turnabl e by a wencly2dkeshown) to turn drive unit 82

10 11. A method for manufacturing a lock having a shell
with a longitudinal shell axis, a turnable plug with a
longitudinal plug axis and a keyhole for insertion of a key
along said plug axis; a plurality of aligned pin passageways
in said shell and plug, said plug having an outer flat surface

15 through which said pin passageways in said plug extend, and a
shear line between said shell and plug; comprising the steps

of:
a) assembling the shell and plug with the pin
passageways aligned in said shell and plug;
20 b) positioning within each aligned pin passageway
an assembly pin having a series of spaced weakened zones;
c) aligning a selected weakened zone of each
assembly pin with each other for shearing; and
25 d) thereafter shearing said assembly pins along

said selected weakened zones by application of a shearing
force applied along said flat surface in the direction of
said plug axis to shear each assembly pin into two pin
sections.
30
12.  Apparatus for shearing assembly pins in a lock
having a shell with a longitudinal shell axis and a plug with
a longitudinal plug axis rotatably mounted therein, by
application of a force on said plug parallel to said plug
35 axis, comprising:
a) a frame;
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As drive unit ransl at es plunger 87 through mat i ng
t hr eads 88 on. ammwnm“mm“b_and t hreads 89 on 35 plunger 87. Plunger
87 noves | i nearky ¢n Wirfectsi on AA Pl unger 87 is held fromturning by
i ndentation 91 having fl at surface 92 and by vertical post 93 which

engages surf aceyddeissrs WD 96/ 25574 PCT/US96/01519
PCT/ US96/ 01519 prevent rotation. Mechanism 78 includes |ock hol der

recess 94 i ncludi ng shell:support wall 94 which holds the shell-plug
assenbly 65 agai nst transl ab} ondi}rek mekdesh ragessniphkhe fxame £q giecsive a

: rchhanl sr8n778 tge she:jghahygpm@em&em&@ IdbmpEiB:iﬁgedaiﬂ £ IErand e %%ug,
D o nae 3 sBEh Fabdrs, ISR, i, KO B8 Hodnd £ b
assenbly pins 60 sheaid shekbl quﬁﬁ@mnﬁeéﬁréﬁea$b€arm\m@el 83
5 ¢c) plug translation means for translating the plug
while the shell is held, said plug translation means, in
turn, comprising:
i) a plug engageable plunger means for
movement toward and against the plug, and
10 ii) rotatable drive means connected to said
plunger means to translate said plunger means
against the plug to move the plug as the shell is
held.

is 13. In a lock having a shell and a plurality of shell
passageways in said shell, a turnable plug within the shell, a
keyhole and a plurality of plug passageways in the plug,
aligned with said shell passageways, the improvement
comprising:
20 a) an annular undercut in said plug aligned with
one of said shell passageways;

b) a sheared first pin section in said one of said
shell passageways, said sheared first pin section also
extending into said plug undercut; and

25 c) a second pin section positioned in an adjacent
plug passageway, said second pin section being a sheared
part of said first pin section.

14. In a lock having a shell with a plurality of
'30 adjacent shell passageways, a turnable plug mounted within
said shell and having a keyhole and a plurality of adjacent
‘plug passageways aligned with said shell passageways, the
improvement comprising:
a) an annular undercut in said plug aligned with

3s one of said shell passageways;
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can be tur ‘m“ﬂﬂﬂ ﬁﬂy ate direction to rotate drive 10 unit 82 and
t her eby tr in a direction opposite direction AA_ This .

reffeases t the* I'I- plMug®asSenbly 65 for renoval fromthe mechani sm 78.
Exampl e 15 A door | ock constructed of five (5) assenbly pin
passageways o ggﬁ%;f defined by aligned shell and plug PETARHMNALs and
assenbly pins |, as expl ai ned, have each pin 60 sheared to forma

pin set (a tunbler pin 60t and driver pin 60d in tanden). Each assenbly
pin 60 has an outside 20byi areﬁmsmsebtlﬂ?MOfnéh%BeWaf*’éﬁfudb’d‘ vidh 182
not ch diameter (N2 & sa@36flﬁ§ﬁe§eéﬁfﬁhfaxsoEﬁmtendﬂﬁqph
assenbly pin 60 has ten ﬁbéil ves gﬁFl rior to shearing to create
the tunbl er-driver dpkeser 8t o shearing the door |ock
cylinder is Shlpped to ac) dcxéqnndIseqmlonspGHERleSh?ﬁt?Qxﬁéﬁﬁ%kaﬂwiﬂ des

~ the locksmit %@é‘éﬁgﬁh fextSh@JBEeht £8EEid ehetdrs1l ocks
~ of t he cuStoner. Eﬂﬁip#ﬁ% m t |ﬁé2rts theﬁgugtoner s key in the

| ock, places the | ORRESRIGVRY g¥Mhni sm 78 and shears the 30 assenbly pi ns
60. The customer then i Ngj al addithiomkdo pairsk ofnpinhsechions dibsporsedd dumn

be served by the Cuaggﬂeéfstﬁg'fié€“$f said aligned shell and plug
passageways, with each section of any pair abutting the
10 other section of that pair along a shear line between the
shell and the plug when a key for the lock is inserted
into said keyhole.

15. The lock of claim 14 wherein:
15 a) the pin section in each shell passageway is a
sheared part of the pin section in the next adjacent plug

. passageway.

16. In a lock having a shell with a plurality of
20 adjacent shell passageways, a turnable plug mounted within
said shell and having a keyhole and a plurality of adjacent
plug passageways aligned with said shell passageways, and a
pair of sheared pin sections in each of said aligned shell and
plug passageways, the improvement wherein:

25 . a) the pin section in any one shell passageway is a
sheared part of the pin section in the next adjacent plug
passageway, with each pin section of any pair abutting
the other pin section of that pair along a shear line
between the shell and the plug when a key for the lock is

30 inserted into said keyhole.

17. A method for manufacturing a lock having a shell, a
turnable plug having a keyhole and an annular undercut, a
shear line between the shell and plug, a plurality of shell

35 passageways in the shell, and a plurality of aligned plug
passageways in the plug, comprising the steps of:
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a) assembling the shell and plug with a
selectively~weakened assembly pin in each of said aligned
shell and plug passageways;

b) thereafter shearing each assembly pin by

5 application of a shearing force which translates the plug
along the shear line to shear each pin into two pin
sections, one a shell driver pin and the other a plug

, tumbler pin; and
c) further translating the plug in the shell to
10 align a shell passageway with said plug undercut.

18. The method of claim 17 in which each sheared driver
pin other than the driver pin which enters the undercut is
supported by an adjacent tumbler pin after said further plug

15 translating.

19. The method of manufacturing a lock having a shell
with a longitudinal shell axis and a plurality of adjacent
shell passageways disposed along said shell axis, a turnable

20 plug having a longitudinal plug axis, mounted within said
shell for rotation about said plug axis and having a keyhole
and a plurality of adjacent plug passageways disposed along
said plug axis and aligned with said shell passageways, said
shell and plug defining a shear line between the shell and the

25 plug, the method comprising:

a) moving said plug axially along said shell axis
and into said shell to a first axial position in which
said shell and plug passageways are in a first aligned
position;

30 b) placing a shearable assembly pin in each aligned

shell and plug passageway;

c) moving said plug axially within said shell to a
second axial position to shear each assembly pin along
said shear line into a sheared driver pin disposed in

35 each shell passageway and a sheared tumbler pin disposed

in each plug passageway; and
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(D (ND)

I""ITO Shear Shear 5

D anete ' :
PadL_o_ck“"l“ﬁﬂlBlmml QZ6._in 210 1 b. 200 in lb Doar 1 ock
114 in. * ¢ .0Y6 'n.s * 210 |b. 200 in Ib. The pin notch

di ameter ND of each of the grooves is selected to provide sufficient

strength so Wwipaisnedye assenbly 10 pins 60 will not fail when RCHES96/01319 t 00|
of cross section to permt penetration into the keyhole) is torqued. The
key (or tool) will fail _thr.ugh breaking, shearing or tw stjng before

the pins 60 shear. As an @karftigning, gadonshelicppsRagevays With &aisy Rlngo
the keyhol e of a | ocaséadgéway® cired seond adighedapdsition gire wHichki@Heb/ i n
was applied to the k e Wt t | | T
pi n grooves 6l a-j argxea!é%—%gd%%age jtl?{)q%‘r gg@egﬁrga%?%géé%p&é#;grﬁasur g%glea g’%

both  tunbler and dfiskearsdhPank @f $he tYnbLert PARJiDNFRe nextpadiacent
:cock oper at ijos_- Fi naJaif]ggnﬂaqmw pabsageway,Shiphdthe sembied piwnin elach ;
racturlng uring nman ctu g . (0] I n
driver pins 60 havi nﬁf'é%cp aégac%{n‘%a%aatrbgﬁtéﬁg Fﬁél ﬁﬁllgai-cﬁ}éﬁnfn}éé t\‘:s}hér ;ga?éé’ eéig
are formed which shellipassageanay @tasadl ghepnglinesvherm ke rfay Gaid

25 Turning to tigcrModinBu¥teds ivROMBalia kegho1d2-16,  padl ock 103
I ncl udes | ock body 104 havi ng shel |l -plug assenbly 104a conprised of plug

105 and shell 106. Al so shown is
10 20. The method of claim 19 further comprising:

a) fixing the plug in said second axial position.

21. The method of manufacturing a lock having a shell
with a longitudinal shell axis and a plurality of adjacent
15 shell passageways disposed along said shell axis, a turnable
plug having a longitudinal plug axis, mounted within said
shell for rotation about said plug axis and having a keyhole,
an annular undercut and a plurality of adjacent plug
passageways disposed along said plug axis and aligned with
20 said shell passageways, said shell and plug defining a shear
line between the shell and the plug, the method comprising:
a) moving said plug axially along said shell axis
and into said shell to a first axial position in which
said shell and plug passageways are in a first aligned
25 position and said annular undercut is spaced along said
plug axis from said first aligned position of said shell
and plug passageways;
b) placing a shearable assembly pin in each aligned
shell and plug passageway;

30 c) placing a spring means in each of said shell
passageways to urge said assembly pins into said plug
passageways;

d) moving said plug axially within said shell to a
second axial position to shear each assembly pin along
3s said shear line into a sheared driver pin disposed in
each shell passageway and a sheared tumbler pin disposed
in each plug passageway; and |
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shackle 1 errated assenbly pins 110. 30 Pl ug 105

i nc] udes Hmlﬁmmhﬂiﬁ IEW circunferenti al undercut 109, plug surface
105s, and plu nder cut 109, having bottom 109b and sides 109s,
circunscri bes plug 105 (see Fig. 13a). Shell 106 includes upper housing

porti-on 113  apgdeésRa®y housing portion 114. Upper housi ng porpcrosstasiss

I ncl udes five shell pin passageways 116. Pl ug pin passageways 117 in the
| ower housing portion are aligned with shel
-0- WO 96/ 25574 €) 4&ligning said shell passageways with one shell

PCT/ US96/ 01519 pasgaseagaﬁay 141 igtea sermisad dpplag ldhdereutti ipsdth khe
these passageways. §%¥v%9 iﬂciﬁ"¥E§ éﬁ&'ék%&l”BLQQSSe&Q?Qex€£H&”£g into
said plug undercut under the influence of said spring
5 means and with the remaining shell passageways aligned
with plug passageways in a second aligned position in
which the sheared driver pin in any one aligned shell
passageway is a sheared part of the tumbler pin in the
next adjacent aligned plug passageway, with the tumbler
10 pin in each aligned plug passageway abutting the driver
pin in the aligned shell passageway at said shear line
when a key for said lock is inserted into said keyhole.

22. A lock comprising:
15 _ a) a padlock body;
b) a shell-plug assembly including:
i) a shell with a plurality .of spaced shell

passageways, .
ii) a turnable plug rotatably mounted in said
20 shell at a first position, said plug having a

keyhole and a plurality of plug passageways aligned
with said shell passageways and movable to a second
position with some of said plug passageways aligned
with the next adjacent shell passageways from those
25 with which they were aligned in said first position,
iii) a selectively~weakened assembly pin in
each of said aligned shell and plug passageways when
said plug is in said first position, and
iv) means urging said assembly pins into said
30 aligned plug passageways; '
¢) said shell-plug assembly being mounted in said
-padlock body with said plug in said first position and
for moving thereof to said second position; and
d) 1locking means for retaining said plug in said
35 second position. '

—_—
_ .
—_—
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are alig ms of the pins 110 when the key is I nserted
into thewmm“ﬂﬂ"ﬂmlﬂu% The_distance __5 between laterally
adj'acent centers o passageways 116 and 117, as shown in Fig. 13, is

di stance X. Also shown in Figs. 13 and 14 are springs 112 engagi ng the
tops :of the pigwndsd and urging them downwardly toward thepcurysobfsie 10
Turning to Fig. 14, plug 105 has been translated in direction Y by a
force necessary to shear pins, 110 at sel ected serrations 115 al ong shear
line (SL). By such 3hear® mP&hpRamPrisdngser pins 119a-e and | ower tunbl er
pins 12l a-e are fornmed. a) & paitlidokobodiyie four |ower tunbler pins 12la-d

nearest the 15 keyhol e ranc Xto align with

t he four upper drlveﬁgblns ]'éﬁ%%gagggﬁgﬁgeghéisgﬁﬁ5a dr ops down
into plug undercut 109 where i ia sheld a'g&hnét 19316@1‘5%@1-"31 %f’orﬂ@@@fﬁy
spring 112a. gWth upper grpmeFaiiity Uf.g%h%(ll aeaagéwsygdspﬁ&ém £am Gadtn urn
but cannot be w thdrawn from 2 shelﬂﬁ%ﬁ?__ ecaus |g %a% (#P
driver pin 119a. This ZREwiThd ESTIPE aﬂﬁg ?%c?h ‘V¥

padl ock 103. Lower tunaxkds, pin 121e becones inactive in its plug

passageway 117, which serves gg pig 13¢laie ?ﬂhbapﬁfﬂﬁ 401 &ngituPinal pIY

the Fi 16 d
's seen in e rigures, gxﬁéf%ﬁﬁ%&aﬁay ﬂ%&nte in sa1d shell at a first

10 position along the shell axis, said plug having a

keyhole at one end thereof and a plurality of plug
passageways spaced from each other, by said
predetermined distance, along said plug axis, said
plug being mounted within said shell for movement,
15 . along said shell axis, from said first position with
said shell and plug passageways aligned with each
other to a second position with said plug moved
along said shell axis by said predetermined distance
and with some of said shell passageways aligned with
20 the next adjacent plug passageways from those with
which they were aligned in said first position,

iii) an assembly pin positioned in each of
said aligned shell and plug passageways, each
assembly pin having a series of spaced shearable

25 weakened zones, selected ones of which shear when
said plug is moved from said first position to said
second position, and

iv) spring means in each of said shell
passageways urging said assembly pins into said

30 aligned plug passagevays;
¢) said shell-plug assembly being mounted in said
padlock body'with said plug in said first position and
for moving of said plug, inwardly of said padlock body,
from said first position to said second position; and
35 d) locking means for retaining said plug in said
second position against movement along said shell axis

- 21 -

THIS SHEET HAS BEEN

ThlS Sheet Has Been RTi
Il REPLACED

i




di anet er mﬁ Ins 110 are substantially the sane but
slightly | umm"m lumhan__the passageways._The spaci ng between the
passageways*i s® snfal I* efough so that an adj acent pin, such as tunbler pin
121a supports an upper 30 driver pin such as driver pin 119b before tunbler
pin 121b has wipdddsut from under driver pin 119b (see Fi g. PCIUS9601519
Alternatively, the anti-wi thdrawal feature of the present I nvention is

al so useful in conventional pin tunbler |ocks 35 where tunbler and driver
pins are first fornedonge sadd plug s ihesn moyed fron satqk LirskiRasifien to

shel | passageway and salalgeeeﬂdgﬁagnuﬁﬁn&agemay are formed into which is
pl aced a 10 WO 96/ 25574

PCT/ US96/ 01519 .
. 24. The lock of claim 23 wherein:

5 a) said locking mearis includes an annular undercut
in said plug, sized to receive a sheared part of one of
said assembly pins when said plug is in said second
position, said undercut being spaced, by said
predetermined distance, along said plug axis from the

10 shell plug passageway nearest said one end of said plug,
when said plug is in said first position.

25. The lock of claim 24 wherein:
a) said one end of said plug is located outwardly
15 of said lock body when in said first position and is
located within said body when in said second position.

38. The lock of ény one of claims 13-16 and 19-25,
wherein:
20 a) said pins have a strength sufficient to prevent
shearing thereof by the application of a rotative force
applied to said plug through said keyhole.

30
_
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shear I ncl udes an undercut When t he plug and a shell
are_a mﬂ J! IS__§_JE§I_’_€_ and_a _portion enters the plug
under ¢ gvmthdravval whi |l e permtting plug rotation in

t he shell. 15
: WO 96/25574 . PCT/US96/01519

. AMENDED CLAIMS
[received by the International Bureau on 29 May 1996 (29.05.95);
original claims 1, 2, 6, 8-11, 13, 14, 16, 18 and 24-26 amended;
remaining claims unchanged (10 pages)]

1. In a cylinder lock having a shell with a longitudinal shell axis, a turnable plug
mounted within the shell for rotation about said shell axis, a keyhole in the plug, said
keyhole extending along said shell axis, a plurality of aligned pin passageways in the shell

5 and said plug, said passageways communicating with said keyhole, assembly pins slidably
| | positioned in the passageways, said assembly pins each having a longitudinal pin axis and
a series of weakened zones spaced along said longitudinal pin axis, each of said assembly
pins being shearable along said weakened zones into an upper driver pin and a lower
tumbler pin upon application of a shearing force applied to said assembly pin, the
10 improvement wherein:
a) said weakened zones of said assembly pins have a strength sufficient to
. prevent said shearing thereof by the application of the greatest rotative force: that
- .can be applied to-said plug through said-keyhole by every key-like tool that can be
inserted into said keyhole.
15
2. The cylinder lock of claim 13 wherein:
a) a shear line is defined by opposed surfaces of said shell and plug,
b) said plug has an outer surface through which said pin passageways in
the plug extend; and
20 c) the outer surface of the plug thiough which said pin passageways extend
is flat and defines said opposed surface of said plug.

3. The cylinder lock of claim 2 in which:
a) each weakened zone is shaped to define, after shearing, a driver pin
25 with a lower end having a chamfered outer edge.

4. The cylinder lock of claim 1 wherein:
), said passageways in said plug are spaced along said longitudinal sheil

axis;
30 b) the outer surface of said plug, laterally of said lbngitudinal shell axis
and said passageways therealong, defines a cylindrical shape;
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c) each weakened zone is shaped to define, after shearing, a umbler pin
with an upper end having a chamfered outer edge; and
- d) said chamfered outer edge is oriented about parallel to a tangent line to
the outer surface of said plug which is cylindrically shaped and immediately
adjacent to said pin passageways. |

5. The cylinder lock of claim 4 in which the weakening zones are each defined by
a notch having shearable portions lying in a plane perpendicular to said pin axis.

6. In a cylinder lock having a shell with a longitudinal shell axis, a turnable plug
mounted within the shell for rotation about said shell axis, a shear line between said shell
and plug defined by opposed surfaces of said shell and plug, a keyhole in the plug, said
keyhole extending along said shell axis, a plurality of aligned pin passageways in the shell -
and the plug, said passageways communicating with said keyhole, assembly pins slidably
positioned in the passageways, said assembly pins each having a longitudinal pin axis and
a series of weakened zones spaced along said longitudinal pin axis, each of said assembly
pins being shearable along said weakened zones into an upper driver pin and a lower
tumbler pin upon application of a shearing force applied to said assembly pin, the
improvement wherein:

a) said plug has an outer surface through which said pin passageways in

the plug extend; and .

b) the outer surface between each of said pin passageways of the plug and
through which each of said pin passageways extends is flat and defines said
opposed surface of said plug.

7. The cylinder lock of claim 6 in which:
a) each weakened zone is shaped to define, after shearing, a driver pin
with a lower end having a chamfered outer edge.

8. In a cylinder lock having a shell with a longitudinal shell axis, a turnable plug
mounted within the shell for rotation about said shell axis, a keyhole in the plug, said
_ keyhole extending along said shell axis, a plurality of aligned pm passageways in the shell
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okl |1 1T e am;;;; sbirehivt WA

shéll axis, a ttrnable @l ud§ nbunt ed WI for rotation about -
said shell axis, a keyhole in the pIu Ie extendi ng al ong said
shel |. axi s, ﬁoMﬁ*i ty of al i gned pi n pass I n t he PCITAISH6/RASEY sai d

plug, said passageways comruni cating with sald keyhole assenbly pins
slidabl e positioned in the passageways, said assenbly pins each having a

| ongi t udi nabndoma plug, %aiarpissagaﬁrykeemunwaa@m shif keyirds, ;amamémlmmoaai d
| ongi t udi nagb‘%gn axi s, egch of sai d"@F‘?S’i‘f | nsgbfela&@ rabl e _al ong
sai d weaken PRsageways for movement fovard g Fs FIGBINS 3 h upon
appl i cat o?ham&g a JorigitGdinal in beks GRd aRetiEsoF W&kéﬁd%ﬁéssﬁbﬁéﬁd}’alﬁig‘sad he
i npr ovenen er ei n:
P longitudinal pin axis, each of said pins being shearable along any of said weakened zones
5 and being sheared along one of said weakened zones into an upper driver pin and a lower
tumbler pin, the improvement wherein:
a) said weakened zones of said driver and tumbler pins have a strength
sufficient to prevent shearing thereof along said weakened zones by the application
of the greatest rotative force that can be applied to said plug through said keyhole

10 by every key-like tool that can be inserted into said keyhole.

8. A method for manufacturing a lock having a shell, a turnable plug rotatably
mounted within said shell and having a keyhole for insertion of a key [which fails
structurally when torqued by application of a first force], a shear line between the shell

15 and plug, and a plurality of aligned shell and plug passageways, comprising the steps of:
a) assembling the shell and plug with the shell passageways aligned with
the plug passageways;
b) positioning within each aligned shell and plug passagéway an assembly
pin having a seﬁes of spaced weakened zones and a strength such that application
20 of a first shearing force to said assembly pins equal to or less than the maximum
rotative force that can be applied to said plug through said keyhole by every key-
like tool that can be inserted into said keyhole will not shear said assembly pins
along said weakened zones; |
c) aligning a selected weakened zone of each assembly pin with each other
25 for shearing; and
d) thereafter shearing said assembly pins along said selected weakened
zones by application of a second shearing force larger than said maximum rotative
force along the shear line to shear each assembly pin into two pin sections.

30 10. The method of claim 9 in which the plug has a flat outer surface through
which each of said pin passageways in the plug extends, the method wherein:
a) ‘said second shearing force is applied along said flat surface.
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t he
greatest” rotati e for @e sh can sai d plug
t hrough sai d keyhole by a key- I|ke to inserted into said
keyhol e. 20 wo9s2sgr4 The cylinder |ock of c a| m 1 wher ei n:  PCT/US96/01519
a) said plug has an outer surface through which said pi.n
passageways in the plug extend; and b) the outer surface of
the plug through mhilchAsnéthbdZﬁrmanufagnring)asledaghmggsx shellowith a tonpitedinal shell

3. The cylinder.lock o each _we ed
Sone 1 s Shapedit pmapls Pidk Pif o 1BoeHBbind plug wxix and 3 kevhdlh FOF LG D e,
gpdcrgylmn% ahgdriong said ﬂhglﬁi@f S@l@;lgfbf eﬂged%ns;és::éfwayﬁ ?El&;ileuhng;aﬁfgekmk
spaced al ong Plug havingan guter,flais %%{Tte"gﬂﬁl itudinal plug’axi weenceach
outer surkace g e H\Bgéshﬁbwabﬁiﬁﬁédgh@hmh each of sﬁaﬁhgﬂgﬁel e i caf sﬁape

axi s and sai d passage t her eal ong, defines
extends, and a shear line between said shell and plug defined by said outer flat surface of

said plug and an opposing surface of said shell; comprising the steps of:

ns have a strength suff|C|ent to
orevent <ui o [l ﬂmﬂ il @mf

a) assembling the shell and plug with the pin passageways aligned in said
shell and plug;
10 b) positioning within each aligned pin passageway an assembly pin having
a series of spaced weakened zones;
c) aligning a selected weakened zone of each assembly pin with each other
for shearing; and
 d) thereafter shearing said assembly pins along said- selected weakened
15 zones by application of a shearing force applied along said flat surface in the
direction of said plug axis to shear each assembly pin into two pin sections.

12. Apparatus for shearing assembly pins in a lock having a shell with a
longitudinal shell axis and a plug with a longitudinal plug axis rotatably mounted therein,
20 by application of a force on said plug parallel to said plug axis, comprising:

a) a frame;

b) a lock holder recess in the frame to receive a shell-plug assembly
comprising said shell and said plug, said recess including shell holding means for
holding said shell against movement during shearing; and

25 ¢) plug translation means for translating the plug while the shell is held,
said plug translation means, in turn, comprising:
1) a plug enpageable plunger means for movement toward and
against the plug, and
ii) rotatable drive means connected to said plunger means to

30 translate said plunger means against the plug to move the plug as the shell
is held.
: [
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"1 s.shaped to define
*shearu ng, a end havi ng a
charrf ered outer edge; and ered outer edge is

oriented aboyhegassyy4 Parallel to a tangent I|ne to the out eCTAISYéMISE Of
said plug which is cylindrically shaped and i nmedi ately

adj acent to said pin passageways. 5. The cylinder lock of claim4
in which the weak®nitg lodk Havitiga stiel and aiplakalitynefthely passagetvals iesaidishell, a

h I
shearabl e por LA (i)e plug within the shell, a keyhole and a plurality of plug passageways in the plug,
aligned with said shell passageways, the improvement comprising:
a) a pair of sheared pin sections in each of said aligned shell and plug

5 passageways, each pair of said sheared pin sections being formed from unsheared
separate assembly pins originally in each of said aligned shell and plug
passageways,;

b) an annular undercut in said plug aligned with one of said shell
passageways; and
10 ¢) said sheared pin sections include:

1) a sheared first pin section in said one of said shell passageways,
said first section being a sheared part of a first assembly pin originally in
said one shell passageway, said sheared first pin section also extending into
said plug undercut, and

15 ..2) asecond sheared pin section positioned in an adjacent plug
passageway, said second sheared pin section being a sheared part of said
first assembly pin.

14. In a lock having a shell with a plurality of adjacent shell passageways, a
20 turnable plug mounted within said shell and having a keyhole and a plurality of adjacent
plug passageways aligned with said shell passageways, the improvement comprising:

a) a pair of sheared pin sections in each of said aligned shell and plug
passageways, each pair of said sheared pin sections being formed from unsheared
separate assembly pins originally in each of said aligned shell and plug

25 passageways;

b) -an annular undercut in said plug aligned with one of said shell
passageways; and

c) said sheared pin sections include:

1) a first section of a sheared first pin in said one shell
30 ' passageway, said first section being a sheared part of a first assembly pin
originally in said one shell passachay. said first section also extending
into said annular undercut;
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nounted “wi thi n thef shel " fér 45 rotation axis, a keyhole
in the plug, said keyhol e extending: aI axis, a plurality
of . aligned pipogassageways in the shell and the plug, sai d PCT/US96/01519
passageways comruni cating with said keyhol e, assenbly pins slidabl e
positioned in the passageways, said assenbly pins 20 each having a

| ongi tudi nal pin axis and a )r b eecond seutioh ofi eaid firstzasseﬂibl}splacmmea;blﬂglg sai d

| ongi tudinal pin axis, each of said asse I.ng bein eay abl e al ong
sai d weakened zones i nt opmgﬁ‘ﬁa%WéPdng’rs‘Efl ﬁﬂ%’f'&ﬁ G‘ﬁ)l er pin
upon application of a sheai m;ﬁ@ﬁp?xﬁmi ;ﬁdechenssabpbsaﬁ&ﬁmhlempbﬂmetr&@
25 i nprovenment wherein: said plug has an outer surface

t hr ough whi ch s spfcpajsh aligped shel]and plug wssazewgaﬁu Yith eaeheectiomear any pair
b) th f f
) the outger sur 3809 0 id&ﬁgaﬁoﬁﬁffu&@e ﬁﬂ?ﬁ#lﬂﬂ%asheméh et%élﬁﬂﬂes“@ﬁ’s

extend is flat. e cy aim
a) each weakened zone |saldhhppt!lgt\ﬂlen@‘kﬁyef°r§¥etle¢k is inserted lmdneaidiknmola driver
pin with a | ower end having a chanf ered outer edge.

| ek havi ng' aﬂﬂﬁﬁﬂﬁﬂ]ﬂ”ﬂﬂlﬁlﬁf Cud nal ﬁl?sﬁﬁﬁi&ﬂ Wﬁﬁl{f Curnable piug

15. The lock of claim 14 wherein:
a) the pin section in each shell passageway is a sheared part of the pin
10 section in the next adjacent plug passageway.

16. In a lock having a shell with a plurality of adjacent shell passageways, a
turnable plug mounted within said shell and having a keyhole and a plurality of adjacent
plug passageways aligned with said shell passageways, and a pair of sheared pin sections

15 in each of said aligned shell and plug passageways, each pair of said sheared pin sections
being formed from unsheared separate assembly pins originally in each of shid aligned
shell and plug passageways, the improvement wherein:

a) the pin section in each one of said shell passageways is a sheared part
of the assembly pin originally in the next adjacent plug passageway, with each pin

20 sectidn of any pair abutting the other pin section of that pair along a shear line

between the shell and the plug when a key for the lock is inserted into said
keyhole. |

17. A method for manufacturing a lock having a shell, a wrnable plug having a
25 keyhole and an annular undercut, a shear line between the shell and plug, a plurality of
shell passageways in the shell, and a plurality of allgned plug passageways in the plug,
comprising the steps of:
a) assembling the shell and plug with a selectively-weakened assemblf pin
in each of said aligned shell and plug passageways;
30 b) thereafter shearing each assembly pin by application of a shearing force
which translates the plug along the shear line to shear each pin into two pin
sections, one a shell driver pin and the other a plug tumbler pin; and

28

REPLACEMENT SHEET | THIS SHEET HAS BEEN
AMENDED SHEET (ARTICLE 19) REPLACED

2 9 MAY 1996




35 “ ck having a shell wth a Tongitudinal shel |
axis, a turd mﬁml “ “:“ B W thin thﬁlsSH&%JIIIasiBQJnRe placed WD 96/ 25574
C

PCT7 US967 01 Lrotat fon*. about said s eyhol e in the plug,
sai d keyhol e extendi ng al ong sai d shel m mlgﬂ ality of al i gned
pi n passagewgyseasdz4 he shell and the pl agewapsTassamisidcat i ng

with said keyhole, pins slidable 5 posi t i oned in the passageways for
novenent toward and away fromsaid keyhol e, said pins each having a
| ongi t udi nal pi n am’)sﬁﬂthdr tramsiating sheoplug.dem thershell roalign = sheticpissagewsy with d

| ongi tudi nal pin gg e@ch of said pins being shearabl e al ong any of
sai d meakened z g g sheared al ong one of said 10 weakened zones

into an upper driver pin and a | ower tunbler

18. The method of claim 17 in which one sheared driver pin is partially disposed

5 in said undercut after said further plug translating, and each sheared driver pin other than

said one sheared driver pin which is disposed in the undercut is supported by an adjacent
tumbler pin after said further plug translating.

19. The method of manufacturing a lock having a shell with a longitudinal shell

10 axis and a plurality of adjacent shell passageways disposed along said shell axis, a

turnable plug having a longitudinal plug axis, mounted within said shell for rotation about
said plug axis and having a keyhole and a plurality of adjacent plug passageways disposed
along said plug axis and aligned with said shell passageways, said shell and plug defining
a shear line between the shell and the plug, the method comprising:

15 a) moving said plug axially along said shell axis and into said shell to a
first axial position in which said shell and plug passageways are in a first aligned
position; -

b) placing a shearable assembly' pin in each aligned shell and plug
passageway;

20 _ c) moving said plug axially within said shell to a second axial position to
shear each assembly pin along said shear line into a sheared driver pin disposed in
each shell passageway and a sheared tumbler pin disposed in each plug
passageway; and

d) aligning said shell passageways with said plug passageways in a second

25 aligned position in which the sheared driver pin in any one aligned shell
passageway is a sheared part of the tumbler pin in the next adjacent aligned plug
passageway, with the tumbler pin in each plug passageway abutting the driver pin
in the aligned shell passageway at said shear line when a key for said lock is
inserted into said keyhole.

30
20. The method of claim 19 further comprising:
a) fixing the plug in said second axial position. .
' : HEET - 29 ' [ THiS SHEET HAS BEEN
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pin, the m :ml a) said driver and tunbler pins
have a stl u Hm" Illmﬂlﬁfflm ent f['bls Ineet\HanBemmelﬂxcbmg t hereof along said
weakened Zonés by the® application of rotative force
that can be applied to said plug thr |d keyhole by a key-Ilike
tool ;i nserted wwibesss74d t hodPGTNIS96/01519
manuf acturing a | ock having a sheII a 20 t ur nabl e pI ug rot‘at ably nounted
within said shell and having a keyhole for insertion of a key which fails
structural |y when. 21t &hgusethdsd ofppiifacmringa lock having gtshélbwith a langitudinal shetle

between the shell ngd.a | of. and pl ug
passageways, %W & Pﬁ'g“ﬂ’( sﬂ“@ﬁg“‘&P&l %ﬂge&rxys Jls&s%?ﬁ&g% gaé(ﬁﬁlﬁl nad‘ YAe shell
and plug wi t h difngblé phigl having a longxnﬂlﬁmagmga!xk alauged dvitkiii kaid hﬁ:llrlbu gotauon about
passageways;

; . . ti h h al d pl
passageway an SAdRIREX}s B?%QY b‘ Eepﬂ@gmﬁqu tgﬂg%ﬁﬁﬂ% I gln“’aq gR‘H?Fgg‘ E‘g&gg
and a strengt fi,agsugéwaw alpddlalalongishi8pisy sl #R1 aligned SARGAIY dhER Badsighn'af. i O

sai d assenbly n | ess than the first force w

shear said as§g¢ﬂ) ug deﬁmn&?ﬁb%ﬂ@ﬁ@%@lw’éawﬂwmm,the method c)
aligning a selg kﬁgngeakened zone of each assenbly pin with each

ot her for shearl nd

a) moving said plug axially along said shell axis and into said shell to a
first axial position in which said shell and plug passageways are in a first aligned
10 position and said annular undercut is spaced along said plug axis from said first
aligned position of said shell and plug passageways;
b) placing a shearable assembly pin in each ahgned shell and plug
passageway; '
¢)  placing a spring means in each of said shell passageways to urge said
15 assembly pins into said plug passageways; ' |
d) moving said plug axially within said shell to a second axial position to
shear each assembly pin along said shear line into a sheared driver pin disposed in
each shell passageway and a sheared tumbler pin disposed in each plug
passageway; and
20 e) aligning said shell passageways with one shell passageway aligned with
said plug undercut and with the driver pin in the one shell passageway extending
into said plug undercut under the influence of said spring means and with the
remaining shell passageways aligned with plug passageways in a second aligned
position in which the sheared drivci' pin in any one aligned shell passageway is a
25 sheared part of the tumbler pin in the next adjacent aligned plug passageway, with
the tumbler pin in each aligned plug passageway abutting the driver pin in the
aligned shell passageway at said shear line when a key for said lock is inserted
into said keyhole.

30 22. A lock comprising:
a) a padlock body;
b) a shell-plug assembly including:
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after shearl n i ns al ong _ sai d
Se' ech““w mmuﬁms _b;L_a.p.le_catﬂ%F‘f‘ Si IWQJ Mm — sheari-hg-force—
| ar'ger *t hin % he* fisrst force along th “ m - 14
WD 96/ 25574 / US96/ 01519
shear |ine tedgssr4cach assenbly pin |nto two pin PCHUAIEDISAS .
10. The nmethod of claim9 in which the plug has a fl at 5 outer surface
t hrough which said pin passageways in the plug extend, the nethod
wher ei n: aj) aahell withracplaralitycofi spacedshelk passagemgysai d f | at

ii) a turnable plug rotatably mounted in said shell at a first position,
said plug having a keyhole and a plurality of plug passageways aligned with
said shell passageways and movable to a second position with some of said

5 plug passageways aligned with the next adjacent shell passageways from
those with which they were aligmd in said first position,

iii) a selectively-weakened assembly pin in each of said aligned
shell and plug passageways when said plug is in said first position, and

iv) means urging said assembly pins into said aligned plug

10 passageways; '
c) said shell-plug assembly being mounted in said padlock body with said
plug in said first position and for moving thereof to said second position; and
d) locking means for retaining said plug in said second position.
once said plug has been moved. from said first position to said second position.
15
23. A lock comprising:
a) a padlock body;
b) a shell-plug assembly including:
i) a shell with a longitudinal shell axis and a plurality of shell
20 passageways spaced from each other, by a predetermined distance, along
said shell axis,

ii) a trnable plug, with a longitudinal plug axis, rotatably mounted
in said shell at a first position along the shell axis, said plug having a
keyhole at one end thereof and a plurality of plug passageways spaced from

25 each other, by said predetermined distance, along said plug axis, said plug
being mounted within said shell for movement, along said shell axis, from
said first position with said shell and plug passageways aligned with each
other to a second position with said plug moved along said shell axis by
said predetermined distance and with some of said shell passageways

30 aligned with the next adjacent plug passageways from those with which
they were aligned in said first position,

REPLACEMENT SHEET - .
‘ THIS SHEET HAS BEEN

29 MAY 1996 AMENDED SHEET (ARTICLE 19) REPLACED




el IJJI@JIIIIBML A et “z%f” ”ﬂ“ {aGying @ lock having a shel |

plug axi's and a ey hol'e for inserti along said plug axis;
a plurality of aligned pin passage |d shell and plug, said
pl ug.havi ng an vaydegassigd at surface - 15 through whi ch sai d pi nPGIAES96/8ISMhY S
in said plug extend, and a shear 1ine between said shell and pl ug;
conprising the steps of : a) assenbling the shell and
plug with the pin iii) ams asgembly pimpositioned imeachiof saidedlignednsheldland);

zzig assenbl y Bl) n Eg\s;: ;Igoﬁi §g?fsééehl %ﬁg%le‘iﬂggﬁéﬂ%ﬁnggégﬁ&ewmd shearable

c) aligning a selected mﬁteaaﬁdoxﬁemlwfedmmmfwmch shear whes ssidiplug ®intoveit h
each other for sheari ng, and ther.eaft shearing said
assembly pins al ong ‘dﬁﬁs&Pﬂs"é‘B! @éﬁ@cﬁ%@%‘? ®ign, 8fes by appl i cation

of a sheaging form SPRE nfdne inekidh SR k4ld shell passgeRa urBing igid
direction of said plug axis to shear each assenbly pin i'nto two
pi n sect i ons assembly(pins into said aligned plug passageways;

¢) said shell-plug assembly being mounted in said padlock body with said
plug in said first position and for moving of said plug, inwardly of said padlock
body, from said first position to said second position; and
10 _ d) locking means for retaining said plug in said second position against
movement along said shell axis once said plug has been moved from said first
position to said second position.

24. The lock of claim 23 wherein:

15 a) said locking means includes an annular undercut in said plug, sized to
receive a sheared part of one of said assembly pins when said plug is in said
second position, said undercut being spaced, by said predetermined distance, along
said plug axis from the aligned shell and plug passageway nearest said one end of
said plug, when said plug is in said first position.

20
25. The Jock of claim 24 wherein:

a) said one end of said plug is located outwardly of said padlock body
when in said first position and is located within said body when in said second
position. |

25
26. The lock of any one of claims 13-16 or 19-25, wherein:

a) said pins have a strength sufficient to prevent shearing thereof by the
application of a rotative force applied to said plug through said keyhole.
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12. Apparatus for shearing assenbly pins in a l-ock havi ng a shell

with a longitudinal shell axis and a_plug wth a_longitudinal plug
axi's rot'atably nounted therein, by application of a force on said
plug parallel to said plug 35 axis, conpri sing: a) a
frame; - 15woosnss7a VO 96/ 25574 PCT/US96/01519
PCT/ US96/ 01519 b) a |l ock hol recess in the frane to
receive a

shel | - pl ug assenbly conprising said shell and said plug,
said recess including shell holding neans for hol ding sai d shell
agai nst novenent during shearing; and

Q\
0
ANE P s . N -
‘d - [
ST 8L o
o) s LL.
»
S N& s lLL
o > a\
NS
IS
= NS
< ] 1o
S
O
= N



5 c) plug translation nmeans for translating the plug

whi L-e—the—shell—is-held,said plug translation_neans. in turn,
conpri si ng: i) a plug engageabl e plunger neans for
novenent toward and agai nst the plug, and 10 ii) . rotatable
drive neans opopemsed to said pl unger neans to p&PHSdsRIA Sl d
pl unger neans agalnst t he plwﬂ jo nove the plug as the shel
is . hel d. 15 In a ack having a shell and a
plurality of shell passageways |n said shell, a turnable plug within the
shell, a keyhole and a plurality of plug passageways in the plug,

aligned with said shell passageways, the inprovenent conprising: 20
a) - an annul ar undercut in said plu l'igned with one of said shell

passageways; b) n section in said one of
sai d - shel'l passageways{, said sheared fijrst pin section al so
extending into said plug underjcut; and 25 c) a second pin
séction positioned in an adj acgmt LI\ passageway, said second pin
section being a sheared part of|sald [f]jrst pin section.
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14. In a lock having a shell with a plurality of 30 adjacent shell

passageways.—a-turnable plug mount edwithin said shell and having a
keyhole and a plurality of adjacent pl ug passageways aligned with said
shel | passageways, the | mprovenent conpri sing: a) an
annul,ar undewaxsss2ssre4sai d plug aligned with 35 one of saimCTAIBYEIDISI9
passageways; - 16 - W) 96/ 25574
PCT/ US96/ 01519 _ 3/14
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b) a first section of a sheared first pin in said one shel
passageway. said first section al so-extendi ng into said annul ar
under cut’; c) a second section of said sheared first pinin 5

t he pl ug passageway next adjacent to said one shell passageway; and
d) additi onatwoeinssys Of pin sections disposed within ®ETIUSHE/0151%e 1 est
of said aligned shell and plug passageways, Wi th each section of any
pair abutting the 10 ot her section%61 t hat pair along a shear line

bet ween t he shell and the plug when a key for the lock is inserted
into said keyhol e. 15. The |l ock of claim 14 wherein: 15

a) the pin section in each shell passageway is a sheared part of
the pin section in the next adjacent plug passageway. 16.
In a lock having a shell with a plurality of 20 adjacent shell passageways,
a turnable plug nmounted within said shell and having a keyhole and a
plurality of adjacent pIu% ys aligned with said shel
passageways, and a ro \N sections in each of said aligned

shel | and \\;\




pl ug passageways, the inprovenent wherein: 25 a) the pin section

in gny_gﬂg_sthL_pagsaggma¥_Ls_a_ sheared part of the pin section in
t hé next’ adj acent plug passageway, W th each pi n section of any
pair abutting the other pin section of that pair along a shear line
bet ween the ghpdeesydd the plug when a key for the | ock is 30pcrrusssnrsiert ed
into said keyhol e. 17. A nethod for manufacturing a | ock having a
shell, a turnabl e plug having a keyho§gaand an annul ar undercut, a

shear |ine between the shell and plug, a plurality of shell 35 passageways
in the shell, and a plurality of allgned pl ug passageways in the plug,
conpri si ng the steps of: - 17 -

16



WO 96/ 25574 PCT/ US96/ 01519

a) assenbling the shell and plug with a —selectively-weakened
assenbly pin in each of said aligned shel | and pl ug passageways;

b) thereafter shearing each assenbly pin by 5 application of a

shear,i ng f.orgedsRkelp transl ates the plug al ong the $%qaiseéidp t O
shear each pin into two pin sections, one a shell driver pin and
the other a plug tumbl er pin; and/14 c) further
translating the plug in the shell to 10 align a shell passageway wth
sai d plug undercut. 18. The method of claim 17 in which each

sheared driver pin other than the driver pin which enters the undercut is
supported by an adjacent tunbler pin after said further plug 15

transl ating. 19. The met hod of manufacturing a | ock having a

shel | with a longitudinal shell axis and a plurality of adjacent shel
passageways di sposed al ong said shell axis, a turnable
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20 plug having a longitudinal plug axis, nounted within said shel | for
rotaLLQn_abQuL_saLd_pLug_aXLs_and_haMLng_a keyhol e and a plurality of

adj‘acent” pl ug passageways di sposed al ong said plug axis and allgned W th
sai d shell passageways, said shel | and plug defining a shear line

bet ween t he wbskhssayd the 25 plug, the nmethod conprising: Ppcr/uss6misls a)
movi ng said plug axially along said shell &k¥% and into said shel
to a first axial position in which - said shell and plug passageways
are in a first aligned position; 30 b) placing a
shearabl e assenbly pin in each aligned shel | and pl ug passageway;
c) noving said plug axially within satg;Shell to a second axi al
position to shear each assigLyfgfn said shear line into a
sheared driver pin disposefl in 35 eac shel | passageway and a sheared
tunbl er pin disposed I n each 21%4 pdssageway; and
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d) ,aligning said shell passageways with said plug passageways.in a .

second aligned position in which the sheared dri ver pin in any one
al i gned shel|l passageway is a sheared part of the tunbler pin in
the next adj feishss7a al i gned plug passageway, with the trornsséosin in
each _ pl ug passageway abutting the driver pin in the aligned

shel | passageway at said shear |ine when gfthkey for said l ock is
inserted into said keyhol e. 10 20. The nethod of claim 19 further
conpri si ng: a) fixing the plug in said second axial position.
21. The nethod of manufacturing a | ock having a shell wth a

| ongi tudi nal shell axis and a plurality of adjacent 15 shell passageways
di sposed al ong said shell axis, a turnable pl ug having a | ongitudi nal
plug axis, nounted within said

N

=]
QO
L& )
|
<)
AN
.\“\)l 8‘

LA



shell for rotation about said plug axis and having a keyhol e,
undercut and a plurality of adjacent plug

said plug axis and aligned with 20 said shel

an annul ar

"passageways di sposed al ong .

passageways, said shell and

pl ug defining a shear i ne between the shell and the plug, the nethod
conprising: weoenssi4 a) noving said plug axially al ong spexusdeeiste axi s
and into said shell to a first axial posbgypn I n which sai d shell
and plug passageways are in a first align 25 position and said

annul ar undercut is spaced al ong said

al i gned position of said shel

b) placing a shearable assenbly pin in each aligned

pl aci ng a spring nmeans iJp
passageways to urge said assenbly r@ns into sgi d
d) noving said plug axially pishin ~2;g spal

passageway; 30 c)

position to shear each asse

sheared driver pin disp
tunbl er pin di sposed
19
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plug axis fromsaid first

and plug passageways;

Fig. 9a

shel |l and pl ug
gach of said shell
plLAIQ passageways;
a second axi al
aid shear line into a
passageway and a sheared
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e) alrgmmeg—satrd—sheH—passageways with one shell passageway

aligned with said plug undercut and with the driver pin 1n the one
shel | passageway extending into sai d plug undercut under the
influence of NPWASEMIing 5 means and with the -remaini ngpé*qﬁ
passageways al i gned wi th plug passggeyays In a second a |gne
position in whi ch the sheared driver pin in any one aligned shel
passageway is a sheared part of the tunbler pin in the next

adj acent aligned plug passageway, with the tunbler 10 pin in each

al i gned plug passageway abutti ngdghe—dcjver pinin the aligned
shel | passageway at said shear line when a key for said lock is
inserted into said keyhol e. ~—2P. A lock conprising:

/78
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15‘ a) a padl ock body; b) a shell-plug assenbly

i nc| uding; i) a shell with _a plurality of spaced shell
passageways, ii) a turnable plug rotatably nmounted in
said 20 shell at a first position, said plug having a
keyhol e and woekali ty of plug passageways aligned PCT/USOSWISIP sai d
shel | passageways and novable to a second position with sone
of said plug passageways aligned wi th the next adjacent shel
passageways from those 25 wi ¥ %nhi ch they were aligned in said
first position, 1ii) a selectively-weakened assenbly pin
I n each of said aligned shell and plug passageways when
said plug is in said first position, and i V) means urging
said assenbly pins into said 30 al i gned pl ug passageways;
c) said shell-plug assenbly being nounted in said padl ock body with
said plug in said first position and for noving thereof to said
second position; and d) | ocking nmeans for retaining said plug
in said 35 second position.
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- 20 - WD 96/ 25574

PCT/ US96/ 01519 23. A | ock_conpri sing: a) a padl ock
body; ‘ b) a shell-plug assenbly including: i)
a shell with a longitudinal shell axis and 5 a plurality of
shel |, passageépssywaced from each ot her, by a poTabss/ersm ned
di stance, along said shell axi s, i) a
‘turnable plug, with a longitudinal plud2/14 axis, rotatably
mounted in said shell at a first 10 position along the shell
axi s, said plug having a keyhol e at one end thereof and a
plurality of plug passageways spaced from each other, by said
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predeterm ned di stance, along said plug axis, said pl ug being

mounted wWithin said shell for novenment., 15 alaong said shell axis, _
fromsai'd first position with said shell and plug passageways
aligned with each other to a second position with said plug
noved .., . wosenssydl ong said shell axis by said predetern rrciusssbmseee
and wth some of said shell passageways akzgaed with 20 t he next
adj acent plug passageways fromthose with whi ch they were
aI|gnéd“‘ﬁ‘sard_ﬁrfsf—peslt|on iii) an assenbly pin

said ali %ed shel | and pl ug passageways,

posi ti
each (H%%%Mw}ﬁéﬁa’ ly pin having a s s of spaced shearable 25
vveakened H"l" d ones of whi ch’@ X ynex X said plug is

noved fr position to said cpond pggmation, and
iv) spring neans in each of said smgll a s urging said
assenbly pins into said 30 | i\ayled|pl g
c) said shell-plug ass y bei nqgrgun 260k body wi'th
said plug in said flriﬁ S|t|on an ' / plug
I nwardly of . said padl oc : 6o said
;econqdposi tion; an : 09 ;5 ' = g Inlg said plug
. in sai sefond positi A shel | ax
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PCT/ US96/ 01519 once said plug has been noved fromsaid first
position’to sai d second position. 24. The lock of claim
23 wherein: 5 a) said | ocking nmeans includes an annul ar under cut
in sajd pl.ug,woogsssrd 0 receive a sheared part of one of PCT/USS6/01519
assenbly pins when said plug is in said sddgtgl position, said

under cut bei ng spaced, by said predet ermi ned di stance, along said
plug axis fromthe 10 shel | plug passageway nearest said one end of
sai d plug,
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when“ sai d-plug-is in said first position. T2 e AOBKz Ofr /& l.aipm, 2
wherej g . a) said one end of said plug |mﬂ$dq<06tw& 57156
of~sa|d’1lock body when in said first position and is QPENUS %(;g @
sai d body when in said second position. - 38. The gf Bﬂ) ?
of clains 13-16 and 19-25, wherein: 20 a) said pins have a
strength sufficient to prevent S rin hereaf .by.the lication
of a rotativ&igofLds a sectional vigw taken %‘é%ﬁﬁ“ﬁ?@b@ﬁ%‘ﬁﬂﬂ %‘5 8 ?fg%ol e.

25 _ metBanism of Fig. 10;

Fig. 12 is a front elevational view of a key-operated padlock which is a further
5 embodiment of the invention with the plug of the shell-plug assembly protruding;

Fig. 13 is a side elevational view of the shell-plug assembly removéd from the
padlock of Fig. 12;

10 Fig. 13a is a sectional view along 13a-13a of Fig. 13;

Fig. 14 is a view similar to Fig. 13 in which the plug has been translated in
direction Y;

15 ' Fig. 15 is a view similar to Fig. 12 in which the shell-plug assembly, after
translation, has been placed in the padlock; and

Fig. 16 is an enlarged sectional view along line 16-16 of Fig. 14.

20 Description of the Preferred Embodiment |

o In Figs. 1-3, loéic 10 includes a shell-plug assembly comprised of a cylinder shell

11, turnable cylinder plug 13, with plug coilar .13c, and five (5) vertical pin passageways

14a-e extending up into the shell 11 as shell passageways and down into plug 13 as plug

passageways. Also shown are five assembly pins 15a-e, plug tail 12, brass key 16,

25 cylinder shear line 18 and pin springs 20a-¢ for the assembly pins 15a-e. Each assembly
pin 15a-e has eight (8) circumferential weakened zones defined by notches or grooves l17.
P_ins 15a-e are made of selected material and their grooves 17 are shaped and
proportioned to accomplish assembly pin shearing by the manufacturer or locksmith while
preventing compromise in security while the lock is in service through use of an

30 unauthorized key or other instrument. Different manufacturers
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Apparatus 30 further includes a crimper unit 50 including a crimping ram 52 driven by a
solenoid unit E. Crimp shift pin 54 is shown in its rest position biased away from the
cylinder shell 11 by crimp pin spring 55.

5 ' In operation, lock 10, including shell 11, plug 13, plug tail 12 and key 16, as an
. assembly, is placed in aperture 32 of fixture 31. Shear pin 41 is hit by shearing plunger
36 to apply force F to cylinder plug tail 12 to move plug 13 in direction Y. Pins 15a-¢
are thereby sheared (Fig. 3). Plug 13 is pushed back by hand, using key 16, to the
original position. Next, crimper unit 50 drives crimp shift pin 54 to crimp ring portion
10 segment 20p of shell 11 against plug portion 13a (see Figs. 1, 6 and 7). -

Turning to Figs. 8, 8a, 9 and 9a, a further embodiment of the invéntion is shown
in which pins have a certain notch configuration and the plug is shaped to faci_litate
shearing and rotation. Each pin 60 of this embodiment has grooves or notches 61, for

15  example, the ten (10) circumferential grooves 61a-j (shown in Fig. 8). Each groove 61
has beveled surface areas or chamfers 63 to facilitate plug rotation and to make picking of
the lock more difficult. Each chamfer 63 is sloped at angle C to a plane perpendicular to

~ pin 60’s longitudinal axis LA (Fig. 8a). The slope of chamfer 63 is parallel to tangent
line T which is perpendicular to radius R of plug 64 of shell-plug assembly 65 at the

20 entrance edge of the plug pin-passageway 711 (Fig. 9). The selection of such a chamfer

slope optimizes the ease of plug rotation. Distances from the bottom key-engaged end

60b of pin 60 to the center of each groove is set out in Table 1 (see also Fig. 8).
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origtnal elaims 1, 2, 6, 8-11, 13, 14, 16, 18 and 24- nend

remai ni ng_ cl ai s unchanged (10 pages)] &6 ﬂdgr]_ I5)1k9
having a shell with a longitudinal shell axis, a turnable p ug

mounted within the shell for rotation about said shell axis, a keyhole in
the plug, said keyhol e extendi ng al ong said shell axis a pIuraIrty
of aligned pin passageways in the shell 5 and said plug, sard
passageways comruni cating with said ﬂéﬁkble, assenbly pins slidably

positioned in the passalgc;ﬁgﬁys, said ass-eml%ﬁ_g%ﬁj%avr ng a
| ongi tudi nal pin axis a series o nes spaced al ong

said longitudinal pin axAs, each of said assenbly .166 pins being
shearabl e al ong said weagened zones into an upper driM@t pin and a | ower

I er pin upon applicagion of a shearing force appl |lgg to said assenbly
pin, the 10 i nprovenegt wherein: : a) sai d weakened
zones of said assenbly %ns have a strength suffici en '

prevent said shearing thg&reof by the application of t great est rotative
force that can be applied to said plug % ough sai d keyhol e
by every key l'i ke tool tHat can be I nse d into said.
kebthol e. H 2. The cylinder |ock of cl aidft 13 wher ei n:

a) a shear I|ne i s definkd by opposed surfaces of sai &88hell and pl ug,

b) said plug has an outeF surface through whi ch sai d $0&h passageways in

the plug extend; and 20 . c) the outer surface of the plug
t hr ough whi ch sard pi n passageways extend ' Is flat and defi nes

sai-d opposed ﬁ@&fxﬁﬁﬁx 61 isS@nthri¥ef 9f a portion of a notch a aﬁove-giﬁtecz lbefifdRdichek of

claim2 in wh
- to longitudinal pin axis LA and a notch portion b below line Z.

Plug 64 of shell-plug assembly 65 has a flat surface 66 positioned adjacent the
upper shell section 67u of shell 67 to define a plug shear line. After shearing, and with
20 the key (not shown) inserted, the formed tumbler pin 60t is raised which in turn raises the
driver pin 60d. As plug 64 is turned in either direction (such as the counterclockwise
direction; Fig. 9a), groove chamfer surfaces 63 assist in free turning when the lower
tumbter pin 60t is too high or the bottom of the upper driver pin 60d too low. Chamfer
surfaces 63 reduce the likelihood that pins will catch the sides of shell and plug '
) passageways 71u, 711 in eithér the shell or m the plug.

Turning to Figs. 10 and 11, a pin shearing mechanism 78 is shown having body
79, housing cavity 81, a turnable drive unit 82 mounted in cavity 81 for fotation about
the longitudinal axis A (Fig. 11). Turnable unit 82 includes hand wheel 83 and bolt 84

30 mounted in rotatable drive body 80. Bolt 84 is turnable by a wrench (not shown) to tum

drivé unit 82. As drive unit 82 ts turned it translates plunger 87 through mating threads
88 on body 80 of unit 82 and threads 89 on plunger 87. Plunger 87 moves linearly in
direction AA. Plunger 87 is held from turning by indentation 91 having flat surface 92
and by vertical post 93 which engages surface 92 to
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a)' each- weakened zone is shaped to define, after shem;gl grbfrorg_gﬁ E@

with a | ower end having a chanfered outer edge.

cylinder Tock of claim1 wherein: WEMUS@;\}_SAW\AQQ?
in said plug are spaced al ong said | ongitudi nal shell axis; -
30 b) the outer surface of said plug, laterally of said

| ongi tudi nal shell axis . . and, sai d pass%g,eways t her eal ong,
defi nes Rre¥omt iotationa Mephagésm 78 includes lock holder recess 94 including sheil suppo

T/ UsooPBlSfa which HEld the bl plug sssembly 65 against translarion iy direction AR, Iy ¢
define, thetsperstivnosf mechadisin/ 7, e shélhplug assembly 65 is placed in holder recess 94,
plunger 87 is advanced until it touches the plug 64 and a wrench is then used to turn bolt
5 84 to translate plug 64 relative to its shell until the assembly pins 60 shear. Aftér the
_pins have been sheared, handwheel 83 can be turned in the appropriate direction to rotate
" drive unit 82 and thereby translate plunger 87 in a direction opposite direction AA. This

releases the shell-plug assembly 65 for removal from the mechanism 78.

10 Example
A door lock constructed of five (5) assembly pin passageways 71!5, 711, defined by

aligned shell and plug passageways and assembly pins 60 will, as explained, have each
-~ pin 60 sheared to form a pin set (a tumbler pin 60t and driver pin 60d in tandem). Each
assembly pin 60 has an outside diameter D of 1 14 inches and a reduced weakened notch
15 = diameter (ND) in the grooves of .076 inches (seé Fig. 8). Each assembly pin 60 has ten
(10) grooves 61a-j prior to shearing to create the tumbler-driver pin sets.

Prior to 'shearing the door lock cylinder is shipped to a locksmith. A customer of
_ the Iocksmith provides the locksmith with a key used by the customer in operating other
20 locks of the customer. The locksmith inserts the customer’s key in the lock, places the
, lock in the mechanism 78 and shears the a;sembly pins 60. The customer then installs
the door lock in his home, which lock can be served by the customer’s existing key.
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W|th an ‘upper end red outer edge; and '
d) said..chanfered ,m m mﬂ 1"@ ent ed about parall emﬂd& 916eﬂt[?}y 1 9
to* of sai d plug WhICh lLindricall

shaped and i medi ately 5 adj acent to said &I

5. The cylinder lock of claim4 in which the weakeni ng zones are e
defi ned bé a not ch havi ng shearabl e portlons lying in a pl ane
perpend| |GA: sai d pi n axis. . In a cylinder lock

havi ng a shelq I I,

mounted Wt hlln W‘ Qgﬁ'##q?%ﬁr H&é{}g% |s§§1l?a‘{)ma%< io?xgx tgdﬁ’ﬁle#}?ﬁa%sg S b(laeaPl i ne
bet vveen maumbdswmﬁn the shell forarotativniabodesdid shelbyxis pp keymbles i Iheqﬂug,oefaus aid

shel | g a_ keyhole in hol e ext endi ng al ong

sai d sh y & Fatending) alpng said, s’aéflem-ga%’ehnﬂ#x %%&%Dﬁ%weww iibe| shell

th dg
i s of (AT [k SoRTPASHEARYS coRMRLaERE Wit Wik hePE, Sl inP SRERN Y 1
havi ng pobitioned indthe passageways, saidrassembly pins eachdaving 2longitudinalepin 2aisand
aced al on ongi tudi nal pi n ax each,. of said ass ly,. - [
o1 ng. s AL PL WP AN SRR AORE SUR SR P B cagh ol hid pssembly o
| over s bein gpkﬁéak 4ifle Riolg 4ERWeikBhed” 26reR in8farPupbRF AfivA0pih An%a RARK' ©d O

sai d asg | mprovenent wher
a) sai d tyblgr pasumn applreatmu of a(shearingdiogte applicth to sdid assembip pimgheays i n

pl ug_extend; .k a b) the outer surface between-
ﬁ‘h q’?ﬁf‘i‘i’emeﬁt gé%eways of the plug and t hr ough whi ch
cach of saic pin %Sﬁgwa.e%oﬁe@af gaadfaés%hwguﬂ%wssuéagtﬂ sufficient to

opposed surface of “sai
- . prevent said sheanng thereof by the application of the greatest rotative force that

ns

- _ can be applied to said plug through said keyhole by every key-like tool that can be
' inserted into said keyhole.
15
2. The cylinder lock of claim 13 wherein:
a) a shear line is defined by opposed surfaces of said shell and plug,
b) said plug has an outer surface through which said pin passageWays in
the plug extend; and
20 | c) the outer surface of the plug through which said pin passageways extend
— , is flat and defines said opposed surface of said plug.

3. The cylinder lock of claim 2 in which:
_ a) each weakened zone is shaped to define, after shearmg, a driver pin
25 with a lower end having a chamfered outer edge.

4. The cylinder lock of claim 1 wherem
a) said passageways in said plug are spaced along sald longxtudmal shell
axis; _
30 b) the outer surface of said plug, laterally of said longitudinal shell axis
| and said passageways therealong, defines a cylindrical shape;
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RErLAULENLITE 2
25 H ‘ ThHe fcyl i nderd‘l)%ck ot claim6 in which:

a) HM‘JM Eﬂg Hﬁ‘ie ils {shgpesPpn 9%Uefiiné, after shea ige b N

w t Hy ) M avi nd 4 c%am‘ ered oufle edge. 30 m’uscggt! qol 51 9
cylinder | ock having a lsHert—wTh a I ongilt udi nal shell }RENys

pl ug mounted wig hin the rotation about sal s%mgﬂggl

keyhole in the plug, sard keyhol e extending al ong said shell axis,
a plurality of alignedclpiweakensd zgmanisyshaped tordefingepiter shearing, a tumbler pinD

96/ 25574 . . . and '

PCT/ US96/ 0151%ith an upper end;haying,a chamfered gpigr Sggegaa&gways conmmuni cating with
said keyhol e, pi nsc(if'sh fExedicute?e@ge is oriented hbouit PRraies &A@ et il to
movenment toward and away from said keyhole, said pins each . havi ng a
| ongi t udi nal themuteri surfacelofisaid plugswhich\ie gylindsically shaped pad dmmgdiatelysai d

| ongi t udi nal pj.n pi ns bei ng shearabl e al ong any of said

axis, .each of saij
weakened zonefJadsat to %ﬁ\‘gpﬂ’ei’%ﬁagfﬁ'gg?'ed al ong one of said weakened zones
into an upper driver pin and a | ower :

5. The cylinder lock of claim 4 in which the weakening zones are each defined by
a notch having shearable portions lying in a plane perpendicular to said pin axis.

10 - 6. In a cylinder lock having a shell with a longitudinal shell axis, a turnable plug
" mounted within the shell for rotation about said Shell axis, a shear line between said shell
and plug defined by opposed surfaces of said shell and plug, a keyhole in the plug, said
~ kéyhole extending along said shell axis, a plurality of aligned pin passageways in the shell
and the plug, said passageways communicating with said keyhole, assembly pins slidably

15 positioned in the passageways, said assembly pins each having a longitudinal pin axis and

a series of weakened zones spaéed along said longitudinal pin axis, each of said assembly
pins being shearable along said weakened zones into an upper driver pin and a lower
tumbler pin upon application of a shearing force applied to said assembly pin, the
improvement wherein:

20 | a) said plug has an outer surface through which said pin passageways in
- the plug extend; and _ _
B b) the outer surface between each of said pin passageways of the plug and

through which each of said pin passageways extends is flat and defines said
opposed surface of said plug.

25 .
7. The cylinder lock of claim 6 in which:
a) . each weakened zone is shaped to define, after shearing, a driver pin
with a lower end having a chamfered outer edge.
30 8. In a cylinder lock having a shell with a longitudinal shell axis, a turnable plug

mounted within the shell for rotation about said shell axis, a keyhole in the plug, said

keyhole extending along said shell axis, a plurality of aligned pin passageways in the shell

-13 -
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t unbt ef “ptn, the i JWNT SHEEE: - . y d
\/\Efﬁl@mﬁm—'m—s rid gr£XS§£% ';u fItelr pi ns hgve aksHﬁrIbfg 9%/01519
e L I I o e da et Forat ve T ornFEAHIST L ARR71997
appl*i ed tb sti ¢ plrug through said keyhol e 10 by every key-Ilike

tool that can be in eyhol e. 9. A nethod
f or manufdche plugy saidl passaghweyscommehichting with saidokeybole| pinsrstidshly pogitioned

nmounted within said shell and havin ac{;e hol.e for.insection aof a key

[Whi ch fiBithe passageways dor moyrment topmhand, FWHE Frop, i keYhole. st Bips Bagh ¢ |

force], : I rality o
] @P{ﬁ#ﬁ _ g;r?lgngﬁnﬁpg MERE Adifa S&HRls! of weakendl £bries g@hecsgmgng sala y

al i gned assageways, conprising the .
a) asseribhginglinah pirs hxis) eachcfHEaidyping beingishearhblel algngsanyoefisaid weakeged dongst h

T e— Ty

series ofmbReGEA m@qﬁmﬂ,ﬂﬂ%e@ﬁg a strength such that application 20
of a first shearing rce to said assenbla%ipi ns equal to or less than the

maxi mum a) saidrweakenedezanes of saidl airiver and tumhlent piag have a strengthug

t hrough sai d keyhol e by every key- . L ke hat can..be

inserted int Feng e BY@?#?M&PC%QQP% 514 ‘5‘?5% f?["gghg LS application

al ong sai d Wesgf0$reAQP eStative force that can be applied to said Flug Mioligh 8aid Ke§RbIR

weakened zone of gg%h assenbly pin with eag% ot her 2% 8 & fore?

sht@ring; andy every key-like tool that can bedipsertask inta said keyholg.i ng sai d assenbly

pi ns al ong said sel ected weakened zones by application of a

second shearing force |arger than said maxi mumrotative -

f O'r.tC_e al ong tdie a5 {Raod fob SndrRiffoafiig £ 8ok RVERD el atuinable plup rétafbly

secti ons. _
mounted within said shell and having a keyhole for insertion of a key [which fails

structurally when torqued by application of a first force], a shear line between the shell
15 and plug, and a plurality of aligned shell and plug passageways, comprising the steps of:
a) assembling the shell and plug with the shell passageways aligned with
the plug passageways; o
b) positioning within each aligned shell and plug passageway an assembly
pin having a series of spaced weakened zones and a strength such that application
20 of a first shearing force to said assembly pins equal to or less than the maximum
__ rotative force that can be applied to said plug through said keyhole by every key-
' like tool that can be inserted into said keyhole will not shear said assembly pins
along said weakened zones;
c) aligning a selected weakened zone of each assembly pin with each other
25 for shearing; and _ |
d) thereafter shearing said assembly pins along said selected weakened
zones by application of a second shearing force larger than said maximum rotative
force along the shear line to shear each assembly pin into two pin sections.

30 ~ 10. The method of claim 9 in which the plug has a flat outer surface through
which each of said pin passageways in the plug extends, the method wherein:

a) said second shearing force is applied along said flat surface.

-14 -
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gg;f;c;throudﬂ Il i "-mml ﬂl'g;cﬁl g:‘ msgl :jn ml Cgstsgee X Ihastq,jllé fbgllgirq
"i w! PP g se‘m

ext ends, [
force is _appl i ed aI ong sal d fI at surface. 1997
PCT/ US96/ 01519 11. A nethod for manuf acturing a Iock
having a shell with a Iongltudl nal shell a turnable plug with

a | ongi t udi nall.plAigethadsfos manufacsiring & lackhaving-2 Fh"(ynwtﬂi aa{okglgndmal shell 3| ong

o ug, "oy d BurndbiEphle i BhefidiHl Hihe s RS 0GFHEN T el #%% Soad
| ongi t udalpAg sl Y@ xxis; b@lmmy ofatigned pin pasﬁamayb m smcbmlaﬂﬂ’ﬁ!lg.

t hrough which each of said pin passageways in, sai ext ends, and
a shear Plugdayingancopterfiat smface exisndipg @éowmmgmf%. Rlug, axis between eaght ace

of 5  ofsuld B:fﬁéé&g%&%yé‘ﬂn&’&%ﬁ%tg%fdﬁréég %f%dﬁﬁﬁ ?ﬁ%}?@“@%‘iﬁﬁﬁg fp\'?mﬁ@g :E:

steps of: asse ing t
pi n passexiendsy andihishedrdinenbetweeh said shell and plug defined by aaid quierdfiat Srface of
P) pos! téa?d”'pﬂlgg and an Oppesing Sartat of siid shBlT Comprieg the sieps of ¥ P' " having
a) assembling the shell and plug with the pin passageways aligned in said
shell and plug; '
10 b) positioning within each aligned pin passageway an assembly pin having
a series of spaced weakened zones; _
I c) aligning a selected weakened zone of each assembly pit; with each other
— for shearing; and -
d) thereafter shearing said assembly pins along said selected weakened
15 zones by application of a shearing force applied along said flat surface in the

direction of said plug axis to shear each assembly pin into two pin sections.

12. Apparatus for shearing assembly pins in a lock having a shell with a
longitudinal shell axis and a plug with a longitudinal plug axis rotatably mounted therein,
20 by application of a force on said plug parallel to said plug axis, comprising:
~ _ a) a ffame; . _ _

- b) a lock holder recess in the frame to receive a shell-plug assembly
comprising said shell and said plug, said recess including shell holding means for
holding said shell against movement during shearing; and '

25 ¢) plug translation means for translating the plug while the shell is held,
said plug transiation means, in turn, comprising:
i)’ a plug engageable plunger means for movement toward and
against the plug, and

ii) rotatable drive means connected to said plunger means to

30 * translate said plunger means against the plug to move the plug as the shell
is held. .
REPLACEMENT SHEET]
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a seri & of sp c)
sel ect ed. vveakeﬁm' mmm‘mamasseml y pin with each 9%% 5}
for sheari ng; ahd ¢ L d) thereafter Us.h A R ]99

assenbly pins along said selected weakened 15 zones by app |cat|on
of a shearing force applied along said flat surface in the

di ti f t

sections, 135 inf 106k Riving s 3380 4R SERE pl e i YR B, o

| ock haviypghife p f&?'\bltl‘m:ttﬂe ghell, a keyhoieQﬂﬁ'd PpRdlRY o!ibﬁigl pa@sﬁgwaydmama Iphgig,Wi t h
a | ongitudi nal axis rotatably mounted therein, by application. of

a force aligned |vdﬂp'sa1¢y shell pﬁds@ewaas,s&b dmpraygmesnt §°mbm i sing:

f t
Lcei ve a shel | - pi B &RalkApphpared pil scftiond 56 <A Ftaid SGRD e i MIETT (2
plug, said resAsfsewags,Ushch pafiisr dalmﬂiedteaq:maaro:xﬁ @émg formed from unsheit@hdl ng

sai d shel | agai nst novenent during sheari ng;

pl ug transl at separateasssmbly pins riginally g e@ﬁéO%mg aqueshﬁﬂén@ﬂ’é‘lg i s hel d
said plug translation means, in turn, conprising:

i) a plug engBHERH™YH unger neans for movement toward and

agai nst the plug, 8)tn annular undercut in said plug aligned wiihi gneroftsaidaHett dri ve

means connected to said plunger nmeans to 30 transl ate
sai d pl unger passagewaysi ank t he plug to nove the plug as the shell
'S IBE| d. c) said sheared pin sections include:

1) a sheared first pin section in said one of said shell passageways,
. said first section being a sheared part of a first assembly pin originally in
= said one shell passageway, said sheared first pin section also extending into
said plug undercut, and '
15 2) a second sheared pin section positioned in an adjacent plug
| passageway, said second sheared pin section being a sheared part of said

first assembly pin.

14. In a lock having a shell with a plurality of adjacent shell passageways, a
.20 turnable plug mounted within said shell and having a keyhole and a plurality of adjacent
- plug passageways aligned with said shell passageways, the improvement comprising:
| | a) a pair of sheared pin sections in each of said aligned shell and plug
passageways, each pair of said sheared pin sections being formed from unsheared
separate assembly pins originally in each of said aligned shell and .plug
25 passageways; '
b) an annular undercut in said plug aligned with one of said shell
passageways; and
c). said sheared pin sections include:
1) a first section of a sheared first pin in said one shell =~
30 passageway, said first section being a sheared part of a first assembly pin
originally in said one shell passageway, said first section also extending
into said annular undercut; e
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e llll!llHHlHlllNHlllIHllLa (0 a lock having dPeedISaba/ 01519

plurality of shell passhgehays i*n said shell, a % P
within the shell, a keyhole and a plurality of pl ug pass pj‘nhm ]997
pl ug, al i gned with said shell passageways, the inprovenent

conpri sing: a) a_pair, of sheared pln sections in each
of said aligned shel I a?ﬁda@P‘E@d ssction of said first 36%%‘?1&%}% theplug pair of

sai d sheared pin Jaé&gfy gl i1 ?afcg 56 %al ‘{1&;%

separate assenbly®pin

I'n eac sai'd a |gnedandhell and pl ug.

passageways, 3) addmonal paxrb)of pin sevtiohs disposgd rwithin ieacls of theptesy

al i gned with one of said shell

and_10

passgoevays.
c) said sheared piof saidaligssd SM!:F%BIug passageways, Wi tion of any Pali') a

sh

red first p|n | eﬂaﬁﬁ
salgg first section ﬁﬁﬁxgcmeo eare (ﬁggr@;t aglf(ﬁ?st asse l pl n or| gl naI |y

in and the phtgewﬂemalkejslﬁeﬂ thedacks isgimserted into smd;ke)dmiei first pin
section also extending into said plug undercut, and
15 2) a second sheared pin section positioned in
an adj acent %u lock f clai where passageway, said second sheared pin
section being a eare parl{n o‘% sal : first assenbly
pin. a) the pin section in each shell passageway is a sheared part of the pin
10 section in the next adjacent plug passageway.
) 16. In a lock having a shell with a plurality of adjacent shell pass;geways, a
-~ turnable plug mounted within said shell and having a keyhole and a plurality of adjacent
plug passageways aligned with said shell passageways, and a pair of sheared pin sections
15 in each of said aligned shell and plug passageways, each pair of said sheared pin sections
being formed from unsheared separate assembly pilis originally in each of said aligned
shell and plug passageways, the improvement wherein:
a) the pin section in each one of said shell passageways is a sheared part
of the assembly pin originally in the next adjacent plug passageway, with each pin
20 section of any pair abutting the other pin section of that pair along a shear line.
_ between the shell and the plug when a key for the lock is inserted into said
" keyhole. |
17. A method for manufacturing a lock having a shell, a turnablé plug having a
25 keyhole and an annular undercut, a shear line between the shell and plug, a plurality of
~ shell passageways in the shell, and a plurahty of aligned plug passageways in the plug,
comprising the steps of:
- a) assembling the shell and plug with a selecnvely-weakened assembly pin
m each of said aligned shell and plug passageways;
30

b) thereafter shearing each assembly pin by application of a shearing force
which translates the plug along the shear line to shear each pin into two pin

sections, one a shell driver pin and the other a plug tumbler pin; and REFL. ACEMENT SHEET
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14. 4 "% ock- havi ' lurality of adj t sQeLl GD
passageways, a 20 ”",mmﬁm MHD! ﬁount ed within 996/ r’aw Jfg a
keyhol e and a plurakity plug p e h
sai d shel |l passageways, the inprovement conprisi nga!PEA?Uga fAﬁﬁ ng?t

a) a pair of sheared pin sections in each of said aligned shell and plug

nhoar ed” " o hirar capipuneia stus B the AL O Aligh habel pREAY Wibsa ¢

al i gned shel | passageways; b)
an annul ar unﬁ‘ggﬂlﬁghl n sal d plug aligned with one of sai d shel | )
passageways; and c) said sheared pin sect I ons

i ncl ude: first sect1 on eare

first pinin 1§a|'ﬁh‘bﬂ¥§ﬂ§’ﬁe‘?ﬂcl§ﬁl 17 mwhxch dnestieafed'd ﬁ’é’a“Fl

segj ion #@éﬂ%nae& £2i60s E&F\.f Sﬁﬁ@bafcﬂosh@ared driver pin other than
originally Insaid one s gemay sald first section also extendlng

i nt o saisaideonelsheared difiver pin whlch is dxsposed in the upderog/is sepported by an adjacent

PCT/ US96/ 01519,
tum!| ler pin after said further plug translatmg

19. The method of manufacturing a lock having a shell with a longitudinal shell

10 axis and a plurality of adjacent shell passagéways disposed along said shell axis, a

| turnable plug having a longitudinal plug axis, mounted within said shell for rotation about
said plug axis and having a keyhole and a plurality of adjacent plug passageways disposed
along said plug axis and aligned with said shell passageways, said shell and plug defmmg
a shear line between the shell and the plug, the method comprising:

15 a) moving said plug axially along said shell axis and into said shell to a
first axial position in which said shell and plug passageways are in a first aligned
position; | ' ' |

b) placing a shearable assembly pin in each aligned shell and plug
passageway;

20 ¢) moving said plug axially within said shell to a second axial position to

. shear each assembly pin along said shear line into a sheared driver pin disposed in

each shell passageway and a sheared tumbler pin disposed in each plug

passageway; and
d) aiigning said shell passageways with said plug passageways in a second

25 aligned pbsition in which the sheared driver pin in any one aligned shell
passageway is a sheared part of the tumbler pin _in the next adjacent aligned plug
passageway, with the tumbler pin in each plug passageway abutting the driver pin
in the aligned shell passageway at said shear line when a key for said lock is
inserted into said keyhole. |

30

20. The method of claim 19 further comprising: ' e
REPLACEMENT SHEET

a) fixing the plug in said second axial position.
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2) & setdnd sectlonimmﬁﬂlﬂ"‘ﬂ m'u enbly pinin the mu.g'us 96 /01 51 9
assageway next ad shel | passagewa
g)- adgi ti 'gnal pai sz of fintsekt |son£mE| sposeg Wi tﬁl n ZM\US&LAQR ]Q97
of said aligned shell and plug passageways, with each section of any pair

5 abutting the other section of that pair al ong a shear
| i ne between the_shell when, a keyufor

the lock is |2r}se & fethpdofmapufaciyripg @ lock havinig a SE‘%“Pthag longitydipal
clai m 14,uwhel ﬁah 0 ad%‘ acent § ell assagew%?s diSposed ﬂoﬁﬁ‘ﬁilﬂ%ﬂeﬂ gxizagh shell

passageway | s a shear e rt o section in the next
adj acenttuphbig plegs hagag/aylongltudmal plug axis, mount®d withim sdid skelh fori mgatmnsdbeht

rount od B s apd AT ARV AR aFRoL o & plpeaic ot agiage P ont

Pl Uy Pagasg dibpdiee diotls!sAicRuE akfiCird ARHEA WP stiRll padsagely gyé’fsaﬁhear ed

pin sections 1 I n each of said aligned shell and plug paSsageways, each
pai r of sbell and plugr dafininga sheari lingsbetween the shell and therplugy the anetbed hear ed

separate _assenbly pins originally in each of said aligned shel | and
plug pasSAEEREPs. the inprovenment wherein: a) the pin

section in each ong gloviip éhid phig aﬁﬂ@sﬂgﬁg\@ﬁﬁ shell axiS AAA NG sBRY dhell toa
of the assenbly pin original lgnl n the next adjacent plug passageway, Wwth

each pin 20 first axial posmcmemtw h saidzshell @ad plug)passageyayharedniacfirspaligaadct i on
o 1o B AR St e feog B 0 LB
- aligned position of said shell and plug passageways; :
. b) placing a shearable assembly pin in each aligned shell and plug
passageway; _
c) placing a spring means in each of said shell passageways to urge said
15 assembly pins into said plug passageways;

d) moving said plug axially within said shell to a second axial position to
shear each assembly pin along said shear line into a sheared driver pin disposed in
each shell passageway and a sheared tumbler pin disposed in each plug
passageway; and

.20 ) e) aligning said shell péssageways with one shell passageway. aligned with
— said plug undercut and with the driver pin in the one shell passageway extending

into said plug undercut under the influence of said spring means and with the
remaining shell passageways aligned with plug passageways in a second aligned

_ position in which the sheared driver pin in any one aligned shell passageway is a
25 sheared part of the tumbler pin in the next adjacent aligned plug passageway, with
' the tumbler pin in each aligned plug passageway abutting the driver pin in the
aligned shell passageway at said shear line when a key for said lock is inserted
into said keyhole. |

30 22. A lock comprising:

2) a padlock body; REPLACEMENT SHEET
b) a shell-plug assembly including: :
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SRer™ 2 urnaot o INNLARRAIEF I e and wPET=3 96110 195 9
an

shear |ine between*the she * I'ug, a plurality of EA/“ I .
passageways in the shell, and a plurality of aligned plug pass%ggv\kﬁgm 1’997
a)

t he plug, conprising the steps of:
assenbling the shell and plug with a sel ectivel y-weakened assenbly pin
in each of said aligned)shshell with aplugplitnef phell papsageways,
b) thereafter shearing.ea ' | ' ' force
which translates the pllﬁggg}'gﬁgt%{@{égstﬁﬂggp I?‘?\’g osgtﬁ%l’gghgggﬁagﬂgﬁﬁ%ﬁo WO
][0| nnbl . g safdeslug MaGing EeyhoRNald a Pluraiéty ofiplugpaksidesvayt latignad Witgg
u er pin; an
WO 96/ 25274 ~ said shell passageways and movabje to a second position with some of said

The shel | to.al i gy BRSPEewRYs aligmed v HEA WhackheUlRl asliedds oMY '
: those with which they were aligned in said first position,
iii) a selectively-weakened assembly pin in each of said aligned
shell and plug passageways when said plug is in said first position, and
iv) means urging said assembly pins into said aligned plug
10 passageways; "
¢) said shell-plug assembly being mounted in said padlock body with said
- plug in said first position'and_ for moving thereof to said second position; and
d) locking means for retaining said plug in said second position.
once said plug has been moved from said first position to said second position.
15
23. A lock comprising:
a) a padlock body;
b) a shell-plug assembly including:
i) a shell with a longitudinal shell axis and a plurality of shell
20 passageways spaced from each other, by a predetermined distance, along
- - said shell axis, |
ii) a turnable plug, with a longitudinal plug axis, rotatably mounted
in said shell at a first position along the shell axis, said plug having a
; keyhole at one end thereof and a plurality of plug passageways spaced from
25 each other, by said predetermined distance, along said plug axis, said plug
being mounted within said shell for movement, along said shell axis, from
 said first position with said shell and plug passageways aligned with each
other to a second position with said plug moved along said shell axis by
said predetermined distance and with some of said shell passageways
30 _ aligned with the next adjacent plug passageways from those with which
| they were aligned in said first. position, e
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sai o plug unq Iﬂ tl i l 18. The method of PETaY819 6/ \0ilch 71 9
one sheared ¢ rum!ub}!" m lally disposed 5 I n ' reut _af

said further H g L I"ag’i ng, ‘and each sheared driver Mﬂafﬁmﬁ 7
said one sheared driver pin which is disposed in the undercut is supported
by an adj acent tunbler pin after said further plug transl ating.

19. The method of manufacturing a | ock having. a shell with a, longituydinal

shel | 10 axis and a i} WF?‘?"WW‘%BP&H@H@QW %ﬁmg‘{i‘gﬁsed

al ong said shell | Sy Bakin2Y 'sEffesPof pASd iidh f% pl ug
axis, nmounted w tﬁlmrgsg%s?a&egﬁgf’lnf%%rot éng{n about s éi’asai dp ug;e axi.s

and havi ng a keyhateakemed zonps, selectedyons$ ofiajhachesteapivhen paid plug isamevet sposed

along said plug axis and aligned with,said shell. passageways, said shell
and plug defini ng>%r°m said f?fat ntwﬁsfmé&nﬂbﬂ@ Il t he

and the plug,
metshod conprising: 15 ; 3 i 6P saiP ¥HeNCpas sl Uskodag edigy al ong
safsd shell axis and i ntlg) ssgflags eg]nfn%gaczlil sa P ggw?}irstgﬁiatgx?iééll

posi tion in which assembly ipirs!| intonsaid aligned plug passegewayse in a first aligned

posi tion; ) b) placi ng a shearable asse Ln Lp each

al i gned shel | and S| $id shell-plug assgmtﬁy %ﬁﬁ’ggﬁa‘é‘ﬁ&@m%& padicic {}B&)’“}i’m said c)

moving said irPshl sitiol bEmRtg of QiPpRES fHivehraly oF sakPpadib&e t O

shear. each a&%@&%ﬁ&mﬁghs&&agbshear 4 ine i gtg a sh?gr ed adrlﬁver pin

di sposed in body, from said firstgasitionHe istidsesondgpasitionaadda sheared tunbl er -pin

di sposed in each plu . ._pass way.: and oy .

d)l%zl i gni ng said éﬁe%"bﬁ&s‘gﬁﬂ’é\ﬁgﬂ?m ?‘gfﬁluﬁl‘ﬁda@a?gwq #eABSE o g
: movement along said shell axis once said plug has been moved from said first

- position to said second position.

o~

a-

24. The lock of claim 23 wherein:

15 a) said locking means includes an annilar undercut in said plug, sized to
receive a sheared part of one of said assembly pins when said plug is in said
second position, said undercut being spaced, by said predetermined distance, along
said plug axis from the aligned shell and plug passageway nearest said one end of

said plug, when said plug is in said first position.

20 .
B 25. The lock of claim 24 wherein: |
h a) said one end of said plug .is located outwardly of said padlock body
* when in said first position and is located within said body when in said second
position.
25

26. The lock of any one of claims 13-16 or 19-25, wherein:
a) said pins have a strength sufficient to prevent shearing thereof by the
application of a rotative force applied to said plug through said keyhole.

REPLACEMENT SHEET
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25 . réa -al |i1ned position in which the sheared dri veh/us Vrba[(dd &nﬁ 1 9

o v [ UMRAMNMIRRINF 5?2 ' ° * == IPENUISHE ABR 1667

t ubl er pin in edch®plt g hassadeway abutting the driver pin

in the aligned shell passagemay at said shear line when a key for said | ock
S inserted into said keyhole. 30 - 20. The

met hod of claim 19 furt her conpri si ng: a) fixing the

/
b usoe) 016187 A Hethod Fa ihasacturing: o L9gh HRHTH Bl beid

et ISR i T B0 B il
turnabl e 4l Hb T havédyo ﬁé&@iéﬂ%{ug R X's . J%%amﬂéq&&%& 54 Gs5OE ir

for rotat| sal d aving a an annu

under cut &'}{Hj p’ill.i& Ur@'ﬂi&ﬁlﬁfl@@%ﬁlﬁé@ shell %W&Q&W al ong
sai d plug axi's and al I gned wth said shell passageways,” said shel |
and I ug el a8l ehis | inesdR] Waisddewade) | cafisrising! e é¥6pset hod

. of:

a) positioning said shell and plug with said shell
held against movemeﬁt relative to said plug and with the
shéll passageways aligned with the plug passageWafs and

.10 with an assembly pin located within each aligned shell
‘and plug passageway, each.assemhl& pin having a series of
séaced weakened zones and a stréngth such that
application of a first shearing force to said assembly
"pins equal to or less than the maximum rotative force

15 that can be applied to said plug through said keyhole by

eveiy.key-like tool that can be inserted into said
keyhole wiil not shear said assembly pins along said

~ . weakened zones; .

. b) aligning a selected weakened zone of each

20 | assembly pin with each other for shearing; and

c) thereafter shearlng said assembly pins along

' said selected weakened zones by application of a second
shearing force larger than said maximum rotative force
along the shear line to shéar'éach assembly pin into.two

25 Pin sections.
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conpri:si A1g: . a) noving said pl ug ax'al &lé !aOdl 5 1 9
hel | [ d i f t t
jvh?ch gg: 3 2Rel : n mnﬂl!ﬂﬂummmys are in a fi rs!t rZI i gne 5 WR mg?

posi tion and sai d ahnui ufidefcut is spaced al ong said plug axis fron1sa|d
first al i gned p05|t|on of said shell and plug passageways;.

b) placing a shearable assenbly pin in each aligned shell and plug
passageway; c) placing a sprlng means in each of said
shel | passagevgys Uph4rgée38h %d claim 1 in wB2EREh gi&g halkOaSpidep! ug
passageways; novi ng sal y wthin said

shel | t()éPéfigﬁﬂf fad @l tRPShdh Wit each of said ﬁfﬁaéagéééeﬁﬁ§gnbhy pin

al ong sai Ine into a sheared driver pin disposed in

each She'ihé’%ﬁ@%e&@t’eﬁd@ atrdeReEod Uakeeeint N di sposed in each plug
passageway; and e) aligning said shell passageways

wi th one shell passapeweyaid i geeshdisiearing force issapplpédgaliedgrcut and
with the driver pin in the one shell passageway extending

int®said pl ugsaidiefrat sumifaceéhe influence of said spring neans and with

t he remai ni ng shell passageways aligned with plug passageways
In a second aligned p05|t|on I n which the sheared driver pin
in any one aligned shell passageway is heared part of the

tumbl er pin i B2he hehe %@F}a@%tmﬁq"iﬁﬁ‘éﬁu’&ﬂg %a&%ﬁ’@eﬂﬁvn‘% gpshell, a
the | Garaple ”afr?%?m%'xé o (LS ey B b poe brkRe1Bc,
;gF Zé:gg%g K 'S |n r &5dercut, a shearnifnéaﬁgt5§¥QOLﬁe shggl and
10 plug, a plurallty of shell passageways in the shell, a
hat - plurality of aligned plug passageways in the plug, and a
selectivgly—wéakened assembiy pin in each of said aligned
shell and plug passageways; comprising the steps of:
a) shearing each assembly pin by application of a
15 shearing force which translates the plug along the shear
line to shear each pin into two pin sections, one a shell
driver pin and the other a plug tumbler pin; and
- b) furthef translating the plug in the shell to
,- align a shell passageway with said plug undercut.
20
30. The method of claim 3 in which one sheared driver
pin is partially disposed in said undercut after said further
élug translating, and each sheared driver pin other than said
one sheared driver pin which is disposed in the undercut is
25 supported by an adjacent tumbler pin after said further plug

translating.
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hcrutng oS VIO 96/ 2?57?1 shel 1-pl 7046 /015 1
P/ ssoorozszo | ITNIIN AN ||||| I ) a she IPEAIS1S ARRIGY7

spaced shel | passéagehays, * ii) a turnable
plug rotatably nounted in said shell at a first position,
said plug having a keyhole and a plurality of plug passageways ali gned with
sai d shell passageways and novable to a second position with sone of said

gassagemays f rdn Thglqg%ﬁggSagg%gyéfgkﬁggggﬂr%tfw% gfg&?agggggggizgghl
in said fJ {éﬁ é“f%ﬁ%#{gse sh?ll axis and asg}%ra+15%'%faadjacent

selectlve -weaken nin eac
shel | and;plig m{(@ﬁbééada% Ny §8idNskélt éi:£§t aoeai-hameand

I v) means urging sald assenb pins into said aligned pl ug
passagewgyfug, having a longitudinal plug axis, mounted withln said
5 shell for rotation about said plug axis and having a keyhole
and a plurality of adjacent plug passageways disposed along
said plug axis and aligned with said shell passageways,iand a
shearable assembly pin in each aligned shell and plug
passageway, said shell and plug defining a shear line between
10 the shell and the plug, and said plug being located axially
™ along said shell axis at a firét axial position in which said
shell and plug passageways are in a first aligned position,
the method comprising:
a) moving said plug axially within said shell to a
15 second axial position to shear each assembly pin along
said shear line into a sheared driver pin disposed in
each shell passageway and a éheared tumbler pin disposed
~ in each plug passageway; and
| b) aligning said shell ﬁassageways with said ﬁlug
20 passageways in a second aligned position in which the
sheared driver pin in ény one aligned shell ?assageway is
a sheared part of the tumbler pin in the next adjacent
aligned plug péssageway, with the tumbler pin in each
plug passagewaf abutting the dri#er pin‘in the aligned
25 - shell passageway at said shear line when a key for said

lock is inserted into said keyhole.

st sPa R A T

REPlACEMEM SHEET

0 1APR 997

~ 24 - PEDC-88835.1

AMENDFD SHFFT



of otd shel gl iﬂlﬂnilflﬂllm Ilﬂllﬂllk””ﬁﬂb?ﬁg' rsaid pad ook BTG ‘2):’???1 519
apd * i ocki ng nmeans for retaini nMQ£|Am

second p03|t|on once said plug has been noved from sald
first position to said second position. 15 23. A lock
conpri si ng: a) a padlock body;

b) a shell-plug assenbly including: i) a shel

with a |ongitughnal paBepbtR%asogne1a il 8 2uirthe® cahplisifg:
passageways spaced fromeach other, by a predeterm ned dlstance al ong

said shell axis, a) fixing the plug in sailll se2ohdr AgBh2 pbedtienlh a
| ongi t udi nal plug axl s, rotatably' nounted in said
shell at a first position along the shell axis, said plug having a

keyhol e at one end thereof and a plurality of plug passageways spaced from
25 - 33. Theemehhotheof, mbpufactiupindetecilocketatiisganc ehedllong
said plug axis, said bei ng nmounted within said
shel § forwh‘bheﬁehtmgag@ﬂgngél ghehd| axigi andf pomlurality of adjacent sajd

first position with said shell and_pl ug passagemays aligned with each
ot her to 8heiloRASHRILYRYA Gﬁ?ﬁ°§§¢daﬂpﬂg fB38dshrdhga¥ased h&nrnghle by

Z?lSnﬁéeﬁﬁiﬁé?LﬂgﬁéﬁéséﬁiaegaﬁuspaaTpaiﬁégé%aéi'%pﬁﬁﬁ o thifn Saacn
they were ﬁeifn gr'Po a&goL'LBoqEOEAEh°B1ug axis and having a keyhole,
an annular undercut and a plurality of adjacent plug

“io passageways disposed along said plug axis and aligned with
said shell passageways,.a shearable assembiy pin in each
aligned shell and plug passageway, and a spring means in each
of said shell passageways to urge said assembly pins into said
plug passagéﬁays, said shell and plug.defining a shear line

15 Setween the shell and the plug, and said plug being located
axially along said shell axis at a first axial positidn in
which said shell and plug paséageways are in a first aligned

a«:' position and said annular undercut is spaced along said plug
axis fromlsaid first aligned éosition of said shell and plug

20 passageways, the method comp:ising:

a) moving said plug axially within said shell to a
second axial position to shear each assembly pln along
sald shear line into a sheared drlver pin disposed in
each shell passageway and a sheared tumbler pin disposed

25 in each plug passageway; and |

b) aligning said shell passageways with one shell

passageway aligned with said plug undercut and with the
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\Ié\gT??J/S%/ 01519 m,u”"lu\u‘"um ,M"J iii) an assenb$y pi N
Bg:;;ég\?\ggsl neggh asse Iy pi*n ha\(jl ﬁgegl sgpfjes of spaJM&LEI Aﬁm

weakened zones, selected ones of which shear when said plug is noved
fromsaid first position to said second position, and 5
iv) spring neans in each of said shell passageways urging said

assenmbl y pins grikRrSYith i &Ml e SHASS FHAAGBway extending into c)
sai d shell-plug assenbly being nmounted in“said padl’ock ‘body wth said

plug in said gaidd pIUY inderdut @iaeFO\HHY 9if Riirted 050 sd ivaiph dhgpf said
padl ock body, fromsaid first position to said second

posi tion; andmb@ns and with the remainimerlehed Ipassdguwayes aigredai d
plug in sai d second posi ti on agai nst movenent al ong said
shel | axis onedthaipdud pasisagevays dov @d seqond @lddriedstposition in
position to said second position. 24. The lock of claim 23
wheBei n: 15 which the sheared griyerd nm@m@nﬂem iadcianast shelhnul ar
undercut in said plug, sized to receive a sheared part of
one of said a?ééﬁﬂﬁfwﬁﬂné-%?eﬁhﬁir&dpmﬁ of thgyitambler pin in theecond

osition, said undercut bein aced,. by said predeter, i stance, al on
P next ad%acen a 1 ned pluJ passa eweay, wi h %:q‘l tw r.ller g

pin in each aligned plug passageway 'abutting the driver

- pin in the aligned shell passageway at said shear line

“10 when a key for said lock is inserted into s'aid keyhole.
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said plug axis fromthe al i gned shell and plug passagf!gr neake gt [ e
end.of = said plug, when-said plttig i's in 4fi gb éi@lfsi 9

20 : 25. The lock of claimg24 wherein
a) said one end of said plug is |ocat edfg)#t war dl y of smq;k%gy]gg7
when in said first position and is |ocated within said body when in said

second position. 25 26. The | ock of any one.
of clainms 13-16 or 19-25, wherein: a) said pins have

a strength sufficient to prevent shearing thereof by t he
application of a rotative force w] led to said plug through said keyhol e.
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ASSEMBLY PINS AND METHOD AND

WS OF

(57) Abstract

A turnable lock (10) operable with driver {(15u) and tumbler (15) pins when positioned by a key (16) at a shear line (18) in which
shearable assembly pins (152) are assembled in the lock (10) and thereafter sheared to form such driver (15u) and tumbler (150) pins for
operation thereon. Each assembly pin (15a) is selectively weakened at a plurality of locations (17) which comespond with notched depth
heights of the family of keys (16) capable of insertion in the keyhole. Such weakening
by application of rotational or linear forces applied to any part of the lock (10) except the key (16). When linear forces are used the tumbler
or plug (13) may be indexed to employ a driver pin (15u) as a plug lock.

is controlled so that pin shearing can be accomplished




