LOCK OR W NDOW OR DOOR FI TTI NG

The present invention relates to a wi ndow or door | ock,
particularly a nortise lock conprising a face plate, a strike
pl ate, a |ocking elenent that can be extended through an openi ng of
the face plate into an opening of the strike plate, and a device
for detecting the status of the | ocking elenment by neans of a coi
that can be around the opening of the strike plate. The present
invention further relates to a nethod of determ ning the status of
t he | ocking el enent and of the status of the w ndow or door with
such a | ock or wi ndow or door fitting.

"Locking elenent” is intended to refer not only to
| at ches and bolts, but also to catches or any el enent that can
extend out of the face plate and then engage in the strike plate so
that the door or wwindowis fixed in the cl osed position.

Prior Art

Locks with which one can detect the status of the door,
i.e. whether it is open or closed, are known, for exanple from
pat ci t 0001: DE 202011108234.

| n paragraph [0024] of that document, a button is
described that is coupled with a magnet holder, with the position
of the magnet being detected by a Hall-effect sensor. Wen the
door is closed, the button is pressed by the strike plate into the
interior of the lock and the nmagnet is al so displaced, which can be
detected by the Hall-effect sensor.

Simlarly, |ocks are knowmn with which the | atch status,

i.e. "locked" or "unlocked" B can be detected; for exanple, see



pat ci t 0002: DE 102009046060.

In that document, a magnet is recessed in a |latch, the
position of the magnet being detected by nmagnetosensitive sensors.

One drawback of these solutions is that the |ock nust be
altered nechanically in order to enable detection; in the first
case, an additional button has to be provided, and in the second
case, a bore (through hole or blind-end bore) for the nmagnet nust
be made in the latch, which weakens the |atch. Moreover, space is
required for each of the sensors, which nust be nounted in very
specific positions.

A lock of the type nentioned at the above is known from
pat ci t 0003: DE 19500054.

According to that docunent, the coil is provided behind
the strike plate. It is obvious that, with this arrangenent, the
position of the door (of the face plate) cannot have any noticeable
i nfluence on the coil. According to that document, only the latch
status, i.e. "locked" or "unlocked," is detected.

Description of the Invention

It is the object of the present invention to provide a
door or wi ndow |l ock in which both the status of the |ocking el enent
and the status of the wi ndow or door can be detected w thout the
need for najor mechanical alterations in the lock or in the w ndow
or door hardware.

According to the invention, this object is achieved by a
| ock or by wi ndow or door hardware of the type described above in
that, in order to also detect the status of the w ndow or door when

the coil is provided around the opening of the strike plate, the



coil is provided on an outside face of the strike plate; or,
otherwi se, the coil is provided on the face plate, on the outside
t hereof and around the opening thereof.

Therefore, only one coil is necessary on the face plate
or on the strike plate (apart fromthe required el ectronics, whose
position can be chosen arbitrarily, including outside the |ock).
Such coils can be inprinted on a foil, a preferably self-adhesive
flexible printed circuit, which neans that they can be made very
thin so that the external dinensions of the | ock (face plate
t hi ckness) and the thickness of the strike plate hardly change.
The present invention can thus be retrofitted to an existing | ock
or wi ndow and door hardwar e.

It was found that the electrical neasured val ues change
both as a result of the status of the |ocking elenent and, to a
| esser extent, as a result of the status of the door. Therefore,
the status of the | ocking el enent and of the door can be inferred
merely by electrical nmeasurenents w thout the need for additional
buttons or alterations of the |atch.

If a mnimal overall height is to be achieved for the
coil(s), it is advantageous if a sensor is provided for neasuring
t he i npedance of the coil while an alternating-voltage signal or
alternating-current signal is applied to it. The face plate or the
strike plate is thus made thicker only by the thickness of a coil.

To wit, it was found that the inpedance of the coil changes when
the latch is retracted and extended and, to a | esser extent, when
the strike plate cones into the proximty of the coil (as a result

of the closing of the door).



The nethod of determining the status of the | ocking
el ement and of the wi ndow or door with such a | ock or w ndow or
door fitting is carried out by applying an alternating voltage or
alternating-current signal to the coil, determ ning the inpedance
of the coil, and conparing it with predeterm ned val ues.

The reliability of the determ nation of the status of the
| ocki ng el ement and of the wi ndow or door fitting can be increased
substantially by successively applying signals of different
frequency to the coil, determ ning the inpedance at these different
frequenci es, and conparing themw th predeterm ned val ues. For
exanple, if one neasures at three frequencies and infers the |atch
status and, optionally, the door status, a majority decision can be
made if the results are different. On the other hand, it is often
the case that two statuses at a certain frequency will produce very
siml|ar neasured values and therefore can hardly be distinguished,
so neasurenent at different frequencies is indicated for this
reason al one.

| f measurenments are perforned at several frequencies, the
power consunption is of course greater conpared to a single
measur enent, which is di sadvantageous particularly in case of
battery operation. |If the overall height is not essential (for
exanple, if a recess is provided on the face plate and/or on the
strike plate), it is advantageous to provide two coils around the
opening of the face plate or strike plate, nanely a transmtter
coil and a receiver coil, and to provide a sensor for neasuring the
vol tage induced in the receiver coil while an alternating voltage

is being applied to the transmtter coil. The induced voltage



changes nore substantially than the inpedance, particularly when
the status of the door changes. Measurenents at different
frequenci es can thus be avoi ded, so that power consunption can be
mnimzed.

The reliability can be increased even further if an
addi tional receiver coil is provided, so that a receiver coil is
provi ded on each side of the transmtter coil, and if a sensor is
provi ded for measuring the difference between the voltages induced
in the two receiver coils while an alternating voltage is being
applied to the transmtter coil.

Three coils (each of which is printed on a foil) are thus
nmount ed on the face plate one over the other, thus resulting in a
kind of transforner. The transmtter coil is nmounted symetrically
bet ween the two receiver coils. If an iron core (or another netal)
is disposed exactly symmetrically in this arrangenent, then exactly
the sane voltage is induced in the two receiver coils, so the
differential voltage between the two receiver coils is zero.
However, if the iron core is displaced in one or the other
direction, the arrangenent becomes asymmetrical, and the nore
off-center the iron core is, the greater the signal that is
measur ed.

The net hod of determining the status of the | ocking
el ement and of the w ndow or door with such a | ock or w ndow or
door fitting is carried out by applying an alternating voltage or
alternating-current signal to the transmtter coil, determning the

voltage in the receiver coil or the differential between the



vol tages induced in the two receiver coils, and conparing this with
pr edet er mi ned val ues.

In order to conpensate for long-termdrift, it is
advant ageous if the values that are neasured are stored and the
predeterm ned val ues are reassi gned based on the average of the
| at est neasured val ues.

Brief Description of the Draw ng

The present invention will be explained in further detai
with reference to the enclosed draw ngs in which:

FIG 1 shows a first enbodi nent of a nortise |ock
according to the invention near the |atch;

FIG 2 is atop viewof the face plate of this nortise
| ock near the |atch;

FIG 3 is acircuit for determ ning the inpedance;

FIG 4 shows two signals V; and V, fromthe circuit
according to FIG 3;

FIG 5 shows the nmeasured (frequency-dependent)
i nductance with ferromagnetic |latch and ferromagnetic strike pl ate;
FIG 6 shows the nmeasured (frequency-dependent)
resistance with ferromagnetic latch and ferromagnetic strike pl ate;
FIG 7 shows the nmeasured (frequency-dependent)
i nductance with non-ferromagnetic |atch and non-ferronagnetic
stri ke plate;

FIG 8 shows the neasured (frequency-dependent)
resi stance with non-ferromagnetic |atch and non-ferronmagnetic

stri ke plate;



FIG 9 is a schematic view of a second enbodi nent of the
present invention with one transmtter coil and two receiver coils;
FIG 10 is a graphic illustration of the measured voltage
as a function of the position of the iron core in the second
enbodi nent; and

FIG 11 is a schematic diagramof the circuit for
measur enent of this voltage.

Specific Description of the Invention

As can be seen fromFIGS. 1 and 2, a lock 11 with A
| ocking el enment 12 has a coil 13 nounted on a face plate 14 and
whose wi ndi ngs are provided around the | ocking elenment 12. The
wi ndings are located on a flexible printed circuit adhered to an
underlying ferrite foil (Wirth-El ektroni k, part nunber 354006).

The | ocking elenent 12 here is a |locking bolt, but the
present invention can also be inplemented with a drop latch. The
term "l ocking elenent” is intended to include both the drop |atch
and the | ocking bolt.

In order to measure the inpedance, the coil 13 is fed via
contacts 15 a signal, a circuit suitable for this purpose being
shown in FIG 3. Accordingly, the coil 13 is controlled via a
series resistor (in the exanple, R, = 100 kQ) by a sine-wave
generator 17 with a sinusoidal voltage. The |IC AD9838 by Anal og
Devices is suitable as a sine-wave generator. This can provide a
frequency of up to 8 MHZ that can be adjusted by register.
Moreover, it can be put into an idle state in which it hardly uses
any power, which is advantageous in case of battery operation. In

order to neasure the inpedance, a mcroprocessor 18 with an



anal og-to-digital converter 19 is provided. This analog-to-digital
converter 19 alternately neasures the voltages V; and V.. V; is the
vol tage that the sine-wave generator 17 provides, and V., is the

vol tage that drops out right at the coil 13, i.e. the voltage
shared between series resistor 16 and coil 13.

Typi cal signal shapes are shown in FIG 4. In order to
detect a sinusoidal signal, four measuring points are required: at
a first tine t,, after a 1/4 period (tinme t,), after a 1/2 period
(time t3), and after a 3/4 period (time ty). Since a sinusoidal
signal is periodic, additional measuring points after a respective
1/ 4 period theoretically yield the same results; in practice, this
can be exploited for averaging (and thus for increasing the
measur enent accuracy). The fact that the signals are periodic can
al so be exploited in order to get by with a single
anal og-to-digital converter, as shown in FIG 4: Four values are
measured alternately in an interval of a quarter period each from
Vi (times t; to ty), and then four values in an interval of a
gquarter period each fromV, (tine ts to tg). This can be optionally
repeated several times if increased accuracy is desired.

An (arbitrarily phase-shifted) sine wave of the frequency
f, such as V; or V,, can be represented as follows (w=2xf):

Vi = ag-sin(ot) + Pi-cos(ot)

Vo = axsin(ot) + Po-cos(ot)

The coefficients can be determ ned fromthe nmeasured

val ues as foll ows:

a1 = (Vl(tz) - Vl(t4))/2



Br = (Vi(t1) - Vi(ta))/2
O = (Vz(te) - Vz(tg))/z
B2 = (Va(ts) - Vo(ty))/2

Thi s makes i nmedi ate sense, because, at t, and t4 (i.e.
after a 1/4 and after a 3/4 period), the cosine is 0, so the
maxi mum and m ni num of the sine conponent are neasured, and at t;
and t3 (i.e. at the beginning of the period and after a 1/2
period), the sine is 0, so the maxi num and m ni mum of the cosine
conponent are measured.

In order to ensure that the anal og-to-digital converter
perfornms each neasurenent after exactly a quarter period, it is
triggered with the fourfold neasurenment frequency fs = 4. pas.

The current 1 through the coil 13 is proportional to the
vol tage at the series resistor 16, i.e. proportional to Vi-Vo.. The
voltage U at the coil 13 is V..

We t hus have:

I = [(w-o2)-sin(ot) + (P1-P2)-cos(wt)]/ Ry
and (where a=(o-o02)/ Rty and pB=(p:1-P2)/ Rty)

| = asin(ot) + p-cos(wt); and

U= asin(ot) + Brcos(omt)

The coefficients a, B, o2, and B, can be easily
cal cul ated fromthe nmeasured val ue as expl ai ned above.

The i npedance of a coil can be set up as a series
connection of an ohm c resistance R and an (ideal) inductance L;
i.e.:

U= Rxl + L(d1/dt)



Substitution yields:
azSin(ot) + Prcos(ot) = R[asin(ot) + pcos(ot)] +
+ Lo [acos(ot) - B-sin(wt)]
Summari zed according to sin(ot) and cos(ot):
sin(ot)(aR +Lop) = cos(owt) (- p2+RB+Lon)
This equation can only be solved for all t if both sides
are 0; we thus have two equations for R and L:
oo- RotLoa = 0
- B2+RB+Lwp = 0 or:
Ro- Lo = oy
RB+Loa = B2
R and L can be easily calculated fromthis:
R = (o-02+B-B2) / (02+P2)
L = (o-P2- Braz) / ((02t+f2) -0)
It is thus possible to calculate the resistance and
i nductance, i.e. the inpedance of the coil B fromthe neasured
val ues using only basic arithnmetic operations. Consequently, one
can get by with a | ower-capacity m croprocessor 18, which is
optimal both in terns of cost and in terns of power consunption.
The m croprocessor 18, which al so has a cl ock-pul se
generator 20 for the sine-wave generator 17, carries out the
correspondi ng eval uati on using a program 21.
Typi cal values for a lock with ferromagnetic | atch and
ferromagnetic strike plate are shown in FIG 5 (inductance) and
FIG 6 (resistance); particularly, measurenents were respectively

performed with extended latch (solid lines) and retracted | atch



(dashed lines) without strike plate (x), wth strike plate with

5 mmclearance ("5 mi') and with strike plate with 3 mm cl earance
("3 mt'). The frequency was varied between 1 kHz and 1 MHZ. It
can be seen that the inductance increases sharply as a result of
the extending of the latch, with the effect being nost pronounced
at 1 kHz. However, the strike plate also has a clearly

recogni zabl e effect, although it nmust be borne in mnd no

di stinction need be drawn between "3 nmmi' and "5 mmi'; after all,
both nean that the door is closed. In this lock, it is thus

possi ble to detect both "unl ocked/| ocked"” and "open/closed” with a
single nmeasurenent at 1 kHz. The influence of the strike plate is
low in the arrangenent used; it would be greater (and the influence
of the latch less) if the coil were not provided so tightly around
t he | atch.

In this arrangenent, the calculation of the resistance is
al so superfluous, as can be seen fromFIG 6; after all, the
measured curves run very close together here, and the curves for
"open/ | ocked,"” "open/unlocked,” and "5 mi | ocked" actually
coincide. |If anything, wth the latch retracted, the neasured
values at 1 MHZ could be used as an additional criterion for
determ ni ng whet her the door is open or closed.

Typi cal values for a lock with non-ferromagnetic |atch
and non-ferromagnetic strike plate are shown in FIG 7 (inductance)
and FIG 8 (resistance); particularly, nmeasurenents were again
respectively performed with extended latch (solid lines) and
retracted latch (dashed Iines) without strike plate (x), with

strike plate wth 5 mmclearance ("5 mmi') and with strike plate



with 3 mmclearance ("3 mi'). The frequency was varied between 1
kHz and 1 MHZ.

It can be seen that it is substantially nmore difficult to
di stinguish the various statuses. It is advantageous to use the
measured val ues of the resistance at 1 kHz in order to identify
whet her the door is open (neasured val ue bel ow 5Q) or cl osed
(nmeasured val ue above 5Q). Whether or not the latch is extended
can be determned fromthe inductance neasured at approxi mately

5 kHz, where the neasured val ues are (al nbost) independent of the
status of the door and are clearly below 9 ®H when the latch is

extended and right over 9 ®H when the latch is retracted

FIG 9 shows a second enbodi nent of the present
invention, in which a transmtter coil 13a is provi ded between two
receiver coils 13b and 13c. The transmtter coil 13a is fed with a
1.5 MHZ signal froma sine-wave generator 17. Since a single
frequency can be sufficient with this enbodi nent, the sine-wave
generator 17 can be constituted by a square-wave generator with a
subsequent bandpass filter. The two receiver coils 13b and 13c
flank the transmtter coil 13a. Furthernore, a netallic body 12a
is shown intended to represent a latch elenent. As long as the
body 12a is positioned exactly symmetrically, the arrangenent as a
whole is symetrical, so that the differential voltage neasured by
an alternating-voltage voltneter 22 nust be zero.

If the body 12a is displaced by an anmount x, however,
this results in a neasurable differential voltage which becones

greater as x increases (see FIG 10).



A specific circuit is indicated in FIG 11. A
m croprocessor 31 is provided that supplies a square-wave vol tage
at a pin GPIO (=general purpose |I/O general purpose input/output
contact pin). This square-wave voltage is filtered in a bandpass
filter 32 to a sinusoidal voltage and applied to the transmtter
coil 13a. The two receiver coils 13b, 13c (in fact provided on
both sides of the transmtter coil 13a as shown in FIG 9) are
connected such that their differential voltage is tapped and fed to
an additional bandpass filter 33.

This bandpass filter 33 filters out interference signals.

Downstream of the bandpass filter 33, the signal is rectified and
anplified in a nmeasuring rectifier 34 and fed to an ADC i nput (ADC
= analog digital converter) of the m croprocessor 31.

Al t hough one can nanage with one transmitter coil 13a, it
is also possible to provide two transmtter coils 13a , 13a
connected in parallel or B as showmm in FIG 11 Bin series. This
i s advantageous if, for technical reasons, it is easier to
manuf acture four layers than three | ayers.

Wth such an arrangenent, the foll ow ng vol tages were
measured using coils nmounted on the face plate (the unit is

arbitrarily sel ected):

Table 1
Cl osed and Open and Cl osed and Open and
| ocked | ocked unl ocked unl ocked
Ferronagnetic 3791 3882 3966 4004
bol t

13 -




Nonf err o- 3573 3712 3739 3845

magneti c bolt

As can be seen, all of the statuses can be clearly distinguished
fromone another, both with ferromagnetic and non-ferromagnetic
bol ts.

If the coils are nounted on the face plate, there is
al ways nore netal inside of the |ock than outside, so the strongest
signal will be neasured when the door is open and unl ocked, and the
weakest signal will be measured when the door is closed and the
| ock | ocked (I atch extended).

In contrast, if the coils are nounted on the strike
plate, then nore material is on the inside than on the outside when
the door is open, while the opposite is the case when the door is
closed. As a result, the phase shift changes between the signal
that is received and the signal that is fed in. 1In this case, it
can therefore be advantageous to al so determ ne the phase shift.

As can be seen fromFIG 4, the influence of the
ferromagnetismfalls sharply as the frequency rises, and it hardly
exi sts starting at approximately 100 kHz. It is for this reason

that a high frequency of 1.5 MHZ is selected in this enbodi nent.



d ai ns

1. A window or door lock (11), particularly nortise

| ock, or fitting conprising a face plate (14), a strike plate, a

| ocking el ement (12) that can be extended through an opening of the
face plate (14) into an opening of the strike plate, and a device
for detecting the status of the |ocking elenent, with at |east one
coil (13) provided around the opening of the strike plate,
characterized in that, in order to also detect the status of the

wi ndow or door, the coil (13) is provided on the strike plate, on

t he outside thereof.

2. A window or door lock (11), particularly nortise
| ock, conprising a face plate (14), a strike plate, a |ocking
el emrent (12) that can be extended through an opening of the face
plate (14) into an opening of the strike plate, and a device for
detecting the status of the |ocking elenment by neans of a coil,
characterized in that, in order to also detect the status of the
w ndow or door, the coil is provided on the face plate, on the

out si de thereof and around the openi ng thereof.

3. The lock (11) or wi ndow or door fitting defined in
claim1l or 2, characterized in that the coil (13) is nounted on a
flexible printed circuit, preferably a self-adhesive flexible

printed circuit.



4. The lock (11) or wi ndow or door fitting defined in
any one of clainms 1 to 3, further conprising a sensor for neasuring
t he i npedance of the coil (13) while an alternating-voltage signal

or an alternating-current signal is being applied thereto.

5. The lock (11) or wi ndow or door fitting defined in
any one of claims 1 to 3, characterized in that two coils are
provi ded around the opening of the face plate (14) or strike plate,
namely a transmtter coil (13a) and a receiver coil (13b), and that
a sensor is provided for neasuring the voltage induced in the
receiver coil (13b) while an alternating voltage is being applied

to the transmtter coil (13a).

6. The lock or window or door fitting defined in claim
5, characterized in that an additional receiver coil (13c) is
provi ded, so that a respective receiver coil (13b, 13c) is provided
on each side of the transmitter coil (13a), and that a sensor is
provi ded for measuring the difference between the voltages induced
in the two receiver coils (13b, 13c) while an alternating voltage

is being applied to the transmtter coil (13a).

7. A nmethod of determning the status of a | ocking
el ement (12) of lock (11) of a wi ndow or door, or a w ndow or door
fitting defined in claim4, characterized in that an alternating
voltage or alternating-current signal is applied to the coil (13),
t he i npedance of the coil (13) is determned, and it is conpared

w th predeterm ned val ues.



8. The nethod defined in claim7, characterized in that
signals of different frequencies are successively applied to the
coil (13), that the inpedance at these different frequencies is

determ ned, and that this is conmpared with predeterm ned val ues.

9. The nethod of determining the status of the | ocking
el ement and of the wi ndow or door with a | ock or wi ndow or door
fitting defined in claim5 or 6, characterized in that an
alternating voltage or alternating-current signal is applied to the
transmtter coil (13a), the voltage in the receiver coil (13b) or
the differential voltage between the two receiver coils (13b, 13c)

is neasured, and this is conpared with predeterm ned val ues.

10. The nethod defined in any one of clains 7 to 9,
characterized in that the values that are each neasured are stored
and the predeterm ned val ues are reconstructed based on the average

of the | atest neasured val ues.



