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& (57) Abstract: A DC/DC power supply comprising a transformer. The transformer has a primary winding with a first end and a
second end and two secon- dary windings. Switching means are arranged in connection with said primary winding, and a diode is
arranged in series with each of said secondary windings. The power supply comprises a voltage divider with a centre tab, to which
said first end of said primary winding is con— nected. The second end of said primary winding is connectable to either side of said
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voltage divider via said switching means.
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A DC/DC power supply

The invention relates to a DC/DC power supply comprising a trans-
former, where said transformer has a primary winding with a first end
and a second end and two secondary windings, where switching means
are arranged in connection with said primary winding, and where a di-
ode is arranged in series with each of said secondary windings. In par-
ticular but not exclusively the invention relates to such a DC/DC power
supply in connection with commutated DC motors used in furniture.

PWM or switch-mode controlled electric motors are well-known in
the art and employed in a variety of electric drive applications including
one or more electric DC motors. Typical applications, to which the pre-
sent invention pertains, include drive arrangements for lifting and lower-
ing of height adjustable furniture components like tabletops, chairs and
other resting furniture for domestic, office and medical use, motion con-
trol of robot devices etc.

In such applications it is often necessary to place not only one or
more motors, but also the power supply for these, in places where they
form part of the moved mass, e.g. in connection with the tabletop of a
table with a height adjustable tabletop.

Also, in order to avoid mechanical transmissions it is necessary to
use several motors, e.g. two, one at each end of the tabletop. If two
motors are, used they will often be subjected to different loads, and
they must then be synchronized in their operation order to keep the ta-
bletop level.

On this background it is the object of the present invention to pro-
vide a DC/DC power supply with which it is possible to control two mo-
tors.

According to the present invention, the above and other problems
are overcome by a DC/DC power supply comprising a transformer,
where said transformer has a primary winding with a first end and a
second end and two secondary windings, where switching means are ar-

ranged in connection with said primary winding, and where a diode is
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arranged in series with each of said secondary windings, characterized
in that the power supply comprises a voltage divider with a centre tab,
to which said first end of said primary winding is connected, and in that
the second end of said primary winding is connectable to either side of
said voltage divider via said switching means.

With this arrangement it becomes possible by appropriate control
of the switching means to supply two motors by means of a single
transformer, thus reducing the moved mass of the arrangement. More-
over the arrangement of the switching devices in connection with the
primary winding, removes any current consumption by the primary
winding when the power supply is on stand-by.

According to a preferred embodiment, said switching means com-
prises two individually controlled electronic switches for connecting said
second end of said primary winding to either side of said voltage divider.
Using two individually controlled electronic switches allows the inde-
pendent supply of each of the two electric motors. This again allows
compensation for different loads on each electric motor.

According to a preferred embodiment, each of the electronic
switches is controlled by means of a microprocessor. This allows quick
and efficient adaptation of the supply to each of the electric motors ac-
cording to the momentary load on that motor. Moreover, the use of mi-
croprocessors allows several loads to be operated in synchronicity. In
that case one microprocessor is assigned to be master and the other
slaves.

According to a further preferred embodiment, the DC/DC power
supply further comprises means for detecting the rotation of at least
one motor connected to said power supply. Thus, the rotational speed of
the motor can be detected and thus the load thereon estimated, so as
to adjust the current supply to the motor.

According to an especially preferred embodiment of the invention,
said means for detecting the rotation of an attached motor comprises
means for detecting the back electromotive force from said at least one

electric motor. It has been found that in a traditional, mechanically
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commutated motor, such as a DC motor, a series motor or universal
motor, it is possible to detect the back electromotive force in connection
with the commutation. Because the number of commutations is strictly
linked to the construction of the motor, the number of commutations
may directly serve as an indication of the rotation of the motor.

It has been found advantageous if, according to a further preferred
embodiment, said means for detecting the back electromotive force
comprises an inductor and/or resistor over which a voltage is measured.
This turns out to be sufficient to allow the detection of commutation
during the pauses in the current supply to the electric motor.

According to a further preferred embodiment, the microprocessor
is adapted to control said at least one motor in dependence of said de-
tection of the rotation of the motor armature. This allows the motor to
be run in steps corresponding to a number of commutations, thus keep-
ing track of the rotational angle, and consequently any directly linked
motion, e.g. translatory motion via a gear train. In particular the num-
ber of steps may be one, the mechanically commutated motor, be it a
DC motor, a series motor or universal motor, then effectively functions
as a stepper motor.

According to yet another preferred embodiment, the microproces-
sor is adapted to control a further motor in dependence of said detection
of the rotation of the motor armature thereof, and in dependence of the
rotation of the motor armature of said at least one motor. This allows
two motors to effectively function as stepper motors and consequently
to be operated in synchronicity.

The invention will now be described in greater detail based on a
non-limiting exemplary embodiment and with reference to the drawing.
On the drawing

fig. 1 shows a schematic diagram of DC/DC power supply accord-
ing to the present invention, and

fig. 2 shows a schematic diagram of a DC/DC power supply accord-
ing the present invention, but especially adapted for the control of DC

motors.

PCT/DK2006/000476



WO 2007/028385

10

15

20

25

30

4

The DC/DC power supply is provided with DC, such as rectified
mains, at the positive terminal 1 and the negative terminal 2. Between
the positive terminal 1 and the negative terminal 2 there is provided a
voltage divider 3. In the preferred embodiment the voltage divider 3
comprises two capacitors 4, 5 and two resistors 6, 7. Preferably the two
capacitors 4, 5 have the same capacitance and the two resistors 6, 7
the same resistance. Thus, at the centre tab 8 of the voltage divider 3
there will be an intermediate potential. For illustration purposes, the in-
termediate potential is marked 0, but evidently the intermediate poten-
tial floats and is subject to variations depending on the current drawn
from the voltage divider 3, unless it is stabilized by an external connec-
tion to a fixed reference potential.

The current is intermittently drawn from the voltage divider 3 by a
transformer having a primary winding 9 with a first end 10 and a second
end 11. The transformer has two secondary windings 12, 13 with a
common terminal 14, and a first end terminal 15 and a second end ter-
minal 16. The two secondary windings 12, 13 are preferably identical in
number of turns and direction. The primary-to-secondary ratio is pref-
erably 20:4/4 for the applications described, but may evidently differ
from that ratio, depending on the actual application. For the sake of
clarity it should be noted that even though reference is made to a trans-
former, it is not operated as a traditional AC transformer, but merely as
an inductive energy storage means. This will also become clear for the
skilled person, when reading the foliowing part of the description.

In order to allow the transformer to intermittently draw current
from the voltage divider 3, the DC/DC power supply comprises two con-
trolled switches 18, 19. The first controlled switch 18 is connected be-
tween the first end 10 of the primary winding 9 of the transformer and
the positive terminal 1. The second controlled switch 19 is connected
between the first end 10 of the primary winding 9 of the transformer
and the negative terminal 2. Preferably the controlied switches 18, 19
are semiconductor switches controlled by means of a microprocessor 20.

If galvanic separation between the primary winding 9 and secondary

PCT/DK2006/000476
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winding 12 of the transformer is desired, the control lines to the con-
trolled switches 18, 19 may include optocouplers (not shown).

Both the controlled switches 18, 19 are operated intermittently by
the microprocessor 20, e.g. according to a pulse width modulation

5 scheme.

The microprocessor 20 ensures that the controlled switches 18, 19
are not active at the same time, but otherwise the microprocessor oper-
ates the controlled switches 18, 19 independently of each other.

When said first controlled switch is active, current flows from the

10 positive terminal 1 through the primary winding 9 to the centre tab 8 of
the voltage divider 3, giving rise to a flux with a first direction in the
transformer, which in turn gives rise to a current in the secondary wind-
ing. The current flows in the first secondary winding 12, through a first
diode 21, connected to the first end terminal 15, to a first load 22. From

15 the load 22, the current flows to the node 29 and back to the common
terminal 14. A second diode 23 prevents any current from running in
the second secondary winding 13. As can be seen in fig. 1, the anodes
of each of the diodes 21, 23 are connected to a respective end terminal
15, 16 of the secondary winding. However, the skilled person wouid un-

20 derstand that instead, the cathodes rather than the anodes of each of
the respective diodes could be connected to the respective end terminal
15, 16, thus giving rise to a current in the opposite direction in the un-
specified electric loads 22, 24 of fig. 1. For many applications, however,
the direction of the current would be of no significance at all.

25 The skilled person would also understand that the diodes 21, 23 in
either embodiment need not be connected directly to their respective
terminal 15, 16 but may be placed anywhere in the circuit between the
respective terminal and the node 29. It is however necessary that the
diodes 21, 23 are polarized the same way with respect to their respec-

30 tive terminal 15, 16, i.e. so as to both being able to conduct current
from their respective terminal 15, 16 via the associated load 22, 24 to
the node 29, or from the node 29 through the associated load 22, 24 to
the respective terminal 15, 16.
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When said second controlled switch is active, current flows from
the negative terminal 2 through the primary winding 9 to the centre tab
8 of the voltage divider 3, giving rise to a flux with a second direction in
the transformer, which in turn gives rise to a current in the secondary
winding. In this case the current flows in the second secondary winding
13, through the second diode 23 connected to the second end terminal
16 to a second load 23. From the second load 23 the current flows to
the node 29 and back to the common terminal 14. Here, the first diode
21 prevents any current from running in the first secondary winding 12.

Since the controlled switches 18, 19 may be controlled independ-
ently of each other, it is possible to control the supply to two loads 22,
24 independently of each other using only one single transformer. In
particular, with appropriate choice of modulation and duty cycle, the two
controlled switches 18, 19 may be controlled in an alternating manner,
the first controlled switch 18 being in the active part of its duty cycle,
while the second controlled switch 19 is in its inactive part of the duty
cycle, and vice versa. However, it is just as well possible to have the
first controlled switch 18 performing a number of duty cycles without
the second controlled switch 19 being active at all, and vice versa. In
this respect it should be noted that, evidently, it is not possible to have
full duty cycle supply to both loads 22, 24 at the same time. The sum of
their duty cycles cannot exceed one, and will in have to be less than one

in order to prevent the controlled switches 18, 19 from being switched

‘'on simultaneously.

Fig. 2 shows an embodiment of the invention especially adapted
for the control of mechanically commutated electric DC motors. The DC
motors could be a permanent magnet motors, but also series motors or
universal motors may be operated using the power supply according to
the invention. The general construction of the DC/DC power supply ac-
cording to this embodiment is largely the same as for the embodiment
first described. For the sake of clarity, the same reference numerals will

be maintained for the same parts, and the description thereof will only
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be repeated to the extent necessary for the understanding of the differ-
ences.

In this embodiment the two unspecified loads 22 and 24 have been
replaced by two mechanically commutated electric motors 221, 241, re-
spectively. It should be noted, however, that the loads 22, 24, 221, 241
do not form part of the invention as such.

Since in many applications, such as the tabletops mentioned
above, it is necessary to reverse the direction of rotation of the motor,
change-over switches 25, 26 for reversing the polarity in the supply
lines to the motors 221, 241 have been introduced. The change-over
switches are preferably solid state switches controlled by the microproc-
essor 20. The microprocessor 20 is preferably adapted to operate the
change-over switches 25, 26 in no-current conditions only in order to
avoid unnecessary stress. The change-over switches 25, 26 do thus not
have to have any load-breaking capacity. Moreover, the microprocessor
prevents the two change-over switches 25, 26 from assuming conditions
where the secondary windings 12, 13 are short circuited.

In respect of the diodes 21, 23 in fig. 2, it should be noted that, as
in fig. 1, the anodes of each of the diodes 21, 23 are connected to a re-
spective end terminal 15, 16 of the secondary winding. However, the
skilled person would understand that instead the cathodes, rather than
the anodes, of each of the respective diodes 21, 23 could be connected
to the respective end terminal 15, 16, thus giving rise to a current in
the opposite direction in the respective electric motor 221, 241 of fig. 1.
This would of course lead to the motors rotating in the opposite direc-
tions, but since this is easily changed by means of the change-over
switches 25, 26, this would not constitute any problem.

Bearing in mind the background of the invention, viz. height ad-
justable tabletops where two motors are used and must be synchronized
in their operation order to keep the tabletop level, even when subjected
to different loads, the embodiment of fig. 2 further comprises two induc-
tors and/or resistors 27, 28 placed in series with a respective one of

said first motor 221 and second motor 241. These inductors and/or re-
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sistors 27, 28 serve as means for measuring the back electromotive

. force from the respective commutated electric DC motors 221, 241. The

inventors of the present invention have realized that the back electro-
motive force from the motors is readily detectable and may thus be
used as a means for determining the angular position of the armature of
the DC motor, provided of course that the number of commutations per
revolution of the motor 221, 241 is known. The commutations are de-
tected by the microprocessor 20 by means of a voltage measured over
the inductors 27, 28, possibly using appropriate additional circuitry, not
shown.

If one motor is subjected to a larger load than the other, and con-
sequently runs slower, the microprocessor 20 may increase the duty cy-
cle ratio for that motor, or decrease the duty cycle ratio for the other
motor according to a predetermined scheme, which depends on the ap-
plication, and does thus not form part of this invention. The duty cycle
ratio being understood as the ratio between the time the switching
means is active to the sum of an active-inactive cycle.

It should however be mentioned that as an alternative to adjusting
the duty cycle ratio, it is possible to operate the two motors as stepper
motors. Since each of the commutations of each electric motor is de-
tected it is possible to stop the power supply to that motor at each and
every commutation, or after a predetermined number of commutations.
Then rather than adjusting the duty cycle ratio, the first motor to com-
mutate may simply be left to wait until the other motor commutates.

Thus the first motor 221 and the second motor 241 will effectively
work in synchronicity, as far as the overall angle of rotation is consid-
ered.

PCT/DK2006/000476
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CLAIMS

1. A DC/DC power supply comprising a transformer, where said
transformer has a primary winding with a first end and a second end
and two secondary windings, where switching means are arranged in
connection with said primary winding, and where a diode is arranged in
series with each of said secondary windings, characterized in
that said power supply comprises a voltage divider with a centre tab, to
which said first end of said primary winding is connected, and in that
the second end of said primary winding is connectable to either side of
said voltage divider via said switching means.

2. A DC/DC power supply according to claim 1, character-
ized in that said switching means comprises two individually con-
trolled electronic switches for connecting said second end of said pri-
mary winding to either side of said voltage divider.

3. A DC/DC power supply according to claim 2, character-
ized in that said two individually controlled switching means are
controlled by means of a microprocessor.

4. A DC/DC power supply according to any one of the preceding
claims, characterized in further comprising means for detect-
ing the rotation of at least one motor connected to said power supply.

5. A DC/DC power supply according to claim 4, character-
ized in that said means for detecting the rotation of an attached
motor comprises means for detecting the back electromotive force from
said at least one electric motor.

6. A DC/DC power supply according to claim 5, character-
ized in that said means for detecting the back electromotive force
comprises an inductor and/or a resistor over which a voltage is meas-
ured.

7. A DC/DC power supply according to any one of claims 3 to 6,
characterized in that the microprocessor is adapted to control
said at least one motor in dependence of said detection of the rotation

of the motor armature.
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8. A DC/DC power supply according to any one of claims 3 to 7,
characterized in that the microprocessor is adapted to control
a further motor in dependence of said detection of the rotation of the
motor armature thereof, and in dependence of the rotation of the motor

5 armature of said at least one motor.



PCT/DK2006/000476

WO 2007/028385

1/2

-uw—-mw—mwv—m—mm.—l—-m—wu—lmmm-—'m—w“m——-mm-m—l

o o | I
S| (LU
¢ gL oLl /m g
-—- arl P : | b4
0c




PCT/DK2006/000476

WO 2007/028385

2/2

o o
| 9¢ mN \
| / -
| \ 9: T¢
| Lv¢e L 0
M "\

m 3

6z _ S T
62 “ @\E Ny
m B \ X "
m ez || 28 Gl /m |
B P S — ] Z b4



INTERNATIONAL SEARCH REPORT

International application No

PCT/DK2006/000476

A. CLASSIFICATION OF SUBJECT MATTER

INV. H02M3/335

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO2M

Documentation searched other than minimum documentation 1o the extent that such documents are inclisded in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

X WO 99/65135 A (LINN PROD LTD [GB]; MILLER 1,2

WILLIAM [GBI)

Y
page 5, lines 24-29
figures 1,3a,3b

Y PATENT ABSTRACTS OF JAPAN

vol. 1998, no. 08,
30 June 1998 (1998-06-30)

31 March 1998 (1998-03-31)
abstract

16 December 1999 (1999-12-16)

& JP 10 084691 A (SANYO ELECTRIC CO LTD),

3-8

3-8

Further documents are listed in the continuation of Box G.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general siate of the ant which is not
considered to be of particular relevance

‘E" earlier document but published on or after the international
filing daie

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publicalion daie of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention :

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of patticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
'm?I[ItS' ?tUCh combination being obvious to a person skilied
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

8 November 2006

Date of mailing of the international search report

21/11/2006

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+81-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

Roider, Anton

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/DK2006,/000476

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2003/174522 Al (XU MING [US] ET AL)
18 September 2003 (2003-09-18)
abstract

paragraph [0039]

figures 1,2

PATENT ABSTRACTS OF JAPAN

vol. 1999, no. 05,

31 May 1999 (1999-05-31)

& JP 11 041939 A (DAIHEN CORP),
12 February 1999 (1999-02-12)
abstract

1-8

1-8




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/DK2006/000476
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9965135 A 16-12-1999 AU 4277499 A 30-12-1999
JP 10084691 A 31-03-1998  NONE
US 2003174522 Al 18-09-2003  NONE
JP 11041939 A 12-02-1999  NONE




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

