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(54) Automated testing of hybrid actuator

(57)  There s provided a testing apparatus (200) for
a hybrid indicator lens and potentiometer actuator (100).
The hybrid actuator (100) serves both as a knob for a
potentiometer (120) and as a lens to convey light from
an indicator arrangement (110). The test apparatus
(200) includes a rotatable test head (204) having a light
sensing means (210) and an engaging portion (202).
The engaging portion (202) engages with a correspond-
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ing receiving recess (102) provided on a head portion
(114) of said hybrid actuator (100) and thereby aligns
the light sensing means (210) with the hybrid actuator
(100). The testing apparatus (200) performs automated
tests which include rotation of the hybrid actuator (100),
and therefore the potentiometer (120) to a range of test
settings and inspection of the functionality of the indica-
tor lens arrangement (110).
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Description

[0001] The present invention relates to an apparatus
and a method for automated testing of a hybrid actuator.
The term hybrid actuator relates to a combined indicator
lens and potentiometer actuator as disclosed in a co-
pending European Patent Application No.... our file
number 2000P05003/EP entitled "Hybrid Actuator" and
filed concurrently herewith. In particular, the invention
relates to the automated testing of a hybrid actuator dis-
posed in afrequency inverter supplying a variable speed
motor, for example a COMBIMASTER [Registered
Trademark] 411 combination motor and inverter.
[0002] Variable speed motors are used in many set-
tings, for example for driving mechanical handling
equipment, for driving electric fans or for powering con-
veyor belts. Rather than simply varying the voltage ap-
plied to a motor, it has been found more efficient to use
frequency inverters to convert mains electricity into a
variable, three phase power supply.

[0003] Variation of the speed of operation of variable
speed motor can be achieved through the rotation of an
external knob which engages an internal potentiometer.
It is often advantageous that adjustment of the speed of
operation be as simple as possible and as a result the
knob can be arranged to be operable by hand or by
means of a coin or a screwdriver. The rotational adjust-
ment may also be imparted by means of a dedicated
tool.

[0004] The invertercanbe in a number of different op-
erational states, for example normal operation, malfunc-
tion and test mode. To indicate the current state, the in-
verter may be provided with an indicator arrangement.
This indicator arrangement may comprise internal indi-
cator lamps, for example light emitting diodes (LEDs),
and corresponding indicator ports in awall of the inverter
housing. The provision of an indicator arrangement re-
duces the need for internal access for inspection and is
thus a practical safety feature.

[0005] The indicator lamps can be arranged to blink
with different patterns corresponding to different opera-
tional states. Alternatively indicators may be provided
which can generate signals of a variety of colours, for
example red for malfunction, green for normal opera-
tion. It is possible that a single indicator can produce
signals of more than one colour, for example certain light
emitting diodes allow the production of light at a number
of different wavelengths. Naturally other signals can be
used to indicate operational states for example audible
signals from a loudspeaker.

[0006] Of greatimportance in the reliable operation of
electrical devices, inverters included, is isolation from
undesirable material. Dust and water can cause partic-
ular problems and standards have evolved which detail
the degree to which a device is proof against the ingress
of water and dust. The environmental protection
achieved by frequency inverters is graded along an in-
dex of protection (IP) wherein the protection against
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dust is graded along one scale and against water on an-
other scale, for example an IP rating IP56 corresponds
to 5 on the dust scale (ranging from no protection - 0 to
total protection - 6) and 6 on the water scale (ranging
from no protection - 0 to protection against continuous
submersion - 8).

[0007] For each indicator port and potentiometer ad-
justment knob port in an inverter's housing the index of
protection for the whole inverter is marginally more com-
promised. If the number of possible ingress points can
be reduced a higher IP rating can be attained. In the co-
pending European Patent Application No.... discussed
above (Attorney Docket Number 2000P05003/EP),
there is disclosed an inverter having a single ingress
point for a hybrid actuator. The hybrid actuator can be
rotated to impart an adjustment upon a potentiometer.
Furthermore the hybrid actuator is made of a transpar-
ent material to allow the light from an internal indicator
lamp to be visible through the single ingress point.
[0008] The hybrid actuator can be tested manually by
turning the actuator to a number of predetermined po-
sitions and confirming that the inverter performs satis-
factorily. The manual test then requires that the indicator
arrangement be inspected to ensure that the various
possible states of the inverter are correctly displayed
through the lensing function of the hybrid actuator. Fi-
nally the manual test must ensure that the hybrid actu-
ator is returned to a minimum potentiometer setting to
avoid damage when the inverter is first used.

[0009] Manual testing is performed by a production
operative. The production operative often has many oth-
er tasks apart from testing. The drawbacks of manual
testing thus include: human error; inconsistent testing
criteria; added time overheads (for both the production
operative performing the test and for the additional time
the inverter is in production); and interruption of other
non-testing tasks.

[0010] In accordance with one aspect of the present
invention, there is provided a testing apparatus for test-
ing an electrical device comprising: a housing; a rotata-
ble control means; an indicator arrangement; and a hy-
brid actuator, the hybrid actuator being substantially
transparent to allow light from the indicator arrangement
to be observed from outside the housing, engaging with
the rotatable control means and rotating about an axis;
characterised in that the test apparatus includes: a ro-
tatable test head which has an engaging portion for en-
gaging a head portion of said hybrid actuator; a light
sensing means; a processing means for receiving
sensed light data from the light sensing means, for re-
ceiving performance data from the electrical device and
for controlling the movement of the rotatable test head;
and a drive means for driving the rotatable test head
about the axis in accordance with a control signal gen-
erated by the processing means.

[0011] It is preferred that the light sensing means is
provided upon the rotatable test head.

[0012] It is noted that a light sensing means may be
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provided either on the rotatable test head or close
enough to the rotatable test head to be able to monitor
light emitted by the hybrid actuator. In one possible ar-
rangement the light sensingmeans may be provided be-
hind the rotatable test head and the rotatable test head
may be substantially transparent thereby allowing light
to penetrate through to the light sensing means. In an-
other possible arrangement, the light sensing means is
disposed in a non-rotating axial portion of the rotatable
test head and a remaining radial portion of the rotatable
test head rotates about the axial portion.

[0013] Preferably, the engaging portion of the rotata-
ble test head engages with a corresponding receiving
recess provided on the head portion and thereby aligns
the light sensing means with the hybrid actuator.
[0014] The light sensing means advantageously mon-
itors light emitted by the indicator arrangement.

[0015] In a preferred embodiment, the electrical de-
vice is an inverter, the rotatable control means is a po-
tentiometer and the indicator arrangement is a light
emitting diode. Here the performance data received
from the inverter may be a sample of the output voltage
of the inverter.

[0016] Automated testing of the hybrid actuator gives
a great improvement over manual testing since a high
level of quality can be maintained with the minimum of
additional testing time and production operative atten-
tion.

[0017] In a further aspect of the present invention
there is provided a method for testing an electrical de-
vice an electrical device comprising: a housing; a rotat-
able control means; an indicator arrangement; and a hy-
brid actuator, the hybrid actuator being substantially
transparentto allow light from the indicator arrangement
to be observed from outside the housing, engaging with
the rotatable control means and rotating about an axis;
the method characterised by the steps of: providing a
test apparatus which includes: a rotatable test head; a
light sensing means; a drive means; and a processing
means for controlling the movement of the rotatable test
head; engaging the rotatable test head with a head por-
tion of the hybrid actuator; driving the rotatable test head
aboutthe axis into a plurality of differenttesting positions
in accordance with a control signal generated by the
processing means; in each of the different testing posi-
tions, monitoring performance data for the electrical de-
vice; monitoring the light emanating from the hybrid ac-
tuator, the light sensing means sensing the light ema-
nating from the hybrid actuator and generating sensed
light data; and receiving and processing the sensed light
data and the performance data and generating a report
of the received data.

[0018] For a better understanding of the present in-
vention, reference will now be made, by way of example
only, to the accompanying drawings in which:-

Figure 1 shows a hybrid actuator as described in
the co-pending European Patent Application No. ...
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discussed above Number
2000P05003/EP);

Figure 2 shows an apparatus according to the
present invention for testing inverters having hybrid
actuators as shown in Figure 1; and

Figure 3 shows a schematic diagram of the appa-

ratus of Figure 2.

(Attorney Docket

[0019] Prior art inverters have independent potenti-
ometer knobs and indicator ports. However independ-
ent potentiometer knobs and indicator ports inevitably
require a corresponding number of independent access
ports. The more access ports the more difficult it is to
maintain a high IP rating.

[0020] Figure 1 illustrates a portion of an inverter as
described in the co-pending European Patent Applica-
tion No. ... discussed above (Attorney Docket Number
2000P05003/EP). The inverter has a housing 130 within
which are arranged a hybrid actuator 100, a light emit-
ting diode 110 and a potentiometer 120. The hybrid ac-
tuator 100 has a head portion 114 outside the inverter
housing 130 and a shaft portion 108 within the housing
130.

[0021] A tip 112 of the shaft portion 108 is arranged
to be adjacent to the LED 110 with a small gap 124 ther-
ebetween. In further embodiments of the hybrid actuator
100, the small gap 124 may be absent. The hybrid ac-
tuator 100 is made of a substantially transparent mate-
rial, for example plastic or toughened glass, and thus
light emitted by the LED 110 is conveyed from the LED
110to the outside of the inverter via a "light tube" defined
by the shaft portion 108 and the head portion 114 of the
hybrid actuator 100. To facilitate efficient passage of
light through the shaft portion 108, the surfaces of the
shaft portion 108 are made reflective whilst the outer
surface of the head portion 114 is roughened to disperse
any light originating within the inverter housing 130.
[0022] The end of the shaft portion 108 is provided
with an engaging surface 122, for engaging with a cor-
responding receiving portion 126 of the potentiometer
120. When the head portion 114 of the hybrid actuator
100 is rotated from outside the inverter housing 130, the
rotational moment thus acts upon the potentiometer 120
and the speed of the motor is adjusted accordingly. It
will be understood that the engaging surface 122 and
the corresponding receiving portion 126 may take a va-
riety of known forms from a simple key and key-hole ar-
rangement to an arrangement where the engaging sur-
face 122 and the receiving portion 126 are both provided
with interlocking fingers or hooks.

[0023] The head portion 114 of the hybrid actuator
100 is provided with an adjustment slot 102 and a wiper
116. The adjustment slot 102 is arranged to allow an
adjustment tool, for instance a coin, a screwdriver or a
dedicated, automated rotating test head, to be inserted
therein and thereby cause the hybrid actuator to rotate.
[0024] To complete an environmental seal between
the inside 132 and the outside 134 of the inverter hous-
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ing 130, a sealing O-ring 104 is provided. The sealing
O-ring 104 prevents the ingress of water and or dust par-
ticles even when the hybrid actuator 100 is rotated and
is disposed within a port hole 128 in the inverter housing
130. A further retaining O-ring 106 is disposed at the
inner rim of the port hole 128 and serves to retain the
hybrid actuator 100 in axial position as well as supple-
menting the sealing function of the sealing O-ring 104.
[0025] Figure 2 illustrates the relation between the hy-
brid actuator 100 and a testing apparatus 200. The test-
ing apparatus 200 comprises a rotatable test head 204,
processing means 208 and drive means 206. The drive
means 206 applies a torque which drives the rotatable
test head 204 in accordance with a control signal 212
generated by the processing means 208. The process-
ing means 208 may be a general purpose computer car-
rying out a set of programmed test instructions and re-
laying corresponding control signals to the drive means
206. Alternatively the processing means 208 may be a
component of an application specific integrated circuit
having storage means (not shown) and the processing
means 208 operates in accordance with instructions
stored on the storage means.

[0026] It will be understood that the testing apparatus
200 must derive energy from a power supply. Examples
of possible power supplies include mains electricity and
battery power (not shown).

[0027] The hybrid actuator 100 and the rotatable test
head 204 both rotate about an axis 220. The rotatable
test head 204 is provided with an engaging portion 202
and a light sensing means 210. The engaging portion
202 engages with the adjustment slot 102 on the hybrid
actuator 100 thereby allowing the testing apparatus 200
to impart a rotation to the potentiometer 120 by means
of the rotatable test head 204 and the hybrid actuator
100.

[0028] The light sensing means 210, for example a
charged coupled detector or a photoresistor, is used to
check the light emanating from an indicator arrange-
ment, for example the LED 110, for brightness, colour
and functionality. Not only must the light emanating from
the hybrid actuator 100 be visible, the pattern of indica-
tions generated by the light, for example sequences of
short and long flashes or blinking, must be consistent
with the operational state of the inverter as a whole.
When the indicator arrangement generates light of dif-
ferent wavelengths, the light sensing means 210 can be
arranged to distinguish between the different wave-
lengths.

[0029] Lightsensing means 210 may comprise a pho-
tocell. However, it will be appreciated that other light
sensing means may be employed.

[0030] The engaging portion 202 of the rotatable test
head 204 is rotatable throughout a range of positions
corresponding to permitted potentiometer settings. At
the end of each test session the rotatable test head 204
returns the potentiometer 120 to the lowest setting to
prevent damage upon first usage.
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[0031] The testing of the operation of the potentiom-
eter 120 and of the indicator arrangement 110 can thus
be performed through testing of the hybrid actuator 100
as it operates as a potentiometer knob and as an indi-
cator lens respectively. Furthermore the testing of the
hybrid actuator 100 can be automated.

[0032] Figure 3 illustrates the apparatus of Figure 2
in a more schematic form. The processing means 208
receives inverter performance data 304 and sensed
light data 306 from an inverter performance sensing
means 302 and the light sensing means 210 respective-
ly. Examples of inverter performance sensing means
302 include a voltmeter which monitors the output volt-
age signal generated by the inverter, an ammeter which
monitors the output current produced by the inverter,
and a frequency meter for monitoring the output fre-
quency produced by the inverter.

[0033] Control signals 212 are generated by the
processing means 208 in accordance with a set of in-
structions and transmitted to the drive means 206. Ad-
vantageously, the processing means 208 may be ar-
ranged to monitor the performance of the drive means
206.

[0034] Itwillbe understoodthatthe processing means
208 will be associated with a variety of conventional pe-
ripheral devices. Information, for instance the testing
program, may be stored and retrieved by the processing
means 208 from a storage means 320. Conventional
storage means include hard disks, read only memory
and random access memory. Further input can be di-
rected to the processing means 208 by means of an in-
put device 330, for example a keypad or a light pen. Sim-
ilarly the processing means 208 can be arranged to gen-
erate a report by means of an output device 310, for ex-
ample a printer, a display or a loudspeaker.

Claims

1. A testing apparatus (200) for testing an electrical
device comprising:
a housing (130); a rotatable control means (120);
an indicator arrangement (110); and a hybrid actu-
ator (100), the hybrid actuator (100) being substan-
tially transparent to allow light from the indicator ar-
rangement (110) to be observed from outside the
housing (130), engaging with the rotatable control
means (120) and rotating about an axis (220); char-
acterised in that the test apparatus (200) includes:

a rotatable test head (204), which has an en-
gaging portion (202) for engaging a head por-
tion (114) of said hybrid actuator (100);

a light sensing means (210);

a processing means (208) for receiving sensed
light data from the light sensing means (210),
for receiving performance data from the electri-
cal device and for controlling the movement of
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the rotatable test head (204); and

a drive means (206) for driving the rotatable
test head (204) about the axis (220) in accord-
ance with a control signal (212) generated by
the processing means (208).

A testing apparatus according to Claim 1, wherein
the light sensing means (210) is provided upon the
rotatable test head (406).

A testing apparatus according to Claim 2, wherein
the engaging portion (202) of the rotatable test head
(204) engages with a corresponding receiving re-
cess (102) provided on the head portion (114) and
thereby aligns the light sensing means (210) with
the hybrid actuator (100).

A testing apparatus according to Claims 1, 2 or 3,
wherein the light sensing means (210) monitors
light emitted by the indicator arrangement (110).

A testing apparatus according to any one of Claims
1 to 4, wherein the electrical device is an inverter,
the rotatable control means (120) is a potentiometer
and the indicator arrangement (110) is a light emit-
ting diode.

A testing apparatus according to Claim 5, wherein
the performance data received from the inverter is
a sample of the output voltage of the inverter.

A method for testing an electrical device compris-
ing: a housing (130); a rotatable control means
(120); an indicator arrangement (110); and a hybrid
actuator (100), the hybrid actuator (100) being sub-
stantially transparent to allow light from the indicator
arrangement (110) to be observed from outside the
housing (130), engaging with the rotatable control
means (120) and rotating about an axis (220);

the method characterised by the steps of:

providing a test apparatus which includes: a ro-
tatable test head (204); a light sensing means
(210); a drive means (206); and a processing
means (208) for controlling the movement of
the rotatable test head (204);

engaging the rotatable test head (204) with a
head portion (114) of the hybrid actuator (100);
driving the rotatable test head (204) about the
axis (220) into a plurality of different testing po-
sitions in accordance with a control signal (212)
generated by the processing means (208);

in each of the different testing positions, moni-
toring performance data (304) for the electrical
device;

monitoring the light emanating from the hybrid
actuator (100), the light sensing means (210)
sensing the light emanating from the hybrid ac-
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tuator (100) and generating sensed light data
(806); and

receiving and processing the sensed light data
(306) and the performance data (304) and gen-
erating a report of the received data.
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