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S1 opens when the relay in the wireless 
switch module is de-energised, which causes 
RE1 to drop out shortly afterward and con-
nect capacitor C4 to ground. The capacitor 
discharges through the coil of RE2, causing 
its ‘momentary’ contact to be actuated again. 
The timing diagram shows the switch-on and 
switch-off sequences of the wireless switch 
(S1 contact).
The duration of the ‘button press’ (engage-
ment time of RE2) depends on the capacitance 
of C3 and C4. The equation Q = C × U = I × t 
can be used to calculate suitable capacitor 
values for a specific hold time (t1 in the tim-
ing diagram) with a given relay current. The 
value shown in the circuit diagram (1000 µF) 
corresponds to a hold time of 1 second with a 
relay current (holding current IH) of 10 mA:
C = IH × t1 / U = (0.01 A) × (1 s) / 10 V = 1000 µF.
A reed relay cannot be used for RE2 because 
the voltage across the coil reverses. This 

to be a Class II relay. Due to the presence of 
AC power line voltage, R1 and R2 must have 
a rated working voltage of 250 V (150 V), 
although they can also be formed from two 
resistors with half this rated working voltage 
connected in series, each with half of the 
specified power rating. In this case, R1 con-
sists of two 47 Ω / 1 W resistors and R2 of two 
100 kΩ / 0.25 W resistors. Readers on 120 VAC 
60 Hz power networks should change C1 into 
680 nF.
The circuit can be fitted in a plastic enclosure 
with an integrated AC power plug, which can 
easily be plugged into the wireless switch 
module. The contact of RE2 can then be fed 
out to a terminal strip as a floating contact. 
For adequate AC isolation, a safety clearance 
of at least 6 mm (air and creepage paths) to 
other conductors must be maintained, in 
addition to using a Class II relay.

(080912_1)

also means that a free-wheeling diode can-
not be used, but it is anyhow not necessary 
due to the slow discharge of C4. RE2 should 
be a 'Class II' relay (such as the Omron G6D-
1A-ASI 24DC) to provide adequate insula-
tion of the switch contact. RE1 does not have 

Timing

S1

+24V

RE2

+24V

ON

+14V

080912 - 12

0

U

t

t

t1

OFF

t

Servo Scales

Gert Baars (The Netherlands)

rotated so that its measured position corre-
sponds to the desired position (U2 = U1).

As can be seen from Figure 1, all you need 
for a scales based on a servo motor is a 
square-wave oscillator that supplies a sig-
nal at a constant frequency of around 50 Hz 
with a fixed duty cycle of approximately 
10%. This defines a fixed setting for the posi-
tion of the motor axle. If a mechanical force 
tries to rotate the motor axle in this situa-
tion, the servo control loop adjusts the drive 
signal to the motor to counteract the rota-

With a bit of adeptness, you can build an 
electronic scales based on a servo motor. 
Depending on the type of servo you use, it 
can measure weights of up to around five kil-
ograms (11 lbs) with reasonable accuracy.

If you examine the operating principle of a 
servo motor in more detail (Figure 1a), you 
can see that in simple terms, it consists of 
a control loop that uses a potentiometer to 
convert the motor position to a voltage that 
is compared to the voltage from a PWM con-
verter. Based in this information, the motor is 
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tional force. The motor thus has to supply 
an opposing force, and that costs power, 
with the result that the current through the 
motor increases. With a type RS-2 servo, this 
current can rise to as much as 1 A, while the 
quiescent current is no more than a few 
dozen milliampères. If you attach an arm to 
the motor axle and fit it with a weighing pan, 
and then connect an ammeter in the servo 
supply line, you have a sort of simple elec-
tronic scales. The scales can be calibrated 
using a reference weight, with the length of 
the arm set to produce a certain amount of 
current with a certain weight, such as 0.5 A 

with 1 kg. Two kilograms would then draw 
1 A, and so on.
The scales can also generate a voltage out-
put if you measure the voltage across a sense 
resistor in series with the ground lead of the 
servo (Figure 1c). Due to the quiescent cur-
rent consumption of the servo motor with no 
load, this voltage is not zero with no weight 
on the scales, but it is low compared with the 
value with a certain amount of weight. Natu-
rally, this offset can be compensated by using 
an instrumentation amplifier. This increases 
the accuracy, and you could even consider 
equipping the scales with a digital readout.

Figure 2 shows a simple finished version 
with a PWM oscillator and analogue read-
out. The two potentiometers can be used to 
adjust the offset and weighing range. The 
length of the scale arm multiplies the tor-
sion on the servo motor due to the weight. 
Doubling the arm length reduces the weigh-
ing range by half and thus doubles the accu-
racy, but it also increases the zero offset due 
to the weight of the arm. In practice, an arm 
length of around 10 cm proved to be a good 
compromise.
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Driver Free USB
Richard Hoptroff (United Kingdom)

USB (universal serial bus) was supposed to 
solve a lot of problems when connecting 
devices to PCs, but in many ways it’s still a bit 
of a pain in the plughole. Typically, each new 
device needs a new driver to be installed. 
Often, a COM port then gets assigned, and 
you have to find out from the operating sys-

tem what the COM port number is. And with 
some products, that COM port number can 
change if you plug it into a different socket!

A sneaky way round the driver problem is 
to use the Human Interface Device (HID), as 
used by mice and keyboards, or the Mass 
Storage Device (MSD) interface, as used by 
flash drives. This is because just about all the 
flavours of Windows, Mac and Linux oper-
ating systems available today have HID and 
MSD drivers pre-loaded. HexWax Ltd. have 
adopted this approach for their driver-free 
USB chip sets. Their USB to UART, SPI and 
I2C bridges use the HID interface and their 

The chip takes the measurement and reports 
the result as a 4-byte response: 0x96 0x06 
0x02 0x36.
In this example, the voltage measured is 5 V 
× 0x0236 ÷ 0x03FF = 2.76 volts. Similarly, the 
following command exchanges three bytes 
with a slave SPI device:

0xAF 0x03 0x45 0x67 0x00. Command: Send 

0x45 0x67 0x00 to slave.
0xAF 0x03 0x00 0x00 0x89. Response: Slave 
sent 0x00 0x00 0x89.

The commands are sent using the operating 
system’s HID interface, which is very similar to 
reading and writing to a file. Example source 
code is provided at [1].

In the basic circuit of the driver, Figure 1, 
only a crystal and f ilter capacitors are 
required in addition to the ‘expandIO-USB’ 
chip also described in some detail at [1]. 
Although it is available as a through-hole 
device, the surface mount version has the 

embedded file system and data logger chips 
use the MSD interface.
A particularly flexible friend is called ‘expan-
dIO-USB’. As its name suggests, it is an I/O 
expander with a USB interface. But that’s 
a modest description, considering its ana-

logue-to-digital inputs, interrupts, PWM, 
comparators, counters, timers, SPI, I2C, UNI/
O, etc. The USB interface is designed so that 
all the programming is done on the PC rather 
than on the chip, which saves a lot of devel-
opment time. For example, to measure the 
analogue voltage on AN6, you send the fol-
lowing 4-byte command from the PC (0x pre-
fix denotes hexadecimal):

0x96 0x06 0x00 0x00

RC2/AN6/P1D/C12IN2-/CVREF/INT2

RC0/AN4/C12IN+/INT0/VREF+

RC1/AN5/C12IN-/INT1/VREF-

RC6/AN8/SS/T13CKI/T1OSCI

RC3/AN7/P1C/C12IN3-

RC4/P1B/C12OUT/SRQ

RC5/CCP1/P1A/T0CKI

RC7/AN9/SDO/T1OSCO
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RB5/AN11/RX/DT
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