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I. This small, surface-mount, digital-driver circuit provides proportional drive for a solenoid, eliminating the need for a microcontroller or a

programmable logic controller.

The proportional-control solenoids used in some industrial
hydraulic systems are usually driven by microcontrollers
or programmable fogic controllers (PLCs). Such complex
drivers typically require several different supply voltages for logic
and control. (The purpose of proportional control is to move
the solenoid plunger to an arbitrary position and leave it there.)
A set-and-leave solenoid driver, however, should not require 2
costly PLC or the processing power of a microcontroller. Ideally,
it should operate from the solenoid’s own supply voltage.

The circuit in Figure 1 meets these requirements while occu-
pying only a small surface-mount footprint. U2 is a 350-mA
driver with built-in analog and pulse-width-modulation
(PWM) dimming control. It’s typically used to drive high-
brightness LEDs, but in this application, its open-drain output
(OUT) and current-sense terminal (CS+) connect directly to
the solenoid terminals. R6 sets the maximum solenoid current.

The circuit drives solenoids ranging from 6 to 40 V dc,
using only the solenoid’s 6- to 40-V dc source. The circuit
was tested using a LEDex 24-V pull-solenoid rated for cur-
rents up to 290 mA.

Ul is a 32-tap, nonvolatile, linear-taper digital potentiometer.
Connected as a variable resistor, its internal 100-k€} variable
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resistance forms a divider with RS to produce a 0- to 3.17-V
analog voltage at U2’s DIM input. After activating the potenti-
ometer by depressing SW1 and setting the direction of change
using SW2 (Open for up, Closed for down), you can increment
this DIM voltage with each toggle of SW3 (with SW1 closed).
Thirty-two steps are available, so 32 press-and-release cycles of
SW3 traverse the range from 0 to 3.17 V. In terms of wiper posi-
tion, the approximate voltage at DIM (V) is:

Vpim = 5 V(N - 1)3225.8 Q]/[(N -1)3225.8 QO + RS]
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2. These solenoid voltage and current waveforms from the driver circuit produce plunger distances of ~ 211-mA rms current needed to energize
0.0312 in. and 0.3215 in. for a 26% duty cycle (a) and a 76% duty cycle (b), respectively. the solenoid coil and pull in the solenoid
plunger a distance of 0.312 in.
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