LTiTG:60 — 9T0C ‘€T AN[ UOISIOA

*OuJ ‘sedIAd(] U03eda(]

[enuey s 103erad()

A0SUdg 2INISION |1I0S YW (OZ-1

[-SVIN



MAS-1

Decagon Devices, Inc.
2365 NE Hopkins Court
Pullman WA 99163

Phone: 509-332-5600
Fax: 509-332-5158
Website: www.decagon.com
Email: support@decagon.com or salesQdecagon.com

Trademarks
(©2014 Decagon Devices, Inc.
All Rights Reserved

ii



2!

4!

€1

¢l
1T
1T
IT

0T
0T

(=}

™

- = — AN

A3 TLI0JU0)) JO UOIjeIe[Id(]
Surjooyss[qnouy,

[oom3P0yg ¢°¢

" yedd /110§ Surnod  g'g
S[1og [etoulN  T°G
uoryeIqIre)

* IOSUOG oY) SUIAOWY €'
: uolRIuSLI) ¥
ampodolJ T1'¥

T-SVIA 943} 3ul[esuy

Iosuog oY) SUISA], ¢'¢
I-SVIA 29U} Suljyeiassjug

suorjeoyadg TG
I-SVIA @2U? moqy

" AR SI9(PS T

: Ayueirepy €7
[BRURIN ST, Ioqy  ¢'1
ypoddng ewojsny)  °7
uoroNpoIuy

T

SJU9IU0))

SLNHLNOD

I-SVIN

G

G ‘Surp
g ‘Ayuerrepn

¢1 ‘8urjooyse[qnoiy,

¢ ‘suoryeoyroadg
¢ “ANIqer s 197es

0T ‘uoryeIusLI()

G ‘uoryeidoju]
6 ‘uorje[reIsu]

Q ‘3ur)s9) Teuorjoun g
T ‘rewy

€ ‘yUeISUO0D DLIYOIAI(]
$1 ‘Ayrriojuol) Jo UOIYeIe[dd(]

T ‘pr0ddng Iewogsny)
T ‘UOI)RULIOJU] JORIUO))
IT ‘woneIqre)

xXopuf



MAS-1 1 INTRODUCTION

1 Introduction

Thank you for choosing the MAS-1 4-20 mA Soil Moisture Sensor.
This innovative sensor enables you to monitor soil moisture accu-
rately and affordable with a standard 2-wire, 4-20 mA analog inter-
face for use with many data acquisition and control systems. The
MAS-1 cannot be used with the standard Decagon data loggers.

1.1 Customer Support

There are several ways to contact Decagon if you ever need assis-
tance with your product, have any questions, or feedback. Decagon
has Customer Service Representatives available to speak with you
Monday through Friday, between 7am and 5pm Pacific time.

Note: If you purchased your sensor through a distributor, please con-
tact them for assistance.

Email:
support@decagon.com or sales@decagon.com

Phone:
509-332-5600

Fax:
509-332-5158

If contacting us by email or fax, please include as part of your mes-
sage your instrument serial number, your name, address, phone, fax
number, and a description of your problem or question.

1.2 About This Manual

Please read these instructions before operating your sensor to ensure
that it performs to its full potential.

7 DECLARATION OF CONFORMITY MAS-1

7 Declaration of Conformity

Application of Council Directive: 2004/208/EC and 2011/65/EU

Standards to which conformity EN61326-1:2013
is declared: EN62321:2009
Manufacturer’s Name: Decagon Devices, Inc.
2365 NE Hopkins Court
Pullman, WA 99163 USA

Type of Equipment: Data Collection System

Model Number: MAS-1

Year of First Manufacture: 2008

This is to certify that the MAS-1 dielectric soil moisture sensors,
manufactured by Decagon Devices, Inc., a corporation based in Pull-
man, Washington, USA meet or exceed the standards for CE compli-
ance as per the Council Directives noted above. All instruments are
built at the factory at Decagon and pertinent testing documentation
is freely available for verification.
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MAS-1 2 ABOUT THE MAS-1

2 About the MAS-1

The MAS-1 measures the dielectric constant of the soil in order to
find its volumetric water content. Since the dielectric constant of
water is much higher than that of air or soil minerals, the dielectric
constant of the soil is a sensitive measure of water content. The
MAS-1 supplies a 70 MHz oscillating wave to the sensor prongs that
induces an electromagnetic field in the medium (soil) surrounding
the sensor. The charging and discharging of the sensor is controlled
by the dielectric of the surrounding soil.

A microprocessor on the MAS-1 measures the charging of the sensor,
and therefore the dielectric constant of the soil which is related to
the water content of the soil. The microprocessor makes a dielectric
measurement and updates the transmitted current once per second.
The transmitted 4-20 mA current can be converted to the water con-
tent of the soil using a simple calibration function.

We designed the MAS-1 to be used with standard 4-20 mA con-
trollers and monitoring systems. It cannot be used with Decagon
logging systems. For more information about using Decagon logging
systems please contact Decagon’s customer support representatives.

2.1 Specifications

Electrical
e Interface: Standard 4-20 mA, 2-wire analog transmitter
e Supply voltage: 12 to 32 VDC continuous
e Output current: 4-20 mA

e Overvoltage protection: Yes

e Reverse polarity protection: Yes

e Settling time: 4 seconds

o Wiring:

5 CALIBRATION MAS-1

equation may not result in good accuracy in your particular mix
(although precision should still be good). We recommend a custom
calibration for best accuracy when using the MAS-1 in potting soils.

VWC = 0.00531 x ¢(0-2%mA) (5)

5.3 Rockwool

The MAS-1 was calibrated in Grodan Expert’™ rockwool at several
electrical conductivities. VWC can be calculated as:

VIWC = 0.00446 + mA? — 0.0359 + mA + 0.0741 (6)
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MAS-1 3 INTEGRATING THE MAS-1

3 Integrating the MAS-1

A 4-20 mA system generally consists of a sensor, transmitter, power
supply, and device to read the current being transmitted through
the current loop. The MAS-1 is an integrated sensor and 4-20 mA
transmitter. When the MAS-1 is powered by the Power Supply, it
transmits a current though the loop that is proportional to the soil
dielectric permittivity and therefore the soil volumetric water con-
tent. In figure 1, the current loop is shown by the dotted line labeled
1=4-20 mA the arrows indicate the direction of the current.

Power Supply

Red T._
e PP -

._.qm:m_j_zm_m

Water Content Sensor

| P, Prommmmmmmcmmmccmccmaan =i

Black 1_

Lopoood
RLoad
Logger/Controller

Figure 1: 4-20mA current loop diagram

The MAS-1 uses a microcontroller to regulate the interval at which it
takes measurements. It takes one second from the time it is powered
up to take its first measurement and transmit current though the
loop. The transmitted current will reach a stable value within four
seconds of power up. After the initial four second startup, measure-
ments are taken every one second, while the current in the loop is
continuously maintained. Since the measurement intervals are con-
trolled by the MAS-1 itself, there is no need to pulse the excitation
voltage. A constant supply voltage should be applied in order for
the MAS-1 to function properly.

3.1 Wiring
Conventional (PLC)

A Programmable Logic Controller (PLC) is typically used to read

4 INSTALLING THE MAS-1 MAS-1

Figure 4: Installation Orientation

4.2 Orientation

The sensor can be oriented in any direction. However, orienting the
flat side perpendicular to surface of the soil minimizes effects on
downward water movement.

4.3 Removing the Sensor

When removing the sensor from the soil, do not pull it out of the soil
by the cable! Doing so may break internal connections and make the
sensor unusable.
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MAS-1 3 INTEGRATING THE MAS-1

Single Ended Input

Black {-)
Red (+)

Data Logger

RVolt
)
/1
100 uF

Water Content Sensor

GND
Supply Voltage

Figure 3: Wiring Connection for Devices Without Current

The optional 100 uF capacitor shown in parallel with the Ry re-
duces measurement noise. It should have a voltage rating higher
than the largest supply voltage. Be sure to observe correct polarity.

The MAS-1 requires a voltage of at least 12 V. This limits the value
of Ryolt since part of the total voltage drop will be across the re-
sistor. Equation 2 can be used to determine the maximum value for
Ry olt. Table 1 shows time resistance values.

SS&BS —-12= O.Owwwa\o:i&@a va

Table 1: Maximum resistance values for Ry at specified voltages

Supply Voltage Load
13V 50 ohms
24V 600 ohms
32V 1000 ohms

The MAS-1 sensor has several advantages over voltage-output sen-
sors, even for voltage-input data loggers.

1. The MAS-1 supply voltage does not need to be regulated for
the sensor to work properly; it can be any value between 12
and 32 volts, without affecting sensor output.

2. When using a current-based sensor like the MAS-1, the signal
is not affected by electrical resistance in the cable, so the sensor
output is not affected by cable length or wire gauge.

3 INTEGRATING THE MAS-1 MAS-1

3. The MAS-1 requires only two conductors, so long lines are both
lower in noise and less expensive.

4. With the MAS-1 sensor the source impedance is small, and a
current loop is highly immune to noise on the line.

5. Measured voltage can be tailored to a particular data acquisi-
tion system simply by adjusting the value of Ry ;. A typical
application might be to use a MAS-1 with a 12 volt supply
and a Ry, value of 1 ohm. The output voltage range is the
product of the current and the resistance (Equation 1), so for
4-20 mA it would be 4 to 29 mV.

3.2 Testing the Sensor

After integrating the MAS-1 into your PLC or other data acquisition
system, it is always a good idea to test the sensor output to verify
that it is functioning correctly with your system. Two convenient
test conditions are surrounding the sensor with air or water. To test
in air, suspend the sensor form the cable, making sure that it is at
least six inches from any object. To test in water, place the sensor in
a bucket of tap water (do not use deionized or distilled water). The
entire sensor (prongs + black plastic electronics portion) should be
immersed in water, and should be at least two inches from any con-
tainer surface. Under these conditions, the sensor should transmit in
the following ranges (approximate). The air between 3.4 to 4.7 mA
and tap water: 18.1 to 22.4 mA.

Note: Sensor output can go above 20 mA and below 4 mA.




