Using a thermistor temperature sensor
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1 Overview

Thermistors are common types of temperature sensors for engine oil or
water temperature.

Most thermistors are Negative Temperature Coefficient (NTC).
Therefore, the term “NTC” is commonly used instead of “NTC thermistor”.
“‘Negative” means that the electrical resistance of the sensor decreases
when the temperature increases.

For a PTC (Positive Temperature Coefficient) thermistor, the electrical
resistance of the sensor increases when the temperature increases.

Enginemeter EFMS100 AUX1 input (sender/TX100 unit) can be used with
most thermistors to measure and display a temperature.

AUX2 input is not recommended for this application
(because “AUX2 has a 1TkOhm/1% resistor internally connected to a 2.5V
voltage reference and a 1500hm/1% resistor is series with the terminal”)

A thermistor has 2 electrical terminals.

In most cases one of the 2 terminals is threaded and connected/screwed on
the engine chassis.

It is therefore important that the ground of EFMS100 (TX100 unit) is
properly connected to the engine chassis.

If your thermistor has 2 wires you should connected one (it doesn’t matter
which one) to the GROUND of TX100 unit.

Information from EFMS100 user manual:
¢ AUX1 voltage range = 0 to 2.5V
e AUX1 input leakage current = 50nA max. (not significant here)
e “+3.3V OUT”: “Maximum output (sourcing current only / no
sinking current) current = 10mA !!I”

2 Electrical schematic

One additional resistor (R1) is used to create a resistor divider between
“+3.3V OUT” (3.3V output) and “AUX1 IN” analog input.

[ +3.3V OUT (sender unit)
R1

s [ > to AUX1 IN (sender unit)

NTC thermistor (temperature sensor)

GROUND (sender unit)

The voltage on AUX1 input is given by the following formula:
V(AUX1) =R_NTC/(R_NTC + R1) x 3.3 in volts

Note that AUX1 voltage must always stay in the range 0 to 2.5V since this
range is the useful range for measurements.



3 Step 1 = Selection of the thermistor and the resistor R1

The accuracy of the temperature reading is mostly important around the
“normal/optimal” engine temperature (oil or water temperature).

For maximum accuracy, select a thermistor which resistance is above
330o0hm at the “normal/optimal” engine temperature.

Also, for maximum accuracy, select a thermistor which resistance tolerance
is good/best near the “normal/optimal” engine temperature.

Then select R1 = resistance of the thermistor at the “normal/optimal” engine
temperature.
R1 tolerance should be +/-1% or better.

3.1 Application example

This example will assume that the “normal/optimal” engine temperature is
around +100degC

Here is an example of a suitable NTC thermistor for this application:

Kennlinie-Tabelle f Characteristic Curve Table 10

HeiBleiter f Thermistor 92-027-079

Prifmedium
Test fluid:
Marotherm S

This thermistor is suitable for this application because:

e #1: The accuracy (tolerance %) of this thermistor is best around

Geher § Sensar

Temp.

Lle} R *Tal + Tol

(Ohry %) (Crhm)
-345.0) 29677675 45.07) 133772.00
-30.0) 244764 88 40.86) 99999, 21
-16.0) 199555, 48] 36.74) T3325.48
-10.0] 161040.78] 32.87) 53928.%
-6.0) 12886530 29.32) 3FTTH.E]
0] 10246383 26.17) 26812.585
5.00 81141.90 23.41) 18997.22
100 F4133.61 21.04) 13496.08
1600 S0695.18 19.00)  G9634.20
200 4014031 17.24]  B921.48
2600 31913.54 16.78)  5040.00
30.0] 2547075 14.51 369658
35.0] 20420.35 13.37) 272988
40.0] 16452.20 12.32)  2037.02
450 1332439 11.35) 1511.76
500 1084826 10043 1131.70
5600 8879.55 9.56 24801
B0.0]  F3I06.76 8.72 G37. 35
B5.0 BO44. 02 7.92 478.57
700 a0245.16] 7.13 35044
4.0 419478 6.36 266.61
800l 351873 5.59 196.75
840/ J963.TH 4.90 145.37
g00] 260767 4.23 105.98
8960/ 23115 3.68 7568
1000 1819.13] 2.89 52.63
1040 1555.71 3.43 54.95
1100 1334.78] 4.17 55.74
116.0]  1151.39 4.82 65.45
1200 96,30 a.47 a4.40
126.0 86376 6.09 62,58
130.0 T41.51 671 A0. 44
1340 B55.66 7.33 48.07
140.0 A73.94 7.96 45. G
145.0 a03.73 a.4a8 43.20
180.0 44347 920 40.80
186.0 391.39 982 38.43
160.0 346.44 10.44 3617
166.0 307.33 11.08 33.99
170.0 273.37 11.68 .92
175.0 243.79 12.29 29.97
180.0 217.95 12.91 28.14

+100degC (tolerance = +/-2.89%)

e #2: The resistance of the thermistor at +100degC (18190hm) is

above 330ohm

With this thermistor, R1 should be chosen around 1819 ohm (e.g. 1800

ohm)




4 Step 2 = Enter the characteristic in the display unit

As an example, we will assume that we want a temperature measurement
range of 0 to +150degC.

This step uses the “CALIBRATION block” which is built in EFMS100 display

unit software. Therefore you need to set these 2 parameters in the display unit

e MIN CALIBRATED VALUE =0

Here is a summary this calibration block: * MAXCALIBRATED VALUE =150
The ch teristic of th librati lock i fi 11 dat
* poi‘iltc; :;?jcze\r;g;:(Mﬁ\lcg/l_\bl_rﬁ?’g;-ﬁzoé \;ngén:gdbxﬂAxda a and indicate to the display unit that you want to display calibrated values
CALIBRATED VALUE). (i.e. temperatures) on the main screen.

e By definition, 100% = “MAX CALIBRATED VALUE” — “MIN
CALIBRATED VALUFE”

e The 11 data points are The 11 data points are

o Point 1 =0% = MIN CALIBRATED VALUE

o Point2 = 10% Point number % Temperature Pa!'ameter in the display
o Point3=20% : (degC) unit
o Point4 =30% Point 1 0 0 RAW AT CAL=MIN
o Point5 = 40% Point 2 10 15 RAW AT CAL=MIN+10%
o Point6 = 50% Point 3 20 30 RAW AT CAL=MIN+20%
o Point7 =60% Point 4 30 45 RAW AT CAL=MIN+30%
o Point8=70% Point 5 40 60 RAW AT CAL=MIN+40%
o Point9 = 80% Point 6 50 75 RAW AT CAL=MIN+50%
o Point 10 = 90% Point 7 60 90 RAW AT CAL=MIN+60%
o Point 11 =100% = MAX CALIBRATED VALUE Point 8 70 105 RAW AT CAL=MIN+70%
Point 9 80 120 RAW AT CAL=MIN+80%
Point 10 90 135 RAW AT CAL=MIN+90%
Point 11 100 150 RAW AT CAL=MAX

The raw values to enter in EFMS100 display unit can be calculated using
the electrical characteristic of the thermistor and the following formulas:

e RAW_VALUE = AUX1_voltage / 2.5V x 4096

e with AUX1_voltage = R_thermistor / (R1 + R_thermistor) x 3.3V

Example for
e The thermistor is the thermistor used in the above example
e “Point 8" = 105degC => R_thermistor = 1555.71ohm
¢ R1=18000hm
AUX1_voltage = 1555.71 / (1800 + 1555.71) x 3.3 = 1.52988V
RAW_VALUE = 1.52988 / 2.5 x 4096 = 2506.555392
=> enter “‘RAW AT CAL=MIN+70%" = 2506 in the display unit
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5 Alternative method for Step 2

The previous section describes a method based on calculations.
This section describes an alternative method based on experimentation /
measurements.

This method requires an accurate thermometer as well as the ability to heat
a sample of water/oil (or any other liquid) from the minimum temperature to
the maximum temperature (MIN CALIBRATED VALUE to MAX
CALIBRATED VALUE) chosen.

5.1 Initial steps

e Setup the display unit to display RAW VALUES (for AUX1 input) on
the main screen.

e Install an accurate thermometer to measure the temperature of the
liquid sample.

e |Install the thermistor in contact with the sample of liquid

e Connect the thermistor to AUX1 input (and R1 resistor)

5.2 Measure the 11 data points

Step A = set the temperature of the liquid sample to the temperature of
point 1

Step B = write down the RAW VALUE indicated on the display unit for point
1

Repeat step A and step B for the 11 data points.

5.3 Final steps

e Store the 11 data points in the display unit

e Store MIN CALIBRATED VALUE and MAX CALIBRATED VALUE
in the display unit

o Setup the display unit to display CALIBRATED VALUES (for AUX1
input) on the main screen.

e Your display unit should no indicate the actual temperature of the
thermistor



