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LOAD CELL HANDBOOK

1.0 INTRODUCTION

A load cell isadevicethat outputsan electrical signal whichisdirectly proportional totheforcethat isappliedtoit. Load
cells are used extensively in electronic weighing applications. Thisreview will concentrate on the following subjects:

m  DC Circuit Theory

m | oad Cell Electrical Theory
m  Load Cell Terms

m  Troubleshooting

m  Load Cell Construction

m | oad Cel Types

m  Load Cell Selection

m  Trimming

®  Junction Boxes



2.0 DC CIRCUIT THEORY

OBJECTIVE: Familiarization with DC circuits, Wheatstone bridge and strain gauges.
2.1 Electron

An electronisanegatively charged particlethat isapart of all atoms. Electronsform orbitsaround the atom. Electrons
foundinorbitscloser to theatom’ scenter, or nucleus, are held into the atomic structure more closely than those el ectrons
inthe outermost orbit. Conductors such asgold, copper and silver have one electron in their outer orbit, also called the
valenceshell. Thesevalenceelectronscan easily escapetheir atom and moverandomly to another atom. Theseelectrons
arecalledfreeelectrons. Freeelectronsbumpinto other valenceel ectrons, causing morefreeelectrons. Conductorshave
many free electrons randomly moving from atom to atom.

Insulatorsare opposite of conductors. Their valence shells contain many el ectronswhich aretightly held to their atoms.
Insulators have few free electrons and are very poor conductors of electricity.

2.2 Current and Voltage

Electrical current is the orderly flow of electrons. When electrons flow past a given point at the rate of 6.24 x 10%
(6, 240,000,000,000,000,000) el ectronsper second, oneampereof currentispresent. Thenamegiventothenumber 6.24
x 10® isacoulomb. So we can say one ampere (Amp) of current is equal to one coulomb passing agiven point in one
second. The symbol used in electronics for current is A.

In order to move electronsin aconductor to produce current flow, aforce must be exerted on the conductor. Inelectrical
circuitsthisforceisadifferencein electrical potential between two pointsand iscalled voltage. So, currentisthe actual
electron flow and the voltage is the force that causes the electronsto flow. The symbol used in electronics for current
isl, and the symbol for voltage is E.

2.3 Resistance

Current flowing through aconductor encountersopposition fromthe conductor. Thisoppositionto current flow iscalled
resistance. Thesymbol used to denoteresistanceisR. Theunit of measurefor resistanceiscalled theohm. Thesymbol
used to denote ohmsis Q.

2.4 Direct Current Circuits

A German physicist named G.S. Ohm developed a definite relationship between voltage, current and resistance in a
closed circuit. A circuit consists of a voltage source and a complete path for current flow. The path must start at one
side of the voltage source and end at the other side. This gives the circuit a complete, uninterrupted path and also
establishes apotential difference between ends of the path since one side of the source has a positive potential and the
other side has a negative potential. Mr. Ohm stated, “Current is directly proportional to voltage and inversely
proportional to resistance.” Thisrelationship is known as Ohm’'s Law.

Asaformula, Ohm’s Law looks like this:

Current (in amperes) = Voltage (in volts)
Resistance (in ohms)

Using the symbols for current, voltage and resistance, thisrelationship is shown as| = E/R. More commonly, Ohm’s
Law isreferred toin the form E = IR, or voltage equal s current times resistance.



- DC CIRCUIT THEORY CONT.

To symbolize a direct current circuit we use the symbol |||| to represent the battery which is the power source. The
symbol for resistance isvW-. The diagram of asimple direct current circuit is shown below.

Resistor

e

Battery _— Noticethereisavoltage source (bat-

— tery), aconductor and opposition to
thecurrent (resistance). Thepathis
also closed to alow current flow
through the circuit.

Theresistanceistheload or what isbeing acted upon by the current. 1t could bealight bulb, heating element or any other
type of resistive electrical component, such asaload cell.

Let'stake acloser look at Ohm'sLaw, | = E/R. Since voltage and current are directly proportional, if weincrease the
battery voltage of our circuit wewill also increasethe current flow. Also decreasing the resistancewill increase current
flow as current and resistance are indirectly proportional.

Series Resistive Circuit

A seriescircuit containsapower source, oneor moreresistancesand only onepath for current flow. Let’slook at aseries
circuit with two resistors.

1

v R, =100Q

R, = 300Q

Aswelook at thecircuit wefind a1l0V power source. Therearetwo resistorsinthecircuit and only one path for current
toflow. Soinaseriescircuit we can say the current in the circuit is constant. No matter where you measure the current
inthe circuit it will be the same.

Thetotal resistance (R,) inthecircuitisthe sum of all resistances. (R, =R, +R,...). Thetotal resistance of our circuit
is400Q. Using Ohm’s Law we can find thetotal current flowing inthecircuit: I, = E/R,, |, = 10V/400Q = .025 amps
or 25milliamps(mA). Sinceweknow thetotal current flow weknow thecurrent flow throughR, andR, (1., 1 .,). Current
flowisconstantinaseriescircuitsol =1, =1.,. Thesum of thevoltagedropsin aseriescircuit areequal to the applied
voltage. WhatisthevoltagedropacrossR, ? Using Ohm’sLaw thevoltagedropacrossR, (E,,,) equalsthecurrent flowing
through R, (l,,,) timesthe resistance of R,.

R EEEEEEEEEEEE————————, s



DC CIRCUIT THEORY CONT.

Inaformulait lookslikethis: E , =1 R,

E, = .025A (100Q) = 25volts
E,, = .025A (300Q) = 7.5volts
Ef = ER1+ER2

E, = 25V+75V =10V

Let’slook at another example.

R, 2KQ

Find:
E =120V — — R = 1KO =
R, = 6KQ 2

R3

m m

VWV —

3

Theproblemaskstofindthevoltagedropsacrosseach of theresistors. Wefirst needtofindthetotal circuit current, which
also equal s the current through each of the resistors. Using Ohm'’s Law:

IT = EI'/RT
. = 120V/6000Q
I. =20mA

T

T

We also know that R, =R, +R,+R,
TofindR,wecansay, R, =R,-R -R,
R, =6KQ - 2KQ - 1KQ
R, = 3KQ

Using Ohm'sLaw tofind E_, E_,and E_....

R1’

E I, X R,

.020A x 2000<2
= 40V

I, XR,

.020A x 1000<2
= 20V

s X R,

.020A x 3000<2
= 60V

R1

R2

R3

I EEEE————



- DC CIRCUIT THEORY CONT.

Parallel Resistive Circuit
A parallel circuit contains a power source and more than one path for current flow.

200Q

1 100Q
10v § R,

R1 rR2 T

Inaparalel circuit thetotal voltage (E,) isappliedto all circuit branches. Because of this, itissaid voltagein aparallel
circuit is constant. Thetotal circuit current isthe sum of all branch currents.

Total resistancein aparallel circuit isfound by finding the reciprocal of the sum of the reciprocals for each resistance.
This concept in aformulalookslike this:

Re=__ 1
UR +1R,.
For our circuit:

Re=_ 1
1/100 + 1/200

R = 1

.015

R, =66.67Q

Noticethat thetotal resistanceislower than thelowest individual resistance. For two resistorsin parallel total resistance
can also be computed by using aformula called “Product Over the Sum.” It looks like this:

R, = (R)R)
R, +R,
R, = (100)(200)
100 + 200
R, = 20000
300
R, = 66.67Q

If the parallel resistors are the same value, it can be divided by the total number of resistors. For example, if there are
5, 100 ohm resistorsin parallel the total resistance would be 100Q/5 or 20Q.

R EEEEEEEREEEEEE—————————., 5



DC CIRCUIT THEORY CONT.

In our example circuit we can find total current by using Ohm’s Law:

I =10V
66.672
I. =150 mA

T

UseOhm’'sLaw tofind I and I,

IRl = _ERl

R

1
=10V
100Q
= 100 mA
|R2 = _E R2
RZ
=10
200Q
=50 mA

By adding I, and | ., we find the total circuit current is 150 mA just as we calculated with Ohm'’s Law.

Let’slook at another example.

I
-1 = R3 .
R, = 100K<Q 1 Find:

R, =28.57KQ —— E
R R |- T
1 Ro = 2mA R

Let'sstart by finding E,. Weknow that E, isthe same asthe voltage applied to each branch. Sinceweknow R,and |,
we can use Ohm’s Law to find E,, whichisthe same asE...

ERl = Rl X IRl
= 100,000 (.002A)
= 200V
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Since we know E, we can find R,.

R, =E
IRS

= 200V
.001A

= 200K 2

Weknow E, and R, isgiven. Use Ohm's Law to figureout |

= 200V
28.57KQ

=7mA
Sincel, =1, + 1, + 1., wecan figure out the current through branch resistor | ..

RL IT-IRS- R2

IRl =7mA - ImA - 2mA
I, =4mA

Since we know E_ and |, we can find R, using Ohm’s Law.

R =E
IRl
R, =200V
004A
R, = 50KQ

Series-Parallel Circuit
A series-parallel circuit has at least two parallel branchesin addition to at least one resistor through which total circuit
current flows. Theresistor through which all circuit current flows is called the series resistor.

Below is an example of a series-parallel circuit.

R, 500

VVVV Find:

R

— 2
R 100Q R,
ov_____ 150Q

Py,

—

R1

R2

m _m _m

R3
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Tofind total circuit resistance, find the equivaent resistance of R, and R, in parallel.
Reg = 1
VR, + 1R,
=1
1/100 + 1/150
= 60Q

The eguivalent series circuit is shown below.

R, = 50Q

\/\/\/\/\ Req = Equivdent Resistance

T — § Req = 600
E, ——

Tofind R; add the seriesresistances. R, =R, + Req

R, = 50Q +60Q
R, =110Q

To find total current in the circuit use Ohm’s Law.

. =10V
110Q

I =.091A or 91mA

T

Sincetotal circuit current flowsthrough R, wecansay | =1,. Using Ohm’sLaw we can figure the voltage drop across
R.

1

ERl - IRlRl
E

- = -091A (50Q)
E., = 4.55volts

Since R, drops or uses 4.55 volts, that leaves 10V - 4.45V or 5.45 voltsto be dropped across the parallel network of R,
andR,. Using Ohm’ sLaw wecan determinethecurrent flow through R, andR,. Thetotal currentinthecircuitwill divide
proportionately between R, and R,. In other words, thetotal current inthe circuit will be the sum of the branch currents
l,andl,.

R2 R3

s
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.0363A or 36.3 mA

IT = IR2+ IR3

I, =545mA +36.3mA
=90.8 mA

Rounding off the 90.8 mA to the nearest whole number, we get 91 mA just as we calculated earlier.

Remember that aseries-parallel circuit hasto haveat least one component through whichtotal circuit current passes. The
following type of circuit is sometimes erroneously referred to as a series-parallel circuit.

Rl
R
1 1.5KQ >
E =6V 2KQ
R4
R, 10KQ
4.5KQ

Using our definition of series-parallel circuits, we can see that total circuit current does not flow through any of the
components. Thiscircuit isactually aparallel circuit.

Todeterminethecurrent flow through R, + R, weneedto add theseresi stancesfor atotal branchresistanceof 6KQ. Using
Ohm'’s Law we can find the current through branch R, + R,.

l o= E
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Todeterminethe current flow through R, + R, we add their resistancesfor atotal of 12KQ. Use Ohm’sLaw to calculate
total current.

I E

R3+ R4= R3 + R4
R,+R,
=6V
12,000Q
= .5mA or 500 uA

Total circuit current is the sum of the currents through both branchesor . =1_,, ., + 1., ., 0r 1MA + 5mA =1.5mA.

To calculate total circuit resistance we can use Ohm'’s Law again.

.0015A
= 4,000€2 or 4K€2

Wecan also calculatetotal resistanceby using the“ reciprocal of the sum of thereciprocals’ formulaor the* product over
the sum” formula. We know the R, + R, branch resistance is 6.0KQ2 and the R, + R, branch resistance is 12K Q.

R = 1 R, = (6000)(12000)
1 1 6000 + 12000
R+R, + R,+R, OR R, = 72,000,000
~18000
R = 1 R, = 4,000Q or 4KQ
1/6000 + /12000
= 1
3/12000
=_1
1/4000
= 4,000€2 or 4KQ

If we want to know the voltage drop across each resistor we can also use Ohm’sLaw. Let'spick onR,. Weknow that
the current flowing through R, equals the current flowing through R, and the branch made up of R, + R,, because these
two resistances are in series with each other. Using Ohm’s Law we can multiply the resistance of R, times the current
flow through R, (I,,) to find E_, (voltage drop acrossR)).

E, = R|

1'R1

= 1,500 (.001A)
= 15V

Ohm’s Law can a'so be used to find voltage drops throughout the rest of the circuit.

Thiscircuit is the foundation for building a Wheatstone bridge circuit which is the circuit used in load cells. We will
explore this circuit in the next section.

es_____ e P .. oL—., o



- DC CIRCUIT THEORY CONT.

2.5 Conductor Size

A conductor or wire has a certain amount of resistance depending on its diameter. The larger the diameter, the lower
theresistance. If westretchthewirewehavedecreaseditsdiameter, or cross-sectional area, thusincreasingitsresi stance.
Theoppositeisalsotrue. If wecompressthewire, itsdiameter isincreased and itsresistanceisdecreased. Sinceit takes
aforceto act upon the wire to compress or stretch it, the wire can be configured to measure force. This configuration
of wireis called a strain gauge.

2.6 Strain Gauge

A strain gauge consists of avery fine length of wire that is woven back and forth in agrid and laid on a piece of paper
or plastic called its base. A common wire used is acopper-nickel aloy with a diameter of about one thousandth of an
inch (.001"). Thewireiszig-zagged to form agrid so to increase the effective length of the wire that comes under the
influence of theforce appliedtoit. Leads are attached to the ends of the gauge. Strain gauges can be made very small,
sometimes as small as 1/64". These gauges are cemented to a strong metal object, commonly referred to as the load
receiving element, to make up aload cell. The gauges are configured into a circuit called a Wheatstone bridge.

STRAIN GAUGE
Figure 1

2.7 Wheatstone Bridge

The type of resistive circuit used in load cellsis a Wheatstone bridge.

10v

NOTE: All resgtorsareequd.

(A) isasymbol for an ammeter,
adevice used to measure current
flow and direction.

BALANCED WHEATSTONE BRIDGE
Figure 2

_—
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When power is applied to this bridge the current flowing in the R /R, branch is equal to the current flowing inthe R /
R, branch. Thisistrue becauseall resistorsareequal. Sincethereisno voltage difference between points 1 and 2 there
isno current flow through the ammeter. Thisbridge isin abalanced condition.

Now let’sincrease the resistance of R, and R, to 350.5 ohms, and decrease the resistance of R, and R, to 349.5 ohms.

10V R 349.5Q

UNBALANCED
2 WHEATSTONE BRIDGE
Figure 3

R4 350.5Q

R3 349.5Q

Asyou can see, the bridge becomes unbalanced. Thereis actually three paths for current flow in this circuit.

m  Path1l Negative battery terminal through R, and R, back to the positive battery terminal.
m  Path2 Negative battery terminal through R, and R, back to the positive battery terminal.

m  Path3 Negative battery termina through R,, the ammeter, R, and back to the positive
battery terminal.

Noticethistimethereiscurrent flow through theammeter. Thiscurrent flow isaresult of apotential difference between
points 1 and 2. The larger the potential difference the larger the current flow through the ammeter.

2.8 Load Cell

We cantakeour strain gauge and Wheatstone bridge theoriesand usethemto construct aload cell. Wewill useacolumn
of steel and glue a strain gauge on each of the four sides of the column. Asweight is placed on top of the column, the
length of thecolumnwould decrease. Thecolumnalsowould become*fatter,” or bulgeout. Two straingaugesareplaced
opposite of each other to respond proportionately to the change in length.

Two other gauges are placed on opposite sides of the column and respond to the change in the column’s bulge. Since
one pair of strain gauges become shorter their wire diameters become larger and their resistance decreases. The other
pair of straingaugesare positioned so their wireslengthen, thusdecreasing their diameter and increasing their resistance.
If we hung the same weight from the bottom of the column instead of compressing the column we would be placing
tension onit. The column and strain gaugeswould act in the opposite direction but still stretch and compress the wires
by the same amount. See Figure 4 - Strain Gauge on page 13.
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Front & back gauges shorten,
wire diameter increases.

Side gauges lengthen,—p,
wire diameter
decreases.

STRAIN GAUGE
Figure 4

We can wire our strain gaugesinto a\Wheatstone bridge configuration. We can calibrate the ammeter to read in pounds
instead of amps. Ineffect weactually haveascale. Of coursethisisacrude, very inaccuratescale. Itisintended to show
the basic load cell principle. Load cells are made in different shapes and configurations. The strain gauges are
strategically placed for peak performance. See Figure 5.

+ Excitation

° b + Output

- Output

- Excitation

LOAD CELL
Figure 5




3.0 LOAD CELL ELECTRICAL THEORY

OBJECTIVE: Familiarization with load cell electrical theory.

58Q

-In (-Exc)
30Q 10Q
C1 349.5Q Tp 350.5Q
L +Out (+Sig)
Co 349.5Q
T1 350.5Q
58Q
+In (+Exc)

30Q 10Q

O -Out (-Sig)

The Wheatstone bridge configured above is asimple diagram of aload cell. Theresistors marked T, and T, represent
strain gaugesthat are placed in tension when load is applied tothe cell. Theresistorsmarked C, and C, represent strain
gauges which are placed in compression when load is applied.

The+Inand-Inleadsarereferred to asthe +Excitation (+Exc) and -Excitation (-Exc) leads. The power isappliedtothe
load cell from theweight indicator through theseleads. The most common excitation voltagesare10VDC, and 15VDC
depending ontheindicator and load cellsused. The+Out and-Out leadsarereferredto asthe+Signal (+Sig) and -Signal
(-Sig) leads. The signal obtained from the load cell is sent to the signal inputs of the weight indicator to be processed
and represented as aweight value on the indicator’ s digital display.

As weight is applied to the load cell, gauges C, and C, compress. The gauge wire becomes shorter and its diameter
increases. Thisdecreasestheresistancesof C and C,. Simultaneously, gauges T, and T, are stretched. Thislengthens
and decreased the diameter of T, and T, increasing their resistances. These changesin resistances causes more current
toflow through C, and C, and lesscurrent toflow through T, and T,. Now apotential differenceisfelt betweenthe output
or signal leads of the load cell.

Let’ stracethe current flow through theload cell. Currentissupplied by theindicator throughthe-Inlead. Current flows
from -In through C, and through -Out to theindicator. From theindicator current flows through the +Out lead, through
C, and back to theindicator at +In. In order to have acomplete circuit we needed to get current from the -In side of the
power source (Indicator) to the +In side. Y ou can see we accomplished that. We also needed to pass current through
the indicator’s signal reading circuitry. We accomplished that as the current passed from the -Out lead through the
indicator and back to the load cell through the +Out lead. Because of the high internal impedance (resistance) of the
indicator, very little current flows between -Out and +Out.

Sincethereisapotential difference between the-Inand +Inleads, thereis still current flow from -Inthrough T, and C,
back to+In, andfrom-Inthrough C and T, back to+In. Themajority of current flow inthecircuitisthroughthese parallel
paths. Resistorsareadded in serieswiththeinput lines. Theseresistorscompensatetheload cell for temperature, correct
zero and linearity.

Let’slook at aload cell bridge circuit in mathematical termsto help you understand the bridge circuit in both abalanced
and unbalanced condition. Our Wheatstone bridge can either be drawn in a conventional diamond shape or as shown
in the diagram on the following page. Either way, it isthe same circuit.
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- LOAD CELL ELECTRICAL THEORY CONT.
-Exc
10V —
—1 Ry 350 R3 350Q
+Sig /:7\ -Sig
\Z
R4 350Q
Ro 350Q

+Exc

We havereplaced theammeter with avoltmeter which will represent the display on our weight indicator. Also, theleads
connected to our indicator are designated +Sig and -Sig. These represent our positive and negative signal leads. The
10volt battery represents our indicator’ s power supply that providesthe precise voltageto excite or power theload cell.
The resistance values represent our four strain gauges which make up our load cell.

Sincethereisnoload onour cell, al strain gauge resistances are the same. Using Ohm’sLaw we can figurethe voltage
dropsat points 1 and 2. Each branch contains 350Q + 35022 = 700Q2 of resistance. The current flow inthe branchisthe
branch voltage divided by the branch resistance.

IR1+R2: R1+R2 IR3+R4: ER3+R4
R +R, R,+R,
= 10V = 10V
700Q2 700Q
=143 mA =143 mA

To figure the voltage at point 1 we can use Ohm'’s Law.

ER3 = IR3R3
= 14.3 mA x 350Q
=5V

Since all resistances are equal, the voltage at point 2isalso 5V. Thereisno voltage difference between points 1 and 2
thus a zero reading is displayed on our indicator.

Now let’splaceaforceon our load cell. Our forcecaused R, and R, to gointo tension, whichincreased their resistances.
R, and R, went into compression, which decreased their resistances. These changes are depicted in the following
diagram.

1ov

; Ry 350,50 ; R3349.5Q

(V)

2 (V) 1
% % R4 350.5Q
R, 349.5Q

Notice that theindividual branch resistances still total 700Q so thereisstill 14.3 mA of current flowing in each branch
of our circuit.
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LOAD CELL ELECTRICAL THEORY CONT. -

However, there is a potential difference between points 1 and 2, thus a reading is displayed on our indicator. Let's
calculate the potential difference.

Tofind thevoltage at point 1 wewill calculate the voltage drop acrossR,. Weknow the current flow through R, is 14.3
mA.

ER3 = IR3 (R3)
= 0.0143A (349.5Q)
= 4.9979V

Tofind the voltage at point 2 wewill calculate the voltage drop acrossR,. Again, we know the current flow through R;
is14.3 mA.

ERl = IRl (Rl)
= 0.0143A (350.5Q)
= 5.0122V

To find the potential difference between points 1 and 2 we subtract E_, from E_, and find the difference to be .0143V
or 14.3 mv.

We seethat our bridge has become unbal anced and the potential difference acrossthebridgeis 14.3 mV. Theindicator
iscalibrated so acertain millivolt reading would correspond to a certain weight measurement. Aswe previously stated
theindicator draws current. But itsinternal resistanceis so high that the current it drawsis negligible and has no affect
on load cell operation.

3.1 Wiring

A load cell may have a cable with four or six wires. A six-wire load cell, beside having + and - signal and + and
- excitation lines, also has+ and - senselines. These senselines are connected to the sense connections of theindicator.
These linestell the indicator what the actual voltageisat the load cell. Sometimesthereisavoltage drop between the
indicator and load cell. The senselines feed information back to the indicator. The indicator either adjustsits voltage
to make up for the loss of voltage, or amplifies the return signal to compensate for the loss of power to the cell.

Load cell wiresare color coded to help with proper connections. Theload cell calibration data sheet for each load cell
containsthecolor codeinformationfor that cell. RicelLakeWeighing Systemsal so providesaload cell wiring color guide
on the back cover of our Load Cell Product Selection Guide.

3.2 Calibration Data

Eachload cell isfurnishedwithacalibration datasheet or calibration certificate. Thissheet givesyou pertinent dataabout
your load cell. Thedatasheetismatchedtotheload cell by model number, serial number and capacity. Other information
found on atypical calibration data sheet is output expressed in mV/V, excitation voltage, non-linearity, hysteresis, zero
balance, input resi stance, output resistance, temperature effect on both the output and zero balance, insulation resistance
and cablelength. Thewiring color codeisalsoincluded onthecalibration datasheet. Seeasamplecalibration datasheet
on page 17.

3.3 Output

A load cell’ soutput is not only determined by the weight applied, but also by the strength of the excitation voltage, and
itsrated mV/V full scale output sensitivity. A typical full scale output for aload cell is3 millivoltsivolt (mV/V). This
means that for each volt of excitation voltage applied at full scale therewill be 3 millivolts of signal output. If we have
100 Ibs applied to a 100 Ib load cell with 10 volts excitation applied the load cell signal strength will be 30 mV. That
is10V x 3mV/V=30mV. Now let'sapply only 50 Ibsto the cell, keeping our excitation voltage at 10 volts. Since 50
Ibsis 50% or one half of full load, the cell signal strength would be 15 mV.

1
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Rice Lake Weighing Systems
Calibration Certificate

Model No. 50210-25
Seria No. 37647
Capacity 25 |bs
Output 3.0678 mVv/V
Excitation 10 Volts
Non-Linearity < 0.010 % FSO
Hysteresis < 0010 %FSO
Zero Balance -0.0230 mv/V
Input Resistance 375 Ohms Nomind
Output Resistance 350 Ohms
Temperature Effect
Output < 0.0005 %/F
Zero < 0.0010 %/F
Insulation Resistance 5000 MegaOhmsat 50 VDC
Cable Length 20 ft
NTEP Certificate No. ok
Minimum Dead Load (Ib) FHxE
C|a$ *k k%
V ml n *k k%
n Maximum el
Load Cell Usage *ok kK
Safe Load Limit (Ib) ko
Wiring

Red + Input

Green + Output

White - Output

Black - Input

Shield




4.0 LOAD CELL TERMS

OBJECTIVE: Familiarization with load cell terminology.

Weknow that aload cell isan electromechanical device. It can be called atransducer asit converts oneform of energy
to another — mechanical force or stressto electrical energy. A load cell hasvarious characteristicsthat are measurable.
These characteristics are determined by the type of metal used, shape of theload cell and how well it is protected from
itsenvironment. To understand load cells better there are termsthat you need to become familiar with so you can better
match the load cell to your application.

CALIBRATION - The comparison of load cell outputs against standard test loads.

COMBINED ERROR - (Nonlinearity and hysteresis) - The maximum deviation from the straight line drawn between
theoriginal no load and rated load outputs expressed as a percentage of the rated output and measure on both increasing
and decreasing loads.

CREEP - Thechangeinload cell output occurring over time, whileloaded, and with al environmental conditionsand
other variables remaining constant.

CREEP RECOVERY - Thechangein no load output, occurring with time, after removal of aload which had been
applied for a specific period of time.

DRIFT - A random change in output under constant load conditions.

ECCENTRIC LOAD - Any load applied parallel to, but not concentric with, the primary axis.

ERROR - The algebraic difference between the indicated and true value of the load being measured.
EXCITATION - Thevoltageappliedtotheinput terminalsof aload cell. Most load cellshavearated excitationvoltage
of 10VDC. Thereareload cellsavailablethat arerated at 15, 20 and 25 VDC and a so somethat have both AC and DC
excitation ratings.

HYSTERESIS - Themaximum difference between load cell output readingsfor the same applied load. Onereading
is obtained by increasing the load from zero, and the other reading is obtained by decreasing the load from rated load.

Hysteresisismeasured as percentage of thefull scalerated output (% F.S.). Commonload cell hysteresisvaluesare.02%
F.S., .03% F.S. and .05% F.S.

INPUT BRIDGE RESISTANCE - Theinput resistance of theload cell. It is measured by placing an ohmmeter
across the input or excitation leads. It is usually higher than the output bridge resistance because of the presence of
compensating resistors in the excitation circuit.

INSULATION RESISTANCE - TheDCresistancemeasured betweentheload cell circuit and theload cell structure.
NON-LINEARITY - Themaximum deviation of the calibration curvefrom astraight line drawn between the no load
andrated load outputs. Itisexpressed asapercentage of thefull-scalerated output. It ismeasured onanincreasingload

only. Common non-linearity values are .02% F.S. and .03% F.S.

OUTPUT - Thesignal produced by the load cell where the output is directly proportional to excitation and the load
applied. The signal must be in terms such as millivolts per volt (mV/V) or volts per ampere (V/A).

OUTPUT BRIDGE RESISTANCE - The output resistance of the cell. It is measured by placing an ohmmeter
between the signal or output leads. Common bridge resistances are 35022, 4802, 700¢2, 750Q and 1000<.
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- LOAD CELL TERMS CONT.

OUTPUT, RATED - Theagebraic difference between the output at no load and the output at rated load.

REPEATABILITY - Themaximum differencebetweenload cell output readingsfor repeated loadingsunder identical
loading and environmental conditions.

RESOLUTION - Thesmallest change in mechanical input which produces a detectable change in the output signal.
SAFE OVERLOAD RATING - The maximum load, in percent of rated capacity, which can be applied without
producing a permanent shift in performance characteristics beyond those specified. A common safe overload rating is
150% F.S.

SENSITIVITY - Theratio of the change in output to the change in mechanical input.

SHOCK LOAD - A suddenincreaseinload usually caused by dropping weight onto the scale. Can cause permanent
load cell damage.

SIDE LOAD - Any load acting 90° to the primary axis at the point of axial load application.

TEMPERATURE EFFECT ON RATED OUTPUT - The change in rated output due to a change in ambient
temperature. Itisusually expressed asthe percentage changein rated output per 100°F change in ambient temperature.

TEMPERATURE EFFECT ON ZERO BALANCE - The change in zero balance due to a change in ambient
temperature. Itisusually expressed asthe changein zero balancein percent of rated output per 100°F changein ambient
temperature.

TEMPERATURE RANGE, COMPENSATED - Therangeof temperatureover whichtheload cell iscompensated
to maintain rated output and zero balance within specified limits.

TOLERANCE - A magnitude fixing the limit of allowable error or departure from true performance or value.

ULTIMATE OVERLOAD RATING - Themaximum load, in percent of rated capacity, which can be applied toa
load cell, without producing a structural failure.

ZERO BALANCE - Theoutput signal of theload cell with rated excitation and with no load applied, usually expressed
in percent of rated output.

The following graph is given to help you understand some important load cell terms.

Calibration Curve

Combined Error—;

OUTPUT

e
<~ Non-Linearity
Rated Output




5.0 TROUBLESHOOTING

OBJECTIVE: Perform physical, zero balance and bridge resistance checks.

Load cells fail in a variety of ways for a variety of reasons. These reasons may be mechanical, environmental, or
electrical. Wewill discussthese reasons and make physical and electrical load cell inspections. Most load cell failures
are caused by incorrect applications or abuse.

Mechanical Failure

Theload cell may fail mechanically or physically. If the cell istoo small for the application, the excessive weight will
causethecell todistort and not returnto itsno load shape, thus keeping the strain gauges either in compression or tension.
Thetotal weight of the weigh structure (platform, hopper, vessel) plus the weight of the material being weighed must
be considered. The number of structural support pointsalso playsaroleinload cell weight distribution. Normally the
total weight of the structure is divided equally between all the load cells.

Shock loading also can cause mechanical failure. Shock loading occurs when the weight is dropped suddenly onto the
scale, which can cause permanent distortion of theload cell. Observe the operators when they areloading the scale. If
they are shock loading the scal e, the operatorsrequiretraining on proper scale operation and/or larger capacity cellsneed
tobeused. Becareful astoolarge of acell capacity can decreaseload cell sensitivity or output below minimumindicator
sensitivity requirements. Non-axial or sideloading can al so cause mechanical failurebesidesmeasurement inaccuracies.
Side load can be minimized through proper use of various types of mounting hardware (See Section 8).

Environmental Effects

Most |oad cellsare compensated to operate within aspecified temperaturerange, usually 0° to 150°F. Theload cell may
operate properly outside these limits. However, the calibration data supplied with the load cell is only valid when the
cell is operated within its compensated range.

Moisture hasavery negative effect on load cell operation. Moisture can cause no output, overload indications, or most
commonly, continuous drift and erratic scale operation. Moisture enters a load cell through cut cables or through
pressure. If anon-hermetically sealed load cell is used in ahigh pressure washdown application, water will be forced
in the load cell.

Chemicals can cause corrosion of the load cell. Corrosion can work its way into the strain gauges, especialy if the
material used to protect agai nst the environment hasworn away. A stainless steel load cell may be required to keep the
cell from corroding, but may not prevent the penetration of moisture. Some chemicalssuchas chlorinecan even corrode
stainless steel.

5.1 Physical Check

Thefirst step totakewhen troubleshooting aload cell isto check for distortion, cracksor rippling of themetal. All welds
should befreeof cracksor deep pox marks. Look for crimps, cutsand excessiveabrasionsontheload cell cable. Moisture
can enter anywherethe cableiscut. Themoisturewill wick itsway to theload cell and cause problems such asunstable
readings.

5.2 Zero Balance

Asgivenin our Load Cell Terms section, zero balance isthe output signal of the load cell with rated excitation and no
load applied. It isexpressed in percent of rated output. Zero balance changes usually occur if the load cell has been
mechanically overloaded.

With noload onthe cell and the cell connected to theindicator, useamillivoltmeter to check theload cell output voltage.
At 10 volts excitation a3 mV/V load cell will output 30 mV at full load. At a 1% tolerance the load cell with no load
applied should output lessthan .3 mV or 300 uV. (.01x 30 mV =.3mV). A zerotolerance of greater than 1% may be
cause to condemn your load cell. Regauging may be impractical as a mechanical overload usually causes permanent
structural damage. Some load cells may operate properly with a shift of up to 10%.
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Another balance check may be made which compares one half of the bridge circuit to the other half. With the load cell
leads disconnected and no load applied to the cell, perform the following steps.

m  Short the signal leads together. This action will yield a circuit that looks like Figure 6.

Rs
R7 -Exc
Re
R1 R3
_ _ LOAD CELL CIRCUIT
- Sig * Sig Figure 6
R2 R4
Rg
+ Exc
WW
R9 R10

m  Measureand record theresistance between thesignal leadsand the-Exclead. (Measuresparallel
combination R /R, in series with -Excitation compensation resistors)

m  Measureand record the resistance between the signal leads and the +Exc lead (M easures parall el
combination R/R, in series with +Excitation compensation resistors)

m  Thedifference between the above two readings should be zero ohms.

5.3 Bridge Resistance

The bridge input resistance is measured by placing an ohmmeter between the +Exc and -Exc leads. The bridge output
resistance is measured by placing an ohmmeter between the +Sig and -Sig leads. The normal resistance readings are
found on the load cell calibration data sheet. Y our measured readings should be within 1% of the values stated on the
calibration data sheet.

Y ou can a so take measurements between the following parts of the bridge:

+Exc to +Sig +Exc to -Sig
- Exc to +Sig - Exc to -Sig

The -Exc to +Sig measurement and the -Exc to -Sig measurement should be identical. Thisisalso true of the +Exc to
+Sig measurement and the+Excto-Sig measurement. Any differencesinreadingsindicatedamagetotheloadcell. Let’s
take alook at some load cell resistance readings and determine if these readings represent a functional load cell or one
that isdamaged. Figure 7 (on the page 22) will represent the type of load cell we are testing.

TROUBLESHOOTING CONT.
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Rs 58Q

R7 10Q

- Exc

R1 350Q

+ Sig

R4 350Q

R 350Q Rg 580

+ Exc
Rg 30Q2 R10Q
- Sig
LOAD CELL RESISTANCE READINGS
Figure 7
Normal  -Sig -Exc  +Exc +Exc -Exc  -Exc
Output to to to to to to
Resistance +Sig +Exc +Sig -Sig +Sig  -Sig
LOAD CELL A 350Q2 350 4102 2922 292Q2 292Q2  292Q
LOAD CELL B 350Q2 3502 4102 2922 292Q2 295Q2  295Q
LOAD CELL C 350Q2 3502 4102 289 2952  289Q  295Q
LOAD CELL D 350Q2 00 410Q  292Q 00 292Q 00
LOAD CELL E 350Q2 7002 7602 3802 10802 380 3802

NOTE: Anohmmeter reading of « isan infinity or open reading.

Figure 8

Inexample A of Figure 8, we seethat the input resistance (-Exc to +Exc) is410Q. Thisisthe sum of the 35022 bridge
and the equivalent resistance of the resistors placed in the excitation leads. The output resistance is 350Q. All other
resistancesareidentical. Thisisagood load cell. Let’sexamine how the 292Q was obtained for the bridge resistances.
Weknow that these four resistorsare 350Q2 resistors. Wewill ook at the equivalent circuit that isbeing measured when
we place our ohmmeter across the -Exc and -Sig leads.
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TROUBLESHOOTING CONT.

-Exc

R7 10Q

R5/6 20Q

R1 3509 R3 3502
R4 3509

R2 3509

We now simplify the circuit.
R, R, andR,areinseriesasareR, and theequivalent R /R, parallel combination. We can add these seriesresistorsand

simplify our circuit to the following.
-Exc

30Q

Son

The 350Q and 1050Q resistors are in parallel. To find the equivalent resistance we will use the formula R = R R,
TR +R

1 2"

_ 350Q (1050)
Rr 350Q + 1050

367500
1400

262Q2

We now add the 30Q seriesresistance for atotal circuit resistance of 292Q. The other resistances are calculated in the
same manner.

Inexample B, the +Excto +Sig and +Excto-Sig readingsareidentical asarethe-Excto +Sig and -Excto -Sig readings.
Even though all the bridge resistance values are NOT the same, thisload cell will operate properly. Both sides of the
bridge are still balanced.

Referring to example C we see that the +Exc to +Sig and +Exc to -Sig readings differ from each other as do the -Exc
to+Sigand-Excto-Sigreadings. Thisload cell isadamaged cell. 1t wasprobably mechanically overstressed and failed
to fully return to its no load position. This cell should be condemned.
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TROUBLESHOOTING CONT.

InexampleD wehavesomeopenreadings. All theopenreadingsoccur whenever wearetaking ameasurement involving
the-Siglead. Inthiscasethe-Siglead isopen or became detached from the strain gauge. Depending upon the cost of
thecell, it may beadvantageousto havethiscell repaired. Wewill look indepth at the strange readingsfoundin example

E. Firstof al, the problemis an open gauge. InthiscaseitisR,.

Our -Sig to +Sig measurement is represented by the following diagram (with R, open).

-Sig

Ry 3500 Rp o

R3 350Q R4 350Q

+Sig

Total resistanceis 700Q (R, + R,)

-Exc to +Exc measurement:

R1 3502 R3350Q

Ro R435OQ

Since R, is open there is no path to complete our measurement through it. Our ohmmeter will read the sum of all

resistances except R, and R, for atotal of 760.

+Exc to +Sig measurement:

Rp @

Ry 350Q

R3 350Q

+Sig

SinceR, isopen
Ry = R, *R/R+R,
R, = 10Q +20Q + 350Q
R, = 380Q




-Excto + Sig measurement:

-Exc to -Sig measurement:

+Exc to - Sig measurement:

TROUBLESHOOTING CONT.

SinceR, isopen
R, = RAR/R+R,
R, = 100 +20Q + 350Q
R, = 380Q
R1 350Q
R2 o
R4 350Q
+Sig
SinceR, isopen
R, = R, *R/R,+R,
R, = 10Q +20Q + 350Q
R, = 380Q
SinceR, isopen
Sig Ry R, = Ry HR/R, +RARR,
R, = 10Q + 20Q + 350Q + 350Q +
350Q
R, = 1080Q

R4 350Q
R3 350Q

R1 350Q




TROUBLESHOOTING CONT. -

Whenever you are measuring the resistance of your load cell draw adiagram. It may help you see which resistors are
actually in your measurement circuit.

Y ou may not know the value of the compensation resistors. Thiswill not keep you from being ableto evaluate your load
cell. Just remember:
m  The+Sigto - Sig reading is the output bridge resistance and should be within 1% of the rated
output resistance (normally 350€2, 700Q or 1000€2).
m  The+Exc to-Exc reading (bridge input) will normally be larger that the output reading as there
are compensating resistorsin the excitation circuit. Seethe calibration certificate for the normal
input resistance.
m  The-Excto-Sig and -Exc to +Sig readings should match as should the +Exc to +Sig and +Exc
to -Sig readings.

5.4 Resistance to Ground

Resistanceto ground or electrical leakage, is often caused by water contamination within the cell or cable. Anunstable
output isagood indication of water contamination. Theresistance between all |oad cell leadstied together and the load
cell metal body should be 1000 megohmsor higher. Y ou can measurethisvery highresistancevaluewithamegohmmeter
(often referred to asa“megger”). The megger should not put out over 50 voltsto prevent load cell damage. If the cell
failsthistest, removetheground wirefromtherest of theleadsand retest with all | eads except theground wire connected
together. If the test is now good (greater than 1000 MQ), an insulation problem in the cable is suggested.

The Wheatstone bridge configuration amplifies the effects of |eakage resistance between the signal leads and ground.
A leakageresistance path of one megohm can cause an appreciableshiftin zeroload cell output. Leakageresistancedoes
not seriously affect the calibration of the instrument but it will cause the instrument to appear to have unstable zero
because leakage resistance is not steady.

ICaution:
Do not cut the load cell cable. The load cell is calibrated with a certain amount of cable attached.

If the cable is cut, the warranty and calibration data will be void. When returning load cells for
credit or evaluation, include the calibration data sheet to avoid a recalibration charge.




6.0 LOAD CELL CONSTRUCTION

OBJECTIVE: Familiarization with load cell materials and sealing techniques.

6.1 Materials

6.1.1 Aluminum Load Cells

Aluminum load cell elements are used primarily in single point, low capacity applications. Thealoy of choiceis2023
becauseof itslow creep and hysteresischaracteristics. Aluminumload cellshaverelatively thick web sectionscompared
totool steel cellsof comparable capacities. Thisisnecessary to provide the proper amount of deflection in the element
at capacity. Machining costs are usually lower on aluminum elements due to the softness of the material. Single point
designs can be gauged for costs similar to those of bending beams.

6.1.2 Tool Steel Load Cells

L oad cellsmanufactured from tool steel elementsareby far themost popular cellsinusetoday. The cost to performance
ratio is better for tool steel elements compared to either aluminum or stainless steel designs. The most popular aloy is
4330 because it has low creep and low hysteresis characteristics. This type of steel can be manufactured to spec
consistently, which meansthat minuteload cell design changesdon’t have to be made every timeanew lot or new steel
vendor is selected.

6.1.3 Stainless Steel Load Cells

Stainless steel load cells are made from 17-4ph, which isthe aloy having the best overall performance qualities of any
of the stainlessderivatives. Stainlesssteel cellsare more expensivethan tool steel load cells. They are sometimesfitted
with hermetically sealed web cavities which makes them an ideal choice for corrosive, high moisture applications.
Stainless steel |oad cellsthat are not hermetically sealed havelittle advantage over comparable cells constructed of tool
steel, other than a higher resistance to corrosion.

6.2 Strain Gauge Protection Alternatives

Environmentally Protected, Non-Washdown

6.2.1 Potted Cell

One method of environmentally protecting aload cell is potting it with a special silicon-based material. This material
feelssticky and gelatinous. It easily returnstoitsoriginal shapeafter aforceisappliedtoit. Thisisimportant asthispotting
material must not affect the operation of the cell. A 100% silicon material isnot used, asthis material isvery corrosive.
The potting material fills the strain gauge cavity and decreases the ability of moisture to reach the strain gauges.

Environmental protection of aload cell isnecessary to help keep out unwanted contaminants, such as moisture, which
will causeerratic cell operation. Wheninstallingload cells, runthecablesoit slopesdown, away fromthecell. Moisture
in the cable will work itsway to theload cell. It isalso good practice to allow the conduit away to drain moisture out
of itself. An environmentally protected cell is not suitable for high moisture, steam, or washdown applications
(see hermetically sealed on page 28).

6.2.2 Foam Backed Plate

Some load cell strain gauge cavities are protected by afoam backed plate that is secured over the cavity. Thistype of
protection aff ords somemoisture and forei gn obj ect protection but doesnot protect the cell aswell asthe potting material
of apotted cell.
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6.2.3 Neoprene Sleeve

Another type of environment protection isthe use of aneoprene sleeveor boot. The boot coversthe strain gauge cavity
andissecured by clamps. Thestrain gauge cavity iseasily accessed for repair. If theboot isnot lubricated, it will crack
which will, of course, allow moisture into the cell cavity. It is good practice to lubricate this sleeve during routine
inspections.

Washdown

6.2.4. Hermetically Sealed

Thehermetically sealedload cell givesthe best protection against moi stureand other contaminants. Thecavity iscovered
withametal cap whichissealed by solderingittothebody. A true hermetically sealed load cell al so hasawelded header
where the cable terminal |eads are soldered. This preventswater from wicking into theload cell body itself. Thesecells
are the most expensive cells but are required in high moisture and washdown environments.

6.2.5. Welded Seal

A welded seal load cell can be constructed of stainlessor aloy steel. The gauge cavity iscovered with ametal cap which
is sealed by soldering it to the load cell body. Unlike atrue hermetically sealed load cell, awelded seal load cell does
not have awelded header wheretheload cell cableenterstheload cell. Theload cell cable should be run through conduit
for acceptable use in mild washdown environments.



7.0 LOAD CELL TYPES

OBJECTIVE: Identify load cell types and their applications.

Load cellsare built in various sizes and types for various applications. We will ook at the different type of load cells.

7.1 Canister

The canister cell is the earliest load cell design. It is hermetically sealed, thus providing excellent environmental
protection. The canister cell can be purchased as a tension, compression or universal (used for either tension or
compression applications) load cell. Compression cells are equipped with a load button where the load is applied.
Tension cells are mounted by the use of threaded holes into which the mounting device is threaded. See Figure 9--
Canister Load Cell.

Load Receiving Heliarc Weld
Diaphragms _ Element N

Can
N |
Column
S
] Axial Strain
Gauge

=)
I
! N N :
Electrical \n \\ \\ gr:SS;/erse Strain
Compensation il \ I g
Components | k

CANISTER LOAD CELL
Figure 9

Canister cell popularity iswaning astheir costis2 or 3timesthat of abending beam cell. Therearetwo typesof canister
construction, single columnand multiplecolumn. Single column canisterscannot normally withstand asideload of over
15%. Multiple column canister cellswithstand more side |oad than the single column variety. The canister cell ranges
in sizefrom 100 |bs up to 500,000 Ibs. The normal safe overload is 150% of full scale (F.S.) but some models are able
to withstand a 300% F.S. overload. Thereis no means through visual inspection or labeling to identify which cellsare
singular or multiplecolumn. Refer to original manufacturer’ sspecificationsor RicelL akeWeighing Systems’ Load Cell
Product Selection Guide to determine your cell's specifications.

Canister cellsusually are made of high alloy tool steel and have an epoxy finish. Their rated excitation ranges from 10
VDC to 20 VAC/DC. Common bridge resistances are 350Q2 and 480Q.
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ICaution:

When replacing acompression type load cell you should also replace the bearing plate. This plate
contacts the load button and applies the load to the cell. Over years of use the point where the
bearing plate contacts the load button becomes worn and forms a cup. The new load cell load
button will fit into that worn cup and cause side stress on the new load cell. In a few months you
will probably be replacing that new load cell. If you fabricate the bearing plate yourself you will
need to have it hardened. Some technicians turn the bearing plate over. If the plate is not
hardened on the new side it may wear prematurely.

7.2 Single Ended Shear Beam

The single ended shear beam cell isdesigned for low profile scale and process applications. The shear beam cell strain
gauge cavity containsathin metal diaphragm onto which the strain gauges are mounted. Typical shear beam capacities
range from 100 Ibs through 20,000 Ibs, although some manufacturers offer shear beams up to 40,000 Ibs. One end of
the shear beam containsthe mounting holeswhilethe oppositeendiswherethecell isloaded. Thecell should be mounted
on aflat, smooth surface with high strength hardened bolts. The larger shear beam cells have more than two mounting
holesto accommodate extraboltsto keep the hardware from stretching under stressload. See Figure 10-- Single Ended

Shear Beam.
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Bolts Load
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-A \I—I
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Stable Boot
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SINGLE ENDED SHEAR BEAM
Figure 10

Shear beamsoperate best in atemperaturerange of +15°Fto 115°F. Their maximum safe operating range with minimum
performance changeisfrom0°Fto 150°F. Shear beam zero outputsshould befrequently checked when operating at high
temperatures. These cellsmay be overloaded statically up to 150% of rated load without damage. Overloadsin excess
of the safe overload rating may permanently affect the accuracy and performance of theload. Shock loads having peak
valuesin excess of 120% of rated cell capacity may also affect the calibration and should be avoided.

Shear beams may be constructed of tool steel or stainlesssteel for usein harsh environments. Just becauseacell ismade
of stainless steel does not mean it can be used in washdown environments.




7.3 Double Ended Shear Beam

The double ended shear beam characteristics are similar to those of the single ended shear beam. The most common
bridge resistancefor thisload cell is700Q. It ismost commonly used in truck scales and tank and hopper applications.
Instead of being secured at one end and the load applied to the other end as in the single ended shear beam, the double
ended shear beamissecured at both endsand theload isapplied to the center of theload cell. Asinall shear beam designs
the strain gauges are mounted on athin web in the center of the cell’s machined cavity. See Figure 11 —Double Ended
Shear Beam.
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DOUBLE ENDED SHEAR BEAM
Figure 11

7.4 Cantilever Beam

Cantilever beamsaresimilar to shear beams. However, the cantilever beam doesnot haveathinweblocated inthestrain
gaugecavity. Thecantilever beamismachinedall theway through. Thestrain gaugesare mounted along theinner edges
of the cavity. Most cantilever beams have a bridge resistance of 35022 and either 3mV/V or 2mV/V full scale outputs.
They range from capacities of 25 Ib up to 10,000 Ibs. However, there may be afew larger cantilever beams being used.
They can be used in tension or compression applications.

7.5 S Beam

SBeamload cellsderivetheir namefromtheir shapewhich, of course, isthe shapeof theletter S. The Sbeamisnormally
used in tension applications. However, there are Sbeams avail able which are bidirectional. They are primarily used for
mechani cal-to-el ectronic scal econversions, platform scaleand general purposeweighing applications. They varyinsize
fromaslow as 25 Ibsto ashigh as 20,000 Ibs. When mounting an S beam, remember to include the side from which the
cable extendsin the dead portion of the system. Movement of the cablein thelive part of the system can be a source of
weighing errors.

LOAD CELL TYPES CONT.
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7.6 Platform

Theplatformload cell issometimescalled adual -guided cantilever beam cell butismorecommonly referredtoasasingle
point cell. They areusedinlight capacity bench scales. They are most commonly madeout of al uminum. Someplatform
scaleshavebuilt-inoverload stops. Safeoverloading of 200% full scaleispermissibleat the center loading point on some
platform load cells. They are commonly made in 2 kg through 1000 kg and 2 Ibs through 1000 Ib sizes. The bridge
resistance is commonly 350Q. See Figure 12—Platform Load Cell.

Compression

Tension

Tension
Compression

PLATFORM LOAD CELL
Figure 12



8.0 LOAD CELL MOUNTING ASSEMBLIES

8.1 Tank and Hopper Kits
8.1.1 Isolated Tension Cell Mounting Assembly (ITCM)

Thel TCM isdesignedfor tank and hopper wei ghing appli cationsand mechanical scaleconversions. It utilizesan Sbeam
load cell mounted between clevisand rod end ball joint assemblies. This construction reducesthe overall lengthtoless
than half of thetraditional tension cell mounts. The clevis mountswith nylon insulating washers and teflon™-lined rod
end ball joints, thusisolating theload cell from stray currents. Additional electrical protection isprovided by abonding
strap connecting the two clevis assemblies, routing stray currents around the load cell. Capacities range from 100 Ibs
through 20,000 Ibs per assembly. See Figure 13—ITCM.

ITCM
Figure 13

The ITCM can be ordered as a single mount (load cell separate) or in akit of 3 or 4 assemblies which includes:

m  RL20000 NTEP Certified S beam Load Cell
m  EL604 NEMA 4X Stainless Steel signal trim J-box

m 25 ft. of hostile environment load cell cable

8.1.2 RL50210TA Mini Tank Weighing Assembly

The RL50210TA provides a cost-effective alternative for low range weighing requirements. Beside tank and hopper
applications, thisassembly can beused for small platform scaleswhere shock oading may beaproblem andfor conveyor/
in-motion weighing. The 50 1b, 100 Ib, 150 Ib and 250 |b assemblies come with a RL50210 cantilever beam load cell.
A RL30000W single ended beam load cell is used for the 500 Ib to 2500 |b models. Neoprene isolation/compression
mounts allow for minor misalignment, thermal expansion and shock absorption. See Figure 14—RL50210TA Tank
Weighing Assembly.
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The RL50210TA may be purchased as a single mount or in akit of 3 or 4 mounts. The kit includes:
m  EL604 NEMA 4X stainless steel signal trim J-Box
m  3o0r4RL50210 or RL30000W load cells
m  Neoprene isolation/compression mounts

m 25 ft. of hostile environment load cell cable

RL50210TA TANK WEIGHING ASSEMBLY
Figure 14

8.1.3 RL1800 Series Mounting Assembly

TheRL 1800 assembly isdesigned for medium range capacities (250 Ibs- 10,0001bs). Availableinstainlesssteel or mild
sted, the 1K, 2K, 2.5K, 4K, 5K and 10K load cells are NTEP certified (1000-10,000 Ibs). The assembly utilizes the
RL 30000W shear beam load cell. The RL1800 isacenter-pivoted, tension loaded design mount. Theload is suspended
on a high strength bolt. It is self-checking with multi-directional movement. The mount also can be ordered with
RL 350235 stainless steel NTEP load cells in 1000-10,000 Ib capacity. See Figure 15—RL 1800 Series Mounting
Assembly.

The RL1800 is also compatible with the following load cells:

= RL35023 ®  Sensortronics 65023-5107
m  RL35082 ®  Sensortronics 65023-0113
= RL35083 B Sensortronics 65023S-5113

®  Sensortronics 65083

m  RTI 5123

®m  RTI 9123

3
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RL1800 SERIES MOUNTING ASSEMBLY
Figure 15

8.1.4 RL1900 Series Mounting Assembly

The RL1900 design is similar to the RL1800 except the RL1900 is a stainless steel mount, utilizing a stainless steel,
RL SSB welded seal load cell. It isavailablein capacities of 1K, 2K, 5K and 10K. The RL1900 is also compatible with
RTI SSB and HBM SB3 load cells.
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RL1900 SERIES MOUNTING ASSEMBLY
Figure 16
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8.1.5 RL1600 Series Tank Weighing Assembly

The RL1600 is used for medium to heavy tank and hopper weighing applications. It isavailablein capacities ranging
from 1K through 75K. Its self-checking, easy-to-use design allows the assembly to be bolted directly to the tank leg
without requiring additional mounting platesor load buttons. Thestandard mountisof zinc plated steel constructionwith
a RL 75016 double ended shear beam load cell. Thereis an optional stainless steel model available which utilize the
RL75016SS stainless steel |oad cell or the RL75016WHE hermetically sealed stainless steel load cell. The RL1600is
compatable with Sensortronics 65016, 65016W and 65016WH and Celtron DSR. See Figure 17—RL 1600 Series Tank
Weighing Assembly.

RL1600 SERIES TANK WEIGHING ASSEMBLY
Figure 17

8.1.6 EZ MOUNT 1 - Tank Weighing Assembly

The EZ MOUNT1 Assembly isamedium to high capacity mount ranging from 5K through 250K. It uses a RL70000
double ended shear beam load cell. Theload cellsare NTEP ceritified in capacities of 5K-200K. Itssliding pin design
compensates for temperature variations. This mount can be bolted directly to the tank and floor. It isaself-checking
mount. See Figure 18—EZ Mount 1 Tank Weighing Assembly. Stainless steel mounts using the RL71000HE
hermetically sealed load cells are adlso available.
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EZ MOUNT 1 TANK WEIGHING ASSEMBLY
Figure 18

8.1.7 Paramounts®

Paramounts® kits are used for mounting SB4 or SB10 load cells to vessels, tanks, hoppers, platforms and roller tables
in light to medium applications. They are useful where thermal expansion and contraction of the weighing vessel are
likely, and where dimensional changes caused by loading can occur. Each Paramounts® kit includes:

One EL604 ET Junction Box

One fixed pin mount with SB4/SB10 load cell

One side stop mount with SB4/SB10 load cell

One (or more) free siding mount(s) with SB4/SB10 load cell(s)
25 ft. of load cell cable

R EE———————," 1]
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Fixed pin mounts allow the top plate to rotate only. Side stop mounts allow the top plate to slide along the cell only.
Free sliding mounts allow the top plate to slide freely in al directions. See Figure 19.
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Figure 19

The free diding and side stop mounts have loading pins with Teflon™ coated top surfaces that slide on stainless steel
plates attached to the underside of the top plates. The following figures show some typical applications. See Figures
20-A,B,C,D,and E.
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Figure 20-A
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o |less than 45°

o |less than 45°

Figure 20-B
(= LS
EB - - 3
Fourloadcells Fourloadcellson
onroundvessel rectangularvessel
Figure 20-C Figure20-D
e . .
i |
Free Sliding

Free Sliding

Side Stop Free Sliding
—— —— 1
-— -

Sixload cellsonrectangularvessel

Free Sliding

Fixed Pin

O

Figure 20-E



LOAD CELL MOUNTING ASSEMBLIES CONT. -

Paramounts® are availablein capacities of 1 kilonewton (225 |bs) through 100 kilonewton (22,500 |bs). The SB4/SB10
cells are hermetically sealed and made of stainless steel. A jacking screw allowsthe EMPTY vessel to be lifted clear
of theload cell for maintenance. The cell outputs are matched to +.07%. It should not be necessary to trim theload cell
outputs because of their closely calibrated outputs. The trimming capability of the EL604ET J-box is disabled by the
presence of shunt wires. A Paramounts® Installation Manual is available.

8.2 MVS

The MV S Assembly unilink suspension design checks lateral assembly movement while allowing controlled floating
of the scale deck. The need for check rods, links, and expansion assembliesis eliminated. The MV Sisdesigned to be
used withthe RL 75058A and Sensortronicsload cell model 65058A, or optional stainlesssteel model RL 75060 (ordered
separately), whichisadouble ended shear beam design. Besidestruck scaleapplications, theMV S can be used for track
and horizontal tank applications. Its capacities range from 10K through 125K.

Figure 21

8.3 TransLink

The Tranglink load cell mount is used for heavy capacity tank and truck weighing applications. The mount is made of
fabricated and hardened tool steel in capacities of 25,000 Ib to 100,000 Ib. The pendul ous action of thelinks allows self-
centering of the weighing platform, and the platform hasfree movement in all directionsin the horizontal plane. Install
platform bumpers to prevent overtravel.

The mount is compatible with four different tool steel, double ended shear beam load cells. The RL75040A and the
Sensortronics65040A |oad cellsareenvironmental ly protected styles, whereasthe RL 75223, RT| 5223, and Sensortronics
65040S load cells are welded seal styles.

Figure 22
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9.0 LOAD CELL SELECTIONS

OBJECTIVE: Select proper load cell size and determine output sensitivity.
9.1 Mechanical to Electronic Conversion

It is sometimes necessary to convert a mechanical scale indicator (balance beam or mechanical dial) to an electronic
indicator. The electronic indicator provides adirect weight readout and output signals which can be sent to a number
of types of peripheral equipment, such as printers, computers, data loggers, programmable controllers and remote
displays. The cost of the electronic indicator and load cell may be more economical than maintaining that mechanical
dial.

9.1.1 Determine Scale Multiple
Y ou must first determine the scale multiple or pull at the point of the load cell installation. The load cell is normally
installed in the steelyard rod, which connectsthe transverse lever to the balance beam or cabinet dial tarelever. Figures
23 and 24 show locations of the steelyard rod.

<— CabinetDial
Steelyard Rod

T TransverselLever
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Figure 23
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Figure 24
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Y ou may have aninformation sheet for your scalethat givesyou the scale multiple. However, with most old scalesthis
sheet isno longer available. You still can determine the multiple by using the following procedure.

m Baancethescaeat zero
m  Hangallbweight on the steelyard rod
m  Rebalance the scale and read the new value

The new valueisthe scale multiple. The multipleistypically 20:1 or 25:1 on dormant scales and 400:1 on motor truck
scales.

9.1.2 Load Cell Size

Now that you know the scale multiple, you must determinethe proper load cell size. If you choose aload cell that istoo
light, you may overloadit. If you chooseacell that istoo heavy, its output may beinsufficient to maintain aproper and
stable indicator reading. Theload cell size equals the sum of the live load (scale capacity) plus the dead load (weight
of weighbridge and levers) divided by the scale multiple

Live Load (LL) + Dead Load (DL)
Load Cell Size= Scale Multiple

If therequired |oad cell sizefalls between commonly manufactured load cell sizes, then choose the next higher load cell
size.

Let’s use the following example and determine the proper load cell size.

Live Load = 5000 Ibs
Dead Load = 1000 Ibs
Scale Multiple =20

Using our formula:
LL +DL
multiple

5000 Ibs + 1000 Ibs
20

= 6000 |bs
20

= 300 Ibs
Three hundred pounds (300 | bs) isnot acommon load cell size. The next higher common load cell is5001bs. Y ou don't
want to select acell lower than 300 Ibs as it would be overloaded.

Load Cell Size

If thescaleistobeusedinal ega-for-Trade application where NTEPisarequirement, then consult RLWS' publication
“What is Handbook 44 & What is NTEP” for guidance in selecting a suitable load cell.

9.1.3 Microvolt Per Graduation

So now we know how large our load cell hasto be. But will the selected load cell develop enough signal to provide a
stable indicator display? The analog input sensitivity or microvolt per graduation (uwV/grad) rating of indicatorsvary,
depending on manufacturer and indicator gain settings. Typical uV/grad rangesarefrom 1 uV/gradto 30 uwV/grad. The
uV/gradratingtellsushow much signal it takesto changethedisplay by onegraduation. Seethe manufacturer’ smanual
for your particular indicator. Using our previous example, let’s figure our uV/grad sensitivity.

LiveLoad = 5000 Ibs
Dead Load = 1000 lbs
Scale Multiple = 20
Load Cell Size = 500 Ibs

With 5000 Ibs of live load on the scale having a multiple of 20, the live load felt by the load cell is 250 Ibs.
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LL
multiple

= 5,000 Ibs
20

250 Ibs

Live Load on Cell

Thelive load, 250 Ibs, comprises 50% of our total load cell capacity of 500 Ibs.

If our 500 Ibload cell israted at 3 mV/V, it will output 3mV for each volt of excitation voltage applied at full load. If
we apply 15 volts of excitation, the load cell will output 45 mV, with 500 Ibs applied (3 mV/V x 15V =45 mV).

Since only 50% of our load cell isbeing utilized by the live load, then the live load millivolt output will be 22.5 mV or
22500 uV. (45mV x .5=225mV). To determine the uV/grad of our load cell, divide the live load microvolt output
by thenumber of graduationsfor which our indicator isprogrammed. Wewill program our indicator for 5000 graduations
toweigh 5000 Ibsin | Ib graduation sizes.

Liveload output (uV)
Programmed Graduations

22,500 pV
5,000

= 4.5 uV/grad

uV/grad

Thissignal is sufficient for most indicators. Check your indicator manual to be sure your load cell output is adequate
for your indicator.

The following formula can also be used to figure uV/grad.

Load cell rating (mV/V) x Excitation Voltage (V) x grad size (Ib/grad)
Scaleratio x load cell size

3mV/V (15V) (1 Ib/grad)
20 (500)

4,500 V(1 Ib/grad)
10,000 Ibs

4.5 uV/grad

uV/grad

9.2 Tank and Hopper

We have previously selected aload cell for amechanical - electronic conversion. Now we will select load cellsfor an
electronicweighing systemutilizing atank. Wewill usethreeload cellsfor our configuration. Thefollowinginformation
about our system is known:

LiveLoad = 10,000 Ibs Load Cell Output = 3mV/V
Dead Load = 2,000 Ibs Excitation = 10V
Scale Capacity = 10,000 Ibsx 2 Ibs

To figure out our total system weight at capacity we add the live load and dead |oad.

Total System Weight LL + DL
10,000 Ibs + 2,000 Ibs

12,000 Ibs

_—



LOAD CELL SELECTIONS CONT. -

Theweight will be shared equally by all the cells, so each cell will handle 4,000 Ibs (12,000 Ibs + 3). Thecellswehave
availableare5,0001bloadcells, sothetotal load cell capacity is15,0001bs. Given 10voltsof excitationand afull capacity
load cell output of 3 mV/V, our load cells will output 30 mV at full load (15,000 Ibs). Our liveload is 10,000 Ibs. At
10,000 Ibs our load cell will output 20 mV. Thisiscalculated by finding the ratio of liveload to load cell capacity and
multiplying this ratio by our full scale millivolt output.

Liveload
Load cell capacity

= 10,000 Ib
15,000 Ib

= 2/3x 30 mV
= 20mvV

) x Full Scale mV/output
Live Load Output

X 30 mV

Todetermine our uV/grad sensitivity wewill dividetheliveload signal by our scaleresolution. Sinceour scale capacity
is10,000 Ibs x 2 Ib graduations, our resolution is 5000 graduations.

uV/grad = 20 mvV
5000 grads

= 20,000 uVv
5000 grads

= 4 uVigrad
Using our formula method, our calculations are as follows:

load cell rating (mV/V) x Excitation voltage (V) x grad size (Ib/grad)
No. of load cellsx load cell size

3mV/V x 10V x 2 Ib/grad
3 x 5000

60,000 uV lb/grad
15,000 Ibs

= 4 uVligrad

uV/grad

Using either method, our load cell output sensitivity is4 uV/grad.



10.0 LOAD CELL TRIMMING

OBJECTIVE: Perform excitation and signal load cell trimming.

When using load cellsin parallel itisessential to match their outputs. Itismuch cheaper to manufacture load cellswith
outputsthat are not exactly matched and trim them inthefield than to manufactureload cellswith outputsthat are exactly
matched. A devicecalled ajunction box isused totiethe multi-cell system |eadstogether to provide asingleentry point
for load cell excitation and asingleexit point for theload cell system signal. Variableresistorsarealso providedtotrim
or adjust theload cell signal. Each load cell has adifferent sensitivity than others paralel toit. When weight is placed
on the scale, theload cells do not react with the same output. By trimming these cellstheir outputs are matched to give
accurate measurements. We will discuss two trimming methods: excitation trim and signal trim.

10.1 Excitation Trim

Thisisthe oldest method of load cell trimming. With excitation trimming, series resistance is added to the excitation
circuit of theload cell. This method reduces the amount of excitation voltage that is dropped across the load cell. By
adjusting these variabl e seriesresi stances (potentiometers) theload cell outputscan bematched. A junctionbox diagram
isshown in Figure 25.

Variable Resistors
+EXC < * . *-

Load Cells
/ \
- +

To Indicator
-Exc

+Sig

-Sig = ° ° °

EXCITATION TRIM JUNCTION BOX
Figure 25

Since the potentiometer isin serieswith the excitation inputs, the sum of the voltages dropped across the potentiometer
and load cell isequal to the applied excitation voltage. Most excitation trim J-boxes are three-stage devices. In parallel
withthepotentiometer, thereisalow valueresistor which limitscurrent flow through the potentiometer to limititsrange.
This also reduces the thermal affect and noise of the potentiometer. Also, a jumper wire is installed around the
potentiometer to keep it out of the circuit when trimming of that particular cell isnot desired. It is better to trim a cell
as little as necessary, as the less resistance introduced into the circuit the better.

Thereisamethod of pretrimmingload cellsutilizing excitationtrim. Thismethod allowspretrimming load cellstowithin
+2 graduations without even touching atest weight. Y ou will need an adjustment screwdriver, cal culator and/or pencil
and paper, awire snippers, digital volt meter and the calibration data sheet for each load cell. For greater accuracy it is
recommended that your volt meter have at least a4 1/2 digit display.
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We will pretrim asix cell truck scale.

m  Refer to each load cell calibration data sheet and write down each of the load cellsmV/V rated
output at full load.

CELL # SERIAL # FULL LOAD mV/V
1 65059 3.005
2 66078 2.995
3 64098 3.002
4 65077 2.990
5 66002 3.014
6 65034 2.987

m  The next step is to determine our reference cell. The reference cell is always the cell with the
lowest mV/V output. Inour case, thereference cell isCell 6 at 2.987 mV/V. Thelowest cell is
considered the reference cell because with excitation trimming we can only add resistancein the
excitation circuit and lower the voltage seen by the load cell. We cannot raise the lower cellsto
meet thecellswith higher outputs. Sowecan say thereferencecell isthefixed point of our system.

m  Connect theindicator and junction box that you will beusing in your system to theload cellsyou
want to trim. Allow 20 minutes for the system to come to operating temperature.

m  Turnall potentiometersfully clockwisetoreducetheresistanceval ueof thepot toitslowest value.
Itisnot necessary toturnthelowest cell (referencecell) potentiometer sinceit will remain jumped
out of the circuit. Therewill be adlight audible click when the pots are at their fully clockwise
positions.

m  Cut thejumper wiresfrom around all the potentiometers except the reference cell potentiometer.
This allows the potentiometer to add resistance as you adjust it.

m  Dividetherated mV/V output of the reference load cell by the mV/V outputs of the remaining
cells.

Cell #

2.987/3.005 = .9940
2.987/2.995 = .9973
2.987/3.002 = .9950
2.987/2.990 = .9990
2.987/3.014 = .9910

a b~ wN Pk

Sincewe are dividing themV/V reading of the lowest cell by othersthat are higher, our readings
should be less than 1.0000. If you get a number greater than 1.000, refigure your math.
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m  Usingthedigital volt meter, measuretheexcitationvoltage present at thereferencecell excitation
leads. We will say that the measured value is 14.95 volts.

m  Takeeachreadingobtainedwhendividingthereferencecell by each of theother cellsand multiply
them by the reference excitation voltage.

Cell #
1 .9940 x 14.95 = 14.86
2 9973 x 1495 = 1491
3 .9950 x 1495 = 14.88
4 9990 x 14.95 = 14.94
5 .9910 x 1495 = 14.82

These calculated voltages must be present across each respective load cell excitation terminal before each load cell can
output the sameamount of signal. Placethevoltmeter leadson Cell 1 and adjust its potentiometer for 14.86 VDC. Then
placethevolt meter leadson Cell 2' sexcitation terminalsand adjust the potentiometer for a14.91 VDC reading. Repeat
this procedure for each of theload cells. Before disconnecting your system be sure to mark the junction box asto what
cells go where so you can put them back in the same junction box terminals when permanently installing the system at
thejobsite. Y oumust usetheentire cable supplied by theload cell manufacturer. Shortening thiscablecandlightly alter
the load cell output. This junction box pretrimming system will not eliminate the need to use test weights but it will
minimize the number of passes needed to calibrate the system and save time and effort for movement of test weights.

10.2 Signal Trim

Signal trimming first appeared as an alternative to excitation trimming for use with indicators with gated or chopped
power supplies. Sincethesignal linesarestatic (not chopped), thetrimming resistor isplaced inthesignal or output load
cell circuit. Thesignal strength isvery low as compared to the excitation voltage strength (15 mV vs. 15 valts). If the
trim resistor is placed in serieswith the output the system will be very non linear and unstable. Instead, thetrim resistor
isplacedinparallel withtheoutput. Thisparallel resistanceisrelatively high (40K Qt0 200K Q2). Ittakesalargeresistance
changeto makeasmall output signal change. Thuslow cost resistors and potentiometers can be used with little concern
for temperature coefficient and drift as long as the noise characteristics of the resistor are low. A signal trim diagram
is shown in Figure 26.

EXCITATION

SIGNAL

TRIM POT

SIGNAL TRIMMING OF LOAD CELLS
Figure 26

Cermet pots and metal filmed non-inductive wire wound resistors are excellent for signal trim components. To leave
thissystem asit iswill cause an interaction problem between cellsin amultipleload cell system. The adjusting of one
load cell will affect the other load cell outputs. To prevent thisinteraction, aseriesresistor isplaced in each of the signal
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leadsbetweenload cell andindicator. Theseresistorsmust be stableand very well matched. Typical isolationresistance
values are 2.5KQ + 0.1%. The temperature coefficient should be no more than 10 parts per million (PPM) or .001%,
with 5 PPM being more acceptable. If these resistors are not matched the system will be very non-linear.

Besidesbeing ableto trim the system easily, thereisamost no interaction between zero and span. Thisfactor outweighs
the cost of the resistors. Since there is very little zero span interaction and excellent temperature stability, single pass
calibration isattainable along with fine trimming resolutions. Although signal trimming was devel oped to be used with
chopped power supplies, it is becoming more popular for all multiple load cell applications.

10.3 Junction Box Care

Some of the causes of junction box troubles are:
m  Aging
m  Shock and impact loading
m Water
®  Animals

Aging can causeload cell parametersto drift, thusretrimming may be necessary. Shock and/or impact |oading can cause
azeroshift and unstablereadings, if not total load cell mechanical failure. Water, bothintheform of liquid and humidity,
can be the cause of erratic junction box performance. Scales can become erratic during wet periods and then correct
themselvesduring dry weather. Humidity promotesfungusgrowthoncircuit cards. Thisfungusisel ectrically conductive
and can be very corrosive. Coatings are available to protect the circuit board from contaminants.

NEMA 4 junction boxes are not designed for immersion. Unless the boxes are properly sealed and fittings tightened,
these boxes will not provide the protection for which they are designed. If asilicone based sealant is used, be careful
asit gives off acetic acid asit cures. Thisacid will corrode plating and discolor solder. A vent isnecessary if silicone
isused. Placedesiccantin metal boxesthat are used in humid areas or areas subject to widetemperaturevariations. Rice
canalsobeused but fill thebag only half full asriceexpandswhen it absorbsmoisture. Changethedesi ccant about every
six months. If chemicals, salt or water arelikely to beused around thejunction box, consider usinganon-metallicjunction
box. They sweat less, won't corrode, and are less likely to support fungal growth.

Cables sometimes are an overlooked source of problems. Animals, especially rodents, can chew away cableinsulation.
Moisture then getsinto the cable and wicksits way to theload cell, causing an apparent calibration shift from winter to
summer and erratic performance. For outdoor use, the cableshould be containedinasheath. If rigid conduitisused, slope
the conduit to drain the water away from the load cell. Do not allow it to droop, which can cause water to settlein the
conduit. Metallic conduit also acts to reduce the effect of electric transients.

Before replacing an existing J-box, consider these points.
m |sthe scale properly mounted?
m  Have you checked for mechanical friction and binding?
m  Areany of theload cells suspected of drift or damage?
m  Have any cables been underwater, crushed or abraded?

A new junction box will not cure the above problems. Electronic scales must be properly installed to decrease binding
and friction. Quality installation provides quality performance. Load cell cables are the arteries of the system. If the
cables are damaged or internally damp, the scale will not perform properly. Do not change the J-box unless you have
checked for other problem causes.
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11.0 PRODUCT REVIEW

OBJECTIVE: Familiarization with Rice Lake Weighing Systems’ junction boxes and splicing
kits.

ICAUTION Do not exceed the concentrated load capacity

specified by the scale manufacturer.

11.1 EL210 Junction Box

The EL210isan excitation trim, multicell, expandable summing junction box. If your system regquires more than four
load cells, multiple EL210’ s can be connected in series. To provide remote sensing to the farthest point in the system,
remove the sensing jumpers from all but the farthest unit from the power supply (indicator). Some applicationsfor the
EL210 are:

m  Tank, hopper and vehicle scales

m  Floor scaes

m Summing 2, 3, or 4 cells with trim capability
The EL 210 should be mounted centrally to al load cells. Avoid cutting load cell cables asthiswill ater the rated cell
output. Roll excesscableinto 6” diameter coils and secure with cableties at the junction box. Not only isthis neater,
but the coiled wire formsan inductor that may aid in el ectromagnetic and radio frequency interference suppression and
transient rejection. Thisis, by no means, sufficient transient protection against lightning or other induced transients. To
adequately protect against these transients, employ proper power conditioning and transient protection techniques.

TheEL210isenclosedinaNEMA 4X watertight, dust tight, corrosion resistant enclosure. To retain NEMA 4X water
proof integrity, make sure to fully tighten cable hubs on all connectors. All unused openings must be plugged. A
.375" x 1" nylon plug can beused. If contaminantsdo enter the enclosure, clean the board and enclosure with isopropyl
alcohol. Let it air dry thoroughly before returning it to service.

TheEL 210 hasthree stagetrimming. When shipped, thetrim circuit isjumpered out of the system allowing for usewith
load cellswith exactly matched outputs. If only slight adjustments are required, clip the jJumper wires only for the cell
youwanttotrim. Thiswill allow the 25-turn potentiometer arangeof 0-16Q. If additional trimmingisnecessary, remove
both the wire and resistor to allow a 0-100Q potentiometer range. The range of the potentiometer can be selected by
replacing the fixed resistor with alow temperature coefficient metal film or wire wound resistor of selected value. The
maximum temperature coefficient for this resistor should be 50 parts per million.

11.2 EL211

The EL211 lookssimilar to the EL210. However, the EL211 isasignal trimjunction box. When properly installed, it
issuitable for avariety of indoor and outdoor applications. The EL211 can trim oneto four load cellsindividually or
up to eight cells when two cells are paralleled per section.

SincetheEL211isasignal trim J-box, ittrimsvery small signals. Proper wiring techniquesmust beemployed. All cable
fittingsand cover screwsmust betightened with toolsnot fingers. If theload cell cablesaretoo small for thecableglands,
wrap the leads with electrical tape before tightening the fittings.

Toinstal the EL211:

m  Mount the enclosure securely in alocation convenient for service and away from standing water

m | theload cell cablesare not long enough, use an EL 168 one cell junction box or other various
splicingkitsto extend the cables. Sloppy connection techniquesand cablesplicescangiveerratic
and faulty readings.

m  Routetheload cell cables through the provided hubs.
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m | eave the hubsloose while connecting the wires to the barrier strips.
m  |f not already accomplished, strip theload cell cables 1/4" and tin the endswith resin core solder.

m  Securely connect the leads by loosening the SEM’ s screw terminals and insert the leads beneath
them.

m  Tighten the screw and check the connection for fraying or looseness.
m  Slidethe cell cable back out of the strain relief until the wireis properly tensioned.

m  Tighten the hub until the rubber sleeving protrudes around the cable and the cable does not slip
when pulled.

m  Repeat the process for each connection.

11.3 EL304A

The EL304A isamultiple range signal trimming J-box. The load cell output is changed by adding parallel resistance
across the signal leads. There are 4 individual trim networks on each J-box. (See Figure 27 on page 51). Each trim
network consists of two 2.5KQ isolation resistors which are in series with the load cell signal. Dip switch positions 3
and 4 can be opened to isolate the trim network from the J-box output if thisload cell connectionisnot used. A 100K Q2
potentiometer is connected across the signal lines. There are also 1KQ and 2.5KQ resistors which can be placed
individually or simultaneously in parallel with the 100KQ potentiometer to increase the amount of signal that can be
trimmed from the load cell output. These resistances are placed into the circuit through switches called trim range
switchesthat are in series with the 1IKQ and 2.5KQ switches.

TheEL 304A should bemountedinan areathat isconvenient for serviceand away from standing water. Alsotry to mount
the enclosure where it is not necessary to extend load cell cables. The enclosureisrated NEMA 4X and islikely to be
mountedinadirty, wet or chemically activeenvironment. Placegreaseonthescrew headsto protect themfrom corrosion
and pitting. The mounting is accomplished by using four #8 or #10 screws. The fastened head cannot exceed 5/16" in
diameter and must be larger than 1/4".

The EL 304 can connect and trim four load cells. On atrack scale or other systems where load cells may be connected
together in section pairs, even numbers of cellsup to 8 may be used. Parallel the excitation and signal leads of aload
cell pair and connect them to the same J-box input. The EL304 has a specific trimming network for trimming both
individual cellsand sections of cellsafter they are matched. A separate expansion connector isavailableto daisy chain
anumber of EL304 boxes when more than four cells are summed.

After determining thewiring pattern, routethecablesthroughthenylonstrainrelief hubsandleavethehubsloose. Before
connecting the cables, check the wire ends and make surethey areturned. Carefully connect the load cell and indicator
cablestothe appropriate connectors. After tightening all the connectors, check for loosewiresand pull excess cable out
of theenclosureand tighten thestrain relief hubswith awrench. To bewatertight, the hubsmust betightened to the point
where the rubber sleeving begins to protrude out of the hub. Pull on the cable to make sure that it does not dlip.
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If al theload cellsare perfectly matchedinasystemthen notrimmingisnecessary. Trimming should benormally limited
tolessthan 5% of the output of the cells. The best trim isthe least amount of trim. If alarge amount of trimisrequired,
maybe there is a problem that is the cause. The following chart shows the appropriate EL304A trim ranges.

SWITCH SWITCH 175Q 350Q 700Q 1000Q
#1 #2 Cells Cells Cells Cells
OFF OFF 17% .35% T% 1%

OFF ON 17 - 3.54% .35 -6.85% 7 -12.82% 1-17.35%
ON OFF 17 - 6.69% .35-12.54% 7 -22.30% 1-29.07%
ON ON 17 - 9.64% .35-17.59% 7 -29.92% 1-37.89%

To trim the load cell system, follow these steps:

Enable the cell and its section trimming by turning the dip switches #2, #3, and #4 on (closed).
Switches#3 and #4 connect the load cell to the indicator through the trimming network. Switch
#2 placesa2.5K Q fixedresistor inparallel withthe 100K Q potentiometer. Thisgivesthenetwork
its finest trim range.

Turn all potentiometers fully counter-clockwise to give the highest outputs for each cell.
If section trim is required, place the section trim jumper to ON.

Zero theindicator and place atest |oad equal to 25% of the scale capacity over each load cell (or
section if the cells are paralleled) in the system and record the displayed values.

Confirm that the scale returns to zero each time load is removed as a check for friction or other
mechanical problems.

Determine which load cell (or section) hasthe lowest displayed value. Thiscell (or section) will
not be trimmed. It isreferred to as the reference cell.

Place the test load over one of the cellsthat wastoo high. Adjust the potentiometer for that cell
clockwise until the displayed value matches that of the lowest cell.

Remove test weight and re-zero the scale.

Place the test load over another high output cell and adjust it down to the reference. Repeat this
for each of the high output load cells.

Recheck all load cells to ensure they are reading the same with the test load applied.
If section trimming is required adjust the section potentiometer until all sections match.

Aftertrimmingisdone, replacethecover ontheJ-box. Usingal/2" socket wrenchor largescrewdriver, tightenthescrews
using an alternating pattern. Tighten to ensure the gasket is compressed so the cover will not leak.

Use adesiccant in the box if itisin awet or damp area. The desiccant must be changed every 6 months.

11.4 EL504

TheEL504isasignal trim J-box. Itisideal for tank and floor scalesinlimited spaceinstallations. The EL504 iscontained
in a stainless steel NEMA 4X enclosure. Because of its design the EL504 has special two piece connectors. These
connectorsallow theinstaller to remove the male side of the connector, install the wiring and then replacethe male side
of the connector into the femal e socket on the circuit board.

Sincethe EL504 isasignal trim J-box it istrimmed similar to the EL304. However, the EL504 has only asingle stage
trimming potentiometer. There are no selectableresistorsin parallel with the trim potentiometer (see Figure 28). The
isolator resistors are soldered into the indicator bussinstead of being switchablein or out of the circuit asinthe EL304.
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If aload cell output is not used, the isolation resistors for that particular input must be removed. Other than these
differences, the EL504 is trimmed like the EL304.

To Indicator
® VVAA ®
/ Trim \
Signal from Potentiometer Isolation
Load Cell Resistors
\ Limiting /
Resistor
. NA——9
To Other
Sections of
J-Box
EL304A TRIMMING NETWORK
Figure 28
11.5 EL604

TheEL604 isasignal trim J-box that iselectrically the sasmeasthe EL504. The EL 504 hasremovable connectorswhich
are necessary because of its elongated construction; the EL 604 does not. The EL604 isin astainless steel NEMA 4X
enclosure. Just asthe EL504, the EL 604 isolation resistors must be removed from the board if that load cell input isnot
to be used.

11.6 EL6O4ET

The ELE604ET looks similar to an EL604. Be careful not to mix up the two —the EL604 isasignal trim J-box, and the
ELG604ET isan excitation trim J-box. The EL604ET isenclosedinaNEMA 4X stainless steel enclosure. It istrimmed
like the EL 210 excitation trim J-box.

11.7 IB808S

The JB808S Signal Trim Junction Box can accommodate up to eight load cells.
m  Complete assembly, with cord grips, installed inaNEMA 4X FRP enclosure

m  Summing board only. This board is designed for custom mounting in a watertight enclosure
similar to our NEMA 4X model.

NOTE: When correctly installed, our NEMA 4X FRP enclosure will withstand 40 psi water
pressure for washdown use. (NEMA ratings and test procedures are found in NEMA Standard
250 and a'so in the Rice Lake Weighing Systems' Master Electronics Catalog)

To wire the BB808S into your system:

m  Runacablefrom theindicator to the seven -position terminal strip on the left side of the board.
This cable should be routed through the larger cord grip. Use sense leads when the indicator is
located far from the junction box. Long cable runstend to drop voltage. Sensing circuits detect
and compensate for these voltage drops.
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m  Check that al wire ends have been properly stripped and tinned.

m  Route the load cell cable through their respective nylon cord grip assemblies. Leave the grips
loose until final junction box closure.

m  Connect the load cell cables to the 5-position terminal strips, one load cell per terminal strip,
ensuring the excitation, signal and shield leads are connected to the correct terminal. Make sure
all connections are tight and secure.

m  Cut the jumper wire for each channel that is not being used. These jumpers are labeled J5,

To Trim the JB808S:

m  Set al potentiometers fully clockwise to provide maximum signal output from each load cell.

NOTE: TheJB808S may be used to trim eachindividual cell or asection of two cellseach. To
utilize section trim, there must be two load cells connected to that section. If thereis an odd
number of cells, then each cell must be trimmed individually.

m  To enable the section trim circuits place Jumper J1 to connect J1-1 and J1-2. (J1-2 to J1-3 will
disable signal trim.)

m  Zerotheindicator and place calibrated test weights over each load cell in turn (over each section
if section trim is enabled).

NOTE: Usetheamount of weight as specified by Handbook 44. For afour-cell platform, 25%
of scale capacity to recommended.

m  Recordtheindicator reading for each load cell (section). Eachtimetheweight isremoved check
that the scale returns to zero, making sure there are no mechanical or friction problems.

m  The cell (section) with the lowest reading will be the reference cell (section) and will not be
trimmed.

m  Replacethesametest |oad over each cell (section) andtrim each cell (section) tothereferencecell
(section) reading by using each respective cell (section) trim potentiometer.

m  Recheck all cells (sections) for repeatability.

Final installation procedures are as follows:
m  Pull excess cable out of the enclosure.

m  Tighten the cord grip assemblies wrench tight.

NOTE: To be watertight, each hub must be tightened so the rubber sleeve beginsto
protrude from the hub.

m  Pull on the main cable making sureit is secure.
m  Plug unused hubs to prevent moisture entry.

m  Placedesiccant in enclosureif the J-box isto be used in adamp/wet area. Change the desiccant
every four to six months.

m  Replace the cover and tighten the cover screws in an aternative pattern to be certain the gasket
iscompressed equally.
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11.8 JB1010O

The JB1010isasumming junction box and trimming devicefor uptotenload cells. In new applicationsthat useasingle
junction box, the JB1010 can be custom configured to fit many unique applications. It allows either signal or excitation
trimming of three load cell arrangements: individual load cells, pairs of load cells in sections, or a combination of
individual and paired load cells (see JBB1010 Installation Manual PN 36329 for various trimming procedures). It allows
use of an odd number of cells without modification. Standard units have a local transient suppression network that
provides zone protection against most lightning induced transients. We especially recommend when used with cell
wiring in metal conduit.

11.9 JB1010ST

TheJB1010ST junction box canaccomodatesix, eight, or tenload cellswith transient protection components. Thisboard
cannot be used with an odd number of cells. Any unused channelsrequiremodification. Load cell output can betrimmed
with potentiometers either individually or in pairs. The stainless steel enclosureisrated NEMA 4X to withstand 40 psi
water pressure. Itisnot, however, designed for high-pressure washdown applications, exposure to steam, or exposure
to high-temperature liquids.

SincetheJB1010ST isasignal trimmingjunctionbox, itistrimmedinamanner similar tothe JB808S. However,
the JB1010ST board cannot be used with an odd number of load cells.

11.10 JB818ST

The JB818ST junction box can accommodate up to eight load cells. Additional load cells may be connected to the
JB818ST by wiring additional junction boxesto the expansion terminal on the JB818ST board. Load cell output can be
trimmed with potentiometers either individually or paired in sections. The following chart shows the approximate
JB818ST trim ranges.

SWITCH SWITCH  Adjustment 350Q 700Q
#1 #2 Range Cells Cells
OFF OFF None .35% 1%

OFF ON Fine .35-6.85% 7-12.82%
ON OFF Medium 35-1254%  .7-22.30%
ON ON Coarse 35-17.59% .7 -29.92%

To trim the JB818ST:

m  Turnall theindividual cell potentiometersfully counterclockwiseto give maximumsignal output
from each cell. To trim cells individually, it is best to set the section trim jumper in the OFF
position.

m  Totrimcellsinpairs, setthesectiontrimjumperstothe ON position. If sectiontrimmingischosen,
turn thefour section potentiometersfully counterclockwise so al sectionsareat maximumsignal
output.

m  Removeall weight from the scale and zero the indicator. Place calibrated test weights over each
load cell or section. Theamount of test weightsto be used will depend on the scale configuration.
For specific recommendations, refer to Handbook 44, published by the National Institute of
Standards and Technology (NIST).

m  Record the value displayed on the indicator after the test weight is placed over each load cell, or
over each section. Select theload cell or section that hasthelowest value asyour reference point.
This cell or section will not be trimmed.
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m  Placethesametest |oad over each cell or sectionin turn. Using the corresponding potentiometer,
trim each cell or section downto equal thereference point. Asload cell correctionsare somewhat
interactive, check all cells or sections again for repeatability. If necessary, repeat steps four and
five.

11.11 Splicing Kits
Thereare severa kitsavailableto splice or extend theload cell cabling. Be careful when splicing load cell cables, asthe

spliceis apotential areafor entrance of water into your load cell system. The splice kits need to be properly sealed to
be effective.

11.11.1 EL168 - 1 Cell Junction Box

The EL168 is a non-metallic NEMA 4X enclosure with separate input and output cable fittings. No soldering,
compression or swagged fittings are required. The cable fittings are nylon waterproof strain-relief type. The seven-
position barrier strip is rated at 300 volts and 15 amps. They can accommodate up to #16 AWG wire.

11.11.2 EL214/EL214T

The EL214 isacable splicing kit which prevents moisture from entering the load cell though the cable connector. Its
enclosureisahigh-impact plastic splicing box with liquid tight cablefittings. Each kit containssolder, Teflon™ sleeving,
pre-measured potting compoundfor sealing, and compl eteinstructions. The EL 214 accommodatescableswith diameters
of .187" to0 .312". The EL214T is alarger version which accommodates wire sizes from .270" to .480". The epoxy-
polyamide potting material curesin 2 hours at 73° F.

11.11.3 EL215

TheEL 215 cablesplicingkitisdesigned for usein weather-exposed or direct-burial locations. Each kit containsaplastic
splicingtube, circuit board, insulating resinandinstructions. The EL 215 accommodatescableswith diametersupto.75".
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Appendix A - Units of Measure

Voltage, current and resistance are el ectrical properties. These propertieseach havetheir own unitsof measure asshown
in the chart below.

UNIT MEASUREMENT OF ABBREVIATION

Volt Voltage Vv
Ohm Resistance Q
Ampere Current A

Instead of writing out 25 volts, we can write 25V; | ampere can be written as|A; and 100 ohms can be written as 100Q.
Often times these units are too large or small for easy use. For these cases, we can use prefixesto further qualify each
unit of measure. Refer to the chart below for the most common prefixes.

PREFIX SYMBOL VALUE FACTOR
Mega M 1,000,000 10¢
Kilo K 1,000 103
Centi c .01 102
Milli m .001 103
Micro w .000001 10¢

Whole number symbolsare represented by upper caseletterswhilefractional number symbolsare represented by lower
case letters. The symbol for micro isthe Greek letter “n” NOT alower case“u.” Resistance readings can range from
millionths of ohmsto several million ohms. Let’slook at an example of 60,000 chms and find another way to writeit.
The prefix for 1000 iskilo and its symbol is K. The symbol for ohmsis Q. So we can write 60,000 ohms as 60K Q.
Essentially, we made our value 1000 times larger. (Ohms to kilohms).

When working with electronic weighing systems, it is very common to find very low current and voltage levels. A
common valueis3 mV. We can alsowrite3mV as:

.003 volts

3mv
3x 103 volts

NOTE: 10%isthe same as.001, 1/1000, 1/10° or 1/ (10 x 10 x 10)

Itissometimesdesirableto convert millivolts(mV) tomicrovolts(uV). Millivoltsare 1000timerslarger thanmicrovolts.
So to change millivolts to microvolts we need to multiply the number of millivolts by 1000. For example:

3 x 1000 microvolts
3000 uV

3 millivolts
3mv

These two numbers both represent the same quantity values.
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