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VISHAY SILOWEIGH

What is Siloweigh?

SiloWeigh tells you the quantity of contents in your silo or vessel
- not as an empty or full signal
- not as a percentage full signal based on a level measurement.

SiloWeigh measures the actual weight of the silo and contents to give a true
picture of the amount on hanedand it costs little more than a higlend level
sensor. It uses Silex sensors attached to the silo legs.

SiloWeigh can display the weight of contents in practically any vessel. Examples
are: cement, sand, aggregates, flour, grains such as corn, rice, wheat, oats and
barley, mineral ores, coal, coke, chemicals, plastics, even liquids and liquefied
gases.

Accuracy is typically withil2% of full scale when all legs are fitted with sensors
and stress is within the recommended range (slide 4)

Install and calibrate the system yourself
We deliver a kit with complete instructions.

The SiloWeigh system can be used with any strain gauge sensor. For higher
accuracy, load cells can be used. For liquid level sensing, pressure sensors car
be used.
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Where can SiloWeigh be used?

The name SiloWeigh implies that it is used on
silos. This is true, but it can be used on any ve
that has legs or a supporting structure.

¢KS SlFaasaid [ Hikdamiegsl biutA
"O" (round) section, square, "L" and "S" sectio
have been gauged successfully, as well as skir
silos. The only limitations are the ability to bolt
the Silex sensors onto the surface and the
available stress in the leg.

Bins and divided vessels are a problem becaus
the legs are shared between two or more )
partitions. The partner product SiloWeigh. Net i
has the capability to accept individual leg S|gn e n
and calculate the amount in each section of a [ & :
two-compartment silo as well as in separate birfigs
that have a shared set of legs. |
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What is a Silex Sensor?

Basically it is a load cell, but instead of measuring force,
It is clamped onto a surface where it measures the
extension or compression in the surface

It uses metal foil strain gauges, which consist of a
pattern of resistive foil printed onto a backing material.
These are bonded onto the metal of the sensor

They operate on the principle that as the folil is
stretched or compressed, the resistance of the foill
changes in a defined way

By connecting four gauges in a Wheatstone Bridge
arrangement, the change in resistance can be
accurately measured
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Stress calculator. How? Why?

¢ Itis important to verify that the stress is sufficient to =
give good results T2
First measure dimensions of leg cresstion W !
Enter these into calculator. Use English if you measure t
In inches and tons, Metric if you measure in mm and |
metric tons (tonnes) «~— B——
Enter vessel capacity and number of legs
. .. Units English
Calculator automatically divides total load by numiger " P E—
of leg and calculates stress in each leg. - 075 | inches
Recommendation is given at bottom B 9 | Inches
Stress of less than 800 psi is too low for usable resuts——— 075 | Inches
] ] ] _ Cross Sectional Area 17.63 Sg. Inches
If stress is between 800 and 1500 psi, application [S o enter csa directly 0
marginalg low stress can give readings that drift Capacity of silo 120 | ton
¢ Above 1500 psi is a good application. The higher th@mber oflegs 1
stress, the better will be the results oad per 9 0001 B
] ] ] Stress in leg 3,404 Ib/sq. in.
¢ If calculation gives greater than 15,000, stress iS tQ0 gjex sensor outpur 032 | mviv

high and structure will fail. Check your entries
Recommendation: OK
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How to measure different cross-sections

¢ The CrosSectional Area is the area of the
drawing you would get if you cut out a piece of
leg and drew around it on a piece of paper

¢ Ifthe sides are flat, divide the area into
rectangular sections and calculate the area of
each section, then add them up

¢ Ifthe sides are curved or if you can put a tape
measure around the whole thing, measure the
outside surface and then the thickness

A 4

|

Thickness

¢ Multiply the total circumference by the thickness
to get the csa

¢c 9YUSNI GKS Oal Aya2 GKS
¢ Experiment with calculator to see what it can do

02E

Circumference

dh NJ S
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Skirted Silos

A special case:

You can look upon a thin cylindrical wall as a
aAYy3IES ahée¢ asSOutArazy fS3

Of course, the silo has only one lethe skirt

Typical skirted silos have a wall diameter of 8
to 12 ft diameter (96 to 144 inchesall
dimensions have to be in inches or mm)

Wall thicknesses are typically quite thgn
FTNRY nodHE U2 noneod \ Oe
sections are very strong considering the

amount of material. Try rolling a piece of

paper into a tube and pressing on both ergs

get the idea?

OYVGISNI g tdzSa a | aiay3atsS ahé¢ oSl
SiloWeigh calculator

Ignore spaces for doors etc. when calculating

csa

Thickness

Diameter
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Cross Bracing effects

¢ Some of the silo weight is carried by
the cross braces

¢ Although not usually a large
percentage, it does reduce the stress

In the legs
¢ This can be allowed for in the
calculation
¢ The new Silo Stress Calculator A

Includes Cross Braces

A+B
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The full calculator

L4
m'wr- 5ILO LEG STRESS CALCULATOR

H-BEAM, TAELE OF CROSS SECTIONAL AREAS

Taks reasoramants & Indloaied on dagram and snbern e gresn arees. Uze afher S blus Sngilsh measue colurn on Cross Sactional Cross Saconal Cross Sacona
the red ez meazure column. The stess in the ags ) be caicuiated and a recommendalion wil be gher bejow, Dased Ama, oma, Arem, s, Arma, 053,

on the s7ess cacualsd, ¥ you enter cosz-race dats, Teze wll alsg be Incuged. De=sgnaton | sguars inches squarsinches | Desigraton | squareinches
. "H-BEAM LEB2 WiEZTLre W, readt and TICANESE OF S5Cons a3 Shown, of F you Fave e [ Fie WIDKIZ
Calculator now Include( hul Sesign Iroator, k0t e Zroza-gectonal arera n fh basle at sghe E] WIGKIDD
(; N XL ANy T e same way (hess panaraly Fave only a minor 7B WADEER
¥ affect and can be ignored i Sy ars smail In cxa E2 WO
. Unfs Englkh Weirs 7 WADKER
effects of crosshracing :
. ] T g il T TATREE
N = E r =m H WrRAS
f Tz I mm HDEAS
| I T o5 Inches VADKEE
C an use caiculator S cmaen, i
L ) | [Emce readhvzro e L WACKED
. . L Caoes brace Tizhness § - PHCRZE
without entering cross - S
=ach g aboye sems 3 3 TATET
L, [ s R ) B i
. ¥ '-Lq Capacity of sio on WADKS
race info L= e
o per g T T 7
Sreazh by E N T E
- - | Sle sermor cufpt fuil scais 20 i Wi 2
If crossbrace info is | Ememe o f
g [mtached to g aowe sersor Eftact of crozs braces D001 i

"C" BEAM LEQS AND IKIRTED  Mexsure dameter and thickress of wal 25 shown, or use crumfersnce [see oy

available, calculations e =

are more accurate T
¢ Also a recommendatior SRR —

IS given on crosbrace  peomasere e e

effects and if they are =il 7 Eedama e 120

number of cross braces. Efiect of cross braces FDL

Ilkel to Cause rObIem‘ OTHER EHAPER Wiearsre CiTuniererce IS b5 Sasier, ook toeadin of mesal F secion 5
\ “mzeen”, and thicknass of wall 35 shown

Unfs Englkh Welr
T roe: =m
= =
C SO a e are g Liss Gecamal Area K K| 50, Inches
[T =l c3a clsciy
Emace Ereadhiciourisrene L mm
Croms brare Tickness 1§ mm

different leg formats

Mumicer o braces atiachad to
=ach e abowe ensar 3

Total brace csa 002059, Inches
Capacily of slko on
rumnier of begs
a0 per I=g Fow |6
AR Forw! B i

Ersadt or crcurdference, "CUis the  [Shex sensor oullt fullscale [ SD0AT! [miy
widln of the secton Fopened outfat  Elio Recommendation: R
Efi=ct of cross braces F0IL

Use racommencation In biue for Engilsh measurements and red for Meirc measraments,

Typical range of siress for H-beam legs |3 1000 to 2000 BesqUn. For Crbeam legs f is 2000 to 15000 I'sgdn
Expected oufput from Silex sensorls 0.5 miiy for 10,000 Insg e,

ForShowsigh, wit 12 exdiafion, this aquals & change In signal of JEm for esery 1000 Io'sq. I, of sness.
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Where to mount the Silex sensor

|deally the sensor should be placed on the NA
NEUTRAL AXIS in both directions. This is
where bending the beam does not stretch

or compress the metal NB
The result is elimination of errors due to '

side forces

Usually the sensor can be placed exactly
on one neutral axis but only at some
distance from the other NA
hy 'y ale o0SkYZ asSyazNl Oy oS _ LXI
UKS al€¢€ |TEAA bl odzu Wolg L

unless the metal was hollowed out.

Small allowances have to be made, the
objective being to make installation easy
while minimizing the chance of errors if
the legs are bent or twisted by external
forces
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How to mount the sensor

q

¢ Silex sensors measure the Highest
force in the leg bending

¢ The force is always along the force
axis of the leg, not vertical if
leg is not vertical

¢ The Neutral Axis is on the
centerline of all symmetrical

legs Minimum
¢ Measure the centerline and bending
force

place mounting holes within 5 A o
MKY€é¢€ o0oYYUL 2F O "SNI AYS U2
eliminate side forces

¢ Locate sensors at center of

longest free stretch of leg, Highest
where bending forces are at a bending
minimum force

h
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Preparing legs for installation 1

First, identify the legs on the silo to be fitted.

Pick a location for the sensors. Ensure the
desired mounting location is free from bumps,
burrs, and weld seams. The sensors need to
mount on a flat face.

Draw a vertical line in the center of the leg, at
the chosen sensor location.

Place the drill template on the leg, so that the
line & holes in the template align with the line
previously drawn on the leg. Tape in place.
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Preparing legs for installation 2

With the supplied center punch, punch two marks
through the two holes in the template. Strike the
punch with a hammer.

Remove the template and set aside for the next leg.
Ensure the punched center marks are on the line, and
deep enough to hold the drill bit in place.

14 GKS LldzyOKSR Y
LAt 20 K2tSZ |y
diameter hole. Finally, enlarge the
K2tfS (42 TKMCEOD ''aS | Odz
and prolong the life of the drill bits.

| FFAE GKS &a4Syaz2NJ 2 (KS f
washers provided. Do not tighten yet.

Note: If the drilled holes do not line up with the holes in

the sensor and the bolt jams the sensor, it will be
damaged! Take care!
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Assembly onto H-beam legs
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Assembly onto H-beam legs
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Silex sensor correctly installed
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Assembly on rectangular tube legs
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Connecting to the Silex sensors

Sensors are connected in DafSizain configuration.
Electrically, all connections are in parallel.

In each junction box, connect all wires of same colour

together using the screw connectors provided.
Connect cable shields together in the same way.

— —SENSORS

BAR-GRAPH
INDICATOR
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Connecting:thes Stlex<sensors to-the

Bar GraphoDisplay
Run the cable through the strain relief& —~
into the cabinet. Leave enough cable : .

to attach to wiring running to the door. J |
|

Terminate shield at Ground terminal o
l [

backing plate. Terminate conductors at
bar-graph display connector as shown
here.

Wire Function Pin #

GREEN SIG + (1)

WHITE SI&(3)

RED SEN + (5)

BLACK SEND)

SHIELD GND (power supply
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Verify your installation

Guarantee success by monitoring the sensor as you mount it.
Install sensors on legs but do not tighten bolts
Make all connections in junction boxes and indicator

Apply power and measure signal voltage at indicator (between SIG+ an(
SIGterminals at indicator). You should measure betwekand +1 mV.

Position first sensor centrally over holes on leg and tighten bolts to
about double finger tight

Check that signal voltage has not changed outsidelhe +1 mV band.
Tighten in stages, rehecking each time. If a shift is seen, check hole
alignment and correct as necessary

Repeat for each sensor. Once this procedure becomes a habit, you can
guarantee success in every installation

If you do find holes that are not drilled at the correct centers, it is
possible to utilize one of the two holes and drill a third hole above or
below the first two. Exact location on the leg is not critical.
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How to diagnose a bad sensor

Sensors are checked prior to shipping. They measure force,
and are prone to damage by the forces generated by
dropping, hammering, bending or similar abuse

Each sensor should meet the zero balance specification prio
to installation

The excitation voltage is 12¥%ensor full scale outputis 1
mV/V which equals 12 mV maximum when measured
between SIG+ and Sl@ires (green and white)Zero

balance should be well withtimV to +1 mVA voltage
outside this band indicates that the sensor is under load
(remove all load and try again) or it has been overstressed
and damaged

If inside-5 to +5 mV, it is possibly still usable. If outside this
band, it should be discarded and replaced with a new
sensor.
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Silex sensor installed

¢ Sensor has been installed on leg of
cement silo

¢ Best position was midway between
top of leg (where it joins silo) and
brace seen in picture

¢ Wiring was run below platform and

junction box was installed below
sensor

¢ This installation was on one of several g
silos at a readynix plant in Dubai !

¢ Over 200 silos have been fitted with l%
)
|

SiloWeigh in the UAE alone, and manyF \
more worldwide ’ﬂ
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Calibration ((lovwwWeight)

1. Enter calibration mode by pressing theandz buttons at the same
time. The display toggles betwedlCAL] and [oFF].

2. Press and hold tre or & button. Release the button when the
display changes from [oFF] to [on].

3. Press thé button. The display toggles between [ZEro] and the
previous low setting.

4. Press and hold the or ¢ button to adjust the display to the weigh
In the silo (zero if empty).

5. Press thé button. The display toggles between [Span] and the

previous span setting. If you have natready done so, measure between
SIG+ and St@nd make a note of the millivolt reading along with the
estimated weight in the sild5o no further at this point; se&gpan
Adjustment, below. The display can be left indefinitely in this statet do
not remove power or the sequence will have to be restarted if you do.
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Calibration Spam Adjustment

1. Start the transfer of material from the truck into the silo. When

loading is complete, check the millivolt reading again. The increase

In the reading caused by loading must be greater than 0.7 mV for
Calibration to be possible. If it is less than this amount, transfer a

second load and check again before continuing.

2. Press and hold tre or & button to adjust the display to the weight

In the silo (than one delivery, plus the initial amount in the silo used for

Gl SN2¢ aSiuAy3a 2060GFrAYSR FTNRY (UKS |
If more, if not empty).

3. Press thé button repeatedly to complete calibration and exit.

Before doing anything else, RECORD THE MILLIVOLT READING along wit
new weight value; it can be used for fault diagnosis if necessary.
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Calibration lErrots

ERROR indicates an unsuccessful calibration.
The new calibration values just entered will not take effeghd the
previously stored values will remain.

The four most likely causes of this error are:
1. Low and high signals too similar. Use a larger weight change for the

calibration. Check the mV readings that you have recoraiffierence in
0.7mV or more.

2. The input signal exceeds the requirements of the bar graph. Check the
dead load setting above.

3. No change in input signal due to incorrect installation of gauges. Call
Vishay for guidance.

4. Incorrect values for Zero and Span. Span value must be higher than Zerc
value.
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Use of millivolt readings

¢ Once mV readings have been recorded, together with the weight in the
silo at the time of reading the mV, these readings can be used to check
operation. They are also a valuable diagnostic tool

¢ Deduct the first mV reading from the second to obtain the increase
when weight is added during calibration

¢ Divide this value by the weight delivered into the silo or vessel to obtain
the mV per ton value. Example:

¢ First mV value = 2.3 mV at 9 tons in silo

¢ Second mV value = 5.7 mV after 25.6 tons delivered.
Difference = +3.4 mV for +25.6 tons change

¢ Output from sensors = 3.4/25.6 = 0.133 mV/ton

¢ This can be used as a check of correct operation later and for a rough
calibration if it is not possible to repeat calibration (due to the silo being
full or no delivery being possible etc.)
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Using mV values for calibration

Since the mV values are usually only gootli@®1 mV, accuracy of each reading

IS only this good too. In the example, if the mV difference was 3.4, the accuracy
of any calibration will be 0.2 / 3.46%. Given that this accuracy is poor, an
approximate calibration can still be done if necessary:

To calibrate without a delivery: using a load cell simulator attached to the
indicator in place of the Silex sensors, adjust to the lower mV value. Set the

G h2¢& 2NJ %SNR OFftAON)IGAZ2Y @I fdzS G2 0
and store it

Adjust the simulator to give the higher of the two mV values, set the Span value
to the weight value (tons) related to this reading and store it

1 f GSNY I GA@Stes gAGK GKS {AfSE aSyazN
SadAYlFdAYy3a GKS aratz2Qa O2yiaSyida IyR C
SEN + to SIG +. From the mV difference, calculate the proportional weight
change (tons) and set the Span value accordingly.
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Grounding for lightning protection

If a nearby strike induces a charge in the silo, a voltage is developed
between the silo frame and true ground, to which the plant electrical
supply is connected

This creates a large potential difference between the silo leg and sensor
body mounted on it, and the strain gauges inside the sensor which are
connected to the indicator, at true ground potential

The strain gauge base is thin plastic, able to withstand 50 volts but not
much more. This ruptures and destroys the gauges plus the electronics
of the indicator

Connection of the silo frame to the indicator frame ground can reduce
the risk of damage

For more extreme protection, use lightning arresters on sensor
connections

Note that a direct strike will fry everything. Call the insurance company
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SunsShields How & YWiny??

Supplied with a Siloweigh kit, are some aluminum sheets. This is used ¢
a sun shield.

You may notice a drift in the reading as the sun rises in the morning; thi:
IS normal and is due to a slight warping of the legs caused by sunlight.
Before noon this effect disappears.

The amount of drift depends on the geometry of the legs and the heat
rise; it can be reduced by shielding the legs from the sun

With the system working correctly, and to your satisfaction, the legs can
be wrapped with the sun shield.

¢ KS adzLJLX ASR | f dzYAydzY &aKSSG akKz2d
a little overlap. If your legs are smaller, trim to size, or make multiple
wraps around the leg.
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Sun Shields

Wrap and position the sun shield so that the sensor is centered in the
wrap.

Secure in place with bare steel wire provided. A little tape is useful to
hold the sunshield once wrapped.

Wrap the wire around the sunshield. Cross the two ends over each
other, and continue twisting the ends together to secure the sunshield
In place. Take care to not tighten too much, otherwise the wire will
break.

Repeat for the second length of wire, so that each sunshield is held in
place with 2 pieces of wire; one at the top, one at the bottom.
Additional securing methods may be used.

Repeat for each leg.



VISHAY SILOWEIGH

Fitting SunsShields

2 DRAWSNG NJMGER
STRAPRPING MATER o8 ] S o ~' 4 ?J 1
- A HING Vi/ AL ‘-._I. - ?(/,.
™~
QP
o
SRl NOVIEAD
| LEG WRAFPED
’ o ] | e
PLASTIC SHEET e\ -
'SUN SHEILD'— gy
b= i
S
R o RS i 1) & T i
l. a et 3“4;’/ ,'-,r'
— ” } r J
S II
P N
TTLE
ONCE THE SILOWEIGH SENSORS ARE el EY Sl OWELC -
NSTALLED, ADD THE SUN SHELD ”—-LI NG II—_‘E‘;‘tF-!I\-‘H
WRAP THE SUNSHEILD (PLASTIC SHEET) Fnlliiegl B l_‘
ARCUND THE LEG, ENSURING IT 1§ CENTERED INSTALLATION oo TS e —
OVER THE SENSOR, SCALE | NAME | DATE | CHANGE RN
AFFIX IN PLACE WITH THE 2x STRAPPING OR NESIGN RELEASE QATE
BAILING WIRE. —— B
SECURE STRAPPING WITH SUFPLIED BUCKLE, DREAWN PGS 03/04/29
REPEAT FOR ALL LEGS CHECKED DI, NeER
THIE DRAWING AMD THE INFORMATION THEREON 15 CONFIDENTIAL AND MAY MOT PPV 2451 22
8E COPIED OR USED WITHOUT THE WRITTEN PERMISSION GOF SCALE—TROA INC /




VISHAY SILOWEIGH

Installed Sitex;Senseors
& JunctionBox
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O 0 0 0O

Silex Sensor Kit

Each kit includes everything for
one vessel leg:

Silex sensor
Cable junction box
Waterproof cable strain relief

Bolts, washers and nuts for
sensor

Screws for junction box

Cable tiewraps and sticky
pads

Sun shield and fastening wire
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O 0 0O 0

Installation kit: Through-hole

For legs where both sides are
accessible

Each kit is good for installation of
8 Silex sensors (can be stretched
to more)

Kit includes following:
Hole center marking jig
Center punch

Drill bits of increasing plus final
clearance size

Anti-rust protective spray for
sensors
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Installation kit: Tapped hole

For legs where back is not
accessible. Metal is tapped to
receive the bolts directly

Each kit is good for installation of
8 Silex sensors (can be stretched
to more)

Kit includes following:

Hole center marking jig

Center punch

Drill bits of increasing plus final
tapping size

Tap and handle to match sensor
securing bolt

Anti-rust protective spray for
sensors




Installation kit: Weld tabs

For legs where it is impossible or
Inconvenient to use Drill/tap, or
where leq surface is pot flat.
¢celLJAOFt SEIF YLIX S
aSOuAzZyYy 2F t Saa
diameter

Each kit is good for installation of
8 Silex sensors only

Kit includes following:

Jig to position and hold weld tabs
at correct spacing and flatness
while welding

Sixteen weld tabs with threaded
holes to match Silex mounting
bolts

Anti-rust protective spray for
sensors
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SiloWeigh Display Cabinet

Houses power inlet and fuse,
excitation supply for up to 50
sensors and one baraph
display for one vessel

Kit includes:

Cabinet (picture at right)

150 ft sensor cable
SiloWeigh instruction manual

Bargraph display instruction
manual
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Extra Bar-Graph Option

Each extra vessel requires one
extra bargraph display

Kit includes:

Bargraph display (picture at right
shows original plus 2 optional
extra, 3 total)

150 ft sensor cable for each extra
bar-graph

Cable strain relief for each extra
bar-graph
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Analog output and relay setpoints

¢ Analog Output Option provides
either 420mA or G10V dc
Isolatedoutput, for connection
to PLCs and control systems.

Resolution is 16 bits (1 part in
64,000). ~—— 4

¢ Relay Setpoint Option provides
four relays (2 x SPDT or Form
G! € mMn ! HHN* NJ'ﬂm\'Z_EJf \
{t{¢ Z2ZNICZ2NYXY da/ €Z p ! HHNEEN
rating). These can be set to —x___ o =
close or open as the input rises -
past any preset value. Each has
a corresponding LED indicator —___ 1
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Alarm option

Allows external alarm lamps and
horn to be connected

a/ FyoSt !t N¥Yé& o dzi
but lamp remains illuminated

Kit includes:

Cancel Alarm pushbutton switch
Relay and wiring

This kit is not intended for user
Installation. It is better provided as
I aFl OQU2NB Avyadl
Installed item
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¢

NEMA-4 display cover option

Protects baigraph display from
dust, splashes and spray as well
as protecting the buttons from
being accidentally pressed

This does not make cabinet
totally watertight or
weatherproof

For weatherproof requirements,
mount cabinet within a
weatherproof enclosure
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Best position for sensors

Technician is pointing at the best
place to mount sensors mid way
between braces

This silo demonstrates the simples
and easiest installation

Work can be done from ground
level

No extra structure to be concernec
about

Each silo is separate

Expect excellent results. Good
subject for customer evaluation
YR aaK2gOl asSe
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In this case, mezzanine floor supports two silos, eliminating
the possibility of sensor installation on bottom section.




