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A High Performance
Industrial Weighing System

The continuing emphasis on efficiency and waste control in
the industrial environment has opened new applications ar-
eas for electronic measurement and control systems. Stan-
dard electronic techniques can be used to solve many of
these application problems. In some areas, however, the
measurement requirements are so demanding that novel
and unusual circuit architectures must be employed to
achieve the desired result. In particular, very high precision
transducer-based measurements can be achieved by com-
bining microprocessor and analog techniques. The perfor-
mance achievable can surpass the best levels obtainable
with conventional approaches.

An example of a requirement involves high resolution weigh-
ing of 2000 pound rolls of plastic material. In this application,
the rolls must be weighed before they are fed into machinery
which utilizes the plastic in a coating process. Because the
plastic material is relatively expensive, and the number of
rolls used over time quite large, it is desirable to keep close
tabs on the amount of material actually used in production.
This involves weighing the roll before it is used and then
weighing the amount of material left on the roll core after it
has unwound. In this fashion, the losses accumulated over
hundreds of rolls can be tracked and appropriate action
taken if the losses are unacceptable. Figure 1 shows the way
the rolls are handled and fed into the coating machinery. The
desired weighing system performance specifications also
appear in the figure. Figure 2 shows the specifications for a
typical high quality strain gauge load cell transducer. From
this information, it can be seen that the electronic error bud-
get is vanishingly small. The 3 mV/V specification on the
load cell means that only 30 mV of full-scale is available for
a typical 10V transducer excitation. The desired 0.01% reso-
lution means that only 3uV referred-to-input error is allow-
able. In addition, the gain slope tolerance and temperature
coefficients of the load cells, while small, seem to preclude
meeting the required specifications. The 0.1% gain slope tol-
erance also appears to mandate the need for manual system
recalibration whenever load cells must be replaced in the
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field. Finally, assuming these specifications can be met, an
A/D converter which will hold near 15-bit stability over the re-
quired temperature range is required.

The key to achieving the desired performance is in the real-
ization that the system must be designed as an integrated
function instead of a group of interconnected signal condi-
tioning blocks. Traditional approaches which rely on “brute
force” high stability amplifiers and data converters cannot be
successfully used to meet the required specifications.
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Desired System Specifications

Accuracy, 0.03%

Stable Resolution, 0.01%

Operating Temperature Range, 10°C to 45°C
Full Load Cell Field Interchangeability
20,000 Count Display

FIGURE 1.
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Typical Load Cell Specifications

Gain Slope — 3 mV/V Excitation £0.1%

Recommended Excitation — 10V

Gain Tempco — +0.0008%/°F

Zero Tempco — +0.0015/°F

FIGURE 2.

The approach utilized is diagrammed in Figure 3. In this ar-
rangement a microprocessor is used to effectively close an
analog loop around the load cells with an instrumentation
amplifier and an A/D converter. In this system, four discrete
measurements are continuously performed on each load cell
to determine its error corrected output. Corrections are made
for zero and gain drift and a first-order temperature error cor-
rection is also made. The actual load cell output voltage is
read to complete the measurement cycle. The start of a
measurement cycle is initiated by the microprocessor com-
manding the LF13509 differential input multiplexer A to posi-
tion 1 (See Figure 4). In this position, the amplifier inputs are
connected to one side of the transducer bridge. This deter-

mines the electrical zero in the system at the common-mode
output voltage of the bridge. Physical zero information (e.g.,
“tare weight”) is fed to the microprocessor via a pushbutton
which is depressed when no load is in the chain hoist. This
operation need only be carried out when the system is first
turned on. The multiplexer is then switched to position 2.

In this position, the LM163 inputs are connected across the
middle resistor in a string of resistors. The voltage across
this resistor represents the precise full-scale output voltage
of the load cell transducer. Although the transducers are
specified for only 0.1% interchangeability, the precise value
of gain slope is furnished with each individual device. This in-
formation allows the system to determine the gain slope of
the transducer. In practice, the middle resistor in the string is
physically located within the load cell connector. When any
such equipped load cell is plugged into the system, the value
of this resistor allows immediate and precise gain slope com-
pensation and eliminates the usual manual calibration re-
quirements. When this measurement is completed, the mul-
tiplexer is switched to position 3. In this position the output of
strain gage bridge A is connected to the LM163 instrumenta-
tion amplifier. This signal, which represents the transducer
output, is amplified by the LM163, converted by the A/D and
stored in memory. The fourth multiplexer operation is used to
read the temperature of the load cell. In this position, the out-
put of the LM335 temperature sensor, which is located inside
the load cell transducer, is determined and stored in
memory. The relatively high level LM335 output is resistively
divided by 100 so the LM163 does not saturate. Two sepa-
rate temperature terms, zero and gain TC, affect the load
cell. Although the LM335 provides the absolute cell tempera-
ture, the sign of each temperature term in any individual cell
will vary. Thus, not only the cell’s temperature but the sign for
both zero and gain terms must be furnished. This is accom-
plished by a pin strapping code inside the load cell’s connec-
tor. This sequence of operations is also performed by multi-
plexer B for load cell B. When all the information for both
transducers has been collected, the microprocessor can de-
termine the actual weight of the roll. The temperature infor-
mation provides a first-order correction for the relatively
small effect of ambient temperature on the load cell's gain
and zero terms.
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FIGURE 3.

The gain calibration resistor string inside the load cell allows
complete field interchangeability with no manual field calibra-
tion required. In practice, the load cell connector heads are
modified by the addition of the resistor string, temperature
sensor and temperature sign pin strapping after the cells
have been purchased from the manufacturer. Connector
types with the appropriate extra number of pins are substi-
tuted for the originals and the completed modified transducer
is furnished as a unit to the end user. The stability of this ap-
proach is entirely dependent on the resistors in the gain cali-
bration string. The voltage drive to the bridge need not be
stable because it is common to the gain calibration string

and ratiometrically cancels. Low pass filtering of electrical
and mechanical noise is achieved by displaying the
digitally-averaged value of a number of measurement
cycles. It is worth noting that zero and gain drifts in the instru-
mentation amplifier and the A/D converter are continuously
compensated for by the closed loop action of the micropro-
cessor. The sole requirement for these components is that
they be linear and have noise limits within the required mea-
surement precision. In this manner, the zero and gain drifts
of all active electronic components in the system are elimi-
nated, which considerably simplifies the selection and de-
sign of these components.
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**Ultronix 104A, 0.01% value shown is ideal for precise 30 mV output load cell and must be selected at load cell test.

FIGURE 4.

A schematic diagram of the system appears in Figure 4. For
purposes of clarity only, one load cell and its associated mul-
tiplexer are shown. Details of the microprocessor are also
not included. The LF11509 multiplexer feeds the LM163 in-
strumentation amplifier. The LM163’s output is routed to the
A/D converter section which is composed of a ramp genera-
tor (A1) and a precision comparator circuit (A2-A3). The out-
put of the A/D is a pulse width which varies with the LM163’s
output amplitude. This pulse width is fed to the microproces-
sor which uses it to gate a high speed clock. A loop is com-
pleted by using the microprocessor to control the LF11509
multiplexer address inputs. Operation of the system is best
understood by referring to Figure 5. Trace A is a system syn-
chronizing pulse which is generated by the microprocessor.
Trace B is the output of the LM163, which is connected to the
multiplexer. Each time the synchronizing pulse goes low, the
multiplexer advances one state. The leftmost multiplexer
state in the photograph is the zero signal. The next state is
the gain calibration, which is followed by the strain gage

bridge output and then the temperature signal. The next 4
multiplexer states repeat this pattern for the other load cell.
Each time the multiplexer changes state, the LM163 output
is compared to the A1 ramp generator output (trace C) by the
A2-A3 comparator. A2 acts as a pre-amplifier for the A3 com-
parator, insuring a low noise trip point. When the ramp is
very close to balancing the current being pulled out of A2’s
summing junction by the LM163, A2 comes out of diode
bound (trace D, Figure 5) and trips A3. The rapid slewing,
high level signal from A2 allows A3 to have a noise free tran-
sition (trace E, Figure 5). This output is used to turn off a high
speed clock (trace F, Figure 5) which was started at the be-
ginning of the ramp (comparator-ramp-high speed clock de-
tail shown in Figure 6). The waveforms show that the num-
ber of high speed pulses which occur at each multiplexer
state varies with the LM163’s output. Because the ramp is
highly linear and the comparator very stable, a direct rela-
tionship between the number of high speed pulses and the
LM163 output is assured. The final computed answer at
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which the microprocessor controlled loop arrives will nullify
the effects of drift in the A/D converter and instrumentation

amplifier. A=5V/DIV
In practice, this system has met specifications in the indus-

trial environment for which it was designed. It furnishes a B=10v/0IV
good example of the type of intelligence which is becoming C=10V/ON

typical in industrial measurement and control apparatus. The
interlocking of analog and digital techniques to solve a diffi-
cult measurement problem will become even more common E=50V/DIV

in future applications. .

D=2v/DIV

F=10V/DIV

HORIZONTAL =1 ms/DIV*

'AN005638-4

*System operation normally occurs at a 2 Hz rate but has been sped up
for photographic convenience.

FIGURE 5.

A=1V/DIV (A2 OUTPUT)

Book
Extract
End

C=0.1V/DIV (A1 OUTPUT)

8=5V/DIV (A3 OUTPUT)

D =5V/DIV (GATED HIGH
SPEED CLOCK)

HORIZONTAL =1 »s/DIV

AN005638-5

Details of comparator-ramp-high speed clock interaction:

When A2's output comes out of bound (trace A), the A3 comparator _l_
responds with a clean, noise-free transition (trace B), causing the high

speed clock burst to cease (trace D). Trace C shows the ramp, greatly
expanded. A2-A3 trip point occurs just after the ramp passes center
screen.

FIGURE 6.
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A High Performance Industrial Weighing System

LIFE SUPPORT POLICY

CONDUCTOR CORPORATION. As used herein:

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

1. Life support devices or systems are devices or sys- 2.

A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5620-6175
m Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5620-6179
(@) Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
(q\] Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
! Frangais Tel: +49 (0) 1 80-532 93 58
Z www.national.com ltaliano  Tel: +49 (0) 1 80-534 16 80

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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