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ABSTRACT:

An analysis of the performance of a load measuring system is
presented. The load system was designed to measure the wetght of a
pressure vessel containing high pressure and temperature water. The
uncertainty and frequency response of the system are quantifie< for
both steady state and dynamic conditions as is the repeatability of
the test rig.’ Computation of the mass flow exiting the system during
explosive decompression of the system is also presented.
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SUMMARY

An analysis of the weignht measuring system used in 2 saries »f
transient steam water flow tests is herein presented. The analysis
yi2lds two sigma static uncertainties of 0.59% RG and dynamic
uicertainties of 7.8% RG, The system frequency response is flat to
).3 hz, and not quantified at any higher frequencies. Tiie purpose of
the weight measuring system is to provide a reference mass flow for
assessing the performance of a variety of experimental mass flow
transducers. The experimental transducers are currently used in the
Loss-of-Fluid Test (LOFT) program. Thus in addition to the
uncertainty in system weight, this analysis quantifies the
repeatability of the test rig, and describes in detail the computation
of mass flow given the time history of system weight.
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[. INTRODUCTION

A transient steam water calibration facility was constructad to
test Loss of Fluid Test (LOFT) mass flow instrumentation. The primary
design criterion of the facility was the capability to calibrate LOFT
instrumentation under fluid conditions identical to those in LOFT.
Achievement of the design goal required that the geometry and initial
fluid conditions of LOFT be duplicated and that a reiiable reference
mass flow instrument be installed in the calibration system. There
exists no standard reference instrumentation for multiphase
calibration facilities, thus all mass flow sensing methods were
considered. The requirements for an acceptable reference were
severe, The reference must survive a high pressure (15.5 MPa)
temperature (550 K) environment, measure the global mass flow through
the blowdown piping, and be unaffected by the multi-phase nature of
the flow. The only instrument which met these requirements was a load
cell based weighing system. This paper presents an analysis of the
frequency response, static and dynamic uncertainties of the load cell
system.

The quantification of the uncertainty in mass flow measurement
was achieved through a combination of experimental and analytic
techniques. The lack of a recognized standard for multiphase mass
flow calibration forces all uncertainty estimates to be compared to
single phase standards, this creates uncertainties quantifiable only
be engineering judgement. The stochastic nature of fluid requires
that averaging techniques be applied to the data to produce repeatable
results. The selection of appropriate averaging methods also requires
engineering judgement to be utilized. Thus, the assessment of the
accuracy of the reference instrumentation was a combination of
engineering judgement and standard single phase calibration
techniques.

Ela
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Uncertainty was quantitative both for static and dynamic conditions.
The static uncertainty limits the uncertainty in the total mass flow and
provides a lower bound for the dynamic uncertainty if no filtering is appl-ed.
The dynamic uncertainty quantifies the frequency response of the mass flow
measurement and the uncertainty in the measurement at each frequency. The mass
measurement repeatability between tests is addressed both in the static and dvnamic

analyses.
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IT. WEIGH SYSTEM DESCRIPTION

The design goal of the WTT load c2ll weigh system was t2 weigh
the WTT system during explosive decompression. The weigh system
consisted of two primary subsystems, the load system, and the data
processing system. The load system produced a filtered electrical
outout proportional to the system weight. The data processing system
used the electrical output of the load system to produce system weight
and rate of change of system weight in engineering units. Figures 1
and 2 respectively present schematic representations of the weight and
data processing subsystems.

The pertinent aspects of the load system are the load cells, the
sway bracing and the air bag supports for the blowdown piping. The
design concept was to support the weight of the blowdown vesse! and
fluid on the load cells and the weight of the blowdown piping and
stabilizing mass on the air bag support system. Computer analysis,
Reference 3, indicated that a negligible (< 15 Kg) amount of load
sharing would occur between the load cells and the air bag support.
Unfortunately this computer analysis neglected long term thermal
effects as initially only short duration blowdowns were anticipated.
The long term thermal effects problem resulted in a redesign of the
load cell system. The primary change was the addition of another load
cell. The weigh system configuration change and its effect on overall
system uncertainty will be documented in a later report. This report
addresses only fast transients (< 300 sec) for which the computer
analysis was assumed valid.

The Toad cells were selected with fast transient capability. The
load cells were manufactured by Interface. Appendix A contains the
manufacturer's specifications. B3riefly each load cell has a range of
0 - 226.82 Kilonewtons and a frequency response of not less than
100 Hz. The load cells are a strain gauge shear web design. Each

X
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load cell has a dual bridge; one is inputted to the data acquisition
system, and the other is displayed in real time. The system consisted
of three load cells spaced at 120 degree intervals around “1e vessal
s shown in Figure 3. The output of the load c2lls was algeoraically
summed which produced an output directly proportional to load.

The air bag support system was the only other major load bearing
component in the weight system. The air bag support system consisted
of two separate supports, one located next to the vessel, and one at
the end of the blowdown leg. Air bags were supplied by Firestone and
Lord Kinematic. Firestone air bags were located closest to the vessel
and the Lord Kinematic supported the stabilizing mass at the end of
the blowdown leg. Manufacturer's specifications and schematic
diagrams, for these components are given in Appendix B. The relative
stiffness of the air bag and load cell supports determines the amount
of load sharing which will occur. The ratio of stiffness of load
cells to air bag (See Reference 2) support is at least 1000; thus, the
load cell support system would acquire at least 1000 newtons of load
for every 1 newton the air bag system acquires. The load sharing
described assumes no major structural changes occur in the system.

The only major non vertical load bearing component of the weigh
system were the sway braces. The design goal of sway brace system was
to restrain all horizontal motion of the vessel. The desigr concept
was to restrain the vessel with large mechanical braces.
Implementation of this system resulted in the sway braces absorbing
some of the vertical loading of the vessel. This system was
redesigned for the second series of tests.

The software system for producing mass flow data is documented in
Appendix C. The essentials of the software process are
(1) 50 sample/sec sampling rate, (2) optional Tow pass digital filter,
(3) differentiacing by computation of finite differences, (4) output
of data. Additionally, the program documented in Appendix C computes
the mass flow based on information from the vessel differential
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pressure cells and compares the differentia) pressure and load cell
data. The program is written in Fortran IV and is implemented ¢ a
CYBER 173-176 system. Provision has besn made for reproduction of
nigher frequency load cell data via 5000 4z analog reccrding of the
load cell bridge output.
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I11. STATIC LOAD CALIBRATION

The WTT load system was statically caliprated. The static load
tests consisted of a series of fill, hydrostatic, and heatup tests.
The fill tests established the load cells accuracy, the degree of lcad
sharing between the load cells and airbag supports, and the effects of
asymetric loads on the vessel. The hydrostatic pressure tests and
heatup tests quantified the WTT system sensitivity to pressure and
temperature. The fill tests were conducted prior to and during the
actual blowdown testing period. The pressure sensitivity of the weigh
system was not suspected until after testing began; thus the pressure
tests were conducted during the transient testing period. Attempts at
quantifying the temperature sensitivity were made prior to and during
transient testing. The results of the static load testing were in
general satisfactory.

The fill tests consisted of metering water into the WTT system
and recording the output of the load cells. The load cells were dual
bridge devices. One set of bridges was summed analog and the output
displayed. The second set of bridges was inputed to the data
acquisition system. A total of six cold fill tests were conducted on
the WTT system. The tests spanned a two and one half month interval.
Table [ summarizes the data from these tests and Figure 4 is a plot of
1 typical series of data sets. The reference instrument for each fill
test was a Foxboro Mark 1 F1-16-SB full flow turbine serial number
31064. The uncertzinty of this turbine was <0.2% RG as determined by
single phase flow testing by the Foxbgre Company.

The procedure for conducting a cold fill test involved metering
water into the WTT system and recording the output of the load cell
system and the amount of water metered into the vessel. Appendix D is
the test procedure used to perform the fill tests. The data used to
calculate the WTT system static uncertainty was acquired by the Wyle
computer system and therefore incorporates the uncertainties due to
quanrtization, signal transmission, and computer system effects.
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The effect of asymetric system loading was quantified during the
fi1l tests and by subjecting the load ring to point lozds of
aporoximately 1250 newtons. Asymetric loads of aporoximately
4406 newtons were placed on the system during the fill tests due %0
the mass distributed in the Llowdown piping. No measurable change in
the sum of the load cell outputs was detected while asymetric loads
were placed on the system; therefore, the effect of asymetric loads on
system uncertainty is deemed neglible, <0.05¥ RG,

The WTT system static load uncertainly design requirement was
1% RG. Range was 40800 newtons. Range was determined by the mass of
water required to fill the WTT system at 172.5 MPa and 550 K. The
required uncertainty of the weigh system was achieved after
modification of the air requlating system and the turbine meter fiil
system. The static sy tem weigh uncertainty was 0.59% RG
(241 newtons),

The long term drift uncertainty of the weigh system was
2stablished by repeating the calibrated fill tests approximately two
months later, Figure 5 is a comparison of two calibration tests taken
two months apart. There is no statistically significant (95%
confidence) difference in the calibration coefficient (the offset
varies but this is removed on a test by test basis). Thus, long term
drift uncertainty is deemed negligible (<0.05% RG).

Uncertainty in system load due to pressure effects was quantified
in a series of cold and hot hydrostatic tests. The results of these
tests are tabulated in Table [I. Figures 6 and 7 represent the range
of results obtained. A total of four cold pressure tests and two hot
pressure tests were conducted. In general, the system load appeared
sensitive to pressure; however, no repeatable functional relationship
could be derived. Investigation of system load at decompression
initiation revealed a step change in load occurring simultaneously
with system subcooled depressurization to saturation and no detectable
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load sensitivity to pressure during the remaining depressurization.
Figure 8 is a typical load cell blowdown trace illustrating the
initial step change. Analysis of data gathered during *ransisnt
testing indicated that the sway brace system was assuming significant
vertical load during system pressurization and was releasing that load
when the depressurization shock wave propagated through the system. A
hot hydrostatic test and system depressurization was conducted with
the sway brace system removed to verify the analysis. Figure 9
presents the hot hydro with sway brace removed data. The data
fndicate a slight increase in load with pressure. The increase in
system load is commensurate with the mass required to raise the system
pressure by 7.5 MPa. Thus, the removal of sway braces removed any
system pressure sensitivity., The weigh system uncertainty due to
pressure changes was deemed negligible (<0.05%) if a mechanical shock
sufficient to remove any friction vertical load bearing in the sway
brace system occurs prior to measurement. If a mechanical shock does
not occur, the uncertainty is approximately 27% RG.

The weigh system uncertainty due to temperature fluctuations was
not fully quantified. Tests were conducted tc reveal system
sensitivity to small (20 K) temperature fluctuations. Those tests
demonstrated no significant weigh system temperature sensitivity, WTT
system design precluded varying system temperature significantly while
maintaining system mass constant. Thus, no quantitative large scale
system temperature sensitivity was calculated. System temperatuyre
sensitivity was judged neglible for transients less than 300 seconds.

The static weigh system uncertainty consists only of the
uncertainty in the force measurement of the load cells as all other
uncertanties are less than 0.05% RG assuming that the effects of the
Sway bracing have been nullified. The uncertainty in system weight
under static conditions is therefore + 255 newtons (+ 25.5 kg or
0.59% RG),

-8-
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IV. DYNAMIC LOAD UNCERTAINTY

The quantification of the Wyle Transient Test system's dynamic
uncertainty requires both experimental and analytic methods. The
exper imental methods allow the direct measurement of the system's
response to physical excitation. The analytic approach yields
estimates of the system uncertainty given the system's static response
and the filtering applied to the output. Thus estimates of the
system's frequency response have been obtained experimentally and
quantification of the system uncertainty has been obtained
analytically,

The experimental analyses involve the load cells and their
structural support system, The suppori system acts as a complex
damped spring mass system, the spring constants, etc. of which are
unknown. The experiments performed to quantify the system frequency
response included low frequencv excitation of the system and broad
band system excitation via explosive decompression of the system. The
lowest frequency observed during either explosive decompression or low
frequency excitation was 3 Hz. Figures 10 through 13 are power
spectral densities (PSD's) of the individual load cells and their
electronic summation. There is a clear peak evident in the PSD's of
load cells 002 and 242 and a slightly more 111 defined peak in load
cell 122 and the net load. A1l of these peaks occur within 0.2 hz of
3 hz. Figures 14 and 15 present PSD's of the output of a velocity and
momentum flux instrument respectively. These instruments are located
in the center of the blowdown piping 2 meters from the blowdown
vessel. Neither the velocity nor momentum flux PSD exhibits any
clearly defined peaks. Thus since these two measurements incorporate
both density and velocity measurements it is evident that the 3 Hz
phenomena measured by the load cell system is an artifact of the load

¢11s and their support system, not a real oscillation in mass flow.
The experimental data then provides the basis for engineering
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juc ent in establishing the upper bound of frequency response for
mass flow computed using the load cells. This upper bound is set at
0.3 Hz, one decade below the lowest measured load cell systam resonant
frequency.

The computational software system provided the means for
extracting the desired frequency range and calculating the mass flow
given system mass. Analysis of the software system provided an
estimate of the uncertainty in mass flow after the signal had been
processed, Signal processing consisted of analog and digital
filtering. The analog filtering consisted of a 4 pole 10 Hz filter.
The digital filter was a convolution of a 112 tern low pass filter and
a 25 term derivative filter. The digital filters were implemented as
a weighted sum of finite differences. Figure 16 is the transfer
function of the digital filter. A1l signais used to calculate the
static uncertainties were passed through the analog filter, hence any
uncertainty associated with the analog filter is integral to the
static uncertainty estimate. Uncertainties associated with the
digital filter are calculated via Equation (1) (see Reference 4).

cfz B °u2 ék CK2 (1)
where
cfz = uncertainty in filtered output
cuz = uncertainty in unfiltered output

&k * coefficients of digital filter.

Equation (1) yields an estimated uncertainty in mass flow of
2.16 X10™3 newtons/sec (0.22 grams/sec) given the static uncertainty
of (25.5 kilograms). A basic assumption of Equation (1) is that the

-10-
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system deing filtered is a linear time invariant system. This
assumption is probably invalid when considering signal magnitudes of
the order of 1 newton or Tess., Thus a reasonable engineering 2stimate
of the uncertainty in system mass flow is 0.5 kg/sec (20), assuming
that the digital filter described in Appendix C is applied to the
data.

The dynamic uncertainty within any single test has now been
analytically quantified. The dynamic repeatability however remains
unknown. The dynamic repeatability is a function of many independent
variables, These variables include initial system pressure, water
temperature, metal temperature, and temperature distribution. Few of
these parameters are well defined, thus an experimental approach must
be employed to obtain meaningful estimates of the system's dynamic
repeatability. ‘

The WTT experimental series included several replications of
identical pretest configurations. Table III presents the results of
comparing the first and second test series. Figure 17 is an overlay
of the mass flow for three identical blowdown tests. Estimates of the
instantaneous repeatability between tests were obtained by computing
the deviation from the first test of the test series. All tests
started at time zero as defined by the time a 5.0 MPa drop occurred
across an orifice in the blowdown piping. Equation (2) was used to
compute system instantaneous repeatability as wel) as integrated mass

repeatability,
' 2
Vs \/—‘é 3l
o * AT 2)

where

-11=-
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X1 = reference channel

X. = all other channels

JGI =  instantaneous standard deviation

Figure 18 is a plot of instantaneous repeatability of mass flow
for the first test series. System instantaneous repeatability varies
widely during the blowdowns with the largest levels occurring during
the subcooled portion of the blowdowns and at approximately 20 to
25 seconds. The time period of 20 to 25 seconds corresponds to the
time when the downcomer uncovers. The mean instantaneous
repeatability in mass flow for time segment is given in Table III.C.

«12=
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V. CONCLUSION

The transient steam water calibration facility's raefarence mass
flow system has proven to be an accurate, repeatable and durable
system. The isolation of the transducers from the internal
environment of the system has allowed the mass flow system to perform
reliably for more than twenty experiments. The nature of the
transducers, being they measure system weight directly, has
contributed to their accuracy and has eased the computational
requirements to r —uuce mass flow rate. The uncertainty in static
system weight is + 25.5 Kg, the uncertainty in mass flow (assuming
filtering is applied to the signal) is 0.5 Kg/sec. The weight systems
frequency response is flat to 0.3 Hz and has not been quantified for
greater frequencies. Additionally the ﬁransient facility's
repeatability has been quantified. The repeatability of the weigh
system is an integral part of the transient system's repeatability but
nas not been quantified separately. The transient systems worst case
repeatability is + 20.1 Kg/sec, 7.8% of range.

[t is the recommendation of the authors that load cell based
systems be considered for all future transient two phase systems and
that weigh systems be recommended as a standard reference for the
industry,

-13-
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TED FILL

TABLE !

OF THE WYLE TRANSIENT T

Calibration

Test Coefficient Correlation
No. Date Kg/Volt** Newtons/Volt Coefficient
1 6/26/79 1731.6 17282 0.9997

2 6/28/79 1690.5 16371 1.0000

3 6/28/79 1689.5 16861 1.0000

4 7/2/79 1434,5* 14316 . 1.0000

5 7/25/79 1699.5 16961 0.9999

6 8/29/79 1702.7 16993 1.0000

LTR-L0-87-80-132

FACILITY
Standard
Neviation

of Y on
X # of
_Kg Newtons Points
23.7 237 21
10.0 100 22
12.7 127 19
66.2 661 9
8.8 88 27
8.7 87 24

* Flow meter partially bypassed thus this point is not used in any ana.yses.

** Volts = sum of output of loadcells 1, 2, & 3 from data acquisition svstem

output.

-14-
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TABLE II

LTR-LO-87-80-13¢

Pressure Range

Maximum Force Range

Test # MP a Newtons Data Temperature K
1 15 1355 8-6-79 350
2 14 9108 8-22-79 350
3 15 1014 8-28-79 350
4 5 3401 8-30-79 500
5 7.5 - 1181 9-5-79 500
6 17 1866 7-25-79 350

-15-
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TABLE III
COMPARISON OF INSTANTANEOUS REPEATABILITY

A. RMS ERROR (Kg/sec)
TIME INTERVALS (SECONDS)

Test deries 0-10 10-20 20-25 25-40 40-60
[Al 20.1 9.4 17.2 10.3 2.1
[A2 22.8 7.4 16.6 5.0 1.9

B. MASS FLOW (Ka/sec)
TIME INTERVALS (SECONDS)

Test Number 0-10 10-20 20-25 25-80 40-60
IA101 175.7 128.9 59.6 18.2 3.6
IA102 188.0 126.3 83.7 28.5 2.6
IA103 175.6 130.1 83.7 30.8 4.0

[Al Series (Avg) 179.8 128.4 75.7 25.8 3.4
[A201 178.2 129.5 85.9 29.5 3.5
[A202 169.4 130.3 TR.2 24 .9 2.6

[A2 Series (Avg) 173.8 129.9 80.1 27.2 31

C. % OF RD UNCERTAINTY IN MASS FLOW
TIME INTERVALS (SECONDS)

Test Number 0-10 ~10-20 20-25 25-40 40-50
IA101 11 7 29 57 58
[A102 11 7 21 36 81
[A103 11 7 21 33 53
[Al Series (Avq) 11 7 23 40 62
[A201 IR 6 19 17 54
1A202 13 6 22 20 73
IA2 Series (Avg) 13 6 21 18 61
Mean B - 2 G 23 32 83

-16-
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SCHEMATIC OF WYLE
TRANSIENT TEST SYSTEM

1 Load cell

2 Sway Brace @ ’-) , e'/’ !
3 Pressure vessel VE:'J‘ ‘.):.,

4 Downcomer simulator Vo

5 Air bag supports l \ 0% SPCY
6 Test spool piece & &,@; - NI
7 Nozzle assembly [/ N—y’
8 Valve .
9 Burst disk assembly 7
10 Reaction mass
INEL-A-14 791

FIGURE 1
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OVERHEAD VIEW OF LOAD CELL POSITIONS
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N Load Cell 240
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FIGURE 3

2¢E1-08-£8-07-411



-OZ-

Refereiice mass (104 kg/s)

1.2 [ T T I T T ]
Test 1 .’
\».' /'A
*) -
09} o 7 Al
g e
B
,/ S
l.‘ 0/
/d‘ /,/
0.6 o —~
,ov’ ,/.
/. ./
# K
0.3} "3 27 N Test 4 :
7
Test 2 91/.

i 7
e®.” 3
0 L.e,?./ ] L | | | 1 P
16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 T
Sum of ioad celis (V) INEL-A-14 795 :

FIGURE 4



- lz-

Reference mass (104 kg/s)
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Summation volts from load cells

19.75

WYLE LOAD CELL PRESSURE SENSITIVITY
HYDRO
T
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e
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.

—
. . R Range = 1014 N
1
Pressure (MPa) iINEL-A-14 799

FIGURE 6
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Summation volts from load cells

WYLE LOAD CELL PRESSURE SENSITIVITY

[B25P01
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FIGURE 7
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Summation volits from load cells

10
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TYPICAL LOAD CELL BLOWDOWN

VOLTAGE TRACE

T
- -
L 3
10 20 50
Time after rupture (s) INEL-A-14 792

FIGURE 8
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WYLE LOAD CELL PRESSURE SENSITIVITY
HYDRO

(SWAY BRACE REMOVED)

9-5-79
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1st degree
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summatign volts of load cells
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PSD OF LC~122 IAl1@1 +2 TO 37 SECONDS

L i L} L ) L} L) L) L

FREQUENCY 19.

® _raunel caruosl s cosal oo bue

SAMPLING FREQUENCY = 32. E@. FILTER FREUUENCY =~i@.
FRAME COUNT = 2, APS ACCURACY = +-70.71X
INPUT RANGE = +-4 VOLTS RESOLUTION =, 2026 HZ/LINE

PSD OF LC~-@@2 IAIQ21 +2 TC 37 SECONDS

4 L} L i L] L] L L i il

a. FREQUENCY 1a.

SAMPLING FREQUENCY =~ 32, E@. FILTER FREQUENCY =|3.
FRAME COUNT = 2., APS ACCURACY = +-7@.71X
INPUT RANGE =~ +-4 VCOLTS RESOLUTION =, 2625 HZ/LINE
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FISURE

FIGURE
1
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i
I
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PSD OF LC~242 IAI1B1 +2 TO 37 SECONDS
DB REF
3 i | 1 4 1 8 ¥ 1 y i 3

FREQUENCY 8.

NS T T

FIGURE
12

SAMPLING FREQUENCY = 32, E@., FILTER FREQUENCY =123.
FRAME COUNT = 2. APS ACCURACY = +-70.71X
INPUT RANGE = +—4 VOLTS RESOLUTION = 2828 HZ/LINE

Q. PSD OF NETLOAD IAI131 +2 TO 37 SECONDS :

FIGURE
13

a. FREQUENCY 1a.

SAMPLING FREQUENCY = 32, EQ. FILTER FREQUENCY =2,
FRAME COUNT = 2. APS ACCURACY = +-7Q2.71X
INPUT RANGE = +-4 VOLTS RESOLUTION =, 02626 HZ/LINS

27~



LTR-LO-87-80-132

a. PSD OF TURBINE VOLTS IAI1@8! +2 TO 37 SECONDS l
i
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q i
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-
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Q. FREQUENCY 19.
SAMPLING FREQUENCY = 32, EB. FILTER FREQUENCY =|3,.

FRAME COUNT = 2. APS ACCURACY = +-72.71X

INPUT RANGE = +-4 VOLTS RESOLUTION =~ 262S HZ/LINE
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DB REF :
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' i
a. FREQUENCY 1.

SAMPLING FREQUENCY = 32, EQ@. FILTER FREQUENCY =12,
FRAME COUNT = 2., APS ACCURACY = +-7@.71X
INPUT RANGE = +-4 . VOLTS RESOLUTION = 2625 HZ/LINE
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DIGITAL FILTER TRANSFER FUNCTION
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Mass flow (ka/s)

OF WYLE TAT SERIES
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RMS error
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WYLE VESSEL

7.]] ZIZILIIZ;ISZEIEE/ 190.55 cm

................

\Vol W Pesnsss Vol S i \VF?' 4. 43058 cm

32.38 cm

56.20 cm

DP.v.2 DP-vA

DP.V-3 INEL-A-14 316

FIGURE 19
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incerface

AOVANCED FORCc MEASUREMENT

CALCULATED NATURAL FREQUENCIES (AXIAL) FOR INTERFACE LOAD CELLS

NATURAL . NATURAL
MODEL FREQUENCIES (H,) MODEL FREQUENCIES (H,)
1010-500 6350 Hy 1211-1K 6350 My
1010-1K 9850 . 1211-2K 9000 "
1010-2.5k 6600 . 1211-5K 6050 "
1010-5K 9350 " 1211-10K 8600 "
1020-12.5€ 6450 " 1221-25K 8200 "
1020-25K 7000 o 1221-50k 11650 "
1032-50K 5800 . 1231-100K 7550 .
1040-100K 4950 . 1241-200Kk 6700 "
1110-1K 6950 . 131C-1K 6950 .
1110-2K 9850 " 1310-2K 9850 "
1110-5¢ 6600 " 1310-5K 6600 "
110-10K 3350 “ 1310-10K 3350 "
1120-25K 6450 " 1320-25K 6450 ’
1120-50K 7000 " 1320-50K 7000 "
1330-100K 7550 .
1111-1K 6350 "
1111-2K 9000 3 1311-1K 6350 .
1111-5K 6050 " 1311-2K 9000 .
1111-10K 8600 . 1311-5K 6050 .
1121-25K 5850 " 1311-10K 8600 .
1121-50K 6550 » 1321-25K 8200 .
1321-50K . 11650 ’
1210-1K 6950 .
1210-2K 9850 . 1410-50 2550 "
1210-5K 6600 . 1410-100 3600 "
1210-10K 9350 s
Mode 1220-25K 6450 . 1420-250 4350 - "
Used - § 1420-500 6000 "
1232-100K 5800 "
1240-200K 4950 " 1921-30K 5350 "
MB-5 350 " SM-10 600 o
ME-10 1300 . SM-25 1000 .
M3-25 2250 . SM-50 1550 .
MB-50 3300 » SM-100 1850 .
MB-75 3900 " SM-250 2350 "
MB-100 4000 . SM-500 2150 .
MB-150 4750 . SM-1000 3350 "
MB-250 4400 .
<SM-500 2150 .
SSM-1000 3350 "
$SB-100 1750 "
$58-250 2050 .
2/24/78
R8 #31-8

-Al-



MAXIMUM ERROR BAND, COMPUIED OMN A
BEST STRAIGHT LINE THROUGH ZERO BASIS,
_INCLUDING NOPW?JEAQIW HYSTERESIS AND
REPEATABILITY,

£ f 0/3

SYSTEMS CALJIBRATION

A.‘QLZ? __Lb(,f,;‘;’(-"[,l <4
W w25/

E-cal’= 34720 _{f,

w.i.( C M

Rosent Fregesy = | €5° He

INTERFACE 1IN(

740) EAST BUTHERUS DRIVE « SCO1 ISDALE. ARIZONA 85260

TLX o648 3 TELEPHONE 002 - 944 5855 USAa

PR Rl e
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. AT DA RS SR V4 > 2o ~lps |

l_oad Cell

CALIBRATION
CERTIFICATE

L9989

WARRARITY

INSTALLATION
HUFORMATION
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TWO YEAR WARRANTY

Interface, Inc. hereby wariants all products of its inanufacture
as follows: Commencing with the date f shipment of each
load cell 1o the original purchaser, and for a penod expirning two
years from said date, Interface, Inc. unconditionally warrants
that each unit shall remain free from defects in parts, materials,
and workmanship.

The warranties herein shall not obligate Interface, Inc
manner whatsoever with respect to, and shall not be applicable
to, any defects which after inspection by Interface, Inc. are
not 1o Interface, Inc.'s reasonable satisfaction demonstrably the
result of defective parts, materials or workmanship. Interface,
Inc. is not hiable for consequential Jamages. Al transportation
charges for returned merchandise are to t
by customer.

n any

repaid and borne

CERTIFICAT:ON

Interlace, i~ c» ufies that this load cell was thoroughly tested
and in-pected and fond to meet its published specilications
when shipped from the tactory. Interface, Inc further certifies
that its calibration measurements are traceable to NBS

INSTALLATION

The load cell should be mounted on a surface which is flat and
paralle! within 00002 T.).R. for Universal, and within 0.0005
T.LR. tor compression units. It should be mounted to the sur-
face with grade B bolits evenly tightened to the following torques:

Boit Size *E 8-32 103z 3 [/11-28 .
Installation 8
Torque 2 4 10 (Steel )
(fr. l!_n ) L (Load Ceh)
LI — e ————— ey =y
»Bgﬁ?nz_e | 5716 24 | 3/8 24 77/!6}_2@»_ 5/818
Installation -
To.que 25 55 wo K (54
{f1.-1bs ) | | l

The load cell matir - read should be class 3.

-

———— A — L ———— - - v—

|
|
:
;
|
:
:
?

o Gatheer VT " 5 G S L &

Function

+ Excitation

Calibraied by
*For multipie bridge load cells

Pin

Customer ,((g}g‘/cl.' ;/(' bt tag f’Z Liate
Sales Order 77v3 Model /22/-J<&
Purchase Order st -
CALIBRATION
Bodge” ‘I. I—— Date . [2-/>~ 78
Range 3L, ¢C¢ s Senal No (227
Input Resistance e 7 & ohms
Output Resistance 3.8 ) ohms
Recommended Excitation /7€  vDCor VAC
Maximum Excitation _£0e vDC or VAC
Non Linearity (terminal) R{FLR TO % FS
Hysteresis _.NU"S“_ % FS
Comgpensated Temp. Range /3 *F o TH/STF
Thermal Zero Shift 0005 _NFSPF
Zerq Balance ey ___RFS
Tension Qutput . MV/V
Compression Output '_}("c 2 MV/V
W"ilNG

Pigtanl

K2 - 2 fe)

+ Output ———— L - e fYER
-~ Qutput W I ¢ 7 S
Excitation S AL - S L
Shield o B .
Polarity shown results in positive output for:
(compression) ( towearom)
SHUNT CALIBRATION
 _____ohms - txc to - Qut o —
~ e ) WS e T v
ek Lo (‘/‘4v ﬁ,’.:{:d “ e FFE S/ y,. s

N —y Az
_OFe)

¢t 1-08-£8-07-¥11
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MAXIMUM FRCOR BAND, COMPUTED ON A
BEST STRAIGHT LINE THROUGH Z2ERO BASIS,
INCLUDING - NOM-AUINEARITY —HYSTERESIS - AND
REPEATABILTY. o ),

SYSTEMS CALIBRATION

/cz// AJ*JAD 75 41 (L; L
VW bet

_Kcal = ILZIO

INTERYALCE, INC

7401 EAST BUTHERUS DRIVE « SCOTISDALE. ATNZONA BS200

TLX GLOd 394 TELEPIHONE 602 - ©48.5555 u

DA

" RN gL e AR o oI AP e | S SRS e ie

SRR T wen WA D A ) WP s T P

l
I

JFCER LEEF

""1—’-"'—"- ..m -

Luaid Cell

CALIBRATICW
CERTIFICATE

L7959 4

VWARRAMTY

INSTALLATION
INFORMATION

¢E-08-£8-01-¥11
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TWO YEAR WARRANTY

Interface, Inc. hereby wairants all products of its inanufact re
as follows.
load cell 1o the original purchaser, and for a penod expuing two

Commencing with the date of shipment of e. h

years from said date, Interface, lnc. unconditionally warrants
that each unit shatl remain free from defects in parts, materials,
and workmanship

The wairanties herein shall not obligate Interface, Inc. mn sny
manner whatsocver with respect to, and shall not be applicabile
to, any defects which after inspectioh by Interface, Inc. are
not to Interface, Inc.'s reasonable satisfaction demonstrably the
result of defective parts, materials or workmanship.  Interface,
Inc. is not liable for consequential damages. All transportation
charges for returned merchandise are to be prepaid and borne
by customer

CERTIFICATION

Interface, Inc. certifies that this load cell was thoroughly tested
and inspected and found to meet its published specifications
when shipped from the factory. Interface, Inc further certifies
that its calibration measurements are traceable 1o N8BS

INSTALLATION

The load cell should be mounted on a surface which is flat and
parallel within 0.0002 T.I.R. for Universal, and within 00005
T.LR. for compression units. It should be mounted to the sur
face with grade B bolts evenly tightened to the following torques:

[BohSize | 832 | 1032 | 1428
Instatlation 5 :::;:;'cm:
Torque 2 4 10 (Steel )
(fr.lbs) - F S i {Load Cot)
BollﬁSi_er. ) “‘E_lAlp 24 | 3/8_24_ ‘ 7/l620 ~ 5/818 )
Installation
1 orgue 25 H5 vS0 do0
(fr ibs) J J

The load cell mating thread should be class 3

— e — - ——

s T
—

PRI Cotyin puiatudind A SRPTRAL Y

P AT SO Y A B o, AN S

bl BN

"

: éé’{«'({' ){(l Lt {owss

Customer

PR

Sotes Oraer

Purchace Ouder

CALIBRATION
Bridge® ," DR _. Date
Range IO, 000 s
Input Resistance
Ouitput Hesistance
Heconunended Frcitation
Maxiinum Excitation
Non Linecarity (terminal)
Hysteres:s
Compensated Temp. Range
Thermal Zero Shift
Zero Balance
Tension Output
Compression OQutput

WIRING

Function Pin

+ Excitation

+ Output

== Qutput
Excitation

Shield

Senal No

Model [<¢24-3&

/2 (7~75

. J2a¥R

JE & “/ ___ whms

33 7 ohms
¢ vPRC or VAC
<& vDC or VAC
ntFEk JO % FS
NOTES” o e

¥/35 *F o _f_l_/)f F
LCOR  %FSPF

L3 _%FS

e 7 MV

_HEOO myyy
Figtan

A2 D

N - 2 fYER
Qe

L - WSS

Polarity shown results in positive output for

(compression)

(tenwsan)

SHUNT CALIBRATION

—

Jot Lo C’/"%

Cahbrated by
*For multiple bridge load cells

_ohwns — Exc. 10 - Out s

"“‘é/"(’-) :"'Jﬂ,//’c""
b — EVT trv- (Ay»

LS ‘(’,_ — )

R/ '3 e

¢t 1=08-£8-071-411
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TWO YEAR WARRANTY

Interface, Inc. hereby warrants all products of its manutacture
Commencing with the date of shipment of each
load cell to the onginal purchaser, and for a period expiring two
yeas lrom sad date, Interface. Inc unconditionally warrants
that each unit shall remain free trom defects in parts, mates ials,
and workmanship

as follows

The warranties herein shall not obligate Inteiface, Inc. in any
manner whatsoever with respect to, and shall not be applicable
to, any delects which after inspection by Intertace. Inc. are
not to Interface, inc.’s reasonable satisfaction demonstrably the
result of defective parts, materials or workmanship  Interface,
inc. is not liable for consequential damages. All transporitation
charges for returned merchandise are to be prepaid and borne
by customer.

CERTIFICATION

Interface, 'nc. certifies that this load cell was thoroughly tested

i’ and inspected and found to meet its published specifications

when shipped from the factory. Interface, Inc. further certifies
that its calibration measurements are traceable to NBS.

-Lv-

INSTALLATION

The load cell should be mounted on a surface which is flat and
paraliel within 0.0002 T.1.R. for Universal, and within 0.0005
T.LR. for compression units. It should be mounted to the sur
face with grade B bolits evenly tightened 1o the following torques:

" | Bolt Size 832 1032 | w2 |
s (Alum )
Installation 2 4 {Load Celt)
Torque 10 (Steel )

(fr ibs) {Load Cen} J

 SE——

lnsunalm;\ »
1 G uu
(fribs))

Bolt Size F/IG 24 T; 1/(! 24 71!@ 20 ) AS@,.‘,B,

l 25 J 55 o0 300

The load cell mating thread should be class 3

- ———

P Vet o o s

el o e

" e bl W Seer, S

e ———— ——
Customer Iyl LA ATOAIE)
Sales Order __ 92¢ 3 Model /2 7-2&
Purchase Order _ - . T -

CALIBRATION

Bridge® . s —. Date A2-2¢- 78 = _
Range __3CO2¢ 1bs  Serial No ’or3
Input Resistance . dct.e  ohms
Output Resistance _F3%¢: ¥ ohms
Recommended Excitation = 4 VDC or VAC
Maximum Excitation ¢ VDC or VAC
Non-Linearity {terminal) RHE_R“:’? % FS
Hysteresis _NU —nFS

Yz “F o Y5 °F
VO % FSPF

% FS
= MV

_TZOOD MV

Compencated Temp. Range
Thermi | Zero Shift
Zero Balance Y 4

Tension Quiput
Compression Output

WIRING
Function Pin Pigtail
+ Excitation S i AT - Gwimer
+ Qutput o mm— Un? Sz
— Qutput ——— . X
— Excitation e AWK - LN I
Shield R R R S
Polarity shown results in positive output for
{compression) {temaon) l_:
p ]
i
.8
SHUNT C/. IBRATION b2
o ®
S el ohms - Exc 1o - Out __ T . lbs s
= WHIACD - & Arai ) .
_2atlictg . ohms - 'c':'\._‘.r"f;étf' IS we ?
Calibrated by _ .Z('r.»xét <7 %3‘“& = Fevesiiindel} (l':;
“For multiple biridge load ceiis
po—— . — - =4
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Air Springs
Actuators

[ —————— s——

et —

REACTION MASS SUPPORT

-8]-

LIK=8/-8U |3¢
Industnial Product Sales

Lord Kinematics
PO aliON

ORD oas

121h Fe-t
Fa 16505
(.- ephone B00 458-)456
814 456-9511
ex 914.478

Pneunde Air-Bellows are etlective air springs znd air
dacClualors which have numerous industnal apphca
Their rugged construction of reinforcedi neo-
prene llexing eiement, sealed with metal end
plates, assures rehable iong service ile even under
the maosl severe condilions Available in six diemeters
and one, two, Or three convolutions, they meet a
wide range of operating conditicns Each size
be used for a variety of loads and disturbing frequen
cies by varying the air pressure

HONS
aons

can

Ideal Vibration Isolators

vVibrahion 1solation ethcency

ang '"g !0 abovea
99 percent s atlainable dependin upon the aisturd-
Ng lrequency "1.3, provige LAQ"’("' on for agiacent

SNOCK and vibreio
and they protect sensitivé machinery from external
disturbances. Typical applications for Air Bellows
as vibration isolators include machinery mounts
platform vibration 1solation systems, and especially
sysiems requinng suspension system with vanable
frequency. The low natural frequency (95 to 20C
Cycles per minute) of Air Bellows systems m.akes
thern an exceptionally versatile isolator Spe-al
syslems can De designed with lower naturai fre-
quences if required

surroundin 1gs from machinery

Effective Actuators

There 18 no smoother aclualor than an Air Bellow
Easily instalied and no wearnnaq parls 1o lubricaie o
require mamntenance A Bellows will withstanc cock-
iNg when inherent in the application thereby ehmin-
ating the need lor cleves or other rmisalignmant
accommodation The same parts are used for i50.a-
tors are recommended for actuators This w.de
varely make Ar Bellows suitable lor many industriai
apphcations such as automatic hft/lower rams,

constant load cells, stitching machines and many
others

LRD

Lord
Kinematics
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TABLE 1
CHARACTERISTICS

r ISOLATOR DATA ACTUATOR DATA(D |
| Rated () 2) Max. Force Force |

| Lord Size Stauc Eftoct. Nat. Recom.  at Max. at1”

| Kinemalics Dia. (in) x Load Area Freq. Stroke Stroke Stroke
‘ PN No. Conv.  Cap. (Ibs) (n.2) {cpm {in.) (ibs.) (Ibs.) |
| ASA-U:2 10 E i e 15 35 1200 2230 |
\SAUBCY 14 Bt o 6 17 35 1000 3300 |
| s e b4 g2 i 297 130 60 1750 4210 !
TR, Mo i) 4 105 95 1300 a3s0 !
ASA O T 0 Wy x & 4.t b5 117 60 3250 6400 ;
ASA-10C3:2.1 10 § 7 468 9 100 3000 6400 '
| Asa12ct117]  12a 4500 813 148 275 0 9300 |
\SA 1T . 6 W 799 116 65 5550 10000 |
' ASA12C3 1) 1243 w200 rs 95 100 €00 10000 ;
| AGAVACT 11 ER TA 91K 114 153 40 8200 14000 |
14C2 1 14 1.2x 2 ka0 1192 110 75 8100 14000 .

| AGA 2 1 Woe NEFYY) ERR! 105 75 10800 14800

fat LRI I B N VR
e bt et Lladic Nl
i b et e VUKD frae o paess, s

-Bz-
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g = 114 NPT Specification and instaliation
- ~--\, {16 x 2 only
: )
/. -/.G) f\ o G Arr Bellows are avalable @ six gaimeters and one,
[ . ne | two and three convolution desGns. A supply up 1o
L e 4/ by ®» 1 "" 120 psnis acceptabie Daoign cala 1s based on 80
\T./ 1 pst 10 the Aw Spng of Actualor Clearance must
1 ‘\ 7 : Le aitowerd Tor uger g chigrenter 31 loacksd o ra-
2—; 3 HACted A aniowes Attachment stusds ar: 1 3/8-24 UNF
T 1/a NPT e eacet Oy | wwiilong The an mict s 114 NP Ax Oellows
16 = 2 thas locanunl Can L operated with waier based luid (wih ant-
trecze or rust inhitutor adative) or a brake uid
Petioleum-basea tuds should not be employed
- - " f': -
It || .
‘ L ¥ ‘ ’ W - ‘
. ~
A ' ' STABILITY CONSIDERATIONS
3 ‘ = , A
;- g .
1 !‘. E : 4 ) The mherent soliness ol 1he Air Bellow 'solaior
- i \
é r : ﬁ: ' Makes b necesuary 1o consiler he lateral cabiity
- c ; ;', & " ohthe systern ‘Whien the center ol gravity 15 ve-y high
. ° ' above the mounting plane. nstatinly might oe i
probdemn: Foo best results, e C G should be no
> “ - i hghee above the mountin g plie: than the narrowest
L I - mMeunt $pacing I 1s also naponant 10 consider
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PRAGRAM PUTLINE

Start

Read in Constants

A. Slope for load cell calibration equation

B. Density (KG/m3) from reference leg of differential pressure (DP)
Read in variables

A. Time

B. Load cell #1 (volts)

C. Load cell #2 (volts)

D. Load cell #3 (volts)

E. Differential pressure (DP) cell #1 (in / Hzﬂ)
F. Temperature from vessel (K)

s. OP cell #2 (in / Hzﬂ)

H. Average density

I. Load cell #4 (volts) - if available -

For first one hundred (100) samples

A. Initialize variables to zero

B. Sum values for load cell

C. Sum values for DP cell #1

0. Sum values for DP cell #2

Calculate density from temperature in vessel (IIIF) assuming
saturated temperature.

Calculate offsets using density from vessel temperature (V),
density from reference leg of DP (IIB), and sum of the first
100 samples of either load cells (IVB) or DP cells (IVC).

LPAD QFFSET = 4133.55 - Average load cell for first 100 samples
DP1 QFFSET = 7.72668 - (density from reference leg / density from
vessel temperature * 7.72A68) - (Average of DP cell

#1 for first 100 samples * 102 / density from
vesse! temperature).

-Cl-



VII.

VIII.

IX.

XI.
XII.

LIR-LU-8/-8U-"3¢

DP2 QPFFSET = 4.7244 - (density from reference leg / density from
vesse] temperature * 4.7244) - (Average of DP cell
#2 for first 100 samples * 102. / density from
vessel temperature).

Convert both OP cells from KPa to meters / Hzﬂ for each sample

DP1 = density from reference leg / density from vessel temperature

* 7.72668) - (original DP reading * 102. / density fron
vessel temperature) + DP1 PFFSET

DP2 = density from reference leg / density from vessel temperature

* 4,.7244) - (original DP2 reading * 102. / density frem
vessel temperature) + DP2 QFFSET

Calculate system weight from load cells
A. Sum all load cell readings for each sample.

8. Multiply the above sum by the slope for the load cell
calibration equation (IIA).

C. Add above value to load offset.

Initialize variables for vessel volumes and vessel heigths.
(This is necessary because the internal shape of the vessel
changes. See Figure 19 for drawing of vessel).

Initialize variables

A. For radius of vessel

B. For radius of hemisphere

Convert OP cells from meters to centimeters

Calculate volumes for each distinct shape of vessel (Figure 19).

A. If the reading for DP cell #1 is less than zero, the volume
is set to zero.

8. If the reading for DP cell #1 is greater than zero, but less
than 91.52, then the volume equals:

Pi * (reading - 51.83)°

51.83)/3)]

C. [If the reading for DP cell #1 is between 91.52 and 128.33,
then the volume equals:

* [hemisphere radius - ((reading -

Pi * vessel radius® * (reading - 91.52) + 204865.1125

where 204865.1125 is the vessel volume constant

(2
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D. If the reading for DP cell #1 is between 128.33 and 637.61,
then the volume equals:

(reading - 128.33) * 5476.3 + 204865.1125 + 319208.22

where 204865.1125 and 315208.22 are the vessel volume
constants

E. [f the reading for DP cell #1 is between 637.61 and 693.49,
then the volume equals:

Pi * (reading - 637.61) * radius of vessel® + 204865.1125 +
319208.22 + 2815007.0

where 204865.1125, 319208.<2, and 2815007.0 are the vessel
volume constants

F. If the reading for DP cell #1 is between 693.49 and 733.1, then
the volume equals.

- (Pi * (693.49 - reading)? * [hemisphere radius - (693.49
- reading/3)] + (2 * 204865.1125) + 319208.22 + 2815007.0
+ 483755.215.

where 204865.1125, 319208.22, 2815007.0, and 483755.215
are the vessel volume constants

G. If the reading for OP cell #1 is between 733.1 and the top
of the vessel, then the volume equals the sum total of the
volume constants.

(2 * 204865.1125) + 319208.22 + 2815007.0 + 483755.215
XITI. Compute system weight using volume obtained from DP cells (cubic
centimeters), average density (Kg) and density from vessel temp-
erature (Kg).

Sysmass* = (Vol! 1 million * density from vessel temperature)
+ (G »u28 * average density)

* if DOP cell reading (cm) > 750, then Sysmass = Sysmass + 73,21
XIV. Compute mass flow from load cells and from DP cells
A. Read in number of terms (NTERMS) and values of coefficients
for positive direction to be used in the digital filter.

B. Set the middle coefficient equal to zero and the negative
coefficients equal to the negative of the corresponding
coefficient in the positive direction.

example: for 3 terms with values of .1, .2, and .3, the
coefficients would be -.3, -.2, -.1, 0.0, .1, .2, .3

L1
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¢. For the first 100 samples, fill the mass flow array with the
mass of those samples. (This is done because the software
used cannot go backward in time and the filter used needs
both past and future times.)

D. Calculate the mass flow of the system, using either the load
cells or DP ceils, by summing, from 1 to (NTERMS + 1), the
mass times the corresponding coefficient.

1) Present time sample corresponds to the zero coefficient.
2) Past (NTERMS) time samples correspond to the coefficients
of negative direction and future (NTERMS) samples to

coefficients of the positive direction.

(NOTE: The oldest time sample must correspond to the
coefficient of the most negative direction).

E. Multiply the value obtained in the previous summation by tre
number of samples per second to get the mass flow from the
load cells when using the load cell mass and the mass flow
from the OP cells when using DP cell mass. **

XV. Compute the root mean sguare (RMS) difference
A. Pf load cell mass and DP cell mass for all samples

B. @f mass flow from the load celis and the mass flow from the
DP cells for all samples.

XVI. PQutput values

A. Time
B. Gsystem weight from load cells in kilograms
C. Mass flow from load cells in kilograms / second
D. System weight from DOP cells in kilograms
E. Mass flow from DP cells in kilograms / second
F. RMS difference of load cell weight versus DP cell weight
G. RMS difference of mass flow from load cells versus mass flow
from DP cells.
XVII. Stop

#* The value for the mass flows at this point have been shifted
forward in time, due to the software used. Upon completion, the
mass flows need to be shifted back in time by NTERMS/samp:es

per seconds.

-C4-



LTR-L0-87-80-132

Lok - -
- o * Vi ©O®
Ll - zE ™~w vy
S~ RS N O® >
WO A R R L L 2 AR ]
R AN AN AT - - e X
- - - a me O
L aaad wer « 0O ~Ne
Lol o2 1 - & EY -
e o L - w Ow
[ od w - a -
D o~ o= « o#
Lol LA o d L O X r~9
e WA AR Y L » S @ O«
e e ez “ e [FVIVe) - e
- o Ll - - -0 " e
- w Lol v - 2 viIe - MW (™}
Rl - L ™ ] a = Rt woNe aco
L adad Lol ad Lol v - vid = - - O
L Xl e "y - » (™ J - O L)
Ll L R R L L -~ @  d < - U ™
WA ARANR AN o - P 4 » e ZzO »
- ~N e L ~ Q -
O - Jd - Ve el X
Lo ad e r ~ & AT W oue 1™ ]
W LR 4 - - zo £ e LT 4
LR Lad ol - » - - ™Me - =3
Rkl “ Sol - = [P 4&) Z Ne T
- e -~ » —— - - )
e e a LA L™ - Te EIos
e LR Dl ~N w - dO — - B . S
L i Ll oY - ey - Vi O% <R D
. bl o Rl Rl ok o dal b v ® b B E ™= M (& - 5 W
o - VR A A A AN - - » B - D O% e e X
(=] - a - - ——4 O e X -
o « -« “w . woow Z I 4«4 — D
o [+ 4 WY R WY W R W ~N = P <&} . Me | S R |
'3} = A AR R AWM A D - - L | W N® v Ly~
. ~N - - r wo. @ I e - T md
« - . o Ll - - » VI ~ - me 2 wx w
-~ - - o L adadad LS a = wooox -d - QO _Trxo o
= o . o oh v - x + e ] oD oe Os=
. - X - - z -« & 2 fu ™~e D Oa.
e L o - - v - [« S ] “wr oOw P
~ > - o Ll o B L R Rl R - - _O0 Are n\w S~
.- woowm - AR ARAAAAN A - -~ 9 QO ™ L e 0D =
Dy SN 3 “©» - (- 2 ) L4 Me 0
R X r~ F s N N .4 Nw QO as20
- o L) Lo o L oLk ol o o i x=- r Z- . - e Ll
- A - - TR RS W W o - A r- @® “w Ne NN O Ivws
NG * . [&] Ladad *) - = Ll -~ e LA P A e T
L™ D Q — ey -~ = e -~ we Kl Dd X &
ha =R Y - - WL o - L X L e L ™ L e
D - - -« WO N = Zu- r *. O»
YO » L x VWA - BV - - P dve
A - L L ) v} W I3 O x = L - < " e .- " e 00 00
Lt T - -, o LW wieh Vo ol s v L -0 - -+ * M e "0 000
I O ) B e o WA T YR UL ®s oo - - NN E N
L sy Wik 0.0 NN L& ] [~ ] [ B ] - - el ol vy S 4 Y L T )
QG o N USsa ' = L SIVN ) O O ru o - ey e L )
(S S L ¢ SR . AL ey - Q. v e LAY Y Ll ™ ] -~ LA T = .
Wr ol W S0 ) AR LD N | NI D2 &£ = & - - -—
radd Ba ~ Daae e D iy owm e 5 S - L 1 - . - PN V™
LS - I BN ) ALtuiD » & A - D _qaEr " L)~ - -
MM IIIN "D aax 22 Aed Xl e el DL 4 e=-m WoaAe L8 w
AP Bd S QEM™ AP IO DAL S Rt I 3 T Ow LLre ~8
QALELDMN I Al L T and JIoLArvamwm b adad - AN O O OO0 L.
S0 N L r AR DWIpmr= & * 4 pris O MmwW™ o - . e
AR A AL DD UNIUNS W JQE AT AWM T R - ' TS L by
e M BLEr= T ORI EDrmiddd DT AR AR AR rroh - ' (I 2 O T O O O I O B
S A PPt o, e o o bl G LI D LD v ' ' FRAE LN & % 3 A
AU JE AR QU ddd L DN RE R ORINI DI DD [ 2N ) () LW NS I (WL T SR S

C-5



LTR-L0-87-80~-152

UNITS

TER QUTPUT

!

VARLABLES
t CEN Y QR _DE~-1-8 OK UE-2-8
OERSIRAL, P O

x{

UNITS

F oS
= Owane
O AL A> >0
e D -
. -
e alarr e g
P 4w SEVIVEL g
O & (S LS
ac Sk o -
DMNOVLIe
DD Iqae
TR . L
B i Y P L
KA X -
woaue

LY e I W
OQIITIXZZ®
ZOOLVMUe
o et rt K (K @
(& N T L
WEREER BUu e
vi b @
EX L Krearan
[PYIVIITIVVIS Tt
P P »
2 ANV R
Ll o o o o W oL
et e dial T %]

-
r 3
PR R
T S
PR R T
“a " o0 0 00
PR A T
-
-
OO VT
-
ks
-
-
-
(O I B L
th e
AN EE RN
LI I

¢

-

.

- WA
K
- WL
o< o B0

L Bl
L & & 0 )
Edand
QDO WO

el XA
r wwo
—d POk D
Lt - 4AFY
S e A
0 =u Jd
vy
AOUWIV

VIIJOK D
|a XL
T o
DT VKL »
e L -
A -2
wE &0
XO Or=
U T B
W =)
ez Iw
L Bl o Sl &)
Pl Tk
s 2 L Wl

- 2020
«CX OOV W
S M e
il D
aAiI D
N - A
xn | VO
O Q> W@
INE IO
®.Jac-wJ
ar» L
1o e
V) wded -,
L B L
LI W Iwm
s W

- REPARRS:

¢

TSI E R R RN SRR R R R R R L L)

eme SERERFNEANN AR AR IR A ARSI NEI IS INIRANIRNS

PRUGRAM CUMMENCES FHEKE

INLTALIZE VARIABLES FCR SUMMATION

(===

vo=-

(o==-

Lalalal

.o
D
B

L

— ——
EXXT
0 xC
_ax
oL ok o
[T
- ——

B
4 -

(---

FUk FIRST 100 >AMPLES UF DATA, INITALIZE VARIABLES TO 0.0

NY-1CC) 2C»p3C»30

ROV
-

“waE S8R -

Bt " T o

LGaraian -

S b
M DIWNNNIV D

SLPF VALLES FCE CP CELL ®2

Surz: = SLMI ¢+ X(5)

¢

(o=~

(w==

FCh CP CELL 01

SUP VALUES

L---

(==~

+ ¥(E)

e SLRE
L VALLES F7F LCaL CELL
SLM& = SUM&G + (C(2) * (Xx(2) + X{(3) + Xx(4)))

SLrZ

(ome
¢

(o==

CALCLLATE CENSITY FRCM TEMPERATUKE IN VESSEL

(==~

(p--

c---

GL 1C 4CC

c---

C-6



3C
+

£
(--.

L--.

c---
&‘--
(===
e
E---
Cove

S

(===
L---

(" R

(===

v

LTR~L0~87~80- |32

.?53'!"?5632 30193'=i23 °o:°'°7093 -4) +
el 1 xt6f™e !-2.%53395-9)) +
{l(te L l(ég * x(6) ¢ 2,.18697E-10)

CEN = (1./CEN) * 16.01E

CalCULATE FFSETS NG UENSI ERCF VeSS | HP.%

SRR HE LT R T T

IF (FRPENT oNE 1C0) GCYO 35

JEFSETY FCR . [

CPFFSET = 7,72¢6E-((C(3)/CEN®T7,72668) = (SUM3I/S9.91C2./0EN))
JErSET FCR CP o1

CFEVI = 64,7244 ~((C(3)/CEN®4,7244) = (SUP5/59.%102./DEN))
OFFSEY FCR LOAL CELL

MCFr = =(SLF&/SS.) ¢ 4133.55
CUNIIMVE

ACJLST CP INPLY FRCOM KPA 10 M/H20 FCR EACH SAMPLE

l(E)L: ?%(3)!CEF’7.72¢¢8) = AX(5) % 1C2./0EN) + OFFSET
I(E)[:(gi3llﬂfh‘4.7266) = (X(E) *1C2./0EN) + CFFV]
CHECK FCR FLAG TC CCMPUTE LCAD CELL WELGHT
IF (CL&)) 20,5Cy40
CUPPUTE SYSTEP wElIGHT FRUM LLAD CELLS

CUnYIMLE

SUF = X(2) 4 X(3) + X(4)

WELCHFE = (CU2)25LF) + MUFF
CheCx FCP CF CELL wtlGH]

CCNTIN

55
b (CL5)) €CypeC,T0
COrrUTE SYSTEF WEIGHT FCRM OF CELLS

VESSEL VULLPME SONSY‘N'S (IN C&NI‘HEN ERS) AND
FETCHT CONSTANYS (IN CUBIC CENTIMETERS)

XhéllLégg VESSEL KEIGHT AT whiICH SYSTEM INTERMAL SHAFE

AN
CONTINUE
f2" 7132232
k5 e 637.&1
HE = £G3,46
7 o 733,1C
AINITALIZE VETSFL VOLUME CONSTANTS FCR EACK CISTINCY SHAPE
Vi » SY§§65o5325
Ve » Ge(E 2?2
¥3 = 2815CC7.C
Ve » 4RI755,21%
lhg]‘l SE %ihST‘NIS FOR vESSEL ANLC FPIPE RADILSES
FEvit . 5 [
RHER] = 54,61
CEFINE Py

Pl = 2.,14)%6

c-7



LTR-L0-87-80-132

lﬁét:ilgz'sggt Ih METERS OF WATER AND CONVERT 10

» Lts .II(F) + 1

. .
IR
#“rLLIC = X(5) ¢ 1CC.

CALCULATYE WLLLPE FLr EACH FEIGHY %
CISTINGT SFAPE OF THE VESSEL Af

FLULE .GT. 0u) GO TO 50
200

P
-_—
T -

010_10¢
&-gloai%‘OZ.‘(RHEFI'(HFLUID°51.E3)IS.)

e D =
ar O
.
-
e
P
=y o

Te
Ll
-
»
T
-m™N
~-~
w
-
-
B
e O
-
-
-

HELLID = K1) ¢ V1

o~ e
—

N

-

s
af. >

—
-~
e
-
ToO
il )
~e
-

I & RVES®e2 ¢+ V1 ¢+ V2 + V3

1%
Mo Mo o€ oo

- M = O

[ S
-y
-

LA Te

(H7=HFLLIL)Z23))

O 1™ Oy O™

= ™
@

-
LY -y
< 8e
o

ZAT OV
-
[

e el
C O«

NT ey
g Cod (NG el wd - o~

- e

PP T ottt =AY il T rAT
——

w
- -

e O MY B
M O CEMaEamMm ™ Q¢ " i O = C

wee
-

SYSVCL ¢ 637C¢2.7

IVEN SYSTEM WCLUME IN CC ANC

v

A MaE sl

-
m e ™ Fm
P
-~ X

-
-

Y T T NPT T e e M e e
wvm
-

(A A

S
¥
C

> oA
ol
W
-
~wv mc

o T

4490cE » X(S)
ASS + 73,21
(93

<

M & « A Wn
aowm

KA
G/
iC
5C
iF

p
X e
=
T <O N
Ve
=
"o > e
L

“si IZLE CEPPUT
I € CUQ)*C(5) JLEs O4) GOTO 3(CC

CLPPUTE CIFFERENTIAL UF BOTH
CALL CIFFZz (WELChTpSYSPASS»D1s02s FRPKNT)

CAPFUTATIOM LF kPKS CIFFERENCE LUAC CELL v OF CELL mASS

CMeS5 & (WEICHT=SYSMASS)®®2, + ODMAS
CAMFLECS) = SCRT (UPASS/FLUAT(FRMKNT)
LUPASS = TPASS
CCMPLYATICN OF BMS ODIFFERENCE CF CIFFERENCES
»crnzs » (L1-0z)%e, + L%CHAiQ
SAKPL §§) . 2‘“ (CCMASS/FLLATTFREKAT))
CLEFASS = CCPASS



CULATED

-

LTR-L0~87-80-132
CUTPLT CF COMPLYED PARKAMETERS LLAD CELL ANL CP Ca

LLTPLY CF CCPPUTED PARAMETEKRS LGAC CELL OMLY CALCULATED
ot Lifel
Ll LIFF2 (WEICHT,LERCsC1,02,FRMKNT)

C--‘

1GHTY

Uird & 8 & *
BLIGOOW

—— —— — —

NI WO
—— v o D
L A s L T
e e )

[P
AR A LA M
caqaEaAn
VIV AV D

LLTPLY CF CCPPUTEL PARAMETERS LP CELL ONLY CALCULATEL
CYSPASSsUls D22 FRMKNT)

to0 Canl LAFF2LIERLY

:

Ay * »
PN OO

———, — ——

il tadh A Ak *L
——— - )
[EIFVITIREIP IRl & 4
-l ol el
N i
AAR Larsr~

au . | a4 v
VIVIWIVIANY L DR £

-
~
-

15 EGLALS 1CC FCk FIRST

)
2
A
RES 1M FALTER

4
Q
D=0 B Y e
AQLLO T O~
~J < JLEDI
feTale & & 1. W (o LTk =8
arbpe A0 DIX
~No. v o
2 6D CIA N il I 0D
PRIV E TS P VS -
4w g S
D DU LD
D b
O Wirdre JE O

E
;

N i s e e el

Y@M ODRwlE = b
W ONSEIF DWW TIW
lx‘l‘ssg‘ F
OO X WEW 4 >4

- D
WP IO LA -
x aA> -
LR AR B RR v =
~— wmx O
Dt Ot N UL Vil
IV B LA w2 <«
X & 45 ~—
0 L N
-l o A= . (&1
Sy ZEx W ~
e - - (o
-e 2 x
-
-e RERE R ERE S E B &
*» EEREREEEE N
- TIE R e E NS N N
M I B DI I NS

i

+

NTwO = NTERRS * 2

AR ALY
c-9

1 AND INITALIZE VARIABLES.
b

§2227 SEt1 »L0DLE COEFFICIENT VALUE



LTR-.0~87-80~132

e=== SET NECATIVE CIRECTION COEFFICIENTS

t

(----

FILL ALOAL AND ACP W/ 100 FRAME VALUE FOR INITALIZATION

(= —e

‘.-..

—
—~
-~
S———
4l
e
we
e
- L
P ~4
-]
*o .
~n «© e
a3 L -
——
-~ WD -
o Lo L W [
E 3 Aaw KB dd 3
— pelL)A b= GLOLee -
e ZA4D & EXRAD>N X
- aws - >
- ~N . Vi 8 . e
-> L] - . -
B L] b e~ >
- W (Y] LY -~ -
B e & =TS L L A ——-z
Dl K WS Lo = i
- - T N R e B .«a~-Jd
I E K x Ja 0

3 MDD N N LT AL D L
M A TV AR DD 40 22 - e A

= - -
- .~ ~

c-10



L0-87-80-132

APPENDIX D
LOAD CELL FILL CALIBRATION PROCEDURE



LTR-LO-87-80-132

-

TEST PROCEDURE NO,__ 3938

AR LM mn—n SCIENTIFIC SERVICES & SYSTEMS GROUP
V\RHLE B m - ‘.:E WESTERN CPERATIONS, EL SEGUNDO FACILITY  patg, 30 May 1679

12 - Page Procedure

EG&G I
TRANSIENT FLOW CALIBRATION SYSTEM

WEIGHING ACCURACY TEST

APPROVED 8Y: APPROVED 8 ;E W@

FOR: FOR: WYLE LABORATORIES
APPROVED 8Y APPROVED BY: x&_&a{_g 4,/£-
FOR: FOR: WYLE (ABORATORIES
APPROVED BY. PREPARED BY. e iisnpsnis
FOR: WYLE LASORATORIES
REVISIONS
"y NO oare PAGES AFFECTED Y APPL DESCRIPTION OF CHANGES
A | 8720/79 | 4, 5, 6 @ # | additional information |
{ e : - i
' 8 7/2/79 | 8 Jé,@ M Error reference 3000 lbs |
|
8 : | |
| i
4 B |
| . i
I —1
| . 1
P |
| ?
- . —
. -

COPYnIGHT 8Y WYLE LABORATORIES. THE MIGHT TO KEPRODUCE, COPY, EXMIBIT, Of OTHERWISE UTILIZE ANY OF THE MATERIAL CONTAINED MEREIN
WITHOUT THE EXPRESS PRIOR PERMISSION OF WYLE LABORATORIES 1S PROMIBITED. THE ACCEPTANCE ©” A PURCHASE ORDER IN CONNECTION WITH
THE MATERIAL CONTAINED WEREIN SHALL BE EQUIVALENT TO EXPRESS PRIOR PERMISSION.
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- VIVAE LAEGRA G aweS TEST PROCEDURE NO. 3950
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NUMBER
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FIGURE 3 8

FIGURE 4 @

FIGURE 5 10

FIGURE 6 11

SAMPLE TEST DATA SHEET 12
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SCIENTIFIC SERVICES & SYSTEMS GROUP 3
WESTERN OPERATIONS, NORCO FACILITY PAGE MO

1E57 PROCEDURE NO. 222

PURPCSE

ihe purpose of this document is to present the procedures to be folliowed
in performing the Weighing Accuracy Test.

} EFERENCES
Wyle "aboratories Test Procedure No. 3936, dated 24 January 1979.
ASME Research Committee on Fluid Meters, Sixth Edition, dated 1971.

Dick Munns Company Flowmeter Calibration Certificate, Wyle Laboratories
Turbine Meter #31054, dated 24 April 1979.

REQUIREMENTS

Perform the Weighing Accuracy Test required by Reference 2.1.

To demonstrate the calibration accuracy of the weighing system, ambient
water will be metered i:uto the test vessel. The total weight of the
water metered into the test vessel will be compared with the differential
weight indicated by the locad cell system.

-D3-
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WESTERN OPERATIONS, NORCO FACILITY PAGE NO

WVLE LR diumiiUvuae [€ST PROCEDURE NO, _272%
SCHENTIFIC SERVICES & SYSTEMS GROUP 4

TEST CONDITIONS AND TEST EQUIPMENT

Ampient Conditions

nless otherwise specified herein, all tests required by the specification
shall be performed at an atmospheric pressure of 28.5 +2/-4.5 inches of
mercury absolute, a temperature of 73 + 18 F, and a relative humidity o:
50 + 30 per cent.

Instrumentation and Equipment

Measuring and test equipment utilized in the performance of this contract
have been calibrated by the Wyle Laboratories Standards Laboratory, or a
commercial facility utilizing reference standards (or interim standards)
whose calibration has been certified as being traceable to the National
Bureau of Standards. All reference standards utilized in the abcve
calibration system are supported by certificates, reports or data sheets
attesting to the date, accuracy and conditions under which the results
furnished were obtained. All subordinate standards and measuring and
test equipment are supported by like data when such information is
essential to achieve the accuracy control required by the subject con-
tract.

Wyle Laboratories attests that the comnercial sources providing cali-
bration services on the above referenced equipment, other than the
National Bureau of Standards, are in fact capable of performing the
required services to the satisfaction of the Wyle Laboratories Quality
Control Department. Certificates and reports of all calibrations per-
formed are retained in the Wyle Laboratories Quality Control files % 4
are available for inspection upon request by authorized customer
representatives.

Actual test equipment used in the performance of this test prog:z:m will
be listed on the appropriate test data sheets. (See sample, page 12).

Test Equipment

ftem Manufacturer Model Description

Flowmeter Foxboro FL-16-SB 10-40 GPM

Frequency Fluke 1941A 1-100K Hz

Meter

Digital Fluke 1941A 1-100K Hz

Totalizer

Load Cell Interface 7500 6-150K Lbs.

Indicator

Digital rluke 2100A -320 to 750°F

Thermcmeter

Load Cell Interface 1221-J2 S/N 12291
12292
12293
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PROCEDURE

The test system will be plumbed and instrumented as siown In Figure i.
The installation of the reference flowmeter will duplicate the system
plumbing used during the calibration, Reference 2.3, as shown in
Figure 2.

Initial System Preparation

a)

b)

Activate the water supply transfer pumps and flood the system.

Continue to flood and drain the system until the water and air
temperatures (Tw and T.) have stabilized and the general performancn
of the frequency meter and totalizer has been verified.

Data Point Acquisition

aj

d)

e)

£)

g)

h)

i)

1)

Record the load cell indicator initial weight reading on the data
sheet, Figure 3.

Zero the digital totalizer.

Open the solenoid valve to begin the filling process.
During the filling process, maintain a constant filling rate and A
enter the flowmeter frequency, water temperature, air temperature

and barometric pressure on the data sheet.

Continue to fill the test tank until at least 3000 pounds of water
has been added to the system.

Terminate the filling process by closing the solenocid valve.

Record the locad cell indicator final weight and the totalized
flowmeter count on the data sheet.

Using the equation from Figure 4, c mpute iWp, then % JW.

Repeat steps (a) through (h) three times. The measured water into

the system during the last increment must be sufficient to fill the "
horizontal test spool.
Drain the test tank and repeat steps (a) through (i) two more times, A

generating a total of 9 data points.

SUPPLEMENTAL INFORMATION

A plot of the Foxboro flowmeter calibration is shown in Figure S and
vhe reference water density in Figure 6.
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CUSTOMER
Yot Title: y
. . ob No.
Specimen 7
Part No. Date
| -
METERED WT.
| LOAD CELL READING FLOWMETER TANK . ! .
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FIGURE 4

AWg = (L) (Yw = Ya)
7.481 (K)

K=A+B (f) +C(D? CYCLE/GAL

Yg =D+ E (T +F (1,2 LB/FT’

Ya 143 Ps L8/F1’
§3.35 (Tp + 460)

£ CYCLE/SEC

Tw e 4

Ta or

Pa PSIA
A 5.40069 E 2
B -4,03109 E-2
~ €.00409 E-5
o 6.23205 E 1
E 6.76993 E-3
F -9,98624 E-5
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