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1. 2-Component Floor Balance

1.1. Introduction

The 2-Component Floor balance was custom designed for a 36x48 inch Atmospheric Boundary Layer
(ABL) Tunnel with a top end speed of 20 m/s. The balance measures drag and side force and additionally
has a servo driven yaw table with a 160:1 harmonic drive and multi-turn absolute encoder, providing
excellent torque capability and position repeatability with virtually no backlash.

High-quality, commercial-grade miniature tension/compression load cells permit simultaneous sensing
of both Drag and Side Force.

This unique AEROLAB design incorporates several features to protect the delicate subcomponents:

A pair of toggle clamps on each side to lock the balance during model changes

4 sets of self-centering Linear Flexure Pivots provide frictionless, lubrication-free transformation of loads
with infinite life when used within design limits

The balance requires a data acquisition system to operate.

1.2. Specifications and Load Limits
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The balance has specific load limits. Do not exceed these limits or permanent damage will result.
Allow 45 minutes for warm-up to permit optimal stabilization of the signals.

Table 1: Balance System Specifications

Parameter Specification
Max Axial Force (Drag) +/- 50 Ibf
Max Side Force +/- 50 Ibf
Yaw Range +/- 360 degrees
Max Model Weight 150 Ibf
Axial Force Accuracy (FS %) 1.06
Side Force Accuracy (FS %) 1.48
Axial Force Sensitivity (mV/Vex-Ib) -13.39
Side Force Sensitivity (mV/ Vex-Ib) -23.08
Excitation Voltage (Vex) 5V

1.3. Hardware

Only the Key component hardware for the Balance and Yaw Turn-Table is listed below. Please refer to

the Appendices for additional information regarding hardware.

Table 2: Key Component Hardware

Model/Part Number Description Manufacturer
Linear Free Flex Pivot .
2479650 Assembly (QTY 8) Riverhawk
NI 9237 4-CH 50 kS/s
779521-01 per Channel. 24-8it National Instruments

Bridge Analog Input
Module

AKM21E-ANB2ABOO

Servo Motor

Kollmorgen

AKD-P00306-NBEC-0000

3A, 120-240 VAC,
ETHERCAT DRIVE

Kollmorgen

CSF-20-160-GH-J6-

Size 20, 160:1
Gearhead, Shaft

Harmonic Drive

SP3832 Output W/ key
50 1Ib, Tension &
LCM300 Compression Load Cell Futec

(QTY 2)
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1.4. Calibration

The balance was calibrated (first-order calibration with linear interaction compensation) at AEROLAB
prior to delivery. The calibration was performed with all channels excited at 5 VDC.

The calibration was performed following American Institute of Aeronautics and Astronautics (AIAA)
standards. The AIAA published these standards in: “Calibration and Use of Internal Strain-Gage Balances
with Application to Wind Tunnel Testing” publication R-091-2003. The AEROLAB calibration uses the
nomenclature from this document. This document is available directly from the Institute at
http://www.aiaa.org/.

1.1.1. Loading Schedule

The balance was applied with a series of incremental loads for each axis. The loading included increasing
and decreasing loads to capture any hysteresis effects. There were different incremental loads applied
depending on which component of the balance was being tested. In addition a coupled load was
applied. The plots below outline the calibration loading schedules used and model verification study that
was conducted.

Figure 1 below illustrates the Drag (Axial) and Side Force loading schedule that was conducted. A tabular
version of this loading schedule can be found in
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Appendix A: Loading Schedule and Raw Readings. The same loading schedule was repeated with
different model weights to ensure performance under vertical load. Model weights were simulated by
simply placing a series of evenly distributed weights on top of the yaw table.

5” I I
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Figure 1: Calibration Loading Schedule

Figure 2 illustrates the Voltage Read by the Acquisition Equipment for each loading. This plot also
captures the linearity of the balance response. Note, non-linearity around 35 Ibf in the Drag simulation is
actually due to the coupled loadings that were performed. It will be interesting to see if the derived
calibration matrices will capture coupling effects.
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Figure 2: Raw Voltage Reading Vs Calibration Load
1.1.2. Regression Analysis

The raw voltage data acquired from the loading schedule was used to perform a Multiple Regression
Analysis. Only data from the 50 Ib model loading schedule was used, as this best represents the realistic

model weight expected during use of the balance with the Wind Tunnel.

Derivation of the Regression Equations for the Balance:

X=[1 F, F, |F)| F.* F,> F,F)
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Ry = [X] [By]

B,

(XTX)"1X"R,

B,= (X"X)'X"R,

e X = nxp design matrix with rows corresponding to observations and columns to predictor
variables. The first column is set to 1’s to permit a constant (intercept) in the regression analysis.

* R, and Ry = nx1 vectors and are the Raw Measurement Outputs from the Balance Load Cells.

e F,and Fy=nx1 vectors and are the Applied Forces to the Load Cells.

e B,and By = px1 vectors that comprises the regression coefficients. These coefficients will
ultimately comprise the inverse of the Calibration Matrix.

Once the regression coefficients are determined, an estimate of the raw voltage readings can easily be
derived as follows:

2 2
Ry = Byq + ByyFy + By 3Fy + By o|Fy| + BysFy’ + ByoFy? + By s FLF,
— 2 2
R, =By, + By ,F,+ B, 3F, + By 4|F,| + B, sF,”> + B, cF,” + B, ;F,F,
Figure 3 illustrates the results of a multi-variable regression analysis, used to derive the calibration

coefficients. At this point, a verification of the regression was conducted and it appears that the model is
able to properly calculate the raw voltage readings
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Figure 3: Regression Analysis Verification
The equations above can be re-arranged into Matrix notation:
|Fy| ]
R F F.?
[Rx] =C, [F"] +C;| %,
y y F,
F.F y

[R] = C4[F] + C;[H]

Where,
C. = [Bx,z Bx,3
17 Byz Bygs
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C, = [Bx4 Bx,s Bx6 Bx,7
2 By,4, By,s By'6 By‘7
Lastly, C{l can be multiplied across the above equation to derive the final calibration equation
C1'[R] = C1'C4[F] + C1'C,[H]
F=C'R-C'C,H

€, and C, are the calibration matrices, but it is actually C;l and Cl_lCz that we are interested in

1.1.3. Calibration Matrix

The following first order equation is used to derive the forces on the balance from the voltage readings
on the balance.

F=C'R-C'C,H
|Fy|
Fyl C11_1 (:11_2 i R, C11,1 C11,2 - sz Czl_2 Czl’3 Czl_4 sz
[Fy]‘<clz,1 Clz,) [RJ‘(QM clz) <czz,1 Coyy Cay C22,4> F,?
F,F,

—68209.01000 —784.95788

-1 _
€1 _[ 1031.17199  —43402.58455

-1, _ [—0.018875 —0.0027414 0.000177 -0.0014236
ci'cz = | ]

0.059378 —0.0010193 —0.0011411 0.0005577

e Fisthe derived load applied to the balance (Ibs)

e Risthe load measured by the balance (UV/Ve,)

e Histhe non-linear combinations and absolute values of the component loads, F

e [C1]71is the first order square matrix that relates load cell voltage outputs to the component
loads

e (, is the interaction matrix that relates load cell voltage outputs to the component load
absolute values, and non-linear combinations of the component loads.
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e [C1]71[C2] is given below

1. Data readings are ratio metric to the excitation. This means at full load, the raw balance reading
should be 2.000, or with units 2.000 mV/V. The NI 9237 senses both the bridge potential AND
the excitation voltage simultaneously so that even with excitation drift, noise, or any other
unsteady variation, the numerical output is always correctly scaled. It makes the output value
independent from the excitation voltage potential.

2. Asaresult, if anyone using the balance were to ever decide to apply a different excitation
voltage FROM THE CONFIG FILE, nothing would change and the calibration would be valid.

3. |If anyone decided to use their own excitation source, NOT FROM THE NI 9237 CARD, then this
calibration is invalidated. This is because the card has no way to measure the excitation being
output and would then scale the reading according to whatever excitation value was currently in
the config file. Essentially, the card would still be outputting and measuring the excitation and
applying that ratio to the output, but the user would not be using that excitation and thus would
not have a ratio metric measurement.

4. It would theoretically be possible to use an external excitation and still get a modestly accurate
answer under the following conditions:

e External excitation is used

e Internal excitation is known

e Config file is set to scale the signal to compensate for the ratio metric math already done on
the card

It is not recommended to use external excitation.

1.1.4. Model Verification

Figure 4 illustrates the full model verification by plotting the calculated response (in Ibf) to ground truth
(actual loading). For the derived calibration, only the 50 Ib model data was used as this is most
representative of realistic tests that will be conducted in the tunnel. The Full scale error is plotted as
well to illustrate where errors are largest. Unsurprisingly, errors were highest where the side force
crosses zero load.
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Figure 4: Calibration Model Verification

Figure 5 is another representation of the errors for the complete loading schedule for the 50 Ib model

case.
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Figure 5: Calibration Model Verification
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The following chart provides a summary of the resolution sensitivity for each component load of the
balance. The load cells themselves are rated for 2 mV/V.,at a nominal load of 50 Ibs. Therefore the
sensitivity of the load cell is 40 uV/( Ve-lb). The balance as a full system, however, has a unique
sensitivity that must be characterized. Based on the raw readings of each axis across the full loading
schedule, the response and sensitivity of the balance is characterized in the table below

Table 3: Sensitivity Characterization

Force/Moment Excitation Output at Response (uV/lb)  Sensitivity (uV/(Vex-
Voltage (V) Nominal Load Ib))
(mV/ Vex)
Axial Force 5 -0.6695 -66.95 -13.39
Side Force 5 1.154 -115.42 -23.08

1.1.6. Accuracy

An analysis on the first order calibration was performed to determine the calibration accuracy. The Full
Scale Accuracy illustrates the worst case error divided by the Full Scale (FS) Range. The Mean FS
Accuracy illustrates the average FS error across the full range of load.

Load Range
Axial Force = 0 to 50 Ibs (50 lbs)

Side Forcer =-50 to + 50 Ibs (100 Ibs)

FS Accuracy
Maximum Full Scale Axial Force Error = 0.53 lbs = 1.06% (Highlighted in red below)

Maximum Full Scale Side Force Error = 1.48 Ibs = 1.48 % (Highlighted in red below)

Mean FS Accuracy
Mean FS Axial Force Error = 0.16 % (Highlighted in red below)

Mean FS Side Force Error = 0.49 % (Highlighted in red below)

Table 4: Regression Error Analysis

Fx 2% Fx_calc Fy_calc Fx_error Fy_error FS Fx_error FS Fy_error
(Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (%) (%)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 1.00 0.04 0.41 0.04 -0.59 0.07 0.59

0.00 3.00 0.04 2.04 0.04 -0.96 0.08 0.96

0.00 5.00 0.05 3.94 0.05 -1.06 0.10 1.06
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0.00 10.00 0.07 8.86 0.07 -1.14 0.15 1.14
0.00 20.00 0.11 19.05 0.11 -0.95 0.21 0.95
0.00 50.00 -0.03 50.86 -0.03 0.86 0.06 0.86
0.00 50.00 -0.02 50.85 -0.02 0.85 0.04 0.85
0.00 20.00 0.06 19.45 0.06 -0.56 0.12 0.56
0.00 10.00 0.01 9.21 0.01 -0.79 0.01 0.79
0.00 5.00 -0.03 4.27 -0.03 -0.73 0.06 0.73
0.00 3.00 -0.05 2.32 -0.05 -0.68 0.10 0.68
0.00 1.00 -0.05 0.61 -0.05 -0.39 0.10 0.39
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 -1.00 0.00 -0.64 0.00 0.36 0.01 0.36
0.00 -3.00 0.02 -1.52 0.02 1.48 0.03 -
0.00 -5.00 0.03 -3.53 0.03 1.47 0.06 1.47
0.00 -10.00 | 0.09 -9.21 0.09 0.79 0.19 0.79
0.00 -20.00 | 0.13 -19.78 0.13 0.22 0.26 0.22
0.00 -50.00 | 0.02 -50.48 0.02 -0.48 0.03 0.48
0.00 -50.00 | 0.01 -50.47 0.01 -0.47 0.02 0.47
0.00 -20.00 | 0.16 -19.93 0.16 0.07 0.32 0.07
0.00 -10.00 | 0.10 -9.09 0.10 0.91 0.19 0.91
0.00 -5.00 0.10 -3.96 0.10 1.04 0.19 1.04
0.00 -3.00 0.06 -1.62 0.06 1.38 0.13 1.38
0.00 -1.00 -0.01 -0.72 -0.01 0.28 0.02 0.28
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 0.00 1.08 -0.05 0.08 -0.05 0.15 0.05
3.00 0.00 3.06 -0.14 0.06 -0.14 0.13 0.14
5.00 0.00 5.05 -0.21 0.05 -0.21 0.11 0.21
10.00 0.00 10.11 -0.35 0.11 -0.35 0.22 0.35
20.00 0.00 20.53 -0.43 0.53 -0.43 - 0.43
50.00 0.00 49.96 0.16 -0.04 0.16 0.09 0.16
50.00 0.00 49.96 0.16 -0.05 0.16 0.09 0.16
20.00 0.00 20.37 -0.41 0.37 -0.41 0.74 0.41
10.00 0.00 9.89 -0.34 -0.11 -0.34 0.22 0.34
5.00 0.00 4.85 -0.20 -0.15 -0.20 0.30 0.20
3.00 0.00 2.86 -0.14 -0.14 -0.14 0.28 0.14
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1.00 0.00 0.89 -0.05 -0.11 -0.05 0.22 0.05
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 -1.00 1.05 -0.74 0.05 0.26 0.10 0.26
3.00 -3.00 2.97 -1.83 -0.03 1.17 0.06 1.17
5.00 -5.00 4.94 -3.69 -0.06 1.31 0.12 131
10.00 |-10.00 | 9.86 -9.27 -0.14 0.73 0.28 0.73
15.00 |-15.00 | 14.83 -14.68 -0.17 0.32 0.34 0.32
25.00 |-25.00 | 24.89 -25.05 -0.11 -0.05 0.23 0.05
35.00 |-35.00 |35.15 -34.91 0.15 0.09 0.31 0.09
35.00 |-35.00 |35.14 -34.92 0.14 0.08 0.29 0.08
25.00 |-25.00 | 24.88 -25.17 -0.12 -0.17 0.24 0.17
15.00 |-15.00 | 14.80 -14.86 -0.20 0.14 0.39 0.14
10.00 |-10.00 | 9.85 -9.48 -0.15 0.52 0.31 0.52
5.00 -5.00 4.89 -3.97 -0.11 1.03 0.22 1.03
3.00 -3.00 291 -1.71 -0.09 1.29 0.17 1.29
1.00 -1.00 0.92 -0.82 -0.08 0.18 0.15 0.18
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Average - -

1.1.7. Confidence Interval

An analysis on the first order calibration was performed to determine the standard error and 95%
confidence interval. This is a measure of how much trust one can put into the experimental
measurements.

. (ED)
n-p-1)

95% C.1.= 1.96(SE)
e SE =Standard Error
e E =Actual Load - Calculated Load
e n=number of samples
e p=number of degrees of freedom (2 in this case)
o i=i"sample
e C.l. = Confidence Interval
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Table 5: Confidence Interval

Standard Error

95% Confidence Interval
(Ibf)

(Ibf)
Axial Force 0.1234 +/- 0.2418
Side Force 0.6786 +/- 1.3301
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Appendix A: Loading Schedule and Raw Readings

Normal Drag Force Side Force Drag Force Side Force Tared Drag  Tared Side
Force Load Load Reading Reading Reading Reading
(Ib) (Ib) (Ib)
0 0 0 0.000019 -0.000009 0 0
0 0 1 -0.000007 -0.019805 0.0006075 | -0.05088
0 0 3 0.000314 -0.06405 0.0009285 | -0.095125
0 0 5 0.000988 -0.109659 0.0016025 | -0.140734
0 0 10 0.002759 -0.227698 0.0033735 | -0.258773
0 0 20 0.007055 -0.426743 0.0076695 | -0.457818
0 0 50 0.018695 -1.075144 0.0193095 | -1.106219
0 0 50 0.018583 -1.074672 0.0191975 | -1.105747
0 0 20 0.007064 -0.380906 0.0076785 | -0.411981
0 0 10 0.00304 -0.146358 0.0036545 | -0.177433
0 0 5 0.001037 -0.029119 0.0016515 | -0.060194
0 0 3 0.000311 0.018707 0.0009255 | -0.012368
0 0 1 -0.00067 0.051281 -0.0000555 | 0.020206
0 0 0 -0.001248 0.062159 0 0
50 0 0 -0.013475 -0.005186 0 0
50 0 1 -0.013199 -0.016483 -0.000304 -0.010021
50 0 3 -0.012385 -0.056253 0.00051 -0.049791
50 0 5 -0.011494 -0.102233 0.001401 -0.095771
50 0 10 -0.009257 -0.220646 0.003638 -0.214184
50 0 20 -0.00485 -0.461772 0.008045 -0.45531
50 0 50 0.00837 -1.179392 0.021265 -1.17293
50 0 50 0.008235 -1.179135 0.02113 -1.172673
50 0 20 -0.003978 -0.47094 0.008917 -0.464478
50 0 10 -0.008105 -0.228959 0.00479 -0.222497
50 0 5 -0.010115 -0.110151 0.00278 -0.103689
50 0 3 -0.010902 -0.062839 0.001993 -0.056377
50 0 1 -0.011824 -0.021374 0.001071 -0.014912
50 0 0 -0.012315 -0.007738 0 0
100 0 0 -0.01458 -0.011622 0 0
100 0 1 -0.014436 -0.029187 -0.000808 -0.018367
100 0 3 -0.013576 -0.073103 0.000052 -0.062283
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Normal Drag Force Side Force Drag Force Side Force Tared Drag  Tared Side
Force Load Load Reading Reading Reading Reading
(Ib) (Ib) (Ib) (mV) (mV) (mV) (mV)
100 0 5 -0.012325 -0.124595 0.001303 -0.113775
100 0 10 -0.009858 -0.246769 0.00377 -0.235949
100 0 20 -0.005549 -0.488918 0.008079 -0.478098
100 0 50 0.008441 -1.213172 0.022069 -1.202352
100 0 50 0.008364 -1.212874 0.021992 -1.202054
100 0 20 -0.004517 -0.489316 0.009111 -0.478496
100 0 10 -0.008619 -0.245776 0.005009 -0.234956
100 0 5 -0.010735 -0.122625 0.002893 -0.111805
100 0 3 -0.011465 -0.077358 0.002163 -0.066538
100 0 1 -0.012211 -0.029529 0.001417 -0.018709
100 0 0 -0.012676 -0.010018 0 0
0 0 0 -0.000055 0.000002 0 0
0 0 -1 -0.000073 0.007696 0.001287 0.0062485
0 0 -3 -0.00064 0.035047 0.00072 0.0335995
0 0 -5 -0.000998 0.077769 0.000362 0.0763215
0 0 -10 -0.00186 0.195001 -0.0005 0.1935535
0 0 -20 -0.004073 0.43749 -0.002713 0.4360425
0 0 -50 -0.008336 1.146212 -0.006976 1.1447645
0 0 -50 -0.008285 1.145617 -0.006925 1.1441695
0 0 -20 -0.005117 0.438587 -0.003757 0.4371395
0 0 -10 -0.004217 0.203265 -0.002857 0.2018175
0 0 -5 -0.003208 0.082498 -0.001848 0.0810505
0 0 -3 -0.003406 0.038945 -0.002046 0.0374975
0 0 -1 -0.002847 0.012314 -0.001487 0.0108665
0 0 0 -0.002665 0.002893 0 0
50 0 0 -0.013103 -0.012027 0 0
50 0 -1 -0.012927 0.003362 5.80E-05 0.013916
50 0 -3 -0.013193 0.022368 -0.000208 0.032922
50 0 -5 -0.013384 0.066243 -0.000399 0.076797
50 0 -10 -0.014353 0.191277 -0.001368 0.201831
50 0 -20 -0.015554 0.428384 -0.002569 0.438938
50 0 -50 -0.019243 1.150316 -0.006258 1.16087
50 0 -50 -0.019139 1.150163 -0.006154 1.160717
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Tared Side
Reading

Side Force
Reading

Normal Drag Force Side Force Drag Force

Reading

Tared Drag
Reading

Force Load Load

(Ib) (Ib) (Ib) (mV) (mV) (mV) (mV)

50 0 -20 -0.015972 0.431852 -0.002987 0.442406
50 0 -10 -0.014395 0.188553 -0.00141 0.199107
50 0 -5 -0.014329 0.075547 -0.001344 0.086101
50 0 -3 -0.013893 0.024652 -0.000908 0.035206
50 0 -1 -0.012798 0.005104 0.000187 0.015658
50 0 0 -0.012867 -0.009081 0 0

100 0 0 -0.011513 -0.01586 0 0

100 0 -1 -0.011359 0.001546 0.0007365 | 0.0157265
100 0 -3 -0.012283 0.027757 -0.0001875 | 0.0419375
100 0 -5 -0.012675 0.059944 -0.0005795 | 0.0741245
100 0 -10 -0.013688 0.180881 -0.0015925 | 0.1950615
100 0 -20 -0.015583 0.430952 -0.0034875 | 0.4451325
100 0 -50 -0.018983 1.158351 -0.0068875 | 1.1725315
100 0 -50 -0.018964 1.158252 -0.0068685 | 1.1724325
100 0 -20 -0.015397 0.434952 -0.0033015 | 0.4491325
100 0 -10 -0.014131 0.188296 -0.0020355 | 0.2024765
100 0 -5 -0.013696 0.067142 -0.0016005 | 0.0813225
100 0 -3 -0.013689 0.024525 -0.0015935 | 0.0387055
100 0 -1 -0.012849 0.008699 -0.0007535 | 0.0228795
100 0 0 -0.012678 -0.012501 0 0

0 0 0 0.000076 0 0 0

0 1 0 -0.014118 0.000601 -0.0157325 | 0.0020055
0 3 0 -0.042256 0.001375 -0.0438705 | 0.0027795
0 5 0 -0.070282 0.002286 -0.0718965 | 0.0036905
0 10 0 -0.138972 0.003616 -0.1405865 | 0.0050205
0 20 0 -0.276435 0.005385 -0.2780495 | 0.0067895
0 50 0 -0.595631 0.044369 -0.5972455 | 0.0457735
0 50 0 -0.595562 0.044305 -0.5971765 | 0.0457095
0 20 0 -0.274005 0.004816 -0.2756195 | 0.0062205
0 10 0 -0.136217 0.001467 -0.1378315 | 0.0028715
0 5 0 -0.066733 -0.000544 -0.0683475 | 0.0008605
0 3 0 -0.038821 -0.00123 -0.0404355 | 0.0001745
0 1 0 -0.010799 -0.002407 -0.0124135 | -0.0010025
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Normal Drag Force

Force Load
(Ib) (Ib)
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Tared Drag
Reading
(mV)

Tared Side
Reading
(mV)

0 0 0 0.003153 -0.002809 0 0

50 0 0 -0.013638 -0.011963 0 0

50 1 0 -0.02795 -0.011119 -0.0157195 | 0.0006325
50 3 0 -0.056762 -0.009601 -0.0445315 | 0.0021505
50 5 0 -0.085289 -0.008225 -0.0730585 | 0.0035265
50 10 0 -0.156395 -0.005065 -0.1441645 | 0.0066865
50 20 0 -0.296497 0.000722 -0.2842665 | 0.0124735
50 50 0 -0.64457 0.02771 -0.6323395 | 0.0394615
50 50 0 -0.644554 0.027724 -0.6323235 | 0.0394755
50 20 0 -0.2944 0.000337 -0.2821695 | 0.0120885
50 10 0 -0.15336 -0.005326 -0.1411295 | 0.0064255
50 5 0 -0.082377 -0.008502 -0.0701465 | 0.0032495
50 3 0 -0.053814 -0.009601 -0.0415835 | 0.0021505
50 1 0 -0.025223 -0.010868 -0.0129925 | 0.0008835
50 0 0 -0.010823 -0.01154 0 0

100 0 0 -0.013596 -0.011844 0 0

100 1 0 -0.028303 -0.010849 -0.015594 0.0014705
100 3 0 -0.057744 -0.009454 -0.045035 0.0028655
100 5 0 -0.086901 -0.008314 -0.074192 0.0040055
100 10 0 -0.159972 -0.005546 -0.147263 0.0067735
100 20 0 -0.302811 0.001176 -0.290102 0.0134955
100 50 0 -0.670799 0.033721 -0.65809 0.0460405
100 50 0 -0.67074 0.03386 -0.658031 0.0461795
100 20 0 -0.30165 -0.001187 -0.288941 0.0111325
100 10 0 -0.157476 -0.006987 -0.144767 0.0053325
100 5 0 -0.084887 -0.009398 -0.072178 0.0029215
100 3 0 -0.055969 -0.010611 -0.04326 0.0017085
100 1 0 -0.026584 -0.012159 -0.013875 0.0001605
100 0 0 -0.011822 -0.012795 0 0

0 0 0 0.0001 -0.000118 0 0

0 1 -1 -0.015301 0.009442 -0.0154105 | 0.0082675
0 3 -3 -0.043297 0.041969 -0.0434065 | 0.0407945
0 5 -5 -0.071367 0.087731 -0.0714765 | 0.0865565
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Normal Drag Force Side Force Drag Force Side Force Tared Drag  Tared Side
Force Load Load Reading Reading Reading Reading
(Ib) (Ib) (Ib) (mV) (mV) (mV) (mV)
0 10 -10 -0.140672 0.208941 -0.1407815 | 0.2077665
0 15 -15 -0.211419 0.331653 -0.2115285 | 0.3304785
0 25 -25 -0.347649 0.57301 -0.3477585 | 0.5718355
0 35 -35 -0.483821 0.814087 -0.4839305 | 0.8129125
0 35 -35 -0.483686 0.813859 -0.4837955 | 0.8126845
0 25 -25 -0.34712 0.573808 -0.3472295 | 0.5726335
0 15 -15 -0.209026 0.332102 -0.2091355 | 0.3309275
0 10 -10 -0.139655 0.211969 -0.1397645 | 0.2107945
0 5 -5 -0.070417 0.094573 -0.0705265 | 0.0933985
0 3 -3 -0.042334 0.046382 -0.0424435 | 0.0452075
0 1 -1 -0.014013 0.016079 -0.0141225 | 0.0149045
0 0 0 0.000119 0.002467 0 0
50 0 0 -0.013938 -0.014264 0 0
50 1 -1 -0.028423 0.002234 -0.015374 0.0158075
50 3 -3 -0.056294 0.025362 -0.043245 0.0389355
50 5 -5 -0.084825 0.065811 -0.071776 0.0793845
50 10 -10 -0.155625 0.189606 -0.142576 0.2031795
50 15 -15 -0.226452 0.313026 -0.213403 0.3265995
50 25 -25 -0.367316 0.559838 -0.354267 0.5734115
50 35 -35 -0.507335 0.808122 -0.494286 0.8216955
50 35 -35 -0.507213 0.80821 -0.494164 0.8217835
50 25 -25 -0.367289 0.562642 -0.35424 0.5762155
50 15 -15 -0.226133 0.317259 -0.213084 0.3308325
50 10 -10 -0.155448 0.194326 -0.142399 0.2078995
50 5 -5 -0.084096 0.071962 -0.071047 0.0855355
50 3 -3 -0.055475 0.022719 -0.042426 0.0362925
50 1 -1 -0.026555 0.004008 -0.013506 0.0175815
50 0 0 -0.01216 -0.012883 0 0
100 0 0 -0.013184 -0.016853 0 0
100 1 -1 -0.028086 0.002692 -0.015437 0.018167
100 3 -3 -0.057159 0.031409 -0.04451 0.046884
100 5 -5 -0.086475 0.062966 -0.073826 0.078441
100 10 -10 -0.159103 0.1916 -0.146454 0.207075
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Normal Drag Force Side Force Drag Force Side Force Tared Drag  Tared Side
Force Load Load Reading Reading Reading Reading
(Ib) (Ib) (Ib) (mV) (mV) (mV) (mV)
100 15 -15 -0.231663 0.315732 -0.219014 0.331207
100 25 -25 -0.375744 0.568028 -0.363095 0.583503
100 35 -35 -0.518603 0.818427 -0.505954 0.833902
100 35 -35 -0.51853 0.81838 -0.505881 0.833855
100 25 -25 -0.376086 0.57009 -0.363437 0.585565
100 15 -15 -0.231445 0.32084 -0.218796 0.336315
100 10 -10 -0.158704 0.194753 -0.146055 0.210228
100 5 -5 -0.085647 0.069136 -0.072998 0.084611
100 3 -3 -0.056466 0.030322 -0.043817 0.045797
100 1 -1 -0.0267 0.006076 -0.014051 0.021551
100 0 0 -0.012114 -0.014097 0 0
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Appendix B: Load Cell Calibrations
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10 Thomas, Irvine, CA 92618 USA

Tel: (949)
Fax: (949) 4

Certificate of Calibration

Certificate Number: 1608160060

Sensor Info:
SIN: 680495 Model: LCM300
Item #: FSH03884 Capacity: 50 Ib
; LCM300, 50 Ib, Tension & Ci Load Cell Threaded), RoHS Compliant, Material - 17-4 PH S.S.
M6x1-Thread, 28 Awg 4 Conductor Braided Shielded Clear PVC, 10 ft Long

Calibration Procedure OP1000

Digital Multi ;
HP Model: 34401A, SIN: MY44001975
Dead Weight(s):

1-10Ib, Traceability No: 678784

This certifies that the following sensor has been calibrated using equipment traceable to NIST. Supporting documentation relative o traceability is on file and is availabie for
examination upon request. This certificate shall not be reproduced except in full, without the written approval of FUTEK

C ici Angel Mand,

Issue Date: 8/16/2016 Re-Calibration Date: One Year After Issue Date

Sensor Solution Source
Load - Torque - Pressure - Multi Axis - Calibration - Instrumants - Software

www.futek.com

Page 1 0of 2
)
Yy &
9001 U.S. Manufacturer
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10 Thomas, Irvine, CA 92618 USA
0900

Test Temp:

74 °F (23°C)

Input Resistance: 743

CALIBRATION DATA

Relative Humidity: 47 %

Output Resistance: 743

Excitation: 9.99 Vdc

Zero Balance: -0.0024 mV/V

TIension

Load
(Ib)

Output
(mVN)

Non-Lin. Error
(%R.0.)

10
20
30
40

50

0.0000
04218
0.8436
1.2644
1.6836
2.1027

0.0005

0.000
0.060
0.120
0.132
0.068

0.000

SHUNT CALIBRATION

Direction

Shunt Value

(KQ)

Shunt
Connection

Output Value
(mVIV)

Equivalent Load
(Ib)

Tension

100

(-Exc) & (-S)

1.8513

44

Sensor Solution Source

Load « Torque - Pressure - Multi Axis « Calibration - Instruments + Software

www.futek.com

Page 2 of 2
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10 Thomas, Irvine, CA 92618 USA

Tel: (

Fax: (949) 465
ADVANCED SENSOR TECHNOLOGY, INC

Certificate of Calibration

Certificate Number: 1608160061

Sensor Info:
SIN: 680496 Model: LCM300
Item #: FSH03884 Capacity: 50 Ib

: LCM300, 50 Ib, Tension & Compression Load Cell (Miniature/Inline Threaded), RoHS Compliant, Material - 17-4 PH S.S.,
M6x1-Thread, 28 Awg 4 Conductor Braided Shielded Clear PVC, 10 ft Long

Calibration Procedure 0OP1000

Digital Multimeter:
HP Model: 34401A, S/N: MY44001975
Dead Weight(s):

1-10lb, Traceability No: 678784

This certifies that the following sensor has been calibrated using equipment traceable to NIST. Supporting documentation relative to traceability Is on file and is available for
examination upon request. This certificate shall not be reproduced except in full, without the written approval of FUTEK

Calibration Technician:  Angel Mendoza

Issue Date: 8/16/2016 Re-Calibration Date: One Year After Issue Date
Page 10f 2
Sensor Solution Source )
Load * Torque « Pressure - Multi Axis - Calibration - Instruments - Software Yiso¥ |
= &

www.futek.com 9001 U.S. Manufacturer
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10 Thomas, Irvine, CA 92618 USA
65

VANCED SENSOR TECHNOLOGY, INC

Certificate Number: 1608160061

Single Channel Item

CALIBRATION DATA
Test Temp: 74 °F (23°C) Relative Humidity: 47 % Excitation: 9.99 Vdc
Input Resistance: 742 O Output Resistance: 743 Q Zero Balance: -0.0021 mV/V
Tension
[ Load Output | Non-Lin. Error
(Ib) (mVN) (%R.0O.)
0 | 0.0000 ‘ 0.000
10 0.4424 0.080
20 [ 0.8868 0.251
30 1.3271 0.235
40 1.7685 0.270
50 22032 0.000
0 0.0012

SHUNT CALIBRATION

i Shunt Value Shunt Output Value Equivalent Load
Direction | (KQ) Connection (mViv) (Ib)
Tension } 100 (-Exc) & (-S) 1.8494 | 42

Page 2 of 2
Sensor Solution Source S
— Load - Tarque - Pressure - Muhti Axis - Calibration - Instruments - Software Sisov B
"‘), o
www.futek.com 9001 U.S. Manufacturer
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Appendix C: Turn-Table Schematic

>
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Il Motor assembly procedure [ Hrap ]|

Input Configuration ‘

Model Name |  Size Reduction Ratie Medel
N 50,80, 100
L This core reprasents e moor mountrg
GSF 32 | 50,80,100,120, 160 F: fput
Standard 35 200 canter tpped ok

80, 100, 120, 160

HpG J[csa-GH ) csF-GH J[ HPN )

To properly mount the motor to the gearhead, follow the pracedure outlined below, refer to figure 3-1

(1) Tumn the input shaft coupling and align the bolt head with the rubber cap hole.

¥

2)

@

(4)

(5)

<

With the speed reducer in an upright position as illustrated in the figure below, slowly insert the motor shaft into the coupling of
speed reducer. Slide the motor shaft into the input shaft coupling by guiding the motor shaft into it without letting it drop down. If
the speed reducer cannot be positioned upright, slowly insert the motor shaft into the coupling of speed reducer, then tighten the
motor bolts svenly (little by littls) until the motor flangs and gearhead flangs ars in full contact. Exercise cars to avoid tilting the
motor when inserting it into the gear head.

Tighten the input shaft coupling bolt to the recommended torque specified in the table below. The bolt(s) or screw(s) is (are)
already inserted into the input shaft coupling when delivered. Check the bolt size on the confirmation drawing provided.

Bolt tightening torque Tabla 31
Bolt size M3 M4 M5 M6 Mg M10 M12
‘ Nm 20 45 90 153 372 735 128
Tightening torque
| kgim 0.20 0.46 0.92 1.56 38 7.5 184

Caution: Always tighten the bolts to the tightening torque speified in the table above. If the bolt is not tightened to the torque value recommended
slippage of the motor shaft in the shaft coupling may result. The bolt size will vary depending on the size of the gear and the shaft diameter
of the mounted motor. Check the bolt size on the confirmation drawing provided.

Note: Two setscrews need to be tightened on size 11. Tighten the screws to the tightening torque specified below.
Table 3-2
Bolt size M3
Tahtenina ¢ Nm 0.69
ightening terque
Genng 1orHE ™ gim 007

Fasten the motor to the
Bolt* tightening torque

gearhead flange with bolts.

Taie 3-3
Bolt size M2.5 M3 M4 M5 M6 Ms M10 Mi2
Nm 0.59 14 3.2 6.3 10.7 261 51.5 89.9
Tightening torque
kgim 0.06 0.14 0.32 0.64 1.09 2.66 5.25 917

* Recommended boit: JIS B 1176 Hexagon socket head bolt, Strength: JIS B 1051 12.9 or higher
Caution: Be sure to tighten the bolts to the tightening torques specified in the table.

Insert the rubbsr cap provided. This complstes the assembly. (Size 11: Fasten screws with a gaskst in two placss)

Aerolab LLC

8291 Patuxent Range Rd
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Figure 3-1

(4)

S
)

1

=

LA

Aerolab LLC Phone: (301) 658-3570
8291 Patuxent Range Rd Email: contact@aerolab.com

Jessup, MD 20794 Website: www.aerolab.com


mailto:contact@aerolab.com
http://www.aerolab.com/

— 2-Axis Balance Manual

e = Version: 1.0
= m = = Date: 8/3/2017

% Page: 36

AJ

Appendix E: Balance Assembly Schematic

& $
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Appendix F: Flexure Schematic

\d 10-24 UNC -28
L | _THRU BOTH SIDES

TYP (2)

c ACTUAL SIZE
1.525 1.570
1.475 1.520
¥ [ © © | 240 =EF. |
~ 3 1
1.502
1.020 REF. 1aes
B |
e @
—={.875 REF. [~ «‘ 1.000 REF.L
NOTES . ASSEMBLY P/N 81-000172
A MATERIAL Riverhawk W
1.) SPRING RATE = 480 LB/IN +20% (NO LOAD) Company
2.) MAX LINEAR DEFLECTION = .048 TN o SEE BN men Road o e

STANDARD LFB INSTALLATICN|

Al azaps | 2479650 |

01/06/11

= v 01/06/11 [SCALE: |NTS |

4 3 * 2 | 1
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Appendix G: Balance Base Assembly
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For 1/2-13
Screw Size— L "
Minimum Install Depth -
[McMASTER-CARR.® | 2. 97095A131
e M =
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Appendix H: Kollmorgen AKD Brushless Servo Drive Information
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AKD drive models are available in a variety of combinations of features. The part number identifies the features
included in your model.

The figure below shows part number identification for drive features:

AKD - B 003 06 - NA AN - 0000

Famil
AKD AKD .
N Customization
‘E‘""Lﬂ"g . 0000 Standard USA
P Position Indexer | OO0 Standard EU german
s e - E000 Standard EU english
FO00 Standard EU french
1000 Standard EU italian
Connectivity Options
" AN Analog
Current Rating herC.
003 3 Ams GN CANopon
rms

015 1o CC  EtherCAT & CANopen

024 24 Arms *
Extension Options
NA  None

Voltage Rating

06 120/ 240 Vac 1~/3~

07 240480 Vac 3~
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19.6 Connection Diagram, AKD-x00306 to x00606

Reference, Safety nstructions | AKD—x00306 /x00606 Control
thermal control o | |x7 1 to 1/0 GND
DOOM7 50—} 1/0-GND
o Feedback DIGITAL-IN7 jee>o
Y ' DIGTAL-IN4 =0
D DIGITAL—ING __15..._

DIGITAL = QUT2 — o 2= Digital2

B
x2 DIGITAL=QUT2 4} =30
1 7
F{E‘:, =1 DIGITAL—QUTI— e v0————————F— Digitall

DIGITAL=QUTI + |20

%:IPE@ DIGTAL-N2 e s o) -
B . ——r 10 (Home Switch)
DIGITAL—IN1 | ==0—=
S —o-Coe] ¥
b 1
X8 s
— je=2o—
Fault Emergency
b \\— —233—-— Stop Clreuit
X3 3
b DCOME femzo—— 1 1/0-GND
'-" 1|- e L]-re 4
jrae  FTAESTETeCo ENABLE fem
resistor [ 1 -]
I I HE $ =DC 5 (NSTOR)
I Ll _JLE::_}lL_I ocu{+RE  (+DC) DIGITAL=ING =
I ] T F;_ T . (PSTCP)
:I,é__H | DIGITAL=INS |em2o S
el
24V refarred
e LYY U ] eiese
| ] e AGND foum [S—
1 — -y |2 B -\:Hnia
! —t o] 3 Andlog—Out+ fem - Ly +/=1ov
1 o i 9
i —J j; PE Analeg=In = fe |- +/~10V speed
| | T o H 10 11 I setpoint
: 1 i Andlog=In 4+ fe + {:‘O—WMDH
! o C - 4 24 X
i —ocmi ] X5
! | sTo —3—)2'— Participant
L____‘| ] J——GND Motion Bus In
LA ..'1 K - X8
-HE'_ Participant
Fiiter i agﬁ:bugn Motion Bus Out
Eb 12 it AN
CAN In Participant
Atk X13
3 3, CAN
CAN Out = Participant
i Encoder _:,_12,_ Encoder
Emulation Evaluation
l xn ] Sarvice
S TCP /P
Aeroles U L2 upz@ D) PE-connection (pr sarth)
8291 P ms i b chassin round conaction (panal) zom
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Appendix G: Kollmorgen AKM Brushless Servo Information

Aerolab LLC Phone: (301) 658-3570
8291 Patuxent Range Rd Email: contact@aerolab.com

Jessup, MD 20794 Website: www.aerolab.com


mailto:contact@aerolab.com
http://www.aerolab.com/

ﬁ“\_________,_ 2-Axis Balance Manual
e Version: 1.0
:_E Q Date: 8/3/2017

P Page: 47

Aerolab LLC Phone: (301) 658-3570
8291 Patuxent Range Rd Email: contact@aerolab.com

Jessup, MD 20794 Website: www.aerolab.com


mailto:contact@aerolab.com
http://www.aerolab.com/

2-Axis Balance Manual

ERCLAR Voot
//.———'——'-—\

Page: 48

1.3.3 Model number description

D e a2 b ey ey EE mechy GERTELT DN

Frame size Customization

1 40mm 00 Standard

2 58mm 01  with shaft seal

3 70mm OW Washdown

4 84mm OF Washdown Food

5 108mm i xx  special

6 138mm

7 188

8 zso:‘m Feedback
all options see next page
S-  special

Rotor length

12345 « Brake
2 24V holding brake
N  wlo brake
S special

Winding type

A.Z =

S ol Connectors
all options see next page
S-  special

A IEC with accuracy N

B NEMA Shaft

M  reinforced bearing AKM8 C  keyway

W |EC flange coated _|K  open keyway

for Washdown »IN  smooth shaft

R |EC with accuracy R S  special

S  special

C, D, G, H are alternative flange

variants. For more information

contact your sales contact.
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The following table is to be seen as a “First Aid” box. There can be a large number of different
reasons for a fault, depending on the particular conditions in your system. The fault causes
described below are mostly those which directly influence the motor. Peculiarities which
show up in the control loop behaviour can usually be traced back to an error in the param-
eterization of the servo amplifier. The documentation for the servo amplifier and the setup

software provides

information on these matters.

For multi-axis systems there may be further hidden reasons for faults.

Fault
Motor doesn't
rotate

Possible cause

— Servo-amplifier not enabled

— Break in setpoint lead

— Motor phases inwrong sequence
— Brake not released

— Drive is mechanically blocked

Measures to remove the
cause of the fault

— Supply EMABLE signal

— Check setpoint lead

— Correct the phase sequence
— Check brake controls

— Check mechanism

Motor runs away

— Motor phases inwrong sequence

— Correct the phase sequence

Motor oscillates

— Break in the shielding of the resolver
cable

— amplifier gain to high

— Replace resolver cable
— use motor default values

Ermor message:

— Short-circuit in the supply voltage

— Remove the short-circuit

brake lead to the motor holding brake

— Faulty moter holding brake — Replace matar
Emor message: | — Motor cable has short-circuit or earth | — Replace cable
output stage | short — Replace motor
fault — Motor has short-circuit or earth short
Emor message: | — Resolver connector is not propery | — Check connector
resolver plugged in

— Break in resolver cable, cable
crushed or similar

— Check cables

Error message:

— Motor thermosensor has switched

— Wait until the motor has

motor tem- cooled down. Then investigate
perature why the motor becomes so hot.
— Loose resolver connector or break in — Check cunnlectur, replace
resolver cable resolver cable if necessary
Brake does not | — Required holding torque too high — Check the dimensioning
grip — Brake faulty — Replace motor
— Motor shaft axially overloaded — Check the axial load, reduce
it. Replace motor, since the bear-
ings have been damaged
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Appendix J: LCM 300 Load Cells Dimensions and Wiring Colors

Model LCM300

DIMENSIONS inches [mm]

WIRING CODE (WC1)

@ 0.98[24.9]

f—-F 0.41[104]

14361

©0.32[8.1]
T @ 0.28[7.1] nom.
0.0210.5]
1.21[30.7] r @ 0.19[4.8nom.

——

0.50(12.7]

e

@ 0.12]2.9]nom.
0.33(8.4]
f Méx1-6g (BOTH ENDS)

RED + EXCITATION
BLACK — EXCITATION
GREEN + SIGNAL

WHITE — SIGNAL

SHIELD FLOATING
CAPACITIES

ITEM # Ib N Natural Frequency (kHz)
FSH03884 50 223 7.5
FSHO03885 100 445 10.2
FSHO3886 250 1112 16.2
FSH03887 500 2224 229
FSHO3888 1000 4448 301

Aerolab LLC
8291 Patuxent Range Rd
Jessup, MD 20794

Phone: (301) 658-3570
Email: contact@aerolab.com

Website: www.aerolab.com


mailto:contact@aerolab.com
http://www.aerolab.com/

— 2-Axis Balance Manual
N ) Version: 1.0

- ] - Date: 8/3/2017
l l =T I'IJ_ Page: 52

___,-———F_-___——_‘_

2. Warranty & Contact Information

(a) Equipment and Services Warranty. Aerolab warrants that Equipment (excluding Software, which is
warranted as specified in paragraph (d) below) shall be delivered free of defects in material and
workmanship and that Services shall be free of defects in workmanship. The Warranty Remedy Period
for Equipment (excluding Software, Spare Parts and Refurbished or Repaired Parts) shall end twelve (12)
months after installation or eighteen (18) months after date of shipment, whichever first occurs. The
Warranty Remedy Period for new spare parts shall end twelve (12) months after date of shipment. The
Warranty Remedy Period for refurbished or repaired parts shall end ninety (90) days after date of
shipment. The Warranty Remedy Period for Services shall end ninety (90) days after the date of
completion of Services.

(b) Equipment and Services Remedy. If a nonconformity to the foregoing warranty is discovered in the
Equipment or Services during the applicable Warranty Remedy Period, as specified above, under normal
and proper use and provided the Equipment has been properly stored, installed, operated and
maintained and written notice of such nonconformity is provided to Aerolab promptly after such
discovery and within the applicable Warranty Remedy Period, Aerolab shall, at its option, either (i)
repair or replace the nonconforming portion of the Equipment or re-perform the nonconforming
Services or (ii) refund the portion of the price applicable to the nonconforming portion of Equipment or
Services. If any portion of the Equipment or Services so repaired, replaced or re-performed fails to
conform to the foregoing warranty, and written notice of such nonconformity is provided to Aerolab
promptly after discovery and within the original Warranty Remedy Period applicable to such Equipment
or Services or 30 days from completion of such repair, replacement or re-performance, whichever is
later, Aerolab will repair or replace such nonconforming Equipment or re-perform the nonconforming
Services. The original Warranty Remedy Period shall not otherwise be extended.

(c) Exceptions. Aerolab shall not be responsible for providing working access to the nonconforming
Equipment, including disassembly and re-assembly of non-Aerolab supplied equipment, or for providing
transportation to or from any repair facility, all of which shall be at Purchaser’s risk and expense.
Aerolab shall have no obligation hereunder with respect to any Equipment which (i) has been
improperly repaired or altered;

(i) has been subjected to misuse, negligence or accident; (iii) has been used in a manner contrary to
Aerolab’s instructions; (iv) is comprised of materials provided by or a design specified by Purchaser; or
(v) has failed as a result of ordinary wear and tear. Equipment supplied by Aerolab but manufactured by
others is warranted only to the extent of the manufacturer’s warranty, and only the remedies, if any,
provided by the manufacturer will be allowed.

(d) Software Warranty and Remedies. Aerolab warrants that, except as specified below, the Software
will, when properly installed, execute in accordance with Aerolab’s published specification. If a
nonconformity to the foregoing warranty is discovered during the period ending one (1) year after the
date of shipment and written notice of such nonconformity is provided to Aerolab promptly after such
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discovery and within that period, including a description of the nonconformity and complete
information about the manner of its discovery, Aerolab shall correct the nonconformity by, at its option,
either (i) modifying or making available to the Purchaser instructions for modifying the Software; or (ii)
making available at Aerolab’s facility necessary corrected or replacement programs. Aerolab shall have
no obligation with respect to any nonconformities resulting from (i) unauthorized modification of the
Software or (ii) Purchaser-supplied software or interfacing. Aerolab does not warrant that the functions
contained in the software will operate in combinations which may be selected for use by the Purchaser,
or that the software products are free from errors in the nature of what is commonly categorized by the
computer industry as “bugs”.

(e) THE FOREGOING WARRANTIES ARE EXCLUSIVE AND IN LIEU OF ALL OTHER WARRANTIES OF QUALITY
AND PERFORMANCE, WHETHER WRITTEN, ORAL OR IMPLIED, AND ALL OTHER WARRANTIES INCLUDING
ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR USAGE
OF TRADE ARE HEREBY DISCLAIMED. THE REMEDIES STATED HEREIN CONSTITUTE PURCHASER’S
EXCLUSIVE REMEDIES AND AEROLAB’S ENTIRE LIABILITY FOR ANY BREACH OF WARRANTY.
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Administrative and Technical POC
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