
WASP Test Readiness 
Review

March 5, 2021
ASEN 4028-011 Team 9

Company Customer:
Sierra Nevada Corporation (SNC)

Faculty Advisor:
Dr. Francisco Lopez Jimenez

Presenters:
Madison Dube, Adam Elsayed, Aidan Kirby, Emma Markovich, Parker Simmons, Matthew Zola

Additional Team Members:
Samuel Felice, Foster Greer, Ansh Jerath, Bailey Roker



Back-upScheduleProject Updates Overview BudgetTesting: Component - Subsystem - System - Risk Reduction - Status

Presentation Outline

2

1. Project Overview

2. Project Updates 

3. Schedule Review

4. Test Readiness

5. Budget Review



Project Overview

3



Back-upVerification & ValidationProject RisksCPEsDesign Solution Overview Project PlanningRequirements Satisfaction 4

Project Overview

Background:

• Sierra Nevada Corporation’s ISR, Aviation, 
and Security (SNC IAS) division needs a 
better way of measuring the weight and CG 
of their Intelligence, Surveillance, and 
Reconnaissance (ISR) pods. 

Motivation:

• Effective: Current method of finding weight 
and CG is challenging.

• Safety: ISR Pods and Engineers are at risk 
with current method.

SNC’s Current Method
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Primary Project Objectives

1. Measure the weight and CG location of SNC ISR Pods to an 
accuracy of ±0.1% and ±0.1 inch, respectively.

2. Be able to use WASP for pods weighing up to 2000 lbs.

3. Be able to accomodate pods with 14-inch and 30-inch lug 
spacing configurations.

4. Develop a measurement procedure for WASP that is feasible for 
SNC test engineers (30-minute test duration, 2 engineers)
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Concept of Operations
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Baseline Design
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http://www.youtube.com/watch?v=WqUgKoF3ZwU
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Functional Block Diagram
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Critical Project Elements
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CPE Description FR

E1 All static possible loading must be handled by the frame. It must be portable and support 
at least 2000 lbs. FR3, FR4

E2 WASP should rigidly interface with lugs for all pod types. FR3

E3 WASP must be capable of weight measurements with ±0.1% of true value; 
CG measurements within ±0.1'' of true value. FR1, FR2

E4 Testing procedures for weight and CG calculations must be well-developed. FR5

E5 Since heavy loads are involved, both the pods and WASP operators should be safe from 
harm.

FR5
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Project Updates - Manufacturing Structure

Square Frame

H-Frame

Outer Testbed

Forklift Slots

Sliding Interface

Outer Frame
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Project Updates - Electronics & Software

DAQ to Male Connectors Harness

Load Cells to Female Connector

Phase Description Status

1 Main functionality Complete

2 Improve Robustness In Progress

3 System Accreditation Not Started

USER INTERFACE DEVELOPMENT



Schedule
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Spring Semester Overview - Critical Path
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Testing Schedule Review
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2/23

2/24

2/23
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In Progress
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Testing Scope - Overview

17

Level Test Model/Process 
Validated Equipment/Facilities Used

Component

Lug Mount Tensile FEA Modified Lug Mount, EM MTS

Load Cell 
Characterization Monte Carlo Sim WASP Load Cells + DAQ System, EM 

MTS

Component Checks N/A None

Sub-System
E&S Functionality Flowchart WASP DAQ System

Structural Integrity FEA Weight, Strain Gauges, WASP DAQ 
System, AES Forklift, Lift Straps

System
Measurement Accuracy Monte Carlo Sim SNC Test Article

System Accreditation CONOPS SNC Test Article, Volunteer Engineers
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Lug Mount Tensile Test

● Rationale/Motivation:
○ FEA model predicts minimum FOS against yield of 1.7-3.0 

in concentrated regions near fixtures and in corners

18

Convservative Finite Element Analysis - 2000 lb Loading

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators should be safe from harm.

Lug Mount (Blue) and Interface

0.03 in/min 
test rate

MTS Grip 
Interface

Testbed Beam 
Simulant

Lug Mount Assembly

Deadline: 2/18

Completed 2/23
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Lug Mount Tensile Test - Failure Video
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Start of Test End of Test (15500 lbs)

https://docs.google.com/file/d/1ew86HCdTm_XziMTdCOld97c6piDB6WwJ/preview
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● FEA Predicted Results:
○ Top plate yield near bolt holes ≥3,400 lbf

● Observed Results:
○ Yielding ~13,000 lbf in top plate and threads

■ 6.5 ≤ FOS ≤ 7.75 for mount itself
● Consequences:

○ Design: DR 3.1 Satisfied for this component 
○ Model: Interpretation of the model is complicated

■ Fixed geometry increases stress in nearby material
■ Assembly treated as one part (fused) in model - internal 

reactions between plate and bolts, plate and flanges, flange and 
pin, and so on increase stiffness, push back plastic deformation

○ Risk: Reduction in likelihood of component failure
20

Lug Mount Tensile Test
DR 3.1: Structural components must have a safety factor against yield of greater than 2.0

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators should be safe from harm.

Lug Mount Force-Displacement Curve

Yielding

Interface 
Failure

Deadline: 2/18

Completed 2/23
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Load Cell Characterization

● Rationale/Motivation:
○ Improve fidelity of Monte Carlo 

Simulation of error in W & CG
○ Demonstrate correct data 

acquisition/processing by WASP 
software

● Procedures:
○ Tensile test - MTS
○ Drift test - MTS/WASP
○ Accuracy Test - Bertha/WASP

21

DR 1.1.3/2.1.3: Sensors shall be calibrated such that measured values are accurate     
within ±0.1% of the pod’s true total weight, and within ±0.1” of the pod’s true total CG

CPE 3: WASP must satisfy the strict accuracy tolerances given in the requirements

Deadline: 2/22

Completed 2/24

Normality of Error: LC - MTS
H0: E~ N(μE , σE); Ha: E≁ N(μE , σE)

K-S Test for Normality, α = 5%
500 lbs LC:  p = 6.54 x 10-4 < α

1000 lbs LC:  p = 1.12 x 10-6 < α
REJECT THE NULL HYPOTHESIS

Average Difference LC - MTS
H0: |μLC-μMTS| = 0 ; Ha: |μLC-μMTS| ≠ 0

Two Sample t-test, α = 0.01%
500 lbs LC:  p = 0.802 > α

1000 lbs LC:  p = 0.682 > α
FAIL TO REJECT THE NULL HYPOTHESIS

R2 = 0.999999737 R2 = 0.999999904
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Electronics & Software Functionality Test

● Rationale/Motivation:
○ Connect completed code 

and hardware, ensure 
functionality

○ Test user interface for 
ease of use and bugs

● Procedures:
○ Hardware compatibility 

and functionality test
○ User interface 

functionality test
○ System accreditation test 

22

DR 8.1: WASP shall have a computer based tool that interfaces with the sensors
Deadline: 3/1

Completed 2/23
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Structural Integrity Test 

● Rationale/Motivation:
○ Demonstrate that the structure can support 2000 lb pods for SNC future growth

23

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
DR 3.3: WASP shall lift pods out of their cradles

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators must be safe from harm.

Deadline: 3/29

Planning/Setup

NI DAQ & 
NI cDAQ & 
Computer

Lift Straps 
(x2)

Machine 
Shop Weld 

Table

Load Cell 
Placeholders

PASS CRITERIA 

No yielding, cracks, or other forms of 
structural failure. 

FOS > 2 in members measured by 
strain gauges

CEA-06-250UW-350 
Strain Gauges (x16)

0-6 Inches 
Above 
Ground 
(Safety)
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Structural Integrity Test

● Pass Criteria:
○ No yielding, cracks, or other forms of structural failure. 
○ FOS > 2.0 in members measured by strain gauges (strain → stress → FOS)

● Test Date:
○ 3/15 - 3/22

● Expected Results/Off-Ramps:
○ Pass: Expected - move forward with MAT
○ Fail: Analyze failure mode, revisit analysis and design, redesign and attempt 

to rebuild

24

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
DR 3.3: WASP shall lift pods out of their cradles

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators must be safe from harm.

Deadline: 3/29

Planning/Setup
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Measurement Accuracy Test

● Rationale/Motivation:
○ Validate accuracy predictions of Monte 

Carlo Simulation (>95% success)
● Procedure:

○ Complete 5 standard measurement sets 
with the test article

○ Record measured weight and CG
● Expected Results/Off-Ramps:

○ Pass: All reported values within 
accuracy tolerances

○ Fail: Recalibrate the software and 
remeasure dimensions 

25

DR 1.1: WASP shall measure the weight of the pod within a tolerance of ± 0.1% of the pod weight
DR 2.1: WASP shall measure the CG of the pod within a tolerance of ± 0.1” of the pod CG

CPE 2: WASP shall rigidly interface with lugs for all pods types
CPE 3: WASP must satisfy the strict accuracy tolerances given in the requirements

Deadline: 4/12

Not Started

NI DAQ & 
NI cDAQ & 
Computer

Test Article, 
“Bertha”

Clinotronic Plus 
Inclinometer

500 lb Omega 
LC103B Load 

Cells (x3)

PASS CRITERIA (Bertha)

W = [230.47-230.93] lbs

X CG = [4.51 - 4.71] in

Y CG = [-0.10 - 0.10] in

Z CG = [7.29 - 7.49] in 
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System Accreditation

● Rationale/Motivation:
○ Verify procedural requirements

● Procedure:
○ Run multiple accuracy tests with 

non-WASP engineers
○ Record weight and CG measured by 

volunteers
● Expected Results/Off-Ramps:

○ Pass: Prepare for delivery to customer
○ Fail: Modify the procedure and/or 

downgrade to level 2 objectives

26

DR 6.1: WASP shall complete a single weight and balance test in no more than 30 minutes
DR 6.3: WASP shall require no more than two engineers to complete one test

CPE 4: Test procedures must be well developed
CPE 5: Pods and WASP operators should be safe from harm.

Deadline: 5/3

Not Started

NI DAQ & 
NI cDAQ & 
Computer

Test Article, 
“Bertha”

Clinotronic Plus 
Inclinometer

500 lb Omega 
LC103B Load 

Cells (x3)

PASS CRITERIA 

Avg. Test Time under 30 mins 
with 2 engineers (different 

for each test)
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Additional Checks Completed

27

Check Motivation

Quality Checks on components (manufactured 
and COTS)

Match specifications to model

Conductivity on wire harnesses Ensure pins are connected ONLY to correct 
input/outputs

Communication with Load Cells using 
fabricated harnesses

Demonstrate ability to pull data from load cells 
using final harnessing

Test/debug Measurement Accuracy Test script 
with electronics

Demonstrate functionality of the script to obtain 
necessary data for MAT

Test/debug User Interface with electronics Demonstrate UI’s ability to correctly control 
data acquisition functions for WASP operation

Sliding Interface Fit Check Ensure manufacturing imperfections allow 
smooth operation
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Risk Assessment
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Risk Matrix Impact Level

Likelihood 
Level

Low Mild Medium High

High Misalignment LC-Misalignment

Medium Misalignment
Budget
COVID

Structural Failure
Lug Interface
Human Error

Budget
COVID

Low LC-Misalignment
Structural Failure

Lug Interface
Human Error

Risk - Test Key

1. LC-Misalignment - Measurement 

Accuracy Test

2. Misalignment - Structural Integrity 

Test

3. Structural Failure - Structural Integrity 

Test

4. Lug Interface - Lug Mount Tensile Test

5. Human Error - System Accreditation 

6. COVID - All

7. Budget - All



Back-upScheduleProject Updates Overview BudgetTesting: Component - Subsystem - System - Risk Reduction - Status

Testing Status
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Level Test Procedure 
Finalized?

Test 
Conducted?

Analysis 
Complete?

Component
Lug Mount Tensile Yes Yes Yes

Load Cell Characterization Yes Yes Finish by 3/8

Sub-System
E&S Functionality Yes Yes Yes

Structural Integrity Finish by 3/8 Scheduled 3/15 Scheduled 3/22

System
Measurement Accuracy Finish by 3/22 Scheduled 3/29 Scheduled 4/12

System Accreditation Finish by 3/22 Scheduled 4/12 Scheduled 4/12



Budget
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Budget Review

31

Item Cost
Welding gas $75

Safety Placards $100

Future Expenses

Item Cost
Improvements (Caster wheels) $350
Spray Paint (Rust Prevention) $50

Total: $400

Anticipated (If Possible) Expenses

Raw Materials
(54.9%)

$831.03 (16.62%)

$175.00

$3993.97

Hardware
(33.5%)

Misc.
(11.6%)
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MTS Exceed Series 40 General Specifications
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MTS Exceed Series 40 E45.105 Specifications

39



Back-upScheduleProject Updates Overview BudgetTesting: Component - Subsystem - System - Risk Reduction - Status

MTS Machine - DBSL-XS-10T Load Cell (100 kN)
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MTS Machine - BSS--XS-500kg Load Cell (5 kN)

41
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Lug Mount Tensile Test - FEA

42

● Reasons for Model Inaccuracy:
○ Fixed geometry: Not physical for this situation as they are clearance holes. Fixing a face 

requires the material around it to provide reaction loading that can be orders of magnitude 
higher than if they are allowed to move slightly

■ e.g. when preparing for PDR we were originally fixing the ends of our beams. This 
would require other beams to not twist at all, leading to safety factors of 0.6 or less. 
In reality, those beams could twist (sometimes only by 0.064 degrees), increasing the 
safety factor by 100x or more. 

○ Rigidity of assembly: FEA was not taking increased rigidity due to interactions between 
individual members into account - this decreased deflection in more vulnerable members 
and pushed yielding back. For example, lug pin and bolts (not modeled here) would 
contribute reactions to prevent top plate from bending. The interface between the plate and 
flanges is treated like fused material (i.e. it’s all one part) which would provide some 
internal reactions, but not as much as when the lug pin and bolts are factored in.
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Lug Mount Tensile Test - FEA
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● Reasons for Model Inaccuracy:
○ Type of yielding: Upon inspection, there was some an indentation on the top plate left 

behind by the washer. This is technically yielding, but does not affect the assembly or lead 
to catastrophic failure. This type of yielding is predicted by the model, but is not noticeable 
in MTS data. This could account for the lower-than-seen safety factors in our model. 
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Lug Mount Tensile Test - Additional Information

● Equipment/Facilities:
○ Pilot Lab Electromechanical MTS machine
○ Modified 2000 lb lug mount assembly 

■ 2 x ⅜-16 hex bolt connectors  
■ 3/8” clearance hole in pin
■ 2” x 4” x 3/4” block to simulate testbed centerbeam

● Procedure:
○ Modified Tension (simplified) code in MTS TestSuite
○ Pull lug mount at 0.03 in./min until failure, 
○ Record force [lbf], time [s], and extension [in.]

44

Model of Assembly with 
Interface

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators should be safe from harm.
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Lug Mount Tensile Test - Yielding Point Characterization

● Yielding at 13000 lbs could have been due to threads in interface or top plate
○ In order to determine whether plate yielding began at that point:

■ Found the time at which yielding began in MTS data (607.858 seconds)
■ Found the video time associated with interface failure (555 seconds) and compared it to 

interface failure time in MTS data (778.858 seconds). Difference of 223.858 seconds
■ Used this to calculate time where yielding began in the video (607.858-223.858 = 384 

seconds)
○ After careful inspection of the video, the plate began to visibly yield within 20 

seconds of the 384s mark. So too, however, did the bolt threads. 
○ Since the threads are small and moved little, they did not contribute to the 

majority of the yielding. It is safe to say that the safety factor of the mount is 
closer to 6.5 than 7.75, and that plastic deformation began closer to 13000 lbs 
than 15500 lbs when the interface failed.

45

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators should be safe from harm.
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Structural Integrity Test - Weld Table Weight

● Weld Table Weighing:
○ Currently do not know the weight of the table precisely 
○ Options for weighing:

■ Weigh station - Drive truck to a weigh station with and without the table, take weight difference
■ 500 lb compression load cells and moment balance calculations - Assume CG is in the center of the 

table, measure force on load cells as a fulcrum is moved further from the center. Use these to determine 
the load on the fulcrum and sum with load cells to find weight

■ Custom load cell - Block of steel/aluminum with strain gauge attached. Characterize strain in MTS 
machine, then hang the table from the forklift with lift straps, measure strain, and correlate to a load

■ Heavy-duty hanging scale - Hang from forklift with lift straps ($90) 
https://www.vevor.com/products/hanging-scale-crane-scale-1000-kg-2000-lb-digital-industrial-heavy-duty-auto-off?gclid=CjwKCAiAm-2BBhANEiwAe7eyFEBeR4h483yczqLsTEoCgPsjyWkDRFTrgD-77TCHRVdJXwsf2x8z9hoCBGAQAvD_BwE 

○ Factors in deciding:
■ Time - SIT must be conducted in mid-March
■ Budget - Avoid cutting into management reserves as much as possible given other constraints
■ Complexity - Increased complexity increases both error and time

46

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
DR 3.3: WASP shall lift pods out of their cradles

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators must be safe from harm.

https://www.vevor.com/products/hanging-scale-crane-scale-1000-kg-2000-lb-digital-industrial-heavy-duty-auto-off?gclid=CjwKCAiAm-2BBhANEiwAe7eyFEBeR4h483yczqLsTEoCgPsjyWkDRFTrgD-77TCHRVdJXwsf2x8z9hoCBGAQAvD_BwE
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Structural Integrity Test - Weld Table Weight

• Update:
• After significant discussion, the team decided to weigh the plate using WASP 
• Will connect the weld table with the dummy load cells in place (after testing with 

smaller known weights)
• Once structural integrity is guaranteed with the table, replace load cell replacement 

blocks with 1000 lb FSO load cells
• Tare weight of testbed and measure the table
• Once characterized, can replace the load cells with the dummy blocks and perform 

the actual structural integrity test with 2000 lbs.

47

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
DR 3.3: WASP shall lift pods out of their cradles

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators must be safe from harm.
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Structural Integrity Test - Additional Information

● Equipment/Facilities:
○ Machine shop welding table and scrap metal, lift straps, strain gauges, WASP DAQ system

● Procedure:
○ Utilize ~1300 lb welding table, ~700 lbs of metal, and interfacing. Thread lifting straps through welding 

table holes and attach to WASP via lug mounts. 
○ Check for yielding or other signs of failure throughout the structure (especially in regions of complex 

geometry). Measure strain in critical (based on FEA) locations using strain gauges

48

DR 3.1: Structural components must have a safety factor against yield of greater than 2.0
DR 3.3: WASP shall lift pods out of their cradles

CPE 1: Frame must statically support pods of up to 2000 lbs
CPE 5: Pods and WASP operators must be safe from harm.
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Load Cell Characterization - Statistical Analysis (1)

Linear Model: 500lbs LC

49

Linear Model: 1000lbs LC



Back-upScheduleProject Updates Overview BudgetTesting: Component - Subsystem - System - Risk Reduction - Status

Load Cell Characterization - Statistical Analysis (2)

Normality of Error - 500lbs and 1000lbs Load Cells

50

Normality of Error: LC - MTS
H0: E~ N(μE , σE); Ha: E≁ N(μE , σE)

K-S Test for Normality, α = 5%
500 lbs LC:  p = 6.54 x 10-4 < α

1000 lbs LC:  p = 1.12 x 10-6 < α
REJECT THE NULL HYPOTHESIS

Performed K-S test on both 
the unadjusted and standard 
normalized data sets - both 
were non-normal
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Monte Carlo Simulation 
DR 1.1: WASP shall measure the pod weight within a tolerance of ±0.1% of the total pod weight

DR 2.1: WASP shall measure the pod X, Y, & Z CG of each pod with an accuracy of ±0.1 in.

Updates to model:
● Inclinometer accuracy = ±0.025°, 

Wyler Clinotronic Plus [10]

● Load Cells Error distribution model
○ Mean = 0.0 % FSO
○ Std. Dev. = (1/2.4)*(0.02% FSO) [1]

● Worst-case scenario - model evaluated 
at maximum expected error:

W: 0.18% → 6.7σ
XCG: 0.05 in → 3.0σ
YCG: 0.07 in → 10.4σ
ZCG: 0.14 in → 3.3σ

Load Cell Sensor Full-Span
Pod Weight [lbs] 500 lbs 1000 lbs

200 > 95% > 95%

300 > 95% > 95%

350 > 95% > 95%

400 X > 95%

500 X > 95%

600 X > 95%

700 X > 95%

800 X > 95%

850 X >95%

900 X > 95%

1000 X > 95%

Expected Success Rate for Satisfying Accuracy 
Requirements for Weight and CG vs. Pod Weight

(From Monte Carlo Simulations with N = 10000)



Electronics Hardware
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Omega LC103B Load Cells [8]
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Wyler AG Clinotronic Plus [10]
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NI 9237 Bridge Module [14]
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http://www.ni.com/pdf/manuals/374186a_02.pdf

http://www.ni.com/pdf/manuals/374186a_02.pdf
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NI 9237 Pinout/ Signal Descriptions [14]
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NI cDAQ-9171 Compact DAQ [15]
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https://www.ni.com/pdf/manuals/374037b.pdf

https://www.ni.com/pdf/manuals/374037b.pdf
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MicroMeasurements CEA-06-250UW-350 Strain Gauge [16]

58

https://micro-measurements.com/pca/detail/250uw 

https://micro-measurements.com/pca/detail/250uw
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Strain Gauge Power Dissipation [12]

• 350Ω Resistance
• Same as LC103B

• 10V Excitation
• Moderate Accuracy 

• Static conditions
• 2 - 5 W/in^2

• Grid Area Range
• 0.015 - 0.035 in^2

• 5 x EA-06-250UW-350-L
• 2 half-bridges
• 1 quarter-bridge
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DSUB-37 Connectors and Backshell [17] [18]

60

https://www.digikey.com/en/products/detail/norcomp-inc
/171-037-103L001/858153 

Connector [17] Backshell [18]

https://www.digikey.com/en/products/detail/cinch-conn
ectivity-solutions-aim-cambridge/40-9737H/3830312 

https://www.digikey.com/en/products/detail/norcomp-inc/171-037-103L001/858153
https://www.digikey.com/en/products/detail/norcomp-inc/171-037-103L001/858153
https://www.digikey.com/en/products/detail/cinch-connectivity-solutions-aim-cambridge/40-9737H/3830312
https://www.digikey.com/en/products/detail/cinch-connectivity-solutions-aim-cambridge/40-9737H/3830312
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4-Pin Connectors [19] [20]

61

https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-
XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%
20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_m
edium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20
Interconnects_NEW&utm_term=&utm_content=Rectangular%20Conn
ectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5q
ABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdG
UTEexmRweBrGN6khoCbqoQAvD_BwE 

Male, B4B-XH-A(LF)(SN) [19] Female, 04JQ-BT [20] 

https://www.digikey.com/en/products/d
etail/jst-sales-america-inc/04JQ-BT/49
18835 

https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
https://www.digikey.com/en/products/detail/jst-sales-america-inc/B4B-XH-A(LF)(SN)/1651047?utm_adgroup=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product_Connectors%2C%20Interconnects_NEW&utm_term=&utm_content=Rectangular%20Connectors%20-%20Headers%2C%20Male%20Pins&gclid=CjwKCAiAo5qABhBdEiwAOtGmbhvw5bEfvam07AKWoDuHVHM6lvxH-ya19nDYdGUTEexmRweBrGN6khoCbqoQAvD_BwE
http://www.jst-mfg.com/product/pdf/eng/eXH.pdf
https://www.digikey.com/en/products/detail/jst-sales-america-inc/04JQ-BT/4918835
https://www.digikey.com/en/products/detail/jst-sales-america-inc/04JQ-BT/4918835
https://www.digikey.com/en/products/detail/jst-sales-america-inc/04JQ-BT/4918835
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Caster Wheels [21]
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https://www.mcmaster.com/2445T24/ 

https://www.mcmaster.com/2445T24/

