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Introduction
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• Started at NASA WFF through the Pathways 
Program 2012-2014

• Converted to full-time Dec. 2014
• Design of science installations for flight on the 

WFF aircraft P-3B, C-130H, & Sherpa
• Support WFF Sounding Rockets, Internal 

Research and Development (IRAD), and 
SmallSat

Water Content Multi-element System (WCM) & Axial Cyclone 
Cloud-Water Collector (AC3) Pylon for Cloud, Aerosol and 
Monsoon Processes Philippines Experiment (CAMP2Ex)



Table of Contents

3

P-3B Introduction pg 4
Project Goals & Objectives pg 5
Project Introduction pg 7
Design pg 10
Analysis pg 18
Results pg 21
Conclusion pg 23
Lesson Learned & Challenges pg 24



P-3B Introduction
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Nadir 1
Nadir 2

Standard  Sonobuoy Door Install



• WFF Aircraft Project Office (Code 830 ) requirements:
– Use existing aircraft interface
– Interchangeable instrument/port/window structures for mission-specific 

instruments
– Must fit both Nadir 1 and Nadir 2 ports

– Nadir 2 does not have the seat tracks

– Must maintain removability of port

Nadir 1 Seat Tracks

Project Goals and Objectives

5Internal view of door install in Nadir 1



Project Goals and Objectives
• Science requirements, Operation Ice Bridge (OIB):

– Support the following window specs

– Modify previously flown window casing system
• “Bumper” O-ring hard to install

– Previous flight this O-ring was not installed
– Cause the edge of glass to crack
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Glass Diameter Viewport Diameter Thickness Material

16.875″ 16.0″ 1.125″ BK-7

5.90″ *5.0″ 0.256″ BK-7

5.90″ *5.0″ 0.256″ BK-7
*Later determined to be 4.6″ 

“Bumper” O-ring

Window Casing System Cross section of Window Casing System



Seal

Introduction-Door
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Lever System

1 2 3
4 5

LeverRod

Lever



Introduction-Aircraft Interface
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Rails

Door

Forward



Introduction-Historical Installs
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Previous science installs use one of the modified original equipment doors 
shown. 
• Limited the science potential

• Size and number of the viewports

Modified Door: Rectangular viewportsModified Door: 16” Circular viewport



Design-Project Schedule
• Total time for design, analysis, drafting: ~4 Months
• Task assigned: ~ August 2018
• Parts to manufacturing: Dec. 10, 2018
• First mission: Jan. 2019
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Design-Historical Records
• Initial approach: Find records of the existing  aircraft components 

and interface. 
• LOCKHEED AIRCRAFT CORP (1959-1960):

– ASSY OF SONOBUOY DOOR
– INSTALL OF SONOBUOY DOOR 
– Lever Drawing (make-from drawing)
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Cross Section view of 
Door/Aircraft Interface

Bearing

Bolt

Lever

Door: Fitting

Door: Seal



Design-Historical Records
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In stock (ready to order)
In DLA (lead time unknown)
Not in DLA/discontinued

DLA: Defense Logistics Agency, government source to procure hardware



CAD Model of Aircraft

Design – Laser Scan: 3D Model
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CAD Model of Door

scanned the Nadir 1 and modified rectangular 
sonobuoy door. 
• Generated a CAD from point cloud scan. 
• Pictorial comparison of point cloud to generated model
• Received CAD Sept. 24, 2018
10 weeks remaining for reverse engineering 



Design – Laser Scan: 3D Model
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Point Cloud and Aircraft Model Comparison

Point Cloud and Door Model Comparison

• Comparison shows the door model 
within .015″ and aircraft model within 
.010″



Final Design: Frame

15

• Milled 3.00″ thick, Al 2024-T351 Plate (37″ x 26″)
• Science Opening: 20.24″ x 31.05″
• Design allows for flat plate install

MS27641-5 Bearing

Cover Plate

Science Plate

Frame Assembly

Frame
Weight: 14.0 lb (original 21 lb)



Final Design: Frame

16

LASERDESIGN Model

MS27641-5 Bearing

CAD of Final Design with the LASERDESIGN Model

External view Final Design installed in aircraft

Internal view Final Design installed in aircraft



Forward

Design: Science
• 1x 16″ Windows 
• 2x 5″ Windows
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16″ Window

4.6″ (5 ″) Window



• Based on P-3B Requirements Document
– 548-RQMT-001A

• Ultimate Pressure Loads (FS=2):
– 11.98 psi 

• Ultimate Inertial Loads (FS=2): 
– 3.0G Fwd 
– 10.2G Down
– 6.4G Up
– 3.2G Side
– 1.5G Aft

Load Cases
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Frame Analysis Details
• Finite element model created in FEMAP version 11.2.2 and run through NX Nastran solver 

version 10.2
• Simplified the model to Plate (shell) elements & Solid at 6x Bolts that interact with the 

aircraft.
• Fasteners: bar elements with spidered rigid elements (RBE2) at the ends. RBE2’s connect to 

the components on the nodes of the hole boundary. 
• Non-structural mass is added to the flat plate property to simulate an additional equally 

distributed mass
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Frame Analysis Details
• Constraints:

• Loads:
– Combined load case: Inertial Loads and 11.98 psi (-Z)
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Load Case Bolt Constraint Seal Constraint
10.2 G Down 1,2,3,4,5,6: Tx Surface allows sliding (symmetry)
6.4 G Up 1,3,4,6: Tx, Ty, Tz; 2,5: Tx NONE
3.0 G Forward 1,2,3,4,5,6: Tx Surface allows sliding (symmetry)
3.2 G Side 4,5,6: Tx, Ty Surface allows sliding (symmetry)
1.5 G Aft 1,2,3,4,5,6: Tx Surface allows sliding (symmetry)



Analysis- Flat Plate Model
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Summary of Results for Flat Plate Analysis Model
Frame Von Mises Stress (psi) Plate Von Mises Stress(psi)

17.5 lb Plate 59.2 lb Plate 115 lb Plate 17.5 lb Plate 59.2 lb Plate 115 lb Plate
10.2G Down + 2P 53,856 56,496 59,986 37,436 39,275 41,706
6.4G Up + 2P 56,686 54,871 52,471 35,903 34,759 33,247
Min MS 0.058 0.062 0.000 0.709 0.629 0.534

Frame Shear Stress (psi) Plate Shear Stress(psi)
10.2G Down + 2P 21,823 22,893 24,307 20,238 21,232 22,546
6.4G Up + 2P 27,600 26,717 25,549 19,065 18,457 17,654
Min MS 0.268 0.310 0.369 0.877 2.014 1.838

56,686 psi
Ultimate Tensile 
Strength (Ftu): 60 ksi

37,436 psi
Ftu: 64 ksi



Stress Results-Science Model
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56,721 psi
Ftu: 60 ksi
MS=0.057

62,744 psi
Ftu : 64 ksi
MS=0.020

Summary of Results for 59.2 lb Flat Plate Analysis Model
Frame Von Mises Stress Plate Von Mises Stress

10.2G Down + 2P 56,496 39,275
6.4G Up + 2P 54,871 34,759

Min MS .062 .629



Conclusion
• Designed a fixture that increased the capability of the WFF 

P-3B Aircraft 
• Science can be outfitted on a flat plate with a 20.24″ x 

31.05″ opening
• The scanning technology open the potential to further 

improve aircraft science capabilities 
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CAMP2Ex Plate Install

OIB Plate Install



Lessons Learned & Challenges
• Challenges: 

– Constrained schedule
• Plan for shutdown 

– Lack of historical references & reverse engineer from these references
• Request 3D scans in August, and use of scan was critical to design 

– Communicating the use of  3D scan technology with senior members

• Lessons learned
– Don’t depend on only one source (Historical References) 
– Don’t let schedule impact engineering
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Thank you

Questions?
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Acronym List
AC3 Axial Cyclone Cloud-Water Collector  
CAD Computer Aided Design 
CAMP2Ex Cloud, Aerosol and Monsoon Processes Philippines Experiment 
FEMAP Finite Element Modeling and Postprocessing 
Ftu Ultimate Tensile Strength 
GSFC Goddard Space Flight Center
IRAD Internal Research and Development 
OIB Operation Ice Bridge
WCM Water Content Multi-element System
WFF Wallops Flight Facility 26



BACK UP SLIDES
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Model Verification
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The inertial loads are applied as body loads. The pressure load is 
applied as elemental pressure to the plate, whose surface area is 712 
in2. As a modeling check, resultant loads are extracted from the .F06 file 
and show that they are equal but opposite to the applied loads. 



Analysis Results
• Additional analysis included:
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– Buckling analysis of the Lever – Lever strength analysis
𝑃𝑃𝑢𝑢(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) = 𝐹𝐹𝑡𝑡𝑡𝑡 ∗ 2𝑅𝑅 − 𝐷𝐷 ∗ 𝑡𝑡
= 63 ∗ 103 .687 − .328 ∗ .2 = 4,523 𝑙𝑙𝑙𝑙𝑙𝑙



Analysis Results-Continued
• Bolt analysis using load extracted from the bar elements in the finite 

element model
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Analysis Results-Continued
• Glass window Analysis
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MMPDS- Data Sheet
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Material Certifications- Frame
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Material Certifications- Plate
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