Question Responses

	
	Question
	Response

	1
	Project Funding
	This project will be funded by a fixed price contract from Kennedy Space Center.  Specific tasks will be funded up to the amount of available budget.

	
	
	

	2
	Current Model Platform Release
	The Shuttle model was developed in Arena 3.5 and the Generic RLV Simulation was developed in Arena 5.0.  The Shuttle model shall be upgraded to the latest version of Arena.

	
	
	

	3
	Model Sizes
	Shuttle Macro Level DES Model:

· Inputs – The model is not currently set up for ease of input from the user

· There are approximately 60 input distributions and probabilities loaded in the model

· Outputs – numerous outputs available from Arena text file of output statistics.

· File Size:  5,629 KB

· Approximately 900 Arena modules plus animation

Generic RLV DES Model:

· Inputs

· General – 18

· Per FHE – 57

· Per Resource – 3

· Per Transporter – 4

· Outputs

· 1 output displayed to the Visual Basic user interface

· Numerous outputs available from Arena text file of output statistics

· Visual Basic User Interface

· File Size:  476 KB

· 15 Unique Screens for Input

· Arena model

· File Size:  1,645 KB

· 286 Arena modules

	
	
	

	4
	Model Descriptions
	Descriptions of the Shuttle and Generic RLV models are contained in another attachment.

	
	
	

	5
	Project Timeframe
	As much of these projects should be accomplished in the 2002 calendar year as possible.  This will depend on the number of tasks that can be funded and the planning schedule of the tasks as proposed.  It is expected that some of the tasks on these projects will be performed concurrently.  Proposals should include project phasing plans and will be evaluated on the solidity of the overall plan.

	
	
	

	6
	Maintenance Timeframe of model
	This contract is for development and implementation only.  No on-going maintenance effort is included.  The work performed on this contract should improve the usability and maintainability of the products produced.

	
	
	

	7
	Academic Organizations Performing Research
	No academic organization is currently working on these projects, but the University of Central Florida developed the Shuttle DES model.  Academic institutions are, however, encouraged to propose to this contract.  In addition, companies in industry proposing to this contract are strongly encouraged to partner with academic institutions.

	
	
	

	8
	Discrete Event Simulation package for Automatic Generation of Simulations
	No specific commercial package is presumed for the development and implementation of the Automatic Simulation Generation project.

	
	
	

	9
	Clarification on “Automatic Generation” of DES models
	An Automatic Generation System of a DES model

· Starts from nothing

· Obtains necessary input for modeling of systems in a chosen domain (which is launch vehicle processing for this project), including

· The structural aspects of the target system (i.e., processes required)

· The input (distributions, probabilities, etc.) to drive the model

· Creates the simulation model

· Provides a means to experiment with, run, and display output from the model

The actual generation of a DES from that input could be approached by automatically inserting simulation constructs (e.g., Arena modules) into a model and connecting them appropriately or inserting major modules into a model from a library of modules pre-defined for a specific domain.  Other methods may be possible.

A specific implementation is not presumed for this project.  The research portion of this project is to determine and compare the possible methods of automatic generation and select the best one for implementation.

	
	
	

	10
	Re-creation of Models
	The deciding factor on re-creating the existing simulation models depends on technical justification and cost.  Little value will be added by execution of this contract, if the entire budget is used to re-create our existing models.

	
	
	

	11
	Providing a Run-Time Version and Code of Models
	Descriptions of the systems and models for this project are contained in another attachment.  The relevant models will be provided to the contractor that is awarded this contract.

	
	
	

	12
	Multiple Awards
	A single contract award is currently anticipated.  There are many common issues involved with the three major projects, and so, a single contract is beneficial.

	
	
	

	13
	Proof-of-Concept DES Generator
	There is a requirement for the proof-of-concept Automatic RLV DES Model Generation to produce a usable discrete event simulation model.  That model does not have to be in Arena.

	
	
	

	14
	Model Scope & Functional Specification
	Descriptions of the Shuttle and Generic RLV models are contained in another attachment.

	
	
	

	15
	Code Structure Quality
	The Shuttle Macro Level DES model is very well organized structurally, but does not lend itself to easy modification of data and inputs.  This is no different from any other standalone Arena model.

The Generic RLV DES model structure is very well organized.  This was made necessary by the generic environment required of this system and the interface with an external user input program.

	
	
	

	16
	Front End to Current Shuttle Model
	There is no front end to the current Shuttle DES model

	
	
	

	17
	Changes to Shuttle DES Model (Task 3)
	The intent of this task is to have some contingency set-aside for improvements that can be made to the model during conversion to the latest version of Arena.  These improvements can include, but are not limited to, enhancements in the structure and usability of the model.

	
	
	

	18
	Input Form Implementation for Shuttle DES Model
	Excel or Access VBA implementations of the input form for Task 5 of the Shuttle Macro Level DES Model are but two of the possible implementations for this task.  No specific implementation is implied.  Proposals will be reviewed on the ease of use.  Ease of scenario comparison is certainly important.

	
	
	

	19
	Random or Static Process Times for Shuttle Macro Level DES Model
	All process times are in the form of a probability distribution modeled from collected data

	
	
	

	20
	Output Used for Validation of Shuttle Macro Level DES Model
	The primary output for validation is the number of flights per year for the Shuttle fleet.  Other important outputs for validation are the time in each of the major processes (e.g., the Orbiter Processing Facility and time at the Pad) as well as resource utilizations.

	
	
	

	21
	Required Quality of Simulation Animation
	The animation included in the Shuttle Macro Level DES model is that which is native to the Arena platform with some Shuttle unique graphics imported.  No additional animation fidelity is required.

The animation for the Generic RLV Simulation Model is minimal because of the general application of the model.

	
	
	

	22
	Educational Requirements
	The educational background states that a Masters Degree or higher in Simulation Modeling and Analysis is appropriate.  The goal is to have people who are educated and experienced in research and development of discrete event simulation projects, and the appropriate analysis of input and output data.

	
	
	

	23
	Proposal Submission Method
	Electronically using the On-Line RFQ link.

	
	
	

	24
	Cost Breakdown
	Only task level cost breakdown is required.  From an overall perspective, a labor and other direct costs should be broken down.

	
	
	

	25
	Order of Tasks for each Project
	Tasks may be addressed in any order so long as it is absolutely clear what the proposal is addressing.

	
	
	

	26
	Clarification of Task 1 of Generic RLV DES Model
	The current system consists of an electronic input form developed in Visual Basic.  This task may either enhance the existing form or totally re-build it depending on what is most beneficial.  Some of the additional features required are:

· The form allows for easy experimentation with the underlying simulation model, e.g., specification of:

· Simulation Run Time

· Warm-up Time

· Number of Replications

· Others as deemed necessary

· The form is easily distributed or easily accessible so that subject matter experts can enter information on a particular launch vehicle and provide that information back to KSC for analysis.  The specific method for this is left open, but may include e-mailing the form with response back by e-mail, having the form available to fill out on the web, save the data, modify the data, and submit it for analysis.

· Other tasks in this project may also add entries to the input form.

No specific implementation is implied, but ease of experimentation and use, and ease of distribution of the input form are important.

	
	
	

	27
	Generic RLV DES Model Task 5 Clarification
	Delete this task.

	
	
	

	28
	Generic RLV DES Model Task 9 Clarification
	The current Generic RLV DES Model allows for the specification of Flight Hardware Elements (FHEs) and the processing information (times, resources, etc.) for that element as a whole.  The specification of a lower level subsystem (e.g., main engines, orbital maneuvering system pods) that has a significant processing sub-flow is currently not requested.  If the processing of a lower level subsystem has a significant affect on the overall FHE process, then it will be missed.  For example, an early revision of the Shuttle model did not include the removal of main engines in the model, even though the overall process of orbiter processing incorporated engine removal.  This early version did not allow experimentation with regard to the main engine maintenance requirements and removal policy.  One of the improvements under consideration in the 2nd Generation RLV Program is engines that do not have to be removed after every flight.  It will be beneficial to experiment with specific launch vehicle architectures with regard to the engine removal policy.  Other subsystem processing details for each FHE may also be beneficial.

	
	
	

	29
	Input Form Clarification for Automatic RLV DES Generation
	This project may or may not choose to use the electronic input form developed in Visual Basic for the Generic RLV DES model.  This task may either enhance that form or totally re-build it depending on what is most beneficial.  The additional features to the existing form are:

· The form allows for easy experimentation with the underlying simulation model, e.g., specification of:

· Simulation Run Time

· Warm-up Time

· Number of Replications

· Others as deemed necessary

· The form is easily distributed or easily accessible so that subject matter experts can enter information on a particular launch vehicle and provide that information back to KSC for analysis.  The specific method for this is left open, but may include e-mailing the form with response back by e-mail, having the form available to fill out on the web, save the data, modify the data, and submit it for analysis.

No specific implementation is implied, but ease of experimentation and use, and ease of distribution of the input form are important.

	
	
	

	30
	Clarification of Tasks 5 & 6 of Automatic RLV DES Generation
	At this time, this project researches and develops the capability to automatically generate DES models from user input.  The implementation is of a simplified proof-of-concept RLV flow to prove the concept, not necessarily to build a model of a complete processing flow.

Task 6 description is re-worded as follows:

The proof-of-concept system shall be validated using standard techniques to the level of detail implemented in Task 5 of this project.  This includes but is not limited to ensuring the generated simulation model matches the specified user input, flow through the model is correct, output from the model follows from what is input, etc.


Describe the Shuttle Macro Level DES Model

The Shuttle model is a Discrete Event Simulation (DES) model, created in Arena 3.5, of Shuttle turnaround processing at the macro level.  The macro level is defined as having a high level view of Shuttle processing in that the Flight Hardware Elements (FHEs) are routed through their major processes from landing to launch with little to no details as to what goes on inside those processes.  These major processes are taken at the major facility level.

A Shuttle consists of three (3) primary FHEs: one orbiter, two solid rocket boosters (SRBs), and one external tank (ET).  In order to enhance the fidelity of the model, the orbiter and SRBs are broken out to include some important subsystems, as follows.

	
	Orbiter
	SRBs

	
	Orbiter
	Forward Assembly

	
	Main Engines
	Forward Segment

	
	Left Orbital Maneuvering System pod
	Forward Center Segment

	
	Right Orbital Maneuvering System pod
	Aft Center Segment

	
	Forward Reaction Control System pd
	Aft Segment

	
	
	Aft Skirt


The major processes for each FHE are:

	SRBs
	ET
	Orbiter

	Refurbishment
	Manufacturing
	Depot Maintenance

	Transport to KSC
	Transport to KSC
	Orbiter processing *

	Pre-Assembly Processing
	Arrival at KSC
	Integration

	Stacking
	Checkout
	Launch Preparation

	Launch Preparation
	Integration
	Ascent

	Ascent
	Launch Preparation
	On-Orbit

	Staging
	Ascent
	Descent

	Descent
	Staging
	Landing

	Retrieval
	Descent
	

	Disassembly
	
	

	Transport to Refurbishment
	
	


* This is the only orbiter process where sub-processes of the FHE are split out

Transporters between each of these processes are also included in the model.

A pictorial view of Shuttle hardware flow is shown here.
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A conceptual flow diagram, from which the Arena model was built, is shown below.


[image: image2]
The original purpose of this model was as a proof-of-concept of using DES in analyzing the performance processing of the Shuttle.  The model was validated for the processing of seven Shuttle flights per year.

High level animation is also included in this model.
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Describe the Generic RLV Simulation Model

This DES model is a generic landing to launch processing model can be loaded with the relevant information from any RLV.  As such, it consists of a user interface, developed in Visual Basic, that has the user enter information relative to the processing of a specific RLV, and an underlying model, developed in Arena 5.0, that is generic to the macro level processing of any RLV.  It is not as detailed as the Shuttle specific DES model in that it does not model any process lower than the FHE level.  It is also more abstract in that to make it generic, all FHEs go through the same overall process flow.  The number and name of each FHE is defined by user input.  The FHEs converge at the point where the FHEs are integrated.  If one FHE does not require a certain process, it still goes through that process, but in zero time.  Only the most rudimentary animation is included at this time because of the generic nature of the model.  These generic processes are shown in the following table.

	
	Generic FHE Processes

	
	Ascent

Staging (Duplication)

On Orbit

Landing Site Decision
Descent

Landing

Post-Flight Safing

Transport

Post-Flight Processing

Xth Flight Maintenance Decision
Normal Processing

Integration

Launch Processing


A conceptual flow diagram, from which the Arena model was built, is shown below.
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