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fixed-fastenerthroughholes for the modified components to improve GD&T for manufactite@nce T is
calculated, the geometric tolerance annotation is added to the drawing.

IV . Final Remarks

The work stated throughout this paper was performed in the time period of 16 January,20E8/t2018.
In that time, KSC launch operations has proposed the possibility of constructing a new Mobile Launcher for the Space
Launch System instead of conting to convert the existing CLV mobile launcher. In regards to work stated in this
paper, it will stay valid since its purpose is affecting the EUS umbdicdlsimilarly derived umbilicaldHowever,
readers should be aware of this potential change stheg work related to the design of the mobile launcher may be
affected and could impact the constraints of laumatilware and equipment.

V. Conclusion and Future Work

1$63%TV GHFLYVLR Qpdliderbudpeiaid WwekHhinge assembliess started the development of
component and drawing modifications for the EUS umbilical to support the NASA Launch Accessories Bnanch.
work will contribute to the ML conversion for Ei2 SLS.By investigating theriginal hinge component drawings,
severaltechnicalstandards were found to be discontinbedause of outdated procedurédentification markings,
protective coatings, paint coatings, material cleaning methods, surfaces finishes, and heat treatments. The updated and
republished versions of the associated standards were seladtadsimilatedn the newly created drawings.good
portion of the time was spent gathering updated technical documents since they were further validated by the KSC
drawing standardslocument. This document contains republished standards that are referenced in modern day
drawing standard notes alow accurate and efficient fabrication for manufacturbgrsorder to apply these notes to
a new drawing, the preexisting model was copied and examined for missing features. This was performed by
comparing the model with the original drawinghich represet the Apollo era hinge mechanisms and components.

The Apollo era hingelrawingswere accessed through archivalsearchengine capable of searching for NASA
drawings.

Vendor and contraot existence was also investigated to assist the procurement team in Request
Quotation(RFQs). This will allow the procurement team to determine if the vendor is still able to fabricate the
component and if so, determine the estimated delivery date.

By creating new and updated drawings, this allows NASA/contractor personnel to access these drawings on
a data management system controlling the traceability, changes, object relation, and specifications of every created
part. In order to create a new pfadim the original drawng, the preexisting model was extracted fiitwen 3D modeling
packageand saved as a new copy. The preexisting models lacked sufficient features due to their initial purpose to
represent draft assemblies for next higher assemibliessing model features includ€ounding features, datum
planes and axes, througjloles, and creation of separate compondrtte.new copied model was generated with the
applied missing features, derived from the original drawiagt specific parameters weealso applied such as final
protective coatings, heat treatments, and stock sizes. These added features and parameters are necessary for accurate
manufacturer fabrication.

CAD drawings are dependennh their associated model. Therefore, all datum Eankmensions, and
orientations should be included in the file. This allows the draftsmen to create GD&T forfesttdets to select the
degree of precision for the manufacturer. GD&T follows a three plane concept to eegiittfrom moving in 3D
spae. GD&T wasone ofseveralmissing feature#n the original drawings (other missing features include datum
planes and axes symbols, material conditions, primary, secondary, and tertiary datum references, and dimensioning
symbols) Standards areeferencedhroughout the creatioof new drawings to givpositionaltolerance to clearance
holes.Positional tolerance supplies a manufactwigh the center axis tolerance of a hole thatust fit inside when
drilled. On the hinge assembly, many of the fasteners are-fastdners in which the fastener does not require a nut
to restrain itInstead, they are restrained by cosmetic threading and tapped holes. To calculate the positional tolerance
diameter for the fixé-fastener case, formulas (1) and (2) were used with the desidghated (minimum diameter
of hole and maximum diameter of fastener, respectively, WMiML).
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derived from theApollo eraMarshall drawings to use for the Kennedigcumentation systeince KSC now has
authority over launcproceduresandequipment.

First, an original drawing was selected from the existing hinge assembly and searché&®ifV WHFKQLFDO
databas¢o update the associated notgscondly, #er reviewing the drawing, the referred standard documents in the
notes section needdéd be checked for validityOnce these documents were obtained and compared to the KSC
Standard Drawing Note$% a new set of notes for each part was temporarily created on a Word Document to be later
applied to the newly created drawing. This investigatiork lasted approximatefgur weeksin order tosearch for
all the discontinued standards and incorporate the new KSC StdmdavohgNotes.It is important to nat that there
are approximately @ parts for both the upper and lower hisgieat are subjeted to modifications. Of thatO8 half
are duplicate parts and therefore will be used on both upper and lower hinges.

B. Company Contacts

Business relations is a crucial element in the process of vendor selection for NASA. It allowsSINSSA
in contact with international businesses to maintain high standard products and technology to be fabricated and
implemented. Being a budget sensitive agency, NASA considers all contracting offers when selecting component
fabrication, thus considielg the quotation (prices) of the offeAdditionally, knowing the availability of these
products assists the procurement team in finalizing project costs and delivery time.

Located within several original drawing notes, a recommended vendor is includaetufe use otertain
componerg. This raised an issue of company existesioee theoriginal drawings were designed and fabricated in
WKH HDUO\ Tfv. &¢RQVHTXHQWO\ PDQ\ RI WKH UHFRPPHQGHG YHQGRL
components are either out of business or were bought out by a larger corporation. Part of the fiveeks of
investigative work included contacting these vendors to determine whether they 1) still existed, and 2) were capable
of fabricating the same component with the applied drawing updates and standards.

lll. Component andDrawing Development

A. Component Modification

The primary objective of creating new drawings for the hinge assemblies is to have accessibility to these
drawings inthe external document systemhich allows personnel to view traceability, changes, related objects, and
specifications of each component. The next step inptbeess of creating the new drawing was to obtain the
preexisting3D part inthe ComputeAided Design drawing packageoweer, these parts were mdele torepresent
a draft assembly of the hinges to use for higher assemblies and therefore did not include all features and parameters.
By utilizing the original drawingéh 1$6$TV WHFKQLFDO G R ¢ Preelistiriy yivts Refe pi&dlha \
new component and the missing features were added to the model. The following list includes commonly missed
features that were on the original drawings but were not included on the model:

- Rounding features

- Datum planes and axes

- Throudh holes

- Creation of sparate components (for assemblies)
Subsequently adding the missing features, the part parameters were compared with the original drawings. Part
parameters are vital in CAD becausey allow the manufacturerto view part specification that determine its
properties for accurate fabricatiohe following list includes commonly missed parameters that were on the original
drawings but were not included in the model:

- Final protectivefinish

- Heattreatment

- Stock size

1) Creation of Separate Components

Fora particulaioriginal part, the preexisting 3D model was incorrect since it was modeled as one part. In the
original drawing, theartconsisedof two stainless steel plates thiegrewelded together aftérending to shape. This
issue was resolved by redesigning the two plates separately and creating an asseriihig flgssembly model is
importantoncethe drawing is created because ¢lemerategarts list will display the component specifications for
each part in the assembly.
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B. Drawing Creation/Modification
In 3D drawing packagedrawings are dependent on di®ated modellt is crucial to show the necessary
dimensions, datumsnd orientations in the model. As a resthis allows the draftsmen to make the associated
Geometric Dimensioning and Tolerancing (GD&T) in the model. GD&T servesthdard tolerancing systeor
manufacturers to accurately fabricate components to
the specific tolerance/dimensio®D&T follows a
datum reference frame that consists of a tiplaae
concept. By following this method, engineers are
able to use perpendicular features of a part t
properly place three datum references to control its
free movement in space. Figtehows a part that is
constrained by three sides and therefore restrictin
the three degreed ootation. After the new parsi
modified, a new drawings subsequentligreaed. It FREE MOVEMENT
is important to make theew drawing exactly as its RESTRICTED MOVEMENT
parent drawing However, because these original
GUDZLQJV GDWH EDFN WR W Figyre 2. Three-plane concept to restrict part rotation.
drawing features were missing or @ftdatewhen
compared to modern day drawing standards. THewolg list includes commonly missedtawing features that
needed to apply to the newly created drawings:
- Datum planes and axes symbols
- Material conditions
- Primary, secondary, and tertiary datum references
- Dimensioning symbols
- Clearance holéhroughhole GD&T

1) Clearance Hole/Through-Hole GD&T
This section is includesnaexample of adding these drawing features is the modificaticteatince hole
GD&T to apart In the original drawing, thereereno created datum planes to reference for threngjblocation.
,Q RUGHU WR VSHFLI\ WKH S UkéRtaltdniei@ypiBallye&dR Drde] datdnpladegdét&Qine
WKH KROHYVY FHQWHU D[LV W R OAdditior@ly Hhé\dkafiswierh Mged3 tbH &evmmeRvhdinar theQ VL G H
condition of the component is maximumleast materiat MaximumMaterial Gndition(MMC) is where a feature
of size contains the maximum amount of material withastated limits of size arhdastMaterial Gondition(LMC)
is where a feature of size contains the least amount of material within the stated limits’dfsizbe retainer plate,
it has a MMC and therefore the throughROHV Y SRVLWLR QD Q) shdil Oecidlt mafeBntith e fxed W H U
fastener case. The fixddstener case states that the fastener is restrained in its position due to a tapped hole and
therefore does not contain a nut.
First, in order to calculat&, the following formula applies:

* L (Et6 1)
or
6L —2 )

whereF is the maximum diameter of the fastener &hs the minimum diameter of the clearance hélpplying
equations (1) and (2) gives the positional tolerance diameter focléerance hole. This methosl applied to all
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calculated, the geometric tolerance annotation is added to the drawing.
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B. Drawing Creation/Modification
In 3D drawing packagedrawings are dependent on di®ated modellt is crucial to show the necessary
dimensions, datumsnd orientations in the model. As a resthis allows the draftsmen to make the associated
Geometric Dimensioning and Tolerancing (GD&T) in the model. GD&T servestdard tolerancing systeor
manufacturers to accurately fabricate components to
the specific tolerance/dimensio®D&T follows a
datum reference frame that consists of a tiplaee
concept. By following this method, engineers are
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free movement in space. Figtehows a part that is
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modified, a new drawings subsequentigreded. It FREE MOVEMENT
is important to make theew drawing exactly as its RESTRICTED MOVEMENT
parent drawing However, because these original
GUDZLQJV GDWH EDFN WR W Fijgyre 2. Three-plane concept to restrict part rotation.
drawing features were missing or @ftdatewhen
compared to modern day drawing standards. THewiolg list includes commonly missedtawing features that
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- Datum planes and axes symbols
- Material conditions
- Primary, secondary, and tertiary datum references
- Dimensioning symbols
- Clearance holéhroughhole GD&T

1) ClearanceHole/Through-Hole GD&T
This section is includesnaexample of adding these drawing features is the modificaticteatince hole
GD&T to apart In the original drawing, thereereno created datum planes to reference for threngjblocation.
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condition of the component is maximumleast materiat MaximumMaterial Gndition(MMC) is where a feature
of size contains the maximum amount of material withastated limits of size arhdastMaterial Gondition(LMC)
is where a feature of size contains the least amount of material within the stated limits’dfsizbe retainer plate,
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fastener case. The fixddstener case states that the fastener is restrained in its position due to a tapped hole and
therefore does not contain a nut.
First, in order to calculat&, the following formula applies:

* L (Et6 1)
or
6L —2 )

whereF is the maximum diameter of the fastener &hts the minimum diameter of the clearance héipplying
equations (1) and (2) gives the positional tolerance diameter focléerance hole. This methosl applied to all

National Aeronauticand Page5 of 7 John F. Kennedy Space Center
Space Administration



