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P e _ = e = 5 st o —
T#is cost proposzl is ia respomse 1o your for ML S8 FESEEET-E
entitled, "Mimimz!

20 ABR-Comtrol $0026, B8 Work Statemesnt Task 291, - ;
Cyroid 3elicz] Surfzces™. A firm fixed price of $6,900.00 is proposec.
Lenizgs Designs Compasy, Inc. 2grees 1o tzsks covered in yOUuT
wore staterment t5 your satisfaction for this fized price. Tzsks inclode
erginesring, formzl design crzwings, £25rication of z prototype 208
evzization of boading methods. Lehigh's estimated cost per item (from
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Bern Estimzted Cost
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Eltlona] Aeronautics and Space Administration
56cctron1cs Research Center
- 5 Technology Square
ambridge, Massachusetts 02139

Ltention. Mr. James Mallen ERC [AAC Contracting Officer
-~

Gentlemen:
quest for quotation in reference

0026, ABR Work Statement Task 291, entitled, nMinimal
A firm fixed price of $6,900.00 is propoaed

Lehigh Design Company, ‘Inc. agrees to per overed in your
work statement to your satisfaction for this fixed price.- Tasks include

engmeermg, formal designp drawings, fabrication of 2 prototype and
evaluation of bonding methods. Lehigh's cstimated cost PET item (from

work statement) is as follows:

This cost proposal is in response to your re

to ABR-Control #
Gyroid Helical Surfaces"

Estima.ted Cost

Ttem
1 $2,060. 00
2 2 543,00
3 1,670. 00
4 6$27.00
Total $6,900.00
Cost

s this entire effort.
+ submitted as unit prices.
ly of the total task.

rice of $6,900. 00 cover
Item #4 are no

The total firm fixed p
d independant

estimates for Items 1 through

None of theseé items can be procure
Very truly yours,

EHIGH DESIGN COMP

f' .«,c/tts(/’(/u zML/

./ Richard A. Anderson
Vice President

ANY, INC.
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CONTRACT NUMBER
/ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

NEGOTIATED CONTRACT NAS 12-1550
O, e e
ISSUING OFFICE e
NAME

ADDRESS
ELECTRONICS RESEARCH CENTER 575 Technology Square
Cambridge, Mass. EL/,__
CONTRACTOR o ooamee
NAME
Lehigh Design Company, Inc. Apinsis 1065 Main Street
Waltham, MA 02154
I
CONTRACT FOR The Formal Design of a Plastic Forming AMOUNT
Mold for Minimal Gyroid Helical Surfaces $ 6,900.00

APPROPRIATION AND OTHER ADMINISTRATIVE DATA

CONTROL NUMBER: ABR-0026

TYPE OF CONTRACT: Fixed Price

APPROPRIATION AND ALLOTMENT CHARGEABLE: G-0381-2520

OFFICE OF ADMINISTRATION AND PAYMENT: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Electronics Research Center
575 Technology Square
Cambridge, Massachusetts 02139

MAIL INVOICES TO: Office of Administration and Payment (original plus 6 copies) marked for Code: AC

This negotiated contract is entered into pursuant to the provisions of 10 U.S.C. 2304 (a) ( 10 ) and any
required Findings and Determination have been made.

THIS CONTRACT is entered into as of Tune 30 , 19 _ 69, by and between the United
States of America, hereinafter called the Government, represented by the Contracting Officer executing this
contract, and Lehigh Design Company, Inc.

(i) a corporation organized and existing under the laws of the State of Massachusetts

(ii)  a partnership consisting of

(iii)  an individual trading as

hereinafter called the Contractor. The parties hereto agree that the Contractor shall furnish and deliver all
supplies and perform all the services set forth in the attached Schedule, for the consideration stated herein.

PPC: NJ

NASA Form 437 (4/59)



SCHEDULE

PART I - CONTRACT PROVISIONS

22 Siandzzs EEHeral Provisions of this contract consist of Clauses 1 through

St;ndard el g;m 32, June 1964, and Additional General Provisions te U. S.

atd the £ i o NASA Form 250, May 1966, Clauses 23 through 34 (a through e)
e following additional clauses 35 through 37 are attached hereto and

made a part hereof:

35, New Technology (May 1966)
36. Rights in Data
37. Data Requirements

The Contractor.shall be paid the contract

PART II — PAYMENT AND CONSIDERATION:
f the work called for

?rice of $6,900.00 upon completion and acceptance 0
in Part II1 Statement of ork.

PART III — STATEMENT OF WORK

The Contractor shall supply the necessary personnel, facilities, services

and materials to accomplish the work set forth below:

pe, evalua-
fined in this
s to be

engineering, prototy
lical Surfaces as de
imming Fixture i

A. This task is for the formal design,
tion and bonding methods of Minimal Gyroid He

Work Statement. The Plastic Forming Mold and Edge Tr
used in the research and construction of a Minimal Gyroid Helical Surface.

In generalization, this task is essentially phase two of the advancement of
the state-of-the-art in the fabrication and construction techniques of
scaled-up sizes of Minimal Gyroid Helical surfaces. The design approach for
this project will follow the Conceptual Design of a Plastic Mold for Gyroid
Surfaces as submitted to NASA/ERC-ABR under Purchase Order ER-21,236.

B. DESIGN CRITERIA

1. Furnish formal engineering design of a Plastic Forming Mold for

Minimal Gyroid Helical Surfaces.

The six (6) helical edges comprising the gyroid forming
mold are best defined as having three (3) identical convex
helical edges joined at their respective high and low points by

three (3) identical concave helical edges-.

a.

b. The helical dimensional requirements for both the convex and

concave edges are as stated below:

Helix for each edge to be 1/4 of the distance in an axial
direction of one complete turn about a cylindrical surface
(real or imaginary) whose diameter is 4.500 inches and the

lead of helix is 18.000 inches.

NAS 12-1550, Page 1 of 4 Pages
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¢c. A 12-inch diameter x 1/2 inch thick aluminum jig plate

is to be gsed as a base, centrally located relative to the
center point of the mold.

d. ?Olerances on critical areas are to be + .005 or better
if feasible. -

e. A 15° to 20° positive rake angle to within 1/32 inch of
the helical forming edge :: required on the periphery of
the forming mold.

L V?rtical backup supports should be a consideration at the
high points of the helical edges.

g. Clamping shoes with exact machined curvatures are to be
considered in all cases to eliminate welding stresses and
distortion of the true helical edges.

h. All support structures are to be pinned and bolted and/or
shoulder screws are to be used instead of welding. All
locating shoulder screws and/or pins are to be of f symmetry
to insure all parts can only be assembled one way.

NOTE: The design of the Gyroid Helical Mold will be reviewed for
concurrence with ERC/Technical Monitor and ROG-Researcher
prior to the undertaking of Paragraph B. 2.

2. Construct prototype of Gyroid Helical Mold in accordance with
formal design drawings established in Paragraph B.l. The
formal design drawings are to be modified to agree with the
finished prototype mold if required.

3. Furnish conceptual design and formal engineering design drawings
of a motorized plastic edge cutting fixture. This fixture will
be required to locate the plastic Gyroid Helical Surface and
also have the capability of positive 6 positioning indexing of
each edge relative to the cutting tool. The possible use of a
bench-type drill press or a lathe grinder should be considered
for driving the cutting tool.

4. GEvaluate prototype mold for possible use as a plastic vacuum
forming mold. Explore and recommend possible methods of

fixturing and bonding techniques of the finished plastic
Helical Gyroid Surfaces.

NOTE: A typed report of Paragraph B. &4 is required.

NAS 12-1550, Page 2 of 4 Pages
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WRA_WING REQUIREMENTS

A. Complete assembly and/or assembli
es
Main assembly will be on Sheet ff1. as required.

B. Complete details.

C. gizﬁtegi ?ili 0? Materials, if room allows, will start on
including manufacturer and/or trade name of item, also

stipulating any such commercial i
al it
of its description. ens as or equal at the end

éll draw1ng§ to conform to NASA/ERC-ABR methods of presentation
in conjunction with MIL-STD-100.

Scale layouts of undefined areas are to be submitted for
concurrence before detailing.

F. Calculations supporting design criteria where needed should be
made available to the ERC Technical Monitor.

G. Scale shall not be less than full size.

NOTE: Calculations need no formal format for presentation.
Work sheets, providing they are legible, are
permitted. Any information which the contractor
feels would assist in the fabrication of the final
hardware should be indicated on the drawing where
applicable.

H. NASA/ERC-ABR Drawing Formats will be furnished to the successful
bidder. Formats will be of the same gize for the complete design.

Multiple details are allowed on the same sheet.

PART V - ENVIRONMENT

This equipment will be operated in a laboratory environment with
standard human comfort conditions.

PART VI - TIME OF PERFORMANCE AND DELIVERY SCHEDULE

A. Commencement Date: June 30, 1969

B. Completion Date: August 25, 1969

NAS 12-1550, Page 3 of 4 Pages



. g1 - DELIVERY, INSPECTION AND ACCEPTANCE
iy
The National Aeronautics and Space Administration, Electronics Research
genter s Room 829A, §7§ Technology Square, Cambridge, Massachusetts 02139,
Atcenti°“: Mr. Domlﬁlc J. Delpidio, ABR/Research Engineering Branch, is
jesignated as the point for final inspection and acceptance for drawings
and/or sketches with sufficient explanation and information called for
in Part I1I,Statement of Work. A copy of the letter transmitting the drawings

and/or sketches to the ERC Technical Monitor will be sent to the attention of
the Contracting Officer.

NAS 12-1550, Page of 4 Pages
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e ’:f che General Provisions. To the ext
‘p,:vi’i"“s' and any specifications of other

i’ k,gﬂﬂ or otherwise, the Schedule and the Gep

_ _}.‘_(‘,’”w“q between the Schedule and (he General Provisions, the Schedule shal|
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ﬂ' Contractor represents that aggregate numpe

ontrol.

f : i
B 0 0r more, [ less than 500 fof employees of the Contractor and its affiljaces is:
WITNESS WHEREOF, the parties h '
f:”e Sy p § hereto have execured this Agreement as of the day and year first

THE UNITED STATES OF AMERICA

Date L. 3 N, By
(Signature)
(Contracting Officer)
CONTRACTOR
(Name of Company or Individual)
Darte By

(Signature)

wd

(Typed Name)

(Title)

(Address)
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. HORY_ STATEMENT

ABR Task 291

ALR Project #69-ROG-003

"MINIMAL GYROID MELTCAL SURFACES'

SCOPL:

This task is for the formal design, engineering, prototype, evaluation and

bonding methods of Minimal Gyroid Helical Surfaces as defined in this Work

Statement in conjunction with verbal instructions.
The Plastic Forming Mold and Edge Trimming Fixture is to be used in the research

and construction of a Minimal Gyroid Helical Surface. 1In generalization, this

&~ ;
task is essentially phase two of the advancement of the state-of-the-art 1in the

fabrication and construction techniques of scaled-up sizes of Minimal Gyroid

Helical Surfaces.

REFERENCE :

The design approach for this project will follow the Conceptual Design of a
Plastic Mold for Gyroid Surfaces as submitted to NASA/ERC-ABR under Contract
#ER-21,236 - Sections 1 thru 4 by 'Lehigh Design Co., Inc. 1065 Main St., Waltham, MA.

This work statement and verbal instructions will define the formal mold design and

the additional requirements of this project.

This project will consist of four (4) tasks identified as Item 1, Item 2, Item 3

and Item 4.

o -
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DESIGY CRITERTA:
DESTR= 2R ERL
Ttem #l - Fyurpj
— Lsh formal engineering design of a Plastic Forming Mold for

Minimal Gyroid Helical Surfaces.

A. The six (6) helical edges comprising the gyroid forming meld
are best defined as having three (3) identical convex helical
edges joined at their respective high and low points by three
(3) identical concave helical edges.

B.

The helical dimensional requirements for both the convex and
concave edges are as stated below:
Helix for each edge to be 1/4 of the distance in an paal
direction of one complete turn about a cylindrical surface
(real or imaginary) whose diameter is 4.508 inches and the

lead of helix is 18.000 inches.

C. A 12-inch diameter x 1/2-inch thick aluminum jig plate is to
be used as a base, centrally located relative to the center

point of the mold.

Tolerances on critical areas are to be +.005 or better if

feasible,
L]

E. A 15° to 20° positive rake angle to within 1/32 inch of the
helical forming edge is required on the periphery of the forming

mold.

. . Vertical backup supports shquld be a consideration at the high
) |

points of the helical edges.
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Ttem {2

Item i3

G.

H.

Clamping shoes with cxact machined curvatures are to be

consldered in all cases to eliminate welding stresses and

distortion of the true helical edges.

All support structures are to be pinned and bolted and/oT
shoulder screws are to be used instead of welding. All
locating shoulder screws and/or pins are to be off symmetry
to insure all parts can only be assembled one wWay.

NOTE:

The design of the Gyroid Helical Mold will be reviewed for
concurrence with ERC/Technical Monitor and ROG-Researcher

prior to the undertaking of Item 2. %

Construct prototype of Gyroid Helical Mold in accordance with formal
design drawings established in Item #1. The formal design drawings

are to be modified to agree with the finished prototype mold if

required.

Furnish conceptual design and formal engineering design drawings of
a motorized plastic edge cutting fixture. This fixture will be

required to locate the plastic Gyroid Helical Surface and also have

the capability of positive 6 positioning indexing of each edge rel

to the cutting tool. The possible use of a bench-type drill press

or a lathe grinder should be comsidered for driving the cutting tool.

ative
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e aluate pr ;
”"'. BERLOLYpe mold ‘for possible use as a plastic vacuum
forming molc ; .
’ d. Explore and reconmend possible methods of flxturing

and bonding techniques of the finished plastic lelical Gyroid
Surfaces.
NOTE: A typed report of ltem f4 is required.

DRAWING REQULREMENTS:

A, Complete assembly and/or assemblies as required.

Main assembly will be on Sheet .

Complete details.

Complete Bill of Materials, if room allows, will start

on Sheet ff1 including manufacturer and/or trade name of

item, also stipulating any such commercial itéms as or

equal at the end of its description.

D. All drawings to conform to NASA/ERC-ABR methods of presentation
in conjunction with MIL-STD-100.

E. Scale layouts of undefined areas are to be submitted for

concurrence before detailing.

F. Calculations supperting design criteria where needed should
be made available to ABR personncl on request.
G. Scale shall not be less than full size.

NOTE: Calculations need no formal format for presentation. Work

sheets, providing théy are legible, are permitted. Any
information which the yendor feels would assist in the

fabrication of the final hardware should be indicated on

the drawing where applicable.
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ENVIRONMENT -

Thisg e
quipment will pe operated in a laboratory environment with standard
human comfort conditions.

DELTVERY SCHEDULE:

Eight (8) weeks from the date of awvard of contract.

Place of Delivery:

NASA/Electronics Research Center
575 Technology Square
Room 829A

Cambridge, MA

Contractor will notify the ABR/ERC Technical Monitor or the ERC/ABR Design

Specialist in advance of any visi%ts required of his personnel to ERC in the
performance of this task.

ABR/ERC Technical Monitor

Dominic J. Delpidio

494-2709
ABR/Design Specialist

Alexander Rabasco 494-2535
NOTE:

The above personnel may visit the contractor's facility to
personally check the progress and status of this project.

Contractor will be notified in advance of such visits
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AAC/James Malleq

DATE: June 25, 1969
ROM ' ABR/D, j, Delpidio

JUBJECT!  gole Sou
rce J
Forming Molq ?i:iaicatiﬁn for the Formal Engineering Design of a Plastic
nimal Gyroid Helical Surfaces - ABR Project 69-R0G-003

Reference Information:

Four (4) Conce
ptual De 1
Gyroid Slittic sign contracts of a Plastic Mold to form Helica

€S were awarded to the following firms:

Dynamac, Inc. ER-21,235
Lehigh Design Co., Inc. ER-21,236
Warren Assocliates ER-21,237
Cambridge Eng'rg., Inc. ER-21,238 +

W

In accordance with Part III, Statement of Work, Note B, paragraph #3, which
stipulates, "NASA/ERC, however, will have- the option to gllow the contractor

of a given design concept of his to be the sole bidder to provide formal
engineering drawings."

The four (4) concepts were received and evaluated by the laboratory researcher
who is the expert in the development of minimal surfaces for NASA/ERC. After
consultation with the researcher and a joint evaluation of the concept chosen,

I am in complete agreement and fully concur that the conceptual design approach,
reference sections 1 thru 4 as submitted by Lehigh Design Company, Inc., of
1065 Main Street, Waltham, Mass; is the best design approach to follow for

this project. Additional engineering design, a mold prototype coupled with
evaluation and recommendation for fixturing and bonding of the Helical Gyroid

Surfaces are essential to this project. Work Statement ABR Task 291, ABR
Project 63-ROG-003, defines work to be performed as a total package.

; As ERC/Technical Monitor and Chief of the Design Unit, I feel that Lehigh -
# Design Co., Inc. as the sole source for this project would be in the best

' interest of the Government, and the cost #s fair and reasonable,

4
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