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EXECUTIVE SUMMARY

Introduction

Rapid fabrication technologies, or “3-D Printing,” to
use the less accurate but more familiar term, have
undergone rapid evolution and are now used for
medical implants, prosthetics, teaching aids, infor-
mation visualization, research on rare/fragile objects,
architecture, art, and advanced manufacturing. These
technologies are rapidly lowering a number of differ-
ent barriers faced by researchers and others, barriers
that had previously made it prohibitively difficult for
most individuals, researchers, and organizations to
manufacture objects without significant investment of
time and money in training and equipment. Because
of these advances, the complexity and range of ob-
jects that may now be manufactured has increased
precipitously, including easily customized items or
precisely replicated physical objects, while the process
by which these may be manufactured has flattened,
allowing on-site or local manufacture and reducing
lead time (in some cases permitting even just-in-time
manufacturing processes).

These technologies produce intellectual assets—
sensor and digitization data, as well as models and
methods—that are potentially valuable to other re-
searchers for future reuse and replication. Moreover,
these technologies offer the opportunity to create
spaces (“makerspaces”) that facilitate research, col-
laboration, information discovery and management,
and a form of technical and information literacy.

Strategic Relevance to Libraries

In the last several years, the interest of libraries in
this space has been growing rapidly. Fabrication tech-
nologies and makerspaces are strategically relevant to
research libraries for at least three reasons.

First, makerspaces represent a unique use of li-
brary space. The assessment and renovation of li-
braries” use of space has been recognized as a cur-
rent strategic issue for libraries in general. As Joan
Lippincott notes in Research Library Issues’, it is es-
sential that library space assessment be informed by
campus priorities related to teaching and learning,
expanding beyond library-centric thinking to design
proactive spaces that engage with student learning
more broadly. Makerspaces offer a key potential op-
portunity for such engagement, while creating spaces
that align with the library mission, synergize with
other services, and integrate staff competencies like
information management.

Second, libraries are increasingly engaging with
data management. Digitization and fabrication tech-
nologies both make use of and produce research
data—data describing objects, models, and the sen-
sor information collected from them. Makerspaces
offer a clearly scoped locus for the integration of data
management with other services and resources.

Third, we are now seeing fabrication figure in-
creasingly throughout the various stages of the re-
search lifecycle, and there is a clear trend towards
adoption in higher education generally.? These tech-
nologies may be used early on as part of prototyping
for research interventions or to embed sensors for re-
search data collection, or later on as part of analysis or
research collaboration (e.g., by materializing models
for examination and sharing).

Further, libraries have a number of core competen-
cies that are complementary to fabrication:

* Fabrication extends the information lifecycle.

Fabrication technologies make information

SPEC Kit 348: Rapid Fabrication /Makerspace Services - 11
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material and, conversely, help make material
objects into information.

e Libraries support the research process. Use
of fabrication technologies requires a core set
of skills and knowledge (such as databases of
models) outside of specific research domains
and requires skills and knowledge that are
not in the sole domain of any one discipline.

¢ Libraries promote literacy broadly. Use
of fabrication technologies promotes de-
sign, science, technology, engineering, art,
and mathematics.

e Libraries are responsible for maintaining the
scholarly record. The data, digitizations, de-
signs, and models produced as part of rapid
fabrication approaches can constitute unique
and valuable parts of the scholarly record.

e Libraries provide commonly accessible physi-
cal spaces designed for research and learn-
ing. Successful makerspaces bring together
accessible locations, thoughtfully designed
space, curated hardware and software,
skilled staff, local information management,
and global “reference” knowledge.

Survey Highlights

The goal of this survey was to gather information for
senior library staff to support decisions related to en-
gagement with 3-D printing, rapid fabrication and
digitization technologies, and makerspaces, in gen-
eral, and in particular to inform decisions regarding
the types of service offerings libraries can provide,
resources needed, and evaluation of the service. These
results are based on 64 responses from the 124 ARL
member libraries (52%) by the deadline of June 12, 2015.

Service Offerings

Makerspaces appear to be of significant interest to
ARL libraries. A substantial majority of the respond-
ing libraries (41, or 64%) are currently engaged with
makerspace service deployment (providing, pilot-
ing, or planning the service). Another 11 (17%) plan
to investigate these services in the future. Only 12
respondents have no plans to enter this domain (Q1).
The respondents that are currently engaged with mak-
erspace service deployment were asked to complete

the survey. The others were directed to a question
on futurecasting.

Of those libraries engaged in makerspaces, the
majority offer, or plan to offer, a combination of core
services including reference, training, hardware,
scanning, and model repository, while a substantial
minority are also engaged in collection development
around 3-D models (Q5). In addition to these core
services, almost all of these libraries offer, or plan to
offer, use of 3-D printers. More than four-fifths sup-
port 3-D design and conversion software, and more
than three-quarters provide 3-D scanners (Q13, Q15).

While only a minority of these libraries offer ad-
ditional hardware and services beyond 3-D printers
and scanners, the breadth of technologies being ex-
plored is impressive (Q5, Q13, Q15). The responding
libraries support a wide range of CAD, visualization,
animation, drawing, and audio production software,
as well as software specific to scanning and printing
systems. They provide an even wider range of hard-
ware, including hand tools (carpentry tools, sewing
tools, soldering irons, and 3-D pens); electronics (mi-
crocontrollers, electronic kits, motors, wearable/soft
circuits, and sensors); visualization equipment (digital
globes, virtual reality goggles, digital surfaces, and vi-
sualization walls); subtractive fabrication (laser cutters
and CNCs); large mechanical tools (drill presses, and
industrial sewing machines); large format printers
and scanners; and drones.

These hardware and software offerings are sup-
ported with online resources, reference services, and
training sessions. Almost all of the responding li-
braries offer, or plan to offer, in-person technology
training and skill-building sessions. Approximately
three-quarters use LibGuides or other resources, sup-
ply documentation, or provide reference services (fo-
cusing on design, models, and software) to support
hardware and software use (Q17, Q18, Q19, Q22).

Implementation and Resources

Libraries investigate makerspaces for a variety of rea-
sons, most commonly because library staff or admin-
istration recommended developing these services,
or because they were identified as a priority during
strategic, space, or renovation planning (Q2). While
direct user requests and user need evaluations were a
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less common motivator (cited by approximately a third
of respondents), almost all libraries expect substantial
service use from undergraduates, with four-fifths and
half of libraries expecting substantial use from gradu-
ate students and faculty respectively (Q2, Q3, Q26).

The responding libraries are funding makerspaces
using existing resources. Almost four-fifths fund their
makerspaces from their general budget, and 85% use
only existing staff to support these services. Fewer
than a third of libraries currently charge any kind of
fee for the service (Q14, Q30, Q33, Q35).

Offering makerspace services typically requires
allocating staff time, purchasing hardware and soft-
ware, and preparing space. Staffing was most com-
monly (modally) named as the largest single expense,
although substantial clusters of respondents named
equipment or materials (respectively) as the largest
expense (Q32, Q36).

The median library makerspace service involves
three staff members, contributing portions of their
time (Q32). Staff are drawn from across the library.
Those roles contributing at least 20% FTE to library
makerspaces and services include: lab assistant, stu-
dent technician, lab manager, design architect, digital
fabrication specialist, digital media mentor, developer,
graduate research assistant, multimedia specialist,
arts librarian, science librarian, and even head of cir-
culation (Q33). (The significant staff requirements
may explain why most libraries offer limited hours
for makerspace services—see Q29.)

Planning also requires a significant investment
of staff time. Of those libraries that fielded a service,
most reported spending several months or more de-
veloping the service, while some libraries reported
spending up to a year (Q4, Q6).

Although most respondents did not identify the
construction, renovation, or preparation of space as a
dominant expense, there were large variations in the
reported space required. While the average amount of
space used is approximately 310 square feet, the upper
range reported was 9000 square feet (Q11).

Evaluation

Libraries’ formal evaluations of their engagement
with makerspaces were quite positive. Forty percent
of the libraries (15 of 38) have conducted some formal

assessment, most by collecting usage data, observing
of users, and user satisfaction surveys (Q40, Q41). Asa
result of these assessments, approximately half of the
libraries identified the need for altered or expanded
services, and none identified the need to eliminate or
reduce services (Q43).

Frequently reported challenges clustered around
the dual themes of resources and maintenance.
Funding and staff time are a recurring challenge,
especially because the hardware requires training,
adjustment, and maintenance (Q50, Q52). These
challenges are manageable—no horror stories were
reported, and many respondents encouraged ex-
perimentation, patron outreach, and keeping an en-
trepreneurial perspective. This was articulated well
in a number of respondent comments, which note that
hardware is not a “turnkey” solution and requires a
“DIY [do-it-yourself] ethos” (Q54).

Overall, respondent comments about the role of
the makerspace in their libraries are overwhelming-
ly positive (Q53). They said that makerspaces are “a

7o,

catalyst for innovation,” “a component of scholarly
communication,” “hubs for participatory and collab-
orative learning,” the “next steps for active learning
and presentation of scholarship,”and that they “fos-
ter creativity.” One respondent crisply articulated a
general theme touched on in many of the comments:
“A central department-free place on campus for
this technology is key, since the applications are so
broad... Having a library service solves this problem
and opens up the technology to the entire commu-
nity.” There was, however, a note of caution sounded,
as well—a number of respondents emphasized that
the core competitive advantage of the library is not
in providing hardware or simple physical space but
in creating an environment that combines service,
space, and expertise to foster individual and collab-
orative “investigation, interrogation, and learn[ing]
through doing.”

A Rapidly Changing and Challenging Area

As the survey results reveal, many research libraries
are engaging with making and makerspaces. This area
remains both exciting and challenging. These tech-
nologies are rapidly evolving, which presents a chal-
lenge to the libraries that need to buy and maintain
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them. For example, within roughly the last eighteen
months, there have been a raft of 3-D printers and
scanners introduced into the market at all price points
from hobby-level, through consumer, business, and
manufacturing grade. Although consumer-level 3-D
printers require relatively little capital investment,
more advanced rapid fabrication technology can be ex-
pensive, requiring extensive setup and maintenance,
as well as dedicated space. Some hardware even re-
quires specialized plumbing, HVAC, or access control.

This technology shift has some advantages. Prices
are dropping, and technologies in development have
the potential to dramatically improve the capabilities
of consumer- and professional-grade equipment—in
the speed of printing, ease of use, cost of maintenance,
and range of materials. Some of the benefits of these
advances may be huge. For example, the ability to use
multi-material printing technologies could allow the
integration of working electrical circuits in printed
objects, which greatly expands the potential types of
objects that can be designed, as well as the potential
range of applications.

The expertise and skills needed to support maker-
spaces and services is also complex. Library patrons
will need support to determine whether rapid fabrica-
tion will be of use to them, discover existing models
and design solutions (using specialized databases and
collections), alter models or scan or design new ones
(using specialized software), select service bureaus,
and use locally hosted fabrication tools. They will
also need support in managing the data (models) they
produce, and in sharing or archiving them. Expertise
is also needed to set up and maintain the makerspace
tools and infrastructure.

Some of this support involves discovery, data man-
agement, and reference interview expertise that is
within the traditional training of librarians. However,
making also draws on skills and expertise from mul-
tiple disciplines, including design, engineering, elec-
tronics, and architecture. Moreover, some experience
with tool use is highly device-specific and requires
tactile feedback; as such, it can be gained only by us-
ing the appropriate physical tools. Further complicat-
ing matters is the fact that there is little formal guid-
ance available for libraries that wish to engage in the
development of a makerspace or services, and there

are few established sets of best practices, training,
or reference publications that may be used to guide
selection and development of these practices.

Finally, the rapid change in technology also im-
pacts both the cost and attractiveness of makerspace
service offerings. In the last eighteen months, ma-
jor retailers, such as Staples, UPS, and Office Depot,
have entered into the market both as retailers and
as print-on-demand service providers, while former
niche leader Makerbot has experienced a substantial
contraction. This is likely to have the effect of creat-
ing new opportunities for reference and design sup-
port, while reducing the attractiveness of services that
offer only low-end, consumer-grade printing—that
is, those that are already increasingly available to
the public.

In sum, while libraries can field small pilot ser-
vices or experiments in 3-D printing with relatively
few resources, support for advanced making can re-
quire substantial investment—and investments in
hardware involves heightened risk because of the
rapid changes in technology. Because of this techno-
logical instability, libraries creating makerspaces and
services should thoughtfully consider how invest-
ments can be made in staff, focusing more, perhaps,
on developing expertise and service rather than on
providing extensive hardware and facilities.

Discussion

Library Interest is Steady and Substantial

This is the first comprehensive survey of ARL mem-
ber libraries in this area, so trends are challenging
to gauge. Only two other recent surveys have been
conducted,® and these have substantial limitations in
design and coverage. A convenience sample survey of
libraries in all classes was conducted in 2013, which
found that 41% of libraries sampled had some form of
fabrication or maker service while another 36% were
planning such services.* The results from this SPEC
survey indicate that 27% of the responding libraries (17
of 64) are engaged with services in this area and 37%
are in the investigation and planning stages. While
this is insufficient to establish a statistical trend, it
suggests that interest in rapid fabrication/makerspace
services is steady and substantial.
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Formal Guidance is Limited

The libraries that responded to this survey have con-
structed guides and tutorials for clients and have iden-
tified online books, articles, video tutorials, software,
and collections of models that are useful to a broader
audience. Nevertheless, existing resources in this area
remain sparse. Survey respondents and our own liter-
ature reviews revealed that relatively little information
is available online or in print that can be used to guide
patrons in determining whether rapid fabrication will
be useful to them, to help them discover and alter ex-
isting models, or to teach them to scan or design new
ones, or to support the fabrication of an object from
these models. Nor are there established best practices
or off-the-shelf solutions for libraries in this area.

We were able to identify some useful online re-
sources, which are listed in the bibliography. However,
we would recommend that libraries engaging in this
area also participate in maker events—such as confer-
ences and “faires”—to learn directly about emerging
uses, trends, and to gain hands-on experience.

Respondents, while reporting generally positive
experiences with these services, cautioned that manu-
facturer service and support is often uneven and that
even recent mass-market products require tinkering
and maintenance. Running a makerspace requires a
willingness to do-it-yourself.

The Audience is Broad

It is, perhaps, unsurprising that we’ve encountered
a wide variety of applications in our interviews with
students, staff, and faculty at MIT over the past year.
Some use rapid fabrication technologies in medical
engineering, while others employ the technologies
for such diverse projects as prototyping robotics, sup-
porting collaborative design of a satellite, visualiz-
ing information, and even developing new fashions.
Meanwhile, other MIT researchers have developed
new methods for printing everything from houses,
to solar cells, to artificial bones and skin. The ARL
survey results, however, make clear that the broad ap-
peal of these technologies extends beyond technology-
focused universities, such as MIT. As one respondent
put it, “During our pilot phase, we gauged interest
from anyone we could talk to, and it became clear that

the applications for this technology are so broad that
any department could use it.”

Outlook
While no trend data is yet available regarding ARL
member libraries” engagement with 3-D printing and
similar technologies, it is evident from the survey data
that considerable effort is going toward mapping and
forecasting community needs and developing appro-
priate library services and resources. Unsurprisingly,
resource allocation is a primary concern, given that
most respondents report funding makerspaces and
attendant costs from existing operating budgets. The
rapid advancement of technologies, as well as the in-
crease in readily accessible consumer-level printing
services, complicate libraries” ability to invest in and
maintain equipment that will serve their communi-
ties into the mid-term—on the flip side, however, the
novelty of the technology and the rapid expansion of
possible applications are characteristics that generate
enthusiasm and make the makerspace an opportunity
for vibrant community outreach and collaboration.
The center of balance between these potential risks
and rewards will vary depending on institutional
context—in some cases, individual schools, depart-
ments, or labs may provide access to rapid fabrication
equipment, and so, in addition to consulting peer
institutions regarding the latter’s makerspace experi-
ences, it is critical to map existing institutional servic-
es (including who can access them) and identify gaps
which may be productively addressed by the libraries,
whether independently or collaboratively. In order to
develop a sustainable model, the rapidity with which
technology is changing should be factored into ser-
vice models realistically, as should the costs of equip-
ment maintenance, staff time related to makerspace
supervision, and staff time related to instruction and
outreach. Models should also include regular assess-
ments in order to identify areas for improvement and
expansion and to ensure responsiveness to user needs
in a shifting environment. Finally, the purpose of the
makerspace service should be clearly articulated and
closely tied to the library’s and institution’s respective
missions to ensure continued relevance.
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Certainly, responding institutions appear to rec-
ognize that the nature of the technology dovetails
with the function of academic research libraries, of-
fering a novel means of engaging students, faculty,
and affiliated researchers that intersects with both
emerging library roles like data management and
traditional functions related to information access
and preservation—and, as researchers increasingly
incorporate the technology throughout the research
lifecycle across disciplines, it will become more and
more necessary for libraries to provide expertise and
other forms of support in this area.
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SURVEY QUESTIONS AND RESPONSES

The SPEC Survey on Rapid Fabrication/Makerspace Services was designed by Dr. Micah Altman,

Director of Research and Head/Scientist, Program on Information Science for the MIT Libraries; Matthew
Bernhardt, Web Developer for the MIT Libraries Digital Library Application Development team; Lisa R.
Horowitz, Assessment & Linguistics Librarian; Wenqing Lu, research intern in the MIT Libraries Program
on Information Science; and Randi Shapiro, assistant to the MIT Libraries Director and the MIT Libraries
Program on Information Science. These results are based on 64 responses from the 124 ARL member
libraries (52%) by the deadline of June 12, 2015. The survey’s introductory text and questions are reproduced
below, followed by the response data and selected comments from the respondents.

Rapid fabrication technologies, or “3-D printing,” to use the less accurate but more familiar term, have undergone rapid evolution
and are now used for medical implants, prosthetics, teaching aids, information visualization, research on rare/fragile objects,
architecture, art, and advanced manufacturing. These technologies are rapidly lowering a number of different barriers faced by
researchers (and others), barriers that had previously made it prohibitively difficult for most individuals, researchers, or organizations
to manufacture objects without substantial investment in obtaining manufacturing skills and equipment, to manufacture complex
objects, to offer a wide variety of different objects, to easily customize and individualize manufacturing, to manufacture objects
locally or onsite, to manufacture objects with little lead time (or just-in-time), or to easily and precisely replicate physical objects.

These technologies produce intellectual assets—sensor and digitization data, as well as models and methods that are potentially
valuable to other researchers for future reuse and replication. Moreover, these technologies offer the opportunity to create spaces
("makerspaces”) that facilitate research, collaboration, information discovery and management, and a form of technical and
information literacy.

The goal of this survey is to provide information to senior library staff that will support decisions related to engagement with 3-D
printing, rapid fabrication and digitization technologies, and makerspaces in general. And in particular to inform decisions regarding
the types of service offerings libraries can provide, level of service, level of resource commitment, potential clientele needs, and
evaluation of the service. The specific objectives of the survey are to provide systematic, well-structured, baseline information on ARL
member libraries’ policies, services, investments in, and experiences with supporting fabrication services and makerspaces.
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BACKGROUND

1. Which of the following statements best describes your library’s current status regarding
fabrication/makerspace services? N=64

We provide such services on an ongoing basis 17 27%
We are piloting/testing these services 9 14%
We are actively investigating these services 15 23%
We plan to investigate these services in the future 11 17%
We have no plans to provide such services at this time 12 19%

Comments N=16

We provide such services on an ongoing basis N=6

We have been offering 3-D printing services since Fall 2013.
We have offered 3-D printing to the university since 2003, and 3-D scanning starting in 2005.

We just began piloting the service in late 2014 and are continually testing, but we plan on offering the service as an
ongoing program.

We offer mediated 3-D printing and we are in the process of creating a dedicated makerspace for student use.
We only provide a 3-D printing service.

We started a small makerspace in our Hunt Library when it opened in January 2013, outfitted with a laser cutter, 3-D
printers, and 3-D scanners—hbeing the first place on campus to offer access to these technologies to any student or
faculty member. This makerspace has largely been oriented around providing a printing service for all students and
faculty. In June 2015, we will be opening a new space in our D. H. Hill Library. This space will focus on giving hands-

on access to the emerging technologies of making, and thus on affordable consumer-level equipment. This space will
enable many more students and faculty to directly work with 3-D printing, 3-D scanning, electronics prototyping, and
other maker tools. With a program of beginner workshops and easy-to-use tools, we will show that these tools aren't
just for engineers and designers, but can have an impact in every discipline. We will partner with faculty to integrate 3-D
tools into their curriculum, while also supporting students" interest-driven informal education.

We are piloting/testing these services N=3

The Science & Engineering Library (SEL) is currently providing course-related project prints for students, as well as test
prints of other material types for various purposes. At the same time, we are planning more extensive makerspace
services as part of our new Digital Scholarship Center.

We are piloting/testing services in the Norlin Commons, and are investigating these services in the Gemmill Library
(Engineering, Mathematics, and Physics).

We purchased a single Makerbot Replicator last year to test. We've come up with a plan for implementing a library
service based on these devices and are currently seeking support/funding.
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We are actively investigating these services N=5

We are in the midst of preliminary discussions with a campus partner who recently developed a faculty-specific
makerspace for students. They have equipment and some staffing, and have expressed interest in expanding. We have
space in the libraries that could be re-purposed should a partnership proceed. We didn't have specific plans to provide
makerspace services prior to this opportunity arising, so haven't done much research. As a result, | haven't answered
any other questions.

We have a design studio created in partnership with the schools of mechanical engineering and industrial design. The
studio is a pilot for one piece of a potential multidisciplinary design commons that might include fabrication services.

We have a Scholarly Commons unit and are building the Grainger Engineering Library Informatics, Design, and Data
Visualization Center (GLID2).

We have developed a service plan, and purchased initial equipment for testing (with library IT), and hope to implement
a 3-D printing service within a year.

We were going to be a host site for a third party 3-D printing operation in Summer 2014 but their business model failed

during their pilot.

We have no plans to provide such services at this time N=2

At this time we have no plans to implement 3-D printing.

There are at least two other active rapid fabrication/makerspace services on campus, one of which is in a building
adjacent to the Libraries on campus. Duplication of this service within the Libraries does not appear to be needed or
prudent at this time.

If your library is currently providing fabrication/makerspace services, please complete the survey.

If your library is currently pilot testing or actively investigating whether to provide fabrication/
makerspace services, please answer as many of the survey questions as possible at this time. Some
survey questions are asked in the past tense. Please answer them as if they were asked in the
present or future tense if that better applies to your situation.

If your library plans to investigate these services in the future or has no plans to offer such services,
you will skip to a question on future casting.

PRE-IMPLEMENTATION

2. What motivated your library to investigate the development of fabrication/makerspace services at
your library? Check all that apply. N=40

Library staff recommended developing these services 27 69%
These services were identified as a priority during a strategic (or other) planning process 19 48%
Alibrary renovation project provided an opportunity to develop a space and services 18 45%
Library administration recommended developing these services 18 45%
Library users requested these services 13 33%
A donor wanted to help develop a space and services 4 10%
Other motivation 16 40%
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Please briefly describe the other motivation. N=16

A call for volunteers to set up the service was put out and | volunteered to propose a service model and help manage it
on an ongoing basis.

A competitive grant was provided by LibraryLinkNJ.
An existing makerspace on campus is looking for a new home and approached the library.

Differs by location. The director of Educational Technology Services approached the Libraries in creating a 3-D printing
lab in its Media Commons @ the Knowledge Commons.

Environmental scanning of similar libraries
Interest from faculty, opportunity to centralize services and products of makerspaces being developed

One major source of motivation was Educause’s Horizon Report, which has listed 3-D printing and makerspaces in
recent years.

Our graduate school wanted to establish makerspace opportunities.

Part of the library’s mission is to expose our community to emerging technologies.
Pilot a teaching studio for multidisciplinary design education.

Project in conjunction with Engineering Department.

The library is very interested in digital scholarship centers. The campus is actively pursuing several initiatives in design
learning, including building out a network of design learning nodes across campus. We are interested in the library's role
in these campus-wide endeavors.

These technologies were available in other schools at our institution, but not in the College of Arts & Sciences. We
thought that once humanists and others were exposed to the possibilities, in a low-stress, sandbox environment,
changes to research interrogations would follow.

University 3-D printing club expressed interest.

We knew of one other school on campus offering 3-D printing, but this was for program -pecific outcomes. We
purchased our first 3-D printer using funds provided by student government. Our first 3-D printing was a class gift to
the library.

We noticed the service trend in other libraries. We recognized our patrons were pursuing these services elsewhere
on campus. We thought it was a service our library could provide, that it was consistent with our mission and would
provide benefits including increasing our knowledge and support of patron projects and research.

3. What type of information did your library gather before deciding whether to test or implement
fabrication/makerspace services? Check all that apply. N=40

Investigated equipment, maintenance, cost, etc. of fabrication/makerspace services 39 98%
Collected information from other libraries that provide fabrication/makerspace services 35 88%
Observed other departments that might be affected by digital fabrication services, for example, technology 27 68%
department, printing service department, innovation department, etc.

Collected library users' requirements on fabrication/makerspace services 13 33%
Gathered other type of information 12 30%
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Please briefly describe the other type of information. N=12

Collected information from institutions that have labs containing 30 or more 3-D printers—Florida Polytechnic Institute
and SUNY=New Paltz. Consulted, and visited, MakerBot headquarters.

Collected information from teaching faculty in departments that might rely on fabrication services.
Conducted a literature review.
Due to when we first considered 3-D printing, our focus was placed on the technology and its capabilities.

Investigated other research-oriented fabrication spaces at other institutions. Bought inexpensive equipment and
encouraged staff to test it, address their own scholarly questions, prior to launching it for the public.

Looked at local (community) makerspaces and their offerings.

We also looked to other non-library makerspaces including museums, academic departments, and for-
profit makerspaces.

We also spoke with Loans Services and the finance office about accepting payment for 3-D printing services. We spoke
to various local 3-D printing experts about equipment and critical making.

We are fortunate to have faculty that have provided detailed breakdowns of how the machines would be utilized in their
classes. We hosted a “3-D Printing Expo” to bring together interested parties and survey attendees.

We did an extensive literature review for more than a year before deciding to pilot this service ourselves.

We purchased a very low cost printer just to pilot the service. We used that printer to understand the technology, gauge
time and service commitments, and patron interest.

We visited several academic institutions that offer digital scholarship services, including NCSU, Duke, Indiana, and
Michigan and spoke with Brown, Georgia State, and Calgary.

4. Please briefly describe how much time and effort your library spent on gathering data and
planning the development of fabrication/makerspace services (for example, number of months to
plan, or number of staff weeks allocated to the project). N=38

We provide such services on an ongoing basis N=16

1+ year to assemble, test, and teach the technologies, plus 6 months to renovate and organize the space.

3 months to plan between myself and my collaborator, the manager of a mobile development lab, who had agreed to
host the 3-D printing equipment. We started an environmental scan in May, got the equipment in August, and launched
the service in October 2014,

4—6 months with 2 librarian staff members (part-time)
6 months
A working group was formed that produced an interim and final report with recommendations.

About two months planning and grant writing. Following the award of the grant we spent about two months
simultaneously waiting for the 3-D printer to arrive and preparing the area.

From conception to implementation, it took us about 6 months to implement 3-D printing as a service.
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Gathering data and consulting with other institutions: six months; planning and development of services: three months

It took approximately 2 months to gather data and other information about 3-D printing in libraries, train on the use of
the 3-D printer, and develop a policy for the library about the 3-D printer.

Once our IT department felt comfortable servicing the printer, we offered it to the public on a trial basis. Printing was
free at first in exchange for completing a survey about what the patron would use printing for, how often they would
use it, and how much they would be willing to pay. This only lasted a couple of months. We then bought a prosumer-
level printer and continued our trial for a year. We now offer the service on an ongoing basis.

One staff member spent approximately 10 hours a month for one year doing research/literature review, an
environmental scan, and talking to staff at other libraries and museums. The department head in our New Media
Center took a sabbatical to visit 20 academic and public libraries, five of which offered makerspaces or 3-D printing. She
discussed the services with their staff to better understand how we could implement them ourselves.

The Makerspace plan was developed over approximately 10 months at the end of which we implemented our first
prototyping services. Since then (7 months), we have been offering these services while continuing planning and
implementation of other aspects of the plan with most aspects to be realized by September 2015. Total time from
introduction of the plan to implementation: 22 months.

We spent ~40 person hours on the project.

We spent about 100 hrs gathering data and planning the development of the makerspace services. Although this
process from our point of view is an ongoing thing.

We spent several months researching other makerspaces and 3-D printing services before receiving funding from the
university's undergraduate student government to purchase our first 3-D printer. One staff member was allocated to the
project, but received guidance and assistance from library administration.

When we first entered this market, due to the technology being quite new there was little understanding/interest on
campus. As such much of our interest came from within the organization resulting in only ~1 month of staff time to
acquire funding and implement the system. Moving forward we had a shared interest and multiple staff members
stepped in to help support its continued use.

We are piloting/testing these services N=8

A couple of months were devoted to planning/developing a proposal for offering makerspace support through the
libraries. Existing services on campus were consulted to determine their scope, audience, and what niches remained that
would logically reside in the library. Cost, and business models were similarly investigated, and focus groups conducted
with undergraduate and graduate students to elicit the highest priority equipment they would like to have available.

Approximately six months for the Norlin Commons data and planning phase.

Fabrication/makerspace services are provided at a branch library (Science/Engineering) as well as planned for Digital
Scholarship Center. Planning process has ranged from three months for branch library to longer term for Digital
Scholarship Center, as fabrication will be a pilot service until needs and demands are assessed further.

It took us three months to plan our 3-D printing pilot service.
Not possible to answer this question.

Spent about nine months gathering information, purchasing equipment, and hiring staff.
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This has been in some form of active development since about March 2014 for ETS. We had discussed 3-D printing
before that, but it wasn't until we began exploring the 36-printer option that we were talking about a true makerspace
service in the library.

We have been seriously looking into 3-D printing since Spring 2014. It is primarily me and another colleague that have
been doing the testing and outreach (because the printer is in our office), and there are four of us that have drafted

a plan for creating a large library service. So, we have been planning for over one year at this point. Since it is just a
proposal, no staff time has been allocated, but the proposal calls for a whole new FTE position.

We are actively investigating these services N=14

1-2 weeks of product research, roughly one month of testing in conjunction with other projects. Approximately two
months of man hours.

20 hrs total so far
6 months planning

A staff interest group was formed. That group met bi-weekly for a semester. An external grant proposal was developed
that took two staff members 10 hours a week for three months. Two internal grants were developed and several (5)
staff members devoted 25 hours per week for two months.

Approximately 2—3 weeks spent investigating technologies and meeting with potential third party vendor.

Four months of planning before opening studio, and now ongoing assessment (over three years) as more services
are considered.

Ongoing, one staff week

Our systems librarian conducted a feasibility study over the course of a month, reviewing literature, contacting other
libraries with makerspaces and connecting with faculties to determine where there may be existing services in place on
campus and to gauge the need for a service in the library.

Research continues/is in progress.
Roughly 6 FTE months, over one year.
The GLID2 project has been in planning for approximately one year.

Very difficult to estimate. Probably 100s of staff hours. Have been considering this to one degree or another, with
considerable research and assessment, for roughly seven years. Plan to implement within the next year. Exact service
details yet to be determined.

We are still in the information gathering stage, and are allotting two months to data gathering and planning prior to
piloting/testing.

We've been informally investigating this for 1-2 years, and actively investigating for several months. Library IT also
actively investigated this with us during this same period. We plan to continue investigation over the next several
months, as both IT and the Learning Spaces Program test a new 3-D printer being purchased.
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STATUS OF FABRICATION/MAKERSPACE SERVICES

5. Please indicate the current status for each of the services listed below (in planning stage, in pilot
testing, in production, tried but discontinued, or has not been considered). Please make one
selection per row. N=40

Services Planning InPilot  In Production Discontinued Not Considered N

Reference services for 18 2 15 0 5 40
fabrication (e.q., desk reference,

consultations, LibGuides on

rapid fabrication, or other online

resources
Training services (e.g., 18 5 13 0 4 40
workshops and classes)

Hardware (providing and 13 7 18 0 2 40

maintaining fabrication and
scanning hardware)

3-D scanning support 20 8 1 0 1 40
Model Repository (sharing, 23 0 3 0 14 40
publishing, archiving 3-D

models)

Collection development 15 1 3 0 20 39

(selecting, organizing,
appraising, or documenting
models)

Total Responses 33 13 19 0 23 40

Please briefly describe any other type of fabrication/makerspace service not listed above that your
library is planning, is pilot testing, has in production, or has discontinued. N=17

Planning N=9
Augmented reality
Laser etching, large format printing
Micro-controller kits; loanable video production equipment
Pending approval, purchase of a new 3-D printer to upgrade
Purchase and check out of Arduino kits, Makey Makey Invention Kits, Raspberry Pi computers, and Lego Robotics
Robotics and small programmable electronics
Small CNC machine availability
Vizualization walls, data analysis, informatics support for digital scholarship, 3-D printing, laser cutting tools

Workshops on 3-D design for 3-D printing, critical making, how to render scanning files, how to produce 3-D models
from data sets
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Pilot testing N=4
Big data analysis, informatics support for digital scholarship
Currently on hold due to broken machine.

Currently we lend a variety of technology at the Steacie Science and Engineering Library that could be used in
a makerspace.

Subtractive manufacturing tools; low-cost, DIY scanning and photogrammetry stations

In production N=7

Borrowable prototyping: Arduino, Makey Makey, Raspberry Pi
Device/equipment/tool check out; Digital Media Lab
Microcontrolers, wearables/soft circuits, plane-table mapping
Pending new machine

Prototyping electronics lending and instruction.

Public 3-D printing service

We also provide large format printing and scanning (posters).

Discontinued N=2

3-D scanning was implemented in our 3-D lab, but discontinued because of low demand. May reconsider and re-
implement. We purchased some 3-D models and have made them available for use; currently discontinued because of
non-use.

We discussed but decided not to have a satellite printing service at the main library.

As applicable, for each service please provide the start and end dates of the pilot test, when the
service went into production, when the service was discontinued. N=18

Reference N=17

Pilot start date: Pilot completion date: Production start date:
01/01/2013
06/01/2013 08/01/2013 Fall 2013
12/01/2013
01/29/2014
08/01/2013 08/01/2014 September 2014
09/01/2013 08/01/2014 08/01/2014
09/01/2014
10/01/2014
10/01/2014
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Pilot start date:
06/01/2014

03/01/2015
09/01/2015
10/02/2015
2015

May pilot within one year.

Planning

Training N=16

Pilot start date:

08/01/2013

03/01/2014
Spring 2014
08/01/2014

01/01/2015
01/15/2015
05/01/2015
09/01/2015
10/02/2015
2015

May pilot within one year.

Hardware N=24

Pilot start date:

08/01/2013
09/01/2013
December 2013

03/01/2014
04/01/2014
06/01/2014

Pilot completion date:

01/15/2015

05/01/2015

10/03/2015
2017

Pilot completion date:

08/01/2014

Ongoing
Spring 2015
12/01/2014

02/01/2015
08/01/2015

10/03/2015

Pilot completion date:

08/01/2014
08/01/2014
Ongoing

Ongoing
09/01/2014

Production start date:
01/15/2015
04/14/2015

10/03/2015

Production start date:
September 2012

September 2014
01/01/2014

01/29/2014

Fall 2015

01/01/2015
09/01/2014
10/01/2014

02/01/2015
09/01/2015

10/03/2015

Production start date:
01/01/2013

01/01/2013

September 2014
08/01/2014

01/29/2014

10/01/2014
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Pilot start date: Pilot completion date: Production start date:

08/01/2014 09/30/2014 10/01/2014
08/01/2014 Ongoing
09/01/2014

09/01/2014
10/01/2014
11/01/2014 01/15/2015 01/15/2015
01/01/2015
01/01/2015
01/01/2015 06/01/2015

02/24/2015
03/01/2015 06/01/2015

04/14/2015
06/02/2015 09/02/2015 10/02/2015
2015

May pilot within one year.

3-D Scanning Support N=20

Pilot start date: Pilot completion date: Production start date:
2012 08/01/2014 Sept 2014
01/01/2013
02/01/2014
03/01/2014 Ongoing
Spring 2014 Spring 2014
08/01/2014
08/01/2014
08/01/2014 12/01/2014 01/01/2015
08/01/2014 In process Summer 2015 (projected)
11/01/2014 01/15/2015 01/15/2015
01/01/2015
01/01/2015
03/01/2015 06/01/2015
04/01/2015
04/14/2015 05/14/2015 05/14/2015
06/01/2015
07/05/2015 09/05/2015 09/05/2015
Anticipated Fall 2015
2016

May pilot within one year.
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Model Repository N=6

Pilot start date: Pilot completion date:
02/01/2015

Did not pilot this service na

05/15/2015 na

Discontinued in 2012. May
re-pilot within one year.

Not started yet
Planning

Collection Development N=6

Pilot start date: Pilot completion date:
2015

02/01/2015

Did not pilot this service na

05/15/2015 na

May pilot within one year.
Not started yet

Other Service N=7

Service Pilot start date:
Microcontrolers, wearables/soft 01/01/2013
circuits, plane-table mapping

Public 3-D printing service

Borrowable prototyping: Arduino, 02/01/2015
Makey Makey, Raspberry Pi

Visualization wall, data analytics, January 2015
design learning hardware/software
Device/equipment/tool check out;

Digital Media Lab

[SIUC did not specify an “Other”

service in Q6. Delete this?]

[Temple did not specify an “Other” 06/01/2015
service in Q6. Delete this?]

Production start date:

03/01/2015
na

Production start date:

03/01/2015
na

Pilot completion date:

08/01/2014

05/01/2015

DECIDING TO MOVE TO PRODUCTION SERVICES

Production start date:
September 2014

09/01/2014
06/01/2015

1/112015; 6/1/2014

01/29/2014

7. If your library pilot tested fabrication/makerspace services, please briefly describe how you
determine whether a pilot project should move from an experiment to a production service or

product. N=18

Costs and usage; no special metrics
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Decision to move forward from pilot project to production service based on scalability, capacity (staffing and
equipment), demand, reliability, and opportunities for integration with campus research initiatives.

Demand and whether it supplements a campus class or academic program.

During our pilot phase, we gauged interest from anyone we could talk to, and it became clear that the applications for
this technology are so broad that any department could use it. Existing printers on campus are typically limited to a
single department or faculty member and cannot effectively be used for course assignments or experimentation by our
large campus community. Moving to production would allow us to fill that void.

In testing now, will be piloting in a digital scholarship sense this coming year and will see how demand and
work proceeds.

It depends on the service. We usually like to work with the students to ensure that the service we are piloting is
something they want. We get the students to test and once they have tested it and we get the feedback from them. If
the feedback is good we move it to production.

Our existing space isn't a makerspace, yet it has many forms of equipment one would expect in a makerspace. The
switch to production was a gradual one as we constantly re-evaluate our service and look for new technologies and
directions. Our method of evaluation relies heavily on those in the community using the service. Once we determined
the technology was stable enough to deliver reasonable expectations consistently, we made it available to the
community. Once released (i.e., in production) we continuously refined our understanding of the technology, refined our
pricing model, and looked for new capabilities with the existing equipment or through adding to existing resources. We
still do this even 10 years later.

Our first Makerbot printer and scanner were purchased with library technology funds and the second 3-D printer was
acquired through an Initiative on Technology-Enhanced Learning grant received by a professor in the School of Business.
Students in the Collaborative Design for Innovation course were tasked with developing prototypes for a non-profit
organization that is in the process of developing a new snack food. The class was divided into teams of 4-5 students
and each team had 5 weeks to create and iterate their design submission. The students worked with New Media Center
staff to perfect their design ideas. The students brought in rough sketches or models that they had created in clay, then
staff helped them develop their preliminary ideas into 3-D digital files and ultimately into 3-D objects printed on the
Makerbot. Because our work with this class went extremely well, we felt that we could offer 3-D scanning and printing
services to the broader community.

Still determining.

Sustainable financially and with space and staffing resources; continued user need; equipment functions in a way that
can sustain the service; level of staff intervention and equipment maintenance required is reasonable and sustainable.

The quality of the final product needs to meet basic acceptable standards and a preliminary set of policies and
procedures must be established.

The service model being used for the makerspace services has existed for the Media Commons video production service
since 2007. The same model is being applied to makerspace services in this instance. In that sense, it has been piloted
for 8 years. In other ways, our implementation actually is the pilot. Should the makerspace/3-D printers in Pattee be very
successful, there may be effort to open more around campus or at other campuses.

We are looking at the overarching campus plans for design learning, fabrication facilities, and visualization and data
analytics, 3-D printing, and 3-D scanning.
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We offered workshops as part of a pilot/soft launch, but once the space was renovated, we transitioned to
production. The transition also included a semester-long speaker series and a redesigned webpage that detailed
makerspace options.

We printed a lot of different designs. Our makerspace manager told us when she was ready to move forward.

We tracked the number of jobs and requests via Google forms and gathered patron feedback. Based on this data, we
were going to move forward with looking at pay services, promotions, and a collection repository.

We will assess based on the use of the service along with cost to the Libraries and staff time.

When the pilot service met the guidelines we had established for a sustainable public service.

8. If your library did not pilot test fabrication/makerspace services prior to offering them, please
briefly describe how you decided to move ahead to provide the production service or product.
N=12

3-D printing services was available in Engineering Department. Lab manager wanted a simple printer to be available in
the library.

Data gathering and consultation with other installations was considered sufficient.

Library staff was trained on the 3-D printer prior to offering it as a service. We received the printer from a not-for-profit
group and they came to help us with the first demonstration. There were a lot of requests for the service so we simply
began offering it from that point.

The campus is investing in a network of design facilities and services; the GLID2 and library will be nodes in
this network.

The idea to have a 3-D printing service at the library was already around before | started at the university. My job was
to figure out how to make it happen. | wrote a proposal for a service model, which was approved by the chief librarian. |
then worked with a project manager in the chief financial officer’s office who led me through the implementation of the
project. It was not considered a pilot, as far as | know.

We began to receive feedback from our students that this was a service that they wanted. In order to better understand
their needs, we met with the different departments on campus who were offering 3-D printing and learned that most
students only had access to this technology when they were affiliated with specific courses/programs. Further, there
were many disciplines that did not have any access.

We clearly filled a niche that existed on our campus and was not being met by others. Also, the cost of entry for many of
the technologies is very low, aside from 3-D printers. Weighing the pros and cons of having Raspberry Pis, for example,
can consume more resources than just moving forward.

We did not define the services as a pilot though things rapidly changed in the months after starting the service. We
were fairly confident this would be well received.

We felt that the need was present, had a staff member that was familiar with the technology, and had donor interest in
getting fabrication going so we went right into small scale production.

We had been hearing about the maker movement in the media/literature. We had just hired a new Entrepreneurship
Librarian who suggested the creation of a makerspace, including 3-D printing, in 10/2013. He provided administrators
with an overview of current maker activity on our campus and suggested how the library could best contribute to the
effort in January 2014. After discussing the overview, the Library Executive Committee decided to ask him and the
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supervisor of our copy center to proceed with planning. In April 2014, we purchased a 3-D printer with library funds and
began experimenting with it. In October, we offered 3-D printing services to the university community. Business grew
steadily throughout the academic year, prompting us to buy two more 3-D printers.

We have the fabrication device to test, but do not as yet have a pilot program developed. Still in planning stages.

We sometimes do not pilot all items, we have the IT staff in the Libraries test and work with the patron to implement.

9. Once a decision was made to implement fabrication/makerspace services, how long did it take
your library to bring them online (excluding the pilot phase)? N=19

~6 months

10 months

2—-4 months

6 months
Approximately 1 year
Approximately 6 months

Because there was a soft rollout, the service's value was consistently evaluated and not fully committed to until a few
years in when we were looking at expanding our capacity and capabilities.

Either immediately (with our 3-D printing service) or within the first semester for most, while others are only mentioned
minimally on the website and left to be discovered in person while visiting the lab for another purpose.

I'm not sure when the idea was first proposed, but | was called on to write the proposal in May 2014, we got the
equipment in August, and the service was online in October 2014.

It took about 2 months to train, learn about the printer, and bring it online.
It usually takes about 2 weeks to implement a makerspace service.

No decision made yet.

No time at all.

Not yet in place.

Six-month investigation into location, models, and environmental concerns
Six months

The pilot phase was a year. During that time we worked out all the kinks. The decision to implement the service
on an ongoing basis changed nothing, so if the pilot phase is not considered in the timeline then it took 1 second
to implement.

Varies by service, but it was mostly connected to procurement for hardware, i.e., how long one must wait to get things.
For courses, it was a matter of developing content, which also varies by course.

While we were working with the students in the School of Business course, we developed policies and procedures
to open up the service more broadly. This included researching pricing models at other schools and how to accept
file submissions. Creating the form and payment procedures took about a month, but this period overlapped the
pilot phase.
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SPACE

10. Please briefly describe where the fabrication/makerspace services are located in your library. N=37

3-D Printing and Laser Cutting are located in a small, dedicated space. Makerspace tools and kits are lent from the
circulation desks of two libraries. Workshops and classes are held in multipurpose teaching spaces.

At the Norlin Commons Service Desk. Location at the Gemmill Library is TBD.
Digital Media Commons
Equipment is located in a librarian’s office and moved as appropriate.

Grainger Engineering Library Information Center GLID2 for visualization, data analytics, informatics, and 3-D printing
with plans to extend digital scholarship services to other areas in the library, including the Scholarly Commons.

In one part of the East Commons, a library commons providing academic social space, collaborative computing, and
media services. The planned renovation of the library and the opening of the Clough Undergraduate Learning Commons
made some commons services redundant. The design studio took over a group study space.

In the common area of a main public space, behind and including a former information commons service desk.
In the science library

It was added to an underutilized computer lab.

No decisions made yet.

One printer

Our 3-D printing service is co-located near our reference desk. We decided on this location because we have staff at this
site every hour we are open and they are able to keep the printer running throughout the day.

Our equipment and staff are centrally located in a multi-disciplinary, media-rich building on campus called the
Duderstadt Center. The machines occupy a 300 sq ft section of our larger office space. The room has one large glass
door/wall (~20 ft long) that opens to a central collaboration area and a point of high traffic. The space is connected to
a UPS to smooth out power spikes and outages, which can negatively impact a print. The printers each have their own
circuit with equipment associated with the post process (tanks, sifters, ovens) share an additional circuit. Core staff and
student staff are in the immediate space to facilitate monitoring and troubleshooting.

Our five 3-D printers, two 3-D scanners, sewing machine, and soldering stations are all located in a locking room within
our library that was previously a collaboratory computer lab. In the open library area there are computer workstations,
desks and chairs for patron use, and a design and modeling center with drawing/sketching/building supplies.

Our media center
Planned to be located in our Scholarly Services unit.

Proposed areas include: 1) a room on the main floor of a branch library where most of our STEM materials and expertise
are located; 2) a room within a group study/collaborative project space in the main library.

Science and Engineering Library in an office space (not public)

The 3-D printer is located in an empty office in our library systems department.
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The 3-D printing and scanning hardware/software are at the circulation desk of the Science Library, a branch library
on campus.

The 3-D Printing Lab is being planned for Room W136 in the Libraries’ Knowledge Commons at University Park. Penn
State Hershey: in instruction lab.

The Digital Scholarship Center is roughly 2300 square feet and the makerspace services occupy a bench seating
area along a wall that covers the space and a table for 3-D printing. All of this can spill out into the rest of the space
if needed.

The machine(s) are in an area designated for experimentation with all types of devices, but they are not yet available to
the public.

The makerspace services are located in the New Media Center, which is a unit in the main campus library.
The makerspace will be just inside the entrance to the Engineering Library, to allow for high visibility and impact.
The plan is to house at the Fine Arts Library.

The public printing service is offered through the Lyons New Media Centre in the main library (Mills). The makerspace is
in the Lewis & Ruth Sherman Centre for Digital Scholarship in the same building.

The Science Help Desk
They are in a public space on the second floor of the library.

We added to the services of the Copy Center which already offered copying, printing, scanning, plotting and the
Espresso Book Machine. This is located in a high-traffic area.

We are now planning for services to be launched in an area on the main floor of the main library building that was once
occupied by copy services and is now vacant.

We have an information commons and that is where the makerspace is located.
We have identified space adjacent to our learning commons that we plan to have renovated for a makerspace.

Will begin initially as a staff-mediated consultation service, then may move into forthcoming Digital Media Lab in main
public area of the library.

Within our Student Multimedia Studio, a multimedia lab that is available to all currently enrolled students.

Within something called the MADLab (mobile application development lab) which isn't technically part of the library
system. It is staffed by one person and his job is to help people develop mobile apps. | think he was tapped to host

the machines because it is a secure, private space within the library. He would also be able to keep an eye on things.
We only have the 3-D printers, it's not really a “makerspace” so much as a desk with two printers on it. The rest of the
space is quite large and it's mixed use. There are a couple rows of large monitors and an instruction space. We also use
the lab to deliver training sessions.

Yet to be determined.
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11. Please enter the square feet of the physical space of your library’s makerspace. N=26

Square feet

Minimum Maximum Mean Median Std Dev
3 9000 949.33 312.50 1860.84

Additional comments N=2

It's not in a room, it's on an open floor.

Undecided, but expected to be about 30 x 50 ft.

12. Are fabrication/makerspace services in your library associated with or hosted by other
organizations? N=38

Yes 6 16%
Not yet, but they will be 4 1M%
No 22 58%
Not yet determined 6 16%

If yes or the services will be, please identify the organization and briefly describe its role in these
services. N=10

A Design Center building and other areas on campus.

A makerspace that is currently a partnership between our faculty of Engineering & Applied Science and our
Business School.

Engineering Department
Graduate school provided all funding.

Schools of Mechanical Engineering and Industrial Design will provide some of the necessary staff and funding to have
3-D printing in the library.

See above. | developed the service in collaboration with the manager of the MADLab, which is housed inside the library.
We manage the service together. Since he has an office in the MADLab, he's around more when people are using the
printer. He also takes responsibility for changing the filament and handling the Raspberry Pi remote monitoring system. |
manage the reservation systems and keep our list of certified users updated. | evaluate and assess the service. We both
run safety training, work on improvements, respond to reference questions, and speak about the service.

Student organization will provide troubleshooting support for the hardware.

The 3-D printing lab in the Libraries was conceived and developed by the university's Education & Training Services
(ETS). They oversee the Media Commons, which has been part of the Libraries’ Knowledge Commons since it opened in
January 2012.

The library makerspace is coordinating services with a larger creatorspace group on campus to offer a variety of
technologies in various locations. We have a uPrint SE Plus printer on loan from them until the campus space is ready to
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open. We work collaboratively with the campus creatorspace’s program manager and her office is temporarily located in
the library. We jointly submitted a successful grant proposal to conduct a Maker-in-residence program.

The university's 3-D club is interested in partnering with us.

Please enter any additional comments you have about the location, size, or arrangement of your
library's fabrication/makerspace services. N=16

3-D printing is noisy. Think about this when you are deciding where to place them, especially if you plan to schedule
workshops in the same space when they are running.

It's only a 3-D printing service. The fact that it's in the MADLab reflects a kind of “collaboration of convenience.” The
MADLab's primary role is to develop mobile apps.

Makerspace services are a good fit with the Digital Media Commons. The 3-D printing is one of the services available
through the service desk operated by student assistants (referred to as Digital Media Mentors).

Right now they exist in a spare office.

The 3-D printer is located in the office, but it is often taken out of the office and transported around the library and
campus on a cart that holds the 3-D printer, filament, examples, and accessories.

The makerspace size above is not just used for makerspace activities.
We are currently in the process of building a much larger facility that is closer to 265 square feet.
We are in the preliminary planning stages to identify a makerspace.

We are opening a second dedicated space this summer that will be approximately 900 square feet and will offer
instruction space for 20 people.

We have three pieces of equipment (2 printers and 1 scanner) and they are located in a multi-purpose staff area. It is
not a separate, dedicated space, although we would like to have dedicated space in the future. The equipment moves
around quite a bit, depending on whether we are demonstrating for a class or doing outreach.

We have at least seven library areas that could potentially host the service. Preferably, we would have a large room or
series of rooms with computers, around 40 printers, presentation space, meeting space, and office space.

We have not yet determined how much space to allow for these particular devices. They will be located in a room that
presently houses other hardware for student/faculty use.

We have the printers on a tall table facing the public to attract attention. We get a lot of interest and new users because
people are able to see the printers in action. Since you cannot always tell what the printout will look like in the end, we
also have a monitor facing the public that shows the final product.

We will be building a physical “makerspace” connected to the Copy Center which will also serve as a classroom for
instructional programming.

We would love it if we had a more flexible space with a door than could lock with card key authentication system. As
it is, our equipment can only be used when the space is staffed, but we would love to let trained users in whenever the
library was open.

While any 3-D printing service will be operated by the library’s Learning Spaces Program (with support from library IT),
other staff across the library have also hosted Maker Fairs and other maker events/activities.
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HARDWARE AND SOFTWARE

13. Please check all the fabrication equipment that is/will be available for use in your library. N=38

3-D printers 37 97%
3-D scanner 28 76%
Hand tools 14 38%
Laser printers 11 29%
Laser engraving 4 1%
Cutting system 4 1%
CNC milling machine 3 8%
Ultrasound cleaners 1 3%
Other equipment 15 40%

Please specify the other equipment. N=15

3-D pens, Leap Motion Controller

An Arduino starter kit is on reserve.

Arduinos, Raspberry Pis, and various shields; sewing machine; filament recycling machine (to come)
Arduinos, Raspberry Pis, digital cameras, sensors, Oculus Rift, etc.

Available Hardware: Mac Pro computers, gaming PCs, Makerbot Replicator 2 3-D printer, Nextengine HD 3-D scanner,
Cannon HD camcorders, Sure Digital microphones, WACOM graphic tablets, SD card readers, Magic Planet Digital
Globe, Newmark NS6 DJ mixer/controller, SMART Custom Digital Surface, contemporary and legacy gaming consoles

Drill press, Dremel tool, soldering irons, industrial sewing machine

Electronic kits (e.g., Arduino, Intel Galileo, littleBits, Makey Makey, Ototo Musical, and Raspberry Pi), sewing machine,
and soldering capability for circuitry work

Electronic soldering/design equipment

Good Glass, Oculus Rift, and a small drone

Large-format printers and scanners (poster)

Microcontrollers

Not yet determined.

Soldering, sewing, modeling

Various motors, switches, etc. all for physical computing work around the Arduino and Raspberry Pi platforms.

Visualization equipment
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14. Does your library charge for using any of this equipment? N=39

Yes 11 28%
Not yet, but we plan to 5 13%
No 12 31%
Not yet determined 11 28%

If yes or you plan to, please specify which equipment and briefly describe the fee structure. N=16

$1.50/half hour of reservation time on 3-D printer. The 3-D scanner is free.

3-D printing: we charge $0.10/gram to recover costs.

3-D printing costs 25 cents/gram.

3-D printing will be charged by weight.

3-D printing, have not yet decided on the fee structure.

Cost of materials for 3-D printing: $1.00 base fee plus 15 cents per gram for a printed item

For each object that is printed, we weigh the object and charge a per gram fee. There is also a setup fee that is charged.
Just for the 3-D printing.

Laser printers: per page; 3-D printers: based on volume

Services are broken into two tiers representing full-service and self-service models. Self-service models require the

user to provide their own consumables while we provide access to working equipment free of charge. In the case

of 3-D printing, our full-service model is derived from consumables (model material, support material, build plates,
peripheral supplies, etc.) Our scanning service is based on consumables and staff time. More specifically, a user is
charged a fixed rate per hour with a minimum of 2 hours. This rate includes student wages and markers required for the
scanning process.

Some 3-D printing and scanning

The 3-D printer: We haven't figured out the fee structure yet (maybe per material weight and print time).
The charges primarily cover our costs for supplies.

We charge $.10 per gram for the filament and a setup fee of $5.00.

We charge based on material used, incorporating machine, maintenance, and staff costs, except where grant or
donor funded. The new space will utilize a different model where the equipment is free to use, but will charge
for consumables.

We had grant funding for the 2014—2015 academic year, but are looking at models for charging to cover material costs
(i.e., price by the cubic inch or gram for 3-D printing materials.

Answered No N=1

So far no, but if students print multiple projects and use filament quickly, we will ask them to purchase their own spools
of sanctioned PLA.
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15. Please check all the fabrication software that is/will be available for use in your library. N=36

3-D design software (e.g., Sketchup, TinkerCAD) 32 89%
3-D conversion software (e.g., 123-D Catch) 29 81%
Other software 15 42%

Please specify the other software. N=15

3-D scanning, laser cutter software
Adobe CC, SketchUp Pro, Rhino 3-D, 3-DS max, NextEngine ScanStudio HD, Simplify 3-D, Netfabb
Arduino freeware

Audio Production: Pro Tools 11, Adobe Audition, Audacity, Garage Band Music Composition & Notation, Finale,
Sibelius 7.5. Productivity Software: Microsoft Office 2011, Adobe Acrobat. DVD Authoring: Adobe Encore, iDVD. Video
Production: Final Cut Pro X, Adobe Premiere Pro, Adobe After Effects, Adobe Speed Grade, Adobe Prelude, iMovie.
Video Conversion: MPEG Streamclip. Web Development: Adobe Dreamweaver, Adobe Fireworks, Adobe Flash Pro,
Adobe Flash Builder, iWeb. Graphics Editor: Adobe Photoshop, Adobe lllustrator. Text & Source Code Editor: Sublime
Text. Animation & 3-D Graphics: Autodesk Maya, Autodesk Mudbox, Blender. Desktop Publishing: Adobe InDesign.

Autodesk 3-DS Max, AutoCAD, Blender, Meshlab and 3-D printer software (Cura and Makerware)

Blender, kokopelli (Mac only), MakerBot Desktop, Maya, MeshLab, meshmixer, netfabb, OpenSCAD, PyMOL, SketchUp,
UCSF Chimera

CAD, GIS, 3-D modeling
Cubify Invent, Cubify Design, Cubify Sculpt, Onshape
File repair software: meshmixer

May be viewed as conversion software, but medical extraction software and mesh cleanup packages like meshlab,
magics, etc. are available.

Pro-Engineer, AutoCAD, IntelliCAD, MatLab, Mathematics, SolidWorks, and others

Software that repairs and modifies 3-D models (e.g., Netfabb, Meshlab); Software that slices and preps models for
printing (e.g., Makerware, MatterControl)

Solidworks, AutoCAD
We have a 3-D lab with software listed at the following URL: http://library.ttu.edu/services/technology/soft.php

We really don't make any design software available. We encourage our users to do all the design and conversion work
on their own and come to the lab ready to print. We do hope to change this and offer more design workshops and
support in the future.

16. Does your library charge for using any of this software? N=37

Yes 0 —
Not yet, but we plan to 1 3%
No 28 76%
Not yet determined 8 22%
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Comments N=5
Any paid software would likely be standardized and available on all of our supported computers and lending laptops.
Have campus license agreements with vendors.
| doubt we would charge to use design software.
No charging yet, but some expensive licenses may require buy-in from partners and heavy users.

We only teach free software.

REFERENCE AND DOCUMENTATION

17. Does your library have any LibGuides or other pathfinders that include specific mention of rapid
fabrication technologies? N=39

Yes 18 46%
Not yet, but we plan to 11 28%
No 3 8%
Not yet determined 7 18%

18. Does your library have a collection of rapid fabrication technology documentation, books,
manuals, databases, or other resources? N=38

Yes 20 53%
Not yet, but we plan to 8 21%
No 2 5%
Not yet determined 8 21%

If yes or you plan to, what is/will be the depth of the collection? N=26

Basic information level M 42%
Study or instructional support level 10 39%
Research level 3 12%
Minimal information level 2 8%

Comments N=9

It's a mix of technical manuals, research on 3-D printing, critical making, and rapid prototyping, and even leisure sci fi on
topics related to 3-D printing.

Not sure at this point, currently have a few ebooks, and some instruction manuals at science library.
Small collection of print materials (e.g., instruction guides) and a number of ebooks
Unknown, I would have to defer to a librarian who would be involved.

We have a small and growing collection of books on micro controllers (e.g., Arduino, Raspberry Pi), 3-D printing and
scanning, soldering.
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We have an institutional subscription to lynda.com.
We have purchased a small book collection (about 50) to support these activities and have begun developing LibGuides.
We have purchased several books on rapid fabrication.

We subscribe to ProQuest’s Safari Books and the lynda.com library, which both have excellent resources for 3-D
technologies and rapid prototyping.

19. Does your library provide fabrication/makerspace reference services, such as model selection and
design consultation? N=39

Yes 17 44%
Not yet, but we plan to 10 26%
No 1 3%
Not yet determined 11 28%

If yes or you plan to, what reference services are/will be offered? Check all that apply. N=31

Design consultation 23 74%
Model searching 21 68%
Model processing consultation 21 68%
Software selecting 20 65%
Model selecting 18 58%
Software searching 18 58%
Software downloading 9 2%
Other reference service 4 13%

Please briefly describe the other reference service. N=4

Project scoping, programming, file conversion, model creation with photogrammetry

The Gemmill Library plans to provide fabrication/makerspace reference services. The Norlin Commons provided the
services during the pilot phase.

Unsure, it is too early for us to know.

While we don't directly provide this service in the library, we have partnered with campus IT, which is able to provide
support on model design.

20. Who is/will be responsible for offering these reference services? Check all that apply. N=33

Technology librarians working in the makerspace 15 46%
Reference librarians with 3-D printing knowledge 14 42%
Outside experts (experts outside library, or outside the parent institution) 7 2%
Other staff position/category 24 73%
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Please specify the other staff position/category. N=24

At different levels, paraprofessional staff, MLIS student resident, paid graduate student assistants
Digital Media Consultant (Management and Professional Staff); Digital Media Mentors (student assistants)
Graduate student consultants

I am a staff member who oversees science reference services of which 3-D printing is one.

IT staff

IT staff that works in the Libraries

L3 staff member

Library Assistant IV, Makerspace Coordinator & specialized student employees

Library assistants and student assistants

Library's Technology/Media Specialist and the Digital Media Lab's specialized student workers
Manager of the MADLab, graduate student library assistants

Media Support Technician

Multimedia specialists from central campus IT organization (Information Technology Services)
Multimedia Specialists in our New Media Center

One library associate

Reference Assistants

Resident staff experts and trained students

Student staff and full-time manager of Student Multimedia Studio

Student Tech Assistant and others TBD

Student workers

Support staff and student technology assistants

Technical staff and student staff working in the makerspace

Vizualization and Data Specialist

Volunteers from RSO's

21. Does your library document models and designs that users have created? N=38

Yes 5 13%
Not yet, but we plan to 13 34%
No 7 18%
Not yet determined 13 34%
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If yes or you plan to, which library staff are/will be responsible for documenting these files? Check
all that apply. N=17

Makerspace librarians 8 47%
Archive librarians 1 6%
Other staff category 12 711%

Please specify the other staff category. N=12
Digital Science Librarian
Graduate student assistants for website, repository librarian for institutional repository
Library assistants and student assistants
Library's Technology/Media Specialist and the Digital Media Lab’s specialized student workers
Makerspace staff
Multimedia specialists from central campus IT organization (Information Technology Services)
Multimedia Specialists in our New Media Center
Reference Assistants
Resident staff experts and trained students
Support staff and student technology assistants
TBD - Gemmill Library

Technology librarians, vizualization staff, Research Data Service staff

FABRICATION TECHNOLOGY TRAINING

22. Does your library offer workshops or classes on how to use fabrication equipment or software,
and/or other skill-building sessions? Please make one selection per row. N=38

Workshops/Classes Yes Notyet, butwe planto  No Not yet determined N
Using fabrication software 15 9 2 11 37
Using fabrication equipment 11 12 3 9 35
Other skill-building session 13 6 4 12 35
Total responses 19 15 7 13 38

If you selected Yes/Other skill-building session, please specify the skill. N=13
3-D scanning, 3-D modeling, and electronics work
3-D design, Arduino/electronics prototyping
Arduino IDE, basic electronics

Basics of 3-D CAD design, basics of 3-D scanning/photoalignment, basics of microcontrollers
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Description of basic applications

Design principles

Discussion of other applications for 3-D printing and scanning

How to use the service (make reservations, continue certification process)

In our software classes we briefly go over designing for printing. When designing a model, you should always consider
the manufacturing process.

Intro to microcontrollers, intro to wearables and soft circuits, using DSLR camera, plane-table mapping, screenprinting

Introduction to Arduino

We offer multiple levels of training with multiple channels depending on the student’s needs. We offer open workshops,
online webinars, course lectures, online videos, and a multi-tier badging track open to all students. Additionally, 3-D
modeling, scanning, photogrammetry learning opportunities are offered.

We teach how to use the 3-D software and also how to scan

If you selected Not yet, but we plan to/Other skill-building session, please specify the skill. N=5

Digital Media Lab and equipment sessions like: What could you do with a Raspberry Pi or Oculus Rift?
Economics of 3-D printing in relation to entrepreneurship and tech development

Equipment, software, and other skills as the field develops

Possibilities include vector-based design (for laser cutting and vinyl cutting) and an introduction to circuitry.

Visualization wall training, design technologies and software, 3-D software, presentation and data analysis software.

23. If your library does or plans to offer workshops or classes, who are/will be the instructors? Check

all that apply. N=30

Instructors Using Using Other skill- N
fabrication fabrication building
equipment software session

Librarians working in the makerspace 17 16 13 18

Teachers outside the library who teach 3-D printing-related 7 9 8 10

courses

Librarians working in other departments 3 2 8

3-D printing experts outside the library 5 6 5

Other staff category 17 20 13 20

Total Responses 25 27 20 30

If you selected Equipment/Other staff category, please specify the category. N=16

Graduate assistants

Library assistant or student assistant
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Library associate in charge of the makerspace area

Library's Technology/Media Specialist and the Digital Media Lab’s specialized student workers; possibly IT staff
Management and Professional Staff and student assistants (support staff)
Manager of the MADLab, GSLAs

Media Commons multimedia specialists from central IT organization
Media Support Technicians

Multimedia Specialists in our New Media Center

Student consultants

Students involved in maker organizations

Support staff and students

Technical staff/students working in the makerspace

The current plan is to co-teach and co-develop workshops with one librarian and one non-librarian support staff. Our
first class in 3-D modeling was taught by a local expert that we paid.

Training is provided by trained student and resident experts of the Lab.

Workshops will be offered on a variety of topics, methodologies, and software.

If you selected Software/Other staff category, please specify the category. N=14

Graduate assistants; staff with design software expertise

Library assistant or student assistant

Library's Technology/Media Specialist and the Digital Media Lab’s specialized student workers; possibly IT staff
Management and Professional Staff and student assistants (support staff)
Manager of the MADLab, GSLAs

Media Commons multimedia specialists from central IT organization
Media Support Technicians

Multimedia Specialists in our New Media Center

Student consultants

Student employees

Students involved in maker organizations

Support staff and students

Technical staff/students working in the makerspace

Training is provided by trained student and resident experts of the Lab.
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If you selected Other session/Other staff category, please specify the category. N=9

Library assistant or student assistant

Management and Professional Staff and student assistants (support staff)

Manager of the MADLab, GSLAs
Media Support Technicians
Student consultants

Student employees

Support staff and students

Technical staff/students working in the makerspace

Training is provided by trained student and resident experts of the Lab.

24. Does the library charge participants for any of these classes or workshops? N=38

25.

Yes 1 3%
Not yet, but we plan to 0 —
No 30 79%
Not yet determined 7 18%

Comments N=3

Fee might be charged for Raspberry Pi workshops, if needed, though an initial batch of Raspberry Pi sets will be

available in the library’s Tech Lending Program.

Students pay for the credit class in 3-D design, but not for the workshops.

We may charge if workshops require consumable materials exceeding $5-10.

About how many rapid fabrication technology classes and/or workshops does your library offer/

plan to offer on average per month? N=24

Average number of classes/month:

Minimum Maximum Mean

0 5

Classes N
0 3
1 10
2 4
3 1
4 5
5 1

Median Std Dev

1.50
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Please enter any additional comments you have about fabrication technology training. N=10

1 every 3 months

Contents of training sessions vary based on the expertise and interests of the student assistants currently employed
as Digital Media Mentors. Attendance and interest in training sessions continues to increase, particularly for 3-D
printing workshops.

Currently rate is one workshop a semester, but that will rise when we are fully functional in the coming year.

During the Spring 2015 semester, we offered 2 sessions for embedded class support for specific assignments and 5
workshops open to the entire campus.

It is too soon to be specific about the types of training we will be offering. A new hire will be in charge of this once the
position is filled.

Mostly at the start of semesters with advanced classes following. For the new space, we will have safety workshops
with minimal equipment training that will be required before users can be certified to work independently in the space.
These workshops will be numerous, and not included in the total above, especially at the beginning of each semester.

These suggestions are in a proposal to purchase a new printer for the Norlin Commons.

We have only offered a few workshops about 3-D modeling. Two were in spring of 2014 and wer open to all
members of the university community. The third was a session held during our library’s day of seminars for faculty and
graduate students.

We plan to offer much of this as online modules, so the schedule doesn't apply.

Yet to be determined.

USERS AND USER OUTREACH

26. Who are (or are expected to be) the main users of fabrication/makerspace services? Check all that
apply. N=38

Undergraduate students 36 95%

Graduate students 32 84%
Faculty members 23 61%
Staff 15 40%
Postdocs 10 26%
General public 6 16%
Other user category 4 1M%

Please specify the other user category. N=4
Anyone that the library serves can also use these services.
Library Staff
Local K-12 students

Not yet determined.
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27. If your fabrication/makerspace services are at a point where you want to encourage growth in
users and community engagement, please indicate whether your library uses, plans to use, or has
no plans to use each of the outreach activities below. Please make one selection per row. If your
services are not yet at this point, continue to the next screen. N=27

Outreach Activities Uses = Plansto use No plans to use N
Presentations 13 12 2 27
Build sessions 5 13 7 25
Show & Tell 6 17 2 25
New project nights 0 10 14 24
Meet & Greet 7 9 8 24
Food & Drink 1 10 12 23
Skill-building workshops 14 11 2 27
Competitions 1 13 11 25
Open make sessions 0 19 5 24
Maker fair participation 7 10 8 25
Other activity 7 3 2 12
Total Responses 16 26 17 27

If you selected Uses/Other activity above, please specify the activity. N=6

Article in university's electronic newsletter “UToday"
Demonstrations/tables at campus events, display cases

Social media

We allow a maker-themed student group to use our space for meetings.
We participate in local events, though not Maker-Faire.

We've presented at local events such at the Tucson Festival of Books and we are also presenting at local, regional, and
national conferences to share our experiences.

If you selected Plans to use/Other activity above, please specify the activity. N=3

It would depend on staff availability, but we would be interested in nearly all of these activities.

We plan on having our student employees become ambassadors for this service and will encourage them to develop a
plan for outreach.

We will solicit faculty to involve our service as part of their ongoing curriculum. Our focus is on being an
academic support.

Additional comments N=2

The new makerspace has a soft opening in mid-June with a small ribbon cutting, and small reception for students and
Friends of the Library. When students come back for the fall semester, we will have a full slate of events associated with
the opening of the space.
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We hold weekly demonstrations in our library lobby, showing our 3-D printers. We have held one 3-D printing
competition in the past, challenging users to design a gadget that would have market value and meet a need. We
have also participated in our university's Maker Faire twice to increase exposure to our service. We hope to hold maker
workshops in the future.

28. If you have already had some outreach activities, please indicate up to 3 that have been most
popular with users. N=22

Presentations 13 59%
Show & Tell 10 46%
Skill-building workshops 9 41%

Maker fair participation 7 32%
Meet & Greet 6 27%
Build sessions 1 5%
Open make sessions 1 5%
New project nights 0 —
Food & Drink 0 —
Competitions 0 —
Other activity 3 14%

Please briefly describe the other activity. N=3

Idea sessions for planning
New faculty, grad, and undergrad sessions. Collaboration with Architecture school and Teaching Resource Center.

Social media, we have a hashtag #gerstein3-Dprinting where people can share their print jobs.

Please enter any additional comments you have about users and user outreach. N=11

A Libraries Fellow and CRDM Graduate Assistant will help develop workshop, curriculum, and outreach programs for
the space.

In Science/Engineering Library, targeted users include faculty and undergraduates. Presentations included: Introduction
to 3-D Printing & Presenting the Raspberry Pi.

Increase in number of users with course-related or research-related interests

Our 3-D printing training sessions continually sell out and we always have to worry about scale at our institution.
We don't do a lot of promotion beyond the website and social media. We have been considering doing a show-and-
tell event in the library lobby, but we haven't been able to take a printer out of the service for an extended time yet
(too busy!)

Partner with student organizations.
The next phase of the Norlin Commons pilot would include greater outreach.

We are also in contact with other units on campus that offer some of these services and the student 3-D printing club.
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We held an event on the uses of 3-D printing in research, campus-wide, and it garnered a good deal of interest and
exposure. We also host our Master of Arts in Educational Technology practicum workshops.

We hosted a 3-D Printing Expo day for 2 hours in the Research Commons at one of our libraries. Tables included
MakerBot and the 3-D printing student club on campus. Many people stopped by, and we were able to capture interest
through a survey.

We plan to institute project nights or show & tell opportunities. There are multiple student-run maker communities on
campus, thus we are exploring if there is still a need for us to fill that need.

We took our 3-D printer and scanner out to four academic departments for show and tell sessions. The head of the New
Media Center also gave demos to the Student Library Advisory Council and the Library Board.

SERVICE HOURS AND STAFFING

29. Are fabrication/makerspace services available all the hours the library is open? N=37

Yes 3 8%
Not yet, but they will be 5 14%
No 19 51%
Not yet determined 10 27%

If no, please briefly describe when services are available. N=14

3-D printing and scanning is currently a production service mediated by staff in the New Media Center. Hours can be
found here: http://www.library.georgetown.edu/hours/gelardin

8am to 9pm M-Th, 8am to 6pm F, 10am to 6pm Sat

Existing production makerspace: 2—7pm, 6 days a week. The new “workshop” makerspace will be open: Sun—Thurs
10am—10pm, Fri 10am—6pm.

Hours have not yet been determined but plans are Sunday (1-9pm), Monday to Thursday (9am—9pm) and Friday (9am—
4pm), during the academic year (Fall/Spring semesters).

Monday to Friday, 9am to 4pm; consultations can be arranged outside these times.

No service at nights and weekends.

Not fully determined, but unlikely initially.

Only available during MADLab hours, which are Mon—Fri 9-5.

Regular semester: 8am—Tam Monday—Thursday, 8am-8pm Friday, 10am—6pm Saturday, 10am—1am Sunday.
Right now, 1-7pm Monday—Friday or by appointment.

Services are available all hours that the Student Multimedia Studio is open, which is 7 days per week during the
school year.

Services are available during the day M—F. Sometimes prints are allowed to run overnight if very long. Also, outreach
activities occur at other times as well.
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Some resources are available 24/7, while support and consultations are limited to the Lab's hours of operation (9am—
6pm, M—F). Full service submissions are queued up to make best use of unsupervised time.

The hours are within the library schedule hours with a margin on either side.

Additional comments N=3

It is open from 8am—5pm for anyone and from 5pm—11am for users that have been trained to use the space
by themselves.

The library has not yet determined fabrication/makerspace hours.
We will be adding evening and weekend hours.

30. Please indicate who has been involved in developing fabrication/makerspace services at your
library. Check all that apply. N=37

Librarians 33 89%
Library support staff 29 78%
University or parent institution partners 13 35%
Other academic institution partners 13 35%
Other external partners 4 1%
Archivists 0 —
Other developer 6 16%

Please specify the other developer. N=6

Graduate and undergraduate students

Librarian administration

Library technologists

Non-librarian reference staff and student employees

Primarily library IT and the library’s Learning Spaces Program staff (librarians and technology staff)

We worked with a School of Business professor who had received a technology grant to purchase one 3-D printer and
supplies. The grant was an internal, university-sponsored technology grant.

31. Please indicate which library staff are/will be responsible for the management of fabrication
services and maintenance of equipment and/or software. Check all that apply. N=33

Staff Category Management  Maintenance of Maintenance of N
of services equipment software

Individual hired for this purpose 4 5 4 8

Individual who also has other responsibilities 20 18 17 22

A team of individuals 16 17 16 22

Other individual 0 1 1 1
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Staff Category Management  Maintenance of Maintenance of N

of services equipment software
Other group 2 1 1 2
Total Responses 33 32 29 33

If you selected “Other individual” above, please specify the individual and briefly describe their
responsibilities. N=1

Maintenance contracts: MLIS student doing a two-year residency.

If you selected “Other group” above, please specify the group and briefly describe their
responsibilities. N=2

Not yet determined.

Office of Information Technology in collaboration with School of Industrial Design

Additional Comments N=3

Media Commons is a service provided by the campus central IT organization and is partnered with the library on
providing services within the library Knowledge Commons. The Media Commons is staffed by multimedia specialists
who provide curricular training on video and audio creation. The 3-D printing/makerspace will be developed and staffed
by Media Commons in partnership with the library.

One Multimedia Specialist who has worked in the New Media Center for 14 years has primary responsibility for these
services. He provides the majority of the training and maintenance, and he supervises the work of 5 student employees
who have been trained to use the 3-D printer and support some reference services. The department head does
presentations and outreach.

We would look to hire a new position to run the day-to-day operations, but overall support would be a team of people.

32. Please enter the number of library staff who support fabrication/makerspace services. N=29

Number of staff
Minimum Maximum Mean Median Std Dev
1 10 3.52 3.00 2.11
Staff = N
1 3
1.2 1
2 7
3 6
4 5
5 1
6 4
7 1
10 1
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33. Please enter the position titles of up to three of the library staff who support fabrication/
makerspace services and estimate the percentage of time they spend on these services. N=27

Position title 1: %

Academic Technology Support
Technician

All 4 positions total to
about 0.5 FTE at the Library
Information Associate level

Associate Dean of the Graduate 10%
School
Commons Manager/Librarian Varies,
maybe
10-20%
Consultant, Digital Media 10%
Digital Fabrication Specialist 100%
Digital Scholarship Librarian 15%
Digital Scholarship Services 50%
Librarian
Digital Science Librarian 35%
Emerging Technology Services 80%
Librarian
Entrepreneurship Librarian 25%
Faculty Liaison & Instruction 10%
Librarian
Head, Library Systems 5%
Library Assistant 10%
Library Media Specialist 20%
Manager of the Fordham 15%
Commons
Media Support Technician 75%
Multimedia Resources Center 10%

Manager

Position title 2:
Librarian and Coordinator
of Digital Scholarship
Service Development

Lab Assistant

Student Tech

Digital Media and Network
Coordinator

Lab Manager

Associate University
Librarian

Design Architect

Emerging Technologies
Coordinator

University Library
Technician

Copy Center Manager
Manager, MADLab

Info Tech Spedialist Il
Operations Manager

Unit Computing Specialist

Head of Circulation
Library assistant

%

50%
Varies,
maybe

10-30%

15%

20%
5%

50%
25%
50%

10%
15%

5%
5%

5%

50%
10%

Position title 3:
Post-doc Fellows

Library Specialist

TBD

Digital Media Mentors

Programmer

Developer

University Library Technician
Make @ State Coordinator

Graduate Student Library
Assistant

Art Librarian

Graduate Research Assistant
Programmer/Analyst

%

10%

75%

10%

30%

20%

100%
85%

20%

50%
5%

52 - Survey Results: Survey Questions and Responses



Position title 1: % Position title 2: % Position title 3: %

Multimedia Specialist 50%  Student Multimedia 25% of | Head, New Media Center 5%
Assistant(s) one FTE
(10 hours
weekly
total
across 5
students’
time)
Science Librarian 80% | University Library 25%  Graduate Student Assistant 100%
Technician (2) (35
hours/
week)
Science Librarian 15% L3 Library Tech 25%
Science Librarian 20%
Science Librarian 5%
Science Reference Supervisor Library IT Manager Assistant Library IT Manager
and Software Instruction
Manager
Student Multimedia Studio 50% | Student workers 75%
Manager
Technology Services Supervisor 10%  Technology Services 5%
Manager
Technology/Media Specialist TBD Emerging Technologies TBD
Librarian

34. Does your library have a board of directors or advisors for fabrication/makerspace services? N=37

Yes 1 3%
Not yet, but we plan to 4 1%
No 24 65%
Not yet determined 9 22%

If yes or you plan to, please briefly describe the membership, their number, and their primary
responsibilities. N=3

Right now we seek input on an informal basis, but as we create a dedicated makerspace area, we would like to have a
group of students and faculty who are focused on improving services and outreach.

We are part of a campus consortium of makerspaces and provide support and feedback to one another.

Would like a Board of Advisers with a small number of individuals who could advise on industry trends and new
educational opportunities.
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Additional Comments N=2

But we do have a Friends of the Library Board, Student Advisory Board, and University Library Committee who are all
very interested in the space and will give support and suggestions from time-to-time.

Nothing official, but we actively engage our users to help with strategic decisions.

BUDGET AND FUNDING

35. Is there (or will there be) a separate budget allocation for fabrication/makerspace services or is
financial support part of the general library budget? N=33

Part of the general budget 25 78%
Separate budget 7 22%

Comments N=6

Besides the initial technology grant ($6,000), all the support for the makerspace is library-funded.

For the existing production service, the budget is hybrid between general budget (full-time staff effort) and service
receipts pay for the student assistants, supplies, and equipment. For the new makerspace, the library paid for the
construction and furniture, but a $25,000 grant and $25,000 donation are paying for the fabrication equipment. We
received a $5,000 grant to pay for electronic consumables and will charge users for filament and other materials.

Hybrid model. Staff on general, consumables in separate
It is self-supporting (pays for itself). Initial investment came out of the general fund, though it has been paid back.
Research budget allocation was $10,000 for the year.

Separate budget of $11,000.

36. What items does/will the budget cover? Check all that apply. N=34

Equipment/Hardware 30 88%
Materials 29 85%
Software 24 7%
Peripherals 19 56%
Staff 16 47%
Specialized furniture 13 38%
Staff training 9 27%
Other item 1 3%

Please specify the other item. N=1

Equipment maintenance
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37. Which budget item is/will be the single largest expense? N=31
3-D printers
Equipment/hardware (5 responses)
Equipment initially, possibly staff salary ongoing

Equipment. If we decide to take 3-D modeling training in order to provide workshops to our users, this might end up
being more than the equipment.

Filament; however, we have not yet developed an equipment refresh plan.
Likely software

Likely to be equipment/hardware initially (3 responses)

Materials (2 responses)

Materials are easily the largest expense, second only to staffing.

Not sure at this point, probably the equipment.

Not sure if staffing or supplies will cost more when 3-D printers are made available.
Not yet determined.

Staff (7 responses)

Staff (ongoing), equipment

Staffing is first, but equipment/hardware is second.

Student staffing

The renovation and furniture are the biggest costs.

The servicing and materials, over the long run, end up costing more than the machine.

38. What are/will be the most significant sources of funding for fabrication/makerspace services in
your library? Check all that apply. N=35

Internal library regular budget 19 54%
Internal library temporary or special project budget 14 40%
Usage fee M 31%
Donations 11 31%
External grant funding 7 20%
Additional budget from parent institution 6 17%
Member fee 0 —
Class/Workshop fee 0 —
Other source of funds 4 1%

Please specify the other source of funds. N=4

Budget transfer from current service providers
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Endowment monies
Unknown!

Unspecified currently, but likely the regular budget.

39. Which source of funding is/will be the single largest source? N=27

A temporary special budget at first to buy the equipment and then usage fees to pay back the cost.
Additional budget from parent institution.

As of now, the library budget. We hope to find outside/additional funding sources in the future.
Donations

I think it must be the regular budget? | don't really know.

Internal library regular budget (8 responses)

Not sure at this point.

Not yet determined (3 responses)

One-time funding for the renovation of space which included fixed and movable furniture and safety items such as
ventilation snorkels and air scrubbers.

School of Mechanical Engineering and School of Industrial Design

The internal library reqular budget will be the biggest source of funding into the future. We have received some money
from the university for selected start-up costs.

Usage fee (3 responses)
Usage fee: we will cover all ongoing costs.

User-generated revenue will be our primary source of funding for operations, but we are working on larger grants to
help expand capabilities and capacity on campus.

We are currently using a technology fund from an endowment but are seeking a donor for a makerspace.

We hope a donor. :)

SERVICE ASSESSMENT

40. Has your library assessed or evaluated the performance of your fabrication/makerspace services,
for example by collecting usage data, interviewing individuals or focus groups, surveying users,
etc.? N=38

Yes 15 40%
Not yet, but we plan to 10 26%
No, and we have no plan to do so 2 5%
We are not yet at the assessment stage 11 29%
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If you answered that you do not have plans to assess services or you are not at the assessment
stage, you will skip to a question on service gaps.

SERVICE ASSESSMENT METHODS

41. What assessment method(s) does/will your library use? Check all that apply. N=24

Collect and analyze data on use 22 92%
Observations 20 83%
User satisfaction survey 14 58%
Interviews with individuals 10 42%
Interviews with focus group 7 29%
Other assessment method 5 21%

Please briefly describe the other assessment method. N=5

Assessment is built into our plans. We don't have it open yet.
Log data

Talking with patrons as they come to get items printed.

This is in early planning stages and not fully fleshed out.

We have our users fill out a log book on their print jobs. We also hand out an evaluation form after each safety
training session.

42. Of the assessment methods already used, which has been most useful for evaluating these
services? N=16

Assessment is planned. Services are not yet active.
Collect and analyze data on use (6 responses)
Collection and analysis of data; Observations
Comments from both interviews and observations
Interviews with Individuals

Observations

Obtaining a detailed usage log of our full service has been incredibly helpful. We are investigating methods to track use
of our walk-up, DIY service, but are finding it incredibly difficult due to the self-serve process.

Talking with patrons as they come to get items printed.

Training session evaluations let us know what people wish we did (offer design workshops, supervise the job for
them); the people who answered the survey have primarily used the service so they are satisfied with the service
model restrictions.

Use data, particularly providing demographics of all of the disciplines actively using this service.
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We collect from users information on projects they create and how the Libraries helped them accomplish these.

43. Has any assessment of your library fabrication/makerspace services led to changing services,
programs, or specific uses of the makerspace? N=20

Yes 11 55%
No 9 45%

If yes, please briefly describe what changed. N=11

Assessment of the service frequently leads to changes in our service offerings. Often these are subtle adjustments to
pricing, outreach, and training, but the data also identifies new needs on campus and who we may be able to partner
with for larger fund raising efforts.

Assessment supported the need for additional training/workshops for patrons.
Future equipment needs. Guiding future development of workshops and outreach.
It informed the library on which departments on campus to do more outreach and engagement with.

There's a clear need from our students for design training. We're working on offering that to our certified users for
fall 2015.

Used in planning for expansion of services. Training session topics are more diversified. More hands-on use
of equipment.

We assessed how students used the space by talking to them and we found out that the students prefer to do things
themselves. So we do the initial training and they can use the equipment by themselves and if they need any help they
can request it.

We decided to circulate objects printed on our 3-D printer based on a suggestion.
We have altered the focus and timing of the workshops based on user feedback.

We have revised our policies based on usage statistics and purchased a second 3-D printer to support the increase in
demand for course-related prints.

We used to think that all files with non-manifolds were the fault of our patrons, but we found out that those files that
wouldn't print on our machine were working fine on other's machines. This led us to take the blame more fairly for
failed prints.

SERVICE ASSESSMENT: USAGE DATA

44. If you gather (or plan to gather) data on the use of fabrication/makerspace services, please
indicate the type of data. Check all that apply. N=24

Number of service users 22 92%
Number of total 3-D prints 21 88%
Number of class/workshop registrations 18 75%
Number of class/workshop attendants 18 75%
Number of reference requests 14 58%
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Number of website visits 13 54%

Number of participants at user outreach events 12 50%
Number of total 3-D scans 12 50%
Number of consultations 12 50%
Retention of models developed or printed 6 25%
Other data 7 29%

Please specify the other assessment data. N=7

Costs, revenue, and comparison with competition
How often particular software is used.

Log book has information about each print job.
Money spent on filament and other supplies.

Number of curricular applications as reported by users.

Print jobs broken down by type (personal projects vs. research oriented jobs), department of user, university status
(undergrad, grad, staff, faculty)

Type of service user (which department, status of user)

45. Which type(s) of data has been most useful for evaluating these services? N=16

# of total prints

Assessment is planned. Service not yet offered.

Data on print jobs and workshop evaluation forms

Demographic data

Number and type of prints; number of reference/project planning requests
Number and type of service user (which department, status of user)
Number of 3-D prints

Number of service users (3 responses)

Number of service users, number of workshop attendees

Number of service users and engagement with our users (consultations, workshops, etc.) have proved to be helpful in
identifying areas of improvement and evaluating the services' effectiveness. We also found that actively going to local
maker events identifies who is not using our services and gives us an opportunity to understand why.

Number of total prints, curricular demand
The number of 3-D prints and workshop attendees
Type of 3-D printing (what type of machine used)

Unknown, too early
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46. If you gather data on the number of service users, please give your best estimate of the number of
the users for the current fiscal year. N=18

Minimum Maximum Mean Median Std Dev
15 1970 485.39 179.00 620.00

47. During what period of the year is your makerspace the busiest? N=18
Assessment is planned. Service not yet offered.
Beginning of each semester
During mid-terms and finals week
Early part of the semester

End of the semesters (November and April). Then number of users next year will increase dramatically with the new
workshop focused Makerspace.

Fall (October—November)

Fall and Winter terms: midpoint of term is the busiest
Last month of the semester(s)

March—May

Near end of each term

November/December

Our services are near capacity so we do not see much fluctuation in utilization throughout the year, however, emphasis
and urgency changes. For example, common deadlines for students (mid-terms, finals) translate into different
submissions than the summer, which are typically more research oriented.

Spring and fall semesters

Three weeks before finals

Too soon to tell right now, but seems like it corresponds to class project due dates.
Towards the end of the semester as students are finishing up projects.

We are not sure yet.

We do not know yet.

We've only been around since October 2014. It's been steady since then.

SERVICE ASSESSMENT: INTERVIEWS AND SURVEYS

48. If you have interviewed or surveyed users, what aspects of makerspaces and fabrication
technologies are of the greatest interest to them? N=11

3-D printing

Access and speed of services is very important. Pricing is also very important.
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Access to the 3-D printing technology, knowing how a 3-D printer works, the 3-D printed object itself, 3-D modeling
for design

Arduinos; 3-D printing

Assessment is planned. Service not yet offered.

How to do it, how much it costs and how long it will take to print the item and to complete the print job.
How to use the 3-D printer and 3-D scanner

Learning how to create 3-D models in different types of free software.

Our previous surveys showed growing maturity with technology and growing need to gain access to new capabilities
(higher resolutions, new material types, etc.)

We have primarily interviewed individuals to learn more about how they are incorporating 3-D printing into their
course work.

We haven't formally interviewed or surveyed users.
49. If your library has conducted a user satisfaction survey, please indicate the level of perceived

satisfaction of the users of these services using a scale of 1 to 5, with 1 being very dissatisfied and 5
being very satisfied. N=5

1 Very Dissatisfied 0 —
2 0 —
Neutral 2 40%
4 T 20%
5 Very Satisfied 2 40%

Comments N=2

Our overall satisfaction score was a 3.5/4.

Satisfied with initial classes. Service itself not evaluated.

SERVICE GAPS

50. Overall, what are the most significant gaps in your current library services in this area? N=25

A wider variety of printing. Ability to submit print jobs remotely. The existing makerspace is a production service where
users pay for the jobs (printed and laser cut objects). The new makerspace offers a DIY environment for hands-on
experiences and workshops.

Currently, these services are not offered.

Currently we are seeing a fragmentation of our user base. There are, and will be, students who are matched to our low-
cost, walk-up 3-D printers as they currently exist. However, after a short period of time these individuals mature and
begin seeking more capabilities and capacity within the same DIY model. The challenge is in providing multiple tiers of
resources and then training with them. We are instituting a badging track that will provide the foundation for this, but
have yet to identify the equipment that would be the best fit for such an open environment.
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Currently, we have a single printer for the pilot. We have no means to expand without funding, and so the campus
community has no open place for rapid fabrication.

Design workshops, 3-D modeling and design

Dissoluble supports, large build volume, variable print materials (currently only offer PLA)

Keeping up with the demand for 3-D printing (equipment capacity) and for hands-on workshops (staffing capacity)
Librarian training in very complex 3-D modeling designs

Need to define this as a core service and staff and situate it (physically) accordingly.

Not a service gap, per se, but our services could be more integrated into coursework and/or research. We have had
some uptake by instructors and faculty research advisors, but that is an area that we will continue to foster.

Not having a broader variety of maker tools, like robotics and laser cutting.
Our pilot service is in limbo. We need a technology upgrade.

Our users don't currently have personal, hands-on access to the tools and we don't have a dedicated space open to the
community. Our printing and scanning is mediated by staff in a staff area.

Overnight access

Providing a cohesive, strategic set of equipment and services. Right now we are just piloting a 3-D printing program.
Reference model, expert consultation

Space for training and demonstrations

Staff support, self-service machines

Staffing

We are short on staff and the staff working with the makerspace have too many other responsibilities.

We currently offer no services in this area.

We have no service in place yet. The gap on campus is that there are makerspaces that are open to all users, but
situated in faculties in a way that presents a barrier to outside users.

We need more coverage for more hours.
We offer a 3-D lab with numerous 3-D software applications, but currently do not offer 3-D printing or 3-D scanning.

We would like to supplement 3-D printing with 3-D scanning because many students do not have design skills. We may
also explore higher-end model printers.

REWARDS AND CHALLENGES

51. Please briefly describe up to three rewards of providing rapid fabrication/makerspace services.
N=33

Anticipate filling a user need. Increased library engagement with users.
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Attracts students to the library for things they never knew we did. Inspires staff and engages them in creative processes.
Creates spillover effects into our other work: prototyping, etc.

Brings users into the library for other purposes than quiet study. Moving library services into the science
research process.

Contributions to campus teaching and research. Participate in the end-to-end knowledge creation process. Develop
informatics tools that can assist design learning.

Engage with users in different way. Staff appreciate ability to learn new skills.
Engaged students. Active library use. Providing access to services not available elsewhere in area.

Expand role of library, inspire students, help with student success, and support campus mission. Another service libraries
can provide as the field evolves to help keep us relevant. Opportunity for staff (including library staff), faculty, and
students to create.

Forging new connections to curriculum, research, and individual projects and students. Providing a new and needed
service. Staff learning and employing new skills.

Fun. Accessible: seeing technology at work. Making your own project.

Getting undergrads interested in the library. Expanding our services. Keeping the university on the cutting edge
of technology.

Giving students exposure to technology that they may not otherwise have access to. Developing new partnerships built
around making and the maker culture. Increasing library engagement with students and community.

Interaction with entire campus, all schools. Forming a university-wide maker network to share expertise, equipment,
training opportunities. Unveiling new methods to interrogate research questions.

It encourages patrons from several different departments to come to the library. Offers all students in all departments
the use of this exciting technology. Allows for outreach and engagement of the library and its services to campus and
the community.

Learning practice. Building community. Interdisciplinary learning.

Level the playing field for social science and humanities students and faculty members who don't have as much access
to these services as those in STEM fields. Broaden scope of services provided by the library.

Opportunity for more collaborations and partnerships with campus colleagues. Profile on campus raised significantly.
Engagement with researchers and other staff who are using the services which are now readily available and accessible.

Partnership with campus partners. Cool factor.

Provide general access to hard-to-find technology. Expand the role of the Libraries in supporting learning. Expand the
opportunity of students to play with new technology.

Provide low-barrier access to a useful service. Provide instruction to a cross-campus, interdisciplinary audience. Support
the curriculum.

Provide students, campus community a place to explore and utilize this technology. Increased collaboration with campus
partners. High visibility, good press.

Provides hands on experience to all disciplines.
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Providing access to services that enable innovative student projects that otherwise would not be completed. Exposing
students to new technologies that they wouldn't see elsewhere. Introducing new pedagogical methods for faculty to use
to teach.

Providing open access to maker technologies for our campus. (Don't have to be an Art student or enrolled in a particular
class). Increased student engagement. Creating an innovative learning environment.

Rapid iteration of the design process. Applied, action-based learning. Smiles.

Researchers quickly get the tools or products they need. Students get to show off their design skill. It engages students
such that they learn new skills.

Strong engagement with individual users. Broad interdisciplinary demand and potential. Stimulates innovation.

Student engagement! We get to speak to so many students and researchers doing fun and interesting things. We get to
see them experiment and learn on the spot and share their ideas in our fun and easy-going environment. Collaboration!
A wonderful project for me to collaborate on with my partner in the MADLab. Since we've started our safety training
sessions, he's started doing more instruction in the lab on mobile app development. Mentoring and teaching! The
project has been very rewarding for our GSLA to see how a service gets set up, managed, promoted, and evaluated.

It has been very rewarding for me to mentor her on service development and have her work really be meaningful to

this project.

Support faculty. Support students. Support scholarship.

The look of awe on users' faces the first time they see a 3-D printer in action. Being able to offer an emerging
technology that would otherwise not be available to most of our users. Partnering with units on campus with whom we
had not previously collaborated.

Unanticipated and novel use of technology. Student reaction and excitement. Opens up opportunities for new
partnerships and relationships.

University saves money by having it centralized in the library instead of several around campus. The library is neutral
ground. It has brought engineers into the library, which used to be difficult to do.

Using the service as an example to market the library to potential donors and other groups on campus. Giving non-
technical students the opportunity to experiment.

Yet to be fully determined.

52. Please briefly describe up to three challenges of providing rapid fabrication/makerspace services.
N=34

Access for users. Gatekeeping on content. Building understanding among faculty.
Availability of staff/time expertise.

Controlling unrealistic turnaround expectations. Appropriately pricing 3-D print services. The future landscape of
university 3-D printing services is unknown.

Cost to build and support. Technical and logistical (training, reservations, access, workflows, maintenance). Ownership
& collaboration: who's in charge and how will they share?

Cost, expertise, and promotion. Technical issues/support problems including budgeting time when requests come all at
once (student deadlines). Determining what to print re: ethics and campus policy.
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Defining the library's role in design learning and digital scholarship. Providing adequate and useful support for digital
scholarship. Getting the buy-in of teaching departments and faculty.

Equipment breaks down frequently. Users have too high of expectations of what 3-D printing can actually do. Requires
a lot of training and upkeep.

Equipment doesn't always work as expected. Users need to learn what things the space/tools can and cannot do.
Keeping up with the most current technology.

Fit a new service into an already tightly allocated budget. Developing staff skills and partnership needed to make
it succeed.

Funding. Staffing. Time for outreach.
Funding (start up). Expertise for staffing. Maintenance.

Getting buy-in from faculty and students without a dedicated assignment requiring 3-D printing or other making.
Double scheduling prints that take longer than estimated. Providing a sustainable service that also allows staff to
maintain a reasonable workload.

I would love it if we could have people use the 3-D printer set-it-and-forget-it style. Because our service isn't really
supervised, the users have to stay in the MADIab while their job is printing. This is extremely time consuming. | wish our
printers could print faster... Handling the certification lists and reservations takes a considerable amount of time spent
filing and sending confirmation emails. Would be nice to automate more of this process.

Keeping equipment updated. Promoting use. Determining printing policies.

Lack of staff time. Hardware malfunctions. Lack of funds to buy newer hardware models.
Limited funding. Ensuring needed expertise. Service sustainability.

Limited resources. Not widespread in use. Barrier of entry due to specialized skills needed.
Machine reliability. Tracking use in an open environment. Managing user expectations.

Maintaining currency/relevance as technology evolves. Determining scope of services, where the line is between library
and departmental/specialized services.

Maintaining equipment to keep it operational. High cost of some machines and materials. Can be difficult to retrofit a
traditional library space into a space supporting fabrication.

Maintaining hardware. Time commitment. Staffing.

Managing student expectations about what we can offer. Software licensing and installation. Campus culture of fear
around new technologies and their safety.

Managing the services without dedicated staffing. Maintenance of equipment. Keeping on top of latest
tech developments.

Money (for staff and supplies). Clarity of mission / justifying services as part of library services.
Providing adequate support.

Several aspects of the services have a steep learning curve. Labour-intensive: need to be onsite to work with users.
Experience some dismissiveness of the services, e.g., “gimmick” or “fad”.

Staffing. Space.
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Staffing the makerspace. Keeping up with the demand.

Technology can be unreliable. 3-D printing is a slow technology that can lead to bottlenecks at busy times. Patron-
designed files can have errors so they are unable to print correctly without repair/redesign.

The staff time needed to adequately support the service. The display space needed to showcase the objects. The
funding required for a new “non-traditional” service.

The technology itself is tempermental. Providing staff support.
The time commitment. Keeping student staff trained. Keeping up with demand.

Time consuming. Troubleshooting problems can be difficult since this is newer technology. This sector is rapidly
changing so it was difficult to determine what technology to purchase.

Yet to be fully determined.

FUTURE CASTING

53. Please briefly describe what you envision as the role of rapid fabrication and makerspace services
in the future of research libraries. N=42

A central department-free place on campus for this technology is key, since the applications are so broad. Many
individual researchers might lack the funding or expertise to utilize the equipment. Having a library service solves this
problem and opens up the technology to the entire community.

As a catalyst for innovation.
As a component of scholarly communication, e.g., the visual display of quantitative data can now be 3-D.

As the technology becomes cheaper, service providers will move into higher-end printing as more people have access
to cheaper 3-D printing. Service providers will also likely provide for printing of other types of materials not available in
cheaper printers such as nylon, metals, and soluble support materials.

Assisting in the development and creation of critical making projects and bringing tangible and 3-D work into areas of
research where it both has existed and traditionally may not have been possible previously.

At a basic level, libraries can provide the resources for experimentation and creative uses of materials. For example, the
director of our Art Library has some interest in how 3-D printing could be used by studio art students.

At the university schools and departments proactively provided these services. Therefore the Libraries facilitates the
individual schools and programs when needed.

Brings people together. A place to put technical skills into practice.

Given typical tight budget environments and space limitations across most universities today, it is important that
academic libraries considering any services in the future will need to connect those services to the particular academic
needs of the campus. Without doing that, any new service will not be successful. So, an assessment of need,
applicability, and redundancy on campus is essential and will be highly individualized by campus. As an example, a
well-appointed makerspace is less than a block from the library on campus. Other questions related to makerspaces
relate to who would maintain the equipment (the library or IT (or other unit)); would libraries find themselves called
upon to archive the products of these services; would there be internal uses for the technology (spare parts for obsolete
technology in library); would this makerspace also include low-tech tools such as hammers, measuring tape, hand-tools
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as libraries are already familiar with the storage and loan of items; what level of expertise would library staff need to
provide this service and potentially train users.

| see the role of rapid fabrication and makerspace services in the future of research libraries as something that is needed
and will be required by the students for them to succeed in their academic work.

| think teaching critical making and design skills will be more important than the access to the technology, esp. as the
printers get cheaper and easier to use. | feel a lot of pressure to include 3-D design in our workshops. | think this will
also be important for getting non-engineering students using the technology and seeing a need for the technology as
part of their academic research and student experience.

I think the library can play several key roles in supporting digital scholarship and design learning. The primary campus
fabrication and makerspace facilities will, for the most part, not be in academic libraries. Rather, academic libraries
will offer collaboration and meeting spaces for students and faculty, information and literature review services, design
software and hardware, visualization and data analysis tools, and overall project planning and support and services.

It has a future but should not be a major focus into the future since the technology will become more integrated into
early education and people’s lives.

It will continue to grow.
It will potentially have a similar role that “reqular” printers and scanners currently have in research libraries.

Libraries are idea spaces, and makerspace technologies foster creativity and give research options to all disciplines rather
than just those in the sciences, engineering, or architecture. | hope that libraries move away from 3-D printing as a
Kinkos-like service, and toward conceptualizing fabrication as a tool to investigate, interrogate, and learn by doing.

Libraries are more and more about user-generated content, whatever the content type. We are platforms of discovery,
empowerment, and growth. Makerspaces will be crucial to viability of research libraries, as our ways of acquiring
knowledge are shifting to include hands-on technical and design creation. Integrated approaches to knowledge are
crucial if research libraries want to survive.

Libraries have always served as community hubs for participatory and collaborative learning, providing shared
resources that promote personal growth, learning, and exploration. Over the last two years, libraries have become

a space to house, develop, and promote the maker movement, which is a growing community of individuals and
groups who devote their time to designing and building rather than just consuming. The maker movement shares the
library's devotion to the exploration of ideas and the development of skills and knowledge using shared resources and
expertise, but with a more visible emphasis on creativity and hands-on learning. The trend in developing digital media
resources within libraries and offering related programming is currently on the rise in academic libraries as universities
recognize how shared access to and training in emerging technologies can benefit learners. By providing resources
that are accessible to the entire university community and pairing those resources with the expertise of information
professionals, academic libraries are well positioned to support maker activities, many of which allow students to
develop the 21st century literacies, like digital and spatial literacy, that are vital to student retention and success, post-
graduate career development, and lifelong learning. We will see makerspaces in academic libraries moving from a trend
to a core service.

Makerspaces and fab labs are the next steps in active learning and in presenting scholarship. Makerspaces allow
student learners to engage in learning by doing and hold the potential of a new form of scholarly communication. From
videotapes to CD-ROMs to Internet access to color printing, libraries have always embraced new technology quickly in
order to provide open and equal access, and makerspace is the next in line.
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Makerspaces and rapid fabrication will continue to be an important part of future research libraries. Research libraries
are open to everyone on campus and often in the community. Individuals can use library services regardless of what
department they are a part of or what their affiliation is. Before, only certain departments or labs were allowed to use
these types of resources. Makerspaces allow for new technologies to receive widespread dissemination and allow for a
central location where people can learn about them, use them, and discover new uses. More libraries will make these
technologies part of their everyday services and continue to teach and train patrons.

Makerspaces facilitate a different type of information literacy, and rapid protoyping extends the information lifecycle into
the physical. Libraries can provide expert consulting, literacy building, collections development, and data management
for this important new set of tools.

Manifestation of ideas!

Offering these services to all of the campus, not just students in programs where it's an inherent part, e.g., engineering.
Connecting making to theory and critical inquiry.

Partnerships and collaborations will continue to increase, with equitable access to all disciplines and faculties. Provision
of a common ground in support of interdisiplinarity. Support of research even at the undergraduate level: provides a
critical skill at the entry level. Natural fit for libraries to participate in moving from digital to physical to digital forms

of scholarship.

Provide services in a space that serves all campus users with the possibility of serendipitous interdisciplinary
collaboration. Open for a large number of hours with staff able to help people. This provides greater ROI for the
university for expensive equipment that is often inaccessible in departmental offices. As the needs of students and
faculty changes, we will adopt new services as appropriate.

Providing a space, technology, and services that allow users to experiment and learn through experience despite their
discipline and ability.

Rapid fabrication and makerspace services will be important to many, if not most, research universities. However, the
location of these services will vary. Right now, these services are provided to a small segment of our students and
faculty within specific departments. | don't know whether that will change.

Rapid fabrication and makerspaces seem a relevant future service that students, faculty, and staff at universities will
want. Libraries, as they seek to define their future, could be very good places to provide makerspaces, as we have
facilities, technologies, and other services with which makerspaces would seem to fit well, given appropriate staff
training. However, it would be a new business for us, and only time will tell whether it is a desired and useful service.

Research libraries may provide research assistance for fabricators; however, the tools, equipment, and expertise are
better provided by academic departments.

Research libraries that have an active multimedia design lab, such as the Student Multimedia Design Center, see a role
for rapid fabrication and makerspace services that are centrally available to all users, particularly as a demonstration site,
and for wide application for basic student needs.

Since the libraries support the scholarly resource needs of the entire university community, we envision including rapid
fabrication services in the libraries’ faculty lab, which is currently under discussion.

The 3-D printing service is useful for making quick prototypes; it's great to allow users to experiment. | envision it
becoming more of a service than a research interaction with libraries purchasing more high-end equipment as the
hardware becomes less expensive for the average consumer.
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The library is the perfect home for such services provided they have the infrastructure to support it and invested partners
on campus. | see a continued evolution of capabilities and a reduction in costs for 80% of user’s needs. The remaining
20% will require highly specialized equipment that may not be appropriate for a general campus resource. (i.e., why
would the library get an MRI machine...) As machines mature and become more reliable, there needs to be a shift
towards content generation. This need is particularly strong in areas that currently do not embrace making as part of
their academic and scholarly culture.

This is one of many new services to open the libraries to a new way of thinking regarding information access and
creation in a public space. It's a first step in a much larger collection of services for users in the future.

This will continue to grow well into the future. Libraries will likely have more of a role with collecting and describing 3-D
objects and helping connect researchers to each other.

University libraries serve departments across campus and are the perfect place to showcase emerging technologies,
from 3-D printers to virtual reality goggles like the Oculus Rift. Our faculty and students need to be exposed to the
latest and greatest technologies to be inspired and spark ideas about how all the disciplines can take advantage of
creative resources and innovations. Libraries should not only provide access to resources for research purposes but also
for production of new knowledge. Engineers and architects aren’t the only people who can use 3-D printing, rapid
fabrication, and makerspace services. Putting creative tools into the hands of all our faculty and students should be one
of the primary goals of today’s libraries. We'll be amazed at the outcomes these smart, savvy students can create when
provided with the resources.

We are currently in discussions with our Science and Engineering faculties regarding renovations of our libraries located
within their buildings. The Faculty of Science is interested in creating some makerspace, which could be located in the
library. It is most likely that if we were to be engaged in delivering makerspace services, it would be in collaboration with
one or both of these faculties.

We believe this is an incredibly important service for the campus, but not one that is limited to or the sole responsibility
of research libraries. While these services are being offered by other campus departments, we will continue to serve

as liaison to these services for our users, and keep abreast of the demands of these services. Should additional service
points be prudent, we will certainly consider adding additional capacity for this service. We are observing that the areas
of physical reproductions for visual studies, art history, and visualization of data analysis are quickly growing, as well

as physical representations of models in the biological/life sciences and engineering. At this time, the demand in these
areas are being fulfilled by makerspace services within or near the departments that offers these disciplines.

We expect the need for and use of this type of service to continue to increase; service supports the growing pedagogical
practice of hands-on learning.

We have found the library has been very successful in building a campus (and regional) community for making activities.
This includes identifying and partnering with other spaces on campus that offer rapid fabrication/makerspace services.
The library is partnering with the Communication, Rhetoric, and Digital Media department by supporting one graduate
assistantship who will be imbedded in the library to develop workshops and research/instructional opportunities for
faculty on campus. There are several faculty members who have modified their curriculum to include our services in
student learning, research, and assignments. The existing makerspace has supported several senior design projects,
some of which were turned into entrepreneurial opportunities for the participants.

We have struggled with this for seven years. We believe there is a role, same as there is a role for 3-D software and 3-D
visualization and fabrication labs in research libraries. We have had a 3-D lab at this library for eight years. 3-D software
is heavily used by patrons. We have discovered that 3-D printing is increasingly desired by many of the patrons we serve
for research, pedagogy, class assignments and projects, etc. We see 3-D visualization and fabrication as a key aspect
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of emerging information representation and application or applied information and library sciences and the associated
mission and services of research libraries.

We most likely will be a satellite location for other programs actively using the technology.

ADDITIONAL COMMENTS

54. Please enter any additional information that may assist others in understanding your library’s
experience managing rapid fabrication technologies and/or makerspaces, or what you would tell
other libraries preparing to offer such services. N=23

3-D printers are not a turnkey device; they require “care and feeding.”

Although we are pushing for a large-scale service, we have plans for implementing much smaller services as well. There
is a fear that any small-scale service would get overwhelmed and be very difficult for already-busy staff to manage.

In addition, we believe that a small-scale service would discourage faculty from incorporating 3-D printing into their
curricula, as we would not be able to guarantee access to such a limited resource. Regardless, we hope that we move
forward and, at the very least, demonstrate the need for a large-scale service.

As part of a library renovation project, we hope to investigate the possibility of creating a makerspace or augmenting
an existing capability in the Digital Media Center (which is not part of the library). Our investigation will be based on
current capabilities within the Digital Media Center and within the Maryland Institute College of Art (MICA).

Based on our experience in providing makerspace services since September 2014: don't be afraid to experiment

with workshop topics; don't have to operationalize at the outset; don't feel compelled to fulfill all aspects of such
services; work within the context of your library; be prepared to be informed by your users; enable them and push the
experimental aspects.

Be aware of what departments, schools, and programs are doing in order to understand needs and existing services.
Be inclusive, not exclusive!

Get involved, take some risks. The expense, initially, need not be huge and yet it can have impact.

Have a clear outreach strategy. Have fun showing off what your awesome printer can do!

It is a popular service but many users want projects printed that are for personal use (valentine’s gifts) or are too large
and time consuming for our equipment and staff.

It is definitely worth trying. Don't get too hung up on the details and start small to see if there is demand in your
local community.

It is not like inkjet or laser printers in that it requires someone tech savvy just to operate it. These require frequent
troubleshooting and maintenance. The time commitment involved is huge.

Make sure you have staff that like working on these types of services and are interested in keeping up with
technology changes.

Marketing new services like 3-D printing is very important. You can't simply buy a 3-D printer and expect people to flock
to you. Setting up demonstrations around campus and writing articles for the campus newspaper can help get the word
out. Our student employees have become very adept at using software programs like Tinkercad and have been able to
assist with managing the print queue from patrons. Having a dedicated staff member assigned to get this service off the
ground has been essential, though.
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Please note that this survey combines responses from librarians who are engaged with both 1) a small-scale makerspace
service in a branch library and 2) a planned, larger-scale makerspace service within the Digital Scholarship Center (to be
opened this summer).

So far we have not been convinced that the cost of ownership of this technology is within our means to support.

Such services require a strong understanding of your environment and potential user base since the technology, training,
and support requirements can vary greatly depending on those factors. Due to our service exceeding 10 years in age,
we had the privilege of growing with interest on campus, This allowed us to pivot and adjust relatively quickly due to the
deep expertise in-house.

The library is seriously considering 3-D printing as a service. This is not high-priority because 3-D printers and other
fabrication labs are already available on campus.

The NCSU Libraries is the primary academic library participating in an IMLS National Leadership Grant on Makerspaces
lead by the Children’s Museum of Pittsburgh as a collaborative campaign to promote the establishment of makerspaces
throughout US libraries and museums.

The UT Foundry (aka Creativity Commons). The University of Texas Libraries in collaboration with the College of Fine
Arts is developing the UT Foundry, a Creativity Commons that will be located at the Fine Arts Library (FAL). The UT
Creativity Commons will be a makerspace that will have a visual and performing arts focus while integrating engineering
and computer science elements, resulting in a STEAM (Science, Technology, Engineering, Arts, and Mathematics)
teaching and learning center. The University of Texas at Austin is one of the largest public universities in the United
States yet the campus community does not have open access to a makerspace. The UT Foundry project will fill this gap
and provide this much needed space and service. It will be open to all students, staff, and faculty at the University of
Texas at Austin. The intention is to support non-curricular and curricular projects simultaneously. For example, both the
layperson who walks in and wants to create a high-quality sound recording for a personal project and a professor who
is developing a classroom assignment around printing a 3-D object will have equal access to the staff expertise and
technology. The “creative class” is thriving in Austin, Texas from maker meet ups to the gaming and app development
private sector to a community of non-professional musicians and more. Learning happens outside the classroom as well
as inside and teaching is being done by librarians, IT specialists, and fellow students, as well as faculty. The UT Foundry
will be a center for arts learning, facilitating exploration. For example, students have interests that they want to develop,
but they may not be studying the subject in the classroom. Faculty may be moving into new areas of teaching but need
access to tools and expertise to develop an idea. An individual may have set a personal goal and needs the tools to
accomplish it. The UT Foundry will play a role in these cited examples. The UT Foundry will include a Game Development
Studio, a Recording Studio, a Video Production Studio, a 3-D Print Workspace, a Maker Workshop and a Digital Media
Lab. Equipment and devices will be available to check out. Project activities will include training teaching and supporting
patrons on effectively using the technology, developing programming and organized activities based on stakeholders
input, and outreach. The goal for the project is to have a robust facility and service that is fully utilized by the university
community. Desired outcomes for the user include acquisition of new skill sets or refining a fledgling skill, as well as
progress or completion of projects. Not only will this initiative develop space and services central to arts teaching and
learning, there are two other major outcomes: the development and diversification of information professionals, and
the building of community in the DIY and maker movements on the UT campus. The UT Foundry is designed to have

an impact on immediate learning, experience, and quality of life, as well as long-term transferrable skills and lifelong
learning. Compare the creative experience to a physical experience at the gym. The gym experience not only improves
long-term health, but immediate health as well. Similarly, the UT Foundry will have an immediate impact on a person’s
mind, encouraging creativity while a skill set will be acquired that can be used outside the space. The patron of the

UT Foundry will be able to learn new software, hardware, and technology to assist them in realizing their own project
goals. The University of Texas Libraries has put several pieces of this initiative in place during the 2014/2015 academic
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year. 1. A device library has been established. Devices available for check out include cameras, tablets, microcontrollers,
superdrives, keyboards, motion and gesture controllers, etc. 2. Funding has been secured for the recording studio
component through the Hornraiser crowdfunding initiative. As of this report, $15,695 has been raised. 3. A Media
Technician position has been approved and will be recruited over the summer. This will be a support and training
position. 4. The UT Libraries is considering the addition of an Arts and Creative Technologies Librarian to provide the
vision, outreach, and programming for the UT Foundry. 5. A Graduate Research Assistant position will be transferred
from another area within the Fine Arts Library to support the work of the UT Foundry. 6. A project assessment plan
has been developed so that we will be able to solicit feedback and fine tune this important new initiative To completely
build out the UT Foundry, approximately $300,000 is needed for facilities upgrades, improvements, and equipment
purchases. For more information see: http://news.utexas.edu/2015/02/02/beyond-textbooks-high-tech-tools-help-
students-build http://blogs.lib.utexas.edu/texlibris/tag/creativity-commons/

This survey is limited in scope and language, given its focus on fabrication and makerspace functions. Academic libraries
will be involved at a higher level, | think, in digital scholarship and design learning activities. Libraries should be involved
in all aspects of the end-to-end knowledge creation process. | see a number of ARL libraries offering collaboration
spaces and equipment, visualization walls and services, data analysis tools, data management support, and design
technology software and equipment, including 3-D printing and scanning.

Utilize your students. Some of them have a deep interest in building and making, and they will be invaluable in figuring
out what settings, filaments, code, etc. works, and what doesn't. Do not expect to start a makerspace without at least
one person who enjoys taking equipment apart, fixing it, and putting it back together. The printers especially, even
though they purport to be consumer-ready, do require a DIY ethos, and manufacturer support can be sparse.

We are actively involved in gathering information and becoming more aware of the services on campus, and growing
demand for them. We are also involved in investigating the appropriate policies necessary for responsible use of these
services, and learning more about how other departments that currently host these services set policies at their sites.

We offer a user-mediated service-- this means that anyone who wants to use our printer (and has a library card) must
become certified (attend safety training, sign a waiver, pass a knowledge test). Then they book time on the printer
during our open hours and then they print their object in a relatively unsupervised, secure space. We DO NOT supervise
the printer, offer consultations on design (although we do help with the makerbot desktop software part), or print the
object for people. Right now our service is focusing on teaching people how to use the printers (makerbot replicator 2)
safety and effectively.
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RESPONDING INSTITUTIONS

University at Albany, SUNY
University of Alberta

University of Arizona

Boston University

Brigham Young University
University of British Columbia
University at Buffalo, SUNY
University of Calgary

University of California, Irvine
University of California, Los Angeles
University of California, San Diego
University of Colorado at Boulder
Colorado State University
Columbia University

University of Connecticut
University of Delaware

Duke University

Florida State University
Georgetown University

Georgia Institute of Technology
University of Hawaii at Manoa
University of lllinois at Chicago
University of lllinois at Urbana-Champaign
University of lowa

lowa State University

Johns Hopkins University
University of Kansas

Kent State University

University of Kentucky

Library of Congress

University of Louisville

McMaster University

University of Manitoba

University of Maryland
Massachusetts Institute of Technology
University of Michigan

Michigan State University
University of New Mexico

New York University

University of North Carolina at Chapel Hill
North Carolina State University
Northwestern University

Ohio University

Oklahoma State University
University of Oregon
Pennsylvania State University
Purdue University

Queen's University

Rutgers University

Smithsonian Institution

University of Southern California
Southern lllinois University Carbondale
Syracuse University

Temple University

University of Texas at Austin
Texas Tech University

University of Toronto

Vanderbilt University

University of Virginia

Virginia Tech

Washington State University
Washington University in St. Louis
University of Wisconsin—Madison
York University
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Makers in Libraries | About
http://projects.informatics.mit.edu/maker/about

~

‘e

++ Makersin Libraries < Program on Information Science

[£]]=]n SR

People Guide Galleries Calendar

ABOUT

The Program on Information Science of MIT Libraries is engaged with:

« |dentifying and characterizing the best exemplars of makerspaces in academic libraries
* Surveying libraries to emerging practi

« Designing and conducting qualitative interviews of 3D printing service providers at MIT
« Developing a guide for patrons interested in 3D printing

Rapid fabrication and scanning technologies have made it increasingly easy to transform information into physical objects, and vice-versa.

Research libraries are increasingly engaged in monitoring, assessing, and engaging in the area of information production and management. Many libraries are exploring these
technologies to support information literacy, and research.

Rapid fabrication blurs the lines between information and physical objects, and raises intriguing questions about the changing nature of information literacy; the future of library
spaces; and the extension of information life-cycles to include materialization as physical objects.

The Program on Information Science at the MIT Libraries created this site to provide information on rapid fabrication at MIT, and to provide information on research projects the
program conducts that examine the potential role of rapid fabrication technologies within research libraries.

- ————=_ Massachusetts Institute of Technol ; i
IIII I MITLibraries Program on Information Science, MIT Libraries About Contact Privacy License

N
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UNIVERSITY OF MICHIGAN
UM3D Lab
http://um3d.dc.umich.edu/

/

1,28 UM3D LAB

BECZUE DIGITAL MEDIA COMMONS

We have an open door policy Monday-Friday, 9am-6pm.
Located 1st floor, Duderstadt Center, Ann Arbor, Ml (directions)

Excuse the digital dust. We're in the process of a site migration so some information may be missing as we move it over.
For questions or support please contact: um3d@umich.edu.

LA ul =

Submit Model News Visiting People Walk-up

for 3D Printing and Activities the Lab of the Lab 3D Printing
Welcome! Virtual Cadaver Featured in Proto
As an interdisciplinary service facility, the UM3D Lab provides the entire University of Magazine
Michigan community access to the tools, expertise, and collaborative opportunities July 2, 2015

needed to support cutting edge research, academic initiatives, and innovative uses of
technology in the general areas of:

Interstitial Brachytherapy Template

» Teaching and Learning June 22, 2015

« Visualization and Simulation

« 3D Printing and Scanning

« Motion Capture

* Modeling, Animation, and Design

3D Printed Earrings
June 22, 2015

« Custom Tool and Application Development

Whether you want to learn the technology and methods yourself, or need some
additional expertise on your next project, we are here to help.

3D Printing: Catheter Case
June 22, 2015

/
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UNIVERSITY OF MICHIGAN
UM3D Lab
http://um3d.dc.umich.edu/

/

Planning
The planning stage is arguably the most important,
because what's decided and mapped here sets the
stage for the entire project. This is also the stage that
requires client interaction and the accompanying
attention to detail.

Quicklinks

Login
U-M Library
Digital Media Commons

University of Michigan
Wolverine Access
Directory | C-Tools
University E-Mail

N

How We Can Help

o

Development
Development is where plans are realized, but it's not a

4

Design
The design stage typically involves moving the
information outlined in the planning stage further into
reality. The main deliverables are a documented site

single step. Iteration of a design...

structure and, more importantly, a visual representation.

Contact Info

+1 (734) 615-9699

How Are We Doing?
Name *

um3d-feedback@umich.edu

2281 Bonisteel Bivd

Ann Arbor, Michigan 48109
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MICHIGAN STATE UNIVERSITY

Make@State

https://www.lib.msu.edu/makeatstate/

/

General Info Resources

Overview

3D Printing
Laser Cutter
Vinyl Cutter

Borrowable Circuit Tech

MICHIGAN STATE
UNIVERSITY

ﬁ MICHIGAN STATE UNIVERSITY

Ask a Librarian

MSU LIBRARIES Account

Events

Research Help Using the Library Computers Contact

MSU Libraries Maker Space

Make@State encompasses MSU Libraries' Makerspace services and equipment as well as providing a space for
active collaborative learning. Through this space the libraries promotes and presents new and cutting edge
technologies to students, staff, and faculty from across MSU as well as community users.

Contact

Erica Ervin - Make@State Coordinator
Phone: (517) 884-7667

Email: ervineri@mail.lib.msu.edu
Office: Main Library Building, W208E

Location

Main Library Copy Center, located on the 2nd floor of the West Wing.
Hours of operation for Make@State are in accordance with the Main Library Copy Center.

Call Us: (800) 500-1554 (24/7 Support Line) | Contact Information
Site Ato Z \ Privacy Statement

Call MSU: (5 Visit: msu.edu | MSU is an affirmative-action, equal-opportunity employer.

SPARTANS WILL. | ® Michigan State University Board of Trustees

/
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UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL
Makerspace
http://library.unc.edu/makerspace/

C Libraries & Hours Do Your Research In the Library MM f B ﬁ ,:‘ Contact Us
A | cRiversiTy usraRies

Home » Makerspace

Makerspace

Workshops Projects

3D Scanning

Consultations

Submit a 3D printing request.

RESEARCH

U

@ Kenan Science Library

Electronics & Textiles Design & Modeling

The makerspace is part of the University Libraries’ Research Hub
initiative. Its purpose is to enable UNC students, staff and faculty to
explore emerging technologies and foster a creative community of
makers and making.

- Equipment & Software
« Hours & Location

. FAQ & Policies

« Contact Our Team

« Join the Community

Community

Hours | UNC Home | Search This Site | Privacy Policy | Give Us Your Feedback

N
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NORTH CAROLINA STATE UNIVERSITY

Makerspace

http://www.lib.ncsu.edu/services/makerspace

~

< NC State Home

I'FM:"I NCSU LI

Search books, artic

Makerspace

RARIES
ite Q

S @& O

Prototype and
make electronics
with easy-to-learn

Circuit 3D Printing
Making

Print physical
things from digital
models you design

or download

tools

D. H. Hill Library

An open-access, D-I-Y creation space

> Autodesk

> Robert & Kathleen Connelly

> Craig & Beth Goff

> Intel

> NC State University Foundation

> SparkFun Electronics

3D Scanning

Make 3D digital
models of
real-world objects

RESOURCES =

ASKUS MY ACCOUNT HOURS FAQ LOGOUT CHAT NOW

l,

Laser Cutting

Cut and etch wood
and plastics with a
powerful laser

James B. Hunt Jr. Library

3D Printing services and more

www.lib.ncsu.edu/taxonomy/term/189

Thank you to the generous supporters of our Makerspace program:

UPCOMING
WORKSHOPS

D.H. Hill Makerspace
AUG [k i
Orientation
18 nooamto s am

AUG DH HiII‘Makerspace
Orientation
21 nsoamwozisem

AUG DH HiII.Makevspace
Orientation
21 ormtozisem

3D Design Workshops
AUG with Autodesk Fusion

24 o0

1:00 PM to 9:00 PM

View all workshops »

LIBRARY STORIES

Women in STEM Build
Community (and Circuits) in
E-Textiles Workshop

3D Scanning Artifacts for Digital
History
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UNIVERSITY OF VIRGINIA
Scholars’ Lab | Makerspace
http://scholarslab.org/makerspace/

f

N

S(“OI.ARS’ lAB about research fellowships makerspace events

Makerspace

The Scholars’ Lab Makerspace is a place for tinkering and experimentation with technologies like
desktop fabrication, physical computing, and augmented reality. Open to everyone, we specialize in

applications and research questions in the humanities and arts.

Informed by a rich tradition of Library support for exploring materiality in Special Collections and
the new Fine Arts Library Materials Collection, and for participating in the physical-made-digital in
both the Scholars’ Lab and the Digital Media Lab in Clemons, our Makerspace staff can help faculty
and student researchers evaluate new approaches to their work, and consider both the hows and

the whys of making.

Learning howto do something with humanities technology gives us a more informed perspective

on whywe do things in the humanities. Both are vital.
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UNIVERSITY OF VIRGINIA
Scholars’ Lab | Makerspace
http://scholarslab.org/makerspace/

a N

S(HOI.ARS' I.AB about research fellowships makerspace events blog people

Using the Makerspace

Interested in exploring the Makerspace? Have an idea to use microcontrollers or 3D modeling and
printing technology to enhance your research or differently interrogate your assumptions? The
Makerspace is open from 1:00-5:00 p.m. Monday through Friday. Stop by to talk to one of our
student consultants, attend our maker workshops, or contact us at scholarslab@virginia.edu to
schedule an appointment with Scholars’ Lab faculty and staff to discuss your planned project.

\_ /
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UNIVERSITY OF VIRGINIA
Scholars’ Lab | Makerspace

http://scholarslab.org/makerspace/

~

SCHOLARS' LAB

shields.

e Felt

time.

Categories

© Announcements

o Digital Humanities

© Events

o Experimental Humanities

o Geospatial and Temporal

© Grad Student Research

© Podcasts

© Research and
Development

o Uncategorized

N

filaments

o Raspberry Pi
o Basic supplies for wearables and tactile
computing

about
What'’s in the Makerspace?
o 3D Printers: MakerBot Replicator 2 and

MakerBot Replicator
o Assortment of PLA, ABS, and Ninjaflex

o Sparkfun Arduino kits, with Arduino UNO
boards and an assortment of Arduino

® Conductive thread
o Conductive fabric

* Sewing needles and thread

research fellowships makerspace events blog people

® Quilting/cross-stitch frames
o 55" display with touch screen
© iMac with software installed
o Camera equipment
e Canon EOS 6D camera
e Samsung NX1000 camera
e 25mm lens
e 35mm lens
o Tool box with basic hand tools (wrenches,
screwdrivers. etc.)

(o}

Soldering irons, solder, helping hands
o Spare parts for basic electronics tinkering

(breadboards, wire, switches, sensors)

All equipment is maintained for use in the Makerspace and is not available for check out at this

Archives

Tags

alt-ac altac career opportunities
cartography charter code CSS
@gﬂ development
digital-work Dlgltal
Humanities pigital
Libraries geospatial GiS git

graduate training historic howto

HTML lvanhoe javascript map
neatline omeka pho plugins

Recent Posts Posts by Year
© Physical Computing at © 2015
DHSI 2015 © 2014
o /[/TODO - Introduce Code 0 2013
Concepts o 2012
o Canyou get the data out 0 2011
of this file? © 2010
© Announcing 2014-2015 © 2009
Fellows! © 2008

o Expanding Our
Makerspace Community
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UNIVERSITY OF ARIZONA
3D Printing
http://www.library.arizona.edu/services/print/3D

d N

NEWS & EVENTS | MY ACCOUNTS

Find Materials ~ Research, Write, Publish ~ Borrow & Request ~ ‘ 3
Hours SIT U

Locations & Parking

3D Printing

Rooms & Spaces

Equipment &
Technology

Print, Copy, Scan
CatPrints
» 3D Printing
Prepare Your File
Submit a Request
Policies

3D Modeling
Resources

Express Document
Center

What is 3D printing?

3D printers use digital models to fabricate three-dimensional objects one layer at a time. The process has

been used in engineering and commercial settings for almost 30 years. Low cost 3D printers, do-it-
yourself kits, and open source software are bringing the technology into broader use.

Why is the library offering this service?

We endeavor to provide the latest technology and tools to enhance research and experiential learning. 3D
printers are already starting to be used in departments and programs on campus (such as architecture,
engineering, entrepreneurship, information science), but many students and disciplines do not have
access to this technology.

What equipment and materials do you use?

We have two MakerBot Replicator 2 machines at the Main Library (first floor). Both machines print objects
up to 11 x 6 x 6 inches in a variety of single colors.

The printers use plant-based, recyclable PLA plastic (#7). PLA does not contain BPA and no safety
concerns have been raised about using it with food.

\_ /
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UNIVERSITY OF ARIZONA
3D Printing
http://www.library.arizona.edu/services/print/3D

~

Who can use this service?

Priority is for UA students, faculty, and staff. Non UA-affiliates may submit requests, but may be
backlogged during peak use during the semester.

What does it cost?

Cost is $0.10 per gram of filament. Total cost is determined once your order is complete.

Charges are added to your library account and must be paid before pick up. Non UA-Affiliates pay at
the Express Document Center.

What is the turnaround time?
Printing times vary based on size, complexity, and any backlog. Once you submit your request, we will
contact you within two business days with an approximate turnaround time.
How do | submit a request?
1. Get your 3D model ready
2. Save the model as .stl file (maximum size 50 MB)

3. Submit your 3D printing request

Where can | get help?

Visit our 3D Modeling Resources for modeling software, design libraries, and tutorials.

Consultants from the Office of Student Computing Resources are available in the Multimedia Zone (Main
Library, first floor) to answer software questions.

Contact Us

(520) 621-6442
3D@lib.arizona.edu

Last modified: April 9, 2015

A ‘ University Libraries FvopuDo

1510 E. University Bivd. Main Library Information for:

Tucson, AZ 85721 Science-Engineering Library Undergraduate students

(520) 621-6442 Fine Arts Library Graduate students

Contact us Arizona Health Sciences Library Online & distance students
Special Collections Faculty

The University of Arizona Press Instructors

Policies Accessibility Jobs

Staff sign in

© 2015 Arizona Board of Regents for the University of Arizona
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BYU Harold B. Lee Library

Harold B. Lee Library Subject Guides 3D Printing Guide = Home

Search

3D Printing Guide: Home

How to utilize the Lee Library's 3D printer. Includes direction on obtaining or designing files for print and the procedures for preparing

and sending for print.
Home Finding Existing 3D Objects Software and Training Printing Your Design Printing Policy Showcase

What Is 3D Printing? Subject Guide

CNN Explains: 3-D printing

Science/Maps
Department

Contact:

HBLL Level 2
Provo, UT 84602
801-422-2987

Free Classes

* Sign Up Here!

Find usin the

A3D printer takes a 3D drawing rendered on a computer and extrudes a plastic filament to Library

"print" the object. The Science & Maps Reference Desk has a 3D printer available for patron use

so that you can make your creations into reality. Desk Hours:
First, you will need a 3D drawing to print out. You can create your own, or find free designs Monday-Thursday: 8am -
available online. To ensure that your finished print will be what you expected, make sure to 9pm

run your file through a print preparation program. .
Friday: 8am - 6pm

Second, bring the drawing exported as an .stl file on a flash drive to the Science & Maps

Reference Desk, or email it to sciencehelp@byu.edu. Then stop by the desk and we will SSHindayIUAT 26H

help prepare the print such as dimensions, hollow, no supports, no raft, etc. which we can (Closed Tuesday from
help you understand. 10:45-12:00 for University
Third, after the object is finished printing, you will want to give it some finishing touches. Devotional)

You might remove support material, use sandpaper to smooth it out, or add some paint to
give it the final appearance you want.
Location:
For more information, read about 3D printing on Wikipedia.

3D printing is fun and easy. Go ahead and give ita try! ® Level2 Floor Map

N
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§ 8 Home - Prospective Students - Current Students = Alumni + Community + Faculty & Staff

R
Digital Media Commons
/e == . —— -
HOME SEARCH COLLECTIONSv SERVICESvy HOURS & LOCATIONSvy ABOUT US v GET HELP

Hours & Locations » Digital Media Commons

3D Printer

What is 3D printing?

A 3D printer works by depositing a substance layer by layer until an object is formed. The printer in
the Taylor Family Digital Library (TFDL) is a consumer-level machine, meaning that it creates small-
scale objects using a plastic-based material. The process is much cheaper and less messy
compared to that of large, industrial 3D printers.

Why offer a 3D printing service?

Libraries and Cultural Resources (LCR) is committed to providing the latest technology and tools that
enhance research and hands-on, experiential learning. LCR is providing a valuable service to
students and researchers by making 3D printing more accessible. Many experts believe this
technology will revolutionize the world of manufacturing.

The consumer-level printer in the TFDL is ideal for experimenting with design and prototyping. It
allows students and researchers to test their concepts in a real-world scenario.

Where is the 3D printer located?

The printer is located in the Digital Media Commons on the third floor of the Taylor Family Digital
Library.

How do 3D printers affect air quality ?

Unlike larger, industrial printers that use resins, our consumer-level 3D printer does not emit fumes.
The material used in the printer in the TFDL is a synthetic substance called polylactic acid (PLA). Itis
derived from plant material and is biodegradable.

How much detail can the printer create?

The 3D printer in the TFDL is capable of producing objects with a resolution of one-tenth of a
millimetre, approximately the width of a strand of hair.

How much does it cost to print an object and how long does it take?

It costs $1.00 plus 15 cents per gram for a printed item, which could amount to a few dollars. It can take anywhere from a few minutes to a several hours. Cost and time depends
upon the size and complexity of the object.

What kind of objects can | print?
You can print anything on a small scale, such as a prototype design, an action figure or a trinket for a necklace.
There are many open-source files available online that can be downloaded for printing, or you can create your own.

Please keep in mind that you can't print everything you find online. Copyright laws and intellectual property rules apply. Ensure that any files you acquire from the internet are
open-source or that licensing requirements are met. There are many websites that have Printable 3D models available for free or for sale:

= Thingiverse
= 3D File Market

= Open Education Database
= Dalhousie University Library 3D Model Repository

The Digital Media Commons also has a variety of 3D modeling tools available so that you can create whatever object that you can imagine:

= Rhino 3D
= Autodesk 3DS Max
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Autodesk AutoCAD
= SketchUp Pro
= Blender

There are also basic modelling applications available online that can help you get started with CAD and nonCAD 3D modelling:
= Tinkercad

= OpenScad

= SketchUp

= PhotoToMesh

Can | see my object being printed?

You can watch the 3D printer in action anytime during regular business hours. Due to the large number of projects, it is extremely difficult to pinpoint exactly when your project will
be printed.

How do | request a print job?

Once you submit your request, it will be added to the queue and staff will notify you when your item is ready for pick-up.

3D Printing Directions

The file must be in .STL, or stereolithographic file format to print it. MeshLab is a freeware program that can be used to view and convert your file to STL format.

Once a request is submitted you can keep in touch with the 3D Printing department through the confirmation email that will be sent to youThe maximum build size is 284 x 154 x
152 millimeters, or 11.2 x 6.1 x 6 inches.

When notified by email that your model is ready you will be sent an invoice listing the print cost. Take this receipt to the TFDL Service Desk to make your payment and collect your
model.

How can | learn more about the 3D printing service?

Sign up for an orientation session by visiting the workshop calendar.

Libraries & Cultural Resources Library Quicklinks Academics Campus Life Media & Publications
University of Calgary Interlibrary Loan Departments & Programs Go Dinos! News
410 University Court NW Book a workroom Undergraduate Studies Residence Media Centre
Calgary, Alberta, Canada Classic Catalogue Graduate Studies Graduate Students' Association U Today
T2N 1N4 Forgot Password International Studies Athletics & Recreation U This Week
Copyright © 2015 Copyright at UofC C.ontir.\uing Studies. ) Bookstorle ) U Maga_zme

Database Access Problems Libraries at the University Students' Union University Calendar

Privacy Policy

N

92 - Representative Documents: 3D Printing Guides


http://library.ucalgary.ca/dmc/3d-printer

UNIVERSITY OF CALIFORNIA, IRVINE

3D Printing Pilot Service

http://www.lib.uci.edu/services/3D-printing/

~

Ask ANTswers (BETA)

Interactive FAQ

Services

Quick Links

Event Calendar

Connect from off-campus
Course Reserves
Borrowing

Interlibrary Loan

My ANTPAC

Study Space Locator

Langson Library

Ayala Science Library

Grunigen Medical Library

Libraries Gateway Study
Center

Law Library

Supporters & Friends

SEARCH

3D Printing Pilot Service

Explore, Make, Fabricate

3D printing has changed the landscape of fabrication. From engineers to artists, entrepreneurs to hobbyists, 3D
printing makes it easy to turn an idea into reality. The UCI Libraries have purchased a 3D printer to support such
creativity. Located in the Multimedia Resources Center in the Ayala Science Library the 3D printer is available to UCI
faculty, students, and staff. During this pilot period while we assess the demand and resources required to provide
such a service, printing will be free.

Who can print?

What can I print?

What 3D printer does UCI Libraries own?

Where is the 3D printer?

How much does it cost?

How do I design my object?

How do I print my object?

What colors can I print in?

What if I have more than one object?

How long will my object take to be printed?

How will I know when my printed object is done?
Can I watch my object print?

Why does my printed object look unfinished?

Is there somewhere else I can print my object?
How can I find out more about the 3D Printing Service Pilot?

Who can print?

The 3D printer is available for use by all UCI students, faculty, and staff on a first-come first-served basis.

What can I print?

The 3D printer must be used exclusively for lawful, non-commercial purposes and in compliance with all University
of California policies. Users may not collect, upload, transmit, display, create or distribute content that violates or
may violate any law or third-party right, including, without limitation, any copyright, trademark, patent, trade
secret, moral right, privacy right, right of publicity, or any other intellectual property or proprietary right. The UCI
Libraries reserve the right to decline any print request for any reason.

What 3D printer does UCI Libraries own?

UC Irvine Libraries has a Makerbot Replicator Desktop 3D printer. This 3D printer uses 1.75 mm polylactic acid
(PLA) filament.

« Build Volume: 25.2 L x 19.9 W x 15.0 H cm [9.9 x 7.8 x 5.9 in] or 7,522 cubic centimeters [456 cubic
inches]
« Include photos of objects with dimensions here

Additional specifications and information about the Makerbot Replicator can be found at
http://store.makerbot.com/replicator.

Where is the 3D printer?

The 3D printer is in the Multimedia Resources Center in the Ayala Science Library.

How much does it cost?

During this assessment period 3D printing is free.

How do I design my object?

Designing a 3D object to print is done using 3D modeling software. There are many 3D modeling programs
available, including professional programs like SolidWorks and Autodesk Inventor (which are available in the MRC),
and free software programs like Blender, Wings3D, FreeCAD, and Sketchup. You will need export your 3D model

into .STL (STereoLithography) format in order to print it.

How do I print my object?

/

SPEC Kit 348: Rapid Fabrication/Makerspace Services - 93


http://www.lib.uci.edu/services/3D-printing/

UNIVERSITY OF CALIFORNIA, IRVINE
3D Printing Pilot Service
http://www.lib.uci.edu/services/3D-printing/

/

N

Users must bring their design to the MRC during business hours. The print object must be an .STL file on a USB
flash drive formatted in any format (preferably ntfs, or fat32). All submissions are subject to approval based on
scheduling and availability of the 3D printer.

What colors can I print in?

Your printed object will be printed in one solid color. Available colors vary. You will be given your choices when you
submit your request.

What if I have more than one object?

Each file must be submitted separately by filling out a separate 3D Printing Request Form available at the MRC.
How long will my object take to be printed?

The time it takes to print an object can vary widely. See our time guidelines for estimates. Using the UCI Libaries'
3D printer may take up to a week depending on the queue. For more time efficient options, check out these
alternate providers. If you have more than one object and there is high demand for the 3D printer, the Libraries
may choose to schedule only one printed object per person/entity per day.

How will I know when my printed object is done?

You will receive an email from the UCI Libraries and can pick up your printed object from the MRC during normal
business hours. Printed objects will be held for 3 business days.

Can I watch my object print?

coming soon

Why does my printed object look unfinished?

Users may see imperfections in their printed objects. Small bumps or holes and rough edges at the base of an
object may occur with 3D printing. Imperfections can be cleaned up with fine sand paper, file and/or tools. The
Makerbot Replicator is very accurate but there may be some instances where objects do not fit precisely together.
Objects are built from the ground up and in certain instances prints will require support material and / or rafts to
ensure proper printing. Support materials is often needed if the design has large overhangs or parts suspended in
mid-air. Rafts are often used as support at the base of the model. Users may receive their print job with the tape
still on. These types of are easily removable by the user. Staff will not be responsible for removing materials and /
or rafts. All finishing must be done by the user outside of the Libraries’ buildings. See our tips for finishing a printed
object.

Is there somewhere else I can print my object?

Check out these alternate providers.

How can I find out more about the 3D Printing Service Pilot?

If you have more questions about 3D printing email libmrc@uci.edu or visit the MRC during business hours.

« Back Top of Page &

University of California - Irvine, CA 92623 - 949.824.6836 You — Search our site
© 2009-2015 The Regents of the University of California ﬁ m a @ W m Maps & Directions
All rights reserved Privacy Statement
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3D Pl"inting @ Columbia Upload a 3D Model Categories PrinterCam Timelapse Printed Sort by Featured

Introduction

Tips for Designers

3D models can be designed in any number of software programs, including:

= 123D Design - free
= 3DS Max @ DSC
= AutoCAD @ DSC
= blender - free
= FreeCAD — free
= Maya @ DSC
= MeshLab - free
= OpenSCAD - free
= Rhino3D
= SketchUp — free
= SolidWorks
= Thingiverse Customizer — free
= Tinkercad — free version
= ZBrush
Models submitted below must be submitted in .stl format. Most software programs can export 3D models in _stl format, but get in touch if you need help.

Tips on 3D printing

The Libraries recently purchased a MakerBot Replicator 2 as an experiment to engage users in a number of software programs already provided by the Libraries (AutoCAD, 3DS
Max, Maya, etc.). If use of the Replicator 2 is high, we hope to expand our offerings in this 3D ecosystem in the future.Before an _stl file can be printed on the MakerBot Replicator 2,

it must be converted from .stl into G-code using the free Makerware software.

To properly print, 3D models must be closed forms, meaning that there are no improper openings in the data file. You can check to see if your model is closed at willit3dprint.com.

Looking for other places to print?

GSAPP students can have models fabricated in the Digital Output Shop (3D printing info).

A number of laboratories in SEAS have 3D printing facilities.
Vendors such as Shapeways will print models for a fee.

Submit your design to be printed

Ready to have your model printed? Now you can upload an _stl file, pick a view that best represents the model, and fill out some brief information. Then we’ll print the most up-voted
models from time to time!

We will evaluate designs that are submitted to ensure they are printable, appropriate, and will not consume an unreasonable amount of our limited resources.

Frequently Asked Questions
1. How much does it cost to print on the Libraries’ 3D printer?

Right now there is no cost to print something in 3D, but we also do not guarantee that everything that is submitted will be printed.
2. I need to have something printed by tomorrow — can you do it?

The Libraries’ 3D printer is not intended to be like one found in a fabrication shop. We encourage you to get in touch early in the design process if you would like to have

~
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something printed. ltems submitted via the submission interface will likely not be printed immediately following approval for the site.

3. How will you choose what items to print?

Periodically the staff of the Science & Engineering Library will print some of the most up-voted models, so be sure to share your models with your friends so they can vote for

them!

Printing will ultimately be at the discretion of the staff in the Science & Engineering Library; items that will be used for research, teaching, classwork, or other stated missions of

the University and the Libraries will, however, be favored over items that are for personal use.

4. What are the specs of the MakerBot Replicator 2? How big can it print? What’s the resolution?

All of the specifications for the MakerBot Replicator 2 are listed on the product feature list.

Questions? Comments?

Get in touch via email or online!

Leave a Reply

Your email address will not be published. Required fields are marked *

Name

Email

Website

Post Comment

Sunglasses Frame June 2015 (6)
Tic Tac Toe May 2015 (6)
Orbital Reconstruction April 2015 (12)
Speaklace-Rear case March 2015 (15)
Speaklace-front case February 2015 (5)

January 2015 (6)
December 2014 (1)
November 2014 (3)
October 2014 (8)
September 2014 (6)
August 2014 (19)
July 2014 (3)

June 2014 (1)

May 2014 (18)

April 2014 (11)
March 2014 (3)
February 2014 (1)
January 2014 (3)
December 2013 (8)
November 2013 (5)
October 2013 (33;
September 2013
August 2013 (4)
July 2013 (10)
June 2013 (4)

)
(15)

Archaeology (32)
Architecture (12)

Art (23)

Art History (33)
Astronomy (2)
Biology (24)

Cartoon (9)
Chemistry (13)
Computer Science (9)
Environment (4)
External (61)
Featured (30)

Food (14)

Geography (5)
Geology (7)

History (3)

Home (3)

Jewelry (7)
Mathematics (8)
Mechanical Engineering (5)
Music (2)

Physics (8)

Printed (133)

Protein (5)
Replacement Parts (9)
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Hours Ask Us Your Account (.

SEARCH RESEARCH SERVICES LIBRARIES & SPACES ABOUT

View of Georgetown campus from the Virginia side of the Potomac

brary » Guides » Gelardin New Media Center » 3D Printing/Scanni

Search

3D Printing/Scanning at Georgetown University Libraries:
PRE-PRODUCTION & PLANNING

3D Printing/Scanning at Georgetown University Libraries

PRE-PRODUCTION & PLANNING = PRODUCTION = POLICIES &SUBMISSION FORM = EXAMPLES & RESOURCES =

WHAT IS 3D PRINTING?
3D printing or additive manufacturing is a process of making three dimensional solid objects from a digital file. The creation of a 3D printed object is achieved using
additive processes. In an additive process an object is created by laying down successive layers of material until the entire object is created. Each of these layers can

be seen as a thinly sliced horizontal cross-section of the eventual object.

(From http://3dprinting.com/what-is-3d-printing/)

/
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HOW DOES IT WORK?

It all starts with making a virtual design of the object you want to create. This virtual design is made in a CAD (Computer Aided Design) file using a 3D modeling
program (for the creation of a totally new object) or with the use of a 3D scanner (to copy an existing object). This scanner makes a 3D digital copy of an object and
puts it into a 3D modeling program.

To prepare the digital file created in a 3D modeling program for printing, the software slices the final model into hundreds or thousands of horizontal layers. When this
prepared file is uploaded in the 3D printer, the printer creates the object layer by layer. The 3D printer reads every slice (or 2D image) and proceeds to create the
object blending each layer together with no sign of the layering visible, resulting in one three dimensional object.

(From http://3dprinting.com/what-is-3d-printing/#howitworks)

WHAT MATERIALS ARE AVAILABLE?

MakerBot PLA Filament is a nontoxic resin made of sugar derived from field corn and has a semisweet smell (like waffles) when heated. It is the best and most

consistent PLA filament for your MakerBot Replicator 3D Printer and guaranteed to have no heavy metals, phthalates, or BPA.

(From https://store.makerbot.com/pla-filament)

INFO

= MAKE

DIY projects, how-tos, and inspiration from geeks, makers, and hackers

= www.3ders.org

3D printer and 3D printing news

= 3D Printing

Features the latest news on 3D printers, jobs and additive manufacturing companies.

Last Updated: Jul 13, 2015 4:35 PM URL: http://guides.library.georgetown.edu/3d |~ Print Page Login to LibApps

Tags: 3D, 3D printing

INFORMATION FOR NDERGRADUATES ~ GRAD! DENTS FACULTY STAFF ALUMNI LIBRARY ASSOCIATES VISITORS

©2009 - 2014 Georgetown University Library
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@ FLASHLINE LOGIN | CALENDARS | PHONE DIRECTORY | MAPS & DIRECTIONS

o . - . Today's Hours: 10a-5p at
Univ ersity Libraties Student Multimedia Studio

Click for additional Library hours

ERVICES RESEARCH TOOLS HELP STUDENTS FACULTY

Q @ 3D PRINTING AT THE SMS
- HOME
ASK US

LIBRARY MY LIBRARY

UNIVERSITY LIBRARIES LIBGUIDES 3D PRINTING AT THE SMS

HOURS ACCOUNT
NEW! FILE SUBMISSIONS
Enter Search Word: Search
Now through Google Drive
Home We are now accepting 3D model files for print requests through Google Drive (replacing our former KSU
Howto Print Dropbox method). Visit our How to Print page for details.
Request a Print
3D Samples ABOUT THIS GUIDE
Printing FAQs Thanks to a generous sponsorship from the Undergraduate Student
Printing Tips & Tricks Government in May of 2013, University Libraries acquired the Makerbot
e Replicator 2x, a dual-extrusion 3D printer. The printer is currently being
3D Printing Glossary ¢ A 3
managed by and housed in the Student Multimedia Studio, located on the
3D Software & Models first floor of the Kent State University Library.
3D Pen Tool o
™\ Printing capabilities are open to all currently enrolled KSU students free of
Other Maker Tools | charge.

After realizing the increased demand and popularity of the service,
University Libraries purchased a second 3D printer and has continued this
free service.

BACK TO HOME

SMS homepage
This guide contains information on 3D printing at the SMS. In it you will find our printing policies and
procedures, along with information such as FAQs, a glossary of terms and links to free 3D modeling
software. Follow the left-hand navigation to access the various pages.
NOTICE
This institution reserves the right
to refuse to make available or QUESTIONS?

provide access to photocopy or 5 sy g Y
other reproducing equipment if, If you have any questions about the process or 3D printing in general, check our 3D Printing FAQs page or

in its judgment, use of such contact us at 330.672.0221. You are also welcome to visit us in person at the Student Multimedia Studio,

3 ¥ located on the first floor of the University Library.
equipment would involve

violation of copyright, patent or
other laws.
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@ FLASHLINE LOGIN | CALENDARS | PHONE DIRECTORY | MAPS & DIRECTIONS

m
L1 FE e B TR/ R G R ey ¢

. . . . Today's Hours: 10a-5p at
University Libraries (©) Student Mutimedia Studio
Click for additional Library hours

ABOUT SERVIC! RESEARCH TOOLS HELP FACULTY BRARIES

9 @ © 3D PRINTING AT THE SMS
) PRINTING FAQS
A COTANYG  IMTLEWARY UNIVERSITY LIBRARIES / LIBGUIDES / 3D PRINTING AT THE SMS

HOURS ACCOUNT
FAQS
Search
What is 3D printing?
Home 3D printing refers to rapid prototyping - creating a physical 3-dimensional object from a digital model. There
Howto Print are several types of 3D printers. The printer that we use is the MakerBot Replicator 2x which performs a
Jow to Print
Fused Filament Fabrication technique (also known as Fused Deposition Modeling - FDM) to create the final
Request a Print 3d printed object. In this method, a lightweight plastic filament that when fed through the nozzle is heated up
3D Samples to its melting point and then extruded onto a build plate surface, hardening upon impact. This process
continues, depositing the melted filament layer by layer until a 3-dimensional object is formed.
Printing FAQs
Printing Tips & Tricks What are some examples of practical uses for 3D printing?
3D Printing Glossary 3D prints can be found useful in numerous applications, such as prototypes for entrepreneurs, architectural
models for class projects and for any other low-volume, custom-prototype needs. Here are some examples
3D Software & Models < : ; .
of practice use in an educational environment:
3D Pen Tool
Architecture - printing their 3D models to further enhance their understanding of structures
Other Maker Tools
Fine arts - creating 3D objects from their digital designs; incorporating 3D prints into their other
mediums; designing and 3D printing jewelry, sculptures, etc.
BACK TO HOME Visual communication design - creating prototypes of product designs and packaging

3D animation - creating 3D printed objects from their designs
SMS homepage
Engineering - creating 3D prototypes of their designs in order to fully understand their engineering

design principles and to experience the challenges that are encountered along the way

Advertising / marketing / business / entrepreneurs - having a 3D prototype of the item that they are
selling, to show their clients

Nursing / medicine - creating 3D replicas of anatomy

Archaeology / paleontology - creating 3D replicas of fragile relics for study (ex. creating replicas of
fossils in order to study their movement, etc.)

Forensics - incorporating 3D printing into crime scene investigation (ex. creating 3D replicas of
evidence, such as footprints, or skeletal remains and facial reconstruction)

Chemistry / physics / biology - creating accurate 3D visual aids such as DNA or chemical reactions

N
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Who can use the 3D printing service?

The 3D printing service is open to all currently enrolled Kent State students in all disciplines. The actual
printing process is performed by our SMS consultants. Have a class of students who wish to 3D print?
Contact us first to discuss the assignment so that we can review our policies with you and discuss any
limitations that you may have in printing.

How large of an object can you print?

The maximum build volume that we prefer for the Makerbot Replicator 2x is 150 (X) x 150 (Y) x 140 (Z) mm.
The max build volume for the Ultimaker 2 is 180 (X) x 195 (Y) x 174 (Z) mm. However, since the printers only
run while we are open, the total printing time for a particular model must be under 12 hours, which for a
cube-shaped model would equate to a 94 x 94 x 94mm design.

Please be aware that we may ask to print your model at a smaller scale than you would like. We do this with
the goal of ensuring the best success of your print. With creative design, though, you can print larger simply
by separating your model into smaller printable pieces. So keep that in mind as you prepare your file for
printing.

Which 3D modeling software should I use to create a printable design?

We do not have any limitations in the modeling software that you use. We have two file formats that we
accept (STL and OBJ) and as long as your software can save or export as one of those formats we should
be able to print your model.

Which file formats do you accept?

We accept STL and OBJ files. Most 3D modeling programs can save/export as at least one of those two.
Please note, if creating a model in Tinkercad please download your design as an STL file (not an OBJ). For
some reason we have difficulty opening OBJ files that have been produced in Tinkercad.

For the full specifications on our 3D printers, visit their official websites:

Makerbot Replicator 2x

Ultimaker 2

Last Updated: Aug 19, 2015 1:06 PM  URL: http:/libguides.library.kent.edu/3d & Print Page Login to LibApps

Tags: 3d modeling, 3d printing, student multimedia studio

University Libraries P HOW ARE WE DOING?

ADDRESS:
1125 Risman Dr., Kent, OH 44242

PHONE:
330-672-3456
EMAIL:
library@kent.edu

GIVETOUL
STUDENT JOBS

ASKUS
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+ Makers in Libraries < Program on Information Science

@
1

People Guide Galleries Calendar

3D PRINTING GUIDE

HOW CAN | MAKE MODELS SUITABLE FOR PRINTING?
Models may need cleanup and adjustment before they can be printed. These tools and tutorials can help when you are processing your models:
Netfabb Tutorials

Repair Software, helps to fix and repair 3D Files.

A Step-by-step guide with exercise files can be downloaded. 2 video tutorials show how to repair files, check printability and do automatic packing.
Makerbot Customizer on Thingiverse

A Web App, allows to modify existing models. Click here to download the App.

Makerbot provides a simple and basic tutorial.
GrabCAD Workbench Tutorials

A cloud-based PDM (product data management) solution, helps to manage, view and share CAD files.

8 video tutorials give an overview of GrabCAD Workbencn.

ONLINE RESOURCES

Rapid Prototyping Applications

Finding Models and Scanning Objects

Creating New Models

Preparing Models for Printing
PRINTING SERVICES

Services Inside MIT

Services Outside MIT
INFORMATION

Learning More at MIT

WHAT IS THIS SITE?

This guide contains top information resources for Makers who are interested in making stuff with 3D printers. It is a starting place for your project.
NEED MORE HELP?

More information on how to make stuff from the libraries

Ask the Libraries if you have questions.

Research Consultations - appointments with subject experts for in-depth help.

Tell the Libraries how to serve you better. We want to hear from you.

N
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R MICHIGAN STATE UNIVERSITY

Ask a Librarian
MSU LIBRARIES et

General Info Resources Research Help Using the Library Computers Contact

30 printing
Overview
3D Printing Location and Hours

3D Print Submission Form
Location: Main Library Copy Center, located on the 2nd floor of the West Wing.

3D Printer Policy 3 X ' 5
Hours of operation for 3D Printing are in accordance with the Copy Center.

3D Printing FAQ
Laser Cutter Access
Vinyl Cutter
Borrowable Circuit Tech In order to have something printed on our 3D printer, please fill out the 3D Print Submission Form. Prints will be

performed in the order they are received and may take a few days depending on order volume.
If you have questions, you can email Make@State Staff or call 517-884-0844.
Cost

Cost will be determined by the filament weight of the item printed. The current rate is $0.20 per gram (All prints
under 5 grams will be rounded up to $1.00.) of the total weight of the final print.

General Size to *Price Comparisons:

: g2 .
229(6‘“5' \ggYams'S \gra™™

*Price of object shown subject to change with each individual print.
Why 3D Printing?

3D Printing is a new technology that promotes creativity and innovation. This revolutionary machine provides
an opportunity for our patrons to further their learning experience.

5!30
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How does 3D Printing fit in an Academic Library? It advances the Libraries'
Mission...

« By supporting the University's mission of preservation, creation, transmission and application of knowledge

* By providing access to resources to serve educational needs

* Through appropriate facilities and quality service by helpful and expert staff using current technologies,
collaborative strategies, and expanding information networks

* By providing an essential facility where emerging and established scholars access information and gather in
an atmosphere conducive to learning and other creative endeavors

Some of the departments on campus that are using 3D Printing:

® Apparel/Textile Design

® Arts and Letters

* Business

e Communication Arts and Sciences
* Education

® Engineering

e Interior Design

® Packaging

* Veterinary Medicine

Equipment MakerBot Replicator 5th Generation

o Affordable, Consumer 3D Printing
 Filament: PLA Plant-based Plastic

® 9.9L x 7.8W x 5.9H inches Build Volume

« 100 Microns (.0039 in) Layer Resolution

® Fused Deposition Modeling (FDM) Technology
* Manufacturer's Details

Filament

* MakerBot PLA Filament is a bioplastic derived from
corn. It is guaranteed not to contain any heavy
metals, phthalates or BPA.

« PLA filament comes in a variety of colors. 18
filament colors are available for use on the Copy
Center 3D Printer.

* Multi-Colored printing will not be an available
service.

Filament Colors Available in the Copy Center:

S «©
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MICHIGAN STATE
UNIVERSITY

MakerBot Digitizer 3D Scanner

® $2.00 per scanned object

* 8"x8" Scan Volume

* Consumer-level 3D scanner optimized for 3D
printing

® Fastscan time

¢ Medium to low resolution scans

* Does not scan color data

o Manufacturer's details

Cube Pro Duo 3D Printer

* Affordable, Consumer 3D Printing

* Filament: ABS

* Build volume: 11.2x9.06x10.6 inches

e Print Resolution: 70 microns in HD, 200 microns in SD, 300 microns in fast mode
® Can print two colors on one print

e Manufacturer's detail

Call Us: (800) 500-1554 (24/7 Support Line) | Contact Information
Site A to Z | Privacy Statement

Call MSU: (517) | Visit: mswociu | MSU is an affirmative-action, equal-opportunity employer.

SPARTANS WILL. | © Michigan State University Board of Trustees
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Libraries & Hours

Home » Makerspace > 3D Printing

3D Printing

Getting started

Interested in getting started with 3D printing?

* Read our 3D Printing FAQs
* Read some library resources about 3D printing.
e Jump right in and start using some of the design tools below!

Then,
e Sumit a 3D printing request using this form.

e Set up a consultation to bring in your file and go over search
SFRE0F Bobodgoi s options.

Browse 3D Models

Tools for 3D printing

Software

e Thingiverse is a repository of 3D files from hundreds of users.

e The NIH 3D Print Exchange allows for searching, browsing,
downloading, and sharing biomedical 3D print files, modeling
tutorials, and educational material.

* NASA 3D Resources has a a growing collection of 3D models,
textures, and images from inside NASA.

e Smithsonian x 3D is a project to share 3D models developed
from scans of their diverse collections.

The following applications are available on computers in Kenan
Science Library. They are also freely available to download to use on
your own computer.

3D Design Software
) 3D Editing and Repair Software

Tinkercad

An easy-to-use web-based tool for creating objects that are ready to be

3D printed. If you haven't done 3D design before, this is a great place

to start.

MeshLab

An open-source general-purpose system aimed at the processing of
the typical not-so-small unstructured 3D models that arise in the 3D
scanning pipeline. MeshLab is oriented to the management and
processing of unstructured large meshes and provides a set of tools for
editing, cleaning, healing, inspecting, rendering and converting these
kinds of meshes.

SketchUp

A 3D modeling program for applications such as architectural design,
interior design, civil and mechanical engineering, film, and video game
design. SketchUp models can be exported to an .OBJ file, which can
then be converted to an .STL file using MeshLab (see under “3D
Editing and Repair Software”).

MeshMixer
An experimental 3D modeling tool whose goal it is to make it easy to

compose new 3D models from existing meshes.
Blender

A free professional 3D computer graphics software product used for
creating animated films, visual effects, art, 3D printed models,
interactive 3D applications and video games.

NetFabb
An .STL viewer and repair tool.

Molecular Software Applications
Maya

Maya is a 3D animation, modeling, simulation, rendering, and
compositing program. This is licensed software that is available in the
Kenan Science Library.

Print your favorite protein using these easy steps

PyMOL

An open-source, user-sponsored, molecular visualization system that
can produce high-quality 3D images of small molecules and biological
macromolecules, such as proteins.

OpenSCAD

A free software application for creating solid 3D CAD objects. It is not
an interactive modeler, but rather a 3D-compiler. OpenSCAD reads
from a script and renders a 3D model from it.

N
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Kokopelli (Mac and Linux only)

Kokopelli is an open-source tool for computer-aided design and
manufacturing (CAD/CAM). It uses Python as a hardware description
language for solid models. A set of core libraries define common
shapes and transforms, but users are free to extend their designs with
their own definitions.

3D Printing Service Terms of Use

Those utilizing the library’s 3D printer must do so for lawful purposes.
Users must abide by all applicable laws (including copyright law (Title
17, U.S. Code) and patent law (Title 35, U.S. Code)), UNC policies,
and library policies, while respecting the health and safety of the
University community. Kenan Library staff reserve the right to decline
any print request for any reason. The Library cannot guarantee model
quality or stability, confidentiality of designs, or specific delivery times.

UCSF Chimera

An extensible program for interactive visualization and analysis of
molecular structures and related data, including density maps,
supramolecular assemblies, sequence alignments, docking results,
trajectories, and conformational ensembles. High-quality images and
movies can be created.

Hours | UNC Home | Search This Site | Privacy Policy | Give Us Your Feedback
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< NC State Home RESOURCES =

VA NCSU LIBRARIES
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ASKUS MY ACCOUNT HOURS FAQ LOGOUT CHATNOW

< Back to Makerspace 3 D P ri nt i n g EVENTS

D.H. Hill Makerspace

We now offer 3D printing at both Hunt Library and D.H. Hill AUG P ——
Library. The Hunt Library Makerspace offers a 3D printing 26
NEED HELP? service with high-end capabilities, while the D.H. Hill
> Request a technology Makerspace offers do-it-yourself access to consumer 3D G D.H. Hill Makerspace
consultation printers. If you just want something printed, Hunt is your Open House
i best option; if you want to learn how to use a 3D printer and 2
SEEiliE are willing to put in the time and effort, D.H. Hill is for you.
WORKSHOPS
3D Printing at Hunt D.H. Hill Makerspace
El Orientation
The Hunt Library Makerspace's 3D printing service is 2 1 11:30 AM to 12:15 PM
available to all current NCSU students, faculty, and staff, and
A\ \ i Centennial Campus Affiliates.* The service costs are: G D.H. Hill Makerspace
Lauren Di Jessica ) Orientation
Monte Handloff = 21 0PMw2isEM
Stratasys  $10 per ABSplus  white soluble
uPrint SE  cubic inch plastic only support
Plus of material 3D Design Workshops
material, with Autodesk Fusion
B 24 30
minimum 1:00 PM to 9:00 PM
- i Fusion3 $0.35 per PLA multiple  breakaway CAD 101: Intro to Digital
Dan Hawkins Colin Nickels Design gratm ofl plastic colors (suppons U Fabrication with
F306 atenak Rl Autodesk Fusion 360
°_ remaves} 1:00 PM to 3:00 PM
minimum

View all workshops »

To use the service, bring your STL file into the Hunt Library

b

Makerspace during our open hours. We'll help you decide LIBRARY STORIES
Adam Rogers  Jack Twiddy which machine to use, tell you how much it will cost, and

estimate how long it will take.

You can pay with a credit/debit card or charge to a
departmental account. To charge to a department, please
bring the following information: Department, Project ID
David number, and Bookkeeper's name, phone number, and email.
Woodbury We cannot charge to grant accounts, which have Project ID
numbers starting with a 5.

W

3D Scanning Artifacts for Digital
History

*Centennial Campus Affiliates must first obtain a Wolfpack Al stories

One Card.

N
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3D Printing at Hill

The D.H. Hill Makerspace's 3D printers are available for
first-come, first-serve use by current students, faculty, and
staff who have attended our D.H. Hill Makerspace
Orientation. If you have never used a 3D printer before, our
staff can help you get started, though you may want to
attend a 3D Printing workshop first for a more thorough

introduction.

To use a 3D printer at D.H. Hill, you will need to purchase a
spool of filament. We currently sell PLA filament in a variety

of colors for $13.25 per 0.5kg spool in the Makerspace. You

may also bring your own filament in, but be aware
that filament varies in quality and print settings across
suppliers, even for the same type of plastic.

The 3D printer options at Hill are:

LulzBot Mini 3mm filament Cura LulzBot Edition
software
MakerBot 1.75mm PLA MakerBot Desktop
Replicator 2 filament software
Software
* MeshMixer e Tinkercad
Spaces

* D.H. Hill Makerspace

Use in the library

* Hunt Library Makerspace

Fusion3 F306
Gen | 3D Printer

Lulzbot Mini

MakerBot
Replicator 2 3D
Printer
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e
Stratasys uPrint Wanhao

SE Plus 3D Duplicator 4S
Printer

FAQ
What is 3D printing? How does it work?

3D printing is the process of making a physical object from a
3D digital model. It is also known as additive manufacturing
because the physical model is built up one layer at a time.
All of our current 3D printers use a process called Fused
Deposition Modeling (FDM), in which a plastic filament is
fed through a heated nozzle which melts the plastic.
Computer-controlled motors move the nozzle around to
create the shape of a layer, which hardens immediately. The
object is built this way, one layer at a time, from the bottom
up.

What are some practical uses of 3D
printing?

There are a multitude of practical applications for 3D
printing, from aerospace and automotive engineering to
prosthetics and other medical uses. 3D printing enables
rapid prototyping of design concepts and functional,
working models, and is also used for low-volume, custom,
or on-demand manufacturing.

What software can you use to make
printable 3D models?

For beginners, we recommend starting with Tinkercad. It is
web-based, optimized for 3D printing, and easy to get
started with. For a free account, you can join the NCSU
Libraries Tinkercad team using this link: http://go.ncsu.edu
Mtinkercad

However, almost all 3D modeling software will output the
filetype (STL) our machines require. There are many options;
a few popular ones are SolidWorks, AutoCAD, Inventor, 3DS
Max, Creo, Blender, Rhino 3D, and Sketchup. In

general, solid modelers will be easier to print from

than surface modelers. Information on software available to
students and staff can be found

at

nesu.edu and www.eos.ncsu. e

N
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Contact

D. H. Hill Library

2 Broughton Drive
Campus Box 7111
Raleigh, NC 27695-7111
(919) 515-3364

James B. Hunt Jr. Library

1070 Partners Way
Campus Box 7132
Raleigh, NC 27606
(919) 515-7110

Is the library the first place at NCSU to
have 3D printers?

No, we are not, but we are the first to offer 3D printing
services to all NCSU students, faculty, and staff. The Center
for Additive Manufacturing and Logistics on campus has
long done research on 3D printing, including with cutting
edge processing and advanced materials such as titanium.
The College of Design has also long had a 3D printing
service for its students.

What if | need to 3D print with higher
resolution, faster turnaround time, or
different materials?

There are many professional 3D printing services available,
including Fineline Prototyping (based in Raleigh)
and Shapeways (online).

Libraries Follow NCSU

D. H. Hill Library Libraries:

James B. Hunt Jr. Library
Design Library

Natural Resources Library
Veterinary Medicine Library

Copyright
Disability Services
Privacy Statement
Staff Only

Twitter
Facebook
YouTube
Instagram
Flickr
Libraries' news
Library Stories
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3D Printing: Home St B

This guide will assist patrons who plan to use the 3D printing available in the Engineering Library.

m Software Tutorials FAQ 3D Scanning
How Can | Print? What is 3D printing?

YYou will bring in your .cube file on a USB 3D printers allow users to create a physical object from a digital model. This is typically done by
drive and give it to a library staff member laying down many thin layers of material.

at the Information Desk. (Refer to our

Contact section for library hours.)

3D printing is useful to anyone who requires low-volume custom prototypes. Think about
making models for class projects, testing design ideas, creating visual aids, creating
« You can convert your 3D file into the toi into larg le models. These ideas can be applied to many fields
.cube format using the Cubify of study, from engineering to nursing to chemistry to geology. The possibilities are endless,
software. The Cubify software will let
you know how many grams the design

limited only to the size of the printer and your imagination.

(Al ke opilntiand how longiite Leaders Of The 3D Printing Revolution
print should take. LMY

The Cube 3 3D Printer.

The reference staff will look over the file to
see if there are any obvious problems that
need to be addressed, and give you an

estimated completion time. Please refer

Siegesmund Engineering Library
to our Helpful Hints section to make sure

your design is printer-friendly before you Room 160 of the Potter Engineering

hand over your USB drive. Center.

« Occasionally, print jobs will fail, so Reference Desk (765) 494-2869

To get an even better idea of the possibilities with 3D printing you can also explore a series of
there may be delays in completion, but

3D model collections in our 3D Model Gallery section on the Software page. August 8th - August 9th
every effort will be made to meet the
anticipated deadiine. CLOSED
You will receive an email when your job is 3D Printing Applications ‘August 10th - August 14th

completed, and you can pick it up at your

3D Printing in Engineerin; T X
convenience. You need to present your gin:=rgnenng 8:00am - 5:00pm

Purdue ID to collect your print job.

CubePro for Engineering August 15th - August 16th

CLOSED

+ Make sure you have used the Cubify MANUFAC  p HEFUTURE

app to convert your file to the .cube

August 17th - August 21st

8:00am - 5:00pm

format.

August 22nd - August 23rd
« If your object has a small base,

particularly if it is rounded, select the
‘raft’ option in the Cubify software to

CLOSED

\_ /
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help it adhere to the printing surface 3D Printing in Industrial Design
« Two colored printing is discouraged, —
as it takes about twice as long as Ciibepiakaal = . A ﬂ

one-colored printing, 50 two-color print
jobs wil receive lower priority than
one-color jobs. If you want to use two (
colors, consult with a library
assistant for suggestions.

« If your object has large overhangs,
select the ‘support’ option in the
Cubify software.

« To keep the cost down for your option,

you can scale down your
object using the middle icon in the 3D Printing in Architecture
Cubify software, and you can use the
Draft preset, and/or choose hollow fil. itecture
« If you click on the ' button, you can -

see an estimate of how much
time your print job will take and how Bl
much mass it will take to print. (3 M
+ For more quesions check out the

Frequently Asked Questions.
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3D Printing: FAQ

This guide will assist patrons who plan to use the 3D printing available in the Engineering Library.

Home Software Tutorials m 3D Scanning
How Can I Print?

You will bring in your .cube file on a USB
drive and give it to a library staff member
at the Information Desk. (Refer to our
Contact section for library hours.)

« You can convert your 3D file into the
.cube format using the Cubify
software. The Cubify software will let
you know how many grams the design
will take to print and how long the
print should take.

The reference staff will look over the file to
see if there are any obvious problems that
need to be addressed, and give you an
estimated completion time. Please refer
to our Helpful Hints section to make sure
your design is printer-friendly before you
hand over your USB drive.

« Occasionally, print jobs will fail, so
there may be delays in completion, but
every effort will be made to meet the
anticipated deadline.

You will receive an email when your job is
completed, and you can pick it up at your
convenience. You need to present your
Purdue ID to collect your print job.

Search

Frequently Asked Questions

* What size objects can be printed?

© The Cube 3's maximum print size is 6"x6"x6."

* Who can use the 3D printer?

o Anyone who is affiliated with Purdue. This device is not for use by the general public.

* What colors are available?

o The library has a limited selection of colors (black, gold, and green), subject to
availablity of stock on hand. If you wish to use other colors, you can purchase cartridges
from Cubify and ask the library staff to use those cartridges.

« What type of software should | use?

o Please see the "Software" tab. You can use any design software you like, but all files

must be converted to the .cube file format using Cubify's proprietary software.

* Which file formats are accepted?

o All files must be converted to the .cube file format using Cubify's proprietary software.
The software can convert .stl, .obj, .3ds and .ply files into .cube files (limit 50MB input

file size).

* How much does it cost?

o We are currently piloting the 3d printing service, so there is no charge for prints. We
anticipate charging for prints (TBD) starting in Fall 2015. We reserve the right to limit
quantities of print jobs during the pilot phase of this project.

* Whom should | contact for additional assistance?
© You can stop by the Engineering Library in Potter Center or talk with a staff person by
calling (765) 494-2869. Revisit the contact info for library hours.

Helpful Hints Before You Print

* Make sure you have used the Cubify
app to convert your file to the .cube
format.

« If your object has a small base,
particularly if it is rounded, select the
‘raft’ option in the Cubify software to
help it adhere to the printing surface

« Two colored printing is discouraged,
as it takes about twice as long as
one-colored printing, so two-color print
jobs will receive lower priority than
one-color jobs. If you want to use two
colors, consult with a library
assistant for suggestions.

« If your object has large overhangs,

select the "support’ option in the

Cubify software.

To keep the cost down for your option,

you can scale down your

object using the middle icon in the
Cubify software, and you can use the
Draft preset, and/or choose hollow fill.

If you click on the "i* button, you can
see an estimate of how much

time your print job will take and how
much mass it will take to print.

For more quesions check out the

Frequently Asked Questions.
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RUTGERS

University Libraries

Find Services & Tools

Libraries Home | My Library Account | Hours

Help Places & Spaces About

X\ | [ X

Library Research Guides

FabLab/ Makerspace

Available colors
Black

Blue

Orange

Red

Translucent
Translucent Blue
Translucent Purple
Translucent Red
Translucent Yellow
White

Yellow

Printed at the FabLab- Giraffe

Giraffe printed by Chris in
Transparent Blue

Building

dia Creation R at the Fordham Commons - FabLab/ Makerspace

Multimedia Creation Resources at the Fordham Commons:

3D Printing

3D printing is to of the Rutg

Welcome to 3D printing at the Fordham FabLab on the ground level of the
Douglass Library. Just follow signs to the Fordham Commons to find the 3D
printers.

We have two MakerBot Replicator 2 printers.

Visit the MakerBot website for more information about MakerBot, Replicator 2,
and Makerware

Please contact Stacey Carton at the Media Center or at 848 932 5042 for an
appointment. Or email sacarton@rutgers.edu

http://www.makerbot.com/

Getting started
Create a file for 3D printing using our software or one of your own. (.stl file)

Be sure to visit the Makerbot Replicator 2 page to be aware of size and other
limitations

Make an appointment with Stacey at the Media Center (848) 932 5042 or ask for
details at the Fordham Commons help desk. We will provide you with the cost for

printing your project and set up a printing appointment.

Printing costs are $.25/gram, rounded up to the nearest dollar. PLEASE BRING
EXACT CHANGE- CASH ONLY. (RIAS available- ask for details)

We will also convert your project to a .x3g file which is compatible with our
printers.

You will have a chance to preview your project before printing begins.
Please visit the websites below for more specific information:
http://www.makerbot.com/fag/

http:/fwww. rbot.com/support/gui 'design/

The largest build volume the Replicator can print is

285Lx153Wx155Hcm
[11.2x6.0x6.1in]

However, we are also limited by time and staff constraints. Please inquire if you
have questions about a specific project

~

Rutgers Home | Search Rutgers

Site Search (b

Enter Search Words Search

Muiltimedia Resources

Stacey Carton

Contact:
Stacey Carton MLIS

sacarton@rci.rutgers.edu

Manager- Fordham Commons- A
Multimedia Collaboration Space

Mabel Smith Douglass Library

8 Chapel Drive

New Brunswick, NJ 08901-8527

phone: 848 932-5042

/
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Printed at the FabLab- Raven and

Phoenix

Printed by Michael

Printed at the FabLab- Lowpoly
Bunny

Examples- Stretchlet Bracelet $2

Examples- Chain Links $1

oo

Examples- House Fly $1

N

Programs/ Websites

The following software has been installed on the Macs in the Fordham
Commons:

Blender 2.70

Makerware 2.4.1.35

Makerware for Digitizer 2.4.1.35
Sculptris Alpha 6

SketchUp Pro 2014 v.14.0.4

We also recommend:

TinkerCad.com. This site requires users to create a login, but offers free "easy-
to-use tool for creating digital designs that are ready to be 3D printed into
physical objects.”

Also, many designs have been uploaded by users to Thingiverse.com. Many
offer free downloads and many are customizable. Please be aware that there is
NO GUARANTEE that these designs will print properly! We cannot be
responsible for projects that print incorrectly due to design flaws

The NIH offers downloadable designs at http://3dprint.nih.gov/

From the NIH website: “The NIH 3D Print Exchange provides access to a
community-contributed database of bioscientific 3D-printable files.” The site also
offers tools to create 3D printable models from medical images, molecular data,
or image stacks. (Login required)

Prosthetic limbs at E-nabling the Future
http:/fenablingthefuture.org/upper-limb-prosthetics/

"A network of passionate volunteers using 3D printing to give the World a
"Helping Hand.™

"The e-NABLE community has developed a collection of different 3D-printable
assistive devices that are free for download and fabrication by anybody who
would like to learn more about the designs or fabricate a device for somebody in
need."

Tips and advice

10 tips, including rafts and shells http://talesofa3dprinter.blogspot.com/2013/12
Itop-10-tips-for-3d-printing-design-from.html

holes and overhangs http://www.instructables.com/id/3D-Design-For-3D-Printing
Istep2/Overhangs-Part-1-Holes/

extreme overhangs and supports http://www.protoparadigm.com/blog/2012
101/printing-with-support-extreme-overhangs/

45 degree rule and droop http://printa3d.blogspot.com/p/design-tips.html

Creating solid objects http://jcflowers1.iweb.bsu.edu/rlo/makerbot.ntm

3D Digitizer

Now available!

Featuring Makerbot Digitizer

3D Scanner
http://store.makerbot.com/digitizer

Scanning is free, but please call ahead for an appointment
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Sketchup

Recommended tutorials:

Getting started with Google Sketchup (older version)
https://www.youtube.com/watch?v=gsfH_cyXalo
Getting started with SketchUp - Part 1

https://www.youtube.com/watch?v=dL01IWSDAEU

External websites
http://www.shapeways.com/

This site can allow you to print in materials other than PLA, including precious
metals.

http://www.3dhubs.com/

This site can guide you to local printers, some of whom can use different
materials

More 3D printing at Rutgers

http://rugradstudentblog.net/2014/06/12/3d-printing-at-rutgers/

Recommended articles

Own a T. Rex With 3D Imaging as Venus de Milo Gets Her Arms Back

http:/i yahoo. t-rex-3d
040100084.html;_ylt=AwrC1Cju5CdVQhOAQDrQtDMD;
_ylu=X30DMTBya2hmZ3R1BGNvbGBDYmYxBHBVeWM2BHZ0aWQDBHNIYWNZYw--

Artec 3D Teams Up With Mirror Image 3D to Bring 3D Selfies to the Garden
State

http:/f vahoo. I / 3d-te: i i
130000975.html;_ylt=AwrCOF8E4ydVcAQAGEnQtDMD;
_ylu=X30DMTByM]B0aG5zBGNvbG8DYmYxBHBvcwMxBHZ0aWQDBHNIYWNZYw--

How companies will convince you to buy a 3D printer

http:/iwww.computerworld.com ticle/572207/how-companies-
will-convince-buy-3d-printer/?utm_medium=rss&
utm_source=taxonomyfeed

(How to) 3D Print Your Medical Scan

proj 42/3d-print-y dical /

\_ /
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Copyright Notice

Prepared by

Tomas A. Lipinski, Dean and Professor (effective October 1, 2014),
i

Warning Notice for 3D Printers and Related Technologies in Libraries

School of Information Studies, University of Wis

The Netice:

following notice above their 3D printer(s):

“NO CON IN
RESTRICT! The copyright (Title
(patent law for example under Title 35, United Stat

violation of copyright, patent or other kaws.”

Last Updated: Aug 3, 2015 8:46 PM URL: http:/libguides.rutgers.edu/Fablab | & Print Page

General & y Tags: ¢
Site Index New Brunswick  848-932-6000
Contact Us Newark 973-353-5901
Website Feedback Camden 856-225-6034
Privacy Policy Health Sciences ~ 973-972-4353
www.libraries.rutgers.edu

N

such copy oF phonorccord, if it exceeds fair use as provided by section 107 or
provision of the copyright law, nor does the pravision of unsupervised photocopy or

Libeary professionals can help both themselves and their patrons minimize liability for any
intellectual property infringement that may result from the 3D printing process by posting the

Code) and other laws of the United
States may govern the making of photocopies or other reproductions of content protected
by copyright, pateat and other laws. Libraries and archives furnish unsupervised
photocopy or other reproducing equipment for the convenience of and use by patrons.
Under 17 US.C. § 108(142) the provision of unsupervised photocopy or reproducing

tion reserves the right to refuse to make available or provide access to photocopy or
eproducing equipment if, in its judgment, use of such equipment would involve

Login to LibApps
Report a problem.

Copyright © 2015, Rutgers, The State University of New Jersey (Further Copyright Information)
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3D Printing at Morris Library | Home
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/

MORRIS LIBRARY

SOUTHERN ILLINOIS UNIVERSITY CARBONDALE

Webmail | SIU Online | SalukiNet | A-Z Index | People Finder | Morris Library

Morris Library » Morris Library Research Guides » 3D Printing at Morris Library

3D PRINTING AT MORRIS LIBRARY

Admin Sign In

TAGS: 3D, 3D PRINT, 3D PRINTER, 3D PRINTING, 3D SCANNER, 3D SCANNING, MAKERBOT

A guide to 3D Printing at Morris Library.

Last Updated: Aug 17, 2015

=1
30 prnng e |

Home & Print Page

IMPORTANT INFORMATION

Required File Format:
.STL or .0OBJ
Maximum Object Size:
225 x 145 x 150 mm
8.85x5.7x5.91in

PLA filament colors currently
available:

URL: http://libguides.lib.siu.edu/3d

& Print Guide  EJRSS Updates : [ Email Alerts

Request a Print I I

Search:

INTRODUCTION

3D Printing can turn your ideas into actual
objects.

Through a generous loan by the non-profit
organization New Blankets, Morris Library now has
a 3D Printer. This printer allows the user to create
physical objects from digital models. All members
of the university community and the public are
encouraged to make use of this exciting
technology.

3D printing is sometimes referred to as additive manufacturing or rapid

Resources

_+ |esearch |

This Guide

SUBJECT GUIDE

Sitver prototyping. It is the process of creating a three dimensional physical object Jennifer Horton
Black from a digital model. The 3D printer builds the object vertically by putting
down layer upon layer of a plastic filament called PLA. Contact Info

Morris Library

Red Room 260D

White Southern lllinois University
Carbondale, IL

Orange 3D PRINTING STEPS (618) 453-2663
Send Email

Green Links:

Natural 1. Design a 3D model or find one on a site like Thingiverse. Profile & Guides

Glow In the Dark

N

. Read the Morris Library Printing Policy. If your print is time sensitive,

please allow adequate time. Most prints will be finished in a few days,
but there may be times that the printer is malfunctioning, being

Subjects:
Chemistry and

Blue repaired, experiencing heavy use, or is being used for an event or a Biochemistry, Computer
course. Science, Geology,

Yellow 3. Make sure your file is in .STL or .OBJ format. Mathematics, Physics, Civil

Purple 4. Fill out and submit a 3D Printing Request Form. If you have any and_EnVIronmentaI .
special instructions, please include them in the Additional Comments Engineering, Industrial

Cost per object:
$0.25 per gram

$1.00 minimum

&

o

~N

oo

N

box on the form. After you have submitted the form, the next screen
will include the location to submit your .STL or .OBJ file. To upload
your .STL or .OBJ file, click Browse under the Attach files option. Find
and select your file. Only .STL or .OBJ files will be accepted. Once you
have added your .STL or .OBJ file, click the Upload file button. If you
want to print more than one object, make sure to submit a file and
form for each one.

. Optional - If you wish, set up a consultation or appointment with a

member of the library staff to print your model yourself or watch it
print. If you choose this option, someone will contact you about
scheduling a time.

. Library staff will email you with a confirmation of your submission and

any follow-up questions.

. Once your model has been printed, you will receive another email

letting you know the cost of the object and how long you have to pick
it up.

. Pick up your model at the Morris Library Circulation Desk on the first

floor. You will also pay for your object at the Circulation Desk.

. Enjoy your object and start designing something new!

Powered by Springshare; All rights reserved. Report a tech support issue.
View this page in a format suitable for printers and screen-readers or mobile devices.

Technology, Electrical
Engineering, Mechanical
Engineering and Energy
Processes, Mining and
Mineral Resources
Engineering

SPEC Kit 348: Rapid Fabrication/Makerspace Services

19


http://libguides.lib.siu.edu/3d

UNIVERSITY OF TORONTO
3D Printing @ Gerstein + MADLab
http://guides.library.utoronto.ca/3dprinting

/

UNIVERSITY OF TORONTO o p ‘ Q

Research Myaccount  Search

#, LIBRARIES

U of T Libraries Research guides 3D Printing @ Gerstein + MADLab ' Home

3D Printing @ Gerstein + MADLab

Everything you need to know about the Gerstein Science Information Centre's 3D printer in the MADLab

o About 3D Printing @ Gerstein + MADLab
About 3D Printing @ Gerstein
+MADLab In October 2014, the Gerstein Science Information Centre and the MADLab launched 3D Printing @ Gerstein + MADLab, a
self-serve 3D printing studio complete with two MakerBot Replicator 2 3D printers and a MakerBot Digitizer 3D scanner.
i e The service is available for all University of Toronto students, staff, and faculty.
3D printing. Can | still use the

printers? What do | have to do to use the printer?

What is 3D Printing? 1. Become a 3D Printing @ Gerstein + MADLab Certified User
2. Reserve time on the printer

How does 3D Printing Work?? 3. Pay $1.50 for each 1/2 hour reserved on the printer

What about 3D Modelling? Do 4. Get to printing!

| AUtoCA ? .
need to bean AULICAD:Expert Where are the 3D printers located?

What are the finished
products made of?

The printers are located in the MADLab (Room B112) on the first floor basement of the Gerstein Science Information Centre.

When can | book time on the printer?
Makerbot Replicator 2 Specs
Printers are available by reservation only. The service will be open Monday to Friday 9:00 am - 5:00 pm.
Acknowledgments
I have questions!
Policies & Procedures
Wonderfull We love questions. Send them to us at gerstein.3dprinting[at]utoronto.ca.
Become Certified!

Knowledge Test

HowTo vids I don’t know anything about 3D printing. Can I still use the
Software & Designs printers?
Share!

Patrons are not required to have any prior experience to 3D print.

HfotoREAcUEY But you do have to understand all the policies & procedures and become certified.

Resources How do you become certified? Click here.

What is 3D Printing?

3D printing turns computer models into real, physical things. It takes a particular material (usually plastic), melts it to a point
when it can be extruded out of a small nozzle, and deposits it down in successive layers according to a computer program
until an entire 3D object is created... right before your eyes!

Common applications of 3D printing include rapid prototyping and product development, though is increasingly popular in
biotechnology, fashion, construction, and other industries. It's also becoming increasingly popular among hobbyists and
makerspaces in public and academic libraries.

N
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How does 3D Printing Work??

What about 3D Modelling? Do I need to be an AutoCAD
expert?
no AutoCAD required! no 3D modelling at all required!

There are a ton of fun, innovative, and simple designs that you can download for free from online libraries of 3D designs.
We recommend that if you are new to 3D printing, try printing something small and quick. We've put together a list of objects
you can print to get experienced.

We love Thingiverse. Browse or search the HUGE collection of free pre-designed models that you download free of charge!

still a little unsure? Choose designs that have a picture of the finished object.
want to design your own 3D object?

There are also loads of free, easy-to-use 3D modelling software programs out there. Stay tuned for information

about free workshops we'll be offering on how to use these software programs or check out these handy online resources.
you're an AutoCAD expert who wants to print your own designs?

Great! As long as you run your design through the MakerWare software to check for problematic design elements and
adhere to the policies and procedures of our service, you can print your objects of your own design. We're excited to
see what you can do!

What are the finished products made of?

The 3D printers at Gerstein + MADLab use PLA (polyactic acid), a biodegradeable thermoplastic aliphatic polyester dervied
from corn starch. It's safe to use in our space. You can view the PLA Material Data Safety Sheet.

We currently have filament in 6 colours: white, black, neon pink, army green, sparkly blue and purple. Unless
otherwise requested, you'll print your job in whatever colour is loaded into the printer when you begin your reservation. If
you would like to print in a specific colour that we offer, please email us ahead of time and we can help you switch out the
filament.

Also note that white PLA can easily be painted.

/
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Makerbot Replicator 2 Specs

Build volume (cm) 285Lx153Wx155H

Minimum layer height

100
(micron)
PLA - white, black, neon pink,
Filament army green, sparkly blue,
purple
File type X3g
Memory SD card port

Acknowledgments

3D Printing @ Gerstein + MADLab acknowledges the following 3D Printing services for sharing their experience and various
materials which contributed to the development of our service:

Rodgers 3D Studio at the University of Alabama Libraries

Toronto Public Library Digital Innovation Hub

Thank you!

Last Updated: Jul 31,2015 9:19AM | URL: http://guides.library.utoronto.ca/3Dprinting | & Print Page Login to LibApps

Tags: "3d printer”, "3d printing" "three dimensional printing", "three dimensional printer” Report a problem.

N

Library links
Library Home

Search

Renew items and pay fines
Library hours

Ask

Site map

Portal

Libraries

Robarts

Gerstein

OISE

Engineering

UT Mississauga Library
UT Scarborough Library
Information Commons

All libraries

Contact

University of Toronto Libraries

130 St. George St.,Toronto, ON, M5S 1A5
library.info@utoronto.ca

416-978-8450

Map

About web accessibility. Tell us about a web
accessibility problem.

About online privacy and data collection.

© University of Toronto. All rights reserved.
Terms and conditions.

Connect with us
. Twitter

& YouTube

kCH Instagram

more social media
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UNIVERSITY OF ARIZONA

3D Modeling Resources

http://www.library.arizona.edu/services/print/3D/about

~

-

o

Rooms & Spaces

Equipment &
Technology

Print, Copy, Scan
CatPrints
3D Printing
Prepare Your File
Submit a Request
Policies

» 3D Modeling

Resources
Express Document
Center

N

THE UNIVERSITY OF ARIZONA.

NEWS & EVENTS | MY ACCOUNTS

I@l ‘ University Libraries : Search our site

Find Materials ~ Research, e, Publish ~ Borrow & Request ~ [ v AboutUs ~

fiore VISIT & STUDY

Locations & Parking

3D Modeling Resources

Free 3D Modeling Software
Blender - open source 3D animation suite. Enable the 3D Printing Toolbox.

OpenSCAD - free software for creating solid 3D CAD models. Useful for creating models of machine
parts.

Sketchup - comes in free or pro versions. Get the Sketchup STL from the Extension Warehouse.
Tinkercad - a browser-based 3D design platform, now part of Autodesk (free version available).
123D Design - a free, powerful, yet simple 3D creation and editing tool from Autodesk.

List of additional free software packages from 3ders.com.

Free 3D Models

You can search for pre-existing models on the Internet to print as they are, or to modify using 3D
modeling software.

3D Warehouse - Sketchup's searchable design library.
Instructables - from the 123D community.

Thingiverse - MakerBot's searchable design library community.

3D Modeling Tutorials

3D Modeling for Beginners (Shapeways)
How Do | Make a Solid Model (Rhino)

How to Fix and Repair Your 3D Files (Shapeways)

Last modified: June 2, 2015

A ‘ University Libraries Fivo [n

1510 E. University Blvd. Main Library Information for:

Tucson, AZ 85721 Science-Engineering Library Undergraduate students

(520) 621-6442 Fine Arts Library Graduate students

Contact us Arizona Health Sciences Library Online & distance students
Special Collections Faculty

The University of Arizona Press Instructors
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3D Printing at the SMS | 3D Software & Models
http://libguides.library.kent.edu/c.php?g=278293&p=1854414

/

@ FLASHLINE LOGIN | CALENDARS | PHONE DIRECTORY | MAPS & DIRECTIONS

w‘SW
UL NGV E RS LT Y

ABOUT

© 0O &

LIBRARY MY LIBRARY
HOURS ACCOUNT

Enter Seal Word Search

Home

How to Print

Request a Print

3D Samples

Printing FAQs

Printing Tips & Tricks
3D Printing Glossary
3D Software & Models
3D Pen Tool

Other Maker Tools

BACK TO HOME

SMS homepage

. . o Today's Hours: 10a-5p at
University Libraries @ student Muitmedia Studio
Click for aditional Library hours

SERVICES RESEARCH TO FACULTY

3D PRINTING AT THE SMS

3D SOFTWARE & MODELS

UNIVERSITY LIBRARIES LIBGUIDES 3D PRINTING AT THE SMS

3D MODELING

Tinkercad
(Beginner) Free online editor. One unique feature is the ability to import vector graphics and turn them
into 3D objects

Autodesk 123D Design
(Beginner) Free 3D modeling software. Offered either as a download or as web-based tool

Google SketchUp
(Intermediate) Create, modify and share 3D models. Lots of tutorials on the website and YouTube.

Blender
(Advanced) 3D modeling and animation program for Windows and Mac. There are lots of helpful
tutorials and examples on the website.

Meshlab
(Advanced) open-source program for processing 3D models (useful in preparation of files for 3D
printing)

netfabb
A free web-based service that processes and repairs stl files to prepare them for 3D printing

SketchUp STL extension
This plugin will allow you to import and export STL files (works for SketchUp 2013 and 2014)

CADspan plugin for SketchUp
This plugin will allow you to export models from SketchUp as .stl files (Note: for Sketchup 6, 7 and 8 -
not SketchUp 2013)

Free Autodesk software for students!
Did you know that as a student you can obtain a FREE 3-year license for a variety of Autodesk
software? This includes AutoCAD, 3ds Max, Maya, Inventor Professional and Revit

/
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MOBILE 3D MODELING APPS
= 123D Catch

Turn your object into a 3D model with photos! Works on iPad/iPhone or also as a web-based app

® 123D Sculpt
Sculpt in 3D using this free iPad app.

= MakerBot PrintShop
The Shape Maker feature in this free iPad app allows you to convert basic 2D sketches or images into
printable 3D models

ONLINE 3D MODELING COMMUNITIES

(]

Thingiverse
from Makerbot - a place to share and download free printable 3D model designs

= Smithsonian X 3D
The Smithsonian is in process of digitizing its collection in 3D and offers free, downloadable model
files

= Sketchfab
Online community for publishing and browsing 3D models - some offer the option to download

= YouMagine.com
a file-sharing 3D printing community with a built-in web-based 3d modeling tool

® My Mini Factory
Downloadable 3D models (some free); sign up for a free account to earn free credits toward
downloads; upload your own designs to earn more credits (and can even charge for your models)

® Shapeways
Make, buy and sell 3D printed products

= Ponoko
Make, share, buy or sell 3D product designs

3D PRINTING SOFTWARE

Most 3D printers use specific software to prepare model files for print. Sometimes it is helpful to preview your
model in the 3D printing software in order to have a better understanding of how your model will be produced
(sizing, supports needed, etc.) while also helping you spot potential printing issues. Here are the free software
programs for our 3D printers, available for download:

® Makerbot Desktop
(free) 3D printer software for the Makerbot Replicator 2x

® Cura
(free) 3D printer software for the Ultimaker 2

Last Updated: Aug 19, 2015 1:06 PM  URL: http://libguides.library.kent.edu/3d & Print Page iogindotbApps
Tags: 3d modeling, 3d printing, student multimedia studio

N
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
3D Printing Guide | How to Find Models to Print?
http://projects.informatics.mit.edu/maker/3d-printing-libguide/3
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Services Inside MIT
Services Outside MIT
INFORMATION

Learning More at MIT

MITLibraries

A design community for discovering, making, and sharing 3D printable things.
Allddelsigns on the website are encouraged to be licensed to allow others to use
and alter.

NIH 3D Print Exchange
An open, comprehensive, apd intefactivs website for searching, browsing,

ing, and sharing | 3D print files, modeling tutorials, and
educational material..

3D Warehouse in SketchUp

Contains millions of models created with SketchUp. Files can be downloaded
for free.

Scanning Your Own Models
3D Scanning at the Smithsonian

The video introduces the 3D documenting work at the Smithsonian. It might
inspire your thoughts of 3D scanning.

Autodesk 123d catch Tutorials

A scanning software available on Android, iphone and ipad, and PC.

Program on Information Science,

‘e s . . Q
o Makers in Libraries < Program on Information Science . ——
| £]v]=]in JERI
People Guide Galleries Calendar
ONLINE RESOURCES 7D PRINTING GUIDE WHAT IS THIS SITE?
Rapid Prototyping This guide contains top information resources for
Applications Makers who are interested in making stuff with 3D
printers. It is a starting place for your project.
Finding Models and
Scanning Objects HOMETO FIND MODELS 10 PRINTE NEED MORE HELP?
. The easiest way to get started with printing is to start with an existing model or R
Creating New Models existing object. There are thousands of models freely available, and free softy More on how to make stuff from the
) that allows you to convert photos into models. libraries
Preparing Models for
Printing Finding Models Online Ask the Libraries if you have questions.
PRINTING SERVICES Makerbot Thingiverse Research Consultations - appointments with

subject experts for in-depth help.

Tell the Libraries how to serve you better. We
want to hear from you.

About Contact Privacy License

/
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UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL
Makerspace | Equipment & Software
http://library.unc.edu/makerspace/equipment-software/
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-—
Libraries & Hours Do Your Research In the Library f B m { Contact Us

Backgreusd OFF | Avout

Home » Makerspace > Equipment & Software

Equipment & Software

Equipment
Fusion3 F306

Build Volume
12x12x12in.

Print Material
PLA (polylactic acid) bioplastic

File Type
STL

Operating Systems
Windows (7+), Mac OS X (10.6+), LINUX (UBUNTU 12.04+)

Connectivity
USB, SD Card

MakerBot Replicator 2
Build Volume
11.2x6x6.1in.

Print Material
PLA (polylactic acid) bioplastic

File Type
STL

Operating Systems
Windows (7+), Mac OS X (10.6+), LINUX (UBUNTU 12.04+)

Connectivity
USB, SD Card

MakerBot Replicator 2X

Build Volume
9.7x6x6.1in.

Print Material
ABS filament or MakerBot dissolvable filament; capable of printing in two interlaceable colors

File Type
STL

Operating Systems
Windows (7+), Mac OS X (10.6+), LINUX (UBUNTU 12.04+)

\_ /
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Connectivity
USB, SD Card

MakerBot Replicator Mini
BUILD VOLUME
3.9x39x4.9in.

Print Material
PLA (polylactic acid) bioplastic

File Type
STL

Operating Systems
Windows (7+), Mac OS X (10.7+), LINUX (UBUNTU, Fedora)

Connectivity
Wi-Fi, USB

Sense 3D Scanner
This is a portable, easy-to-use 3D scanner. The Sense 3D Scanner can be checked out of the
library for a 24 hour period of time.

Software
Sense scanning software

NextEngine 3D Scanner
This Full color, high resolution, professional 3D scanner can produce 3D-printable files.

Software
ScanStudioHD

Raspberry Pi Starter Pack
Raspberry Pi kits can be used in the library for 4 hours at a time or checked out of the library
overnight.

Contains:

* Raspberry Pi Model B 512MB RAM

o Adafruit Pi Case

e 3'long USB Micro-B Cable

* 5V 1A power adapter

e USB TTL console cable

* 4GB SD Card

o Assembled Adafruit Pi Cobbler kit with GPIO cable
e USB microSD card reader

\_ /
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o Large full-size breadboard

* Breadboarding wires

* 10'long Ethernet cable

* 5x 10K resistors for pullups on the buttons
® 5x 560 ohm resistors for the LEDs
e 1red 10mm diffused LED

e 1 green 10mm diffused LED

¢ 1 blue 10mm diffused LED

* 3 tactile pushbuttons

e Light-sensitive resistor photocell

e 1uF capacitor

Hakko-FX888D Soldering Iron

Procedures and policies.

Singer 9410 Sewing Machine

Procedures and policies.

Software

3D Design and Editing
Blender

kokopelli (Mac only)
MakerBot Desktop
Maya

MeshLab
meshmixer

netfabb
OpenSCAD
PyMOL

SketchUp

UCSF Chimera

Electronics
Arduino IDE
Processing

Hours | UNC Home | Search This Site | Privacy Policy | Give Us Your Feedback

\_ /

130 - Representative Documents: Equipment, Software, and Models


http://library.unc.edu/makerspace/equipment-software/

PURDUE UNIVERSITY
3D Printing: Software

http://guides.lib.purdue.edu/3dprinting/software

/

Library Guides

3D Printing: Software

3D Printing

Software

This guide will assist patrons who plan to use the 3D printing available in the Engineering Library.

=

Getting Started

There are two kinds of software you will
need to use prior to printing.

« Design Software - to create your
design

« Printing Sofware - to print your
design

Looking for inspiraion? Be sure to check
out the 3D Model Gallery to explore
different collections.

3D Scanning

ter Search Words Search

To create your own designs you have quite a few different options in design software. All of
the following programs are free for you to use to create 3D models. Looking for inspiraion?
Be sure to check out the 3D Model Gallery below to explore premade designs.

* AutoCAD
o Currently available on ITAP computers.
* TinkerCAD
© A web-based program fo the beginner.
* Blender
© Blender is a powerful, free, open source tool for creating 3D animation and models for
3D printing
* SkeichUp
© Make Marketed for ‘hobbyists, kids and backyard spaceship builders,” Sketchup is
user-friendly and forgiving. Ideal for novices. Also comes in a paid Pro version.
* OpenSCAD

© |deal for creating solid 3D CAD models. Great for models of machine parts.

Printing Software

The Cube will only print .cube 3D files. Dowload the Cubify software to convert your file by
clicking the link below.

o Cubify Printing St

3D Model Gallery

If you're just looking for inspiration or want to explore the possibilities of 3D printing check out
the following collections with downloadable 3D model designs.

- Cubify has many .cube files available both for free download and for purchase.

L 4

=

© Cubify Fashion - Fashion designs for both men and women including shoes, jewerly,

‘watches, phone cases and more.

o Cubify Decor - Designs for the home. Think frames, desktop accessories, barware and
more.

© Cubify Kids - This collection includes all kinds of fun toys and accessories.

© Cubify En

sinment - This collections includes games, music, food, and even licensed
products. You can even print a personalized super hero action figure!

o Cubify Mancave - Not just for men, this collection includes all kinds of gadgets and
devices.

rse - Thingiverse is a community dedicated to sharing 3D designs.

© Thingiverse has hundreds of
collections including Art, Gadgets, Learning, Tools and Fashion that are free to
download.

designs ized in es and

If you do choose to use a downloaded file, be sure to read through the Helpful Hints
section above to make sure your design is printer-friendly prior to printing.

Helpful Hints Before You Print

+ Make sure you have used the Cubify
app to convert your file to the .cube
format.

« If your object has a small base,
particulary if it is rounded, select the
‘raft’ option in the Cubify software to
help it adhere to the printing surface

» Two colored printing is discouraged,
as it takes about twice as long as
one-colored printing, so two-color print
jobs will receive lower priority than
one-color jobs. If you want to use two
colors, consult with a library
assistant for suggestions.

« If your object has large overhangs,
select the *support' option in the
Cubify software.

« To keep the cost down for your
option, you can scale down your
object using the middle icon in the
Cubify software, and you can use the
Draft preset, andlor choose hollow fill.

« If you click on the 'T' button, you can
see an estimate of how much
time your print job will take and how
much mass it will take to print

« For more quesions check out the
Frequently Asked Questions.

Lo )
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Webmail | SIU Online | SalukiNet | A-Z Index | People Finder | Morris Library

MORRIS LIBRARY

SOUTHERN ILLINOIS UNIVERSITY CARBONDALE

r
i
= _é M
—_— | h
Morris Library » Morris Library Research Guides » 3D Printing at Morris Library Admin Sign In
3 D PRI NTI NG AT MO RRI S LI BRARY TAGS: 3D, 3D PRINT, 3D PRINTER, 3D PRINTING, 3D SCANNER, 3D SCANNING, MAKERBOT
A guide to 3D Printing at Morris Library.
Last Updated: Aug 17, 2015 URL: http://libguides.lib.siu.edu/3d & Print Guide EJRSS Updates Email Alerts
3D Printing Terms I
3D Modeling Software & Free Models & Print Page Search: This Guide _+ |esearch |
FREE 3D SOFTWARE OBJECT REPOSITORIES / COMMUNITIES
e Tinkercad e Thingiverse
Tinkercad has a free version of its software that creates 3D digital models. Thingiverse is a community to discover, make, and share 3D models. Users
This is a great program for beginners and is used in the web browser. can download files of objects that others have made. Several of the objects

can be customized and modified.

Autodesk 123D Design

Free design software that can be used as a web app, downloaded to PC or . Yeggi
Mac, or as an iPhone/ipad app. This is a great program for beginners. Yeggi is a search engine to find 3D printable objects.
* SketchUp * Repables
SketchUp Make is a free 3D drawing tool. Open repository of digital files suitable for 3D printing.
* Blender e Sketchup 3D Warehouse
Blender is a free open source computer graphics software that can be used for Sketchup's design library of 3D models.
3D modeling. . .
* Smithsonian X3D
e Sculptris Collection of 3D models of various artifacts from the Smithsonian Museums.

Sculptris is a virtual sculpting program.

NIH 3D Print Exchange

e OpenSCAD Search, browse, download, and share 3D biomedical printable models
OpenSCAD is a free software to create solid 3D CAD objects. including custom labware.

* Meshlab * NASA 3D Resources (Beta)
Meshlab is an free open source program for processing and editing NASA's 3D resources site that includes several printable models in .STL
unstructured 3D triangular meshes. format.

* Meshmixer * British Geological Survey

Meshmixer is a free prototype design tool. Site contains many 3D models of fossils. You can download an OBJ file to
use in 3D printing.

o Netfabb
Netfabb is a free software that processes and repairs stl files to prepare them o AfricanFossils.org
for 3D printing. Africanfossils.org has several 3D models of significant fossils and artifacts in

categories such as hominids, animals, and tools. It is a partnership with
Autodesk, National Geographic, the Turkana Basin Institute, the National
Museum of Kenya, and Stony Brook University.

The Collection - Art & Archaeology Museum
3D Scan project by artist Oliver Laric at The Usher Gallery at The Collection
in Lincolnshire, UK.

The Virtual Hamspon Museum
3D scans of Native American artifacts from the Hampson Archeological
Museum State Park in Wilson, Arkansas. OBJ files are included.

Powered by Springshare; All rights reserved. Report a tech support issue.
View this page in a format suitable for printers and screen-readers or mobile devices.

CONTACT MORRIS CONNECT WITH MORRIS CAREERS COPYRIGHT

Morris Library Find us on Facebook EOE © 2014 SIU Board of Trustees
Southern Illinois University askalibrarian@lib.siu.edu

Carbondale, IL 62901 PRIVACY POLICY

Infor‘.métion.Desk: .(618) 453-2818 EMERGENCY PROCEDURES
Administrative Office: (618) 453-2522

Circulation Desk: (618) 453-1455
Web Administrator

N
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UNIVERSITY OF TORONTO
Software & Designs
http://guides.library.utoronto.ca/c.php?g=251855&p=1678121

UNIVERSITY OF TORONTO
LIBRARIES

Home

Policies & Procedures

Become Certified!

Knowledge Test

How-To Vids

Software & Designs
Makerbot Desktop
Other 3D Printing Software
Free 3D Modelling Software
Designs that Work
Download a Pre-Existing 3D Design!
Adobe Creative Cloud

Share!

Info for Faculty

Resources

UofTLibraries /| Research guides ' 3D Printing @ Gerstein + MADLab | Software & Designs

3D Printing @ Gerstein + MADLab

Everything you need to know about the Gerstein Science Information Centre's 3D printer in the MADLab

Makerbot Desktop

A complete, free 3D printing solution for discovering, managing, preparing, and sharing your 3D prints. Get it here.

Other 3D Printing Software

« Netfabb 3D Model Repair Service

Use the Microsoft 3D Model Repair service powered by netfabb to repair STL, OBJ, or 3MF files automatically. Like a spellchecker, this service will
save you time by taking care of the many common errors in 3D models that otherwise would require manual repair by a dedicated designer. The i
service closes holes in the model, fixes face normals, removes self-intersections, and more. You'll be more productive and be on your way to more

reliable 3D manufacturing in minutes!

Just upload your STL, OB, or 3MF file. We'll check and fix the model and return you a new file, ready to print. Enjoy!

Free 3D Modelling Software

 Sculptris £¥

Sculptris provides an excellent gateway into the exciting world of 3D. It's features are easy to learn, even for someone with no experience in digital
art, yet robust enough for creating base models that can then be refined in other applications.

Start with a sphere of virtual clay and shape it into whatever you want it to be. This is made possible in Sculptris by its amazing ability to locally
redefine the internal structure of the model.

Autodesk 123Design ¥

123D Design Is a free, powerful, yet simple 3D creation and editing tool which supports many 3D printers.

 SketchUp Make ¥

You can use SketchUp to explore design ideas and experiment with 3D. You can draw your home or famous buildings, use it for projects at home or i
school, or create fun stuff like cars, space ships, barns, or your dream house. You can share your models with others via the 3D Warehouse. And if
your model has a location (you built it on a Google Earth image), you can also view it in Google Earth.

* OpenSCAD £

OpenSCAD is a software for creating solid 3D CAD models. It is free software and available for Linux/UNIX, Windows and Mac OS X. Unlike most free
software for creating 3D models (such as Blender) it does not focus on the artistic aspects of 3D modelling but instead on the CAD aspects. Thus it
might be the application you are looking for when you are planning to create 3D models of machine parts but pretty sure is not what you are looking
for when you are more interested in creating computer-animated movies.

OpenSCAD is not an interactive modeller. Instead it is something like a 3D-compiler that reads in a script file that describes the object and renders
the 3D model from this script file. This gives you (the designer) full control over the modelling process and enables you to easily change any step in
the modelling process or make designs that are defined by configurable parameters.

CMm@®

Research  Services  Vist  About  Ask Myaccount  Search
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o Blender &
Blender is a free and open source 3D animation suite. It supports the entirety of the 3D pipeline—modeling, rigging, animation, simulation,
rendering, compositing and motion tracking, even video editing and game creation. Advanced users employ Blender's AP| for Python scripting to
customize the application and write specialized tools; often these are included in Blender's future releases. Blender is well suited to individuals and
small studios who benefit from its unified pipeline and responsive development process.

Designs that Work

The Makerbot Replicator 2 ships with various easy-to-print, successful designs pre-loaded on an SD card. If you are brand new to 3D printing and just
want to print something quick and easy, these designs might be what you want to start with. From chain links, to a stretchy bracelet, to a nut-and-bolt
and mr. jaws, these designs do a great job of demonstrating the potential of 3D printing, while taking less than an hour (most are under 30 minutes) to
complete!

Check out 3D Printing @ Gerstein + MADLab's smart collection of easy first-time prints on Thingiverse for more inspirationt

Download a Pre-Existing 3D Design!

It's like a thing. 3D designers and printers like to share their work. Check out the links below and search for or browse for a design that suits your fancy.
If you're a beginner, we recommend going with designs that have a picture of the finished product. That way, you might be able to tell if itll work!

« Thingiverse
Browse the world's largest 3D design community for discovering, printing, and sharing 3D models. Join over 130,000 community members in
downloading, sharing, and remixing 3D designs.

 NIH 3D Print Exchange §§
Few scientific 3D-printable models are available online, and the expertise required to generate and validate such models remains a barrier. The NIH
3D Print Exchange eliminates this gap with an open, comprehensive, and interactive website for searching, browsing, downloading, and sharing
biomedical 3D print files, modeling tutorials, and educational material.

The NIH 3D Print Exchange is a collaborative effort led by the National Institute of Allergy and Infectious Diseases in collaboration with the Eunice
Kennedy Shriver National Institute for Child Health and Human Development and the National Library of Medicine.

 Smithsonian X 3D ¥
Smithsonian X 3D launches a set of use cases which apply various 3D capture methods to iconic collection objects, as well as scientific missions. Al
of these uses cases are accessible through the Beta Smithsonian X 3D Explorer, as well as videos documenting the project. For many of the 3D
models, raw data can be downloaded to support further inquiry and 3D printing.

© NASA 3D Resources §}

Here you'll find a growing collection of 3D models, textures, and images from inside NASA. All of these resources are free to download and use.
Please read the Usage Guidelines.

Adobe Creative Cloud

The MADLab has two workstations with Adobe Creative Cloud!
Adobe CC includes Photoshop 3D (including 3D printing functionality), lllustrator and more.
Contact mad.lab@utoronto.ca to book time on the Adobe workstations (no charge).

Find out more about Photoshop and 3D printing here.

Last Updated: Aug 18, 2015 10:01 AM | URL: ing | & Print Page Login to LibApps
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THE UNIVERSITY OF ARIZONA

NEWS & EVENTS MY ACCOUNTS

@ ‘ University Libraries

Find materials ~ Research, write, publish ~ Borrow & request v Aboutus ~
Hours
Loctipns &/parking 3D printing policies

Rooms & spaces
Equipment & technology

a 1. The library's 3D printers may only be used for lawful purposes. No one is permitted to create material that is:
Print, copy, scan

CatPrints o Prohibited by local, state, or federal law.

3D printing o Unsafe, harmful, dang: , Or poses an i diate threat to the well-being of others.
Prepare your file o Obscene or otherwise inappropriate for the library environment.
Submit a request o In violation of another's intellectual property rights. For example, you cannot reproduce material subject to copyright, patent, or trademark protection.
» Policies

2. The library reserves the right to refuse any 3D print request.

3. The library cannot guarantee model quality or stability, nor confidentiality of designs. Responsibility for removing rafts and supports is up to the user.

4. Items must be picked up by the individual who submitted them, using valid ID. Items not picked up within 30 days after being printed become the
property of the UA Libraries.

5. Only desi library will have hand: access to the 3D printer. UA students wishing to gain experience using 3D printers should check the
calendar of events for our new iSpace.

6. The 3D printing queue is prioritized based on factors such as academic priority, class due dates, reprints, and other issues as they arise. We reserve the
right to alter queue order based on these factors.

3D modeling resources
Express Document Center

Notice concerning copyright and other intellectual property restrictions

The copyright law of the United States (Title 17, United States Code) governs the making of photocopies or other reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and archives are authorized to furnish a photocopy or other reproduction. One of these specific
conditions is that the photocopy or reproduction is not to be "used for any purpose other than private study, scholarship, or research." If a user makes a
request for, or later uses, a photocopy or reproduction for purposes in excess of "fair use,” that user may be liable for copyright infringement.

This institution reserves the right to refuse to accept a copying order if, in its judgment, fulfillment of the order would involve violation of copyright or other
intellectual property laws.

| acknowledge, represent, and warrant as follows:

* | have read, understand, and will comply with the notice posted above.

« | grant permission to the University of Arizona and its agents to reproduce the photocopy or other reproduction and return them to me, and | have the
legal right and authority to grant this permission.

« | will use the photocopy or other reproduction only for private study, scholarship, or research.

« | will not use them for any commercial purpose or allow any third party to do so.

University Libraries l’i yo . E
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Hours
Locations & Parking
Rooms & Spaces

Equipment &
Technology

Print, Copy, Scan

CatPrints

3D Printing

» Prepare Your File
Submit a Request
Policies
3D Modeling
Resources

Express Document
Center

NEWS & EVENTS | MY ACCOUNTS

Search our site

Prepare Your 3D File

Creating or Editing a Model

You can design your object in any 3D modeling software, such
as AutoCAD (free for students and faculty through the UA
Software Licensing program). There are also many free
software programs available.

You can also use or modify a pre-existing file from a design
library.

File Format

Export your model as a stereolithography file, with an STL
extension (.stl).

Dimensions

Maximum size is 152 x 152 x 279 mm (6 x 6 x 11 in). Layers must be at least 0.1 mm thick (0.020 in).

Units

We recommend you build your model in millimeters. Or convert to millimeters before submitting the final
file.

Resolution

The standard resolution is .2 mm per layer, with 10% infill. You can specify a different quality level by
making a note under "Special Instructions" on the submission form.

Multiple Parts

If your model includes multiple parts, make each as a separate STL file. You can submit each model as
part of the same print request.

~
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Make a Solid Design

The surface of your 3D model must be watertight. This means all faces of the object must construct one
or more closed volume entities. Gaps or holes in the model will cause it to print incorrectly.

See Rhino's How do | Make a Solid Model.

Delete 2D Elements

Your final model should not contain any 2D elements, as they can cause naked edge problems. Delete
any 2D elements that were used to create sweeps, lofts, or other complex shapes.

Geometry Check

Check your design for holes, gaps, or other problems before submission. Numerous third party tools can
help you fix geometry problems, including:

» NetFabb - provides a cloud base service and free downloadable software that can check you files
e MeshLab - open source software for checking files

Shapeways offers a tutorial for fixing and repairing 3D models using these services.

Common Problems
Other things to be careful of when creating your model:
« degenerate faces - Mesh faces that have 0 area
» zero length edges - Edges with no length, created by degenerate faces
« non manifold edges - Faces that have more than one face connected to a single edge
* naked edges - A surface or polysurface edge that is not connected to another edge
» duplicate faces - Identical faces in a single mesh
» faces should be flipped - The faces in a mesh object should point in a consistent direction

« disjoint pieces - Mesh objects that do not connect but are considered a single mesh

Submitting Your Model

Once your model is ready to go, make a 3D printing request and upload your STL file. We'll contact you
within two business days with an estimate for the cost and turnaround time and also let you know if there
are any problems with the file.

Last modified: May 14, 2015

A ’ University Libraries fivoillnd
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BYU Harold B. Lee Library

Harold B. Lee Library Subject Guides ' 3D Printing Guide / Printing Your Design

3D Printing Guide: Printing Your Design

Search

How to utilize the Lee Library's 3D printer. Includes direction on obtaining or designing files for print and the procedures for preparing

and sending for print.

Home Finding Existing 3D Objects Software and Training Printing Your Design Printing Policy m

Procedure Subject Guide

First, you will need to make sure that your design is in the correct format. We can only accept
.stl, .obj, and .thing files. Most 3D design programs will export these file types. Then, bring your
file to us at the Science/Maps Help Desk on the 2nd floor of the library. You can bring your file
on a flash drive, or you can email it to us at the desk. We will only accept submissions in
person. If you just email a file and do not come by and talk to us, your file will not by put in the

T4 g Science/Maps
queue. Itisimportant that you come to the desk so we can go over it with you and make sure Department
that your file will print properly.

) _— ) ) _— Email Me
Be prepared to specify the dimensions for your design (Remember the maximum dimensions Lt
are Length: 11.2 inches, Width: 6.0 inches, Height: 6.1 inches), any special instructions, and the Contact:
resolution (layer thickness) that you want us to print in. We offer 0.1mm and 0.2mm (Copy HBLL Level 2
paper is about 1.0mm thick). Provo, UT 84602

801-422-2987
We will put you on our queue and give you an estimated completion time. When it s finished,

we will email you so you can come pick up your final project! Again, the cost is $0.20 for the
.02mm. We only accept BYU Signature cards for payment at our desk. If you are not a BYU
student or employee, guest printing cards can be obtained at the Circulation Desk.

Other Sources for 3D Printing

Printing for non-academic purposes will be done on a case-by-case basis.

Below are alternatives for printing in the library:

© BYU Rapid Prototyping Lab €}
o Shapeways €

o StarPrototype €)

® ZoomRP

o Makexvz €

Last Updated: Jul 13,2015 6:08 PM | URL: http://guides.lib.byu.edu/3Dprinting | Print Page Login to LibApps

Tags: 3-d printing, 3d printer, 3d printing, additive manufacturing, rapid prototyping
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GEORGETOWN UNIVERSITY

LIBRARY

PRE-PRODUCTION & PLANNING ~

SUBMISSION FORM
LINK

30 Printing Form
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3D Printing/Scanning at Georgetown University Libraries:
POLICIES &SUBMISSION FORM

3D Printing/Scanning at Georgetown University Libraries

PRODUCTION ~  POLICIES & UBMISSION FORM ~  EXAMPLES & RESOURCES ~

POLICIES

PURPOSE

The Library nurtures creativity and discovery of emerging technologies through access to state-of-the-art
tools. The 3D printers will further enhance student research and innovation while propelling Lauinger into

the future.

This policy establishes how and under what circumstances the Georgetown University community may use

the Library's 3D printers.

POLICY

Georgetown faculty, students, and staff are required to attend a 3D workshop
offered by the Gelardin New Media Center or have conducted a consultation with
a Mulltimedia Specialist at the Gelardin New Media Center before submitting a 3D
printing or scanning submission order.

The Library's 3D printers are available to Georgetown University faculty, students, and staff to make
three-dimensional objects in PLA plastic using a design that is uploaded from a computer file.

The Library's 3D printers may be used only for lawful purposes. Patrons will not be permitted to use the
Library's 3D printers to create material that is:

« Prohibited by local, state or federal law.

* Unsafe, harmful, dangerous or poses an immediate threat to the well-being of others.

« Obscene or otherwise inappropriate for the Library environment.

* In violation of another's intellectual property rights. For example, the printers will not be used to
reproduce material that is subject to copyright, patent, or trademark protection.
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URL: hutp:liquides.library. geo

The Library reserves the right to refuse any 3D print request.

Cost: 3D printing at the Library is currently $.10 a gram of material with a $5.00 set up fee.

Items printed from Library 3D printers that are not picked up within 14 days will not be kept. Items must
be picked up by the individual who printed them.

Only designated Gelardin staff will have hands-on access to the 3D printer.

PROCEDURES
The procedure for printing from the Library's 3D printers is as follows:
Design creation:

The 3D printer can be used with basic knowledge of Computer Assisted Drawing (CAD). Creating a new
design requires some knowledge of 3D modeling software products.

Any 3D designing software may be used to create a design as long as the file can be saved in .stl, .obj, or
.thing file format.

Digital designs also are available from various file-sharing databases such as Thingiverse.com.

Submitting a design for printing:

Georgetown faculty, students, and staff are required to attend a 3D workshop
offered by the Gelardin New Media Center or have conducted a consultation
with a Mulltimedia Specialist at the Gelardin New Media Center before
submitting a 3D printing or scanning submission order.

Persons wanting to have something printed on the 3D printer can bring their file (in .stl, .obj, or .thing file
format) (no larger than 25MB) to the Gelardin New Media Center during open hours or email the file to
gelardin@georgetown.edu, or email the shared link location in a email to gelardin@georgetown.edu.

Gelardin staff will add the model to the printing queue.

If there is high demand, the Media Center will give priority to objects being printed for academic
purposes.

The files will be readied for printing in MakerWare Desktop software. The Media Center will view all files
in MakerWare Desktop.

Wait/pickup time: Items may be picked up at the Gelardin New Media Center. It is sometimes difficult to
estimate exact print times.

Please note that procedures governing the use of the Library's 3D printers are subject to change.

DEFINITIONS

3D printing: the process of making a physical object from a digital model.
3D Printer: A 3D printer uses melted plastic to produce objects designed on a computer.
CAD: Computer Assisted Drawing
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Q @ @ 3D PRINTING AT THE SMS
e s < i UNIVERSITY LIBRARIES / LIBGUIDES / 3D PRINTING AT THE SMS
HOURS ACCOUNT
INSTRUCTIONS
Enter Sea Word: Search
(Revised August, 2015)
Home Prepare your file
How to Print £ £ e 7
Save or export from your modeling program as either an .stl or .obj file. If your program doesn’t offer
Request a Print either format, there are a number of free tools that do, such as Meshlab, or the Autodesk Print Utility
3D Samples plugin for 123D Catch, 123D Design and 123D Make.
Printing FAQs Check that your model is optimized for 3D printing. Most programs either feature this option or offer a
Printing Tips & Tricks plugin that will run a check for structural integrity. For tips on key elements of your model that could
pose potential problems for 3D printing, read 8 Tips for 3D Printing with Sketchup
3D Printing Glossary
3D Software & Models Use this format for naming your file: lastname_firstinitial_modelname (ex: kennedy_h_ksulibrary.stl)
3 Pen Tool Submit print request
Other Maker Tools Fill out and submit our online form (see Request a Print page)

Upload your .stl or .obj file to the SMS 3D Print Requests folder in Google Drive. You may need to
BACK TO HOME log in first with your kent.edu credentials or a general Google account. See File Submissions section
below for full instructions.
SMS homepage
NOTE: Please only submit ONE print request at a time. Additional requests should not be
submitted until the previous request is finished and picked up.

PRINTER UPDATE

For multi-part models (that are assembled to create one finished design) please organize the
files together into a folder and compress into one zip file for uploading.

(Optional) Meet with an SMS consultant

Depending on your request and the details of your project an SMS consultant may email you to
arrange an appointment to review the model together on our computer.

Keep an eye out for an email from us in your inbox. Our email address is
KentStateSMS@gmail.com. Some students find that our email filters to their junk mail folder so
be sure to check there for our message as well.

N
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Success!! After 8 months of being
down, numerous parts replaced
and a brief identity crisis this
morning, our #Makerbot Replicator
2x is working! =

9 @o

= You are also welcome to simply stop in during our open hours for an unscheduled consult, but
please be aware that you may be asked to wait several minutes until a consultant is available.

= During the consultation we will:

= review the file with you in our 3D printer software, checking for noticeable issues/errors,
double-checking build size and determining whether your model will require rafts and supports.

= estimate turnaround time. (1 week minimum from date the file is approved for printing)
= either approve the file or give it back to you for further adjustment.

= The consultant may offer the option to notify you with a timeframe on when your model will be printed
(in case you would like to see it print in person).

.

‘You may not receive an email. This most likely means that your model is approved to print without
issues and you will simply be contacted when it is finished.

Pick up model

= You will be notified by email that your model is ready for pickup.

= Return to the SMS in order to retrieve your model and before submitting a new request.

POLICIES

(Revised: August, 2015)

Submissions:

Only submit ONE print request at a time. Additional requests should not be submitted until the previous
request is finished and picked up. For multi-part models (that are assembled to create one finished design)
please organize the files together into a folder and compress into one zip file for uploading.

File approval:

This 3D printing service is limited to currently enrolled Kent State students. All submissions are subject to
approval based on scheduling and availability. Files will be printed in the order that they are approved, not
the order that they are submitted. An exception to this would be if we determine that a small print job would
fit on the plate with another one in the queue to save time. We also give first priority to print requests for
course assignments. Due to the number of requests that we receive each day we are not able to print more
than one project per student at a time.

Please note: Our 3D printing service is intended primarily for prototyping 3D designs. We do not offer bulk
printing or multiple quantities of individual files unless the pieces are required to assemble into one large
model. Each request is subject to evaluation, with special consideration given to course assignments and
designed modeled by the student his or herself.

This institution reserves the right to refuse to make available or provide access to photocopy or other
reproducing equipment if, in its judgment, use of such equipment would involve violation of copyright, patent
or other laws.

We reserve the right to decline any print request for any reason.
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Quality:

Items printed may have small surface defects such as bumps or holes. Please also note that while the 3D
printers are very accurate, we do not guarantee any precise tolerances on fitting of multi-part objects.

Support material:

Some objects require support material to be printed with them (such as models with large overhangs). Other
designs may require a brim (or raft) support at the base of the model. These materials can be easily
removed, but you are responsible for removing them. Our SMS consultants will not remove the support
material for you.

Course assignments:

If you are an instructor at Kent State who is assigning a project that requires 3D printing we encourage your
students to use our services! We recommend contacting SMS Manager Hilary Kennedy prior to presenting
the assignment to your students so that she can discuss the project with you and offer any tips or factors
that your students should keep in mind. That will also help make the process run more smoothly for your
class and allow us to complete the printing in a more timely manner. As we progress through the semester,
our turnaround time will increase due to the number of classes using our services. Please allow your
students a 2-week minimum on 3D printed assignments.

FILE SUBMISSIONS

Now through Google Drive

We are now accepting 3D model files for print requests through our SMS 3D Print Requests Google Drive
folder (replacing our former KSU Dropbox method). To access the folder for the first time, please do the
following:

1. Follow the link to the SMS 3D Print Requests folder.

2. Look for a blue button in the top right corner that says, "Sign in* or "Open in Drive". Not signed in yet?
Use your Flashline credentials or a personal Google account.

3. Click the "Open in Drive" button. This saves the folder to your Google Drive and immediately directs
you to the folder on your drive.

4. Drag and drop the model file from your computer directly into the drive folder.
5. Once your file appears on the page, your task is complete! You will now have quick access to this

folder in the future simply by connecting to it directly from your Google Drive account.

Don't forget to fill out the online form for your request!

QUESTIONS?

If you have any questions about the