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Executive Summary

The aim of this project was to develop a more automated process for drawing and
twisting of graphene fibers than was currently in place. This was implemented by having two
chemical baths with variable speed rollers at either end, and intermediate roller to spool fiber
between stages, and a twisting cylinder with integral spool to twist the fiber as it is collected. The
goal was to have this first iteration deliver a working prototype, however due to manufacturing
delays and timing constraints, that will be missed. A second follow-on project would be able to
continue the work presented here and fulfil the stated aims of the project.

The bulk of the structure is fabricated from PVC pieces waterjet cut from a large sheet.
This allowed for quick manufacture of most pieces in the design. From there, some secondary
machining was done to add mounting and fastening locations. PVC pieces were attached to one
another primarily through the use of #8-32 screws with washers and a brass threaded insert. Due
to PVC being a soft material, tapping threads into it directly was avoided. The baths were sealed
mostly with an automotive gasket compound to permanently seal one half, while one wall was
sealed with a silicon gasket laser cut from a sheet. This makes the bath wall removable for
maintenance. Two baths were made to allow multiple stages of drawing or one coagulation stage
immediately followed by a drawing stage.

From the drawing, the fiber advances to the auxiliary roller. The range of speeds required
to get desired properties at all stages did not permit the fiber to go from coagulation to drawing
to twisting in one process, therefore following the drawing bath, it is wound on to the auxiliary
roller. After the drawing process is finished, the fiber can be pulled from the auxiliary roller into
the twisting mechanism, running at a lower speed so as to give the requisite number of turns per
length of fiber to yield the optimal fiber twist angle.

The twisting mechanism is a PVC cylinder supported on horizontal rods and driven by a
motor mounted beneath the cylinder and connected via a plastic belt. The cylinder, motor, and
support rods are encased in a box with one face open to allow the fiber into the cylinder. Inside
the cylinder is a spinning rod mounted across the diameter that collects the fiber as it is twisted.
The aim of the project called for a quick-release mechanism so that the rod can be removed
quickly for storage of the fiber or other testing steps.

All of the motion is powered by small 5V DC motors that go through a 20:1 worm gear
reduction. This increases the torque while decreasing the speed from roughly 10,000 RPM to
more useful ranges. The motors are powered through a NPN power transistor with the logic
being controlled by an Arduino Nano that takes in an analog voltage and converts it to a PWM
waveform to control the motor duty cycle.

In total, the project came in under budget, using 84.01% of the $1500 allocated for the
project. A third of this cost came from the need to expedite the waterjet cutting by going to a
third-party outside of the campus community. Had on campus resources been successfully
utilized, the total cost would have been closer to the $925.38 estimate first presented.
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Introduction

In the materials field, graphene has vast potential to become a widely-used material for
its superior properties, but right now is limited mostly to laboratory research. One current way to
apply graphene is by forming graphene platelets into long fibers which can then be woven
together. Dr. Shanju Zhang is currently heading a research group in the Cal Poly Chemistry
Department to study graphene fiber and its applications. Their current process for fiber
production is largely manual and lacks process control. This project presents a solution by
creating an automated method to draw and subsequently twist graphene fibers in a continuous
method. Over the course of the 2016-2017 academic year, the team designed and manufactured a
prototype of a device to be implemented by Dr. Zhang and his research group.

Background

Graphene is a new material that has been receiving a large amount of research attention
since it was first isolated in 2004 [1]. It has remarkably high theoretical properties that make it
ideal for a wide range of applications. It is an allotrope of carbon defined by a 2-D planar
orientation just one atom thick and oriented in a densely packed benzene-ring structure as shown
in Figure 1. Carbon has four electrons in its valence shell. The electron orbitals form planar
bonds with three neighboring carbon atoms at 120 degree intervals. The remaining electron

Figure 1 - Graphene chemical structure [2]

forms a bond with one neighboring atom, creating a double bond. This bond configuration forms
a thermodynamically stable 2-D arrangement of carbon [3], therefore graphene sheets form the
basic constituent of any graphite compound. Thus, it was from graphite that graphene was first
isolated using mechanical exfoliation. The strong covalent carbon bonds are what gives graphene
its exceptional material properties, specifically a high tensile strength, St (130 GPa), Young’s
modulus, E (1100 GPa), electrical conductivity, ¢ (10® S/m), and ampacity, Ir (10'2-10'* A/m?)
[4]. These ideal properties have made graphene a very popular material for research, however no
current production method is currently capable of achieving those values, with the closest values
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being on the order of St =1 GPa, E = 300 GPa, 6 = 10° S/m, and Ir = 1010 A/m?[4]. Current
research is focusing on material quality as well as faster production methods.

One of the primary limitations on graphene usage is the lack of large-scale production
methods. Unless production methods can produce graphene on a scale large enough to be usable
in some technical application, it is more or less irrelevant how strong the material is. Using the
technique known as Hummers method developed by Hummers and Offeman in 1958 [5], an
aqueous solution of graphene oxide (GO), a single layer of graphite oxide crystals, can be
synthesized from solid pieces of graphite. Hummers method is a chemical exfoliation process
that produces a highly viscous solution that graphene fibers can then be pulled from and it is easy
enough to be done in laboratory batches on the order of 50 mL. Therefore, Hummers method is a
typical precursor to most graphene fiber production methods. This stage is a highly important
step towards the control of the final graphene fiber. Depending on the care taken during the
exfoliation process, the GO solution can range from being nearly homogenous with no large
graphene chunks, to having a very high density of chunks large enough to be seen with the naked
eye. These chunks pose a risk to the fiber production method because they can clog the
equipment, leading to downtime and low fiber quality, as observed in the Cal Poly Chemistry
Department research lab. This GO solution is then diluted to be used in the fiber spinning
process.

The current process used by the Chemistry Department

All information about the current process used by Dr. Zhang and his research group was
obtained through interviews with Dr. Zhang and Mackenzie Kirkpatrick, the graduate student
who primarily oversees the process. In addition to interviews, our team was able to observe the
fiber creation process first-hand in the chemistry lab.

The process starts with a bottle of filtered graphene-oxide made by the Chemistry
department. The bottle is placed into an ultrasonic bath for approximately 10 minutes to break up
any particulates which may have formed. During this time, the graphene production equipment is
set up. The equipment is as follows: a syringe and syringe pump for controlling the flowrate of
the graphene-oxide solution; a 75 micron diameter microfluidic channel for sizing the graphene
fiber; a coagulation bath about 8 inches in length which contains a calcium chloride and
isopropanol solution; and thin tubing to direct the graphene oxide solution to the proper
components during the process.

Setup involves attaching one end of a 100 micron tube to the syringe and the other end to
the opening of the microfluidic channel. The other tube is inserted into the far end of the channel
and attached to the coagulation bath via tape. The tubes and channel are often clogged when they
are first set up, so deionized water is run through the system to dissolve and flush out any
particulates. Once the system is free of clogs and the water is flowing properly, graphene fiber
production begins. The syringe is disconnected and filled with graphene oxide solution. Then it
is placed back onto the syringe pump and reconnected to the tubing. The pump needs to run for
about a minute to clear the tubes and channel of bubbles. If there are no blockages to the flow,
then graphene fibers are pushed from the tube-channel assembly into the coagulation bath.

10
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Figure 3 — Individual components. Starting from the left: syringe and -syringe pump, microfluidic
channel, coagulation bath.

This is where the drawing process occurs. The person making the fibers hooks the end of
the graphene fiber as it exits the tube and slowly draws it by hand to the end of the coagulation
bath. When the fiber reaches a length of about 6 inches (almost as long as the bath) it is broken
off at the tube and placed to one side of the coagulation bath. According to the student who
demonstrated this process, a typical syringe of graphene oxide makes 15-20 fibers at 6 inches per
fiber.

When an adequate amount of fibers has been drawn, the syringe pump is turned off.
Then, one end of a 6 in. fiber is hooked onto an electric drill and the other end is wrapped around
the hook that was used to draw the fiber. After being lifted out of the coagulation solution, the
fiber is spun for about a minute at a speed of approximately 115 rpm. While being spun, it is
occasionally dipped back into the coagulation solution to prevent it from drying prematurely.
After spinning, the fibers are placed under a lamp until they dry. Then they are glued across
paper slides so that their strength can be tested.

11
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Figure 4 — The end of the fiber is hooked and slowly dragged along the coagulation bath.

There are a few problems with the current process. To begin, drawing the fibers by hand
is both inconsistent and inefficient. The speed at which the fiber is pulled through the
coagulation bath affects how well the graphene layers align themselves. If the graphene is pulled
too slowly, the alignment is poor overall and the fiber may develop imperfections such as kinks.
If the fiber is pulled too quickly then alignment may improve, however it has a greater tendency
to break or develop thin sections thus reducing its overall strength.

|

Figure 5 — Current spinning process for graphene fibers.

The current hand-drawing process perpetuates these problems since it is very difficult for
a person to maintain the same drawing speed throughout the coagulation bath. Both kinks and
thin sections develop in every fiber which wastes material and gives increasingly varied results
when they are strength tested. Second, there are many issues that occur with the connections
between syringe, microfluidic channel, and tubing. Even after removing all clogs and ensuring
proper flow during setup, the tubes constantly fall out of place which stops the process and
results in wasted material. Other minor problems that occur are the breaking of fibers while
transporting from the coagulation bath to the drying area and overspinning, which causes the
fibers to coil on themselves.

Alternative Methods

With the recent rise of graphene as a source of microfiber production, there has been a
wave of interest and energy towards creating an effective means of graphene fiber (GF)
production on a continuous and industrial scale. Various methods have arisen, each with the goal
of adequately producing fibers with desirable mechanical/functional properties. The fabrication

12
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of graphene fibers should rely on a “bottom up” assembly concept, fashioning individual
building blocks into an ordered state with atomic precision. This process is ultimately carried out
by regularly aligning graphene sheets continuously in a uniaxial direction [4]. Due to the
unmeltable nature of graphene, production methods such as the melt spinning, where the material
is extruded in a melted state then cooled [6], used for polymeric fibers such as nylon are unable
to process graphene into neat fibers. Since 2-D graphene also lacks entanglement the throwing
method employed in ancient spinning of cotton threads, as well as dry-spinning, which is the
fiber material dissolved into a solvent that is then allowed to evaporate, leaving the fiber behind
[6], used to make carbon nanotube (CNT) fibers, are also excluded. Thus, the production of GF
must utilize the process of solution assembly, similar to the wet-spinning of polymeric fibers
such as Kevlar and CNT fibers [7], where the fiber is dissolved into a solvent then extruded into
a coagulation solution that causes the material to precipitate into a solid fiber [6].

In order to fabricate GF in a continuous manner, as well as attain sufficiently desirable
quality, there are several prerequisites that must first be met.

(@) Solution-Processable: A scalable synthesis of solution-processable graphene is ideal in
the fabrication of high quality GF fibers. In order to circumvent the poor dispersibility of pristine
graphene in common solvents, chemical functionalization is proposed to introduce functional
groups onto graphene [7]. The functionalized graphene is therefore rendered with good
dispersibility and resultant processability by fluid assembly.

(b) Regular Alignment: GF are composed of well aligned graphene sheets along the fiber axis.
This calls for the continuous regular alignment of dispersive graphene during fabrication. This
task can be separated into two stages: pre-alignment during the fluid state and the sequential
phase transformation to regular alignment in the solid state [7]. Optimal alignment is necessary
in the generation of solid GF.

(© Re-engineering of bonds: The re-engineering of the bonding among graphene building
blocks is necessary to optimize GF performances. Relatively weak van der Waals interactions
between graphene sheets are a weak point that confines the enhancement of the performance of
assembled graphene materials [7]. The reinforcing of these bonds is therefore critical to push GF
to a high level comparable to carbon fibers (CF) and CNT fibers.

These requirements break down the separate functions of our project. The fiber
production method needs to synthesize the fibers in an appropriate manner, the drawing stage
needs to ensure the regular graphene alignment, and the twisting method helps create interplay
between graphene sheets that add to the overall fiber strength. For the fiber synthesis stage, there
are many methods to produce graphene fibers from GO, however only a few predominant ones
which occurred in the majority of published academic papers. They include wet spinning,
electrospinning, and microfluidic spinning. Each process is discussed in more detail in the
following sections.

Wet Spinning
To fabricate GF from graphite, the graphene liquid crystal (LC) wet-spinning has been

established in recent years and is becoming a reliable method in obtaining continuous GFs as
monofilaments. The process begins with graphite crystals exfoliated to individual graphene

13
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sheets, usually by chemical modification [7]. The modified graphene sheets then form liquid
crystals in solvents in a pre-aligned orientation. GO has generally become one of the most
readily available chemical precursors to graphene. In principle, the remaining 2-D topology of
GO along with its excellent dispersibility renders the spontaneous formation of LCs [7]. After
graphene LCs are formed, the wet-spinning assembly is employed to make continuous fibers.
This begins with the extrusion of LCs into coagulation baths with uniaxial flow. There is then a
phase transition by coagulation with solvents exchange, followed with solidification by
evaporating solvent. The process is then ended with either a chemical or thermal reduction
generally via hydriodic acid to obtain a highly compact structure. The process of wet-spinning as
well as the structural evolution of the graphene fibers through the process can be seen in Fig 6
and Fig 7, respectively.

Coagulation baths were chosen depending on solvents of the GO LC solution (referred to
as “dope”). For instance, an ethanol/water mixture, with Ca> ions, is suitable for aqueous dopes
[7]. The stretching operation is deemed necessary to achieve high alignment of GO sheets as well
as to help the formation of compact structures. Alternative methods, besides wet-spinning, have

Pn.irnp
l Spinning drum
L» Graphene LC dope
Graphene-based
fiber
) nozzle
>
@ Coagulation bath

Figure 6 — Graphene-LC Wet-Spinning [17]
also emerged for the fabrication of GF but they tend to have a similar principle to wet-spinning,
including the use of a relatively high concentration of GO feed dispersions and continuous flow
to ensure the continuous alignment of graphene sheets along the fiber axis [7].

Electrospinning

A common method to fabricate nanoparticle fibers is the use of electrospinning, as shown
in Figure 8. A precursor gel of nanoparticles is loaded into a syringe equipped with a capillary
metal needle. A high-voltage charge is then applied between the metal orifice and grounded
collector to generate a thin charged jet. Ultra-fine gel fibers are produced in the form of
nonwoven mats by accelerating toward the collector. The fibers are then heated in argon at an
elevated temperature (~3000 °C) to remove organic components and allow nucleation and
growth of nanoparticles [2]. Usually this process is employed in the large-scale fabrication of
nanofibers of metal oxide particles such as ZnO, TiO., SnO,, etc. [8]
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Graphene oxide has recently been employed in the fabrication of composite nanofibers
via the electrospinning method. In this work, polyvinyl alcohol (PVA) nanofibers are doped with
various amounts of GO in order to increase the mechanical properties of the resultant nanofibers.
GO-doping has been found to decrease the decomposition temperature and elongation at break of
PV A nanofibers as well as increase the degree of crystallinity and tensile strength [8]. The
challenge with electrospinning lies in its inability to mass-produce continuous aligned fibers
because as-spun fibers are randomly deposited on the collector.
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Figure 8 — Electrospinning Process [8]

Microfluidic Spinning

Microfluidic spinning is a recent area of interest in the fabrication of nanofibers due to its
simplicity and reliability. Its great potential can be observed by its one-step, continuous process
for the scalable forming of well-defined microfibers. The system consists of two inlets and one
outlet microchannels. The fiber precursor solution and the coagulant solution are the core and
sheath fluids, respectively [9]. The shear force in the core channel induces alignment of the fiber
precursor. Since all fluids in the channel are laminar, the core and sheath streams form coaxial
flow without mixing. The oriented core stream condenses with the coagulant solution in the
sheath phase at the intersection of the two fluids, this where photo-polymerization/ ion cross
linking occurs [9]. As the coagulant diffuses into the core liquid a gel-like fiber begins to form.
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The fiber is further elongated due to the difference in flow rates between the sheath phase core
phase, thus generating well-aligned microstructures. Ideally, complete gelation is reached before
exiting the channel in order to retain well-aligned microstructures. Laminar flow is an important
advantage in this method due to its precise control and manipulation of small quantities of fluids
for tunability of fibers [9]. The resulting fibers are readily controlled at a nanoscale level in terms
of size, shape, composition, alignment, and microstructure. It is believed that laminar flow and
LC gelation enables microfluidic spinning to fabricate well-defined nanoparticle fibers. The
anisotropic coupling between the flow-induced viscous interactions and the surface-induced
elastic interactions maintain uniform alignment within the nanoparticle fibers with few structural
defects upon gelation.

a Photo polymerization

« Gossdinking §

b Chemical reaction

Figure 9 — Microfluidic Spinning [9]

Patents

There are numerous patents regarding the use of graphene in many varied applications
like micro sensors, flexible electronics, and fibrous materials. There are also many patents
regarding graphene production methods. We found one patent titled “Method for Preparing
Graphene Oxide Films and Fibers” [10] is related to our project. It covers a method of
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developing a graphene film from graphene oxide slurry, and then spinning said film into
graphene fibers. It also heat treats the fibers to improve electrical conductivity. Since our project
does not create a graphene film, and does not deal with the electrical conductance of graphene
there is no issue with this patent.

Drawing and Twisting

Once the fiber is produced, it is still relatively weak. Researchers have found that by
longitudinally stretching the fiber (“drawing”), and by twisting about the longitudinal axis, the
fiber exhibits much higher mechanical properties [4] [10]. This is the primary goal of this
project, as the current method of drawing and twisting (covered later) does not produce
consistent results. Most graphene production methods involve some way of drawing the fibers
down to a desired diameter. Maintaining a small, consistent diameter forces the graphene
platelets in the fiber to align with each other, giving a high tensile strength. By applying a slight
pull onto the fibers while they are being produced, we can increase the tensile strength and
decrease the tensile strength standard deviation by employing process control.

Research specifically concerning graphene fiber twisting has found that twisted fibers
often display a much higher tensile strength than non-twisted fibers [12]. It is hypothesized that
the overlapping of the graphene platelets causes them to transfer the tensile load in a shear
mechanism as opposed to tensile failure. Dr. Zhang has indicated that a twist angle of
approximately 20-30 degrees offers the best tensile strength. For these reasons, the drawing and
twisting mechanisms are the central topic of our project.

Textile Methods

In the composites industry, many processes are carried over from the textile industry, as
the manipulation and development of cloth and other textiles is very similar to the process of
manufacturing of composites. Similarly, there are many aspects of textile production that could
inspire solutions to this project. Particularly, fiber spinning from plant and animal materials is a
technology that has been a staple of human civilization. The earliest spinning wheel appeared
around 500 to 1000 C.E. in India [13]. One particularly useful item is the “bobbin-and-flyer”
mechanism at the end of the spinning wheel. Even as spinning technology has evolved from a
spinning wheel to more automated processes, the bobbin-and-flyer has remained a fundamental
component of fiber spinning machinery. This mechanism (Fig. 10) is used to collect the fiber
after it is spun and imparts longitudinal twist. The bobbin and flyer both rotate in the same
direction, with the flyer rotating slightly faster. The overall rotation imparts the longitudinal twist
while the relative motion between the two causes the fiber to wrap around the bobbin. The
magnitudes of the two rotations can be changed to adjust both the twist rate and the wrap rate.
Given that one of the more high-risk specifications the team needs to meet is to twist the
graphene fibers after drawing them, this might be one of the easier and more reliable methods to
implement.
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Figure 11 — Bobbin and flyer mechanism [14]

Figure 10 — Sir Richard Arkwright’s water frame [15]

In his 1769 patent, British industrialist Sir Richard Arkwright patented a cotton mill that
made use of a bobbin and flyer mechanism to take up several strands of yarn in order to make
cotton spinning viable on a larger scale [16]. His machine also made use of successive pairs of
rollers, each moving slightly faster than the last, to stretch the cotton out. Doing this produced a
longer, thinner fiber that had a high tensile strength. This is a similar approach we have seen in
graphene research and may consider using in our design.

In industrial production of steel cables or fiber ropes, multiple strands are twisted

together [17] [18]. The mechanism used for this is less concerned with individual strand twisting,
and as such, most of that machinery is not very applicable to our design. We are primarily
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focused on twisting monofilament fiber, so we have different kinematic concerns and machinery
designed for making rope would be overly complicated while not being entirely effective for our

purpose.
Objectives

Drawing and twisting graphene fibers improves their mechanical performance, however
current manual methods produce fibers limited to short lengths. Based upon what we learned
from talking with Dr. Zhang and his research group as well as observing their current production
method, we have established that Dr. Zhang needs a continuous, consistent process for drawing
and twisting graphene fibers that has an adjustable output. We established a set of requirements
and through the Quality Function Deployment (QFD) process developed a list of specifications,
shown in Table 1. Our QFD matrix is attached in Appendix B. QFD is a large matrix with
interactions between the users, their needs, current methods, how well the methods satisfy the
customer needs, and how the resulting specifications are related to each other. The QFD process
allows us to compare the different user requirements and evaluate their relative importance. By
combining this with benchmarking of existing methods, we turn the user requirements into a
set of measurable engineering specifications.

Table 1 — Engineering specifications

Specification Description Target Tolerance Risk  Compliance
1 | Output Fiber Length | 15in Min M T
2 | Machine Weight 500 1b Max L AT,I1
3 | Cost $1,200 Max L A
4 | Machine 10 ft? Max L AT, 1
Dimensions
5 | Throughput 30 mL/hr Min M
6 | Fiber Tensile 200 MPa Min H
Strength
7 | Fiber Tensile 50 MPa Max H T
Strength Standard
Deviation
8 | Fiber Twist Angle 25 degrees +5 degrees | H AT
9 | Setup Time 20 min setup | Max L T,1
10 | Protective Gogglesand | Max L S
Equipment gloves
11 | Output Control Yes Min M I

The main objective of this project is to make the drawing and twisting process
continuous. For the fiber length, specification 1, the current method produces fibers with a
maximum length of about 6 inches. Therefore, we defined “continuous” to be at least 15 inches
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in length for a single fiber. Such an improvement would significantly increase large-scale
prospects of graphene fiber production.

For the machine itself, we are limited in space, weight, and cost. The machine will be
supported by a table, therefore the machine weight, specification 2, cannot exceed the table’s
load rating. We conservatively estimate this to be around 500 pounds, however our final design
should be far below that. The 500-pound figure is an extreme target we cannot exceed.

For the overall project cost, specification 3, we have access to as much funding as we
deem necessary, however there is an upper limit on what will be acceptable. Based upon
estimations of what other machines cost to build and the resources required to manufacture the
components, our total cost should be under $1200.

Similar to weight, for machine size, specification 4, we cannot exceed the table
dimensions, but given the scale of the equipment that should not be an issue. We estimate that
approximately 10 square feet is the upper limit of how much table area our machine can use.

One of the main shortcomings we noted in the current lab process is that the setup often
leaks and clogs, taking time away from the fiber production process and impairing fiber quality.
We want our machine to improve on this to allow for production of the most continuous and
consistent fibers possible. We will be measuring this by looking at the total throughput of the
machine, specification 5, measured in mL of diluted GO turned into fibers per hour. More
graphene fiber will be produced if tubes, clogs, etc. do not have to be cleared. Based upon the
feed rate of the syringe pump and the dependence of feed rate on fiber quality, we want to hit at
least 30 mL of diluted GO per hour.

Since the drawing and twisting processes are intended to increase fiber strength, we will
be using the resulting tensile strength, specification 6, to evaluate how well our drawing process
is working. Based upon current capabilities of the hand method and other methods in literature,
we want to have the fiber tensile strength be at least 200 MPa with a standard deviation,
specification 7, of no more than 50 MPa. The current hand method produces large variations in
fiber quality, and our aim with an automated process is to drastically reduce that variability.

Since the relative strength of the fiber can be directly inferred from the amount of
twisting, we will use a scanning electron microscope (SEM) to measure the twist angle of the
fiber, specification 8. As mentioned in our background section, the ideal twist angle is in the
range of 20-30 degrees, so our target is around 25 degrees, plus or minus 5 degrees.

Because we are aiming for a reliable method, we want a process that will be easily set up
and maintained. To evaluate this, we want our process to be set up and running in no more than
20 minutes, specification 9. That is, if a part needs to be changed or fixed, the machine should be
producing fibers 20 minutes or less after the repair is completed. A faster set up time will make
the machine more useful to the lab group with students who may not have extended periods of
time to wait for the machine to be running again. We want the machine to be as useful as
possible, which also means we want it to be durable. By having a machine that is easily
maintained, the machine will be durable and usable by research students for several years.
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Similar to set up time, we want to design the machine such that extraordinary safety
procedures are not necessary, specification 10. Already, by nature of dealing with various
chemicals, the current process requires the use of nitrile gloves and splash goggles. We do not
want our process to require any more extensive equipment, so that it can easily be integrated into
the current lab.

Because this machine is to be used in a research environment and we want it to be useful
to that end, the machine parameters should be adjustable (i.e. vary the feed rate, draw speed,
twist angle, etc.) so that the output can be investigated for what process parameters affect the
overall quality of the fiber. This is detailed in specification 11, output control.

Many of these specifications (weight, size, cost) should not be an issue as they are based
upon the limit of usable space and do not entirely reflect what our actual expectations for the
final design to be. We conservatively estimate that we should be far below these requirements.
These specifications are marked with either a low (L) or medium (M) risk rating. For the
requirements such as tensile strength, twist angle, and fiber length, we anticipate that those will
pose much greater technical challenges and may be harder to achieve. That said, they are mostly
based off the existing process capabilities which we aim to match or improve while adding
continuous production. Such specifications are marked with a high (H) risk rating. It is also
highly likely that in making a more controlled, repeatable process, that the overall fiber strength
will see a decrease in variability.

The specifications table also lists the ways we will measure the final design to evaluate
how it satisfies the requirements. Testing (T) indicates that we will physically test our machine to
see if it can produce the desired output or not. Specifications where this is the primary evaluation
method are difficult to analyze by other means (ending fiber length, tensile strength, etc.).
Analysis (A) shows that we will be performing calculations during the design process to ensure
that our result satisfies the specification. The machine weight can be evaluated during the solid
modeling phase by imputing accurate material properties, and the overall project cost will be
estimated, so we will have good ideas as to what those will be and how they reflect the
specifications before we begin the manufacturing phase. Inspection (I) means that we will
directly measure these specifications once the prototype is complete to ensure that they satisfy
the requirements and to verify the accuracy of our solid models. Similitude (S) indicates that we
will evaluate this compared to similar devices. For safety equipment, this means that we will
compare our design to the current hand method to see if additional pieces of protective
equipment are necessary. Most specifications will be verified in multiple ways to ensure the
design meets the specifications both during the design process and once the final prototype is
completed.

Design Development

The fiber extrusion portion of the prototype will be facilitated by Dr. Zhang’s research
group. The scope of our project begins when the fiber leaves the microfluidic channel into the
coagulation bath. Therefore, we did not focus on concepts for the microfluidic alignment of the
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GO prior to coagulation. We focused instead on the functions of fiber drawing and twisting. In
our conversations with Dr. Zhang and, we learned that the fiber must be drawn first then twisted
in two separate processes, not combined or the other way around. This is because the drawing
process relies on placing the fiber in a solution bath that swells the fiber and allows the platelets
to realign. Once the fiber is twisted onto itself, it would be difficult for the fibers to absorb the
solution and swell, thereby limiting the effectiveness of the drawing process. Because the fiber
has to go from one function to the other, we considered them as separate and independent for
idea generation stage. That is, none of the concepts for one function would be mutually exclusive
with any concept for the other. This allowed us the greatest freedom for idea generation.

The idea generation process began with team brainstorming where all team members
threw out any ideas they had without judgement or qualification. This led to about 40 total ideas
for both functions. From here, our first selection stage was a simple feasibility test to see which
ones were worth pursuing and evaluating further. The concepts reported in the next two sections
are the results of this test.

Drawing

For the drawing function, our ideas were: (1) to use rollers with different angular
velocities in a bath, (2) one large roller partially submersed in a bath, similar to a grinding stone,
(3) drawing the fiber over a conic form, (4) transverse fluid flow in between two rollers, (5) a
transversely moving roller, (6) a spinning “jump rope” type method, (7) axial fluid flow in a
tube, (8) or three transversely moving rollers. These concepts are shown in figures 12a-d and
13a-d, respectively.

Figure 12 — Drawing concept sketches

22



Graphene Twisters

Figure 13 — Additional drawing concept sketches

Final Design Report

Decision Matrix: Drawing Processes
Criteria Score Rollers: Varied | Grinding Wheel Conic Fluid Crossflow Microfluidic Actuating Roller
Modifier Speeds

[Out of 1] [Score [Weighted |Score [Weighted |Score | Weighted |Score | Weighted |Score | Weighted |Score | Weighted
Performance 0.8 5 4.0 1 0.8 2 1.6 3 2.4 5 4.0 3 2.4
Continuous 0.7 5 3.5 3 2.1 3 2.1 5 3.5 4 2.8 5 3.5
Feasibility 0.6 5 3.0 4 2.4 1 0.6 3 1.8 5 3.0 3 1.8
Reliability 0.5 4 2.0 4 2.0 1 0.5 3 1.5 4 2.0 2 1.0
Servicability 0.5 5 2.5 5 2.5 4 2.0 2 1.0 4 2.0 3 1.5
Consistency 0.5 4 2.0 1 0.5 1 0.5 2 1.0 5 2.5 2 1.0
Automated 0.5 4 2.0 4 2.0 2 1.0 4 2.0 4 2.0 4 2.0
Adjustable Output 0.3 5 1.5 2 0.6 2 0.6 3 0.9 4 1.2 4 1.2
Lightweight (lbs) 0.2 4 0.8 3 0.6 3 0.6 2 0.4 5 1.0 4 0.8
Cost 0.2 4 0.8 3 0.6 2 0.4 2 0.4 3 0.6 3 0.6
Safety 0.2 4 0.8 4 0.8 4 0.8 3 0.6 5 1.0 3 0.6
Size 0.1 3 0.3 3 0.3 4 0.4 2 0.2 5 0.5 3 0.3
Durability 0.1 4 0.4 4 0.4 4 0.4 3 0.3 4 0.4 3 0.3
Weighted Totals | 236 | | 156 | | 115 | | 16 | 23 | 17

Figure 14 — Drawing Weighted Decision Matrix

We decided to evaluate our concepts for drawing more in depth in a weighted decision
matrix as shown in Fig.14. The criteria weightings reflected which requirements were most
important and were adapted from our QFD matrix and input from Dr. Zhang. We also added a
couple of requirements to help decide which concepts were best. The main criteria that we added
was their performance, which is how well the concept would perform its specific task. For
twisting, performance took the place of the twist angle requirement and for drawing performance
took the place of the fiber strength. We also added an “Automated” evaluation, which is a
measure of how much user interaction the concept requires to begin fiber production. The Pugh
matrix for the drawing concept is show in Appendix C.
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Twisting

After we evaluated our twisting concepts for basic feasibility, our concepts were (1)
twisting via a microfluidic channel, (2) a bobbin-and-flyer mechanism as discussed in our
background section, (3) a rotating bobbin attached to an L-shaped arm that is also rotating, (4) a
rotating disk that has an off-center hole that the fiber is threaded through, and (5) a pair of rollers
that are rotating about the fiber. These concepts are shown in figure 15a-e, respectively.

a)

Figure 15 — Twisting concept sketches
From the results of the twisting Pugh matrix in Appendix D, we combined the bobbin-and-flyer
and L-arm spool concepts to form a new concept. It is a gear differential concept with the spool
on the axis of the pinion gears. The rotation of one ring gear while the other is held fixed causes
the bobbin to
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Decision Matrix: Twisting Processes
Criteria Score Modifier Differential |Bobbin and Flyer| L-arm spool Off-Center Hole Double Rollers Microfluidic
[Out of 1] Score| Weighted |Score|Weighted |Score| Weighted |Score Weighted |Score| Weighted |Score Weighted

Performance 0.8 5 4 4 3.2 4 3.2 3 2.4 2 1.6 3 2.4
Continuous 0.7 4 2.8 4 2.8 4 2.8 4 2.8 3 2.1 4 2.8
Feasibility 0.6 5 3 3 1.8 4 2.4 5 3 2 1.2 1 0.6
Reliability 0.5 5 2.5 2 1 4 2 3 1.5 1 0.5 2 1

Servicability 0.5 4 2 4 2 5 2.5 5 2.5 5 2.5 3 1.5
Consistency 0.5 5 2.5 4 2 4 2 4 2 3 1.5 4 2

Automated 0.5 4 2 2 1 4 2 3 1.5 2 1 5 2.5
Adjustable Output 0.3 3 0.9 5 1.5 3 0.9 5 1.5 5 1.5 1 0.3
Lightweight (lbs) 0.2 1 0.2 2 0.4 2 0.4 4 0.8 3 0.6 3 0.6
Cost 0.2 2 0.4 3 0.6 4 0.8 5 1 3 0.6 2 0.4
Safety 0.2 4 0.8 3 0.6 3 0.6 5 1 4 0.8 3 0.6
Size 0.1 2 0.2 3 0.3 3 0.3 4 0.4 2 0.2 3 0.3
Durability 0.1 5 0.5 3 0.3 4 0.4 4 0.4 2 0.2 4 0.4
Weighted Totals [ 228 | | 175 | | 203 | [ 208 | 14.3 15.4

Figure 16 — Twisting Weighted Decision Matrix

rotate about its own longitudinal axis as well as precess about the fiber axis. The rotation causes
fiber take-up and the precession causes the fiber to twist. A sketch of this concept is shown in
Fig 17. We added this concept to the weighted decision matrix shown in Fig 16. Because there
were only a handful, all the concepts from the Pugh matrix in Appendix D were also included in
the weighted decision matrix, which was evaluated using the same parameters as the drawing
weighted decision matrix.
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Figure 17 — Differential concept sketch
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Selected Concept

From the results of our two weighted decision matrices, we will be using the two
different speed rollers for drawing and the differential concept for twisting. The roller concept is
two rollers submerged in a bath of methanol. The later roller is driven slightly faster than the first
roller, and friction forces cause the fiber to stretch. This process is shown in figure 18. As briefly

W L Wa

Methanol Bath /)
w, Owa

| winding

Figure 18 — Drawing bath diagram
mentioned earlier, the methanol bath causes the fibers to swell which helps promote platelet
realignment on a microscale level. The primary challenge with this is the amount of tension we
apply to the fiber. According to Dr. Zhang, the fiber has an approximate tensile strength of 200
MPa and a final diameter of around 35 um. We conservatively estimate that the extruded
diameter of the fiber is close to 50 um and the strength is around 100 MPa. This means that the
highest tension we can apply to our fiber is only 0.196 N, which is equivalent to the weight of
approximately 8 pennies (one penny has a mass of 2.5 grams [19]). This tension limit will be the
most challenging technical aspect of the drawing method, as any amount of friction between the
rollers can cause the fiber to break. The simplicity of the system means that it can be repeated in
stages as many times as necessary to get the final draw ratio, defined as the ratio of final to initial
cross-sectional area.

The differential concept for twisting as briefly described above is shown in Fig 19. We
chose the differential concept over the others primarily due to concerns of friction. We saw that
redirecting the fiber over different rollers and spooling at large angles would cause a large degree
of tension in the fiber. The differential eliminates that concern because it twists the fiber in a
linear fashion without changing its direction. Therefore, it removes much of the tension inherent
in the other concepts. The differential twists and spools the fiber simultaneously. From there the
spool can be removed to store the fiber for later testing and replaced with an empty one to
continue fiber production.

With the differential concept, the twist rate is defined by the gear ratio between the
pinions and ring gears. This leads to the drawback that the twist rate is not adjustable. We will
accommodate for this by calculating what the gear ratios should be to give us the desired ending
twist angle and by testing with different gear ratios to validate our calculations. We could also
design interchangeable parts to give some level of variability for research purposes. While this is
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not optimal, this design is the best in terms of feasibility and loads applied to the fiber, thus it is
our chosen design.

The entire system concept will consist of three parts. First the graphene oxide will flow

Figure 19 — Differential solid model
from the microfluidic channel into a coagulation bath, as discussed in our background section.
This is where the fiber will form from the gel solution and it will spend about a minute
coagulating. From here, rollers will pull it out of the bath and into a bath of methanol where it
will be drawn to the desired diameter via rollers at different speeds. This bath may be one or
several stages, each drawing the fiber successively more. After the final bath, it will be pulled
into the spool on the differential where it will be twisted and wound. The separate stages allow
us flexibility in placement and system length.

Other than the fiber tension issue previously discussed, it should be easy for this
combined concept to yield a continuous fiber process. It should also be compact and relatively
light, far beneath the size and weight limits. It may push the cost limit because of different
motors and gears needed to drive everything, however our original target of $1,200 is still
reasonable. Since there are limited areas where the fiber could break and we are minimizing the
loads applied to it, both throughput and set-up time should be met. Based on the results Dr.
Zhang’s research group has had so far, we also expect that the goals for fiber strength and
standard deviation should be met as well. Fiber twist angle will be difficult because the twist rate
is fixed as stated above and the gears required may have a large size difference to yield the twist
rate we need. This also hampers output control as we mentioned previously. We completed a
preliminary analysis of hazards in our design and identified ways to reduce the risks these pose
to the user, which can be seen in our Design Safety Hazard Checklist in Appendix E. Safety
should not be an issue and the current safety equipment used in the lab should more than suffice
for our machine as well.

Management Plan
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With the completion of this report by the 18" of November, we are perfectly on track as
per our Gantt chart in Appendix F. The most prominent outstanding deliverables remaining are
the Critical Design Review (CDR), Project Update Report, Hardware Safety Demo, and Final
Design Report. The CDR will be built largely upon this report and filled in with detailed design
analysis. This will include part drawings for all system components which we will be
manufacturing ourselves and specifications supporting selections for any off-the-shelf
components. Our CDR deadline is February 7, 2017. Our Project Update Report will cover
progress on our project manufacturing through the end of March. It is primarily intended to
update Dr. Zhang on the status of the project and will be ready for him by March 16", 2017. The
final Design Report will be built upon CDR and cover the entirety of the project. It will include
all of our results from manufacturing and testing to report on the design process as a whole. This
report will be done by the Senior Design Expo on June 2™,

Our analysis for the full detailed design will predominately be kinematic analysis of the
rotating components in order to quantify properties such as the draw ratio and the final twist
angle. Since the maximum tension the fiber can support is less than one Newton, we are not
highly concerned with component stresses, however we will be doing some basic analysis to
make sure that assumption is valid.

We have a method of calculating the twist angle of the fiber based upon twist rate,
however we have not been able to validate it against current lab results as of yet. Our initial plan
is to construct a prototype differential assembly with a gear ratio close to what we expect to
need, then conduct tests with either actual fibers or some monofilament analog followed by SEM
imaging analysis to validate our calculations. This should give us a good idea of how accurate
we are on the twist angle calculations and how much our differential needs to change. We will be
prototyping the gear box using 3D printing for quick iteration time. The gears will be either 3D
printed or from a commercial source if the variety is large enough with a low enough cost. The
final gear sizes will be commercially sourced, as will the final differential housing. Material for
the gears will be selected based on cost. Since the gears will be dealing with relatively small
loads, durability is not as much of a concern in material selection.

System-level testing will consist of fiber production tests to determine the actual output
of the prototype. We will measure the throughput of the machine and fiber properties such as
strength, diameter, and twist angle to assess how well the design meets the stated requirements.
Time permitting, we will iterate some aspects of the design for increased performance and
conduct additional testing. All test results will be included in our final design report.

Final Design Description

The following figures display the finalized CAD designs for each major component. First
comes the Drawing/Coagulation Bath. The extruded fiber travels over the first roller and under
the next two. By increasing the speed of each consecutive roller the fiber stretches. The bath can
be filled with a variety of chemicals due to its chemically resistant materials.
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Figure 20 — CAD Model of the finalized Drawing/Coagulation Bath

Due to a slight change in the scope of our project, the Auxiliary Roller was designed.
Since the twisting speed could not keep up with fiber extrusion speed it became necessary to
create a break in the process. The fiber spools around the Auxiliary Roller either after
coagulation or after the drawing process. The CAD for the Auxiliary Roller can be seen in figure

21 below.
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Figure 21 — CAD model of the finalized Auxiliary Roller

The final part of our design is the Electric Differential. In this part, an internal and external
motor work in tandem to twist and spool the fiber.

Figure 22 — CAD model of the final Electronic Differential
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Bath

The bath subassembly manifests the coagulation and drawing portions of our design. The
final prototype will have two bath assemblies, so that one can be used for coagulation and the
other can be used for drawing. This can also be rearranged in the future based upon the user’s
requirement at that time. The baths are identical in design and function so that either may be used
for either stage of the fiber production process. The bath is shown in figure 23 as both an
isometric assembled view (a) and an exploded view (b), showing the major subassemblies of the

Figure 23 — (a) Bath assembly and (b) exploded bath assembly
bath body and the gearboxes as well as assembly-level fastening components. The bath body
encloses the chemical compound (working fluid) currently being used in the system as well as
the rollers that pull the fiber through the bath. The rollers are powered as pairs in either the first
half or second half of the bath. By adjusting the relative speed between the front and back roller
sets, the graphene fiber can be drawn to a smaller diameter. The gearboxes house the DC motor
and gear reduction stage the steps down the shaft speed and increases the applied torque. This
allows us to use a greater range of the motor’s speed range. The gearboxes bolt onto the bath
body via bolts on the edge that connect the side to the end frame panels. This connection is
highlighted by the box in figure 23 (b). The precise roller speeds will be controlled via pulse
width modulation (PWM) control of the DC motors’ duty cycle. More detail on the motor control
will be presented in the Electronic section below. Further design analysis will be presented
separately for the bath body and the gearboxes.

Bath Body
The main function the bath body has to achieve is to hold the working fluid without

leaks. A critical aspect of this is that it must not negatively react with the chemical solution
placed in the bath, which varies not just within the graphene fiber process, but will vary should
the research group want to use the prototype to work on a different polymer compound.
Therefore, material section was largely driven by which materials were the most chemically
stable and would not corrode or otherwise degrade when in contact with a variety of chemical
solutions. This same design criterion was applied to all other materials which will or may come
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Figure 24 — Exploded bath subassembly
in contact with the working fluid. Secondary material section criteria were that the material
needed to be machined easily and low cost, while a tertiary criterion was that it be lightweight.
Comparing a few different polymers and common metals, we selected Type 1 Polyvinyl Chloride
(PVC) as the base material for our bath and the majority of our overall design. Type 1 PVC is a
lightweight and strong polymer. Its polymeric structure leads to it being easier to machine than
aluminum or steel alloys. Type 1 PVC is also widely available and is used in many common
applications, making it a very economical material. Full cost analysis will be presented in the
budget section of this report.

Figure 24 shows an exploded view of the bath, which is made up of the body, rollers,
belts, bearings, fasteners, and a silicone gasket. The bath body is comprised of five major pieces:
the base, two side walls, and two end caps. These are all made out of PVC sheet and shown in
figure 25. The walls must contain mounting surfaces for the rollers, however drilling through
holes below the fluid level would increase the propensity to leak. Therefore, it was decided that
the bearings the rollers mount to would be placed in blind holes in the surface and the wall
thickness must be sufficient to accommodate the blind hole and retain adequate material
thickness. The bearings needed to be mechanically simple and chemically resistant. Greased ball
bearings would either have to be sealed, increasing their complexity, or their lubricant might
interfere with the chemical environment of the bath. Our loading case on these rollers is less than
a 0.4N fiber load and under a rotary speed of 550 RPM. Since the loads applied to the rollers are
small, ball bearings are not worth the mechanical and chemical complexity the involve. From
there, it was decided that a simple sleeve bearing would offer ample lubricity while remaining
mechanically simple. Researching sleeve bearing materials, a FDA-approved fluoropolymer
called Rulon 641 emerged as one of the best options as far as having both low friction and high
chemical resistance. A stock size of 1/4” ID x 3/8” OD x 1/4” length was selected as fitting the
scale of the design and is shown in figure 26. These bearings will be stable for a range of
anticipated working fluids and will significantly cut down on the friction between the rollers and
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Figure 25 — Bath frame components
the bath walls. For the bearing depth of 1/4", a 3/8” wall thickness of PVC was chosen. This also
gives enough thickness insert fasteners into for bath assembly.

Figure 26 — Rulon 641 Bearing
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Figure 27 — Three-piece fastening method

One downside of selecting PVC as the body material is the low material strength. This
means that tapping threaded holes directly into the material would result in weak threads which
could fail over time, leading to leaks. Therefore, we selected a three-piece fastening method as
shown in figure 27. Each fastener consists of a Phillips head screw, flat washer, and a brass
threaded insert. The treaded insert is pressed into the oversized screw hole in the mating piece,
then when the screw is inserted, the knurled flanges press out into the surrounding plastic, giving
a strong screw location. The specific size for this design was #8-32 because the OD of the insert
(0.2187”) was a reasonable size while still leaving sufficient wall thickness around the insert.
This fastening method is used through all aspects of the final design and uses screws from 1/4”
to 1”” long in 1/4" increments. We sought to minimize the number of different screw lengths to
cut down on hardware costs, as the minimum package size for each screw length is 100 pieces.
All screws used in this method are the same thread size, so only one threaded insert size is
needed. Additionally, by using Philips head screws, only a screwdriver is needed to maintain the
device.

For part longevity, it is important that our roller bearings be aligned with each other,
which depends on how the sides are mounted to the bottom and side frame components. In order
to help align these pieces, each junction will be located with a 1/8” diameter stainless steel dowel
pin. The tight diameter tolerance of this pin will help locate the plates relative to each other and
reduce our assembly tolerance stack-up.

One function of the bath that will determine its success or failure is how well it contains
the working fluid. A leak would not only be messy, but could be expensive in terms of
unrecoverable and reusable chemicals, and dangerous as spills create slippery floor surfaces.
Particularly in a chemistry lab, spilled chemicals could come in contact with and react with other
chemicals in the surrounding area. Therefore, it is paramount that the bath seals adequately and
reliable. On the other side, the interior of the bath needs to be accessible for cleaning and
possible part removal should a failure occur in one of the rollers or bearings. This was solved by
having most of the bath frame permanently sealed together with a gasket compound, but having
one side panel, the one that the motors do not mount to, removable and sealed with a silicone
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Figure 28 — Bath assembly with side removed

gasket. Should the bath need to be take apart, this one side could be removed with ease and the
seal can be reformed on reassembly. An exploded view of this process is shown in figure [28].

Each pair of rollers is connected via a urethane band connecting the two. Slight grooves
are cut into one end of the rollers to locate the band longitudinally. Contrary to how it was
simplified in the CAD renderings presented earlier, each band will have a figure eight twist in it.
This will cause the rollers to rotate in opposite directions, allowing the fiber to go over one roller
and under the other. The band was selected for its pliability, simplicity, and chemical resistance.
The bands are a one-piece construction and fixed outside diameter, so incorporating them into
the assembly is rather easy.

The rollers themselves are made out of polypropylene because it is easy to machine,
chemically resistant, and inexpensive. From 1/2” OD stock, each roller can be turned down on a
lathe. The top roller in each pair has a 4mm diameter hole drilled into the end nearest the drive
band groove to connect to the output shaft of the gearbox.

The majority of fabricated components are planar pieces cut from the PVC sheet stock.
Because of the number of pieces that need to be cut, the pieces will be cut out on a waterjet
cutter. This allows high production rate and high accuracy compared to machining parts by hand.
Some of the parts have holes on other planes that will need to be done by hand on a mill.
Additionally, the blind holes and counter bores on the side pieces will need to be drilled
manually.
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Gear Box:
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Figure 29 — (a) Gearbox subassembly and (b) exploded gear box

As stated above, the main function of the gearbox is to reduce the speed and increase the
torque supplied by the motor then transmit that to the rollers in the bath. It does this by means of
a 20:1 worm gear reduction ratio. The goal of the gearbox design was to be compact in the space
requirements and allow for easy maintenance. The gearbox was made compact by eliminating
thick PVC material where it was unneeded. The goal of easy maintenance was achieved by
externally mounting the motor and by having the front face of the gearbox easily removable.
Assembled and exploded views of the gearbox are visible in figure 29 (a) and (b). The parts of
the gearbox are designed such that even though there is a left and right configuration, both are
made from the same pieces, just in a different orientation. This streamlines the manufacturing
cycle by having a fewer number of unique pieces to produce.

The top and bottom plates of the gearbox are made from the same 3/8” thick PVC. They
will be waterjet cut then manually post-machined on a mill. The front and back plates do not
have any hardware mounted through their thickness, so those are just waterjet cut out of 3/16”
PVC. This reduction saves 3/8” on the overall gearbox thickness. All four plates are shown in
figure 30. The front plate of the gearbox also prevents the user from sticking their hand into the
rotating gear train during operation.

The gear pair selected for this is a metric set from KHK Gears, shown in figure 31. They
have a 4mm bore and a 20:1 reduction. The worm is made from ground steel while the gear is
acetal. The design incorporates a total of six worm gear sets, so price was an important aspect of
selection. At $15.77 per set, this was one of the more economical sets for the scale.
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Figure 31 — Gearbox frame panels Figure 30 — Worm gear pair

With the use of a worm gear set, the gearbox bearings need to be able to take a thrust
load. Because one goal of the gearbox design is to reduce size, a sleeve bearing design was
chosen again, this time a flanged bearing made from SAE 841 oil-impregnated bronze. Because
the gearbox is separate from the bath, we are not concerned with oil from the bearing coming in
contact with the bath chemicals.

Both the worm shaft and the drive shaft, shown in figure 32 (a) and (b), respectively, are
turned down from polypropylene stock similar to the bath rollers. The worm shaft attaches to the
worm via a set screw, then connects to the motor output shaft with a slight interference fit. The
acetal gear is located on the drive shaft by the stepped shoulder, and transmits torque via an
interference fit.

The motor is packaged as a separate subassembly, shown exploded in figure 33. This
makes it easier to remove should the motor need be changed for any reason. The motor mount is
a waterjet cut piece of 304 stainless steel sheet that is then bent to the proper shape. The holes

Figure 32 — (a) Worm shaft and (b) drive shaft
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use for attaching the mount to the gearbox are deliberately oversized to compensate for any
bending misalignment. The motor attaches to the mount with two M2 screws.

Figure 33 — Exploded motor assembly
The face of the gearbox against the bath is assembled using stainless steel roll pins. This is to
eliminate the overall bulk of the system since that side does not require a large normal clamping
force or disassembly. The outward face is held together with Phillips head screws, similar to the
bath.

Auxiliary Roller

Figure 34 — Auxiliary roller assembly
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Using the parameters supplied by the project sponsor of a 40 mL/hr GO flowrate and a
25-degree twist angle, the twisting mechanism at the end of the system would have had to rotate
on the order of 10° RPM, which was entirely infeasible for the scope and timeline of this project.
After discussion with the sponsor, the design shifted to include an additional spooling step in
between coagulation and drawing, shown in figure 34. This allows the process to be broken up
into two distinct sections, each running at optimal speeds to produce maximum fiber strength.
The auxiliary roller assembly utilizes the exact same gear box design as the bath does, and a
similar roller design. Something notable about the auxiliary roller is the conical spring on the end
of the roller. This is a mechanism that allows the roller to be removed quickly and easily. The
shaft on end of the assembly slide back and forth along its axis. At its fully closed position, the
shaft engages with the roller and the roller collects the fiber. By pulling back on the spring shaft,
the roller can be removed.

O
O
0 0 [
O
6 o o]
6 o o
1 0 0
O

Figure 35 — Auxiliary roller frame

The frame for the auxiliary roller has very similar architecture to the bath. The main
components, shown in figure 35, are waterjet cut from 3/8” thick PVC and the bolted together
using Phillips head screws and threaded brass inserts. The gearbox bolts onto the side with the
vertically aligned through holes. The base plate was made to be wider than necessary to offer a
little bit wider base of support since the assembly’s center of gravity is higher due to the height
of the gearbox.

The roller, shown in figure 36 is very similar to the rollers made for the bath assembly.
The auxiliary roller is turned down from polypropylene stock and has a max OD of 3/8” while
designed to fit into a 1/4" bearing.
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Figure 36 — Auxiliary Roller

The bearing for the auxiliary roller are custom machined from Teflon PTFE. They have a
3/87 0D, a 1/4" ID, and a 3/8” length, slightly longer than the Rulon 641 bearings in the bath.
Because Teflon PTFE stock is being ordered for cylinder housing components, it was more
economical to utilize leftover material than order additional Rulon 641 bearings.

The spring shaft, shown in figure 37 with additional hardware, is the moveable portion of
the auxiliary roller assembly that allows the roller to be removed with relative ease. It will be

Figure 37 — Spring shaft and hardware
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machined down from polypropylene as well, and features a larger disc section that allows the
user to pull back on the shaft to remove the roller. When the roller is removed from the
assembly, an e-clip installed into a grove at the back of the spring shaft will prevent the spring
from pushing the shaft entirely out of the assembly. The spring itself is a conical spring ordered
from McMaster-Carr. A conical spring was chosen for the spring’s ability to pack almost entirely
flat. Given the limited displacement of the shaft, the spring design needed to maximize the
useable space. The spring has a constant of 9.18-pound force per inch. Therefore, under the small
deflections necessary to release the roller, the force will not be too large.

Differential Redesign:

Figure 38 — CAD Assembly of the Differential and Electronic Differential located within its
housing.

The Electronic Differential is the newest iteration of the differential idea talked about in
our “Selected Concept” section. We liked the idea of a differential (pictured on the right) because
it was able to spool and twist the fiber at the same time. Even better than this fact, however, was
that it could do it with only one motor. This meant that we only needed one control circuit in
order to adjust both the spooling and twisting motion of our fibers. Unfortunately, we ran into a
problem with the gear ratios required for spooling and twisting at the correct rate to get our
desired twist angle of 25° in the fiber which ultimately resulted in the redesign of the twisting
mechanism.

In the “Selected Design” section it was mentioned that we would perform calculations to
determine the optimum gear ratio in the differential, these calculations ended up being the reason
the differential had to be redesigned, which shall be explained in the following paragraphs.
Through research and meetings with our sponsor, it was determined that the desired twist angle
of the graphene fibers we produce should be about 25°. The following calculations were then
performed in order to determine how many twists per inch we would need to achieve this angle.
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Figure 39 — Hand calculations to determine the number of twists per inch required for a certain
fiber twist angle.

It was determined through research that we could geometrically approximate the angle of
twist of the fibers. What this resulted in was the following equation to determine the number of
twists per inch we would need to achieve a desired fiber twist angle ©.

Tan(®) = nD/L

We then set L = 1 inch and effectively eliminated that term from the equation. Next, we
assumed a diameter, D, of 50 microns or 0.00197 inches since that was the fiber diameter our
sponsor requested. What this showed us was that we needed approximately 75 twists per inch in
order to get a twist angle of 25°.

Next came developing the equations to size the spool and gear ratio in the differential to
achieve 75 twists per inch. The general concept is that every time the spool rotates once about its
axis, it takes up its circumference in fiber length. For example, if the spool has a diameter of 1
inch, then it’s circumference is D so 3.14 inches. Therefore, every time a 1-inch diameter spool
rotates, it takes up 3.14 inches of fiber. Now if we need 75 twists per inch to get our desired fiber
twist angle, this means we need to spin the spool 3.14 x 75 times which comes out to 235.5
revolutions of the differential for 1 single rotation of the spool, a 235.5:1 gear ratio. This number
is ridiculously high, so we tried out our calculations with smaller spool sizes. What we found
was that a spool diameter of approximately 1/32 of an inch (0.034”) gave us a gear ratio of 8:1.
A spool with a diameter of 0.100 inches resulted in a 24:1 gear ratio in the differential, and a
spool diameter of 0.250 inches gave us a gear ratio of 59:1.

We estimated that a spool diameter of %4 inches would be acceptable for human use, and
attempted to design a 59:1 gear ratio differential. The following is the result of those attempts.
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Figure 40 — Attempted 59:1 gear ratio differential

There were, naturally, numerous problems with the design of such a differential. First, the
manufacturing of a 59:1 gear box is possible, but not easy. There is a very high degree of
precision and accuracy required to locate all of the gears correctly so that the mesh without
misalignment. Next, it is a very costly design, since it needs to be very precise and the gears
would most likely need to be custom ordered. Lastly, it introduces a huge amount of rotating
imbalance into a system spinning at speeds of greater than 200 RPM. For these reasons, the
differential was eliminated as a possibility.

Since we couldn’t power the two different directions and speeds of rotation with a single
motor, our design evolved to a two motor design where one motor powers the take-up and one
motor powers the twisting.

We encountered two interesting design challenges with this new design. First, we had to
determine where to locate the motor that powers the take-up since it would likely be spinning
with the twisting motion in order to maintain the relative motion of the two systems. Second, we
had to figure out how to continuously power a motor that was moving since any wires connected
to this motor would quickly be wrapped about the stationary components in the assembly.

There ended up being one solution to both challenges: an electrical component called a slip ring.
Slip rings are mounted onto rotating parts at the center of rotation and are able to transmit
electrical power through the bearings they rotate around. This means that the wires inside the
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rotating component have no velocity relative to the rotating component and therefore will not get
tangled or twisted.

The Electronic Differential (E-Diff)

Figure 41 — The final design for the twisting mechanism called the E-Diff (Electronic
Differential)

The Electronic Differential makes use of two motors, one internal and one external, to
power both the twisting and spooling movement. The external motor works in the same way a
rotary clothes dryer does: the cylinder is powered by a motor and belt combination. In addition to
this, the cylinder rests on rollers, or in our case nylon bushings to support the component with
minimal frictional losses. To prevent the cylinder from moving throughout the housing, half-inch
bands will be cut into the cylinder using a lathe. This will locate the bearings to the housing and
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also keep the cylinder aligned. The nylon bushings are held in place on a polypropylene shaft
with the use of spacers and mounting blocks.

The spool is located inside the center of the cylinder and is powered by the same motor
and components used in the bath and auxiliary roller gearbox. Using pulse width modulation, we
can adjust the average power delivered to the both the internal and external motor in order to
control our motor speeds with a high accuracy of 10 bits. Since the cylinder and the spool rotate
around different principle axes, we get both the twisting and spooling motion we desire. Lastly,
there is a spring loaded shaft in the cylinder to allow for quick and easy removal of the spool.

st 1t

Figure 42 — Exploded view of the entire electronic differential housing assembly
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The entire twisting assembly consists of 154 components. The vast majority of these are
fasteners, however there are still 35 manufactured parts. Materials used for the manufactured
components include PVC sheet, polypropylene round, PVC round, and aluminum sheet.

Cylinder

Figure 43 — The Cylinder and its internal assembly. On the right the cylinder has been hidden to
show the internal components.

Two internal walls make up the mounting fixtures within the cylinder. These walls are
made of 3/8-inch thick PCV sheet and will allow components to be fixed to a planar surface
rather than a curved one. This improves the manufacturing process as a whole since the
component alignment can be done entirely through the waterjet cutting process. The chance of
holes being out of positional tolerance becomes much lower and it also avoids the issue of drill
tip travel if we were to attempt to locate holes in the cylinder. One other thing that the internal
wall design helps with is fixing the rotating imbalance within the cylinder since the walls can
have extra weight attached or removed.
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Figure 44 — The 5.5-inch outer diameter PVC Cylinder that twists the spool and fiber as well as
locates the mounting plates.

The cylinder is made from a piece of 5.5-inch outer diameter, 5-inch inner diameter PVC
pipe that is 5 inches long. The groves that circle the outside of the cylinder are 0.5 inches wide
and 0.0625 inches deep. The holes are a #8-32 clearance hole with a 5/16™ counter bore to
prevent the screws from sticking off of the side of the part and interfering with the rollers the
cylinder spins on. One thing that also had to be kept in mind is to not make the counter bores too
deep as the walls of the cylinder become very thin in those areas. To machine this part, the lathe
operation would need to come first in order to face the cylinder to the correct length of 5.00
inches. Next, the groves would be faced into the cylinder. The last step would be to drill the
holes into the outer walls using a manual mill. Toe-clamps are necessary to prevent the cylinder
from spinning or moving out of alignment. The cost for 1 foot of 5 nominal PVC pipe is $9.71.

Figure 45 — The motor assembly that dives the spool in the housing. On the left we see the
assembly mounted to the internal cylinder wall. On the right we see how the assembly connects
to the spool.
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The cylinder motor assembly is pictured above. This is the same $3 motor used in both
the bath and the auxiliary roller. This assembly also uses the same worm, gear, and motor
coupler combination, with a 20:1 reduction. The only two parts that differ from the other motor
assembly in the bath are the white shaft, which the gear is mounted on, and the sheet metal part.
The mounting wall is also a unique component which the entire assembly mounts to. This can be
seen in the right picture of figure 45. The mounting walls in the cylinder are both made out of
3/8ths PVC sheet in order to match the bath. The 3/8ths thickness allows for the insertion of
brass threaded inserts into the wall, which provides stronger threads to fix the mounting walls to
the cylinder tube. Some additional bonuses about the walls is that PVC is inexpensive and easy
to machine.

Figure 46 — Folded and flat pattern configurations of the cylinder motor mount sheet metal part

This sheet metal part differs from the one seen previously in this report in a couple of
ways. First, it only contains two bends, which means it can be manufactured using the Finger
Break in the Hangar machine shop. In order to make this part, the 304 sheet steel will be waterjet
in the IT Department machine shop. Then the flat pattern parts can be taken to the hangar
machine shop to be bent to the correct angle. The intersecting hole pattern seen on the top of the
part provides access to the motor mounting holes with a screwdriver. Although this is currently
the only sheet metal bracket used inside the cylinder, there is a possibility of using more brackets
in order to align the gear shaft without having to drill into the side of the cylinder.
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Figure 47 — The shaft that holds the gear in the worm gear assembly

This is the other unique part within the motor assembly. The shaft will be turned down on
a lathe from a piece of 1/2 —inch diameter polypropylene rod. The large diameter on the shaft
locates the gear within the cylinder assembly. The flat on the end is inserted into a D-shaped hole
in the spool in order to drive the spool motion. Since the RPM we expect to see this shaft run at
is approximately 4, we aren’t concerned with fatigue or bending.

Figure 48 — The spring-lever assembly to provide quick, easy changing of spools without having
to dismantle the entire assembly.
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In the assembly seen in the figure above, the spring is compressed from a 0.625” length a
to .1” length. By sliding the lever away from the sensor wall, the spring shaft is removed from
the spool. Then the spool can be taken out of the cylinder assembly to be changed.

u /

Figure 49 — The individual components that must be manufactured for the spring-loaded, spool
replacement process.

The spring mounting wall pictured on the right is the same 3/8ths PVC sheet as the
majority of the other components in our senior project design. Manufacturing it involves waterjet
cutting the square shape and locating the holes via waterjet. Then the part needs to go to a
manual mill in order to drill the two holes seen in the base as well as to cut the 5/16 slot for spool
alignment. The shaft seen in the middle would be a lathe part machined out of the same Y2-in
polypropylene as many of the other lathe components. We would also have to spend a very small
amount of time sanding the flat so that the end has a D-shaped shaft. Finally, the spring lever is a
waterjet part to be made from a sheet of 0.063” 6061 T6 Aluminum. The hole in the spring lever
is sized to be a slight interference fit with the spring shatft.

Figure 50 — The cylinder backing plate
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The same sheet of 0.063” aluminum sheet used to make the spring lever will be used to
make this part. This is a waterjet part that requires no post machining after it has been cut. The
four holes around the perimeter are actually 1/16-inch slots to allow more room for error when
aligning the backing plate and the mounting walls. The circular pattern located in the center of
the plate is where we fit the slip ring.

AR ("A'Type) SRC022A
Figure 51 — The slip ring

This is the electrical component used to power the internal motor in the electronic
differential. It has an operating speed of 250 RPM so we intend to run it at that speed. There are
6 rings within this ring, however we only need two to power the motor. This slip ring is the least
expensive we were able to find at $14.95. It can handle up to 2 amps at 240VAC/VDC.

Figure 52 — The cylinder backing plate with the slip ring attached

The assembly above displays how the slip ring is attached to the cylinder backing plate.
The holes in the center of the backing plate have been sized to be a clearance fit for the screws
that mount the slip ring to the cylinder. Washers will be used to distribute the load of the screws
into a larger area, and nylon insert locknuts clamp the slip ring into place.
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Figure 53 — The spool

The spool is 0.250 inches in dimeter and about 2 inches long. It is the only 3D printed
part within our entire design. The D-Shaped holes in both ends transmit power to and from the
spool and can easily be produced via 3D printing. The resources of ASME, the Innovation
Sandbox, and the Machine shops all have 3D printing services. The material each of these
sources uses is ABS plastic.

One concern we had with the spool was the effect of the changing diameter as the fiber is
wound. Since we had such a big issue with matching spool sizes and gear ratios, we wanted to
make sure that our twist ratio wouldn’t be affected by the small spool diameter change that
occurs. Using the same equation listed at the beginning of this section, we calculated what the
spool diameter would be with a 20° and 30° twist angle. It was determined that a 20° twist angle
requires 58 twists per inch and corresponds to a spool diameter of 0.324 inches. A 30° twist
angle takes 92 twists per inch and would need a spool diameter of .204. Since we have a spool
with diameter 0.250 inches, this means that we can have a diameter change of approximately 50
thousandths of an inch. Since our fiber diameter is roughly 0.002 inches, this means that if we
wrap the fiber perfectly, we can get 250 winds in half an inch of spool. This is nearly 200 inches
(16.4 ft.) of fiber for 1 layer of fiber around only 0.5 inches of spool. Since we can get
approximately 18 windings around our spool before our twist angle is no longer in tolerance, that
means that we would have to spool nearly 300 feet of fiber before the twist angle goes out of
tolerance. Now, the fiber being wound perfectly isn’t a reasonable assumption, however even if
we could only get 30 feet of fiber onto one spool, we would have met our design criteria. For this
reason, it was determined that the possible spool diameter change had negligible effects on our
fiber twist angle.
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Figure 54 — Exploded View of the electronic differential

A major part of the component design for the electronic differential is the use of
fasteners. Of the over 100 components used to make the above assembly, at least two thirds are
fasteners. For this reason, we standardized the use of fasteners throughout our design. We used a
collection of Y, %, %, and 1 inch #8-32 screws, as well as #8-32 brass threaded inserts and #8
washers. The only fasteners used in the above assembly that are not also used somewhere else in
our entire design are the #8-32 nylon insert locknuts.

When designing the entire system, we also had to consider component failure. Large
components like the cylinder and the mounting walls failing would have a much larger impact on
the overall assembly than the failure of a small polypropylene shaft. This is also one of the
considerations that went into the material choice of the minor components. We wanted any
component failure to be quickly replaceable. The loads we see in our design tend to stay
incredibly low so the risk of component failure due to fatigue or bending is very small, but we
would rather have to replace a 2-inch roller than a 12-inch wall.

Cylinder Housing
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Figure 55 — Cylinder Housing

The main focus of our design for the housing was to figure out a way to spin the cylinder
while still being able to transmit power to the spool motor within the cylinder concurrently. Our
solution for the issue was the implementation of a slip ring centered on the back end of the
rotating cylinder. This slip ring would allow the cylinder to rotate freely within the housing as
well as provide power to the spool motor. We had initially thought to attach the back of the
cylinder to a shaft connected to a motor which would provide the torque necessary to spin the
cylinder. Yet, with the addition of the slip ring centered on the back of the cylinder and the fiber
entering through the front of the cylinder, we had no room on either side to attach a motor shaft.
In order to resolve this new challenge, we decided to mimic the configuration of a typical gas
powered clothes dryer as seen in Fig. Similar to how a drum rests on sets of rollers in a dryer,
we decided to nest the cylinder on a pair of step rods covered in sleeve bearings/rollers made
with PTFE Teflon. The rotation of the cylinder is induced by a drive belt attached to a motor
located directly beneath the cylinder. The force of friction between the rollers and the cylinder
were also aimed to kept at a minimum, which is why we made the rollers from PTFE Teflon,
which has a coefficient of friction of p=.04.

On order to address safety concerns of the cylinder being a potential hazard as a moving
part, we made it a priority to secure the movement of the cylinder within the housing as much as
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possible, since unsecured moving parts can prove to be quite dangerous. Movement of the
cylinder along the longitudinal direction was a consideration we chose to address with the use of
spaced out rollers along the step rod with varying diameters. In order to constrain movement of
the cylinder along its own axis, we designed 1/16” thick groves, .5 wide, around the diameter of
the cylinder in which %" rollers would slot into, thus locking the cylinder’s motion in the axial
direction. The tension of the drive belt would also act as a securing force, keeping the cylinder in
close contact with the rollers. Since the loads that the cylinder exerts on the housing are

relatively low, we chose PVC along with various other plastics as the materials for the housing
since they are cheap and easy to manufacture.

T

@ |

Figure 56 — Housing Frame

The frame of the housing is comprised of 3 different parts in order to keep manufacturing
and assembly simple. The cover plate acts as both the top and bottom of the housing and the side
plate acts as both the right and left sides of the housing. There is only one rear plate in the
housing and it has a small hole centered near the bottom of it in order to allow passage for wires
and circuitry. Every plate in the housing will be made from 3/8” thick Type 1 PVC which will be
ordered from McMaster-Carr. Waterjet cutting from the IT Dept. will be used for the

manufacturing of each plate. The rear and side plates may require additional work on a mill as
well.

S e

Figure 57 — Support
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The 4 supports attached to the sides of the housing secure the step rods in place and are
made from 2” thick Type 1 PVC ordered from McMaster-Carr. This part will be manufactured
with waterjet cutting via the IT Dept., and it may require additional work on a mill as well.

Figure 58 — Step Rod

The 2 step rods will be made from a 1/2” diameter polypropylene rod, McMaster-Carr. In
order to obtain he smaller diameter of rod, a lathe will be required, which can be found at
Mustang 60 or the Hangar.

Figure 59 — Cylinder Roller

The 4 cylinder rollers (2 per step rod), will be made of PTFE Teflon, ordered from
McMaster-Carr, and are meant to be the main points of contact between the housing and the
rotating cylinder. This part has an ID of 3/8” and an OD of %4”. This part will be machined with
the use of a lathe in the machine shop.
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Figure 60 — Belt Roller

Since the cylinder is in direct contact with the rods along its entire length, it made it a bit
difficult to run a belt around the cylinder since the space and friction between the cylinder and
rods caused interference. In order to solve the problem, we located 2 belt rollers, made of PTFE
Teflon, appropriately spaced to be directly in contact with the belt, reducing the friction between
the belt and rods. This part has an ID of 3/8” and an OD of 5/8”. This part will be machined with
a lathe.

Figure 61 — Spacer#1-3

In order to accurately position the rollers along the step rod, we will be using three
spacers of varying lengths. The ID of these parts is 3/8” and the OD is }%”. These spacers will be
made of PTFE Teflon and will be machined using a lathe.

Overall, the subassembly of the cylinder housing weighs 5.21 pounds and consists of 91
total components. Of those 91 components 66 are fasteners that will be ordered from McMaster
and 25 are components that we will manufacture here at Cal Poly. The cost of raw material for
the construction of the cylinder housing will be approximately $60.
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Electronics

Initially, an analog voltage, closed-loop control system for the motor was going to be
designed, but it was highly complex for the simple task it was doing, therefore a digital
microcontroller approach was taken that vastly simplifies the extent of the electrical design.

The motors are controlled via PWM implemented by an Arduino Nano microcontroller
board. Each control board, as shown below in figure [62], is able to control up to two motors.
This means that for every sub assembly (bath, auxiliary roller, cylinder and housing), one board
will be needed. This also helps keep the system modular so that different components can be
arranged in almost any order.

The Arduino Nano microcontroller board is a small, breadboard compatible version of
the popular open-source Arduino microcontroller. In this application, it will be reading an analog
input voltage between 0V and 5V, then converting that to an output PWM signal to control the
motor. PWM controls the motor by varying the duty cycle of a square wave signal. E.g., a 25%
PWM signal produces a square wave that has is full power for one quarter of the cycle, then off
for the other three quarters of the cycle. The result is that the motor runs at the average of 25%
speed. The Arduino analog input has 10 bits of resolution, meaning that it can detect 1024
discrete voltage levels between 0V and 5V. Sample for code for the Arduinos is provided in
Appendix M.

Figure 62 — Motor control board

The input signals will be generated by a linear potentiometer connected to an inverting
op-amp circuit. By adjusting the ratio of the two resistors in the op-amp circuit, the input to the
Arduino can be attenuated or amplified to get the desired motor speeds. By cascading the
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voltages from one op-amp to the other, sequential motor speeds can be adjusted at once instead
of having to adjust each motor individually. For this, a Texas Instruments RC4558 IC was used
because it has two op-amp circuits per chip, meaning just one chip is needed per board.

The motor activation is handled by a NPN bipolar junction transistor (BJT) acting as a
switch. When the signal from the Arduino to the BJT is high, the BJT acts as a closed switch,
powering the motor. Conversely, when the Arduino signal is low, the BJT acts as an open switch,
and the motor is off. Because PWM operates at a high enough frequency (500 Hz) that the
resulting macroscopic action of the motor is a linear speed relationship with duty cycle, all
without the need for motor modeling or closed-loop control.

The power source for all this will be a benchtop power supply unit, producing up to 30V
DC at 10A off of wall outlet power. More compact, focused DC power supplies were not found
that offered comparable performance for a reasonable price. Additionally, small electrical
components are required, such as resistors, rectifying diodes, breadboards, and jumper wires.

Manufacturing Plan

Our manufacturing plan is centered around resources at Cal Poly. We have a total of 39
unique manufactured components between the bath, auxiliary roller, and electronic differential.
These components can all be manufactured using a variety of processes available to students for
free.

First and foremost, we plan to use the Industrial Technology Department’s waterjet cutter
to manufacture the bath walls, gearbox walls, cylinder internal walls, cylinder housing, motor
mounts, cylinder backing plate, and spring lever. This means that about half of the components
we need to make will be waterjet. According to the shop technicians in the IT Department, the
PVC and aluminum sheets we plan to make our parts out of are very typical and almost trivial for
a waterjet cutter. Not only will they be easy to convert to the necessary .DXF files needed to
program the waterjet, they will also need far less time on the machine due to their soft material.
In addition, waterjet cutting will also give us a much higher accuracy for the position of our
holes. The computer has a tolerance within 0.003 inches, which is about the same as we would
expect to be able to machine on a mill, the upside to water jetting, however, is that is cuts our
manufacturing time significantly. All holes in a given part are cut relative to other features on
that part, which means the waterjet is both fast and accurate. Even the holes that are too small to
be cut out via waterjet can still be located on the part for easier post machining.

Our next step in the manufacturing process is to post machine some of the components on
a manual mill. Thirty-three components go through the waterjet, and twenty of those parts
require additional machining. This is due to the fact that the waterjet only cuts through-holes.
The majority of this milling is in order to drill non-through-holes for the threaded inserts,
however a few select parts like the spring wall have slots or other features that need to be cut as
well.

There is a total of 26 lathe parts in our design. These parts primarily consist of the drive
shafts, motor couplers, and bath rollers. They will all be turned down to size on a lathe from a
piece of 1/2-inch diameter polypropylene rod. There are also some nylon bushings that need to
be machined for the cylinder housing.
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In addition to the lathes and mills which we can access through the Cal poly machine
shops, we also have access to a laser cutter and 3D printer. The laser cutter would be used to cut
out our gasket material so that it fits to the bath correctly. The 3D printer would be used in order
to print the spool in the differential since it is driven through a D-shaped hole.

Shown in the table below are the manufacturing processes that will be performed to
fabricate each component made by our team. The waterjet is a resource available in the IT
Department machine shop, the mills, lathes, and lasers are located in the Cal Poly machine
shops. 3D printers can be accessed through the Cal Poly machine shops, the Innovation Sandbox,
or through Cal Poly ASME.

Table 2: Component Manufacturing Plan
Part Process | Process
Number Description Quantity 1 2
1201 Bath Bottom 1 Waterjet Mill
1202 Bath End 2 Waterjet Mill
1203 Bath Side 2 Waterjet X
1204 Gasket 1 Laser X
1205 Drive Roller 2 Lathe X
1207 Roller 2 Lathe X
1301 Back Plate 2 Waterjet X
1302 Bottom Plate 2 Waterjet Mill
1303 Top Plate 2 Waterjet Mill
1304 Front Plate 2 Waterjet X
1305 Worm Shaft 3 Lathe X
1306 Drive Shaft 2 Lathe X
1402 Motor Mount 2 Waterjet | Bend
2101 Gear Box Mount 1 Waterjet X
2102 Counter Support 1 Waterjet Mill
3130 Motor Wall 1 Waterjet Mill
3131 Cylinder Motor Mount 1 Waterjet | Bend
3132 Gear shaft 1 Lathe X
3134 Spool 1 3D Print X
3135 Spring Lever 1 Waterjet X
3136 Cylinder Backing Plate 1 Waterjet X
3138 Spring Wall 1 Waterjet Mill
3139 Spring Shaft 1 Lathe X
3201 Cover Plate 2 Waterjet X
3202 Side Plate 2 Waterjet Mill
3203 Rear Plate 1 Waterjet Mill
3204 Rod Support 6 Waterjet Mill

60



Graphene Twisters Final Design Report

3205 Step Rod 2 X
3206 Cylinder Roller 4 X
3207 Spacer#l 2 X
3208 Spacer#?2 2 X
3209 Spacer#3 2 X
3210 Belt Roller 2 X
3102 Cylinder 1 Mill

Table 3: Projected manufacturing schedule.

Deadlines Tasks
14-Feb Order Materials
Create .DXF files for
21-Feb Waterjet
2-Mar Finish Water Jetting
23-Mar Finish Housings
6-Apr Finish All Lathe Parts
27-Apr Finish Manufacturing
30-Apr Assemble

It is expected to take around two weeks for all of the materials we order to reach us. We plan to
use the time waiting for parts to arrive to create our DXF files for water jetting. Since most of
our early components rely on the IT Department’s waterjet, and since the waterjet will most
likely be the least available resource for our team, we would like to get started on the waterjet
parts as soon as possible. Once the parts have been waterjet we can easily access the Cal Poly
machine shops to begin post-machining components since one of our group members can open
them for our team to use after hours. This will allow us to have access to the mills, lathes, and
laser without worrying about the accessibility of such machines during regular hours.

Design Verification Plan

In order to verify the effectiveness of our final design, we have developed a series of tests
that will demonstrate the design’s ability to meet the pre-established customer requirements.
This testing will be conducted between the period of April 06- June 01. The specifications that
the design will be tested on have been narrowed down to 10 and can be seen outlined in the DVP
table provided Appendix G. The progression of our testing timeline can also be seen in our Gantt
Chart in Appendix F

Since the objective of the design is to effectively draw and twist GF, we have framed
various tests around the characteristics of the final output fiber and its comparison to the desired
output. The desired output characteristics of the graphene fiber, as outlined by Dr. Zhang, are to
be an angle of twist along the fiber’s axis of 25+5°, a resulting fiber diameter of 50um=%5, a
fiber tensile strength of 200£50Mpa, and a throughput of 30 ml/hr. The angle of twist and fiber
diameter will be measured with the use of a SEM, Fig.A, courtesy of the Cal Poly MATE
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Department. Ten different GF samples will be observed under the SEM to evaluate both angle
and diameter characteristics. In order to ensure availability of the SEM during our testing phase,
we plan on scheduling an appointment in advance with the MATE Dept., in order to set apart a
time slot of about 3 hours for us to adequately use the SEM to conduct all of our measurements.
We also plan on having a MATE grad. student or professor present during the testing in order to
ensure that we follow the correct procedures when operating the SEM and obtain as accurate of
measurements as possible.

The tensile strength of the fiber will be measured with the use of an Instron device. A
quantity of 10 samples of GF will be tested on the Instron in order to properly evaluate the
average output in fiber strength. In order to gain access to an Instron device we plan on
contacting either the Chem or MATE Dept. in order to set apart a time for us to use the Instron
for a period of 3 hours on order for us to properly obtain our measurements. For this test the GF
is attached to a paper template in order to properly secure the fiber on the Instron and is
subsequently applied with a tensile load until failure as shown in FIG.B. We plan on having a
MATE/CHEM grad. student or professor present during this testing in order to ensure that the
correct procedures are followed and accurate measurements obtained.

The throughput of the process will be measured by observing the final length of the
spooled fiber over the period of one hour, this test will be carried out with the use of a meter
stick and simple stop watch. This test on throughput will be conducted 3 times and should span
the length of 3 hours.

62



Graphene Twisters Final Design Report
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Figure 64 — Instron device testing Nanofiber

Aside from testing the output GF characteristics, we will also be conducting tests on the
characteristics of the final assembly as well, including set up time and lab room constraint
requirements. Three set up trials with a stop watch will be conducted with the final assembly to
see if the average set up time falls within the desired 20 minutes. The trials on the set up time
should span an approximate time of about an hour. In order to test the lab room constraints, we
will simply measure the resulting dimensions and of the final assembly and its overall weight.
This test will only be conducted once to see if the assembly falls below 5001bs in weight and
below 10 ft*2 in volume.

We will also be conducting various component tests over the course of the manufacturing
and assembly process. These include the testing of the bath rollers for minimal friction force
exerted on the fiber, below 0.4 N, to prevent the breaking of the fiber. Gear alignment, shaft
rotations, and spool sizes will also be checked in order to ensure proper functioning within the
assembly and each sub assembly. The acceptance criteria for these component tests will be either
pass or fail, either the component will effectively function within the assembly or not.

The testing to be carried out will have relatively no cost. Fortunately, none of our tests
require the expenditure of consumable items and all the devices and resources that are necessary

to conduct testing can be found conveniently within the confines of Cal Poly.

Design Realization

The manufacturing process consisted largely of five separate phases: purchasing, waterjet
cutting, secondary machining, assembly, and electronics assembly. This schedule commenced
immediately following Dr. Zhang’s approval of the CDR and lasted through the end of the
project. Testing was heavily condensed due to manufacturing overruns. These slowdowns
occurred mostly with the waterjet cutting, secondary machining, and assembly sections.
Therefore, our overall manufacturing timeline extended into the latter weeks of May.

After Dr. Zhang approved our budget and bill of materials, Celine DiBernardo in the Cal
Poly Chemistry Department handled the bulk of our purchasing. Our primary vendors were
McMaster-Carr for hardware and raw materials, and Digi-Key for our electronics components. A
few other specialty vendors were used for select pieces. A full bill of materials, budget, and list
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of vendors is presented in Appendix H. Some hardware pieces that could be locally sourced were
bought from a local hardware store instead of buying a large quantity from McMaster at a higher
price.

The waterjet cutting process is where we ran into our first and most significant
manufacturing slowdown. We planned to make use of the Cal Poly IT Department’s waterjet
cutter, however due to the high demand and the length of time needed to cut our pieces and clean
up afterwards, they were unable to accommodate us. It took a couple of weeks to come to this
conclusion, as were often told to come back the next available day, when were again unable able
to use the machine. This went on through the end of winter quarter, and coming back from spring
break, after being denied again, we opted to pay to use a local machine instead. This used
roughly a fifth of our overall budget, however it took us less than 72 hours from sending the first
email to picking up our finished parts. Once we had the pieces waterjet cut, we were able to pick
up with the rest of the manufacturing schedule.

Besides waterjet cutting, all of our machining and assembly was done on the Cal Poly
campus in either the Mustang 60 or Aero Hangar machine shops. After the waterjet cutting, all
pieces had to undergo some degree of additional machining. This included drilling counterbores,
holes on different planes, and drilling holes made by the waterjet to be the correct diameter. Most

of this machining was done using mills to be able to locate the new holes, as shown in figure 65.

Figure 65 — (left) Gear box components being machined on a mill. (right) One of the walls of the
twisting housing on a mill.
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Fixtures were set up to help reduce the amount of time spent zeroing the mill and cut down on
overall manufacturing time. Drilling out the existing holes was accomplished using a drill press,
since the holes were already located. During this time, we also began manufacturing any parts
that could be made on a lathe. We discovered that the polypropylene we planned on using for our
shafts was not stiff enough to machine easily. Therefore, we switched to a stiffer material that
was also chemical compatible with calcium chloride and methanol, which was 304 stainless
steel. This represents one of the largest departures from our planned design. Additional 5/32 inch
PVC rod was purchased to be used as shafts for the gear boxes instead of the stainless steel. The
PVC cylinder was machined using a rotary chuck mounted to a mill table. We encountered
difficult because as the cylinder was clamped by the chuck, it began to deform. A special plastic
plug had to be cut and inserted into the cylinder to keep it round as it was machined.

As pieces were machined, we began putting together the subassemblies. We quickly
began noticing issues with shaft alignment on the assembled pieces. While we had earlier
believed that the waterjet’s tolerances of roughly 0.002” would not be an issue, as the tolerances
began to stack up in the assembly we began to have issues with shafts binding. For the baths, the
rollers had to be turned down to a slightly smaller diameter in order to roll smoothly in their
bearings. In the gearboxes, a slightly compliant shaft material was sufficient to allow rotation.
When assembling the gear boxes, we found that the shafts had a diameter of approximately
4mm, but the worm had an inside bore diameter of Smm. Mounting directly to the shaft created
an eccentricity that bound the gear train and prevented function. To fix this, a small sleeve was
fit in between the two components, fixing the misalignment. The bath gasket was laser cut from a
sheet of silicon rubber. However, the design is for a gasket 20 inches long, but our ordered
material was a foot square. We solved this by cutting the design in half and cutting four halves.
The baths were sealed with a silicon gasket compound. Neither the split gasket or the sealing
compound have sown leak issues when properly tightened. The fastening method worked
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Figure 66 — (left) One of the baths being assembled on a workbench. (right) Gear box

components being prepared for assembly.
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sufficiently well, however the brass inserts were prone to pulling out of the base material when
too much torque was applied. Care should be taken when assembling these fasteners to not
overtighten them. Also, the process of inserting the screws into the brass inserts generated a large
degree of heat. Screw heads were often hot to the touch after tightening. This task was best
accomplished with an impact driver, so as to not strip the screw heads. Additionally, a rubber
mallet was useful for driving alignment pins and then separating the bath halves if necessary.
This process is shown in figure 66.

The electronics are largely wired per the diagram. Slight modifications were made to
properly ground the potentiometers and to change how the motors were wired. Also, wires were
added or removed slightly depending on how that board fit in with the rest of the system. (e.g.
the board for the twisting mechanism only has one potentiometer, since the cylinder will be
rotating at full speed regardless). One unfortunate ordering mix-up that occurred is that out of the
four colors of wire ordered, only one was solid core, with the rest being stranded. While
serviceable, the stranded wire proved very difficult to use with the breadboards and the solid core
wire was used exclusively. As a result, all of the breadboard wiring is green, but this is more of
an atheistic flaw than a functional issue. We did, however, encountered issues with the motor
control not being as proportional or linear as was planned. The reason for this is currently
unknown and a source for future improvement. A picture of the wiring in process is shown in
figure 67.

Some aspects of our design did not get manufactured fully due to lack of manufacturing
time. Instead of sheet metal brackets for attaching the motors, they had to be attached using
adhesive. Additionally, instead of a flexible coupling for the motors and gear shafts, they have a
rigid coupling with the motor shaft interfacing directly with the shaft via an interference fit. If
additional work is done on this prototype, the motor mounts should be manufactured to their
intended design. Similarly, the spools in the auxiliary roller and the inside of the twisting
cylinder do not have the as-designed quick-release mechanisms that make changing spools fast
and efficient for a more rapid testing process. In the future, this should be corrected and made to
the design. Finally, the elastic bands connecting the open and submerged rollers added too much
friction on the rollers, causing the motor torque to be insufficient. If the motors are replaced with
stronger ones, the bands should be restored to cut down on the load transferred through the
graphene fiber. These issues would possibly have been resolved had the manufacturing schedule
not been delayed by three weeks at the beginning, and given the time it is infeasible to fix them
now. These should be top priorities for anyone continuing to iterate off this design.

Design Verification

With the manufacturing delays we encountered, our testing schedule was significantly
cut. As a result, the only testing we were able to do was mechanical functionality testing to
resolve issues that arose during manufacturing. We had to remove slight amounts of material in
the gear boxes to alleviate friction due to misalignment. Leak testing of the bath assemblies
showed no leaking, proving that the silicon gasket and sealant are holding as expected. The
prototype also passed the test for falling under the prescribed dimensions, (under 500 1bs and
under 10 ft*2), and the full assembly is capable of being place in a lab setting, on a table surface.
The twisting mechanism did not pass the test of achieving the desired RPM of 250 since it was
not able to turn due to complications with mounting the motor to the cylinder housing. The gear
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Figure 68 — System test of the drawing baths and
auxiliary roller motors
boxes passed their functionality test after a bit of innovative manufacturing. All gearboxes were
able to be up and running and fully functional.
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Plotting the Arduino output on an oscilloscope indicated the degree of the non-linearity
of the controls. Combining the scope with a voltmeter let us pinpoint the op-amp as the source of
the problem. Unfortunately, with the limited time schedule there was not enough time to fix that
before the conclusion of the project. As covered later, the controls system is one of the primary
items that future teams should seek to improve. In all, a significant amount of our testing time
was spent resolving issues that caused non-functionality.

With the system connected together, we ran a functionality test of the two baths plus the
auxiliary roller in series, powered through the control boards, as shown in Figure 68. Due to
misalignment, the roller speeds oscillated significantly, creating a “pulsing” effect of the rollers
slowing down then speeding up. Also, the system drew roughly 2.26 amps at 5.8 volts, as can be
seen in Figure 69. This power also oscillated over time. After running for 2 minutes, all five
motors were very hot to the touch, indicating that the energy drawn to overcome friction was
being turned into waste heat. A significant improvement in the quality of the gear boxes will be
necessary to improve system efficiency and energy usage.

R

DC POWER SUPPLY

oxiae (GU) can be produced ftrom graphite.
When the GO solution is pumped through a
tube into a solution of calcium chloride, the
graphene percipates out and forms into a fiber
From here, the fiber can be darwn out and
twisted to increase its strength.
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Figure 69 — Lafge power draw observed during our system level testin

The total amount spent on the project was $1260.10 compared to our initial estimate of
$925.38. Had we not had to pay $300 for waterjet cutting, we would have only gone over our
estimate by 3.75%. The test for falling within the project budget was a pass since the total
available budget was $1500. Additionally, we had to order components at different dates to fix
issues that arose in manufacturing, which led to increased shipping costs, particularly from
McMaster. Had we ordered everything at once, we would have cut down on shipping costs.

Conclusions and Future Work
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Currently, the prototype is not ready to be put into use. Due to manufacturing delays, our
testing schedule became compressed and there was not enough time to fix larger component
issues. As such, the finished prototype has several areas that could use further improvement in
future iterations. Misalignment due to manufacturing tolerances and theoretical divergence in our
electronics led to loss of expected function. For all of these issues, there are specific remedies
that can resolve the issues in later iterations.

The primary cause of function loss is due to friction in the powertrain mechanisms. As
mentioned before, this stemmed from the waterjet process. To improve this, waterjet cutting
should be used for outer profiles, however all holes should be located using more precise
methods, such as a mill. Additionally, the gear box axle holes should be drilled after the boxes
are assembled, to further reduce the risk of misalignment due to tolerance stack-up. Removing
this misalignment would significantly reduce load on the motor and allow improved
functionality.

Beyond just fixing misalignment issues, the bronze bushings created a higher amount of
friction than anticipated. These should be replaced with conventional ball bearings — or thrust
bearings as appropriate — to further reduce friction. This would allow more torque to be delivered
to the shafts, and thus give more control over the motor speed. Using ball bearings may not be
possible due to the chemical environment in the bath, however reducing the friction in the gear
boxes would be a significant fix.

As mentioned before, the electronic control system did not deliver the response
characteristics as planned. The Arduino Nano components functioned as anticipated, however
the voltage modulation in the op-amps diverged from theoretical expectations. In order to
simplify the circuitry, replacing the potentiometer with fixed resistors should reduce or eliminate
the nonlinearity. A switching circuit could be devised to select between different valued resistors
would allow changing voltages and speeds, without introducing non-linearity. Further in-depth
analysis pertaining to specifically the controls system could allow more refined and precise
speed control of the rollers, yielding better control of the resulting graphene fibers.

Supplemental to redesigning the control system, a dedicated enclosure for the electronics
should be created. Currently, the electronics are mounted on breadboards that are exposed to any
spills from the baths. These should be isolated and contained, as well as have a labeled control
board for operator friendliness.

The motors themselves proved to be undersized for the load being placed on them in the
bath. They should be replaced with motors capable of delivering higher torque. Because fixing
misalignment issues may sufficiently resolve frictional issues in the baths, the motor sizing
should be reevaluated after fixing the gear boxes. Should the motors still prove underpowered,
replacing them would be the next prudent step. Because the motor mounting brackets were an
issue, the attachment method would have to be reworked depending on the size of the new
motors. With the motors appropriately sized and the controls reworked, the system would deliver
the requisite performance.
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Overall, the produced prototype is based upon a sound mechanical design, however the

manufacturing execution led to delays and tolerance stack-ups. A future iteration implementing
subtle design changes would lead to better performance and satisfaction of the project’s stated
goals. The majority of these changes can be implemented using existing components and
equipment.
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US 20150111449A1

Cruz-Silva et al. 43) Pub. Date: Apr. 23, 2015
(54) METHOD FOR PREPARING GRAPHENE C09D 5/24 (2006.01)
OXIDE FILMS AND FIBERS HO01B 1/04 (2006.01)
HO01B 13/00 (2006.01)
(71) Applicants: The Penn State Research Foundation, (52) US.CL
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. 5/24 (2013.01); BOID 39/2055 (2013.01)
(72) Inventors: Rodolfo Cruz-Silva, Nagano City (JP);
Aaron Morelos, Nagano City (JP);
Mauricio Terrones, State College, PA
) ’ 57 ABSTRACT
(US); Ana Laura Elias, State College, S0
PA (US); Nestor Perea-Lopez, State
College, PA (US); Morinobu Endo, We report a method of preparation of highly elastic graphene
Nagano City (JP) oxide films, and their transformation into graphene oxide
] fibers and electrically conductive graphene fibers by spin-
(21)  Appl. No.: 14/519,937 ning. Methods typically include: 1) oxidation of graphite to
(22) Filed: Oct. 21, 2014 graphene oxide, 2) preparation of graphene oxide slurry with
high solid contents and residues of sulfuric acid impurities. 3)
Related U.S. Application Data preparation of large area films by bar-coating or dropcasting
(60) Provisional application No. 61/893,385, filed on Oct. the gaphene oxide d1sper51op and drymg at low temperature.
21.2013. 4) spinning t.he graphepe oxide film into a ﬁbpr, and 5) ther-
’ mal or chemical reduction of the graphene oxide fiber into an
Publication Classification electrically conductive graphene fiber. The resulting films
and fiber have excellent mechanical properties, improved
(51) Int.CL morphology as compared with current graphene oxide fibers,
C01B 31/04 (2006.01) high electrical conductivity upon thermal reduction, and
BOID 3920 (2006.01) improved field emission properties.
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Appendix A - Patent # 0111449 Al

Patent Application Publication  Apr. 23,2015 Sheet 1 of 18 US 2015/0111449 A1

FIG. 1A FIG. 1B FIG. 1C

FIG. 1D FIG. 1E

The following conditions were used for SEM analysis:

FIG. 1A: Uncoated samples drop casted on silicon. Accelerating voltage: 15 kV. Working distance 9.6 mm. Scale
bar 200 pm,

FIG.1E: Uncoated film. Accelerating voltage: 15 kV. Working distance 8.6 mm. Scale bar 5 pm,
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US 2015/0111449 A1

Apr. 23,2015 Sheet 2 of 18

Patent Application Publication
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Appendix A - Patent # 0111449 Al

Patent Application Publication  Apr. 23,2015 Sheet 3 of 18 US 2015/0111449 A1

FIG. 3

X90  100m WD 9.3mm

The following conditions were used for SEM analysis as reflected in the attached pictures: Uncoated samples.
Accelerating voltage: 15 kV. Working distance 9.3 mm. Scale bar 100 mm.
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Appendix C - Drawing Pugh Decision Matrix

Decision Matrix: Drawing Processes

Criteria Score Modifier Two Rollers Grinding Wheel Conic Drawing Fluid Crossflow Microfluidic Drawing Actuating Roller
[Out of 1] Score| Weighted Score |Score|Weighted Score|Score| Weighted Score| Score |Weighted Score|Score|Weighted Score| Score Weighted Score
Performance 0.8 5 4.0 1 0.8 2 1.6 3 2.4 5 4.0 3 2.4
Continuous 0.7 5 3.5 3 2.1 3 2.1 5 3.5 4 2.8 5 3.5
Feasibility 0.6 5 3.0 4 2.4 1 0.6 3 1.8 5 3.0 3 1.8
Reliability 0.5 4 2.0 4 2.0 1 0.5 3 1.5 4 2.0 2 1.0
Servicability 0.5 5 2.5 5 2.5 4 2.0 2 1.0 4 2.0 3 1.5
Consistency 0.5 4 2.0 1 0.5 1 0.5 2 1.0 5 2.5 2 1.0
Automated 0.5 4 2.0 4 2.0 2 1.0 4 2.0 4 2.0 4 2.0
Adjustable Output 0.3 5 1.5 2 0.6 2 0.6 3 0.9 4 1.2 4 1.2
Lightweight (lbs) 0.2 4 0.8 3 0.6 3 0.6 2 0.4 5 1.0 4 0.8
Cost 0.2 4 0.8 3 0.6 2 0.4 2 0.4 3 0.6 3 0.6
Safety 0.2 4 0.8 4 0.8 4 0.8 3 0.6 5 1.0 3 0.6
Size 0.1 3 0.3 3 0.3 4 0.4 2 0.2 5 0.5 3 0.3
Durability 0.1 4 0.4 4 0.4 4 0.4 3 0.3 4 0.4 3 0.3
| Weighted Totals | 23.6 15.6 | 11.5 16 23 17
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Appendix D - Twisting Pugh Decision Matrix

Decision Matrix: Twisting Processes

Criteria Score Modifier Differential Bobbin and Flyer L-arm spool Off-Center Hole Double Rollers Microfluidic Spinning
[Out of 1] Score| Weighted Score | Score| Weighted Score [ Score | Weighted Score | Score | Weighted Score | Score| Weighted Score | Score | Weighted Score

Performance 0.8 5 4 4 3.2 4 3.2 2 1.6 2 1.6 3 2.4

Continuous 0.7 4 2.8 4 2.8 4 2.8 4 2.8 3 2.1 4 2.8

Feasibility 0.6 5 3 3 1.8 4 2.4 5 3 2 1.2 1 0.6
Reliability 0.5 5 2.5 2 1 4 2 3 1.5 1 0.5 2 1
Servicability 0.5 4 2 4 2 5 2.5 5 2.5 5 2.5 3 1.5
Consistency 0.5 5 2.5 4 2 4 2 4 2 3 15 4 2
Automated 0.5 4 2 2 1 4 2 3 1.5 2 1 5 2.5
Adjustable Output 0.3 3 0.9 5 1.5 3 0.9 5 1.5 5 1.5 1 0.3

Lightweight (lbs) 0.2 1 0.2 2 0.4 2 0.4 4 0.8 3 0.6 3 0.6

Cost 0.2 2 0.4 3 0.6 4 0.8 5 1 3 0.6 2 0.4

Safety 0.2 4 0.8 3 0.6 3 0.6 5 1 4 0.8 3 0.6

Size 0.1 2 0.2 3 0.3 3 0.3 4 0.4 2 0.2 3 0.3

Durability 0.1 5 0.5 3 0.3 4 0.4 4 0.4 2 0.2 4 0.4

| Weighted Totals | 21.8 | 17.5 | 20.3 20 | 14.3 15.4
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Appendix E - Design Safety Hazard Checklist

Team:

X

O X O0O0O0O000

O O

O
X

For any “Y” responses, add (1) a complete description, (2) a list of corrective actions to be taken, and (3)

0z

X O XXX XXX X

X X

DESIGN HAZARD CHECKLIST

Graphene Twisters Advisor: Dr. Schuster

[EN

. Will any part of the design create hazardous revolving, reciprocating, running, shearing,

punching, pressing, squeezing, drawing, cutting, rolling, mixing or similar action, including

pinch points and sheer points?
. Can any part of the design undergo high accelerations/decelerations?
. Will the system have any large moving masses or large forces?
. Will the system produce a projectile?
. Would it be possible for the system to fall under gravity creating injury?
. Will a user be exposed to overhanging weights as part of the design?
. Will the system have any sharp edges?
. Will any part of the electrical systems not be grounded?

© 00O N o O A WD

. Will there be any large batteries or electrical voltage in the system above 40 V?

10. Will there be any stored energy in the system such as batteries, flywheels, hanging weights

or pressurized fluids?

11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of the system?

12. Will the user of the design be required to exert any abnormal effort or physical posture
during the use of the design?

13. Will there be any materials known to be hazardous to humans involved in either the design

or the manufacturing of the design?
14. Can the system generate high levels of noise?

15. Will the device/system be exposed to extreme environmental conditions such as fog,
humidity, cold, high temperatures, etc?

16. Is it possible for the system to be used in an unsafe manner?

17. Will there be any other potential hazards not listed above? If yes, please explain on reverse.

date to be completed on the reverse side.
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Appendix E - Design Safety Hazard Checklist

can be hazardous to humans.

chemistry department, googles and nitrile gloves are to
be worn during operation to prevent user contact.

Description of Hazard Planned Corrective Action Planned | Actual
Date Date
'The rotating gears in our twisting |All possible pinch points will be encased so that they  [2/7/17
differential create pinch points  jare not readily accessible in a manner which could
that could be hazardous to the cause injury.
user if hair, fingers, etc. were to
get caught in the mechanism.
The rotatory motion of the design |All electrical components will be shielded to prevent  [2/7/17
will be supplied by small motors shorting or accidental user contact.
which will run off inverted 120V
AC wall power.
The chemicals used in the process [Similar to the procedures already in place for the 2/7/17
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Appendix F - Gantt Chart

Task Name Duration ‘Stﬂf‘ ‘Fi"iSh Predecesso| | october 2016 | November 2016 December 2016 January 2017 February 2017 March 2017 April 2017 May 2017 [ sune 2017
24271300 316 [ 0 [12[15]18/21/24 27130 2 5 [ al17l20 9 8 4 914 0 619 8 0l23/26/ 20/ 114 [ 7 |10l1316 119/ 22[ 25 /28 1 T4 [ 7 [10] 13116/ 10l 22125128 31] 3 [6 [ 9 |
1 |Background Research 16 days Thu 9/29/Thu 10 | ——|
2 Team Contract 15days Thu 9/29/Wed 1 | e |
3 Draft of Contract 10days Thu 9/29/Wed 1 l
4 Submit Contract Odays  Thu10/13Thu 103 i10/13
5 Contract Feedback 4days  Thu10/13Tue 104 l
6 Contract Revision 1 day Wed 10/1Wed 15
7 Problem Statement 2days  Tue 10/11Wed 1 l
8 Needs List 2days  Thu10/12Fri 10/7
9 Benchmarking 4days  Mon 10/1Thu 108 3
10 QFD 4days  Mon 10/1Thu 108
11 |Proposal 16 days Fri 10/21/Mon 1
12 First Draft 2days  Fri10/21/Mon 110
13 Revision 1day Tue 10/25Tue 1012
14 Submit Proposal Odays  Tue 10/25Tue 10
15 Proposal Feedback 1wk Tue 10/25Mon 114 v
16 Proposal Revision 1wk Tue 11/1/Mon 1 15
17 Funding Proposal 9days Tue11/1/Mon 1
18 Proposal Outline 2days  Tue1l1/1/Wed 115
19 Proposal Draft 2days  Thu11/3/Fri11/18
20 Budget 2days  Thu11/3/Fri11/18
21 Revision 2 days Mon 11/7 Tue 1120
22 Final Proposal lday  Wed 11/9Wed 121
23 Dr. Schuster's Signature 2days  Thu11/1CMon 122
24 Submit Funding Proposal  O0days ~ Mon 11/1Mon 123
25 |Idea Evaluation 13 days Tue 10/25Thu 11 I
26 Ideation 1.2wks Tue 10/25Tue 1114 ¥
27 Concept Modeling Odays  Tue11/1/Tue 11
28 Pugh Matricies 0.6 wks  Fri 11/4/1Tue 1126
29 Final Decision Matrix 0.4wks Wed 11/9Thu 1128
30 |PDR 18 days Thu11/3/Tue 12
31 Presentation 10days Thu11/3/Thu 11l
32 Template 1day Thu 11/3/Fri 11/ 33SF
33 Detailed Outline 2 days Fri 11/4/1Tue 1134SF
34 Storyboard 2days  Tue 11/8/Thu 1135SF
35 Develop Presentation 4days  Thu11/1CThu 1136SF
36 Rehearse 1day Thu 11/17Thu 1137SF
37 PDR Presentation Odays  Thu11/17Thu 11
38 Report 7days  Wed 11/9Fri 11/
39 Report First draft 5days  Wed 11/9 Wed 1 28,29FF
40 Revision 2days  Thu11/17Fri11/39
41 Submit PDR Report Odays  Fri11/18/Fri 11/ 40
42 PDR Feedback 2days  Mon11/2Tue 1141
43 Report Revision 1wk Wed 11/3 Tue 1242
44 |Detail Design 25days Wed 11/3Tuel/
45 Analysis 25days Wed 11/3Tue 1/42
46 Drawing 25days Wed 11/3Tue 1/
47 Roller Speeds 1wk Wed 11/3 Tue 12
48 Roller Powertrain 1wk Wed 12/7Tue 1247
49 Bath Sizing 1wk Wed 12/1Tue 1/ 48
50 System Configuration 1wk Wed 1/11 Tue 1/ 49
51 System Integration 1wk Wed 1/18 Tue 1/ 50
52 Twisting 25days Wed 11/3Tue 1/
53 Gear Ratio 1wk Wed 11/3Tue 12
54 Spool Kinematics 1wk Wed 12/7 Tue 1253
55 Differential Housing 1wk Wed 12/1Tue 1/ 54
56 System Configuration 1wk Wed 1/11 Tue 1/ 55
57 Differential Powertrain 1 wk Wed Tue 56
1/18/17 1/24/1
58 Integration 25days Wed 11/3Tue 1/
59 Overall Configuration 2 wks Wed 11/3 Tue 12
60 Extrusion Integration 2 wks Wed 12/1Tue 1/ 59
61 Intermediate Rollers 1wk Wed 1/18Tue 1/ 60
62 CAD Drafting 2.6 wks Fri12/16/Tue 1/ 45FF
63 Bill of Materials 2 wks Wed 1/11 Tue 1/ 62FF
64 |Long-Lead Parts Ordered Odays  Thu1/12/Thu1/
65 |CDR 27days Wed 1/18Thu 2/
66 Budget 4days  Thu2/2/1Tue 2/ 72SF
67 Presentation 11 days Tue 1/24/Tue 2/
68 Template 2days  Tue 1/24/Thu 1/ 69SF
69 Detailed Outline 2days  Thu1/26/Mon 1 70SF




Appendix F - Gantt Chart

D Task Name

Duration ‘5‘5" ‘Fi“iSh Predecesso | October 2016 | November 2016 December 2016 January 2017 February 2017 March 2017 April 2017 May 2017 [ syne 2017
241271300 316 L9 [12115l 18l 21124 271301 2 [ s [ 8 al171 20 9 8 a 9] 14 0 8 619 8l21124 8 0l23(26/ 29/ 114 [ 7 |10l1316 19/ 220 25 /28] 1 T4 [ 7 [10] 13116/ 10l 22125128 31] 3 [6 [ 9 |
70 Develop Presentation 5 days Mon 1/30 Mon 2,71SF,63 8
71 Rehearse 2 days Mon 2/6/ Tue 2/ 72SF
72 CDR Presentation Odays Tue2/7/1Tue2/ 2/7
73 Report 15days Wed 1/18 Tue 2/ | |
74 Detailed Outline 4days  Wed 1/18 Tue 1/ 75SF
75 Report First Draft 9days  Tue 1/24/ Mon 2,76SF,63FF
76 Revision 2days  Mon 2/6/ Tue 2/ 77SF
77 Submit CDR Report Odays  Tue2/7/1Tue2/ 2/7
78 CDR Feedback 2days  Wed 2/8/ Thu2/77
79 Report Revsion 2 wks Fri 2/10/1Thu 2/ 78
80 |Project Update report 12 days Wed 3/1/Thu 3/
81 Detailed Outline 3days  Wed 3/1/ Mon 3,79,82SF
82 Report First draft 7days  Mon 3/6/ Wed 3 83SF
83 Revision 2days  Wed 3/15Thu 3/ 84SF
84 Submit Update Report Odays  Thu3/16/Thu3/ 3/16
85 |Manufacturing 75days  Fri 2/10/1Thu 6/ T
86 Material Procurement 2.2wks Fri2/10/1Fri2/278 _
87 Order Components 2.2wks  Fri2/10/1Fri2/278 l
88 Fabricate Components 53 days Mon 2/27Wed 5
89 .DXF files for Waterjet 6days  Mon 2/27 Mon 3,87
90 Waterjet necessary parts ~ 17.5 days Tue 3/7/1Thu 4/ 89,86 %
91 Post Machine Housings 25days  Fri4/7/17 Thu 5/ 90 ]
92 Lathe Parts 50days Thu3/2/1Wed 5387 A
93 Finish Manufacturing Odays  Wed5/17Wed 591,92 5/17
94 Assembly 11days Thu5/18/Thu 6/87,88
95 Gear Boxes 4days  Thu5/18/Tue 5/ 91FF,92FF =
% Arduino coding 8days  Thu5/18/Mon 579 —
97 Bath 8days  Thu5/18/Mon 5 91FF,92FF [—
98 Aux Roller 8days  Thu5/18/Mon 5 91FF,92FF E—
99 Cylinder 8days  Thu5/18/Mon 5 91FF,92FF [E————
100 Housing 8days  Thu5/18/Mon 5 91FF,92FF — ¢
101 Circuit wiring 8days  Thu5/18/Mon 587 S
102 System Assembly 3days  Tue5/30/Thu6/101,96 P~
103 Hardware and Safety Demo  Odays  Tue 5/2/1Tue5/ ¢ 5/2
104 Testing 13 days Fri5/12/1Wed 5 —
105 Cylinder Rotation 10days Fri5/12/1Thu5/91 3
106 Gear Box Functioning 10days Fri5/12/1Thu5/91 P
107 Lab Room Appropriate Odays  Wed 5/31Wed 5 105,106,1 5/31
108 20 Minute Setup Time Odays  Wed 5/31Wed 5105,106,1 5/31
109 Throughput Odays  Wed 5/31Wed 5,105,106,1 5/31
110 Minimal Tension Odays Wed 5/31Wed 5/105,106,1 5/31
111 25 Degree Twist Angle Odays  Wed 5/31Wed 5105,106,1 5/31
112 Fiber Diameter Odays  Wed 5/31Wed 5,105,106,1 5/31
113 Fiber Strength Odays  Wed 5/31Wed 5/105,106,1 *{5/31
114 |Final Report 15 days Mon 5/15Fri 6/2 I
115 | Report 12days Thu 5/18)Fri 6/2 T
116 Report Outline 2days  Thu5/18/Mon 5117SF
117 Draft report 7days  Mon5/22Wed 5 118SF L{-
118 Revision 1day Wed 5/31Thu 6/ 119SF q(
119 Final Draft 2days  Thu6/1/1Fri 6/2 120SF qlﬁ
120 Submit Final Report Odays  Fri6/2/17Fri6/2 & 6/2
121 Expo 15 days Mon 5/15Fri 6/2 I
122 Outline Expo Board 4days  Mon 5/15Fri 5/1 123SF
123 Board Layout 6days  Fri5/19/1Mon 5124SF
124 Board Revision 2days  Mon 5/29 Tue 5/ 125SF
125 Print Expo Board 1 day Wed 5/31Wed 5, L
126 Expo Odays  Fri6/2/17Fri6/2125 $ 6/2




Appendix G - DVP&R Plan

ME428 DVP&R Graphene Twisters
Report Date [11/30/2016 [Sponsor [Dr. Zhang | | | | [Component/Assembly GF Draw&Twist _|REPORTING ENGINEER: |Isaias
TEST PLAN TEST REPORT
Item Specification or N " Test SAMPLES TESTED TIMING TEST RESULTS
No Clause Reference Test Description Equipment Location Acceptance Criteria Responsibility Test Stage Quantity Type Start date Finish date % Completed Test Result Quantity Pass Quantity Fail NOTES
$1500 production  [Analyze final costs including shipping Excel Cal Poly Pass/Fail Isaias DV 1 B 11/30/2016 2/712107 100.00 Pass 1 0 .The total amount spent on the
cost and taxes. Maximum availible budget project was $1260.1 compared to our
1 from the chemistry departmetn is initial estimate of $925.38. Had we
$1500. not had to pay for waterjet cutting ,
we would have only gone ove our
estimate by 3.75%
20 minute setup | Time to set up process (properly Timer CP Chemistry Pass/Fail Robert DV, PV 10 B.C 5/2/2017 5/8/2017 0.00 N/A N/A N/A Due to time constraints this test was
time allocating fiber along rollers and (Baker Lab) not conducted. Testing of this can be
2 attaching to differental), stopwatch will continuted or carried on by future
be used as measurement device. eengineering groups or Dr. Zhang and
his study aroup.
25 degree twist The final fiber should have a twist anglel SEM (Scanning| CP Chemistry "+-5 deg" Isaias PV 10 C 5/9/2017 5/15/2017 0.00 N/A N/A N/A Due to time constraints this test was
angle around 25 degrees measured via SEM Electron not conducted. Testing of this can be
3 ing Electron Mi pe). i continuted or carried on by future
eengineering groups or Dr. Zhang and
his study aroup.
50 micron fiber The final fiber should have a desired SEM (Scanning| CP Chemistry "+-5%" Greg PV 10 C 5/9/2017 5/15/2017 0.00 N/A N/A N/A .Due to time constraints this test was
diameter diameter of around 50 microns Electron not conducted. Testing of this can be
4 via SEM ing Electron i continuted or carried on by future
Microscope). eengineering groups or Dr. Zhang and
his study arout.
LabRoom Make sure that the machine is able to Observation CP Chemstry Under 500 Ibs and Greg CV, PV,DV 1 A CB 5/2/2017 5/8/2017 100.00 Pass 1 0 The full prototype weighed undrer 500
appropriate be used in a regular Cal Poly Chemistr (Baker Lab) under 10 ft"2 Ibs and can all be located on a table
5 Lab, weight measured by scale and top.
product dimesnions will be used in test.
Fiber strength Evaluate the effectiveness of the Instron CP MATE 200 Mpa "+-50PMa" Isaias PV 10 C 5/4/12017 5/9/2017 0.00 N/A N/A N/A Due to time constraints this test was
drawing process by observing the not conducted. Testing of this can be
6 resulting fiber strength, measured via continuted or carried on by future
an Instron (Owned by Chem. Dept.) eengineering groups or Dr. Zhang and
his study aroup.
Minimal tension Need to have as minimal amout of Observation Cal Poly fiber tension <.4N Robert Cv, bV 10 AB 5/2/2016 5/4/2017 0.00 N/A N/A N/A Due to time constraints this test was
tension (including friction force) as (Fiber does not not conducted. Testing of this can be
7 possible exerted on the fiber, measured break) continuted or carried on by future
via observation of fiber continuity. eengineering groups or Dr. Zhang and
his study aroup.
Throughput Measure the feedrate by measuring the| Meter Stick, Cal Poly (Baker 30 ml/hr Isaias DV 3 B 5/2/2017 5/8/2017 0.00 N/A N/A N/A Due to time constraints this test was
amount of fiber continously being Timer Lab) not conducted. Testing of this can be
8 (mL) over the course of an continuted or carried on by future
hour (Hr). eengineering groups or Dr. Zhang and
his study aroup.
Cylinder Rotation |Cylinder reaches desired RPM at Laser Cal Poly 250 RPM+-5RPM Isaias DV, PV 3 B.C 41612017 5/1/2017 0.00 Fail 1 0 The twsiting mechanism was not able|
reasonable transient time. Use laser Tachometer to turn due to complications with
12 tachometer to derive speed from mounting the motor to the cylinder
frequency. housing.
GearBox ‘Bath gearbox functions as designed Gearbox Cal Poly Pass/Fail Greg DV, PV 5 B.C 4/612017 5/1/2017 0.00 Pass 5 0 The gearboxes all were able to
15 [Functioning function after slight adjustment of
shaft




Appendix H

Graphene Twisters - Budget Analysis Status:
Total Cost Estimate: $925.38 Available Budget: $1.500.00 Overspent (Underspent): $ 334.72 Over Estimate
Total Spent: $1.260.10 Remaining Budget: $239.90 Percentage of Estimate: 36.17% Under Budget
Raw Material
Description Category Vendor Vendor P/N Part Qty Cost  Per Qty. Ext Proj Cost Actual Cost Ordered Recieved
3/8" Thick Type 1 PVC, Gray, 36"x36" Bath McMaster 8747K 184 1 $86.82 1 1 $86.82 $86.82 2-23-17  2-27-17
3/16" Type 1 PVC, Gray, 12"x12" Gear Box McMaster 8747K113 1 $7.90 1 1 $7.90 $7.90 2-23-17  2-28-17
1/2" Dia X 8' Long Polypropylene Rod Bath McMaster 8658K53 8 $1.26 1 8 $10.08 $10.08 2-23-17  2-27-17
0.036" Thick, 6" x 12" 304 Stainless Steel Sheet Gear Box McMaster 8983K123 1 $5.59 1 1 $5.59 $5.59 2-23-17 2-28-17
1/16" Thick, 12" x 12" Silicon Gasket Sheet Bath McMaster 8525T41 1 $9.93 1 1 $9.93 $9.93 2-23-17 2-28-17
0.005" Thick, 12" x 12" Adhesive-Back UHMW Film Aux Roller McMaster 1441T12 2 $4.57 1 2 $9.14 $9.14 2-23-17 2-28-17
3/4" Dia, 1' Long Teflon PTFE Rod Aux Roller McMaster 8546K15 2 $15.49 1 2 $30.98 $30.98 2-23-17 2-28-17
5" Dia, 1' Long PVC Pipe Schedule 40 Twisting FlexPVC SDR26 5 inch 1 $9.71 1 1 $9.71 $9.71 2-23-17  3-7-17
0.063" 6061 T6 Aluminum Sheet, 12" x 12" Twisting McMaster 89015K37 1 $16.98 1 1 $16.98 $16.98 2-23-17 2-28-17
5/32" Type 1 PVC Rod, 5 ft long Gear Box McMaster 8745K12 1 $4.50 1 1 $0.00 $4.10 4-18-17 4-20-17
3/8"304 Stainless Steel Rod, 12ft Bath B&B Surplus ----- 1 $12.50 1 1 $0.00 $12.50 - 3-16-17
Total Raw Material Cost $187.13 $203.73
Hardware
Part Number Description Category Vendor Vendor P/N Part Qty Cost Per Package Qty Ext Proj Cost Actual Cost Ordered Recieved
1206 Drive Belt, 1/8" Dia, 7" OD Bath McMaster 3044K503 4 $4.18 1 4 $16.72 $16.72 2-23-17 2-28-17
1208 Sleeve Bearing, Rulon 641 Bath MSC Direct 91569152 16 $3.07 1 16 $49.12 $48.46 2-23-17 3-20-17
1209 Dowel Pin, Black-Oxide Alloy Steel, 1/8" Diameter, 3/4" Long Bath McMaster 98381A308 18 $6.39 25 $6.39 $6.39 2-23-17 2-28-17
1308 Worm Gear Gear Box KHK Gears SWO0.5-R1 6 $8.82 1 6 $52.92 $52.92 2-23-17 2-28-17
1309 Spur Gear Gear Box KHK Gears DGO0.5-20R1 6 $6.95 1 6 $41.70 $41.70 2-23-17 2-28-17
1310 Sleeve Bearing, 4mm Shaft Dia, SAE 841 Bronze Gear Box McMaster 6659K65 25 $1.75 1 25 $43.75 $43.75 2-23-17 2-28-17
1401 Motor, PPN7PA12C1 Gear Box DigiKey P14355-ND 7 $3.05 1 7 $21.38 $21.38 2-23-17  3-3-17
2105 E-Clip, 1/4" Shaft Dia, Black Finish Steel Aux Roller Miner's ~ -—-- 2 $0.23 1 2 $0.46 $046 - 3-1-17
2108 Conical Spring, 1.5" Long, 0.975" Lg OD, 0.375" Sm OD Aux Roller McMaster 1692K62 2 $2.94 1 2 $5.88 $5.88 2-23-17  2-28-17
3103 Drive Belt, 1/16" Dia, 21" OD Twisting McMaster 6075K12 $3.41 1 1 $3.41 $3.36 2-23-17  3-7-17
4101 Pan Head Screw, Phillips, #8-32, 1/4" Long, Zinc Plated Steel ~ Fastener McMaster 90272A190 14 $2.62 100 1 $2.62 $2.62 2-23-17  2-28-17
4102 Pan Head Screw, Phillips, #8-32, 1/2" Long, Zinc Plated Steel Fastener McMaster 90272A194 29 $3.14 100 1 $3.14 $3.14 2-23-17 2-28-17
4103 Pan Head Screw, Phillips, #8-32, 3/4" Long, Zinc Plated Steel ~ Fastener McMaster 90272A197 50 $3.70 100 1 $3.70 $4.10 2-23-17 2-28-17
4104 Pan Head Screw, Phillips, #8-32, 1" Long, Zinc Plated Steel Fastener Miner's - 20 $0.11 1 20 $2.20 $220 - 3-1-17
4105 Pan Head Screw, Phillips, M2, 3mm Long, Zinc Plated Steel Fastener McMaster 92005A011 12 $5.04 100 1 $5.04 $5.04 2-23-17 2-28-17
4201 Flat Washer, #8, 18-8 Stainless Steel Fastener McMaster 92141A009 70 $2.00 100 1 $2.00 $2.00 2-23-17  2-28-17
4202 Flat Washer, M2, 18-8 Stainless Steel Fastener McMaster 93475A195 12 $1.06 100 1 $1.06 $1.06 2-23-17  2-28-17
4301 Threaded Insert, #8-32, Brass Fastener McMaster 92395A114 104 $12.60 50 3 $37.80 $37.80 2-23-17 2-28-17
4401 Slotted Roll Pin, 1/8", 1/2" Long, 18-8 Stainless Steel Fastener McMaster 92373A177 20 $4.69 100 1 $4.69 $4.69 2-23-17 2-28-17
4302 Nylon Insert Locknut, #8-32 Steel Fastener Miner's - 5 $0.11 1 5 $0.55 $0.55 - 3-1-17
4402 PVC Heat Shrink Tubing, 0.19" ID Fastener McMaster 7132K513 1 $2.76 5 1 $2.76 $2.76 2-23-17 2-28-17
————— Urethane Flat Belt, 1/2" wide, 0.062" Thick, 21" OD Twisting McMaster 9485T12 1 $14.49 1 1 $0.00 $14.49 2-24-17 3-9-17
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Total Hardware Cost $307.29 $321.47

Electronics

Part Number Description Category Vendor Vendor P/N Part Qty Cost Per Package Qty Ext Proj Cost Actual Cost Ordered Recieved
5101 Arduino Nano Motor Control ~ DigiKey 1050-1001-ND 4 $21.49 1 4 $85.96 $85.96 2-23-17  3-7-17
5102 Texas Instruments RC4558 Op-Amp Motor Control  DigiKey 296-1414-5-ND 4 $0.39 1 4 $1.56 $1.56 2-23-17  3-3-17
5103 Bourns 10K Ohm Potentiometer Motor Control ~ DigiKey 91C1A-D20-B15L-ND 3 $4.98 1 3 $14.94 $14.94 2-23-17  3-3-17
5104 10K Ohm Potentiometer Knob Motor Control  DigiKey 226-1096-ND 3 $6.01 1 3 $18.03 $18.03 2-23-17  3-3-17
5105 Bourns 50K Ohm Potentiometer Motor Control  DigiKey 91A1A-B28-B18L-ND 2 $5.91 1 2 $11.82 $11.82 2-23-17 3-3-17
5106 50K Ohm Potentiometer Knob Motor Control  DigiKey 226-1100-ND 2 $6.01 1 2 $12.02 $12.02 2-23-17  3-3-17
5107 10K Ohm, 3W Resistor Motor Control ~ DigiKey 10KAXCT-ND 15 $0.23 1 15 $3.51 $3.51 2-23-17  3-3-17
5108 NPN 50V, 10A Transistor Motor Control ~ DigiKey 2SC6017-EOS-ND 10 $0.55 1 10 $5.52 $5.52 2-23-17 3-3-17
5109 50V, 1A IN4001 Rectifying Diode Motor Control ~ DigiKey 1N4001DICT-ND 10 $0.12 1 10 $1.24 $1.24 2-23-17 3-3-17
5110 830 Tie Breadboard Motor Control ~ DigiKey BKGS-830-ND 4 $8.25 1 4 $33.00 $0.00 - 5-2-17
5111 Yescom 30V, 10A, 110V DC Power Supply Motor Control ~ Newegg 9SIA8SK3T28065 1 $59.99 1 1 $59.99 $59.99 2-23-17  3-1-17
5112 Banana to Socket - Red Motor Control ~ DigiKey 501-1655-ND 1 $8.49 1 1 $8.49 $8.49 2-23-17  3-3-17
5113 Banana to Socket - Black Motor Control ~ DigiKey 501-1643-ND 1 $8.49 1 1 $8.49 $8.49 2-23-17  3-3-17
5114 15cm Male to Male Jumper Wire 10 Pack Motor Control  DigiKey 1471-1232-ND 1 $3.06 1 1 $3.06 $3.06 2-23-17  3-3-17
5115 22 AWG Hookup Wire - Black Motor Control  DigiKey 1528-1753-ND 1 $2.95 1 1 $2.95 $2.95 2-23-17 3-3-17
5116 22 AWG Hookup Wire - Red Motor Control  DigiKey 1528-1769-ND 1 $2.95 1 1 $2.95 $2.95 2-23-17  3-3-17
5117 22 AWG Hookup Wire - Green Motor Control ~ DigiKey 1528-1764-ND 1 $2.95 1 1 $2.95 $2.95 2-23-17  3-3-17
5118 22 AWG Hookup Wire - Blue Motor Control ~ DigiKey 1528-1757-ND 1 $2.95 1 1 $2.95 $2.95 2-23-17  3-3-17
5119 Zip ties Motor Control ~ Miner's - 1 $2.99 1 1 $2.99 $299 3-1-17
5120 Adhesive Cable Mount Electronics McMaster 7566K73 25 $3.53 25 1 $3.53 $3.53 2-23-17 2-28-17
5201 Slip Ring Electronics DigiKey 1528-1152-ND 1 $14.95 1 1 $14.95 $14.95 2-23-17 3-3-17

Total Electronics Cost $300.90 $267.90

Shipping and Tax

Vendor Projected Cost Actual Cost
McMaster $75.00 $93.33
DigiKey $15.00 $37.24
KHK $20.00 $18.92
MSC Direct $12.00 $3.78
Newegg $0.00 $4.35
FlexPVC $8.06 $7.25
Miner's $0.00 $1.13
B&B Surplus $0.00 $1.00
Total Shipping and Tax $130.06 $167.00
Manufacturing

Waterjet Cutting $0.00 $300.00
Total Manufacturing $0.00 $300.00
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Appendix |
Graphene Twisters Engineering Drawings
Page Part No.  Part Name

-3 1000 Bath Assembly

I-4 1101 Bath Subassembly

I-5 1201 Bottom

1-6 1202 End

I-7 1203 Side

-8 1204 Gasket

1-9 1205 Drive Roller

I-10 1206 Drive Belt, 7" OD

I-11 1207 Roller

1-12 1208 Sleeve Bearing, Rulon 641
1-13 1209 Dowel Pin, Black-Oxide Alloy Steel, 1/8" Diameter, 3/4" Long
1-14 1102 Gear Box

1-15 1301 Back Plate

I-16 1302 Bottom Plate

I-17 1303 Top Plate

1-18 1304 Front Plate

1-19 1305 Worm Shaft

1-20 1306 Drive Shaft

1-21 1310 Flange Bearing, SAE 841
1-22 1311 Motor Assembly

1-23 1402 Motor Mount

I-24 2000 Aux Roller Assembly
1-25 2101 Gear Box Mount

1-26 2102 Counter Support

1-27 2103 Sleeve Bearing

1-28 2104 Foot

1-29 2105 E-Clip

1-30 2106 Auxiliary Roller

1-31 2107 Spring Shaft

1-32 2108 Conical Spring

1-33 3000 E-Diff

1-34 3101 Cylinder Housing

1-35 3102 Cylinder Assembly
1-36 3129 Cylinder

1-37 3130 Motor Wall

1-38 3131 Cylinder Motor Mount
1-39 3132 Gear shaft

1-40 3134 Spool

1-41 3135 Spring Lever

1-42 3136 Cylinder Backing Plate
1-43 3138 Spring Wall
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I-44
1-45
1-46
1-47
1-48
1-49
1-50
I-51
1-52
1-53
I-54
1-55
1-56
I-57
1-58
1-59
1-60
1-61
1-62
1-63
1-64

3139
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
4101
4102
4103
4104
4105
4201
4202
4301
4302
4401

Spring Shaft

Cover Plate

Side Plate

Rear Plate

Rod Support

Step Rod

Cylinder Roller

Spacer#l

Spacer#2

Spacer#3

Belt Roller

Pan Head Screw, Phillips, #8-32, 1/4" Long, Zinc Plated Steel
Pan Head Screw, Phillips, #8-32, 1/2" Long, Zinc Plated Steel
Pan Head Screw, Phillips, #8-32, 3/4" Long, Zinc Plated Steel
Pan Head Screw, Phillips, #8-32, 1" Long, Zinc Plated Steel
Pan Head Screw, Phillips, M2, 3mm Long, Zinc Plated Steel
Flat Washer, #8, 18-8 Stainless Steel

Flat Washer, M2, 18-8 Stainless Steel

Threaded Insert, #8-32, Brass

Nylon Insert Locknut, #8-32 Steel

Slotted Roll Pin, 1/8", 3/4" Long, 18-8 Stainless Steel
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ITEM| PART
NO | No. DESCRIPTION QTY.
1 | 1102 | GEARBOX - LEFT 1
2 | 1102 |GEARBOX-RIGHT| 1
BATH
3 | 1101 | susassemBLy | 1
4 | 4202 | #8 FLAT WASHER 4
#8-32 PHILLIPS
° | 405 | screw, 3/a'ic | 4
TITLE:
DRAWN Ng'\:f 2?:; :7
T UaRes SIZE [PART NO. REV
COMMIEZTZ:OT SCALE DRAWING A 10 O O
SCALE: 114 |WEIGHT: | SHEET 1 OF 1
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ITEM PART

ONONORORNC T PR pescriTon | Qv

1 [1201 BOTTOM 1

2 (1202 END CAP 2

3 [1204 GASKET 2

4 11203 SIDE 2

5 (1208 SLEEVE BEARING 8

6 (1205 DRIVE ROLLER 2

7 [1207 ROLLER 2

8 (1209 ALIGNMENT PIN 8

#8-32 THREADED
9 14301 INSERT 16
10 4201 #8 FLAT WASHER | 12
#8-32 PHILLIPS
11 |4103 HEAD SCREW, 12
3/4" LG
12 |1206 DRIVE BELT 2
TITLE:

o [er [wart - SUBASSEMBLY

VARRIES SIZE [PART NO. REV
COMM;ZTZ:OT SCALE DRAWING A 1 10 1

SCALE: 1:3 |WEIGHT: | SHEET 1 OF 1
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4X $0.1257 0.375 TITLE:
w 8X ()0.218 .400 o T o BOTTOM
— DRAWN GTL 1/31/17
o UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIMENSIONS ARE IN INGHES TYPE 1 PVC SIZE |PART NO. REV
Ol CES:
TANléEfL\\‘R:EVIACHtl“ BEND +5° | COMMENTS: A 12 O 1
TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING
THREE PLACE DECIMAL =001 SCALE: 1:2 |WEIGHT: | SHEET10OF 1
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TITLE:
END CAP
DRAWN GTL 1/31/17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIVIENSIONS ARE 1N INGHES TYPE 1 PVC SIZE [PART NO. REV
O CES:
TANiEfER:EVIACHtl" BEND +5° | COMMENTS: A 12 O 2
TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING
THREE PLACE DECIMAL 20,001 SCALE: 1:1 |WEIGHT: | SHEET10OF 1
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TITLE:
DRAWN Ng'\;lf 1/D3A1;E17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIMENSIONS ARE IN INCHES TYPE 1 PVC SIZE |PART NO. REV
TOLERANCES:
st oo s oo~ | Al 1203
THREE PLACE DECIMAL =001 SCALE: 1:3 |WEIGHT: | SHEET10OF 1
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S 1
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TITLE:
NAME DATE SKET
DRAWN GTL 1/31/17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIVIENSIONS ARE IN INGHES SILICONE SIZE [PART NO. REV
TOLERANCES:
ANGULAR: MACH+1° BEND +5° | COMMENTS: A 1204
TWO PLACE DECIMAL  £0.005 DO NOT SCALE DRAWING
THREE PLACE DECIMAL =001 SCALE: 1:2 |WEIGHT: | SHEET10OF 1
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TITLE:
Drive Roller
DRAWN GTL 1/31/17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIMENSIONS ARE IN INCHES 304 STAINLESS STEEL SIZE |PART NO. REV
TOLERANCES:
ANGULAR: MACH+1° BEND +5° | COMMENTS: A 12 05
TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING
+0.
THREE PLACE DECIMAL =0.001 SCALE: 2:1 |WEIGHT: | SHEET10OF 1
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2/10/2017 McMaster-Carr - Urethane Round Belt, Clear, 1/8" Diameter, 4" to 12" Outer Circle

McMASTER-CARR.

Urethane Round Belt
Clear, 1/8" Diameter, 4" to 12" Outer Circle $4.18 Each

3044K503
f”;:
i .
/ ‘\\\ Diameter 1/8"
. \ Outer Circle 4" 12"

Core Construction  Solid
Color Clear
Material Urethane
Outer Circle (OC) 7" in.

Also known as O-ring and endless belts, these come ready to use.

Urethane—All urethane belts are chemical and abrasion resistant. Standard
urethane belts are made from FDA-listed material for use with food and
beverage. Inch sizes are made from FDA-listed material for use with food and
beverage.

Choose outer circle (OC) in 1/4" increments.

I-10
https://www.mcmaster.com/#3044k503/=16an33u

Usually ships in 3 days.
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TITLE:
NAME DATE R : L L E R
DRAWN GTL 1/31/17

UNLESS OTHERWISE SPECIFIED: | MATERIAL

DIMENSIONS ARE IN INCHES 304 STAINLESS STEEL SIZE |PART NO. REV

TOLERANCES:

ANGULAR: MACH+1° BEND +5° | COMMENTS: A 12 07

TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING

+0.
THREE PLACE DECIMAL =0.001 SCALE: 2:1 |WEIGHT: | SHEET10OF 1
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©0.375
TITLE:
DRAWN GIL 173117 G
UNLESS OTHERWISE SPECIFIED: MATERIAL B
TOLERANCES:
ANGULAR: MACH+1° BEND +5° COMMENTS: A .| 208
TWO PLACE DECIMAL  £0.005 DO NOT SCALE DRAWING
THREE PLACE DECIMAL 20001 SCALE: 5:1 WEIGHT: SHEET 1 OF 1
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McMASTER-CARR.%>

NUMBER 1209

http://www.mcmaster.com
© 2012 McMaster-Carr Supply Company

Information in this drawing is provided for reference only.

18-8 Stainless Steel
Dowel Pin




2 1
TEM PRI DESCRIPTION QTY.
1301 BACK PLATE 1
1303 TOP PLATE 1
1310 FLANGE BEARING 4
1309 SPUR GEAR 1
1308 WORM GEAR 1
1302 BOTTOM PLATE 1
4301 #8-32 THREADED INSERT 6
1305 WORM SHAFT 1
1306 DRIVE SHAFT 1
1311 MOTOR ASSEMBLY 1
4201 #8 18-8 FLAT WASHER 6
4401 ROLL PIN 4
4101 | #8-32 PHILLIPS SCREW, 1/4" LG 2
1304 FRONT PLATE 1
4102 | #8-32 PHILLIPS SCREW, 1/2" LG 4
TITLE:
GEAR BOX
DRAWN Ng,\-;lf 2?:/1- :7
T UaRes SIZE [PART NO. REV
@ @ @ @ ° COMMEZTZ:OT SCALE DRAWING A 1102
SCALE: 11 |WEIGHT: | SHEET 1 OF 1
2 [-14 1
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UNLESS OTHERWISE SPECIFIED:

DIMENSIONS ARE IN INCHES
TOLERANCES:

ANGULAR: MACH +1° BEND +5°

TWO PLACE DECIMAL  +0.005
THREE PLACE DECIMAL +0.001
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we o BACK PLATE

DRAWN GTL 2/1/17

MATERIAL

TYPE 1 PVC SIZE PART NO. REV

A 1301

DO NOT SCALE DRAWING
SCALE: 1:1 WEIGHT: SHEET 1 OF 1
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TITLE:
e BOTTOM PLATE
NAME DATE
DRAWN GTL 2/1/17
UNLESS OTHERWISE SPECIFIED: MATERIAL
DIMENSIONS ARE IN INCHES TYPE 1 PVC SIZE PART NO. REV
Ol CES:
/TA\NLCEE?/SR:EMACH:PBEND +5° COMMENTS: A ] 302

DO NOT SCALE DRAWING

SCALE: 1:1 WEIGHT: SHEET 1 OF 1
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TWO PLACE DECIMAL  +0.005
THREE PLACE DECIMAL +0.001
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TOLERANCES:
ANGULAR: MACH+1° BEND +5° COMMENTS:

DO NOT SCALE DRAWING
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TITLE:

FRONT PLATE

NAME DATE
DRAWN GTL 21117
UNLESS OTHERWISE SPECIFIED: | MATERIAL
TOLERANCES:
ANGULAR: MACH£1° BEND +5°  COMMENTS:
TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING
THREE PLACE DECIMAL +0.001
SCALE: 2:1 WEIGHT: SHEET 1 OF 1
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1.57

TITLE:
| WORM SHAFT
DRAWN GTL 2/1/17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
DIMENSIONS ARE IN INCHES TYPE 1 PVC SIZE |PART NO. REV
TOLERANCES:
ANGULAR: MACH+1° BEND +5° | COMMENTS: A 1305
TWO PLACE DECIMAL  +0.005 DO NOT SCALE DRAWING
CE DEC +0.00
THREE PLACE DECIMAL 20001 SCALE: 4:1 |WEIGHT: | SHEET10OF 1
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©.156

1.36

TITLE:
| DRIVE SHAFT
DRAWN GTL 2/1/17
UNLESS OTHERWISE SPECIFIED: | MATERIAL
TYPE 1 PVC
DIMENSIONS ARE IN INCHES SIZE |PART NO. REV
TOLERANCES:
ANGULAR: MACH+1° BEND +5° | COMMENTS: A 1306

TWO PLACE DECIMAL +0.005
THREE PLACE DECIMAL +0.001

DO NOT SCALE DRAWING

SCALE: 4:1 |WEIGHT:

| SHEET10OF 1
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UNLESS OTHERWISE SPECIFIED:

DIMENSIONS ARE IN INCHES
TOLERANCES:

ANGULAR: MACH +1° BEND +5°

TWO PLACE DECIMAL  +0.005
THREE PLACE DECIMAL +0.001
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TITLE:

FLANGE
DRAWN ciL 27 BEAR'NG

MATERIAL

SAE 841 BRONZE SIZE PART NO.
COMMENTS: A ‘I 3" O

DO NOT SCALE DRAWING
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ITEM | PART DESCRIPTION | QTY.

NO. |NUMBER

1 1402 | MOTOR MOUNT | 1
MOTOR,

2| 1401 PPN7PA12C1

3 4202 M2 FLAT WASHER 2

M2 PHILLIPS HEAD
4 | 4105 | SCREW, BMM LG | 2

TITLE:
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VARIES SIZE PART NO. REV
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DO NOT SCALE DRAWING
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ITEM| PART
No | MO, DESCRIPTION QTY.
1 | 2101 GEAR BOX MOUNT 1
2 | 2104 FOOT 1
3 [ 1102 GEAR BOX 1
4 | 4301 8-32 THREADED INSERT 6
5 | 4201 #8 FLAT WASHER 6
6 | 1209 ALIGNMENT PIN 2
7 | 2102 COUNTER SUPPORT 1
8 | 2103 SLEEVE BEARING 2
9 | 2107 SPRING SHAFT 1
10 | 2105 1/4" SHAFT E-CLIP 1
11 | 2108 CONICAL SPRING 1
#8-32 PHILLIPS SCREW, 1/2"
12 | 4102 (ONG 2
13 | 2106 AUXILIARY ROLLER 1
#8-32 PHILLIPS SCREW, 5/8"
14 | 4103 ONG 4
TITLE:
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[-33

ITEM PART

NO. NUMBER D.ESCRIPTIOI.\I QTY.
1 3101 Cylinder Housing | 1
2 3102 Cylinder 1
3 3103 Drive Belt 1
4 3104 Belt Pulley 1
5 3105 Motor 1

TITLE: E-Differental
oD 267

Various Materials

COMMENTS:
DO NOT SCALE DRAWING

SIZE PART NO. REV
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3000

SCALE:1:4 WEIGHT: 8.11 SHEET 1 OF 1
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PART
TEMNO. | UMBER NAME QTY.
1 3201 |COVER PLATE 2
2 3202 |SIDE PLATE 2
3 3203 |REAR PLATE 1
8-32 THREADED
4 4302 | RERT 29
5 3204 |ROD SUPPORT 4
8-30PHILLIPS
6 4103 |HEAD SCREW, 14
344"
8 FLAT
, / 4203 |WASHER NYLON | 22
@ 4 - 8 3205 |STEP ROD 2
e | CYLINDER
p 9 3206 |5 ER 4
P\ A 10 3207 |SPACER] 2
° . 1 3208 |SPACER2 2
g 12 3209 |SPACER3 2
8-32PHILLIPS
@ 13 4106 \NEAD SCREW,1" | 8
14 3210  |BELT ROLLER 2
TITLE; CYLINDER HOUSING EXPLODED
ASSEMBLY
(7) (1) s
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ITEM NO. DESCRIPTION PART NO. |Expolded View/QTY.
1 Cylinder 3129 1
2 Motor Wall 3130 ]
@ 3 Spring Wall 3138 1
4 Brass Threaded Insert 4302 14
5 FlangeBearing 1310 5
@ 6 ﬁgpﬂer Motor 3131 1
/ Spur Gear 1309 1
@ 8 Worm Gear 1308 ]
9 Motor 1401 ]
@ 10 |Worm Shaft 1305 1
11 Spool 3134 1
12 |Spring Shaft 3139 1
’ 13 Gear Shaft 3132 ]
14 |Spool Lever 3135 ]
G 15 ﬁéquer Backing 3136 1
16  |Slip Ring 3137 1
17 1in. #8-32 ZPS 4106 8
18 #8 Flat Washer 4202 7
° 19 [1/4in. #8-32 ZPS 4102 2
20 1/2in. #8-32 ZPS 4103 7
@ 21 Nylon-Insert Locknut 4303 3
@ DRAWN RJS 2/6/17
(s5) SZE PART NO ReV
(&) BRRE M e e A 3102
THREE PLACE DECIMAL =0.001 SCALE: 1:8 WEIGHT: SHEET 1 OF 1
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Appendix J
Graphene Twisters Spec Sheets For Off-The-Shelf Components
Page

J-2  |Bourns Linear Potentiometers

J-7  |Diodes Incorporated APT13005S NPN Power Transistor
J-15 JArduino Nano

J-16 |Pomona 4771 Square Pin Receptacle to Banana Plug
J-17  |McMaster-Carr Urethane Round Belt

J-18 |Diodes Incorporated 1N4001 Rectifying Diode

J-21  |Mueller 18 AWG Test Lead Wire

J-22 |Digi-Key 10 Piece Jumper Wire Bundle

J-24  |Kilo International Black Knob

J-26 |Yescom 30V 10A 110V DC Power Supply

J-28 INMB-MAT PPN7PA12C1 DC Motor

J-40 |Texas Instruments RC4558 Dual General Purpose Operational Amplifier
J-71  |Prosper Slip Ring

J-75 |Yageo Metal Film Resistors

J-1



Appendix J - Spec Sheets for Off-The-Shelf Components
Features

W Available in a variety of pin-out
configurations

m Virtually infinite electrical circuit isolation
W Metal or plastic shaft options
W RoHS compliant*

BOURNS® Model 91, 92, 93, 94 & 95 - 5/8 ” Square Single-Turn Panel Control
Initial Electrical Characteristics1 Conductive Plastic Element Cermet Element
Standard Resistance Range
Linear Tapers (A, B, E, & H)...c.cvvvverviienennes (B &E)1 Kohms to 1 megohm.......ccceecuveennnnee (A & H) 100 ohms to 1 megohm
Audio Tapers (C, D, F, G, S, &T)...... ....(D,G,S, &T) 1 Kohms to 1 megohm................. (C & F) 1 K ohms to 1 megohm

Total Resistance Tolerance.................... ii10 %0 OF 20 %0 e 5% or 10%
Independent Linearity.........cccooveevnieniiieiiienns 5 0t +5 %
Absolute Minimum Resistance..... ....2 0hMSs MaxXimumM.........cooriiiiiccceeeeee e eeeeees 2 ohms maximum

Effective Electrical Angle.......cccoeeveeiiiinnnnnnes (Linear tapers) 240 ° £ 5 °..iiiiicieeeeeeeeee e (Linear tapers) 240 ° + 6 °

(Audio tapers) 225 ° £ 5 ° ..o (Audio tapers) 225 ° + 6 °
Contact Resistance Variation ..........cccccceeeeieennee FT 00 s +1 % or 3 ohms (whichever is greater)
Dielectric Withstanding Voltage (MIL-STD-202, Method 301)
Sealevel .., 1,500 VAC minimum........cccccoimiiiieeeeeeeeeeeenne 1,500 VAC minimum
70,000 Feet...uuurricieiiieeeeineenns ....500 VAC minimum 500 VAC minimum
Insulation Resistance (500 VDC) ........ccccveeeunes 1,000 megohms MiNiMUM.......ccceeviiiiieeriineenn. 1,000 megohms minimum
Power Rating (Voltage Limited By Power Dissipation or 350 VAC, Whichever Is Less)
+70 °C Single Section Assembly ................ (Linear tapers) 1 watt.......ccoccceeveerienniee e (Linear tapers) 2 watts
(Audio tapers) 0.5 watt ................. (Audio tapers) 1 watt
+70 °C Multiple Section Assembly ............. (Linear tapers) 0.5 watt/section........ (Linear tapers) 1 watt/section
(Audio tapers) 0.25 watt/section (Audio tapers) 0.5 watt/section
F125 0 et O watt....oeeeecee e 0 watt
Theoretical Resolution.........cc.ccceecieriieeccieenen. Essentially infinite........cocoeiiiii Essentially infinite

Environmental Characteristics!

Operating Temperature Range .........c.ccccecvevnen. 40 °C 10 +125 °C it -40 °C to +125 °C
Storage Temperature Range.........ccccoceveerennenne. =55 °C 10 +125 °C .. -65°Cto +125°C
Temperature Coefficient Over Storage
Temperature Range.........cccoeveeeverneeeieenieenneens 71,000 PPM/OCcnriiiiieeieie et +150 ppm/°C
Vibration (Single Section).... 15G
Total Resistance Shift..........cccoovviiiniininennene 2 % MAXIMUM..eiiiiiiiecrenere e +2 % maximum
Voltage Ratio Shift.........cccoooeeiiniriicieee +5 % MaXimumM.......ccooomiiiiee e +5 % maximum
Shock (Single Section)..... 1101 C 30G

Total Resistance Shift. v 22 % maximum...
Voltage Ratio Shift...... ... £5 % maximum...
Load Life ....ccccecevrreeenene .... 1,000 hours.......... 1,000 hours
Total Resistance Shift.... .... £10 % maximum. +5 % maximum
Rotational Life (No Load).... vee» 100,000 CYCIES ... 100,000 cycles
Total Resistance Shift..........ccoooevveeiinenienen. (Linear tapers) 10 ohms or +15 % TRS max. ...... (All tapers) +5 % TRS max.
(whichever is greater)
(Audio tapers) £20 % maximum

+2 % maximum
+5 % maximum

Contact Resistance Variation
@ 50,000 CYCIES ..eevrurerrieeeeeiee e (Linear tapers) £2 %0....ccoveeevrerieerienneeeeee e +2 %

(Audio tapers) £3 %0 ...ccccevererreeneeere e +3 %
Moisture Resistance (MIL-STD-202, Method 103, Condition B)
Total Resistance Shift..........ccooovvvevinicninnnen. (Linear tapers) £10 % TRS maximum .........c..ce... (All tapers) +5 % TRS maximum
(Audio tapers) +20 % TRS maximum
Insulation Resistance (500 VDC)........c.c.e.... 100 megohms MiNIMUM ......oooevreeereeneerieeneeees 100 megohms minimum
IP RAtiNG .veveeeereeie et IP 40 e IP 40

*RoHS Directive 2002/95/EC Jan. 27, 2003 including annex and RoHS Recast 2011/65/EU June 8, 2011.

Specifications are subject to change without notice.

The device characteristics and parameters in this data shjetéan and do vary in different applications and actual device performance may vary over time.
- Users should verify actual device performance in their specific applications.
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Model 91, 92, 93, 94 & 95 - 5/8 ” Square Single-Turn Panel Control BOURNS®

Mechanical Characteristics1

o] oIS (1T aTe L (g T i I IR o - S 45.19 N-cm (4 Ib.-in.)

(1/8 ” D shaft) ... ....33.89 N-cm (3 Ib.-in.)

Y =Tt g P= g Ter= I T | = U UPR PR 300°+5°

Torque

3 £ Ug 10 o USRS PRRTUPTRRRPRN 0.3 max. above average running torque
Running Torque

Single or Dual Section (A & R BUSHINGS) ....coeiruiriiiirierieneeie ettt s ee s 0.21 to 1.06 N-cm (0.3 to 1.5 0z.-in.)

Single or Dual Section (C & U BUSHINGS) ..cecuvieeieiierieeieeseee st esee e e sneesneeeeeens 0.14 to 1.06 N-cm (0.2 to 1.5 oz.-in.)

1Y/ 010 1 ] o [PPSR RPRPPN 1.7-2.0 N-m (15-18 Ib.-in.) maximum

Variation.... ... 0.35 N-cm (0.5 0z.-in.) maximum in 45 ° shaft travel

Weight (Single Section, Metal BUSHING)........cciiiiiiieieiee ettt e sae e st e s e st e enne e saeeeneesnneeseenn 12.7 grams nominal

(ST g IV o 1 ToTa = LIRS T=T o o o) OSSPSR 4 grams nominal

L= 001 T= N Printed circuit terminals, J-Hooks or solder lugs

Soldering Condition ..........cceeeeeriinerieeiisiniee Recommended hand soldering using Sn95/Ag5 no clean solder, 0.025 ” wire diameter.

Maximum temperature 399 °C (750 °F) for 3 seconds. No wash process to be used with no clean flux.

Y= T4 g T S Manufacturer’s trademark, date code, resistance, manufacturer’s part number

Ganging (Multiple SeCtion POtENtIOMELEIS).......cceiiiririeieee ettt a e et sae et e s st et e sbe e e e sne s e e neeens 2 cups maximum

Hardware.........cccuc..... One lockwasher and one mounting nut is shipped with each potentiometer, except where noted in the part number.

NOTE: Performance specifications do not apply to units subjected to printed circuit board cleaning procedures.
1At room ambient: +25 °C nominal and 50 % relative humidity nominal, except as noted.

Specifications are subject to change without notice.
The device characteristics and parameters in this data sheet can and do vary in different applications and actual device performance may vary over time.
]_3 Users should verify actual device performance in their specific applications.
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Model 91, 92, 93, 94 & 95 - 5/8 ” Square Single-Turn Panel Control

BOURNS'

Product Dimensions
Model 91 PC Pin Terminals, In-Line

MOUNTING
W SURFACE
22.86 +0.43 L | DIA. r._ﬂ_,
(:900 = .017) 13725088 |, (6%)
12.70 + 229 (5402 015)
(500 = .009) 19
0.79 + 025 1.37+0.08 }._ G2
(031 = 010) {054+.003) | :
q H I 236008 4
| — (093 = .003) —L
SEE 119
HOW TO ORDER : 9.53
CHART FOR (:047 (375)
BUSHING OPTIONS. A” STYLE
AR.LUG 15.29 + 0.56
10.16+0.30 | : 11.05 £ 0.20 (602 = 022)
(400012 T o g (435 = .008)
T
—5 25 __| [l
SEE S
o1 o1 NEXT PAGE (-100) N ‘4_ 0.76 +0.05
@2 42 FOR SHAFT (.030 +.002)
63 @3 OPTIONS. 254 | |o_ TYp.
E 'I Il (-100)
Model 93 PC Pin Terminals, "L" Pattern
22.86 + 0.43 MOUNTING
(:900 = 017) SURFACE DiA. "_w_»
* L 1372038 | (6%
(126700 E3 020299) (5540 = .015)
.500 + .
o lle 079025 1.37:0.08 ‘ l— (7—%
"_ (031 .010) (054 +.003) :
q H [] 236 +0.08 -
| ] (.093 = .003)
T 1] ——LEE 1
[ ‘ HOW TO ORDER : 9.53
[ CHART FOR (.047) (:375)
A I BUSHING OPTIONS. A" STYLE
DIA. . AR.LUG 127102
0.81 5.08 + 0.38 : (500 = .040)
(032) TYP_’{ ™ ‘ (200 = .015)
10.16 + 0.30 11.05 £ 0.20
(400+012) T o I (435 .008) 254 Il
= T s
o1 o 1l SEE 2.54 ‘ v
NEXT PAGE 100) - :
FOR SHAFT
63 2 |43 62 OPTIONS.
o i
Ii i
Model 95 Solder Lug Terminals, "Triangular" Pattern
H—— =)
T (:200 = .040)
445+ .38 \- H \- 5.59 +.20
(175£.015) | “_ T (220« 00g) b a |l
10.16 4453+ .38 2.54 (980 (:016)
(40 T—= 445+ .38 . 3PLCS.
(175 .015) 100)
=

_'}m
o=

]

TOLERANGES EXCEPT AS SHOWN: DECIMAL .XXX + 361

102 229
(040) WIDE X ggg) LONG
3PLCS.

(015 FRACTION + 1/64
9.65 °
XX+(3 3) ANGLE +5

Model 92 J-Hooked
Terminals, In-Line

]
‘ {1031) 2 PLCS.
254
(010)
T GAP
‘4_&
(.06)

Model 94 J-Hooked
Terminals, "L" Pattern

3]
[N

J -,
o
£3

Shaft Flat Orientation

T\QO“*—S ° STD.

FLAT ORIENTATION
(SHAFT AT CCW END)

1 3
ccw

2
POTENTIOMETER

Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet can and do vary in different applications and actual device performance may vary over time.
J-4 Users should verify actual device performance in their specific applications.
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Model 91, 92, 93, 94 & 95

- 5/8 ” Square Single-Turn Panel Control BOURINS®

Product Dimensions
SHAFT TYPE "B" (USES BUSHING A)

SHAFT TYPE “T* (USES BUSHING U)

SHAFT TYPE "D" (USES BUSHING C)
1.50 +.25

Plastic
Shaft
1.60+.38/-.00 3.16+.00/-15
160438100\ 16+.00/-
Styles  (063:.015%000 ‘L (7245+0007-006) "} (0,08 =.001) "1 fl_ K
B— :[6.32+.000/-.1 52 I .
119 6.02+.000-.152 1 75| 1 3968 :0.000:0051
(:047) (240 G 2 STD. LENGTHS: (0.03) (157.4.000/-002)
12.70 | 1588 | 19.05 STD. LENGTHS: :
STD. LENGTHS: = | men | e
500) | (625) | {750
1270 | 1588 | 19.05 | 22.23 (500) | (629) | (750
{500) | (625) | (750) | (:875)
SHAFT TYPE "C" (USES BUSHING A) SHAFT TYPE "R" (USES BUSHING R) SHAFT TYPE "W" (USES BUSHING A)
_ 1118+.38 14.07 +.25
N - | (4402 015) 010870:0251 ——1 ’* 5.994 +0.000/-0.051 k_’ 562 2 .010)
1= (236 +000%-002)
6 DIA. 1
[ 6.30+.000/-.152 7[ —~ 6.31+.025/-051
(273) (-248+.000/.006) 1.00 48 TOOTH (.2485+.001/.002)
: DIA. (.04) DIA.
STD. LENGTHS: STD. LENGTHS: STD. LENGTHS:
19.05 | 22.23
(750) | (:875)
Metal  SHAFT TYPE "A" (USES BUSHING A) SHAFT TYPE "H" (USES BUSHING A) SHAFT TYPE "S" (USES BUSHING R)
Shaft
“Fx.38 “F’+ 381
Styles 6.32+.010/-.025 T2 015 6.32+.010/-.025 —T——‘ 6.000+.000/-.035
x ~0.52+.0107-025 F =015
(7019 | 1 (2490+.0004/.0010) (F+ 019) { (:2362+.0000/.0014)
DIA 1 K DIA
Q

—

STD. LENGTHS:

{ (.2490+.0004/.0010)
DIA

5.486 + 051
(216 .002)

3.988 +.076

(157 = .003)

STD. LENGTHS: STD. LENGTHS:

1270 | 15.88 | 19.05 | 2223 | 254
{500) | (:625) | (750) | (875) | (1-000)

SHAFT TYPE "E" (USES BUSHING C)

e __3.16
M [ (1245)

Is DIA
0.79 jj

(031)

079025
(031 = .010)

STD. LENGTHS:
16.0 1

625 | (.

©

0

12.0
75

(.500)

K=

SHAFT TYPE "G" (USES BUSHING A)
1.60+.38/-.00

(063+.015/-000) "] T" I

6.32+.010/-.025

SHAFT TYPE "J" (USES BUSHING R) SHAFT TYPE "V" (USES BUSHING U)

1.80 £ 0.25 6.00+.000/-.035
(:071°=.010) T‘_ { (2362+. 0000/ 0010) 1.50+0.25 0-25__‘ ’__ 3.99+.000/-.035
(059£.010) ||, § (1571+.0000/.0010)

DIA

0.79+ 013 jj

((031+ .054)
STD. LENGTHS:

100013 _T f
(1039 = .054)

STD. LENGTHS:
16.0 | 22.0
{1630 | (.866)

2490+.0004/.0010)
DIA.
TOLERANGES EXCEPT AS SHOWN: XX == 60520)

Q

T 1194 § XXX < & 005

(.047) * (27
0005
STD. LENGTHS: KX = 557

1270|1588 19.05 | 2223

(500) | (625) | (:750) | (875) . MM

DIMENSIONS: M

Specifications are subject to change without notice.

The device characteristics and parameters in this data shJetﬁan and do vary in different applications and actual device performance may vary over time
Users should verify actual device performance in their specific applications.
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How to Order Model 91, 92, 93, 94 & 95 Panel Controls BOURNS®

[o1 [A]2]A[-[A 28] -[A [15] 7/
ANTI-ROTATION LUG SHAFT AVAILABLE
Single .305 ” (7.8 mm) R, LENGTH ONLY IN
90 °CW (FMS) BUSHING
Code | Description Code
Nolug T A AC
20 | 5/87L A C
24 [ 3/47L A.C
# SECTIONS 28 7/8 L A
1 [ Single 32 | 1L A
2 |Dual METRIC
16 [ 16mmL__ [R,U
22 | 22mmL [R,U
BUSHING
A | Metal Plain 3/8 ” (9.53 mm) D x 3/8 ” (9.53 mm) L.
C | Metal Plain 1/4” (6.35 mm) D x 1/4 " (6.35 mm) L
R | Metal Plain 10 mm D x 9 mm L
U [Metal Plain 7 mm D x 9 mm L
MODEL
91 | Single-Turn, In-Line PC Pins
92 | Single-Turn, In-Line J-Hooks
93 | Single-Turn, L-Pattern PC Pins
94 | Single-Turn, L-Pattern J-Hooks
95 | Single-Turn, Triangle-Pattern Solder Lugs
AVAILABLE ONLY IN
SHAFT TYPE LENGTHS BUSHINGS
(CODE) (CODE)
B | Plastic Single Slotted 1/4 " (6.35 mm) D 16, 20, 24, 28 A
C | Plastic Single Flatted 1/4" (6.35 mm) D 24,28 A
D | Plastic Single Plain 1/8" (3.18 mm) D 16, 20, 24 C
R | Plastic Single Slotted 6 mm D Metric 16, 22 R
T | Plastic Single Slotted 4 mm D Metric 16, 22 U
W | Plastic Single Knurled 1/4" (6.35 mm) D 32 A
A | Metal Single Plain 1/4" (6.35 mm) D 16, 20, 24 A
E | Metal Single Slotted 1/8" (3.18 mm) D 16, 20, 24 C
G | Metal Single Slotted 1/4" (6.35 mm) D 16, 20, 24, 28 A
H | Metal Single Flatted 1/4" (6.35 mm) D 24,28 A
J | Metal Single Slotted 6 mm D Metric 16, 22 R
S | Metal Single Flatted 6 mm D Metric 16, 22 R
V | Metal Single Slotted 4 mm D Metric 16, 22 U
REV. 05/13

Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet can and do vary in different a
Users should verify actual device performance in their specific applications.

Part number for multiple section potentiometers must have
a taper and resistance value for each section.

[ RoHS IDENTIFIER |
[ L [compliant |

ELEMENT TAPER RESISTANCE CODE
TYPE/TOLERANCE VALUE IN OHMS
(A) Linear Cermet =10 % (05)-100 | (30)-15K
(H) Linear Cermet +5 % (28)- 150 | (16)-20K
(06) -200 | (17)-25K
(07)-250 | (18)-50 K
(08) -500 | (20)-100 K
(10)-1K | (21)-200 K
(11)-2K | (22)- 250 K
(12) - 2.5 K| (23) - 500 K

(13)-5K [(25)-1M

(15)-10K
(B) | Linear C-P 220 % (10)-1K | (18)-50K
(E) | Linear C-P £10 % (12) - 25K | (20) - 100 K

(13)-5K | (22)-250 K
(15)- 10K | (23) - 500 K
(16)-20K | (25)-1 M

(

C) | CWAudio Cermet =10 % | ( =50 K
(D) | CcW Audio C-P +20 % (12)- 25K | (20) - 100 K
(F) | CCW Audio Cermet 10 % | (13)-5K | (22) - 250 K
(G) | CCW Audio C-P 20 % (15)- 10K | (23) - 500 K
(S) | CW Audio C-P 10 % (17)-25K | (25)-1 M
(T) | CCW Audio C-P +10 %

Boldface features are Bourns standard options.
All others are available with higher minimum order
quantities.

th'tétions and actual device performance may vary over time.
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DTCOES.

I N C O RP ORATED

Green

APT13005S
450V NPN HIGH VOLTAGE POWER TRANSISTOR

Features

Mechanical Data

. BVceo > 450V
. BVces > 700V
. BVego > 9V

. Ic = 3.2A High Continuous Collector Current
. Lead-Free Finish; RoHS Compliant (Notes 1 & 2)
e Halogen and Antimony Free. “Green” Device (Note 3)

Applications

Low Power AC-DC SMPS for:

e  Battery Chargers for Mobile Phone / Tablets / Smartphones

e  Power Supply for DVD / STB
e LED Lighting

e Case: TO126, TO251 or ITO220AB
e  Case Material: Molded Plastic, "Green" Molding Compound;
UL Flammability Classification Rating 94V-0
e  Terminals: Matte Tin Finish; Solderable per MIL-STD-202,
Method 208 @3
e  Weight: TO126: 400mg (Approximate)
TO251: 340mg (Approximate)
ITO220AB: 1500mg (Approximate)

TO126 TO251 ITO220AB Isolated

O A O ‘ ' °(H° B
o) 2O?

O
B C E B C E B C E
Front Face View Front Face View Front Face View Device Schematic
Pin-Out Pin-Out Pin-Out
Ordering Information (Note 4)

Product Package Marking Quantity
APT13005SU-G1 TO126 GU13005S 4,000 Bulk, Loose per Box
APT13005SI-G1 TO251 APT13005SI-G1 3,600 per Box in Tubes

APT13005STF-G1 ITO220AB APT13005STF-G1 1,000 per Box in Tubes

Notes:

1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant. All applicable RoHS exemptions applied.

2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"

and Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and

<1000ppm antimony compounds.

4. For packaging details, go to our website at http://www.diodes.com/products/packages.html.

Marking Information

ITO220AB

i?h = Manufacturers’ Code Marking
For TO126: GU13005S = Product Type Marking ID

TO126 TO251
O f O [ |
&5 APT13005S
@) I-G1
£y GU13005S YWWBXX
YWWS8XX “ “ ”
APT13005S

Datasheet Number: DS36309 Rev. 2 - 2

O O
OOO

fNAPT13005S

Yy

J-Yots

www.diodes.com

For TO251: APT13005SI-G1 = Product Type Marking ID
For ITO220AB: APT13005STF-G1 = Product Type Marking ID

YWW = Date Code Marking

e.g. 312 = Year 2013, Week 12.

8 = Assembly Site Code
XX = Batch Number

November 2015

© Diodes Incorporated


http://www.diodes.com
http://www.diodes.com/quality/lead_free.html
http://www.diodes.com/products/packages.html
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DTCOES.

‘ APT13005S
Absolute Maximum Rati NQJS (@Ta = +25°C, unless otherwise specified.)
Characteristic Symbol Value Unit
Collector-Emitter Voltage (Vge = OV) VCcEs 700 \%
Collector-Emitter Voltage Vceo 450 Vv
Emitter-Base Voltage VEBO 9 \%
Continuous Collector Current Ic 3.2 A
Peak Pulse Collector Current lcm 6.4 A
Continuous Base Current Is 1.6 A
Peak Pulse Base Current Iem 3.2 A
Thermal Characteristics (@Ta = +25°C, unless otherwise specified.)
Characteristic Symbol Value Unit
For TO126 @Tc = +25°C 20
Power Dissipation For TO251 @Tc = +25°C Pp 25 W
For ITO220AB @Tc = +25°C 28
For TO126 6.25
Thermal Resistance, Junction to Case For TO251 Reic 5.0 °C/W
For ITO220AB 45
Operating and Storage Temperature Range T3, TsTe -65 to +150 °C
ESD Ratings (Note 5)
Characteristic Symbol Value Unit JEDEC Class
Electrostatic Discharge - Human Body Model ESD HBM 8,000 \% 3B
Electrostatic Discharge - Machine Model ESD MM 400 \% C
Note: 5. Refer to JEDEC specification JESD22-A114 and JESD22-A115.
APT13005S J-8of 8 November 2015
Datasheet Number: DS36309 Rev. 2 - 2 www.diodes.com © Diodes Incorporated
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MmN
DrOOES. APTL3005S

I N C O RP ORATED

Safe Operating Areas (@Ta = +25°C, unless otherwise specified.)

10

10
DC & ™
— DC AN
< 1 \\ < 1 ™
- \\ 0 AN
- ‘\ - \\
o N 3
5 5 N
8 \\\ (-: \\
e N e \
3 o1 AN g o1 =
s N s S
o o AN
AN \\
T=25°C \] T=25°C ]
0.01 ‘ 0.01 L ‘
1 10 100 1000 1 10 100 1000
Collector-Emitter Clamp Voltage V (V) Collector-Emitter Clamp Voltage V (V)
Safe Operating Areas Safe Operating Areas
(TO126 Package) (TO251 Package)
10
| bc N
_ N
2 1 ™
i N
3 \\
<]
3 o1 \\
% N
© AN
AN
T=25°C \I
001 |
1 10 100 1000
Collector-Emitter Clamp Voltage V_.(V)
Safe Operating Areas
(IT0220AB Package)
APT13005S J-9of 8

November 2015
Datasheet Number: DS36309 Rev. 2 - 2 www.diodes.com © Diodes Incorporated
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DTCOES.

I N C O RP ORATED

APT13005S

Electrical Characteristics (@Ta = +25°C, unless otherwise specified.)

Characteristic Symbol Min Typ Max Unit Test Condition
Collector-Emitter Breakdown Voltage BVces 700 — — \% Ic = 100pA, Vge = OV
Collector-Emitter Breakdown Voltage BVceo 450 — — Vv Ic = 100pA
Emitter-Base Breakdown Voltage BVEeo 9 — — \Y Ie = 100pA
Collector Cutoff Current Icev —_ — 10 HA Vce =700V, Vge =-1.5V
DC Current Transfer Static Ratio (Note 6) hre 20 — 3 — lo = 1A, Vo = 5V

11 - 35 Ilc =2A, Vce=5V

— — 0.3 Ic=1A,Ig=0.2A
Collector-Emitter Saturation Voltage (Note 6) VcE(say — — 0.6 \ Ilc = 2A, Ig=0.5A

— - 1.0 Ilc =3A,Ig=0.75A

. . — — Ic=1A,1g=0.2A

Base-Emitter Saturation Voltage (Note 6) VBE(sat) N _ 15 \% Iz =2A |2 — 0.5A
Output Capacitance Cos — 35 — pF Vce =10V, f = 0.1MHz
Transition Frequency fr 4 — — MHz Ic = 0.5A, Vcg = 10V
Turn-on Time with Resistive Load ton — — 0.7
Storage Time with Resistive Load ts — — 45 us ::1::2-?5’2\/:((;.?1:25\/7
Fall Time with Resistive Load t — — 0.8
Note: 6. Measured under pulsed conditions. Pulse width < 300us. Duty cycle < 2%.
APT13005S J-kBf 8 November 2015
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MMM
Wms APT13005S

Typical Electrical CharacteristicS (@Ta = +25°C, unless otherwise specified.)

35 50
I ——T  1,=450mA T
1;=500mA /§:':: 1,7400mA 45 L =N V=5V HH
3.0 // e B 1,=350mA | L =+ T \
— ] ——  1,=300mA 20 He = o
— — s T =125°C ¥
< 25 // — | —— | -250mA £ 35 ’
—© —] | ———" | =200mA o | 7T
*a;:; ’o ///—/ | £ a0 L= N\
g : | _— 1,=150mA 5 TJ—25°C
o L N o
5 15 7 e— 1,=100mA Q \
g e 2 x
@
L_o) 1.0 — 1,=50mA | 15 \\
10 NN
0.5 IB=20mA 4 J
wf 5
0.0 0
0 1 2 3 4 5 6 7 0.01 0.1 1
Collector-Emitter Voltage V (V) Collector Current | (A)
Static Characteristics DC Current Gain
1 — 12
H{ [T
- T T 1] S H =4 | ]
s 7 H,=4 1] N N enn
8 / >
2 </ g o ~
S .
g 2/ S -~
g TF125°C | | (] / 5 0.9 .
T 01 » | 17 k=] T=25¢C 7 7z
.’é : = T=25°C S o5 [ P
u @ ’ U
‘8 - ke A T=125°C
° 0.7
3 L~
) pn
0.6 p——="
0.01 05
0.1 1 10 0.1 1 10
Collector Current | (A) Collector Current | (A)
Collector-Emitter Saturation Region Base-Emitter Saturation Voltage
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DTOUES. APT130055
Package Outline Dimensions
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.
(1) Package Type: TO126
A f——
I—— D ——I A2 R1 |— D2 —a=] E2
= = TN < a_| TO126
- - -
¢_ -4} Dim Min Max Typ
A 2.400 | 2.900 -
-+— — A2 1.060 | 1.500 -
E Y h ; b 0.660 | 0.860 -
\ E2b b2 1.170 | 1.470 -
%) j_ \ c 0.400 | 0.600 -
b2 L/ R D 7.400 |8.200 | -
1 —] = + D2 5.010 |5.310 -
. E 10.60 | 11.20 -
1 L1 E2a | 2.850 | 3.150 -
E2b | 4.850 | 5.150 -
| | | e - - 2.280
-t el - - 4.560
0.00 | 0.30 -
L | | | 14.50 | 15.90 -
L1 1.700 | 2.100 -
R - - | 1840
| I | R1 - - 0.760
Y 3.600 | 3.900 -
%] 3.100 | 3.550 -
T T 7T " - All Dimensions in mm
—{ © |=— ——I I——c
[ o —
(2) Package Type: TO251
e D ————-— —— A p-—
E2 | [ D2—= — = ~=——A3
r ’ Option 2
= — [1 [ — |
g A i —
\ qis Dim Min Max
| | \ O \ A | 2200 |2.400
£ | | ‘ ‘ A2 0.890 | 1.150
A3 0.450 | 0.550
\ \ \ b 0.550 | 0.740
| — | | ~—~— [ _ c 0.450 0.570
7Op7tion73 o D 6.400 6.750
Wrﬁ o D2 5.200 | 5.400
| | E 5.950 | 6.250
L | | E2 0.900 | 1.250
e 2.240 | 2.340
\ \ el | 4.430 |4.730
I | '®) | L | 8900 |9.500
r Ll il il L N — _ All Dimensions in mm
‘ T H— “ic
[ R I
«e‘]—» ——— - —<fA2
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DTCOES.

I N C O RP ORATED

APT13005S

Package Outline Dimensions (continued)

Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.

(3) Package Type: ITO220AB (TYPE BR)

[ D —————
- X - ——I A3 I——
1 |
—d—)— —d—)— 1 Y ITO220AB (TYPE BR)
—— i Dim | Min Max | Typ
_(;9_ _(;9_ v1 A | 4.300 [4.900] -
Y A2 2.520 | 2.920| -
E ' A3 2.350 | 2900 | -
\ b 0.550 | 0.900 | -
oP A bl | 1.000 | 1.400 | -
! b2 1.100 [ 1500 | -
b2 C 0.450 | 0.600 | -
—>| '4— D 9.70 ]10.30| -
| ; L E | 14.70 | 16.00] -
I | ‘ ‘ o e - ~ (254
v S L | 1250 | 1350 | -
T ! L1 | 2.790 |4.500| -
—L1 X 6.90 7.10 -

L T Y | 3.000 |3.400 | -
Y1l 3.370 [ 3.900| -
gP | 3.000 | 3.550| -

! = a1 All Dimensions in mm
: b
e e ——l |<—
_»| |<_ c
Note: For high voltage applications, the appropriate industry sector guidelines should be considered with regards to voltage spacing between terminals.
APT13005S J-Tf8 November 2015

Datasheet Number: DS36309 Rev. 2 -

2

www.diodes.com

© Diodes Incorporated


http://www.diodes.com
http://www.diodes.com/datasheets/ap02002.pdf

Appendix J - Spec Sheets for Off-The-Shelf Components

MmN
DrOOES. APTL3005S

I N C O RP ORATED

IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com

APT13005S J-Bhfs November 2015
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The Arduino Nano is a small, complete, and breadboard-friendly board based on the ATmega328 (Arduino
Nano 3.0) or ATmegal68 (Arduino Nano 2.x). It has more or less the same functionality of the Arduino
Duemilanove, but in a different package. It lacks only a DC power jack, and works with a Mini-B USB cable
instead of a standard one. The Nano was designed and is being produced by Gravitech.

Technical Specification

Microcontroller Atmel ATmegal68 or ATmega328
Operating Voltage (logic

5V
level)

Input Voltage (recommended) 7-12 V

Input Voltage (limits) 6-20 V

Digital I/0 Pins 14 (of which 6 provide PWM output)

Analog Input Pins 8

DC Current per I/O Pin 40 mA

Flash Memory 16 KB (ATmegal68) or 32 KB (ATmega328) of which 2 KB used by
bootloader

SRAM 1 KB (ATmegal68) or 2 KB (ATmega328)

EEPROM 512 bytes (ATmegal68) or 1 KB (ATmega328)

Clock Speed 16 MHz

Dimensions 0.73"x 1.70"

If you want to give a closer look to this board we advice you to visit the official Arduino Nano page in the
Hardware Section.

J-15
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Pomona® Model 4771

Square Pin Receptacle To Banana Plug

1.52 LENGTH + 50 ————= 52 |=—
(38,61) (12,70) (13,21)

' 56 71 ==
(14,21) (18,02)

¢ L ‘

=11 | x —
$.26 J ®.27 J 1050

(6,61) (6,86) (2,54)

FEATURES:
¢ This patch cord is excellent for use as a jumper on circuit cards with 0.6 (.025) sq. pins and equipment
with 4.2 (.166) dia. pin jacks.
e Mates to Model numbers 5790, 4521, and 5360.
MATERIALS:
Conn.: In-Line Banana Plug
Material: Spring — Beryllium Copper per QQ-C-533, Alloy 172, Cond. HT. Plug Body — Brass per QQ-B-626,
Alloy 360, Y2 Hard.
Finish: Nickel plated per QQ-N-290, Class 2, 200/300 microinches.
Insulation: Polypropylene molded to plug body and wire.
Color: Matches color of wire
Wire: 22 AWG, stranding 26 x 36 T.C., PVC Insulated, 1.63 (.064) O.D.
Color: See Ordering Information
Marking: “POMONA 4771-XX”
Conn: 0.64 (.025) Square Pin Receptacle
Material: Phosphor bronze.
Finish: Gold plated.
Housing Insulation: Polypropylene
Color: Black.
RATINGS:
Operating Temperature: +50° C (+122° F) Max
Operating Voltage: 1000 VDC
Current: 3 Amperes

ORDERING INFORMATION: Model 4771-XX-*

XX=Cable Lengths, Standard Lengths: 12” (305mm), 24” (610mm), 36 (914mm)
Additional lengths and colors can be quoted upon request.

*=Color, -0 Black, -2 Red

Ordering Example: 4771-12-2 Indicates 12” in length, color is Red.

All dimensions are in inches. Tolerances (except noted): .xx = +.02” (,51 mm), .xxx = £+ .005” (,127 mm).
All specifications are to the latest revisions. Specifications are subject to change without notice.
Registered trademarks are the property of their respective companies. Made in USA

10/01/07
D1094148 Sales: 800-490-2361 Fax: 425-446-5844 www.pomonaelectronics.com

Rev. 101 Technical Support: technicalsupport@pomonatest.com Page 1 of 1
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dix J - Spec Sheets for Off-The-Shelf Components
McMASTER-CARK

Urethane Round Belt
Clear, 1/8" Diameter, 4" to 12" Outer Circle $4.18 Each

3044K503

Diameter 1/8"
Outer Circle 4"- 12"
Core Construction  Solid
Color Clear
Material Urethane

Outer Circle (OC) 7" in.

Also known as O-ring and endless belts, these come ready to use.

Urethane—All urethane belts are chemical and abrasion resistant. Standard
urethane belts are made from FDA-listed material for use with food and
beverage. Inch sizes are made from FDA-listed material for use with food and
beverage.

Choose outer circle (OC) in 1/4" increments.

J-17
https://www.mcmaster.com/#3044k503/=16an33u

Usually ships in 3 days.
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pendix kESpenShestsgorPffthessholt Co
USE S1A-S1M series

mponents

1N4001 - 1N4007

1.0ARECTIFIER

Features

. Diffused Junction

e  High Current Capability and Low Forward Voltage Drop |

. Surge Overload Rating to 30A

. Low Reverse Leakage Current
e Lead Free Finish, RoHS Compliant (Note 3)

Peak

Mechanical Data

. Case: DO-41

. Case Material: Molded Plastic.
Rating 94V-0

e  Moisture Sensitivity: Level 1 p

e  Terminals: Finish - Bright Tin.
MIL-STD-202, Method 208

e  Polarity: Cathode Band

UL Flammaubility Classification

er J-STD-020D
Plated Leads Solderable per

. Ordering Information: See Page 2

e Marking: Type Number

e  Weight: 0.30 grams (Approximate)

&

4
— & ] ]
]: BE
= o}
D
DIm DQ-41 Plastic
Min Max
A | 25.40 —

B 4.06 5.21
C 0.71 0.864
D 2.00 2.72
All Dimensions in mm

Maximum Ratings and Eleetrical CharacteristiCS (@Ta = +25°C unless otherwise specified.)

Single phase, half wavep60Hz, resistive or inductive load.
For capacitive.load,derate currentby 20%.

Characteristic Symbol | 1IN4001 | 1IN4002 | 1N4003 | IN4004 | 1N4005 | 1N4006 | IN4007 | Unit

Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM 50 100 200 400 600 800 1000
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \%
Average Rectified Output Current (Note 1) @ Ta =+75°C lo 1.0 A
Non-Repetitive Peak Forward Surge Current 8.3ms | 30 A
Single Half Sine-Wave Superimposed on Rated Load FsM
Forward Voltage @ Ir = 1.0A VEm 1.0 \%
Peak Reverse Current @Ta = +25°C | 5.0 LA
at Rated DC Blocking Voltage @ Ta = +100°C RM 50
Typical Junction Capacitance (Note 2) Ci 15 8 pF
Typical Thermal Resistance Junction to Ambient Rgia 100 KW
Maximum DC Blocking Voltage Temperature Ta +150 °C
Operating and Storage Temperature Range T3, TstG -65 to +150 °C
Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.

2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.

3. EU Directive 2002/95/EC (RoHS). All applicable RoHS exemptions applied, see EU Directive 2002/95/EC Annex Notes.
1N4001-1N4007 J-1®f 3 September 2014

Document number: DS28002 Rev. 9 -3
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ppendix #ESpenvheotsdoifFhessholt Components
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: <
O 0.8 O
8 )
o
my \ < 10 f
E 06 \ z /
| (e}
@ L /
= \ = /
< 04 8
5 Z 01 s
[¢) < 1
[ \ > ]
w 0.2 = /
< \ 0 / T,=25°C
% < Pulse Width = 300us
- 2% Duty Cycle
> s
< 0 0.01 !
g 40 60 80 100 120 140 160 4180 0.6 0.8 1.0 1.2 1.4 1.6
T AMBIENT TEMPERATURE (°C) Vi, INSTANTANEOUS FORWARD VOLTAGE (V)
Fig. 1 Forward Current Derating Curve Fig. 2 Typical Forward Characteristics
50 100 111
T,=25°C ]|
< f=1MHz
=
i 40 -~
& 3
D ~
o 8 J
w 30 \
o zZ N 1N4001 - 1N4004
€ 2 NN
? S c 10
<
2 ™ :
T 20 S| S Wy
% \ g IN4005 - 1N4007 Sy
L \\ N )
¥ 10 =~ N
o I N
o N
s 8.3ms Single half sine-wave
£ o L1 10
1.0 10 100 1.0 10 100
NUMBER OF CYCLES AT 60 Hz V. REVERSE VOLTAGE (V)
Fig. 3 Max Non-Repetitive Peak Fwd Surge Current Fig. 4 Typical Junction Capacitance
Ordering Information (Note 4)
Device Packaging Shipping
1N4001-B DO-41 Plastic 1K/Bulk
1N4001-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4002-B DO-41 Plastic 1K/Bulk
1N4002-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4003-B DO-41 Plastic 1K/Bulk
1N4003-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4004-B DO-41 Plastic 1K/Bulk
1N4004-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4005-B DO-41 Plastic 1K/Bulk
1N4005-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4006-B DO-41 Plastic 1K/Bulk
1N4006-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4007-B DO-41 Plastic 1K/Bulk
1N4007-T DO-41 Plastic 5K/Tape & Reel, 13-inch
Note: 4. For packaging details, visit our website at http://www.diodes.com/datasheets/ap02008.pdf.
1N4001-1N4007 J-Bpf3 September 2014
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,/WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements;timprovements, correctiens or other changes
without further notice to this document and any product described herein. Diodes Incofporatedidoes not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes dhcorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or proeducts described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whoseproducts are represented.on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever inirespect ofiany products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthafized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against,all claims,»damages, expénses,/and ‘attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such-unintended or unauthorized application.

Products described herein may be covered by one or more United Statesjinternational or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE_ SURPPORT

Diodes Incorporated products are specifically'not authorized for use as cftitical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated./As used herein:

A. Life support devices or systems are'devices or systems which:
1. are intended t0 implant into the body, or

2. support orsustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling canbe reasonably expected tosesult in significant injury to the user.

B. A critical component is any componeént in ajlife support device or system whose failure to perform can be reasonably expected to cause the
failure of thellife suppert device or to affect its safety or effectiveness.

Customersirepresentithat they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledgeand agree that they are‘solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes"Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be)provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2014, Diodes Incorporated

www.diodes.com

1N4001-1N4007 J-3(pf 3 September 2014
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/MUELLER. e

WI-M-18-XX-*

(Superior 18 AWG, Silicone Jacket Test Lead Wire)

18 AWG, 413/44 strand (7/59/.05mm) copper with a highly flexible, .140”
(3.6mm) diameter silicone jacket.

UL Listed: Style 3577

Ratings: 3000V, 22 Amps. @ 150°C

Length: “XX” in model number indicates length in feet. Standard lengths
are: -10 Ft. and -25 Ft. Custom lengths are available upon request
Colors: designated by “*” in the part number: -0 black, -2red,

RoHS Compliant

Mueller Electric Company Toll Free: 800.955.2629
1208 Massillon Rd. Ste. N-1500 www.muellerelectric.com Phone: 330.780.2525
Akron, OH 44306-4524 Fax: 330.780.2524
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MIKROE-513 MikroElektronika | Prototyping Products | DigiKey

Appendix J - Spec Sheets for Off-The-Shelf Components

Product Overview

Price & Procurement

Digi-Key Part
Number

1471-1232-ND

Quantity Available

1,801
Can ship immediately

Manufacturer

MikroElektronika

Manufacturer Part
Number

MIKROE-513

All prices are in USD.
Price Break Unit Price Extended Price
1 3.06000 3.06

Submit a request for quotation on quantities
greater than those displayed.

Description

WIRE JUMPER MALE-MALE
15CM 10PCS

Expanded
Description

Jumper Wire Male to Male 5.91"
(150.0mm) 10 per Pkg

Lead Free Status /
RoHS Status

Not applicable / Not applicable

Moisture Sensitivity
Level (MSL)

1 (Unlimited)

Manufacturer
Standard Lead Time

4 Weeks

Documents & Media

Online Catalog Jumper Wire

Product Attributes

Prototyping Products
Jumper Wire

MikroElektronika
Series -

10 per Pkg
Active

Male to Male
5.91" (150.0mm)

Various

Categories

Manufacturer

Packaging
Part Status
Style
Length
Color

Wire Gauge -

86 Remaining

Kits

MIKROE-2058
MikroElektronika
MIKROLAB FOR PIC -

BASIC L
Unit Price 420.90000 Unit Price 466.24000
1471-1548-ND 1471-1533-ND

MIKROE-2014
MikroElektronika

View More

MIKROE-2018
MikroElektronika
MIKROLAB FOR AVR MIKROLAB FOR 8051
Unit Price 466.24000

1471-1529-ND

MIKROE-2013
MikroElektronika
MIKROLAB FOR AVR
Unit Price 481.03000
1471-1534-ND

You May Also Be Interested In

https://lwww.digikey.com/products/en?keywords=1471-1232-ND

J-22
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W ﬁ\\& l-.‘.S‘mll.»."‘- W
( | :‘} o s
1 = J
aE W =
= ’ A
MIKROE-511 MIKROE-512 BC-32625 WK-2 BB-32621
MikroElektronika  MikroElektronika Bud Industries B&K Precision Bud Industries
WIRE JUMPER WIRE JUMPER JUMPER WIRE JUMPERWIRE BREADBOARD
FEM-FEM 15CM MALE-FEM BUNDLE 65PCS KIT 140 PC SOLDERLESS
10PCS 15CM 10PCS Unit Price Unit Price 400 TIE
Unit Price Unit Price 5.30000 6.20000 Unit Price
3.06000 3.06000 377-2093-ND BKWK-2-ND 4.50000
377-2094-ND

1471-1230-ND 1471-1231-ND

Additional Resources

Standard Package 1
Other Names 1471-1232

10:45:13 2/10/2017

Copyright © 1995-2017, Digi-Key Electronics. All Rights Reserved. 701 Brooks Avenue South, Thief River Falls, MN 56701 USA
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KILO PART NUMBER BREAK DOWN

EXAMPLE: OEDA-90-4-7
INTERNATIONAL

MODEL INDICATOR DIAMETER FINISH SHAFT SIZE
These letters are the This value represents This value indicates This value indicates This value indicates
model series name. the the indication mark. the outer diameter the color and finish shaft sizing.
sizing of the knob. of the knob.
L - LINE 50 - 500 1 - CLEAR GLOSS 5-.250
A - ARROWY 63 - 625 2 - BLACK GLOSS 6-.125
NI - NO IND.
75 - 750 3 - CLEAR MATTE 7 - 2375 (6MM)
90 - 920 4 - BLACK MATTE
INDICATOR STYLE
—
6-32 SET SCREW
ARROW L—-— 285 —=—
T )
iy
T —1
- - B SHAFT @ COUNTERBORE
This value is automatically
LINE determined when diameter
is selected.
50-.375
s 63 - 500
| 157 | 75-.590
90-.708
— 510
=—— @®DIAMETER —==| &5
NO
INDICATOR

J-24
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Home > ltem#: 9SIABSK3T28065 Endsin 16 hours

. Yescom 30V 10A 110V DC
\ Power Supply Precision

Variable Digital Adjustable w/
Clip Cable

DG POWER SUPPLY

$223.96 73% OFF

$59.99

FREE SHIPPING

GURRENT

Quantity 1

Share

OVERVIEW

Features:

Durable steel case
Constant voltage and constant current operation mode (C.C and C.V. automatic conversion)
Multiple protections: over voltage (OVP), open circuit (OCP),over temperature (OTP)
Safe circuit design, high quality key components adopted, the power supply can be used in 24 hours with full load
Intelligent temperature control fan adjusts the speed according to the load situation, effectively reduce noise and
prolong the life of fan
Specifications:
Input voltage:220V+10% 50Hz or 110V+£10% 60Hz or 115V/230V+10%
Output voltage: DC 0-30V Continuous adjustable
Output current: DC 0-10A Continuous adjustable
Display resolution: voltage: 0.1V, current 0.1A.
Display precision: 1% *1digit
Voltage stabilization: «0.05% +1mV
Current stabilization: «0.1% +10mA
Load stabilization:CV«0.1% +1mV / CC«0.1% +10mA
Ripples and noises:CV«10mVE"RMS£Q/ CC«20mAL"RMSEO
Cooling way£°Intelligent temperature control fan. if the temperature is higher than 40 °F, the fan is started, if less
than 95°F, the fan will stop which can reduce noise
Working conditions: -50°F - 104°F Relative humidity :< 80%
Storage conditions: -68°F - 176°F Relative humidity :< 80%
Dimension: 10.2 x 4.9 x 6.1 (inch)
Specifications:
1 x DC power supply
1x Power Cord
1x Clip cable
1x User Manual

Model
Brand Yescom USA, Inc.
Model 15SDS019DCP3010D09
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Engine Brand Yescom

Manufacturer Contact Info

Website: http://www.yescomusa.com/
Support Phone: 626-336-2829

Support Email: support@yescomusa.com
Support Website

Return Policies

This item is covered by Yescom Return Policy.
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SPECIFICATION
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MODEL
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07/Dec/2010 45 /1SSUE
" REGEIVED BY:
Bt Z2MEM
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DC Motor Division
Minebea Motor Manufacturing Corporation
SRRTFE—A%A L DCE—2EBES
210-5 Nihongi, Yonago—city, Tottori 689-3541, Japan
T689-3541 BHVRRFHZHAK210-5
Phone:(0859)27-6754 Fax:(0859)27-6721
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / $#i AtH-1%& PAGE 1 of 10
DATE 07/Dec/2010
APPLICATION : 3% Fi i B
This specification applies to the motor PPN7PA12C1 which is to be delivered by
MINEBEA MOTOR MANUFACTURING CORPORATION.
AEBREESRRTE—4HKASHIEETS  PPNIPA12CH IZoWTHEL. ERT 5,
H1. STANDARD OPERATING CONDITION: {Z#¥FHRRERUSH.
(Reliability tests to be in item—4 : {HL.{S#t(X41EIz&k5,)
ITEMS BH SPECIFICATION HRig
1-1 Rated Voltage 5V DC
EREE
1-2 Rated Load 0.49 mN-m
A
1-3 Rated Load Speed 11600 min™"
A 8 B
1-4 Rotating Direction Direction CW & CCW when viewed from output shaft.
El#5 7 [ HAhEEIVHAT  WHEA.
1-5 | Operationg Position || Output shaft all direction.  When inspected , the shaft is vertical up.
4L Hh@err, RBREHIHIE@SESFRICT,
1-6 Side Pressure 0.49 ~ 0.98N at a position 5bmm above motor installation surface.
fE E—4RFHEELY5mm EEBIZT 0.49 ~ 0.98N,
1-7 Grounding Polarity No polarity.
EihiE il O
1-8 Operating Voltage 1.0 ~ 7.0 VDC. Power supply voltage ripple is less than 0.3%.
5 A 466 BRYYTIL0.3%UA,
1-9 Operating Load 0.10 ~ 0.98 mN-m.
{5 F & i i BH
1-10 Operating Speed Less than 15000rpm.
55 PR [ i 38 s B 15000rpm LI F,
1-11 | Operating Temperature| -20 ~ +70°C. At normal humidity./&2(ZT,
15 AR B S A
1-12 | Storage Temperature| —40 ~ +85°C. At normal humidity./ & RIZ T,
REFREHEA
1-13 Thrust Load Less than 0.98N.
RAFAME 0.98NLLF,
1-14 Type of Load Gear or worm gear.
X EHEE FX7 RIE A—LET,
M2. CONSTRUCTION : @it
ITEMS : IE TEST CONDITIONS : BIEEZ# SPECIFICATION : ## |
2-1 Appearance Visual. Appropriate for usage.
58 B, BICRELIECSE,
2-2 Dimension Measured by caliper or micrometer. Refer to construction drawing.
S|k JXARIT A A—RIZTHE, BN BERIE T
2-3 Mass Measured by scale. Average 10 g.
BEE HERICTAE, #
2-4 Shaft Diflection 5mm from mounting surface by dial gauge. Less than 0.03mm.
¥ IhEN, E—ARAELYSmmDEBERHEL I YLT—TIZT, 0.03mmEA F,
2-5 Shaft End Play Measured by dial gauge. 0.02 ~ 0.50mm.
HABMIVEIL— | AT —SIZT,

% Keep hold top of the shaft when use warm gear.

VA —LXT7ERAOBRIT v I EiREZ T TSN,

£-4/MOTOR

..... ----
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / fiAHLH5E PAGE 2 of 10
DATE 07/Dec/2010

M 3. INITIAL CHARACTERISTICS

YLLK

In standard test , measurement is to be made at +5°C to +30°C and relative humidity 45% to 85%.

If the judgement is questionable , the measuremnent is to be made at +20°C and 65%RH.

BEE20°C, R E6S%AIEAELT S, HL, MFICRERBELEELLIVESILEES~30°C, H5RE45~85%0D
BETERIICBLWTITE->THRET S,

ITEMS : 1EH TEST CONDITIONS : BIEE# SPECIFICATION : 31
3-1 Rated Load Speed Rated voltage and rated load. 11600 min~' + 15%.
ERE R EIRE EREE-EEEHIZT,
3-2 | Rated Load Current || Rated voltage and rated load. 270 mA max.
ERBEER EREE-EEEHIZT, UTF,
3-3 No Load Speed Rated voltage and no load. 14000 min~" + 15%.
3 kol B e EEREE-EEHICT,
3-4 No Load Current Rated voltage and no load. 120 mA max.
EBERER EEREE-E|EHICT, UTF,
3-5 Starting Current At 5V(2-points method). 0 & 0.49mN-m. 1300 mA max.
EBTER 5V, 28kIC T, 08 0.49mN-m LLF,
3-6 Starting Torque At 5V(2-points method). 0 & 0.49mN-m. 2.8 mN-m * 25%.
EBELY 5V.283KICTC,  0&0.49mN-m
3-7 No Load Starting No load. 0.5 V max.
Voltage LUF,
BEFEHET | |EFI=T,
3-8 | Terminal Resisitance| At 20°C and rotor position is at 2R/3. 44 Q + 10%.
i F A RE20°C. O—3E2R. 312 T,
3-9 [Insulation Resistance| Measured between terminal and frame with 1 MQ min.
100V DC megger. Lk,
wRIER IL—LEEFREDCI100VAH—IZT,
3-10 Electrical Noise Rated voltage and no load. 4 Vp—p max.
BT EREE. BERICT, UTF,
20MHz#axa—7
20MHz Oscilloscope
I MOTOR
exl
3-11 Mechanical Noise [ Measured at rated speed & no load operation. 55 dB max.
BWEs ERAFEREY. BEHICT, BT,
Background noise/BEERE : 20dB max. At A-weighting.
Measuring instruments/B|E 588 : B&K ALUPIZT,
10cm
MICROPHQNE
3-12 Vibration Measured at rated speed & no load operation. 5 dB max.
= Eh EREREER. BEHIZT, UTF,
Background vibration/B5 3R B) : -40dB max. At 1st fundamental
Measuring instruments/BIE 5185 : B&K frequency.
0dB=9.8m/s’ 1B T,
3-13 Current Waveform At 2V DC and no load. Free from off point.
B 2V, EEBFIZT, FOEHEE,
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / #{ AH#E PAGE 3 of 10
DATE 07/Dec/2010
H4. RELIABILITY and SPECIAL TEST : £ - g
ITEMS : BH TEST CONDITIONS : HF£# & SPECIFICATION : &
4-1 Life Test Motor test condition are listed as below. A motor is considered as meeting life
Hap expectation when either of the criteria described met.
TREBRFHICIVEBLTRICRTHERZOWT Ao -BEE®RET S,
2.5s
45 QV =7 =7 " - - - - r— oo ]
1s
QV---==m-mmmbemeo oo o - f——————— e
(Terminal Short)
2.5s
5.0V ---------qr-mmmmmmm e e e
’ 1cycle -
Position Voltage Load Environment |Life Time
=8 BF 8% B3 F i 5 5]
20°C 20000cycle min.
Shown in the 65% Pk,
Horizontal above. | 0.49mN-m
ZKEF. .tl_;:E:E_Fo
¥ Test detail shown in below. / REFEHFMIITESHE,
JUDGEMENT]| 1)Rated load speed varies more than *+30% from the initial.
~JERAE 2)Rated load current varies more than *+30% from the initial.

-Life test conditon
SAITTANEY]

eSS EESE A DBIEIC L. 30558 -,
DERBFERELLDMEICHL., £30%%HBX -8,

Power source/ &R

Loading/ B fi

Regulated DC power supply should be used.

DCRE{LEBRZEHEM.

Dummy motor is connected through pinion gear.

Load current can be adjusted by resistance value connected to
dummy motor terminal.
E-A X 7ENLTHE—E—FIEHKT S,

EHORBEF—T—2DOERTHETHOERETITES,

Pinion Gear/t'=1 %7

DC Regulated Power Supply
DCRELER

:
:
£

" 5|]:

e
I ]
U

g

Motor to be Tested/fTAM—4
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / i AfL#kE PAGE 4 of 10
DATE 07/Dec/2010
ITEMS : IBH TEST CONDITIONS : JBIEE&# SPECIFICATION : 3#
4-2 | Withstand Vibration Smallest packing subjected to 2mm amplitude
Test and 1000/60(Hz) vibration for 30min, each Rated load speed varies within
i ¥R BhaE B Up—Down , Left-Right and Back—Front. =+20% from the initial.
s/METREEIZT, £IRIE2mm, IREIF ERAFRERE LS NBEICHL
1000/60(Hz) DIRBENZF L F-Ritk-ZEH H30min | F20%UADIE,
Mmz%.
4-3 Withstand Shock 980m/s’ impact is applied for 6ms to the Rated load current varies within
Test-1 motor that is mounted to the plate. +30% from the initial.
T EER -1 The impact shall be applied 1 time for each ERERERETLAIHEICHL
direction that are Up—Down , Left-Right and +30%LIRD &,
Back-Front.
E—ZEAT TR EEIZ T, BT ARIZ980m/s” D E
#6ms, L F-fiik-EHR. {1EMZ =&
BIEZEITES,
4-4 Withstand Shock Smallest packing dropped on wooden block of
Test-2 10cm thickness from 100cm height , once
HEERER-2 for each 6 faces of the packing.
BR/MASKREICTEZI0cmO KR F EIZES
100cmhL6EE—EOBRETEH LS,
4-5 Storage Test A motor shall be made storage test as below.
HRESER Measurement shall me made after the motor
is returned in 20°C for 24h.
*Each storage test is indipendent.
TEREHICTHERERE{TEL. 20°CHIZ24h
BMEL-#. BIEF1TE5.
*FEROBMEFARIISAMIULERABRET D,
Environment/IR15 | Time/BUE R
1 +85°C 20~65% 300h
-40°C 300h
3 +60°C  90% 300h
4-6 Heat Shock Test A motor shall be made heat shock test as
MEEAER below for 20cycles. Measurement shall be Rated load speed varies within
made after the motor is returned in 20°C for +30% from the initial.
24h. ERAFEEHELADBEICHL
TREHICT20HIVRBERBEITHL. 20°C | 30%UANDIE,
fZ24hiRB L= . BIEZ1TH5.
+85°c 30min Rated load current varies within
+30% from the initial.
Y RN ISR ERARERE LA DLIEICHL
) +30%LIND &,
—40°C -- 30min
1cycle
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / $i A{L#E PAGE 5 of 10
DATE 07/Dec/2010

& IMPORTANT NOTES FOR SAFETY. /&R£ LD E

X Be sure to observe the following items. / W9 ESF T &L,

A CAUTION : &4

(a) Toward the end of motor life or unexpected failure in motor , commutator slit short or short between brush
and frame might occure. Then short current might flow into power supply of the set.

(b) When motor shaft is locked or continuous over-load while motor is electrical conducting , excessive heat
might generate and burn motor parts.

(c) Motor control circuit or semiconductor may be damaged by supplied voltage exceeded allowable limit , supplied
voltage in reverse polarity or electrical contact partial open or short circuit.

Safety confirmation test shall be conducted on the above—mentioned (a) , (b) and (c) items.

Consider adding protection devices such as a fuse , a protection circuit or other devices to the motor.

(@) F=R547TUFACT, BLAIEBEE—FELTERFORYYMEL 3 - RUT S - TL— L —RAB T a—r At
RETHHEALHYET . TOHBE. LFOERERICSI—FERNFhET,

b) E—42ERyIRE. BLJLBAFTRKETHSELET EE— 20— 8RB BELES.

(c) BEE.BNAFA, ARV AMFO—EBA—T, L a—+EOREFEAKELER. FEEOBEEBEET,

HOELTLERGQ@~EITHT 5V RETOFRREHBREREL TR, Ea—X-REARSFORLEBELHEL
REWRAREREZEN,

@. [Surrounding Atmosphere / R EES]

For proper operation , storage and operating environment should not contain corrosive gases — e.g. H25,502,
NO2,CL2 and etc.

In addition storage environment should not have meterials that emit corrosive gases especially from silicic , cyanic
formalin and phenol group. In a mechanisim or a set , existence of corrosive gases may cause no rotation in motor.

BEEHR(H2S, S02 NO2 CL2%) [Fte &Y BELHAZSHASPRUAEUHAEHESEIDE (BRI
BV R TR RLIIVOR. 7/ L RMES) NEETZEMTOZHEH. REIXET TSN,
B2, EYMRICEWTH ERBPENRFELGVELSICLTESWL, E—4#8E - EtoRAEICEYET .

3. [Condensation from Atmosphere / 5]

A motor should be protected from temperature extremes which could cause condensation.
This might lead to short circuit or current leakage. Condensation should be considered in set design.
A safety devices , such as condensation senser , is recommended to add on set to cut off power supply.

ERBOFBEEIN)—IICKYE—SEE. L BHEOBREBEFT . tyMITEARREZCHEZEO £ BEITHL
BEY—STETEREVHREAREREESL,

(a) Belt Electrification
Static electricity may be generated by friction between pulley and belt. When belt discharges electrostatic
accumulated , electrical noise is generated in a motor. This may cause motor or semiconductor failure in
a set.

(b) Earth—Electrostatic Protection
Electrification and leakage can cause motor circuit or semiconductor failure. Proper grounding is required
for soldering iron and conveyer belt during the motor terminal or leadwire is soldered to a mechanism or
a set.

(@) RILFDHE
RIPET—)DERIZKYE—ZICHE. NIIHEBELRET 6. BER/AXDREICLL/ILRFEELMDHY
E-ARUVEYNMIB T3 BHOBIEEBEET .
b) 7—X HEXREK
HERURBICKYE—2ER. FEENBIELET .
E—ARMYFELEO IR COHFESHERVEAMNTEOT7—ADEMED T FEREIESL,
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / i AH#E PAGE 6 of 10
DATE 07/Dec/2010

®). [Electric Conduction / @E]
To use connector for interface , ensure complete pin insert. Connector contacts do not fully insert or disconnect

when power supply is on , might cause damage to control circuit or senmiconductor in motor or circuit components
in set.

AV8—T1—ZAMARIIDREVEHRICHALEFERELLRISEEESN,
FREBECHBLEFETOIRIEDOREZLEE—SER. $HEOWIE. VT tyr R EEBROBIELBEES,

©). [Motor Mounting / E—#4 ¢!
(a) In case , a mounting screw is longer than our recommended lengh , the screw may touch and damege a rotor.
Motor will not be able to perform. Suitable screw length should be used for mounting motor to the chassis.
The recommended screw length is indicated in the construction drawing on this specification.
And good flatness matching between a chassis and a motor should be used. In case a screw tightening surface
is not flat , motor jam might be occur.
(b) Ultrasonic welding for motor mounting may damage motor and control circuit due to its vibration.
(c) Load Used :
= Screwing Type
Do not use a large screw that will cause unbalance to a motor.
Motor vibration may be enlarged by balance motor rotation and cause motor failure.
= Adhesive Type
Do not let adhesive material overflow motor bearing.
Overflowed adhesive may cause motor shaft locked and motor caused rotation.
*Force Insert Type
Do not exert over load to the motor. Overload may cause a shaft deformed or a shaft support broken.
Motor might not rotate. Proper force is indicated in the construction drawing in this specification.
(d) Usage of a Motor
Do not dismantle motor , and do not apply any shock to a motor. Shock may cause stress mark on bearing
metal.

(a) E—2EEYMIMYMHHIERARSBIMEDREIZEFEEN IRORSEBZ B E . E—2HEELEEEE
DFREFEELETS, EARSIDOOVTRFEHALEETOE—MBRTERICERBELTEYET.
X,y rOBFHENSEATHNET EE—EHBILAET . MRS HEOEEEICTEEZSL,

(b) E-REBEFRERBICTIHGHES. RBICEYESARVEBROBEEZREES.

(c) E—4HABMICAREIMMTIT5E

ERGEDHIT

EXFODIBERFRAE7UNTUABNELDHFERELEREEALAENTTIL, E—ARBNAKREAGYET,
BT

ERFILENBELEOO> THMRAITHALGNESITLTEEL, -2 h#AEEShET,
"EAR4T

EADBEFREGHESMOLANLSICLTTEN HAMIAERLEYI Y ILMRBBOER., BiEEHEE
MEDHEEHRLAGYET . EAENRBREFRAGHREPOE—25 BT EBIZREELTEYES.
(d) E—4HHKL
EADOSBELEVTTEN, REEEMALGVTTSV MZNAEICHEEELIBhAHYET .

3¢ Investigate the usage of a motor carefully. Failure to follow caution items could result in damage to a motor.
We do not guarantee against any improper usage to a motor.

LTRESEEHICRTAEHATONS T LIS OVWTIEREH CTIHRAEBRLERFA. E—2CHERICH > TERTESIC
CEEBBULLET.,
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NO. SR-YDC 10521
MODEL: PPN7PA12C1 SPECIFICATION / i AttisE PAGE 7 of 10
DATE 07/Dec/2010
AX IMPORTANT NOTES : 3I%&
) Confirm the matching and reliability of motor on actual set or unit application.

(2)

(3)

(4

(%)

(6)

¢)]

This include confirmation on set or unit life , electrical noise , mechanical noise , vibration , static electricity,
electric power noise , drift electric resonance between motor and control circuit , mechanical resonance
between motor and chassis , irregular movement of set due to motor noise , irregular movement of set in
strong electromagnetic field , damaged by lightning surge , earthing method and etc.

TyrREICLDTVF IR, FRBERITONTE Y A—A A CE IRV RERIFEE/HIES,
Ly REICHEFDTYF I HEEREEG
Fa-ERET - BEEE -RY WBHES/ A X-WEE/4X-FUTMBREE—L2DESHLER-Lyke
;ng&mm#ﬁ-%—9/4:((:4:61&%50)%%5}#&6%%5%, BEIBICHITREE-FY—TI12&D
T—REERE,

When high inrtia fan , turntable or pulley is attached to motor shaft directly , motor reliability and
characteristics may be affected. Confirmation on the actual set is needed.

BEEEOXRENIFY 4—0T—TLRUT—VELE—2OH MBI ELEL CTCHADOB AL T—2451- EEH
NMETTRILAHBYET D THFHRBIREICTIRETS,

Motor bearing oil may cause plastic part cracked. Please confirm bearing oil influence on plastic material
of set.

BHIEOBBEICI O TEHE—FMBAANICKYISVIDBAZLONBYET . LY MUIBIE~DE—28ZF1ILD
EEIFPHOREKRETHEIT L,

When impedance is connected series to the motor , reliability of motor may be affected. Please avoid using
impedance. If necessary , minimize the impedance value and confirm reliability of the motor under that
condition.

E—RICHINAVE—F U REEKTH LI EEE~ORBENEZEZ LN AITBABRT CTHWBESBEVLLLET .,
PLERTESRESNDGE . HRSEFPMERELTHEESDOEEEREEX I CRETSL,

In case of low or no side pressure to the motor shaft , clearance noise between shaft and bearing may occur.
Confirmation on actual set is needed.

E—AHABMITMHOLBAENENGE S ML v IMHIVHZELIRET IHEENHYET OTRFOEILIRE
Sy 1:1-:AF 3 g8

For safety standard , e.g. UL , CSA ect, customer should apply and get certification.

UL, CSAZDRERIBICTONTIEEYyMIICTRBNV-FEERBE/THEETTEEBLWELET,

Make arrengement to limit the storage period to 6 months or less.
Do not store motor in high or low temperature or high humidity environment.
Condensation of atmosphere should be avoided in motor usage or opening the packaging of the motor.

REDEEZ67ALURNICLEHTHEE, HR-BR-2RRERRT COREIRTTTSL,
i# ., B - BB ICERLBELRELGVRICKAICTCRES RO ELET,
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MODEL: PPN7PA12C1 SPECIFICATION / $iAHH#E PAGE 8 of 10
DATE 07/Dec/2010
(8)  CONNECTIONS / ##
D * Avoid excessive stress on the printed circuit board in connector insertion.

(9)

10$)

ARIAFARCE T RIRICEBLE AN REMAEVEICKE ST TE T,

M *Limit soldering time to be less than 3s to avoid any damage to motor leadwire or terminal.
Soldering iron temperature should be less than 350°C. Avoid bending or pushing against motor
terminal. Terminal bent might cause motor locked.
E—EON—FRCHEFICHE BT ORIE3B LA, FHITEBESS0CUTISTIHREEEL,
i i F IS (E R FE M (FYLRAAEY S 2L AEMZAVEKICLTTFEWN, E—4009ILET,

D *When leadwire or terminal soldering is made on metal based printed circuit board , insulation layer
on printed circuit board should not be dameged.

ERIATOTINERTUEAD)—FR- 5 FEO LB ITEEL T EE O BIEA E LIS
FELTWESV RE. B TREFOBRETREFHLET.

When reverse voltage or terminal short is applied to produce bracking mode , this may affect the motor
reliability. Motor reliability should confirmed before use.

TS FE - LY BBEEMA TE—SEFLIESIEE. T 4FRIEELE 52556 XHYETOT
BHNCFE S ICTHER TSN,

Please take note that we do not guarantee motor operations or conditions not described in specification.

AUHERHHAZER COCHERICOEELTRRATEELADTRSICTTEETSL,

GENERAL INSTRUCTIONS : —fgE1g

1

2

(3)

(4)

Any revisions on this specification shall be done on mutual discussion and agreement.

FUHERBENBTOEREEIRFHED LRETHIDELET,

In order to continuous improve the performance within the scope of specification , parts or materials are
subjected to change.

FHERELBRETHHEENICEVLTHEOR LFDAIZ. BRFE—BEETHHANHYEITOT
CTETEL,

Ant items , needed to be added into specification , will be determined based on customer prior request.
If no information given , motor will be delivered based on our standard judgement.

AEREBCRBSATCVEVEETRYRSOBELNHSHEB FFATITEHZEN HRGHESE THEEY .
CEEOBNBE YL TRETIRESREVDELTH A DREICERL THASETHREEY .

When any trouble occures , both parties shall discuss base on this specifications to solve the matters.
In this case , our guarantee is only limited for motors.

FEAEERERTIANALFERRFEICE TN REDOER . RVEEZRELERT H3DELFTT .
COBEORERIEICOEFLELTEHE2OHITRENELES,
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CHARACTERISTICS OF PPN7PA12C1

TORQUE(mMN-m)
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I3 TEXAS
INSTRUMENTS RC4558
SLOS073G —MARCH 1976—-REVISED OCTOBER 2014
RC4558 Dual General-Purpose Operational Amplifier
1 Features 3 Description

The RC4558 device is a dual general-purpose
operational amplifier, with each half electrically similar
to the pA741, except that offset null capability is not
provided.

e Continuous Short-Circuit Protection

» Wide Common-Mode and Differential Voltage
Ranges

* No Frequency Compensation Required
e Low Power Consumption

* No Latch-Up

» Unity-Gain Bandwidth: 3 MHz Typ

The high common-mode input voltage range and the
absence of latch-up make this amplifier ideal for
voltage-follower applications. The device is short-
circuit protected, and the internal frequency

* Gain and Phase Match Between Amplifiers ggmggﬂﬁ?sn ensures - stability - without — external
« Low Noise: 8 nV/VHz Typ at 1 kHz
Device Information(1)
Applications PART NUMBER | PACKAGE (PIN) BODY SIZE
DVD Recorders and Players SOIC (8) 4.90 mm x 3.91 mm
Pro Audio Mixers SOIC (8) 3.00 mm x 3.00 mm
RC4558 PDIP (8) 9.81 mm x 6.35 mm
TSSOP (8) 3.00 mm x 4.40 mm
SOP (8) 6.20 mm x 5.30 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Noninverting Amplifier Schematic

RIN
VIN—AAN—— +

—VOUT

RG

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. fQRPUCTION DATA.


http://www.ti.com/product/RC4558?dcmp=dsproject&hqs=pf
http://www.ti.com/product/RC4558?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/RC4558?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/RC4558?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/RC4558?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/rc4558?qgpn=rc4558
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5 Pin Configuration and Functions

D, DGK, P, PS, OR PW PACKAGE
(TOP VIEW)

)

10UT ||
1IN-]
1IN+ []
Vee- [

N
] 20UT
] 2IN-
] 2IN+

A WODN =
o O N 0

Pin Functions

NAE PIN = TYPE DESCRIPTION
1IN+ 3 | Noninverting input
1IN- 2 | Inverting Input
10UT 1 (0] Output
2IN+ 5 | Noninverting input
2IN- 6 | Inverting Input
20UT 7 (0] Output
Veet+ 8 — Positive Supply
Vee- 4 — Negative Supply

Copyright © 1976-2014, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Veer Supply voltage ® 18 v
Veeo -18
Vip Differential input voltage ©) +30 \Y
\Z Input voltage (any input)@®) £15 \Y
Duration of output short circuit to ground, one amplifier at a time® Unlimited
T, Operating virtual junction temperature 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, unless otherwise noted, are with respect to the midpoint between Ve, and Vee_.

(3) Differential voltages are at IN+ with respect to IN—.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

(5) Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
o Human body model (HBM), per AEC Q100-002(® 0 500
Vesp) | Electrostatic discharge - 2 \%
Charged device model (CDM), per AEC Q100-011 @ 0 1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN  MAX| UNIT
V 5 15
cer Supply voltage \%
Veeo -5 -15
. . RC4558 0 70
Ta Operating free-air temperature °C
RC4558I —40 85
6.4 Thermal Information
RC45