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1. Statement of Purpose

The purpose of this project is to improve an existing pipe bending testing procedure for
HDPE 37-6” diameter pipe. Instead of a manual, unstandardized process, there will be an
automated, standardized one more efficient and easier to operate. This will include a fully
guarded fixture, being that safety is a number one priority. Data collection will also be a new
option, so that the plant can prevent future defects in the product, thus saving money and time.

1.1 Justification

ADS, specifically the quality control department, has been wanting to find a way to make
the Pipe Bend Tester more efficient and more importantly, safe. We saw this as a great
opportunity for a senior design project and to help ADS knock this project out. With this type of
manufactured pipe, they are having issues with it cracking under cold weather conditions and run
into the issue of unsatisfied customers sending it back for replacement. The pipe is called
dewatering header pipe, which is 5 diameter single wall high density polyethylene. Many
customers use this pipe to remove underground water, usually before starting construction and
placing permanent drainage systems in the area.

The existing tester is a manual mechanism and there is no way to standardize the angle or
force put on the pipe. Currently, the pipe is being put in a freezer to a specific sub temperature
and then placed on the tester and an employee manually turns the handle to bend the pipe at
around 180 degrees. One of the biggest issues is that there is no guarding protecting the
employee from plastic projectiles if the pipe does crack. If the pipe does fail, they readjust the
production line to change the thickness of the pipe. There’s also no data collection to be made
other than a pass/fail. This new design will standardize this process, add guarding for safety, and
allow for some data analysis in order to prevent future product loss. In completion of this project,
it will help the company in various ways of improvement, not only in Sebring, but in other plants
as well. We hope to design an automated machine with air controls that could go beyond testing
only 5” diameters and to include 3”, 4” and 6” single wall HDPE pipe. The most important
aspect of the design is safety for the employees, which should always be implemented within the
manufacturing processes in the company.



Current Testing Procedure

1.2 Objective

Currently, in one of the ADS plants in Sebring, FL, there is a manual mechanism that
performs a bend test on corrugated pipe to see if it cracks under high angle bend in a cold
environment. Our objective is to redesign the existing manual controlled machine so it is
automated and can measure force when the pipe is cracking. We plan to automate this machine
by using an air logic system and to avoid making it highly sophisticated with electrical
components. We also need to have this in a safety enclosure following safety standards since this
will be an automated machine and to prevent any injury to employees.

2. Methodology/Scope

In order to successfully complete this project, we will have to include and implement all
requirements asked for by the company. While doing this, we also need to make it as cost
effective as possible (cheapest options, while still maintaining requirements). The main points
are listed below:

Safety

Our number one priority in the design

Guarding all areas needed while following national and company safety standards
Inexpensive and most cost-effective option

Working with safety managers in the company to ensure all regulations are met
Include an e-stop for emergency situations
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Frame Design

Must be portable and as compact as possible

Limit the amount of materials needed, but still large enough space
Must be ergonomic for the employees using it

Be able to test various diameters of pipe

o0 o

Air Controls and Data Collection

Implement a rotary air actuator for bending automation

Add sensors and gauges where needed for data collection

Be sure that the data collected is useful in production and preventing failures in the field
Make it as easy and time efficient as possible for employees to use

oo o

2.1 Steps

1. Have the existing manual machine sent to ADS New Miami from Sebring, Florida
a. Examine this machine to see how it’s put together
I. Gather dimensions and purchased part numbers
ii. Floor set up
1. How is it set up when in use?
2. ls it bolted or stand alone?
iii. Make decisions on how to use the existing machine to influence new
design
2. Begin thought process of new design
a. Structural build
i. Determine structural components of the machine
ii. Design the machine to accommodate 3”-6” corrugated pipe
1. Will this be a swap out piece, or will each size pipe have its own?
iii.  On floor set up.
1. Where will it sit in the plant stationary
2. Fork pockets for easy mobility
3. Support the weight of machine
4. Mobility to travel between plants and floor areas
b. Automation
i. Determine what components need to move
1. Direction and angle of these moving parts.
ii. Amount of force needed to bend the pipe
iii. Research air logic systems and find what best fits this machine.
1. Integrate air automation design into this machine
2. Determine a power supply to the air system
3. Understand how this works and automates the system
iv. Design to be a simple push button operation with an E-stop



c. Safety
I. Since this is an automated system, safety precautions should be made with
guarding surrounding the machine
1. Determine what needs guarding and where.
2. Make sure no guarding will interfere with operation
3. Any signs or written warnings should be determined and placed for
concern of a safety hazard.
d. Data collection
i. Determine which type of sensors and force gauges are appropriate
1. Location of sensors and gauges
2. Output needed for data
3. 3D modeling/drawings
a. Create working 3D models of components.
I. Every component should have a 3D model so it will show up in BOM
ii. Find purchased part models or make close representation of them on own
b. Assembly
i. Assemble the components in Inventor so that they are a full representation
of what’s going to be built.
ii. Try to work out any issues found in 3D software before building the
physical machine.
c. 2D drawings
i. Create mechanical drawings of parts as needed
1. Parts include anything with machining work done etc.
2. Does not include purchased parts or simple parts i.e. bolts or nuts
3. Beas detailed as need be.
ii. Create main assembly drawing with BOM
1. BOM must be organized and show components as needed for
assembly
2. May reference purchased part numbers and drawing numbers for
individual parts as needed.
3. Include balloons to point out assembly parts corresponding to BOM
4. Have drawings looked by ADS engineering managers
4. Part ordering
a. Collect quotes from multiple vendors
i. Make excel sheet for quote prices and comparison
ii. Include shipping dates and costs
b. Order all necessary purchase parts, structural parts, and weldments
i. Determine if it would be cheaper to assemble purchase parts ourselves or
have the vendor do it during manufacturing
c. Make sure that all parts and assemblies will arrive by scheduled date
5. Assembly
a. Structure
I. Build the structure according to the drawing, if not already assembled by
vendor
6. Testing
a. Perform testing for 37, 4”, 57, and 6” single wall PE corrugated pipe



b. Record data for force applied to pipe during bending
I. Are all sensors and gauges working properly and placed correctly within
the machine?
7. Data collection
a. s this data useful for quality control?
b. Will this data be helpful in reducing the number of failures?

2.2 Timeline

2019 SEP 2019 OCT 2019 NOV 2019 DEC 2019 JAN 2020 FEB 2020 MAR 2020 APR 2020
B 251 B 15 22 29 6 13 20 273 W WV 241 B8 15 22 295 L W 262 9 B 231 B 15 22 295 12 ¥V 2%
Pipe Bend Tester 10%
~ Morgan Proffitt & George Gilbert 10% A
Group Selection 100%
Discuss Project Options 100%
Project Selection with ADS 100%
Brainstorm Design Options 100%
Create Proposal 100%

Proposal Due

Finalize Designs

Begin Collecting Quotes

Complete Purchase Orders

Begin Working on Oral Presentation Materials
Begin Working on Mid-Term Project Report
Oral Presentation Review

Mid-Term Project Report Due

Finalize Oral Presentation Materials

Oral Presentation

Assembly and Testing

Maintenance Period

Begin Werking on Final Report

Begin Working on Final Presentation
Practice Presenting

Setup for Presentation

Final Presentation and Report Due

This was our originally planned timeline prior to knowledge of the worldwide pandemic.
Because of this we were not able to fully complete our scheduled goals, however our design and
preparation for the build are complete. We plan to continue to work with ADS past the semester
deadline and eventually assemble and test the full build.



2.3 Research

2.3a Product Application

First and foremost, knowing the application and purpose of the product being tested is
important in order to understand the issues at hand being presented. After a brief summary of the
application by our quality control manager, we decided to research more in depth. The current
product being tested is HDPE 5” single wall perforated pipe, which is used in a temporary
dewatering process for construction sites. This specific product is only made in two plant
locations (Sebring, FL and Owosso, MI).

This product is installed at an excavation site before construction begins during a
WellPoint dewatering process. The purpose of this process is to lower the groundwater water
table. When doing any sort of construction, vegetation removal happens and can create soil
erosion from storm water runoff on the land. Not only this but keeping the land dry is important
for the safety of the workers, as well as assuring construction operations will go smoothly [1].

Settlement tank

Discharge pipe

Header pipe oirectio? a

%

WellPoint Dewatering System [1]

This product is used with a “sock”, which is a fabric wrapped around the pipe in order to
prevent sand infiltration. These are often called “sock systems” and are connected to a WellPoint
dewatering pump. Even though it is used in only a section of the dewatering system, it is still an
important aspect of the process and can be left in the ground and capped for future use. Sock
applications often give the most cost-efficient method for dewatering [2]. Providing a durable
and fracture-resistant product for our customers is important.
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Sock System [2]

2.3b Air Pneumatics

Another new addition to the design will be air pneumatics. This will provide a simple and
efficient way to turn the fixture into an automated operation that anyone can use. After looking at
our options, we decided on a rotary pneumatic actuator that can rotate at least 180 degrees. A
couple options that we needed were cushions/and or bumpers installed within the actuator to
prevent it from any hard stops. The amount of torque required will be determined to pick an
official actuator from doing some force measurements on a 5 sample of the pipe. This
information will allow us to exert the correct force desired to bend the pipe accurately each time.

Using air logic was decided to be the simplest way that this machine could be operated by plant
workers in the field. The first step in choosing the right one was to calculate the torque and air
pressure required to bend the pipe efficiently. We had (4) samples of the 5” SW diameter pipe
shipped to us from Sebring, FL to do some testing on them. Having extra sample pieces is
important, because this kind of force testing causes permanent deformation or breakage on the
pipe samples. It is essential that the tests are done correctly the first time to get accurate readings.

We did this with a force gauge provided by Miami and pulled the pipe with it, bending it at the
180-degree requirement. Some gauges have a limited range of data output, so knowing what the
average force applied will allow us to select the correct gauge for our application. In an ideal
world we would like to have digital output, but since we are trying to keep things at a low cost
and simple as possible, the dial gauge will most likely be used. The model we used for testing
was a Desik Instruments DL-100 Manual Push-Pull Force Gauge. This gauge goes up to a
maximum force of 100lb, which seemed to be an accurate range for us to use.



Push Pull Force Gauge [3]

The importance of using this specific product for our test was the gram weight per foot of the
material. Between the (4) different size diameters of single wall pipe being tested, this one is
specifically the highest gram weight. This means that this force output will give us the maximum
needed to calculate how much torque the actuator needs to supply.

Advanced Drainage Systems, Inc.
Product Specification Sheet
5" (125mm) L.D. Solid Single Wall Header Pipe, (400g)

i Specification Verification
i Maximum Method
| Weight (gm/ft) 410 VM-01

Pitch (Corr./ft) 18.0 VM-02
Inside Diameter™ (in) 4.85 5.14 VM-03
5% Stiffness™ (Ib./in3) 50 - VM-18
10% Stiffness™ (Ib./in3) 40 - VM-18
Pipe Flattening/Failure Point* 20% - VM-18
Crown Thickness (in) 0.070 - VM-09
Thickness Variation (in) - 0.010 VM-09
Circular Perf. Diameter™ (in) - - VM-07
Circular Perf./ft. - - VM-07
Slotted Perf. Length” (in) - - VM-07
Slotted Perf. Width* (in) - - VM-07
Slotted Perfs. per foot - - VM-07
Inlet Area” (in2/ft) - - VM-07
Elongation Resistance (%) - 5%
Pipe Laying Length” (ft) 99% 102% VM-13
Impact Resistance” No Splitting or Cracking VM-17
Stripe Width (in) 0.265 0.335 VM-15

ADS Quality Control Spec Sheet [4]



For the 5 SW Header Pipe, the gram weight goes up to 410gm/ft. The lowest gram weight
would be our H Profile 3” SW Pipe which is 96gm/ft.

Advanced Drainage Systems, Inc.
Product Specification Sheet
3" (75mm) L.D. Single Wall Pipe, (989g)

H - Profile
i Specification Verification
Attribute Minimum Maximum Method

Weight (gm/ft) 96 100 VM-01
Pitch (Corr./ft) 17.0 18.0 VM-02
Inside Diameter” (in) 2.90 3.08 VM-03
5% Stiffness™ (Ib./in?) 35 - VM-18
10% Stiffness™ (Ib./in3) 25 - VM-18
Pipe Flattening/Failure Point* 20% - VM-18
Crown Thickness (in) 0.020 - VM-09
Thickness Variation (in) - 0.005 VM-09
Circular Perf. Diameter” (in) n/a n/a VM-07
Circular Perf./ft. n/a n/a VM-07
Slotted Perf. Length” (in) 0.500 0.875 VM-07
Slotted Perf. Width” (in) 0.050 0.118 VM-07
Slotted Perfs. per foot 46 96 VM-07
Inlet Area* (in2/ft) 1.00 - VM-07
Elongation Resistance (%) - 10

Pipe Laying Length™ (ft) 99% 102% VM-13
Impact Resistance” No Splitting or Cracking VM-17
Stripe Width (in) 0.220 0.280 VM-15

ADS Quality Control Spec Sheet [4]

We decided to make use of our Machine Shop Operations and Quality Control locations at our
ADS facility in order to perform our test accurately and safely. Since they freeze the pipe first
before bending, we decided to do two separate tests — one would be at room temperature and one
would be at freezing temperature. In Quality Control, we contacted the manager to see if we
could use their walk-in freezer and left the pipe in there overnight for about 24 hours. When
performing the bend force test, we made sure to have all safety equipment on (safety glasses and
steal toed boots) while in the machine shop. The pipe was locked tightly into a large vice
available, so that it would not move while bending as close to 180 degrees as possible.

As we predicted, the force of the frozen pipe was higher than the pipe at room temperature. At
room temperature, the force was about 501b and for the frozen, about 901b. Using these
measurements, we calculated the needed torque in order to bend the pipe at ease with a 10in long
arm. The maximum torque needed based on our test was 900 Ib-in, which is high for a pneumatic
actuator. For leeway and safety factors we decided that the minimum torque needed for what we
wanted would be 1200 Ib-in or 120 ft-1b. This was only one factor of the actuator that we
required.

10
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Testing Photos

There are a couple other requirements needed when selecting the correct actuator that will work
best for this fixture. In the plants, there is central drop-down air with a variable maximum of 150
psi. It is important that the actuator can produce 1200 Ib-in of torque within the 150 psi range,
preferably around 100 psi. We needed a feature that measured the angle vs. time as well. It came
down to either a Parker or Numatics actuator from Air & Oil.

The Parker actuator option is a 3-1/4” bore, double rack and pinion style with an electric resolver
to measure the angle. This gives us the option to add sensors and air logic accessories. The
theoretical torque output at 75 psi is 1711 in-Ib. The first Numatics actuator option is a little
smaller with 2-1/2” bore, double rack and pinion style with a magnet option to measure angle
placement. The theoretical torque output at 150 psi is 1656 in-Ib. The second option is the same
style, but a 3-1/2” bore and theoretical torque output at 100 psi is 2281 in-Ib.

Unfortunately, since these actuators need so much power, they are very heavy and large
compared to the other air cylinders and actuators we use. The frame design had to be adjusted to
accommodate this and be able to properly hold up the weight of the actuator, which is about 20
Ibs. This also means that the structure must be sturdy enough to not vibrate too much or react to
any backlash and stay securely on the ground of the plant floor. This is for the operator’s safety.

11
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Rotation 2 . |5 =
10 | 1"Bore 090 | 90 Movnting L
15 | 1-1/2" Bare 180 | 180° a | Facelbase E
- (standard)
20 |2 Bnre 270 mo [ Front Special Options
| 25 | 2-1/2" Bore | 360 | 380 flange Omit | Standard
32 3-1/4" Bore Or specify any G | Footflange (Two-digit code assigned by
other rotation. » | Piotring m‘!‘}..‘"’.g’ﬁ“” wien
any "X" or "9" appears in
Configuration [ i the model number or when
1 Single Rack ﬁangg special options or features
2 Double Rack X _| Specil are required)
Three Position Actuatol
bl opasion [ soas
— e Port flow controls Omit | Nitrle
7 Antibacklash omit | None = e
Notes: P Flow control X Special
1 Cylinder bore size. See Ouihin / Bumpers both rotations
appropriate tables for | OMIt_| None | Flow control CW Port location
torque output. 1 Cushioned CW rotation 2 rotation 3 1 Position 1 (standard) |
2 For 3-position units, 2 r 3 s Flow control ~ Posiion 2
specify middle and total | 3 Cushioned both rotations CCW rotation 4 :
tat ted by & < e 3 Position 3
“f*, ie 090/180. To obtain o g 4 Position 4 &
equal rotation both sides | 5 Bumper CW rotation * 5 Position 5 &
of midstroke (theoretical 6 Bumper CCW rotation 3 Shaft . :11
1200, oneruntwih g SRR A__| Female keyed -
5% longer rotation than
standard with stroke 9 | Specil B g?n;a"r":}'e keyed Standard options
adjusters, Omit | None
3 Viewed from shaft end. ¢ ekl M etic piston rin
4 Double rack models only. R Preload keyway Magnetic pl g
: ) Omit | Nong -] Shaft seal cover
Reduces 1o 10° with - L X Special :
cushions. fotation - Q Prepped for external air/oil tank
& Not available with E 0-30° CCW rotation 3.5 L Air/oil cushion & flow control ad).
cushions or stroke F 0-30° bath rotations 5 at location 1 (opposite standard)
adjusters. H Shock/stroke adj. CW rotation 3.7 por
7 Refer to Catalog 0900- "™ | "Snackystroke adj. CCW rotation .7 type
page H45 for option - : 1 SAE straight thread Other options
L Shock/stroke adj. both rotations 7
configuration compatibility. X 2 NPTF Detall In clear text:
cial e :
e, 1 couble Spe 3| BSPP (IS0 1179-1 with 150 226-1 threads) « Proximity Sensors
9 Special » Feedback Potentiometer
Catalog PDN1000-2US Actuator Products - Rotary
Parker Pneumatic PTR Series
Quick reference data
Model Typ. actual Theoretical output torque* (Ib-in) Displacement Maximum
output torque ~ Versus input pressure (PSI) per degree angular Tolerance
i bl @ 100 PSI rotation backlash (degrees)
- T 50 % 100 260 (in%/") (minutes)
101 35 19 29 39 98 0.007 60 -0, +5
102 70 39 59 79 197 0.014 60 -0, +5
151 100 59 88 118 294 0.021 45 -0, +4
152 200 118 177 236 590 0.042 45 -0, +4
201 250 141 212 282 705 0.049 35 -0, +3
251 375 215 322 430 1074 0.075 35 -0, +3
202 500 282 423 565 1410 0.099 35 -0, +3
252 750 430 644 859 2148 0.150 35 -0, +3
321 1000 570 856 1141 2852 0.199 25 -0, +2
( 322 2000 1141 1711 2281 5703 0.398 25 -0, +2

* Allow 10% for friction loss. Allow 20% on air/oil units. Use the single rack torque values for all air/oil, three position, and anti-backlash actuators.

Appendix 6.6a
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P = Pllot Rin
B = Bottom Flange
S = Standard Mount

g
DR* = 4 Posmon Single Rack
ER** = 5 Position Single Rack
* Must specify X dimension.

** Must specify X and Y dimensions.

Size

E =1"Bore

K = 1'-'1/2" Bore
M = 2-1/2" Bore
Degrees Rotation
045 45°

Any degree of rotation can be specified.

Consult factory for rotations of or greater

than 1000°.

3 = Double Male Key
4 = Preloaded Keyway

A O

_[ Magneuc Plston

ot
- - Magnet

Optlons

BA = Bumpers Both Dlrectlons

BH = Bumpers CIockwnse

KA* = Angle Adjustment Both Directions
KC* = Angle Adjustment Counterclockwise
KH = Angle Adjustment Clockwise

PP = Polypak Piston Seals

SA = Shock Absorbers Both Directions
SC = Shock Absorbers Counterclockwise
SH = Shock Absorbers Clockwise

SS = Shaft Seal Covers

VA = High Temperature Seals

* N/A with the SA, SC, and SH options

Cushions
Position Standard

1 2 3 4
No Cushions A A A
CW and CCW C D E
CwW G H J
cCw K L M N

CW = Clockwise
CCWs= Counter-clockwise

Ports
Position Size Code
1/8 1/4 3/8 1/2
1 B C D E
2 H J K
3 N P Q
4 T " w

50 psi 100 psi 150 psi ROTATION MINUTES /
1 1 SARE 19 39 59 0.007 50 10
1" 2 SBRE 39 79 118 0.014 50 10
11/2° 1 SARK 59 118 177 0.021 40 8
11/2* 2 SBRK 118 236 353 0.042 40 8
2 1 SARL 141 282 424 0.049 30 6
2 2 SBRL 282 565 848 0.099 30 6
21/2* 1 SARM 276 552 828 0.096 30 6
[ 21/2" 2 SBRM 552 1104 1656 0.193 30 6 ]
31/4* 1 SARP 570 141 1711 0.199 15 4
[ 31/4" 2 SBRP 1141 2281 3422 0.398 15 4 ]
Allow 10% for friction loss.
Appendix 6.6b

2.3c Data Collection
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Collecting data is essential to this design, so that we can correlate fracture forces with our
resin formulas being used in the plants. To do this, we need a simple solution by using strain
force gauges that can be mounted onto the fixture and hooked up to electrical software for data
output. There are many options on the market, but we need to find the one that is most cost
efficient and makes the most sense in our application. We have vendors that work closely with
our company that we decided to meet with in order to choose the right products.

Along with this, it is important to choose the correct devices that works directly with the actuator
that we choose. For example, if we go with the Parker actuator with the resolver included, we
will need to find the correct accessory that works directly with the sensor output electronically.
The measurements we obtain need to be transferred into readable data that will be placed in a
graph the correlates time, angle position, and maximum forces. The idea is to use record this data
during every test in the future and create an official testing procedure that will be implemented
within the Quality Control Department.

2.3d Estimated Budget

Below is our estimated budget using mostly stock or purchased parts. This will allow the
parts to be more easily replaced if needed by the plants, instead of being required to be sent to
the machine shop to be repaired. The faster repairs can be made, the better. There are (3) separate
totals depending on which pneumatic actuator is chosen. The Parker actuator that includes a
sophisticated position resolver is the most expensive, about double the price of the Air & Qil
options.

Part Quantity Manufacturer Part Number Price Estimated Ship Date
Pnuematic Rotary Actuator 1 Air & Oil - Option 1 FBRM-18010-BBA2 $2,247.96 5-7 Weeks
Pnuematic Rotary Actuator 1 Air & Oil - Option 2 FBRP-1801P-BBA2 $3,486.12 5-7 Weeks
Pnuematic Rotary Actuator 1 Parker - Option 3 PTR322-1803P-AB21H-C $7,708.00 7-8 Weeks
Strain Gauges 1TBD TBD $150.00 TBD
Valve Fittings 1 McMaster-Carr TBD $50.00 Immediate.
Wheel 1 McMaster-Carr TBD $25.00 Immediate
Guarding 180/20 T-Slotted Framing TBD $1,500.00 Immediate
Frame Weldment 1Vendor 116-00-03-001-0001 $1,000.00 Est 2 Weeks
Shipping 1Vendor N/A $100.00 Immediate,
E-Stop 1 McMaster-Carr 6464K18 $33.22 Immediate,
Acrylic Sheets 1 McMaster-Carr 8560K435 $150.00 Immediate;
Air Tank (if needed) 1 McMaster-Carr 41705K39 $329.09 Immediate
Total - Option 1 $5,585.27

Total - Option 2 $6,823.43

Total - Option 3 $11,045.31

2.4 Frame Design

14



The existing test fixture is currently being used in Sebring, FL so we had it shipped to us
with another machine that was coming to our shop for repair in New Miami. Being able to ship
the fixture on shipments that were already scheduled allowed us to save money and time. We had
four days to collect all the information we needed on it before it was to be shipped back on a
fittings truck that we send weekly. We used this time to take measurements and any part
numbers that may be used. The measurements were taken with a standard tape measure and a
digital caliper.

Existing Test Fixture

aflf;
i

L

15



Sketched Measurements

After we had all the information we needed, we created a generic model in Autodesk

Inventor Professional 2020. This gave us a reference point to use in creating the new/revised
design.

Adding guarding was our #1 priority since safety most important. We decided to use the
existing tester reference to get a general idea of how large the guarding may need to be. The
initial guarding was fairly large, being about 48” x 48 x 10”. This is not ideal, since smaller
would be better. We also decided that if the guarding will be this large, the fixture can no longer
be bolt down and will need additional support.

16



We decided to go with a frame that had four legs, along with a smaller wheel in order to
save space. The original fixture was made with some spare parts, so they used an 8” wheel that
happened to be lying around. Our goal is to use a wheel 4 or smaller in diameter to make the
fixture smaller and more compact. The idea is to make everything as simple as possible, using
purchase parts when permitted.

For the guarding, we went with T-Slotted framing from 80/20 that can easily be purchased at
anytime and can be put together with ease, even without any tools. In between the frames will be
polycarbonate sheets to prevent projectiles from hitting the operators or any bystanders. This is a
somewhat flexible and durable material that you can see through to make sure the fixture is
operating properly. The framing will be yellow, which is a standard color of safety components
within the company.

Isometric View of New Design

17



View of New Design Without Guarding Shown

A5 ft long sample of pipe is used when being tested, so the length of the guarding would
need to stay the same, but the width can be decreased now. At the bottom of the fixture we have
the option to attach netting in order to catch any fallen pieces. There are adjustable threaded rods
along the flat bar of steel to adjust for different pipe sizes in order to keep it stable when testing.
The current bend radius is 2.25” for testing our 5” diameter pipe, so we had to figure out what
additional radiuses would need to be used.
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According to the photo above, we will need 1.25”, 1.75”, and 2.75” bend radius options for the
operators in order to test our full range of 3”-6” pipe. We designed interchangeable pieces that
slide along the top of the actuator shaft that can be fastened in place when testing different pipe
diameters. There are (4) different radius options available, which match the requirements
requested.

Ease of access to the pneumatic actuator is important for maintenance or replacement. The
design includes two brackets that the actuator bolts directly into. The brackets can be removed
easily with two people on each side after removing the fasteners. They are also able to securely
support the weight of the actuator that we decide to use.

The actuator’s shaft was a bit too short for the arm to be above the 6 diameter pipe, so a
machinable coupling was added to the top. This is the part that the radius pieces slide over top of.
This also allowed a tapped hole to be drilled in the side for the arm to be placed correctly. The
arm, being a steel rod, has multiple threaded holes along the middle so the wheel position can be
adjusted between pipe diameters.

3. Expected Findings

Once we have our design manufactured, tested, and running we expect that this fixture
will be able to save our company time and money, which is our ultimate goal. In the end, we
should have a completely automated testing fixture to bend 3”-6” HDPE pipe at any plant
necessary that is easily operated. Along with this, force data feedback will be collected and
correlated with resin formulas that are currently being used on the line. The “HD” in HDPE is
our high-density material, which is more expensive than our standard polyethylene resin that is
used. If we can use the least amount of that in our mixture, we will be able to save money in the
long run while keeping our customers satisfied and happy.
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Hopefully this test fixture will aid in the process of establishing an ASTM or AASHTO
testing standard for the products being tested in the future with our quality control department.
This would also eliminate any further customer complaints about non-standard testing
procedures that people purchasing the product may do in the field. Any product waste and scrap
that can be reduced will aid in our production and reputation with the customers we sell to. Being
able to standardize any testing process within our company is essential and important.

4. Conclusion

The design group has made great progress so far and are prepared to move forward with
quotes and assembly of machine. After implementing guarding into the design, making it
automated with air controls, and allowing for data collection through a force gauge, we have met
the standards ADS wants for this project.

Keeping our number one priority on safety, we believe we have created an effective design that
guards the automated mechanism and prevents any plastic projectiles from flying out at
employees upon pipe fractures. A rotary air actuator was chosen in the design to eliminate
human variance in testing and maintain a standard applied force and angle during testing.
Finally, the force and angle measurements will allow for reference data to be kept and analyzed
to help produce pipe that passes this fracture test and keep customers interested in choosing our
products.

Our plans now are to have the engineering team fully review the design before the assembly
process begins and have their input on any needed design changes. The biggest challenge
moving forward will be implementing these air controls properly and effectively. This will be a
learning process considering neither of us have experience with pneumatic controls. We plan to
start the assembly process as soon as possible when things start to let up with COVID-19 and can
transition back into the office setting when permitted.

Overall, we were able to continue the design process under the circumstances we were dealt with
during the pandemic and we were able to adapt to a new working environment from home. Even
though we did not get the testing fixture built and tested, the project is still ongoing with the
company and should be put into production in the future. Engineering is all about ongoing
changes and priorities, so we ended up learning more than what we hoped for with the situation
at hand.
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6. Appendices

6.1 Additional Photos

6.1a Testing
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6.1b Existing Fixture
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6.2 Manufacturing Drawings
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DETAIL A
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6.3 PowerPoint Presentation
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®

Pipe Bend Tester

Morgan Proffitt, George Gilbert

Background- Advanced
Drainage Systems

* The company was founded in 1966

* ADSis a leading manufacturer of corrugated
drainage pipe focusing on solutions for water
management problems .

* Two main products are storm and sewage

* These solutions include:
* Managing storm water runoff
* Rainwater harvesting systems

* Construction and infrastructure
environment
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Our Test Product

5” diameter single wall,
perforated pipe

HDPE (High Density Polyethylene)

Sock is used on outside of pipe -
prevents sand infiltration

Resistance to chemicals, road
salts, motor oil, and gasoline

Only manufactured in Sebring, FL
and Owosso, Ml

What is the product used
for?

Dewatering Construction Sites

Temporarily lowers water
table groundwater levels

Keeps excavation sites dry
and safe

Water is moved to a
discharge location

Prevents soil erosion during
construction

Often provide most cost-
effective method of
dewatering

Capped for future use or
abandoned in place
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Trench is backfilled
after perforated
pipe is laid

Non-perforated .

B suction pipe Wellpoint
g dewatering

s

Next length pump

ready for laying Vi

Completed laid length,

coupled to pump

Perforation starts here o "\

about 5m Previous length laid

What are the
current
issues?

* Potential for cracking under cold weather conditions

* Customers send the product back for replacement

* Resin recipe adjustments are made when necessary

» Typicallyuse a 20-80 recipe (20% being our high-density material)
* Customer’s have their own “testing” procedures

* Does not currently follow any AASHTO or ASTM standards for the “bend
testing” being done — hopefully in future
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Existing Test Fixture
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Existing Test Fixture

Test Procedure Problems
* Testing samples every hour of production » Safety - no guarding
* Freeze the pipe to 28°F No force measurement or data

Manually pull the arm back, bending the pipe collection

approximately 180° Manual test - no standard applied force
Success/fail (different every test)

Looking for fractures and cracking Not easily mobile - bolted to plant floor

Adjust manufacturing operations if needed Only tests one specific diameter

Y b

ggﬁ‘ —

\ ¥ 4 g
9 i’% 4 L] 1 L]
O bJ ect ive Improve the existing test fixture design Keep things simple

Automated motion using air control Low cost
Fully guarded machine Exclude expensive data collection
Measure max force Standard and purchase parts for easy replacement in
Ability to test 3", 4", 5", and 6" diameters the plants

Make things more efficient and easier for operators Ergonomic for easy access and use for plant workers
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Safety is #1 priority

Manual
allows for

Apply a standard o

force and angle between
tests

Justification

Begin Process of New Design

* Structural build
* Automation
* Safety

Part Ordering/Fabrication

* Complete drawing packet with BOM
* Quotes for build

Assembly/Testing

* Assemble anythingoutside of fabrication process
* Test the machine includingtests for 3”,4”, 5", and 6”

Data Collection

* Collect data with the implemented system designed for
the machine




Timeline

Pipe Bend Tester
* Morgan Proffitt & George Gilbert

Group Selection
Discuss Project Options
Project Selection Wit ADS
Brainstorm Design Options.
Create Proposal
Proposal Due
Finalize Designs.
Begin Collecting Guotes
Complete Purchase Orders
Begin Working on Oral Presentation Materials:
Begin Working on Mid-Term Project Repon
Oral Presentation Review
Mic-Term Project Repor Due
Finalize Oral Presentation Materials
Oral Presentation
Assembly and Testing
Maintenance Pefiod
Begin Working on Final Report
Begin Working on Final Presentation
Practice Presenting
Setup for Presentation

Final Presentation and Report Due

sam 2020 Feu 2020 AR 2020 avn 2020

100% ]
100% [ ]
100% [}

100% B

Estimated Cost and Budget

Part Quantity Manufacturer Part Number Price Estimated Ship Date
Pnuematic Rotary Actuator 1/Air & Qil - Option 1 FBRM-18010-BBA2 $2,247.96 5-7 Weeks|
Pnuematic Rotary Actuator 1|air & Oil - Option 2 FBRP-1801P-BBA2 $3,486.12 5-7 Weeks
Pnuematic Rotary Actuator 1|Parker - Option 3 PTR322-1803P-AB21H-C $7,708.00 7-8 Weeks
Strain Gauges 1TBD _TBD $150.00 TBD
Valve Fittings 1McMaster-Carr TBD $50.00 Immediate
Wheel 1McMaster-Carr TBD $25.00 Immediate
Guarding 1{80/20 T-Slotted Framing TBD $1,500.00 Immediate
Frame Weldment 1Vendor 116-00-03-001-0001 $1,000.00 Est 2 Weeks
Shipping 1|Vendor N/A 5100.00 Immediate
E-Stop 1McMaster-Carr 6464K18 $33.22 Immediate
Acrylic Sheets 1McMaster-Carr 8560K435 $150.00 Immediate
Air Tank (if needed) 1McMaster-Carr 41705K39 $329.09 Immediate
Total - Option 1 §5,585.27

Total - Option 2 $6,823.43

Total - Option 3 $11,045.31
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* Measuring existing fixture

¢ Modelingin Inventor for reference

Safety: #1

Priority in
Design

Guarding
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Guarding

Frame Design

Adjusted frame design to
accommodate for guarding
and actuator

 Stability
* Sturdy

* Ergonomic

Aluminum guard frame

Polycarbonate sheets

* Allows for visibility of pipe during test

* Provides protection from projectiles if
pipe fails test

Allows arm radius to swing
completely around inside guarding
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Features

Added a smaller wheel to
make frame more compact

Wheel position and rods can
be adjusted between
diameters

Interchangeable radius

Removable brackets for
actuator maintenance

Netting can be placed on
the bottom supports to
catch broken pieces

Manufacturing Drawings & Specs

ASSEMBLY SHOWN
WITHOUT GUARDING
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Manufacturing Drawings & Specs
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Air Controls - Testing

Catalog PDN1000-2US Actuator Products - Rotary
Parker Pneumatic PTR Series
Quick reference data
Model Typ.actal  Theorstical cutput torcue” (b-in) Displacement  Maximuem
oulput torque  ¥ETEUS input presiure (PS) perdegree  angular Tolerance ” i sanE i » 0 o7 50 o
@100PSI rotation backlash  (degrees) .
:cr?v Lﬂﬂ- {lb-in) 50 7 100 250 ) i ) log! ) 2 SBRE £l n "8 0014 50 10
e 1 ' s @ 18 " 02y w o
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1 2 seAx e 28 .3 dos2 “ s
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151 100 ) ) 18 204 0021 45 0.+4
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21 ' sanm 276 ss2 w8 0006 30 6
201 250 41 282 705 0049 53 0.43
= (o= 2 seAM ss2 04 1658 [ 0 [ ]
281 215 430 074 0075 a5 0,43 -
= o e T - vy 318 1 saR 570 a1 [0 orm 15 .
= — e = = T T £ £ oo 0 )
an 570 1141 0.199 25 0, +2 Allow 10% for friction loss.
322 1 2281 5708 0308 25 0.42 ]

e 10% for Wiction oss, Al 20% on 7ol ur

G riam s 1or o /CH, #v00 poSkn.
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Air Controls

Botiom Flar
Standar bigunt

H gle Rack
DR ition Single Rack
ER™ = 5 Position Single Rack
* Must sy &
** Must spec

imension.
ity X and ¥ dimensions.

360 = 360
Any degree of rotation can be specified

Consult factory for rotabions of of greater
than 1000°.

Bod End C.
1= Sl Male Keyed (S

3 = Doublo Malo Keyed
4 = Preloaded Keyway

Measurement

Measure max force of bend
Relating max force to angle graphically
Use data to improve manufacturing

Increase wall thickness when needed to eliminate
fractures

Ability to mount device to frame with easy
readability

e
Options
B = Bompers Clogmme

Angla

Polypak als

Shock Absorbers Both Directions
Shock Absorbers Counterciockwise
Sha ot o

/A = High Tomperaturo Seals
“NiA with the SA, SC. and SH options

Cushions
Position Standard

1
No Cushions. A
CW and COW <
cw <L;

cow K

o,
Zxorw
zemza

CW = Clockwise

CCW= Counter-clockwise
Pors
Position

soxmE

1
2
3 N
h
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Any Questions?
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6.4 Meeting Journals

6.4a ENT 497

Meeting Journal
MTAMI Department of Engineering Technology
 UNIVERSITY ENT 497 - Senior Design Project
Project Title:
Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1
Student: Morgan Proffitt [ 1
Student: [ 1 Meeting Date: 9/3/2019
Student: [ ] Meeting Location:  Hamilton Campus

Topics Discussed
Project Options with Advanced Drainage Systems
- 3" Bingle Wall Durability Testing
- Die Tear Down Pivoting Stand
ToDo
- Choose a project that makes most sense time wise and that would provide the
compaty with the most benefit.

Responsibilities/ Actions Talken
8/30:2019
- Met with Eandy Kolbet (Manufacturing Engineering Manager) about possible
projects.
- Involved Cuality Control Manager on scope of the 3" 3W durability testing.

- Met with Seth Harding (Machine Operations Manager) about possible projects.
- Discussed the scope of the tear down die stand that would be used in our
machine shop.

Next Meeting Date: Location: Hamilton Campus




Meeting Journal

MIAMI Department of Fngineering Technology
UNIVERSITY ENT 497 - Senior Design Project
Project Title:
Present
Advisor:  Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffin [ 1]
Student: [ 1 Meeting Date: 0/12/2019
Student: [ 1] Meeting Location:  Hamilton Campus

Topics Discussed

Project choice:
- Chose to do the 3" Single Wall Durability Testing project

To Do
- Develop and finalize a project scope in order to write 2 full and complate
project proposal
- Start on the project proposal

Responsibilities! Actions Taken
9/12/2019
- Met with Eandy Kolbet (AManufacturing Engineenng Manager) and
Terry McElfrish (Quality Control Manager) to discuss scope and
and background of the project.

- Deveoped on 3 different project routes to take with design.

- Discussed end goals and project purpose.

Next Meeting Date: Location: Hamilton Campus




Meeting Journal
MITIAMI Department of Engineering Technology

 UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel
Student: George Gilbert
Student: Morgan Proffitt

Student: Meeting Date: 0192019

Student:

Meeting Location:  Hamilton Campus

Topics Discussed

- Air pnuematics and controls that could be used
- Guarding options as safety will be our #1 priority in all designs

- 3 separate design options will be made {mannal air controled, and air controlled
with electronic data output)

Eesponsihilities! Actions Talken

- Began researching how air pneumatics work
- Started sketching designs and wotking in inventor as outlined models

- Filling in sections in the proposal with all the information we zained from the
previous week

- Researched types of sensors that could be used

Next Meeting Date: Location: Hamilton Campus
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Meeting Journal
MITAMI Department of Engineering Technology

| UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor:  Gary Drigel
Student: George Gilbert
Student: Morgan Proffitt

Student: Meeting Date: 0262019

[ p— p— p— | f—
S | S

Student:

Meeting Location:  Hamilton Campus

Topics Discussed

- Are we gble to get access to the existing machine in Sebring, Flonda?

- What options do we have for air controls and where will it be implimented
on the machine?

- Should we have interchangable parts between different sizes of pipe, or
a mechanism that adjusts height?

Eesponsibilities! Actions Taken

- Spealk with Eandy about possibly shipping the existing machine here to
New Miami from Sebnng.

- Wiiting proposal sections between the both of us.

Next Meeting Date: Location: Hamilton Campus
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 MIAMI

Meeting Journal
Department of Engineering Technology

| UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Advisor: Gary Drigel

Present

Student: George Gilbert
Student: Morgan Proffitt
Student:
Student:

Meeting Date: 10/3/2019

Meeting Location:  Hamilton Campus

Topics Discussed

completed on time?

- In order to get the original manual machine to New Miami, what is the best and
most cost efficient way?

- What are the specific steps we have to take in order to have everything

- How long should we have the machine here before we send it back to Sebring?

Responsibilities! Actions Taken

- Scheduled the machine to be shipped from Sebring with an existing shipment
for a die head that needs repaired. Should be here within a weel.

- Continued working on the proposal and creating the Gantt Chart.

- Looked at possible rotary air actuators that can be used in our designs.

Next Meeting Date:

Location: Hamilton Campus
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Meeting Journal
 MIAMI Department of Engineering Technology

' UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel

Student: George Gilbert
Student: Morgan Proffitt

Student: Meeting Date: 10102019

Student:

Meeting Location: Hamilton Campus

Topics Discussed

- Best way to automate this system with air control

- Any structual modifications needed to accomplish new automated system

- Best time, and most efficent way of sending the tester back on a truck to Sebnng

Eesponsihilities! Actions Taken

- Completed 3D model of the bend tester based off dimensions taken from
the physical piece

- Continued working on the proposal, still need to
finish budzet and BOM of machine

- Looked at possible rotary air actuators that can be used in our designs.
still need to choose one for final desizn

- Sent the pipe bend tester back to Sebring this moming 10/10/19

Next Meeting Date: Location: Hamilton Campus
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Meeting Journal
| M [ A M I Department of Engineering Technology

 UNIVERSITY ENT 497 - Senior Design Project

Project Title: 3”-6" Pipe Bend Tester

Present
Advisor: Gary Drigel
Student: George Gilbert
Student: Morgan Proffitt

Student: Meeting Date: 10/17/2019

Student:

Meeting Location:  Hamilton Campus

Topics Discussed

- Integrating a 3-way air controlled rotary accuataor in the design

- coming up with 2 bom of matenials and parts

- best options for budget of the project.

Eesponsibilities! Actions Taken

- Completed 3D model of the bend tester based off dimensions taken from
the physical piece

- BOM and budget ate being put together for the proposal
finish budgzet and BOM of machine

- Adding final comments and details to the proposal as well as a list of applicable
classes that will benefit us in the project

- Bend tester armved back at Sebring.

Next Meeting Date: Location: Hamilton Campus
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MIAMI

Meeting Journal
Department of Engineering Technology

' UNIVERSITY  ENT 497- Senior Design Project

Project Title: 3"-6"" Pipe Bend Tester

Advisor: Gary Drigel

Prezent

Student: George Gilbert
Student: Morgan Proffitt

Student:
Student:

Meeting Date: 102472019

[SSSrRp R w——

Meeting Location: Hamilton Campus

Topics Discussed

act.

- Inteprating a 3-way air controlled rotary accuataor in the design

- Diesipn options including guarding. And best option that includes saftey
precantions for employess

- Weight of the structure and build depends on mobility and if it needs fork pockets

Besponsibilities! Actions Taken

- Using the 3D cad model for design ideas and concepts that include guarding
using this to ensure everyithing i= correct before ordering parts and building

- Basic BOM and budget produced and added to proposal

- Discussed puarding options with Aaron Watkins- desipn engineer at ADS
who specializes in guarding packages.

MNext ‘_\.Ieeting Date:

Location: Hamilton Campus
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Meeting Journal
MITIAMI Department of Engineering Technology

| UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ 1]
Student: George Gilbert [ 1
Student: Morgan Proffitt [ 1
Student: [ 1 Meeting Date: 103172019
Student: [ 1] Meeting Location:  Hamilton Campus

Topics Discussed
- Continued design options with implementing rotary air unit in machine
- Dertiming overall dimensions of the machine and with guarding included.

- Discussed Weight of the structure and build depends on mobility and if it needs
fotrk pockets.

- Discussed options if pipe breaks off in the machine, how to get it out if the machine
is completely surrounded by guarding, thought of options such as doors or gate ways
to open the bottom up to get broken pipe out

Eesponsibilities! Actions Taken

- Continued design options with 3D models
Using this to ensure everything is correct before ordering parts and building

- Modeled arm in the 3D sofware and added to design

- Continued discussing guarding options with Aaron Watlins- desizn engineer
who specializes in guarding packages.

Next Meeting Date: Location: Hamilton Campus
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Meeting Journal
MIAMI Department of Engineering Technology

' UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ ]
Student: Morgan Proffitt [ ]
Student: [ 1 hleeting Date: 11/7:2019
Student: [ 1 hleeting Location: Hamilton Campus

Topics Discussed

- Safety standards on openings within guarding. How much will the guarding
weigh? Determinied the need for four legs on machine.

- Sensor locations and pricing.

- Vendors that will be used for quoting for guarding and weldments.

Responsibilities/ Actions Taken

- Continved desipning in Auvtedesk Inventor.
- Ddeeting with Aaron about safety standards within the guarding design.

- Sensor and guags research.

Next Meeting Date: Location: Hamilton Campus
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Meeting Journal
MIAMI Department of Engineering Technology

' UNIVERSITY  ENT 497 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Prezent
Advisor: Gary Drigel [ 1

Student: George Gilbert

Student: Meeting Date: 11/14°2019

[ 1
Student: Morgan Proffitt [ 1
[ 1]
[1

Student: Meeting Location: Hamilton Campus

Topics Discussed

- Different styles of znarding option concepts-using plex glass instead of
expanded metal

- Sensor locations and pricing.
- Vendors that will be used for quoting for suarding and weldments.

- accomodating for different sized pipe diameters.

Responsibilities/ Actions Taken

- Continued designing in Autodesk Inventor.

- Ddesting with Aaron about safety standards within the guarding design.
alzo gave thoughts on machine design and the compoenents used.

- started working on oral prezentation. Including all information we have about the
project and back ground of company and purpess for ADS

Next Meeting Date: Location: Hamilton Campus

6.4b ENT 498

51



mam UNIVERSITY

Meeting Journal

Department of Engineering Technology
ENT 498 - Senior Design Project
Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ 1]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ 1 Meeting Date: 1/28/2020
Student: [ 1] Meeting Location: Hamilton Campus

Topics Discussed

- Over break we discussed sensor design and placement

- plan to call and speak with company on sensors

- Pipe samples

Responsibilities/ Actions Taken

- Received pipe samples
- Updated saftey guarding design

- Sensor and puage research.

Next Meeting Date: 2/6/2020

Location Hamilton Campus
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Meeting Journal
M IAM I Department of Engineering Technology

| U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ ]
Student: [ ] Meeting Date: 2/6/2020
Student: [ ] Meeting Location: Hamilton Campus

Topics Discussed

- Discussed pipe bend testing procedures with samples
- Met with Gary on force guage

- Met with quality lab manager on freezing pipe to test temp

Responsibilities/ Actions Taken

- Placed pipe in freezer to get it to test temp
- Bend tested one frozen pipe and one room temp pipe

- Determined force needed to apply to pipe

Next Meeting Date: 2/13/2020 Location: Hamilton Campus
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Meeting Journal
M IAM I Department of Engineering Technology

| U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ 1] Meeting Date: 2/20/2020
Student: [ ] Meeting Location: Middletown Campus

Topics Discussed

- Redesigning some aspects of the frame to fit the larger actuator.
- Picking out the correct sensors for our application.
- Selecting the right actuator that will perform the force needed.

- Needing to get quotes out ASAP.

Responsibilities/ Actions Taken

- Redesigning frame in Inventor.
- Contact Keyence to meet about sensors (next week).

- Find out what actuators are in stock in Central Parts.

Next Meeting Date:  2/27/2020 Location: Middletown Campus
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Meeting Journal
M IAM l Department of Engineering Technology

| U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ ] Meeting Date: 2/27/2020
Student: [ ] Meeting Location: Middletown Campus

Topics Discussed

- Redesigning some aspects of the frame to fit the larger actuator.
- Picking out the correct sensors for our application.
- Shaft design and adapters for actuator

- Waiting on Quotes

Responsibilities/ Actions Taken

- Added bracket on frame to hold actuator
- Contact Keyence to meet about sensors (tomorrow).

- Get other equipment ordered ( actuator ect. )

Next Meeting Date:  3/5/2020 Location: Middletown Campus
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Meeting Journal
M IAM I Department of Engineering Technology

| | U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ ] Meeting Date: 3/5/2020
Student: [ ] Meeting Location: Middletown Campus

Topics Discussed

- All specs of actuator needs to be decided before order.
- Picking out the correct sensors for our application.
- Actuator mounting to be finalized to hold up 661b.

- Need to go over quotes with engineering manager Randy Kolbet.

Responsibilities/ Actions Taken

- All actuator information put into a document for review.
- Meeting scheduled for 3/6/2020 for review and ordering with Randy.

- Lead tiune for frame is about one week.

Next Meeting Date:  3/12/2020 Location: Middletown Campus
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Meeting Journal

Department of Engineering Technology
ENT 498 - Senior Design Project
Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ 1] Meeting Date: 3/12/2020
Student: [ ] Meeting Location: Middletown Campus

Topics Discussed

- Finalization of pneumatic actuator selection.

- Picking out the correct sensors for our application.

- Options for the shaft adapter.

Responsibilities/ Actions Taken H

- Waiting on Parker to return a quote an lead time for our actuator.

- Met with Randy about actuator and final frame design.

- Once we know the final lead time of the actuator we can move forward with

everything else.

- FEA analysis done on frame.

Next Meeting Date: 3/19/2020

Location: Middletown Campus
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Meeting Journal

M IAM I Department of Engineering Technology
- Senior Design Project
ENT 498 - Senior Design Proj

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ ] Meeting Date: 3/19/2020
Student: [ ] Meeting Location: Middletown Campus

Topics Discussed

- Replacement actuator options.
- Reducing sensor options on actuator for shorter lead times.

- Last resort - chain drive design instead of pnuematic actuator.

Responsibilities/ Actions Taken H

- Parker actuator is 7-8 week lead tune.
- Waiting on additional quotes for Numatics actuator.
- Meetings with Randy multiple times a week.

- Trying to work around shutdowns and meeting remotely.

Next Meeting Date: 4/2/2020 Location: Middletown Campus
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Meeting Journal
M IAM l Department of Engineering Technology

| | U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ ] Meeting Date: 4/2/2020
Student: [ ] Meeting Location: Webex

Topics Discussed

- Additional design aside from using a rotary actuator.

- Not able to get parts in time due to everything going on with the shut downs and
spending cuts within the company.

- Focus on report, presentation, and additional design adjustment.

Responsibilities/ Actions Taken

- New design using a chain drive with sprockets and a linear actuator as an option
to rotate the arm in order to bend the pipe.

- Working on writing the paper in full detail.

- Working on powerpoint presentation for video.

Next Meeting Date: 4/9/2020 Location: Webex
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Meeting Journal
M IAM I Department of Engineering Technology

| U N IVE RSITY ENT 498 - Senior Design Project

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ 1] Meeting Date: 4/9/2020
Student: [ ] Meeting Location: Webex

Topics Discussed

- Continued on Report and Presentation
- Further discussion on secondary design

- how to implement this i the report

Responsibilities/ Actions Taken

- Detail drafts of assembly and parts.
- Continued working on writing the paper in full detail.

- Continued working on powerpoint presentation for video.

Next Meeting Date:  4/16/2020 Location: Webex
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 UNIVERSITY

Meeting Journal

Department of Engineering Technology
ENT 498 - Senior Design Project
Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ ]
Student: [ ] Meeting Date: 4/16/2020
Student: [ ] Meeting Location: Webex

Topics Discussed

- Video recording presentation

- Adding more to powerpoint

- Discussed possible practice tunes

Responsibilities/ Actions Taken

- Continued work on powerpoint and report

- Adding in drafts and detailed part views to powerpoint

Next Meeting Date:  4/23/2020

Location: Webex
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Meeting Journal

MIAMI Department of Engineering Technology
- Senior Design Project
ENT 498 - Senior Design Proj

Project Title: 3"-6" Pipe Bend Tester

Present
Advisor: Gary Drigel [ ]
Student: George Gilbert [ 1]
Student: Morgan Proffitt [ 1]
Student: [ ] Meeting Date: 4/23/2020
Student; [ ] Meeting Location: Webex

Topics Discussed

- Continue working on paper.
- Finish presentation and create video (due May 1)

- Continuing design after the semester with the company.

Responsibilities/ Actions Taken H

- Working from home still and continuing working on presentation and final paper.

Next Meeting Date: 4/30/2020 Location: Webex
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Present
Advisor: Gary Drigel

Student: George Gilbert
Student: Morgan Proffitt
Student:
Student:

o p— p— p— | f—
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Meeting Journal

Department of Engineering Technology
ENT 498 - Senior Design Project
Project Title: 3"-6" Pipe Bend Tester

Meeting Date: 4/30/2020

Meeting Location: Webex

Topics Discussed

- Video recording presentation
- Continuing on powerpoint

- Continuing on paper

Responsibilities/ Actions Taken

- Adding high detail design images m the powerpoint and paper

- Finalizing paper and presentation.

Next Meeting Date:

Location: Webex
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6.5 Individual Reflective Essays

6.5a George Gilbert

George Gilbert
ENT498 Senior Design
Prof. Gary Drigel
Reflective Essay

During spring semester 2020 we were tasked with finishing our set goals for the senior
design project and presenting our findings. Overall, I’ve had a positive experience with our
instructor/mentor, Gary Drigel, and the people at Advanced Drainage Systems. We did
experience a few setbacks caused by the current pandemic with COVID-19, but this did not
completely stop us from pursuing our goals. | am thankful for this opportunity to pursue an
engineering project that provided design experience, communication skills, and time/project

management experience in a work environment.

The Design aspect was very useful in giving experience on troubleshooting and coming
up with a good design for an engineering task. We were given standards and parameters to meet
all while keeping it at the lowest cost possible. The project also required the machine to be fully
guarded to meet safety standards. Our final design ending up meeting these standards although it
has yet to be built with the current circumstances. | really enjoyed the design experience and it

provided needed skills for the engineering industry.

Communication was a key factor during the semester. Making sure everything is clear
with supervisors and between teammates is very important. We did a great job with this,

partially due to us both working at ADS and having preexisting knowledge on ADS product.
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The supervisors for this project were kept up to date and provided insight on our machine design.
It was a helpful experience working with ADS on this project and it greatly helped my

communication skills as an engineer.

Project management also played a huge role in the design. This project really put the
skills taught in the project management course to the test. Time management is very important
and must be kept steady in order to accomplish everything on time. | believe we put in a good
effort in our time management as well as managing the tasks. Implementing these skills in a

project for an employer is much needed experience as a newly graduated engineering student.

Overall, we did a great job with what we had to work with in the project. Although we
did not complete the build of the design due to the circumstances, we still plan to continue this
with ADS after the semester has ended, and eventually build the design to spec. This has
provided experience as an engineer in a working environment and has helped develop skills to

perform tasks required by industry standards.
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6.5b Morgan Proffitt

Morgan Proffitt
ENT489 Senior Design
Prof. Gary Drigel
Reflective Essay

Senior Design has been an experience that has been both fulfilling and educating in many
ways. Luckily, I had the opportunity to work with a coworker of mine at Advanced Drainage
Systems, George Gilbert, which made this process much easier. Another plus was the project
offer from our manager, Randy Kolbet, which will be fully funded and a good asset for the
Quality Control department. I could not imagine any better circumstances to have started off

with in the beginning of this design process.

Our team made sure to have constant and direct communication between one other, the
engineering department, quality control, and our professor in order to all be on the same page.
This was important so that we had all the information we needed along with any requirements
that needed to be met for the school and the company. We utilized conference calls and in-person

meetings at ADS in order to achieve this.

The design process was extensive, and we found ourselves running into certain issues or
roadblocks, so the design would have to change multiple times before the final product. This is
normal in a design process in the real world, so it was a good learning experience to be able to
problem solve and adapt to new situations. For example, once we found out what actuator we
needed, we had to redesign the frame and guarding in order to fit it, since we predicted that the

actuator would be a bit smaller and more compact. We also took advantage of our safety
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management team to ensure that the guarding would have the correct specifications and

durability needed in the plants.

Having a timeline and list of steps to take along our journey helped quite a bit, up until we saw
the beginning of the world pandemic, COVID-19, starting to affect multiple aspects of the way
the United States was operating, along with the rest of the globe. The beginning of March we
were relocated to work from home and were having problems being able to obtain parts needed
for our design due to longer arrival times. This was a good lesson of adaptation and being able to
work with what you can under different circumstances, which you face in your lifetime more

than once.

This semester taught us so many aspects of real-world engineering concepts, such as project
management, design, research, communication, and working efficiently as a team. Having such a
supportive and knowledgeable professor aided in our educational experience. You can take all
the engineering classes you want, but they do not necessarily provide the kind of knowledge or
experience needed to work out in the field when you graduate. Therefore, Senior Design has
been able to provide this for us and allow us to participate in these sorts of projects that we will

be facing in the near future.

Overall, I believe that George and | were able to work well with the resources and circumstances
that we had. We were able to learn about air logic, frame design, long distance communication,
industry and safety standards, saving cost and time for the company, and adapting to a changing
environment. We will be continuing this project after the end of the semester with ADS and look

forward to the outcome and seeing the fixture being used during manufacturing operations.
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6.6 Catalogues
6.6a Parker

Click here to view bookmarks.

Catalog PDN1000-2US {Revised 11-20-12)  Actuator Products — Rotary
Parker Pneumatic PTR Series

* Rack and pinion rotary actuator

* 5 bore sizes from 1" to 3-1/4"

* Output torque @ 100 PSIG: 39 Ib-in to 2281 Ib-in
* Standard rotations: 90°, 180°, 270°, 360°

* Available as single or double rack, 3 position, air/oil,
anitbacklash

+ Optional bumpers, cushions, stroke adjusters, shock

abzorbers

Operating information

Oparating pressure: 260 PSIG
Tempearatura range:
Nitrilke seals 0°F to 180°F
B _ Fluorocarbon seals O°F to 260°F
Sensors OI Filtration requirements: 40 micron, dry fitered air
.\Fcraarmssaa page B204. 2 ) For technical information sea CD
Ordering information
@E-@E@— @@lﬂ@@—@
Madal 1 Rotation 2
Design Series
0 | 1"Boe 00 | or Maunting
p— ¢ | Cument
15 | 1-12"Bore 180 | 180° A w““
20 |2 En:a 270 zm: | Font Spacial Options
% 2-1/2" Bora 360 | 380 flange Omit | Standard
32 3-1/4" Bore Urmﬂjflflj 1 Foot flange {Two-digit coda assignad by
other rofation. P Filat fing fg:h:gand agppliaa when
any "¥* or 8" appears in
Configuration R ::1’ the model number or when
1 Singla Rack a8 special options or fadtures
2 Double Rack X | Specal are required.)
3 Thres Position Achuator Seals
: :fblo‘::ﬁm Port fiow controls Omit | Nitile
Omit | Mone v Fluomcarbon
Notes: Flow contral X ecial
Cushion / Bumpers P ; 5p
1 Oy borssizs, See ST bath rofafions
approgriats ables for one p | Flow contml CW Port location
Torgus output, 1 Cushioned CW rotation 3 rotatian 2 1 Poation 1 {standard)
2 For 3-position units, 2 Cushionad COW rotation 3 s FAow control =
apecifymiddiaand total [ Cushioned both rotations COW rotation z Foaiion 2
rotation bya e ——— 3 Fosition 3
/", i 060180, To obtain L 4 Position 49
equal rotation both sides. | § Burnper CW rotation 3 5 p——
of midstroke (theoretical g Bumpar COW rotation Shaft 3 5 .:]"
gm' mhru_mtm T Eurn?arbuh rotations A Ff-"'"!JB keyed pec
atandard with stroka 9 | specia g | Single male keyed Standard optiens
— {sbandard)
ey ) - © | Doubla mals keyed :‘i "”““Eﬁ —
* Docble mck modsta onky. |~ o R Preload keyway s sh""': ;F" 1.0ng
" Raduces to 10° with - X ial 25 COe
ni [ 0-30° CW rotation 3.5 Fpen [ Prapped far extamal airail ank
& Not available with E 0-30° CCW rotation 3.5 L Airfoil cushion B flow contrl adj.
cushions or stroks F (0-30° bicth rotations & at locartion 1 {oppesite standand)
acfusters. H Shockistroke adj. CW rotation 3.7
Z “ﬂfﬂf:ﬁ%‘ﬂﬂ M00-E [y Shechistroke adj. COW rotation 2.7 Porttypo
v Fguration compatbilty, | & | Sheckistok . both rotaions 7 ; :::'__mgmhm“ Other options
. Diatail in clear tet:
: X ial
8 ::’“‘““B““L“B Spec 4 BSPP (150 1178-1 with IS0 2281 threads) « Frowimity Sersors
] Spacial » Feacback Potentiomater
B279 Parker Hannifin Corporation
Preumatic: Division
Fichiand, Michigan
wee. parker.comidprsumatics

Rotary A ctuators

HP PTR PRNIA) PV
Series Series Actuator Products

Series

P1IVS
Series

Series
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Catalog PDN1000-2US
Parker Pneumatic

Quick reference data

Theorstical cutput torgue* (Ib-in}

Actuator Products - Rotary

PTR Series

Model H&,ﬁ:‘fw versus input pressure (PS1) [p)gp;:c;mmmi mﬂ;lm Tolerance
T R A e
101 35 19 20 ag ag 0.007 B0 -0, +5
102 70 jele] 50 3 197 0.014 &0 -0, +5
151 100 50 a8 118 204 0.021 45 -0, +4
152 200 118 177 236 500 0.042 45 -0, +4
201 280 14 212 2a2 ) 0.045 36 -0, +3
251 375 Fal- 322 430 1074 0.075 35 -0, +3
202 00 282 423 G686 1410 0.099 3B -0, 43
252 TEO 430 844 asa 2145 0480 35 -0, +3
an 1000 570 856 1144 2852 0499 25 -0, +2
322 2000 1141 1711 2281 5703 0.308 25 -0, +2
* Alow 10% for friction lose. Alow 20% on airoil units. Uss the single mck tarqus valuss for all air/oil, three position, and anti-backlssh actustors.
Bearing load capacities and kinetic energy ratings
gt ot ) s MU T S oo
Modal batwaen
Radial Thrust bearings Elmedﬂ;dd;:;lors Bumper Cushion™ ?;?cgy;.:mouﬂ
10 100 50 140 05 075 5.00 16/ 60,000
15 250 125 245 150 2.25 18.00 35/200,000
20 500 280 245 3.00 4.60 36.00 140,350,000
25 T80 375 2,80 580 8.25 B86.00 140/300,000
32 1000 500 375 1200 16.00 1E5.00 WA
* Bearing capacitiee only. Check Kinstic Enengy ratings to determire if ectustor will etop lead.
** Assuming postive back pressure provided by meterout flow contral,
Seal kit ordering information
* Standard units are equipped with Mitrile seals.
* Optional seal compounds are available.
* Saal kit part numbers as shown:
PEK | o2 ]
Parker seal kit Base model Omit | Stndand
v Huarearbon
] Guad ring piston seals
W Corbioxated nifrile piston seals
m B2&0 Parker Hannifin Corporation
Pneumstic Division
Richland, Michigan
www.parker.com/preumatics
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Catalog PDN1000-2US
Parker Pneumatic

Standard Face Base Mount (A) and Male Keyed Shaft (B)
Double Male Keyed Shaft (C) shown in phantom

Actuator Products - Rotary
PTR Series

I A " M Keyway Shown In " s J
Mid-stroke Position®
"T - A2 . . 2
T - M el L e
b Pt iz b o et .
o C: & @ @ RSq
| 5 T, <O30R T T -
) i o o
| “' -'l: _/:II ':'I 7 F E‘I;l. N7 | e C
Mo ! W e T
i \KE_Z.{’} F2 ' ¥ :
. D | q ¥ L8 o
i BN iy = I
i B2 v .
P Dia. Pinion 4 E + ") Mg, Holes i
Journal - v] - (4 Both Sides) = H»
(4 Bass)
Model Rotation
number (Degreses) A B [ D E F H J K L M N
a0° 81116
1/420 0.800 0128 0.430
10 180° 81/4 2 3 2 1.600 2.000 1.500 X3/ DP 0,400 7/8 0427 0425
3B0° 11-TH6E
o S8 5M6-18 0.B7S 0.188 077
15 180 11-316 3 4-1/4 3 2,000 3.000 2,000 x1/2DPF 0874 1-7/8 0180 0761
3B0° 15-3/8
= 1sns aB18 1125 0.250
20 180 14116 3 & 4 2.600 3.500 2,000 X 1/20P 1124 1-7/8 0.252 0.586
3a60° 18-11186
o 12818 1213 1375 0.313 1.209
o — - | . . .
25 180 16-1/2 3442 B 4 2.800 4.500 2,000 Xx34DP 1374 2-1/4 0.215 1191
a60° 20-B/8
o 1658 3410 1780 0378 1.542
o - . . )
32 180 2118 & B & 3.000 5.000 2,500 x1DP 1740 /2 0.877 1532
as0° 28-3/8
Maodal
p (o] P R 5 T u v
10 58 068 1-142 1/4 0.31 1/8 a4
15 1-1/2 0.98 2 516 0.4 1/4 1-1/16
20 1-142 118 2442 38 0.4 1/4 1-1/4
25 1-3/4 1.38 3 38 0.4 1/4 1172
32 3 177 3-3/4 T8 056 ] 1-1516
* To cbtain equal rotation both sides of midstroke ftheorstical 12:00), order 5% longer rotation than
standard with strake adjusters.
B2a1 Parker Hannifin Corporation
m ch DMBiDn
Fichlard, Michigan
wewvw, parker.comypreumatics

HP PTR PRNIA) PV RotaryActuators
Series Series Series Series Actuator Products

P1vV-s
Series
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6.6b Numatics

R Sceries

Rack and Pinion Style Rotary Actuator Line

actuators

numarics

&

EMERSON.

Industrial Automation www.numatics.com
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numartics

Features and Benafits. . .

LT e =

L T T T = T
Shaft Seal Cover and Pilot Ring

Shaft Options

Kinetic Energy Basic FomMUIE. . ... u i i ittt it i s i a i e s b i s a e a it an e e
Size and Selection EXample . . . ... i i e ia e dasaa e da et a e g9
E T L T 10
Port and Cushion Locations . . ...t it it i it it i s it i e s i ik aisabaaaiiasiaaasiaais 10
Multi-Position Rotary Actuators 1143
E o T o g T 14
R series Global Switches .. .. ... i i i iaaicaaiiaaiiaaiaaasaan 15-16
Rosanies Word Swiltohas . . .. e i i iaaiaaiiaaaiiaaiaaanian 17-18

DNumatics 2006
Rew 1006

2 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.



numarics

R Series ' R
Rotary Actuator -

The R Series is a heavy-duty rack and pinion style rotary actuator that is designed to excel in the most rigid applications. The
R Series includes a high torque-to-size ratic as well as accurate positioning.

Rack and Pinion

The rack and pinion is made from
high strength alloy steel. It is induction
hardenad for long Iife. The geometry
factors of the rack and pinion have bean
balancad to ensure equal wear, which
provides maximum gear life. The pinion
shaft includes a male key as standard
offering.

Ball Bearings

The ball bearings are sealed and
predubad in an effort to prevent
contamination from negatively affecting
the operation. They are sized to except

S Ea h\é [ ]
5\.‘ =
\n‘l\

high loads and still retain smooth
maintenance fres oparation. |

Rack Bushing

The rack bushing is made from

bearing bronze. The durability of the

bushing enables it o support nearly the

full length of the rack. Furthemore, we

hawe included a small gap to allow grease/ubrication to be added.

Tube

The profile tube is hard coat anodized. The hard coating is an electro-
chemical process, which produces a very dense surface of aluminum
oxide. This surface has extreme hardness (60 RC.), excellent wear
and cormrosion rasistance, and low coefficient of friction.

End Caps

The end caps are accurately machined from (6061-T6) solid
aluminum bar stock. They are anodized for corrosion resistance.
Additionally, port positioning is extremnely flexible.

Piston
The solid aluminum alloy pisten is strong and dumable. A magnet
groove is standard allowing for casy field conversation.

Piston Seal

The piston seal is a carboxilated nitrile with Teflor® compeund
for self-lubricating. The U-cup type ssal construction is proven
and durable.

Wear Band
The wear band is a stable, lubricating strip located on the piston.

Grease Opening
A 1/4-28 tapped hole (which is plugged) is provided for future
installation of an optional greass fitting. Note that tha unit is pre-lubad.

Teflon® is a ragisterad trademark of DuPomt™. For detailed information
regarding the proparties of Teflore.

e

Standard Specifications:

+ Bora sizes from 17 through 3-1/4

+ Mominal pressura mting is 150 psi air

+ Standard rotations are: 45°, 90°, 180°, 270°, and 360°
& Minimum breakaway pressure: 5 psi non-cushioned,
10 psi cushioned

+ Standard temperature -10°F to 165°F (-23°C to 74°C)
* NPTF ports

+ Flexible port locating

The keyway at position 12:00, is aways the mid-rotation of the actuator
unless otherwisa specified.

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com. 3
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numartics

R Series
Rotary Actuator
How to Order
S ARK-1801 C-C AA O
Mounting — -|: Magnetic Piston
F  =Front Flangs Q = No Magnet
R =Rear 2 = Magnet
P =Pilct Ring
B = Bottom Flange . Options
S = Standard Mount Ad = No Options
BA = Bumpers Both Directions
Type BC = Bump Counterclockwi
AR = Single Rack BH = Bumpers Clockwise
BR = Double Rack KA* = Angle Adjustment Both Directions
CR =23 Position Single Rack KC* = Angle Adjustment Counterclockwise
DR* = 4 Position Single Rack KH = Angle Adjustment Clockwise
ER"™ = 5 Position Single Rack PP = Polypak Piston Seals
* Must specify X dimension. SA = Shock Absorbers Both Directions
** Must specify X and Y dimensions. SC = Shock Absorbers Counterclockwisa
SH = Shock Absorbers Clockwise
ize S5 = Shaft Seal Covers
E =1"Bore VA = High Temperature Seals
K =1-1/2" Bore * WA with the SA, SC, and SH options
L =2" Bore
M =2-1/2" Bore —————— Cushions
P =3-1/4" Bore Position Standard
1 2 3 4
Degress Rotation Mo Cushions A A A A
045 = 45" CWand CCW B c D E
090 =90° cw F €] H J
180 =180° CCW K L M N
270 =270°
360 = 360° CW = Clockwise
Any degres of rotation can be specified. CCW= Counter-clockwise
Consult factory for rotations of or greater —————— Puos
than 1000°. Pasition Size Code
/8 14 3B 12
Rod End Coda — 1 B c D E
2 H 1 J K
3 N o P Q
4 T u v w

Single Padk

T Double Rack

i LS

=]
@
]
Il
L2
@

£
-
£

POATS SHTWH W POSTIONZ. S SWUDAD
Ko LA

NOTE: Consult factory for repair kit information.

4 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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R Series S
Rotary Actuator

Standard Specifications
Maximum operating pressure: 150 psi pneumatic

Standard rotations: 45°, 90°, 180°, 270°, 360" and other rotations optional

Maximum breakaway pressure: 5 psi non-cushion, 10 psi cushioned

Operating temperature: 0° F to 180° F (standard seals)
-20° F to 400" F (viton seals)

NUMBER THEORETICAL TORQUE QUTPUT (inbs) z 1 AR paa. ROTATIONAL

R 50 psi 100 psi 150 psi : TOTAL (DEGREES)
1 1 SARE 19 30 50 ) 50 10
1 2 SBRE 7 18 . 50 10
1z 1 SARK 59 18 177 0.021 40 8
11z 2 SBRK 118 2% 353 0.042 40 8
2 4 SARL 144 280 424 0.049 a0 ]
2 2 SBAL 262 85 848 0.009 30 ]
2z 1 SARM 276 552 0.006 80 @
2 uz 2 SBRM 562 1104 1858 0.183 30 ]
3 1 SARP 570 141 1711 0.189 15 4
34 2 SBRP 144 2281 3422 0.388 15 4

Allow 10% for friction loss.

Standard Mount
- A + [ x DEGREE OF ROTATIOH) - — Lt B -

M

.
- SEZE = = KEYWAYSHOWN

_IT‘”‘! i) || INMDSTROKE POSIION

H

1 750 200 300 200 150 200 001748 150 1M-20 X AR DEEP E00M498 0BA 12127 430428 E25 0SB 144 075 1R

142"  B50 300 425 300 200 200 002328 200 S1E18X1R2DEEP  BVSMET4 188 1BAIB0  TTLTE1 150 0S8 200 075 14
z B5S0 300 EOD 400 250 350 003124 200 3816 X1/2DEEP 11254124 180 2BVIE2  BOB/OTE 150 11B 244 075 1M
24R* BFE AED 600 400 250 450 003628 200 1212 KAMDEEP 1.378MAT4 225 WIS 1.20MHAB1 178 157 284 DTS 1M

31* 1125 500 BO0 500 300 EOD Q04800 2ED AM-10X 1 DEEF  1.750M748 350 ATRATT 18421532 100 1F7 AT6 D88 am

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com.
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Options

Rotation Adjust

Rotation adjusting knobs can be added to control rotation more precisely. They can be used on both ends
or on either end individually. Rotation adjusters can be used in conjunction with cushions. Their "high
tech" style makes rotation adjustment easy to do without tools. The metric set screw in the side of knob
securely locks the rotation setting. Thus, the rotation is very easy to adjust, but cannot be changed without
a metric allen wrench. When used with cushions, maximum rotation adjustment will still allow at least 20
of rotation to be in cushion.

-— DEGREE OF
HEERE &) £ ROTATION PER END
" 1.43 143 43
(T _f 1 120 143 143 g2
_Eﬁ# o8 > 223 1.75 40
2 40 222 175 32
314 267 2.35 a2
' Cushions
d .- Our cushion seal has a built-in
function. It seals in one direction
Seals and permits full flow in the Flows
= opposite direction.
Into Cushion Out of Cushion

Cushions can be added to meter deceleration. Cushion adjustment needles can be put in any quadrant.
Normally, cushions will be added to only one half of the double rack unit. The cushion and its operation

is very similar to our current A series design. Rotation adjust can be used in conjunction with cushions.

Cushions and Shock absorbers together are not available.

| Bumpers

Bumper seals can be added to reduce impact. The

bumper and seal are one piece. Bumpers can be used D
in conjunction with cushions if necessary. AN

- »;
NOTE: Cannotbe used with rotation adjustment. : — 7
' Shock Absorbers
Hydraulic shock absorbers can be added to reduce 5 [ ]

noise and large impacts. Shocks are fixed orifice self- —
compensating type. The 3 1/4" bore rotary actuator will
not have this option. Cushions and shock absorbers
together are not available.

MNOTE: Shock cannot be adjusted.

=l

0

6 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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Mounting Options
Flanges

Front and Rear Flange Bottom Flange
> A - - A -

- E - - = E - = E - B -

oo © © o e

c o c o
] ]
1R e O 9 I
" ateFTHRU - s 4% eF THRU

BORE A 2} (o] D E F G BORE A B [ D E F

" 4,25 3.62 2 1.28 0.25 a2 58 1" 328 2.63 2 1.8 0.25 Qa2
142 &7 543 3 243 044 4382 1 142 4560 3.88 3 2.13 0.44 1332

o 650 588 4 a.38 044 41382 114 2 450 3.88 4 3.8 0.44 a2
242 825 726 4 .00 044 47E2 1568 2 12 550 4.50 4 3.00 0.44 1732
44" 4200 40.00 5 a.00 075 26@2 2 RIS B.00 6,50 &5 a50 0.75 2632

'Shaft Seal Cover and Pilot Ring

1 © H © BORE A B
1 1.875 0425
A @ @ 14 3,000 0.250
2 3,250 0.250
1 242 3.625 0.250
ﬁ ﬁ 31 4.480 0.250

The pilot ring and the shaft seal cover are dimensionally the same. Pilot rings are used to help center
the shaft to the work piece. Shaft seal covers are used to prevent contamination to the ball bearings.
They can only be used on single and double male shafts.

'Shaft Options

BORE A B c D E
1 1.61 052 0.250 N NiA
1@t 280 088 0500 0425 0560
Double Male Keyed e 272 148 0888 0467 0780
21 843 167 0.813 0250 0801
o a1 456 177 1425 0250 1.247

Single Female Keyed

- - - 0T
— BORE L A naee

i 0.875 —
1142 1875 | !
2 1875 - s
. i
ﬂ m 242" 2.280 !
314 3500 =gy
Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com. T
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Kinetic Energy Basic Formula
KE = 1/2 Ja® Whera:

Angle traveled (degrees)

o =0.035x Rotation time (seconds)

Kinetic Energy (in-lb)

Rotational mass moment of

inertia (in-lb-secs)

(Dependent on physical size of
object and weight)

Peak Velocity (rad/sec)

(Assuming twice average velocity)
Weight of load (Ib)

Gravitational constant = 386.4 infsec:
Radius of gyrafion (in)

[
u

=]

-lﬂE

Moments of Inertia
Maximum Kinetic Energy Rating for Models Based on Configuration (in-Ib)

ROTATION — SHOCK ABSORBERS
STANDARD  apwsters ~ CYSHIONS  pep ovoiepER HOR)
1" 050 0.50 5 ABON300, 000
142" 2.00 2,00 20 2261400, 000
20 4.00 4.00 40 SOOVE00, D00
212" 7.00 7.00 O SOVE00, 000
314" 15.00 15.00 160 NiA
Thin Disk-End mounted Thin Disk- Paint Load
on center Mounted on center

==l
e —

Thin Rectangular Plate- Thin Rectangular
Mounted on center Plate

3 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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Size and Selection Example Point Load
Point load application

W=5 Ib. load c
r=12 inch arm length H A @
Want to use 1 1/2 bore rotary actuator }_O
MNeed to rotate 180 degrees in 2 seconds
Should | use bumpers, cushions, shocks, -
or none of these? ﬁ ﬁ
From Catalog: i ' ot W
0,035  Angle traveled (DEG) J = W X r.2
@= Rotation time (SEC) - _g
180 DEG

o = 0.035 x 2SEC
oo 315

SEC
J= w xr?

g

SEC?

J = 1.86 IN-LB-SEC?

KE = 1/2 Jo?

Maximum Kinetic Energy Rating
for Models Based on Configuration (in-lb)

1 » [3.15\2
KE= 3 x1.86IN-LB-SEC*x | g7 BORE STANDARD ,S1HoKE  cusHions SHOCK ABSORBERS
: ADJUSTERS (PER CYCLE/PER HR.)
1" 0.50 050 &5 150:300,000
11 200 200 20 225/400,000
KE = 9.23 IN-LB
2 4.00 4.00 40 EDVEDD, D00
212 T.00 T.00 70 EDVEDD, D00
914" 15,00 15.00 150 NiA

Looking at Kinetic Energy Rating Chart:
Maximum KE=20 IN-LBS for a 1 1/2" bore rotary with cushions
Therefore, application requires cushions.

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com. g
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Specifications

Unit Weights (Ibs) Bearing Load Capacities
ROTATION (DEGREES) RADIAL THRUST DISTANCE BETWEEN
180 270 LOAD (Ib) LOAD (lb) BEARINGS (in)
SBRE 4 4 4 & 142" a00 200 248
SARK a a9 10 10 a &00 380 246
SBRK 12 13 14 15 212" a00 00 2,50
SARL 14 15 16 17 34 1300 800 378
SBRL 20 2z 24 a7
SARM 22 23 25 a7
SBRM a a4 a8 4
SARP 45 47 49 &2
SBRP 62 &7 T2 7

T F' o o H i

FOATSSHOWN N FCETION =
Standard port location is position 1. Standard PORT SIZE
cushion location is position 2. Ports and/or ; a8
cushions in position 4 are only available on 5 A
single rack rotary actuators. PP o T o
2 A =} A
245 A & A
314" A A ] A
S=Btandard
A=Mmailable

10 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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Multi-position Rotary Actuator

3 Position
Our rotary actuators are available in various multi-position configurations. The following shows 3, 4 and 5
position types. Consult factory.

- AL GxW ) - el =] -
T KEYVERY SHOWM
- Qi ok
'] T'"’/ YFErR INMIGSTROKE FOSMON

B H o o H g

F i L
Fz

1 1 Py A 50,

£ i F | |

J MTG. HOLES
PINION JCURNAL - ER l’ X NE‘E::'PE&;‘EFHS'DE’
R [ T
- o - FOATS SHOWN [H FOSITIOH 2

Dimensions

" 750 200 300 200 150 200 001746 150 14-2KIEDEEP 500490 088 .125/127 4300425 063 068 144 075 B8 075
11/2* BS0 300 425 300 200 3.00 002328 200 SME1@K12DEEP 675/874 188 .1BBA{00 74761 150 008 200 075 14 143
2 950 300 500 400 250 350 003144 200 WE-6X1ZDEEP 11251124 188 250/252 086076 150 148 244 075 14 125
21/ 075 950 600 400 250 450 003026 2,00 121IXMDEER 1FENAT4 335 S35 12011491 175 157 204 075 1M 15
344* {125 EO0 800 500 300 500 004800 250 410X1DEER 17500748 BE0 ATELS77 1542152 300 177 875 088 58 104

® Q@
M H s

H H
& &

A three position rotary actuator provides one intermediate stopping position between the full counterclockwise

and full clockwise position. The full counterclockwise position is achieved by pressurizing port 1. The intermediate
position is achieved by pressurizing both ports 2 and 3. The final clockwise position is achieved by pressurizing port
4. Rotation adjustment for the full counterclockwise and full clockwise positions only are standard.

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com. 1 1
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4 Position
W* = Full Rotation
X" = First Intermediate Rotation

F g S c
Fa
L1 iy pla
(4 .
PHICH IELRHAL E‘“E'dggé‘u‘%%ma
W FLLLRCTATION Ls E— - [ BAEE) L H o -
¥ = FRSTNTEAUECHIR ROTATION - 1] -
(S —
Dimensions
BORE A B c D E F H J K L
1" .75 2,00 2,00 2,00 1.50 2,00 1.50 1M4-20 X 38 DEEP 500,490 0.68
112" 4.25 3.00 425 .00 2.00 2.00 2.00 SHE-18 X 1/2 DEEP BTE/BTA 1.88
2 4,75 3.00 B.00 4,00 2,50 250 2,00 WB-16 X 172 DEEP 1.126M4 124 1.68
212" 4.88 350 6,00 400 250 450 2.00 1i2-13 ¥ 34 DEEP 13754 .374 225
314" 5.63 .00 8.00 5.00 3.00 5.00 2.50 3/4-10 ¥ 1 DEEP 1.760M .748 as0
M N [+] P Q R T U v Z
JA250127 A30/ 428 063 0,58 0,00872 144 0.75 18 0.7 6,405
4887100 THLTE 1.50 0.8 0.044184 2.00 0.75 114 143 6.004
2600252 .BBE/.0TE 1.50 1.18 001674 244 0.75 14 125 T.407
A3 E 1.2041.184 1.75 1567 0.01863 2.04 0.75 14 1.50 7665
ATeLETT 1.5421.532 3.00 1.7 0.02400 a.75 0.e8 ae 1.04 B.680

®
H

®
H H

! | A A |

® O]

A four position rotary actuator provides two intermediate stopping positions between the full counterclockwise and
full clockwise positions. The full counterclockwise position is achieved by pressurizing port 1. The first intermediate
position is achieved by pressurizing both ports 2 and 3. The second intermediate position is achieved by
pressurizing both ports 4 and 5. The final position is achieved by pressurizing port 6. Rotation adjustment for the full
counterclockwise and full clockwise positions only are standard.

12 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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5 Position
W* = Full Rotation
X = First Intermediate Rotation
Y® =Third Intermediate Rotation
- I+ 0w K] I+0aEW-Y) -
fr I+00W N I+ QW+ X] -
- A1 =Wy-T A=W -T - - e
. LR { ol EELE R T Y
|

o
==

o
= - R N
F | e M -
‘ T
i . RSO oz
H il rLI £ =l !
J T HLES
- B2 144 HERFRS [, 44t FAREIDE) 2 Ha e
- pman v | - uﬁm [P —
pi i —
¥ w THIRD | MTERMECAATE ROTANCH - o -1
[PORTS SHOMN M PCSTROR 2
Dimensions
Bor A 2] c 8] E F H J K L
1 a7 200 3,00 2,00 150 2,00 150 1/4-20 X 38 DEEP E00/.499 0.88
112 4.25 S.00 4.25 3.00 2,00 3.00 2,00 &M6-18 X 1/2 DEEP .B75/.874 1.88
2" 4.75 800 500 4.00 250 350 2,00 /816 X 1/2 DEEP 1.126M1.124 1.88
212 4.88 3560 6.00 4,00 250 4,50 2,00 1/2-13 X 34 DEEP 1.976M.274 2,25
814 5ea 5.00 B.00 5.00 200 5.00 250 440X 1 DEEP 17504740 85D
&} N o] P o] R T U v £
A26/127 ABVA25 0.63 [Es] 0.ooa72 144 075 im 0,75 6.406
88190 JIITE 1.50 0.08 001164 2,00 07s 14 1.43 6.004
260v.252 0OE/ 0TE 1.50 1.18 00157 244 0rs 14 1.26 T.407
AHAE 1.204H4.184 1.7 157 0.01963 204 0Ts 14 1.50 7665
areLaTT 1.6420 532 3.00 177 0.02400 3.7 0.88 ] 1.04 B.680
© ®
A |
b
fEER
® @ @

A five position rotary actuator provides three intermediate stopping positions between the full counterclockwise and
full clockwise positions. The full counterclockwise position is achieved by pressurizing port 1. The first intermediate
position is achieved by pressurizing both ports 2 and 3. The secend intermediate position is achieved by pressurizing
both ports 4 and 5. The third intermediate position is achieved by pressurizing both ports & and 7. The final clockwise
position is achieved by pressurizing port 8. Rotation adjustment for the full counterclockwise and full clockwise
positions only are standard.

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com.
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R series Switches

R series Global Switch

Cylindars

R sarias

R series World Switch

All

Brachst

Direct Fit Diract Fit
wiincluded wiincluded
adapter adapter

Switches
HPNPS31  HPMNPQ21  HNPNS3z  HWNPNG32
Direct Fit Direct Fit Diract Fit Direct Fit
wiincluded wiincluded wiineludad wifincluded
adapter adapter adaptar adapter

Switches
Cylinders SReE-002 SHE-021 SHeE-021 SHe-022 SHe-032
R sarisa All Brackst Direct Fit Diract Fit Dirsct Fit Diract Fit Diract Fit Direct Fit
NOTE: See page 17 for dimensional and technical data
14 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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R series Global Switches
Reed Switch (AC/DC NQ), flying lead - RSS02, 8mm connector - RSQ02

B2 = ER - 8843 ———=j=— 1.404 —-I

[ —— T T ﬂ:m
87 24& i éﬁ
i

LED I-— 118 ALYING LEAD

T Tel& =252 t~ e A7 252 d B 18
"" A

Sensing Data Mechanical Data
Ambisnt temperature range Ty ("FFC) 410178 (-20to 60] Housing material Polyamide
Fraquercy of oparsting cycles fat Ug (kHz) Material of sensing fmoe Paolyamida
Turn on time t {rms) == . EE Connection PVC cable
turn off time t {rms) 0,03 Dagres of Protection IP 687
LED function indicstion yas Rated shock: half-sinus, 509, 11 ms
Rated vibration environment: 10g, 10,2000 Hz, 80 min

Electrical Data
Rated opsrational voltage Ug (] 3..130 ACDC
Supply voltage Ug (] 3..130 ACDC
\blni.go drop Uy at | Stat./dyn. ) 35 C €

Ratad insulstion wlatags U; [\ 2750 DC (EM &0335-1)
Rated supply frequancy (Hz) AGIDC
Rated operational current I () S0 (10W max.)
No-koad supply current |, at U d./und. (&) 1]

Observe polarity for comrect LED function

' Electronic Switch (PNP NO), flying lead - HPNPS31, 8mm connector - HPNPQ31

" 882 - 882 0.843 {1104 —~
J[ | | LN L | J‘ L m]m
bt ' t
LED b=—— 118 FLYING LEAD L
-J‘—j— - <ﬂ\ . + JI|/' -
i 1 BN j‘—l— —+- Fl Ty
236 .197 .252 /> B + 2617 m’ 232 L3 — NG
}—"_ —*’ | BU | ¥ T *
Sensing Data Mechanical Data
Ambient temperature range 4 (*FG) -13to +158 (-25 to +70) Housing matarial Polyamide
Tempersture drift (% of ) == 0.3%PC Material of sensing face Polyamide
Frequancy of operating cycles fatUg (kHz) 10 Cornection PVC cable
Turm on timet ] {05 Degres of Protection IF &7
turm off time t ims) 05 Ratad shock: half-sinus, 30 g, 11 ma
Lhilization categories DC13 Rated vibration emvironment: 55 Hz, 1mm amplitude, 3 x 30
Function—/supply voltage indication YES
Electrical Data
Rated operational voltage g v 24 DG C E
Supply voltags Ug, V) 10...30 DC
inel. ripple (%ofly) 15
Vohags drop Uy t |, Stat/dyn, ) = @
Rated insulation volatage U; (] T8 AG
Rated supply fraquency {Hz) DG
Rated operational current | mA) 200
No-load supply currant |, st U dJ/und, ma) 25M3
Protected against polarity reversal YES
Information subject to change without notice. For ordering information or regarding your kocal sales office visit www.numatics.com. 15
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Electronic Switch (NPN NO), flying lead - HNPNS32, 8mm connector - HNPNQ32
'-1-' 1104 —=

282 —— I—‘ BEZ == 9843

l | | ¥ E — 1 |

1L
e
387 348
f f LED =—— 118FLYING LEAD

3687 39
LED
/Ty

i i i — BN 1 j'_
. - - <]]> Fax + 23 197
236 197 ([ E@Q 252 B, — P

N A
s ey
L=~ .

am® = P T
i ) !
Sensing Data Mechanical Data
Amblent temperature rangs 4 [°FPC) -13 to +158 (-25 to +70) Housing miaterial Polyarnide
Tempersature drift (%o of Sp == 0.3%°C Matarial of senaing face Palyamida
Frequency of opemting cycles fat Uy (kHz) 10 Connection PVC cable
Turn on time t {rnz) e} Degree of Protection IP &7
turn off tirme t (rn=z) A5 Riated shock: half-sinus, 30 g, 11 ma
Utilization catsgories DC43 Rated vibrstion emvironment: 55 Hz, 1mm amplituds, 3 x 30
Furetion—supply voltage indication YES
Elecirical Data c €
Rated operational voltage Uy v 24 DG
Supply woltage Lig 10..30 DG
incl. ripple (¥oof Ug) 18 @
Violtage drop Uy at | Statidyn. V) 1=
Rated insulation wolatage U; ) 75 AC
Rated supply frequency (Hz) ]
Rated operational current | (rnA) 200
No-load supply current |, at Ug d.fund. (rnA) 25/13
Protected against polarity reversal YES

R series Global application Detail

Profile Tube Detail

1. Global Switch

2. Included Dovetail adapter
3. Dove Tail extrusion

16 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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R Series World Switches

Reed Switch - Normally Open Type SR6

g1 —

prm G
B3
T POLE
L 0 S
F il ) PIN 3/ BLU A 3l o
; = ; e
Il SUPPLY PIN 1/BRN E Fame
A3 120V Max, 4T e
‘ RoLe

+ LOAD

- . . Switching Switching Switching .
Switch Style Switch Typa Function Voltage R Power Voltage Drop
Reed Switch, SPET 5-120¢ 0.025 Amps Man.
SRE-002 8m Wire Veraion LED Nermally Open ACIDG 0.001 Amps Min. 3 Watts Man. 35 Volts
Read Switch, sPET 5-120¢ 0.5 Amps Max.
e iierd DL LED & MOV Narmally Open AC/DC 0.005 Ampa Min. e el
SPET 0-120¢
SRE-021 Bmm Pigtsil Resd Switch Normally Open Py 0.5 Amps Max. 10 Watts Max. 0 Volts
Read Switch, sPET 5-120¢ 0.025 Amps Man.
ikt SR LED Narmally Open AC/DC 0.004 Ampsa Min. e 5t
Read Switch, SPST 5-120¢ 0.5 Amps Max.
SRE-024 Brmen Pigtall LED & MOV Nermally Open AG/DG 0.005 Amps Min, 10 Waths Max. 3.0 Volts
Hall Effect Switch - Sourcing Type SH6
T .. I
S3
—l POLE
e O[O
- 550 PIN 1"/ BRN M
i PIN 3*/ BLU ;
4J as L :_';':::;: PIN 4° | BLK o 5
T
— gy POLE

PN

Switch Style

Switch Typa

Hall Effect for
Read Magnet &
Light Scurcing
Hall Effect for
Reed Magnet &
Light Sourcing

SHE-031 8 Wire Viarsion

BHE-021 B Connector Pigtail

Information subject to change without notice. For ordering information or regarding your bocal sales office visit wweaLnumatics.com.

* Pin out for 8 mm connector version

] Switching Switching Switching -

Function Voltage Current Powar Sl Ly
g:ﬁng{giﬂ 6-24 VDC 0.3 Amps Mas. 7.2 Watts Maox. 0.5 Volta
mﬂgg‘;‘m 6-24 VDC 0.3 Amps Max. 7.2 Watts M. 0.5 Volts

17
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Hall Effect Switch - Sinking Type SH6

— B —=

-‘-l B3

POLE

B ,5::3; D[[jﬂ"]]lm-lr - PIN 3"/ BLU W: E

—I s l_ el PIN 4% / BLK o N
T * LOAD POLE

_‘] 581 * Pin out for 8 mm connector verslen

—

i e —

Lk

Switching Switching Switching

Switch Styla Switch Typa Fumnction Voltage el P Voltage Drop
Hall Effect for
SHE-032 SmWreVersion  Rasd Magnetd g:uﬁ"'&m 6-24 VDG 03Amps Max.  T.2WattsMax. 05 Vohs
Light Scurcing a
Hall Effect for N o
SHE022  Bm Connactor Pigtall  Rasd Magnsta aw"u“"“’ pan 6 -24 VDG 0.3 Amps Mas. 7.2 Watts Max. 0.5 Volts
Light Scurcing ng (NFH)
R series World application Detail
. . 1
Profile Tube Detail
1. World Switch
2. Dove Tail extrusion
7
13 Information subject to change without notice. For ordening information or regarding your local sales office visit www.numatics.com.
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World Class Supplier
of Pneumatic Components

Canada

BRAZI

France

Netherlands

World Headquarters
Numatics Incorporated
Phone: 248-887-4111
Fax:  248-887-0190

UNITED STATES

Numatics - Air Preparation
Phone: 810-867-3800

Fax: 810-867-3902

Numatics - Valves
Phone: 248-887-4111
Fax: 248-887-0190

Numatics - Miniature Valves
Phone: 248-950-1400
Fax: 248-960-2160

Numatics - Cylinders
Phone: 615-771-1200
Fax: 615-771-1201

Numatics - Rodless Cylinders
Phone: 519-452-1777
Fax: 519-452-3005

Numatics - Automation
Phone:  440-834-3200
Fax: 440-934-2288

CANADA

Ontario

Numatics, Ltd.

Phone: 519-452-1777
Fax: 510-452-3905

Quebec

Numatics, Ltd.

Phone: 514-332-6444
Fax: 514-332-9273

British Columbia
Numatics, Ltd.

Phone:  604-574-0401
Fax: 604-574-3713

EUROPE

Germany - European Headquarters
Numatics GmbH

Phone:  011-49-22 41-31 60-0
Fax: 011-49-22 41-31 60 40

Hungary

Numatics Kft.

Phone: 011-38-13 8221 35
Fax: 011-36-12 04 39 47

South Afrll:a]

EUROPE

England

Numatics Limited

Phone:  011-44-1525-37 07 35
Fax: 011-44-1525-38 2567

France

Numatics s.a.r.l.

Phone: 011-33-1 41 214888
Fax: 011-33-1 41 21 4889

Italy

Numatics srl

Phone:  011-39-030-373 1999
Fax: 011-39-030-373 19 81

Netherlands

Numatics B.V.

Phone: 011-31-418-8529 50
Fax: 011-31-418-65 20 43

Spain
Numatics Spain S.L.
Phone:  011-34-93-221 21 96

Fax: 011-24-93-221 35 14

v =¥
Austmalla.

AFRICA

South Africa

Numatics SA (Pty) Ltd.

Phona: 011-27-11-865 44 52
Fax: 011-27-11-8 65 42 90

LATIN & SOUTH AMERICA
Mexico

Numatics de Mexico SA. de CV.
Phone: 011-52-222-284 6176
Fax: 011-52-222-284 6179

Brazil

Valvair Comercial Ltda.

Phone: 011-55-12-351 2874
Fax: 011-55-12-351 1958

ASIA & PACIFIC

Australia

Numatics Australia Pty. Ltd.
Phone:  011-61-3-95 63 86 00
Fax: 011-61-3-9563 85 11

Taiwan - Asian Headquarters
Numatics Co, Ud. Asia

Phone: 011-886-2-201516 05
Fax: 011-886-2-20 14 18 97

For a comprehensive listing of all Numatics production and distribution facilities worldwide, visit www.numatics.com
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