Build and Assembly Plan
Team: P15001: Active Ankle Foot Orthotic
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Introduction
The build and assembly plan is described in the sections below. Detailed instructions are given for each
subsystem concerning the building/assembly instructions as well as a general overview of how the
subsystem contributes to the system according to the system sketch shown in Figure 1.

Figure 1: Integrated System Sketch

The system level build and assembly plan for the mechanical components is as follows: (crossreferenced for convenience)
1. Build the upper and lower muscle attachment components as described in: Muscle Attachment
Fittings
2. Build optimized muscle using the Muscle Attachment Fittings as outlined in: Muscles
3. Assemble the brace with all sewing tasks completed as outlined in: Brace Assembly
4. 3D print, process, and assemble the lower component housing with PBC board as outlined in:
Lower Component Housing
5. Solder and assemble the terrain sensor PCB board as described in: PCB Assembly
6. Construct the power supply line casing complete with switch as described in: Power Supply Line
7. Configure solenoid and connect to the power supply line as detailed in: Upper Component
Housing (UCH)
8. Attach muscle to the base (just slide it in) and secure with pin connection
9. Attach lower plug to plastic strap adjuster and strap from the brace. Adjust as necessary
10. Attach the lower component housing to the brace via the Velcro and alignment icons (if
necessary)
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11. Attach the air hose from the power supply line to the muscle inlet port and attach supply line to
clothing via safety pins
12. Enjoy the AFO 

Muscle Attachment Fittings
The upper muscle attachment shall be machined using scrap Delrin in the machine shop of GLE. This is
seen below in Figure 2 labeled as Number 2: Upper Muscle Attachment.

Figure 2: Upper Muscle Attachment Fittings System Integration Reference

Base
Acquire spare Delrin in the machine shop and machine according to the Muscle Upper Attachment Base
drawing as picture below in Figure 3.
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Figure 3: Upper Muscle Attachment Base

The following steps may be taken as a general guideline for this machine shop procedure:
1. Cut the Delrin stock down to a block of appropriate height dimensions using the belt saw
a. The belt saw may also be used to cut near net length and width dimensions
2. Transfer the component to a machining station and trim edges to appropriate dimensions
3. Cut as required to obtain the shape as drawn
4. Insert a small drill appropriate for making holes that can be easily used for sowing purposes
5. Turn the part on edge and drill two appropriately dimensioned holes for attachment pin

Integrated Plug
Acquire spare Delrin in the machine shop and machine according to the Muscle Upper Attachment Base
drawing as picture below in Figure 4.

Figure 4: Upper Muscle Attachment Integrated Plug

The following steps may be taken as a general guideline for this machine shop procedure:
1. Cut the Delrin stock down to a block of appropriate height dimensions using the belt saw, leave
an extra 2” for grip
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2. Transfer the component to a machining station and trim the surface in order to create a flat
platform to grip
a. This can be accomplished by touching down on the lowest portion of the surface and
cutting the rest of the face to the same height
b. It is recommended that the part not be made into a square cross-sectional rectangle
since the Delrin in the shop is too narrow.
3. Transfer the component to a four grip lathe and center such that the axis of rotation falls in a
location equidistant to three edges.
a. This may be checked using lab equipment
4. Cut the plug end of the component and drill a 1/8in center hole
5. Transfer the component to the belt saw and remove excess grip section
6. Return component to the lather and drill a 5/8in hole for the quick connect screw
7. Transfer the component to the machining station to drill side screw holes as appropriate
8. Place component in a vice and tap pipe threads into the air inlet hole
9. Trim and sand as desired

Muscles
The following section details the instructions for building a McKibben Muscle. This is seen in Figure 5
below, labeled as Number 3: McKibben Muscle.

Figure 5: McKibben Muscle System Integration Reference

1. Cut the braded expandable sleeving to the desired length using scissors:
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Figure 6: Cut Sleeving

2. Cut the inner tubing to desired length. Note: latex tubing shown here; application may be easier
with an angled cut.

Figure 7: Cut Tubing

3. Cure the sleeving by using a heat gun or a flame:
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Figure 8: Fuse Sleeving

4. Attach tubing to upper inlet port. Note: Small Philips-head screw drivers may be helpful if used
gently; be careful not to puncture or weaken the tubing.

Figure 9: Plug and Inlet Port Attachment

5. Add silicon protective tubing to the muscle in order to protect the sleeving and inner tubing
from the worm clamp. Note: Latex tubing shown here, and protective tubing not shown in the
completed picture.

Figure 10: Silicone Protective Sleeving

6. Insert Sleeving and secure upper inlet port using specified fastener. Note: zip-tie shown here.
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Figure 11: Upper Sleeving Attachment

7. Attach tubing to the base plug and secure using specified fastener. Note: worm clamp shown
here; other fasteners may require insertion before attaching base plug.

Figure 12: Attach and Secure Base Plug

8. Attach supply tubing. Note: Alternative design or additional support may also be used.

Figure 13: Attach Supply Tubing
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Figure 14: Completed Muscle

Lower Component Housing (LCH)
The lower component housing is a subsystem that is designed to house a PBC board and serve as a
protective base for the IR sensor. This is seen in Figure 15 below as Number 6: Lower Component
Housing

Figure 15: Lower Component Housing System Integration Diagram
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1. The lower component housing was drawn in a CAD package as shown in Figure 16.
PCB Board

IR Sensor

Figure 16: Lower Component Housing CAD Drawing

2. The build plan is to 3D print the casing on any reasonably quality 3D printer such as those at the
Construct at RIT: http://hack.rit.edu/how-to-use-the-3d-printers/
3. The CAD file can be taken to a place such as the Construct and the staff can assist with the set
up and can offer advice / instructions about 3D printing.
4. After all three parts are 3D printed (Bottom, Top, and IR Window) post processing will need to
be done

Figure 17: Lower Component Housing Printed

5. The threaded inserts, seen in Figure 17, must be pressed into the housing. This allows for the
lids to be screwed in multiple times. When inserting the threaded inserts, it is possible to break
the printed housing. If this happens, epoxy can be used to fill the housing.
6. The O-Ring should also be pressed into the groves. One O-Ring for the IR sensor window lid, and
another for the PBD lid.
7. The PCB board will have to be printed according the schematic and layout in Figure 18.

Page 10 of 25
P15001: Active Ankle Foot Orthotic - Updated on May 7, 2015

Figure 18: Sensor PCB

8. Connections will need to be made to the PCB board then when the post processing in complete,
the PCB board and IR sensor can be placed into their positions as seen in Figure 16. Connectors
will be routed in the device to the IR sensor. Connectors to the Heel toe sensor will be routed
out of the hole that is closer to the IR sensor. The connector wires will be routed out of the
other hole to be connected to the Arduino PCB. This should be done using a 6 wire ribbon wire.
The PCB board should also have the male connector of the ribbon wire. Then the IR Sensor and
PCB board can be screwed into place. Ensure the wires are long so they can be trimmed to fit
the customer.
9. Insert the O-rings and secure the lid.
10. Connect the heel and toe strike sensor. This was done using headers to connect to the sensors.
This makes the connection nonpermanent so that the sensors can be reused.
11. Affix a section of Velcro material to the back of the component housing. The orientation of the
Velcro should be at 22 degrees so that the user can apply it correctly to the leg.
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Brace Assembly

Upper Muscle
Attachment Area

Upper/Lower
Seam
Upper
Section

Lower
Attachment

Figure 19: Brace System Integration Representation

Lower
Section

1. The brace consist of two main parts: the Lower and the Upper sections
2. The Upper and Lower sections are sewn together at the Upper/Lower Seam in Figure 20
3. The lower attachment component is made by sewing an inelastic ribbon to an approx. 1.5” wide
elastic strap that has Velcro on top. The ribbon is sewn with gaps such that the elastic band may
still be stretched to an appropriate length.
4. The base of the lower attachment must be hand sewn to the Lower section of the main brace.
5. The ends of the (red) ribbon are to be sewn to a ¾” inelastic strap (grey) which is shown in
Figure 19.
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Figure 20: ¾” Second Design Image (not completely accurate)
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Figure 21: ¾” Strap Results

6. The ¾” strap shall be sewn as shown in Figure 20 with as thin and smooth a seam as possible at
the “Y” junction shown.
7. Additional ribbon may be used to cover the ¾” strap to reduce friction and increase comfort.

Figure 22: Upper Attachment Strap

8. At the very top of the brace an inelastic strap is sewn to the upper section as shown in Figure 20.
9. The inelastic strap is sewn to the top of the brace as is the buckle to give added support seen in
Figure 22.
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Figure 23: Upper Attachment Inelastic Muscle Base Support (inside of brace view)

10. In the upper muscle attachment area of Figure 20, the base of the upper muscle attachment
component must be sewn to the brace. The placement should be approximately 1.5” beneath
the inelastic strap at the top of the brace. The center of the base should be aligned with the
front center of the foot so that the muscle will hang vertically and deliver a vertical force
without significant twist due to misalignment.
11. The base of the muscle attachment was sewn to the brace through the red ribbon seen in Figure
23 to give additional support.

Figure 24: Lower Component Housing Attachment

12. Near the top of the brace, there is a 4”x1” Velcro strap vertically aligned which joins to the
Lower Component Housing as illustrated in Figure 20 and seen in Figure 24. This Velcro strap will
need to be sewn to the brace so that it creates a 90° angle with the floor when the AFO is
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applied to a user.

Figure 25: Toe Sensor Holder

Figure 26: Heel Sensor Holder

13. Pockets must be sewn for the pressure sensors on the foot. The plan is to used a thin fabric to
the sew pocket pathways for the pressure sensors to slide into. This should be sewn in such a
way as to ensure proper placement of the sensors with little user frustration and also allow for
the sensors to be removed so that the brace can be washed. Iteration may be necessary.
14. The toe sensor holder should be created by folding a ribbon in half and sewing on either side.
This allows the sensor to be placed in and held in place.
15. The end of the sensor should then be sewn to attach to the ball of the foot. The rest of the
sensor is not sewn. This is to make it easy to adjust to what is the most comfortable for the user.
16. The heel strike sensor holder is made out of ribbon and an 1” of elastic. The elastic was
anchored on to one side of the brace over the heel. The ribbon should be folded and meet the
other side of the elastic. The sides of the ribbon should be sewn together to make a pocket.
17. Velco was sewn to the side of the foot were the heel sensor ends. This is to hold it in place. The
matching Velco was attached the sensor.

Power Supply Line
The power supply line contains the ¼” air hose and the electrical ribbon cable. It is designed to have a
switch near the hip for the client to activate passive mode.
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Figure 27: Power Supply Line

1. Take approximately 6’ of wire sleeving (approx. 1” dia) and cut into 2’ and 4’ sections
2. Fuse both ends of the sleeves using an open flame. Do not fuse the ends too tightly, allow space
in the inner diameter for the ribbon cable male attachment ends, ribbon wire, and air hose. For
a good fuse, use a candle to keep a steady flame and gently compress the sleeving so that the
diameter being fused is wide mouthed.
3. Optional: at the end of the 2’ section, begin sewing a 2”x ” section of fabric which perpetuates
the semi-cylindrical shape of the sleeve
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Switch Housing

Figure 28: Power Supply Line

4. The Switch Housing is pictured above in Figure 28. It was 3D printed using the same resources
discussed in the LCH section.
5. The left switch (red) allows the user to switch between manual and active mode. The wires have
to be fed through the housing then soldered.
6. The right switch (black) allows the user to articulate the muscle in manual mode. This and the
LED (red) were soldered out of the housing and then pressed into the housing.
7. Attach the switch to fabric so that the user can see the switch but not exposed wires. The soft
side of a strip Velcro was used for its adhesive quality to create a semi enclosed fabric shell
behind the switch.
8. Attach 1-2 safety pins to the sleeving near the switch so that the user may affix the power
supply line to their outer clothing and avoid snagging the line.
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Upper Component Housing (UCH)
Solenoid

Solenoid

Figure 29: Solenoid System Integration Reference

Figure 29 is the upper component housing.
1. Connect the power on both sides of the solenoid to the 12V source then connect the ground
on the right side of the solenoid to the drain of Q1 on the PCB board and connect the
ground of the left side to the drain of Q2. Right and Left refer to the orientation as seen in
Figure 30. This is on the PCB Board.
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Figure 30: Solenoid

2. Connect the hose from the air tank to the quick connect at the top of the solenoid as seen in
Figure 30.
3. The blue hose will go into the power supply line.
4. The black hose will on the bottom left will be connected to the valve which will remain in the
off position unless there is a muscle malfunction.
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PCB Assembly

PCB

Figure 31: Terrain Sensor PCB System Integration Reference

The upper component housing is shown in Figure 31.
1. The PCB layout seen in Figure 32 and Figure 33 will be followed; the parts in Table 1 will be soldered
into their respective place on the PCB board according to their PCB number.
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Figure 32: PCB Top Layout
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Figure 33: PCB Bottom Layout
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U5
U5
LED-LED2
LED3
U2
U1
X1, X2
U4
U3
R0

ATMEGA328 Socket
ATMEGA328 Arduino
LED, Yellow 3MM
LED, Green 3MM
Regulator, 3.3V
Regulator, 5V
DC source connection
Micro SD card socket
Convertor, Hex (SD card)
16MHz Ossilator

R1-R10

1k resistor, surface mount

R11

10k resistor, surface mount

R12-R14

1M resistor, surface mount

C8,C9

10u Capacitor, surface mount

C5-C7

100n Capacitor, surface mount

C1-C4

47u Capaitor, surface mount

Z1,Z2

Zener Diodes, 3.3V

Z3

Zener Diodes, 5.1V

D4,D8

Diode, 1n4004

D3

Diode switching CD1206 S01575

D1,D2

Diode, power protection

Q1,Q2

Solenoid Transistor CSD18533KCS
Table 1: PCB Devices

2. After the components are soldered place the PCB into the back pack housing. Feed the connectors
from the sensor PCB through the hole in the backpack housing and connect to the PCB board. Connect
the 12V battery the 9V battery and the solenoid to the PCB board and then close the backpack housing.
3. Place the terrain sensing software chip into the Arduino and insert an SD card to record gait data
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Upper Component Housing (UCH) Assembly
The upper component housing is the subsystem located in the backpack which connects electrical and
mechanical systems in a water-repellant container.

12V Battery
9V Battery

PCB

Solenoid

Drilled
Hole 1

Drilled
Hole 2

Figure 34: Upper Component Housing System Integration Reference

1. The batteries should be attached to the top of the housing. They were attached using just tape
this was done so that teams after us could use the battery. For a more permanent and robust
connection we recommend an adhesive & Velcro connection. The battery wires were wrapped
around so that they would be near the correct connection on the PCB.
2. The PCB was attached to the bottom of the UCH using electrical tape. It was done so that the
battery connections were near the batteries.
3. The wires of the solenoid were then routed around the edge of the box to keep them out of the
way for the rest of parts in the housing.
4. The tubing was cut short so that the muffler and the plug are shorter and do not take as much
room.
5. The first drilled hole needs to fit the ribbon cable connection, about 1” by ½”, the switch wire
also fits through this hole as does the tubing that attaches the solenoid and the muscle. The
ribbon wire can be reconnected any number of times whereas the switch wires are one time
soldered wires.
6. The second drilled hole only needed to fit the tubing from the air tank approx ¼”.
7. With all the parts in place and the wiring and tubing connected, the UCH should easily close.
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