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Many veterans and elderly 
suffer from chronic back 
pain

Going to and from the 
hospital for routine check 
ups can be burdensome

Doctors want to examine 
patients’ reflexes remotely 
through telemedicine

Objective: Create a self-performing 
Deep Tendon Reflex hammer for 
remote patients.

Motor Selection

⍵0=0 RPM, ⍵max=22 RPM
Δθ=45o, α=3.379 rad/s2

Treq=Iα+g(∑miLi)=4.0653 N·cm

Metal Support Thickness
Weights:
WM=1.08 N, WB=0.981 N, WS=0.676 N
Via Force and Moment Calcs:
RAy=1.991 N, RCy=1.717 N
RA=2.9188 N, RC=2.5169 N
RB=2.1298 N, RD=1.8365 N
Amin=RA/σ=1.058·10-8 mm2

Internal Forces
N=1.9958 N, Vy=2.129 N, Vz=0 N
T=0 N·m, My=0 N·m, Mz=0.07774 N·m
Stresses and Mohr’s Circle
σxx=79.83/t Pa, τmax=127.8/t Pa, σMz=0.466/t3 Pa
C=(39.9/t, 0), Pt=(79.8/t, 127.8/t), R=133.87/t
σ1=173.8/t Pa, σ3=-93.66/t Pa, Sys=138·106 Pa
τmax=133.87/t Pa
σxxmax=σxx+σMz=2Sys

tmin=1.19 mm, t=3 mm

Circuit Wiring Diagram [1]
[1] Diagram adapted from Pololu DRV8834Low-VoltageStepper Motor Driver Carrier

PCB Wiring Diagram

Drop Test
Goal: Ensure that the brace can survive a 
drop of three feet.

Procedure:
1. Set up the device where 6 faces are parallel to the 

ground.
2. Hold the device 3 feet above the ground.
3. Drop the device.
4. Perform visual inspection on the device and 

confirm motor runs.
5. Repeat all steps a second time in all orientations.

Conclusion: The device can survive a 
drop of three feet.

Motor Test
Goal: Ensure a PLA shaft can support 
the torque of the motor

Procedure:
1. Fully assemble the prototype
2. Let the motor pulse between its starting position 

and the striking point at 300 RPM. A cycle consists 
of the shaft starting at the base, rotating to the 
striking point, and rotating back to the base.

3. Run the motor for 30 cycles.

Conclusion: A plastic shaft cannot 
support the required torque. A stronger 
shaft is needed.

ActuationDevice Interface with 
Patient’s Tendon

Electronics

Using an accelerometer to measure 
α of DTR test, the team was able to 
calculate required Torque High-strength thermoplastic material 

hammer tip.

The design is integrated into an 
adjustable hinged knee brace (comes in 
different standard sizes, depending on the 
patient’s knee size).

8mm stainless steel 
shaft, interfaced with 
plastic hammer.

Design Decisions:

3.8V Stepper Motor.

8mm ID Plastic Ball 
Bearing.
Atom Matrix for IMU 
sensor and button.
3mm fasteners to 
improve sustainable 
design for modularity.

Patient Adjustability & 
Material Selection


