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A spinal cord stimulator (SCS) is a medical implant designed to Kinetic Hand Crank Kinetic Charging Testin FUture DlreCtlonS
alleviate chronic pain by sending electrical impulses to the spinal - The objective of this test was to measure and compare the

cord. These medical devices consist of three main components: an The implementation of the kinetic charging component within voltage and current in the kinetic hand crank and USB For further enhancements of our design, we recommend
Implant, a generator, and a battery pack, as seen in Figure 1. The this project serves the fundamental purpose of providing our charger, both before and after assembly, to ensure the following improvements. First, gaining access to an
Implant is located on the lower back and contains electrodes that customer with a reliable means of replenishing their device’s consistency. A multimeter was used to gather average actual SCS and its charging system would allow for a
send signals to the spinal cord that block pain signals from power reserves while on the move, thereby ensuring voltage and current data throughout testing. The hand design that better aligns with our customers current
reaching the brain. The generator is what transfers a charge to the uninterrupted connectivity and functionality. crank operated at approximately 25 cranks per minute. model. This could facilitate the development of features
Implant and must be used frequently to recharge the implanted Hand Crank: ~ 1 hour and 30 minutes to fully charge. more compatible with existing devices. Secondly, user
device. The battery pack is what maintains a charge for the Electronics USB Charging Cable: ~ 30 minutes to fully charge. Interface Improvements are suggested; specifically,
generator, and most also be recharged frequently. D_ue to the patient's neeo! 0 f_or Active fee_dback while c_harging, Wireless C_h arain TEStI N | | Li%lg:lngmr:\/%selcallj Sc::ress vv\\/lllttrr]] szcl)ekaerr; rwo;rc]li o:n c(:)c?;nmdeilrnedcs{
v!sugls, soqnds, and vibrations were Incorporated m_to the U_sed to determine the functional charglng distance of the information regarding battery life and charging status.
CII‘CIUI'[. Ardu_lno_software was used to develop code following the W|_reless charger based on Medtronlc cons_ultant feedback. Lastly, integrating the kinetic charging system directly into
A ‘ i logic found in Figure 3. | Stlcky notes were used to Increase the_dlstan_ce betwe_en the main PCB could significantly reduce the overall size
N the wireless charger and respoqdlng deV|c_e untl_l the device of the battery pack, making the device more compact and
Figure 3: Code Flow Chart T dovie? no longer responded. The functional charging distance was user-friendly. There recommendations aim to refine

found to be 0.2576 in or 0.65 cm. This test inspired design

Figure 1: SCS Charger [1] ELECTRODES — GENERATOR BATTERY b ] f&w{:mgem” l changes to the generator regarding adhesive and wireless functionality and enhance user experience.
e — [otoge>7 ] charger placement
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Our customer Nishka “Nikki” Frank T ——— | Audibility: Performed to ensure that the alerts can be
(Figure 2) has faced some issues overy minute ] ! heard in the customers everyday environment. The average
using her SCS device. Her biggest b TN Ifa A and maximum decibels of each sound were found by
struggle Is the recharging system \e/ ’;,:E..I;; _Crargngr_— averaging five trials of each sound using the app DecibelX.
which offers limited feedback while ] o) '\/Y The sound was deemed acceptable if over 60 dB and
charging, making it difficult to tell when TJ N TJ . [ desirable if between 70-80 dB. Every sound was observed
charging is required. The current (oot o | [“‘”"j“"“"J [ Buuetep ol | to be audible for its intended application.
method of charging requires the | = veen = | o | = en = Visibility: To ensure LEDs can be seen in the customers
customer to remain extremely still, or oo W geepreraye w T e everyday environment. Two environments were tested, light
the charging connection will be lost. k;ﬁi‘ff;’j{f;[gi”g"J [Qﬁiﬁi‘ii&? } | somdnen | | Hou and dark. All LEDs were found to be visible.
Due to Nikki's active litestyle, the . .\ Frank our Customer (anerrshous ) | Srorwns Correctness: Utilized to verify the safety and effectiveness
current charging system IS Orciesoomd | (2™ of the device to react properly to specific stimuli. Six states
inconvenient  and  hinders  her e were tested low, medium, and high battery at both charging
independence every time she must The first circuit was developed using an Arduino UNO board and not charging states. All components responded
charge her implant. which was switched to an Arduino Nano Every board in later correctly in every scenario except one, there was a missing Figure 5: Finalized Product
iterations due to sizing restraints. The circuit diagram in Figure 4 vibration when at low battery and charging; however, due to
depicts the final design, which was created using KiCad simultaneous alerts and no false data being conveyed the
- software [2]. The final design was a soldered PERF board. device was considered acceptable. C I -
CUStOmer EXpeCtathﬂ ) e Drop Resistance Testing Oonciusion
The project aims to achieve several key objectives related to Aress T" To verify the safety of internal components in the battery Our SCS charging device underwent multiple iterations to
enhancing the functionality and usabilty of spinal cord stmulator T - — case during all. The case was dropped from one meter in | | - meet customer needs and engineering specificaions,
chargers. The focus is on developing an improved and more _m - " " tested three times. The com, onent safetv was evaluated bg featun_ng ylsual, audio, a_nd wbrgtlonal feedbag:k with USB
efficient method for maintaining the connection between the | o T i G | . > mpor y Y and kinetic crank charging options. The device uses an
internal device and the charging system. Additionally, the project Figure I;li:a:;arL Circuit - = tesltlmg t_he Ardl_Jmosh fugctl_ona:clty beforde and <';1ft$_rh drops ?s adhesive that supports the generator for three hours and
seeks to address the issue of patient forgetfulness by = - & ! \évsowaesd |r|:§pdeacr2|;g the (]Evu:_e orh any 6}mage. he resu ts lasts seven uses, replacing the cu_rrent be_lt design. Drop
incorporating an active feedback system that aids in user F— | e | ge, con wrmngt € case's protection. tests confirmed that the protective casing a_dequatew
engagement. The design will also introduce an alternative [ i | Temperature Testing protects the device. Due to FDA regulations, our
charging mechanism, allowing the device to be charged even SO The test aimed to ensure that the generator did not exceed prototype serves as a proot of concept rather than a
when the user is not near a traditional power outlet. o - - - commercial product. This successiul project paves the
75°C to prevent bumns during charging. The wireless way for future development by senior design teams and
Requirement / Significance charger was activated for three hours during which potential commercialization by SCS manufacturers.
: : temperature measurements were taken hourly. The results
Constraint MOdelln” _ ,
confirmed that the temperatures remained below the
Secure charging Essential Battery: SolidWorks was used to design a PLA case to threshold, indicating no risk of burns for the customer. Refe rences
tm, EMergencyon connection encompass the kinetic crank and electronics. It was a two-part Adhesive Testing
“°  the Go Chargin ' ' ' ' ' _ « - i - » ilable:
one Mobile (on-the-go) Essential gae:yg na\évéiqsz c;(;mrpe%rlgnggn:t[r\]/éhlgc ngt?ees,_oq-; nsres\llcleer];tod[;rrcr)]\g(gig Preface: An IRB (2158014-1) was secured for testing th{pss;m.bigri.dseallfse;);ré\ldott)lggs:/nélejIrl:j_;\u/ilnl_\goos?EIN/%717/232?/gggzger' Aalable
chargin . . . adhesive on human subjects and participants were required 21_kundeninfo_en.pdf?__blob=publicationFile&v=1 (accessed Nov. 06, 2023).
b Drop Resistant NG durmg pOtentlaI drops, Elastico was placed on the corners of the to compl [2] KICAD Developers, "KiCAD 7.0.8," Version 7.0.8, 2023. [Online]. Available:
" battery. e L. plete consent fC_)ITﬂS. _ https://kicad.org/. [Accessed: Apr. 15, 2024].
Battery alert Critical y Lifetime: Two adhesive brands were tested under static [3] W. Rasband, "ImageJ,” U. S. National Institutes of Health, Bethesda,
ﬁ ,IZI(;J:;;?V? Alert for initiated Critical Generator: ImageJ software was used to analyze the gggﬁgggs Ouna{i?ilcje); s_l:_gwntso Sre]?te”ggse Wrzl\fg dpgjzzz::gulm ;rzz I[\c/ﬁrnyrlnir]]d ’A\_l/JaSngae: https:/imagej.nih.gov/ij/ (accessed Mar. 25, 2024).
Charging dimensions of the current device based on a scaling factor q . _ P - P _ i [4] "B|olog|cal evaluation of medical devices - Part 23: Tests for irritation," 1ISO
. . . . were tested under dynamic conditions on real skin. Lifetime 10993-23:2021,
A Reminder Afte?r Charging reminder Important associated with a quarter for ref_erence [3] SO_|IdWOrkS was then testing demonstrated that our adhesive withstands a International Organization for Standardization, Geneva, Switzerland, 2021.
Lack of Charging used to CAD a model approximately the size of the current charging time of at least 3 hours for up to 7 uses. This
USE Chare Completed charging Important device. An additional TPU backing flap was positioned to correlates to 1-2 weeks of use. '
Al Capab“?tﬁi':g alert encompass the circuitry of the wireless charger. Irritation: While the adhesive used was already recognized AC kn OWI ed g e m e ntS
Lightweight and Important Adhesive as t_)locor_npatl!ole, |_rr|tat|on testing was completed to ensure
compact I— _ o . _ minimal irritation risks to our customer. Before and after
.ncorporat_lon of an adhesive was _crumal In the final deS|gn_ to pictures of each trial were taken and analyzed with ImageJ
Durability Important increase independence and activity for our customer during software according to standard 1SO 10993-23:2001 [4]. Medtronlc TRINE
: _ charging sessions. A multi-use adhesive allows our product to Overall, our adhesive does not pose a significant irritation TN VIRS T
Aesthetic Desirable stand out among competitors and reduce waste. risk |
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