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Trip Summary 
Innovators for Global Health (IGH) is a student organization at Northeastern University located             
in Boston, MA. We are dedicated to improving global access to healthcare through             
bioengineering and medical device design and innovation. IGH’s Spring 2020 trip (02/03/2020 -             
06/03/2020) was the organization’s second trip to St. Paul’s Hospital (SPH). During this             
week-long trip IGH sent 5 members - Joseph Iskander, Caitlynn Tov, Erika Wheeler, Christina              
Carroll, and Andrew lopreitao - and Professor Joshua Hertz to work alongside the Biomedical              
Engineering Department to perform an annual multi-departmental needs assessment on SPH,           
implement IGH’s surgical lamp design (a result of our previous trips’ needs assessment), and              
teach arduino prototyping workshops to the technical students that rotate through the workshop.             
The results of this annual trip are outlined in the document below.  
 
Surgical Lamp  
Why this project  
Five IGH members traveled to Addis Ababa in December 2018. During this inaugural trip, these               
students conducted a needs assessment of the hospital by talking to numerous doctors, nurses,              
and other clinicians from various departments. Based on these interviews, the students identified             
a number of projects that could potentially benefit and address the needs of St. Paul’s, one of                 
which was a low-cost, low-resource, battery-powered surgical lamp. While interviewing in the            
SPH operating room, the surgeons, nurses, and biomedical engineers discussed the issues they             
faced, including frequently burning out halogen bulbs and unreliable power within the            
hospital/OR. On top of these issues, hospitals in low-resource countries also suffer from a              
shortage of replacement parts and maintenance manuals.  
 
The surgical lamps currently being used at SPH rely on halogen bulbs, which are particularly               
expensive to import (they are not manufactured anywhere on the African continent) and have              
short life-spans. In fact, the engineers stated that they spent at least one day every week in the                  
OR repairing the lamps and replacing bulbs. We observed that at any one time, most of the lamps                  
in the OR were actually operating with half the necessary number of bulbs due to procurement                
difficulties. With these constraints in mind, the IGH design team tackled designing a functional              
LED surgical lamp prototype that the engineers and technicians in the Biomedical Engineering             
Workshop at St. Paul’s would be able to recreate utilizing only resources and materials available               
in Addis Ababa.  
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Design Process  
The IGH Design Group began the surgical lamp design process in September 2019. Before              
settling on any designs, we researched surgical lamp standards and other low-cost designs. We              
started designing the surgical lamp in three smaller teams: lighting, mechanical, and electrical.             
The lighting team researched lighting conventions and available bulbs and ran lighting            
simulations on Dialux evo to determine the bulbs and lighting pattern needed. The mechanical              
team designed the physical supports for the lamp, modelling the preliminary designs on             
Solidworks and determining how to allow for adjustments in the height and angle of the lamp.                
The electrical team determined how to supply the lamp’s power needs, including power             
conversions and connecting a battery. It was essential for us to include the option to run the lamp                  
off of a battery due to the unreliable nature of power supply from the wall outlets in the SPH                   
ORs. Once these groups had a plan, they joined back together to integrate their designs and begin                 
constructing the lamp. The lamp was built in discrete sections, creating temporary            
proof-of-concepts before attaching parts more permanently and finally integrating them all           
together. Attached to the end of this document is an attachment detailing the instructions for               
assembling IGH’s surgical lamp prototype. 
 
Recommendations for Improvement  
The technicians and engineers at St. Paul’s have committed to making the finishing touches and               
final improvements on the surgical lamp after we departed from Ethiopia. This includes covering              
the wires on the lamp head (the lights and acrylic holding it all together) and adding a handle on                   
the lamp head. These are both necessary additions for the lamp to be used in the operating room,                  
as stated by the head surgeon and chief of the OR at SPH. Another important improvement that                 
would add to our lamps design is adjustability. We faced more difficulty than expected when               
trying to make the lamp height adjustable while balancing the weight of the lamp head. To                
address this, the students who traveled to Ethiopia, Professor Hertz, and two technicians worked              
together to strengthen the base of the lamp, as well as incorporate a spring mechanism that acted                 
as a counterbalance. As a result, the lamp is stable but has little capability for “on-the-fly”                
adjustment during surgery. It would be highly beneficial to continue to work on the balance of                
the lamp and adjustment mechanisms, in particular the springs. The adjustment of the lamp              
height can be done by adjusting either the attachment location of the springs or their strength.  
 
In addition, making the LED bulbs more easily detachable would also be an improvement.              
Currently, they are glued onto the polycarbonate plates, making them relatively difficult to             
remove and reattach if replacement is needed. Creating a more efficient mechanism to attach and               
detach the light bulbs would make it easier to replace them if needed.  
 
Collaboration between the IGH students and technical students at SPH was necessary to make              
the final adjustments to the prototype and acquire the necessary materials to do so. Because the                
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technicians worked hand in hand with IGH members and are aware of all the issues encountered,                
they are better equipped to make design changes for future iterations. Furthermore, it was              
ensured before leaving Ethiopia that some IGH members were taken to the local hardware store,               
Mercato and shown the available resources in Addis Ababa so that the technicians could recreate               
the prototype and so that we could be better informed when working on future projects.  
 
Future of the project at SPH  
Innovators for Global Health was dedicated to creating a solution to one of the problems we                
identified during our inaugural trip to St. Paul’s last year. Furthermore, it is our strong belief that                 
capacity building is the most feasible and effective method to address the challenges that low               
resource hospitals like SPH face. To address many of the medical equipment and engineering              
challenges faced by hospitals in Ethiopia, we believe that resources should be dedicated to              
designing medical devices that can be completely produced in Addis Ababa using materials that              
are easily accessible in-country. These devices can then be mass produced and distributed to              
hospitals in Ethiopia at a much lower cost than purchasing and importing new or donated               
equipment.  
 
IGH’s initial prototype of the surgical lamp was functional and shown to an SPH surgeon, who                
was ecstatic to utilize the lamp during surgery. Ideally, engineers and technicians at SPH will               
rapidly put the final touches on the prototype that we brought which includes covering the wires                
on the lamp head and adding a handle. Engineers Endale and Mahidar have assured us that they                 
would take care of this and ideally the lamp is already in use in the SPH operating rooms.  
 
Needs Assessment  
As one of the focuses of this trip, IGH performed a multi-departmental needs assessment. This               
entailed interviewing clinicians and technicians from a wide range of the departments at SPH.              
We strove to ask questions that would give us a better understanding of the struggles that                
clinicians in a low-resource setting, such as SPH, frequently face when treating patients.             
Specifically, we were looking at the needs that SPH has in the realm of medical               
equipment/devices, although we asked many questions that went beyond our areas of expertise to              
gain a full picture understanding of the hospital’s struggles.  
 
ICUs  
We performed interviews in both the MICU and PICU at SPH and spoke with Berhane, a MICU                 
charge Nurse, Mark, the ICU nursing Director, as well as a nurse from the PICU. We were very                  
impressed by the updates that SPH has made to their ICUs in the past year and the hard work that                    
the nurses have put into providing advanced patient care despite the unique challenges they face.  
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Through the course of our discussions, we’ve found that the new patient monitors seem to be                
functioning well with few interruptions to patient monitoring. Despite this, it was brought to our               
attention by the ICU nurses that the pulse oximeter cables that connect to the monitors have an                 
extremely short lifespan and break very frequently. As a result, they are forced to depend on                
portable pulse oximeter devices that are both expensive to acquire in Ethiopia and are not as                
reliable as the official cables that come with the monitors. In addition, we observed an extreme                
shortage of EKG placement electrodes. We observed that the standard at SPH has become to use                
plaster (tape) to stick the EKG wires directly to the patient's skin without electrodes to mediate                
and secure the connections. In addition, the ICU Nursing Director communicated the need for              
urometers, devices used to measure urine output. He claimed that they have never had them, but                
that they would be extremely helpful for patient care in the ICUs.  
 
Emergency Department  
We interviewed the ED director as well as a number of emergency room nurses. We found that                 
the SPH ER treats an extremely high volume of patients (>60/day) in a very limited space. In                 
addition the long ER stays that result from the difficulties experienced with getting patients              
admitted to inpatient floors which leads to further overcrowding in the ER. We were told that 1/4                 
mechanical ventilators are functional and that 2/4 EKG machines are functional. The            
nonfunctional machines have been untouched for a very long time and it was unknown why. 
 
In the ER, it was found that similar to the ICUs there were no EKG electrodes and that they used                    
tape to attach the leads directly to the patient's skin leading to blurry and unreadable EKGs. In                 
addition, we found that most patient monitors lacked the pulse oximeter cords because they were               
broken. Consequently, the ER clinicians also depend on a limited supply of portable pulse              
oximeter devices. The area of the ER dedicated to less acute patients also lacked any form of                 
patient vitals monitoring due primarily to a lack of monitors as well as overcrowding and lack of                 
space. It was also communicated to us that they frequently lacked glucometer test strips.  
 
Nephrology - Dialysis  
We met with Dr. Monheim the head of the nephrology department. Fortunately he did not               
mention any issues regarding the machines and technology in his department. The most             
prominent issue in the dialysis department was the amount of consumables used in one dialysis               
treatment. The most expensive part was the filter which can only be used once. Dr. Monheim                
requested a better and more frequent supply of these filters.  
 
OR  
We met with the OR nursing director, Tesfaye. He stated that the most prominent issue in the                 
department was the cautery plates. He mentioned that the plates need to be sterilized after each                
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use, but during the sterilization process the cautery plates frequently break; more specifically the              
cautery plate wiring is the component that frequently breaks. Consequently, the connection            
between the plates and the Electrosurgical Units (ESU) is faulty. As a result, the cautery plates                
are in need of constant repair and the nurse suggested making alterations to the design of the                 
plates and their wires to break this cycle. 
 
Oncology  
We met with Dr. Abraham, one of two oncologists at St. Paul’s Hospital. The doctor mentioned                
that there were no issues with unreliable machines due to the nature of their department. The                
nurses prepare the medication for the patients in the biosafety cabinet and then the patients               
receive the medication through IV in a separate chemotherapy room. It was mentioned to us that                
the department did not have any infusion pumps to deliver chemotherapy medications at a              
controlled rate and that they would benefit greatly from these devices. In addition, they              
communicated a great desire for more biosafety cabinets, which unfortunately falls outside of             
the capabilities of IGH. The most prominent issue for the oncology department was that there               
was not enough medication for the patients. The oncology department primarily relies on X-ray              
scans, which the doctors mentioned patients may have to wait up to 3 weeks to get. This long                  
wait can have detrimental effects on the patients’ treatments. Additionally, the doctor mentioned             
that there were issues with the contrast of the image.  
 
X-Ray/CT  
We met with a technician from the x-ray and CT department. She mentioned that the CT                
machine has been out of service for over a month and the CT technicians no longer came to                  
work. There was no indication of when the machine would be fixed. As a result, any patient in                  
need of a CT scan would not be able to get it at St. Paul’s hospital. The x-ray machine did not                     
have any major issues at the time, but the technician mentioned that there were no vertical x-ray                 
capabilities making reliable chest x-rays difficult to obtain. Additionally, the technician           
mentioned that there are many challenges with acquiring digital images and consequently, the             
images have to be manually developed. According to the technician the x-ray department is open               
for approximately 10 hours each day and sees on average 160 patients per day. Manually               
developing the images is very time consuming and requires an ample amount of dedicated              
resources to accommodate for such a high volume of patients.  
 
MRI 
We spoke with Eyuel, a technician that runs the MRI at SPH, one of two MRI machines in Addis                   
Ababa owned by a public hospital. The 1.5 Tesla MRI machine at SPH scans ~45 patients a day.                  
We identified two main challenges faced by the MR imaging department through our             
communications with Eyuel. First, they are unable to use their automatic injector due to the fact                
that they frequently lack contrast for extended periods of time and because they are unable to                
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attain the connector tubing between the injector and the patient's IV. Consequently, images with              
contrast are unattainable. Second, they are unable to take any cardiac MR images. This is               
because they do not have a “trigger” component to the machine which takes images between               
heart beats and allows for clear cardiac images. Eyuel also mentioned that they do not have any                 
MRI compatible EKG electrodes which also makes it impossible to perform cardiac imaging as              
continuous patient monitoring is essential during the imaging process.  
 
Endourology 
We spoke with a physician and a nurse in the Endourology Department. One of the issues that                 
the department is facing is the continuous and frequent breakage of their scopes since they are                
very rigid. These scopes include the urethroscope, resectoscope, laparoscope, and cystoscope.           
Another issue is not having the resources to sterilize them after each use. They instead use a                 
strong disinfectant solution as opposed to a traditional sterilization method. This allows for rapid              
turnover of the scopes to accommodate for the high patient volume that the department must deal                
with. 
 
ENT / Maxillofacial 
We met with a nurse and a technician in the Ears, Nose, and Throat department. The nurse was                  
very eager to speak with us, and she mentioned that her main issues were patient monitors not                 
working, inadequate suction machines, and a need for portable and functional pulse oximeters.             
Five out of nine patient monitors used in the ENT operating rooms were not functional. Two of                 
the defibrillators in the OR are also not functional. The nurse was also very emphatic that the                 
nursing staff did not obtain any training when getting new equipment, which seemed to be               
common across many departments.  
 
Dental 
We met with a resident in the dental department as the head of the department was unavailable.                 
The dental department sees 60+ patients daily and performs surgeries 5 days out of the week as                 
well as some nights. He said the most important thing in a dental department is the dental unit. A                   
dental unit consists of a dental lamp, suction machine, and many types of drills. He stated that                 
the majority of the dental units at SPH are functional most of the time although the lamp had                  
been broken for years. We were told that the department is in need of more types of drills that are                    
portable, because oftentimes only one of the drills in the dental unit will break at a time. The oral                   
x-ray machine in the department also had been broken for over 5 years. 
 
Echo-cardiography 
We spoke with an SPH cardiologist to gain a better understanding of how the current method of                 
EKG lead attachment to patients that we observed in many of the departments at SPH affects the                 
reading and understanding of the resulting EKGs. We were told that the EKGs obtained through               
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the method of simply taping the leads directly to the patients’ skin result in noisy EKG signals                 
that are usually hard, if not impossible, to read by physicians. Fortunately, the echo-cardiography              
department did have a very limited supply of EKG electrodes at the time but we were told that                  
they frequently are short-supplied and can go months without electrodes. During this time they              
are forced to rely on noisy and indecipherable EKGs. Furthermore, as described above, the              
majority of the departments at St. Paul’s are consistently lacking the electrodes described here.              
We were also told that, in the Cardiology department, nurses generally lack the training to use                
the new equipment that they receive, the stress machine in particular. 
 
Ophthalmology 
We met with a nurse in the ophthalmology department. She said one of their main issues was                 
getting no training on the devices that they receive. They see approximately 120 patients daily               
and have 11 slit lamps in the department, which often take an exceedingly long time to repair                 
once they break. 
 
Potential Future projects 
As we did last year, the IGH members that traveled to St. Paul’s Hospital during the March 2020                  
trip have identified a number of potential design projects based on our needs assessment and               
conversations with the SPH staff. These projects were identified to address the immediate and              
most essential challenges that clinicians and biomedical technicians face daily when attempting            
to provide patient care. This year we have identified five projects which are similar in scope to                 
our surgical lamp project from the previous year and are described below. 
 

1. Telemetry 
Telemetry, the ability of clinicians to monitor patients’ vitals from a central monitor placed at the                
nurses station is currently missing from all patient wards and ICUs as well as the Emergency                
Department and Operating Rooms. Continuous monitoring of patient vitals is an essential            
component of patient care especially for patients who cannot always be visually monitored. The              
new ICU at SPH has an open floor plan which allows for all patients to be monitored visually.                  
This is not, however, the case for most of the patient wards at SPH. Consequently, many                
clinicians have expressed a desire for telemetry. This project would entail designing a device that               
can connect to a wide range of patient monitors to accommodate for the various models that are                 
found at SPH. This device would then transmit the data to a USB that could also receive data                  
from other monitors and could be connected to a central monitor to display all of the vitals. This                  
would be a simplified version of what most telemetry systems currently consist of and would be                
entirely wireless. Furthermore, publication of the project under open source hardware and             
software licensing would allow for the project to reach beyond the reach of SPH and benefit a                 
wide range of low-resource hospitals. 
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2. Portable PulseOx kits  
Many of the departments at St. Paul's Hospital mentioned problems with the pulse oximeters. A               
pulse oximeter measures the levels of oxygen in the blood by comparing the levels of               
oxygenated and deoxygenated blood by measuring the absorption of red and infrared light by the               
blood. The most prominent issues with the pulse oximeter was the wires which connect to the                
patient monitor. The wires are crucial for the doctors and nurses to monitor the patient's vitals.                
To address the issues, we propose to design a portable pulse oximeter to eliminate the               
inconsistency of the wires to the monitor. This would allow nurses and doctors to easily measure                
vitals without frustration of technical errors.  

3. Glucometer/test strips  
A few of the departments mentioned problems with the glucometers. A glucometer measures the              
levels of glucose in the blood by reacting with an enzyme called glucose oxidase on the glucose                 
strip. The department mentioned a lack of consumables, especially the glucose strips. The             
glucose strips are essential in testing for glucose levels of the patient. To address this problem,                
we propose designing a reusable glucometer where the blood would be added to the machine and                
analyzed to eliminate the lack of consumable items. 

4. Suction machine  
Throughout all the departments that were visited, issues with the suction machines were             
discussed. In the Emergency Department, there were only two portable suction machines one of              
which reportedly breaks frequently. They believed the cause is broken components, such as             
wires, most likely due to moving it around so frequently with little regard to the delicacy of the                  
device. To combat the majority of the issues SPH faces with their suction machines, we propose                
designing wall-mounted devices that can be placed at every bed, which is the standard in the                
United States. SPH has already begun implementing a central suction system which we observed              
in the new ICUs. However, we were told that the newly implemented central suction system               
frequently malfunctions in the ICU and they are forced to rely on the portable devices. 

5. EKG stickers  
As mentioned above several times, we observed a hospital wide shortage in EKG placement              
electrodes/“stickers.” Consequently, clinicians have reserved to taping the wires directly to their            
patients’ skin resulting in noisy EKG signals that are difficult to decipher. We propose designing               
EKG stickers, either reusable or disposable, that can be easily produced in Addis Ababa using               
materials that can be found in the country. We hope that this would make these consumables                
more easily accessible and cheaper to procure so that clinicians could obtain higher quality              
EKGs and patient cardiac monitoring. These electrodes would facilitate a strong electrical            
connection between the patients’ skin and the ends of the EKG lead wires. In addition, these                
electrodes would be MRI compatible so as to break down one of the barriers to cardiac MR                 
imaging that was communicated to IGH.  
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Arduino Workshops 
An Arduino workshop was conducted with the biomedical technician students that rotate through             
the Biomedical workshop at St. Paul’s. Arduino is a microcontroller and prototyping platform             
that can be coded and utilized in a myriad of medical applications such as patient monitors. We                 
intended to use the workshops to provide interested individuals at SPH with the foundations              
necessary to use arduino.  
 
On the first day, only two students participated; however, on the second and third day of                
teaching, we had about 10 students. Basic Arduino and C++ syntax was taught, and fortunately,               
the two students we had at first had some previous coding experience and caught on very                
quickly. We went through many of the examples that Arduino has built in and ended the first day                  
with the two students creating a circuit with a stepper motor.  
 
The second and third days were spent once again going through basic Arduino examples with the                
new students, progressing to more challenging circuits and codes as the days went on. By the end                 
of the third day, the two students we had on day one were proficient enough to help us in                   
teaching the other 8 students, and some of them were beginning to make their own circuits and                 
codes, without the Arduino example codes: (i.e a temperature sensor that displayed the             
temperature on an LCD screen with an LED that lit up when the temperature exceeded a certain                 
threshold).  
 
We donated 13 Arduino kits to the biomedical workshop. We spoke with Tesfaye and Kirubel               
from the BME workshop who assured us that these Arduino kits that were donated would be                
available for technical students and technicians at SPH to borrow whenever they pleased. We              
hope that the students and technicians would continue to use and learn from the arduino kits and                 
develop more and more complex circuits that could eventually be used in medical applications              
and in designing and creating medical devices. 
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Conclusion 
In conclusion, Northeastern Innovators for Global Health (IGH) sent five members and one             
professor to St. Paul’s Hospital for a week-long trip. During this trip IGH worked in the BME                 
workshop to construct and implement our low-cost, battery-powered surgical lamp, a result of             
our previous needs assessment conducted during our December 2018 visit to SPH. It is our hope                
that SPH technicians and Engineers will improve upon our prototype and mass produce the              
surgical lamp for use in the SPH ORs and other Addis Ababa hospitals. In addition, IGH                
members conducted a multi-departmental needs assessment at SPH and subsequently, identified           
a number of projects to be tackled during the next year to address SPH’s needs. Finally, IGH                 
members hosted multiple Arduino workshops to teach the technical students and technicians at             
SPH the basics of prototyping, in hopes that these foundations will foster the ability to design                
their own medical devices in the future. We presented these results to Rania from the ISO-ICP                
office at SPH. IGH highly values our continued partnership and communications with SPHMMC             
and the Ethiopian Ministry of Health. We look forward to visiting SPH next year. 
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Attachment 1 - Surgical Lamp Assembly Instructions 
Innovators for Global Health 2020 

 

BASE 
Surgical Lamp Base Parts 

Cart:  

● 4 wheels, each with 4 screws 

● 4 corner pieces 

● 4 metal connecting rods 

● 8 screws that connect rods to corner pieces (¼-20 1¼ “) 

● 8 nuts (¼-20) for each screw 

Exterior support shaft: 

● 4 corner brackets 

● 16 screws (¼-20 1¼ “) 

● 2 for each bracket/base connection, 2 for each bracket/shaft connection 

● 16 nuts (¼-20) for each screw 

● 1 aluminum shaft (1¼” x 1¼ “), with 8 through-holes drilled every 2.5” from top  

Base Sheet: 

● 1 PVC (¼“ x 20” x 20”) sheet 

Assembly 

Attach the exterior support shaft to the four brackets, one on each side using 2 screws per bracket. 

Screw the base sheet (black) onto the cart using eight screws, two in each corner at a diagonal as shown 

below. Once the base sheet is attached, screw the four brackets and the main shaft (already attached) 

into the base using eight screws.  
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ARMS 

 
 

Surgical Lamp Arm Parts 

● Two 3 ft. long pieces of hollow 1¼” x 1¼” aluminum bar 

● Two 5 ft. long pieces of hollow 1¼” x 1¼” aluminum bar 

● Two hinges, one with 2 x ¼-20 1¼“ screws, 2 x ¼-20 1¼“ bolts, and 6 x ¼-20 nuts; and one with 

4 x ¼-20 1¼“ screws 

● Four ¼-20 threaded rods: one through the vertical aluminum bar attached to the base, two 

through the pair of 5 ft aluminum bars (one near each end), and one through the pair of 3 ft 

aluminum bars. Each is held in place using two ¼-20  nuts. These are to hold the springs, so the 

exact locations should be calibrated to best balance the lamp.  

● Two pairs of springs: one pair to connect the 3 ft bar with the 5 ft bar, and one to connect the 5 

ft bar to the base vertical bar. Attached by looping each end onto the threaded rod and holding 

in place using a large washer and a ¼-20 nut. The length and stiffness of the spring should be 

calibrated along with the attachment location to best balance the lamp.  

● Swivel pin with ball and socket joint, at end of arm 

● Two brackets, connecting a short piece of 1¼” x 1¼” aluminum bar to the central support, each 

with 2 x ¼-20 1 ¼“ screws 

Spring System 

The lamp’s arms were designed to be supported by a system of springs that would support the weight of 

the arms themselves and the lamp head which includes the light bulbs. In the final prototype 4 total 

springs were used. Two of them in parallel connected the end of the shorter arm to the longer arm as 

shown below by the red line. The other two, also in 

parallel, connect the longer arm to the main shaft. 

Unfortunately this spring system does not allow for 

any movement on-the-go of the lamp head or 

adjustment of the height. 
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Ball and Socket Joint 

 

Hole for dowel pin 

 

 

Lock for ball and socket joint 

  

 

 

 

 

Lock for lamp head 

 
 

The swivel pin at the end of the lamp’s arms holds the lamp head and allows it to rotate around its ball 

and socket joint. It connects to the lamp arms with an ⅛” dowel pin that threads through the hole at the 

top of the swivel pin and holes at the end of the lamp arms. The ⅛” dowel pin should be epoxied to the 

lamp arms or locked in with another method to prevent it from falling out. The bottom section of the 

swivel pin holds the ⅝” threaded rod that holds the lamp head and includes a silver knob that can tighten 

a screw onto the rod. The black knob is used to tighten the ball and socket joint in order to lock it in 

place. 

Electrical System 

Switch 

The switch has three settings. The middle position is off, flipping the switch to the left opens the 

rightmost circuit, vice-versa. Here is a diagram: in this analogy, the middle position nodes are the device 

leads. Flipping the switch to the left will use battery power and flipping the switch to the right will use 

wall/power supply power. 
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Battery 

One positive (red) and one negative (black) voltage lead coming from the switch should be soldered to 

the +/-  leads of a battery with the following specifications: 

● 12 Volts (48-70Ah, more is better) 

○ This means battery can supply 48-70 Amps for 1 hour 

○ To calculate how long battery will last in use, divide, Ah by 10, 

○ For example, for 50 Ah battery, it will last 5 hours because lamp uses 10 Amps 

Wall Outlet 

One positive (red) and one negative (black) voltage lead coming from the switch should be soldered to 

the transformer (on the side with four (+) and four (-) inputs).  A positive lead, a negative lead, and a 

ground from the wall outlet should be soldered to the transformer (labeled on the opposite side with ‘L’, 

‘N’, and a ground symbol) THERE IS A LITTLE SWITCH ON THE SIDE OF THE TRANSFORMER THAT 

SHOULD BE SWITCHED TO 220 V  BEFORE USING.  The wall voltage in Ethiopia is 220VAC, type C outlet.  

 

Lamp Schematic 

 

(Actual colors for wires may be different for real system) If transformer is not being used, +, and - 

wires can be connected straight to the left prongs of the switch 
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LAMP HEAD 

 

Assembly 

● Each of the four light-fixtures can be attached to the baseplate with the set of L-brackets that 

are connected to each fixture. 

● The middle section of the L-bracket can be assembled by holding the light fixture’s L-brackets 

over the baseplate’s L-brackets, and inserting a bracket so the screw points inward. Then, on the 

inside of the joint, place the spacer and the washer and connect. 

● Connect the threaded rod to the ball and socket joint and tighten. 

 

(Side View of Light Head Construction (Pictured Above)) 
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(Top View of Light Head Construction (Pictured Above)) 
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