[bookmark: _lrbw7ks9tkvs]V4.9 Complete Build Guide
[bookmark: _nbrrkwmffczq]Material List
[bookmark: _tn9wz3v4jqmn]3D Printer and filament
We recommend using ABS or ASA for printing rigid components and TPU for the flexible components. ABS and ASA require an enclosed 3D printer to achieve proper print temperatures. We used the Bambu Lab X1C. A cheaper alternative that still retains an enclosure is the Bambu Lab P1S. 

You will need at least one roll of rigid filament (we recommend black if using only one) and one roll of flexible filament. Here are some filaments we have tested and recommend.

Rigid:
Bambu Lab ABS
Hatchbox ABS
Polymaker ASA
Polymaker ABS

Flexible:
Overture TPU
Bambu Lab TPU

Budget option: If you have a printer that cannot print ABS or ASA, PLA can be used as an alternative though it will not have the same heat resistance. Reduced heat resistance may result in warping and consequently, diplopia of the optical arrangement if left in a hot car for example.
[bookmark: _u0idfjot5ht5]

[bookmark: _mo6wmhk6lmu9]Tools[image: ]
List:
File set
Deburring tool
X-ACTO knife #1
Micro hand drill
Hexagon screwdriver 1.3 mm
Slotted and Philips screwdriver set
Heat press insert tip M2
Tweezer nose pliers
Lexan scissors
Wire cutter and stripper
Air blower

Solder station
Lighter

Optional:
Electronic grade silicone adhesive sealent
Liquid flux
Silicone grease
Wet sandpaper 400 grit





      Figure 1: Tools

[bookmark: _xjgdif16a618]

[bookmark: _5583y5xosq75]Components[image: ]
List:
M2.5 10 mm set screw
5x M2 x 4 x 3.5 insert
3x M2 x 18 mm screws
6x M2 x 10 mm screws
QTB warm white 5 mm LED
USB-C charge board
8.2 ohm resistor
PWM board
3.7V 400 mAh battery
15 dia x 30 mm FL planoconvex
4x 12.7 x 18 mm mirror
2x 12.7 dia x 500 mm FL biconvex
Surgitel Ergo Fit Nose Pad
Glasses strap
SK6 optical diaphragm
Polycarbonate sheet
Cyanoacrylate glue
26 AWG wire
63/37 solder
Heat shrink 

For optional blue filter accessory:
Blue gel filter

Note: Optical and electrical components necessary to meet ANSI light safety standards according to our testing are highlighted. 
Figure 2: Components









						

[bookmark: _5lr77a2bxgxz]3D Printing instructions
[bookmark: _qspsqxuesqnj]3D printed components[image: ]
Print these with ASA or ABS:
· Base
· Core
· Diaphragm Slider
· Frame
· L bracket
· Mirror Center (not pictured)
· Mirror Left (not pictured)
· Mirror Right (not pictured)
· PD Slider (print 2x)
· PWM
· Temple Left (chose size)
· Temple Right (chose size)
· Template Polycarbonate Window (not pictured)
Print these with TPU:
· Charge Cover
· Eyepiece (print 2x)
· LED holder
· Washer for nosepiece
Print these with transparent PETG:
· Charge Indicator

Optional for blue light filter accessory:
· Template Blue Light Filter




      Figure 3: 3D Printed Components
[bookmark: _1nl2cirex63o]

[bookmark: _k1hlvoy3elky]Slicing and Printing
Open STL files in your preferred slicing software (we used Bambu Studio or OrcaSlicer). Some settings may vary depending on the filament or printer. Here are a few of our recommendations:
· Nozzle size 0.4 mm
· Layer height: 0.20 mm for all parts
· Wall printing order: Outer/Inner (for dimensional accuracy)
· Wall loops: 3
· Top shell layers: 5
· Bottom shell layers 3
· No support or brim unless specified below
· Print all optical components in black (Core, Mirror Center, Mirror Left, Mirror Right, TPU Eye Piece, TPU LED)

Part specific recommendations
· Core: enable support but use support blocker as shown in figure 4
· Diaphragm Slider: enable support and use brim
· Frame: enable support but use support blocker as shown in figure 5
· Temple: enable support and use brim
· TPU Charge Cover: enable support
[image: ][image: ]

[bookmark: _anwa6sn9p078]
[bookmark: _idb4kbvj18nh]

Figure 4: Core support blocker settings		Figure 5: Frame support blocker settings
[bookmark: _8szgj37y5eu0][bookmark: _21m1oq276m8w]Post-processing printed parts
Tools:
· Flat file
· Triangle file
· Fine pliers
· Hand drill with 2 mm bit
· 400 grit sandpaper
[bookmark: _ic6hdg34792e]Core
· Remove supports.
· File rough edges. Use flat file to file roof (Figure 6) and floor (Figure 7) where the central mirror slides. Use triangle file to file vertical edge where diaphragm slides (Figure 7).
[image: ][image: ]










Figure 6: File shaded area			 	Figure 7: File shaded area
[bookmark: _j80rmu6u99es]Diaphragm slider
· File diaphragm slider on surfaces that touch core (Figure 8 and 9)
· Test fit slider in core. There should be some resistance.
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Figure 8: File shaded area			 	Figure 9: File shaded area
[bookmark: _kex58kjhxq76]Frame
· Use tweezer pliers to remove supports.
· File inside window frame with tip of flat file (Figure 10) to help with polycarbonate window adhesion.
· Drill through holes with 2 mm bit (Figure 11).
[bookmark: _mp6byhg5052f][bookmark: _iajwx7c6ajpk][bookmark: _9zdct4lyqt8g][bookmark: _qw63r7jgfnod][image: ][image: ]Figure 10: File shaded area					         Figure 11: Drill frame
[bookmark: _g3ef4pxmy6os]Temples
· Remove supports and brim. 
· Lightly deburr top edge.
· File inferior edge and any other sharp edges. File hinge if necessary to fit frame.
· Drill through hinge holes with 2 mm bit.
· Optional: wet sand inferior edge.
[bookmark: _mr3s1kf03gq9]Base
Lightly file top of print surface to make sure it is smooth where it contacts the frame. 
[bookmark: _b9uxp4dln46d]Pupillary sliders
Drill through holes with 2 mm bit.
[bookmark: _qbk3l5johyjr]

[bookmark: _ucf7zcp17j27]Central mirrors
· File any flanged edges and surfaces that slide in core (Figures 12 and 13)
· Insert grub screw until screw is flush with top surface (Figures 12 and 13)
· Insert mirrors. Tip: using gloves can reduce smudges when installing mirrors or lenses.
[image: ][image: ]
[bookmark: _1s3dpvlh55jy]
[bookmark: _behx8f27kupj]



Figure 12: File shaded area			   	Figure 13: File shaded area
[bookmark: _z03e2lvo3wos]Side mirrors (2x)
· Use flat file to file inside edges for mirror fitment (Figure 14).
· Carefully insert mirror (Figure 15).[image: ][image: ]

[bookmark: _ego4dbscgw7n]
[bookmark: _qq7xn4m0gtjc]

Figure 14: File corners of recess		  	Figure 15: Carefully insert mirror
[bookmark: _hxkukhmy2scx]

[bookmark: _2qjkes5vcgm9]Heat press insert installation
[bookmark: _1153cna83m6d]Core
1x M2x4x3.5 insert on user’s left side of light assembly housing.
· Insert with M2 insert tip at 265 C if using ASA or ABS. CAUTION when insert is almost flush, it has a tendency to push through too far. Make sure heat set insert is completely flush to user’s left side (Figure 16).
· Cut excess plastic inside core.
· Thread M2 bolt from outside to inside of insert to clear any residual plastic.
· Trim or file any remaining plastic inside core around insert.

[image: ]
      Figure 16: Core heat pressed insert
[bookmark: _b7whsoumzpug]Frame
2x M2x4x3.5 inserts, one for each temple hinge.
· Press until flange of solder iron almost contacts the frame as shown (Figure 17).
· Thread M2 through insert to clear any residual plastic.

[image: ]
      Figure 17: Frame insert depth alignment
[bookmark: _f2rywx28bgys]Side mirrors
2x M2x4x3.5 inserts, one for each component.
· Insert into existing hole and press until flush with surface.
[bookmark: _h2jyxykdq7dn]Core electronics
[bookmark: _bgwlwvu0onfs]Install wires in core
Thread wires through channels from right to left as seen in Figure 18 with attention to wire color order. Leave excess wire length for installing electronics. 

[image: ]
			      Figure 18: Core wire installation
[bookmark: _1qcssuupmjqg]Solder 5mm LED 
· Strip wire ends in the LED housing 3 mm (Figure 19).
· Tin wire ends. Optional: applying flux can help solder adhere better. 
· Cut 4mm OD heatstrink to 8mm length and slide over wires in LED housing.
· Cut LED leads to 6 mm and 7 mm to indicate polarity with the longer wire positive. You can use the flat region of the LED wire as a land mark and cut 1 mm and 2mm distal.
· Solder LED to wires at 370 C leaving at least 2 mm between the wires and base of LED. QuadHands may be helpful! Make sure there is good overlap between the wire and LED lead as this is a moving part due to the LED hinge.
· Slide heatshrink over solder joint and shrink with lighter being careful not to damage LED (Figure 20).



[bookmark: _vkl3wivzll5a][image: ][image: ]
[bookmark: _ifuoe2j4n7ex]
[bookmark: _ndq1q0qr6euk]
[bookmark: _ypcxjlumzwv5]

Figure 19: LED solder preparation			Figure 20: LED soldering complete
[bookmark: _xrmxw8wy0p65]Solder charge board
· Identify the two wires exiting on the left when core is facing you. 
· Strip wire ends 5-8 mm
· Optional: apply flux to stripped wire ends and charge board “GND” and “BAT” terminals.
· Hold charge board with quad hands and insert black wire partially into “GND,” apply solder, and press the rest of the way through (Figure 21).
· Repeat with red wire going into “BAT.”
· Apply solder to opposing side of board (Figure 22) then trim wire ends flush with board.
[image: ][image: ]
[bookmark: _xhywc1nna95m]
[bookmark: _cr5lfcy1leac]
[bookmark: _lzqelg95cy3k]

Figure 21: Charge board soldering			Figure 22: Completed charge board
[bookmark: _hxapabxo4zd7]

[bookmark: _le3qbb4bwodc]Solder PWM board
· Pull loose ends of LED wires until the LED is just outside of the housing. 
· Pull loose ends of charge board wires until the charge board is 20 mm from the core piece.
· Trim the 4 loose wires on the right to 30 mm (Figure 23).
· Cut a separate piece of red wire to 80 mm length (Figure 24). 
· Strip the 4 wire ends 4 mm as well as both ends of the red 80 mm wire.
· Tin wire ends including 80 mm piece.
[image: ][image: ]










Figure 23						Figure 24: 80 mm wire

· Solder bottom red wire and 80 mm piece to resistor in a “Z” arrangement as close to the resistor as possible (Figure 25).
· Trim excess resistor wire.
· Bend 80 mm wire as shown in Figure 26.
· Cut 5 mm OD heatstrink to 15 mm length and slide over resistor.
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Figure 25: Soldering resistor			Figure 26: Heat shrink wrapping resistor






· Tin the four PWM terminals (Figure 27).
· Solder wires to PWM by heating PWM solder and sliding wire through hole (Figure 28).
· Far right black to “LED-”
· Resistor to “LED+” 
· Remaining red to “V+”
· Remaining black to “V-”
[image: ][image: ]










Figure 27: PWM tinned				Figure 28: PWM soldered

· Plug in battery to JST port and check circuit works then remove battery (Figure 29).
· Trim excess wire on back of PWM (Figure 30). It is ok to leave small tails as there is space.
· Optional: apply silicone paste around the 4 solder points on the PWM and 2 solder points on the charge board. 
[image: ][image: ]

[bookmark: _j0ryoaowp7x]
[bookmark: _86pfb7tpzydl]
[bookmark: _4a7mfwftzxsc]

Figure 29: Circuit test				Figure 30: PWM wires trimmed
[bookmark: _2dzlj2wvma1g]

[bookmark: _wsj4eco072jl]LED holder assembly
· Use a lighter to remove any stringing inside the TPU LED piece
· Install SK6 diaphragm with the blade side towards LED/posterior. Aim for the sliding range to be towards the left (Figure 31). Use the handle of a small screwdriver or similar object to press it into place.
· Use a small flathead screwdriver to move the screw hole for the lever into view (Figure 32).[image: ][image: ]











Figure 31: Diaphragm alignment			Figure 32: Screw hole alignment

· Install the diaphragm lever (Figure 33). Make sure the lever is 7mm as some come with a 3.5 mm lever that is not long enough.
· Slide the diaphragm lever to the right past the end of its range as far as possible so it rotates the entire diaphragm within the TPU piece (Figure 34). This step is critical as it sets the range of the spotlight size.
· Press plano-convex lens into LED assembly with the convex surface facing out (Figure 35).















Figure 33: Lever installed	      Figure 34: Repositioning	Figure 35: Lens installed[image: ][image: ][image: ]

· Press LED into TPU piece and bend LED leads as shown in Figure 36. 
· Install printed diaphragm slider into core with the grooves in each aligned together. Optional: adding silicone grease can provide smoother lever operation.
· Press TPU piece into core. Make sure the diaphragm lever is centered and install through the grooves in the core and diaphragm slider (Figure 37). Simultaneously pulling the LED wires on the PWM side helps prevent wires from bunching up inside the LED housing. 
[image: ][image: ]











Figure 36: Bend LED leads as shown		Figure 37: LED unit install

· Screw M2 18 mm screw through core and LED unit (Figure 38).
· Install center mirrors and side mirrors (Figure 39).
[image: ][image: ]

[bookmark: _hnnp71d6jxmt]
[bookmark: _ylik79s10ehq]

Figure 38: LED hinge screw install			Figure 39: Mirrors installed in core
[bookmark: _vxtnnmqvydoo]Frame details
[bookmark: _ge7xrhhlydie]Polycarbonate window
· Mark polycarbonate sheet using printed template.
· Use lexan scissors or X-ACTO knife to cut out polycarbonate.
· Remove protective film from polycarbonate.
· Apply a conservative amount of cyanoacrylate glue to recess in frame and carefully install polycarbonate piece exposed side down as shown in Figure 40. The edge of the previously used template can be used to press the polycarbonate into place. 
· Once dry, remove protective film from the remaining side.

[image: ]
			      Figure 40: Polycarbonate window placement
[bookmark: _qxg07stj4fzn]

[bookmark: _ozf69921ie9p]Charge plug
· Remove supports from TPU charge plug
· Install in frame as shown in Figure 41.
[bookmark: _bswz2r9gopj2]Temple install (2x)
· Use an M2 18 mm screw to attach the temple piece to the frame as shown in Figure 42.
· Repeat on the other side.
[image: ][image: ]

Figure 41: Charge plug installed			Figure 42: Right temple installed
[bookmark: _ee1gd9a6ar2s]Back plate charge indicator
· Apply cyanoacrylate glue to “U-shaped” recess in back plate.
· Press or slide transparent PETG charge indicator piece into place (Figure 43). Note: It is ok to wipe off excess glue from the rough side as it will be hidden inside.

[image: ]
			      Figure 43: Charge indicator installed
[bookmark: _o54e3t7u7ycw]

[bookmark: _cidvxxor4c1]Final assembly
· Place core assembly into frame (Figures 44 and 45). Ensure wires are not pinched between core and frame.
[image: ][image: ]










Figure 44: Core installing into frame		Figure 45: Core positioned in frame
[bookmark: _xaabentd9d26]Charge board install
· Use tweezer pliers to install charge board into frame (Figures 46 and 47).
[image: ][image: ]










Figure 46: Charge board install			Figure 47: Charge board installed

· Make sure USB-C port is flush with frame as seen in Figure 48.
· To remove the wire slack between the charge board and core (refer to Figure 47), use tweezer pliers to pull the two PWM wires shown in figure 49.








[image: ][image: ]










Figure 48: USB-C flush with frame			Figure 49: Pull these two wires

· Install L bracket as shown in Figure 50. Note the reduced slack between the charge board and core.

[image: ]
      Figure 50: L bracket position
[bookmark: _8qi85c2t70vl]

[bookmark: _qxzqysr7u8rk]Battery install
· Use tweezer pliers to connect the battery to the charge board (Figure 51).
· Rotate battery into place as shown in Figure 52.
[image: ][image: ]










Figure 51: Connect battery				Figure 52: Battery installed
[bookmark: _w6d86x43rqhi]PWM install	
· Install PWM into printed PWM piece. Fit heatshrink covered resistor between PWM and printed piece as shown in Figure 53.
· On opposite side of printed piece, install washer shiny side facing in, then screw on nut.
· Place PWM piece into frame (Figure 54). Make sure no wires are pinched between printed pieces.
[image: ][image: ]











Figure 53: PWM attached to printed piece		Figure 54: PWM installed in frame

[bookmark: _3y617n2e9btq]

[bookmark: _l2q1gk1meaji]Base install
· Install base piece onto core and frame with 4x M2 10 mm screws (Figure 56).
[image: ][image: ]










Figure 55: Frame before base install		Figure 56: Base screw points

· Install PD sliders with 2x M2 10 mm screws one for each slider (Figure 57).
· Install PWM knob with line at 6:30 or 7 o’clock position when device is off (Figure 58).
[image: ][image: ]











Figure 57: PD Sliders installed			Figure 58: PWM knob position when off
[bookmark: _4qfrj81h7ndp]

[bookmark: _whp5wphxybhr]Nosepiece install
Screw in nosepiece using included screws. Note order: screws, nosepiece, TPU washer, core (Figure 59). Do not overtighten these screws, as they are self-tapping.

[image: ]
			      Figure 59: Nosepiece installed
[bookmark: _dozh5spzc4hl]Eyepiece install (2x)
· Insert 12.7 mm lens into each TPU eyepiece. A biconvex lens with a focal length of 500 mm (+2 D) will provide the correct power for an emmetropic user holding a condensing lens at arm’s length. A different power lens can be used based on the user’s refractive error.  
· Install TPU eyepiece into indirect by lining up tabs, pressing in, then turning clockwise about 1 clock hour to lock in the eyepiece (Figures 60 and 61). Eyepieces can be easily removed by reversing the previous steps. 
[image: ][image: ]
Figure 60: Eyepieces with tabs aligned		Figure 61: Eyepieces installed
[bookmark: _91wyvoe0jd9i]Glasses retainer
Attach glasses retainer to temples and you are finished!

[bookmark: _im69w8z77ybd]Congratulations!
You have just completed building your own compact binocular indirect ophthalmoscope!
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[bookmark: _hth71ab295s9]Accessories
[bookmark: _azlfeo8caomm]Blue light filter
· Mark blue gel filter sheet using printed template.
· Use lexan scissors to cut out gel filter.
· Remove protective film from both sides of gel filter.
· Press gel filter into TPU blue light filter piece.
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