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3D PRINTED SOLUTIONS FOR CHILDREN
WITH LIMB DIFFERENCES

Robotel is an NGO fabricating free tailor-made 3D-printed
mechanical hands/arms for children with limb differences.
These limb differences can be seen among children
resulting from genetic disorders from birth or amputations
due to other health problems, accidents, wars, disasters,
etc. The use of bionic arms among children is not an
available option in the current health economy due to the
rapid growth rate of children. Thus alternative solutions are
being developed by using rapid manufacturing techniques
for bespoke body-powered mechanical arms and hands.
The aim of this project is to contribute to the open-source
inventory with either accessories for the existing hands or

new mechanical hands for specific use scenarios.
Project Team: Dr. Mehmet Ercin Okursoy, Dr. Dilruba Ogur
Special thanks to Robotel team Zeynep Karagoz, Serdar

Okumus, Beyzanur Kog, Eda Malkav, Selin Karaaslan, and

dear Yagmur Karaaslan for their contributions.

UZUV FARKLILIGI OLAN COCUKLAR
ICIN 3 BOYUTLU BASILMIS COZUMLER

Robotel uzuyv farkliligi olan cocuklar icin kigiye ozel G¢
boyutlu basiimis mekanik el/kol uretiminin lcretsiz yapildigi
bir siviltoplum kurulusudur. Bu uzuv farkliliklarr cocuklarda
dogustan genetik bozuklardan ya da saglik sorunlari, kazalat,
savasg, afetler, vb. sebeplerle yapilan amputasyonlardan oturu
gorulebilir. Cocuklardaki hizli buyldme hizi nedeniyle mevcut
saglik ekonomisinde biyonik kollarin ¢gocuklarda kullaniimasi
ulasilabilir bir segenek degildir. Bu sebeple hizli tretim
tekniklerinin kullanildigr ozel Gretim mekanik el ve kollar
alternatif cozumler olarak geligtiriimektedir. Bu projenin amaci
var olan eller icin aksesuarlar ya da 6zel kullanim senaryolari
icin yeni mekanik ellerle acik kaynak envanterine katkida

bulunmaktir.
Proje ekibi: Dr. Mehmet Er¢in Okursoy, Dr. Dilruba Ogur
Katkilari igin Robotel ekibi Zeynep Karagoz, Serdar Okumus,

Beyzanur Kog, Eda Malkav, Selin Karaaslan ve sevgili Yagmur

Karaaslan‘a tesekkurler.
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Designer / Jasarimci
Arus Aze Yildinm

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT
TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

LIMBOW

Limbow is a 3D printed bow holder designed to enable playing the
violin,

Limbow uzuv farkliliklar olan cocuklann keman calabilmesi icin tasarlanmis
3B baski yay tutacagidr,

Limbow is a 3d printed bow Limbow, uzuv farklihiklar olan
holder designed to enable kisilerin, ozellikle cocuklarn,
playing the violin for people with keman calabilmesi icin tasarlanmis
limb differences, especially kids, 3 boyutlu basilan bir yay tutucudur,
It is a mechanical apparatus Cocuklarin eglenmesi ve aidiyet
which has customizable hissetmesi icin ozellestirilebilir
accessories for the kids have aksesuarlari olan mekanik bir

fun and feel a sense of aparattlr,

belonging.
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Limbow is a 3d printed bow holder designed to enable
playing the violin.




SCENARIO
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Most used prosthetic hand cannot provide the necessary movements The child uses Limbow when they want to play the violin.

for playing violin.
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Depending on their wrist and elbow placement Limbow can adapt to the movement and enable them to play and learn the violin.



DETAILS

CUSTOMIZATION

velcro straps

metal cuig§P
°

metal screw

vee
pin printed figures
PLA 3D printed parts

PROTOTYPE
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Designer / Jasarimci
Betil Kuru

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT
TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

LEGO PLAY

3D Printed modular mechanical hand specialized for playing with
Legos.

L egolarla oynamak icin ozellesmis 368 baski moduler mekanik el

LegoPlay is an entertainment LegoPlay, lego parcalaryla ile

set designed for children with uyumlu uzuv farkiiklarn olan

limb differences compatible with cocuklar icin tasarlanmis bir

lego bricks. It is the adaptation eglence setidir, Lego oyununun
of the working principle of the calisma prensibinin UnLimbited
lego game to UnLimbited hand. hand modeline uyarlanmis halidir.
It aims to turn playing with Lego [ego oynamayi cocuklar icin daha
a more enjoyable and easy keyifli ve kolay bir deneyim haline

experience for children. getirmeyi amaclar.

N






SCENARIO

move the support structure,
with any edged tool in between
the wrist part and the support
structure and twisting

\

—

thermoform the wirst part

/

%och cylinder bricks

to jump rope
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attacing jumping
rope to jump

picking up lego bricks
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DETAILS

jumping rope —

separator /




Designer / Jasarimci
Elif Tunca

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

PEN FINGERS

3D printed mechanical hand design with adjustable fingers to make
writing easier for kids with limb differences.

Uzuv farklihiklar olan cocuklarin yazi yvazmalarini kolaylastiran ayarlanabilir

parmakll 3B baski mekanik el

Pen Finger aims to help children
who suffer from limb loss. In

the current models, the fingers
can not always maintain a fixed
position due to the wrist or
elbow-focused grip movement.
In order to help children write
again Pen Finger has adjustable
finger mechanism and a rail
system to adjust to any pen
attached.

Pen Finger uzuv kaybi yasayan
cocuklara yardim etmeyi amaclar.
Mevcut modellerde bilek veya
dirsek odakli kavrama hareketinden
dolayi parmaklar her zaman sabit
bir pozisyonu koruyamamakitadir,
Cocuklann tekrar yazi
vazabilmesine yardim etmek i¢in
Pen Fingers'in ayarlanabilir parmak
mekanizmasi ve herhangi bir
kaleme uyum saglamasi icin rayli
bir sistemi varair,

15
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SCENARIO

Rope setting Placing the finger attachment

Placing the pen Adjusting for the pen size Writing



DETAILS

POSiTioN 1

PoSiTioN 3

pen holder pen holder from the back

}
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I"| -
finger part serrated pen slider slider
back cover
&~ 2 .
velcro —a——- gW¥® —> level covers

step bars

——» rope



Designer / Jasarimci

'

llay Keskin

HOLDER

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

Specialized mechanical hand and apparatus design to hold the phone
steady and position it at an angle that can be used comfortably.

lelefonu sabit tutmak ve rahat kullanabilecek acida konumlandirmak icin

ozellesmis mekanik el ve aparat tasarimi,

Holder aims to help children
with limb differences to
comfortably hold and use
their phones. They struggle to
grip and use the phone in the
current model due to having
limited movement. This device
is attached to the mechanic
hand using a simple locking
mechanism, adjusted to the
desired angle, and is simple to
insert and remove due to the
magnet.

Holder, uzuv tarkhhdgi olan
cocuklara telefonu sabit
tutabilmeleri ve rahat
kullanabilmeleri icin yardimci
olmayi hedeflemektedir. Mevcut
modellerin sinirlh miktarda harekete
izin vermesi yuzunden telefonu
tutmada ve kullanmada zorluk
cekiyorlar. Mekanik ele basit bir
Kilit sistemiyle yerlesen bu aparat,
istenilen acida ayarlaniyor ve
miknatis sayesinde rahatca takilip
cikanlabilmektedir,

19
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2 Holder aim to keep the phone
gstable in the palm with magnet.
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SCENARIO

holder's place in the palm turn and lock the holder

holder - sticker on the back places the phone in the holder turn and unlock the holder
of the phone



DETAILS

PLA magnet steel

0

Assem b|y Holder Phone Sticker




Designer / Jasarimci
llayda Yasa

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT
TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

SUNSET

3D printed set that offers different attachments for swimming, playing
with the sand and ball at the beach.

Yuzme, kumla ve plaj topuyla oynamak icin 3B baski ek parca set.

Sunset is a 3D-Printed beach Sunset, yuzmek, kumla oynamak
set that offers 4 different ve topla oynamak icin 4 farkl
attachments for swimming, aksesuar sunan bir plaj setidlr,
playing with the sand and Aksesuarlar cocugu kumsalda

the ball. The attachments hareket ettirmek icin motive ederek
aim to strenghten muscles kaslari guclendirmeyi amaclar,

by motivating to move the Aksuarlar takildigr an oynanmaya
child at the beach. Once the hazir hale gelr.

attachments are plugged in, it
is possible to play with them
immediately.

23



SunSet is a 3D printed set offers
four different attachments for

swimming, playing with the
sand and ball at the beach.

- -




SCENARIO

Harrow Ball Catcher Shovel Swimming Padel

The Sunset attachments
are carried in the beach

\ bag.
3
She attaches one of the attachments
T W<t o according to activity. She starts to
before coming to the beach. \ have fun as well as strengthen her
. muscles.




DETAILS

Attach the
one of the
attachment

Insert
the pins.

Insert 3

the pins
at the back

Screw
Screw  Holder

1

Upper Arm Part Lower Arm Part Attachment Part

1.8

the rope

4

Drive the

screw and
7 insert the pin
Insert
the rope
through

inner holes

Pass the ropes
through

yo

Tie the rope h
and pass it '\

inside




Designer / Jasarimci
Irem Ocal

VOICE

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

Voice is a 3D printed musical instrument set designed to develop

children’s rhythmic abilities.

\Voice, cocuklarin ritim becerilerini gelistirmek icin tasarlanmis 30D basilimis bir

muzik aleti setidrr,

Voice is a set with three
different accessories and a
mechanical hand designed

for children with limb loss.
This set consists of a shaker,
an accessory for percussion
instruments and a tambourine
with a bell. These accessories,
which can be easily attached
to the mechanical hand, allow
children to have a pleasant time
with their families and friends
while improving their rhythm
abilities.

\Voice, uzuv Kaybi yasayan cocuklar
icin tasarlanmis uc farkl aksesuar
ve mekanik bir ele sahip olan bir
settir. Bu set bir shaker, vurmall
calgilar icin bir aksesuar ve zilli

bir teften olusur. Mekanik ele
kolayca takilabilen bu aksesuarlar,
cocuklanin ritim yeteneklerini
gelistirirken aileleri ve arkadaslari ile
keyifli vakit gecirmelerini saglar.

27



kids and teens

g ® musical accessories
' for developing rhythmic abilities
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SCENARIO

Mechanical Hand and Accessories It is attached to the palm. The accessory is rotated and locked in the palm.

She can develop the sense of rhythm with musical

: She can easily change accessories. Also, she can start having a good time with her friends.
instruments.




DETAILS




Designer / Jasarimci
Kaan Kiyier

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

BUZZER BEATER

The 3D-printed mechanical hand is tendon-driven and enables kids
missing a hand to grasp, dribble, and shoot a basketball.

3B baski mekanik el tendon prensibiyle calisir ve bir eli olmayan cocuklarin
basketbolu kavramasini, top surmesini ve sut atmasini saglar.

Buzzer Beater helps children
with limb differences use the
ball as a grasping, throwing, and
supporting hand while playing
basketball. Existing models

did not have tendon work for
closing and opening the fingers.
Buzzer Beater provides the
ability of movements suitable for
basketball playing.

Buzzer Beater, uzuv farkhliklar olan
cocuklarin basketbol oynarken
topu kavrama, firlatma ve destek el
Olarak kullanmalarina yardimcr olur,
Mevcut modellerde parmakiar acip
kapamak icin tendon calismasi
voktur, Buzzer Beater basketbol
oynamaya uygun hareket kabiliyet
saglar.

31



PROSTHETICS

The 3D-printed prosthetic
hand is tendon-driven and
enables kids missing a

hand to grasp, dribble, and
shoot a basketball.

i




SCENARIO

The child places the

prosthetic on the hand
before playing basket-

ball.

¥
L~

Ly

They go to the court with
the prosthetic basketball
hand they wear on their

hands, mainly basic

It takes the power
from Buzzer Beater
while throwing the
ball. It functions as
a side support

movements
b hand.
=
| applied a 3-fingered . /
and diagonal design
approach to better The fingers are
absorb the grip and (0) f straight when the &
the incoming impact. T ballis out of the /
hand or when the
wrist is not bent. [

The ball is out of
the hand and the

fingers are open.

With the fishing
line logic, only the
reversely bent
fingers are closed,

> as the wrist is

bent, the fingers
grasp the ball
better.



DETAILS

ASSEMBLY
OF THE ~.
HAND =

Hinge pins and
Hinge caps are
connected
together.

Fingers and joints
are connected to
each other. It is then
joined with the palm.

Tension block and
tension pins are inter-
twined and fixed to the
point where the rope will
stay taut by sliding.

Finally, the threads are
passed through the
holes and the velcro is
passed through the
holes on the side
surfaces and the
assembly is completed.

FINGER TIP

PROXIMAL PHA-
LANGES

THUMB PIN

e

KNUCKLE PINS

PALM HINGE PINS

HINGE CAPS

GAUNTLET

TENSIONER PINS

s
TENSIONER BLOCK



Designer / Jasarimci
Sedef Sara Baydar

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

UP AND BALL

A 3D printed arm above the elbow with improved features for playing

volleyball.

\Voleybol oynayabilmek uzerine ozellikleri gelistinlmis dirsek ustu 38 baski Kol

Up and Ball is a 3D printed
mechanical arm developed for
children who want to learn and
play volleyball. Impact zones
are supported by silicone and
PVC leather. For durability and
strength the lower arm consists
of only one piece and is a
closed form. With movements
made from the elbow, the

user can demonstrate basic
volleyball movements.

Up and Ball voleybol ogrenmek
ve oynamak isteyen cocuklar icin
gelistirilmis bir ug¢ boyutlu ¢ikt

ile uretilen mekanik bir koldur,
Topun carptigr bolgeler silikon

ve PVC deri ile destekleniyor,
Dayaniklilik ve saglamiik icin alt
kol tek parcadan olusup kapali bir
forma sahiptir. Dirsekten yapilan
hareketlerle kullanicr temel voleybol
hareketlerini sergileyebilir,

35



Unlimbited Arm




SCENARIO

He loses his And can't )
balance, receive balls. L
-
Up and Ball is a modified
.\ unlimbited arm for the
kids who likes to play
5 volleyball!

4

.5

After getting He performs Starts to keep And enjoy
Up and Ball, basic moves. his balance. volleyball!



DETAILS

Bump Hold Set Serve

Hand and arm is connected by an The part for elbow movement is heated
intermediary part. and shaped.

2

Leather is glued on.

After that, pins are placed from the
inside of the arm.

Velcro and evo foam are placed.



Designer / Jasarimci
Tuana Kaynar

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT
TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

MELMAN

Melman is an accessory to facilitate kids' two-handed food
consumption activities in outdoor environments.

Melman uzuv farklihgr olan cocuklarnin dis mekanlarda iki ellerini kullanmalari
gereken yeme icme aktivitelerini kolaylastiran bir aksesuardir,

Kids who have limb differences Uzuv farkhiigr olan cocuklar
struggle with eating and gundelik yerme icme

drinking experiences. Especially deneyimlerinde zorlaniyorlar,
outside, it's challenging to ozellikle iki elin de sik kullanildigi ve
use the two-handed practice duz bir zemin bulmanin zor oldugu
and to find a flat surface to dis mekanlarda. Melman'in icinde
put supplies. By its spring bulunan yayl sistem sayesinde
mechanism, Melman can hold cocuklar bu sekilde bircok icecek
variety of bowls and beverages ve kaseyi kenarlarindan sikistirarak
by compressing them from the tutabiliyor,

edges.

3






SCENARIO

User takes out the Melman in User unfolds the legs to create User puts the bowl on the area.
folded view. the surface for holding.

4
The section of the bowl stucks User can carry the bowl while User can always use Melman
in the hole, head compresses it. using their dominant hand to eat. when they need to use their other

hand to eat.



DETAILS
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Spring and bump af the end of
the neck compresses the material.

The wavy pattern on the
legs determines the center
and balances the

¢ | Couple of socket joints cup/bowl.

Head piece can compress both for provides the 90 degreed
surfaces that are closed or opened. articulation movement.




Designer / Jasarimci
Umut Seval

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT
TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

CREATIVITY

Creativity mechanical hand is designed for children who do not have
two hands which helps them draw and paint.

Creativity mekanik el, iki el olmayan cocuklar icin cizim ve resim yapmalarina
vardimci olmak amaciyla tasarlanmistir.

These attachments for children Cocuklara yonelik bu eklentiler, iki
are designed for those who do ell olmayan ve ¢izim yapamayan
not have two hands and cannot Kisiler icin tasarlanmuistin,. Cocuklarin
draw. We know that children hayal guclerini resim yaparak
reinforce their imagination pekistirdiklerini biliyoruz. Uclari iki
with painting. By designing the farkli boyutta tasarlayarak ve kucuk
inserts in two different sizes and bir strec ekleyerek farkli kalemlerle
adding a small stretch, | made eslestirmey mumkun kildim,

it possible to match them with
different pens.

43
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CREATIVITY

for unlimbited users




SCENARIO

The child changes the
pencil for different
colour.

The child takes the
pencil from stand.

Parents put pencil to the
attachment and place it
to the stand.

The child starts to
drawing.




DETAILS

Size 1 Attachment

78 mm Stand

Dry Coloring Pencils a n

Felt-Tip Pens Each sizes can attach
Roller Pens

Brushes

Size 2

13-14 mm

Thick Coloring Pencils
Board Pens

Markers
Brushes ‘

Colour Alternatives



Designer / Jasarimci
Zeynep Emiroglu

TRIHARD

TED UNIVERSITY INDUSTRIAL DESIGN DEPARTMENT

TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

Specialized tripod arm for activities requiring upper body strength

and balance.

Ust viicut glcl ve dengesi gerektiren hareketler icin dzellesmis tripod kol

Trihard aims to provide children
with limb differences freedom
to move. While available models
provide pulling movements
they cannot aid children with
pushing which in some cases
result in imbalance in muscles
and body. In order to overcome
these, Trihard has a tripod
hand and an arm support to
distribute the weight evenly
and a specialized lower arm for
strengthening the form.

Irihard uzuv farkhhgi olan cocuklara
hareket ozgurlugu saglamay
amaclamaktadir. Mevcut modeller
cekme hareketlerini saglayabilirken
itme hareketlerini destekleyemiyor
ve bu kaslarda ve vucutta
dengesizlige sebep olabiliyor,
Bunlanin ustesinden gelmek

icin, Trihard'in agirhgr esit olarak
dagitmak icin bir tripod el ve bir kol
destegy, formu guclendirmek icin
de ozellesmis bir alt kolu vardir,

47



Specialised tripod hand for activities requiring
upper body strength and balance.



SCENARIO
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= e e ~ They change their prosthetics which they brought in their backpack before startingto

warm up.

They also do movements which require greater force and benefit their
upper body muscles.

They continue the stretching with more balancing movements. They even do the exercizes that require one hand only.
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DETAILS
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Jeynepnaz Acar
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TED UNIVERSITESI ENDUSTRIYEL TASARIM BOLUMU

POLESTHETIC

A 3D printed hand design for helping kids with limb differences with

skiing comfortably.

Uzuv farkiiiklar olan cocuklara rahatca kayak yapma konusunda yardimci

olmak icin 3B baski el tasarim,

Polesthetic is a 3D printed
product that is designed for
holding ski pole for the children
with limb differences. With

the combination of different
materials, it offers the most
suitable and durable pole grip.
Skiing with Polesthetic will be

both fun and easy for everyone.

Polestetik, uzuv farkhiliklari olan
cocuklar icin kayak sopasini
tutmak icin tasarlanmis 3D baski
bir protezair. Farkl malzemelerin
kombinasyonu ile en uygun ve
dayanikl baton tutusunu sunar,
Polestetik ile kayak yapmak herkes
icin hem eglencell hem de kolay
olacak,

51



POLE THETIC

Polesthetic is designed for providing the most
itabl le grip.
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SCENARIO

o 3
5

Before use, she removes She puts the Polesthetic on in the Adjusts the tightness by She places the pole in the
her usual prosthesis. part that is elastic and adapts to the arm. tightening the belt. Polesthetic.

.
R

Tightens the velcro. Ready to ski.




DETAILS
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General Usage Joining Detail Suitable Form for Arm

Thermoforming; The flat arm Then bent over a form in a similar The light movable parts on the arm Polesthetic is ready to be
piece waits in boiling water for form to make the arm shape. part fit into the slot on the hand part.  attached with velcro and strap.
10-12 seconds to bent.

Ready-Made
Parts:

*Velcro
*Strap

+Buckle

Norrﬁél / Tight
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