
Project Guided Assembly
BrainCo STEM Kit



Learning Objectives

Students will be able to:

❏ Interpret multi-step procedures from the text and 
diagrams in the instructions to build the structural form of 
their mechanical hand as a team.



Materials Required (Per Student Group)

❏ 1 BrainCo STEM Kit, Robotic Hand

❏ 1 Robotic Hand Assembly Guide



Name Your Team



Structural Assembly

Lesson Overview

The class is separated into different 
functional groups with each group 
receiving one kit. Students are 
presented with a learning and build 
guide which they must use to build the 
structural form of their mechanical hand 
as a team.

Lesson 1



Parts needed for this section (1/2)

Finger Pieces × 14 Scissor

Finger Hinges× 14
(2 types)

Servo Board

Tendon wire Servo Motor×5

Screwdriver Type C Screws×10



Front Palm Corner Bracket×8

Front Wrist Plastic Rivet×16

Type B Screws×6 Control Box Plate×6

Acrylic Board Power Supply Chip

Parts needed for this section (2/2)



The Finger Pieces Are Grouped 
According To The Number Marked On 
The Top.

The Finger Pieces Are Grouped 
According To The Number Marked On 
The Top.

Thumb: indicated with 
number “1”
Thumb: indicated with 
number “1”

Index finger: 
indicated with 
number “2”

Index finger: 
indicated with 
number “2”

Middle finger: 
indicated with 
number “3”

Middle finger: 
indicated with 
number “3”

Ring finger: 
indicated with 
number “4”

Ring finger: 
indicated with 
number “4” Little finger: 

indicated with 
number “5”

Little finger: 
indicated with 
number “5”



Small Hinge*1

Big Hinge *1

Small Hinge

Big Hinge

Assemble the thumb by sliding the red, flexible joints 
into the grooves on the finger segments marked 
with “1”.

Assemble the thumb by sliding the red, flexible joints 
into the grooves on the finger segments marked 
with “1”.



1. Cut a piece of tendon 
wire for at least 35-
inch(90cm) long.
2. Insert the wire into the 
thumb towards the direction 
marked by the green 
arrows, starting from the 
bottom.
3. Ensure both ends have 
the same length.

1. Cut a piece of tendon 
wire for at least 35-
inch(90cm) long.
2. Insert the wire into the 
thumb towards the direction 
marked by the green 
arrows, starting from the 
bottom.
3. Ensure both ends have 
the same length.



Small Hinge

Small Hinge

Big Hinge

Small Hinge*1

Big Hinge *1

Assemble the index finger by sliding the 
red, flexible joints into the grooves on 
the finger segments marked with “2”.

Assemble the index finger by sliding the 
red, flexible joints into the grooves on 
the finger segments marked with “2”.



1. Cut a piece of tendon wire for at 
least 35-inch (90cm)long.
2. Insert the wire into the index 
finger towards the direction marked 
by the green arrows, starting from 
the bottom.
3. Ensure both ends have the same 
length.



Small Hinge

Small Hinge

Big Hinge

Small Hinge*2

Big Hinge *1

Assemble the middle finger by sliding the 
red, flexible joints into the grooves on the 
finger segments marked with “3”.

Assemble the middle finger by sliding the 
red, flexible joints into the grooves on the 
finger segments marked with “3”.



1. Cut a piece of tendon wire 
for at least 35-inch(90cm) 
long.
2. Insert the wire into the 
middle finger towards the 
direction marked by the green 
arrows, starting from the 
bottom.
3. Ensure both ends have the 
same length.

1. Cut a piece of tendon wire 
for at least 35-inch(90cm) 
long.
2. Insert the wire into the 
middle finger towards the 
direction marked by the green 
arrows, starting from the 
bottom.
3. Ensure both ends have the 
same length.



Small Hinge

Small Hinge

Big Hinge

Small Hinge*2

Big Hinge *1

Assemble the ring finger by sliding the 
red, flexible joints into the grooves on 
the finger segments marked with “4”.

Assemble the ring finger by sliding the 
red, flexible joints into the grooves on 
the finger segments marked with “4”.



1. Cut a piece of tendon 
wire for at least 35-inch 
(90cm) long.
2. Insert the wire into the
ring finger towards the
direction marked by the
green arrows, starting
from the bottom.
3. Ensure both ends have
the same length.

1. Cut a piece of tendon 
wire for at least 35-inch 
(90cm) long.
2. Insert the wire into the
ring finger towards the
direction marked by the
green arrows, starting
from the bottom.
3. Ensure both ends have
the same length.



Small Hinge

Small Hinge

Big Hinge

Small Hinge*2

Big Hinge *1

Assemble the little finger by sliding 
the red, flexible joints into the 
grooves on the finger segments 
marked with “5”.

Assemble the little finger by sliding 
the red, flexible joints into the 
grooves on the finger segments 
marked with “5”.



1. Cut a piece of tendon wire for
at least 35-inch(90cm) long.
2. Insert the wire into the little
finger towards the direction
marked by the green arrows,
starting from the bottom.
3. Ensure both ends have the
same length.

1. Cut a piece of tendon wire for
at least 35-inch(90cm) long.
2. Insert the wire into the little
finger towards the direction
marked by the green arrows,
starting from the bottom.
3. Ensure both ends have the
same length.



Use 6 Type C Screws



1. Install the 
remaining two servos 
from the bottom.
2. Watch out for the 
direction of the white 
part. 

1. Install the 
remaining two servos 
from the bottom.
2. Watch out for the 
direction of the white 
part. 



Use 4 Type C 
Screws



The Finished Servo Board with Five Servos are Shown Below.The Finished Servo Board with Five Servos are Shown Below.

Top ViewTop View Bottom ViewBottom View



Step 3: Mount the Front Palm and Front 
Wrist

Assemble the front 
palm and front wrist.
Assemble the front 
palm and front wrist.

Use 3 Type B Screws



Tighten the 
screws.
Tighten the 
screws.



1. Attach the acrylic 
board to the hand.
2. Pay attention to the 
orientation of the 
circled features.
3. Let the servo wires 
pass through the 
cutout on the acrylic 
board.
4. Tighten 3 screws.

1. Attach the acrylic 
board to the hand.
2. Pay attention to the 
orientation of the 
circled features.
3. Let the servo wires 
pass through the 
cutout on the acrylic 
board.
4. Tighten 3 screws.

Use 3 Type B Screws



1. Assemble the front and back board 
onto the bottom board and push firmly.
2.Pay attention to the circled features.

1. Assemble the front and back board 
onto the bottom board and push firmly.
2.Pay attention to the circled features.

Bottom (Wooden)

Back (Wooden)

Front (Transparent)
Arrow Points to the Front



1. Assemble the right and left boards with BrainCo Logo cutout.
2. Pay attention to the arrows and other circled features.
1. Assemble the right and left boards with BrainCo Logo cutout.
2. Pay attention to the arrows and other circled features.

No Slots
3 Slots

Arrow Points to the Front Arrow Points to the Front



Place 1 bracket to each bottom corner 
of the control box.
Place 1 bracket to each bottom corner 
of the control box.

1. Insert 2 rivets from outside onto each bracket.
2. Firmly push them all the way in.
1. Insert 2 rivets from outside onto each bracket.
2. Firmly push them all the way in.



Assemble the corner brackets and rivets on 4 other 
corners in the control box, following the same steps.
Assemble the corner brackets and rivets on 4 other 
corners in the control box, following the same steps.

Each bottom corner should look exactly 
like the picture above after the fixation.
Each bottom corner should look exactly 
like the picture above after the fixation.



1. Servos are Numbered from 1 to 5 
from Right to Left.
2. Each Servo Cable is Composed 
with Group of 3 Wires: a Brown Wire, 
a Red Wire and an Orange Wire. 

1. Servos are Numbered from 1 to 5 
from Right to Left.
2. Each Servo Cable is Composed 
with Group of 3 Wires: a Brown Wire, 
a Red Wire and an Orange Wire. 

Servo 1- Thumb

Servo 4- Ring Finger

Servo 3- middle Finger

Servo 2- Index Finger

Servo 5- Little Finger

Servo 
Cable



1. Orient the power supply chip as shown.
2. Plug the cables from servo 1 into the
bottom 3 pins next to “S1” mark on the chip.
3. Make sure the brown wire is on the right
side, orange wire on the left.

1. Orient the power supply chip as shown.
2. Plug the cables from servo 1 into the
bottom 3 pins next to “S1” mark on the chip.
3. Make sure the brown wire is on the right
side, orange wire on the left.



1. Plug the cables from servo 2 into the 3
pins next to “S2” mark on the chip.
2. Make sure the brown wire is on the right
side, orange wire on the left.

1. Plug the cables from servo 2 into the 3
pins next to “S2” mark on the chip.
2. Make sure the brown wire is on the right
side, orange wire on the left.

Plug in servos 3-5, following the same method.Plug in servos 3-5, following the same method.



Electrical Assembly

Lesson 2

Lesson Overview

The class continues to construct in 
groups and are tasked with building the 
control system for their device. Students 
are introduced to components of an 
electrical circuit, microcontrollers, 
breadboards, simple sensors and 
switches.



Parts needed for this section(1/2)

Switch Cable Arduino UNO

AA Battery×4 Bread Board

IR Sensor Jumper Cable 



Parts needed for this section(2/2)

Power Cable

Assembled Power Supply Chip

Assembled Control Box



Introduction to
Electronic Components



Servo Motor

Servo motors are most commonly 
used in closed-loop systems. It is a 
self-contained electrical device that 
rotates parts of a machine with high 
efficiency and with great precision. 

Ground
+V, Power

Signal



Servo Motor

Ground
+V, Power

Signal

Features

● Can rotate over specific angle

● Large torque even at high 

speed 

● Precise rotation speed

● Easy to connect 

● Can be small size

● Low cost 



IR Sensor

The wavelengths of these regions and their applications are shown below.
● Near infrared region — 700 nm to 1400 nm — IR sensors, fiber optic
● Mid infrared region — 1400 nm to 3000 nm — Heat sensing
● Far infrared region — 3000 nm to 1 mm — Thermal imaging

The frequency range of infrared is higher than microwave and lesser than visible light.

Infrared Technology
Infrared technology addresses a wide variety of wireless applications. 
The main areas are sensing and remote controls. In the electromagnetic 
spectrum, the infrared portion is divided into three regions: near infrared 
region, mid infrared region and far infrared region.



IR sensors are generally used for 
designing remote control technology. The 
IR remote sends infrared signals, and then 
the IR receiver receives the signals and 
sends them to a control circuit inside the 
device after decoding them. The controller 
will then perform the necessary action. TSOP1738 IR receiver

There are 3 pins : power, ground, and output.  

IR Sensor



Infrared Remote and Receiver

● LED sends out a series of light pulses that 
represents the binary information related to 
the pressed button

● Most common remote control method for 
home applications

● Cheap and low power consumption

● Works only within 30 feet 

● Do not go through objects



Breadboard

History

People use wire-wrap to build a circuit 
prior to 1960s, a process that involves 
wrapping wires around conductive posts 
attached to a perfboard. As you can see, 
the process can get complex very 
quickly. And breadboards make 
prototyping much easier.

A wire-wrap circuit



Breadboard

Circuit on an “original” breadboard

What’s in a Name?

Many years age, when electronics were big and bulky, 
people would grab their mum’s breadboard. A few nails or 
thumbtacks, and start connecting wires onto the board to 
give themselves a platform on which to build their circuits.
Since then, electronic components have gotten a lot smaller, 
and we’ve come up with better ways to connect wires, 
making mums all over the world happy to have their 
breadboard back. However, the name still the same. 
Technically, there are still breadboards, but this discussion is 
going to be on modern, ”solderless”breadboards.



Anatomy of a Mini Breadboard

The 170pt breadboard is named for its 170 tie points. It 
has 17 columns of 10 holes, which are separated into 

two pairs by a central notch, and labelled 1 to 17. Each 
column is also labelled, with a letter from A to J to that 
they can be easily referenced in instructions ( like the 

squares on a chess board ). These holes contain small 
metal clips which both secure components to the 

breadboard and form electrical connections between 
them.

Small metal clips

One row



Anatomy of a Mini Breadboard

It’s important to remember that each column contains 
two sets of electrically connected tie-points. One either 
side of the central groove.

If you plug an LED into a breadboard, for example, it 
would need to either bridge the central groove, or two 
different numbered columns. If both legs were plugged 
into the same column, on the same side of the groove, 
they’d be connected together. Instead of having current 
flow through the LED you'd get a short right through the 
metal clip!



● Arduino Uno is a microcontroller board 

developed by Arduino.cc and based on the 

Microchip Atmega328. 

● It can read incoming information, process it 

and output results

● It’s open source and easy to code 

● It’s the #1 popular electronic platform for 

interactive projects and prototypes 

Arduino UNO



6V Battery

9V Battery 5V GND

GND
Servo 
Motors

Pin 13

IR Sensor

How it moves --- inside the control box



1. Orientate the bread board 
as Shown in the Picture.
2. Use jumper wires, 
connect the top pins of the 
1st - 5th column of bread 
board to pins 5, 6, 9, 10, 11 
on the Microcontroller with 
respectively.
3. Using jumper wires, 
connect the penultimate pins 
of the 13th - 15th column  of 
bread board to the pin 13, 
GND and 3.3V on the 
Microcontroller respectively.

1. Orientate the bread board 
as Shown in the Picture.
2. Use jumper wires, 
connect the top pins of the 
1st - 5th column of bread 
board to pins 5, 6, 9, 10, 11 
on the Microcontroller with 
respectively.
3. Using jumper wires, 
connect the penultimate pins 
of the 13th - 15th column  of 
bread board to the pin 13, 
GND and 3.3V on the 
Microcontroller respectively.



Insert 3 pins of the IR sensor into the holes on the bread
board indicated by the dark blue dots.
Insert 3 pins of the IR sensor into the holes on the bread
board indicated by the dark blue dots.

The actual circuit is shown above.The actual circuit is shown above.



Orient the power supply chip as above and plug the
bottom pins into the holes on the breadboard
indicated by the dark blue dots.

The actual circuit is shown above.



1. Insert the switch cable into the back of the control box.
2. Pay attention to the orientation of the marks.
3. Firmly push the switch all the way in.

1. Insert the switch cable into the back of the control box.
2. Pay attention to the orientation of the marks.
3. Firmly push the switch all the way in.

“O” is on the left and “—” is on the right



1. Put 4 AA batteries in 
the battery case, where 
“-” side of the batteries 
should be attached to 
the springs.
2. Connect the battery 
case to the switch 
cable.



1. Connect the round end of the 
power cable to the microcontroller 
as indicated by the thick arrow.
2. Connect the white male socket 
of the power cable to the female 
socket on the power supply chip as 
indicated by two thin arrows.



1. Arrange all circuit parts within 
the control box as above.
2. Make sure the rounded side 
of the IR sensor faces front.
3. Plug the round end of switch 
cable into the power supply chip 
as indicated by the arrow.

1. Arrange all circuit parts within 
the control box as above.
2. Make sure the rounded side 
of the IR sensor faces front.
3. Plug the round end of switch 
cable into the power supply chip 
as indicated by the arrow.



Check your Power Supply

● Turn on the switch, if both the light of the Arduino 
UNO and power supply chip are on, then you are 
good.

○ If not, check your wire connection.



The control box assembly is complete!The control box assembly is complete!



Tendon Connections 
and Hand Structure

Lesson 3

Lesson Overview

This class continues with students 
groups and tasks them with connecting 
their structural assembly, electrical 
control units and tendon connections 
together. Students experiment with the 
functionality of their complete or semi-
complete builds.



Parts needed for this section(1/2)

Servo Motor Drive 
Arms×5

Back Palm

Type A Screws×5
Type D 

Screws×8

Servo Board with 
Servos on it

Wire Plate



Parts needed for this section(2/2)

Black Latch Back Wrist

Type B Screws×2

Front Palm you built
Fingers that 

you built early



1.Place the white arms on all
servos, pointing straight up.
2. Tighten all screws.

1.Place the white arms on all
servos, pointing straight up.
2. Tighten all screws.

Use 5 Type A Screws

Turn on the Switch on the Back of the Control Box 
and Make Sure the Microcontroller Light is On
Turn on the Switch on the Back of the Control Box 
and Make Sure the Microcontroller Light is On



Servo board installation is complete.
You can turn off the control box.
Servo board installation is complete.
You can turn off the control box.



Insert the thumb assembly all the 
way into the slot on the palm.
Insert the thumb assembly all the 
way into the slot on the palm.



Following the green arrow, 
insert the fishing wires into 
the hole indicated.

Following the green arrow, 
insert the fishing wires into 
the hole indicated.



2 3 4 5

Place the index finger (2), 
middle finger(3), ring finger(4) 
and little finger(5) near the palm 
assembly;

Following the green arrows, 
insert fishing wires into the 
holes indicated.

Place the index finger (2), 
middle finger(3), ring finger(4) 
and little finger(5) near the palm 
assembly;

Following the green arrows, 
insert fishing wires into the 
holes indicated.



Place all fingers and the wire plate on the slots.Place all fingers and the wire plate on the slots.



Make sure the sides of the wire plate fit in the slot.Make sure the sides of the wire plate fit in the slot.



Thread all tendon wires through the
holes respectively on the wire plate, as
indicated in the picture.

Thread all tendon wires through the
holes respectively on the wire plate, as
indicated in the picture.



Use 8 Type D Screws

1. Place the back palm on the palm assembly.
2. Tighten the screws.
1. Place the back palm on the palm assembly.
2. Tighten the screws.



1. After threading the wires through the
holes, insert one wire into the top hole on
the white servo arm, and the other wire
into the second hole. Do the same for all
other servos.



1. Pull the wires and
make them as straight as
possible without using too
much force. At the same
time make sure all fingers
are at their natural
position, shown in the
right picture.
2. Tighten 2-3 knots to
secure the wires.
3. Cut the extra wires.



72

Use 2 Type B Screws

1. Place the back wrist on the palm assembly.
2. Tighten the screws.



1. Place the hand assembly on the control 
box and lock it by pushing to the left.
2. Install the black latch on top of the back 
board as shown in the pictures to secure 
the hand assembly. Firmly push the latch 
all the way in.

1. Place the hand assembly on the control 
box and lock it by pushing to the left.
2. Install the black latch on top of the back 
board as shown in the pictures to secure 
the hand assembly. Firmly push the latch 
all the way in.



Congratulations! Your 
Robotic Hand is 
Finished!   



Reflection and 
Debugging

Lesson 4

Lesson Overview

This class continues with students in 
groups and tasks them to reflect on their 
build process, compare their 
expectations with their finished build and 
requires them to collaborate on 
improving designs that do not function 
as expected.



Use Self-Checklist to check that 
your Robotic Hand is functioning 
as designed and make changes as 
necessary to ensure functionality.







Evaluation

● Students Self Evaluation Form

● Group Self Evaluation Form




