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Cautionary and Warning Statement:
• This kit is designed and intended for educational purposes only.
• Use only under the direct supervision of an adult who has read and understood the instructions provided in this
user guide.
• Read warnings on packaging and in manual carefully.
• Always exercise caution when using sharp tools.

Hydraulics
A hydraulic system is one that uses
fluid to transmit force. The principle
behind a hydraulic system is
simple: force applied at one point is
transmitted to another point using a
fluid.

Force

Force

Pushing on one end of a syringe filled with water (a hydraulic system) creates an equal and opposite reaction on
the other syringe. On the Backhoe, syringes connected by tubes filled with water are attached to mechanical parts.
Force is what causes the parts to move.

Robotics
A robot is something that performs human movements or imitates and repeats tasks that humans do. Most robots
are programmable and work automatically – sometimes even autonomously. Robots can be used in a variety of
tasks but frequently do jobs that are repetitive and dull or too dangerous for humans.

Axis

Axis 3

An axis is the point at which a body or a part rotates.
The Backhoe has four axes: Axis 1, where the swivel
base connects to the platform; Axis 2, where the midarm connects to the swivel base; Axis 3, where the
mid-arm connects to the forearm; and Axis 4, where
the shovel connects to the forearm.

Axis 2

Lever
A lever is a bar, called the lever arm, on a pivot point,
called the fulcrum. A fulcrum can also be an axis. The
Backhoe uses a third-class lever in each of its four
axes of motion. A third-class lever is a lever in which
the force is applied anywhere between the fulcrum
and the load. Levers and axes give the Backhoe more
movement than a single lever.

Axis 4

Axis 1

Materials Included
There are two bags of materials and seven die-cut sheets that come with the Backhoe. Keep the materials
organized within the bags as you assemble the Backhoe.
Notes
As you build the Backhoe, pay close attention to the orientation of parts in the figures. Build the Backhoe
exactly as shown.
Backhoe Subassembly
•
•
•
•
•
•

3/8" screw (30)
1/2" screw (4)
1/4" stand-off (4)
3/4" stand-off (4)
1" stand-off (4)
1-1/4" stand-off (4)

•
•
•
•
•
•

1-1/2" stand-off (1)
1-3/4" wooden dowel rod (2)
12 cc syringe (4)
O-ring (4)
Cable tie (4)
Die-cut part sheet (5)

•
•
•
•
•
•

12 cc syringe (4)
Large die-cut part sheet (2)
Hose adapter (8)
Tubing (12 ft)
Valve (1)
Lock ring (1)

Backhoe Control Assembly
•
•
•
•
•
•

3/8" screw (32)
1/2" screw (4)
1/4" stand-off (4)
1" stand-off (20)
O-ring (4)
7" wooden dowel rod (2)

Items Required (not included)
• HD Bond II or white glue
• Phillips head screwdriver
• Cup of water
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• Ruler
• Scissors
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Backhoe Build

Base Top

Building the Swivel Base, Part 1
Gather: Base Top; Base Bottom; Parts A, B (2), and C; and
glue
1. Pop out all the parts from the five die-cut part sheets for
the Backhoe subassembly.
2. Glue the Base Top and Base Bottom together with the
letters facing up. Make sure the holes in each corner and
the curved hole line up (Figure 1). This is the base.

Base Bottom

Figure 1

3. Glue C into one B. Glue the remaining B on the other side
of C (Figure 2).

C

4. Glue the parts from the previous step into A. Glue the part
as shown in the picture (Figure 3). This is the swivel base.
B
Figure 2

A

Figure 3

M
T
Figure 4

N

Building a Shovel
Gather: 3/4" stand-off (3); 3/8" screw (6); Parts M, N, O, P, Q,
R, S (6), and T (6); and glue
1. Place the 3/4" stand-off in the middle of one T
and secure it to another T with a 3/8" screw on
each side (Figure 4).

S

Figure 5

2. Glue M to N (Figure 5).
3. Glue one S to both sides of the combination M
and N (Figure 6).
4. Glue the T combination in the slots on the
back of M (Figure 7). This is a shovel. Two other
shovels of varying sizes can be made in the same
way using parts O and P and Q and R in place of
M and N.

Figure 6

Figure 7
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Building Syringe Assemblies
Gather: 1/2" screw (4); 1/4" stand-off (4); syringe (4);
Parts G (8), H (4), I (3), J (3), K, and L; and cable tie (4)
1. On the plunger of the syringe, place one J, a 1/2"
screw in the J, a 1/4" stand-off on the other side,
and one I on the far side. Screw the 1/2" screw
through the rest of the way into I. This screws into
the wood of I without a nut on the end (Figure 8).

I

Figure 8
Plunger

2. The front of the syringe goes in the hole on H,
and one G snaps onto one H on two sides (Figure
9). Secure the whole syringe with a cable tie
around the middle (Figure 10).
3. Repeat Steps 1-2 for all syringes. K and L
assemble the same way as J and I, but K and
L must go together. The I and J syringes are
the swivel base syringe, mid-arm syringe, and
forearm syringe. The K and L syringe is the shovel
syringe.

J

G

H

Figure 9

Figure 11

Figure 10

Building the Swivel Base, Part 2
Gather: 1-1/2" stand-off, 1-1/4" stand-off, 3/4"
stand-off, 3/8" screw (6), base, swivel base, and Parts
D and V (2)
1. The 1-1/2" stand-off goes on the center of the
base, and the 1-1/4" stand-off goes on the other
hole that is not a corner on the base. Screw in the
1-1/2" and 1-1/4" stand-offs from the underside
with 3/8" screws (Figure 11).
2. The 3/4" stand-off goes on the hole on the outer
circle of the swivel base. Screw in the stand-off
from the underside with a 3/8" screw (Figure 12).
3. Place the swivel base over the 1-1/2" stand-off.
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Figure 12
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The head of the 3/8" screw in the 3/4" stand-off
on the swivel base goes in the curve on the base
(Figure 13). Secure the swivel base to the base with
D and a 3/8" screw (Figure 14).
4. Secure one V to each side of the swivel base with a
3/8" screw (Figure 14).

D

Figure 13

Figure 14

V

U
Figure 15

Figure 16

Connecting the Bottom Half

E

Gather: swivel base syringe; mid-arm syringe; forearm
syringe; 1-1/4" stand-off (2); 1" stand-off; 3/8" screw
(8); and Parts E (2), U (8), and V (2)
1. Two Us go over the 1-1/4" stand-off and the 3/4"
stand-off (Figure 15).
2. The swivel base syringe goes over the 1-1/4" and
3/4" stand-offs. Secure each hole with one V and a
3/8" screw (Figure 15).
3. Secure the mid-arm syringe to the front of the
swivel base with a 1" stand-off and a 3/8" screw on
each side (Figure 16).
4. Place a 1-1/4" stand-off in the top of the swivel
base. Secure both Es to the outside of the swivel
base with a 3/8" screw on each side (Figure 17).
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Figure 17
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5. The plunger of the mid-arm syringe combines with the
front of the forearm syringe using a 1-1/4" stand-off. Secure
them together in the middle of both Es with a 3/8" screw on
each side and four Us. The sequence goes a 3/8" screw, E, U,
forearm syringe, U, mid-arm syringe, U, forearm syringe, U,
E, and a 3/8" screw (Figures 18 and 19).

Figure 18

Figure 19

Connecting the Top Half
Gather: 1" stand-off (3); 1-1/4" stand-off; 3/8" screw (10); Parts
F (2), U (4), and V (2); and shovel syringe
1. Place one V over each F’s middle hole. Insert one 3/8" screw
in each F and V combination (Figure 20). Combine the Fs
with a 1" stand-off and a 3/8" screw on each side. (Figure
20).

F

Figure 20

2. Secure the Fs to the end of the Es with a 1-1/4" stand-off
and a 3/8" screw on each side (Figure 21).

Figure 21
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3. The forearm syringe plunger goes to the holes on
the backs of the Fs. Secure with a 1" stand-off and a
3/8" screw and two Us on each side (Figures 22 and
23).
4. The front of the shovel syringe secures to the top
holes on the Fs. Secure with a 1" stand-off and a
3/8" screw on each side (Figure 24).

Figure 22

Figure 23

Figure 24

Attaching a Shovel
Gather: shovel, 1-3/4" wooden dowel rod (2), and
O-ring (4)
1. With the shovel facing the body of the Backhoe,
the plunger on the shovel syringe aligns with the
farthest holes on the shovel, and the holes at the
ends of the Fs align with the closest holes on the
shovel. Secure the shovel to the Backhoe with
dowel rods and O-rings (Figure 25).

Figure 25
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Backhoe Control Build
Building Syringe Assemblies
Gather: 1/2" screw (4); 1/4" stand-off (4); syringe (4);
and Parts G1 (8), H1 (4), I1 (4), and J1 (4)
1. Pop out all the parts from the two large die-cut part
sheets for the Backhoe control.

I1

J1

Figure 26

2. The steps for building the syringe assemblies are the
same as before, but the lettering is slightly different.
Refer to the previous instructions in the Building
Syringe Assemblies section. On the plunger of the
syringe, place one J1, a 1/2" screw in the J1, a 1/4"
stand-off on the other side, and one I1 on the far
side. Screw the 1/2" screw through the rest of the
way into I1 (Figure 26).

G1

3. The front of the syringe goes in the hole on H1, and
one G1 snaps onto H1 on each side (Figure 27).
4. Repeat Steps 2-3 for all syringes.

H1

Figure 27

B1

Building Syringe Controls
Gather: 3/8" screw (32); 1" stand-off (20); O-ring (4); 7"
wooden dowel rod (2); syringe assembly (4); Parts A1,
B1 (4), C1 (8), D1 (8), E1 (16), and F1 (24); and glue
1. Glue one B1 into each open slot on A1 (Figure 28).

A1

Figure 28

2. Glue the D1s together in pairs and make sure the
holes line up (Figure 29). You will have four levers
made from this.
D1

Figure 29

3. On C1, place a 3/8" screw and 1" stand-off in each of
the indicated holes (Figure 30).
4. Combine the lever hole at the end with the plunger
of a syringe using a 1" stand-off and two E1s on each
side. The sequence should go E1, E1, syringe, end of D1,
syringe, E1, and E1 with the 1" stand-off going through
them all (Figure 31).
5. Place a syringe over the front stand-off on C1; the hole
close to the middle of D1 goes over the top stand-off
on C1 with three F1s on each side. Place another C1
and four 3/8" screws (Figures 32 and 33). The order of
the parts will go C1, F1, F1, F1, D1, F1, F1, F1, and C1
with a 1" stand-off going through them all.

C1

Figure 30

F1

E1
Figure 31

Figure 32

Figure 33
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6. Repeat Steps 3-5 until you have four syringe controls.
7. Place all levers on A1 and line up the bottom holes with the holes on the B1s. Secure the control levers to
A1 with dowel rods and O-rings (Figure 34).

Figure 34

Filling the Syringes
Gather: built Backhoe and Backhoe controls, tubing, scissors, water, lock
ring, hose adapter (8), and valve
1. With scissors, cut the 12 ft tubing into four equal sections measuring 3 ft
per section.
2. With scissors, cut one of the 3 ft sections of tubing in half. Combine the
valve with the lock ring and use this valve to join one of the 3 ft sections
of tubing you just cut (Figure 35). This section of tubing will be used on
the mid-arm syringe so that the mid-arm syringe can be locked in place if
needed.

Figure 35

3. Screw a hose adapter on the end of each syringe on the Backhoe and
Backhoe controls (Figure 36).
4. Take one of the Backhoe control syringes and push in the plunger. Dip the
hose adapter into the water and pull out the plunger. Attach a piece of
tubing over the hose adapter.
5. Depress the plunger until the tubing is full of water.
Figure 36
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6. Place the free end of the tubing into the water and pull back the plunger
until both the tubing and syringe are full of water (Figure 37).
7. Select a syringe on the Backhoe to attach to the Backhoe control.
Make sure the one with the valve and lock ring is attached the midarm syringe. Completely depress its plunger. Attach the free end of the
tubing to the hose adapter of the syringe on the Backhoe.
8. Repeat Steps 4-7 for all remaining syringes. The controls can be set up in
whatever order you desire on your finished Backhoe controls (Figure 38).

Figure 37

Figure 38
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Activity Ideas
• Have students use the Backhoe to scoop several times from a pile of sand. Students measure the amount
of sand that was scooped up each time and determine the average amount of sand that the Backhoe will
garner for each scoop. Have students calculate the number of scoops required to fill a container (such
as a small plastic container of known volume) – and then have students verify that number of scoops by
scooping from the pile of sand and transferring the sand to the container.
• Have students calculate the amount of force needed to raise the average scoop of sand to the greatest
possible bucket height. To do this, students will need to measure the mass of the average scoop of sand,
the bucket height, and the amount of time it takes for the Backhoe to raise the scoop of sand to that
height.

P.O. Box 1708 • Pittsburg, KS 66762
www.pitsco.com
Toll-Free Orders 800-835-0686
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