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Backhoe basics
– how it works
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Hydraulic backhoes have literally shaped the world. They
are among the most common earth-moving machines and
among the most powerful. An operator using a hydraulic
backhoe can dig a ditch or a pit in mere minutes, driving
the bucket into the ground with thousands or even tens of
thousands of pounds of pressure.
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The muscle that makes the huge arm move is fluid – in
this case, it’s a type of oil called hydraulic fluid. Hydraulics is
a name for a class of technology that uses fluid to do work.
Hydraulic machines take advantage of a specific quality
that most fluids have: noncompressibility. When you try to
squeeze the fluid into a tighter space, it puts up tremendous
resistance. The atoms in a fluid are already just about as
close together as they can get.
(continued on page 2)
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Tomorrow is almost here.

(continued from page 1)

But as unyielding as fluid can be, it can also be pumped from one
part of the machine to another. Commonly, the workhorse behind this
is a part called a variable displacement pump (see below).
The fluid is pumped through hoses and into metal cylinders that
also contain piston rods. Pumping fluid into one side of the cylinder
pushes the piston rod forward. Pumping fluid into the other side
pushes the piston rod backward. This type of piston system is called a
hydraulic ram.
The force of the fluid pushes against the piston rods, and the
piston rods in turn push or pull on the segments of the backhoe’s arm.
Each segment of the arm has a dedicated piston cylinder.

THE HEART OF IT
In a human, the heart is the organ that pumps fluid through the body.
In a backhoe, a variable displacement pump does this duty. (Humans
aren’t hydraulic machines, so don’t read too much into this analogy.)
The design is ingenious. Inside the outer shell, several piston
cylinders are arranged in a circle. The whole circle of pistons rotates
around and around.
The front end of each cylinder is pressed flat against a valve plate.
The valve plate has two openings in it. One opening lets hydraulic
fluid in. The other opening takes fluid out. Because the pistons go in a
circle, they pass over both openings.

The back end of each piston cylinder is attached to a swash plate.
The angle of the swash plate is adjustable.
When the angle of the swash plate causes it to pull on the piston
rods, this creates a vacuum within the cylinders. This causes them to
draw fluid from the first opening in the valve plate. (Think of this like a
syringe. When the plunger is pulled, fluid is drawn into the chamber of
the syringe.)
When the angle of the swash plate causes it to push the rods, fluid
is forced out as the piston cylinders pass across the second opening.
Fluid goes into the network of hoses and valves and in this way
goes throughout the whole system.

PITSCO BACKHOE
For a better understanding of hydraulics and construction
machines, look no further than Pitsco’s Backhoe. The Backhoe
uses hydraulic syringes to move the axes. Four controls are
constructed from the syringes to imitate the basic
controls of a real-life backhoe.
With the shovel on the end of the Backhoe,
you can get a feel for how
large construction
machines work! !

CHECK OUT:
Pitsco.com/Backhoe

Tornadic turmoil leads to lifelike behavior
A few years ago, researcher Nate Cira made a weird
discovery by accident. He was working with food coloring,
placing droplets of the liquid on sterilized glass slides. But
the droplets didn’t just stay where they were on the slides.
Instead, they began to move around and interact with one
another. The droplets didn’t move quickly – the effect is more
dramatic when seen in time-lapse. These very simple droplets
seemed strangely lifelike.
This was completely unrelated to the intended point of the
experiment, but he had to know: How was this happening?
After a few years of research on this, he and his fellow
researchers believe they understand. It all has to do with the
interaction between the two ingredients in the food coloring:
water and propylene glycol.
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Water by nature evaporates more quickly and also has
more surface tension than propylene glycol. (Surface tension
is what allows water to bead up in the first place.) These two
traits lead to an imbalance within the droplets – and a frenzy
within. The researchers even describe it like a tornadic swirl.
The action of evaporation and surface tension whip the
droplets into an inner frenzy that gives them motion, but
the amazing effects don’t end with movement. Because
of chemical interactions too complex to describe here, the
droplets seem to be able to sense one another and even
chase one another around the slide.
Learn more here and see a video of the droplets in action:
Tinyurl.com/dancingdroplets

!

Icy destruction
Fill a glass bottle completely to the rim with water, screw
the cap on it, and put it in the freezer. You probably know what
happens next. A while later, you open the freezer and find that
the bottle is broken. The water has frozen into ice. Because water
expands as it freezes, the expanding H2O molecules push against
the edges of the bottle until the bottle breaks.
Easy enough to understand. But how strong is this expanding
force of ice? A glass bottle isn’t too strong. You could break one.
But if you’ve ever had the misfortune of the water freezing in the
plumbing pipes below your house and breaking the pipes, you

know this expansion
can be powerful indeed.
In one famous experiment,
cannons made of cast iron were filled with
water. The walls of the cannons were an inch thick.
When the water in the cannons froze, the metal cannons
split from the pressure of the expanding ice.
So, what would it take to contain the expansion of ice? Scientists
have worked this out. The walls of the container would have to resist
with a force of 43,511.31 pounds of force per square inch! !

Icy construction
In cold climates, building with ice is an ancient tradition. This was taken
to a new level with the Icehotel in the Swedish village of Jukkasjärvi. Just
as the name describes, it is a fully functioning hotel constructed almost
completely out of ice.
The Icehotel is created from large blocks of ice cut from the nearby
Torne River and also from snice. Snice is a substance somewhere between
snow and ice. It can be molded into forms and hardened. Snice can also
serve as mortar between ice bricks. The hotel keeps a chilly internal
temperature of 23º F.
Every spring the hotel melts. Every winter it is rebuilt by construction
workers and artists. Previously, the hotel was open only from December to
April, but now the hoteliers have introduced an innovation: Icehotel 365.
This new addition with several suites for guests will be open year-round.
An outer shell made of concrete will insulate the interior, which will still be
made of ice. And solar panels will collect power to keep the temperature
within artificially cool. Solar collection gets a boost in
the land of the midnight sun. Because of Jukkasjärvi’s
northern latitude, the Sun stays in the sky during
much of the nighttime hours. !
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Northern lights slowly
revealing their secrets
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The aurora borealis is a beautiful light show that often appears in the night sky in
northern regions. The lights are produced by a complex flow of particles and magnetic
fields from the Sun and Earth. Though it creates a majestic spectacle, it can interfere with
satellites and cause outages that make navigation a challenge.
Previously, it was believed the disruptions were caused by turbulence within the aurora
borealis. However, scientists recently observed the lights using radar and found no evidence
of turbulence in the flow. This suggests the traditional explanation is not right.
This is not a home run for solving the satellite issue, but it is a step in the right direction. !
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SySTEM Alert! Quiz (Volume 5, Number 5)
1. What is the name of the part of a backhoe that interacts with the dirt?
A. stick
B. bucket
C. boom
D. boom lift cylinder
2. The _______ is a part of a hydraulic machine that moves fluid from one part of the machine to
another.
A. variable displacement pump
B. compression engine
C. fluid differentiator
D. flux capacitor
3. What is the name for the substance that is halfway between snow and ice?
A. snice
B. ColdStuff®
C. snowzen
D. frozow
4. Though the aurora borealis is beautiful, it can interfere with human technology. Which of the
following is an example of such a technology?
A. airplane engine
B. satellite
C. television antenna
D. hydraulic backhoe
5. Hydraulic fluid pushes against _______ to move the segments of a backhoe’s arm.
A. piston rods
B. valve plates
C. swash plates
D. the boom
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6. What is the organ responsible for pumping blood throughout the human body?
A. brain
B. lung
C. liver
D. heart
7. An imbalance between _______ and _______ in droplets of food coloring can make the droplets
move in ways that appear alive.
A. water, sodium benzoate
B. sodium benzoate, propylene glycol
C. water, propylene glycol
D. phosphoric acid, sodium benzoate
8. In one famous experiment, water was able to crack which container as it froze into ice?
A. aquarium
B. concrete box
C. bank vault
D. cast iron cannon
9. What quality makes most fluids useful for hydraulic machines?
A. wetness
B. changes temperature slowly
C. not easily compressed
D. can be converted into steam
10. How much strength does a container need to resist the force of freezing water?
A. 154 pounds of force per square inch
B. 3,012 pounds of force per square inch
C. 28,929 pounds of force per square inch
D. 43,511 pounds of force per square inch

Bonus question:
The Icehotel in the Swedish village of Jukkasjärvi is built mostly of ice. Guests spend the night in the
eerie and beautiful hotel.
Imagine and describe an architectural project that uses a different type of unconventional building
material. What would the purpose of your structure be? How would its building material add to its
appeal?
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