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Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols to identify and lines to keep track of. I hope to impart to you a systematic approachto reading a hydraulic schematic. The basic steps toreading a hydraulic schematic are: Identifying line typesldentify if lines cross with or without
connectingldentify the componentsidentify the flow path at a de-energized state Determine what happens as each valve is movedActivate multiple valves at a time to see if there are unintentional consequences. So, the good thing about this is that while we are using hydraulics, a lot of this is directly related to pneumatics. Pneumatics will have a few
extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets get started. In a hydraulic schematic, each line type has a unique meaning. In addition, colors can be added to indicate purpose of the line. In the figure below, all of the basic line types are shown. The basic line is a solid line that
represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure return line. In this case, it is a suction line for the pump. The teal and green dashed lines are called pilot lines or drain lines depending on their purpose. Both lines shown here are pilot lines. A pilot line is a high-pressure line with low
flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line around some symbols is an enclosure line or bounding box. The purpose of this line is to show that all the components within are contained in one valve block or manifold. The purpose of this is to simplify real-world identification. There is a
little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want the lines connected, you would draw a hump across one line adding some drama to the schematic. Well, as more and more people heeded to the advice of the Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama
the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no dot, there is no connection. Who knew that the Black Eyed Peas were actually singing about hydraulic schematics? Ok, so the song obviously doesnt have anything to do with hydraulics. In all honesty, the change came because it was far easier
to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot. With this, there is no guessing as to what my intent was. A dot means that they are connected and a hump means they arent. Very clear to anyone reading the schematic. The figure below represents this concept. Identifying the components is the
key to the whole process. If you understand what each component does, you can see more clearly how they will work together. Other lists of hydraulic components usually just tell you what it is. This list will be different in that I will give insight into the function and pros and cons of using each. Understand that this is in no way an exhaustive list and
new components are being developed all the time. In every hydraulic system, you will have one function that requires full flow and another that needs much less flow. This is where flow reducers come in. The most basic type is an orifice which is a hole drilled in what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that
can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed to adjust the flow. (Note the arrow for adjustment.) These components are good if you just need to limit the flow but dont really care if you have bi-directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the
speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that you will get vastly better performance rotating the motor one way. Going the other way, you will see jerks in rotation. The reason for this is friction in the motor and the system it is driving. Granted, the average speed was what was desired,
but the performance was not. I would now like to describe two new terms, metering in and metering out. Metering out is the method of metering the fluid coming out of a valve and going to the motor. This will give you poor performance because we are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes
at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces the outlet of the motor to maintain a constant pressure. The inlet pressure can still fluctuate wildly but the motor speed will remain steady. To accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow
will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have unrestricted flow out of the valve and metered flow back into the valve. The check valve is what allows unrestricted or free flow. (Free flow is from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought
is that these valves will build lots of heat especially with positive displacement pumps. You can minimize this by having a compensated flow control valve that will send bypassed fluid to tank instead of building up pressure until the relief valve kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely
most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a reservoir, you can also indicate if you want oil to be returned above (top) or below (bottom) the oil level in the tank. Il be honest, I dont know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a
fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a little more compressible which leads to poor performance. The irony is that I almost always see the schematic indicate to return the oil above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why
A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps and Reservoirs Fluid Filter All oil should be maintained by the system and filtration is a must. It is a diamond with a dashed line indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve
in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil temperature is also essential. If the system is intended to beused in cold climates, oil heaters (right) are a must. The arrows point into the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger
(above left) is used to reject heat from the system and the arrows point out. There are also temperature controlling systems that can either reject or add heat. This is represented with one arrow pointing in and one pointing out. It is important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors
are probably the most easily identifiable components on a schematic. This is always the first component I look for because this is where the magic starts. Pumps will have the arrows pointing out indicating that fluid energy is flowing out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be
shown connected to it. The direction on rotation can be shown. Remember that the rotation direction shown here is clockwise when looking at the pump shaft, not the motor shaft. Both pumps and motors can be fixed displacement or variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement
Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see why you would want a bi-directional motor, but why a pump? Bi-directional pumps are generally paired directly with a motor in a closed hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of
winch applications that use this type of system. How to Determine if your Hydraulic Pump is Working Properly How to Determine if your Hydraulic Pump is Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in
Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How to Minimize Shock in a Closed Center Hydraulic System Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak
horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller coaster at Cedar Point. (image courtesy of daveynin on Flickr). Lots of power is used in a few seconds to launch this car over the hill. However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy
and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated by a spring) and gas charged. Cylinders are linear actuators that can produce large forces in small volumes. There are generally three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side
(usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this. Single Acting Double acting cylinders are the most common, and pressure can be applied to either side to make the cylinder extend or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired
performance. Double rodded cylinders are an answer to this because the area is the same on each side of the piston. Double Acting Double Acting Double Rod 6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to
protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top side of the valve. If the pressure is high enough to overcome the spring, the arrow will shift over and oil will flow through in this case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having
the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence valve. If I have a hydraulic drill press, when flow is turned on to the top side, perhaps I have a clamp that I want to engage first. I could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only
after enough pressure is built that the motor would turn. A pressure reducing valve is also an important hydraulic component. A recent system I designed had one side operating at 3000 psi and another side operating at 400 psi. I incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right
port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that pressure to tank through the bottom port. Any load holding valve will be based on some form of a check valve. A check valve will allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often
that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly referred to as a PO Check, is used to unseat the poppet. (Spoiler alert: check valves dont use balls because they are super difficult to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional
valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check valve. If both directions need to be locked, you can use a double PO check valve. This is a manifold that combines two PO check valves and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold
Loads with Directional Valves There is one major downside to using a PO check valve: Temperature. If your need is to have load holding in both directions, a PO check can actually create extremely large pressures. Imagine the situation of setting up a device under load early in the morning. The load and position dont change all day, but the
temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the motor or cylinders capabilities. It is a bad situation. Luckily, a counterbalance valve comes to our rescue. A counterbalance valve allows free flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the
pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes. There is also a pilot port (port 3) to open a path for return oil flow. The cool thing and the thing that will cause a lot of headaches is that you can tune the performance of the system by taking advantage of the metering in functionality available. This is
controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so we will save that for another article. Counterbalance valves are available in single or dual configurations. If holding your load still is important in your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task!
Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle valve is basically two check valves with only one ball (yes, poppet, I know). The higher pressure will force the poppet to close the lower pressure side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of
this, where each valve section will send the compensator pressure back to the pump to determine how much pressure is needed. The pressures are compared to each other using shuttle valves and the highest pressure wins. Directional control valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are
specified by their positions and ways. Positions are the number of discrete configurations of the valve. Ways are the number of ports the valve has. A two position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three position, three way valve could be used to fill and discharge an accumulator. You would want high pressure
oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position four way valve can change the direction of fluid where you could change the direction on a motor or cylinder. These valves can have a soft shift option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines
between positions. This extra position ties all the ports together to neutralize pressure and minimize the momentum effects when reversing flow. 2 Position, 4 Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers an off position so that the system can rest. This center position can come in numerous configurations that
can satisfy almost any requirements. Please read my article on directional control valves for more information. 3 Position, 4 Way Hydraulic Symbols Template Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the
Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a function. We will start with mechanical actuations. From left to right they are: push button, mechanical action, lever, foot switch and mechanical switch. With the exception of the lever and push button, these are getting harder and harder to find.
Electronics has improved so much in the last twenty years that it is far easier and less expensive to run wires to electrical sensors than hoses to hydraulic components. Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch Pilot pressure and electric actuation are the dominant forces in the market and will be for some time.
Electronic control systems allow for the precise application for pilot actuation (left), where low pressure shifts the valve, and electro-proportional actuation. The right schematic symbol is for a solenoid operation. A solenoid is a non-proportional signal that fully moves the valve. For proportional operation, other methods are used and an arrow would
be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one direction or the center position. Springs are the method of accomplishing this. With all these controls, you do not need to have actuation on both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add
detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring loaded ball (yes, actual ball) that will lock into a groove in the valve spool. 2 Position Detent 3 Position Detent There are a few components that dont fit into any specific categories that I would like to share now. Pressure gauges are the most
common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the system. I recently had to relocate a pressure gauge because the pressure drop due to flow was giving me false readings. I moved the gauge to the component I was interested in and the false readings stopped. Pressure Gauge Temperature
indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many designs just monitor the reservoir temperature using a sight gauge. A sight gauge (not shown) will indicate the oil level and usually the temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when
a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400 psi when rising, it may not switch off until 350 psi when falling. They can come in Normally Open and Normally Closed configurations and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These
are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for easy changing of the oil and filter. Be sure to keep these open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see
how some of these components will work together like how a directional control valve will control a cylinder. As I mentioned, looking for the pump(s) in a schematic is where I start. Trace lines outward from the pump until you hit a closed valve. Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has
the other three critical components. Once satisfied that the four components are there and correct, I will start to look at the de-energized state. When all components are de-enegrized, is flow allowed to return to tank or does it build system pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed
displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the flow paths should be blocked and our compensator pressure set at least 200 psi less than the relief valve. In the Example 1 (below), the fluid with flow through the first work section comes out through work port A and into the
manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped at the directional control valve. This system allows pressure to build fully and indicates that we need a variable displacement, pressure compensated pump which we have. Now that we have our de-energized state identified,
we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This is the case with Example 2.) Keep track in each section for what happens to pressure and flow and what the desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve
to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve. If we activate Section 2 to pressurize the A port, we should see the top valve activate the larger valve below it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold
there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure switch that will indicate if the motor has stalled (we are only looking for the signal when the B port is energized). The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the
pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract slowly by gravity as metered by the needle valve. However, if the valve on the right is activated, the needle valve is bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive
displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7 which must be done with any other solenoid. If we energize S1 and/or S3, we will be able to retract the left and/or right extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the
cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2 and S4 do not contaminate each other. The flow then goes on to apply pressure to a counterbalance valve and retract all the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5
and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to get the oil out of the cylinders. Once all of those cylinders have retracted, only then will there be enough pressure to overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the
cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we will start extending the cylinders in a prescribed way. (Note that we did not care how the cylinders retracted.) The flow will come out of work port B through a flow control valve. Since we have a positive displacement pump,
we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that our extra flow would go right to tank (port 2) at a much reduced pressure. The metered fluid (port 3) then goes on to a counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated.
Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where four vertical and two horizontal clamps are actuated. At 400 psi Group 3 is activated and so on until we get to Group 6. When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the
section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how long the work piece is. If there is material there, S8 will disable and the section will press. Unintended consequences are very difficult to see and predict. The real challenge here is to learn from these so you dont make
them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control system should be configured to eliminate this hazard. If using relay logic, you can have one relay to turn on power to a valve and another to select the direction. In Example 1, there was an unintended consequence
when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was built. On the motor, I have flow control valves to control the speed of the motor. However, I want to limit the speed of the motor before stopping it (the location of stopping is important.) I do this by activating Section 1
about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control. The result is a low flow metered out condition and my motor jumps to its stopping position. We are taking steps to correct this. In Example 2, the two position, three way valves should have been configured so that the
positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the solenoids, extra sections will press and may cause potential damage to the machine. To minimize this risk, we added extra protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the
monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart and mommy and daddy love you very much. You got this! Just work through it slowly and dont be too quick to ask a question. When doing work like this, I often wait until I have a good series of questions before I ask for help.
This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a coworkers time. Once you master the skill of reading prints, you will be able to critique and create your own systems. Remember to use a systematic approach and always have your work checked before you purchase components.
So, grab your highlighters and find some schematics to analyze! Skip to content Sunfab is a world leader in hydraulic technology, developing and manufacturing components to operate hydraulic equipment in mobile applications. At VHS Hydraulic Components, were proud to be a Sunfab UK distributor, supplying a full range of Sunfab products
including: At VHS Hydraulic Components, we stock and supply a wide range of Scanreco remote control systems. This includes Scanreco receivers, transmitters such as the new G6 Mini and G6 Micro transmitters, and a variety of handy handheld transmitters. Hydraulic systems are the backbone of countless industrial and mobile applications,
providing unmatched power and precision in fields ranging from manufacturing to construction. However, even the most robust hydraulic components can fail, leading to costly downtime, reduced efficiency, and extensive repairs. Understanding the common causes of failure and implementing preventative measures can significantly extend the life of
your hydraulic components. In this blog, well cover some of the most frequent hydraulic component failures and offer insights on how to avoid them. Bosch Rexroths internal and external gear pumps stand out for their performance, reliability, and energy efficiency.These pumps are engineered to deliver precise hydraulic performance while
minimising energy consumption and noise, making them ideal for a wide rangeof applications in modern hydraulic systems. EMMEGI air-oil heat exchangers are used for cooling oil hydraulic systems using ambient air that passes over the radiant by means of a fan operated by an electric or hydraulic motor. The cooler element, in high resistance
aluminium alloy, is produced through a braze-welding process carried out under vacuum.The particular configuration of the cooling pipes increases the turbulence of the fluid, enhancing the exchange capacity. Additionally, the presence of special jets on the cooler finning further improves the total transmission coefficient. The result is a very small,
light and robust technologically advanced product. Walvoil is now one of the worlds leading producers of hydraulic valves and meccatronic systems for the vehicle sector. The most common applications are for farm vehicles, cranes, industrial vehicles, machines for movement and arial platforms.VHS Hydraulic Components have stocked and supplied
Walvoil hydraulic components since VHS launched, including Walvoil Directional Control Valves, Walvoil Diverter Valves, Walvoil Cables and Walvoil Controls. Casappa is a renowned manufacturer of hydraulic components and systems, recognized for its innovation, quality, and reliability in the field of fluid power. With a diverse range of products,
including hydraulic pumps, motors, valves, and power units, Casappa serves various industries such as construction, agriculture, industrial machinery, and mobile equipment. In this detailed blog, we'll delve into the history, product offerings, technology, and applications of Casappa hydraulic solutions, highlighting its contributions to hydraulic
system performance and efficiency. Bosch Rexroth is the leading provider of industrial hydraulics, offering the largest selection of high-quality hydraulic valves globally.Their advanced valves are utilised worldwide, demonstrating exceptional reliability across millions of operating hours.Here are the different types of hydraulic valves they offer. At
VHS Hydraulic Components we are a Certified Excellence Bosch Rexroth Sales Partner. Combined with our sister companies Neilson Hydraulics and Parmafluid we are your Hydraulic People and your trusted suppliers for all things Bosch Rexroth hydraulics. Choosing a selection results in a full page refresh. Press the space key then arrow keys to
make a selection. Master hydraulic schematics with our guide on symbols, key components, and tips for analysis while avoiding common mistakes. Perfect for beginners and pros alike!In the world of hydraulic systems, understanding hydraulic schematics is paramount for both professionals and enthusiasts. Whether you are troubleshooting,
designing, or maintaining hydraulic machinery, the ability to read and interpret these vital diagrams can significantly enhance your efficiency and effectiveness. This article will guide you through the essential steps to mastering hydraulic schematics, starting with the foundational knowledge of hydraulic symbols. Youll learn how to identify key
components, develop a systematic approach to interpreting diagrams, and avoid common pitfalls that can lead to misunderstandings. Armed with practical tips, youll be better equipped to analyze hydraulic systems with confidence. Join us as we delve into the intricacies of hydraulic schematics and unlock the potential to improve your skills in this
critical area. Understanding Hydraulic Symbols: The First Step To Reading SchematicsWhen learning how to read hydraulic schematics, understanding hydraulic symbols is crucial. These symbols serve as a universal language that conveys vital information regarding the components and functions of hydraulic systems. Each symbol represents a
specific component, and familiarizing yourself with these symbols will enable you to interpret the schematics effectively.Here is a brief overview of common hydraulic symbols:SymbolComponentDescriptionPumplIndicates the hydraulic pump, which moves the hydraulic fluid through the system.Pipe/LineRepresents the hydraulic lines that transport
fluid between components.Valvelllustrates various types of valves, such as directional or pressure valves, that control fluid flow.CylinderDenotes hydraulic cylinders, which convert hydraulic energy into mechanical energy.Its essential to refer to a hydraulic symbol legend when analyzing a schematic, as different industries may utilize variations of
these symbols. Once you are comfortable with identifying basic symbols, you can begin to piece together how these components interact within the system.By mastering the symbols, you will find it significantly easier to develop a systematic approach to understanding and analyzing hydraulic diagrams, ultimately enhancing your ability to troubleshoot
and maintain hydraulic systems.How To Identify Key Components In A Hydraulic SchematicUnderstanding how to identify the key components in a hydraulic schematic is essential for anyone who works with hydraulic systems. Each component plays a vital role in the overall operation of the system, and recognizing them will enhance your ability to
read and interpret hydraulic diagrams effectively. Here are the key components to look for:Hydraulic Pumps: These are responsible for converting mechanical energy into hydraulic energy, facilitating fluid movement.Actuators: Typically hydraulic cylinders or motors that convert hydraulic energy back into mechanical energy to perform work.Valves:
Control the flow and direction of hydraulic fluid within the system. Understanding the types of valves, such as directional control valves and pressure relief valves, is crucial.Filters: Help maintain the cleanliness of the hydraulic fluid, ensuring optimal performance and longevity of the system.Reservoirs: Store the hydraulic fluid, providing a buffer to
accommodate changes in volume during system operation.Pressure Gauges: These instruments measure the hydraulic pressure in the system, critical for monitoring and diagnosing issues.To best learn how to identify these components, it can be helpful to refer to a legend or key that accompanies the hydraulic schematic. This will clarify the symbols
associated with each component. Additionally, practicing with real-life hydraulic schematics will build familiarity, allowing you to recognize these key elements more intuitively in future projects.Developing A Systematic Approach To Interpret Hydraulic DiagramsWhen learning how to read hydraulic schematics, developing a systematic approach is
crucial for effective interpretation. A structured method helps in understanding complex diagrams quickly and accurately. Here are essential steps to follow:Start with the Basics: Familiarize yourself with the basic elements and symbols in hydraulic systems. Recognizing standard symbols will lay the foundation for your understanding.Break Down the
Diagram: Divide the schematic into smaller sections. Analyze each component separately, focusing on one part of the system at a time. This will prevent confusion and make the process more manageable.Follow the Flow: Assess the direction of fluid flow indicated in the diagram. Understanding the flow path will clarify how different components
interact within the system.Check Connections: Pay attention to how components are connected. Ensure you understand whether they are in series or parallel, as this will impact system performance.Refer to Key and Legend: Always reference the key or legend provided in the schematic. This section explains unique symbols or notations that may not
be universally recognized.By adopting this systematic approach, you can streamline the process of interpreting hydraulic diagrams and enhance your ability to understand various hydraulic systems.Practical Tips For Effectively Analyzing Hydraulic SystemsAnalyzing hydraulic systems can be challenging, but following certain practical tips can
significantly enhance your understanding and efficiency. Here are some strategies to consider:Familiarize yourself with common hydraulic symbols: Before diving into schematic analysis, ensure you have a solid grasp of the hydraulic symbols used. This knowledge will help you quickly identify components and their functions.Use a systematic
approach: Break down the hydraulic schematic into sections. Analyze each component and its connection to the system one at a time. This methodical approach can help you avoid feeling overwhelmed.Refer to manufacturers documentation: Whenever possible, consult the manufacturers manuals and specifications. These documents often contain
valuable information regarding the operation and design of the system.Take notes as you analyze: Writing down key observations can help reinforce your understanding and provide a quick reference for future analysis.Practice with real-world examples: Theoretical knowledge is important, but hands-on practice is invaluable. Work with actual
hydraulic schematics to strengthen your analytical skills.Consult experienced colleagues or forums: Engaging with others who have experience in analyzing hydraulic systems can provide insights that you may not have considered. Dont hesitate to ask questions and share knowledge.Utilize software tools: There are various software applications
available that can help in visualizing and simulating hydraulic systems. These tools can provide a deeper understanding of system behavior and interactions.By implementing these practical tips, you can improve your ability to assess hydraulic systems and enhance your overall effectiveness in reading and interpreting hydraulic schematics.
Remember, practice makes perfect, and over time, you will become more proficient at how to analyze these complex diagrams.Common Mistakes To Avoid When Reading Hydraulic SchematicsWhen youre learning how to read hydraulic schematics, its essential to be aware of common pitfalls that can lead to misunderstandings. Here are several
mistakes to avoid:Ignoring Symbols and Legends: Each schematic will include a legend, which defines the symbols used. Failing to reference this can lead to misinterpretations.Overlooking Flow Direction: Many users neglect to pay attention to the directional arrows, which indicate how fluid flows through the system. Misunderstanding flow can
impact the overall analysis.Believing All Components Are Shown: Schematics often simplify complex systems and may not indicate every component. Be prepared to interpret diagrams without assuming all elements are present.Misinterpreting Connection Types: Different types of lines (solid, dashed, dotted) indicate various connections and system
behaviors. Confusing these could lead to incorrect conclusions about the systems operation.Forgetting to Cross-Reference: Always cross-reference the schematic with the actual system or an accompanying manual. This practice ensures that you are not missing crucial operational aspects.By being aware of these common mistakes, you can enhance
your understanding and proficiency in how to effectively read hydraulic schematics.Frequently Asked Questions A hydraulic schematic is a graphical representation of the components and functions of a hydraulic system. It uses symbols and lines to illustrate how fluid moves through the system. Understanding hydraulic schematics is crucial for
troubleshooting, maintaining, and designing hydraulic systems. It helps technicians visualize how components interact and how to diagnose issues effectively. Common symbols include pumps, valves, actuators, filters, and reservoirs. Each symbol represents a specific component and is standardized for consistency. Begin by identifying the main
components and their symbols. Then trace the flow of the hydraulic fluid to understand the systems operation. Look for the fluid flow direction, control valves positions, actuator types, and any symbols indicating safety features or system limits. Yes, many resources, including industry standards like ISO 1219, provide comprehensive lists of hydraulic
symbols along with explanations for each. Practice by studying various schematics from real systems, taking courses on hydraulic systems, and using simulation software to visualize fluid flow. Hydraulic Parts Source is a premier supplier of remanufactured hydraulic pumps, motors, and valves, and we value what education we can provide for our
customers, distributors, and end-users. A standard practice in hydraulics is reading schematics. A schematic is a valuable visual that maps how the basic elements function within a hydraulic system per circuit. Hydraulic circuits transmit and control power from a mechanical input (pump) to a mechanical output (motor) utilizing fluid. Before looking at
a hydraulic circuit, it is important to reference commonly used graphic symbols for pressure controlvalves, directional controlvalves, actuators and accumulators, pumps and motors.Pressure Control Valves Directional Control Valves, 4 Way 3 Position Accumulators & Actuators Pumps & MotorsPutting Them All Together: A Simple CircuitA schematic
represents not only each circuit and component of the system but how each component behaves. Symbolic representation within each hydraulic circuit can be complex and daunting to a novice. But it doesn't need to be.Let's start with the full picture, and illustrate how a simple circuit can appear in a schematic.There are five components in a
hydraulic system, but notice how the first four appear in the circuit above:The pumpValve(s)A motorAncillary equipment, such as filters, heat exchangers, pipes, etc.Cylinders (not pictured)What does this mean, and how do these components work within the system? Let's find out.Pumps and Motors on the SchematicHydraulic pumps are one of the
most necessary components in a hydraulic system, as they convert mechanical energy into hydraulic energy. This hydraulic energy, in turn, results in more mechanical energy and powers the motors in a hydraulic system. The input-output relationship of pumps and motors and knowing how to spot them symbolically on the schematic is vital to
understanding the inner workings of hydraulic systems. The pump-motor connection reveals information about the flow rate per shaft rotation. Motors are the prime movers used to rotate hydraulic pumps. Motors are easy to spot, represented by the letter "M" inside a circle. A curved arrow (like in the illustration) represents the direction of shaft
rotation.Hydraulic pumps do not look much different than motors on the schematic, as they are represented by a circle with a black triangle that points to which direction flow will go in. If the triangle is clear, it indicates a pneumatic pump (or compressor). The lower end of the pump is connected to a hydraulic oil reservoir, and the upper end is
connected to the remaining circuit. Just like with the motor, a curved arrow represents the direction of shaft rotations. Hydraulic Valves at WorkAs pumps and motors supply power and energy within a hydraulic system, valves are the mechanical devices used to control that power by regulating the flow of fluid. Valve symbols vary depending on the
type, as positions and behaviors may vary. They can be used to redirect pressurized fluid, control the level of flow to a specific area, or completely close a line. Although dozens of varieties serve different purposes, let's look at how pressure relief, directional control, flow control, and check valves are represented on a schematic. Why Learn How to
Read a Schematic?Symbolic representation within each hydraulic circuit can get complex, but knowing the basics is helpful when meeting the hydraulic needs of distributors, suppliers, and end-users. Reading a schematic can help not only know how each circuit and its components behave within a system; it can reveal valuable information when
troubleshooting, replacing parts, and providing.From motors, pumps, valves, and beyond, the roadmap for knowing hydraulic systems and their circuits is at your fingertips once you can recognize the basics. Hydraulic Parts Source is a leading fluid power remanufacturer, and we're ready to serve you. Contact us today to experience OE quality for a
fraction of the time and cost by calling (888) 477-7278 or get a quote by emailing sales@hydparts.com. Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols to identify and lines to keep track of. I hope to impart to you a systematic approachto reading a hydraulic schematic. The basic steps
toreading a hydraulic schematic are: Identifying line typesldentify if lines cross with or without connectingldentify the componentsldentify the flow path at a de-energized state Determine what happens as each valve is movedActivate multiple valves at a time to see if there are unintentional consequences. So, the good thing about this is that while we
are using hydraulics, a lot of this is directly related to pneumatics. Pneumatics will have a few extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets get started. In a hydraulic schematic, each line type has a unique meaning. In addition, colors can be added to indicate purpose of the
line. In the figure below, all of the basic line types are shown. The basic line is a solid line that represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure return line. In this case, it is a suction line for the pump. The teal and green dashed lines are called pilot lines or drain lines depending on
their purpose. Both lines shown here are pilot lines. A pilot line is a high-pressure line with low flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line around some symbols is an enclosure line or bounding box. The purpose of this line is to show that all the components within are contained in
one valve block or manifold. The purpose of this is to simplify real-world identification. There is a little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want the lines connected, you would draw a hump across one line adding some drama to the schematic. Well, as more and more people heeded to the
advice of the Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no dot, there is no connection. Who knew that the Black Eyed Peas were actually singing about hydraulic schematics? Ok, so the song obviously
doesnt have anything to do with hydraulics. In all honesty, the change came because it was far easier to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot. With this, there is no guessing as to what my intent was. A dot means that they are connected and a hump means they arent. Very clear to
anyone reading the schematic. The figure below represents this concept. Identifying the components is the key to the whole process. If you understand what each component does, you can see more clearly how they will work together. Other lists of hydraulic components usually just tell you what it is. This list will be different in that I will give insight
into the function and pros and cons of using each. Understand that this is in no way an exhaustive list and new components are being developed all the time. In every hydraulic system, you will have one function that requires full flow and another that needs much less flow. This is where flow reducers come in. The most basic type is an orifice which is
a hole drilled in what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed to adjust the flow. (Note the arrow for adjustment.) These components are good if you just need to limit the flow but dont really care if you
have bi-directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that you will get vastly better performance rotating the motor one way. Going the other way, you will see jerks in rotation. The reason for this
is friction in the motor and the system it is driving. Granted, the average speed was what was desired, but the performance was not. I would now like to describe two new terms, metering in and metering out. Metering out is the method of metering the fluid coming out of a valve and going to the motor. This will give you poor performance because we
are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces the outlet of the motor to maintain a constant pressure. The inlet pressure can still fluctuate wildly but the motor speed will remain steady. To
accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have unrestricted flow out of the valve and metered flow back into the valve. The check valve is what allows unrestricted or free flow. (Free flow is
from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought is that these valves will build lots of heat especially with positive displacement pumps. You can minimize this by having a compensated flow control valve that will send bypassed fluid to tank instead of building up pressure until the relief valve
kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a reservoir, you can also indicate if you want oil to be returned above (top) or below (bottom) the oil level in the tank. I1l be honest, I dont
know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a little more compressible which leads to poor performance. The irony is that I almost always see the schematic indicate to return the oil
above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps and Reservoirs Fluid Filter All oil should be maintained by the system and filtration is a must. It is a diamond with a dashed line
indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil temperature is also essential. If the system is intended to beused in cold climates, oil heaters (right) are a must. The arrows point into
the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger (above left) is used to reject heat from the system and the arrows point out. There are also temperature controlling systems that can either reject or add heat. This is represented with one arrow pointing in and one pointing out. It is
important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors are probably the most easily identifiable components on a schematic. This is always the first component I look for because this is where the magic starts. Pumps will have the arrows pointing out indicating that fluid energy is flowing
out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be shown connected to it. The direction on rotation can be shown. Remember that the rotation direction shown here is clockwise when looking at the pump shaft, not the motor shaft. Both pumps and motors can be fixed displacement or
variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see why you would want a bi-directional motor, but why a pump? Bi-directional pumps are generally paired directly with a motor in a closed
hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of winch applications that use this type of system. How to Determine if your Hydraulic Pump is Working Properly How to Determine if your Hydraulic Pump is Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out
for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How to Minimize Shock in a Closed Center Hydraulic System Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump
Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller coaster at Cedar Point. (image courtesy of daveynin on Flickr). Lots of power is used in a few seconds to launch this car over the hill.
However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated by a spring) and gas charged. Cylinders are linear actuators that can produce large forces in small volumes. There are generally
three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side (usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this. Single Acting Double acting cylinders are the most common, and pressure can be applied to either side to make the cylinder extend
or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired performance. Double rodded cylinders are an answer to this because the area is the same on each side of the piston. Double Acting Double Acting Double Rod 6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram
Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top side of the valve. If the pressure is high enough to overcome the spring, the arrow will shift over and oil will flow through in this
case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence valve. If [ have a hydraulic drill press, when flow is turned on to the top side, perhaps I have a clamp that I want to engage first. I
could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only after enough pressure is built that the motor would turn. A pressure reducing valve is also an important hydraulic component. A recent system I designed had one side operating at 3000 psi and another side operating at 400 psi. I
incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that pressure to tank through the bottom port. Any load holding valve will be based on some form of a check valve. A check valve will
allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly referred to as a PO Check, is used to unseat the poppet. (Spoiler alert: check valves dont use balls because they are super difficult
to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check valve. If both directions need to be locked, you can use a double PO check valve. This is a manifold that combines two PO check valves
and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold Loads with Directional Valves There is one major downside to using a PO check valve: Temperature. If your need is to have load holding in both directions, a PO check can actually create extremely large pressures. Imagine the
situation of setting up a device under load early in the morning. The load and position dont change all day, but the temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the motor or cylinders capabilities. It is a bad situation. Luckily, a counterbalance valve comes to our rescue. A counterbalance valve allows free
flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes. There is also a pilot port (port 3) to open a path for return oil flow. The cool thing and the thing that will cause a lot of headaches is that you can
tune the performance of the system by taking advantage of the metering in functionality available. This is controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so we will save that for another article. Counterbalance valves are available in single or dual configurations. If holding your load still is important in
your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task! Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle valve is basically two check valves with only one ball (yes, poppet, I know). The higher pressure will force the poppet to close the lower pressure
side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of this, where each valve section will send the compensator pressure back to the pump to determine how much pressure is needed. The pressures are compared to each other using shuttle valves and the highest pressure wins. Directional control
valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are specified by their positions and ways. Positions are the number of discrete configurations of the valve. Ways are the number of ports the valve has. A two position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three
position, three way valve could be used to fill and discharge an accumulator. You would want high pressure oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position four way valve can change the direction of fluid where you could change the direction on a motor or cylinder. These valves can have a soft shift
option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines between positions. This extra position ties all the ports together to neutralize pressure and minimize the momentum effects when reversing flow. 2 Position, 4 Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers
an off position so that the system can rest. This center position can come in numerous configurations that can satisfy almost any requirements. Please read my article on directional control valves for more information. 3 Position, 4 Way Hydraulic Symbols Template Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves
Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a function. We will start with mechanical actuations. From left to right they are: push button, mechanical action, lever, foot switch and mechanical
switch. With the exception of the lever and push button, these are getting harder and harder to find. Electronics has improved so much in the last twenty years that it is far easier and less expensive to run wires to electrical sensors than hoses to hydraulic components. Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch
Pilot pressure and electric actuation are the dominant forces in the market and will be for some time. Electronic control systems allow for the precise application for pilot actuation (left), where low pressure shifts the valve, and electro-proportional actuation. The right schematic symbol is for a solenoid operation. A solenoid is a non-proportional
signal that fully moves the valve. For proportional operation, other methods are used and an arrow would be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one direction or the center position. Springs are the method of accomplishing this. With all these controls, you do not need to have actuation on
both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring loaded ball (yes, actual ball) that will lock into a groove in the valve spool. 2 Position Detent 3 Position Detent There are a few components that
dont fit into any specific categories that I would like to share now. Pressure gauges are the most common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the system. I recently had to relocate a pressure gauge because the pressure drop due to flow was giving me false readings. I moved the gauge to
the component I was interested in and the false readings stopped. Pressure Gauge Temperature indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many designs just monitor the reservoir temperature using a sight gauge. A sight gauge (not shown) will indicate the oil level and usually the
temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400 psi when rising, it may not switch off until 350 psi when falling. They can come in Normally Open and Normally Closed configurations
and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for easy changing of the oil and filter. Be sure to keep these open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are
a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see how some of these components will work together like how a directional control valve will control a cylinder. As I mentioned, looking for the pump(s) in a schematic is where I start. Trace lines outward from the pump until you hit a closed valve.
Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has the other three critical components. Once satisfied that the four components are there and correct, I will start to look at the de-energized state. When all components are de-enegrized, is flow allowed to return to tank or does it build system
pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the flow paths should be blocked and our compensator pressure set at least 200 psi less than the relief valve. In the Example 1
(below), the fluid with flow through the first work section comes out through work port A and into the manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped at the directional control valve. This system allows pressure to build fully and indicates that we need a variable
displacement, pressure compensated pump which we have. Now that we have our de-energized state identified, we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This is the case with Example 2.) Keep track in each section for what happens to pressure and flow and what the
desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve. If we activate Section 2 to pressurize the A port, we should see the top valve activate the larger valve below
it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure switch that will indicate if the motor has stalled (we are only looking for the signal when the B port is energized).
The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract slowly by gravity as metered by the needle valve. However, if the valve on the right is activated, the needle valve is
bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7 which must be done with any other solenoid. If we energize S1 and/or S3, we will be able to retract the left and/or right
extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2 and S4 do not contaminate each other. The flow then goes on to apply pressure to a counterbalance valve and retract all



the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5 and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to get the oil out of the cylinders. Once all of those cylinders have retracted, only then will there be enough pressure to
overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we will start extending the cylinders in a prescribed way. (Note that we did not care how the cylinders retracted.) The flow
will come out of work port B through a flow control valve. Since we have a positive displacement pump, we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that our extra flow would go right to tank (port 2) at a much reduced pressure. The metered fluid (port 3) then goes on to a
counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated. Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where four vertical and two horizontal clamps are actuated. At 400 psi Group 3 is activated and so on until we get to Group 6.
When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how long the work piece is. If there is material there, S8 will disable and the section will press. Unintended consequences are
very difficult to see and predict. The real challenge here is to learn from these so you dont make them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control system should be configured to eliminate this hazard. If using relay logic, you can have one relay to turn on power to a
valve and another to select the direction. In Example 1, there was an unintended consequence when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was built. On the motor, I have flow control valves to control the speed of the motor. However, I want to limit the speed of the
motor before stopping it (the location of stopping is important.) I do this by activating Section 1 about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control. The result is a low flow metered out condition and my motor jumps to its stopping position. We are taking steps to correct
this. In Example 2, the two position, three way valves should have been configured so that the positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the solenoids, extra sections will press and may cause potential damage to the machine. To minimize this risk, we added extra
protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart and mommy and daddy love you very much. You got this! Just work through it slowly and dont be too quick to ask a question.
When doing work like this, I often wait until I have a good series of questions before I ask for help. This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a coworkers time. Once you master the skill of reading prints, you will be able to critique and create your own systems. Remember
to use a systematic approach and always have your work checked before you purchase components. So, grab your highlighters and find some schematics to analyze! When it comes to operating and troubleshooting hydraulic systems, a thorough understanding of how to read hydraulic schematic diagrams is essential. Knowing how to interpret a
schematic diagram and identify the components that make up the system can help you safely and efficiently diagnose and repair your hydraulic system.If youre new to understanding hydraulic schematic diagrams, dont worry. With a bit of practice, you can quickly become an expert. First things first: you should study the diagram carefully and identify
the various elements that make up the hydraulic system. These generally include pumps, motors, tanks, valves, cylinders, piping, and connections.The symbols used in hydraulic schematic diagrams are standardized and represent various components of the hydraulic system. Familiarize yourself with these symbols and their meanings, as well as what
type of information each symbol conveys. For example, circles and vertical lines typically represent pumps, while arrows denote flow and direction. Meanwhile, a blue rectangle with a curved top-left corner indicates a motor.Once you gain some familiarity with the standard symbols, youll need to determine how the components are connected. To do
this, look for arrows depicting the flow of oil or gas (whatever the system uses), as well as solid lines signifying connected pipes. Additionally, observe which components are connected to one another, and how theyre interconnected.As you become more comfortable with how to read hydraulic schematic diagrams, youll be able to use them to
troubleshoot issues with your hydraulic system. From identifying faulty components to determining the root cause of any problems, understanding how to read schematic diagrams will save you time and money in the long run.So, if youve been wondering how to read hydraulic schematic diagrams, the answer is to familiarize yourself with the symbols
and components, then look for arrows and lines to determine how components are connected. With a bit of practice, youll quickly become comfortable using hydraulic schematics to diagnose and repair your hydraulic system. Contentsl What Are Hydraulic Schematic Symbols?2 Basic Categories of Hydraulic Schematic Symbols3 Summary of Basic
Symbol Categories4 Directional Control Valve Symbols in Depth5 Actuators and Cylinders in Schematics6 Hydraulic Pumps and Motors Representation7 Symbols for Flow Control Elements8 Accessory Components in Hydraulic Schematic Symbols9 Reading and Interpreting a Complete Hydraulic Schematic10 Common Variations and Industry-Specific
Adaptations11 Best Practices When Creating or Using Hydraulic Schematic Symbols12 Conclusion: The Power of Hydraulic Schematic Symbols What is Electrolytic Corrosion? Contents1 1.What is Electrolytic Corrosion?1.1 Key Characteristics of Electrolytic Corrosion:1.2 How Electrolytic Corrosion Works (Simplified):1.3 Prevention Methods:1.4
Example:2 2. The Science Behind Electrolytic Corrosion2.1 2.1 Electrochemical Basics2.2 2.2 Key Reactions in Electrolytic Corrosion2.3 2.3 Sources of Electrical Current2.4 2.4 Difference Between Electrolytic and Galvanic Corrosion2.5 2.5 Conditions Favoring Electrolytic Corrosion2.6 2.6 [] Read more If you work with hydraulic machinery, its
essential to know how to read the schematics that make up its complex inner workings. But with the vast number of diagrams and symbols used in hydraulic schematics, deciphering them can be overwhelming - especially for those new to the industry. So, how can one ensure they can read these documents properly?Thats why weve created this guide
on how to read hydraulic schematics for dummies. With our easy-to-follow tips, youll be able to quickly interpret any hydraulic schematic without any hassle. First things first - identify the symbols. Hydraulic schematics use a wide range of symbols to represent different parts and connections. Familiarize yourself with these symbols by consulting
books or manuals that describe what each symbol stands for. This will make it much easier to interpret the schematic. Next, pay attention to the arrows. Arrows are used to show where one component leads to another within a schematic. They can also indicate the direction of the flow or movement within the system. Understanding how arrows are
used to show the connections between components is key to understanding the schematic.Lastly, identify the 4 common component types: pumps, valves, cylinders, and motors. Each has a specific purpose and symbol associated with it. Recognizing these components and the symbols that represent them is crucial when reading a hydraulic schematic.
With these tips in mind, youre ready to tackle any hydraulic schematic! Just remember to take your time and refer to the manual if you become stuck. Before you know it, youll be a pro in no time. We hope this guide on how to read hydraulic schematics for dummies has been helpful. With a little practice and dedication, youll be able to interpret any
hydraulic schematic in no time. So, what are you waiting for? Get to reading! Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols to identify and lines to keep track of. I hope to impart to you a systematic approachto reading a hydraulic schematic. The basic steps toreading a hydraulic
schematic are: Identifying line typesldentify if lines cross with or without connectingldentify the componentsIdentify the flow path at a de-energized state Determine what happens as each valve is movedActivate multiple valves at a time to see if there are unintentional consequences. So, the good thing about this is that while we are using hydraulics,
a lot of this is directly related to pneumatics. Pneumatics will have a few extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets get started. In a hydraulic schematic, each line type has a unique meaning. In addition, colors can be added to indicate purpose of the line. In the figure
below, all of the basic line types are shown. The basic line is a solid line that represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure return line. In this case, it is a suction line for the pump. The teal and green dashed lines are called pilot lines or drain lines depending on their purpose.
Both lines shown here are pilot lines. A pilot line is a high-pressure line with low flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line around some symbols is an enclosure line or bounding box. The purpose of this line is to show that all the components within are contained in one valve block
or manifold. The purpose of this is to simplify real-world identification. There is a little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want the lines connected, you would draw a hump across one line adding some drama to the schematic. Well, as more and more people heeded to the advice of the
Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no dot, there is no connection. Who knew that the Black Eyed Peas were actually singing about hydraulic schematics? Ok, so the song obviously doesnt have
anything to do with hydraulics. In all honesty, the change came because it was far easier to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot. With this, there is no guessing as to what my intent was. A dot means that they are connected and a hump means they arent. Very clear to anyone reading
the schematic. The figure below represents this concept. Identifying the components is the key to the whole process. If you understand what each component does, you can see more clearly how they will work together. Other lists of hydraulic components usually just tell you what it is. This list will be different in that I will give insight into the function
and pros and cons of using each. Understand that this is in no way an exhaustive list and new components are being developed all the time. In every hydraulic system, you will have one function that requires full flow and another that needs much less flow. This is where flow reducers come in. The most basic type is an orifice which is a hole drilled in
what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed to adjust the flow. (Note the arrow for adjustment.) These components are good if you just need to limit the flow but dont really care if you have bi-
directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that you will get vastly better performance rotating the motor one way. Going the other way, you will see jerks in rotation. The reason for this is
friction in the motor and the system it is driving. Granted, the average speed was what was desired, but the performance was not. I would now like to describe two new terms, metering in and metering out. Metering out is the method of metering the fluid coming out of a valve and going to the motor. This will give you poor performance because we
are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces the outlet of the motor to maintain a constant pressure. The inlet pressure can still fluctuate wildly but the motor speed will remain steady. To
accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have unrestricted flow out of the valve and metered flow back into the valve. The check valve is what allows unrestricted or free flow. (Free flow is
from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought is that these valves will build lots of heat especially with positive displacement pumps. You can minimize this by having a compensated flow control valve that will send bypassed fluid to tank instead of building up pressure until the relief valve
kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a reservoir, you can also indicate if you want oil to be returned above (top) or below (bottom) the oil level in the tank. I1l be honest, I dont
know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a little more compressible which leads to poor performance. The irony is that I almost always see the schematic indicate to return the oil
above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps and Reservoirs Fluid Filter All oil should be maintained by the system and filtration is a must. It is a diamond with a dashed line
indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil temperature is also essential. If the system is intended to beused in cold climates, oil heaters (right) are a must. The arrows point into
the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger (above left) is used to reject heat from the system and the arrows point out. There are also temperature controlling systems that can either reject or add heat. This is represented with one arrow pointing in and one pointing out. It is
important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors are probably the most easily identifiable components on a schematic. This is always the first component I look for because this is where the magic starts. Pumps will have the arrows pointing out indicating that fluid energy is flowing
out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be shown connected to it. The direction on rotation can be shown. Remember that the rotation direction shown here is clockwise when looking at the pump shaft, not the motor shaft. Both pumps and motors can be fixed displacement or
variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see why you would want a bi-directional motor, but why a pump? Bi-directional pumps are generally paired directly with a motor in a closed
hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of winch applications that use this type of system. How to Determine if your Hydraulic Pump is Working Properly How to Determine if your Hydraulic Pump is Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out
for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How to Minimize Shock in a Closed Center Hydraulic System Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump
Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller coaster at Cedar Point. (image courtesy of daveynin on Flickr). Lots of power is used in a few seconds to launch this car over the hill.
However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated by a spring) and gas charged. Cylinders are linear actuators that can produce large forces in small volumes. There are generally
three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side (usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this. Single Acting Double acting cylinders are the most common, and pressure can be applied to either side to make the cylinder extend
or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired performance. Double rodded cylinders are an answer to this because the area is the same on each side of the piston. Double Acting Double Acting Double Rod 6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram
Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top side of the valve. If the pressure is high enough to overcome the spring, the arrow will shift over and oil will flow through in this
case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence valve. If I have a hydraulic drill press, when flow is turned on to the top side, perhaps I have a clamp that I want to engage first. I
could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only after enough pressure is built that the motor would turn. A pressure reducing valve is also an important hydraulic component. A recent system I designed had one side operating at 3000 psi and another side operating at 400 psi. I
incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that pressure to tank through the bottom port. Any load holding valve will be based on some form of a check valve. A check valve will
allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly referred to as a PO Check, is used to unseat the poppet. (Spoiler alert: check valves dont use balls because they are super difficult
to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check valve. If both directions need to be locked, you can use a double PO check valve. This is a manifold that combines two PO check valves
and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold Loads with Directional Valves There is one major downside to using a PO check valve: Temperature. If your need is to have load holding in both directions, a PO check can actually create extremely large pressures. Imagine the
situation of setting up a device under load early in the morning. The load and position dont change all day, but the temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the motor or cylinders capabilities. It is a bad situation. Luckily, a counterbalance valve comes to our rescue. A counterbalance valve allows free
flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes. There is also a pilot port (port 3) to open a path for return oil flow. The cool thing and the thing that will cause a lot of headaches is that you can
tune the performance of the system by taking advantage of the metering in functionality available. This is controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so we will save that for another article. Counterbalance valves are available in single or dual configurations. If holding your load still is important in
your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task! Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle valve is basically two check valves with only one ball (yes, poppet, I know). The higher pressure will force the poppet to close the lower pressure
side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of this, where each valve section will send the compensator pressure back to the pump to determine how much pressure is needed. The pressures are compared to each other using shuttle valves and the highest pressure wins. Directional control
valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are specified by their positions and ways. Positions are the number of discrete configurations of the valve. Ways are the number of ports the valve has. A two position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three
position, three way valve could be used to fill and discharge an accumulator. You would want high pressure oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position four way valve can change the direction of fluid where you could change the direction on a motor or cylinder. These valves can have a soft shift
option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines between positions. This extra position ties all the ports together to neutralize pressure and minimize the momentum effects when reversing flow. 2 Position, 4 Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers
an off position so that the system can rest. This center position can come in numerous configurations that can satisfy almost any requirements. Please read my article on directional control valves for more information. 3 Position, 4 Way Hydraulic Symbols Template Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves
Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a function. We will start with mechanical actuations. From left to right they are: push button, mechanical action, lever, foot switch and mechanical
switch. With the exception of the lever and push button, these are getting harder and harder to find. Electronics has improved so much in the last twenty years that it is far easier and less expensive to run wires to electrical sensors than hoses to hydraulic components. Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch
Pilot pressure and electric actuation are the dominant forces in the market and will be for some time. Electronic control systems allow for the precise application for pilot actuation (left), where low pressure shifts the valve, and electro-proportional actuation. The right schematic symbol is for a solenoid operation. A solenoid is a non-proportional
signal that fully moves the valve. For proportional operation, other methods are used and an arrow would be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one direction or the center position. Springs are the method of accomplishing this. With all these controls, you do not need to have actuation on
both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring loaded ball (yes, actual ball) that will lock into a groove in the valve spool. 2 Position Detent 3 Position Detent There are a few components that
dont fit into any specific categories that I would like to share now. Pressure gauges are the most common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the system. I recently had to relocate a pressure gauge because the pressure drop due to flow was giving me false readings. I moved the gauge to
the component I was interested in and the false readings stopped. Pressure Gauge Temperature indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many designs just monitor the reservoir temperature using a sight gauge. A sight gauge (not shown) will indicate the oil level and usually the
temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400 psi when rising, it may not switch off until 350 psi when falling. They can come in Normally Open and Normally Closed configurations
and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for easy changing of the oil and filter. Be sure to keep these open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are
a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see how some of these components will work together like how a directional control valve will control a cylinder. As I mentioned, looking for the pump(s) in a schematic is where I start. Trace lines outward from the pump until you hit a closed valve.
Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has the other three critical components. Once satisfied that the four components are there and correct, I will start to look at the de-energized state. When all components are de-enegrized, is flow allowed to return to tank or does it build system
pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the flow paths should be blocked and our compensator pressure set at least 200 psi less than the relief valve. In the Example 1
(below), the fluid with flow through the first work section comes out through work port A and into the manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped at the directional control valve. This system allows pressure to build fully and indicates that we need a variable
displacement, pressure compensated pump which we have. Now that we have our de-energized state identified, we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This is the case with Example 2.) Keep track in each section for what happens to pressure and flow and what the
desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve. If we activate Section 2 to pressurize the A port, we should see the top valve activate the larger valve below
it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure switch that will indicate if the motor has stalled (we are only looking for the signal when the B port is energized).
The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract slowly by gravity as metered by the needle valve. However, if the valve on the right is activated, the needle valve is
bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7 which must be done with any other solenoid. If we energize S1 and/or S3, we will be able to retract the left and/or right
extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2 and S4 do not contaminate each other. The flow then goes on to apply pressure to a counterbalance valve and retract all
the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5 and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to get the oil out of the cylinders. Once all of those cylinders have retracted, only then will there be enough pressure to
overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we will start extending the cylinders in a prescribed way. (Note that we did not care how the cylinders retracted.) The flow
will come out of work port B through a flow control valve. Since we have a positive displacement pump, we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that our extra flow would go right to tank (port 2) at a much reduced pressure. The metered fluid (port 3) then goes on to a
counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated. Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where four vertical and two horizontal clamps are actuated. At 400 psi Group 3 is activated and so on until we get to Group 6.
When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how long the work piece is. If there is material there, S8 will disable and the section will press. Unintended consequences are
very difficult to see and predict. The real challenge here is to learn from these so you dont make them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control system should be configured to eliminate this hazard. If using relay logic, you can have one relay to turn on power to a
valve and another to select the direction. In Example 1, there was an unintended consequence when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was built. On the motor, I have flow control valves to control the speed of the motor. However, I want to limit the speed of the
motor before stopping it (the location of stopping is important.) I do this by activating Section 1 about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control. The result is a low flow metered out condition and my motor jumps to its stopping position. We are taking steps to correct
this. In Example 2, the two position, three way valves should have been configured so that the positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the solenoids, extra sections will press and may cause potential damage to the machine. To minimize this risk, we added extra
protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart and mommy and daddy love you very much. You got this! Just work through it slowly and dont be too quick to ask a question.
When doing work like this, I often wait until I have a good series of questions before I ask for help. This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a coworkers time. Once you master the skill of reading prints, you will be able to critique and create your own systems. Remember
to use a systematic approach and always have your work checked before you purchase components. So, grab your highlighters and find some schematics to analyze! Wireless microphone transmitters and receivers are an important part of any audio setup. Whether youre a musician, sound technician, or hobbyist, its likely youve encountered wireless
technology in some form or another. But do you know how this technology works?By understanding the basics of wireless microphone transmitter and receiver circuit diagrams, youll be able to better identify appropriate solutions for your audio equipment needs. In essence, a transmitter sends an audio signal from one location to another using radio
frequencies. At the receiving end, a receiver catches the signal and amplifies it, allowing it to be heard through an audio speaker.In order for these two devices to work together, there needs to be a synchronization between them, usually achieved via a special code. This ensures that the incoming audio signal remains clear and undistorted. Both
transmitters and receivers can require the same code in order to stay connected.In terms of hardware, a transmitter typically consists of a microphone, an antenna, and a radio frequency amplifier. A receiver must also have an antenna, but instead of amplifying the signal, its job is to detect and extract the message transmitted by the transmitter. To
ensure that the signal is still audible, the receiver will boost its volume with the help of an additional amplifier.The key to successful use of a wireless microphone transmitter and receiver is understanding how the different components interact with one another. By familiarizing yourself with the basics of their circuit diagrams, youll be able to
confidently select the right products and maximize their performance. Explore hydraulic circuit diagrams with essential symbols, flow direction interpretation, common reading mistakes, and effective analysis steps to enhance your understanding. Understanding hydraulic circuit diagrams is essential for anyone involved in the design, maintenance, or
troubleshooting of hydraulic systems. Whether youre an engineer, technician, or a curious enthusiast, being able to read these diagrams will enhance your comprehension of how hydraulic systems function. This article will guide you through the fundamental concepts, essential symbols, and the key steps needed to interpret these complex diagrams
effectively. Youll learn to identify flow directions, recognize common pitfalls in reading circuits, and gain practical tips for effective analysis. By the end of this guide, youll be well-equipped to tackle hydraulic circuits with confidence, making your work more efficient and informed. Lets dive in! Understanding The Basics Of Hydraulic Circuit
DiagramsHydraulic circuit diagrams are essential tools in the design, analysis, and maintenance of hydraulic systems. These diagrams visually represent the components and flow paths within a hydraulic system, making it easier to understand how the system operates. When learning how to read these diagrams, its important to familiarize oneself
with their structure and the information they convey.A basic hydraulic circuit diagram typically consists of various symbols that represent components such as pumps, valves, actuators, and tanks. Each symbol is standardized, allowing anyone in the field to quickly recognize components regardless of the diagrams origin. Additionally, flow lines
indicate the path through which hydraulic fluid travels, and arrows denote the direction of flow.To truly grasp how to interpret hydraulic circuit diagrams, one must also understand the significance of the colors and labels used within the diagrams. Colors may indicate different types of fluid or highlight high-pressure sections, while labels help clarify
the function of each component. Being proficient at reading these diagrams not only enhances troubleshooting skills but also aids in the effective design and modification of hydraulic circuits.As you advance in your understanding, remember that practicing with various diagrams will reinforce your knowledge and skills. Encourage active engagement
by attempting to interpret and redraw diagrams, which will solidify your understanding of hydraulic systems and their workings.Key Symbols To Recognize In Hydraulic CircuitsWhen learning how to read hydraulic circuit diagrams, it is crucial to familiarize yourself with the key symbols that represent various components within these systems. Each
symbol has a specific meaning and understanding these can greatly simplify the analysis and troubleshooting of hydraulic circuits.Hydraulic Pumps: Typically represented by a circle with a triangle inside it, indicating the direction of flow. They are essential for converting mechanical energy into hydraulic energy.Actuators: Shown as rectangles or
cylinders, these symbols symbolize components that convert hydraulic energy back into mechanical energy, such as hydraulic cylinders.Valves: Often depicted as squares or rectangles with varying internal lines, these control the flow of fluid within the circuit. Different symbols indicate different types of valves (e.g., solenoid-operated, check
valves).Filters: Typically represented by a triangle pointing downwards within a circle, filters are vital as they help maintain fluid cleanliness, preventing contamination of the hydraulic system.Reservoirs: Illustrated as a large rectangular or oval shape, reservoirs hold hydraulic fluid, providing a source for the entire system.Pressure Relief Valves:
Shown as a similar shape to a valve but with an added spring symbol, these ensure that the system does not exceed its pressure limits, protecting it from potential damage.Familiarizing yourself with these symbols is a critical step in learning how to effectively interpret hydraulic circuit diagrams and can enhance your proficiency in working with
hydraulic systems.How To Interpret Flow Direction In DiagramsUnderstanding how to interpret flow direction in hydraulic circuit diagrams is crucial for grasping the overall functionality of the system. Flow direction indicates how hydraulic fluid moves through various components, which ultimately determines the operation of the machinery. Here
are some key points to consider when interpreting flow direction:Arrows: Look for arrows that are commonly used to signify the direction of fluid flow. These arrows might be found at the ends of pipes, attached to components, or included within the schematic itself. The orientation of these arrows will guide you in understanding the path the fluid
takes.Connection Points: Note the connection points of various components. In many cases, the fluid will enter one port and exit another. Ensuring you recognize these connection points is vital to follow the flow accurately.Sequence Logic: Many hydraulic systems operate in a specific sequence. It is important to observe how flow direction may
change depending on the position of valves or actuators. Analyzing how these components interact can provide insight into the intended operation of the circuit.Feedback Loops: In some diagrams, you may encounter feedback mechanisms. Understanding how these loops affect flow direction can be critical, especially in complex systems. Look out for
any indicators that show a return path for the hydraulic fluid.By paying careful attention to these elements, you can enhance your understanding of how to read hydraulic circuit diagrams and effectively interpret the flow direction, leading to a better comprehension of the systems overall function.Common Mistakes When Reading Hydraulic Circuit
DiagramsReading hydraulic circuit diagrams can be challenging, and several common mistakes can lead to misinterpretations. Here are some key pitfalls to avoid:Ignoring the Flow Direction: One major mistake is not paying attention to the flow direction indicated by arrows. This can result in a misunderstanding of how the hydraulic fluid moves
through the system.Overlooking Component Details: Each symbol in a hydraulic diagram represents specific components. Failing to recognize these symbols and their associated functions can lead to errors in analysis.Misinterpreting Symbols: Different industries may utilize variations of hydraulic symbols, so its crucial to refer to the appropriate
legend for the specific diagram you are examining.Neglecting Labels: Diagrams often contain labels that describe different components and their functions. Ignoring them can leave you with an incomplete understanding.Failure to Understand System Configuration: Understanding how components are interconnected is vital. Misjudging the
arrangement can lead to confusion about system operation.Forgetting Maintenance and Safety Notes: Hydraulic diagrams may include important notes regarding maintenance and safety protocols. Neglecting these can pose risks in real-world applications.Skipping the Analyzing Process: Its crucial to follow a structured approach when analyzing
hydraulic circuits to prevent oversights and ensure accurate interpretation.By being aware of these common mistakes, you can enhance your skills in how to read hydraulic circuit diagrams effectively and avoid potential errors in your assessments.Steps To Analyzing A Hydraulic Circuit EffectivelyAnalyzing a hydraulic circuit can seem challenging at
first, but by following these systematic steps, you can enhance your understanding of how to interpret and troubleshoot hydraulic systems effectively.Familiarize Yourself with the Symbols: Before diving into the analysis, ensure you are well-acquainted with the key symbols used in hydraulic diagrams. This will allow you to identify components
quickly.Identify Components: Begin by locating all key components such as pumps, valves, actuators, and accumulators within the diagram. Create a visual list to refer back to as you analyze.Map the Flow Path: Trace the hydraulic fluids flow from the reservoir through to the actuators. Pay close attention to the arrows indicating flow direction to
understand the circuits operational behavior.Analyze Control Logic: Take note of any control logic that may be indicated in the diagram. This could include pressure switches, flow control valves, and pilot-operated systems that dictate how the hydraulic circuit functions under various conditions.Check Input and Output Relationships: Assess how the
input actions affect the outputs. This relationship will help you understand how the system reacts to certain operational changes.Look for Redundancies and Safety Mechanisms: Identify any redundant components or safety devices. This can help in understanding how to ensure safety and reliability in hydraulic operations.Document Your Findings: As
you analyze, take notes on key aspects, peculiarities, or areas that raise questions. These notes will be invaluable for follow-up discussions or reviews.Consult Additional Resources: If you encounter challenges, dont hesitate to refer to manuals, guides, or online resources that provide additional context or clarification on hydraulic circuit
operation.Practice Regularly: Lastly, the more you analyze hydraulic circuit diagrams, the more proficient you will become. Regular practice will improve your speed and accuracy in reading them.By applying these steps, you will gain a clearer understanding of how to effectively analyze hydraulic circuits, leading to improved troubleshooting and
maintenance of hydraulic systems.Frequently Asked Questions A hydraulic circuit diagram is a graphical representation that shows the components and connections of a hydraulic system, illustrating how fluid flows through it. Understanding hydraulic circuit diagrams is crucial for troubleshooting, maintenance, and designing hydraulic systems,
ensuring they operate efficiently and safely. Basic components include pumps, valves, cylinders, reservoirs, actuators, and filters, each identified by standardized symbols. Flow direction is often indicated by arrows on the diagram, demonstrating how hydraulic fluid moves through the system components. Common symbols include rectangles for
tanks/reservoirs, circles for pumps, and various shapes for valves and actuators, each symbol representing a specific function. You can practice by studying existing diagrams, using simulation software, or participating in hands-on training that incorporates real-world hydraulic systems. Resources include textbooks on hydraulics, online courses,
manufacturer manuals, and technical websites that provide in-depth explanations and examples. Ohm's Law is a basic foundation of electrical engineering that states that the current flowing through a conductor is directly proportional to the voltage applied across it. This simple law has been used since the early 19th century to analyze and
understand electric circuits and devices, especially when combined with the Kirchhoff's circuit laws. By studying Ohm's Law and drawing a circuit diagram, students can gain a better understanding of their electrical equipment, as well as gain a deeper appreciation for the physics behind it.Drawing a circuit diagram to study Ohm's Law can be an
incredibly rewarding experience. At its core, the law is an expression of the relationship between electric current, potential difference, and resistance in a circuit. It explains how a given resistor connected in series with a given voltage source will cause a current to flow through the resistor. It also helps to explain why the voltage at different points in
the same circuit can differ, or why the current doesnt remain constant in a circuit with varying resistances. The most important thing that students should remember when constructing a circuit diagram to study Ohms Law is that all elements need to be clearly labeled. This means ensuring that currents, voltages, resistors, and other components are
labeled properly and that all components are identified in the diagram. It's important that students follow the conventions of how to draw circuits in order to ensure accuracy. Once the circuit is complete, students can then use Ohm's Law to calculate the current flowing through the various components. Drawing a circuit diagram to study Ohm's Law
can be a great way to learn more about the fundamentals of electricity and the physics behind it. Not only does it give students the chance to gain a better understanding of the law itself, but it's also a creative and fun way to deepen their understanding of the subject. With a little bit of practice and patience, students can gain the skills necessary to
construct their own complex circuits and explore the world of electric engineering with confidence. Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols to identify and lines to keep track of. I hope to impart to you a systematic approachto reading a hydraulic schematic. The basic steps
toreading a hydraulic schematic are: Identifying line typesldentify if lines cross with or without connectingldentify the componentsidentify the flow path at a de-energized state Determine what happens as each valve is movedActivate multiple valves at a time to see if there are unintentional consequences. So, the good thing about this is that while we
are using hydraulics, a lot of this is directly related to pneumatics. Pneumatics will have a few extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets get started. In a hydraulic schematic, each line type has a unique meaning. In addition, colors can be added to indicate purpose of the
line. In the figure below, all of the basic line types are shown. The basic line is a solid line that represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure return line. In this case, it is a suction line for the pump. The teal and green dashed lines are called pilot lines or drain lines depending on
their purpose. Both lines shown here are pilot lines. A pilot line is a high-pressure line with low flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line around some symbols is an enclosure line or bounding box. The purpose of this line is to show that all the components within are contained in
one valve block or manifold. The purpose of this is to simplify real-world identification. There is a little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want the lines connected, you would draw a hump across one line adding some drama to the schematic. Well, as more and more people heeded to the
advice of the Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no dot, there is no connection. Who knew that the Black Eyed Peas were actually singing about hydraulic schematics? Ok, so the song obviously
doesnt have anything to do with hydraulics. In all honesty, the change came because it was far easier to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot. With this, there is no guessing as to what my intent was. A dot means that they are connected and a hump means they arent. Very clear to
anyone reading the schematic. The figure below represents this concept. Identifying the components is the key to the whole process. If you understand what each component does, you can see more clearly how they will work together. Other lists of hydraulic components usually just tell you what it is. This list will be different in that I will give insight
into the function and pros and cons of using each. Understand that this is in no way an exhaustive list and new components are being developed all the time. In every hydraulic system, you will have one function that requires full flow and another that needs much less flow. This is where flow reducers come in. The most basic type is an orifice which is
a hole drilled in what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed to adjust the flow. (Note the arrow for adjustment.) These components are good if you just need to limit the flow but dont really care if you
have bi-directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that you will get vastly better performance rotating the motor one way. Going the other way, you will see jerks in rotation. The reason for this
is friction in the motor and the system it is driving. Granted, the average speed was what was desired, but the performance was not. I would now like to describe two new terms, metering in and metering out. Metering out is the method of metering the fluid coming out of a valve and going to the motor. This will give you poor performance because we
are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces the outlet of the motor to maintain a constant pressure. The inlet pressure can still fluctuate wildly but the motor speed will remain steady. To
accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have unrestricted flow out of the valve and metered flow back into the valve. The check valve is what allows unrestricted or free flow. (Free flow is
from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought is that these valves will build lots of heat especially with positive displacement pumps. You can minimize this by having a compensated flow control valve that will send bypassed fluid to tank instead of building up pressure until the relief valve
kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a reservoir, you can also indicate if you want oil to be returned above (top) or below (bottom) the oil level in the tank. I1l be honest, I dont
know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a little more compressible which leads to poor performance. The irony is that I almost always see the schematic indicate to return the oil
above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps and Reservoirs Fluid Filter All oil should be maintained by the system and filtration is a must. It is a diamond with a dashed line
indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil temperature is also essential. If the system is intended to beused in cold climates, oil heaters (right) are a must. The arrows point into
the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger (above left) is used to reject heat from the system and the arrows point out. There are also temperature controlling systems that can either reject or add heat. This is represented with one arrow pointing in and one pointing out. It is
important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors are probably the most easily identifiable components on a schematic. This is always the first component I look for because this is where the magic starts. Pumps will have the arrows pointing out indicating that fluid energy is flowing
out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be shown connected to it. The direction on rotation can be shown. Remember that the rotation direction shown here is clockwise when looking at the pump shaft, not the motor shaft. Both pumps and motors can be fixed displacement or
variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see why you would want a bi-directional motor, but why a pump? Bi-directional pumps are generally paired directly with a motor in a closed
hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of winch applications that use this type of system. How to Determine if your Hydraulic Pump is Working Properly How to Determine if your Hydraulic Pump is Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out
for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How to Minimize Shock in a Closed Center Hydraulic System Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump
Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller coaster at Cedar Point. (image courtesy of daveynin on Flickr). Lots of power is used in a few seconds to launch this car over the hill.
However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated by a spring) and gas charged. Cylinders are linear actuators that can produce large forces in small volumes. There are generally
three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side (usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this. Single Acting Double acting cylinders are the most common, and pressure can be applied to either side to make the cylinder extend
or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired performance. Double rodded cylinders are an answer to this because the area is the same on each side of the piston. Double Acting Double Acting Double Rod 6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram
Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top side of the valve. If the pressure is high enough to overcome the spring, the arrow will shift over and oil will flow through in this
case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence valve. If I have a hydraulic drill press, when flow is turned on to the top side, perhaps I have a clamp that I want to engage first. I
could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only after enough pressure is built that the motor would turn. A pressure reducing valve is also an important hydraulic component. A recent system I designed had one side operating at 3000 psi and another side operating at 400 psi. I
incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that pressure to tank through the bottom port. Any load holding valve will be based on some form of a check valve. A check valve will
allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly referred to as a PO Check, is used to unseat the poppet. (Spoiler alert: check valves dont use balls because they are super difficult
to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check valve. If both directions need to be locked, you can use a double PO check valve. This is a manifold that combines two PO check valves
and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold Loads with Directional Valves There is one major downside to using a PO check valve: Temperature. If your need is to have load holding in both directions, a PO check can actually create extremely large pressures. Imagine the
situation of setting up a device under load early in the morning. The load and position dont change all day, but the temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the motor or cylinders capabilities. It is a bad situation. Luckily, a counterbalance valve comes to our rescue. A counterbalance valve allows free
flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes. There is also a pilot port (port 3) to open a path for return oil flow. The cool thing and the thing that will cause a lot of headaches is that you can
tune the performance of the system by taking advantage of the metering in functionality available. This is controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so we will save that for another article. Counterbalance valves are available in single or dual configurations. If holding your load still is important in
your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task! Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle valve is basically two check valves with only one ball (yes, poppet, I know). The higher pressure will force the poppet to close the lower pressure
side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of this, where each valve section will send the compensator pressure back to the pump to determine how much pressure is needed. The pressures are compared to each other using shuttle valves and the highest pressure wins. Directional control
valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are specified by their positions and ways. Positions are the number of discrete configurations of the valve. Ways are the number of ports the valve has. A two position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three
position, three way valve could be used to fill and discharge an accumulator. You would want high pressure oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position four way valve can change the direction of fluid where you could change the direction on a motor or cylinder. These valves can have a soft shift
option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines between positions. This extra position ties all the ports together to neutralize pressure and minimize the momentum effects when reversing flow. 2 Position, 4 Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers
an off position so that the system can rest. This center position can come in numerous configurations that can satisfy almost any requirements. Please read my article on directional control valves for more information. 3 Position, 4 Way Hydraulic Symbols Template Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves
Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a function. We will start with mechanical actuations. From left to right they are: push button, mechanical action, lever, foot switch and mechanical
switch. With the exception of the lever and push button, these are getting harder and harder to find. Electronics has improved so much in the last twenty years that it is far easier and less expensive to run wires to electrical sensors than hoses to hydraulic components. Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch
Pilot pressure and electric actuation are the dominant forces in the market and will be for some time. Electronic control systems allow for the precise application for pilot actuation (left), where low pressure shifts the valve, and electro-proportional actuation. The right schematic symbol is for a solenoid operation. A solenoid is a non-proportional
signal that fully moves the valve. For proportional operation, other methods are used and an arrow would be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one direction or the center position. Springs are the method of accomplishing this. With all these controls, you do not need to have actuation on
both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring loaded ball (yes, actual ball) that will lock into a groove in the valve spool. 2 Position Detent 3 Position Detent There are a few components that
dont fit into any specific categories that I would like to share now. Pressure gauges are the most common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the system. I recently had to relocate a pressure gauge because the pressure drop due to flow was giving me false readings. I moved the gauge to
the component I was interested in and the false readings stopped. Pressure Gauge Temperature indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many designs just monitor the reservoir temperature using a sight gauge. A sight gauge (not shown) will indicate the oil level and usually the
temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400 psi when rising, it may not switch off until 350 psi when falling. They can come in Normally Open and Normally Closed configurations
and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for easy changing of the oil and filter. Be sure to keep these open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are
a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see how some of these components will work together like how a directional control valve will control a cylinder. As I mentioned, looking for the pump(s) in a schematic is where I start. Trace lines outward from the pump until you hit a closed valve.
Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has the other three critical components. Once satisfied that the four components are there and correct, I will start to look at the de-energized state. When all components are de-enegrized, is flow allowed to return to tank or does it build system
pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the flow paths should be blocked and our compensator pressure set at least 200 psi less than the relief valve. In the Example 1
(below), the fluid with flow through the first work section comes out through work port A and into the manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped at the directional control valve. This system allows pressure to build fully and indicates that we need a variable
displacement, pressure compensated pump which we have. Now that we have our de-energized state identified, we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This is the case with Example 2.) Keep track in each section for what happens to pressure and flow and what the
desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve. If we activate Section 2 to pressurize the A port, we should see the top valve activate the larger valve below
it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure switch that will indicate if the motor has stalled (we are only looking for the signal when the B port is energized).
The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract slowly by gravity as metered by the needle valve. However, if the valve on the right is activated, the needle valve is
bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7 which must be done with any other solenoid. If we energize S1 and/or S3, we will be able to retract the left and/or right
extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2 and S4 do not contaminate each other. The flow then goes on to apply pressure to a counterbalance valve and retract all
the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5 and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to get the oil out of the cylinders. Once all of those cylinders have retracted, only then will there be enough pressure to
overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we will start extending the cylinders in a prescribed way. (Note that we did not care how the cylinders retracted.) The flow
will come out of work port B through a flow control valve. Since we have a positive displacement pump, we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that our extra flow would go right to tank (port 2) at a much reduced pressure. The metered fluid (port 3) then goes on to a
counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated. Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where four vertical and two horizontal clamps are actuated. At 400 psi Group 3 is activated and so on until we get to Group 6.
When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how long the work piece is. If there is material there, S8 will disable and the section will press. Unintended consequences are
very difficult to see and predict. The real challenge here is to learn from these so you dont make them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control system should be configured to eliminate this hazard. If using relay logic, you can have one relay to turn on power to a



valve and another to select the direction. In Example 1, there was an unintended consequence when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was built. On the motor, I have flow control valves to control the speed of the motor. However, I want to limit the speed of the
motor before stopping it (the location of stopping is important.) I do this by activating Section 1 about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control. The result is a low flow metered out condition and my motor jumps to its stopping position. We are taking steps to correct
this. In Example 2, the two position, three way valves should have been configured so that the positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the solenoids, extra sections will press and may cause potential damage to the machine. To minimize this risk, we added extra
protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart and mommy and daddy love you very much. You got this! Just work through it slowly and dont be too quick to ask a question.
When doing work like this, I often wait until I have a good series of questions before I ask for help. This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a coworkers time. Once you master the skill of reading prints, you will be able to critique and create your own systems. Remember
to use a systematic approach and always have your work checked before you purchase components. So, grab your highlighters and find some schematics to analyze! Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols to identify and lines to keep track of. I hope to impart to you a systematic
approachto reading a hydraulic schematic. The basic steps toreading a hydraulic schematic are: Identifying line typesldentify if lines cross with or without connectingldentify the componentsldentify the flow path at a de-energized state Determine what happens as each valve is movedActivate multiple valves at a time to see if there are unintentional
consequences. So, the good thing about this is that while we are using hydraulics, a lot of this is directly related to pneumatics. Pneumatics will have a few extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets get started. In a hydraulic schematic, each line type has a unique
meaning. In addition, colors can be added to indicate purpose of the line. In the figure below, all of the basic line types are shown. The basic line is a solid line that represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure return line. In this case, it is a suction line for the pump. The teal and
green dashed lines are called pilot lines or drain lines depending on their purpose. Both lines shown here are pilot lines. A pilot line is a high-pressure line with low flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line around some symbols is an enclosure line or bounding box. The purpose of
this line is to show that all the components within are contained in one valve block or manifold. The purpose of this is to simplify real-world identification. There is a little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want the lines connected, you would draw a hump across one line adding some
drama to the schematic. Well, as more and more people heeded to the advice of the Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no dot, there is no connection. Who knew that the Black Eyed Peas were
actually singing about hydraulic schematics? Ok, so the song obviously doesnt have anything to do with hydraulics. In all honesty, the change came because it was far easier to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot. With this, there is no guessing as to what my intent was. A dot means
that they are connected and a hump means they arent. Very clear to anyone reading the schematic. The figure below represents this concept. Identifying the components is the key to the whole process. If you understand what each component does, you can see more clearly how they will work together. Other lists of hydraulic components usually just
tell you what it is. This list will be different in that I will give insight into the function and pros and cons of using each. Understand that this is in no way an exhaustive list and new components are being developed all the time. In every hydraulic system, you will have one function that requires full flow and another that needs much less flow. This is
where flow reducers come in. The most basic type is an orifice which is a hole drilled in what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed to adjust the flow. (Note the arrow for adjustment.) These
components are good if you just need to limit the flow but dont really care if you have bi-directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that you will get vastly better performance rotating the motor
one way. Going the other way, you will see jerks in rotation. The reason for this is friction in the motor and the system it is driving. Granted, the average speed was what was desired, but the performance was not. I would now like to describe two new terms, metering in and metering out. Metering out is the method of metering the fluid coming out of
a valve and going to the motor. This will give you poor performance because we are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces the outlet of the motor to maintain a constant pressure. The inlet
pressure can still fluctuate wildly but the motor speed will remain steady. To accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have unrestricted flow out of the valve and metered flow back into the
valve. The check valve is what allows unrestricted or free flow. (Free flow is from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought is that these valves will build lots of heat especially with positive displacement pumps. You can minimize this by having a compensated flow control valve that will send
bypassed fluid to tank instead of building up pressure until the relief valve kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a reservoir, you can also indicate if you want oil to be returned
above (top) or below (bottom) the oil level in the tank. Ill be honest, I dont know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a little more compressible which leads to poor performance.
The irony is that I almost always see the schematic indicate to return the oil above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps and Reservoirs Fluid Filter All oil should be maintained by
the system and filtration is a must. It is a diamond with a dashed line indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil temperature is also essential. If the system is intended to beused
in cold climates, oil heaters (right) are a must. The arrows point into the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger (above left) is used to reject heat from the system and the arrows point out. There are also temperature controlling systems that can either reject or add heat. This is
represented with one arrow pointing in and one pointing out. It is important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors are probably the most easily identifiable components on a schematic. This is always the first component I look for because this is where the magic starts. Pumps will
have the arrows pointing out indicating that fluid energy is flowing out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be shown connected to it. The direction on rotation can be shown. Remember that the rotation direction shown here is clockwise when looking at the pump shaft, not the
motor shaft. Both pumps and motors can be fixed displacement or variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see why you would want a bi-directional motor, but why a pump? Bi-
directional pumps are generally paired directly with a motor in a closed hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of winch applications that use this type of system. How to Determine if your Hydraulic Pump is Working Properly How to Determine if your Hydraulic Pump is
Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How to Minimize Shock in a Closed Center Hydraulic System
Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller coaster at Cedar Point. (image courtesy of daveynin on
Flickr). Lots of power is used in a few seconds to launch this car over the hill. However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated by a spring) and gas charged. Cylinders are linear
actuators that can produce large forces in small volumes. There are generally three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side (usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this. Single Acting Double acting cylinders are the most
common, and pressure can be applied to either side to make the cylinder extend or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired performance. Double rodded cylinders are an answer to this because the area is the same on each side of the piston. Double Acting Double Acting Double Rod
6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top side of the valve. If the pressure is high enough to
overcome the spring, the arrow will shift over and oil will flow through in this case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence valve. If | have a hydraulic drill press, when flow is
turned on to the top side, perhaps I have a clamp that I want to engage first. I could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only after enough pressure is built that the motor would turn. A pressure reducing valve is also an important hydraulic component. A recent system I designed had
one side operating at 3000 psi and another side operating at 400 psi. I incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that pressure to tank through the bottom port. Any load holding
valve will be based on some form of a check valve. A check valve will allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly referred to as a PO Check, is used to unseat the poppet.
(Spoiler alert: check valves dont use balls because they are super difficult to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check valve. If both directions need to be locked, you can use a
double PO check valve. This is a manifold that combines two PO check valves and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold Loads with Directional Valves There is one major downside to using a PO check valve: Temperature. If your need is to have load holding in both directions, a
PO check can actually create extremely large pressures. Imagine the situation of setting up a device under load early in the morning. The load and position dont change all day, but the temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the motor or cylinders capabilities. It is a bad situation. Luckily, a
counterbalance valve comes to our rescue. A counterbalance valve allows free flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes. There is also a pilot port (port 3) to open a path for return oil
flow. The cool thing and the thing that will cause a lot of headaches is that you can tune the performance of the system by taking advantage of the metering in functionality available. This is controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so we will save that for another article. Counterbalance valves
are available in single or dual configurations. If holding your load still is important in your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task! Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle valve is basically two check valves with only one ball (yes,
poppet, I know). The higher pressure will force the poppet to close the lower pressure side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of this, where each valve section will send the compensator pressure back to the pump to determine how much pressure is needed. The pressures are compared
to each other using shuttle valves and the highest pressure wins. Directional control valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are specified by their positions and ways. Positions are the number of discrete configurations of the valve. Ways are the number of ports the valve has. A two
position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three position, three way valve could be used to fill and discharge an accumulator. You would want high pressure oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position four way valve can change the direction of fluid where you
could change the direction on a motor or cylinder. These valves can have a soft shift option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines between positions. This extra position ties all the ports together to neutralize pressure and minimize the momentum effects when reversing flow. 2 Position, 4
Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers an off position so that the system can rest. This center position can come in numerous configurations that can satisfy almost any requirements. Please read my article on directional control valves for more information. 3 Position, 4 Way Hydraulic Symbols Template
Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a function. We will start with mechanical actuations. From left
to right they are: push button, mechanical action, lever, foot switch and mechanical switch. With the exception of the lever and push button, these are getting harder and harder to find. Electronics has improved so much in the last twenty years that it is far easier and less expensive to run wires to electrical sensors than hoses to hydraulic components.
Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch Pilot pressure and electric actuation are the dominant forces in the market and will be for some time. Electronic control systems allow for the precise application for pilot actuation (left), where low pressure shifts the valve, and electro-proportional actuation. The right
schematic symbol is for a solenoid operation. A solenoid is a non-proportional signal that fully moves the valve. For proportional operation, other methods are used and an arrow would be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one direction or the center position. Springs are the method of
accomplishing this. With all these controls, you do not need to have actuation on both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring loaded ball (yes, actual ball) that will lock into a groove in the
valve spool. 2 Position Detent 3 Position Detent There are a few components that dont fit into any specific categories that I would like to share now. Pressure gauges are the most common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the system. I recently had to relocate a pressure gauge because
the pressure drop due to flow was giving me false readings. I moved the gauge to the component I was interested in and the false readings stopped. Pressure Gauge Temperature indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many designs just monitor the reservoir temperature using a sight
gauge. A sight gauge (not shown) will indicate the oil level and usually the temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400 psi when rising, it may not switch off until 350 psi when
falling. They can come in Normally Open and Normally Closed configurations and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for easy changing of the oil and filter. Be sure to keep these
open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see how some of these components will work together like how a directional control valve will control a cylinder. As I mentioned, looking for the pump(s) in a schematic is
where I start. Trace lines outward from the pump until you hit a closed valve. Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has the other three critical components. Once satisfied that the four components are there and correct, I will start to look at the de-energized state. When all components
are de-enegrized, is flow allowed to return to tank or does it build system pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the flow paths should be blocked and our compensator
pressure set at least 200 psi less than the relief valve. In the Example 1 (below), the fluid with flow through the first work section comes out through work port A and into the manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped at the directional control valve. This system allows
pressure to build fully and indicates that we need a variable displacement, pressure compensated pump which we have. Now that we have our de-energized state identified, we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This is the case with Example 2.) Keep track in each
section for what happens to pressure and flow and what the desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve. If we activate Section 2 to pressurize the A
port, we should see the top valve activate the larger valve below it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure switch that will indicate if the motor has stalled
(we are only looking for the signal when the B port is energized). The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract slowly by gravity as metered by the needle valve.
However, if the valve on the right is activated, the needle valve is bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7 which must be done with any other solenoid. If we
energize S1 and/or S3, we will be able to retract the left and/or right extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2 and S4 do not contaminate each other. The flow
then goes on to apply pressure to a counterbalance valve and retract all the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5 and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to get the oil out of the cylinders. Once all of those
cylinders have retracted, only then will there be enough pressure to overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we will start extending the cylinders in a prescribed
way. (Note that we did not care how the cylinders retracted.) The flow will come out of work port B through a flow control valve. Since we have a positive displacement pump, we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that our extra flow would go right to tank (port 2) at a
much reduced pressure. The metered fluid (port 3) then goes on to a counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated. Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where four vertical and two horizontal clamps are
actuated. At 400 psi Group 3 is activated and so on until we get to Group 6. When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how long the work piece is. If there is material
there, S8 will disable and the section will press. Unintended consequences are very difficult to see and predict. The real challenge here is to learn from these so you dont make them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control system should be configured to eliminate
this hazard. If using relay logic, you can have one relay to turn on power to a valve and another to select the direction. In Example 1, there was an unintended consequence when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was built. On the motor, I have flow control valves
to control the speed of the motor. However, I want to limit the speed of the motor before stopping it (the location of stopping is important.) I do this by activating Section 1 about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control. The result is a low flow metered out condition
and my motor jumps to its stopping position. We are taking steps to correct this. In Example 2, the two position, three way valves should have been configured so that the positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the solenoids, extra sections will press and may cause
potential damage to the machine. To minimize this risk, we added extra protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart and mommy and daddy love you very much. You got
this! Just work through it slowly and dont be too quick to ask a question. When doing work like this, I often wait until I have a good series of questions before I ask for help. This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a coworkers time. Once you master the skill of reading
prints, you will be able to critique and create your own systems. Remember to use a systematic approach and always have your work checked before you purchase components. So, grab your highlighters and find some schematics to analyze! Reading a hydraulic schematic for the first time is adaunting and confusing thing. There areso many symbols
to identify and lines to keep track of. I hope to impart to you a systematic approachto reading a hydraulic schematic. The basic steps toreading a hydraulic schematic are: Identifying line typesldentify if lines cross with or without connectingldentify the componentsldentify the flow path at a de-energized state Determine what happens as each valve is
movedActivate multiple valves at a time to see if there are unintentional consequences. So, the good thing about this is that while we are using hydraulics, a lot of this is directly related to pneumatics. Pneumatics will have a few extra components that we dont use in hydraulics such as oilers, air dryers and Venturi Vacuums, but they are similar. Lets
get started. In a hydraulic schematic, each line type has a unique meaning. In addition, colors can be added to indicate purpose of the line. In the figure below, all of the basic line types are shown. The basic line is a solid line that represents a working pressure hose or tube. The red line indicates pressure and the blue line indicates a low-pressure
return line. In this case, it is a suction line for the pump. The teal and green dashed lines are called pilot lines or drain lines depending on their purpose. Both lines shown here are pilot lines. A pilot line is a high-pressure line with low flow (1/4 gpm). A drain line is the opposite, a low-pressure line with higher flow. Finally, the yellow center line
around some symbols is an enclosure line or bounding box. The purpose of this line is to show that all the components within are contained in one valve block or manifold. The purpose of this is to simplify real-world identification. There is a little controversy with this one. In the early days, if two lines crossed, they were connected. If you didnt want
the lines connected, you would draw a hump across one line adding some drama to the schematic. Well, as more and more people heeded to the advice of the Black Eyed Peas saying the, you dont need no drama, drama, no, no drama, drama the standards were changed. Now, you will need a dot to indicate crossed lines that are joined. If there is no
dot, there is no connection. Who knew that the Black Eyed Peas were actually singing about hydraulic schematics? Ok, so the song obviously doesnt have anything to do with hydraulics. In all honesty, the change came because it was far easier to add a dot than to erase lines and make the hump. Personally, I like adding the hump and using the dot.
With this, there is no guessing as to what my intent was. A dot means that they are connected and a hump means they arent. Very clear to anyone reading the schematic. The figure below represents this concept. Identifying the components is the key to the whole process. If you understand what each component does, you can see more clearly how
they will work together. Other lists of hydraulic components usually just tell you what it is. This list will be different in that I will give insight into the function and pros and cons of using each. Understand that this is in no way an exhaustive list and new components are being developed all the time. In every hydraulic system, you will have one function
that requires full flow and another that needs much less flow. This is where flow reducers come in. The most basic type is an orifice which is a hole drilled in what would otherwise be a plug. As you can imagine, there is a fixed amount of oil that can be pushed through the hole. Orifice Needle Valve A needle valve is what you would want if you needed
to adjust the flow. (Note the arrow for adjustment.) These components are good if you just need to limit the flow but dont really care if you have bi-directional flow or overrunning loads. Let me explain. If you are using a needle valve to limit the speed of a hydraulic motor, in theory you could put the valve on one port only. However, you will notice that
you will get vastly better performance rotating the motor one way. Going the other way, you will see jerks in rotation. The reason for this is friction in the motor and the system it is driving. Granted, the average speed was what was desired, but the performance was not. I would now like to describe two new terms, metering in and metering out.
Metering out is the method of metering the fluid coming out of a valve and going to the motor. This will give you poor performance because we are at the motors mercy for handling friction. Sometimes we may turn the motor at 500 psi, sometimes at 1200 psi. Whos to say? Metering in is the better solution. Metering in (into the valve that is) forces
the outlet of the motor to maintain a constant pressure. The inlet pressure can still fluctuate wildly but the motor speed will remain steady. To accomplish a meter in on both sides of the motor, we cant use a needle valve anymore because the flow will be metered twice. Adjustable Flow Control Flow Control Flow control valves were developed to have
unrestricted flow out of the valve and metered flow back into the valve. The check valve is what allows unrestricted or free flow. (Free flow is from bottom to top). These come in both adjustable and non-adjustable configurations. One final thought is that these valves will build lots of heat especially with positive displacement pumps. You can minimize
this by having a compensated flow control valve that will send bypassed fluid to tank instead of building up pressure until the relief valve kicks in. There are two types of tank schematics: pressurized and unpressurized. Unpressurized is definitely most prevalent in the market. One can infer that the pressurized tank is the one that is enclosed. With a
reservoir, you can also indicate if you want oil to be returned above (top) or below (bottom) the oil level in the tank. Ill be honest, I dont know why you would want oil returned above the oil level. Doing so tends to add air to the fluid (think about a fish tank). If too much air gets into the suction line, you can potentially make your incompressible fluid a
little more compressible which leads to poor performance. The irony is that I almost always see the schematic indicate to return the oil above the oil level. Hydraulic Symbols Template 4 Important Components for Every Hydraulic System and Why A Quick Guide to the Basics of Hydraulic Relief Valves and Filters A Simple Guide to Hydraulic Pumps
and Reservoirs Fluid Filter All oil should be maintained by the system and filtration is a must. It is a diamond with a dashed line indicating that the fluid must flow through a screen of some kind. Many filters will also have a spring loaded check valve in parallel so that if the filter is clogged, oil will bypass through the check valve. Maintaining oil
temperature is also essential. If the system is intended to beused in cold climates, oil heaters (right) are a must. The arrows point into the symbol indicating the direction of heat flow. Heat Exchanger Temperature Controlling Systems A heat exchanger (above left) is used to reject heat from the system and the arrows point out. There are also
temperature controlling systems that can either reject or add heat. This is represented with one arrow pointing in and one pointing out. It is important to note that these can be turned on and off as needed so that only one or none is active. Pumps and motors are probably the most easily identifiable components on a schematic. This is always the first
component I look for because this is where the magic starts. Pumps will have the arrows pointing out indicating that fluid energy is flowing out from the pump. Hydraulic motors have the arrows pointing in. If a pump is driven by an electric motor, it can be shown connected to it. The direction on rotation can be shown. Remember that the rotation
direction shown here is clockwise when looking at the pump shaft, not the motor shaft. Both pumps and motors can be fixed displacement or variable displacement. Fixed Displacement Pump with Motor Variable Displacement Pump Variable Displacement Motor One cool thing is that you can actually have bi-directional pumps and motors. We can see
why you would want a bi-directional motor, but why a pump? Bi-directional pumps are generally paired directly with a motor in a closed hydraulic system. Instead of returning the used oil to the reservoir, it goes directly back to the pump. There are a lot of winch applications that use this type of system. How to Determine if your Hydraulic Pump is
Working Properly How to Determine if your Hydraulic Pump is Working Properly The Best Guide to Two Stage Hydraulic Pumps Watch Out for Heat! Overheating: The Hidden Danger in Pressure Compensated Hydraulics Overheating: The Hidden Danger in Pressure Compensated Hydraulics Good Advice for Using a Hydraulic Motor as a Pump? How
to Minimize Shock in a Closed Center Hydraulic System Bidirectional Fixed Displacement Motor Bidirectional Variable Displacement Pump Accumulators are devices that store pressurized oil. This is prominent in systems that have a very high peak horsepower, but the duty cycle of that is low. A good example of this is the Top Thrill Dragster roller
coaster at Cedar Point. (image courtesy of daveynin on Flickr). Lots of power is used in a few seconds to launch this car over the hill. However, the cars only launch every 60 to 120 seconds so that whole time in between can be used to produce energy and store it in accumulators until needed. Accumulators come in two types, spring loaded (indicated
by a spring) and gas charged. Cylinders are linear actuators that can produce large forces in small volumes. There are generally three types represented in a schematic. A single acting cylinder is one where hydraulic oil is only supplied to one side (usually the bore) and either gravity or springs make it return. A bottle jack is a good example of this.
Single Acting Double acting cylinders are the most common, and pressure can be applied to either side to make the cylinder extend or retract. Since the extend area and retract area a different on a double acting cylinder, you may get undesired performance. Double rodded cylinders are an answer to this because the area is the same on each side of
the piston. Double Acting Double Acting Double Rod 6 Secrets for Synchronizing CylindersDont Make These Mistakes With Ram Cylinders, I did Controlling pressure is essential in all hydraulic systems. Every system must have a relief valve to protect hydraulic and mechanical components. In this schematic symbol, the pressurized fluid is on the top
side of the valve. If the pressure is high enough to overcome the spring, the arrow will shift over and oil will flow through in this case, to the reservoir. However, we can change the ports a little and get different performance. Instead of having the output flow go to the reservoir, we can make it power something else say a motor. This is a sequence
valve. If I have a hydraulic drill press, when flow is turned on to the top side, perhaps I have a clamp that I want to engage first. I could connect the cylinder to the top side line and the cylinder would clamp in order to build up pressure. It is only after enough pressure is built that the motor would turn. A pressure reducing valve is also an important
hydraulic component. A recent system I designed had one side operating at 3000 psi and another side operating at 400 psi. I incorporated a pressure reducing/relieving valve where the left port had the full system pressure of 3000 psi. The right port was set to give me reduced pressure of 400 psi. If pressure in that line rose, it would relieve that
pressure to tank through the bottom port. Any load holding valve will be based on some form of a check valve. A check valve will allow flow to move easily in one direction, but not in the other. This is great.if we want to hold the load forever. Often that is not the case, so we need a method of bypassing flow. The pilot to open check valve, commonly
referred to as a PO Check, is used to unseat the poppet. (Spoiler alert: check valves dont use balls because they are super difficult to make and dont seal well. A poppet is a segment of a cone shape that seals much better.) Generally, if a directional valve uses work port A to lift a load, work port B is used to lower the load and unseat the PO check
valve. If both directions need to be locked, you can use a double PO check valve. This is a manifold that combines two PO check valves and simplifies the external plumbing needed by incorporating the cross pilot lines. Drift-Why You Should Never Hold Loads with Directional Valves There is one major downside to using a PO check valve:
Temperature. If your need is to have load holding in both directions, a PO check can actually create extremely large pressures. Imagine the situation of setting up a device under load early in the morning. The load and position dont change all day, but the temperature gets 30 to 40 warmer. The oil will expand creating pressures that can exceed the
motor or cylinders capabilities. It is a bad situation. Luckily, a counterbalance valve comes to our rescue. A counterbalance valve allows free flow into the motor or cylinder through a check valve, but there is a specialized relief valve on the way out. If the pressure in the cylinder is too high, it will relieve pressure (port 2 to 1) until the valve closes.
There is also a pilot port (port 3) to open a path for return oil flow. The cool thing and the thing that will cause a lot of headaches is that you can tune the performance of the system by taking advantage of the metering in functionality available. This is controlled by two things: pilot ratio and flow capacity. I dont have enough time to get into it now, so
we will save that for another article. Counterbalance valves are available in single or dual configurations. If holding your load still is important in your design, you need to use a load holding valve. Do not use a Directional Control Valve to do this task! Shuttle valves are logic elements that allow two (or more) things to signal something else. A shuttle
valve is basically two check valves with only one ball (yes, poppet, I know). The higher pressure will force the poppet to close the lower pressure side and send pressure and/or flow to the perpendicular path. Compensated valves are a good example of this, where each valve section will send the compensator pressure back to the pump to determine
how much pressure is needed. The pressures are compared to each other using shuttle valves and the highest pressure wins. Directional control valves are the pillar of hydraulics. These allow fluids to change direction and flow paths. These valves are specified by their positions and ways. Positions are the number of discrete configurations of the
valve. Ways are the number of ports the valve has. A two position, two way valve would be used to turn on and off flow. 2 Position, 2 Way A three position, three way valve could be used to fill and discharge an accumulator. You would want high pressure oil to fill and then connect to a low pressure path to discharge. 2 Position, 3 Way A two position
four way valve can change the direction of fluid where you could change the direction on a motor or cylinder. These valves can have a soft shift option (left) where a phantom third position allows for a smooth transition as indicated by the dashed lines between positions. This extra position ties all the ports together to neutralize pressure and minimize
the momentum effects when reversing flow. 2 Position, 4 Way 2 Position, 4 Way with Smooth Transition A three position four way valve offers an off position so that the system can rest. This center position can come in numerous configurations that can satisfy almost any requirements. Please read my article on directional control valves for more
information. 3 Position, 4 Way Hydraulic Symbols Template Avoid Using Tandem Center Valves in Series Connecting Multiple Open Center Valves Using Power Beyond Directional Control Valves What Every Engineer Should Know A Quick Guide to the Basics of Hydraulic Relief Valves and Filters All positional valves need to be actuated to perform a
function. We will start with mechanical actuations. From left to right they are: push button, mechanical action, lever, foot switch and mechanical switch. With the exception of the lever and push button, these are getting harder and harder to find. Electronics has improved so much in the last twenty years that it is far easier and less expensive to run
wires to electrical sensors than hoses to hydraulic components. Push Button Lever Actuation Mechanical Action Foot Switch Mechanical Switch Pilot pressure and electric actuation are the dominant forces in the market and will be for some time. Electronic control systems allow for the precise application for pilot actuation (left), where low pressure
shifts the valve, and electro-proportional actuation. The right schematic symbol is for a solenoid operation. A solenoid is a non-proportional signal that fully moves the valve. For proportional operation, other methods are used and an arrow would be drawn through the symbol. Pilot Pressure Actuation Solenoid Actuation Many valves are biased to one
direction or the center position. Springs are the method of accomplishing this. With all these controls, you do not need to have actuation on both sides. Spring Centered Valve If you dont want the valve to move when deactivated, you can add detents (center and right) to make sure the valve stays in the same location. Detents are usually a spring
loaded ball (yes, actual ball) that will lock into a groove in the valve spool. 2 Position Detent 3 Position Detent There are a few components that dont fit into any specific categories that I would like to share now. Pressure gauges are the most common. They will give the pressure of the line where they are installed. Be aware of the effects of flow in the
system. I recently had to relocate a pressure gauge because the pressure drop due to flow was giving me false readings. I moved the gauge to the component I was interested in and the false readings stopped. Pressure Gauge Temperature indicators look like thermometers. They can be placed throughout the system like pressure gauges, but many
designs just monitor the reservoir temperature using a sight gauge. A sight gauge (not shown) will indicate the oil level and usually the temperature in the reservoir. Temperature Gauge Pressure switches are switches that change state when a certain pressure is reached. Please note that hysteresis is a problem with these so if a switch is set at 400
psi when rising, it may not switch off until 350 psi when falling. They can come in Normally Open and Normally Closed configurations and fixed and variable pressure settings. Pressure Switch The last symbol is a manual shutoff valve. These are generally low pressure devices and are used on the suction and return lines near the reservoir to allow for
easy changing of the oil and filter. Be sure to keep these open. Bad things can happen otherwise. Manual Shutoff Wow, there sure are a lot of symbols, and as I mentioned, this list is not exhaustive. Hopefully, you can already begin to see how some of these components will work together like how a directional control valve will control a cylinder. As I
mentioned, looking for the pump(s) in a schematic is where I start. Trace lines outward from the pump until you hit a closed valve. Repeat until you are back at the reservoir or run out of paths. I then look to make sure that the system has the other three critical components. Once satisfied that the four components are there and correct, I will start to
look at the de-energized state. When all components are de-enegrized, is flow allowed to return to tank or does it build system pressure or is it somewhere in between? I usually trace this out with a highlighter. If I have a fixed displacement pump, I want that oil returning to tank at near zero pressure. If I have a variable displacement pump, all the
flow paths should be blocked and our compensator pressure set at least 200 psi less than the relief valve. In the Example 1 (below), the fluid with flow through the first work section comes out through work port A and into the manifold from the right. At this point it is stopped at all seven valves. It also goes through the pressure limiter and is stopped
at the directional control valve. This system allows pressure to build fully and indicates that we need a variable displacement, pressure compensated pump which we have. Now that we have our de-energized state identified, we should then energize components one by one. (Sometimes there may be an enabler that needs to be energized as well. This
is the case with Example 2.) Keep track in each section for what happens to pressure and flow and what the desired outcome is. Example 1 Section 1 of the manifold will reduce the flow (meter out) by activating the top valve to pilot open the larger valve below it. This will then send flow out port B but not before sending it through a flow control valve.
If we activate Section 2 to pressurize the A port, we should see the top valve activate the larger valve below it. This flow will go out port A and pressurize the pilot port on the counterbalance valve. Once outside the manifold there are two flow control valves that will control the motion of the motor by metering the fluid in. There is also a pressure
switch that will indicate if the motor has stalled (we are only looking for the signal when the B port is energized). The other three ports on the valve are similar so I wont go into detail here. The two valves on the right beyond the pressure reducing valve control a cylinder. If the right coil is activated on the left most valve, the cylinder will retract
slowly by gravity as metered by the needle valve. However, if the valve on the right is activated, the needle valve is bypassed and the cylinder will lower much faster. Example 2 As mentioned, this schematic has a positive displacement pump and needs to have an unloader valve closed before any motion can happen. This is done by energizing S7
which must be done with any other solenoid. If we energize S1 and/or S3, we will be able to retract the left and/or right extension cylinder. However, when we activate S2 and/or S4, we do not want to extend before all the cylinders on the bottom have been retracted so that we avoid collision. To do this, we use a shuttle valve so that the flow from S2
and S4 do not contaminate each other. The flow then goes on to apply pressure to a counterbalance valve and retract all the cylinders. Note the center position of the directional control valve (3 pos. / 4 way) activated by S5 and S6. The P and A ports are blocked, but the B and T ports are connected. This is done specifically so that we have a path to
get the oil out of the cylinders. Once all of those cylinders have retracted, only then will there be enough pressure to overcome the sequence valve and extend the extension cylinder(s). Energizing S5 will retract all of the cylinders as S2 and S4 will, but it will not extend the extension cylinders because of the shuttle valve. When S6 is energized, we
will start extending the cylinders in a prescribed way. (Note that we did not care how the cylinders retracted.) The flow will come out of work port B through a flow control valve. Since we have a positive displacement pump, we didnt want to have the remaining oil bypassed over the relief valve. We did this by using a compensated flow control so that
our extra flow would go right to tank (port 2) at a much reduced pressure. The metered fluid (port 3) then goes on to a counterbalance valve where it will free flow through the check valve. At this point, Group 1 is activated. Group 1 is two horizontal clamping cylinders and will extend until 300 psi is built up. At that point, Group 2 is activated where
four vertical and two horizontal clamps are actuated. At 400 psi Group 3 is activated and so on until we get to Group 6. When group 6 is activated, if Solenoid S8 is not active, it will extend the cylinder. If S8 is active, the section will not press and it prevents flow from reaching anymore sections. S8 is triggered by a proximity switch that detects how
long the work piece is. If there is material there, S8 will disable and the section will press. Unintended consequences are very difficult to see and predict. The real challenge here is to learn from these so you dont make them twice. One common occurence is energizing both sides of a directional valve. Usually there is no damage done, but your control
system should be configured to eliminate this hazard. If using relay logic, you can have one relay to turn on power to a valve and another to select the direction. In Example 1, there was an unintended consequence when I activated Section 1 and the B port of Section 2. It glares at me now, but before it was very difficult to see until the system was
built. On the motor, I have flow control valves to control the speed of the motor. However, I want to limit the speed of the motor before stopping it (the location of stopping is important.) I do this by activating Section 1 about a foot before the stop point thus reducing the speed. However, the reduced flow is lower than that of the meter in flow control.
The result is a low flow metered out condition and my motor jumps to its stopping position. We are taking steps to correct this. In Example 2, the two position, three way valves should have been configured so that the positions were opposite of each other. The reason for this is to prevent damage to the machine. If a wire is broken to one of the
solenoids, extra sections will press and may cause potential damage to the machine. To minimize this risk, we added extra protection to the wires, ran larger gauge wires than needed and added inspection of the wires to the monthly preventative maintenance checklist. Reading schematics is a very scary thing, but remember to relax, you are smart
and mommy and daddy love you very much. You got this! Just work through it slowly and dont be too quick to ask a question. When doing work like this, I often wait until I have a good series of questions before I ask for help. This way I will have spent more time working through the schematic so that my questions are thorough and wont waste a
coworkers time. Once you master the skill of reading prints, you will be able to critique and create your own systems. Remember to use a systematic approach and always have your work checked before you purchase components. So, grab your highlighters and find some schematics to analyze!
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