How FAR MusT A 2.0-cM-DIAMETER PISTON BE PUSHED
DownN INTo ONe CYLINDER OF A HybprAULIC LIFT To RAISE
AN

How FAR MusT A 2.0-cM-DIAMETER PisToN Be PusHeD DownN INTo ONe CyLINDER OF A HyprauLIc LIFT To RAISE AN

HYDRAULIC LIFTS ARE ESSENTIAL IN VARIOUS INDUSTRIES, FROM AUTOMOTIVE REPAIR SHOPS TO CONSTRUCTION SITES,
PROVIDING A RELIABLE MEANS TO ELEVATE HEAVY LOADS WITH MINIMAL EFFORT. UNDERSTANDING HOW THESE SYSTEMS \WORK
INVOLVES GRASPING FUNDAMENTAL PRINCIPLES OF PHYSICS, PARTICULARLY FLUID MECHANICS AND PAascAL’s LAW. ONE COMMON
QUESTION THAT ARISES WHEN DEALING WITH HYDRAULIC LIFTS IS: HOW FAR MUST A 2.0-CM-DIAMETER PISTON BE PUSHED
DOWN INTO ONE CYLINDER OF A HYDRAULIC LIFT TO RAISE AN OBJECT? THIS ARTICLE WILL EXPLORE THIS QUESTION IN DEPTH,
PROVIDING A COMPREHENSIVE EXPLANATION THAT CONSIDERS THE PRINCIPLES INVOLVED, CALCULATIONS, AND PRACTICAL
APPLICATIONS.

FUNDAMENTALS OF HYDRAULIC SYSTEMS

BEFORE DELVING INTO THE SPECIFICS OF PISTON MOVEMENT, IT’S IMPORTANT TO UNDERSTAND THE CORE PRINCIPLES THAT
GOVERN HYDRAULIC LIFTS.

PAscALS’ LAwW

PASCAL’S LAW STATES THAT A CHANGE IN PRESSURE APPLIED TO AN ENCLOSED INCOMPRESSIBLE FLUID IS TRANSMITTED
UNDIMINISHED THROUGHOUT THE FLUID AND ACTS EQUALLY IN ALL DIRECTIONS. MATHEMATICALLY, THIS IS EXPRESSED AS!

\[P_1=P_21\]

wWHERE \(P_1\) AND \( P_2 \) ARE THE PRESSURES AT TWO DIFFERENT POINTS IN THE FLUID.

RELATIONSHIP BETWEEN FORCE, AREA, AND PRESSURE

THE FUNDAMENTAL RELATIONSHIP IN HYDRAULIC SYSTEMS IS:

\[P = \rrAc{F}{A}\]

WHERE:
-\(P\) Is THE PRESSURE,

- \(F\) IS THE FORCE APPLIED,

-\C A \) IS THE CROSS-SECTIONAL AREA OF THE PISTON.

THIS EQUATION IMPLIES THAT FOR A GIVEN PRESSURE, THE FORCE EXERTED ON A PISTON IS DIRECTLY PROPORTIONAL TO ITS
AREA.

UNDERSTANDING THE PISTON AND CYLINDER CONFIGURATION

IN A HYDRAULIC LIFT, TYPICALLY TWO CYLINDERS ARE INTERCONNECTED: A SMALL PISTON (THE MASTER PISTON) AND A LARGER
PISTON (THE LIFT PISTON). W/HEN THE SMALL PISTON IS PUSHED DOWN, IT EXERTS PRESSURE ON THE FLUID, WHICH THEN ACTS
ON THE LARGER PISTON, RAISING THE LOAD.



DIMENSIONS OF THE PISTON

GIVEN:

- DIAMETER OF THE SMALL PisToN, \(b_s = 2.0\, \texT{cm} \)

- RADIUS oF THE sMALL PIsToN, \(r_s = \rrac{p_s} 2} = 1.0\, \tex7t{cm} \)
THE CROSS-SECTIONAL AREA OF THE SMALL PISTON:

\[A_s=\pir_s"2=\p(1.0\, \Text{cM})"2 \apPrOX 3.14 16\, \TexT{cM}"2 \]

SIMILARLY, THE LARGER PISTON’S DIAMETER AND AREA ARE CRUCIAL FOR CALCULATIONS. SUPPOSE THE LOAD IS TO BE RAISED
BY A PISTON WITH A DIAMETER \( D_L \), AND ITS AREA \( A_L \) CAN BE CALCULATED SIMILARLY.

CALCULATING THE DISTANCE THE SMALL PisToN MusT Be PUSHED

THE CORE PRINCIPLE HERE IS CONSERVATION OF FLUID VOLUME. W/HEN THE SMALL PISTON IS PUSHED DOWN, THE FLUID
DISPLACED CAUSES THE LARGER PISTON TO RISE. THE VOLUME DISPLACED BY THE SMALL PISTON EQUALS THE VOLUME LIFTED BY
THE LARGER PISTON.

V oLUME DISPLACEMENT RELATIONSHIP

THE VOLUME DISPLACED BY PUSHING THE SMALL PISTON DOWN A DISTANCE \( H_s \):
\[V_s=A s\tMesH_s\]

THIS SAME VOLUME MOVES THE LARGER PISTON UPWARD BY A DISTANCE \( H_L \):
MV .L=A L\TmMesH L \]

SINCE THE FLUID IS INCOMPRESSIBLE, THE DISPLACED VOLUME MUST BE EQUAL:

\[A s\timesH s=A L\TiMesH_ L \]

ReARRANGING FOR \( H_s \):

\[H_s =\rrac{A LHA s}\TiMesH L \]

THIS EQUATION SHOWS THAT TO RAISE THE LARGER PISTON BY \( H_L \), THE SMALL PISTON MUST BE PUSHED DOWN BY \(
H_S \), WHICH DEPENDS ON THE RATIO OF THEIR AREAS.

DETERMINING HOowW FAR THE SMALL PisTON MusT BE PUSHED

SUPPOSE THE GOAL IS TO RAISE THE LOAD BY A CERTAIN HEIGHT \( H_L \). To FIND THE REQUIRED DISPLACEMENT \( H_sS \) oF
THE SMALL PISTON:

1. IDENTIFY THE AREA OF THE LARGER PISTON: IF ITS DIAMETER \( D_L \) IS KNOWN, CALCULATE:
\[ A_L =\, \LerT(\rrAC{D_L}{2}\rIGHT)"2 \]
2. CALcULATE \( H_S \) USING THE VOLUME DISPLACEMENT RELATIONSHIP:

\[H_s =\rrac{A LHA s}\TiMesH L \]



3. INTERPRETATION:

- A LARGER \( A_L \) reLaTiVE To \( A_S \) MEANS THE SMALL PISTON MUST BE PUSHED DOWN FARTHER TO RAISE THE
LOAD.

- CONVERSELY, A SMALLER \( A_L \) REQUIRES LESS DISPLACEMENT.

ExAamPLE CALCULATION:

ASSUMING THE LIFT PISTON HAS A DIAMETER \( D_L = 20\, \texT{cm} \):

-\CA_L=\p (10\, \Text{cM})"2 = 314.16\, \texT{cm}"2 \)
-\CA_s \approx 3.1416\, \text{cmM}"2 \)

IF WE WANT TO RAISE THE LoAD BY \( H_L = 10\, \Text{cm} \):
\[H_s=\rrAc{314.16}{3.1416} \TiMes 10\, \Text{cm} \approx 1000\, \TexT{cm} \]

THIS MEANS THE SMALL PISTON MUST BE PUSHED DOWN APPROXIMATELY 10 METERS TO LIFT THE LOAD BY 10 CM,
ILLUSTRATING THE TRADE-OFF BETWEEN DISPLACEMENT AND LOAD LIFTING.

PRACTICAL IMPLICATIONS AND LIMITATIONS

W/HILE THE CALCULATIONS SHOW THAT SMALL PISTON MOVEMENT CAN RESULT IN SIGNIFICANT LIFT, REAL-\WORLD FACTORS
INFLUENCE THE ACTUAL DISTANCES INVOLVED:

- FRICTION AND LEAKAGE: THESE REDUCE EFFICIENCY.

- MAXIMUM STROKE LENGTH: THE PISTON CAN ONLY BE PUSHED A FINITE DISTANCE.

- HYDRAULIC FLUID PROPERTIES: COMPRESSIBILITY AND VISCOSITY AFFECT SYSTEM PERFORMANCE.
- SAFETY FACTORS: EXCESSIVE DISPLACEMENT MIGHT NOT BE FEASIBLE OR SAFE.

THEREFORE, UNDERSTANDING THE THEORETICAL CALCULATIONS HELPS IN DESIGNING AND OPERATING HYDRAULIC SYSTEMS
EFFECTIVELY.

ADDITIONAL CONSIDERATIONS FOR HYDRAULIC LIFT DESIGN

DESIGNING AN EFFICIENT HYDRAULIC LIFT INVOLVES VARIOUS FACTORS BEYOND PISTON DISPLACEMENT:

MATERIAL STRENGTH: PISTONS AND CYLINDERS MUST WITHSTAND HIGH PRESSURES.

® HYDRAULIC FLUID SELECTION: PROPER VISCOSITY AND COMPATIBILITY.
¢ SYSTEM SEALING: PREVENTING LEAKS AND MAINTAINING PRESSURE.

o CONTROL MECHANISMS: V ALVES AND SENSORS FOR PRECISE OPERATION.

CoNCLUSION

IN SUMMARY, THE QUESTION OF HOW FAR MUST A 2.0-CM-DIAMETER PISTON BE PUSHED DOWN INTO ONE CYLINDER OF A
HYDRAULIC LIFT TO RAISE AN OBJECT DEPENDS PRIMARILY ON THE RATIO OF THE AREAS OF THE PISTONS AND THE DESIRED HEIGHT



OF LIFT. THE FUNDAMENTAL PRINCIPLE IS THE CONSERVATION OF FLUID VOLUME,; PUSHING THE SMALL PISTON DOWN CAUSES THE
LARGER PISTON TO RISE, WITH THE DISPLACEMENT DISTANCES RELATED PROPORTIONALLY TO THE AREAS INVOLVED.

BY UNDERSTANDING THE RELATIONSHIPS BETWEEN PISTON SIZES, DISPLACEMENT, AND FORCE, ENGINEERS AND TECHNICIANS CAN
DESIGN HYDRAULIC SYSTEMS OPTIMIZED FOR THEIR SPECIFIC LIFTING REQUIREMENTS. W/HETHER LIFTING A SMALL OBJECT OR A
HEAVY LOAD, THE PRINCIPLES OUTLINED HERE SERVE AS THE FOUNDATION FOR SAFE AND EFFICIENT HYDRAULIC LIFT OPERATION.

Key TAKEAWAYS:

- THE DISPLACEMENT OF THE SMALL PISTON IS PROPORTIONAL TO THE AREA RATIO AND THE LIFT HEIGHT.
- LARGER LOAD PISTONS REQUIRE GREATER PISTON DISPLACEMENT FOR THE SAME LIFT HEIGHT.

- PRACTICAL LIMITATIONS MUST BE CONSIDERED WHEN APPLYING THEORETICAL CALCULATIONS.

MASTERING THESE CONCEPTS ENABLES EFFECTIVE USE AND DESIGN OF HYDRAULIC LIFTS, ENSURING SAFETY, EFFICIENCY, AND
RELIABILITY IN VARIOUS INDUSTRIAL AND COMMERCIAL APPLICATIONS.

FREQUENTLY ASkeD QUESTIONS

How DOES THE DIAMETER OF THE PISTON AFFECT THE DISTANCE IT MUST BE PUSHED
DOWN TO RAISE THE LOAD IN A HYDRAULIC LIFT?

THE DIAMETER DETERMINES THE PISTON’S CROSS-SECTIONAL AREA, WHICH INFLUENCES THE VOLUME OF FLUID DISPLACED. A
LARGER DIAMETER REQUIRES A SMALLER PUSH DISTANCE TO MOVE A GIVEN VOLUME, DUE TO THE LARGER AREA, FOLLOWING THE
RELATION VOLUME = AREA X DISTANCE.

\WHAT IS THE RELATIONSHIP BETWEEN PISTON DIAMETER AND THE HEIGHT THE LOAD IS
LIFTED IN A HYDRAULIC SYSTEM?

THE LOAD’S LIFT HEIGHT DEPENDS ON THE VOLUME OF FLUID DISPLACED BY THE PISTON. SINCE VOLUME = AREA X DISPLACEMENT,
A LARGER PISTON DIAMETER MEANS LESS PISTON TRAVEL IS NEEDED TO LIFT THE LOAD A CERTAIN HEIGHT, ASSUMING THE SAME
VOLUME DISPLACED.

How CAN | CALCULATE THE DISTANCE A 2.0-CM-DIAMETER PISTON MUST BE PUSHED
DOWN TO RAISE A SPECIFIC LOAD IN A HYDRAULIC LIFT?

Y OU NEED TO KNOW THE LOAD’S WEIGHT (FORCE) AND THE HYDRAULIC FLUID'S PRESSURE. UUSE THE RELATION BETWEEN PISTON
AREAS AND THE VOLUME DISPLACED: DISPLACEMENT OF PISTON = (LOAD FORCE / FLUID PRESSURE) / PISTON AREA. THEN, DIVIDE
THIS VOLUME BY THE PISTON’S CROSS-SECTIONAL AREA TO FIND THE REQUIRED PUSH DISTANCE.

\WHAT FORMULA RELATES THE PISTON DIAMETER TO THE VOLUME OF FLUID DISPLACED
IN A HYDRAULIC LIFT?

THE VOLUME DISPLACED (V) IS CALCULATED AS V = A X D, WHERE A IS THE PISTON’S CROSS-SECTIONAL AREA (A = nRr?)
AND D IS THE PISTON DISPLACEMENT DISTANCE. FOR A 2.0 CM DIAMETER PISTON, A = X (1.0 cM)2.

WHY IS KNOWING THE PISTON DIAMETER IMPORTANT WHEN DETERMINING THE PUSH
DISTANCE IN A HYDRAULIC LIFT?

BECAUSE THE PISTON DIAMETER DETERMINES THE CROSS-SECTIONAL AREA, WHICH DIRECTLY AFFECTS THE VOLUME OF FLUID
DISPLACED FOR A GIVEN PUSH DISTANCE. THIS RELATIONSHIP IS ESSENTIAL FOR CALCULATING HOW FAR THE PISTON MUST BE
PUSHED TO GENERATE ENOUGH FLUID VOLUME TO LIFT THE LOAD.



IF A HYDRAULIC LIFT HAS A PISTON DIAMETER OF 2.0 CM, HOW DOES INCREASING THE
DIAMETER IMPACT THE REQUIRED PISTON DISPLACEMENT DISTANCE TO LIFT THE SAME
LOAD?

INCREASING THE PISTON DIAMETER INCREASES THE CROSS-SECTIONAL AREA, MEANING A LARGER VOLUME OF FLUID IS DISPLACED
FOR THE SAME PISTON MOVEMENT, SO THE PISTON MUST BE PUSHED A SHORTER DISTANCE TO LIFT THE SAME LOAD.

\WHAT PRACTICAL CONSIDERATIONS SHOULD BE TAKEN INTO ACCOUNT WHEN PUSHING
DOWN THE PISTON IN A HYDRAULIC LIFT WITH A 2.0-CM DIAMETER PISTON?

FACTORS INCLUDE THE MAXIMUM PRESSURE THE SYSTEM CAN HANDLE, THE FRICTION IN THE PISTON, THE FLUID'S
COMPRESSIBILITY, AND ENSURING THE PISTON IS PRESSED GRADUALLY TO AVOID SUDDEN MOVEMENTS OR SYSTEM FAILURE, WHILE
ACCURATELY CALCULATING THE DISPLACEMENT NEEDED BASED ON LOAD AND SYSTEM PARAMETERS.

ADDITIONAL RESOURCES

How FAr MusT A 2.0-cM-DiAMETER PisToN BeE PusHed Down INTo ONE CyLINDER OF A HybrAuLIC LIFT To RAISE AN
OBJECT?

HYDRAULIC LIFTS ARE INTEGRAL TO VARIOUS INDUSTRIES, FROM AUTOMOTIVE REPAIR SHOPS TO CONSTRUCTION SITES,
ENABLING THE LIFTING OF HEAVY LOADS WITH RELATIVELY MINIMAL EFFORT. A FUNDAMENTAL PRINCIPLE UNDERLYING THEIR
OPERATION IS PASCAL’S LA\X// WHICH STATES THAT A CHANGE IN PRESSURE APPLIED TO AN ENCLOSED INCOMPRESSIBLE FLUID IS
TRANSMITTED UNDIMINISHED THROUGHOUT THE FLUID AND ACTS EQUALLY IN ALL DIRECTIONS. UNDERSTANDING HOW FAR A
PISTON MUST BE PUSHED TO ACHIEVE A DESIRED LIFT REQUIRES ANALYZING THE INTERPLAY OF PRESSURE, VOLUME, AND FORCE
WITHIN THE SYSTEM. IN THIS DETAILED EXPLORATION, WE WILL DISSECT THE PHYSICS, EQUATIONS, AND PRACTICAL
CONSIDERATIONS INVOLVED IN DETERMINING THE DISPLACEMENT OF A SMALL PISTON (\X/ITH A20cmM DIAMETER) NECESSARY TO
RAISE A LOAD IN A HYDRAULIC LIFT SETUP.

UNDERSTANDING THE BASIC PRINCIPLES OF HYDRAULIC LIFTS

HYDRAULIC LIFTS OPERATE BASED ON A FEW FUNDAMENTAL CONCEPTS ROOTED IN FLUID MECHANICS:

1. PASCAL’S LAW: AS MENTIONED, ANY PRESSURE APPLIED TO AN ENCLOSED FLUID IS TRANSMITTED EVENLY THROUGHOUT THE
FLUID.

2. INCOMPRESSIBILITY OF FLUIDS: MOST HYDRAULIC SYSTEMS USE INCOMPRESSIBLE FLUIDS (LIKE OIL) SO THAT PRESSURE
CHANGES ARE EFFECTIVELY TRANSMITTED.

3. Force AND PressuUre ReLATIONSHIP: \( P = \rRAC{F} A} \), wHere \( P \) 1s pressure, \( F \) i1s Force, ano \( A \) I1s
THE CROSS-SECTIONAL AREA.

4. \X/ork AND ENERGY CONSERVATION: THE WORK DONE ON THE SMALL PISTON (INPUT) IS EQUAL TO THE WORK DONE ON THE
LARGER PISTON (OUTPUT), NEGLECTING LOSSES.

Key V ARIABLES AND PARAMETERS

BEFORE DIVING INTO CALCULATIONS, IT’S ESSENTIAL TO DEFINE THE VARIABLES INVOLVED:

- SMALL PisTon DiamMeTer (\(b_s \)): 2.0 cM
- SMALL PistonRaDIUS (\(R_s\)): 1.0cmM=0.01 ™



- LARGE PisTon DiaMeTeR (\(D_L \)): VARIABLE (DEPENDS ON THE LIFT DESIGN)

- LArGE PisTon Rabius (\( R_L \)): Derivep rrom \(D_L \)

- DisPLACEMENT OF SMALL PisToN (\( H_s \)): UNKNOWN; HOW FAR WE PRESS DOWN
- DispLACEMENT of LARGE PisToN (\( H_L \)): NEEDED TO RAISE THE LOAD

- Force ReQuired To LIFT THE Loab (\( F_L \)): KNOWN OR SPECIFIED LOAD

- Area of SMALL Piston (\( A_s \)): \(\pir_s"2\)

- Area of LarGe PisTon (\( A_L \)): \(\PIR_L"2\)

THE GOAL: DETERMINE THE DISPLACEMENT \( H_S \) OF THE SMALL PISTON NEEDED TO RAISE THE LOAD ON THE LARGE PISTON.

DerIVING THE RELATIONSHIP BETWEEN DISPLACEMENTS AND FORCES

THE CORE PRINCIPLE HERE IS THAT THE WORK INPUT VIA THE SMALL PISTON MUST EQUAL THE WORK OUTPUT AT THE LARGE
PISTON (ASSUMING IDEAL CONDITIONS):

\l

\TexT{Work INpuT} = \TEXT{WORK OUTPUT}

\]

EXPRESSED AS:

\[
F s\tiMmesH s=F L \TiMesH_L

\]
\W/ HERE:

- \('F_s \): FORCE APPLIED ON THE SMALL PISTON

- \(F_L \): FORCE EXERTED BY THE LOAD (WEIGHT)
- \(H_s \): DISPLACEMENT OF SMALL PISTON

- \(H_L \): DISPLACEMENT OF LARGE PISTON

SINCE THE PRESSURE IN THE SYSTEM IS UNIFORM:

\[
P s=P_L \RichTarrROowW \FRAC{F s}{A s} =\rrac{F L}{A L}
\]

ReArRRANGED To FIND \( F_s \):

\[
F s=\rrac{A_sHA L}\TiMesF_L
\]

SUBSTITUTING INTO THE WORK EQUATION:

\[
\LerT( \rRAC{A s}HA L3} \TiMes F_L \riGHT) \TiMesH s=F L \TiMesH_L

\]

DiviDING BoTH sIDES BY \(F_L \):

\[
\rrRAC{A_sHA L}\TiMESH s=H_L
\]



THus:

\[
H s = \rrAc{A_LXA_s}\TiMesH L
\]

THIS KEY FORMULA TELLS US THAT TO RAISE THE LOAD BY A HEIGHT \( H_L \), THE SMALL PISTON MUST BE PUSHED DOWN BY
\(H_s\), WHICH IS SCALED BY THE RATIO OF THE AREAS.

CALCULATING THE CROSS-SECTIONAL AREAS

LET'S COMPUTE THE AREAS BASED ON THE GIVEN AND ASSUMED PARAMETERS:
1. SMALL Piston Area (\( A_s\))

\[
A s=\pir_5"2 = \pi\TiMes (0.0 1\, \TexT{M})"2 \approx 3.1416 \TiMes 10"{-4}\, \texT{M}"2
\]

2. Larce PisTon Area (\( A_L \))

THE SIZE OF THE LARGE PISTON VARIES DEPENDING ON THE SPECIFIC LIFT, BUT FOR ILLUSTRATION, CONSIDER A TYPICAL
SCENARIO:

SUPPOSE THE LARGE PISTON HAS A DIAMETER oF 30 cM:

\[
D_L =30\, \text{cm} = 0.3\, \texT{™M}
\]

\[
R_L=0.15\, \texT{m}
\]

\[
A_L=\PIR_L"2=\pi\TiMes (0.15)"2 \approx 3.1416 \TiMes 0.0225 \approx 0.0707\, \TexT{m}"2

\]

DETERMINING THE REQUIRED DISPLACEMENT OF THE SMALL PISTON

USING THE FORMULA:

\[
H_s=\rRAc{A L}A s}\tTiMesH L
\]

CALCULATE THE AREA RATIO:

\[
\rrac{A_LHA_s}=\rrac{0.07073}{3.1416 \TiMes 10™{-4}} \approX 225.2



\]

THIS INDICATES THAT THE SMALL PISTON MUST BE PUSHED DOWN APPROXIMATELY 225 TIMES THE HEIGHT THE LARGE PISTON IS
LIFTED.

SUPPOSE THE GOAL IS TO RAISE THE LoAD BY 10 cm (0.10 M):

\[
H_L =0.10\, \TexT{m}
\]

THEN:

\[
H_s=225.2 \TiMes 0.10\, \texT{m} \aprrOx 22.52\, \TexT{M}

\]

INTERPRETATION: TO LIFT THE LOAD BY 10 CM, YOU NEED TO PUSH THE SMALL 2.0 CM DIAMETER PISTON DOWN
APPROXIMATELY 22.5 METERS IN AN IDEAL, LOSSLESS SYSTEM.

CONSIDERING THE FORCE REQUIRED ON THE SMALL PISTON

THE FORCE APPLIED ON THE SMALL PISTON ISN'T ARBITRARY, IT MUST AT LEAST MATCH THE PRESSURE REQUIRED TO GENERATE
THE FORCE NEEDED TO LIFT THE LOAD.

\[
F s=\rrac{A_sHA L}\TiMesF_L
\]

IF THE LoaD wEIGHS 1000 N (aeout 100 kG):

\[
F_L =1000\, \TexT{N}
\]

THEN:

\[
F_s=\rrAac{3.1416 \TiMes 10"{-4}}{0.0707} \TiMes 1000 \aprprox 4.44\, \TexT{N}

\]

IMPLICATION: YOU WOULD NEED TO APPLY AT LEAST 4.44 N OF FORCE ON THE SMALL PISTON TO LIFT A 1000 N LoAD—AN
EASILY ACHIEVABLE FORCE IN PRACTICE.

ReaL-\W oRrLD FACTORS AND LIMITATIONS

W/HILE THE CALCULATIONS ABOVE ARE BASED ON IDEAL ASSUMPTIONS, PRACTICAL SYSTEMS INVOLVE SEVERAL FACTORS THAT
AFFECT DISPLACEMENT AND FORCE:

- FRICTION: FRICTION WITHIN THE PISTON SEALS AND THE HYDRAULIC FLUID CAN INCREASE THE FORCE NEEDED.



- FLuiD CoMPRESSIBILITY: ALTHOUGH HYDRAULIC FLUIDS ARE LARGELY INCOMPRESSIBLE, SMALL COMPRESSIBILITY CAN AFFECT
PRESSURE TRANSMISSION.

- SYsTEM Losses: LEAKAGE, VALVE RESISTANCE, AND OTHER INEFFICIENCIES REDUCE THE EFFECTIVE FORCE.

- MAXIMUM PISTON DISPLACEMENT: THE PHYSICAL LENGTH OF THE CYLINDERS LIMITS HOW FAR THE PISTONS CAN MOVE.

- SAFETY MARGINS: OPERATORS TYPICALLY APPLY MORE FORCE THAN THE MINIMUM CALCULATED TO ACCOUNT FOR
UNFORESEEN RESISTANCE.

THESE FACTORS MEAN THAT IN PRACTICE, THE PISTON MUST BE PUSHED FURTHER THAN THE IDEAL CALCULATIONS SUGGEST,
OFTEN BY A SIGNIFICANT MARGIN.

PRACTICAL EXAMPLES AND APPLICATIONS

- AuToMOTIVE HYDRAULIC LIFTS: TYPICALLY DESIGNED WITH LARGE PISTONS (AROUND 30-50 CM DIAMETER). PUSHING A
SMALL PISTON (PERHAPS 2-5 CM DIAMETER) BY A FEW CENTIMETERS CAN LIFT CARS BY A METER OR MORE.

- HEAVY MACHINERY: HYDRAULIC SYSTEMS USED TO LIFT HUNDREDS OR THOUSANDS OF TONS RELY ON PROPORTIONAL PISTON
AREAS AND MANAGEABLE DISPLACEMENTS.

- HYDRAULIC JACKS: SMALL DISPLACEMENT MOVEMENTS (~1-2 INCHES) PRODUCE MASSIVE LIFTING FORCES.

SUMMARY OF KEY TAKEAWAYS

- THE DISPLACEMENT OF A SMALL PISTON NEEDED TO RAISE A LOAD DEPENDS ON THE RATIO OF THE AREAS OF THE PISTONS AND
THE DESIRED LIFT HEIGHT.

- For A TYPICAL SYSTEM WITH A 2.0 CM DIAMETER PISTON AND A 30 CM DIAMETER PISTON, PUSHING DOWN APPROXIMATELY
22.5 METERS IS REQUIRED TO LIFT A LOAD BY 10 CM, ASSUMING IDEAL CONDITIONS.

- THE FORCE REQUIRED ON THE SMALL PISTON IS PROPORTIONAL TO THE LOAD AND INVERSELY PROPORTIONAL TO THE LARGE
PISTON’S AREA.

- PRACTICAL CONSIDERATIONS NECESSITATE APPLYING MORE FORCE AND DISPLACING THE PISTON FURTHER THAN THE
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