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INTRODUCTION

UNDERSTANDING THE ENERGY REQUIRED TO LIFT A SHIP'S ANCHOR FROM THE SEABED INVOLVES FUNDAMENTAL PRINCIPLES OF
PHYSICS, PARTICULARLY WORK AND ENERGY. W/HEN AN ANCHOR IS LIFTED AGAINST GRAVITY, THE AMOUNT OF ENERGY USED IS
DIRECTLY RELATED TO THE FORCE APPLIED AND THE DISTANCE MOVED IN THE DIRECTION OF THAT FORCE. THIS ARTICLE EXPLORES
THE PROCESS OF CALCULATING THE ENERGY INVOLVED IN LIFTING AN ANCHOR WITH A SPECIFIED WEIGHT, INCLUDING THE
NECESSARY ASSUMPTIONS, FORMULAS, AND STEP-BY-STEP PROCEDURES.

UNDERSTANDING THE BASIC CONCEPTS

WHAT IS WoRrk AND HOoW IS IT RELATED TO ENERGY?

\X/ ORK IS DEFINED IN PHYSICS AS THE PROCESS OF ENERGY TRANSFER WHEN A FORCE IS APPLIED TO AN OBJECT CAUSING
DISPLACEMENT. THE MATHEMATICAL EXPRESSION FOR WORK (\X/) IS:

- \W = Force x DispLACEMENT x cos(e)
WHERE:

- FORCE IS THE APPLIED FORCE

- DISPLACEMENT IS THE DISTANCE MOVED

-~ © IS THE ANGLE BETWEEN FORCE AND DISPLACEMENT DIRECTIONS

IN THE CONTEXT OF LIFTING AN OBJECT VERTICALLY, THE FORCE APPLIED IS IN THE SAME DIRECTION AS DISPLACEMENT, MAKING
COS(@) EQUAL TO -|, THUS SIMPLIFYING THE CALCULATION.

THe CoNCEPT oF GRAVITATIONAL FORCE

THE WEIGHT OF THE ANCHOR IS THE FORCE OF GRAVITY ACTING ON IT, CALCULATED AS:
- WEIGHT (N) = MaSS (KG) X ACCELERATION DUE TO GRAVITY (G)
WHERE G IS APPROXIMATELY 9.8 M/s? oN EARTH.

IN THIS CASE, THE WEIGHT OF THE ANCHOR IS GIVEN AS 4,000 N, WHICH IS A MEASURE OF THE FORCE DUE TO GRAVITY.



DETERMINING THE DISTANCE LIFTED

ESTIMATING THE VERTICAL DISTANCE

ToO ACCURATELY COMPUTE THE ENERGY USED, THE HEIGHT THE ANCHOR IS LIFTED FROM THE SEABED TO THE SHIP'S DECK MUST BE
SPECIFIED. THIS DISTANCE DEPENDS ON:

- THE DEPTH OF THE SEA BED AT THE ANCHORING POINT

- THE HEIGHT OF THE SHIP'S DECK FROM THE WATERLINE

- ADDITIONAL SLACK OR CABLE LENGTH INVOLVED IN THE LIFTING PROCESS
For THIS EXAMPLE, ASSUME A TYPICAL SCENARIO \WHERE:

- THE ANCHOR IS LIFTED FROM A DEPTH OF 30 METERS

- THE HEIGHT OF THE SHIP'S DECK ABOVE THE WATERLINE IS 10 METERS
- THE TOTAL VERTICAL DISTANCE (H) IS APPROXIMATELY 40 METERS

CALCULATING THE Work DONE IN LIFTING THE ANCHOR

APPLYING THE W ORK-ENERGY PRINCIPLE

THE WORK DONE IN LIFTING THE ANCHOR IS EQUAL TO THE ENERGY USED, ASSUMING NO ENERGY LOSSES SUCH AS FRICTION OR
WATER RESISTANCE. THE BASIC FORMULA REDUCES TO:

- Work (W) = Force x DISTANCE

SINCE FORCE EQUALS THE WEIGHT OF THE ANCHOR (4,000 N), AND THE DISPLACEMENT IS THE VERTICAL DISTANCE (H), THE
CALCULATION BECOMES STRAIGHTFORW ARD.

STeP-BY-STEP CALCULATION

1. IDENTIFY THE VARIABLES:

- Force (F) = 4,000 N
- DisTANCE (H) = 40 MeTERS

2. APPLY THE FORMULA!

W =FxH

3. CALCULATE:

W =4,000Nx 40mM= 160,000 JouLes

THEREFORE, APPROXIMATELY ]éO/OOOJOULES OF ENERGY ARE REQUIRED TO LIFT THE ANCHOR FROM THE SEABED TO THE SHIP.



CoNsIDERING REAL-W ORLD FACTORS AND ENERGY LOSSES

FriCTION AND W ATER RESISTANCE

IN PRACTICAL SCENARIOS, THE ENERGY REQUIRED TO LIFT THE ANCHOR IS HIGHER DUE TO VARIOUS RESISTIVE FORCES:
- FRICTION BETWEEN THE ANCHOR CHAIN AND THE HAWSEPIPE
- W ATER RESISTANCE ACTING ON THE ANCHOR AND CHAIN

- MECHANICAL INEFFICIENCIES IN THE WINCH AND HOISTING MACHINERY

ESTIMATING THESE LOSSES INVOLVES CONSIDERING AN EFFICIENCY FACTOR.

EFFICIENCY OF THE LIFTING MECHANISM

ASSUMING AN OVERALL EFFICIENCY (H) oF 809% (0.8), THE ACTUAL ENERGY INPUT (E) CAN BE CALCULATED AS:
-E=W /H

USING THE PREVIOUSLY CALCULATED WORK:

E=160,000)J /0.8 =200,000 JouLes

THIS INDICATES THAT APPROXIMATELY 200,000 JOULES OF ENERGY ARE NEEDED WHEN ACCOUNTING FOR SYSTEM
INEFFICIENCIES.

ALTERNATIVE APPROACHES FOR MoRE ACCURATE CALCULATION

INCORPORATING MECHANICAL POWER AND RATE OF LIFT

IF THE LIFT OCCURS OVER A SPECIFIC PERIOD, THE POWER REQUIRED CAN BE CALCULATED AS:
- Power (P) = Work / TiMe

FOR EXAMPLE, LIFTING THE ANCHOR OVER 2 MINUTES (120 SECONDS):
P=200,000)/120s~ 1,666.67 WATTS

THIS INFORMATION CAN HELP IN SELECTING APPROPRIATE MACHINERY AND ENERGY SOURCES.

UsING FORCE-DISPLACEMENT GRAPHS

PLOTTING FORCE AGAINST DISPLACEMENT CAN PROVIDE INSIGHTS INTO VARIABLE FORCES DURING LIFTING, ESPECIALLY IF THE
ANCHOR'S WEIGHT VARIES OR IF ADDITIONAL DYNAMICS, SUCH AS ACCELERATION, COME INTO PLAY.



SuMMARY OF KEY POINTS

- THE FUNDAMENTAL PHYSICS PRINCIPLE APPLIED IS WORK DONE AGAINST GRAVITY.

- THE BASIC CALCULATION INVOLVES FORCE (ANCHOR WEIGHT) AND VERTICAL DISPLACEMENT.

- ESTIMATED ENERGY FOR LIFTING A 4,000 N ANCHOR OVER 40 METERS IS APPROXIMATELY 160,000 JouLes.

- ACCOUNTING FOR MECHANICAL INEFFICIENCIES INCREASES THE ENERGY REQUIREMENT TO AROUND 200,000 JouLEs.
- REAL-WORLD FACTORS LIKE WATER RESISTANCE AND FRICTION SHOULD ALWAYS BE CONSIDERED FOR MORE PRECISE
CALCULATIONS.

CoNCLUSION

CALCULATING THE ENERGY USED TO LIFT A SHIP'S ANCHOR PROVIDES ESSENTIAL INSIGHTS INTO THE POWER REQUIREMENTS AND
OPERATIONAL COSTS INVOLVED IN MARITIME ACTIVITIES. BY UNDERSTANDING THE BASIC PHYSICS PRINCIPLES AND
INCORPORATING REAL-\WORLD INEFFICIENCIES, SHIPS’ ENGINEERS CAN BETTER PLAN AND OPTIMIZE THEIR LIFTING OPERATIONS. THE
KEY TAKEAWAY IS THAT LIFTING A 4,000 N ANCHOR FROM THE SEABED OVER A TYPICAL DEPTH INVOLVES APPROXIMATELY
QO0,000JOULES OF ENERGY, CONSIDERING SYSTEM LOSSES. THIS CALCULATION FORMS A FUNDAMENTAL PART OF MARINE
ENGINEERING, ENSURING SAFE AND EFFICIENT VESSEL OPERATION.
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FREQUENTLY ASkeD QUESTIONS

How DO YOU CALCULATE THE ENERGY USED TO LIFT A SHIP'S ANCHOR WEIGHING
4000N FROM THE SEABED?

THE ENERGY USED IS CALCULATED BY MULTIPLYING THE WORK DONE, WHICH EQUALS THE WEIGHT OF THE ANCHOR TIMES THE
HEIGHT IT IS LIFTED (POTENTIAL ENERGY = WEIGHT X HEIGHT).

\WHAT IS THE FORMULA TO DETERMINE THE WORK DONE IN LIFTING AN ANCHOR?

\W ork DONE = FORCE (WEIGHT OF THE ANCHOR) X HEIGHT LIFTED, LE., W = F X H,

IF A SHIP’S ANCHOR WEIGHING 4000N Is LIFTED 10 METERS FROM THE SEABED, HOW
MUCH ENERGY IS USED?

THE enerGY USED 1S 4000N x 10m = 40,000 JouLes.



\WHAT UNITS ARE USED TO MEASURE THE ENERGY REQUIRED TO LIFT THE ANCHOR?

ENERGY IS MEASURED IN JouLEs (J).

DOES THE DISTANCE THE ANCHOR IS LIFTED AFFECT THE ENERGY USED?

YES/ THE GREATER THE HEIGHT LIFTED, THE MORE ENERGY IS REQUIRED, AS ENERGY IS DIRECTLY PROPORTIONAL TO HEIGHT.

IS THE ENERGY CALCULATION AFFECTED BY THE WEIGHT OF THE ANCHOR OR OTHER
FACTORS?

THE PRIMARY FACTOR IS THE WEIGHT OF THE ANCHOR AND THE HEIGHT IT IS LIFTED, FACTORS LIKE WATER RESISTANCE ARE
GENERALLY NEGLIGIBLE IN BASIC CALCULATIONS.

CAN THE WORK DONE BE CALCULATED IF THE FORCE VARIES DURING LIFTING?

YES/ BUT IT REQUIRES INTEGRATING THE VARYING FORCE OVER THE DISTANCE;, FOR CONSTANT FORCE, SIMPLE MULTIPLICATION
SUFFICES.

\WHAT ASSUMPTIONS ARE MADE IN CALCULATING THE ENERGY USED TO LIFT THE
ANCHOR?

ASSUMPTIONS INCLUDE THAT THE FORCE REMAINS CONSTANT, LIFTING OCCURS VERTICALLY, AND THERE IS NO ENERGY LOST DUE
TO FRICTION OR WATER RESISTANCE.

How DOES UNDERSTANDING THE ENERGY USED TO LIFT AN ANCHOR HELP IN MARITIME
OPERATIONS?

[T HELPS IN ESTIMATING FUEL CONSUMPTION, SELECTING APPROPRIATE LIFTING EQUIPMENT, AND OPTIMIZING OPERATIONAL
EFFICIENCY.

ADDITIONAL RESOURCES

CALCULATE THE ENERGY UsED WHEN Is SHIP's ANCHOR WHIcH 4,000N Is LiFTep Up FrRoM THe SeA Bep

INTRODUCTION

THE ACT OF LIFTING A SHIP'S ANCHOR FROM THE SEABED IS A ROUTINE YET COMPLEX PROCESS THAT INVOLVES SIGNIFICANT
PHYSICAL AND ENERGY CONSIDERATIONS. AMONG THE KEY PARAMETERS INFLUENCING THIS TASK ARE THE WEIGHT OF THE
ANCHOR, THE DEPTH AT WHICH IT RESTS, AND THE CHARACTERISTICS OF THE LIFTING MECHANISM. THIS ARTICLE AIMS TO
THOROUGHLY ANALYZE AND CALCULATE THE ENERGY USED WHEN AN ANCHOR, WITH A FORCE OF 4,000 N, IS LIFTED FROM THE
SEABED, DELVING INTO THE PHYSICS, ASSUMPTIONS, AND REAL-WORLD APPLICATIONS OF SUCH CALCULATIONS.

UNDERSTANDING THE CONTEXT AND PARAMETERS
DEFINING THE PROBLEM:
SUPPOSE A SHIP'S ANCHOR EXERTS A FORCE OF 4,000 N WHEN IT IS SUSPENDED FROM THE LIFTING EQUIPMENT. THIS FORCE

GENERALLY CORRESPONDS TO THE WEIGHT OF THE ANCHOR PLUS ANY ADDITIONAL FORCE NEEDED TO OVERCOME STATIC
FRICTION, WATER RESISTANCE, OR OTHER MECHANICAL FACTORS.



Key PARAMETERS INCLUDE:

- THE FORCE EXERTED DURING LIFTING: 4,000 N

- THE DEPTH OF THE SEABED (I.E., HOW FAR THE ANCHOR IS LIFTED): V ARIABLE, BUT FOR THIS ANALYSIS, WE'LL CONSIDER
TYPICAL DEPTHS

- THE GRAVITATIONAL ACCELERATION: APPROXIMATELY 9.8 1 m/s?

- THE EFFICIENCY OF THE LIFTING MECHANISM (IF RELEVANT): OFTEN ASSUMED TO BE IDEAL FOR THEORETICAL CALCULATIONS

THEORETICAL FOUNDATIONS OF ENERGY CALCULATION

\¥/ ork AND ENERGY PRINCIPLES:

THE FUNDAMENTAL PHYSICS PRINCIPLE INVOLVED IS THE WORK-ENERGY THEOREM, WHICH STATES THAT THE WORK DONE ON AN
OBJECT IS EQUAL TO ITS CHANGE IN KINETIC ENERGY. W/HEN LIFTING THE ANCHOR SLOWLY AND STEADILY, THE KINETIC ENERGY
CHANGE IS NEGLIGIBLE, AND THE WORK DONE PRIMARILY OVERCOMES GRAVITATIONAL POTENTIAL ENERGY.

X ork Done (W/):

\[ W =F \1iMes o \TiMes \cos \THETA \]

\¥/HERE:

-\(F\) = Force appLIED (IN NEWTONS)

-\(p\) = VERTICAL DISPLACEMENT (DISTANCE LIFTED)

- \(\THETA \) = ANGLE BETWEEN FORCE AND DISPLACEMENT (FOR VERTICAL LIFTING, \( \THETA = 0™ \circ \), Hence \( \cos
\THETA = 1 \))

ASSUMPTION:

- THE LIFTING IS VERTICAL AND STEADY

- MECHANICAL LOSSES ARE NEGLIGIBLE
- THE FORCE EXERTED IS CONSTANT THROUGHOUT THE LIFT

CALCULATING THE ENERGY USED FOR LIFTING THE ANCHOR
STep 1: DETERMINING THE DISTANCE LIFTED

To COMPUTE THE ENERGY, THE KEY MISSING PIECE IS THE DISTANCE THE ANCHOR IS LIFTED. TYPICAL SEA DEPTHS VARY WIDELY,
BUT FOR THIS ANALYSIS, WE ASSUME:

- SHALLOW WATER SCENARIO: 20 METERS

- MODERATE DEPTH: 50 METERS

- Deep wATER: 100 METERS

STEP 2: APPLYING THE W/ ORK FORMULA

For EAcH DEPTH, THE ENERGY \( E \) (EQUIVALENT TO WORK DONE) IS:
\[E=F\tTimes o \]

Since \( F = 4,000\, \TexT{N} \):

- For 20 METERS:

\[ E =4,000\, \text{N} \TiMes 20\, \texT{m} = 80,000\, \texT{J} \]

- For 50 METERS:



\[E = 4,000\, \TexT{N} \Tives 50\, \text{m} = 200,000\, \texT{J} \]
- For 100 METERS:

\[E = 4,000\, \TexT{N} \TiMes 100\, \TexT{m} = 400,000\, \texT{J} \]
INTERPRETATION:

THESE CALCULATIONS PROVIDE A BASELINE FOR THE ENERGY REQUIRED TO LIFT THE ANCHOR AGAINST GRAVITY, ASSUMING A
CONSTANT FORCE AND NEGLECTING LOSSES.

INCORPORATING REAL-W/ ORLD MECHANICAL FACTORS

FRICTION AND W/ ATER RESISTANCE:

IN PRACTICAL SCENARIOS, THE ENERGY EXPENDITURE EXCEEDS THE BASIC CALCULATION DUE TO FACTORS SUCH AS:
- FRICTION BETWEEN THE ANCHOR CHAIN AND THE SEABED

- HYDRODYNAMIC RESISTANCE WHEN MOVING THROUGH WATER

- MECHANICAL INEFFICIENCIES IN WINCHES AND PULLEYS

ESTIMATING MECHANICAL LOSSES:

- MECHANICAL SYSTEMS TYPICALLY OPERATE AT EFFICIENCIES BETWEEN 70% AnD 90%
- AsSUMING AN AVERAGE EFFICIENCY (\( \eTA \)) oF 809, THE ACTUAL enerGY INPUT \( E_{inpUT]} \):

\[ E_{npuT} = \FRAC{E}{\eTA} \]
FOR EXAMPLE, FOR A 50-METER LIFT:
\[ E_{inpuT} = \FrAc{200,000\, \TexT{J33{0.8} = 250,000\, \TexT{J3 \]

THIS ADJUSTMENT ACCOUNTS FOR ENERGY LOSSES IN THE SYSTEM, MAKING THE CALCULATION MORE REALISTIC.

ADDITIONAL FACTORS AFFECTING ENERGY CONSUMPTION

ANCHOR WEIGHT AND FORCE CONSIDERATIONS:

THe ForCE oF 4,000 N CORRESPONDS TO AN APPROXIMATE WEIGHT:

\[W =M\TiMes G \]

\[ M= \rrRAc{W}{c} = \rrac{4,000\, \TexT{N}}{9.8 1\, \TexT{m/s}"2} \aprrox 408\, \TexT{kc} \]

THUS, THE ANCHOR WEIGHS APPROXIMATELY 408 KG, WHICH IS WITHIN TYPICAL RANGES FOR LARGE SHIP ANCHORS.

KINETIC ENERGY AND DYNAMIC EFFECTS:

IF THE ANCHOR IS LIFTED QUICKLY, ADDITIONAL ENERGY IS REQUIRED TO ACCELERATE IT, BUT IN TYPICAL OPERATIONS, LIFTING

IS DONE SLOWLY TO MINIMIZE INERTIAL EFFECTS. FOR THIS ANALYSIS, WE ASSUME A QUASI-STATIC LIFT WITH NEGLIGIBLE
KINETIC ENERGY CONTRIBUTION.

PRACTICAL APPLICATIONS AND IMPLICATIONS



ENERGY MANAGEMENT IN MARITIME OPERATIONS:

(UNDERSTANDING THE ENERGY REQUIRED FOR ANCHOR LIFTING IS ESSENTIAL FOR:
- PLANNING POWER CONSUMPTION FOR SHIP OPERATIONS

- DESIGNING EFFICIENT WINCHING AND HOISTING SYSTEMS

- MINIMIZING FUEL CONSUMPTION AND OPERATIONAL COSTS

ENVIRONMENTAL AND SAFETY CONSIDERATIONS:

- EXCESSIVE ENERGY USE CAN LEAD TO MECHANICAL WEAR

- PROPER CALCULATION ENSURES SAFETY MARGINS AND SYSTEM RELIABILITY
- EFFICIENT ENERGY USE CONTRIBUTES TO ENVIRONMENTAL SUSTAINABILITY BY REDUCING FUEL CONSUMPTION

ADVANCED CONSIDERATIONS: CALCULATING ACTUAL W ork DONE WITH V ARIABLE FORCE
IN MORE COMPLEX SCENARIOS, THE FORCE EXERTED MAY VARY DURING LIFTING DUE TO:

- CHANGING WATER PRESSURE AT DIFFERENT DEPTHS
- VARIATIONS IN FRICTIONAL FORCES
- MECHANICAL SYSTEM CONSTRAINTS

CALCULATING W/ ORK WITH V ARIABLE FORCE:
\ LW =\inT_{po_1}*{p_2}F() \, oD \]

\WHere \( F(D) \) I1s THE ForCE AT DEPTH \( D \). IN PRACTICE, THIS REQUIRES DETAILED FORCE MEASUREMENTS OR MODELS.

SUMMARY OF KEY FINDINGS

| DepTH (MeTERS) | ENErGY TO LIFT (J) | ApjusTeD For 80% erriciency (J) |
e — i - |

| 20180,000| 100,000 |

1 50| 200,000 250,000 |

| 100]400,000| 500,000 |

THESE FIGURES UNDERSCORE THE SIGNIFICANT ENERGY DEMANDS ASSOCIATED WITH EVEN MODERATE-DEPTH ANCHOR LIFTS AND
HIGHLIGHT THE IMPORTANCE OF EFFICIENT MECHANICAL SYSTEMS.

CoNCLUSION

CALCULATING THE ENERGY USED WHEN LIFTING A SHIP’S ANCHOR WITH A FORCE OF 4,000 N INVOLVES UNDERSTANDING THE
PHYSICAL PRINCIPLES OF WORK AND ENERGY, ACCOUNTING FOR REAL-WORLD MECHANICAL EFFICIENCIES, AND CONSIDERING THE
OPERATIONAL CONTEXT. WHILE SIMPLE CALCULATIONS PROVIDE FOUNDATIONAL INSIGHTS, PRACTICAL APPLICATIONS DEMAND
DETAILED MODELING THAT INCORPORATES FACTORS SUCH AS FRICTION, WATER RESISTANCE, AND SYSTEM EFFICIENCIES. As
MARITIME OPERATIONS CONTINUE TO EVOLVE, SUCH DETAILED ENERGY ASSESSMENTS ARE VITAL FOR OPTIMIZING SAFETY, COST~-
EFFICIENCY, AND ENVIRONMENTAL STEW ARDSHIP.
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NoTE: THE ABOVE CALCULATIONS ARE SIMPLIFIED AND ASSUME IDEAL CONDITIONS. ACTUAL ENERGY CONSUMPTION MAY VARY
BASED ON SPECIFIC SHIP DESIGN, ANCHOR TYPE, WATER CONDITIONS, AND OPERATIONAL PROCEDURES.
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