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The discipline of horology, specifically the repair and maintenance of mechanical clocks, represents a unique 

intersection of mechanical engineering, metallurgical science, and artistic craftsmanship. For centuries, the secrets 

of timekeeping were guarded within the walls of guild apprenticeships and technical institutes. However, the late 

20th century saw a democratization of this knowledge through seminal works by experts such as Laurie Penman, 

H.G. Harris, and Mick Watters. Understanding the mechanical nuances of a clock requires more than just a

passing interest; it demands a deep dive into the physics of energy storage, the mathematics of gear ratios, and the

precision of escapement geometry.

The Evolution of Horological Education: From Apprenticeship to Handbook

Historically, clock repair was a trade learned through years of hands-on labor. The primary challenge for the 

modern enthusiast or entry-level technician is the lack of standardized formal training. As noted in the Handbook 

of Watch and Clock Repairs, much of the earlier literature was written for professionals, assuming a level of tool 

proficiency that many beginners do not possess. The shift toward modern handbooks, such as The Clock 

Repairer's Handbook by Laurie Penman, marked a turning point by providing clear, illustrated guides that

focused on diagnosing faults rather than just describing history.

To repair a clock effectively, one must understand its power source, train of wheels, escapement, and indicating 

mechanism. This article provides a technical framework for these components, drawing on the methodologies

established by leading horological authors to assist in the restoration of timepieces ranging from antique longcase

clocks to modern spring-driven movements.

Fundamental Mechanical Principles: The Power Transmission Chain

Every mechanical clock operates on the principle of controlled energy release. The journey from the power source

to the hands of the clock involves several critical stages of energy transformation.

1. Energy Storage: Mainsprings and Weights

Energy is typically stored in one of two ways: gravitational potential energy (weights) or elastic potential energy 

(mainsprings). Weight-driven clocks are theoretically more accurate because the torque applied remains constant 

regardless of how far the weight has dropped. In contrast, a mainspring's torque decreases as it unwinds. This 

necessitated the invention of the fusee—a conical pulley that equalizes the torque of the mainspring as it weakens.

2. The Going Train (Gear Train)

The gear train, or 'going train', serves two purposes: it transmits power from the source to the escapement and 

provides the necessary gear reduction to drive the hands at specific intervals. The calculation of the train ratiois

fundamental. For example, the ratio between the Great Wheel and the Escape Wheel determines how long the

clock will run on a single winding.

Mathematical modeling of the train involves calculating the number of beats per hour (BPH). The formula for

determining BPH is:



BPH = (2 * T1 * T2 * T3) / (L1 * L2)

Where T represents the number of teeth on the wheels and L represents the number of leaves on the pinions.

The Escapement: The Heart of Regulation

The escapement is the most critical part of any clock. It is the mechanism that converts the continuous rotational 

force of the gear train into discrete pulses, allowing the timekeeping element (the pendulum or balance wheel) to 

oscillate. According to Mick Watters in The Clock Repairer's Manual, the escapement must perform two tasks: it

must give an impulse to the pendulum to keep it in motion, and it must lock the gear train between those impulses.

Common Escapement Types

•  Verge Escapement: The earliest known mechanical escapement. It requires a wide pendulum swing and is 

highly sensitive to changes in drive force.

•  Anchor (Recoil) Escapement: A massive improvement used in most grandfather clocks. It allows for a smaller 

pendulum arc but exhibits 'recoil', where the gear train is pushed slightly backward during each beat.

•  Deadbeat Escapement: Found in precision regulators. It eliminates recoil, significantly increasing accuracy by 

reducing the friction of the 'locking' phase.

Comparison of Essential Reference Manuals

Choosing the right reference is vital for successful repair. The following table compares the most influential texts

mentioned in technical horological circles:



Author Key Title Primary Focus Technical Level

Laurie Penman The Clock Repairer's 
Handbook

Fault diagnosis and 
practical corrections

Beginner to Intermediate

H.G. Harris Handbook of Watch and 
Clock Repairs

General theory and watch-
specific repair

Intermediate

Mick Watters The Clock Repairer's 
Manual

Advanced workshop 
techniques and lathe work

Advanced Enthusiast

Donald de Carle Practical Clock Repairing Traditional bench methods 
and hand tools

Professional / Apprentice

The Restoration Protocol: A Field Guide for Technicians

Restoring a clock is not merely about cleaning; it is about correcting years of wear and improper previous repairs.

The following procedure outlines the professional workflow for a standard mechanical movement restoration.

Step 1: Initial Assessment and Fault Diagnosis

Before disassembly, observe the movement in action. Check for 'beat' (the evenness of the tick-tock). Use a 

horological timing machineor digital sensor to analyze the rate. Laurie Penman emphasizes that most faults are

found in the escapement or the mainspring power delivery.

Step 2: Safe Disassembly

The most dangerous part of clock repair is the mainspring. A fully wound spring contains enough energy to shatter 

gear teeth or cause serious injury. Always use a mainspring winderto safely remove the spring from its barrel.

Never attempt to let down a spring using just a key and your fingers.

Step 3: Cleaning Procedures

Modern horology utilizes ultrasonic cleaning with specialized ammoniated solutions to remove oxidized oil and 

grime. However, historical movements with delicate finishes may require hand-cleaning using Pegwood and 

Pithwood to ensure that pivot holes are free of abrasive 'sludge' (a mixture of old oil and brass dust).

Step 4: Bushing and Pivot Polishing

The most common mechanical failure in clocks is oval wear in the pivot holes. When the brass plate wears out, the 

gear sits at an angle, increasing friction and eventually stopping the clock. The solution is to drill out the worn hole 

and press-fit a new bronze bush. Simultaneously, pivots must be polished to a mirror finish using a pivot polisher 

or a lathe with burnishing files.

Troubleshooting and Mathematical Adjustments

A clock that 'runs' but does not 'keep time' requires adjustment to its regulating element. For pendulum clocks, the

period of oscillation is governed by the length of the pendulum.

The Pendulum Formula

The period (T) of a simple pendulum is calculated as:

T = 2<��¢�7� t(L / g)



Where:

•  L = Length of the pendulum (from the point of suspension to the center of gravity of the bob).

•  g = Acceleration due to gravity (approx. 9.81 m/s²).

To make the clock run faster, the bob must be raised (shortening L). To slow it down, the bob is lowered. Even a 

1mm change in L can result in a deviation of several minutes per week.

Common Failure Modes

1.  Out of Beat: The most frequent cause of a clock stopping. The 'tick' and 'tock' must be perfectly symmetrical 

in time. If the 'crutch' is bent, the escapement will not receive equal impulse.

2.  Gummy Oil: Oil has a shelf life of 3–5 years. Beyond this, it turns into a thick paste that acts as an abrasive, 

grinding down the steel pivots.

3.  Mainspring Fatigue: Over time, a mainspring loses its 'set' and cannot provide enough torque to drive the 

movement through the entire week.

Advanced Considerations: Lubrication Science

The choice of lubricant is as important as the repair itself. Horologists use synthetic oils like Moebius 8000 (for 

general movements) or Moebius 941 (for high-speed escapements). Unlike automotive oil, horological oil must stay 

exactly where it is placed and not spread (creep) across the plates. Epilametreatment is often used to prevent oil

migration in high-grade movements.



Component Lubricant Type Application Method

Escape Wheel Teeth Light Synthetic Oil / Grease Dipped Oiler (Minimal)

Train Wheel Pivots Medium Viscosity Oil Oil sink (Filled to 1/2)

Mainsprings Heavy Graphite or Molybdenum 
Grease

Wiped throughout length

Pallet Faces Specialized Escapement Oil Micro-drop on every 3rd tooth

Summary of Technical Best Practices

Precision clock repair is an exercise in patience and meticulousness. By following the established frameworks of 

Laurie Penman and other master horologists, a technician can ensure that a timepiece is not only functional but 

preserved for future generations. The transition from a beginner to a master involves moving beyond simple 'part 

swapping' and into the realm of component fabrication and dynamic adjustment.

The broader implications of this work extend into modern engineering; the principles of friction reduction, torque

management, and oscillatory stability remain relevant even in the age of atomic timekeeping. Whether one is

restoring a 19th-century French mantel clock or a sophisticated carriage clock, the goal remains the same: the

pursuit of the perfect beat. By adhering to the mathematical models of gear trains and the metallurgical

requirements of pivot polishing, the horologist preserves the heartbeat of mechanical history.

Ultimately, the successful repair of a clock is validated by the Rate Stability over a 30-day period. Consistent 

power delivery, minimal frictional loss at the bushings, and a perfectly adjusted escapement are the hallmarks of a 

professional restoration. As resources like the NAWCC Forums and the various Clock Repairer Handbooks

suggest, the community of knowledge continues to grow, ensuring that the intricate dance of gears and springs

remains an enduring human achievement.
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