The COUNTERWEIGHT RIGGING SYSTEM, used in theatres throughout the world, is based on a simple principle: Apply a load to one side of the system; add weight to the other side; when the weight on both sides is equal, the system is balanced. For hundreds of years this simple concept has allowed the operator of a counterweight system to fly thousands of pounds in or out with ease.
[http://www.srsrigging.com]
A COUNTERWEIGHT FLY SYSTEM is a system for flying stage scenery by means of adjustable counterweights that are connected by cables running over loft blocks to battens which support the scenery. [Merriam-Webster Dictionary]
A counterweight is an equivalent counterbalancing weight that balances a load.
Flying systems are an important piece of stage machinery for proscenium-stage theatres. These systems are used to lift (or fly) scenery from the stage into a space above the stage (the fly loft) by means of mechanical hoists.
There are two main types of flying systems:
· Hand-operated
Hand-operated systems can be further subdivided into two types:
· rope-set, or hemp, systems
· counterweight systems
· Machine-driven
ROPE-SET SYSTEM
The rope-set system normally has three or more ropes attached to a metal pipe, called a batten, above the stage. The ropes pass over loft blocks on the grid above the stage. Then, at the side of the stage house, they pass over another set of blocks (known as head blocks) and then down to the fly gallery, where they are tied off at the pin rail.
In order for the scenery (or lights) to be raised, it is attached to the batten; when the operator pulls down on the operating lines, that drop from the head blocks to the pin rail, the scenery rises.
If the weight of the scenery is too much to be lifted by the operator, sandbags—used to counterbalance the weight of the scenery—are attached to the operating lines. This system is archaic and inherently dangerous, and it is rarely used today, although it was the standard method of flying scenery from the early 1600s until the introduction of the counterweight system in the early part of the 20th century.
COUNTERWEIGHT SYSTEM
The basic principles underlying the rope-set system are also present in the counterweight system, though the counterweight system is considerably safer and easier to operate.

Rather than rope, steel cables are used as the lift lines attached directly to the batten. As in the hemp system, each lift line threads over its own loft block. The lift lines continue across the loft space to a head block which redirects the cables to the top of the arbor where they are attached.
With the batten lowered to the stage floor, the load to be flown is attached to the batten, and iron weights sufficient to counterbalance the weight of the load are loaded onto the arbor from the loading bridge (or loading gallery).

The up-and-down movement of the counterweight system is controlled by the system’s operating line, which forms a closed loop in which one end of the rope is attached to the top of the arbor, then passes up over a head block, down through the rope lock to the tension block, and then back up to attach to the lower end of the arbor.
MACHINE-DRIVEN SYSTEMS

There are still many hand-operated flying systems in use, but most of the newly installed flying systems (where budget allows) are machine-driven, powered by electricity. Such systems can, in turn, be divided into several categories defined by the type of hoist used.

Some systems use electricity to provide the pulling power but still require counterbalancing; this type is reliant on (1) electrical counterweight-assisted hoists. There are, in turn, two forms of electrical counterweight-assisted hoists:
· Traction drive
In the traction-drive system, the hoisting line–counterweight system is not directly coupled to the electric motor drive, and slippage may occur during acceleration and deceleration of the payload, according to velocity and the weight of the payload. Consequently, traction-drive hoists are utilized only when a relatively constant weight is lifted at a constant velocity; such hoists are often used for curtains and light bridges.

· Linkage drive
The linkage-drive hoist is similar to the traction-drive hoist, except that the hoisting lines are attached directly to the motor.
In other systems electricity may provide both the lifting ability and the force needed to counterbalance; these are a second type of hoist, called a (2) pure-power hoist. Such hoists consist of a motor, a brake, a gear reducer, and a drum around which several hoisting lines wind.
The third type of hoist powered by electricity is a (3) hydraulic hoist, in which an electric motor is used to run a hydraulic piston, which in turn moves the hoisting lines. The advantages of this form of machine-driven flying system are that the electric motor does not have to be physically near the fluid drive, so the system is virtually noiseless, and that the operator may divide the power between any number of pistons, a feat not possible with an electric motor alone.
FLY SYSTEM GLOSSARY

ARBOR – A carriage for counterweights. It consists of two horizontal steel plates (a top plate and bottom plate) tied together by two vertical steel connecting rods. Counterweights are stacked on the bottom plate to balance the line set load, with the weights held in place by the connecting rods.
BLOCK – A pulley used to support and direct the lift and operating lines. A block’s grooved wheel is known as a sheave (pronounced "shiv").

Head blocks, located at the top of the fly loft above their respective arbors, support and direct all the lift lines from the loft blocks to their respective arbors.
Loft blocks support and redirect lift lines from the batten to the head block of a line set.
Tension blocks, located at the bottom of a line set below the arbor, support and redirect operating lines from the bottom of the arbor, up through the rope lock.

FLY SPACE, or FLY LOFT – The space above the stage. Fly space height is ideally at least 2.5 times the height of the proscenium. This allows a full-height curtain or set piece to be located completely out of view of the audience.
LOADING BRIDGE, or LOADING GALLERY – Located high above the fly gallery, at the uppermost limit of the fly system, counterweights are added to/removed from arbors from the loading bridge. The floor of the loading bridge is also typically used as a storage area for unused counterweights.
LOCKING RAIL – Located in the fly gallery, the ROPE LOCKS for all operating lines are positioned and organized along the locking rail.

LOCKING SAFETY RING – Holds the rope lock handle in place by looping around both the operating line and the rope lock handle.

LIFT LINES – Lift lines run from the top of the arbor, up to the top of the fly loft, around the head block, across the stage to evenly spaced loft blocks, then down, attaching to a batten.

OPERATING LINE, or PURCHASE LINE or HAUL LINE – The operating line forms a loop by running from the bottom of the arbor down and around the tension block, up through the rope lock, then up and over the head block and back down (alongside the lift lines), where it terminates at the top of the arbor.

SPREADER PLATES are thin steel plates with holes through which the arbor’s connecting rods pass. Typically a spreader plate is placed between counterweights at two foot intervals within the stack. Finally, a locking plate is lowered onto the completed stack of counterweights and secured in place with a thumbscrew.
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(A) Hoisting cables, (B) Turnbuckles, (C) Purchase/Operating line, (D) Arbor rod, (E) Spreader plates, (F) Counterweight, (G) Rope lock (brake)/Locking rail, (H) Locking safety ring, (I) Tension block. Not shown: head block, loft block, and batten.
In the photo above right, note that the counterweights are placed so that the beveled corners alternate. This arrangement allows for easier lifting of the weights by providing a notched corner space to get your fingers under a weight.
