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A chain is only as strong as its 

weakest link and a packaging line is 

only as fast as its slowest machine.
The slowest machine is the constraint that determines the potential output of the 

line. Buffers can be used to manage this constraint to improve total throughput.

The terms buffer and accumulator are often used interchangeably. They are actually two

similar but different things. An accumulator amasses product for the next production step.

A case packer will often have an accumulation section at the infeed where bottles are

distributed from 1 lane to multiple lanes in a section that may be several feet long. The

purpose of this accumulation is to provide sufficient back pressure to allow the

case packer to function smoothly.

The purpose of a buffer is to provide an up- or downstream buffer for a machine to smooth

line flow.



 

As an example, let’s assume a 200ppm bottling line consisting of the following equipment,

arranged sequentially and connected by 5’ lengths of conveyor.

 Filler/capper

 Labeler

 Cartoner

Each machine runs reliably at 200ppm with no stoppages. Yeah, I know, but let’s pretend.

The labeler runs at 200ppm when running but stops twice an hour for minutes to replace

label rolls.

While line speed when running is 200ppm, the labeler only runs 50 minutes out of every

60 making its actual average speed 167ppm. Whenever it stops, the filler/capper must

stop since there is nowhere for its output to go. Likewise, the cartoner will stop because

it has no bottles. Average line speed is determined by the labeler at 167ppm. Total shift

output is @80,000 bottles.

The labeler is the constraint on the line since it determines the maximum line throughput.

The engineer who bought the labeler was pretty sharp and it can actually run 250ppm.

Cranking the labeler speed to 230ppm will provide an overall average speed of 200ppm.

(The filler/capper and cartoner are maxed out at 200ppm)

Problem solved, right? Nope. Line speed will still be 167ppm. Increased labeler speed

does nothing but disbalance the line. The labeler will run at 230ppm then stop because

there are no bottles coming from the capper. Even if the capper could keep it supplied,

the cartoner would be unable to accept the bottles, a backup would occur.

Fortunately, there is a fairly easy way to manage this constraint and bring the line speed

up to the required 200ppm.

Add 2 buffers, one at the labeler infeed and the other at the labeler discharge. Each

should be sized to hold 1,000 bottles. This takes care of the 5-minute labeler stoppage.

In normal operation, the filler/capper and cartoner run at 200ppm. On line start-up,

both buffers will be empty. Because the labeler is running faster than the filler/capper,
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it will start and stop as needed based on infeed backlog. Neither buffer will accumu-

late any bottles.

At the first stoppage to replenish labels, the filler/capper can continue running,

discharging to the buffer. During the 5 minutes of labeler stoppage, the buffer fills with

1,000 bottles. Once the labeler restarts, at 230ppm, it will label the 200ppm coming from

the filler/capper plus 30ppm that it takes from the buffer.

Downstream the cartoner, running 200ppm, cannot carton the full labeler discharge. It will

carton 200ppm and 30ppm will accumulate in the buffer. When the labeler stops for label

replenishment, the cartoner can continue running, depleting the bottles in the buffer.

The two buffers allow the rest of the line to continue running while the labeler is stopped.

This boosts average line speed to 200ppm or 96,000 bottles per shift. This increase

produces 4,000,000 additional bottles per year (single shift operation). This additional

output should more than offset the cost of the buffers.

In real life, this hypothetical line is just that, hypothetical. There is much that can be done

to reduce the time for roll replenishment and this should probably be the first focus. Better

staging of replenishment rolls, splicing stations, even automated splicers may be able to

reduce the labeler downtime from 5 minutes 1 minute or less. This allows smaller buffers

to be used but may not eliminate them entirely.

Buffers may be First In, First Out (FIFO) First In, Last Out (FILO) or First In Random Out

(FIRO). Generally, products are not held in buffers long enough that this is an issue,

though there are exceptions. Selection of a buffer type is usually dependent upon the type

of container to be accumulated and how to fit it into the line. Lack of floor space might

dictate the use of a vertical buffer such an alpine or an elevator. Products with a different

front and back may require a buffer that maintains orientation. Some products such as

labeled or highly finished bottles may be subject to scuffing if allowed to rub against each

other in the buffer. Others, such as unlabeled plastic bottles are not affected. Ideally,

products should only be accumulated in the buffer when necessary, bypassing it or

flowing straight through at all other times.
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Some buffers move product in an out by design. Others will need sensors, controls and

diverters to control flow in and out.

Major styles of buffers in common packaging use include the following:

Rotary Turntable – Rotary turntables used at the line infeed are often 

called unscramblers. They can also be used at intermediate points or at line discharge. 

Rotary buffers consist of a rotating disc with an outer, confining, guide rail. Other guides 

may be used to aid in discharge. Rotary turntables work best with relatively small round 

bottles or cans. They will work with larger products but, because the disc diameter is usu-

ally limited to about 48” or smaller, the capacity for larger products will be limited.

 

 

 

Multi-Chain Buffer Table – The multi-chain buffer, consists of a flat-top chain con-

veyor with a wider, mattop chain conveyor on either side. The center chain extends 

from both infeed and discharge of the table to transfer bottles in and out. One of the 

mattop chains runs in the opposite direction and one in the same direction as the 

through conveyor. Normally bottles pass through as on any other conveyor. When 

bottles cannot exit the table, due to a downstream backup, they are guided on the op-

posite running chain and carried back to the infeed. There they are guided back onto 

the through conveyor, or, if full, onto the other mattop chain. Bottles accumulate until full 

or until the conveyor exit is clear.
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These buffers can be built in virtually any size and a variety of configurations to fit almost

any need or layout.

TIP: When specifying a multi-chain buffer, be sure that the relative speed of each of the

3 chains can be independently controlled.

Racetrack Buffer – The racetrack accumulator, best known by its trade name 

Infinitytm* consists of a conveyor laid out in a circular pattern. Products enter the race-

track and are conveyed to the discharge. If the discharge is not clear, they con-

tinue around the racetrack until it is. These can be built from any width chain and overall 

length as required to provide sufficient buffering.

One big advantage of this system is that the products move in mass rather than relative

to each other. This minimizes any scuffing. It also permits accumulation of normally hard

to handle products such as bottles, cartons or bags and pouches.

*Infinity is a trademark of Garvey Conveyor Company

Bi-Directional Buffers – Bi-directional buffers are essentially a large matt-top 

chain conveyor mounted perpendicular to the product conveyor. During normal opera-

tion, the product is conveyed past the table on the main conveyor. When buffering is re-

quired, the table chain begins moving away from the conveyor. As products back up in 

front of the buffer they bubble off (if round) onto the buffer. When the blockage is 

cleared, the direction of the table is reversed to push the products back onto the 

main conveyor.
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Sensors determine whether to buffer or debuffer and in which direction to operate the

accumulation conveyor.

Square or rectangular products can also be a buffered with this type of table though a

mechanical pusher may be required. Generally, the product stopped in front of the table,

back pressure is relieved, and a pusher arm pushes a complete row of product unto 

the table. Debuffering is similar except that the pusher arm is used to help keep the 

products organized as table chain back pressure pushes them back onto the main con-

veyor.
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Serpentine – If first in-first out is required, a serpentine conveyor may be used. This is

essentially a long section of conveyor that loops back on itself multiple times before

discharging. All product runs through the entire length of the serpentine. Buffering

capacity is the sum of the gaps between products. The faster the conveyor chain speed,

the greater the gaps will be and the greater the buffering capacity.

Speed of the conveyor is the determining factor for buffering capacity. During normal

operation, the conveyor should be run as fast as possible to maximize the spacing

between products. This also minimizes the time it takes for a product to transit between

upstream and downstream processes. It may be desirable to have a control to run the

conveyor at 2 speeds. Fast during normal operation and debuffering and slow, to reduce

cumulative back pressure, when accumulating products.



 

Alpine Accumulators – The alpine buffer is a variation of the serpentine. The 

alpine conveyor is arranged in a series of loops all on a slight incline. On reaching 

maximum elevation, a similar declining arrangement brings the products back to run

ning height for discharge. The incline and decline sections may be separate or may be 

intertwined into a single unit.

Alpine conveyors are useful when floor space is limited. As they are inclined, they do not

work well with relatively tall products as there may be a tendency to fall over.

 

 

 

Elevator Buffers – The elevating buffer is useful with certain products such as cartons 

or cases though it will work with bottles, bags or other products as well. It consists of a se

ries of elevating platforms. Products normally pass through the buffer but when required, 

they will be automatically pushed onto platforms. When the platform is full, it is raised, 

moving another, empty, platform into place. When the discharge is cleared, the 

process is reversed with the platform lowered and product pushed back onto the main 

conveyor.

Courtesy FlexLink Conveyor Corp 
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Conclusion
Buffers seem pretty simple compared to most other packaging machinery on a line and 
they are. This can cause them to be overlooked or added without paying too much atten-
tion to what they need to do. Their simplicity can be deceiving, though. They can help 
balance a line to get better utilization out of machinery that runs on differing speeds. The 
addition of a buffer or two can dramatically increase a line’s production output without a 
lot of extra expense. 


