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Computing Capability of Mechanical Retail-Computing Scales

(An Issue of Suitability for Weighing Devices)

By Rick Harshman

Mechanical retail-computing scales were first manufactured and marketed in the United States in the late 1800’s, with U.S. production ending sometime in the early 1980’s.  Despite production ending more than 25 years ago, weights and measures officials throughout much of the country continue to report a high number of these mechanical devices in commercial use today.  Given the design limitations of mechanical computing scales and changes that have occurred in the marketplace over the past 25 years it is questionable whether these devices are still suitable for commercial use.  This article will specifically address the limited computing capability available on mechanical retail-computing scales and explain why this limited capability makes these devices unsuitable for use in most applications today. 

There are actually three basic designs of mechanical retail-computing scales. Only two designs are thought to remain in commercial use in any significant numbers: fan scales and cylinder scales (also known as drum-computing scales).  Fan scales, as the name implies, describes the fan shaped path in which the indicator of the scale travels from zero balance to full capacity.  Fan scales typically have a weighing capacity of 10 lb or less and usually contain no more than 30 unit prices.  Cylinder scales contain an internal cylinder with a chart attached which rotates in response to loads that are applied.  A fixed fine black wire stretched taut across the viewing window serves as the indicator of both weight and total price values.  Cylinder scales offer higher weighing capacities (typically up to 30 lb) and more unit prices (usually up to 85 unit prices) than fan scales.   Each of these basic designs is easily recognizable by shape and method of indication.  Optical indicating scales, the third basic design, are believed to have all but disappeared from the marketplace. They operated similarly to the cylinder scale in that a chart moved in response to the load applied, instead of the chart being mounted on a drum it was printed in reduced characters on a translucent reticle attached to the lever system.  When a load was applied, the indication was magnified and projected by mirrors to the viewing windows that were observable by the customer and user.  Because of their disappearance from the marketplace, the remaining portion of this article is dedicated to fan scales and cylinder scales.  
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In contrast to electronic retail-computing scales, fan scales and cylinder scales were designed with very limited computing capability.  They are able to provide indications of total sale price for a very limited number of unit prices; the values of which were established by the scale manufacturer and appropriately printed on or adjacent to a corresponding price chart.  The unit prices typically established for use with the charts reflected commodity prices that were prevalent when the scales were being produced.  Given the increase in unit prices of commodities over the past 25 years, these scales (and scales of this design that were manufactured earlier) are no longer able to compute total sale prices of the products they were designed to price.  For this reason, most mechanical retail-computing scales are no longer suitable in today’s commercial marketplace.  
An aspect of unsuitability is the exclusion of a number of unit prices from the price charts established for these scales.  Due to physical size limitations of the price charts, it is not possible to achieve the full range of pricing capability desired of these scales using one-cent unit-price intervals.  Often, 2, 5, and 10-cent unit-price intervals were used, which extended the overall computing range of these scales and broadened the number of useful applications where these scales could be used.  The unfortunate consequence of excluding some unit prices from a price chart is that the scale is unable to provide an accurate indication of the product’s total sale price at those unit prices.  To facilitate the accurate pricing of all products weighed, merchants must set the unit prices at a price that matches the unit prices included on the scale’s chart.  Thus, the design of these scales not only limits the number of unit prices that a merchant has at their disposal for products offered for sale, but it also restricts the setting of those prices to a price specifically included on the scale’s chart. 

	G-UR.1.1.  Suitability of Equipment. - Commercial equipment shall be suitable for the service in which it is used with respect to elements of its design, including but not limited to its weighing capacity (for weighing devices), its computing capability (for computing devices), its rate of flow (for liquid-measuring devices), the character, number, size, and location of its indicating or recording elements, and the value of its smallest unit and unit prices.
(Amended 1974)
UR.1.  Selection Requirements. - Equipment shall be suitable for the service in which it is used with respect to elements of its design, including but not limited to, its capacity, number of scale divisions, value of the scale division or verification scale division, minimum capacity, and computing capability.


NIST Handbook 44 Suitability Requirements:

Paragraph G-UR.1.1. Suitability of Equipment and 

Scales Code Paragraph UR.1. Selection Requirements
In order to comply with NIST Handbook 44 suitability requirements as they relate to the computing capability of devices that compute, scales equipped with computing capability must be able to compute the total sale prices of all commodities to be weighed using those scales.  That is, if the advertised unit price of any product to be weighed on a particular scale with computing capability exceeds the computing capability of that scale, or fails to match one of the unit prices included with the scale’s price chart, the device is considered unsuitable for the service in which it is being used.   For example, if a fan scale were designed to compute within the range of $ 0.29 through $ 3.59 per pound, it would be suitable for pricing various kinds of products with different advertised unit prices, providing that all advertised prices were within that same range of unit prices and each advertised price matched one of the unit prices included with the scale’s chart.  However, if any of the advertised unit prices exceeded the maximum computing capability of $3.59 per pound, or was lower than the minimum computing capability of $0.29 per pound, or did not match one of the unit prices included with the scale’s chart, the scale would not be suitable.  In instances where advertised unit prices do not match one of the unit prices included with a scale’s price chart, but are within the range of a scale’s computing capability, officials could grant the opportunity to the scale owner to change all unit prices at which commodities are offered for sale to correspond to the unit prices included on the scales chart and thereby avoid outright rejection for failure to comply with suitability requirements.  
Can a scale that lacks adequate computing capability be used commercially as a weight-only device if the operator’s view of money graduations were to be permanently blocked and the scale conforms to all other NIST Handbook 44 requirements?  There may be some limited applications where officials could determine that a non-computing scale is suitable for direct sales to customers.  For example, a non-computing scale used to weigh nails in ½-pound and 1‑pound bags priced at $1.09 and $1.99 respectively, may be considered suitable.  Officials should not accept such modification as an alternative to obtaining a suitable device.  Not only is this a modification to the original design, but calculating total sale prices on an analog scale that provides only an indication of weight is subject to error caused by the interpolation of values when indications are between different graduations on the scale or from mistakes made when completing those calculations.  Considering the value of their minimum scale division, most mechanical retailing-computing scales are graduated in ounce or fractional-ounce divisions, and the prices of today’s products offered for sale and sold by weight, even small interpolation errors can cause significant monetary error in total price calculations.  Given that most products weighed on these scales today are advertised in pound units, proper conversion of the weight indications from ounces to pounds to enable accurate calculation of total sale is cause for even greater concern.
NIST Handbook 44 requires commercial equipment to be suitable for the application for which it is used.  Making the determination of whether the computing capability of a mechanical retail-computing scale is suitable for a given application requires verification that the unit prices of commodities offered for sale and weighed on the scale match those that are included with the pricing chart.  This article specifically addresses the limited computing capability available on mechanical retail-computing scales and explains why this feature makes these devices unsuitable for most applications today.  Other suitability issues relating to these scales, to include the impact of division size, minimum and average load weighed as they relate to the value of the minimum scale division, etc., will be addressed in greater detail in a future newsletter article.  For additional information regarding the application of NIST Handbook 44 suitability requirements towards retail-computing scales, contact Rick Harshman at 301-975-8107 or by e-mail at richard.harshman@nist.gov.

