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Converting And Rounding

This is perhaps too all encompassing. It could be 3 sections: the four or five paragraphs below, than a section on converting tolerances (it is rewritten as a unique subject in C;\metric\HA\Conv. Drawing Tol’s) and a section called Divide or not to Divide. This was last updated 2003 Apr 29.

There is no difference in the technique of converting and rounding when conversions are made among I-P units as compared to converting I-P units to SI units. The following text brings forth therefore only the oft violated rules and the distinctions one must recognize when converting in various disciplines.

Significant Digits

It is taken for granted that the number of digits in an engineering numerical value contains only as many significant digits (for the definition see the framed insert) as is appropriate. To be appropriate means that the number of digits shown reflects either the accuracy of an instrument that would be used for verifying the value, or the purpose of the data such as providing information to the non-technical public.

To illustrate, a value of 19.000 mm indicates 5 significant digits, which would be appropriate if it reflects the measurement obtainable from a micrometer. A value of 19.0 mm has three significant digits, which would be appropriate for verification by a high quality tape measure. A value of 19 mm has two significant digits and it would be appropriate for measurements in carpentry. In the latter case, the number might appropriately be rounded to 20 mm or even 2 cm if the information is intended to reflect a rough measurement, a guess, or a situation where the ease of remembering is more important than accuracy.

When converting among I-P units, engineers usually observe the above. When converting to SI units, however, this common sense is often missing; the numbers state too many digits. With the exception of length dimensioning and laboratory measurements, engineering values contain mostly just two or three significant digits. The converted values must reflect that. Even if an I-P value indicates an unrealistic precision, converting should correct that error and display only significant digits. Avoid indeterminate values except in numbers intended for orientation only such as used in the popular press.

A refresher on significant digits and indeterminability:

There are three significant digits in a number like 77.8; five in 789.30; one in 0.07; two in 0.071; four in 500.0. The significance is indeterminable in numbers such as 2000, or 20. Notice that prefixes make it often easy to remove the indeterminability. Compare 2000 kW vs. 2 MW; whereas the former is indeterminate (1, 2, 3, or 4 digits may be significant, we do not know), the latter can be understood as more than 1.5 but less than 2.5.

Rounding Numbers Ending with 5

There is an option within the rules for rounding. In a few countries and professions, a number ending with 5 may be rounded either: [a.] upward (always), or, [b.] either upward or left unchanged depending on whether the digit preceding the 5 is odd or even. 

Worldwide, the popularity of the latter method is declining paralleling the decline of the use of fractions (in a fractions-free world, numbers ending with 5 followed by nothing before rounding are rare). Accordingly, 1.35 is rounded to 1.4 and, identically, 1.65 is rounded to 1.7. This is how all computers, for example, round.

Converting Formulas

Many mathematical (engineering) formulas have been simplified by lumping conversion factors into a constant in the equation, and thus units may be "hidden" in it. Such formulas present a potential for error when they are used within systems of units other than the one in which they were simplified. To avoid the error, perform a dimensional analysis before converting an equation. When done, there should not be any constants in it except the "natural" ones such as the (. Converting formulas rather than numerical results eliminates the potential of losing accuracy in the repeated rounding, and it speeds up the work.

Converting Constants, and Reference or Nominal Numbers

These are the various numbers related to nature (e.g. Earth's circumfer​ence), material properties (e.g. Young's modulus), etc. They should not be converted by calculation. These numbers have (usually) one universally accepted value in the metric world and one in the I-P world. The respective numbers must be looked up (in encyclopedias, standards handbooks, etc.) not converted. 

Similarly with sizes of various engineering components such as pipes, ropes, and two-by-fours; the sizes must be looked up in handbooks, not determined by a conversion.

Converting in Legal Documents

Converting values where the I-P value represents a limit that must be respected, such as the clearance specified in a road transportation code, the rounding follows the direction of safety and may display more significant digits. For example, a 10 ft underpass clearance requirement must be expressed as 3.05 m (a precision appropriate for a tape measurement) until the code allows the more common-sense height of 3 m. Such new number would, presumably, be verified by a study before it enters the code.

Selecting Conversion Factors

Among the potential pitfalls in looking up conversion factors, most are due to two problems: 

(1) In converting lb, oz, ton and similar “weight” units, depending on the context in which these units are used any of them can be the unit of force or mass. There is, therefore, a 50 % chance of selecting the wrong factor (converting to newtons instead of grams or vice versa).

(2) The other problem relates to the multiple meaning of some I-P units. For example, there are different tons, different ounces, several pounds (troy and avoirdupois), quarts (dry and liquid), gallons (U.S. and Imperial), feet (a surveyor foot), etc. Selecting a conversion factor with older documents is further complicated for some of these units having had different sizes in earlier times. For example, the inch has changed the last time as recently as 1959.

Selecting the proper factor to a discipline presents also a potential pitfall because the terminology is not unified. For example, the moment of inertia has several different units according to what is meant; when meaning the 2nd moment of area, as an example, it has no unit of mass in it at all despite the reference to “inertia.” Terms such as “load” have a multitude of different units, e.g., N, A/m2, N/m.

The next is expanded in separate article Converting (drawing) tolerances.

Converting drawing tolerances

Converting tolerances requires thorough knowledge of the function and fabrication of the dimension in question. There is only one conversion factor involved: 25.4 (exactly). Its application is not similarly straight-forward, however.

There are four converting methods. The first two are based on a "blind" multiplication of the tolerance by the conversion factor but they differ in the ways of rounding. One method uses the above described rounding. The other resorts to an "inward" rounding. In the latter, the resulting tolerance is always equal or narrower (never broader) than the original one was. This rounding assures an identical or better accuracy of the converted dimension. But it often leads to the problem described in the next paragraph.

The third method avoids "blind" conversions. Instead, it relies on the "convertor's" understanding of the tolerance purpose and machining capabilities. Each drawing tolerance is given a hard look. Can it be loosened a bit? Always take this option if it is available to you. Remember that the original tolerance was probably rounded "inward" and is thus tighter than it needs to be. Converting and then rounding such tolerance further "inward" (as described in the second method) increases the part's cost, sometime drastically when, for example, the new tolerance requires grinding where milling would have sufficed before. Consider that some tolerances went through this "inward" rounding several times in the life of the drawing, and will experience more such roundings in the future as (some) machine shops will be soft converting drawings for another generation.

The fourth method avoids calculated conversion altogether. It is the only method that should be applied with fit tolerances, standardized parts tolerances, and common cutting-tool machining allowances. Instead of mathematical converting, this method replaces the tolerances with the metric standardized tolerances. This means that such tolerances should be selected (to preserve a fit, to conform to a standard for an as-purchased metric item, etc.) not re-calculated. The standardized tolerances are listed in design and machinery handbooks. Those relevant to our business were copied into this manual and are presented in the respective chapters dealing with standardized fits, tools, and components.

Notice that to preserve a fit it is not, in principle, necessary to know the inch tolerance. This is explained in the section on the ISO Fits and Tolerances in Symbols (FaTiS). Similarly for the case of the default tolerances, (they are described in the chapter on tolerances of untoleranced dimensions), standardized tolerances for components (they are listed in their respective chapters), etc.
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