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Section 2.20.  Scales 
 

A.  Application 
 

A.1.  General. – This code applies to all types of weighing devices other than automatic bulk-weighing systems, 

belt-conveyor scales, and automatic weighing systems.  The code comprises requirements that generally apply to all 

weighing devices, and specific requirements that are applicable only to certain types of weighing devices. 

(Amended 1972 and 1983) 

 

A.2.  Wheel-Load Weighers, Portable Axle-Load Weighers, and Axle-Load Scales. – The requirements for 

wheel-load weighers, portable axle-load weighers, and axle-load scales apply only to such scales in official use for the 

enforcement of traffic and highway laws or for the collection of statistical information by government agencies. 

 

A.3.  Additional Code Requirements. – In addition to the requirements of this code, devices covered by the Scales code 

shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Zero Indication. 
 

(a) On a scale equipped with indicating or recording elements, provision shall be made to either indicate or 

record a zero-balance condition. 

 

(b) On an automatic-indicating scale or balance indicator, provision shall be made to indicate or record an 

out-of-balance condition on both sides of zero. 

 

(c) A zero-balance condition may be indicated by other than a continuous digital zero indication, provided that 

an effective automatic means is provided to inhibit a weighing operation or to return to a continuous digital 

indication when the scale is in an out-of-balance condition. 

(Added 1987) (Amended 1987) (Amended 1993)  

 

S.1.1.1.  Digital Indicating Elements. 
 

(a) A digital zero indication shall represent a balance condition that is within ± ½ the value of the scale 

division. 

 

(b) A digital indicating device shall either automatically maintain a “center-of-zero” condition to 

± ¼ scale division or less, or have an auxiliary or supplemental “center-of-zero” indicator that defines 

a zero-balance condition to ± ¼ of a scale division or less.  A “center-of-zero” indication may operate 

when zero is indicated for gross and/or net mode(s). 

[Nonretroactive as of January 1, 1993] 

(Amended 1992 and 2008) 

 

S.1.1.2.  No-Load Reference Value. – On a single draft manually operated receiving hopper scale installed 

below grade, used to receive grain, and utilizing a no-load reference value, provision shall be made to indicate 

and record the no-load reference value prior to the gross load value. 

(Added 1983) 

 

S.1.2.  Value of Scale Division Units. – Except for batching scales and weighing systems used exclusively for 

weighing in predetermined amounts, the value of a scale division “d” expressed in a unit of weight shall be equal to: 

(a) 1, 2, or 5; or 

  

(b) a decimal multiple or submultiple of 1, 2, or 5; or 

 Examples:  scale divisions may be 10, 20, 50, 100; or 0.01, 0.02, 0.05; or 0.1, 0.2, 0.5, etc. 
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(c) a binary submultiple of a specific unit of weight. 

 

 Examples:  scale divisions may be ½, ¼, 
1
/8, 

1
/16, etc. 

[Nonretroactive as of January 1, 1986] 

 

S.1.2.1.  Digital Indicating Scales. – Except for postal scales, a digital-indicating scale shall indicate weight 

values using only a single unit of measure.  Weight values shall be presented in a decimal format with the value 

of the scale division expressed as 1, 2, or 5, or a decimal multiple or submultiple of 1, 2, or 5. 

 

The requirement that the value of the scale division be expressed only as 1, 2, or 5, or a decimal multiple or 

submultiple of only 1, 2, or 5 does not apply to net weight indications and recorded representations that are 

calculated from gross and tare weight indications where the scale division of the gross weight is different from the 

scale division of the tare weight(s) on multi-interval or multiple range scales.  For example, a multiple range or 

multi-interval scale may indicate and record tare weights in a lower weighing range (WR) or weighing segment 

(WS), gross weights in the higher weighing range or weighing segment, and net weights as follows: 

 

55 kg Gross Weight (WR2 d = 5 kg) 10.05 lb Gross Weight (WS2 d = 0.05 lb) 

– 4 kg Tare Weight   (WR1 d = 2 kg) – 0.06 lb Tare Weight   (WS1 d = 0.02 lb) 

= 51 kg Net Weight     (Mathematically Correct) = 9.99 lb Net Weight     (Mathematically Correct) 

[Nonretroactive as of January 1, 1989] 

(Added 1987) (Amended 2008) 

 

S.1.2.2.  Verification Scale Interval. 
 

S.1.2.2.1.  Class I and II Scales and Dynamic Monorail Scales.  If e  d, the verification scale interval “e” 

shall be determined by the expression: 

 

d < e < 10 d 

 

If the displayed division (d) is less than the verification division (e), then the verification division shall be 

less than or equal to 10 times the displayed division. 

 

The value of e must satisfy the relationship, e = 10
k
 of the unit of measure, where k is a positive or negative 

whole number or zero.  This requirement does not apply to a Class I device with d < 1 mg where e = 1 mg.  

If e  d, the value of “d” shall be a decimal submultiple of “e,” and the ratio shall not be more than 10:1.  If 

e  d, and both “e” and “d” are continuously displayed during normal operation, then “d” shall be 

differentiated from “e” by size, shape, color, etc. throughout the range of weights displayed as “d.” 

(Added 1999) 

 

S.1.2.2.2.  Class III and IIII Scales.  The value of “e” is specified by the manufacturer as marked on the 

device.  Except for dynamic monorail scales, “e” must be less than or equal to “d.” 

(Added 1999) 

 

S.1.2.3.  Prescription Scale with a Counting Feature. – A Class I or Class II prescription scale with an 

operational counting feature shall not calculate a piece weight or total count unless the sample used to determine 

the individual piece weight meets the following conditions: 

 

(a) minimum individual piece weight is greater than or equal to 3 e; and 

 

(b) minimum sample piece count is greater than or equal to 10 pieces. 

(Added 2003) 
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(a) Except on Class I scales, provision shall be made for applying a security seal in a manner that 

requires the security seal to be broken before an adjustment can be made to any component affecting 

the performance of an electronic device. 

[Nonretroactive as of January 1, 1979] 

 

(b) Except on Class I scales, a device shall be designed with provision(s) for applying a security seal that 

must be broken, or for using other approved means of providing security (e.g., data change audit trail 

available at the time of inspection), before any change that detrimentally affects the metrological 

integrity of the device can be made to any electronic mechanism. 

[Nonretroactive as of January 1, 1990] 

 

(c) Except on Class I scales, audit trails shall use the format set forth in Table S.1.11. 

[Nonretroactive as of January 1, 1995] 

 

A device may be fitted with an automatic or a semi-automatic calibration mechanism.  This mechanism shall be 

incorporated inside the device.  After sealing, neither the mechanism nor the calibration process shall facilitate 

fraud. 

(Amended 1989, 1991, and 1993) 

 

 

S.1.12.  Manual Weight Entries. – A device when being used for direct sale shall accept an entry of a manual 

gross or net weight value only when the scale gross or net* weight indication is at zero.  Recorded manual 

weight entries, except those on labels generated for packages of standard weights, shall identify the weight 

value as a manual weight entry by one of the following terms:  “Manual Weight,” “Manual Wt,” or “MAN 

WT.”  The use of a symbol to identify multiple manual weight entries on a single document is permitted, 

provided that the symbol is defined on the same page on which the manual weight entries appear and the 

definition of the symbol is automatically printed by the recording element as part of the document. 

[Nonretroactive as of January 1, 1993] [*Nonretroactive as of January 1, 2005] 

(Added 1992) (Amended 2004) 

 

S.1.13.  Vehicle On-Board Weighing Systems:  Vehicle in Motion. – When the vehicle is in motion, a vehicle 

on-board weighing system shall either: 

 

(a) be accurate; or 

Table S.1.11. Categories of Device and Methods of Sealing 

Categories of Device Methods of Sealing 

Category 1:  No remote configuration 

capability. 

Seal by physical seal or two event counters:  one for calibration 

parameters and one for configuration parameters. 

Category 2:  Remote configuration capability, 

but access is controlled by physical hardware. 

 

The device shall clearly indicate that it is in the 

remote configuration mode and record such 

message if capable of printing in this mode. 

The hardware enabling access for remote communication must 

be at the device and sealed using a physical seal or two event 

counters:  one for calibration parameters and one for 

configuration parameters. 

Category 3:  Remote configuration capability 

access may be unlimited or controlled through 

a software switch (e.g., password). 

An event logger is required in the device; it must include an 

event counter (000 to 999), the parameter ID, the date and time 

of the change, and the new value of the parameter.  A printed 

copy of the information must be available through the device or 

through another on-site device.  The event logger shall have a 

capacity to retain records equal to ten times the number of 

sealable parameters in the device, but not more than 1000 

records are required.  (Note:  Does not require 1000 changes to 

be stored for each parameter.) 

[Nonretroactive as of January 1, 1995] 

(Table added 1993) 
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(b) inhibit the weighing operation. 

(Added 1993) 

 

S.2.  Design of Balance, Tare, Level, Damping, and Arresting Mechanisms. 
 

S.2.1.  Zero-Load Adjustment. 
 

S.2.1.1.  General. – A scale shall be equipped with means by which the zero-load balance may be adjusted.  

Any loose material used for this purpose shall be enclosed so that it cannot shift in position and alter the 

balance condition of the scale. 
 

Except for an initial zero-setting mechanism an automatic zero adjustment outside the limits specified in 

S.2.1.3. Scales Equipped with an Automatic Zero-Tracking Mechanism for an automatic zero-tracking 

mechanism is prohibited. 

(Amended 2010) 
 

S.2.1.2.  Scales used in Direct Sales. – A manual zero-setting mechanism (except on a digital scale with an 

analog zero-adjustment mechanism with a range of not greater than one scale division) shall be operable or 

accessible only by a tool outside of and entirely separate from this mechanism, or it shall be enclosed in a 

cabinet.  Except on Class I or II scales, a balance ball shall either meet this requirement or not itself be 

rotatable. 

 

A semiautomatic zero-setting mechanism shall be operable or accessible only by a tool outside of and 

separate from this mechanism or it shall be enclosed in a cabinet, or it shall be operable only when the 

indication is stable within: 
 

(a) plus or minus 3.0 scale divisions for scales of more than 2000 kg (5000 lb) capacity in service 

prior to January 1, 1981, and for all axle load, railway track, and vehicle scales; or 

 

(b) plus or minus 1.0 scale division for all other scales. 

 

S.2.1.3.  Scales Equipped with an Automatic Zero-Tracking Mechanism 
 

S.2.1.3.1.  Automatic Zero-Tracking Mechanism for Scales Manufactured Between 

January 1, 1981, and January 1, 2007. – The maximum load that can be “rezeroed,” when either 

placed on or removed from the platform all at once under normal operating conditions, shall be: 

 

(a) for bench, counter, and livestock scales:  0.6 scale division; 

 

(b) for vehicle, axle-load, and railway track scales:  3.0 scale divisions; and 

 

(c) for all other scales:  1.0 scale division. 

 (Amended 2005) 

 

  S.2.1.3.2.  Automatic Zero-Tracking Mechanism for Scales Manufactured on or after 

January 1, 2007. – The maximum load that can be “rezeroed,” when either placed on or removed from 

the platform all at once under normal operating conditions, shall be: 
 

(a) for vehicle, axle-load, and railway track scales:  3.0 scale divisions; and 
 

(b) for all other scales:  0.5 scale division. 

 (Added 2005) 
 

S.2.1.3.3.  Means to Disable Automatic Zero-Tracking Mechanism on Class III L Devices. – 

Class III L devices equipped with an automatic zero-tracking mechanism shall be designed with a 

sealable means that would allow zero tracking to be disabled during the inspection and test of the 

device. 

[Nonretroactive as of January 1, 2001] 

(Added 1999) (Amended 2005) 
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Table 3. 

Parameters for Accuracy Classes 

Class 
Value of the Verification Scale Division  

(d or e
1
) 

Number of Scale
4 
Divisions (n) 

Minimum Maximum 

SI Units 

I equal to or greater than 1 mg 50 000 -- 

II 1 to 50 mg, inclusive 100 100 000 

 equal to or greater than 100 mg 5 000 100 000 

III
2,5

 0.1 to 2 g, inclusive 100 10 000 

 equal to or greater than 5 g 500 10 000 

III L
3
 equal to or greater than 2 kg 2 000 10 000 

IIII equal to or greater than 5 g 100 1 200 

Inch-Pound Units 

III
5
 0.0002 lb to 0.005 lb, inclusive 100 10 000 

 0.005 oz to 0.125 oz, inclusive 100 10 000 

 equal to or greater than 0.01 lb 500 10 000 

 equal to or greater than 0.25 oz 500 10 000 

III L
3
 equal to or greater than 5 lb 2 000 10 000 

IIII greater than 0.01 lb 100 1 200 

 greater than 0.25 oz 100 1 200 

1
 For Class I and II devices equipped with auxiliary reading means (i.e., a rider, a vernier, or a least significant 

decimal differentiated by size, shape, or color), the value of the verification scale division “e” is the value of the 

scale division immediately preceding the auxiliary means. 

 
2
 A Class III scale marked “For prescription weighing only” may have a verification scale division (e) not less than 

0.01 g. 

(Added 1986) (Amended 2003) 

 
3
 The value of a scale division for crane and hopper (other than grain hopper) scales shall be not less than 0.2 kg 

(0.5 lb).  The minimum number of scale divisions shall be not less than 1000. 

 
4
 On a multiple range or multi-interval scale, the number of divisions for each range independently shall not exceed 

the maximum specified for the accuracy class.  The number of scale divisions, n, for each weighing range is 

determined by dividing the scale capacity for each range by the verification scale division, e, for each range.  On a 

scale system with multiple load-receiving elements and multiple indications, each element considered shall not 

independently exceed the maximum specified for the accuracy class.  If the system has a summing indicator, the nmax 

for the summed indication shall not exceed the maximum specified for the accuracy class. 

(Added 1997) 

 
5
 The minimum number of scale divisions for a Class III Hopper Scale used for weighing grain shall be 2000.) 

[Nonretroactive as of January 1, 1986] 

(Amended 1986, 1987, 1997, 1998, 1999, 2003, and 2004) 
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S.6.  Marking Requirements.  [See also G-S.1. Identification, G-S.4. Interchange or Reversal of Parts, 

G-S.6. Marking Operational Controls, Indications, and Features, G-S.7. Lettering, G-UR.2.1.1. Visibility of 

Identification, and UR.3.4.1. Use in Pairs] 

 

S.6.1.  Nominal Capacity; Vehicle and Axle-Load Scales. – For all vehicle and axle-load scales, the marked 

nominal capacity shall not exceed the concentrated load capacity (CLC) times the quantity of the number of 

sections in the scale minus 0.5. 

 

As a formula, this is stated as:  nominal capacity < CLC x (N - 0.5) 

where N = the number of sections in the scale. 

(See N.1.3.3. Vehicle Scales, Axle-Load Scales, and Livestock Scales and T.N.3.1. Maintenance Tolerance 

Values) 

[Nonretroactive as of January 1, 1989] 

 

Note:  When the device is used in a combination railway track and vehicle weighing application, the above formula shall 
apply only to the vehicle scale application. 

(Added 1988) (Amended 1999 and 2002) 

 

S.6.2.  Location of Marking Information. – Scales that are not permanently attached to an indicating element, 

and for which the load-receiving element is the only part of the weighing/load-receiving element visible after 

installation, may have the marking information required in G-S.1. of the General Code and S.6. of the Scales 

Code located in an area that is accessible only through the use of a tool; provided that the information is easily 

accessible (e.g., the information may appear on the junction box under an access plate).  The identification 

information for these scales shall be located on the weighbridge (load-receiving element) near the point where 

the signal leaves the weighing element or beneath the nearest access cover. 

(Added 1989) 

 

S.6.3.  Scales, Main Elements, and Components of Scales or Weighing Systems. – Scales, main elements of 

scales when not contained in a single enclosure for the entire scale, load cells for which Certificates of 

Conformance (CC) have been issued under the National Type Evaluation Program, and other equipment 

necessary to a weighing system, but having no metrological effect on the weighing system, shall be marked as 

specified in Table S.6.3.a. Marking Requirements and explained in the accompanying notes in Table S.6.3.b. 

Notes for Table S.6.3.a. 

(Added 1990) 

 

S.6.4.  Railway Track Scales. – A railway track scale shall be marked with the maximum capacity of each 

section of the load-receiving element of the scale.  Such marking shall be accurately and conspicuously 

presented on, or adjacent to, the identification or nomenclature plate that is attached to the indicating element of 

the scale.  The nominal capacity of a scale with more than two sections shall not exceed twice its rated section 

capacity.  The nominal capacity of a two-section scale shall not exceed its rated section capacity*. 

[*Nonretroactive as of January 1, 2002] 

(Amended 1988, 2001, and 2002) 

 

S.6.5.  Livestock Scales. – A livestock scale manufactured prior to January 1, 1989, or after January 1, 2003, 

shall be marked with the maximum capacity of each section of the load-receiving element of the scale.  

Livestock scales manufactured between January 1, 1989, and January 1, 2003, shall be marked with either the 

Concentrated Load Capacity (CLC) or the Section Capacity.  Such marking shall be accurately and 

conspicuously presented on, or adjacent to the identification or nomenclature plate that is attached to the 

indicating element of the scale.  The nominal capacity of a scale with more than two sections shall not exceed 

twice its rated section capacity.  The nominal capacity of a two-section scale shall not exceed its rated section 

capacity*. 

[*Nonretroactive as of January 1, 2003] 

(Added 2002) 

 

See also Note 14 in Table S.6.3.b. Notes for Table S.6.3.a. 
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Systems)  For equipment undergoing type evaluation, a tolerance equal to one-half the maintenance tolerance values 

shown in Table 6. Maintenance Tolerances shall apply. 

[Nonretroactive January 1, 2002] 

(Added 1986) (Amended 1999 and 2001) 

 

T.N.3.9.  Materials Test on Customer-Operated Bulk Weighing Systems for Recycled Materials. – The 

maintenance and acceptance tolerance shall be ± 5 % of the applied materials test load except that the average error 

on ten or more test materials test loads shall not exceed ± 2.5 %. 

(Added 1986) 

 

T.N.3.10.  Prescription Scales with a Counting Feature. – In addition to Table 6. Maintenance Tolerances (for 

weight), the indicated piece count value computed by a Class I or Class II prescription scale counting feature shall 

comply with the tolerances in Table T.N.3.10. Maintenance and Acceptance Tolerances in Excess and in Deficiency 

for Count. 

 

Table T.N.3.10. 

Maintenance and Acceptance Tolerances 

in Excess and in Deficiency for Count 

Indication of Count 

Tolerance 

(piece count) 

0 to 100 0 

101 to 200 1 

201 or more 0.5 % 

(Added 2003) 

 

T.N.3.11.  Tolerances for Substitution Test. – Tolerances are applied to the scale based on the substitution test 

load. 

(Added 2003) 

 

T.N.3.12.  Tolerances for Strain-Load Test. – Tolerances apply only to the test weights or substitution test loads. 

(Added 2003) 

 

T.N.4.  Agreement of Indications. 
 

T.N.4.1.  Multiple Indicating/Recording Elements. – In the case of a scale or weighing system equipped with more 

than one indicating element or indicating element and recording element combination, where the indicators or 

indicator/recorder combination are intended to be used independently of one another, tolerances shall be applied 

independently to each indicator or indicator/recorder combination. 

(Amended 1986) 

 

T.N.4.2.  Single Indicating/Recording Element. – In the case of a scale or weighing system with a single indicating 

element or an indicating/recording element combination, and equipped with component parts such as unit weights, 

weighbeam and weights, or multiple weighbeams that can be used in combination to indicate a weight, the difference 

in the weight value indications of any load shall not be greater than the absolute value of the applicable tolerance for 

that load, and shall be within tolerance limits. 

(Amended 1986) 

 

T.N.4.3.  Single Indicating Element/Multiple Indications. – In the case of an analog indicating element equipped 

with two or more indicating means within the same element, the difference in the weight indications for any load 

other than zero shall not be greater than one-half the value of the scale division (d) and be within tolerance limits. 

(Amended 1986) 
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T.N.4.4.  Shift or Section Tests. – The range of the results obtained during the conduct of a shift test or a section test 

shall not exceed the absolute value of the maintenance tolerance applicable and each test result shall be within 

applicable tolerances. 

(Added 1986) 

 

T.N.4.5.  Time Dependence. – A time dependence test shall be conducted during type evaluation and may be 

conducted during field verification provided test conditions remain constant. 

(Amended 1989 and 2005) 

 

T.N.4.5.1. Time Dependence:  Class II, III, and IIII Non-automatic Weighing Instruments. – A 

non-automatic weighing instrument of Classes II, III, and IIII shall meet the following requirements at constant 

test conditions.  During type evaluation, this test shall be conducted at 20 C ± 2 C (68 F ± 4 F): 

 

(a) When any load is kept on an instrument, the difference between the indication obtained immediately 

after placing the load and the indication observed during the following 30 minutes shall not exceed 

0.5 e.  However, the difference between the indication obtained at 15 minutes and the indication 

obtained at 30 minutes shall not exceed 0.2 e. 

 

(b) If the conditions in (a) are not met, the difference between the indication obtained immediately after 

placing the load on the instrument and the indication observed during the following 4 hours shall not 

exceed the absolute value of the maximum permissible error at the load applied. 

 (Added 2005) (Amended 2006 and 2010) 

 

T.N.4.5.2. Time Dependence: Class III L Non-automatic Weighing Instruments. – A non-automatic 

weighing instrument of Class III L shall meet the following requirements: 

 

(a) When any load is kept on an instrument, the difference between the indication obtained immediately 

after placing the load and the indication observed during the following 30 minutes shall not 

exceed 1.5 e.  However, the difference between the indication obtained at 15 minutes and the indication 

obtained at 30 minutes shall not exceed 0.6 e. 

 

(b) If the conditions in (a) are not met, the difference between the indication obtained immediately after 

placing the load on the instrument and the indication observed during the following 4 hours shall not 

exceed the absolute value of the maximum permissible error at the load applied. 

 (Added 2005) (Amended 2010) 

 

T.N.4.5.3. Zero Load Return: Non-automatic Weighing Instruments. – A non-automatic weighing 

instrument shall meet the following requirements at constant test conditions.  During type evaluation, this test 

shall be conducted at 20 C ± 2 C (68 F ± 4 F).  The deviation on returning to zero as soon as the indication 

has stabilized, after the removal of any load which has remained on the instrument for 30 minutes shall not 

exceed: 

 

(a)  0.5 e for Class II and IIII devices, 

 

(b)  0.5 e for Class III devices with 4000 or fewer divisions, 

 

(c)  0.83 e for Class III devices with more than 4000 divisions, or 

 

(d)  one-half of the absolute value of the applicable tolerance for the applied load for Class III L devices. 

 

For a multi-interval instrument, the deviation shall not exceed 0.83 e1 (where e1 is the interval of the first 

weighing segment of the scale). 

 

On a multiple range instrument, the deviation on returning to zero from Maxi (load in the applicable weighing 

range) shall not exceed 0.83 ei (interval of the weighing range).  Furthermore, after returning to zero from any 

load greater than Max1 (capacity of the first weighing range) and immediately after switching to the lowest 
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weighing range, the indication near zero shall not vary by more than e1 (interval of the first weighing range) 

during the following 5 minutes. 

(Added 2010) 

 

T.N.4.6.  Time Dependence (Creep) for Load Cells During Type Evaluation. – A load cell (force transducer) 

marked with an accuracy class shall meet the following requirements at constant test conditions: 

 

(a) Permissible Variations of Readings. – With a constant maximum load for the measuring range (Dmax) 

between 90 % and 100 % of maximum capacity (Emax), applied to the load cell, the difference between 

the initial reading and any reading obtained during the next 30 minutes shall not exceed the absolute 

value of the maximum permissible error (mpe) for the applied load (see Table T.N.4.6. Maximum 

Permissible Error (mpe) for Load Cells During Type Evaluation).  The difference between the reading 

obtained at 20 minutes and the reading obtained at 30 minutes shall not exceed 0.15 times the absolute 

value of the mpe (see Table T.N.4.6. Maximum Permissible Error (mpe) for Load Cells During Type 

Evaluation). 

 
(b) Apportionment Factors. – The mpe for creep shall be determined from Table T.N.4.6. Maximum 

Permissible Error (mpe) * for Load Cells During Type Evaluation using the following apportionment 
factors (pLC): 

 
pLC = 0.7 for load cells marked with S (single load cell applications), 

pLC = 1.0 for load cells marked with M (multiple load cell applications), and 

pLC = 0.5 for Class III L load cells marked with S or M. 

(Amended 2006) 

(Added 2005) 

 

Table T.N.4.6. 

Maximum Permissible Error (mpe)* for Load Cells During Type Evaluation 

mpe in Load Cell Verifications Divisions (v) = pLC x Basic Tolerance in v 

Class pLC x 0.5 v pLC x 1.0 v pLC x 1.5 v 

 I       0 -  50 000 v 50 001 v - 200 000 v 200 001 v + 

 II       0 -    5 000 v 5 001 v - 20 000 v 20 001 v + 

 III       0 -       500 v 501 v - 2 000 v 2 001 v + 

 IIII       0 -         50 v 51 v - 200 v 201 v + 

 III L       0 -       500 v 501 v - 1 000 v 
(Add 0.5 v to the basic tolerance for each additional 500 v 

or fraction thereof up to a maximum load of 10 000 v) 

v represents the load cell verification interval 

pLC represents the apportionment factors applied to the basic tolerance 

pLC = 0.7 for load cells marked with S (single load cell applications) 

pLC = 1.0 for load cells marked with M (multiple load cell applications) 

pLC = 0.5 for Class III L load cells marked with S or M 

* mpe = pLC x Basic Tolerance in load cell verifications divisions (v) 

(Table Added 2005) (Amended 2006) 
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T.N.4.7.  Creep Recovery for Load Cells During . – The difference between the initial reading of the minimum 

load of the measuring range (Dmin) and the reading after returning to minimum load subsequent to the maximum load 

(Dmax) having been applied for 30 minutes shall not exceed: 

 

(a) 0.5 times the value of the load cell verification interval (0.5 v) for Class II, and IIII load cells, 

 

(b) 0.5 times the value of the load cell verification interval (0.5 v) for Class III load cells with 4000 or fewer 

divisions, 

 

(c) 0.83 times the value of the load cell verification interval (0.83 v) for Class III load cells with more than 

4000 divisions, or 

 

(d) 1.5 times the value of the load cell verification interval (1.5 v) for Class III L load cells. 

(Added 2006) (Amended 2009) 

 

 

T.N.5.  Repeatability. – The results obtained from several weighings of the same load under reasonably static test 

conditions shall agree within the absolute value of the maintenance tolerance for that load, and shall be within applicable 

tolerances. 

 

T.N.6.  Sensitivity. – This section is applicable to all nonautomatic-indicating scales marked I, II, III, III L, or IIII. 

 

T.N.6.1.  Test Load. 
 

(a) The test load for sensitivity for nonautomatic-indicating vehicle, axle-load, livestock, and animal scales shall 

be 1 d for scales equipped with balance indicator, and 2 d or 0.2 % of the scale capacity, whichever is less, 

for scales not equipped with balance indicators. 

 

(b) For all other nonautomatic-indicating scales, the test load for sensitivity shall be 1 d at zero and 2 d at 

maximum test load. 

 

T.N.6.2.  Minimum Change of Indications. – The addition or removal of the test load for sensitivity shall cause a 

minimum permanent change as follows: 

 

(a) for a scale with trig loop but without a balance indicator, the position of the weighbeam shall change from 

the center to the outer limit of the trig loop; 

 

(b) for a scale with balance indicator, the position of the indicator shall change one division on the graduated 

scale, the width of the central target area, or the applicable value as shown below, whichever is greater: 

 

Scale of Class I or II:  1 mm (0.04 in), 

Scale of Class III or IIII with a maximum capacity of 30 kg (70 lb) or less:  2 mm (0.08 in), 

Scale of Class III, III L, or IIII with a maximum capacity of more than 30 kg (70 lb):  5 mm (0.20 in); 

 

(c) for a scale without a trig loop or balance indicator, the position of rest of the weighbeam or lever system 

shall change from the horizontal or midway between limiting stops to either limit of motion. 

(Amended 1987) 

 

T.N.7.  Discrimination. 
 

T.N.7.1.  Analog Automatic Indicating (i.e., Weighing Device With Dial, Drum, Fan, Etc.). – A test load 

equivalent to 1.4 d shall cause a change in the indication of at least 1.0 d.  (See N.1.5. Discrimination Test) 

 

T.N.7.2.  Digital Automatic Indicating. – A test load equivalent to 1.4 d shall cause a change in the indicated or 

recorded value of at least 2.0 d.  This requires the zone of uncertainty to be not greater than three-tenths of the value 

of the scale division.  (See N.1.5.1. Digital Device) 
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T.N.8.  Influence Factors. – The following factors are applicable to tests conducted under controlled conditions only, 

provided that: 

 

(a) types of devices approved prior to January 1, 1986, and manufactured prior to January 1, 1988, need not meet the 

requirements of this section, 

 

(b) new types of devices submitted for approval after January 1, 1986, shall comply with the requirements of this 

section, and 

 

(c) all devices manufactured after January 1, 1988, shall comply with the requirements of this section. 

(Amended 1985) 

 

T.N.8.1.  Temperature. – Devices shall satisfy the tolerance requirements under the following temperature 

conditions: 

 

T.N.8.1.1.  If not specified in the operating instructions for Class I or II scales, or if not marked on the device for 

Class III, III L, or IIII scales, the temperature limits shall be:  -10 C to 40 C (14 F to 104 F). 

 

T.N.8.1.2.  If temperature limits are specified for the device, the range shall be at least that specified in 

Table T.N.8.1.2. Temperature Range by Class. 

Table T.N.8.1.2. 

Temperature Range by Class 

Class Temperature Range 

I 5 ºC (9 F) 

II 15 ºC (27 F) 

III, III L, and IIII 30 ºC (54 F) 

 

T.N.8.1.3.  Temperature Effect on Zero-Load Balance. – The zero-load indication shall not vary by more 

than: 

 

(a) three divisions per 5 C (9 F) change in temperature for Class III L devices; or 

 

(b) one division per 5 C (9 F) change in temperature for all other devices. 

 (Amended 1990) 

 

T.N.8.1.4.  Operating Temperature. – Except for Class I and II devices, an indicating or recording element 

shall not display nor record any usable values until the operating temperature necessary for accurate weighing 

and a stable zero balance condition have been attained. 

 

T.N.8.2.  Barometric Pressure. – Except for Class I scales, the zero indication shall not vary by more than one scale 

division for a change in barometric pressure of 1 kPa over the total barometric pressure range of 95 kPa to 105 kPa 

(28 in to 31 in of Hg). 

 

T.N.8.3.  Electric Power Supply. 
 

T.N.8.3.1.  Power Supply, Voltage and Frequency. 
 

(a) Weighing devices that operate using alternating current must perform within the conditions defined in 

paragraphs T.N.3. Tolerance Values through T.N.7. Discrimination, inclusive, when tested over the 

range of –15 % to +10 % of the marked nominal line voltage(s) at 60 Hz, or the voltage range marked 

by the manufacturer, at 60 Hz. 

(Amended 2003) 
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(b) Battery operated instruments shall not indicate nor record values outside the applicable tolerance limits 

when battery power output is excessive or deficient. 

 

T.N.8.3.2.  Power Interruption. – A power interruption shall not cause an indicating or recording element to 

display or record any values outside the applicable tolerance limits. 

 

T.N.9.  Radio Frequency Interference (RFI) and Other Electromagnetic Interference Susceptibility. – The 

difference between the weight indication due to the disturbance and the weight indication without the disturbance shall 

not exceed one scale division (d); or the equipment shall: 

 

(a) blank the indication, or 

 

(b) provide an error message, or 

 

(c) the indication shall be so completely unstable that it cannot be interpreted, or transmitted into memory or to a 

recording element, as a correct measurement value. 

 

The tolerance in T.N.9. Radio Frequency Interference (RFI) and Other Electromagnetic Interference Susceptibility is to 

be applied independently of other tolerances.  For example, if indications are at allowable basic tolerance error limits 

when the disturbance occurs, then it is acceptable for the indication to exceed the applicable basic tolerances during the 

disturbance.  Editors’ Note:  Following the 1997 NCWM Annual Meeting, the text in this paragraph was revised with 

concurrence of the S&T Committee to clarify its application. 

(Amended 1997) 

 

UR.  User Requirements 
 

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.
1
 

 

UR.1.1.  General. 
 

(a) For devices marked with a class designation, the typical class or type of device for particular weighing 

applications is shown in Table 7a. Typical Class or Type of Device for Weighing Applications. 

 

(b) For devices not marked with a class designation, Table 7b. Applicable to Devices not Marked with a Class 

Designation applies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 Purchasers and users of scales such as railway track, hopper, and vehicle scales should be aware of possible additional 

requirements for the design and installation of such devices. 

(Footnote Added 1995) 
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UR.1.2.  Grain Hopper Scales. – The minimum number of scale divisions for a Class III Hopper Scale used for 

weighing grain shall be 2000. 

 

UR.1.3.  Value of the Indicated and Recorded Scale Division. – The value of the scale division as recorded shall be 

the same as the division value indicated. 

[Nonretroactive as of January 1, 1986] 

(Added 1985) (Amended 1999) 

 

Table 7a. 

Typical Class or Type of Device for Weighing Applications 

Class Weighing Application or Scale Type 

I Precision laboratory weighing 

II Laboratory weighing, precious metals and gem weighing, grain test scales 

III 

All commercial weighing not otherwise specified, grain test scales, retail precious metals and semi-precious 

gem weighing, animal scales, postal scales, vehicle on-board weighing systems with a capacity less than or 

equal to 30 000 lb, and scales used to determine laundry charges 

III L 
Vehicle scales, vehicle on-board weighing systems with a capacity greater than 30 000 lb, axle-load scales, 

livestock scales, railway track scales, crane scales, and hopper (other than grain hopper) scales 

IIII Wheel-load weighers and portable axle-load weighers used for highway weight enforcement 

Note:  A scale with a higher accuracy class than that specified as “typical” may be used. 

(Amended 1985, 1986, 1987, 1988, 1992, and 1995) 

Table 7b. 

Applicable to Devices not Marked with a Class Designation 

Scale Type or Design Maximum Value of d 

Retail Food Scales, 50 lb capacity and less 1 oz 

Animal Scales 1 lb 

Grain Hopper Scales 

 Capacity up to and including 50 000 lb 

 Capacity over 50 000 lb 

 

10 lb (not greater than 0.05 % of capacity) 

20 lb 

Crane Scales not greater than 0.2 % of capacity 

Vehicle and Axle-Load Scales Used in Combination 

 Capacity up to and including 200 000 lb 

 Capacity over 200 000 lb 

 

20 lb 

50 lb 

Railway Track Scales 

 With weighbeam 

 Automatic indicating 

 

20 lb 

100 lb 

Scales with capacities greater than 500 lb except 

otherwise specified 
0.1 % capacity (but not greater than 50 lb) 

Wheel-Lead Weighers 0.25 % capacity (but not greater than 50 lb) 

Note:  For scales not specified in this table, G-UR.1.1. and UR.1. apply. 

(Added 1985) (Amended 1989) 
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UR.1.3.1.  Exceptions. – The provisions of UR.1.3.Value of the Indicated and Recorded Scale Division shall not 

apply to: 

 

(a) Class I scales, or 

 

(b) Dynamic monorail weighing systems when the value of d is less than the value of e. 

(Added 1999) 

 

UR.1.4.  Grain-Test Scales:  Value of the Scale Divisions. – The scale division for grain-test scales shall not 

exceed 0.2 g for loads through 500 g, and shall not exceed 1 g for loads above 500 g through 1000 g. 

(Added 1992) 

 

UR.1.5.  Recording Element, Class III L Railway Track Scales. – Class III L Railway Track Scales must be 

equipped with a recording element. 

[Nonretroactive as of January 1, 1996] 

(Added 1995) 

 

UR.2.  Installation Requirements. 
 

UR.2.1.  Supports. – A scale that is portable and that is being used on a counter, table, or the floor shall be so 

positioned that it is firmly and securely supported. 

 

UR.2.2.  Suspension of Hanging Scale. – A hanging scale shall be freely suspended from a fixed support when in 

use. 

 

UR.2.3.  Protection From Environmental Factors. – The indicating elements, the lever system or load cells, and 

the load-receiving element of a permanently installed scale, and the indicating elements of a scale not intended to be 

permanently installed, shall be adequately protected from environmental factors such as wind, weather, and RFI that 

may adversely affect the operation or performance of the device. 

 

UR.2.4.  Foundation, Supports, and Clearance. – The foundation and supports of any scale installed in a fixed 

location shall be such as to provide strength, rigidity, and permanence of all components, and clearance shall be 

provided around all live parts to the extent that no contacts may result when the load-receiving element is empty, nor 

throughout the weighing range of the scale.  On vehicle and livestock scales, the clearance between the 

load-receiving elements and the coping at the bottom edge of the platform shall be greater than at the top edge of the 

platform. 

[Nonretroactive as of January 1, 1973] 

 

UR.2.5.  Access to Weighing Elements. – Adequate provision shall be made for ready access to the pit of a vehicle, 

livestock, animal, axle-load, or railway track scale for the purpose of inspection and maintenance.  Any of these 

scales without a pit shall be installed with adequate means for inspection and maintenance of the weighing elements. 

(Amended 1985) 

 

UR.2.6.  Approaches. 
 

UR.2.6.1.  Vehicle Scales. 

[NOT ADOPTED] 
 

UR.2.6.2.  Axle-Load Scales. – At each end of an axle-load scale there shall be a straight paved approach in the 

same plane as the platform.  The approaches shall be the same width as the platform and of sufficient length to 

insure the level positioning of vehicles during weight determinations. 

 

UR.2.7.  Stock Racks. – A livestock or animal scale shall be equipped with a suitable stock rack, with gates as 

required, which shall be securely mounted on the scale platform.  Adequate clearances shall be maintained around the 

outside of the rack. 

 



  2.20. Scales 

  D2-39  (DMS 01-01-11) 

 

UR.2.8.  Hoists. – On vehicle scales equipped with means for raising the load-receiving element from the weighing 

element for vehicle unloading, means shall be provided so that it is readily apparent to the scale operator when the 

load-receiving element is in its designed weighing position. 

 

UR.2.9.  Provision for Testing Dynamic Monorail Weighing Systems. – Provisions shall be made at the time of 

installation of a dynamic monorail weighing systems for testing in accordance with N.1.3.5.1. Dynamic Monorail 

Weighing Systems (a rail around or other means for returning the test carcasses to the scale being tested). 

[Nonretroactive as of January 1, 1998] 

(Added 1997) (Amended 1999) 

 

UR.3.  Use Requirements. 
 

UR.3.1.  Recommended Minimum Load. – A recommended minimum load is specified in Table 8 since the use of 

a device to weigh light loads is likely to result in relatively large errors. 

 

 

Table 8. 

Recommended Minimum Load 

Class 
Value of Scale Division 

(d or e*) 

Recommended Minimum Load 

(d or e*) 

I equal to or greater than 0.001 g 100 

II 0.001 g to 0.05 g, inclusive 20 

 equal to or greater than 0.1 g 50 

III    All** 20 

III L All 50 

IIII All 10 

*For Class I and II devices equipped with auxiliary reading means (i.e., a rider, a vernier, or a least 

significant decimal differentiated by size, shape or color), the value of the verification scale division “e” is 

the value of the scale division immediately preceding the auxiliary means.  For Class III and IIII devices the 

value of “e” is specified by the manufacturer as marked on the device; “e” must be less than or equal to “d.” 

 

**A minimum load of 10 d is recommended for a weight classifier marked in accordance with a statement 

identifying its use for special applications. 

(Amended 1990) 

 

UR.3.1.1.  Minimum Load, Grain Dockage Determination. – When determining the quantity of foreign 

material (dockage) in grain, the weight of the sample shall be equal to or greater than 500 scale divisions. 

(Added 1985) 

 

UR.3.2.  Maximum Load. – A scale shall not be used to weigh a load of more than the nominal capacity of the scale. 

 

UR.3.2.1.  Maximum Loading for Vehicle Scales. – A vehicle scale shall not be used to weigh loads exceeding 

the maximum load capacity of its span as specified in Table UR.3.2.1. Span Maximum Load. 

(Added 1996) 
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Table UR.3.2.1. 

Span Maximum Load 

Distance in Feet 

Between the 

Extremes of any 

Two or More 

Consecutive Axles 

Ratio of CLC to Maximum Load (“r” factor) Carried on Any 

Group of Two or More Consecutive Axles. 

2 axles 3 axles 4 axles 5 axles 6 axles 7 axles 8 axles 9 axles 

4
1
 1.000  INSTRUCTIONS: 

1. Determine the scale’s CLC. 

2. Count the number of axles on the vehicle in a given span and determine 
the distance in feet between the first and last axle in the span. 

3. Multiply the CLC by the corresponding multiplier in the table*. 

4. The resulting number is the scale’s maximum concentrated load for 
a single span based on the vehicle configuration. 

*See note and formula on next page. 

5
1
 1.000  

6
1
 1.000  

7
1
 1.000  

8 and less
1
 1.000 1.000 

More than 8
1
 1.118 1.235 

9 1.147 1.257 

10 1.176 1.279 

11 1.206 1.301 

12 1.235 1.324 1.471 1.632     

13 1.265 1.346 1.490 1.651     

14 1.294 1.368 1.510 1.669     

15 1.324 1.390 1.529 1.688 1.853    

16 1.353 1.412 1.549 1.706 1.871    

17 1.382 1.434 1.569 1.724 1.888    

18 1.412 1.456 1.588 1.743 1.906    

19 1.441 1.478 1.608 1.761 1.924    

20 1.471 1.500 1.627 1.779 1.941    

21 1.500 1.522 1.647 1.798 1.959    

22 1.529 1.544 1.667 1.816 1.976    

23 1.559 1.566 1.686 1.835 1.994    

24 1.588 1.588 1.706 1.853 2.012 2.176   

25 1.618 1.610 1.725 1.871 2.029 2.194   

26  1.632 1.745 1.890 2.047 2.211   

27  1.654 1.765 1.908 2.065 2.228   

28  1.676 1.784 1.926 2.082 2.245 2.412  

29  1.699 1.804 1.945 2.100 2.262 2.429  

30  1.721 1.824 1.963 2.118 2.279 2.445  

31  1.743 1.843 1.982 2.135 2.297 2.462  

32  1.765 1.863 2.000 2.153 2.314 2.479 2.647 

33   1.882 2.018 2.171 2.331 2.496 2.664 

34   1.902 2.037 2.188 2.348 2.513 2.680 

35   1.922 2.055 2.206 2.365 2.529 2.697 

36   2.000
2
 2.074 2.224 2.382 2.546 2.713 

37   2.000
2
 2.092 2.241 2.400 2.563 2.730 

38   2.000
2
 2.110 2.259 2.417 2.580 2.746 

39   2.000 2.129 2.276 2.434 2.597 2.763 

40   2.020 2.147 2.294 2.451 2.613 2.779 

41   2.039 2.165 2.312 2.468 2.630 2.796 

42   2.059 2.184 2.329 2.485 2.647 2.813 

43   2.078 2.202 2.347 2.502 2.664 2.829 

44   2.098 2.221 2.365 2.520 2.681 2.846 

45   2.118 2.239 2.382 2.537 2.697 2.862 

46   2.137 2.257 2.400 2.554 2.714 2.879 

47   2.157 2.276 2.418 2.571 2.731 2.895 

48   2.176 2.294 2.435 2.588 2.748 2.912 

49   2.196 2.313 2.453 2.605 2.765 2.928 

50   2.216 2.331 2.471 2.623 2.782 2.945 
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Table UR.3.2.1. 

Span Maximum Load 

Distance in Feet 

Between the 

Extremes of any 

Two or More 

Consecutive Axles 

Ratio of CLC to Maximum Load (“r” factor) Carried on Any 

Group of Two or More Consecutive Axles. 

2 axles 3 axles 4 axles 5 axles 6 axles 7 axles 8 axles 9 axles 

51   2.235 2.349 2.488 2.640 2.798 2.961 

52    2.255 2.368 2.506 2.657 2.815 2.978 

53   2.275 2.386 2.524 2.674 2.832 2.994 

54   2.294 2.404 2.541 2.691 2.849 3.011 

55   2.314 2.423 2.559 2.708 2.866 3.028 

56   2.333 2.441 2.576 2.725 2.882 3.044 

57   2.353
3
 2.460 2.594 2.742 2.899 3.061 

58    2.478 2.612 2.760 2.916 3.077 

59    2.496 2.629 2.777 2.933 3.094 

60    2.515 2.647 2.794 2.950 3.110 

*Note:  This table was developed based upon the following formula.  Values may be rounded in some cases for ease of 

use. 

 
1 

Tandem Axle Weight. 
2 

Exception – These values in the third column correspond to the maximum loads in which the inner bridge dimensions 

of 36, 37, and 38 feet are considered to be equivalent to 39 feet.  This allows a weight of 68 000 lb on axles 2 

through 5. 
3
 Corresponds to the Interstate Gross Weight Limit. 

 

UR.3.3.  Single-Draft Vehicle Weighing. – A vehicle or a coupled-vehicle combination shall be commercially 

weighed on a vehicle scale only as a single draft.  That is, the total weight of such a vehicle or combination shall not 

be determined by adding together the results obtained by separately and not simultaneously weighing each end of 

such vehicle or individual elements of such coupled combination.  However: 

 

(a) the weight of a coupled combination may be determined by uncoupling the various elements (tractor, 

semitrailer, trailer), weighing each unit separately as a single draft, and adding together the results, or 

 

(b) the weight of a vehicle or coupled-vehicle combination may be determined by adding together the weights 

obtained while all individual elements are resting simultaneously on more than one scale platform. 

 

Note:  This paragraph does not apply to highway-law-enforcement scales and scales used for the collection of statistical data. 

(Added 1992) 

 

UR.3.4.  Wheel-Load Weighing. 
 

UR.3.4.1.  Use in Pairs. – When wheel-load weighers or portable axle-load weighers are to be regularly used in 

pairs, both weighers of each such pair shall be appropriately marked to identify them as weighers intended to be 

used in combination. 

 

UR.3.4.2. Level Condition. – A vehicle of which either an axle-load determination or a gross-load 

determination is being made utilizing wheel-load weighers or portable axle-load weighers, shall be in a 

reasonably level position at the time of such determination. 

36  12N  
1 - N

LN
    500 x r  W
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UR.3.5. Special Designs. – A scale designed and marked for a special application (such as a prepackaging scale or 

prescription scale with a counting feature) shall not be used for other than its intended purpose
4
. 

(Amended 2003) 

 

UR.3.6.  Wet Commodities. – Wet commodities not in watertight containers shall be weighed only on a scale having 

a pan or platform that will drain properly. 

(Amended 1988) 

 

UR.3.7.  Minimum Load on a Vehicle Scale.  

[NOT ADOPTED] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UR.3.8.  Minimum Load for Weighing Livestock. – A scale with scale divisions greater than 2 kg (5 lb) shall not 

be used for weighing net loads smaller than 500 d. 

(Amended 1989) 

 

UR.3.9.  Use of Manual Weight Entries. – Manual gross or net weight entries are permitted for use in the following 

applications only: 

 

(a) when a point-of-sale system interfaced with a scale is giving credit for a weighed item; 

 

(b) when an item is pre-weighed on a legal for trade scale and marked with the correct net weight; 

 

(c) when a device or system is generating labels for standard weight packages; 

 

(d) when postal scales or weight classifiers are generating manifests for packages to be picked up at a later time; 

or 

                                                           
4
 Prepackaging scales and prescription scales with a counting feature (and other commercial devices) used for putting up 

packages in advance of sale are acceptable for use in commerce only if all appropriate provisions of Handbook 44 are 

met.  Users of such devices must be alert to the legal requirements relating to the declaration of quantity on a package.  

Such requirements are to the effect that, on the average, the contents of the individual packages of a particular commodity 

comprising a lot, shipment, or delivery must contain at least the quantity declared on the label.  The fact that a 

prepackaging scale may overregister, but within established tolerances, and is approved for commercial service is not a 

legal justification for packages to contain, on the average, less than the labeled quantity. 

(Amended 2003) 

4002.2.  Scales  (2.20.) 
 

(b) Minimum Load on a Vehicle Scale.  Except for weighments of ferrous metals, 

cardboard, paper, rags or plastic, and the weighing of vehicles for registration 

purposes, a vehicle scale shall not be used for weighing net loads less than the value of 

20 scale divisions. 

 

4002.2.  Scales  (2.20.) 
 

(c) Class III, Class III L and Unmarked Devices Used For Recycling.  Except for 

weighments of ferrous metals, card-board, paper, rags, or plastic, Class III, Class 

III L and unmarked devices used in recycling shall not be used for weighing net loads 

less than the value of 20 scale divisions. 
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(e) when livestock and vehicle scale systems generate weight tickets to correct erroneous tickets. 

(Added 1992) (Amended 2000 and 2004) 

 

UR.3.10.  Dynamic Monorail Weighing Systems. – When the value of d is different from the value of e, the 

commercial transaction must be based on e. 

(Added 1999) 

 

UR.3.11.  Minimum Count. – A prescription scale with an operational counting feature shall not be used to count a 

quantity of less than 30 pieces weighing a minimum of 90 e. 

(Added 2003) 

 

Note:  The minimum count as defined in this paragraph refers to the use of the device in the filling of prescriptions and is different 
from the minimum sample piece count as defined in S.1.2.3. and as required to be marked on the scale by S.6.6. 

(Note Added 2004) 

 

UR.3.12.  Correct Stored Piece Weight. – For prescription scales with a counting feature, the user is responsible for 

maintaining the correct stored piece weight.  This is especially critical when a medicine has been reformulated or 

comes from different lots. 

(Added 2003) 

 

UR.4.  Maintenance Requirements. 
 

UR.4.1.  Balance Condition. – The zero-load adjustment of a scale shall be maintained so that, with no load on the 

load-receiving element and with all load-counterbalancing elements of the scale (such as poises, drop weights, or 

counterbalance weights) set to zero, the scale shall indicate or record a zero balance condition.  A scale not equipped 

to indicate or record a zero-load balance shall be maintained in balance under any no-load condition. 

 

UR.4.2.  Level Condition. – If a scale is equipped with a level-condition indicator, the scale shall be maintained in 

level. 

 

UR.4.3.  Scale Modification. – The dimensions (e.g., length, width, thickness, etc.) of the load receiving element of 

a scale shall not be changed beyond the manufacturer’s specifications, nor shall the capacity of a scale be increased 

beyond its design capacity by replacing or modifying the original primary indicating or recording element with one 

of a higher capacity, except when the modification has been approved by a competent engineering authority, 

preferably that of the engineering department of the manufacturer of the scale, and by the weights and measures 

authority having jurisdiction over the scale. 

(Amended 1996) 

 

UR.5.  Coupled-in-Motion Railroad Weighing Systems. – A coupled-in-motion weighing system placed in service on 

or after January 1, 1991, should be tested in the manner in which it is operated, with the locomotive either pushing or 

pulling the cars at the designed speed and in the proper direction.  The cars used in the test train should represent the 

range of gross weights that will be used during the normal operation of the weighing system.  Except as provided in 

N.4.2. Weighing Systems Placed in Service Prior to January 1, 1991, and Used to Weigh Trains of Ten or More Cars and 

N.4.3.(a) Weighing Systems Placed in Service on or After January 1, 1991, and Used to Weigh Trains of Ten or More 

Cars, normal operating procedures should be simulated as nearly as practical.  Approach conditions for a train length in 

each direction of the scale site are more critical for a weighing system used for individual car weights than for a unit-

train-weights-only facility, and should be considered prior to installation. 

(Added 1990) (Amended 1992) 
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Scales Code Index 
All page numbers prefixed D2-

  

 
 

“r” factor ......................................................................... 19, 40 

Acceptance.................................................... 10,26,28,29,30,31 

Acceptance tolerance ......................................... 10,26,29,30,31 

Accuracy ................. 9,10,11,13,15,16,17,21,22,26,29,32,33,37 

Accuracy class ............................... 11,13,15,16,17,26,29,33,37 

Adjustable components ...................................................... 6,11 

Adjustment.......................................................... 6,7,8,11,25,43 

Approaches ........................................................................... 38 

Audit trail ................................................................................ 7 

Automatic zero-tracking mechanism .............................8,12,22 

Balance condition .................................................... 1,8,9,35,43 

Balance indicator ......................................... 1,9,10,11,28,29,34 

Balance position...................................................................... 3 

Barometric pressure ......................................................... 29,35 

Capacity4,5,7,8,9,10,11,13,14,15,16,17,18,19,20,21,23,24,

26,27,28,29,32,33,34,36,37,39,43 

Capacity indication ................................................................. 5 

Center-of-zero ......................................................................... 1 

Certificate of Conformance.............................................. 12,15 

Class ............. 6,11,13,15,16,17,23,26,30,32,33,34,35,36,37,39 

Class I ...................... 2,7,8,9,10,13,15,17,22,31,33,34,35,37,39 

Class II ............................................. 2,10,15,17,22,27,31,32,34 

Class III ................................... 2,8,13,16,18,27,32,34,35,37,39 

Class III L ........................................ 8,24,27,29,32,33,34,35,37 

Class IIII ............................................................................... 29 

CLC .................................................... 14,15,16,17,18,19,20,40 

Clearance ........................................................................ 3,9,38 

Concentrated load capacity ................................ 14,15,17,19,20 

Consecutive-car test .....................................................24,25,26 

Counting feature ................................... 2,10,15,17,22,31,42,43 

Coupled-in-motion .................................................. 24,26,30,43 

Coupled-in-motion railroad weighing systems ............24,30,43 

Crane and hopper ............................................................. 13,29 

Crane and hopper (other than grain hopper) .................... 13,29 

Creep................................................................................ 33,34 

Dairy-product test ..................................................... 9,10,18,28 

Damping means .................................................................... 10 

Decreasing load test ......................................................... 27,29 

Direct sales ...................................................................4,8,9,11 

Discrimination test ........................................................... 22,34 

Distributed-car test ................................................................ 25 

Electric power supply ........................................................... 35 

Environmental factors ...................................................... 22,38 

Field standard ..............................................................21,23,24 

Foundation ............................................................................ 38 

Graduations ..................................................................3,4,5,6,9 

Grain-test ........................................................................... 9,38 

Hoists .................................................................................... 39 

Index of an indicator ............................................................... 3 

Indicating element ........................ 1,9,10,14,15,16,17,30,31,38 

Indicator .......................... 1,3,4,6,9,10,11,13,16,28,29,31,34,43 

Influence factors .............................................................. 29,35 

Initial verification ................................................................. 25 

Initial zero-setting mechanism .......................................... 5,8,9 

Level ............................................................... 8,10,21,38,41,43 

Level condition ................................................................ 41,43 

Level-indicating means ......................................................... 10 

Load cell ................................... 11,12,14,15,16,17,18,33,34,38 

Load cell verification interval ............................ 11,15,18,33,34 

Main elements .................................................................. 14,30 

 

 

 

Maintenance ......................... 14,26,27,28,29,30,31,32,33,38,43 

Maintenance requirements .................................................... 43 

Maintenance tolerance ................... 14,26,27,28,29,30,31,32,34 

Manual weight entries ........................................................ 7,42 

Marking requirements ................................................. 14,15,16 

Material test ...................................................................... 22,27 

Maximum permissible error (mpe) ........................................ 33 

Minimum load ........................................................ 34,38,39,42 

Minimum test weights ...................................................... 23,24 

Money-value computation ....................................................... 5 

Money-value graduations ........................................................ 5 

mpe ........................................................................................ 33  

Multi-interval .............................................. 2,9,11,13,16,29,32 

Multiple range ............................................. 2,9,11,13,16,29,32 

No-load reference value .......................................................... 1 

Nominal capacity ......... 4,11,14,15,16,17,18,19,20,21,26,28,39 

Non-automatic ....................................................................... 32 

On-board .................................................................. 7,10,21,37 

Operating temperature ...................................................... 27,35 

Parallax ................................................................................... 3 

Piece .......................................................... 2,10,15,22,23,31,43 

Point-of-sale .................................................................. 6,17,42 

Poise ................................................................................... 4,43 

Portable axle-load weighers ........................... 1,20,21,29,37,41 

Postal ........................................................... 2,5,17,26,27,37,42 

Power interruption ................................................................. 36 

Prescription .................... 2,9,10,13,15,17,22,26,27,28,31,42,43 

Ratio test .......................................................................... 22,29 

Readability .............................................................................. 4 

Recorded representations .................................................. 1,2,6 

Recording elements ....................................................... 1,10,31 

Repeatability ......................................................................... 34 

RFI .............................................................................. 22,36,38 

Scale modification ................................................................. 43 

Scales 

Automatic indicating ................................ 11,18,22,27,34,37 

Axle load ........................................................................ 8,10 

Axle-load .... 1,8,10,14,16,17,19,20,21,27,28,29,34,37,38,41 

Belt-conveyor ..................................................................... 1 

Computing .................................................................. 5,9,36 

Crane ........................................................ 13,20,21,27,29,37 

Dairy-product test ................................................ 9,10,18,28 

Gem weighing ................................................................... 37 

Grain test ................................................................. 27,28,37 

Hanging ............................................................... 4,20,21,38 

Hopper ........................................ 1,10,12,13,20,21,27,29,37 

Jewelers’ ................................................................. 10,27,28 

Livestock ............ 8,10,14,17,18,19,20,27,28,34,37,38,42,43 

Monorail .................................. 2,9,10,20,21,27,30,38,39,43 

Parcel post .................................................................... 26,27 

Postal ...................................................... 2,5,17,26,27,37,42 

Prepackaging .................................................................. 6,42 

Prescription ................ 2,9,10,13,15,17,22,26,27,28,31,42,43 

Railway track ..................... 8,10,14,17,20,23,24,27,28,37,38 

Vehicle..7,8,10,12,14,16,17,18,19,20,21,27,28,34,37,38,39, 

                                                                            40,41,42,43 

Sealing .................................................................................. 6,7 

Security seal ............................................................................ 7 

Sensitivity requirement .................................................... 22,28 

Sensitivity test ....................................................................... 22 
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Shift test ........................................................ 18,19,20,21,24,32 

 

 

  

Single-draft ........................................................................... 41 

Stock racks ............................................................................ 38 

Strain-load test ................................................................. 23,31 

Subsequent verification .................................................... 25,29 

Substitution ..................................................................23,24,31 

Supports ........................................................................... 18,38 

Symmetry ............................................................................... 3 

Tare ..................................................................... 2,8,9,10,23,29 

Temperature .................................................. 12,15,16,27,29,35 

Test loads ................... 18,19,20,21,22,23,24,26,27,28,29,30,31 

Test pattern ..................................................................19,20,21 

Time dependence ............................................................. 32,33 

Tolerances ............... 9,10,21,23,24,26,27,28,29,30,31,32,34,36 

Travel ..................................................................... 3,4,10,11,26 

Type evaluation .................................. 12,14,29,30,31,32,33,34 

Uncoupled-in-motion ....................................................... 26,30 

Uncoupled-in-motion railroad weighing system .............. 26,30 

Unit prices............................................................................... 5 

Unit weights ...................................................................5,17,31 

Use requirements .................................................................. 39 

Vehicle on-board weighing system ........................... 7,10,21,37 

Verification scale interval .................................................. 2,11 

Weighing elements ......................................................11,20,38 

Weight classifier .................................................... 5,6,17,39,42 

Weight ranges ................................................................5,17,23 

Wheel-load weighers ............................ 1,10,20,21,27,29,37,41 

Zero indication ................................................................... 1,35 

Zero-load adjustment ......................................................... 8,43 

Zero-load balance ............................................... 6,8,9,22,35,43 

Zero-tracking mechanism See Automatic zero-tracking  

mechanism
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Section 2.21.  Belt-Conveyor Scale Systems 
 

A.  Application 
 

A.1.  General. – This code applies to belt-conveyor scale systems used for the weighing of bulk materials. 

 

A.2. Exceptions. – The code does not apply to: 

 

(a) devices used for discrete weighing while moving on conveyors; 

 

(b) devices that measure quantity on a time basis; 

 

(c) checkweighers; or 

 

(d) controllers or other auxiliary devices except as they may affect the weighing performance of the 

belt-conveyor scale. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Belt-Conveyor Scale 

Systems shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements. 
 

S.1.1.  General. – A belt-conveyor scale shall be equipped with a primary indicating element in the form of a 

master weight totalizer and shall also be equipped with a recording element, and a rate of flow indicator and 

recorder (which may be analog)*.  An auxiliary indicator shall not be considered part of the master weight 

totalizer. 

[*Nonretroactive as of January 1, 1986] 

(Amended 1986) 

 

S.1.2.  Units. – A belt-conveyor scale shall indicate and record weight units in terms of pounds, tons, long tons, 

metric tons, or kilograms.  The value of a scale division (d) expressed in a unit of weight shall be equal to: 

 

(a) 1, 2, or 5, or 

 

(b) a decimal multiple or submultiples of 1, 2, or 5. 

 

S.1.3.  Value of the Scale Division. 
 

S.1.3.1.  For Scales Installed After January 1, 1986. – The value of the scale division shall not be greater 

than 0.125 % (
1
/800) of the minimum totalized load. 

[Nonretroactive as of January 1, 1986] 

(Added 1985)(Amended 2009) 

 

S.1.3.2.  For Scales Installed Before January 1, 1986. – The value of the scale division shall not be 

greater than 
1
/1200 of the rated capacity of the device.  However, provision shall be made so that 

compliance with the requirements of the zero-load test as prescribed in N.3.1. Zero Load Tests may be 

readily and accurately determined in 20 minutes of operation. 

 

S.1.4.  Recording Elements and Recorded Representations. – The value of the scale division of the recording 

element shall be the same as that of the indicating element. 

 

a) The belt-conveyor scale system shall record the unit of measurement (i.e., kilograms, tonnes, pounds, 

tons, etc.); the date; and the time. 
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b) The belt-conveyor scale system shall record the initial indication and the final indication of the master 

weight totalizer and the quantity.* 

 

All of the information in (a) and (b) must be recorded for each delivery.* 

[Nonretroactive as of January 1, 1986] 

[*Nonretroactive as of January 1, 1994] 

(Amended 1993) 

 

S.1.4.1.  The belt-conveyor scale system shall be capable of recording the results of automatic or semi-

automatic zero load tests.** 

[**Nonretroactive as of January 1, 2004] 

(Added 2002) 

 

S.1.5.  Rate of Flow Indicators and Recorders. - A belt-conveyor scale shall be equipped with a rate of flow 

indicator and an analog or digital recorder.  Permanent means shall be provided to produce an audio or visual 

signal when the rate of flow is equal to or less than 20 % and when the rate of flow is equal to or greater than 

100 % of the rated capacity of the scale.  The type of alarm (audio or visual) shall be determined by the 

individual installation. 

[Nonretroactive as of January 1, 1986] 

(Amended 1989 and 2004) 

 

S.1.6.  Advancement of Primary Indicating or Recording Elements. – The master weight totalizer shall 

advance only when the belt conveyor is in operation and under load. 

(Amended 1989) 

 

S.1.7.  Master Weight Totalizer. – The master weight totalizer shall not be resettable without breaking a 

security means. 

[Nonretroactive as of January 1, 1986] 

 

S.1.8.  Power Loss. – In the event of a power failure of up to 24 hours, the accumulated measured quantity on 

the master weight totalizer of an electronic digital indicator shall be retained in memory during the power loss. 

[Nonretroactive as of January 1, 1986] 

(Amended 1989) 

 

S.2.  Design of Weighing Elements. – A belt-conveyor scale system shall be designed to combine automatically 

belt travel with belt load to provide a determination of the weight of the material that has passed over the scale. 

 

S.2.1.  Speed Measurement. – A belt-conveyor scale shall be equipped with a belt speed or travel sensor that 

will accurately sense the belt speed or travel whether the belt is empty or loaded. 

 

S.2.2.  Adjustable Components. – An adjustable component that can affect the performance of the device 

(except as prescribed in S.3.1.) shall be held securely in adjustment. 

(Amended 1998) 

 

S.2.3.  Overload Protection. – The load-receiving elements shall be equipped with means for overload 

protection of not less than 150 % of rated capacity.  The accuracy of the scale in its normal loading range shall 

not be affected by overloading. 

 

S.3.  Zero Setting. 
 

S.3.1.  Design of Zero-Setting Mechanism. – Automatic and semiautomatic zero-setting mechanisms shall be 

so constructed that the resetting operation is carried out only after a whole number of belt revolutions and the 

completion of the setting or the whole operation is indicated.  An audio or visual signal shall be given when the 

automatic and semiautomatic zero-setting mechanisms reach the limit of adjustment of the zero-setting 

mechanism.* 

(Amended 1999 and 2002)
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Section 2.22.  Automatic Bulk Weighing Systems
1
 

 

A.  Application 
 

A.1.  General. – This code applies to automatic bulk weighing systems, that is, weighing systems adapted to the 

automatic weighing of a commodity in successive drafts of predetermined amounts automatically recording the 

no-load and loaded weight values and accumulating the net weight of each draft. 

(Amended 1987) 

 

A.2.  Additional Code Requirements. – In addition to the requirements of this code, Automatic Bulk Weighing 

Systems shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements and Recorded Representations. 
 

S.1.1.  Zero Indication. – Provisions shall be made to indicate and record a no-load reference value and, if the 

no-load reference value is a zero value indication, to indicate and record an out-of-balance condition on both 

sides of zero. 

 

S.1.1.1.  Digital Zero Indication. – A digital zero indication shall represent a balance condition that is 

within ± ½ the value of the scale division. 

 

S.1.2.  Value of Scale Division (d). – The value of the scale division (d), expressed in a unit of weight, shall be 

equal to: 

 

(a) 1, 2, or 5; or 

 

(b) a decimal multiple or submultiple of 1, 2, or 5; or 

 

(c)  a binary submultiple of a unit of weight. 

 

Examples:  Scale divisions may be 0.01, 0.02, or 0.05; 0.1, 0.2, or 0.5; 1, 2, or 5; 10, 20, or 50; or ½, ¼, ⅛, 
1
/16, 

etc. 

[Nonretroactive as of January 1, 1986] 

(Amended 1987) 

 

S.1.3.  Capacity Indication and Recorded Representation. – An indicating or recording element shall not 

indicate or record any values when the gross load is in excess of 105 % of the capacity of the system. 

 

S.1.4.  Weighing Sequence. – For systems used to receive (weigh in), the no-load reference value shall be 

determined and recorded only at the beginning of each weighing cycle.  For systems used to deliver (weigh out), 

the no-load reference value shall be determined and recorded only after the gross load reference value for each 

weighing cycle has been indicated and recorded. 

 

S.1.5.  Recording Sequence. – Provision shall be made so that all weight values are indicated until the 

completion of the recording of the indicated value. 

 

S.1.6.  Provision for Sealing Adjustable Components on Electronic Devices. – Provision shall be made for 

applying a security seal in a manner that requires the security seal to be broken before an adjustment can be 

made to any component affecting the performance of the device. 

 

                                                           
1
 (Title amended 1986) 
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S.2.  Design of Balance and Damping Mechanism. 
 

S.2.1.  Zero-Load Adjustment. – The weighing system shall be equipped with manual or semiautomatic means 

by which the zero-load balance or no-load reference value indication may be adjusted.  Automatic zero-tracking 

and automatic zero-setting mechanisms are prohibited. 

(Amended 2010) 

 

S.2.1.1.  Manual. – A manual zero-load or no-load reference value setting mechanism shall be operable or 

accessible only by a tool outside of or entirely separate from this mechanism or enclosed in a cabinet. 

 

S.2.1.2.  Semiautomatic. – A semiautomatic zero-load or no-load reference value setting mechanism shall 

meet the provisions of S.2.1.1. or shall be operable only when: 

 

(a) the indication is stable within ± 3 scale divisions, and 

 

(b) cannot be operated during a weighing operation. 

 

S.2.2.  Damping Means. – A system shall be equipped with effective means necessary to bring the indications 

quickly to a readable, stable equilibrium.  Effective means shall also be provided to permit the recording of 

weight values only when the indication is stable within plus or minus three scale divisions for devices with 

10 000 scale divisions, or plus or minus one division for devices with less than 10 000 scale divisions. 

 

S.3.  Interlocks and Gate Control. 
 

S.3.1.  Gate Position. – Provision shall be made to clearly indicate to the operator the position of the gates 

leading directly to and from the weigh hopper. 

 

S.3.2.  Interlocks. – Each automatic bulk weighing system shall have operating interlocks to provide for the 

following: 

 

(a) Product cannot be cycled and weighed if the weight recording element is disconnected or subjected to 

a power loss. 

 

(b) The recording element cannot print a weight if either of the gates leading directly to or from the weigh 

hopper is open. 

 

(c) A “low paper” sensor, when provided, is activated. 

 

(d) The system will operate only in the proper sequence in all modes of operation. 

 

(e) When an overfill alarm is activated, the system shall indicate and record an overfill condition. 

(Amended 1993) 

 

S.3.3.  Overfill Sensor. 
 

(a) The weigh hopper shall be equipped with an overfill sensor which will cause the feed gate to close, 

activate an alarm, and inhibit weighing until the overfill condition has been corrected. 

(Added 1993) 

 

(b) If the system is equipped with a lower garner or surge bin, that garner shall also be equipped with an 

overfill sensor which will cause the gate of the weigh hopper to remain open, activate an alarm, and 

inhibit weighing until the overfill condition has been corrected. 

[Nonretroactive as of January 1, 1998] 

(Amended 1997) 



2.23.  Weights 

 D2-63  (DMS 01-01-11)  

Section 2.23.  Weights 
 

A.  Application 
 

A.1.  General. – This code applies to commercial weights; that is, weights used in connection with commercial 

weighing devices. 

 

A.2. Exceptions. – This code does not apply to test weights or to other “standards” of mass. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Weights shall meet the 

requirements of Section 1.10. General Code. 

. 

S.  Specifications 
 

S.1.  Material. – The material used for weights shall be as follows: 

 

(a) Weights of 6 g or 100 gr and larger shall be made of a metal, or a metal alloy, not softer than brass. 

 

(b) Weights of less than 6 g or 100 gr may be made of aluminum, but shall not be made of iron or of unplated 

steel, except stainless steel. 

 

S.2.  Design. 
 

S.2.1.  Surface. – The surface of a weight shall be smooth and shall not be coated with thick, soft, or brittle 

material.  A weight of more than 2 g or 30 gr or shall not have sharp edges, points, or corners. 

 

S.2.2.  Ring. – A ring on a weight shall not be split or removable. 

 

S.3.  Adjusting Material. – Adjusting material shall be securely positioned and shall not project beyond the surface 

of the weight. 

 

S.4.  Marking Requirements. 
 

S.4.1.  General. – A weight shall be marked to show clearly its nominal value, which shall include 

identification of the unit; however, the nominal value of a weight of 30 gr or 2 g, or less, may be designated by 

dots, lines, figures, distinctive shape, or other appropriate means. 

 

S.4.2.  Apothecaries’ Weights. – On apothecaries’ dram, ounce, and pound weights, the letters “ap” shall be 

used in combination with the nominal value and the appropriate abbreviation of or symbol for the unit. 

 

S.4.3.  Troy Weights. – On troy ounce and pound weights, the letter “t” shall be used in combination with the 

nominal value and the appropriate symbol of the unit. 

 

S.4.4.  Metric Weights. – On metric weights, the symbols “kg,” “g,” and “mg” shall be used in combination 

with the nominal value of kilograms, grams, and milligrams, respectively. 

 

S.4.5.  Carat Weights. – On carat weights, the letter “c” shall be used in combination with the nominal value. 

 

S.4.6.  Counterpoise Weight. – A counterpoise weight shall be marked to show clearly both its nominal value 

and the value it represents when used on the multiplying-lever scale for which it is intended. 

N.  Notes 
 

N.1.  Testing Procedures. – Commercial weights should be tested on a precision balance using standard weights, 

the errors of which, when used without correction, do not exceed 
1
/3 of the smallest tolerance to be applied.  (See 

Appendix A, Fundamental Considerations, paragraphs 3.2. and 3.3.) 
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T.  Tolerances 
 
T.1.  In Excess and in Deficiency. – The tolerances hereinafter prescribed shall be applied equally to errors in 
excess and errors in deficiency. 
 
T.2.  On Avoirdupois Weights. – The maintenance tolerances shall be as shown in Table 1. Maintenance Tolerance 
for Avoirdupois Weights.  Acceptance tolerances shall be one-half the maintenance tolerances. 
 

Table 1. 

Maintenance Tolerance for Avoirdupois Weights 

Maintenance Tolerance 

Nominal 

Value 

Equal-Arm 

Weights 

Counterpoise Weights 

For scales with multiples of 

less than 1000 

For scales with multiples of 

1000 or over 

oz grains mg grains mg grains mg 

1
/64 0.1 6     

1
/32 0.3 19     

1
/16 0.4 26     
1
/8 0.5 32     

¼ 1.0 65     

½ 1.5 97 1.0 65   

1 1.7 110 1.0 65   

2 2.0 130 1.0 65   

3 2.0 130 1.5 97   

4 3.0 190 1.5 97 1.0 65 

5 3.5 230 1.5 97 1.0 65 

6 3.5 230 1.5 97   

8 4.0 260 2.0 130 1.5 97 

10 4.0 260 2.5 160 2.0 130 

12 5.0 320 2.5 160 2.0 130 

lb grains mg grains mg grains mg 

1 5.0 320 3.0 190 2.5 160 

2 7.0 450 6.0 390 4.0 260 

3 9.0 580 9.0 580 5.0 320 

4 11.0 710 11.0 710 6.0 390 

5 15 970 12.0 780 6.5 420 

6 17 1190     

7 19 1200     

8 21 1400 15.0 970 9.0 580 

9 23 1500     

10 25 1600 18.0 1160 10.0 650 

15 28 1800     

20 30 1900     

25 35 2300     

30 40 2600     

40 45 2900     

50 50 3200     
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Section 2.24.  Automatic Weighing Systems 
 

A.  Application 

 

A.1.  General. – This code applies to devices used to automatically weigh pre-assembled discrete loads or single 

loads or loose materials in applications where automatic weighing systems
1
 are used or employed in the 

determination of quantities, things, produce, or articles for distribution, for purchase, offered or submitted for sale, 

for distribution, purchase, or in computing any basic charge or payment for services rendered on the basis of weight, 

and in packaging plants subject to regulation by the USDA.  Some weigh-labelers and checkweighers may also 

include a scale that is incorporated in a conveyor system that weighs packages in a static or non-automatic weighing 

mode
2
. 

 

This includes: 

 

(a) Automatic weigh-labelers, 

 

(b) Combination automatic and non-automatic weigh-labelers, 

 

(c) Automatic checkweighers, 

 

(d) Combination automatic and non-automatic checkweighers, and 

 

(e) Automatic gravimetric filling machines that weigh discrete loads or single loads of loose materials and 

determine package and production lot compliance with net content representations. 

(Amended 1997 and 2004) 

 

A.2.  Exceptions. - This code does not apply to: 

 

(a) Belt-Conveyor Scale Systems, 

 

(b) Railway Track Scales, 

 

(c) Monorail Scales, 

 

(d) Automatic Bulk-Weighing Systems, 

 

(e) Devices that measure quantity on a time basis, 

 

(f) Controllers or other auxiliary devices except as they may affect the weighing performance, or 

 

(g) Automatic gravimetric filling machines and other automatic weighing systems employed in determining the 

weight of a commodity in a plant or business with a separate quantity control program (e.g., a system of 

statistical process control) using suitable weighing instruments and measurement standards traceable to 

national standards to determine production lot compliance with net content representations
3
. 

                                                           
1 An automatic weighing system does not require the intervention of an operator during the weighing process.  The necessity to 

give instructions to start a process or to release a load or the function of the instrument (static, dynamic, set-up, etc.) is not 

relevant in deciding the category of automatic or non-automatic instruments. 

(Added 2004) 

 
2 Prepackaging scales (and other commercial devices) used for putting up packages in advance of sale are acceptable for use in 

commerce if all appropriate provisions of Handbook 44 are met.  Users of such devices must be alert to the legal requirements 

relating to the declaration of quantity on a package.  Such requirements are to the effect that, on the average, the contents of the 

individual packages of a particular commodity comprising a lot, shipment, or delivery must contain at least the quantity declared 

on the label.  The fact that a scale or other commercial device may overregister, but within established tolerances, and is 

approved for commercial service is not a legal justification for packages to contain, on the average, less than the labeled quantity. 

(Added 2004) 
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A.3.  Additional Code Requirements. – In addition to the requirements of this code, Automatic Weighing Systems 

shall meet the requirements of Section 1.10. General Code. 

 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 

 

S.1.1.  Zero Indication. 
 

(a) A weigh-labeler shall be equipped with an indicating or recording element.  Additionally, a weigh-

labeler equipped with an indicating or recording element shall either indicate or record a zero-balance 

condition and an out-of-balance condition on both sides of zero. 

(Amended 2004) 

 

(b) An automatic checkweigher may be equipped with an indicating or recording element. 

 

(c) A zero-balance condition may be indicated by other than a continuous digital zero indication, provided 

that effective automatic means is provided to inhibit a weighing operation or to return to a continuous 

digital indication when the device is in an out-of-balance condition. 

 

S.1.1.1.  Digital Indicating Elements. 
 

(a) A digital zero indication shall represent a balance condition that is within ± ½ scale division. 

 

(b) A digital indicating device shall either automatically maintain a “center of zero” condition to 

± ¼ scale division or less, or have an auxiliary or supplemental “center-of-zero” indicator that 

defines a zero-balance condition to ± ¼ scale division or less. 

 

(c) Verification of the accuracy of the center of zero indication to ± ¼ scale division or less during 

automatic operation is not required on automatic checkweighers. 

(Amended 2004) 

 

S.1.2.  Value of Division Units. – The value of a division d expressed in a unit of weight shall be equal to: 

 

(a) 1, 2, or 5; or 

 

(b) a decimal multiple or submultiple of 1, 2, or 5. 

 

Note:  The requirement that the value of the scale division be expressed only as 1, 2, or 5, or a decimal multiple or 
submultiple of only 1, 2, or 5 does not apply to net weight indications and recorded representations that are calculated 
from gross and tare weight indications where the scale division of the gross weight is different from the scale division of 
the tare weight(s) on multi-interval or multiple range scales.  For example, a multiple range or multi-interval scale may 
indicate and record tare weights in a lower weighing range (WR) or weighing segment (WS), gross weights in the 
higher weighing range or weighing segment, and net weights as follows: 

 

55 kg Gross Weight (WR2 d = 5 kg) 10.05 lb Gross Weight (WSR2 d = 0.05 lb) 
– 4 kg Tare Weight   (WR1 d = 2 kg) – 0.06 lb Tare Weight   (WS1 d = 0.02 lb) 

= 51 kg the Mathematically Correct Net Weight = 9.99 lb the Mathematically Correct Net Weight 

(Note Added 2008) 

 

S.1.2.1.  Weight Units. – Except for postal scales, indicating and recording elements for shipping and 

postal applications, and scales used to print standard pack labels, a device shall indicate weight values 

using only a single unit of measure. 

(Amended 2004) 
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S.1.3.  Provision for Sealing. 

 

(a) Automatic Weighing Systems, Except Automatic Checkweighers. – A device shall be designed 

with provision(s) as specified in Table S.1.3. Categories of Device and Methods of Sealing for 

applying a security seal that must be broken, or for using other approved means of providing security 

(e.g., data change audit trail available at the time of inspection), before any change that detrimentally 

affects the metrological integrity of the device can be made to any electronic mechanism. 

 

(b) For Automatic Checkweighers. – Security seals are not required in applications where it would 

prohibit an authorized user from having access to the calibration functions of a device. 

 

Table S.1.3. 

Categories of Device and Methods of Sealing 

Categories of Device Methods of Sealing 

Category 1:  No Remote configuration capability. Seal by physical seal or two event counters:  one for 

calibration parameters and one for configuration parameters. 

Category 2:  Remote configuration capability, but access is 

controlled by physical hardware. 

 

The device shall clearly indicate that it is in the remote 

configuration mode and record such message if capable of 

printing in this mode. 

The hardware enabling access for remote communication 

must be at the device and sealed using a physical seal or two 

event counters:  one for calibration parameters and one for 

configuration parameters. 

Category 3:  Remote configuration capability access may 

be unlimited or controlled through a software switch (e.g., 

password). 

An event logger is required in the device; it must include an 

event counter (000 to 999), the parameter ID, the date and 

time of the change, and the new value of the parameter.  A 

printed copy of the information must be available through 

the device or through another on-site device.  The event 

logger shall have a capacity to retain records equal to ten 

times the number of sealable parameters in the device, but 

not more than 1000 records are required.  (Note:  Does not 

require 1000 changes to be stored for each parameter.) 

 

S.1.4.  Automatic Calibration. – A device may be fitted with an automatic or a semi-automatic calibration 

mechanism.  This mechanism shall be incorporated inside the device.  After sealing, neither the mechanism nor 

the calibration process shall facilitate fraud. 

 

S.1.5.  Adjustable Components. – Adjustable components shall be held securely in adjustment and, except for 

a zero-load balance mechanism, shall be located within the housing of the element. 

 

S.2.  Design of Zero and Tare Mechanisms. 
 

S.2.1.  Zero Load Adjustment. 
 

S.2.1.1.  Automatic Zero-Tracking Mechanism. – Except for automatic checkweighers, under normal 

operating conditions the maximum load that can be “rezeroed,” when either placed on or removed from the 

platform all at once, shall be 1.0 scale division. 

 

Except for an initial zero-setting mechanism, an automatic zero adjustment outside these limits is 

prohibited. 

(Amended 2004 and 2010) 

 

S.2.1.2.  Initial Zero-Setting Mechanism. – Except for automatic checkweighers, an initial zero-setting 

mechanism shall not zero a load in excess of 20 % of the maximum capacity of the automatic weighing 

system unless tests show that the scale meets all applicable tolerances for any amount of initial load 

compensated by this device within the specified range. 
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N

d
vmin

 

S.2.2.  Tare. – On any automatic weighing system (except for multi-interval scales or multiple range scales 

when the value of tare is determined in a lower weighing range or weighing segment) the value of the tare 

division shall be equal to the value of the scale division.  The tare mechanism shall operate only in a backward 

direction (i.e., in a direction of underregistration) with respect to the zero-load balance condition of the 

automatic weighing system.  A device designed to automatically clear any tare value shall also be designed to 

prevent the automatic clearing of tare until a complete transaction has been indicated. 

(Amended 2008) 

 

Note:  On a computing automatic weighing system, this requires the input of a unit price, the display of the unit price, and a 
computed positive total price at a readable equilibrium.  Other devices require that a transaction or lot run be completed. 

(Note Amended 2004) 

 

S.3.  Verification Scale Interval. 

 

S.3.1.  Multiple Range and Multi-Interval Automatic Weighing System. – The value of e shall be equal to 

the value of d. 

 

S.3.2.  Load Cell Verification Interval Value. – The relationship of the value for the load cell verification 

scale interval, vmin, to the scale division d for a specific scale installation shall be: 

 

             , where N is the number of load cells in the scale. 

 

Note:  When the value of the scale division d differs from the verification scale division e for the scale, the value of e must 
be used in the formula above. 
 

S.3.3. – For automatic checkweighers, the value of e shall be specified by the manufacturer and may be larger 

than d, but in no case can e be more than ten times the value of d. 

 

S.4.  Weight Indicators, Weight Displays, Reports, and Labels. 
 

S.4.1.  Additional Digits in Displays. – Auxiliary digital displays that provide additional digits for use during 

performance evaluation may be included on automatic checkweighers.  However, in cases where these 

indications are not valid for determining the actual weight of a package (e.g., only appropriate for use in 

statistical process control programs by users) they shall be clearly and distinctly differentiated from valid 

weight displays by indicating them to the user. 

 

For example, the additional digits may be differentiated by color, partially covered by placing crosshatch 

overlays on the display, or made visible only after the operator presses a button or turns a key to set the device 

in a mode which enables the additional digits. 

 

S.4.2.  Damping. – An indicating element equipped with other than automatic recording elements shall be 

equipped with effective means to permit the recording of weight values only when the indication is stable 

within plus or minus one scale division.  The values recorded shall be within applicable tolerances. 

 

S.4.3.  Over Capacity Indication. – An indicating or recording element shall not display nor record any values 

when the scale capacity is exceeded by nine scale divisions. 

 

S.4.4.  Label Printer. – A device that produces a printed ticket to be used as the label for a package shall print 

all values digitally and of such size, style of type, and color as to be clear and conspicuous on the label. 

 

S.4.4.1.  Label Printing. – If an automatic checkweigher prints a label containing weight information that 

will be used in a commercial transaction, it must conform to all of the requirements specified for weigh-

labelers so that the printed ticket meets appropriate requirements. 

 

S.5.  Accuracy Class. 
 

S.5.1.  Marking. – Weigh-labelers and automatic checkweighers shall be Class III devices and shall be marked 

accordingly, except that a weigh-labeler marked Class IIIS may be used in package shipping applications. 
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(Amended 1997) 

 

S.6.  Parameters for Accuracy Classes. – The number of divisions for device capacity is designated by the 

manufacturer and shall comply with parameters shown in Table S.6. 

 

Table S.6. 

Parameters for Accuracy Classes 

 Number of Divisions (n) 

Class Value of the Verification Division (e) Minimum Maximum 

SI Units 

III 
0.1 to 2 g inclusive 100 10 000 

equal to or greater than 5 g 500 10 000 

Inch-Pound Units 

III 

0.0002 lb to 0.005 lb, inclusive 100 10 000 

0.005 oz to 0.125 oz, inclusive  100 10 000 

equal to or greater than 0.01 lb 500 10 000 

equal to or greater than 0.25 oz 500 10 000 

IIIS 
greater than 0.01 lb 100   1 000 

greater than 0.25 oz 100   1 000 

For Class III devices, the value of e is specified by the manufacturer as marked on the device; d shall not be 

smaller than 0.1 e.  e shall be differentiated from d by size, shape, or color. 

(Amended 2004) 

 

S.7.  Marking Requirements.  [See also G-S.1. Identification, G-S.4. Interchange or Reversal of Parts, G-S.6. 

Marking Operational Controls, Indications, and Features, G-S.7. Lettering, G-UR.2.1.1. Visibility of Identification, 

and UR.3.3. Special Designs] 

 

S.7.1.  Location of Marking Information. – Automatic weighing systems which are not permanently attached 

to an indicating element, and for which the load-receiving element is the only part of the weighing/load-

receiving element visible after installation, may have the marking information required in G-S.1. Identification 

of the General Code and Table S.7.a. Marking Requirements and S.7.b. Notes for Table S.7.a. of the Automatic 

Weighing Systems Code located in an area that is accessible only through the use of a tool; provided that the 

information is easily accessible (e.g., the information may appear on the junction box under an access plate).  

The identification information for these automatic weighing systems shall be located on the weighbridge (load-

receiving element) near the point where the signal leaves the weighing element, or beneath the nearest access 

cover. 
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Table S.7.a. Marking Requirements 

 

To Be 

Marked With   

Weighing Equipment 

Weighing, load-

receiving, and 

indicating element 

in same housing 

Indicating element 

not permanently 

attached to 

weighing and load-

receiving element 

Weighing and load-

receiving element 

not permanently 

attached to 

indicating element 

Load cell 

with CC 

(10) 

Other 

equipment 

or device 

(9) 

Manufacturer’s ID 

 (1) 

x x x x x 

Model Designation  

 (1) 

x x x x x 

Serial Number and Prefix  (2) x x x x x (13) 

Certificate of Conformance 

(CC) Number       

(16) 

x x x x x (16) 

Accuracy Class       

(14) 

x x (8) x x  

Nominal Capacity

 (3)(15) 

x x x   

Value of Division, d 

 (3) 

x x    

Value of e  

  (4) 

x x    

Temperature Limits 

 (5) 

x x x x  

Special Application      

(11) 

x x x   

Maximum Number of  

Scale Divisions, nmax        

(6) 

 

x (8) x x 

 

Minimum Verification 

Division, (emin) 

  
x 

  

“S” or “M”  

  (7) 

   x  

Direction of Loading      

(12) 

   x  

Minimum Dead Load    x  

Maximum Capacity (Max) x   x  

Minimum Capacity (Min) x     

Safe Load Limit    x  

Load Cell Verification 

Interval (vmin) 

   x  

Maximum Belt Speed 

(m/sec or m/min) 

x  x   

Note:  See Table S.7.b. for applicable parenthetical notes. 

(Amended 1999 and 2002) 
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Section 3.30.  Liquid-Measuring Devices 
 

 

A.  Application 
 

A.1.  General. – This code applies to: 

 

(a) devices used for the measurement of liquids, including liquid fuels and lubricants, and 

 

(b) wholesale devices used for the measurement and delivery of agri-chemical liquids such as fertilizers, feeds, 

herbicides, pesticides, insecticides, fungicides, and defoliants. 

(Added 1985) 

 

A.2.  Exceptions. – This code does not apply to: 

 

(a) meters mounted on vehicle tanks (see Section 3.31. Code for Vehicle-Tank Meters), 

 

(b) devices used for dispensing liquefied petroleum gases (see Section 3.32. Code for Liquefied Petroleum Gas 

and Anhydrous Ammonia Liquid-Measuring Devices), 

 

(c) devices used for dispensing other liquids that do not remain in a liquid state at atmospheric pressures and 

temperatures, 

 

(d) water meters, 

 

(e) devices used solely for dispensing a product in connection with operations in which the amount dispensed 

does not affect customer charges, or 

 

(f) mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 

 

A.3.  Additional Code Requirements. – In addition to the requirements of this code, liquid-measuring devices shall 

meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Indicating and Recording Elements and Recorded Representations. 
 

S.1.1.  General. – A liquid-measuring device: 

 

(a) shall be equipped with a primary indicating element, and 

 

(b) may be equipped with a primary recording element. 

 

S.1.2.  Units. – A liquid-measuring device shall indicate, and record if the device is equipped to record, its 

deliveries in liters, gallons, quarts, pints, fluid ounces, or binary-submultiples or decimal subdivisions of the 

liter or gallon. 

(Amended 1987, 1994, and 2006) 

 

S.1.2.1.  Retail Motor-Fuel Devices. – Deliveries shall be indicated and recorded, if the device is equipped 

to record, in liters or gallons and decimal subdivisions or fractional equivalents thereof. 

(Added 1979) 
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S.1.2.2.  Agri-Chemical Liquid Devices. 
 

 

S.1.2.2.1.  Liquid Measure. – Deliveries shall be indicated and recorded in liters or gallons and 

decimal subdivisions or fractional equivalents thereof. 

 

S.1.2.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded 

delivery if the device is equipped to record, shall not exceed the equivalent of: 

 

(a) 0.5 L (0.1 gal) on devices with a maximum rated flow rate of 750 L/min (200 gal/min) or less; 

 

(b) 5 L (1 gal) on devices with a maximum rated flow of more than 750 L/min (200 gal/min); 

 

(c) 5 L (1 gal) on meters with a rated maximum flow rate of 375 L/min (100 gal/min) or more used 

for jet fuel aviation refueling systems. 

(Added 2007) 

 

This requirement does not apply to manually operated devices equipped with stops or stroke-limiting 

means. 

(Amended 1983, 1986, and 2007) 

 

S.1.3.  Advancement of Indicating and Recording Elements. – It shall not be possible to advance primary 

indicating and recording elements except by the mechanical operation of the device.  Clearing a device by 

advancing its elements to zero is permitted, but only if: 

 

(a) once started, the advancement movement cannot be stopped until zero is reached, and 

 

(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 

 

S.1.4.  Graduations. 
 

S.1.4.1.  Length. – Graduations shall be varied in length so that they may be conveniently read. 

 

S.1.4.2.  Width. – In a series of graduations, the width of: 

 

(a) every graduation shall be at least 0.2 mm (0.008 in) but not greater than the minimum clear 

interval between graduations, and 

 

(b) main graduations shall be not more than 50 % greater than the width of subordinate graduations. 

 

S.1.4.3.  Clear Interval Between Graduations. – The clear interval between graduations shall be not less 

than 1.0 mm (0.04 in).  If the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of movement of the tip of the index of the indicator as it passes over the 

graduations, or 

 

(b) if the indicator extends over the entire length of the graduations, at the point of widest separation 

of the graduations. 

 

S.1.5.  Indicators. 
 

S.1.5.1.  Symmetry. – The portion of the index of an indicator associated with the graduations shall be 

symmetrical with respect to the graduations. 

 

S.1.5.2.  Length. 
 

(a) If the indicator and the graduations are in different planes, the index of the indicator shall extend 

to each graduation with which it is to be used.
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Section 3.31.  Vehicle-Tank Meters 
 

A.  Application 
 

A.1.  General. – This code applies to meters mounted on vehicle tanks including those used for the measurement and 

delivery of petroleum products or agri-chemical liquids such as fertilizers, feeds, pesticides, defoliants, and bulk 

deliveries of water. 

(Amended 1985 and 1995) 

 

A.2.  Exceptions. – This code does not apply to the following devices: 

 

(a) Devices used for dispensing liquefied petroleum gases (see Section 3.32. Code for Liquefied Petroleum Gas and 

Anhydrous Ammonia Liquid-Measuring Devices), or other liquids that do not remain in a liquid state at 

atmospheric pressures and temperatures. 

 

(b) Devices used solely for dispensing a product in connection with operations in which the amount dispensed does 

not affect customer charges. 

 

(c) Vehicle tanks used as measures (see Section 4.40. Code for Vehicle Tanks Used as Measures). 

 

(d) Mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 

 

(e) Devices used to measure cryogenic liquids (see Section 3.34. Code for Cryogenic Liquid-Measuring Devices). 

 

(f) Devices used to measure carbon dioxide liquids (see Section 3.38. Code for Carbon Dioxide Liquid-Measuring 

Devices). 

 

A.3.  Additional Code Requirements. – In addition to the requirements of this code, Vehicle-Tank Meters shall meet 

the requirements of 1.10. General Code requirements. 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A meter shall be equipped with a primary indicating element and may also be equipped 

with a primary recording element. 

 

[Note:  Except for systems used solely for the sale of aviation fuel into aircraft and for aircraft-related 

operations, vehicle-tank meters shall be equipped with a primary recording element as required by 

paragraph UR.2.2. Ticket Printer; Customer Ticket.] 

(Amended 1993) 

 

S.1.1.2.  Units. 
 

(a) A meter shall indicate, and record if the meter is equipped to record, its deliveries in terms of liters or 

gallons.  Fractional parts of the liter or gallon shall be in terms of either decimal or binary subdivisions. 

 

(b) When it is an industry practice to purchase and sell milk by weight based upon 1.03 kg/L (8.6 lb/gal), 

the primary indicating element may indicate in kilograms or pounds and decimal kilograms or pounds.  

The weight value division shall be a decimal multiple or submultiple of 1, 2, or 5.  (See S.5.5.) 
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S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded delivery if 

the meter is equipped to record, shall not exceed the equivalent of: 

 

(a) 0.5 L (0.1 gal) or 0.5 kg (1 lb) on milk-metering systems, 

 

(b) 0.5 L (0.1 gal) on meters with a rated maximum flow rate of 750 L/min (200 gal/min) or less, 

 

(c) 5 L (1 gal) on meters with a rated maximum flow of 375 L/min (100 gal/min) or more used for jet fuel 

aviation refueling systems, or 

 (Added 2006) 

 

(d) 5 L (1 gal) on other meters. 

(Amended 1989, 1994 and 2006) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only by the mechanical operation of the meter.  However, a meter may be 

cleared by advancing its elements to zero, but only if: 

 

(a) the advancing movement, once started, cannot be stopped until zero is reached, or 

 

(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 

 

S.1.1.5.  Return to Zero. – Primary indicating elements shall be readily returnable to a definite zero indication.  

Means shall be provided to prevent the return of primary indicating elements, and of primary recording 

elements if these are returnable to zero, beyond their correct zero position. 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) wide. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 2.5 mm (0.10 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

(Amended 1986) 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 
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(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.1.3.6.  Travel of Indicator. – If the most sensitive element of the primary indicating element utilizes an 

indicator and graduations, the relative movement of these parts corresponding to the smallest indicated value 

shall not be less than 5 mm (0.20 in). 

 

S.1.4.  Computing-Type Device. 
 

S.1.4.1.  Display of Unit Price. – In a device of the computing type, means shall be provided for displaying, in 

a manner clear to the operator and an observer, the unit price at which the device is set to compute.  The unit 

price is not required to be displayed continuously. 

(Amended 1983 and 2005) 

 

S.1.4.2.  Printed Ticket. – If a computing-type device issues a printed ticket which displays the total computed 

price, the ticket shall also have printed clearly thereon the total quantity of the delivery, the appropriate fraction 

of the quantity, and the price per unit of quantity. 

(Amended 1989) 

 

S.1.4.3.  Money-Value Computations. – Money-value computations shall be of the full-computing type in 

which the money value at a single unit price, or at each of a series of unit prices, shall be computed for every 

delivery within either the range of measurement of the device or the range of the computing elements, 

whichever is less.  Value graduations shall be supplied and shall be accurately positioned.  The value of each 

graduated interval shall be 1 cent.  On electronic devices with digital indications, the total price may be 

computed on the basis of the quantity indicated when the value of the smallest division indicated is equal to or 

less than 0.2 L (0.1 gal) or 0.2 kg (1 lb). 

(Amended 1979 and 1989) 

 

S.1.4.4.  Money Values, Mathematical Agreement. – Any digital money-value indication and any recorded 

money value on a computing-type device shall be in mathematical agreement with its associated quantity 

indication or representation to within 1 cent of money value. 

 

S.2.  Design of Measuring Elements. 
 

S.2.1.  Vapor Elimination. – A metering system shall be equipped with an effective vapor or air eliminator or other 

automatic means to prevent the passage of vapor and air through the meter.  Vent lines from the air or vapor 

eliminator shall be made of metal tubing or some other suitable rigid material. 

(Amended 1993) 

 

S.2.2.  Provision for Sealing. – Adequate provision shall be made for an approved means of security (e.g., data 

change audit trail) or for physically applying a security seal in such a manner that requires the security seal to be 

broken before a change or an adjustment or interchange may be made of: 

 

(a) any measuring or indicating element, 
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(b) any adjustable element for controlling delivery rate when such rate tends to affect the accuracy of 

deliveries, and 

 

(c)  any metrological parameter that will affect the metrological integrity of the device or system. 

 

When applicable, the adjusting mechanism shall be readily accessible for purposes of affixing a security seal. 

[Audit trails shall use the format set forth in Table S.2.2. Categories of Device and Methods Sealing.]* 

[*Nonretroactive as of January 1, 1995] 

(Amended 2006) 

Table S.2.2. Categories of Device and Methods of Sealing 

Categories of Device Methods of Sealing 

Category 1:  No remote configuration capability. Seal by physical seal or two event counters:  one for 

calibration parameters and one for configuration 

parameters. 

Category 2:  Remote configuration capability, but access 

is controlled by physical hardware. 

 

The device shall clearly indicate that it is in the remote 

configuration mode and record such message if capable 

of printing in this mode or shall not operate while in this 

mode. 

The hardware enabling access for remote communication 

must be on-site.  The hardware must be sealed using a 

physical seal or an event counter for calibration 

parameters and an event counter for configuration 

parameters.  The event counters may be located either at 

the individual measuring device or at the system 

controller; however, an adequate number of counters 

must be provided to monitor the calibration and 

configuration parameters of the individual devices at a 

location.  If the counters are located in the system 

controller rather than at the individual device, means 

must be provided to generate a hard copy of the 

information through an on-site device. 

Category 3:  Remote configuration capability access may 

be unlimited or controlled through a software switch 

(e.g., password). 

 

 

The device shall clearly indicate that it is in the remote 

configuration mode and record such message if capable 

of printing in this mode or shall not operate while in this 

mode. 

 

An event logger is required in the device; it must include 

an event counter (000 to 999), the parameter ID, the date 

and time of the change, and the new value of the 

parameter.  A printed copy of the information must be 

available through the device or through another on-site 

device.  The event logger shall have a capacity to retain 

records equal to ten times the number of sealable 

parameters in the device, but not more than 1000 records 

are required.  (Note:  Does not require 1000 changes to 

be stored for each parameter.) 

[Nonretroactive as of January 1, 1995] 

(Table Added 2006) 

 

S.2.3.  Directional Flow Valves. – Valves intended to prevent reversal of flow shall be automatic in operation.  

However, on equipment used exclusively for fueling aircraft, such valves may be manual in operation. 

 

S.2.4.  Zero-Set-Back Interlock, Vehicle-Tank Meters, Electronic. – Except for vehicle-mounted metering systems 

used solely for the delivery of aviation fuel, a device shall be so constructed that after an individual or multiple 

deliveries at one location have been completed, an automatic interlock system shall engage to prevent a subsequent 

delivery until the indicating and, if equipped, recording elements have been returned to their zero position.  For 

individual deliveries, if there is no product flow for 3 minutes the transaction must be completed before additional 

product flow is allowed.  The 3-minute timeout shall be a sealable feature on an indicator. 

[Nonretroactive as of January 1, 2006] 

(Added 2005) 

 

S.2.5.  Automatic Temperature Compensation for Refined Petroleum Products. 
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S.2.5.1.  Automatic Temperature Compensation for Refined Petroleum Products. – A device may be 

equipped with an automatic means for adjusting the indication and registration of the measured volume of 

product to the volume at 15 C for liters or the volume at 60 °F for gallons and decimal subdivisions or 

fractional equivalents thereof where not prohibited by state law. 

 

S.2.5.2.  Provision for Deactivating. – On a device equipped with an automatic temperature-compensating 

mechanism that will indicate or record only in terms of liters compensated to 15 C or gallons compensated to 

60 F, provision shall be made for deactivating the automatic temperature-compensating mechanism so the 

meter can indicate and record, if it is equipped to record, in terms of the uncompensated volume. 

 

S.2.5.3.  Gross and Net Indications. – A device equipped with automatic temperature compensation shall 

indicate or record, if equipped to record, both the gross (uncompensated) and net (compensated) volume for 

testing purposes.  It is not necessary that both net and gross volume be displayed simultaneously. 

 

S.2.5.4.  Provision for Sealing Automatic Temperature-Compensating Systems. – Adequate provision shall 

be made for an approved means of security (e.g., data change audit trail) or physically applying security seals in 

such a manner that an automatic temperature-compensating system cannot be disconnected and no adjustment 

may be made to the system. 

 

S.2.5.5.  Temperature Determination with Automatic Temperature Compensation. – For test purposes, 

means shall be provided (e.g., thermometer well) to determine the temperature of the liquid either: 

 

(a) in the liquid chamber of the meter, or 

 

(b) immediately adjacent to the meter in the meter inlet or discharge line. 

(Added 2007) 

 

S.3.  Design of Discharge Lines and Discharge Line Valves. 
(Not applicable to milk-metering systems.) 

 

S.3.1.  Diversion of Measured Liquid. – Except on equipment used exclusively for fueling aircraft, no means shall 

be provided by which any measured liquid can be diverted from the measuring chamber of the meter or the 

discharge line thereof.  However, two or more delivery outlets may be installed if means is provided to insure that: 

 

(a) liquid can flow from only one such outlet at one time, and 

 

(b) the direction of flow for which the mechanism may be set at any time is definitely and conspicuously 

indicated. 

 

S.3.2.  Pump-Discharge Unit. – On a pump-discharge unit, the discharge hose shall be of the wet-hose type with a 

shutoff valve at its outlet end.  However, a pump-discharge unit may be equipped also with a dry-hose without a 

shutoff valve at its outlet end, but only if: 

 

(a) the dry-hose is as short as practicable, and 

 

(b) there is incorporated in the discharge piping, immediately adjacent to the meter, effective means to insure 

that liquid can flow through only one of the discharge hoses at any one time and that the meter and the 

wet-hose remain full of liquid at all times. 

 

S.3.3.  Gravity-Discharge Unit. – On a gravity-discharge unit, the discharge hose or equivalent pipe shall be of the 

dry-hose type with no shutoff valve at its outlet end.  The dry-hose shall be of such stiffness and only of such length 

as to facilitate its drainage.  The inlet end of the hose or of an equivalent outlet pipe shall be of such height as to 

provide for proper drainage of the hose or pipe.  There shall be incorporated an automatic vacuum breaker or 

equivalent means to prevent siphoning and to insure the rapid and complete drainage. 

 

S.3.4.  Discharge Hose. – A discharge hose shall be adequately reinforced. 
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S.3.5.  Discharge Valve. – A discharge valve may be installed in the discharge line only if the device is of the 

wet-hose type, in which case such valve shall be at the discharge end of the line.  Any other shutoff valve on the 

discharge side of the meter shall be of the automatic or semiautomatic predetermined-stop type or shall be operable 

only: 

 

(a) by means of a tool (but not a pin) entirely separate from the device, or 

 

(b) by mutilation of a security seal with which the valve is sealed open. 

 

S.3.6.  Antidrain Valve. – In a wet-hose, pressure-type device, an effective antidrain valve shall be incorporated in 

the discharge valve or immediately adjacent thereto.  The antidrain valve shall function so as to prevent the drainage 

of the discharge hose.  However, a device used exclusively for fueling and defueling aircraft may be of the pressure 

type without an antidrain valve. 

 

S.4.  Design of Intake Lines (for Milk-Metering Systems). 
 

S.4.1.  Diversion of Liquid to be Measured. – No means shall be provided by which any liquid can be diverted 

from the supply tank to the receiving tank without being measured by the device. 

 

S.4.2.  Intake Hose. – The intake hose shall be: 

 

(a) of the dry-hose type; 

 

(b) adequately reinforced; 

 

(c) not more than 6 m (20 ft) in length, unless it can be demonstrated that a longer hose is essential to permit 

pickups from a supply tank; and 

 

(d) connected to the pump at horizontal or above, to permit complete drainage of the hose. 

 

S.5.  Marking Requirements. 
 

S.5.1.  Limitation of Use. – If a meter is intended to measure accurately only liquids having particular properties, or 

to measure accurately only under specific installation or operating conditions, or to measure accurately only when 

used in conjunction with specific accessory equipment, these limitations shall be clearly and permanently stated on 

the meter. 

 

S.5.2.  Discharge Rates. – A meter shall be marked to show its designed maximum and minimum discharge rates.  

However, the minimum discharge rate shall not exceed 20 % of the maximum discharge rate. 

 

Note:  See example in Section 3.30. Liquid-Measuring Devices Code, paragraph S.4.4.1. Discharge Rates. 

(Added 2003) 

 

S.5.3.  Measuring Components, Milk-Metering System. – All components that affect the measurement of milk 

that are disassembled for cleaning purposes shall be clearly and permanently identified with a common serial 

number. 

 

S.5.4.  Flood Volume, Milk-Metering System. – When applicable, the volume of product necessary to flood the 

system when dry shall be clearly, conspicuously, and permanently marked on the air eliminator. 

 

S.5.5.  Conversion Factor. – When the conversion factor of 1.03 kg/L (8.6 lb/gal) is used to convert the volume of 

milk to weight, the conversion factor shall be clearly marked on the primary indicating element and recorded on the 

delivery ticket. 

(Added 1989) 

 

S.5.6.  Temperature Compensation for Refined Petroleum Products. – If a device is equipped with an automatic 

temperature compensator, the primary indicating elements, recording elements, and recorded representations shall be
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Table 1.  

 Accuracy Classes and Tolerances for Vehicle-Tank Meters 

Accuracy 

Class 
Application 

Acceptance 

Tolerance 

Maintenance 

Tolerance 

Special Test 

Tolerance 

0.3 

- Petroleum products delivered from large capacity (flow 

rates over 115 L/min or 30 gpm)** devices, including 

motor-fuel devices 

- Heated products (other than asphalt) at or greater than 

50 °C 

- Asphalt at or below a temperature of 50 °C 

- All other liquids not shown in the table where the 

typical delivery is greater than 200 L (50 gal) 

0.15 % 0.3 % 0.45 % 

0.3A - Asphalt at temperatures greater than 50 °C 0.3 % 0.3 % 0.5 % 

0.5* 

- Petroleum products delivered from small capacity (at 

4 L/min (1 gpm) through 115 L/min or 30 gpm)** 

motor-fuel devices 

- Agri-chemical liquids 

- All other applications not shown in the table where the 

typical delivery is ≤ 200 L (50 gal) 

0.3 % 0.5 % 0.5 % 

1.1 

- Petroleum products and other normal liquids from 

devices with flow rates** less than 4 L/min (1 gpm) 

and 

- Devices designed to deliver less than 4 L (1 gal) 

0.75 % 1.0 % 1.25 % 

1.5 - Water 
Overregistration 1.5 % 1.5 % 1.5 % 

Underregistration 1.5 % 1.5 % 5.0 % 

*  For 5 gal and 10 gal test drafts, the tolerances specified for Accuracy Class 0.5 in the table above do not apply.  For 

these test drafts, the maintenance tolerances on normal and special tests for 5 gal and 10 gal test drafts are 6 in
3
 and 

11 in
3
, respectively.  Acceptance tolerances on normal and special tests are 3 in

3
 and 5.5 in

3
. 

** Flow rate refers to designed or marked maximum flow rate. 

(Added 2002) 

 

Table 2. Tolerances for 

Vehicle-Mounted Milk Meters 

Indication 

(gallons) 

Maintenance Tolerance 

(gallons) 

Acceptance Tolerance 

(gallons) 

100 0.5 0.3 

200 0.7 0.4 

300 0.9 0.5 

400 1.1 0.6 

500 1.3 0.7 

Over 500 
Add 0.002 gallon per indicated gallon 

over 500 

Add 0.001 gallon per indicated gallon 

over 500 

 (Added 1989) 
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T.2.1.  Automatic Temperature-Compensating Systems. – The difference between the meter error (expressed as a 

percentage) for results determined with and without the automatic temperature-compensating system activated shall 

not exceed: 

 

(a) 0.2 % for mechanical automatic temperature-compensating systems; and 

 

(b) 0.1 % for electronic automatic temperature-compensating systems. 

 

The delivered quantities for each test shall be approximately the same size.  The results of each test shall be within 

the applicable acceptance or maintenance tolerance. 

(Added 2007) (Amended 2010) 

 

T.3.  Repeatability. – When multiple tests are conducted at approximately the same flow rate and draft size, the range of 

the test results for the flow rate shall not exceed 40 % of the absolute value of the maintenance tolerance and the results 

of each test shall be within the applicable tolerance.  (See also N.4.1.2. Repeatability Tests.) 

(Added 1992) (Amended 2001 and 2002) 

 

T.4.  Product Depletion Test. – The difference between the test result for any normal test and the product depletion test 

shall not exceed the tolerance shown in Table T.4.  Test drafts shall be of the same size and run at approximately the 

same flow rate. 

 

[Note:  The result of the product depletion test may fall outside of the applicable test tolerance as specified in Table 1.] 

 

Table T.4. Tolerances for Vehicle-Tank Meters 

on Product Depletion Tests, Except Milk Meters 

Meter Size Maintenance and Acceptance Tolerances 

Up to, but not including, 50 mm (2 in) 1.70 L (104 in
3
)

1
 

From 50 mm (2 in) up to, but not including, 75 mm (3 in) 2.25 L (137 in
3
)

1 

75 mm (3 in) or larger 3.75 L (229 in
3
)

1 

1
 Based on a test volume of at least the amount specified in N.3. 

(Table Added 2005) 

 

UR.  User Requirements 
 

UR.1.  Installation Requirements. 
 

UR.1.1.  Discharge Rate. – A meter shall be so installed that the actual maximum discharge rate will not exceed the 

rated maximum discharge rate.  If necessary, means for flow regulation shall be incorporated in the installation, in 

which case this shall be fully effective and automatic in operation. 

 

UR.1.2.  Unit Price. – There shall be displayed on the face of a device of the computing type the unit price at which 

the device is set to compute. 

 

UR.1.3.  Intake Hose. – The intake hose in a milk-metering system shall be installed to permit complete drainage 

and ensure that all available product is measured following each pickup. 

 

UR.1.4.  Liquid Measured. – A vehicle-tank meter shall continue to be used to measure the same liquid or one with 

the same general physical properties as that used for calibration and weights and measures approval unless the meter 

is recalibrated with a different product and tested by a registered service agency or a weights and measures official 

and approved by the weights and measures jurisdiction having statutory authority over the device. 

(Added 2003)



3.32LPG and Anhydrous Ammonia Liquid-Measuring Devices 

 D3-33  (DMS 01-01-11) 

Section 3.32.  Liquefied Petroleum Gas and Anhydrous Ammonia 
Liquid-Measuring Devices

1
 

 

A.  Application. 
 
A.1. General. – This code applies to devices used for the measurement of liquefied petroleum gas and anhydrous 
ammonia in the liquid state, whether such devices are installed in a permanent location or mounted on a vehicle. 
 
A.2. Devices Used to Measure Other Liquid Products not Covered in Specific Codes. – Insofar as they are clearly 
appropriate, the requirements and provisions of the code may be applied to devices used for the measurement of other 
liquids that do not remain in a liquid state at atmospheric pressures and temperatures. 
 
A.3. Exceptions. – This code does not apply to mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 
 
A.4. Additional Code Requirements. – In addition to the requirements of this code, LPG and Anhydrous Ammonia 
Liquid-Measuring Devices shall meet the requirements of Section 1.10. General Code. 
 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A device shall be equipped with a primary indicating element and may also be equipped 
with a primary recording element. 
 
Note:  Vehicle-mounted metering systems shall be equipped with a primary recording element as required by 
paragraph UR.2.6. Ticket Printer; Customer Ticket. 
 
S.1.1.2.  Units. – A device shall indicate, and record if the device is equipped to record, its deliveries in terms of 
liters, gallons, quarts, pints, or binary-submultiple or decimal subdivisions of the liter or gallon. 

(Amended 1987) 
 
S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded delivery if 
the device is equipped to record, shall not exceed the equivalent of: 

 
(a) 0.5 L (1 pt) on retail devices, or 
 
(b) 5 L (1 gal) on wholesale devices. 

(Amended 1987) 
 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 
shall be susceptible to advancement only by the mechanical operation of the device.  However, a device may be 
cleared by advancing its elements to zero, but only if: 
 

(a) the advancing movement, once started, cannot be stopped until zero is reached, or 
 
(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 
 

S.1.1.5.  Money Values, Mathematical Agreement. – Any digital money-value indication and any recorded 
money value on a computing-type device shall be in mathematical agreement with its associated quantity 
indication or representation to within 1 cent of money value; except that a stationary retail computing-type 

                                                           
1
 Title amended 1986. 
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device must compute and indicate to the nearest 1 cent of money value.  (See Section 1.10. G-S.5.5. Money 
Values, Mathematical Agreement) 

(Amended 1984 and 1988) 

 

S.1.1.6.  Printed Ticket. – Any printed ticket issued by a device of the computing type on which there is 

printed the total computed price, shall have printed clearly thereon the total volume of the delivery in terms of 

liters or gallons, and the appropriate decimal fraction of the liter or gallon, and the corresponding price per liter 

or gallon. 

(Added 1979) (Amended 1987) 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of graduations, shall be not more than 1.0 mm 

(0.04 in). 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.1.4.  For Retail Devices Only. 
 

S.1.4.1.  Indication of Delivery. – A retail device shall be constructed to show automatically its initial zero 

condition and the amounts delivered up to the nominal capacity of the device.
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Section 3.33.  Hydrocarbon Gas Vapor-Measuring Devices
1

                                                           
1
Title changed 1986. 

 

A.  Application 

 

A.1. General. – This code applies to devices used for the measurement of hydrocarbon gas in the vapor state, such as 

propane, propylene, butanes, butylenes, ethane, methane, natural gas, and any other hydrocarbon gas/air mix. 

(Amended 1984, 1986, 1988, and 1991) 

 

A.2. Exceptions. – This code does not apply to: 

 

(a) Liquid-measuring devices used for dispensing liquefied petroleum gases in liquid form (see Section 3.32. Code 

for Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-Measuring Devices). 

 

(b) Natural, liquefied petroleum, and manufactured-gas-vapor meters when these are operated in a public utility 

system. 

 

(c) Mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Hydrocarbon Gas Vapor-

Measuring Devices shall meet the requirements of Section 1.10. General Code. 

 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A device shall be equipped with a primary indicating element and may also be equipped 

with a primary recording element. 

 

S.1.1.2.  Units. – A volume-measuring device shall indicate, and record if equipped to record, its deliveries in 

terms of cubic meters or cubic feet, or multiple or decimal subdivisions of cubic meters or cubic feet. 

(Amended 1972 and 1991) 

 

S.1.1.3.  Value of Smallest Unit. – Volume-Measuring Devices:  The value of the smallest unit of indicated 

delivery, and recorded delivery if the device is equipped to record, shall not exceed: 

 

(a) 1 m
3
 (1000 dm

3
) (100 ft

3
) when the maximum rated gas capacity is less than 100 m

3
/h (10 000 ft

3
/h); 

 

(b) 10 m
3
 (1000 ft

3
) when the maximum rated gas capacity is 280 m

3
/h (10 000 ft

3
/h) up to, but not 

including, 1700 m
3
/h (60 000 ft

3
/h); 

 

(c) 100 m
3
 (10 000 ft

3
) when the maximum rated gas capacity is 1700 m

3
/h (60 000 ft

3
/h) or more. 

(Amended 1972, 1988, and 1991) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall advance digitally or continuously and be susceptible to advancement only by the mechanical operation of 

the device. 
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S.1.1.5.  Proving Indicator. – Devices rated less than 280 m
3
/h (10 000 ft

3
/h) gas capacity shall be equipped 

with a proving indicator measuring 0.025, 0.05, 0.1, 0.2, or 0.25 m
3
 per revolution, (1, 2, 5, or 10 ft

3
 per 

revolution) for testing the meter.  Devices with larger capacities shall be equipped as follows: 

 

(a) Devices rated 280 m
3
 (10 000 ft

3
) up to but not including 1700 m

3
/h (60 000 ft

3
/h) gas capacity shall be 

equipped with a proving indicator measuring not greater than 1 m
3
 (100 ft

3
) per revolution. 

 

(b) Devices rated 1700 m
3
/h (60 000 ft

3
/h) gas capacity or more shall be equipped with a proving indicator 

measuring not more than 10 m
3
 (1000 ft

3
) per revolution. 

 

The test circle of the proving indicator shall be divided into ten equal parts.  Additional subdivisions of one 

or more of such equal parts may be made. 

(Amended 1973 and 1988) 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and in no case should it exceed 1.0 mm (0.04 in) for 

indicating elements and 0.5 mm (0.02 in) for proving circles. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used. 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 



3.34.  Cryogenic Liquid-Measuring Devices 

 D3-55  (DMS 01-01-11) 

 

Section 3.34.  Cryogenic Liquid-Measuring Devices 
 

A.  Application 
 

A.1. General. – This code applies to devices used for the measurement of cryogenic liquids such as, but not limited to 

oxygen, nitrogen, hydrogen, and argon. 

(Amended 1986 and 1995) 

 

A.2. Exceptions. – This code does not apply to the following: 

 

(a) Devices used for dispensing liquefied petroleum gases (for which see Section 3.32. Code for Liquefied 

Petroleum Gas and Anhydrous Ammonia Liquid-Measuring Devices). 

 

(b) Devices used solely for dispensing a product in connection with operations in which the amount dispensed does 

not affect customer charges. 

 

(c) Devices used solely for dispensing liquefied natural gas. 

 

(d) Mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Cryogenic Liquid- Measuring 

Devices shall meet the requirements of Section 1.10. General Code.  

 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A device shall be equipped with a primary indicating element and may also be equipped 

with a primary recording element. 

 

S.1.1.2.  Units. – A device shall indicate and record, if equipped to record, its deliveries in terms of:  kilograms 

or pounds; liters or gallons of liquid at the normal boiling point of the specific cryogenic product; cubic meters 

(cubic feet) of gas at a normal temperature of 21 °C (70 °F) and an absolute pressure of 101.325 kPa 

(14.696 psia); or decimal subdivisions or multiples of the measured units cited above. 

(Amended 2002) 

 

S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded delivery, 

if the device is equipped to record, shall not exceed the equivalent of: 

 

(a) for small delivery devices 

 

(1) 1 L 

 

(2) 0.1 gal 

 

(3) 1 kg 

 

(4) 1 lb 

 

(5) 0.1 m
3 
of gas 

 

(6) 10 ft
3 
of gas 
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(b) for large delivery devices 

 

(1) 10 L 

 

(2) 1 gal 

 

(3) 10 kg 

 

(4) 10 lb 

 

(5) 1 m
3
 of gas 

 

(6) 100 ft
3
 of gas 

(Amended 2002) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only by the normal operation of the device.  However, a device may be 

cleared by advancing its elements to zero, but only if: 

 

(a) the advancing movement, once started, cannot be stopped until zero is reached, or 

 

(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 

 

S.1.1.5.  Return to Zero. – Primary indicating and recording elements shall be readily returnable to a definite 

zero indication.  Means shall be provided to prevent the return of primary indicating elements and of primary 

recording elements beyond their correct zero position. 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be no less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

(See also S.1.3.6. Travel of Indicator) 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 
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Section 3.35.  Milk Meters 

A.  Application 

A.1. General. – This code applies to devices used for the measurement of milk; generally applicable to, but not 

limited to, meters used in dairies, milk processing plants, and cheese factories, to measure incoming bulk milk. 

 

A.2. Exceptions. – This code does not apply to mass flow meters (see Section 3.37. Code for Mass Flow Meters). 

(Added 1994) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Milk Meters shall meet the 

requirements of Section 1.10. General Code. 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 

 

S.1.1.1.  General. – A meter shall be equipped with a primary indicating element and may also be equipped 

with a primary recording element. 

 

S.1.1.2.  Units. 
 

(a) A meter shall indicate, and record if the meter is equipped to record, its deliveries in terms of liters or 

gallons.  Fractional parts of the liter shall be in terms of decimal subdivisions.  Fractional parts of the 

gallon shall be in terms of either decimal or binary subdivisions. 

 

(b) When it is an industry practice to purchase and sell milk by weight based upon 1.03 kg/L (8.6 lb/gal), 

the primary indicating element may indicate in kilograms or pounds.  The weight value division shall 

be a decimal multiple or submultiple of 1, 2, or 5.  Fractional parts of the kilogram or pound shall be in 

decimal subdivisions.  (See S.4.5. Conversion Factor) 

 

S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated quantity and recorded quantity, if 

the meter is equipped to record, shall not exceed the equivalent of: 

 

(a) 0.5 L or 0.5 kg (1 pt or 1 lb) when measuring quantities less than or equal to 4000 L or 4000 kg 

(1000 gal or 8600 lb), or 

 

(b) 5 L or 5 kg (1 gal or 10 lb) when measuring quantities in excess of 4000 L or 4000 kg (1000 gal or 

8600 lb). 

(Amended 1989) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only by the mechanical operation of the meter.  However, a meter may be 

cleared by advancing its elements to zero, but only if: 

 

(a) the advancing movement, once started, cannot be stopped until zero is reached, or 

 

(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 

 

S.1.1.5.  Return to Zero. – Primary indicating elements and primary recording elements, if the device is 

equipped to record, shall be readily returnable to a definite zero indication.  Means shall be provided to prevent 

the return of the primary indicating elements and the primary recording elements, if the device is so equipped, 

beyond their correct zero position. 

 

S.1.1.6.  Indication of Measurement. – A meter shall be constructed to show automatically its initial zero 

condition and the volume measured up to the nominal capacity of the device. 
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S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater then the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of graduations, shall be not more than 1.0 mm 

(0.04 in). 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.1.3.6.  Travel of Indicator. – If the most sensitive element of the primary indicating element utilizes an 

indicator and graduations, the relative movement of these parts corresponding to the smallest indicated value 

shall be not less than 5 mm (0.20 in). 

 

S.1.4.  Computing-Type Devices. 
 

S.1.4.1.  Display of Unit Price. – In a device of the computing type, means shall be provided for displaying on 

the outside of the device, and in close proximity to the display of the total computed price, the price per unit at 

which the device is set to compute. 

 

S.1.4.2.  Printed Ticket. – If a computing-type device issues a printed ticket which displays the total computed 

price, the ticket also shall have printed clearly thereon the total quantity of the delivery, the appropriate fraction 

of the quantity, and the price per unit of quantity. 

(Amended 1989) 
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Section 3.36.  Water Meters 

A.  Application 

 

A.1. General. – This code applies to devices used for the measurement of water; generally applicable to, but not 

limited to, utilities type meters installed in residences or business establishments and meters installed in batching 

systems. 

(Amended 2002) 

 

A.2. Exceptions. – This code does not apply to: 

 

(a) water meters mounted on vehicle tanks (for which see Section 3.31. Vehicle-Tank Meters); or 

 

(b) mass flow meters (see Section 3.37. Mass Flow Meters). 

(Added 1994)  

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Water Meters shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A water meter shall be equipped with a primary indicating element and may also be 

equipped with a primary recording element.  Such elements shall be visible at the point of measurement or be 

stored in non-volatile and nonresettable memory.  The display may be remotely located provided it is readily 

accessible to the customer. 

(Amended 2002) 

 

S.1.1.2.  Units. – A water meter shall indicate and record, if the device is equipped to record, its deliveries in 

terms of liters, gallons or cubic feet or binary or decimal subdivisions thereof except batch plant meters, which 

shall indicate deliveries in terms of liters, gallons or decimal subdivisions of the liter or gallon only. 

 

S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery and recorded delivery, if 

the device is equipped to record, shall not exceed the equivalent of: 

 

(a) 50 L (10 gal or 1 ft
3
) on utility type meters, sizes 1 in and smaller, or 

 

(b) 500 L (100 gal or 10 ft
3
) on utility-type meters, sizes 1½ in and 2 in, or 

 

(c) 0.2 L (
1
/10 gal or 

1
/100 ft

3
) on batching meters delivering less than 375 L/min (100 gal/min or 

13 ft
3
/min), or 

 

(d) 5 L (1 gal or 
1
/10 ft

3
) on batching meters delivering 375 L/min (100 gal/min or 13 ft

3
/min) or more. 

 (Amended 2009) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only by the mechanical operation of the device. 

 

S.1.1.5.  Return to Zero. – If the meter is so designed that the primary indicating elements are readily 

returnable to a definite zero indication, means shall be provided to prevent the return of these elements beyond 

their correct zero position. 
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S.1.1.6. Proving indicator. – Utility-type meters shall be equipped with a proving indicator.  The individual 

graduations on a mechanical (analog) proving indicator shall indicate volumes no larger than 
1
/100 of the value 

of the smallest unit of indicated delivery required in S.1.1.3.  For electronic (digital) proving indications, the 

smallest unit of volume displayed shall be no larger than 
1
/1000 of the value of the smallest unit of indicated 

delivery required in S.1.1.3. 

(Added 2009) 

 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall not be less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall not be greater than: 

 

(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.2.  Design of Measuring Elements. 
 

S.2.1.  Provision for Sealing. – Adequate provision shall be made for applying security seals in such a manner that 

no adjustment or interchange may be made of: 
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(a) any measurement elements, and 

 

(b) any adjustable element for controlling delivery rate when such rate tends to affect the accuracy of 

deliveries. 

 

The adjusting mechanism shall be readily accessible for purposes of affixing a security seal. 

 

S.2.2.  Batching Meters Only. 
 

S.2.2.1.  Air Elimination. – Batching meters shall be equipped with an effective air eliminator. 

 

S.2.2.2.  Directional Flow Valves. – Valves intended to prevent reversal of flow shall be automatic in 

operation. 

 

 

S.2.3.  Multi-Jet Meter Identification. – Multi-Jet water meters shall be clearly and permanently marked as such 

on the device or identified on the Certificate of Conformance. 

(Added 2003) 

N.  Notes 

 

N.1.  Test Liquid. – A meter shall be tested with water. 

 

N.2.  Evaporation and Volume Change. – Care shall be exercised to reduce to a minimum, evaporation losses and 

volume changes resulting from changes to temperature of the test liquid. 

 

N.3.  Test Drafts. – Test drafts should be equal to at least the amount delivered by the device in 2 minutes and in no case 

less than the amount delivered by the device in 1 minute at the actual maximum flow rate developed by the installation.  

The test draft sizes shown in Table N.4.1. Flow Rate and Draft Size for Water Meters Normal Tests, shall be followed as 

closely as possible. 

(Amended 2003) 

 

N.4.  Testing Procedures. 

 

N.4.1.  Normal Tests. – The normal test of a meter shall be made at the maximum discharge rate developed by the 

installation.  Meters with maximum gallon per minute ratings higher than the values specified in Table N.4.1. Flow 

Rate and Draft Size for Water Meters Normal Tests may be tested up to the meter rating, with meter indications no 

less than those shown. 

(Amended 1990, 2002, and 2003) 

 

Table N.4.1. Flow Rate and Draft Size for Water Meters 

Normal Tests 

Meter Size 

(inches) 

Rate of Flow 

(gal/min) 

Maximum Rate 

Meter Indication/Test Draft 

gal ft
3 

Less than 
5
/8    8   50    5 

    
5
/8  15   50    5 

    ¾  25   50    5 

1  40  100  10 

   1½  80  300  40 

2 120  500  40 

3 250  500  50 

4 350 1000 100 

6 700 1000 100 

(Table Added 2003) 
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N.4.1.1.  Repeatability Tests. – Tests for repeatability should include a minimum of three consecutive test 

drafts of approximately the same size and be conducted under controlled conditions where variations in factors, 

such as temperature, pressure, and flow rate are reduced to the extent that they will not affect the results 

obtained. 

(Added 2002) 

 

N.4.2.  Special Tests. Special tests to develop the operating characteristics of meters may be made according to the 

rates and quantities shown in Table N.4.2.a. Flow Rate and Draft Size for Water Meters Special Tests and Table 

N.4.2.b.  Flow Rate and Draft Size for Utility Type Water Meters Special Tests. 

(Amended 2003 and 2010) 

 

Table N.4.2.a.  

Flow Rate and Draft Size for Batching Water Meters Special Tests 

Meter Size 

(inches) 

Intermediate Rate Minimum Rate 

Rate of Flow 

(gal/min) 

Meter Indication/Test Draft Rate of Flow 

(gal/min) 

Meter Indication/Test Draft 

gal ft
3
 gal ft

3 

Less than or 

equal to 
5
/8   2  10   1     ¼   5 1 

    ¾   3  10   1     ½   5 1 

1   4  10   1     ¾   5 1 

   1½   8  50   5    1½ 10 1 

2 15  50   5 2 10 1 

3 20  50   5 4 10 1 

4 40 100 10 7 50 5 

6 60 100 10 12 50 5 

(Table Added 2003) (Table Amended 2010) 

 

Table N.4.2.b.  

Flow Rate and Draft Size for Utility Type Water Meters Special Tests 

Meter Size 

(inches) 

Intermediate Rate Minimum Rate 

Rate of Flow 

(gal/min) 

Meter Indication/Test Draft Rate of Flow 

(gal/min) 

Meter Indication/Test Draft 

gal ft
3
 gal ft

3
 

Less than 
5
/8 2 10 1 ¼ 5 1 

5
/8 2 10 1 ¼ 5 1 

5
/8 x ¾ 2 10 1 ¼ 5 1 

¾ 3 10 1 ½ 5 1 

1 4 10 1 ¾ 5 1 

1½ 8 100 10 1½ 100 10 

2 15 100 10 2 100 10 

(Table Added 2010) 

 

N.4.3.  Batching Meter Tests. – Tests on batching meters should be conducted at the maximum and intermediate 

rates only. 

 

T.  Tolerances 
 

T.1.  Tolerance Values. – Maintenance and acceptance tolerances shall be as shown in Table T.1. Accuracy Classes and 

Tolerances for Water Meters. 

(Amended 2003) 
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T.1.1.  Repeatability. – When multiple tests are conducted at approximately the same flow rate, each test shall be 

within the applicable tolerances and the range of test results shall not exceed the values shown in Table T.1.1. 

Repeatability. 

(Added 2002) (Amended 2010) 

 

Table T.1.1. 

Repeatability 

 Batching Meters Utility-Type Meters 

Normal Flow Rates 0.6 % 0.6 % 

Intermediate Flow Rates 0.6 % 2.0 % 

Minimum Flow Rate 1.3 % 4.0 % 

(Table Added 2010) 

 

UR.  User Requirements 
 

UR.1.  Batching Meters Only. 
 

UR.1.1.  Strainer. – A filter or strainer shall be provided if it is determined that the water contains excessive 

amounts of foreign material. 

 

UR.1.2.  Siphon Breaker. – An automatic siphon breaker or other effective means shall be installed in the discharge 

piping at the highest point of outlet, in no case below the top of the meter, to prevent siphoning of the meter and 

permit rapid drainage of the pipe or hose. 

 

UR.1.3.  Provision for Testing. – Acceptable provisions for testing shall be incorporated into all meter systems.  

Such provisions shall include a two-way valve, or manifold valving, and a pipe or hose installed in the discharge line 

accessible to the proper positioning of the test measure. 

 

UR.2.  Accessibility of Customer Indication. – An unobstructed standing space of at least 76 cm (30 in) wide, 91 cm 

(36 in) deep, and 198 cm (78 in) high shall be maintained in front of an indication intended for use by the customer to 

allow for reading the indicator.  The customer indication shall be readily observable to a person located within the 

standing space without necessity of a separate tool or device. 

(Added 2008) 

 

Accuracy 

Class 

Application Acceptance 

Tolerance 

Maintenance 

Tolerance 

Tolerance for Special 

Tests Conducted at the 

Minimum Flow Rate 

1.5 

Water, Other 

Than Multi-Jet 

Water Meters 

Overregistration 1.5 % 1.5 % 1.5 % 

Underregistration 1.5 % 1.5 % 5.0 % 

1.5 
Water, Multi-Jet 

Water Meters 

Overregistration 1.5 % 1.5 % 3.0 % 

Underregistration 1.5 % 1.5 % 3.0 % 

(Table Added 2003) 

Table T.1.  

Accuracy Classes and Tolerances for Water Meters 
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Section 3.37.  Mass Flow Meters 

A.  Application 

 

A.1. Liquids. – This code applies to devices that are designed to dynamically measure the mass, or the mass and 

density of liquids.  It also specifies the relevant examinations and tests that are to be conducted. 

(Amended 1997) 

 

A.2. Vapor (Gases). – This code applies to devices that are designed to dynamically measure the mass of hydrocarbon 

gas in the vapor state.  Examples of these products are propane, propylene, butanes, butylenes, ethane, methane, natural 

gas and any other hydrocarbon gas/air mix. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Mass Flow Meters shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Indicating and Recording Elements. 
 

S.1.1.  Indicating Elements. – A measuring assembly shall include an indicating element.  Indications shall be 

clear, definite, accurate, and easily read under normal conditions of operation of the instrument. 

 

S.1.2.  Compressed Natural Gas Dispensers. – Except for fleet sales and other price contract sales, a compressed 

natural gas dispenser used to refuel vehicles shall be of the computing type and shall indicate the quantity, the unit 

price, and the total price of each delivery.  The dispenser shall display the mass measured for each transaction either 

continuously on an external or internal display accessible during the inspection and test of the dispenser, or display 

the quantity in mass units by using controls on the device. 

(Added 1994) 

 

S.1.3.  Units. 
 

S.1.3.1.  Units of Measurement. – Deliveries shall be indicated and recorded in grams, kilograms, metric tons, 

pounds, tons, and/or liters, gallons, quarts, pints and decimal subdivisions thereof.  The indication of a delivery 

shall be on the basis of apparent mass versus a density of 8.0 g/cm
3
.  The volume indication shall be based on 

the mass measurement and an automatic means to determine and correct for changes in product density. 

(Amended 1993 and 1997) 

 

S.1.3.1.1.  Compressed Natural Gas Used as an Engine Fuel. – When compressed natural gas is 

dispensed as an engine fuel, the delivered quantity shall be indicated in “gasoline liter equivalent (GLE) 

units” or “gasoline gallon equivalent (GGE) units” (see definitions). 

(Added 1994) 

 

S.1.3.2.  Numerical Value of Quantity-Value Divisions. – The value of a scale interval shall be equal to: 

 

(a) 1, 2, or 5, or 

 

(b) a decimal multiple or submultiple of 1, 2, or 5. 

 

S.1.3.3.  Maximum Value of Quantity-Value Divisions. 
 

(a) The maximum value of the quantity-value division for liquids shall be not greater than 0.2 % of the 

minimum measured quantity. 
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(b) For dispensers of compressed natural gas used to refuel vehicles, the value of the division for the 

gasoline liter equivalent shall not exceed 0.01 GLE; the division for gasoline gallon equivalent (GGE) 

shall not exceed 0.001 GGE.  The maximum value of the mass division shall not exceed 0.001 kg or 

0.001 lb. 

(Amended 1994) 

 

S.1.3.4.  Values Defined. – Indicated values shall be adequately defined by a sufficient number of figures, 

words, symbols, or combinations thereof.  A display of “zero” shall be a zero digit for all displayed digits to the 

right of the decimal mark and at least one to the left. 

 

S.2.  Operating Requirements. 
 

S.2.1.  Return to Zero. – Except for measuring assemblies in a pipeline: 

 

(a) One indicator and the primary recording elements, if the device is equipped to record, shall be provided 

with a means for readily returning the indication to zero either automatically or manually. 

 

(b) It shall not be possible to return primary indicating elements, or primary recording elements, beyond the 

correct zero position. 

(Amended 1993) 

 

S.2.2.  Indicator Reset Mechanism. – The reset mechanism for the indicating element shall not be operable during 

a delivery.  Once the zeroing operation has begun, it shall not be possible to indicate a value other than the latest 

measurement, or “zeros” when the zeroing operation has been completed. 

 

S.2.3.  Nonresettable Indicator. – An instrument may also be equipped with a nonresettable indicator if the 

indicated values cannot be construed to be the indicated values of the resettable indicator for a delivered quantity. 

 

S.2.4.  Provisions for Power Loss. 
 

S.2.4.1.  Transaction Information. – In the event of a power loss, the information needed to complete any 

transaction in progress at the time of the power loss (such as the quantity and unit price, or sales price) shall be 

determinable for at least 15 minutes at the dispenser or at the console if the console is accessible to the 

customer. 

(Added 1993) 

 

S.2.4.2.  User Information. – The device memory shall retain information on the quantity of fuel dispensed and 

the sales price totals during power loss. 

(Added 1993) 

 

S.2.5.  Display of Unit Price and Product Identity. 
 

S.2.5.1.  Unit Price. – A computing or money-operated device shall be able to display on each face the unit 

price at which the device is set to compute or to dispense. 

(Added 1993) 

 

S.2.5.2.  Product Identity. – A device shall be able to conspicuously display on each side the identity of the 

product being dispensed. 

(Added 1993) 

 

S.2.5.3.  Selection of Unit Price. – Except for dispensers used exclusively for fleet sales, other price contract 

sales, and truck refueling (e.g., truck stop dispensers used only to refuel trucks), when a product or grade is 

offered for sale at more than one unit price through a computing device, the selection of the unit price shall be 

made prior to delivery using controls on the device or other customer-activated controls.  A system shall not 

permit a change to the unit price during delivery of a product. 

[Nonretroactive as of January 1, 1998] 

(Added 1997)
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Section 3.38.  Carbon Dioxide Liquid-Measuring Devices  

A.  Application 

 

A.1. General. – This code applies to liquid-measuring devices used for the measurement of liquid carbon dioxide. 

 

A.2. Exceptions. – This code does not apply to devices used solely for dispensing a product in connection with 

operations in which the amount dispensed does not affect customer charges. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Carbon Dioxide Liquid-

Measuring Devices shall meet the requirements of Section 1.10. General Code. 

 

A.4. Type Evaluation. – The National Type Evaluation Program will accept for type evaluation only those devices 

that comply with all requirements of this code. 

(Added 1998) 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 

 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A device shall be equipped with a primary indicating element and may also be equipped 

with a primary recording element. 

 

S.1.1.2.  Units. – A device shall indicate and record, if equipped to record, its deliveries in terms of pounds or 

kilograms or decimal subdivisions or multiples thereof. 

 

S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded delivery, 

if the device is equipped to record, shall not exceed the equivalent of: 

 

(a) for small delivery devices: 

 

(1) 1 kilogram, or 

 

(2) 1 pound 

 

(b) for large delivery devices: 

 

(1) 10 kilograms, or 

 

(2) 10 pounds 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only by the normal operation of the device.  However, a device may be 

cleared by advancing its elements to zero, but only if: 

 

(a) the advancing movement, once started, cannot be stopped until zero is reached, or 

 

(b) in the case of indicating elements only, such elements are automatically obscured until the elements 

reach the correct zero position. 

 

S.1.1.5.  Return to Zero. – Primary indicating and recording elements shall be readily returnable to a definite 

zero indication.  Means shall be provided to prevent the return of primary indicating elements and of primary 

recording elements beyond their correct zero position. 
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S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations.  The width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 1.0 mm (0.04 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

(See also S.1.3.6. Travel of Indicator) 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be of the same shape as the graduations at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 

 

S.1.3.3.  Width. – The width of the index of the indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the narrowest graduation*, and 

[*Nonretroactive as of January 1, 2002] 

(Amended 2001) 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width throughout the 

length of the index that coincides with the graduation. 

 

S.1.3.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.3.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.1.3.6.  Travel of Indicator. – If the most sensitive element of the primary indicating element utilizes an 

indicator and graduations, the relative movement of these parts corresponding to the smallest indicated value 

shall be no less than 5 mm (0.20 in). 

 

S.1.4.  Computing-Type Devices. 

 

S.1.4.1.  Printed Ticket. – Any printed ticket issued by a device of the computing type on which there is 

printed the total computed price shall have printed clearly thereon also the total quantity of the delivery and the 

price per unit. 

 

S.1.4.2.  Money-Value Computations. – Money-value computations shall be of the full-computing type in 

which the money value at a single unit price, or at each of a series of unit prices, shall be computed for every 

delivery within either the range of measurement of the device or the range of the computing elements, 

whichever is less.
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Section 3.39. Hydrogen Gas-Measuring Devices – Tentative Code 
 

This tentative code has only a trial or experimental status and is not intended to be enforced.  The requirements are 

designed for study prior to the development and adoption of a final code.  Requirements that apply to wholesale 

applications are under study and development by the U.S. National Work Group for the Development of Commercial 

Hydrogen Measurement Standards.  Officials wanting to conduct an official examination of a device or system are 

advised to see paragraph G-A.3. Special and Unclassified Equipment. 

(Tentative Code Added 2010) 

A. Application 
 

A.1. General. – This code applies to devices that are used for the measurement of hydrogen gas in the vapor state used 

as a vehicle fuel. 

 

A.2. Exceptions. – This code does not apply to: 

 

(a) Devices used solely for dispensing a product in connection with operations in which the amount dispensed does 

not affect customer charges. 

 

(b) The wholesale delivery of hydrogen gas. 

 

(c) Devices used for dispensing a hydrogen gas with a hydrogen fuel index lower than 99.97 % and concentrations 

of specified impurities that exceed level limits. 

 

(d) Systems that measure pressure, volume, and temperature with a calculating device to determine the mass of gas 

accumulated in or discharged from a tank of known volume. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Hydrogen Gas-Measuring 

Devices shall meet the requirements of Section 1.10. General Code. 

 

A.4. Type Evaluation. – The National Type Evaluation Program (NTEP) will accept for type evaluation only those 

devices that comply with all requirements of this code. 

 

S. Specifications 
 

S.1. Indicating and Recording Elements. 

 

S.1.1. Indicating Elements. – A measuring assembly shall include an indicating element that continuously displays 

measurement results relative to quantity and total price. Indications shall be clear, definite, accurate, and easily read 

under normal conditions of operation of the device. 

 

S.1.2. Vehicle Fuel Dispensers. – A hydrogen gas dispenser used to fuel vehicles shall be of the computing type and 

shall indicate the mass, the unit price, and the total price of each delivery. 

 

S.1.3. Units. 

 

S.1.3.1. Units of Measurement. – Deliveries shall be indicated and recorded in kilograms and decimal 

subdivisions thereof. 

 

S.1.3.2. Numerical Value of Quantity-Value Divisions. – The value of an interval (i.e., increment or scale 

division) shall be equal to: 

 

(a) 1, 2, or 5; or 

 

(b) a decimal multiple of submultiple of 1, 2, or 5. 
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Examples:  quantity-value divisions may be 10, 20, 50, 100; or 0.01, 0.02, 0.05; or 0.1, 0.2, or 0.5 etc. 

 

S.1.3.3. Maximum Value of Quantity-Value Divisions. – The maximum value of the quantity-value division 

shall be not greater than 0.5% of the minimum measured quantity. 

 

S.1.3.4. Values Defined. – Indicated values shall be adequately defined by a sufficient number of figures, 

words, symbols, or combinations thereof. A display of “zero” shall be a zero digit for all displayed digits to the 

right of the decimal mark and at least one to the left. 

 

S.1.4. Value of Smallest Unit. – The value of the smallest unit of indicated delivery, and recorded delivery if the 

device is equipped to record, shall not exceed the equivalent of:  

 

(a) 0.001 kg on devices with a marked maximum flow rated of 30 kg/min or less; or 

(b) 0.01 kg on devices with a marked maximum flow rate of more than 30 kg/min. 

S.2. Operating Requirements. 

 

S.2.1. Return to Zero.  

 

(a) The primary indicating and the primary recording elements, if the device is equipped to record, shall be 

provided with a means for readily returning the indication to zero either automatically or manually. 

 

(b) It shall not be possible to return primary indicating elements, or  primary recording elements, beyond the 

correct zero position. 

 

S.2.2. Indicator Reset Mechanism. – The reset mechanism for the indicating element shall not be operable during a 

delivery. Once the zeroing operation has begun, it shall not be possible to indicate a value other than the latest 

measurement, or “zeros” when the zeroing operation has been completed. 

 

S.2.3. Provision for Power Loss.  

 

S.2.3.1. Transaction Information. – In the event of a power loss, the information needed to complete any 

transaction in progress at the time of the power loss (such as the quantity and unit price, or sales price) shall be 

determinable for at least 15 minutes at the dispenser or at the console if the console is accessible to the 

customer.  

 

S.2.3.2. User Information. – The device memory shall retain information on the quantity of fuel dispensed and 

the sales price totals during power loss.  

 

 S.2.4. Display of Unit Price and Product Identity.  

 

S.2.4.1. Unit Price. – A computing or money-operated device shall be able to display on each face the unit 

price at which the device is set to compute or to dispense. 

 

S.2.4.2. Product Identity. – A device shall be able to conspicuously display on each side the identity of the 

product being dispensed. 

 

S.2.4.3. Selection of Unit Price. – When a product is offered for sale at more than on unit price through a 

computing device, the selection of the unit price shall be made prior to delivery using controls on the device or 

other customer-activated controls. A system shall not permit a change to the unit price during delivery of a 

product. 
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S.2.4.4. Agreement Between Indications. – All quantity, unit price, and total price indications within a 

measuring system shall agree for each transaction. 

 

S.2.5. Money-Value Computations. – A computing device shall compute the total sales price at any single-

purchase unit price for which the product being measured is offered for sale at any delivery possible within either 

the measurement range of the device or the range of the computing elements, whichever is less. 

 

S.2.5.1. Auxiliary Elements. – If a system is equipped with auxiliary indications, all indicated money value and 

quantity divisions of the auxiliary element shall be identical with those of the primary element.  

 

S.2.5.2. Display of Quantity and Total Price. – When a delivery is completed, the total price and quantity for 

that transaction shall be displayed on the face of the dispenser for at least 5 minutes or until the next transaction 

is initiated by using controls on the device or other user-activated controls.  

 

S.2.6. Recorded Representations, Point of Sale Systems. – A printed receipt shall be available through a built-in 

or separate recording element for transactions conducted with point-or-sale systems or devices activated by debit 

cards, credit cards, and/or cash. The printed receipt shall contain the following information for products delivered by 

the dispenser: 

 

(a) the total mass of the delivery; 

 

(b) the unit price; 

 

(c) the total computed price; and 

 

(d) the product identity by name, symbol, abbreviation, or code number. 

 

S.2.7. Indication of Delivery. – The device shall automatically show on its face the initial zero condition and the 

quantity delivered (up to the nominal capacity). 

 

S.3. Design of Measuring Elements and Measuring Systems. 

 

S.3.1. Maximum and Minimum Flow-Rates. – The ratio of the maximum to minimum flow-rates specified by the 

manufacturer for devices measuring gases shall be 10:1 or greater.  

 

S.3.2.  Adjustment Means. – An assembly shall be provided with means to change the ratio between the indicated 

quantity and the quantity of gas measured by the assembly.  A bypass on the measuring assembly shall not be used 

for these means. 

 

 S.3.2.1. Discontinuous Adjusting Means. – When the adjusting means changes ratio between the indicated 

quantity and the quantity of measured gas in a discontinuous manner, the consecutive values of the ratio shall 

not differ by more than 0.1 %. 

 

S.3.3.  Provision for Sealing. – Adequate provision shall be made for an approved means of security (e.g., data 

change audit trail) or physically applying security seals in such a manner that no adjustment may be made of: 

 

(a) each individual measurement element; 

 

(b) any adjustable element for controlling delivery rate when such rate tends to affect the accuracy of 

deliveries; 

 

(c) the zero adjustment mechanism; and 

 

(d) any metrological parameter that detrimentally affects the metrological integrity of the device or system. 
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When applicable, the adjusting mechanism shall be readily accessible for purposes of affixing a security seal. Audit trails 

shall use the format set forth in Table S.3.3. Categories of Device and Methods of Sealing. 

 

Table S.3.3. 

Categories of Device and Methods of Sealing 

Categories of Device Method of Sealing 

Category 1:  No remote configuration 

capability. 

Seal by physical seal or two event counters: one for calibration 

parameters and one for configuration parameters. 

Category 2:  Remote configuration capability, 

but access is controlled by physical hardware.  

 

The device shall clearly indicate that it is in the 

remote configuration mode and record such 

message if capable of printing in this mode or 

shall not operate while in this mode. 

The hardware enabling access for remote communication must be 

on-site.  The hardware must be sealed using a physical seal or an 

event counter for calibration parameters and an event counter for 

configuration parameters.  The event counters may be located either 

at the individual measuring device or at the system controller; 

however, an adequate number of counters must be provided to 

monitor the calibration and configuration parameters of the 

individual devices at a location.  If the counters are located in the 

system controller rather than at the individual device, means must be 

provided to generate a hard copy of the information through an on-

site device. 

Category 3:  Remote configuration capability 

access may be unlimited or controlled through a 

software switch (e.g., password). 

 

The device shall clearly indicate that it is in the 

remote configuration mode and record such 

message if capable of printing in this mode or 

shall not operate while in this mode. 

An event logger is required in the device; it must include an event 

counter (000 to 999), the parameter ID, the date and time of the 

change, and the new value of the parameter.  A printed copy of the 

information must be available through the device or through another 

on-site device.  The event logger shall have a capacity to retain 

records equal to 10 times the number of sealable parameters in the 

device, but not more than 1000 records are required.  (Note:  Does 

not require 1000 changes to be stored for each parameter.) 

 
S.3.4.  Automatic Density Correction. 

 

(a) An automatic means to determine and correct for changes in product density shall be incorporated in any 

hydrogen gas-measuring system where measurements are affected by changes in the density of the product 

being measured. 

 

(b) Volume-measuring devices with automatic temperature compensation used to measure hydrogen gas as a 

vehicle fuel shall be equipped with an automatic means to determine and correct for changes in product 

density due to changes in the temperature, pressure, and composition of the product.  

 

S.3.5. Pressurizing the Discharge Hose. – The discharge hose for hydrogen gas shall automatically pressurize to a 

pressure equal to or greater than the receiving vessel prior to the device beginning to register the delivery.  The 

indications shall not advance as a result of the initial pressurization or the purging/bleeding of the discharge hose. 

 

S.3.6. Zero-Set-Back Interlock, Retail Vehicle Fuel Devices.  

 

(a) A device shall be constructed so that: 

 

(1) when the device is shut-off at the end of a delivery an automatic interlock prevents a subsequent 

delivery until the indicating element and recording elements, if the device is equipped and ac-tivated to 

record, have been returned to their zero positions; and 

 

(2) it shall not be possible to return the discharge nozzle to its start position unless the zero set back 

interlock is engaged or becomes engaged. 
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(b) For systems with more than one: 

 

(1) dispenser supplied by a single measuring element, an effective automatic control valve in each 

dispenser prevents product from being delivered until the indicating elements on that dispenser are in a 

correct zero position; or  

 

(2) hose supplied by a single measuring element, effective automatic means must be provided to prevent 

product from being delivered until the indicating element(s) corresponding to each hose are in a correct 

zero position. 

 

S.4. Discharge Lines and Valves. 

 

S.4.1. Diversion of Measured Product. – No means shall be provided by which any measured product can be 

diverted from the measuring device.   

 

S.4.2. Directional Flow Valves. – If a reversal of flow could result in errors that exceed the tolerance for the 

minimum measured quantity, a valve or valves or other effective means, automatic in operation (and equipped with 

a pressure limiting device, if necessary) to prevent the reversal of flow shall be properly installed in the system. (See 

N.1. Minimum Measured Quantity) 

 

S.4.3. Other Valves. – Check valves and closing mechanisms that are not used to define the measured quantity shall 

have relief valves (if necessary) to dissipate any abnormally high pressure that may arise in the measuring assembly. 

 

S.5. Markings. – A measuring system shall be conspicuously, legibly, and indelibly marked with the following 

information: 

 

(a) pattern approval mark (i.e., type approval number); 

 

(b) name and address of the manufacturer or his trademark and, if required by the weights and measures authority, 

the manufacturer's identification mark in addition to the trademark; 

 

(c) model designation or product name selected by the manufacturer; 

 

(d) nonrepetitive serial number; 

 

(e) the accuracy class of the device as specified by the manufacturer consistent with Table T.2. Accuracy Classes 

and Tolerances for Hydrogen-Gas Measuring Devices; 

 

(f) maximum and minimum flow rates in kilograms per unit of time; 

 

(g) maximum working pressure; 

 

(h) applicable range of ambient  temperature if other than  –10 °C to + 50 °C; 

 

(i) minimum measured quantity; and 

 

(j) product limitations (such as fuel quality), if applicable. 

 

S.5.1.    Location of Marking Information; Hydrogen-Fuel Dispensers. – The marking information required in 

General Code, paragraph G S.1. Identification shall appear as follows: 

 

(a) within 60 cm (24 in) to 150 cm (60 in) from the base of the dispenser; 

 

(b) either internally and/or externally provided the information is permanent and easily read; and accessible for 

inspection; and 
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(c) on a portion of the device that cannot be readily removed or interchanged (i.e., not on a service access 

panel). 

 

Note:  The use of a dispenser key or tool to access internal marking information is permitted for retail hydrogen-

measuring devices. 

 

S.6. Printer. – When an assembly is equipped with means for printing the measured quantity, the printed information 

must agree with the indications on the dispenser for the transaction and the printed values shall be clearly defined. 

 

S.6.1. Printed Receipt. – Any delivered, printed quantity shall include an identification number, the time and date, 

and the name of the seller.  This information may be printed by the device or pre-printed on the ticket. 

 

S.7.  totalizers for Vehicle Fuel Dispensers. – Vehicle fuel dispensers shall be equipped with a nonresettable totalizer 

for the quantity delivered through each separate measuring device. 

 

S.8. Minimum Measured Quantity. – The minimum measured quantity shall satisfy the conditions of use of the 

measuring system as follows: 

 

(a) Measuring systems having a maximum flow rate less than or equal to 4 kg/min shall have a minimum measured 

quantity not exceeding 0.5 kg. 

 

(b) Measuring systems having a maximum flow rate greater than 4 kg/min but not greater than 12 kg/min shall have 

a minimum measured quantity not exceeding 1.0 kg. 

 

N. Notes 

 
N.1. Minimum Measured Quantity. – The minimum measured quantity shall be specified by the manufacturer. 

 

N.2. Test Medium. – The device shall be tested with the product commercially measured except that, in a type 

evaluation examination, hydrogen gas as specified in NIST Handbook 130 shall be used. 

 

Note:  Corresponding requirements are under development and this paragraph will be revisited. 

 

N.3. Test Drafts. – The minimum test shall be one test draft at the declared minimum measured quantity and one test 

draft at approximately ten times the minimum measured quantity or 1 kg, whichever is greater.  More tests may be 

performed over the range of normal quantities dispensed.  (See T.3. Repeatability) 

 

The test draft shall be made at flows representative of that during normal delivery.  The pressure drop between the 

dispenser and the proving system shall not be greater than that for normal deliveries.  The control of the flow (e.g., 

pipework or valve(s) size, etc.) shall be such that the flow of the measuring system is maintained within the range 

specified by the manufacturer. 

 

N.4. Tests. 

 

N.4.1. Master Meter (Transfer) Standard Test. – When comparing a measuring system with a calibrated transfer 

standard, the minimum test shall be one test draft at the declared minimum measured quantity and one test draft at 

approximately ten times the minimum measured quantity or 1 kg, whichever is greater.  More tests may be 

performed over the range of normal quantities dispensed. 

 

N.4.1.1. Verification of Master Metering Systems. – A master metering system used to verify a hydrogen gas-

measuring device shall be verified before and after the verification process.  A master metering system used to 

calibrate a hydrogen gas-measuring device shall be verified before starting the calibration and after the 

calibration process. 

 

 

 

 

 



3.39. Hydrogen Gas-Measuring Devices 

 D3-109 (DMS 01-01-11) 

 
N.4.2. Gravimetric Tests. – The weight of the test drafts shall be equal to at least the amount delivered by the 

device at the declared minimum measured quantity and one test draft at approximately ten times the minimum 

measured quantity or 1 kg, whichever is greater.  More tests may be performed over the range of normal quantities 

dispensed.   

 

N.4.3. PVT Pressure Volume Temperature Test. – The minimum test with a calibrated volumetric standard shall 

be one test draft at the declared minimum measured quantity and one test draft at approximately ten times the 

minimum measured quantity or 1 kg, whichever is greater.  More tests may be performed over the range of normal 

quantities dispensed. 

 

N.5. Minimum Measured Quantity. – The device shall be tested for a delivery equal to the declared minimum 

measured quantity when the device is likely to be used to make deliveries on the order of the declared minimum 

measured quantity. 

 

N.6. Testing Procedures. 

 

N.6.1. General. – The device or system shall be tested under normal operating conditions of the dispenser. 

 

The test draft shall be made at flows representative of that during normal delivery.  The pressure drop between the 

dispenser and the proving system shall not be greater than that for normal deliveries.  The control of the flow (e.g., 

pipework or valve(s) size, etc.) shall be such that the flow of the measuring system is maintained within the range 

specified by the manufacturer. 

 

N.6.1.1. Repeatability Tests. – Tests for repeatability should include a minimum of three consecutive test 

drafts of approximately the same size and be conducted under controlled conditions where variations in factors 

are reduced to minimize the effect on the results obtained. 

 

N.7. Density. – Temperature and pressure of hydrogen gas shall be measured during the test for the determination of 

density or volume correction factors when applicable.  For the thermophysical properties of hydrogen the following 

publications shall apply:  for density calculations at temperatures above 255 K and pressures up to 120 MPa, a simple 

relationship may be used that is given in the publication of Lemmon et al., J. Res. NIST, 2008.  Calculations for a wider 

range of conditions and additional thermophysical properties of hydrogen are available free of charge online at the 

“NIST Chemistry WebBook” http://webbook.nist.gov/chemistry, or available for purchase from NIST as the computer 

program NIST Standard Reference Database 23 “NIST Reference Fluid Thermodynamic and Transport Properties 

Database (REFPROP): Version 8.0” http://www.nist.gov/srd/nist23.htm.  These calculations are based on the reference 

Leachman, J.W., Jacobsen, R.T, Lemmon, E.W., and Penoncello, S.G. “Fundamental Equations of State for 

Parahydrogen, Normal Hydrogen, and Orthohydrogen" to be published in the Journal of Physical and Chemical 

Reference Data.  More information may be obtained from NIST online at 

http://www.boulder.nist.gov/div838/Hydrogen/Index.htm.   

 

T. Tolerances 
 

T.1. Tolerances, General. 

 

(a) The tolerances apply equally to errors of underregistration and errors of overregistration. 

 

(b) The tolerances apply to all products at all temperatures measured at any flow rate within the rated measuring 

range of the device. 

 

T.2. Tolerances.  – The tolerances for hydrogen gas measuring devices are listed in Table T.2. Accuracy Classes and 

Tolerances for Hydrogen Gas-Measuring Devices.  (Proposed tolerance values are based on previous work with 

compressed gas products and will be confirmed based on performance data evaluated by the U.S. National Work Group.) 

http://webbook.nist.gov/chemistry
http://www.nist.gov/srd/nist23.htm
http://www.boulder.nist.gov/div838/Hydrogen/Index.htm.
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Table T.2. 

Accuracy Classes and Tolerances for Hydrogen Gas-Measuring Devices 

Accuracy Class 
Application or Commodity Being 

Measured 

Acceptance 

Tolerance 

Maintenance 

Tolerance 

2.0 Hydrogen gas as a vehicle fuel 1.5 % 2.0 % 

 

T.3. Repeatability. – When multiple tests are conducted at approximately the same flow rate and draft size, the range 

of the test results for the flow rate shall not exceed 40 % of the absolute value of the maintenance tolerance and the 

results of each test shall be within the applicable tolerance.  See also N.6.1.1. Repeatability Tests. 

 

T.4. Tolerance Application on Test Using Transfer Standard Test Method. – To the basic tolerance values that 

would otherwise be applied, there shall be added an amount equal to two times the standard deviation of the applicable 

transfer standard when compared to a basic reference standard. 

 

T.5. Tolerance Application in Type Evaluation Examinations for Devices. – For type evaluation examinations, the 

tolerance values shall apply under the following conditions: 

 

(a) at any temperature and pressure within the operating range of the device, and 

 

(b) for all quantities greater than the minimum measured quantity. 

 

UR. User Requirements 
 

UR.1. Selection Requirements. 

 

UR.1.1. Computing-Type Device; Retail Dispenser. – A hydrogen gas dispenser used to refuel vehicles shall be 

of the computing type and shall indicate the mass, the unit price, and the total price of each delivery. 

 

UR.1.2. Discharge Hose-Length. – The length of the discharge hose on a retail fuel dispenser: 

 

(a) shall not exceed 4.6 m (15 ft) unless it can be demonstrated that a longer hose is essential to permit 

deliveries to be made to receiving vehicles or vessels;  

 

(b) shall be measured from its housing or outlet of the discharge line to the inlet of the discharge nozzle; and 

 

(c) shall be measured with the hose fully extended if it is coiled or otherwise retained or connected inside a 

housing. 

 

An unnecessarily remote location of a device shall not be accepted as justification for an abnormally long hose. 

 

UR.1.3. Minimum Measured Quantity. 

 

(a) The minimum measured quantity shall be specified by the manufacturer.   

 

(b) The minimum measured quantity appropriate for a transaction may be specified by the weights and 

measures authority.  A device may have a declared minimum measured quantity smaller than that specified 

by the weights and measures authority; however, the device must perform within the performance 

requirements for the declared or specified minimum measured quantity up to deliveries at the maximum 

measurement range. 

 

 

 

 

 



3.39. Hydrogen Gas-Measuring Devices 

 D3-111 (DMS 01-01-11) 

 

(c) The minimum measured quantity shall satisfy the conditions of use of the measuring system as follows: 

 

(1) Measuring systems having a maximum flow rate less than or equal to 4 kg/min shall have a minimum 

measured quantity not exceeding 0.5 kg 

 

(2)  Measuring systems having a maximum flow rate greater than 4 kg/min but not greater than 12 kg/min 

shall have a minimum measured quantity not exceeding 1.0 kg 

 

UR.2. Installation Requirements. 

 

UR.2.1. Manufacturer’s Instructions. – A device shall be installed in accordance with the manufacturer’s 

instructions, and the installation shall be sufficiently secure and rigid to maintain this condition. 

 

UR.2.2. Discharge Rate. – A device shall be installed so that after initial equalization the actual maximum 

discharge rate will not exceed the rated maximum discharge rate.  Automatic means of flow regulation shall be 

incorporated in the installation if necessary. 

 

UR.2.3. Low-Flow Cut-Off Valve. – If a measuring system is equipped with a programmable or adjustable "low-

flow cut-off" feature: 

 

(a) the low-flow cut-off value shall not be set at flow rates lower than the minimum operating flow rate 

specified by the manufacturer on the measuring device; and 

 

(b) the system shall be equipped with flow control valves which prevent the flow of product and stop the 

indicator from registering product flow whenever the product flow rate is less than the low-flow cut-off 

value. 

 

UR.3. Use of Device. 

 

UR.3.1. Unit Price and Product Identity for Retail Dispensers. – The unit price at which the dispenser is set to 

compute shall be conspicuously displayed or posted on the face of a retail dispenser used in direct sale. 

 

UR.3.2. Vehicle-mounted Measuring Systems Ticket Printer.  
 

UR.3.2.1. Customer Ticket. – Vehicle-mounted measuring systems shall be equipped with a ticket printer 

which shall be used for all sales where product is delivered through the device.  A copy of the ticket issued by 

the device shall be left with the customer at the time of delivery or as otherwise specified by the customer. 

 

UR.3.2.2. Ticket in Printing Device. – A ticket shall not be inserted into a device equipped with a ticket 

printer until immediately before a delivery is begun, and in no case shall a ticket be in the device when the 

vehicle is in motion while on a public street, highway, or thoroughfare. 

 

UR.3.3. Printed Ticket. – The total price, the total quantity of the delivery, and the price per unit shall be printed 

on any ticket issued by a device of the computing type and containing any one of these values. 

 

UR.3.4. Steps After Dispensing. – After delivery to a customer from a retail dispenser: 

 

(a) the device shall be shut-off at the end of a delivery, through an automatic interlock that prevents a 

subsequent delivery until the indicating elements and recording elements, if the device is equipped and 

activated to record, have been returned to their zero positions; and 
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(b) the discharge nozzle shall not be returned to its start position unless the zero set-back interlock is engaged 

or becomes engaged by the act of disconnecting the nozzle or the act of returning the discharge nozzle.   

 

UR.3.5. Return of Indicating and Recording Elements to Zero. – The primary indicating elements (visual), 

and the primary recording elements shall be returned to zero immediately before each delivery.   

 

UR.3.6. Return of Product to Storage, Retail Hydrogen Gas Dispensers. – Provisions at the site shall be made 

for returning product to storage or disposing of the product in a safe and timely manner during or following testing 

operations.  Such provisions may include return lines, or cylinders adequate in size and number to permit this 

procedure. 

 

UR.3.7. Conversion Factors. – Established correction values (see references in N.7. Density.) shall be used 

whenever measured hydrogen gas is billed.  All sales shall be based on kilograms. 

 

Appendix D.  Definitions 

 

The specific code to which the definition applies is shown in [brackets] at the end of the definition.  Definitions for the 

General Code [1.10] apply to all codes in Handbook 44. 

 

A 

 

audit trail. – An electronic count and/or information record of the changes to the values of the calibration or 

configuration parameters of a device.[1.10, 2.20, 2.21, 2.24, 3.30, 3.37, 3.39, 5.56(a)]   

 

automatic temperature or density compensation. – The use of integrated or ancillary equipment to obtain from the 

output of a volumetric meter an equivalent mass, or an equivalent liquid volume at the assigned reference temperature 

below and a pressure of 14.696 lb/in
2
 absolute.  

 

Cryogenic liquids 21 C (70 F) [3.34] 

Hydrocarbon gas vapor 15 C (60 F) [3.33] 

Hydrogen gas 21 C (70 F) [3.39] 

Liquid carbon dioxide 21 C (70 F) [3.38] 

Liquefied petroleum gas (LPG) and Anhydrous ammonia 15 C (60 F) [3.32] 

Petroleum liquid fuels and lubricants 15 C (60 F) [3.30] 

 

C 

 

calibration parameter. – Any adjustable parameter that can affect measurement or performance accuracy and, due to its 

nature, needs to be updated on an ongoing basis to maintain device accuracy (e.g., span adjustments, linearization 

factors, and coarse zero adjustments).[2.20, 2.21, 2.24, 3.30, 3.37, 3.39, 5.56(a)]   

 

D 

 

discharge hose. – A flexible hose connected to the discharge outlet of a measuring device or its discharge line.[3.30, 

3.31, 3.32, 3.34, 3.37, 3.38, 3.39] 

 

discharge line. – A rigid pipe connected to the outlet of a measuring device.[3.30, 3.31, 3.32, 3.34, 3.37, 3.39] 

 

E 

 

event counter. – A nonresettable counter that increments once each time the mode that permits changes to sealable 

parameters is entered and one or more changes are made to sealable calibration or configuration parameters of a 

device.[2.20, 2.21, 3.30, 3.37, 3.39, 5.54, 5.56(a), 5.56(b), 5.57]   
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event logger. – A form of audit trail containing a series of records where each record contains the number from the event 

counter corresponding to the change to a sealable parameter, the identification of the parameter that was changed, the 

time and date when the parameter was changed, and the new value of the parameter.[2.20, 2.21, 3.30, 3.37, 3.39, 5.54, 

5.56(a), 5.56(b), 5.57] 

 

I 

 

indicating element. – An element incorporated in a weighing or measuring device by means of which its performance 

relative to quantity or money value is "read" from the device itself as, for example, an index-and-graduated-scale 

combination, a weighbeam-and-poise combination, a digital indicator, and the like.  (Also see "primary indicating or 

recording element.")[1.10] 

 

M 

 

minimum measured quantity (MMQ). – The smallest quantity delivered for which the measurement is to within the 

applicable tolerances for that system.[3.37, 3.39] 

 

N 

 

nonresettable totalizer. – An element interfaced with the measuring or weighing element that indicates the cumulative 

registration of the measured quantity with no means to return to zero.[3.30, 3.37, 3.39] 

 

P 

 

point-of-sale system. – An assembly of elements including a weighing or measuring element, an indicating element, and 

a recording element (and may also be equipped with a “scanner”) used to complete a direct sales transaction.[2.20, 3.30, 

3.32, 3.37, 3.39] 

 

R 

 

remote configuration capability. – The ability to adjust a weighing or measuring device or change its sealable 

parameters from or through some other device that is not itself necessary to the operation of the weighing or measuring 

device or is not a permanent part of that device.[2.20, 2.21, 2.24, 3.30, 3.37, 3.39, 5.56(a)] 

 

retail device. – A measuring device primarily used to measure product for the purpose of sale to the end user.[3.30, 3.32, 

3.37, 3.39] 

 

W 

 

wet hose. – A discharge hose intended to be full of product at all times.  (See "wet-hose type.")[3.30, 3.31, 3.38, 3.39] 

 

wet-hose type. – A type of device designed to be operated with the discharge hose full of product at all times.  (See "wet 

hose.")[3.30, 3.32, 3.34, 3.37, 3.38, 3.39] 
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Section 4.40.  Vehicle Tanks Used as Measures 
 

A.  Application 
 

A.1. General. – This code applies to vehicle tanks when these are used as commercial measures. 

 

A.2. Exceptions. – This code does not apply to the following devices: 

 

(a) Devices used solely for dispensing a product in connection with operations in which the amount dispensed does 

not affect customer charges. 

 

(b) Meters mounted on vehicle tanks (for which see Section 3.31. Code for Vehicle-Tank Meters). 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Vehicle Tanks Used as Measures 

shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Compartments. 
 

S.1.1.  Compartment Distortion. – The shell and bulkheads of a vehicle tank shall be so constructed that under any 

condition of liquid lading they will not become distorted sufficiently to cause a change in the capacity of any 

compartment (as determined by volumetric test) equal to more than 0.25 L per 750 L (0.5 pt per 200 gal), or fraction 

thereof, of the nominal compartment capacity, or to more than 0.5 L (1 pt), whichever is greater.  (This specification 

prescribes a limit on permissible distortion only, and is not to be construed as setting up a secondary tolerance on 

compartment capacities to be added to the values given in tolerance paragraph T.2. Tolerance Values.) 

 

S.1.2.  Venting. – During filling operations, effective venting of a compartment shall be provided to permit air to 

escape from all spaces designed to be filled with liquid and to permit the influx of air to the compartment during the 

discharge of liquid there from.  Venting shall prevent any formation of air pockets. 

 

S.1.3.  Completeness of Delivery. – A tank shall be so constructed that, when it is standing on a level surface, 

complete delivery can be made from any compartment through its delivery faucet or valve whether other 

compartments are full or empty, and whether or not the delivery is through a manifold. 

 

S.1.4.  Fill or Inspection Opening. – The fill or inspection opening of a compartment shall be of such size and 

location that it can readily be determined by visual inspection that the compartment has been properly filled or 

completely emptied and shall be so positioned with respect to the ends of the compartment that the indicator may be 

positioned as required.  In no case shall the opening, if circular, have a diameter of less than 20 cm (7
5
/8 in), or, if 

other than circular, have an effective area of less than 290 cm
2
 (45 in

2
). 

 

S.1.5.  Dome Flange and Baffle Plates. – Any dome flange extending into a compartment shall be provided with 

sufficient perforations or openings flush with the compartment shell to prevent any trapping of air.  All baffle plates 

in a compartment shall be so cut away at top and bottom, and elsewhere as necessary, as to facilitate loading and 

unloading. 

 

S.1.6.  Compartment and Piping Capacities and Emergency Valve. – If a compartment is equipped with an 

emergency (or safety) valve, this shall be positioned at the lowest point of outlet from the compartment, and the 

compartment capacity or capacities shall be construed as excluding the capacity of the piping leading therefrom.  

However, the capacity of the piping leading from such a compartment shall be separately determined and reported, 

and may be separately marked as specified in S.4. Marking of Compartments. 

 

S.1.6.1.  On Vehicle Tanks Equipped for Bottom Loading. – On equipment designed for bottom loading, the 

compartment capacity shall include the piping of a compartment to the valve located on the upstream side of the 

manifold and immediately adjacent thereto or, if not manifolded, to the outlet valve, provided that on or 

immediately adjacent to the marking as specified in S.4. Marking of Compartments the following words or a  
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statement of similar meaning shall be affixed:  “Warning:  Emergency valves must be opened before checking 

measurement.” 

 

S.1.7.  Expansion Space. – When a compartment is filled to the level of the highest indicator in the compartment, 

there shall remain an expansion space of at least 0.75 % of the nominal compartment capacity as defined by that 

indicator. 

 

S.2.  Design of Compartment Indicators. 
 

S.2.1.  General. – An indicator shall be so designed that it will distinctly and unmistakably define a capacity point 

of its compartment when liquid is in contact with the lowest portion of the indicator. 

 

S.2.2.  Number of Indicators. – In no case shall a compartment be provided with more than five indicators. 

(Amended 1972) 

 

S.2.3.  Identification of Multiple Indicators. – If a compartment is provided with multiple indicators, each such 

indicator shall be conspicuously marked with an identifying letter or number. 

 

S.2.4.  Location. – An indicator shall be located: 

 

(a) midway between the sides of its compartment; 

 

(b) as nearly as practicable midway between the ends of its compartment, and in no case offset by more than 

10 % of the compartment space or 15 cm (6 in), whichever is less; 

(Amended 1972) 

 

(c) so that it does not extend into, nor more than 15 cm (6 in) from that section of the compartment defined by 

a vertical projection of the fill opening; 

(Amended 1974) 

 

(d) at a depth, measuring from the top of the dome opening, not lower than 46 cm (18 in) for fill openings of 

less than 38 cm (15 in) in diameter, or, if other than circular, an effective area of less than 1130 cm
2
 

(175 in
2
), and not lower than 61 cm (24 in) for larger fill openings; and 

 

(e) to provide a clearance of not less than 5 cm (2 in) between indicators. 

 

S.2.5.  Permanence. – Any indicator that is not intended to remain adjustable and all brackets or supports shall be 

securely welded in position. 

 

S.2.6.  Adjustable Indicators. – Adequate provision shall be made for conveniently affixing a security seal or seals: 

 

(a) to any indicator intended to remain adjustable, so that no adjustment of the indicator can be made without 

mutilating or destroying the seal, and 

 

(b) to any removable part to which an indicator may be attached, so that the part cannot be removed without 

mutilating or destroying the seal. 

 

S.2.7.  Sensitiveness. – The position of any indicator in its compartment shall be such that at the level of the 

indicator a change of 1.0 mm (0.04 in) in the height of the liquid surface will represent a volume change of not more 

than the value of the tolerance for the nominal compartment capacity as defined by that indicator. 
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Section 4.41.  Liquid Measures 

A.  Application 
 

A.1. General. – This code applies to liquid measures; that is, to rigid measures of capacity designed for general and 

repeated use in the measurement of liquids. 

 

A.2. Exceptions. – The code does not apply to test measures or other volumetric standards. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Liquid Measures shall meet the 

requirements of Section 1.10. General Code. 

. 

S.  Specifications 

 

S.1.  Units. 
 

(a) The capacity of a liquid measure shall be 0.1 L, 0.2 L, 0.5 L, 1 L, 2 L, 5 L, or a multiple of 5 L, and the measure 

shall not be subdivided. 

 

(b) The capacity of a liquid measure shall be 1 gill, ½ liq pt, 1 liq pt, 1 liq qt, ½ gal, 1¼ gal, 1½ gal, or a multiple of 

1 gal, and the measure shall not be subdivided.  However, 3 pt and 5 pt brick molds and 2½ gal (10-qt) cans 

shall be permitted when used exclusively for ice cream. 

 

S.2.  Material. – Measures shall be made of metal, glass, earthenware, enameled ware, composition, or similar and 

suitable material.  If made of metal, the thickness of the metal shall not be less than the appropriate value given in 

Table 1. Minimum Thickness of Metal for Liquid Measures. 

 

 

S.3.  Capacity Point. – The capacity of a measure shall be determined to a definite edge, or to the lowest portion of a 

plate, bar, or wire, at or near the top of the measure, and shall not include the capacity of any lip or rim that may be 

provided. 

 

S.4.  Reinforcing Rings. – Reinforcing rings, if used, shall be attached to the outside of the measure and shall show no 

divisions or lines on the inside surface of the measure. 

 

S.5.  Discharge. – A measure equipped with a discharge faucet or valve shall be susceptible to complete discharge 

through the faucet or valve when the measure is standing on a level surface. 

 

S.6.  Marking Requirements. – A measure shall be marked on its side with a statement of its capacity.  If the capacity is 

stated in terms of the pint or quart, the word “Liquid” or the abbreviation “Liq” shall be included. 

 

T.  Tolerances 

 

T.1. – Maintenance tolerances in excess and in deficiency shall be as shown in Table 2. Maintenance Tolerances, in 

Excess and in Deficiency, for Liquid Measures.  Acceptance tolerances shall be one-half the maintenance tolerances. 

Table 1. 

Minimum Thickness of Metal for Liquid Measures 

Nominal Capacity 

Minimum Thickness 

For Iron or Steel, Plated or 

Unplated 

(inch) 

For Copper or Aluminum 

(inch) 

1 pint or less 0.010 0.020 

1 quart, ½ gallon, 1 gallon 0.014 0.028 

Over 1 gallon 0.016 0.032 
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Table 2. 

Maintenance Tolerances, in Excess and in Deficiency, for Liquid Measures 

Nominal Capacity 

Tolerance 

In Excess In Deficiency 

fluid drams cubic inches fluid drams cubic inches 

½ pt or less 2.0 0.4 1.0 0.2 

1 pt 3.0 0.7 1.5 0.3 

1 qt 4.0 0.9 2.0 0.5 

½ gal 6.0 1.4 3.0 0.7 

 
fluid ounces cubic inches fluid drams cubic inches 

1 and 1¼ gal 1.0 1.8 4.0 0.9 

1½ gal 1.5 2.7 6.0 1.4 

 

 
fluid ounces cubic inches fluid ounces cubic inches 

2 gal 2.0 3.5 1.0 1.8 

3 and 4 gal 4.0 7.0 2.0 3.6 

5 gal 6.0 11.0 3.0 5.4 

10 gal 10.0 18.0 5.0 9.0 
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Section 4.42.  Farm Milk Tanks 
 

A.  Application 
 

A.1. General. – This code applies to farm milk tanks on the premises of producers when these are used, or are to be 

used, for the commercial measurement of milk. 

 

A.2. Exceptions. – This code does not apply to tanks mounted on highway vehicles. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Farm Milk Tanks shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Components. – A farm milk tank, whether stationary or portable, shall be considered suitable for commercial use 

only when it comprises: 

 

(a) a vessel, whether or not it is equipped with means for cooling its contents; 

 

(b) means for reading the level of liquid in the tank, such as a removable gauge rod or surface gauge; and 

 

(c) a chart for converting level-of-liquid readings to volume. 

 

Each compartment of a subdivided tank shall, for the purposes of this code, be construed to be a farm milk tank. 

 

S.2.  Design of Tank. 
 

S.2.1.  Level. – A farm milk tank shall be designed to be in normal operating position when it is in level.  The tank 

shall be so constructed that it will maintain its condition of level under all normal conditions of lading. 

 

S.2.2.  Level-Indicating Means. – A tank shall be permanently equipped with sensitive means by which the level of 

the tank can be determined. 

 

S.2.2.1.  On a Stationary Tank. – A stationary tank shall be provided with such level-indicating means as a 

two-way or circular level, a plumb bob, two-way leveling lugs, or the like; or the top edge or edges of the tank 

shall be so constructed throughout as to provide an accurate reference for level determinations; provided, that 

when leveling lugs or the top edge or edges of the tank are used as the reference for level determinations, there 

shall be supplied with the tank a sensitive spirit level of appropriate dimensions, and the positions where such 

level is intended to be used shall be permanently marked on the reference surface of the tank; and provided 

further, that when leveling lugs are used they shall be so designed, constructed, and installed at the factory that 

any alteration of the original position or condition, such as by hammering or filing, would be difficult and 

would become obvious.  A stationary tank with a nominal capacity of 2000 L or 500 gal, or greater shall be 

provided with at least two similar level-indicating means, and these shall be located in opposite and distant 

positions from each other to facilitate an accurate level determination in both directions of the tank’s horizontal 

plane. 

(Amended 1980) 

 

S.2.2.2.  On a Portable Tank. – A portable tank shall be provided with either a two-way or a circular level. 

 

S.2.3.  Portable Tank. – A portable tank shall be of the center-reading type; that is, it shall be so designed that the 

gauge rod or surface gauge, when properly positioned for use, will be approximately in the vertical axis of the tank, 

centrally positioned with respect to the tank walls. 

 

S.2.4.  Capacity. – A farm milk tank shall be clearly and permanently marked on a surface visible after installation 

with its capacity as determined by the manufacturer.  The capacity shall not exceed an amount that can be agitated 

without overflowing and that can be measured accurately with the liquid at rest. 

[Nonretroactive as of January 1, 1979] 
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S.3.  Design of Indicating Means. 
 

S.3.1.  General. – A tank shall include indicating means and shall be calibrated over the entire range of the volume 

of the tank from 5 % of capacity or 2 m
3
 (500 gal) whichever is less, to its maximum capacity. 

[Nonretroactive as of January 1, 1986] 

(Added 1985) 

 

S.3.2.  Gauge-Rod Bracket or Supports. – If a tank is designed for use with a gauge rod, a substantial and rigid 

gauge-rod bracket or other suitable supporting elements for positioning the gauge rod shall be provided.  A gauge 

rod and its brackets or other supporting elements shall be so constructed that, whenever the rod is placed in 

engagement with the bracket or supports and released, the rod will automatically seat itself at a fixed height and in a 

vertical position.  When a gauge rod is properly seated on its brackets or supports, there shall be a clearance of at 

least 7.5 cm (3 in) between the graduated face of the rod and any tank wall or other surface that it faces. 

 

S.3.3.  Gauge Rod. – When properly seated in position, a rod shall not touch the bottom of the tank unless this is 

required by the design of the supporting elements.  The rod shall be graduated throughout an interval corresponding 

to the volume range within which readings of liquid level are to be made. 

 

S.3.4.  Surface-Gauge Bracket or Supports. – If a tank is designed for use with a surface gauge, a substantial and 

rigid surface-gauge bracket or other suitable supporting elements for positioning the surface gauge shall be 

provided.  A surface gauge and its brackets or other supporting elements shall be so constructed that, whenever the 

gauge assembly is placed in engagement with the bracket or supports, the indicator, if not permanently mounted on 

the tank, will automatically seat itself in correct operating position, and the graduated element will be vertically 

positioned and will be securely held at any height to which it may be manually set. 

 

S.3.5.  Surface Gauge. – When properly engaged with its bracket and set to its lowest position, a surface gauge 

shall not touch the bottom of the tank.  The gauge shall be graduated throughout an interval corresponding to the 

volume range within which readings of liquid level are to be made. 

 

S.3.6.  External Gauge Assemblies. 
 

S.3.6.1.  Design and Installation. – The gauge assembly shall be designed to meet sanitary requirements and 

shall be readily accessible for cleaning purposes.  The gauge assembly shall be mounted in a vertical position 

and equipped with a sliding mechanism to assist in determining the liquid level. 

 

S.3.6.2.  Gauge Tube. – The gauge tube shall be borosilicate glass or approved rigid plastic or rigidly supported 

flexible tubing with a uniform internal diameter not less than 2 cm (¾ in).  It shall be designed and constructed 

so that all product in the gauge can be discarded in such a manner that no product in the gauge tube will enter 

the discharge line or tank. 

(Amended 1983) 

 

S.3.6.3.  Scale Plate. – The scale plate shall be mounted adjacent to and parallel with the gauge tube and be no 

more than 7 mm (¼ in) from the tube. 

 

S.3.6.4.  Scale Graduations. – The graduation lines shall be clear and easily readable and shall comply with the 

requirements of paragraphs included under S.3.7. Graduations. 

 

S.3.6.5.  Venting. – An external gauge tube shall be adequately vented at the top, open to the atmosphere.  Any 

attachment to the gauge tube shall not adversely affect the operation of this vent. 

(Added 1984) 

(Added 1977) 

 

S.3.7.  Graduations. 
 

S.3.7.1.  Spacing and Width of Graduations. – On a gauge rod or surface gauge, the spacing of the 

graduations, center to center, shall be not more than 1.6 mm (0.0625 in or 
1
/16 in) and shall not be less than 
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Section 4.43.  Measure-Containers 
 

A.  Application 
 

A.1. General. – This code applies to measure-containers, including lids or closures if such are necessary to provide 

total enclosure of the measured commodity, as follows: 

 

(a) Retail measure-containers intended to be used only once to determine at the time of retail sale, and from bulk 

supply, the quantity of commodity on the basis of liquid measure.  The retail measure-container serves as the 

container for the delivery of the commodity. 

 

(b) Prepackaged measure-containers intended to be used only once to determine in advance of sale the 

quantity of a commodity (such as ice cream, ice milk, or sherbet) on the basis of liquid measure.  The 

prepackaged measure-container serves as the container for the delivery of the commodity, in either a wholesale 

or a retail marketing unit. 

 

A.2. Exceptions. – This code does not apply to rigid containers used for milk, cream, or other fluid dairy products, 

which are covered by packaging requirements. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Measure-Containers shall meet 

the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Units. – The capacity of a measure-container shall be a multiple of or a binary submultiple of a quart or a liter, and 

the measure shall not be subdivided.  However, for prepackaged measure-containers, any capacity less than ¼ L or 

½ liq pt shall be permitted. 

(Amended 1979) 

 

S.2.  Capacity Point. – The capacity of a measure-container shall be sharply defined by: 

 

(a) the top edge, 

 

(b) a line near the top edge, or 

 

(c) the horizontal cross-sectional plane established by the bottom surface of the removable lid or cap when seated 

in the container. 

 

S.3.  Shape. – A measure-container shall be designed as some suitable geometrical shape, and its capacity shall be 

determined without distortion from its normal assembled shape. 

 

S.4.  Marking. 
 

S.4.1.  Capacity Point. – If the capacity point of a measure-container is defined by a line, the container shall be 

marked conspicuously on its side with a suitable statement clearly identifying this line as the capacity point. 

 

S.4.2.  Capacity Statement. – A measure-container shall be clearly and conspicuously marked with a statement of 

its capacity in terms of one of the units prescribed in S.1. Units. 

 

N.  Notes 
 

N.1.  Test Liquid. – Water shall be used as the test liquid for a measure-container. 
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N.2.  Preparation of Container for Test. 
 

N.2.1.  General. – Before an actual test is begun, a measure-container shall, if necessary, be so restrained that it will 

maintain its normal assembled shape and that its sides will not bulge when it is filled with water. 

 

N.2.2.  Restraining Form for Test. 
 

N.2.2.1.  For Rectangular Containers of One Liter, One Quarter Less. – Bulging of the sides of a 

rectangular measure-container of 1 L (1 qt) capacity or less may be controlled by holding against each side of 

the container, with a cord, rubber bands, or tape, a metal plate or a piece of heavy cardboard slightly smaller 

than the side of the container. 

(Amended 1979) 

 

N.2.2.2.  For Rectangular Prepackaged Measure-container of Two Quarts or Two Liters or Greater. – A 

rectangular prepackaged measure-container of 2 L (2 qt) capacity or greater shall be supported during a test by a 

rigid restraining form.  This form shall restrain not less than the entire area of the central two-thirds of each side 

of the container, measured from bottom to top.  The inside width dimension of any side panel of the restraining 

form shall be 1.6 mm (
1
/16 in) greater than the corresponding outside dimension of the container.  (The outside 

width dimension of any side panel of the container shall be established by adding to the inner side center-of-

score to center-of-score dimension two thicknesses of the board used, and the sum thus obtained shall be 

rounded off to the nearest 0.4 mm (
1
/64 in).) 

(Amended 1979) 

 

T.  Tolerances 
 

T.1.  Tolerances on an Individual Measure. – The acceptance tolerances in excess and in deficiency on an individual 

measure shall be as shown in Table 1. Acceptance Tolerances, in Excess and in Deficiency, for Measure-Containers. 

 

T.2.  Tolerance on Average Capacity. – The average capacity on a random sample of 10 measures selected from a lot 

of 25 or more shall be equal to or greater than the nominal capacity. 

(Amended 1979) 

 

UR.  User Requirements 
 

UR.1.  Limitation of Use. – The use of a measure-container with a rectangular cross section of a capacity of 2 L (2 qt) 

or greater shall be limited to the packaging, in advance of sale, of ice cream, sherbet, or other similar frozen desserts. 

(Amended 1979) 
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Section 4.44.  Graduates 
 

A.  Application 
 

A.1. General. – This code applies to subdivided glass measures of capacity, either cylindrical or conical in shape. 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Graduates shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Units. – Nominal capacities, graduation ranges, values of graduated intervals, and numbered graduations applicable 

to single-scale graduates and to the appropriate portions of double scale graduates shall be as shown in Table 1. Design 

Details for Graduates. 

 

Table 1. 

Design Details for Graduates 

Nominal 

Capacity 
To be Graduated Between 

Value of 

Graduated Intervals 

Number at Each 

Graduation Divisible 

by 

milliliters Milliliters milliliters milliliters 

5 

10 

25 

50 

100 

500 

1000 

1   and 

2   and 

5   and 

10   and 

20   and 

100   and 

200   and 

5 

10 

25 

50 

100 

500 

1000 

½ 

1 

5 

5 

10 

25 

50 

1 

2 

5 

10 

20 

50 

100 

minims Minims minims minims 

60 

120 

15   and 

30   and 

60 

120 

5 

10 

10
a
 

20
b
 

fluid drams fluid drams fluid drams fluid drams 

4 

8 

1   and 

2   and 

4 

8 

½ 

1 

1 

2 

fluid ounces fluid ounces fluid ounces fluid ounces 

2 

4 

8 

16 

32 

½   and 

1   and 

2   and 

4   and 

8   and 

2 

4 

8 

16 

32 

¼ 

½ 

½ 

1 

2 

½ 

1 

1 

2 

4 
a
 And, in addition, at the first (15-minim) graduation. 

b
 And, in addition, at the first (30-minim) graduation. 

 

S.2.  Initial Interval. – A graduate shall have an initial interval that is not subdivided, equal to not less than one-fifth 

and not more than one-fourth of the capacity of the graduate. 

 

S.3.  Shape. – A graduate of a capacity of more than 15 mL (4 fl dr) may be of either the cylindrical or circular conical 

type.  A graduate of a capacity of 15 mL (4 fl dr) or less shall be of the single-scale cylindrical type. 

 

S.4.  Material. – A graduate shall be made of good-quality, thoroughly annealed, clear, transparent glass, free from 

bubbles and streaks that might affect the accuracy of measurement.  The glass shall be uniform in thickness and shall not 

be excessively thick. 
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S.5.  Dimensional Proportions. 
 

S.5.1.  On a Circular Conical Graduate. – The inside measurement from the bottom of a circular conical graduate 

to the capacity graduation shall be not less than two times the inside diameter at the capacity graduation.  The inside 

measurement from the bottom of the graduate to the point representing one-fourth of the capacity shall be not less 

than the inside diameter at that point. 

 

S.5.2.  On a Cylindrical Graduate. – The inside measurement from the bottom of a cylindrical graduate to the 

capacity graduation shall be not less than five times the inside diameter at the capacity graduation. 

 

S.6.  Base. – The base of the graduate shall be perpendicular to the vertical axis of the graduate.  The diameter of the 

base shall be of such size that the empty graduate will remain standing on an inclined surface of 25 %, or approximately 

15 degrees, from the horizontal. 

 

S.7.  Design of Graduations. 
 

S.7.1.  General. – Graduations shall be perpendicular to the vertical axis of the graduate and parallel to each other.  

Graduations shall be continuous, of uniform thickness not greater than 0.4 mm (0.015 in), clearly visible, permanent, 

and indelible under normal conditions of use. 

(Amended 1977) 

 

S.7.2.  On a Single-Scale Graduate. – On a single-scale graduate, the main graduations shall completely encircle 

the graduate and subordinate graduations shall extend at least one-half the distance around the graduate. 

 

S.7.3.  On a Double-Scale or a Duplex Graduate. – On a double-scale or duplex graduate, there shall be a clear 

space between the ends of the main graduations on the two scales, and this space shall be approximately 90 degrees 

from the lip of the graduate and shall conform to the requirements of Table 2. Clear Space Between Ends of Main 

Graduations on Double Scale Graduates. 

 

Table 2. 

Clear Space Between Ends of Main 

Graduations on Double Scale Graduates 

Inside Diameter of Graduate at the Graduations 

(inches) 

Clear Space Between Ends of Main Graduations 

(inch) 

Less than 1.5 1/8 to 1/4 
1.5 to 3, inclusive 1/4to 1/2 

Over 3 3/8 to 5/8 
 

S.8.  Basis of Graduation. – A graduate shall be graduated “to deliver” when the temperature of the graduate is 20 °C 

(68 °F), and shall be marked accordingly in a permanent and conspicuous manner. 

 

S.9.  Marking Requirements. – Each main graduation shall be marked to show its value.  Intermediate graduations shall 

not be marked.  Value figures shall be uniformly positioned either directly upon or immediately above the graduations to 

which they refer.  Figures placed upon graduations shall be set in from the ends of the graduations a sufficient distance to 

allow the ends of the graduations to be used in making a setting. 

 

N.  Notes 
 

N.1.  Test Liquid. – Water shall be used as the test liquid for graduates. 

 

N.2.  Temperature Control. – During the test of a graduate, appropriate precautions shall be exercised to reduce any 

detrimental temperature effects to the practicable minimum. 
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Section  4.45.  Dry Measures 
 

A.  Application 

 

A.1. General. – This code applies to rigid measures of capacity designed for general and repeated use in the 

measurement of solids, including capacities of ½ bu or more. 

 

A.2. Exceptions.  

 

(a) This code does not apply to “standard containers” used for the measurement of fruits and vegetables and as 

shipping containers thereof. 

 

(b) This code does not apply to berry baskets and boxes (see Section 4.46. Code for Berry Baskets and Boxes). 

  (Added 1976) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Dry Measures shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Units. – The capacity of a measure shall be 1 bu, a multiple of the bushel, or a binary submultiple of the bushel, 

and the measure shall not be subdivided or double-ended. 

 

S.2.  Material. – A dry measure shall be made of any suitable material that will retain its shape during normal usage. 

 

S.3.  Shape. – A measure, other than a basket, of a capacity of ½ bu or less, shall be cylindrical or conical in shape.  

The top diameter shall in no case be less than the appropriate minimum diameter shown in Table 1. Minimum Top 

Diameters for Dry Measure other than Baskets.  The bottom of a measure, other than a basket, shall be perpendicular to 

the vertical axis of the measure and shall be flat, except that a metal bottom may be slightly corrugated.  The bottom of 

a measure shall not be adjustable or movable. 

 

Table 1. 

Minimum Top Diameters for 

Dry Measures other than Baskets 

Nominal Capacity Minimum Top Diameter Inches 

1 pint   4 

  1 quart 5 3/8 

    2 quarts 6 5/8 

 ½ peck 8 1/2 

  1 peck                                           10 7/8 

   ½ bushel                                            13 3/4 

 

S.3.1.  Conical Dry Measure. – If conical, the top diameter shall exceed the bottom diameter by not more than 

10 % of the bottom diameter. 

 

S.4.  Capacity Point. – The capacity of a measure shall be determined by the top edge of the measure. 

 

S.5.  Top Reinforcement. – The top edge of a measure shall be reinforced.  On a wooden measure other than a basket, 

of a capacity of 1 qt or more, this reinforcement shall be in the form of a firmly attached metal band. 

 

S.6.  Marking Requirements. – A measure shall be conspicuously marked on its side with a statement of its capacity.  

If the capacity is stated in terms of the pint or quart, the word “Dry” shall be included.  The capacity statement shall be 

in letters of the following dimensions: 
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(a) At least ½ in high and ¼ in wide on a measure of any capacity between ½ pt and 1 pk. 

 

(b) At least 1 in high and ½ in wide on a measure of a capacity of ½ bu or more. 

 

(c) On a measure of a capacity of ¼ pt or less, the statement shall be as prominent as practicable, considering the 

size and design of such measure. 

N.  Notes 

 

N.1.  Testing Medium. 
 

N.1.1.  Watertight Dry Measures. – Water shall be used as the testing medium for watertight dry measures. 

 

N.1.2.  Nonwatertight Dry Measures. – A dry measure shall be tested either volumetrically using rapeseed as a 

testing medium or geometrically through inside measurement and calculation. 

(Amended 1988) 

 

T.  Tolerances 

 

T.1. – Maintenance tolerances in excess and in deficiency shall be as shown in Table 2. Maintenance Tolerances, in 

Excess and in Deficiency, for Dry Measure.  Acceptance tolerances shall be one-half the maintenance tolerances. 

 

Table 2. 

Maintenance Tolerances, in Excess and in Deficiency, for Dry Measures 

Nominal Capacity 

Tolerance 

In Excess 

cubic inches 

In Deficiency 

cubic inches 

1
/32 pint or less 0.1 0.05 

1
/16 pint 0.15 0.1 
1
/8 pint 0.25 0.15 

¼ pint 0.5 0.3 

½ pint 1.0 0.5 

1 pint 2.0 1.0 

1 quart 3.0 1.5 

2 quarts 5.0 2.5 

½ peck 10.0 5.0 

1 peck 16.0 8.0 

½ bushel 30.0 15.0 

1 bushel 50.0 25.0 
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Section 4.46.  Berry Baskets and Boxes 
 

A.  Application 
 

A.1. General. – This code applies to baskets and boxes for berries and small fruits in capacities of 1 dry quart and less. 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Berry Baskets and Boxes shall 

meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Units. – The capacity of a berry basket or box shall be ½ dry pint, 1 dry pint, or 1 dry quart. 

 

S.2.  Materials. – A berry basket or box shall be made of any suitable materials that will retain its shape during normal 

filling, storage, and handling. 

 

S.3.  Capacity Point. – The capacity of a berry basket or box shall be determined by its top edges. 

 

N.  Notes 
 

N.1.  Method of Test. – A berry basket or box may be tested either volumetrically, using rape seed as the testing 

medium, or geometrically through accurate inside dimension measurement and calculation. 

 

T.  Tolerances 
 

T.1.  Tolerances on Individual Measures. – Maintenance and acceptance tolerances in excess and deficiency on an 

individual measure shall be as shown in Table 1. Maintenance and Acceptance Tolerances in Excess and in Deficiency. 

 

T.2.  Tolerances on Average Capacity. – The average capacity on a random sample of 10 measures selected from a lot 

of 25 or more shall be equal to or greater than the nominal capacity. 

(Amended 1979) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. 

Maintenance and Acceptance Tolerances 

in Excess and in Deficiency 

Nominal Capacity 

Tolerance 

In Excess 

cubic inches 

In Deficiency 

cubic inches 

½ pint 1 0.5 

1 pint 2 1.0 

1 quart 3 1.5 
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Section 5.50.  Fabric-Measuring Devices 
 

A.  Application 
 

A.1. General. – This code applies only to mechanisms and machines designed to indicate automatically (with or 

without value-computing capabilities) the length of fabric passed through the measuring elements. 

 

A.2. Devices Used to Measure Other Similar Material in Sheet, Roll, or Bolt Form. – Insofar as they are clearly 

appropriate, the requirements and provisions of this code apply also to devices designed for the commercial 

measurement of other material similar to fabrics, in sheet, roll, or bolt form. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Fabric-Measuring Devices shall 

meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Units. – A fabric-measuring device shall indicate lengths in terms of 10 cm (
1
/8 yd), 25 cm (¼ yd), 50 cm (½ yd), 

and meters (yd).  In addition, lengths may be indicated in terms of any or all of the following subdivisions:  30 cm 

(⅓ yd), 6 cm (
1
/16 yd), meters and centimeters (feet and inches).  Digital indicators may indicate values in decimal 

fractions. 

(Amended 1977) 

 

S.2.  Design of Indicating Elements. 
 

S.2.1.  Graduations. 
 

S.2.1.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.2.1.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.2.1.3.  Clear Interval Between Graduations. - The clear interval between graduations shall be at least 6 mm 

for cm graduations (¼ in for 
1
/8 yd graduations), and 3 mm for 20 cm graduations (

1
/8 in for 1 in graduations). 

 

S.2.2.  Indicator. 
 

S.2.2.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.2.2.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 

 

S.2.2.3.  Width. – The index of an indicator shall not be wider than the narrowest graduations with which it is 

used, and shall in no case exceed 0.4 mm (0.015 in). 

 

S.2.2.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.2.2.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.2.3.  Money-Value Computations. 
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S.2.3.1.  Full-Computing Type. – In this type, the money value at each of a series of unit prices shall be 

computed automatically for every length within the range of measurement of the fabric-measuring device.  

Value graduations shall be provided and shall be accurately positioned.  The value of each graduated interval 

shall be 1 cent at all prices per yard of 30 cents and less, and shall not exceed 2 cents at higher prices per yard.  

Five-cent intervals may be represented in the 2-cent range by special graduations, but these shall not be 

positioned in the clear intervals between graduations of the regular series. 

 

S.2.3.2.  Limited-Computing Type. – In this type, the money value at each of a series of unit prices shall be 

computed automatically only for lengths corresponding to a definite series of length graduations.  There shall be 

no value graduations.  At no position that the chart can assume shall two value figures at the same price per yard 

be completely and clearly exposed to view at one time.  Money values shown shall be mathematically accurate, 

except that a fraction of less than ½ cent shall be dropped and the next higher cent shall be shown in the case of 

a fraction of ½ cent or more.  One of the following requirements shall be met: 

 

(a) There shall be a money-value computation for each length graduation within the range of measurement 

of the device. 

 

(b) No money-value computation shall be exposed to view except at such times as the device shows a 

length indication for which a corresponding series of value indications is computed. 

 

(c) Each column or row of money-value computations shall be marked to show the length to which the 

computations correspond, the device shall be marked to show the character and limitations of the 

computations, and there shall be computations corresponding to at least 10 cm (
1
/8 yd) throughout the 

range of measurement of the device. 

 

S.2.4.  Return to Zero. – Primary indicating elements shall be readily returnable to a definite zero indication.  

Means shall be provided to prevent the return of the indicating elements beyond their correct zero positions. 

 

S.3.  Marking Requirements. – If a device will not accurately measure all fabrics, it shall be marked to indicate clearly 

its limitations. 

 

S.4.  Design Accuracy. – Indications of length and money value shall be accurate whether the values of the indications 

are being increased or decreased. 

 

N.  Notes 
 

N.1.  Testing Medium. – A fabric-measuring device shall be tested with a suitable testing tape approximately 7.62 cm 

(3 in) wide and with a graduated length of at least 11 m (12 yd), made from such material and having such surface finish 

as to provide dimensional stability and reduce slippage to the practicable minimum. 

 

T.  Tolerances 
 

T.1.  Tolerance Values. - Maintenance and acceptance tolerances shall be as shown in Table 1. Maintenance and 

Acceptance Tolerances for Fabric-Measuring Devices. 
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Section 5.51.  Wire- and Cordage-Measuring Devices 

A.  Application 

 

A.1. General. – This code applies to mechanisms and machines designed to indicate automatically the length of 

cordage, rope, wire, cable, or similar flexible material passed through the measuring elements. 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Wire- and Cordage-Measuring 

Devices shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Units. – A wire- or cordage-measuring device shall indicate lengths in terms of feet, yards, or meters, or 

combinations of units of the same measurement system, and shall have minimum increments with values that do not 

exceed the equivalent of 0.1 meter or 0.1 yard. 

(Amended 1989) 

 

S.2.  Design of Indicating Elements. 
 

S.2.1.  Graduations. 
 

S.2.1.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.2.1.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of main graduations shall be not more 

than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in), nor more than 1.0 mm (0.04 in), in width. 

 

S.2.1.3.  Clear Interval Between Graduations. – The clear interval between graduations shall be at least as 

wide as the widest graduation, and in no case less than 0.8 mm (0.03 in). 

 

S.2.2.  Indicator. 
 

S.2.2.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.2.2.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 

 

S.2.2.3.  Width. – The index of an indicator shall not be wider than the narrowest graduations with which it is 

used, and shall in no case exceed 0.4 mm (0.015 in). 

 

S.2.2.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.2.2.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.2.3.  Zero Indication. – Primary indicating elements shall be readily returnable to a definite zero indication. 

 

S.3.  Design of Measuring Elements. 
 

S.3.1.  Sensitiveness. – If the most sensitive element of the indicating system utilizes an indicator and graduations, 

the relative movement of these parts corresponding to a measurement of 30 cm (1 ft) shall be not less than 6 mm 

(¼ in). 
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S.3.2.  Slippage. – The measuring elements of a wire- or cordage-measuring device shall be so designed and 

constructed as to reduce to the practicable minimum any slippage of material being measured and any lost motion in 

the measuring mechanism. 

 

S.3.3.  Accessibility. – A wire- or cordage-measuring device shall be so constructed that the measuring elements are 

readily visible and accessible, without disassembly of any supporting frame or section of the main body, for 

purposes of cleaning or removing any foreign matter carried into the mechanism by the material being measured. 

 

S.4.  Marking Requirements. 
 

S.4.1.  Limitation of Use. – If a device will measure accurately only certain configurations, diameters, types, or 

varieties of materials, or with certain accessory equipment, all limitations shall be clearly and permanently stated on 

the device. 

 

S.4.2.  Operating Instructions. – Any necessary operating instructions shall be clearly stated on the device. 

 

S.4.3.  Indications. – Indicating elements shall be identified by suitable words or legends so that the values of the 

indications will be unmistakable. 

 

S.5.  Design Accuracy. – Indications of length shall be accurate whether the values of the indications are being increased 

or decreased. 

 

N.  Notes 

 

N.1.  Testing Medium. – Wherever feasible, a wire- or cordage-measuring device shall be tested with a steel tape not 

less than 10 mm (
3
/8 in) in width and at least 15 m (50 ft) in length.  When a device cannot be tested in this manner 

because of the design of the device, it shall be tested with a dimensionally stable material appropriately marked and 

compared at frequent periodic intervals with a steel tape in order to assure that any marked interval is not in error by 

more than ⅓ of the tolerance of the device at that particular interval. 

(Amended 1981) 

 

N.2.  Minimum Test. – Tests shall be conducted at a minimum initial increment of 5 m (20 ft) and appropriate 

increments up to at least 15 m (50 ft). 

 

T.  Tolerances 

 

T.1.  Tolerance Values. - Maintenance and acceptance tolerances shall be as shown in Table 1. Maintenance and 

Acceptance Tolerances for Wire- and Cordage-Measuring Devices. 

 

 

Table 1. 

Maintenance and Acceptance Tolerances for 

Wire- and Cordage-Measuring Devices 

Indication of Device 

(feet) 

Acceptance and Maintenance Tolerances 

On underregistration 

(inches) 

On overregistration 

(inches) 

20 

Over 20 to 30 

Over 30 to 40 

Over 40 to 50 

Over 50 

  6 

  8 

10 

12 

Add 2 inches per indicated 10 feet 

3 

4 

5 

6 

Add 1 inch per indicated 10 feet 
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Section 5.52.  Linear Measures 
 

A.  Application 
 

A.1. General. – This code applies to any linear measure or measure of length, whether flexible or inflexible, 

permanently installed or portable. 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Linear Measures shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.M.  Units. – A linear measure may be in total length, and the total length may be subdivided in any or all of the 

following: 

 

(a) centimeters and tenths of the centimeter; 

 

(b) meters; and 

 

(c) multiples of meters. 

 

A 1-meter measure may be graduated, in addition, to show 0.1 m and multiples of 0.1 m subdivisions. 

 

S.1.  Units. – A linear measure may be in total length, and the total length may be subdivided in any or all of the 

following: 

 

(a) inches and binary submultiples of the inch; 

 

(b) feet; 

 

(c) yards and multiples of yards. 

 

A 1 yard measure may be graduated, in addition, to show ⅓ yd and ⅔ yd subdivisions.  A flexible tape may be graduated 

in tenths or hundredths of a foot, or both tenths and hundredths of a foot.  (Any other subdivisions are allowable only on 

measures of special purposes and when required for such purposes.) 

 

S.2.  Material. 
 

S.2.1.  Flexible Tape. – A flexible tape shall be made of metal. 

 

S.2.2.  End Measure. – If an end measure is made of material softer than brass, the ends of the measure shall be 

protected by brass (or other metal at least equally hard) securely attached. 

 

S.3.  Finish. – Measures shall be smoothly finished. 

 

S.4.  Design. 
 

S.4.1.  Rigid Measure. – A rigid measure shall be straight. 

 

S.4.2.  Folding Measure. – A folding measure shall open to a definite stop, and when so opened shall be straight. 

 

S.5.  Graduations. 
 

S.5.1.  General. – Graduations shall be perpendicular to the edge of the measure. 
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S.5.2.  Width. – The width of the graduations on any measure shall not exceed one-half the width of the smallest 

graduated interval on the measure, and in no case shall be wider than 0.75 mm (0.03 in). 

(Amended 1982) 

 

T.  Tolerances 
 

T.1.  For Measures Except Metal Tapes. – Maintenance tolerances in excess and in deficiency for measures except 

metal tapes shall be as shown in Table 1. Maintenance Tolerances, in Excess and in Deficiency, for Linear Measures 

Except Metal Tapes.  Acceptance tolerances shall be one-half the maintenance tolerances. 

 

Table 1. 

Maintenance Tolerances, in Excess and in Deficiency, for Linear Measures Except Metal Tapes 

Nominal Interval 

from Zero 
Tolerance 

feet inch 

½ or less 

1 

2 

3 

4 

5 

6 

1
/64 

1
/32 

1
/16 

3
/32 
1
/8 

5
/32 

3
/16 

 

T.2.  For Metal Tapes. – Maintenance and acceptance tolerances in excess and in deficiency for metal tapes shall be as 

shown in Table 2. Maintenance and Acceptance Tolerances, in Excess and in Deficiency, for Metal Tapes.  Tapes of 

10 m (25 ft) or over shall be tested at a tension resulting from a load of 5 kg (10 lb).  Tapes less than 10 m (25 ft) shall be 

tested at a tension resulting from a load of 2.5 kg (5 lb).  However, flexible metal tapes of 10 m (25 ft) or less that are not 

normally used under tension shall be tested with no tension applied.  All tapes shall be supported throughout on a 

horizontal flat surface whenever tested. 

(Amended 1972) 

 

Table 2. 

Maintenance and Acceptance Tolerances, in Excess and in Deficiency, for Metal Tapes 

Nominal Interval from Zero Tolerance 

feet inch 

6 or less 

7 to 30, inclusive 

31 to 55, inclusive 

56 to 80, inclusive 

81 to 100, inclusive 

1
/32 

1
/16 
1
/8 

3
/16 

¼ 
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Section 5.53.  Odometers 
 

A.  Application 

 

A.1. General. – This code applies to odometers that are used or are to be used to determine the charges for rent or hire 

of passenger vehicles and trucks and buses.  (When official examinations are undertaken on odometers that form the 

basis for the payment of fees or taxes to, or the preparation of reports for, governmental agencies, and in similar cases, 

the requirements of this code shall be applied insofar as they are applicable and appropriate to the conditions of such 

special uses.) 

(Amended 1977) 

 

A.2. Exceptions. – This code does not apply to taximeters (for which see Section 5.54. Code for Taximeters). 

(Amended 1977) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Odometers shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating Elements. 
 

S.1.1.  General. – The primary indicating element of an odometer may be: 

 

(a) the distance-traveled portion of the “speedometer” assembly of a motor vehicle; 

 

(b) a special cable-driven distance-indicating device; or 

 

(c) a hub odometer attached to the hub of a wheel on a motor vehicle. 

(Amended 1977) 

 

S.1.2.  Units. – An odometer shall indicate in terms of miles or kilometers. 

(Amended 1977) 

 

S.1.3.  Minimum Indicated Value. – The value of the interval of indicated distance shall be: 

 

(a) for odometers indicating in kilometers, 0.1 kilometer; or 

 

(b) for odometers indicating in miles, 0.1 mile. 

(Amended 1977) 

 

S.1.4.  Advancement of Indicating Elements. – The most sensitive indicating elements of an odometer may 

advance continuously or intermittently; all other elements shall advance intermittently.  Except when the indications 

are being returned to zero, the indications of an installed odometer shall be susceptible to advancement only by the 

rotation of the vehicle wheel or wheels. 

(Amended 1977) 

 

S.1.5.  Readability. – Distance figures and their background shall be of sharply contrasting colors.  Figures 

indicating tenth units shall be differentiated from other figures with different colors, or with a decimal point, or by 

other equally effective means.  Except during the period of advance of any decade to the next higher indication, only 

one figure in each decade shall be exposed to view.  Any protective covering intended to be transparent shall be in 

such condition that it can be made transparent by ordinary cleaning of its exposed surface. 

(Amended 1977) 
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S.1.6.  Digital Indications and Representation. – Digital indicating odometers (discontinuous registration) shall 

“round off” indications to the nearest minimum division or truncate indications to the lower minimum division. 

(Added 1990) 

 

N.  Notes 
 

N.1.  Testing Procedures. 
 

N.1.1.  Test Methods. – To determine compliance with distance tolerances, a distance test of an odometer shall be 

conducted using one or more of the following test methods: 

 

(a) Road Test. – A road test consists of driving the vehicle over a precisely measured road course. 

 

(b) Fifth-Wheel Test. – A fifth-wheel test consists of driving the vehicle over any reasonable road course and 

determining the distance actually traveled through the use of a mechanism known as a “fifth wheel” that is 

attached to the vehicle and that independently measures and indicates the distance. 

 

(c) Simulated-Road Test. – A simulated-road test consists of determining the distance traveled by use of a 

roller device, or by computation from rolling circumference and wheel-turn data. 

(Amended 1977) 

 

N.1.2.  Test Runs. – Not less than two test runs shall be conducted.  Acceleration and deceleration shall be carefully 

controlled to avoid spinning or skidding the wheels. 

(Amended 1977) 

 

N.1.2.1.  For Devices Indicating in Miles. – The test runs shall be 2 mi in length, shall start from, and finish at, 

a dead stop with a minimum of 80 % of the run between 30 mi/h and 45 mi/h. 

(Added 1977) 

 

N.1.2.2.  For Devices Indicating in Kilometers. – The test runs shall be 3 km in length, shall start from, and 

finish at, a dead stop with a minimum of 80 % of the run between 50 km/h and 75 km/h. 

(Added 1977) 

 

N.1.3.  Test Conditions. 
 

N.1.3.1.  Tire Stabilization. – Road tests or fifth-wheel tests shall be preceded by a run of at least 8 km or 5 mi, 

for the purpose of stabilizing tire pressures.  Simulated road tests on a roller device shall be made at stable tire 

pressures. 

(Amended 1977) 

 

N.1.3.2.  Tire Pressure. – At the completion of the test run or runs, the tires of the vehicle under test shall be 

checked to determine that the tire pressure is that operating tire pressure posted in the vehicle.  If not, the tire 

pressure should be adjusted to the posted tire pressure and further tests may be conducted to determine the 

operating characteristics of the odometer. 

(Amended 1977) 

 

N.1.3.3.  Vehicle Loading. 
 

(a) Passenger Load. – During the distance test of an odometer, the vehicle may carry two persons. 

 

(b) Truck Cargo Load. – Truck odometers shall be tested by one of the following methods: 

 

(1) the truck is loaded with one-half of the maximum cargo load; or 

 

(2)  unloaded if the unloaded test tolerances are applied. 

              (Amended 1977 and 1987)  
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Section 5.54.  Taximeters 
 

A.  Application 

 

A.1. General. – This code applies to taximeters; that is, to devices that automatically calculates at a predetermined rate 

or rates and indicate the charge for hire of a vehicle. 

 

A.2. Exceptions. – This code does not apply to odometers on vehicles that are rented on a distance basis (for which see 

Section 5.53. Code for Odometers). 

(Amended 1977) 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Taximeters shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements. 
 

S.1.1.  General. – A taximeter shall be equipped with a primary indicating element and may be equipped with a 

recording element. 

(Amended 1988) 

 

S.1.2.  Advancement of Indicating Elements. – Except when a taximeter is being cleared, the primary indicating 

and recording elements shall be susceptible of advancement only by the movement of the vehicle or by the time 

mechanism. 

(Amended 1988) 

 

S.1.3.  Visibility of Indications. – The indications of fare, including extras, and the mode of operation, such as 

“time” or “hired,” shall be constantly displayed whenever the meter is in operation.  All indications of passenger 

interest shall be easily read from a distance of 1.2 m (4 ft) under any condition of normal operation. 

(Amended 1977, 1986, and 1988) 

 

S.1.3.1.  Minimum Height of Figures, Words, and Symbols. - The minimum height of the figures used to 

indicate the fare shall be 10 mm and for extras, 8 mm.  The minimum height of the figures, words, or symbols 

used for other indications, including those used to identify or define, shall be 3.5 mm. 

(Added 1986) 

 

S.1.3.2.  Lighting of Indications. – Integral lighting shall be provided to illuminate the fare, extras, the rate or 

rate code, and the taximeter status (i.e., vacant, hired, and time off). 

[Nonretroactive as of January 1, 1989] 

(Added 1988) (Amended 1990) 

 

S.1.4.  Actuation of Fare-Indicating Mechanism. – When a taximeter designed to calculate fares upon the basis of 

a combination of distance traveled and time elapsed is operative with respect to fare indication, the fare-indicating 

mechanism shall be actuated by the distance mechanism whenever the vehicle is in motion at such a speed that the 

rate of distance revenue equals or exceeds the time rate, and may be actuated by the time mechanism whenever the 

vehicle speed is less than this and when the vehicle is not in motion.  Means shall be provided for the vehicle 

operator to render the time mechanism either operative or inoperative with respect to the fare-indicating mechanism. 

(Amended 1977) 

 

S.1.5.  Operating Condition. 
 

S.1.5.1.  General. – When a taximeter is cleared, the indication “Not Registering,” “Vacant,” or an equivalent 

expression shall be shown.  Whenever a taximeter is set to register charges, it shall indicate “Registering,” 
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“Hired,” or an equivalent expression and the rate at which it is set shall be automatically indicated (Rate 1 or 

Rate A, for example). 

(Amended 1988) 

 

S.1.5.2.  Time not Recording. – When a taximeter is set for fare registration with the time mechanism 

inoperative, it shall indicate “Time Not Recording” or an equivalent expression. 

(Amended 1988) 

 

S.1.6.  Fare Identification. – Fare indications shall be identified by the word “Fare” or by an equivalent expression.  

Values shall be defined by suitable words or monetary signs. 

 

S.1.7.  Extras. – Extras shall be indicated as a separate item and shall not be included in the fare indication.  They 

shall be identified by the word “Extras” or by an equivalent expression.  Values shall be defined by suitable words 

or monetary signs.  Means may be provided to totalize the fare and extras if the totalized amount returns to separate 

indications of fare and extras within 5 seconds or less. 

(Amended 1988) 

 

S.1.7.1.  Nonuse of Extras. – If and when taximeter extras are prohibited by legal authority or are discontinued 

by a vehicle operator, the extras mechanisms shall be rendered inoperable or the extras indications shall be 

effectively obscured by permanent means. 

 

S.1.8.  Protection of Indications. – Indications of fare and extras shall be displayed through and entirely protected 

by glass or other suitable transparent material securely attached to the housing of the taximeter. 

 

S.1.9.  Recorded Representation. – A printed receipt issued from a taximeter, whether through an integral or 

separate recording element, shall include the following: 

 

(a) date 

 

(b) unique vehicle identification number, such as the medallion number, taxi number, vehicle identification 

number (VIN) or permit number* 

 

(c) start and end time of trip* 

 

(d) distance traveled, maximum increment of 0.1 kilometer (0.1 mile)* 

 

(e) fare in $ 

 

(f) for multi-rate taximeters, each rate at which fare was computed and the associated fare at that rate* 

 

(g) additional charges where permitted such as extras, surcharge, telephone use, tip and tax shall be identified 

and itemized* 

 

(h) total fare in $ (total charge)* 

 

[Nonretroactive as of January 1, 1989] *[Nonretroactive as of January 1, 2000] 

(Added 1988) (Amended 1999) 

 

S.1.9.1.  Multiple Recorded Representations. 
 

S.1.9.1.1.  Duplicate Receipts. – A recording element may produce a duplicate receipt for the previous 

transaction provided the information printed is identical to the original with the exception of time issued.  

The duplicate receipt shall include the words “duplicate” or “copy.”  The feature to print a duplicate 

receipt shall be deactivated at the time the meter is hired for the next fare. 

[Nonretroactive as of January 1, 2000] 

(Added 1999)
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Section 5.55.  Timing Devices 
 

A.  Application 
 

A.1. General. – This code applies to devices used to measure time during which services are being dispensed (such as 

vehicle parking, laundry drying, and car washing). 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Timing Devices shall meet the 

requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements. 
 

S.1.1.1.  General. – A timing device shall be equipped with a primary indicating element, and may also be 

equipped with a primary recording element.  A readily observable in-service light or other equally effective 

means that automatically indicates when laundry driers, vacuum cleaners, and car washes are in operation shall 

be deemed an appropriate primary indicating element. 

(Amended 1979) 

 

S.1.1.2.  Units. – A timing device shall indicate and record, if the device is equipped to record, the time in terms 

of minutes for time intervals of 60 minutes or less and in hours and minutes for time intervals greater than 

60 minutes. 

 

S.1.1.3.  Value of Smallest Unit. – The value of the smallest unit of indicated time and recorded time, if the 

device is equipped to record, shall not exceed the equivalent of: 

 

(a) one-half hour on parking meters indicating time in excess of 2 hours; 

 

(b) six minutes on parking meters indicating time in excess of one but not greater than 2 hours; or 

 

(c) five minutes on all other devices, except those equipped with an in-service light. 

(Amended 1975) 

 

S.1.1.4.  Advancement of Indicating and Recording Elements. – Primary indicating and recording elements 

shall be susceptible to advancement only during the mechanical operation of the device, except that clocks may 

be equipped to manually reset the time. 

 

S.1.1.5.  Operation of In-Service Indicator Light. – The in-service light indicator shall be operative only 

during the time the device is in operation. 

 

S.1.1.6.  Discontinuous Indicating Parking Meters. – An indication of the time purchased shall be provided at 

the time the meter is activated in units of no more than 1 minute for times less than 1 hour and not more than 

2 minutes for times of 1 hour or more.  Convenient means shall be provided to indicate to the purchaser the 

unexpired time. 

(Added 1975) (Amended 1976) 

 

S.1.2.  Graduations. 
 

S.1.2.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.2.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations and the width of main graduations shall be not more 
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than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 0.2 mm 

(0.008 in) in width. 

 

S.1.2.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 0.75 mm (0.03 in).  If 

the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.3.  Indicators. 
 

S.1.3.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 

 

S.1.3.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless 

the indicator and the graduations are in the same plane, in which case the distance between the end of the 

indicator and the ends of the graduations, measured along the line of the graduations, shall be not more than 

1.0 mm (0.04 in). 

 

S.1.3.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the widest graduation, and 

 

(b) the width of the minimum clear interval between the graduations. 

 

S.1.3.4.  Parallax. – Parallax effect shall be reduced to a practicable minimum. 

 

S.1.4.  Printed Tickets. – A printed ticket issued or stamped by a timing device shall have printed clearly thereon: 

 

(a) the time and day when the service ends and the time and day when the service begins, except that a 

self-service money-operated device that clearly displays the time of day need not record the time and day 

when the service begins; or 

 

(b) the time interval purchased, and the time and day that the service either begins or ends. 

(Amended 1983) 

 

S.2.  Marking Requirements, Operating Instructions. – Operating instructions shall be clearly stated on the device. 

 

N.  Notes 
 

N.1.  Test Method. – A timing device shall be tested with a timepiece with an error of not greater than plus or minus 

15 seconds per 24-hour period.  In the test of timing devices with a nominal capacity of 1 hour or less, stopwatches with 

a minimum division of not greater than one-fifth second shall be used.  In the test of timing devices with a nominal 

capacity of more than 1 hour, the value of the minimum division on the timepiece shall be not greater than 1 second.  

Time pieces and stopwatches shall be calibrated with standard time signals as described in National Institute of 

Standards and Technology Special Publication 432, NIST Time and Frequency Dissemination Services, or any 

superseding publication. 

(Amended 1978) 

 

N.2.  Broadcast Times and Frequencies. – Time and frequency standards are broadcast by the stations listed in 

Table N.2. Broadcast Times and Frequencies. 
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Section 5.56.(a)  Grain Moisture Meters 
 

Section 5.56. was reorganized into two sections beginning with the 1997 Edition of NIST Handbook 44.  This 

Section, 5.56.(a), applies to all NTEP grain moisture meters.  It also applies to any grain moisture meter 

manufactured or placed into service after January 1, 1998.  (Code reorganized and renumbered 1996.) 

 

A.  Application 
 

A.1. General Code. – This code applies to grain moisture meters, that is, devices used to indicate directly the moisture 

content of cereal grain and oil seeds.  The code consists of general requirements applicable to all moisture meters and 

specific requirements applicable only to certain types of moisture meters.  Requirements cited for “test weight per bushel” 

indications or recorded representations are applicable only to devices incorporating an automatic test weight per bushel 

measuring feature. 

(Amended 2003) 

 

A.2. Exceptions. – This code does not apply to devices used for in-motion measurement of grain moisture content or 

seed moisture content. 

 

A.3. Type Evaluation. – The National Type Evaluation Program (NTEP) will accept for type evaluation only those 

devices that comply with this code.  State enforcement will be based upon the effective dates identified with each 

requirement when specific dates are shown. 

(Added 1993) 

 

A.4. Additional Code Requirements. – In addition to the requirements of this code, 5.56.(a) Grain Moisture Meters 

shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 
 

S.1.  Design of Indicating, Recording, and Measuring Elements. 
 

S.1.1.  Digital Indications and Recording Elements. 
 

(a) Meters shall be equipped with a digital indicating element. 

 

(b) The minimum height for the digits used to display moisture content shall be 10 mm. 

 

(c) Meters shall be equipped with a communication interface that permits interfacing with a recording element 

and transmitting the date, grain type, grain moisture results, test weight per volume results, and calibration 

version identification. 

 

(d) A digital indicating element shall not display, and a recording element shall not record, any moisture content 

values or test weight per volume values before the end of the measurement cycle. 

 

(e) Moisture content results shall be displayed and recorded as percent moisture content, wet basis.  Test weight 

per bushel results shall be displayed and recorded as pounds per bushel.  Subdivisions of these units shall be 

in terms of decimal subdivisions (not fractions). 

 

(f) A meter shall not display or record any moisture content or test weight per volume values when the moisture 

content of the grain sample is beyond the operating range of the device, unless the moisture and test weight 

representations include a clear error indication (and recorded error message with the recorded 

representation). 

 



5.56.(a)  Grain Moisture Meters 

 D5-26 (DMS 01-01-11) 

(g) On multi-constituent meters (e.g., meters which also measure grain protein), provision shall be made for 

displaying and recording the constituent label (such as moisture, protein, etc.) to make it clear which 

constituent is associated with each of the displayed and recorded values. 

(Added 1995) 

(Amended 1993, 1994, 1995, 1996, and 2003) 

 

S.1.2.  Selecting or Recording Grain or Seed Type and Class. – Provision shall be made for selecting and 

recording the type and class or multi-class group (as appropriate) of grain or seed to be measured.  The means to 

select the type and class or multi-class group of grain or seed shall be readily visible and the type and class or multi-

class group of grain or seed selected shall be clearly and definitely identified.  Abbreviations for grain types and 

multi-class groups indicated on the meter must meet the minimum acceptable abbreviations listed in Table S.1.2. 

Grain Types and Multi-Class Groups Considered for Type Evaluation and Calibration and Their Minimum 

Acceptable Abbreviations. 

(Amended 1993, 1995, and 2007) 

 

Table S.1.2. Grain Types and Multi-Class Groups Considered for Type Evaluation and 

Calibration and Their Minimum Acceptable Abbreviations 

Grain Type Grain Class Minimum Acceptable Abbreviation 

Barley 

All-Class Barley* BARLEY 

Six-Rowed Barley SRB 

Two-Rowed Barley TRB 

Corn --- CORN 

Grain Sorghum --- SORG or MILO 

Oats --- OATS 

Rice 

All-Class Rough Rice* RGHRICE 

Long Grain Rough Rice LGRR 

Medium Grain Rough Rice MGRR 

Small Oil Seeds 

(under consideration) 
--- --- 

Soybeans --- SOYB 

Sunflower seed (Oil) --- SUNF 

Wheat 

All-Class Wheat* WHEAT 

Durum Wheat DURW 

Hard Red Spring Wheat HRSW 

Hard Red Winter Wheat HRWW 

Hard White Wheat HDWW 

Soft Red Winter Wheat SRWW 

Soft White Wheat SWW 

Wheat Excluding Durum* WHTEXDUR 

Note:  Grain Types marked with an asterisk (*) are “Multi-Class Calibrations.” 

[Nonretroactive as of January 1, 1998] 

(Table Added 1993) (Amended 1995, 1998, and 2007) 

 

S.1.3.  Operating Range. – A meter shall automatically and clearly indicate when the operating range of the meter 

has been exceeded.  The operating range shall specify the following: 

 

(a) Temperature Range of the Meter. – The temperature range over which the meter may be used and still 

comply with the applicable requirements shall be specified.  The minimum temperature range shall be 10 °C 

to 30 °C.  No moisture value may be displayed when the temperature range is exceeded.  An appropriate 

message shall be displayed when the temperature of the meter is outside its specified operating range. 
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Section 5.56.(b)  Grain Moisture Meters 
 

Section 5.56. was reorganized into two sections beginning with the 1997 Edition of NIST Handbook 44. This 

Section, 5.56.(b), applies to all non-NTEP grain moisture meters manufactured or placed into service before 

January 1, 1998. 
(Code reorganized and renumbered 1996.) 

A.  Application 

 

A.1. General. – This code applies to grain moisture meters; that is, devices used to indicate directly or through 

conversion and/or correction tables the moisture content of cereal grain and oil seeds.  The code consists of general 

requirements applicable to all moisture meters and specific requirements applicable only to certain types of moisture 

meters. 

 

A.2. Exceptions. – This code does not apply to devices used for in-motion measurement of grain moisture content or 

seed moisture content. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, 5.56.(b) Grain Moisture Meters 

shall meet the requirements of Section 1.10. General Code. 

 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Primary Elements, General. – A meter shall be equipped with a primary indicating element and may also be 

equipped with a primary recording element.  If the meter indicates directly and/or is equipped to record, the meter 

shall indicate and/or record its measurements in terms of percent moisture content, wet basis.  Subdivisions of this 

unit shall be in terms of decimal subdivisions (not fractions).  If the meter indicates in the conventional scale and 

requires conversion or correction tables, the resulting values after use of such tables shall be in terms of percent 

moisture content, wet basis.  Subdivisions of this unit shall be in terms of decimal subdivisions (not fractions). 

 

S.1.2.  Digital Indications. 
 

S.1.2.1.  Measurement Completion. – A digital indicating element shall not display any values (either moisture 

content or conventional scale) before the end of the measurement cycle. 

 

S.1.3.  Graduations. 
 

S.1.3.1.  Length. – Graduations shall be so varied in length that they may be conveniently read. 

 

S.1.3.2.  Width. – In any series of graduations, the width of a graduation shall in no case be greater than the 

width of the minimum clear interval between graduations, and the width of the main graduations shall be not 

more than 50 % greater than the width of subordinate graduations.  Graduations shall in no case be less than 

0.2 mm (0.008 in) in width. 

 

S.1.3.3.  Clear Interval Between Graduations. – The clear interval shall be not less than 0.75 mm (0.03 in) 

between graduations.  If the graduations are not parallel, the measurement shall be made: 

 

(a) along the line of relative movement between the graduations at the end of the indicator, or 

 

(b) if the indicator is continuous, at the point of widest separation of the graduations. 

 

S.1.4.  Indicators. 
 

S.1.4.1.  Symmetry. – The index of an indicator shall be symmetrical with respect to the graduations, at least 

throughout that portion of its length associated with the graduations. 
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S.1.4.2.  Length. – The index of an indicator shall reach to the finest graduations with which it is used, unless the 

indicator and the graduations are in the same plane, in which case the distance between the end of the indicator 

and the ends of the graduations, measured along the line of the graduations, shall be not more than 1.0 mm 

(0.04 in). 

 

S.1.4.3.  Width. – The width of the index of an indicator in relation to the series of graduations with which it is 

used shall be not greater than: 

 

(a) the width of the widest graduation, nor 

 

(b) the width of the minimum clear interval between graduations. 

 

When the index of an indicator extends along the entire length of a graduation, that portion of the index of the 

indicator that may be brought into coincidence with the graduation shall be of the same width as the graduation 

throughout the length of the index that coincides with the graduation. 

 

S.1.4.4.  Clearance. – The clearance between the index of an indicator and the graduations shall in no case be 

more than 1.5 mm (0.06 in). 

 

S.1.4.5.  Parallax. – Parallax effects shall be reduced to the practicable minimum. 

 

S.1.5.  Recording Elements. 
 

S.1.5.1.  General. – If a meter is equipped with a recording element, it shall record in terms of percent moisture 

content, wet basis only, and not in terms of conventional scale. 

 

S.1.5.2.  Measurement Completion. – A recording element shall not record any values before the end of the 

measurement cycle. 

 

S.1.5.3.  Range of Moisture Content. – A recording element shall not record any values when the moisture 

content of the grain sample is beyond the operating range of the device. 

 

S.1.6.  Design of Direct Reading Grain Moisture Meters. 
 

S.1.6.1.  Grain or Seed Kind and Class Selection and Recording. – Provision shall be made for selecting and 

recording, if equipped to record, the kind and class (as appropriate) of grain or seed to be measured.  The means 

to select the kind and class of grain or seed shall be readily visible and the kind and class of grain or seed 

selected shall be clearly and definitely identified in letters (such as Wheat or WHT, HRWW, etc.). 

 

S.1.6.2.  Operating Range. – A meter shall automatically and clearly indicate when the operating range of the 

meter has been exceeded or the manufacturer shall: 

 

(a) clearly and conspicuously mark the operating ranges on the meter; or 

 

(b) furnish the operating ranges of the meter and the means to clearly and conspicuously display this 

information on or immediately adjacent to the device. 

 

The operating range shall specify the following: 

 

(a) the temperature range over which the meter may be used and still comply with the applicable 

requirements; 

 

(b) the moisture range for each grain or seed for which the meter is to be used; 

 

(c) the temperature range for each grain or seed for which the meter is to be used; and 

 

(d) the maximum allowable difference in temperature between the meter and the sample for which an 

accurate moisture determination can be made. 
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Section 5.58.  Multiple Dimension Measuring Devices 
 

A.  Application 

 

A.1. General. – This code applies to dimension and volume measuring devices used for determining the dimensions 

and/or volume of objects for the purpose of calculating freight, storage, or postal charges based on the dimensions and/or 

volume occupied by the object.  A multiple dimension measuring device: 

 

(a) is generally used to measure hexahedron-shaped objects; and 

(Added 2008) 

 

(b) may be used to measure irregularly-shaped objects. 

(Added 2008) 

(Amended 2008) 

 

A.2. Other Devices Designed to Make Multiple Measurement Automatically to Determine a Volume. – Insofar as 

they are clearly applicable, the provisions of this code apply also to devices designed to make multiple measurements 

automatically to determine a volume for other applications as defined by Section 1.10. General Code paragraph G-A.1. 

Commercial and Law-Enforcement Equipment. 

 

A.3. Additional Code Requirements. – In addition to the requirements of this code, Multiple Dimension Measuring 

Devices shall meet the requirements of Section 1.10. General Code. 

 

A.4. Exceptions. – This code does not apply to: 

 

(a) devices designed to indicate automatically (with or without value-computing capabilities) the length of fabric 

passed through the measuring elements (see Section 5.50. for Fabric-Measuring Devices); 

 

(b) devices designed to indicate automatically the length of cordage, rope, wire, cable, or similar flexible material 

passed through the measuring elements (see Section 5.51. for Wire- and Cordage-Measuring Devices); or 

 

(c) any linear measure, measure of length, or devices used to measure individual dimensions for the purpose of 

assessing a charge per unit of measurement of the individual dimension (see Section 5.52. for Linear Measures). 

 

A.5. Type Evaluation. – The National Type Evaluation Program (NTEP) will accept for type evaluation only those 

devices that comply with all requirements of this code. 

S.  Specifications 

 

S.1.  Design of Indicating and Recording Elements and of Recorded Representations. 
 

S.1.1.  Zero or Ready Indication. 
 

(a) Provision shall be made to indicate or record either a zero or ready condition. 

 

(b) A zero or ready condition may be indicated by other than a continuous digital zero indication, provided that 

an effective automatic means is provided to inhibit a measuring operation when the device is in an 

out-of-zero or non-ready condition. 

 

S.1.2.  Digital Indications. – Indicated and recorded values shall be presented digitally. 

 

S.1.3.  Negative Values. – Except when in the tare mode, negative values shall not be indicated or recorded. 

 

S.1.4.  Dimensions Indication. – If in normal operation the device indicates or records only volume, a testing mode 

shall be provided to indicate dimensions for all objects measured. 
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S.1.5.  Value of Dimension/Volume Division Units. – The value of a device division “d” expressed in a unit of 

dimension shall be presented in a decimal format with the value of the division expressed as: 

 

(a) 1, 2, or 5; or 

 

(b) a decimal multiple or submultiple of 1, 2, or 5; or 

 

(c) a binary submultiple of a specific inch-pound unit of measure. 

 

Examples:  device divisions may be 0.01, 0.02, 0.05; 0.1, 0.2, or 0.5; 1, 2, or 5; 10, 20, 50, or 100; 0.5, 0.25, 0.125, 

0.0625, etc. 

 

S.1.5.1.  For Indirect Sales. – In addition to the values specified in S.1.5. Value of Dimension/Volume Division 

Units, the value of the division may be 0.3 inch and 0.4 inch. 

 

S.1.5.2.  Devices Capable of Measuring Irregularly-Shaped Objects. – For devices capable of measuring 

irregularly shaped objects, the value of the division size (d) shall be the same for the length axis (x) and the width 

axis (y) and may be different for the height axis (z), provided that electronic rotation of the object to determine 

the smallest hexahedron is calculated in only a two-dimension horizontal plane, retaining the stable side plane as 

the bottom of the hexahedron. 

(Added 2008) 

 

S.1.6.  Customer Indications and Recorded Representations. – Multiple dimension measuring devices or systems 

must provide information as specified in Table S.1.6. Required Information to be Provided by Multiple Dimension 

Measuring Systems.  As a minimum, all devices or systems must be able to meet either column I or column II in 

Table S.1.6. Required Information to be Provided by Multiple Dimension Measuring Systems. 

(Amended 2004) 
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Section 5.59.  Electronic Livestock, Meat, and Poultry Evaluation Systems 

and/or Devices - Tentative Code 
 

This tentative code has only a trial or experimental status and is not intended to be enforced.  The requirements are 

designed for study prior to the development and adoption of a final Code for Livestock, Meat, and Poultry Evaluation 

Systems and/or Devices.  Officials wanting to conduct an official examination of a device or system are advised to see 

paragraph G-A.3. Special and Unclassified Equipment. 

 

A.  Application 
 

A.1. General. – This code applies to electronic devices or systems for measuring the composition or quality constituents 

of live animals, livestock and poultry carcasses, and individual cuts of meat or a combination thereof for the purpose of 

determining value. 

 

A.2. Additional Code Requirements. – In addition to the requirements of this code, Electronic Livestock, Meat, and 

Poultry Evaluation Systems shall meet the requirements of Section 1.10. General Code. 

 

A.3. Exceptions. – This code does not apply to scales used to weigh live animals, livestock and poultry carcasses, and 

individual cuts of meat unless the scales are part of an integrated system designed to measure composition or quality 

constituents.  Scales used in integrated systems must also meet NIST Handbook 44 Section 2.20. Scale requirements. 

 

S.  Specifications 
 

S.1.  Design and Manufacture. – All design and manufacturing specifications shall comply with American Society for 

Testing Materials (ASTM) International Standard F 2342 Standard Specification for Design and Construction of 

Composition or Quality Constituent Measuring Devices or Systems. 

 

N.  Notes 
 

N.1.  Method of Test. – Performance tests shall be conducted in accordance with ASTM Standard F 2343 Test Method 

for Livestock, Meat, and Poultry Evaluation Devices. 

 

N.2.  Testing Standards. – ASTM Standard F 2343 requires device or system users to maintain accurate reference 

standards that meet the tolerance expressed in NIST Handbook 44 Fundamental Considerations, paragraph 3.2. (i.e., one-

third of the smallest tolerance applied.) 

 

N.3.  Verification. – Device or system users are required to verify and document the accuracy of a device or system on 

each production day as specified by ASTM Standard F 2341 Standard Practice of User Requirements for Livestock, Meat, 

and Poultry Evaluation Devices or Systems. 

 

N.3.1.  Official Tests. – Officials are encouraged to periodically witness the required “in house” verification of 

accuracy.  Officials may also conduct official tests using the on-site testing standards or other appropriate 

standards belonging to the jurisdiction with statutory authority over the device or system. 

 

T.  Tolerances 
 

T.1.  Tolerances on Individual Measurements. – Maintenance and acceptance tolerances on an individual measurement 

shall be as shown in Table T.1. 

Table T.1. Tolerances 

Individual linear measurement of a single constituent  1 mm (0.039 in) 

Measurement of area  1.6 cm
2
 (0.25 in

2
) 

For measurements of other constituents As specified in ASTM Standard F 2343 
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UR.  User Requirements 
 

UR.1.  Installation Requirements. 

 

UR.1.1.  Installation. – All devices and systems shall be installed in accordance with manufacturer’s instructions. 

 

UR.2.  Maintenance of Equipment. 

 

UR.2.1.  Maintenance. – All devices and systems shall be continually maintained in an accurate condition and in 

accordance with the manufacturer’s instructions and ASTM Standard F 2341. 

 

UR.3.  Use requirements. 

 

UR.3.1.  Limitation of Use. – All devices and systems shall be used to make measurements in a manner specified by 

the manufacturer. 

 

UR.4.  Testing Standards. – The user of a commercial device shall make available to the official with statutory authority 

over the device testing standards that meet the tolerance expressed in Fundamental Considerations, paragraph 3.2. 

(i.e., one-third of the smallest tolerance applied).  The accuracy of the testing standards shall be verified annually or on a 

frequency as required by the official with statutory authority and shall be traceable to the appropriate SI standard. 
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Appendix D 
 

Definitions 
 

The specific code to which the definition applies is shown in [brackets] at the end of the definition.  Definitions for the 

General Code [1.10] apply to all codes in Handbook 44. 

A 

 

absolute value.  The absolute value of a number is the magnitude of that number without considering the positive or 

negative sign.[2.20] 

 

acceptance test.  The first official test of a farm milk tank, at a particular location, in which the tank is accepted as 

correct.  This test applies to newly constructed tanks, relocated used tanks, and recalibrated tanks.[4.42] 

 

accurate.  A piece of equipment is “accurate” when its performance or value – that is, its indications, its deliveries, its 

recorded representations, or its capacity or actual value, etc., as determined by tests made with suitable standards - 

conforms to the standard within the applicable tolerances and other performance requirements.  Equipment that fails so 

to conform is “inaccurate.”  (Also see “correct.”)[1.10] 

 

all-class.  A description of a multi-class calibration that includes all the classes of a grain type.[5.56(a), 5.57] 

(Added 2007) 

 

analog or digital recorder.  An element used with a belt-conveyor scale that continuously records the rate-of-flow of 

bulk material over the scale (formerly referred to as a chart recorder).[2.21] 

(Amended 1989) 

 

analog type.  A system of indication or recording in which values are presented as a series of graduations in 

combination with an indicator, or in which the most sensitive element of an indicating system moves continuously 

during the operation of the device.[1.10] 

 

animal scale.  A scale designed for weighing single heads of livestock.[2.20] 

(Amended 1987) 

 

apparent mass versus 8.0 g/cm
3
.  The apparent mass of an object versus 8.0 g/cm

3
 is the mass of material of density 

8.0 g/cm
3
 that produces exactly the same balance reading as the object when the comparison is made in air with a 

density of 1.2 mg/cm
3
 at 20 C.[3.37] 

 

approval seal.  A label, tag, stamped or etched impression, or the like, indicating official approval of a device.  (Also 

see “security seal.”)[1.10] 

 

assumed atmospheric pressure.  The average atmospheric pressure agreed to exist at the meter at various ranges of 

elevation, irrespective of variations in atmospheric pressure from time to time.[3.33] 

 

audit trail.  An electronic count and/or information record of the changes to the values of the calibration or 

configuration parameters of a device.[1.10, 2.20, 2.21, 2.24, 3.30, 3.37, 5.56(a)] 

(Added 1993) 

 

automatic bulk weighing system.  A weighing system adapted to the automatic weighing of bulk commodities in 

successive drafts of predetermined amounts, automatically recording the no-load and loaded weight values and 

accumulating the net weight of each draft.[2.20] 

 

automatic checkweigher.  An automatic weighing system that does not require the intervention of an operator during 

the weighing process and used to subdivide items of different weights into one or more subgroups, such as identifying  
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packages that have acceptable or unacceptable fill levels according to the value of the difference between their weight and a 

pre-determined set point.  These systems may be used to fill standard packages for compliance with net weight 

requirements.[2.24] 

(Amended 2004) 

 

automatic gravimetric filling machine (instrument).  A filling machine or instrument that fills containers or packages with 

predetermined and virtually constant mass of product from bulk by automatic weighing, and which comprises essentially an 

automatic feeding device or devices associated with one or more weighing unit and the appropriate discharge devices.[2.24] 

(Added 2004) 

 

automatic hopper scale.  One adapted to the automatic weighing of bulk commodity in successive drafts of predetermined 

amounts.  (This is not an “automatic-indicating scale” defined below.)[2.20] 

 

automatic temperature or density compensation.  The use of integrated or ancillary equipment to obtain from the output of 

a volumetric meter an equivalent mass, or an equivalent liquid volume at the assigned reference temperature below and a 

pressure of 14.696 lb/in
2
 absolute. 

 

Cryogenic liquids – 21 C (70 F)[3.34] 

Hydrocarbon gas vapor – 15 C (60 F)[3.33] 

Liquid carbon dioxide – 21 C (70 F)[3.38] 

Liquefied petroleum gas (LPG) and Anhydrous ammonia – 15 C (60 F)[3.32] 

Petroleum liquid fuels and lubricants – 15 C (60 F)[3.30] 

 

automatic weighing system (AWS).  An automatic weighing system is a weighing device that, in combination with other 

hardware and/or software components, automatically weighs discrete items and that does not require the intervention of an 

operator during the weighing process.  Examples include, but are not limited to, weigh-labelers and checkweighers.[2.24] 

(Amended 2004) 

 

automatic zero-setting mechanism (AZSM). – See “automatic zero-setting mechanism” under “zero-setting 

mechanism.”[2.22] 

(Amended 2010) 

 

automatic zero-setting mechanism (belt-conveyor scale).  A zero setting device that operates automatically without 

intervention of the operator after the belt has been running empty.[2.21] 

(Added 2002) 

 

automatic zero-tracking (AZT) mechanism. – Automatic means provided to maintain the zero balance indication, 

within specified limits, without the intervention of an operator.[2.20, 2.22, 2.24] 

(Amended 2010) 

 

automatic-indicating scale.  One on which the weights of applied loads of various magnitudes are automatically indicated 

throughout all or a portion of the weighing range of the scale.  (A scale that automatically weighs out commodity in 

predetermined drafts, such as an automatic hopper scale, a packaging scale, and the like, is not an “automatic-indicating” 

scale.)[2.20. 2.22] 

 

auxiliary indicator.  Any indicator other than the master weight totalizer that indicates the weight of material determined by 

the scale.[2.21] 

 

axle-load scale.  A scale permanently installed in a fixed location, having a load-receiving element specially adapted to 

determine the combined load of all wheels (1) on a single axle or (2) on a tandem axle of a highway vehicle.[2.20] 

B 

 

badge.  A metal plate affixed to the meter by the manufacturer showing the manufacturer’s name, serial number and model 

number of the meter, and its rated capacity.[3.33] 

 

balance, zero-load.  See “zero-load balance.”[2.20]
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gasoline liter equivalent (GLE).  Gasoline liter equivalent (GLE) means 0.678 kilograms of natural gas.[3.37] 

(Added 1994) 

 

gauge pressure.  The difference between the pressure at the meter and the atmospheric pressure (psi).[3.33] 

 

gauge rod.  A graduated, “dip-stick” type of measuring rod designed to be partially immersed in the liquid and to be read at 

the point where the liquid surface crosses the rod.[4.42] 

 

gauging.  The process of determining and assigning volumetric values to specific graduations on the gauge or gauge rod that 

serve as the basis for the tank volume chart.[4.42] 

 

graduated interval.  The distance from the center of one graduation to the center of the next graduation in a series of 

graduations.  (Also see “value of minimum graduated interval.”)[1.10] 

 

graduation.  A defining line, or one of the lines defining the subdivisions of a graduated series.  The term includes such 

special forms as raised or indented or scored reference “lines” and special characters such as dots.  (Also see “main 

graduation” and “subordinate graduation.”)[1.10] 

 

grain class.  Different grains within the same grain type.  For example, there are six classes for the grain type “wheat:”  

Durum Wheat, Hard Red Spring Wheat, Hard Red Winter Wheat, Soft Red Winter Wheat, Hard White Wheat, and Soft 

White Wheat.[5.56(a), 5.57] 

(Added 2007) 

 

grain hopper scale.  One adapted to the weighing of individual loads of varying amounts of grain.[2.20] 

 

grain moisture meter.  Any device indicating either directly or through conversion tables and/or correction tables the 

moisture content of cereal grains and oil seeds.  Also termed “moisture meter.”[5.56(a), 5.56(b)] 

 

grain sample.  That portion of grain or seed taken from a bulk of grain or seed to be bought or sold and used to determine the 

moisture content of the bulk.[5.56(a), 5.56(b)] 

 

grain-test scale.  A scale adapted to weighing grain samples used in determining moisture content, dockage, weight per unit 

volume, etc.[2.20] 

 

grain type.  See “kind of grain.”[5.56(a), 5.57] 

(Added 2007) 

 

gravity discharge.  A type of device designed for discharge by gravity.[3.30, 3.31] 

 

H 
 

head pulley.  The pulley at the discharge end of the belt conveyor.  The power drive to drive the belt is generally applied to 

the head pulley.[2.21] 

 

hexahedron.  A geometric solid (i.e., box) with six rectangular or square plane surfaces.[5.58] 

(Added 2008) 

 

hired.  A taximeter is “hired” when it is operative with respect to all applicable indications of fare or extras.  The indications 

of fare include time and distance where applicable unless qualified by another indication of “Time Not Recording” or an 

equivalent expression.[5.54] 

 

hopper scale.  A scale designed for weighing bulk commodities whose load-receiving element is a tank, box, or hopper 

mounted on a weighing element.  (Also, see “automatic hopper scale,” “grain hopper scale,” and “construction materials 

hopper scale.”[2.20] 
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I 
 

idler space.  The center-to-center distance between idler rollers measured parallel to the belt.[2.21] 

 

idlers or idler rollers.  Freely turning cylinders mounted on a frame to support the conveyor belt.  For a flat belt, the idlers 

consist of one or more horizontal cylinders transverse to the direction of belt travel.  For a troughed belt, the idlers consist of 

one or more horizontal cylinders and one or more cylinders at an angle to the horizontal to lift the sides of the belt to form a 

trough.[2.21] 

 

in-service light indicator.  A light used to indicate that a timing device is in operation.[5.55] 

 

increasing-load test.  The normal basic performance test for a scale in which observations are made as increments of test 

load are successively added to the load-receiving element of the scale.[2.20, 2.22] 

 

increment.  The value of the smallest change in value that can be indicated or recorded by a digital device in normal 

operation.[1.10] 

 

index of an indicator.  The particular portion of an indicator that is directly utilized in making a reading.[1.10] 

 

indicating element.  An element incorporated in a weighing or measuring device by means of which its performance relative 

to quantity or money value is “read” from the device itself as, for example, an index-and-graduated-scale combination, a 

weighbeam-and-poise combination, a digital indicator, and the like.  (Also see “primary indicating or recording 

element.”)[1.10] 

 

indicator, balance.  See “balance indicator.”[2.20] 

 

initial distance or time interval.  The interval corresponding to the initial money drop.[5.54] 

 

initial zero-setting mechanism.  See “initial zero-setting mechanism” under “zero-setting mechanism.”[2.20] 

(Added 1990) 

 

interval, clear, between graduations.  See “clear interval between graduations.”[1.10] 

 

interval, graduated.  See “graduated interval.”[1.10] 

 

irregularly-shaped object.  Any object that is not a hexahedron shape.[5.58] 

(Added 2008) 

J 
 

jewelers’ scale.  One adapted to weighing gems and precious metals.[2.20] 

K 
 
kind of grain.  Corn as distinguished from soybeans as distinguished from wheat, etc.[5.56(a), 5.56(b)] 
 

L 
 
label.  A printed ticket, to be attached to a package, produced by a printer that is a part of a prepackaging scale or that is an 
auxiliary device.[2.20] 
 
large-delivery device.  Devices used primarily for single deliveries greater than 200 gallons, 2000 pounds, 20 000 cubic feet, 
2000 liters, or 2000 kilograms.[3.34, 3.38] 
 
laundry-drier timer.  A timer used in conjunction with a coin-operated device to measure the period of time that a laundry 
drier is in operation.[5.55] 
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liquefied petroleum gas.  A petroleum product composed predominantly of any of the following hydrocarbons or mixtures 
thereof:  propane, propylene, butanes (normal butane or isobutane), and butylenes.[3.31, 3.32, 3.33, 3.34, 3.37] 
 
liquefied petroleum gas liquid-measuring device.  A system including a mechanism or machine of the meter type designed 
to measure and deliver liquefied petroleum gas in the liquid state by a definite quantity, whether installed in a permanent 
location or mounted on a vehicle.  Means may or may not be provided to indicate automatically, for one of a series of unit 
prices, the total money value of the liquid measured.[3.33] 

(Amended 1987) 
 
liquefied petroleum gas vapor-measuring device.  A system including a mechanism or device of the meter type, equipped 
with a totalizing index, designed to measure and deliver liquefied petroleum gas in the vapor state by definite volumes, and 
generally installed in a permanent location.  The meters are similar in construction and operation to the conventional natural- 
and manufactured-gas meters.[3.33] 
 
liquid fuel.  Any liquid used for fuel purposes, that is, as a fuel, including motor-fuel.[3.30, 3.31] 
 
liquid volume correction factor.  A correction factor used to adjust the liquid volume of a cryogenic product at the time of 
measurement to the liquid volume at NBP.[3.34] 
 
liquid-fuel device.  A device designed for the measurement and delivery of liquid fuels.[3.30] 
 
liquid-measuring device.  A mechanism or machine designed to measure and deliver liquid by definite volume.  Means may 
or may not be provided to indicate automatically, for one of a series of unit prices, the total money value of the liquid 
measured, or to make deliveries corresponding to specific money values at a definite unit price.[3.30] 
 
livestock scale.  A scale equipped with stock racks and gates and adapted to weighing livestock standing on the scale 
platform.[2.20] 

(Amended 1989) 
 
load cell.  A device, whether electric, hydraulic, or pneumatic, that produces a signal (change in output) proportional to the 
load applied.[2.20, 2.21, 2.23] 
 
load cell verification interval (v).  The load cell interval, expressed in units of mass, used in the test of the load cell for 
accuracy classification.[2.20, 2.21] 

(Added 1996) 
 
loading point.  The location at which material to be conveyed is applied to the conveyor.[2.21] 
 
load-receiving element.  That element of a scale that is designed to receive the load to be weighed; for example, platform, 
deck, rail, hopper, platter, plate, scoop.[2.20, 2.21, 2.23] 
 
low-flame test.  A test simulating extremely low-flow rates such as caused by pilot lights.[3.33] 
 
lubricant device.  A device designed for the measurement and delivery of liquid lubricants, including, but not limited to, 
heavy gear lubricants and automatic transmission fluids (automotive).[3.30] 
 

M 
 

m
3
/h.  Cubic meters per hour.[3.33] 

 

main bar.  A principal weighbeam bar, usually of relatively large capacity as compared with other bars of the same 

weighbeam.  (On an automatic-indicating scale equipped with a weighbeam, the main weighbeam bar is frequently called the 

“capacity bar.”)[2.20] 

main graduation.  A graduation defining the primary or principal subdivisions of a graduated series.  (Also see 

“graduation.”)[1.10] 

 

main-weighbeam elements.  The combination of a main bar and its fractional bar, or a main bar alone if no fractional bar is 

associated with it.[2.20] 
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manual zero-setting mechanism.  See “manual zero-setting mechanism” under “zero-setting mechanism.”[2.20] 

 

manufactured device.  Any commercial weighing or measuring device shipped as new from the original equipment 

manufacturer.[1.10] 

(Amended 2001) 

 

mass flow meter.  A device that measures the mass of a product flowing through the system.  The mass measurement may be 

determined directly from the effects of mass on the sensing unit or may be inferred by measuring the properties of the 

product, such as the volume, density, temperature, or pressure, and displaying the quantity in mass units.[3.37] 

 

master meter test method.  A method of testing milk tanks that utilizes an approved master meter system for measuring test 

liquid removed from or introduced into the tank.[4.42] 

 

master weight totalizer.  An indicating element used with a belt-conveyor scale to indicate the weight of material that was 

passed over the scale.  The master weight totalizer is a primary indicating element of the belt-conveyor scale.[2.21] 

 

material test.  The test of a belt-conveyor scale using material (preferably that for which the device is normally used) that 

has been weighed to an accuracy of 0.1 %.[2.21] 

(Amended 1989) 

 

maximum capacity.  The largest load that may be accurately weighed.[2.20, 2.24] 

(Added 1999) 

 

maximum cargo load.  The maximum cargo load for trucks is the difference between the manufacturer’s rated gross vehicle 

weight and the actual weight of the vehicle having no cargo load.[5.53] 

 

measurement field.  A region of space or the measurement pattern produced by the measuring instrument in which objects 

are placed or passed through, either singly or in groups, when being measured by a single device.[5.58] 

 

measuring element.  That portion of a complete multiple dimension measuring device that does not include the indicating 

element.[5.58] 

 

meter register.  An observation index for the cumulative reading of the gas flow through the meter.  In addition there are one 

or two proving circles in which one revolution of the test hand represents ½, 1, 2, 5, or 10 cubic feet, or 0.025, 0.05, 0.1, 0.2, 

or 0.25 cubic meter, depending on meter size.  If two proving circles are present, the circle representing the smallest volume 

per revolution is referred to as the “leak-test circle.”[3.33] 

 

metrological integrity (of a device).  The design, features, operation, installation, or use of a device that facilitates (1) the 

accuracy and validity of a measurement or transaction, (2) compliance of the device with weights and measures requirements, 

or (3) the suitability of the device for a given application.[1.10, 2.20] 

(Added 1993) 

 

minimum capacity.  The smallest load that may be accurately weighed.  The weighing results may be subject to excessive 

error if used below this value.[2.20, 2.24] 

(Added 1999) 

 

minimum clear interval.  The shortest distance between adjacent graduations when the graduations are not parallel.  (Also 

see “clear interval.”)[3.30, 3.31, 3.32, 3.33, 3.34, 3.35, 3.36, 3.38, 5.50, 5.51, 5.56(b)] 

 

minimum delivery.  The least amount of weight that is to be delivered as a single weighment by a belt-conveyor scale 

system in normal use.[2.21] 
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scale section.  A part of a vehicle, axle-load, livestock, or railway track scale consisting of two main load supports, usually 

transverse to the direction in which the load is applied.[2.20] 

 

seal.  See “approval seal,” “security seal.”[1.10] 

 

section capacity.  The section capacity of a scale is the maximum live load that may be divided equally on the load pivots or 

load cells of a section.[2.20] 

(Added 2001) 

 

section test.  A shift test in which the test load is applied over individual sections of the scale.  This test is conducted to 

disclose the weighing performance of individual sections, since scale capacity test loads are not always available and loads 

weighed are not always distributed evenly over all main load supports.[2.20] 

 

security means.  A method used to prevent access by other than qualified personnel, or to indicate that access has been made 

to certain parts of a scale that affect the performance of the device.[2.21] 

 

security seal.  A uniquely identifiable physical seal, such as a lead-and-wire seal or other type of locking seal, a 

pressure-sensitive seal sufficiently permanent to reveal its removal, or similar apparatus attached to a weighing or measuring 

device for protection against or indication of access to adjustment.  (Also see “approval seal.”)[1.10] 

(Amended 1994) 

 

selector-type.  A system of indication or recording in which the mechanism selects, by means of a ratchet-and-pawl 

combination or by other means, one or the other of any two successive values that can be indicated or recorded.[1.10] 

 

semi-automatic zero-setting mechanism.  See “semi-automatic zero-setting mechanism” under “zero-setting 

mechanism.”[2.20] 

 

sensitivity (of a nonautomatic-indicating scale).  The value of the test load on the load-receiving element of the scale that 

will produce a specified minimum change in the position of rest of the indicating element or elements of the scale.[2.20] 

 

sensitivity requirement (SR).  A performance requirement for a non automatic-indicating scale; specifically, the minimum 

change in the position of rest of the indicating element or elements of the scale in response to the increase or decrease, by a 

specified amount, of the test load on the load-receiving element of the scale.[2.20] 

 

shift test.  A test intended to disclose the weighing performance of a scale under off-center loading.[2.20] 

 

side.  That portion of a pump or dispenser which faces the consumer during the normal delivery of product.[3.30] 

(Added 1987) 

 

simulated-road test.  A distance test during which the taximeter or odometer may be actuated by some means other than 

road travel.  The distance traveled is either measured by a properly calibrated roller device or computed from rolling 

circumference and wheel-turn data.[5.53, 5.54] 

 

simulated test.  A test using artificial means of loading the scale to determine the performance of a belt-conveyor 

scale.[2.21] 

 

single cell application load cell.  A load cell intended for use in a weighing system which incorporates one or more load 

cells.  A single cell application load cell is designated with the letter “S” or the term “Single.”  (See also “multiple cell 

application load cell”)[2.20] 

(Added 1999) 

 

single-tariff taximeter.  One that calculates fares at a single rate only.[5.54] 

 

skirting.  Stationary side boards or sections of belt conveyor attached to the conveyor support frame or other stationary 

support to prevent the bulk material from falling off the side of the belt.[2.21] 
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slow-flow  meter.  A retail device designed for the measurement, at very slow rates (less than 40 L (10 gal) per hour), of 

liquid fuels at individual domestic installations.[3.30] 

 

small-delivery device.  Any device other than a large-delivery device.[3.34, 3.38] 

 

span (structural).  The distance between adjoining sections of a scale.[2.20] 

(Added 1988) 

 

specification.  A requirement usually dealing with the design, construction, or marking of a weighing or measuring device.  

Specifications are directed primarily to the manufacturers of devices.[1.10] 

 

static monorail weighing system.  A weighing system in which the load being applied is stationary during the weighing 

operation.[2.20] 

(Added 1999) 

 

strain-load test.  The test of a scale beginning with the scale under load and applying known test weights to determine 

accuracy over a portion of the weighing range.  The scale errors for a strain-load test are the errors observed for the known 

test loads only.  The tolerances to be applied are based on the known test load used for each error that is determined.[2.20, 

2.22] 

 

subordinate graduation.  Any graduation other than a main graduation.  (Also see “graduation.”)[1.10] 

 

subsequent distance or time intervals.  The intervals corresponding to money drops following the initial money drop.[5.54] 

 

substitution test.  A scale testing process used to quantify the weight of material or objects for use as a known test load.[2.20] 

(Added 2003) 

 

substitution test load.  The sum of the combination of field standard test weights and any other applied load used in the 

conduct of a test using substitution test methods.[2.20] 

(Added 2003) 

 

surface gauge.  A combination of (1) a stationary indicator, and (2) a movable, graduated element designed to be brought 

into contact with the surface of the liquid from above.[4.42] 

systematic (average) error X .  The mean value of the error (of indication) for a number of consecutive automatic 

weighings of a load, or loads, passed over the load-receiving element (e.g., weigh-table), shall be expressed mathematically 

as: 

 

 

 

where: x = error of a load indication 

 n = the number of loads 

 

[2.24] 

 

T 
 

tail pulley.  The pulley at the opposite end of the conveyor from the head pulley.[2.21] 

 

take-up.  A device to provide sufficient tension in a conveyor belt so that the belt will be positively driven by the drive 

pulley.  A counter-weighted take-up consists of a pulley free to move in either the vertical or horizontal direction with dead 

weights applied to the pulley shaft to provide the tension required.[2.21] 

 

tare mechanism.  A mechanism (including a tare bar) designed for determining or balancing out the weight of packaging 

material, containers, vehicles, or other materials that are not intended to be included in net weight determinations.[2.20] 

X
X

n
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weighing element.  That portion of a scale that supports the load-receiving element and transmits to the indicating element a 

signal or force resulting from the load applied to the load-receiving element.[2.20, 2.21, 2.22] 

(Added 1988) 

 

weigh-labeler.  An automatic weighing system that determines the weight of a package and prints a label or other document 

bearing a weight declaration for each discrete item (usually a label also includes unit and total price declarations).  Weigh-

labelers are sometimes used to weigh and label standard and random packages (also called “Prepackaging Scales”).[2.24] 

(Amended 2004) 

 

weighment.  A single complete weighing operation.[2.20, 2.21] 

(Added 1986) 

 

weight, unit.  See “unit weight.”[2.20] 

 

weight classifier.  A digital scale that rounds weight values up to the next scale division.  These scales usually have a 

verification scale division (e) that is smaller than the displayed scale division.[2.20] 

(Added 1987) 

 

weight ranges.  Electrical or electro-mechanical elements incorporated in an automatic indicating scale through the 

application of which the range of automatic indication of the scale is increased, normally in increments equal to the 

reading-face capacity.[2.20] 

 

wet basis.  See “moisture content (wet basis).”[5.56(a), 5.56(b)] 

 

wet hose.  A discharge hose intended to be full of product at all times.  (See “wet-hose type.”)[3.30, 3.31, 3.38] 

(Amended 2002) 

 

wet-hose type.  A type of device designed to be operated with the discharge hose full of product at all times.  (See “wet 

hose.”)[3.30, 3.32, 3.34, 3.37, 3.38] 

(Amended 2002) 

 

wheel-load weighers.  Compact, self-contained, portable weighing elements specially adapted to determining the wheel 

loads or axle loads of vehicles on highways for the enforcement of highway weight laws only.[2.20] 

 

wholesale device.  Any device other than a retail device.  (See “retail device.”)[3.30, 3.32] 

 

wing pulley.  A pulley made of widely spaced metal bars in order to set up a vibration to shake loose material off the 

underside (return side) of the belt.[2.21] 

 

Z 

 

zero-load balance.  A correct weight indication or representation of zero when there is no load on the load-receiving 

element.  (See also “zero-load balance for an automatic-indicating scale,” “zero-load balance for a nonautomatic-indicating 

scale,” “zero-load balance for a recording scale.”)[2.20] 

 

zero-load balance, automatic-indicating scale.  A condition in which the indicator is at rest at, or oscillates through 

approximately equal arcs on either side of, the zero graduation.[2.20] 

 

zero-load balance, nonautomatic-indicating scale.  A condition in which (a) the weighbeam is at rest at, or oscillates 

through approximately equal arcs above and below, the center of a trig loop; (b) the weighbeam or lever system is at rest at, 

or oscillates through approximately equal arcs above and below, a horizontal position or a position midway between limiting 

stops; or (c) the indicator of a balance indicator is at rest at, or oscillates through approximately equal arcs on either side of, 

the zero graduation.[2.20] 

 

zero-load balance for a recording scale.  A condition in which the scale will record a representation of zero load.[2.20] 
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zero-load reference (belt-conveyor scales).  A zero-load reference value represents no load on a moving conveyor belt.  

This value can be either; a number representing the electronic load cell output, a percentage of full scale capacity, or other 

reference value that accurately represents the no load condition of a moving conveyor belt.  The no load reference value can 

only be updated after the completion of a zero load test.[2.21] 

(Added 2002) 

 

zero-setting mechanism.  Means provided to attain a zero balance indication with no load on the load-receiving element.  

The types of zero-setting mechanisms are:[2.20, 2.22, 2.24] 

 

 

automatic zero-setting mechanism (AZSM). – Automatic means provided to set the zero-balance indication without the 

intervention of an operator.[2.22] 

(Added 2010) 

 

automatic zero-tracking (AZT) mechanism. – See “automatic zero-tracking (AZT) mechanism.” (NOTE:  AZT 

maintains zero with specified limits.  “Zero-setting sets/establishes zero with limits based on scale capacity.)[2.20, 2.22, 

2.24] 

 

initial zero-setting mechanism. – Automatic means provided to set the indication to zero at the time the instrument is 

switched on and before it is ready for use.[2.20] 

(Added 1990) 

 

manual zero-setting mechanism.  Nonautomatic means provided to attain a zero balance indication by the direct 

operation of a control.[2.20] 

 

semiautomatic zero-setting mechanism.  Automatic means provided to attain a direct zero balance indication 

requiring a single initiation by an operator.[2.20] 

(Amended 2010) 

 

zero-setting mechanism (belt-conveyor scale).  A mechanism enabling zero totalization to be obtained over a whole 

number of belt revolutions.[2.21, 2.23] 

(Added 2002) 

 

zero-tracking mechanism.  See “automatic zero-tracking mechanism” under “zero-setting mechanism.”[2.20, 2.22, 2.24] 

 

zone of uncertainty.  The zone between adjacent increments on a digital device in which the value of either of the adjacent 

increments may be displayed.[2.20] 

 


