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2.4 SLIP GAUGES 

We have seen instruments such as vernier calliper, depth gauge, and micrometer, 

which can facilitate measurement to a fairly high degree of accuracy and precision. All 

these measurements involve line standards. The accuracy of these instruments depends 

on the accuracy of the workmanship involved in their manufacture. Any minor 

misalignment or error in a screw can lead to errors in measurement. Repetitive use of a 

screw or joint results in rapid wear and tear, which can lead to accumulation of errors in 

measurement within a short time. Slip gauges, also called gauge blocks, can counter some 

of these limitations and provide a high degree of accuracy as end standards. In fact, slip 

gauges are a direct link between the measurer and the international length standards. 

The modern-day slip gauges or gauge blocks owe their existence to the pioneering 

work done by C.E. Johansson, a Swedish armoury inspector. Therefore, gauge blocks are 

also known as Johansson gauges. He devised a set of slip gauges manufactured to specific 

heights with a very high degree of accuracy and surface finish. He also proposed the 

method of ‘wringing’ slip gauges to the required height to facilitate measurements. He 

also emphasized that the resulting slip gauges, to be of universal value, must be calibrated 

to the international standard. Johansson was granted a patent for his invention in the year 

1901 and formed the Swedish company CE Johansson AB in the year 1917. He started 

manufacturing and marketing his gauge blocks to the industry, and found major success 

in distant America. One of his customers was Henry Ford with whom he signed a 

cooperative agreement to establish a gauge making shop at his Cadillac automobile 

company.  

The development of ‘GO’ and ‘NO-GO’ gauges also took place during this time. 

It is made of hardened alloy steel having a 30 mm × 10 mm cross section. Steel is the 

preferred material since it is economical and has the same coefficient of thermal 

expansion as a majority of steel components used in production. Hardening is required to 

make the slip gauge resistant to wear. Hardening is followed by stabilizing at a sub-zero 

temperature to relieve stresses developed during heat treatment. This is followed by 

finishing the measuring faces to a high degree of accuracy, flatness, and surface finish. 
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The height of a slip gauge is engraved on one of the rectangular faces, which also features 

a symbol to indicate the two measured planes. 

 

Fig 2.33 Floating Carriage Micrometer 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-108] 

 

Several slip gauges are combined together temporarily to provide the end standard 

of a specific length. A set of slip gauges should enable the user to stack them together to 

provide an accuracy of up to one-thousandth of a millimetre or better. In order to achieve 

this, individual gauges must be available in dimensions needed to achieve any 

combination within the available number of gauges.  

The surfaces of neighbouring slip gauges should stick so close together that there 

should not be any scope for even a layer of air to be trapped between them, which can 

add error to the final reading. For this to happen, there should be absolute control over 

the form, flatness, parallelism, surface finish, dimensional stability of material, and 

homogeneity of gauging surfaces. While building slip gauges to the required height, the 

surfaces of slip gauges are pressed into contact by imparting a small twisting motion 

while maintaining the contact pressure. The slip gauges are held together due to 

molecular adhesion between a liquid film and the mating surfaces. This phenomenon is 

known as ‘wringing’. 

2.4.1 Gauge Block Shapes, Grades, and Sizes 

 Slip gauges are available in three basic shapes: rectangular, square with a central 

hole, and square without a central hole. Rectangular blocks are the most commonly used 
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since they can be used conveniently where space is restricted and excess weight is to be 

avoided. Square slip gauges have larger surface area and lesser wear rate because of 

uniform distribution of stresses during measurements. They also adhere better to each 

other when wrung together. Square gauge blocks with central holes permit the use of tie 

rods, which ensure that the built-up slip gauges do not fall apart. 

Slip gauges are classified into grades depending on their guaranteed accuracy. The 

grade defines the type of application for which a slip gauge is suited, such as inspection, 

reference, or calibration. Accordingly, slip gauges are designated into five grades, namely 

grade 2, grade 1, grade 0, grade 00, and inspection grade. 

Grade 2 This is the workshop-grade slip gauge. Typical uses include setting up machine 

tools, milling cutters, etc., on the shop floor. Grade 1 This grade is used for tool room 

applications for setting up sine bars, dial indicators, calibration of vernier, micrometer 

instruments, and so on. 

Grade 0 This is an inspection-grade slip gauge. Limited people will have access to this 

slip gauge and extreme care is taken to guard it against rough usage. 

Grade 00 This set is kept in the standards room and is used for inspection/calibration of 

high precision only. It is also used to check the accuracy of the workshop and grade 1 

slip gauges.   

Calibration grade This is a special grade, with the actual sizes of slip gauges stated on 

a special chart supplied with the set of slip gauges. This chart gives the exact dimension 

of the slip gauge, unlike the previous grades, which are presumed to have been 

manufactured to a set tolerance. They are the best-grade slip gauges because even though 

slip gauges are manufactured using precision manufacturing methods, it is difficult to 

achieve 100%-dimensional accuracy. Calibration-grade slip gauges are not necessarily 

available in a set of preferred sizes, but their sizes are explicitly specified up to the third 

or fourth decimal place of a millimetre. 

Many other grading standards are followed for slip gauges, such as JIS B 7506-

1997 (Japan), DIN 861-1980 (Germany), ASME (USA), and BS 4311: Part 1:1993 (UK). 
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Most of these standards assign grades such as A, AA, AAA, and B. While a grade B may 

conform to the workshop-grade slip gauge, grades AA and AAA are calibration and 

reference grades, respectively. 

Slip gauges are available in standard sets in both metric and inch units. In metric 

units, sets of 31, 48, 56, and 103 pieces are available.  

For instance, the set of 103 pieces consists of the following: 

1. One piece of 1.005 mm 

2. 49 pieces ranging from 1.01 to 1.49 mm in steps of 0.01 mm Slip gauges are 

available in standard sets in both metric and inch units. In metric units, sets 

3. 49 pieces ranging from 0.5 to 24.5 mm in steps of 0.5 mm 

4. Four pieces ranging from 25 to 100 mm in steps of 25 mm 

A set of 56 slip gauges consists of the following: 

1. One piece of 1.0005 mm 

2. Nine pieces ranging from 1.001 to 1.009 mm in steps of 0.001 mm 

3. Nine pieces ranging from 1.01 to 1.09 mm in steps of 0.01 mm 

4. Nine pieces ranging from 1.0 to 1.9 mm in steps of 0.1 mm 

5. 25 pieces ranging from 1 to 25 mm in steps of 1.0 mm 

6. Three pieces ranging from 25 to 75 mm in steps of 25 mm 

The set of slip gauges will also include a pair of tungsten carbide protection gauges. 

These are marked with letter ‘P’, are 1 or 1.5 mm thick, and are wrung to the end of the 

slip gauge combination. They are used whenever slip gauges are used along with 

instruments like sine bars, which are made of metallic surfaces that may accelerate the 

wear of regular slip gauges. Wear blocks are also recommended when gauge block 

holders are used to hold a set of wrung gauges together. The purpose of using a pair of 

wear blocks, one at the top and the other at the bottom of the stack, is to ensure that major 
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wear is concentrated over the two wear gauges, which can be economically replaced 

when worn out. This will extend the useful life of the set of slip gauges. 

2.4.2 Wringing of Slip Gauges 

 When two surfaces are brought into contact, some amount of space exists between 

them. This is because of surface irregularities and presence of dirt, oil, grease, or air 

pockets. Let us assume that the two surfaces are perfectly flat with highly finished 

surfaces, free from dirt and oil, and firmly pressed together. Now the air gap becomes so 

small that it acts in the same way as a liquid film. The thickness of this film can be as low 

as 0.00001 mm. Now a question arises as to why the blocks stick together so firmly that 

even a high magnitude of force acting perpendicular to their surfaces will not be able to 

separate them. A combination of two factors appears to ensure this high adhesion force. 

An atmospheric force of 1 bar is acting in the direction shown by the two arrows. This is 

contributing to the adhesion of the surfaces of the two slip gauges. 

 

Fig 2.34 Wringing phenomenon 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-111] 

 

These two factors collectively ensure adhesion of slip gauges with minimum air 

gap between them. Therefore, a stack of slip gauges will have a length equal to the sum 

of the individual heights. 

2.4.3 Technique of Wringing Slip Gauges 

The ability of a given gauge block to wring is called wringability; it is defined as 

‘the ability of two surfaces to adhere tightly to each other in the absence of external 
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means. The minimum conditions for wringability are a surface finish of 0.025 µm or 

better, and a flatness of at least 0.13 µm. 

 

Fig. 2.35 Technique of wringing slip gauges (a) Step 1 (b) Step 2  

(c) Step 3 (d) Step 4 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-111] 

Wringing of slip gauges should be done carefully and methodically because a film 

of dust, moisture, or oil trapped between gauges will reduce the accuracy of 

measurement. The first step is to clean the slip gauges immediately before wringing 

because any gap in time will allow dust and moisture to settle on the gauges. A very fine 

hairbrush can be used to clean them. Some people are under the false notion that a thin 

film of oil should always be applied to the gauge surfaces before wringing. Most often, 

the application of oil itself may introduce unwanted dust and oil in between the gauges. 

The need for additional oil film is felt for worn out gauges where there is reduced metal-

to-metal contact resulting in poor molecular adhesion. 

The following are the preferred steps in the wringing of slip gauges: 

1. Clean slip gauge surfaces with a fine hairbrush (camel hairbrushes are often 

recommended) and a dry pad. 

2. Overlap gauging surfaces by about one-fourth of their length. 

3. Slide one block perpendicularly across the other by applying moderate pressure. The 

two blocks should now form the shape. 

4. Now, gently rotate one of the blocks until it is in line with the other block. 
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2.4.4 Combining Slip Gauges 

Gauge blocks are available in standard sets of 31, 48, 56, and 103 pieces. While 

figuring out the slip gauges that are required to make up a given dimension, a procedure 

must be followed to save time and, more importantly, to ensure that a minimum number 

of gauges are used. Please remember that more the number of gauges used, more is the 

separation of gauges by a thin film, which can cumulatively contribute to substantial 

error. In addition, the accuracy up to which a dimension can be built depends on the gauge 

that can give accuracy up to the last possible decimal place. For instance, while the 103-

piece set can give an accuracy of up to 0.005 mm, the 56-piece set can give up to 0.005 

mm. 

whenever we need to build slip gauges to the required height/dimension, the 

primary concern is the selection of a gauge that gives the dimension to the required 

decimal place. This is followed by selection of gauges in the order in which they meet 

the dimension from the next last decimal place towards the left until the entire selection 

is complete. 

2.4.5 Manufacture of Slip Gauges 

 Manufacturing slip gauges to a high degree of accuracy and precision is one of the 

major challenges for mechanical engineers. Slip gauges should meet high standards of 

accuracy, flatness, parallelism, and surface quality. There are several recommended 

methods of manufacturing slip gauges. Internationally acclaimed methods are the ones 

recommended by the United States bureau of Standards and the German (Zeiss) method. 

In India, slip gauges are manufactured as per the guidelines recommended by the National 

Physical Laboratory (NPL). 

 Steel blanks containing 1% carbon, 1.8% chromium, and 0.4% manganese are 

sawn from steel bars such that the blanks are oversized by about 0.5 mm on all sides. 

They are then hardened and stabilized by an artificial seasoning process. Now, the blanks 

are loaded on the magnetic chuck of a precision grinding machine, and all the faces are 

ground in the first setting. In the second setting, the gauges are reversed and ground to 
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within a 0.05 mm size. Grinding operation is followed by lapping operation using a 

lapping chuck. 

 

Fig. 2.36 Arrangement of slip gauge blanks for lapping operation 

(a) First arrangement (b) Second arrangement 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-112] 

 

2.4.6 Calibration of Slip Gauges 

 Slip gauges are calibrated by direct comparison with calibration grade gauges 

using a comparator. Slip gauges need to be calibrated at regular intervals, since even 

a slightly worn-out slip gauge can create havoc at the quality control stage, resulting 

in increased scrap losses. NPL has recommended schedules for the calibration of 

different grades of slip gauges. Notwithstanding regular calibration schedules, a slip 

gauge is a candidate for recalibration under the following conditions: 

1. Visual inspection shows wear beyond permissible level. 

2. Wringing becomes difficult. 

3. An unusual increase in rejections occurs during quality inspection. 

Working slip gauge blocks are calibrated using master sets. The master gauges, in 

turn, are calibrated by grand masters, which are maintained by the National Bureau of 

Standards. In addition, usually all manufacturers of gauge blocks provide calibration 

services. In most of the advanced countries, there are independent metrology laboratories 
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that mainly deal with providing calibration services. Such a service is conspicuous by its 

absence in India. 

It is of academic interest to know the different types of comparators used for 

calibrating slip gauges. The popular ones are the Brook-level comparator, Eden-Rolt 

millionth comparator, and the NPL-Hilger interferometer. The working principle of the 

Brook-level comparator is explained to give flair of the significance of instrumentation 

for calibration of slip gauges. 

2.4.6.1 Brook-level Comparator 

 

Fig. 2.37 Brook-level Comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-113] 

 

 The Brook-level comparator works in a way similar to a spirit level, but is more 

sophisticated and highly sensitive. It compares differences in the levels of two objects to 

a sub-micron-level accuracy. The comparator comprises a sensitive level mounted in an 

aluminium casing. The underside of the casing has two steel balls, each of which rests on 

top of the two objects whose heights are to be compared. Whenever there is a variation 

in height, the bubble moves over a graduated scale, which has a resolution of 1 µm or 0.1 

µm. The slip gauge to be calibrated (test gauge) and the reference calibration gauge 

(standard) are kept on top of a surface plate. It is needless to say that the surfaces of the 

two slip gauges and the surface plate should be thoroughly cleaned and positioned so that 

there is no additional layer of dust, oil, etc., which will reduce the accuracy. 
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 The Brook-level comparator is kept on top of this pair of slip gauges such that one 

steel ball rest on the test gauge and the other on the standard. The reading on the graduated 

scale on the top face of the comparator is noted. Let us Bubble scale Brook level say this 

reading is 12.2. 

The comparator is lifted up and the surface plate is given a 180° rotation. The 

Brook-level comparator is again lowered onto the two slip gauges, such that the two 

contact points are reversed. The new reading is noted down. Let us say the second reading 

is 12.0. If the resolution of the comparator is 0.00001 mm, then the difference in length 

is calculated as follows:  

Difference in length = (0.0001) × (12.2 − 12.0)/2 = 0.00001 mm 


