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Foreword
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Methods for Testing of Solid and Rigid Centralizers 

1 Introduction 

Solid and rigid centralizers have been used by the petroleum industry for many years to assist with running casing to 
the bottom of the wellbore and with improving mud displacement. The purpose of this document is to provide the 
industry with methods for testing rigid and solid centralizers. 

The API and ISO standardization committees have produced specifications, testing, and recommended practices for 
the use of bow-type centralizers, but to date, the petroleum industry does not have standards for the selection and 
use of solid or rigid centralizers, even though those devices are widely used. Additionally, the industry does not have 
standardized testing methods to verify functionality and reliability of centralizers. This is a problem for the operator in 
making an intelligent selection for centralizers to use in the well. Some testing procedures are available, but 
because they are not standardized, they tend to hinder communication between manufacturers and end users. 

2 Description of Rigid and Solid Centralizers 

2.1 Rigid Centralizer 

This centralizer is composed of rigid, non-flexible bands or bars fixed to two end collars. These devices have a 
smaller outside diameter (OD) than the casing or hole through which the centralizers are run and, therefore, 
generate zero starting forces. Because these devices do not have a solid body, they are capable of experiencing 
deformation when run through restrictions. 

 

Figure 1—Example of Rigid Centralizer 

2.2 Semi-rigid Centralizer 

This centralizer is a subclass of the rigid centralizer category. This device is composed of flexible spring bows 
attached to two end collars, but the springs are manufactured such that they form two equal-length bows between 
the end rings. These double-bow springs flex under load, but under large loads become essentially rigid. 

1 
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Figure 2—Example of Semi-rigid Centralizer 

2.3 Solid Centralizer 

This centralizer is manufactured with rigid, non-flexible blades or bands. The centralizers have solid bodies and solid 
blades. The blades are either formed during molding of the centralizer or welded on the solid body. These devices 
have a smaller OD than the casing or hole where the centralizers will be used, and, therefore, generate zero starting 
forces. Because these devices have a solid body, they do not experience deformation when run through restrictions; 
they do not flex. 

3 Solid and Rigid Centralizer Testing Methods 

The following measurement and test procedures are included in this document: 

1. measurement of friction factor using the pin-on-disk method (Section 4); 
2. measurement of wear using the pin-on-disk method (Section 5); 
3. impact test consisting of dynamic loading applicable to hinge-type rigid centralizers (Section 6); 
4. static axial loading to simulate running through restrictions (Section 7); 
5. test to simulate side loading of the centralizer (Section 8); 
6. test to simulate static loading of the centralizer and stop collar (Section 9); 
7. pull-apart test for rigid centralizers with end rings (Section 10). 

The user is encouraged to select the applicable measurements and tests for solid or rigid centralizers appropriate for 
specific well conditions. 

4 Measurement of Friction Factor Using the Pin-on-Disk Method 

4.1 Test Apparatus and Description of the Test 

The friction factor of centralizer construction materials can be measured in the presence of different mud systems 
using the “pin-on-disk” device and method (see Figure 3). For the results to be relevant, materials being tested 
should match the composition of the construction materials used to manufacture the centralizers. The device is 
composed of a stationary base element (pin) on which the test specimen is mounted and a rotating disk. The 
specimen to be tested and the disk are pressed together using a calculated force corresponding to the anticipated 
force on the centralizer. The sliding velocity and the pressing force can be adjusted and controlled over wide ranges. 
The area of the disk contacted by the specimen is continuously sprayed with the mud being used during the test. 
When measuring friction factors using different mud systems or different centralizer materials, the geometry and test 
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conditions for all tests must be identical. During the tests, the amount of fluid flow must be regulated to ensure the 
surfaces of the disk and the specimen are always covered with the fluid. 

Table 1, Section 4.3 lists examples of parameters used to conduct a test and is not a specific recommendation. In 
addition to the composition of the materials used in the test, other important parameters to consider include: velocity, 
pressure, temperature and rotating time. Friction factor results from this test are not usable in the field. Many other 
parameters and conditions affect actual field-obtained friction factors; however, results from this test method may be 
used to compare different centralizer materials and drilling fluids under “identical” test conditions. 

4.2 Test Parameters 

4.2.1 Material Composition 

Composition of the materials used to simulate the centralizer (specimen) and the formation or the casing (rotating 
disk) will affect test results. Therefore, the specimen material must match that of the centralizer being tested. The 
disk material should simulate the casing or formation being considered. The materials must be kept consistent within 
a test series to allow data comparison. 

4.2.2 Disk Speed or Sliding Velocity 

The disk speed will affect the friction observed during the test. The velocity should match that found in field 
conditions when running casing. If it is assumed the running speed for the casing is one joint per minute, then disk 
speeds of 30 ft/min to 40 ft/min would be appropriate. Velocity will be affected by the disk diameter and the location 
of the specimen on the disk. 

4.2.3 Normal Force 

The loading force of the specimen on the disk must be consistent within a series of tests. The normal force is a 
critical test parameter must be calculated to correspond to forces on the centralizer while being run and must be 
carefully controlled. 

4.2.4 Specimen Geometry 

For comparative purposes, the geometry of the specimen must be carefully controlled. A change in the specimen 
geometry will affect the contact area and the result of the test. 

4.2.5 Temperature and Fluid Lubrication 

Consistent fluid lubrication of the sample during the test and consistent fluid temperatures should be controlled. 
Fluid lubricity can change with temperature and will affect the result of the test. 
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4.3 Example Test Parameters 

Table 1 provides an example of parameters used in a test. 

Table 1—Example Test Parameters 
Parameter Value 

Rotating disc material Steel, surface not polished to simulate the 
casing, compacted, well-consolidated 

sandstone to simulate a sandstone formation, 
etc. 

Disc diameter 65 mm (2.56 in.) 

Geometry of specimen 3 mm x 8 mm (0.118 in. x 0.315 in.), plane 
surface 

Composition of specimen Centralizer material 

Sliding velocity 0.15 m/s (29.5 ft/min) 

Normal pressure 5 N/mm2 (727 lbf/in.2) 

Temperature 20 °C (68 °F) 

Rotating time Until reaching steady state 
 

4.4 Calculating the Friction Factor 

The friction factor at any time is calculated using the following equation: 

 f = F/ (P x A) (1) 

where  

f   is the friction factor; 
F  is the friction force exerted by the rotating motor (psi); 
P  is the pressure applied to the pin (psi); 
A  is the area of contact—specimen to disk (in.2).  
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Figure 3—Pin-on-Disk test device 

5 Measurement of Wear Using the Pin-on-Disk Method 

5.1 Test Description 

The same “pin-on-disk” test device shown in Figure 3 can be used to measure wear under pre-selected test 
conditions. For example, a steel disk may be used to measure wear of the centralizer material inside previously set 
casing. A disk made from compacted, well-consolidated sandstone may be used to simulate the abrasive behavior 
of a sandstone formation. As for the friction factor tests, the contacted surfaces must be continuously sprayed with 
the drilling fluid being used. The predefined force must be calculated to correspond to forces on the centralizer while 
being run and must be carefully controlled. An example of a set of test conditions is given in Table 2. 

5.2 Example Test Parameters 

Table 2—Example Test Parameters 
Parameter Value 

Disc diameter 65 mm (2.56 in.) 

Geometry of specimen 3 mm x 8 mm (0.118 in. x 0.315 in.), plane surface 

Composition of specimen Centralizer material  

Sliding velocity 0.15 m/s (29.5 ft/min) 

Normal pressure 1.39 N/mm2 (8.45 lbf/in.2) 

Temperature 20 °C (68 °F) 

Rotating time 45 minutes 

Rotating disc material Compact sandstone 
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6 Impact Test Consisting of Dynamic Loading Applicable to Hinged-type Rigid 
Centralizers 

6.1 Test Apparatus and Description of the Test 

This is considered a very severe test, and can be used to differentiate various designs. The test device (see 
Figure 4) applies a predetermined dynamic load to the end rings of a hinged-type rigid centralizer. The upper-end 
ring retainer, or clamp, which supports the upper collar of the centralizer, is part of the main structure. A second end 
ring retainer is located on the lower end of the traveling shaft used to apply the dynamic load. This lower clamp 
supports the lower collar of the centralizer being tested. The dynamic load is applied by dropping a traveling fixed 
weight a predetermined distance. The resulting load is absorbed by the two end collars of the centralizer being 
tested. The holding ability of the centralizer design under dynamic loading conditions can be determined using 
successive dynamic impacts. 

6.2 Significant Test Parameters 

6.2.1 Size of the Pre-selected Dynamic Load 

As the weight is increased, the dynamic load on the centralizer increases. A weight of approximately 1,500 lbm is 
recommended. 

6.2.2 Drop Distance for the Weight 

The drop distance will also affect the results and should be consistent across all the comparison tests. A distance no 
greater than two (2) feet is recommended. 

6.2.3 Number of Dynamic Impacts 

The recommended maximum number of impacts is twenty (20). However in some cases, the user may apply 
repeated impacts to cause failure of the centralizer. 

6.3 Recommended Test Parameters for Different Size Centralizers 

Table 3—Recommended Test Parameters for Different Size Centralizers 

Centralizer Size Weight 
(lbm) 

Drop Distance 
(in.) Maximum Number of Impacts 

7 in. and smaller 1,500 8 20 

7 5/8 in. and larger 1,500 12 20 
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Figure 4—Typical Test Apparatus Used to Apply a Dynamic Load to the End Rings of a 
 Hinged Rigid Centralizer 
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Figure 5—Installation of Centralizer in the Test Apparatus 
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Figure 6—Weight Being Raised a Preset Distance Before Being Dropped 
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7 Static Axial Loading Simulating Running the Centralizer Through Restrictions 

7.1 Test Apparatus and Description of the Tests 

Although operators plan to drill wellbores to gauge dimensions, there are many factors and circumstances, such as 
use of bi-center bits, worn bits, and swelling formations that can lead to running casing and casing hardware 
(centralizers, stop collars, etc.) through tortuous wellbores, under gauge hole sections, ledges, and keyseats. 
Testing is recommended to determine the effects of running centralizers through these restrictions. 

7.1.1 Test Instrumentation 

The instrumentation should be capable of accurately recording or otherwise indicating the application of vertical 
loads, including the maximum load applied during the test, as well as the load at initiation of possible damage and/or 
failure of the centralizer, and if the safe limit of the testing device is reached (maximum allowed load level). 

7.2 Testing the Centralizer Through the Recommended Hole Diameter 

In this test the centralizer is run through the recommended (design) wellbore diameter to verify that the OD of the 
entire centralizer is as specified by the manufacturer. 

The test assembly (see Figure 7) consists of an inner test casing (push mandrel) with an attached centralizer and a 
restriction sleeve (standard hole). The inner test casing should be similar to the inner test casing used to perform a 
starting or running force test as required by API Spec 10D (ISO 10427-1). The inner test casing for the restriction 
tests described in this section must be sufficiently robust to withstand expected loads. The restriction sleeve should 
be within the tolerances indicated in ISO 11960 for non-upset pipe. Burrs or similar defects should be removed prior 
to testing. The restriction sleeve should provide a circular restriction through which the centralizer may pass. The 
upper edge of the restriction should have a 45-degree, beveled end. The restriction sleeve should also be of 
sufficient length to allow passage of the entire length of the centralizer through the restriction. The restriction sleeve 
should rest, vertically or horizontally, against a fixed surface. 

The centralizer should be installed on the inner test casing per manufacturer’s recommendations. One possible 
installation is one end of the centralizer mounted flush with one end of the inner casing. Another installation uses a 
stop device between the end collars. This end is inserted in the restriction sleeve. The restriction sleeve should be 
axially aligned with the centralizer to contact the centralizer. 

An axial load shall be applied to the top of the inner test casing to force the centralizer against or through the 
restriction sleeve while recording the load applied. Suggested load rate should be 500 lbf to 1,000 lbf per second. 
The test should be continued until the centralizer fails, is completely inside the restriction, or a maximum load of 
50,000 lbf has been applied. 

7.3 Total Circumferential Loading Test (Rigid Centralizer Only) 

This test simulates the effect of running rigid centralizers through an under gauge hole section. The centralizer is 
pushed through a circular restriction smaller than the OD of the centralizer. The test assembly (Figure 8) consists of 
an inner test casing (push mandrel) with an attached centralizer and a restriction sleeve configured as follows: 

• an upper section with a diameter of the standard hole; 
• a transition with a 45-degree bevel into the lower section; 
• a lower with a recommended restriction diameter which is 0.50-in. smaller than the maximum OD of the 

centralizer full bore restriction diameter. 

The inner test casing should be similar to the inner test casing used to perform a starting or running force test as 
required by API Spec 10D (ISO 10427-1). The restriction sleeve should be within the tolerances indicated in 
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ISO 11960 for non-upset pipe. Burrs or similar defects should be removed prior to testing. The restriction sleeve 
should also be of sufficient length to allow passage of the entire length of the centralizer through the restriction. 

An axial load shall be applied to the top of the inner test casing to force the centralizer against or through the 
restriction sleeve while recording the load applied. Suggested load rate should be 500 lbf to 1,000 lbf per second. 
The test should be continued until the centralizer fails, is completely inside the restriction, or a maximum load of 
50,000 lbf has been applied. 

7.4 Partial Circumferential Loading Test (Rigid Centralizer Only) 

The purpose of this test is to simulate the effect of running rigid centralizers through a key-seat or past a ledge. The 
centralizer is pushed through a partial circular restriction smaller than the OD of the centralizer. The test assembly is 
configured with an internal circumferential partial bore restriction (see Figure 9). A typical test set-up is shown in 
Figure 10. 

The restriction sleeve should be within the tolerances indicated in ISO 11960 for non-upset pipe. Burrs or similar 
defects should be removed prior to testing. The restriction sleeve should also be of sufficient length to allow passage 
of the entire length of the centralizer through the restriction. The circumferential angle of the restriction is selected by 
the user. Suggested angles are 90 or 45 degrees of the inner circumference of the outer casing. 

An axial load shall be applied to the top of the inner test casing to force the centralizer against or through the 
restriction sleeve while recording the load applied. Suggested load rate should be 500 to 1,000 lbf per second. The 
test should be continued until the centralizer fails, is completely inside the restriction, or a maximum load of 
50,000 lbf has been applied. 

7.5 Reporting of Test Results 

The following information should be reported: 

1. size, weight, grade, and type of surface finish of the inner test casing; 
2. measured length, internal diameter and OD of the outer test casing, restriction sleeve, and centralizer before 

testing; 
3. description of restriction and type of test, total circumferential or partial circumferential loading; 
4. loading rate and loading technique; 
5. load at which permanent deformation or failure initially occurred; 
6. maximum load needed to push the centralizer into the restriction; 
7. photos and description of the condition of the centralizer following the test, noting any damage and 

dimensional changes of the centralizer and other test fixtures; 
8. centralizer manufacturer, model number, nominal size, number, type, location of attachments to the push 

mandrel and installation torque on attachment device (if applicable). 
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Figure 7—Typical Test Set-up with a Rigid Centralizer Being Forced into a Smooth Bore Diameter 
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Figure 8—Typical Test Set-up with a Rigid Centralizer Being Forced into a Bore 
 with a Full Circumferential Restriction 

 

Figure 9—Components That Make Up the Partial Bore Test Fixture 
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Figure 10—Typical Test Set-up with a Rigid Centralizer Being Forced into a Bore with a 
 90° Partial Restriction 

8 Test to Simulate Side Loading of the Centralizer 

8.1 Test Apparatus 

A load frame capable of applying loads up to 50,000 lbf, with strain-gauge measurement and simultaneous distance 
measurement with 1/32-in. minimum resolution is used. The inner pipe for the test should be within tolerances shown 
in ISO 11960 (or API Spec 5CT). The inner pipe should be longer than the centralizer and longer than the outer pipe 
to allow for support by the load frame and should be free from burrs or similar defects. The inner test pipe should be 
similar to the inner test pipe used to perform a starting or running force test as required by API Specification 10D 
(ISO 10427-1). In addition, the inner test pipe must be sufficiently robust to withstand expected loads. The pipe 
should have a wall thickness/length ratio to withstand a minimum of 50,000 lbf of side loading when supported at 
each end. The outer pipe should be longer than the centralizer but shorter than the inner pipe to allow the inner pipe 
support by the load frame. Tolerance of the inside diameter of the outer casing should be +1/8 in./–1/32-in. of the hole 
size it is simulating. 
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The test needs to be performed with the inner pipe and the outer pipe within 5 degrees of horizontal. The forces 
should be applied at the midpoint of the centralizer blade or fin longitudinally, i.e. the centralizer should be at the 
midpoint between two supports of the load frame with the load applied at the center of the two supports. 

8.2 Test Procedure 

1. Apply external force to the outer pipe so it is transferred to the inner pipe vertically through the point of 
contact between the centralizer blade or fin with the outer pipe (see Figure 11, Position 1). Apply this force 
until blade failure or to a maximum of 50,000 lbf. Measure and report the condition of the blades and 
centralizer before and after the test. Report test conditions. 

2. Apply an external force to the outer pipe so that it is transferred to the inner pipe vertically midway between 
two centralizer blades or fins as shown in Figure 11, Position 2. Apply this force until blade failure or to a 
maximum of 50,000 lbf. Measure and report the condition of the blades and centralizer before and after the 
test. Report test conditions. 

3. Each blade or fin should have this force applied directly over and between each set of blades or fins as 
previously described in Steps 1 and 2. 

 

Position 1                                 Position 2 

Figure 11—Side Loading Testing of Centralizers 

9 Test to Simulate Static Loading of Centralizer and Stop Collar 
9.1 Test Apparatus 
The purpose of this test is to evaluate the centralizer end ring or body and stop collar or limit clamp for damage or 
deformation as a result of the applied load. Figure 12 illustrates how this test should be conducted. The centralizer is 
installed but not rigidly attached on a properly-selected section of casing (casing size corresponding to manufacturer 
recommendations and casing hardness corresponding to that to be used in the given well). Next, the centralizer is 
loaded using another section of pipe that fits over the first one, but which applies the load directly to the centralizer. 

9.2 Test Procedure 
This procedure is similar to the one described in API Spec 10D (ISO 10427-1) to test stop collars. The load should 
be applied directly to the centralizer. The maximum load should be adjusted based on maximum casing load 
allowed, or 50,000 lbf, whichever is less. Damage or deformation of the centralizer or stop collar should be reported. 
Likewise, movement of the stop collar, load at start of movement, and running forces should be recorded. Depth, 
shape, and length of the damage to the casing (scarring) should be measured and reported. 
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Figure 12—Centralizer on a Test Mandrel with a Limit Clamp or Stop Collar 

10 Pull-apart Test for Centralizers with End Rings 

This test should be performed on centralizers with end rings and is performed in a fixture similar to that shown in 
Figure 5. However, load rate should be applied slowly, rather than dynamically as described in 6.1. Loading should 
continue until failure but should not exceed 50,000 lbf. 
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