Methods of Applying and Measuring Preload

Once the required preload has been determined, one of the best ways to be sure that a bolt is properly tensioned is to measure its tension directly with a strain gage.  The choice of method of tensioning should be based on the required accuracy and relative costs.
Tables 1 and 2 list the frequently used methods of applying bolt preload and the approximate accuracy of each method given by Machinery’s Handbook [1] and NASA [2], respectively.  The difference on the accuracy of the ultrasonic method between two Tables is due to the measurement instrument and the test control method.  In field application involving large bolts, the error in accuracy may be much higher than the Table values.

Table 1: Accuracy of Bolt Preload Application Methods [1]
	Method 
	Accuracy 
	Method 
	Accuracy 

	By feel
	± 35% 
	Computer-controlled wrench
	

	Torque wrench
	± 25% 
	    below yield (turn-of-nut) 
	± 15%

	Turn-of-nut 
	± 15%
	    yield-point sensing 
	± 8%

	Preload indicating washer 
	± 10% 
	Bolt elongation
	± 3-5%

	Strain gages 
	± 1% 
	Ultrasonic sensing
	± 1%



     Table 2: Accuracy of Bolt Preload Application Methods [2]

	
	  Method
	Accuracy

	Torque-measurement:
	 1. Unlubricated bolts
	± 35%

	
	 2. Cad-plated bolts
	± 30%

	
	 3. Lubricated bolts
	± 25%

	Other methods:
	 1. Hydraulic tensioners
	± 15%

	
	 2. Preload indicating washers
	± 10%

	
	 3. Ultrasonic measurement devices
	± 10%

	
	 4. Bolt elongation measurement
	± 5%

	
	 5. Instrumented bolts
	± 5%


Torque is relatively easy to measure with a torque wrench, so it is the most frequently used indicator of bolt tension. Unfortunately, a torque wrench does not measure bolt tension accurately, mainly because it does not take friction into account. The friction depends on bolt, nut, and washer material, surface smoothness, degree of lubrication, and the number of times a bolt has been installed.  Fastener manufacturers often provide information for determining torque requirements for tightening various bolts. If this information is not available, the maximum and minimum expected preloads for bolt diameter ≤ ¾” in the joint may be described by [3]:
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where:


Po,max = maximum expected bolt preload, lb


Po,min = minimum expected bolt preload, lb


T = applied torque, in-lb


K = typical nut factor, 0.11 to 0.15 for lubricated fasteners and 0.2 for 


       unlubricated  fasteners,


D = nominal fastener diameter (shank), in.


u = preload uncertainty factor, in general, 25%


Prelax = axial bolt preload loss, lb, about 5% of Po,min
As an alternative to the typical nut factor method of determining preload, the torque-preload relationships can be determined experimentally. Here, the torque-preload relationships are determined by direct measurements taken from instrumented joint specimens. Statistical data is recorded for the torque required to achieve a desired bolt force.

Bolt elongation is directly proportional to axial stress when the applied stress is within the elastic range of the material. If both ends of a bolt are accessible, a micrometer measurement of bolt length made before and after the application of tension will ensure the required axial stress is applied.

The ultrasonic method of measuring elongation uses a sound pulse, generated at one end of a bolt that travels the length of a bolt, bounces off the far end, and returns to the sound generator in a measured period of time. The time required for the sound pulse to return depends on the length of the bolt and the speed of sound in the bolt material. The speed of sound in the bolt depends on the material, the temperature, and the stress level. For short bolts (L/D of less than 4:1) significant uncertainty may be dominated by the uncertainty in grip and thread lengths that determine the effect length of the fastener.

The turn-of-nut method applies preload by turning a nut through an angle that corresponds to a given elongation. The method of calculating the nut-turn angle requires elongation of the bolt without a corresponding compression of the joint material. The turn-of-nut method, therefore, is not valid if there is a significant deformation of the nut and joint material relative to that of the bolt. The nut-turn angle would then have to be determined empirically using a simulated joint and a tension-measuring device.
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