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Abstract— In engines, fasteners are used to have the leak 

proof joints.The fasteners like cylinder head bolts are 

dealing with various cyclic loadings. Angular Torqueing 

method is utilized which is the advance tightening method 

of Cylinder head bolts. For tightening the bolts conventional 

method is also used but Angular Torqueing gives the added 

advantages over conventional tightening. In the Angular 

torqueing method, bolt is tightened with “Snug Torque” and 

further tightened with specific angle for clamping. There is 

technique called Taylor’s series expansion or Monte Carlo 

simulation for predicting the Snug torques, final torque and 

preload. For measurement of the bolt’s elongation, “Ultra-

Sonic Bolt meter” is used. During loosening and tightening 

of bolts, breakaway torque is developed. Hence torque-

tension been formulated. 
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I. INTRODUCTION 

Torque is a measure of force that can cause an object to 

rotate about an axis. Angular torqueing is the torque which 

causes an object to acquire angular acceleration with certain 

angle. Angular torqueing is used in many of today’s modern 

motor vehicles, predominantly for cylinder head bolts, main 

bearing caps and suspension components. 

 
Fig. 1: Angular Torque Gauge 

On a component there shall be equal tightness of 

fasteners and this can be carried out with torque angle 

gauge. It is calibrated in degrees. The error gets removed 

which is produced by friction in the threads this can be 

concluded by tightening by angle rather than torque. As the 

bolts are tightened, the deformation occurs and their 

behavior depends upon the tightening torque, joint elastic 

properties, etc. When the critical bolts are tightened to 

required specification, we’re actually stretching the bolt. As 

we stretch the bolt, it wants to return to its original length. 

The load or force applied to the joint (the two pieces being 

fastened together) changes and this is based on the quality of 

steel used in the fastener, the diameter of the fastener and 

how far we stretch it. Bolt load applied to the joint by the 

fasteners seals a head gasket through head lift-off during 

firing and changes in temperature as an engine run. 

 In automotive engine applications, before yielding 

of fasteners, the threads in the block or nut yields. This type 

of yielding comes especially where a large number of 

rundowns (tightening) have occurred. In some of the 

articles, metallurgically speaking it is indicated that Torque 

to Yield fasteners are somehow "special". If we compare 

them to the garden variety bolt from any of the local 

hardware store, then, yes, they are. If we’re comparing them 

to other critical fasteners in an engine, then, no, they are not. 

They’re high-grade fasteners, typically grade 8 for English 

and class 10.9 for metric applications. There are various 

tightening methods, viz., Torque control, Torque and angle 

control, Yield controlled tightening, etc.  Initial torque is 

applied before applying the tightening angle. This torque is 

known as snug torque [1]. While applying the snug torque, it 

shall be high enough so that all gaps must be closed and 

making sure that all mating surfaces of the joint are in 

contact with each other. This in result determines the 

minimum snug torque. The applied tightening angle after 

snugging can be divided into elastic and a plastic angle. The 

difference between yield force and snug force is commonly 

known as the elastic angular load. Thus, the elastic angle 

from snug to yield is estimated 

II. LITERATURE REVIEW 

Chavan D.K. et.al prepared a case study on angular 

torqueing of engine cylinder-head bolts using torque-to-

yield bolts [1]. They made the use of new type of bolt called 

Torque-To-Yield (TTY) bolt. These bolts are also called as 

angle torque or stretch bolts. The major reason behind using 

these bolts as it has greater flexibility of design, reduced 

cost of components, more accurate assembly and reliability 

of seal. Unless and until the holding with proper amount of 

tension, threaded fasteners cannot clamp materials together. 

Three tightening methods were mention in this case study 

viz., Torque Control, Torque and Angle Control & Yield 

Controlled Tightening. They discussed about tightening over 

the yield point with angular tightening. Main consideration 

in this method were Snug torque, elastic part of the 

tightening angle, spring constant of a screw in plastic region, 

plastic part of the tightening angle, recommendation on 

tightening angle and final elongation. With the use of the 

TTY M12 bolt over the standard M14 bolt preload is 

increased by 16%. Main advantage of TTY bolt is, it is safe 

against excess deformation if the bolt torque and preload is 

increased. Preload of each TTY bolt is greater than the 

combustion force per bolt. So due to this force bolt failure is 

avoided. 
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Sayed A. Nassar & Xianjie Yang worked on 

Torque-angle formulation of threaded fastener tightening 

[2]. Their study provided an analytical correlation between 

the clamp force and tightening torque for bolted joints 

applications. Correlations have been proposed, based on 

which the thread and bearing friction coefficients is 

determined. They evaluated Torque-Angle (T-A) control 

method, and introduced a new Modified Torque-Angle (M-

T-A) method. The clamping force prediction is remarkably 

improved with the introduction of Modified Torque-Angle 

control (M-T-A) approach. This reduced the effect of the 

friction coefficients variation, from one tightening cycle to 

another cycle on the error. They formulated and analyzed of 

a novel torque-angle approach to control the fastener 

tightening. They collected the experimental data on the 

torques, angle of turn, and clamp load versus time during 

both tightening and/or loosening steps. They carried out the 

Breakaway torque were carried out for both directions i.e., 

loosening and tightening of bolts. The conclusion arrived 

from their research was that if the slope of force-angle curve 

η is assumed to be constant, the prediction of the clamping 

force might have shown the larger error when the nut factor 

during actual tightening may be significantly different from 

the calibration of η. This is based on the linear slope 

k=dθ/dT & audit torque. There is a remarkable reduction in 

the effect of variation of friction coefficient by utilizing the 

Modified Torque-Angle control (M-T-A) approach. Hence, 

there is a noteworthy improvement in prediction of 

clamping force prediction. When the ratio ∆K/K is more 

than 0.4, the M-T-A approach has significant error. This in 

result shows that the Torque-Angle (T−θ) and the Force-

Angle (F−θ) curves are predominantly nonlinear. 

Goran R. Toth presented his research work in 

Controlled Tightening over the Yield Point of a screw [3]. 

This technique was based on Taylor series expansion. 

Taylor’s series expansions or Monte Carlo simulations of 

the utilization of a screw over its yield point. For design 

engineers it is useful since can predict, for instance, the 

minimum and maximum snug torques, permanent 

elongation, final torque and preload after tightening. The 

method of torque and angle-controlled tightening brings the 

screw into its plastic range with a high degree of probability 

and which in result gives the high level of preload with 

moderate scatter. In initial stage of design process high joint 

reliability can be achieved with this methodology. The 

torque-control method is utilized for tightening as it is cheap 

and simple method. The elastic angle, permanent elongation, 

final preload and final torque are determined for a certain 

tightening angle by Monte Carlo simulations and Taylor’s 

series expansions. He presented the Theoretical Screw-Joint 

Model. This model is based on the Torque & Angle method. 

This method describes about the screw, which is been 

tightened over its yield point. This in results the screw gets 

permanently elongated. Shown below is the schematic 

sketch of screw-joint tightening. 

 
Fig. 2: Torque vs Angle Curve 

As explained by the author, snug torque shall be 

chosen higher so that all the gaps must be closed and must 

be finalized that all mating surfaces are in contact with one 

another. This will ensure that snug torque is minimum. Also, 

for avoiding the plastic deformation torque to yield shall be 

greater than snug torque. For torque and angle-controlled 

tightening, program named Monte Carlo Simulations was 

designed. The output received from this simulation was then 

compared with Taylor’s series expansion & Extreme-Value 

method. The comparison shows that there is little difference 

between the results though the average values were similar. 

Rohit Patil et.al worked on Characterization of 

critical fasteners in diesel engines, their torque design and 

analysis [4]. They worked on the analysis of failure modes 

which contains clamp load loss, yielding of bolt, embedding 

and fatigue failures of bolts. They calculated the service 

loads which act on Con-Rod bolts and head bolts. Goodman 

line criterion was utilized for fatigue analysis of preload. 

With the help ANSYS 14 elongation of bolts carried out. 

Experimental analysis carried and the elongation of bolts 

were measured with Ultrasonic Bolt Meter. With the 

decrement of sound velocity of the bolt and with the 

increment ultrasonic measurement of the clamping load are 

found out. in tensile load. In the experimental procedure 2 

different tightening techniques were carried viz., Direct 

torque control & Angular torque tightening. They also 

developed the relation between the elongation of bolts and 

angle turned bolts with the use of Parametric variation. 

Conclusion arrived that Torque-Angle controlled tightening 

technique gives better results than the direct torque control 

tightening technique. 

III. CONCLUSION 

Review of the various cylinder head bolts and Conrod bolts 

by using the Angular torqueing method has been carried out 

in this paper. Results from articles stated that before 

tightening of bolts, snug torque shall be applied and later on 

torque shall be provided to bolts with specific angle. Preload 

increases by approximately 16% when Torque-to-yield bolts 

are used instead of standard bolts. Torque-to-yield bolts are 

safe even after increasing the preload. Modified torque angle 

control method reduces the effect of friction coefficients. 

This increases the prediction of clamping forces. As 

compared with the direct torque control techniques, the 

torque angle controlled techniques better results. 
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