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Abstract— Fasteners form an integral part of any aerospace structure. Design of a fastener chiefly aims at determining the 
diameter, strength class, thread pitch, thread length and pre-tightening load. The knowledge to calculate the pre-tightening 
load experienced by standard fasteners due to a known torque is available in the form of emperical relations. In aerospace 
applications, there sometimes exists a need for the usage of non-conventional fasteners or bolts. The separation of used stage 
or opening of panels for release of payload demands the use of non-conventional fasteners like latch bolts. These latch bolts 
on receiving a command shall help in the separation or opening as required. As the latch release bolts are not standard 
fasteners, it is necessary to establish a method of estimating the force experienced by the bolt due to an applied torque in 
other words the nut factor. In this paper, an experimental method using strain gages has been proposed to achieve this. A 
calibrated chart of Load vs Strain shall be utilized to estimate the load from the measured strains during the torque 
application. The details of the methodology to estimate bolt force and the experimental results obtained are discussed in this 
paper. 
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I. INTRODUCTION 
 
The advancements in the aerospace industry has 
always been a unified growth of components of large 
scale to very minute scale. A major design 
breakthrough should always be complimented with a 
method of evaluating the design, in order to make the 
design complete. A wide variety of aerospace 
applications involve mechanisms of opening or 
separation. The advantage of using conventional 
fasteners in bulkheads is that there is enough 
literature available in the design and validation of the 
strength of these fasteners. The torque to be applied 
for required pre-load on the standard bolt is given by 
Equation 1.  

푇표푟푞푢푒	푎푝푝푙푖푒푑,푇 = 	 퐹 	× 푑 (1) 
 
where Ft is the pre-load to be given to the bolt and d 
is the nominal diameter of the bolt. 
 
However, the use of conventional fasteners to join 
adjacent bulkheads shall not meet the requirement of 
opening or separation of panels of an aerospace 
vehicle. A custom made bolt is necessary to achieve 
this goal. Unlike standard fasteners, empirical 
relations are not available to estimate the pre-load on 
the custom made bolt due to an applied torque. An 
experimental evaluation procedure needs to be 
established to achieve this. 

 
II. CONFIGURATION OF LATCH BOLT 
ASSEMBLY  
 
The joint is essentially a ball release mechanism 
enabling quick separation as the initiation command 
is given. The joint mechanism consists of two 
members joined by means of cam & follower kind of 

arrangement, wherein, the follower along with the 
members is kept in locked condition by means of 
balls at the interface. At the time of release, the cam 
is displaced from its locked position, the follower 
climbs on the actuated cam and balls clear the 
member interface, separating out the two members. 
The joint mechanism can be seen in the following 
figure. 

 

 

 
Fig.1. (a & b) Schematic Diagram of Ball Release Mechanism 

Assembly (Left: Locked position, cut-section view, Right: 
Opened position) 
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The cross section view shows the arrangement of 
parts to form the joint in locked condition. The cam 
housing containing the cam & follower arrangement 
is attached to one of the members and the latch bolt 
forms a part of the other member. The connectivity 
between members is achieved by four balls at the 
interface suitably mating with the follower and the 
latch forming a joint which can be preloaded by 
giving torque to the latch bolt. 
 
III. DESIGN OF FORCE MEASURMEENT 
SENSOR 
  
The measurement of force experienced by the latch 
bolt can be achieved by using the same principle as 
that of strain gage based load transducers [1]. The 
latch bolt is bonded with 4 uni-axial strain gages on 
the shank portion of the latch bolt at an angle of 90ο 
from each other. The axes of the strain gage bonded 
on adjacent quadrants are aligned at 90ο to each other. 
These four gages are bonded to the four arms of a 
wheat-stone full bridge whose output voltage is 
converted into strain by the data acquisition system. 
Equation 2 represents the total output voltage from a 
wheat-stone full bridge [2,3]. Any compressive strain 
due to bending element coming on to the latch bolt is 
neutralized by the corresponding tension component 
of the gage located 180ο apart. Therefore, only axial 
force acting on the bolt is measured accurately. An 
important precaution to be taken during the strain 
gage installation on the bolt is the usage of thin lead 
wires (of the order of a few tens of microns). This is 
because the clearances available for drawing out the 
lead wires from the latch bolt assembly is very 
minimal and the wires should not be damaged during 
handling or testing.  
푒 = 	 ∆ − ∆ + ∆ − ∆          (2) 

 
where V represents the input voltage, e0 the measured 
output.  

 

 
Fig.2. Photograph of the latch bolt with bonded strain gages 

IV. CALIBRATION OF THE BOLT WITH 
SENSOR 
  
Once the measurement set-up is established, it is 
necessary to obtain a calibration chart of the applied 
load with the measured strain. An experimental set-up 
is designed to carry out calibration of this transducer. 
A double acting hydraulic actuator is used to apply a 
tensile load on the latch bolt as shown in Figure. A 
solid block with internal female thread matching with 
the external male thread of the latch bolt is used as a 
link between the actuator and the latch bolt. The 
bottom portion of the latch bolt is attached to the test 
rig using a flat plate with a central hole. A calibrated 
load cell is used to measure the load applied on the 
latch bolt. Figure-3 shows photograph of the test set-
up executed for the calibration of the latch bolt. A 
calibration chart is prepared by applying load in steps 
of 620 kgf and corresponding strain output from the 
transducer designed on the latch bolt is recorded. The 
measured strain is negative indicating the applied 
load as a tensile load on the bolt, which is similar to 
the nomenclature followed in load measurement 
devices. Three load cycles are carried out to ensure 
repeatability and average strain output data is plotted 
against the applied load. Two latch bolts were 
calibrated using this technique. The measured 
calibration data is given in Table-1.  
 
Table1: Calibration details for the two latch bolts 
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Fig.3. Photograph of test set-up for calibration of the latch bolt 
  
The calibration plot is obtained from the datais 
plotted and shown in Figure-4. The linearity of the 
data is verified from the plot and the repeatability of 
data is also confirmed from the data. This calibration 
plot is used for obtaining the corresponding bolt force 
for an applied torque on these bolts.  
 

 
Fig.4. Calibration plot for the bolts 

 
V. MEASUREMENT DURING TORQUE 
APPLICATION 
  
Once the calibration of the developed sensor is 
carried out, the latch bolt is assembled to the 
bulkheads. The lead wires from the strain gages are 
carefully drawn out through slots available in the 
bulkheads. Necessary torque is applied on the latch 
bolt and strain output data measured. The strain 
measured corresponds to a particular bolt force from 
the calibration chart available. This successfully gives 
the bolt force experienced for the applied torque. For 

instance, a strain value of 580 µε during application 
of a torque T on latch bolt Sl. No. 1, corresponds to a 
pre load of 6000 kgf approximately. This is obtained 
using the calibration chart given in Table-1. 
 

 
Fig.5. Photograph of test set-up for calibration of the latch bolt 
 
CONCLUSION 
 
An experimental technique to measure the bolt force 
experienced by non conventional bolts due to an 
applied torque has been successfully established. This 
technique can also be used on standard fasteners if 
there is provision for bonding of strain gages and also 
clearance for removal of the lead wires. A novel idea 
to measure bolt force on non conventional bolts has 
been established. 
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