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ABSTRACT 

The electrical measurement method is adopted. The cracked shaft is regarded as a beam. In case of static force and 
the cracked shaft rotating 360 degrees, strain at a point near the crack is studied. The effect of crack on the strain of 
shaft near the crack was discussed. It is found that the surface of the shaft which is in the radial direction of the crack 
will produce more strain, which has a great significance for the study about the identification of cracks.

1. FOREWORD 

As we all know, because of varying load, defects of the rotor shaft which is 
formed in the process of manufacturing and machining, or errors in 
assembling can generate stress concentration by alternating mechanical 
stress and thermal stress. And these stress concentrations may develop 
into fatigue cracks very fast. If these fatigue cracks are not found in time, 
due to the effect of alternating loads, they will expand, mutate and cause 
catastrophic fracture accidents [1-3]. 

So far, many domestic and foreign scholars have studied cracked shaft and 
cracked rotor [4]. Most studies are about vibration analysis and crack 
identification, but the key is the treatment of crack. Based on local 
compliance, Irwin analyzes stress concentrations caused by load and crack 
[5]. In addition, Kirmsher and Thomsom are the earliest researcher who 
use the similar gap to simulate the local defects of beams [6,7]. 

Papadopoulos and Dimarogonas derived the 6 × 6 crack local compliance 
matrix by fracture mechanics [8]. In this paper, the strain of cracked shaft 
subjected to static load is analyzed and its influence is discussed. 

2. ELECTRIC MEASUREMENT THEORY

Based on Wheatstone bridge, strain gauge is affixed to the surface of the 
device which is tested [9]. When the device under test is distorting, the 
strain gauge will have the same deformation like the device under test. 
And the resistance of strain gauge will change, therefore the output voltage 
also changes. As shown in Figure 1, four strain gauges are bridge legs 
(depending on the type of bridge, a fixed resistance or strain gauge is 
connected). 

Figure 1: Wheastone bridge circuit 

DC is the input terminal (voltage U0) and AB is the output (Usc), 
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When R1R3-R2R4=0, the output voltage is Usc=0, and the bridge is in 
equilibrium state. When the strain plate is deformed, four bridge arms are 
connected to the strain gauge, and the four bridge arms change 
simultaneously. The initial state is R1=R2=R3=R4, and the output voltage is 
as follows 
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The strain is obtained according to the voltage variation. 

3. THE EXPERIMENT DESCRIBED AND THEORETICAL CALCULATION

The shaft material is 45 steel. Length, diameter and materials of the two 
shafts under test are the same. By laser cutting, one of the shaft is 
processed a incision which is length of 5mm to simulate the crack. The 
diameter of shaft is 10mm, and it is fixed to a index plate. AB is regarded 
as a cantilever. A side is applied a constant load P (given a total mass of 
800g weight). The length of shaft L1 is 500mm, and the distance between 
crack C and A is L2 which is 222mm. L3, distance between measurement 
point E and A, is 212mm. 4 strain gauges are affixed at every 90 
degrees. The structure of testbed is shown in Figure 2. The photo of 
testbed is shown in Figure 3. Crack and affixing method of strain gauge is 
in Figure 4. 
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Figure 2: Structure of experimental platform 

Figure 3: Test bench photos    Figure 4: Crack and strain gauge 

Strain gauges are 120Ω, base size: 6.6×3.2mm, wire mesh size: 3×2.3mm, 
sensitivity coefficient 2. The bridge adopts 1/4 bridge I type, as shown in 
figure Figure 5, RL is wire resistance, and R4 is strain gauge resistor, 

Figure 5: I bridge type 1/4 

The normal stress produced by the bending moment on the point cell of 
the measuring point E is delta x, as shown in figure Figure 6. 

Figure 6: Stress of point cell in E 

According to the theory of material mechanics, Strain value is : [10]. 

𝜀 =
𝑀𝑦

𝐸𝐼

In equation： 

𝜀——Strain（Micro strain 106） 

M——bending moment（P×L3） 

y——Distance between strain measuring point and the neutral 
layer(m) 

E——Elastic modulus of materials(2×109Pa) 

I——Moment of inertia of cross section（circular：
𝜋𝑑4

64
） 

After the graduated plate turning the angle θ , the distance between the 
strain gauges 1, 2, 3 , 4 and the neutral layer is dcosθ，dsinθ，-dcosθ，-
dsinθ respectively. 

Comparison of strain between data of no crack shaft and crack shaft is 
shown in Figure 7, Figure 8, Figure 9, Figure 10 respectively. 

Figure 7: The strain of No.1 

Figure 8: The strain of No.2 

Figure 9: The strain of No.3 

Figure 10: The strain of No.4 

The difference between the variation of strain in the position1,2,4 of the 
crack shaft and the no crack one is very small. After rotating 360 degrees, 
in the No.3 position, the variation of strain all increases. The maximum 
variation of strain occurs when the direction of load coincides with the 
direction of the measuring point, and compared with no crack one, the 
variation of strain of crack shaft increases by about 13%. When the 
direction of the load is perpendicular to the direction of the measuring 
point, the difference does not come out, because deformation of measuring 
point is very small. 

4. CONCLUSIONS 

The opening and closing of the crack cannot be measured, and the amount 
of deformation inside the shaft through the experiment. However, the 
strain at the surface of the shaft near the crack can be measured in order 
to research the effect of the crack on strain of the shaft. The crack on the 
shaft reduces the local stiffness of the cracked shaft and creates stress 
concentrations. The surface of the shaft which is in the radial direction of 
the crack will produce more strain, when subjected to the load, the strain 
at the measuring point around the crack is almost as same as the strain at 
the no crack shaft. 

In this paper, the strain of the cracked shaft under static load is mainly 
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analyzed. Expanding to a periodic variable load, the crack will be expanded 
due to the fatigue. The size of the strain change in the test point can 
determine whether there is any crack, and can know the direction of crack 
growth, as well as the location of cracks. This has a great significance for 
the study of the identification of cracks. 
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