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Abstract:In order to improve the accuracy of the air duct rotating bending fatigue life test, basing 
on the related standards of aviation ministry and other types of rotary bending fatigue machines 
tailstock home and abroad, a 4-DOF adjusting device, which can move along X and Y axis in the 
horizontal plane and along Z axis in the vertical plane and rotate around Z axis, is designed. The 
tailstock can realize the experiment of different diameter and bending Angle rotating bending 
fatigue experiment was carried out at the same time[2]. It improves the test efficiency, enhances the 
universality and plays a leading role for the design of the domestic similar products. 

Introduction  
It involves many hydraulic transmission systems in The process of designing aircraft. the length 

of the hydraulic pipeline will directly affect the safety of the aircraft[3]. A new type of hydraulic 
conduit connecting technology is used to connect the hydraulic conduit without flaring. Due to its 
unique and novel connection method and no fixed reference data, it must be tested to ensure its 
safety. The single function and limited accuracy for the existing domestic rotary bending fatigue 
testing machine tailstocks is common[1]. So it is necessary to design a tailstock adjustment device 
for a rotary bending fatigue testing machine which satisfies both the accuracy requirement and the 
various degrees of freedom adjustment function. Referencing to the Ministry of Aviation aircraft 
hydraulic pipe and its connection bending fatigue test standards (HB6442-90), learning from similar 
products’ design home and abroad, combining with the particularity of air pipe without flaring 
connection test tube, a tailstock adjustment device is designed, which can simultaneously achieve 
4-DOF adjustment namely, Y-axis, Z axis and rotation around the Z axis along the X axis. It 
improves the accuracy of the test. 

Overall Design of Tailstock Adjustment Device 

referencing to the relevant standards, the character of rotary bending fatigue testing machine 
tailstock adjustment device is that can simultaneously achieve 4-DOF adjustment, involving 
moving along the X axis, Y axis, Z axis and rotation around the Z axis. The overall design shown in 
Figure 1: The tailstock adjustment device consists of mounting seat, slide table, tailstock and 
mandrel[4]. 
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Figure 1   rotary bending fatigue testing machine tailstock adjustment device structure diagram 

1.Mounting seat   2. slide table 
                       3. Tailstock        4. Mandrel 

The mounting seat is fixed on the rail table surface so that can realize the movement along the 
Z-axis in vertical plane and the rotation around the Z-axis. The mounting seat and the slide rail table 
are assembled as a whole on the tailstock so that can realize the movement along the Y-axis. Two 
tailstocks and mandrel are assembled and placed at both ends of the air duct bending fatigue testing 
machine so that can realize the movement along the X-axis direction[4]. 

the structure Design of Key Components 

(a) Mounting seat. As shown in Figure 2, the mount assembly is constituted by Mounting seat 
and Adjusting nut. The test tube’s movement along the Z-axis direction in vertical plane is realized 
by adjusting the adjusting nut in the test and the rotation around the Z axis is achieved by rotating 
the mounting seat[6]. 

 
Figure 2  Schematic illustration of the mounting seat assembly 

 
(b) Slide table. As shown in Figure 3, slide rail is assembled through the bottom of the U-shaped 

table and the U-shaped groove of tailstock platform, positioned by the bolt. In the test the 
movement along Y-axis in horizontal plane is realized by the connection of the groove and table. 
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Figure 3  Schematic illustration of the Slide table 

(c) Tailstock. As shown in Figure 4, the tailstock, which has hole in its center and is equipped 
with a linear bearing, realize coaxial positioning through assembled with the mandrel. The tailstock 
and mandrel are assembled and placed at both ends of the air duct bending fatigue testing machine 
so that can achieve the movement along X-axis direction. 

 
Fig.4 

Rotating bending fatigue test 

The tailstock 4-DOF adjustment device of air duct rotary bending fatigue testing machine has 
completed production and acceptance in May 2016. During the acceptance process, due to the 
tailstock 4-DOF adjustment device’s multi-function and high precision features, the test machine 
can be an effective test for all elbows. It does not only solve the problem of bending fatigue test, but 
also improve the utilization of the testing machine[8]. The assembly of the sliding bearing between 
tailstock and mandrel makes the test more conveniently and faster. Several sets of pipe fittings have 
been tested and the test effect is much higher than in the past. The actual working diagram is shown 
in Figure 5. 

 
Figure 5  Tailstock 4-DOF adjusting device working figure 
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Conclusions  

The development of the tailstock 4-DOF adjustment device of the testing machine successfully 
completes the design goal by basing on the advantages of the existing equipment home and abroad 
and combining with the characteristics of the test requirements. simple and compact designing 
structure, convenient assembly, 4-DOF adjusting function which involves the movement along 
X-axis and Y-axis directions in horizontal plane and the movement along Z-axis direction in vertical 
plane and the rotation around Z-axis, all these help the device improve the scope of equipment and 
versatility, and improve the test accuracy. Based on this devise, Different diameter and different 
bending angle of the test pieces can be tested at the same time. It improves the efficiency of the 
experiment and reduces the cost and product preparation cycle. The entire adjustment device 
achieves the maximum combination of function and efficiency in a limited space from the design 
concept. It will have a certain role in inspiration for the development of similar product. 
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