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  ABSTRACT 

Tube nosing is one of the most common processes used for tube forming. Conical nosing of tubes is 

typically performed by axial compression until recently. In this work, the tube nosing was performed by 

spinning process using universal lathe machine and particular spinning tool as a new forming technique. An 

experimental work was carried out to form aluminum tube nosing. A particular tool is designed based on the 

nosing ratio to form the tube nosing.  Different working conditions for instant nosing ratio (NR), axial feed (f) 

mm/rev and rotating speed (n) rpm are considered. The nosing process was carried out for several specimens 

with variation of the working conditions.  A parametric study was carried out to demonstrate the influence of 

these working conditions on the thickness variation, surface hardness, and nosing loads. The forming 

characteristics of the nosing process and forming limits for tube ends were also discussed. 
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1. INTRODUCTION 

Metal spinning an effective and common manufacturing technology for short production runs in a 

variety of sizes and shapes. It is widely used for the tube forming corresponding to the increasing usage of 

tubular parts. Lossen and Homberg [1] presented an approach to manufacture a complex sheet metal parts and 

tubes using friction-spinning. Furthermore, the influence of significant process parameters, forming strategies 

and tool systems on both the course and the outcome of the friction-spinning process has been demonstrated. 

Kwiatkowski et al. [2] developed an approach for controlling thickness and surface quality during dieless 

necking-in of tubes by spinning. A new deep spinning process with roller set aided with blank-holder of 

constant clearance was proposed. An indication that the rapid increase in the formability of the sheet metals as 

the roller feed increases has been shown [3]. An elasto-plastic incremental finite element computer code based 

on an updated Lagrangian formulation has been developed to simulate the flaring and nosing processes of a 

metal tube in the axisymmetric condition, and to perform shape and loading rate in the tube nosing process by 

spherical die [4, 5]. Roy and Maijer [6] carried out an analysis and modelling of a rotary forming process for 

cast aluminum alloy A356. The processing history (stress, strain, strain-rate and temperature) has been 

quantified and the final geometry has been predicted. Akkus and Kawahara [7] studied, experimentally and 

analytically, the thickness distribution of a spun dome in an Al 6061-O pressure vessel. Murata et al. [8] 

invented a new CNC spinning machine for compression spinning of circular magnesium tube using heated 

roller tool. Härtel and Laue [9] developed an optimization approach for the non-circular spinning process. A 

numerical process simulation has been also conducted. A finite element analysis (FEA) of the eccentric nosing 

process of metal tubes with conical die has been carried out. The analysis investigated the influences of the 

process parameters on the critical nosing ratio of the tube [10, 11]. Gouveia et al. [12] presented, theoretically 

and experimentally, a compression beading and nosing of thin-walled tubes using a die. The (FE) method has 

been used for theoretically analysis while the experimental work was performed on Aluminum alloy (AA6060) 

tubes. Jianguo and Makoto [13] studied the effects of indented feed of roller tool on parallel spinning process 

parameters of circular aluminum tube.  A new approach to preform design in shell nosing has been introduced 

by Zhu [14]. Optimal preform can be acquired by forward-deformation simulation plus geometrical 

modification of the initial shape. Ken-ichi manabe et al [15] carried out an experimental study of nosing thin-

walled aluminum tubes in order to clarify the characteristics of nosing by a circular curved die. Furthermore, 
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the numerical analysis is performed on the optimum die radius and die contact pressure, upon which the effect 

of the die profile is investigated.  Jianguo and Makoto [16] experimentally studied spinning of taper shape on 

tube end using CNC spinning. An experimental study on paraxial spinning of one tube end has been evaluated. 

The effects of diametral reduction and spinning pitch on spinning load and other process parameters were 

investigated [17]. The published work on nosing processes adopt the strategy of die and axial load approach.  

The present work uses the particular single spinning tool to form tube nosing. In this work, experimental work 

on tube nosing by spinning process using such specific tool as a new forming technique is carried out. Material 

was aluminum in as received condition. Annealing process has been performed to the forming material before 

the spinning and the process conditions was mentioned in table 1. A particular tool was designed based on the 

nosing ratio.  Different working conditions i.e. nosing ratio (NR), axial feed (f) mm/rev, and rotating speed (n) 

rpm are considered. A parametric study is conducted to demonstrate the influence of the working conditions on 

the thickness strain, surface hardness, and nosing loads. The forming limits of the nosing process for tube ends 

are also discussed in this work. 

 

2. EXPERIMENTAL WORK 

 

2.1 Experimental Setup 

 

 Figure (1) depicts the experimental setup used in tube nosing process. Nosing process is performed on a 

lathe with 10 hp power, Type 360 CY 630, made in BULGARIA. The process sequence is as follows: the work 

piece #2 is locked from one end by the chuck # 1, which is unmovable in the axial direction and is rotated by 

the lathe motor #8. The forming tool #3 is held to a deep grove ball bearing which is located in the housing and 

rotates when engaged with the workpiece. The tool is fixed at the dynamometer that is used for measuring 

nosing loads. The nosing tool is moved in the axial direction by a carriage #7, which is connected with feed 

screw #6.  The free end of the work piece is nosed by the tool. Figure (2) shows the nosing process in which the 

nosing tool rotates inversely with a guide bearing and moves axially parallel to the rotated work piece. The 

diameter of the tube end is reduced to the required diameter and the nosing is formed during one stroke.  

Fig. 1 The component of the experimental equipment. 
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Fig. 2 The work piece and nosing tool during nosing process. 

2.2. Working conditions: 

 Specimen material was aluminum. The dimensions and mechanical properties of the original specimen 

tubes are listed in Table (1). The specimen tubes were annealed. Annealing was carried out at temperature 

450ºC for 2 hours followed by cooling in the furnace to the room temperature.  The working conditions of the 

nosing process are nosing ratio (NR), rotational speed (n) and axial feed (f) as listed in Table (2). The thickness 

variation and surface hardness along the formed part are measured. Component of the nosing loads, e.g. axial, 

radial and tangential are illustrated in Figure (3). Lubricant oil was used in nosing experiments.  

           
Table.1 Dimensions and mechanical properties of original tube. 

Material Aluminum 

Specimen Dimensions 

Outer diameter, Do(mm) 60 

Inner diameter, DI (mm) 54 

Specimen length, LO (mm) 150 

Initial Wall-thickness, t (mm) 3 

Annealing conditions 

(temperature, time, cooling ) 

450ºC for 2 hrs. 

Cooling in furnace to room temp. 

Mechanical Properties. 

Yield-stress σy,(N/mm
2
) 68 

Max- stress σMax, (N/mm
2
) 87.43 

Elongation, δ (%) 18 

Table. 2 Working conditions of nosing experiments. 

Nosing ratio (NR=Do/D1) = 1.5, 1.6, 1.7,1.8, 2.2, 2.4  

Nose diam. Dn = 40, 37.5, 35.3,33.4, 27.3, 25 mm 

Axial feed of nosing tool (f) = 0.3, 0.4, 0.5, 0.6 mm/rev. 

Rotational speed of tube N = 76, 150, 230, 305(rpm) 
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Fig.3 Components of nosing loads (axial, radial and tangential load. 

2.3 Nosing tool 
  

 The forming tool is a compound tool and made from steel 52 as shown in Figure (4). It could be used for 

nosing and flaring (widening or expanding) process. The flaring tool is designed based on the flaring ratio (FR), 

while the nosing tool is designed based on the nosing ratio (NR), which is used in nosing process under 

consideration. The nosing ratio is defined as the ratio between the original diameter (Do) and nosing diameter 

(Dn) as follows: 

                                                                                 
  

  
                                        (1) 

 

Fig. 4 the multifunction spinning tool used in nosing process. 

 

     2.4. Experimental data interpretation 

      In this work, the nosing loads are measured and interpreted along the forming stroke. As shown in 

Figure (5) the dynamometer [1] is connected with data logger [3] device through transducer [2] which transfers 

output signals into volt and received by data logger, the data logger type is PICOLOG ADC-II. The data logger 

device is connected with computer [4] which receives the signals through Pico-log program. The Pico-log 



Minia Journal of Engineering & Technology (MJET), Vol. 36, No. 2, July 2017 

- 98 - 

 

program interprets the received data into four readings and charts as well, in which the relation between volts 

and time is presented, i.e. one of these readings is a forming time in m sec. (represented in x-axis) while the 

other three readings are the volts those are produced from the program channels (represented in y-axis) as 

shown in Figure (5). 

 

Fig.5 Arrangement of nosing loads measurement. 

2.5 Wall- thickness measurements: 

 The thickness variation was measured along the nosed (deformed) section perpendicular on the wall 

thickness of tube. The nosed section was divided into positions from free side to chuck side as illustrated in 

Figure (6). The thickness of specimens was measured by digital dial gauge indicator type Mitutoyo with 

resolution 0.001mm. the indicator was calibrated by standard set of gauge blocks 1.2, 1.6, and 1.8mm to 

eliminate the measuring error, which evaluated 0.02 mm at room temperature. 

Fig. 6 Positions of measuring thickness variation along the deformed part. 
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3. RESULTS AND DISCUSSIONS 

3.1. Wall- thickness variation: 

 Figure (7) shows an example of thickness variation along the nosed part. The working conditions taken 

as example for this figure are feed (f = 0.3), nosing ratio equals to 1.6, and different rotational speed (n). The 

initial specimen thickness is 3 mm. It can be seen form the figure that the speed effect on the thickness variation 

is limited. The maximum variation in the specimen thickness is about 10 %. 
 

 

 

 

 

 

 

 

Fig. 7 Thickness variation along nosed section (NR =1.6, f = 0.3 mm/ rev) 

3.2.  Surface hardness  

 A micro hardness test was carried out and the hardness was measured along the section of deformed part 

perpendicular on the circumference to determine the hardening occurs in tube metal after nosing process.  The 

surface hardness of specimens is measured by Vickers micro hardness (VMH) tester model 1600-4981, the 

micro hardness was estimating by applying 500 gf load for 30 sec. 

 

Fig. 8 the micro hardness along formed region (NR = 1.5, feed 0.30 mm/rev) 

 

 Figure (8) shows the trend of surface hardiness variation of the deformed region as a function of the 

rotational speed. The working conditions NR = 1.5, f=0.30 mm/rev and different rotational speed (n=76,150 

r.p.m) was taken for example in this figure. It should be noted that the Vickers hardness of all measured 

positions are larger than the original micro hardness of about 32 HV, this can be referred to the work hardening 

occurs during nosing process. It can be seen that the trend of surface hardness decreases gradually, slightly, 
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from free side to shuck side because the decreasing of the incremental contact area between the work piece and 

tool along the forming stroke.  Furthermore, it can be seen from this figure that the hardness of the tube surface 

along the nosed section is increased with increasing rotational speed, the 150 r.p.m. speed trend is higher than 

the trend of speed 76 r.p.m., because the more tool movements on the surface of the formed part the more 

hardening occur. 

 
3.3. Nosing loads 

 Three component of loads (e.g. radial, axial and tangential) were measured. Figure (9) shows an 

example of the load/displacement diagram in the nosing process. 

 

Fig 9 Nosing load components along the nosed section (NR=1.8, f = 0.5 mm /rev, n= 305 rpm). 

 

 Obviously, the axial and radial components increases rapidly than the tangential component because the 

contribution of the tangential load along the formed section seems to be limited. Furthermore the increase in 

axial load is due to the increase in axial projected area, after the area reaches its maximum value the axial load 

increasing is slight due to only friction. But, after the radial projected area reaches its maximum value the radial 

load increasing still high due to the spring back effect of the formed area against the tool. So that, the radial 

load became higher than the axial load after both areas reach its maximum value. 

 

 The relation between the nosing ratio (NR) and nosing load components is illustrated in Figure (10), in 

which the effect of the nosing ratio on the nosing loads shown. The working conditions f = 0.4 and n = 230 rpm 

are taken as example for this figure.  It can be seen from this figure that the trend of axial and radial 

components increases with increasing the nosing ratio because the more narrow (nosing) of tube end required 

the high load is required to overcome the material forming resistance. In contrast, the tangential component 

seems to be constant overall the nosing ratio, this may be referred to the little contribution of this component on 

the part forming. 

 

 Figure (11) presents the effect of axial feed on the average nosing loads (axial, radial and tangential). 

The average load was taken for different speeds at the same nosing ratio, i.e. the summation of the loads at 

different speeds divided by the number of speeds. The working conditions NR = 1.5, n = 150 rpm are taken for 

example in this figure. As explained previously, the axial load is larger than both redial and tangential load. It 

can be seen that the trend of load components (axial, radial, and tangential) for all are the same and it increase 

with increasing the axial feed, because with increasing feed the contact area increases which is mean required 

high load to complete the forming for same material. 
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Fig. 10 Maximum nosing loads versus nosing ratio (f = 0.4 mm/rev and lathe speed 230 rpm) 
 

  

Fig. 11 the effects of Axial feed of nosing tool on the average nosing loads. (NR=1.5 n=150 rpm) 

 

 Figure (12) depicts the effect of the rotational speed on the resultant nosing load with constant feed (0.3 

mm/rev) and NR 2.2. The resultant load R can by computed as follows: 

               

 It can be seen from this figure that the nosing load decreases with increasing rotational speed (rpm) 

because with increasing rpm the contact area between the nosing tool and work-piece decreases which tends to 

decrease the nosing force. On the other hand, It should be noted that with continues increasing in rotational 

speed the nosing load increases, this is due to the hardening occurred in the surface of the work-piece, i.e. the 

increasing of rpm means more passing on the surface particles, subsequently, it becomes more hard and require 

higher nosing force. So, it could be said that there is a break-even point for rpm (e.g. 210 rpm approximately in 

this example) which is recommended for the minimum nosing load. 
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Fig. 12 Resultant nosing load versus rotational speed 

 

 The products of the nosing process are shown in figure 13, 14, and 15 as photos for some nosing ratios 

mentioned in the figures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 photo of products with nosing ratios of 1.5 and 1.6 
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Fig. 14 photo of products with nosing ratios of 1.7 and 1.8 

 

 

 

 

 

 

 

 

 

 

Fig. 15 photo of products with nosing ratios of 1.7 and 1.8 

 
3.4. Forming limits 

 When the nosing ratio increases to 2.4 the nosing shape becomes imperfect because the built-up edge 

(phenomena) is formed radial or in axial direction formed as stepped at the end of the formed shape as shown in 

Figure (16). The grinding process may be required to overcome this stepped material. It could be said that the 

workable conditions those produce good quality nosed parts when nosing ratio up to 2.4 with lower rpm and 

axial feed, otherwise another machining process may be required 
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Fig. 16 Photographs of forming limit in this experiment 

 

4. CONCLUSIONS 

1. The thickness variation along the formed part is small, and can be summarized as a small decrease in the 

onset of the free end and gradually small increase in the direction of chuck side. 

2. As rotational speed increases, the hardness of the tube surface along the forming length increases. 

3. The axial load is higher than the radial load from the beginning of the forming stroke until reach to more 

than half stroke, then it exchange i.e. the radial becomes higher than the axial  to the end of the stroke. 

4. The average nosing load increases, to some extent, with increasing the axial feed.    

5. The trend of the maximum loads increase with the increasing the nosing ratio, 

6. The maximum resultant nosing load decreases with increasing rotational speed (rpm) to definite point 

and then start to increase with increasing rpm. 

7. The nosing process produces good product condition with up to 2.4 nosing ratio when the axial feed and 

RPM are small. 
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 باللغة العربية ملخص البحث
 

العديدة في شتى مجاالت الصناعة مثل  تلالستخداماتعتبر عمليات التشكيل الخاصة بتحديب مقدمة أطراف األنابيب من العمليات الشائعة نظرا 
 خطوط أنابيب البترول والغاز الطبيعي وبعض المكونات الداخلية للمركبات وحتى اآلن يتم تشكيل مقدمة أطراف األنابيب عن طريق االسطمبات

 .باستخدام الضغط المحوري
جديدة مصممه بشكل  أداهي ماكينة الخراطة باستخدام تصنيع ويقدم هذا البحث دراسة لعملية تحديب مقدمة أطراف األنابيب بطريقة الرحو عل

وقد تم . لذلك الغرض بناء علي نسبه تخفيض كل أداة المصممة األداةتشكيل مقدمة اطراف األنابيب يأخذ نفس شكل  أنخاص علي أساس 
ب بناء علي دراسة عدة عوامل هي نسبة التخفيض الدراسة لغرض تشكيل وتحديب مقدمة أطراف األنابي هذهفي تطبيق  األلومنيومأنابيب  استخدام

كل من هذه العوامل علي  تأثير, وأظهرت النتائج (دقيقة/ لفه ) الدورانيةالسرعة ,  (لفه/ مم) الطوليةالتغذية ,  األداةالمصمم علي أساسها شكل 
وبقياس صالدة السطح وجد . دة نسبه التخفيض المقترحةتغير سمك المعدن أثناء عملية التشكيل وتالحظ تزايد نسبي في سمك الجزء المدبب  بزيا

ل العينة أنها تزداد مع زيادة سرعة الدوران وكذلك تزيد مع زيادة نسبة التخفيض باإلضافة إلي أن قوي التشكيل تزداد تدريجيا على طول مسار تشكي
ماسية وهذا يتوافق مع نظريات تدفق وانسياب المعدن أثناء عمليه كما تالحظ أن القوة  العرضية تكون أكبر من كٍل من القوة المحورية والقوة الم

 .التشكيل
 


