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Industrial Summary 

In this paper, the forming principle for the cold-rolling of a vane is described. The technolo- 
gical parameters, such as the developed dimensions of the vane, the rolling deformation zone, 
the blank size, the reduction, and the requirements of the cold-rolling technology in respect of 
raw materials are discussed and determined. Studies on the cone angle of the working roller and 
on the structure of the stretch-out-unit of the cold-rolling machine have provided much 
important information for cold-rolling technology and the structural design of the rolling 
machine. 
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1. Introduction 

The vane of a spiral  conveyer ,  made  of  thin steel sheet in the form of  a con t inuous  
mul t i -coi l  spiral ,  has been app l ied  widely in agr icu l tura l  machines  and in conveying  
equipment .  There  are four  ways to p roduce  a vane, of which cold- ro l l ing  is the most  
advanced  technology.  C o m p a r e d  with s tep-welding,  cold-coi l ing  and v ib ro -s tamping ,  
the co ld- ro l l ing  technology  of a vane can p roduc e  a vane with the fol lowing 
advantages :  ( i ) g r e a t e r  product iv i ty ;  ( i i ) exce l l en t  p roduc t  quali ty;  ( i i i ) l e s s  ma-  
terial  c o n s u m p t i o n  and lower  cost; and  (iv) a ha rde r  surface and bet ter  wear  p rop-  
erties. 

The  results  of exper imenta l  studies on the cold- ro l l ing  t echno logy  and the equip-  
ment  required to p roduce  the vane are presented.  
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Fig. 1. The contour dimensions of a vane. 

Fig. 2. The deformation of the blank in rolling. 

2. Basic principle of vane forming 

The vane of a spiral conveyer is determined by its contour dimensions (the inside 
diameter, the outside diameter and the screw-pitch) and trapezoidal cross-section, as 
shown in Fig. 1. The forming process is analyzed as follows. 

The vane can be formed by means of the inhomogeneous deformation of a 
metal blank. When various points distributed over the width direction of the 
strip-blank are pressed unequally, the cross-section of the blank after rolling 
becomes of trapezoidal shape, as shown in Fig. 2. These points have the same 
linear velocity as the corresponding contact points on the roller. The linear velocity 
of each point along the generatrix of the conical roller differs from that of other 
points so that there are velocity differences between the various points over the 
width of blank at the outlet of the roller. In addition, unequal reduction along 
the blank's width given by the conical roller will result in unequal elongation. It 
can be seen in Fig. 2 that in the zones where there are large reduction and 
high elongation the linear velocity is also large, the reduction and the elongation 
changing gradually over the width of blank. Bending deformation of the blank 
(sickle-bent) will occur naturally after rolling because of the interaction of the de- 
formed zones. Of course, the strip-blank is rolled into a spiral shape when rolled 
successively. The required vane size is obtained by increasing the pitch through the 
stretch-out unit. 
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Fig. 3. Schematic diagram of the test machine. 

3. Test equipment and materials 

3.1. Test equipment 

Fig. 3. shows a cold-rolling machine with two conical rollers. 

Machine parameters 
Cone angle of the roller 60: 
Diameter of the roller at the small end ~ 2 0 m m  
Diameter of the roller at the large end ~ 1 2 0 m m  
Velocity of the roller rotation 16-18 rpm 
Motor  power 40kW 

3.2. Test materials 

Test materials are SAE 1006, A3 and commercially pure aluminium (strips). 

4. Determination of the technological parameters 

4.1. Calculation o/'the developed shape o/ the vane [1] 

The vane is analysed over one pitch (a complete coil). Before the pitch is stretched 
through the stretch-out-unit, the developed shape of the vane is a notched plane ring, 
as shown in Eig. 4. 

The developed sizes can be obtained according to the following drawing steps. 
(1) Draw two right triangles ABC and ABD, in which AB is equal to the pitch of the 

spiral vane, BC is equal to reD and BD is equal to ~zd. The hypotenuses h and a are 
equal to the actual lengths of the inside edge and the outside edge respectively. 

(2j Draw an isosceles trapezium, where the upper side, lower side and height are h, 
a and (D d)/2, respectively. 

(3) Extend two isosceles lines to intersect at point 0. 



Kong Weiyi et al. / Journal of Materials Processing Technology 52 (1995) 280-288 283 

-"T'W- 

I 

Fig. 4. Developed shape of the vane. 
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Fig. 5. Spiral unfolded chart. 

Draw two circles the centres of which are located at 0 and of radii 01 and 02 
respectively, which is the height of the triangle. Take the measurement of the length 
a in the ex-circle and then obtain point 4. The ring part  obtained by linking points 
0 and 4 is the developed area, as shown in Fig. 5. 
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Fig. 6. Boundary between the deforming and the non-deforming region: (a) part having compressive 
deformation: (bt part not having compressive deformation. 

4.2. Determination of  the dejormation zone in the width direction ()./the blank 

It is very important to rationally determine the boundary between the deforming 
region and the non-deforming region during the rolling process in order to ensure the 
vane quality, as shown in Fig. 6. 

When a different reduction is given to every point over the blank width during 
rolling, the large rolling force and the small difference in the forming speed between 
the top and the bot tom of the blank width will be unfavourable for deformation. If 
a smaller region over blank width is compressed to unequal amounts  and no 
compression deformation occurs in other larger regions, a wave-shape vane will be 
formed because the metal flow of deforming part is affected by the non-deforming 
region. 

A suitable ratio of deforming part /non-deforming part over the blank width will 
reduce the rolling force and be good for forming. 

Tests and analyses show that a suitable boundary location is at 1/5 I/6 of the blank 
width (the deforming region occupies 4/5 -5/6 of the blank width whilst 1/5 1/6 is the 
non-deforming region). 

4.3. Determining the blank size and the reduction 

Consider three kinds of vanes in combine-harvesters, their dimensions being listed 
in Table 1, where H is the large-end size and h is the small-end size of the cross-section. 
Strips of SAE 1006 and A1 are chosen for the test. 

Table 2 provides the blank size. Experimentation is carried out using a 60 cone 
roller. The gap width between the two rollers is not equi-distant, as it is determined on 
the basis of the reduction in the blank width, as shown in Fig. 7. 

When a strip passes through the rollers, the reduction in the blank width changes 
gradually from maximum to zero, as listed in Table 3. For products 1 and 2, their 
boundaries are located at 1/5 of the blank width, whilst the third is located at 1/6. The 
three kinds of blanks primarily rolled are given in Table 4. 

Experimental data show that their widths increase a little, but are within the 
admissible dimension tolerance. 

The blanks are determined to conform to the developed size of vane. The required 
vane dimension is obtained after the blank-strip has passed through the stretch-out- 
unit. 
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Table 1 
Product dimension standards 

285 

No. d (mm) D (mm) S (mm) Cross-section dimension 

1 26 128 + 5 130 _+ 1o 5 H = 3.5 + O.5o.3, h = 1 . 5  --Jr 0.30'5 

-'~ 26 158 ± 5 160 _____ ~g H = 3.5 --+ o.3,°"5 h = 1.5 ± o.3°s 
3 58 245 + 7 260 ± 15 H = 5. h = 2 

Table 2 
Blank dimension 

No. Material Thickness (mm) Width (mm) Length (mm) 

1 SAE 1006 3.5 51 500 
2 SAE 1006 3.5 66 500 
3 A1 5.0 93 400 

Fig. 7. Diagrammatic  sketch of the gap between the working rollers. 

4.4. Requirements for materials 

It is known from tests and references that the material characteristics have signifi- 
cant effects on the rolling process. High material hardness and poor  plasticity make 
the rolling force increase and the deformability decrease: cracks can appear  in the 
outer edge of the vane as the deformation achieves a fixed value (as shown in Fig. 8). 
Much less hardness causes the rolling force to decrease, but a wave-shape will appear  
at the outer edge of the vane as the deformation achieves the fixed value. Some 
requirements for hardness, plasticity and contour size need to be met in the rolled 
vane: 

(i) The relationship between the hardness and the thickness for general materials is 
listed in Table 5. 

(ii) It is necessary that the elongation of materials should be not less than 25%. 
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Table 3 

No. Max. compression Min. compression 
(ram) (mini 

1 2.1 0 
2 2 0 
3 3 0 

Table 4 
Sizes of vane primarily rolled 

No. tl (mm) H (mm) d (mm) D (mm) 

1 1.4 3.5 65 169 
2 1.5 3.5 71 204 
3 2.0 5.0 124 315 

Fig. 8. Cracks at the outer edge of the x.ane. 

(iii) The  fol lowing cond i t ion  should  be cons idered  in de te rmin ing  the b lank size: 
B/h  >~ 6; where B is width of the b lank and h is the thickness  of the blank.  

5. Structural  character is t ics  o f  the m a c h i n e  for the co ld-rol l ing  o f  a vane 

5.1. W o r k i n g  p a r t  [2] 

The work ing  par t  consists  of two cant i lever  conical  rollers.  Too  small  a cone angle 
is unfavourab le  to de fo rma t ion  because  the velocity difference in de fo rma t ion  between 
the upper  end and the lower end of the b lank width  is small. However ,  too great  a cone 
angle  can make  the difference in the forming speed increase between both  ends of the 
b lank width,  and  p r o m o t e  bend ing  deformat ion .  It should  be noted that  the larger  is 
the cone angle, the larger  is the rol ler  d iameter ,  if thc work ing  width of the rol ler  is 
fixed. When  the vane is rolled,  elastic f lat tening of the rollers occurs  and the gap  
between the rollers enlarges,  so that  the required gap  width canno t  be ensured.  
Fur ther ,  increased rol ler  d i ame te r  will br ing abou t  expans ion  of the deforming  region 
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Table 5 
Hardness and thickness of the material 

Hardness ( H B )  Thickness H (mm) 

120 130 2.5 
110 120 3.0 
105 115 3.0-3.6 
< 105 > 3.6 
< 90 4.7 

.L iI 
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Fig. 9. Diagrammatic sketch of the stretch-out unit: 1.sprocket-wheel; 2.bearing; 3.longitudinal-shift 
handle4.threaded rod of the longitudinal shift; 5.cross-shift handle: 6.strip-blank; 7.roller; 8.pilot rod; 9.vane; 
10.pilot wheel; 11.chain; 12.pilot wheel base; 13.threaded rod of the cross-shift. 

(the con tac t  a rea  be tween the rol ler  and  the deformed  metal),  the unit  pressure  being 
d imin i shed  in the deforming  region,  which is d i s a dva n t a ge ous  to vane forming.  
Therefore,  a sui table  rol ler  angle  and  d i ame te r  should  be selected to meet  the 
requ i rements  of vane forming.  It is k n o w n  from tests and  analyses  that  the vane can be 
well fo rmed by choos ing  a work ing  rol ler  with a 60 ° cone angle. In rolling, the feed 
pos i t ion  for a vane with a small  ins ide -d iamete r  should  be close to the smal l -end of  the 

roller.  

5.2. Stretch-out  unit 

The s t re tch-ou t  unit  is used to s t retch the pi tch  of  the spiral  vane formed na tu ra l ly  
by p r i m a r y  roll ing,  and  to reduce the inside d i ame te r  in o rde r  to ob ta in  the requi red  
vane d imensions .  

Fig. 9 shows [3]  the s t re tch-ou t  unit. The  ma in  work ing  pa r t  con ta ins  the pi lo t  rod  
and  the pi lo t  wheel. The  pi lo t  rod  effects the inc l ina t ion  of the vane when the vane is 
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twisted by the pilot wheel. It can also provide reactive force for the vane when it is 
twisted, so that the vane can obtain the required helical angle. 

The pilot wheel is applied to effect twist over the cross-section of the vane. The 
working positions of the pilot rod and the pilot wheel are adjusted in accordance  with 
the spiral directions of the vane, their positions demanded  by r ight-hand vane being 
shown in Fig. 9. 

6. Conclusions 

1. In cold-rolling, it is necessary to calculate the developed dimensions on the basis 
of the product .  

2. The bounda ry  of  the deforming region should be at 1 /5  1/6 of  the blank width to 
obtain a high-quali ty vane. 

3. Test results show that  the hardness and thickness should satisfy the condit ions 
shown in Table 4 in order  that rolling process proceeds smoothly.  

4. A 60 :' cone angle should be chosen for the working roller. 
The technological  parameters  selected above will ensure a good-qual i ty  product ,  
higher productivity,  higher material utilization (more than 95%) and lower cost. 
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