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Abstract

The design and dimensions of the contour of the working part of thread rolling dies
for rolling external threads by the longitudinal method. Analysis of the allowance as mea-
sured by the volume of displaced material in relation to particular threads of embossing
parts.
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Streszczenie

Przedstawiono konstrukcje i wymiary zarysu czesci roboczej rolek walcujacych do wy-
konywania gwintow zewnetrznych metoda wzdluzng. Poddano analizie naddatek mierzony
objetoscia przemieszczanego materialu w odniesieniu do poszczegdlnych zwojow czesci wy-
gniatajacych.
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Introduction

The design, shape and dimensions of the embossing part of thread rol-
ling tools have a significant influence on material displacement, the wear of
particular threads and the accuracy of thread being made. When rolling
threads by the longitudinal method with threading heads, and in part by
threading holders, the threads on the working part have a contour in the
form of rings, corresponding to the thread contour. The thread roots along
the whole length of the working (embossing and sizing) part (Fig. 1) are
determined by the generating line of the cylindrical surface of the cylinder
of the diameter D p.
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Fig. 1. Axial contour of threads on the embossing part of thread rolling dies
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The axial contour is characterized by the variable radius r,, of rounding
of thread vertices, while the remaining, lateral part of the contour is coinci-
dent with the contour of the thread being rolled.

The shape and dimensions of working part threads

For rolling external threads with small pitches, one of the three basic
constructional solutions of thread rolling dies is used (Lyczko 2003), as shown
in Fig. 2.

The theoretical relationships describing the shape and particular compo-
nents of the contour of the specific i-th thread on this part for triangular-
contour (metric and unified) threads for this design have the following form:
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where:

a
if:h,>i-g ¢; =2r,, Bin?Z 6)
g — value of thread penetration into the material
T — radius of the tops of threads of the sizing part,
T i — radius of the top of a given thread on the embossing part,

a, = 30° — for either metric or unified threads with a = 60°,
ay = 31°15' — for unified threads with a = 55°,

16 — half the value of the tangent to the radius r, on the sizing

part (Lyczro 2000),

d,ymax — Max limiting value of the diameter of the workpiece to be thre-
aded (Liyczko 2002),

ds — minor thread diameters equal to (dg, .. — 0.07 P),
i — successive embossing thread
z, — number of embossing threads over the length /.

ag = 120° for either metric or unified threads with a = 60°,
ay = 125° for unified threads with a = 55°.
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Fig. 2. Shape and dimensions of an embossing thread
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The length [, depends on the adopted number of embossing threads z,,
and on the number of thread rolling dies zp (e.g. with 6 threads, there are
2 threads per die). The sizing part [, with threads of the height
h, = 0.5(Dg-Dyp) and radius rw imparts the final shape and dimension to
the thread.

The volume of displaced material

By using the theoretical relationships describing the shape and particu-
lar components of the contour and the derived formula (Lyczko 2003) it has
been determined by calculation that for the adopted model shown in Fig. 3
the value of allowance as measured by the volume of displaced material per
respective individual embossing threads.
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Fig. 3. Position of successive threads and their corresponding layers of displaced material

Calculation results related to 4, 6 and 9 embossing threads, respective-
ly, are shown in Fig. 4.

The contribution of threads to the displacement of material in relation
to the overall volume, calculated for the thread range from M3 to M20 and
three different lengths [, ,, is as follows:

— for 4 embossing threads:

Viioa
Vi

— for 6 embossing threads:

x 100%: from 24% to 26%, 33-34, 25-26, 14-16,

Vj1—6
x 100%: 14-16, 21-23, 22-23, 18-19, 13-14, 8-10,

J
— for 9 embossing threads:
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Vj1—9

x 100%: 7-9, 13-14, 14-16, 14-16, 13-14, 11-12,9-10, 7-8, 5-7.
J
Taking the mean value of the percentage proportions of threads in ma-
terial displacement shown above and assuming that Vj1 =1, the coefficient
of volume change related to successive threads is as follows:
— with 4 threads:
1,1.34,1.02, 0.6;
— with 6 threads:
1,1.46,1.43,1.23,0.9, 0.6;
— with 9 threads:
1,1.68,1.87,1.87,1.68,1.5,1.43,0.93, 0.75.

The data shown above indicate that particular threads emboss different
parts of the material — lower values occur at the beginning and at the end
of the embossing part. Assuming that the value of displaced material volu-
me has direct influence on the loading of threads, this distribution of allo-
wance can be regarded as favourable in the process of shaping the thread
contour. A decreasing allowance value with approaching to the sizing part
facilitates the deformation of the top layer already hardened by the prece-
ding threads, and contributes to a reduction of the wear of the embossing
part performing the main function in shaping the thread contour.
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Fig. 4. Distribution of allowance as measured by the volume of displaced material per
respective individual embossing threads
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The calculated values of V. were used for the determination of theoreti-

cal relationships between the thread penetration "g" into the material being
worked and the displaced volume, expressed in the form of the function
g=f (ZVJ-). From the analyzed M3-M20 range of metric coarse and fine thre-
ads, for which the calculations were performed, the results of approximation
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Fig. 5. Dependence of die thread penetration on the volume of displaced material
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are shown, as an example, in Fig. 5 for six thread sets and a different
number of embossing threads. In each thread set, the threads had the same
pitch.

For the group of threads with P = 0.5 mm, the equations have the follo-
wing form:

M3 g = 1.292(ZVJ-)2 + O.492(ZVJ-) + 0.004,

M4 g = 0.619(2Vj)2 + O.364(2VJ-) + 0.003,

M5 g = 0.360(ZVJ-)2 + O.289(ZVJ-) + 0.003,

M6 g = 0.235(2VJ-)2 + O.24O(2VJ-) + 0.003.

The function in the form presented above allows the choice of a speci-
fied distribution of allowance for a given length Iwe, and then the calcula-
tion of the value of "g" defining the position of the top of a given thread on
the working part of the thread rolling die. To reduce the number of equ-
ations, an attempt can be made to determine a relationship in the form
g = f(EV.d,P) for each set, which, at the same time, will simplify the pro-
gram of tile computer-aided design of this type of tools.

Summary

The distribution of material allowance onto particular threads, which
exists in the design analyzed, assures the correct process of shaping thread.
A small allowance at the beginning facilitates starting threading, and the
threads in the central part are uniformly loaded, and the volume of displa-
ced material in relation of the last threads decreases again, which has a po-
sitive effect as far as the hardening of the top layer of the formed thread is
concerned. In addition, the arrangement of thread tops along the generating
line cone makes this design technologically easy to execute.
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