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EFFECT OF THE CONDITIONS AND KINEMATICS OF WORKING
ON THE DESIGN OF THREAD ROLLING TOOLS

Kazimierz LYCZKO', Tadeusz NIESZPOREK?

Abstract: The article contains issues regarding thread shaping with following methods: tangential, ra-
dial, axial and planetary which are all used in technology of thread rolling. The analysis of processing
conditions was carried out — technological and rolling kinematics in relation to construction of rolling
tools. On above basis the general quidelines and dependences that set basic construction parameters of
flat dies were presented.
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1. INTRODUCTION Table 1
Recommended number of workpiece rotations n,
The thread rolling process takes advantage of the and feed p, , in the rolling of threads
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surface and ends after it has reached the thread minor T50- 090 5 5 5 5 5 )
diameter. Depending on the number z; of mating tools, g 0 Ons | 0f2 | 01 | 01 | 016 | 018
after each workpiece revolution, 1 / zg, the partially o200 12 g & 5 7 & 5
formed thread profile gets into the zone of, e.g., the sec- 0o 004 | 006 [ 008 | 008 | 012 | 015
ond (Fig. 1a), and then the third (Fig. 1b) tool. M“-‘;ﬂ““m . 4 4 . 4 4

The layers showr} in Fig. 1 are the feed, p,,, as ex- shuiniun 01 012 | o1s| o1 lois | o2
pressed by the magnitude of gradual tool thread penetra- alloys
tion into the material during one turn of the workpiece. Copper,
Both the number of revolutions and the feed should be copper and DSI D? . E|41 : DSI D? . D? :
adjusted to the physical and mechanical properties of zine alloys ' ' ' ' ' '

material, and their recommended values for sample types
and accuracy classes of threads are given in Table 1.

The influence shown by the above-mentioned work-
ing parameters and threading kinematics on the construc-
tional dimensions of the tools under discussion should be
considered with respect to the rolling methods and the
types of tools that they use [1].

2. FLAT DIES

Thread rolling using flat dies (Fig. 2) is a universal
method enabling threads to be made on standardized
parts, including parts hard to be worked with other meth-
2 BLD. Eng.. E-mail: kazimier=lyezko@op.pl ods, such as shes:t-metal screws or wood screws [2, 3, 4].
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Fig. 1. Thread rolling using two (a) and three (b) tools.
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Fig. 2. Schematic of thread rolling with flat dies.
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The calculated value of

o.p(we

) should be rounded as
follows:
e when 0.2<(n, (., —[A]) <0.7 then n, ., =[A]+0.5,

(n, .0~ [AD>07to n, ., =[A]+1,
(#) 0y~ [AD <02 then n, . =[Al.

e when

e when

o.p(we

where: [A] — integer part of the value of n;.p(w)

The effective length /,. of the fixed die embossing
part is:
[l =n -1td

we o0.p(we) 281 (2)
and the sizing part length /;, while considering the num-
ber of revolutions #,, recommended for the given condi-
tions equals:

lk = (n"-P T (e ) TCdZ.ér . (3)

To release the workpiece after ending of threading,
the sizing part of the movable die should be longer by the
value of nd,, . The angle of relief , y , for the fixed die

2§r *

embossing part is calculated from the formula:

¥ = arctan 068-P , 4

we

while satisfying the condition of tany < tang <0.1 (the
angle y should be less than the angle of friction ¢, which
ensures that the workpiece is seized by the dies and the
slip during rolling is eliminated).

3. THREAD ROLLS

3.1. The longitudinal method

By this method, the workpiece being threaded rotates
between rolls with multiple thread with &z (Fig. 3a), with
the axial motion being performed either by the workpiece
or by the rolls [5]. For the axial displacement of the
workpiece to take place for this rolling case, there must
be a difference between the lead angle v, of thread on

the rolls and the lead angle  of thread on the workpiece,

which is shown schematically in Fig. 3b.

In that case, with the constant contact between the
tool and the workpiece, upon the full rotation of the roll,
a longitudinal workpiece displacement will take place by
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Fig. 3. Schematic of the kinematic system of longitudinal roll-
ing with threaded rolls.

the quantity of 8P, which is the measure of axial feed
being equal to:

p,=%nd,, (tan Yy, —tan W) %)

and the sign (+ or —) denotes the direction of workpiece
movement.

The difference in lead angles can be obtained by se-
lecting the roll diameter for a thread by two type dimen-
sions greater than the one being made, while retaining
the same pitch, according to the formulae:

DZR = kR : d20b1 s (6)

d20h1 = (dZs'r + 2) > (7)

where: dy;, — diameter of thread being made;
d, . — diameter assumed for calculation.
The feed is the greater, the greater is the difference

between the angles y and v; in practice, it normally
equals (0.15+0.20)P.

20bl

3.2. The in-depth method

By the in-depth method (Fig. 4), thread is made dur-
ing the radial feed of cylindrical multiple-thread rolls [6
and 7]. During rolling, there occurs a difference in the
turning path of the mating thread diameters between the
roll thread and the workpiece thread, which results in a
slip.

The maximum magnitude of this slip occurs in the
area of contact between the diameters D and d;. When
the working is conducted on a fixed workpiece, it will be

Fig. 4. Schematic of thread rolling by the in-depth method.
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necessary to find roll dimensions, at which slip-less turn-
ing will take place. These conditions are satisfied by the
relationship:

D,=k,-d,+(k,+1)-y-h_, (8)

where: kx — multiplicity of thread on the roller,

d; — internal diameter thread made,

h, — height thread roller,
which is determined from the analysis of the distribution
of velocity and friction power in the turning plane and
the determined rolling roll diameters, where the coeffi-
cient y is assumed to be equal to 1.18 for metric threads,
and 0.96 for unified threads.

3.3. The tangential method

The dimensions of cylindrical rolls with the tangen-
tial feed of the workpiece (Fig. 5) are dictated by the
need for chocking (biting) the workpiece to be threaded
at the point of starting the thread rolling process [8, 9].

In a system with two rolls of identical diameters, this
condition will be met when the angle B is less than the
angle of friction of ¢ = 5°42', in which case:

D, =D, 2D, =202.250.995d,, . ~d,), (9)

with roll thread multiplicity equal to:

D,

—2h
k> kg :% , integer. (10)

25r

During rolling, when Dpg; > Dp,, the condition of bit-
ing the workpiece by the rolls will be met, if:

cosP, = [O'S(D’“ R )] + [O'S(DR' + D)+ d, ]2 - [O-S(Dm 4, )]’ >0.995
‘ 0.5(D,, +d.,, XD, +D,, +2d,) :

(11)

cosf, = [O'S(DRZ + )]j + [O'S(DRJ + Dy, )+ d, ]2 — [O-S(Dm +d, )]L >0.995
’ 05(D,, +d.,. XD, +D,, +2d,) :

(12)

The permissible value of angles determines the need
for selecting the appropriate minimal permissible multi-
plicity kg; and kg, of the roll thread, which, with the di-
ameters Dz, = 0.7 Dy, and Dy, = 0.85 Dy, for selected
thread dimensions, are given in Table 2.

Another type of rolls used in the tangential method is
the rolls with a backed-off working part (Fig. 6), which
find application primarily in die holders and die heads,

Fig. 5. Rolling with rolls of identical and different diame-
ters.

Table 2
Minimal multiplicities kr; and Kg, of the thread of rolls with
different diameters

k k
R2 z07 kRZ z085
Metric | P Rl RI
thread k
reas mm R2 cosp cosfs ZR2 cosp; | cosB,
K, Ky,
Ms | 08 | 22 |09975| 09952 | 28 | 099 | 0.99
42 32 4 53
M6 1| 22 109975 | 09953 | 32 | 099 | 099
44 34 4 54
Ms | 125 | 22 l09973 | 09952 | 28 | 0996 | 0.9
38 30 3 52
MI0 1| 22 [00977 09953 | 16 | 09961 0.99
26 18 2 53
Mo | 125 | 22 |0.9977 | 09055 | 22 | 0996 | 099
34 26 7 55
Mo | 15 | 2 09974 | 09054 | 28 | 0996 | 099
38 30 5 54
M2 | 1| 2 |o9975| 09952 | 2 | 0996 | 099
20 14 1| 50
M2 | 125 | 25 |0.9976| 09951 | L5 | 0996 | 0.9
26 20 4 57
Mz | 15 | 2 |09976| 09951 | 2 | 0996] 099
32 26 7 55
Mz | 1as | 22 Looors | 09955 | 26 | 0:996 | 099
38 30 6 55
Mis | 15 | 22 109976 | 0.9955 | L8 | 09961099
28 22 8 54
Mis | 2 | 28 |o9975| 09053 | 2 | 0996|099
36 28 5 53
M16 1| 13 100081 | 09964 | 12 [ 0997|099
20 14 1| 62
Mi6 | 15 | 28 09974 09053 | L& | 09961 099
22 18 5 57
Mi6 | 2 | 22 loo9s2| 09964 | 22 | 0997|099
34 26 4 64
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Fig. 6. Thread rolling with relieved rolls.

where the full rolling cycle is made during one their rota-
tion [6 and 10].

The length of the embossing and sizing parts is calcu-
lated in a similar manner as for flat dies. and their corre-
sponding central angles are determined from the relation-
ships:

360" 1
ywck - 7D

we(yweR)
El

2R
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360° -1
(vkR)
Vi ZnD—kkR- (13)

2R

Moreover. the following condition must be satisfied:

180°(d,,.. —d,)
T er (D r —d + d3)

<0.1, (14)

wmax

for the workpiece to be automatically bitten by the rolls.

4. THE PLANETARY METHOD

Rolling by the planetary method takes place with the
eccentric relative position of the roll and the segment
(Fig. 7). Thus created working space is characterized by
a variable lead of the segment working part profile.
which allows gradual formation of the thread on the
workpiece [11, 12].

By a detailed analysis of the threading kinematics
(Fig. 7), with a variable lead of the segment working part
profile (ys = 90°, 120° and 150°) created in this system.
while allowing for the embossing part (y,.s), the sizing
part (vxs), the thread size (M3+M6 with P = 0.5+2 mm).
and the eccentric offset e (0.5+2 mm), the relationship of
ky=f (po_p,P) was determined. A sample formula for

calculating the multiplicity &, of the segment with ys =
120° has the form of:
o for the rolled thread range of M3+M6:

0.95P*-2.203P*+1.52P*~0.1709 P-1.146 | ,
( 5 +1.5 )’ (15)

ky=(2.117P=0.132)- p,

o.p

e for M6-M10:

k, =(-3.918P* +10.776P — 4.874). p, 20 svsrio0),
(16)
o for M10+M16:

ks - (2.083P— 0093) D, !7(*0.743P4+4.512P‘7]0068p7+9768P74523) . (17)

Due to the behaviour of the segment profile lead
curve, the value of p,, taken for the calculation occurs
only during the first revolution of the workpiece.

Fig. 7. An eccentric roll-segment system.

5. CONCLUSIONS

In the manufacturing techniques direct relationships
occur between the process kinematics in the tool-
workpiece system and product quality (regarded as a set
of technical. technological and operational characteris-
tics) and the design of tools used in those processes. This
relation is of substantial importance in the methods of
rolling threads and. in addition. the high diversity of
methods used arise the necessity for the comprehensive
solution of problems connected with the design of differ-
ent types of tools intended for making various surfaces
and solids of a helical contour.

The working conditions and kinematic relationships
occurring during the rolling of thread by different meth-
ods determine the basic constructional dimensions of the
tools, which ensure the correct thread formation process.
This constitutes, at the same time, a starting point ena-
bling the remaining dimensions of mating flat dies rolls.
or a roll with a segment to be calculated afterwards ac-
cording the classical methodology.
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