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OPTIMUM DESIGN OF TORSION ROD
FOR SULZER WEAVING MACHINE
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ABSTRACT

The torsion rod of Sulzer weaving machine is considered one of the mam
important elements in the machine, not only from it's technical and funetional point
of view, but also from the view of comparison between the cost of redsigning and
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production of the rod from local materals or purchasing it from the producing
companies.

The optimun design of this part in the weaving machine will be reflected on
productivity, energy consumption, machine price and the economics of the
production process as a whole.

The optimum design of the torsion rod could be obtained by solving the
dynamic equations of the picking system, which includes the torsion rod, paraliel
with design equations, and the use of standard material specification tables.

The optimum equation obtained for maximum projectile speed is in the form
of:-

¢m T »
Vo \,m m—m-\/dlm m/sec

A similar equation has been obtained for optimum power consumption.

Acomputer program has been used to solve the factonzation of polynomial
equations. That, it s to solve the equation of velocity and power which have two
vanables, rod length, and rod diameter.

The isometric drawing which represents different vanable speed, power
consumption, Jength and diameter has been obtained by special computer program.

Generally it was found that the ratio of rod length (L), and rod diameter (d) 1s
of great importance to machine speed, t.e projectile speed and energy consumption.

As the ratio L/d decreases machine speed increases, hence productivity,
while energy consumption decreases as L/d increases, hence energy saving.
r . - .
Between these extremes the designer could choose the most suitable condition for
his case.

1. INTRODUCTION
The purpose of this work is to make an optimum design sotution of torsion
rod picking system of the Sulzer machine, using cnteria obtained from dynamic

plus design solutions with which the designer is familiar.

It is not intended that the conclusions reached by optimum design will be
capable of limitless extrapolation; but it is considered that sufficient design
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information will be given to make a preliminary screening of this particular
optimum design solution and to difine if there is more experimental work is
necessary,

The projectile 15 picked across the machine using energy derived from the
shear strain energy stored in a torsion red which is twisted a predetermined amount
and triggered off to provide the means of propulsion. As the energy available for
picking depends on the angular displacement of the free end for a particular design
of torsion rod, the strength of the pick is completely independent of the speed of
the machine.

Also the energy can be used to attain very high velocities as the mass being
projected is very small [1,2,3].

An understanding of the field of economuc application of this machine
depends on a clear understanding of its dynamics operations, without this
mechanical appreciation, certain characteristic limitations will not be recognized,
and certain advantageous features will not be recogmzed, and certain advantageous
[4,5] features will not be fully appreciated. Hence, following, the dynamic solution
for optimum maximum speed besides the optimum design solution for miniraum
power fransmission range at maximum possible velocity will be useful.

NOMENCLATURE

A : Picking arm area mm?

d : Torsion rod diameter mm

G : Steel Modulus of rigidity N/m2
o : Momeat of inertia N.m?

J : Polar moment of inertia m#

K : Mean torque gradient N.m/rad
Ki : Stress increase factor ———

L : Torsion bar length mm

[ : Picking arm length m
mj,m) : Projectile mass, picking arm mass kg

m : Tatal mass =m)| + (m3/3) kg

N : Factor of safety -

P : Projectile force N

Sty - Yield strength N/im?2
Se - Fatigue strength N/in2

T : Applied torque N.mn

t : Time sec.

U : Power transmitted N.m/sec.
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A : Projectile linear velocity m/sec
W1,W2 : Projectile and picking arm weight kg
Wal : Alurminum weight of picking arm kg
Xl : Axis represnts diameter.
X2 : Axis represents length

: Twisting angle rad
I : Density kg/mm3
T : Maximum shear stress N/m?
b, és : Twisting angle, Maximum twisting angle rad
o : Augular acceleration rad/sec?
w : Angular speed rad/sec

2. MAXIMUM PROJECTILE VELOCITY IMMEDIATELY AFTER PICKING
Consider a picking arm swinging about torsion bar axis due to applied torque

T. If atangential force acting at a distance "l" produces an angular acceleration @,

I[p@=pl=T i, (1)

The restoring torque of the twisting bar at free end is equal to applied torque.
Substitute the values of T and Io

ml2 @ = {GJ (dg- )} /L

Hence
Gl
= =) 2
’ m\lL[Q‘ 4 @
: Gl
Asssume A = \1 P (1)

Substitute (1) into (2)

¢+A‘¢=AI¢‘ ......................... (3)
The general solution of last equation is:-

LY = aCosAt + oSwA + 4, (4)
@ {)=-AaSinAt+ AbCos At ... (3
The boundary conditions for this problem are:-

t=0 at =0 =0 (6)
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Apply we boundary equations in equations (4) and (5)

a=-®oQ b=0.0

Substitute the constants a and b in equation (4)
@ ()= DO - PYCOS AL 6)
D, = ADQGSIMAL s (7
By = A2 DYCOS AL oo (8)
let

Goy= A @) sin At

For maximum angular velocity let sin Ay = 1.0, hence:-

® max = A®Q

The maximum linear velocify is:-

Vmax = A @0 .1

Use equation (i)
fe)

Vinax = ®0 U T e )]
U m IR

Also the maximum acceleration is

0] max = Az (DO .............................. (].0)

3. DISCUSSION OF OPTIMUM PROJECTILE VELOCITY

For torsion rod picking system of Sulzer machine, the primary purpose of a
torsion rod is to transmit a torque or transfer energy between picking cam shaft and
the picking arm and hence to projctile. For thus particular problem, it is required to
design a torsion rod picking system which will be subjected to repeated loadings in
Sulzer machine where precisely shear strain energy per cycle cannot be predicted.

The desired life for the torsion rod is to be 500 million cycles of repeated
load application, which will enable to use the fatigue strength values from table 5
Ref. [6]. The prmary design equation will express the picking system velocity af its
maximum condition, which i{s produced afier a dynamic analysis of the entire
picking system Again rewrite equation (9) to be come:-

Vmax =00 & 9

The limit equation on permissible values of the diameter d is

d=dmax e (n
The limit equation permissible values of L is again expressed as:
LT <L SLipax  coeveereereereens (12)

The first subsidiary design equation will express the torque gradientk, a
specified functional requirement. It is assumed with reasonable accuracy that the
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integrated effects of highly localized stress concentration on angular deflection are
small and therefore the following equation will be used

K=nddG/32L . (13)

K : is aspecified value

The second subsidiary design equation is for the maximum shearing stress in the
torsion rod, since it is limited by the selected criterion for failure.;

Tmax =Ki 16 Ty / ndd ... (14)

The third subsidiary design equation s the maximum angular acceleration.;
- Q)

# = — Do i, (10)

wh L

Also the torque 1s -

Ti=1 & Equ. 1.

Combine eqs. (1) and (14) to find L, then ;

Lo B de (15)

Substitute equ. 15 n equ. 9 o eliminate L, then:-

_ M Fooa 3
N = /\m.‘l = (16)

Heoce obviously, tmax should be placed equal to its upper himit, where
Se
T WX & —————————
(L + =ym (17
The developed primary design equation-(16) of ideal maximum velocity, should be

wiiten as:

- ¢0m'x Traa 3
N = ,/-—_\N . /—_mm Y O (16.1)

4. DISCUSSION OF OPTIMUN POWER TRANSMISSION

The shaft of weaving, machine is to transmit a virtually constant torque at a
constant maximum angular velocity from, Fig. 1 which is general for many Suizer
machines. The primary design equation from basic mechanics will be. :-

=YY@ (18)
The limit equations can be written as follows:-
K2 Kmin (1)
d < dmax (i1
Lmin € L £ Lmax (1it)
<3y

Coe € | (iv)
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Eliminate T from equation , {18) using equation {14). Also by equation (iv),
the primary design equation becomes as follows:-

u:[n”m )[“:“).Sw.(\‘ ............. (19)

Eliminate 4 from equation (19), using equation (13), thus equation (18) will
give ideal minimum power as:-

114
Um:(’r_fj &_313;][_‘___]@“\(@)”'4 ................ (20)
n ¢ g™\
5. COMPUTER PROGRAMS
The computcr programs calculations can be divided into two main
programs:-

5.1- Projectile Velocity Calculations and Discussion

Computer programs had been used to solve factorization of polynomuals
equation [7] that is to solve the equations of velocities which have two variables,
length and diameter

The first program is required to estimate, eq (9) and to draw projectile
velocity at the whole range of lengthes, diameters, twisting angles and materials.

Computer programming results, had been plotted in three dimensions Figs.2
where the projectile speed represents the vertical axis Y while the other two axis
are ilfustrated in the folloing table :-

axes 1- 0 1
X1= dmln = Ism dmean = 201‘1’1.[1’1 dmax = 25mm
X2= Linip = 300mm | Lipean = 5000mm | Linax = 700 mm

Figs. 2 show the change of projectile velocity versus diameter (d) and length
L. These figures are plotted for three cases, the torsion rod plus the picking arm are
made from steel, which have modulus of rigidity of 8.45 X 109 kp/m2 and of 1.4 X
1010 kp/m2. And the third case, the torsion rod is made from steel, which has
modulus of rigidity of 1.4 X 1010 kp/m2, parallel with aluminum picking arm. The
privous three cases are plotted at two twisting angles of 250 and of 300
respectively
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Figs. 2 (a,c,e,g,k) had been sectioned at differrent constant projectile
velocity to produce Figs. 2 (b,d,f,h 1) in these figures, the designer can choose and
define the diameter and length of torsion rod at any required, constant projectile
velocity.

Again Figures 2 (a,c.e,g,1,k) has two limits, the first limits are the lower
range of projectile velocities. [t has L/d ratio between 700/t 5 for minimum velocity
up to 300/15 for higher velocities in the lower range. That is for projectile velocities
between 38 m/sec up to 111 m/sec and for different materials and twisting angles.

The second limits, are for higher range of projectile velocities. It has L/d
ratio between 700/25 for minimum velocities up to 300/25 for higher velocities.
That is for projectile velocities between 104 m/sec. up to 306 m/sec for different
matenials and twisting angies. These values are illustrated in details in the following
flow chart:-
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Flow chart of projectile velocity
v Glov =38 m/sec
O =250
G2—v =59 m/sec
+700/15 =L/ Y Glov =45 m/sec
*] = 300
* G2—>v="7] m/sec
Lower
»velocity
range
Limits
[™ Gl—sv =59 m/sec

30015 =L/ “* G2—v =93 m/sec

™ Gl—v =70 m/sec

T G2 =111 m/fsec

Projectile
veloeity
Design
Limits

Gl—=v=104 m/sec

G2->v=165 m/sec
r?OOKZS =LAd lﬂGl—w:lZS m/sec

=02 5v=198 m/sec
Higher
velocity
“Tange
Limits

Gi->v=162 m/sec

300725 = L/d *G2ov=256 nm/sec

"Gl—>v=l‘)5 m/sec
o

G2ov=306 m/sce
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For maximum projectile speed requierments, it 1s necessary to choose L/d
ratio of 300/25, with shaft material which has rigidity modulus of 1.4 X 1010 kp/m2
and ® 309

5.2 POWER CONSUMPTION

The second program calculates eq. (19) and draw the power consumption at
the whole range of lengthes, diameters, speeds, twisting angles aud materials of the
torsion rod. Computer programming results had been plotted in-three dimensions
Figs. 3 where power Consumption N. represents the vertical axis and the other two
axes ilustrated in the following table:-

—

axes -1 0 1 |
Xl= dmjn = 15mm dmean = 20mm dmax = 25mm
X2= Lmin = 300mm | Lmean = S000mm | Lmax = 700 mm

These figures show the change of power consumption versus diamster (d)
and length (L), for two materials, the first material has yield strength of 25.4 X 106
kp/m?2, the second material has vield strength of 73.2 X 106 kp/m2. The previous
two materials were calculated at speeds of 40, 60, 80, m/sec.

Figs 3 (a,c.e,g,i,k) had been sectioned at constant power consumption to
produce Figs 3 (b,d,fh,,D), from these figures, the designer can choose and define
the diameter and the length of the torsion rod at any required constant power
consumption.

Again Figures 3 (a,c,e,g,i,k) has two limits, the first limits are the lower
range of power consumption. [t has L/d ratio between 700/15 for minimum power
consumption up to 300/15 for kugher power consumption i the lower range. Thar is
for power consumptions between 25 kp.m/sec up to 331 kpm/sec. Also that is for
different projectite velocities and materials.

The second limits are for higher range of power consumption. It has L/d
ratio between 700/25 for minimum power consumptions up to 300/25 for higher
power censumptions, That is for power consumptions between 110 kp.m/sec up to
1499 kp.m/sec for different projectile velocities and matenals. These values are
lustrated more detail in the following flow chast
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Power
Design
Lamits

Lower
JLower
range

Limits

Higher
“Power
range

Limits

Flow chart of power consumption

|
*L/d=300/15

vL/d=700/25

> L/d=300/25

~L/id = 700/15

= 40m/fsec

Y = 80m/sec

]"V = 40m/sec

"V= 80m/sec

V= 40m/sec

- ¥=80m/sec

V=40m/sec

V=80m/sec

*styl - U=25 kp.m/sec

rsty2-»U=72kp.m/sec
+styl—>U=50kp.m/sec

»Sty2 —1J=144kp.m/sec

sty l—U= 55kp. m/sec
+sty2—U=158kp.m/sec

sty ] —U=108kp.m/sec

r$ty2 -5 U=311kp.m/sec

sty [-»U=110kp.m/sec

*5ty2—-»>U=317kp.m/sec
rsryl—>U=220kp.m/sec

»Sty2 > U=636kp.m/sec

Yoty |- U=25%p.m/sec
*sty2—>U=747kp.m/sec

Sty [-»U=520kp.m/sec

+S1Y2 5 U=1499p.an/sec
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For munimum power consumption requirements, it is necessary to choose L/d
ratio 700/15, with shaft material which has yield styength of 25.4 X 106 kp/m2

If the speed of production is more important economically than the price of
power consumption saving, then, it is necessary to choose L/d ratio 300/25 with
shaft material which has yield symength of 73.2 X 106 kp/m2

6. CONCLUSIONS

[- Computer programming enables the designer to choose and define the suitable
diameter and length of torsion rod at any required maximwr projectile velocity
Or mimmum power consumption also to choose the most suitable working
condition of the loom.

2- For maximum projectile velocity requirements, it is necessary to choose L/d
ratio equal to 300 mm/ 25 mm with shaft material which has ngidity modulus
of 1.4 X1010 kp/m? and torsion rod twisting angle of 300 -

3- When the speed of production is racre important from the ecoaomical point of
view than the price of power cousumption saving, them, it is necessary to
choose L/d ratio equal to 300 mm / 25mm, with shaft mateniat which has yield
strength of 73.2 X 106 kp/m?2-

4- For minimum power consumption requirements, it 1s necessary 10 choose Lid
ratio 700/15, with shaft material which has yield strength of 25.4 X106 kp/m?2.

5- Very high velocities can be attained as the mass of the projectie and the
picking arm mass are very light.

6- Equations in the form of Equs. (9,16.1,20) have been deduced theoretically to
calculate the optimum range for the diameter, length of torsion rod and
maximum velocity of the projectile at mimumum power transmission, and for
different materials and twisting angles of torsion rod.
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A (11 DRawing (oI UATRATING THE TOATLON Lot
PICAWG T OF THE SULEsR Mallite C

TORSION BAR PICKING SYSTEM OF THE SULZER
VMACHINE

The picking arrangement is clearly shown in Fig 1 the torsion bar (1) has its
splined end (2) ngidly constrained in an adjustable plate with provision for
adjusting the twisting angle and, hence, the gripper projection velocity. The other
end of the torsion bar-is splined into the picking arm {3) which caries the picking
shoe (4) at its upper extremity. The gripper (5) 15 shown in the shuttle lifter with the
gripper spring opener visible at (6).

The bevel wheel drive (7) rotates the picking cam shaft (8) which carries the
picking tappet (12). The pivoted (11) is rigidly connected to the torsion bar, and
through a short linkage to the togglle plates (9) centred at {10). The actien of the
can is for the small bowl (14) 1o bear against the toggle (13), rotating il anti-
clockwise about center (10), thus withdrawing the picking shoe to its reamost
position. The torsion bar is twisted to its maximum ®g, and permitting the whole of
the sheac strain energy to be transmitted instatancously to the goipper.
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Fig 2(a-d) : Projectite velocity (Y) versus diameter (X1) and fength (X2} of
torston rod  (Gy = 8.45x103° kp/m2)
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Flg 2(e-h) : Profectile velacity (Y) versus dlameter (X1) and length (X2) of
torslonred (Gy = 1.4x10 10 kpimd)
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Fig (D) : Projectile vetocity (Y) versus diameter (X1) and length (X2) of
torsion rod with afurninum pieking arm (Gy = 1.4 x 10 10 ip/m?)
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Flg 3(a-d) : Power consumption (N) versus diameter (X1) and Iengtﬁ {(X2) of
torslon rod (for projectile velocty V =40 mi/sec)

(Sty=254x30° kpim?)
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Flg 3(e-h) : Power consumption (N} versus diameter (X1) and length (X2) of
torsion red (for projectile velocity V =60 mysec)
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F1g 3(H)) : Power consumption (N} versus diameter (X1) and length (X2) of
torsion rod (for projectile velgcity V =80 m/sec)

(Sty=254x10° km?)

() surface & contour

é///

\_LL.

iy

(x1)
(D) contour

C : ,, ,,

L
T ‘.' ...J




