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Abstract: In this paper we present the mathematical model for an experimental driving whit small dimension and
high transmission ratio. This driving is the internal worm gearing whit cylindrical worm.
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1. INTRODUCTION

The internal worm gearing whit cylindrical worm it is an experimental driving on the
researching.

This paper present the mathematical model for the internal worm gearing whit
cylindrical worm. To obtain the mathematical model must be route the follow stage:

1. Assign the coordinate systems and the connections between them.

2. Determinate the transformations matrixes
3. Define the generator worm equation
4

. Define the worm well mathematical equations.

2. THE COORDINATES SYSTEMS

The coordinate systems for the mathematical model are presented in Picture 1. The
coordinates systems are the follows:

- The O,x,y,z, coordinate system — the functional reference system, considered fix;

- The Oyxy,z, coordinate system — the mobile reference system of the worm wheel,
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- The 0'2 x'z yvzzvz coordinate system — the translated coordinate system whit the

distance between the axis “a”, on the direction of O.X, ax;

- The Oixi yizi coordinate system — the rotated coordinate system whit yy=const angle.

- The Ojx;y;z; coordinate system — the mobile reference system of the worm.

Picture 1. The solid model of the internal Picture 2. The coordinate systems for the

worm gearing whit cylindrical worm mathematical model

The worm turn around O;’y;’ ax whit ®;, and the worm wheel are turn around O,z, ax
whit m,, angular velocity.

The transmission ratio are constant and is determinate by the equation:

1
i=ip :'_=ﬂ=ﬂ=constant (1)

1 @ P
Where: @, @, — angular velocity for the worm and for the worm wheel;
@1, @2 — angular rotation for the worm and for the worm wheel.

The angular rotations are depending by the time. Q| -t=@y iyt (2)

3. THE TRANSFORMATION MATRIX DETERMINATIONS

To define the worm it is two possibilities. If the surface of the worm it is not

complicated (for example Archimedes worm) the mathematical equations define in O;x;y;z;
coordinate systems. (T; » transformation) Else we define the generating curves of worm,

which on moving the “P” point, are in the O}x]y;z; mobile reference system of the worm.

Thus the coordinates of the motion point from the coordinate system of the worm Ojxyy;z;
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must be transformed in to the coordinate system of the worm wheel O,Xx5y>25. (T2

transformation)

The transformations matrixes, which is the product of the elementary rotation and

translation matrixes, are the following forms:

Tw=Ti1 - Ti2 T2o-Toz

Ti2=Ti2 -Too Too

The elementary transformations are a following:

Transformation T1 1

7 21
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P, |
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hyr[pl
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Ou 01’; Y1
Xa X1
Picture 3.

Tl 1 =Tl 1 rot * Tlltrans

Transformation T1 »

S, >SS,

Rotation whit ¢,

X] =X] -€oSQ| +2] -sin@;
yi="%

Z| =—Xq -sSInQ| +2j - cosQ
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cos g
; 0
Ty o= .
—sin @y
0
Translation
le =X1 1
' , 0
Yi=Y1+hyr 91 Tiiwans= 0
Zl = Zl 0
cosp; 0 sing 0
0 1 0 ‘hyr¢
—sin@; 0 cos 0
0 0 0 1

S O = O

S O = O

3.)

4)

sin @

Cos Q]
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S, >8S,

7d Ze Rotation whit y = const. S2’= T17
M X2 = X1
llj [ 7 ' Al ' .
P v Yo =Yy1-COSWY + 2z -siny
‘ z'zz—y'l-sin\p+z'1-cosw
d 1 0 0
D:IO‘{ e T/ = 0 cosy siny
bxalate 0 —siny  cosy
Picture 4. 0 0 0
Transformation Tz’ o
S, S,
Xo o )(e‘F . .. .
‘ O Translation whit distance between axis
ML o
o} Xg = X‘2 +a 1 0 0 a
' , 01 00
YO YE’ = T O:
_ Yo =2 271o 0 1 0
Picture 5. 7o =12 00 0 1
Transformation Tg»
Soe 2 S
Rotation whit ¢, So=Tyo -
O“OEJ, Xy =Xq COSQy + Y, -SINQPy
Ze Ze \ .
Y2 =—Xo -SINQ) +y, -COSQP)
2'2 =z,
cosQy  SinQ,
T .= —sin@, CcosSPy
F Y o 02 0 0
Picture 6. 0 0

Calculating the transformations matrixes T;, and T, , the following result obtain:
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T=Ti1 - Ti2 T2o-Toz

T =
COS(| - COSPy +SINPq -siny -SINQy  COSPq - SINQ, -SINP; - SNy - COSP,,  SINQ| -COSY  COSP| - a
- cosy - sing, COSY - COSPy siny hyl- @,
-SINQ@q - COSQy + COSQP| -SINY -SINP,  -SINQ| - SINP, - COSQ - SINY - COSPy  COSP| - COSY  -SInQP; - a
0 0 0 1

9.
Ti2=Ti2 -Too Too

COSPy sing, 0

, - COSV - Sin COSV - COS sin
T,,= A4 ¢2 A4 ¢2 A4 (10.)

siny -sin@,  -siny -cosQ, COSY
0 0 0

—_ o O @

4. EQUATION OF THE WORM

1 1 Al 1

In case of the Archimedes worm, his equations determine in O;x;y;z; coordinate

system.

Picture 7.

The equation of the right surface of the worm in concordance whit the Picture 7:

! . X . .1
X =U-COoS0, -sinQ U-CoSQg -SmM @y

| hy;-@;—u-sina

y =hy| @) —u-sina, inmatrix format G = Ylorg=| YI'¥ ° (11.)
’ s u-Ccosa, - COSQ;

Z =U-C0SQ, - COSP] | 1
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5. EQUATION OF THE WORM WHEEL

Perform the transformations of the equations from his coordinate system in the worm

wheel coordinate system we obtain the equation of the worm wheel. The equation of

transformation in vector form has a following:

X2 X1

a = T1’2 -rl' , and in matrix form 2| Tllz . y,l (12.)
Zy VA
1 1

Where: 12, 11 - the positional vectors of the “G” generator of the worm.

Replays the equations (10.) and (11.) in (12.) are calculable the mathematic equations

of the worm wheel in the O,x,y,z, coordinate system generated by the ZA type worm.

X2
y2

)
1

X9 COSPy sing, 0 a u-cosa, -sin@;

&) -cosy -sing,  cosy-cosp, siny 0| |hyy-@)—u-sina,

Zy - siny -sing,  -siny-cosQ, cosy 0 | u-cos O, - COS Q] (13,
1 0 0 0 1 1

COS(y - U-COs0( - sing@; +sin@, - (hyl- ¢ -u-sinag)+a

- COSY - SIN@y - U - COSOL() - SINQ] + COSY - cos@y - (hyl-f1-u-sina )+ siny - u-cosa () - cosQ;

siny - sin@, - U - coso(y - sin@; - siny - cos@, - (hyl- @ - u-sinag) + cosy - u - coso () - cosQ;
1
(14.)

The equations define the left surface of the internal worm wheel generated by the

worm right surface whit the left hand thread.

AN O i

To obtain the right surface of the internal worm wheel the o, muss to modify in -a,

The equation for the right hand thread is obtained modified the hy; coefficient in -hy;
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