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ABSTRACT

This paper intended to derive the equation of the teeth surface of the involute arc cylindrical gear. Based on the
forming principles of the teeth surfaces of the spur cylindrical gear and the helical cylindrical gear, an arc line
parallel to the axis of the cylinder was firstly drawn in the generating plane, and then the scanning surface of the
arc line should be the teeth surface of the involute arc cylindrical gear. After that, the equation of the arc line was
derived and then the teeth surface. Finally the simulations of those equations were described with the instruments of
proeWildfire 5.0 and MATLAB R2010a. Thus, the correctness of the equations was further proved.
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INTRODUCTION

Cylindrical gear transmission has found a widespaplication in the industry. Currently, it mainhcludes three
modes of transmission: spur cylindrical gdalical cylindrical gear and double helical cylirdd gear[1]. However,
there are some drawbacks in structures of the abmrdgioned gears[2].

When spur cylindrical gears mesh, the instantaneontact line of two teeth profile surfaces of gears is parallel
to their axes. Thus the teeth of the two gearsiwthimo or out of the meshing along their teeth Wwidt the process
of transmission. Under this circumstance, the dgeath are suddenly loaded or unloaded. Hence, a gpar

transmission might be poor of stability, susceptitdl shock and vibrate and high likely to make @ofSpur gears
are also possible to manufacture bigger error. dditeon, due to the overlapping coefficient of spuear

transmission is small; the load on the gears s latsted.

Helical cylindrical gear has the following defedisie to the unidirectional sloping teeth, the traission drive will
produce axial thrust. This thrust then cause thaftsg structure of the gears is complex and ifsictiosses is
further increased. Thus, the transmission effigjadeaeduced and the spiral angle is too some @eggerowed.

The third kind of gear, that is, double helicalingifical gear, can overcome the above shortcomihggever, it
also has such disadvantages as difficult and high+#manufacturing, complicated structures and heaight.

Therefore, In order to overcome the above-mentiopsablems, a new type of cylindrical gear-an arethe

cylindrical gear is then proposed. Its main chanastic is: the teeth of the cylinder are arc-sliapks the above
gears, the teeth profile curves of this gear caeither involute or other forms. Its appearancghiswn in fig. 1.
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Fig. 1: Appearance of the arc teeth cylindrical gear

At present, most of the researches are concentosteéde arc teeth cylindrical gear with involutette profile. The
equations of its teeth surface are mainly set gedan the following two methods.

As for the first kind of method, the teeth surfasdelieved to be formed through scanning of aolime line along
an arch line[1]. The equation of the teeth surfeceet up through the geometric transformation.tTibathis
equation is derived from the plane meshing themuythere is no equation of the arc line on théncr.

The second method suggests that the equation ofe#ih surface should be derived based on theipienof
processing and the movement rules between workpigoe cutters[2-4]. However, this kind of method ha solid
theoretical foundation; in addition, the equatioigimh be different according to different methodgpodcessing.

Due to the drawbacks of the above methods, thecapipin of arc teeth cylindrical gears has beemtlyeestricted.

This paper firstly proposes the forming principtéghe teeth surface of involute arc teeth cyliodrigears through
borrowing some principles of involute spur geard awvolute helical gears. Based on those forminggiples, the
equation of the arc line on the cylinder is derieed then the equation of the teeth surface. Kirthél correctness
of those equations is proved by drawing equatigaréis through the instruments of proeWildfire 5d MATLAB
R2010a.

FORMING PRINCIPLESOF THE TEETH SURFACE OF INVOLUTE ARC CYLINDRICAL GEAR

Let the radius of arc line CGD be &d its string line CD, which is parallel to thdsaof the base cylinder; Then let
curve C 'G' D ' be the imprinted arc line of CGDtha cylinder and the track surface of CGD theteeth surface
of the involute arc cylindrical gear. If the teetfidth is B, then Rshould be longer than half of B. Provided that,
when R is +o=, the involute arc cylindrical gear shall becomeiavolute spur cylindrical gear. The forming
principle of the teeth surface of the involute eytindrical gear is illustrated in fig. 2.
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Fig. 2: Forming principle of the teeth surface of theinvolute arc cylindrical gear
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EQUATION OFARC LINE ON THE CYLINDER

If the axis of the cylinder is axis z and the radi@ss-section is xoy coordinate plane, then tardinate system o

— xyz can be established on the rack of No. 1 detire axis of the cylinder is axis and the radial cross-section is
X;0:y; coordinate plane, then the coordinate systemxyynz; can be established on No. 1 gear. Now providet tha
axis y; and axis y is located at the same position on Igedt, when the coordinate systefyxg/,z; is moved h (the
distance) in the positive direction, the coordimatstem @-Xnynz, can be established on No. 1 gear. Thus the middle
point of arc line CGD is located in axig Y3 is the center of the arc line CGD. And string I@B is parallel to axis

Z;. All the above coordinate systems are shown in3fig

XX

4 0cC
Fig. 3: Coordinate systemson the cylinder

Now if the generating plane rotates on the cylinttezn the curve of the straight ling@GYwhich is imprinted on the
cylinder, shall fall in the intersection of the péaof the coordinate;&;y; and the surface of the cylinder. Thus,
Provided that the generating plane rotates towasdpmsition (planex), the turning angle of the planefg the
tangent line between the generating plane andyiveder surface is AB, the point of intersectiortweeen CGD and
AB is M and N, and the point of intersection betwé&Q and AB is F, then

6 =GF/R, )

If the generating plane keeps rotating, then Pditsind N shall begin to make an involute movemeraviged that
the generating plane rotates until the planthe turning angle i8,,; the abduction angle between M and Kbisthe
tangent line is PQ, and the point of intersectietween Gand PQ is E, then

GE=R#@ 2
And
@+, =6, 3)

Then in the plane right-angled trianglg=®, if the distance between point M and straigh¢ IQG is h, then h shall
be between -B/2 and B/2. According to Pythagoreaeofem, we have

QF =R’ -h’ @

And

GF =0G-OF =R —/R*-h’ (5)

Now if we bring the formula (5) into (1), we have
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6,=GF /R =(R-{R'-h")/R, (6)
Therefore, the equation of the curve of the are @GD shall be
X =R, sing,
y, =R, cosg, 7
z=h

If R; is +==, then arc line CGD shall become a straight litg;clrve on the base cylinder shall become a $iraig
line parallel to the axis of the cylinder and thentng angle shall become zero. At this situatio@D shall become
an involute teeth surface of a spur gear.

EQUATION OF THE TEETH SURFACE OF THE INVOLUTE ARCH CYLINDRICAL GEAR

In fig. 3, the cylinder is cut apart through poit and its cross-section is shown in fig. 4. Irstfigure, if M is the
corresponding point of M on the surface of the rydir; then the curve MM” shall be the involute higgtofile on
the cross-section and the straight line PM shalthge section line of the generating plane. Nowh# involute
abduction angle at point M b, then the value ab shall be

9=EF/R,=(EG-FG)/R,=(Rf +{R -h*-R)/R, ®)

Fig. 4: Section across Point M

Now if we add formula (6) and (8), formula (3) dha¢ derived. Similarly, if Rt is « and6, is zero, then the
turning angle of the generating plart®) (shall be®. Thus, the equation of the involute MM” in the aiinate
system o"-x'y’z’ shall be

X =R (sing-g@cosp)

y =R,(cosp+gsing; ©)

z=0

Now if we let the coordinate systermx.yizh rotated, clockwise along axis z, then the following formgtarmula
10) shall be derived.
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X, =X cosf, +Yy sing,
Yy, =—X sing, +y cos,L (10)
z,=2
Now bring formula (9) into formula (10), then
X, = R,(sin6 - pcod, )
Yy = R,(cosd, + g sing, ). 1.
z,=0

Now if we let the coordinate systenrxy;z; move h along axis z in the positive direction ntiiee equation of the
involute teeth surface of the arch cylindrical geathe coordinate system-&,y,z; shall be

X =R,(sing -¢cos )
Y, =R (cosg +¢@sing, ). 1:
z=h

As gear 1 rotates along the other gear, if wehetdpordinate system-&;y;z; on gear 1 and the coordinate system
0-xyz on the rack of gear 1 rotdig, as shown in fig. 5;
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Fig. 5: Rotation of gear 1
Then the following formula shall be derived.
X =X, COSB, — Y, SinB,
y=xsing, +y, cosB, (13)

z=z

Thus, the equation of the involute teeth surfacaro cylindrical gear in the coordinate systenmyn-shall be

x=R[sin(@ - B)-pcos6, - 5,)]
y=Rlcos@ -5, )+ @sing -5 )] (14)
z=h
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SIMULATION OF EQUATIONS

Case 1: Smulation of the arc line on the base cylinder

According to formula (7) and formula (6), the sietibn of the arc line can be described with thdrimsent of
proeWildfire 5.0. Now if the radius of the cylindé) is 20mm and the radius of the arc ling) (R 12mm and t is
between 0 and 1, then the formula of the equatidheoarc line shall be

r=20

theta=((12- (12"2-z ~2)"0.5)/2C
*(180/ pi)

z=10*t

(15)

Now provided that 0, let us make a curve with the instrument of prdéfixe 5.0, its appearance (Default) is
shown in fig.6 below.

P

Fig. 6: Default description

Then its appearance (Front) is shown in fig. 7this figure, the curve made according to formulpd@es fall on
the cylinder.

Fig. 7: Front description

Case 2: Smulation of the teeth surface of the arc cylindrical gear

According to formula (12), the simulation of thestle surface can be described with the instrumemAfLAB
R2010a. Now if the radius of the cylinder (r) ig@® and Ris 12mm and) is 1, then the formula of the equation of
the teeth surface shall be %% Drawing cylndricafeme code

clear

clc

close

h=10; %% h is half of the height of the cylndrisalface

d=0.12;

[A,Z]=meshgrid(0:2*pi/fix(2*pi/(1.2*d)):2*pi,-h:h/ix(h/d):h);

LX=20*cos(A);

LY=20*sin(A);

C=mesh(LX,LY,2);

axis equal

hold on
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clear all

%% Drawing tooth surface code

h=[-10:0.3:10];

a=[0:0.1:1]; %% alphabet a take the placétof
[U,V]=meshgrid(h,a);

%%Rt=12 Rb=20
MX=20.*(sin(V)-((sqrt(12.72-U.~2)-12+20*V)/20).*cq¥));
MY=20.*(cos(V)+((sqrt(12.2-U."2)-12+20*V)/20).*s{V));
surf(MX, MY, U);

Now the appearance of the teeth surface is shovigure 8

Fig. 8: Simulation of the arc teeth surface
CONCLUSION

The teeth surface of the involute arc cylindricabghas been established based on the formingigieaof the
teeth surfaces of the involute spur cylindricalrgaad the involute helical cylindrical gear.

The equation of the imprinted curve of the arc lias been derived.
The equation of the teeth surface of the arc cyjiiadigear has been derived.

The simulation figures of those equations have bmade with the instruments of proeWildfire 5.0 &MATLAB
R2010a
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