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ABSTRACT

Transmission principle is the basis of studying design theory. This work proposed new oscillating gear transmission
of hypocycloidal shockwave push rod with arbitrary tooth difference. Tooth profile curve of the shockwave gear is
hypocycloidal or its equidistant curve; profiles at both ends of push-rod oscillating tooth are cylindrical curves;
internal tooth profile is the envelope curve in cylindrical profile group: shockwave cam keeps fixed ratio of
transmission with oscillating tooth carrier, and oscillating teeth move along the radial hole of oscillating tooth
carrier with circumferential movement. After describing the basic structure, tooth profile equations for shockwave
device and center gear are derived based on speed conversion and envelope principle. Then we propose a design
condition that tooth interfere does not occur in center gear, laying the foundation for design of such transmission.

Key words: Arbitrary tooth difference, hypocycloidal, toothofile equation, curvature radius, push-rod ostrg
gear transmission

INTRODUCTION

Two-teeth-difference oscillating teeth transmissimas a compact structure, high transmission effaie large
transmission ratio and carrying capacity. In additidue to the axis symmetry structure of transomssstatic and
dynamic self-balance can be achieved in the wh@asmission process, avoiding vibration excitatafnthe
machine by theory. It includes cycloidal-cam ostillg gear transmission [1], spatial-cam oscillqtigear
transmission [2], rolling oscillating gear transsi of cam shockwave [3], push-rod oscillatingrgeansmission
with two-teeth difference [4] and swing oscillatiggar transmission with two-teeth difference [5, ®kcillating
gear transmission of two-tooth difference was dmved from that of one-tooth difference, with impedv
performance but little option in transmission ratilith the axis symmetry structure of transmissiowlti-teeth-
difference oscillating teeth transmission can aghistatic and dynamic self-balance in the wholegngssion
process, thereby avoiding vibration excitationta thachine by theory. Therefore, with more reseaathe, multi-
teeth-difference oscillating gear transmissiondrasvn more attention in recent years [7].

Literature [8] proposed pure rolling oscillatingagetransmission with arbitrary tooth differencedaprofile of
shockwave gear and fixed gear were equidistances liof cosine curve, thus achieving isokinetic cgaja
transmission with arbitrary tooth difference. Thiansmission was simple in design and optimizatiamd its
oscillating teeth utilized rolling bearing compoteno achieve pure rolling contact transmissiorterature [9]
proposed the meshing curve of double-cosine osnijagear transmission. Literature [10] studied thece-
shockwave roller gear transmission which was alst@abpecial case of cosine shockwave. Literat{8e)] were
oscillating gear transmission based on the straatficosine shockwave roller. Literature [11] saedthe high-order
polynomial curve tooth profile for push-rod osdiliey gear with arbitrary tooth difference. Whilelifterature [12],
the high-order elliptic curve tooth profile for gusod oscillating gear with arbitrary tooth difface was studied.
Tooth profile form has a great influence on ostitia transmission performance, so research onnateyear tooth
profile and the performance of new oscillating geansmission is of great significance. LiteratUrE3] researched
the oscillating gear transmission of hypocycloidabckwave push rod with arbitrary tooth differenciteratures
[14] researched the shockwave swing oscillatingr ggansmission—swing oscillating gear transmissafn
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shockwave isometric polygonal profile. Literaturgl$] researched swing oscillating gear Transmissiath
hypocycloid shockwave.

This work has studied the oscillating gear transiois of hypocycloidal shockwave push rod. Afterafdsng the
principle of oscillating gear transmission with loggcloidal shockwave push rod, tooth profile equagi for
shockwave device and center gear are derived lmassgeed conversion and envelope principle. Theprapose
design condition that tooth interfere does not odeucenter gear, laying the foundation for desinsuch
transmission. In the new transmission, moving paush as the input axis are self-balancing speedtua with

arbitrary tooth difference. With easy dismountimgl darge torque, the mechanical transmission isisia for heavy
duty.

TRANSMISSION PRINCIPLE AND STRUCTURE

With the same rotation center, shockwave gearriategear and oscillating tooth group can all lggarded as fixed
member, input member or output member, thus aaigedifferent transmission effects. The uniform tiota of
input axis will drive shockwave to slew uniformRestricted by shockwave gear, internal gear aniflatstg tooth
group, oscillating gear will also slew with condtapeed ratio. Shockwave periodically drives oatiillg gear, so
that a continuous, relative movement with fixedngmission ratio can be maintained among shockwaa, g
oscillating teeth gear and internal gear. Fig.lvehahe principle of oscillating tooth transmissibased on
hypocycloidal shockwave push rod. Due to the dguiorque, shockwave cam maintain counterclockwisation
and drive push-rod oscillating teeth (No. 4, 596nd 10) to move along the radial holes of toatfrier in the
working area. Meshing force between oscillatinghesnd the working segment of internal gear wilate the
oscillating tooth carrier, achieving speed conwsrsand power output. Meanwhile, under the repulsidn
oscillating tooth carrier, oscillating teeth (Ng.2, 3, 7 and 8) at non-working area will rotateng internal gear
and return to the working position in order.

I
Fig. 1: Oscillating tooth transmission diagram of hypocycloidal shockwave push rod

TRANSMISSION RATIO CALCULATION

In oscillating gear transmission with hypocycloidghlockwave push rod, fixed shockwave gear can gerded as
conversion mechanism without planetary gear. Threargular velocity is added to the shockwave asuilly gear
system, which is equal to the angular velocity bbckwave gear but with contrary direction. Accodglito
transmission ratio equation of fixed-axis gear,

H _wg _ W Wy _ Ly
if ==% = =ZK (1)
w, W -, Zg

Then we can be obtained from Equation (1):
_ +H +H
W = Wl Wy (1_IGK) 2)
where H is the gear shockwave; G the oscillatingr;gk the internal gear; i the transmission ralibe superscript
letters indicate the corresponding fixed membeijerdubscript letters indicate the relative statéeét member to

the right member. For examplimgK is the specific value between the relative anguddocity of oscillating gear G
(compared with shockwave gear H) and that of irtlegear K. Superscript letter ¢f indicates corresponding
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fixed member, and subscript letter is the corredpanmember;Z,, is the shockwave number of shockwave gear;

Z the number of pin rollers in oscillating geaf; the wave number of internal gear. Tab.1 showsstréssion
ratio of different installing forms.

TAB.1 Transmission ratio in different forms of installing

Transmission program Transmission ratio Rotation direction of master-save member  Number of oscillating gear roller

Internal gear fixed
@ =0

Oscillating gear fixed
;=0

Shockwave gear fixed
w, =0

iK —_ ZG
HG_ZG_ZK
=

Z
IG — ZK
HK_ZK_ZG
0, =2 %

Z
it =Z_K
GK

ZG
v Ze
=7,

Z, > Z, Ssyntropy
Z, <Z,.reverse
Z, > Z, Syntropy
Z,<Z, reverse
Z, > 7, reverse
Zs<Z» syntropy
Z, > 7, reverse
Z,<Z syntropy
Z, > Z, » Syntropy
Lo < ZK, syntropy
Z, > Z,» Syntropy

Z, < Z, -Syntropy

Z,=2,+Z,
Zs=Zy —2Zy
Zs=2,+Z,
Zs =2 —Z,
Zs=2,+Z,
Zs =2 ~Z,
Zs=2,+Z,
Zs =2 ~Z,
Zs=2,+Z,
Zs =2 ~Z,

Zo=Z+Z,
Zs =2 —Z,

TOOTH PROFILE EQUATION AND CURVATURE RADIUS
In hypocycloidal oscillating gear transmission wihockwave push rod, the profile of shockwave canthe
equidistant curve of hypocycloidal shockwave cupmfiles at two end of push-rod oscillating teatk cylindrical
curves; internal tooth profile is the envelope euiw cylindrical profile group: shockwave cam kediged ratio of
transmission with oscillating tooth carrier, anctibbating tooth moves along the radial hole of tlating tooth

carrier with circumferential movement.

Fig.2 shows the profile generation principle of bgpcloidal oscillating gear transmission with shaeke push rod.
In the figure, shockwave gear has two hypocyclomake wavesxOy is regarded as the body-fixed coordinate

system of internal gear, coordinate oridih as the geometric center of internal geéOy' and X"Oy" are fixed
coordinate systems of shockwave cam and oscilldtiath carrier, respectively. Three coordinate exyst coincide

at the initial position of transmission. The uppewer end centers of push-rod oscillating teettate on axisOX".
During the transmission, the track of lower endteemf push-rod oscillating teeth is the theorétigeofile of

shockwave cam (curve 3) iKOy . Regarding oscillating teeth raditisas offset distance, the inner equidistant line
is the working profile of shockwave cam (curve h)addition, the track of upper end center of prmth-oscillating
teeth (curve 2) is the theoretical tooth profileigernal gear inXOy . Working tooth profile of the internal gear is

outer equidistance line (curve 1) of its theordticmth profile regarding oscillating teeth raditis as the offset

distance.I; is not necessarily equal 13 .
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Fig. 2: Forming principle diagram of inner gear profile
(1. Actual internal gear profile 2. Theoretical internal gear profile curve 3. Theoretical profile curve of shockwave gear 4. Actual gear
profile of shockwave gear)

SHOCKWAVE GEAR PROFILE EQUATION
Hypocycloidal curve equation of shockwave gear1Ipis:

X =(R-r,)cos8 +nr, cos[(rB -14]

= 3
Y, =(R-r,)sinf - nrosin[(r— -1 4]

0

where R is the radius of fixed circlé; the radius of movable circle? 1[0,271] ; Z,, the wave number of
shockwave gearR = Z,,1,; nJ [0,027].

Shockwave gear profile (curve 3) is the inner eigtaaht offset of theoretical gear profile, so tltual shockwave
gear profile equation [18] can be obtained throogdthanical principles.

(4)
r - =

Y=t : dH
\/(dxl)z +(My:
dég dé

Where% =-siné(R-r,) —nr,sin[R/r, -1 F](R/r, -1

and 332 = cosf(R-1,) - nr, cos|R/ r, ~1) 8](R/ 1, — 1)

INTERNAL GEAR PROFILE EQUATION
At any moment, the body-fixed rectangular coordisabf shockwave geax'Oy' and oscillating teeth carrier

x"Oy" have turned the angle @ and @ (relative to the fixed rectangular coordinate syst, respectively.
Meanwhile, shockwave gear has the same directiomtation with transmission ring, sg and @ should meet
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iK _
HG —

|

:i. From Figure 3, the origilo, as well as the upper, lower end center of pushestillating teeth
Z,

Ol' andQ have turned the angle gf — @ relative to axisQx . Theoretical gear profile of internal gear is the

track of Ol' in coordinate systenxQy .

%o = (R=1,)cos{{ ~1)6] + v, cos[(™ ~1)( ~16]
° ()

Yao = (R=To)sin[(i —1) 8] - nr, Siﬂ[(rB ~1(i-1)é]

Theoretical gear profile of internal gear is thack of Ol' in coordinate systenxQy, and the theoretical profile
equation of internal gear i[;(Oy is:

X, = (s+L)cosd
X; = (s+L)sing ©)

whereSZ\/X,fO + y320 . WhenL =0, the push-rod oscillating gear transmission besonodler oscillating gear
transmission.

Actual profile of internal gear (curve 1) is thet@uequidistant curve with a theoretical profilésef distance of’,,
thus obtaining the actual gear profile of intergedr [15].

A
> deo

X, = X +
o \/(dx3)2+(dy3)2
dé dé

(7)

2
Ya=Y5~ dg
\/(dxa)z +(Way2
dég dée

CURVATURE RADIUS OF INNER GEAR PROFILE

Curvature of the center point of tooth profile curindicates the curving degree of the point. Asimaportant
parameter for the carrying capacity and lubricatafnoscillating gear transmission, it describes tfeometric
characteristics of tooth profile. Then we can abtttie curvature of center profile curve throughfedéntial
geometry.

dx, d’y, _ d°x; dy,
kr =46 d’0  d*0 d@

LAY
(G +( 2

Therefore, the curvature radius of center profileve is:
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d Ay, ons
N (CGa) ()
Kr dx; d?, d°xdy,

dg d’6 d*6 dé

(8)

The actual curvature radius of center geapjs = |,0| % 1,. Curvature radius of concave segment around thid to
root is positive (+), while curvature radius of ¥er segment is negative (-).

CALCULATION EXAMPLE

Fig. 3 shows the obtained tooth profile curve wttenparameter rO = 40mm, n = 0.2, R = 120mm, LmBQi =5
and r = 10mm are given. The curvature radius araihedaddendum of theoretical tooth profile is 8 B8n;
curvature radius around the addendum convex segofi@ttual inner gear profile is -1.1679mm. Accaglio the
figure, there is overlap and crossing at the addend

150

100} 1

80t 1

EOF 4

-100 ¢ 1

150 1 I I 1 I
-1580 -100 -50 0 50 100 150

Fig. 3: Theoretical and actual profile of hypocyaoidal shockwave and internal gear (L=30mm)

Fig.4 shows the obtained tooth profile curve when30mm and the other parameters as above are. div€igure
3 and 4, curves from the inside to the outsideaataal profile of hypocycloidal shockwave gear oifedical tooth
profile of hypocycloidal shockwave gear, theordticath profile of inner gear, actual tooth profdéinternal gear,
respectively.

150

100 -

80+

B0F

-100 1

-150 L L
150 -100 50 0 50 100 150
Fig. 4: Theoretical and actual profile of hypocycloidal shockwave and internal gear (L=50mm)
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Fig.5 shows the curvature radius of inner gear ritezal profile. The curvature radius around theledium of
theoretical tooth profile is 12.8534mm, while theature radius of the convex segment around tllersdlim of
actual internal gear profile is 2.8534mm.

300

200+ 1

200} 1

300, 1 2 3 4 ; :
g

Fig. 5: Curvatureradiusof inner gear theoretical profile
The MATLAB program of calculation is:

syms RrOnlLisetar;

x1=(R-r0)*cos(seta)+n*r0*cos((R/r0-1)*seta); yl=(R)*sin(seta)-n*r0*sin((R/r0-1)*seta);
dxseta=diff(x1,seta);

dyseta=diff(y1,seta);

x2=x1-r*dyseta/(dxseta"2+dyseta"2)"(1/2); y2=yl-seadta/(dxseta’2+dyseta"2)"(1/2);
alfa=i*seta;

x30=subs(x1,seta,alfa-seta);

y30=subs(y1,seta,alfa-seta);

$2=(x307"2+y30"2)(1/2);

x3=(s2+L)*cos(seta);

y3=(s2+L)*sin(seta);

dxseta20=diff(x3,seta);

dyseta20=diff(y3,seta);

x4=x3+r*dyseta20/(dxseta20"2+dyseta2072)"(1/2);
y4=y3-r*dxseta20/(dxseta20"2+dyseta20"2)"(1/2)seda21=diff(x3,seta,2);
dyseta21=diff(y3,seta,2);

rho=(dxseta20.2+ dyseta20.72)."(3/2)./(dxsetadGeth21-dxseta21l.*dyseta20);
%%%%%%%% %% %% % %%

r0=40;n=0.2;R=3*r0;L=30;i=5;r=10; seta=0:0.01:2*pi;

rho=subs(rho);

rhomin=min(abs(rho));

disp(['%% %% %% % %% %% %% %% % % %% %% %% %% % %% %% %% %)
disp(['r0=",num2str(r0),',n=",num2str(n),",R=",NBIER)])
disp(['L=",num2str(L),",i=",;num2str(i),",r=",num2@),',rhomin=",num2str(rhomin)])
disp([°rhomin-r=",num2str(rhomin-r)]);
disp(['%%%%%%%%%',date,'% %% %% % %% %% %% %% % %% %% %% %% %)
x1=subs(x1);

yl=subs(yl);

x2=subs(x2);

y2=subs(y2);

plot(x1,y1,'b";

hold on;plot(x2,y2,'k");

x3=subs(x3);
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y3=subs(y3);

x4=subs(x4);

y4=subs(y4);

hold on;plot(x3,y3,'b";

hold on;plot(x4,y4,'k");

rho=subs(rho);hold off;

figure ;plot(seta,rho,'k’); hold off;

%%%%%% %% %% % %% %% %% %% %% % %% % %% % %%

CONCLUSION

In oscillating gear transmission of hypocycloidabskwave push rod with arbitrary tooth differentgth profile
curve of shockwave gear is hypocycloidal curvet®eguidistant curve; profiles at both ends of pughoscillating
tooth are cylindrical curves; internal tooth prefit the envelope curve in cylindrical profile gpoghockwave cam
keeps fixed transmission ratio with oscillating tto@arrier, and oscillating tooth moves along thdial hole of
oscillating tooth carrier with circumferential mowent. It can achieve isokinetic conjugate transimmsef arbitrary
tooth difference, with simple design method andirojziation. Through calculation in Matlab platforrmch
Solidworks parametric modeling, gear profile equatcan create the model for oscillating gear trassion with
hypocycloidal shockwave push rod. Then Solidworkstiom simulation shows no interference, theorefycal
verifying the above deduction. As a new practicgdrgtransmission with application prospects, thagmission is
superior to other gear transmissions in the trassion efficiency, lubrication and manufacturing gesses.
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