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Bending strength analysis for the asymmetrical gear

of the small diameter turbodrill reducer

ZHANG Xiang', ZHOU Qin*, ZHANG Wei*, ZHANG Kai*

(1.School of Engineering and Technology s China University of Geosciences s Beijing 100083, China ;
2.Key Laboratory of Deep Geodrilling Technology . Ministry of Natural Resources, Beijing 100083, China)
Abstract: The small diameter turbodrill reducer is an important part of the tool for deep hole drilling. Replacing traditional
gears with asymmetric gears is an effective way to increase the load capacity of the reducer. The root radius and pressure
angle on the working sides of the asymmetric gear are the key parameters of the symmetric gear. In order to further study
the influence of the root radius and the pressure angle on the working side on the bending stress, the solar gear in the
127mm diameter turbodrill reducer is used as the research object to establish a force model of the asymmetric gear with the
theoretical calculation formula for the bending stress of the asymmetric gear. established by the plane cross section method.
Through the finite element method, the symmetrical gear and the asymmetric gear are compared and analyzed. The
simulation results show that as the root radius increases, the radius of curvature of the gear root transition curve increases;
thus, improving the bending stress concentration. Increasing the pressure angles on the working side can effectively reduce
the bending stress; however, when the pressure angle exceeds a certain value, the bending stress gradually tends to be
stable. The theoretical analysis is in good agreement with the simulation results, and the research conclusions can provide

the basis and reference for optimizing the main parameters of the asymmetric gear.
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Fig.1 Schematic diagram of the turbodrill gear transmission structure
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Table 1 Main parameters of the @127mm reducer

VBl 75 BLAE/mm 127 || 4T R RAEE m 1.5

KA ER d/mm 51 | &3 3.06
KBAACHREE m 1.5 || ft 4 T1/(N « m) =900
TR ER d/mm 27 | KHARRHME T,/(N+m)  >300

2 EXMERERTHNNBETETE

F 5% 22 B =l X R 15 08 152 T B A R0 K o 5 1
AREMERE S TGS PR AT R R
K ARG B B A X FR O 5 2 T 2 il B RS
Ivi) i 7 #0 BO) T O £ k7 AR b 42 00 %o 7 ) 7 R e D ot £
ZH a8, DR AT VO 000 £ S o R 35 3 1 R 1 MR A £
FiE B B TC VA 307D ik e FETHERAE XS
R 147 e 25 Y 02 g e 3 R SR PSP A 9 8 1 AR P AT
3 0 A AR AT 6 B R [ T R T AR 4 i
77, 38 2 AR TR B T 3R B L g A K H A T
FE G B M, HE ST AR 2 TR B AR BR R IR
MN S f& i #m , EK MN B2 R i Ak b5 X, 5
Wi 58 AR T B0 /E MIN 2R M PVARAR Y Bl =, .
2y ag~ae ST R O B AR ) f Rl AR
M f, b RIFFE 2L« > 1T RN 2. .

Y
Oy
D p \  Fcosy
F siny F,
<~
M o N
A s N
I |

B2 FEXMERZTHEDR

Fig.2 Force model for the asymmetric gear

P A % 0 A I 1A A T A M 2 K 32 ik 1) 2
F, onE 18 D i ik 48 B i me & B BOR /0. PRl
B b R A FAE X — WG S A B 1A AR 2
NI ERK . Em A F, WG IE 8 5 n] m a3 iR
K53 91 Fcosy FITEH 53 J) F,siny, K43 71
F, cosy Xtk AR e B 48 1 7 A= 25 it g 77 o, FIYI I
I E S F, siny X4 A5G 6 A0 T Az N
oo HITYINS) « FIH N I3 o XF 1A A il 1 ) 19 52
RN Y 72 i @ e 8-S | E VA A e
2 p REIFERAETE MN B9EE B0 A, o FE R U B 15
HIER S, ok A2 il 1 38
or=F./(bm) «Y_ Y, @)
X Fo— W8 TAEMY W J1, Fo = F,cosy;
b——WRANTE s m— W RBEGY . —JEX RN
BB EREGY . — X FRA W IE R
D) 45 AR 2 ot AT A
7F,,cos}’

oF bm

. Ysana (2)

1.2h,+0.13S, ('S, \i7s ooy
mh(’(zpj (&)
6Ch,/m)cosy
“T(S, /m)?cosa,

By Ik
Yy =tanas — (n/2+2tanay) /2, —invay  (5)

For A X AR A AR O B s R R

€Y

ﬁ ad[)ﬂ‘j:
agp =arctan(tana g —2n(e,—1) /2, ]
a,p=arccoslz, cosay/ (21 +2h, )] (6)

€4 = [z (tana,q —tanay) +2z, (tana,e, —tanay)l/ 2w
pF‘ﬁﬁiﬁﬁFﬁéﬁﬁﬁIVEﬁiﬁﬁﬁ 1 il 2
& F e G 7R T A A6 R

b, mzasina g

Or—

r,— .
" 2a-+mz, (sina )’

(7
[ 4h,” J
ag,—arctan| tanay — — 5 <

z,;sin(2ay4)

AHp, — WA r, — BB A AL,

H b 3 2 AR 2l R ) R AT A S I A
AL S AE X B A e A AR 2t R g (B AR
JFES A ao JAREI AR -, AHETIRR ., H ey
PSE T A R I D T AR BOY AR AR o 5 I AR
ro BRI T 05 5 Y il 3R 42 0. PRI S 2
PR 5 2 0008 =l X Bk 147 6 D47 AR 2 i ) 4 5 Tl 1

sina



AT B 4

AR N AR B R A AR X 1A 2 ot SR B AT 83

FRARAT A0 2, 3 A 2 X 147 5 D0 1k Y B 24K 4l

3 ERTEERERSN
3.1 AMRocikE

R 147 56 Wk I, — X 14 58 R AR WG S I 14 5
¥4 W 303 RT Sk LA G A B B R B S B B
K3 mikemsam gl 0, A EDR.0 Wi,
WA B 558 . SEBRWE G4k B, B, i T PR )
Lz IE LW E L BB, R T NG iz sh Bk .
MR TERIE BB, 1 3R] 43k B4 G & 014
o T A ALE R E TN 2 J1 1 LA B
R 32 28 DR G A D B v B 5 8 W 5 0 B AR A
fifp DR R < R TA A — DG B 5 A L R g
SRR WA IR G A A R A T B A B L
FA CUR S 2R D SR W 4 U E

”

B3 GRWAREE
Fig.3 Gear engagement diagram
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Table 2 Gear parameters and variables
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Fig.5 Bending stress diagram of the symmetric gear and asymmetric gear
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Fig.7 Diagram of the bending stress under pressure angle on the working side
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