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Thermal friction characteristics analysis of helical gears

under non-Newtonian fluid and big slide-roll ratio

LU Fengxia, ZHU Rupeng, GU Junjies YANG Jianfei

(College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Considering the time-varying contact line length and gear tooth load during a
meshing cycle, and combining the transient equivalent curvature and entrainment velocity a-
long the contact line, a thermal elastohydrodynamic lubrication (TEHL) model of finite line
contact for helical gears was developed under non-Newtonian fluid and big slide-roll ratio for
the aerospace transmission. By employing multilevel method and sequential sweeping meth-
od, the complete TEHL numerical solution suitable to wide working conditions was ob-
tained. The thermal friction performances for helical gears transmission were investigated in
non-Newtonian fluid and big slide-roll ratio cases. Results showed that at the end of helical
gears the obvious pressure and temperature peak existed, moreover the film thickness re-
duced slightly approaching to the engage-in position. Non-Newtonian characteristics exerted
a significant influence on temperature, furthermore the temperature distribution behaved like
a V-shape around the pitch point. The friction coefficient of the pitch point along the mes-
hing line was close to zero, which gradually increased towards the two sides and with the go-

ing up of slide-roll.
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Fig. 1

Geometric model of helical gears meshing
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SEIR AT PR NN N, N 54 I3 4 1 BE 26
AT HE LR K K

B2 b i i K (0w, 0) Y25 &
®H

i 4 2

rg =
Lru, + (y+0.5Dsing, J[rk, — (y+0.5Dsing, ]
(rz\Kl + rbKl )Cosﬁb

QD)
S B K By B s i
NP a W HE b e Ky miy i R y AR —
Pefuh o K W92 65 R, (R, N K TE BT % il 28
K K\ i i r, on 0t K3 8 T B 4kl
J5 By AR
W a 5 b TEHE AN EAT — &0 K 3
o
U, = w.lru, + (v 0.5Dsing, ]
1Vﬂ =— Zw,sinf,
JUI) = wb[rbxl — (y +0.5Dsinp, |
IVb = Zw,sinp,
X UV 5005 & Bl y 57 1) (9380 %
Ty 75 1) 3R AR X T o J7 1) AR N TR
B W T Sl R R LR s Ry O
T S 3 220 U 3 £ b AT — i KB A T
U. W B U, &R R i8R
JU(. = WU, +Uy/2
U, = |U, —U,| )
IR =U,/U.

AT T 20 3B 30 SR i /N B RE VR B i 2
53 Mk o MR E F R I T B A R A 25 R R
AR TR AT R SR 3 ik 2 Fr ﬁtb/ﬁ»ﬂﬂ?’%/\
N5 I 220 B 147 T 3 i 2 K B8 o e M 2 A R 1Y
T o> R AT I W5 0 4% i £k b A T A A

(2

3

F.H
F, = ZZ—F (5)

[ Fo AR R B8, Fo = 2T/(dcos a,
cosB,)» Ty LB AHHE . d O 35873 B
AR va YR S0 S L 5 T AR R E L,
N R BRI

2 ARIKGEMPERIEERE

2.1 HBERNERAGE

1) Reynolds J5 &

T S PR T X Reynolds J7 5 iE
FH T A i 1A R it s 10 3 i o, AR Ry

4 (L) 2P i[ i @J:
axUn)Ch 91}+9y (n)ch 7y

d " d

Kb p KR Sy b i R L UL k3 R
Bt R 0" e Co/ . 3 ULV B e
AR RE 2R F b e (R34 it

2) JJEJT R

R B o
PEASTS 3 4 4L

h(x,y,t)=

hoo H0 U2 T 2 % 5

2r K([)
2/ p(l’,,y/,t) d. /d ’ (7)
KEJJ (x— 2+ (y—y')? B
S E Sy 9 2 fiph 2% 1T ) 25 A v
3) A fay - Ty
— BRI 422 fio DX il B R 7 b 20055 1B 5 28 Ay A

hoo (£)+ +

- iy

F(o) — J J prayirdady (8
4) e BT
WA R A, i 2 B BT U0 N R 46 VR &
P[] B A o X e A% T 05 U, AN AR
M BER R RE B O R

<‘0 dt +pUaT

T, (b ;P 9P
P [)T<(7[+U(7:[+ ay>+

[(52) (5] @

A e UK T 9T il 5% B L AR
AL T R BOGR E
Hovb " N RAAR SRR

k

+PV7+P 9T> 7T _

2
dz’



1002 w3 % 33 %
x z = = !
T <‘[’ )/Slnh<fo ) JR 4 +Rl’n (15)
o o, S DI )
Aot 7, A 5 [0 = Lk, + k)
5) it G oo

W42 2 0 %8 v B A8 R I A4 L AT Ak A 1Y RE
J7 T BRI A 2 B 5 14 00 L & 5 R
AT 9T P*T
J‘“P (az T 91> ke
)T )T o

K pa/Pl)7Ca/Cb9Uz\/Uh sk, /Ry 3RS a Kty
b B L R LU [ R L T R
Fosz./2, A4 a S48 b ol % 2 8] AL AR il
B e b LS B b 2 AR A R

6) EE RO e

AN BRI BT, JBE 8 7 il AR T B
WU T A 3 5 1 B U0 B RO

:F:x+Fb
” 2F

Forp ik S8 SR A BE4E

) FhE-FR TR
Roelands Z4JE-ZHR 52 R

p—= gexp| (ng, +9.67) s
AT 138\
[<1+5.1x1o ») <T0—138> 1}}

(12>
?I%TE»SO ?[EH

QD)

X MIEHEMAEE R T, N5
= AR AL
8) % - e U7 e
Dowson-Higginson % H- 25 ik 77 #2015

o=
p{1+1116iioiggpfo.ooomrfm]
(13)
A po SR T T A B
9) Ree-Eyring JF 4~ il i 25 45 7Y
M- inh ( © ) (14)
T
L 7 jjf%ﬁ;yr“jj njjmhﬁﬁﬁf“
2.2 FEMNEENLAE
R ML sh i B b B R A TR iR

g K A W A4 AN [ o DA O A D7 R Y T A
R U £k P R O IS Bl AT e R Nk

441k

KPR, SRy Ky HEEE LR,

TRNSHE XN :x=2/b,y=y/b,[=1/b,
= Zow/bs Yo = Yin/Ds Your = You /b

=F/2E'RL) h =hR/V s p=p/pusp=y/7 -
p p/‘oo,z z/h,U,=U,/U,,U,=U,/U,,U, =
U,/U, , U=U/U, c=1/pu-t=1tU, /b, HH, py
g FAEMT 0 &K Hertz 3/l 71, H pu =
F/(xbl) ;6 A Hertz F fil X 58, H 6=4Rp,/E’;
U, WZHEWHEE U =ER/y.

3 HEIKERBERESEES R

ARh AR A AR 48R M IO R A o R v, DL Ml
LR 23T NPyt BB R] Ry — ST H 5 R B izl
BIHCH AW S 53 51 5K i 45 1% B 422 ik 2 1 0 3
FEE R R R N R R A, R D
BRI NG A 38 11 K T L Reynolds J7 ##
ATIE 7 ARG H AR A B & O B S G 5o AR
Hh R TR RE 3 5 T 3R A I TR B M R I AE R R —
W e ) L o B A A AL V) R R AT SR 5 K
WAS G IR R AR

SRAF TR L e 7 3 AR 2 AR 1 TR
TR HZE S . Hodr, B 775K i i AR X

F F Gauss-Seidel 4%, 5 JE X % H Jacobi 4t
PLARAS T S o M SO e . BT AR
Bl 3 Fiom . s R D) IR BE AR TR 2200 50k E,
E., E. .k HFSENZ,T R JCm AR .

DAE A 25 2 50 FH AR A7 26 Sy B30 407) 90 A7 A0 8 42
PES BT BRS8N 1,58 2 R .

JE 3 B v K B DX 4 4 2
RN 257 AT ALK RN 33 AN . TR
JE 7 1) A4 PR B R 43 5 A B A8 A 45
K& 5 o FEE P A 43 9 AR I L T R AR BE AR L G
HEEEE A 0. 15 MR E R B EORE A 1A
BN, MBI M R E RN o= —1
AbMBERE M R N =1 T,
Yot Bt B T A R S I 5
JELRE T 1) 7 5 Ay 8t B D S AR I R TR B O Uk
1320 ST TR SR H L O 5 1) b i Bk A e
0 Sty T 370 5RO 32 A T

AR A5 7 2 5 5 e A R LA AR R MR 3
AN H2 il A 3 B L AR R B R T L MR Ay 8 W

T =Tin/bs Tou



o5 4 1 i IR A < Al A 0T A W VR b T 0 ) AR AT s AR R 4 AT 1003
R IR A I 200 ‘
Aedp, A i’ﬁ’f’ﬁl’t\ AR
?ﬁmf‘ﬂkﬁﬂijﬁﬁu\ 4—@7
T, W, L
i R T 2 1) Gauss-Seidel Jacobi
FBU ok th T FE13AY FEr At
* [
- {1 22 o [ 1K
L n? || S, womn
AR 21
Hp. b THE R
k10 %)
(EEDEGITE
(RS A5 ET
FEI R
IEACIREN=20
l mmﬁﬁﬁﬂ?‘
v
| 1 4 e |
4l
L3 b % R OO0 G 0 9 5 i
Fig. 3 TEHL calculation flow chart of helical gears
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Table 2 Parameters for lubricating oil
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Fig. 4 Three typical contact line positions of helical gears
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Fig. 5 Pressure distribution of three contact line positions
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Fig. 6 Film thickness distribution of three contact line positions



543 i JRURR 45 < Al A ORI R e T B0 B 047 1 A B 4 R A o A 1005

IR TR i T SR R HE O O Sk .

Sy 36 E AR SR B SR gt B9 A 280 R AR A
FiPE T de /NS 9 B 5 2 L i) Wymer 2256
A XA BT L SR 3 iR . AR

F P 1O AT Al A R 3R R 3 03 A R TR
BB ORI E N 443 KL E A K C
(TR TH 3 A3 005 37 B B A8 I ¥ 500 1 2 4 v R
Wi T 3 R B VR A3 A v TR] R R 3 A I R

450
2400
5350
o
(a) Vi HA (b) 1 ¥ B (c) {3 &
B 73 Bl b 2k A A IR BE 43 A
Fig. 7 Temperature distribution of three contact line positions
1.2 .
LOT — e Biss LOL/— iy
0.8 08 —- ARt
g £
5 06 § oo
R 04 504
e by
0.2 0.2
0 0
-5 4 -3 -2-10 1 2 -4 -3 =2 -1 0 1 2 -5 4 -3 -2 -1 0 1 2
et x JCiitdx JCiitdix
(a) i A (b) B () i
Pl 8 3 bz fuh £k A5 v b AT 1 R ) 4 A
Fig. 8 Pressure distribution on the midpoint section of three contact line positions
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Fig.9 Film thickness distribution on the midpoint section of three contact line positions
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Fig. 10 Temperature distribution on the midpoint section of three contact line positions
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