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Blade design method of dual torus hydraulic retarder
YAN Qingdong "*, MU Hongbin ', WEI Wei "*,LIU Shucheng'

(1. School of Mechanical Engineering, Beijing Institute of Technology, 100081 Beijing, China;
2. National Key Lab of Vehicle Transmission( Beijing Institute of Technology) , 100081 Beijing, China)

Abstract; To improve the braking power density of dual torus hydraulic retarder, the design method of blade
had been studied. The tangent-arc blade design method was proposed base on the structural feature of bowed
blade. On the design variables of blade wrap angles and working radiuses, the parametric modeling of periodic
flow was achieved. With the Design of Experiment method ( DOE) , the design examples were adopted to study
the braking performance on different blade parameters. Comparison with braking performance of the prototype
showed that the numerical method was accurate and reliable, the relative braking torque error between
simulation and experiment was within 5%, and based on the tangent-arc blade design method, the braking
torque of different blade parameters had a large range of variation. With the appropriate blade parameters, the
braking performance could be effectively improved.

Keywords: dual torus; hydraulic retarder; the bowed blade; tangent-arc blade design method; braking

performance

WO AR I I Sh e B0 A BB BT DUSRIBCES s 04 1 3l g R 28 2880 U0 B 15
Shke AR E A AR S AT N K T SRS R A S IR AR ) RPN R TER
T A AR A A B R B, AR Ak shak DR B T AT IR 1 R R A
Be3) W B PR IR R R s ] sy s S ER R ) 2% o 75 465 h 1 XUH A6 [ i ) 9%
BRI 2 50U R [ 58 (SRR B g 0 ) o SR RS I Al R A 2 il e
BRI D B R LR A ey MR, AR5 3 5 bl i 29 i 90° 4 1 i 1]
- H LSS R T B S8 e A HAH B T S T 215 38— ik, HAF
Bl 3T AL i T ) 2 R g e R e et

wEAm 0L P S SR T I B R R S PR
&1 : ER HREL A TR I 4 (51475041) 5 [ v ST N ST

st sy — 1O A 507 bk R B AT 2, X
TEERN: ESR(1964—) B 2002 1+ ST, R E SHCR T3 7 s S A 647 4

BIS1EE . BIUL®, muhongbin_bit@ 126.com. ‘@ﬂ“%ﬁ , &E@*ﬁ T'ﬂzﬁ%jtf}ffij—‘kiw-s %«[‘



ETM]

AR, 6. RUBERII ) ek 2Rk .69 -

X AF IR EL A SR B RO LW, i fe 1
Mg R, D5 T AT

1 WIRIRE KN & E =S FHEE

S RN ARSI SUE Al B (AR R S|
S L SVERE , A SCHE TS g LT S 42
HARUTIR S BTk | S AN R 8 2 80 22
SRS PN TE AR TR B X 25 TR UG A B 9 T G ik
FEBL, 0 IR 5 2 Bk AT il g i ( DOE) |, IF
JETSRM (CFD) B e, IF SR AL Zh it
REZEAT XS LEWT T,

1 A E I R &

R S5 AN R 2 B ST e et
AR L, S ARDI B Bk, HEEA
RO g W Ty T R T (o -y D) £
Mol g il 3 Be RS (eI, ik Ak
90) AHDIRE G s s ) g AT LA 3%, 2 ST
MR BeE R IS Matlab R 17, BT
SN R 2B G s o SR A R A

(a) A 1) A 1

(b)) 7 a0 i P
B2 ItREHEE

T G2 S sh R R PR ] Fh AR Ak oA A s 5K
[ D R N VARSI T P s 20 L) W
TR E], B o505 LA L O RO
PR MEAR YD, A 2 (a) s s MR T A
) B AR r, BRI, FE IR AE DA A 8] A
A8 Ry ARk iy b v B AT L, 4P 2.(b) B

3 R AR AL A 1A, A A, ALAA

WA, R TR AR x — v A RSN B
M2, BIVE 7 0 5 06 R P AR 2 R T x — v T
iOEe

B3 MAremsE
BTG B B a8 s 77 TS5 706 2051 P BE 45 B
A RS {C, 1.
{CV=1(x,,y,,2,),n=127351=12,- m}.
AP 1€, =1,2,3) ARTARE NI, il Sk

FEpmrlELc o, i TR E AR R, |,
6, AL KN, AT H R S I R T T
AR . AR rh AR 5 ol AZ sl R ALA0, 5
A,0, A0, WkSfal 6, 6, WE6, =6, +6, 58
M AL A, Ay A, SRR SR L CL T ATRIR
H

2 2_ 2
(% =%0)" + i —Yon)” = Ty, }
9

2 2 2
= — — <
Zy R —x; =y, Ya, SV <Y,

(€0 _9601)2 +(yy _9”01>2 = riz
(xz’ Yaois 2 > > 2 ’
Zy = m’yAz Sy < Y
C,} =
(24 —xmz)z +(y" _y()A2>2 = ris
(255 ¥3» 24 5 3 ) ’
zy = m’y@ Sye <Dy

S B A T A4 AT 2 984, 7 AN [ 2
I H A T 55 08 R (5 P R R 2 0 2 ) B
£ I T 6 45 0 A T JLART 205,
SR TART U S8R 6, =0, + 48,
0, =6, +A5, r, =r,.

T I J5LRE 2 S S0 A A B [
Wb B A B R S R TR O
FRIELA T TR R N, BRGR EA, B,

5A,B, NEINEE AL SN WA o, IR
TTHEH6, 6, 1, 1, T, T A8 HES TR
FEEnIE 4.

F A, BIVAT X T I R g T ) 255 T 4 JEE ot 2
HEFTSR A PR S Ay B ] 40 3 ) B e 5 e T
TG AT 56 2o 2 1 BT @ b s [ AT S o i
JE A7 180 A BR e 3 AR D (%, v, ,2,) 9T ST A1



- 70 - Mok OE L A K% ¥R

4T 4

S I IR, i
{D} = %(%Di’y[)i,zm),i =1,2,--,m},
Ho

3

D e E{C}

o] o], [n] o] [=]
v oYy v v

A‘J‘ 6, || n ‘[A
TAL Yy ALy

[Bi] [B:] || [B:] [B.]
\ |

(1 =gi(Ou 10 1088) | [1=go00 7o 7. 00) |
B4 r, 5r, tHERREZE

/,,

5 AmEsSHHE

L 0.(0,0,z,) KL, 0.D HERMPDQ 5
JAHTE @ b 53 528 T 58 P(xp,yp,2p) Q(xy,5,,
z20) , 3 LPOD =, £2QOD = a,. W1 kAT
FPEAG I B R 1) 1 3550 43 A i gk SR A AH AR I
i) 4 i) e 7 B AT 75 380 P ] S0 3t 1 BT o 10 2R [
BMAE a,a =a, +a, =360°/Z, Hth Z Ryt i
#H.

£ AOPD W, FHAR %2 BEA] 15

PD = @2 + 0:72 - ZCTDOZTCOS o .

D P W i i T IR — AT, H 2, =2, , A5 [0
SRR AT
PD =

(xp = 25) + (45 = 95)
0.D=0.P=./x, +y,.

WRALSRAE, Al T o bR BUR R —
SRR P(xp,yp,2p) , R BEAT e 1 JETDTTE & - 2K
SABBR Q(xy,70.2,) ,IEH

[PY =4 (apsypinzp) i = 1,2, mi

LO) = 1 (wgrsygiozg) 50 = 1,2, m}.
G b AU TS 2RO
X=[r,r,r, 0,80, A8]".

%UﬁHU\J:lef‘ Eﬂﬂjﬁifﬂﬂfﬁﬁé%ﬁﬂg
Lt R ) G s S AR, 8] 6 O H ik s

0, Qeﬂz,ﬁﬁ/ﬁ\%ﬁﬁﬁhﬁﬁﬂﬁzﬂi"m Bt
G5

0 20 40 0 20 40 0
X X X
(d) (0.,=45°, 6, =55°) (e) (6.,=50°, 0,.=55°) (f) (6., =55°, 0,=55°)

Bl 6 ZhBEREIZITER
2 ST

BEXS XG0 ) G2 3l g RE LB B, R
“HDIBIINHIE BT X H B 2 40T & DOE
WAHEST, A SR X TR Oy

90 mm<r, <500 mm, 8 mm<r,,
35 mm<r, < 200 mm;
45°< 6, <75°,45°< 6, <75°,
0= A6 < 10°.

BT R AT 1sights. 7 #8845 BOF- A
G AN AS S, DS G R, XA ) A (nb%
TR DA AL B 45 ok R 1Y 3 i% 2 AT R AR
AL T T BT T AR S EUX ) AR A 435 21 24
ABET a1 A O R R R R 3R AR
JERSIE AR A ICEM CFD14. 0 #5004 % Hefk
RS H A& 0] 43, 3 4 R AR ROST 28 2 mm,
FEoxb it Fy SR SR 4 1 52 L TR A R AT SR ER N
B ARA FRLE I AR AR QR [RT 7 BT e R A%
AT R T 0. 35, RS SEZ ) 400 000.

20 40

< 14 mm,

E7 HEBMEEER
FIF ANSYS CFX 14. 0 Hikzh F1 205 B
Xof RS R TRY HE AT A 1158 7E CFD SR A v i Uik
FEALR LS A T H o BE T pR A VIR S iz SST
R SR FHE I 0 o 3h 48 5 e 1) 58 28 B
A B R 2 MRS A B R A
RUEAT R ST T B IR T



ETM]

AR, SRR S I By i 71

RGP [ 71 2 3 s A LRUE R A v 05 R H

T EHLRL B 3R 1 K.
F1 HENEE
P SR
AhPRZE 2 5 Intel(R) Xeon(R) 4 #% CPU, F:4fi 2. 53 GHz
BHENAT 8. 00GB
REGA 64 (L RAIERSE

435 T BB 25 00 143 b T ST
SERIA TR RS, PTAS R S sh R AR R
BT RT 5. B 8 B A sh e HE 1 000 /min B,
FHEE 1 DOE B85 R SFENLHIZh SR X LL .

3 S/ (N -m)

82)

B8 &t /S5 A &l3h /1 5EXT b

b5 S o ) A - G A Pl T
[2904.8, 4 411.5], 1fif A£ ML 0 il 3l J1 5 8
3703 N - mAEPEHE R 5t 80 H — B0 i
T ,DOE it H B R il s AR bR -
21. 6% ~19. 1%. AT W, FETAHYIE N 5k
s Rl s R S AL R, HEAABR T
AR, LA AN R ST 28 il FHRR oK.

W 8 fisn, 7 DOE it 8 45 F b, 4% il
S RN SR 4 AN AT a b e d, B
RN 2 R, Kl B KRN R R . T, >
r,>T >T >T,
2 MEigItSH

", T, 6., 6. A
it - :
mm (O)
a 181.34 10.95 67.63 47. 63 67.12 8. 82
b 351.19 11.54 139.71 48.87  74.89 6.17
¢ 253.38 11.41 199.59 56.73 52.37 1. 65
d 318.12  13.74 112.33 60.49  47.48 2.41

BFFE RS I BT S B0 i 8l 0 S e
A WS H AT U S B 2258 DOE 335
J& , AT ARAR M S 8O0 ) 1 520 1Y) Pareto 5]
FEZOV I, GNE 9 FF7. Pareto RIZRME T H AR &
X PRI AR HE s AR BT B B A OGRS
FHOCHRBE | H AR 5 58 B R R 32 5 F- 4000 B 3R
TR EERE A AR R AR AR 1B 9 (a) T,

KNS 6, r,, XIS T BB NIRK, b
ro 0,5 T SEBRL VR e, T A 9
(b) BRI, r, 0,5 THIERIGELLA I
CI R IRBAI2R 5 T A8 5 T 12 b 56 2 e 9]
7 B AS 1 TN, L 2 P A
ST, B o 958 AS B R, B
6, 5 r,. I (LSS A0 28 )G 0 (R
BRI ERE RO, 6 T R0 o, 1 A (i
{66, T 0, 3 r,, BUHIAL T4 (IR A2 , 55
BRI R .

410

390

391 F1H/(N ~ m)

b5

370

gl

3 50]
(b) R
EH9 SEESHE

& 10 HAN[FEE R DOE #3Hm A S5EEHL ]
ShPERETT RS, I 5 AR LR 0 B 1 7 X6 L.
oAb 4 SR IR T R A 440 X R
FENLE i S e & 456

AU AN ) R AR ML L2 R 5 e B
W) G0 YRR 22 R 4. 8% , il 3 1 &
BB IR R B3l (T Bl R 2 e 47 2
TAEREIE 1 2L J a5 3 3 7 A
), DRI AR5 25 7 T A2 L TR T B (T
A EA R R AT SR R AR RS T
DOE i3 45 R IR HAT — e b .

L 10 (a) Ho il sl 0 f 2650 A T i, sk
TWEN TR o B8RS Sk R S fE, Bt
Fd W shbERE e 22 , WAL H il 3h A T
Bt R b e Z 08, HAR B b B a ] 35 T A4
FERLDT BLEE JE - BT T 20, 55%. il sh ol 2% g
R/NFEE il 3l 1 46 R AR B, 14 R B0 25



- 72 - Mok E T Ok K% i

4T 4

T e a5 i v B H SR S8 iS5 s e i
AR ARG B 10(b) Al WL, A R
NGkt N e PR e SR YRR S B U]
ORI 4 ) R OIS AT 3R 5 181 10 (a) 4
L) 3 BTSSR o I AT AL | AN B2 S A AT A
LR RST S A B H ARS8 a5 RE A Y
I 2 8, G238 45 10 i 3l D) R 18 0T AR B 25

P,

450
=400
£350
=
=300
= 2 50
4=
200

- o 9.27x10°
P 9.

L 8. 8.40x107
ﬁ{ 8 7.69x10°
e 713 7.54%10°
K = s
RET 6.91x10°
=/ 6.
£ 6 6.08x10

sl
=
(=

850 900 950 1 000
e (r-min™)
(bl 3 3 4 Bl £k

B 10 HIshiEsexTEE B
3 & %

1) ZEFARYI R B2, $2 g 5 i
VBT 5, SEBL T UG P4 1B Y ) % i 2 PN i 1
R [y P A A

2) il Bl REXT L5 SRR B BEHLIT R i1 aR 2
AR E 1 B R 25 < 5% W T BB TR
05 B BAF AT 52 DOE #5345 1 R 1
HA— K.

3N A AP T 5 B 7 25 I S 50T
JEVTT, 25 SRR T B il ) T i R SRk
R RENLI T TSR, BAE MR S50 X Py
il Bh S A REAL AT 7= A - 21 6% ~ 19. 1% (1) A5 4k
T .

4) 38 3 A I I 28, R AR B 3 5
IR T W] A A 5 22 ol 8 1l BN T R | It
J5 138 T SRR [RI 0] 22 2% 45 it R B it
T

225 STk

(1] s, 250N AR, 55, W) Gl ) Sh e RE S L
AR 20 A 7 B F 58 [ 0], de 503 TR 22 22 4, 2010
(11),1281-1284.

[2] ZEM X5, BB 2E 55, BE T I AR i R ) 2%
AR BE AL BETT [ ] A ML A4, 2014. 45
(6) :20-24.

[3] FEIER, AR, B8, 55 WO S PR S e 1
AR ) AR, 2012, 43(1) ,12-17.

[4] Allison Transmission Inc. MD/HD/B series on—highway
transmissions operator” s manual [ R ]. Indiana; Allison
Transmission Inc, 2005.

[5] Allison Transmission Inc. 3000/4000 operator’ s manual
[R]. Indiana: Allison Transmission Inc,2010.

[6] J™ % falf ™. W e & R 78 A L 1 SR AP RE S0 AT
[J] A HLBR4H,2009,40(4) :206-209.

(7] AR, W H 25 FH IEAE 55 7 08 s P D 1 KR (e
BT BT [T ] HUR ST ,2011,39(9) :100-104.

(8] FIEAR, ARBUE, BRER. 1 I e iy i B — 4k 42
IARACLT ] 35 ARR S A4 T2, 2012, 42(5) -
1135-1139.

[9] FEAdE BATH G20 R i T B2 B X HLsh
PERERYBEAT 72 [ J ] HUBR T2 2 42, 2011, 47 (12)
126-132.

[10] At T Al EAhX I ML SR R AU o T
VR[] HUAR T A4, 2011 ,47(4) < 147-154.

[11]JIN R C, CHEN W, SUDJLANTON A. An efficient
algorithm for constructing optimal design of computer
experiments [ J ]. Journal of Statistical Planning and
Inference ,2005( 1) :268-287.

[ 12] ALEJANDRO S H. Breaking barriers to design dimensions
in nearly orthogonal latin hypercubes [ D ]. Monterey:
Naval Postgraduate School, 2008.

[13]KIM B S, HA S B, LIM W S, et al. Performance
estimation model of a torque converter part I; Correlation
between the internal flow field and energy loss coefficient
[J]. International Journal of Automotive Technology,
2008,9(2) :141-148.

[ 14 ] GRIGORIADIS D G E, BARTZIS ]J G. Efficient
treatment of complex geometries for large eddy
simulations of turbulent flows [ J]. Computers & Fluids,
2004,33(2) :201-222.

[15]de la FUENTE P, STOFF H, VOLGMANN W, et al.
Numerical analysis into the effects of the unsteady flow
in an automotive hydrodynamic torque converter[ C]//

Proceedings of the World Congress on Engineering.
London: Newswood Ltd, 2011. 2405-2410.

(R # %)



