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1. Right end cover 2. Inner stator 3. Rotor 4. Outer stator 5. Left end cover
6. Output axis  7.Outer motor flow hole 8. Inner motor flow hole

B1 METEHRELALMTEH
Fig.1 Structure diagram of double-stator swing hydraulic motor
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Note: A, B, C and D are four enclosed cavities formed by outer motor; a, b, ¢ and
d are four enclosed cavities formed by inner motor.
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Fig.2 Principle diagram of double-stator swing hydraulic motor
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A TRV BT P AT S S RO » mLmin™s g s (g we) AN () Thiky i
Iy e 10 T3 T 2% 1] BT R P s (R MR, mL-miin™'s g D P Shk s i A AR [
42, mm; o AN SIEFH RAREEAE, mm: Ry A Dikah iR E
1, mm; Ry ANk E R FAREEAR, mms rg MEHAE A E A2, mm;
ro AHHIEANE 42, mm.
Note: ¢ 41 (g 1) is the gap leakage of outer (inner) motor between fixed blade
and two end covers, mL-min"'; ¢ s, (¢ w) is the gap leakage of outer (inner)
motor between moved blade and two end covers, mL-min™'; ¢ »3 (¢ »3) is the gap
leakage of outer (inner) motor between right end cover and right end face of the
rotor to leakage oil groove, mL-min"'; ¢ 54 (¢ w4) is the gap leakage of outer
(inner) motor between left end cover and left end face to bearing cavity (groove),
mL-min™'; ¢ u5 (¢ ws) is the gap leakage of outer (inner) motor from high
pressure chamber to low pressure chamber through the sealing gap between fixed
blade and rotor cylinder, mL-min""; g #¢ (¢ #) is the leakage of outer (inner)
motor from high pressure chamber to low pressure chamber through the top
sealing gap of moved blade, mL-min"; r, is the fixed blade root circle radius of
inner motor, mm; 7 is the moved blade root circle radius of inner motor, mm; R,
is the moved blade root circle radius of outer motor, mm; R, is the fixed blade
root circle radius of outer motor, mm; ry; is the inner circle radius of leakage oil
groove, mm; 7y is the outer circle radius of leakage oil groove, mm.
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Fig.3 Leakage surface of double-stator swing hydraulic motor
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Table 1 Main parameters of double-stator swing hydraulic motors
prototype
FEHE S H Main design parameters A
Value

I/ JE % Blade thickness B/mm 40
Ah ikt R E A% 40
Moved blade root circle radius of outer motor R;/mm
APy IE E I AR E AR 50
Fixed blade root circle radius of outer motor R,/mm
W By e M AR B A 18
Fixed blade root circle radius of inner motor »;/mm
P AU A .
Moved blade root circle radius of inner motor 7/mm
V7 AE Py [ 2242 Inner circle radius of leakage oil groove r,;/mm 31.5
M FEAME 4% Outer circle radius of leakage oil groove ro/mm 34.5
WA M 242 Inner circle radius of sliding bearing r4;/mm 37
Ak % Blade height of outer motor /;/mm 10
N hikmt Fr = Blade height of inner motor 4y/mm 8
i PR 7
Maximum wrap angle of high pressure chamber ¢,,/rad 12

ZXUE TR BN ik 1E 5 TAR S B3t 0 s 2=
JEElN 0.5~12 MPa, WMEE MR I3 F1 8 1 =3x
102 Pa-s, &)L O EZ K 10 MPa, K. 4h5E
T By ity T (6] R AN AR 1) (] BR20°M 0.01 mm, —ANMTHRERS[H] ¢
N3 s. NIEBNDIA R MR E SR, ZEsh

%ﬁ%%&%@%¢=%wﬁyW%&%ﬁ%ﬁ%ﬁm?

PORR AL B A, FCE R . TR Eh Tk E G ik

Sl B T 5 5 4 3 P R B2 2 e
x2 WEFIEHREDANESHRS

Table 2 Theoretical leakage of double-stator swing hydraulic motor

A ik R Py i ks

Outer motor leakage Inner motor leakage

RPN g TIOMHRE  ROCRE PR
Leakage form Maximum Average Maximum Average
leakage/ leakage/ leakage/ leakage/
(L'min™") (L-min™") (L'min™") (L'min")
IR 5 og0?  1932x107  2577x107  1.05x10°
Endface leakage
47 TR
‘%ﬁ’ﬁ”% 401x107  4.01x107  1.089x107  1.089x107
Radial leakage
ek ik 6.229x1072  2.333x1072  3.666x107  2.139x107>

Total leakage
e Bkt O EZN 10 MPa. R E

Note: Pressure difference of the motor between import and export is 10 MPa.
The same below.

M 2 ATLAGH, A ANESh Ik i i ks
HEHEM gt .

4 BN DANBINE

RN SIB M SEPR R R O=qctqy, THESISIERE
W n, REREN SIEBRTE g MEPRMARE O 2
P, W

7y =L %100% =

Tt 2 100% (19)
q: 45
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RN Bk HE M AR 2209 10 MPa, —MTRE [H]
A3 s i, — AN IE R EISRE gy, =0.6597 L/min, —
AN I BB R ¢,y =0.258 L/min, JUHEZ) Likz)nt
i Atk A BR A B P R S SRRl T AR AR DL T B AR
AWK 3 Prox. miFR 3 WIS I 24330 Liksh Ak
TARBR A B A B AR
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Table 3  Volumetric efficiency of double-stator swing hydraulic
motor under different conditions

- R o e S e
TARIRSL Inner motor
. o Outer motor volumetric .
Working condition efficiency/% volumetric
yive efficiency/%
WePRAZE Limit position 91.37 87.56
JESEEE) Continuous swing 96.58 92.34

BUE T AR S TEAEARRE R IE 30T AR )
MR EAE, WA R 2Esh kst f
JEZ79 10 MPa, —MTRERFEDY 3 s I, i SIAAEAR
HER AT ESAE S AN W E SR E, HRREN
FRRCRIEINE 4 Pos. R 4 ATH, RUE 730U
IR ZEER L 30T (A BAIRCR W 3 % T i Y
NN AERRER, HgSikE 1 MM SIER 2 AN ik
ZENERI AN R RRCR K.

®4 WEFBIREDEFREIEREL R T TIERE
B ARYER
Table 4 Theoretical volumetric efficiency of double-stator swing
hydraulic motor in different connections

SRLEKL WLiAA EISHHRE EBRE SRR

BERIEA

Connection outer Inner Theoretical Theoretical Volumetric
N foir(; ° motor motor Leakage/ flow rate/  efficiency/
number number (L-min™") (L-min") %
0 1 2139107 0.258 92.34
0 2 4278x1072  0.516 92.34
1 0 2333x1072  0.659 7 96.58
o 2 0 4.666x1072 13194 96.58
Normal 5
connection 1 1 4.472x10™ 09177 95.35
1 2 6.611x107% 11757 94.68
2 1 6.805x1072 15774 95.86
2 2 8.944x1072  1.8354 95.35
1 1 4.733x107  0.4017 89.46
EREE 1 2 7133x1072  0.1437 66.83
Differential
connection 2 1 7.066x107  1.6014 93.77
2 2 9.466x10  0.803 4 89.46

SR PR B K IR AR R I3 A A S TR HE H
TS 22 R — e IR EAT A0, 100 3 Fg I o M el R
D) =2 St LR ) e ZE GO, A it S G, 2

PRCRBEAR; Skl TR, Skt anh, &
*/\)&%ﬂ'lﬁ °

5 LB

XU E T2 30 5 2k i v T itk g o 3 T Bl s &

2, R R AR EERR, WA ik i
T Jh - oF FL i T AT T

@4%&%?&@%&3@%%&%@&%%%,
B J B A T A A 2 A A 3l A
ik 3 T () R/, AT RGN it 3R R B AR RCR, T HL
VA0 RENE S AME IR, Wi e i et o S —
PRI AT PEAR R AT 56

£
Left enﬁﬁﬁ \% ._“ ﬁgﬂ?ﬁde panel
Left sidijflaurfz % 4\‘7\\\\\\ / Eehd

Right end cover

/’/

\

{\I\Q \\\\\\\\\\\\\\/“
\I\ \\\\ \\\’\'\,:\,\\
\,\\\\\;'/'////’ A 12;1;1;1‘ stator
ll\\\\ . Rotor
o=

Outer stator
B4 mHsEmmaty %

Fig.4 Seal structure improvement proposals
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1. Oil supply pump 2. Flowmeter 3,9, 10, 15. Pressure gauge 4. Safety valve 5.
Proportional speed regulating valve 6. Electromagnetic reversing valve 7, 8.
Pressure relay 11. Measured swing motor 12. Speed sensor 13. Load pump 14.
One-way valve group 16. High pressure filter 17. Proportional relief valve 18.
Relief valve 19. Charge pump 20, 22. Oil absorption filter 21. Oil return filter

B5 METEHREDELEREZAH
Fig.5 Double-stator swing hydraulic motor efficiency experiment
system diagram
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b. Prototype

B 6 RETENREDLEEZRMFRAA
Fig.6 Main parts and assembly prototype for double-stator swing
hydraulic motor
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Analysis of leakage and volumetric efficiency and seal improvement for
double-stator swing hydraulic motor

Wen Desheng, Shang Xudong, Gu Pan, Pan Weiyuan, Shi Zizhou, Zheng Wei
(College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: In view of the problem that the existing swing hydraulic motor can only output one torque and one rotation speed, a
new type of double-stator swing hydraulic motor is put forward, which combines the structure of vane swing hydraulic motor
and the thought of double-stator. This motor consists of a rotor, an inner-stator and an outer-stator to form 2 groups of motors
in one case. This motor can achieve a variety of connections, such as inner motors working alone, outer motors working alone,
inner and outer motors working together, and inner and outer motors working differentially, so this motor can realize
multistage speed and multistage torque output through changing its connections. In order to accurately analyze the leakage and
volumetric efficiency of the double-stator swing hydraulic motor, and to obtain some reasonable gap seal size and seal
structure improvement proposals. Through the analysis of the internal structure of double-stator swing hydraulic motor, the
geometric displacement calculation formulas of inner and outer motors are summed up and the main internal leakage paths are
analyzed; the main internal leakage paths consist of end face clearance and radial clearance leakage. A general formula of the
total leakage is obtained through establishing the flow’s mathematical expression of every leakage path. The total leakage of
this motor is not only related to its internal structure, but also related to the speed and pressure. The volumetric efficiency of
this swing hydraulic motor in different connections is calculated theoretically. Every leakage of inner and outer motors is
calculated theoretically, and the end face clearance leakage of motors is relatively bigger than the radial clearance leakage. The
end face clearance leakage of outer motor accounts for 94% of the total leakage of outer motor, and the end face clearance
leakage of inner motor accounts for 73% of the total leakage of inner motor. The maximum and average leakages of the
double-stator swing hydraulic motor are calculated theoretically. When the travel time of this motor is 3 s, and the pressure of
the ports is 10 MPa, the maximum theoretical volumetric efficiency of this motor is 96.58%, and the minimum theoretical
volumetric efficiency is 66.83%. In view of the end face clearance leakage, a seal structure optimization program is put
forward. It can improve the volumetric efficiency of this motor through adding the floating side panels at the both sides of this
motor. The improved and unimproved prototypes of double-stator swing hydraulic motors are tested in the experimental
platform, and the volumetric efficiency of the motor prototype in 4 different connections is tested. It turns out that with the
increasing of differential pressure of the motor ports, the volumetric efficiency decreases, and the volumetric efficiency of this
swing hydraulic motor in different connections is different; when the differential pressure of the ports is fixed, the volumetric
efficiency of this motor in outer motor working alone is the highest, and the volumetric efficiency of this motor when inner and
outer motors working in differential connection is the lowest. When the travel time of this motor is 3 s, and the pressure of the
ports is 4 MPa, the volumetric efficiency of this motor in inner motor working alone is 88.81%, the volumetric efficiency of
this motor in outer motor working alone is 92%, the volumetric efficiency of this motor in inner and outer motors working
differentially is 86%, and the volumetric efficiency of this motor in inner and outer motors working together is 90.32%. The
reason why the volumetric efficiency of this swing hydraulic motor is lower in differential working is that its leakage increases
and the theoretical flow decreases in differential working. Because the processing accuracy of the experiment prototype is
lower, there is a certain deviation between the experimental results and theoretical analysis, but they are basically the same.
The improvement of the motor end seal can increase its volumetric efficiency by about 11%. This result can provide reference
for the design and application of double-stator swing hydraulic motor.

K eywords. hydraulic motors; stators; rotors; leakage; geometric displacement; volumetric efficiency



