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Tab.1 Parameter comparison table between real

propeller and the model
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Fig.2  Structure schematic of electro-hydraulic servo loading system
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Tab.2 Comparison table between simulation and real

test of the force and displacement of rotational

resistance loading frame mm

#HMH/KN 0 5 10 15 20 25
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Fig. 6 Finite element analysis result of centrifugal

force loading frame
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Tab.3 Comparison table between simulation and real

test of the force and displacement of single centrifugal

force loading frame mm
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Tab.4 Modal analysis results of imitating

paddle-loading frame

B 5 i/ Hz JEA/s
1 154.79 0. 006 460 4
2 200. 09 0.004 997 8
3 206. 93 0.004 8325
4 239.59 0.004 1739
5 256.26 0. 003 902 2
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Fig.8 Valve-controlled hydraulic cylinder loading

force control system
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Fig.9 AMESim simulation schematic of push force

loading control system

(a) fME AL AMESim {f HFHLE  (b) i K BEE

BEE 1S 25 K 3K, RGN SE AW . R e R A
w2 43.7 Hz, 7E -3 dB 5 58 w, %y 65.7 Hz, 7E
& oo AL T S5 (AT 800 13 Ry 42. 4 Hz, o AL T
AR A 32 0 1WA 69. 2 Hz, F2 48 HL AU 1Y) 2l 285 Wl g,
SRR EEK

K 9b W w,, w53 1| g G A 5 T AR A Y
[ A A0 25 R Y L 3 B AR 0 O e A ) [ AT
A A AR R G R TR R SR NI, R G AR
PERAT o

MR GEAMET) PN BT #E5K 16 Hz,
BCPE T 2 AR GEAUA 2R AR, Al I 2 R IR &R 48 3
i K DR R SR E

2.3 HEMRNRS
CPP H I3 ] JIR fim 288 25 5 v 42 RS U 2R 45 1) 4L

WE 10 Fros, BN G O H 48 ARM 2
il % L B ALIS 2l A A AR I 2L L A5 R A B A O NT %K
iR RGN B R R RGH M. 5 ST -
300PLC {14y i 28k rv.Co 42 A A ARM 3 450 fim 28042 ]
REANBERGENZOHRIT, BIMRRSA 3 F L
PERES : T gk . 8 3l 48 F0 e 45k 2l 247 i 2%
Horp T g shm ity PLC 171 58 58 5L, i 4k
SN H ARM £ &% 52 . 3 Fim#Zh gz
V) 7 2 463 3 4 6 b A U B L 8 A . RO
Hoe LI R G ABLAE B0 A B 5 N A
il B R A AN AL B AL b RE SE s AR A
8P DB AE TAER S AT R /8 AT R 5
NI B R E R G EERENE KT, /ﬁf‘fﬂnv,

HEATAE B S i R R R A7 o AR B R4 R
S5 TR IE AR 1 AR B I R RO R A IR AE T
FAL L SE BRI AR A

3 CPP REmAmEiXE &K

CPP SR E AL L I AR A i 2856 5 2 75 Bl b 2%
AR ADL AR 48 B AL ) A S TR DL T BT 52 4% b 2K
a7, SR EAT X BB R R R R AT AR
B WE T, Ferb BB 2 LM 3l 1 R SR 2 A 1
KA
3.1 J|EARBAE

P 1L~ 13 53550 S e 25 0 28 3l 285 o 28 0 52 728 28
A7 0 2 1 6 i £, ] o S i A R A, 6 O 5
P A 00 61

S (B i #8as: « LI 1L, fR A IR B AR
Oy SENEAE S PR ML MU ReRE B T 1 R
TN, i AN BT /N TF 1% o

B2 (BRI 28X - CPP i B i s L 15 28 1
P B Bl A, 4% A Ty $2 O I B E (AT B R



318 AR 2014 4
T T T 1 |
E BRI i ARMEH i
[ooooO ]! > iR 2 < B
jisisisi=i} 18
A | Bl
| | N[ﬁﬁ( i |
| il %%;};.: < i
| L :
| - it R VO S e, TV il
| ! : | R || |
| I ' :' LSEL I i ;Pmmm&m 8 i
sl | BN . | R |
| e e st [T ;tﬂ at |
| mERAE | T AR |

PR 10 Ft 8 ] R 8 e ' v 42 R0 A T R 2 U

Fig. 10  Electric control and detection system schematics of electro-hydraulic servo loading
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Fig. 15 Relation of stress and strain of external load and bolts
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Tab.5 Test results of closed loop static stiffness

of CPP system mm
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Fig. 16  Force schematic of hydraulic cylinder with

variable stroke
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stiffness of CPP system
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Therefore, the 6UPS — UPU parallel robot with redundant actuation is taken as an example, and the
velocity and acceleration of the driving links, constraint link and moving platform were analyzed. Partial
velocity and partial angular velocity were introduced to establish the system dynamic equation using Kane
equation. The target of minimizing the instantaneous maximum driving force was proposed and the
weighted least square method was used to distribute the driving force; driving force of each leg was
obtained by numerical calculation under the condition of given trace. The mode that combination of DSP
controller and motion controller was used to improve the real-time of driving force coordinate distribution,
and then control of the redudant driving force was realized. The experimental results show that the
instantaneous maximum driving force is obviously decreased, and the driving force distribution becomes
more balanced under the influence of the redudant driving force. Consequently, the method and the
strategy proposed are effective.

Key words: Redundant actuation  Parallel robot  Dynamic modeling  Driving force coordinate

distribution
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CPP Hub Electro-hydraulic Servo Loading Test Bench

Gui Zhongdong'>  Ding Fan' Yuan Ye' Li Youce’ Liu Shuo' Man Zaipeng'
(1. State Key Lab of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310027, China
2.704th Research Institute, China Shipbuilding Industry Corporation, Shanghai 200031, China)

Abstract; A novel electro-hydraulic servo hub machine loading test bench for controllable pitch propeller
(CPP) was presented. Thrust, rotational resistance, centrifugal force and rotary vane torque generated
by CPP in water at different pitch, rotational speed and speed can be imitated through a multi-channel
electric hydraulic force (torque) servo control system. The servo control system could apply static,
dynamic, pulsating load or variable load according to a loading spectrum to the hub. A vertical structure
was utilized for the loading system, with a massive disk as the foundation bed. The loaded hub was
installed upside-down in the center of the disc. Finite element analysis for the key parts of test bench was
conducted, as well as the frequency response analysis of electro-hydraulic servo loading system. The
experiments demonstrated that the loading test bench could meet the variety of load requirements.

Key words: Controllable pitch propeller Hub Electro-hydraulic servo loading Test bench



