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Background and Problem
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For example:

Low speed stability is poor, it is difficult to accurately control the load
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Kinematic and Force Analysis
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» Combining the actual roller working
conditions and Hertzian contact
theory, the deformation can be
expressed as:
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Pre-compensation Optimization
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From Eq.(6 —8),

Ideal design profile

A minimum cycle

First compensation:

overall compensation

¥

BEEoy

Heterogeneous
deformation profile

Heterogeneous
compensation

—_—_———ee— e ———

Second compensation:

local compensation

As in Eq.(36)
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Flow chart of the two-step deformation pre-
compensated optimization approach design

Step 1. The theoretical cam ring
profile is initially designed with equal
acceleration and deceleration profiles
with transition zones;

Step 2. The value of the
heterogeneous elastic deformation of
the cam ring is calculated;

Step 3. The deformation is fitted to a
smooth curve and compensated to the
overall cam ring profile;

Step 4. The local cam ring profile
with the largest error is compensated
again, and the profile is fine-tuned
within a small range. The loop iterates
until the pulsation rate no longer
reduces;

Step 5. The optimized cam ring
profile is obtained to achieve lower
pulsation of the hydraulic motor.
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Case Study and Validation

Simulation verification

Test rig and hydraulic system

Zhejiang University, China

50 |
i 1 - |—#— Deformation compensated pulsation |
| 18 4.0 {—— Un-compensated pulsation !
g 1 4 Experiment speed pulsation
URES (um) . P g 3.0 H
T T T 1T T T i ig 20—
0 10 20 30 40 50 60 70 80 90 o N LS 4
The test motor Loading motor 3 e 1.0 40%
EE-"agl o |
. Port A Rotational b ] Reduction !
30 Leakage speed sensor Leakage P 0.0 .7 \
L/ N 0 5 10 15 20 25 30 35 40 45 50
L O Port C L i i
P Working pressure(MPa)
> ‘II]IW Fh;f)}:j[ng C i i (a)
Pressure i i S\_c, —
irecti = 1 —
0 comea e [Zf;i]m%ﬁ e | E P
) | B2 Simulation _® - 2! 30 4 /
\2’ 75 | E Theoretical Prrzslsig?e o E /
] _ 1 .
-2 | - -—- valve r= r o
= 50 A N T E
& s Check s 15+
3 ] ﬁ"% valve P .—4;
£ 25+ | 1 _ ‘
'(_‘(@ e g% E ! S i Q-‘ T | T | T | T | T | T | T | T | T | T
o e b b nfgtv; 0 5 10 15 20 25 30 35 40 45 50
-5 10 :
Location(deg) Working pressure(MPa)

Experimental results




Conclusions

* A two-step deformation pre-compensated optimization
approach to cam ring design was developed, including
an initial overall compensation process and a second
local compensation process.

« A process for calculation of cam ring deformation was
derived based on a detailed kinematic and force
analysis of a hydraulic motor, and verified by finite
element simulation method in a case study.

 The pulsation reduction rate increases as working
pressure increases, and a high pulsation reduction rate
of 40% can be achieved at a high working pressure of
45 MPa.
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