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An Investigation on the Performance of
a Hydraulic Power Chuck (1)

(A theoretical consideration on the grasping force)

Dairen ISHIGAKI, Mototaro SATO, Kunihiko HaMA,
Hisashi KoMATSU and Toshio SATO

The economizing of the process of turning by the lathe demands extreme increase
of the turning speed and the depth of cut., This tendency caused the need for a new
type of chuck with a large grasping force. A hydraulic power chuck fulfils this need.
The grasping force, however, decreases evidently as the rotating speed draws close
to 5000 rpm. In order to realize a power chuck with a large grasping force as well
as a high turning speed, it is necessary to grasp the process of occurrence of the
grasping force as well as the effect of the centrifugal force on the grasping one,
The current concept doesn’t explain the fact of the decrease of the grasping force
clearly, The author tried to explain this phenomenon by considering the component

parts of the chuck as elastic bodies.
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Fig. 1 The construction of a wedge type hydraulic power chuck
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Fig. 3 The construction of a wedge type hydraulic cylinder and the nomenclature
(a) the chuck head (b) the top jaws (c) the wedge plunger
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Fig, 7 Three components of the gripping force
(a) the side view of the three forces given by the wedge plunger to
each master jaw
(b) the front view of the three forces
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Fig. 8 The effect of the frictional force upon the gripping
force. (neglecting T type slot friction)
(a) the frictional forces acting on the master jaw
(b) the reduction of the effective force due to the friction
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Fig. 9 The effect of the frictional force upon the gripping force.
(considering T type slot friction)
(a) the reduction of the effecting force due to the friction
(b) the aspect of the T type slot
(c) two point contact
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Fig. 10 The elastic consideration of the gripping force
(a) the elasticity of the top jaw
(b) the physical model of the grasp of the work
(c) the teeth of a snake
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Fig. 11 The effect of the centrifugal forces acting on the jaws
(a) the revolution of three jaws
(b) the centrifugal force acting on a top jaw
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Fig, 17 The geometrical configuration of the top jaws, the work and the

cutting tool
(a) the normal configuration

(b) the skewed configuration

(c) the work skewly fixed to the top jaws and rotating under the

centrifugal forces

(d) the work skewed with two contacting points
(e) the work skewly fixed with multiple points
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Fig. 19 The reactional force from the work
(a) the inclination of the jaws
(b) the force exerted upon the jaws from the wedge plunger
(c) the force exerted upon the wedge plunger from the jaws
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Fig, 21 The clamping rigidity
A : the center of the sliding guide slot
for the master jaw
B : the center line of the fitting bet-
ween the master jaw and the top jaw
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Fig., 22 The clamping rigidity and the deflection of the work under the cutting
force (1)
(a) the direction of the cutting force
(b) the inclination of the work due to the cutting force, the clamping
rigidity in the case when the position of the jaws are as (a)
(¢) the front view of the work deflection
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Fig., 23 The clamping rigidity and the deflection of the work under the
cutting force (2)
(a) the direction of the cutting force
(b) the inclination of the work due to the cutting force. the clamping
rigidity in the case when the position of the jaws are as (a)
(c}) the front view of the work deflection
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Fig. 25 The effect of the centrifugal force acting on the work
(a) the moments of the forces under the cutting

(b) the front view of the rotating work, skewed and fixed to
the jaws
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Fig, 26 The relative motion of the work to the gripping surface of the top jaw

(a) the front view, a jaw moves position 1, 2, 3, —8

(b) the side view from the section Al, AZ,...... A5, W 1 work, C : chuck top jaw
(c) the relative motion of the work to the particular top jaw

(d) the side view from the direction “C”
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Fig, 27 The connection between a work and a drive unit through a chuck
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Fig, 28 The characteristic curves of an induction motor and several loads
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Fig. 29 The variation of the frictional loads and the working
points concerning an induction motor
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