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Abstract. The solution to the problem of human security in cities should be considered on the
basis of an integrated and multidisciplinary approach, including issues of security and ecology
in the application of technical means used to ensure the viability and development of
technocracy. In this regard, an important task is the creation of a safe technique with improved
environmental properties with high technological characteristics. This primarily relates to
mechanised tool — the division of technological machines with built in engines is that their
weight is fully or partially perceived by the operator's hands, making the flow and control of
the car. For this subclass of machines is characterized by certain features: a built-in motor,
perception of at least part of their weight by the operator during the work, the implementation
of feeding and management at the expense of the muscular power of the operator. Therefore,
among the commonly accepted technical and economic characteristics, machines in this case,
important ergonomic (ergonomics), regulation of levels which ensures the safety of the
operator. To ergonomics include vibration, noise characteristics, mass, and force feeding
machine operator. Vibration is a consequence of the dynamism of the system operator -
machine - processed object (environment) in which the engine energy is redistributed among
all the structures, causing their instability. In the machine vibration caused by technological
and constructive (transformative mechanisms) unbalance of individual parts of the drive, the
presence of technological and design (impact mechanisms) clearances and other reasons. This
article describes a new design of impulse mechanism for hander power tools (wrenches,
screwdrivers) with enhanced torque. The article substantiates a simulation model of dynamic
compression process in an operating chamber during impact, provides simulation results and
outlines further lines of research.

1. Introduction

Both, conventional percussive mechanisms and various types of impulse sockets are used for
generating torque pulses in hander power tools (such as wrenches and screwdrivers). The latter have
enhanced reliability and better ergonomic properties. The main disadvantage of many impulse
mechanisms is their low volume energy which limits their field of application to threaded connections
with small bolt diameter. [1-4].

The article introduces a new impulse wrench mechanism design providing enhanced torque
although having a small size and low weight. The mechanism combines both, the advantages of a
conventional bumping block mechanism, and a pulse socket which implies the absence of a spring,
damping impact energy with oil, and reduced axial vibration due to low weight of the hammer piston.
[5, 6].
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2. Design and operating principle
Figures 1 and 2 show a 3D model of the mechanism with parts of the impact pair: a shaft 1 and a
hammer 2, and auxiliary return ring 7, casing 11, and a cover 12. When assembled, the interior of the
casing is filled with oil and separated with the cam into two sealed chambers: for High pressure and
for Low pressure. Return ring 7 has a square hole and is fastened to the shaft with square 6. The cam
and the casing interact via ballscrew (parts 9, 10, and 13). The shape of the groove in cam 9 provides
repeating reciprocating action of the cam when the casing moves against it. During operation, the
casing is connected directly to the gear, while the shaft is connected to the bolt (shaft, etc.) via square
3 and an operating head.

A crossover valve (not in the pictures) is installed inside of the hammer. The valve provides free
flow of fluid from the low pressure chamber into the high pressure chamber but prevents back flow.

Figure 1. Parts of the impact pair of the impulse mechanism.

1 — shaft; 2 — hammer; 3 — square for attaching operating heads; 4 — shaft cams;
5 — hammer operating hams; 6 — square for attaching return ring; 7 — return ring with a cam;
8 — hammer return cam; 9 — ballscrew groove; 10 — ballscrew ball

The mechanism operates as follows: during the first stage when the threaded connection is
tightened with low strength, hammer 2 is in the lower position, cams of shaft 4 and cams hammer 5
are interlocked, the crossover valve is closed, and the torque is transmitted to the hammer via
ballscrew connection. This is the static operation mode where all parts of the mechanism rotate as a
whole.

As the resistance increases, the shaft and the hammer are trigged, and the hammer start moving to
the upper position gradually disengaging the shaft. During progressive motion, the hammer is
subjected to resistance due to the change of volume in the HP chamber, the displaced fluid flows into
the LP chamber solely via the capillary channel formed by the surface of the hammer and the casing
inner wall. (During progressive motion, the hammer is subjected to resistance due to the change of
volume in the HP chamber, the displaced fluid flows into the LP chamber solely via the bypass
channel of (not shown in the pictures).)
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Figure 2. Complete impulse mechanism

11 — casing; 12 — balls of the casing ball screw gear; 13 — casing cover;
high — HP chamber; low — LP chamber

When the hammer reaches its hight point, it disconnects from the shaft. The casing and the hammer
start to move freely to the engagement point of the cam of return ring 7 and the return cam of casing 8.
The hammer is trigged and pressed into the lower position; during this, the crossover valve is open due
to which the LP chamber furnishes practically no resistance. In the lower position, the hammer and the
casing, move freely again, till the point where the shaft is engaged. After this, the process repeats. This
is the dynamic operating mode of the mechanism.

3. Substantiation of the simulation model

The general simulation model of dynamic compression process for the mechanism constitutes a
continuity equation for HP chamber expressing equality between the rate of chamber volume change
and the oil flow from the capillary channel considering the fluid compressibility: [7-10].

dAV dAv_,
— Q + COIC
dt dt
where AV is the change in the HP chamber volume; Q is fluid flow rate; AV, is change of fluid
volume due to compression.
Assuming that casing rotation rate is constant and the law of axial motion for the cam is Z = Ryot,
let's expand members of (1):

(1)



4th International Conference on Advanced Engineering and Technology (4th ICAET) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 317 (2018) 012034 doi:10.1088/1757-899X/317/1/012034
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dAV

? = —( TCR’? —TCRKZ )Rn(;),

where Ry is hammer radius; Ry is radius of the return ring; h is height of cams; ® is angular speed
of the casing.

dAV.,, AV dAP

dt E dt

where E is fluid elastic modulus liquid; AP is chamber pressure.

Q=| AP 53 R0y p
12ue™ " m 2

where p is oil dynamic viscosity; b is dependency ratio between viscosity and pressure; m is height
of the hammer (length of capillary gap); & is the size of opening between the casing wall and the
cylindrical surface of the cam (depth of capillary gap).

In order to obtain the theoretical form of the impact pulse, (1) is integrated over the interval:

tz[o...L}
R,®

4. Simulation results

Figure 3 shows the design form of the pressure pulse in the chamber for the following parameters
of the mechanism:

Ry =0.02 m; Rc=0.02 m; h = 0.02 m; ® = 104 rad/sec; E = 1350 10° Pa; p = 0.0388 N m/sec; p =
850,2 kg/m? — density of oil; b =1.5107; 8 = 0.0005 m; m = 0.04 m.
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Figure 3. The calculated dependency of the impulse mechanism chamber pressure.

5. Conclusions and further line of research
- The article describes a new design of the impulse mechanism characterized by enhanced torque due
to great surface area of the hammer piston;

- The new mechanism has small size and a relatively simple design, and the pressure in the
chamber depends on a few parameters;
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- Further research of the new mechanism implies substantiation of optimization techniques for its
design parameters at a given torque, and manufacturing a prototype model for bench testing.
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