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Manufacturers of tools and equipment—in partic-
ular, complex molds and specialized devices—must
continuously improve their performance, quality, and
cost [1]. To that end, the standards for machining
times must be constantly updated in relation to stan-
dards elsewhere in the world.

This often involves chronometry—that is, mea-
surement of the times required for specific manufac-
turing processes. In addition to direct measurement,
chronometry involves description of the production
system and technology, as well as the working condi-
tions, and quantitative determination of the influence
of various factors on the production time [2–6].

Existing devices for automated measurement of
operational times belong to the following international
patent classes [7].

(1) G07C5/10: devices for recording or indicating
the operation of machines by means of counters or
digital clocks.

(2) G07C3/00: devices for monitoring and record-
ing of machines, equipment, and testing instruments
in manufacturing processes, with indicators signaling
undesirable or nonstandard operation.

(3) G04F: devices for measuring predetermined
time intervals, devices for formulating specific time
intervals (such as metronomes), and devices for mea-
suring unknown time intervals (such as precision mea-
suring systems for short intervals).

(4) G07C3/04: devices for recording the operation
of machines by means of counters or digital clocks.

A patent search shows a lack of adequate Russian
chronometric instruments or automated methods of
solving associated problems (such as calculation of the
mean effort required in specific operations).

In the present work, we propose a device for the study
of individual elements of a machining process by record-
ing the time for specific manufacturing operations.

The device is intended to automate data collection
regarding the duration of operations within a manu-
facturing process, with simultaneous drafting of oper-
ational sketches. The proposed device includes a
microcontroller, control elements, graphic compo-
nents, and a GSM module for the transfer of measure-
ment data to a personal computer, for further analysis.

The device permits automation of the workstation
for labor organization and standardization in the
machine-tool shop [8]. In Fig. 1, we show the pro-
posed device [8].

The device (Fig. 1a) is based on a housing 1
attached to a unit 2 indicating the time to complete a
particular manufacturing operation. It also includes a
photodiode 13, text-display module 3, graphical-dis-
play module 4, command-input module 5 based on a
16-button keyboard (of sensor or button type), two
measurement-control keys 6 and 7, and two photodi-
odes 8 and 9 tracking the course of the experiment.
Breakers 10 and 11 are attached to the housing and
may be used for automatic initiation and shutdown of
the device (for example, by supplying signals from the
machine tool’s control system).

All the modules are electrically connected to control
module 12 within housing 1. Their structure and attach-
ment to the microcontroller are evident in Fig. 1b.

Seven-segment indicator 2 consists of four seven-
segment indicators and the photodiode 13, which
visually separates the indicators into two groups of
two. The dimensions of the seven-segment indicators
are as follows: height H = 70 mm and length L =
48 mm. This ensures that the results are readily distin-
guishable. Text-display module 3, based on a matrix
LCD display, shows the data regarding the operation
implemented.

Data-input module 5, which takes the form of a 16-
button keyboard, permits parameter modification.
The two measurement-control keys 6 and 7 (the start
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and stop keys) and the two photodiodes 8 and 9 track-
ing the course of the experiment switch the time count
on and off and indicate the current state of the device.

Control module 12 is based on the Atmel ATMega128L
eight-digit microcontroller, which is inexpensive and
permits the control of various peripherals. The micro-
circuit includes sufficient programmable devices to
permit functioning of the device: memory; timers
(counters); universal eight-digit bidirectional input–
output ports; and a universal synchronous–asynchro-
nous transceiver [8].

Together with the energy-independent memory
units and the interface converters, whose outputs are
connected to the GSM module, components 2–9 are
electrically connected to the input–output ports of the
eight-digit microcontroller as follows.

Time indicator 2 is connected to ports C and G of the
microcontroller. The eight-digit symbol codes are passed
to the seven-segment indicators through lines PC0–
PC7, while the specific indicator is selected by means of
the eight-digit decoder DC, to whose inputs microcon-
troller lines PG0 and PG1 are connected. That ensures
control of the four smaller characters of the decoder out-
put. The photodiode is controlled by means of line PG4.

Text-display module 3 is connected to the four
lines of port А (PA0–PA3), which are used for data
transfer. This module is controlled by means of lines
A0 (selection of the symbol address) and E (synchro-
nizing strobe signal), connected to microcontroller
lines PG2 and PG3, respectively.

Graphical-display module 4 is connected to the
microcontroller through a three-line serial interface,
by means of the lines of port F (PF0–PF3). The con-
troller of the TFT display is selected by means of line
PF1(CS); data transfer is selected by means of line
PF3(SDA); and synchronization is selected by means
of line PF2(SCL).

Data-input module 5, which takes the form of a 16-
button keyboard, is connected to microcontroller port
A. To ensure a carry-1 algorithm, the smaller lines of
the port PA0–PA3 operate as outputs (iterative sam-
pling of columns), while the smaller lines of the port
PA4–PA7 operate as inputs (scanning of rows).

The start and stop keys 6 and 7 are connected to
lines PE4(INT4) and PE5(INT5). These lines of port E
of the ATMega128L microcontroller have an additional
function: the signal from their inputs is sent to the input
of the cutout controller (not shown in Fig. 1). That per-

Fig. 1. Appearance (a) and structure (b) of the proposed device.
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mits their use as counters of the external events ensuring
the reaction of the device to a key push.

Photodiodes 8 and 9, which are used together with
keys 6 and 7, are connected to lines PG5 and PG6 of
port G. They are used to track the state of the device.

Breakers 10 and 11 (like keys 6 and 7) are connected to
the inputs of external interrupters INT6 and INT7 of port
E (lines PE6 and PE7, respectively) and, as noted above,
may be used for automatic stop and start of the system.

Energy-independent memory 13 is based on an
AT24 microcircuit and connected to the control mod-
ule by means of lines PD0(SCL) and PD1(SDA),
which are, respectively, the line of serial cycle-pulse
transmission and the line of serial data transfer.

Interface-converter module 14 is based on a MAX232
microcircuit, which converts the signals from the RS-232
serial port to signals suitable for use in digital systems
based on TTL or CMOS technology. Module 14 is con-
nected to the control module by means of lines
PD2(RXD) and PD3(TXD), which are, respectively, the
input and output of the universal synchronous–asyn-
chronous transceiver of the eight-digit microcontroller
[9]. The output of module 14 is connected to the input of
the GSM module through an RS-232 interface.

The chronometric device operates as follows. After
it is turned on, the observer (or a worker) selects the
operation code by means of 16-button keyboard 5
(Fig. 1a), in accordance with the machining process.
Control module 12 loads data regarding the selected
operation (including its name, the standard time for its
completion, and other parameters) from energy-inde-
pendent memory 13 and sends them to indicator mod-
ules 3 and 4 (Fig. 1b).

Before the operation begins, the observer switches
the device to timer mode by means of the start key 6
(Fig. 1a). Then the control module switches on photo-
diode 8 and begins the count of the operation’s duration
(with simultaneous display on indicator 2). As each sec-
ond is counted, photodiode 13 is turned on and off.
After the end of the operation, the observer pushes the
stop key 7. The control module then switches off photo-
diode 8, switches on photodiode 9, stops the count, and
stores the result in the energy-independent memory.

Data regarding the difficulty of the operations on
the machine tool may be transferred—by means of the
universal synchronous–asynchronous transceiver of
the microcontroller, module 14, and the GSM mod-
ule 15—to the server that stores the measurement data,
through a wireless interface (for example, by the trans-
mission of SMS messages).

Thus, we have proposed a convenient and up-to-date
multifunctional measuring instrument for specialists in
labor organization and standardization in the machine-
tool shop. It automates the collection and preliminary
analysis of statistical data regarding the time to complete
each component of the manufacturing process [10].

By further analysis of the measurement data stored
in the proposed device, we may derive the principles
that underlie time standards for particular machining
operations, by an empirical–statistical method. In

addition, the device may be used to assess standards
obtained analytically and those found in the literature.
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